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AGRIOULTURE. 

CHAPTER XIV. 

NITROGENIZED ANIMAL AND VEGETABLE REFUSE. 

IT will be noticed that the nitrogenous fertilizers described in 
the foregoing chapters are all " active," as the term is, i.e. they 
are easily assimilable by plants and are capable of serving di
rectly as plant-food. But there are various other nitrogenous 
substances employed as manures which are much less active and 
are not at all capable, perhaps, of feeding plants until after they 
have undergone changes by way of fermentation or decay and have 
been converted to the form of ammonia or of a nitrate, or of some 
other assimilable compound. It is noteworthy that several of the 
"organic nitrogen compounds," as they are called collectively, 
are slightly analogous to farmyard-manure in that their nitrogen 
gradually becomes available for feeding plants and that their fer
tilizing action is felt during several years. It is not impossible 
indeed that these points of resemblance to farm-manure may be 
the chief reason why some of the less active nitrogenous matters 
continue to be used iu agriculture. For it has always been true 
that. many old-fashioned farmers, accustomed solely to the use of 
farm-manure and to the getting of several crops from one good 
dressing of such manure, find it a difficult matter to bring them
selves to the act of uSlllg and esteeming quick-acting fertilizers, 
like guano or nitrate of soda, which do their whole work in a single 
season and leave no residual strength behind. To such men, the 
use of farm-manure and of substances such as bone-meal, peat, or 
even flesh, or rags, seems to be less risky, or, as some might say, 
less wasteful, than the use of guano and nitrates; and it is true 
enough that, when judiciously managed, several of the organio 
manures may do very effective service. In hot countries, more
over, and especially in those subject to persistent rains, it is not 
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improbable that there may often be a decided advantage in apply
ing organic nitrogen to the land rather than nitrate-nitrogen. 

Fi8h-Scrap. 
It has long been customary in certain localities, to employ fishes 

of one kind or another for purposes of fertilization, and in recent 
years very considerable quantities of yaluable nitrogenized manure 
haye been procurable in commerce under the name of fish-guano, 
or fish-scrap, or fish-waste. There are two principal kinds of fish
scrap, viz. the Norwegian, which is supplied to the EuropeaIi~ar
kets, and the American, which is made and used in this country. 
The Norwegian article is to all intents and purposes dried fish, 
d~ssicated codfish so to speak, ouly that it contains more bone than 
ordinary dried fish, since it is prepared in some part from the 
heads and bones that accumulate as refuse in the places where 
fish are cured. 70 tons of it were exported from Norway in 1860 
and 5500 tons in 1877. 

The American fish-scrap, on the contrary, is a product obtained 
incidentally in the manufacture of oil from a coarse sort of herring, 
called the menhaden, or pogy (Alosa menhaden) . In order to get 
their oil, the pogies are boiled in water to a porridge or thick soup, 
which is pressed in a mill, just as ground apples are pressed in the 
manufacture of cider. In this way, the oil that was contained in 
the flesh of the fish is squeezed out, together with most of the w~
tel'. On standing, the oil rises to the surface of the expressed 
liquid, whence it is dipped off for sale, while the pomace or residue 
left in the mill is the fish-scrap. It is called" pogy chum" by· 
the fishermen. Sometimes the pomace as it comes from the mills 
is pressed into barrels for transportation, at others it is dried in 
the sun, as in the making of hay from grass, and occasionally it is 
simply left in loose heaps to heat and dry out of itself. In rare 
instances it is dried artificially. When thoroughly dried and 
ground to a fine powder, it is sold as "fish-guano." But there is 
no evidence that this more expensive product is any better than 
ordinary pulverulent fish-scrap. 

According to Rein, the .Tapanese also obtain oil and fish-scrap 
from several kinds of herrings which visit their coasts in great 
numbers. They spread out the pomace in fields to dry and send 
it into commerce either loose or pressed. They use the scrap for 
manuring tea-plants, and for hastening the growth of young cotton 
and tobacco, and prize it highly as a fertilizer. 
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The amount of water in American fish-scrap varies widely ac
cording with the different methods of treatment above mentioned. 
Ordinarily the sun-dried scrap contains 8 or 9 or 10 % of water j 
sometimes as much as 12 %. But 18 to 22 % have been noticed 
in merchantable scrap, and occasionally 30 or 40, or even 50 % of 
water have been met with in fresh scrap. It may here be said that 
in fresh herring Payen and Boussingault found 76.6 % of water, 
and 2.74 % of nitrogen, while in salt codfish they found 38 % of 
water and 6.7 % of nitrogen. 

In this country, fish-scrap has hitherto been used for the most 
part by manufacturers of fertilizers for mixing with superphos
phates, and the price paid for the scrap has commonly bpe~leter
mined solely by the qnantity of nitrogen contained in it, which 
usually ranges from 6 to 8 %. But it will be well for the farmer 
to remember that the percentage of phosphoric acid in the scrap, 
viz. 6 or 7 %, is nearly as high as the percentage of nitrogen. 

On the other hand, an analysis, by Arendt, of Norwegian fish
scrap gave of 

Moisture . 
Nitrogen . 
Phosphoric acid. 
Organic matter . 
Ashes . . . . 

Per cent. 
17 
10~ 
4 

72 
11 

Other samples have shown more phosphoric acid (13 to 15 %), 
and less nitrogen (Ii! to 9 %). Some of them were of scrap that 
had been steamed to remove the oil. 

The difference in composition between the Norwegian fish-guano 
and American pogy-scrap is readily explained by a reference to the 
facts that the two protlncts are derived from different kinds of 
fishes, and that in the American method of manufacture the fish 
are boiled and pressed. lUneh nitrogen is contained of course in 
the watery liquor or soup which is pressed out with the oil and is 
necessarily removed from the scrap, though in large establish
ments, the soup is evaporated to dryness in its turn and put to 
use. The menhaden is a very bOlly fish withal, whence the high 
percentage of phosphoric acid in the American product. 

Fish-Scrop a 'very Cheap "~Ianlt1·e. 
American fish-scrap, such as that above described, is an ex

tremely cheap manure for some kinds of crops. It can usually be 
bought at wholesale for $12 or $15 t1le ton, and seldom or never 
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costs more than $18. At these rates its fertilizing constituents 
come at very low prices, the nitrogen in particular costing less per 
pound than so good an article can usually be bOllght for in its 
other forms. The reason why this is so appears to depend on the 
rather unpleasant odor of the fish-scrap, which creates a prejudice 
against it in the minds of common carriers, and so hinders the 
transportation of small parcels of the material. In case the scrap 
costs $15 the ton, and that a ton contains 120 lb. of phosphoric 
acid, and that, for the sake of the argument, this constituellt be IlPld 
to be worth 5 cents the pound, then thel''i would be $6 worth of 
phosphoric acid in the ton; so that, even if there be no more than 
1201b. of nitrogen in the ton, this constituent will bewo~th ($15-
$6 = $9). That is to say, the pound of nitrogen will come at 13 
cents. 

Perhaps it would be fairer to argue that the material contained 
7 % of nitrogen instead of G %, as in the foregoing calculation. 
But on the other hand, it is to be remembered that phosphoric 
acid should come very cheaply nowadays when bought in the form 
of phosphatic slag. 

Fish-Scrap should be 1lsed as suc1~. 
Any farmer so situated that he cun get profit by using fish-scrap 

should buy this cheap material directly from the fishermen, and 
use it as such, i. e. under its own name, instead of paying a com
paratiyely high price for it, as is now often done after it has been 
admixed with superphosphates. I have myself found fish-scrap 
to serve extremely well as a substitute for barnyard-manure, when 
used in conjunction with wood-ashes or other potassic fertilizers. 
Fish-scrap is said to do its best service on light soils, and several 
European writers have urged that it may properly be applied in 
the autumn even for the use of summer crops which are to be 
sown in the next spring. 

Worth of the Nitrogen in Fish-Scrap. 
It is to be observed, however, that the nitrogen in fish-scrap, 

though often held by dealers to be worth 18 or 20 cents the pound, 
or as much as the nitrogen in nitrate of soda, is really much less 
valuable for the farmer, at least here in the Northern States. In 
our climate, the chief part of the- fish-scrap cannot act so quickly 
as the nitrate would. More or less time is needed in order that 
the scrap may ferment and that the nitrogen in it may by this 
process be converted into ammonium salts or nitrates, or some 
other product assimilable by plants. 
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There is usually a small proportion of ammonia in the scrap, it 
is true, at the moment when it is applied to the land, though not 
much. On the other hand, there is no evidence that all the nitro
gen in the scrap ever becomes available for plants in any climate. 
Herein is a great difference between true chemical compounds, like 
ammonium sulphate or like nitrate of soda, - each particle of the 
nitrogen of which is excellent, and as good as any other particle, 
- and organized substances, such as fish, or flesh, or vegetable 
matters, some of the nitrogen in which may illdeeu easily become 
available for feeding plants, while other portions are always liable 
to remain totally unfit for this plll'pose. 

Recent experiments by S. ·W. Johnson have shown that a larger 
proportion of the nitrogen in freshly cooked menhaden is in an 
easily soluble and decomposable condition than of that contained 
in the dried and ground product sold as " fish-guano." Indeed, 
ordinary menhaden scrap, as obtained from the fishermen, is better 
in this respect than the more thoroughly dried product. The pro
cess of drying appears in some way to impair the solubility of the 
nitrogen in the scrap. 

It is noticeable that in the American fish-scrap a more consider
able part of the value may be credited to phosphoric acid than is 
the case with the Norwegian product. Thanks, moreover, to its 
mechanical condition, and to the fact that it has been cooked, it 
appears to be a manure of rather quicker action than the N orwe-
gian scrap. t' 

As with the meal of steamed bones, so with fish; it is a reason
able inference that their flesh may act more quickly as a manure 
after having been cooked. This fact appears to be enforced by 
some field experiments made by Heuser, who applh;d steamed and 
plain Norwegian fish-scrap to a strong, well-drained, but raw and 
crude loam, from which the surface soil had recently been removed. 
The crop was barley, and it grew much more luxuriantly where 
the steamed scrap had been applied. Heuser :trgues that the ad
vantage lay in the easier decomposition of the steamed product, 
and not in any superiority as regards the amounts of nitrogen or 
phosphoric acid contained in it. There were harvested from the 
hectare the following crops, in kilos:-

No manure (mean of two plots) 
Plain fish-guano 
Steamed fish-guano • -. • • 

Grain. 
709 

1,297 
1,704 

Straw. 
3,799 
4,367 
5,032 
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Non('egian Scrap is 11010 mllrIe in this Country. 
Fish-manure similar to the Norweginn article is even now manu

factured to some extellt here in N e,,, England, and the amount 
could undoubtedly be increased hU'gely if thcre were any quick 
demand for the finished material. Thousands of tons of worthless 
fish are captured eyery year at the fishing stations, thnt is to say, 
fish like whiting, skates amI sculpins, dog-fish and other sharks, 
which have no merchantable valne, to say nothing of good fish 
that become taintc(l in hot weather, or of the waste portions
heads, fins, entrails and bones - of COlI, haddock, halilmt, and 
the like. It is neither a difricult nor a costly matter to dry and 
grind these W[lste fish whenever the fanners care enough for the 
product to make it worth anyone's while to prepare it. 

niore than this, ypry large quantities of the worthless fish might 
readily lIe caught on purpose, if there were any slltIieient demand 
for llsh-scrnp to make them worth the cate11ing. Those !lOW 

caught are caught against the fisherman's wishes, - in spite of 
him, in fact. There is a neYer-failing supply of fish in the sea, 
where there is an almost infinite alllount of room, and where man 
has small power to anni11ilate, or even to thin out, t11e migratory 
fishes. 

Fish-SNap CheajJrr than "Night-Soil. 
It is not improbable that in t11e future, when the increase of 

population shall enforce a more intelligent agriculture, the drying 
of fish-scfap Illay become an important branch of in(lustry. It 
bears eyen now yery curiously upon the question of utilizing t11e 
sewage of cities. T11e repro[lch has often been ma(le, that the 
modern system of remoying filth from cities by mcans of water
closets awl sewers flowing to the ocean is wasteful, llllph:Iosophi
cuI, and wrong. But it appears from what has just l)een said, t11at 
snch censllre is hasty and ill-Jwnsillerec1. So long as a clean, in
nocuous, and concentrated manure can be got from the sea, in the 
shape of fisb-scmp, at leRs cost of mOlley, comfort, labor, health, 
and life eyen than would kLYe to be expended in transporting the 
city filth to the farlll, or in convertillg it into transportable form, 
it would be mere folly for t11e farmers to waste their energies upon 
the sewage. 

In speaking thus of "health and life," reference is had, of 
course, to diseases traceable to stagnant sewage, and to the va
rions ills w11ieh m~\y ari::;e from the storing of excremental matter 
about houses, or from using it upon fields. 
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It is evident that, so long as nitrogen and phosphoric acid can 
be obtained more cheaply in the shape of fish-scrap than they can 
be got from the filth of cities, the q uestioll of rellloying this filth 
does not even come witilin the domain of agricultural inquiry. It 
remains a civic and a sanitary (luestion merely, and has little or no 
interest for the farmer. 

There are localities, no doubt, as is tIle case 1dth many inland 
c;ties, where the sewage must eventually be carried to the land in 
some way, simply because there is no other outlet for it; but eyen 
11ere it has often been founel to be cheaper to precipita te Rnd dis
infect, to filter and aerate the foul water than to apply it directly 
to land on which crops are growing. 

The Question of Sriltill{1 Fish. 
To illustrate how entirely the possibility of using any manure 

must depend upon the cost of getting it, it might be suggestcd that, 
beside the method just now alluded to, of drying fresh fish caught 
upon the spot, some system of salting thosc caught at a distallce 
from the fishing-towns could readily be devised, so that the facto
ries of fish-guano should be supplied from a wider arca. And to 
this end cheap chloride of potassiulll from Stassfurt could perhaps 
be used to replace common salt, so that potash as well as nitmgen 
and phosphoric acid woultl be contained in the fish-guano, which 
would thus become a less special manure than it now is. Indeed, 
fisli-scrap thus salted could be classed as a complete manure. But 
it is eyidcnt that the question whether any such plnn could ever be 
put in practice must depend upon consillerations as to wliether the 
product so obtained would be worth to the farmers as much as the 
cost of bringing it to them. The answer seellls plain, that fh;h thus 
salted cannot be used as manure because the cost of getting them 
would be very nearly as large as the cost of getting ordinary edible 
salt-fish. It is still true, however, that comparatiyely cheap ma
terials may be discovered fit for preserving fish for fertilizing pur
poses; anel, in any event, the cost of drying such fish would be 
low. It was in fact suggested, some years ago, that fish might 
readily be kept fresh for three or fOllr days by sprinkling them witil 
a solution of ferric chloride or of ferric sulphate, strollg enough to 
mark 4;)° Beaumc. An amount of the iron solution equal to ;; % 
of the weight of the fish was used, and the fish were crushed, 
pressed and dried in due course. In the case of oily fish, the 
dried product was leached with naphtha, to save the grease. 
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Of late years, the saving of fish-waste for agricultural purposes 
tends slowly to increase. There is a constant demand for it on the 
part of the manufacturers of the so-called ammoniated superphos
phates and of formula fertilizers, i. e. mixtures compounded on the 
basis of thc composition or supposcd nceds. of any given crop. 
Factories of fish-guano, on the Norwegian plan, were established 
long ago by Frenchmen on their islands near Newfoundland. There 
are several such factories here in Massachusetts, though the owners 
of somc uf tbem appear to find it morc profitable to operate upon 
the flesh of whales than upon tiIat of fish proper. So, too, as 
N orc1enskiold noticed, the Norwegians bring the carcasses of 
whales from Spitzbergen to the guano factories on the Norwe
gian coast. 

Kroeker has analyzed whale-guano, in comparison with ordinary 
fish-guano, as follows: -

Moisture 
Organic and volatile matters 
Ash ingredients • . . • . 

Nitrogen 
Phosphoric acid 
Lime .. 
Magnesia 

Norwegian 
Whale-Guano. 

5.35 
62.35 
32.30 

100.00 
7.63 

13.45 
16.49 
0.15 

Norwegian 
Fish-Guano. 

9.84 
56.1H 
33.98 

100.00 
8.50 

14.84 
15.96 
0.94 

Considerable quantities of cod and haddock scrap, and of waste 
fish also, are savcd, however, both at the factories on Cape Cod 
and at Gloucester, on Cape Ann. The prices of several kinds of • 
fish-waste are quoted eyery day ill the reports of the Gloucester fish 
market. For example, when pogy-scrap is held at $12 the ton, 
fish-waste is citecl at $~, and 11ve1'-sC1':l1) at ~(). This liver-scrap 
is sometimes sold at prices as low as $:3 or $4 the ton at Glouces
ter. It is the refuRe from fish-]iyers that haye been boiled and 
pressed to remoye their oil. It is a rather soft and somewhat 
sticky product. Hitherto it has seldom cost more than $12 the 
ton at Gloucester. (Gregory.) A s\mple examined in England 
by Voelcker contained 26 % of moisture, 24 % of organic matter, 
37 % of insoluble silicious matter, 2.33 % of pllosphate of lime, 
and 1.7 % of nitrogen. 

A sample of fish-waste, sold at $16 the ton at Gloucester, 
contained: -
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Water expelled at 212 0 F. 
Nitr9gen . . . • •. 
Phosphoric acid. • • • 

8.25% 
7.00% 
6.50% 

9 

It consisted of skins, fins, and back-bones, with more or less flesh 
attached, as taken from salted cod and haddock that are to be 
packed in boxes and sold free from skin and bone. An analo
gous produch as cut from half-cured fish, but not dried by arti
ficial heat, could be bought at Gloucester, at that time, at $3 or 
$3.50 the ton. 

Long ago, Payen and Boussingault found 6~ % of nitrogen in 
salted codfish that had not yet been dried, and contained 38 % of 
water j and almost 17 % of nitrogen in cOllfish that had been 
washed and pressed, and dried in the air, so that it contained 
only 10 % of water. 

On the coast of Maine, more or less of the refuse from herring 
and mackerel that are canned or packed as sardines is saved now
adays, beside great quantities of the menhaden refuse, as above 
mentioned. 

Fish-Scrap needs to ferment in the Soil. 
It is to be noted that almost the whole of the nitrogen in dried 

fish is in the form of organic compounds, which need to undergo 
decomposition '01' fermentation in ol'llel' that the nitrogen may be 
made available as plant-food. To this end, moisture, warmth and 
air are necessary j and these conditions may be fulfilled by bury
ing the fish-scrap not too deeply in a mellow soil, in warm, but 
not too dry weather. It has been said in Europe, that while fish
scrap, applied in late summer or early autumn, is a good manure 
On light land for wheat and for rye, it has little significance when 
applied in the spring for barley or for spring wheat. It is claimed 
that, in our Southern States, fish-scrap generally gives a better 
account of itself than it does at the North; and the idea is proba
ble enough, because of more rapid production of ammoniacal 
products through decay, and of quick nitrification subsequently. 

Indeed, Kellner has recently shown that in the hot, moist cli
mate of Japan, fish-scrap and bone-meal are really quick-acting 
and powerful nitrogenous manures. In comparative experiments, 
where the fertilizers were used upon a light, volcanic soil, and 
were applied to barley in the autumn, at the time of sowing, and 
all at once, both the fish and the bone did better service than sul
phate of ammonia or than night-soil. The ammoniacal manures 
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were rapidly changed to nitrates which were washed out of reach 
of the roots of the crop by rain, and it was noticed that even the 
virtue of the fish and the bone was exhausted in six months' time, 
so rapidly did nitrification run its course under favorable climatic 
conditions. So, too, in rice-fields, where the fish-scrap, etc., 
acted by virtue of the ammonia produced by their decomposition. 
KeUneI' remarks that, in warm countries of abundant rainfall, 
easily assimilable nitrogenous fertilizers have far less significance 
than in cold and temperate lands, for the high temperature and 
abundant moisture so favor the decomposition of organic matters 
that their fertilizing action is quickly felt, and there is no need of 
using the more costly nitrates and ammonium salts. 

In view of the different climates of France and England, it was 
perhaps not unnatural that the French should have prepared and 
used fish-scrap to a considerable extent some years before the Eng
lish paid much attention to it. In like manner, it would appear 
that woollen rags were formerly held in special esteem in France, 
though it is true that they were freely used in some parts of Eng
land, also, for certain kinds of crops. 

Manifestly, it would neither be wise to use Norwegian fish-scrap 
as a top-dressing, nor to plough it under very deeply, for in both 
cases the necessary fermentations would be interfered with. So, 
too, on close, heavy clays, and on cold~ground in early spring, 
there would be small reason to expect quick profits from fish-scrap j 

but when applied to Indian corn, on good mellow land, it might do 
superexcellent service in warm, SlImmer weather. Probably the 
best way of using fish-scrap in temperate'climates is in conjunct}on 
with not very heavy dressings of farmyard manure, or in conjunc
tion with live wood-ashcs, if they can be got. 

Fish- ~Waste lJreSel't'ed by Lirne. 
A method of saving fish refuse by means of lime, which was em

ployed long ago in France by Herouard, may perhaps be worthy 
of being put in practice sometimes by farmers living in localities 
where worthless fish are obtainable at certain seasons. The plan 
was, to mix in a hogshead tub, layer by layer, quicklime and the 
offal obtained in cleaning fish. The lime will slake by virtue of 
the moisture of the fish waste, and at the same time the latter is 
said to be disaggregated. On throwing the mixture into heaps, 
and finally forking it oyer, a powdery product is obtained, Man
ifestly, the lime combines chemically with the flesh to form au 
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atbuminate of lime, as it were, which is a body little liable to 
putrefaction or change when dry. Indeed, the limed fish may be 
kept as well as fish that has been salted and dried. 

There are several familiar examples of analogous compounds of 
lime and organic matter. In domestic economy, broken crockery 
is sometimcs mended by a cement prepared from lime and milk, or 
lime and cheese j and there is a process of calico-printing, in which 
inert coloring matters are fixed upon the cloth by causing casein 
and lime to combine npon them to form a product insoluble in 
water which clings firmly to the cloth, - caseate of lime it might 
be called. 

Scum of Sugar-l~ouses. 
In the processes of sugar-making and sugar-refining, lime is ad

ded to the cane (or beet) juice, and to solutions of brown sligar 
also, to clarify them. It acts by combining with and rendering 
insoluble yarious albuminous and mucilaginous substances, which, 
if they were left in the juice, would be apt to injure it by bringing 
about changes and fermentation of the sugar. There is obtained 
in this way a considerable amount of waste product known as 
" scum," which has a certain small value as a fertilizer, though 
the compact and adhesive condition in which it comes from the 
press is an objection to its use. Thanks to the great excess of lime 
in the scum it has a strong alkaline reaction, and it may in some 
localities be used with advantage for composting j one plan is to 
soak thc material in water, to stir the mixture to the condition of 
thin mud, and to throw this liquid upon the peat or weeds or other 
matters which are to be composted. One advantage in covering 
the scum with earth is that the earth hinders ammonia from escap
ing as it would do if the scum were left to ferment by itself. On 
this account it is well also to plough under the scum speedily in 
case it is applied directly to the land. 

In some localities, where stiff clay soils are near at hand, the 
Bcum has been applied to them directly with advantage. DehCrain 
mentions a French farm where the scum is applied at the rate of 
22 tons to the acre. Its mode of action in this instance resembles 
that of lime, the clay being made mellower andleB,i plastic than it 
was originally. 

Sugar-scum consists chiefly of carbonate of lime and of lime 
in combination with organic matter, though some of the lime is still 
caustic. That from beet-sugar factories is said to contain usually 
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from 1 to 2 % of phosphoric [tcid, and about 0.25 % of nitrogen\ 
though the analyses show wide variations. For example: 30 to 40 
to 50 % or more water, 10 to 20 % or more of organic matter, 20 
to 40 % or more of ashes, 18 to 24 % of lime, 0.1 to O.!:! 10 of ni
trogen, 0.5 to 1.3 % or more of phosphoric acid, and 0.1 to 0.2 % 
of potash. A. Mayer reports 0.210 of nitrogen and O.G % phos
phoric acid in Dutch samples; and he remarks that in cascs where 
phosphoric acid is used in the diffusion process the scum will na\' 
urally contain considerable quantities of phosphate of lime. Rif
fard found in scum obtained on adding lime to juice as pressed 
out from sugar-cane 11.70 % of protein, and 14.46 % of :.tshes, 
which consisted of 6.16 lime, 3.83 phosphoric acid, 0.85 oxide of 
iron, 1.28 carbonic acid and 2.34 silica. 

According to the U. S. Department of Agriculture, fresh press
cake from tIle scums of cane-sligar, as prepared f!'Om cane-juice, 
contain on an average 45 % of water, 15.710 of ash, 3.;) % of 
phosphoric acid and 1.14 % of nitrogen, or, reckoned on the dry 
material, 28.5610 of ash, 6.33 % of phosphoric acid, and 2.10 % 
of nitrogen. As has been said, already, under bone-black, the 
scum from sugar refineries may contain considerable quantities of 
bone-black and of coagulated blood. 

Chaptal noticed long ago that the soft scum, when taken directly 
from the vats and applied to the land, is apt to kill plants; but on 
leaving the SCllm for a year to ferment in heaps it is com-erted in
to a very powerful manure. As a rule, it is said that the safest 
way of using the press-cake is 110t to apply it in the spring while 
it is still fresh, but to use it in the subsequent autumn, after it has 
been kept long enough to "ripen." Latterly, sugar-scum tends 
to be neglected liS a fertilizer, in Europe, because the effects ob
tain.'lble from it can be got more conveniently by means of phos
phatic slag; though there can be little doubt that there are many 
clayey soils where the scum would be useful when used in con
junction with farmyard manure. 

The remark of Chaptal, in his Chimie Appliquee (I, 153), that 
lime farms insoluble compounds with almost all animal and vege
table substances that are soft, and thus destroys their power of 
fermenting, seems to have had no little influence in stimulatuJg 
inventors to employ lime as aboye, and for preserving night-soil 
and clarifying sewage also, as will be explained hereafter. 

One point remains to be noticed in respect to the nitrogenized 
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manures other than ammonia and nitrates. A successful grower of 
tobacco has informed me that he gets a better flavored leaf when 
he manures the plants with fish-scrap, flesh, or blood, than when 
he uses nitrates or ammonium salts. Here is seen another reason, 
among many, in favor of using several varieties of manure at one 
and the same time. 

Animal Refuse. 
Beside fish-scrap, there are several other nitrogenized fertilizers 

of importance, notably dried blood, dried flesh, and some kinds of 
oil-cake. 

All kinds of animal refuse are highly nitrogenized, and some 
kinds are valuable manures. Thus, there are several matters oc
casionallyobtainable at the farm, such as the intestines of ani
mals, bits of skin and flesh, sinews and the like, which are of value 
when properly composted with earth, and thus brought to a condi
tion in which they can be subdivided and made available to the 
plant. 

All the foregoing substances decompose readily in moist earth, 
and might be applied directly to the plant were it not for the diffi
culty of distributing them advantageously. 

There is another set of substances, such as horn, hoofs, hair, 
wool, and woollen rags, bristles, feathers and leather, which though 
highly nitrogenized decompose so slowly in the earth that they 
are of comparatively little value when applied directly to the laud. 
Some of them indeed are of no value whatever. In order to de
rive much advantage even from the best of them, they must either 
be allowed to ferment in the compost heap, in contact with dung 
or urine, or with powerful chemical agents such as ashes, or pot
ashes, or lime; or they may be boiled in potash lye; or any of 
them might be subjected to destructive distillation, either alone or 
admixed with an alkali, for the sake of the ammonia which could 
be obtained in that way as a product of thcir decomposition. 

As several chemists have remarked with regard to leather, it is 
not at all strange that this substance should decompose so slowly 
in the soil as to be practically worthless as manure, for it is a pro
duct that has been prepared specially and purposely to resist 
decay. 

Voelcker insisted years ago, that there can no longer be the 
least doubt that the efficacy of the nitrogen which is contained ill 
any given manure must be very materially affected by the form or 
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state of combination in which this nitrogen exists. " Anyone 
who has tried side by side nitrate of soda, guano, and wool-waste 
must haye felt surprised at the different degree of rapidity with 
which the effects of these three fertilizers are rende:'ed perceptible 
in the field." Upon wheat, for example, nitrate of soda mny make 
the young plants luxuriant and of dark green color in the course 
of 3 or 4 days, while with guano 8 or 10 days mny be needed to 
produce similar effects i and wool-waste may give no evidence of 
utility even after the lapse of 4 to 6 weeks, though when the grain 
comes to be threshed out some increase may be noted. 

Torrefied Leather. 
It has often been thought that the fertilizing power -of leather, 

or the like, might be improved by subjecting it to heat strong 
enough to disorganize it, and make it crumbly and friable, without 
actually destroying it. In point of fact, much leather-scrap is 
actually treated in some slIch way as this for the purpose o'f re
covering the oily matters whieh were introduced into the leather 
during the process of currying it. There is small reason to doubt 
withal that the powdered product has been employed sometimes 
for the adulteration of nitrogenized superphosphates. 

As Reichardt insisted some years since, leather-scraps when 
subjected to the action of hot steam in a close boiler become hard, 
dry, and brittle, and can then be readily reduced to the condition 
of a fine powder. 

" Leather-menl," prepared in this way, has been somewhat used 
as a fertilizer in Europe, and has been found to differ from mere 
powdered leather in that, as shown by experiments, it has a cer
tain small, tholIgh appreciable fertilizing power, while the original 
lenther has none. Petermann fOlInd 7.51 % of total nitrogen in 
meal from steamed leather, and noted that 0.43% was in the form 
of ammonia; there was 0.81 % of phosphoric acid also. It ap
pears also, from Morren's experiments, that leather-meal (from 
steamed leather) enters into putrefactive fermentation when moist
ened, and that the moist material eyolves offensi\'e odors when 
kept in a warm place. A small proportion of ammonia i"s pro
duced, and considerable qual,ltities of soluble nitrogenous com
pounds, though the amounts are less than those produced from 
torrefied horn-meal under similar conditions. 

Instead of steaming leather-scrap in boilers, Coignet, in France, 
has employed the cheaper method of subjecting it, and other ni' 
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trogenous matters, to the combined action of steam and hot pro
ducts of combustion from u coke fire. His apparatus is so ar
Pllnged that the leuther (or horn, or rags, or refuse from the 
glue-makers) shull be enveloped during severul hours by u mixture 
of steam uud chimney air ut temperatures in the vicinity of 3000 

F. DudeI' these conditions leuther (or horn) swells somewhat, 
and becomes dry und friuble without losing any of its nitrogen. 
Petermann found 61% of nitrogen and 141 % of phosphoric acid 
in a sample that had been sold in Belgium us Coignet's fertilizer. 
It is evidently with reference to this process that the statement 
has recently beeu made, that certain manufacturers of fertilizers 
at Paris devote themselves particularly to the preparation of tor
refied wool, horn, leather, and even bone, the latter having first 
been steamed strongly to remove oil and gelutine. 

Morren has studied some of these torrefied products, and finds 
thut the horn-meal speedily enters into putrefactive fermentation 
when kept moist. Some ammonia is produced during the putre
faction, as well as a quantity of soluble nitrogenous productt:!. It 
was found that the horn-meal decomposed much more readily than 
the leather-meal, and that practical men prefer it to the leather
meal as a fertilizer. 

Danguy's estimations of nitrogen in 14 samples of leather from 
different kinds of animals ranged from 4 to 7 %, and S. W. John
son found that leather chips usually contain 5 to 8 % of nitrogen. 
He finds also that ammonia is given off from them copiously when 
they are boiled in strong potash lye. 

Reichardt snggested some years since, that it might be well to 
treat the powdered leather-meal (steamed) with a weak solution 
of potashes, which, as he found, is capable of dissolving nearly 
one third part of the steamed leather. It should here be said, 
that, previous to 1860, the chemist l{unge, ill Germany, manu
factured an artificial fertilizer upon a large scale by boiling leather 
scraps aud woollen rags with a mixture of G lau bel" s salt and 
quicklime. S. 'V. Johnson reports an experill1eut in wiJich pow
dered leather was heated with more than its owu weight of oil of 
vitriol and the product was neutralized with carbonate of lime and 
then tested in pots of earth, iu which Indian curn was growll, in 
contrast with other kinds of organic nitrogen. In this experi
ment, the nitrogen in leather thus treated was fOllnd to be a. 
available as that in dry. fish or in hoof- aud horn-meal. 



Composition of Blood amI Flesh. 
Lean flesh contains about 75 % of water, 3 to 4 % of nitrogen, 

0.5 % of alkali salts, and 0.5 % of phosphoric acid j or in a ton, 
say 70 lb. of nitrogen and 10 lb. of phosphoric acid. After it had 
been dried in the air, Payen and Boussingault found in it 8.5 % 
of water and 13 % of nitrogen. 

Fresh blood coutains about 80 % of water, 2.5 to 3 % of ni
trogen, O.;j % of alkali salts, and 0.25 '/0 of phosphoric acid; or 
in a tOll, say 55 lb. of nitrogen and 5 lb. of phosphoric acid. 

Dried blood is an article of commerce. It has long been pre-
. pared in France for exportation to the sugar-growing colonies. 
and has commanded a tolerably high price. According to Gas
parin, more than 40Q tons of it were sent from France to Gnade
loupe in the yt'ar 1831. In 1856 Stoeckhardt told of its being 
sold at the rate of $3 or $3.50 the hundredweight. 

Pl'eparatioll of Drie(l Blood. 
For obtaining dry blood there appear to be two methods of 

proced'ure. Either the fibrin alone of the fresh blood is made to 
coagulate, by some system of shaking or stirring, and the liquid 
serum is drawn off by itself and evaporated to obtain the albumen 
in it, which is valuable for use in the arts; or, more commonly, 
both the fibrin and the allmmen in the blood are ma(le to coag
ulate together by slightly acidulating the blood with sulphuric 
acid and blowing steam into it, while it is subjected to mechanical 
agitation. In this case the clot contains almost the whole of the 
nitrogen of the blood, and the watery liquor which separates from 
the clot is thrown away. But in either event it is the solid clot 
which, after having been dried and ground to powder, is sold as a 
fertilizer under the name dried blood or blood-meal. A litre of 
fresh blood is said to yield about 500 grams of clot, containing 
170 to 200 grams of dry substance carrying 12 to 13 % of ni
t!'ogen. But in order to facilitate the drying of the clot, it is 
mixed with small quantities of other matters, whereby the propor
tion of nitrogen is reduced somewhat. As sent into COlllmerce, 
the French product (dried blood) contains 13 or 14 % of water; 
78 or 79 % of organic matter; 7 to 9 % of ash ingredients; auout 
12 % of nitrogen; from 1 to 1-} % of phosphoric acid; and about 
! of one per cent each of potash and lime. 

Ten samples of blood-meal examined at the Munster experiment 
station contained from 8l to l:3t % of nitrogen, or in the mean, 
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111%. Thirteen samples tested at Gembloux gave 11.23 as the 
mean percentage of nitrogen. It is not only a powerful manure 
in the chemical sense, but is in an excellent mechanical condition. 
It is dry, friable, and pulverulent, has hardly any odor, and may 
be transported and applied without trouble. 

In this country dried blood is usually mixed with othet' fertil
izers before coming to the farmer's hands. For example, it is said 
to serve extremely well as a " dryer" for some kinds of super
phosphates which would be left damp amI sticky unless something 
w.~re added to them to eorrect a certain small excess of sulphuric 
acid which has to IJC employed in the process of manufacture. One. 
very old plan was to mix blood and slaughterltouse offal, layer by 
laym', with enough sawdust to bring the wet material into manage
able form. The moist product could either .be ploughed under di
rectly, or made into compost with peat or sods. Two loads of the 
blood-sawdust cOlllposted with three loads of loam were said to be 
sutlicicnt for an acrc of wheat. It was thought to be better suited 
for land of an open texturc than for tough clays. 

Dried blood containing as much as 10 or 12 % of nitrogen and 
from 10 to 20 % of moisture may still be procured in this country 
as a fertilizer, though in the article commonly sold as dried blood 
by the dealers in manures it has been more or less admixed with 
other kinds of animal refuse. Indeed, it is said by some manu
facturers of fertilizers that it lias been found impracticable to 
keep mere dried blood for any length of time unmixed; but that, 
when the blood is thoroughly mingled with dried pulyerized meat, 
the two keep perfectly, witli no perceptible loss of ammonia. 
Blood in its natural liquid state is a quick-acting manure which 
admits of being conYeniently applied in horticulture. But care 
should be exercised that neitlier seeds nor young plants - not 
eyen potato sets - cnn come in contact in the soil VI ith any COIl

siderable quantity of dl'iell blood, or of fertilizers that contain 
blood, lest the seells decay. 1t is best not to apply blood ferti
lizers in the drills or furrows, but to strew them broadcast and 
to work them into the soil thoro uglily before the crop is planted. 
Highly fayorable results are said to liave been obtained in prac
tice by watering young fruit-trees with a mixture of fresh blood 
and 10 or 12 times as much water. 

Fil!lcl Expel'imellts 1cith Dried Blood. 
Petermann, in Belgium, lias careflllly tested the fertilizing 

'VOL.1I-2 
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power of dried blood, as compared with that of nitrate of soda, 
upon spring wheat, both on a clayey and a sandy soil. The ex
periments were made in quantities of earth amounting to 4 kilos, 
and there were added to this amount of soil the following quanti
tIes of fertilizers. either one at a time, two at a time, or all three 
at onee, as stated in the table; viz. 0.25 grm. nitrogen, 0.3 grIn. 
phosphoric acid, and 0.2 grm. potash. 

Kind of fertilizer. 

No man ure . . • 
As dried blood 
As nitrate of soda 

NITROGEN ALONE. 
Clayey Soil 

Grain. Total Crop. 
7.94 26.13 

1[1.56 62.07 
20.14 64.39 

NITROGEN AND PHOSPHORIC ACID. 

Sandy Soil. 
Gmin. Total Crop. 

2.08 7.34 
5.05 15.75 
7.51 27.02 

N as dried blood. . . 19.51 62.41 8.94 29.40 
N as nitrate of soda. . H).62 64.58 9.76 31.12 

NITROGEN, PHOSPHORIC ACID, AND POTASH. 

N as dried blood. . . 19.H 63.17 12.19 34.78 
N as nitrate of soda. . 19.80 64.81 12.93 36.97 

These results show clearly that the nitrogen of dried blood is a 
powerful manure. Although the nitrate of soda was superior, on 
the whole, to the blood, especially on the ligllt land, the blood 
nevertheless did excellent service. The nitrogen both of the 
blood and of the nitrate of soda increased the numver of stalks 
of wheat and the size of the ears; it increased the yield of grain 
tl1reefold, and more than douLled tile yield of straw. The blood 
gave decidedly better results than had been obtained in preYiolls 
experiments from steamed wool-waste, and very mucl1 better than 
those got from crude wool-waste and from leather-meal. It will 
be noticed that the addition of phosphatic and potassic fertilizers 
to the nitrogenous did no good on the clay, thongh such adt1itions 
were of considerable use on the light land. It has heen reported, 
indeed, that Petermann has found that the wheat crop mny be 
doubled on certain infertile sands in Belgium by the judicious use 
of dried hlood. 

In England, blood composts are said to be excellent top-dressings 
for either grain or grass, and dried blood mixed with bone-menI, 
01' with a superphospbate, has often been found to do good service 
on turnips. 

The nitrogen in dried blood is probably worth eonsiderubly less, 
pOllud for pound, than tllat in Peruvian guano, though of course it 
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is worth very much more than that from less easily decomposable 
materials. In tile opinion of some observers, tIle nitrogen in blood 
is worth twice as much per pound as that in coarse bone-meal. 

Blood and Lime. 
According to A. MueHer, any fresh blood which may happen to 

be at a fanner's disposal, either that of animals slaughtered at the 
farm or that obtainecl from a neighboring llUtcher, can be readily 
saved by mixing it with fine peat und lime. In illustration of tIl is 
idea, he stirred 50 gnlls. of ground quicklime into i;iO grllls. of 
fresh blood, and added 32 grms. of fine peat-slack, to correct the 
pastiness of the mixture. TIle friable product was odorless, and 
it dried out quickly. In another trial, 'Mueller mixed 2;)() grIllS. of 
fresh blood with 58 gnns. of peat-slack, and noted that the mix
ture was nearly odorless, and that the water in it drie(l out readily, 
to the extent of 7,1 % the weight of the blood. An older method 
of procedure was to use lime alone without the peat. The blood 
was tllOroughly mixed in a shallow box with 4 or ii % its weight of 
dry, freshly slaked lime j the mixture was covered "\Vitll a thin layer 
of the lime, and left to itself to dry out. The dry mixtl1l'e may be 
kept for a long while without chauge. It may be applied to the 
land as such, 01' it may be au(led to a compost-heap. 

To test this matter, Heideu mixed :!,OOO grams of sheep's blood 
with 130 grams of freshly slaked lime, and covered tbe mixture 
with a thin layer of the lime (1 %), and be found that tile mix
ture solidified completely in the course of 24 hours. Dtlring the 
months of July and Augtlst, he left the mixture in a room where 
it was exposed to several hOllrs' sunlight every dny, but he could 
not perceive that it uu(lerwent any change excepting tllat the odor 
was a trifle less perceptible as time went 011, and that a ,-ery hard 
crust formed on the surfllce that was not easily cut with u knife. 
Beneath this crust the material was less IllU'll j it was black, and 
looked like IIIHleeom[losed blood. 1\leanwhile more than hulf the 
moisture origiually contained ill tile hlood had disappeared. 

Chandler's Scr((.p. 
Several varieties of dried flesh may be procured from the (leal

ers in fertilizers. One well-known product, called" greaves," or 
"cracklings," cr "cltandler's scrap," is obtained as a residuum in 
the rendering of tallow and the preparation of soap-grease. It 
consists of the membranous portion of the :mirnal fat or suet, 
from which the tallow or fat propel' has ~en separated by melting 
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and pressing. These greaves occur in commerce in the form of 
large, compact cakes, like cheeses, which haye been pressed yery 
strongly. Payen and BOllssingault fOllnd 8 % of water and 12 % 
of nitrogen in a sample which they examined. 

Formerly it was no very easy matter to break up or pulyerize 
one of these cakes, though by long soaking in water tlley could be 
broken down sutnciently to admit of the flesh being applied as a 
manure. N owac1ays the cakes are made thinner and much more 
manageable. Perhaps one good way of pulverizing the cake would 
be to pare it down with a carpenter's drawing-knife? Grpayes are 
said to have been used to a certain extent at one time, many years 
ago, by the manufacturers of superphosphates for reinforcing their 
products. They are used for feeding dogs in England, and poul
try in this country. Sometimes thpy nre giyen to swine, also. 

More than a hundred years ago, an English writer, Hunter, in
sisted on the advantages to be gainpd by composting the refuse 
scrap left by whale's blubber from which the oil had been boiled 
out. This material might be described as a particularly foul ya
riety of greaves. One plan was to lay down a bed of moor-earth 
a foot or more thick, to spread upon it a layer of equal thickness 
of long litter from horse-stables, and above that a layer of the 
whale-scrap. By repeating thpse layers, the heap was lmilt up to 
a height of six feet, and was topped off with'a thick coyering of 
moor-earth. After the lapse of a month, the heap was forked 
over and again covered with earth, with the result that a second 
strong fermentation occurred. The operation of tuming was re
peated at proper intervals until the whole heap had ~ecome a uni
formly putrid mass. 

Before the cheaper kinds of slaughter-house refuse were to be 
had, damaged greaves offered a good material for fermellting peat 
in compost heaps, and they were on that accollnt wortby the at
tention of farmers. But when in good condition greayes are worth 
too much as an article of fodder eyer to be used as manure. 
There are many farmers in this country who might find their ad
vantage in using this material for feeding hogs. Corn-menl by 
itself is too starchy and too little nitrogenous to be the best pos
sible food for growing swine; and these chandler's scraps will 
supply just what the maize lacks. 

Tankage. 
Under the name of tankage, a kind of flesh-meal is prepared in 
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this country from the refuse meat, entrails, and other offal that 
accumulate ill slaughter-houses. These materials are steamed in 
tanks to remove grease, and the residue is heated by steam in a 
jacketed iron cylinder and stirred continually with hot rakes until 
it has become dry, and been reduced to a fine mechanical condi
tion. "~hen well prepared, this product should cO:J.tain no more 
than 10 or 12 % of moisture, though sometimes it has been found 
to contain as much as 30 %. U suaIly it contains more watpr and 
more phosphoric acid, some 5 to 7 % namely, but less nitrogen, 
some 7 or 7 ~ %' than pure dried blood. Since much of the ni
trogen in this material is easily decomposalle, it i" to be regarded 
as a valuable manure on land moist enough to encourage fermenta
tion. 

As has been stated under the head of blood, tankage should be 
thoroughly admixed with the soil before seeds are sown, lest it 
cause them to decay. It had better be applied lJroadcast and be 
harrowed in rather than to pllt it ill the hills or furrows. One 
effect of tankage, which is true also of dried bloo(l, dried fish and 
cotton-seed-meal, is that when mixed with a soil tbe rate of tlow 
of water through that soil is greatly retarded. As will be stated 
under cotton-seed-meal, the surface tension of water is very con
siderably lowered by the presence of tankage and similar organic 
fertilizers, so that the capillary lifting power of soils charged with 
these materials may be lessened. Thus it happens that the in
judicions use of concentrated organic matters in a dry season may 
" burn ont" the land and make it urier than it would otherwise 
have been, although their juuieious use in favorable seasons might 
tend to make the soil more retentive of the actual rainfall. (l\I. 
Whitney.) Other products from modern slaughter-houst's, con
sisting of mixtures of blood, bone, andllleat, dried and powdered, 
have been found to contain fj or G % of moisture, and 11 01' 12 % 
of nitrogen. In some cases a part of the phosphoric acill in this 
material is of manifestly poor quality, because it is contained in 
fragments of coarsely powdered teeth. 

Flesh must Ferment. 
It is to be remembered that flesh-meal and tankage, as well as 

fish-scrap, must undergo fermentation before the nitrogen in them 
can become available for crops, and that time enough must be 
allowed for the fermentation and the conditions be made favorable 
for it. ",Vhen p:-operly cOlllposted, either in heaps or in the soil 
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itself, flesh-meal may do valooble service; but unless the couditione! 
are proper and the fermentation occur at a suitable time the ferti
lizer can hardly be expected to yield any adequate profit. Eu
ropean experience teaches that crops grown the same year that 
fiesh-meul has been applied as such to the land are apt to derive 
less benefit from this application than the crops of the succeeding 
year get from it. It has been ohserved also that flesh-meal ap
plied in the uutullln does more good to grain crops than when it 
is put upon the land the next spring. Deberain observed that 
potatoes dressed with flesh-meal got no goo(l from it whatsoever. 
On fodder-corn it did some good, while the fodder-corn of the next 
year did very well. Oats, however, grew well the very same year 
that flesh-meal was applied to them. ,Yheat Sown in the autumn 
after the pohttoes above mentioned grew well and yielded heavily, 
and it was noticed that the good effect of the former dressing of 
flesh-meal was felt by wheat-crops during several succeeding 
years. 

Lnrge quantities of flesh-meal from slaughter-houses at Fray 
Bentos, in Uruguay, where Liebig's extract of flesh is prepared, 
have been carried to Europe, and there used both as fodder and as 
manure. Beside residual flesh from which the juices have been 
extracted, this product contains lilood, bone, tendons, etc., like 
many of the other kinds of flesh-meal. Analysis shows that it 
contains 5 to 7 % of nitrogen, and from 13 to 20 % of phosphoric 
acid. The manufacturers claim that it contains 6 % of nitrogen, 
and 16 % of phosphoric acid. 

It may here be remarked that in silk-grOWing countries the 
larvae in the cocoons have long been esteemed as a powerful ma
nure. It was the custOlll formerly, after the silk bad been reeled 
off, to apply the cocoons to mulberries and other tI'ees which were 
sickly and in lleed of refreshment. (Chaptal.) 'fhe refuse also 
from places where silkworms are fed is a powerful nitrogenous 
manure. It is a mixture of the dung of the worms and the frame
work of the leaves they have eaten, together with some dead worms. 
Boussingault and Payen found in it 11.4 % of water and 3.3 % 
of nitrogen. In the chrysalides of silkworms they fouud 78.5 % 
of water and 1.9 % of nitrogen. 

Dissoh'etl Fle8h-~Meal. 
Some European manufacturers, by treating the South American 

flesh-meal with sulphuric acid, have prepared from it a fertilizel 



FLESH-MEAL. 23 

which contains about 12 % of soluble phosphoric acid i and their 
process might evidently be applied to tankage of any kind. 

The French Chemist Girard has suggested, as a sanitary meas
ure, that the flesh of animals which have died of contagious dis
eases might well be treated with cold, strong sulphuric acid, for 
the purposes of destroying germs and of saving fertilizing matters. 
He would put a quantity of sulphuric acid, of 60° Beaume, into a 
wooden tub that bas been lined with sheet lead, and would throw 
the carcass of the animal into this acid, piece by piece, taking care 
to keep the tub covered to hinder the acid from absorbing moist
ure from the air. A eonsiderable amount of heat is set free by 
the action of the acid on the flesh, so that the fat melts and rises 
to the surface, whence it may be collected and put to use. It is 
said that, excepting hoofs and horns, which dissolve but slowly, 
no more than 24 or 36 hours are needed in order to disaggregate 
or "liquefy" an animal. According to Girard the action of the 
acid does not much slacken or become enfeebled until something 
like three-quarters of its own weight of flesh, etc., have been 
acted upon. After it has become saturated, so to say, with flesh, 
the acid may still be used to make superphosphate, by mixing it 
with ground rock phosphate, since it is well suited for this pur
pose. 

rt is to be noted in any event that the "solution" of flesh in 
acid can hardly contain any very large proportion of fertilizing 
matters for - as Girard estimates - 1 00 lb. of the original carcass 
may contain no more than some 2 lb. of nitrogen and 1.5 lb. of 
phosphoric acid, and when these constituents are commingled with 
the large quantity of acid they must necessarily be considerably 
diluted. In an experiment where [) sheep wcighing altogether 204 
kilo. were dissolved in 500 kilo. of the acid, the product contained 
0.722 % of organic nitrogen and 0.058 % of ammonia-nitrogen, 
beside half of one per cent of soluble phosphoric acid. 

Girard suggests that, in case a process of this kind were to be 
employed at chemical works, or by municipal authorities, it might 
be well to provide apparatus competent to make use of hot sul
phuric acid, and to thus obtain quicker action and a more con
centrated "solution" of the flesh. If this were done, the final 
superphosphate would be proportionally richer in nitrogen, and 
would contain some ammonia, also, formed by the action of the 
hot acid on the flesh. ' 
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~ ~ Flesh-meal. 
,.,. Anq~fJi' \chidttof... ed flesh is made in Germany from dead 

hor~~,.fin~, cattle that haye died of disease. It is sold ex
pressly as a manure under the name of flesh-meal. One method 
of preparing it, as practised in Leipsic some years ago, has been 
described as follows. After having been skinned and opened, the 
horses were divided into four pieces, which were thrown into large 
iron cylinders arranged to act as Papin's digesters. Each of these 
cylinders was large enough to receive 3 or 4 horses at once, and in 
these receptacles the flesh was exposed to steam for 8 hours under 
a pressure of 2 atmospheres. 

By this long-continued steaming, the whole of the fat in the car
casses is extracted, and all the tendons and sinews are changed to 
gelatine. Even the smaller bones of the animals are softened. 
'When the steam ~s finally shut off, two layers of liquid are found 
in the digesters. The upper layer consists of soft fat, which has I 

a well-established value in commerce. It is used for wheel-grease, 
for making soft-soap, and for preparing wool for spinning. The 
lower layer of liquid, on the other hand, is a soup; that is to say, 
it is a solution of glue contaminated with the so-called extract of 
flesh. It is evaporated to the consistence of syrup, and sold under 
the name" bone-size," to be used hy weavers in preparing their 
thread for the loom. After the boiled flesh has been pressed, it is 
dried in a kiln, the bones are picked out, and the flesh is ground 
to powder by itself. 

The factory at Leipsic had three digesters, and, by working day 
and night, could dispose of 16 or 18 horses in the course of 24 
hours. Practically, it did use up some 1,500 horses, 150 cattle, 
and 500 hogs, dogs, and shcep, in the course of the year. 

Another factory, at Rheydt, in the Rhine region, worked off an
nually from 1,000 to 1,200 hea(l of horses, and a few hundred 
other animals, as well as seyeral thousands of hundred-weight of 
refuse from slaughter-Houses, such as the head and feet of sheep. 
The meal from this last factory has been analyzed by Karmrodt. 
He describes it as a yellowish, dry, and tolerably fine powder, 
haYing a slight odor of incipient putrefaction. Jt contained 
8.68 % of N, and 7.;)3 % of P 205' 

At another factory of the sallle kind, near Linden, in Hanover, 
bones and dried flesh were grouud np together. Hence, a larger 
proportion of phosphoric acid in the meal. From an analysis by 
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Wicke it appears that flesh-meal of this kind contains 6t % of 
nitrogen, and 30 % of phosphates, whicll may perhaps amount to 
14 % 01' so of pllosplloric acid. Hirzel found in flesll-bone-meal 
from a factory in Munich, '7 % of moisture, 7.44 % of nitrogen, 
and 14.9 % of phosphoric acid. Wolff gives for avcrage flesh
meal, as sold in Germany, 91 % of nitrogen, 6! % of phosphoric 
acid, and 28 per cent of water. 

Driccl Garl)((lJe. 
Tn many American cities it has long been customary to keep the 

offal from food (" kitchen waste ") separate from the coal-ashes and 
other" drv dirt" which aeeumulates in houses, and to have it re
moved by ~~pecial scavengers. 1; ntil recently, this "city swill" has 
been used for feeding hogs, hut latterly suggestions have been thrown 
out in several localities thal it had better be burned. 

In the following plan, proposed by Fleischmann, and put into 
practice at Buffalo, the i(lea is to destroy all offensive and dangerous 
matters, by subjecting the garbagc to a temperature high enough to 
disinfect it thoroughly, and at the same time to preserve intact the 
fertilizing constituents, and to recover grease, bones, rags, and other 
merchantable materials. To thi~ end, some ,j,OOO lb., more or less, of 
the garbage are thrown into a jacketed cylinder, which is heated by 
steam under 80 lb. pressure, and arc there stirred continually by 
means of a hollow rake - constructed of steam pipes, and kept full 
of steam at tile pressure above-mentioned - which is made to revolve 
within the cylinder. By means of a fan, the vapor which arises from 
the garbage thus heated is drawn out into a special chamber, where 
it meets jets of spray, or sheets of water, and is speedily condensed. 
An amount of water equal to (;0 % of the original weight of the 
garbage is thus removed from it, and is allowed to flow into the 
common sewer. 

From the drier, the garbage passes into an automatic extractor, 
where the grease is dissolved out by means of benzene applied in such 
manner that one and the same quantity is used over and over again, 
continually, without loss. On being removed from the extractor, the 
material falls upon a series of screens, which sift out bones, rags, and 
o.t?er coarse substances, and there is obtained a dry, pulverulent fer
tilIzer, rich in nitrogen and phosphoric acid, and readily salable. At 
Buffalo, on treating some 30,000 lb. of garbage per diem, there was 
re~overed 1,800 lb. of grease and 12,000 lb. of the fertilizer. It is 
said that all the operations are odorless, and that the business pays a 
good interest on the investment. 

Oil-Cake. 
In order to obtain the oil which is contained in certain oily 

seeds, such as flax-seed, rape-seed, cotton-seed, or the like, it is 
customary to grind the seeds to powder, to place the meal in 
Coarse bags that are laid between warm plates of iron, and to sub
ject it to powerful pressure. After Illost of the oil has been ex-
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pressed, a residuum known as oil-cake is l~ft in the bags in the 
form of a thin, bard, flat cake; after having been ground, it is 
called oil-meal. Generally speaking, both oil-cake and oil-meal 
are worth so much for feeding animals that they should not be 
applied directly to the soil as fertilizers; but in countries where 
few cattle are kept - notably in China, J aran, and the south of 
.France - they baye been largely employed as manures. More
over, there are several kinds of oil-cake, such as those from the 
castor-oil bean, and from the physic-nut of the Cape de Verde 
Islands, which contain some purgative or medicinal pi:inciple, and 
are consequently unfit to be used as food for animals. 

Castor Pomace. 
Castor pomace is a merchantable product in this country, as 

that from the physic-nuts was formerly. At one time, considera
ble quantities of these nuts were expressed in Boston. Castor 
pomace usually contains some 5 or 6 10 of nitrogen, about 2 % of 
phospboric acid, and 1 % of potash. It is said that some tobacco 
growers believe that castor pomace has a particularly favorable 
effect on the quality of the tobacco-leaf, which cannot be produced 
by otber nitrogenous manures, and that they prefer to pay a 
specially high price for nitrogen in this form. 

As compared with other kinds of oil-cake, the value of a ton of 
castor pomace may be computed as follows: -

100 to 120 lb. of N at 15 conts $15.00 to $18.00 
40 lb. of P 20., at 6 cents. $2.40 
20 lb. of K 2 0 at 4! cents. • .90 

Say, $18.00 to $22.00 

As with the other kinds of oil-cake, the large amount of organic 
matter contained in this material would count in its favor as against 
some kinds of artificial fertilizers upon gravelly soils that are not 
too ory. Care should be taken to keep castor pomace in places 
where animals cannot get at it, and the men who spread it should 
walk with the wind, for, though not poisonous, it is ycry disagree
able for the eyes and mouth. (Gregory.) 

Linseed Cake. 
Linseed oil-cake usually contains about 5 % of nitrogen, Ii 10 

of potash, and 2t 10 of phosphoric acid. It is evident from these 
figures that it must be a much weaker manure than guano, with 
which it was thought worthy at one time of being compared. A 
ton of Chincha Island guano would haye contained 2i times as 
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mnch nitrogen, 6 times as much phosphoric acid, and mtller more 
potash even, than a ton of oil-cake. Hence, unless the price of 
oil-cake were considerably less than half the price of such guano, 
there could be no thought of using it directly as manure. To this 
day, rape-cake, and other kinds of oil-cake, arc csteemed to be 
valuable mannres by the J apancse, who nsc them to hasten the 
growth of young cotton and tobacco plants. Formcrly, both rapc
cake and linseed-cake were used directly as manure Oil good land 
in Germany and ill England, with excellent results so far as ap
pearances went. At first, as much as half a ton to the acre of 
broken rape-cake was used, but on pulycrizing the cake, and drill
ing it in with the seeds, it was found that 500 or 600 lb. to the acre 
were sufficient, and 800 lb. came to be regarded as a heavy dress
ing in England. According to Gasparin, from 500 to 900 lb. to 
the acre are applied in the ordinary course of cultinttion at the 
south of France, though for hemp as much as 1,400 or 1,500 lb. 
are used. He has himself had good success in starting lucern
fields and grass-fields on poor !amI which was manured with 
nothing but oil-cake. 

Oil-Cake on frIoist Lcwd. 
In England it was observed that oil-cake gave much better re

sults in wet than ill dry seasons, and it was held to he Illore 
serviceable on clays and other moist soils than on tuose wuieh are 
dry. The broken at' powdered cake decomposes readily in the 
earth, except in very dry Sl'asons, so that no preliminary fpr
mentation 01' COIl1[Josting was strictly necessary, though it was 
occasionally composted with thirty times its weight of farmyard 
manure. It was held Lo bc a manure of quick allll cyaneseent 
action, which seldom did llluch good to more than the single crop 
to which it was applied. It was often lIsel1 by itself as a top
dressing for grain, or it was drilled in with wheat, at the rate of 
from 8 to 16 bushels to the acre. According to Hunter, rape
cake was Illuch used on tbin, calcareous soils in Yorkshire (Eng
land) towards the close of the 18th century. I twas uarrowed in 
with the seed-grain at the rate of :12 bushels to the acre for wheat, 
and at the rate of 24 bushels for barley. Some farmers preferred 
to mix the broken cake with loam, and to moisten this mixture to 
incite fermentation, ill order to be sure of quick and regular action 
When the material was applied to the crops. 

Lawes and Gilbert, in their field experiments with barley, ap-



AGRICULTURE. 

plied to some plots of land nothing but rape-cake, year after year, 
at the rate of about 9 cwt. per acre per annum, and they obtained 
in this way crops which exceeded the average barley-crop of the 
country, though the yield was not quite equal to the maximum for 
the soil and the seasons, as obtained by means of farmyard ma
nure or by mixtures of artificial fertilizers, supplying a somewhat 
smaller quantity of nitrogen than was contained in the rape-cake. 
The nitrogen in rape-cake nitrifies much more slowly than that in 
ammonium salts, and thus does not supply as milch plant-food 
during the period of the acti,'e growth of barley as is supplied hy 
nitrates or by ammonium salts; with the rape-cake, nitrification 
extends more evenly throughout the year, and nitrates are thus 
produced when they are not wanted (for the barley). The effect 
produced on the soil by rape-cake is said to have been well 
marked. In the course of years, the uppermost 9 inches of tbis 
soil came to contain 9. higher percentage both of nitrogen and of 
carbon than any other plots in the field, excepting only those 
dressed with farmyard manure. 

In Flamlers, oil-cake was mixed with much liquid mflllure, ann. 
suffered to ferment therewith before it was applied to the lan(l. 
These fermentations were doubtless philosophical enough in the 
days that preceded the use of guano, ammonium salts, and ni
trates; but nowadays the farmer can buy in these substances ma
nures that act as speedily and as efficiently as the fermented cake, 
and which arc more manageable and decidedly letis troublesome. 
One reason why the composting was persisted in is fonnd in tile 
fact that heavy dressings of oil-cake, when applied at the same 
time with seed-grain, arc apt to ferment so quickly and powerfully 
that the seed becomes involved in the process of decay, and is de
stroyed. Perhaps to this canse may be attributed the sentiment 
of French farmers, that it is inadYi&~ble to apply oil-cake contin
ually to any land which does not contain an excess of hUllllls, un
less the cake is used in conjnnction with strawy manure, or in 
alternation with sllch mannre. (Gasparill.) 

Permentations may Injure Crops. 
As a general rule, no kind of fcrmentable organic matter should 

be put into the soil immediately in contact with seeds. Even after 
the application of bone-meal, it is well to wait a few days before 
Bowing seeds, in order that the first hot fermentation of the bone 
may abate. In this point of view, it may be questioned whether 
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the old plan of drilling in rape-cake together "With seeds was wholly 
commendable. As Lawes has said, "Organic manures, as "Well 
as those which are chiefly nitrogenous, should never be concen
trated near to the plant in its earliest stages of growth, but only 
within its reach, "When, under the immediate influence of mineral 
manures, the young plt\nt has so far developed its organs of ac
cumulation and its healthy vigor as to be competent to grow faster 
than the natural atmospheric and soil resources of nitrogen and 
carbon enable it to do." 

It has often been noticed in Europe that dressings of oil-cake 
are specially apt to do harm in case no rain should fall before the 
seeds have started or while the plants which have been dressed 
with the oil-cake are still young. To avoid this risk, it is custOlt1-
ary at the south of France to wet the powllered oil-cake before 
applying it to the land, while in other districts the rule is not to 
sow grain until 10 or 12 days after applying the oil-cake. 1t hflS 

been shown that the cake is apt to have a bad influence 011 soil 
moisture: one idea is that ill a dry time thp oil ill the fertilizer 
may smear the seeds and hinder them from germinating; while 
others have thought that perhaps the oil-cake may f:wor the mul
tiplication of hurtful insects which molest the tender plants. 

In general, the action of oil-cake, though somewhat slower than 
that of guano, "Was found to be quicker than that of bOlJe-meal. 
The following experiment of Stoeckharclt will illustrate this point. 
The crop was oats grown on land that was fairly moist:-

11~ertilizer . Harvest. 
Kilos to the Hectare Kilos to the Straw and Hectare. Grain. Chaff. 

No manure. 928 1,213 
Bone-meal. 400 1,127 1,390 
Bone-rnealand 400 } 1,249 1.757 Sulphuric acid 200 
Rape-cake. 400 1,872 2,387 

On dry land there is no sense in using oil-cake anyway as a 
fertilizer; and on good land, except in very dry years, the chief 
part of the fertilizing effect of the cake is felt during the Hrst sea
son. German observers have estimated the effect at 50, 30, and 
20, for the first, second, and third years. 

Lawes insisted long ago that rape-cake and other organic ma
nures have special significance for fertilizing turnips, an effect 
which he was inclined to attribute to the large amount of carbo-
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naceous matter in the cake. Indeed, rape-cake was at one time a 
good deal used upon turnips in some places in England, and al
though there was an impression that it was not yery well suited 
for the young and tender plant, it was thought to be excellent for 
turnips after the crop was once well started. Latterly it appears 
to haye been superseded by superphosphate for this crop. 

·When applied to wheat in the experiments of Lawes and Gil
bert, rape-cake seemed to do good only in proportion to the ni
trogen that was contained ill it. Thus, 100 lb. of the cake con
taining 5 lb. of nitrogen and 80 or !)O lb. of carbonaceous matter, 
gave no larger increase of grain than an ammonium salt which 
contained 5 lb. of nitrogen and no carbonaceous matter; but when 
applied to turnips the rape-cake had a decidedly beneficial effect 
and did much more good than the ammonium salt. 

Rape-cake vs. TVire-worms. 
nape-cake has long been used in ]~nglancl as a means of protecting 

, !iyoung wheat-plants from the attacks of the wire-worm. Thus it 
has been directed to "Apply to the land and plough or harrow well 
in Ii cwt. of rape-cake crushed into half-inch lu\Up~. The wire-worms 
will congregate on these lumps of cake, (levouring them with such 
ayidity as to become glutted. They perish either from n~pll'tion or 
from the peeuliar properties of the rape, or from the combined effects 
of the two causes. Hape-tlust will not answer, because it presents 
no surfaee fur the worms to fix themselves upon ... :Many of the 
IUlllps of cake examined were found full of the defunct and expiring 
worms." (Charnock.) 

The idea is in some part supported hy a practice adopted in Eng
lish hop-gardens, where the wire-worm is apt to be a great pest, viz. 
to put pieces. of cut potatoes in the wil, close to thc hop-plant and on 
both sides of it, in order tu attract the wormf'. The potatoes are taken 
up every morning for a fortnight at the nitical season and the worms 
found upon them are destroyeLl. As lllany as a dozcn worms at a 
time have been collected in this way at a single hop-plant. 

According to Lawes and Gilbert, it is a fact that when rape-cake 
is applied to wheat, the wire-worms cease to eat the grain-plants and 
feed upon the cake. Far from the worms being killed, however, it 
was observed that they increaseu to an enormous extent when rape
cake was applied to the land. Possihly it is to this protecting in
fluence of the cake that should be credited a considerable part of its 
efficacy when applied as a manure. 

But in Cambridgeshire, EnglanLl, rape-(lust appears to have been 
drilled in with wheat rather freelv at one time, and to haye been 
preferred to top-dressings of nitrate of soda. Alluding to this prac
tice, :Mr. Pusey has said that. "Hape-dust drilled in with wheat ap
pears to be most efficacious in preserying the plant on those light 
lands where it is apt to die off towards the end of winter." 

It has been said that 8 to Hi bushels to the acre were generally 
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found to be sufficient on wheat, to be applied either at the time of 
sowing the seed or by drilling it in between the rows ill the spring. 
It was thought to be best adapted to ordinary heavy soils that are 
well drained or which have a dry subsoil. A. Young has reported 
highly favorable results that were obtained in the damp cliJllate of 
Ireland by applying rape-cake earl~- in the spring, at the rate of a ton 
and a quarter to the acre, to worn out grass-land. ltenHukahly 
luxuriant crops of grass were obtained. Iu ordinary year~ (in Ire
land) better results were got on upland Held" than 011 low, wet laud; 
but in one case the effect of the fertilizer was not great when it was 
put upon the lands late in the spring, and a dry season followed the 
application. 

Cotton-seed Afeal. 
Cotton-seed also, and the cake from cotton-seed, have been 

largely used in this country as manures. Indeed, considered 
merely as a manure, cotton-seed-cake is somewhat richer than 
linseed-cake. But now that methods haye been devised for re
moving the hulls and fuzz from cotton-seed, this cake is perfectly 
well adapted to be used for the fattening of cattle. Properly, it 
must henceforth be classed among foddering materials and not as 
a mere manure. 

:From the average of many analyses of the normal product it 
appears that the composition of cotton-seed-meal is somewhat as 
follows: -

Water 
Oil. . 

Per Cent. 
8.00 

13.70 
Albuminous matters 44.00 
Mucilaginous and saccharine matters 21.50 
Woody fibre . . . . . . . . . 5.70 
Ash . . . . . . . . . . . . 7.10 
Nitrogen, though subject to considerable variation, about 7.00 
Phosphoric acid. . . . . . . . . . . . .. 2~-3.00 
Potash . . . . . . . . . . . . . . . '. lk-2.00 

It should be said, in parenthesis, that meal from undecorticated 
cotton-seed is still not infrequently met with. It is of darker color 
than the normal meal, from containing fragments of the black 
hulls, which can be detected on close inspection. U ndecorticated 
meal contains considerably less nitrogen than the decorticated, and 
it is difficult to avoid the conviction that - othel' things being 
equal- it mllst be inferior both as a fodder and as a fertilizer, to 
meal from decorticated seeds. It mllst often happen that oil-cake 
prepared from undccorticated cotton-seeds will contain many coarse 
pieces of the hard husks and be open also to the reproach of 
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" woolliness," and it would seem at first sight as if husks and fuzz 
must necessarily make the cake less easy of digestion and less safe 
as a cattle-food j and yet it is true that in many places at the South, 
the mere hulls of cotton-seeds ar~ freely used for feeding cattle 
and are thought to be valuable for this purpose. It has sometimes 
been argued, iIHleed, that the cake from decorticated cotton-seeds 
is apt to be unduly hard, and that this objection does not apply 
with equal force to the undecorticated cake. But when ground to 
meal, as is usual in this country, the question of hardness would 
haye no lTIPaning. Care must be taken of course, not to feed 
animals upou meal or cake which has " heated" or fermented, or 
which is mouldy or in bad condition, and it is essential that so 
rich a fooll should be fed out with moderation. Much interest 
attaches to the fact that small qnantities of poisonous soluble 
alkaloids, "cholin" and" neurin," have been detected in cotton
seed-meal, as well as in beans and other leguminous seeds. In
stances are on record where calves 9 to 12 mouths old sickened 
and died when each of the animals got rather more than 3 quarts 
per diem of cotton-seed-meal together with skim-milk, hay, and 
oil-cake. 

The fertilizing yalue of a ton of 
puted as follows: -

140 lb. N at $0.15 • • 
50-60 lb. P205 at $0.06 
30-40 lb. K 2 0 at $0.045 

Say 

cotton-seed-meal may be com-

$21.00 
$3.00-3.60 
$1.35-1.85 

$25.00 

By referring to the column of prices current in almost any city 
newspap~r, it will be seen that uudamaged cotton-seed-meal can 
often be bought, even in the Northern States, for rather less money 
than it is worth when considered as a mere fertilizer. And it not 
infrequently happens that damaged lots may be got at a consider
able reduction in price, so that nitrogenous manure may be had in 
this form at low cost. As was said, cotton-seed-meal should by 
good rights be used as fodder. But so long as the generality of 
American farmers cannot see this very conspicuous fact, there is 
no reason why the stuff should not be used as a manure. The 
supply is large, and, so long as there is no more active demand 
for the material than now obtains, the price of it must continue to 
be low, -low enough to put even the sound meal in the category 
of cheap fertilizers. 



\ 
~ .. -

USE OF COTTO~-SEED. 33 

Experience has shown that cotton-seed-meal is usually as good a 
fertilizer, as regards its !litrogen, as either dried fish or flesh-scrap, 
provided the land is not too dry. It is a product that should not be 
lost sight of by farmers who wish to buy fertilizers. A general idea, 
of the mode of action of cotton-seed-cake may be got from what is 
known of other kinds of cake. Thus, according to Lawes, "Bones 
either crushed or finely ground are less rapidly active than rape-cake, 
and, like rape-cake, they are much less so than uitrate of soda, am
monia-salts, or guano ... -When rape-cake, or other cake, is used as 
manure, a considerable portion of it decomposes pretty rapidly in the 
soil, and the more so the lighter and more porous the soil. It yields 
up a much larger proportion of its nitrogen and other manurial eon
stituent~ in the first year of its application than does farmyard ma
nure; and accordingly, in practke, a quantity containing one-fourth 
the amount of nitrogen of an ordinary dressing of dung would be 
applied to produce the same effect on the first crop. On the other 
hand, a given quantity of nitrogen applied as rape-cake would be less 
rapidly available and effectiYe than the same quantity applied as ni
trate of soda, sulphate of ammonia or Peruvian guano; but it would 
be less liable to loss by drainage, and would therefore leave a larger 
proportion as unexhausted residue after the first crop than either of 
the above-named more rapidly active manures." Analysis has in 
fact shown that a large proportion of the nitrogen of rape-cake is re
tained by the soil near the surface, and that it becomes only very 
gradually available for crops during a considerable length of time. 

Cotton-Seed as a Fertilize)'. 
In the Southern States, mnch cotton-seed-meal is used nowa

days for fertilizing sugar-cane, cotton, and corn. It is usually 
applied there at the rate of about 400 lb. to the acre. :Formerly, 
the actnal whole cotton-seeds were much used as a fertilizer at the 
South, care being taken to kill the seeds by causing them to fer
ment and heat, either in the soil or in compost-heaps, or simply in 
large piles that were kept wet. This practice was akin to the old 
Italian method of manuring olive and orange trees with lupine 
seeds that had been boiled. It is to be observed also that lupine 
seeds and lupine meal have occasionally been used as manure in 
Russia and in Germany, much in the same way that cotton-seeds 
are used in this country. Probably one good way of destroying 
the germs in snch cases wonld be to soak the seeds in diluted slll-
phuric acid. This idea has been put in practice for preventing 
potatoes from spronting in the spring. After the tubers have been 
immersed in dilute sulphuric acid long enough to destroy the ger
minative power of their eyes, they can be kept through the spring 
months without risk of suffering deterioration by sprouting. 

Some farmers still maintain that ,01' certain kinds of soils cot
VOL.1I-3 



ton-seeds are a better fertilizer that cotton-seed-meal. And M. 
'Whitney has suggested that perhaps the oil in the seeds may exert 
a physical effect on the texture of the soil, i. e. it may alter the 
arrangement of the soil particles either by flocculation or the re
verse. He finds in fact that cotton-seed-meal has a marked effect 
to retard the rate of flow of water through soils and that both the 
meal and the seeds lower the surface tension of water yery con
sidcrably, whence the result that soils charged with these su b
stances do not lift the capillary water so readily us they would 
if the fertilizers were absent. 

Cotton-seed-meal is esteemed in some parts of this country as 
a manure for tobacco. In Connecticut, this crop has been grown 
with success by applying pel' acre mixtures of 1000,1500, or 2000 
lb. of cotton-seed-meal and ;iOO, 800, 1000, or 1500 lb. of cotton
bull ashes, together with 200, 300, or flOO lb. of lime, in case the 
soil is not calcarcous. For cotton, Prof. Stubbs of Louigiana 
recommends a mixture of 100 bushels of cotton-seed, 100 bushels 
of farmyard manure, 1 ton of superphosphatc of lime aJld (if the 
land is sall(1y) 1000 lb. of kaillit, to be applied at the rate of from 
300 to 1000 lb. thc acre. 

Indirect Use of Oil-c((ke. 
The composition of linseed cake is about as follows: -

Water 
Oil. . 
Aluuminous matters 
Mucilaginous and saccharine matters 
Woody fiure .......•. 
Ash ........... . 

Old Process. 
Per Cent. 

9.30 
5.70 

34.50 
35.40 
8.70 
6.40 

Xew Process. 
Per Cent. 

10.00 
3.60 

33.00 
38.40 
9.00 
6.00 

The value of this material as a fertilizer is manifest. But, as 
was said before, much the best way of utilizing oil-cake is to feed 
it out to cattle in cOlljuJlction with the rough unmerchantable fod
ders of the farm, and to carry to the fields the dung obtained from 
these cattle. On many farms in some parts of the 1\litlsissippi 
Valley, for example, large quantities of corn-stalks, c!oyer haulm, 
and straw are produced as incidental products, which to all ap
pearance might be fed out to advantage on those farms in conjunc
tion with cotton-seed-meal. At all events, it could hardly be 
advisable, on such farms, to buy phosphates, or guano, or the 
other commercial fertilizers. In New England, mixtures of oil· 
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meal and maize-meal are advantageously used as additions to the 
hay, ensilage, corn-stalks or other rough fodder on which milch 
cows are kept. 

The manure produced by cattle fed with oil-cake will contain 
not only all the phosphoric acid and potash of the cake, but it will 
be rich in nitrogen also. It will contain much more nitrogen, for 
exar.lple, than manure obtained from cattle which have been fed 
Up<lll nothing but hay. Meanwhile the oil and the albuminous and 
starchy or saccharine matters in the cake will be converted into fat 
and flesh, or milk, or SOllle other useful product, in or upon the 
bodies of the animals. 

It has been noticed in the experiments of Lawes and Gilbert, 
that nitrates are formed more slowly, and that they continue to be 
formed during a longer time, in soils which have been dressed 
with the manure of animals th:lt have been fed with oil-cake or 
the like, than they are in soils that have been fertilized with am
monium salts . .<:~rt-cake itself, or at the least rape-cake, although 
readily changeG"'to nitrates ill the fielll, does not nitrify so rapidly 
in laboratory experiments as many other substances. This fact 
may be due either to the presence of matters in the rape-cake 
which cripple the nitric ferment, or to the fact tbat the nitroge
nous matters in the cake change to ammonia less rapidly than do 
those in some otller substances. Lawes and Gilbert Ilave found 
by analysis til at the soils of those fields which have been repeatedly 
manured with rape-cake in their experiments contain larger quan
tities of nitrogen than any of the fields wllere mineral fertilizers 
or minerals mixed with nitrates or with ammonium salts have been 
used. It is said, moreoYer, that the fertilizing effect of oil-cake 
is less marked on stiff soils, which are nnfavorable for nitrification, 
than it is on lighter land. 

PichaI'd - on contrasting mixtures of sand and cotton-seed
meal with mixtnres of sand and vegetable mould of different kinds, 
which contained respectively 0.3 and 0.5 % of nitrogen-found, in 
laboratory experiments, that the nitrogen in the cotton-seed-meal 
nitrified more rapidly than that in the humus. 

Bran, ll{Ctlt-SPJ'Ollts, Glutell-Jleal (mel Brewers' GJ"ains. 
It may be said of each and all of these materials that they are 

everywhere so Ilighly esteemed as fodders that they are seldom 
used directly as manures. But, like everything else, they are 
liable to suffer damage, and may then be usefully employed as 
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fertilizers. The composition of brnu may be estimated to be water 
13 %, ash 5.."i %, nitrogen 2.3 %, potash 1.3 % and phosphoric 
acid 3 %; that of brewers' grains is water 76 %, or more, ash 
1.2 %, nitrogen 0.9 %, phosphoric acid 0.5 %, and potash no more 
than 0.05 %. Hence in a bushel of the grnins, weighing 60 lb., 
there will be about 0.54 lb. of nitrogen, 0.3 lb. of phosphoric acid 
and 0.03 lb. of potash, which could hardly be worth altogether as 
much as ten cents. Ordinarily, brewer,," grains are sold at a 
higher price than this sum in American cities on the seaboard, 
though occasionally the price falls as low as 8 or 10 cents. It 
will be noticed howeyer, that on farms where brewers' grains are 
used for feeding cows, the manure ohtained from them may com
pensate for a considerable part of their cost. It has been said hy 
an English writer that brewers' grains, applied as such, " form an 
excellent top-dressing for grass-land, increasing the quantity, im
proYing the quality, and accelerating the ripening of the crop." 
Gluten-meal may contain about 14 % of water, about 0.7;j % of 
ash, and some 4 or 5 % of nitrogen. 

Malt-sprouts, though properly to be regarded as fodder and 
usually employed as such, have not infrequently heen used directly 
as a manure. Analysis shows that they are well suited for this 
purpose, for they contain about 4 % of nitrogen, 2 % of potash, 
and 1.3 % of phosphoric acid. Ordinarily, they contain from 5 
to 10 % of moistme and about 6 % of ushes. They were esteemed 
in England, at the close of the 18th ('entury, as a good dressing 
for green wbeat, being sown upon it yery early in the spring, as 
well as upon cloyer and sainfoin at the same seasoll. In wet years, 
satisfactory results were obtuined. (Banister.) German writers 
baye commended them for potatoes, when strewn in the furrows, 
and they are suid to do good sen'ice on sour meadows. Other 
accounts state that malt-dust has occasionally been used in Eng
land for top-dressing wheat, at the rate of from 30 to 50 hushels 
to the acre. The fact that it is a powder tit to be strewn upon the 
land was of importance at a time when few fertilizing materials 
could be obtained in this condition. It was regarded as a forcing 
manure well fitted to encourage the growth of grass on weak spots 
in hay-fields and for pushing forward young grain whicb had suf
fered during the winter. 

The marc of grapes, i. E'. the residue left in the wine-press, 
was found by Boussingault and Payen to contain 48 % of water 
and 1.7 % of nitro~en. 
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Wool. 
Woollen rags, and powdered wool in the form of flocks, shoddy, 

rag-wool, and the like, have a certain not yery well-defined value 
as manure. Early ill the 19th century, Towllsend proyed, by pot 
experiments with sand and with clay, that woollen rngs greatly 
promoted the growth of wheat and of cahbages. He remarked 
that in England such rags have been found of great utility as a 
manure, more especially for wheat. It is a matter of practical 
experience, he said, that, when spread at the rate of 4 01' 5 cwt. 
to the acre, they nearly double the crop of wheat the first year, 
and yield a visible increase in the two succeeding years. In Ox
fordshire, they were chiefly applied to wheat and tares on light 
gravels, but their tendency to produce blight when used too often 
finally rendered them unpopular. They were esteemed to be valu
able also for barley and oats, and they were used extensiyely on 
hop-fields. In 1842, Hannam reported that 20,000 tons of rags 
are said to be used annually by the farmers of Kent, Sussex, Ox
ford and Berkshire. The price is about £5 the ton. They answer 
extremely well for hops and wheat. They are usually cut by a 
chopper into shreds, and applied hy hand at a rate of half a tOll 
to the acre. According to Pusey, G or 7 cwt. to the acre would 
be a fair dressing for wheat upon light land. They were seldom 
used, he says, on heavy land. 

During a very long period rags were freely used in Central and 
Southern France, and in Italy also, particularly for manuring 
grapevines and olive aud mulhelTY trees. It was argued that, 
because of their slow decomposition, rags and other analogous 
~anic matters are well suited for fertilizing grapevines, since
unlike the more active fertilizers - they are not apt to occasion 
any undue development of leaves and twigs, to the detriment of 
the fruit and to the quality of the wine. It is said that rags are 
still used for manuring vineyards in the south of France, and that 
the price of rags fluctuates in some localities with the price of 
wine. 

Nessler, in Baden, writing ill 1893, says that the best use to be 
made of wool-dust is to compost it with earth and to strew the 
mixture in the spring in trenches between the rows of grape
vines. But in England and America nowadays woollen rags com
mand so high a price from the manufacturers of cloth that they 
have been put out of the farmer's reach. Generally sp.eaking, he 
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can only afford to use some of the refuse matters which are left 
after the better portions of the rags have been separated for sale 
to the cloth-maker. The present plan is to tear the rags to shreds, 
which are mixed and carded with fresh wool or with cotton, and 
finally spun and woven into the form of cloth, or the cotton in the 
rags is removed by chemical agents and the wool thus outained is 
used for making felt and for various other purposes. One plan is 
to make horse-blankets by pricking the revivified wool into a 
strong jute-cloth and then shrinking and fulling this wool until 
the cloth has become firm and hard and warm. Flocks also, which 
is a trade name for the dust of wool, are made into cloth; or 
rather, the wool-dust is incorporated into loosely woven woollen 
cloth by a process of fulling or shrinking, in such wise that the 
interstices are filled up, and the cloth made close and smooth and 
heavy, while it becomes much warmer than it was before, because 
less open for the p[lSsage of air. 

Woollen rags were formerly of much better quality than they 
are nowadays, because they were then free from the enormous 
adulteration with cotton which now prevails among all kinds of 
woollen goods. 'Vhen the older writers on agriculture make refer
ence to woollen rags, they mean rags which were really composed 
of wool, that contained some 17 or 18 % of nitrogen, whereas it 
might now be difficult to find such rags anywhere. As met with 
to-(hty, the rags may contain some 10 to 12 % of nitrogen, 01' 200 
to 240 lb. of nitrogen to the ton j and if it were true that this ni
trogen was directly assimilable by plants, or readily convertible 
into ammonia or nitrates, - in other words, if it were true that 
rags were a quick-acting manure, like guano, - they might still be 
worthy the farmer's attention, even when sold at tolerably high 
prices. But rags are not by any means so quick acting as guano. 
All kinds of wool-waste decompose but slowly in the soil, and it 
was on this account that a rule was laid down formerly that rags 
should be applied at least six months before the sowing of the 
crop they were meant to benefit. 

The more finely divided the material, the more readily will it 
decompose in the soil, and the more evenly can it be distributed. 
Hence, if the amount of nitrogen contained in the materials were 
tlle same, shoddy or shredded wool would he better for the farmer 
than rags j and flocks, which are rags ground to fine powder, would 
be better still. Probably the nitrogen in rags would be worth to 
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the farmer about 10 cents the pound. Hence a ton of rags that 
contained 10 % of nitrogen would be worth $20; or, stated in 
simpler terms, woollen rags are worth about a cent a ponnd for 
fertilizing purposes. More than 100 years ago, Marshall, writing 
of the hop-gardens in the County Kent, said, "woolen-rags are 
brought, by water, from London, in large netted bundles. They 
are sold by weight. The price, in 1790, was about five pounds 
sterling a ton." 

Wool Acts SI01cly. 
It has been sufficiently proved by European experience that 

woollen rags have real merit as manure, in spite of their slowness 
of action. It is to be presumed that they would do better in warm 
than in cold climates, and on light and porous soils, that are not 
too dry, than upon stiff heavy soils. The very fact that in field 
practice rags sometimes did little good, while in other cases they 
acted as a powerful manurc, goes to show that they must have 
fermented more or less readily, according to the character and 
condition of the land on which they were placed. 'Vhen used by 
themselves in England and France, they decayed so slowly that 
their influence was sometimes felt during 7 or 8 years. It was 
held to be better, therefore, to mix them with some easily putres
cible substance, like urine or guano, which should act as a ferment 
as regards the wool, i. e. which, while undergoing decomposition 
itself, should cause the wool with which it is in contact to putrefy 
and decompose. Some years ago, Voelcker mentioned the occur
rence of samples of "shoddy" (?), with 3 to 5 % of nitrogen, 
that contained some 20 to 25 % of grease which hindered air and 
moisture from gaining access to the wool hairs and for a long 
time retarded their decomposition in the soil. In France con
siderable advantage is said to have been derived formerly from 
rags thus used in conjunction with liquid manures. Probably it 
would be better to compost rags with dung even, than to apply 
them directly to the land. 

An experiment by Pusey upon mangolds, as set forth in the 
following table, well illustrates the merit of woollen rags, when the 
land is in such condition that the fermentation of the rags is 
favored: -

Manure to the Acre. 

26 loads of farm manure. 
13 ditto. . . . • • • 

Tons of Cleaned 
Beet-roots, per Acre 

28.5 
27.5 
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l\Ianure to the Acre. 

13 loads and 7 cwt. of rags 
13 ditto and 3 ewt. of guano 
13 ditto and 7 cwt. of rape-cakll 
13 ditto and 14 bushels of bone-meal 

Tons of Cleaned 
Beet-root •• per Acre 

36.0 
36.0 
27.0 
26.0 

7 cwt. of rape-cake. . • 20.5 
14 bushels of bone-meal • 20.0 
3 cwt. of guano. . . • 20.5 
No manure 15.5 

It is noteworthy how little good was done by the double dose 
of farmyard manure and that neither rape-cake nor bone-meal, 
when used in conjunction with dung, produced any useful effect. 
It is known, however, from the results of other experimenters, that 
root-crops and particularly beets often succeed well when dressed 
with manures which, like woollen rags, are rich in organic matter. 

Wool- Waste. 
"Wool-waste" which contains some 14 % of water and from 2 

to 7 % of nitrogen, or about 3f c/o on the average, is still used in 
France and Belgium. It is said to be ploughed under in autumn 
at the mte of 1,500 to 2,200 lb. to the acre. 'Wolff has given the 
average composition of wool-waste as 5.2 % nitrogen and 1.3 % 
phosphoric acid, and Heiden cites several instances where 7 % of 
nitrogen were noted. The average of 30 analyses of wool-waste 
made at Dahme in the course of 6 years, gave 4 % nitrogen and 
0.6 % phosphoric acid. Only 5 of the samples contained more 
than 6 % of nitrogen, and one sample contained less than one per 
cent. 

In England, wool-waste has been used with success upon wheat 
on light land at the rate of half a ton to the acre; and it has been 
found beneficial for grass also. Sometimes this waste is used as 
an absorbent for the liquid excrements of men or animals. An 
analysis of materials taken from a vault where wool-waste had 
thus been used showed 27 % of water, 2 % of organic nitrogen, 
1 % of ammonia, It % of phosphoric acid, 1.1 % of potash, and 
71J % of lime. A sample of Belgian ",-ool-waste that had been baked 
in a retort to concentrate it, and make it friable and easy of ap
plication, contained rather more than 4 % of organic nitrogen, 1 % 
of nitrogen in the form of ammonia, and 11 % of water. 

In an experiment by Voelcker, where wool-waste was used for 
top-dressing wheat on a calcareous clay soil, no yisible effect was 
produced by it for a long time; but finally the appearance of the 
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crop improved, and though it never acquired such a deep green 
color as the crops grown on plots top-dressed with nitrate of soda 
and ammonium salts, yet the yield of grain was at the rate of 39 
bushels to the acre against 31 with manure, and 40, 44 and 45 
with guano, sulphate of ammonia and nitrate of soda, respectively. 
In this country, some farmers have found it profitable to prepare 
composts by fermentiug wool-waste together with peat. 

Petermann's analysis of a muddy material which separates from 
the water in which wool is scoured, and which contains the me
chanical impurities that have been removed from the wool, showed 
,,9 % water, ! % nitrogen, t '/0 potash, and .~ % phosphoric acid. 
ILs analysis of "wool poudrette," which is an extremely fine 
powder that separates during the beating of wool, gave 9 % water, 
3 % nitrogen, 0.85 % phosphoric acid and 0.67 % potash. 

Steamed lVool-lmste. 
In Belgium and France wool-waste is often subjected to steam, 

under pressure, in order to concentrate and enliven it and to ob
tain a homogeneous friable product that can readily be applied to 
the land, 'Yhen heated by steam, the waste melts to a liquid 
which yields, on evaporation, a dark brown, somewhat hygroscopic 
powder, with an odor like that of caramel and well nigh completely 
soluble in water. In Belgium this product is sold as a fertilizer 
under the name of "dissolyed wool." It may contain from 9 to 
11 % of total nitrogen and as much as 2.5 % of nitrogen in the 
form of ammonia. Nearly the whole of the nitrogen in the steamed 
waste is soluble in water. Some of it occurs doubtless in the 
form of leucin and tyrosin and of analogous compounds. 

It was to be presumed from the foregoing facts that the 
steamed waste must have considerable fertilizing power, and the 
experiments of Petermann haye proyed that this is actually the 
case. His trials were made both in pots and in the field, and he 
contrasted the steamed waste both with crude wool-waste and with 
nitrate of soda, equal weights of nitrogen being applied in each 
instance. The soil was a good sandy clay-loam, and the crops 
were spring wheat and sngar-beets. On some of the plots and in 
some of the pots precipitated diphosphate of lime was mixed with 
the earth, but in other cases none of the phosphate was applied. 
In the following tables the yield of wheat is given in grams, as 
from 4000 grms. of soil, and that of beets is given in kilos., as 
from a hectare of land : ~ 
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Spring Wheat. 

No manure. . 
Wool-waste. . 
Steamed waste 
Nitrate of soda 

Beets. 
No nitrogen. . 
Wool-waste. . 
Steamed waste. 
Nitrate of soda. 

AGRICULTURE. 

No Phosphate. 
Grain. Total Crop. 
14.79 58.82 
17.26 62.18 
18.41 67.55 
20.39 73.33 

With Phosphate. 
Grain. Total Crop. 

17.59 63.33 
19.81 69.48 
20.45 70.73 

Roots. Increase. 
28,573 
31,744 3,171 
37.408 R,835 
42,204 13,631 

It is evillent that the steamed waste did good service both upon 
the wheat and the beets, and thnt it is a better fertilizer than crude 
wool-waste, though decidedly inferior to nitrate of soda. 

The question arose, whether the solubility of the nitrogen COIll

pounds in the steamed waste might not lead to a rapid loss of this 
nitrogen in the water that drains out from land to which it has 
been applied? But analyses of the drain-waters showed that ha1\lly 
any more nitrogen went to waste from the soil dressed with steamed 
waste than from that to which no manure had becn applied. 

According to S. ,V. Johnson some animal matters which yield 
glue, such as bone, tendons, cartilage, hide and the yarious in
testinal membranes, are rendered less soluble and less digestible 
by cooking or steaming, while others, such as wool, hair, horn and 
hoof, are made more soluble by such treatment. The glue pro
duced by the action of hot water or steam on the substances first 
named impregnates the undissolved matter so that on drying the 
pores of materials are lilled, and the porosity of the mass is so 
nearly destroyed that it ferments and decays but slowly . 

. 1lfethods of Decomposi1lg lVr)ollen Rags. 
Mention has already been made under leather of Runge's method 

of decomposing rags by means of alkahes, i. e. by boiling the 
woolly materials with sulphate of soda and quicklime. His pro
cess was as follows: 3 lb. of quicklime, 1 lb. of sulphate of soda, 
and 96 lb. of water were used for every 8 lb. of the rags, :1lld the 
mixture was boiled during 3 or 4 hours. In the factory, where 
the operation was conducted in a boiler under an extra pressure 
of } to 1 atmosphere, the decomposition of the rags was more 
rapid. 

Manifestly an analogolls process might be employed by farmers 
here in New England, which would consist in simply boiling wool
len rags, refuse from woollen mills, waste hair from tanneries (or 
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bones, hoofs, and horns), in a weak solution of potashcs, or in a 
lye obtained by leaching wood-ashes, though as a matter of course 
some ammonia would be evolved and lost when wool is boiled with 
an alkali. 

Maercker has proposed that powdered rags and wool-waste 
should be decomposed by mixing them intimately with slacked 
lime, in the form of a fine powder. He uses 10 or 12 lb. of the 
lime for Ivery 100 lh. of wool-dust. If need be, some moist earth 
may be added during the mixing. The mixture is made into a 
heap half a foot or so high and thoroughly moistened with water. 
Another layer, of equal height with the first, is thrown upon it 
and similarly moistened, and so on until the heap has risen to 
a convenient height, when it is covered with earth and left to fer
ment during 2 or 3 months of summer weather. Its contents will 
then be found to be thoroughly decomposed and in fit condition 
to be put llPon the land. It is essential, however, that the heap 
should be kept moist in order that the lime may act both upon the 
grease and the fibre of the wool; for dry lime has little or no ac
tion upon these substances. 

Hoffmann proposed some years since to boil wool or the like in 
caustic lye, obtained by leaching wood-ashes through lime, and to 
add milk of lime to the "soup." The lime would unite with the 
dissolved wool to form a jelly from which the revivified potassic 
lye could be poured off and used again and again for dissolving 
new portions of wool. In this way a comparatively small quan
tity of potash lye could be made to dissolve much wool refUse, and 
convert it to a fertilizer. 

Separation of Wool from Cotton. 
A process patented in Europe some years since for decomposing 

woollen rags and hair, and for separating them from cotton or 
linen paper stock, consisted in boiling 100 lb. of the rags for an 
hour in weak milk of lime, prepared from 10 lb. of quicklime and 
600 lb. of water, and then beating ont the disorganized wool from 
the cotton or linen. Another process worth mentioning was pro
posed in England some years ago by Ward. In order to save the 
paper-stocly in rags of mixed composition (wool and cotton, or 
silk and cotton), and the seams cut from woollen rags, i. e. seams 
which had been sewed with cotton or linen thread, the material 
was exposed to steam of from 3 to 5 atmospheres pressure dming 
2 or 3 hours i the wool in the rags was thus converted into a. 
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friable substance, which wa~ easily beaten out from the unchanged 
cotton, and collected in the form of dust. The cotton was .used 
for making paper, while the wool dust contained some 12 % of 
nitrogen, and was said to be a manure of much quicker action 
than flocks, though less quick than guano. 

It is of interest to note however, that with the cheapening of the 
production of cotton in reeent years, an(1 the greatly extel1(led use of 
wood-pulp for paper-making, the ,,'001 ill woollen rags has become 
relativelv so lllllCh more valuable than the vegetable fibres therein 
that it llns become customary to treat woollen r~gs with muriatic acid 
gas for thc purpose of softening and disaggregating the vegetable 
fibres with whkh the material has been arlu]trrated, 80 that this ex
traneous matter can he removed cheaply while the wool is left unin
jured and fit to be used for making felt and other merchantable 
articles. 

Several Belgian samples of woollen rags that had been disaggre
gated by exposure to steam under pressure, as analyzed by Peter
mann, showed from 7 to 8.5 % of organic nitrogen, from 0.75 to 
1 % of nitrogen in the form of ammonia, and from 9 to 11 % of 
water. 

Another method, probably much less commendable than the use 
of alkalies, has been proposed by Zabel in Germany for utilizing 
the worn-out cloths in which beet-pulp has been pressed in the 
sugar-houses. He draws the cloths through pan sulphuric acid 
and packs them tightly together ill a high heap in order to promote 
chemical action. Beneath this heap a quantity of waste bone
black is placed, to catch the drippings of sulphuric acid, and the 
heap is covered also with the spent black to the depth of a foot or 
more. After a few weeks the cloths were fonnd to he completely 
destroyed. Possibly some such process as this might occasionally 
be found useful by gardeners for reducing twigs, weeds, and other 
rubbish to a manageable manure, though probably potashes would 
serve still better for this purpose than sulphuric acid. 

According to Maercker, a rapid and convenient way of decom
posing wool-dust is to put a quantity of sulphuric acid of 500 in a 
lead-lined tank, and, while stirring the acid constantly, to throw 
into it the wool-waste until the mixture has become so thick and 
sticky that it can no longer be stirred. A considerable amount of 
heat is developed by the action of the acid on the wool, but it 
does no harm, and it is said that no loss of ammonia occurs. 

Analyses of 1lair, etc. 
Payen and Boussingault found 13! % of nitrogen in flocks of 
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cow-hair that contained 9 % of moisture, and Way found 11.83 % 
of nitrogen in refuse horse-hair that left nearly 5 % of ashes on 
being burned. The Munster experiment station reports, in ten 
samples of hair, from 3t to 13! % of nitrogen, the mean amount 
having been llt %. Scherer reports 17 % of nitrogen in human 
hait· dried at 2500 F. S. W. Johnson found !)! % of nitrogen in 
hair-felt. 

Hoffmann found 8.7 % nitrogen in hair somewhat admixed with 
lime that was obtained from a tannery. 

There is a waste product of offensive odor, called" scutch," 
that accumulates in the yards of glue-makers and skin-dressers, 
which consists of a mixture of hair and other anim:<l matters, and 
lime. It is esteemed as a manure after it has fermented. 'Vay 
found in 3 different samples of this material 0.89, 1.35, and 
1.57 % of nitrogen, from 0.50 to 1.84 % of phosphate of lime, 
and from 30 to 33 % of carbonate of lime, beside 24 to 26 % of 
water and yariolls impurities. 

In feathers, Payen and Boussingault fonnd 15t % of nitrogen i 
and in feather-dust, which appeared to consist of sweepings from 
a warehouse, 'Way found 6! % of nitrogen. But feathers are 
peculiarly slow to decay. 

Analyses of lIorn-Jleal. 
Payen and Bou8singault found nearly 15 % of nitrogen in pure 

born-shavings. Way found 12t % of nitrogen, and cites instances 
where horn-shavings have given heavy crops of hops. Analyses 
of 9 samples of horn-meal made at the l\lunster experiment station 
showed 7! to 14} % of nitrogen, or in the mean lIt %. Hell
riegel reports that horn-meal contains some 10 to 13 % of ni
trogen, and from 6 to 10 % of phosphoric acid. In sawdust from 
horns of the East Indian buffalo, Knierim found 13.76 % of ni
trogen, 0.24 % of phosphoric acid, and 0.80 % of sand. S. W. 
Johnson reports in shavings and sawdust from horns of the 
American buffalo (bison), Hi to 15 % of nitrogen, and no more 
than 0.08 to 0.15 % of phosphoric acid. Dry horn is readily 
pOWdered after having been steamed during 10 or 12 bours. 

It is to be observed that the nitrogenous compound in horn (kera
tin) is not readily decomposable, and is not directly aSBimilable 
by plants. Hence the propriety of putting horn-meal on light, 
porous and warm soils, that are not too dry, in order that the 
nitrogen compound may change the more easily to ammonia and 
to nitrates. 
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As procurable in this country, from comb manufacturers, horn
waste occurs in the form of thin, light shavings, which are some
times compos ted with horse-manure for several months before 
being applied to the land. Some observers have maintained that 
the sbayings are so light and bulky that they cannot be conveni
ently put to use upon the farm, not even when compostcd as afore
said. In England, two centuries ago, horn-shavings were thought 
to be a valuable application for cold, stiff land, though of little or 
no use on hot ground. They were applied at the rate of seven 
bushels to the acre sometimes as a tOll-dressing, though sometimes 
they were strewn in furrows before the plough in the autumn. 
(Houghton. ) 

Recent experiments by Aitken in Scotland, go to show that, 
when in the form of very fine sawdust, horn-mealmny decompose 
easily in the soil and act as a good nitrogenous manure even for 
grain-crops, but that horn in the form of coarse chips or shavings 
decomposes extremely slowly, nnd is not suitable for manure (un
less it has been composted). Even the meal can hardly be well 
suited for spring-sown grain, though it might be good for autumn 
grain. Field experiments should be made in this country with 
Indian corn to test the question in how far horn-meal and other 
fertilizers which contain slowly decomposable forms of orgnnic 
nitrogen can serve to replace farmyard-manure for fertilizing this 
midsummer crop. 

A German receipt directs that the fine horn be put in a pit, 
layer by layer, with powdery slaked lime, and that each layer be 
moistened with water. The horn soon becomes soft and consider
ably decomposed. 

A sample of hoof-meal analyzed at New Haven contained 13.9 % 
of nitrogen. 

Value oj Organic Nitj·ogen. 
The question already alluded to, what value should be allowed 

for the pound of nitrogen as contained in these animal and vege
table products, is one of no little complexity. Some of these 
substances decompose readily by way of fermentation, while others 
do not j and this difference of behavior does not depend on the 
quantity of nitrogen which the substance may contain, but upon 
the kind or quality of the chemical substances in the orgallic mat
ters. Thus, sheep's wool and the dry matter in urine each con
tain some 16 or 17 % of nitrogen; but the matter in the urine 
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consists in good part of chemical substances, such as urea and 
hippuric acid, which are easily soluble in water, and which change 
readily to ammonia when subjected to the action of appropriate 
ferments, while the nitrogenous components of wool are not 
soluble in water and are vastly more refractory than urea, i. e. 
they are capable of resisting with considerable force the action of 
the organisms which produce fermelltations. But, beside these 
inherent differences, are the familiar facts that (lecompositions due 
to fermentation are more rapid in warm countries and in moist 
porous soils than in colder regions or than on stiff land, naturally 
making them more valuable in some localities than in others. It is 
said for example of certain light, open, calcareous soils in France, 
which are poor in humus because of the rapid destruction of this 
substance through oxidation, that organic nitrogen compounds are 
esteemed, because they nitrify gradually and thus supply food to 
the crops continuously under conditions where nitrate of soda or 
Bulphate of ammonia would speedily be washed out of the land. 
It is not unlikely that similar results may be produced sometimes 
in the Southern States of our own country. 

In southern Europe, in localities where but little farmyar(l-ma
nure is produced, it has long been customary to use freely several 
of the organic nitrogen compounds, even those which are not 
readily decomposable. Orange-trees, for example, are there fer
tilized with horn-meal, rags, skin-scraps and oil-cake, as well as 
with leaf-mould and composts. (Gasparin.) It has been ob
served by Kellner, in the hot climate of Japan, that while fish
Bcrap and green plants and ammonium sulphate are quickly nitri
ned on upland soils, they do not nitrify on swamp (rice) land kept 
wet by way of irrigation. The fertilizing action of the organic 
nitrogen compouuds seems to depend, on wet land, upon the 
formation of ammonia. It was found that applications of lime 
favored nitrification on the upland soils, and the formation of am
monia in the swamps. As has been said alreatly, it is recognized 
by everybody that the pouud of nitrogeu in bone-meal is worth 
much less in temperate climates than the pouud of nitrogen in 
guano, and the remark is still more emphat,ically true of rags. Yet 
again, for all ordinary purposes the nitrogen in old leather is 
Worthless unless it be changed by distillation, or possibly by the 
action of chemicals, as has been suggested above. Auother point 
to be considered is that one 01' another kind of organic nitrogen 
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mil.y be useful for certain kinds of plants and not for others. 
Thus, wool, horn, and rape-cake have often done good service for 
heps i and Lawes has shown that for turnips rape-cake properly 
reinforced is a better manure than sulphate of ammonia. 

Generally speaking, when the term of growth of a crop is but 
short, as is the case with barley and spring rye, or spring wheat, 
not organic nitrogen, but some easily assimilable compound of 
this element, such as the nitrates, would be suitable, while for the 
hops and turnips just now mentioned, for vines and fruit trees 
and other plants which are to remain some time upon the land, 
several of the forms of organic nitrogen might do excellent ser
vice. 

Price of Organic Nitrogen. 
The prices at which nitrogenized organic matters are actually 

Bold often give very little information as to their agricultural vulue. 
Several of the substances above enumerated are put to use in the 
til ts, ,and their value depends of course on the utility which can be 
gut from them outside the domain of agriculture i and even as 
regards fish-scrap and tankage, the price is often determined by 
what the manufacturers of mixed fertilizers are willing to pay 
for them. 

As long ago as 1866, Stoeckhardt estimated the worth of the 
pound of nitrogen for Saxony as follows: - Cents. 

For easily soluble or decompo>iaillenitrogen,as in ammonium salts, 
nitrates, guano, dried blood, urpa, etc.. . . . . • about 17 

For nitrogen in fine bone-meal, poudrette, etc.. . . . 15 
In ordinary coarse bone-meal, horn-meal, oil-cake, WOOl-dust, 

etc. . . . . . . . . . . . . . . . 13 
In crushed bones, the dung of stall-fed cattle, horn-shavings, 

woolhm rags, etc. . . . . . . . . . . . . . 9 

The prices now current in this country differ much less from the 
foregoing than might be supposed. The original Pet'llYian guano 
has ceased to be obtaiuable, while the nitrogen of ammonium sul
phatc can be had at 19 cents the lb. and that of nitrate of soda 
at 14 or 15 cents. The pound of nitrogen in fine bone-meal is 
rated at 16 cents or thereabouts, and that in coarse bone-meal at 
7 cents. The pound of nitrogen in cotton-seed-meal can usually 
be bought for 15 cents, and that in fish-scrap can often be bought 
for less than 15 cents. The inferior kinds of organic nitrogen are 
often estimated to be worth abont 7 cents a pound. 

It is to be remembered, however, not only as regards the or-
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ganic matters, but of other nitrogenized su Dstances as well, tLat 
the demand for one or anotLer of them for manufacturing pur
poses may have no little influence in fixing the price at which it 
is sold. The nitrates, for example, are largely used by manu
facturers of chemicals, and they are specially subject to fluctua. 
tion, when wars prevail, because of their use in making gunpowder. 
Even guano has been used, in days when it was cheaper than it is 
now, as thl' raw material for the manufacture of ammonia and 
ammonium salts, and for preparing prussiate of potash, Prussiau 
blue, murexid-purple, and otLer dyes. (Voelcker.) 

Experiments ~t'ith OrgctHic Nitrogen. 
Lawes has expressed the opinion that, for the climate of Eng

land, the nitrogen in shoddy, and in most other nitrogenous 
organic matters used as manures, is so slowly effective that, as a 
rule, it should be valued at only from one-half to two-tLinls the 
price of that in nitrate of soda, sulphate of ammonia, or guano. 
But it is evident that climate may have a very important influence 
in tbis matter, and, in fact, experiments made in Japan, on rice, 
by Kellner and his pupils, show that in the presence of water in 
a hot climate, several forms of organic nitrogen may do excellent 
service as fertilizers. In the experiments, the results of which 
are recorded in the followillg table, nitrogen was applied at the 
rates of 41.4 and 82.8 kilos. to the hectare, in the seveml different 
fertilizers j and in ad(lition to the nitrogen, each plot of land got 
200 kilos. of phosphoric acid, and 110 kilos. of potash to the hec
tare, in the forms respectively of phosphate of soda and carbonate 
of potash. In each instance, the fertilizers were applied several 
days before the rice-plants wcre set Ollt. The soil was naturally 
rich in nitrogen, containing when air-dried 0.6 t % of it. 

Grm. of shelled rice, ltelati ve increase. 
increase over the the gain due to 

unmanured sulpha.te of ammo. Fertilizer. 

Sulphate of ammonia, in solution 
Bone-meal, stt'amed, with 4 % N . 
Fish.scrap, from vt'ry small fisht's, 9.9 % N 
Fish-scrap, anothel· kind, with 9.5 ~b N 
Blood-meal, 14 % N. . . . . . 
Bone-meal, from raw bOlles, 4.7 % N 
Dried distillery slop, 2.3 % N 
Horn-meal, 14.7% N. 
Peru guano, 7.6 % N. 
Night-soil, fermented, 0.51 ';~ N 
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plot. being regarded 
as 100. 

99.5 
142.5 
134.7 
1:~3.9 

125.0 
119.7 
118.9 
116.2 
162.5 
102.8 

100 
143 
135 
134 
126 
120 
119 
117 
111 
103 
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Grm. of shelled rice, 
increase over the 

unmanured 
plot. 

'RelatlTe increaBe, 
the gain due to 

sulphate of ammO
nia being regarded 

as 100. 
Press-cake from soy beans and roasted 

wheat, 3.5 % N . 101.8 
100.7 

102 
101 Rape-cake, 5 % N . 

Farm-manure, containing some night-soil. The mix-
ture was tolerably well rotted, and contained 

1.1 % of N 94.6 95 
Rice husks, 2.1 % N . 54.0 54 
Green ph1nts, chiefly hard grasses, 0.5% N, 45.7 46 

The following table shows what proportion of the applied nitro
gen was recovered ill the crops, and gives (in the last column) the 
relative values of the several kiuds of nitrogen: -

Fertilizers. 

No manure. 

Percentage of 
applied nitrogen 

which was 
recovered in 

the increase of 
crops. 

Relative 
amounts of 
nitrogen 

recovered in 
crops. 

Relative efficiency 
of the fertilizers as 

shown by mean 
gain of crops and 

hy the amounts ot 
nitrogen recovered. 

Sulphate of ammonia 61% 100 100 
Bone-meal, steamed 86 141 142 
Fish-scrap, 9.9 % N 83 135 135 
Fish-scrap, 9.5 % N 81 132 133 
Blood-meal . 82 134 130 
Bone-meal, raw 73 120 120 
Distillery slop, dried 72 117 118 
Horn-meal 71 115 116 
Peru guano 72 117 116 
Press-cake 65 106 104 
Rape-cake 68 110 106 
Night-soil 66 108 106 
Farm-manure 50 81 88 
Rice-husks . 26 42 48 
Green plants 23 37 42 

It is to be remembered that these particular experiments were 
made under conditions extremely favorable for the decomposition 
of organic matters, viz., in wet rice-fields in a country where the 
summer temperature is very high. Rut it is interesting to observe 
that the animal matters (bone-meal, fish and blood) stand at the 
head of the list, and that horn-meal exhibits considerable merit, 
while the rape-cake and the press-cake appear to have decomposed 
rather slowly. It is evident enough that sulphate of ammonia, 
night-soil and stable-manure were at a disadvantage because a 
part of the soluble forms of nitrogen which are contained in them 
were washed away in the water with which the rice-field was irri-
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gated, while the nitrogen of the organic matters was gradually 
changed to ammonia, which was continually put to profit by the 
rice-plants. 

It was noticed that the pl:J.nts on the plots fertilized with green 
grass, rice-husks and straw - and to a certain extent the plants 
dressed with blood-meal- suffered somewhat at first because of 
the rapid decomposition of these materials, and the setting up of 
reducing action in the soil. With the exception of the plants on 
the straw-plot, which were ruined, the others recovered their 
vigor in the course of a month. But this experience enforces 
anew the lesson -long known, for that matter, - that easily de
composable organic matters shoul(l never be applied at the time 
of seeding or planting. They may either be worked into the soil 
several weeks before seeding, or else be fermented (in a compost 
heap), before being put upon the land. 

Kellner dwells on the fact that the water on the rice-fields 
hindered nitrification. In these experiments, not nitrates but 
ammonia was formed by the decomposition of the organic manures, 
and this ammonia was put to use by the rice-plants; whereas in 
experiments on upland soils that were not irrigated, the formation 
of ammonia from the organic matters was qnickly succeeded by 
nitrification in the hot summer weather, and a part of the nitrates 
was carried down deep into the sn bsoil by the abundant rains 
which prevail at that season in .Tapan. Experiments made in 
Germany by Seyffert upon kohl-rahi were so arranged that the 
plants should be well fed and suhjected to like conditions, except 
that they got different kinds of nitrogenous food, as in the tahle. 

When fertilized with 
No nitrogenous fertilizer . . . . • 
25 grams N in crude Mpjilloncs guano 

" leathpr-meul (steamed) 
.. " steamed bone-meal. 
" " dried blood 

" 
" 

" horn-meal·(steamed) 
" nitrate of soda 

~~~~~l~t~~~d. 
76 
71 

469 
1,572 
1,654 
2,005 
2,608 

Wheuce it appeared that nitrate of soda and horn-meal were 
specially good, and leather-meal particularly bad. As regards 
dried blood, compare the results given on a previ.ous page. 

To control the foregoing results, Albert tried similar experi· 
ments with oats, as follows:-
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Kind of Nitrogenous There were harvested Gram. of 
Fertilizer used. Gl'aill. straw. Root •. Total Plant. 

No nitrogen . 5.2 15.7 14.3 35.2 
Leather-meal (steamed) 13.3 22.2 13.6 49.1 
Leather-meal fermented 21.5 36.4 17.2 75.1 
Steamed bone-meal 36.2 41.3 20.0 97.5 
SteanlPd bone-meal fermented 34.0 44.3 20.3 98.6 
Dried blood 24.8 44.5 18.5 87.8 
Dried blood fermented 29.6 57.2 16.5 103.3 
Horn-meal (steamed) . 47.5 70.4 25.4 143.3 
Nitrat!l of soda . 48.9 62.6 27.9 139.4 
Sulphate of ammonia 33.2 44.6 21.1 98.9 

Here again nitrate of soda and horn-meal did well, and fermented 
blood-meal also. Leather-meal was of no account" and it served 
no useful purpose for the crops that succeeded the oats. Eveu the 
fermented leather-meal was of Lut little use. 

Heinrich has concluded from his own experiments upon oats 
that if the fertilizing action of sulphate of ammonia be regarded 
as equal to 100, the effect of flesh-meal may Le stated as equal to 
72, that of bone-meal as 65, that of leather-meal as 59, of blood
meal, 58, and of horn-meal, 33. Saltpetre acted similarly to 
ammonium sulphate but was Dot included in the comparisons, 
because some of the plants were sickly. As regards the nitrate 
and the sulphate, it was found to be immaterial whether they 
were harrowed il1 or buried more deeply, Lut the effects pro(luced 
by the meals of flesh, Lone, leather, and blood, were "ery much 
less when they were harrowed in to the surface than wlIen they 
were intimately mixed with the soil. 

In the following trials by Eckenbrecher, it would seem that the 
nitrogen of the blood, bone and horn were applied under con
ditions specially favorable for the fermentation of these 811 b
stances, and for the growth of plants. The experiments wpm 
made in sterile sand contained in boxes nearly a square yard ill 
area and rather more than a foot and a half deep. Fit qllautities 
of the ash-ingredients of plants were mixed with the sand, aUll 
each box received in addition 5 grams of nitrogen, in the form of 
one or another of the substances enumerated in the following list. 
The sand was properly watered, of comse, and the temperature 
was favorable for the growth of plants. The experiments lasted 
two years. The results are sct forth in the following table, which 
gives the weights of the crops harvested from the sand admixed 
with ash-ingredients, according as one or another nitrogenous fer
tilizer was added: -
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No nitrogen 
Blood-meal 
Horn-meal 
Bone-meal 
Sulphate of ammonia 
Nitrate of triethylamin 
Nitrate of soda. . . 
Crude guano. . . • 

Oat Crain Total Crop .. 
• • Straw and Gram. 

grm. grm. 
12.6 80 
42.2 225 
38.1 227 
47.7 249 
46.0 251 
52.9 252 
58.3 260 
15.5 92 

The bellavior of the guano is remarkable, bllt was not explained. 
With llorn-meal and bone-meal the ripening of the grain was 

delayed appreciably, as had pre"iously been noticed by Albert. 
The good effects of triethylamin are interesting, since this suu
stance is obtained in considerable qnantities of late years as an 
incidental product in the manufacture of alcohol from ueet-root 
molasses. 

The field experiments of Wagner on the relative availability of 
organic nitrogen were made with summer rye followed by flax, 
summer wheat and carrots. He obtained the results stated ill the 
following table: -

l~'irst year. Average of 1st 
and 2d yelll·'. 

Average of lot, 2d 
and 3(1 years, 

Nitrate of soda. 100 100 100 
Sulphate of ammonia 85 74 88 
Peruvian guano 84 8tl 80 
Blood-meal 67 67 69 
Castor-pomaee . 62 65 67 
Green-crops ploughed iu 62 60 68 
Horu-IDeal 63 61 63 
FiSh-guano 51 59 64 
Steamed bone-meal 42 53 61 
Flesh-meal 44 47 54 
Wool-dust 27 28 33 
Stable-manure. 11 16 32 
Leather-meal 13 12 20 

Much Hom equctls less Blood. 
Pot experiments upon oats, made at New Haven by S. 'V. 

Johnson, in which blood-meal and hom-meal were contrasted, 
brought out the interesting fact that the crop-producing power of 
the nitrogen in blood and in hom is JIlore nearly alike in propor
tion as the amount of nitrogen applied to tlle land is larger. For, 
since a portion of tlle nitrogen ill horn is availaule, it is possible 
to add enough of it to supply all that a maximum crop requires: 
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and with each successive increase in the amount applied the pro
duction of a maximum crop is more nearly attained, while the dif
ference iu availabilty between the horn and the blood becomes 
smaller. 

For these experimeuts pairs of pots were filled with loam taken 
from a field which had not beru fertilized for many years, ap
propriate quantities of muriate of potash and superphosphate of 
lime were added, and varying amollnts of the nitrogellizpd matters 
to be tested, as stated in the following table. The dried blood 
contained 13.40 % of nitrogen, the hoof and l1Orn-meal 13.54 %, 
and the horn-shavings 1 ;').:)7 %. All these nitrogenous matters 
were finely ground. They were the same as those tested by .Tohn
son with pepsin solution, as stated in a subsequent table. Nitrogen 
was added to the pots in such quantities as would amollnt to 20, 
40, and 60 lb. to the acre, respectively. The oats grew well, and 
though attacke(l hy Slllut when in flower, most of the crops seemed 
to escape seriOlls dalllage : -

Fertilizers 
added. 
GrIn. 
None 

0.8508 of dried blood. 
0.8508 
1. 7015 
1. 7015 
2.5524 

0.8419 hoof and horn . 
0.8419 " 
1.6838 " 
1.6838 .. 
2.5257 " 
2.5257 " 
0.7417 horn sha Yings . 
0.7417 " 
1.4834 " 
1.4834 " 
2.2251 " 
2.2251 " 

Nitrogen in 
Fertilizer. 

Gnu. 
None. 

0.114 
0.114 
0.228 
0.228 
0.342 

0.114 
0.114 
0.228 
0.228 
0.342 
0.342 

0.114 
0.114 
0.228 
0.228 
0.342 
0.3·12 

Dry Nitrogen 
Crop. in Crop. 
Grm. Grm. 
23.4 0.2042 
25.1 0.2112 
22.4 0.2055 
22.9 0.2050 

29.6 0.2378 
29.7 0.2410 
32.7 0.2816 
33.3 0.3173 
41.6 0.3844 

24.1 0.2056 
26.0 0.2346 
26.5 0.2411 
28.6 0.2528 
33.1 0.2886 
32.7 0.2808 

22.5 0.2073 
19.4 0.2457 
26.1 0.2280 
28.5 0.2534 
32.3 0.3140 
32.8 0.2870 

It appeared that applications of nitrogen at the rate of 20 lb. 
to the acre, in the form of Lloou, gave four times as much in
crease of crop over the yield of the unmanured loam as the same 
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amount of horn-nitrogen j that when nitrogen was applied at the 
rate of 40 lb. to the acre in the form of blood the increase was 
two and a half times as much as that got from the same amount 
of nitrogen in the form of born, and that when 60 lb. of nitrogen 
were applied the increase of crop can sed by the blood-nitrogen 
was only one and three-quarters as much as that caused by horn
nitrogen. 

As regards the increase of nitrogen in the crop, 20 lb. of blood
nitrogen to the acre gave nearly twice as much increase as the 
same amount of horn-nitrogen; 40 lb. of blood-nitrogen gave two 
and a half times as much increase as the same qnantity of horn
nitrogen; and 60 lb. of blood-nitrogen ga,-e one and two-thirds as 
much increase as the samc quantity of horn-nitrogen. 

Johnson suggests that the very fact that blood-meal decom
poses readily in the soil may perhaps put it at a disadvantage as 
compared with horn-meal when large quantities of the two mater
ials are used; for it might easily bappen that a large dressing of 
a substance so easily decomposable as blood could "burn" a 
growing crop while a dressing of horn-meal equally rich in ni
trogen would be wholly bencficial. It will be noticed that in 
Johnson's experiments the horny materials prayed to be decidedly 
inferior as fertilizers to the blood-meal. The average increase 
of crop brought by the horn-fertilizers as compared with thc in
crease due to the blood was as 47.5 : 100 j and the avcrage in
crease of nitrogen in the crops from the use of the different 
materials was as 50.5 : 100. These results manifestly support 
the old yiew that the pound of blood-nitrogen should be rated at 
a price twice as high as the pound of horn-nitrogen. Similar ex
periments made with Indian corn indicated that castor-pomace at 
its best could be rated at 85 % when nitrate of soda equals 100 %. 
Tbe nitrogen in linseed-meal was somewhat less available, and 
was rated at 80 %, while tbat of dried blood was 77 %. CottOIl
seed-meal was 76 %, castor-pomace at its worst 74 %, and boof
and horn-meal 72 %. Dried fish did less well than the oil-cakes, 
and was rated at 70 %, while tankage was 68 %. 

One item of evidence in fayor of horn-meal is that the keratin 
of which it consists is susceptible of putrefaction. Thus Morgen, 
after having moistened samples of horn-meal and leather-meal, 
kept them for some time under conditions fayorable for putrefac
tion, and finally determined by analysis that 61. 62 % of the ni· 
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trogen in the horn-meal had gone into solution, while only 34.56 % 
of that in the leather-meal had dissolved. 

Valile of the Organic .1"fatters ((S SOU1'ces of Nitrates. 
Instead of determining the weights of crops harvested, as in the 

foregoing experiments, Muntz and Girard have songht to compare 
several organic fertilizers by noting the amount of nitrate which is 
formed in a given space of time from each of the fertilizers when 
they are exposed to the action of the nitrifying ferments under sim
ilar and favorable conditions. For these experiments, a weighed 
quantity of the fertilizer was mixed with a definite amollnt of 
loam, which was moistened and kept for several weeks at tem
peratures ranging from 59° to 77° F. The amount of nitrate in 
the loam was determined at the beginning, and from time to time 
during the course of the experimcnt. Thirty days was found to 
be a convenient term for the tests, for the reason that while a 
large proportion of thc nitrogen in materials which are readily ni
trifiable will be changed to nitrate in the course of a month, the 
nitrogen in materials which are less readily nitrified will continue 
to undergo change for a long while; as long, indeed, as the con
ditions favorable for nitrification are maintained. The general 
result of the trials made in this way was that the nitrogen in am
monium compounds nitrifies much more readily than that in organic 
matters; that the nitrogen in guano and in the dung of bats stands 
next in order; then that in leguminous plants which were ploughed 
under as green manure j and then the nitrogen in dried blood, 
flesh-meal, horn-meal, and roasted horn; while the nitrogen in 
roasted leather nitrified but slowly, and that in raw leather hardly 
at all. Some of the results of these experiments are given in the 
following table: -

Substance examined. 

Ammonium sulphate 
Dried blood . . . 
Roasted horn, fine 
Flesh-meal 
Horn-meal, fine. . 
Poudrette, coarse . 
Roasted leather, fine 
Raw leather, fine . . 

Percentage of the Nitrogen of the 
Nitrogen in Substance which Was changed 

the Substance. to Nitrate. 
rer cent. In 30 days. In 39 days. 

20.40 75.00 83.76 
11.92 72.44 73.56 
13.66 71.02 73.17 
11.08 70.40 66.15 
14.06 55.50 72.16 
2.30 18.14 14.94 
7.18 11.62 16.47 
8.05 0.39 

Tests by Way of Artificial Digestion. 
Another method of testing the value of the nitrogen in organic 
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compounds has been proposed by Stlltzer and Klingenberg, viz. to 
subject the materials to a process of " artificial digestion." That 
is to say, a weighed quantity of the fertilizer is left to soak for a 
number of hours in a warm liquid, similar to the gastric juice of 
animals, prepared by mixing pepsin with diluted muriatic acid. 
TIle idea on which this method of research is based is, that those 
fertilizers which are most readily soluble and decomposable in the 
stomach, or rather those which contain the largest proportion of 
soluble nitrogen compounds, will be likely to do the best service 
in the field. 

Stutzer and Klingenberg obtained the following results: -
Of each 100 Parts of Nitro. 

Total Nitrogen in 
the i\laterlal. 

gen there were 
Soluble in Insoluble in 

Per cent. the Pepsin. the Pepsin. 
Blood-meal 13.54 89.75 10.25 
Leather-meal (steamed) 6.91 39.19 60.81 
Horn-meal (torreJied) 13.70 40.73 59.27 
Horn-filings (crude) 7.06 23.43 76.57 
Poudrette 6.77 80.23 19.77 
Poudrette (from another city) 1.58 22.92 77.08 
Waste wool 10.55 2.72 97.28 
Bone-meal (raw) 4.02 95.45 4.55 
Ditto, another sample. 3.94 97.95 2.05 
Bone-meal (steamed) 4.31 92.74 7.26 
Ditto, another sample 2.43 88.35 11.65 
Peruvian guano, from which the 

uric acid had been removed 11.08 94.53 5.47 
Wool that had been treated with 

sulphuric acid 12.37 85.34 14.66 

In this country, Shepard and Chazel, and S. ",V. Johnson,! haye 
tested a variety of products by means of the pepsin process, with 
the following results: -

SHEPABD AND CHAZEL'S TESTS. 

Dried blood, red 
Dried blood, black 
Dried fish-scrap . 
Dried slaughter-house refuse 
Dried flesh-scrap (excellent) 
Dried king crab (shell and all) 
Acidulated fish-scrap. . . . 
Roasted leather-meal. . . . -

Total Per. 
centage of 

Nitrogen in 
the Material. 

15.19 
140.49 
11.56 
12.84 
14.17 
12.15 
7.14 
9.92 

Of each 100 Parts of Nitro
gen there were 

Solnble in Insoluble in 
the Pepsin. the Pepsin. 

99.81 0.19 
78.61 21.39 
88.67 11.33 
61.29 38.71 
93.32 6.68 
52.10 47.90 
84.59 15.41 
37.80 62.20 

'Report Qf CQnnecticut Agricultural Experiment Station, 1885, page 117. 
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Total Per
centag<; of 
Nitrogen ill 

the Mat~rial. 
Cotton.seed-meal . . . . . . 
Cotton·seed-meal (from which all oil 

had been removed) ..... 
Cotton-seed (ground). . . . . 

7.76 

8.56 
4.23 

JOHNSON'S TESTS. 

13.44 
13.47 
10.64 

Riln-dried blood, blal'k 
Kiln-dried blood, blaC'k 
Fish-scrap (menhaden) 
Fish-scrap, dried and ground 
Dried horse-flesh 
Ground bone (clean, hard, and dry) 
Cotton·seed-meal . . . . . . . 
Castor pomace . . . . . . . . 
Maize-refuse after extraction of starch 
Buffalo-horn sawdust. . . 
Horn-waste (shavillgs) . . 
Fine ground hoof and horn . 
Wool-waste . . . . . 
Felt-waste 

8.76 
8.12 
4.11 
6.68 
6.88 
5.55 

14.85 
15.37 
13.69 
11.25 
13.12 

Leather, fille and brittle 8.13 
Leather treated by benzine process. 8.40 
Leather reduced by superheated 

stearn and ground. . . . . 
Hair and leather mixture 

6.85 
6.91 

Of each 100 Parts of Nitro. 
gen there were 

Soluble in Insoluble in 
the Pepsin. the Pep.in. 

83.18 16.82 

85.67 14.33 
83.10 16.90 

96.8 
97.9 
85.9 
71.2 
61.3 
98.8 
92.7 
92.4 
82.9 

7.2 
22.4 
28.2 
4.8 
7.2 

25.4 
35.9 

33.3 
13.8 

3.2 
2.1 

14.1 
28.8 
38.7 
1.2 
7.3 
7.6 

17.1 
92.8 
77.6 
71.7 
95.2 
92.8 
74.6 
64.1 

66.7 
86.2 

In general, the foregoing results consist fairly well with what is 
known of the behavior of the seyeral kinds of fertilizers in the 
field, though those which relate to horn-meal do not well agree 
with some of the results of pot-experiments as given on a pre
yiOllS page. 

Blood and bone-meal, flesh, oil-cake, and unsophisticated fish
scrap, commend themselves here as they have done in farm 
practice; leather-meal and wool-waste exhibit their well-known 
inertness; while dried slaughter-house refuse and over-dried fish~ 
scrap occupy a middle place. As Professor ,Johnson has remarked, 
this process of analysis does divide the organic compounds into 
two classes, according to the solubility of their nitrogen. In one 
class more than half the nitrogen is soluble, while in the other 
scarcely more than a third of the nitrogen is soluble. But to tbis 
first class belong all the compounds which farm experience has 
shown to be generally and really useful as fertilizers. 

One noteworthy item in this list of experiments is the 0 bserva· 
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tion that leather-meal which has been soaked in so weak an alkali 
as a solution of borax becomes tolerably easily soluble in the 
oepsin solution. A sample of leather reduced by superheated 
steam gave up 84 % of its nitrogen to pepsin solution after treat
ment with borax, while only 331 % of the nitrogen was soluble 
before the borax treatment. 

Distillation of Rags, etc. 
A device for utilizing the comparatively inert nitrogen of rags, 

which was practiscd in a small way in Germany somc years since, 
is worth mentioning as a matter of history. Indeed, it has re
cently been described anew as a method of practical merit. The 
rags were distilled upon the farm, and the ammoniacal fumes were 
collected in acid or in water. The liquid was then mixed with 
earth, and applied to the land. The distillation was effected in a 
simple chimney, about 6 feet high by 2 feet wide, built roughly of' 
bricks. At the bottom of the chimney was an opening for till' 
removal of asbes and the admission of air. At the top the chim
ney could be closed by a movable plate j and at a point below the 
top a knee-shaped tube led from the chimney to a series of wooden 
vessels charged with water or diluted sulphuric acid, and cou
nected with one another by Illeans of wooden tubes. 

To start the apparatus, a fire of wood was built in the chimney, 
and the latter was then filled with rags and close(\ at the top. Air 
enough was admitted at the bottom of the chimney to permit the 
lowest rags to bu1'l1 slowly, or rather to glimmer or smoulder away, 
and so heat the rags next aboyc them. There was thus always, 
from first to last, one layer of the rags exposed to a temperature 
high enough to effect distillation, just aboye the layer of rags 
which were actually burning. The fumes from the smouldering 
rags passed over through the abduction flue into the ahsorbing 
vessels. 

The apparatus was of extreme simplicity and cheapness, such 
as any man could construct for himself. The ashes drawn from 
the bottom of the chimney were mixed with earth, and were used 
in conjunction with the ammoniated liquor, and the whole formed 
an excellent manure as quick acting as guano. 

It is manife8t that any such operation as this would be possible 
only in countries where labor is cheap, or upon farms where there 
might bappen to be occasionally labor unfit for more remunerative 
undertakings. It is not improbable, however, that this method 
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might be used sometimes with advantage by small proprietors in 
this country for obtaining an active fertilizcr from mixtures of 
peat and old leather, or occasionally perhaps for burning weeds, 
or other refuse raked up from gardcns. The process is interesting 
from its resemblance to that by which thc ammonium salts of com
merce are obtained from coal j and, as has been said, coal teaches, 
even more emphatically than leathcr, that the nitrogcn in organic 
compounds is not always immediately avail a ble as a SOUl'ce of 
plant-food. "\Vhat is true of coal in this sense is true also in some 
degree of peat, and of vegetable mould, the black earth of ordi
nary soils. 

Inert .Lyitragell of the Soil. 
As has been said already, it is a fact of deep importance that 

much of the nitrogen in ordinary soils exists there in an incrt and 
comparatively useless state, somewhat analogous to that in which 
it exists in leather or in coal. 

Not only the nitrogenized portions of plants and of dung, but 
even ammonia itself, appear to be changed in part in the soil to 
humus-like substances, Illany of which secm to be incapable of 
supplying nitrogen directly to the higher orders of plants, though 
others change more or less rcadily to ammonia and to nitrates and 
so become gradually available for crops. 

The humus of the soil is never devoid of nitrogen j that iu the 
good loams of Old and New England may contain 4 or 5 % of 
this element, while in the humus of the arid soils of California, 
HiIgard has found almost 16 % of nitrogen, on the average. Air
dried peat sometimes contains as much as 3 (/oof nitrogen. Lawes 
and Gilbert have cstimated that the ordinary arabic soil at Rot
hams ted contains about 3,000 11>. of nitrogen pCI' acre in the first 
9 inches of depth, about 1,700 lb. in thc second () inches, and 
about 1,500 lb. in the third D inches, i. c. about G,200 lb. per 
acre to the dcpth of 27 inches. They have observcd furthermore 
that a sample of Oxford clay (calcareOl~s) brought up from a 
depth of between 500 and 600 feet contained approximately the 
same percentage of nitrogen, 0.04 (/0' as the Hothamsterl subsoil 
at a depth of 4 feet. Thcy remark that there are probably very 
few sedimentary rocks which do not contain an apprcciablc amount 
of nitrogenous organic mattcr. 

It was at OIlC time thought by some chemists, notably by 
Mulder, that this nitrogen of the soil is in the form of humate of 
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ammonia, - it being further assumed that the humate in question 
is not readily decomposable by alkalies, and the other agents that 
destroy ordinary ammonium salts. But this view is highly im
probable. It is true, indeed, that a part of the nitrogen com
pounds of the soil are slowly decomposed, with evolution of some 
ammonia, when brought into contact with lime 01' the caustic alka
lies, and especially whcn heated with these agents; but, on the 
other hand, they are only slightly decomposed by the weaker alkali 
magnesia, though magnesia is well known to be fully competent 
to decompose ammonium salts. 

The probabilities are decidedly in favor of the view previously 
expressed, that whatever humate of ammonia may be formed 
temporarily in the soil by the absorption and fixation of any car
bonate of ammonia, formed there by the decay of pbllts or ma
llIIres, must soon change to the condition of an inert nitrogenized 
compound of another order, which contains no true ammonia. 

The fact that some kinds of peat exhale ammonia in burning, 
or even in putrefying, is no evidence that the peat contains am
monia ready formed, any more than the evolution of ammonia 
from flesh, bones, rags, coal, and many other nitrogenized Sll b
stances, under like conditions, is evidence that they contain am
monia. 

Amias in Soils. 
There are good reasons for believing that much of the soil

nitrogen is contained in compounds belonging to the class of 
amids. Urea, for example, is an amid of carbonyl,-

~ 
CO" 

CII.:Nz 0= N z Hz 
Hz 

and acetamid is an amid of acetyl, 

C·II ~vo "~ CzHp 
z [;"'"' =~, 1 Hz 

It is known that amids, snch as leucin (CSI-I l3N02) and tyros in 
(C9H u NOa), occnr habitually among the products of the decay of 
albumen and allied substances, and it is not improbable that these 
particular amids, and others analogous to them, though stillmore 
difficultly soluble, are formed in the soil when albuminous sub
stances, i. e. plants and manures, decay there. 

In favor of this view is the fact just stated, that a part of the 
humus of the soil slowly decomposes when boiled with strong alka
lies, while ammonia is set free, much in the same way that the 
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true amids are slowly decomposed with evolution of ammonia when 
thus treated with alkalies. Indeed it may be said in general, as 
Berthelot has insisted, that the nitrogenous matters in soils not 
only give off some ammonia when they are boiled in alkaline solu
tions, as many well known amids do, but that - as is the case 
also with true amids - small amounts of ammonia may be ob
tained from them by boiling continously in acids or even in pure 
water. On thus boiling the soil-compounds with an acid, it is 
noticed that a certain proportion of the nitrogen compounds be
come soluble. 

But little Ammonia in Soils. 
It is on account of this evolution of ammonia, when loams are 

boiled. with milk of lime, that the old statements given in the 
books as to the amount of ammonia in soils can no longer be 
accepted as strictly true. As regards the setting free of ammonia 
when nitrogenous matters are heated with alkalies, it is to be 
observed that much depends on the degree of concentration of the 
alkaline liquor, as well as upon the character of the substance on 
which it is made to act, and upon the temperature of the liquid. 
In many cases, considerable quantities of ammonia may be Jiber
ated at temperatures much below that at which water boils. Not 
infrequently, indecd, a considerable evolution of ammonia can be 
detected at temperatures not much higher than 100° F.; some
times it is evident enough even at the ordinary temperature of the 
air. 

It is important, no doubt, to know the fact that there are sub
stances in the soil, through the decomposition of which ammonia 
can readily be obtained, and it is well to gain an idea as to about 
bow much of the easily decomposable substances may be contained 
in a given sample of earth. The error was in counting the easily 
decomposable matters as if they were really ammonium compounds. 
From the results of some of these old experiments it seemed to 
appear that as much as 0.10 % of ammonia might be contained in 
soils such as the more accurate experiments of to-day show to 
contain no more than 0.001 or 0.002 %. 

It was not until Boussinganlt au bstituted magnesia for the 
stronger alkalies in the analytical process of estimating ammonia, 
that any useful results were obtained, and even the magnesia pro
cess has been improved upon latterly. Many absurd hypotheses 
have been advanced on the strength of the old belief, that the 
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nitrogen in the soil is in the form of ammonia, though it. is not 
strange that the misconception should have arisen, for as Boussin
gault has observed, the mere admixture of cllustic lime with a 
good garden soil at the ordinary temperature is sufficient slowly 
to set free ammonia through the decomposition of the nitrogenized 
hnmus. 

Disputes as to the Comparati1Je _Merit of Nitrogen and Ash
Ingredients h~ ~lfall11l'es. 

It was because of this old error that disputes arose formerly as 
to whether there was any use in applying nitrogenous fertilizers 
like ammonium sulphate or nitrates to the land. The llrgument 
was that there is plenty of ammonia in the soil already, and that 
consequently only ash-ingredients such as phosphates 01' potash 
or lime need to be applied to the soil in order to increase its 
natuml fertility. Some chemists even went so far as to argue 
that the good effects of guano are due solely to the phosplw te of 
lime and the potash that are contained in it. The a bSllrdity of all 
such statements was shown very emphatically by some of the 
earliest experiments of Lawes and Gilbert, as will appear from the 
following table: -

}'rom an acre of land, There was harvested 
manured with Bushels of Grain. Lb. of Straw. 

14 tons farmyard-dung 
Ash of 14 tons farmyard-dung 
Nothing . . . . . . . . 
700 lb. bone-ash superphosphate. 
635 lb. of the supprphosphate and 65 lb. sul

phate of ammonia . . . . . 

22.00 147G 
16.00 1104 
16.75 1120 
16.75 1116 

21.25 1368 

It is now known by everyone that the supposition that ash
ingredients alone are a sufficient manure, was fundamentally wrong. 
In spite of the fact that there is usually a great deal of nitrogen 
in the soil, it is seldom, in cold countries, that any large propor
tion of it is in a condition fit to be immediately assimilated by 
plants. lUuch of the soil-nitrogen does, of course, continually 
undergo change in SUlllmer weather, with formation of nitrates 
upon which crops can feed, though it is to be noted that in most 
cases the nitrogen in the soil nitrifies more slowly than that in 
those kinds of fertilizers, containing organic nitrogen, which are 
most highly esteemed by practical men. It is the business of the 
farmer sometimes to render the soil-nitrogen assimilable to crops, 
and at other times to supplement it with supplies of active nitro-
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gen brought from the farmyard, or from abroad; and either the 
one or the other of these acts may be the more judicious according 
to circumstances. 

The Soil-nitrogen Nitrifies. 
In hot countries, especially, and whenever the conditions are 

favorable for nitrifying the soil-nitrogen, it can be readily put to 
profit by many kinds of crops, notably by Indian corn j though 
harm may sometimes be done by it to some crops, as when the 
supplies of easily assimilable nitrogen are excessive. Thus it was 
pointed out by Mr. Russell many years ago, that the hot summer 
climate of the United States practically restricts the cultivation of 
winter wheat to soils which would be regarded as second-class 
wheat-land in England and Scotland, for when sown here on rich 
loamy soils, winter wheat is apt to grow rank and to suffer from 
rust and mildew, while it may succeed well on light gravelly loams 
rather deficient in vegetable matter, and of no more than moder
ate fertility, such as would be little productive of wheat in Great 
Britain. So, too, in respect to tobacco, when planted on rich clay 
loams, the leaves are apt to grow coarse and to be deficient in 
aromatic qualities j hence a tendency nowadays to restrict the 
cultivation of this crop to light, sandy loams, which are found to 
be best suited for producing tobacco of fine quality. 

As has been said already, some small part of the inert nitro
gen of the soil may perhaps be derived occasionally from the 
reduction of ammonium salts and nitrates j but it is none the less 
true that most of it comes directly from albuminoids and other 
compounds of nitrogen which formed a part of plants and animals 
tllat have decayed in or upon the soil. When vegetable matters, 
or the remains of animals, or dung, undergo change in the earth, 
a part of the nitrogen which is contained in them is conyerted into 
ammonium salts and nitrates, a small part may, under exceptional 
eircumstances, escape into the air as free nitrogen gas, and the 
remainder is left in the soil in tile form of the organic compounds 
now under discussion, most of which are insoluble in water, 
and, comparatively speaking, inalterable when exposed to water 
and air. 
The Hydrogen and Carbon in Organic Matters waste away faster 

than their Nit1·ogen does. 
It often happens tllat micro-organisms in the soil act to destroy 

the carbon and the hydrogen in humus rather than the nitrogen, 
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so that, after the first hot fermentation of decaying vegetable mat· 
tel'S has ceased, the waste of hydrogen and carbon may be much 
more pronounced than the loss of nitrogen, and the humus pro· 
duced may contain a considerably larger proportion of nitrogen 
than the substances from which it has been formed. This fact 
has been noticed by several different observers, and is seen very 
conspicuously in the peculiar "black earth" of Russia, which 
may contain, when dry, according to Kotstytcheff, as much as 4, 
or 5, or 6 % of nitrogen, while there is no more than 1 or 2 % of 
nitrogen in the plants from which this humus has been formed. 
Still more extraordinary is the extremely high proportion of ni
trogen (1676) in the humus of the arid soils of California. It is 
evideut that, under the conditions of decay to which vegetable mat· 
tel'S are there subjected, the carbohydrates which these matters con
tain al'e oxidized more rapidly than the nitrogenous constituents, 
and that nitrogen accumulates in the residual humus until this 
substance may come to contain, in some instances, a higher per
centage of nitrogen than is contained in albumen itself. (Hilgard 
and .T affa. ) 

According to Loges, a certain part of the inert nitrogenous mat
ter in humus is soluble in muriatic acid, and appears to play the 
part of a weak base. He finds, at all events, 011 leaching loams 
with the acid and evaporating to dryness the liquid thus obtained, 
that a nitrogenous black residue is left, even when soils are op
erated upon which contain but little humus. It is evident that 
this black residue must be a substance of different chemical charac
ter from the humic acids, since these bodies are very little soluble 
in muriatic acid, and only dissolve therein to the extent of faint 
traces, Analysis showed that a sandy soil, rich in humus, con
tained 0.804 % of nitrogen, and that 0.322 % of nitrogen was 
dissolved out of the soil by muriatic acid. In another instance, 
the acid dissolved 0.083 % of nitrogen from a loam that con· 
tained 0.367 %. 

Berthelot, in his turn, has noticed the formation in the soil 
of certain volatile nitrogenous compounds which he regards as 
ptomaines that have resulted from the activity of micro-organ
isms. Dnder fit conditions, these compounds seem to be produced 
more abundantly than ammonia. 

Crops 11se milch Soil-Nitrogen. 
From what has been said, it follows as a matter of course tha~ 

VOL. II-5 
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the amount of nitrogen in a soil, as determined by analysis, is no 
fair test of the power of that soil to produce crops. 

On the other hand, the addition to certain crops of a few pounds 
of nitrogen per acre, in the form of guano or of nitrate of soda, 
will often produce effects which·are out of all proportion greater 
than could be produced by so small a quantity of nitrogen if it 
were placed upon a soil wholly devoid of that element. A good 
example of this forcing power of the easily assimilable nitrogen 
compounds is seen when nitrate of soda is applied to winter wheat 
in the spring, i. e. at a season when the ground is still somewhat 
cold, and nitrification has not yet become active. 

There is much evi,dence, withal, tending to show that one merit 
of superphosphates and of precipitated phosphate of lime may be 
due to the fact that soils charged with these fertilizers are thereby 
made fit for the residence and support of certain micro-organisms 
which have power to convert the nitrogen of humus into com
pounds that can be assirn\lated by crops. A somewhat similar 
remark will apply to potassic fertilizers also, particularly to wood
ashes, and to mixtures of superphosphate and a potash salt. For 
example, Voelcker applied to land seeded with clover and Italian 
ray-grass, a mixture of plain superphosphate, made from rock, and 
muriate of potash, at the rate of 4 cwt. of each to the acre j and 
observed that the effect produced on the clover-plant was truly 
magical. The clover grew remarkalJly strong, and the ray-grass 
was vigorous also, and very heavy crops of grass were obtained
some 15 tons to the acre. As compared with the product from 
unmanured land, the mixed fertilizers gave an increase of 9,40U lb. 
grass to the acre, though the superphospha~e used by itself gave 
no increase, and the potash salt by itself an increase of only 
2,700 lb. 

In any event, care must be taken not to undervalue the soil
nitrogen j for although it is, comparatively speaking, inert, it is 
by no means absolutely so. 

Amount of Nitrogen supplied by the Soil. 
Boussingault found long ago, when studying the influence of 

several different rotations on soils which were manured OCCIl' 

sionally, and not very heavily, that there was more nitrogen in 
the crops harvested in a term of years than had been put upon 
the land in the manure. More recently, Thaer has estimated, 
from the results of many trials, that of every 100 lb. of vit,r,)-
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gen carried off the land in ordinary crops, about 55 lb., on the 
average, are derived from the soil-nitrogen, and 45 lb. from the 
manure. In special trials made to determine how much assimila
ble nitrogen could safely be applied as manure, it appeared that, 
during the eleven years of the experiment. 52 lb. of nitrogen were 
harvested, on the average, per year and per acre, while only 24 lb. 
of nitrogen per year were applied to the lund in the manure. 
More than this amount of nitrogen could not be applied com
monly, except at a disadvantage. Rye, indeed, bore 35 to 38 lb. 
of nitrogen to the acre, and oats and potatoes 43 to 52 lb., 
though the largest amount named did not increase the yield of 
potatoes. Thaer concludes that, in general, and for ordinary cir
cumstances and conditions, about half as much nitrogen may be 
applied in the fertilizers as would be expected to be contained in 
the crop. 

The vast importance of the soil-nitrogen is shown also by the 
fact, repeatedly insisted upon by Lawes and Gilbert, that when 
nitrogenous fertilizers are used for forcing crops the increase of 
the crop, over and aboye what is obtained from un manured land, 
very seldom contains as much nitrogen as was put upon the land 
in the fertilizer. In the experiments of Lawes and Gilbert where 
ammonium salts, Or nitrate of soda, together with mixed mineral 
fertilizers, were applied year after year to wheat, barley, oats, 
and grass, a large proportion of the applied nitrogen was not re
c.overed in the increase of the crops harvested. 'Vh~n, in addi
tion to mixed mineral fertilizers, ammonium salts were applied 
for 20 years in succession, at the rate of 200 lb. to the acre an
nually, rather less than one-third of the supplied nitrogen was 
recovered in the increase of the wheat-crops (over and above what 
was obtained by the use of the mixed minerals without any addi
tion of ammonia), and nearly one-half in the increase of the barley
crops. With the same mineral manures and 400 lb. of ammonium 
salts, applied for 20 years to wheat, there was recovered in the 
increase, as before, scarcely one-third of the applicd nitrogen. 
When more excessive amounts of ammonium salts were used upon 
wheat, notably less than one-third of the supplied nitrogen was 
recovered, and the greater the excess the less was the gain. In 
the case of barley that received, beside the minerals, 400 lb. of 
ammonium salts for 6 years, 200 lb. for 10 years, and 275 lb. of 
nitrate of soda for 4 years, there was again recovered in the in-

'I 
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crease neltr1y one-half of the nitrogen applied j and when 550 lb. 
of nitrate of soua (equal to 400 lb. of the ammonium salts) were 
applied in the spring, there was recovered in the increase of crop, 
even with wheat, not much less than half, and with oats rather 
more than half of the applied nitrogen. 

Significance oj the Soil-Nitrogen. 
The following table shows the quantities of nitrogen applied 

annually during 20 years in the form of farmyard-manure and the 
quantities of nitrogen obtained annually in the crops of wheat and 
barley. The column headed "in produce by mineral manure" 
(devoid of nitrogen) shows how much nitrogen was taken from 
the soil itself:-

Pounds of nitrogen per year and per acre. 

Supplied in In produce In produce 
14 tOilS of by Mill- by Farm-
1<'armyllord- eral yard-
Manure, l\fanure. Manure. 

In increase 
due to 

1<'armyard
Manure. 

For each 100 lb. ni
trogen in farmyard

.Manure. 
Recovered Not re-

in covered 
increase. in. 

increase. 

Wheat . . . 200.7 20.1 49.3 29.2 1·1.G 85.4 
Barley . . . 200.7 23.9 45.3 21.4 10.7 89.3 

In the case of oats dressed with mineral fertilizers and 400 lb. 
of ammonium salts during 3 years, rather more than one-half of 
the supplied nitrogen was recovered in the illcrease of the crop. 
When rape-cake was appliell for barley, a considerably less pro
portion of the nitrogen was recovered than when ammonium salts 
were used. 

In the case of farmyard-manure, applied to wheat and to barley, 
very much less of the supplied nitrogen was recovered than was 
recovered from the artificial nitrogenous fertilizers. On the as
sumption that the dung used contained about :WO lb. of nitrogen 
per year and per acre, there was recovered in the increased pro
duce of wheat only about one-seventh, and in that of barley scarce
ly one-ninth of the nitrogen supplied in the manure. But it is 
to be remembered that dung decomposes so slowly that its influ
ence may be felt for many years. In the year 1875, Lawes and 
Gilbert could still perceive some slight effect due to dressings of 
farmyard-manure which had been applied for the last time, to 
pasture grass, in 1863. 

The mixed herbage of an old grass-field, which as the average 
of 10 years yielded 2,500 lb. of hay to the acre when unmanured, 
took off 35 lb. of nitrogen annually. 'When manured with a mix
ture of mineral fertilizers (without nitrogen), 3,800 lb. of hay 
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were obtained and 55 lb. of nitrogen, the increase being due no 
doubt to an increased growth of leguminous plants. ~With 400 
lb. of ammonium salts and the mineral fertilizers, 6,000 lb. of 
hay were harvested annually, and 76 lb. of nitrogen j and with 800 
lb. of ammonium salts (containing 172 lb. of nitrogen) and the 
minerals, the figures were 6,900 lb. of hay and 103 lb. of nitrogen, 
though this very large quantity of ammonia was found to be ex
cessive and was reduced to one-half after a few years. 

'Yith mineral manure and 275 lb. nitrate of soda, the figures 
were 5,100 lb. hay and 6;l lb. nitrogen, and when the quantity 
of the nitrate was increased to 5,50 lb., the crops werc 5,900 lb. 
hay and 68 Ill. nitrogen. In the case where 14 tons of farmyard 
manure to the acre were applied to the grass annually during 8 
years, and no manure was applied during the next 12 years, results 
were obtained which are set forth in the following table: -

Lb. of Nitrogen, per acre, 
Applied ill manure during 8 years . . . 1606 
Reeovered ill 20 years in ineroase of crop 

over that got from unmanured land 291 

Not recovered in increase . . . .. 1365 
Residue in soil 54 inches deep 529 

18.1% 

81.9 
32.9 

Not recovered in increase or in the soil 786 49.0 
When 400 lb. of ammonium salts, containing 86 lb. of nitrogen, 

were applied pel' acre, without any addition of ash-ingreclients~. 

the average annual crops during 10 years were :3,400 lb. of hay 
containing 58 lb. nitrogen; and when 5fiO lb. of nitrate of soda, 
containing very nearly the same quantity of nitrogen as the 400 
lb. of ammonium salts, were applied without any ash-ingredients, 
the average crop of hay during 8 ycars was 4000 lb., containing 
63 lb. of nitrogen. On using half as much of the nitrate, the 
crop was :3,800 lb. hay, containing 56 lb. of nitrogen. 

So, too, in Hellriegel's experiments upon grain-plants, made 
with the utmost care by way of sand-culture, there was ordinarily 
recovered in the crops hal'Yestecl about 90% of the nitrogen which 
had been applied to the soil in the seed and the fertilizers j and 
Wolff and Kreuzhage also found in oat-plants grown in sand, 
fertilized with nitratcs ancl ash-ingredicnts, yery nearly as much 
nitrogen as was contained in the seeds sown and the fertilizers 
applied j but these observers got yery different results in respect 
to leguminous plants grown ill sand. Their leguminous crops in-

\ 
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variably contained much more nitrogen than had been purposely 
added to the soil, and it is now known that leguminous crops may 
obtain nitrogen in a different way from grain-crops, as will be 
explained directly in the chapter on Symbiosis, and that they may 
grow quite independently of the nitrogen of the soil, or e,-en of 
that applied as manure, since they are often, or perhaps usually 
supplied with nitrogen from the air. 

Lawes and Gilbert found that root-crops usually returned to 
them a larger proportion of the nitrogen applied in the fertilizers 
than cereal crops did. In one set of experiments, for example, 
they grew sugar-beets fiye years in succession, and manured one 
parcel during the first three years heavily with nitrate of soda, in 
addition to other things j and on calculating the amount of nitro
gen taken up by these five crops of beets grown with nitrate of 
soda, first deducting the produce grown on contiguous plots 
manured with ash-ingredients alone, i' appeared that the quantity 
of nitrogen obtained was very nearly equal to the amount that had 
been supplied in the form of nitrate of soda. 

Endurance of Farmyard-jI,famo·e. 
Gasparin has reported of southeastern France, where the old 

Roman tWO-COUI'se rotation is practised, viz. : 1. 'Wheat, II. Fal
low, that land on which no manure has been put for several years 
comes to yield about 10 bushels of wheat to the acre, every second 
year. If this land is manured at the rate of 11 tons to the acre 
of farmyard-manure containing 110 lb. of nitrogen, the first crop 
of wheat will amount to 20 bushels, and nearly a ton of straw; 
two years later the crop will amount to 14 bushels of grain, and 
1300 lb. of straw. But unless a new application of manure is 
made, the next crop (1. e. the crop of the fifth year) will fall back 
to the original 10 bushels of grain. It appears that on that soil 
the influence of the manure is felt for three years, and that two 
crops of wheat exhaust the goodness of the manure. 

In the experiments of Bee, made on a poor, calcareous soil in 
France, 10 bushels of wheat and 830 lb. of straw to the acre were 
haryested on unmanured land, aud the crop carried off 16 lb. of 
nitrogen. But on land dressed with 11 tons of farmyard-manure 
to the acre, whereby 110 lb. of nitrogen to the acre were applied, 
the next crop was 16.4 bushels of wheat, and 1275 lb. of straw, 
and the next year there was obtained 38.5 bushels of oats and 
1637 lb. of straw. Since this oat-crop, taken the year after the 
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wheat, carried off 28 lb. of nitrogen, it appeared that the power 
of manure had not been wholly exhausted, as might have been the 
case if the land had been left fallow and been cultivated frequently, 
as was done in the previous experiments relating to the old two
course rotation. The justice of this observation of Gasparin has 
been repeatedly illustrated in recent years by experiments on the 
waste of farmyard-manure in the soil through nitrification and the 
percolation of nitrates in the drain-water. 

In another set of experiments on the same kind of soil, in place 
of the farmyard-manure, 660 lb. of rape-cake to the acre were 
applied. This fertilizer contained 45 lb. of nitrogen. There was 
harvested in the first year, 20 bushels of wheat and a ton of straw; 
and in the second year 28 bushels of oats were obtained, and 1870 
lb. of straw. This oat-crop carried off 21 lb. of nitrogen, which 
was more than the first crop of wheat had taken from the unma
nured land, though somewhat less than the oat-crop took from the 
land dressed with farm-manure. It appeared that the rape-cake 
acted a little more quickly than the manure, that its chief action 
was in the first year, and that the goodness of it had not been com
pletely exhausted by the crop of the second year. 

It may here be said that trials were made with gnano, also, in 
comparison with the forcgoing experiments, and that there was 
obtained, after a dressing of 660 lb. guano to the acre, i. e. of 79 
lb. of nitrogen, a crop of 29 bushels of wheat and 2 tons of straw, 
and afterwards a crop of oats that yielded 30 bushels of grain and 
1330 lb. of straw. Since this oat-crop of the second year carried 
off more nitrogen (22 lb. to the acre) than had been carried off 
by the corresponding crops dressed with farm-manure and oil-cake, 
it is evident that the virtue of the guano had not yet been com
pletely exhausted. 

Striking evidence of the extremely slow action of that very 
large proportion of farmyard-manure which is not put to use by 
crops iu the first years of its application is afforded by the experi
ments of Lawes and Gilbert on the continnous growing of pota
toes. During 6 consecutive years, the land received annually 14 
long tQns of farmyard-manure, estimated to contain about 200 lb. 
of nitrogen, and there were harvested per year and per acre, 5 tons 
and 5 cwt. of tubers on tile ayerage. During the next 6 years, no 
manure was put upon the land, and tlJe crops during tllese years 
weighed 3 tons and 1 cwt. on the average, a quantity which was less 

\ 
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than the average produce obtained by using a mixture of mineral 
fertilizers that contained no nitrogen. All of which goes to show 
that a large part of the mineral matter in manure, as well as much 
of the nitrogen, is not readily assimilable by plants; or, at the 
least, that it is not easily assimilable after having lain in contact 
with the soil during several years. 

In their experiments on barley also, after farmyard-manure had 
been applied continuously during 20 years, the plot was divided, 
and thenceforth one-half of it got no manure, while the other half 
was manured as before. Ten years after the last application of 
the manure, the effect produced by the residues of the old manur
ings was still very apparent in the size of the crops, and the soil 
was then fonnd to contain more nitrogen and more nitrates than 
any other plot in the field, with the exception only of the one con
tinuollsly dressed with farmyard-manure. 

Some Crop8 use Soil-Nitrogen freely. 
Not only is it a fact of familiar (>bservation that the soil-nitro

gen is useful, but it has been shown repeatedly by methodical 
experiments that very large quantities of uitrogen are often taken 
off in crops from laud which has received no manure whatever. 
Thus it was found by Lawes and Gilbert that wheat grown upon 
one piece of unmanured land for 32 years in succession took off, 
on the average, 21 lb. of nitrogen per year and per acre, - more 
than 600 lb. in all, it will be noticed. Upon an adjacent plot that 
was dressed with a mixture of mineral manures, the wheat-crop 
took off 22 lb. of nitrogen per year and acre. 

A barley-crop took off 18~~ lb. and 22! lb. of nitrogen per year 
during 24 years, when unmanured and when manured with ash
ingredients. 

A series of root-crops took off 27 lb. of nitrogen per year during 
31 years, from a plot manured with ash-ingredients. 

Beans took off 31-~ lb. of nitrogen per year from unmanured 
land during 24 years, and 45~ lb. from land dressed with mineral 
fertilizers. 

Red cloyer took off annually, during 22 years, 30.5 lb. from 
unmanured land, and 40 lb. from land dressed with mineral ferti
lizers. 

Gmdual Exhaustion of Soil-Nitrogen. 
It was noticed, furthermore, that, during these long terms of cul

tivation, rather more nitrogen was taken off in the crops during 
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the earlier years than was taken toward the close of the term. 
Thus, while the unmanured wheat-crop took off 21 lb. of nitrogen 
pel' year on the Rye rage of 31 years, it took off 251 lb. on the 
average of the first 8 years, and 23 lb. on the ayerage of the first 
12 years. 

It would seem, therefore, that the nitrogen in the soil, derived 
from preyious accumulations, was gradually used up by the con
tinued cropping j and in fact, careful analyses, made at different 
periods of the soil of the fields where these experiments were con
ducted, showed conclusiyely that there was an appreciable reduc· 
tion of the amount of nitrogen in the soil as the ycars went on. 
After 40 years' persistent cropping of the good land with wheat, 
it appeared that the original stock of organic nitrogen (as well as 
the stock of potash and phosphoric acid) had been considerably 
reduced, although there was still left enough of aU these constitu
ents to indicate that wheat might be grown on that land for a very 
long period. 

Warington has remarked that the fact that wheat can be con
tinuously grown on such a soil with fair results is due to the small 
demands of the crop and to its great capacity for appropriating 
the mineral food of the soil j and it will be well to bear in mind 
also the fact that the power of the wheat-plant thus to appropri
ate food depends in good part on the circumstance, that the soil 
is usually fairly well charged with moisture during those months 
when the crop is growing. In experiments on the 4-course rota
tion where the land was unmanured during 44 years and all the 
produce was removed, wheat was the crop which gave the largest 
weight of produce per acre during this long period. The practical 
difficulty attending the continuous growing of wheat in England is 
that of keeping the land cleall, and this difficulty is of course 
greatest upon a heavy soil, in a moist climate, and with a poor 
wheat-crop. 

There is of course an essential difference between cllltiyated 
land, from which crops are continually taken, and wild land upon 
which plants grow and die and decay and so give back every year 
the food they had taken from the soil. In actual farm practice 
manure is applied to compensate for the materials which crops re
move. 

Running out of Land. 
The using up of the soil-nitrogen by excessive or injudicious 
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cropping is usually the cause of the so-called" running out" of 
land. Unless land contains in the beginning an alHlllllant store 
of fertility, and particularly a great reservoir of humus, and unless 
ameliorating crops are grown upon it occasionally, the nitrogen 
will waste away and the land will fall into bad condition. Eyery 
year a certain proportion of the nitrogen in the organic matters in 
the soil is nitrified by the action of the microscopic ferments, and 
while a part of the nitrates thus formed is consumcd by the grow
ing crops, another part is washed ont of the land in the drain
water, especially in wet seasons, some portion of the nitrogcn may 
become more inert than it was in the beginning, and still another 
part may be ~uced and destroyed by useless fel:mentations. 

As Lawes and Gilbert have said, "soils contain nitrogenous 
matters which nitrify with different degrees of facility. The blilk 
of the nitrogenous matter of soil is only capable of yery slow 
oxidation, but a smaller proportion is far more readily converted 
into nitrates. In thoroughly exhausted land the easily nitrifiable 
matter has to a large extcnt disappeared, while on soils in good 
agricultural condition it is continually renewed hy fresh crop
residues or by the application of organic manures. This easily 
nitrifiable matter constitutes a chief part of the floating capital of 
the soil, on which its immediate productiyeness dcpends. The 
larger quantity of more inert nitrogenolls matter constitutes the 
sunk capital which only very slowly becomes aVfLilablc." 

An idea of the rate at which soil-nitrogen, takcn from fertile 
fields, may be changed to nitrates under favorable conditions
as compared with the rapid nitrification of farmyard-manure in 
similar fields - may be got from the results of some experiments 
made by Deberain on different kinds of soils, as stated in the 
following table. One series of well-drained jars of glazed earthen
ware was charged with the unmanured soils to be examined, 50 
kilos. of earth being placed in each jar; while another series of 
similar jars was charged with 50 kilos. portions of mixtures of the 
soils and farmyard-manure. Into each of these mix:tures there 
had been put one kilo. of the manure which contained 5 grm. of 
nitrogen. All the jars were kept free from vegetation and were 
maintained under conditions favorable for nitrification. The flg
ures of the table represent the quantities of nitrate-nitrogen which 
passed out from the soils in the drainage-waters during the months 
March to October: -
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Kind of Soil. 
Milligrams of Nitrate-nitrogen in the 

drain-water from the soils when 
Manured. Unmanured. 

Light, somewhat calcareous. 2224 1131 
Strong, clayey. . . . ., 1307 595 
Strong, rich in humus. .' 1411 660 

from another locality 1205 727 

Whence it appears that under the exceptionally fayorable con
ditions of the experiment about one-half of the nitrate-nitrogen in 
t.he drain-waters came from the nitrogenous matters natural to the 
soils, and the other half from the manure. It appeared further
more, eyen in the "ery most favorable instance of the light cal
careous soil, that only one-fifth part of the nitrogen of the manure 
was nitrified during the year of its application, while four-fifths 
of it remained in the soil to be gradually oxidized in subsequent 
years, and so to re-enforce future applications of manure. In two 
of the other instances one-seyenth of the nitrogen of the manure 
was nitrified, and in the last instance one-tenth, in the first year. 

Since, in attempting to grow root-crops without any manure, 
the produce falls off to next to nothing after a few years, the 
figures of Lawes and Gilbert, as cited above, refer to the plot that 
was dressed with a complex mineral fertilizer, and in this case 
much more nitrogen was taken off during the earlier than in the 
later years. 

During the first 8 years of turnips, the average yield of nitrogen 
was 42 lb. each year. During the next 3 years the land carried 
barley, which yielded 241 lb. of nitrogen per year. During the 
next 15 years, 13 of which were with Swedish turnips, and 2 with
out any crop, there was a yield of 18t lb. of nitrogen per year, 
and during the last 5 years sugar-beets yielded 13 lb. of nitrogen 
per year. Here there was a reduction to less than one-third dur
ing the later years, as compared with the earlier. Lawes and Gil
bert found, furthermore, that the root-crops exhaust the upper 
layers of the soil of their ayailable supplies of nitrogen more com
pletely than any other kind of crops. 

Clover and beans, on the other hand, and in general the legumi
nous crops, did not thus exhaust the surface soil of nitrogen, but 
seemed to get their supplies from below. As we now know, these 
crops support upon their roots certain micro-organisms which are 
capable of obtaining nitrogen from the air. Thanks to the action 
of these organisms, the surface-soil is left by a clover-crop ricller 
in nitrogen than it was before. 
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Large Amounts of Nitrogen in Good Soils. 
Attention has often been called to the very large amounts of 

reserve nitrogen that occur in cultivated soils. Kroeker, and 
Payen also, showed long ago that they rarely contain less than 
0.1 % of nitrogen (say 3,500 lb. to the acre, taking the loam as 
one foot deep), and that they usually contain a much lal'ger quan
tity. A. Mueller found, on the average, 0.26 % of nitrogen in 
the surface-soils of regions poor in lime, and 0.15 % in their sub
soils. In the surface-soils of limestone regions he found, on the 
average, 0.66 % of nitrogen. In several instances he found from 
0.9 to 0.96 %. Mueller's averages for the surface-soils are equiv
alent to 3.7 % and 4.6 % of the organic matter in the soils. From 
the analyses of a large number of soils taken from sugar-beet fields 
in all parts of Germany, Grouven has shown that the proportion 
of nitrogen in the humus of good soils ranges from 1.7 to 7.2 %. 
The average of his analyses was 3.6 %. Boussingault, also, on 
analyzing a number of loams of good quality from widely differ
ent localities, found from 6,000 lb. to more than 30,000 lb. of ni
trogen to the acre, taken to the depth of 14 inches, which was in 
the more or less inert condition above described. All this nitro
gen is naturally to be thought of as additional to the comparatively 
small amounts of nitrates and ammonium compounds which are 
usually found in loams. 

In this country, Hilgard and Jaffa have found from 1.25 to 
5 % of actual humus, in soils from humid regions that were fairly 
well charged with humus, and that the proportion of nitrogen in 
this humus is, on the average, about 5 %, while, as has been said, 
they find almost 16 % of nitrogen in the humus of arid uplan<1 
soils from California j whence it appears that these arid soils are 
really well provided with nitrogen, although the quantity of humus 
ma y amount to no more than 0.75 % of the soil. 

Loam may contain as much _Nitrogen as j"fanure does. 
On comparing good, cultivable soils with farmyard-manure, it 

will be found not infrequently that, weight for weight, the soil con
tains as much nitrogen as the manure. Even when, as commonly 
happens, there are two or three times as mnch nitrogen in a given 
weight of farmyard-manure as in the same weight of the soil to 
which it is applied, it will still remain true that the absolute ad
dition of nitrogen to that already in the soil, which is made by an 
ordinary application of farmyard-manure, is extremely small, i. e. 



LOAlIf A SOURCE OF NITROGEN. 77 

88 compared with the great mass of nitrogen already in the land. 
It is the superior quality of the dung-nitrogen and, doubtless, the 

. ferment-organisms which manure brings to the land, as well as the 
action of the manure to hold moisture in the soil, which make the 
use of the dung so very important. Anderson determined, ac
cording to one and the same definite p]an1 the amollnts of nitrogen 
and of organic matter in soils and manures taken from 8 different 
farms in Scotland, and obtained the results, which are given in 
the following table: -

Organic Matter %. Nitrogen%. 
The soil from farm a contained 5.97 0.14 
The manure from farm a .. 20.17 0.41 
The soil from farm b 5.67 0.15 
The manure from farm b " 15.24 0.46 
The soil from farm c 5.69 0.14 
The manure from farm c " 11.19 0.49 
The soil from farm d 9.35 0.29 
The manure from farm d " 21.68 0.49 
The soil from farm e 4.96 0.22 
The manure from farm e " 7.24 0.19 
The soil from farm f 9.65 0.27 
The manure from farm f " 11.39 0.34 
The soil from farm g 6.36 0.18 
The mannre from farm g .. 11.47 0.32 
The soil from farm h 8.50 0.26 
The manure from farm h " 13.17 0.36 

Enormous Importance of the Soil-Nitrogen. 
Under fit conditions as to tillage and crops, and with suitable 

addjtions to the soiJ of phosphates or potash compounds (or both) 
to promote the growth of the microdemes which cause fermenta
tion, these great stores of soil-nitrogen, which are so abundant that 
they might almost be regarded as inexhaustible, become gradually 
available for feeding crops. There is hardly a more important 
problem in agriculture to-day than the perfecting of methods for 
using these great natural supplies of nitrogen to the best possible 
advantage, although it is true that already, from time immemorial, 
cultivators have often found it to be more advantageous and more 
economical to improve the quality of the soil-nitrogen by tillage 
combined with fallows and rotations, than to buy fertilizers, or 
than to keep cattle for the sake of producing more manure. See. 
a180, the chapter on Symbiosis. 
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Peat as a Source oj Nitrogen. 
It is not in arable loams alone, and in leaf-mould, that the inert 

nitror;en compounds are found. Here in New England, great quan
tities of them are to be had, at small cost, in the form of peat, 
swamp-mud, or marsh-mud, as well as in the form of old sods 
taken from headlands and from beside walls j and upon manyex
cellent farms it was customary formerly to put such materials to 
use. Indeed, peat deserves to be treated of as a nitrogenized ma
nure as much as several of the substances which have been men
tioned in the preceding pages. 

As here used, the term peat applies to any bog-earth of vege
table origin j it includes bog-meadow-mud and marsh-mud, as well 
as the more perfect peats, about the naming of which there could 
be no question. The New England term" muck," of course, falls 
within the above definition. In the King's English, the word 
muck simply means manure, i. e. well-rotted dung. Excepting in 
the fens of Lincolnshire, it has no special reference to any kind 
of peat or bog-mud. The New England application of the word 
to bog-earth is a mere provincialism, natural enough in a land of 
hungry gravels, where custom requires the farmer to try to culti
vate 4 or 5 times as much land as he can manure from his barn
yard. 

It happens, too, as Professor Johnson has urged, that in New 
England the number of small, shallow depressions, containing un
ripe or impure peat, is much greater than that of large, deep bogs. 
Our farmers are, in fact, more accustomed to the class of deposits 
which they call" mucky," than to those that would be called peat 
by everybody without question. It may be said that peat, no 
mattpr of what gracie, almost always contains a considerable quan
tity of nitrogen. 

A moment's consideration as to the mode of formation of peat 
teaches that this must be so, for all kinds of peat have resulted 
from the partial decay of vegetable matters. Peat is formed in 
boggy places where water stands at rest. In this water, succes
siYe crops of various aquatic mosses grow, often with great rapid
ity, and they die where they have grown, in such wise that great 
accumulations of partially decomposed yegetable matter result. It 
has been said of certain bogs in Hanoyer, that the trenches from 
which peat has been dug fill up again every 30 years to a depth 
of 4 to 6 feet with new accumulations of peat. (Stamm.) In 
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like manner, the extremely rapid growth of peat in Scotland has 
been insisted on by Angus Smith. 

It is easy to see that peats and peaty soils formed in this way 
will be likely to contain appreciable quantities of nitrogen, while 
they will commonly be poor in inorganic matters, unless, indeed, 
sand or clay or silt happens to have been washed in upon them 
during or subsequent to their formation. 

Analyses of Peat. 
In 30 samples of peat, of all sorts and kinds, analyzed at the 

Yale laboratory uuder Professor Johnson's direction, the propor
tion of nitrogen varied from 0.4 to 2.9 %. The average amount 
of nitrogen was 1.5 % of the air-dried peat; 01' more tban three 
times as much as is contained 1n ordinary barnyard-manure. In 
several of the peats the amount of nitrogen was as high as 2.4 % ; 
the low average percentage just given was dne to the fact that 
many of the samples analyzed were of manifestly poor quality. 
Fully one-half of the specimens were largely mixed with soil, and 
contained from 15 to 60 % of mineral matters. One was a sample 
of mud from a salt-marsh, and it contained 1.4 % of nitrogen. 

It is a matter of experience, however, that peats are occasion
ally met with that contain comparatively little nitrogen. Mulder, 
for example, mentions a brown peat from Friesland, which on 
being leached with soda-lye yielded humic acids which contained 
no more than a trace of nitrogen. Hence, in case a farmer should 
happen to have several kinds of peat to choose between he might 
do well to scrutinize each of them carefully aud to prove by ex
periment which of them is best suited to his purposes. Generally 
speaking, by far the larger part of the nitrogen iu peat exists in a 
form that is insoluble in water, and compa.ratively inert, con
sidered as a source of plant-food. In spite, however, of this 
inertness, it is a matter of familiar observation and experience, 
that the peat-nitrogen may be made to contribute to the support 
of crops, and that it has consequently a considerable money 
value. 

Peat undergoes Change in the Afr. 
It would appear that when peat is exposed to the action of the 

air, as when mixed with auy ordinary culth'ated soil, its nitrogen 
slowly undergoes change, and that some of it is gradually made 
available for the plant, much in the same way that the nitrogen of 
rags or of bone-meal would be under similar conditions. With 
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regard to tbis point, it should be said that investigations by N es
sler have shown that, although the nitrogenous constituents of 
peat decompose in the Boil more slowly than the altered ossein in 
meal from steamed bones, they do neyertheless in some cases de
compose more quickly than the nitrogenous components of wool, 
or than the ossein in coarse meal from raw bones, 01' than those 
in leather-meal, either that from crude leather or from torrefied 
leather. 

According to Marchal, through the action of the bacteria proper 
to snch soils, the nitrogenous constituents in the humus of mellow 
sandy loams are cbanged to ammonia together with small quanti
ties of peptones, leucin, tyrosin and fatty acids. The most favor
able cOllLlitions for the activity of these bacteria are moisture, a 
temperature of about 86° F., adeqnate access of air and a slight 
alkalinity. In sour humus changes of somewhat different char
acter occur, aud they are to be attrilmted to a considerable extent 
to the action of moulds which suffer much less from the presence 
of acids than the bacteria do. It is easy, in any event, to hasten 
this process of conversion into plant-food by neutralizing the 
natural acidity of the peat hy means of an alkali, such as lime, 
wood-ashes, or potashes; or by composting the peat with dung, or 
fi!:!h, or flesh, as will be explaine(1 under the head of Composts. 

It is to be inferred, moreover, from the observation!:! of Brunne
mann, that some of the uitrogen ill moor-earth may be made avail
able as plant-food hy the action of non-alkaline potash salts, such 
as the sulphate and the chlorhle. To test this matter, lIess mixed 
samples of moor-earth with kainit, allll with potassium sulphate 
and chloride, as well as with gypsum, with lime, and carbonate of 
lime. He kept the moist mixtures ill glass bottles for a year and 
a half and then leached them with water, in order to determine 
how much of the nitrogen of the humus had become soluble. It 
appeared that, from the mixtures whieh contained potash salts, 
water dissolved out about 8 times as much nitrogen as could be 
dissolved from the plain moor-earth, and even that considerable 
quantities could be dissolved from the mixture which contained 
gypsum. It was uoticell that the amount of organic matter dis
solved was proportional to the amount of nitrogen dissolved, and 
that the solntions contained much acid. But since the quantitiefl 
of nitrogen corresponded with those of arid, there was evidently 
some kind of connection between the uitrogeu and the acid. It is 
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not impossible indeed that the dissolveu nitrogen may have been 
in the form of a base or bases similar to those detected by Loges 
in humus. 

Hess noticeu furthermore th~t large quantities of lime as well 
as of nitrogen were dissolved out by water from the moor-earth 
which had been mixed with sulphates and chlorides. Indeed al
most the whole of the lime in the earth was removed in this way. 
As regards the jars which contained quicklime, or carbonate of 
lime, and moor-earth, it was observed a few weeks after the mix
tures had been made that there was forllled a brown, glutinous 
substance of offensive odor. But it was thought that this sub
stance decomposed subsequently, foJ', at tIle end of the year and a 
half, no more nitrogen could he dissolved out from these mixtures 
by means of water than was got from moor-earth alone. 

Some Peats j'eudily eevlve Ammonia. 
For some kinds of peat, at least, it is true that ammonia may 

be formed froUl their nitrogen compounds continually, when the 
peat is kept in a warm place amI exposed to ail' and moisture. In 
many cases this formation of ammonia from the iuCl't nitrogeu in 
the peat provably depends on the action of micro-ol'ganisllls, as 
in the experiments of Selmi and other ohseryers. But in other 
instances the ammonia appears to be derived from an actual 
splitting 01' (7ellouule1llellt of the iuert nitrogen compouuds, i. e. 
to the breaking up of amids, as was probably the case in certain 
experiments of my own where the conditions as regards tempera
ture excludell all living things. 

It may here be said that Bruunemann, on drying moor-earth at 
tolerably high temperatures, fouud that u part of the inert nitrogen 
compounus in it became soluhle in water. Tacke also found on 
heating moor-earth in water that as much as 1 % of it became 
soluble at 104 0 F., and that as much as G % became soluble at 
temperatures between 194 and 212 0

• C nder a pressure of Olle aud 
a half atmospheres (= 234 0

) 10,2 % of the moor-earth dis sol ved, 
and under three atmospheres (= 2i3°) 16 '/0. Meanwhile small 
quantities of ammonia were set free 

ruilllltion (~f the ~Yitrogell ill Peat. 
If the value of the pOllnd of lIitrog~n in peat be estimated no 

higher than five cents, that would make the tOil of air-dried peat 
which contains 2.5 % of nitrogen worth $2.50, for this illgredJent 
alone, to say llothing of the other useful qllalities of peat which 

VOL. II-6. 
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depend upon the bumus contained in it, as will be explained in 
another place. For the present, tlle discussion relates only to peat 
in its character of a nitrogenized fertilizer, aUll it is to ue remem
bered that the most yaluable manures, from the money point of 
view, are those which contain the most nitrogen. The nitrogen
ized manures, such as guano, nitrate of soda, ammonia salts, blood, 
and flesh, cost more money per ton tl1an any others, for the simple 
reason that concentrated nitrogen compounds capable of supplying 
this element to plants, are neither abundant nor readily prepared. 

New sources of phosphate of lime haye continually been dis
coyered, so that the price of this article has not risen from year 
to year, in spite of the greatly extendcd use of it. But the assimil
able nitrogen compounds are llIore costly than either phosphates 
or potash salts, and there is no immediate prouauility that tl1eir 
price will be much reduced. Hcnce the importance of recognizing 
clearly the yalue of the peat and the humus which are found already 
in the fields. 

CHAPTER XV. 

SYMBIOSIS, OR BLENDED (;ROWTH. 

THE observation is as old as history that certain animals of un
like species may live together, on more or less intimate terms, to 
the advantage of both, as associates, messmates, or helpmeets. 
Thus, a troop of jackals may keep company with a lion, and uy 
their yelping guide him to the prey, for thc sake of participating 
in some small measure at the fcast. A little plover lives with the 
Egyptian crocodile, and by his cry gives warning of the approacll 
of enemies, for the sake of food which it pinks off fearlessly from 
the reptile's teeth. Naturalists are familiar with numerous in
stances among the lower onle1's of animals where individuals of 
different species live together, and render each some selTice to 
their associates. It is a COllllllon thing, for examplc, to find 
minute crabs and other crustaceans liying, for the sake of protec
tion, within the em'elopes of shell-fish and of .. arious other mollusks. 
nut many frugments of the foml which the crab Las captured are 
put to profit hy the mollusk, whence it appears that guest and 
host do mutually help one another. 

lUuch in the same way that this commensalism occurs among 
the lower animals, so also among plants examples of lIlutual de-
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pendence are far from being rare. It has long been known, for 
example, that the roots of certain parasitic plants penetrate the 
tissues of the plants to which they are attached so deeply, and 
fuse with them so completely, that the parasite has no ditliculty in 
obtaining from its host ample supplies of water and of food, as if 
it were really part and parcel of the plant on which it grows, It 
is to be presumetl, on the otbCl' hand, that in many cases matters 
taken in from the air by the green leaves of a parasite do actually 
help in some small degree to nourish the tree or other plant on 

, which tbe parasite is growing. 
O)'ufts (Ire Parasites. 

In the familiar instance of a tree or plant which has been grafted, 
the growth of the graft is manifestly analogous to that of the para
site just mentioned, sillce the leaves and stems of tIle graft are 
nourished by food taken in from the soil tllrough the roots of the 
stock, while the roots and other tissues of the stock are supported 
in tbeir turn by food taken in from the air through the leaves of 
the graft. There is a double meaning in I,ord Bacon's llictum 
that, "The Cion overruleth the stocke quite; the stocke is but 
passive oncly, amI giveth aliment, but no motion to the graft." 
As Sir Humphry Davy insisted long ago, " The ilex, or evergreen 
oak, preserves its leaves through the winter, even when grafted 
upon the common oak; and in consequence of the operation of 
the leaves, there is a constant motion of tile sap towards the ilex." 
This fact, it will ue noticed, has a certain analogy to the old 
European observation, that when a sillgle branl'h of a grape-vine, 
or of a tree, is introduced in the winter into a green-house, while 
the trunk and the other branchell are left outside, the buds upon 
the heated branch will gradually unfold into leaves. (Da\·y.) 1t is 
manifest that the grafted plant atfords a capital example of blended 
growth, for the scion and the stock are really two individual plants 
which grow one upon the other alld which support one another. 

During the last few years no little attention has been paid to 
the subject of compoul1dell growths, and results of very great 
interest amI import alice have been arrived at; and tile terlIl Sym
biosis I has been employed as a convenient expression to designate 
the whole clnss of pllenomena whieh depenLl upon the blended 
growth of unlike plants. 

1 From f3iofit, life, and UVII, with or tog~therj i. e. living with. 
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Lichens are Compounded Plants. 
As one example of this idea may be cited a theory propounded 

some years ago by Schwendener, that lichens are really not sim
ple, independent, individual plants, but compound organisms, con
sisting of unicellular algre enveloped and imprisoned by a parasitic 
fungus. In this point of view, each lichen is a colony of mixed 
fungi and algre which are in some part dependent upon one another 
for food. A colony of this kind may consist of hundreds or 
thousands of individuals; uut among them a fungus of the orcl,'r 
Ascomycetes acts as a master, and is supplied with food by the 
algre. This fungus surrounds and encloses the green algre with a 
fibrous net of narrow meshes, as if it were a spider's web, but 
unlike the spider, whicl! sucks its prey and leaves ouly the dead 
outer covering, the fungus incites the alga to active growth and 
to vigorous increase, while itself deriving food from it. Schwell
dener's theory is of no small interest historically, because from it 
probably has been derived thc modern vicw as to the interdepend
ence of fungi and various kinds of trees and leguminous plants. 
There can now be very little doubt that lichens arc constantly 
supplied with nitrogen from the air, in a manner to be explained 
directly; and there is no longt'r any ditIiculty in conceiving how it 
is that they are able to grow as they do on bare rocks, fll!' re
moved from vegt'table mould, or any other sonrce of combined 
nitrogen. As will be seen below, it has now been tliscoverpc1 how 
it is that the nitrogen of the air has been made to serve for the 
development of the various forms of vegetable and animal life 
which have existed on the globe. 

l'lw!Ji Pee(l all. Organic ]I[atter. 
It is a well-established fact that the whole class of fungi - that 

is to say, mushrooms, toadstools, and numberless lllicroscopic or
ganisms of analogous character - can feed directly upon orgallic 
matters, such as humus, for example, and that they can assimilate 
both the carbon and the nitrogen which are contained in organic 
matters. Pasteur has shown, for example, that mallY micro
organisms readily assimilate the carbon of sugar and of tartrates, 
as well as the nitrogen in albnminoids, and in salts of ammonia, 
01' of ethylamin. He found that the microbes prosper and pro
duce albuminoids, carbohydrates, fats and all the other constitu
ents proper to them, when grown in a solution which contains 
nothing but tartrate of ammonia and ash-ingredients. 
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Naegeli also found that the micro-organisms can assimilate car
bon and llitrogen from acetate of ammonia, and several other am
monium salts, viz., the snecinate, tartrate, glycollate, ami kinate. 
He has shown indeed, that in the presence of ammonia, the micro
organisms can assimilate carbon from almost all compoulIlls of 
this element, which are soluble in watcr, and are neither too 
poisonous nor too acid, nor too alkaline. Sugar, mannite, gly
cerin, and bntylalcohol, are good forms of carbonaceolls food for 
microbes; but, as a general rule, neither carbonic acid, cyanogen, 
urea, formic acid, nor oxalic acid are suitable fOl' them, thongh 
they can take nitrogen from nrea. From asparag'jn, howeyer, and 
from leucin, proplyamin and the like, they take both carbon and 
nitrogen. 

The moulds prosper in solutions which are noticeahly acid, and 
even yeast can change sugar to alcohol in presence of weak acids; 
but for the growth of bacteria, a certain degree of alkalinity is 
necessary. Naegeli fonnd tllllt the moulds can take lIitrogen as 
well as carbon, not only frolll albuminoids, peptones, leucill, and 
the like, but from all compoumls of :lJnills, amins, and amlllonia; 
but they cannot use the nitrogen of alkaloids, cyanides, and nitro
substitution compounds. Loew, also, has el'lumerated the fol
lowing substances that can serye as sonrces of nitrogen for the 
multiplication of vegetable cells: Ammonium SllltS, nitrils, amido
acids, amins, ureas, guanidins, alkaloids, nitrates aud nitrites. It 
is to be said, however, that different kinds of fungi differ very de
cidedly in respect to their preferences for nitrogenous foods; aud 
that while moulds feed reallily upon llitrogenolls organic matters 
and ammonium compollnds, and on nitrates also, there are certain 
yeasts which grow lmt slowly when fell witlt ammoniulll com
pounds, and which are wholly incapable of usillg nitl'l1te-llitrogen 
(A. l\Iayer), thougll they call feed upon the nitrogen of soluble 
organic compounds, snch as peptones. Laurent suggests that the 
apparent inability of the yeasts to use nitrate-nitrogen may depend 
upon the facts that nitrates are reduced by yeasts to nitrites, and 
that in an acid liqnor nitrous acid would he set free; which, as he 
finds, is a poison fol' the yeast-plant. It is to be noticed, on the 
other hand, that free nitrolls acid h; less liable to trouble the bac
teria, since these organisms work not to acidify, but to make alka
line, the liquids in which they live. 

As regards inorganic nitrogen compounds, Loew believes that 
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fungi are nourished only by those kinds which change readily to 
ammonia in the cells. He finds that, while ammonia is an excel
lent food for fungi, the nearly related hydroxy lam in acts as an 
intense poison, because it reacts on certain aldehyde groups which 
are concerned in the building up of albumen. For the same reason, 
both diamid and phenyl-hydmzin are poisonous to yeasts. In 
certain cases, where the food of fungi is rich in hydrogen, it may 
happen that nitrates may serve a better purpose than ammonia 
salts. But in all cases in which nitrate-nitrogen is put to use by 
fungi, the nitrate appears to be first reduced to the condition of 
ammonia j and in this reduction there appear to be two steps, viz., 
first, the formation of a nitrite, and subsequently an amlllonium 
compound. 

It is not impossible that the study of these diversities among 
microscopic organisms, espccially whcn taken in connection with 
the phenomena which relate to the blended growth of roots and 
fungi, lllay throw some light upon the question, previously dis
cussed, why some kinds of crops can get more profit from ammo
nium salts than from nitrates. According to Schloesing, even 
the moulds prefer ammonia-nitrogen to nitrate-nitrogen. Ordi
nary beer-yeast can take nitrogen both from ammonia compounds 
and from organic compounds which yield ammonia by decompo
sition, - such as urea, guanin, allantoin, asparagin, and uric 
acid, but not from leucin, creatin, caffein, or other alkaloids j nor 
can beer-yeast feed upon albuminoids directly, though it is easily 
supported by soluble modifications of the albuminoids, - such as 
peptones. (A. :Mayer.) It has been noticed, as a general rule, 
that those organic compounds which contain but little oxygen, 
though rich in carbon and hydrogen, and those which are insolu
ble or difficultly soluble in water are not good materials for the 
support of fungi. 

Fungi on the Roots oj Fm·est-T1·ees. 
It has been observed that to the roots of many kinds of forest

trees certain fungi are often attached in such manner that the 
fungus conveys food to the tree upon which it is itself subsisting. 
Indeed, fungi have been found growing in this way, not only upon 
the oak, beech, hornbeam, birch, and alder, but also on ever
greens, - stich as the fir, pine, spruce, and larch. Doubtless 
there are several different kinds of fungi parasitic upon the roots 
of trees or other plants which act in this way and supply nitro· 
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genous food to their hosts; and it has been noticed that the roots 
of trees thus beset with the fungus are ordinarily destitute of the 
fine hairs which abound upon the roots of most plants, and which 
serve the purpose of taking in food and W:1ter from the soii. In 
Borne instances, in place of the root-hairs, a thick coating of the 
mycelium of a fungus covers the surface of the roots. The fila
ments of the mycelium not only penetrate the spaces between the 
cells of the epidermis of the root and surround these celis, but 
they reach out also into the soil in which the roots are growing, a.s 
if for the purpose of taking nourishment from the soil. It would 
seem, indeed, as if the fungus-mycelium here took the place of the 
root-hairs of ordinary plants, and that it did the work of the root
hairs, and more. In other cases, a nitrogen-bringing bacterium 
lives within the tree-root, and evidently subsists upon the juices 
therein contained. 

Woodland Humus is devoid of ~Nitmtes. 
As bearing upon the question now under discussion, it is note

worthy that the humus of woodland is apt to contain no more than 
very small amonnts of nitrates, sl1ch as support most agricultural 
crops. In otller words, tllose kinds of plants which need nitrates 
grow most freely in situations where nitrates form readily; while 
those plants which can get food through the root-fungi need less 
nitrate-nitrogen than others, and can prosper in places where ni
trates are scarce, though fungi abound. 

This coating of the roots of forest-trees by the fungus-mycelium 
has been noticed both on high land and on low land, under the 
most varied conditions as to moisture, and it is thought to be a 
general fact; but it is still true that the coating is seen to be 
specially well-developed in soils that are rich in humus, while it 
may fail altogether in sterile soils, whicll contain but little organic 
matter. 1\1oreover, on transplanting young trees that have roots 
thus coated into a soil poor in humus, or into water properly 
charged with plant-food, the fungus will speedily disappear, while 
the trees continue to grow normally. That is to say, these trees 
may either take food directly from the soil or they may get it indi
rectly through the interyention of a fungus; and both these modes 
of nourishment may be in action simultaneously, and in equal de
gree, or one of them may become more prominent than the other, 
in case circumstances should favor it. A familiar example of the 
improvement of land through the action of a root-fungus is seen 
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bere in New England in the case of the common alder (Alnus). 
On pulling up a clump of 010. alders growing in a wild pasture, it 
will often be noticed that the appearance of the soil about their 
roots is surprisingly good. It is said that a striking instance of a 
plant which is supported in good part by its root-fungus is seen 
in the case of Monotropa hypopitys (yellow birdsnest), which 
grows among dead lcaycs and half-decaying vegetable mould. It 
has neither leaves nor chlorophyl grains; but it has been sug
gested that, like the trees now in question, it has roots which are 
covered with fungus-mycelium, by means of which it obtains car
bon and nitrogen from the humus of the soil. 

LlOnps on Clover-Roots. 
Yet again, botanists have often speCUlated as to the function of 

certain lumps, knobs, warts, nodules, or tubercles which are ob
served upon the roots of clover, lupines, and other leguminous 
plants. The German physiologist Lachmann studied them parti
cularly in 1858. In England, Berkcley wrote of them, in 1863, 
as follows: "There is a circumstance about most leguminolls 
plants which hat> not yet becn sufficicntly studied. From the ear
liest period of growth little tuberiform bodies are formed upon the 
roots, which have bcen described as fungi. They sometimes acquire 
a considerable size, as in the common acacia ... These bodies are 
doubtless occasionally important organs in time of drought, though 
it is very possible, as many of them become effete at an early 
period, that they serve some especial object beside. Desmazieres, 
many years since, point cd out to me some curiously shaped, ex
tremely minute bodies to which they give rise ... Something very 
analogous occurs in many conifers." 

Bacteria in the Root-nodtlle8 take Nitrogen from the Air. 
It has frequently been suggested that the knobs on the roots of 

clover, etc., must be due to a diseased condition of the plant, 
though it has really long been known that the knobs do crops no 
harm, and that they are apt to be specially abundant upon those 
plants which are precisely the healthiest and the most vigorous. 
Some persons have thought that the knobs should be regarded as 
reservoirs of food, while others have urged that they are normal 
organs, though peculiar to leguminous plants. This last-named 
view may be accepted as not far from correct j for the knobs may 
well be regarded as special organs, begot ton it is true by a para· 
site, but developed by the reciprocal action of the parasite and 
the plant. 
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It has been thoroughly well made out that certain kinds of 
bacteria enter the roots of leguminous plants from the soil and 
forqt colonies within the roots, and that the knobs are formed by 
the simultaneous development of these bacteria and of the yege
table cells in the root, - that is to say, by the reactions of the 
bacteria and the cells one upon the other. It has been made plain, 
withal, that both the bacteria and the plant itself deriye profit 
from the reactions j for while the bacteria feed upon the plant and 
derive most of their food from substances formed within it, they 
do also take nitrogen from the air j and a part of the nitrogen 
thus collected is consumed and put to profit by the plant, which 
in this way feeds upon or through its own parasite. The practical 
result of the symbiotic growth in this case is that the micro
organism on the clover-roots takes free nitrogen from the air and 
aSl:;imilates it in such manner as to form fit food for the clover 
plant, which readily partakes of the food thus offered, and derives 
great advantage from it. 

lt may here be remarked that certain micro-organisms are known, 
which, when fed with sugar, out of contact with any plant, can 
assimilate free nitrogen from the air. Hence the power of the 
nodule-bacterium to take sugar etc. from plant-sap may well be 
regarded as a particular instance of this kind of feeding. Lach
mann appears to have been the first to suspect, in 1858, that the 
nodules might possibly be connected in some way with the taking 
in of nitrogen by plants, and his remark was recalled by Rauten
berg and Kuehn, in 1864, on noticing that bean-plants, grown by 
them by way of water-culture, had nodules on their roots only in 
those cases in which the plants were standing in solutions to 
which no compound of nitrogen had been added. 

The Root-nodules contain much Nitrogen. 
Even before the foregoing fact was diseoyered, De Vries had 

noticed that the nodules contain very considerable quantities of 
albumen, 80 long, at least, as the plant to which they are attached 
is growing, although finally, when the plant begins to ripen its 
seeds, most of the albumen passes out from the nodules into the 
plant. For that matter, the nitrogenous character of the nodules 
is indicated by the fact that, in the fields, they are constantly 
eaten into by insects and worms. (Prazlllowski.) De Vries ob
served, furthermore, as others had done, that comparatiYely few 
nodules seemed to be developed on plants so situated that they 
can get an abundance of nitrate-nitrogen directly from the soil. 
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Analyses made by Troschke of the knobs on lupine roots, and 
of the roots themselves on which the knobs had formed, show that 
the knobs contain much more nitrogen, phosphoric acid, etc., than 
the plain roots, and that they are really highly stored with plant
food. Some of Troschke's results are given in the following 
table :-

Ashes 
Fat. 
NItrogen 
Carbohydrates 
Cellulose . . 
Phosphoric acid ill the ash. 
Potash in the ash. . . . 

Hellriegel's Discovery. 

Roots. 
% 

4.07 
1.31 
1.13 

34.61 
52.95 
8.84 

12.80 

Knobs on Roots. 
% 

7.51 
5.33 
7.25 

32.42 
9.43 

16.19 
16.90 

The investigation of these nodules has become a matter of the 
utmost importance now that numerous and irreproachable experi
ments have shown beyond all question that, by means of micro
organisms which live in the nodules, various kinds of leguminous 
crops can readily obtain from the free nitrogen of the air all the 
nitrogen which is needed for their perfect development. On mak
ing proper allowances for the conditions which are requisite for 
the comfort and prosperity of the micro-organism, it is now an 
easy matter to grow leguminous plants in mere sand, which is of 
itself wholly free from nitrogenous matters, provided only that 
suitable ash-ingredients have been mixed with the sand, and that 
it has been" seeded," as the term is, with the germs of the micro
organism. 

It is to the German chemist Hellriegel that we owe the discov
ery of this most important fact. He has proved, by means of 
extremely careful and painstaking experiments, that various kinds 
of leguminous plants do constantly obtain nitrogen from the air 
by means of living organisms which subsist upon their roots; and 
has shown that large quantities of nitrogen are actually accumu
lated from the air in this way by leguminous crops, even when 
these crops are grown in sand which is wholly free from organic 
matter and from compounds of nitrogen. He observed, further
more, that nodules form upon the roots of the plants at the times 
when nitrogen is being taken from the air, and that these nodules 
are filled with bacteria. 

Hellriegel's method of experimenting was to sow seeds of vari· .. 
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ous kinds in pnre sand which contained no nitrogen whatsoever, 
but which hud been charged with ash-ingredients proper for the 
support of crops. All the seeds thus planted germinated readily 
in the moistened sund, and the young plants grew well enough 
until the store of nitrogen proper to the seed had been exhausted,
that is to say, the young plants grew until several leaves had 
formed. But from this time forth most of the plants simply 
starved. They no longer grew freely j and it was evident that 
the sparse formation of new portions of stem or of leuf was de
pendent on the taking of matter from the older leaves. Yet, on 
adding to young pea-plants, thus standing in a starving condition, 
a minute quantity of water which had recently been in contact with 
garden loam, taken from a field where peas and clover had often 
been grown in previous years, the experimental plants were soon 
seen to take on a dark-green color, and to grow luxuriantly from 
that time forth until the period of ripening. 1\Ie:ulWhile, nodules 
grew freely upon the roots of the thriving pea-plants, although 
none had grown so long as the plants remained in the condition of 
starvation. 

Loam contains the Nitrogen-bringing Bacteria. 
To state the matter more precisely, the loam-water contains cer

tain microscopic organisms which enter the pea-roots and develop 
colonies there, and these colonies of bacteria are speedily enclosed 
in nodules which form about them. But the bacteria in the nodules 
thrive upon the Sll bstance of the pea-plant and upon free nitrogen 
which they take from the air j and the pea-plant, in its turn, feeds 
llpon the substance of the bacteria, and gets nitrogen enough 
therefrom for all its needs. 

In the case of starving peas, to which no loam-water was added, 
it occasionally happened that germs which had been floating in 
the air fell upon the soil in which the plants were standing, and 
caused them to revive j but this accident was rea(lily avoided by 
sterilizing the soil in the first place, and keeping it covered with a 
sheet of sterilized batting. So, too, on boiling the loam-water, 
in order to kill all living things which were contained in it, its 
power to make pea-plants grow was destroyed, - that is to say, 
by taking care to exclude from the inert soil all kinds of germs, 
it is easy to avoid the formation of root-nodules, and to prevent 
pea-plants from obtaining nitrogen from the air j while on " seed
ing" the soil with bacteria, by means of fresh loam-water, or by 



AGRICUL'fURE. 

matter actually taken from a nodule, peas (and other leguminous 
plants) may be made to grow freely, and to accumulate much ni
trogen from the air. Indeed, the growth of the peas - or other 
plants - is so vigorous that it is evident, even to the most super
ficial observation, that they can obtain from the air, in this way, 
all the nitrogen they need. 

It should be clearly understood that these experiments do not 
teach that peas or clover, or any other agricultural plants, can as
similate free nitrogen from the air by their own unaided efforts. It 
is only through the intervention of microscopic organisms which 
liye upon the roots of the pea-plant, or the like, that the free nitro
gen can be put to use. 

Beside peas, it was found by Hellriegel that yetches and horse
beans could readily be supplied with nitrogen from the air by seed
ing the sand of the experimental pots with the bacteria which liYe 
in ordinary loams j while he proyed that young plants of barley, 
oats, turnips, mustard, sugar-beets, and buckwheat, growing in 
non-nitrogeneous sann, derive no benefit whatsoever from addi
tions of the loam-water, but remain in a starved condition. 

It is to be remarked that, for "seening" the pea-roots, Hell
riegel leached a quantity of rich loam with water, and, after 
allowing the turbid liquid to settle somewhat, added a very small 
quantity of the cloudy water to the sand in the pots. In each 
instance, the quantity of liquid used was extremely small, and no 
more than a faint trace of nitrogen was contained in it, so that 
the pea-plants could not possibly have got any direct good from 
this nitrogen. 

Direct Inoculation with the BacteriulIl,. 
More recent investigators have discarded the loam-water alto

gether, ann have inoculated the pea-roots, either with matter taken 
directly from root-nodules upon the point of a needle, or with the 
pnre root-bacterium itself, uncontaminated with other organisms, 
as obtained by " cultiyating," in appropriate media, some of the 
matter taken from root-nodules. By operating in this way, 
Prazmowski has seen that young pea-plants suffer at the moment 
of inoculation, because, in the beginning, the development of the 
colonies of bacteria, and of the nodules which enclose them, is at 
the expense of the store of nutriment in the seed, which would 
otherwise be wholly devoted to the nourishment of the young 
plant. But this temporary distress is speedily overcome as Boon 



ROOT-BACTERIA ON ALL LEGUMES. 93 

as the plant begins to feed upon the substance of the bacteria, aDd 
thenceforth the inoculated plants grow much better than those not 
inoculated. 

It is evident that the root-bacteria take free nitrogen from the 
air and transform it into organic compounds, and that the pea
plant puts these nitrogenous matters to lise either immediately or 
after the bacteria have died, or after they have undergone certain 
changes which are not yet clearly understood. Whatever the de
tails of the process of translocation may be, it has been conclu
sively proved that nitrogenous matters do actually pass in some 
way from the nodules into the plant. Loew has suggested that, 
by cell-action in the bacterium, free nitrogen may perhaps be con
verted into ammonium nitrite: -

N2 + 2 H 20 = NH4 N0 2 • 

Root-bacteria help (lll Lrgurninous Plants. 
Beside peas, beans, and vetches, several other kinds of legumi

nous plants - notably lupines and serradella (Ornithopus sati
vus), - can be supplied with nitrogen from the air by the action 
of bacteria in the soil. But it seemed to Hellriegcl that each kind 
of plant needed to be acted upon by its own special bacterinm, 
and to be dependent on the growth of its own peculiar root-nodule. 
He argued that some varieties of these useflll bacteria are mnch 
more rare than others. It has long been known, for that matter, 
that the nodules on the roots of lupines differ materially from 
those of peas, both in appearance and as to their position upon 
the roots. In order that his experiments with lupines and serra
della should succeed, Hellriegel found it necessary to prepare the 
loam-water from sandy soils that had been taken from fields and 
regions where these crops are habitually grown. Neith!,r of these 
plants got any good from loam-water obtained from rich loams 
such as had been found to be excellent for peas, beans, and vetches; 
but on seeding the sand with loam-water of the right sort, Hell
riegel repeatedly grew lupine-plants which weighed 45 times as 
much as those which got no loam-water. He found, moreover, 
that these vigorous plants contained 80 times as much nitrogen as 
the starvelings, - all of it taken from the air. Prazmowski also 
got no good on inoculating lupine-roots with pure bacteria of the 
kind which form nodules OIl peas, and Nobbe, in his turn, found 
that each kind of legume seemed to require its own special bacte
rium. He urges that the lupine bacterium is fil,re in regions where 
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lupines are not grown as a field crop, while it abounds in locali· 
ties where lupines are habitually cultivated. 

As regards red clover, it is still uncertain what kinds of loams 
are bcst suited to supply bacteria for its support. That some 
kimls of loam will probably be found bcttcr than others for this 
purposc is indicated by the practical experience of farmers who see 
daily that red clover grows readily on some soils, and fails to grow 
upon othcrs which, to all appearance, are not lacking as to fcrtil
ity. I have myself seen red clover grow with remarkable luxuri
ance, during several successive years, in mere gravel at the middle 
of an old unused roadway, at a point where the wash from the 
higher parts of the road had some small opportunity to settlc. So, 
too, Schindler has grown leguminous plants in soils poor in nitro
gen, and founcllargcr and more numerous nodules upon the roots 
titan were found on the roots of plants grown in earth taken from 
a compost hcap. 

The following table shows what large quantities of nitrogen may 
be taken from the air by means of the bacteria proper to lupines, 
when the latter are grown in sand that contains no nitrogen: -

Without addition of Loam-water. 'Vith addition of Loam-water. 
Hellriegel'. Weight of Nitrogen 
No. of the Dry Crop. in Crop. 

Experiment. Grm. Grm. 

Hellriegel'. Weight of Nitrogen 
No. of the Dry Crop. in Crop. 

Experiment. Grm. Grm. 
285 0.919 0.015 287 44.718 1.141 
286 0.800 0.014 288 45.611 1.153 
1119 0.921 0.013 2\)1 44.481 1.185 
290 1.021 0.013 292 42.451 1.307 

Even in the case of plants that had been fertilized with nitrate of 
lime, it appeared that much more nitrogen was harvested in the 
crops than had been added to the soil in the fertilizer. 

Sllggestions 'i'ollchwfed to Early Inl)e,~tigators. 
It is to be remarked that from the earliest times farmers have 

recognized the fact that leguminous crops, far from exhausting 
the land, as grain crops do, actually tend to increase the fertility 
of the soil. It is withal a fact of no little historical interest that 
during a long term of years the observation had been made re
peatedly by scientific men that leguminous plants may sometimes 
be grown with success in pots of mere sand, wholly devoid of 
organic matter and nitrogen compounds, though charged with ash
ingredients. Even Bel'zelius is said to haye remarked upon this 
anomaly. Mulder illustrated it, and Boussingault, in his turn, 
was puzzled by it more than half a century ago. He proved: 
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among other things, that in the ordinary farm practice of his 
country (Alsatia), there was carried off in the totality of the 
crops grown in a judicious comse of rotation of grain and legumes, 
a larger qnantity of nitrogen than had been put upon the land in 
the form of manure. As long ago as 1863, Hellriegel wrote as 
follows concerning the resnlts of some experiments made at that 
time by himself: "Clover-plants may develop normally and com
pletely in mere sand to which the necessary mineral constituents 
of plant-food have been adlled, in assimilable forms, eyen when 
this soil contains no trace of any compound of nitrogen or of 
organic matter." (Hoffmann's" Jahresbericht," 1863-64, vi. pp. 
97,98.) 

In this country the phenomenon now in question has been con
spicuously illustrated by Professor Atwater. But the results of 
all these observers were irregular, and, so to say, capricious to the 
last degree i and no one of the im·estigators was able to control 
his experiments. It is now known, of course, that these yarying 
results must have depended on the presence or the absence of the 
micro-organisms, which may sometimes have been attached to one 
or another of the seeds that were sown, or may have fallen upon 
the soil from the air. Hellriegel has said, for example, of his own 
experiments made with peas and clover in 1862 and t11e following 
years, that the results were to all appearance so conflicting til at 
he purposely abstained from publishing any detailed account of 
them in the hope that further study might give him some clew to 
the ridJle. It was not until the idea had been broac11ed that the 
power of leguminous plants to absorb nitrogen from the air may 
depend upon the presence of microscopic organisms attached to 
their roots, that anyone had in the least degree comprehended 
why the results of the earlier experiments were so uncertain and 
occasional. 

Experiments of WoW' and J[teuzhage. 
Wolff and Kreuzhage, in particular, had carried out an extended 

series of experiments of this kind during several years, and their 
results now afford striking confirmation of the justice of Hellriegel's 
view. In the coarse calcareous river-sand employed by these 
investigators, excellent crops of lupines, horse-beans, c!oyer, peas, 
vetches, serradella, etc., were grown when no nitrogenous fertilizer 
whatsoeYer had been added to the sand. On mixing ash-ingre
dients with the sand, much larger crops were obtained than could 
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be got from the sand alone j but no advantage as to increase of 
crop, or only a very slight advantage, was gained by adding 
nitrate of potash to the sand to reinforce the ash-ingredients. 
Moreover, on analyzing the crops, and comparing the nitrogen in 
them with that contained in the seeds sown and the fertilizers em
ployed, it appeared that the leguminous plants had really collected 
large quantities of nitrogen from tile air. Tile significance of 
these resnlts, and the difference between the behavior of legumi
nous plants and of cereals towlmls nitrates, will appeal' from the 
following table, which gives the mean amounts of dry total crop 
obtained in 9 series of experiments with oats, and 28 series of ex
periments with clovers aud pulse: -

lIIere sand. . . 
Ash-ingredients. 
Little nitrate. . 
1I1uch nitrate. . 

Oat Crop. 
Grm. Per Cent. 
26.62 100 
28.GO 107 
71.62 2G9 

115.50 584 

Pulse and Clover Crops. 
Grm. Per Cent. 
50.52 100 

119.53 237 
112.52 223 
122.29 242 

The following table gives the 'weights in kilo. of nitrogen ac
cumulated in the leaves, stems, and seeds, but not in the roots and 
stubble, of the several crops enumerated, calculated as if grown on 
a hectare of land:-

Horae-beana. I,upinea. Red Clover. Pea •. 
No manure. 57.7 88.3 135.8 84.7 
Ash-ingredients 146.2 359.3 334.1 464.9 
Little nitrate 54.6 158.8 318.8 643.5 
Mueh nitrate 89.5 195.8 242.9 668.1 

Some of the experiments of Lawes and Gilbert clearly illustrate 
the fact of the increase of nitrogen in the soil in which red clover 
is grown. Thns a field on which 6 sllccessive crops of wheat, oats 
and barley had been grown with artificial manures was divided, and 
one-half of thc land was sown with red clover and the other half 
with barley, both unmannred. After good crops of clover-hay and 
of barley had been harvested, the soil was analyzed, with the result 
that 0.1566 % of nitrogen was found in the first 9 inches of the 
cloycr-soil, and 0.1416 % in the barley-soil. The increase of fer
tility was likewise very remarkable, for in the following year the 
nnmanured barley on the clover-land yielded 58 bushels, while 
that on the other half of the field which followed barley yielded 
less than 33 bushels to the acre. 

Views of Practical Farmers. 
Another point of historical interest is that several of the most 
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accurate ooservers among practical agriculturists have always held 
that leguminolls crops do, in some way, bring nitrogen to the land 
from the air. Men like Thaer and 'Yalz were aware of the fact, 

'and nothing could bc more explicit than Gasparin's descriptions of 
it.' In his classical "COllI'S d' Agriculture," he constantly calls 
attention to the nitrogen-bringing power of leguminous plants, 
and in one of the volumes of that work 70 consecutive pages are 
devoted to descriptions of the plants which compose the" Groupe 
Ameliorante." 

The experiments of Lawes and Gilbert on the fertilization of 
grass-laud also sllowed very clearly that applications of potash 
salts together with other mineral fertilizers (without any nitrogen) 
greatly increased the growth of leguminolls plants and very much 
increased the quantity of nitrogen that was carried off from the 
land in the crops. The amount of nitrogen taken up by the hay
crop thus manured amounted to 1.67 times as much as was taken 
up by the hay grown on unmanured land, and to nearly 3 times 
as much as was got by applying tile same kind of manure to wheat 
and barley on arable land. 

Confirrnation of B01I SS1:'Il gault' 8 Dict1(rn. 
One noteworthy experiment of Hellriegel was his repetition of 

the famous old experiment of BOllssingault, who put calcined soils 
into large glass carboys, and sowed in this non-nitrogenous earth 
various kinds of seeds. Finally, he determined, by analysis of 
the dwarf plants which sprung from the seeds, that no nitrogen 
had been taken from tlle air. Now, Hellriegelrepeated this class
ical experiment with the simple variation that be added to the 
calcined earth ill tlle carboy a drop or two of loam-water, sucb as 
has been describetl. Tllauks to this addition, he had no trouble 
in growing vigorous pea-plants which contained an abundance of 
nitrogen taken from the air. Oats and buckwheat, on the con
trary, starved through lack of nitrogen, in spitc of the addition of 
loam-wa tel'. 

Can the Legume-bacteria use IIurn1ls 1 
Beside the fungi which liYe in or upon roots, there are other 

microscopic organisms liying in tlle soil itself which are capable 
of fixing free nitrogen from the air, as will be explained directly. 
It has been proyed that these non-parasitic organisms obtain a 
part of their nourishment from the humus of the soil, either di
rectly or perhaps from carbonic acid which has been formed 

VOL.ll-l 
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through oxidation of the humus. But, as regards the symbiotic 
fungi, it is not yet known what influence may be excrted by the 
humus in ordinary soils, either for supplying nitrogen directly to 
the legume-bacterium, or for providing this organism with carbon
aceous food so that it may perhaps be better able to take nitrogen 
from tbe air. It will be noticed tbat in tbe foregoing experiments 
with leguminous plants, the question whether or not the root
bacterium can take any nitrogenous food from the humus of the 
soil has been wholly excluded. For the sake of scientific preci
sion, the experiments were made in pure sand, wholly free from 
organic matter. 

As will be explained in the next chapter, there is some evidence 
that several broad-leaved plants - clover among others - may 
perhaps be helped by manures tbat are rich in organic matters, 
and it is not improbable tbat some kinds of root-fungi may be the 
means of utilizing the organic matter. On the other baud, it is 
not wholly inconceivable, as regards some kinds of leguminous 
plants, - snch as the lupine, for example, - that the presence of 
humus in the soil might do harm ,by fostering the growth of micro
organisms which are inimical to those which cause nodules to form 
npon roots; while, on the other hand, the qnestion obtrudes itself 
whether the well-known general utility of vegetable mould and the 
superiority of farmyard manure oyer mixed artificial fertilizers 
may not depend upou the power of certain root-fungi to take ni
trogen from humus in the soil and transfer it to some kinds of 
crops. 

It would seem, in any event, that the old problem, \Vhat value, 
for the use of farm-crops, bus organic nitrogen iu its various 
forms? will need to be studied anew in connection with another 
question, - viz., "'hich of the several nitrogenous organic mat
ters used as manures are best fitted for feeding parasitic-fungi 
that live upon the roots of plants? It is known in a general way 
that most fungi cun and do feed directly upou some kinds of 
organic nitrogen; but many experiments and observations will 
have to be made in order to determine precisely what kinds of 
organic matter are best suited for this purpose. There is au old 
experiment by Gazzeri which may have some bearing upon this 
point. He mixed a quantity of hoof-meal with loam, charged two 
vessels with the mixture, amI grew beans iu one of them, While in 
the other nothing was planted. Both the samples of earth were 
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treated alike until the beans had been harvested, when none of the 
meal could be found in the earth where beans had grown, though 
a cOllsiderable quantity was still left un decomposed in the fallow 
earth. 

As regards the fungi on the roots of forest-trees, the first thought 
was that they must take nitrogen from the humus which surrounds 
them j but in the light of the more accurate observations which 
have been made on the leguminous plants, it may well be asked 
whether the woodland fungus does not take nitmgen from the air 
rather than from vegetable mould. The well-known fact that the 
humus left when a forest is cleared is useful as a fertilizer,.is 
readily explained on the assumption that the fungi on tree-roots 
take nitrogen from the air, as the fungi on clover roots do. Many 
years ago, Cheyandier called attention to the large amount of ni
trogen which is accumulated every year by the trees in a forest, 
and it is now familiarly known that the twigs and young leaves of 
trees are highly nitrogenous j but before the discovery of t1e phe
nomena of symbiosis it was not easy to conceive how, or from what 
sources, all this nitrogen in the trces had been obtained. 

Moreover, if any of the root-fungi do really take nitrogen from 
humus, it will follow that a mere chemical analysis of a soil may 
convey little or no information as to the capacity of that soil to 
bear crops, so long as we are ignorant as to what kinds of humus 
are best suited for the support of the fungus. 

Rotutio)ls Elucidated. 
Whatever may hereafter be discovered in respect to these ques

tions, it is none the lcss true to-day that a flood of light has already 
been thrown upon the subject of the rotation of crops j for the ac
tion of the root-bacteria serves to explain how it is that certain 
plants, such as clover, lucern, sainfoin, and lupines, which are 
themselves supplied with nitrogen by means of the bacteria, can 
charge the soil with useful nitrogen for the benefit of a succeeding 
crop. It is now evident enough that the roots left in the ground 
when a legumiuous crop is harvested, must be equivalent to a con
siderable dressing of manure, because of the nitrogenolls nodules 
upon these roots. 

It has long been known empirically that large quantities of ni
trogen do accumulate in the abundant roots and stubble of clover 
and lupines, and that this nitrogen is left in the soil in a condition 
fit for the use of succeeding crops. It was recognized almost from 
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the first, that the power to maintain rotations of mixed erops dur
ing terms of 4 or 5 years on the basis of one single dressing of 
manure, applied at the beginning of the course, must depend on 
nitrogen accumulated in some way by the leguminolls crop. It is 
the explanation of the fact which is new to us. Until this knowl
edge had been gained, neither the universality of the fact nor its 
supreme importance could be comprehended fully. 

As Deherain has shown, the amount of nitrogen in the soil of 
fields where sainfoin or lucern is grown continnously during several 
years may increase to such an extent that the gain admits of being 
exhibited by analysis j and Schultz has insisted strongly and re
peatedly that on the poor sandy soil of his farm in North Germany, 
certain crops - notably lupines, clover, peas, sen'adelia, and 
vetches - act as " collectors of nitrogen," and leave more nitrogen 
in the soil, for the use of succeeding crops, when allowed to ripen, 
than they do when mown green. So, too, European farmers are 
accustomed to see wheat succeed better after clover and after 
horse-beans, than after a bare fallow, in spite of the familiar fact 
that a great deal of nitrogen and of ash-ingredients are carried off 
from the land in these preparatot'y crops, and especially by the 
clover. There can indeed be little tlonbt that the growing of 
legumes as a preparation for the growing of grain dates from a 
very early period. Thus, on the island of St. Michael, one of 
" the Azores, where primitive customs are maintained to an ex
traordinary degree," the English naturalist Moseley uoticed, in 
187~1, "a kind of lupine planted in geometrical patterns amongst 
the wheat, to be ploughed in after the crop was reaped, as ma
nure." 

As a matter of course, the amount of nitrogen in a soil will be 
largely increased when the whole of a leguminous crop is ploughed 
into it, as in this case j and it is equally evident that the stock of 
nitrogen in the soil could not be increased to the same extent if 
the leguminous crop were to be harvested and only the roots and 
stubble were ploughed under. 
Soil-nitrogen may Decrease when Legume-crops are taken from 

the Land. 
There are in fact irreproachable experiments which show that 

in some cases the store of nitrogen in the soil may diminish when 
crops of clover, or the like, are continually taken away from the 
land while no nitrogenous manure is added to it. Thus Lawes 
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and Gilbert found that there was a very large diminution in the 
percentage of nitrogen in the soil of an old garden from which 
luxuriant crops of red clover had been taken year after year. On 
comparing samples of earth taken in the 4 th and the 26th year of 
the experiment, it appeared that the diminution of nitrogen in the 
uppermost 9 inches of soil represented three-fourths of the amount 
which had been contained. in the clover crops of the intervening 
period, and the indications were that there had been a consider
able reduction in the lower layers of soil also; thou gIl it is to be 
presumed of course that nitrogen may have been lost from the 
land in other ways than by the crop alone. 

So, too, the soil on which beans had been grown continuously 
exhibited no gain in nitrogen; and in their experiments on the 
mixed herbage of grass-land, the soil of a field, which, under the 
influence of potassic and other mineral fertilizers, yielded. large 
quantities of leguminous herbage rieh ill nitrogen, was found, after 
20 years, to contain a considerably lower percentage of nitrogen 
than any other piece of land in the whole series of experiments. 
In like manner, Prove found, in experiments made with lupines, 
beans and mixtures of clover awl grass, that the quantity of nitro
gen in the soil was reduce(l- although mueh more slowly than was 
the case with maize, rye and hllckwhe~t - when the crops were 
taken away from the lan(l. He urges, that in ordinary farm prac
tice, when they are not ploughed under as green manure, the 
leguminous crops should be reganled as hindering the waste of ni
trogen from the soil rather than as a means of increasing the stock 
of the soil-nitrogen. 

But it is to be remarked that even if the amount of total nitro
gen in the soil is less after the removal of a legulllinous crop than 
it was before that crop was grown, it will still be true, generally 
speaking, that a part at least of the nitrogen left hy the roots in 
the soil will be of such superior quality that the sllcceeding crops 
may get mueh more benefit from it than could. have been derived 
from the normal, inert soil-nitrogen. 

Legllllu's can use ~Nitrates. 
The facts that good nitrogen should accumulate in the soils where 

leguminous crops are grown; that these crops should often be ben
efited by applications of merely mineral fertilizers, such as potash
salts; and, strangest of all, that these crops should, in field-practice, 
gain comparatively little advantage from applications of active ni- , 
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trogenous fertilizers, - have often been remarked upon, and have 
seemed all the more extraordinary in view of the well-established 
truth that peas and beans, and various kinds of clovers, do assim
ilate nitrates from the soil in considerable quantity, and that ni
trate of soda is a useful manure for these crops. It was observed 
by Lawes and Gilbert - on examining, in summer or early autumn, 
the soils of fields which had received no nitrogenous manure, but 
from which crops of various kinds had recently been haITested
that where leguminous plants had grown, much smaller quantities 
of nitrates were to be found in the soil than where the land had 
lain fallow and there had been no plants to consume the nitrates. 
On the fallow land, from 40 to GO lb. of nitrate-nitrogen to the 
acre were detected in the upper 27 inches of soil, while on fields 
which had Lorue red clover, white clover, Bokhara clover, lucern, 
01' vetches, not more than 5 to 14 lb. of nitrate-nitrogen were 
found in this depth of soil, and much the larger part of these quan
tities were in the uppermost 9 inehes of earth. It was remarked 
that, inasmuch as active nitrification is always in progress at the 
surface, it requires a yery energetic and continuous assimilation 
of nitrates Ly the crops to reduce the nitrate-nitrogen to so small 
an amount. Below the surface-soil, nitrates were practically ab
sent to a yery considerable depth, especially where the deeper
rooted kinds of leguminous crops had grown. 

Hellriegel, in experiments made many years since, found that 
clover can take nitrate-nitrogen from the soil, and be nourished 
by it j and his more recent experiments show clearly that legumi
nous plants ean and do feed upon nitrates on occasion. He 
recommends that, on poor land, light dressings of nitrogenous fer
tilizers should be applied, since they will serve to nourish the 
young plant until the time when nodules have formed upon it. 
For this purpose, nitrate of ammonia is said to be particularly 
useful. (\Vilfarth.) It was noticed, however, that the economic 
effect produced by a given weight of a nitrate applied to legumi
nous plants was less than that pro(lnced upon the cereal grains. 
Thus, where olle part of nitrate-nitrogen applied to oats or barley 
gave an increase of 90 to 100 parts of dry matter, the increase of 
elry matter under like conditions amounted to no more than some 
50 or GO parts iu the case of serradella. 

It was found that peas, and most other leguminous plants, grow 
well enough from the first in sterilized soils to which nitrates haye 
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been added, - though, in this case, the amount of nitrogen found 
in the crop is always less than that contained in the quantity of 
nitrate which was applied to the soil j while in sterilized soils 
devoid of nitrates, the plants speedily starve from lack of nitro
gen, until such time as tile necessary bacterium has been added to 
the soil, and has had opportunity to develop. Practically, it will 
usually be advisable in field culture to apply light dressings of 
easily assimilable nitrogenous fertilizers to leguminolls crops, in 
order to help forward the young plants. As Prove has insisted, 
peas in particular respond freely to applications of nitrate of soda 
or nitrate of lime. By employing either of these fertilizers, a 
heavier crop may be got in a shorter time than can be grown with
out them. It is seldom that a maximum crop can be obtained in 
the absence of nitrates, because in that case the growth of tile 
plant is apt to be very une,'en j some particular plants may grow 
freely, while otllers are seen to be suffering for food. 
The Utility of Nitrates for Leguminous Crojls is commonly Subordi

nate to that of the Root-Bacteriu1n. 
Ordinarily it happens, even when nitrates are present in the 

soil, that more nitrogen will be fonnd in a leguminous crop at the 
time of harvest than the limited amount of nitrate could possibly 
have supplied. So, too, in the experiments of ],awes and Gilbert, 
it appeared that the amounts of nitrates which were actually 
formed in the soils of their fields were not sutIicient to account for 
all the nitrogen which was found in their leguminous crops,
tbat is to say, the amonnts of nitrates actually observed to exist 
in the soils were not large enough to aceount for the whole of the 
nitrogen carried off the land in the clover crops. To quote their 
own won]s:-

" A good crop of red dover may, on 1an(1 in favorable eondition, 
but without the direct application of manure, yield, from Reed sown 
in the spring of the previous year, hay containing 200 lb~. of nitrogen 
per acre, and also leave much nitrogellous erop-re~idue ill the surface 
soil. Bokhara clover, grown in a soil on which red clover had fre
quently failed, yielded during [j successive years, without any applica
tion of nitrogenous manure, an average of about \):3 lb. of nitrogen 
per acre pel' annum. These quantities much exceed the amounts 
which, aecording to our present knowledge, can be furnished by ni
h'ates in the soil. .. The quel'tion obviou:-;ly arises, whether legumi
nous plants do not find in soils suit ccl to t1ll'ir growth some other 
source of nitrogen than nitrates. The very large amount of nitrogen 
taken up hy these crops would, OIl this supposition, he due to their pos
session of a power of utilizing nitrogen existing in the soil in a con-
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dition of combination, as well as of distribution, not available to 
cereal crops." 

In soils rich in available nitrogen the roots of leguminous plants 
are apt to have comparatively few nodules. Sometimes there are 
hardly any nodules at all, and it would seem to be evident in such 
cases that the crop must take much less nitrogen from the ail' 
than it would have done if the soil-nitrogen had been less abun
dant. It is to be said, however, that Gasparin, on comparing the 
quantities of manure employed in a number of instances in layiug 

• down fields to lucern in Southern France, observed that the crops 
were larger when more manure had been applied to the land, al
though the yield of forage was not proportional to the amount of 
manure. He said, "In the case of this plant, as in that of all the 
other plants which are called ameliorants, the manure acts only to 
nourish the shoots in their earliest youth, before the period when 
the plant has become developed so that it can get food from the 
air. In cultivating lrgnminolls crops, it will be advantageous to 
push the dose of manure to the utmost limit, which will be the 
point at which we cease to get an adequate increase of crop." 

1t is evident from pntctical experience, that, on land dressed 
with farmyard-manure, leguminous plants ordinarily take a part 
of their nitrogenons foou from the soil while another part comes 
from tllC air through the root-nodules. Hence the importance in 
many cases of growing these plants either on undunged fields or 
by means of artificial fertilizers, as has in fact long been custom
ary in respect to gypsnm. 

It may eYen be urged, as has been done by Wilfarth that legumi
nous cropK are out of their proper place when grown on land that 
has just heen dunged, since they do not in that case act their 
legitimate part towards the support of the farm, and may then 
fairly enough be classed among exhanstiye crops rather than as 
collectors of nitrogen. It is evident enough, however, from farm 
experience, that seyerallegllminous crops can derive profit from 
applications of farmyard-manure. Thus, Gasparin has said of the 
ordinary edible bean: -

" "'hile other leguminous crops appear to take a large part if not 
all their nitrogen frolll the air and not to exhaust the soil, but to 
lr::tve behind them ill their roots and ~tubble more of this element 
than they have taken from the land, the bean, like the cereal grains, 
draws its nitrogenous constituents from the soil, and con~equently 
must be classed with the grain-nops in respect to the quantity of 



INOCULATION OF LAND. 105 

manure which should be applied to it. Of horse-beans, he says, " In 
general, a crop of horse-\H'ans can hear, without loclging, all the ma
nure one ma,v care to put upon the land, while there is left in the 
roots and stubble more nitrogen than has been carried away in the 
vines and seeds." lIe says, furthermore," In the cultivation of peas 
some difficulties are encountere!l which do not appear in the growing 
of beans. Beans will bear very well a complete manuring which 
causes them to grow freely when the,v are young, while, later on, the 
action of the lpuves takes the place so to say of that of the root~, and 
the plants appeal' to be nourished at the expense of the air, Peas on 
the contrary may continue to be fed through their roots after the 
sprouting of the leaves ancl there may thus be formed a superabun
ance of herbage which may continue to grow at the expense of the 
flowers and fruit, so that sometimes the flowers may be stifled and 
fail to appear altogether. X 0 considerable harvest of peas can be 
got by means of hpavy manllrings which may somet.imes lead to the 
production of nothing but vines and leaves." He noticed that lucern 
derived no little advantage from abundant manurings. 

A practical Apl)lication of Ilellriegel's Teachings. 
The correctness of Hellriegel',; conclusions as to the symbiotic 

action of bacteria on the roots of legumes has been strikingly illus
b'ated in actual farm-practice by experiments made upon a vpry 
large scale with peas and horse-beans, first by Salfeld in North 
Germany, and afterward by many other persons. Salfeld's ex
periments were made on recently reclaimed moorland which had 
been limed and dressed with phosphatic slag, with kainit, and 
with nitrate of soda i and it was found that the crops of peas and 
beans were largely increased on all those parcels of land which 
had received- in addition to the artificial fertilizers - small quan
tities of fertile loams brought from distant fields which were known 
to yield good bean-crops. Salfcld remarks that the surprising 
effects produced by the fertile loams could he attributed neither to 
their physical condition nor to their chemical composition. The 
amount of plant-food contained in these loams was insignificant in 
comparison with that added in the fertilizers, and that naturally 
contained in the soil proper. He was forced to the conviction 
that Hellriegel's teachings are of general applicability, and that 
the fertile loams employed in his own experiments really contained 
microscopic organisms which enabled the peas and the hean-plants 
to get nitrogen from the air. [!loculation is specially to be recom
mended when lupines (or other new kinds of leguminous plants) 
are to be introduced into regions where such plants have not been 
grown before. Also in cases where any leguminous crop is found 
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to be but scantily supplied with root-nodules, as may happen on 
land that has just been cleared. 

It is evidcnt, however, that any land" inoculated" in this way 
must be fit for the bacteria to live in, in order that profit may be 
got from the operation, - that is to say, the Boil must IJe in such 
condition and of such composition that no hilldemnces shall be 
offered to the increase of the root-bacterium. Thus, Schmitter 
spread earth from lupine fields upon worn out heavy loam, and 
sowed lupines upon the land, but got no good by so doing j and it 
was evident from the behavior of the crop during the first months 
of the experiment that the soil was not at that time in a fit condi
tion for lupine growing. On fertile land, rich in antilable ni
trogen, inoculation might not produce much effect simply because 
the crops could grow there without help from the nodule bacteria. 
(Wilfarth. ) 

Nobbe and others have noticed that the root-bacterium may not 
sprcad very rapidly from one part of the soil to another. Thus, 
in the case of pea-plants standing in sterilized soil, when loam
water was applied to particular parts of the roots, at depths, viz., 
of 120 and of 200 mm. from the surface of the earth, nodules 
grew only at the infected places. So, too, when some loam-watt'r 
was put upon the surface of the sterilized soil, aIllI some at a 
depth of 120 mm., nodules grew on the roots only near the sur
face, and at the depth of 120 mm., while the roots between these 
limits rt'maint'd free' from nodules. It appeared that the roots of 
plants of any age could readily be inoculated hy means of the 
loam-water, proyided it was applied to young root-fibres heset 
with hairs. It follows, of course, that when loam charged with 
symbiotic fungi has been strewn upon a field for thc purpose of 
inoculating it, pains should be taken to harrow in this loam pretty 
thoroughly. 

Leguminolls Crop8 Ure Copr/dolls. 
Yet another matter which has greatly puzzled the farmers is the 

familiar fact that some kinds of leguminous plants can seldom be 
grown continuously on one and the same piece of land for :my great 
length of time, no matter how fertile this land may be, or how 
abundantly it may be supplied artificially with plaut-food. As 
Evelyn said, in his day, "Peas [and clover] degenerate betimes, 
at least in 2 or 3 years, be the land never so good." Tile sugges
tions lie ncar at hand that enemies of the micro-organism may ac-
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cumulate in the soil to overwhelm it, or that the secretions of the 
bacterium itself may finally destroy it, or that poisonous chemical 
substances which result from reactions incidental to the life of the 
bacterium, may eventually accumulate to such an extent as to de
stroy it or to destroy the clover. It is highly probable, indeed, 
that matters hurtful or poisonous to the root-bacteria are secreted 
by them, or produced in some way as a result of their activity, -
in the same way that the highly poisonous alkaloids, known as 
ptomaines and toxines, are formed by the action of micro-organ
isms in the bodies of animals suffering from certain diseases, as 
well as upon dead animal matter, such as meat or milk, during de
cay. It is possible, moreover, though not very probable, that the 
bacteria of the nodules may use up some kinds of nitrogenous mat
ter in the humus of the soil, and that this action may explain how it 
is that on land which has just borne clover or peas, several years 
must usually be allowed to pass by before these crops can again be 
grown with success. 

·When this subject has been adequately studied, experimenters 
may perhaps be able to determine why it is that wheat sometimes 
fails to grow well after peas and vetches; and they may even dis
cover how it is that wheat, as a general rule, does not yield par
ticularly good crops when grown after potatoes or after barley. 
Liebscher found, on growing peas continuously, that the roots 
were beset with nematode worms, while peas grown in rotation 
remained healthy. After some years of incessant pea-growing, the 
plants failed utterly unless dressed with nitrogenous fertilizers, 
and even then they were miserable, and had few or no nodules, 
though nodules were abundant on the roots of peas grown close 
by in rotation. The roots of the sickly pea-plants were found to 
be covered with nematode worms, and so were the roots of an oat
crop which was grown after the peas, while no nematodes could be 
detected on any of the plants on adjacent plots. Liebscher urges 
that wherever leguminous plants are apt to fail, the farmer will do 
well to observe whether nodules may not be absent from the roots 
and nematodes present. The too frequent growing of legumes, he 
says, far from breeding the nitrogen-bringing bacterium, may per
haps do the land harm by filling it with pernicious nematodes. 

~lferit of Clover Rotations. 
The propriety of basing farms, when possible, on clover rota

tions, and, in general, the advantages of cropping land in such 

'\ 
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manner that the inert nitrogen of the air - to say nothing of that 
in humus and farmyard-manure - shall be put to legitimate use, 
have become plainer than eYer since the doctrine of symbiosis has 
been formulated. For example, 'Yalz has described special in
stances of soils naturally fertile, which, when worked on the old 
plan of growing two grain-crops in succession, and leaving the 
land fallow every third year, could be made to yield tolerably 
good crops of grain during long terms of years, without applying 
any manure, provided the land was occasionally" brought into 
condition" by seeding it down to lucern. Of itself, the regularly 
recurring bare fallow of the third year was insufficient to keep up 
the land to the normal pitch of productiveness; and the grain
crops were seen gradually to diminish until the moment when 
lucern was interpolated after the third or fourth recurrence of the 
fallow year. 'Vlten the land was agnin ploughed, nfter ltlwing 
been kept in lucern during several years, it was found to be recu
perated, and fit to bear new courseS of grain-crops, in spite of the 
fact that much larger quantities of nitrogen and of ash-ingredients 
had been removed in the successive cuttings of lucern than could 
have been carried off during the same period of time in case grain 
had been grown upon the land instead of the lucern. The infer
ence is, that, thanks to the action of the fungus, large quantities of 
useful nitrogen-compounds were left in the land, in the roots of the 
lucern. Several of the experiments of Lawes and Gilbert clearly 
exhibit the increased fertility which results from the growth of 
horse-beans 01' red clover. It frequently happened that the grain
crops taken after beans or clover were equal to or even larger than 
similar crops grown in the same season after a bare fallow. 

How Lupines int]lroee Sands. 
The continuous growth of lupines on poor, sandy land in Ger

many, affords a striking illustration of the great practical im
portance of the fixation of nitrogen by the root- bacterium. Tltus, 
on applying each year 3 Centner of kainit to the :Morgen of land, 
without any other fertilizer, - except an occasional dressing of 
plain superphosphate, which never did any visible good,- Schultz 
grew lupines, during 15 years, at the rate of at least 6 Centner 
seeds and 12 cent. straw. He reckons that tltese crops carried off 
from the hectare 1,357 kilo. nitrogen, 3H kilo. phosphoric acid, 
and 482 kilo. potash. At the close of the experiment, analysis 
showed that tlJe soil, taken to a depth of two feet, contained 3,851 
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kilo. nitrogen to the hectare, while the soils of contiguous fields 
which had been pastured, or cropped in a different way, and which 
had received more or less dung, contained respectively no more 
than 1,580 and 2,004 kilo. of nitrogen. All of which - as well 
as the continuous crops of lupines - went to show that very con
siderable amounts of nitrogen had accumulated in the lupine land. 

Some ]I{osses and Algae can fix Nitrogen. 
There is still much to be learned as to what kinds of plants are 

capable of being supplied with nitrogen from the air, though 
doubtless there are many such beside the leguminosae. The roots 
of the common flowering nasturtium (Tropeolum), for example, 
are seen sometimes to be thickly beset with nodules, and the pres
ence of these excresences is coincident with vigorous growth of 
the leafy parts of the plant; a fact which may serve to exphin 
why it is that in some instances potted nasturtiums fail to grow 
well, in spite of careful tending, while in other cases they thrive 
extremely under what had seemed to be similar conditions. It 
has been proved, moreover, that, beside fungi proper and those 
plants which support or contain nitrogen-bringing micro-organ
isms (as legumes and lichens do), there are some species of the 
lower orders of green plants, such as certain algae and mosses, 
which have the power of fixing free nitrogen. (Schloesing and 
Laurent.) 

IIectUng of the Stnmps of Conifers. 
In the light of what has already been learned as to the power of 

fungi attached to roots, to supply these roots with food, it becomes 
possible to offer a credible explanation of a curious phenomenon 
which has long excited the interest of foresters. On cutting down 
young coniferous trees, it has repeatedly been noticed in Europe 
that the stumps sometimes heal and becomE> covered with bark, 
much in the same way that scars on the trunks of living deciduous 
trees become covered where boughs have been lopped off. It has 
been observed that these coniferous stumps sometimes remain alive 
during many years, and continue to produce annual circles of new 
wood for an indefinite period, although no leaves, branches, or 
suckers are connected with the stump. This observation has 
been made more particularly in respect to stumps of the silver 
fir of Europe, and to those of the European pine; but the phe
uomenon has sometimes been noticed on stumps of the larch, the 
Scotch fir, and the spruce fir; and several observers have speci-
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fled that the stumps seen by them were growing on deep peat or 
in bog-earth. 

It has sometimes been suggested that the roots of such stumps 
may have by some accident become engrafted (underground) 
upon, or fused with, the roots of neighboring living trees, from 
which sap may flow to support the bare stump; but this idea has 
never been generally accepted, for the good and sufficient reason 
that it is commonly contradicted by the circumstances nnder which 
the stumps are situated. It is much more reasonable to suppose 
that fungi, which had become established upon the roots when the 
tree itself was living, may continue to contribute food for the sup
port of the stump, even after the tree has been felled. 

The Line of Least Resistance. 
It may be said, in conclusion, that the matter of blended growth 

is really less remarkable than might appear at first sight. It may 
be regarded, indeed, as affording a striking illustration of the truth 
of the famous dictum of Stephenson, that" 'Vhere combination is 
possible, competition fails"; and as being in complete harmony 
with the familiar principle of Least Action (or of .Minimum Effort), 
which was at one time much debated by philosophers. 

Fixation of Sitrogen by Filngi in General. 
Beside the symbiotic organisms, as above described, it is very 

evident that many other kinds of fungi must have the power of 
assimilating free nitrogen from the air. The necessity of accept
ing this view in order to comprehend certain familiar appearances 
connected with the growth of fungi has long been manifest. The 
rapidity of the growth of many species, as well as their appearance 
on bare rocks and on other inert materials such as are wholly in
capable of supplying any other form of nitrogenous food, has al
ways pointed directly to this conclusion. Great lichens, such as 
the reindeer moss, are seen to grow freely on bare rocks and on 
soils so sterile that no ordinary plants or weeds can live upon 
them, and there are instances on record where fungoid growths 
have covered the surfaces of iron articles in the course of a day 
or two after the iron had bcen cast. 

The following citation from Trommer's "Bodenkunde," 1857, 
pp. 456-458, will serve to illustrate a feeling which prevailed 
before the actual discovery, in more recent years, that many 
cryptogamic plants do really possess a power of fixing nitrogen. 
" The occurrence of certain fungi on the most sterile sands, where 



FUNGI FIX NITROGEN. 111 

no other crop than pine-trees could possibly be grown, is a fact 
worthy of special attention. While the origin of fungi is in any 
event to be classed among standing problems in physiology, the 
appearance of those kinds which grow on mere sand is problem
atical in the highest degree, for they not only appear upon soils 
which are wellnigh completely free from organic matters, but they 
develop with extreme rapidity and they produce great quantities 
of organic matter such as are not to be observed in the case of 
any phanerogamic plant. These appearances become even more 
remarkable when account is taken of the large quantity of nitrogen 
which the fungi actually contain, and when we reflect on the pov
erty, as to nitrogenous constituents, of the soils on which the 
fungi have grown. I have never been able to detect in such soils 
enough nitrogen to be of any consequence ... To my own mind 
the facts and the appearances remain a physiological problem, as 
was just now said." 

Berthelot's Bacteria. 
This matter first received definite explanation through the ex

periments of Berthelot, which showed conclusively that certain 
microscopic organisms living in the soil can and do feed upon the 
free nitrogen of the air. Berthelot noticed, in the first place, that 
in clayey and sandy soils, as well as in loams generally, there is 
during thc growing season a slow but incessant fixation of free 
nitrogen from the air due to the presence of microscopic organisms 
in the soil, which feed upon the humus or other organic matter 
therein contained, and also upon the free nitrogen of the air. 

This fixation of nitrogen, dependent upon micro-organisms, 
occurs both in daylight and in darkness, though more freely in 
the light; best at summer temperatures between 50° and 104°F. 
and where there is a good supply of oxygen, for the organisms are 
aerobic. But it is not desirable that the conditions should be 
favorable for active nitrification. The process is immediately put 
an end to on heating the soil to 230° F., so as to destroy the 
organisms; and it does not occur in the winter. A high degree 
of porosity in the soil is fa"orable fOt" the fixation of nitrogen. 
More nitrogen is fixed in case the soil is freely exposed to rain 
than when it is protected. A proportion of water in the soil not 
exceeding 12 to 15 Ij{" and not falling below 2 or 3 % is favor
able. Fixation occurs not only in bare land, but also in soils 
Upon which plants are growing, though less nitrogen accumulates 
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in this way in soils covcred with vegetation than in those which 
are bare, apparently because the plants take up amI use some of 
the nitrogen which has been fixed. In some instances, however, 
it has been noticed that no fixation of nitrogen from the air oc
curred in soils taken from fields which had recently borne legumi
nous crops, perhaps because of the presence in these soils of 
micro-organisms inimical to those whose action Berthelot has 
studied. 

The nitrogen thus gained from the air is at first in a form in
soluble in water, but in most instances a notable proportion of the 
fixed nitrogen is soon converted into nitrates. 

From Berthelot's laboratory experiments, it may be reckoned 
roughly that sands and clays might fix in a year as much ni
trogen as would amount to 75 to 100 or more lb. to the acre of 
land. IlHleed he noticed in two exceptional instances that nitrogen 
was fixed by sand at the rates of 525 lb. and 980 lb. to the acre. 
But as regards loams, at least, he found that the fixation of ni
trogen from the air ceased as soon as a certain lIot very large 
proportion of this element had been accumulated, and it would 
appcar that soils may sometimes be better able to fix nitrogen in 
proportion as they contain less humus. Thesc experiments are 
manifestly of very great ;,;cielltific importance, and they are doubly 
interesting in that they mark a decided step forward in a long 
series of observations which now serve to support them, or even 
to verify them. 

The Observations (!f De SallSSlll'€ ancZ ~~[lIlder. 
It was maintained long ago by several observers, among others 

by De Saussure, that, under certain conditions, a part of the ni
trates which form when vegetable matters decay come from the 
free nitrogen of the air. Other observers urged that the large 
quantitics of nitrates sometimcs produced on chalk cliffs which 
contain but a trace of organic matter point to the truth of the 
conception that some of the nitrogen in these nitrates must have 
come from the air. Faraday observed that almost all solid sub
stances exposed to the air contain more or less nitrogenous mnt
tel', and his obsel'yntion has been repeatedly verified and illus
trated. :Mulder in his day urged with much force, that, when 
decaying humus undergoes oxidation by the action of nil', some of 
its hydrogen unites with nitrogen from the air to form ammonia 
[or some other nitrogen compound]. He supported this view 
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primarily upon experiments which showed that moulds grown upon 
non-nitrogenous substances always contain protein. Thus, on 
leaving for three months dilute aqueous solutions of sugar in 
stoppered bottles with a sevenfold volume of air, an abundance of 
mould grew, which, on being collected and subjected to dry dis
tillation, gave off large quantities of ammonia. So, too, starch 
kept undcr water in a bottle that contained air soon fermented, 
and the fungus which it had nourished g:Jse off ammonia on being 
distilled; and in like manner woody fibre, decaying with scanty 
access of air ill the lowel' layers of a yegetable soil, appeared to 
form ammonia, in consequence, as was supposed, of a part of the 
hydrogen of the fibre entering into combinatioll with nitrogen from 
the air, wllile another part comllined witll oxygen. 

In otller experiments, Mulder grew bean-plants in soils that con
sisted eitller of ulmic acid (made from pure sugar) or of charcoal, 
with which 1 % of ash-ingredients had been admixed, and which 
were watered with pure water. He found twice and tlll'ice as 
much nitrogen in the bean-plant;; as was contained in bean-seeds 
similar to those which he had planted, though the results of these 
experiments, when viewed in the light of the better knowledge of 
to-day, would naturally be nttributed to nitrogen-bringing bacteria 
upon the roots of the bean-plants, as described on a previous page. 
It is none the less true, however, that, in consequence of Mulder's 
experiments, an impression obtained currency many years ago 
that ammonin is generated wben nascent hydrogen from decom
posing organic matters comes in contact with the tree nitrogen of 
the air. Indeed, it was taught at Olle time that nascent Ilydrogen 
from water that is undergoing decomposition by the action of 
metals, such as zinc or iron, wbich remove oxygen from it, could 
unite with free nitrogen to form ammonia. But this idea was dis
proved by the experiments of "Will. 

Early O/)sert'utiom: on the Fi:ci1lg of l{itrogen by Fungi. 
In certain experiments of BOllssingault (see" HowCrops Feed," 

p. 259), the alllount of nitrogen contained in garden-loam was 
found to increase slightly during the slimmer months, although at 
the very time the carbon ill the soil wns wasted to an appreciable 
extent by oxidation. But in soils which had been deprived of or
ganic matter no appreciable acculIlulation of nitrogen OCCUlTed. 
In a set of experiments by :Fittbogell, ill whiclJ jars of moistened 
peat, admixed with carbonate of lime, carbonate of potash, or other 
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chemical substances, were exposed to the air in a greenhouse duro 
ing 4 months, it was noticed in every instance that a given weight 
of the peat contained somewhat more nitrogen at the close of the 
experiment than had been contained in the same weight of peat at 
the beginning; but it was thought that this increase in the per
centage proportion of nitrogen might perhaps be due merely to the 
circumstance that the carbon in the peat had been dissipated by 
way of oxidation more rapidly than the nitrogen. 

Experiments by Cloez, also, on nitrification ("How Crops Feed," 
p. 263), poiut to fixation of free nitrogen from the air by the ma
terials upon which he operated. In some experiments where 
lnpines, hemp and beans were grown in garden soil, Boussingault 
noticed distinct gains of nitrogen over and abo,oe the amount con
tained in the soil and seeds at the beginning of the experiment. 
Eugling also observed decided gains of nitrogen on growing soy 
beans, for two successive years, in jars of moor-earth that had 
been mixed with carbonate and phosphate of lime and SUlphate of 
potash. In spite of the waste of carbonaceous matters by ox ida
tion~ there was found more nitrogen in the soil at the end of the 
experiment than at the beginning; and in addition to this it was 
observed that no inconsiderable quantity of nitrogen was carried 
off in the crops. All of which manifestly consists with the more 
recent experiments, described above, in which leguminous plants 
were found to gain nitrogen from the ail'. 

Koenig and Kiesow, in their experiments on the prevention of 
loss of nitrogen during the decay of organic matters, noticed that, 
instead of losing nitrogen in the course of the experiments, the 
substances usually gained a little of this element, especially when 
gypsum and loam were present. But the amount of this increase 
was so small that it was attributed to errors inherent in the 
method of experimenting. In these experiments tile materials 
were mixed with water to a pap, which became strongly alkaline 
through fermentation. 

Armsby (American Journal of Science, 18i4, VIII, 33i) ex
posed decaying nitrogenous organic substances, that were" moist, 
but not coherent," to a current of ail', and observed that usually 
small amounts of nitrogen were lost from them, except in those 
instances in which the organic matters had been made alkaline 
with potash. Here he noticed distinct gains of nitrogen. In 
Armsby's own words: "\Ve must conclude that decaying organic 
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substances, in the presence of caustic alkali, are able to fix free 
nitrogen without the gain being manifest as nitric acid or ammonia, 
and probably without the formation of these bodies." It is to be 
presumed, of course, that fermentations favorable for the fixation 
of nitrogen were promoted by the alkali, - potash in this case. 

Birner, also, on adding various substances to a mixture of 
horse- and cow-dung, and leaving the materials at rest for half a 
year, in a place sheltered from sun and rain, found that the 
amount of nitrogen in the dung increased in several instances 
through fixation of nitrogen from the air. The largest increase 
of nitrogen occurred in mixtures which contained respectively 1 % 
of kainit and 1 % of sulphate of magnesia j and a somewhat 
smaller increase was noticed in the mixtures which contained 
2.5 % of slaked lime and 10 % of peat-dust. Per contra, there 
were large losses of nitrogen from a mixture which contained;) % 
of peat-dust (7.2 % loss), and from one that contained 1 % of 
carbonate of lime (9.78 % loss). There was a small loss of ni
trogen from It mixture which contained 1.5 % of slaked lime, and 
a large loss (7 %) from one that contained 0.5 % of the lime. A 
mixture which contained 1 % of gypsum showed a slight loss of 
nitrogen. 

It is to be inferred from these results that the increase of nitro
gen occurred in those instances where the conditions happened to 
be favorable for the growth of the fixing ferment, and that there 
was a loss of nitrogen from the manure when the conditions were 
favorable for nitrification - as when carbonate of lime was pres·· 
ent - or for putrefaction. One portion of the mannre, which was 
purposely kept moist during the six months, in order that it might 
putrefy, lost G.G % of its nitrogen, while another portion, which 
was allowed to dry out, lost only 1 % of its nitrogen. 

EJ:pel"imI'1Its of Selmi mal Deherain. 
Kellner, on allowing moistened soy-beans and milk to ferment 

slowly, found that there was no loss of nitrogen from these ma
terials, hut a small gain, thongh meal of dried fish similarly treated 
lost a little of its nitrogrn. Simon was even led to conclude that 
humic acid can ahsorb nitrogen from the air and from pure ni
trogen gas, with formation of ammonia, but his results have been 
disputed by Vogel and hy })revost. Meanwhile, it had been shown 
hy the Italian chemist Selrni that moulds and other fungi, both 
visible and microscopic, evolve hydrogen, especially from those 
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parts which are in the shade. Ordinarily, or, so to say, normally, 
most of the hydrogen produced by the larger fungi combines with 
oxygen from the air to form water. But at the same time a little 
ammonia [or other compound of nitrogen] is formed by the union 
of some of the nascent hydrogen with nitrogen from the air. 
Selmi argued at once that this fact is one of much agricultural 
importance. 

Many years after Mulder, DehCrain, returning to his idea, mixed 
humus taken from old trees with a solution of carbonate of pot
ash, and warmed the mixture in a closed flask that contained a 
mixture of oxygen and nitrogen. He founu that, while all the 
oxygen went into combination with the organic matters, an ap
preciable quantity of nitrogen also was absorbed. 'Whence he 
argued, tllat organic matters decaying in the soil absorb some ni
trogen, as well as mnch oxygen, and so act to make a part of the 
nitrogen of the air aYailable for feeuing plants. 

In other experiments, made at the ordinary temperature of the 
air, he found that the presence of oxygen seemed to hinder the 
fixation of nitrogen, and he argued that this would naturally be 
the case, since, when oxygen is present in abundance, it would 
combine continually with the nascent hydrogen and allow very 
little chance for nitrogen to do so. But on exposing wet sawdust, 
with or without lime, humns from old trees, or, best of all, mix
tures of glucose and soda, to nitrogen gas, instead of ordinary 
ail', it usually happened that some of the nitrogen was absorbed 
and fixed. There were formed nitrogenized compounds that were 
capable of yielding ammonia on being ignited with soda lime. It 
appeared in these trials that the fixation of nitrogen by carbonace
ous matters can occur even at the oruinary temperature of the ail', 
though more readily at higher temperatures. According to Ayery, 
mixtures of glucose and dilute solution of soda ferment readily 
when seeded with the lactic ferment and heated. They yield 
hydrogen freely, as well as lactic acid. 

Still later, DeMrain tried experiments with sawdust, humus 
from old trees, decomposed wOOlI, and glucose mixed with lime, 
potash, soda, or ammonia, and often found that appreciable quan
tities of nitrogen were fixed from the air, notably in cases where 
the old wood and the humus were employed. He found, as before, 
that the presence of oxygen was detrimental, and agreed with 
Mulder, that nitrogen from the air can perhaps be more readily 
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fixed in the lower layers of the soil than near the surface, where 
oxygen is abundant. He urged anew that fermenting or decaying 
organic matters, such as occur naturally in the soil, evolve hydro
gen, which, when nascent, unites with free nitrogen from the air 
to form ammonia, which enters into combination with carbonace
ous matters to form substances analogous to tllOse naturally pro
duced in the soil by the decomposition of vegetable matter. 

With the advance of knowledge, the results of all these experi
ments have become much more intelligible, since it is now evident 
that they must have been brought about by the action of micro
scopic organisms. That is to sny, the reactions described de
pended on biological, rather than upon chemical conditions. The 
very fact that DeMrain in his experiments, met with frequent 
failures shows the real merit of his work. It can now be seen 
plainly enough that no nitrogen could be fixed in his experiments 
unless some germs of the necessary micro-organisms happened to 
become mixed with the contents o( the flasks. 

Arery's Ouservatio1ls. 
Several years ago, my friend, Mr. C. E. Avery, while working 

out his patented process for making lactic acid in the large way, 
wns impressed with the idea that nitrogen compounds are con
tinually formed by the union of free nitrogen from the air with 
the nascent hydrogen which is known to be developed during Illany 
kinds of fermentations. Under date of February 20, 1885, he 
wrote to me the following statement: "In my fermentation 
studies, it seems to me that the sourcc of the nitrogen supplied to 
plants is plain j all the steps are now proved, we only want the 
experimental link. The nitric ferment, when air and calcic car
bonate are present, oxidizes ammonia to nitrates, the direct food 
of plants. The ammonia is known to form whenever nascent 
hydrogen is released in the presence of free nitrogen, that is to 
say, of air. Now, when glucose or lactic acid, or many other 
vegetable bodies ferment, nascent hydrogen is released as in the 
butyric fermentation, 

C6H 120 6 = C4HP2 + 2 CO2 + H4 • 

But, as appears from pages 583 and 584 of ,T 01. III, Part II, of 
Roscoe and Schorlemmer, pine wood, poplar wood, and lignin 
yield glucose in fact in presence of water, alullminoids, and nutri· 
tive salts. 'Vood is well known to ferment rapidly, to its destruc
tion, - the starch, inulin, sugar, etc., in it addillg to the amoullt 



118 AGRICULTURE. 

of hydrogen which is set free. Have we not here a complete chain 
of known facts, and a theory of the old barnyard plan of manur
ing? Many other ferments beside the butJric release hydrogen. 
See Schiitzenberger, for example, in his book 'On F~rments.''' 
In a subsequent letter, dated March 22, 1885, Mr. A very insisted 
that experiments tried by himself upon loam clearly indicated the 
occurrence there of fermentations, such as occasion the evolution 
of hydrogen. His words were as follows: "I have run two fer
mentations of garden soil, from flower-pots, in contact with cal
cium carbonate, with supernatant water at 1100 F., and find that 
carbonic acid comes off lively. Hence lactic and butyric ferments 
are almost certainly present j also glucose yielders." And, allud
Ing to the observation of Zabelin (" How Crops Feed," p. 80), 
that ammonia is formed upon bits of paper or linen (i. e. cellu
lose) wet with water and heated in the air to from 1200 to 1600 

F., he added, " I have myself found that in faintly alkaline solu
tions these fermentations run well at what are usually thought to 
be killing temperatures." 

Finally Winogradski has isolated from the soil and has " cul~ 
tivated" micro-organisms which when fed with glucose and ash
ingredients rapidly absorb and fix the nitrogen of the air. Mean
while the sugar is decomposed with evolution of carbonic, butyric 
and acetic acids and large quantities of hydrogen. 
Fixation of J..Yitl'ogen by Symbiosis 1I101'e important than its Ftxa

tion by "Ferments." 
In the light of existing knowledge, it may be regarded as proved 

that some nitrogen from the air is really fixed as an incident to 
certain fermentations which occur in the soil. The fact is one of 
the utmost importance when geologically considered, and enough 
has been learned already to show that it has great agricultural sig
nificance, even in the immediate economic sense. But it needs to 
be said that, practically speaking, the fixation of nitrogen by micro
organisms living in the soil appears to be of far less agricultural 
importance thun the fixation of nitrogen by the bacteria which live 
npon the roots of leguminous plants. As Hellriegel has urged, it 
is a fair presumption that the nitrogen fixed directly by micro
organisms living in the soil, as observed by Berthelot, should be 
put to profit as readily by oats, barley, buckwheat, etc., as by 
leguminous plants j yet, in point of fact, the cereal grains are not 
seen to get any immediate good from the free nitrogen of the air, 
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while luxuriant crops of leguminous plants may be grown by 
means of it, thanks to the bacteria upon their roots. 

Increase of Fertility on Uncropped Lcmd. 
The fixing of free nitrogen from the air by fungi, of whatever 

name, evidently throws much light on the familiar fact that land 
left to itself in a state of nature, often increases in fertility with 
the course of years, and is found to be the more fertile - as in 
the forests and prairies of our own country -- the longer it has re
mained uncultivated. Excepting arid and frozen regions, there 
may be seen all over the world mountains of mere rock, whose 
sides are luxuriantly clothed with vegetation, barring only those 
spots where flowing water has opportunity to sweep the ledges 
bare, and where, from the nature of the slope, not enough mois
ture for the support of large plants can be retained in the soil. 
It is easy enough to account for the presence of the non-nitro
genous constituents of the mountain soils by considering how the 
rocks have gradually disintegrated at the surface, and how plants 
have continually grown and decayed upon these soils of disin
tegration, but it was not easy to account for the accumulation of 
nitrogen in soils in such situations until evidence had been ad
duced that something in or upon the soil has power to fix nitrogeL. 
from the air. 

CHAPTER XVI. 

CARBONIC ACID AS A MANURE. 

THE importance of carbonic acid for the plant has been stated in 
some part in an earlier chapter. It will be well, however, to con
sider this substance further as if it were a manure, and to inquire 
more particularly as to the modes of its action, and as to the pos
sibilityor I;ldvisability of increasing or controlling the natural sup
plies of it. 

As has been shown already, there is a never-failing supply of 
carbonic acid in the atmosphere, into which the gas is constantly 
thrown by processes of combustion, decay, and fermentation, by 
the respiration of animals, and, in many localities, from mineral 
springs, volcanoes, and fissures in the earth. The gas is found in 
abundance in the pores of the soil, also, and dissolved in the 
waters of the rivers and ponds of those regions where the soils are 
calcareous. 
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Atmospheric Snppl!! of Carbonic Acid. 
As is now well known, it is from the air that green plants get 

the chief part of thc carbon which is contained in them j hence it 
is of interest to reflect, that, although the proportion of carbonic 
acid in the air is only about 1 part by weight in 2,000 parts of 
air, - or, in terms of volumes, 1 part in 3,300 parts of air,
there is still enough of the gas to amount to three or four trillions 
of tons in the ~whole, or to some 28 tons of carbonic acid for every 
acre of thc earth's surface. In spite of the enormous quantities 
which must bl) incessantly consumed by vegetation, as is indicated 
hy the merest glance at such free-growing plants as tobacco, fod
ller-corn, sunflowers, or the eucalyptus tree, for example, there is 
really no difi1clllty in conceiving that crops are abundantly snp
plied with this form of food. 

According to Boussingault, who carefully examined a whole 
conrse of field crops, consisting of potatoes, clover, wheat (and 
turnips), and oats, some 1,500 lb. of carbon were produced on the 
average, in onc year, by thc crops taken from an acre of we11-
dunged land. Lawes and Gilbert found that the mixed herbage 
of an old mowing field, which yielded, without manure, 2,700 lb. 
hay to the acre, or onc long ton of dry substance, must have as
similated from the air as much as 900 lb. of carbon to the acre. 
On applying 10 this land a mixture of ammonium salts and ash
ingredients, hut no carbon, the crop was increased to 7,000 lb. of 
hay, or 5,700 lb. of dry substance, so that as much as 2,280 lb. 
of carbon had been assimilated from the air in this case. 

In like manner Chcvallc1ier has calculated that an acre of thrifty 
beech-trecs may assimilate in a year some 1,500 or 1,600 lb. of 
carbon, or say 3 tons of carbonic acid. Yet so large is the amount 
of carbonic acid in the air, that if the wholc carth were covered 
with a forest of the kind specifietl, it would take nine years for 
this forest to consnmc an amount of carbonic acid equal to that 
now actually contained in the air. This computation, it should be 
said, is based on the analyses of De Saussure, which indicated 
that the air contains 6 ten-thousandths parts, by weight, of car
bonic acid, whereas more recent investigations point to the con
clusion that the number 6 twelve-thousandths is nearer the truth. 

Stirring Action of Winds. 
It has been shown, by numerous analyses made in different 

places, and at different times in one and the same place, that the 
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proportion of carbonic acid in the air is remarkably constant. 
That is to say, the variations to which the amount of the gas is 
subject are commonly small. Of course the amount of carbonic 
acid may sometimes be increased unduly in comparatively small 
volumes of air, as when a forest burns, or a volcano is in action, 
or a lime-kiln, or where a crowd of men or animals are congre
gated; but, thanks to the stirring action of the winds, these local 
variations are quickly lost in the great ocean of air. 

The ventilating power of the wind is something enormous. Air 
moving no faster than two miles an hour, which is almost imper
ceptible, if allowed to pass freely through an open shed, will 
change the air of the place 528 times in an hour.1 Hence, having 
regard to their respective requirements, carbonic acid is, to all in
tents and purposes, supplied as freely to plants by the air as oxy
gen is supplied to animals. It is well that this is the case, for, 
practically speaking, it would not be an easy matter to control the 
proportion of carbonic acid in the air. In the culture of field 
crops, at least, we could hardly hope to be able to alter the rela
tive proportions of the ingredients of the air, as we can and do 
alter those of the soil. 

Enough Carbonic Acid in the Air. 
It does not appear, for that matter, that there would be much 

use in increasing the supply of carbonic acid in the air under the 
conditions of temperature and sunlight which now prevail. The 
experiments of Hellriegel have shown that an artificial supply of 
carbonic acid, added either as gas in the air or as a solution in the 
soil, had no effect to increase the yield of a crop of barley, or 
other grain, that was amply supplied with all other kinds of food. 
Hellriegel urges that the atmospheric supply of carbonic acid is 
probably sufficient for the production of a maximum crop under 
all circumstances. 

This conclusion, it should be observed, does not conflict with 
the results of experiments in which carbonic acid water has been 
found to be advanta.geous for plants growing in poor soils, since 
in this case the useful effect is to be attributed to the solvent ac
tion of carbonic acid on the constituents of the soil. Hellriegel's 
conclusion has been arrived at by Knop also, and other experi
menters operating by the method of water-cnlture and upon other 

1 For a detailed statement of the amounts of carbonic acid which may be brought to an 
acre of land by winds of varying degree, Q( force, see" How Crops Feed," page 220. 
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kinds of plants. It had been argued, formerly, of woodland, that 
the increased growth obtained by thinning out some trees from 
dense groves might be due to a larger supply of carbonic acid 
brought to the trees by the freer circulation of the air; but it is 
to be presumed that the observed benefits should really be at
tributed to the facts, that, after the thinning, the trees have more 
room to grow in, and that more light now falls upon their leaves. 

In corroboration of Hellriegel's observation, it is to be noted 
that in the experiments of Lawes and Gilbert, where field crops 
of wheat were grown continually during more than 40 years, no 
beneficial effect resulted from the use, as manure, of organic mat
ter yielding by its decomposition carbonic acid (or other compound 
of carbon) within the soil; whence the conclusion again, that the 
wheat-plant, when properly supplied with other forms of food, is 
practically independent of any supply of carbon added in the ma
nure. It is able to obtain and assimilate from the atmosphere all 
the carbon it needs, if only the necessary amounts of nitrogen and 
of mineral ingredients be present in the soil in available form. 
Some of the plots devoted to wheat-growing had not received an 
ounce of carbon in the fertilizers during the whole course of the 
experiment; yet it appeared that in the course of 37 years the 
crop dressed with purely mineral fertilizers has assimilated about 
1,000 lb. of carbon per year and per acre, and that in those in
stances where nitrogenous fertilizers were used in conjunction with 
the minerals an average of 3,500 lb. of carbon were harvested 
annually from each acre of land, although no carbonaceous ma
nure had been applied. 

It appeared furthermore, that barley and grasses were equally 
independent, 'with wheat, of any need that carbon should be sup
plied by means of decomposing manure, and although they re
ported at one time that graminaceous plants" as compared with 
other crops, appear to be most strikingly independent of any 
artificial carbonaceous supply," and were led to infer that some 
of their root-crops seemed to be greatly improved by a supply of 
carbon from organic matter decomposing in the soil, they finally 
reported that" with sugar-beets, larger amounts of carbon have 
been annually accumulated without the supply of any to the soil, 
hut under the influence of a liberal provision of both nitrogenous 
and mineral manures, than by either wheat or barley." 

It should be said, however, that it has long been a matter of 
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belief among practical men that turnips, and especially rape, do 
actually feed upon organic matters in the soil; and an experiment 
of Corenwinder seemed at one time to support this idea, for he 
found that sugar-beets grew much larger, during the later period 
of their growth, in rich mould from rotted horse-dung, than in 
sand free from organic matter that was fertilized with solutions of 
chemicals. 

])0 Root-crops need Carbon ? 
As regards this supposed advantage, to root-crops, of organic 

manures, it needs to be considered that while some kinds of pl:Jnts 
assuredly haye no need whateyer of taking any organic food from 
the soil, there are other plants (fungi) which cannot live without 
such food; and that, as Sachs has suggested, there mtty well be 
intermediate kinds of plants which can put to profit at one and 
the same time both carbonic acid and the carbonaceous constitu
ents of organic mattcrs. It is well enough known that chlorophyl 
grains are not "Wholly abscnt from some kinds of parasitic plants 
and of some plants which feed chiefly upon humus, and it is to be 
pre~umed that such plants may decompose carbonic acid by means 
of their chlorophyl at thc same time they are feeding on the sap of 
the plant to which they are attached, or upon the humus of the 
soil. 

On the other hand it is manifest that all plants which spring 
from seeds must in the heginning feed upon the carbonaceous 
matters of the seed, until such time as chlorophyl has formed in 
their leaves, and there is no improbability that certain kinds of 
agricultural plants may continue to feed in some part on the 
organic matters in manure or in vegetable mould. Gasparin often 
dwelt upon the sentiment of practical men that carbonaceous ma
nures are specially helpful for certain kinds of plants such as 
beets and potatoes and grape-vines, and Deht·rain has put upon 
record his own belief in the truth of this idea. He argues that a 
part of the organic matter in soils which have been repeatedly 
dunged probably serves as direct nutriment for the sugar-beet and 
for some other kinds of plants, notably for hemp, maize and 
clover; though it may well be asked in all these instances whether 
the benefit should not be attributed directly to the nitrogen con
tained in the manure, since there are several reasons for believing" 
that root-crops do habitually get nitrogen from other compounds 
of this element beside nitrates. 
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As was just now intimated, it is by no means impossible thal 
root-crops may put to profit other compounds of carboll than car
bonic acid, obtainable from organic matters; and it m:ly perhaps 
be discovered one day that some microscopic organism growing 
upon the roots of beets or turnips may have bcen thc cause of the 
improved growth, but for the present it remains to be shown 
whether the advantages which have occasionally been derived from 
applications of sawdust, straw, farmyard-manure and other car
bonaceous matters may not really have depended Oil the fact that 
these materials acted as a mulch to iucrease the supply of water 
for the root-crop, or, upon their haviug favored the growth of use
ful micro-organisms and so increased the fertility of the land. In 
a word, while it is not impossible that the root-crops may profit 
from some other compound of carhon than carhonic acid, obtaine<l 
from organic matters, it would secm to he more probable that the 
carbonaceous manure in these cases may h:we acted either as a 
mulch to increase the supply of water for the root-crops, or haye 
favored the growth of useful microdemes, and so increased the 
fertility of the land. 

Carbonic A('icl given o.(ffl'mn the Boots of Plants. 
Corcuwinder and Knop have observed that plants upon which 

they experimented by way of w:lter-culture gaw off very consider
able quantitics of carbonic acid from their roots; :llId similar ob
servations were made many years earlier by De Sanssure, by 
Wiegmann and Polstorff, and by Boussingault. This evolution 
of carbonic acid by roots is manifestly a simple consequence of 
the natural" respiration" of the plant. Cauvet has noticed that 
bean-plants eyolye much more carbonic acid from thPir roots by 
day, and especially before noon, when the plant is most active, 
than during the night, when the plant is at rcst, comparatiwly 
speaking. In Corenwincler's experiments where the water in which 
the plants were standing was kept in contact with air to which a 
known volume of carbonic acid gas had been added, it appeared 
that, far from auy reduction of the amount of carbonic acid in the 
air and in the water havillg occurred, the quantity of it was dis
tinctly increased by the addition of that thrown off by the roots. 
Plants can decompose more Carbonic Acid than the Air sllllplies. 

Although it has been satisfactorily proved that well-fed grain 
crops derive no benefit when supplied throughout their entire term 
of growth with more carbonic acid than they would naturally find 



BEST fAl\IOUNT OF CARBONIC ACID. 125 

in the air, it is still true that plants can decompose a considerably 
larger proportion of carbonic acid than is usually contained in the 
atmosphere. 

Godlewski has shown that, when the amount of carbonic acid in 
air is somewhat increased, plants decompose it readily up to a cer
tain point of best action. But when a still larger proportion of 
carbonic acid is presented to them, it is hurtful, and their power of 
decomposing the gas is diminished. In the case of the grass Gly
ceria spectabiJis, he found the best action on clear days, when the 
proportion of carbonic acid in the air was between 8 and 10 % j 
while for Typha latifolia the best action occurred when the propor
tion of carbonic acid was between 5 and 7 %' and for an oleander 
the best proportion seemed to be still lower. He found in general 
that starch formed in the chlorophyl grains four times more rapidly 
in air that contained 6 or 8 % of carbonic acid, than in air which 
had only the normal amount of this gas. But when more than 
8 % of carbonic acid was present, the formation of starch was 
slower. The advantage derived from an increase in the propor
tion of carbonic acid was the more marked in proportion as the 
light was stronger to which the plant was exposed. 

So, too, Schiitzenberger, by experimenting with the water-pest, 
Elodea canadensis, in ordinary water ano. in water that had been 
mixed with carbonic-acid water, so that from 2Z to 40% of car- " 
bonic acid should be present, found that up to a certain point the 
plant developed oxygen more freely according as more carbonic 
acid was present, but that too large a proportion of the carbonic 
acid was injurious. 

Godlewski found that the decomposition of the carbonic acid 
was favored milch more by an increase in the proportion of it be
low the point of best action, than it was hindered by a similar in
Crease above this point. So, too, in proportion as the light was 
more intense, the decomposition of carbonic acid was the more 
favored by an increase of the carbonic acid up to the point of 
maximum action, and less hindcred by such increase beyond this 
point. The more carbonic acid the air contained, so much the 
more was the decomposition of it promoted by an increase in the 
intensity of the light. 

Above the point of best action, the decomposition of carbonic 
acid by leaves diminishes more and more as the proportion of it in 
the air is increased, until in pure carbonic acid the decomposition 
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becomes so feeble that it might almost be said to cease entirely. 
Some slight action does go on, however, and it tends to increase 
when the experiment is persisted in for some little time j for the 
oxygen which results frol11 the slight action that does occur is of 
course thrown into the atmosphere of carbonic acid which sur
rounds the leaves, and so gradually weakens it. 

The hindrance to the action of the cillorophyl grains thus caused 
by pure carbonic acid, or by any undue amount of it in the air, is 
thonght to depend upon the presence of too dense a coating of it, 
caused by the excessive pressure which it exerts upon the leaves j 
for it is found, when this pressure is removed from the leaves, that 
they can decompose carbonic acid readily enongh, even when it is 
pure and not admixed with any other gas. Decomposition sets in 
at once when the atmosphere of pure carbonic acid is somewhat 
rarefied by means of an air-pump. So, too, when pure carbonic 
acid is diluted l)y being mixed with an inert gas, such as hydro
gen, oxygen, nitrogen, carbonic oxide, or marsh-gas, the decom
position of it by leaves will go forward. Conversely, if carbonic 
acid is mixed with an inert gas, and the mixture is subjected to 
pressure, the power of leaTes to decompose it will be diminished. 
Boehm found that, while carbonic acid was freely decomposed hy 
leaves in a mixture of equal volumes of carbonic acid and hydro
gen kept at the ordinary pressure of the air, the decomposition 
was reduced to a minimum when the mixture of gases was sub
jected to a pressure of rather more than 1~ atmospheres. 

Plants suffer from an Excess of Curbonic Acid. 
Practically, most pl:tnts e[lnnot long support large quautities of 

carbonic acid. Boussingault found that leaYes were asphyxiated 
when confined for some time in the dark, in an atmosphere either 
of carhonic acid, nitrogen, hydrogen or marsh gas. After this 
treatment, they had no power to decompose carbonic acid in sun
light. By the long-continued deprivation of oxygen, tile leaves 
had lost their power of respiring. The ceJls within them had, in 
fact, been killed. Boehm concluded, from his experiments, that 
more than 2 10 of carbonic acid is hurtful to plants, and that 20 % 
of it kills them. Dayy, in his day, taught that, while many plants 
will continue to grow for some time in air that contains from one
half to one-third its hulk of carbonic acill, they are not so healthy 
as when supplied with smaller quantities of the gas. He found 
that some few plants withstood fairly well the action of air that 
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was highly charged with carbonic acid, and that one, Arenaria 
tenuifolia, was capable of producing oxygen in carbonic acid that 
was almost pure. 

Daubeny, who experimented in 1848, both on flowering plants 
and ferns, found that the plants remained to all appearance unaf
fected for [i fortnight when exposed to air that contained from 5 
to 10 % of carbonic acid. A few of the ferns began to sllffer 
somewhat at the end of a month, bllt a Pelargonium bore perfectly 
well during 27 dllYS an atmospbere that cOlltaint'd ] 0 % of car
bonic a(·id. 'Vhen t'xposed at once to air that contained 20 % of 
carbonic acid, many plants were evidently injured even in 2 or 3 
days, or certainly in 8 or 10 days. E"en when added gradually, 
20 % of carbonic acid was decidedly injurious. Thus, on keeping 
ferns in air to which 1 % of carbonic acil! was added daily until 
the proportion of it had reached 20 %, and maintaining the air in 
this state for another term of 20 days, it appeared that most of the 
plants sufferel! seyerely, and that so large a proportion of car
bonic acid mllst finally have proved fatal to them. 

Twenty per cent of hydrogen, on the contra·ry, appeared not to 
exert any sensible influence upon the health of the plants, in the 
course of ten days. Dauheny found in these experiments that the 
evolution of oxygen from the plants did not keep pace with the 
increased supply of carbonic acid, and he inferred that, when the 
carbonic acid in the ail" exceeds a certain amount, the power of 
leaves to decompose it is in a great degree suspended. 

Several species of fems kept by Daubeny in air charged with 
5 % of carbonic acid were no more vigorous after 11 weeks' time 
than similar ferns kept in ordinary air. But on watering ferns 
with water that was moderately charged with carbonic acid, their 
growth was perceptibly improved. 

An Excess of Carbonic Add may do Good. 
De Saussure long ago found that young pea-plants could sup

port at intervals for some days an atmosphere of one-half car
bonic acid; but when the proportion of tbe latter was increased 
to two-thirds or more, the plants soon withered. In air that con
tained 8 % of carbonic acid the young pea-plants seemed to thrive 
better than in ordinary air, so long as they were exposed to sun
light j but in the shade tbis amount of carbonic acid was hurtful 
to the plants. De Saussure's method of operating in these experi
ments, where carbonic acid seemed to favor growth, was to expose 
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the plants during five or six hours daily, or as long as sunlight 
was to be had, to the air charged with carbonic acid, and to sup
ply the plant with ordinary air during the remainder of the day. 
These resulti; manifestly consist with those of Godlewski, above 
cited, both as regards the influence of strong light and the in
creased decomposition when more carbonic acid than usual is 
present in the air. Dc Saussure's trials lastcd during ten days or 
so, and he operated upon young plants. It seems not at all im
probable tliat, if it were economically possible to provide an extra 
supply of carbonic acid during the hours of sunlight to plants at 
a certain stage of deyelopment, it might be advantageous to do so 
as a means of securing to the crop a good start in life, or perhaps 
even a more rapid development of the crop during the earlier stages 
of its growth, although, as Hellriegel has shown, there may not be 
the least use in keeping up the excess of carbonic acid after the 
plants have once becn well grown in youth. 

Pfeffer has urged as a general proposition, that leaves which are 
well lighted and exposed to ordinary air must evidently decompose 
less carbonic acid than they are capable of decomposing, because, 
as things are now, this gas cannot be brought to them rapidly 
enough by diffusion; whereas, if the proportion of carbonic acid 
were to be increased within favorable limits, as in the experiments 
of De Saussure and Godlewski, the leaves might be made to work 
to the utmost limit of their capacity. 

The question as to the significance of a larger proportion o~ 
carbonic acid than now exists in the air, is one of great general 
interest. It was believed at one time that the presence of an ex
cess of carbonic acid in the atmosphere of early geologic periods 
must have had an important influence on the growth of vegeta
tion. The argument was that if the earth did once cool down 
from the molten condition, it is a not unreasonable supposition 
that there lllay have been much more carbonic acid in its atmos
phere at the time when plants began to grow upon the cooled 
crust, or in the waters upon it, than there is in the air now; for 
there is at the present time a vast amount of carbon stored up as 
coal, peat, and humus, and in limestones and other rocks, which 
in all human probability originaIIy existed in the form of carbonic 
acid gas. It was supposed that the plants of those days were 
adapted to the circumstances which surrounded them, that they 
did actuaIIy decompose carbonic acid more rapidly than most of 
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their successors, and that they were able to dispose of and stow 
away, as it were, tile carilonaceous compounds which resulted from 
such decomposition. 

An objcction to the foregoing view is found in the fact that 
ferns and other plants allied to those of the coal-measures cannot, 
as we know them to-day, support an excess of carbonic acid; and 
that abundant fossil remains of air-breathing animals are found 
lying in contact with the coal. It has been suggested indeed by 
HUllt, that carbonic acid is continually passing into the earth's 
atmosphere, by way of diffusion, from external space, to make 
good whatever quantities are abstracted from the air by plants or 
by disintegrating mincrals. In this view, tile stores of carbon now 
upon the earth's surface have accumulated slowly, and at all times, 
rather than at anyone geological epoch, through the decomposi
tion of highly diluted carbonic acid, as at the prcsent day. 

Curuonic-acid lVater a Currier of Pla II t-food. 
Though the furnishing of carbonic acid to the soil may be of no 

direct use as a source of carbon to the crop, it is to be presumed 
that when heW ill combination with carbonate of lime (or with 
carbonate of magnesia), as it is in many soils, it may act to dis
sO"'e various kinds of plant-food and to make them available for 
plants. The experiments of Beyer have shown that water which 
contains bicarbonate of lime in solution is a more powerful solvent 
for feldspar than mere water is, and it is to be inferred that in 
those cases where the presence of calcareous matter in the soil per
mits of the retention of the carbonic acid - which has been formed 
there either through chemical decomposition of organic matters, 
or by the action of micro-organisms or of living plants - it may 
often be useful us u meuns of supplying ash-ingredients to crops. 

Pavesi has examined pebbles of a granitic rock taken at a depth 
of 2G feet from a moraine near Como which had long been ex
posed to the action of soil-water that was more or less charged 
with carbonic acid. He found:-

In the corroded 
Rind of the 

Pebbles. 
Matters soluble in hydrochloric acid 96.54 
Carbonic acid 
Oxide of iron 
Alumina 
Lime ••• 

VOL. II-9 

3.45 

99.79 

In the Natural Stone 
at the Centre of the 

Pebble •. 
25.60 

2.43 
1.99 

66.91 
3.21 

100.14 
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It would- appear that in this case silicates of alumina and lime 
had been gradually changed from the insoluble condition to a state 
of comparatively easy solubility. 

R. l\Hiller digested the fine powder of many different minerals 
- feldspar of different kinds, hornblende, magnetic iron, apatite 
of several varieties, olivine, and serpentine - for two mouths at a 
time in carbonic-acid water, with the result that all of the minerals 
were more or less decomposed. The quantities of matter dis
solved by the carbonic acid ranged from 0.307 % (magnetic iron) 
to 2.111 % (olivine and apatite), and consisted, in one case or 
another, of lime, phosphoric acid, oxide of iron, potash, silica, 
magnesia, and even alumina. 

Similar results were obtained by Beyer (Hoffmann's Jahres
bericht, 1870-72, I, 24), who caused carbonic acid to act for 
long periods upon powdered feldspar admixed with water and with 
various saline solutions. The results of such action are conspicu
ous enough in 111any mineral springs the waters of which are 
highly charged with carbonates of the alkalies, and alkaline earths, 
thanks to the action of carbonic-acid water upon silicated rocks 
and minerals in the bowels of the earth. 

Action of Bicarbonate oj Dime. 
Actually, in regions where limestone prevails, and where the 

soils are calcareous, the ground-water usually contains very con
siderable quantities of carbonic acid loosely combined with car
bonate of lime to form a soluble sesqui- or bicarbonate of that 
base. A. Mayer has observed that deep-lying ground-water from 
the neighborhood of Mannheim in Germany, contains on the 
average twice as much carbonic acid as of lime. That is to say, 
while bicarbonate of lime should contain 1.57 CO2 to 1 CaO 
(88: 56), the waters examined by Mayer contained from 1.57 to 
2.45 CO2 to 1 of CaO, or on the average, 2 parts by weight of car
bonic acid to 1 part of lime, as was just now said. 

The fact of the presence of the supercarbonate of lime is fam
iliarly illustrated by the formation of stalactites in cayes and 
cellars into which such waters drip. The water on coming into 
contact with the air gives up a part of the carbonic acid, and the 
carbonate of lime which the acid had held in solution is deposited. 
The waters of springs, wells, rivers, and ponds ill such regions 
are, like the ground-water, more or less highly charged with the 
supercarbonate of lime, and highly favorable influences are exerted 
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by this substance botll for the formation of soils and of mellow, 
fertile humus, and for the nitrification of manures and other organic 
matters. 

Little Carbonic Acid in Pure Water. 
But, on the other hand, it has been observed that the water in 

some kinus of soils contains next to no carbonic acid, and it is to 
be inferred from what is llOW known as to this matter that the 
waters of non-calcareous soils in humitl regions will usually con
tain very little or even none of it. As to rain-water, Schloesing 
has shown that only some traces of carbonic acid can be brought 
down by it ou.t of the air, fot· many experiments have proved that 
the solubility of carbonic acid in water is such that any given 
volume of water saturated with the gas in presence of the at
mosphere and under the normal pressure thereof can hold in solu
tion no more of the acid than is contained in an equal volume of 
atmospheric air. But any given volume of air contains normally 
about three ten-thousandths of one part of carbonic acid, and a 
similar volume of rain-water could at the best contain no more 
than this quantity. Buchanan also has shown by direct experi
ment that pure distilled water artificially charged with carbonic 
acid and then exposed to the air gives off the whole of the gas in 
the course of a few minutes, and there is every reason to believe 
that the carbonic acid would be discharged from water still more 
quickly if the solution were to be brought into intimate contact 
with solid substances. In point of fact, the Dutch chemist 'Tan 
den Broek observed long ago that wells sunk a few feet in the 
soil of gardens, near Utrecht, contain water so devoid of carbonic 
acid that they give no precipitate when tested with lime-water, 
though the lleeper wells of the same region, which reach into the 
sandy subsoil, contain large quantities of carbonate of lime dis
solved in carbonic acid. 

On further examination, it was found that the garden soil con
tained an abundance of carbonic acid (in its interstices) which 
could be removed by a current of air. Yet a column of the earth 
20 inches deep by 3 inches wide gave up no carbonic acid to pure 
distilled water which was made to percolate through it. More 
than tllis, a quantity of water that had been artificially charged 
with its own volume of carbonic acid gave up this carbonic acid 
when put in contact with the soil. 
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Decomposition of Carbonic-Acid Water by Solids. 
The explanation of all this is doubtless to be sought for in a 

peculiar porosity of the garden soil, which permits ail' freely to 
enter it and pass through it. It is a well-known fact in natural 
philosophy, that when water charged with carbonic acid (or with 
any other gas, for that matter) comes into contact with solids 
which have been exposed to the air, the carbonic acid will escape 
from the water and assume the gaseous form. The appearance of 
air-bubbles on the sides of glasses in which drinking-water has 
been left standing is a familial' example of this phenomenon. 
And the same thing may be shown still better by putting a bit of 
bread or dry peat into stale beer or flat soda-water. In general, 
the rougher and more porous the solid is, so much the more rapid 
will be the evolutiou of the gas. 

It appears that the caroonic acid originally held dissolved in the 
water, or the beer, diffuses out into the ail' in or upon the solid j 
and that it diffuses with extreme rapidity when brought into con
tact with a considerable quantity of air in a small bulk, like that 
entangled in the interstices of a porous solid, or that wltich clings 
to the sUl'face of any rough body. It is much the same thing as 
when a current of air is made to bubble through a solution of car
bonic acid, or of any other gas, whereby the carbonic acid, or 
what not, is rapidly carried away. Angus Smith found that" ni
trogen and hydrogen, when absorbed by charcoal, diffuse into the 
atmosphere of another gas with such force as to depress a column 
of mercury three-q uarters of an inch." 

It is to be inferred that, in the absence of carbonate of lime, 
any porous soil will naturally act to set free carbonic acid which 
may be contained in the water whieh comes in contact with the 
soil j and it is probaoly true in general that soils as such tend to 
set free carbonic acid from the waters which moisten them. More
over, when moving water strikes against, or falls upon, rocks or 
gravel, some carbonic acid will douotless escape from it, in case 
any were contained in it. But, taking the world through, there 
are practically so many calcareous soils that the fact remains that, 
because of the presence in them of the calcareous matter, most 
ground-waters contain more or less carbonic acid, and that they 
act Chemically in accordance with this composition. 

Another point to be remembered is, that, even when the car
bonic acid escapes from the ground-water, it does not necessarily 
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escape out of the soil. Some of it will remain clinging to the 
particles of earth, and if there be anything in tbe earth for which 
carbonic acid has an affinity, it will be likely to unite therewith in 
spite of its adhesion to the soil. Indeed, it is not impossible that 
this very adhesion may increase the chemical action, and accelerate 
the union of carbonic acid with the inorganic ingredients of the 
soil. 

Carbonic Acicl in Ground-air. 
It is a fact that the air in the interstices of most soils contains 

very mucb more carbonic acid than ordinary atmospheric air. Bous
singault and Lewy, who studied this point long ago, fonnd the 
soil-air to he from 10 to 400 times ric bel' in carbonic acid than 
atmospheric air, as has been set forth in tabular statements on 
pages 139 and 219 of Johnson's" How Crops Feed." 

In air from sandy soils that contained but little decomposing 
organic matter, the proportion of carbonic acid was found to be 
only about 10 times greater than that in an equal bulk of the at
m08phere. The proportion of carbonic acid in the air from loamy 
and clayey soils was still comparatively small (some 30 or 40 
times as much as in atmospheric air), while in the air from the 
soil of manured fields, and from compost-heaps, the quantity of 
carbonic acid was yery large. It appears clearly from these re
searches, that very large quantities of carbonic acid are formed 
within the soil from the decomposition of manures, and of the 
roots and stubble of previous crops. By the application of peat 
also, or of composts in which peat is a principal ingredient, large 
quantities of carbonic acid are fnrnished to the soil. 

Carbonic Acicl1nay I1n})}"ot"e Tilth. 
As will be explained in the chapters on Lime and on Sodium 

Compounds, the solution of carbonic acid which is found in so 
many soils may exert no inconsiderable influence to improve the 
permeability and consequently the fertility of a soil by floccnlat
ing fine particles of clay which would clog the pores of the soil if 
once they were to be permitted to become puddled in it through 
the action of rain-water. In this point of view, it has been sug
gested that some part of the utility of humus in heavy soils may 
depend on flocculation brought about by the action of the carbonic 
acid which is formed continually in the soil through the decay of 
the humus. 
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Disint8{!ration by Carbonic Acid. 
It is obvious that the carbonic acid thus supplied to soils must 

playa very important part in disintegrating and dissolving the 
components of the soil. Some experiments of the German chem
ists Stoeckhardt and Peters bear upon this point. They filled sev
eral tall glass jars (21 feet high by 5~ inches wide) with a rather 
poor loamy soil, containing considerable humus, and they planted 
in each jar an equal number of seeds of peas and oats. .Tar No. 
1 was left to itself j that is to say, it was merely watered. Through 
the earth of jar No.2 about 3t pints of air were blown daily 
through a tube that reached to the bottom of the jar. 

Through the earth of a third jar the same bulk of a mixture of 
air and ± carbonic acid was forced, while through the earth of a 
fourtll jar there was forced daily a mixture of { carbonic acid, ! 
oxygen, and ~ air. After three months and a half the crops were 
harvested, dried tlloroughly, and weighed. Tlleir weights are 
given in grams in the following table: 

Oats .... 
Peas ....••• 
Roots of both 

Total dry matter . 
Ash-ingredients. . . 
If crop No. I equals 1, then 

I. 
3.90 
1. 72 
0.27 

II. 
7.65 
2.46 
0.38 

III. 
8.49 
3.26 
0.60 

5.89 10.49 12.35 
0.52 0.95 L12 
1.0 1.8 2.1 

IV. 
5.11 
3.49 
0.37 

8.97 
1.01 
1.5 

On examining the several soils after harYest, it was found that 
a considerably larger proportion of mineral and organic matters 
had become soluble in water in jars Nos. 2, 3, and 4 than in jar 
No.1. From G,OOO gnn. of soil, the amounts of matter dissolved 
by water were as follows:-

Mineral matters, grams. . 
Organic 

1. 
2.04 
2.76 

II. 
3.71 
4.32 

Cm'bonic Acid occluded by Soils. 

III. 
4.99 
2.43 

IV. 
3.91 
3.14 

Beside the carlJOllic acid ill ground-air, properly so called, very 
considerable qnantities of this substance are occluded in the actual 
earth j i. e. some carbonic acid and other gases are held so strongly 
in the soil that they cannot escape therefrom, either at the ordinary 
temperature of the air or eyen at the temperature of boiling water. 
By heating yarious soils to 2840 F., Reichardt and his pupils haye 
obtained results such as the following:-
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Gasl.iyen The Gas contained Per 
From 100 Grams of o , In Cent of 

c,c. CO 2 N a 
A damp ganlen-Ioam . 13.7 24.1 64.3 2.9 
Air-dried garden.loam 38.3 33.3 64.7 2.0 
Peat 162.6 51.0 44.4 4.6 
Hydrated oxide of iron (air-dried) 586.7 68.2 20.1 5.7 
Clay. 32.fl 14.5 M.7 20.8 
Clay after long exposure to the air 25.1) 25.1 70.2 4.7 
Powdpred gypsum 17.3 0.0 81.0 19.0 
Pine charcoal 164.2 100.0 
Poplar " 467.0 1G.5 8:~.6 0.0 
Bone 84,4 45.8 54.2 0.0 

This power of the soil to occlude carLonic acid and other gases 
is merely a particular instance of a genem! law which hns long 
been recognized as regards charcoal and has latterly been fpllnd 
to be true of all solid substances.' The power of iron oxide to 
occlude carbonic acid is so well marked that it has been said that 
the amount of this gas occluded by a soil is proportional to the 
amount of iron contained in it. 

~lfodes of Action of em'bollie Acid in the Soil. 
As for the mode of action of carbonic-acid water in the soil, it 

dissolves some carbonates directly, snch as cm'honatc of lime and 
carbonate of magnesia. From silicates, it dis sol yes out potash, 
soda, lime, and magnesia, since it is a more powerful acid than 
silica is at the ordinary temperature of the soil. As was stated 
before, it is easy to test this action by passing carhonic-acid gas 
through water that is made to hold in suspension almost any finely 
powdered mineral. Considerable quantities of potash, soda, lime, 
and magnesia may soon be found dissolved in the liquid. "'hen 
made to act upon phosphate of lime, carbonic acid gnulually re
moves lime, so that finally some soluble acid phosphate of lime is 
formed. 

Little is known, as yet, as to the precise significance of the car
bonic acid which is given off from the roots of growing plants, 
though there can be no question thnt the fact is one of much im
portance. Inasmuch as this carbonic acid can hardly fail to act 
upon matters in the soil to dissolve them, it would seem to follow 
that, in humid climates, there may often be as much, or perhaps 
more, disintegrating of rocky materials in a field kept covered 
with vegetation than if the field were left to lie naked and fallow j 

1 Compare How Crop. I"eed, p. 16b. 
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not to speak, for the moment, of the action of acids other than 
carbonic which are exuded or excluded by the roots of plants. 

Carbonic Aciel n Reslilt of Perment Action. 
But, on the other hand, there are cases w11ere the formation of 

carbonic acid in the soil probably depends more intimately upon 
fermentations due to t11e presence of micro-organisms than on the 
action of the roots of plants. I haye myself found that yery con
siderable quantities of bi-earbonate of lime are formed in air-dried 
soils, I probably by the action of micro-organisms acting at once 
on organic matters and on insoluble lime-compouuds in the soil, 
sllch as silicates, humates, phosphates, etc. j and there are good 
reasons for belieying that long-continued droughts may be useful 
in some cases by promoting pcculiar kinds of fermentations in the 
soil whereby disintegration lllay become more rapid than woulfl 
otherwise be the case and large quantities of carbonic acid be pro
duced incidentally. 

I n confirmation of this view, it may here be mentioned that 
IIilgard has insisted that, although - as a consequence of the 
leaching action of rains - it is true, as a general rule, that" each 
subsoil is a little richer in lime-carbonate than its surface soil," 
the latter may nevertheless - at the end of the dry season - be 
found to contain more actual carbonate of lime than the subsoil, 
though during the following winter or rainy season the carbonate 
will be washed down into the subsoil so completely that in humid 
climates it may in the spring be almost wholly absent from the 
surface soil. "It follows that ill arid climates, in which the rain
fall is insufficient to leach the soil even of its yery easily soluble 
alkali salts, the lime carbonate must of necessity accumulate to 
eyt'n a greater extent than the alkali salts. 'Ve should therefore 
expect to find the soils of the region west of the lOath meridian 
ill the United Statetl, and generally those of arid regions every
where, richer in lime than thosc of the humid regions." In point of 
fact, it appears on comparing many analyses of good non-calcare
OilS soils, that while the soils of arid regions contain on the aYer
age something like 1.362 % of lime, those of humid regions contain 
110 more than a bout 0.1 08 %. 

'Yollny, in experiments lasting from May to October, found in 
air taken from 'the soil at a depth of 10 inches lleneath grass-sod, 
4.4 % less carbonic acid on the average than was contained in air 

1 See Bulletin of the Bussey Institution, 1878, II, 195, 
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taken at the same depth from beneath bare land, and 3.4 less than 
was taken from land whose slIl'face had been kept shaded by a 
covering of straw. In general he found less carbonic acid in the air 
of the soil in proportion as the surface of the soil wus more thickly 
covered with yegetation. In some experiments, howeyer, that 
were made in November, March, and April, i. e. at a colder time 
of yeur, more carbonic ucid was found in the air of the soil that 
was covered with grass than in the air of the bare land. 

CHAPTER XVII. 

GHEEN MANURING. 

MANY substances employed as fertilizers produce such large 
quantities of carbonic acid in the soil that it is but natural to ask 
'whether some part of their utility muy not be due to this peculiar
ity. Farmyard-manure, for example, as well as composts, leaves, 
straw, and seaweeds, are comprised in this category j and es
pecially the method of fertilization known as green manuring. 

}<'or warm or temperate climates, it is~ a commonly accepted 
opinion, that, if time enough be allowed, almost any land not ab
solutely arid or poisonolls can be made fertile by persistently sow
ing upon it lupines, vetches, cow-peas, or cloyer of one kind or 
another, and ploughing in the green crop before it has come to 
maturity. 

This method of green manuring, as it is called, is a singularly 
philosopbical method. As a mere matter of reasoning, or of 
reasonableness, it wiII well repay a careful examination. In the 
first place, the seeds of plants are sown, which, like peas or cloyer 
or lupines, have a peculiar faculty for profiting by food taken from 
the air; or plants are chosen which, like the lupine, or like buck
wheat or rye, have the power of extracting nourishment from the 
earth even under ycry unfavorable conditions. These plants are 
allowed to grow until they have gathered from the soil almost the 
whole of the matters which they are capable of gathering j that is 
to say, the plants are left ulltil they are in flower, and then they 
are ploughed unller. By operating ill this way, the land is ma-

l nured with everything tl1ut the plants have accunlulated, either 
from the air, or from the soil, or from the waters in the soil j and 
there is placed within the land a mass of soft, fresh, succulent 
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organic matter, which speedily enters into fermentation, and 
causes the soil to ferment also, while enormous quantities of car
bonic acid are ginn off to disintegrate alld dissolve the com
ponents of the crude soil. 

The process is manifestly akin to the method of concentration 
by which fertile loams have been accumulated naturally 011 the 
earth's surface, for the roots of plants work continually to bring 
up plant-food from the subsoil, while some of them take in food 
from the air, and this food is deposited, in easily assimilable 
forms, on the surface of the land by the leaves that fall and by 
the plants when they decay. 

Hll11WS itse(f is Important. 
Tile organic matter thus incorporated with the soil will furnish 

,an abundant supply of humus for absorbing and holding moisture, 
'for supplying nitrogen, for encouraging useful fermentations, and 
for improving the texture of the land. Hence it happens that, 
by means of this system of green manuring, many a leachy, hun
gry soil may, with cO!1lp:ll'atiYely little troul)le, be made capable of 
retaiuillg water and manure, and so of snpporting crops. By cul
tiYating the white lupine to this end, it has been found possible in 
Saxony to cover mere drifting sands with useful vegetation. 

Instances are not wanting in agricultural practice of fairly fer
tile soils which consist naturally of no more than a sllIall propor
tion of humus admixed with mere sand. Boussinganlt noticed in 
South America a very fertile soil that was composed of 9:! % of 
sand admixed with leaf-mould. It is said that in Belgium many 
instances occur where arid sands have been made fertile by con
tinually applying to them strcet-sweepings and stable-manure. In 
such cases, the humus appears to aet vcry much in the same way 
that clay would act to improve the physical textme of the soil, and 
so enable it to hold water and fertilizing matters. 

Generally speaking, green manuring is practised on poor, thin 
soils, notably upon such as have become hard and out of con
dition, and it is perhaps the readiest means of bringing such land 
into a proper state of fermentation; but it is said that even heavy 
clays have often been benefited by green manuring, in that the in
troduction of organic matter has made the clay less adhesive and 
sticky than it was before, and better fitted to support the opera
tions of tillage. 
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Plants Ilsed in Green ~1Ia1lIlrill!1. 
Among the plants which have served for green manuring the 

lupine is perhaps tbe most conspicuolls, though in modern times 
cow-peas, rye and buckwheat are oftrn used. According to 
Pliny, the ancient Romans sowed lupines in September nnd 
ploughed under the green plants in the following l\Iay j or, some
times, they mowed the crop and carried it to lie buried at the foot 
of fruit-trees or of grape-vines. In Italy, and other southeJ'll 
countries, the horse-bean, like the lupine, bas often been used as 
green mallure. Other plants that arc sometiTllPs plollghe!I un
der arc turnips, sown thick, white lllustard, Indian eorn, sown 
thiek, and peas. In tile words of an Englisll farmer, "2'Iustarcl, 
or any plant of rapid growth which attains a smothering hulk, the 
seed of wllich costs but little per acre, is well Htted for heing 
ploughed in as green manure, eSlweially when it is an object to 
clean the land as well as to fertilize it." In some of 0111' south
ern states, a kind of bean called the cow-pea is used largely, as 
vetcllCs are in some parts of Europe. 

In c~rtain districts in Italy it has long been customary to fer
tilize the heJ'l1p-crop by means of a green manuring with horse
beans, which are forced with stahie-manlll'e anel plowed under 
when they are in flower, at the moment wlH'n the lamI is made 
ready for the hemp. In this case, the hean-plants are reckoned as 
equal to half a manuring with farmyanl-mallure, and it is a ~ra

ditional belief that particularly good hemp can be obtained ill this 
way. The hean is chosen in this instance because it will grow on 
soils where lnpines could not be grown with sneeess. 

As a forerunner of wheat, also, beans ll1ay be sown in that 
cOllntry, all lIloist land, either in August or October, according as 
they are to he ploughed umIer before sowing wbeat upon them in 
tile autullln or before sowing spring wheat. On dry land, the 
heans are usually sown in October and ploughed ulll1er al:\ a 
preparation for spring crops, though one plan i,; to sow another 
crop of heans in the spring - between the I'OWS of those sown ill 
the autumn - at the time when the latter arc hoed,' and to harYest 
the seeds of the older crop and then to plough ullder the spring
Sown plants. 

It will be noticed in respect to beans and to other leguminous 
plants that much which has been said in the chapter on Symbiosis 
of the power of clover, lupines and the like to procure llitrogen 
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from the air will apply very forcibly to the practice of green rna' 
nuring, in so far as such plants are concerned in it. As Gasparin 
insisted half a century ago, the leguminous crops are intrinsically 
superior to all others for the purpose of green manuring, because 
they bring in much plant-food from the air and do not need to be 
heavily manured beforehand. The chief trouble is, as he says, 
the cost of their seeds. This view has been not a little strength
ened, of course, by the discovery of the nitrogen-bringing power 
of the nodules on the roots of leguminous plants, but it still re
mains true that there may sometimes be good reasons for choos
ing plants such as rye, buckwheat, mustard, turnips or (especially) 
vetches, which vegetate rapidly and which can be grown late in 
the summer or early in the autumn, after the crop proper to the 
field and the year has been harvested. These plants occupy the 
land only a comparatively short time, when it would otherwise be 
left bare, and they take up from the soil very considerable quan
tities of nitrates which might have been leached out from the land 
by the autumnal rains. 

In the mild climate of France, on soils that arc not too stiff, 
vetches sown in August arc sometimes left stanoing until the next 
spring, when they are ploughed under early enongh not to inter
fere with the sowing of sugar-beets in April. If the weather con
tinues to be open the vetches will not cease to grow during the 
winter. (Deherain.) 

In Central Europe, it is said to be well to sow these stolen crops 
immediately after the grain harvest, for, in spite of hot weather, 
the surface soil is then mellow and somewhat moist, and the con
ditions are not unfavorahle for germination. SOllletimes it may 
be hetter yet to sow the green-crop upon the grain in the spring, 
and so gain time for the better development of the plants. Ex
peril1lpnts made in Germany by Strebel indicated that yetches 
sown on a loamy soil after grain as a stubble-crop produced a 
larger crop, i. e. more dry matter, than peas or lupines, or than 
clovers of various sorts. The yield of oats on the land where 
these crops had been ploughed under was increased in eyery in
stance, but to a profitable degree only after the vetches and the 
peas. But on the other hand - thanks to peculiarly good climatic 
conditions - decidedly better results were got from Swedish 
clover, hop-clover and serradella that had been sown upon wheat 
or rye. Here the yield of oats was largely increased. It was 
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noticed that both tile clovers, growing under the grain, produced 
roots, and nitrogen in the roots, more freely than they produced 
leaves and stalks, though the serradella yielded more leaves than 
roots. 

Some writers on green manuring have urged that the plants 
suitable for this purpose may properly be divided into two classes, 
according as they are to be ploughed under in late summer or 
early autumn, as a manuring for winter grain, 01' to be turned 
under in the spring to serve for fertilizing a crop of Indian corn, 
or of potatoes or roots. In climates like that of New England 
rye will naturally fall into the sccona category, wilile old grass or 
clover sod may belong to either class. Buckwheat, mustard, etc., 
will belong to the first elass. 

In one sense, Green Jllanllring is a Common Pmctice. 
It is evident that green manuring may sometimes be at its best 

wheJ,l obtained incidentally by plouglling under the roots and 
stnbble, or aftermath, of a useful crop, sllch as hay or clover or 
lupines, for in this event there will be no necessity to sacrifice a 
standing crop 01' to give up the use of the land during an entire 
season for the sake of charging the soil with vegetable matter. In 
this way, frequent use may be made of the process and all of its 
advantages be realized at comparatively small cost. It is note
worthy that this form of green manuring prevails generally upon 
the thin soils of New England where hay is the staple crop. For 
whenever the sod of old grass-land is ploughed under, the land 
gets the benefit of what is really a green manuring of considerable 
strength. 

Throughout the Eastern States, and even in the immediate vicino 
ity of Boston, the farmers generally keep most of their land in 
grass as long as the yield of hay continues to be fairly remunera
tive, and they count upon the old sod as a source of nutriment 
for subsequent crops. 

One way of proceeding is to turn the sod under with the plough
share, and to harrow in rye without adding any manure. Here 
the case is one of green manuring pure and simple. After the rye 
has been harvested its stubble is ploughed in, and the next year 
the land is planted with potatoes or corn or roots, - with addition 
of barnyard-manure, - as a preparation for laying the land down 
again to grass. The old sod is found to be thoroughly rotten and 
friable when the rye-stubble is turned in. 
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There are of course seveml other ways of dealing with the in
ycrted sod. Some farmers plough it under in the spring, and 
plant potatoes upon it in the first year, or maize j others plough 
in August or September, and sow grass-seed at Ollce, as soon as 
the old sod has been turned under. The rye method has been 
mentioned particularly, because it seems to be spccblly philo
sophical. Formerly, when it was customary in New England to 
grow late-ripening varieties of the polato, it was thought hy some 
farmers to be good practice to allow the grass to get well starte(1 
in the spring on sod-land, which was to he planted with potatoes 
so that the crop might be helped hy the heat deyeloped by tbe 
fermentation of the grass-sods . 

.ll[ru'ze on Sod-land. 
So, too, in respect to Indian corn, there is a reason why this 

crop is specially well fitted to be grown all sod-land. Since corn 
nee(\s to be planted rather late here in New England, the sod-land 
can be left unploughed until the grass has sprung up and has 
covered the land with a green crop j and when the green sod is 
turned under, fermentation soon sets ill j the sad decays rapidly, 
and nitrification succeeds the first fermentation in clue course, so 
that whate'-er plant-food the young grass may haye collected is 
probably fully utilized by the corn. ::Here" spring ploughing" 
would not haye given these results, i. e. not if the ploughing had 
been done before the grass-plants had had time to grow. It is not 
improbable that - in the clays when Indian corn \ms their leading 
crop - the old habit of New England farmenl of turning shallow 
furrows, such as merely buried the sod, may have been justified 
by the rapid nitrification of the vegetable matter j and a similar 
remark will apply to the popular prejudices which still prevail, 
viz., that shallow ploughing will usually serve very well for Indian 
corn, all(1 thnt this crop can get more good than some others from 
manure which lies near the surface. 

Some people haye occasionally gone so far as to turn sods 
directly upon potatoes, as a means of planting. They plough 
three or fonr furrows in the sad, drop the "seed" in the fourth 
furrow, perhaps, and then turn the next furrow upon the sets as 
a coyering. This plan is evidently a modification of a method 
employed in the damp climate of Ireland which consists in laying 
ont the potato sets on the surface of unbroken grass-land and 
covering both the sets and the sad with a bed of earth. 
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It needs to be said that English writers haye often made objec
tion to the sowing of crops on newly broken sod-land, because of 
the risk of injury from tile grubs and wire-worms which, as they 
say, are apt to be found in great abundance among crops planted 
on land where grass or thick weeds have been ploughed uuuer. 
As Cobliett says, "·When wheat is sowed ill this cOllntry (Eng
land) upon a ley with once ploughing, the plant is very frequently 
mueh injured by these mischievous things. The wire-worm enters 
the spear just abo,-e the seed and eats out the heart. The brown 
grub keeps snugly just under the surface of the ground iu the day 
time, comes out at night, bites off the plaut nearly close to the 
ground, and re-enters its retreat." Hence the adYtmtage of plough
ing and fallowiug sod-buu until thesc pests are expelled. 

Am()//lit of Oryanie J"'I[atter ill Sod. 
An experiment made at the Storrs Agricultural School, at 

Mansnelu, Conll., to determine how much vegetable matter is 
contained in an acre of grass-sod, g::we the followiug results: 
The grass was timothy, with a slight admixture of red-top, grow
ing in light loam, i inches deep, which rested on a yellow, compact 
subsoil j and ubout 2 tons of hay to the acre llad been obtained 
when the field was mowed, on .July 23. Ou Nov. 7, when the 
land was covered with a luxuriant second growth of grass about 
3 iuches high, the gruss allLI roots were carefully collected frolll a 
measured fraction of the field, first to a depth of G inches anu 
thcu to the depth of 3 feet, und they werc dried (at 2120 F.) and 
analyzed. There was found 8,22:1 lb. to the acre of dry grass and 
roots, taken to the depth of 3 feet; and aualysis showed that 
these 4 tons and Illore of vegetable mutter contained 90 lb. of ni
trogen, 2;) lb. of phospboric acid, and 5G lb. of potash. It ap
pearell, fllrtherlllore, that by far the larger part of the roots were 
ncar the surfacc of the land, for in the trial which reaclled only 
to a depth of 6 iuches, there was obtained i ,GOG lb. of dry grass 
aud roots to the acre, and there was present in this matter 84 lb. 
of nitrogen, 24 lb. of phosphoric acid, and 5-1 lb. of potash. rn a 
parallel experiment, the dry stubble and roots of cow-peas, taken 
to a depth of :>'5 feet, on Oct. 3, after the crop proper had lie en 
harvested, amouuted to 1,095 lb. to thc acre, and contained 1;) lb. 
of nitrogen, 3 lb. of phosphoric acid, and G lb. of potash. 

Gaspnrin, ut the south of France, on thc occasion of breaking 
up a luceru field, collected all the roots anu stulible froUl a bec-
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tare of land (= 2.5 acres), and found that there were 16 tons to 
the acre j and as the proportion of nitrogen in this refuse amounted 
to 0.8 per cent, there must have been in the 16 tons 261 lb. of ni
trogen. He remarks that practical men have found their advan
tage in feeding lucel'll roots to sheep. Boussingault, on the other 
hand, found less organic matter in clover-sod. A clover-sod 
from which a crop of 2,200 lb. of hay to the acre had been har
vested, gave him 1,760 lb. of air-dried roots, etc., that contained 
55 lb. of nitrogen. 

Of course, when not only the roots and stubble of an old sod, 
but the green plants themselves, are turned under, very large 
quantities of organic matter and of nitrogen may be added to the 
land. Thus the Italian chemist, Sestini, on determining the 
weights of total crop and of nitrogen yielded by beans (Phaseo
Ins) and by lupines, when grown to be ploughed under as green 
manure, near Rome, found 28 tons of the green bean-plants to an 
acre, and 19 tons of lupines. The bean-plants on an acre of land, 
taken when in blossom, contained ;l80 lb. of nitrogen, and the 
lupines 117 lb. 

According to Gasparin, a fairly good crop of lupines should 
yield at least two tons to the acre of air-dried hay that contains 
1.6 % of nitrogen, which would be equivalent to 64 lb. of nitrogen 
to the acre, without taking any account of the roots aIHI stu bblc 
of the crop. An English crop, grown upon light land, which was 
examined by Yoelcker, yielded (exclusive of roots) 21 loug tons 
and 12 cwt. of green lupines to the acre. These green plants 
contained 0.38 % of nitrogen, or, all told, 184 lb. of nitrogen to 
the acre. 

Green Manure in V{neyards. 
Mack, in the Tyrol, has grown annual clover cr. incarnatum) 

between the rows of vines in a vineyard, and ploughed the plants 
under as green manure. The seed was sown at the rate of about 
30 lb. to the acre, and some plots of the land were dressed with 
phosphatic slag, applied at the rate of 530 lb. to the acre, while 
other plots received no fertilizer. The clm'er grew to a height of 
1 G or 17 inches on the slag plots, and tp a height of 12 inches on 
the others. On one of the slag plots, all the vegetable matter 
(including the roots, which were well developed and full of 
nodules) was collected and weighed. There were 21 tons of it to 
the acre. These fresh plants contained 0.25 % of nitrogen, which 
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amounted to over 100 lb. of nitrogen to the acre. l\1ravlag also 
has tried similar experiments with vetches, and both these observ
ers argue that, by forcing the green manure with phosphatic slag 
and with potash salts, vineyards may be manured in this way 
more cheaply than can be done by means of stable manure. 

Dehlinger has calculated, from 'Wagner's data, that the amount 
of dry matter and of nitrogen yielded per acre by crops grown for 
green manure might be in the case of -

Ton. dry Lb. Nitrogen 
matter. to the acre. 

Mi~ed vetches and peas 3.33 220 
Lucero 3.00 200 
Red clover 2.00 111 
Swedish clover 1.50 100 

Vibmns, also, has collected data, as set forth below, for the 
sake of learning how late in the season leguminous plants may be 
sown in order to obtain a product large enough to serve as a use
ful green manuring. 

VETCHES GROWN AS A STUBBLE CROP. 

Sown on Mown Oil 

19 July 26 October 
20 " 
5 August 

20 
31 " 

Yielded GermanI". per Morgen (= 0.631 acre) 
of of 

Dry Matter. Nitrogen. 
1690 61.3 
1370 56.0 
933 40.0 
582 27.2 
332 16.0 

'Vhen sown under grain on April 20 and mown on October 12, 

Vetches yielded 760 lb. of dry matter and 34.4 lb. of nitrogen 
Swedish clover yielded • 1300 " 39.0 
Hop clover 910 " 30.0 

In other trials, hop clover grown on different fields, under grain, 
gave results as follows:-

Sown Mown Lb. Dry Matter. Lb. Nitrogen. 
27 May 31 October 758 28 

1 June 31 853 26 
10 April 12 " 910 30 
31 May 26 863 31 

It is said that, in our Soutilern States, the cow-pea, though B 

tender annual, will give, uuder favoralJle conditions - when sown 
broadcast at the rate of 2 bushels of seed to the acre - three cut
tings during the season, and yield at each cutting from 2 to 4 tons 
of air-dried hay. (McCarthy.) It can support intense heat, and 

VOL. 11-10. 
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bear drought better than clover can. In experiments made at 
the N. C. Exp. Station, an increase of 10 bushels of wheat to the 
acre, over the yield on un manured land, was obtained on land 
where cow-peas had been ploughed under as a preparation for 
wheat. Experiments at the Alabama Station showed that the 
weight of the vines was 6 times that of the roots, and that the 
yield of fresh vines varied from 1 ton to 6~ tOllS. The yilles con
tained from 1A5 to 2.62 % of nitrogen. At the Louisiana Sta
tion, 1 acre of cow-peas yielded 3,970 lb. of organic matter, and 
there was returned to the soil 65 lb. of nitrogen, 20 lb. of phos
phoric acid, and 111 lb. of potash. Of these matters, at least 
8 lb. of nitrogen, 4.4 lb. of phosphoric acid, and 18 lb. of potash, 
were furnished by the roots. (Allen.) 

Green ]lfcuwre may act slon·ly. 
A point to be noticed in respect to green manuring in Northern 

climates and dry seasons, is, that the inorganic matters and the 
nitrogen in the buried plants are only gradually given up, as a 
general rule, for the use of the next crop. Probably the living 
plant cannot conSllme many of the constituents of the dead plants 
until the latter haye been completely disorganized. This point is 
one that needs to be borne in mind; it would be on the whole dis
advantageous, though something might be gained by it occasion
ally. l\Iacail'e long ago grew wheat on a measlll'ed plot of land, 
and, after having haryested and weighed the crop, he heated the 
grain to destroy its germinative power, and chopped the straw 
fine, and spaded both straw and grain into the soil, so that every
thing which had grown upon the land was returned to it. lIc then 
grew wheat again on the plot, and noticed that there was an appre
ciable diminution of product; although, as he intimates, as good 
wheat grew on an adjacent (manured) 11elcl in the second year as 
in the first. In any event, it is hardly fair to compare green m:1-
Dllring too closely with the ordinnry methods of applying fer
tilizers, for it is in some respects a law unto itself. 

As will be shown in another chapter, there is no justification 
for the idea, on which Macaire's experiment was based, that the 
chemical substances which exist in plants are as gOOll fertilizers 
as the compounds ordinarily used for manure. It should be re
membered, meanwhile, that green manuring has always been more 
highly esteemed in soutbel'll countries, snch as Italy, the south of 
France, and our own 80uthern States, than it has been in places 
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where the climate is less warm. According to Gasparin, green 
manuring has long played an important part in southern Europe 
for fertilizing vineyards and olive trees. Not only are reeds and 
green twigs lJrought to the land to lJe ploughed llnder, but lupines 
antI beans arc grown upon the land for this purpose. It is recog-

• nized, moreover, that "these plants obtain nearly all their fer
tilizing elements from the air." 

It is known that under favorable conditions green manure
especially that from leguminous plants - nitrifies readily, after it 
has lJeen thoroughly rotted, and til at it compares favorably, as a 
source of nitrates, with most of the other forms of organic ni
trogen that are employed as manures. The results of SOllle of 
Muntz's experiments relating to this point are given in the follow
ing tables. In three months' time there were formed from the given 
materials the stated numlJers of milligrams of nitrate-nitrogen for 
each kilo of soil: -

There was formed mgr. of 1Iitrate-nitrogen. 
}1"rom one grm. of In a light calcareous In a stiff clay soil 

soil. Hot calcareous. 
Sulphate of ammonia 268 5.1 
Green lupines, buried . 183 88.0 
Dried blood . . 161 3.6 

In this case the lupines lightened tbe beavy !::lnd, amI allowed 
air to enter it for the support of the nitric ferments. In another 
experiment, an exilaustive crop - giant maize to be cut for ensil
age - was grown on light land, that was well chargeLl with ash
ingredients, to wilich the different kin(ls of fertilizers were applied 
at the rate of 100 kilos of nitrogen to tile hectare. Eighteen (lays 
after applying the fertilizeJ's there was fOllnd per kilo of soil tile 
stated amounts of nitric acid: -

Plot dressed with 
Sulphate of ammonia 
Green lucern, llUripd 
Dried blood. 

Nitric acid. found, mgr. 
121.4 
86.0 
72.2 

No llitrogellolls manure 14.5 

Here again the green manlll'e nitrified more rapidly than tile 
dried lJlood. The yield of fodder-corn cut at tile end of Septem
ber is given in the following table: -

The hectare uressed with 
Sulphate of ammonia. 
Nitrate of soda 
Green lucern . 
Dried Llood . 
No nitrogenous manure 

Gave kilos of crop. 
6G,000 
78,500 
78,000 
71,500 
39,500 
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In winter (in France) buried green manure nitrifies but little, 
though the process of nitrification becomes active with the advent 
of the spring. The results given in the following table were ob
tained by Deherain, on testing the amount of nitrates that passed 
off in the drain-water from fields that had been and had not been 
green-manured. During the times stated the given quantities 
(kilos) of nitrate-nitrogen passed off, per hectare, in the drain
water from land kept bare of vegetation, as follows:-

26 Oct. to 24 Nov. to 15 Dec. to 4 Jan. to 9 Feb. to 22 Feb to 
24 Nov. 15 Dec. 4 Jan. 9 Feb. 22 Feb. 10 July 

Land not green-manured 1.49 4.38 2.47 1.92 3.06 18.50 
Land where a crop of } 

vetches had been 1.22 5.01 2.29 2.71 7.95 33.40 
ploughed under. 

These experiments had to be given up in the spring, because a 
:lrought set in aud the drains ceased to flow. It should here be 
,aid that Ereal maintains that nitrification is comparatively feeble 
in grass-land, and that grass-sod which has been ploughed under 
:loes not nitrify so readily as do the residues from leguminous 
3l'OpS. 

Green Manuring rarely pmctised. 
Excepting the turning-under of old grass-sod or clover-sod, or 

)f grain-crops that have been partially winter-killed, green ma
lUring is resorted to only in exceptional cases nowadays in north
,rn countries, though it was once rather common in many localities 
.n the days when commercial fertilizers were not to be had. In 
;he Southern States of this country, however, it is said to be still 
1 rather common practice to plough under the cow-pea. One good 
nethod proposed and practised by Rayenel, of Cbarleston, is to 
Lpply finely powdered phosphate rock (" floats") to the land on 
iVhich the cow-peas are to be grown; so that, when the green 
)lants come to be ploughed under, the refractory phospbate shall 
)e subjected to the solvent action of a great mass of decaying 
regetable matter, whereby some part of it may be made fit to be 
lssimilated by subsequent crops. 

In Japan, Kellner and his pupil!> have studied a local practice 
n which a leguminous plant, Astragalus lotoides, is used as a 
~r~en manure for rice. After having applied to the land a phos
)hatic and a potassic fertilizer and lime in varying quantities. 
riz., 100, 200, and 400 kilos to the hectare, they grew a rice-crop 
Ipon the field and at the end of September they sowed seeds of 
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the Astragalus between the rice-plants. After the rice had been 
harvested the young Astragalus plants were lightly covered, ac
cording to the custom of the cOllntry, with short straw, to avoid 
winter-killing, and on the 10th of lUay in the following year, when 
the crop was in full bloom, it was mown close to the earth, weighed 
and analyzed. Finally the green plants were dug into the soil to 
serve as manure for a new crop of rice. 

There was found in the blooming Astragalus, 12.23 % of dry 
substance and 0.369 % of nitrogen, and the mean yield per hec
tare was 2540 kilos of dry matter anci 76.8 kilos of nitrogen. It 
appeared that the plot which had received 100 kilos lime to the 
hectare gave a much better crop than the no-lime plot, and as 
good a crop as either of the plots which had received more lime. 
Beside the green manuring the land got a new dressing of phos
phatic and potassic fertilizers, and lime as before. After time 
enough had been allowed for the fermentation of the green ma
nure, rice was set out upon the land in .June. The results of these 
experiments are given in the following table: -

Manuring. Straw. }'ull Kernels. Tailings. Total crop. 
grm. grIll. grm. grm. 

No green manure 536 412.7 3.2 952 
Green manure, without lime 623 464.2 4.2 1091 
Green manure with 100 k. lime to 

hec. 8:W 633.7 5.3 1474 
Ditto 200 ditto 825 613.3 5.5 1447 
Ditto 400 ditto 860 646.2 4.6 1511 
A complete manuring (mixed ferti-

lizers) . . . . . . . .. 975 638.1 7.6 1621 

'Vhence it appears that the green manure and lime were com
, petent to produce a crop of grain equal to that got by a complete 

'/ manuring, which contained an abundance of ammonia. 
The following table gives the amounts of nitrogen taken off the 

land in the several crops, as determined by analysis:-

Manuring. 
Nitrogen in Nitrogen taken 

the total up from the 
crop. manure. 
grnl. grm. 

No green manure . . . • . • • •. 7.43 
Green manure, without lime . • • .. 8.18 0.75 

with 100 k. lime to the hec. 11.84 4.41 
200 " 11.52 4.09 
400 " 12.18 4.75 

Complete manuring (mixed fertilizers) . 12.46 5.03 

The average of nine plots fertilized with green manure and lime 
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gave ti3 kilos of nitrogen to the hectare as the amount taken up 
by the crop from the green manure j which, according to other 
experiments of Kellner, is equal to the amount taken up from a 
manuring of 85 kilos sulphate of ammonia to the hectare. Kellner 
heartily commends tl1is metl10d of manuring the rice-fields. ·When 
they are not thus treated, it is customary to leave them bare dur
ing the winter. 

Clover as Green 1~fatl1l1'e. 
In the same way that grass-sod is made to furnish green rna

!lure ill X ew England, so is dover-sod in several European systems 
of rotation, as well as ill the wheat-growing regions of N t'w York 
and of seveml other American States. In these districts clover
seed is often spoken of as " a cheap manure." 

Since cloY(~r forms a thick mat of roots, the turning-under of a 
mere dry stubl)le of it gives to the soil a considerable amount of 
nitrogenized organic matter in any cvent. But there is a system 
of culture occasionally practised in seyeral European countries, in 
which care is taken to com'ert the stubble into greensward before 
ploughing it under. To this end, a portion of the fertilizing Illat
tvn; that would be allotted in any event to the next year's crop, 
is applie\l as a top-dretlsing to the field immedi:ttely after the 
cloY!'r has been mown. The abull(lant crop of aftermath thus ob
taine!l is then ploughed in at the farmer's ccnvenience. 

J 11 view of tlw fact that a clover-crop treated in this way will 
hring into thc soil from the air a. specially large quantity of ni
trogenous food [tllll of humus-producing materials, without wast
ing [tny of the manure that was applied to it, the method would 
seem to be a peculiarly happy device for applying fertilizers 
economically. It may well Le asked whetl1cr it woulll not often 
he best, in C:1SfS of green manuring, to encourage the growth of 
the green crop by dressiug it lllodprately with manure. 

In some of Ollr Southern States, the anuual, crimson clover is 
growll occasionally on soils which are too light for ordinary clover. 
\\'hen ollce fairly started, the crop does well on non-calcareous, 
santly or light clay soils, though it is somewhat uncertain since the 
newly germinalI'd plants a.re easily" burnt off" by hot sunshine. 
As far north as Delaware it can be grown either as a summer 
crop 01' as a winter crop which shull cover the laml during the 
autumn lllonths. In the latter case it is sown ill late ,T uly or in 
August. In an experiment described by the Delaware Experi-
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ment Station, a single dollar's worth of crimson clover-seed to the 
acre, sown under Indian corn at the time of the l:.lst cultivation, 
gave a green crop which weighed 8 tons and GOO lb. ns it stood in 
blossom in the field in the first week of the following .Tune. It 
was ploughed under on June 5, and Indian corn wns planted upon 
it on .Tune 7, and there was obtnined a yi('I(1 of 48 hushels of 
shelled corn to the acre against 24 bnshels of corn harvested from 
an adjacent acre which had borne tomatoes ill the previons year, 
and which was dressed with 100 lb. of nitrate of soda ns a prep
aration for the corn. (Allen.) 

Grain Fed by Legll?nps. 
There are several very old European methods of growing grnin ' 

after leguminous plants which depend absolutely on the i(1ea of 
green-manuring. Thus, G asparin reports that on soil" and it). 
situations suitable for growing lupines he has seen that plallt 
habitually made the basis of a succession of crops of cereal gmins 
by simply sowing its seeds immediately after the grain hllJ'Yest 
and ploughing under the green crop a short time before seeding 
the land with the next crop of grain. In a similar way, irrigated 
land in Southern Europe may be well mannred by growing beans' 
upon it as a stolen crop and plowing the plants uncleI' in OctoheJ', 
when tbey are in blossom, as a preliminary to the sowing of . 
wheat. A method of manuring for barley formerly practisc(1 in 
'Yes tern Germany was to harrow lightly the stn bhle of winter 
wheat, or rye, immediatcly after the harvest, and to sow vetch 
see(]s very thickly. The young vetch-plants were dress('(] with 
gypsum, to encourage luxuriant growth, n]]d the green crop was 
finally ploughed under in late autumn, as a preparation for barley, 
which was sown in the spring. The barley obtained in this way 
is said to have been of excellent quality atH1 exeeptiolJally heayy. 

Anothcr method, sometimes practised in Korthern Ohio, is to 
lea\'e the second growth of clover lying upon the field during thc 
winter, l1S a heavy mulch, care bt'ing taken to ('ol11b down the 
knee-high crop with a smoothing harrow, just before cold weather 
sets in, so that the plants may alllic down in one direction, viz. 
that in which the plough will eventually he drawn. Land tim;.; 
mulched dries out somewhat slowly in the spring, and there may 
be some delay before the breaking up of the sod can be proceeded 
with; but by using a plough upon the beam of which a skimmer 
or" jointer" (a small ploughshare) has been set, even a mass of 
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clover-plants so heavy that they represent a crop of two tons of 
clover hay to the acre can be turned under without much trouble. 
(Terry. ) 

Spnrry /01' Green .Ll£anuring. 
Spurry (Spergula arvensis, and variety maxima) is another 

plant which has sometimes been used for green-manuring in some 
of tile moister parts of Europe. It grows rupidly and may readily 
be interpolated as a stolen crop between two BuccessiYe crops of 
rye. It is regarded as an ameliorating crop, like clover, and tilis 
popular impression is supported by the experiments of Voght, 
who by growing and ploughing under three successive crops of 
SpUl'l'y in one season was enabled to grow subsequently a heavy 
crop of rye, and afterwards a crop of potatoes on the land thus 
prepared. Voght estimatcd that the fertilizing cffect produced by 
i1is SpUlTy was cqual to that of 4.5 tons of farmyard-manure. It 
needs to be said, however, that in spitc of much farm experience 
which seemed to indicate tllat SpUlTy must be able in some way to 
get free nitrogen from the air, there are scientific experiments by 
Schloesing and Laurent which signally failed to confirm this idea. 
In so far as these observers could determine spurry was no better 
able than oats, mustard or cress were to fix free nitrogen. 

1£010 to Plollyh Green Crops. 
A common method of facilitating the operation of ploughing 

under a green crop is to fasten to the plough- beam near the stand
ard one end of 11 sllort heavy chain ami to attach the other end of 
the chain to tile whiflletrec of the off horse, so that tile loop of 
chain in passing over the ground may drag the plants towards 
the furrow in sucll manner that they can be handsomely covered 
by the furrow slice. In case the piau gil is drawn by oxen, the 
outer end of the chain may be fastenecl to a stick wilich has been 
bolted into the plough-beam for tilis purpose. Some farmers 
i1ave insisted that it may be well in certain cases to pass a roller 
over the green crop in order to crush down the plants before 
ploughing them under, willle otilers maintain that rolling is not 
necessary. In case a green crop has been grown late in the season, 
the ploughing of it may well enough be postponed until just be
fore the ground freezes, and if this be done there will be less 
trouble in turning under the frozen and fallen crop. In some 
cases the ploughing migllt even be put off until the next spring. 
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Green 1JfanUJe a Source of Humus. 
It is to be noted, that by ploughing under a forced clover-crop, 

an abundant supply of organic matter may be added to the soil 
through the intervention of purely inorganic manures, such as 
guano, or superphosphate, or wood-ashes. In view of this fact, 
one of the objections most commonly urged against the use of the 
inorganic or mineral fertilizers falls at once to the ground. It has 
been suggested repeatedly, both by systematic writers and by 
practical farmers, that the long-continued use of inorganic ma
nures must inevitably impoyerhlh the soil, since in usillg them 
continually no supply of humus (such as is given in barnyard
manure) would be brought to thc soil. But, manifestly, it is an 
easy matter to raise a crop of -humus once in a while for the land, 
and upon the land, whenever it may be needed; and this may be 
done very cOllveniently by growing the green manure in late sum
mer, after an early crop of grain, or the like, has been harvested. 
There would be no need of giving up the use of the land for an 
entire season. So fal· from the fertilizers used to force a clover
stubble being wasted, the sum total of plant-food in the soil is 
actually increased by whatever thc clover has taken from the air. 

Of course, in a dry grazing country like New England, where 
the" fall feed" for pastured cattle is no small item to be taken 
into consideration, the ploughing-under of a forced clover-crop 
would seldom be justifiable. The green crop would be fed out, 
either green or dry, to cattle, who would return dung to tile land. 
Perhaps the land would not be so well manured in this way for the 
time being, but the advantage to tile farmer would nevertheless be 
greater in most cases j for, in spite of the cost of harvesting the 
forage, of carrying it to the cattle, and of carting ont and spread
ing their manure, it would still be true, in the long run, upon a 
well-conducted farm, that the farmer will get two profits, - one 
from the animal increase or other product obtained by using the 
fodder, and another from the manure which the fodder has pro
duced. 

Rather than plough under the clover, it would be better, on many 
farms, to mow it once for hay, and again for seed to be sold. For 
the clover-roots alone would be equivalent to a considerable quan
tity of manure, and with the money got by selling the clover-seed 
there might be bought a store of cotton-seed-meal, corn-meal, 
bran, or malt-sprouts, wherewith to produce dung. It is a fact, 
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as will be explained hereafter, that animal excrements act as rna· 
nure more quickly, more powerfully, and mOre assuredly, than t.he 
plauts which ha,'e produced them can. 

Generally speaking, all green crops are thus fed out nowadays, 
and it seldom happens that a crop is ploughed nuder if it be thrifty. 
N cverthclcss, it may sometimes he well to force old sod-land in 
the spring, in the manner just now indicated, 8.S a preliminary to 
planting corn, provided the land is wen suited for thc purpose. 
So, too, when Indian corn is grown after winter wheat, one way 
of proceeding is to sow 10 or 12 lb. of clover-seed to the acre upon 
the wheat in the spring, and to plough nnder the elover the next 
spring, in tbe latter part of 1\1l1Y, by which time a Yigorous growth 
will have started, and immediately to plant corn upon the irn'erted 
sod. There must always be exceptional cases, as of fields far 
from the llOmestead, where green-manuring may be adyisable. 
And ill cases where a crop has grown so feeuly that it promises to 
be hardly ,vorth the trouble of harvesting, it may sometimes be good 
practice to plough the crop nnder, out of hallCl. In such event, 
where the amount of herbage to be ploughed under is but small, 
there need be little or no delay in sowing seeds upon the bnd for 
another crop, especially as regttrds some kinds of crops; but when 
a heltVy green crop has been turned under, time enough has to be 
allowed, in many cases, for the buried plants to decay before the 
seeds for the next crop can be sown, lest they, too, be destroyed 
by the process of putrefaction, .For example, it was a rule among 
Saxon farmers, that, when rape-seed was to be sown in autumn, 
after clover, the latter could not be mown twice or thrice during' 
the conrse of the summer. On the contrary, the stubble was 
ploughed under after the first cutting of the clover, und left to 
decuy until September, when the rape-seed wus sown. 

G)'cen },[mwre 1Jl.ay Decay SlaLely. 
A moment's cOllsideration of the familiar method employed for 

preserving fodder in silos will teach that a green crop, which halO 
been ploughed under, can hardly be expected to decay yery rap
idly benc(tth its covering of earth, unless the conditions should 
happen to be specinlly favorable for decomposition. For rapid 

'decay, there will be needed warmth and a fair amount of moisture, 
as well as considerable supplies of air, and the presence of an 
abundance of the micro-organisms propel' for fermentation. In 
case the earth were so compact or so wet that air could not gain 
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access to the buried plants, tlrlly would undergo comparatively 
little change, and be preserved as ensilage is. But, under favor
able conditions, the lJllried plants will decay, with evolution of 
ammonia, mucil as a ilcap of green weeds would, above ground. 
DeMraill, operating ill France Oll "permeable bud," Iloticeu that 
vetches and mustard, ploughed unncr in November, did 1Iot decay 
rapidly. A fortnigilt or three weeks after burial, the leayes and 
stalks of the plants were still green, though soft and withered j 
but soon afterward they blackened, and began to exhale ammonia 
in the fields that were moderately moist. After 2 or 3 months, 
however, it was hard to discover any remains of the plants. 

Green ffImlUJ'e 1'ersus Fallows. 
In general, it may be said that the practice of green-manuring 

militates strongly 'against the system of allowing land to lie in 
naked fallows. 

Beside the opportunity afforded for nitrification, one chief merit 
of fallowing was found in the power it gave the farmer of destroy
ing weeds on land which had become insufferably foul. Long be
fore fallows were discarded in COllntries tllC agriculture of which 
is somewhat advanced, it had corne to be a tenet of go()(l practice 
that tile fallow land must be ploughed repeatedly, so as to bury 
the half-grown weeds as often as a new crop of them had sp1'llng 
up. The cnstom was to apply manure to the fallow land, late in 
the spring, and when this manure was ploughed ullller, many weed 
seeds germinated, as a matter of course, and weeds grew in great 
abundance. But most of these weeds were destroyed, OIl again 
ploughing the land. Thus the practice of green-manuring is in 
some sellse an outgrowth from the system of fallowing . 

.Fallows were at Olle time defended, it is true, upon the gronnd 
that all htnc1needs rest occasionally. But, as was just said, long 
before the practice fell into disrepute, it had becollle a feeble sys
tcm of green-manuring, in which the weeds constituted the grecn 
crop. But, manifestly, if it is proposed to practice green-lllanur
ing, it will be best to practice it thoroughly. If a field is to be 
giYen over for a season to the production of green manure, eCOll
omy demands that, by means of some appropriate seeding, it shall 
be made to produee a fair crop of the desired manure. And it is 
easy, by means of light dressings of artificial fertilizers, to grow 
several tons of the green crop, and so to plough in a mass of fer
tilizing material, which, in so far as mere weight goes, will com
pare favorably with a moderate manuring with dung. 
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Even if the destruction of weeds is the thing specially desired, 
it would be best to grow a succession of green crops throughout 
the summer, one after another, upon the inverted sod of the pre
vious tender plants, and it might often be well to let cattle or sheep 
l'llll upon each of these short green crops a week or so before 
ploughing them under, in order that some of the best of the forage 
should be eaten off. Buckwheat may be grown in this way to the 
extent of three crops in a single seaSOIl, and sillce the plants stand 
close together, and occupy the land completely, weeds have little 
chance to thrive. It is said, moreover, that buckwheat, sown 
very early in the season, "runs to leaf," and produces mnch stalk 
and very little grain. 

JvIustard as Green ~~Ictnul'e. 
White mustard appears to be pltrticularly well suited for use as 

green manure, because no more than 6 or 8 weeks are needed for 
it to grow. Two crops of it may be ploughed under in a single 
season, and time enough still be left for seeding down the land 
to grass or grain in the autumn. In many cases, a peck of seeds 
to the acre is thought to be enougb, and ouly a light ploughing is 
needed when the crop is to be buried. 

Several English farmers have urged that, no matter whether the 
year be wet or dry, the foulest fields of strong land may be cleaned 
in a single season, and even couch-grass be completely destroyed, 
by growing three successive crops of white mustard upon the land, 
and ploughing them under. In case the land is very foul, it is 
thought best to plough under all the rerbage, because the second 
and third crops will be heavier, in this case, tllan if the previous 
crop had been eaten off; bnt if the field is moderately clean, sheep 
may be permitted to eat off the bulk of each of the crops. A 
dressing of 100 bushels of lime (slaked witll brine) to tile acre, 
applied after the first ploughing, has been found useful. About 
one-third of a bushel of mustard seed is sown to the acre. The 
plants are ploughed under just as they are bursting into flower, 
and pains are taken to re-sow the land upon the fresh furrow the 
very day of the ploughing, in order that the smothering power of 
the new crop may be brought into action before any of the half
dead weeds shall have time to revive. It is said that three suc
cessive crops of mustard will not only check weeds, but leave the 
soil in a condition almost as good as if a medium dressing of 
farmyard-manure had been put upon it.· It is said to be well to 
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sow a small quantity of nitrate of soda upon the first crop of the 
green manure, in order that it may grow thick and strong, and be 
the better able to smother couch-grass and other weeds. One cwt. 
of the nitrate to the acre has been known to double the first crop of 
mustard, and to increase the succeeding crops also, to the manifest 
Improyement of their smothering power. Some farmers, instelHI 
of ploughing under three crops of mustard, prefer to grow vetches, 
annual clover, or some other forward crop, in the spring. After 
this crop has been fed off to sheep, there will still be time to get 
two crops of mustard, to be ploughed under 01' eaten off, accord
ing to circumstances. 

Marshall tells of an experiment in which rape-seed, sown late in 
July, in Southern England - on land which was to be sown in the 
autumn with wheat - gave excellent pasturage to sheep, which not 
only ate the rape-plants with avidity, but preferred them to tur
mp-tops. 

Rib Ploughing for Burying Weeds, etc. 
There was an old :English system of ploughing, called "rib

l:nng," that deserves to be studied anew in connection with the 
aubject of green-manuring. In ribbing, the plough was ma(le to 
turn up a thin slice of sod, and lay it over fiat, face downward, on 
the adjoining surface of undisturbed sod. 

At a proper distance from this first furrow, i. e., at the next 
furrow but one to it, a second slice of sod was inverted upon the 
strip of undisturbed sod that had been left to be buried; and so 
the entire field was thrown into a system of low ridges and shal
[ow furrows. The herbage was in this way completely buried, 
though only half the surface of the land had been actually ploughed, 
and that with light labor. 

In the olrl English practice, the sods were left thus buried face 
to face until the grass and roots had rotted, when the entire sur
face of the land was broken up by means of a heavy harrow, or by 
ploughing the field across. 

It seems probable that this method might sometimes be applied 
with advantage upon land foul with weeds, in cases where a cou
ple of crops of green manure were to be grown in a single season. 
The first crop of green manure might be ribbed while the plants 
were young, and the second crop sown upon the ribs wi.thout dis
turbing them. Finally, the last crop would be ploughed under 
crosswise. 
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Perhaps the method of ribbing could be used also for the im
provement of old pastures, run out to white-top or other useless 
grasses. For, with a comparatively small expenditure of labor, it 
would be possible, in many cases, to destroy the old grass, and to 
bring the land into such shape that white clover and fine-top, and 
June-grass or orchard-grass, would flourish upon it, when simply 
sown on the ribs without further tillage, perhaps even without any 
other manure than the rotting sod would give. 

Green Crops shade the Land. 
There is one merit in green manuring that has been strongly in

sisted upon by some writers j viz., that by shading the ground the 
crop brings the soil into a favorable condition of fermentation, 
whereby useful chemical actions· are induced and maintained, at 
the same time that good physical conditions are insured. 

It is undoubtedly true, as regards the surface soil, that shade 
does act something like a muleh to keep the land open and mellow, 
as well as to protect it from the baking influence of the sun and 
the formation of crusts by beating rains. So many weeds are 
choked withal by the green crop, that the land may be cleaned 
thereby to an appreciable extent. But, as will be shown hereafter, 
the very crops which shade the soil best, and keep its surface mel
low, are precisely those which pump the largest quantities of water 
out of the lower layers of the soil, and tend to leave it so dry that 
sllcceeding crops may be injured. It is on this account that green
manuring is often inadmissible on land which is to be sown with 
grain in the autumn, for it might readily happen that so little 
moi"ture would be left in the soil that the seeds could not germi
nate nor the young grain-plants grow. l\1oreover, the good ef
fects of shade are in no sense a peculiarity of the process of green 
manuring. They will be felt just as strongly when the crop is to 
be harvested and used for fodder, as when it is to be ploughed 
under. 

No matter how important the shading of land may be consid
ered, there is still abundant evidence to show that the ploughing
under of green plants is an effective method of fertilization. Thus, 
Schober, on harvesting a crop of turnips that had been dressed 
with farmyard-manure, removed both tops and bulbs from one
half the field, while upon the other half of the land the tops were 
ploughed under. The next spring, oats were sown upon the en
tire field, and there was harvested from the land-
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Where the turnip-tops were left. . 
Whence the turnip-tops were taken. 

2,300 lb. grain and 3,700 lb. straw, etc. 
1,800 " 2,370 

Gain from the turnip-tops . . . . 500 " 1,330 

Hlubeck diyided a bean-field into two equal parts, ploughed un
der the crop on one-half the field, and carefully removed both crop 
and roots from the other half. 'Vlieat was then sown, and it 
yielded 33 measures of grain wliere the land had been fertilized 
by the bean-plants, and only 22 measures wliere the bean-crop had 
been removed. 

'Vollny divided a field into plots, eacli of 4 square metres, and 
left some of these plots fallow, while several kinds of plants 
proper for green-manuring were grown upon tlie otliers. 'Vhen 
the plants were in flower, one plot of each kind was ploughed un
der, while another similar plot was mown, and the product carried 
to a fallow plot, there to be ploughed in. The stubble plots were 
ploughed, also, and the next year peas were sown upon the laud. 
Comparisons were thus made as to the fertilizing effects produced 
by roots left in the laud, tops carried to the land, crops ploughed 
under, and bare fallow. The results of these trials are set forth 
in the following table:-

Kind of Plant. There was plonghed into Grain Straw 
the land Grm. Grm. 

White Lupines. I. Roots and stubs 877 1,602 
II. The entire crop 1,283 1,470 

III. Plants from I . 1,443 1,880 
White Mustard. I. Roots and .tubs 1,011 1,223 

II. The entire crop 1,192 1,327 
III. Plants from I . 1,491 1,668 

Vetches. I. Roots and stubs 86:1 1,066 
II. The entire crop 1,145 1.126 

III. Plants from I . 1,439 1,603 

Buckwheat. I. Root. and stubs 973 1,208 
II. The entire crop 1,006 1,063 

Ill. Plants from I 1,135 1,429 

Fallow. 983 1,237 

The merits botli of fallowing and of green-manuring are evi
dent from these figures, for the green tops ploughed into land that 
had been refreshed by fallowing, and from which nothing had been 
taken by the plants, gave better results than were got on the plots 
that were given over to green-manuring alone. 

Lupines as Green ~[anure. 
The ploughing under of lupines as a means of fertilizing land is 

a practice of the highest antiquity. Pliny said of it, ill his time, 
"It is universally agreed by all writers that there is nothing 
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more beneficial than to tnrn up a crop of lupines, before they 
have podded, or else to cut them and bury them in heaps at the 
roots of trees and yines." The white lupine has, in fact, been 
usell for green-mannring, in Italy allll in Southern France, from 
the earliest times, and it is still habitually grown there, in some 
samly regions, to ue plougbed under, as a forerunner of winter 
ryr, an(l eypn of winter wheat. Efforts were made to introduce 
it into (+ermallY rather early in the nineteenth century, hut it 
grlilled 110 ypry linll foothold at first, because animals refused to 
eat the plallt, and uecanse it often failed to ripen its seeds. 
(irallll:dly, however, the white lupine, whieh had ueen used solely 
fol' gl'l'Pll-mallUl'ing, came to he replaced, in Germany, by the yel
low [Iud the bllle lupine, which are suited by the climate, and 
whieh, ('ypn when llot ploughed under, work very decidedly to en
rich samly soil,;. Both tbese crops, but especially the yellow lu
pine, have the very great advantage over the white-flowering plant, 
th~lt tlwy <'fln l)e m;ed, either green or dry, as fodder, especially 
for fe!'fling sheep. 

From the llliddle of the 19th century, they have been extensively 
grown in se,'eral sandy districts of Germany, and the more suc
cull'llt yellow lupinE', in particular, is esteemeu to be a blessing 
upon mallY poor, light, sandy soils, in situations where hardly any 
other leguminous plants can li\'e. Land that formerly yielded 
nothing but miserable crops of rye, and where even buckwheat 
was apt to fail in dry seasons, now gives profitable crops of sev
eral kinds, thanks to the introduction of the yellow lupine in the 
courses of rotation. The lupine plants are said to grow to a height 
of 3 or 4 feet, even on the poorest soils, in case any rain falls to 
eke out the winter's supply of water. 

Some farmers have reported that, if yellow lupines are mown 
for htly before the mi(ldle of July, so many new shoots will spring 
up from the roots that the land will be covered with a new crop in 
the comse of three or four weeks. This second crop may be mown 
green, or left to ripen seeds, according as the first crop was mown 
late or early. Ordinarily, the young lupine-plants are fed off to 
sheep, or the mature crop is mown and dried to hay, upon racks, 
as beans are j though, inasmuch as the hay and the seeds ob
tained from it are somewhat liable to poison animals, and are 
bitter and repugnant to most animals until they have become 
habituated to their use, there is less incentive to harvest the crop 
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than would otherwise be the case. Hence, a not uncommon 
method of procedure is to sow the yellow lupines in .Tune, to roll 
down the crop when it is in full flower and the first pods are be
ginning to show, and to plough the plants under. Some weeks 
after the ploughing, rye is sown, and better crops of rye have often 
been got in this way than when the land had been dressed with 
fal'lnyard-lllallure. Hometimes the bulky lupines have to be mown 
before they can be ploughed under, and some farmers have even 
taken the trouble to rake the mown plants into the fUlTows. 

In Southern countries, the lupine is not winter-killed unless the 
thermometer falls below 7° F. (Gasparin), and in Italy it is grown 
as a stolen crop, on fields where grain has just been harvested, 
and is ploughed ull,ler the next spring in time to permit the land 
to be prepared for the crop of that year. But in North Germany 
the lund has to be given over to the lupine crop during the entire 
spring and summer. 

Latterly it has been urged that it will be best to plough under 
the crop, 110t at the moment of flowering, but as late as may be 
possible, because it has been observed that the largest quantity of 
nitrogen is taken in from the air after the time of flowering, and 
before the seeds have become fully ripe. 

The lupine has severnl peculiarities which specially fit it for use 
as green manure. It appears, indeed, to be by far the best plant 
for the purpose which has yet been discovered. It grow,; rapidly, 
even on sandy soils, and sends its roots deep down into the earth; 
it stands drought well, and is said to be very little troubled by 
insects; it is leafy amI voluminons, so that it shades the ground 
abundantly, and yip Ids an enormous burden of organic matter. 
And, mor;t important of all, it supports microscopic fungi upon 
its roots, which take nitrogen from the air, as has been set forth in 
the chapter on Symbiosis. 

Lupilles grow well on sandy and loamy soils, eyen on loams tbat 
are tolerably rich in hUlllus or clay. They do not succeed on cold 
01' stiff or wet land, or on very rich hUIlIUS, or on calcareolls soils. 
I3ut it is now well known that the prosperity of this plaut depends 
chiefly on the presence, upon its roots, of a parasite which has the 
power to take nitrogen from the air, and in case the lupine-crop 
should not succeed, when grown in a new locality, the first thing 
to be done would be to scatter upon the new land a quantity of 
Boil taken from an old lupine-field, in order to bring in the root-

VOL. 11-11. 
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bacterium. Acting on this idea, Budrin has obtained excellent 
crops of lupines on light, sandy loams. By using composts also, 
he got remarkably fine crops; and he urges that, lJy means of 
compost, wood-ashes, and ground phosphate-rock, lupines may lJe 
grown on the sandiest soils, provided they are not so situated that 
a short drought would ruin the crop. 

Effects of Green-~Wanuring. 
The following examples of results obtained by growing rye, after 

green-manuring with lupines, have been copied from Heiden. One
half of a field was sown with 60 lb. of lupine seeds, and the other 
half was left fallow. 'When the lupines were well grown, the whole 
field was ploughed and sown with rye. In one case, there were har
vested, in pounds, the following amounts: -

Grain. Straw and Chaff. 
After the lupines 532 1072 
After the bare fallow 232 656 

In another case,-
After lupines 400 609 
After bare fallow 245 503 

In other cases, where the stand of lupines was light, -
Grain. 

After lupines . . . . . . . 270 ana 259 
After bare fallow . . . . . . 216 " 191 

Straw and Chaff. 
498 and 542 
423 " 388 

In another case, rye was grown on a sandy soil after yellow 
lupines, on plots of 24 square rods, as follows: -

Grain. 

I. Where lupines were ploughed in. . . .. 96 
II. Where lupines were mown and earried to III. 64 

III. Where lupines from II. were ploughed in.. 66t 
IV. After bare fallow . . . . . .. 56 

Examples of Green-manuring. 

Straw and 
Chaff. 
205 
130 
136 
114 

Some American examples of green-manuring 11ave been reported 
as follows. Plough the land in June, harrow in buckwheat, and 
plough the buckw11eat-crop under in August, or before the seetIs 
begin to ripen. Finally, sow winter grain in the autumn. It is 
said to be a good plan to lime the land after ploughing in the buck
wheat; and, as a general rule, it is t110ught to lJe well, after a 

) green-manuring, to apply lime at the rate of some 2;') or 30 bush
I 
t els to the acre. If the crop of green manure be large, the plants 

should lJe rolled heavily before ploughing them, so t11at they may 
be fully covered with earth, and care should be taken to bury them 
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deeply, so that enough moisture may be retained to insure speedy 
decay. 

Another way of proceeding is to sow white turnips after the 
buckwheat above mentioneJ has been ploughed in, and to plough 
unJer the turnips, in their turn, in the spring. The turnips have 
the merit that they will continue to grow in the autumn after the 
early frosts. In some seasons they will grow a gooJ deal at that 
time. Still another way is to sow rye on the buckwheat-sod, and 
to plough in the rye the next May, when it is 3 or 4 feet high, and 
plant Indian corn upon the land. 

p. ,Vagner sowed peas and vetches in August for three years, 
on bnd poor in nitrogen, but which was hcayily dressed with po
tassic and phosphatic fertilizers, and carefully tilled. He ploughed 
under the luxuriant green crops lute in the autumn, and sowed 
summer rye upon the land the next spring. During the three 
years, the gTeen crops brought to the land from the air, in the 
stems and leaves alone, some 200 kilos of nitrogen to the hectare, 
and the rye harvests were increased thereby to the amount of 
3,800 kilos of grain and 7,500 kilos straw to the hectare. 

In case a crop has been removed from the land so late in the 
season that turnips cannot be grown upon it for sale, rye may be 
sown, either to be pastured in late autumn and early spring, or to 
be cut green in the spring, or to be ploughed under at that time, 
as circumstances may dictate. Rye will grow freely in warm au
tumn weather, especially on moist low-lying land, and will not only 
check the growth of weeds, but pick up the nitrates in the soil, 
and prevent them from being washed away by the rains of autumn 
and spring. In so far as this saying of nitrates ~s concel'l1ed, it 
will usually be true that the richer the land the greater will be the 
need of keeping it covered with growing crops during autumn, win
ter, and spring, in order to prevent leaching by rain. In summer, 
as has been shown, comparatively little water soaks out from the 
majority of cultivated fields. 

One Trouble u'ith Green-mamo·ing. 
It is commonly taught that green-manuring is specially adapted 

to sandy soils in climates that are rather dry, though it has often 
been employed with advantage on heavy land. But there is one 
danger that needs to be kept in view and guarded against when 
possible. On light land, serious trouble might ensue if a drought 
should set in immediately after a green crop had been ploughed 
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under. For, unless there be moisture enough in the soil to rot the 
buried plants, the field would be left in a bad condition. In case 
of need, the land should be rolled after the ploughing, and it might 
even be subsequently harrowed lightly, i. e. cultivated a little at 
the surface, to preYent the moisture from drying out from the 
rolled earth. 

It lias eYen been noticed, on light sandy loams, that strawy 
horse-manure may sometimes give lighter crops than cow-manure, 
because of too much lightening up of the soil. That the converse 
of this is true, as a general rule, is well known, horse-manure be
ing specially esteemed for coW, heavy soils. 

Manifestly, green-manuring is a method of fertilization that 
needs to be used with care. It will probably serve a better pur-

f pose in districts where the soils are calcareous than in regions of 
barren silicions gravels, like the vicinity of Boston. Hut it will 
always be safest, in the beginning, to experiment with the process 
cautiously before subjecting one's self to expensive risks. If the 
condition of the soil is favorable as regards moisture and texture, 

\ green-manuring might be a valuable resource. Bllt if the con
I ditions are unfavorable, the ploughing-in of green crops might do 
I more harm than good, and involve the operator in wasteful ex-
I . 
ipendltures. 

After all has been said that can be in favor of the system, It still 
remains true that, excepting old sod-land, green-manuring is a re
source for the landscape gardener rather than for the farmer. It 
may selTe a good purpose in cases where waste pieces of land need 
to be ueautified quickly and at small cost j but ullder the arrange
ments that cOlllmonly exist upon farms, nowadays, it will usually 
be found more economical, as has been said, to harvest any green 
forage that may be grown, and to feed it out to animals whose 
dung will be returned to the land at some appl'Opri:tte moment in 
the cOllrse of a judiciolls rotation of crops. For the ownerB of 
most fr.,'I1lS, especially if their bnd be fertile, it is from the scien-

i tific point of view, and not from the practical or economic, that 
green-manuring is to be regarded as interesting and philosophical. 

Transported Green }~[anllre. 
A practice akin to green-manuring, and probably an outgrowth 

from the Roman custom of dressing vineyards with green plants, 
is seen at the south of France - in certain localities that are too 
dry to admit of growing forage for maintaining animals -where 
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the vineyards are mulched and manured with the hay of sedges 
and rushes, and other swamp-plants, which are mown on laud that 
is too wet to be cultivated. Sometimes the hay is transported to 
distances as great as 25 or 30 miles (Gasparin). So, too, in Ire
land, fern cut in the autumn is sometimes left to rot upon the beds 
where potatoes are to be grown next year, and good crops of 
tubers are obtained. (A. Young.) 

Strow of Grain. 
The value of straw as manure is evidently less than that of green 

crops; for there is necessarily less nitrogen in.straw, awl a smaller 
proportion of those inorganic matters which are valuable, than 
there is in young herbage. It is known that, as the seeds of a ' 
plant ripen, most of the phosphoric acid and nitrogen, and much 
of the other specially Ilseful ingredients, pass up out of the stalk 
of the plant into the seeds. 

According to Stoeckhardt, 2,000 lb. of absolutely dry straw 
contaiu-

Organic matter 
Nitrogen therein 
Inorganic matter. 
Potash and soda . 
Lime and magnesia 
Phosphoric acid 
Silica . . . . . 

Wheat. 

1,920 
8 

80 
12 

6 
4 

56 

Rye. 

1,940 
6 

GO 
11 

7 
2t 

36 

Barley. Oats. 

1,910 1,900 
6 6 

90 100 
24 28 
10 10 
4 3 

46 50 

Of course, these numbers are mere approximations to an av· 
erage. In special cases, whpre the crop has llcen hellYily ma
nured, or the season has been moist, though lIot over wet, the 
amount of nitrogen Illay be twice as large as is jwre given. It is 
to be observed, also, that the figures refer to straw dried at the 
temperature of boiling water. Ordinary straw contains some 8 or 
10 or 12 % of moisture. 

It is a matter of experience that thc nitrogen in straw is less 
efficient than that in green vegetable manner. In fact, the chief 
value of straw, considered as a fertilizer, must be attributed tD 

the ash-ingredients which are contained in it j though the mere 
organic matter of straw is useful a\,,;o in that it serves as food for 
the microscopic organisms which bring about decay and fer
mentations. 

Some interesting Saxon experiments bearing upon the value of 
straw are quoted by Stoeckhardt. A fnrmer manured his land for 
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several years with a couple of swamp-plants, - one part of the 
land with the cat-tail and the other part with the large bulrush. 
He found that, while the cat-tail was a really useful manure, the 
bulrush had scarcely any fertilizing power for his land. 

On subjecting samples of these plants to analysis, there were 
found in 2, 000 lb. of the dry-

Cat-tail. Rush. 
lb. lb. 

Organic matter • 1,900 1,960 
Ash-ingredients 100 40 

2,000 2,000 
Nitrogen 12 11 
Potash and soda 22 1+ 
Lime and magnesia 32 8 
Phosphoric acid 5t 2 
Silica 8 22 

Since the proportion of nitrogen and of humus-forming ingredi
ents is nearly the same in both plants, and the chief difference is 
found in thc proportion of alkali compounds and phosphoric acid, 
it is fail' to infer that neither the nitrogen nor the humus-formers 
are of so much value in these plants as the inorganic materials. 

Straw a Salable Crop. 
Reference will again be made to straw, under the headings, 

Dung, Urine, Compost, and Potash. Properly speaking, however, 
straw belongs among foddering materials, and is in most situa
tions worth more as fodder than it is worth as manure. 1\1oreover, 
in many localities straw is worth still more for various purposes 
outside the farm than it is worth as fodder and manure. Formerly, 
when there were no means of compressing straw for sale, or of 
transporting it when compressed, it was almost e\'erywhere re
garded as an important resource for keeping up the fertility of 
farms. But in modern times there are numberless situations 
where straw is as readily salable at a profit as any other crop, amI 
in such cases, i. e. wherever there is a market within reach, it is 
evident that straw should be sold as such, and tile price of it ex
pended, if need be, in buying some other form of manure. For 
packing fragi[e articles, and for bedding men and animals in 
cities, straw usually commands a price which takes it out of the 
category of manures. It should be seldom, if eyer, thought of as 
a manure nowadays in regions where it is salable. 
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Sea-lceecls. 
Several sea-plants, or, as the common expression is, sea-weeds, 

are largely used as manure upon our own sea-coast and upon the 
coasts of Great Britain and France. These sea-weeds are of ya
rious kinds, but in New England the farmers usually divide them 
into three general classes, viz. eel-grass, rock-weed, and sea
qtanure. 

Eel-grass (Zostera marina) may first be treated of, not, how
ever, because of its value as a fertilizer, for it is the least valuable 
of all the sea-plants. On the contrary, it is chietly interesting be
cause it so well illustrates what was just now said of straw j viz., 
that the mere fact of a thing's being of organic origin does not in 
any way prove that it has much yaine as a manure. 

Eel-grass is, in fact, a sort of flat straw j it contains some nitro
gen (about 1.3q %), and a large proportion of' what might be 
supposed to be humus-forming ingredients. More than 70 % of 
the air-dried eel-grass is organic matter. But, taken by itself, the 
eel-grass has little or no fertilizing power. It will llfll'llly rot any
where, either in the ground, in the hog-sty, Ot· in the manure or 
compost heap. It is a distinctly inconvenient thing, moreover, to 
haye in the way of the ploughshare or the dung-fork. It has long 
stood as a kind of reproach among the vegetable manures, much 
as leather-scraps stand in the list of animal products. For mulch
ing, for covering bins or piles of roots - as a protection against 
frost, mouldiness and decay - and for banking up, in autumn, 
around stables, greenhouses, cisterns, cellars, and pumps, eel
grass has been found useful, and this is about all that could have 
been said in its favor until yery recently. Considered as a ma
nure, it was rejected by the farmers long ago. It had beeu tried 
and found wanting by numerous generations of men. 

Still, on analysis, it appears that eel-grass contains a consider
able proportion of fertilizing matters, and there can he no doubt 
that it will be found amenable to proper treatment, and will even
tually be prized as a manure. 

Beside Ii- % of nitrogen, air-dried eel-grass contains 1 % of 
potash and 0.25 % of phosptoric acid. The ashes of eel-grass 
contain 7 % of potash and 1! % of phosphoric acid, which is 
about as much as is contained in ordinary house-ashes, from 
wood fires. 

The trouble with eel-grass is, as was said before, that it will not 
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rot in the soil. It must be coerced in some way in order to make 
its fertilizing constituents available for crops. It might be burned, 
for example, to ashes, in order to get the potash and the phosphoric 
acid j or, much better, the organic matter may be disorganized by 
composting the grass with lime or with rock-weed. That is to say, 
the eel-grass may either be thrown into heaps, with layers of lime 
interpolated in order to reduce the resisting tissue to a manage
able form j or it may be built into a heap, layer by layer, with fresh 
rock-weed or sea-manure, and so subjected to destructive fer
mentation. 

Sea-manure Proper. 
The really fertilizing sea-plants, i. e. those which are esteemed 

as fertilizers, belong to the class of Fuci, including the broad kelp 
or devil's apron, ribbon-kelp, rock-weed, and carrageen, or to 
the class of Alg&. All these plants are highly mucilaginous, and 
they contain much nitrogen. They might almost be compared to 
flesh, without going very far wrong. 'Vhen fresh, these plants 
contain a very large proportion of water j hence, when they once 
begin to decay and become <lisorganized, they melt down into a 
very small bulk, and seem almost to dissolve away. In this pro
cess of dissolution, most of the nitrogen originally contained in the 
sea-plants goes to waste, and a considerable proportion of their 
ash-ingredients also may soak into the earth. Hence, practical 
men object to leaye sea-manure lying in heaps at the heads of 
beaches for more than a few hours. It is because of this rapid 
depreciation that farmers very much prefer to collect sea-plants 
which have just been torn up by storms, or to pull or cut rock
weed directly from the rocks, ratller than to cart away sea-manure 
which has once before been thrown up by the wayes and then 
washed away again for a time, after it had begun to decay. 

From the fact that the tender organic matter of the sea-plants 
decomposes so easily, and that the plants themselves have no 
power of absorbing liquids such as is possessed by straw and 
leaves, there can be nothing gained for the sea-manure, either by 
compo sting it or by allowing it to ferment before it is applied to 
the land. It may, however, be used as a sort of yeast to induce 
the fermentation of eel-grass or peat j i. e. to improve these ma
terials. Prac~ice accords with theory in this particular, sea-ma
nure being usually either ploughed in green or spread upon the 
land as a top-dressing in as fresh a state as it can be procured. 
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In either case, the sea-manure decays very rapidly, except in times 
of drought, and produces its chief effect upon the first crop. ~When 
ploughed under, it tends to make the soil open and friable. The 
rapid action is in this case one of unmitigated advantage, for 
wherever sea-manure is to be had at all, it can generally be ob
tained one year nearly as well as another, and it may therefore be 
supplied to the land as often as is desirable. 

It is an easy matter, withal, for the farmer to keep a large stock 
of cattle upon the grass or other forage which the sea-manure 
nourishes, and so to supplement that kind of manure by the dung 
of cattle thus kept. But the stable-manure, though helpful, is not 
essential. There are several islands on the coast of France where 
sea-weeds and the ashes of dung are the only manures employed 
upon the farms. Cattle are kept, indeed, in large numbers, but 

. the Gung is all dried and used for fuel. 
On the island of Jersey, in the English channel, the sea-weeds 

thrown ashore by the winter storms are esteemed to be an excellent 
application for grass. Herbage of excellent quality is produced, 
and cattle feed with avidity in pastures to which sea-weed has 
been applied. It is used there also, together with farmyard-ma
nure, on rich land for parsnips, and sometimes for mangolds and 
Swedish turnips, though not for potatoes, to which it is said to 
impart a disagreeable flavor. For parsnips, a good coating of 
fresh sea-weed is spread npon the land in autumn or winter, and 
ploughed under 2 or 3 inches deep; and in the spring the !and is 
dressed with 20 or 30 tons to the acre of farmyard-manure, which 
is deeply buried with a trench plough. 

Here in New England there is abundant evidence of the great 
value of sea-manure. If we throw out of consideration some iso
lated tracts of rich calcareous land, as in Aroostook County, and 
the intervale farms of the Connecticut River and its tributaries
which are practically farms manured by way of irrigation - as 
well as those farms which depend upon the manure derived from 
great cities, and perhaps some farms upon Buzzard's Bay, Long 
Island Sound, and the coast of Maine, that are based upon fish
manure of one kind 01' another, the only really fertile tracts in 
New England are to be found back of those sea-beaches upon 
which an abundant supply of sea-weeds is thrown up by storms. 

The strip of country behind Rye Beach, in New Hampshire, 
comprising the towns of Rye, Greenland, and Northampton, af-
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fords a striking example of this fact. Abundant crops of hay, and 
(in former times more than no,,') of potatoes, [Ire there growl! and 
sold year after year, while the conn try remains fertile ami fortu
nate. flo, too, in Scotlanl! and Ircland, in pl:tces where there is 
an abundant supply of sea-weeds, it Iws somet imes happened that 
land I1n8 been cropped with ,rheat nlld potntoes alterllately for a 
long series (If years, ,,'ithout sufferillg dderioratioll, and without 
any diminution of the quantity of the prm!uce. 

Sert-1IU(}w/"r 'us. Dro/lght. 
It is Iloteworthy tha t grass-fields dressed 'with sea-maIlure re

main green throughollt the summer dro1q!hts, at timc;.; "lwn the 
scantily manurc<! fi.!'lds of the interior are brown al](! parched. It 
is a general rule, that highly manurt'd lallll is ]letter ahle to hol(l 
!llld to supply water to cr()ps th:m 1Il1m:murt'd lalJ(l i" j and it is 10 
be presumed, also, lhat the eOllsti(ucnts of the sea-manure may 
act to improye the capillary power of the soil. It is truc, more
oyer, of soils that are kept in good tilth, and welt storpd wito 
easily assimilahle supplies of plant-fool!, that the roots of crops 
will penetrate fnr helow the smfacc, amI tllllK 1w in llo~itioll to gpt 
both water and food frolll :t much larger rC';;l'l'Yoir of the~p COIll

mo<litics than can possilJly exi:;t, in timcs of tlro{lght, ill the 
shallow surface soil of fields that have lwither oeell tilled llOt 
manured. 

At Hyc Beach, the usc of the sea-manure extends some 8 or 10 
milcs back into the cOllntry, and to a less extent en'lI to I:? or 14 
miles. The high estimatiOll in which Kca-rnaumc is held ill pla(·es 
"here it (':m he got is ,Yell iIlustrall,tl 1,)" an ohseryat.ion of Arthur 
Young. At a loeality on tho weHt eoast of Ireland he found that 
the peasantryes(ccmetl one load of sea-manure to be worth at 
le:1;;t G loads of dung. " Jt is S() strong that thpy dqJenll cntirely 
Oil it, alld will not be at the trouhle to carry out thl'ir own c1uug
hilb. On the shore, they nctually lct their dunghills acculllulate 
till they becollle such :1. nuisance that they 1ll0YC tlwir cabins in 
order to get from them." So, 100, it is a matter of history that 
on the ()rkncy ISlalll!S farmyard-dung was formerly considered so 
inferior to sea-weNl as manure, that no one nsed it. It 11':1" al
lowed to accumlllate ill heaps, or was carried to some conY('lI icnt 
place where it could I,e put illtO the sea. It has bee11 sail! in 
1874, that within the recollection of living men the tenants upon 
one of the islands were bound to clear out the laird's dung courts 
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fords a striking example of this fact. Abundant crops of hay, and 
(in former times more than now) of potatoes, are there grown and 
sold year after year, while the country remains fertile and fortu
nate. So, too, in Scotland and Ireland, in places where there is 
an abundant Bupply of sea-weeds, it has sometimes happened that 
land has been cropped with wheat aJld potatoes alternately for a 
long series of years, without suffering deterioration, and without 
any diminution of the qnantity of the produce. 

Sea-1nrJ)tuI'C vs. Drought. 
It is noteworthy that grass-fields dressed with sea-manure re

main green throughout the summer droughts, at times when the 
scantily manured fields of the interior arc brown and parche(l. It 
is a general rule, that higllly manured lalld is hetter able to ho1<1 
and to supply water to crops th~n unmannred land is i and it is to 
be presumed, also, that the cOBstituents of tlle sea-manure may 
act to improyc the capillary power of the soil. It is true, more
over, of soils that are kept in good tilth, and well stored witll 
easily assimilable supplies of plant-food, that the roots of crops 
will penetrate far below the surface, and thus bc in position to gct 
both water and food from a mnch larger reserYoir of these com
modities than can possibly exist, in times of drought, ill the 
shallow smfaee soil of fields that have neither becn tilled HOr 
mannred. 

At Hye Beach, the use of the sea-manure extends some 8 or 10 
miles back into the cOllntry, :111C1 to a less extent eyen to 1:2 or 14 
miles. The high estimation in which sea-manure i15 held in places 
where it cnn be got is well illustrated by an observation of Arthur 
Young. At a locality on the west coast of Ireland he found that 
the peasantry esteemed 011e load of sea-manure to be worth at 
lenst G loads of dung. " It is so strong that they depend entirely 
on it, aBel will not be at the tronble to carry out their own dung
hills. On the shore, they actually lct their dunghills accumulate 
till they become such a lluisance that they move their cabins in 
on1cr to get from them." So, too, it is a matter of history that 
on the Orkney Islands farmyard-dnng was formerly considered so 
inferior to sea-weed as manure, that no one used it. It was al
lowed to accumulate in heaps, or was carried to some conycnient 
place where it coulc1 be pnt into the sea. It has been saic] in 
1874, that within the recollection of living men the tenants upon 
one of the islands were bonnd to clear out the laird's dung courts 
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once a year and carry the stuff to the sea-beach, where it was 
washed away by the tide. One farm was thought to possess a 
great advantage in that the dung could be thrown from the cow
stables directly into the sea. (Pringle.) 

Sea-~l:[cmnre is Wate1·Y. 
It is the enormous amount of useless water which has to be 

transported in the sea-weeds that practically limits their use to 
the immediate vicinity of beaches j it explains, too, the popular 
impression that this kind of manure is transient in its effects, and 
needs to be frequently renewed. For· in yiew of the large pro
portion of water in sea-manure the proportion of other things that 
are contained in it must be small, and the land is really manured 
very lightly in using it, although the farmer may haul and dis
tribute a great mass of bulky material. 

It is because of its containing so much water, doubtless, that 
in a cold country like Sweden the peasants, as noticed by Linn:.eus, 
do not put sea-manure in the fresh state upon wet soils. It would 
be slow to ferment and decay there. 

One advantage which the sea-manure shares with the commer· 
cial fertilizers is its entire freedom from the seeds of weeds, the 
spores of fungi, and the eggs of insects. It is a comparatively 
easy matter to kcep a farm clean and in good heart when there is 
no innumerable host of weeds to overrun the land, to dissipate its 
moisture and sap its strength, and to distract the farmer and hin
der him from tilling the land as he would like to do. According 
to Evelyn, "dung is the nurse of vermin." 

The growth of sea-weeds is often very rapid. It is recorded of 
a rock on the coast of Scotland which is uncovered only at the 
lowest tides, that it was one year chiselled smooth in November, 
and that on the following May, less than six months afterwards, 
it was thickly covered with ribbon kelp two feet long, and ordinary 
kelp six feet long. 

Composition of Sea-weeds. 
Analyses of various kinds of fuci by Anderson, Forchhammer, 

Marchand and others show that these weeds contain when fresh 
70 to 80% of water, 0.33% of nitrogen, 18 to 24% of organic 
matter, and 3 or 4 or even 5 or 6 % of ashes. In 100 parts of 
the ashes there are contained 10 or 12 or 15 or even 20 % of 
potash, 2 or 3 % of phosphoric acid, 10 or 12 % of lime and 6 or 
7 % of magnesia. It is to be remarked that the percentage of 
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ashes is very high; Marchand has observed that it amounts to 
from 10 to 20% of the absolutely dry weeds. But in ordinary 
cord wood there is usually no more than 1 or 2 (10 of ashes. 

Sect-manure a Potassic Fertilizer. 
It appears from all this, that the sea-manure, though a " com

plete manure," as the term is, - i. e. one capable of yielding to 
crops nitrogen, phosphoric acid, lime, and magnesia, as well as 
potash, - is ne"ertheless specially rich in potash j and that it 
might be looked upon as a potassic manure, much in the same 
way that guano is regarded as an ammoniacal manure. 

It will be shown farther on that the potassic manures are spe
cially favorable to the growth of cloyer j and it is not a little re
markable that there is perhaps hardly another locality in New 
England where red clover may be seen growing so freely and 
abundantly as upon the tract of country back of Rye Beach, just 
now mentioned, which has been manured with sea-weeds ever since 
the country was first settled. Clover grows there naturally and 
spontaneollsly, in the sense that it perpetuates itself and remains 
in the land year after year, much as June-grass does in other 
localities. 

Shrinkage of Sea-weeds. 
The facts that valuable sea-weeds contain nearly 80% of water, 

and that eight tenths of all that is not water is a soft, easily de
composable form of organic matter, explain the extraordinary 
amount of shrinkage that is often noted when heaps of sea-manure 
are left to themselves. Very large heaps have been known to 
disappear almost entirely in the course of a couple of years, noth
ing remaining but a little black fibrous matter, which probably 
represented the external portion of the original heap that had becn 
made dry and crisp by the action of the weather. It is worth 
remarking that a mixture of bone-meal and sea-manure would 
make a very complete manure, perfectly competent to replace 
dung in many situations. 

Ashes of Sect-weeds. 
Beside using the fresh sea-weeds directly as manure, it has long 

been customary, in several European localities, to dry and burn 
large quantities of sea-weed, and to use the ashes for purposes of 
fertilization. Thus, on the west coast of France, in Normandy 
and Brittany, the weeds are dried and stacked, and afterward 
methodically burned to ashes, in pits, in late summer. It is to be 
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remarked that a similar system of burning prevails on the north
west coast of Ireland, and that in Scotland, also, dried sea-weed 
is burnt in kilns j but in both these countries the ashes are sub
jected to chemical treatment, in order to obtain from them iodine 
and salts of potassium and sodium, so that, beside potash salts, 
the only product available for agriculture is the insoluble coaly 
residue which is left when the ashes are lixiviated. 

On the islands in the English Channel, as on the adjacent 
French coast, much sea-weed is burnt. The weeds are dried at 
the tops of the beaches, and are subsequently kept in thatched 
stacks, near the peasants' houses, on the hearths of which the 
weed is burned. In each house a constant, slow, smouldering fire 
is kept up by frequently adding to it some of the dried weed. 
The charred ashes are said to be sold at about 12 cents the bushel. 
On the island of Jersey, these ashes are said to be used particu
larly upon rich land that is to be laid down to wheat and clover. 
Such land has usually been highly manured for the potatoes, pars
nips or carrots, which precede the wheat. It is said that two and 
a half tons of the ashes to the acre are applied when the wheat is 
sown in early winter, and that when the wheat has grown to a 
height of 4 or 5 inches, clover and other grass-seeds are sown 
upon it. So large a dressing of the ashes would seem to indi
cate that much charcoal and sand must be admixed with them. 
Analyses by Golfier-Besseyre, of many samples of French ashes, 
show that they ordinarily contain as much as 50 %, and often 
more, of matters insoluble in water. Tlle rough salts dissolved 
out by water may contain from 11 to 44 % of sulphate of potash, 
from 12 to 35 % of chloride of potassium, and from 9 to 70 % of 
common salt. In some specimens, as much as 35 % of SUlphate 
of soda were found, and in others none. From 8 to 15 % of car
bonate of soda were found in some instances, and little or none in 
others. These differences depend, of course, largely on the vary
ing conditions, as to temperature and access of air, to which the 
weeds must have been subjected during the process of combustion. 

The residue, or leached ash from which the soluble salts have 
been removed by water, is highly valued as a manure in France, 
and is said to be carried to distances of 30 miles in the vicinity of 
iodine factories. 

Composition of Mosses. 
Hoffmann has analyzed a variety of mosses such as are some-
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times used as substitutes for straw for bedding animals. He 
found in the air-dried materials 14 to 18 % of water, 2 to 6 % of 
ashes,78 to 84 % of organic matter, and from 1 to 1! % of nitro
gen. The ashes were rich in potash and phosphoric acid. One 
sample of ash contained as much as 6 % of phosphoric acid, and 
in two samples there was contained 3 %. 

Sawdust and Tan-Bark. 
In connection with straw, a few words may be said with regard 

to sawdust and to spent tan-bark, which often suggest themselves 
to the farmer as fit materials for the bedding of animals and for 
the preparation of' compost. Speaking in general terms, neither 
sawdust nor tan-bark can be very strongly commended. They 
do not contain enough fertilizing matters to make them valuable 
as manure, and they are distinctly inferior to straw, leaves, sods, 
and peat as materials for compost, or even for mulching, though 
there are, of course, some particular instances in which they can 
be made to serve a good pnrpose. 

Tan-bark is well-adapted for mulching fruit-trees and straw
berry-vines in many cases, and when dry it may be used with ad
vantage for bedding animals, - excepting sheep, whose wool 
would be clogged by it, - but it needs to be kept under cover 
until the moment of use, in order that it may be dry. At one 
time it was thought that spent tan-bark which has lain for a long 
while in heaps and become rotten, was an excellent manure for 
cold, stiff clays, the more especially because it "loosens and 
separates the earth. . . . \Vhen this manure has been used 3 or 
4 time3, it has made land very loose which before was strong and 
not easy to be wrought." (Duhamel.) 

Dry sawdust is said to be superexeellent for bedding cows, 
since it keeps them perfectly clean, and is light and easily 
shovelled and readily spread in the fields j and a somewhat similar 
remark will apply to short shayings of wood such as are produced 
in planing-mills and by the turner's lathe. Experiments are re
corded on a subsequent page which show that dry sawdust ean 
absorb some three times its own weight of liquid. But on this 
very account the material is not much esteemed for bedding borses, 
since it is snpposed to make their hoofs dry and brittle, and since 
horse-manure charged with much sawdust is particularly liable to 
spoil in process of fermentation, because the heaps are so light 
'and dry. Even cow-manure admixed with sawdust may firefang, 
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like horse-manure, in the course of a fortnight, if left in a large 
heap. It is well to haul it out as fast as it is made, and to leave 
it in small heaps on the fields to which it is to be applied. 

It is not improbable that sawdust may sometimes playa more 
important part in compost-heaps made with cow-manure than was 
at one time supposed, for practical experience Ilas shown that 
sawdust serves very well for fermenting bone-meal when the two 
substances are mixed in equal weights and kept in a moist lieap. 

The question of the chemical composition of sawdust, tan-bark, 
and leached l1yewoods lias been treated of at considerable length 
in an article in ,T 01. II, p. 2G, of the Bulletin of the Bussey Insti
tution, to which the reader is referred. 

Sawdust is poor in inorganic constituents, tliough in respect to 
nitrogen it contains more than straw. Indeed, the best nse for 
sawdust (agriculturally speaking) is for bedding neat cattle, care 
being taken, of course, to sift out all splinters and lumpB, such 
as knots. 

Spent tan is poor in everything, and is practically useless, 
except as a mulch, or for altering the texture of soil. 

The following table of comparisons is from the Bussey Bulletin, 
Vol. II, p. 50:-
Per Cent of Saw- Spent Straw. Eel- Twigs with Best Autumn 

dust. Tan. grass. Leaves. Leaves. 
Potash. .. 0.10 0.08 0.50 to 1.00 1.02 0.88 0.10 to 0.50 
Phosp. Acid. . 0.05 0,04 0.20 " 0.30 0,23 0.33 0,06 " 0.30 
Nitrogen .. . 1.00 0.16 0.33 1.30 1.28 to 2.84 0.15 

It will be noticed in this enumeration that the fertilizing value of 
young twigs is really very high. Cato in his time directed that, 
"If a vine should happen to be but poor and meagre, prune the 
shoots of it and plough them in round about it." 

CHAPTER XVIII. 

HUMUS, OR VEGETABLE MOULD. 

THE importance of humus as a source of nitrogen is most con
spicuous when wild plants are considered. In spite of all that Illay 
be said of the importance of Symbiosis, it still remains true that it 
is from the humus of tIle soil that most plants, growing naturally, 
derive the greater part of their nitrogenous food. 

Some nitrogen, indeed, comes to all land with the rain and dew 
that fall upon it. But the amount of this atmospheric nitrogen 
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brought down by rain is comparatively small, and is, by itself, no 
more than sufficient to nourish a sparse vegetation, or vegetation 
of a very low order. Some assimilable nitrogen, in the form of ni
trates, is found in the waters of brooks also i and the plants which 
have access to such waters profit by tb.e nitrates that are contained. 
in them, as will be shown under the head of Irrigation. But only 
comparatively few plants are so situated that they can be nourished 
by brook-water; and, besides, a gooll part of the nitrogen in such 
wllter i::; derived, doubtless, from the oxidation of humus, up the 
stream. 

As has been shown, some free nitrogen from the air is oxidized 
by electrical discharges, and. as fin incident to combustion, and so 
made available for feeding plants. Some is fixed in the soil by 
micro-organisms, lidug there, whicb can absorb free nitrogen from 
the air, and mllch nitrogen is brought to leguminous crops, and to 
various otber plants, by microscopic parasites wbich feed upon tbeu' 
roots. But tbe fact remains, nevertheless, that humus must be 
looked to as of paramount importance for supplying nitrogen to 
many kinds of plants. 

]lmnus a Reservoir of Nitrogen. 
One of the most important attributes of humus, as found in fields 

and in swamp,;, depends upon the fact tbat it is a reservoir of ni
trogen, wbicb has been accumulated upon the land by the genera
tions of plants wbicb have lived and died there. The lichens wbich 
appear on the bare rock with the first suggestion of disintegration, 
take in nitrogen from the air, and convert it into vegetable matter, 
while the mosses and hardy plants which succeed them all accumu
late nitrogen from the waters by which they are nourished,
much as the swamp-mosses accumulate it to be stored in peat i 
and they yield after deatb a nitrogenized humus which tends to in
crease in quantity in temperate climates as long as the land or bog 
is left under the natural conditions, i. e. covered with vegetation, 
and neither exposed to fires nor to the denuding action of water. 
In all such cases, the humus appears to have accumulated in the 
places where it is found, by virtue of plant-food wbich has been 
gradually brought to those particular spots, from other localities, 
by means of water. This store of bumus is capable of supplying 
nitrogenous food to many successions of crops, when tbe land 
comes to be cultivated, and to be subjected to processes of nitri
fication. 
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The Ohamctel' of Ibonus 'oa1'ies with the Olimate. 
Humus may assume very different conditions, according to cli

matic and other circumstances to which it is exposed. But the 
fact of its accumulation in countries that are neither too hot nor 
too dry is none the less a general fact. In temperrtte cliulfttes, 
peat is often formed, while within the tropics peat is said to be 
unknown, except upon high mountains at an elevation of several 
thousand feet above the sert-Ieyel. In hot climates, the surplus 
humus occasionrtlly collects in enormous beds of black mould of 
extraordinary fertility. But in cold, high latitudes, the tendency 
is to form moorland rather than peat-beds, at least in many situa
tions; and there are thousands of miles covered with a deep black 
humus, rich in nitrogen, it is true, but cold and sour, and we11-
nigh unfit for the support of plants. A somewhat similar product 
occurs in New England as a cold, sour, black earth found at the 
tops of high hills. 

Even in middle and southern Europe, very remarkable contrasts 
are to be seen, as between the moor-earth of northern Germany, 
the sour humus of some parts of France, and the famous black 
earth of central Russia. The Russian black earth is a soil of ex
traordinary natural fertility, which has long been celebrated for 
producing continually great crops of wheat and grass. It covers 
a wide extent of territory, and appears to have been formed by 
the accumulation of mild humus in and upon beds of fine mud or 
silt that were originally deposited at the bottom of au ocean, and 
subsequently upheaved. It has been argued that, as the land 
slowly emerged from the water, the silt probably remained fol' a 
long time in a miry state favorable for the growth of humus-pro
ducing plants. This black earth is rich in nitrogen of good qUlility, 
and contains ample stores of phosphates anu of other forms of 
plant-food. It is a formation of so much importance that refer
ence is sometimes made to it as if it were a national c1ll1racteristic. 
According to the Danish author, Brandes, "The Russians haye 
an expression, Chernoziom - the black earth-monld. They mean 
by it the broad and deep belt of fertile soil, humus, which extends 
from Podolia '(0 Kasan, and eyen across Ural into Siberia. The 
wonderful fertility of this soil is ascribed to the slow decay of the 
grass of the Steppes, which has been going on for centuries. The 
richest and broadest Russian natures remind one of tltis belt of 
rich soil." 

VOL. II -12 
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Beside differences so radical as the foregoing, a great variety of 
products is necessarily comprised within the meaning of the term 
" humus," since the substances which result from the decompo
sition of organic matters differ from one another materially, ac
cording as the decomposition has been slow or rapid, and as it has 
occurred in heaps or bells, or in the manure-heap, in the soil, or 
under water. As here used, the tf'rm " hUlllus" includes peat and 
swamp llluck and vegetable mould, and the organic portion of all 
the earth-like products that result from the decay of vegetable or 
animal matters. 

Conditions favorable for forming Humus. 
It is to be noticed that the circumstances which favor the forma

tion of humus are somewhat peculiar, as regards access of air and 
moisture. If the decaying vegetable matter- say the leaves of 
trees -were but supplied from the first with au excess of air, and 
kept somewhat moist and warm, it would soon oxidize completely 
to carbonic acid, water, ammonia, and nitrates, and perhaps free 
nitrogen. It would be /lonsumed, in fact, as if by fire, so that 
nothing would be left upon the land but a little ashes. But under 
the conditions which actually obtain in temperate or cold climates, 
the leaves, or what not, accumulate in damp beds, thanks to the 
action of wind or flowing water, or they are buried more 01' less 
completely beneath other leaves; so that the supply of oxygen that 
reaches them is limited, and the process of combustion is checked 
far short of the final products of which mention was just now made. 
Every farmer is familiar with the great differences exhibited by 
humus accordingly as it is cold and sour, when formed in places 
surcharged with water, to which air can have no easy access, or 
ripe and mellow, as it occurs in soils which are fairly dry and well 
aerated. In case the vegetable matter is immersed wholly or in 
part in water, so much the slower will the oxidation be. But in 
warm, open air, the reactions are v~ry different. For example, 
1\11'. Smith, in describing the great forests on the Amazon, writes 
as follows: -

" How are the trees nourished? The ground is sandy, as it is 
almost everywhere along the Amazons, and not very rich; it is 
nearly bare above, for mould does not form in the tropics, except 
about swampy places. At the North, the leaves fall together and 
rot under the snow; but here they drop one by one, all through the 
year; they dry up, are broken to dust, and so pass away in the air. 
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Fallen logs and branches are eaten by insects. There is nothing 
left to form a rich soil of. 

" In fact, it is a mistake to suppose that all this rampant tropi
cal growth depends on any inherent fertility of the ground. The 
sun and the moist air [and he might have added, the enormously 
rapid nitrification] make up for barren soil. Reside the rains, 
there are the heavy dews, and the winds are always soaked with 
moisture. The sand has no [visible] richness of its OWll, but it 
aids growth by carrying rain to the thirsty roots. Water does 
not collect at the surface j it sinks at once, and is evenly dis
tributed to a great depth, and in this climate the ground has no 
chance to dry up." 

So, too, when land in temperate climates, instead of beiug left 
to itself, comes to be cultivated, there will then be in many cases 
a constant drain npon the humus j and in order to keep up the fer
tility of the field, there may sometimes be need of applying to it 
new quantities of nitrogen, either in the form of farmyard manUl"e, 
of leguminous crops, of artificial fertilizers, or of peat taken from 
some place where humus has accumulated in excess. It is recog
nized nowadays that the farmers are wholly right in attaching great 
importance to the preservation of humus in their fields, though the 
old theories by which the practice has been justified are for the 
most part untenable. 

Hnmus proper resists Decay. 
In temperate climates, when vegetable matters are first exposed 

to decay, most of the antilable oxygen that happens to be in the 
vicinity is speedily used up by combining with those portions of 
the substance which decompose most readily. In other words, the 
more tender portions of the vegetable matter are converted into 
carbonic acid and water, - chiefly by the action of micro-organ
isms, - while a residuum of hUll1us is left. But when once formed, 
this humus has considerable power to resist further change. There 
are formed, during the first stages of decay, a number of solid 
products, of such character th~1t they do not readily suffer further 
decomposition, or take on more oxygen, so long as they remain 
Boggy and not freely exposed to the ail:' I-Ience the accumulation 
of humus in woodlands, pastures, swamps, and bogs, where vege
table matter is supplied in abundance under conditions that hinder 
the access of oxygen. 
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Old Humlls specially Resixtant. 
Humus does, of course, slowly oxidize in the soil when exposed 

to the air, and, in general, it changes more or less rapidly, ac
cording as it is new or old. It should be said, indeed, that the 
destruction of the tender portions of the original vegetable matter, 
as just now described, can hardly be regarded as of the nature of 
a definite step. After the tenderest portions of the plant have 
wasted away, the less tender will be acted upon in their turn, and 
so 011 continually so long as anything is left. It is true only that 
in the main the decomposing action proceeds more and more ;;Io\\'ly 
in proportion as the humus becomes older. It is a familiar ob
servation that a heap of g1'een weeds will decay rapi(lly at first, 
while a heap of peat or loam, subjected to similar conditions, will 
decay slowly. But when the first hot fermentation of the weeds 
ha;; run its course, there will be left a quantity of humus, which 
will decay but slowly. Lawes and Gilbert have determined, in 
Boils taken from several of tlleir experimental wheat-fields, the 
relation which the carbon in the humus bears to the nitrogen. 
Tllus, on unmanured land, they found 10 of carbon to 1 of nitro
gen j on land dressed witll farmyard-manure there was nearly 12 
of carbon to 1 of nitrogen, and on land fertilized with a mixture 
of minerals and ammonium salts, the proportion was as 10.5 to 1. 
But in farmyard manure. the relationsbip between carbon and ni
trogen is as 25 to 1. Here, again, is evidence of tbe fact that the 
carbon in vegetable remains often goes to waste more l'llpidly dur
ing processes of slow decay than the nitrogen does. So, too, the 
character of the organic matter in a surface soil is usn ally di,;
tinctly different from that in the Btl bsoi!. The uppermost !) inches 
of old pasture-soils at Rothmnsted, freed from roots, contain] 3 
of carbon to 1 of nitrogen, while in the clay su bsoil taken bl'low 
3 feet from the surface the proportion of carbon to nitrogen is as 
6 to 1. In soils from Manitoba, taken to a depth of one foot, the 
relation of carbon to nitrogen was as from 12 to 14 to 1. The 
experiments of Lawes and Gilhert tend to show that the nitro
genous organic matter in subsoils is not so readily nitrified as that 
of surface soils. 

lVilste oj IIumus by Tillage. 
But, while humus may accumulate in forests, pastures, clover

fields, and boggy places where the land is constantly covered with 
vegetation, it may speedily go to waste when the soil is loosened 
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by tillage. It was observed by Humboldt long ago, then by 
Schuebler, and latterly by many chemists, that moist humus ab
sorbs oxygen freely from the ail', alld that the higher the tempera
tUre so much the more rapid is the absorption of oxygen. Oll the 
other hand, several chemists have experimented as to the rate at 
which humus wastes away from cultivated fields, and their ob
seq;atiolls go to show that this waste is sometimes very rapid. 
Thus Boussingault found that a sample of rich soil from his gar
den ill Alsatia, which had been heavily manured with dung for 
many years, lost oue-third of its carbon whell it was exposed to 
the air, and watered daily, during the thrcc summcr months, July, 
August, and September. At the beginuiug of the experiment 
there was 2.43 % of carboll ill the soil, and at the close, 1.6 % j 
the loss was 0.83 %. 

Stoeckhardt, also, in a set of experiments, to he described on a 
subsequent page, which were made for the purpose of determining 
how much ililluence CUll be exerted by humus ill decomposing min
erals, found that the waste of humus in the soil may be very rapid. 
His experiments were repeated during seypral SUlllmers, and were 
as follows: Quantities of rich vegetable mould from a grove of 
very old beeches were mixed with sandy loam, anu planted with 
ray-grass and maize. 1t was fonnd that the more hUlllus there 
was in the loam, the more rapidly tlid this hUlllus go to waste. It 
was found, also, that the amount of hUlllus lost could be increased 
enormously by heating the earth artificially. Thus, in some of the 
experimental boxes, hot-water pipes were so arranged that the 
temperature of the earth could be kept constantly some 8° or 
10° C. higher than that in the boxes exposed to the o['(1illary SUlll

mer air, and it was foullt1 that, ill the superheated earth, from 18 
to 38 % of the original humus was lost j or, in other terllls, from 
16 to 40 % of the original carbon, and from 18 to 47 % of the 
original nitrogen. 

Yoelcker found, in his turn, that the waters which escape through 
tile-drains, even from ullInanured fields, contain appreciable quan
tities of nitrates, which haye been formed through the oxidation 
of humus, and that more considerable quantities of nitrates are 
carried away in the waters that drain out from fields whieh have 
been dressed with nitrogenous fertilizers. 

On comparing the soil of his old pasture with that of his arable 
land, which is known to have been uuder cultivation for lllore thau 
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250 years, Lawes has estimated that some 3,000 lb. of nitrogen per 
acre must have disappeared from the arable land since it first came 
under the plough. Some examples of the waste of nitrogen from 
this land in recent years are given in the following table. Per 
cent of nitrogen in the first 9 inches of the soil of an-

Old pasture . . • . • • • • • 
Arable field, in ordinary culture . • . • 
Wheat-field, un manured for 38 years. • • 
Wheat and fallow, unmanured for 31 years 
Barley-field, unmanured for 30 years 
Turnips, unmanured for 25 years. . • • 

0.250 
0.140 
0.105 
0.096 
0.093 
0.085 

It will be noticed that, where grain was grown continuously 
without manure, the nitrogen has fallen to a point much lower 
than is reached in ordinary arable culture, and that the reduction is 
particularly well marked in the case of the turnips. Other ex
periments showed that the decrease of the soil-nitrogen was rapid 
when arable land, which had been brought into high condition by 
heayy dressings of manure, was afterwards cropped continuously 
without any further application of manure. 

It is now recognized that the waste of humus is due chiefly to 
the activity of microscopic organisms living in the soil, and that 
tlle conditions favorable for their development are aeration of the 
soil, as by tillage and drainage, warmth, an adequate supply of 
moisture, and the presence of a certain proportion of carbonate 
of lime. In a sour, water-logged soil, on the contrary, the ten
dency will be for humus to increase rather than to diminish. 

R(~killg oj Woodland. 
The foregoing results of Stoeckhardt led to another series of 

experiments, since they bore forcibly upon a question which has 
excited much ill-feeling in Germany, viz., whether woodland should 
ever be trimmed, or the farmers and peasants eyer be permitted to 
rake up and carry away the leaves and other refuse which fall 
from the trees. 

Time out mind, the foresters whose duty it is to promote the 
growth of merchantable wood have set their faces against Buch 
trimming and raking, and in most of the European B.tates yery 
stringent laws are enforced to prevent such "robbery," as it is 
termed. 

But, on the other hand, it has seemed to almost everybody ex
cept the foresters to be rather hard that the seemingly worthless 
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leaves and dead branches should not be put to immediate use, 
either for bedding cattle or for baking bread. Sir Francis Head 
has dwelt very forcibly upon the essential meanness of the German 
wood-laws, in his somewhat famous little book, "Bubbles from 
the Brunnen of Nassau." 

It is probable that, in Illost instances, the harm done by raking 
woodland depends more nearly upon the removal of the mulch 
which the litter affords, than upon the loss of the fertilizing con
stituents in the litter; that is to say, the removal of the mulch 
deprives the trees of water. This view of the subject has already 
been suggested under the head of Mulching, and it may be still 
further illustrated by the following figures, which represent the 
averages of many Bavarian experiments, as reported by Eber
mayer. Through drain-gauges having an area of 1 square foot 
at the surface, that were kept in the woods, there percolated, ata 
depth of-

1 foot when no litter was on the soil 
1 foot when litter was on the soil . 
2 feet 
4 " 

253 cubic inches, 
475 
514 
257 

more of water than percolated through similar gauges not covered 
with litter that were kept in open fields. In sum, the three mulched 
gauges kept in tbe woods delivered 1,246 cubic inches more water 
than the three corresponding gauges in the fields. 

Neyertheless, the fertilizing matters in the litter of wootlland are 
of no slllall importance, as will appear from the following state
ments of experiments wbich were made by Stoeckhardt upon the 
soils of several parcels of woodland to illustrate wbateyer of truth 
there might be in the foresters' view of the subject. Localities 
were sought out where contiguous patcbe.s of forest had been raked 
and protected, and the soils of each patch were analyzed, with the 
following results: -

A sandy soil covered with pines ,50 years old was first exam
ined. One patch of the woodland belonged to the Saxon govern
ment, and had been protected from depredatioijs for many years, 
while the· adjacent patch had been subjected to periodical rakings 
until very recently. 

The results as giyen in the table relate to half-acres of land, 
and to soils taken to the depth of twenty inches. The amounts of 
the seyeral ash-ingredients enumerated are the quantities which 
were found to be soluble in water, given in pounds. 
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Potash. Lime. Magnesia. ~~~~~. ~!~~~~ 
On surface of the protected patch 

(25,600 lb. of matter). . . 
On the unprotected patch (5,000 

lb. of matter) 
In the upper soil:

Protected . . • 
Unprotected . . 

58 

4 

400 
272 

92 

28 

224 
256 

In the lower soil:
Protected . • . 
Unprotected . . 

2,240 1,760 
1,600 640 

64 

14 

80 
82 

480 
120 

94 

17 

336 
280 

2,240 
2,080 

8,580 123 

865 14 

22,240 1,032 
8,080 528 

38,000 3,060 
20,800 1,800 

Further experiments showed that, while the protecterl soil con
tained 12 % of fine soil capable of being held in suspension by 
water, the other had only 6 %. And while the protected earth 
could hold 43 % of moisture, the other could only hold 33 %. 

A similar set of experiments made with loamy soil from another 
forest gaye the results recorded in the following table. The amounts 
of potash, lime, magnesia, and phosphoric acid are those soluble 
in water, given in pounds: -

On the surface: - Potash. Lime. Magnesia. Phosp. Organic Nitro-
Acid. Matter. gen. 

I. Protectt'd for 40 years 
(22,500 lb. thick moss) 95 150 49 130 14,000 187 

II. Protected 30 years 
(27,000 lb. needles) 86 116 53 105 16,500 244 

Unprotected (18,000 lb. 
moss and heath) 37 160 43 71 5,700 74 

In upper soil:-
Of I 1,220 540 180 1,330 8;),200 6,900 
Of II 1,340 620 225 1,730 91,200 7,600 
Unprotected 1,150 500 145 1,270 7\),200 5,600 

In lower soil:-
Of I 4,400 2,600 1,000 5,600 160,000 11,700 
Of II . 5,100 3,300 1,1f)0 f),600 168,000 12,800 
Unprotected 3,700 2,400 1,050 5,600 172,000 12,400 

N atnrally enough the differences between the protected and the 
unprotected soils are less here in the case of loam than in that of 
the sandy soil. The absorptiye power of the loam for potash and 
nitrogen is noticeable. These experiments are fully in accord with 
the experience of farmers who haye to do with light sandy soils. 
One great difficulty in dealing with such soils is, that the organic 
matter of barnyard manure is rapidly consumed in them by oxida
tion during hot summer weather. The epithet" hungry" is ap· 
propriately applied to open, porous soils, where the conditions are 
favorable for the oxidation of humus. 
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Stoeckhanlt dwells on the care that should be exercised in order 
to protect the humus in a soil when wood is cut off it j but there is 
small use of talking of that matter here in America, this land of 
forest fires. 

It is a point to be remembered, however, that the destruction of 
humus by oxidation 01' fermentatiou is always very much slower 
than that of the vegetable Sll bstances from which it has been 
formed would be under equally fayoruble conditions. It is a 
mntter of experience that peat decays in the soils of cultiyuted 
fields more slowly and regularly than the organic matter of sta ble
manure, or than that obtained by ploughing under sod or stuhble. 
Hence, no doubt, one reason why peat composts often answer so 
good a purpose when applied to sandy soils. 

It needs to he said yet again, perhaps, that the processes of de
cay and putrefaction which yegetable matters undergo in the soil 
are in no sense processes of unmixed oxidation. It has heen for 
the sake of the argnment merely that they have been alluded to as 
if they were such. These processes are not even purely chemical, 
for it is known that mieroscopic organisms of yarious kinds usually 
take part in them. Nothing can be more certain than the fact 
that micro-organisms play an important part in bringing about the 
decompositions of organic matters in the soil, and in the elabora
tion of plant-food also. The formation of moor-earth in cold 
conntries, for example, and that of leaf-mould in warmer lands 
probably depends on the absence or presence of definite species of 
microscopic organisms which can or cannot lh-e and prosper in 
cold or hot climates. 

Nevertheless, it was a simple and convenient idea to suppose 
that humus is formed by processes of incomplete combustion, 
much in the same way that cllarcoal is formed by the incomplete 
combustion of wood in the earth-covered mounds of the chal'coal
burner. Just as black chareoal, or red charcoal, or merely charred 
wood, may be got by admitting more or less air to the heap, so 
there may result different grades of humus, according to the 
amount of air. 

It may be argued further, that, since the carbon and the ni
trogen of vegetable matters oxidize less rapidly than the hydrogen 
which hI contained in them, humus must necessarily contain a 
larger proportion of carbon and of nitrogen than the materials 
from which it has been formed. It is known that, beside carbonic 
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acid, there is given off from the decomposing matters some marsh 
gas, CH4 , and probably a little carbonic oxide, as well as am
monia, sometimes free nitrogen, and not infrequently sulphuretted 
hydrogen. 

Sulphides in the Earth of ~l[arshes and Moors. 
Several im'estigators have called attention to the fact that moor

earth, when out of contact with the air, is apt to contain sulphides, 
sulphureUed hydrogen, and free sulphur that h:we been formed 
through recluction of gypsum or some other sulphate. So, too, on 
digging deeply into the soil of a salt-marsh which is in process of 
reclamation, the odor of sulphurettcd hydrogen is vcry evident. 
It has been noticed in several instances that microscopic algre take 
part in this rerluction of sulphates. Not only is sulphuretted 
hydrogen gas set free by the action of the alga>, but solid sulphur 
also. Particles of sulphur have been found in abundance in the 
cells of these plants, and it has been shown that the process of 
reduction may readily be checked by applying chloroform or car
bonic acid to hinder their activity. As Cohn has suggested, this 
reduction of sulphates by alga~ is perhaps nothing more than a par
ticular instance of what occurs in all kinds of plants. Sulphates 
are in fact reduced ill the cells of all plants, but the sulphur usually 
goes to form a constituent part of the albuminoid matter of which 
the plants are in some part comp08ed. In the case of the algre, 
it happens that the process of reduction is specially active and that 
more sulphur is sct free than is needed by the albuminous matters 
which these plants contain. 

Since the sulphides above mentioned are injurious to vegeta
tion, it is clearly desirable to prevent their formation by cultiyat
ing the earth iu such wise that air may be freely admitted to it, 
It is to be remembered, however, when moor-land is to be re
claimed, that the first processes of draining and culth'uting, by 
the yery fact that they admit air, may lead to the formation of 
sulphate of iron through oxidation of sulphides already in the soil. 
Hence the importance in some cases of thoroughly liming moor
land as soon as it has been laid dry. 

In some sterile soils examined by Voelcker, the color, which was 
almost black, was due not so much to organic matter as to the 
presence of finely divided ferrous sulphide, a slibstance most ob
noxious to the growth of crops. 'When acted upon in moist air 
by carbonic acid from the air or from the soil, this ferrous sul-
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phide gives off sulphuretted hydrogen, which is known to be in
jurious both to vegetable and to animal life, and which in Voelck
er's opinion may do even more harm to crops than copperas. 

Pagel has suggested that the bad effects attributed to stagnant 
water are likely enough due in some part to the formation of sul
,hides in the places where it stands. It is noteworthy that Pagel 
found that considerable quantities of ammonia were given off from 
the moor-earth simultaneously with the formation of sulphides, 
when the conditions were favorable for reduction of sulphates. 

By oxidation of the sulphides in moor-earth, free sulphuric acid, 
or more often soluble ferrous sulphate, are liable to be formed, 
and the presence of either of these substances makes the soil in
fertile. To remove or destroy the poisonous ferrous salt, drain
ing, liming or marling, and thorough aeration of the soil are re
commended. \Vhen the bottom of the Harlem Sea in Holland, 
was first laid dry, some strips of soil were found to be 80 hif!;hly 
charged with sulphides that they had to be limed before crops 
could be grown upon them. 

Voelcker and l\Iaercker agree that the mere presence of ferrous 
Qxide, even in considerable quantity, does not necessarily render 
moor-earth uncultivable, so long as the iron remains ill insoluble 
combinations, such as a double ferrous and calcic humate, for ex
ample. Indeed, it is to be presumed that reclaimed marsh-lands, 
and many other soils rich in humns, such as are renowned for their 
fertility, must usually contain more or less of the ferrous oxide in 
combination with humates or silicates. But it is none the less 
true that many unproductive soils contain considerable quantities 
of ferrous oxide, and hardly any red ferric oxide, and upon up
lands this condition of things is regarded as a sure sign of poor 
cultivation. Such soils may usually be greatly improved by drain
ing and subsoiling, or by other mechanical operations which tend 
to arlmit air. (Voelcker.) The presence of large quantities of 
ferrous oxide always goes to show that the soil is not suillciently 
aerated for the support of the healthiest and most nutritious 
herbage. 

Chemical Substances obtaillable from IiU1n11S. 

I.ittle is known as yet as to the precise chemical composition of 
humus. Much time and labor were expended by the earlier agri
cultural chemists in studying peat and vegetable mould, and they 
did, in fact, extract from these substances several tolerably well-
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defined compounds, such as hnmic acid, humin, ulmic (or geic) 
acid, ulmin, crenic and apocrenic acids, etc. But next to nothing 
is known as to the significance of anyone of these things in so far 
as concerns the growth of plants. 

It is in brown humus, which is an early product of vegetable 
decomposition, that ulmic acid and ulmin are found j while the 
black humus, into which brown humus is converted by decay, con
tains humic acid and humin. 

Humic acid and humin may be obtained artificially by boiling 
sugar, starch or gum with alkalies, or with strong muriatic or sul
phuric acids. So, too, by gently heating sugar with dilute muriatic 
acid, a dark-colored insoluble acid is obtained, which is thought to 
be identical with ulmic acid. 

A mixture of impure humic and ulmic acids may readily be 
prepared by stirring some peat or garden-loam into a solution of 
saleratus, straining off the dark-colored liquor through a cloth, 
and neutralizing it with an acid. The impure humic acids will 
separate in the form of light flocks. 

It is noteworthy that the investigators who have operated in this 
way with the utmost care have seldom or never been able to ob
tain products free from nitrogen. One of l\Inlder's samples con
tained 1.8 % of nitrogen and Jongbloed found 0.81 %. Detmer 
in his turn detected as much as 1.5 % of nitrogen in humic acid 
obtained by precipitating a solution of humate of ammonia by 
means of mineral acids. Even after boiling with potash lye, re
precipitating with an acid, and repeatedly dissolving with saleratus 
and precipitatiug again with acids, the humic acid obtained still 
contained 0.79 % of nitrogen. So:otegni found even 2 to 2;2 % of 
nitrogen in humic acid prepared from peat. These results are in
teresting as indicating the probability that the humic acids of peat 
are often combined with nitrogenous basic compounds, such as 
have i:cen discovered by Loges, and that they can retain a part 
of these basic bodies with considerable power. The composition 
of humic acid prepared from sugar has been said to be C4oH24012 + 
3 HP, and that of ulmic acid C40H2S012 + H 20. 

Crenic and apocrenic acids are products of the further oxidation 
of humus. Salts of crellic acid are found especially in moist soils, 
where the circumstances favor reduction, and those of apocrenic 
acid in loose dry earth, where oxidation is not only possible, but 
easy. It is not difficult to convert either one of these two acids 
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into the other artificially, by processes of oxidation and reduction. 
In order to exhibit these changes, some chemists have written the 
formula of crenic acid C24H2401& + 3 H 20, and that of apocrenic 
acid C24H12012 + H 20, although there is small probability that 
either of the formulas is correct. Indeed, it is said that both 
crenic and apocrenic acids really contain nitrogen. Both of these 
acids are soluble in water, and their compounds occur, in small 
proportion it is true, in all fertile soils. They probably have no 
inconsiderable influence upon the growth of plants, although noth
ing is known as to the manner of their action. 

The Humic Acids have considerable Chemical Power. 
The humic acids, as they are often called collectively, exhibit 

considerable chemical activity, in spite of the fact that they are 
very sparingly soluble in water. Eichhorn has shown that mix
tures of humic and ulmic acids, and sour peat also, can decom
pose dilute solutions of the chlorides of potassium, sodium, and 
ammonium, and of other neutral salts, and set free a little of the 
hydrochloric or other acid which the salt contained j so that sour 
earth, to which a neutral salt has been added, may, after a while, 
give a sharper and seemingly a stronger reaction for acidity to 
test-papers or even to the taste than the earth could have given by 
itself. No such acidification occnrs, however, when the peat or 
other earth examined contains no free humic acid, but only humates. 
It has been noticed in Germany, on applying potash salts to cer
tain kinds of moor-land, that harm may be done by sulphuric and 
muriatic acids which are set free in the soil in small quantities 
through the action of humic acids on the fertilizers. 

Reactions analogous to those with the chlorides occur when bone 
phosphate of lime or precipitated phosphates are mixed with free 
humic acids, though the decomposition of the phosphate never goes 
very far. The reaction is promoted by the presence of neutral 
sulphates, such as those of the alkali metals. Naturally enough, 
all these reactions are hindered by the presence of substances such 
as marl, lime, and manure, which work to neutralize free humic 
acid. It is to be inferred from the foregoing that sour peat, ad
mixed with bone-ash or bone-black, and kept moist, will slowly 
combine with these materials to the neutralization of its own acid
ity and the improvement of the phosphate. Hence the propriety 
of using insoluble phosphates on bog-lands which are undergoing 
reclamation. 
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This idea has occasionally been put in practice on the reclaimed 
gravelled meadows of North Germany. Guerin reported, in 1858, 
an instance where, by the application of bone-Llack alone, rye 
was grown with great success, for seven consecutive years, on 
land so sour that it had been regarded as unproductive before the 
application of the phosphate. Peruvian guano, of equal money 
value with the bone-black, applied for the sake of comparison to 
another parcel of the land, failed to bring a crop of rye, since the 
plants all ran to leaf. It seems probable, in this instance, that, 
beside the direct chemical action of some of the constituents of 
the bone-black to neutralize the acidity of the soil, fermentations 
may bave been induced by the presence of the phosphate, whose 
products would serve in their tUl'll to improve the condition of the 
land, as well as to promote the growth of the crop. It should be 
clearly understood, however, that the reaction between free humic 
acids and insoluble phosphates is but feeble, and especially as re
gards phosphate rock, even when this material is finely powdered. 

It need hardly be said that the presence in a soil of any consid
erable quantity of free humic acids mllst be prejudicial to the 
growth of crops. As practical men well know, sour humus needs 
to be ameliorated by draining and cultivation, by additions of 
gravel and manure, and by neutralization with lime or marl or 
phosphatic slag, before useful plants can be grown upon it. 

Humic Acids may Expel Silicft. 
It was noticed by Liebig that silica is less readily absorbed by 

soils from a solution of water-glass in proportion as the soil con
tained more humus, manifestly because the humic acid held firmly 
to the bases with which it was combined j and Vogel has insisted 
that plants growing in soils rich in silica but poor in humus gen
erally take up much less silica than plants growing in soils rich in 
humus eyen though poor in silica. He holds that good loam is 
usually well fitted for supplying silica to plants, the inference being 
that the humic acids of the organic matter act upon silicates in the 
soil slowly to decompose them and supply to the plant-roots some 
form of soluble silica. Vogel claims that the presence of much 
silica in sedges and the other inferior herbage of swamps depends 
upon the abundance of humus in such situations. The suggestion 
is an interesting one, as pointing to the probable action of humic 
acids on many inert combinations in the soil to set free from them 
inorganic foods of one kind or another for the use of crops. Com-
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pare Grandeau's observations on a subsequent page, concerning 
the presence in loams of soluble compounds of ash-ingredi.ents and 
organic matter. 

Considered as a reservoir of acids, humus is doubtless stronger 
than soluble silica, in the sense that it can combine with bases so 
firmly as to hold them against this competitor. It has been noticed 
that, other things being equal, soils can" fix" more silica that is 
added to them in the soluble state in proportion as they contain less 
humus; and that, conversely, less of the silica is precipitated and 
retained by a soil in proportion as it is richer in humus. 

Beside the compounds above enumerated, humus contains the 
obscure nitrogenized matters which have been so often referred to, 
and no one knows how many other things beside. 

Humus may do Good in se'lJeral Ways. 
It is to be obseryed that the value of humus as a manure depends 

upon a variety of properties. In the first line, no doubt, must be 
placed its power of supplying nitrogen to the plant. 

Then, by virtue of its porosity, it imbibes and absorbs and 
twlds water, and the vapor of water. By its lightness, too, it im
proves the texture of many soils, and it may absorb and hold 
ammonia and the salts of ammonia, as well as various other sub
~tances. 

It promotes chemical action in the soil, both by means of the 
wids contained in it, and by those of the character of crenic and 
lpocrenic acids which are formed by its decay. .Moreover, by its 
!low decay, humus supplies carbonic acid for the dissolving of plant
food, as has been explained before. 

Some of the materials rich in humus, such as marsh-mud, ha1'
lor-mud, and pond-mud, may even be valuable occasionally be
~ause of the inorganic constituents which are contained in them. 

The power of humus to bring about disintegration and solution 
)f mineral matters in the soil doubtless depends upon a vuriety of 
)ircumstances. But it is very evident that it must be of great im
)ortance in the economy of nature. Many facts might be cited in 
Ilustration of this point. For example, Peters found that, while 
,he addition of humus to a soil containing ferric phosphate had no 
mmediate effect in increasing the amount of phosphoric acid that 
:ould be washed out with water, it nevertheless increased the solu
Jility of the phosphate materially when left in the soil long enough 
,Q undergo decomposition, and so reduce a portion of the ferrio 
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phosphate to the state of a ferrous salt. The experiments of 
Stoeckhardt, also, already referred to when speaking of the waste 
of humus in cultivated fields, clearly exhibit the solvent action of 
humus. A nnmber of boxes were filled with sandy loam; the 
loam in some of the boxes was mixed in yarions proportions with 
humus from a grove of old beech-trees, and upon the !!oils thus 
prepared ray-grass and maize were cultivated. In some of the 
boxes hot-water pipes were placed, so that the temperature of the 
earth could be kept continually 8° or 10° C. higher than that ex
posed to the ordinary sumlIler air. 

It appeared that the following quantities of materials had been 
made soluble in the course of the three summer months, by chemi
cal action in 25,000 grm. of earth:-

Gram. of 

Lime .. 
Magnesia .• 
Potash • . • 
Phosphoric acid 

Earth rich In Humus. 
Ordinary Temp. Heated. 

Earth poor in Humu •. 
Ordinary Temp. Heated. 

7.78 7.23 11.57 13.63 
3.30 2.44 0.00 1.97 
5.88 8.60 5.11 1.42 
3.11 6.02 3.36 1.64 

Humus often improves Tilth. 
Humus has undoubted value for lightening and mellowing heavy 

clay,>, and conversely for hiD(jing sands. It may act in the first 
instance to lighten a heavy soil in the same way that any coarse 
manure, such as straw or partially rotted chips, sawdust, or tan
bark would act, as will be urged when composts are treated of. 
Something analogous to the granulation thus produced is to be 
seen in the mealy snow which accumulates in city streets, where 
many horses and "ehicles are passing. Here the presence of a 
small alllount of "dirt" "breaks the grain" of the snow, as it 
were, sunders its particles, hinders them from cohering, and pre
vents the snow from becoming firmly compacted into a solid frozen 
mass. 

But there is another finer, more intimate and enduring action 
which humus shares with clay, that is of far greater importance 
for the permanent fertility of the land. As bas been shown under 
the head of Till:lge, it is necessary, in order that a soil may be 
fertile, that its particles shall be granular enough to permit air and 
ruin to circulate freely among them. This needful coherence or 
granulation of the particles of loam is assured by the presence in 
fit proportion of humus (or clay), which - while itself protected 
trom being puddled by the presence of lime and other saline mat-
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tel'S which are dissolved in the soil-water - acts to cement or bind 
together the fiue rock particles or sand which is the other con
stitucnt of the loam. This subject has been studied by Schloe
sing, as follows:-

First, he prepared mixtures of pure sand and pure moist clay, 
that contained respectiyely 1, 5, 10,15, and 20 % of clay, and he 
left them in the air until they were llry enough to crumble between 
the fingers. 

Upright tubes, at the bottoms of which had been placed bits of 
glass covered with coarse sand, were filled with the crumbled mix
tures, and a layer of COttOIl was placed on top of each of these 
columns of earth. 'Vater that contained 2 or 3 ten-thousandths 
of a lime-salt was then malle to fall very slowly upon the cotton, 
drop 1y drop, or rather in the form of fine spray, during 3 or 4 
days. L' ndel' this treatment those mixtures of sand and clay 
which contained less than 10 % of the clay did not retain their 
original appearance or their looseness; while the mixtures that 
contained 15 % of clay remained practic!111y un!1ltered. New mix
tures were then prepared that contained respectively 10, 11, 12, 
13, 14, !1ml 15 % of clay, and treated as before, with the result 
that 11 rio of clay from "aunes was competent to bold the sand in 
granules against the action of the water. 

~Whell chalk was substituted for the siliceous sand, rather more 
of the clay than 11 % had to be useu to hold it together; and, in 
general, more of some kinds of clay than of others was needed for 
binding s!1nds. TllC power of the clays seemed to stand in direct, 
proportion to their plasticity. 

It appeared, furthermore, that naturalloams which contained no 
more tlmn 5 to 10 % of clay retained their porosity when subjected 
to the action of the water in the above-mentioned tubes, whence 
it was plain tlwt such soils must cont!1in some other binding 
material beside the clay. That this other material is humus ap
peared from the following experiment. 

Some loam was leached with dilute hydrochloric acid, to remove 
lime and the other bases which bad been held in combination by 
humic acid, according to the ordinary mode of union of acids and 
bases, and the undissolved portion of the loam W!1S then treated 
drop by drop with allmline water to dissolve the humus. So long 
as the acid was present, no change in the appearance of the loam 
occurred; but the moment the humus began to be dissolved by the 
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alkali the coherence of the loam was destroyed, and all of its con
stituents (of which the humus formed but a small portion) fell 
down to an impenetrable layer of mud. 

It was noticed that the destruction of the granular condition of 
the loam kept pace with the solution of the humus by the alkali j 
whence the inference that the compounds of humus are colloids 
competent to act as a kind of glue to cement the particles of earth 
together. This observation consists withal with the popular belief 
that humus serves to bind light soils, and to make them firmer. 

To test the matter still further, Schloesing prepared humates of 
lime, iron, and alumina, and made mixtures of them when moist 
with sand and lime. The following mixtures, from which clay 
was wholly excluded, were treated with water in tubes as above 
described: -

Sand .•• 
Lime ... 
Humate of lime 

Per cent. Per cent. Per cent. Per cent. 

99 
o 
1 

82t 
16t 
1 

66 
33 

1 

o 
99 
1 

All of these mixtures withstood the action of water, even that of 
distilled water; whence it appeared that a single part of humate of 
lime was as effective as eleven parts of the ,r annes clay to cement 
the sandy particles. 

'When these mixtures that contained the humate were moulded 
into little balls and cylinders, and allowed to dry, they became so 
hard that they could be thrown upon the floor without breaking, 
though it was found in general that, when but a small proportion 
of a humate is admixed with much sand, as in the first column of 
the figures, the cementing power is somewhat impaired by drying. 

Humus may Lighten ClllY. 
Other mixtures of sand and lime that contained 4 or 5 % of 

clay together with 1 % of humate of lime or humate of alumina 
likewise resisted the action of water, the general conclusion being 
that the humates are better able than clay to bind together par
ticles of sand. It was noticed nevertheless when the two kinds 
of cementing agents were mixed, that the binding effect was not 
equal to the sum of the effects produced when the two materials 
were employed separately. On the cOlltrary the cohesion of clay 
was lessened by mixing with it a sufllcient quantity of the humate. 

This fact, which consists with the popular opinion that humus 
lightens heavy soils, has been illustrated by the following ex peri-
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ments of Schloesing. He kneaded pure clay with water, together 
with additions of humus compounds, into mixtures that contained 
respectively 2, 4, and 610 of the humate, and found that all of 
them, as well as pure clay, became very hard on drying, one lump 
being apparently as hard as another. But on bringing the lumps 
into contact with water they behaveu very differently. All of 
them fell down to the condition of mud, but when the muds were 
left untouched until dry, the resulting powders were found to be 
less coherent in proportion as they contained more humus. By 
direct experiment, it was found that many good soils contain 
enough humus to bring about the effect just described. 

'Yhen clay coagulates or flocculates, it can enclose considerable 
quantities of humus. But more of the coagulating agent (see 
under Lime) has to be used to coagulate clay that is suspended in 
an alkaline solution of hUlllus in proportion as the amount of 
hUIllus contained in such solution is larger. Thus, while from 
TUtu to 10300 of potassium chloride will coagulate pure clay that is 
I>uspended in water, as much as from T~8o to r~{}o would be re
quired, if together with the clay 100 to 200 milligrams of humic 
acid were contained in a litrc of water. 

Mention has been made already of the action of carbonic acid, 
derived from decaying humus, to flocculate clay and so improve the 
permeability of the soil. From all of which it appears that humus 
may be useful in several different ways. Practically, peat has 
sometimes been found to do good service on drained clay soils, 
and a part of the utility may justly be referred to its power of 
lightening the clay. It has been noticed that peat-waters strongly 
colored with organic matter sometimes become clear on passing 
over beds or through banks of clay, though it has been suggested 
that clays which are slightly acid (from the presence of sulphate 
of alumina) are specially effective. 

'Valz has described the case of a small sloping field, in which a 
thin, well defined layer of stiff clay reposed upon loose, sharp, 
coarse sand, where frequent ploughing and harrowing failed to 
commingle the sand and the clay to the condition of loam of 
medium character. It is to be presumed that a permanent mix
ture could soon have been made if there had been an abundance 
of humus in the soil. 

Humus retains jJ[oisture. 
The power of humus to retain capillary water has already been 
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insisted upon. It is on this account also that humus is so Im
portant in sandy soils. Indeed, there are few soils that can dis
pense with this peculiarity of humus, excepting those which are 
irrigated or in which the depth of the ground-water is constant 
and perfect. Here in New England, upon the drift-gravel, ma
nures rich in humus will always be preferred to the so-called 
chemical fertilizers on this account. The estimation in which peat 
is held by practical farmers, both as a manure by itself and as a 
" Lody" for composts, illustrates this point, perhaps, more for
cibly than anything which can be urged from the scientific point 
of view. 

It is sufficient to look in dry summer weather at a gravelly field 
manured with peat-compost, and contrast the vigorous vegetation 
upon it with the dried-up crops of the neighboring fields, to be 
convinced of the power of humus to "draw water." Such fields 
suggest the thought that there may be such a thing as mulching 
below the surface as well as upon the surface, and they well illus
trate the significance of the hygroscopic power of peat in the sense 
of Hilgard's observations. 

Henry Stewart tells of a case in his experience where 100 loads 
of swamp muck, well composted with quicklime, having been 
spread on an acre of very light, sandy soil, saved a crop of maize 
from injury during a very dry season. The plants dressed with 
the compost remained dark green in color, and their leaves never 
curled even on the hottest days; while adjoining rows of corn not 
so treated became dry and yellow, their leaves curled up and 
wilted, and there was obtained finally no more than half a crop of 
ears and stover. In former years the agricultural newspapers 
were accustomed to bear frequent witness to the great value of 
peat, and the manures of which it forms a component part. Some 
sanguine observers have even gone so far as to allege that the best 
kinds of peat are worth as much, load for load, as barnyard-ma
nure. Professor S. VV. Johnson has collected a considerable 
amouut of this kind of evidence, and published it in his excellent 
little manual on " Peat and its Uses." 

It is true, no doubt, that some kinds of bog-earths in limestone 
regions are really manures which may be applied to the land at 
once. They may afford excellent crops, even when used in tbe 
absolntely fresh condition, without any preparation whatsoever; 
but with the exception, perhaps, of some regions rich in limest,one, 
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such super-excellent humus is by no means common. In non
calcareous districts the peats are, generally speaking, not easily 
putrescible, and they need to be weathered and seasoned, or even 
fermented, before they can be used profitably as manure. 

Crude Peat is " Sour." 
It is a matter of popular belief, here in New England, that the 

application of raw peat to a cultivated soil would be apt to do 
actual harm, because of an "acidity" which most of our peats 
exhibit when first taken from the bogs. It is believed also that 
this acidity may be corrected, not only by the addition of alkaline 
matters, such as wood-ashes, marl, or lime, but by mere age and 
by exposure to the air. Angus Smith insisted, some years since, 
that" Our great struggle with the soil is to produce alkalinity, or 
at least to diminish acidity, and where most acids exist we use 
most lime." And tlie remark comes with special force from the 
mouth of a Scotchman born. 

Smith noticed the intimate connection between alkalinity and 
the useful fermentations which occur in soils, and he showed that 
even putrescence may readily be brought about by adding alkalies 
to loams. As long ago as 1847, he published an account of ob
servations made" in an alkaline, peaty district where cold weather 
produced acidity in a few days." "It would appear," he says, 
" as if the acids of the mould were incapable of further decom
position in the cold, and were thus retained and increased. In a 
rich, higilly-manured soil kept warm, the soil will be found alka
line j tllough soils generally are [sliglltly ] acid." There are now 
known many good reasons for believing that the alkalinity in these 
cases was due to tile activity of certaiu micro-organisms which 
prosper in warm weatller and are inactive when the land is cold. 

It is a matter of common observation in New England, til at 
some kinds of bog-mud, when thrown out in great heaps, as when 
a large ditch is dug in a low-lying meadow, or the course of a 
swamp-brook is straightened, may lie inert, and "cold" and 
" sour" for years - as witnessed by the fact that nothing but a 
sparse vegetation of starveling weeds will be found growing upon 
the Ileaps - althongh this very peat may become a highly fertile 
soil when" cnred." 

It is true in general that most peats when freshly dug possess a 
certain antiseptic or germicide quality which would be apt to 
hinder nitrification as well as tile otller forms of fermentation and 
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decay. It was observed long ago in Ireland that sheep never 
" rot" on a drained bog, and that they can safely be kept on such 
land. CA. Young.) 

Not infrequently mud taken from swamps and bogs, sometimes 
even pond-mud (Link), contains iron pyrites (FeS2), which oxi
dizes readily on being exposed to the air, and forms the soluble 
salt called coppcras or sulphate of iron (FeS04), as has becn said 
already. Peats which haye bpcollle thus charged with sulphatc of 
iron are poisonous to agricultural plauts, and to the microscopic 
" ferments" as well j they are most conspicuously" sour." So 
too, in Xorth Germany, it is not Ullcommon to fiud Illoor-earths 
which exhibit an iutense acid reaction because they contain free 
sulphuric acid. It appears that sulphur is first set free in the soil 
either through the recluction of sulphates or of the alhuminolls 
remaiuB of plants, allll tbat when air gains access to this sulphur 
it is slowly oxidized with formation of sulphuric acid. After 
a whilc, when all the inorganic matters with which this acid could 
combine haye been washed out from the land, the earth remains 
charged with more or less free sulphuric acid, which is destructive 
of vegetahle life. 

It does not appear, however, that the presence of free humic 
acids in a soil is always and necessarily hurtful to vegetation. 
Fairly good crops of rye, buckwheat, potatoes, oats, etc., are 
grown on mallY German moors (Hoch-moor) which exhibit a 
strong acid reactioll, both as regards the surface soil find the sub
soil. It is none the less true, however, that as a general rule 
good soils are not strongly acid. Some soils are neutral to test
papers j and, as has just been said, there are some which are 
f:tintly alkaline. 

But even if the crude peat were to do no damage, it is none the 
less a fact of common experience that many kinds of raw peat do 
little or no good to land. Experiments have been made by Greig 
in Scotland. to test the cffect of artificial fertilizers on a bed of 
peat which twd been thrown out from a railway cutting. A num
ber of plots were sown with oats and various clover and grass 
seeds j but, no matter what fertilizers had been used, every kind 
of seed failed totally on eyery plot that had not been dressed with 
lime j and even where lime had been applied all Hie crops failed 
unless phosphates Imd been applied also. The best results were 
obtained on plots where, in addition to phosphates of one or an-
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other variety, the land had been dressed with 120 bushels of lime, 
4 cwt. of kainit and 1 cwt. of ammonia to the acre. In a case 
like this the usc of phosphatic slag could hardly fail to do good. 

The significance of lime as a means of improyiug peat is ex
hibited very emphatically in France, where a rich, mellow, fertile 
humus prevails in those districts where the soil and the watcrs are 
calcarcous, while in the regions of granitic sauds sonl', infertile 
moor-earth coyers wide tracts of country. 

It may freely be accepted, as a general rule, that cl'l](le peat is 
vastly inferior to that w·hich has been mellmred by exposure to 
the air. Most kinds of peat only show their 1)est power after they 
have been" seasoned," or, what alllounts to the same thing, after 
they have lain upon the field until the second year from the time 
of their application. This behavior depencls, doubtless, upon 
chemical changes to which the nitrogen-compounds in the peat 
and the antiseptic matters arc subjected when the peat is exposed 
to the air. And upon physical changes al:,;o which arc brought 
about by the decay of a part of thc organic matter. Much im
portance is to be attached in any e\'cnt to alterations of texture 
inouced by the expansion of ice when, in the winter, the water 
within the peat is subjected to alternate freezings and thawings. 
There is a peculiar gummy, sticky quality in crude peat-mud 
which is highly objectionable, for when such unregenerate peat
mud dries it takes the form of hard, hornlike clods or gnlYel, which 
is antagonistic and alien to mellowness and good tilth. But on 
leaving the raw peat to lie over winter in heaps its mechanical 
condition will he 80 much improved that it can suhsequently be 
changed with comparative ease to the condition of mellow earth. 
Even though there might be no great harm in applying peat to the 
land as soon after digging it from the bog as ,vas convenient, 
there would, generally speaking, be no sense in tllUs applying it, 
because no useful effect would be got for a whole y('ar, in the 
majority of cases. It is possible, moreover, that the useless peat 
might do harm by interfering with the action of otiler fertilizers. 
For it might combine with these fertilizers to form insoluble double 
humates at a time when tlley had better 1Iot be formed, and it 
might check the action of tbe II i tric ferment. 

It is not known as yd precisely what chemicnl changes may 
occnr in heaps of crude pent that haye been left exposc<l to the 
weather, though it is to be inferred from Smith's obseryatious that 



200 AGRICULTURE. 

some products of the decay of the peat are competent to neutralize 
the free humic acids, and thus to change the crude peat to the 
condition of lIlild and mellow humus. As bearing npon this point, 
the basic substances detected in humus by Loges - as mentioned 
on page 65 - may havc no little significance. "'hatever their 
influence may bc, it is known already that when organic matters 
decay several substances of hasic character are apt to be formed, 
such as ammonia and ethylamin, which are fully competent to 
neutralir.e acids; as well as other amids of le;;s pronounced 
chemical power, such as leucin and tyrosin. There appears in
deed to be a certain analogy between the res nIts of the decay of 
organic matter and the products of its destrnctiyc distillation by 
heat. Thus whcn wood, 01' coal, or bone, or almost any other 
organic compound is distilled - as happens in the processes of 
making tar, coke, charcoal, bone-black, and illuminating gas
there are found in the di;;tillates a great variety of alkaloids, not
ably ammonia, and the amines of methyl, ethyl, amyl, phenyl, 
etc., as well as picolin, pyridin, coUidin, pan'olin, etc., etc. 

As was just now said, the neutralization of the free humic acids 
may readily be effected artificially by adding to the crude peltt 
lime or wood-ashes, or some other kind of alkali; and the pro
cess of decay may be hastened 1JY mixing the peat with dung, or 
urine, fish, flesh, or blood, as actually happens in the making of 
composts. Indeed, the best way of using peat is in the form of 
compost, as will be explained in a ;;pecial chapter. 

""lIild lIuJnlls as (t Solvent. 
In addition to the mechallical and chemical effects already al

luded to, there is no doubt that some of the better kinds of humns 
may have cOllsillerablc influence by directly promoting the solution 
of plant-food. Gasparin and others have urged that many mineral 
matters dissolve more readily in the products of the fermentation 
of IltllllUS and other kinds of organi~ matter than they do in mere 
water. 

Verdeil insisted strongly upon this point many years ago. He 
observed that fertile soil8 coutain a peculiar, neutral organic sub
stance which is soluble in water alld which enables water to dis
solYe many inorganic matters that are naturally insoluble in water 
by itself. He found that the solutions obtained on extracting 
lllany different kinds of soils with pure water contained this pecu
liar organic substance combined in such an intimate way with 
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phosphoric acid, lime, magnesia, oxide of iron and silica, that 
these substances gave no reactions with the reage.nts ordinarily 
employed for detecting them in simple aqueous solutions. Speak· 
ing after the manner of chemists, he said that the organic matter 
masked the inorganic matters. 

Grandeall, in his turn, has insisted that there is contained in 
Russian black earth and other rich loams of high fertility, i. e. in 
garden-Ioams, in farmyard-manure, alld notnhly in barnynnl
liquor, a peculiar organic suhstanre capable of holding combincr! 
the inorganic matters aboye enunlcratcr!, in such manner that th!'y 
resist the action of dilute hydrochloric acid, nnd cnnnot be de
tected directly by means of the reagents ordinarily employed in 
Ia bora tories. 

To obtain this peculiar substance Grandeau directs that loam 
should be leached with a (lilllte acid to remoye the bases with 
which the organic matter is naturally combined in the soil j that 
the excess of acid should he removed by washing the leached loam 
with water, and that the residue should be treated with moderately 
diluted ammonia-water, or, for that matter, with either of the 
other alkaline hydrates. The black matter dissolns readily in 
the ammonia-water, and in this solution will be cOlltnined phos
phoric acid, lime, magnesia, iron, and silica, although neither of 
these suhstances can be detected there by means of the ordinary 
chemical tests. The prescncc of each and all of them, as well as 
that of potash and manganese, may rcndily be exhibited, howcver, 
by evaporating the solution to dryness, igniting the residue, and 
subjccting the ashes to analysis. Moreover, on dialyzing the am
moniacal solution, i. e. on placing betwecn it and pure water a 
membrane so arranged that osmotic action may occur, it is found 
that thc inorganic substances now in question readily pass through 
the membrane into the water, while the black matter remains be
hind. In the course of 36 honrs, 86 r/o of all the ash-ingredients 
contained in such a solution passed throngh the membrane, while 
the water into which they diffuscd remained colorless and free 
from carbonaceous matters. Thus, presumably, would the COll

stituents needed by plants pass into them by way of osmosis out 
of the organic solution. 'As obtained from some soils, Grandeau's 
black matter may contain no more than 2 % of ashes. while in 
other instances it may yield GO %. 

It would appear from the foregoing, that, under som!) ~ircllm· 
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stances, ammonia-water may dissolve from the soil phosphoric 
acid, lime, etc., that is, in so far as they are held in soluble com
bination by the organic matters. Indeed, carbonate of ammonia, 
snch as might occur naturally in soils and manures, ii:l better than 
ammonia-water, becanse it can act directly. Its carbonic acid 
combines with the lime which in the soil ordinarily holds the black 
matter in the insoluble state, and permit,; it to disi:lolye in the am
monia. From Hussian black earth which contained 0.2 rio of 
phosphoric acid, 80 % of this particular constituent was extracted 
in organic combination by means of ammonia-water. 

According to Grnndean, black matter extracted as above f!"Om 
European soils may contain frolll 3 to G % or more of nitrogen, 
and Hilgard has found 5 % of nitrogen Oll the average in the 
black matter of soils from humid regions in the l'i1ited States, but 
he has discovered that the black matter ohtained fl'Om soils in the 
arid regions of California alHI other 'Yestern States is extremely 
rich in nitrogen. An average of alillost 1 (j '!~ of nitrogen was 
fonnd in the humus of upland soils fl'0111 California, and of 10 % 
in the humus of low-lying soils. The averagc amount of actual 
humus in the Californian soils was 0.75 % and o.~u '!~ respec
tively. 

Grandeau is of opinion that carbonate of ammonia is of great 
importance as a soh·ent of food for crops. He believes that hy 
means of it, acting in the manner ahoyc (lescribed, both farmyard
manure and many fertile soils lllay afford solublc inorganic food 
to crops, - the organic matter acting as a yehicle, so to say, for 
the transportation of the ash-ingredients. He urges, furthermore, 
that the fertilit'y of soils is intimately connected with the amouut 
of mineral mntters that are contained in them so comhined with 
organic matter that they can dissolye ill ammonia. In barren 
moor-earth he found no more than mere traccs of slIch materials, 
wliile Russian black earth was surcharged with them, and they 
were abundant in fertile garden-loam and in woodland-humus. 

Too much IIlImlls does IIarm. 
There is no need to say that the yery qualities which make 

humus so yaluable in soils that are naturally too dry, unfit it for 
application to moist soils. There are few tllings worse than humus 
upon a wet soil. In case any large quantity of it were put upon 
a moist soil, it would remain wet and cold, and would tend to in
crease the bogginess of the place. 
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Whenever a field becomes surcharged with stagnant water, no 
matter from what cause, it will ultimately be eovered with coarse, 
innutritious yegetation that can bear to grow with its roots im
mersed in water which contains no air. Morcoyer, when low
lying land is reclaimed, the sponginess or incoherence of the half
dried and imperfectly rotted peat is often detrimental to the growtli 
of certain crops. Such land" he:wes" badly in the winter, and 
crops sown upon it in the autumn may readily be thrown out. 
Several years may elapse before the land becomes firm enough for 
wheat, though it is a tenet of practical experience that some kinds 
of crops grow well upon newly reclaimed bog-land, notably oats, 
potatoes and buckwheat, while wheat and cloyer are apt to remain 
uncertain crops for many years. 

In order to correct the looseness or sponginess, it is customary 
in many localities to dress reclaimed bog-lands with gravel and to 
plough this gravel under as if it were manure. Another way is to 
cover the drained bog with a layer of gravel several incbes thick, 
and to spread manure aud grow crops upon the new surface which 
has thus been obtained. This method seems to be of Celtic origin, 
and bas frequently been made use of at one time and another in 
Ireland and England. In lDany situations, it is a great merit of 
the gravel layer that it acts to compress the bog-earth and to 
squeeze water out of it into the drains. 

In recent years, the process of covering moor-land with gravel 
has been systematized in North Germany, and no little attention 
has been given to the scientific study of it. In cases where the 
layer of peat or moor-earth is from a foot and a half to three feet 
or more thicK, in view of the fact that the country is absolutely 
fiat, without any hills or knolls from which gravel might be trans
ported to the moor-land on sleds or railway cars, the operations 
consist in digging deep, wiele ditches at stated intervals, and 
spreading upon the surface of the moor the sand or gra,'el which 
is taken from the bottoms of the ditches. This layer of gravel is 
made 4 inches thick, and upon it the crops are grown. 

Cases baye been described where the ditches were dug at dis
tances of about 75 feet one from another j they were 16 feet wide 
at the top, 11 feet wide at the hottom, and 4 or 5 f~et deep. 
The black earth from the ditch is first spread upon the surface of 

"'the moor, and then the sand, gravel, loam, or clay taken from the 
bottom of the ditch is spread, in its turn, so that a layer of it 

\ 
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four inches thick shall everywhere cover the moor-earth. A 
gravelly sand is said to be best j and, in general, the more gravelly 
the subsoil is, the better, provided it contains some clay. Pure 
fine-grained quartz sand is said not to allswer nearly so good a 
purpose as gravel. The objection to fine sand is, not merely that 
it is blown away by the wind, but that it dries too rapidly by day 
and chills too quickly by night. In Ireland, particularly good 
results have been obtained by using limestone gravel. (A. Young.) 

Oats may be sown at once upon the layer of gravel, and after
wards potatoes, roots, grain, and all kinds of forage plants. The 
main point is, that the layer of gravel is left permanently upon the 
surface of the land. It is never ploughed nnder, nor mixed with 
the moor-earth. Ordinarily, the gravel layer is ploughed no deeper 
than 4 inches. But from time to time, at rare intervals, when the 
surface land seems somewhat hard or incrusted, a subsoil plough is 
run through the beds, so as to loosen the soil without mixing one 
layer with another. 

The layer of gravel is useful in several ways: It compresses 
the moor-earth and prevents it from passing into the light, inco
herent, non-capillary, infertile condition which it would be apt to 
assume if it were to be cultivated directly in the ordinary way, 
immediately after draining, and if it were left exposed freely to 
the action of the sun and wind. One highly advantageous result 
is that the gravel tends to shield young crops from night-frosts in 
the spring. It lessens the evaporation of water from the soil, and 
cools off so slowly that the land is kept comparatively warm, while 
later in the season it ensures the coming up of a constant supply of 
capillary moisture even when the weather is so dry that drained 
moor-earth by itself might dry out. Hence a grayelled moor can 
safely be drained to greater depths than an ordinary moor. 

It is noticed that when the gravel or sand has become dry at the 
surface this dry layer acts as a mulch to hinder the evaporation of 
water from the soil beneath. Thus the soil is kept moist and, so 
to say, mellow continually, and in such condition that the roots of 
crops find proper support and that the humus undergoes changes 
which fit it to serve as plant-food. Land thus covered with gravel 
admits of being tilled in the spring earlier than the adjacent un
covered land, and crops grown upon it are less liable to be thrown 
out by the frosts of winter. It is counted as an advantage that in 
preparing the gravelled moors for crops they need not be ploughed 
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As was just now said, a furrow of four inches is deep 
Such land is no longer in any danger of being destroyed 

It is to be understood, of course, that the moor must be well 
drained before this method of cultivation, or any other, can be 
adopted. It is said that, as a general rule, the water-table should 
be kept some 3.5 or 4 feet from the surface of the soil, though for 
grass-fields it need not be so low as this. It has been found in 
practice that this method of reclaiming low-lying moor-land yields 
better crops than can be got from the moors by any other known 
process, and that the effects of the reclamation are sure and last
ing. Whether or not it is the most economical of known methods 
is, of course, a totally different qucstion. 

One curious result of this method of cultivation, as ordinarily 
practised, is that humus may accumulate rapidly in the land. An
alysis had shown from the first that the crops grown upon moor-land 
thus reclaimed are particularly rich in nitrogen j and, after some 
years' experience, it began to be noticed in certain localities that 
grain-crops are apt to lodge badly on beds that are 8 or 10 years 
old, and it appears that the trouble comes from too great fertility 
of the soil, i.e. from the accumulation in it of too much easily as
similable nitrogen. The practice had been to manure the fields 
much as any upland field would be manured, and here is where a 
mistake seems to have been made, for by using stable-manure too 
much mellow humus accumulates in the grayellayer. 

Osswald, who has examined the soil from a number of these 
gravelled moors, found that the surface layer of gravel had become 
charged with a large amount of organic matter. Not that the gravel 
and the moor-earth from below had become mixed. On the con
trary, the line of demarcation between the two kinds of earth was 
found to be surprisingly sharp, considering that twelve years had 
elapsed since the gravel was spread, and that arable crops had 
been grown upon the land continually. The trouble was, that the 
continued application of stable-manure and the increase of plant
roots had led to an actual accumulation of humus in the gravel. 

Osswald did not find any surprising amount of nitrates, though 
he did find very large quantities of ammonia, and it was plain that 
there was present a far larger quantity of active nitrogenous manure 
in the soil than there was any need of. As the lodging of the grain 
had already shown, there was far too much of this nitrogen, In-
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stead of becoming exhausted with cropping, the fields had become 
too fertile. That is to say, they were no longer competent to grow 
so great a variety of crops as they had been at first. They still did 
very well for grass, however. Some of the twelve-year-old beds 
yielded the best crops of ray-grass, cut over and over again for 
green fodder, they had ever given, though they had all along been 
well manured with dung, superphosphate, bone-meal, and Stassfurt 
potash salts. 

Speaking in general terms, the continued use of heavy dressings 
of farmyard-manure on such land is not to be commended. Here 
assuredly, if anywhere, tbe use of a comparatively large proportbn 
of mineral fertilizers, in conjunction with the dung, would be in 
order j for under proper management, the great store of natural 
nitrogen should be competent to supply the larger part of all the 
nitrogen which the crops might need. Of course, care would have 
to be taken, at first, to "sweeten" the original sour humus by 
liming or dunging the land, and at no time should lime, or super
phosphate, or potash salts be applied in such large quanti.ties as 
would be liable to hinder the nitri.fication of the humus in the soil. 
It was noticed long ago by German cultivators, even on bog-lands 
that have not been covered with gravel, but merely mixed there
with, that much more abundant crops of forage can be grown than of 
merchantable grain, and that it is not good pl'actice to apply heavy 
dressings of dung to such land, because of the rank growth caused 
by it. Dressings of marl, used in conjunction with phosphatic and 
potassic fertilizers, haye been commended for such land. When
ever, as in the case just now described, the gravel coYering of the 
bog-land has become surcharged with humus, it would seem to be 
proper to grow upon it a succession of exhausting crops, without 
applying ilny nitrogenous manure, in order to take down the ex
uberant fertility j else a new layer of gravel might have to be laid 

; down on top of the old layer, at enormous expense. 
The great cost of covering a bog with gravel in this way limits 

the applicability of the process to countries where labor is abun
dant, although it is worthy of remark that cranberry bogs have long 
been made in this country much in the same way. But there is a 
modification of the process applicable to moors which are covered 
with bnt a thin layer of black earth, which might possibly be ap
plied occasionally even in this country. 

·When the moor-earth is no thicker than from 8 to 16 inches, the 
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Germans get the top layer of gravel by bringing up the subsoil from 
just below by It system of trench ploughing. Three ploughs specially 
adapted to the purpose are run one after the other. The first plough 
turns a flat furrow 3 inches or so deep; the second plough stirs the 
sole of the firs t furrow to a depth of 12 or 16 inches; and the third 
plough throws up at least 6 inches of the loosened gravel, to cover 
the original sod. The idea is much the same as before, viz. to cover 
the humus with gravel. These ploughing operations are carried out 
in summer and autumn. Next spring the furrows are levelled with 
a heavy harrow, and oats are sown upon the land. 

The process is interesting enough and instructive enough to de
mand attention when considered merely as a method of cultivation; 
but the purpose of citing it here is to indicate how rapidly humus, 
i. e. nitrogenous humus, may accumulate in a soil when the condi
tions are favorable for snch accumulation. As bearing upon this 
point, reference may again be maue to the fact of observation, that 
in ordinary European farm practice only a moderate proportion of 
the nitrogen applied to the land in the form of manure or fertilizers 
is recovered in the crops. 

Some 2"foo1".~ are Poisonous. 
On the low-lying German bog-lands to which this system of cul

tivation has been found well adapted, it commonly answers an ex
cellent purpose provided the moor-earth is not actually poisonous 
at the start. But, as has been explained already, it will be well 
that both the moor-earth and the gravel should be free from sul
phides of iron, lest, when air gains access to these compounds, thel'e 
should be formed sulphate of iron or free sulphuric acid; and lest, 
through the action of carbonic acid, sulphuretteu hydrogen should 
be set free. 

It has been noticed occasionally on some moors which have been 
grayelled, that crops are apt to fail on those spots and pluces to 
which sulphuric acid or ferrous sulphate have been brought, by 
the capillary movement, in quantities large enough to be injurious 
to plants. In his research as to the causes of sterility in certain 
soils, Voelcker long ago cited instances where much harm had 
been done through the presence in the soil of no more than half 
of one per cent of the iron sulphate, and he fonnd that nothing 
whatever grew on land which contained little more than one per 
cent of the sulphate. Since ferrous oxide and ferrous silicate a:':, 
quite insoluble in water, it is not to be supposed that eithe1 c~ 
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these substances can of itself be injurious to plants, though the 
presence even of these products of reduction may serve to show 
that the soil is not adequately aerated. 

A completely barren sandy soil, of strongly acid reaction, ex
amined by Yoclcker, contained 1.05 % of ferrous sulphate and 
0.5G % of black sulphide of iron j which, as he remarks, "is 
even in the smallest proportions most pernicious to plants." An
otlwr soil, taken from an infertile field on land reclaimed from the 
HaarlpID Lake in Holland, exhibited a strong acid reaction and 
contained - beside 1.72 % of sulphate of lime - 0.74 % of fer
!'Uti:> sulphate, 0.71 % of f('rrons sulphide, and 1.08 % of sul
phuric acid united with oxide of iron us basic SUlphate of iron. 
Although this soil was rich in nitrogen, phosphoric acid, potash 
and other ash-ingredients, it was completely unproductive when 
deeply tilled. So long as the field had been lightly scratched at 
the ;>urface, it produced scanty though still remunerative crops, 
but on heing ploughed deeply no crop;.! could be got from it, and 
no good was done by npplying farlllyanl-mallll!'e. " By the deep 
cnltiyation, sulphide of iron 'was tUl'lleu up, and air was admitted 
into the soil more freely, which had the effect of oxidizing the iron 
pyrites amI changing it into green vitriol. .. The proper remedy 
for such a state of things is a heayy dressing of lillie, marl or 
chalk j for quicklime, or the lime in Illarl or chalk, decomposes 
sulphate of iron, and uniting with the liberated sulphuric acid, 
giY(~s rise to gypSlllll- a useful fertilizer - and to oxide of iron, 
which OCellI'S in all fertile soils. 1 n the case before us, my recol11-
mellllation to apply a heavy dressing of lime was adopted with 
complete success." Another soil, from land that had been re
claimed from the sea in EUgialld, and which was poisonous to 
plants becanse of the presence of ferrous sulphate, was found to 
contain 1.:39 ~ of this substance awl 0.78 % of ferrous sulphide. 

The following analyses reported by Maercker relate to moor
lawl that had been covered with gravel in the manner above de
scribed. Bed No. I bore good crops j bnt on bed No. II noth
ing would grow from the first; on the contrary, a crust that 
contained iron compounds formed at the top of the four-inch layer 
of sand. Bed l\o. III gave a good crop of wheat in 1871, but 
horse-beaus failed upon it in 1872. No. IV was from a wild 
moor; the sample was taken from a bare spot in a birch-wood Oil 

which no vegetation had been seen for 25 years. 
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It appeared from the analyses that all the specimens contained 
enough potash, lime, phosphoric acid, and other ash-ingredients, 
to have enabled the land to hear crops j bllt ill addition to these 
things there was a good deal of iron, and in some cases there was 
the poisonous ferrous sulphate also: -

I. II. III. IV. 
100 Parts of the dry Earth contained Continnally Not Cul- Cultivable Bare for 

Fertile. tivahle. at fir.t. '2f) Years 

Iron, reckoned as ferde oxide (Fe,O,l) 4.830 7.540 6.580 6.:190 
Iron in the form of ferrous oxide (FeO) 1.500 1.880 1.7!l0 2.740 
Iron that was soluble in the form of 

ferric oxide. 0.226 0.999 0.319 0.066 
Iron that ,vas soluble in the form of 

ferrous oxide 0.000 1.349 0.298 0.395 
Iron that was soluble, all rpckoned 

as ferric oxide. 0.226 2.498 0.650 0.505 

It appears from the analysis No. I that a small amount of 
fel'l'ic sulphate did no pUl'ticulut· harlll, while the ferrolls slllphate 
of II, III, and l\T poisoned the land. The analyses enforce the 
propriety of using bone-ash, phosphatic slag, floats, or greensand, 
and muriate of potash on such land rather than gypsum, or sul
phate of potash, or superphosphates that contain gypsum i for by 
the reduction of the slllphates in the nonaerated moor-earth sulphide 
of iron could readily be formed, and through the oxidation of this 
sulphide the poisonous ferrolls sulphate might result. 1\Iaercker 
urges that Ly liming the soil, so that it shall be charged with calcic 
hnmaies, the noxiolls ferrons sulphate would be decomposed as 
fast us it formed. Contrary to what has sometimes been taught, 
the presence of insoluble ferrous compounds in the soil did no 
harm. It was ouly when soluble feITous salts, such as copperas, 
were at halHl that the crops suffered. 

One point to be noticed is that gravel taken from beneath bog
earth will be much more likely to contain hurtful sulphides of iron 
than that taken from nplallll hanks and hills, to which air has 
always had access. Generally speakiug, gravel that can he run 
down upon the hog-land from a neighboring hillock will be better 
suited for covering purposes than that which has to he dug ont 
from wet ditches. In a case where the bog-saud nsed for coyer
ing contained sulphide of iron, quicklime was strewn upon part of 
the field, and excellent crops of harley and of oats were obtained 
there at once, while on that part of the field which l'eceiyed no 
lime the 11r8t crops failed. The land became fertile, however, 
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after the sand had been exposed to the weather for a year or 
two. 

Different kinds of ~1Iool'-earth need different Treatme1d. 
Experiments made by Fleischer and others on high-lying moors, 

have shown that the process just now described is not applicable 
in certain cases. It is plain, for that matter, that there are seyeral 
different kinds of moor-earths and bog-earths, and that methods 
of treatment proper for one kind may not be proper for other 
kimls. Some kiu(ls of SOliI' humus do not readily become sweet 
and mellow when coyerecl with a layer of grayel and dressed with 
artificial fertilizers, not even wheu the land has been thoroughly 
drained, while the admixing of such humus with sand and with 
night-soil may be highly judicious. Even when the sour land was 
limed before applying the layer of gravel, the crops obtained were 
inferior to those got from the fields where sand aUlI night-soil had 
been plowed under. But on applying night-soil to the land covered 
with grlwel, good cmps Were obtained. All of which goes to show 
the importance of assimilable nitrogen and the necessity of treat
ing the lands in such manner that the nitrogen of the inert humus 
shall become available. As bearing upon this point it should be 
said that experience teaches that the original grass, or other herb
age which lllay be growing upon the moor, had bettcr be destroyed 
before proceeding to cover the laml with gravel. '''hen practic
able it may e,'en be well to cultivate the land somewhat before 
gravelling it, in order to bring the humus into good condition by 
the action of air aud of micro-organisms, and by means of ap
plications of lime or of marl. Fleischer has reported a case where 
there was harvested, per Morgen, from moor-land which had 
been: -

Mixed with sand 
Covered with sand, without previous cUltivation. . 
Covered with sand, after cultivation and fertilization 

Centner of Rye. 
Grain. Straw. 

8.8 17.7 
4.8 12.9 

10.9 19.0 

Carsten, in Holland, tried the experiment of growing oats on 
contiguous plots of moor-land, each 1 of an tlCre in area, some of 
which had been reclaimed l,y coYering the law} with gravel, as 
above, while others had been reclaimed by mixing gravel with the 
moor· earth. In every instance where the grlwel and moor-earth 
were admixed, the crops obtained were inferior to those from the 
gravel-covered land, as will appear from the following table: -
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Bushels Oats 
Manure on 1-5 Acre Cost of the from 1-5 Acre of 

Manure. Covered Mixed 

551b. rectified guano . . . J 
55 " steamed bono-meal. . 
33 " sUlphate of potash and magnesia 
66" plain P'~r\lvian guano. . . . J 
55" steamc(l bone-meal. . . . . 
33 " sulphate of potash and magnesia 
33" nitrate of soda . . . . . . f 
66" steamed bonl'-mcal. . . . . 
83" sulphateofpotashandmagnesia 

$4.00 

4.25 

3.80 

Laud. Land. 

6.13 5.56 

8.51 6.13 

4.26 1.94 

110" reetified guano . . . . .. 3.80 9.37 6.81 
Same money value of plain Peruvian gutlno 4.00 11.08 7.66 

It was thought that most of the nitrate of soda was washed away 
by rains, aud that better results might ha,-e been got from this 
material by using it in larger quantity and applying it at intervals 
as a top-dressing. 

Simultaneously with the tabulated experiments, two plots were 
manured with night-soil from city cesspools applied in such quan
tity that the cost was $14.R7 for each of the i acre plots. There 
were hmTested from these two plots 12.1·1 allLl 11. :35 bm;hels of 
oats respectively. It is noticeable, both as regal'lls the night-soil 
and the guano, that tile largest crops were obtailled from the 
manures most likely to be charged with the ferment which would 
cause nitrification of the moor-earth. It will he noticed also that 
$20 worth of plain guano to the acre ga'-e almost as large a crop 
(55t hushels to the acre) as night-soil applieu at the mte of $74 
worth to the acre. 

IlIc1'ertse of Humlls ill Pastures. 
It is not alone in low-Iyiug bogs that Immus may accnlllulate. 

Such increase is often yisible to the eye in pastures and mowillg 
fields, and the experilllents of Lawes aud Gilhert haye proved the 
correctness of the poplllar he lief that organic matter does llotonlina
rily go to waste in such situations as fast as it is formed or brought 
there. Thns, ill ca"es when' arable land had been seeded clowll and 
subsequently used as pastllre or as a hay-field, it' was found, after 
the lapse of years, that the proportion of nitrogen ill the soil had 
increased appreciahly, as will be seen in the following table:-

Percent of nitrogen in arable land . . . . 0.140 
" pasture 8 years old . . . .. 0.151 
" another pasture 18 years old. _ 0.174 
" Dr. Gilbert's hay-field 21 years old 0.204 

.. " " 30 0.241 
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In the case of Dr. Gilbert's hay-field, it was estimated that the 
increase of nitrogen in the surface soil during thirty years bad been 
at tbe rate of about 50 lb. per year and per acre. Some of this 
nitrogen came from stable-manure which was applied to the laud 
every other year, but some of it evidently came from the air, through 
leguminous plants or from the subsoil. 

IIunws cools Soils. 
The influence of dark-colored substances upon the temperature of 

tile soil has already been insisted upon j and it may possibly be true 
tllat humus sometimes tends to make 11 soil warmer by virtue of its 
color, but tllis is not its usual mode of action. On tbe contrary, it 
clliefly serves to cool the soil, and it often does good in tbis way j 

i. e. by regulating tile temperature of the soil, by means of the water 
which it hoills. At mid-day, in SUlllmer weatber, the surface of a 
mere sandy soil may become so Ilot that the hand can Il:udly be 
held against it. But if such soil be charged with hUlllus, tllrough 
abundant dressings of long manure, or by the addition of peat, it 
cannot readily become so hot by tile action of the sun's rays j for 
the water which the humns sucks up from the suLsoil, and aLsol'Ls 
from the air which rises out of the subsoil will slowly evaporate, 
and in so doing will consume so much heat that the soil itself will 
remain comparatively cool. 

Fixation of Bases by Jlumates. 
Some reference has already been made to the power of humus to 

absorb and hold the vapor of ammonia and of carbonate of ammo
nia, and the subject will again be referred to hereafter. It is to be 
noticed, however, that by virtue of the llUmic acids contained in it 
humus can combine with lime and magnesia, and with the bases 
contained in alkaline substances sucll as the car!Jollates alld soluble 
silicates of potash and soda, i. e. humus can absOl·b and fix and hold 
these basic substances. The llUlllates of lime and of magnesia, like 
most other humates, are wellnigh insoluble iu water j !Jut potash and 
soda, wilen present in excess, form soluble hUlllates. ln the soil, 
however, these basic alkaline humates qtdckly unite with othel' 
humates of metals or earths, and form double salts which are only 
very difficultly soluble. 

Detmer describes a double humate of lime and ammonia as being 
soluble in rather more than 3,000 parts of water, and olle of iron 
and ammonia as dissolving in 5,000 parts of water, at 61)° F. The 
acid humates of potash and soda, such as would naturally form iu 
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any soil rich in humus on the addition of a small quantity of an 
alkaline carbonate, are wellnigh insoluble in water. 

It is noteworthy that some varieties of humus are capable of 
absorbing a larger quantity of potash, soda, or ammonia from the 
carbonates of these substances than from the caustic hydratps. 
Thus S. \V. Johnson found that a peat from New Haven could 
absorb 1.3% of ammonia from a solution of carbonate of ammonia, 
but only O.!l5% from a solution of caustic ammonia. It is not im
probable tllat this particular peat may have cOlltainf~d some hllmate 
of lime upon which caustic amlllonia might have comparativ{>ly little 
action though it would be decomposed readily by carbonate of am
monia with formation of humate of ammonia and carbolla te of lime. 
Several chemists have noticeu that soils rich in humus may absorb 
alkalies more forcibly after they have been limed, 01' mixed with 
carbonate of lime, but in this case the improvement iO! manifestly 
due to the formation in the soil of a quantity of humate of lillle 
with which the added fertilizers can react hy way of (Iouble de
composition. 

In case a field to be fertilizeu contains free humic acid, a prelim
inary liming would neutralize this substallce, an(1 by fonnillg hu
mate of lime would prepare the way for the fixation of potash or 
phosphoric acid and other fertilizing matters, such as woultl uatu
rally be applied to the land iu mauures. It is to be note<l, how
eyer, that this remark applies more particularly to low-lying soils, 
and especially to soils that are said to be "sour"; for in good 
humus, such as exists in garden loam, 01' in almost any really fertile 
field, the humic acids are not free, but combincd witll olle base or 
another to form salts of the humic acids, or, as the common say
ing is, " llUmates" which are already competent to fix tile constit
uents of fertilizers. It may he said with trutll of many fertile 
countries, and especially of regions where limestoue aholluds, that 
highly cultivated soils ordinarily contain no free add other than 
carhouic acid. It was remarked by Yoplcker long ago, that ,. Good 
and fertile soils either have no effect upon red or blue litmus paper, 
or they show a slight alkaline reaction, i. e. in a wet condition they 
restore the blue color to reddened litmus-paper," because of the 
presence of bi-carbonate of lime, which, as is wcll known, exhibits 
an alkaline reaction. It is to be observeu none tile less, that in 
many districts of no great fertility, as in ~ew England and ill other 
nOll-calcareous regions. cultivated soils are apt to exhibit a faint 
acid reaction. 
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In ordinary soils the ingredients of humus are so circumstanced 
that only some traces of them can be dissolved out of the soil by 
water j but from peat, leaf-mould, and even from rich garden
earth which through fermentation or decay has become charged 
with carbonate of ammonia, water will extract an appreciable 
amount of soluble matter, which is sometimes in the condition of 
humate or ulmate of ammonia. There can be no question that 
these solutions may do good service sometimes, both by reacting 
upon various matters in the soil and rendering them solulJle and 
available as plant-food, and by lJeing converted into nitrates lJy 
fermentation and oxidation. 

III/mutes insoluble in Saline Solutions. 
An interesting fact, noticed hy Knop, is, that the humates in 

the soil are much less soluble in saline solutions than they are in 
pure water. Thus, if a quantity of loam he treated with succes
sive portions of water, the first filtrate will cOllie through almost 
colorless, while the sllcceeding portions of the filtrate will be deo' 
cicledly colored from the presence of dissolved organic matter. 
That is to say, as soon as the saline matters natural to the soil 
have been rinsed a,way by water, certain compounds of humic 
acids will dissolve in fresh water to an appreciable extent. It 
would seem, therefore, that a new soh-ent force must be brought 
into action in the soil when the conditions are sllch that solutions 
of humates can appear j as, for example, after continuons rain. 

A familiar example of the insolubility of humates in saline 
, solutions is seen in limestone countries where tbe " hard" water 

of the wells is apt to be particularly clear and colorless, thanks to 
the presence of solu hie biocarbonate of lime. So, too, Knop's 
observation serves to explain how it is that in certain regions the 
waters of brooks are sometimes more or less highly colored, while 
in otber localities brook waters are free from color. Thus in many 
brooks of New England and of Scotland, which flow from bogs, 
highly colored waters will be noticed after rain, as in the water of 
the Dismal Swamp of Virginia constantly, and iu several tribu
tary streams of the Hh-ers Amazon and Orinoco. As Muntz and 

. Marcano have explained, these dark-colored South American rivers 
contain very little mineral matter iu solution, and they owe their 
color to the presence of free humic acids which have been formed 
by the decomposition of vegetable matter in a non-calcareous, 
granitic soil. 'Vhen the "black" water of the streams now in 
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question flows into clear rivers the coloration speedily disappears 
because the humic acids unite with lime which is held dissolYed in 
the colorless water, and the humic-lime compound quickly settles 
out. It is to be noticed that these black or coffee-colorid waters 
are not turbid. They are as clear as wine. But like wine they are 
colored by the presence of dissolved organic matters. For the 
agents which act to clarify turbid waters see "flocculation" in 
the index to the third volume of this book. 

Alkaline salts, such as the carbonates of potash, of soda and of 
ammonia, which freely dissolve humus, are of course exceptions 
to the foregoing rule; and so are solnt ions of the phosphates of 
potash and of soda, and especially phosphate of ammonia, for 
they dissolve humates somewhat in the same way that the alkaline 
carbonates dissolve them. It bas eyen been noticcd, both by 
Schulze and by Knop, that the solutions of humates which ap
pear, as aboye described, on percolating soils with water after 
they have been washed free from saline matters, contain appreci
ably larger quantities of phosphoric acid than the first filtmte does~ 
By direct experiment, Knop found, that, as a rule, the solubility 
of humates is yery much less in solutions of sulphate of potash, 
or of the nitrates of potash or lime, than it is in mere water. 

According to Detmer, humic acid itself is much less solll ble in 
solutions of chloride of potassium, chloride of sodium, and nitrate 
of potash, than it is in pure water. The mineral acids, i. e. hydro
chloric, sulphuric, and dilute nitric acids, dissolve no morc than 
traces of humic acid, though phosphoric acid can dissolve rather 
more. Detmer determined thut onc part of humic acid dissolves 
in 8,333 parts of water at 43° F. and in 3,571 parts at 65°. Dry 
humatc of ammonia, on thc contrary, is readily soluble; one part 
of it dissolvcs in 21- parts of water. 

Fen', If any, Agric1Iltural Plants feed IIpon Humus. 
Much has been said and written in times past upon the qnestion 

whether or not crops can feed upon hUlllus directly, i. e. as to 
whether humus can be taken in, as such, by the plants and used 
as food. In recent years, the point of yiew of investigators has 
changed so completely that it is not easy to put one's self in the 
position of the earlier experimentcrs or to do full justice to their 
theories. As has been set forth in the chapter on symbiosis, there 
are now some reasons for believing that humus may occasionally 
lierve a useful purpose for feeding various kinds of crops through 
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the intervention of fungi, which while living upon the roots of 
plants and feeding upon the plants and upon the humus of the 
soil, can COllyey both carbonaceous and nitrogenous matters from 
the humus to the plants. 

There are, as is well known, yarious kinds of plants of low 
orders which can feecl dircctly upon humus, upon decaying vege
table matters, or upon dead plants; but it is a familial' fact that 
most agricultural plants (excluding mushrooms from the category) 
can grow perfectly well in the absence of humns. This fact is 
illustrated by cxperiments which ha,-e been made by way of water 
culture, and by those made with factitious soils. Boussingault's 
sunflower, for example, grew to perfection in a soil which had 
been purposely freed from carbonaceous matter, excepting what 
was contained in the seed from which the plant sprung; and similar 
results have heen obtained by many other observers. Beside 
laboratory eXll('riments, there is the example of successful agricul
ture in many sandy countries, where fertility has been obtained, 
even from the first, by means of irrigation. According to Gas
parin, crops of peculiar excellence are grown on certain volcanic 
ashe'S of Vesuvius (rapilli) which contain some 12 % of potash, 
but no organic matter. 

The first ycgetutioll on the globe must haye grown without the 
aid of humus, eyen more certainly than is the case with the plants 
of low orders which are now sometimes to be seen growing upon 
bare rocks, or of the sea-weeds which are seen growing in the 
water. And yet, as has been said already, the presence of humlls 
in a soil may perhaps be of great practical importance for the 
support of microscopic organisms, and so, indirectly, for the 
nourishment of some kinds of crops. Even before the doctrine of 
symbiosis had been formulated, scyeral accurate observers had 
insisted that although grain ('rops appear to be quite independent 
of thc prC€€ncc of organic matters in the soil, certain other crops 
- notably root crops sl1ch as tUl'Jlips, and mangolds, and sugar 
beets, and rape - are, to all appearance, oftcn materially bene
fited by manure rich in carbonaceous matters, and notably by 
humus. 

It is to be saiel, moreoycr, that although humus may often be 
dispensed with and though there is no reason for supposing that 
it plays any important part'directly as a source of the carbonace
ous food of agricultural plants, it is not improbable that some of 



ORGANIC PLANT-FOOD. 217 

the soluble portions of humus may be taken up by plants from the 
soil. Detmer has found indeed, that, although humic aeid and 
the humates are colloid bodies and non-diffusible, apocrenic acid 
and its salts, which result from the oxidation of hUlllus, are easily 
diffusible, and are in fact taken up by pca-plants. 

Petermann also found, on placing several different kinds of 
loams on parchment paper, the other side of which was kept in 
contact with water, that not only inorganic matters (viz. lime, 
magnesia, iron, potash, soda, and sulphuric, hydrochloric, silicic, 
phosphoric, and nitric acids) passed out from the loam through 
the paper by way of osmose, but that appreciable quantities of 
soluble organic matter also diffused ont from the loam into the 
water. He found that quantities of matter ranging from 0.04 to 
0.26' grm. passed out from 100 gnn. of loam into the water in ten 
days' time, and that from 0.01 to 0.18 grill. of this matter was 
organic. In fact, the amounts of organic matter which passed 
through the membrane varied from 20 to 69 % of the total matter 
which passed through. 

Petermann remarks, that this organic matter is neither humic 
acid, nor humate of ammonia, nor the so-called black matter of 
Grandeau, all of which substances are colloid and non-diffusible. 
It recalls rather the neutral soluble organic matter, " analogous to 
dextrin or sugar," which was extracted from Ioams long ago by 
De Saussure, and by Verdeil and Risler. 

Plants can Feeel on Organic .1'fatters. \ 
~ 

CheYreul insisted long ago that plants can take in blood as such 
and put it to profit, and it was shown subsequently that they can 
feed upon various nitrogenized carbonaceous matterlS, such as 
urea, for example. There are in fact some kinds of plants which 
habitually capture insects and feed upon them. It has been shown 
moreoyer by the experiments of Yan Tieghem, that, for the sup
port of germinating seeds, it is not essential tllat the cellular struc
hue of the store of nutritiye matter which naturally surrounds the 
germ or embryo of the seed should be preseryed intact. That is 
to say, it is not strictly necessary, in order that a seed may grow 
to the condition of a self-sustaining plant, that there shall be an 
actual, organic, cellular connection between the embryo and the 
supply of nutritive matter. He detached the embryo of l\Iirabilis 
(l\Iaryel of Peru), from the remainder of the seed, ground the 
latter, together with a little water, to paste in a mortar, and placed 
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the embryo in a ball of this paste under conditions suitable for 
germination. The embryo sprouted in due course and grew as 
well as if it had been left in an unmutilated seed. On substitut
ing a paste of buckwheat flour for the ground-up seeds, the ex
periment succeeded as well, and in still other experiments where 
potato starch was used it appeared that :1 considerable portion of 
this material was consumed by the yonng sprout, especially when 
small quantities of nitrates, phosphates, etc., had been mixed with 
the starch. 

It is now kuown very well that as a matter of fact most plants 
if not all plants can be supported in some part by solutions of 
various organic substances. Boehm has shown that starch forms 
readily, even in the dark, in the green leaves of many different 
kinds of plants when cut off from the parent stem and immersed 
in a solution of sugar, and thi" observation has been repeatedly 
verified. The researches of A. Mayer, E. Laurent, Bokorny, and 
others, have proved that the green leaves of many plants can take 
in sugars (of various kinds) and transform them to starch; and 
similar results have been obtained when leaves freed from starch 
were supplied with mannite, dulcite, glycerin, methyl alcohol, 
methylal, ethylenglycol, etc. In one of Bokorny's experiments, 
Lemna plants which were kept in the dark, and fed with a one
thousandth solution of glycerin, as well as with ash-ingredients, 
doubled their weight in the course of 16 days. A very consider
able increase in weight was noticed also in the case of Cladophora 
plants fed with the glycerin solution. In another trial, Cladophora 
plants kept in the dark and snpplied with mineral fooa, and a 
one-thousandth solution of methyl alcohol nearly doubled their 
weight in a fortnight, as compared with plants similarly situated 
which got none of the alcohol. Bokorny insists that in all these 
cases where plants kept in air free from carbonic aeid are fed with 
organic matter, the starch formed from the organic matter is seen 
to appear in the chlorophyl grains and not outside of them. 

Acton also found that plants or shoots grown by way of water
culture, and depriycd of starch by keeping them in air free from 
carbonic acid, formed starch when an extract of humus - pre
pared by digesting leaf-mould in dilute alcohol and filtering
was supplied to their roots, though not when the extract was ap
plied to their leaves. Glucose in 0.5 % solution waS more readily 
taken up by the roots than cane-sugar was. The roots withdrew 
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all the glucose from a 1 % solution, and remained healthy while 
starch was produced. Starch was formed in these plants when 
soluble starch was applied to their leaves, but not when applied to 
the roots. 

As has already been set forth in the chapter on Symbiosis, it is 
well known that fungi - such as mushrooms, moulds, and yeast 
- readily assimilate carbon from the organic matters on which 
they feed, and it might be said with truth that the higher orders 
of plants are really supplied with carbonaceous matters in milch 
the same way as the fungi, since the action of the chlorophyl 
grains is merely to change the carbonic acid of the air into car
bonaceous compounds which speedily mix with the juices in the 
plant and pass about from one part of the plant to another for the 
purpose of feeding it. 

Schmidt has shown that neutral fats and oils and even free 
oleic acin sen'e well as food for various species of moulds and 
for mosses, and that oil is absorbed by many germinating plants 
also, such as peas. According to Loew, the following chemical 
substances - used in neutral or faintly alkaline solutions - can 
serve as sources of carbon for the production of vegetable ce!ls, 
viz. alcohols, phenols, organic acids, ketones, aldehydes, carbo
hydrates, ethers and esters, and many alkaloids. 

Formation of Stm'ch from Forndc Aldehyde. 
It has been remarked already in the second chapter of this 

book, when treating of the fixation of carbon hy plants, that 
possibly the organic substance known as formic aldehyde (COH 2) 

might result from the simultaneous decomposition of carbonic acid 
and water in the chlorophyl grains and serve as material for the 
formation of sugar, starch, and the various other proximate prin
ciples of the plant. This idea has been subjected to the test of 
experiment, and there are good reasons for believing that it is 
well founded. Formic aldehyde when prepared artificially outside 
the plant, and applied as such, acts on vegetation as a poison and 
consequently cannot be used for the experiments now in question. 
But there is a non-poisonous compound of formaldehyde with 
sodium sulphite - known as formaldehyde-sulphite of sodinm, or 
as oxymethyl-sulpbonate of sodium - which has been employed 
with success hy Loew and by Bokorny. The snpposition is that 
this substance is decomposed so slowly and gradually by the 
m·otoplasm in the plant-cells that the formic aldehyde changes to 
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sugar or starch, or what not, as fast as it is set free, and that not 
enough of it to injure the cells is produced at anyone moment. 

Specimens of the filamentous alga spirogyra were deprived of 
their starch by keeping them in the dark for a day or two, or in 
solutions that contained no potash, and were then placed in a 
solution of the formaldehyde compound to which a little phosphate 
of potash had been added. On exposing these plants to light, in 
air that contained no carbonic acid, it soon appeared that an 
abundance of starch had formed within the plants, while in con
trol experiments, no starch was formed in phtllts similarly situated 
to the foregoing excepting tllftt they had not received flUY of the 
compound of formic aJdehyde. Similar experiments were tried 
also and corresponding results were obtained with another non
poisonous compound, methylal, which readily yields formic alde
hyde as a product of its decomposition. 

It is to be said furthermore that, by resorting to purely chemi
cal means, several chemists haye obtained from formic aldehyde 
substances which resemble sngar, and there is no longer any im
probability in the idea that this compound may really serve as a 
means of feeding plants. 

Loew has suggested also that the nitrous ferment when acting 
upon ammonia may not oxidize this substance completely, as rep
resented by the equation 

2 NHs + 0 6 = 2 HNO~ + 2 H20, 
but that the oxidation may be incomplete, !lS in the equation 

2 NHa + 0 4 = 2 HN02 + H 4 • 

and that the nascent hydrogen may be pnt to use in the proto
plasm of the ferment fungus for the reduction of carbonic acid:-

COi + H4 = COIIz + H20, 
and T,u8+ the formic aldehyde thus produced may serve for the 
formation of carbohydrates and albuminoids. From all of which 
it appears that there was no improbability in the old snpposition 
that organic matters taken into the plant from the soil might serye 
to nourish it in respect to carbon. On the contrary, the familiar 
fact of observation that many plants - which have few or no 
chlorophyl grains - are nourished by soluble carbonaceous matters 
taken in through their roots seemed to indicate that all plants 
might take carbon from the soil on occasion. 

It is a matter of experience, bowever, that the amount of car
bonaceous matter thus taken in by the roots of agricultural plants 
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is, under ordinary circumstances, too small to be worth consider
ing j though there are still some exceptional cases, as, for ex
ample, that of the smart-weed and other rank-growing plants that 
flourish on the edges of barnyard pools, where the amount of sol
uble carbonaceous matter absorbed may possibly be sutl1cient to 
exert an appreciable influence on the growth of the plant. But it 
must always be remembered that it is the nitrogen of the clung 
liquor that causes the rank growth of weeds, which attracts atten
tion to them. (Compare" How Crops Feed,"pages 232 to 238.) 

Albnminoids also may be deriveri from, Formaldehyde (mel 
Am1nonia. 

According to Loew, it is probable that albuminoids are formed 
by way of condensation from the group CHOn (together with am
monia and sulphur) in a manner analogous to that ill which carbo
hydrates are formed, and this "iew consists with the well known 
fact of the mutual conyertibility of albllmilloids and amids. Loew 
suggests that by the triple condensation of 4 CHOn, in presence 
of ammonia, there might be formed the aldehyde of aspartic acid 
C1Z H17 N 304, which, when subjected to further condensation under 
the influence of reducing agents, in the presence of assimilable 
sulphur, would be competent to produce albumin:-

6 C12H17N30~ + 6 Hz + HzS = C7zHmNlsS0z2 + 2 H 20. 
It is to be presumed also that oils and fats are formed in plants 
by processes of condensation analogous to those which produce 
sugar and starch. 

In experiments made by Loew, it was found that albnminoids 
were formed in abundance in spirogyru plants that were grown in 
the dark in a solution that contained a componnd of formaillehyde 
and nitrite of potash. Certain bacteria also grew rapidly in solu
tions which contained the formaldehyde compound as the sole 
sonrce of carbonaceous food. The suggestion has been thrown 
out that perhaps the presence of potash salts may promote the 
condensation of aldehyde groups, as aboye set forth, though it 
has been obseryed in the case of certain fungi, that cesium and 
rubidium serve the same physiological purposes as potassium. 

Con HI1))W8 Feed Plants Indirectly? 
As a substitute for the old so-called humus theory above al

luded to, it was taught at one time that although humus may not 
nourish plants directly, or be absorbed and assimilated as such, it 
is nevertheless extremely useful as a slow and constant source of 
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carbonic acid to be absorbed by the roots. The idea was, that, 
like leaves, roots could absorb carbonic acid, and that they could 
extract from the soil tile carbonic acid whicll is generated there 
by the oxidation of the humus. But this supposition was dis
proved by the experiments of Corenwinder, already alluded to, 
who showed that, far from being absorbed by the roots of plants, 
~arbonic acid is continually given off from the roots. Moll found, 
Inoreover, that starch was not formed in the leaves of plants that 
were kept in atmospheres free from carbonic acid wllile carbonic 
acid was supplied to their roots. Indeed, starch was not even 
formed in individual lcaves kept in atmospheres free from car
bonic acid when the other leaves of the plant were abundantly 
supplied with this gas. Nor was starch formed in parts of leaves 
that were kept in air free from carbonic acid while the rest of the 
leaf was supplied with it. No appreciable increase in the rate of 
formation of starch could be detected in the leaves of plants 
growing in the open air when carbonic acid was supplied to their 
roots. 

The experiments of DeMrain and Vesque in like manner go to 
show that no carbonic acid is taken in from the soil by plants to 
be used by the leaves. These observers were unable to detect any 
evolution of oxygen from the leaves of plants unless carbonic acid 
was supplied to the leaves directly from the air. Of course, much 
carbonic acid, formed by the oxidation of humus in the soil, is 
continually thrown into the air, as has been already explained, 
and is there put to profit by the leaves of plants. 

CHAPTER XXX. 

DUNG AND URINE. - FARMYARD-lIIANURE. 

The fertilizing power of animal excrements depends so nearly 
upon the quality and quantity of the food which the animals have 
eaten that it is difficult to arrive at just conclusions as to the 
average chemical composition of anyone kind of dung, or to frame 
precise rules for its preservation and application. 

The really useful constituents of the excrements are certain 
compounds of nitrogen, of phosphoric acid :lnd potash together 
with small quantities of compounds of lime, magnesia and soda. 
These substances are known to act either directly as plant-food, 
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or as means for improving the water-holding power of the soils to 
which manure has been applied. Several of these matters are 
held in solution in urine, which is on this account a fertilizing 
agent of quick action. All of the constituents of urine are in a 
condition to be put to use immediately by growing plants. Dung, 
on the other hand, i. e. the dung of cows, horses and sheep, con
sists for the most part of undigested remains of vegetaLle matters 
which the animals have eaten, and since these refractory materials 
l1ecompose but slowly in the soil, the plant-food contained in 
them can only gradually become available. It is trne, moreover, 
that mere dung contains no very large amount of humns-produc
ing materials j though, as ordinarily applied to the lanu, in the 
form of farmyard-manure, it is usually mixed with much straw or 
other organic matters which haye seryeu as bedding for the ani
mals, or been rejected from their cribs. 

It has been found by experiments, that the weight of the dried 
excrements either of horses or cows amounts on the average to a 
little less than one-half the weight of the dry mattel' in the food 
consumed. The rest of the food has either gone ont from the 
Lolly in the form of carbonic acid or water, or been converted in 
the body into flesh, milk, wool or the like. 

As regards the inorganic matters of the food, the whole of them 
do, of conrse, go into the manure. It is plain enough, at the first 
glance, that, in so far as the inorganic matters are concerned, a 
herd of cattle fed upon grain (which is rich in phosphoric acid) 
will yield manure of far higher Yalue, as regards phosphoric acid, 
than a similar number of cattle fed only on the straw from which 
the grain was threshed. Even if this second parcel of cattle were 
fed upon straw and roots, the value of the manure, as regards the 
phosphatic constituents, would still be less than that from the 
grain-fed beasts. 

But as regards the nitrogen compounds, which have on the 
whole a much higher money value than either of the other con
stituents in the manure, the question is far less simple. Much 
depends, indeed, upon the quantity of the food eaten, as well as 
upon its composition and quality. When animals are allowed to 
eat their fill of rich food which contains much nitrogen, compara
tively large quantities of the nitrogenized products of digestion 
will pass through them, and their manure will be exceptionally 
rich in nitrogen. 
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On the other hand, it would be easy to maintain cattle, even in 
tolerable condition, on such a ration of straw admixed with a little 
grain or with small additions of roots, that the dung, though rich 
in inorganic materials, would be exceptionally poor in nitrogen. 
Indeed, it is known to be possible to substitute pure cellulose 
(paper-maker's pulp) for the straw in this experiment, and so to 
reduce the proportion of nitrogen in the dung still lower. But, by 
feeding liberally with oil-cake, cotton-seed-meal, or other highly 
concentrated fodder, it is ellsy to obtain dung rich in nitrogen as 
well as in llsh-ingre(lients. Practically, the amount of nitrogen 
in the food is of paramount importance in determining the quality 
of the manure. The larger part of the nitrogen compounds in 
food undergo changes in the bodies of animals which increase 
their cfficiimcy as fertilizing agents. 

One good illustration of the influence of food on the quality of 
manure is seen in the well-known difference between the dung of 
grain-fed horses, and that of horses fed solely upon hay or grass. 
Marshall, writing in 1796, says: "Beside his unfair method of 
feeding (on particular patches of grass), the horse is disliked in 
pastures, on account of the worthlessness of the dung of horses at 
grass. This appears somewhat paradoxical when the superior 
value of their dung in the stable is considered. But the idea is 
not confined to this district [Yorkshire] nor to England alone; it 
prevails in America, and more or less in every place where hus
bandmen observe attentively." 

Generally speaking, however, the manure obtained from neat 
cattle will be found to vary more widely as to its composition than 
that obtained from horses, since the food of cattle is usually sub
ject to much greater differences than the food of horses. Indeed, 
it is on this account no easy matter to arrive at just conclusions 
as to the average composition of the manure of cattle. 

Influence of Food on Manure. 
Everything goes to show how intimately the question of prepar

ing manure is connected with that of feeding cattle. On every 
farm there must evidently be some one particular style of feeding, 
which shall give, all things considered, the best possible economic 
results for that farm. 

In one place it will be good policy to expend the food in such 
manner that the largest possible proportion of the nitrogen in It 
shall serve merely to maintain the animals, while in another place, 
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where the conditions and requirements are different, it may be 
best to have a part of the nitrogen pass through the animals to the 
credit of the manure, even if it should happen that a part of the 
food were not digested at all. 

It must often happen that the backwoodsman or newly settled 
immigrant, no matter where, will be in the predicament first men
tioned. Suppose, for example, that at the beginning of winter he 
finds himself encumbered with several head of cattle in rather poor 
condition, and that he has but a scanty supply of fodder. He 
has llO means of disposing of these cattle or of buying fodder for 
them; and they are by no meallS fat enough that any advantage 
could be gained by salting down their flesh. In this event, there can 
be no question that the farmer should expend what fodder he has in 
such wise that the largest possible proportion of the nutrient mat
ters in it, woody fibre included, shall go to maintain the animals. 
The aim will be to economize food to the utmost, without thought 
of the manure. Any rich food, such as English hay or refuse 
grain, that may be at hand, will be doled out little by little, as an 
addition to and reinforcement of the coarse swamp-hay and 
" browse," by means of which the appetites of the animals are 
appeased. But the dung from such a stable would cOJllpare very 
unfavorably with that from a parcel of cattle fatting for market, 
and consuming as much oil-cake, for example, as they can well be 
made to eat. 

The case of the half-starved cattle here mentioned is by no 
means an uncommon one. It must occur every few years, and 
especially after dry summers, in all Northern countries where the 
winters are long, and where there are many small farmers. It 
may be seen here in New England not infrequently when young 
cattle are pulled through the winter on rather inadequate rations 
of bog-meadow hay, 01' even upon coarser forage than that, rein
forced with as little of better kinds of fooels as may suffice to keep 
the animals alive. It does not follow, in the least, that the prac
tice is an un philosophical one. On the contrary it is, generally 
speaking, sensible and praiseworthy in a land of rocky pastures, 
where not a few farmers can keep in summer many more cattle 
than they can provide rich food for in winter. 

Of course, the poorly fed animals must not be brought too 
near the starvation point. But this consideration is beside the 
present question. The point to be urged now is simply that 
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the dung from the half-fed cattle cannot, by any possibility, be 
very rich. 

Twice-eaten Fodde1·. 
To see this argument reduced to its lowest terms, we may turn to 

an old Norwegian custom which enabled the peasants to go so far 
as actually to use their supply of hay twice over. Many travellers 
have noticed the practice. The following description of it is 
quoted from Mr. Laing's" Residence in Norway," London, 1859, 
page 2i2. Under date of February 11, he says:-

"I saw this forenoon a piece of rural management which will 
scarcely be believed. The stock of this farm is 30 cows and 16 
horses. The latter, of course, get no grain. A man came out uf the 
stable with as much horse dung as could be heaped un his spade, and 
laid it down on the snDW. He brDught une spadeful after anDther 
till the stable was cleaned out, and he placeu each spadeful in a little 
heap by itself. He then let Dut the CDWS, which ran to the dung and 
ate it with great relish. This repast, it seems, was regularly given 
to. them Dnce a day. 

"'These cows were far from being in a starving cDndition, Dr 
driven by hunger to this strange diet. They were frulicsome, and 
their skins clean and glossy. They were nut at all ' at the lifting,' 
as it is called in Scotland when the cattle of a small farmer are, from 
mere starvation, scarcely able to. rise. They woulu have been reck.: 
oned in very fair condition for lean stock, not intended for the mar
ket, il; any urdinary farm in the North Df Scotland. The practice is 
general Dn the skirts of the FjeJde, about Roraas, and over all Ber
gens Amt. 

"If by a substitute like this the farmer can save a fourth part of 
hay that would otherwise be consumed, and can ShDW a slock Df 

cattle in such very fair condition for the month of February, the 
management may not be so laughable as it appears at first. 

" 'l'he inferior animals appear to be capable uf forming acquired 
tastes as well as man. If the farmer can avail himHelf of these, 
whether prouuced at first by hunger or imitation, so as to. spare other 
food, he is wise in doing so. He should not wait until thc cattle are 
starving before giving them substitutes for hay or straw." 

The bearing of this narrative upon what has been said of the 
value of dung is manifest. Since most of the waste nitrogen re
sulting from the consumption of food goes off in tIle urine any
way, it is evident that the twice digested constituents of the dung 
will be pretty thoroughly deprived of nitrogen j and since the 
horses observed by 1\11'. Laing got nothing but hay in the first 
place, the final cow-dung can hardly have been very rich, except 
in inorganic ingredients. It is an old adage that "when cattle 
eat straw they void straw." It is probable that the old custom 
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above described may have prevailed formerly to a certain extent 
in many localities. Gasparin tells us that cow-keepers in the 
towns of Southern France habitually buy straw which has served 
for bedding horses and feed it to their cows, by whom it is eaten 
greedily, because of its saline taste. The practice has the sanc
tion of high antiquity, to judge from Kipling's statement that the 
milch buffaloes kept in the great cities of India are habitually fed 
upon horse-manure. No matter how unpleasant these practices 
may seem to us, it will be admitted that they teach an instructive 
lesson as to the relations of food to dung. 

~Manl1re from Stall-feel Cattle. 
On the other hand, there are certain districts in Europe, as will 

be explained more fully under the head of Farms, where cattle are 
kept less for the milk or flesh they yield than for the sake of the 
manure which is obtained from them. In the rich farming region 
about Dresden, in Saxony, for example, the land is kept up to the 
wheat-producing standard by means of stables of milch-cows. The 
cows are fed largely upon clover and distillery refuse from pota
toes, - these crops being grown in rotation with wheat. The 
ultimate purpose of the mannre is to enable the farmer to grow 
wheat which is sold off the farm as a money-bringing crop. Milk, 
or some dairy product, is sold also; but it is sold for what it will 
fetch, and is held to be a secondary consideration, the manure for 
the wheat being always of paramount importance. 

Under these conditions, the farmer's aim is to obtain in the 
dung and urine of his animals the largest possible quantity of 
manure of the best possible quality. For him, the dictum that \ 
" the richer and the more abundant the food, the better the ma-

:nure," has a very different meaning from what it had years ago 
for the Norwegian peasant. 

So too in England, it has long been customary to bny fertilizing 
matters indirectly, i. e. in the form of concentrated fodders, of 
one kind or another, which are used at the farm to fatten cattle, 
whose mannre is employed to enrich the farm. ]<~yen at the end 
of the eighteenth centnry, .Marshall noticed in the rich farming 
districts of the County Kent, that "Cattle are fed on oil-cake, 
without any other other view to profit than that of affording dung 
of 11 superior quality." 

It is to be noted however, that in actual practice it does not 
follow that a ton of farmyard-manure obtained from richly fed 
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animals will necessarily be stronger than a ton of manure from a 
stable where the animals are less richly fed, because the manure 
may be much more largely diluted with straw, or other litter, in 
the one case than in the other. In point of fact, many kinds of 
foods, rich in nitrogen, will cause an increased secretion of urine 
and will consequently lead to the use of more abundant supplies 
of bedding, so that, after all, a given weight of the manure may 
not contain any larger percentage of nitrogen than would be found 
in the same weight of manure, obtained at another stable from 
an inferior kind of food. 

Fertilizing Value of Cattle Foods. 
As a rule, the farmer both in buying and selling cattle food 

should take note of the value of the fertilizing matters which are 
contained in it. For example, there are found in one ton (2,000 
lb.) of various foods, the following weights of fertilizing sub-
stances :-

Potash. PhoSPb. A.cid. Nitrogen. Estimated Value.
' lb. lb. $ 

English hay 34 8 26 4.53 
Red clover hay 40 12 42 6.60 
Dry corn stover. 34 8 10 2.93 
Wheat straw 10 4 6 1.65 
Oat grain 8 11 40 4.91 
Indian corn 7 11 32 4.07 
Cotton-seed-meal 44 59 140 18.39 
Wheat bran 27 58 44 8.52 
Malt sprouts 42 25 74 10.64 
Jl/Iangolds 9 2 4 0.91 
Turnips 6 2 3 0.67 

Fertilizers carried off in Milk. 
From a milk farm a considerable quantity of fertilizing matters 

will naturally be sent away in the milk j about half a pound of 
nitrogen, namely, nearly a quarter of a pound of potash, and one 
fifth of a pound of phosphoric acid in every hundred pounds of 

1 In estimating the vlLlue of these fodders, the pound of potash (K20) is assumed to be 
worth $0.045, the pound of pho8phoric acid (P205) $0.0:" and the pound of nitrogen $0.10, 
which is much too low in certain cases, as ill cotton-seed-meal, for example, in malt 
.prouts, and in bran. Perhaps 15 cents the pound for lIitrogen would be a fairer estimate 
in these three instances. Still, the cost of handling the heavy dung diminishes the value 
of its constituents, as compared with those contained in concentrated cOlllmercial ferti~ 
lizers. l\J oreover, the prices paid for artificial fertilizers are justified by the special uses 
to which they are put, viz. the forcing of crops which stand in need of one or another of 
them. But it would not be proper to allow so high a price for either of the constituents 
of farm~manure in case the manure is to be put upon soils or crops which have no partic~ 
nlar need of them. The data which relate to the composition of the fodders are taken 
from the tables at the end of " How Crops Grow," - the first edition. 
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the liquid. Hence, in case a cow gives 2,000 quarts, or 4,300 lb. 
of milk in a year, and the milk be all sold as such, there would be 
carried away from the farm 22 lb. of nitrogen, 11 lb. of potash, 
and 9 lb. of phosphoric acid, to say nothing of the chemical 
composition of the calf which is produced every year. But since 
in order to get so large an amount of milk the cow must be richly 
fed, her manure will be doubly valuable, so that the real loss of 
fertility to the farm where milk is sold will be less than the fore
going figures would seem to indicate, and less, indeed, than would 
be the case on many farms where crops are sold directly. 

Old Vie1c8 ((8 to the Belillions betlcee1l Food ((nel _lIIanwl'€. 
It is an old rule that tlle dung and urine of cattle represent the 

plants upon wllich the cattle have fed minus those portions of the 
food which have been abstracted by the acts and processes of 
nutrition. But it is a rule which must not be taken too literally, 
ill view of the great changes in chemical composition which the 
components of the plants undergo within the animals. 

Young cattle, in growing, do of course subtract from the dung 
product whatever of phosphoric acid or of nitrogen is laid up 
within them to form bone, or fiesh, or hide, or hair, or gristle. So 
too in respect to breeding animals, and to those which produce 
wool or milk. Moreover, it was thought, formerly, that a con
siderable portion of the nitrogen of the food of all animals is ex
haled in the process of respiration, and so lost. 

Boussingault found, for example, that some fresh horse-manure 
examined by him (dung and urine together) contained only 83 % \ 
of the nitrogen consumed in the food. In cow-manure he found < 

87 %. But in the light of existing knowledge it is evident enough \ 
that these samples of dung and urine must haye been left to stand 
long enough to undergo some slight fermentation after they had 
left the animals before the analyses were begun. Numerous re
cent experiments have shown that, practically speaking, all the 
nitrogen eaten by adult animals in their food comes out from them 
again in the urine and dung, excepting what is stored up in wool, 
flesh, milk, or the like. N ext to none of the nitrogen of the food 
leaves the animal in the gaseolls form. Animals do not exhale 
either ammonia or free nitrogen, excepting of course the nitrogen 
of the air, which is breathed in as such and breathed out again. 
In this particular instance the loss of nitrogen was probably due 
to the evolution of ammonia. Schloesing, who has made elaborate 
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experiments to test the question whether any free nitrogen ga~ ie 
given off from dung, kept out of contact with air and undergoing 
that kind of fermentation which produces marsh-gas, could never 
detect a particle of free nitrogen. No other gases than carbonic 
acid, marsh-gas and hydrogen were evolved in two months time 
from the fermenting manure. He urges that all the nitrogen of 
the organic matters whieh are decomposed in this kind of fer
mentation is evolved as ammonia. He found in fact that some of 
the water of the moist manure was decomposed, its oxygen going 
to form carbonic acid, while the hydrogen united with the nitrogen 
in the manure to form ammonia. 

It may sometimes happen, as Gibson and others have shown, 
that, ill the presence of certain micro-organisms, free nitrogen may 
be liberated during processes of putrefaction, though in most cases 
it may be admitted, with Kellner, whose observations preceded 
those of Schloesing, that no nitrogen-gas is lost from moist or
ganic matters which are slowly putrefying, unless, indeed, there 
should happen to be a nitrate in the mixture. If a nitrate be 
present, it will be deoxidized by the fermentation, and some of 
its nitrogen will escape as such, as will be explained in a subse
quent chapter. 

The Nitrogen in .Zflanure is easily lost. 
The ready loss of nitrogenous matters by fermentation of the 

dung and urine, which doubtless vitiated Boussingault's results, 
illustrates the important practical fact that much of the fertilizing 
matter in the food never gets back to the land. This point has 
been enforced anew by the experiments of Muntz and Girard, who 
kept animals of various kinds in stables provided with water-tight 
floors, and weighed and analyzed methodically, during considera
ble periods of time, the food, the litter, the manure, and the 
bodies of the animals. The differences between the quantities of 
nitrogen in the food, in the animals and animal products, and in 
the manure, showed that large losses of nitrogen do habitually oc
cur. It was noticed that the fermentation, which sets in at once 
in the manure, as it lies under the feet of the animals, thanks to 
the micro-organisms which abound there, is almost wholly ammo
niacal, and that appreciable quantities of ammonia may be formed 
in the course of a few hours, through the decomposition of the 
nitrogen compounds in the urine which, under favorable circum
stances, may be almost wholly changed to ammonia. 
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In an experiment with horses, lasting from .Tuly [) to August 10, 
29 % of the nitrogen of the food could not be found again. In 
four experiments with cows, lasting from two to four weeks, 
there was a mean loss of almost 33 10 of the nitrogen in the food 
consumed, though in one instance, where no litter was provided, 
the loss of nitrogen was as low as 27 %. In six experiments with 
sheep, the loss of nitrogen varied from 44 to 55 %' i. e., about 
one-half of the nitrogen of thc food was lost. The excessive loss 
in this case was explained by the facts that the litter was left to 
lie under the animals during the entire experiment, it was not re
newed from time to time as it had been in the other experiments, 
and that the concentrated sheep'S urine is specially easily decom
posed by way of fermentation. In this case, it appeared that 
more of the nitrogen originally contained in the food and the litter 
was lost than was recovered in the flesh, wool, and manure, and 
yet it is said that the conditions under which the experiments were 
made were more fayorable for the preserYation of manure than 
those ordinarily to be met with in actual farm practice. In one of 
the sheep experiments-

There was contained kilos of 
Nitrogen in the 

Food . 94.867 
Bedding 3.075 

Sum 97.942 

There was found kilos of 
Nitrogen in the 

Flesh produced · 8.185 
Wool · 2.720 
:Manure " · 35.425 

46.330 

The loss of nitrogen was larger in case the animals got dry food 
than when their food was wet, and was naturally larger in hot, 
summer weather, than in the winte!'. In corresponding experi
ments upon manure kept in heaps, the loss of nitrogen was found 
to be very much less j being no more than 20 %, 10 %, and 5 1c, 
for horses, cows, and sheep, respectiYely, instead of 29, 33, and 
nearly 50 %' as above. 

Dungs dijJer as Animals do. 
It hardly needs to be explained that what has been said above 

concerning the relation of the food to the yalue of the dung, ap
plies more particularly to the case where the food and the dung of 
one and the same kind of animal are compared. Grine, of course, 
contains nothing but soluble matters (notably urea), ,yhieh are 
the final result of transformations which tlle food undergoes within 
the animal body, and which are ultimately thrown off as effete and 
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useless waste products j while dung, as has been said already, 
always UYJsists largely of undigested matters, i. e., of those parts 
of the food which have not been dissolved and assimilated, bat 
have passed through the alimentary canal without ever having got 
into the blood or become part and parcel of the animal. Hence 
the dung of cattle, which habitually eat coarse foddet', will neces
sarily differ very much from that of men and swine, which are 
supported by more concentrated kinds of foods. The manure of 
different kinds of animals will differ, withal, accordingly as they 
drink much or little water. Thus the peculiarly concentrated 
character of the manure of sheep and goats depends, in some 
measure, upon the fact that these animals drink but sparingly. A 
similar remark will apply to the duug of birds, also, which does, 
ill fact, consist of a mixture of dung and urine. 

It may be said, indeed, that each kind of manure has its own 
characteristics and peculiarities, in consonance with the fact that 
each kind of animal has its own way of utilizing and of rejecting 
food. There are, naturally enough, as wide differences between 
the excrements of dogs and cows as there are between the strtlc
tllre, kinds of food, and habits of life of the two animals. 

In any event, the dung of flesh-eating animals, that of cats, for 
example, will manifestly be richer in nitrogen, and sometimes in 
phosphates also, than that of grazing animals. The same reason
ing will apply to the mixed feeders, and it is true, in fact, that 
the excrements of men and swine and poultry are, in fertile 
regions, held to be more valuable than those of the grass-eating 
animals. 

irfanu1'e oj Swine. 
It is noteworthy, by the way, that the French and German culti

"a tors who are accnstomed to pasture swine, or to feed them upon 
Yery thin wash of one kind or another, hold hog-manure in COUl

pnratiYely small esteem. It is only in England and in this coun
try, where hogs habitually get grain or milk to eat, that theil' ma
nure is thought to be worth much. 

There are some experiments by Christiani which illustrate the 
value of the manure from fatting hogs. He compared it, as to its 
practical effect, with the Illanure produced by other kinds of stall
fed animals. Each of his experimental plots was heavily manured 
with the dung that had been allotted to it twice in a seyen years' 
rotation of crops, which consisted of winter rape (manured), bar-
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ley, wheat, oats, barley, wheat, and potatoes (manured). Re
ducing the crops han'ested to terms of rye, it appears that there 
were produced in the seven years, from the hog-manure, 12,594 
lb.; from the horse-manure, 12,190 lb.; from the sheep-manure, 
11,485 lb.; and from the cow-manure, 10,887 lb. 

It is a tenet of practical men that very little manure can be got 
from hogs, unless they are abundantly supplied with materials" to 
work upon," such as peat, leaves, weeds, sods, straw, or horse
manure; the fact being that animals, like hogs, men and poultry, 
which feed upon concentrated foods, do not void large quantities 
of indigestible matters, such as are obsen-ed in the dung of cows 
and horses. Hence, the bulk of the manure obtained from unlit
tered hogs is but small as compared witll that obtained from ani
mals kept on rough fodders. J\IoreoYer, the highly concentrated 
hog-manure is specially apt to be wasted by decay, unless mate
rials are supplied to dilute and envelop it while it is yet fresh. It 
is none the less true, of course, that the hog-sty may readily be 
made a place for manufactnring a powerful compost, as will ap
pear from what is said on compost-making in a subsequent chap
ter. In New England, manure from the hog-sty is highly es
teemed, though it is seldom or never applied for cabbages, 
cauliflowers, or rutabagas, because an opinion prevails that these 
plants are specially apt to suffer from the disease known as 
clumpfoot, when hog-manure has been put upon the land. 

Order of ~lICl'it of D1tllgs. 
I am ignorant whether precise experiments have ever been made, 

from the chemical point of view, to test the comparative practical 
value of the excrements of different kinds of animals, fed, under 
like conditions, upon one and the same kind of food. It would 
not be very difficult, for example, to test this point by feeding 
separate parcels of cats and goats on bread or crackers, or by 
feeding hounds, sheep and hens on Indian meal. Some of the 
older agricultural experimentcrs may have attempted the thing 
without recourse to analysis; bnt, without the help of chemistry, 
they must have labored under great disadvantages. 

Perhaps the classification of the French agricultmist Dombasle 
may have been founded on experiments in which the food of the 
animals was the same. Taking the dungs at their normal con-' 
dition of dryness, he gives the order of "strength" for similar 
quantities of the several kinds as follows: goat, sheep, horse, 
hog, cow. 
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It wonld be the more interesting to determine, by experiment, 
the composition and quantity of dung from different animals sim
ilarly fed, because we are so mllch ill the habit of contrasting the 
dung of animals thut have been differently fed, that Ollt' concep
tions upon this pal'ticulur point are apt to be vague. 

Ho)'se-du)/g Contta8ied 'With COW-dIOllJ. 
It is no wonder that the dung of the stall-fed horse is better 

than that of the gra.ss-fed cm;; but how is it when both are grass
fed? As has been sttid already, the dung of grazing horses is so 
far inferior to that of grain-fecl horses that many people han~ es
teemed it to be wellnigh worthless. But becuuse it is wtlllnigh 
worthless as compared with stable-manure, it does not follow that 
it is inferior in any way to cow-manure produced uncleI' similar 
conditions. On the contrary, from what is known of the physi
ology of the horse, it might perhaps be argned, with some show 
of reason, that, with like rations, horse-dung would sometimes be 
better, chemically speaking, than cow-dung. It is an old remark 
that, "The clung of horses and mules is an admirable fertilizer, 
though care must be taken not to lay too much of it upon wheat 
land, because it produces an abundance of straw. Horse-dung, 
heing of a very hot nature, is best for cold lands, and cow-dung 
for hot lands. When mixed together, they make a very good ma
llure for most sorts of soils." 

It is to be observed, moreover, on contrasting farmyard-manure, 
as obtained from cows or from horses, that the dissimilarity of the 
two kinds of manureS seldom depends wholly upon diffcl'(Hlces as 
to food. It is in reality influenced by a variety of other con
ditions and circumstances. Horse-dung is apt to be drier of 
itself than the dung of neat cattle, and it is usually admixed with 
a comparatively large quantity of straw or other litter, and to 
these peculiarities, as much as to the character of the fOOG, must 
be attributed the liability of horse-manure to "heat" - i. e., to 
be injured by untimely fermentations. To the dryness of horse
manure, again, aud to the litter with which it is admixed, as much, 
perhaps, as to less emphatic digestive processes within the uobler 
animal, must be attributed the well-known fact that the seeds of 
weeds are more lin.ble to be carried to the land in hOl'Se-mliUlll'e 
than in the dung of cows. But this circumstance alone may 
serve, in some part, to exphtin the opinions of practical men alii 
to the comparative value of the two kinds of manures. 
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One reason why the dung of pastured horses may do less good 
to the land than the dung of cows, is, that the droppings of the 
two animals may ferment in different ways upon the land. Pos
sibly more nitrogen may go to waste during the decay of the loose 
dry droppings of the horses than will escape from the more com
pact flakes of cow-dung. In the words of Marshall, "The dung 
of horses, dropped on grass in summer, soon undergoes a change. 
Its substance is presently scooped out by insects; nothing but a Ii 

porous bundle of undigested vegetable matter being left. If in
sects not only eat horse-dRng, but flyaway with it out of the field, 
it is in reality lost to that particular field." It was remarked, 
withal, long ago, by Sir Humphry Dayy, that one reason why 
horses do not benefit pastures will be found in the fact, that, 
while they consume the grass by night, they drop a good part of 
their manure during the day-time, while they are at work upon the 
roads. The remark was made, it should be remembered, at a time 
when all transportation in England was by means of wagons on 
roads or by boats on canals. 

Amount oj Manure produced by Animals. 
From the experiments of Boussingault, upon a rather small 

farm-horse, and those of Hofmeister, it appears (as Heiden has 
set forth) that the fresh excrements of a horse fed on hay and oats 
amount to rather more than 30 lb. a clay, and contain some 6 or 
8 lb. of dry matter. According as the animal is or is not bedded 
with 6 lb. of straw, there will be contained in the manure of a 
single day, 0.2 and 0.22 lb. of nitrogen, and 1 lb. and 1.4 lb. of 
ash-ingredients. Very similar figures have been obtained in ex
periments with cows. Thus, Boussingault fed a cow on potatoes 
and rowen, and got per diem 73! lb. of moist excrements that 
contained nearly 10 lb. of dry matter. According as she was not 
bedded at all, or with 6 and 10 lb. of straw respectively, it ap
peared that the manure contained 0.26, 0.28, and 0.29 lb. of ni
trogen, and 1. 73, 2.05, and 2.28 lb. of ash-ingredients. 

Henneberg and Stohmann's oxen, that were merely "main
tained" at rest, gave for every 1,000 lb. of live weight 64t lb. of 
moist excrement that contained a little more than 8 lb. of dry 
matter. The manure contained 0.22,0.23, and 0.25 lb. of nitro
gen, and 1.3, 1.6, and 1.8 lb. of ashes, according as the animals 
received no bedding, or 6 and 10 lb. of straw. Fatting oxen gave, 
per 1,000 lb. live weight, 82 lb. of moist excrement (or 9 lb. dry), 
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Ilnd the manure contained 0.36, 0.38, and 0.39 lb. nitrogen, and 
1.8, 2.1, and 2.41b. of ash-ingredients, according as there was no 
litter, or 6 or 10 lb. of it. 

Boussingault concluded, from his own experiments, that a cow 
may produce in a year some 22,000 lb. of solid and 6,800 lb. of 
liquid excrement; while the yearly production of a horse may be 
rated at 13,000 lb. of solid and 2,600 lb. of liquid·. Wolff, in his 
turn, collected during 2~ days in April all the manure that was 
produced by a stable that contained 46 cows, 20 heifers, and 14 
calves. The animals were fed chiefly on hay and beets. They re
ceived 11,810 German lb. of fodder and bedding during the period 
in question, and produced 14,550 lb. of manure which contained 
4,030 lb. of dry matter. A small portion of the fresh manure was 
taken for analysis, and the rest of it (14,330 lb. of fresh = 3,975 
lb. of dry manure) was left out of doors for a year in a heap 3 or 
4 feet high. At the eud of the year, the heap was no more than 
about one foot high, and its contents weighed 6,730 lb. when 
moist, and 1,360 lb. when dry. The following percentage of mat
ters was contained in each of the two kinds of manure: -

Dry fresb 
Manure. 

Soluble organic matters. . 9.7 } 14.4 
mineral matters. . 4.7 

Insoluble organic matters . 76.3 I 85 6 
mineral matters . 9.3 f . 

Nitrogen in soluble organic matters . 0.63} 
" insoluble organic matters. . 0.86 1.65 
" Nfl, ('ompounds . . . . . 0.16 

Dry rotted 
Manure. 

~:g } 12.0 

~~:~ } 88.0 

0.3 } 
1. 7 2.1 
0.1 

No nitrates could be detected, either in the fresh or the rotted 
manure. The loss of soluble nitrogen, as the dung decays, de
pends in part on the leaching action of rain, in part on volatiliza
tion of ammonia, and in part on the formation of inert humus-like 
compounds. 

Heiden determined how much dung and urine were voided per 
diem, per head of 1000 lb. live weight, in winter and in summer, 
in a stable of 30 head of cattle, as follows: -

Lb. Fresh Manure. 
Dung. Urine. Total. 

Lb. Dry Substance. 
Dung. Urine. Total. 

Winter . .. 86 7 93 18 0.38 18.38 
Summer. . . . 80 16 96 16 0,52 16.52 
Very salt food. . 75 33 108 16 0.80 16.80 

When the food of the animals was very salt, as in the last line 
of the table, more water was drunk and more urine voided, but 
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there was no increase in the amount of dry manure. Throughout 
the experiments, the food was abundant and varied. In winter it 
was dry for the most part, but in summer much of it was green. 

The waste of this manure, as it lay in carefully kept dung-heaps 
and urine cisterns, was as follows: -

Loss of 
Original Mate

rials in the 
Conrse of 
6 weeks 
9 

12 
15 

From the l\lanure from 
Winter Food. 

Fre.h Manure. Dry Matter. 
% % 

6.36 16.76 
12_80 23.03 
18.28 25.42 
17.80 26.21 

From the Manure from 
Summer Food. 

Fresh Manure. Dry Matter. 
% % 

8.03 27.37 
15.11 33.19 
19.18 35.46 
20.40 35.92 

It was found, in subsequent experiments, that this waste could 
.. be lessened very considerably by the use of gypsum and kainit 

(which see). In another trial, where the dung was not firmly 
packed, but merely thrown into loose heaps from hand-barrows, 
the loss of moist manure in I5! weeks was 25 %, and the loss of 
dry substance 35 %. 

Analyses of ,,"'[anures. 
The following tables contain the essential points of several other 

analyses of manures, as determined by different observers:-

DUNG ALONE OF NEAT CATTLE. 

~ " .,. 
.~ Ii ..: .g 'r:: <ok 

k oJ 
_ 0 . 

~~~ -" Distingulsh- " 
»,,, .d " ~~~ <> .i'l'" ingNumber ~ k~ < ~ S eo g 0° A" ~ ~~< o~< E--I~ of the ~ );l il< " u:;~ S 

~pecimen. ~ ~ ;.., -< Z 
H2O K,O CaO MgO P,O.' NIl.l N 

1 86.00 14.00 1.69 .... . ... I . ... 0.10 .... .... 0.32 
2 84.00 16.00 2.40 0.10 0.40 0.2.'3 .... .... 0.30 
3 82.30 17.70 2.17 0.27 0.77 0.15 0.14 .... .... 0.20 
4 76.19 23.81 3.09 0.60 0.58 0.03 0.52 .... .... 0.79 
5 82.05 17.95 3.03 0.05 .... .... 0.16 . ... .... 0.44 
6 46.57 53.43 6.91 0.04 .... .... 0.12 .... . ... 0.44 
7 80.3!i 19.65 .... 0.25 .... .... 0.15 .... . ... 0.36 
8 83.00 17.00 .... 0.14 .... .... ! 0.24 . ... .... 0.33 ., 79.70 20.30 .... 0.23 .... . ... 0.16 .... .... 0.34 

10 .... .... .... 0.15 . ... . ... 
I 

0.19 .... . ... 0.31 
11 .... .... .... 0.44 .... .... . ... . ... .... . ... 

1. Pure cow-dung. from a milch cow which consumed per diem 16.5 lb. of 
rowen, 35.2 lb. of potatoes, and 132 lb. of water; and produced in the same time 
62.5 lb. of dung and 18 lb. of urine, and altogether 80.5 lb. of solid and liquid 
excrement. Meanwhile 72.5 lb. of water and 9.3 lb. of the dry food were given 
off in the form of gas from the lungs and skin of the animal. (Boussingault, 
Memoires de Chimie Agricole, pp. 1-13.) It may be remarked that in other in
stances B. obtained different results, as to the amounts of solid excrement 
voided. Thus while cows of 1200 lb. live w(light, that were fed on 34.6 lb. of 
rowen per head and per day, voided 52.8 lb. of solid excrement, they yielded no 
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more than 16.81 lb. at solid excrement per day during a fortnight when they 
ate nothing but 134 lb. of beets each day; when fed upon nothing but 84 lb. of 
potatoes per diem each of them voided 28.0 lb. of golid excrement. 

2. Dung of cows, winter food. (Stoeckhardt, in his Chemise he Feldpredig
ten, 185(;, p. 84.) 

3. Fresh dung free from urine and litter, of steers fed with 24 lb. of lucern 
per head and day. (Analysis made at the Colorado Exp. Station, cited in 
ConIl. u,eport for 188!), p. 118.) 

4. Fresh cow-dung without litter, but may have been wet with urine. Win
ter food. (R. F. Kedzie, in laboratory of the Bussey Institution.) 

5. Solid excrem<lnt from 4 cows, collected at l\fontpellier, France, in early 
morning, April 17, when the animals were fed on maize ensilage and small quan
tities of lucern hay, straw and turnips, and slight additions of bran and cotton
seed-meal. (Audoynaud and Zacharewicz, Biedermann's Centralblatt, 15, 
517.) 

6. Similar to 5, but collected on May 22, when the animals were fed on mown 
annual clover (T. incarnatum) together with a little straw, hran and cotton
seed-meal. 

7. Dung alone from a Normandy cow of about 1200 lb. live weight. When 
fcd upon 20 lb. of lucetIl hay, 88 lb. of beets mixed with chaff and 44 lb. of 
water per diem, ther') was produced 5\) lb. of dung and 2:3 lb. of urine, or together 
82 lb. of solid and liquid excrement. (~funtz & Girard, Les Engrais, 1, 192.) 

8. Dung alone from (Jow No.7, when fed with 154 lb. at beets. The cow 
drank no water. There was produced each day on the average 42 lb. of dung 
and 88 lb. of urine, or together 130 lb. of solid and liquid excrement. (Muntz 
and Girard, loco cit.) 

9. Dung alone frolIl cow No.1, when fed with 26,4 lb. of Iucern hay and 66 
lb. of water. There was produced 48.4 lb. of dung and 13.6 lb. of urine, or to
gether 62 lb. of solid and Jiquid excrement. (Muntz & Girard, loco cit.) 

10. Dung alone from cows fed with 118 lb. fresh-cut lucern and 108 lb. of 
water. Each animalpfoduced 73 lb. of dung and 40 Ib, of urine, or together 113 
Jb. of solid and liquid excrement. (Muntz & Girard, loco cit.) 

11. Mean of sllveral samples of cow's dung. (Muntz & Girard.) 

MANURII OF NE.A.T C.A.TTL)!;, i. e., :Mtl(TURES OF DUNG, URINE, AND LITTER, 

()R ()F DUNG .A.ND URIN)!;. 

,; .S .S .;§ ,:i ..; .;j " ~ ,. 
Distin~ujsh. ~ ,; '[ _0' 

~~~ " -~ .... <> 
'" ~tt ~e "j:5 .i'l S 0 

in~ Number " -< S 
of lb. ;: o~ 0 ~ 

~ 
':;~...; '0 ;§-< 

~ 
~~ 

Specimen. 
.,.. .::: "'.::: )'; II< '" H,O .. K20 CaO MgO P,O.' NH:, N 

~~-" 

50 85.30 14.70 2.04 0.36 0.29 0.19 0.16 .... 0.26 0.53 
IH 84.30 15.7() .... .... .... .... .... . ... . ... 0,41 
52 71.69 28.31 10.08 0.48 0.17 0.13 0.30 .... 0.13 0.43 
53 82.42 17.60 2.27 0.30 0.28 0.12 0.20 .... 0.10 0.42 
54 81.80 18.20 1.80 0.35 .... .... 0.13 .... . ... 0.34 
55 72.87 27.13 6.70 1.69 0.41 0.20 .... .... 0.79 
56 7.~.OO 2.5.00 6.22 0.39 0.24 0.18 0.14 .... 0.27 0.41l 
57 77.11 22.30 4.11 0.46 0.37 0.11 0.13 .... 0.16 0.54 
58 74.02 25.98 3.94 0.56 0.58 0.13 .... .... . ... 0.41 
59 .... .... .... 0.29 0.16 .... 0.14 . ... 0.04 0.34 
60 .... .... .... 0.29 0.16 .... 0.14 . ... 0.01 0.27 
61 .... .... .... 0.25 0.08 .... 0.21 .... 0.20 0.41 
62 .... .... . ... 0.28 0.09 .... 0.21 .... 0.13 0.42 
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MANURE OF NEAT CATTLE. - Continued. 

I 
.~ ·c " .~ .; ..; 

~ 
~'C 

,; :£ -;S-d _0' -~ Dlstlngulsll- >.~ .::: '§.g_~ 0 "'Oil 
ing Number ... :0 

-< ~ .§ §, o~'E: S +'0 
;:.;~ 8~< o~-< 0" 

of the )'1 ... <d S ~."t! 
Specimen. 

I 
p., ::g .::: rJ:l", -< Z p., p., 

H2O KiO CaO lIIgO P20, NH, N 
I 

r 
SO.31 .... .... 0,42 .... . ... 0.32 0.10 . ... 1.30 
71.51 .... .... 0.63 .... . ... 1.20 0.53 . ... 1.39 
74.55 .... .... 0.41 .... .... 0.44 0.11 . ... 0.71 

63. 

1 
74.75 .... . ... 0.25 .... . ... 0.32 0.11 . ... 0.57 
83.92 .... .... 0.33 .... . ... 1.40 0.17 . ... 1.21 
79.8ti .... .... 0.'10 .... . ... 0.52 0.12 . ... O.KS 
79.50 .... .... 0.34 .... .... 0.\18 0.12 . ... 1.00 
82.51 .... .... 0.:l7 .... .... 0.36 0.15 . ... 0.29 

64 75.93 24.07 4.:14 0.47 0.31 0.01 0.5ti .... 0.1:~ 0.67 
69.52 30,48 3.18 0.41 .... .... 0.:l5 . ... 0.14 0.65 
78.70 :!0.31 2.9H 0.50 .... .... 0.28 . ... 0.14 0.53 
55.31 44.69 1O.1~ 0.82 .... .... 0.54 . ... 0.10 0.00 
64.85 3.'i.15 7.30 O.ti} .... .... 0.36 .... .... O.tiO 

65. 70.51 2~),4fJ 7.tiO 0.46 .... .... 0.:39 . ... .... 0.72 
71.95 :!8.05 5.00 0.93 .... .... 0.46 . ... .... 0.51 
.... .... .... 0.39 .... .... 0.21 . ... .... 0.55 
.... .... .... 0.74 .... .... 0.34 . ... . ... 0.ti1 
.... .... .... 0.2G .... .... 0.28 . ... . ... 0.37 

Mean of XO.o., (i847 ;;1.53 6.1~ 0.57 .... .... 0.35 . ... .... 0.61 

{ 
80.70 19.30 .... 0.54 0.52 0.17 0.17 .... .... 0,40 

66. 77.00 23.00 .... .... .... .... . ... . ... .... .... 
80.80 19.20 .... 004(; 0.20 0.11 0.14 .... 0.02 0.30 
78.88 21.12 .... 0.55 0.20 0.11 0.14 .... 

0.03
1 

0.34 

67. I 73.44 26.5ti .... 0.50 0,44 0.21 0.32 . ... 0.00 0.47 
73.:m 26.71 .... 0.49 0.35 0.19 0.29 . ... 0.00 0,49 

68 73.00 27.00 .... 0.87 .... .... 0.36 . ... . ... 0.64 

{ 
71.63 28.37 .... 0.89 .... .... 0.13 . ... .... 0.60 

69. 73.50 26.50 .... 0.94 .... .... 0.24 . ... . ... 0.71 
72.86 27.14 .... 0.81 .... .... 0.29 . ... .... 0.73 
72.00 28.00 .... .... . ... .... .... . ... .... 0.02 

70 S3.78 16.22 4.28 0.43 .... .... 0.26 . ... 0.13 0.46 
71 81.4:.! 18.58 4.8ll 0.74 .... .... 0.27 .... 0.11 0.46 
72 7Ii.54 23.46 4.04 0.79 .... .... 0.31 .... O.lll 0.67 
73 7.~.87 21.1:3 4Ali 0.71 .... .... 0.38 . ... O.:!ll 0.59 
74 81.00 18.50 2.50 0.47 .... .... 0.14 .... 0.0:3 0.32 
75 77.20 22.80 2.70 0.57 .... .... 0.14 . ... 0.D7 0.41 
76 (;2.70 .... .... 1.08 .... .... 0.31 . ... . ... 0.65 
77 56.50 .... .... 0.9:1 .... .... 0.38 . ... .... 0.65 
78 71.30 .... .... 0.85 .... .... 0.28 . ... . ... o.t).') 
79 79.40 .... .... 0.7tl .... . ... 0.18 .... .... 0041 
80 75.10 .... .... 0.7G .... .... 0.15 .... .... 0.51 
81 77.50 22.50 2.20 0.40 0.31 0.11 0.1() .... .... 0.:14 
82 77.73 .... .... 0.53 .... .... 0.17 .... . ... 0.50 
83 75.25 .... .... 0.44 .... .... 0.29 .... . ... 0,43 

50. Cow-manure free from litter, from cows fed on as much hay as they 
would eat, with additiolls of 4 quarts of wheat-bran aud 4 quarts of mangolds per 
head and day. A cubic foot of this manure weighed 6:llb. (S. 'V. Johnson, 
Report Coun. Exp. Station, 1889, p. 118.) 

51. l\1ixed dung aud urine of cows, free from litter. (Payen & Boussingault, 
Ann. Ch. et Phys., 1841 (3.),3. 1m.) 

52. Manure from milch cows fed liberally upon corn-meal. bran, timothy 
hay and roots. (S. 'V. Johnson, Report Conn. Exp. Station, 188U, pp. 117, 118.) 
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53. Manure from milch cows fed on hay and stover. It was kept closely 
packed, in a manure-house which had a cement floor. (S. \V. Johnson, Conn. 
Agric. Exp. Report, 1800, 71.) 

54. Fresh manure of cows fed with rowen and potatoes and bedded with 6.5 
lb. of straw. (Bonssingalllt, ched by Muntz & Girard, 1,240.) 

55. Four-weeks-old manure from a stable where the cows were fed with a. 
mixture made of 100 lb. green-cut clover and 5 lb. of rye-straw. (R. Hoffmann.) 

56. Cow-manure. (Bretsehneider.) 
57 and 58. Taken in J<'ebruary from the centre of dung-heaps at two differ

ent cow-stables in Germany. (Schmid.) 
59. ]\fanure from 9 cows fed upon hay, crushed grain, cabbages, beets, and 

brewers' grains. "When bedded with 3.5 kilo of peat-moss per head and day. 
(Fleischer, Biedermann's Centralblatt, 1887, 16. 810.) 

60. Animals same as in No. 1m, but bedded with 4.6 kilos. of rye-straw. 
61. lIIanure from 10 cows fed upon hay, graiu, kohlrabi, potatoes and brew. 

ers' grains. When bedded with 3.5 kilo peat-moss. 
62. Same animals as in No. 61, but beddeu with 4.3 kilos. of rye-straw. 

(Fleischer.) 
63. Eight samples of manure from neat cattle. (Strolnnor, Died. Cent.-Blatt, 

188\J, p. 1)43.) 
64. lIIanure of osen fatting on distillery slop from beet-roots and oil-cake. 

Sample taken from a heap of 70 cubic metres. (Petermann.) 
65. Nine samples of manure of neat cattle that were bedded With peat-moss. 

(Petermann, Biedermann's Contralblatt, 1888, 17. 451.) 
66. Samples of fresh manure (one week old) of milch cows. (Holdefleiss, 

Rotfmann's Jahresberieht, 1B\J1, 14. p. 105.) 
67. Samples of fresh manure (one week old) of stall-fed oxen. (Holdefieiss, 

loco cit.) • 
68. Manure of stall-fed oxen, kept in deep stalls. (Holdefleiss, loco cit.) 
69. Manure which had been suffered to lie, together with much straw, under 

the animals during 2 and 3.5 months. 70 cows and draught oxen w~re kept in 
the stahle, and their manure was found to be in a good mellow collditioll at the 
times above stated. Holdefleiss remarks on the unusually good quality of the 
manure, in spite of the fact that much more straw had been used in the prepara
tion of it than is used in the making of ordinary farmyard manure. The great 
excess of straw ill these samples, and some others, explains the high pel'centage 
of potash, as stated in the table. (Holdetleiss, Biedermann's Centralblatt, 
1H84, p. 88; and 10. 587, 588.) 

70 and 71. :\lanure taken from heaps at two Flemisll farms where the 
manure was thrown out every day from the cow·stalls. (Biematzki, Hoff. 
mauu's Jahresbm'icht, 1881, p. 248.) 

72 and 73. Manure from two other Flemish farms carried on like Nos. 70 
alld 71, only that the cow-staJls were provided with movable cribs, and the dung 
and litter were left to accumulate under the animals. (Biernatzki, loe. cit.) 

74. Cow-manure taken ftom a dung-heap. (Emmerling, Hoffmann's Jall
resbericht, 1882, p. 333.) 

73. Cow-manure taken from a deep stall. (Emmerling, IDe. cit.) 
76 to 80. Manure from a staole of 8 cows bedded with from 12 to 13 lb. of 

straw per head and day. (Muntz & Girard, Les Eugrais, 1. 241.) For No. 76 
the cows were fed on 1 QCetll hay, beets and rye-meal; for No. 77 they got green
cut lllcern, and rye-meal; for No. 78 they had green-cut lucerll amI barley, 
meal; for No. 79 they had cabbage-leaves, meal and straw, and for No. SO they 
were at pasture and got. some oarley-meal in addition. 

81. Average composition of fresh cow-manure, with litter, as computed by 
Wolff. 
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82. Fresh manure of calves, richly fed in pens and bedded liberally with 
finely cut wheat-straw. (G. C. "Watson, U. S. Exp. Station Record, 5. 388.) 

83. Fresh manure of cows, richly fed and bedded liberally with cut wheat
straw. (Watson, loco cit.) 

MIXED FARM-"MANURE. 

I 
I 

.~ " .;:; j ... ,.; I ~ 
.;:: 

~i~ 
;:l 

Distinguish- " -0' § ~~ ~ 
,_,,, 

"" ~ ~'E.:g ing Number ~ ~~ ~ 
I 

JJ .S § o~ 

of the ~ ~ H £-11-< ~~~ 8;J 

I 
;.: ;>, '" Z Specilllell. 

I 
)l;1 ;>, ;>, <\ 

H,O I 1(20 CaO MgO PO') NH:~ N 

150 
1

70
.
00 30.00 2.77 0.53 .... .... 0.25 . ... . ... 0.77 

151 7\Ui2 20.:;8 6.5(1 0.51 0.50 0.24 0.20 .... .... 0041 
58.H4 41.30 21.19 0040 .... .... 0.22 .... . ... 0.4;1 
60.25 33.75 H;'51 0.60 .... .... 0.li2 .... . ... 0.46 
82.43 17.57 6.a8 0.27 .... .... 0.29 .... . ... 0.4lI 

152 68.91 31.09 \).41 0.51 .... .... 0.31 . ... .... 0.49 
80.20 19.80 12.56 0.10 .... .... 0.17 .... . ... 0.19 
74.41 25.59 14.20 0.23 .... .... OAa . ... .... 0.34 
83.02 16.98 5.51 0.2:1 .... .... 0.09 .... . ... 0.32 
66.01 33.\)H 20.82 0.22 .... .... 0.:;:1 . ... .... 0.36 

153 54.70 45.30 34.43 O.W 0.47 0.50 0.72 .... 0.01 0.46 
154 71.00 2\).00 4.40 0.52 0.57 0.14 0.21 .... .... 0.45 
1.";5 75.oo 25.oo 5.80 0.63 0.70 0.18 0.26 .... .... 0.50 
156 7H.oo 21.oo 6.50 0.50 0),8 0.18 O.:JO .... .... 0.58 
157 66.17 :33.83 5.1)9 0.67 1.19 0.15 0.31 .... 0.12 0.64 
158 6H.83 31.17 .... 1.22 1.:34 0.05 0"0> . ._) .... 0.14 0.08 0.74 
159 67.32 32.68 .... 0.88 1.H:J 0.08 0.45 0.15 0.76 0.75 
160 SO.OIl 19.\)8 .... 0.42 1.97 0.09 0.27 0.09 0.00 0.54 
161 75.42 24.58 .... 0.49 1.78 0.14 0.45 0.18 0.10 0.61 
162 73.00 26.10 .... LOS 2.27 0.04 0.12 0.06 0.07 0.21 
163 72.33 27.67 5.87 0.69 0.85 0.14 O.:lO .... 0.03 0.46 
164 17.08 22.92 7.42 0.71 0.34 0.15 0.34 .... 0.16 0.53 
165 7H.H5 20.05 .... 0.84 .... .... 0.40 . ... . ... 0.78 
166 75.57 24.43 .... 0.70 .... . ... 0.29 .... . ... 0.H8 

{ 
78.02 21.98 H.38 0.60 .... .... 0.27 .... . ... 0.48 

167 78.6\) 21.31 8.57 0.60 .... .... 0.2() .... . ... 0.47 
76.43 22.57 \).80 0.69 .... .... 0.36 . ... . ... 0.53 
78.25 21.75 8.70 0.64 .... .... 0.30 .... . ... 0.48 

{ 
70.07 2H.93 H.21j O.Sl .... .... 0.43 . ... .... 0.6(; 

168 7UO 28.70 8.24 0.81 .... .... 0.43 . ... . ... 0.64 
70.22 2\).78 8.18 0.87 .... .... 0.40 . ... . ... 0.66 
6l).(J() 30.10 8.5:1 0.85 .... .... 0.46 .... . ... 0.66 

169 I 67.25 32.55 5.47 0.58 .... .... 0.31 . ... .... 0.50 
73.73 26.27 3.51 0.49 .... .... 0.24 . ... .... 0.37 

170 73.27 26.73 3.57 0.51 .... .... 0.29 .... . ... 0.:34 
171 77.85 22.15 6.68 1).57 0.60 0.14 0.35 .... .... 0.58 

I 

150. Ideal composition of fresh, undecomposed manure - from a 400-acre 
English farm devoted to the four-course rotation - as calcnlated from the 
average composition of the matters which are supposed to enter into the manure, 
viz. roots, hay, straw, some oil-cake, and grain. (Lawes, Journal of the Royal 
Agricultural Soeiety of England, 18G2, 23. 46.) 

151. Mean of several analyses of different samples of half-rotted farmyard
manure from a ~table of 30 neat cattle and :10 horses, and from 12 to 20 hogs. 
The manure was decidedJy moist, the straw in it was not completely decom
posed, though it was soft and filamentous. (Boussingault, Ann. Ch. et Phys. 
(3.) 1. 234. and 3. loo.) 

152. Cubic-foot samples of farm-manure sent by eight different Scotch farm. 
VOL. Il -16. 
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ers to Professor Anderson of Glasgow and analyzed by him according to a 
uniform plan. The differences in composition of these manures were thought 
to depend chiefly upon the varying amounts of litter used at the farms. Th~ 

proportion of sand in these eight samples varied from 22 % to upward of 55 % 01 
the dry matter of the manures. (Highland and Agric. Soc. of Scotland, 1872, 
(4.) 4. 320.) 

153. "\Vell rotted barnyard-manure from young neat cattle fed with hay. 
The manure contained 25 % of clay from tho y!>rd. This manure weighed 40 lb. 
to the cubic foot. (8. W. Johnson.) 

154. Average composition of fresh farm-manure. (\Volff.) 
155. Average compo;itioll of moderately rotted farm-manure. (Wolff.) 
156. Average composition of very thoroughly rotted farm-manure. CW olfl'.) 
157. Fresh loug manure, consisting of a mixture of horse, cow, and pig-dung 

and urin!!, and the straw that had served the animals as litter. It had lain in 
the dung-pit Hdays (in October), at a time when no rain had fallen. (Voelcker, 
noyal Agric. Soc. Journal, 1&')6, xvii, 194.) 

158. Farm-manure taken in February from a heap (in a yard) that was 3.5 
months old. (Voelcker, loco cit.) 

159. Farm-manure' from a heap 3.5 months old, which had lain under cover 
from November to February. (Voelcker, loco cit.) 

160. Farm-manure which had lain spread out during the sil( months, Novem-
bertoMay. (Voelcker, loco cit.) 

161. '\Vell rotted farm-manure, 6 months old. (Voelcker, lac. cit.) 
162. 'Well rotted farm-manure, 8 months old. (Voelcker.) 
163. "Box manure," consisting of the mixed manure of bullocks, horses and 

pigs. By means of a fine sieve, 5&.3% of dung were separated troIn 41.7% of 
straw. (Way, Journal of Royal Agric. Soc. of England, 1850,2.769.) 

164. Taken from the accumulations of a barn that contained only young 
growing animals and a few horses. The food was good timothy hay, liberal 
quantities of bran, a few oats, and a little corn-meal. (S. ~W. Johnson, Report 
Conn. Exp. Station, 188\), pp. 117, 118.) 

165. Mixed manure of cows and horses, taken from a compact bed two feet 
thick, which had accumulated during the winter in a large covered yard, !tnd 
had been trampled upon by the anim'1ls. It was estimated that 80 tOllS of straw 
had been used for bedding 45 animals 1\)5 days, and that 4t16 tOilS of manure were 
produced. (Roberts, 3d~. Y. Cornell Report.) 

166. Similar to No. 1(;5, but produced during another year, when less cotton
seed-meal was fed. In this case, 24 cows, 1 bull, 12 horses, 1 colt, 7 winter calves, 
and 1:.l spring calves, regarded as 47 adult animals, prodnced 1\19.5 tOllS of nlanure 
in 5 months. (Roberts, loc. cit.) 

167 to 170. Manure obtained in summer from a herd of about 25 cows and 
!t few steers and sheep, 12 calves and ten horses, litt lred with as little straw and 
sawdust as was consistent with eleanliness. The manure was hauled out by 
alternate loads and thrown into two heaps; one (No. 167) iu an open yard, ex
posed to sun and rain, but ou a place so dished and puddled with clay that no 
noticeable portion of the leachings could escape; while the other heap (No. 168) 
was kept under a shed open on one side and wholly above ground. The cattle and 
a few pigs were allowed to run over the heaps for an hour or two each day to ensu!'!) 
a certain amonut of compaction as the heaps were fOI·med. \Vhen the manure 
was hauled out in August, 29 loads of nearly 3,000 lb. each were found in the 
exposed heap, alld 34 loads of slightly les8 than 2,000 lb. each, were got from the 
covered heap. In a repetition of the foregoing trial, made in the autumn and 
early winter, 5f; loads of 2,1;00 lb. each were hauled from the open yard (No. 
169) early in February and M loads of 2,500 lb. each were hauled from the covered 
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heap (No. 170). It appeared that in summer more organic matter and more nitro-
gen were lost from the exposed heap than from the covered heap, while in winter 
the reverse of this seemed to be true. That is to say, the manure lost relatively 
most from overheating under the covered shed in winter, and when exposed to the 
Bun in the summer. (Frear, Armsby & Hunt, Penn. Report, 1892, ii., 79.) 

171. Manure from 32 horses, 3 cows and 12 hogs. The figures cited are the 
means of 4 analyses, made in 4 successive years. (Lecouteux, Biedermann's 
Centralblatt, 1881,10. 171.) 

HORSE-MA:oluRE. 

.~ Q I " .~ ,.; ,; .:i ·c .v"C ci 

'" 
-0' 0-< ~ • 

" ~'" Distingui8h~ '" »" .:i 
~ '" ~i] i ~~~ "'oc ><Z; S 0 

ing Number .., 
-< " S og 

A~ ;:'i "" ",]-<1£1-< of the ~ p., " S ~~ 
Specimen. ;:;: 

p., I p., "'1 Z 

H'O K'O CaO MgO P·,(h .. ~H.l N 

200. 75.30 124.70 I .... 0.30 I 0.55 
201 75,40 24.60 .... 0.17

1 

0.74 
202 76.00 24.00 3.00 0.30 0.30 0.35 0.50 
203 67.40 132.65 3.35 0.721 0"" 0.67 .~i) 

204 75.76 24.24 5.07 0.51 0.30 0.19 0,41 0.26 0.53 
205 69.30 30.70 5.05 0.(,3 0.74 0.29 0.li7 0.12 0.69 
206 70.79 1" .. 0.53 0.21 0.51 
207 67.28 32.72 6.49 0.22 0.17

1 

0.20 0.35 0.15 0,47 
208 72.13 27.87 3.37 0.59 0.41 0.17 0.12 0.44 om 
209 72.35 27.65 2.50 0.15 0.40 0.57 
210 70.00 30.00 0.54 I 0.49 0.72 
211 o 5to 

1.5 
212 0.2to 

0.3 
213 0.30 
214 64.90 35.10 0.8! 0.:'2 0.48 
215 65. to 20. to 0.27 to 0.17 to 10.48 to 

80. 30. 1.01 0.35 om 
216 69.80 30.20 0.80 0.37 0.47 
217 57.30 4:!.70 0.51; 0.2\J 0.44 
218 54.16 45.86 0.49 0.35 0.44 
219 0.1~ O.:!ti OAH 
220 70.90 29.10 3.60 0.35 0.56 

221 73.78 26.22 3.77 0.55 0.42 0.3!) 0.79 
73.11 26.89/ 36\! 0.46 0.33 0.42 0.93 

222 60.58 :19.42 
'3.30 I 0.80 

223 71.30 28.70 0.53 o.n 0.14 0.28 .... : .... 0.58 
I 

1 KiO and Na,O. 

200. Horse-dung, by itself. (Payen & Boussingault, Ann. Ch. et Phys. (3.) 
3.103.) 

201. Mixed dung and urine of a horse. (Payen & Boussingault, loc. cit.) 
202. Fresh horse-dung, winter food. (Stoeckhardt, Chemische Feldpredigten, 

1856, 84.) 
203. Fresh manure of horses fed with hay and oats, and bedded with 4.5 lb. 

of straw per head and day. tBouss:ngault, cited by Muntz and Girard, in" Les 
Engrais," 1. 240.) 

204. Fresh horse-manure from stables of street-railway companies in New 
York City. The horses were fed with oats, corn-meal and chopped hay, in 
nearly equal proportions. The manure contained no long straw, and weighed 
4,535 lb. to the cord, or about 35 lb. to the cubic foot. (S. W. Johnson, Conn. 
Agric. Rep., 1873, p. 348.) 
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205. Horse-manure taken from a carload brought from New York City. (S. 
W. Johnson, Rep. Conn. Agric. Exp. Station, 1880, p. 4a.) 

206. Horse-manure from animals fed liberally on hay and oats. The sam
ple contained 30 lb. of straw bedding, and 466 lb. of mixed dung and urine. (N. 
Y. Cornell Station.) 

207. Fresh horse-dung from an animal fed daily on 14 lb. of timothy hay and 
4 quarts of oats mixed with cracked maize. The dung was collected in dry 
winter weather, a few hours after it had been dropped. A sample of the fresh 
dung contained 73.86% of water. (R. F. Kedzie, in Laboratory of the Bussey 
Institution. ) 

208. Horse-manure. (Bretschneider.) 
209. Solid excrements of two horses, collected :l1 11 ay at Moutpellier, France. 

The food consisted of lucern hay and oats. (AudoYllaud and Zacharewicz, 
Biedermann's Centralblatt, 15. 518.) 

210. Dung of a farm-horse fed with 17.6 lb. of a mixture of maize and oats, 
6.6 lb. of hay and straw, and 22 lb. of water, and producing 20.6 lb. of dung, and 
nearly 3 lb. of urine per day. (Muntz & Girard, "Les Engrais," 1. 1!)G.) 

211. Dung of horses fed with nothing but oats or maize, or horse-beans, and 
yielding 4.5 to 11 lb. of solid excrement per day. (Muntz & Girard, lac. cit., p. 
197.) 

212. Dung of horses fed with nothing but hay, and producing from 18 to 40 
lb. of solid excrement per day. (Muntz & Girard.) 

213. Dung of horses fed with ordinary rations of hay or straw and grain, 
and producing from 11 to 33 lb. of solid excrement per day. (Muntz & Girard.) 

214. Manure from omnibus horses ill Paris. (Muntz & Girard, " Les En
gxais," 4. 242.) 

215. Fresh manure as sold to farmers from the yards of the OmnilJlls Co. of 
Paris, France. (Muntz & Girard, "Les Engrais," 1. 351i.) 

216. Manure from the same stables as No. 215, after it had been left by a 
farmer in a heap in the open air for (i months. (Muntz & Girard, lac. cit., 1. 3;)9.) 

217. Fresh horse-manure taken from large heaps at a cavalry camp, at Saint 
Maul', France. (Muntz & Girard, lac. cit.) 

218. Same manure as No. 217, after it had been left to rot in the heaps during 
2 months. (Muntz & Girard, lac. cit., 1. 3(i1.) 

219. Fresh manure of horses fed on hay and grain, aIHI bedded with finely 
cut wheat-straw. (G. C. Watson, U. S. Exp. Station Record. 5. 389.) 

220. Horse-manure froUl a stable in which German peat-fibre had been used 
as litter. (Voelcker, Roy. Ag. Jour. (2.),19. 246.) 

221. Air-dried manure of horses that had been bedded with fine peat-moss. 
A five-inch layer of the peat was placed in the stalls and left there. At the 
end of three weeks it had become moist, and the first sample was taken for 
analysis. More peat was then strewn upon that already in the stalls, and at 
the end of the month, the second sample of the manure was collected for analy
sis. (Arnold, Biedermann's Centralblatt, 1881, 10. 590.) 

222. Manure from inns in Southern France, consisting of the excrements of 
horses and mules that were fed upon hay and oats, and employed uy carters for 
haulillg goods upon the roads. The animals were bedded with straw, "not in 
excess." The sample analyzed was taken from a heap of manure one month 
old after fernlentation had begun. The heap had been wet but little, and the 
dryness of the manure, and its consequent" strength ,. are noticeable. This 
specimen was reckoned to be a fair sample of horse-manure as produced in tavern 
stables at that date on the highways of Southern France. 'When taken from 
the heap, this manure weighed 660 kilos. per cubic metre, and it weighed 820 
kilos the cubic meter. when firmly trodden in a cart. (Boussingault, Payen and 
Gasparin, Ann. Ch. et Phys.,1842 (3.), 6. 457; and Gasparin's Cours d' Agri-
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culture, 1, 593,596, m)9, GOO, 642.) From the result of this analysis, and of others 
made by Boussingault, Gasparin was led to insist that the manure of different 
farms and even of different animals may differ chiefly in respect to the propor
tion of water. He urged that" normal manure" from farmyards and stables, 
when not overcharged with straw or other litter, if completely dried at 2120 F. 
will contain not far from 2 % of nitrogen. 

223. A. verage composition of fresh horse-manure, with litter. CWolff.) 

SHEEP-2I:IANURE. 
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300 57.GO 42.40 .... .... .... . ... O.H . ... .... 0.72 
301 GUO 32.90 .... .... ..... .... O.Hi . ... . ... O.fH 
302 6UiO 3~.40 :1.00 O.il41 .... .... O.:ll .... .... 0.82 
303 63.00 .... .... . ... .... .... .... . ... . ... 1.11 
304 58.00 4:l.00 G.OO 0.:;0 1.50 O.GO .... .... 0.75 
305 73.1:1 2U.H7 6.5\J .... 

:~.~? I ........ , 
.... .... 0.% 

306 7:3.66 26.:14 1:>.69 O.H 0.49 O.Sl .... 0.03 0.(,:3 
307 64. to 26. to 10. to 1.0 to .... 10.2to .... 0.7 to 

73. 37. 1') 1.1 I 0.4 .... 0.8 -. 
0.18 I 0.:;:; 308 64.60 35.40 3.nO 0.G7 0.33 .... .... 0.83 

309 69.30 ;~0.7G 6.G\J 0.77 G.GO O.UG 0.:!1 .... GAG O.Gl 
310 70.27 20.7:; .... o.;;r .... .... OA7 . ... .... O.fiO 
311 75.60 24.40 .... 0.87 .... . ... 0.34 . ... .... 0.51 
312 67.30 32.70 .... 1.71 .... . ... O.(j~ . ... .... 0.G5 
313 65.00 35.00 .... 1.54 .... .... 

I 
o.:n . ... . ... 0.71j 

314 68.30 31.70 .... 1.26 .... I .... 
0.21) . ... . ... 0.51 

315 59.52 .... .... 0.59 .... .... 0.39 . ... . ... 0.77 

GOAT-MANURE. 

350. . . I 46.00 I M.OO I I .... I .... I .... I .... I .... I .... I 2.16 

HOG-MANURE. 

375 81.40 18.60 .... .... .... I , .... .... . ... 0.G3 
376 80.00 20.00 :1.00 0.50 0.:10 0.45 .... .... O.GO 
377 72.40 ~7.HO 2.GO 0.60 0.08 0.09 ! 0.1\) .... .... 0045 
378 ~0.57 19.43 .... 1.8G .... .... I 0.1\1 .... . ... 0.71 
379 84.00 16.00 .... .... .... . ... ! 0.G2 . ... . ... 0.70 

I 380 .... . ... .... .... .... .... f O.~8 . ... . ... 0.37 
381 74.13125.87 0.32 

I o.:m 0.84 .... .... 
·O.l~ i . ... .... 

382 G5.23 34.77 \J.04 0.10 1.48 
) 

0.B1 .... 0.0:) 0.51l 

1 KzO and NaeO. 

300. Dung alone of sheep feu on aLout 2.2 IL. of hay per diem and yield
ing about.') lbs. of total soliu and liquid excrement. (Boussingault.) 

301. Mixed dung and urine of the animals of No. :100. (Boussingault.) 
302. Fresh manure of sheep fed with hay and bedded with half a pound of 

straw. (Boussingault, in Muntz and Girard, "Les Engrais," 1. 240.) 
303. Mixed excrement of sheep. (Payen and Boussingault, loco cit.) 
304. Dung of sheep fed on about 2 Jb. of bay per diem. (Stoeckhanlt 

in his Chemische Feldpredigten, 1856, p. 84.) 
305. Fresh sheep's dung. The animals were fed upon roots iu au old pas

ture. (Voelcker, Roy. Ag. Soc .. Tour., 1858. 18.118.) 
306. Sheep-manure that had Leen kept three years in a heap. It was com

pletely decomposed; was a black, greasy mass, antI had more of an earthy than 
an animal smell. (Voelcker, Roy. Ag. Soc. Jour., 1858, 18. 114.) 
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307. Sheep-manure that had been trodden firmly in stalls; as used for 
manuring tobacco at \Vageningen, in Holland. (A. Mayer in his Lehrbuch, 
2.179.) 

308. Average composition of fresh sheep-manure with litter. (\Volff.) 
309. Sheep-manure. (Bretschneider.) 
310. Dung alone of sheep fed with 11'0111 3.3 to 4.4 lb. of lucern hay and 6.6 

lb. of beets per day. (~Iuntz and Girard.) 
311. Dung aUtI urine of sheep, of about 90 lb. weight, fed with 2.2 lb. of 

lucern hay and 2.2 Ill. of beets, and yielding 4.5 Ill. of mixed solid and liquid 
excrement per day. (Muntz and Girard, " Les Engrais," 1. 1(18.) 

312. Sheep manure, from mixed food. (Muntz and Girard, "Les Engrais," 
1. 242.) 

313. Manure from sheep fed upon lucern hay. (Muntz and Girard.) 
314. Manure from sheep fed upon green cut lucern. (Muntz and Girard.) 
315. Fresh manure of sheep fed liberally in pens and bedded with enongh 

cut wheat-straw to keep them clean. (G. C. Watson, U. S. Exp. Station 
Record, 5. 387.) 

350. Mixed dung and urine of goats. (Payen and Boussingault.) 

375. Mixed dung and urine of hogs. (Payen and Eoussingault.) 
376. Dung alone of swine on winter food. (Stoeckhardt in his Chemische 

Feldpredigten, IIlJG, p. 81.) 
377. Average composition of fresh hog-manure, with litter. (\Volff.) 
378. Hog-manure from Ferrieres (Frallce). The animals were fed on pota

toes and barley, and it was reckoned that the cost of producing the manure was 
$1.1)2 the ton. (Gassend, Biedermann's Central blatt, 11182 , 11. G40.) 

379. Dung alone of a hog eight months ohi, of 132 lb. weight, that was fed 
with 15.5 lb. of cooked potatoes per diem and yielded 2.2 lb. of dung. (Bous
singault, Memoires, p. IG9.) 

380. Mixed dung and urine of the hog No. 379, which produced 2.2 lb. of 
dung and 7 lb. of urine per diem. (Boussingault, lac. cit.) 

381. Fresh manure of pigs richly feu and bedded liberally with cut wheat 
straw. (G. C. ,,'atson, G. S. Exp. Station Record, 5. 38S.) 

382. Manure produced by swine fed on garbage and corn-meal; it had been 
exposed to the weather as it lay in the sties. (Report Conn. Agric. Station, 
1800,71.) 

URINE OF NEAT CATTLE. 

I 
.~ " " ;l Distinguish- .g ''; 

~ .. .,; 
~~ 

'<! ~" ing NUUlber '" »'" '" c "on 
" 

.. ~ Jl ;: Sb tB of the H~ ~ S 
ipecimen. i?; " 

0 ;:i 
" ~-< S r--:~ ;., 
~ .;:: -< Z 

"" 
400. 88.28 11.72 1.47 I 

I 
.... 0.45 

401 92.10 7.90 :1.56 1.32 or 
2.01 .... trace 0.97 

402. 92.00 8.00 2.00 1.40 0.15 0.80 
403. 89.79 10.21 1.57 trace 0.78 
404. 95.g5 4.15 O.GO 0.01 0.13 
405. 88.27 11.73 1.69 0.01 1.M 
406. 1.;)(; o.oz 0,74-

1.20 
407. 1.39 
408. 1.27 0.02 1.11 
409. 1.67 0.03 0.51 
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400. Pure cow's urine from the animal described under No.1. (Boussin
gault.) 

401. Pure urine from a cow fed upon rowen and potatoes. (Boussingault, 
Memoires, p. 177.) 

402. Urine of cows fed in winter on hay and potatoes. (Stoeckhardt.) 
403. Urine alone from the animal described under No.7. (Muntz and 

Girard.) 
404. Brine alone from the animal described under No.8. (Muntz and 

Girard.) 
405. Urine alone from the animal described under No.9. (Muntz and 

Girard.) 
406. Brine alone from the cows, No. 10. (Muntz and Girard.) 
407. Many samples of cows' urine from animals fed either with green cut 

forage or with hay and oil-cake. (Audoynaud and Zacharewicz, Hoffmann's 
Jahresbericht, 188n, p. 217.) 

408. Fresh cows' urine, average of many analyses on varied foods used 
throughout the year. (Hansen, U. S. Exp. Stat. Rec., V., No.6, p. 524; Bieder
mann, 18n4, 163-165.) 

409. Average of analyses made from time to time in the course of a fodder
ing experiment which lasted eight weeks, of ·dung-liquor from cows. As the 
liquor contained no water other than that excreted by the animals, it may be 
regarded as being of unusually high grade. (Kuehn, cited in Heiden's Duen
gerlehre, 2d edition, 2. 109.) 

URINE OF HORSES. 

425. 
19l.08\8.9212.661 1.381"" I " .. I'~'~I 

1.48 
426. 7n.10 20.90 ... . .. " .. .. .. .. 2.61 
427. ~~.~ ~~.~ .~.?? I 6:;;g ... . or ... 0.00 , 1.20 
428. trace I 1.52 

URINE OF SHEEP. 
440. 

1
86

.
50 r3

.
50 

I .... 1 .... 1 
.. .. \ .... 

1 0.
01

1 
1.31 

441 . 86.50 13.50 3.GO 2.00 0.60 0.05 1.40 
442. .... .... .... 1.72 .... I .... trace 0.89 

URINE OF HOGS. 
475. 

r .... i .... I 1.
25

1 0.
72 1" .. 1 .... 

r 

0.
04 1 0.23 

476. 97.30 2.72 3.90 1.691 .... .." 0.20 0.78 
477. n7.50 2.50 1.00 0.20 0.05 0.13 0.30 

1 K20 and Na2O. 

425. Urine of a horse fed with oats and green cut clover. (Boussingault, 
Memoires, p. 179.) 

426. Urine of horses. (Payen and Boussingault.) 
427. Urine of horses fed on hay and oats. (Stoeckhardt, loco cit.) 
428. Urine of horses. (Audoynaud and Zacharewicz, as cited in Deherain's 

Chimie Agricole, p. 673.) 
440. Urine of sheep consuming about 2.2 lb. of hay per diem and yielding 

about 5 lb. of mixed dung and urine. (Boussingault.) 
441. Fresh urine of sheep fed with about 2 lb. of hay per diem. (Stoeck

hardt.) 
442. Urine of sheep fed with from 3.3 to 4.4 lb. of lucern hay and 6.6 lb. of 

beets per diem. (Muntz and Girard.) 
475. Fresh urine of a hog eight months old, of 132 lb. weight, that was fed 

with 15.5 lb. of cooked potatoes per diem and yielded 7 lb. of urine and 2.2 lb. 
of dung. (Boussingault, Memoires, p. 169.) 
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476. Fresh urine of hogs fed with cooked potatoes and bedded with 1 lb. of 
~traw per diem. (Boussingault, cited by Muntz and Girard," Les Engrais," 
1. 240.) 

477. Fresh urine of hogs fed chiefly on potatoes with thin swill. (Stoeck· 
hardt.) 

DUNG LIQUOR. 

300. 9(Ul9 :l.11 0.72 
301 !J'J.60 0.40 0.06 
302. 0.« 0.02 0.43 
303. !)8.20 U\O 1.10 0.4H 0.0;1 0.04 0.01 0.15 
304. O.l!lto 

0.22 

{ 99.11 0.89 O.r)~ 0.27 0.01 0.06 0.05 
305 1I!l.2ii 0.75 0.:;7 O.:!O trace 0.15 0.11 

!19.13 0.07 O.5~ 0')') O,ol 0.02 0.03 

- _,- ----------
300. Mixed urine of fom animals, i. e., fresh barnyard-litluor. (Payen and 

Roussingault, citefl in nasparin's TraitC:, 1. fio:l, G04.) 
301. Barnyard-liquor. (Paycll and BOllssillgault, lac. cit.) 
302. Average of many analyses of liquid manure from tile cistern into 

which the cows' urinc (-:\0.408) flowed. As kept in tight covered tanks, a 108S 

of ahout 2 % per month of the nitrogen of the urine- was noticed. (Hansen, 
lac. cit.) 

303. AYerage composition of dung-liquor. (Wolff.) 
304. Flemish liquid manure. (rayen anti Boussingault.) 
30.5. Three samples of dung-liquor. (Cited by Dehe'rain in his Chimie 

Agricole, p. fiV7.) 

Nessler examined dung-liquor from 7 different localities, to ex
hibit the relatiolls between potash and chlorine. His results are 
given in the following table. 

100 C.c. of the sample contained grm. of The Sp. Gr. Nitrogen. Pho,p. Acid. Potash. Chlorine. Soda. wa. 

A. 0.070 0.007 0.232 0'()40 0.016 1.0056 
B. 0.07!' 0.016 0.5:3:) 0.206 0.060 1.0118 
C. 0.041 0.014 0.200 0.115 0.071 1.0056 
D. 0.650 0.022 0.776 0.144 0.070 1.0350 
E. 0.480 0.050 1.100 0.110 0.100 1.0260 
F. 1.050 0.073 0.742 0.280 1.0510 
G. 0.320 0.890 0.194 0.120 1.0220 

Voelcker long ago made elaborate analyses of two samples of dung
liqnors, the one coming from an old heap of manure and the other 
from a recent heap. The old dung-heap consisted of a well rotted 
mixture of horse-manure, manure from neat cattle that were fatting 
in box-stalls, and manure from ~heep-pens. The sample examined 
was collected in rainy weather and was known to be diluted to a 
considerable extent with rain-water. It was of a dark brown color, 
and contained neither free ammonia nor free snlphureHed hydrogen. 
It exhibited a n('uiral reaction, but on boiling the liquid its reaction 
became alkaline; soluble bicarbonates which were held in solution 
were decomposed by the heat, and both ammonia and carbonic acid 
were given off freely, 
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On adding muriatic acid to the dung-liquor it effervesced freely, 
humic acids were precipitated in abundance, and a most disgusting 
smell was made manifest, but no 8ulphuretted hydrogen eould be de
tected. It appeared from this reaction that the color of the original 
liquor was due to the presence of humate~ of potash, soda and am
monia. It was noticed that so long as the dung-liquor was kept cool 
no free ammonia escaped from it, but that on heating the liquid 
somew hat, ammonia began to be gin'n off. The analysis showed 
that the li(lUOr contained noteworthy amounts of soluble phosphates 
and that it was rieh in potash salts. 

The other dung-heap was composed chiefly of a mixture of fresh 
horse, cow and hog manun·. The liquor from it was collected at a 
time when no rain had fallen for several weeks, and was consequently 
concentrated. This liquid was very dark colored and of highly of
fensive odor. though it eontilined no ~Illphuretted hydrogen. It was 
neutral to test-pilIH·rs. but on heating it ammonia escaped, though in 
much smaller quantities than came from the liquor that had drained 
from the old heap. 

There was foun(l in iln imperial gallon of these drainings the fol
lowing numbers of grains of the several constituents. 

Ammonia expelled by boiling . 
Ammonia not expelled by boiling 
Ulmic and humic adds 
Carbonie acid expell~d by boiling 
Other organic matters. 

[Nitrogpn in these organic matters 
Soluble silif'a. . . 
Phosphate of lime with a little phosphate of iron 
Carbonate of lime 
Carbonate of magnesia 
Sulphat(' of lime. . 
Chloride of sodium . 
Chloride of potassium 
Carbonate of potash 

Old Heap. New Heap. 
36.25 I 
3.11 I 

125.50 
88.20 

142.60 
3.59 
1.50 

15.81 
34.91 
25.66 
4.36 

45.70 
70.50 

170.54 

15.13 

716.81 
31.08] 

9.51 
72.65 
59.58 
9.95 

14.27 
101.82 

60.64 
297.38 

In the gallon 764.64 1357.74 

The liquor :from the new heap was almoRt twice as concentrated 
as that from the old heap, since, as it happened, the Iiltter had been 
diluted to a considerable extent with rain-water. But in spite of 
this fact, there was less than half as much ammonia, in the form of 
ammonium salis, in the fresh liquor (1.5 grains) as in the old (39 
grains). The htl'ge amount of nitrogen in organic combination found 
in the liquor from the new henp shows that comparath'ely little de
composition had occurred there as yet; while from the charader of 
the drainings of the old heap it appeared that noteworthy amounts of 
the organic nitrogen had in the course of time changed to compounds 
of ammonia. 

Mere traces of nitrates were deteeted in the liquor from the fresh 
manure, while there were noteworthy quantities in the liquor from 
the rotten dung. 

The liability of soluble organic matters to suffer decomposition is 
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illustrated by the fact that while the amount of inorganic matter~ 
(nearly 369 grains) in the old liquor exceeded the anibunt of organic 
matters (about 356 grains), the relations were reversed in the fresh 
liquor, where there were some 626 grs. of ashes to 717 grs. of organic 
matter. It is to be observed that dung-liquor differs from urine in 
several respects. For example, the drainings of manure-heaps con
tain considerable quantities of soluble phosphates, although ordinarily 
no appreciable quantity of phosphoric acid can be detected in the 
urine of cows or horses. 

HUMAN EXCREMENTS. 

,.; ..; 
Distinguish- '" ... " .d ~ 

ing Number ~ A~ ~ ~ 

'" of the 
Specimen. Il< 

I H 2O KzO 

A. Dung .175.00 125.00 11.(i 1 0.35 1 
B. Urine . 96.00 4.00 1.1 0.20 

~ 
oJ '5 
S " ;:1 ~ 

~ 
CaO lIlg0 

0.55 0.03 

-c " ~ :i ,,0: 
d,g~ ~~~ 

'c -" 0 "'" b ~'"' S ~'" 
E<:§~ ~~< 

0 ... 

e ~~ 

"" ~ Il< Il< ~ 
PzO,"j NH3 N 

I 0.551··· ·1· . ··1 0.70 0.15 .... .... 1,00 

A. Average composition of fresh solid excrement of well fed men. (Stoeck;.. 
hardt, Chemische FeJdpredigten, 1856, p. 95.) 

B. Average composition of fresh urine from well fed men. (Stoeckhardt, 
lac. cit.) 

It is to be noted that in spite of the large proportion of water in 
urine, the amount of solid matter in the urine voided by a man in a 
day is about one-third larger than the quantity of dry matter in the 
solid evacuations of a day. 

The items here given in the table relating to human excrement 
are for the sake of comparison merely. The question of the compo
sition of frecal matter will be considered more particularly in the 
chapter on Night-Soil. 

Average Oomposition oj Jfannres. 
Having regard to the more trnstworthy of the analyses given in 

the tables, it will be seen that 100 lb. of good farmyard-manure 
usually contain from 70-odd to BO-odd lb. of water, or say three
quarters of the whole weight of the manure, and that it is safe to 
allow for each 100 lb. of the manure as much as 0.4 to 0.6 lb. 
of nitrogen, from 0.15 to 0.35 lb. of phosphoric acid, some 0.4 
to 0.6 lb. of potash, 0.5 to 0.9 lb. of lime, and about 0.2 lb. of 
magnesia. The large amount of water is so to say essential, since 
the manure would not ferment properly in the absence of mois
ture. 

The small percentage of nitrogen in farm-manure, as compared 
with other nitrogenous fertilizers, is well shown by the following 
table: -



ACTION OF URINE. 251 

About per About per 
Ordinarily there i. in cent of Ordinarily there is cent of Ni-

Commercial Nitrogen. in Commercial trogen. 

Sulphate of ammonia 20-21 Bone-meal 3-4 
Nitrate of soda 15-16 Horn-waste. 8-14 
Nitrate of potash 11-12 Woolpn rags 10-12 
Dried blood 10-12 Wool-waste. 3-7 
Tankage 7-10 Soot 1.3-2.5 
Fish-scrap. 6-10 Peat 1.5-2 
Peruvian guano. 7-9 Hen-manure 1-2 
Oil-cakes 5-8 Farm-manure. 0.4-0.6 

Urine a forcing lrIanllre. 
It will be noticed that the comparatively large proportion of ni

trogen in the urine of animals corroborates the common view of 
farmers, that urine is a "forcing manure." Fresh urine is, in 
fact, a very valuable nitrogenolls fertilizcr. In cases where it can 
be brought immediately to the crops, each pound of this nitrogen 
may be rated at as high a price as has to be paid for the pouud of 
nitrogen in guano or in nitrate of soda. All of the nitrogen in ' 
urine is, of course, in the soluble form, and it may be regarded as . 
immediately available as plant-food. The same may be said, 
also, of the potash salts, which constitute the other fertilizing 
constituents of the urine of herbivorous animals. It is to be 
observed, moreover, that a large proportion of the potash in the 
food of these animals passes out from them in the urine, while 
the phosphoric acid, ane! most of the lime and magnesia, go out 
in the dung. 

The nitrogen in the dung of cattle is of inferior quality to that' 
in urine, since most of it is insoluble, and in a coudition llnassimila
ble by plants. It is contained chiefly in the ulllligested, not to say 
indigestible, portions of food which have been expelled by the ani
mal as useless for his purposes, while the nitrogen in urine is all in 
solution. Considered from this point of view, the money value of 
the dry matter in urine is far larger than that in dung, as may 
readily be seen by computing the value of the constituents in 100 
or 1,000 lb. of both, in accordance with the data given on a pre
vious page. It is true, none the less, practically, that, in its ordi
nary condition of dryness, first-rate farmyard-manure is a powerful 
nitrogenous fertilizer. Thus, Deherain found, in two samples of 
"normal mixed manure" from the farmyard at Grignon, the fol
lowing percentages of nitrogen: -
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Nitrogen in the form of carbonate of ammonia 
" non-volatile salt of ammonia 

in organic matter 

0.045 
0.015 
0.660 

0.030 
0.0l\) 
0.370 

Total nitrogen 0.720 0.410 

Alkalinity of Horse- and Cow - Urine. 
Another point to be noticed is, that the urine of cows and horses 

has a distinctly alkl1line reaction, both when fresh and after fer
mentation has set in. The fresh urine of herbivorolls animals is 
alkaline, because it contains bicarbonate of potash, as BOllssingalllt 
insisted long ago, while the carbonate of ammonia in stale urine 
is even more strongly alkaline. Both these facts are important, 
because, as will be seen hereafter, most fermentations are pro
moted by the presence of alkaline liquids. 

A good general idea of the condition in which nitrogen exists 
in fresh urine may be got from the analyses of BOllssinganlt, 
given in the following table, though it is to be said that the pro
portion of urea or of hippuric acid may vary considerably, accord
ing to the food:-

In fresh urine there waS present of Cow.1 

Urea 1.85 
Hippurate of potash. 1.65 
Lactate of potash. 1.72 
Lactate of soda 
Bicarbonate of potash 1.61 
Carbonate of magnesia 0.47 
Carbonate of lime. 0.06 
Sulphate of potash 0.36 
Chloride of sodium 0.15 

Horse. 2 

3.10 
0.47 
1.13 
0.88 
1.55 
0.42 
1.08 
0.12 
0.07 

Hog.' 
0.49 
0.00 

t not esti
r mated. 

1.07 
0.09 
traces. 
0.20 
0.13 

Silica . • • • • traces 0.10 0.01 
Phosphate of potash. 0.00 0.00 0.10 
Water and loss. • • 92.13 91.08 97.91 

All these tIl'ines were strongly alkaline, from the presence of 
bicarbonate of potash. It is noticeable how large a proportion of 
the 8 or 9 % of solid matters contained in the urine of the cow 
and the horse consists of urea. The observations of Andoynaud 
and Zacharewicz corroborate those of Boussingault, for they found 
from 16 to 26 grl1mmes of urea (on the a yerage of many trials, 
21.96 grms. of urea, equal to 10.:2 grm. of nitrogen) to the litre 
in the urine of cows fed with green fodder and with hay and oil-

I The cow was fed upon rowen and potatoes . 
• The horse was fed with green cut clover and oats . 
• The hog was fed eXClusively on cooked potatoe., hut neither hippnric nor uric acid 

appeared in the urine, not even on feeding with green cut clover. 
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cake. They found, also, as much hippurate of potash as would 
contain another grm. of nitrogen; i. e. they found 11. 2 grm. of 
nitrogen in all. The proportion of hippuric acid is subject to 
wide variations, according to the food, von Bibra says from 0.55 
to 1.20 %. Some chemists have held that fodder rich in lignin 
specially tends to the production of hippuric acid. Hennebel'g 
and Stohmann found most hippuric acid (2.1 to 2.7 %) in the 
urine of oxen that were fed with the straw of wheat or oats to 
which a little bean-meal had been added. With hay alone, they 
found from 1.2 to 1.4 % of hippuric acid. As tile mean of 8 
trials, they found in cow's urine 0.85 % of hippuric acid and 
1.1 % of urea. As a rule, the addition of easily digestible foods 
to the ordinary hay or straw ration diminished the hippuric acid 
and increased the proportion of urea. In the urine of sheep fed 
upon hay and straw, there appears to be actually more hippuric 
acid than urea. Urea contains nearly half its weight of nitro
gen, uric acid about one-third of its weight, and hippuric acid less 
than 8 %. 

Generally speaking, the proportion of urea in urine is intimately 
connected witll the digestion and utilization of nitrogenized foods. 
To show how widely the alllount of it lllay vary according to the 
character of the food, the following table is appended. It relates 
to human urine, as investigated by Lehmann, and gives tbe weight 
in grammes of the stated substances which were discharged in the 
urine of a healthy adult in 24 hours: -

Solid 
Conotituent •. Urea. Uric Acid. 

On a mixed diet . 67.82 32.50 1.18 
On an animal diet. 87.44 53.20 1.48 
On a vegetable diet 59.24 22.48 1.02 
On a non-nitrogenized diet 41.63 15.41 0.74 

Practical Value of Dung-Liquor. 

Extractive 
Matters and 

Saito. 
12.75 
7.31 

19.17 
17.13 

The dark-colored liquor which drains out from old dung-heaps 
is known to possess great fertilizing power, lind the rank growth 
of weeds and grass in places wet by it capitally illustrates the ab
surdity of allowing any of it to go to waste, as happens far too 
frequently. As the table of analyses shows, dung-liquor does not 
usually hold any very large quantity of matter in solution, in spite 
of its dark color. In special trials made to test this point, Dehe
rain found no more than from 2 to 4 % of dry matter. Dung
liquor has an alkaline reaction, due to the presence of carbonate 
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of ammonia and carbonate of potash, and it effervesces strongly 
on being mixocl with an acid. 

Field Experiments with Dung-Liquor. 
To test the fertilizing power of barnyard-liquor as applied to 

grass, Wollny divided three grass-plots in such wise that the grass 
was mown for hay on half the area of each plot, while the rest was 
allowed to go to seed. Half the grass and half the seed-hay was 
manured with barnyard-liquor lit the rate of 600 gallons to the 
acre, while the other half received no manure. The results of 
these experiments are given in the table: -

The Grass Plot. The Seed Plot. 
Grass. Hay. Seed. Straw. Total. 

lb. lb lb. lb. lb. 
French ray-grass (Avena eJatior) 

manured with barnyard-liquor 9,209 2,123 80 2,890 6,830 
Same, no manure 5,648 1,690 51 2,304 5,321 
English ray-grass (Lotium pe-

renne) manured with barnyard-
liquor 5,520 1,364 486 1,210 4,692 

Same, no manure. 1,720 508 172 510 1,698 
Festuca pratensis, manured with 

barnyard-liq uor 6,672 1,669 
Same, no manure. 2,240 671 

On analyzing the hay of the French ray-grass, it appeared that 
the parcel which had been manured was of much better quality 
than that which had received no manure, in that it contained a 
much larger proportion of nitrogenized matters, viz. 9j % albumi
no ids against 71 % in the unmanured hay. 

Use of Liquid .J.lIanllres. 
There are several countries where liquid manures are esteemed 

to be superior to all others. In some parts of Switzerland, for 
example, in Holland, and particularly in Belgium, liquid manure 
is used freely. Even in recent years Dr. Voelcker has noticed 
that the Belgian farmer, as a rule, is anxious to obtain as much 
liquid manure as possible, and to this end he rather invites than 
prevents the rains which fall from the unguttered roofs of the 
farm buildings to find their way to the dung-heap. 

Not only does he carefully collect in tanks the drainings of 
dung-heaps and liquid refuse from the house, but it is an old 
custom in that country to prepare liquid manure expressly for cer
tain purposes by mixing dung with water. One plan is to stir 
oil-cake into the tank which contains the mixture of dung and 
water, and to leave the mixture to itself during 3 or 4 weeks in 
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order that it may undergo fermentation before it is applied to 
the land. 

This custom is recognized to be advantageous in so far as the 
liquid condition of the manure permits its even distribution tllrough
out the soil, so tha,t, as is the case with superphosphate of lime, 
the plant-roots may everywhere find a supply of nutriment. It is 
a matter of practical experience, however, that liquid manure is 
not arlapted to all kinds of crops. Generally speaking, it may be 
applied to leafy crops, other than legumes, but not to those which 
are to bear seeds, though Nielson finds it to be well suited to crops 
of seed-grass. 

'When properly diluted, it may often do good service upon back
ward grain-crops early in the spring. It is not to be recom
melllled for leguminous plants, but for the kitchen garden it has 
great merit. Many vegetables may be greatly helped by it, and 
it is really in gardens that it is used chiefly. I n forcing cauli
flowers, for example, it is customary in some localities to scrape 
out a little trench around the root of each plant, and to pour into 
it one or two quarts either of dilute liquid manure or of diluted 
night-soil. In some places liquid manure is used with advantage 
upon grass-fields which are mown several times a year, and upon 
fodder corn, mangolds and other roots. 

In Denmark, according to Nielson, liquid manure should be ap
plied in the spring. If this be done, it serves an excellent pur
pose on winter grain, on the true grasses, especially those which 
grow quickly, and on beets. In his experiments it produced little 
effect when applied in the autumn to grass, or when put upon fal
low land, at that season, which was to be seeded to grain. He 
urges that it would be well, if it were possible, when preparing 
land for grain in the autumn, to apply stable manure that con
tained no dung-liquor, and to apply the latter to the young grain 
in the spring. On the growth of leguminous plants dung-liquor 
had very little influence, no matter whether it was applied in the 
spring or in the autumn. On testing the practice, which prevails 
in some parts of central Europe, of applying dung-liquor to old 
fields of lucern, Nielson found that it was not to be commended. 
He condemns it as irrational. 

Liquid Manure is Costly. 
Since the preparation, preservation, and application of the 

liquid manure involves the necessity of tolerably costly cisterne 
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and a great deal of labor and oversight, the use of it has been 
confined hitherto, with rare exceptions, to countries where the 
processes of agriculture depend on what may be called horticul
tural methods. In other words, liquid manure is used in a few 
countries where the land is divided into gardens rather than into 
farms. It has heen suggested also that the use of liquid manure, 
in the countries where it is hahitually employed, may have origin
ated in a lack of straw or other litter wherewith to bed the animals 
and to absorb their urine. 1\1ol'eoYer, it has been argued, with 
much truth, that" The chief reason why so much trouble is taken 
hy the Flemish farmer to save eyery particle of liquid, as well as 
of solid manure, and why so much time and labor are spent in its 
management, is simply that the small farmer has an excessive dis
like to huying anything. Mistaking bulk for quality, his argu
ment is, 'The more manure I can make, the less guano I shall 
need to buy.''' (Jenkins.) 

But it is none the less true, that the Belgian use of diluted dung
liquor teaches a highly important lesson in respect to the mode of 
action of animal manures, and as to their real superiority over 
most other fertilizers, though it is to be presumed that a good 
part of the efficacy of liquid manure is to be attributed to the 
rapid nitrification of much of the nitrogen which is contained in it. 

A Sl1 bordinate point to be noted is, that, for very high farming, 
liquid manure properly diluted has a certain advantage over guano, 
in that there is no risk of the crops being "burned" by it, as 
they might be by guano in case the land were to become dry soon 
after the application of this fertilizer. In cases where it is desir
able to avoid the cost of transporting large quantities of water, the 
crude dung-liquor may be hauled directly to grass-land in showery 
weather. It is said, indeed to be customary in Switzerland to 
apply dung-liquor as such in the spring, and to mix it with water 
only in very hot weather. 

Some idea of the influence of dilution in promoting nitrification 
may be got from the results of 1Varington's experiments on the 
nitrification of urine. He found that the strength of a urine solu
tion which can be nitrified is limited by the proportion of carbon
ate of ammonia which will be formed in it from the urea during 
the first stage of the action. Thus, when urine in different degrees 
of dilution was" seeded" with soil- 1 grm. of soil being added 
to 100 c. c. of the liquid - nitrification began in 11 days in a 1 1'0 
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solution, in 20 days in a ;) % solution, in 62 days in a 10 % solu
tion, and in 90 days in a 12 % solution. The alkalinity of the 
last-named solution was equal to 447 mgr. of ammonia to the litre 
when nitrification began in it, which was very near the limit of 
tolerance, for nitrification appears to be impossible in solutions 
having a degree of alkalinity equal to 500 mgr. of ammonia to 
the litre. It is to be noted, however, that solutions of carbonate 
of ammonia much stronger than those here cited would be nitrified 
when put upon a fertile soil, since the ammonia would be absorbed 
and "fixed" by the soil, and its alkalinity would thus be annulled 
or diminished . 

. Number of Cords of Manure to the AC1'e. 

The statements of practical men vary not a little as to the quan
tity of manure to be applied to an acre of land. New England 
farmers commonly regard 8 or 10 cords to the acre as an adequate 
dressing for field purposes, and they probably rarely use more 
than 12 cords or less tlmn 6. Market gardeners, however, in the 
vicinity of Boston, apply horse-manure from the city stables at the 
rate of 20,30,40, or it may even be 60 cords to the acre, -to 
celery, for example j thongh some of them are said to now nse 
manure at the rate of 10 or 12 cords, together with 1,000 lb. of 
guano, or 2,000 of bone-meal, whereby, as is claimed, a great 
saving in the first cost of fertilization is effected. 

One advantage gained by the gardeners in using such large 
quantities of manure, is that the soil is kept soft and moist, so 
that the roots, even of the most tender vegetables, can penetrate 
it in all directions with great freedom. On the other hand, there 
is a disadvantage ill that the flavor of vegetables fed with excessive 
quantities of rank manure may be somewhat impaired, even when 
pains are taken to protect the leaves from actual contact with the 
dung. COlllplaints haye often been made, in Europe, that night
soil may act in this way when too much of it is applied to the 
land; and it is notorious that cows commonly refuse to eat the 
luxuril1nt herbage which grows about beaps of manure, as well as 
the rank grass that springs up around clots of their own dung in 
the fields. 

The famous old German writer, Thaer, regarded 17 or 18 tons 
to the acre as an abundant dressing; 14 tons he called good, and 
8 or 9 tons light. Other German authorities speak of 7 to 10 tons 
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as light, 12 to 18 tons as usual, 20 or more tons as heavy, and 30 
tons as a very heavy application. 

"\Veckherlin calculated that, for two exhaustiye crops, 12 tons 
of manure should be applied to the acre, and for three exhaustive 
crops 18 tons. In the northern departments of France, for rota
tions of three years, 26 tons to the acre is regarded as a very 
heayy manuring; 22 tOllS is called a heavy dressing, and 18 tons 
good; 13 tons are ordinarily applied, and no more than 8 or n tons 
is called a light dressing. (Muntz &; Girard.) Gasparin speaks 
of 13 tons to the acre as a simple ol'llinary manuring at the South 
of France. He noticed in European countries where the three
course rotation is practised, and the land is manured only once in 
the three years, that sometimes 24 tons to the acre, and sometimes 
13 tons, were regarded as complete mn,nurings. 

There must always be some uucertainty in statements relating 
to the quantity of manure required to dress an acre of land, be
cause different samples of manure may differ considerably as to 
their quality. It is held by practical men that manure from sta
bles "Jhere horses are highly fed, either for pleasur~ or for hard 
work, from pig-pcns, from stall-fed cattle that get oil-cake or 
grain, und from cow-stablcs in or neal' cities, has more than twice 
the strength or power of manure that has been produced by poorly
fed animals. 

In case the soil is rich enough and moist enough to be worthy of 
heavy dressings of manure, there will be a manifest ach'antage in 
applying a considerable quantity of it all at once, because of the 
economy of labor. The land willlleed very much tue same amouut 
of ploughing, harrowing, and cultivating for a given course of 
crops, no matter how much manure has been put upon it; and, as 
a general rule, any soil needs to be satmated with plant-food, in 
order that it shall pro(luce first-rate crops. 

Weight of the Cord of lIfanllre. 
Boussillgault has determined the weight of manure as fol

lows: -
Wt. of a cubic yard. Wt. of a cord. 

lb. lb. 
Very strawy farmyard-manure, as thrown from the 

stable . . . . . • . • . . • • • . . 500 to 675 
The same manure, still fresh, but well settled. . " 1,200 
Half rotted. . . . . . . . . . • • • • • •• 1,400 
'Well rotted, moist alld compressed. . . . . . .• 1,500 
Well rotted manure, of young cattle fed with hay. 

taken from a N. E. barnyard. It contained one. 
quarter of its weight of clay. (S. W. Johnson.) .• 1,080 

2,400 to 3,200 
5,600 
6,400 
7,200 

11,100 



MA~URE AND CROPS. 

Tolerably fresh horse-manure, without long straw (S. 
W. Johnson.) . . . . . . . • . . . . • • • 

Perfectly fresh horse-manure, without any litter, trod. 
den hard. (R. Stewart). . . . . . • . . • . . 

:Fresh cow-manure. (S. W. Johnson) . . . . • • • 
" " " packed hard. (B. Stewart) . . . 

Partly rotted cow-manure, saturated with urine from 
bottom of a heap. (U. Stewart) • • • • . • , , 

1,728 
1,700 
1,796 

1,897 
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4,535 

8,190 
8,000 
8,!iOO 

8,992 

'Waring, at Newport, R. T., found that a well-trodden cartload 
of livery-stable manure, on which hogs had been constantly work
ing, but which contained the usual proportion of straw, weighed 
3.5 tons to the cord. 

Generally speaking, cow-manure may be estimrtted to weigh 3.5 
tons, or rather more, to the cord. "Then very good, it may weigh 
4 tons. Horse-manure, as hauled from stables in Boston, weighs 
some 2.5 tons, or perhaps 3 tons, to the cord. 
Relation bet~oeen the ConstUuents of j}[allure applied and Crops 

1'emOL,ed. 
It was remarked many years ago by Chevreul, that, "Manure 

is the complement of the soiL" But this dictum must not be taken 
in too narrow a sense, for manures selTe several other purposes 
beside that of supplying directly to the land the chemical Stl b
stances which are contained in them. If the argument were, that 
manure should be applied in quantities sufficient to give to the 
land as much potash and phosphoric acid as the crops carried off, 
the amouut to be used could be ascertained by simply weighing 
and analyzing both the crops a'ld tIle manure, and contrasting the 
results of the analyses. Heiden has made such a comparison for 
a farm at 'Yaldau, and has obtained the results which here follow. 
In the conrse of ten years, the crops grown in the rotation prac
tised at 'Yaldau carry off from each Morgen (= 0.G31 acre) of 
land 2G3 German pounds of potash, 121 lb. of phosphoric acid, 
and 329 lb. of nitrogen. 

But Voelcker found in 100 lb. of fresh farmyard-manure 0.672 
lb. of potash, 0.315 lb. of phosphoric acid, and 0.643 lb. of ni
trogen j while in 100 lb. of ,well-rotted manure, six months old, he 
found 0.491 lb. of potash, 0.449 lb. of phosphoric acid, and 0.606 
lb. of nitrogen. Hence, to supply the potash of the 'Yaldau crops, 
some 20 or 25 tons of manure would be needed j - to supply the 
phosplloric acid, from 13 to 19 tons i and to supply the nitrogen, 
26 or 27 tons. 

Practically, it was customary at ,\Yaldau to apply 25 tons of 
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manure to the Morgen of land in the course of the ten years, in 
2~ instalments, so that the land was continually made richer, both 
as regards potash and phosphoric acid, while in respect to nitrogen 
about as much was put back upon the land as was taken off. 

Here, manifestly, is an instance of the old custom of using 
enough stable-manure to supply the crops with the nitrogen they 
need, as well as with ash-ingredients, and the figures just given 
well illustrate the unreasonableness of pushing this practice to 
such an extreme, after the land has once become fully charged or 
saturated with manure. 

·Wherever such large quantities of manure as the foregoing are 
applied to land, the influence of the fertilization may be felt even 
after mailY years. It has been shown by the experiments of Lawes 
and Gilbert, even more conspicuously than by the observations of 
numberless farmers, that the accumulation of unexhausted fertility 
may be very large when manure is applied frequently and in excess 
of the needs of the current crops. In some cases, many years of 
cropping would be required in order to remove the excess of plant
food thus accumulated. 

After having applied farmyard-manure to a barley-field during 
20 years in succession, at the rate of 14 long tons to the acre, 
Lawes and Gilbert divided the field into two, and they continued 
to apply the manure, as before, to one half of the land, while no 
manure was put upon the other half. Meanwhile, barley was 
grown continually upon both the fields, as before, and it appeared 
that every year, during the next twelve years, the unmanured 
crops of barley averaged 34.5 bushels to the acre. The last of 
these crops, grown in a rather favorable season, exceeded 35 
bushels, whence the inference that a long series of years must 
elapse before the fertility imparted by the manurings of the 20 
years would be wholly exhausted. Marshall has mentioned au 
instance in which the effect of dung that had been applied to the 
soil of the Cotswold hills in England lasted nearly 50 years. 

I~ will be noticed, that no account is here taken of the natural 
waste of nitrogen from land that is under tillage. But it is now 
known that, while the potash and the phosphoric acid in manures 
are fixed in the earth by combining with silicates, Immates, and 
oxides which they find there, much of the nitrogen is not thus held, 
but tends to waste away slowly by being converted to nitrates, 
which are leached out by rain and carried off in the drain-water. 
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Of course it must have happened in these instances, as in ordi
nary farm experience, that not all the nitrogen actually carried off 
by the crops came from the manure. Some of it must have been 
derived from the humus of the soil, and another portion doubtless 
had been obtained from the air by the leguminous crops which 
were grown occasionally in the rotations. 

• Preser~'ation of Jfan1l1·e. 
The questions are now fairly in order, 'IYbat does cbemistry 

teach as to the best means of preserving animal excrements, and of 
applying them to the soil? These questions, it will he noticed, in
clude a multitude of other questions which have been much dis
puted j such as,-

Should manurc be ploughed in long or short? that is to say, 
should it be applied fresh or after fermentation? 

Should manure be kept moist or dl'y? housed, or out ill the air? 
in heaps, or in pits? firmly trodden, or loose? 

Should it be compostcd, or kept by itself? 
Should it be spread upon land as a top-dressing, or be ploughed 

in? And if it be ploughed in, how deep should it be buried? 
Then again, at what time of year should maulll"e be put upon 

the land? 
And to what kinds of crops may it well be applied directly? 
How much shall be applied and how often? 
And so on. 
The question of preserying manure is not a little complicated by 

the fact that each kind of dung ferments in its own special way, so 
that a method which might be peculiarly well adapted for preserv-,: 
ing one kind of manure need not necessarily be suited for preserv- ' 
ing another kind. 

To take an extreme case, for the sake of enforcing this point, it 
may be said that fresh human excrements are doubtless more val
uable as a manure upon fertile soils than any other kind of dung j 
but it is exceedingly ditlicult to preserve them. The night-soil of 
cities is in no sense comparable as a manure with fresh excrements, 
and the variolls poudrettes, ta-feus, and oiher products prepared 
from night-soil, are comparatively speaking worthless j that is to 
say, very much better and more powerful manures can readily be 
bought nowadays for much less money. 

The trouble is, that the nitrogenized constituents of human ex
crements are of such character that they begin to ferment, putrefy, 
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and spoil rather more rapidly than so much flesh would j and it 
happens that during this process of fermentation the best part of 
the manure goes off in the form of gas. 

Earth as a Preservative. 
The thought lies near at hand that the excessive power, so to 

say, of dung so strong as that just mentioned needs to be con
trolled. Hence the idea, that if the dung were weakeneu or di
luted by mixing it with inert matters, or with those that are less 
putrescible than itself, the tendency towards destruction might be 
diminished. There can be no doubt that this conception is one of 
great value, though it is subject to limitations and has often enongh 
been misunderstood. Care must be taken that the earth 01' other 
diluent shall be used in such manner that ail' cannot gain too easy 
access to the manure and that the heaps may be kept somewhat 
compact and moist. It is known nowadays that one quick way of 
dissipating flesh is to bury it in a layer of charcoal 01' dry earth to 
which air has access j and it is but natural to snppose that dung 
rich in the constitnents of flesh will behave something like flesh 
when exposed to similar conditions. Upon this point more will 
need to be said under the head of Composts. 

P1'eserration by Drying. 
Theoretically, perhaps, the most effective way of preserving hu

man excrements would be to dry them rapidly, and to pack the 
compressed residue in tight, dry parcels, together with a little salt 
01' other prescrY!ttiYe j and a precisely similar remark would apply 
to other kinds of dung, though to few of them so strongly. 

According to the analysis of 'Yay, the solid part of human excre
ment would contain when thus dried some 6 % of nitrogen, 4~ % of 
phosphoric acid, and rather more than 1 % of potash j that is to 
say, two tons of the dry material would be worth about as much 
as one ton of gool Peruvian guano. 

Dried human urine would contain some 19t % of nitrogen, 4t % 
of phosphoric acid, and 5 % of potash. 

But this supposed method of preservation is impossible under 
thc conditions of labor and climate in which we liyc. As things 
are now, it costs ycry much less to import guano aud potash, 01' to 
make superphosphate, than it would cost to dry the manure. It 
has been noticed withal by Pfeiffer and by Stutzer in respect to 
dung, and by S. "r. Johnson as regards fish-scrap, that drying may 
impair the fertilizing power of the materials. At all events they 
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found that less nitrogeu could be dissolved from dried horse-dung 
and cow-dung and from dried fish than from the fresh materials 
when they were subjected to the process of artificial digestion de
scribed on a previous page. 

Drying being out of the question, some other method of pre
venting or of hindering fermentation must be lookPd for j but it is 
hard to say which method, among those that are possible, would 
theoretically be the best j for the problem is an extremely com· 
plex one, and the intrinsically low value of the material forbids the 
expenditure either of much labor or of money for buying and 
applying preseryative agents. 

Preservation by Compression in rus. 
In all human probability, however, some system of what may 

fairly enough be called ensilaging the dung would come nearest to 
perfection j that is to say, some method of compressing the fresh 
manure in pits, and coyering it up with weighted boards or with 
earth in such wise that air could not gain access to it. l'ractically 
this thing is done not infrequently - in a very crude and incom
plete way, indeed - as regards cow-dung which is kept undis
turbed ill barn cellars in cold weather; for the portions of dung 
first thrown into the cellar are so covered and compressed by the 
dung which is subsequently thrown upon them that some parts of 
the heap arc often found to be in tolerably fresh condition long 
after the dung was yoided. 

Hot Fermentation and Leaching nre Bad. 
Of course eyery farmer knows, though not a few of them act as 

if they did not, that mere dung and urine should neither be allowed 
to become heated unduly nor to be leached by rain. Even heaps 
of dung that is admixed with straw or other litter, if exposed to 
hot summer sunshine, would Le liablc to be heated and dried im
properly, and to suffer fermentations such as might cause great 
loss of the nitrogenous constituents of the manure. Many persons 
have urged that, in order to hinder this excessive action, it is well 
to keep dung in shady places. In the North of France rows of 
elms are often planted expressly to shade the dung-heaps. 

But beside the snn's heat ill summer there is the rain thrown 
from farm-buildings which needs to be guarded against. In New 
England, this country of heay,)' sllOwel's and costly straw, it might 
well be asked whether some kinds of manure should not in general 
be carefully protected from rain. There haye been those among 
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us who claimed that manure should be thu~ protected almost 
carefully as if it were hay. 

Dung-Sheds (lncZ Cellars. 
At one time or another some good farmers, in order to av, 

the effects of sun and rain, have had rough sheds built on purpl 
to shield their heaps of manure. It is not a little doubtful whetl 
such sheds can ever have repaid the cost of erecting them, but 1 

idea of having dung-sheds is instruetive, since whatever advl 
tages such sheds may possess must plainly be shared by the b: 
cellars in which manure is very commonly kept in New Englm 
In these cellars the manure is protected from rain, and sun, 2 

frost, and wind, at the same time that it is kept moderately me 
and in a condition of slow and equable decomposition. Genera 
speaking, the manure is subjected also to a considerable amol 
of admixture and compression by means of hogs that are allo" 
to run upon it. In a mere shed, it would manifestly be much 1, 
easy to keep the dung in such excellent condition, or to prevl 
it from drying out unduly in hot or windy weather. 

There is one objection to the alternate wetting and drying 
manure that would count against the use of airy sheds, whilE 
would be avoided in cellars; viz., that noteworthy quantities 
carbonate of ammonia may be carried off by the yapor of wa 
as it evaporates from a manure-heap or from a barnyard pool. 
experimenting upon manures, whether comparatively fresh or 1'1 

ted, for the purpose of determining how much moisture is c( 
tained in them, chemists have repeatedly observed that a YE 

considerable loss of ammonia is apt to occur during the process 
drying. The ammonium carbonate is lifted as it were and carri 
off by the aqueous vapor. 

In general, it may be said, in so far as mere rain is eOllCerll€ 
that there i:> no real need of keeping manure under coyer. A 
water which may fall directly upon a manure-heap, in the form 
rain, is not likely to do any serious harm, while such water m 
be highly useful in Sllmmer. But an excess of water should 
avoided, and that which runs off from the roof of the barn 
stable should be led away through gutters, and should not be : 
lowed to fall into the barnyard. Something may here be said 
favor of the old New }:ngland wiuter practice of throwing e 
heaps of dung UpOIl the 110rth side of the baril, there to freeze it 
solid, stonelike masses, for it is evident that while thus froz 
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the manure can suffer no loss of nitrogenous matters by way of 
fermentation. 

The keeping of swine upon stable-manure" to work it over," 
as the saying goes, is really a point of no small importance, both 
for the preservation of the chemical constituents of the dung and 
urine, and for improving the mechanical condition of the manure. 
The rooting of the swine is an effective meallS both of mixing the 
hot horse-manure with the cold cow-manure, to the manifest ad
vantage of each, and of commingling them with whatever of straw, 
or leaves, or weeds, or peat, may have been used either as bed
ding, or haye been added directly to the manure for purposes of 
absorption or of composting. The product obtained in this way 
is particularly easy of application to tlle fields, for it admits of 
even distribution and of being thoroughly mixed with the soil. 
There can be little doubt that bogs pick up and digest many seeds 
of weeds which the manure contained, or that some weed-seeds 
are destroyed by decay in manure upon which hogs have worked. 

. Litter 1nuy preserve J.1fanure. 
Several of the methods of preserving manure which are actually 

employed by farmers commend themselves from the chemical point 
of view. Thns the method in ordinary use in Massachusetts, 
when cows are kept in stull during the winter, of using as bedding 
enough straw, or leaves, or dry peat, to absorb and hold the urine 
that comes from the cattle, and keeping the product stored in cool 
cellars, as has been said. 

The old German writer Block was strongly in favor of using 
mixtures of straw and loam for bedding neat cattle, as a means of 
improving their manure. He urged that, by means of alternate 
layers of straw or other litter and earth added fresh every day 
to avoid balling and impaction, the dung and urine may be ab
sorbed and preserved most completely, i. e. with the least amount 
of loss. 

Several other practical men have maintained that the addition of 
half a cubic foot of loam per head and day to the straw is adYan
tageous. So too, the use of loam to supplement straw has not 
infrequently been regarded as a resource in cases where not enough 
straw could be procnred fot' properly bedding the animals. Thus, 
when no more than 3 or 4 lb. of straw per head and day can be 
provided, the deficiency may be made good with It to 1 t cubic 
feet of earth. Similar quantities of loam have been used also, 
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together with 6 or 8 lb. of straw, in cases where the food of the 
animals happened to be specially watery, even on farms where 
straw was to be had in tolerable abundance. 

Antiquity of Loam-bedding. 
It should be said that the use of loam for bedding animals, and 

as a means of preserving and augmenting mannre, is a very old 
agricultural practice, which is still retained by some primitive peo
ples. Thus, on the Shetland and Orkney islands, the cottagers 
are still accustomed to scrape, from the outlying hills and sheep
walks, the scanty coating of sods ancIloam, and to use this ma
terial for bedding their cows in winter. Layers of the earth
together with the broken, small dry sods, and heather which has 
been mown for the purpose - are spread evenly every few days 
upon the floor of the cow-house, until the place is so full that the 
cattle have barely room to stand nnder the roof, when the whole of 
the compost is thrown out. It is said that the earth sen-es an ex
cellent purpose as a deodorizer and as an ausorbent of the urine, 
and that the manure obtained is of excelknt quality. The sys
tem is highly objectionable, howcver, in that it tends to reduce 
large tracts of land to a condition of harrenness. The places 
from which the loam has been removed are left so bare and useless 
that the land is practically destroyed. 

Even sea-sand is used in some places for bedding animals, 
without any addition of straw or otl1(>1" matters. For example, at 
Yarmouth, in England, in 1780, "The practice has been in use 
from time immemorial of littering stables with sea-sand instead 
of straw. As the bed becomes soiled or wet, fresh sand is scat
tered on, until the whole is in a degree saturated with dung and 
urine. The stall is then cleared and a fresh bed of sand laid in. 
By this means, manure of a quality singularly excellent is pro
duced. It is fetched by farmers to a very great distance." 
(Marshall. ) 

In experiments made by Muntz and Girard, relating to the large 
loss of nitrogen, due to ammoniacal fermentation, hom recently 
voided manure as it lies in the sta ble under the feet of animals, it 
was found that the waste of nitrogen could be much lessened by 
means of peat and of loam rich in humus. Loam was found to 
be a very efficacious preservative, since it reduced the 10S6 of am
monia to the extent of 50 per cent. The loam promoted nitrifica
tion also. Straw, by itself, no matter how much of it waS used, 
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did not wholly prevent the loss of ammonia, and peat was not en
tirely satisfactory, though it was more efficient than straw. Mix
tures of straw and peat, or of straw and loam rich in humus, would 
be commendable were it not for the cost of the labor involved in 
collecting, storing, and handling the loam. 

The merit of using absorbents, proper to retain the liquid part 
of the manure, is illustrated by observations which have been made 
as to the condition of the soil beneath dung-pits, nnd as to the 
depth to which dung-liquor may soak beneath such receptacles. 
Hciden found, beneath a paved cow-stall, that the earth, eyen to 
a depth of nearly six feet, was wellnigh saturated with dung-liquor; 
and Ritthausen, on analyzing a loamy soil taken at a depth of 3 
feet beneath a dung-yard, found that the earth contained 0.5 % 
of phosphoric acid and 0.7 % of potash. On being exposed for 
some time to the air, this earth took on the blue color of phosphate 
of iron. 

Urine may be Excessive. 
In general, it may be said that the question of absorbing urine 

is far from simple in all cases whcre animals are fed npon watery 
foods, as when cows are kept upon the liquid slop from potato 
distilleries, as is the case in mnny parts of Europe, or when cattle 
get large quantities of beet-pulp or turnips. Much urine may be 
produced, also, when cows are kept up in summer, and fed with 
mown clover or corn-sprouts and other juicy green foods. 

For the sake of thoroughly absorbing the liquid manure, and for 
convenience, also, several European writers have recommended 
that, when steam or water-power are ayailable, the straw should 
be cut to foot lengths before using it for bedding animals. The 
point is one of some interest, as tending to enforce the merit of 
leaves for this purpose. One method of using cut straw has been 
described as follows. 

The animals are bedded, at the rate of 7 lb. per head and per 
day, with straw chopped into pieces 2 or 3 inches long. Behind 
the animals is a trough 9 inches deep and 16 inches wide, which 
receives the excrements and the bedding of 24 hours. Once a day 
the contents of this trough are thrown out, and the dung and litter 
are scraped from beneath the animals and trodden into the trough, 
there to abso,rb the urine of the next day. It is said that, eyen 
when the animals are fed with distillery slop, none of the liquid 
excrement escapes absorption. 
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Manure thus prepared is remarkably homogeneous, and 80 

evenly saturated with moisture that it packs itself firmly in the 
dung-heap, and" keeps" admirably. On inspecting such a heap 
at the end of 5 months (,Tune to December), it appearer that de
composition had hardly begun. Such manure is naturally" short," 
and easy to handle. It can be hauled out and "'orked into the 
land at any moment, without need of ever being forked over. On 
testing the absorptive power of chopped straw, of different kinds, 
Marek found thHt from 5 to 20 % more wHter was absorbed by it 
than by long straw. The greatest gain was got with the straw of 
spring rye, and the least with that of spring wheat. 

lVet Fermentation of Jlcmul'e. 
One plan for preventing the waste of liquid manure is to dig a 

hole outside the barnyard to rcceiYe the dmimtge, and to throw 
into this hole all sorts of rubbish that is capable of absorbing 
liquids. 

Commonly, however, when cows are fed with watery foods, so 
much liquid excrement is produced that special pits or cisiems have 
to be provided, from which the excess of liquid may be pumped up 
from time to time to drench the solid matter, or to be carted into 
the fields for use as liquid manure. 

Muntz and Girard, in their experimenls on the waste of nitrogen 
from manure, found that less of it was lost when peat or loam 
were used than when the lluimals were bedded with straw. Thus, 
in 2 stables, each of which contained 1 G horses, 64 1a of the nitro
gen in the food was not recovered in the manure when straw was 
used for bedding, while the loss of nitrogen was only 48 % when 
the horses were bedded with peat. In 2 sheep-stalls, each of 
which held 25 of the animals, the loss of nitrogen was as fol
lows: -

Straw bedding . . 
Loam 
Straw and copperas 
Straw and gYPtlum 

50 % of the N in the food was lost. 
26% " " 
48% " H 

46 % " 

It is noticeable that manure thns drenched with liquid, especially 
if it be kept in large heaps or in deep pits, appears to ferment more 
thoroughly and in a somewhat different way from that which is less 
perfectly moistened. It becomes yery dark-colored, or eyen black, 
and acquires It highW offensiye odor, while the straw in it loses its 
consistency and becomes soft and incoherent. It is to be pre-
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3umed that the alkaline dung-liquor acts not only to dissolve some 
of the components of the straw, and serves to prevent the manure 
from becoming acid, but that the micro-organisms in the liquid are 
fresh and vigorous, and that they quickly excite fermentation in 
each new addition of the mixed straw and dung, and act to de
stroy many seeds of weeds, also, which become involved in the 
process of decomposition. Sulphuretted hydrogen, sulphides, and 
doubtless other products of reduction, are formed in such manure 
through the decay of the organic matters, much as they are formed 
beneath the snrface soil of a stagnnnt marsh; nnd it is plain that 
the fermentation is not of a kind either to canse ammonia to be 
evoh-ed or nitrates to be formed. 

l\Ioreover, in view of the well-known fact that many of the 
bacteria which take pnrt in the production of sulphuretted hy
drogen, during the putrefaction of albuminous matters, cannot 
themselves support the presence of any large proportion of this 
substance, it is to be presumed that the quick fermentation of the 
newly addecl straw and dung, at the top of the henp, must soon 
be checked when sulphides accumulate in it. It is not improb
able that at the middle of an old heap of such manure there may 
be but little fermentation of any kind and hardly any waste of 
material. 

This putrid manure is of excellent qnality. It is highly es
teemed on the Continent of Europe, where it has long been cus
tomary to prepare it. When forked out it emits a highly offensiv!l 
odor, due in some part to the presence of ammonium sulphide 
which has been formed by the reduction of sulphates in the ma-
nure during the process of fermentation. BOllssingault has re- \ 
marked of this kind of manure that he could always tell, by the 
odor of sulphides, when farm-manure had been properly prepared. 
In his opinion, these products of reduction can do no harm to 
vegetation, because they change rapidly to snlphatcs as soon as 
the manure has been spread upon the land. But an observer in 
Holstein has recently insisted that substances injurious to plants 
do exist in the putrid manure from deep pits, and he urges that it 
should on this account be spread and left to lie upon the land for 
3 or 4 weeks before the time of sowing or planting. One advan-
tage to be credited to manure that has rotted in the deep pits is 
that some of the seeds of weeds which were contained in the 
litter, as well as those which have passed undigested through the 
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bodies of the animals, may perhaps be destroyed by the long-con
tinued soaking and the putrefactive influences to which such ma
nure has necessarily been subjected. 

As regards the liquid which collects in the cisterns above men
tioned, it is notorious that the quality of it is apt to deteriorate 
rapidly in these receptacles; and it is plain wily it should do so, 
for tile nitrogenolls components of urine, viz. urea, uric acid, and 
hippuric aciel, are precisely those constituents of animal secretions 
which decompose the first and the easiest. The nitrogenous mat
ters in dung proper are far less prone to decomposition. 

These cisterns, it may be said in passing, are hardly to be com
mended for onr American conditions unless indeed the farnier is a 
gardener also. The mere farmer would probably find the cost of 
building and using such cisterns to be larger than the gain from 
them. 

Arnount of Litter needed. 
The statements of practical men vary widely as to the number 

of pounds of bedding required daily hy neat cattle. In fact the 
amount needed will necessarily Yflry accordingly as the food is 
more or less watery, and more or less highly nitrogenized. Inas
much as the chief function of the kidneys is to remove waste ni
trogenous matters which have been formed within the bodies of 
animals, it is but natural that the formation of a larger quantity of 
urea within the animal should increase the flow of urine. Urea is 
in fact known to be a powerful diuretic agent, when administered 
as such. 

It is evident enough, for that matter, that vastly more litter will 
be needed by cattle fed with distillery slop - which is at once 
very watery and highly nitrogenous - than would be sufficient for 
animals fed upon hay and grain. The old German authorities 
speak of 8, 9, and 10 lb. of straw for each cow or ox, and few of 
them recommend so little as 5 lb. in summer and 7 lb. in winter. 
Heiden has suggested, as a general rule, that an amount of litter 
equal to one-third the weight of the dry matter in the fodder actu
ally eaten will be ·sufficient. 

Absorpti?'e Pmcer of Straw, etc. 
Some experiments may here be cited which were made by 

Heiden to determine the power of straw to absorb and hold water. 
Small, compact, weighed bundles of the straws - which contained 
respectively in the air-dried condition 13.4 %, 13.3 %.; 14.8 %, 
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and 15.1 % of moisture - were sunk in water so as to be com
pletely coyered. After the lapse of 24 hours, they were taken 
from the water and set standing in an upright position for half an 
hour, and they were afterwards left lying for an honr and a half, 
in order that the excess of water might drain off from them. They 
were then weighed, and again at intervals, after time had been 
allowed for some of the water to evaporate. The results of these 
trials are giYen in the table:-

Wheat Straw. Rye Straw. Oat Straw. Pea Straw. 
% % % % 

Water absorbed in 24 hours • 225.8 241.4 213.6 280.9 
-Water evaporated from the wet straw 

In 2 hours 12.6 11.0 5.0 8.4 
Next 2 " 5.8 3.6 4.3 12.7 

" 16 " 18.9 35.4 14.5 32.3 

" 4 " 6.3 2.2 3.8 8.7 

" 4 " 1.1 3.3 2.9 7.5 
" 16 " 10.5 12.2 9.5 22.6 

In the 44 hours 55.0 67.7 40.0 92.2 

Water retained after 44 hours 170.8 173.7 173.6 188.7 0 

Another bundle of wheat straw, on being left to soak for 48 
hours, instead of 24, took up nearly 22 % more water. That is 
to say, in the course of 48 hours, the straw absorbed 247.6 % of 
water, of which amount 18.7 % were given off during t11e first 6 
hours, and 28 % during the next 18 hours, or 46.7 % in 24 hours j 
so that 200.9 % of water was still retained by the straw eyen 
after 24 hours' exposure to the air. 

Autumn leaves as raked from woodland can absorb consider
ably more water than straw, though they absorb it in a different 
way and are generally inferior to straw for bedding animals, Ull

less indeed tiley are used in conjunction with straw, i. e. as a 
layer beneath it. According to Krutzsche, beech-leaves can ab
sorb 442 % of water, pine-needles 309 %' and spruce-needles 
221 %. 

Breitenlohner also has experimented, thougb much less carefully 
than Heiden, to test the absorptive power of different kinds of 
litter. He left the materials to soak for a week with a given 
weight of dung-liquor. The straws were cut iuto short lengths, 
and so were the evergreen boughs and the heath-litter. The leaf
rakings were dry euough to be somewhat crumbly, and the peats 
were reduced to coarse powder. Most of t11e lllaterials were more 
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or less air-dried. 
following table: -

The results of these trials are given in the 

Moisture in the 1,000 lb. of Wt. of Liquor 
Litter expelled the Litter ap- absorbed, if that 

Rye-straw . . . . 
Straw of horse-beans 
Sawdust. 
Heath-litter (including moss) 
Leaf-rakings . 
Spent tan-bark. 
Fir-twigs 
Spruce-twigs 
Peat ... 
Moor-earth . 

at 212°. sorbs Pounds of taken by the 
% Dung-Liquor. Fir-Twigs = 100. 

8.0 3,000 1,200 
10.3 3,300 1,320 
6.6 3,571 1,428 
5.7 3,083 1,233 
5.1 4,330 1,732 
5.6 2,150 860 

61.2 250 100 
54.2 
10.5 
4.9 

357 
4,483 

550 

143 
1,793 

220 

It will be noticed that, weight for weight, the peat and the 
wood-rakings absorbed more liquor than any of the other kinds 
of litter, and that sawdust stands near them, while rye-straw is 
somewhat inferior, and the evergreen twigs are least absorptive 
of all. 

It was observed in special trials, that the moor-earth in partic
ular, and the peat to some extent, "fixed" a part of the soluble 
constituents of the dung-liquor in such wise that those portions of 
liquid which were not taken up were found to 'be weaker than the 
original liquor j whereas the excess of liquor that drained away 
from the straws, etc., contained a larger amount of matters in 
solution than the original liquor had contained. 

In experiments made by the Omnibus Co. at Paris, samples of 
the materials were left to soak under water for 5 days j the excess 
of water was allowed to draiu away and the amount of water that 
remained adhering to the litter was determined by weighing. It 
nppeared that one kilogram of straw had absorbed 4 kilos. of 
water, one kilo. of sawdust 5 kilos. of water, and one kilo. of 
peat-moss nearly 8 kilos. of water. 

Of 12 varieties of peat examined by Nessler, the power to ab
sorb water ranged from 200 to 800 %, while the absorptive power 
of the straw of snmmer rye was 315 %. These peats absorbed 
from 1.37 % to 2.53 % of ammonia, also, while the rye-straw ab
sorbed only 0.26 %. 

Fleischer found, on comparing immature peats, consisting on 
the one hand of the fibrous remain" of reeds, and on the other of 
partially decomposed mosses, that] ,000 parts of either of them 
(containing already 20 % of moisture) absorbed from 6,300 to 
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9,300 parts of water, and from 13 to 17 parts of ammonium car
bonate. But the fibrous peats from reeds were more valuable than 
those from moss, since 1,000 parts of the dry material contained 
from 22 to 20 parts of nitrogen and from 17 to 31 parts of lime, 
while 1,000 parts of the mossy peat contained no more than 9 
parts of nitrogen and 2 parts of lime. Both kinds contained 
about half a pound of phosphoric acid in 1,000 lb. of thc dry 
peat. 

Petermann, also, has determined the absorptive power of sev
eral kinds of litter, as stated in the following table:-

100 kilo. of wheat-straw absorb 254 litres of water. 
fern 212 
heath 190 
woad-waxen (genista) 111 
rye-straw f according to} . 389 
fibrous peat l Fleischer . 895 

" (according to Wolff) 7 to 900 

W oIlny, with the view of comparing equal volumes of different 
kinds of litter - instead of equal weights - packed the materials 
tightly into cubic tin vessels of 8 litres capacity, which he sunk in 
water so that the surface of the litter should be completely cov
ered with the liquid. It was found that ten days were needed for 
the complete saturation of the materials. He operated upon wood
rakings, pent-slack, loam, and straws, all in the air-dried con
dition, as used for bedding animals, and found that of these 
things peat had the largest and sand the least capacity for absorb
ing water. Between these extremes, the other matters stood in 
the following order: 1, peat; 2, loam; 3, moss, oak and beech 
leaves; 4, pea-straw; 5, rye-straw; 6, pine-needles; 7, spruce
needles; 8, quartz sand. That is to say, moss, and oak or beech 
leaves exhibited very nearly equal powers of absorption; either 
of them could drink in about half as much water as peat. Needles 
of evergreen trees absorbed less than the leaves of hardwood trees. 
Pea-straw absorbed more than rye-straw, but both the straws 
stood between oak-leaves and spruce-needles. ""Vhen it was satu
rated, the loam held more water than wood-rakings. As regards 
the loss of water from these substances by evaporation, it appeared 
that much larger amonnts went off in a given time from peat and 
loam and sand than from the wood-rakings. Among the organ
ized matters, moss exhibited the largest capacity for evaporating 

VOL. II -18. 
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water j then came the straws and needles, and, finally, the leaves, 
which lost less water than any of the other materials. 

Ramann and Kalitsch have experimented with wood-shavings of 
various kinds, as to thcir value as litter for horses and cattle. 
Shavings from soft woods were found to have a larger capacity for 
absorbing water than rye-straw, though a smaller capacity than 
peat-moss. Hardwood shavings absorbed barely as much water 
as the straw. In general, the shavings were much cleaner than 
peat-moss (described in the next chapter). -When saturated with 
liquid manure, shavings of fir, pine aud alder decomposed about 
as rapidly as straw, and those of birch and beech somewhat less 
rapidly, while peat-moss decomposed much more slowly. It was 
observed that the sh(lYings had better be from 0.8 to 1.25 inch 
wide, otherwise they are apt to become entangled in the hoofs of 
the animals. 

Relation of Litter to Fooel. 
It will be noticed that the practical rules given on previous 

pages apply primarily to grain-growing countries, where straw is 
abundant, and the conversion of it to manure a desideratum. In 
New England, on the contrary, it might often be well to use the 
least possible quantity of bedding, or even none at all in some 
instances. 

:For bedding horses, German writers hold that from 4 to 6 lb. 
of straw are needed daily, and there can be little question tllat in 
this case the comfort of the animals is the point first to be consid
ered j though Heiden has argued, even for horses, that the chief 
purpose of the bedding is completely to absorb the liquid portions 
of the excrement. Starting from this assumption, he urges that 
the true way of determining how much bedding to use, will be to 
consider the character of the food, and so employ more or less 
straw, accorcling as the food is more or less watery. In the case 
of horses, he thinks no great error will be made if the amount of 
straw used for bedding is equal to i the weight of the food taken 
in its natural condition, or equal to k the weight of the dry matter 
of the fodder. 

It is more important for horses, howeyer, than for most other 
animals, that they should be abundantly bedded by night, in order 
that they may rest comfortably; and that their stalls should be 
cleaned ont thoroughly and often, care being taken to remove, as 
completely as may be possible, the urine and the straw moist with 
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urine. It is important both to avoid. the fumes of ammonia that 
are generated by the putrefaction of urine, and to hold in check 
the mUltiplication of various microscopic organisms, hurtful to the 
hoofs of the animals, which are apt to thrive in putrid litter. 

Practical ",1fethods of Preserving j}fanure. 
The old Roman writers on agriculture recommended that the 

dung-heap should be kept in the open air, in a spot deep .sunk and 
well adapted to receive moisture, and that it should be covered 
with straw, that it may not be dried up by the sun. In a similar 
sense, a recent French writer has laid down rules for the preserva
tion of manure, in the following terms: The dung-heap sllOultl be 
shielded from sun and excessive rain. The fermentation of the 

. heap should be moderated by means of admixtures of lomn or 
some similar material. The heap should be kept modemtely moist. 
Fresh dung should not be mixed with old. 

So far as the mere preservation of the manure is concerned, it 
would be hard to improve upon the practice of certain gmin-grow
iug countries, such, for example, tlS l'pper Lnsatia, one of the 
provinces of Saxony, where the dung and litter are allowell to ac
cumulate in thick layers in the stalls, directly beneath the cattle, 
and in contact with their bodies. The animals are bedded heavily 
with straw two or three times a day, and the mixture of straw and 
dung beneath them is pushed forward and made level as often as 
may be necessary for their comfort. The feeding-troughs are 
made to slip on tlle stancbions, and they are elevated as often as 
may be requisite. The mixture of dung aud straw becomes yery 
lirmly compacted by the weight of the cattle, and, ill the rather 
cool countries where the system is practised, the dung is main
tained in a higllly fflYorable condition of moisture. 

The small amollnt of air that can gain access to the interior of 
the mass, and Ule even temperature maintaiued there, seem to be 
favorable to the proper fermentation of the manure. At all events, 
it has been thoroughly proved thnt such manure is more powerful 
than that thrown out and left to ferment in heaps ill the ordinary 
way. The method is highly esteemed in the places where it is 
practised, which are, for that matter, some of the finest farming 
regions in the worlel. It is no uncommon thing to see a staule so 
arranged that the impacted manure may come to ue 4 feet or more 
high, - even 7 feet have been noticed, - and extremely hard and 
firmly compressed before there is any need of bringing in the carta 
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to remove it. It is carried directly to the fields, where it is spread 
immediately, and ploughed under in due course. 

Manifestly, the stable has to be high-studded: "It should be at 
least 17 feet high," says one writer, and some kind of a slope 
must be provided for the cattle to walk down in case they ure 
ever to descend from the bed of manure. At the start, an outlet 
has to be provided for the excess of urine, since not until after 
several weeks have elapsed is the whole of the urine retained by 
the bed of strawy manure. Subsequently all the urine is absorbed 
and held by the straw, and it is accounted one great merit of the 
system that more straw can be made into manure by means of it 
than in any other way. 

Several cow-stables thus arranged which I have myself visited 
had no unpleasant odor, and it is maintained by the people who 
practise this method that the health of their cattle does not suffer. 
It is hard to understand, however, how the hoofs of the animals 
can always escape the diseases that are apt to be caused by cer
tain microdemes which appear to harbor in fermenting dung j and 
no man can tell without trial how well the system would answer 
for dairy farms in this country, i. e. in the warmer parts of it. 
Doubtless it would selTe well enough, however, in the case of 
fatting cattle. 

The practice now in question is a very old one. It applies to 
the preservation of moist cow-dung and the urine of cows. It 
provides for the thorough absorption of the urine by straw, for the 
complete admixing of straw and dung, and for the slow, regular 
fermentation of this mixture. ]Ueanwhile, all the manure is 
housed and completely protected from t11e weather. HOl'sky, 011 

putting in practice this method on an estate in Bohemia, was sur
prised at the great increase in the amount of manure prodllcel1. 
He says that from a given amount of fodder and straw he got 
more than 100 % more manure than had been obtained before. 
He found, however, that for bedding the animals half as much 
again straw was expended as had been used previously. In 
general, it may be said that the process strongly enforces the ad
vantages to be gained by allowing stable-manure to ferment slowly. 
It capitally illustrates the maxim that manure seldom suffers much 
loss so long as it is kept moist and firmly trodden. 

A system analogous to the foregoing is said to prevail in some 
parts of Belgium, where the manure, though left in the stable, is 
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pushed into a great trough or depression, behind the standing 
room of the animals, where it i.s much trampled upon. So too, in 
England, oxen are sometimes fattened in box-stalls provided with 
movable cribs, so arranged that all the manure and litter are left 
to accumulate under the animal during some 5 or 6 months. 

Several analyses of manlll'e which had been suffered to lie under 
the animals as above described have been given in the table of 
analyses on page 239. It may here be said that, in addition to 
the chemical analysis, Emmerling subjected samples of manure 
from a deep stall and from a dung-heap to elutriation with water 
in such manner that each of the samples was divitled into 3 por
tions, viz. iuto strawy matter, fine insoluble matter, and matters 
soluble in water. His results are gin'n in the following table. 

One thousand pounds of the fresh manure contained:
FROM THE DEEP STAI,L. 

Dry matter .• 
Ashes. . . . 

Phosphoric acid 
Potash . . . 
Nitrogen in organic matters. 
Nitrogen in ammonia . • . 
Total nitrogen •..• 

Strawy 
Matters. 

148 
6 

0.37 
0.08 
0.88 

Fine 
Ill8oluble. 

60 
11 

0.91 
0.90 
0.67 

FROllI THE DUNG-HEAP. 

Dry matter. . 
Ashes 

115 52 
6 11 

Soluble 
in Water. 

20 
10 

0.14 
4.69 
1.90 
0.66 

18 
8 

Total. 

228 
27 

1.42 
5.67 
3.45 
0.66 
4.11 

185 
25 

Phosphoric acid 0.42 0.52 0.44 1.38 
Potash . . . 0.13 0.50 4.11 4.74 
Nitrogen in organic matters. 0.70 0.99 1.18 2.87 
Nitrogen in ammonia . . 0.29 0.29 
Total nitrogen . . . . . 3.16 

The straw in the manure from the deep stall appears to have 
been less completely decomposed than that in the dung-heap, a 
result which points to the similarity of such dung to ellsilage. No 
nitrates could be detected. But it i.s noticeable, not only that 
there is more nitrogen ill the manure from the deep stall, but tllat 
this manure contains more soluble nitrogen, more ammonia, and 
a larger amoullt of soluble organic nitrogen compounds. Possibly 
some of the phosphoric acid in the deep stall had passed into the 
form of the insoluble double phosphate of magnesia and am· 
monia. 
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Fel'mentations are caused by 1lficl·o-m·ganisms. 
It is now known that the fermentations which occur in dung

heaps are due to the presence of various microscopic organisms 
analogous to the" yeast" which, as everyone knows, canses sugar 
to ferment, and to break up into alcohol and carbonic acid. As 
long ago as 1695, Leeuwenhoek detected the presence of micro
scopic organisms in dung, though the significance of this capital 
observation was not fully recognized until recently. Of late years, 
the old observation has been verified by numberless observers, 
and the paramount importance of the micro-organisms is clearly 
seen. It can now readily be understood how it is that loose dung 
may undergo active and violent fermentation, such as would be 
impossible in case tllC materials were firmly compacted or mixed 
with a considerable amount of carth or other inert matter, and 
especially if they were packed in a silo or drenched in a pit. It 
is known too that the alkalinity of decaying manure is a condition 
favorable for the development of the micro-organisms which cause 
fermentation, and that the fermentation of manure could readily 
be checked by means of acids. 

Some Kinds of Ferments need Air. 
Pasteur has shown that two distinct classes of microscopic 01'

gnnisms are concerned in fermentations. The members of one of 
these classes are active only in presence of air or free oxygen gas, 
while those of the other class require neither air nor free oxygen for 
their support, since they can obtain a sufficiency of this particular 
kind of food by taking it from organic matters that contain oxy
gen as an cssential constituent. Ferments of the kinds that need 
air have been designated as aerobic, and those which act in the 
absence of air are called anae1'obic. 

1'11e anaerobic ferments - viz. those which can lh'e without air 
- act to break up pre-existing compounds into new and simpler 
forms, and when this work has been accomplished their activity 
must cease. But in case t11e fermenting substance is exposed to 
air, decay will go on indefinitely. In other words aerobic ferments 
will live and thrive upon it continually, e~'en upon the disorganized 
materials which haye been exhausted, so to say, hy t11e anaerobic 
ferments. Thus it happens, when the conditions are such that 
the external air cannot gain access to manure, that the internal or 
anaerobic fermentation of the constituents of the manure may 
speedily run its course and wellnigh cease. 
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different order from the foregoing, that an increase of acidity may 
check putrefaction. He says: "'Vhen farinaceous vegetables 
were examined, viz. white bread in infusion, and decoctions of 
flour, barley, and oatmeal, they did not at all retard putrefaction 
(of flesh) at first; but after it was somewhat advanced, they 
checked it by turning sour .... By a long digestion, the acidity 
became considerable, which by conquering the putrescency of the 
flesh," etc. 

For this matter, the preservative power of acids, such as vin
egar, is well known, and familiarly made use of in domestic econ
omy. In this sense, true superphosphate of lime is capable of 
preserving dung and urine. Krause found that so little as one 
per cent of a good superphosphate was an excellent preservative 
of manure that was shielded from rain. Fresh cow's urine, 
mixed with the superphosphate, lost no nitrogen whatsoever . 

.l\Iaercker has shown that even the fermentation of sugar, by 
means of yeast, is arrested by the presence of 3 or 4 % of lactic 
acid, 0.5 % of acetic acid, 0.2 % of formic acid, 0.1 % of either 
butyric or propionic acids, and by traces of cRproic acid. Gen
erally speaking, microbes are particularly sensitive to the influence 
of dilute mineral acids. Most of them are paralyzed in the pres
ence of no more than half of oue per cent of one of these acids. 
It is true, also, that bacteria develop best in substances which are 
neutral or slightly alkaline, though their activity is not wholly 
checked by the presence of minute quantities of the organic acids 
that are developed by fermentation. A small amount of acidity, 
due to this cause, simply diminishes the activity of the ferment, 
without stopping it altogether. But it is noticed, in the case of 
organic matters decaying in the air - when the acidity of the ma
terials has become sufficiently marked to hinder the action of the 
bacteria - that the conditions are now favorable for the growth 
of moulds, which speedily take possession of the field, and act to 
consume the products formed during the fermentations which the 
bacteria had induced. Unlike the micro-organisms of ordinary 
putrefaction, moulds grow well on substances which are notice
ably acid, as is seen familiarly in the decay of sour fruits. Prac
tically, it is found that putrescent bodies exhibit an alkaline 
reaction, and that a certain degree of alkalinity is favorable for 
putrefaction. 

When a piece of firm, fresh meat - which is naturally very 
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slightly acid - is left exposeJ to the ail', at the ordinary tempera
ture, and to the attacks of the germs and micro-organisms which 
the air contains, it will he noticed, after a while, that the meat 
softens somewhat, in consequence of the action of the lactic and 
the butyric ferments, and acquires a peculiar flavor, unlike that of 
fresh meat. Ai this stage, the flesll exhibits an acid reaction, due 
to the presence of tte acids above named. Even when this acid 
fermentation is somewllat advanced, the odor of the meat will be 
butyric rather than putrid. 

In due course, the acid ferments are succeeded by others, with 
the result that certain albuminoid constituents of the meat are de
composed, with formation of ammonia, which neutralizes the lactic 
and butyric acids, and imparts a decided alkaline reaction to the 
flesll. Then it is that true putrefaction sets in, with rapid disor
ganization of the constituents of the flesh, and evolution of highly 
offensive odors. Fish decays much IlIore rapidly than flesh, be
cause it is alkaline from the beginning, and is invaded at once by 
the bacteria of putrefaction, without undergoing the lactic fermen
tation. (Garnier.) 

Fermentation of 11Ianure. 
For exciting the hot, active putrefaction of manure, the presence 

of a certain aIllount of air seems to be needed at first, while 
for slow, regular fermentations, such as IlIay occur in impacted 
manure, for example, little if any air is necessary, since, as has 
been said, the organisms which calIse such fermentations are able 
to procl1l'e oxygen enough for their support from that which is 
held in actnal combination by the organic matters in the manure. 

It is a familiar fact that fermentations due to the presence of 
microbes run a certain course, and attain to a maximum of activ
ity, and then slacken oft' and finally come to a standstill. Some
times, indeed, it is found, when the fermentation has ceased, that 
the bacteria which abounded in the fermenting materials have aIt 
perished. This checking or cessation of fermentation may depend, 
in some cases, upon the destruction or using up of materials upon 
which the micro-organisms fed, and in this event tlle organisms 
are simply staned out; bllt in other cases the cessation is known 
to be due to the formation of acids and Dther products of decom
position, in presence of which the IlIicrobes cannot Ih·e. In this 
case, the organisms are crippled or poisoned, and so hindered 
from inducing fermentation, eyen when an abundance of food 
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still remains at their disposal. It is true, also, even of many of 
the anaerobic ferments, that they respire best when not wholly ex
cluded from contact with the air. That is to say, the presence of 
some traces of air - at the least, occasionally - scems to be help
ful for maintaining the fermentation in full vigor. Thus, in the 
case of ordinary yeast, which has been left to act upon sugar
water for a considerable time out of contact with the air, it is no
ticed that the fermentation ceases to be vigorous, and, on exam
ining the yeast glolmles, they are seen to be not young and active, 
but old and degenerate. Meanwhile, the li(Illid has become com
pletely saturated with carbonic acid. Under these conditions, re
newed activity of the fermentation may be incited by causing a 
few hubbIes of oxygen gas or of air to pass through the liquor. 
Practically, in the fermentation of wine, or the like, it is cus
tomary not to exclude air absolutely, though care is always taken 
that very little air shall gain access to the fermenting liquid. 

In proof of the significance of micro-organisms for exciting 
fermentations, Pasteur has shown that the air in a closed flask, 
partially filled with urine, may be depri"cd of all its oxygen in 
the course of a few days through formation of carbonic acid by 
the action of organisms whose germs were floating in that air. 
But on charging a flask of urine with air that has been ignited to 
destroy the gerllls naturally contained in it, the liquid will remain 
almost withont change for years, and comparatively little of the 
oxygen in the flask will be converted to carbonic acid. 

In one case, Pasteur found that tile air which had thus been 
left in contact with urine for three years contained lIt 10 of 
oxygen, lIt 10 of carbonic acid, and 77 % of nitrogen. He found 
that blood also, as well as urine, could readily be kept, in contact 
with air, undecomposecl, if only pains were taken to destroy the 
germs in the air and preyent the access of others. 

In another experiment, oak sawdust, that had been boiled with 
water, was left in contact, at 86° F., with air that had been 
ignited. Bnt after a month had elapsed, this air was found to 
contain 161 % of oxygen, 2t 10 of carbonic acid, and 8It % of 
nitrogen. 'Vhereas, on repeating the experiment under ordinary 
conditio))s, i. e., with unignited air and un boiled sawdust, a large 
amonnt of oxygen was speedily removed from the air, and car
bonic acid formed. 

All putrescible matters, such as dung and urine, milk:, blood 
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and flesh may be kept fresh for any length of time - as is done 
in the ordinary process (Appert's) of canning meat and yegc
tables - by first heating the materials, to destroy whateyer germs 
may have fallen upon them, and afterwards taking cnre to shield 
them from coming in contact with new germs. In so hll' as con
cerns the question of their fermenting or putrefying, it is not es
sential that the mutters to be preserved should be scaled up so that 
ail' shull be excluded j they could still be kept - though Illueh less 
conveniently, and probably with some loss of fhlYor - by arrang
ing matters in such wise that air could freely cOllle to them after 
it hall either been calcined, or 1110St carefully filtered so that all 
germs originally contained in it should be destroyed or arrested. 
"\Vhen this experiment is performed, it is easy to excite fermenta
tion at any moment hy throwing in a little dust eollectec1 from the 
air, such as may be obtained by straining a considerable quantity 
of air through a tnft of cotton. 

Pennel/tniions dUrer ((('cordillg to Circu1nstnllces. 
It may be laid down [\S a rule, that the fermentations of ma

nure will yury materially [\ccording as more or less ail' h:1S access 
to the heaps, ~llld as more or less water is eontailled in them; or, 
in other words, according as circlimstancetl fayor the growth of 
one or another kind of micro-organism. I t is with lllanures some
what as it is with soils, only that tIle fermentations of the ma
nnres are more eyident and prononnced. 1n loose heaps of horse
manure, to the interior of which air has tolerably free access, 
aerobic ferments often display great actiYity, a great deal of or
ganic matter is destroyed and much carbonic acid evolyed, while 
no little hent is developed. .It may happen ilHleed uncleI' favor
able conditions that heat enough is set free to kill the organisms 
which haye ('aused the fermentation. To illustrate this matter 
Guyon packed some manure in a wooden hox, of the capacity of 
a Cll hie metre, and haying closed the box tightly in order to ex
clude air, he noticed that the temperature of the manure hardly 
rose to 5~)O F., while the thermometer was seon to rise to lG2° F. 
in another equaJ mass of similar mannre that had been packed in 
an open-work basket made of wire gauze, so that air could have 
free access to it. Even in dry, porous heaps of compost there 
may be rapid wasting of the carbo!1[\ceous matters loy processes of 
oxidation, [\s will be exphined under Composts. 

On the other hand, when air is excluded from manure the action 
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of anaerobic mi.cro-organisms causes such fermentations as produce 
marsh-gas (CH4), as well as carbonic acid, if the manure is alka
line, as it should be and usually is j or hydrogen and carbonic acid 
if the manure is acid. Very much less heat is developed by these 
anaerobic fermentntions than by those which occur in the presence 
of air. Meanwhile small quantities of yarious acids such as 
butyric and lactic acids may be formed. 

Ordinarily sevcrlll killds of fermentations appear to progress 
simultaneously, or at the least to follow one another rapidly, and 
it is true that purely ch()mical processes of oxidation often occur 
at the same time with the fermentations proper, and that they rr,ay 
succeed them also. Indeed, it is not to be supposed that there is 
usually any sharp line of demarcation between the two kiuds of 
oxidation, but that the one may gradually shade into the other. 
Thus, when the heat caused by ferment action in a manure-henp 
has become high enough to excite purely chemical oxidations, the 
latter will naturally occur simultaneously with the ferment action, 
and subsequently when the heat bas become great enongh to de
stroy the ferment organisms so close an approximation to the kin
dling temperature of the organic matter will have been reached 
that slow chemical combustion will go forward by itself, often for 
a considerable period of time. Under peculiarly favorable condi
tions, it may even happen that the litter in the manure-heap may 
take fire spontaneously, and cases in which this result has been 
reached have sometimes been noticed, though rarely. 

In order to study the matter, Schloesing selected a number of 
samples, each of one or two pounds weight, from a great beap of 
manure wbich had been well forked over and thoroughly mixed, 
and having placed these samples in appropriate vessels, he steril
ized all of them by maintaining the vessels with their contents at 
a temperature of 221 0 .1". for an hour. A certain number of the 
samples were then" seeded," by adding to them some non-steril
ized dung, and measured qnantities of filtered ail' werc made to 
flow over all the samples, the rate of flow being regnlnted so that 
the outgoing air should always contain an excess of oxygen and 
at least 1-2 % of carbonic acid. The amount of cnrbonic aeid 
produced was determined daily. From the figures in the tables, 
in which the quantities of carbonic acid evolved by the seeded 
and by the sterilized samples are compared, some idea may be 
gained as to how much of the carbonic acid was produced by fer-
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ment action, and how much by mere chemical oxidation, for the 
assumption is that on subtracting the carbonic acid of the steri
lized samples from that of the seeded, the difference will give an 
approximation to the amount produced by ferment action. 

From horse-ma_ 
nure with 75% 

water. 

lid day 
3d " 
4th" 
5th" 

From horBe·ms
nure with 76.2% 

water, 
2d day 
3d " 
4th " 
6th " 

15th" 

At 150° F., there was 
evolved in 24 honrs by 
each kilo. of dry ma-

nure, grm. of CO2, 

Sterilized. Seeded. 
33.8 

1.1 26.0 
0.9 22.2 
1.3 18.6 

At 162.50 F. 

2.3 9.8 
2.9 14.6 
1.9 29.8 
1.4 20.7 
1.4 8.3 

Ditto. At 178° F. 
2d day 3.9 4.1 
3d " 2.8 2.8 
4th" 2.6 2.4 
6th" 2.1 2.4 

15th" 1.4 1.4 

At 175° F. there was 
From horse-ma_ evolve,l in 24 hours by 
nure with 71 % each kilo. of dry ma-

water. nure, grm. of CO2. 
Sterilized. Seeded. 

1st day 2.8 3.7 
2d " 2.3 2.1 
4th" 1.8 1.9 
6th " 1.4 1.5 

Ditto. At 163 0 (newly sterilized.) 

2d day 1.3 1.4 
4th " 1.1 5.3 
5t.h " 0.9 5.9 
7th " 0.8 5.2 

28th " 0.8 2.0 

It is evident from these results that the ferment organisms 
could not live at 175° F., while at 163° they exhibited some 
activity, and still more at 162.5°. The trials at 175° and at 178 0 

show that the merely chemical oxidation in a dung-heap may be 
of considerable moment. In no instance was any inflammable 
gas detected in the outgoing air. '\ 

In other experiments, the action of anaerobic ferments was 
tested by causing nitrogen gas to flow through the apparatus, in
stead of air. The results of these trials are given in the follow
ing table. The horse-manure employed contained 60 % of water, 
and the figures represent the number of litres and fractions of 
litres of gas which were given off in 24 Lours from one kilo. of 
the manure: -

Gas given off at 1260 F. Gas given off at 1510 F. 
Sterilized. Seeded. Sterilized. Seeded. 

CO2 CHi H CO2 CH4 H CO2 CH4 H CO2 CH1 H 
5th day 0.07 0 0.01 1.33 0.11 0 0.21 0 0.04 1.25 0 0.04 

12th " 0.19 0 0.03 1.96 1.81 0 0.52 0 0.20 0.63 0 0.34 
17th" 0.16 0 0.02 1.68 1.61 0 0.40 0 0.16 0.42 0 0.17 

From these trials, and from others made with cow-dung, it ap
peared that the marsh-gas fermentation no longer occurred at 
151 ° F. But at 126° F. this form of fermentation was active, 
and both the decomposition of the organic matter and the evolu· 
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tion of carbonaceous gases was much more rapid in presence 01' 
the anaerobic micro-organisms than in the sterilized dung. It 
will be noticed that, while the oxidation due to purely chemical 
action was much more marked at 151° than at 126°, the evolution 
of carbonic acid was not, in any instance, so abundant in the ab
sence of the ferment as in its presence. In no instance was any 
free nitrogen gas evolved from the fermenting dung. On the con
trary, all the nitrogen of the organic matter that was decomposed 
by the ferment was evolved in the form of ammonia. 

In some cases, the so-called lactic fermentation occurs, which is 
accompanied with the formation of lactic acid, while at other 
times butyric acid and other kinds of acids are formed. The 
presence of butyric acid has often been detected in fermenting 
manures, in decaying fruit, flesh, and pulse, as well as in the soil, 
and there are reasons for believing that putrefaction, properly so 
called, may often be little more than a butyric fermentation. But 
Pasteur has shown that the organisms which cause the butyric fer
mentation, far from needing air, can live and multiply in organic 
matters, even when no trace of free oxygen is present. Indeed, 
air destroys these organisms, and the admission of it to materials 
upon which they are at work will arrest the fermentation. 

Another kind of fermentation occurs when fresh urine comes in 
contaet with putrid urine, the urea in the fresh urine being quickly 
changed to carbonate of ammonia by the action of a peculiar or
ganism with which the putrid urine has become charged: -

CH 4 N 20+ 2 H 20 = (NH4) 2 COa· 
In consonance with the foregoing statements, Deherain has 

noticed two distinct fermentations in heaps of manure, viz., an 
aerobic fermentation, as a result of which the temperature may 
rise to 150 or 160° F., and an anaerobic fermentation which occurs 
at temperatures of 85 or 95°. The two fermentations are di's
tinguished by the fact that different and characteristic gases are 
found among the products of the decomposition of the manure. 
A heap of loose manure, as well as the hot upper layers of an 
ordinary heap, to which the oxygen of the air has access, will be 
found to contain an aerobic ferment whose activity gives rise to 
the evolution of carbonic acid; while at the centre of a compact 
heap, and in its lower layers, where the anaerobic ferment is at 
work, marsh-gas (CH

4
) is found, as well as carbonic acid. 

This marsh-gas fermentation (anaerobic) may readily be excIted 



YIELD OF MANURE. 289 

these excrements amounts to 77.5 on the average; so that in the 
total excrement there is about 22.5 % of dry matter. Whence it 
appears that, from every 100 lb. of dry matter eaten, 210 lb. of 
fresh manure will be produced, 

22.5: 100:: 47.33: 210, 
or, for each pound of dry matter in the fodder there is obtained 
rather more than 2 lb. of manure. 

In case the animals were standing all the while quietly in their 
stalls, the weight in pounds of fresh excrement produced by them 
would be got by simply multiplying the number of pounds of dry 
matter in their fodder with the factor 2.1. To the product thus 
obtained would be added the number of pounds of straw that have 
been expended in bedding the animals, say 6.5 lb. per diem on the 
average. But in case the animals are worked, there must be sub
tracted whatever dung and urine have been dropped outside the 
stables. 

If, for example, it be assumed (with Heiden) that a horse works 
2GO dllYS of 12 hours each in the course of a year, or 130 whole 
days, it may be admitted that 235 days haye been spent in stall; 
and by multiplying this number with the daily product of dung, as 
aboye obtained, aIH1 adding the yearly expenditure of straw, there 
will be got an approximation to the yearly product of manure. 
Heiden makes out ill this way that a well-fed working horse will 
produce about 50 lb. of mnnure a day, or some 6i tons in the year, 
as above stated. Of course, much must depend in each particular 
instance on the liberality with which straw is used for bedding the 
animals. Armsby found in a horse-stable where the soiled straw 
was spread out and dried every day to be used over again - as is 
the custom in most town and city stables in this country - that 
the consumption of bedding amounted to almost 7 lb. per horse 
and pel' day j while in a stable where fresh straw alone was used, 
and the soiled bedding was thrown immediately upon the dung
heap, as much as 15 lb. of straw was used per day and per horse. 

In the case of cows or other neat cattle, it has been observed 
that the animals void some 48 % of the dry matter of the food in 
the liquid and solid excrements, and that the fresh excrements 
contain on the average 87.5 % of water and 12.5 % of dry mat
ter. But 

12.5: 1: : 48: 3.84, 
so that in this case we have the factor 3.84 with which to multiply 
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the number of pounds of dry matter in the fodder in order to ob
tain the number of pounds of fresh excrement. To the product of 
this multiplication must be added, as before, the straw used for 
bedding, which for animals kept in stall should amount, according 
to Heiden, to not far from one-third the weight of the dry matter 
of the fodder. 

Hence, an ox of 1,000 lb. weight, consuming 27 lb. of dry mat
ter per diem, will produce iu a day (27 X 3.84) + 9 lb. of ma
nure, i. e. nearly 113 lb. And in a year be will produce some 20 
tons. In the same way it may be concluded that young cattle of 
500 lb. weight, consuming 16 lb. of dry matter per diem, will pro
duce in a year 12 tons of manure apiece. vVhere cows are pas
tured in summer, or where they are kept up of nights without 
bedding, allowances must of course be made both for the time 
they are absent from the stable and for the straw that has been 
saved. 

For sheep, it may be assumed that 49.33 % of the dry matter of 
the food goes into the excrements, and that the fresh excrements 
contain 73 % of water and 27 % of dry matter. Hence the factor 
1.83, which, when multiplied into the dry matter of the fodder, 
will give the weight of the fresh excrement, for 

27: 1:: 49.33: 1.83. 
Here again the weight of the straw used for bedding must be 

added to the product of the multiplication. Thus, 9 60 lb. sheep 
eating 2 lb. of dry matter daily, and bedded with three-fifths of a 
pound of straw, will produce about three-quarters of a ton of 
manure in a year. The amount of manure would naturally be 
less in case the animals were pastured, or bedded only part of the 
year. For sheep in fold, the daily product of manure may be got 
by simply multiplying the number of animals by 3.7 (= 2 lb. of 
dry matter multiplied by 1.83, as before). 

Weight of any Heap Of Man1l1·e. 
Naturally enongh, the weight of a cubic foot of manure will 

vary very much according as the manure is more or less wet. As 
will be seen in the next chapter, Henry Stewart found that fresh 
horse-manure tightly pucked might weigh as much as 64 lb. to 
the C. F. and that fresh cow-manure, free from litter, similarly 
packed, weighed 66.5 lb. to the C. F., while S. W. Johnson ex
amined a tolerably fresh (but less moist) sample of horse-manure 
that weighed no more than 35 lb. to the C. F., and a poor sample 
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of barnyard-manure (from young cattle) that weighed 40 lb. to the 
C. F. But it is not difficult to estimate the quantity of manure in 
any given pile or bed if only, after the pile has been measured, 
pains are taken to pack and weigh a fair sample of the manure in 
a box, or cart-body, of known dimensions, and to calculate the 
weight of the whole heap from that of the sample. For example, 

, if from a stable of milch cows, which have been bedded with 
straw, there has accumulated in the cellar a bed of half-rotted 
manure 20 feet long, 10 feet wide and 4 feet high, and it is noted 
that this manure is moist indeed, but not dripping wet, it is not 
unlikely that the manure lllay weigh something like GO lb. to the 
cubic foot. But if this assumption be true, then the beap 20 X 10 
X 4 will contain 800 C. F. (or rather more than 6 cords), and will 
weigh 800 X 60 = 48,000 lb., or 24 tons. 

lVell-1'Otted Manw·e. 
In the light of what is now known as to the chemistry of the 

subject, and particularly in view of the practicability of supple
menting farm-manure nowadays with artificial fertilizers, it is safe 
to say that most farmers unduly esteem old fermented manure, 
which has been forked over repeatedly, and has rotted until it has 
become a soft black mass. 

It is essential indeed that manure shall never be applied to a 
crop in such condition or in such quantity that the crop may be 
iujured by the putrefaction of the mannre. It hardly needs to be 
said that if a large lump of fresh manure were put into the earth 
of a flower-pot in which a plant was growing, it would be apt to 
kill the plant. The roots of the plant - far from insinuating 
themselves into the crevices in the lump of fresh manure or of 
clasping and clinging to it as they might do if the manure were 
thoroughly rotted - would be repelled, and those roots which did 
come into contact with the manure would be apt to become mouldy 
and rotten through the action of micro-organisms with which the 
fresh manure is charged. So too, if, in transplanting a tree, the 
roots were placed immediately upon a mass of fresh manure, the 
tree would probably die. But it will be noticed that such accidents 
as these are due to the large quantity of fresh manure which has 
come in contact with the roots of the plants, and that there can 
be little if any risk of trouble of this sort in field practice, pro
vided the manure has been applied in suitable quantity and has 
been thoroughly mixed with the soil before a crop is planted. 
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On the other hand, there can be no doubt as to the great ferti
lizing power of fermented dung, nor of the fact that it admits of 
being distributed more evenly and worked into the soil more 
thoroughly than long manure. For light land, and for soils in
adequately supplied with moisture, well-rotted manure may be 
vastly better than long manure, because it helps to retain the store 
of moisture in the soil, instead of working to dissipate it by light
ening and opening the land. It is a maxim of English farmers, 
that short dung 01' artificial fertilizers should be used for turnips 
on dry soils. But on low-lying land, and on heavy soils, fresh 
manure may, on the whole, be preferable. Long fresh manure 
might safely be ploughed in before winter also, for the use of a 
spring crop, althougil wholly improper for application in the spring 
to light land. 

A distinction must be made, of course, between mere cow-dung 
such as is thrown out from most American barns, and the" stable
manure" of European writers, which is dung (and urine) admixed 
with much straw or other litter. In general, well-rotted manure 
will be less apt than fresh dung and urine would be to excite rank 
growth, such as would cause a grain crop to run to leaf. Many 
farmers haye flattered themselves with the belief that well-rotted 
manure must, generally speaking, contain fewer seeds of weeds 
than fresh manure, and there is undoubtedly something of truth 
in this conception, though, as everyone knows, the fact of the 
matter is that staule-manure, no matter how old, is ordinarily so 
highly charged with weed-seeds, that there is practically no great 
difference to ue allowed for uetween fresh and rotted manure, on 
this account. Meanwhile, it is worthy of remark that no one 
knows as yet whether fresh manure may not contain a larger pro
portion than old manure of the spores of the parasitic fungi whicil 
do such good service upon the roots of cloyer and of some other 
crops. There can, of course, be little doubt that very old manure, 
wIlen once it is distributed, is one of the best possible ureeding
places of those useful organisms which, as is now known, are the 
moving cause of nitrification j whence it follows that the applica
tion of old, thoroughly-rotted dung may be regarded as one exciting 
cause for fermenting and fertilizing the inert humus which is already 
ill the fields. Yet it is none the less true, that chemists, almost 
without exception, are in favor of applying dung and urine to the 
land in the freshest possiule state; and that many of tile most sue-
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cessful amI celebrated among practical agriculturists are entirely 
of the chemists' opinion. 

Fresh urine, in particular, contains those highly important cbemi
cal substances, nrea, uric acid, and hippuric acid, wbich are known 
to be admirable nitrogenous fertilizers, and which we can no longer 
hope to find in well-rotted manure. Tbe moment any kind of ma
nure hegins to ferment, no matter where, it gives off some of its 
suhstance in the form of gas; but if the fermentation occurs within 
the soil, it will be gradual, amI the products of decny can be uti
lized by the neighboring plants. Moreover, fresh manure, in fer
menting within the soil, will act upon the soil advantageously in 
various ways. It will not only play the part of a ferment, and so 
tend to decompose the inert nitrogen compounds of the humus, 
but the products of its decomposition will act as disintegrating 
agents upon the insoluble portions of the soil. There are, in short, 
many reasons for believing that a larger proportion of the useful 
constituents of mere dung can be utilizeclllY burying it in the soil 
when fresb, than if it be left to ferment in heaps. The horse
manure jnst now alluded to may be cited as a case in point. 
Everybody admits the efficacy of horse-dung from stables when it 
is applied to the soil ill the fresh unfermented condition, but there 
are many farmers who justly set no great yalue on horse-mannre 
from which the goodness bas been" burned out," as the term is, 
in the process of hot fermentation. Then again, there is to be 
remembered the probability that some of the nitrogen in fermented 
manures may have passed into the inert, humus-like condition. 

RUlIklle8S of Fresh Jlfwwre. 
There are nevertheless several practical considerations wbich 

count in favor of using well-rotted manure, especially in case the 
manure is to be used on grain by itself, and not in conjunction 
with an artificial fertilizer. Many practical men have urged that 
fresh manure, even if it does not actually injure the crop to which 
it is applied, may still tend to the production of stems and leaves, 
rather than of seeds and fruit. This remark is partie-ularly true 
of wheat in moist climates. In the words of an English farmer, 
" There is no crop about which we should be so cautious as about 
the wheat-crop. If you giye a root-crop more help than is neces
sary, you waste so much money, unless the manure remain in the 
ground; but if wheat be over-fed, ill a wet season it goes down, 
or in a dry. cold May it is mildewed. . . The better the land, 
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the more the wheat will be mildewed; and the better farmed the 
land is, the more will the wheat be mildewed." 

In Europe, there is a wide-spread belief that, while fresh ma
nure may perhaps be best for forage crops, well-rotted manure or 
compost is better suited for the production of grain or seeds j and, 
on this account, in many regions manure is applied by preference 
to a preparatory crop rather than directly to grain. Cobbett even 
went so far as to assert as " certainly true, that dung is not the 
best sort of manure for a garden. It may be mixed with other 
matter, and if very well-rotted, and almost in an earthy state, it 
may not be amiss; but if otherwise used, it certainly makes the 
vegetables coarse and gross compared to what they are when raised 
with the aid of ashes, lime, chalk, rags, salt and composts. Be
sides, dung creates innumerable weeds. It brings the seeds of 
weeds along with it into the garden, unless it has first been worked 
in a hot-bed, the heat of which destroys the vegetative quality of 
the seeds." 

Even in respect to forage crops, excessive rankness may not be 
wholly desil'l1ble. Thus, German farmers have urged that although 
clover-fields which h:we been top-dressed with dung in the autumn 
may yield an extraordinary increase of crop, such over-dunged 
clover is not readily eaten (when green) by animals. It is said 
in Germany that fresh stable-manure makes the flax-plant grow 
long and stout, but that the fibre is coarse. Hence a preference, 
in this case also, for land which has been manured beforehand. 

As will be seen in the chapter relating to night-soil, the objec· 
tionable rankness of fresh manure is particularly well-marked in 
the case of human excrements. Those nations which most freely 
use night-soil take special pains to mitigate this rankness by pro
cesses of fermentation and of composting. But, manifestly, the 
rankness of fresh dung aud urine could be controlled and utilized 
by applying the manure in small quantities and supplementing it 
with artificial fertilizers of kinds appropriate to the crops that are 
to be grown. 

This same fear of the forcing effects of fresh manure has often 
led farmers to apply it in autnmn to land that is not to be sown 
until the next spring. In the old days of common fields, manure 
was habitually ploughed into fallow land in the spring or early 
summer, several months before the time for sowing grain. By 
soaking into the soil, the soluble constituents of the manure are 
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diluted, as it were, and the material is brought to a condition not 
unlike that obtained by rotting manure in heaps; though in all 
probability, the mitigation of the manure may depend in some 
part on an actnalloss of highly useful constituents. 

In many fertile, new countries - notably in seyeral of our own 
\Vestel'll States - farmers are often put to considerable trouble in 
throwing away the manure which is produced in their barns and 
yards. It is customary in those regions to banI out the manure 
from the farmyard occasionally and dump it into the nearest riYer 
or bog-hole, or to leaye it to decay in some waste place It is to 
be presumed that the first settlers in such places were taught by 
experience that on land already sufficiently charged with good 
humus, manure may do more harm than good. 

Too milch ~lI(tlw/'e i.~ flannflfl. 
It needs to be understood, of course, that the difference between 

the action of fresh and rotted manure is one of degree merely. 
Large dressings of any kind of dung will cause rank growth and 
be hurtful to some crops, such as grain and many of the grasses. 
It is a matter of yearly obserYation, in laying down land to timo
thy or orellard-grass, that not tllese grasses but bunches of coarse 
weeds grow on tllose parts of the field where heaps of manure 
have lain; and it is noticeable that these blemishes are particu
larly conspicuous in cases where the heaps have contained some 
night-soil. So too, in case a well-established grass-field were to 
be very heavily top-dressed with manure, the grass would grow 
close and rank, with soft and tender stems not well- fitted to 
sustain the great weight of the crop. Such grass might be mown 
frequently and fed out green, but if it were allowed to stand long 
enough to be cut for hay it would be apt to lodge and then to rot 
at the roots. 

It is easier, however, to deal with heavy crops of grass in coun
tries where the summers are hot and dry, than it is in regions that 
are more moist. Thus, Gasparil1 has said of the South of France 
that the farmers there are not afraid to cut 4 tons of hay to the 
[lcre on their permanent mowing-fields, while at Ulle, in Northern 
France, Kuhlmann regarded 3 tons to the acre as excessive. 
Some kinds of useful plants, it is true, can bear this rankness of 
manure, notably hemp, potatoes, Indian corn and turnips, and it 
las been said by practical men that it is impossible to over-ma
~ure fields on wllich rape is to be grown, or a mixture of yetches 
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and ray-grass. Chap tal insisted in his day that in Belgium the 
custom was to employ night- soil in the first ye:lr of its decomposi
tion for growing hemp, flax and rape-seed, and to use it in the 
second y('ar for the cercal grains. On some parts of the fertile 
plains of Hungary, wllere "tile land will grow w!.teat year after 
year without manure, if manured, it must not be for wheat, but 
for rape or Indian corn, and t!.ten (i. e., in the next year) whent 
stands up well; uut ifdressec1with dung, itlodges." (Wrightson.) 
On some of the fenlantls of Englancl- cultivated under a fonr
course rotation of roots, barley, clover, and wheat -the whole of 
the farmyard-manure was applied to the roots, and sometimes it 
was supplemented by artiticial fertilizers. 

In cases where neither roots nor pulse were grown, it was for
merly held in Englund that the manure for wheat should be applied 
to a barc fallow as early in the SUllllller as possible. An English 
farmer, writing in 1847 on the management of wheat, remarked 
that, "The practice of manuring immediately before sowing 
wheat, though still adhered to in many parts of the country, is 
objeetionable." So, too, as Marshall tells us, in times when the 
farmers of East Norfolk were- accllstomed to plough under farm
yard-manure in summer upon fallow fields which were subsequently 
to carry wheat, the practicc was to begin to sow the wheat between 
the lith and :?4th of October, and to continue to sow through 
November, or eVCll into Deccmber. "The reason which the 
Norfolk husbandmcn giye for sowing their wheat so late, compared 
with the practice of other light-land counties, is that their early
sown wheats arc liable to be winter-proud, and run too much to 
straw .... -W,here the soil is good, and the wheat apt to run too 
much to straw, some few judiciolls farmers (in the year 1780) 
set their manure upon the young clover, thereby checking the 
effect of rankness to tile wheat .... Land which lIas prcyiously 
been heayily dunged for turnips requires no furtller addition of 
mannre for wheat." 

Manufacturers of sugar in Europe long ago recognized the 
faet that the quality of beet-juice is injured when the beets are 
fertilized with dllug-liquor or with beavy dressings of farmyard
manure applied in tLc spring. It is said also that the quality of 
tobacco is injured by manuring the land too heavily, and especially 
by applying night-ooil, or l)y watering the growing plants witll 
liquid manure, though tobacco is a crop which needs to be richly 
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fed and which can bear heayy dressings of the right kinds of ma
mIres. Practical llIell assert that the quality of tobacco grown on 
land whicL has been dressed with farmyard-manure in the autulllll 
is usually better than that of tobacco which has been manured in 
the spring j amI it is directed that when manure has to be applipd 
in the spring it should be worked into the land as long before the 
plants are set out as may be possible. According to Nessler, 
tohacco grown upon fields which haye borne tobacco the year be
fore is often of exceptionally good quality. A. J\Iayer obseryed 
in Holland that tile percentage of nitrogen in tobacco was larger 
on fields which had been manured in the autumn than upon fields 
manured in the spring, and he attributes this result to the more 
thorough nitrifieatioll of the mannre which has been longest in the 
80il. But he noticed also upon fields which reeeiyed nitrate of 
potash as a reinforcement that the best results were obtained 
where the farmyard-manure had been applied in the autumn. 

Boussingault was disposed to attach considerable importance to 
the influence of climate upon the decomposition of manure in the 
soil. He SUIllS up as follows. In warm, damp countries it may 
be conceived that it is a matter of inditference whether farmyard
manure is put into the ground quite fresh, or more or less thor
oughly decomposed j for, thanks to the beat of the climate, tile 
decomposition will be rapid enough anyway. But it may be other
wise in cold climates where the temperature which excites and 
maintains yegetation is of comparatively short duration, and must 
at once be taken ad\'antage of. In such pIa cps tbe ground is so 
cold that during a great part of the year organic matters buried 
in it would be preserved with comparatiYcly little change. under 

,such climatic conditions, there is no doubt that well-decomposed 
manures are preferable to those that are fresh and long. The ex
tensiye use of li(l'Iid manures in Switzerland, he suggests, is au 
illustration of the estimation in which quick-acting fertilizers are 
held in places where immediate aclYantage must be taken of a 
short summer. 

Some Crops can Bear ~lfaml1·e. 
Many instances might he cited from the experience of Ameri

can farmers in illustration of the foregoing statement of Bous
singault. In the Northern United States there Ileed be little 
hesitancy in manuring Indian corn freely, for, unlike wheat and 
oats, and barring accillellts~ corn can stand up and yield gram 

\ 
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even on very fertile land and when richly fed. Squashes, pump
kins and melons may be grown, llear Boston, on spots where ma
nure heaps have lain, or cycn on tile compost heap itself. Rut in 
Cuba it would hardly be wise to apply milch manure to maize, for 
there - as in the southernmost American States - it exhibits a 
strong tendency to run to leaves and stalks. Perhaps maize is 
seen in its fullest perfection in a moderately warm climate like 
that of Ohio and Illinois. So too, with oats, in Cuba the crop is 
practically a grainless grass, and oats are seldom sown there ex
cept to be mown as grass. In respect to winter wheat, it has 
been said that nowherc in the United States can it be safely 
grown on such rich land as is habitually devoted to wheat in Eng
land and Scotland. In Culm, tobacco is cultivated only on sandy 
loams that are not too rich, an<l only in the winter season, when 
rains are infrequent and the cOll(1itions are not favorablc for rank 
and rapid growth. The plant can grow indeed most luxuriantly 
during the hot, moist Slimmer, but the leaves produced in SlIml,lCr 
are not esteemed. (Russell.) So too in Sumatra, tobacco is 
grown on rather poor soils wbich are but lightly manured, while in 
Europe this crop can be grown with profit only on rich soils that 
are heavily manured. (A. Mayer.) 

Merit of Fresh ~1[(ln1(re. 
Haying in view the climate of Central Europe, ",Valz, a noted 

German agriculturist, wrote with a great deal of force in fayor of 
carrying fresh dung to the fields. He remarks upon the fact that, 
upon many South German farms, after the manure has all been 
hauled out in autumn, the clung-heaps arc lcft to accumulate during 
half a year, not being disturbed again until the next spring j 
whereas during the sllmmer season the manure is often hauled out 
upon the fallow fields after having lain in the yard no longer than 
5 or 6 weeks. But it is noticed that under thcse circumstances 
there is always much more manure to IUlul from a given number of 
cattle in summer than in winter, -in places, that is to say, where 
the cattle are all the while kept in stall. 

Attempts have been made to explain this faet on the assump
tion that an increase of dung is caused by the green food which is 
given to the cattle in summer. But this idea is refuted at once hy 
the facts that the dUllg-heaps increase just as fast during April and 
May, before the animals get any green food, as they do afterwards, 
and that the rapid accumulation of dung in summer is just as well 
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marked in the case of fattening cattle and draught oxen, that have 
received no green food. Manifestly the chief cause of this appar
ent increased production of dung is, that a smaller proportion of 
the dung is wasted by decay in the heaps when the heaps are new 
and small. 

But, as 1Valz urges, it is good practice to carry the fresh dung 
to the field for the mere sake of availing one's self of the increase 
of bulk; for the fresh manure expends to better advantage, i. e., 
it may be made to fertilize a larger surface than if it were left to 
3hrink in the barnyard heaps. 

He narrates how bis own attention was emphatically called to 
this subject, when he was a young man, by the circumstance tbat 
he had a field so situated that tbe manure had to be hauled upon it 
in winter. He computed how many loads of manure would dress 
the field, and proceeded to have the manure hauled out in February 
when the ground was frozen. He carried out 36 wagon loads in all, 
and had them piled up in two heaps. But when he came to spread 
the manure, seven wecks afterwards, there were only 24 wagon 
loads of it to be found. 

His farm was at that time a good deal run down, and on the 
system which he had previously been following of never spreading 
anything but half-rotted dung, - in the belief that manure was best 
when used in that condition, - he had each year been unable to 
make manure enough to dress all his fields. 

Hence it bappened that he fell into the habit of bauling out fresh 
dung to make up the deficiency, so that he frequently had oppor
tunity to compare the effect of the two kinds of manure where they 
were put into competition with one another upon the same field. 

Indeed, it even happened that the fresh dung, being stretched 
as it were to the utmost to make up the deficiency, was spread 
rather thinner than the rotted dung. But 1Valz was never able to 
detect any difference either in the appearance of the crops, or the 
number of sheaves of grain, or in the yield of dressed grain. 

So that hy taking the two hints, especially the one offered by 
the shrinkage of the heaps of dung in the field, he was led to carry 
out methodically all the manure of the farm in the freshest possible 
condition; and the longer he practised this system, the more firmly 
was he convinced of its great superiority. From the time when he 
seriously began to use all the manure in the fresh state, he had no 
trouble in getting enough of it to dress all his fields. 
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vValz has suggested, that the loss of manure by decay may be 
seen very clearly by contrasting the effect of folding sheep with the 
effect obtained by using sheep-manure that has been hauled from 
the stable. In his practice, 200 sheep were folded for 2-10 nights, 
on the average of years, upon 18 Morgen of lalH1. During the 
remaining 125 days of the year the sheep were kept, upon equally 
good food, 80 whole days and nights in stall, on the ayerage of 
years, plus 45 nights. vVhen in stall, the sheep were littered with 
from one-third to one-half a pound of straw per IJead and per day. 

In May the sheep-manure was hauled out and spread for a rape
crop upon three Morgen of strong land contiguous to the land that 
had been folded UpOD. But during the six years that comparisoDs 
were made, the rape-crop was always as good on the land where 
sheep had been simply folded as upon the land that had been dressed 
with the sheep-dung, and in two instances the folded land carried 
better crops than the other; and precisely the i:lume effeet was 
noticed in regard to the winter grain that i:lllCCeeded the rape, and 
in respect to all the crops that followed the grain in the rotation. 

Hence it appeared that the stall manure of 1 the year went only 
one-sixth as far as the folding of -i of a year, although 80 days as 
well as nights are to be counted in favor of the production of the 
stall manure, and although 124 cwt. of straw were commingled 
with the dung, and although the dung and straw were trampled 
down hard by the animals, so that the access of air was much less 
than it would be in a mere heap. The loss through decay was 
equal to the whole of the straw and half the droppings of the 
animals. 

llfechanical Effect of Manure. 
It is a common remark of farmers, that the character of the land 

upon which one or another kind of manure is to he put must be 
con;;idered. Fresh, strawy manure; they say, might decompose 
readily enough on loams of light or medium character that are not 
too dry, while long manure too deeply buried in clay or very heavy 
loam might sometimes decompose there more slowly than would be 
desirahle, because the compactness of the soil particles would hinder 
the access of air. 

It is manifestly impossible, however, to make any general state
ments of this character which shall be true of all cases and places. 
Variations as to climate and rainfall, as to the times and seasons 
when crops are to be grown, and as to the kind of crops, will 
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naturally bring in greater differences than those which subsist 
between fresh and rotten manure. Thus it has often been objected 
to horse-manure on light, sandy soils, that it decomposes there too 
rapidly, and shows less endurance or lasting effect than is deemed 
to be desirable. Hence, perhaps, Olle reason why many practical 
men think it best, on the whole, not to use horse-manure by itself, 
but rather in admixture with cow-manure and the dung of swine. 
But on the other hand, it has been mged that horse-manure helps 
to loosen heavy land by means of tlle straw with which it is ordi
narily admixed. Most commonly, perhaps, it has been held that 
horse-manure and manure from sheep-stables should be applied by 
preference to cold, clayey loams, or to moist soils rich in humus, 
where decay will not be too rapid, and where these" hot" manures 
will tend to warm and enliven the land. The, comparatively speak
ing, cold and slowly fermentable cow-manure, on the contrary, is 
preferred for warm, light soils, rather than for those that are stiff, 
or cold, or rich in humus. 

Influence of 2lfanure on Soil-moisture. 
Beside these palpable mechanical effects, there are others, still 

more important, due to the soluble matters in the manure acting 
to alter the arrangement of the soil-particles and thus to change 
the relations of the soil towards the movements of water within it 
and to increase or diminish its power of holding water. It is 
known to practical men that farmyard-manure, and other ferti
lizers, have very important effects in that they enable crops to 
withstand droughts, and it was observed many years ago by F. 
Schulze, on the occasion of his investigation of the capillary 
movements of saline solutions, that the soluble constituents of 
manure must exert no inconsiderable influence on the texture of 
soils. This matter has been studied in some detail by M. ·Whit
ney, who has proved that solutions of several substances lower 
the surface tension of water very considerably, and lessen the 
capillary power of the soil to lift water from below to supply that 
lost by evaporation and transpiration. He finds that an aqueous 
extract of stable-manure has less lifting power than pure water, 
and, as will be explained under Lime, he has noticed some very 
curious and important reaetions when lime and stable-manure are 
mixed with soils and sands. 

Another point of interest is the rapidity with which the soluble 
portions of stable-mannre may clog a soil and hinder the flow of 
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water through it. Whitney found, on passing a filtered extract of 
stable-manure through a soil which had 50 % by volume of empty 
space, that the rate of flow speedily decreased to such an extent 
that the experiment could not be continued. After 6 successive 
100 cc. portions of the liquid had been poured npon the soil, some 
2000 minutes were required for the passage of 100 cc. These 
results are so very emphatic that 'Whitney has been led to ask 
whether the application of fertilizers should not properly be re
garded primarily as a means of regulating the water supply of 
crops rather than as a mere providing of plant-food. He has in 
fact suggested, as a probable hypothesis, that the most important 
effect of stable-manure, and of fertilizers generally, may be due 
to their influence in changing the relations of soils to moisture 
ratller than to the amount of plant-food they may add to the soil. 

Shrinkage of ~Manure-Hea:ps. 
The shrinkage above spoken of must often be very large. Gaz

zeri found long ago that horse-manure lost in the course of four 
months more than half the dry matter that was contained in it 
before the putrefaction. Several of the older agricultural writers 
have insisted that 100 loads of fresh manure may be reduced to 70 
or 75 loads after two or three months' fermentation, and even to 
less than 50 loads at the end of a year. Payen found in horse 
manure taken from a hot-boo after the fermentation had run its 
course and the manure had become cold, no more than 1.58 % of 
nitrogen, reckoned on the manure dried at 2120

, in place of 2.07 % 
in dried fresh manure. Voelcker, in his elaborate experiments on 
farm-manure, noticed that mixtures of dung and litter lost from 
30 to 60 % of the original weight in the course of 6 to 12 months' 
fermentlttion; or, throwing water out of the account, the loss of 
dry matter amounted to from one-half to two-thirds of that con
bincd in the fresh manure. The proportion of organic matter 
diminished steadily from month to month. 

One sample of the mixed manure, which when dried at 2120 F. 
contained originally 83.5 % of organic matter, contained no more 
than 53 % of it after the heap had been left lying out of doors for 
a year. But while the quantity of the manure diminished so 
seriously, the quality of it suffered no great depreciation when the 
fermentation was well regulated. On the contrary, the loss of 
actual plant-food was inconsiderable, when the fermentation was 
not too long continued. 
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Even in a heap of manure exposed to the weather throughout 
the year, it appeared that the quality of the manure improved 
during the first three or four months of fermentation, in that the 
proportion of soluble matters increased to such an extent that the 
efficacy of the manure must have been considerably enhanced. 
Subsequently, this manure suffered deterioration when rains waslled 
out from it soluhle matters and a considerahle portion of the avail
able nitrogen. This waste by leaching was especially rapid in 
the case of some manure that had been spread out upon the sur
face of the ground, but it was conspicuous also in heaps of mannre, 
and was the more clearly evident in proportion as the manure had 
been l()nger kept. It appeared, indeed, that although rotten 
manure lost weight more slowly than fresh manure which was ex
posed to similar conditions, yet the rotten manure was more liable 
to he injured by rain because it contained a larger proportion of 
soluble matters than the fresh manure. 

'Yhile recognizing the fact that for certain purposes fresh farm
manure can never take the place of well rotted manure, Voelcker 
urges that there is no advantage in keeping manure too long. Six 
months, perhaps, may be taken as a limit. He says, "The lllost 
effectual means of preventing loss in fertilizing matters is to cart 
the manure directly to the field whenever circumstauces allow this 
to be done." "r olff records a loss of 54 % in the case of an SO-ton heap of 
cow-manure that was left for a year freely exposed to sun, wind, 
and weather. The loss was in no sense due to evaporation of 
water, for, on stating the matter in terms of dry suhstance, i. e., 
fresh and rotten manure from which all water had been dried out 
at 212 0 F., it appears that the (Iry manure had lost G6t % of its 
weight. This fact of an absolute loss of substance must be kept 
in view whenever analyses of fresh and of rotted dung are com
pared, for the figures of the analyses are merely relative, and they 
often give no very distinct indication as to how much of any par
ticular ingredients has been lost. 

It may here be said that, as a general rule, by far the largest 
part of the matter lost from manure-heaps thro'ugh decay con
sists of compounds of carbon and hydrogen, wlJidl are not to 
be classed among fertilizers, and which, from the fanner's point 
of view, are really non-essential. On eX!1minillg !1 weather-beatE'n 
clot of cow- or horse-dung as it lies in a pasture, or Oil stirring a 
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small quantity of the fresh dung in clear water, it will be noticed 
that the dung of these animals consists in good part of short pieces 
of undigested hay or grass; and it lUay be said even of the clear 
dung - though much lUore forcibly of ordinary lUanure admixeu 
with litter - that it is to the oxidation of useless organic matter 
that the shrinkage of manure-heaps is to be attributed for the 
most part. 

Voelcker's Analyses of Farm-Manure. 
Some of the figures of Voelcker's analyses of farmyard-manure 

luwe been set forth alrelt<ly in the geneml table on page 241. 
The more extended statement here gi\'en is still to be regarded as 
a very brief abstract of Voelcker's original memoir. The material 
operated upon was a mixture of cow, horse and hog-manure; and 
it is to be noticed that two separate parcels of manure were 
stutlieu, - the samples described at 6 and 8 months old being 
different from the others. 

"Fresh Manure, From Heap Under Cover Spread Well Rotted 
14 dar" old. 3l mo. old. 3l mo. 6 mo. from Smo old 8 0 old 

Nov. r'eb. Nov.tor'eb.Nov.toMay ... m .. 

Water 00.17 69.83 67.32 80.02 75.42 13.90 
Soluble organic 

matters 2.48 3.86 2.6.3 1.16 3.71 2.70 
Sol uble inorganic 

matters I.M 2.91 2.12 1.01 1.41 2.06 
Inso!ulJle organic 

Inatters 25.76 18.44 20.46 11.46 12.82 14.39 
Illsoluble inor-

ganic matters . 4.05 4.90 7.41 6.35 6.58 6.95 
Nitrogen 

Soluble in water 0.151 0.27 j 0.
171 o'OSI 0.

3°l 0.
151 Insoluble ill wa- 0.64 O,,{ 0.75 0,54 0.61 0,76 

ter . • • • 0.49 0.47 0.58 0.45 0.31 0.61 
Pbospuoric acid 

Soluble ill water 0.141 
0,

14
1 0.

151 0.
091 0.18} 0,

061 111"01 uble in w,,_ 0.32 0.32 0.45 0.21 0.45 0.12 
tel' . . . . 0,18 0.18 0.30 0.18 0.21 0.06 

Potash 0.67 1.22 0.88 0.42 0.49 1.08 
Lime 1.19 1,34 1.92 1.97 1.78 2.27 
Magnesia .. 0.15 0.05 0,08 0.09 0,14 0.04 
Ammonia, free 0.03 0.02 0.02 0.01 0.05 0.02 
Ammonia, as a 

salt. 0.09 0.06 0.05 0.05 0.08 0.05 

Nitrates. None. Traces. Indistinct None. None. Decided 
traces. traces. 

Several higllly interesting facts are made manifest by these 
analyses j particularly on contrasting the figures which refer to 
fresh manure with those relating to manure six months rotted. 
The fresh manure was an intimate mixture of the droppings of 
horses, cows and pigs, - together with the straw useu as litter
that had lain in the dung-pit not lUore than 14 clays, at a time 
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when no rain had fallen. The rotted manure was a well-mixed 
sample of dark brown, almost black color. It was not taken from 
the same heap as the fresh manure, but from the bottom of a 
manure-pit, though it was produced under the same circumstances 
and by the same kinds of animals as the other. It was at least 
six months old and appeared to be well-fermented, short manure. 

The analyses show that the proportion of soluble matters in fresh, 
long manure is comparatively small. On the other hand, the pro
portion of insoluble matters, especially of organic matters from the 
straw, is very largc. BotIl these circumstances naturally tend to ex
plain a certain Hlowness of action which has often been attributed 
to long manure. Through the presence of tIle straw, thc proportion 
of soluble nitrogen in the fresh manure was reduced to a very low 
figure. Much the larger part of the nitrogen in the fresh manure 
was in an insoluble condition. But it is none the less true that the 
soluble nitrogcn was a spccially valuable form of plant-food. That 
it was a constituent of substances rich in nitrogen appears from 
the facts that while each 100 lb. of the soluble organic matters of 
the fresh manure contained 6.04Ib. of nitrogen, there was no more 
than 1.92 lb. of nitrogen in the 100 lb. of insoluble organic matters. 

On comparing the analyses, it will be seen that the proportion 
of insoluble organic mattcrs in the manure diminished very much 
during the process of fermentation, but tilat tile nitrogen dill. not 
wastc away anything like so rapidly as the otiler constituents of 
tile organic matter. Indeed, load for load, the manure became 
much richer in respect to nitrogen as it changed from the fresh to 
the rotted condition. Thus, while in the dry, fresh manure, there 
were 76.15 % of insoluble organic matters, containing 1.46 % of 
nitrogen, there was almost as much nitrogen (1.26 %) in the 
52.15 % of insoluble organic matters that were contained in the 
dry, rotted manure. In other words, each 100 lb. of the insoluble 
organic matters of the fresh and the rotted manures contained 
respectively 1.92 lb. and 2.41 lb. of nitrogen. In each ton of the 
dry material there was 38 lb. and 48 lb. of nitrogen accordingly as 
the manure WftS fresh or rotted. Or, supposing the two kinds of 
manure were equally moist, there was much more nitrogen in the 
old than in the recent product. 

During the earlier months of the fermentation a considerable 
amount of the organic matter in the manure became soluble in 
water, so that at the end of six months the proportion of soluble 

VOL. I1-Z0. 
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organic matters was twice as large in the well-kept manure as it 
had been in the fresh manure. But the chief part of this change 
occurred during the first three months, and it was evident enough 
that no advantage can be gained on this account by keeping manure 
too long. Meanwhile, the soluble nitrogen increased from 0.44 % 
to 1.21 %, that is to say, the proportion of soluble nitrogen be
came so much larger during the process of decay that each 100 lh 
of the dry soluble organi-c matter from the rotted manure contained 
8.02 lb. of nitrogen, while there was no more than 6.14 lb. of nitro
gen in similar material obtained from the fresh manure. 

Naturally enough, the proportion of ash-ingredients increases 
during the fermentation of well-kept manure becanse a considerable 
amount of the organic constituents of the manure escape in the 
form of gas. It will be noticed, on comparing the fresh and the 
rotted manures, that the percentage of insoluble inorganic matters 
was more than doubled. There was in fact, an increase from 
12 % of insoluble ash in the dry, fresh manure to 26.8 % in the 
dry six-months rotted manure. That this increase really depended 
on the waste of organic matters appears from the facts that while 
the fresh manure dried at 212 0 F. contained 83.48 % of organic 
and 16.52 % of inorganic matters, the rotted manure, similarly 
dried, contained only 68.24 % of organic matters against 31.76 % 
of inorganic. 

It is to be observed furthermore that the proportion of soluble 
ash-ingredients in the six-months rotted manure is larger than it 
is in the fresh manure. The principal constituent of the soluble 
part of the ashes of fresh manure is silicate of potash, and it is 
noteworthy that even in fresh manure a considerable amonnt of 
phosphate of lime is in the soluble condition, but in the rotted 
manure there was found a still larger proportion of soluble phos
phate of lime - a result which consists with the well-known fact 
that in the decay of bones the solubility of the bone-earth is pro
moted by the putrefaction of the ossein. 

On the whole, the well-kept, well-rotted manure was richer, 
weight for weight, than the fresh manure in respect to soluble 
fertilizing constituents and to available nitrogen. It would proba
bly have produced a more immediate and a more powerful effect 
on vegetation than the long manure. In Voelcker's own words, 
"The practical result of these changes is that fresh manure in 
ripening becomes more concentrated, more easily available to 
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plants, and, consequently, more energetic and beneficial in its 
action. " 

The other analyses mentioned in the table were of samples of 
manure that had been exposed under varying conditions, to test 
the influence of the weather. It will be noticed that the injurious 
effect of rain is plainly evident in the case of the manure that 
was spread and left for a long time exposed. As the analyses 
show, the mixed farm-manure, whether fresh or rotted, contained 
no more than mere traces of ammonia in the volatile forlll, and 
only trifling amounts of ammoniacal salts. It would appear that 
during the decay of such manure but little nitrogen escapes as 
volatile ammonia, thongh considerable quantities of ammonia and 
of other valuable matters may be leached out from dung-heaps by 
rain. 

In Voelcker's opinion, as stated some years after the date of 
these analyses, " Neither fresh nor rotten dung contains an appre
ciable amount of free ammonia. Under good management, dung 
loses none of its essential fertilizing constituents, and neither sun 
nor winu expels any volatile ammonia compounds from dung. It 
appears, therefore, quite unnecessary to keep dung in closed build
ings. In localities where much rain falls, and a sufficient amount 
of litter cannot be used to absorb the liquid portion of the manure, 
it is advisable to have the dung-yard roofed in and the sides open; 
but where sufficient litter can be spared in the making of the ma
nure to retain, even in rainy weather, the liquid portion, it is even 
unnecessary to put a roof oyer the dung-pit. No loss in fertilizing 
matter is experienced when dung is carted and spread upon the 
field as soon as it is possible to do so after it is produced." 

As bearing upon this question, it is to be noticed that Deherain 
has urged that his own experiments show that a large part of the 
insoluble nitrogenous matters in fresh mallure become soluble in 
the course of time, through the action d the alkaline carbonates 
which manure contains. The matters thus dissolveu soak into the 
straw and impregnate all parts of the heap, and some of them pass 
!tway in the dung-liquor, which is black because of their presence. 
It often happens, when solutions of this black matter slowly trickle 
out from the sides of an old manure-heap, that, as the water evap
orates, the material is left in the form of stalactites. It is to be 
noted, however, that this statement applies more particularly to 
very moist and thoroughly rotted manure-heaps, such as lllay of teo 

~ \ 
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be see~ on the continent of Europe. Wolff urged long IIgo, when 
treating of the increase of the percentage proportion of soluble 
nitrogen eompounds and of soluble organic matters in mllnure as 
it decays, that this increase can only occur to an appreciable extent 
in exceptional cases, as in firmly trodden manure kept in very 
moist pits, where air is excluded. Under such conditions as these, 
processes of chemical reduction wiu occur; sulphides will be formed, 
and apparently ammonium compounds also. 

It is of interest to recall the fact, that the simultaneous forma
tion of sulphides and ammonium compounds has sometimes been 
noticed in the humus of peat-bogs. In 1Yolff's own experiments, 
where cow-manure was allowed to decay in small heaps, there was 
a considerable diminution of soluble nitrogenous and organic mat
ters, and of ammonia also, according as the process of decay pro
gressed. 

Shall the Land be Manured, or the Crop? 
The question whether dung shall be applied in the fresh con

dition, or rotted, appears to be intimately connected with another 
which has not a little exercised the minds of farmers; viz., whether 
it is best to manure heavily and seldom, or lighter and more fre
quently. Much will depeud, of course, upon the character of the 
soil, and practical men have long held that, while it is safe enough 
to manure clays heavily and seldom, it is better, on the whole, to 
dress sandy loams lightly and often. (Thaer.) As regards cal
careous soils, it is a matter of popular belief in Europe that ma
nure acts quickly upon them, and bas but little endurance. It is 
held that such soils should be manured abundantly and often, and 
that there is little risk that too much manure will ever be applied 
to them. 

Gasparin was accustomed to lay no little stress on the need of 
putting enough manure on the land in the first place to "satn
rate" it fully. He argued that, since certain constituents of tile 
soil, notably clay, iron oxide, humus (and hydrous silicates), have 
the power of absorbing and holding very considerable quantities of 
plant-food, it is essential that the land should, once for all, be sul'~ 
charged with manure, in order that these fixing substances may be 
fully saturated with plant-food, so that they shall henceforth serve 
as reservoirs to supply nutriment to the crops, instead of acting as 
absorbents to withdraw food from the roots, i. e., from the soil in 
wllich the plant is standing. 
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On good soils, which have been brought to the "point of satu
ration," manure may be applied most profitahly for the production 
of merchantable crops, for the new additions of manure will now 
produce the full effect of which they are capable. 'Yhereas on 
land not fully saturated, the new additions of manure may not pro
duce more than 80 %, 75 '/0, 50 %, or even a smaller percentage 
of the effect which might properly be got from them. U !lsatu
rated land had better be devoted to forage crops than to grain or 
other merchantable products. The high cost of . producing the 
initial saturation compels most farmers to work up towards it 
gradually, and prevents them from trying to put their lund into 
first-class condition all at once. 

·While admitting the force of tllis reasoning, tlle general conclu
sion of practical men seems to have been, that, excepting cold, 
clayey land, where large quanti tics of manure may occasionally 
be applied for the sake of improving the physical condition of the 
soil, it is usually best, on the whole, to manure rather lightly and 
frequently. The quantity of manure to be put llpon farm land at 
anyone time has almost always been made to depend, in some 
measure, upon the character of the soil; for it was recognized 
very early that manure may safely enough be applied freely to 
compact clays, such as are not rea(lily permeated by the air, and 
be counted upon as a store competent to produce useful effects 
during several ,veal's. 'Yhel'ens, on light, sandy soils, and es
pecially on sandy soils which are calcareous, manure sometimes 
decomposes so rapidly that it is not easy to recover, in crops, the 
full goodness of even moderate applications of it. These experi
ences naturally led to the putting of small quantities of manure at 
frequent intervals on "leach,v" soils, and to the application of 
much heavier dressings ot' manure to stronger lands. In additioll 
to these teachings of old experience, it appears to he true that a 
tendency to apply manure often, and in somewhat smaller quanti
ties than were formerly usual, has become stronger since the time 
when artificial fertilizers came into general use. Nowadays it is 
customary to use powerful soluble fertilizers of quick action, and 
to apply no very large quantity of them at anyone time. As has 
been said, the idea now is to manure the present crop, while for
merly enryone thought and spoke of manuring the land. The 
modern idea is jnstified by what has heen l(~arned in recent years 
in explanation of the peculiar merit of fresh manure; concerning 
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the destruction of the nitl'ogen in manure, both by fermentation 
llnd by change to inert hUlllus, with the lapse of time; and as to 
the conversion of the dung-nitrogen to nitrates, which may leach 
out of the land unless the roots of a growing crop stand ready to 
absorb and consume them. 

Dung-nitrogen IVastes Slowly, 
It is well understood, of COllrse, that, in the field, the waste of 

nitrogen from fannyaru-mmHll'C is much less, and is much less 
rapid, than the waste of nitrogen from the artificial fertilizers, ni
trates and ammonium salts, lUuch of the nitrogenous organic 
matter in furmyal'd-manure decomposes iu the ground so slowly 
that it can neither be used freely by crops nor wasted rapidly by 
drainnge. In the experiments of Lawes and Gilbert, where farm
yard-manure was applied for wheat every year for 25 ye!U's in sue
ces:sion, analysis showed that the top 9 inches of soil contained 
nearly twice as large a percentage of nitrogen as the correspond
ing layers of (~ontignous plots of httlll that had been dressed with 
artificial fertilizeI'll, and whie-h, though they had received much less 
nitrogen anllually, in the f01'111 of ammonia salts or nitrates, had 
nevertheless ,vieilled lnrger crops. 

In their experiments Oll permnnent gruss-land, one plot received 
14 long tons of fannyanl-rnanure, containing about 200 lb. of ni
trogen pel' year and per aC're, for 8 years, and gave an aVCI'uge 
produce of 4,800 lb, of hny, ~tgainst 2,700 lb. on the UIlTllll.llUred 
plot. During tl!f~ next 11 years, neither farmyard-manure nor any 
other fertilL,er was appliell to the plot which had previously been 
dnnged, and the average pl'oc1w:e for the 11 years was 3,800 lb. of 
hay agninst 2,200 lb. on the" ulllllanured pInt" which had received 
no manure from the beginning. The total increase during the 8 
yeul's when manure was ftpplied was 17,000 lb. of hay, and the 
total illerease during the next 11 years, due to the influence of the 
dung previously applied, was 17,200 lb.; but it was noticed that 
the erops fdl off very much during the later years, and that they 
averaged considerably less thau one-half as lUuch over the last 5 
as ovcr the first G of the 11 years. In the words of Lawes, "It 
is probuble that, tInting the whole 1~) years, not more than two
thirds as mu(·l! nitrogen has been relllove(l, in th:-:: total produce of 
hay, as was suppliell in the manure, and the increase of nitrogen 
over thut container! in the permanently ullllHwured produce has 
probably not been one-fourth as much as was supplied." 
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Guano applied by Instalments. 
Some of the experiments that have been made with Peruvian 

guano applied by successive instalments, illustrate very well the 
significance of fresh manure, for the constituents of guano are 
closely analogous to those in fresh animal excrements, and they 
speedily undergo change in the soil. It is often cOlnplained of 
guano, that its effects are fugitive, but the real trouble is evidently 
with the clumsy methods of applying it which are in ordinary use. 
So it is with dung and urine, and if it were but possible to bring 
these fertilizers to the fields continually in appropriate quantities 
in the fresh condition, the best possible utilization of them (chemi
cally speaking) would doubtless be obtained. 

Stoeckhardt applied guano at the rate of 1.5 Centner to the Mor
gen (= 0.631 acre), and obtained the following relative weights 
of sheaves of oats: -

Guano all applied at seed-time . . • . • 
Half at seed-time and half before the crop 

had begun to shoot. . . . . . . . • 
One-third at se,ed-time, one-third before shoot

ing, and one-third before blossoming 

In the Year 
1867. 
100 

147 

168 

In 1861, his experiments resulted as follows:-

In the Year 
1858. 
100 

113 

133 

On a Poor On a Strong 
Sandy Soil. Clay Soil. 

Guano all applied at seed-time . 100 100 (assumed.) 
Guano applied twic€' at seed-time 131 134 
Guano applied after the seed once 100 100 (assumed.) 
Guano applied after the seed twice 115 112 
Guano applied after the seed thrice 162 161 

In considering ~llch experiments as these, it must never be for
gotten that beside supplying the crop with food, fertilizers often 
act as ameliorants either directly by improving the capacity of the 
land to hold water, or, indirectly, by enabling the roots of plants 
to penetrate more deeply in search of moisture than they could 
have done if food had been less abundant, as has been stated on 
p. 473 of vol. 1. Hence one reason for arguing in favor of 
manuring the land, as well as each particular crop. This point 
may be illustrated by a reference to some experiments by Lawes 
and Gilbert, as set forth in the following table, which shows the 
average yield (total produce) of certain crops, both under ordi
nary conditions, and in a year (1870), of extreme drought. 
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Hay. Wheat Barley. 
lb. lb. lb. 

ATerage yield per year and acre, without manure 2,391 2,398 2,453 
Yield in drought of 1870 . 644 2,002 1,489 
Deficiency in 1870 1,747 396 964 

With farmyard-manure, average 4,604 6,016 5,856 
-With farmyard-manure in 1870 1,556 5,09'2 4,949 
Deficiency in 1870 3,048 924 907 
With ammonia salts and mineral fertiJizers, average 5,794 6,267 5,786 
With ammonia 0&lt8 and mineral fertilizers, in 1870 3,306 5,836 4,287 
Deficiency in 1870 2,438 431 1,499 

These results indicate clearly how helpful fertilizers, and espe
cially dung, may be to grain-crops in times of drought, and they 
illustrate also the well-known fact that grass is apt to suffer more 
than grain in long-continued dry weather. The barley grown on 
the dunged land douhtless profited especially from the increased 
power of the soil to hold water in its upper layers, due to the 
presence of the manure. 

Lawes and Gilhert have stated that, unless a very great excess 
of rain has fallen, water never runs from the tile-drains in those 
plots of their experimental field which have been dressed year 
after year with dung, because the manure has greatly increased 
the porosity of the soil. " The fact is that whilst the pipe-drains 
from everyone of the other plots in the experimental wheat-field 
run freely, perhaps 4 or 5 or more times annually, the drain from 
the dunged plot seldom runs at all more than once a year, and in 
some seasons not at alL" It was found, on trial, that the dunged 
land when saturated with water retained, within 12 inches from the 
surface, an excess of water equivalent to about 1.5 inch of rain 
more than was held to the same depth on adjacent plots that were 
unmanured, or manured with artificial fertilizers. Not only did 
very little water escape through the drains of the dunged land, but 
the proportion of nitrates in this water was less than that in the 
water which escaped from plots fertilized with ammonium salts. 

Litter needs to be Batted. 
Practically, as a mere matter of labor, stowage capacity, and 

convenience, it would be difficult for most farmers to bring more 
than a small portion of their barnyard-manure to the land in the 
fresh condition. 

Moreover, fresh stable-manur(; almost always contains in prac
tice an admixture or straw, cornstalKS, ana other" long" litter. 
which would seriously interfere with the appiiCatloi" of the maHure 
to the land, and which render it ullllOlllogelleous also. It is true 
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that, on some kinds of land, the long manure might do good, 
physically speaking; i. c. many a heavy soil might be lightened by 
means of it. In the cultinttion of newly-reclaimed polders (silt
land) in Belgium, it is thought to be essential to success that, 
when grain-crops are harvested, the straw shall be left standing 
knee-high, so that by plowing in this tall stubble, the too compact 
soil may be duly lightened and aerated. But, to say nothing of 
the trouble of incorporating it with the soil, it might often happen 
on soils in good tilth, in case uurotted manure were buried directly, 
that a good part of the straw would escape decomposition, and 
consequently exert no immediate fertilizing action. It might even 
do serious harm lly lightening the land unduly. 

On light lands, in some parts of England, it was a rule of prac
tice that. manure from the straw-yard should all be applie(l to the 
land in the autumn, and intimately mixed with the soil; for if 
laid on in the spring, it woul<l keep the land open and so much 
increase the effect of drought that the crop might be greatly in
jured or eyen destroyed. In any event, it might happen that the 
dung alone would go to nourish the pr('sent crop, and an entire 
season might elapse before the straw had decomposed suffiCiently 
to render its constituents fit food for plants. 

It has sometimes been urged that these last considerations do 
really indicate the limit to which the fermentation of long manure 
may be profitably pushed; to the point, namely, where the straw 
or other litter begins to lose its integrity, and admits of being tal'll 

apart with scarcely any effort. 
It is probable that this point of incipient change is really the 

one to be aimed at as tlu) point of greatest advantage, all things 
considered, though it is manifest that only a comparatively small 
proportion of a year's stock of manure can be employed in just this 
or in any other one particular coudition. The convenience of each 
farmer will, of course, determine how much of his manure he will 
carry out green, and how much after fermentation. But it is none 
the less desirable that the best way of doing the thing should be 
kept in "iew and striven for. It is to be remembered withal, that 
when straw has been drenched with urine or with (lung-liquor, the 
alkaline constitucnts of these liquicls serve to dissol\"e thc allmmi
nous matters and certain other constituents of the straw, aud thus 
help to diSintegrate it. 
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Merits of Rotted Manure. 
It is to be remembered that certain anaerobic ferments act 

chiefly to destroy the woody fibre in manure, both that in the lit
ter and that in the dung itself, so that the proportion of fertilizing 
matters - nitrogen, phosphoric acid and potash - may be actually 
larger in the well-rotted product than in the fresh manure, al
though the character of the nitrogen compounds must have been 
very thoroughly changcd. For some purposes, the nitrogen in 
well-rotted manure is highly esteemed, while for other purposes 
the nitrogen (urea) of fresh manure is to be preferred. On the 
whole, there can be little doubt that the chief reason why short 
manure is commonly thought to be hetter than long manure must 
depend upon the fact that, provided the rotting has been thorough, 
the short manure is really a highly concentrated product. Much 
of the shrinkage in volume which occurs when manure fermcnts 
tends simply to concentrate the fertilizing matters in it through 
the loss of non-essential substances, such as cellulose or woody 
fihre, for example, though, as has been urged already, some part 
of the diminution is due to an actual waste of uscful ingredients. 

Boussingault, for his part, did not hesitate to insist that there 
may be " an immense advantage" attending the fermentation of 
manure, in that the product, provided that the fermentation has 
been discreetly controlled, may he of greater value under a smaller 
bulk and less weight. He urges the very important saving of car
riage in the case of the fermented dung, as, for example, when it 
has lost a third of its weight by the process. 

The remark is true, not only in respect to the hauling out of 
manure, but also as to the distrilJUting of it. It is possible, of 
course, to lay long, strawy manure in the fUl'rows as fast as they 
are made, so that the plough may cover it in at the next turn, as 
is often done in fact, in certain European localities, on heayy 
clay land; hut the labor thus expended must I1sually exceed in 
v.alue whatever chemical substallce would have been lost ill case the 
manure had been fermentcd, and the waste of labor is palliated 
rather than done away with when snch manure is worked into the 
land by menns of machines, such as disk-harrows or the like. 

One advantnge to be credited to long manure on clays, in situa
tions where the soil would not be liahle to become too dry, is that 
it lightens the soil so that air is admitted freely enol1gh to nitrify 
the strawy manure more rapidly than well-rotted manure could be 
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nitrified in its place. But there is always a risk that soils charged 
with strawy, unrotted manure may be left too loose and open for 
the growth of seeds or young plants, especially if dry weather 
should set in soon after the sowing. 

The most thoroughly rotted manure at one's disposal would 
naturally be put upon light soils, and upon those highly cultivated 
fields which are to be managed as if they were gardens; the long 
manure would be relegated to heavy land and to crops not requir
ing specially careful management; while for a large portion of the 
farm the half-rotted material just now describcd might he prefer
able, all things considered, to either of the others. It is known 
that, while the nitrogenous constituents of urine and of fresh ma
nure are apt to nitrify very rapidly in light soils that are not too 
dry, the constituents of old, well-rotted manure nitrify in ~uch 
soils slowly and steadily and maintain a constant supply of easily 
assimilable food. It is to be remembered, withal, that, from the 
discussion in Chapter XII of expcriments on the comparative value 
of nitrates and ammonium salts as plant-food, it has appeared that 
some kinds of crops may perhaps prefer the nitrogen JIJ old manure 
to that in frcsh manure, while somc other plants lllay do best whcn 
fed with urea and the other nitrogenous constituents of freshly 
voided excrements. 

One reason why thoroughly rotted stable-manure is so much es
teemed is, that, taking the whole mass of it into consideration, it 
may act more quickly than long manme. A larger proportion of 
each ton of the mixed matters is already in a condition fit to be 
taken up by the roots of plants. This consideration is douhtIess 
more important in the case of spring wheat and of harley than in 
that of some other kinds of plants, and it was more important for
merly, in the days when artificial fertilizers were not to be had, than 
it is now. The life of spring-sown grain-plants is comparatively 
short; their growth is completed in the course of a few months, 
and the period during which they can consume manure may be 
counted by weeks. Hence it lIlay happen that, while some part 
of the fresh manure would act only too speedily, the decomposi
tion of the remainder might not be rapid enough fully to supply 
the wants of the crop. Bnt in the case of plants of another habit 
of growth, such as Indian corn, for example, this objection would 
have less weight. 

\u dry seasons, and particularly for light soils, the quick action 
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of an abundant dressing of well-rotted manure would have the 
merit of giving the crop a start, so as to enable it the better to 
survive the subsequent hardships. The humus of the well-rotted 
manure would, moreover, often serve a better purpose, in case of 
drought, than the long, unfermented litter from which it was de
rived. 

Stmw must be Rotted. 
The importance of rotting thoroughly the straw in farm-manure 

il:l often insieted upon by practical men in grain-growing districts. 
Thus, in laying down rules for the treatment of manure, some of 
the 'Yestern New York farmers have enjoined, 1st, that the barn
yard should be so arranged that no part of the manure can run out 
from it; 2d, that straw enough should be used to absorh all the 
liquid portion of the manure; and, 3d, that the strawy mixture, 
when hauled to the fields in the spring, should be piled in rather 
large, high heaps, with square sides, and with the top somewhat 
hollow in order to hold water. 

They say that, if the top were built rounding, or slanting like a 
roof, so little water would soak into the heap that the straw would 
not rot. Even when a heap of very strawy manure is well built, 
with a saucer-like depression on top, its sides will not dt'cay. In 
order to rot the straw in them, the sides may he parcel off after a 
while, and thrown on top. A heap of strawy manure that has been 
well built in the spring will he in condition to he cut with a spade 
by ,Tuly. Practically, it would be used in August or September on 
winter grain. Manifestly, the addition of " preservatives" - snch 
as gypsum, salt or Stassfurt salts - to manure of this kind would 
be likely to do more harm than good. It is to be observed, also, 
that such long, dry manure as this of which the New York farmers 
speak, would not profit by being kept under cover. Indeed, it 
would be apt to suffer injury if the heaps just sJloken of were 
made in sheds. U nlcss the manure be at least three-quarters cow
dung, the keeping of it in sheds is said to be inadmissible. Theo
retically, sheds might serve well enough for keeping the manure 
from cows in New England, and yet be of no use, or be worse than 
useless, for the manure of farms that are devoted to grain-grow
ing, unless, indeed, the arrangements of the grain-farm are such 
that the straw shall be fed out to stock in conjunction with some 
kind of wet food, like distillery refuse, or the potato-slop and 
beet-root pulp of Europe. The tendency of manure to injure it· 
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self by fire-fanging is one danger to be avoided, as well as the risk 
of leaching by rain. Sheep-manure or horse-manure, left to itself 
under a shed, would be liable to fire-fang. 

Even out of doors, heaps of horse-manure are apt to suffer, un
less frequently rained upon. In building such heaps, it is well to 
throw in oceasional layers of peat or loam, to hinder obnoxious 
fermentations. On the other hand, if manure were exposed too 
long to an excess of moisture, and particularly if it were admixefl 
with leaves or pcat rather than with straw, it might pass into a 
cold, sour condition, and form faulty humus analogous to that in 
a peat-bog. So, too, if acid substances were admixed with ma
nure, the fermentation of it would be checked, and the straw or 
other litter would not be decomposed. On this account, it may 
well be doubted whether it would be wise to add sulphuric acid, or 
eyen copperas, to manure, though such additions have been pro
posed as a means of "saving the ammonia." 

In experiments made by Frear in Pennsylvania, the manure pro
duced in a stable of 30 cows and 10 horses (where the animals 
were littered with the minimnm amount of straw and sawdust con
sistent with cleanliness) was stored in two similar large and com
pacted heaps, one of which was kept out of doors in a dished yard, 
the surface of which was covered with puddled clay, while the 
other heap was kept under a shed whieh was open on one side and 
was wholly above ground. It appeared, both in the summer and 
in winter, that the open-air heap contained more moisture than 
the other, and that during the whole year less material was lost 
from the open-air heap than from the one in the shed; though the 
heap in the yard suffered slightly from the leaching action of rain. 
In summer, there was a larger loss of organic matter from the 
out-floor heap than from the sheltered heap, but in winter the 
reverse of this seemed to be true. The loss of nitrogen agreed 
with that of organic matter, and it was evident that this impacted 
manure suffered especially from overheating under the shed in the 
winter, and when exposed to the sun in the summer. 

From a general view of the subject, it would appear that, 
although some system of ensilaging manure might be theoretically 
excellent, the plan is hardly called for as regards cow-manure, 
which can be managed fairly well in less costly ways; while for 
manures that contain much straw that needs to be rotted, ensi. 
laging is plainly inadmissible. For preserving fresh human excre-
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ments, silos may serve a good purpose. The Chinese have, in 
fact, used them to this end in their rice-fields time out of mind. 

Nitrates hm'dly form in Dung-heaps. 
It is not easy to speak in any very definite or authoritative way 

about the formation of nitrates in the dung-heap. Undoubtedly 
some nitrates and nitrites are formed neal' the sllrface of old heaps 
of manUl'C, in spite of the fact that rotting manure must act as a 
reducing agent, and so tend to hinder their formation. Voelcker 
found consideralJle quantities of nitrates, though not enough to 
estimate quantitatively, in the dark-brown liquid, leached out by 
rain, that drained away from an old, well-rotted heap of manure, 
consisting of a mixture of the dung of horses, sheep, and stall
fed cattle j the inference being that the nitrifying ferments were 
able to live and work at or near the surface of the heap. But in 
a still darker and much more concentrated dung-liquor, that had 
drained out of a heap of fresh horse, cow, and hog-dung, he could 
detect only traces of nitrates. He noticed, also, that the liquid 
frolll the fresh dung-heap contained less than half as much com
bined ammonia as the otter, manifestly because a good part of the 
organic nitrogen compounds natural to the frest manure had not 
yet suffered decomposition. 

Experiments by Holdefleiss go to show that comparatively little 
nitre forms in heaps of manure which are kept constantly lIloist 
by repeated applications of dung-liquor, though appreciable quan
tities may be produced in earth-covered heaps, and in those on 
which phosphatic gypsum has been scattered. The presence of 
Stassfurt potash salts on the other hand decidedly hinders nitrifi
cation, manifestly by poisoning the ferments. In the following 
table, the amouuts of nitric acid are stated in per cents of the 
total nitrogen originally contained in the manure. In each case, 
the samples examined were taken from heaps of well-conditioned 
lIlanure that had been kept for several months. 

Heaps kept moist 
Manure. with dung-liquor. 

Nitric Acid. Ammonia. 

Heaps not moiltened. 

Nitric Acid. Ammonia. 
% % % % 

Covered with earth 8.5 6.6 18.00 
Strewn with phosphatic gyp8um. . 4.6 6.5 10.13 0.54 
Strewn with potash salt. . . . . 0.6 6.6 7.17 3.75 

Alexander MUller found that, while urine that had been diluted 
with a great deal of water nitrified rapidly without emitting any 
odor, a quantity of faeces that had been mixed with 400 parts of 
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water continued to give off offensive odors of putrefaction for 
mouths, and was only very slowly subject to nitrification. 

Forking over of Manure. 
The common practice of turning over manure, so as to expose 

it to the air, that is to say, the tossing np of the manure from a 
compact heap into a loose heap, must tend to the formation in 
time of uitrates in SOUle parts of the heap, :l1H1 may have been in 
some p:lrt justified formerly by this consideration, though com
monly the forking over is resorted to either to cheek fermentation 
when the heap is in danger of getting over-heated, or to excite 
new fenllent:ltion when the first quick :lction has abated, in order 
to hasten the decay of the litter. As has been stated on a pre
ceding page, the activity of ferment organisms - even tbl1t of 
un:lerobic ferments which Lave become sluggish - is accelerated 
by admitting to them fresh supplies of air. 

III general it lIlay be said that the purpose of the forking is to 
check or promote, i. e. to control, ferment:ltions of other kinds 
than those which cause nitrification. It is not improbable, in
deed, th:lt the "tempering" of trw manure, i. e. a mitigation of 
its rankneS8 by changing the chamcter of the nitrogen compounds 
originally contained in it, lllay have been of considerable import
ance at a time when the farmer's first thought was to grow heavy 
crops of grain by means of farmyard-manure. For, in order to 
obtain such crops, care has to be taken to avoid too rank a growth 
of straw, such as would almost inevitably follow heavy applications 
of fresh manure. 

Loss of Ammonia? 
A good deal used to be said about the loss of ammonia during 

the fermentation of manure, and numerous receipts for saving this 
ammonia by Tlleans of gypsum, or copperas, or sulphuric acid, or 
the magnesium compounds in St:lssfurt potash salts, have been 
published. The significance of these additions has already been 
set forth; but, with the exception of the actual stable-floor or 
standing-room of the anima18, it does not appear that much am
monia i8 lost from cow-manure during the ordinary conditions of 
fermentation. It is a fact constantly to be insisted upon, that the 
risk of losing amlIlonia from manure applies more particularly to 
dry heaps. Practically next to no ammonia is lost from manure
heaps which are kept in a moist condition. I ndeed, according to 
DeMrain, it happens in heaps of manure (dung, urine, and straw) 
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which are kept properly moist, that much of the ammonia, that 
forms at first froll! the decomposition of urea, is changed by the 
action of ferment organisms into compounds of nitrogen, which are 
very unlike the ammonia from which they were derived. He 
noticed also that these organic nitrogen compounds dissolve in no 
inconsiderahle quantity in the alkaline dung-liquor. During the 
actual ferlllentation, some of the dtrogcn frolll the ammonia lllay 
be lost as frt'e nitrogen gas, especially from those parts of the 
heap to which the oxygen of the air has easy access; but the loss 
of allllllonia as such is usually extremely small, so long as the 
heap of manure is kept moist. 

The less moist horse-lllanure, when left to ferment in loose 
heaps, give:; off, as everyone knows, large quantities of ammonia. 
For the sake of the object-lesson, German farmers have occasion
ally lml air from a horse-stable over or through porous materials 
saturated with murbtic add, and have evaporated to dryness the 
solution of ammonium chloride thus obtnined, in order to exhibit 
the concrete substance. T have myself seen, at a cattle-show in 
Prague, a massive block of ammonium chloride which had been 
obtained in this way. 

It hllS been noticed in the experiments of J ent)'s, that even in 
the case of horse-dung, the loss of ammonia occurs chietly during 
the early stages of the fermentation, and that after a short time, 
the los:> of amIllonia from solid excrements may amount to little 
or nothiug. In experiments on fresh dung, he found that some
thing like one-tenth of the tottll nitrogen passell illto the state of '\, 
anllllonia in the course of a month, while nine-tenths of the nitro
gen was fouml to be in organic forms, some of whieh appear to be 
llot readily assimilable hy plants. In the case of mixed solid and 
liquid excrements, however, the loss of aJlllllonia was more con
siLlerahle. It is a matter of familiar observation that from cow
manure, and the ordinary mixeLl manure of the farmyard, so long 
as it is kept moist and compacted, no very pronollnced fumes of 
ammonia arise. Voelcker, in his experiments on mixed farm
manure, found that free amlllonia was disengaged only when the 
dung-heaps were in a state of active, hot fermentation. No am
monia was given off when the heaps of manure were quite cold. 
As he remarks, " In the interior of large henps the heat is often 
very great, - the thermometer rising to 1 :wo 01' 1500 F. ,- and it 
IS from tbis part of the heap that aIllllloni.l is given off when 
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manure is forked over. But so long as the heap is left at rest, the 
ammonia at its interior does not escape into the air, because it i~ 
restrained by those portions of the manure which are kept cold by 
the surrounding air. The external cold layers of dung-heaps act 
as a mechanical and chemical filter with reference to the ammonia. 
. . . Dung-heaps that have been placed in a field cease to give 
off ammonia after a short time when settled down to a firm mass, 
but on turning such heaps, a very powerful and pungent smell is 
perceptible. Each turning of a manure-heap thus is attended 
with a certain loss of ammonia that escapes from the heated 
manure. But at the ontside of an undistnrbed heap which has 
had time to consolidate no ammonia is perceptible; even delicate 
red litmus paper is not altered in the least." Deherain also, on 
collecting and analyzing the gases taken from the interior of moist 
heaps of manure, could not detect any appreciable quantity of 
ammonia. 

Voelcker urges that, when ammonia forms in heaps of well-kept 
farm-manure, through the fermentation of nitrogenous organic 
matters, llUlllic acids are produced at the same time, which com
bine with the ammonia, and fix and hold it against loss through 
volatilization. These humates and ulmates of ammonia are solu
ble in water, and are rea<lily leacheu out of the heaps hy rain. To 
the presence of such compounds, dung-liquor owes its dark hrown 
color. In consonance with this view, Kellner has observed that 
during the fermentation of moist organic matter, 1. e. during such 
fermentations as occur when green plants are packed in silos, con
siderable quantities of ammonia are formed, and that this ammonia 
is held in combination by organic acids, both volatile and non
volatile, which are formed at the same time. Meanwhile, no free 
nitrogen gas is exhaled, at least not in the case of fermentations 
due to the presence of the lactic ferment occurring out of contact 
with the air. An exception to this rule occurs when the plants 
happen to contain nitrates which are deoxidized in the silo with 
loss of nitrogen gas. 

·With regard to the notion that chemical agents should be ap
plied to manure-heaps, "to hold the ammonia," Voelcker says, 
as there is, practically speaking, no free ammonia in either 
fresh or rotten farmyard-manure, the addition of such chemical 
agents as change volatile compounds of ammonia into non-volatile 
combinationJ is unnecessary and useless. in so far as this particu-
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lar action is concerned. It is but fair to add that the same con
clusion had been reached and proclaimed by Boussingault, long 
before the time of Voelcker's research. 

Ashes of Dung. 
It is evident enough, from the foregoing statements, that, for 

cold and temperate climates, and for most crops, the nitrogen in 
dung and urine is by far the most important constituent of farm
manures, i. e. economically speaking. In an experiment tried by 
Boussingault, in Eastern France, the ashes left on burning 22 tons 
of farmyard-manure were applied to one acre of land, which had 
been somewhat impoverished by cropping, while a contignous acre 
of similar land was dressed with 22 tons of the manure itself. 
Oats were sown on both thc acres, and there was harvested from 
the lund dressed with ashes 4 times as much grain as had been 
sown, while the dunged land yielded 14 times as much grain as had 
been sown. 

In a subsequent chapter, further eYidence will he set forth to 
show why it is that farmers should take special pains to preserve 
the dung-nitrogen carefully, and to llpply it understandingly. But 
it is true, nevertheless, that in some conntries - notably India and 
certain marsh-land districts in Southern France - only the ashes 
of duug are applied to the lal1(1. Even in the time of the Romans, 
as Pliny tells us, the farmers of some parts of Italy were in the 
habit of burning dung for the sake of its ashes, which they pre
ferred to the dung because the ashes are light and can readily be 
transported and applied. The ashes were not used indiscrimi
nately, however, by the Romans 011 all kinds of Boils, nor were 
they employed for promoting the growth of shrubs or of some of 
the cereal grains. But in I~ndia, eyen at the present time, it is, 
customary, almost everywhere, to knead into cakes, together with 
broken straw, all the cow-dung that can be procured, and to dry 
these cakes in the sun for fuel. On asking, near Lucknow, why 
they did not reserve their cow-manure for the land, Mr. Caird was 
answered as follows; "~What would you? 'Ye cook our food with 
it, we warm our bodies with it, and then we use the ashes as ma
nure." In Egypt, also, as in India, cow-dung is made into cakes 
and dried to serve as fuel for cooking food. 

Tt is noticeable that the use of dung-ashes prevails specially in 
hot countries where nitrification is particularly rapid j and that 
usually the ashes are applied to soil., rich in Imll1us. Hitherto, 
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and it is to be noticed also that the presence of peat in the mix
ture may cause the manure to ferment to better advantage than it 
would have done by itself. This thought not only bears directly 
upon the question of preparing composts with dung, but, as has 
alrcady been snggested, it is most intimately connected with the 
problem how best to preserve manures. 

C01n]!osting saves ""'lfaml1·e. 
As matters actually stand, there appears to be little doubt that 

the results of practical experience teach that, in many situations, 
a larger proportion of the useful ingredients of dung and Ill:ine can 
be saved by mixing these substances with comparatively large 
quantities of peat, or loam, or clay, or straw, or leaves, before 
fermentation has set in, than by suffering the excrement to fer
ment in the barnyard by itself. Mention has already been made 
of the fact that horse-manure may be preserved by mixing it with 
enough moist peat or loam to check the action of the fungus 
which causes "fire-fanging." But in snch admixture may be 
seen the beginnings of the so-called process of composting, and it 
may be said, truly enough, that compostillg is practised in some 
sort wherever loam and peat, or eyen straw or leaves are used for 
bedding animals. 

It may be well at this point to recur to the practical experience 
of farmers, and to cite some new examples from it, though it 
needs to be said, at the start, that many farmers are strongly op
posed to the use of loam bedding in cow-stables. Their objections 
are based, however, mainly upon the dirtiness of the earth and 
the labor of handling it; the criticism does not depend upon 
chemical considerations, and most farmers seem to agree that cow
manure may be very well preserved by the earth. Some farmers 
have claimed, indeed, that cows can be kept clean enough for all 
practical purposes by using straw for bedding them, in conjunc
tion with the loam; and they hold that the trouble thns taken is 
more thau paid for by the comfort of the animals and the increase 
of manure. Probably peat or loam covered with sawdust would 
serve a good purpose. 

Lacon jor bedding Animals. 
In Egypt, on the Nile Delta, in March, 1879, when the river 

was low, Caird noticed that" Manure is collected by carrying in 
earth to bed the stalls in which the cattle are placed at night, and 
where they receive forage. Nothing is allowed to run to waste." 
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But, as is well known, most of this manure is dried to serve as 
fuel. 

Rotcnhan, in Germany, describes as follows his method of bed. 
ding 100 head of neat cMtle during the winter months OIL nothing 
but loam. A linc of heavy jOiHts is laid down and firmly fastened 
to the floor behind the animals, i. e. between them and the gang· 
way, in oreler to hold thc loam in place. The whole of the stand
ing-room lwtween these joists al1l1 the cribs is fillell with a layer 
of dry loam, the depth of which is as much as 8 or 10 inches at 
the re:.tr, i. e. next the joist. In this way a horizontal layer of 
earth is provided for the animals to stand upon. 

Thr~e or four times a day the dung, with whatevcr loam hos 
become moistened with urine, is scraped out and left in little heaps 
behind the animals, while the holes and irregularities of surface 
that have lwen made by removing the loam are filled up or 
smoothed off by scraping into them earth from other parts of the 
bed. Once a day the heaps of dun!J; and 10aIll are thrown out 
into the yard. At the end of eyery fortnight or three weeks, the 
standing-room is cleaned out and a new layer of loam laid down 
in it, for the reason that the continual trampling of the cattle im
pacts the enrtll so firmly that it can no longer absorb urine as 
quickly as is dl'sired. 

In order that the animals Illay be kept clean, dry, and healthy 
in this way, it is essential that the earth should be dry. Sandy 
loam does well, ami so do loams rich ill humus, but cbys are bad. 
The more humus there is in the earth, so much the bx~er will its 
POWel' of absorhing water be, and so milch the smaller quantity of 
it will be required. The use of dry peat for this purpose is not 
uncommOll. Rotenhan cartell the loam ill autumn and kept it 
under a roof. Each of his animals appears to haye used as much 
as olle or two two-horse 10a(ls of the loam eyery month. Heiden 
computes th:1t, for 1000 lb. of liYe weight, cows will need some 
180 Ih. of loam (2§ cllbic feet) per diem ill order that they may 
stand tolerably dry. 

Another way of applying the carth is cite(] by S. W. Johnson 
ill his essay Oil "Peat and its Uses." lUI': Holhrook of Brattle
boro', Vt., every morlling before cleaning the cow-stable, throws 
a bllshel- basketful of peat upon the dung behind each of the 
animals. The peat absorhs cOlllpletely the urinc allcl other mois
ture of tbe manure, which is held in a water-tight trench behind 
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the cattle, and the warm mixture soon enters into fermentation 
when thrown from the stable. 1\11'. Holbrook, looking at the mat
ter as a making of manure from peat rather than as a saYing of 
manure by peat, maintains that "much more peat can be well 
prepared for use in the spring in this way than by any of the 
ordinary methods of composting." 

Compost-Heaps. 
Many farmers prefer to make their compost in heaps. A com

mOil plan is to lay down a bed of peat six or eight feet wide and 
a foot or so thick, to cover it with a layer of dung of somewhat 

_ less thickness, followed by another layer of peat, anll so on, until 
the heap has become three or four feet high. Yariolls proportions 
of peat are employed hy different farmers in the preparation of 
these compost-heapR. The ordinary range is from 1 to 5 loads of 
peat to 1 load of manure, according to the kind of peat alld the 
quality of the dung. Rich dung from stall-fed horses or fatting 
cattle will bear more peat than that from animals less highly fed. 
lf there be much straw 01' other litter in the manure, less peat will 
be added to it than if the dung were clear. Generally speaking, 
the farmer would naturally tend to use more or less peat in co 1l1-

posting, according a;; his land is light and sandy and ill need of 
humus, or already charged with that substance. 

The practical rule is to use no more peat "than can be fer
mented thoroughly by the manure," though it may perhaps fairly 
be questioned whether this rule should be applied rigidly in all 
cases. Possibly a better rule would be not to use enough peat 
or other admixture wholly to preyent the dung from fermenting. 

In case the dung were free from long litter, it is possible, though 
not probable, that it might be still better in some cases to mix as 
much peat with the dung as would just preyent it from ferment
ing, though it might perhaps be difticult to accomplish this pur
pose. There would be a certain risk withal, if peat enough were 
used to preyent the dung from fermenting in the usual way, that 
the heap might proceed to ferment ill some other unusual and 
hurtful way, and so destroy itself. 

Probably there are many cases where it would be well to keep 
dung and mine in the barnyard fresh and raw by means of peat, 
if that could be done without too rnucil labor, eyell if the peat 
should remain unfermented, though it might be impracticable to 
accomplish this result unless the mixture were to be put in a silo, 
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and if a silo were to be used the peat might w'lll be digpensed with 
altogether. Hence the second rule suggested, not to use enough 
peat wholly to prevent the dung from fermenting, may possibly 
be the best of the three. From what has been said already under 
Farmyard-Manure, it is plain that, in order that peat or other 
litter shall act to preserve manure, the mixture must be kept moist 
and firmly compacted. The risks which attend the free admission 
of air to such materials will be considered more fully hereafter. 

Practically, the amount of peat to be used must always be de
termined by considerations of economy relating to the particular 
farm 011 which the compost is to be made. So long as peat can 
be hauled at small cost by men and teams belonging to the farm, 
at times when work is slack, and no more profitable way of ex
pending the labor can be found, it will be well to haul it, provided 
that the cost of labor to be expended in preparing the compost 
and in distributing the bulky material in the fields is less than the 
cost of obtaining an equiyalent quantity of commercial fertilizers 
would be. 

Composts require milch Labor. 
As regards weight and the amount of water which it can hold 

in its pores, swamp muck differs less from farmyard-manure than 
might be supposed. As tested by Henry Stewart, a cubic foot of 
soft, wet muck, such as could be cut like butter, although it was ; c 

somewhat fibrous, weighed, as taken from the bog, 67 lb. ·When 
dried in warm air, it gave off 83 % of water. At the same time, 
Stewart found that fresh horse-manure, free from litter, when 
pressed tightly into a box with a rammer, weighed 64 lb. to the 
cubic foot j a11(1 that fresh cow-manure, free from litter, and 
similarly packed, weighed 66} lb. to the cubic foot. Cow-manure 
taken from the bottom of a heap, where it was saturated with 
urine and had become partly rotted, weighed 70-1 lb. to the cubic 
foot. 

On the other hanel, it must always be remembered that the com
mercial fertilizers arc concentrated and compact, and that the cost 
of distributing them is small. It is true, in fact, that the widely 
extended use of these fertilizers in recent years, or rather the 
ability to procure them reatlily, has caused composts to fall into 
disrepute. Compost-heaps are established much more rarely now
adays in New England than they were formerly j though the re
mark, as quoted by Professor Johnson, that" the composting ot 
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muck and peat with stable and barnyard-manures is surely des
tined to become one of the most important items in farm manage
ment throughout all the older States," is probably still true of a 
land of small proprietors, for whose labor there is at times no 
profitable outgo. It can hardly be accepted, however, as it stands, 
with regard to farms worked by hired labor for the sake of money 
profit only. In the immediate vicinity of a city, moreover, it 
would usually be more profitable to expend labor in hauling out 
horse-dung or night-soil than in building compost-heaps. 

C01npo8tillg sa,l'es ~Yitl'Ogen. 
As has already been intimated, there is still much to be learned 

with regard to the chemical changes which occur when manures or 
composts ferment. It is to be presumed, of course, economically 
and practically speaking, that no process of fermentation can do 
more than change the things which are originally present in the 
dung or in the peat into new forms. It is not to be supposed that 
enough nitrogen can be absorbed from the air and fixed in a single 
compost-heap to be of mllch practical significance. Y ct there are 
many peats, which long experience has shown to be good for 
making composts, that appear at first sight to contain no very 
large quantity of matters useful for vegetation. A peat of ex
cellent reputation, analyzed by S. 'V. Johnson, was found to con
tain, when in the air-dried state, three per cent of ashes, more 
than half of which was mere sand, and one and a half per cent of 
T,~;.·ogen, upon which, of course, the chief value of the material 
mU:'1t depend. This peat was compos cd almost entirely of carbon, 
hydrogen, and oxygen, neither of which elements can be classed 
among fertilizing substances j whence it is plain that, excepting as 
regards its nitrogen, no very large amonnt of plant-food can be 
got directly from a peat even so good as this one. 

Rut in addition to the nitrogcn which is contained in them, there 
are several ways of accounting for the utility of peat. First of 
all, it is to be noticed that peat, at least when in its crude state, 
is an antiseptic or gcrmicide agent of considerable power. 130111' 

peat will kill the micro-organisms that cause fermentation, or pre
vent them from thriving, so that active fermentation could hardly 
OCCllr in presence of any considerable quantity of it. This fact 
goes far to explain how it is that peat, when used for bedcling 
animals or for absorbing their liquid dejections, serves so well to 
preserve the manure, i. e. by delaying fermentation. 
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Moreover the humic acids in peat, even that which has been 
thoroughly weathered, are highly effectiYe agents for absorbing 
ammonia. In this respect, Professor Johnson found that a swamp 
muck from the neighborhood of New Haven was capable of ab
sorbing 1.3 % of ammonia, while ordinary soil absorbed only from 
0.1 to 0.5 %. Heiden also noticed that a light, fibrous, cl'lllllbly 
peat used as litter in cow-stables, which contained when air-dried 
0.37 % of ash-ingredients and 93 % of organic matter, of which 
11 % was humic acid and 0.64 % was nitrogen, was capable of 
binding 1.6 % of ammonia. He urges that such peat would be 
excellent for composting with night-soil, and that the product 
would be a good manure for light lands. 

Koenig also has shown by an elaborate research that peat-moss 
and peats of various kinds can absorb and fix large quantities of 
ammonia from solutions of the hydrate and carbonate and phos
phate, i. e. from compounds of ammonia with weak acids. The 
reactions are very different, however, as rcgards solutiolls of the 
sulphate, chloride and nitrate of ammonia, Hnd there are Illany 
peats which can absorb but little ammonia from solutions of these 
salts. On leaching the peats with hot acids in order to remove 
most of their basic constituents, it appeared that their absorptive 
power was diminished in respect to the sulphate, chloride and 
nitrate of ammonia, but that the leached peat coulll fix as much 
ammonia as the natural peat (or even more) from ammonia water, 
carbonate of ammonia and phosphate of ammonia. 1t was noticed 
that eyen paper pulp absorbed some ammonia from ammonia 
water, and a little from carbonate of amlllonia, but none from a 
solution of chloride of ammonium. Koenig attributes this fixing 
power in part to chemical action and partly to physical adhesion, 
but Van Hemmelen is disposed to attribute it to the binding action 
of colloid humus. 

The results given in the table were obtained by Detmer in ex
periments where ammonia gas was passed through tubes charged 
with mixtures of peat and sand: -

The Mixture contained 
Per Cent Per Cent 
of Saud. of Peat. 

100 
90 10 
80 20 
ilO 30 

60 40 

There were ab
sorbed Grams 
of Ammonia. 

0.093 
0.187 
0.311 
0.654 
0.996 

Each 100 Grams of the 
Peat absorbed Grams 

of Ammonia~ 

2.06 
2.37 
3.80 
4.70 
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50 50 1.090 4.18 
40 60 1.152 3.72 
30 70 1.245 3.48 
20 80 1.339 3.30 
10 'JO 1.4'J40 3.30 

100 1.712 3.42 

Peat·j}[oss as Bedding. 
In some parts of Germany a fibrous variety of peat - the so

called peat-moss - is used even for bedding horses, usually by 
itself, though in some cases a thin layer of straw is spread upon a 
three or four-inch layer of the peat-moss. It il-! said that any 
friable peat ttU1t is fibrous enough not to become muddy when wet 
admits of being used in this way. In recent years, large quan
tities of this brown peat-moss fibre have been exported from Ger
many to England and to the United States to be used for litter, 
as a substitute for straw. This peat-fibre absorbs a much larger 
amount of water than straw can, and the humic acids in it act both 
to hinder the fermentation of urine and to hold the ammonia which 
finally results from its decomposition. 

It is urged, among other merits of the peat-moss, that horses 
will not eat any of it, that it is easy to keep the animals clean, 
and that hardly any odor of ammonia need be perceived in stables 
where it is used. Indeed it seems to be admitted that stables and 
cow-stalls littered with peat-moss are sweeter that those littered 
with straw. English experience goes to show that one ton of the 
peat-fibre uBed all, litter may do the work of nearly two tonI', of 
straw. According to Arnold fine peat-fibre will absorb some 7.5 
to 8 times its weight of water, while straw and sawdust are able to 
take up only about 3.5 to 4 times their weight. Petermann found 
that 100 lb. of peat-moss was equal, for purposes of bedding 
animals, to SOUle 210 or 225 lb. of straw. It is important, how
ever, that any excessively wet parts of the bed of litter should be 
replaced without much delay with freBh peat-moss for the very 
fact of the high absorptive power of the peat, taken in connection 
with its dark color, makes it a less cleanly bedding than straw, 
and less dry also, unless pains are taken to keep it in good order. 

Experiments made in Paris by the Omnibus Co. went to show 
that, when used as litter, 3.3 kilos. of peat-fibre served as good a 
purpose as 3.5 kilos. of sawdust, or 4.8 kilos. of straw. The 
amounts of manure produced per day and per horse were, with the 
peat 10 to 11 kilos., with sawdust 12 to 13 kilos., and with 
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straw 25 kilos.; and the percentage amounts of nitrogen in these 
manures were 0.68, 0.45 to 0.49 and 0.51 respeetiyely. 

According to Arnold, peat-tibre absorbs moisture so evenly 
that, in so far as this point is concerned, it would make little 
difference whether a given quantity of the material were to be 
strewn all at once in the horse-stall, or by 3 or 4 instalments. But 
in order to a" oid odors it is necessary to spread no more than a 
thin layer of the peat and to replace it as soon as it has become 
moist. Since the peat occupies mnch less space than straw it is 
specially well suited for use in stables where the dung-pit is 
small. Analyses of peat-moss show that it contains considerable 
nitrogen. Thus, analysis No. I is by Arnold; No. II. is 
by Voelcker. In most instances, the materials were air-dried. 
No. III is by Wattenberg. 100 parts of No. III absorbed 860 to 
895 pnrts of water, while rye-straw absorbed only 390 parts, and 
spruce sawdust 368 parts. No. IV is by A. Mayer at 'Yage
ningen, in Holland. 

r. II. nL IV. 
% % 0/0 % 

Water 14.50 13.00 18.90 20.00 
Organic matter 84.29 85.00 78.90 
Ashes. 1.21 2.00 0.87-1.33 2.10 
Potash 0.08 0.04 
Phosphoric acid 0.08 0.04 
Total nitrogen 0.64 0.60 0.49 0.80 

Fleischer tested peat-moss, for bedding cows, as compared with 
rye-straw chopped to five-inch lengths, and found that 3.5 kilo. 
of the peat-moss, per head and day, or 4.6 kilo. of straw, were 
competent to absorb all the urine. There was produced mean
while, per head and day, 51 kilo. of the peaty, and 55 kilo. of the 
strawy manure. In other trials, 3.5 kilo. of peat-moss and 4.3 
and 5 kilo. of straw were expended per head and day, and 54.5, 
53.4, and 57 kilo. of manure were produced respectively. An
alysis of the manure showed that the peaty product contained 
more easily soluble nitrogen compounds than the strawy manure 
contained, and it was calculated that a stable of 10 cows bedded 
with the peat could retain, in a year, 140 kilo. more of the easily 
soluble nitrogen compounds than would be retained by the straw. 
On applying the two kinds of manure to oats, rye and potatoes 
in the field, it appeared that on light land the peaty manure gave 
rather better crops than the strawy manure. The better nitrog-
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enous condition of the peaty manure was snown by the fact that 
the leaves of the peat crops were darker colored than the others, 
and of more luxuriant growth. 

Borntraeger has noticed that stable-manure of which the light, 
porous peat-moss is a constituent part nitrifies much more rapidly 
than manure with which a more compact peat has been admixed. 
In experiments by Muntz and Lavalard, mangolds were dressed 
with 35 tons to the acre of manure from stables where straw and 
peat-moss had been used respectively, and rye was grown the 
next year without any additional manure. There was haryested, 
lb. per acre, from the-

Strawy-manure 
Peat-moss-manure 

1st Year. 
Beets. 

31,680 
38,720 

2d Year. 
Rye. 

909 
1,086 

Hitier, also, made trials with sugar-beets on a strong, clayey 
soil. The same quantity of strawy and of peat-moss manure was 
used on each plot, and the manure was re-enforced, in both cases, 
with a heavy dressing of ground phosphate rock. There was har
vested, lb. per acre, from the-

Strawy-manure . . . . . . 
Peat· moss-manure . . . . . 

Beets. 
27,960 
34,144 

Sugar. 
4,016 
4,898 

An English observer, Murray, has urged that the action of this 
manure, both on grass and tillage land, is quick but not of long 
duration, as there is little appreciable result after the second year. 

C01njiosting corrects Acidity. 
It is probable that one important step in the curing of peat in 

dung composts is the neutralizing of the sourness of the peat 
through the alkalinity of the manure, just as in composts made 
with lime or with potash the acidity of the peat is neutralized. 
There are English experiments which show not only that peat is 
really effectiYe for holding ammonia, but that it is decidedly bet
ter, for this purpose, than charcoal made from peat. In one of 
these trials, 300 grm. quantities of the peat and the charcoal were 
mixed with half-ounce portions of urine and left to stand oyer 
sulphuric acid, under bell-glasses, during 5 days, and it was found 
that, while no ammonia escaped from the peat, as much as 0.3 grm. 
of it volatilized from the charcoal and passed over into the sul
phuric acid. 

From some analyses made by S. W. Johnson, it would appear 



334 AGRICULTURE. 

that peat can absorb and retain nitrogen from manures in some 
other form than that of ammonia. Thus a peat which in the 
crude air-dried state contained only as much nitrogen as would 
amount to 0.58 % of ammonia, was found to contain nitrogen 
equivalent to 1.15 % of ammonia after it had lain under the floor
ing of a horse-stable for some time, where it had been partially 
saturated with urine. Some of the same kind of peat, after hav
ing bcen compos ted with fish, was found to contain nitrogen cor
responding to nearly 1.31 % of ammonia. It would appear in 
these cases, not only that some ammonia had been absorlled, but 
that either amids or other organic compounds of some kind had 
been formed by the decay of the nitrogenous constituents of the 
dung, the urine, or the fish. The amounts of nitrogen just men
tioncd seem large, in view of the fact that stable-manure usually 
contains considerably less than one per cent of this clement. And 
if it be true, as would seem clearly to be the case, that peat has 
the power to absorb and hold eyen as much as one-half of one per 
cent of its weight of nitrogen when composted with manure, the 
fact is one of great importance. 

Perhaps the best way of illustrating the significance of the nitro
gen in peat-composts will be to recur yet again to the well known 
practical fact, that the application of a very small quantity of 
active nitrogen is often sulllcient to insure the growth of large 
crops. A dressing of 250 to 400 lb. of Peruvian guano to the 
acre gives only from 50 to 70 lb. of ammonia, even if the guano 
be of supcr-excellent quality (15 % N); and in order to obtain 
as much active nitrogen as this, there would necd to be applied to 
the land some 5,600 lb. of compos ted peat that contained 1.25 % 
of ammonia. But in actual farm practice, an ordinary rate of 
applying snch compost is teB. cords to the acre, and it is fair to 
supposc that each of these cords may weigh 4,000 lb. at the lcast. 

It is eYident enough that the inert matters used for composting 
with dung and urine may somctimes act to check excessive decay 
and to prevent fermentations from becoming too hot and too vio
lent. But it is a question still to be studied, whether matters rich 
in cellulose and other carbohydrates, such as straw, for example, 
may not in some way act chemically, during their slow decay, to 
shield a portion of the nitrogenous constituents of the urine or the 
dung. That there may be possibly some grains of truth in this 
idea is suggested by the fact that the humus formed through thll 
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decay of vegetable matters is, in many cases, richer in nitrogen 
than the materials from which it was derived. 

CU1'ing of Peat. 
Thus far the argnment has been based almost wholly on the 

preservation of manure, and very little has been said of the im
provement of peat, or of any other substance used for composts, 
at least not directly. But enough has Leen said indirectly to 
make it evident that much more remains to be urged on this side 
of the question. In fact, there cannot be any doubt that peat 
and loam, and leaves and straw, and many other organic matters 
which are cOlllparatively inert in their natural or crude state, become 
more or less powerful manures after they have been fermentc(l. 

It is an observation only too familiar, that heaps of decaying 
manure left in contact with wooden structures - sueh as the side 
of a Lal'll, for example - "mak" the wood rot." So, too, the 
nets of fishermen, when Lesmeared with slime and scales, will 
quickly ferment and deeay unless they !tl'e hl'uvily suIted, or in 
some other way protected from the action of the ferment with 
which the animul matter was charged. To all intents and pur
poses, " composting " occurs in both these instances. The Lourds 
of the barn and the twine of the net, like the peat or the straw in 
an ordinary compost-heap, undergo decay because their compo
nents soon become involved in the fermentatiOll which was at first 
confined to the tlsh-slime or to the manure. To take a still more 
familiar example, a fence-post set in the ground speedily rots 
because the wood is "composted" by the action of organisms 
which are contained in the decaying loam around it, - unless in
deed the post has been made of some specially refractory wood, 01' 

has been tarred or otherwise smeared or saturated with a pre
servative agent which shall repel the micro-organisms. 

Compost i /1 fI d isi 11 tegrates Vegetu ule-"l[attel'. 
Mention has already been made of the fact that a good part of 

the contltituents of straw remain bonnd up, and unavaiiaLle as 
plant-food, uutil the organization of the straw is destroyed j and 
the same remark will apply of course to all organized vegetable 
matters, sueh as leaves and stalks, and twigs or ehips of wood. 
But by causing these inert matters to fernll'llt, by mixing them 
with dung, 01' blood, or fish, or flesh, or any other putrescible or 
easily fermentable matter, their organization is quickly destroyed, 
and some part of the nitrogenous matters within them will be 
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made fit for the support of crops. Even the inorganic constitu
ents of the vegetable Illatter 111:1y become more readily available 
by composting. Just:1S in the fermentation of bone-meal, while 
the conversion of ossein to assimilable products is the chief desider
atum, it l11:1y still fairly be inferred that the phosphate will be laid 
bare, and made more readily accessible to solvents and to the roots 
of plants than could have been the case if the p:1rticles of hone 
had not been decomposed and disintegrated. 

Analogy, (lrawn from practical experience with fermented hone
meal and !ish-scrap, points to the conclm;ion that peat and straw, 
01' other litter, may oftf'n he greatly improved when subjected to 
appropriate fermentation j and Pagel has shown by methodical 
experiments that fermentation is really an ettlcient means for im
proving the inert nitrogen in many organic matters. He finds 
that much of the insoluble organic nitrogen is thus converted to 
soluble forms. But the fermentation must not be too violent, lest 
ll1uch of the nitrogen he wholly lost. 

It is to be noted that, in numberless instances, small quantities 
of so-called toxines or ptomaines are known to be formed among 
other products of the decompositions brought about by the micro
organisllls to which ferlllentations are due. These toxines are 
soluule nitrogenous substances, akin to the alkaloids found in cer
tain plauts, and although they may not themselves be fit for feed
ing plants, their formation suggests the i(lea tlu'.t there may perhaps 
be formed at the same time other analogous, org~nic lIitrogenous 
matters which are really useful as fertilizers. 

In Pagel's experiments one set of boxes were charged with 100 
lb, or more either of bone-meal or of fish-guano that had been 
intimately mixed with some 35 or 40 quarts of either ox-urine or 
dnng-liquor, and the materials were then left to fermeut j while to 
another set of boxes, similarly charged, 10 % of gypsum was added, 
and incorporated with the materials. The results of these trials 
are given in the table. 

Jliaterials used. 

1. Fioh-guano, urine. and gypsum (moist) . 

Per Cent of 
original Nitro
gen that be

came Soluble. 
40.4 

2. Same as No.1, without gypsum (very moist). . . 
3. Bone-meal, dung-liquor, and gypsum, very moist at 

first, afterwards dry . . . . . . . . . . . 
4. llone-meal and urine (moderately moist) . . . . 
5. }~ish-guallo awl small amount of dung-liquor, in-

completely moistened " . . • . . . . . 

48.3 

46.6 
80.0 

42.5 

Per Cent of 
original Nitro
gen that went 

to Waste. 

4.7 
39.2 

4.~ 
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From No.3 it appears, as has often been shown by other experi
ments, that gypsum hinders the waste of nitrogen during fermenta
tion. In No.5, but little dung-liquor was adued in the beginning, 
in order that th.e fermentation might be weak and slow. Pagel 
urges that, in order that a fermentation lllay be regarded as proper, 
much heat must be developed by the materials. A thcrmometer 
thru~t into the fermenting mixture should mark more than 100° F. 
The completion of the fermentation is indicated hy the dilllinution 
of the h.igh temperature. A considerable fall of temperature 
shows that action has ceased. But a Hew fermentation lllay be 
excited by forking oyer the heaps of materials, and moistening 
the cll'Y placeR, best with dung-liqnor or urine. Too large a pro
portion of the urine, or other fermtnting material, should not bf:, 
used at first, lest violent aetion should occur. For the particular 
case of bone-meal, 2;j or 30 quarts of dung-liquor to 110 lb. of 
the meal is considered to be a good proportion. 

These PermeJltatiolls (lTe (()I((/ogolls to thut of jl[anul'e. 
More or lpss time is relluired for the completion of such fer

mentations, according as heat is developed slowly or speedily at 
first, and according as tlte lJeaps of material are large or small. In 
general, i1 or 4 weeks will be suti1cient for the completion of the 
process, when materials such as bone-meal or fish-scrap are fer
mented. These re:mlts corroborate the ohservations of "oelcker 
on the decay of farmyard-manure. In his own words: "In the 
first stage of decomposition, i. e. during the active fermentation 
of mixed dung and litter, the constituents of the manure are 
rendered more and more soluble, so that up to a certain point the 
amount of soluble organic matter increases in farmyard-manure. 
Hence a largf'r proportion of organic matter is fOllnd in the liquor 
that drains from a fresh manure-heap in an actiye state of fermen
tation, than in the liquid frolll an oILl well-rotte(l heap. But when 
active fermentation in manure-heaps becomes gra(lually less and 
less energetic, and finally ceases, the remaining fermented manure 
is subject to that stow hut steady oxidation which has heen termed 
eremacausis. To this process of slow oxidation, all organic sub
stances are more or less subject. 1t is a gradual combustion, 
which terminates with their final destrnction." 

It should be borne in mind that one essential condition for the 
fermentation of composts is that the materials shOIlI!l he kept 
moist. In times of drought it lllight be well to drench the rom

VOL. II-22 



338 AGRICULTURE. 

post-heap occasionally with barnyard-liquor, or with water. It is 
worthy of remark, also, that Dietzel! has fouud thnt the loss of 
free nitrogen gas from fermenting organic matters may be pre
vented by adding to the materials some precipitated phosphate of 
lime. 

Straw Oompost. 
On farms in Sweden belonging to the crown, where legal re

strictions prevent the sale of straw, the excess of this material has 
sometimes been compos ted by drenching 6 or 8 feet high heaps of 
it with water, in which powdered rape· cake has been soaked and 
stirred. The moist heap, loosely coyered with earth 4 or 5 inches 
deep, is left to ferment for a month, aml is then forked over and 
again drenched with the rape-cake liquor. The heap is then left 
to itself until hauled out as manure. From 30 wagon-loads of 
straw and 3 cwt. of rape-cake, Bergstrand obtained nearly 30 
wagon-loads of " manure" in the course of two months and a half. 
On comparing the product with stable-manure, by means of analy
sis, he obtained the following figures:-

Straw Ordinary 
CO:nP08t. Farm·Manure. 
Per Cent. Per Cent. 

Water 74.36 79.30 
Organic matter . 15.63 14.01 
Ashes 10.01 6.69 

Nitrogen 0.23 0.41 
Phosphoric acid 0.10 0.20 
Potash. 0.17 0.50 

Some of the changes which straw undergoes when compos ted 
have been stndied by Ht~bert. A quantity of powdered straw was 
moistened with solutions of carbonate of potash and carbonate of 
ammonia, a small quantity of barnyard-liquor was added, in order 
to excite fermentation, and the mixture was left to itself for 3 
months at a temperature of 131 0 F. At the end of this period it 
appeared that the straw had lost half its weight, and that of the 
cellulose alone 56 % had disappeared. While the original straw 
had contained 0.39 grm. organic nitrogen, and the added liquids 
had contained 2.64 grm. of ammonia-nitrogen, there was found at 
the close of the experiment 0.24 grm. of organic nitrogen in the 
straw, while in the liquid there was 0.40 grm. of ammonia-nitro
gen, pIllS 0.96 grm. of organic nitrogen. It appears that a Plut 
of the ammonia had been changed to nitrogenous organic com-
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pounds, while about 47 % of the original ammonia-nitrogen was 
lost. 

De Vogue, also, in studying the composting of straw with am
moniacalliquor from gas-works, took pains to saturate 2,500 kilo. 
of straw with 9,000 litres of the liquor, and noticed that the vio
lent fermentation which soon set in culminated on the 13th day, 
when the temperature of the heap was higher than 2120 F. Much 
vapor of water was given off, as well as carbonic acid. Analysis 
showed that the gases evolved contained 32 % of carbonic acid, 
but no more than traces of oxygen. The carbonate of ammonia 
of the gas-liquor acted on the organic matter of the straw to de
compose and dissolve it, and the ammonia entered into combina
tion with the humic products of the reaction, so that a black liquid 
oozed from the bottom of the heap. It was observed that, beside 
the carbonic acid formed through oxidation of the straw, some 
part of that evolved from the heap came from the decomposition 
of the carbonate of ammonia hy the humic acids which resulted 
from the decomposition of the straw. 

After the first fortlJight the activity of the fermentation grad
ually lessened, though carbonic acid continued to be given off in 
diminishing qnantity during 4.;) months, when the operation was 
regarded as finished. The contents of the heap thell looked like 
half-rotted, black manure, alHl it was fonnd that they had de
creased in weight to the extent of 4,200 kilo., i. e. a little more 
than one-third of the weight of the original materials had been 
lost. Analysis of a sample taken from the heap Oil the 33d LIayof 
the experiment showed 80 10 of water amI 20 % of dry matter. 
The undried compost contaiued at that time: -

0.067 % of amIIlonia-nitrogen, volatile at 212" F. 
0.130 % of non-volatile at 212" F. 
0.483 % of organic nitrogen, 

0.680 % of total nitrogen, 

which is an amount rather larger than that found ill most samples 
of first-rate farmyanl-mallnre. 

The Fermentations of Sugar. 
Perhaps some idea of what happens in the fermentation of 

straw - as well as of peat, or wood, or any other composted veg
etable matter - may be gained by considering some of the reac
tions which occnr in the fermentations of sugar. Grape-sugar 
(C6H 120 6 ) contains 40 % of carbon, 6.6710 of hydrogen, and 
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53.33 % of oxygen, and when it is subjected to the action of the 
yeast-plant, it breaks up for the most part into alcohol and car
bonic acid, 

C6H 1P6 = 2 C2HPz + 2 CO2 , 

although small quantities of some other substances, notably gly
cerin and succinic acid, are formed as the result of subsidiary re
actions. On the other hand, when grape-sugar is subjected to the 
action of the butyric ferment, it may break up iuto butyric and 
carbonic acids, while hydrogen gas is evolved:-

CaH 1P6 = C4H gOz + ::! CO2 + H 4• 

But in like manner, cellulose (C6H!{,O,,), which constitutes the 
outer coating or wall of most vegetable cells, may break up i1lto 
substances simpler than itself under the influence of one or another 
ferment, and this remark will apply to straw and wood, and all 
otller vegetable matters. Pure cellulose contains 44.44 % of car
bon, 6.17 % of hydrogeu, and 49.39 % of oxygen, -while the COlll

position of wood has been found to range from 46 to 54 % of 
carbon, 6 to 6.65 % of hydrogen, and 39 to 47 c/o of oxygen, to
gether with some nitrogen. Sawdust contains about 1 % of ni
trogen, while young twigs, with their leaves, may contain 2 or 3 % 
of it. As a rough approximation, the composition of wood has 
sometimes been represented by the formula C34II4s0z2' and that of 
some kinds of peat has been written CzoHzzOs' But from the 
analogy of sugar it is easy to conceive how the constitnents of 
wood or stmw may be broken down by fermentation, and it is to 
be presumed that a part of the nitrogen of the woody fibre may 
be changed either to ammonia or to some other compound which 
can afterwards be nitrified more readily - when exposed to fit 
conditions - than the original nitrogenous matter of the wood 
could have been nitrified. 

Peat-Composts. 
In the preparation of peat-composts, dung and fish are the ma

terials commonly employed to excite fermentation: but urine, or 
guano, or the dung of fowls, would serye tIle purpose excellently. 
Blood is objectionable, because of the horribly offensive odor 
which is exhaled by composts prepared with it. It might not be 
easy to say just what the substances are which smell so offensively, 
but there is every reason to believe that they have no agricultural 
significance. There is no greater fallacy than that wllich gauges 
the worth of a manure by the stench the manUl'e emits. 
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By the process of fermenting, time is gained; the organization 
of the vegetable matters is broken down in a few weeks or months 
in the compost-heap, instead of resisting decay for a long time, as 
would be the case if the matters were left to themselves. This 
point might be illustrated by reference to an oak stump. Left to 
itself, the stump long resists <1ecay, though thc mould which finally 
results from its decay is rich in plant-food. But the decny could 
soon be effected by reducing tlJe fresh stump to the condition of 
saw-dust, and fermenting this saw-dust in any appropriate way. 
Another striking illustration was offered by the former use of wool
len rags in European agriculture. These rugs, as has been shown 
already, contained 12 to 14 %, sometimes even 16 or 18 '1<" of ni
trogen, but they decomposed so slowly in the soil tllUt their action 
was felt on good moist land for 7 or 8 years, in case they were 
applied ill the unfermented state. But wlJen fermented by means 
of nrine or guano-water, as was the old practice, they became a 
quick-acting and powerful manure. 

In point of fact, a great variety of organic matters which, ill 
their original condition, are unsuiilable for feeding plants, are es
sentially changed by tile action of the microscopic organisms that 
cause fermentation, and are cOI1Yerted in some part into real plant
food. The idea is, that micro-organisms develop readily and rap
idly in urine, or dung, or other em;ily putrescible substances which 
can supply them with agreeable food, and that when rags, or the 
like, are brought into contact with the ferment, they, also, become 
involved in the destructive processes. The rags, as well as the 
urine, are consumed in some part by the ferment microbes, an(l 
the unconsumed portions brcak up into new chemical compoumls, 
unlike those of the original crudc materials. In tlJis sense would 
now be explained the old and fruitful conception that matter ill a 
state of change, on being put in contact witll other matter which 
is inert and at rest, may cause it to undergo cllanges in its turn. 

Peat, also, like the organized substances just mentioned, is 
often, not to say usually, vcry much improved by fermentation. 
As has been said, some kinds of peat (such as may oceul' in lime
stone countries) serve yery well as manure when applied to the 
soil directly, without weathering, fermentation, or preparation of 
any kind. Some sorts, moreoyer, ferment of themselves when 
thrown up into heaps, and exposed to warm, moist weather. But 
there are other kinds which are wellnigh useless as manures~, UIl-
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less they have either been rotted or fermented by means of appro
priate additions, so that their gumminess, stickiness, and sourness 
may be destroyed j they are thus made fit for nitrificution, und be
come capuble of supplying food to plants. Excepting limestone 
countries, the inert peats are much more common than those which 
are already mellow. 

In view of these differences, it is not strange that some farmers 
should have deemed mere exposure of peat to the air to be a suf
ficient preparation of this material, for the practice may be judi
cious as regards some killlls of peat. It is often justified, withal, 
by considemtions of labor uud the cost of distribution. But the 
surest and safest way of obtaining good results with peat is to fer
ment it artificially in the compost-heap. 'With peat, as with the 
vegetable matters, the usual fermenting agent is the dung of ani
mals. Horse-dung is esteemed to be the best kind, though urine 
would be better j and fish has becn used largely for the purpose, 
especially ou tile southern coast of New England. Guano has 
been used also as the ferment, in the proportion of one part of 
guano to 5 or 6 parts of peat. So, also, have blood and the offal 
of slaughter-houses, fish-scrap, cotton-seed-meal, soap-boilers' 
scraps, curriers' scraps, night-soil, and otber easily decomposable 
animal or vegetable matters. 

In case flesh is used, as when an animal has died from disease, 
it will be well to divide the flesh, and to distribute it in such man
ner that a tolerably equable mixture of it and the peat may be 
had. A small piece of flesh will ferment many times its own bulk 
of peat, provided it be brought into tolerably intimate contact with 
the peat. On account of the peculiarly offensive odor of such 
compost, it is best not to open t11e heaps except in winter weather. 
Such compost had better be hauled to the fields in cold weather, 
and plouglled under as soon as may be practicable in all cases. 
A similar remark will apply to composts made with night-soil. If 
care be taken to work upon such heaps in winter, the laborers 
will be less perturbed. There is olle trouble with flesh-made COlll

posts, in that all the dogs in the countryside are apt to dig at the 
heaps. 

Rough and Ready Methods of making Composts. 
One valuable resource for making compost is the kitchen sink. 

Suppose that, at a convenient distance from the house, a bole be 
dug, tllree or four feet deep, and of such shape that carts can be 
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driven into it, and that a gutter be carried to this hole from the 
sink. By throwing into this hole, occasionally, a quantity of peat 
or of sods or weeds, together with sweepings from the honse, the 
dooryard, and the barn, and letting the liquid refuse from the 
house run down upon these materials, a very etficient factory of 
manure may be created. It will be well to shadc and conceal the 
place with a hcdge of evergreens, and to have a heap of earth 
handy to throw in to stop smells. This method of procedure ap
pears to have bcen inherited from the Romans. At all events, 
several Latin writers recommended that dung-heaps should be 
treated in this way. 

A still more simple method of making compost was described 
by Jared Eliot in 1747. He had a long, narrow eowyard at the 
roadside, into which the animals were driven eyery night. Once 
a month he took down the end fences of this yard aud ran a plough 
through it, taking care to turn furrows up to the very edges of th6 
yard, or as near to the side fences as was possible. The end fences 
were then reset, and the cows kept in the ploughed yard at night, 
as before, during another month, and so on through the entire 
summer, ploughing once a month. He finally carted the ploughed 
earth upon the adjacent fields, remarking that, as it was very 
heavy, a long land carriage was not easy. He found, as he says, 
" that the whole furrow depth of earth was become dung, making 
an increase beyond what one would imagine." "I had fourfold 
more," he says, "than I should have produced in· the common 
way." The dung was spread both upon grass- and corn-land. "I 
did not find but that its effects were equal to those of dung." Per
haps this plan for making compost was suggested by a method of 
fertilizing land by penning cows upon it, which is practised habit
ually in several of the Southern Stat€s of this country, as will be 
explained in another chapter. 

One item of eyidence serving to illustrate the merit of compost
ing is seen in the fact that, in some regions where the practice is 
habitual, the material operated upon is a particularly poor, thin, 
cold, sour moor-earth, which of itself is quite incapable of sup
porting any useful plants. Thus, on the Faroe and Shetland Is
lands, and in some of the least fertile districts of France, it is the 
custom of the peasants to strip the commons and waste-places of 
the thin covering of earth and" sod," and to compost this material 
with dung. Sometimes the earth is made to serve for bedding ani-
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mals, ana at others it is put where it can be crushed and trampled 
upon before it is made into heaps, together with layers of dung, 
to undergo fermentation. 

" ~l[ussel-Bed." 
An instance of what might well be called natural compost is 

seen in the mud taken from beds of mussels in bays and tidal 
rivers on the coasts of "Maine, New Brunswick, and Prince 
Edward Island, and largely used there in many localities for top
dressing grass-land, and in general as a substitute for farmyard
manure. These mussel-beds are sometimes 10 or 20, or even 
30 feet thick, and the mud contains large quantities of the shells 
of dead mussels, as well as worms and other marine organisms, 
beside tlte thick layer of living mussels, whelks, etc., at the sur
face of the hed. Sometimes the mud is dug up in the autumn at 
low tide and thrown into scows, or it is lifted in the winter through 
the ice by means of dredging-machines worked by horse-power. 
It is so charged with animal matter from the living shell-fish, and 
with the carbonate of lime of their shells, that it must soon fer
ment much in the same way that a mixture of peat and fish-scrap 
would. It is usually applied to the land in the spring after having 
lain in heaps during the winier. Large crops of hay and of other 
produec are grown by mcans of it, and the fertilizing effect is felt 
for many years. Mussels are s(lid to be largely used in Holland, 
also, in some parts of which country they are obtained cheaply 
and in great abundunco. They have been specially commended 
there for land that has long been cultivated, and as an addition to 
phosphatic and potassic fertilizers. 

Alkali Composts. 
Beside the easily putrescible organic matters, there are other 

agents capable of producing fermentation in heaps of peat or of 
similar materials. As practical men well know, the caustic alka
lies, potash, soda, lime, and ammonia, possess this power in high 
degree, and so do the alkaline carbonates, such as saleratus and 
soda ash. It was a capital observation of Angus Smith, that 
putrefactive fermentation will shortly set in when a soil rich in 
organic matter is mixed with enough alkali to saturate it, and is 
then left moist in a warm place. It is well known, for that mat
ter, that the fresh urine of cows and horses has a distinctly alka
line reaction. Conversely, it is known that acids and acid salts 
hinder putrefaction. Pettenkofer noticed that the ammoniacal 
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fermentation of dung and urine may be checked if means are taken 
to prevent the materials from becoming alkaline. Among the or
ganisms which cause fermentation or decay, only the moulds seem 
to be capable of really thriving upon substances that are noticeably 
acid. lUany kinds of fermentations are brought to a standstill 
by the accumulation of acid products which result from the fer
mentation itself. In the preparation of lactic and butyric acids 
from sugar, !Jy means of ferments, it is customary to mix car
bonate of lime with the sugar in order that the acids may be neu
tralized as fast as they form, and the process of fermentation be 
made continuous. 

Pagel, in his tUt'll, found that moor-earth which had been mois
tened with potash lye actively absorbs oxygen gas from the air, 
and that the absorption is more rapid in proportion as the surface 
of peat exposed is largcr, as when, for example, inert matters are 
mixed with thc peat. For that matter, it is now well known that 
the micro-organisms which cause putrefaction prospcr particularly 
in solutions which are slightly alkaline. It is to be noted that, 
strictly speaking, it is thc alkaline carbonates and not the caustic 
alkalies which are favora!Jle for the growth of the micro-organisms 
which cause decay. Many kinds of bacteria are quickly destroyed 
even by highly dilute solutions of caustic potash or caustic soda, 
while they can support appreciable quantities of the carbonates of 
potash or soda. Of course, in actual farm practice, any soluble 
caustic alkali put upon peat or the like would soon be changed 
to a much weaker humate or carbonate of the alkali. 

l\Ianifestly, these observations go far to explain the mode of 
action of alkalies in compost-heaps. Lime in particular has long 
bcen an approved ingredient of composts. They serYe to explain 
also the use by practical men of wood-ashes, of peat-ashes, gas
lime, the ammoniacal liquor of gas-works, and mixtures of lime 
and salt. Indeed, the observation of Smith goes to show that not 
only putrescible organic matter, but the gaseous ammonia evolyed 
from it is capable of exciting putrescence in the peat or loam to 
which it gains accet5s. It is probable that, while American pot
ashes are to be bought so cheaply as has recently been the case, a 
valuable manure for application to leachy hungry soils might read
ily be prepared by drenching heaps of peat, layer by layer, with 
weak lye in the spring, and leaYing the mixture to ferment during 
as many of the summer months as practice might indicate. 
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Oompost of Lime Cind Sods, etc. 
One method, formerly common, of preparing compost, was to 

dig sods from beside a wall, or to plough up an old headland, or 
to clear out a ditch, and to throw the material thus obtained into 
a heap, layer by layer, with lime, or wood-ashes, or manure, and 
to leave the heap for several months to ferment. After having 
been forked over to make it fine and mellow, such compost was 
esteemed to be an excellent top-dressing for mowing-fields, and 
especially for clover. It was applied for wheat also, and for root
crops. Lime composts prepared in this way have been found to 
be particularly useful on light, gravelly soils, and it has been held 
by some English farmers that there is no more profitable way than 
this of applying lime to light land. 

Some of the empirical rules for the use of alkalies with peat are 
as follows.' For every cord, or say 100 bushels, of peat, take of 
wood-ashes, 12 bushels; of leached ashes, 20 bushels; of peat
ashes, 20 or 30 bushels; of gas-lime or spent soap-boiler's lime, 
20 bushels j and of qnicklime, 10 bushels, to be slaked with water 
just before use, or, better, to be slaked with a solution of com
mon salt in water, or, better still, in all probability, with a solu
tion of muriate of potash instead of the sodium salt. The peat and 
other ingredients are mixed as thoroughly as may be, by spread
ing them ill layers, and the whole is built up into a compact heap 
three or four feet high.· In case the peat is not already moist, 
the finished heap should be drenched with water, and then be 
covered with a few inches of loose peat, and left to itself. After 
two 01' three months, it is held to be good practice to shovel the 
beap over so as thoroughly to mix the ingredients, after whicl! it 
may be coyered with a loose layer of fresh peat, and left to itself 
until t;he whole of the original peat is thoroughly decomposed. 
Fi\'e or six months of summer weather are sufficient for the whole 
operation. Instead of shovelling, the heap may be ploughed over, 
or turned with a road scraper. 

A compost of loam, wool-waste, wood-ashes, lime and potash 
salts, analyzed by Petermann, contained 10 % water, 45 % or
ganic matter, 1 % nitrogen, 5 % potasl!, and 0.55 % phosphoric 
acid. ]\fore thah half the nitrogen (0.66%) was in the form of 
ammonia. Another compost, made from the old bags in which 
beet pulp is pressed, refuse straw, loam and lime, all watered with 

) s. W. Johnson's "Peat and its Uses," p. 72. 
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dung-liquor, contained 16.5 % water, 23.3 % organic matter, 
1.88 % nitrogen, 1.77 % potash, and 0.19 rio phosphoric acid. 

Alkalies corrode Organic ~1[((tteI"8. 
Apparently one exciting cause of the fermentations in alkali 

composts is the rapid disorganization of the vegetable matter by 
the alkali. That is to say, the lime, or other strong alkali, acts 
chemically in the first instance upon the vegetable matter, and 
unites with some portion of it; but the remainder is thus left in a 
disorganized condition, and so made subject to the ordinary 1'1'0-

cesses of decay and putrefaction whicl1 are due to the presence of 
micro-organisms, and, as lJas been sai(l, these processes are known 
to prosper particularly in materials which are slightly alkaline. A 
familiar example of the chemical action here cited is seen in some 
of the processes used for preparing paper-pulp from straw and 
from wood. By the action of hot cans tic alkalies (soda and 
lime), certain constituents (vasculose, xylan) of the straw or 
wood are dissolved out from the woody fibre proper, which is the 
proouct sought for, and form clark-colored liquors from which 
humus-like substances may be obtained on neutralizing the excess 
of alkali with an acid. It is supposed, imleed, that the dark
colored liquors which drain out from dung-heaps contaiu similar 
matters which have been dissolved from straw by the action of the 
alkaline carbonates which are contained in urine. 

Oarbonate of Lime COIllPostS. 
The use of carbonate of lime as an ingredient of composts has 

often been commellclc(1. In some parts of the country the carhon
ate is employed in the form of shell-marl, but in New Englund it 
is used in the form of leached ashes. Some kinds of peat-a:;bes 
which are used for composting in Europe contain it, and so, of 
course, do fresh wood-ashes as a secowlary ingredient, so to say. 
The utility of the lime-carbonate is aoubtless connected with the 
fact that it dissolves somewhat in carbonic-acid w:tier, and that 
the solution thus forlllcd is alkaline, and consequently helpful for 
most kinds of fermentations j for, as has been shown on a prey i
ous pagc, organic matters which have become slightly alkaline are 
fit feeding grounds for the micro-organisms which cause decay. 
In this way, the lime carbonate may act iudirectly to disintegrate 
aud decompose organic matters, i. e. by fostering the growth of 
the ferment organisms; though as regards crude peat and other 
rough inert materials it can hardly be expected to serve so good a 
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purpose as such actiye chemical agents as quicklime, wood-ashes, 
or potashes. The carbonate may be excellent, however, for neu
tralizing the natural sourness of peat, and after the process of 
putrefactive decay has 1'I1l1 its comse, it is known to promote ni
trification in that it favors the growth of the nitrifying ferments. 
The merit of the lime carhonate is to be seen in mallY regions of 
limestone rocks and waters where the humus in the soil is con
spicuously rich and mellow, and not cold and sour as is often the 
case in granitic conn tries. 

In certain cases, carbonate of lime might be a useful addition 
to a well-weathered peat of good quality which is already so far 
cured as to be nearly or quite ready for nitrification, and, in the 
same sense, it might somctimes serye as a useful adjunct to dung 
composts and to those made with fish, flesh or oil-cake; though in 
view of the facts that much ammonia is formed during the fer
mentation of organic matters and that this ammonia might be ex
pelled if lime or carbonate of lime were added too soon to the 
compost-heap, Pichard has urged that it might be well to mix a 
quantity of gypsum with the lime-carbonate in order to hinder 
the ammonia from escaping into the air and to hold it as sulphate 
of ammonia, which would be conyerted to a nitrate subsequently 
by ferment action. 

Speaking in yery general terms, it would appear that carbonate 
of lime must be inferior to the stronger alkalies in cases where it 
is used by itself in a compost, as the sole agent for exciting fer
mentation, though in dealing with a crnde peat that contained 
sulphate of iron the lime carbonate might be the cheapest and best 
agent for decomposing the ferrous salt. So, too, when the object 
is merely to correct the sonr, antiseptic quality of crude peat, car
bonate of lime will serve an excellent purpose, although it may 
not act so quickly or so effectively as slaked lime. In time, how
eyer, either of these agents would neutralize the free humic acids 
and sulphuric acid, if it were present, and ferrous sulphate also. 

In any event, it is important not to nnderrate the significance 
of carbonate of lime for compost-making. Schulze noticed long 
ago that moist peat, left to undergo fermentation after it had been 
mixed with powdered chalk, gave off much more carbonic acid 
than similar peat to which no lime had been added, showing, of 
course, that decomposition was rapid; and Knop expressly states 
that, when moist, the hurnates of lime and of baryta, as well as 
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those of potash, soda, and ammonia, oxidize much more rapidly 
in the air than humus does by itself. 

JlU'inIlS ferments when Alkaline. 
Petersen has determined by methodical experiments the amounts 

of carbonic acid that were given off from sour humus, and from 
that which had been neutralized by the addition of marl, when a 
current of air, free from carbonic acid, was made to flow slowly 
over the materials. His results are as follows: -

1. One litre of a heavy, sterile clayey soil of slightly acid reac
tion, which contained 2 % of humus, gnse off by itself in the 
course of 16 days, at a temperature of 55° F., no more than 0.\12 
grm. of carbonic acid, while a litre of the same earth that had 
been mixed with i % of carbonate of lime in the form of marl 
gave off 2.62 grm. of carbonic acid. 

2. A litre of leaf-mould containing 58 % of lmmus that had a 
strongly acid reaction gave off in 16 days' time, at 54° F., 0.89 
grm. of carbonic acid both by itself and after 0.5 % of the car
bonate of lime had been added to it j bnt in this case the quantity 
of marl used was insufficient to neutralize the achlity of the leaf
mould. In another trial, howcver, where the acidity of the lellf
mould was neutralized by mixing with it 3 % of the lime carbon
ate, 5.35 grm. of carbonic acid wcre given off in 1G days' time. 

All these results are readily explicable by what is now known 
of nitrification. Neutralization of the sour humus promoted the 
activity of the nitrifying ferments, and the qnantities of carbonic 
acid evolved in the several instances were prohttbly pretty accu
rate measures of tlw amonnts of nitrification which occurred ill the 
different samples of earth. As has been already insisted, a trace 
of alkalinity in the soil, air, moisture, warmth, and ammonium 
compounds, constitute favoraLle conditions for nitrification. It 
is possible, moreover, that in some of these instances other kinds 
of fermentation, such as those which produce ammonia, may haye 
occurred. It is not unlikely, indeed, that they have prccede<1 the 
nitric fermentation. It is not to be expected, howeyer, that so 
feeble a chemical agent as carbonate of lime is can act upon crude 
peat and other rough materials with the vigor of a true caustic 
alkali j though the carbonate is useful neyertheless, and may per
haps always do some good -when present in a compost-heap. 

Old mortar or plastering and soap-boilers' lime cannot be classed 
too strictly as carbonate of lime, since they are apt to contain a 
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small proportion of caustic lime. Either of them would serve a 
useful pnrpose for neutralizing the humic acids in crude peat, and 
would subsequently help nitrification. Even spent gas-lime, in 
spite of its containing poisonous sulphides, sulphocyanides, and 
tarry matters, may perhaps be well fitted for correcting the sour
ness of crude peat, as a preliminary to composting the peat with 
dung. For this purpose, however, it should not be used in ex
cess. 

The following experiments were made by S. W. Johnson at 
New HaYen, to test the effect of alkalies in developing the ferti
lizing power of peat. Pairs of pots were filled, -

1. With pilat alone (270 grm. in each pot). 
2. Peat and 10 gnn. ashes of young grass. 
3. Pent lind ashes (I1S befol'f!), and 10 grm. carbonate of lime. 
4. Peat ant! ashes, and 10 grm. slaked lime. 
5. PeM, ashes, and lime, and salt for slaking. 
6. Peat and ashes, and 3 grm. Peruvian guano. 

Five kernels of pop-corn were planted in each pot, the pots 
were watered with pure water, and the plants were allowed to 
grow until those best deyeloped ceased to feed upon the soil, but 
upon their own lower portions, as shown by the withering of the 
lower leaves. 

The air-dried crops were as follows: -
Weight of Comparative Ratio of Weight of 

Crop ill Wetght of Crop to WeIght 
Grams. Crop. of Seed. 

1. Peat alone. . • . • • • . 4.20 1 2t 
2. Peat ant! ashes . . . . . . 32.44 8 20t 
3. Peat, ashes, and carbonate of lime 38.44 9 25, 
4. P8at, ashes, and slaked lime 43.22 10 28~ 
5. Peat, a.shes, lime and salt 46.42 11 30~ 
6. Peat, ashes, and guano . . . . 53.78 13 35! 

The object of the guano was to have a standard of normal ac
tion. 

Tile peat alone was in this particular instance incompetent to 
supply all the food which was required; the peat and ashes did 
better, while by the action of the alkaline materials the inert nitro
gen of the peat was made really active, and the crops grew toler
ably well. The differences between the three alkalies are well 
marked, though of course the ashes alone were somewhat alkaline. 
Mention has already been made of Boussingault's observation, 
that the addition of caustic lime to loam largely increases the 
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amount of ammonia contained in it, through decomposition of 
inert nitrogen compounds in the humus. 

Compost with Lime and Salt. 
The use of a mixture of salt and lime, instead of mere lime, for 

composting peat, has often been highly commended. The idea is 
a very old one. More tllan two hundred years ago, the chemist 
Glauber told how to mix the salt with the lime, and insisted that 
the mixture is most fit fol' dunging the land. Sir Humphry Davy, 
in his work on Agricultural Chemistry, mentions the fact that 
several practical men have derived more benefit from the use of 
lime moistened with sea-water than from common lime. The late 
Dr. Dana, of Lowell, brought forward much evidence in favor of 
the mixture, in his " l\l uck Manual"; and it has been used in 
the Cotton States ~with so much advantage, that there was talk at 
one time of removing a duty on salt as a means of encouraging 
the growth of cotton. The aclYantage gained by using a mixture 
of salt and lime, rather than lime alone, or carbonate of lime alone, 
depends upon the facts that" bi-carbonate of lime" is capable of 
reacting chemically upon common salt (or 011 allY other alkali 
chloride, and on alkali sulphates also), with formatioll of "bi
carbonate of soda," aud that the sodic carbonate thus formed can 
promote the decomposition of peat more effectively thall could be 
done by the weaker and the less solnble alkali lime. 

To state the matter in somewhat more general terms, it is true 
that common salt and carbonate of lime, when in presence of 
carbonic acid and water, can react upon one another with formation 
of "bicarbonate of soda" and chloride of calcium. Practically, 
under the conditions which obtain in a compost-heap, it is to be 
presumed that the super-carbonate of soda thus formed will be a 
sesqui-carbonate rather than a bicarbonate. In many cases indeed, 
tbe product may contaiu less carbonic acid than a sesqui-carbon
ate i it may even happen that it will bold in combination but little 
more carbonic acid than the amount proper to normal carbonate 
of soda. In the words of Hilgard and ·Weber, "'Ve must, as a 
rule, expect to find mixtures of the alkali mono- and sesqui-car
bonates in varying proportions, according to condition of tempera
ture, supply of carbonic-acid gas, and other conditions." 

In making a compost with salt and lime, the usual method of 
procedure is to slake quicklime with brine and to spread the pow
dery product, layer by layer, upon moist peat that has iw;t. haa n 
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thrown out from the bog. Under these conditions, a good part 
of the lime will speedily be changed to the condition of a carbon
ate, and some of it to the state of super-carbonate, for there can
not be any lack of carbonic acid in the heap, inasmuch as this 
substance is formed there incessantly through the decomposition 
and oxidation of the peat. Hence the conditions are all favor
able for tlle alJoye-ll1elltioned reaction between the lime-carbonate 
and the salt; and the BOlla-carbonate thus formed will naturally 
diffuse into the moisture of the heap and so be brought into COll

tact with the peat in all directions. 
The fnct of the formation of crusts of carbonate of soda upon 

the sll1'face of the soil ill many desert places where salt and lime
stone are ill contact with one another, bas frequently been ob
served since a ycry early period, but the true explanation of the 
method of their formation has only recently been recognized, first 
by Hilgard in California. 

There Cfln be no doubt that the nse of the salt and lime mixture 
is preferable to the use of lime alone, as a general rule. But now 
that a clew to tile mode of action of the mixture has been dis
coyered, there is room for very grave doubts whether the use of 
the salt and lime should be contiuued, for it can hardly be dOll bted 
tllat carbonate of soda could be applied to peat more methodi
cally and economically in the form of black-ash, soda-ash, or, 
better yet, in that of barilla from Teneriffe. Practical men have 
often called attention to good results obtained by them on com
posting peat with soda-ash, and there can be no question that 
soda-ash may be an extremely valuable fertilizer in many locali
ties, especially ill non-calcareous regions where the soils are apt 
to be or to become sour. 

Potc~sh better than Soda. 
Soda-ash has the merit of cheapness. Excepting places where 

wood-ashes are abundant, the alkaline soda-carbonate can us-ually 
be obtained much more cheaply than the corresponding compound 
of potash. But while potashes are so cheap as they are now, and 
are likely to continue, it may well be asked whether they should 
not be used in most instances for compost-making rather than 
soda-ash. Potash is a manure ill itself, a necessary form of plant
food. Soda has no snch claim upon the farmer's attention. Plants 
can succeed perfectly well without soda, and as an alkali it has no 
advantage, otller than cheapness, over potash. Practically the 
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chief lesson to be drawn from the "salt and lime mixture" is, 
that the time-honored method of composting peat with wood-ashes 
is a good method, and that it should be inculcated and improved 
upon. In case local circumstances should favor the use of lime, 
some one of the chcap potash compounds from Stassfurt might 
well be mixed with it instead of comll1on salt. H. Liebig has 
proposed the following rpceipt: For 10,000 lb. of peat, regarded 
as air-dried, take 200 lb. of quicklime and slake it with a ~olution 
of 200 lb. kainit. To this compost Liebig would add lOU to 200 

lh. of bone-meal, or superphosphate or precipitated phosphate of 
lime. 

Action of Lime on Dung. 
In connection with the subject of the action of alkalies on peat, 

some mention should be Illade of their action upon fresh dung, or 
on dung that is fermenting in moist heaps, although not much is 
known accurately concerning these matters. 

From dung which is undergoing hot fermentation, caustic lime 
or any other of the fixed alkalies will of course expel large quan
tities of ammonia j but there is some eyic1ence which goes to show 
that lime doe!> good mther than harm when spread upon the sur
face of ordinary moist dung-heaps, and Payen has urged that the 
addition of small quantities of lime to fresh dung or urine retards 
their decomposition considerably instead of hastening it. There 
seems to be an actual union between the lime and some of the 
nitrogenized substances when tuey are ill the fresh condition, as 
has been explained in another chapter. 

The following experiment, by Wolff, is of interest. He mixed 
250 grams of quicklime, that had been aIloweu to slake in the air, 
with fresh cow-manure in a box of one eubic foot capacity, and 
left the mixture to deeay in a north room during 15 months. It 
weighed some 11,000 grams at first. The loss of water from this 
mixture was rather more rapid, and was larger in amount, than 
occurred with similar boxes of mere manure, and of manllre and 
gypsum, which were tested at the same time. But it appeared 
that, as was the ease with the gypsum also, the final product con
tained a smaller proportion of soluble organic matters than dung 
which had rotted by itself; whence the conclusion that the lime 
must have combined with certain organic matters to make them 
insoluble. It is probable, withal, that some of the matters thus 
fixed by the lime would have decomposed very readily if left to 
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themselves. The limed manure contained, when rotted, more 
organic matter, and more nitrogen also, than the simple rotted 
manure; and there was a larger proportion of nitrogen in the or
ganic matters of tIle limed manure, both in those that were solu
ble and those which were insoluble in water. 

Composts 0/ Lime and DlIlIg. 
In some parts of 'Veste1'll France, where the soils have been 

derived from granites and slates that contained but little lime, it 
has long been customary to use both lime and dung in the prepa
ration of composts. It is said that a qnantityof quicklime is 
thrown into a rectangular hole, wh:c!.J Ilas been dug in a field, and 
there covered with loam. Tile lime SOOI1 slakes amI falls to fine 
powder, which is shovelled over and illtimately mixed with the 
loam. Manure is then hauled to the side of the hole, and the mix
ture of lime and loam is tllrown ont upon the man~'e, so that a 
heap is built up of alternate layers of the two materials. After 
the heap has lain for two months or more, the compost is applied 
to the land. It is evident that this process may have merit in re
gions where the soils are apt to be sour, but in most countries 
farmers seem to have preferred to use carbonate of lime rather 
than quicklime in making composts by means of dung. 

CV1f1]losting Be/lise. 
Almost everything that has been said of composting peat, either 

with dung or with an alkali, will apply to a multitude of other ma
terials beside peat. As regards straw and leaves, indeed, and other 
easily decomposable vegetable substances, the theory amI prac
tice of fermentation seem to be toler::.bly ·well understood. But 
there are many things, snch as the stalks of corn, of potatoes, of 
buckwheat, and of beans, twigs clipped from hedges, bushes 
mown in pastures, cllips and sawdust, clods and weeds, which can 
perfectly well be decomposed in the compost-heap by proper 
treatment, and which could probably be decomposed there eco
nomically instead of being burned to ashes, as is now done far 
too frequently. 

It may sometimes be well, no doubt, to burn trash for the mere 
sake of getting rid of it, and the use of fire often seems to be 
justified also as a means of destroying fungi, the eggs of insects, 
and the seeds of weeds; but in all probability the destruction of 
these pests could readily be effected by means of weak solutions 
of potashes, and the nitrogen of the organic matters that harbored 
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them be saved at the same time for the farm. Rubbish thus 
drenched with potashes would naturally decay quickly in warm 
weather if it were kept in a damp place. For example, it might 
perhaps be found advantageous to compost in this way the refuse 
le,wes and vines which are left when hops are harvested, instead 
of burning them to ashes, as was the old English practice. It is 
to be noted to at, on farms woere no advantage is derived from 
potassic fertilizers, soda-ash would be a cheaper and an equally 
effective agent for decomposing weeds or the like. 

Slaked lime, admixed with green weeds in the proportion of 10 
or 15 % of qllicklime to 85 or 90 c/o of weeds, is said to decom
pose them so speedily that the mixture is fit for use next spring, 
though the lime would not be nearly so apt as potashes to destroy 
all the seeds. In general, soluble alkalies, like potash and soda, 
or their carbonates, must act much more effectively to destroy weed
seeds than any method of merely composting with dung, although 
it is true enough that some seeds are destroyed in heaps of dung
compost. 

It has been recommended in Europe, in cases where the fodder 
or the litter contains many weeds, to compost the manure with 
loam, and to drench the heaps frequently with dung-liquor in or
der to rot the weed-seeds. The practice is akin to a plan for kill
ing cotton-seeds formerly in nse at the South, though it can hardly 
be as effective as that was, hecause many weeds bear seeds which 
are peculiarly hard and refractory, and wellnigh impermeable to 
moisture. Indeed, it has been noticed recently that the seeds of 
various weeds do not perish ill silos of corn·fodder, even when 
much heat has been developed by the fermentation. It would ap
pear that only those seeds are destroyed in a silo which are soft 
enough to swell under the conditions which obtain there. The 
mere heat of the place is not high enough to destroy many of them. 
" I am certain, by demonstration," said TuIl, "that, let a dung
hill remain three years unmoved, though its bulk be vastly dimin
ished in that time aud its best quality lost, charlock seed will remain 
sound in it, and stock the land. whereon it is laid; for that fer
ment which is sufficient to consume the virtue of the stercoraceous 
salts is not sufficient to destroy the vegetative virtue of charlock 
seeds, nor, as I believe, of many other sorts of weeds." Lorain, 
in his turn, urged toat, " Although the cookers of dung say that 
tbe fermentation of it destroys the vegetative property of seeds, 
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practice and observation determine the contrary. In fact, if na
ture had not calculated seeds in general to withstand much more 
than the heat of a fermenting dunghill, the eartb would long since 
have been stripped of vegetation, particularly where ploughers and 
croppers reside." 

It is not improbable, however, that many weed-seeds may be 
killed by exposure to the long-continued putrefactive processes to 
which manure is subjected in the deep, wet dung-pits of Conti
nental Europe j though this view is weakened by certain experi
ments of Zoebl, who observed that some seeds - notably those of 
bind-weed (Polygonum convolvulus) and black medick (Medicago 
lupuliua) - retained their germinative power after having lain 50 
or 60 days under dung-liquor. 

Value of Coa1'se Refuse. 
The chief points to be considered in composting coarse mate

rials are, that more time must be allowed for their decomposition 
than for the decomposition of finely divided substances, and that 
special care must be taken to make the heaps of coarse materials 
large, and to keep them moist. It is evident that, in order to get the 
best results, the coarse materials should be fermented by them
selves in special heaps. There would be a Wilste of time, and risk 
of losing fertilizing matters, if fine materials were left to rot with 
coarse during the long time necessary for the decomposition of the 
latter. 

A general idea of the value of some common kinds of refuse 
may be got from the following table, which gives in round num
bers the percentage proportion of water, nitrogen and ash ordi· 
narily contained in them: -

Water. Nitrogen. A.h. 
Strs.w of wheat. 5 to 10 0.5 4 or 5 

" rye. 8 to 10 0.2 to 0.4 4 or 5 

" " barley. 8 to 10 0.3 to 0.5 5 to 7 
" oats 8 to 10 0.6 to 0.7 5 
" buckwheat 10 0.5 to 0.7 5 or 6 
" pes.s 10 to 12 1 to 2 4 to 6 
" horse-beans . 12 to 14 2. 5 or 6 

Potato vines . 10 or 12 1.5 10 or 12 
Beet leaves 87 to 90 0.5 13 or 14 
Carrot leaves 70 0.5 to 0.9 8 or 10 
Autumn leaves of trees 10 or 12 0.7 or 0.8 4 to 6 
Summer leaves of trees 55 0.9 2 or 3 
Sawdust, oak 25 0.5 1 or 2 

spruce 25 0.25 0.5 
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Marc of grapes 48 1.8 4 to 6 
Chaff of wheat 8 to 10 0.8 9 or 10 

" barley 10 or 12 0.5 10 or 12 
Clover-roots . 9 or 10 1.6 9 
Purslane (Portulaca) . 93 0.4 2 
Pig-weed (Chenopodium) 81 0.6 4 
Nettle (Urtica) . 82 0.9 2 or 3 
Yellow doek (Rumex), dry leaves 12 3.5 11 
Milk-weed (Asclepias) " 15 3.8 9 

Looking at the matter from the two points of view which have 
been insisted upon, - viz. 1 st, the presen'ation of dung, and, 2d, 
the decomposition of inert vegetable matter, - it would seem as 
if in general, at least for all farms where neat cattle are kept, that 
the coarser sticks and stalks and clods should be treated with a 
special view to their fermentation, and that the finer straw and 
leaves, as well as peat and loam and clay, should be made to serve 
in the first place as bedding for cattle, or as absorbents of their 
liquid dejections. The finely divided materials will usually be 
sufficiently decomposed when thus treated, without need of special 
oversight. But if all the coarse materials were banished to special 
heaps, there would seem to be less need of that incessant forking 
oyer of dung- and compost-heaps upon which so llIuch labor was 
formerly expended, and still is, indecd, on many farms. The cost 
of merely moving manure from the stable to the field, which com
monly involves the carting of it twice and the handling of it four 
or five times, would seem to be sutliciently expensive, uuder the 
most favorable circumstances, without expending in repetitions of 
the turning process any labor that can possibly be avoided. It 
must be admitted, howeyer, that there is still much to be learned 
as to the reasons why the practice of forking over manure per
sists. Doubtless, there are other points gained by the process 
beside the mere decomposition of the long litter. Although there 
is some diversity of opinion with regard to the adyantage of tnrn
ing over compost-heaps, the general impression among farmers 
seems to be that the oftener the heaps are worked oyer during or 
after fermentation, the better. 

Spent Hops. 
Spent hops, as thrown out from breweries, have often been com

mended by practical men as excellellt for composting and for put
ting into hog-pens j and there can be no doubt that the material 
is well suited for these purposes, in view of the large amounts of 
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Ripe Compost. 
It is noteworthy that, in regions where the winters are not too 

severe, compost-heaps are sometimes covered over at the begin
ning of winter with straw, sods, brush, potato-tops, or the like, 
and occasionally even with horse-manure, in order to exclude frost. 
In this way the heap is kept unfrozen, so that its contents can be 
forked oyer at any time, and removed to the fiehls at the farmer's 
conycnience. Perhaps such protection might be npplietl usefully 
with us both to compost-heaps and heaps of peat that arc to be 
used in midwinter for compost making. It dCHerves to be studied 
whether the old plan of planting squashes, pumpkins, melons, or 
other free-growing plants, upon compost-heaps has any other 
merit than that of yielding a small crop at trifling cost, and of 
hiding the heaps from view. The shade and s\lI'face moisture 
afforded by the plants may perhaps promote nitrification; but, on 
the other hand, the plants must necessarily pump up great quan
tities of water, and tend to dry out the interior of the heap. 

A good deal of importance is attached by some writers to the 
idea that compost should be "ripe" when applied to the land; 
and it is taught thut the time needed to ripen a compost-heap mny 
yary all the way from a few months to two years, according to 
the materials and to the season. Indeed it has been said of the 
rich compost of loam and manure called" terreau," which is used 
by market gardeners at Paris, that it cannot be properly made in 
less than four years. The Parisian gardeners, instead of planting 
vegetables in the natural soil, prefer to grow them in beds of ter
reau placed upon beds of long manure in such manner that the 
gardens nrc practically great hot-beds, coyered more or less with 
glass during the colder months, but open to sun and ail' in the 
spring and summer. 

Care should be taken always to establish compost-heaps early 
enongh, that they may be ready for use at times when fields are 
to be planted. Perhaps the best plan of all is to haye a numlJer 
of heaps in all stages of progress toward ripeness. The idea of 
ripeness means of course that much of the nitrogen in the peat or 
other rough material has been brought to a coudition fayorable for 
rapid nitrification when the compost is put upon a field. Possibly 
some of the good nitrogen in It ripe compOI:;t Jm}' he already in th~ 
form of an ammonium cOllJpollnd; but it is more probable per
haps that much of the nitrogen lllay have been reduced to the con-
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dition of amids of such character that they can ehange readily to 
ammonia and to nitrates in the field. 

The chief advantage gained by stirring compost seems to be, 
that, up to a certain point, fermentation sets in anew each time 
the heap is turned over in such manner that its contents are 
loosened and exposed to the air. 

This idea was presented somewhat forcibly by Cobbett, long ago, 
in the following words: "A great deal more is done by the fermen
tation of manures than people generally imagine. In the month of 
June take 20 eart-10ads of earth which has been shovelled off the sur
face of a grassy lane, or by a roadside, or round about barns, stables, 
or the like. l,ay these 20 loads about a foot thick on some convenient 
spot. Go and cut up 20 cart-loads of [green] weeds of any sort, and 
lay these well shaken up on the earth. Then cover the weeds with 
20 more cart-loads of earth, like the former, throwing the earth on 
lightly. In three days you will see the heap smoke as if on fire. If 
you put your hand into the earth you will find the heat too hot to be 
endured. In a few days the heat will decline and the heap will sink. 
Let it remain for a week after this, and then turn it carefully. This 
will mix the whole well together. You will find the weeds and the 
grass in a putrid state. Another heating will take place, but less fu
rious than the former. Turn it a second time in 7 days, and a third 
time in 7 days more. By this time you will have 40 loads of manure, 
equal in strength to 20 loads of yard-dung, and better for a garden, 
or indeed for any other laml. . . . "When such a heap were once 
formed, some ashes, j1sh-shells or bones reduced to powder, or other 
enli\'ening matter, might be added to it and mixed well with it." 

According to ::'.filler, it is necessary to mix earth or mud or some 
other diluent with green weeds to prevent the heaps from taking tire 
when they ferment. This accident is specially liable to occur when the 
heaps are large, unless the weeds have been mixed with earth, or the 
like. ",Yhell the weeds are thoroughly rotted, such compost will cut 
like butter, and will greatly enrich the land. It is to be presumed, 
of course, that the first hot fermentation in such extreme cases as 
these must have been an ammoniacal fermentation. 

Lu/;ol' to lie Spared in Compost-makillg. 
It may be true, also, tlw,t the formation of nitrates or nitrites 

is promoted by the admission of air to the mass, though it is not 
to be supposed that nitrification could occur at any great distance 
from the snrface, or at the interior of the heap. So far as the 
establishment of a new fermentation goes, the occasional turning 
over, at leisure moments, of those compost-heaps which contain 
coarse material, would seem to be judiciollS; but the process would 
seem to be open to adverse criticism as regards ordinary heaps, 
such, for example, as those composed of peat and dung. If thc 
object in forking over the heap is merely to decompose the peat 
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somewhat more thoroughly, it will be well to count the cost of the 
labor involved before much of that kind of force is expended for 
what is prollably a comparatively small gain. Even if it be ad
mitted, for the sake of the argument, that the compost is benefited 
decidedly by being worked over, it may still be urged that the ben
efit is not commcnsurate with the cost. It would probably be far 
more judicious, in most cases, to expend the labor either in haul
ing or in getting out new supplies of peat or of sods, and in es
tablishing new heaps of compost, rather than in turning over the 
old heaps; provided always that the materials of the heap are in 
a tolerably finely divided condition. 

For horticultural purposes, indeed, it may often be well to turn 
over a heap of dung or of compost many times and often, in order 
to provide delicate food for some cherished plant. But in agricul
ture the methods are coarser. An abundant supply of tolerably 
crude manure will usually serve the farmer a better purpose than a 
scanty supply of manure that has been highly refined; and he can 
nowadays always buy a little nitrate of soda or of an ammonium 
salt to enliven the manure, if need be. 

Many years ago, Boussingault tested old composts obtained 
from several different farms and market-gardens in France, and 
found no inconsiderable amount of nitrates in each of them. 
Stated in terms of nitrate of potash, he found that the dried com
post cont~ined, in different instances, 0.083 %, 0.094 %, 0.107 %, 
and 0.151 %. In a compost of leaves, he found 0.551 % of saltpe
tre. The sample above-mentioned which contained 0.107 % was 
from a heap of horse-manure and loam that had lain 4 or 5 months 
on the premises of a market-gardener. As Boussingault remarked, 
these quantities of nitrates are not so very much smaller than were 
the amounts obtained not infrequently from the nitrous earths of 
the old saltpetre boilers. 

Composts may be made far from flome. 
One great advantage in composts is, that they can be made far 

from home. Suppose, for example, that there is an outlying field 
that needs to be fertilized. It will often be better practice to get 
ant pond-mud, or peat, or sods, at the locality itself, and haul 
thither enough dung, or lime, or ashes to compost the inert mate
rials than it would be to haul dung enough to manure the entire 
field. A similar remark will apply to home fields, which are not 
readily accessible at certain seasons. 
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One word should be said about the forking up of great heaps of 
manure in the spring, by the market-gardeners, where the chief 
motive seems to be the using of the heat of fermentation. ·When 
brought to the cold ground, the bot manure warms it considerably, 
as will be explained in a subsequent chapter, and so insures a bet
ter start to the early peas or other yegetables which are to be 
grown there. Horse-manure is esteemed for this purpose, alill that 
which contains straw is held to be better than that which is mixed 
with bog-meadow hay. In this case, the gardeners are really 
seeking to get a feeble form of boLtom heat, sllch as is seen at ils 
best in their hotbeds. Twenty-fiye cords of such manure to the 
acre, whicb is a not unusual application, are clearly competent 
to force an early crop, both by virtue of the heat developed, and 
of the large amount of nitrogen which the manure contains. It is 
probable, withal, that nitrification speedily sets in where the land 
has titus been prepared and warmed, as if for this special purpose, 
by working into it such large quantities of manure. 

Composts regarded ((s Satllntted Earths. 
There is still another way of looking at composts beside those 

already described, and it is the usual method of regarding them j 
namely, as "earths saturated with easily assimilable plant-food." 
There are many cases where the crop will sllcceed better when 
treated with sueh saturated earth than if it were dressed with cle~r 
dung. Take the case of "dunging in the hill," for example j it 
will manifestly be better to have a shovelful of compost left in con
tact with the seed than a mass of dung. For fresh dung might rot 
the seed, and hot manure woul<l be likely to "burn" it, as the 
term is. Moreover, crops like beets and potatoes have no such 
powerful roots, when yonng, that they can afford to search for 
their food at great distances. They do best when l1 "saturated 
earth" is snpplied to them in the beginning close at hand. 

Again, for top-dressing mowing-fields and pastures, the satu
rated earth is specially well fitted. There are somc soils withal, 
snch as dry sl1nds, where dung does not decompose advantage
ously, and it is precisely on such soils that the saturated earth 
does most efficient service. But, as hardly needs to be said, this 
saturated-earth theory is taken somewhat after tite fact. It con
cerns itself with the uses to which the product is to be put, rather 
than with the scientific explanation of the mode of manufacture. 
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Composts are really Earths charged with ... Wicrodernes. 
in the light of existing knowledge, it is more reasonable to con

sider composts as earths charged with microscopic organisms, such 
as bring soils into a good state of fermentation and help to in
crease fertility either by changing into new forms matters which 
are already contained in the soil, or possibly sometimes by work
ing to fix free nitrogen from the air. In order to grasp this con
ception clearly, the student will do well to contrast ripe compost 
with crude and barren earth, such as may often be seen upon the 
sides of ditches, roads, and railways where banks have recently 
been cut through. Earth thus laid bare may remain sterile even 
for several years after the excavations are made; and the infer
ence is, that it does not contain the organisms which promote 
fertility. In the absence of these organisms, no proper fermenta
tion can occur, and the earth remains infertile. But by strewing 
a good compost upon such land it would not be difficult to estab
lish vegetation upon it, especially if pains were taken that the 
slope should not be too steep, and if a furrow were drawn upon 
the land at the upper edge of the slope to lead away rain-water, 
and so prevent the slope from being washed and gullied. 

Phosphatic Compost. 
In some cases it may perhaps be well to incorporate with com

posts, during the process of preparation, phosphates of one kind 
or another, such as ground phosphatic slag, or Florida phosphate, 
bone-black, bone-ash, ground phosphatic guano, or possibly even 
one of the better kinds of ground phospha te rock (" floats," so 
called). The chief objection to this idea is that the process of 
composting docs not exert any very powerful action upon such 
phosphates. It is true enough that insoluble phosphates are 
slowly attacked to a certain extent in an ordinary compost-heap, 
bnt the action is slight and feeble and not much to be depended 
upon as a practical resource; unless indeed, as sometimes hap
pens, the peat employed contains free sulphuric acid. (Holde
fleiss.) Whether precipitated phosphate of lime might not some
times advantageously be scattered upon the compost at the moment 
of turning it, is a question to be decided by experience. This 
phosphate is an excellent fertilizer for many purposes, and may 
readily be applied by itself, but possibly enough it might serve a 
useful purpose in the compost-heap by feeding there the micro
organisms which cause decay, and it might afterwards do as much 
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good to the crop as if it had been applied directly to the land. In 
the case of moor-laud which contains free sulphuric acid, an ap
plication of phosphatic slag, after draining, could hardly fail to 
be useful. 

It is a strong point to be urged in favor of phosphatic composts 
that phosphate of lime promotes putrefaction j evidently by sery
ing as food for the micro-organisms which cause decay. It was 
noticed some years ago by Collas that particularly active putre
faction sets in on adding small quantities of phosphate of lime to 
flesh or to isinglass, and this observation has been confirmed hy 
Lefort, who could not find any other compound so etlicient as th6 
phosphate, in this regard. 

Dry Loam may illjlll"e .1I<lIIure. 

Thus far it has been argued that the mixing of peat, loam, or 
straw with dung is in the main advantageous as a means of pre
serving the manure, provided the mixture is kept moist and cool, 
eyen if it be exposed to the air, and in case a heup of moist ma
nure were to be covered with impacted earth the presnmption is 
that the manure would be preserved much in the same way as if 
it had been stored in a silo. Holdefleiss has found in fact that 
very little nitrogen is lost from heaps of well-conditioned manure 
that have been covered with lo:.<m. In his experiments Oil this 
point, it was exceptional when as much as 1.8 und 2 % of the 
original nitrogen were lost. But there is another side to this ques
tion of admixture, for practical experience goes to show that when 
dung or urine are mixed with an excess of dry loam or dry peat, 
and then exposed to the free actIon of the ail' in loose heaps, there 
is danger that a good part of their nitrogen will be lost. This 
particular point has not yet been sntllciently studied, but it would 
appeal' that the loss of nitrogen must depend upon some process 
of oxidation due to the free admission of air through the loose 
materials. It has been proved by several different observers that 
when nitrogenous organic substances undergo decomposition in 
presence of much oxygen, considerable quantities of free nitrogen 
gas may be evolved from the materials j and there is DO lack of 
farm experience to teach the importance of hindering free oxygen 
from gaining access to the interior of manure-heaps. 

Moreover, Gibson has shown, by adding an infusion of loam to 
flesh and to blood-serum which were decaying in presence of air, 
that certain micro-organisms from the loam brought about fer-
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good to the crop as if it had been applied directly to the land. In 
the case of moor-land which contains frce sulphuric acid, an ap
plication of phosphatic slag, after draining, could hardly fail to 
be useful. 

It is a strong point to be urged in fayor of phosphatic composts 
that phosphate of lime promotes putrefaction; eyidently by serv
ing as food for the micro-organisms which cause (lecay. It was 
noticed some years ago by Collas that particularly active putre
faction sets in on adding small quantities of phosphate of lillle to 
flesh or to isinglass, and this observation has been confirmed by 
Lefort, who could not find any other compound so etficient as the 
phosphate, in this regard. 

Dry Loam may injure }![cuL!u·e. 
Thus far it has been argued that the mixing of peat, loam, or 

straw with dung is in the main advlIntageous as a means of pre
serving the mannre, provided the mixture is kept moist and cool, 
even if it be exposed to the air, and in case a heap of moist ma
nure were to be covered with impacted earth the presumption is 
that the manure would be preserved much in the same way as if 
it had been stored in a silo. Holdetleiss has found in fact that 
very little nitrogen is lost from heaps of well-conditioned manure 
that have been covered with loam. In his experiments on this 
point, it was exceptional when as much as 1.8 and 2 % of the 
original nitrogen were lost. But there is another side to this ques
tion of admixture, for practical experience goes to show that when 
dung or urine are mixed with an excess of dry loam or dry peat, 
and then exposed to thc free action of the air in loose lleaps, there 
is danger that a good part of their nitrogen will be lost. This 
particular point has not yet been sufficiently studied, but it would 
appear that the loss of nitrogen must depend upon some process 
of oxidation due to the free admission of air through the loose 
materials. It has been proved by several different observers that 
when nitrogenous organic substances undergo decomposition in 
presence of much oxygen, considerable quantities of free nitrogen 
gas may be eyolved from the materials; and there is no lack of 
farm experience to teach the importance of hindering free oxygen 
from gaining access to the interior of manure-heaps. 

Moreover, Gibson has shown, by adding an infusion of loam to 
flesh and to blood-serum which were decaying in presence of air, 
that certain micro-organisms from the loam brought about fer-
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mentations of the blood which were attended with liberation of 
very considerable quantities of free nitrogen gas. In these par
ticular experiments, the liberation of nitrogen by the loam-microbe 
was wholly independent of any process of nitrification. But it has 
been observed repeatedly by many different chemists, that when 
nitrates are present in fermenting manure or in other kinds of de
caying organic matter, they are apt to be deoxidized.in such 
manner that some of their nitrogen goes to waste as snell. 

Xitmyen Lost jrom Nitrates durtllf} PI'irejaction. 
Tacke, for example, has shown that large losses of free nitrogen 

may occur during the putrefaction of moist organic matters with 
which a nitrate has been mixed. In his experiments a variety of 
crushed vegetable matters such as beet-root and clover leaves and 
variolls moist mixtures of flesh with meal, starch and sugar were 
made to putrefy, but in the absence of nitrates no appreciable 
amount of free nitrogen was ever exhaled fwm these mixtures, no 
matter whether the putrefaction occurred in the entire absence of 
oxygen gas or in presence of an excesS of it. On the other hand, 
when a nitrate was added to the organic matters which were putre
fying, this nitrate was immediately reduced, and an abundance of 
free nitrogen was evolved, together with varying amounts, in many 
cases, of the other products of reduction, viz. nitrous oxide, nitric 
oxide and nitrous acid. 'Wben the putrefaction occurred in an 
atmosphere of oxygen gas the reduction of the nitrate was less 
vigorous than in cases where no free oxygen was present, but in 
no case did it wholly cease, though perhaps this result might have 
been attained if it had been possible to bring the oxygen gas into 
intimate contact with eYery particle of the putrefying matter. In 
general, it was observed that the reduction of the nitrate was more 
emphatic in proportion as less free oxygen was present. 

The reduction of nitrates in this way munifestly depends upon 
the presence in the putrefying mass of certain micro-organisms 
which consume the oxygen of the nitrate. It has been claimed 
indeed by Gayon and Dupetit that they have isolated and ex
amined these organisms. Tacke's results have been corroborated 
by those of Ehrenberg, who finds that in the absence of oxygen 
gas, an abundance of free nitrogen escapes from putrefying or
ganic matters with which nitrates have been admixed. 'When the 
putrefying matters are placed in an atmosphere of pure oxygen, 
the evolution of nitrogen will cease after a time, for in this case 
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tbe ferment organisms will use the free oxygen and no longer take 
oxygen from the nitrates. In his trials with putrefying organic 
matters, both moist and wet, which were free from nitrates, Ehren
berg could not detect any evolution of free nitrogen, neither when 
oxygen gas was absent nor when it was present in excess. III 
consonance with these results, Kellner has noticed that there is an 
appreciable loss of free nitrogen from organic matters which are 
undergoing the process of nitrification. 

Ewn before the publication of the foregoing observations, 
Dietzell had urged that whenever free nitrogen is lost during the 
decay of organie matters, this loss is in some way conneeted with 
the formation of nitrites by way of ferlllentation, and it is known 
that when nitrites are brought into contaet with amines or amido
acids, sueh as urea or leucin, tyros in and other produets of the 
decay of nitrogenous matters, they are liable to be decomposed 
with evolution of free nitrogen gas. Dietzel! claims that this loss 
of nitrogen during decay may he prevented by mixing the organic 
matter with preeipitated phosphate of lime or with powdered phos
phatic slag. 

Oxidtttion by Dry Lomn is due to -",!fiero-organisms. 
It is to be noted that the loss of nitrogen through reduction of 

nitrates and nitrites is quite a different matter from the liberation 
of nitrogen by the aetion of loam-microbcs 011 decaying substances 
which contain no nitrates, as studied by GiLson; awl that these 
loam-microbes of direct action would appear to be of paramount 
importance as a causc of the slow destruction of manure ill loose 
dry heaps. It is not yet known whether the injury which manure 
suff('J's when it is left loose and dry may be complicated with 
processes of nitrification, though the presumption would be ad
verse to any such supposition because of the lack of moisture. 
But there can hardly be a cloubt that the deeompositions which are 
known to occur in such heaps must depend in good part on the 
prescnce of aerobic ferments which feecl upon the organic matter 
as well as upon oxygen gas, and thus bring about the wellnigh 
complete oxidation of the organic matter. Dry earth, or any 
other material porous enough to permit the free entrance of atmos
pheric ail', while acting at the same time to subdivide the organic 
matter and to increase the number of points of contact between 
it and the air, must fayor the rnultipliootion and tbe effective 
working of the ferment. 
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I have myself observed in the case of loams that were kept for 
months and years in an absolutely air-dried condition that the 
organic matter sliffered slow decomposition with formation of 
much carhonic acid. 

As has been said already, under Dung, - beside putrefaction 
proper, and the anaerobic fermentations, which need no air for 
their cOl1lpletioll- there are processes of slow decay, or " slow 
combustion," as the term is, whieh, though dne like the others to 
the action of microscopic organisms, are charaeterized by the fact 
that air is necessary for their progress. I t is the so-called aerobic 
ferments which cause the deeay of mannre ill loose heaps and the 
waste of humns in cultivated fields; and it commonly happcns, 
while one kind of fermentation may be going on at the centre of 
a dung-heap to which lIO air has access, that decay of a totally 
different order is progressing at the surface of the heap; as deeply, 
that is to say, as air can find entrance to the materials. It is 
notorious that all substances habitually in contact with the air
such as the surfaccs of plants, the skins of animalR, thc feathers 
of birds, the soil itself and e,oerything that rests upon the soil
are apt to be highly charged with bacteria which settle out from 
the air, as dust settles, because they are heavier than air. This 
statement may readily be verified by putting minute particles of 
earth, or of any substance that has long been exposed to the air, 
upon food prepared exprcssly for the growth of bacteria, and 
observing with the microscope how rapidly the organit-lIllS de,'elop 
there. In one instance studied in tbis way by Koch, it was noticed 
that while the uppermost layers of the soil contained innumerable 
germs, very few conlcl be detected at a depth of two feet, and 
none at a depth of three feet. 

It it.; to be remembered, none the less, that the experiments of 
Schloesing, already cited, have shown that some part of the oxi
dation which occurs in loose manure-heaps must be attributed to 
chemical action, pnre aud simple, and it is to be observed that 
porous substances, such, for example, as charcoal, or, better yet, 
spongy platinum, may exert a powerful influence upon foul odors 
to destroy them. 

OxidaUon 1).1/ Porolls Bodies. 
The decomposing action of porons bodies is well shown by a 

common lecture-room experiment, which consists in covering the 
body of a rat or squirrel with a little heap of bone-charcoal, and 



368 AGRICULTURE. 

leaving the heap undisturbed for some weeks. It is then found 
that the putrescible portions of the animal have disappeared, and 
that little or nothing of him is left but bones and hair. But mean
while no odor has been perceived to arise from the heap of char
coal, excepting a very faint smell of ammonia. So long as any 
moisture is left in the animal, his flesh probably decomposes rapidly 
by the action of aerobic ferments, and in case any of the products 
of the decomposition are offensive, they would be absorbed and 
destroyed by the porous coal. 

There appear to be three points worthy of special notice in re
spect to this so-called disinfecting action of charcoal j viz., the 
easy access of ail' to the organic matter, through the loose parti
cles of the coal, whereby the activity of aerobic ferments is pro
moted j the power of the coal to absorb volatile matters; and the 
fact that the substances thus absorbed react chemically upon one 
another. The charcoal absorbs the offensive matters together 
with air, and thus forces the oxygen of the air into such close 
communion with tile offensive compounds that the latter are burnt 
up and destroyed. In some foreign cities, sieves of charcoal 
have been placed across the air-vents of sewers in such manner 
t11at the outgoing air s110uld all be filtered through the charcoal, 
and so be disinfected. Chemists are familiar with the fact that 
bone-chltl'coal actually does possess considerable oxidizing power, 
in this scnsc, and methods have been devised for putting it in 
evidence by Illeans of lectnre-room experiments. It is to be 
noticed that, as a gcnerall'ule, the charcoal, far from exerting any 
preservative influence, actually hastens the decomposition of the 
organic matter. Its action was well exemplified in the case of 
some trout caught by a student iu New Hampshire, and packed in 
charcoal powder there to " preserve" them, but which, on being 
sent express to his friends in Boston, were received by them in an 
advanced stage of decomposition. 

It llIay be remarked ill passing that the familiar practice of 
charring those portions of the butts of posts or poles that are to 
be buried in the ground, in order to preserve the wood, depends 
upon other considerations than the foregoing. The action of the 
fire destroys the outermost layer of the wood, i. e. it there de
stroys the nitrogenous and amylaceous matters which would nat
urally 11aye scryed as food for the microscopic organisms which 
abound in damp earth. The cllarcoal itself cannot serve to nOlll'-
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ish these organisms, and by covering the wood which is beneath 
it, it protects this wood to a considerable extent, though finally 
when the post is dug up after the lapse of years, the external 
layer of charcoal will alone be found in a sound condition. It is 
to be remembered also that when wood is strongly heated a variety 
of acid, tarry awl empyreumatic substances are formed which 
permeate the uncharred portions of the woo(l, and for a time act 
as germicide agents to prevent decay. 

Common experience teaches that dry earth acts to deodorize fetid 
matters, and apparently it does so somewhat in the same way as 
charcoal, though to a less degree. The habits of mankind with 
regard to the burying of dead animals, and of all offensive mat
ters, well illustrate this point. Doubtless the earth may do good 
sen'ice by destroying offensive emanations from the putrefying 
matters, as charcoal does, but it must often happen that buried 
materials will simply be destroyed, which by proper treatment, 
might have been saved to serve as fertilizers. 

Destrllctire POIVer of Porous Earth. 
To repeat, tbe destructiye power of eartb is mainly a conse

quence of its porosity. The drier the earth, up to a certain point, 
so much the greater will be its destructive power, for in moist 
earth most of the pores are filled, and stopped up, as it were, with 
water. But even moist earth must exert some of this destructive 
power, unless it be compacted tightly j and in most manure-heaps 
some parts of the lleap will be loose enough and dry enougb to be 
subject to more or less of this kind of decay. 

It is an admitted fact in natural philosophy, that by force of ad
hesion, every solid substance exposed to the atmosphere, or to any 
other gas, is covered with a thin film or coating of air, or of the 
other gas. To some BU bstances, like metallic platinum, gases ad
bere witb peculiar force, and so tlley do to many porous bodies j 
i. e. substances whose interstices present a large surface in propor
tion to their bulk. A familial' instance of such adliesion is seen 
in the clinging of tobacco-smoke to curtains and other woollen arti
cles j and, as has been said, more or less carbonate of ammonia 
may be retained by the soil in this way, especially by clay. (See 
"How Crops Feed," p. 243.) 

The air or otlier gas thus held as a film upon the solid substance 
mnst evidently be very much compressell as compared with atmos
pheric ail', and must consequently be peculiarly ready to act or to 
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be acted upon chemically. Moreover, air thus held attached to 
porous bodies may serve as a reservoir or source of supply for the 
support of micro-organisms, even in the midst of a great heap of 
inert materials. 

Perhaps because the substances experimented upon vary so 
widely in respect to porosity, it is not easy to obtain clear con
ceptions as to the limitations of these facts, 01' as to their practi
cal importance in re;;pect to the preservation or destruction of 
heaps of ordinary compost 01' dung. For instance, there is an 
experiment by'" olff, in which 150 grams of finely powdered 
charcoal were pucked with cow-manure in a cubic-foot box, and 
left in a north room for 15 months. The mixture, which weighed 
about 15,000 grams at first, hardly lost weight any more rapidly 
than the mere manure with which it was contrasted, and it con
tained as much nitrogen as the latter at the close of the experi
ment. 

There are experiments by Stanford, also, in which little or no 
nitrogen was lost from small quantities of meat, urine, and ex
crement which had been admixed with charcoal, and left during 
the summer months in loosely covered dishes. All these results 
seem to point to the conclusion that the oxidizing action is hin
dered by extreme dryness. Apparently, a certain small propor
tion of moisture should be present in order that the destruction of 
organic matter by the micro-organisms which live in porous earth 
may be really rapid; though, as was just now said, I have myself 
observed that very considerable quantities of carbonic acid are 
habitually formed in thoroughly air-dried soils which have been 
kept for a long time in dry rooms, either in barrels 01' in quanti
ties no larger than the contents of an ordinary flower-pot. (See 
close of Chapter XVI. 

"Eaj·th-closets" destroy ]}Iun1(re. 
It has been pretty clearly made out that the oxidizing power of 

dry earth, when loose or not tightly packed, is a matter of no small 
importance in its bearings upon the so-called" earth-closet" sys
tem of disposing of llUman excrements. In this system, as is well 
known, the idea is to cover up the excrement instantly with dry 
earth. Sifted garden loam is best; clayey loam is good; but fine 
coal ashes will do very well, except that they are rather too dusty 
for comfort. 

There is provided, in place of the fixtures of the Ol'(linary water-
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closet, a somewhat larger set of pipes for the transmission of pow
dery earth instead of water, and these pipes are connected with a 
reservoir of dry earth above. Upon opening a valve, the dry earth 
flows down as if it were water, and passes into another reservoir 
below, whence it can be removed from time to time, as occasion 
may require. 

1Vhen human excrements are thus covered with fine, dry earth, 
their odor at once ceases to be perceptible, and no further annoy
ance can arise from them. All fermentation, in the ordinary mean
ing of the term, is prevented, and the excrement is deodorized so 
completely that one and the same barrel of earth may be used over 
and over again, and finally carted away without offense, precisely 
as if it were mere loam or ashes, since, except for a suspicion of 
ammonia, it has no odor other than that of earth. Except for the 
trouble of keeping up the supply of dry earth, it would be diffi
cult to say too much in favor of this system. As a sanitary de
vice it has very great merit, and is doubtless the next best system 
to that of water-closets which has yet been devised. One plan was 
to use charcoal instead of earth, and to carry away the spent ma
terial at stated intervals, and" I'e-burn" it - i. e. Sll bject it to a 
process of destructive distillation- as a means of mltintaining 
methodically a supply of the absorbent material. (Stanford.) 

It was thought at olle time that the general adoption of earth
closets in villages and small towns would be a distinct gain for 
agriculture; for, even if it were admitted that the system is imper
fect as a means of preserving manure, it was belieyed that it mllst 
still be vastly better than the methods in COllllllon use. Hence it 
was suppose(l that an enormol1s amount of fertilizing material that 
now goes to waste would prohably be saved. 

But it is plain, from what has been said already of the mode of 
action of dry earth, that the earth-closet must be a very imperfect 
device for saving manure, both because so large an amollnt of 
earth has to be used ill order thoroughly to absorb the liquid por
tion of the manure, and because of the tendency of micro-organ
isms in the earth to burn up and destroy the dung. In point of 
fact, it has been found in actual practice that the amount of ni
trogen retained by the earth is bnt inconsiderable, even when the 
earth has been repeatedly used. 

Voelcker found in loam which had been used four times in an 
earth-closet, and dried by fire-heat each time after use, no more 
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than 0.39 % of nitrogen, 1!% of bone-phosphate of lime, and 
1 t % of potash. At another time he analyzed loam of a some
what different character, that had been used five times in the 
closet, and dried by fire-heat four times, and finally been allowed 
to dry in the air after the fifth use. This material contained 
0.41 % nitrogen, 1 % bone-phosphate of lime, and 0.66 % potash. 
No nitrates could be detected in either of these samples. 

Yet again, he analyzed materials from a prison at "Tttkefield, 
and obtained the results set forth in the table. For the sake of 
ready comparison, all the figures are calculated for earth tlried 
at 212°. 

Earth be. Earth Earth Earth 
fore use. once used, twice med. thrice used. 

Organie matter and water of conltitution 9.88 9.79 11.53 12.22 
Alumina and oxide of iron 12.95 16.15 14.11 12.48 
Phosphoric acid. 0.1M O.~.:; 0.44 0.51 
Magnesia :1 l.44 2.63 { 0.77 0.90 
Alkalies and loss 0.72 0.74 
Insoluble, clay and sand. 11.99 68.93 70.30 71.01 
Nitrogen 0.31 0.37 0.42 0.51 

The original earth was a clayey garden-loam, that contained, 
when ready for use, 10 % of moisture. The used earths con
tained from 12 to 22 % of moisture, according to the state of the 
weather. 

It will be seen from the table that there is only a very small in
crease in the proportion of nitrogen each time the earth is used. 
The increase of phosvhoric acid, though larger than that of the ni
trogen, is still small. A ton of the thrice-used earth would hardly 
contain 10 lb. of phosphoric acid. The once-used eartb contained 
only 0.06 % more nitrogen and 0.07 % more phosphoric acitl than 
the original loam. 

In experiments upon a somewhat different plan, made by Dr. 
Gilbert, 14 cwt. of air-dried clayey loam were sifted and put aside 
for use. "When 0.33 to 0.50 of this store had becli nsed, it wa::! 
necessary to empty the pit. The mass was fOllnd to be uniformly 
moist throughout, though neither frecal matter nor paper could be 
seen in it. This once-used earth was spread upon the floor of a 
shed to dry, and was then resifted and again passed through the 
closet. Analysis of the materials gave the following results: -

Before use. Once used. Twice used 
Moisture expelled at 212 0 F. from the air-dried, 

sifted soil . . _ . . . . . . . .. 8.440 9.970 7.710 
Per cent of nitrogen in air.dried, sifted soil 0.067 0.216 0.353 
Per cent of nitrogen in soil dried at 212~ • • . 0.073 0.2~0 0.383 
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As Dr. Gilbert has observed, the twice-used soil is no better 
than good gardeu-Ioam. It could not bear the cost of carriage, 
except to a very short distance. It would appear, ncvertheless, 
from English experience, that when the closets are fed with gar
den-loam, and the usell earth is immediately applied as a fertilizer, 
crops may derive some benefit from it. 'When applied at the rate 
of from half a ton to a ton to the acre, it is said to hl.LYe been ben
eficial to grass-land, potatoes, onions, and other vegetables. 

lVu/,iliY's E.1~pp./'ime)lt. 

In this country, Colonel 'W-ariug, at Kewport, purposely kept a 
couple of tOI1S of the dry earth for a nUll} bel' of years, and had it 
used over and over again, in order to see how often it could be 
used without losing its efiiciency. The material consh;ted of a 
mixture of about 1 part loam and 3 parts coal-ashes. 'flle closets 
were filled about () times a year, and when the vaults were emptied, 
the earth was tlll'own into a Leap in a well-ventilated cellar to dry. 
vVaring states tllat the material which he sent to be analyzed must 
have been used at least ten times, aml that it was tue same to all 
outward appearance then as it had been in the beginning. It bad 
no odor, and it looked and felt tlle same as at first, and it seemed 
to be just as etl1cient in the closet as ever. 

From Professor Atwater's analysis of this ten-times-used mate
rial it appeared that it contained 1.31 % of moisture, 10.72 % of 
organic and volatile matters, 0.37 % of phosphoric acid, alJ(l 
0.28 % of nitrogen. It was shown that, excepting a slight gain 
in respect to phosphoric acid, the material had practically not been 
improved by its tenfolll use. N either the dung 1101' the urine with 
which the earth and ashes had been so often charged had made 
much impression upon it. 

Waring urges that the amonnts of these foreign matters added 
to the earth were by no lIleans small. He computes that the use 
to which the closets were put was equal to that of fOllr adults for 
six years j and since an adult voids 23 lL. of dry matter per year 
in the f::eces and 3·1 lb. of dry mattcr ill the urine, - of which last 
he admits that one-third went into the closets, - there would be 
about 34 lb. of dry manure go into the closets every year for eacll 
person, excluding paper from the account. Hence the four people 
in six years would yield over 800 lb. of dry solid manure, contain
ing more than 230 lb. of nitrogen. 

From the analysis, it appears that 'Varing's two tons of mate-
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rial contained only about 400 lb. of organic and volatile matters, 
some of w11ich was undoubtedly "water of constitution" that 
would not go off at 212 0

, and it is to be inferred that a consider
able proportion of tbis organic matter was already contained in 
the earth at the beginning. Atwater's analysis shows only 11 lb. 
of nitrogen in the 2 tons of Waring's used earth, which is no more 
than was contained in 2 tons of the fresh earth (garden loam) 
analyzed by Voelcker. It would appear that, practically speak
ing, in this case nearly all the organic matters of the excrement 
and the paper must hayc been burnt up and destroyed. 

Professor ,Johnson assures me that he too made analyses of used 
earth from 'Varing's closets some years earlier, and that the results 
were similar to Atwater's. They seemed so extraordinary that 
·Waring coGld not bring himself at that time to publish them. Of 
course, the results as now stated are all the more striking, inas
much as they relate to a longer term of years. 

This palpable destruction of manure by dry earth is likely to 
cast discredit upon one at least of the illstilllces where loam is 
used for bedding animals. It was formerly thought that, for 
sheep, bedding with loam must certainly be a commendable prac
tice, since, in view of the comparative dryness of the excrements, 
there is mllch less risk than there is with cows of the animals 
being unduly soiled by contact with the earth whenever it hap
pens to be moistened. But, as has just been stated, there is good 
reason to believe that this very dryness is a source of danger for 
the manure. 

Composts of Night-soil. 
In conuection with the subject of the earth-closet, it needs to be 

said that some of the best of the agricultural methods of treating 
night-soil have little or nothing in common with the use of dry 
earth. They are rcally systems of composting with peat, or loam, 
or sods. Either enough peat to absorb the urine is occasionally 
shovelled into a shallow vault, which has been constructed so as 
to facilitate the addition of the peat and the removal of the mix
ture, 01' a considerable cxcess of peat is strewn at interyals upon 
the contents of an ordinary vault, and, as often as oceasion may 
require, the mixture is hauled out and thrown up into compact 
heaps. These heaps are bottomed with peat, and loosely covered 
with it also, and are then left to ferment. 

This method of procedure, there is small need to remark, differs 
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essentially from the dry-earth system. It is nothing more than a 
particular instance of the ordinary method of composting. The 
excrement senes as a basis for fermentations by virtue of which 
the inert matters ill the peat are decomposed and converted into 
new compounds fit for the nourishment of plants. l\Ieanwhile, 
the antiseptic peat hinders for a time the dung from passing into 
wasteful forms of fermentation. 

It is worthy of remark that, in the country, vaults are objec
tionable, unless indeed they are very shallow. Not only may 
they readily become sources of disease, but thc process of clean
ing them out is always a highly disagreeable task, and sometimes 
actually dangerous. Doubtless a large part of the prejudice which 
exists against the use of night-soil is to be creditea to the horrible 
stench which arose from the old-fashioned vaults whenever their 
contents were disturbed. 

1I'Iethocls of Dealing with Night-soil. 
One way of handling the mixture of peat and night-soil above 

mentioned is to have the receptacle consio;t of a box or tub, - an 
old cart-body, for example, - set on a stollc-boat or drng, so that 
it may be hauled into the ficld without offellce, and there be cap
sized with handspikes. It is still true of slIch compost, that its 
odor is vile. Hence good judgment should be exercised as to the 
times at which to move it, and the fields upon which to put it. In 
any event, it is well to plough night-soil or blood composts under 
as soon as may be convenient. 

Schmid, in Austria, has described a sensible method of composting 
night-soil in cases where large numbers of laborers are congregated. 
If the number of people is moderate, the excrements may be made 
to fall into petroleum barrels to which clcats or " ears" have been 
fastened, through which polcs can be thrust so that a couple of men 
may readily lift and carry away the harrels ; or the barrels may be 
hung permanently on wheels, so that they can be rolled away. At 
frequent intervals - sometimes once a week, at other times every 
day - the contents of the barrels are thrown into a pit or basin and 
covered with a thin layer of crumbly peat or of peat-moss; the rule 
being to add enough peat that moisture shall no longer be seen at the 
surface of it. Au automatic arrangement for strewing the peat thinly 
and evenly has been found to do excellent service. 

From the basin, the material is hauled directly to the fields, and 
strewn there at once with forks and shovels, or from a manure
spreader. Six or eight wagon-loads of this compost are held to be 
as powerful as 20 or 25 loads of good farmyard-manure. The oftener 
the compost can be hauled away from the basin the better, since the 
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pressure exerted by the upper layers of the mixture tends to super
saturate the lower layers with moisture. 

In a case where the contents of a pit were removed at the end of 
3 months, the lowest layer was found to be soft and foul-smelling, 
while the upper third of the heap gave off but little odor, and was in 
a highly satisfactory condition. This method of procedure admits 
of being applied in the case even of thousands of workmen, in build
ings several stories high, if only the excrement is made to fall 
through straight pipes into iron barrels set upon wheels. 

Considerable qllantities of night-soil are still hall led out from 
some parts of Boston to be used as mannre, most of it being in 
the condition of a thick, muddy li(lnOr j though some fresh solid 
dung is brought out, and the farmers yery much prefer this ma
terial to the liquid, which has always undergone more or less de
composition or ,lilution. 

Forty or fifty ye~H's ago, whcn the employment of night-soil was 
more common, or at thc least more conspicuous, than it is now, 
the plan was sometimes adopted of allowing the liquid to run out 
upon the land to be cultiYated, where it soaked into the soil, and 
was subsequently worked in by processes of ploughing and har
rowing. Bnt a more common plan was to prepare a compost bed 
at the edge of the field, by ploughing np a patch some twenty or 
thirty feet in (liameter and making a rim of earth a foot or so high 
around it. The night-soil was allowed to flow into and fiU this 
basin, wbere mneh of it soaked into the eartben floor and some 
part of the water eyaporated. Loam, or well-pulverized peat that 
had been exposed to the air for a year or two, was then thrown 
upon the surface of the mud, together with plaster of Paris in 
many illstanees, and when the matter was dry enough to handle, 
it was forked oyer, sometimes twiee, as a preparation for its dis
tribution upon tbe fields. The farmers who made these composts 
preferred them to fresh night-soil, and found that they did good 
service. Probably large quantities of nitrates were eontained in 
the finished produets. The use of plaster in tbis case seems com
mendable. 

One method of applying night-soil, in use in Europe, is to seoop 
out, at appropriate distanees from one another in the field to be 
manured, a number of shallow holes or eups two or three feet in 
diameter, to run the liquid night-soil into these boles, and to throw 
it, from them upon the surfaee of the land. 
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Real Danger of Night-soil. 
It was thought formerly that various chemical substances preju

dicial to health are liable to be produced by the decay of human 
excrements, and that the dangers which are known to arise from 
keeping excrements stored in vaults, or from allowing them to soak 
into the earth around dwelling-hous€'s, must be attributed to this 
cause. Nowadays, rather less importance is attached to this old 
conception, altbough it is still recognized tbat there may be some
thing of truth in it. Perhaps it is only under quite exceptional 
conditions that any serious danger to health can arise from the 
chemical products of decaying night-soil. 

The real trouble seems to be, that excrements do at times serve 
as the borne and breeding place of certain microscopic organisms, 
one or another of which may cause a particular disease, - such, 
for example, as dysentery, typhoid feyer, cholera, or diphtheria. 
It is only when the special microdeme which occasions one of these 
diseases is present in the night-soil, or in the earth or water into 
which night-soil has soaked, that there is any great danger in 
having it about. Neyertheless, it may often happen that night
soil will contain less noxious, though still hurtful organisms, such 
as might occasion diarrho.'a, or cause inflammation to set in upon 
any trifling cut, Or scratch, or abrasion of the skin, with which 
a little of the night-soil, or emanations from it, may have come 
in contact. All this beside the depressing effect of the offensive 
odor, which, for some organizations, might be sufficient to predis
pose the system to disease. (See subsequent chapters for Night
soil and Sewage.) 

It is to be noted withal that special dangers may lurk in other 
kinds of manures beside night-soil. Thus lock-jaw (tetanus) is 
now thought to be caused by a microbe which may come to us in 
!lome way from the horse. Several instances are upon record in 
which men haye died from lock-jaw after haying been wounded 
by pieces of iron which had been soiled with horse-manure, and 
even when straw thus soiled was rubbed against a wound; and 
epidemics of loc]{- jaw have occurred in hospitals in which 
wonnded men were exposed to emanations arising from heaps of 
horse-manure. 
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CHAPTER XXI. 

:r.IODES OF APPLYING lIIANURliL 

WITH regard to the methods of applying manure to the soil, it 
is extremely difficult to lay down general rules applicable for all 
cases. But there are still some things which may be said. It is 
easy, for example, to object to a system which prevails somewhat 
in the vicinity of Boston upon gentlemen's estates, of spreading 
farmyard-manure upon the surface of lawns in late autumn or 
early winter, in such positions that some part of the goodness of 
the manure must be washed away by every rain that falls upon 
the frozen ground. 

The objection here is simply from the chemist's point of view. 
It may be possible, perhaps, that the cllstom has its advantages, 
both as a means of maintaining a thick stand of grass and of 
saving labor, though the probabilities are that it has been im
ported from a mild European climate, and applied here thought
lessly. It seems but reasonable to maintain that winter top
dressing should be restricted to level fields, for both rain and 
melted snow may sweep manure from frozen hillsides before its 
constituents can have had any fair chance to soak into the earth. 

Spreading Fresh llfanure. 
The practice of carting ont fresh manure from the barnyard as 

fast as it is made, and spreading it directly upon the fields, even 
in winter, has frequently been advocated abroad, and bas been 
commended by several good farmers even in New England, though 
it may be doubted if they were hill men. The chief gain, no 
doubt, is in the saving of labor. Indeed, it can well happen that 
the farmer may find so much advantage in having his teams and 
men haul out and spread mannre at an idle season, in order that 
they may be free for other work when it presses, that he can afford 
to put up with considerable losses of manure in the field, no matter 
whether they be caused by sweeping rains or by hurtful fermenta
tions. It must be remembered withal, that the manure would 
have probably suffered some loss anyway, even if it had been left 
in the barnyard. 

The spreading of short manure upon grass early in the autumn 
or eyen very early in the spring, is no doubt commendable in 
many situations, as a means of maintaining the field in good case; 
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and, as has already been insisted, the surface spreading of ma
nure in temperate climates, like that of England, may be really 
advantageous, even in winter, since the unfrozen ground absorbs 
much of the goodness of the manure. Chemists are prone to be
lieve that the formation of nitrates from the nitrogen-compounds 
of the manure will be promoted by surface spreading, and that 
these substances may remain inert and unactec1 upon when buried 
in a soil of close texture. 

One objection to the system of surface spreading, true especially 
of light, leachy soils, is that the non-soluble portions of the ;na
nure, as they lie upon the surface of the ground, are liable to dry 
out to a peat-like suustance, which probably exerts very little, if 
any, useful effect upon the growth of crops. It has been noticed 
on the Continent of Europe that farmyard-manure may be applied 
in the spring to help forward a grain-crop w11ieh has suffered from 
the winter's cold, provided the grain has been sown in drills so 
that the cultivator can be used to put a light covering of earth 
upon the manure. Otherwise there would be a risk of the manure's 
being dried out by sun and wind to such an extent that the crop 
might not be benefited by it in the least. 

Best Depth to bury _Mam/J·e. 
It seems plain that, as a general rule, manure should be buried 

to such a depth that it may be kept damp by the capillary and 
hygroscopic moisture of the soil; while, at the same time, no ycry 
large proportion of the manure should be buried so deeply that 
air cannot gain access to it. Both these considerations naturally 
point to the conclusion that it will usually be proper to bury ma
nure deeper on light land than on heavy land, though the depth 
will necessarily vary in different instances, according to the cli
mate and the relation of the soil to the ground-water. It might 
well be modified accordingly as the season was to be wet or dry, 
if the event could but be predicted. It may often llllppen that a. 
summer shower will moisten the surfacc soil sufficiently to thor
oughly soak the manure there situated, while only the heayy rains 
of autumn or spring might reach manure that had been deeply 
buried. 

As for the lower soil, it is of course important, if the tilth is 
good, that there should be in it an abundant store of plant-food; 
but it is probable that in most instances this deep-lying food had 
better cOllsist of inorganic matters that have been fixed or ab-
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sorbed by the earth, or of nitrates that have soaked downward. 
rather than be in the form of barnyard-manure. To gain this end 
it would seem to be good policy to turn under a soil which has 
borne heavy crops since it was manured and to manure afresh the 
soil, formerly buried, which has been brought to the surface by 
this operation, rather than try to bury fresh manure deeply at the 
start. 

The importance of a store of deep-lying plant-food to serve as 
a safeguard in times of drought has been well shown by some 
experiments of Lawes and Gilbert on top-dressing hay-fields. In 
a year (1870) which was characterized by a term of drought 
which began at Ii time when vegetation usually becomes active 
and lasted with little intermission until autumn, it was observed 
that grass which had long been manured with a mixture of ni
trate of soda and mineral fertilizers gave excellent crops of hay, 
while contiguous plots - even those liberally dressed with stable
manure from London - yielded so little grass that they were 
hardly worth mowing. The significance of the nitrate will be seen 
on glancing at the following table in which are given the numbers 
of cwt. of hay harvested from the acre of land in three selected 
instances ;-

Kind of Manure. 
Cwt. hay 
in 1870. 

Average 
crop per 

year from 
Deficieney in 
1870. Cwt. 

1856 to 1870. 

No manure. 5.75 22.75 17.00 
Mixture of mineral fertilizers and 

ammonia salts 29.50 52.38 22.88 
Mixture of mineral fertilizers and 

nitrate of soda. 56.25 57.63 1.38 

On the unli1anured plot, the drought of 1870 reduced the crop 
of hay to about one quarter of the average yield; the product this 
year was less than had been harvested in any preceding year of 
the fifteen. 

On the plot manured with mineral fertilizers and ammonium 
salts - the ammonia of which tends to become fixed in the surface 
soi1- a considerable crop of hay was haryested in spite of the 
drought, though the yield was much less than in ordinary years. 

But on the plot dressed with nitrate of SOdll and minerals, It 

heavy crop of hay was obtained and the grass evidently suffered 
but little from the long continued dry weather. Thanks to the 
easy diffusibility of the nitrate of soda, this fertilizer had pene· 



BURIED MANURE. 381 

trated deeply into the soil during all the years of the experiment, 
and grass-roots had followed it to such an extent that when 
drought set in these roots were far better able to obtain water 
than the finer and much less vigorous roots in the un manured 
land. 

Even on the plot dressed with mineral fertilizers and ammonia 
salts where - thanks to the abundance of plant-food - free-grow
ing grasses predominated, the habit of growth of the roots was 
such that the plants were in great meaSllre dependent for their 
supplies of food and moisture on what could be found in the upper 
layers of soil. 

It is true of course that different kinds of grasses grew on the 
different experimental plots, according as the manures differed. 
It was observed, for example, that while the grasses most encour
aged by ammonia salts have a tufty habit of growth above ground 
and a tendency to luxuriate within a limited range beneath the 
surface, some of those most favored by nitrate of soda grow close 
together and send down strong wiry roots far into the subsoil. 

But the fact remains none the less that the store of deep-lying 
manure was of enormous advantage in enabling the grass to with
stand the drought. It was found, in fact, on determining t11e 
amounts of moisture contained in the soils of the several plots, 
that the grass on the nitrated field had really obtained large QU:1ll

tities of water from the clayey subsoil. It was made manifest 
that this grass had Pllmped out the land drier and to a greater 
depth than could be accomplished by the herbage of either of the 
other plots. That is to say, the nitrated grass was able to find 
water and to use it with adntntage at a time of direst need. 

These experiments enforce, furthermore, the lesson that for 
almost every kind of crop there must be some one depth of bury
ing the manure which will be better suited, on the whole, than any 
other for that special crop j for the roots of different kinds of 
plants are very unlike, both as regards t11eir bulk or quantity, and 
their behavior or requirements. Most of the grains, for instance, 
send out feeding roots in all directions, and so do the different 
kinds of clover. 'Vith carrots and parsnips, or lucern, for ex
ample, there will be little risk of burying manure too deeply. 

It would be well for every farmer to determine some of these 
points once for all for his own soil, by dividing the fields into 
fractions, and burying portions of the manure at different depths 
upon the several fractions. 
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Expel'ime1ds on bra!Jillg ~l{an71l'e. 

There is an interesting series of experiments bearing upou this 
point, which were made UIder the auspices of the Massachusetts 
Society for Promoting Agriculture, many years ago. The idea 
was to diyide a field into fh'e equal p(lrts for a rotation of three 
years. Foul' of the plots were manured, but the fifth was not. 

The manure on the first plot was ploughed in to a depth of eight 
inches j that on the second plot to a depth of four inches j and that 
on the third plot was merely h:trrowed in, while lIpon the fourth 
plot the manure was sprelld upon the surfllce of the ground. The 
results of the experiments h:we been published, :tnd are well wor
thy of being carefully studied, though they teach no precise lesson. 
Doubtless each one of these es.perirnents ~ and they were made 
by different farmers scattered thronghout the State ~ must haye 
been exceedingly wlllalJle to the person on whose lund it was 
made, as well as to those neighbors who happened to have land 
similarly situated. 

In these experiments it appears that, in general, deep ploughing 
(8 illches) answered best for gmin, while Indian corn profited 
most from the manure that W11S merely harrowed in. lIay did 
best with manure buried foul' inches j and, on the whole, so fur, 
be it well understood, as these cxperiments go, this tlepth of four 
inches would scem to be the best, ill Cllse the farmcr were to be 
compelled to confine himself to anyone depth for all crops and 
soils. Next to 4 inches, tbe depth obtainable by harrowing was 
found to be best on the Whole j and it is to be remarked that this 
result tends to support the practice of those farmers who prefer to 
wait until their land has been ploughed and then to apply the 
manure und harrow it in thoroughly, instead of plowing nnder thE 
manure at first. In the column of final avemges, Yery little car 
be found in favor either of deep ploughing or of top-dressing 
Even with guano, top-dressing has been found inferior to plough 
ing under. 

It is noteworthy in these experirnents that the eharacter of th 
crop seems to have had far more influence upon the results tha 
the character of the soil. For grnin, howeyer, the deep-burie 
mllnure did best, upon the whole, on the hc:wy soils j while npc 
the light soils the shallow-buried manure did better than the deep 
buded. Manifestly, the results are complicated by the questi, 

whether the ploughing rnay not have done good in itself. III 
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few instances, the manure which was spread upon the surface of 
the light soil did best of all. 

In judging of any such experiments as these, the operator will 
need to view the field with knowledge. That is to say, knowledge 
as to the position of the ground-water and as to the capillary con
lHtion of the soil, as well as of its power of holding rain-water. 
lie will ll::tturally notice also the chemical character of the humus, 
and whether or not thc conditions are favorallle for nitrification. 

]}[an1l1'e should ve well ~um'kell in. 

No mattcr at what depth manure is to be huried, it if! of impor
tance to secure an equalJle distributioll aud dissemination of it in 
the soil in order that all the plants in the field lllay be equally well 
fed aUlI an evcn stand of the crop secured. Moreover, it is a 
mattl'r of familiar observation, that, when a lump of manure of 
allY considerable size is buried in the earth, it is apt to remain 
undecolllposed for a long while, and to be found as !l lump per
haps ewn years afterward. It is to avoid this result that farmers 
take so nllleh trouble to fork over manure repeatedly, and to use 
it whene\Cer possiLle ill a well-rotted, " short" condition. Various 
improved harrows, of recent iuvention, arc Yftluable aids for work
ing manure into tlle soil evenly and effectively. One way of help
ing to admix manure with the soil is to haul out and spread the 
manure roughly upon sod-land in the willter :.llld early spring, alld 
to pulverize the clots of manure, just before ploughing, by going 
over the lall(l with a bush-harrow. 

}\fuch might be said in favor of ploughing in manure in the 
autumll as a preparation for the next year's crops. On light, thirsty 
lands, this conrse obviates the necessity of losing moisture by 
stilTing the soilulldllly in the spring j and on clays it is generally 
admitted that ploughing and manuring in the autumn are benefi
cial for the tilth of the land, to suy nothing of avoiding the tramp
ling and pressure which would occur if muuure were hauled upon 
the land und distrilmtc(l ill the spring. Moreover, the fertilizing 
materials have oppot'tunity to become prctty thoroughly incor
porated with the soil, and the spring work is lightened. This 
method is oftcn practised in England in preparing land for root
crops, and it has been urged as one of its advantages that the 
manure is kept out of the way both of the seeds and of the roots. 
Mangolds, for example, are apt to be injured in shape and in 
yulne from the bulbs coming in contact with the straw and clots 
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of manure that has only recently been ploughed under. One good 
rule with regard to the burying of manure is, that the aim should 
be always to fill the staple with plant-food. 

The following t:tlJle contains the results of Deherain's experi
ments 011 growing fodder-corn (maize) on a light, somewhat cal
careous soil, on one part of which farmyard-manure had been 
buried, wlIile 011 another part the manure had been spread upon 
the ;lIlrface of the land: -

4O,OOH kilos, of manure. 
Buried. . • • • • • 
Spreau. . . . • • • 

KiloB. of crop harv""ted. 
1878. 1879. 

78,000 87,000 
71,600 58,000 

A somewhat similar result was obtained in experiments on pota
toes, though the ditIerences were in this case much less strongly 
marked. It was found, too, that the unexpended residues of the 
buried manure gave a much better crop of wheat the next year 
(and of sainfoin, also) than did those left by the top-dressing. 

j}[amO'e 'may ferment the Soil. 
Beside the main points of placing the manure where it can be got 

at by the roots of plants, and kept moist for their sake, there are 
some other considerations of a chemical nature which bear upon the 
question of burying manure. Doubtless it often happens that 
farmyard-manure, and other substances rich in organic matter, may 
do good work by bringing about quick fermentation in the matters 
of which the soil is composed, whereby the inert nitrogen of the 
humus, as well as ,"arious inorganic substances, are decomposed 
and made available for the plant. But in order to effect this kind of 
fermentation, the manure must at the least be covered by the soil. 
Upon light land, in a dry season, the manure would have to be 
buried tolerably deep, in order that it shall not dry up and be 
powerless to induce the fermentations now in question. Here, by 
the way, is a capital distinction to be made between manure, 
properly so called, and compost. Composts can hardly be ex
pected to excite active putrefactive fermentation in the soil, such 
as dung would excite. 

It is to be presumed that the first fermentation which occurs 
when fresh manure is buried in the soil will be ammoniacal. Mar
chal has discovered, in fact, that ammonia is produced in a solution 
of albumen by the action of several of the micro-organisms which 
occur in ordinary soils. Even yeasts and moulds, acting upon 
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albumen or the like, can produce ammonia. Muntz and Coudon 
mixed several kinds of soils with dried blood, and, after having 
sterilized the mixtures at 2480 F., they" seeded" some samples 
with lmsterilized loam, while other specimens were left unseeded. 
All the mixtures were then moistened with water and were left at 
rest, shielded from the air during several months. After the lapse 
of 67 days, there was found iu 100 parts of a " seeded" 

Calcareous soil from Champagne 0.111 part of ammonia. 
Garden-loanl . . . . . . . . . . 0.059 "" H 

Moor-earth. . . . . . . . . . . 0.041 "II " 

while no ammonia formed in the unseeded sterilized samples, not 
even in the course of 2.5 years. 

On the other lland, the formation of nitrates from the nitroge
nous components of the manure and the soil is a yery important 
consideration, and it is precisely here that the composts are more 
likely to do good than the dungs. It was customary, formerly, 
whenever a new saltpetre-bed was established, to bring some earth 
from an old hed and mix it with the new materials. This old earth 
was called the" seed-petre" or " mother of petre," and was, as we 
now know, l'harged with the nitrifying ferments. But, in a pre
cisely similar sense, a well-prepared l'ompost may be regarded as 
a nest of ferment organisms proper to l'ause nitrification of the 
humus of the field. The idea is, that, as regards nitrification, the 
compost is likely to al't more quickly than fresh dung j though 
the dung might of course favor nitrification after its first hot fer
mentation is spent. 

As was just now said, Dietzell has observed that considerable 
amounts of free nitrogen may be lost from manure after it has 
been incorporated with the soil, in consequenl'e of the formation 
of nitrites by way of fermentation. He urges that this waste of 
nitrogen may be checked by applying, together with the manure, a 
quantity of superphosphate or of precipitated phosphate of lime j 

or better, by putting one or the other of these materials upon the 
dung-heap, during its formation, at the rate of one pound of phos~ 
phoril' acid to 800 lb. of the dung. It was shown long ago, by 
Voelcker's observations on the composition of waters discharged 
from fields through tile~drains, that nitrates are gradually and con
stantly formed from the slow decomposition of farmyard-manure 
in the soil, i. e. through the oxidation of the nitrogenous constit
uents of the manure. 

VOL. II-25. 
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Leachy BailR, 
It is to be presumed that the popular opinion that manure should 

not be buried deeply in light soils is true, because of the property 
of such soils to facilitate the formation of nitrates from the manure 
applied to them. It is hardly to be believed that such soils are 
called" leachy" becanse of an idea that the ordinary soluble COll

stituents of manure can he washed out of them by rain, for the 
power of the double silicates in the soil to hold these constituents 
[)f manure is very great. But within these porous soils nitrates 
are doubtless formed rather freely, and, as is well known, the ni
trates are easily washed out from soils, and are liable to go to waste 
after every rain that is long continued. They are, in fact, leached 
out of the soil, and the manure from which they come rapidly 
wastes away. It is said to be a matter of old and familiar observa· 
tion in Germany, that in sandy regions, in seasons that are par
ticularly wet, the soil may finally be leached so thoroughly that it 
becomes unfruitful. U uder these conditions, tobacco, in particu. 
lar, according to v. Babo and Nessler, is seen sometimes to suffer 
from actual starvation. 

On the other hand, it is possible that one reason why manure 
had better be kept near the surface of light land is tlHLt nitrates are 
formed more readily in that position than at a greater depth j as, 
for example, in the case of the manure that was harrowed in for 
corn in the experiments of the Massachusetts Society above men
tioned. Practical men maintain, as a general rule, that manure has 
but little endurance on light soils, especially on those which are 
~alcareons. They find that the fertilizing effect of it soon ceases 
to be manifest unless the dressings are frequently renewed. 

Compo sting the Field itself. 
Jnst as in the preparation of compost-heaps, so in the burying 

)f dung there are two tolerably distinct conceptions to be kept in 
view. Beside nitrification, there needs to be considered the prece
:lent fermentation of the humus of the soil, which, unller farming 
wnditions, may be produced when dung is incorporated with the 
loam of a field almost as readily as when it is mixed with similar 
tlUmus in the compost-heap. It may often happen that this first 
fermentation may be produced much more economically by plough
ing under dung in the field than by establishing regular compost
ueaps. In seeking to accomplish this kind of result, the farmer 
may either plough under fresh farmyard-maaure, or be may top-
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dress his grass or fallow-land with almost any kind of fertilizer 
some time before he means to plough, in order to encourage a rank 
growth of grass or weeds, which, on being turned under, will speed
ily ferment. 

Heat of Fermenting Manure. 
It is the market-gardeners in particular who esteem heavy dress

ings of horse-manure on land moist enough to be well insured 
against risks from drought. They find their advantage, also, in 
early spring, in making use of the warmth which fermenting horse
manure communicates to land upon which early vegetables are to 
be grown. This point has been studied by -\Vagner. He found, 
when the temperature of the air was no lower than 50° F., that the 
temperature of the soil could be increased to an appreciable degree 
by working into it stable-manure. The warming is specially well 
marked when the manure is highly nitrogenous, and in a condition 
fit for rapid fermentation, when large amounts of it are nsed, and 
when the soil is not too wet. An addition of materials competent 
to hasten fermentation, snch as barnyard-liquor for example, nota
bly increaseD the elevation of temperature. So does an addition of 
lime, though much less emphatically. Most lleat is developed im
mediately after the manure has been buried, though the evolution 
of heat may persist for some time when the external conditions 
are favorable. Thus, on land dressed with from 40 to 44 tons of 
horse-manure to the acre, warmth may be imparted to the soil dur
ing periods of from 4 to 12 weeks (or more), and the increase of 
temperature may range from an amonnt which is barely perceptible \ 
to as much as 10 of Fahrenheit's thermometer. On the average, it 
amounted to from 0.20 to 0.7°, in these experiments. The best 
mean increase of temperature for a fortnight was 1°. The max
ima of increase observed by Wagner, as imparted to the soil by 
bean-straw (wet with barnyard-liquor?) and fresh horse-manure 
respectively, were 5° and :2°. As everybody knows, the heat of 
fermenting horse-manure has been utilized by gardeners from time 
immemorial for starting hot-beds in frames and greenhouses. 

Muntz and Girard have noticed, during the first few days of fer
mentation, that heaps of horse-manure may get hot enough to 
malk 176° F., and that they may remain for a long while as hot 
as 158° F. Cases are upon record, indeed, in which heaps of 
horse-manure have spontaneously burst into flame. Georgeson, at 
Tokio, sunk in a field a number of bottomless frames, of equal 
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size and each one foot deep, so that their rims were level with the 
surface of the soil. He filled these frames with the light, porous, 
volcanic, ash-like soil of the locality, which contains naturally 7 or 
8 % of humus, and he incorporated with the earth various quanti
ties of partially decayed manure that was still rather long. A 
thermometer was buried in each of the mixtures, ;) inches deep, 
and all of them were left exposed to sunshine and rain in the open 
field. The thermometers were observed from Oct. 27 to :Nov. 22, 
1886, and the averages of the readiugs divided into five-day pe
riods are given in the following table: -

80 40 20 10 No 
l\;Ianured at rate per acre of Ton •. Ton •. Tons. Tons. Manure. 

Temp. of 1st Period (Oct. 27 to 31) 65.1° 63.19 63.8° 62.5° 60.5Q 

Excess of temp. over no manure 4.6 2 .. 6 3.3 2.0 

Temp. of 2d Period (Nov. 1 to 5) 62.2 61.3 60.2 59.5 58.5 
Excess over no manure. 3.7 2.8 1.1 1.0 

Temp. of 3d Period (Xov. 6 to 10) • 60.4 59.3 58.4 57.8 51.2 
Excess over DO luanUre . 3.2 2.1 1.2 0.6 

Temp. of 4th Period (Nov. 11 to 15) 56.S 56.2 55.3 54.S 54.7 
Excess over DO manure. 2.1 1.5 0.6 0.1 

Temp. of 5th Period (Nov. 16 to 22) 52.5 51.6 50.1 49.8 50.8 
Excess over no manure. 1.7 0.8 -0.7 -1.0 

The temperatures diminished so regularly in proportion as the 
earths contained less dung that it seemed manifest that, if it were 
but possible to control precisely all the conditions of the experi
ment, the amouut of heat received by the soil would be in direct 
proportion to the amount of manure applied. The explanation of 
the minus quantities given in the table is that, when the manure 
had been converted to humus, the capacity of the soil to hold 
water was increased, and evaporation from the soil became larger 
aud more constant, so that the soil became cooler than the drier, 
un manured soil. 

The fact was remarked upon long ago, by European farmers, 
when sheep were folded upon meadows in late autumn and early 
winter, that the grass continued to grow green and vigorous in 
spite of the advent of weather cold enough to kill all the grass on 
neighboring fields. Where the sheep had been folded, the grass 
looked as if water from a spring had flowed upon the land. So, 
too, on mountain pastures, above the tree limit, luxuriant patches 
of grass continue to grow until the advent of very cold weather, 
on the spots where cows were milked during the summer. 

Of course the condition of the land must be favorable both for 
the fermentation and for the growth of plants. As Tull remarked: 
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" The action of the dung's ferment affords a warmth to the infant 
plants in their most tender state and the most rigorous season. 
But though dung, in fermenting, may have a little warmth, yet it 
may sometimes, by letting more water enter its hollowness, be in a 
frost much colder than umlunged pulverized earth." 

Modes of applying Artijicial Fertilizers. 
"Vhat has been said above, refers, of course, mainly to the bury

ing of farmyard-manure. In respect to the artificial fertilizers, it 
can be said tolerably well beforehand what needs to be clone in order 
to secure their proper diffusion and distribution in the soil. For ex
ample, nitmte of soda may be simply scattered on the surface of the 
land, for it will readily dissolve there and soak into the soil. Sulphate 
of ammonia, bone-meal, oil-cake and fish-scrap need to be buried 
tolerably deeply, in not too dry earth, that they may nitrify readily. 
Bone-ash, bone-black and phosphatic guano need to be buried 
pretty deeply, and to be commingled with the soil. ~With them, as 
with potash salts, it would be well, were it not for the trouble in
volved, to apply one portion of the dressing before ploughing the 
land, another before cross-ploughing it, and another before har
rowing, to insure thorough distribution. Even as regards guano 
and superphosphate of lime, it has been found best to work them 
into the soil as thoroughly as may be practicable, by mechanical 
means. 

Merit of thorough Dissemination. 
In experiments made by Fuuke, a mixture of high-grade super

phosphate of lime aud sulphate of potash was spread upon the 
surface of one part of a field of moderately deep loamy clay, while 
upon another part of the field these fertilizers were plowed under 
at a depth of rather more than 8 inches. The land was naturally 
well adapted to clover, though it stood in need of being re-seeded ; 
it was ploughed and fertilized in the autumn, and left lying in 
rough furrows until the next spring, when clover was sown upon 
it. A third part of the field received neither of the above-men
tioned fertilizers; but strips of land running across the field were 
dressed respectively with common salt, nitrate of soda and gyp
sum, in the hope that one or the other of these substances might 
perhaps serve the purpose of dissolving and distributing the phos
phate and the potash. It appeared that the lightly buried manure 
served best to start the young clover, and that during the first year 
a better crop was got from this part of the field than from the 

\ 

\ 
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other. The very first cutting of clover, in particular, was decidedly 
better on the land where the fertilizers had been simply strewn. 
But in the second year a very different result was obtained, and it 
then appeared that much the best crop grew upon that part of the 
field where the fertilizers had been ploughed under. 

It may be said, indeed, that, generally speaking, it has been 
found to be advantageous on rich land to bury rather deeply even 
the soluble artificial fertilizers, espccially in cases where they are 
used to force heavy crops. That is to say, the absorptive power 
of somc soils is so great, and the advantages of thorough dissemi
nation are so real, that the utmost pains should be taken to secure 
the best possible distribution in the soil of all kinds of fertilizers. 
Petermann has shown, by numerous trials made in a good, sandy, 
clay loam, that for beet-roots it is best to bury deeply, and to thor
oughly incorporate with the soil even sulphate of ammonia and 
nitrate of soda. He found that the largest crops were obtained 
when these (and other) fertilizers were spaded into the soil. 
Smaller crops were harvested in the cases where the fertilizers 
were raked in, or harrowed in, or hoed in. He noticed, also, that 
when the fertilizers were drilled in with the seeds they hindered the 
germination of the seeds. In the absence of rain, he says, and at 
a time of drying winds, this retardation might seriously injure the 
crop. But, even with the best of weather, the beet-seeds drilled 
in with the fertilizers did not give so good crops as were got from 
seeds that were drilled in after the fertilizers had been buried. 

A synopsis of Petermann's results is given in the following ta
bles. The experiments of 1881 were upon garden plots of 23 
square metres, which had all been spaded in April. The manured 
plots were dressed, at the rate of 880 lb. to the acre, with a mix
ture of nitrate of soda, chloride of potassium, and precipitated di
phosphate of lime. That is to say, each plot received 2,300 gnn. 
of the fertilizer, which contained 3.69 % of nitrogen, 6.39 % of 
potash, and 6.21 % of phosphoric acid. 

In 1881 the following crops were harvested:-

Treatment of the Plots. 

No fertilizers. . . . . . . 
Fertilizers raked in . . . . 

hoed in 41 in. deep 
spaded in 8~ in. deep . 

Kilos. to the 
Hectare. 
17,657 
22,950 
32,674 
38,543 

'l'he crops of 1882 were as follows:-

Increase of Crop. 
Kilos. Per Cent. 

4,933 
15,017 
20,886 

27.9 
85.1 

118.3 
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No fertilizers. . . . . . . 
Fertilizers raked in . . . . 

hoed in 41 in. deep. 
spaded in 81 in. deep . 

21,772 
22,453 
36,217 
39,030 

681 
14,445 
17,258 
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3.1 
66.4 
79.3 

The manure of 1882 differed decidedly from that of 1881 in that 
it contained a quantity of organic nitrogen and of ammonia-nitro
gen, as well as of nitrate-nitrogen. It consisted of a mixture of 
dried blood, sulphate of ammonia, nitrate of soda, chloride of po
tassium, superphosphate of lime and precipitated diphosphate of 
lime. It was applied to garden plots at the same rate as in 1881, 
and contained 2.05 % organic nitrogen, 1.[18 ()~ ammonia-nitrogen, 
1.52 '10 nitrate-nitrogen, 5.18'70 potash and 8.\)4 rj,. phosphoric 
acid. 

The final trials of 1883 were on fields dressed with 500 kilos ni
trate of soda (with 15.53'10 nitrogen) to the hectare and 650 kilos 
of "superphosphate" (with U.51 '10 of phosphoric acid solulJle 
in citrate). The averages of the results were; -

No fertilizers. . . . . . . . 
Fertilizers harrowed in . . . . 

spaded in 4.75 inches deep 
spaded in 8.66 inches deep 
drilled in under the seeds 

Ro()ts to the 
Hectare, in I{_ilos. 

49,310 
58,547 
65,726 
69,596 
61,392 

Tops to the 
Hectare, in Kilos. 

24,722 
31,625 
3,1,675 
37,243 
38,795 

These results have lJeen coufirmed lJy, Guinon in France, who 
harvested 23,560, 27,0:W and 31,400 kilos. of beet-roots respec
tively, from land into which chemical fertilizers had been worked to 
depths of 4, 6 and 8 inches. 

As long ago as 1850, at the time of the discovery of the chemi
cal fixing power of soils, Lawes assured Professor ,Vay that, al
though he had taken great pains to use the best drills in applying 
artificial manures to his experimental fields, he was constantly re
minded of the inadequate distribution of the fertilizers by the 
irregularity of the crops. Berghe, also, in experiments with pota
toes on a light sandy soil, got decidedly better crops -lJoth as re
gards quantity and quality - by burying mixed artificial fertilizers 
to a depth of 9 inches than were obtained hy applying similar fer
tilizers to the surface of the land. 'Vhen nitrate of soda was used 
as the source of nitrogen, the increase of crop due to burying the 
fertilizers amounted to 5 ';{., while there was a gain of 10 % in 
cases where SUlphate of ammonia was employed. 
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Why Dung and Urine are Pre-eminent. 
There can be ycry little doubt, after all has been said, that one 

chief reason why farmyard-manure retains so very prominent a po
sition is that people know pretty well how to use it. Another 
strong point in favor of farmyard-manure is the general applica
bility of it. :1<'01' inasmuch as such manure contains all the ash
ingredients of the plants from which it has been formed, and a fair 
proportion of their nitrogen also, it is necessarily a mixture of 
things needed by living plants. More than this, it is a mixture in 
which the several iugredients are tolerably well proportioned to the 
demands which will be made by the plants. 

It is true, as has been already insisted, that, in one sense, the 
excrements of animals might seem not to be precisely equivalent in 
value, as manure, to the food consumed by the animals in pro
ducing it. A ton of clover, for example, buried in the ground, 
might put into the land more nitrogen, and perhaps even a some
what larger proportion of ash-ingredients, than could be got by 
feeding out the clover to cattle, and carrying their dung and urine 
to the field. And instcad of " clo1'er," in this statement, the name 
of any other article of food might be put. In the case of young, 
growing animals, and that of mileh cows or of sheep, the difficulty 
is aggravated, as has been shown; but in no case is it wholly ab
sent. From numerous experiments made by different chemists, 
it appears that, on the ayerage, little more than four-fifths of the 
nitrogen consumed by stabled animals in their food can be carried 
to the fields in the form of liquid and solid excrements. The 
rest not only serves to form milk, and flesh, and wool, or the like, 
but the major part of it is dissipated by processes of decay and 
putrefaction. 

Excrement better Manure than Food is. 
It was on account of this waste, part of which he wrongly sup

posed to be due to respiration and perspiration, that Boussingault 
once threw out the suggestion that, in one point of view, cattle 
might fairly enough be regarded, not as producers of manure, but 
as consumers (i. e. destroyers) of manure. 

Still earlier than Boussingault, the German ehemist Sprengel 
8ntertained a similar idea, and he made experiments to prove it. 
Starting from the crude 11otion that the fodder which passes through 
!tn animal cannot becollJe " animalized " by the act of thus passing, 
it was urged that a given weight of food applied to the land as 
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such must produce a greater fertilizing effect than a similar weight 
of food after it has been fed to an animal, and thereby changed to 
excrement. 

To test this hypothesis, Sprengel fed one parcel of fodder to 
fatting sheep, and at the same time he prepared a heap composed 
of another equal parcel of the fodder, to which he applied as much 
water as was given to the sheep. Naturally enough, his heap of 
fodder weighed a good deal more than the excrements of the 
sheep, and on contrasting the two products by applying them for 
the fertilization of potatoes, the uneaten fodder gave a larger crop 
than tlJe dung. 

Both the remark of Boussingault and the experiment of Sprengel 
are interesting and instructive, as exhibiting one view of the sub
ject. But the idea which they seek to express can no longer be 
accepted as true, in a practical sense. For the chemical constitu
ents of dung are very different from those of plants. Contrary to 
Sprengel's teaching, fodder is " animalized" as it passes through 
the body, in that the best part of it becomes part and parcel of the 
body before it is sent out, or expelled in the secretions, in the form 
of urea, and of hippuric and uric acids. For that matter, the dif
ference in the fertilizing action of dead plants and of manure is 
well illustrated by the fact of observation that, while grain grown 
after a green-manuring is not specially liable to run to leaf or to 
lodge, there is great danger that both these mischances may hap
pen when manure is applied directly for a grain-crop. Excrements 
resemble dead flesh withal, in that they afford fit residence for va
rious ferment organisms which bring about decompositions unlike 
those which occur commonly in the decay of plants. Doubtless 
the English farmers were right, when, as will be set forth on 
another page, they were willing - at times when cattle were costly 
and turnips abundant - to give their turnip-crops to anyone who 
would bring stock to consume them upon the land. 

Dung and urine not only bring to the soil matters directly assim
ilable by plants, which are of the utmost value as plant-food, but 
they excite fermentations in the earth, which, as all experience 
shows, are useful for the growth of plants. Hence, in spite of all 
the sources of waste above mentioned as incidental to its forma
tion, farmyard-manme is a tolerably complete fertilizer. By ap
plying it to the land in suffi(~ient quantity, plants can be supplied 
with everything necessary for their growth. 
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As regards the ordinary run of soils, there are few among the 
commercial fertilizers of which the foregoing remark can be made. 
Nor is it strange that this should be so, for the commercial fer
tilizers have come into use as additions to or re-enforcements of 
stable-manure. They originated in countries where the farms are 
based upon the keeping of cattle, and have found their chief use 
in connection with stable-manure. 

Hitherto, the artificial fertilizers have, for the most part, been 
applied in conjunction with dung, to supplement it j or, perhaps 
even more commonly, one or another of them has been used to 
force some one partiCUlar crop in a rotation the fundamental basis 
of which is farmyard-manure. It is only comparatively recently 
that the commere·ial fertilizers have found extended use in the cul
tivation of special crops, such as cotton, sugar and tobacco, and 
people were singularly slow in grasping the idea that mixtures of 
the artificial products were needed in order to compete with dung. 

Farming possible with Arl{jicial "l[anures_ 
It is because of the facts above stated that books relating to 

practical agricultnre still lay S(l. much stress upon farmyard-ma
nure, and have so little to say about the practicability of carrying 
on farms by the exclusive use of commercial fertilizers. Indeed, 
comparatively speaking, very little information upon this point has 
ever been published. The experience of many years will be needed, 
moreover, before anyone can say with certainty whether a given 
course of husbandry is permanently profitable. At the very worst, 
however, there would seem to be no real difficulty in maintaining a 
farm in good heart by means of the commercial fertilizers now pro
curable, if they were used in connection with some system of green 
manuring, or with composts made of vegetable matters fermented 
with night-soil, soap-boilers' scraps, or alkali j for in these ways, 
if in no other, mannres of general applicability could be obtained 
proper to replace the dung of animals. This idea is in some sort 
foreshadowed by an old Irish method of obtaining manure by rot
ting hay. On the banks of the Shannon, where much natural 
grass is mown for hay, small patches of the standing grass were 
formerly bought by the neighboring cottagers, even by those who 
kept no live stock, for the pnrpose of obtaining manure for their 
potato-beds. The hay was put into a hole near the cabin, and 
honse-slops and all manner of refuse were thrown upon it to 
hasten the process of decay. 
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'Yhen the preparation of composts comes to be properly under
stood and metllOdized, it may perhaps be found to be true univer
sally, as it is now of cattle-farms, that the best way of employing 
the chemical fertilizers is in small quantities, as helps to the gen
eral manure obtained by the decomposition of vegetables. 

On good moist land, a little bone-meal, castor-oil-cake, cotton
seed-meal, nitrate of soda, or superphosphate, used in connection 
with farmyard-manure, will often exert an influence out of all pro
portion above the cost of the addition. 

Usc of "Artiji'Cials" to produce Dung. 
Upon some of the grain-farms of Europe, it was formerly held 

that the true theory of the use of commercial fertilizers was, that 
they should be employed in quantity just sufficient to increase the 
product of fodder and straw to the extent that a sutlicient llumber 
of animals might be kept to supply dung enough to manure the 
farm richly and completely. This theory has merit, as far as it 
goes; but it fails to recognize and allow for a certain deficiency of 
active nitrogen which is inevitable in farmyard-manure. One of 
the chief merits of nitrate of soda is that it can supply such crops 
as grain and sugar-beets with easily assimilable nitrogen in the 
spring, at the time of their greatest need. At that season, farm
yard-manure which has been applied to the land often fails to ni
trify fast enough - either because the ground is too cold or too 
<lry - to supply the demands of the growing crop. And the re
mark is doubly true of unexpended residues of previous manurings 
which may have been left in the land. 

Special ~fanures sufficient in certain Cases. 
There are exceptional soils and districts so fertile naturally that 

they do not stand in need of complete manures. There are many 
localities in Europe and elsewhere where potash, at least, seems to 
be abundantly supplied by the soil. Upon some of the intervales 
of New England, eyen, and upon reclaimed salt-marshes, some one 
special manure might perhaps bc used year after year without ex
hausting the land. Discretion must, of course, be used in such 
cases, as always in the application of concentrated manures. But 
it is to be remembered, on the other hand, that there is no system 
of farming more unphilosophical, chemically speaking, than that 
which insists on piling stable-manure year after year upon land so 
rich that the crops grown upon it cannot consume a fair proportion 
of the food supplied. 
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According to Lawes ana Gilbert it has been found, as a matter 
of practical experience, upon the highly cultivated grain and stock 
farms of England, that tile amonnt of mineral constituents im
mediately available for the wheat-crop supplied by stable-manure 
is almost invariably in excess of the supply of nitrogen. Hence 
;he yield of wheat is largely increased on those English lands hy 
the application of nitrogenous manures used in conjunction with 
the dung, as has already been set forth. 

In a similar sense, Rauch, in Bavaria, after having experimented 
with Peruvian guano for years, came to the conclusion that he 
could not count with any certainty upon this manure's giving good 
results unless it was applied to land already in good heart, i. e. 
land previously enriched with stable-manure or with dOl"cr-sod. 
The facts being as they are, it is not in the least surprising that 
the use of a purely nitrogenized manure, like sulphate of ammonia, 
should have 80 often given excellcnt results upon land which had 
been richly manured for a long time with dung. 

It is to be remembered, also, that in many situations - wherp. 
land is very fertile, either naturally or from having been brought 
into good condition by careful tillage and abundant manurings, -
the annual disintegration and decomposition of mineral matter 
within the soil will go far to supply the mineral constituents which 
are taken off in the crops, and that these ash-ingredients arc of 
course superadded to those in the dung. Hence it follows, that 
the special theory of applying commercial fertilizers, to which al
lusion was just now made, must be modified very decidedly. In 
many situations, it will be best to usc some kind of nitrogenized 
fertilizer together with the farmyard-manure. And if this ue done, 
less stable-manure should be applied than is nolY commonly used. 
It would evidently be unwise, as a matter of farm practice, to per
sist in applying large quantities of dung to really good land. A 
lighter dressing of the dung together with some nitrate of soda, or 
guano, 01' fish-scrap, or sulphate of ammonia, would usually be 
better than a heavy dressing of the dung alone. 

The Risk of Losing Nitrogen. 
One reason why it may often be better policy to manure the land 

moderately for each crop, rather than to apply a heavy dressing of 
dung to one crop in a rotation and none to succeeding crops, is that 
the organic matter in farmyard-manure slowly but constantly 
changes in the soil, with formatiou of nitrates, some portions of 
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which, as is well known, are carried away, during long-continued 
rainy weatller, by the water that percolates through the ioloil; and 
since the amount of nitrogen lost in this way is larger in propor
tion as larger amounts of dung have been applied to the la11(1 all at 
once, tlJe simplest rules of prudence would seem to indicate the 
propriety of exhibiting the dung in moderate doses and reinforcing 
it if need be with nitrates after the season of leaching rains has 
passed. It may sometimes happen nevertheless that land heavily 
dressed with farmyard-manure may gain such power to hold water 
that only a small proportion of the rain which soaks into it at the 
smface can pass out below as drainage. 

The recognition by the British farmers of the facts, - 1st, that 
full crops of wheat cannot be grown unlc~s there he present a lib
eral supply of nitrogen, as well as an abundance of the mineral 
matters necessary for the crop, - and, 2cl, that upon land which 
has been highly cultivated for a long time and manured with dung 
the supply of mineral constituents available for the wheat-crop is 
usually in excess of the available nitrogen, -mark a very impor
tant step in the history of agricultnre. It is curious to note how, 
in the light of this knowledge, some of the difficulties which beset 
the earlier observers are made plain. Tbus, to take a single ex
ample, Marshall, writing in 1781, was very much exercised concern
ing a hill of " manure-sick" land which he ran across in his travels. 
Under date of November 10, he says:-

" The Bullock Hill at St. FaUh's in Norfolk is said to receive no 
benefit from the droppings of the bullocks, which every year are 
shown upon it daily during a fortnight or three weeks in late Septem
ber and early October. This year the land was in wheat; and if one 
may judge from the stubble, the crop was a very indifferent one, 
notwithstanding the wheat was dunged for. The soil is a lighiish 
sandy loam." 

" This interesting fact is said to be due to the worthlessness of the 
dung of drove bullocks. This I much doubt, however; for the bul
locks being many of them in high case, and kept in grazing-grounds 
about St. Faith's, some of them perhaps within a quarter of a mile 
of the hill, the driving is little more than the driving of sheep to a 
fold. Some of the cattle may no doubt come to the hill immediately 
from Scotland, and they are all of them of course driven more or less, 
and there may be some truth in this opinion. But upon the whole, 
it seems probable that driving alone does not produce this interesting 
fact. May we not venture to think it possible that land may be 
satiated, or tired, even of the dung of cattle? The hill in question 
has been the site of a large fair for cattle during time immemorial. 
Perhaps, were the fair removed and the soil manured with lime, 
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marl, or some such other new manure as experience would point out, 
it might continue to throw out great crops for many years. This is 
a subject worth investigating; for upon old grazing-grounds, which 
have been fed and dunged with cattle during a length of time, the 
dung which falls from them cannot on this hypothesis be of any use 
to the land; consequently the stock may, without injury to the pas
ture, be driven off in the night-time to fertilize some arable land; or 
the dung may with advantage be collected and carried off ; whilst by 
mould, ashes, soot, etc., the grass lllay receive improvement." 

It will be noticed that Marshall describes the soil of the hill as a 
lightish, sandy loam. The inference seems plain, that the nitrogen
compounds of the dung had fermented and been oxidized, and that 
they had been washed away in good part, doubtless in the form of 
nitrates; and that what the land really needed was a supply of 
some nitrogenized manure, and, probably, water. 

From what is known of the power of soils to retain the mineral 
constituents of dung, it is impossible to escape the conyiction that 
the soil of this Bullock Hill was highly charged with them. With 
his usual sagacity, Marshall saw that a new manure was needed. 
But he did not know that the substance specially indicated was a 
nitrogen-compound, although he mentions soot and vegetable-mould, 
among other things, as fit materials to experiment with. His coun
trymen have learned the lesson since then. 

CHAPTER XXII. 

SUPERIORITY OF DUNG AND URINE. 

Folding and Teathing. 
THE foreign practice of applying manure by folding sheep me

thodically night after night upon the different parts of a field is 
deserving of special attention in connection with what has been 
said of methods of saving and applying manure. For, as has ap
peared already, the sheepfold is one means of bringing manure to 
the land in the fresh condition, and, in places where circumstances 
permit this method to be practised, it is esteemed to be a yery 
good way of so doing. 

Almost every crop and every kind of soil is said to take kindly 
to the system, excepting only such clays and silts as would be 
puddled by the trampling of the animals. In England, folding is 
highly esteemed on dry loams and especially on chalks, gravels 
and sands; and the process is reputed to be singularly beneficial 
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to new land, and to land which has never been folded upon. It 
must be admitted, however, with Marshall, that, "by the term 
fold, as applied to the fertilizing effect of sheep pent upon land, 
we do not mean to convey an idea merely of the f:eces and urine 
they leave behind them, but also of the trampling, and perhaps of 
the perspiration and the warmth communicated to the soil by the 
practice of folding." 

It is not merely the tramping of the ground in the sense of com
paction, but the trampling in of the dung, i. e. the mixing of it 
with the earth, that is to be regarded with favor. It is a ll1atter 
of history, indeed, that before harrows were inyented sheep and 
swine were habitually employed to trample ill seed-grain after it 
had been strewn. The even distribution of the sheep-manure is 
one point to be noted; and another advantage in putting sheep 
upon stubble-fields is found in the fact that these animals eat and 
destroy a great variety of weeds which neither cows nor horses 
will touch. 

Still, the chief advantage of folding is found in the fact that all 
the manure falls upon the land in the fresh condition, and is ab
sorbed by, and distributed in, the soil while fresh. This remark is 
specially true of the urine, which is put to profit, wellnigh com
pletely perhaps, when it falls upon the soil, as when sheep are 
fold eel ; but which in the barnyard putrefies and ferments in such 
wise that no inconsiderable part of it is lost. In full accord with 
these statements is the opinion of practical men that folded sheep 
give a powerful, quick-acting manure of no great endurance. The 
chief effect of it will be felt in the first year. 

H is true of sheep-manure that it is particularly dry and a highly 
nitrogenized material, which begins to decompose very quickly 
anyway, and, by thus becoming hot, helps not a little towarels its 
further decomposition and destruction. No kind of manure (un
less it be night-soil) stands in greater need of having cheeks put 
upon its tendency to decomposition. On contrasting Voelcker's 
analyses of fresh sheep-manure with some that was three years olel, 
it appears that the latter bad lost more than 40 % of its nitrogen, 
and somewhat over 60 % of its organic matter. 

Folding .mues Urine. 
When urine bas been distributed in the soil In the fresh condi

tion, as wben sheep are folded, it probably decays in a very differ
ent way, even in warm summer weather, from tJmt in which it 
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decays in the dung-heap, and the products of decay, being in pres
ence of an excess of soil, are doubtless absorbed by it in some 
part. In case, for example, ammonia was formed hy the decay of 
the sheep's urine in the soil, it is fair to assume that little or none 
of this ammonia could escape into the air. It is certain that no 
perceptible odor of ammonb would arise from it, such as is evident 
enongh when sheep's urine decays ahoye gronnd. 

As "r aiz has suggested, the constituents of urine that hl1ve been 
distributed upon stubble land by the method of folding sheep are 
commonly put to use immediately by plants, before they have had 
tillle to undergo any very complete decay; f01" they are either taken 
up by weeds that are growing npon the spot, and are subsequently 
recoyered in the form of a green manuring when the land is 
ploughed, or some kind of an agricultural crop is sown upon the 
laud that has been folded upon, am! in this event the constituents 
of the urine give an excellent start to the young plants. 

In proof that the urille of the sheep is really the most important 
element in the process of folding, 'Yalz adduces the case where, 
after sheep have been folded upon a hillside, a sudden heavy shower 
of rain washes everything movable from the surface of the land, so 
that the dung is swept away wellnigh completely, and little beside 
the nrine that had soaked into the earth is left to show that fold
ing has occurred. Yet it is a matter of practical experience, that 
the crops whieh are grown in due course upon folded land which 
has been washed clean ill this way, often yield almost as good har
vests as if no washing had occurred. Another bit of evidence 
tending to show the eilicacyof the urine is that the straw of grain
crops manured by folded sheep is apt to be particularly well de
veloped, as compared with that of crops grown with farmyard
manure. 

One advantage in folding sheep is, that there is no expense di
rectly chargeable to the transportation of manure, or to the spread
ing of it. l\Ioreover, none of the manure can by any possibility 
be lost between the stable and the field. In a word, there is no 
" shrillli:Uge." Hence the process has special significance for out
lying fields which are distant from the dung-yard, and for hilly or 
inaccf'ssible places. Folding is said to be inadmissible, however, 
when the shef'p are kept for the sake of high-grade wool, and land 
should not be folded upon when it is wet, lest it shoulr1 be puddled 
by tiw feet of the animals. 
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Sometimes the sheep are folded on land before the crop is 
planted, in which event their dung is soon ploughed in; and at 
other times they are folded after the planting, so that their dung 
serves as a top-dressing, and their tramping harrows and" rolls" 
the land, as it were. In both cases, the sheep are usually driven 
at nightfall from their proper pasture to the land to be manured. 

In certain parts of England, it has been the practice of some 
farmers to have their turnip-crops eaten off the land by other per
sons' sheep at so much the score. In this way, the risk of ill\'est
ing capital in shepp is avoided, though there is a liability that the 
tilth of the fields may be injured by the trampling of the alien 
sheep at unseasonable times. As was said just now, this practice 
was esteemed so highly that, in times when tumips have been 
specially abundant, a neighbor's sheep have occasionally been per
mitted to eat the crop without payment; sometimes even lUoney 
has been paill to induce their owner to permit them to eat. 

Quantity of 1J1anure fi"Om Folds. 
In some German works on agriculture, there will be found curi

ous computations as to the amount of land which one sheep will 
manure in a night, and as to the value of this manuring as com
pared with that of a dressing of stable-manure. Schnee estimates 
that a good medium manuring, equal to about 100 cift. of ordinary 
stable-manure, may be got from 2,400 sheep, and that a hea,'y ma
nuring, equal to about 125 cwt. of stable-manure, may be got from 
3,000 sheep. Koppe tells, as a matter of experience, that the fold
ing of 3,000 sheep for one night upon 1 Morgen (= 0.G31 acre) 
of poor, thin land, will giYe a more luxuriant grain-crop than four 
wagon-loads of ordinary stable-manure, although 3,000 sheep, with 
their bedding, will not produce this much manure in a night. 
Hence the {'ost of folding is offset by the cost of moving the straw 
and the manure, to say nothing of the waste of straw, whi('h might 
be used as fodder. According to Gasparin, a sheep weighing no 
more than 17 kilos. will yield in one night 0.0037 kilo. of nitrogen 
to a square metre of land, or 0.022 kilo. for each 100 kilos. of live 
weight. That is to say, a flock of a thousand sheep will in a sin
gle night put nearly 4 kilos. of nitrogen on 1,000 square metres of 
land, which would be equal to a dressing of 925 kilos. of farm
yard-manure. 

One rule was, that the field would get a good dressing of dung 
from one night's folding when 6 square feet of l\lnd were allowed 
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to each sheep, and a medium dressing if 7 feet were allowed to a 
sheep. Ten square feet to a sheep was the utmost to bc allowed, 
lest the land should be manured unevenly, for sheep hmldle to
gether closely when the nights are cool. Another way of reckon
ing was that, while the sheep-fold would give the land a heavy 
manuring in one full night, half a manuring could be got by 
moving the fold to a new place in the middle of the night. As an 
experiment, Boussingault folded 200 sheep for a fortnight on rye 
stubble, in a field of such extent that there should be one sheep to 
four square feet of surface. The crop of tUI'l1ips grOWIl OIl the land 
thus fertilized was as large as those obtained after the heaviest 
dressings of farmyard-manure. 

" Cow-penning." 
In several of the Southern States of this country, the poorer 

classes have long been accustomed to fertilize their land by penning 
cows upon it methodically night after night during the summer 
months, i. e. from March to Xovember. This system, which has 
the merit of absolute simplicity, is said to prevail generally on the 
high-lying pine-lands of the Cotton States. The pens are nothing 
more than plots of ground enclosed by a simple rail-fence. The 
land within the pen is usually ploughe(l fit the start, and to this 
enclosure the cows - which are allowed to run at lfirge in the woods 
by day -return at night to suckle their calves, und to be milked. 

As soon as the land hfiS become well covered with the droppings 
of the animals, it is customary to take down the fence, to build a 
new pen with the rails, to plough the enriched land, und to plant 
sweet potatoes upon it, or (in Florida) to establish a garden. In 
case any vegetables are to be grown which require a richer soil 
tlmn the sweet potato does, the laud of the old pen may be ploughed 
and the cows be penned agfiin upon the newly-ploughed ground. 
In this way, the land may be enriched so thoroug'hly that good 
crops can be grown upon it for years. It has been said that no 
grove of fmit-trees is more he filthy or prolific th:tn one which has 
been set out on cow-penned land. 4, "Where a mall owns 20 head 
of cattle, or more, it is surprising how much poor land will be 
transformed into rich land ill the course of a single season." 

In spite of the fact that it has often been held up to ridicule, 
this practice of cow-penning is manifestly by no means destitute of 
merit. Scientifically considered, it is an interesting example of 
the value of fresh manure. 
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. ilIamtre from Pnstured Cattle. 
The droppings of neat cattle at pasture have in general far less 

economic value than those of sheep, not only because of their com
pacted condition, which prevents the growth of grass wherever 
they have fallen, but because of the rankness of the grass which 
grows around them. In rich pastures, or even perhaps in ordinary 
pastures which arc not too rocky or brush-grown, the droppings 
lllay be utilized more or less completely, as is done not infreqnently 
in England, by going over the land occasionally with a flexible 
chain-harrow, - or perhaps a light smoothing-harrow would an
swer, - so that the clots of dung may be broken up and the parti
cles distributed. 

If a scytheman or a mowing-machine could be spared occasion
ally to cut down the rank tnfts of grass wllich grow around the 
clots of dung and where an excess of urine has fallen, it would be 
well nIso; for cattle will eat such grass after it has wilted, just as 
they will eat buttercups, whiteweed, and weeds in general, after 
they have been mown and are partially (lriecl, amI they will graze 
subsequently on the new growth of grass. It can hardly be open 
to doubt, thnt, in pastures good enough and smooth enough to 
suggest the operation, the cost of running a mowing-machine over 
the land as often as weeds or waste grass Imve made head would 
be amply repaid by the forage that is gained. It is true of many 
weeds that the acrid juices which repel animals from the living 
plants seem to escape by yolntilizatioll as the plnnts become tlry. 
It is said that even thistles growing in pastures will be readily 
eaten by all kinds of stock if mown when tlley are young and snc
culent. 

Quantity of ,lfanure produced in Pastures. 
Schnee estimates that the excrements from a medium-sized cow 

at pasture amount in twenty-four hours to from 37 to 40 lb., or in 
165 days and nights to frolll ii.OOO to G,GOO lb. l\'Iore excrement 
is passed lJY day than by Hight, thnt which falls by day amount
ing to from 22 to 2;1 lb. Hence, when cattle are pastured by day 
and kept up by night, the pasture will receive from 3,600 to 4,000 
lb. of manure in IG;j days. 

These figures are sllfticient to give a tolerably good idea of how 
much a pasture can profit from the droppings of the cattle kept 
upon it. Furthermore, they go to show why it is that European 
farnH'l's think so much more of the benefit derivable from pastured 
stock than our own farmers do. 
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On those European farms where a cow can be pastured on less 
than an acre of land, 4,000 lb. of droppings - say half a cord of 
absolutely fresh dung and urine - may do an appreciable amount 
of good to that acre. But with us, where several or eyen many 
acres of pasture are needed for the support of a single animal, the 
manure she furnishes is scattered so widely that no one can see 
that it has done much good. 

Teathe. 
The old English writers on agriculture, following a provincial 

custom, often laid stress on the good effects of the mere breath of 
cattle upon pasture grass, and upon the benefit which accrues to 
the grass from the contact of their bodies with it as they sleep by 
night, - all this beside the effect attributable to the dropping of 
dung and urine. The word Teathe was used to express this com
plex idea. 

Just as the word" fold" was used to express the fertilizing ac
tion of sheep, so "teathe" was used to indicate the fertilizing 
effect of cattle upon the land upon which they were pastured, or 
upon which they were foddered with turnips or other food; no 
matter whether this fertilizing effect is produced by their clung and 
urine, or by their treading, their breath, their perspiration, or the 
warmth of their bodies. 

A field may be teathed methodically, much as it would be folded. 
And upon the stock-turnip-grain farms of Norfolk County in Eng
land, at the beginning of the nineteenth century, the practice was 
well nigh universal. 

Cattle were fatted upon turnips in the field, but the turni!,s were 
fed ont in such manner that the droppings of the cattle were dh,
tributed oyer the entire field. The farms were laid out, a\HI the 
crops intermixed, in such mauner that each field of tlll'llips ShOll Id 
have at least two grain- or clover-fields in its neighborhood. The 
turnips were hauled first to the wheat stubble, and there scattered 
thinly and evenly from the carts, so that the cattle, while eatiug 
one turnip, could not tread or dung upon another. The carts began 
at one siele of the field, and worked regularly, day by day, to the 
other side, giving each part of the land an equal share of the tur
nips, and neyer throwing twice in the same place, until the whole 
field had been gone over. The rule was to keep the turnips about 
a yard apart. 

'When the wheat stubble had been gone over often enough to 
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give it a proper supply of manure, the ground was ploughed, and 
the cattle transferred to barley stubbles. The latter were ploughed 
in their turn, and from Christmas to April the turnips were thrown 
upon the clover-fields. 

This practice of teathing was esteemed to be specially valuable I" 
upon light soils, but inapplicable to heavy land or to soils of close 
texture, - manifestly because of the risk of puddling and tamping 
the clayey soil. 

The teathe of cattle was a merchantable article, like their dung, 
and it was estimated at a higher or lower price according to thc 
quality of the food and the condition of the cattle. The teathe of 
heavy, fat cattle was thought to be specially valuable, while that 
of lean stock and of cows was accounted inf(!rior. 

In some localities it was customary to divide the turnips between 
neat cattle and sheep by partially stripping the fields before the 
sheep were put upon them. That is to say, from one-half to two
thirds of the roots were pulled and carried off the lanel, to be given 
to cattle, and sheep were then turned in to eat the remaining tur
nips, where they grew. By proceeding in this way a greater 
breadth of land could be subjected to the bcneficial influences of 
the trampling and droppings of the sheep. 

Teathillg with Hay. 
This matter of teathing applies, of course, much more particu

larly to the mild climate of England than to the conditions which 
obtain in the Northern United States. The process is described 
here merely for the sake of an illustration. It was the mild cli
mate, again, which permitted the farmers to teathe their mowing
fields by foddering cattle upon them in winter with hay, as an 
equivalent for the exhaustion by hay. In some districts the hay 
was carried from the stack on men's backs, care being taken to 
scatter it regularly and to throw it upon fresh ground every day in 
order that the hay might be eaten up clean, and that all parts of 
the field should be equally well manured. 

According to Marshall, the good effect of feeding out hay upon 
grass-land that will bear the treading of stock in winter is evident 
to common obsclTation. There can be no doubt, he says, that in 
Borne cases, and under proper management, stacking hay in the 
field, and foddering with it on the land it grew upon, may be per
fectly eJigible. On light land, he says, lllany advantages arise from 
this practiee. The fodder is laid up and the manure applied at 

\ 
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small expense. The texture of the soil is improved, and the moss, 
which is the greatest enemy of land of this description, is checked 
or destroyed by the treading of the stock. 

Nothing of this sort could be done in the cold winters of New 
England. But it is none the less plain that the custom of teathiug 
goes to show the ad,"alltages of using fresh dung and urine. A few 
words more bearing upon the subject of teathe may here be cited. 
The famous old writer on rural affairs, Evelyn, $ays: "The biting 
of cattle gives a gentle loosening to the roots of the herbage, and 
makes it grow fine and sweet, and their very breath and treading, 
as well as soil, and the comfort of their warm bodies, is wholesome 
and marvellously cherishing." And HUllter, in a note to Evelyn's 
statement, remarks: "Nice farmers consider the lying of a beast 
upon the ground, for one night ouly, as a sufficient teathe for the 
year. The breath of graminivorous quadrupeds does certainly en
rich the roots of grass, - a circumstance worthy of the attention 
of the philosophical farmer." 

Whimsical as these notions now seem to us, it must be admitted 
that there is no inherent improbability in them. It is a familiar 
observation, that many varieties of weeds, such as the plantain, 
mallows, may-weed, and certain grasses, follow the foot of man 
everywhere. There are probably other plants which frequent the 
haunts of cattle, and some of them may afford good pasturage. 
On the other hand, the pressure of the bodies of cattle may be sure 
death to many undesirable plants. 

Teathing with Swine. 
An instance of teathing land with hogs on the large scale at a 

cheese factory in Canada was described in the " Country Gentle
man" a few years since. This factory used the milk of 500 cows, 
and the ,,-hey was fed to 100 or 200 hogs. The hogs were kept in 
a ten-acre lot, preferably of grass-land, or land foul with thistles, 
and the whey was hauled to the field in tanks, from which it was 
run out through spouts into long troughs. Once in every two or 
three clays the troughs were dragged into new places by means of 
horses, so that the field was gone over methodically from one side 
to the other. In this way the animals were kept healthy; the field 
was thoroughly manured, and ploughed also by the snouts of the 
hogs; while the roots of grasses and weeds were pretty thoroughly 
destroyed. At the end of the summer the land was found to be in 
excellent condition for winter wheat. 
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Real SUperiority of Dung and Urine. 
One important consideration in regard to the action of farmyard

manure, as compared with the action of artificial fertilizers, re
mains to be discussed more fully than has been done hitherto. 

If the question were to be asked, squarely, "\Vhv is it that farm
yard-manure continues to be so much m;re highly esteemed by r 
farmers than the commercial fertilizers are? the reply might fairly 
enough be made, in words that have been used already, First, be
cause farmers and laborers know very well how to manage dung, 
while they have still a great deal to learn in respect to the use of 
the chemical fertilizers. Or we might join in the common cry, and 
say that dung is superior to the chemicals because it is a tolerably 
" complete" manure. Or it might be urged, as has often been 
done by writers, that stable-manure exerts a useful physical effect 
upon the soil, particularly on stiff clays, - an effect such as most 
artificial fertilizers are incompetent to bring about.l To repeat 
yet again the words of Lawes and Gilbert: "Direct experiments 
have shown that the soil in our experimental wheat-field, which is 
manured annually with farmyard-manure, retains near the surface, 
owing to its greatly increased porosity, very much more of the rain
fall than the soil of the plots not so manured. It is, accordingly, 
found that the drains from the farmyard-manured plot run much less 
frequently than do those from the unmanured or the artificially 
manured plots. Hence, obviously, there will be less loss of water 
by drainage." 

Or, finally, it may be argued, very properly, that stable-manure 
is of the nature of yeast, in that it contains great stores of micro
scopic organisms which work to ferment the soil and to make the 
nitrogen in its humus available for crops. 

There is much of truth in each of these assertions, as has been 
urged on previous pages. They do undoubtedly represent several 
of the great causes which work to maintain the supremacy of 
dung. 

Then, again, it must be remembered that the great bulk of farm
yard-manure - no matter how inconvenient and costly this bulk 
may be as regards the application of the manure - is really of the 
natnre of an advantage, in that it insnres a tolerably even distribu
tion of the fertilizing matters, so that every part of the soil be-

1 See particularly an article by F. Schulze ill Poggendorff'. Annalen, 1866, 129,366. 
Ab8tract in Hoffmann'. Jahre8bericht der Agrlcultur.Chemie, 9, 48. 
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comes charged with them. Hence, as a rule, wherever farmyard
manure is applied in quantities large enough to keep the land in 
good condition, there is really addetl to the soil a great store or 
reservoir of plant-food, both in respect to nitrogenous matters and 
ash-ingredients. Moreover, farmyard-manure is usually obtained 
very cheaply, as will be explained in another place. 

The Nitrogen in frlanure is Superior. 
But there is still another reason why farmyard-manure retains its 

supremacy, and it is, in some respects, the most important reason 
of all. It depcnds, to all appearance, upon the peculiar condition 
of some part of the nitrogen in natmal manures. 

It will be remembered tliat, beside nitrates and ammonium salts, 
plants can feed upon various other nitrogenous compounds, such as 
urea, uric acid, hippuric acid, guanill, lencin, tyrosin, and the like j 

beside, doubtless, lllany other compounds which have not yet been 
isolated and examined. 

It is known that urine and dung, i. e. farmyard-manures, contain 
a variety of these compounds, and there is every reason to believe 
that their presence in natural manures is particularly beneficial for 
the growth of crops ill many cascs. 

As has been set forth in Volume I of the Bulletin of the Bussey 
Institution, we are forced to admit the presence of some soluble 
nitrogen compounds other than ammonia or nitrates in farmyard
manure, in order to explain certain familiar facts in respect to the 
diffusion or soakage of dung-liquors in the soil. 

As every farmer knows, the earth of a field may become perfectly 
saturated with soluble nitrogen compounds to a very considerable 
depth at the spots where dung-heaps have lain undisturbed for 
some time. Indeed, the places where dung has lain are often un
fitted for the growth of useful plants, other than some rank-grow
ing tropical vegetables, such as water-melons or pumpkins. 

Now the nitrogen compounds which thus surcharge the soil are 
evidently not ammonium salts, for ammonia would be fixed near 
tlie surface, and could not sink so far into the earth. Nor are they 
nitrates, for dung-liquors are seldom rich in this form of nitrogen. 
For the present, it is known only that they are soluble organic 
nitrogen compounds, probably of the same order as some of those 
whose names have just been enumerated. Perhaps there are sev
eral different compounds j but. however that may be, the facts go to 
show that the nitrogenou~ dung-liquor soaks into the ground with 
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~8pecial ease; that it diffuses itself, within certain limits, in all di
rections; that it does not decompose very rapidly in cool weather j 
that plants are particularly fond of it j and that it is not so easily 
washed out of the land, perhaps, as nitrates are. From all this, it 
is manifest that, until we can copy this valuable peculiarity of the 
dungs, our so-called artificial processes of fertilization will labor 
under one great disadvantage. 

The experiments just now alluded to as having been reported in 
the Bussey Bulletin were as follows. During a couple of years, 
trials had been made with a variety of fertilizers upon a level field, 
a part of which had pnrposely been left bare, in order that it might 
be used subsequently for another set of experiments. Some of the 
experiments of the early years required dung, and a place was set 
apart expressly for the reception and storage of it. But it was 
found to be impracticable adequately to guard the premises against 
irresponsible teamsters, and, in fact, several loads of the manure 
were deposited by mistake upon the fallow land. 

Pains were taken immediately to remove this misplaced manure 
as completely as possible, and the spots where it had been thrown 
were carefully marked. Finally it was found, when the fallow 
land came to be planted, in 1873, that rather better crops grew on 
the places where the dung had fallen than upon the adjacent land, 
although this last, as well as the dunged land, had received large 
dressings of mixtures of phosphatic, nitrogenous, and potassic 
manures. It was plain that the dung had made itself felt, even 
when in presence of a large excess of thc chemical fertilizers. 

Thanks to its easy and even diffusion, and perhaps to its being 
able to supply nitrogen continuously to the plants thronghout the 
season, or to its being able to supply nitrogen in some peculiarly 
favorable form, or, possibly, to the presence in it of useful micro
organisms, the dung did unquestionably exhibit a kind or form of 
power which the commercial fertilizers lacked. 

Of course, an experiment such as this goes far to justify and 
support the prejudice of practical farmers, that dung is really a 
better manure than the plants from which it came. It goes to 
show withal, and that emphatically, that the ploughing in of a green 
crop may be a very inferior method of manuring, as compared 
with the common system of transforming the crop to dung by 
means of cattle, and then putting the dung upon the land. But if 
this inferiority be real, a fatal blow is struck at Boussingault's 
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dictum that cattle are dissipators of manure; and we are compelled 
to accept, with but little reservation, the old and widely-spread 
prejudice, that there is nothing like dung and urine. 

Experiments by Kellner have shown that soils do not fix and 
hold urea, as they do ammonia; and it is to be remembered, in 
respect to fresh manure, that urea is by far the most important of 
the soluble nitrogen compounds, which are contained in it. But 
it is evident from the foregoing statements, that beside urea, 
there are other organic nitrogen compounds available, and ex
tremely useful for plants, not only in fresh manure, but also in 
that which has been thoroughly rotted. 

Old llfanure Helps Artificials. 
Some of the experiments made to test the value of humus bear 

upon this point, since they clearly illustrate the fertilizing power 
of the organic nitrogen in manure. Thus Corenwinder obtained 
the results given in the following table, by growing one beet-plant 
in a pot of sand watered with a solution of ash-ingredients and 
nitrates, and another in vegetable mould from a compost-beap, 
which was practically thoroughly decomposed horse-manure. 

There was harvested from the 
Sand. Compost. 
Grm. Grm. 

Leaves . . . • • • . 270.00 2,560.00 
Roots. . . . . . . . 490.00 1,145.00 
Sugar in 100 grm. of juice 12.26 10.60 
Sugar in the root. 60.07 121.37 

There are the experiments also of DeMrain, who added the 
black matter of rotted manure to earth taken from a field which 
had been cropped for a dozen years without manuring, and had 
become so much exhausted that beets and clover grown upon it 
were miserable. There was found in this soil no more than 0.7 % 
of carbon, in the form of organic matter, instead of 1. fj % as in 
fields which had been regularly manured. Various artificial ferti
lizers were added to pots of this earth, in some cases with and in 
others without admixtures of the black matter of well-rotted 
manure, and oats and hemp were grown in the pots, as stated in 
the following table: -

Mixtures in the pots. 
Crops harvested. 

Oats. Hemp. 
Grm. Grm. 

Good soil, manured in previous years, but not in 1890, the year 
of the experiment . . . . . . . . . . . . . . 35.8 

Exhausted soil, without any additipn . . . . . . .. 19.7 15.5 
" with artificial fcrtili.ers. . . . . .. 28.8 22.8 

" black matter of well.rotted manure. 235 25.7 
" black .matter and artificial.. . ., 30.7 :)8,4 
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For the hemp in particular the nitrogen of the organic matter 
did excellent service. 

Deherain urges, as a matter of practical experience, that in 
seeking to recuperate land which has been exhausted by cropping, 
artificial fertilizers alone will not suffice. 

The significance of the dung-nitrogen as an adjunct to, or re-en
forcement of nitrate-nitrogen, is well shown by some experiments 
made by Deherain, in France, on a light, slightly calcareous soil, 
as set forth in the following table. In each of the 4 years, oats 
did best when dressed with a mixture of manure and nitrate, but, 
ordinarily, they clid better with manure alone than with nitrate 
alone. It will be noticed that in the favorable season of 1880, a 
very heavy erop was got from the mixture. There were harvested 
in the stated years, the given numbers of hectolitres of oat-grain 
from one hectare of land:-

1878. 187U. 1880. 1881. 
No manure . ~1.10 27.90 53.70 31.00 
Nitrate of soda 54.40 38.40 46.25 29.0G 
Farm-manure. 52.30 52.40 43.80 32,71) 
Farm.manure and nitrate of soda. 56.20 66.30 82.50 55.00 

In a subsequent year (1888), DeMrain harvested 84 hectolitres 
of oats to the hectare of land, from a field which had been dressed 
lightly with a mixture of farm-manure and nitrate of soda, while 
71 hectolitres were got from a field that received no manure. In 
this year also, he harvested 59 and 60.3 hectolitres of wheat, re
spectively, to the hectare, from fields which had been dressed with 
a mixture of farlll-manure and nitrate of soda. But he urges that 
it is upon sugar-beets that the mixture produces the most marked 
cffects. Thus, he obtained kilos. of beet-roots to the hectare of 
land from 

Nitrate of soda alone ...... . 
Sulphate of ammonia alone . . . . . 
Farm-manure and nitrate of soda . . . 
Sulphate of ammonia and nitrate of soda 

In 18.~7. 
20,700 
17,800 

. 40,000 

In 1888. In 1889. 

40,100 
25,320 

35,600 

40,050 

It may here be said, yet again, that the totality of the nitrogen 
in farmyard-manure is not nearly so valuable, ponnd for pound, 
as that in nitrates and ammonium salts. It is only that compara
tively small proportion of the nitrogen in manure which was con
tained in the urine of the animals that is to be regarded as readily 
and rapidly available for promoting the growth of plants. Much 
of the nitrogen in ordinary farmyard-manure was contained in the 
litter with which the animals were bedded, and in the undigested 
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or partially digested matters which have been discharged in their 
dung, and there can be little doubt that some part of this nitrogen 
must be practically valueless, or that the remainder is of varying 
degrees of inertness or efficiency, while all of the nitrogen in ni
trates and ammonium salts is good, and each particle of it as 
good as any other. Lawes and Gilbert long ago presented evi
dence of " the much less effect of a given amount of nitrogen sup
plied in farmyard-manure, than as ammonia salts or nitrates." 
They found, in fact, that a much larger proportion of the nitrogen 
in these compounds was recovered in the increase of the crops 
produced by using them than was recovered in the increase ob
tained on using farmyard-manure; and they showed, furthermore, 
that the addition of nitrate-nitrogen to farmyard-manure had a 
very marked effect on the growth of crops. 

Guano similar to Dung. 
The question arises immediately, Is there not among all the com

mercial fertilizers anyone, or perhaps some mixture of several, 
which can be classed with farmyard-manure in respect to this use
ful diffusibility of nitrogen? 

Yes; there is one, and that is the so-called rectified guano, -
"unlocked guano," the Germans call it, - i. e. Peruvian guano 
which has been treated with sulphuric acid. Undoubtedly the 
original Peruvian guano deserves to be classed in the same cate
gory; but, in the experiments here to be cited, the rectified guano 
approved itself so particularly that it will perhaps be best to dwell 
upon it rather than upon the unimproved raw material. 

In one word then, it may be said that the most dung-like of all 
the commercial fertilizers is the one best fitted to compete with 
farmyard-manure. It will be observed that in this fact we have 
the strongest possible indication of the truth of the dictum, that it 
is the peculiar nitrogen compounds in farm-manure that give it its 
special power. Nothing can be more significant of the fact that 
this nitrogen is really the efficient cause, than the other fact, that, 
in seeking to compete with the dungs, experimenters have been 
forced at last, after trying all other kinds of nitrogenized ferti
lizers, to rest contented with what is really another kind of dung; 
or, at the least, the experimenters have brought up at a product 
obtained by the chemical treatment of the bird-dung (guano) with 
acid. 

As is well known, guano contains, beside ammonium salts, a 
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quantity of uric acid, some guanin, and small amounts of various 
other nitrogenized organic matters, all of which doubtless have a 
somewhat different action upon vegetation from the ammoniulll 
salts. Guano is, in short, one of the most complicated of all known 
fertilizers. 

About half the nitrogen in guano is in the form of ammonium 
salts, while the other half is in the form of thc organic compounds 
just spoken of j and among these organic compounds uric acid is 
the most abundant. The true original Peruvian guano, that con
tained some 12 or 13 % of nitrogen, contained as much as 10 or 
15 % of uric acid in combination with ammonia, as has been seen. 

The chemical composition and the behavior of uric acid arc 
tolerably well known, and the same may be said of gllanin also; 
but of the other nitrogenized matters which occur in small propor
tions in guano next to nothing has been ascertained hitherto. 
Chemists are ignorant as to the composition of these things, and 
as to their relations to other chemical substances. It is not known 
in the least how they behave when treated with sulphuric acid, for 
example. 

As for the action of sulphuric acid on uric acid, it Illay be that 
some of the uric acid is changed thereby to a more soluble sub
stance, though the supposition is rather improbable. It was urged 
at one time that some of tho uric acid is changed to ammonia 
when guano is acted upon by sulphuric acid. But Grouyen denies 
this, and says that he finds very little more ammonia in rectified 
guano than in crude guano. 

At first sight, the chances would seem to be that the uric acid in 
rectified guano must come to the earth as such, - much as would 
have been the case if the original crude guano had becn applied to 
the land, -- and that the ollly beneficial action of the sulphuric acid 
treatment is to make the phosphoric acid in the guano soluble. 
But, as will be seen directly, there is some evidence that works 
against this supposition. It may be true, after all, that the sul
phuric acid does good simply by killing the micro-organisms in the 
crude guano, and thus hindering the uric acid from fermenting 
when the guano is mixed with the soil. It is not at all improbable 
that uric acid can thus be preserved from decomposition for a con
siderable period of time, and so kept in fit condition to play its own 
peculiar part for helping the growth of crops. This idea is 
strengthened by the fact of observation, that guano, when admixed 
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with a germicide substance, such as common salt, often does pap. 
ticularly good service as a fertilizer. 

That uric acid is a substance which does not decompose readily 
is evident from the very fact that so much of it exists in guano, a 
substance which has long been exposed to air and weather - prob
ably for hundreds of years. Scstini has shown moreover that 
uric acid may be kept unchanged for months when suspended in 
water and freely exposed to the air; though both free uric acid 
and urate of ammonia may readily be decomposed by adding a small 
quantity of putrid urine to the water, and maiutaining it at a tem
perature of 75° or 80° F. Two kinds of micro-organisms have 
been detected in putrid urine which act as yeasts to ferment uric 
acid and urates and change them to carbonic acid and carbonate 
of ammonia. For the success of this fermentation both air and 
warmth (as of midsummer) are necessary, and no nitrogen is lost, 
for all the nitrogen of the original uric acid is found again in the 
ammonium carbonate and in the new crop of micro-organisms 
produced. 

Supe1'iority of Guano. 
The first scientific inkling of the real superiority of guano over 

artificial mixtures of the so-called chemical fertilizers was got by 
the German chemist Grouven, who subsequently studied the ques
tion in some detail. 

In 1862 Grouven had a number of field experiments with fer
tilizers carried out on the large scale, upon twenty different farms 
in various parts of Germany. On comparing the results of these 
experiments, he was struck with the fact that, as a rule, the mix
tures of ammonium salts and superphosphates, and of nitrate of 
soda and superphosphates, which had been employed, failed to 
answer so good a purpose as rectified guano did in rcspect to the 
size of the crops harvested, though it had been proved hy analysis, 
at the start, that the mixed fertilizers contained amounts of ni
trogen and of soluble phosphoric acid which were equivalent chemi
~ally to those in the rectified guano. 

Grouven published some remarks upon this point at the time, and 
dwelt upon the noteworthy circumstance that the sale of rectified 
guano was steadily gaining ground in Germany, as it had been for 
some little time previously, in spite of constant efforts on the part 
of the manufacturers of fertilizers to compound a mixture artifi
cially which should be equally good with the guano. So long ago 
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as 1872 a large proportion of all the guano imported into Germany 
was treated with sulphuric acid before it reached the farmers' 
hands. 

In order to be perfectly sure of the facts, as above stated, Grou
\Ten repeated his experiments in a very thorough way. He had a 
number of trials carried out during four years by several different 
farmers of repute, to whom he furnished fertilizers which had been 
analyzed after very careful preparation. These fertilizers were 
designated by numbers merely, so that the actual experimenters
the farmers to whose land they were applied - had no precise 
knowledge of what they were using, and consequently could not 
have had any very forcible bias in favor of either one of the mix
tures. 

The following table of averages, taken from the great mass of 
Grouven's results, will illustrate the general position of guano in 
comparison with the positions of other manures. It will be seen 
that the action of the guano is allied to that of the dungs, and that 
it is superior to that of the simple superphosphates, nitrates, and 
ammonium salts:-

INCREASE OF' CROP PER HECTARE OVER THE UNDUNGED FIELDS. 

(1 centn. beets ~ I thaler; 1 centn. oats = 2 thalers; 1 centll. straw ~ i tbaler.) 

Manure per 
Hectare in 1862. 

(1 centn. = 50 kilos.) 

700 centn. cow-dung . 
700 horse-dung 
700 sheep-dung 
6.3 Peruvian guano. 

12.6 
25.2 
15.6 superph. it 13 % 
31.2 

1862 1863. 1864. 
Sugar-Beets. After effect of the Jl-Iallures. 
Average of Oat. and Straw. Beet-Roots. 
20 Fields. Average of Average of 
Thalers. 13 Fields. 12 Fields. 

54.4 
67.6 
84.4 
50.8 
71.2 
95.2 
35.2 
42.4 

Thaler.. ThalerB. 
20.8 35.6 
30.4 58.0 
38.4 55.2 
11.6 15.6 
16.4 16.0 
30.8 31.6 

5.2 31.2 
5.2 35.6 

6.3 sulphate of ammonia 
12.6 

19.6 
46.0 

0.0 0.0 
4.0 0.0 

5.9 nitrate of soda . 
11.8 

34.8 
56.8 

2.8 0.0 
5.2 0.0 

Cost of the 
Manures 

per Hectare, 
in Thaler •. 

72 
80 
90 
30 
60 

120 
34 
68 
36 
72 
34 
68 

All the dungs, fertilizers and seeds came from one and the same 
source. The sowing and harvesting were done on the same days, 
and the plan of all the experiments was the same. 

Of course it would be natural, in so far as this table alone goes, 
to explain a good part of the differences by falling back upon the 
fact that guano, like the dungs, is a tolerably complete manure, 
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while the superphosphates and the nitrogen compounds are special 
manures, and altogether one-sided; but, as will be shown directly, 
this explanation is wholly insufficient. 

As confirming Grouven's results, the following table, drawn up 
by Stoeckhardt, may be cited. It was published in 1862 as a com
pilation from all the field experiments on sugar-beets that had been 
reported during several preceding years;-

Peruvian guano gave better crops than nitrate of soda in 
l!etter than ammoniuIIl suIts ilJ . 
Better than hOlle-meal in . . . . . . . 
Better than superphosphate in • . • • • 
l~etter than tape-cake in . . . . . . . 
Better than cow- and farulyard-lllanure in. 
Better than borse-lllUllUre in. . . . . , 
Better than urine or barnyard-liquor in 

11 out of 22 experiments. 
9 " 10 

25 IS 40 
23 " 32 
20 " 28 
14 " 17 
6 "12 " 

13 H 18 " 

These results, as well as those obtained by Grouven, are tolera
bly emphatic. But at the time of these trials, as Grouven reports, 
the reproach was constantly made that the use of guano alone must 
be injudicious. It was urged that the guano contained too much 
nitrogen in proportion to its other ingredients j that it was conse
quently one-sided, and must inevitably tend to exhaust the land. 
It was argued that it is too uncertain, especially in dry years, and 
too costly. The advice was repeated upon every hand, that guano 
had better be used in conjunction with other cheaper fertilizers, 
such as the superphosphates, bone-meal, and potash-salts, or even 
with ammonia-salts, or with nitrate of soda, so that no more than 
half the cost of manuring a field should be spent upon guano. 

Additions to Guano. 
Among other receipts, the following were often recommended, 

viz., half guano and half potash salts; also one-third guano, one
third potash-salts, and one-third superphosphate; so, too, mixtures 
of guano and sulphate of ammonia, and of guano and nitrate of 
soda, were recommended as powerful forcing manures; and it hall 
been claimed at one time or another, for all of these mixtures, that 
they were surer and more profitable than guano alone. 

Grouven proceeded to put some of these suggestions to the test 
of experiment. Like most, if not all, agricultural chemists, he had 
believed a pl'io1'i that many such partial snbstitutions as the fore
going would really be more rational than the use of guano alone. 
It is probable that his real purpose in trying the mixtures was to 
find which among them was the most efficient. 

He tried mixtures in which one-third or one-half of the guano 
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had been replaced by two other fertilizers of equal cost with the 
guano that had been removed. His results were as follows:-

No. of Fields No. of Compari- No. of Resu't. 
Year. of from 1 to 1! SOilS with that were favorable 

Hectares. Guano. for the Guano. 

1861 • 10 20 18 
1862. 24 72 46 
1863 • 13 39 31 
1864 . 12 36 21 
1865 . 8 40 27 
1866 . 13 91 39 
1868. 11 44 27 
1869 . 16 16 7 
1871 . 7 28 22 
1872 . 3 3 2 

Sum 117 389 240 =62% 

That is to say, of 389 experimental plots on 117 different fields, 
there were 240 results favorable to the use of simple guano. 
There were only 38 results ill a hundred where the guano alone 
yielded smaller crops than the mixtures of guano and other fer
tilizers. 

Of course this result applies to rich German lands, and doubt
less to soils which were more evenly and abundantly supplied with 
moisture than most New England soils are, for example. There 
is nothing in the results to dissuade us Americans from using pot
ash-salts with guano, or from using guano in small quantities as 
an addition to other manures. But as an illustration of the pecu
liar attribute of guano now under discussion, the results are not a 
little remarkable. It may be said, indeed, that the table really 
means more than Grollven claimed fol' it, since it shows so well the 
peculiar efficacy of the nitrogenous matters in guano when added 
to good strong land, such as the best fields of Germany are. 
The soil of tLe fields where these experiments were tried was 
naturally rich and strong. It needed an excitant rather than a 
mixture of fertilizers; and the results given in the tables show 
tLat guano and the dungs afforded the necessary nitrogenous ex
citation. 

Crude Guano Inferior to Rectified. 
Next in order came experiments in which plain guano and recti

fied guano were contrasted. The following tabJe relates to sugar
beets. Each plot got 47 thalel's' worth of fertilizer. The crops 

VOL. II -21 
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are the means obtained from thirteen different fields, each one 
hectare in area:-

1866. Unmanured. 

Excess of crop (washed roots) 

360 Centn. 
Best Stable

l\Ianure. 

10 Centn. 
Crude Peru
vian Guano. 

10 Centn. 
Rectified 
Guano. 

over the unmanured . . . 46.0 centn. 85.0 ceutn. 103.0 centn. 
Per cent of sugar in the juice 13.. 13.5 13.6 14.1 
Degrees marked by Brix'. hy-

drometer • . . • . •• 16.4 16.3 16.8 16.6 
Other matters beside sugar in 

the juice, per mille . .• 27.0 28.0 32.0 25.0 
Increase of sugar over the un* 

manured . . . • . • • ~.2 centn. 11.5 centn. 14.5 centn. 

Here is a marked increase of crop in favor of the rectified guano, 
as compared with the crude; and the result was true, not merely 
for the average of all the cases, but for the greater number of 
cases as well. And it is remarkable that the rectified guano was 
so much better than the crude, ill spite of the fact that the 1,100 
lb. of crude guano which were used to the hectare (440 lb. to the 
acre) contained one-fifth more nitrogen and one-fifth more phos
phoric acid than were contained in the !:lame weight of the rectified 
guano. 

The rectified guano crops gaye a much purer juice withal. They 
contained more sugar alld less saline matter than the others. But 
a pure juice like this is a great gain for the sugar-maker, since in 
the absence of salts and other impurities the sugar crystallizes out 
more readily and more completely. Sugar makers prefer not to 
have eitbe!' stable-manure or artificial fertilizers applied directly 
to their beets. They would like to have the crop grown after 
wheat, or other grain, which had been manured. But in the ex
periments aboye cited, even the undullged fields, which are com
monly held to yield the pnrest sap, gave results wbich were in
ferior in this respect to the fields that had been dressed with the 
rectified guano. 

This result is remarkable from the scientific point of view, and 
may perhaps lead eventually to a clearer understanding of how 
and why it is that plants take in the unnecessary salts. Grouven 
remarks, that, while no fertilizer or mixture of fertilizers known 
to him has in general so beneficial an effect upon the quality of 
beet-juice as rectified guano, no such effect can be attributed to 
crude guano. On the contrary, the tendency of crude guano is, 
if anything, to injure the quality of beet-juice. From this fact, 
Grol1ven draws tbe inference that the action of sulphuric acid upon 
guano must be in reality more emphatic than anyone would have 
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been disposed to believe ct priori. He argues, that no mere change, 
such as the fixing of the ammonia in the guano, or the rendering 
of its phosphoric acid soluble, can be supposed to produce a phy
siological effect upon the beet-root so striking as this alteration of 
the juice. But, as was suggested before, it is not impossible that 
the sulphuric acid, by destroying ferment germs in the crude 
guano, may hinder its uric acid from changing either to ammonium 
carbonate or to nitrates, and so permit the uric acid to feed crops 
in its own peculiar way during a considerable part of their terms 
of growth. 

" Guano Substitutes." 
Grouven next proceeded to contrast rectified guano with certain 

so-called substitutes for it that had been tllrown upon the German 
market in large quantity. One of these guano substitutes was a 
mechanical mixture of 50 lb. of sulphate of ammonia, with about 
9t lb. of nitrogen, and 50 lb. of Baker Island superphosphate, 
with about 9t lb. of soluble phosphoric acid; while another (less 
common) was 62 lb. of nitrate of soda, with about 9t lb. of ni
trogen, and 50 lb. of Baker Island superphosphate, with 9t lb. of 
phosphoric acid. 

Of the first of these mixtures 100 lb., and of the second 1121b., 
were very nearly chemically equivalent to 100 lb. of the rectified 
guano with which they had to compete. 

It will be noticed that Grouyen leaves the potash in the guano 
entirely out of the account, which is unfortunate for the New Eng
lander, since he cannot escape the conviction that it must have 
had a certain amount of beneficial action. It is to be remembered, 
however, that many, if not most, of the rich German soils contain 
an abundance of potash, and that there was a mass of farm ex
perience to justify Grouven and the makers of fertilizers in neg
lecting potash. In the experiments where crude guano and recti· 
fied guano were contrasted, there was of course more potash ill, 
the crude than in the rectified material. 

As for the guano substitutes just spoken of, the cost of either 
of them was very nearly the same as the cost of rectified guano, 
at the time when Grouven made his experiments. 

CENTNERS OF POTATOES PER 1 HECTARE, MEANS OF 11 HAEVESTS 

FOE 1867. 
7.1 Centn. Nitrate of 5.G Centn. SuI ph. 

Soda + 5.6 CentH. Ammonia + 5.6 Centu. 
Superphosphate. Superphosphate. 

10 Centn. 
Rectified Guano 

360 Centu. 
Stable Manure. 

331 374 373 381 
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Since the average yield of the unmanured plots was 303 cent
ners of potatoes, it appeared that the increase was 28,71,70, and 
78 centners, respectively. 1\1oreover, the potatoes from the recti
fied guano fields were somewhat richer in starch than those from 
the other fields. 

CENTNERS OF POTATOES PER 1 HECTARE, MEANS OF 15 HARVESTS 

FOR 1869. 
5.3 Centn. 7 Centn. 

SuI ph. Am- Nitrate Soda 
No Manure. mania + 5.3 + 5.3 Centn. 

Centn. Super- Superphos. 
phosphate. phate. 

470 Centn. 
Stable

Manure. 

Mean total harvest. 304 349 353 364 
60 Mean increase 45 49 

No Manure. 

Total. 227 
Increase. . .. 

Trial No. 

1 
2 
3 

MEANS OF 7 HARVE.STS FOR 1871. 
360 Centn. 3.1 Centu. Sulph. 3.5 Centn. Nitrate 

Stable. Ammonia + 7.3 Soda + 7.3 Centn. 
Manure. Centll. Superph. Superph. 

248 252 2G2 
21 25 35 

FOR 1872. 
No Manure. 4.9 Centn. Sulph. 

Centn. Ammonia + 5.3 
Potatoes. Ceutn. Superph. 

84 141 
235 323 
289 430 

10 Centn. 
Rectified 
Peruvian 

Guano. 
369 
65 

7 Cautu. 
Rectified 
Guano. 
282 
55 

9.4 Ceutn. 
Rectified 

Guano. 
181 
332 
380 

Grouven very justly remarks that the reader must not be de
ceived by the absolute smallness of the numbers as here cited. 
Since the figures are the meaDS of many experiments, - some of 
""'hieh were of no account either way, and some of which gave re
sults that were contrary to the majority of the results, - they can 
hardly fail to be small. But they nevertheless represent the real 
superiority of the rectified guano. 1\1oreover, it is a fact that, 
out of 36 different fields, the rectified guano gave decidedly better 
results in 24 instances than its ammoniacal competitors. That is 
to say, the guano gained the day in two out of every three of the 
trials. So too, out of 33 fields where the rectified guano was put 
in competition with mixtures of nitrate of soda ano a superphos
phate, the guano excelled in 22 instances, or two times out of 
three, again. 

Taking the whole 46 cases (24 + 22) where the guano gave the 
best results, it appeared that the average excess of crop due to the 
guano, over and above what was yielded by the substitute, was 
3,322 lb. of potatoes per hectare. But, on the other hand, in the 
23 instances (12 + 11) where the substitutes for guano gave the 
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best crops, it appeared that the gain oyer the guano was no more 
than 2,684 lb. of potatoes per hectare. Or, to sum up, the recti
fied guano was better than the proposed substitutes in two-thirds 
of all the trials, and produced on the average some 1,300 and odd 
pounds of potatoes more per acre than the equally costly sub
stitutes. 

Guano on Grain. 
It might be saiel, indeed, by some persons, that, although the ' 

foregoing statements may be true enough as regards potatoes, they 
might not hold true for grain. But the burden of proof would lie 
upon whoever was bold enough to make such a suggestion as this; 
for it is well known that guano is an excellent application for 
grain, and that the more thoroughly a manure can diffuse itself 
into all parts of the soil, so much the better will the grain-crop be 
suited; and, as Grouven urg"s, it is precisely this power of rapid 
and useful diffusion which makes the rectified guano a better fer
tilizer than the substitutes. The objection would, moreover, have 
been refuted by the fact that by far the larger part of the recti
fied guano sold in Germany at that time was used upon grain
crops. 

Grouven cites the following experiments as illustrating this fact 
of useful diffusion. Two loamy fields, that had not been manured 
for five years, were divided into plots of 1,900 square feet. Barley 
was grown upon one of these fields one year, and the year after 
wheat was grown upon the otber. The results were as follows:-

1857. 
1st Field. - Barley. 

No manure 

The l\'fanure contained 
of soluble 

of Nitrogen. Phospb. Acid. 
lb. lb. 

13.4 lb. phosphate of ammonia 2.8 7.2 
20 lb. guano . . . 2.8 2.6 

1858. 
2d Field. - Wheat. 

No manure .•.••. 
11.9 lb. phosphate of ammonia 2.5 6.4 
18.8 lb. guano . . . . . 2.5 2.4 

Harvest. 
Grain. Straw. 

lb. lb. 
13.6 36.7 
14.6 36.0 
34.4 66.6 

36.2 65.9 
43.0 77.9 
65.9 158.0 

'The upshot of the matter is, clearly, that the nitrogenized con
stituents of the guano do better service than the nitrogen of the 
ammonia compounds and the nitrates; or, rather, that they do a 
certain kind of service which the ammonia salts and the nitrates 
are unable to perform. 

Both the ammonium salts and the nitrates are well enough as far 
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as they go, and it may perhaps be true that the ammonia salts in 
guano do as much good as either of the other nitrogenous constitu
ents which the guano contains, or even more. But there is evi
dently some snbstance in guano, and in animal excrements in 
general, which helps and reinforces the ammonium salts. 

Not all the Nitrogen in Dung is Pellect.' 
As was just now urged, it is well understood as a matter of 

course, that only a comparatively small part of the nitrogen in 
ordinary farmyard-manure, and especially in manure which is well 
rotted, can be in the active, easily assimilable condition so much 
insisted upon in the foregoing paragraphs. It is perfectly well 
known in fact that a large proportion of the nitrogen in farm
manure is not immediately available for crops, and there is good 
reason to believe that much of it first becomes fit food for plants 
when subjected to the process of nitrification. But it is none the 
less true that a considerable part of the nitrogen in dung and urine 
exists in peculiarly valuable forms, and the inference is not far 
to seek that specially useful results may be gained in many cases 
by applying moderate dressings of fresh manure in conjunction 
with appropriate mixtures of artificial fertilizers. 

It is true that, taking one year with another, Lawes and Gilbert 
were able to grow as large crops of wheat and of barley by means 
of mixed artificial fertilizers as with dung. But the question of 
paramount interest is, how to use together mixtures of dung and 
artificials, in order to get the best economic results. During 32 con
secutive years I~awes and Gilbert applied farmyard-manure to one 
plot of wheat-land at the rate of 14 long tons - estimated to con
tain 200 lb. of nitrogen - per year and per acre, while to another 
plot they applied a mixture of mineral fertilizers and 86 lb. of ni
trogen, in the form of ammonium salts. The averages of the 
amounts of dressed grain and of total produce (grain and straw) 
obtained per year and per acre are given in the following table:-

Averages of 

8 years, 1852-59 
8 years, 1860-67 
8 years, 1868-75 
8 years, 1876-83 

32 years, 1852-83 
40 years 

In these experiments, it 

Farm-Manure. 
Grain, BWlh. Total, lb. 

34.4 6100 
35.8 5926 
35.3 5932 
28.6 4798 

33.5 
32.4 

5689 
5516 

Artiflcials. 
Grain. Bnsh. Total, lb. 

35.5 6490 
36.3 6262 
31.0 5379 
28.0 5248 

32.8 5845 

was calculated that there was carried 
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to the soil in the farmyard-manure more than twice the amonnt of 
nitrogen supplied by the artificial fertilizers; and it was observed 
furthermore in the two years 1863, '64, that the total produce ob
tained from land which had received 400 lb. of dung-nitrogen 
amounted to 13,653 lb.; while other land, which received 144 lb. 
of ammonia-nitrogen, gaye crops that weighed 20,043 lb., or more 
than 6,000 lb. excess of crop in the two years. In one word, so 
much of the dung-nitrogen is ill inert forms that large applications 
of it were needed in order to grow the same amount of crop as 
was produced by comparatively small quantities of nitrogen iu the 
form of ammonium salts. 

Farmyard-Jfanure on Green Crops. 
Since wheat and barley cannot bear hea,'Y dressings of dung, 

other kinds of crops should naturally be lookeu to in considering 
the merits of dung. Thus, DeMraiu grew fodder COl'll (maize) 
during fiye successive years on light land with the result, as stated 
in the table, that farmyard-manure gave better crops than mixed 
fertilizers: -

Kilos of Green Crop to the Hectare. 
Kind of Fertilizer. Mean of 5 Years. I~ast Year. 

No manure. • • . • • • • • 47.160 22.500 
Farmyard-manure • . • . . . 79.960 76.500 
Nitrate of soda and superphosphate 67.210 33.400 
Sulphate of ammonia and superphosphate. 52.370 33.000 

With potatoes, the results were as follows: -

Kind of Fertilizer. 
No manure .•.••.•.• 
Farmyard-manure • • • . • • 
Nitrate of soda and superphosphate 
Sulphate of ammonia and superphosphate • 

Guano with Sulphates. 

Hectolitres to the Hectare. 
Mean of 5 Years. 

244 
303 
286 
278 

Some experiments may here be cited in which mixtures of guano 
and gypsum, or gnano and Epsom salt, gave good results when 
contrasted with mere guano. These results may perhaps even
tually help to explain the snperiority of rectified guano, although 
their full meaning cannot as yet be seen. Kroeker made experi
ments on oats and on wheat, as follows: -

OATS ON A CLAY SOIL. 

On a l'tlorgen (= 0.631 Acre) of Land. 
1 cwt. of guano • • . • . . . • . • . . 
1 cwt. of guano treated with 5 lb. of sulphuric acid 
1 cwt. of guano and 1 cwt. of gypsum . • • • • 

Crop. 
Grain. Straw and Chaff. 
420 2,880 
440 3,000 
560 3,340 
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OATS ON SANDY LOAlII. 

On a Morgen (= 0.631 Acre) of Land. 
1 cwt. of guano . . . . . . . . . . 
1 cwt. of guano and 5 lb. of sulphuric acid 
1 cwt. of guano and 1 cwt. of gypsum . . 

WHEA'l' ON A OLAY SOIL. 

Crop. 
Grain. Straw and Chaff. 
608 2,332 
646 2,643 
773 2,645 

1 cwt. of guano . . . • . . • . . . 815 2,030 
1 cwt. of guano and 5 lb. of sulphuric acid 880 2,310 
1 cwt. of guano ami 1 cwt. of gypsum . . 970 2,370 

These results go to show that the good effect of the rectified 
guano cannot depend solely on the existence in it of soluble phos
phoric acid. J\Ioreover, it can hardly be true that the action of 
the gypsum to set free potash from the double silicates in the soil 
is the sole cause of the increase of the crops, for some gypsum 
was, of course, formed by the addition of sulphuric acid to the 
guano, as stated in the second line of each division of the table. 

Hellriegel urged that sulphate of magnesia mixed with guano 
would decompose its ammonium salts, with formation of non
volatile sulphate of ammonia, which is less subject to decomposi
tion than the urate and oxalate. Experiments on winter rye that 
were made at his suggestion gave the following results: -

Grain. 
No manure . . • . • • . • • . . . 448 
1 cwt. guano. . • . . • . • . . . . 544 
1 cwt. guano and 10 % sulphate of magnesia. 572 

In another locality the results were as follows: -

Straw and Chaff. 
1,328 
1,688 
1,656 

1 cwt. guano. . . . . . . . . . . . 356 1,294 
1 cwt. guano and 10 % sulphate of magnesia. 447 1,627 

The ~1[erit of DIlH[/-.Nitl'O[!en should be recognized. 
Although it is not yet known precisely how or when the organic 

nitrogen compounds in dung or guano do their work in tile soil, 
the fact of such ignorance should not deter anyone in the least, 
either from recognizing that a peculiar kind of work is done, or 
from allowing for it as a practical force. 

The chances are, that the merit of the dung- or guano-nitrogen 
depends not only 011 its being evenly distributed in the soil, but 
also upon the fact that by means of it fit kinds of food are sup
plied to the plant successively, continuously and by instalments. 
As has been said, ammonium salts are liable to be fixed by the 
soil too near the surface, and to be changed more or less speedily 
to nitrates and to inert hUlllus j while the nitrates tend to be 
washed out of the soil altogether. 
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Guano ((lnd Dung) a t'ery intimate Jfixture. 
Another thing to be said is, that artificial mixtures of fertilizers 

can never be made so intimate as the guanos and dungs are natu
rally. The smallest kernel of guano, like all the other kernels, 
large or small, contains, namely, a great variety of fertilizing 
matters. But when a mixture of an ammonium salt and a super
phosphate is scattered abroad, or when the two substances are 
applied to the land one afte~ the other, there will inevitably be left 
great gaps and intel'spaces between the unlike particles when they 
fall UpOll the ground. To meet this difficulty some German manu
facturers of fertilizers have dissolved a quantity of sulphate of 
ammonia in the sulphuric acid which they use for making super
phosphates. The idea is that when this acid is made to act upon 
a powdered rock phosphate it can hardly fail to commingle the 
ammonium salt with every particle of the phosphatic manure. 

The futility of trying to copy guano precisely has been urged by 
Voelcker in the following terms. Take the case of milk, he says: 
we know the composition of milk far better than we know the 
composition of guano. But the best mixture we can make of 
casein, sugar, butter, ash-ingredients, and water, all in the proper 
proportions, can hardly be called milk, and no one would expect 
such artificial milk to produce precisely the same physiological 
effect as real milk. And so it is, he goes on to say, with our 
su bstitutes for guano. 
The old Humus Theory an Expression of the real .Jlel·it of Dung. 

It was probably from observing the great, and, as is now known, 
the peculiar, fertilizing power of barnyl1rd-liquoJ', - which they 
not unnaturally regarded as a solution of humus, - that the older 
agriculturists were led to attach an exaggerated importance to 
humus, considered as a kind of plant-food. Indeed, the so-called 
humus theory, which for many years was a prominent article of 
faith among agricultural writers, probably depended in good part 
on this observation, and on the palpable fertilizing power of well
rotted dung. 'Yhen, for example, Blubeck said "the extract 
from rotten organic remains forms the proper nourishment of 
plants, and is the more efficacious in proportion as it has come 
from a variety of animal and vegetable substances," it seems 
plain that he must have been thinking of the drainings of dung
heaps. So too the fayor in which thoroughly rotted dung was held 
probably depended in part on its looking like humus j while, con-
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versely, much of the credit so long accorded to humus may justly 
be attributed to its looking like rotted dung. The habitual use by 
New Englanders of the word " muck" as a synonym of bog-earth 
is manifestly an expression of this idea. 

Few Commercial Fertilizers cl(tfuse reaclily. 
One of the limitations to which most commercial fertilizers are 

subject was clearly indicated at the Bussey Institution on seeking 
to recuperate with chemicals a field of ratber poor land, after a 
variety of experiments had been made upon it during a term of 
years with special fertilizers. It then appeared that it was no easy 
matter to mix some of the artificial fertilizers properly with the 
soil. 

Excepting superphosphate of lime and nitrate of soda, the fer
tilizers appeared to be fixed for the most part where they fell upon 
the exhausted land; and it seemed as if the subsequent crops had 
to struggle with streaks and seams of poor soil interspersed with 
strenks of soil that were oyer-rich in respect to one or another kind 
of fertilizing agent. These results went to show that the plough· 
ing-in of green crops may haye real merit as a means of refreshing 
worn-out soils, considered merely as a means of distributing the 
fertilizing matters, or rather of putting them where they will do 
the most good, and of bringing land into condition by making it 
fit for ferment organisms to liye in. 

Dung still needed. 
Some years ago, the following computation was published by 

Lawes, for the sake of bringing clearly into yiew the importance 
of rotating crops and of growing green crops for feeding cattle, in 
order to produce manure; and with the view of showing how in
adequate the artificial fertilizers then procurable were for produc
ing such large quantities of grain as were grown in Europe. It 
will be noticed that the calculation relates to a single English 
county of no great size. 

"The county of Norfolk is said to comprise 1,338,880 acres of 
land: suppose one-half of this to be cultivated Oil the four-course 
system, 334,720 acres will be under corn every year. It will not be 
considered an exaggeration to say that cultivation in this county has 
increased the natural produce of grain by 10 bushels per acre, and 
according to my calculations it would require somethiug like 50 lb. of 
ammonia to be supplied in any artificial manure to produce this in
crease of grain; and considering onc ton of Peruvian guano to con
tain 224 lb. of ammonia, it would require an importation of 74,714 
tons to supply the necessary amount for one year." 
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CHAPTER XXIII. 

NIGHT-SOIL. 

As has been set forth already, there can be no doubt that fresh 
human excrements are richer in fertilizing matters than those of 
farm animals. The food of man is commonly much more concen
trated than that of animals. It is richer in respect to nitrogen and 
phosphates, and, as analysis shows, the excrements derived from 
such food are correspondingly concentrated and valuable. Con~ 

b'asted analyses of various duugs and urines have already been 
given in Chapter XIX., and a just idea of the merit of human 
excrement may readily be gained by comparing its composition 
with the figures of those tables. According to ·Wolff, the average 
composition of human excrements is as follows: -

Fresh human falces 
Fresh human urine 
Mixture of the two 
Mixture of the two 

in Japan (Kellner). 

Water. 

% 
77.2 
96.3 
93.5 

95.0 

Orp;anic Phospho 
Matter. Nitrogen. Acid. Pota.h. 

% % % % 
19.8 1.0 1.10 0.25 
2.4 0.6 0.17 0.20 
5.1 0.7 0.26 0.21 

3.4 0.57 0.13 0.27 

Lime. Magnesia. 

% Of 
/0 

0.62 0.36 
0.02 0.02 
0.09 0.06 

0.02 0.05 

As ordinarily procurable, night-soil is far from containing so 
large a proportion of fertilizing matters as fresh excrement, be
canse of the fermentations and leaehings to which it is usually 
subjected, aud becansc of its liability to be mixed with water and 
with other diluents, such as coal-ashes and rubbish. Indeed, one 
strong objection to the use of night-soil, as obtained at random 
from a town or city, is its great liability to variation. The farmer 
can seldom be sure as to the real value of any given load of it, -
not nearly so sure as he would be in the case of horse-manure or 
cow-dung. As has been already intimated, many farmers near 
Boston are willing enough to use night-soil provided they can ob
tain it in the form of fresh solid excrement, and a similar practice 
was noted long ago by Kuhlmann in the North of France, who 
remarked that practical men recognize the fact that those samples 
of unadulterated night-soil which contltin the largest proportion of 
solid matter (dung) have a more lasting fertilizing effect than 
samples which are more liquid, though in case the liquid part of 
night-soil was once really urine, and not extraneous water, it will 
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act more quickly as an active nitrogenous manure than the solid 
excrement could, and is consequently as valuable for certain pur
poses as the actual dung. 

Some conceptions as to the average composition of fairly good 
night-soil, as taken from vaults not subject to leaching or dilution, 
may be got from the following table of analyses. 

ANALYSFB OF NIGHT-SOIL (MOSTLY LIQUID) ]<'RO~I VAULTS. 

" . ::i 
.god " .::l ,.; .~ ... 

~ 

~ 
c" 

~ 
.; ...... ~·S ~ !l S 

0);1 Z ~«l .... ~ 

.~ .~ ",.:, 

" .; ;r::~ 
bJl ~ ~f '" 

'd 
);1 0 $C!l 0 rfJ. 

Quesnoy (near Lille ?), % % % % % % % % % 
Girardin (not diluted)' 98.04 2.66 0.92 0.33 0.21 

Ditto, from a large fac-
tory, much diluted 
with water' 99.65 0.05 0.18 0.03 0.02 

Line, from a dwe1ling_ 
house, diluted with 
12 to 15% water' 99.86 0.54 0.67 0.10 0.15 

Paris, L'Hotet. 99.12 1.28 0.44 0.14 0.16 
Munich, mostly liquid 95.51 2.01 0.18 0.26 

" thick liquid 90.52 7.35 0.69 0.52 
Karlsruhe, from a large 

pnblic collecting vault 
(Nessler) 96.00 3.00 0.40 0.12 0.17 

Ditto,1864 0.41 0.19 0.14 
Ditto, " (filtered) . 0.33 0.02 0.09 
Ditto,1866 0.35 0.06 0.19 
Ditto, 1883 0.30 0.05 0.15 0.30 0.25 0.013 
Ditto, " (thinner) • 0.18 0.03 0.08 0.008 
Ditto, " 0.15 0.03 0.08 0.008 
Ditto,1886 0.28 0.04 0,07 0.24 0.31 0.010 
Ditto, " 0.25 0.03 0.05 0.012 
Ditto, .. 0.29 0.04 0.05 0.27 0.24 0.011 
Cassel, public vault into 

which tubs from pri-
vate houses were emp. 
tied (Nessler) .... 0.8-1.0 .... 

Freiburg, from a public 
collecting vault (Ness-
ler),1888 0.34 0.06 0.12 0.24 0.18 0.013 

Ditto, 1888, from the vault 
of a private house . 0.52 0.14 0.18 0.31 0.26 0.026 

Nessler's average of 
many analyses 0.31 0.06 0.11 0.27 0.25 0.013 

Stuttgart, from a public 
collecting vault (Wolff) 94 to 98 1.51 0.43j: 0.15-0.19 0.18-0.21 

Stuttgart, thicker 96.40 0.54 0.20 0.27 
Amsterdam (A. Mayer) 81.5 9.3 0.56 0.69 0.13 
Amsterdam, from bar-

rels (A. Mayer) . 85.0 12.7 0.94 0.54 0.37 

* The first specimen contained 0.76 % of ammonia; the second, 0.21 %; the third, 0.57 %; 
all with traces of nitrates. 

t This specimen contained 0.52% of ammonia. The average of 12 different samples was 
0.37% of nitrogen, the aruount having ranged from 0.25 to 0.62%. 
+ 0.37% as arumonia and 0.06 % as organic nitrogen. 
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Amsterdam, from Lier-
nur's. receptacles (A. 
Mayer) . 97.7 1.6 0.24 0.04 0.12 

Groningen, a.verage, 
mostly liquid (Flei-
scher) 97.10 0.29 0.01 0.36 

Bremen, average, solid 
and liquid (Fleischer) 31.70 0.52 0.51 0.26 2.71 

Riga (Thoms) t 94.48 4.34 0.41 0.12 0.20 
Average composition of 

night-.oil from cities, 
mostly liquid (Wolff) 95.50 3.00 0.35 0.28 0.20 0.10 0.06 

Japan,t complete mix-
ture of fresh solid and 
liquid excrement ... 
carried out from Tokio 
to the farm-land 95.31 3.18 0.59 0.13 0.29 0.02 0.05 

Japan, night-soil from 
houses of middle class 
inhabitants of Tokio. 94.51 3.89 0.57 0.15 0.24 0.02 0.06 

Japan, night-soil from 
soldiers and sailors 94.41 4.07 0.80 0.30 0.21 0.03 0.05 

Japan, mixture of freces 
and urine from peas-
ants living on farms 
near Tokio. 95.29 3.03 0.55 0.12 0.30 0.01 0.03 

Samples of fermented night-soil from Lille, such as is used in 
Flanders, gave Boussinganlt and l'ayen 0.19 % and 0.22 % of 
nitrogen. One hectolitre (26.4 imperial gallons) of this material 
weighed 275 lb. 

* In the method devised by Liernur, the soil-pipes from the closets of a considerable 
number of houses are connected with a central receiver sunk in the public street. This 
receiver i. a tight iron vessel of spherical sbape and of about 21) C. F. capacity. At each 
house there is a valve accessible from the street, by means of wbich the closet can be shut 
off from the receiver. The receiver is emptied every night, or as often as may be desired, 
into an iron tank which, together with a steam-engine, i8 set upon wheels and drawn about 
by horees. The tank is put in connection with the receiver by means of an iron pipe, the 
house-valves are closed, and an air-pump is 8et in action by the steam eugine to remove 
the air from the receiver. The several house-valves are then opened and closed one after 
the other, and the matter which has collected in the traps of the soil-pipes is instantly shot 
over into the receiver by the downward pressure of the air in the soil-pipes. In the same 
way, the contents of the receiver are subsequently forced into the exhausted tank, which is 
then hauled away to receive the contents of the next receptacle. The foul air pumped ont 
from the receivers and from the tank is blown into the fire of the engine-furnace. 

Th~ plan was to use a minimum amount of water; to avoid the putrefaction of thef:rcal 
matter; to empty the pits without any offence to the householders; and to deliver tbeir 
contents to the farmers in a fresh condition. Fatal objections to the process are the first 
cost of the apparatus and the small value of the manure, which is really a good deal di
luted, as the analysis above given shows. Mayer lays that at a time when farmers were 
paying considerable sums for the best night-soil from ordinary vaults at Amsterdam, there 
was no outgo for the matter removed from the Liernur receptacles in that city. It had 
to be thrown into the sea. 

t Ammonia Nitrogen, 0.36. Organic Nitrogen, 0.05. 
1: These analyses of Tokio night-soil are specially interesting, because of the peculiar 

food of the Japanese, which consists largely of vegetable matter, much of which h ... been 
salted. The farmers, especially, even those living close to the cities, eat little or nothing 
else. The soldiers and sailors, on the contrary, get a moderate amount of flesh j and in 
consonance with this diet, their excrements more nearly resemble those of Europeans. 
The analyses are by Kellner and Mori. 
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According to L'Hote, a litre of the liquid part of night-soil, 
from which the solid matters have settled out, weighs on the 
aYe rage 1,023 grm., and contains 991.20 grm. water, 12.80 grm. 
of nitrogenous organic matter, 5.24 gnn. of actual ammonia, 1.35 
grm. of phosphoric acid, 1.59 grm. of lime, and 0.79 grm. of silica 
and sand. 

In some parts of the world, notably in China, Japan, and Bel
gium, where much low-lying land devoted wholly to agriculture is 
situated within easy access of crowded towns and cities, human 
excrements are highly esteemed and largely used as a fertilizer. 
But it is noteworthy that little or no repugnance is there felt with 
regard to the storing, transportation, and manipulation of the 
material j and it is certain that some of the processes customary 
in those countries would not be tolerated in countries more keenly 
alive to considerations of decency, comfort, and bealth. 

It is true withal of most regions where farming is practised, 
that night-soil is not an available resource, for Yery little of it is 
ever produced upon anyone farm. More oyer, with the exception 
of China and Japan, -countries, that is to say, where yery few 
animals are kept, - stable-manure is produced in abundance in 
cities, and is always preferred to night-soil by the neighboring 
farmers. 

Repugnance of English-speaking R(tce.~ to ~~nght-soil. 
In England and America, most persons, farm laborers included, 

haye been led to regard the manipulation of night-soil as loath
some and degrading drudgery, to be avoided whenever possible. 
There can be no doubt, however, that this sentiment dates from 
a time when the night-soil bad to be dipped out by hand-labor 
from vaults in which the material had passed into a most offensive 
condition of putrefaction. But now that mechanical appliances 
have been invented for emptying the vaults in cities, and for 
transporting their contents in such manner that no odors are 
perceptible, and that ways and means of controlling the odors at 
the farm have come to be more generally understood, there is less 
reason than there was formerly for objecting to the use of night
soil. 

There can be no question, by the way, that the old repugnance 
was justifiable and praiseworthy when not carried to extremes. 
That the feeling marked a certain progress in refinement, and in 
civilization even, can hardly be gainsaid. All practices which 
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tend to destroy the self-respect of the persons that engage in them 
are manifestly out of place in civilized communities. From the 
accounts of travellers in China, it is evident how exceedingly offen
sive the manipulation of night-soil may become whenever the agri
cultural belief in its efficacy is generally diffused in a given locality, 
and is permittcd to override other considerations. 

Undoubtedly the repugnance of the English-speaking races to 
have any dealings with night-soil is one prominent reason why 
this substance has played so small a part in the development of 
English and American agriculture. But it is not the only reason, 
for, as was just now said, the contents of cesspools that have been 
left for some time to thell1£elves undergo fermentations of such 
character that the matter loses a very considerable part of its 
value. Much of the nitrogen, especially, is apt to fly off, and 
leave the residual substance so mnch the poorer j and, as has 
been said, old night-soil is liable to be rather pOOl' stuff any way. 

Night-soil is a Fm'cing .Jfct1l1tTe. 
Moreover, night-soil is a less complete manure than the strawy 

prodncts ordinarily obtained in the farmyard. It is ill-fitted for 
use by itself alone, and in the best farming practice it has alway;; 
been employed in conjunction with other kinds of manure, as a 
nitrogenous re-enforcement. Indeed, night-soil was strongly ob
jected to formerly by Illany uninstructed farmers because of its 
forcing character and supposed tendency to exhaust the land. 
This difficulty could readily be met nowadays by using appropri
ate artificial potassic and phosphatic fertilizers in conjunction with 
the night-soil. Phosphates are especially needed, as Kellner has 
urged, when night-soil is employed for growing grain, or other 
seed-bearing crops. Some farmers neal' Boston have found their 
advantage in using night-soil together with strawy horse-manure; 
for the two kinds of manure supplement each other in some part 
as regards chemical composition, and the odor of the horse-dung 
masks that of the night-soil. 

Isolated attempts have been made occasionally in Europe to 
carryon farms of mixed cultivation, with no other manure than 
night-soil, but in the course of a few years the grain-crops be
came very light as to gmin, and ran almost wholly to leaf. It 
has long been generally recognized that if Hight-soil were to be 
used by itself for growing grain, it would be necessary 10 apply it 
to the land several months before sowing. U uless this precaution 



were taken the plants would be apt to run to leaf so strongly that 
they would be extremely liable to lodge. In case it were used to 
top-dress grain in the spring, and the season should turn out to be 
wet, the crop would be forced to such an extent, and would grow 
so rank that it would probably amount to nothing. It can hardly 
be insisted too strongly that it is as a re-enforcement to other 
manures on good moist land, and for garden vegetables and those 
forage crops which are benefited by abundant supplies of active 
nitrogen, that night-soil is specially useful. 

According to Kuhlmann, writing in 1840, at Lille, in the north 
of France, where 100 gallons of fennen ted night-soil were regarded 
as beillg yery nearly equivalent to 2,000 lb. of half-rotted stable
manure, the usual method of employing night-soil in his vicinity 
was in conjunction with stable-manure, for the production of rape
seed, wheat and oats. In the first year of the rotation, the land 
was covered with ordinary long (half-rotted) stable manure in 
October or Noyember, and the manure was ploughed under. 
Some 6,000 gallons to the acre of fermented night-soil were then 
spread upon the land and ploughed under. After this preparation, 
rape-seed was sown. In the autumn of the 2d year, some 1,200 
to 1,600 gallons to the acre of the night-soil were ploughed under 
before seeding the land to wheat; and in the 3d year, 1,200 gal
lons to the acre of night-soil were applied and ploughed under 
before seeding with oats in the autumn. 

In case the land should happen to be too soft to permit the 
bauling on of the night-soil iu the autumn just before seeding to 
grain, it was sometimes applied as a top-dressing in the following 
Mareh, though it was always a difficult matter to distribute it on 
seeded laud without unduly injuring the crops, for the land was 
apt to be much cut up by the carts and horses. -When thus 
spread in the spring, one-fifth less of the manlll'ewas applied than 
would Imye been used in the autumn. 

A good example of the forcing (nitrogenous) action of night
soil was seen in the old European experience that this manure is 
unsuitable for fields where clover is to be sown together with 
spring grain, for even when the grain was sown yery thinly on 
bnd manured with night-soil, its straw grew so thick and strong 
that the young clover-plants were apt to be smothered by it. In 
the vicinity of Boston, it is a popular opinion that night-soil is 
unsuitable for potatoes, because they are apt to run to tops when 
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dressed with it, and not to form many tubers j there are European 
experiments also which confirm this view. 

Schmid, in Austria, sowed barley on several plots of 0.58 hec
tare, and shortly after seeding he applied to one of them 60 metre
centners of an excellent night-soil compost made from fresh 
excrements and crumbly peat, while to another he applied 60 
kilos. of nitrate of soda. Both the crops were strong and Yigor
ous, and they were equally good. They were vastly better than 
barley grown on unmanured land. In the following year, the 
crops on the land which had been manured with the night-soil 
were excellent, while those on the nitrated land were no better 
than those grown on unmanured plots. Similar results were ob
tained in experiments made with wheat and with oats. 

Undue Praise of Night-soil. 
It is a curious fact that, in spite of the unwillingness of Eng

lishmen and Americans to handle night-soil, many people in both 
countries entertain highly exaggerated views with regard to the 
money value of it. Formerly it was much the fashion also to at
tach undue values to pondrette and other products prepared from 
night-soil. Far too much stress used to be laid withal upon the 
fact that there were formerly several cities in Europe - notably, 
Strassburg, lUannheim, Lyons, Antwerp, Ostend, and several 
other Belgian towns, in regions given oyer to tliC old Flemish sys
tem of using liquid manures - that received consiclera ble su ms of 
money from contractors who removed the night-soil and sold it as 
manure, instead of having to payout money in order that the 
night-soil should be removed. This mattcr turns of course upon 
the estimation in which night-soil is held by the farmers in the 
immediate vicinity of the city, aml there is a wide diversity of 
opinion in different localities. 

In most cities of Continental Europe, however, the removal of 
night-soil and sewage is a bill of expense, as it is in England and 
America. Taking the whole civilized world into consideration, less 
and less use is made of human excrements every year, and the 
cost of getting rid of the filth of cities tends continually to increase. 
At Boston, it mnst be admitted that night-soil is a very cheap 
source of nitrogenouB manure for those farmers who care to use 
it. Market-gardeners, in particular, so situated that they can 
readily dilute the material with water and apply the diluted liquid 
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to crops, would probably find their advantage in building special 
reservoirs for its reception. 

As has been said already, it is in regions devoted to gardens, 
where forcing manures are needed for leafy plants, that night-soil 
has been most highly esteemed. Indeed, the facts that night-soil 
is used so largely in China and Japan, and is used so little in 
Europe, are manifestly correlated with the custom of Europeans 
to subsist upon grain, while the inhabitants of the far East depend 
chiefly upon vegetables for their support. 

Sanitary Considerations take Precedence. 
In reality, the price which a city may obtain for night-soil is 

not a question to be seriously considered. The fact that a city 
expends no money for removing night-soil, or that it gains money 
by the sale of it, cannot for a moment justify the maintaining of 
vaults and other abominations in its midst. From the point of 
view of the citizen, it is in terms of health and of comfort that 
the problem must be considered, and not in terms of money. It 
matters not what the night-soil of a city may be worth, so long as 
sanitary considerations require that the offensive material should 
be immediately diluted with such an enormous bulk of water or 
earth that the recovery or utilization of the fertilizing ingredients 
would cost more labor or carriage than they are worth. 

Estimated Value of Excrements. 
Several chemists have computed how much plant-food is con

tained, on the average, in the solid and liquid excrements of a 
man in a day and in a year. The following table, from Heiden, 
which is based on a large number of analyses, refers to the aver
age inhabitant of a European city, excluding children less than 
fh-e years old. The weights in the columns headed " Year" are 
pounds avoirdupois. 

In Solid Form. In Liquid Form. Total. 
Amount produced. Day. Year. Day. Year. Day. Year. 

grm. !b. grm. lb. grm. lb. 

Excrement. 133.0 107.0 1,200.0 964.0 1,333.0 1,071.0 
Dry matter 30.0 24.4 64.0 51.4 94.0 75.8 
Organic matter . 25.5 2l.8 50.0 40.2 75.5 62.0 
Nitrogen 2.1 1.7 12.1 9.7 14.2 11.4 
Ashes. 4.5 3.9 14.0 11.0 18.5 14.9 
Phosphoric acid. 1.4 1.1 1.8 l.5 3.2 2.6 
Potash 0.6 0.5 2.3 1.9 2.9 2.4 

Allowing that the nitrogen is worth 18 cents the pouud, and the 
phosphoric acid and potash 5 cents the pound each, the yearly 
value of the excrement of a single person would be $2.25, sup-
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posing it were possible to put the excrements to immediate use. 
On multiplying this sum by hundreds of thousands or a million of 
inhabitants, or even by several millions, as has been done again 
and again in the case of London, figures are obtained of very con
siderable magnitude; and maIlY persons have been led to believe 
at OIle time or another that some part of these calculated values 
might actually be realized. Numerous, and in several instances 
thoroughly well-considered efforts, have been made to accomplish 
this result; but, with some trifling and limited exceptions, such 
schemes have invariably failed. 

As will be seen from the table, so large a proportion of the 
weight of human excrements consist of inert and worthless mat- . 
ters, to begin with, that, at the very best, night-soil cannot pos
sibly bear the cost of transportation, even for moderate distances; 
and, as will be shown directly, it is no easy matter, economically 
speaking, to recover any part of the yaluable constituents from a 
material which contains so small a proportion of them, and which 
is so offensive to manipulate. 

1Jfllch Water in Night-Soil. 
The large proportion of water naturally contained in human ex

crements is of itBelf an enormous obstacle to their use in agricul
ture. As has been stated already, analysis shows that the water 
in fresh flEces amounts, on the average, to more tJwn 7'6 IjL wbile 
in urine there is usually some 95 or ~)6 % of water, so that, even 
if there were no such thing as water-closets, and if appliances 
were devised to prevent rain-water and house-slops from mixing 
with night-soil, and for keeping the latter freBh 11llcl for transport
ing it without offence, it would still be true that the proportion of 
useful ingredients in the mass of water and other useless matters 
tbat chiefly constitute night-soil is too small to admit of the gen
eral use of this killll of manme. Cntil some cbeap and easy 
method shall be discovered of depriving the excrements of their 
moisture, the use of them 1I1ust ineYitably be restricted to the im
mediate neighborhood of the spot where they are produced. 

Some years ago, an English engineer named Bridges Adams 
proposed to introduce into London, instead of water-closets, a 
mechanical arrangement by means of whicb urine and flEces 
should be collected apart, so that the urine might be barrelled up 
and sent by rail into the conntry. Mr. Adams argued that profit 
could be derived from such commerce in urine, of which, as he 
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calculated, 24,428 tons could. be collected annually in London. 
But, as was shown at the time by Dugald Campbell, the concep
tion was founded on ignorance. Since, on the average, no more 
nitrogen could be counted upon in the urine thall would be equiva
lent to 0.7 % of ammonia, it would be necessary to use about 30 
tons of urine in order to apply 0.5 cwt. of ammonia to an acre of 
land. The cost of transporting 30 tons of liquid 20 miles out of 
London would at that time have amounted to about $10, while 
half a hUllured-weight of ammonia could lmve Leen bought for less 
money than that, either in the form of sulphate of ammonia or of 
guano, and the cost of applying either of these substances would 
be vastly less than the cost of applying the urine. 

Although the prices of ammonium salts and of guano have 
changed materially since Mr. Campbell made this computation, 
his conclusion is still true. It wouill withal still be difficult to 
keep tlte closets clean and odorless, anu to prevent the urine from 
putrefying during the transportation. 
Easier to extract Ammonia f)'om Un'ne than to transport the Latter. 

Technically speaking, it could hardly be advisable to try to trans
port so bulky an article as urine, in view of the fact that the nitro
gen in it might be extracted in the form of ammonia, by way of 
distillation, and the phosphoric acid by methods of precipitation; 
although, as has already been shown, it may perhaps be true that 
the urea in fresh urine is really more valuable as plant-food than 
the ammonia into which the urea changes when urine ferments. 

Methods oj moving Night-soil. 
In regions where large quantities of human excrements are em

ployed in agriculture, as in China and .T apan, and indeed in some 
of the smaller European cities, the materials are collected in jars, 
or buckets, or barrels, and carried out to the farm land in a toler
ably fresh condition. According to Kuhlmann, the night-soil 
hauled out from cities to the farms in Belgium and the North of 
France is run into great underground cisterns, of from 50,000 to 
80,000 gallons' capacity, and there kept in store. In order to be 
fit for use, the contents of a cistern should have fermented during 
several months, and in order to ensure this fermentation, it is 
cllstomary never to empty a cistern completely, but to add from 
time to time new quantities of fresh night-soil to replace whatever 
may have been taken out. During the fermentation, the manure 
becomes less liquid and more viscid than it was originally. There 
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is no harm in leaving the manure in the cisterns as long as con
venience may dictate. Even after three years, the contents of a 
cistern ha,"e been found not to have depreciated in quality to any 
appreciable extent. In case tile night-soil at a farmer's disposal 
happens to be too watery, it is sometimes re-enforced hy throwing 
into the cistern a quantity of powdered rape-cake, and this ma
terial ici also sometimes mixed with good night-soil when not enough 
of the latter can be obtained to fully manure the fields. 

In .Japan, on the other hand, it is said to he customary to dilute 
the fresh night-soil with 2 01' 3 times its volume of water in wooden 
tubs where it is allowed to ferment for a week or so in warm 
weather, or for ten days in spring or autumn, until a green scum, 
due to the growth of fungi, has formed upon the surface of the 
mixture. Kellner and Mod have observed that during this fer
mentation much carhonate of ammonia is formed, and that care is 
taken to avoid losing it. 

Tubs instead of Cesspools. 
Several convenient arrangements for facilitating the transporta

tion of night-soil have heen devised, such, fur example, as small 
barrels permanently fastened to handlmrrows, or a barrel hung 
between the wheels of a handcart; or tubs are used that are pro
vided with handles or ears, through the slots in which poles can 
he thrust, so that two men can readily lift and move the tub eyen 
when it contains a considerable weight of material. Such tll bs or 
barrels, when tightly covered, can be moved without offence. 
They commend themselves ill the country in cases where many 
persons are congregated at allY one place, and where there is not 
enough water at hand for the proper supply of water-closets. 

'Yhen properly managed, movable tn bs or barrels are preferable 
on several acconnts to vaults or cesspools, snch as were ordinarily 
employed before the introduction of water-closets. These vaults 
were simply sunken cisterns of wood 01' brickwork, in which the 
excrements were allowed to collect until tllere was occasion to 
empty the vault. Usually they were emptied or partially emptied 
onee a year, or sometimes even less frequently. .From being left 
so long undisturbed, some part of the contents of the cesspool 
were constantly in a state of putrescence. Offensive gases were 
continually exhaled from these receptacles, and, even when tightly 
built at first, they were ultimately liable hoth to leak and to over
flow, and so to poison the neighboring ground and the water oi 
wells which was derived from that ground. 
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One advantage to be credited to the primitive system of tubs 
and barrels is, that, unlike cesspools, any leakage or overflow 
from them would be quickly detected, and easily remedied before 
the ground in their vicinity had had time to become surcharged 
with the foul liquid. 

~Method8 of utilizing Night-soil. 
Allusion has already been made, under the head of Composts, 

to the mixing of night-soil with peat and loam, both for the sake 
of absorhing the liquid and the odoriferous portions of the material, 
and for exciting the fermentation of hUlIlus. Indeed, an ordinary 
method of dealing with night-soil is either to bring it directly to 
land tlmt is to be ploughecl, or to compost it in the fields with earth, 
and valuable manure may be had in this way, especially in case 
the night-soil should happen to be fresh; and particularly in locali
ties where canals permit the material to be cheaply and easily 
transported. 

One objection to the long-continued use of uncomposted night
soil on plough-land is said to be that it tends to make lauel hard 
and compact. Mr. J. J. H. Gregory, of Marblehead, after using 
night-soil during 12 to 15 years, found that" the ground baked 
so hard that it wore out the best tools pretty fast." It is not im
possible that this difficulty may be due solely to the muddiness of 
night-soil. A large part of tile night-soil obtainable in American 
cities may be described as thiek mud-puddle liquor which does not 
dry readily, is not easily absorbed by peat or straw, and has little 
if any disposition to settle. Mechanically considered, it is a magma 
of puddled earth and papier-mache, well calculated to stop up the 
pores of almost any soil, and to destroy its tilth. By receiving 
the muddy liquor in shallow basins ill the field, and throwing upon 
each load of it a covering of horse-manure, weeds, peat, and coal
ashes, the muddiness may be corrected and the material made 
more convenient for use. There was formerly a farm near Paris 
to which night-soil was brought in bulk in b<¥tts, whence it was 
pumped into pipes that carried it to the fields. It was applied, by 
way of irrigation, in conjunction with water from the canal, much 
dilution being needed when night-soil is applied to growing crops. 

Even uncleI' the most favorable conditions, as when the irriga
tion could be practised during or immediately after rain, ordinary 
thick, muddy night-soil was mixed with 5 or G times its bulk of 
water; while urine, or the liquid part of nigllt-soil, was diluted 
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with 3 or 4 parts of water. In times of drought the materials 
were used in a state of much greater dilution. A field of pota
toes irrigated for the sake of the experiment, at a very dry time 
in June, with the undiluted liquid portion of night-soil, suffered 
extremely. "The plants were burnt up, and after a few days 
their leaves and small branches fell off. New shoots sprang up 
from below, new tubers were formed and the older olles died 
away. The two succeeding crops of wheat and oats, however, 
profited largely from this misapplied dressing. EYell on beets, 
the undiluted liquor did not prolluce a favorable effect in a hot 
season. . . . Night-soil alone, applied to crops in full growth 
during hot weather in summer, is always more or less injurious." 
(Moll. ) 

Belgian experience teaches that a highly effective method of 
using night-soil is to mix it with from 3 to 6 times its bulk of 
water and to apply this mixture in the spring to young plants. 
The diluted liquor does good service in summer also when applied 
during rain. As was just now said, it has long been customary 
in Belgium for the farmers to keep nigbt-soil in special cisterns, 
where it can be admixed with water, and sometimes with rape-cake 
also or other re-enforcement. From these cisterns the dilute pu
trid liquid is hauled to the fields in casks from which it i8 run out 
little by little into monble troughs, whence it is thrown upon the 
land by means of long-handled scoops. So too in .J apan, Hccord
ing to Kellner, experience has taught the farmers not to apply 
fresh human excrements to their crops. It is said to be custom
ary in that country to mix the excrements with 2 or 3 times as 
much water, and to leave this mixture for some time in tubs in 
order that it may undergo decomposition. The material is beld to 
be fit for use when a greenish color has appeared upon it. 

"While admitting fully the well-known fact that fresh urine, or 
night-soil, 'may do no little barm to plants, unless they have been 
largely diluted with water, Kellner insists that neither fresh nor 
decomposed human excrements contain anything which is directly 
poisonous to plants. He attributes the injurious effects which are 
sometimes observed wholly to undue concentration of the manure. 
The crops are injured because their roots come into contact with a 
great excess of soluble matters. Even the presem~e in the soil of 
too strong a solution of urea may interfere so seriously with the 
absorption of water by the roots of plants that their leaves will 
wilt. 
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Peat Poudrette. 
In some European cities attempts have been made to prepare 

merchantable manure from nigltt-soil by mixing with it peat, peat 
charcoal, charcoal-dust, or tanbark, in quantities large enough to 
solidify the mass. But the products thus prepared have had very 
little real Yalne, considered as commercial manures. They are 
still too bulky and too heavy to bear the cost of distant transporta
tion. The following table contains the results of analyses of mix
hues of peat and night-soil as prepared in various cities of North
ern Europe ;-

Organic Ash-In- Ammonia 
Water. Matter. gredienl.s. Nitrogen. Nitrogen. 

Braunschweig (Schultze) 83.10 14.60 2.30 0.78 
Munster (Koenig) . 87.45 10.13 2.42 0.55 
Bielefeld (Koenig) . • 83.82 10.47 5.61 0.36 
Groningen (Fleischer), 

private house. 6~.85 

Do., public place 86.53 
Dresden, silica pou- { 26.6 

drette (Schroder) 4.0 

I 1. 
Riga (Thoms) I II. 

III. 

81.90 
76.80 
82.00 

7.3 
8.0 

13.30 
18.15 
15.72 

58.6' 
79.8* 
4.80 
5.05 
2.28 

0.84 
0.63 
0.44 
0.46 
0.65 
0.95 
0.64 

0.12 
0.45 
0.35 

Phospho 
Acid. Potash. 
0.22 0.28 
0.44 0.17 
0.51 0.40 

0.32 0.28 
0.25 0.31 
0.35 
0.35 
0.34 0.21 
0.68 0.23 
0.53 0.15 

One trouble with these peaty prod.ncts, and with analogous 
mixtures, is that much of the nitrogen exhibited by analysis is 
simply the inert nitrogen that was naturally contained originally 
in the peat or other diluent. 

City" Compost." 
In several Dutch and North German cities so-called "com

posts" are prepared by the municipal authorities by mixing the 
night-soil with all manner of refuse, such as street-sweepings, 
ashes, and other kinds of "dry dirt" collected from houses. In 
this way the muddiness of the liquor is corrected, and the mixture 
has proved to be extremely useful as a means of improving the 
condition of newly reclaimed land from which peat has been re
moved, to be used as fuel. As a practical fact, street-sweepings 
applied to these peaty soils greatly improye their mechanical cou
dition, and the mixture of sweepings and night-soil produces effects 
not readily obtained by means of commercial fertilizers. Mr. 
Jenkins, writing of the reclamation of peat-land in the N ether
lands, has said, " Sand and peat will not mix easily together, and 
it is useless to try to mix them unless large quantities of farm
yard-manure are applied. This greatly facilitates the process, 

• Insoluble in acid. 
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but artificial manures h:\Ye no such effect .• . In reclaiming peat
land, sand is laid on and heavy dressings of street-manure are 
given, and each sncceeding year the land is cultivated to a slightly 
greater depth." 

It is to be said that the " street-composts" of Groningen and 
other towns haye done their most remarkable seryice on peats of 
exceptionally loose textme, which haye been mixed with sand. 
After the merchantable peat has been dug out and sold for fuel, 
the system of cultiyation is to put back the loose, mucky, un
merchantable peat, whieh has been thrown aside as refuse, and to 
mix it intimately with the sand at the bottom of the excavation, 
where it originally Jay beneath the bed of peat. To this new land 
the compost is applied, in the Province Groningen, at the rate of 
3 or 4 tons to the English acre, as a help to the process of reclama
tion. The land is then sown with rye, upon which a mixture of 
cloyer and grass seeds is sown; and, after the rye has been har
Yested, the land is pastured during several years in order that it 
may become firm. Subsequently, rye, peas, potatoes and hay are 
taken as the usual crops, though under specially fayorable condi
tions rape-seed, horse-beans and wheat are grown. It has been 
observed that in order to grow oak trees upon such land dressings 
of street-sweepings seem to be essential. 

It is reported that the street-sweepings have great and peculiar 
merit, as a means of firming the land in the first place. After 
this purpose has once been accomplished the compost is applied in 
"maIler quantities than those stated above. It will be noticed, 
however, that the night-soil in the compost must help to ferment 
the humus of the soil and to change it from an inert to a mellow 
condition. Stable-manure is said not to be esteemed, at the time 
when the land is in process of reclamation, because of its loose, 
non-binding character; and green-manuring is objected to on 
similar grounds. 

These city composts, which appear to be mere mixtures, must 
necessarily vary in different cities, and in anyone city also, ac
cording to the different kinds and quantities of materials that are 
added to the night-soil. In some places, the dry dirt is picked 
over much more carefully than in others, and the coarser matter is 
sifted onto It is said that at Amsterdam, 32 different classes of 
materials, ranging fro111 paper to the different kinds of metals, are 
separated from house-refuse before the finer part of it is added to 
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the night-soil. Anll.lyses of some of these" composts" are given 
in the following table:-

Water. 
BrUl!sele (Petermann, July) 4.20 
BruBsels (Petermann, Nov.) 7.26 

! 
1. 31.05 

Bremen (Fleischer) II. 35.51 
III. 28.5~ 

I 1. 55 74 
Emden (Fleischer) " II. 27.80 

III. 55.74 
Groningen (FleiscMr), 

mean of the "naly.es 

orgauic 
Matter. 

22.89 
17.74 

Ash- Nitro- PhQsph. 
Ingred. gen. Acid. Potash. Lime. 

72.93 0.39 0.60 0.31 3.17 
75.00 0.11 0.44 0.32 3.71 

0.07 0.41 0.30 2.68 
0.47 0.55 0.2i 2.70 
0.5.3 0.53 0.23 2.76 
0.43 0.48 0.42 1.77 
0.79 0.95 0.66 2.62 
0.49 0.59 0.40 1.60 

of 4 years. . . . 63.18 0.73 0.50 0.24 1.79 
Cologne (Dietrich) . 024 0.19 0.18 1.48 
BrUnn (Kohlransch). 40-43 9-15 46-48 0.5-2.0 0.01.0.84 0.60 

:lIIag. 
0.74 
0.39 

Berlin (lleidepreim) . 5.97 0.41 1.06 2.33 22.63 1.11 

At Treves, on the 'Moselle, a much more elaborate i;ystern than the 
foregoing has been adopted for converting night-soil into a manage
able material, and a really powerful manure is prepared there by 
mixing street-sweepings, horse-manure, night-soil, peat and. chemi
cal fertilizers. Into a tight pit 2 metres deep, 45 met.reS long, and 
10 metres broad, there is thrown a layer of peat about 5 c. Ill. thick, 
which is coyerec1 with some 10 C. Jll. of horse-manure, and this, in its 
turn, with 2 c. m. of fine, sifted street-sweepings. Between each of 
these layers there is strewn a certain amount of kainit, of phosphatic 
slag and of phosphatic gypsum. The layers of peat, horse-manure 
and sweepings arc repeated until the total thickness of these absorb
ents amounts to about 30 C. m., while the uppermost layer is of peat. 
The pit is then filled to the brim with liquid night-soil, a part of which 
is immediately absorbed, WYllte some of the mere water flows off into 
a cistern, whence it can be pumped back into the pit to cool its con
tents. This last operation is necessary, since the matters in the pit 
speedily enter into fermentation, and they would bec()me unduly 
heated if they were not drenched occasionally. 

After a time, the contents of the pit are found to be compact and 
firm; they are cut down and out with sharp hoes and loaded upon 
railway cars to be hauled into the country. ~o water drips from 
the mixture during these operations, and the manure is said to be 
remarkably homogeneous, and to admit of being easily spread in the 
fields. This manure is highly esteemed by the farmers of the region 
in which it is made, and the east ()f preparing it is more than made 
good by the price at which it is sold. 

Street-Sweeptngs. 
It may here be said that in some cities, as in Boston, formerly, 

the sweepings from paved streets are thrown into heaps and sold to 
farmers for a trifle. At Doston these sweepings consist chiefly of 
mud or dust worn from the pavement, and from the earth in the 
cracks between the stones, together with horse-dung and an appreci
able percentage of iron which has been rubbed off from the tires of 
wheels and the shoes of horses. 

At Dresden, in 1890, according to Steglich, mere street-sweepings 
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are deposited in heaps 80 feet long, 16 feet wide, and 6.5 feet high, 
which are forked over after having lain 6 months, and are at tlllil 

same time moistened with water. The heaps are left for another 
term of 6 months, and their contents are then disposed of as "ripe 
compost." This ripe compost is described as a remarkably homo
geneous, friable, earthy matter, moderately moist, and of dark color. 

It contains, among other things, about half its weight of sand and 
clay, and one-third its weight of water; only some 9 or 10 % of or
ganic matter, 0.23 to 0.33 % of nitrogen, 0.37 to O,4G % of phosphoric 
acid, 0.33 to 0.38 % of potash, 0.84 to 1.05 % lime, and 0.18 % of mag- .. 
nesia. ., 

At Berlin in 1892, Vogel found that street-sweepings taken chiefly 
from asphalt pavement contained 40 % of water, 22 % of organic mat
ter, and 38 % of ash. The fresh material contained 0,48 % of total 
nitrogen, 0.004;0 of ammonia, 0,45 % of phosphoric acid, 0.37 % of 
potash, 1.89 % of lime, and 0.35 % of magnesia. In refuse from 
houses (dry dirt) which had lain in a heap for three-quarters of a 
year, and had rotted somewhat, he found (10 % of tine earth which con
tained Hl % of water, 20 % of organic matter, and (H % of ash. There 
was in this fine earth 0.B5 % of total nitrogen and 0.05 % of ammonia; 
beside 0.58 % phosphoric aci(l, 0.22 % potash, 8.92 % lime, and 1.74 % 
magnesia that were solublc in acids. 

In certain parts of Paris, street-sweepings are sometimes collected 
by themselves in the dry season. The following analyses by Muntz 
and Girard relate to samples that were collected specially on the 
given dates:-

30 Dec. 3 Jan. 12 Jan. 
Per cent of 1886. 1887. 1887. 

Water . 77.80 22.00 34.00 
Nitrogen 0.13 0.63 0.47 
Phosphoric acid 0.29 0.60 0.48 
Potash 0.02 0.09 0.07 
Lime 7.61 6.39 8.18 

Weather very rainy. dry. light rain. 

As a rule, however, the street-dirt of Paris is different from that 
of most cities, since it is the custom there to throw into the streets 
by night all manner of refuse substances from houses, kitchens and 
workshops. In winter much ashes is thtH; thrown out. All this 
refuse is collected, together with such part of the street-sweepings as 
is not washed into the sewers, and thrown into heaps. On the 
avprage, some 2,GOO cubic yards of the dirt are hauled out from l'aris 
daily. 'rhe heaps of dirt soon become hot through fermentation am1 
are greatly reduced in bulk as the organic matters ll1 them arc con
yerted into humus. Meanwhile the material takes on a black color 
and becomes much more homogeneous than it was at first. As a 
general rule, it is only after this fermentation that the dirt is disposed 
of to the farmers. The fresh material is known as green dirt, and 
the fermented mass as black dirt. According to Muntz and Girard, 
the composition of the Paris street-dirt is as follows: 
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Per cent of 
Nitrogen . . 
Phosphoric acid 
Potash. . . . 
Lime .... 

AGRICULTURE. 

Green dirt, as 
taken from 
tbe carts. 

0.38 
0.41 
0.42 
2.57 

Black dirt. after fermentation, 
from different ~ectioD8 of tbe 

City of Paris. 
0,45 0.39 
0.59 0.45 
0.52 0.29 
3.75 2.92 

Black dirt, 
from 

Bordeaux. 
0,49 
0.58 
1.22 

At Rome, the refuse from houses and streets is thrown into great 
heaps which, according to Ceselli's observations, contain about 40 % 
of stones, earth, mortar, etc., 35 % of horse-dung, 20 % of vegetable 
refuse and 5 % of rags, paper, leather, bones and glass. These heaps 
undergo fermentation and putrefaction, and the matter at the centre 
of the heap passes into a eon(Ution known as" black butter," while 
the sides and tops of the heaps become earthy or loam-like. The 
following analyses are by Longi and by Freda: 

Black butter Black butter Earthy top Tolerably 
from all old from an old of an old new 

beap, %. heap,%. heap,%. heap,%. 
Water 34.10 31.62 19.50 15.03 
Stones, etc. 2.81 16.2.4 7.51 5.30 
Ashes 36.53 32.71 46.89 62.25 
Phosphoric acid . 0.78 0.40 0.54 0.77 
Potash 1.18 1.30 1.09 2.29 
Lime. 9.73 4.71 6.43 1.10 
Total nitrogen 0.45 0.34 0.31 0,47 
Organic nitrogen 0.30 0.26 0.29 0,41 
Ammonia-nitrogen 0.17 0.01 0.01 0,07 
Nitrate-nitrogen. 0.00 trace 0,01 trace 

Poudrette. 
Formerly, during many years, large quantities of night-soil were 

manipulated in one of the suburbs of Paris for the pnrpose of 
making" poudrette," and the process employed there has a cer
tain ~istorical importance, because the Parisian poudrette became 
in some sort a standard of comparison to which other analogous 
products were naturally referred. Some old quarries at Montfau· 
con, just outside of Paris, had been, by some slight alteration, 
converted into a series of basins or tanks. Night-soil was poured 
into the uppermost basin, where a good part of its solid contents 
sank to the bottom at once, while the liquid portions were made to 
flow slowly and methodically through a set of the lower basins, 
which served as receptacles to collect whateyer solid matter the 
liquid held in suspension. The cleared liquid finally escaped 
through a fine sieve into the Seine. 

'Whenever a sufficient quantity of sediment had collected in 
either of these settling tanks, the liquid was run off from that 
tank, or, if need were, it was pumped over into the next basin, 
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and the deposit was removed from the bottom of the tank to a 
great field contiguolls to the establishment, and there spread out 
to dry. The layer of mud was harrowed from time to time to fa
cilitate the drying. It need hardly he said that the product ob
tained in this way could not possibly have been so concentrated a 
fertilizer as those to which we are accustomed nowadays. But, 
on the other hand, all accounts agree that the stench from the 
works was wide-reaching and abominable. 

Manifestly the process was radically vicious, and it is well to 
consider it carefully on that very aceollnt. The fact that the mak
ing of this poudrette was so long persisted in by the Parisian au
thorities shows how little was known, until yery recently, of the 
true theory of manures; while the parallel fact that people could 
be found willing to pay money for a material of so little real yalue 
shows how hard beset farmers must have been before the days 
of guano and commercial fertilizers, properly so called. It teaches 
how greatly favored farmers are nowadays in having an abundant 
choice of cheap and powerful manures. 

One good word, however, can be said in favor of poudrettes that 
were similar in character to the old Parisian product: their me
chanical condition was excellent; and this was a \'ery important 
matter at a time when, excepting rape-cake, hardly any oiher fer
tilizer shared this quality. A dry, inoffensiye powder, that can 
be sown with seeds from a machine, must commend itself in nu
merous instances. Another point to be noticed is, that the Parisian 
poudl'ette was probably full of germs of useful micro-organisms. 
To this fact may justly be attributed some part of the useful 
effects that were obtained when the poudrette was applied to the 
land; that is to say, it excited the fermentation aUlI nitrification 
of the humus of the soil, and was in so far a souree of biologieal 
rather than of chemical power. Several analyses of the Parisian 
(Montfaucon) poudrette have been published, as follows:-

Water. Organic Total Ammo- Nitric rhosph. Lime 
:;\latter. Nitrogen. nia. Acid. Acid. . 

Bou •• ingault and rayen 41A 1.56 
Jaquemont 1.90 
Soubelran (1847) 28-32 29.00 1.78 0.73 3.73 
L'Hote (1848) 30.20 32.81 1.52 0.59 0.30 4.18 6.70 

Barral, in 1863, reported that poudrette, as made at Bondy, near 
Paris, and in some other localities, from dned human excrement, 
weighed about 65 lb. to the heaped bushel, and contained 34 % of 
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water and 1.4 % of total nitrogen. Large numbers of more recent 
analyses, by Aubin, show that French poudrettes, though some
what variable as to their composition, usually contain, nowadays, 
from 1 to 2 % of nitrogen and from 2 to 6 % of phosphoric acid. 

Muntz ana Girard hayc noticed French poudrettes that con
tained as little as 0.46 % nitrogen, 1.21 % phosphoric acid and 
1.29 % of potash, while others contain as much as 2.79 % nitro
gen, 8.14 % phosphoric acid and 0.53 % of potash. On the 
average, they have found 1.6 % nitrogen, 3.00 % phosphoric acid 
and 0.50 % potash. It is to be understood, of coursc, that pou
drettes have been made in many other places beside l\!ontfaucon. 

Generally, they appear to have consisted of the sediment from 
night-soil (either with or without the addition of small quantities 
of copperas, gypsum, alum, or the like) dried in the air; though 
in many cases the sediment seems to have been more or less diluted 
by the addition of peat, or peat charcoal, sawdust, coal-ashes, 
gypsum, or some other absorbent that had been added to facilitate 
the drying and mitigate the stickiness of the material. Of course 
the product must vary in composition according to the amount of 
inert matter that has been added to it, as well as according to the 
state of freshness of the night-soil employed. In the following 
table analyses are given of poudrettes that were formerly made at 
the cities named: -

Poudrettes, made at Water. OrganiC Total Phospho Potash 
illatter. Nitrogen. Acid. . 

New York City, Lodi Manuf. { 32 52 14.88 0.% 1.06 1.38 
Co. (reported by S. W. 15.60 18.40 0.98 
Johnson) 25.62 H.80 0.95 

Hartford, Conn. (S. W. John- { 39.97 20.57 1.01 0.81 
Bon) 60.01 1.06 1.05 

Dresden, 
(MUller) • 19.50 20.80 2.10 2.50 1.50 
(Scheven) 18.42 11.25 1.34 
(Bretschneider) . 15.91 35.12 1.68 2.75 0.81 

Cologne (Grouven) 12.80 36.20 2.01 3.01 0.55 
BrUnn (Kohlr"UI!ch) . 7-17 20-53 1.0-2.5 2.5-.8.0 0.8-1.3 
Konigsberg (Klein) 31.00 1.73 1.57 
Leipzig (Oietrichl . 13.40 31.20 2.10 2.96 0.61 
Metz (Stutzer) 27.71 25.87 1.48 2.95 0.64 
Dorpat, Jama's prOCe!B 

(ThomB) . 2.35 3.50 1.0{ 
Average compo of modern 

German poudrettel (Wolff) 11.5 37.4 1.8 2.8 1.1 

Blood POHd1·ette. 

Lime. Mag
nesia. 
trace 1.05 

2.70 0.71 

6.28 

1.07 

Sometimes poudrettes have been made by mixing solid excre
ment, or the solid part of night-soil, with blood from slaughter
houses, and drying the mixture. The product was naturally rich 
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in nitrogen, and was doubtless a powerful manure, though apt to 
vary considerably in composition, as is shown by the following 
analyses: -

1
1871 

BrUnn (Kohlrausch) 1871 
1872 

Vienna (Kohlrausch) 1873 

Water. ~~t~~~~ Ash. 
9.38 74.10 16.52 
8.73 87.81 3.45 
7.94 32.44 09.62 
7.76 42.79 49.45 

Phosphate Pouclrette. 

Nitrogen. Pk~id.h. 
9.03 0.87 

12.44 3.46 
2.09 2.60 
4.42 

Potash. 

0.64 

0.88 

Another class of poudrettes that contained considerable quanti
ties of phosphoric acid were prepared formerly by mixing phos
puates with the sludge from night-soil,- notably spent bone-black, 
wuich helped to dry the material. Analyses of these phosphatic 
poudrettes are as follows. In many of these cases the sediment 
from night-soil had dOll btless been mixed with blood as well as 
with bone-black j or the mixture of blood and bone-black that is 
obtained in some processes of refining sugar had been added to 
the night-soil: - . 

Phosphatic Poudrettes Water. ~~f:~~~~ made at 

{ 
8.22 48.69 

Berlin (Lucanus) 8,47 65.36 
12.26 43.13 

Breslau (Hellriegel) 7.26 60.20 

Hanover (Hellriegel) { 
20,48 25.23 
12.12 27.82 
9.04 34.26 

Dresden (Fleck) 49.85 
Berlin (Heidepriem) 5.61 46.73 
Vienna (Kohlrausch) 9-19 22-30 
Paris (Voelcker) 25.20 26.14 

Nitrogen. 

7.14 
6.53 
3.22 
9.30 
2.51 
3.90 
2.65 
3.56 
5.11 

1.4-2.3 
3.35 

Pk~rx.h. 
14.10 
8.72 
3.73 
8.29 

15.88 
19.11 
16.98 
14.16* 
11. 75 

3.3-10.7 
17.17t 

PotlUlh. 

0.42 
0.36 

0.8-2.0 
3.22! 

In the category of phosphatic poudrettes may be mentioned a 
product prepared by a secret process by one Thon, which attracted 
considerable attention among cuemists some years ago. 'What
ever the cost of making the material may have beeu, its compo
sition was excellent, as was shown by repeated analyses made by 
several chemists. These analyses showed the following per cent 
of substances: -

Water 
Organic and volatile matters 
Ash-ingredients. . . 
Nitrogen . . . . . 
Total phosphoric acid . 
Potash .... . 

• Phosphate of lime. t Phosphatea. ~ Alkaline BaIts. 

10-12 
30-40 
50-60 

4-6 
10-12 

1.5 
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Nearly one-half the phosphoric acid, viz. 4 .. 5 to .5 %, was soluble 
in water, llnd the remainder, excepting olle or two per cent of 
ferric awl magnesium phosphate, was in the form of precipitated 
phosphate of lime. One of the analyses indicated that 1.75 % of 
the nitrogcn was ill the form of ammonia, and that nearly half of 
olle lwr ccnt of the nitrogen was in the form of urea. So large 
an allloullt of sollible phosphoric acid, taken in connection with the 
presence of 1.'i 7,1 of slllplmric acid in the ashes of the product, 
went to "how that the pro<'css of manufacture lUay perhaps haye 
cOllsiste(l ill :lllllillg SUP!ll'plJospbatt' of lime to fresh excrements, 
pedll1ps with the a(ldition of a little free sulphuric acid also. 

ThOll suhmitted his secrpt to the chemist Dietrich, who several 
times preparcl] small quantities of poudrette in accordance with 
the formula, awl fOlllla that ewry particle of the nitrogen in urine 
could he preserved by means of it. Thou's poudrette was a dry, 
yellowish powder. 

Ta-jen. 
A product of Chinese invention, known us Ta-feu (Taffoe of 

the Uermans), WIlS prepared originally by kneading excrement 
aud loam together, moulding the product into bricks and drying 
tbe latter in the air. A sample of a German preparation sold 
under this name, and consisting chiefly of peat and lime, has been 
analyzed by Klien. It contllilled Bl % of organic matter, 40 % 
of asbes, 1.7 10 of nitrogen, and 1.6 10 phosphoric acid. In a 
sample of so-called ta-feu marl, Klien found 4.4 % of organic 
matter, 5710 of lime and carbonate of lime, 0.32 % of nitrogen, 
and 0.37 % of phosphoric acid. It had been prepared, apparently, 
by slacking quick-lime with tlle liquid part of night-soil. 

Processes oj EN/poration. 
If fresh urine were to be evaporated to complete dryuess so 

carefully that none of its nitrogen should he decomposed, an ex
tremely powerful fertilizer would be obtained; each 100 lb. of 
which would contain some 25 lb. of nitrogen, 4-10. of phosphoric 
acid, and ;) Ill. of potash and soda. But to obtain 100 lb. of 
snch residue an amount of urine would have to be taken equal to 
all that is voided in a day by 1,000 men. (Streckhardt.) 

\V tly' S analysis of dried solid excrement shows 88.5 % organic 
matter, 4.3 % phosphoric acid, 1.2 % potash, and from 4.3 to 7 % 
nitrogen. The fresh excrement contained from 20.4 to 26.8 % ot 
water, and from 1.2 to 1.5 % of nitrogen. He estimated that 
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each individual in a city would contribute to the sewage 0.25 lb. 
of solid and :3 lb. of liquid excrement every 24 hours. 

According to Nesbit, if fresh human excrements, solid and 
liquid together, were tllOroughly dried, each 100 lb. of the product 
would contain some 17 lb. of nitrogen, and 3 lb. of phosphoric 
acid, or in a ton there would be say 340 lb. of nitrogen and 60 lb. 
of phosphoric acid. Even sewage evaporated to dryness may 
contain, according to one of the English commissions, 30 % or
ganic matter, 70 % ash ingredients, 6~ '/0 nitrogen, 1i % phos
phoric acid, and 1 % potash. 

Dried E:I'CI'ement. 
Efforts have not been wanting to put the idea of evaporation 

into practical form, und in several German towns really good 
ll1unurc seems to have been obtained in this way, i. e. byacidify
ing with sulphuric acid tolerably fresh excrement which has been 
collectcd ill barrels, and evaporating the materiul to dryness. The 
first five unalyses ill the following list are of poudrettes known to 
have been prepared in this way, and the other specimens appear 
to have been similarly treated:-

Oomposition of Dried EX('J'ement. 

Milburn Co. (Voelcker) . 
Stllttgaru (Soxhlet) • . 
Heidelberg 
Augsburg 
Munich (Soxhlet) from vaults 
Berlin (Mlircker) . 

(Fittbogeul 
(Ziureck) 

Organic 
W .. ter. and Volatile Nitrogen. Phospho Acid. PotaBh. 

!<latter. 
10.49 59.69 6.5 5.12 (phosph. lime) 

7.W-9.!J6 2.73-:3.50 
8.8-9.1 3.0-3.1 
6.0--6.1 3.0--3.7 
8.4-9.6 0.7-1.0 

4.69 ~.05 (2.94% soluble) 
4.65 ~.09 (;1.16 % soluble) 
4.65 (2.60 % soluble phosph. acid) 
5.16 3.38 2.26 

MUllstel' (Konig) 5.59 3.~7 2.48 
Halle (~Iiircker) 5.00 2.91 2.70 
BrauJl8chweig (Schulz) 5.30 3.10 3.20 

(Fruhling) . 5.15 2.95 2.89 
Hamburg (Ulex) . . . . 5.30 3.39 2.31 

Similar poudrettes prepared from tolerably fresh excrements, 
as obtained by Lieruur's pneumatic process, have been found to 
contain the following percentages, as obtained at 

Dortrecht (Burgh) 
Hague .. 
Breda . 
Dublin (E. W. Davy) . 
Wiesbaden (FrtlSenius) 

'(4.25% a. ammonia) 

VOL. II-Z~. 

Water. ::,\itrogen. Phosp. Acid. Alkalies. 
12.0-22.5 1.6-7.0 1.6--4.0 

16.tl4 7.80 2.0 
22.10 6.69* 1.1 
15.86 6.32 6.85 (phosphates) 

14.82 7.56t 2.66 3.10 

t (5 .• % as ammonia) 
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It does not appear as yet whether any legitimate money profit 
has been gained by making these poudrettes. Indeed, it is doubt
ful on the face of the matter whether profit can possibly be gained 
by burning fuel to drive off the large amounts of water with which 
even fresh excrements are diluted, for the sake of getting the fer
tilizing constituents. The probabilities are, that the labor ex
pended and coal consumed in making sucb poudl'ettes must cost 
more than the dried excrement is worth. Perhaps the making of 
them may have depended primarily upon efforts of the municipal 
authorities to find some outlet for the night-soil. 

There was no sense, at all events, in making an English pro
duct known as " sulphated urine," which was prepared some years 
ago by adding to stale urine enough sulphurie Mid to neutralize 
the ammonia, and then evaporating the liquid to dryness. For 
although the dried sulphated urine was relllly rich in plant-food, 
and was an efficient manure, it was not worth the cost of manu
facture. A similar remark will apply to a process tried much 
more recently in Germany, by which the liquid portion of night
soil was evaporated in vacuum pans. 

Olwdzko's P1'ocess of "Graduation." 
A more reasonable plan, putting SI1lJitary considerations aside, 

WitS tried at one time, outside of Paris, by an inventor named 
Cbodzko, who sought to 8:1\'e the fertilizing matters in the actually 
liquid part of the night-soil, which had previously been allowed to 
run to waste. To clarify and disinfect the liquid there was added 
to it either sulphate of magnesia or It mixture of the magnesium 
sulphate and sulphate of iron, together with It little tal', and pot
ashes enough to destroy the acid reaction of the mixture. The 
clear liquid was then subjected to a process of evaporation which 
consisted in making it trickle OYer a large surface of fagots held 
up in a framework, - as in the well-known process of concen
trating weak brines by " graduation," - and finally beating the 
fagots to detach the incrustations which had formed upon them. 
In good weather, new portions of the liquid were run in upon the 
fagots two or three times a day, and after the lapse of a fortnight 
01' three weeks in summer, or of two months in winter, the twigs 
were sufficiently incrusted to be left to dry out. On analysis, the 
fertilizer beaten from the fagots showed the following percentage 
composition: -
~r,ft~~~c Water. 

63.53 17.75 

Sand and Magnesia an d Tot,,! Ni- AmnlO- Ni- Phospho Lime, 
Clay, Oxi3e of Iron. trogen. nia, trates. Acid, 
4.50 4.50 4.20 0.65 trace 4.48 4.10 
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The product was distinctly superior to ordinary poudrette, such 
as was then prepared at Paris. 

Podewils' Scheme. 
Baron Podewils proposed, as one method of treating fresh ex

crements, 1st, to prevent them from putrefying by means of smoke j 
2d, to dry the matter dowu to about half its bulk by artificial heat; 
then to mix with it absorbents, such as coal-ashes, peat-powder, 
soot, 01' the like (even finished poudrette would answer); and to 
mould the plastic mixture into bricks which could be dried in the 
air. Finally, the dried bricks were crushed to pow(ler. The fol
lowing analyses, by \Vein, relate to such poudrette as this, and to 
the making of it. 

Excrements Half·dried Finished Pou-
dried down Half-dried Paste after drette pre-

Paste. Addition pared with witbout any 
Addition. of Asbes. Asbes and Soot. 

Water 9.01 42.69 38.57 7.65 
Organic and volatile matter 59.13 38.58 35.67 68.78 
Ash-illgredients. 31.87 18.73 25.76 23.57 
Nitrogen 10.65 7.34 7.04 5.32 
Pbospboric acid. 4.48 2.54 2.18 3.90 

Excluding water in each case, the dry substance contained per 
cents of 

Half-dried 
Excrements. Paste. 

Organic and volatile matter 64.97 67.31 
Ash-ingredients 35.03 32.69 
Nitrogen. . . • . . . 11.89 12.80 
Phosphoric acid 4.81 4.43 

Treatment with Sulphcdes. 

Paste and 
Asbes. 
58.07 
41.93 
11,45 

3.55 

Finished 
Poudrette. 

74.47 
25.53 
5.76 
4.22 

Sulphates of one kind or another, particularly sulphate of iron 
(copperas), haye often been used for treating night-soil. In most 
European cities, where it has long been customary to exercise great 
care in emptying privy vaults in order to uyoid the offensive gases 
which are liable to be given off when the contents of these re
ceptacles are disturbed, it is not unusual, as a preliminary pre
caution, to throw into the vault a quantity of a solution of ferrous 
sulphate, or of some other disinfecting agent, and then to pump 
out the muddy liquid into a tight wagon by mealls of force pumps, 
or to draw it out into great iron cylinders in which a vacuum has 
been established by the condensation of steam. Care is taken to 
prevent the escape of offensive gases into the air, - sometimes by 
compelling the foul air from the pumps to pass through a little 
stove full of burning charcoal, by which means the odor is de
stroyed. 
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Of course, the sulphate of iron, when thus used, arrests a large 
quantity of ammonia, by converting the carbonate of ammonia 
into sulphate, though its special merit in this case depends on the 
fact that it reacts upon snlphuretted-hydl'ogen and ammonium 
sulphide and destroys the foul odor of these substances. It is as 
a disinfecting agent rather than as a fixer of ammonia that cop
peras is here used. It acts also as a germicide, to destroy the 
micro-organisms which canse fermentation and putrefaction, and 
to prevent their growth also. Thus it is, that, when applied to 
fresh excrements, copperas acts as a preserYathre, and hinders 
their decay. 

According to Pettenkofer, if fresh excrements were to be treated, 
immediately and methodically, with a solution of copperas (1 part 
in 2 or 3 parts of cold water) , less than an ounce of the salt per 
head and day would be sutficient to prevent the materials from 
undergoing ammouiacal fermentation. Excluding winter weather, 
when no disinfection would be needed anyway, a dozen or fifteen 
pounds of coppertlS, obtained at a nominal cost, would suffice for 
treating the excrements of an individual for a year. It is to be 
said, however, that, as regards night-soil, the deodorizing powers 
of copperas are but partial; it arrests snlphnretted hydrogen, it is 
true, but has no action upon a Yariety of other offensive matters 
which are always present. 

Action of Coppercts on Plants. 
In view of the fact that ferrous compounds are apt to be inju~ 

rious to plants, it is to be presumed that, as a general rule, it 
might be well not to apply night-soil that bad been treated with 
copperas immediately to crops, but to leaye it exposed to earth 
and air long enough for the ferrous compounds to become COll

verted to the ferric condition, though there are excellent experi
ments by Kellner which show that, practically, field crops are not 
ordinarily interfered with by the ferrous sulphate which has been 
used to deodorize night-soil. This immunity probably depends on 
the extreme dilution of the copperas thus admised witb the frecal 
matter and on the rapid oxidation of it when strewn upon the land, 
for A. Mayer has shown that, with the exception of oats, the 
cereal grains are apt to be more or Jess injured by applications of 
ferrous sulphate. He found that, in respect to their sensitiveness 
toward copperas, the cereals might be placed in the following 
order: wheat, rye, barley, oats. He notes that this result is in 
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accord with a popular impression that oats are better fitted for 
iron soils than either of the other grains and than most of the true 
grasses. 

Since a very early period sulphate of iron has often been used 
upon ordinary manure-heaps to hinder their decay, and to prevent 
a real or supposed loss of ammonia i and so haye pyritous coal 
and pyritous lignite, from which sulphate of iron is formed by the 
action of the air. It was tllOUgllt at one time long ago - amI the 
idea has recently been resuscitatetl in respect to fcrrous sulphate 
- that the pyritous refuse from mines of lignite was specially 
valuable as a fertilizer, but the probabilities are that the iron sul
phate did good indirectly either by virtue of sulphate of ammonia 
which it may perlmps bold ill combiuatiou, or because it served to 
decompose lime compounds in the soil witll formation of gypsum, 
which ill its tUl'll acted as if it bad been applied directly. 

Pichard in his experiments found that gypsum was much more 
effective than copperas for preventing the loss of nitrogen from 
clay soils, and equally effective with it 011 light calcareous loams, 
but in sandy soils gypsum was less etlicient than copperas, be
cause it is less soluble. He argues that copperas )[lay do better 
service than gypsum on dry, sandy soils deficient in clay, lime and 
ferric oxide, but that on all other soils gypsum is to be preferred. 

For fixing tile ammonia, which might otherwise be lost from 
manures in a condition of hot ft'rmeniation, copperas may be yalu
able, as has been said, but on account of its antiseptic properties 
it might do harm to slowly decomposing organic matters and in 
the compost-heap. }orost salts of iron are inimical to the micro
organisms which cause the decay and destruction of organic mat
ters, though it has been noticed that lactate of iron (and other 
salts of iron with organic acids'l) may promote nitrification. 

On the other hand, carbolic acid that has been used for disin
fecting excrements may do harm by hindering the germination of 
seeds. Thus Kellner found that the presence of 0.25 % of car
bolic acid hindered the germination of barley, while 1 % killed the 
seeds. So too, a 0.1 % solution of carbolic acid suspended the 
germinative power of wheat, and a O.Oj % solution that of soy 
beans. By field experimcnts also it was found that wheat, barley 
and buckwheat suffered harm when sown soon after the land had 
been manured with diluted night-soil that hlld been treated with 
carbolic acid. But in case the carbolic night-soil was ploughed 
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under in October and left during the winter to the action of the 
weather, it exerted hardly any appreciable injurious action upon 
seeds sown in the spring. 

Sulphate of zinc, also, and chloride of zinc, have sometimes 
been used to disinfect night-soil, in much the same way as sul
phate of iron. 

Action of Gypsum on Urine. 
A fertilizer called " urate" was at one time made in England 

by adding gypsum to urine, and collecting and drying the pre
cipitate produced. This precipitate contained a considerable pro
portion of the phosphoric acid of the urine, though very little of 
its nitrogen; and since the principal value of urine depends upon 
the nitrogen contained in it, the process was not one of any merit. 

Gypsum has often been mixed 'with night-soil, with the idea 
that it would decompose carbonate of ammonia and hold the am
monia as a sulphate. It is inferior to copperas not only in this 
respect, and because it does !lot destroy the odor of Slllphllretted
hydrogen, hut because as a germicide it is not to be compared 
with copp~ras. .Moreover, it has no power to mitigate the pecu
liar offensive odor of putrid urine, which is due to the presence of 
some substance quite distinct from ammonia. 

A t one time, many years ago, sulphate of ummoni::L was pre
pared as a commercial product by filtering fermented nrine tlirough 
gypsum; but the process was offensive and inconvenient, and 
would be much too costly nowadays, when ammonia is to he had 
as a waste product at gas works. Indeed, even if the gas-liquor 
were not to be had, it would be cheaper to obtain ammonia from 
fermented nrine by way of distillation, than by means of the old 
gypsum process. 

~lfanufact1tre of Ammonil£1n Salts from Urlne. 
In view of the ready volatility of ammonia, it would be, com

paratively speaking, easy and inexpensive to procure this substance 
from fermented urine by way of distillation, as is done in the case 
of the ammoniacal liqnor of gas-works, if it were only possible to 
collect large quantities of urine without offense, or eyen if it were 
economically practicable to control the fermentation of urine so 
that it could be brought to the factory in a condition of tolerable 
freshness. As has been shown already, on heating water which 
contains ammonia, almost the whole of the ammonia will go off 
with the first fifth of the water that evaporates. Hence it would 



AMMONIA FROM URINE. 455 

only be necessary to distil off little more than one-fifth part of the 
bulk of the fermented urine in order to expel all the ammonia that 
was contained in it, which would amount to something like one-fifth 
of one per cent of the original liquid. The distillate might be 
made to pass directly into sulphuric acid to form sulphate of am
monia, or it might be led into another batch of urine, which could 
thns be com'erted into a more concentrated solution of ammonia, 
fit perhaps to be mixed directly with the acid. 

One idea, suggested by Bolton and Wanklyn, was to lead the 
ammoniacal fumes arising from the evaporation of urine into a 
box filled with trays charged with sulphate of lime. By the action 
of the carbonate of ammonia on the lime sulphate, thcre would be 
formed carbonate of lime and sulphate of ammonia. But on heat
ing this mixed product, carbonate of ammonia would exhale, and 
could be collected, while sulphate of lime would again be formed. 
Another plan was to lead the ammoniacal fumes from the urine 
into a clear solution of superphosphate of lime. From this liquor, 
after evaporation, a double phosphate of lime and ammonia could 
be made to crystallize out. 

In distilling stale urine it would be well to add to it a small 
quantity of milk of lime, or even chalk, in order to decompose Hny 
pllOsphate, sulphate, chloride, or other non-volatile ammollium 
salt, that might be present. This lime would combine with the 
phosphoric acid in the urine, and render it insoluble, so that this 
constituent could be saved as well as the ammonia. It being thus 
easy to sayc the only two ingredients of urine that haye an ap
preciable value, there is really no lleed of thinking of a process so 
troublesome as that of evaporating urine to dryness as a means of 
utilizing it. 

Urine may be kept Fi'esh. 
Several chemists, notably Alex. l\Ililler ::LIld GrOllYen, experi

mented many years ago with the view of finding some mealls of 
presen'ing urine so that it might be collected for the purpose of 
being put to use by the process of distillation just now alluded to. 
So far as the mere preyention of putrefaction was concerned, they 
found tllat urine coulct be pl'eserYcd in seYcl'al ways long enough 
for the purpose now in question. The presence of almost any 
free acid, or of an acid salt, in urine, will preyent the action of 
the ferment which causes urea to change to carbonate of ammonia. 
Nitric acid is specially powerful, sulplluric acid much less so. 
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Ferrous sulphate and the slliphates of copper and zinc are effec
tive, and so are carbolic acid, and coal tar, and tannin. As is 
now known, almost any germicide would answer the purpose. In 
case fresh urine were thus acidified, it would be an easy matter to 
neutralize the acid at the ammonia works, and to prepare the urine 
for distillation by mixing with it a qnantity of urine that was al
ready undergoing the ammoniacal fermentation, and allowing it to 
stand for a day or two. It is manifest, howeyer, and the point 
was freely admitted by J\Iiiller, that special appliances would be 
required for mixing the preservative agent with the fresh urine, 
and that the tanks and other apparatus used would have to be 
frequently and carefully cleaned. 

In one word, it appears that, beside all the ordinary costs of 
collection and transportation, a good deal of trouble would have to 
be taken in order to obtain a supply of urine without offense, and 
it is precisely this trouble which thcre is no Heed of taking so long 
as ammonia can be obtained at less cost from the products of the 
distillation of coal. 

Lacle of Raw Material. 
Grouven, on the occasion of his examination as to the possibil

ityof utilizing the product of the public urinals at Cologne, en
countered yet another difficulty, viz. that of obtaining enough of 
the raw material (fresh urine) to keep a factory in profitable 
operation. At Cologne he found that 45,000 cwt. of urine could 
be collected in a year, which was at the rate of 40 lb. for each 
inhabitant, or nearly 10 % of all the urine voided by the popula
tion of the city. Supposing the whole of this urine were eyapor
ated, it would be possible to get 4 rIo, i. e. 1,800 cwt. of dry res
idue, and if the manufacturer were to double thi" quantity by 
adding to it acids, or superphosphate, there would still be no more 
than 3,600 cwL of matter to be sold, - a quantity so small that 
a factory could hardly be maintained upon the profits from it. He 
estimated that at least 10 times the given quantity of urine would 
be needed, under the conditions of which he wrote, in order that a 
profitable business could be based upon it. 

'Vheu considerations such as these come in to increase the in
herent difilclllties of the subject, - viz. those that depend on the 
offensive odor and small value of the original materials, and their 
rapid deterioration by fermentation, it can be seen clearly cnough 
why it is that manufacturers of manures are no longer much en-
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couraged to grapple with the problem of utilizing night-soil j let 
alone the fact that the conviction gains ground almost everywhere 
that the best way of dealing with the filth of cities is to dilute it 
enormously with water, and throwaway the dirty water as speedily 
as may be possible. 

~WCl1!1~ractnre of Sulphate of AlIwwnin jl"om Night-Soil. 
Inasmuch as night-soilllsllally contains less nitrogen than urine 

does, it is in so far a less advantageous source of ammonia than 
urine would be if it were procurable. But it has occasionally been 
found practicable to prepare sulphate of ammonia from the liquid 
portion of night-soil in certain localities, though the amount ob
tained in this way has in modern times been very small, as com
pared with that made from gas liquor. At Paris, especially, it 
it has long been customary to distil considerable quantities of the 
liquid part of night-soil for the sake of its ammonia, something 
like 8 lb. of sulphate of ammonia being obtained from 100 U. S. 
or wine gallons of the liquor j in other words, 10 kilos. of the sul
phate for every cubic meter (1000 litres) of the liquor. 

More recently, a reasonable plan for saving ammonia from the 
liquid part of night-soil has been proposed by Ketjen, and put in 
practice at Amsterdam, it is said with profit, at an establishment 
fitted to work over 250 cubic metres of the liquid per diem. A 
small quantity of milk of lime is added to the liquid, which is then 
heated in a boiler to 112° C. whereby the ammonia is wellnigh 
completely expelled and the night-soil thoroughly disinfected. In 
the course of a year 72,100 kilos. of sulphate of ammonia were 
obtained in this way from 8,750 cubic metres of the liquid. The 
average composition of the original liquid was, dry matter 2 %, 
total ammonia 0.33 '/0, phosphoric acid 0.13 7~, and potash 0.07 %. 
Of the ammOliia, nearly 0.2 (/0 was in the free state, 0.08 % was 
in the form of ammoninm salts, and 0.06 % in organic combination. 
By means of a filter-press, the solid matter left in the liquor after 
the expulsion of the ammonia is obtained in the form of cakes 
containing 41.6 % water, 52.3 % carbonate of lime, 0.52 % ni
trogen (of which 0.032:3 % is ammonia), 1.16 % phosphoric acid, 
and 0.16 % potash. 

_ilfagnesium Processes. 
Long since, it was a faYorite idea among chemists that both am

monia and phosphoric acid might be precipitated from fermented 
urine by means of a magnesium salt. One snggestion was, eyen, 



that a magnesium salt might be mixed with fresh urine, which 
\. should then be made to ferment. In either event, the insoluble 

double phosphate of ammonia and magnesirt, so familiar to ana
lytical chemists, was to be thrown down as a precipitate which 
could be collected and used as a manure. The fertilizing power 
of this precipitate is undoubted, since it has been proved by nu
merous experiments. 

There are several difficulties which prevent the practical applica
tion of this idea. The double phosphate is a crystalline precipi
tate, which, when formed in presence of much water, separates 
out very slowly. So milch time is required in order that it lllay be 
deposited from a liquid so dilute as urine is, that a very large 
number of tanks would be needed at a factory ill order that the 
contents of anyone of them could be left at rest long enough to 
insure complete deposition of the precipitate. Moreover, the pres
ence not only of a soluble magnesium salt, but of an excess of 
some base, such as hydrate of magnesia or hydl'l1tc of lime, is 
necessary to iusUl'e the complete precipitation of the ammonia. 

Several inventors have sought to insure the precipitation of all 
the ammonia by adding phosphate of magnesia to stale urine, or 
night-soil, 01' sewage, and it would be easy -to prepare any qU:lll

tity of the magnesium phosphate at small cost from superphosphate 
of lime and waste chloride of magnesium, which is procurable at 
Stassfurt. Sometimes it has been suggested that phosphate of 
soda and a magnesium salt might be mixed with the urine or night
soil, or a mixture of superphosphate of lime and a magnesium 
salt. One proposition looking to the more rapid separ::Ltion of the 
double phosphate was to filter the fermented urine through a bed 
of peat charged with sulphate of magnesia. One trouble is, that 
the double phosphate is not so completely insoluble in saline solu
tions as it is in pure water or in water charged with ammonia. 

Use of Alum ancl SI(lphnle of Al1trnina. 
Though rather inefficient disinfecting agents, the sulphates of 

alumina have sometimes been employed in the preparation of pou
drette from night-soil. Probably the process of Forbes and Price, 
described under the bead of Sewage on a subsequent page, would 
be better for this purpose than sulphate of alumina. 

Adrni.1:iH!J of Excrement 1cith Lime. 
The use of lime for preserving fresh excrements has repeatedly 

attracted attention, and mallY futile efforts have been made to f'!'e
pare merchantable fertilizers by !Ileans of it. 
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Mosselmann, in France, proposed tlle following process. Quick
lime is slaked with half its weigllt, or with an equal bulk of urine, 
and tlle dry powder thus obtained is mixed with solid excrement in 
the proportion of 2 parts excrement to 2.5 parts of the slaked lime. 
The mixture is ready for transportation the moment it is prepared, 
and it contains all the ingredients of the original urine and solid 
excrement, excepting a quantity of water which was eYaporatcd by 
tlle lIeat disengaged in the act of slaking. The amount of water 
thus lost is about equal to tlle weight of the lime. \Vith the water, 
some small traces of ammonia escape that existed ready formed in 
tlle matter treate(1. 

Of course a large quantity of ammonia would be expelled by the 
lime if the latter were added to old night-soil that had undergone 
fermentation. In order to obtain the best results, the process im
peratiyely requires that the excrement and the urine shall be 
treated while still fresh. 

It was claimed at one time that the dry product could be kept 
indefinitely without undergoing change, but it appeared subse
quently that a certain amount of change does slowly occur. The 
process has been modified somewhat to meet the case where a 
large quantity of urine is to be treated j for when urine alone is 
mixed with lime, the latter can be made to absorb, by repeated 
additions, as much as three times its own yolume of the liquid, 
while something more than half of the water of the urine escapes 
in the form of steam. 

In operations carried out upon the large scale, it was found 
that eyen in winter one part of lime could be made to absorb three 
parts (hy bulk) of mixed solid and liquid excrement. But in 
summer somewhat more water went off in the process of slaking, 
so that the final product contained only 20 % of lime. The process 
has evidently a certain degree of merit, and it is easy to admit that 
cases may occasionally arise, as at prisons, barracks or factories 
(gas works?), where it might be employed with advantage in the 
interests of agriculture. From the large amount of lime required, 
however, it would be very difficult to put the process in practice 
as a sanitary measure, looking to the economical purification of 
cities. The difficulties attending the handling and marketing of 
large masses of material would practically be insuperable. One 
of the sewage commissions of the city of Berlin computed that, 
if the process were applied to a city of 550,000 inhabitants, 
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nearly a million and a half bushels of quicklime would be needed 
every year. 

Practical experience at the farm has still to determine whether 
there may not be some localities, as in regions of hea"y clay lands, 
for example, where limited amounts of the limed excrement would 
be valuable enough as manure to permit the material to be trans
ported to moderate distances. 

Analyses of the product as obtained (I) from Mosselmann him
self, and (II) a8 prepared in two different German towns, indi
cated the presence in it of the following per cents of 

Water ...... , . 
Organic and volatile matters 
Nitrogen 
Phosphoric acid . 
Lime .. 
Magnesia . . . 
Potash . . . . 

I. 
34.00 
18.38 

0.69 
0.19 

24.40 
0.63 
0.28 

lI. 
46.00 30.00 
10.00 9.00 

Not determined. 
1.06 1.23 

30.30 41.00 

0.77} 
0.04 0.28 

Herve-Mangon reports, as the result of numerous analyses, that 
Mosselmann's product hardly contains half of one pel' cent of ni
trogen. 

A. ~Willler'8 Lime-proce8.~. 
About the same time that Mosselmann published his process in 

France, the chemist Alex. Mimer was occupied with experiments 
upon the action of lime, at Stockholm. 1\liiller found that, when 
fresh ffeces are mixed with lime, only an insignificant quantity of 
ammonia is given off. He proved, indeed, by numerous experi
ments, that fresh freces do not contain, 011 the average, more than 
0.1 % of ammonia. 

1\limer, like Mosselmann, found that it is easy to convert solid 
excrement into a dry powder, fit to be transported, by the use of 
lime. He urges, however, that the proportion of lime should be 
kept as small as possible, and that it will usually be best to resort 
to air and the sun's heat in order to complete the drying. He sug
gests also that, whenever the process is applied to night-soil that 
has begun to ferment, an arrangement should be provided for 
saving any ammonia which may be evolyed, by causing it to come 
into contact with some acid absorbent, such as superphosphate of 
lime, peat wet with sulphuric acid, or the like. 

A German mechanic, named Schur, seeking to bring Maller's 
ideas into practical use, constructed a closet in such manner that, 
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while the ffeces and urine were separated, the ffeces were covered 
with a small quantity of powdered lime mixed with a little fine 
charcoal, something in the same way that dry earth is now applied 
in the earth-closet. A sample of the dry product from one of 
these lime-closets was found to contain 2 % of nitrogen and 4 % 
of phosphates. 

The mode of action of the lime upon the excrement is similar to 
its action upon other forms of nitrogenized organic matter, as has 
been set forth under the head of Fish--Waste. Insoluble com
pounds of lime and organic matter are formed, which, so long as 
they are kept dry, resist decay and putrefaction. A small inci
dental advantage is that the lime retains the phosphoric acid of 
the urine also, though the amount of it is never vcry large (ac
cording to l\fiiller, the proportion of phosphoric acid in fresh urine 
may vary from 0.1 % to 0.3 %). For that matter, )\Iiiller found 
that the phosphoric acid in fresh urine may be completely precip
itated by adding a small quantity of a soluble lime salt and a lit
tle hydrate of lime, i. e. enough to make the liquid alkaline. 

The evaporation of water from the excrements by the heat de
veloped during the slaking of the lime is an important considera
tion, of course, but it is altogether subordinate to the union of the 
lime and the organic matter on which the preservation of the ma
terial depends. 

It is noteworthy that the use of lime for preserving excrement 
is a very old idea, and that beside the efforts above mentioned, 
numerous other attempts have been made to put it in practice, 

Sir Humphry Davy, in his Lectures delivered in London early 
in the nineteenth century, said: "The disagreeable smell of 
night-soil may be destroyed by mixing it with quicklime. If ex
posed to the atmosphere in thin layers, strewed over with q'lick
lime, in fine weather, it speedily dries, is easily pulverized, and 
in this state may be used in the same manner as rape-cake, and 
delivered into the furrow with the seed." As will appear further 
on under the head of Flocculation by Lime, there can be little 
doubt that lime must act to promote the drying out of night-soil 
in the air since it would tend to destroy a peculiar muddiness and 
stickiness which ordinarily hinders it not a little from drying. 

From a subsequent paragraph it is to be inferred that Davy 
believed that the Chinese use quicklime in this way; and it is well 
known that quicklime is often placed in coffins in China to pre-
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ent or retard the decomposition of the corpse. As long ago as 
802, Estienne proposed to prepare manure from night-soil by 
lixing its solid portion with lime, and drying the mixture in the 
un. Payen at one time had much to say upon the subject. 

CHAPTER XXIV. 

POTASSIC MANURES. 

IT will be observed that the subjects of the chapters immedi
ately preceding - notably Dungs, Composts, and Organic Mat
ters - have been treated of primarily as nitrogenous manures. 
There remain to be considered several mineral substances which 
are employed as fertilizers, and among them the compounds of 
potash may fairly be regarded as most important. 

As has been seen already, potassium is absolutely necessary for 
the growth of plants. Indeed, there ll1ust be a tolet'ably large 
supply of the compoundB of thiB element within reach in order 
that the plant may prosper. EYcn those plants which grow in or 
neal' sea-water contain a comparatively large proportion of potash. 
At a very early period in the history of chemistry, potash was 
known as the" vegetable alkali," because it was obtained from 
the ashes of plants. The purpose of this name was to distinguish 
potush from soda, which was called tlle "mineral alkali." 'Ve 
know now, eveu more clearly than our f01'ebeurs did, that soda is 
seldom fonnd in large quantity in ashes, and manifold experi
ments ha,'e shown that it is a substance of little or no importance 
for the growth of plants. 

There is natlll'ally a good deal of potash in the soil, as follows 
necessarily from the familiar fact of its occurrence in the ashes of 
plants. 1\1ost of this potash comes from the decomposition of 
feldspar, that is to say, of orthoclase or potash· feldspar, which is 
a silicate of alumina and potash, but some of it comes from the 
decomposition of mica and other silicious minerals. Nearly all 
clays and clayey soils contain some potash. Risler and Gasparin 
found in many specimens from 0.3 to 0.7 % of it, although it is 
true enough that some of the better kinds of kaolins and porcelain 
clays are esteemed in the arts because they are practically free 
from potash. It is true also of agricultural practice that clays 
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are occasionally met with which are as poor in respect to potash 
as the worst kinds of sanuysoils. (Yoelcker.) Nevertheless, as 
Schloesing and Perrey have shown, the particles of true plastic 
clay, which can be floated out from ordinary soils by washing with 
water, almost always contain a comparatively large proportion of 
potash, viz. from:! to 5 %, sometimes even i % or more; and 
this remark is true of the" clay" extracted from silicious and cal
careous soils, as well as of that obtained from loams proper. One 
reason why clay soils are strong, in the sense that they exhibit 
emluring fertility, is that they usually contain much potash. In 
several rocky and harren regions iu northern and eastern New 
England, it is noticeable that the occasional farms are usually 
situated upon slopes 01' ridges of glacial clay. 

Hilgard, who has tcsted many virgin soils in this country for 
"available potash," i. e. for the proportion of this substance 
which can be dissolved by hydrochloric acid of about 1.11;'5 sp. gr., 
heated on a water-bath during 5 days, has observed in a large 
number of cases that the percentage of potash seeJns to vary with 
the proportion of clay in the soil. In clay soils, the percentage 
of potash is high, and in sandy soils it is low, and since subsoils 
are ordinarily more clayey than surface soils, their potash percent
age is almost invariably higher than that of the soils above them. 
Heavy clay upland soils and clay loams contain from 0.5 to O.S 
per cent of potash, lighter loams contain from 0.3 to 0.45 ~~, and 
sandy loams less than 0.3 %. Sandy soils of great depth may 
contain less than 0.1 % of potash and yet be productive and dura
ble, provided the soil is adequately supplied with phosphoric acid 
and lime. Virgin soils containing less than O.OG % of potash 
seemed, iu all cases that came under Hilgard's ouservation, to be 
deficient in available potash, and the application of potassic ferti
lizers to such soils was followed immediately by heayier crops. But 
since few soils fall below this minimum, the inference is that po
tassic mannres are not the first to be sought for after a virgin soil 
has become tired by exhanstive culture. The universal preference 
given to phosphatic and nitrogenons fertilizers at the 'Vest and the 
South is in accord with this inference. (Hilgarcl.) 

It is to be noticed that eyen so small a proportion of potash as 
0.1 % will amount to 3"jOO lb. to the acre, on the assumption that 
an acre of laud, taken to the depth of 1 foot, weighs 3 ,;)00,000 lb., 
and that only a part of the total potash contained in the soils, in 
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the form of refractory rock silicates, would dissolve in the acid in 
which the soils were soaked. 

Amount of Potash in Rocks and JJfine1uls. 
Some of the volcanic rocks are rich ill potash. A variety of 

rock called palagonite, found upon the sides of lEtna and Hecla, 
contains so much potash, and decomposes so readily, that it has 
sometimes been used as a manure. But for the recent discovery 
of better sources of potash, this rock might perhaps have been 
profitably transporteu to considerable distances for fertilizing pur
poses. The proportion of potash (K20) in various common min
erals may be set down roughly as follows: feldspar (orthoclase), 
12 to 17 %; mica, 3 to 5 %; albite (soda feldspar), 1 or 2 % ; 
basalt, 0.75 to 3 %; clay slate, 1 to 4 %; good clayey loams, 
1.5 to 4 %. 

The nature of the change which may occur during the disinte~ 
gration of feldspar is well shown by some analyses of Crasso : -

Original Feldspar. Decomposed Feldspar. Matters Removed. 

Silica 65.21 32.50 32.71 
Alumina 18.13 18.13 
Potash 16.66 2.80 13.86 

Why the Oceun contains Sodium 1'ather than Putassinm Comp01mds. 
In the process of disintegration - technically known as "kao

linizatioll "- by which clay is formed from feldspathic minerals, 
there are produced small quantities of solutions of silicates and 
carbonates of potash and soda, which speedily react upon com
pounds of lime and magnesia in the soil to form the insoluble, hy~ 
drated, zeolitic silicates whieh serve to fix potash and to retain it 
in the soil, as has been explained in Chapter VIII of Vol. 1. A 
large part of the potash which in ordinary soils is available for 
crops appears to exist there either in combination with silica, 
alullliua and lime, or as a double humate. 

The importance of the existence of these complex silicates and 
hlllllates cannot be too strongly insisted UpOll. Were it not for 
their restl'llining power, much of the potash now in the soil would 
have been washed out 10llg ago and carried iuto the sea; for, ex
cepting the silicates and humates, all the ordinary potash salts 
are readily soluble in water. It is precisely because soda is less 
readily retained than potash is by the double silicates in the soil, 
that the sea is salt with chloride of sodium, und not with chloride 
of potassium. Chloride of sodium is dissolved out from the soil 
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and carried away to the sea by the ground-water more readily than 
any other saline substance. The water of the ocean holds in solu
tion nearly 4 (/0 of saline matter, rather more than three quarters 
of which is common salt. Next to the sodium chloride, salts of 
magnesium and calcium are present in sea-water in the largest pro
portion, while the quantity of potassium chloride is no more than 
about 4 % of the total solid matter. 

It was obseryed long ago by the mineralogists, that, where sili
cates of potash aud of soda exist side by side in the same mineral 
mass, and snffer decomposition together, the soda compound often 
loses its alkali rapidly, while the potash docs not thus go to waste. 
Thus, Struve found in a phonolite (a feldspathic rock), -

In its natural uudE'composed condition 
When somewhat decomposed • • • . 

A basalt-

Potal!h. 
3.45 

• 5.44 

Soda. 
9.70 
3.26 

Potash. Soda. 
In its natural condition contained . . . • • 1.35 7.35 
When decomposed it contained ...•• 2.62 2.31 

On digesting many virgin soils in hot, strong hydrochloric acid, 
Hilgard found as a rule that decidedly less soda than potash was 
obtained. The percentage of soda extracted by the acid was 
commonly from one-eight to one-third of the percentage of the 
potash. It is to be noticed that the double silicate of lime and 
alumina, and the double humates also, which hold the potash in 
such condition that plants can obtain from thC'm a supply of this 
article of food, are usually found only in the finely divided earth 
or loam which constitutes the soil properly so called, and that at 
the best the store of available potash will be comparatively speak
ing small unless the soil contains a goml deal of decomposing feld
spar, or something snch. Hence, whenever crops are taken from 
the land, the stock of potash may after a while be exhausted if 
no steps be taken to renew the supply. In fact, from the eco
nomic point of view, potash is the most important ingredient of 
manures after nitrogen and phosphoric acid. 

The Soils of Arid Regions 1tS1wlly contain 1n11Ch Potash. 
It to be remarked that a much larger proportion of potash

and for that matter of lime and magnesia, and even of soda - is 
found in the soils of arid regions than in those of countries of abun
dant rains. From the yery fact of tbe absence of leaching by 
rain, the chemical reactions which occur in soils which are seldom 

VOL. II-SO. 
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moistened are favorable for the production of the double silica:es 
which fix and bold potash, etc" as has heen already explained. 
Hence the great and enduring fertility of Califoruian soils in re
spect to grain-crops, and to all kinds of crops whell the lanel is 
irrigated, 

ol[ueh Pota"'l i8 1'l'tlo'ned to the L({nd, 
Practically, a grent l1eal of potat>h is l'ctul'IIed to Ute lal)(1 upon 

most farms, ill the form of stablp-lllalllU'C, espl'eially wh('l'e pains 
are bkl'll to nb"orb all the urine by means of straw; as wpll as in 
the refuse from crops, amI in composts of olle kind or another 
prepan'll from veget:tllle matter, 

1 t is not with potash as it is with phosphoric acid. Potash does 
not accumulate to such an oYcrwhclmillg extent in seeds and fruits 
as phosphoric aeill does, nor in the animal botly either, Hence, 
in general, in all well cultivated districts a mllch larger proportion 
of the potash that has Lecn taken from tbe l[lud is returned in the 
form of manure t11al1 is the case with phosphoric acid; and in COli

sequence of thi;; fact, cOllsi(lerable differellce of opinion has existed 
as to the utHity of lmying potash componllils for manure. 

The truth of the matter seeIllS to oe, that in "well tilled, highly 
cultivated rrgiolls, where the land is dunged heavily, and especially 
where the rocks from which the soil has oeell prouucell are 1'eld
spathic, tlwre is IIOt apt to Le any lll:lrked deficiency of potash iu 
the soil. 

Soils th({t 1'espontl to P()tassic lJIl1l1llres, 
On the other h(lnd, in countries where the bnd gets but little 

manure, and particularly in localities w11ere the rocks are of such 
character that they can supply only a comparatively small propor
tion of potash by their disint('~rati()l\, as is the case not infre
quently in the imnwdhttc vicinity of Boston, the oeneiits derivable 
from an application of potash to the soil may sometimes be great 
and immediate, 

Almost :lllywhere upon the drier, lighter portions of the gl'!lvelly 
" drift" soils of New Euglallll, a dressing of pottlssic manure, 
especially caroonate of potash, f;uch as OCClirs in wood-ashes, will 
justify itself at oncc, There was [1 striking illustration of this 
fact in experiments made some years since at the Bussey Institu
tion, and published in the first \'olullle of its Bulletin, Even in 
Ell~lnn(l the id('u preyails that potasll is littlile to be wanting in 
light sandy lands (Voelcker), and somewhat similar remarkE 
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have often been made with regard to the soils of special localities 
in Europe. 

For growing sugar-beets on light samly soils, in which potash is 
generally dpficient, and on soilOl which are in rather poor agricul
tural condition, mixtures of sulphate of potash amI superphos
phate of lime IIlLYe not infreqneutly doue excellent sen'ice. The 
moor, land of ~ orth G!'rJllany in particular, when thoroughly draille<l , 
is grateful for potassic manure. Thus on a drained amI gravelleu 
111001' which gaye "I Illpasurl'S of rape-seed upon an UllJlJallllret! 
Jidd, 17 lIleasures wpre got by means of phosplwtic-f('rt ilillPrs, 
and 47 measures h,)' means of mix('(] potash salls and phosplwtes. 
Grass abo and the cereal grains are greatly bencfIteu 011 moor-land 
lIy potash salts. But, as a rule, potash seems to be cOll1pamtively 
little llceded upon the rich fanning !tlnds of the Old "r orld; al
thollgh every little while im;tances are reportc<l whpre profit Ims 
been got froll] the application of potassic fertilizers, especially on 
light ,;oils, aud with crops that stand in special nl'('(l of thi,; eOIl
,;titucut. Thus, ill a recent description of certain farlll-land in 
Scotland, not far frolll Edinbllrgh, it is lai(] down !IS prove(l that 
" elon,r-siekIlPss," as manife:,;ted in that locality, is (~allsed by a 
lack of potash. At all en'lIts, those farmers of that region who 
have npplied Stassfurt potash salts to bn(l fOrJllf~rly dover-sick, 
now rai8e Hplendid crops of clover. And they notice that their 
clover is no longer tbroWll ont in the willter month,;, as was apt to 
be the case before potash was IIspd, probably because the plants can 
now become slltllciently well (leve1oped before the frosts set ill to 
covel' am] shield the bnd. 

Yoelcker u!'ge(] that whih~ on light bnd atHI ou SOllle exceptional 
kinds of poo!' el:lys dowr is greatly lJPlleflte<l lJy applications of 
potash salts and slIperphosphate, no sucl! acl\'antage h; gaillPc] hy 
using these fertilizers Oil lllOst clays. 1t needs to be saiLl, how
ever, a:l Lawe8 allll Uillwrt have shown, that no matter how use
fnl for ('Ion'!' potash COlllPOIlUc1s way be in general, they are not 
cOlllpetent to cllre cloycr-siekuess in all cabes, for it bas been 
pro\'ed that the failure of cloyer is often dlle to SOllle otller (lefect 
in tlle laIHI tban a lack of potash or of any other ash-ingredient. 

Lawes and Gilbert haye urgel] tll:lt the liability of land to be
come exhauBted of potasl! will naturally ue greater on high-lying 
permanent mowing-fields than on laud which is made to produce 
crop8 of wlleat or barley, for tlle grain-crops are pretty sure to 
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receive, in the form of manure applied at some period in the rot~
tion, their fair share of the straw of previous grain-crops j while to 
permanent mowing-fields, that are associated with Jand under till
age, manure is neither applied so frequently nor 80 heavily as to 
the arable parts of the farm. 

In some parts of North Germany, remarkable success has not 
infrequently attended the application of kainit, or another of tue 
cheaper kinds of Stassfurt salts, to lupines on poor, sam1y soils, 
which of themselves were no longer able to yield crops of this 
plant j and several writers have been led to urge that, coutrary to 
what is true of most other crops, potash salts, by thell1selYes, are 
often a sufficient manuring for lupines. It is remarkable, at all 
events, that in many instances excellent crops of lupiues luwe 
been obtained by means of potassic fertilizers alone in cases where 
neither phosphatic nor nitrogenous fertilizers did any good, either 
by themselves or when used as additions to the potash. Specially 
good results have been obtained on applying potash-salts, fo!' lu
pines, to sandy soils which have been mm"led, even in localities 
where the lupine is apt to fail on such land unless potash has been 
applied to it. It is saill, howewr, of this marleel land, that the 
kainit should be put upon it in the autumn, and that it is apt to 
do h!1rm when applied in the spring. 

The Crops best suited by Potash. 
'Where sugar-beets are cultivated for sale, or chicory roots to be 

used as a substitute for coffee, or potatoes, or tobacco, large quan
tities of potash are carried off from the land, and the economy of 
employing special potassic fertilizers to make good the loss hai:! 
often been strikingly manifested. From nnmerOllS field experi
ments made in Engbnd , with potatoes, Voelcker was led to con
clude that" potash-salts are useful and yery desirable constitueuts 
in a potato-manure, especially if it is intended to be applied to 
light land." He obtained highly satisfactory crops of potatoes on 
light soils by means of mixtures of kainit and superphosphatE's. 
Good crops of potatoes were sometimes obtained by means of 
potash salts alone, "though they are by no means the mOISt de
sirable manure for potatoes." In experiments on mangolds, 
Voelcker found that crude potash salts gave a considerable in
crease of crop, though sometimes this increase was no largcr than 
that got by means of common salt. Mixtures of potash salts and 
superphosphate, on the other hand, sometimes did as good service 
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as farmyard-manure. They gave a very large increase over the 
unmanured land, and considerably more than was obtained by 
means of mixtures of superphosphate and common salt. On 
Swedish turnips growing in light land, crude potash salts had a 
very good effect, both when used by themselves or in conjunction 
with a superphosphate, though it was noticed, sometimes, that the 
superphosphate tended to increase the growth of the turnip-tops 
unduly. "On the whole," Voelcker found" that the application 
of crude potash-salts, in conjunction with superphosphate, mate
rially benefits root-crops grown on light aUlI pOOl' soils." Several 
instances are on record, moreover, where dressings of sulphate of 
potash have brought almndant and healthy crops of sugar-beets on 
land where beets had previously failed, and which was supposed 
to be exhausted in respect to this crop. 

In Germany, where the use of potash salts as manure has lately 
been largely extended, they are particularly commemled for beets, 
potatoes, clover, cabbages, tobacco, bnckwllCat, hops, gmpevines, 
flax and oats. Here in ~ew England, they have always been es
teemed for Indian corn and (formerly) for potatoes. But it is 
upon clover especially, and other leguminous plants, that potassic 
manures show the most remarkable effeds. The old notion of 
farmers, that, by applying wood-ashes to grass-lanel, they can 
"bring in" cloyer, is a case in point, which consists perfectly 
well with the results of methodical experiments. In trials made 
upon a variety of plants, and continued through long terms of 
years, Lawes and Gilbert found that potassic manures were more 
useful with cloyer, beans and peas, than with any other plants j 
though, as regards grain-crops, it was noticed that potash was 
somewhat more useful for wheat than it was for barley. 

This experience has been summed up by Gilbert in the following 
terms. It is found, he says, that easily assimilable nitrogenolls 
manures have generally a very striking effect in increasing the 
growth of grain-crops, sllch as wheat, barley and oats j although 
these grain-crops contain comparatively little nitrogen, and take 
but little of it from the land. The leguminous crops, on the other 
hand, such as peas, beans, clover, and others, although highly ni
trogenized, are by no means characteristically benefited by the use 
of direct nitrogenous manures, such as ammonia salts and nitrates, 
though nitrates act much more favorably than ammonia salts. It 
appears, indeed, that we lllay say, Use phosphates for turnips, 
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potash for leguminous plants, and active nitrogen for grain. 
" By these experiments, we have learned the extraordinary effect 
of phosphates upon turnips, and the comparative indifference of 
mangolds to this manure." (W arington.) 

As was just now said, wood-ashes have long been esteemed in 
this country as a manure for potatoes, though some observers have 
maintaineu that they are apt to favor the growth of the fungus 
which causes "scab," an opinion which has been verified by the 
researches of 'Wheeler, who has shown that, although the potash 
in the ashes may not be harmful, all fertilizers which, like ashes, 
contain carbonate of lime, are decidedly favorable for tile pro
duction of scabby potatoes. 

In Europe, the significance of potash salts for the growth of po
tatoes has repeatedly been noticed. In the words of Dyer, the 
potato- which is a crop apt to suffer either from over-manuring 
or under-manuring - is often so particularly grateful for potash 
that it is worth the while, on almost any soil, to try the effect of 
this fertilizer. He recommends that, on calcareous soils which 
have been well dunged, 2 or 3 cwL of superphosphate, together 
with 3 or 4 cwt. of kainit, should be applied before or imme
diately after the sets are planted, and that 1 cwt. of nitrate 
of soda should be Sll bsequently strewn as a top-dressing - best 
in two instalments. Or, if only a moderate quantity of dung 
has been applied, twice as much of the nitrate of soda may be 
used. On land deficient in lime, he would use, instcad of the 
superphosphate, 2 or 3 cwt. of plain Peruvian guano, or of fine 
bone-meal, or 5 or C cwt. of phosphatic slag. On SOllr or peaty 
land, a few more cwt. of the slag might be used with advantage. 

Instances of Income and Otttgo of Potash. 
Heiden has given the following statement in illustration of tllis 

matter. Every hundredweight of sugar-beets taken from a field 
carries away, on the average, 0.359 lb. of potash; but since a 
.Morgen (= 0.C31 acre) of land yields from 140 to 200 cwt. of 
the beets, it thereby loses from 50 to 72 lb. of potash, no account 
being taken of the potash in the beet-leaves which are left upon 
the land. Hence, wherever beets are grown year after year for 
sale, as is done not infrequently in some parts of Central Europe, 
there will manifestly soon be need of dressing the land with some 
kind of a potash compound. 

Karmrodt has given the following computation of the yearly 
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Dutgo and income of potash on an estate of 1,717 Morgen, that 
bad neither water-meadow nor pasture to support its cattle, and 
which had for years been devoted to the growing of sugar
beets: -

Yearly export of potash:
In the crops. . . . . 
In products from cattle. 

Total export of potash. 

Amount of potash added to the land: -
In form of guano and night-soil 
In the seeds planted. . . . . . _ 
In the dung of cattle:-

As obtained from food grown on the estate 
As obtained from hay and oil-cake bought 

Total potash added to the soil. . . . 

103,812 lb. 
473 " 

104,285 " 

8,439 " 
1,021 " 

74,875 " 
4,967 " 

87,302 " 

Hence the excess of potash removed each year was equal to 
l6,983 lb., or as much as would be contained in 14,615 cwt. of 
lay. It appears from this statement, as well as from the calcula
;ion of income and outgo of potash which was given under the 
lead of Farmyard-manure, that there is little risk of exhausting 
lIly field of potash so long as the land is adequately manured with 
he dung of cattle that are supported on hay from water-meadows 
: or bog-meadows or salt-marshes), and on straw and clover. 
,everal calculations as to the income and outgo of potash on 
'arms thus conducted have been given by Heiden in his "Diin
(erlehre." His figures show emphatically that, far from losing 
lotash, many European farms continually become richer and richer 
n this constituent. In con seq nence of this tendency, no money 
lrofit can be expected from the application of special potassic ma
lUres, considered merely as sources of this particular form of plant
ood, upon farms that have long been kept in good heart by means 
)f abundant dressings of farmyard-manure. But wherever forage 
:rops, or even straw, are sold off a farm in undue proportion, or 
vhere large quantities of beets, carrots, cabbages, turnips, on
ons, potatoes or tobacco are sold year after year, the judicious 
[se of potash salts may be expected to more than repay the cost of 
hem. 

In cases where milk is sold off a farm, it commonly happens 
hat more or less fodder (corn-meal, shorts, cotton-seed-meal, or 
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the like) is bought to reinforce tile hay on which the animals are 
fed, and that in this way more potasll is brought to the farm than 
goes off in the milk, not to speak of the rough foelder, or of the 
potash in that fodder, which in :New England comes to the arab!e 
part of many farms from browse, wild pastures and bog-meadows. 

Before the dIscovery of the mine of potash compounds at Stass
furt in Germany, at the middle of the 19th century, it was a very 
difficult matter for those farmers who had no access to wood-ashes 
to procure special potassic fertilizers to meet the wants of particu
lar crops, such as those just now mentioned, and the wholesale 
cultivation of them was consequently less easy than it is now. 

Potaslws obtained from 1~al'ioU8 Plants.· 
A glance at the proportion of potash obtainable from various 

plants in the manufacture of potashes upon the large scale, will 
show at once that some plants, or rather some parts of plants, 
contain much mOre of it than others. One thousand pounds of 
old spruce wood yield 0.5 lb. of potashes; of old poplar wood, 
0.75 lb.; of old oak wood, 1.5 lb.; of corn-stalks, 17..5 lb.; of 
bean-stalks, or sunflower stalks, 20 lb.; of grape-vine twigs, 
40 lb. 

As a rule, potash pushes forward into the extremities of plants, 
i. e. into the twigs and new lcaves. It will be noticed how well 
worth saving for the compost-heap the grape-vine clippings must 
be, and the remark is as true of the shoots and twigs of almost 
any other bush or tree. It has long been familiarly known that 
grape-vine twigs are thus rich in potash, and it is a fact of daily 
observation in winc countries, that considerable quantities of bi
tartrate of potash are obtained from the argol or tartar which is 
deposited in the wine-casks after the grape-juice has fermented. 
Hence a popular impression arose, and still persists, to the effect 
that grape-vines are specially liable to exhaust the soil of potash. 
This notion is untrue. It was disproved by Boussingault as long 
ago as 1850; for having analyzed all the products that are carried 
away from a vineyard, and compared the amounts of potash in 
these products with the amounts of this substance carried off the 
land in other crops, he found that the grape-vine could not be 
regarded as a plant standing ill speci~l need of potash. 

He states that, in the locality in qnestion (Alsatia), there is 
carried off from a hectare (= 2t acres) of land by a crop of 
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Alkalies. 

Potatoes. . . . . 
Beet-roots . . . . 
Wheat, with its straw 
Wine, ineluding elippings from the vines, and the 

Kilo •. 
63 
90 
27 

473 

Pho.ph. AcId. 
Kilo •. 

14 
12 
19 

marc or residuulll left in the wine-press. . . 17 7! 

None the less it may be well on some soils, as Deberain has 
remarked, to apply potassic fertilizers to vineyards, especially in 
localities where - as at the South of France - the vines are 
habitually dressed, not with farmyard-manure, but with oil-cake. 
and with woollen rags. 

It is to be obseryed that figures like those just now gh-en, which 
have been made in the interest of the potash-boiler, do not neces
sarily gin the true agricultural value of the ashes of the several 
plants enumerated. For example, the ashes from any plant rich 
in silica, like the yarious grasses and grain-bearing plants, would 
contain mnch silieate of potash which is not readily soluble in 
water. Such ashes might yield only a comparatively small amount 
of potashes when treated with water in the leaching-tu bs, although 
they are really yory valuable as a fertilizer. 

In some parts of Europe, straw and weeds were formerly burned 
for the manufacture of potashes, and the idea was several times 
thrown out that it might be well in those districts to fayor the 
growth of plants specially rich in potash. Hermbstiidt long ago 
tried the plan of planting wormwood, wllich grows upon very poor 
soil, for the production of potashes. He found, by experiment, 
that one Magdeburg acre (18,000 square feet) would yield three 
crops a year, or some 20,000 lb. of dry plant, 2,000 lb. or more 
of ashes, and 900 lb. of potashes; 01' 12 % of ash, and about 
5 % of potashes. Beichos proposed to grow tansy for the same 
purpose, and stated that an acre of tllis plant will yield 1,250 lb. 
of potashes. Fresenius proposed the common marigold of Europe 
(Chrysanthemum segetum) as a potash-producing plant. It grows 
wild in enormous quantities in certain districts, and the ash con
tains about 25 % of potash. 

Stems and Stalks of Tobacco. 
Tobacco-stalks, from which the leayes have been stripped, are 

known to haye considerable fertilizing power, and al'e consequently 
often returned to the land. S. 'V. Johnson reports that the an
hydrous stalks of tobacco-plants contain nearly 5 % of potash, 
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T'7TJ of a per cent of phosphoric acid, and nearly 3~ % of nitrogen, 
of which -{If of a per cent is in the form of nitrates. At the time 
when the lelwes are stripped from them, the stalks are thought to 
contain usually some 46 70 of water. Hence, when in that con
dition, 100 lb. of the stalks would contain 2.6 lb. of potitsh, 0.36 
lb. of phosphoric ncid, und 1.85 lb. of nitrogen. From 1,500 to 
2,000 lb. of the dry stalks, containing $15 to $20 worth of fer
tilizers, mity be yielded by an acre of land. Another sample of 
tobacco-stalks examined by Johnson contained when cured 67 % 
of water, 3 % of ashes, and 0.7 % of nitrogen. The ashes con
tained 1.37 % of potash, and 0.18 % of phosphoric acid. 

Tobacco-stems also, i. e. the midribs of the leaves as rejected 
by manufacturers of cigars, have considerable repute as a fertili
zer. Johnson reports, in one sample that was purchased in New 
York City, 33 % of water, 51 % of potash, i it per cent of phos
phoric acid, and nearly 2 % of nitrogen. In another sample, be
lieved to he somewhat damaged, he reports 46. 'i % water, 6.25 % 
potash, O.,i % phosphoric acid, and 1.6 % of nitrogen. In a speci
men of fine tobaoco-dust, sifted from tobacco-clippings, he re
ports 9.6 % water, 2.8 % potash, 0.5 % phosphoric acid, and 
2.4 % nitrogen. The sample of stalks examined, and the dust 
also, contained a considerable amount of chlorides, say t % of 
chlorine, while the stems, from totally different fields, contained a. 
much smaller proportion. Lime was present in the samples in 
considerable qunntity. Another analysis reported by Johnson, 
apparently of a better sample of tobacco-stems, gaye 19.83 % of 
water, 7.66 % of potash, 0.75 % of phosphoric acid, 4.26 % of 
lime, and 1.fJ6 % of nitrogen. 

Dietrich's analysis of midribs from the Palatinate gave an aver
lilge of 22 % ashes, 15 % moisture, 8 % potash, 2 % phosphoric 
acid, and 2 10 nitrogen, of wbicn last almost a quarter was in the 
form of a nitrate. 

In SOllle parts of Connecticut, tobacco-stems are largely used, 
especially for manuring tobacco and early potatoes. For tobacco, 
they are applied year after year to the same land, somet,imes to 
the extent of 12 tOllS to the acre, with the result that the crop 
bears yel'y fiue le:lYes of excellent quality. Sometimes dressings 
of half tobacco-stems and half stable-manure are applied, though 
many farmers use the stems without any other manure, unless it 
be some artificial fertilizer to give the young plants it start. 
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Potatoes that have been manured with tobacco-stems are said to 
be exceptionally smooth and fair; and it is thought that where the 
stems have been nsed the land is left in excellent condition for 
other crops. 

Bruilla fl'o1n Strand Pla1lts. 
Until early in the ninrteenth crntury, large qnantitirs of 

fused ashes of peculiar character, called barilla, which contained 
milch carbonate of soda as well as some carbonate of potash, were 
prepared by burning certain strand plants, notably those of the 
genus Salsola (saltwort). Much barilla was sent into commerce 
from Sicily and from the east coast of Spain, where the plants tbat 
produce it were regularly culth'ated, mown, and dried like hay, 
and then burned in pits. In the vicinity of Carthagena, for ex
ample, where the ordinary rotation of crops was wheat, barley, 
and fallow, the barilla-plants were often sown on the fallow field. 
So, too, in case the wheat-crop failed from want of rain, the 
wheat-land also was sown for a crop of barilla. 

This old practice is not a little interesting, in that it goes to 
show that farmers in saline districts - and in regions which had 
been "over-irrigated" - formerly possessed one means of im
proying their land by removing salts from it, which can no longer 
profitably be practised now that carbonate of soda is made more 
cheaply from common salt than it can possibly be got from plants. 
Goebel found in ashes obtained by burning s:Jltwol't plants, from 
the vicinity of the Caspian Sea, 5 % of potash that was soluble in 
water, and 30 % of soda. 

]{~inds of Pota.~Sl:e j}[anllres. 

l'otash is employed as a manure in the form of wooel-ashes; the 
ashes of cotton-seed hulls; as sulphate of potash and chloride of 
potassium j and as "potashes," which in this country is usually a 
mixture of hydrate of potash and carbonate of potash. 

Mayer's analyses of New York potashes gave, in per cent,--
}'irst Second Thi rd 

.. Best." Quality. Quality. Quality. 
Carbonate of potash (RiCO .• ) • • 44 to 25 56 15 to 53 38 
Hydrate of potash (RHO). . . . 50 to 44 6 39 to 5 

American potashes are prepared by placing wood-ashes in tubs 
above a layer of caustic lime, leaching with water, evaporating the 
lye to dryness, and igniting the residue. 

In addition to the above mentioned substances there is the 
greensand of New Jersey, which is celebrated in its locality as a 
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potassic (and phosphatic) fertilizer j and a few farmers are so 
situated that they can obtain useful waste products from manu
facturing establishments, such as the slurry of the glass-makers, 
which is an impure sulphate of potash, obtained incidentally in the 
purification of pearlashj saltpetl'e-waste from gunpowder mills, 
and prussiate residues from chemical works where prussiate of 
potash is made. 

'Wood-Ashes as a jl"Icwure. 
Most farmers in New England are agreed as to the high value of 

wood-ashes, considered as a manme. So firm is their faith in this 
regard that many persons have drawn from it the false inference 
that potash is not only the chief thing, but the sole thing, needful 
to fertilize the land and to bring up those sections of the country 
which haye been run out by careless cropping. The power of 
ashes to improve the inert nitrogen of the soil has already been 
mentioned, and it may here be added that this action has often 
been noticed in Europe on drained moor-land, where wood-asbes do 
excellent service both by neutralizing the acidity of the sour humus 
and by causing the earth to ferment. It is hardly fair, however, 
to class wood-ashes as an exclusively potassic manure, for beside 
potash, the ashes contain one or two per cent of phosphoric acid, 
and various otber ingredients whicb are of value to plants; not
ably a little magnesia and a great deal of carbonate of lime. Tbe 
importance of these incidental constituents is made plain by the 
esteem in whicb leached ashes are held by our farmers, although 
from the leached ashes all but a very small proportion of the 
original potash has been washed out. 

Leacbed asbes consist for the most part of carbonate of lime. 
Ordinarily they contain no more than from t to ! of one per cent 
of real potash, and but little more tban one per cent of phosphoric 
acid. Some kinds of peat-asbes contain potash enough to be worth 
considering, but they are rare. The ashes of coal contain a trace 
of potash, but not much, if any, more than ordinary loam or than 
many kinds of sand. 'Whatever merit pure coal-ashes may really 
possess must depend upon their mechanical condition, which fits 
them to do good on clay soils and on soils ricb in humus, such as 
those of reclaimed bogs. . 

A favorite way of applying wood-asbes is as a top-dressing to 
grass-land and to pastures, where, by encouraging the growth of 
clover and some of the better kinds of grasses, they do good ser-
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vice in crowding out inferior kinds of grasses, and in destroying 
weeds and moss. Some European observers have remarked that 
wood-ashes may do particularly good service on sour meadows 
where sedges (carex) might be apt to grow. ·Wood-ashes are es
teemed also for potatoes, on land free from thc scab fungus, and 
for corn and roots, and they are used in the preparation of com
posts, as has been said, and there is room probably for their 
greatly extended use ill this particular way. 

Pn:ce of Wood-Ashes. 
Until a comparatively recent period, wood-ashes were really al

most the only commercial fertilizer that was procurable in this 
country, and the price of 12t cents per bushel, at which they were 
formerly bought and sold, had come to be a sort of staudard of 
value which withstood many vicissitudes. But, for the region 
around Boston at least, there came a time when ashes were hardly 
to be had at any price. From 1850 to 1870, for example, they 
could hardly be looked upon in the light of a commercial manure 
in this vicinity. Even leached ashes were at that time sold at 25 
cents the bushel on the seaboard, and fresh ashes were not to be 
had. 

Latterly, thanks to the great diminution in price of all kinds of 
potash compounds wbich bas resulted from the deyelopment of the 
potash industry at Stassfurt, wood-ashes arc brought into New 
England by rail from the less settled part of the country, notably 
from Canada, and they can be ordered from Oswego 01' Montreal 
by the car-load nowadays at tolerably reasonable rates. Accord
ing to S. "\V. Johnson, "Unleached Canada ashes of ayerage 
quality contain 5.7 10 of potash and 1. 2 10 of phosphoric acid. 
Ashes made largely from our hard woods are somewhat richer both 
in phosphoric acid and potash ... They vary a good deal in com
position, and borne samples are notably deficient in potash." Oc
casionally they are debased by admixtures of coal-ashes and often 
by mere dirt. Probably, leached ashes are sometimes mixed with 
them. 

It may be said, in passing, that the price of 25 cents the bushel 
for leached ashes, as just now given, was mnch higher than snch 
ashes are really worth. Fresh ashes, on the contrary, may in 
some cases be worth more than 25 cents per bushel, as has been 
set forth in detail in one of the numbers of the Bulletin of the 
Bussey Institution. 
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Of course tlw value of ashes may vary considerably according 
to their source, tho\lgh practically this variation is less than would 
be supposed at first sight. Ashes are richer or poorer in potash 
and other useful ingredients according to the kinds of plants from 
which they have been derived and to the soil upon which the plants 
grew. And particularly according to the parts of the plant that 
have been burned. The ashes of twig,; (fagots for example) would 
always be worth much more for agricultural purposes than the 
ashes of heart-wood taken from the middle of an old tree j and, 
in general, the smaller and younger the wood burned, the better 
would be the ashes. Practically most fires are fed with cord-wood 
that has been cut under very much the same conditions of growth 
almost everyw!lere. So that in places and cases where no coal is 
burned, the variations in composition of ashes taken from domestic 
fires are, comparatively speaking, small. To judge from the books, 
taking what is known of the composition of the ashes from young 
twigs and that from heart-wood, one would say that the propor
tion of potash in ashes might yary from 5 to 20 10. But a much 
better criterion of the real composition of ashes was afforded 
formerly by the experience of potash-makers in this country, ac
cording to which a bushel of " house ashes" weighed about 48 lb. 
on the average, and yielded rather more than 4 lb. of potashes. 

I have myself investigated this question somewhat in detail, and 
have found by the analysis of a numher of samples of house-ashes 
that selected samples may contain on the average about 8.5 % of 
rcal potash and 2 % of phosphoric acid i or say 4.25 pounds of 
potash and 1 pound of phosphoric acid per bushel. Hence there 
is enough potash and phosphoric acid to make the bushel of ashes 
worth 20 or 25 cents, and, beside t~at, some 10 or 15 cents addi
tional may be allowed for the" alkali power" of the ashes, i. c. 
the force of alkalinity which enables the ashes to rot weeds and to 
fermcnt peat. The notion that the ashes from soft woods, such as 
pine and poplar, are worthless, is an error. The soft woods yield 
comparatively little ashes, and the ashes are so light that they may 
readily be blown away by the wind j but weight for weight, the 
ashes from soft woods appear to be as good for agricultural pur
poses, or yery nearly as good, as those from hard woods. It is 
important, however, in buying ashes, to assure one's self that they 
have neither been contaminated with coal-ashes nor adulterated 
with leached ashes. 
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Alkaline Lyes make Soils adhere. 
One peculiarity which ashes owe to their alkaline quality is 

worthy of special attention, since it must often exert a very de
cided influence upon the capillary power of the soils to which the 
ashes are applied. It is a well-established fact that alkaline lyes, 
when added to clay or loam, make these materials more plastic and 
adhesive than simple water can. If a solution of either of the 
alkalies, or of an alkaline carbonate, viz. carbonate of potash, such 
as is got by leaching wood-ashes, or carbonate of soda, or car
bonate of ammonia, is poured upon a small quantity of loam, the 
latter will be made muddier and more sticky than it would be if it 
were moistened with mere water. 

According to ]\1. 'Whitney, the alkaline solutions seem to loosen 
the attachment of the particles of clay in the soil for the particles 
of sand, and to float off the clay particles to fill up the spaces be
tween the sand grains which had previoutlly been open. As a re
sult of this clogging of the pores, the circulation of water in the 
soil is yery much retarded. In one experiment, where an inch of 
water passed through a column of soil in about 25 minutes, six or 
eight hours' time were required after the soil had been wet with 
ammonia. 

That this action of the alkalies may sometimes be of great prac
tical importance is attested by the fact observed by 'Yhitney, that 
soils are sometimes met with in which the particles of clay are 
held so closely to the grains of salld that the soil has the appear
ance and the properties of a sandy soil, although it actually con
tains as much clay as there is in many distinctively " clay lauds." 

It has long been known that carbonate of potash and carbonate 
of soda tend to keep clay in a " puddled" or" tamped" condition, 
at; the terms are. A ball of moist clay or loam thus charged with 
an alkaline carbonate does not tend to crumble or fall to powder 
during the process of drying j but remains a hard lump. A tena
cious, fire-proof cement for stopping holes in stoves and stove-pipes 
is made by mixing powdery clay with fine wood-ashes, and work
ing the mixture with water to a smooth paste, which is applied as 
such, and becomes hard on drying. 

Alkali-soils. 
It is because of this peculiarity of the alkalies that it often be

comes impracticable to till soils when any large proportion of car
bonate of soda is contained in them j that is to say, such" alkali 
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soils" cannot be tilled economically by the ordinary mechanical 
appliances of the farm. No matter how often snch a soil is 
plougbed or harrowed, it will always remain a mere mass of hard 
clods, unless, imleed, it is mnddy. Such a soil cannot be brought 
to a condition of good tilth by mere ploughing, unless the alkali 
be washed ont of it by drainage and irrigation, or unless it is neu
tralized, as Hilgal'd has suggested, by means of gypsum:-

Xn 2C03 + CaSO{ =CnC03 + Na2S04 • 

Unless the alkali be rellloYed or decomposed, such soils cannot 
be made mellow, simply becanse the alkali canses the partieles of 
em·th to stick together. The earth can be torn asunder into lumps 
(clods) by thc ploughsbare, bnt the furrows will not fall down to 
powder Oil drying, which is the essential feature of good tillage. 

These alkali soils have giyen much trouble in California in re
cent yenrs. As Rilgard hns remarked, the presence of no more 
than 0.1 % of cm'bonate of soda in a clayey soil may be sufficient 
to render the soil practically untillable, eYeu when considerable 
quantities of nentral salts of sodium :lnd calcium are also present. 
Hut it may well be asked whether, in mallY cases, the difficulty 
does not arise from the presence of too much of a good thing. It 
seems plain, on the face of the matter, that the tilth of many a 
porous open soil might be improved by means of alkalies acting 
to make the particles of earth less granular and more plastic, so 
that capillary water may be lifted more freely and retained more 
forcibly. It was for the sake of cor':ecting undue looseness that 
the Norfolk County farmers laid snch stress on having their light 
soils trampled down firmly by means of cattle and sheep that were 
fed upon the land, and that the Scotch long since resorted to the 
use of heavy rollers upon their light lands. It is not improbable 
that the excellent re~mlts obtained sometimes by applying potassic 
fertilizers to the light Norfolk soils, may really have depended 
upon the impaction of the land by force of alkalinity. 

I have in fact found, by experiment upon light land, that this 
very advantage was obtained by the application of wood-ashes to 
the soil. A plot of land dressed during several years with what 
any farmer would have considered a large quantity of wood
ashes became so firmly bound that a yoke of heavy oxen had 
some difficulty in dragging a plough through the soil in dry sum
mer weather. The furrow where it crossed this plot was a mere 
mass of clods. Yet through all the years of the experiment, that 
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plot had manifestly been beiter supplied with water than any of the 
adjacent plots. 

A suggestion thrown out by Sachsse and Becker may here be 
mentioned as possibly having some bearing upon the case in hand. 
Their thought was that the continued action of a fixed alkaline 
carbonate upon silicates in the soil might produce enough of a col
loid alkaline silicate to bind together fine particles of soil and to 
hinder flocculation. The force of the suggestion is weakened by 
the experiments of Milton ·Whitney, who finds that the capillary 
condition of certain soils may be very much improved by adding 
ammonia water (or some other alkali), which simply acts to undo 
the flocculated condition of the clay which the soil contains, and 
can hardly be supposed to conduce to the formation of a colloid 
silicate. 

Action of Potashes on Soil-nitrogen. 
An objection is sometimes made to wood-ashes, as a manure for 

tobacco, that the plants grow coarse, perhaps because of nitrogen 
supplied to the crop by the action of potash on humus; such 
action, namely, as was discussed under Alkali Composts. The 
question has even been asked, sometimes, whether the beneficial 
action of alkalies as manures for leguminous crops may not per
baps depend upon the power of alkaline matters to dissolve organic 
matters in the soil; or it may be that the increased power of the 
soil to hold water, due to the presence of the alkali, is unfavora
ble for the best habit of growth. According to 1\1. Whitney, 
"The most important factor which determines the texture and 
color of the leuf is the texture of the soil and its relation to 
moisture and hent." 

The tendency of potashes to promote rank growth is often 
strikingly illustrated in countries recently cleared of wood. ·Where
ever a heap of logs has been burned, it is noticed that vegetation 
is apt to be particularly rank and luxuriant precisely where the 
largest quantities of ashes are lying. Several writers have ex
pressed surprise that these appearances'should be as they are, for 
their first thought was that so large an amount of ashes must de
stroy vegetation. It is noticed that wheat or other grain sown 
upon the newly- burned land often" lodges" at those spots where 
heaps of logs have been consumed. This rankness of growth is 
probably to be attributed both to a superabundant supply of ni
trogenous food, and also to the fact that the spots charged with 

VOL. II-31. 



482 AGRICULTURE. 

alkali are in many cases better supplied with moisture than th, i 

remainder of the field. 
It was noticed long ago hy Lorain, that the ground where the 

log-heaps were burned seemed to be moister than the surrounuing 
soil. All this consists, moreover, with what Hilgard has noticed 
upon the alkali soils of California, where the alkali" puddles" 
the clay in the soil, and prevents water from draining away from 
it. As he puts it, "Soils impregnated with alkaline carbonates 
may generally be recognized by their extreme compactness and 
refractoriness under tillage, and by the fact that they are apt to 
form 'low spots' in the general surface of non-alk::tline land, i. e. 
places where turbid clay-water, dark with dissolved humus, will 
lie for weeks after the higher land appears dry." ... "By 
adding gypsum to such soils, their alkalinity may be destroyed 
aud the dissolved humus will be precipitated and given back to 
the soil." 

Ashes of Cotton-seed HilUs. 
There is a variety of ashes procurable in commerce, derived 

from the hulls of cotton-seeds, as obtained in the process of " de
cortication" which precedes the grinding and pressing by mcans 
of which oil is extracted from the seeds. The hulls, though some
times used as food for cattle, are often burned as fuel at the oil
factories, in conjunction with wood or coal, whence it happens 
that the ashes vary considerably in composition. They are natu
rally more or less valuable, according as they contain less or more 
of the ash of the supplementary fnel. According to S. W. John
son, those lightest in color are usually richest in potash. 

As brought to the North, cotton-hull-ashes commonly contain 
from 18 to 30% of potash, chiefly soluble in water, and free from 
any contamination with chlorides j and from 5 to 10 % of phos
phoric acid, of which from It to 2 % is soluble in water. It ap
pears therefore, that, considered as a fertilizer, cotton-hull-ashes 
are much more concentrated than ordinary wood-asLes. In point 
of fact, they contain so large a proportion of carbonate of potash 
that they might do no little harm to crops if they were to be ap
plied injudiciously 01' in too large quantities. Indeed the yery 
fact of their strong alkalinity makes the hull-ashes so useful for a 
variety of technical purposes, that it is highly probable that they 
will not long continue to be available as a manure, Although the 
supply is limited, the price at which cotton-hull-ashes have been 
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sold hitherto ($35 to $40 the ton in New England) is so low that 
they haye been by far the cheapest source of potash in the market. 
They haye been used with advantage for manuring tobacco, and 
are specially prized by tobacco growers. The only objection to 
the use of these ashes is their liability to yary widely as to their 
composition. "Without an analysis there call be no certainty as to 
the true value of any given sample. 

Double Carbonate oj Potash and ]'[agnesi(~. 
A hydrous carbonate of potash and magnesia prepared in Ger

many, would seem to be well adapted for use on soils and crops 
which are known to profit from applications of wood-ashes or cot
ton-hull-ashes_ According to S. ",V. Johnson, this substance con
tains 18 % of real potash and 19 % of magnesia j both of these 
substances being combined with carbonic acid and water. It is 
practically free from chlorine_ It is to be noted, however, that it 
contains 5 or 6 % less potash than is contained in cotton-hull
ashes on the average. 

Lhne-kiln Ashes. 
There is yet another product, called lime-kiln ashes, which is 

sent out by the car-load from Vermont and other localities "where 
lime-kilns are fired with wood. But these ashes consist chiefly of 
lime-dust. They usually contain less than 2 % of potash, and 
less than 1 % of phosphoric acid. They may be regarded as 
wood-ashes admixed and diluted with from 4 to 6 times their 
weight of lime, much of which has become partially air-slaked. 
Of COllrse, where the lime-kilns are fired in part with coal, the 
ashes would be still poorer in potash and phosphoric acid. One 
special objection to lime-kiln ashes is their liability to contain 
fragments of limestone which have not been thoroughly burned, 
as well as pieces of lime which have been superheated or " over
burned" as the term is. ",Vhen too strongly heated in the kiln, 
lillie is left in the form of hard lumps, which do not readily fall 
to powder on being wet. I haye heard the objection from a man 
who farms a rich bottom Innd in the western part of Massachu
setts, - and who can hardly have been familiarly acquainted with 
the gravelly drift soils of the upland, -_ that "there are hard 
lumps of lime in such ashes which will take the edge off a hoe 
quicker than thought." 

Brick-kiln Ashes. 
In a sample of ashes from a brick-kiln that had been fired with 



484 AGRICULTURE. 

chestnut-wood, Professor Johnson reports 1.5 % of potash, and 
less than 1 % of phosphoric acid. The sample consisted chiefly 
of brick-dust and sand. Such ashes as these could be used with 
advantage on many soils in the immediate vicinity of the kiln; 
but they are not worth enough to be carried to a distance. So, 
too, in respect to the lime-kiln ashes, there are doubtless special 
cases and places where they might be employed with profit by 
intelligent fanners, although they are not to be compared with 
wood-ashes, and have no such general applicability as the latter. 
Generally speaking, they are not to be commended, for they are 
of variable and uncertain composition, and are never valuable 
enough to bear the cost of distant transportation. Even as re
gards the lime in them, they mllst be decidedly inferior in every 
way to good quicklime such as is made expressly for the use of 
farmers or builders. 

G1·eensancl. 
The greensand, or so-called" greensand marl," of New Jersey, 

has hitherto been considered as of only local importance, though 
it contains a good deal of potash, and has been used with great 
advantage in the regions where it is fonnd. According to G. H. 
Cook, the potash may be taken on tile average as 5 % of the 
whole weight of the sand; and since a bushel of this substance 
weighs about 80 lb., it would contain 4 lb. of potash, or about as 
mllch as is contained in a bushel of good wood-ashes. The green
sand moreover often contains as much as 1 or 2 % of phosphoric 
acid, though, as a matter of course, both these constituents are in 
a very different condition from those found in ashes. 

Considered as a manure, the greensand acts rather slowly. It 
is said, for instance, that its effects will be perceiYed upon bnd 
for ten or twelye years. It is evident enough that, so far as its 
contents of potash and phosphoric acid are concerned, it could 
not repay the cost of transportation to any very great distance. 

Greensand analogous to the fixing Silicates. 
Most writers who have discussed the subject hitherto have been 

disposed to make the objection that the greensand is a sand merely, 
and neither a manure proper, nor a soil, nor a disintegrated mine
ral, such as would contain food immediately available for the plant. 
But, in point of fact, the greensand is a hydrated silicate of iron 
and potash. It belongs to the mineral species glauconite, and is 
probably - one might almost say doubtless - competent to act as 
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au agent for absorbing lime, soda, ammonia, and the like, from 
the soil-water, and at the samc time yielding up its potash for the 
use of plants. If this view be correct, the greensand deserves to 
receive far closer attention than has been accorded to it hitherto_ 

Before potassic fertilizers were as abundant ItS they are now, it 
might have been questioned whether it would not perhaps be well 
in some localities to prepare artificially a hydrated silicate of pot
ash and alumina to be applied to light, hungry soils in order to 
provide a permanent store of potash from which plant-food should 
be given up slowly through the action of saline matters in the soil
water. But in the greensand the desired double silicate is found 
ready made. The rock palagonite, previously mentioned, is another 
natural product whose uction upon certain soils would be well worth 
studying as a scicntific expcriment. 

An instance of the natural fertilization of land by means of a 
disintegrated volcanic rock has been described by Rozet, and by 
other French writers. The old district of Limagne, in Auvergne, 
is an extensive yalley bounded at the west and southwest by vol
canic hills, from which the prevuiling winds sweep off such large 
quantities of fine volcanic ashes that - on looking down upon the 
valley from the peaks of the hills - tile land is often seen to be 
shrouded by a faint cloud of ashes, as it would be by a thin mist. 
These ashes are deposited upon the valley land to its great benefit. 
It has been computed indeed that as much as 1,000 kilos. of the 
ashes may be brought to each hectare of land in a single year, and 
it has been argued that the proverbial fertility of the valley may 
depend in good part upon the constant supplies of plant-food which 
are brought to it in the ashes. 

Stn te of til e Potash in Soils. 
It is to be remarked that most of the potash immediately avail

able for crops which is contained in ordinary soils probably occurs 
there either in the form of hydrated double silicates or in that of 
double humates, though in really good soils, or in those recently 
manured, some small portions of soluble potush salts may be found 
clinging to the earth by mere adhesion. A part of the "fixed" 
potash is doubtless dissolved by mere water, and brought to the 
plant as an aqueous solution, and some of it is probably dissolved 
out by carbonic-acid water (i. e. bi-carbonate of lime), and so 
carried to the plant in the form of potassiulll biocarbonate, while 
iltill another portion may be dissolyed out (lirectly from the soil by 
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the action of acids exuded by plant-roots. Each of these agents 
would naturally dissolve some potash from mere grrwel, or from 
crumbled or broken rocks, but it is to be supposed that their 
soh"ent action is of paramount importance when exerted upon the 
hydrated silicates and the humates. 

Dye,' has obtained some instructive results on testing how much 
potash can be dissolved out from soils by dilute citric acid (con
taining 1 % of the crystallized acid) and by hydrochloric acid, 
respectivcly, according as the land has or has not been manured. 
Thns, on 8 fields which IUtd been dressed with sulphate of potash 
for many consecutive years, he found that the quantity of potash 
soluble in hydrochloric acid exceecled the amount dissolved there
by from unmanured land in the proportion 1.3G : 1, while the 
quantities of potash soluble in dilute citric acid in the two cases 
were as 9 : 1. A field which had been dressed continuously with 
farmyard-manure during 38 years, gave up twice as much potash 
to the dilute citric acid as another field did, which had been left 
unmanured during 18 years, after having received farmyard-ma
nure annually during the previous 20 years j and it was noted that 
the crops obtained from the land differed in the same proportion 
as the amount of soluble potash differed. 

Much more potash soluble in citric acid was found in land which 
had been dressed with the sulphates of potash, soda and magnesia, 
without any addition of superphosphate, than could be dissolved 
out from land which had received some superphosphate of lime as 
well as tile suJphates above mentioned, because tile land which got 
the superphosphate yielded much larger crops than the other land, 
and these crops carried off much of the soluble potash. Similar 
results were obtained also on land dressed witllrape-cake, together 
with the sulphates, with and without addition of the superphos
phate. It was noticeable, furthermore, that land dressed with 
ammonium salts, without any addition of potassic fertilizers, 
yielded very little potash to the weak citric acid; whereas, in case 
nitrate of soda was applied to the land, without any potassic fer
tilizer, a considerable amount of the comparatively inert potash in 
the soil was loosened up so that it dissolved in the citric acid. 
Dyer suggests that any soil which yields less than 0.00.5 % of 
potash to citric acid of one per cent probably stands in need of a 
potassic fertilizer. 
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Potash jl'Om Rocks. 
It has often been proposed formerly to obtain potash for agricul

tural purposes by decomposing feldspar and other potassic rocks 
artificially by means of chemical agents. For example, H. ·Wurtz, 
of New York, proposed long ago to decompose the New Jersey 
greensand by fusing it with chloride of calcium; and several per
sons have thought to obtain soluble potash by fusing 01' fritting 
feldspar with lime. N either of these methods has ever had any 
economic importance, and since the discovery of a mille of soluble 
potash compounds at Stassfnrt they are likely to be forgotten. 
No doubt, however, there are many potassic rocks, such as the 
greensand, and the palagonite, and various traps and zeolites, 
possibly some kinds of feldspar even, or slatcs, which in some 
instances might repay the cost of reducing them to powder. Small 
batteries of stamps driven by water power, such as were formerly 

. used abroad for pulverizing bones in inland agricultural districts, 
might perhaps be established with profit in certain localities. The 
experiment is well worth trying, in some localities where green
sand can be procured, whether the cost of reducing the sand to 
fine powder would not be more than repaid by the increased effi
ciency of the product as a manure. It should be said, howevcr, that 
Lucas, who experimented in this sense upon a bituminous shale, 
rich in potash and phosphoric acid, after it had been used as fuel, 
found an advantage in reducing the mineral to the form of a 
granular powder rather than to the condition of fine dust. 

Generally speaking, the rock had better be roasted before it is 
powdered. That is to say, it may be heated to low redness and 
then quenched with water to make it friable. Fuchs showed long 
ago that when feldspar, and other minerals that contain silicate of 
potash, are calcined at not too high temperatures, they become 
comparatively decomposable by chemical agents, and that a part 
of their potash may be extracted in this way. This behavior of 
the roasted minerals is similar to that exhibited by roasted clay or 
by clayey soils that have been pared and burnt, as will be ex
plained in a subsequent chapter. Lampadius found in field ex
periments where rocks that contained silicate of potash, such as 
gneiss and granite, and some kinds of porphyry and of trap, were 
moderately calcined and then applied to the land, that the growth 
of plants was promoted in a remarkable manner. 
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The Pota,sh Mine at Stassfurt. 
The deposit of potash minerals at Stassfurt, already repeatedly 

referred to. is one of so much importance that a brief description 
of it will be in order. The products from this mine will doubtless 
henceforth control the price of potash compounds eyerywhere.' 
The deposit in question occurs in connection with a bed of roek
salt of enormous extent, above whicll, capping it as it were, repose 
layers of several saline minerals, notably compounds of potassium, 
magnesium, aud lime. 

There seems to have been an inland lake or sea, through the 
evaporation, or rather the boiling down of the waters of which, 
rock-salt was deposited by crystallization until the mother liquors 
above the salt became so highly charged with compounds of potas
sium, magnesium, and calcium, that crystals of these compounds 
were deposited in their turn on top of the salt. 

As long ago as 1839, borings were made at the locality in the 
hope of finding salt, and brine was actually obtained in 1843 j but 
it was so highly charged with magnesium compounds that it was 
not worth working. After a while, certain geologists who had 
studied the locality expressed the opinion that the magnesia must 
have come from some other source than the bed of rock-salt of 
whose existence they were convinced, and this view was corrobo
rated by the matter brought up by a new boring, made in 1848 or 
1849. It having thus been proved that the magnesia must have 
come from a bed lying above the pure rock-salt, mining operations 
were undertaken in 1851 in order to get at the salt. By 1856 two 
shafts had been sunk to the depth of some 1,100 feet, where a bed 
of impure rock-salt wa-s struck. This was some distance below 
the potash mineral, the value of which was then unsuspected. 

Pure rock-salt was reached in 1857, as had been anticipated, 
and its extraction was proceeded with j but it was not until 1859 
that the tl'l1e "nIne of the layer of potash mineral was recognized. 
The dip of the layers and general character of the deposit haying 
by this time been well made out, a new pit was sunk nearly a mile 
from the first, by means of wbicb both tbe potash and the salt can 

1 Enormous deposits of potash minerals have been found in Austrian Poland also, but 
tbey are less favorably .ituated for commercial purposes than the Stassfurt bed, These 
distant mines might become important, however, at any moment, in case acceM to the 
Stassfurt products were to be hindered by war, or by export duties or other le}l:islative 
interferences. Meanwhile the mere fact of the existence of the Austrian mines tends to 
keep the potash trade at Stassfurt free. 
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be reached at a less depth and worked to better advantage than 
before. This new shaft was finished in 1862, and from that time 
forth enormous quantities of the potash minerals have been ex
tracted. In more recent years, additional shafts have been sunk 
both in the neighborhood of Stassfurt and at somewhat distant 
localities, notably at Kalusz. 

The bed of salt beneath the potash minerals is of unknown 
depth j but, taking the salt in connection with its coYering, the 
eutire deposit may be conveniently dh-iclecl into four principal lay
ers, or beds, each of which is well characterized at the centre by 
the predominance of minerals peculiar to it, though at the points 
where the layer touches the layers above and below it the char
acter of its contents is by no means so well defined. The rock
salt at the bottom is welllligh pure, though interspersed with veins 
of anhydrous sulphate of lime. Next above is a 100-foot-thick 
bed of salt, interspersed with veins of a complex sulphate of pot
ash, soda, and magnesia (polyhallite). Above this is a QO··foot 
bed of sulphate of magnesia (kieserite), mixed with a double 
chloride of potassium and magnesium. And, finally, at the top is 
a 70-foot bed of the potash lIlineral propel' (carnallite) j this is a 
hydrated double chloride of potassium and magnesium, contain
ing, when pure, about 27 jb of dry chloride of potassiulIl. The 
mineral is detached in large masses from the bed by means of 
gunpowder. The cost of extracting it is exceedingly Jow, and the 
amount produced is limited only by the demand. 

In the beginning, the crude potash mineral was sent into com
merce to be sold as a fertilizer under the name Abraum Salt, and 
it is perhaps still so used to a small extent j but chemical works 
were soon established for the purpose of purifying the mineral, 
and several of the products obtained at these works are now used 
as manures. Both chloride of potassium and sulphate of potash 
may be had there in varying degrees of purity . 

.J..~Iliriates of Potash. 
By subjecting the crude mineral carnallite to processes of solu

tion, crystallization, lixiviation and steaming, there is obtained 
chloride of potassium of various degrees of purity, and from the 
chloride other compounds of potash are manufactured, notably 
sulphate of potash and carbonate of potash. One particular va
riety of the chloride, known as "muriate of potash of 80 %," 
usually contains from 80 to 85 % of pure chloride of potassium. 
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It may be said to contain about half its weight of real potash 
(K20). It has been largdy used as a fertilizer, tUHl mtly perhaps 
be as good as any other of the Stassfut"t pro<l11cts for the gcneral
ity of purposes. Other yarieties of tlIe muriate arc prepnred which 
are considerably stronger than the foregoing. Thlltl, one process 
of manufacture is said to yield products that contain from 8.') to 
!).'i 10 of pure chlori(1e of potassium; there is another product 
whiel! is c1asspd as "9;"1 to 98 10 mmiate"; and still another 
whieh contains 98 or !1!J 10 of the pnrc ehloritle; but it is probable 
that neither of these yarietics bas allY special ac]yalltage on'r the 
RO % muriate, for agrienltnral pnrposes. There is yet another 
much weaker grlHle of the llluriate obtain('d as :111 ineidental pro
duct, which contains no more than some 4.'5 to 50 'io of chloride 
of potassium. 

It is of iuterest to note that carnallite, as taken from the mine, 
contains traces of ammoniulll chloride. I ~ slInlly nn more (han 
0.01 to 0.08 % of it is present, though occasionally as much as 
a quarter of one per cent has been det('('tell. Bnt ill the prepara
tion of artificial carnallite the proportion of anlll10uiulll ehloride 
increases to such an extent that 4 10 of it or more may he COIl

tained in the final product. Jt bas lIl'en noticed indeed, in Ill:lkillg 
chloride of potassiulll from carnallit(', that :~ cl('posit sotnetimes 
forms which contains 80 to !JO 10 of the allllllollilllll ebloride. 

l\luriatc of potash, no llltttter what its strength, lt1:1Y [tnSWl'r 
well enough for cloycr, grass, corn, and ordinary root-crops, and 
it has the merit of bcing cheaper than the sulphate. But it is 
objectiollable in respect to sugar-beets, tobacco, and flometilllcs as 
regards potatoes. The chlorine in it hiuders beet-,;ngar from 
erystallizing, 31H1, in SOllie soils, tends to make potatoes waxy 
rather than me:lly. It impairs thc (Inality of tohncco-Ieaws to 
sllch an estrut that tllny comm::md a lower price tbml wOlll(l haye 
been the case if another kind of potash s:dt had been used. Hence 
sulphate of potash thnt contains no cont:1l11ination of ehlol"ides is 
greatly preferred for tobacco and beets; and is esteemed to be 
best, on the Whole, for pobtoes also, especially in cases wherc
as is not unusual in Germany ~ the tubers are to be llse(l for 
making starch. It should 1)(' said, lIcYcrthclcss, that the chloride 
is not by any meam; always harmful in respect to potatoes. 
Numerous experiments are on reeord which show that under some 
conditions potatoes succeed as well with chloride of potassium as 
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with the sulphate, or eyen better. Some accounts say that if the 
chloride is put upon the lalld in the autumn before the potatoes 
are to be planted, heavy crops of tubers of excellent quality and 
flavor may be counted on if the season is favorable for growth. 

Iitfinence of Chlorides on Soil-llj((ter. 

It has been noticed in Europe not infrequently, when heavy 
dressings of salinc fertilizers are applicd to land which is to all 
appearance dry, that it surldenly becomes visibly moist, becanse 
the saline matter has attracted to itself some of the watcr in the 
soil. But when the conditions are favorable for drying off, by 
way of eYaporation, the water thus brought to the surface, a very 
firm crust is apt to be formed, which in some cases can hardly be 
broken with the hoe. In order to avoid this difficulty, l\1aercker 
recommends that heavy dressings of potash salts should be ap
plied either in the autumn, or at least a month before the time 
when seeds are to be sown, and that the salt should then be worked 
into the soil with the plough or the cultivator. In the ease of 
heavy soils, it has been found to be advantageous to apply lime 
together with the potash salt. Adolf Mayer in his turn cites a 
uumher of instances observed in farm practice and in field experi
ments, where mixtures of lime and Stassfnrt salts gave better 
crops than were ohtained by applying either of these materials by 
it;.;elf. He argues that mixtures of low-grade potash saltH and lime 
may he preferable in many casps to potash salts, eyen those of 
high grades, applied by themselyes, though the fact that l\Iaypr 
noticed numerous exceptions to his mlc goes to show that not 
ewry kind of soil would be suited by such mixtures. The idea that 
they may be meritorious is supported by the experience of farmers 
in yarious localities who h:wp oftpn found that Stassfurt salts may 
do particularly good service on land that has been marled. 

Sulphates of Potash. 
Several grades of sulphate of potash are manufactured at Stass

fnrt, either by processes of decomposing the double sulphate of 
magnesia and potash (see below), or by heating chloride of potas
shIm with sulphuric acid in a reyerberatory furnace and calcining 
the product. One of the Stassfurt sulphates contains as much as 
96 to 98 % of the pure salt, and another, which is sold in consider
able quantities in this country under the name, "high grade sul
phate of potash," contains 90 to 9,5 % of the pure sulphate und is 
guaranteed to hold from 50 to 52 % of real potash (K

2
0) , and to 
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be practically free from any contamination of chlorides. This 
material is eyidently good enough for agrieultural purposes. 

Either of these excellent produets might easily be prepared in 
this country by the manufacturers of muriatic acid if they would 
but operate upon chloride of potassium of high grade instead of 
using common salt as has been customary. On heating muriate 
of potash with oil of yitriol in an iroll yessel, muriatic acid distils 
off, while a sulphate of potash remains, but, in order to obtain a 
fusible residue whieh ean be raked out of the retort without trouble, 
it is customary to employ rather more oil of vitriol than would be 
sufficient to change all the muriate of potash to sulphate of pot
ash. Instead of working upon the basis expressed by the equa
tion 

2 KCI + H 20,803 = K20, 80g + 2 HCI, 
" an excess" of sulphuric acid is employed, so that there may be 
formed a certain quantity of " acid SUlphate of potasb," tbe mode 
of formation of which may be indicated by the following equation 

2 KCI + 2 (H20, 803 ) = (K20, H 20, 2 SOg) + 2 HC!. 
Ordinarily, about 1.5 molecules of sulphuric acid are taken for 

two molecules of chloride of potassium, and a " sesquisulphate of 
potash" is obtained, and this product must be roasted, after it has 
been taken from the retort, in order to expel the excess of acid, 
and obtain real sulphate of potash. The acid sulphate is a cor
rosive substance wbolly unfit to be put upon land that is soon to 
be seeded or planted, for it would kill speedily seeds and young 
plants. It might sometimes be used with advantage for killing 
weeds, insects 01' worms on land infested with these pests, or it 
might be compostcd with weeds to kill their seeds. In case a 
manufacturer should neglect tbe roasting process, and a quantity 
of the acid SUlphate sbould unwittingly fall into a farmer's bands, 
the acidity might be corrected by means of wood-ashes, either 
leached or fresh, by phosphatic slag, or by means of bone-black 
in case tbe mixture could be left to itself for SOllle time before 
spreading it. 

It is to be noted tbat the normal, neutral sulpbate of potash is 
not in the least corrosive. It may safely be applied to the land in 
much larger quantities than are permissible as regards the chloride 
of potassium. Indeed, it is a general rule that the chlorides of 
potassium, sodium, calcium and magnesium are much more likely 
to do harm tban the corresponding sulphates. 8chuebler showed 
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long ago that, in pot experiments, one part by weight of common 
salt might do as much harm as 8 to 11 parts of a neutral snlphate 
of potash, soda or magnesia. 

Beside the high-grade sulphate aboye described, several other 
8tassfurt sulphates are procurable. For example, there is one 
with 80 % of pnre sulphate of potash, which should carry 40 % 
or more of real potash, but it contains much chlorine, even to the 
extent of more than one-third its weight. More than two-thirds 
of the potasll in this compound must be ill the form of muriate of 
potash. Another impure product, improperly classed as sulphate 
of potash, contains 25 % of real potash, and yet another 10 %. 

]{ainit. 

One of the commonest of potassic fertilizers is a mineral called 
kainit, which, though seldom seen at the original 8tassfllrt mine, 
is found in tolerable abundance at the newer mines in the neigh
borhood of 8tassfurt. Kainit is often spoken of as " sulphate of 
potktsh," or as "low-grade sulphate of potash," but these expres
sions are improper in view of the large proportion of chlorides 
contained in it. Usually, there is enough chlorine in the kainit of 
commerce to amount to rather more than oue-quarter of its weight. 
Indeed, there is enough chlorine in it to combine with all the potas
sium which it contains, and some chemists belicye that chloride of 
potassium, and not sulphate of potash, is rcally present in the min
eral. As imported into this country, kainit is of rather variable 
composition. Usually it contains from 11 to 15 7c, of real potash, 
and it is admixed with various impurities, notably common salt 
and gypsum. It commonly contains more soda than potash, and 
rather less magnesia. It is supposed to have been formed from 
carnallite in places where limited quantities of water haye gained 
access at some time to the latter. 

Pure kainit may be regarded either as consisting of SUlphate 
of potash, sulphate of magnesia, and chloride of magnesium 
(K20, 80a j MgO, 80a j }\Ig C12 + 6 IIz<); or as composed of 
sulphate of magnesia and chloride of potassium. A t one time the 
formula of kainit was written KCI; 2 (l\IgO, 803 ) + 6 H 20, but 
inasmuch as the mineral deliquesces in the ail', as chloride of 
magnesium does, while neither chloride of potassium nor sulphate 
of magnesia is deliquescent, the first of the two formulas above 
given would seem to be more appropriate than the other. 'Vben 
kainit is left for a long time in moist air, a quantity of the mag-
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nesium chloride dissolves and drains away from it; and on treat
ing the mineral with alcohol, chloride of magnesium is dissolved. 
Fleischer has suggested that the tendency of the powdered min
eral to "ball" and become lumpy may be avoided by mixing 
with it 2 or 3 % of dry powdered peat. It is said that some 
German dealers in fertilizers have adopted this method, and that 
it has been found to be advantageous. The name kainit has often 
been applied to a manufactured article as well as to the native 
mineral. 

The cheapness of kainit commends it in many cases, as, for ex
ample, when grass-land is to be manured, and enormous quantities 
haye been used both in Germany and in this country. Not infre
quently it has given better satisfaction than the 80 % muriate. In 
Germany it has been noticed occasionally that the application of 
kainit to oats, at the rate of 2.5 cwt. to the Morgen of land, de
cidedly checked the ravages of the wire-worm. The kainit was 
used, however, in conjunction with nitrate of soda and di-phos
phate of lime. 

Fleischer reports experiments made on moorland near Bremen, 
where both the yield and the character of the herbage obtained by 
means of additions of kainit were determined:-

There was obtained 
kilo •. of fresh grass. 

From one hectare of meadow, dreesed with phosphates alone .. 12,000 
From one hectare of meadow, dressed with phosphates and a small 

quantity of kainit . . . • • • . • • • . . . • . . " 23,000 
From one hectare of meadow, dressed with phosphates and much 

kainit . . . . . . . . • . . . . . . . • . . • " 41,000 

Meanwhile the proportion of clover in the fodder of the first mow
ing increased from 3 % to 10 % and 27 %, and in the second 
mowing from 10 % to 20 % and 34 %, and the proportion of wild 
( " sour") grasses in the crop diminished from 19 % to no more 
than 3 or 4 %. 

Double Sulphate of Potash ancl ]}fagnesia. 
Yet another substance, often sold as "sulphate of potash," is 

composed of potasll, magnesia and sulphuric acid, and is known 
as double sulphate of potash and magnesia. Sometimes it is 
called" manure salts." It commonly contains from 48 to 54 % 
of sulphate of potash, and about a third of its weight of sulphate 
of magnesia, beside moisture and impurities. It is worthy of 
much consideration because of its cheapness and its comparative 
freedom from chlorides. As usually prepared, it is said to carry 
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no more than 2 or 3 % of chlorine. The amount of real potash 
in it ranges from 2G to 29 %. 

Cheope1' to transpoTt MUTiate than Sulphate. 
It is noteworthy that the cost of freight for the potash in the 

muriate of 80 %, which contains half its weight (i. e. 50 %) of 
real potash, would be only about one-quarter as much as would 
have to be expended on the crude sulphate of 20 % real potash, 
for the molecular weights of the sulphate and the chloride differ 
appreciably. Thus, 

K. = 78 
S = 32 
O~ =64 

174 

K =39 
C1 = 35.5 

74.5 

But, having regard to potassium in each case, 
78 39 39 
- = - = 0.448; while -- = 0.523. 

174 87 74.5 

Beside this advantage in respect to cost of transportation, the 
potash in the muriate can be sold to the farmer at a lower price 
than that in the sulphate, because enormous quantities of the mu
riate exist ready formed in the Stassfurt mine, and can readily be 
extracted thence at trifling cost, whereas more labor and skill have 
to be expended in procuring sulpllate of potash, even that of no 
more than toler a ble purity. 

Manifestly, purified articles are to be preferred to the crude 
minerals, in so far as this country is concerned, because of the 
cost of freight. 

Stassflll't Salts seldom 1'epay their Cost. 
It is a curious fact, brought out by European experience, that, 

while phosphatic and nitrogenous fertilizers often repay their cost 
at once, and sometimes in a very striking way, dressings of plain 
Stassfurt salts have, as a general rule, given little or no money 
profit in fertile regions, excepting in the case of tobacco, and 
sometimes in the case of potatoes grown for table nse. As regards 
pastures also, Voelcker has noticed that while potash salts, used 
either by tllemselyes or admixed with superphosphate, sometimes 
considerably increase the herbage, the result is often disappoint
ing in an economical point of view. When applied to clover, to 
beets, and cyen to grain, the potash salts improved the appearance 
of the crops and increased the burden of them, but in very many 
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instances not to a profitable degree. Sulphate of potash has per
haps, on the whole, done rather better than the chloride j but, 
with the excepti.on of tobacco, and perhaps potatoes, and some
times on beet-farms and moor-lands, it has failed to yield the 
hoped-for profit. 

The matter was summed up by Voelcker, in 1878, i.n the following 
words: "Potash salts are not much used in England for manuring 
purposes. Experience has shown that, on the great majority of soils, 
in a fairly good agricultural condition, the addition of potash salts to 
other artificial m:mures prod nces no decidedly beneficial effect upon 
the crops to which they are applied. On poor, sandy land, and on 
worn-out pastures and peaty soils, however, potash salts in conjunc
tion with dissolved bones. or superphosphate, or a mixture of super
phosphate ::mu guano, have been used in England, as in other countries, 
with marked beneficial effeets. In artificial manures for potatoes, 
the admixture of potash salts to phosphatic and nitrogenous fertil
izing matters, has also been found useful." 

It is remarkable withal that the Stassfurt salts have not in any large 
and general way endured the commercial test as to their fitness. 
There is neither doubt or uncertainty as to the manner in which 
phosphatic fertilizers have sustained that test, for the demand for 
phosphates has increased continually. But, after long-continued and 
persistent efforts, no market has yet been found for the Stassfurt fer
tili7.or8 whieh can be eompareu with that for the phosphates. It is 
saia. however, that the objection that potash salts, and other saline 
fertilizers, when applied to heets, are apt to diminish the yield of 
8ul-mr, has been done away with hy cultivating improved kinds of 
beets which are ahle to bear much larger dressings of saline fertili
zers than could safely have been applied formerly. (Maercker.) 

It is on poor land, and especially upon moor-land and upon 
ligLt sandy soils that potash s:tlts lu1\'e done their best service. 
Very striking instances of their economic value are afforded by 
Schultz's experience with lupincs, which continually gave good 
crops on poor land when dressed with kainit and with no other 
manure. So too in respect to peas alld clover, which Schultz 
found to be somewhat grateful for phosphates on his cold, dry 
Handy soil, but which immediately developed great masses of stems 
an(l leaves - at the expense of flowers and seeds - when the land 
was heavily dressed with kainit. 

Ashes better thcm Potash Salts. 
In one word, experience has proved that the Stassfurt fertilizers, 

used as such, are decidedly inferior to wood-ashes. The explana
tion seems to be, that the sulphate and the chloride are devoid of 
the alkaline quality which is so marked a peculiarity of carbonate 
of potash, whicll, as is well known, is tile effective agent in wood-
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aflnes. And, in point of fact, European experience has shown 
that the Stassfurt salts commonly do their best work when they 
are applied to marled land, or when they are used in conjunction 
with lime, in which event a certain quantity of alkaline bicarbonate 
of potash would be formed by the reaction of bicarbonate of lime 
on the chloride 01' the sulphate, as has been explained under Com
posts. 

Undoubtedly there is still much to be learned as to the best 
ways of using both sulphate and muriate of potash; but it will be 
well meanwhile to act upon this lime hint, and to study the plan 
of making composts with peat and a mixture of lime and muriate 
of potash, as has been suggested already. It may be true withai, 
that small additions of potash salts and other fertilizers to barn
yard-manure, used in half its usual quantity, may be for certain 
crops an economical mode of application. The lack of profit 
above mentioned was in cases where potash salts were used, either 
by themselves, or in conjunction with other commercial fertilizers. 

It needs to be said, however, that, when a mixture of lime and 
muriate of potash is used, there will naturally be produced more 
JI' less chloride of calcium, which is hurtful to some plants, and 
which, as Mayer has urged, may" bind" the land in some eases. 
It has not yet been determined whether this particular form of 
binding would always be hurtful for all kinds of soils. This is a 
point which might well have been talked about with those old 
farmers who formerly made and used composts with lillle and salt. 
The binding could perhaps be avoided by applying the mixed fer
Wizers in autumn, for spring crops, and so giying time for the 
chloride of cl\lcium to leach out of the land. It is not at all clear 
that this binding may not be due to bicarbonate of potash formed 
in the soil by the reaction of the potassiulll chloride with limestone 
and carbonic acid. Indeed, it is probable enough that the good 
effect of kainit on some sandy soils that have been marled - as 
proclaimed by Schultz at Lupitz, for example - may depend, in 
good part, on a mechanical improvement of the soil, by the action 
of potassium bicarbonate, whereby the power of the land to hold 
and to lift water has been increased. Compare the heading 
"Action of salt and lime in soils," in the Chapter on Sodium Com
pounds. 

Sulphate of Potash may Teact well upon the Soil. 
Heiden has argued in a somewhat similar way, that sulphate of 

VOL. II-32. 
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potash may perhaps generally do better service than the chloride, 
because it produces a better class of compounds than the latter by 
reacting on the soil. Such useful compounds as gypsum and sul
phate of magnesia may be produced when sulphate of potash acts 
upon loam, while from the action of chloride of potassium come 
the chlorides of calcium and of magnesiulll, which lllay readily do 
harm to plants. In this sense, it might be said therefore, even 
of the sulphates of low grades, that, in spite of theil' being con
taminated with chlorides, they are comparath'ely speaking meri
torious, and somewhat in proportion as tIle amount of sulphate 
of potash contained in them is larger. There is withal a good deal 
of field experience which goes to support the view that the low
grade sulphates are on the whole better than the mere chlorides. 
They lend themselves to a plan, commonly practised ill Europe, 
of applying cheap, low-grade potash salts to such crops in a rota
tion as do not suffer from the presence of chlorides. TIlus, when 
a generolls dressing of kainit is applied to oats, this particular 
crop is helped, and the soil is at the same time charged with pot
ash and left in fit condition for the subsequent growth of potatoes 
or sugar-beets. By the time when the potatoes, or beets, or what 
not, are to be planted, most of the chlorides of the fertilizer will 
have been washed out from the land, or, at the leust, haye been 
carried down into the subsoil; and it is to be noted that tIle maxi
mum of time for the leaching process may be gained by applying 
the kainit the autumn before the oats are to be sown. 

The fact that a comparatively pure juice may be obtained from 
sugar-beets fertilized with sulphate of potash, but not from those 
dressed with muriate of potash, is supported, curiously enough, by 
obseryations made by Hilgard in California, whence it appears 
thut satisfactory yields of sugar may be obtained from beets 
grown in soils which contain appreciable quantities of sulphate of 
soda, while the beet-juice is practically worthless when taken from 
soils which are contaminated with common salt. Loew has Sllg
gesteu that the action of carbonate or bicarbonate of lime in the 
soil to change the magnesium ch10riue in the fertilizer to carbon
ate of magnesia will be another advantage gained by applying 
kainit in the autumn. 

lIfuriate oj Potash diffuses tolerably easily. 
There is one advantage to be credited to the chloride, however, 

in that it diffuses in the soil rather better than the sulphate. Pot-
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ash is so readily fixed by the don ble silicates and humates in loam, 
that it is not easy to secure a proper dissemination of the potassic 
fertilizers. No matter how deeply they may be ploughed under 
or harrowed in, the potash is apt to be absorbed and held at pre
cisely those spots where the particles of the fertilizer first came in 
contact with the earth. But this is a great disadvantage in mallY 
cases, especially where it is desired to manure the subsoil evenly, 
in anticipation of growing deep-rooted crops like sugar-beets or 
clover. 

Experiments have shown that the potash in the cltlol'ide is fixed 
decidedly less easily and less rapidly than that ill the sulphate, so 
that a better diffusion may be had by means of it. C pfortunately, 
the chloride is not applicable for the growth of sugar~beets. But 
the crystalline double sulphate of potash and magnesia, already 
mentioned, appears to be able to diffuse potash in the soil even 
bettcr than the chloride. It is, moreover, a pure substance, free 
from chlorides, and on this acconnt specially worthy the attention 
of beet-root and tobacco-growers. In such cases as this, and 
when mixtures of Stassfurt salts and lime are used, the fertillzer 
will naturally be applied in antumn, so that cOllsiderable time may 
elapse before any crop is to be sown or planted. 

In order to aid the distribution of the potash, it is well to plough 
under the Stassfurt salts immediately after they have been strewn. 

Experiments on the D(U'llsiog of Putash. 
Treutler has made an extended study of the question how best 

to hinder or counteract the fixation of potash by the soil, so that 
this fertilizer may be made to diffuse itself iuto the subsoil and 
through all parts of the standing-room of crops. lIe found that 
bone-meal exerted a decided influence to hinder the fixation by the 
soil of the potash in snIp hate, carbonate, nitrate, or chloride of 
potassium; alld that severnl other fertilizers had some power to 
hinder the fixation of potash, Several saline fertilizers decidedly 
hindered the fixation of potash from carbonate of potash in par
ticular. Farmyanl-manllres of various kinds hindered the fixation 
of potash from the sulphate alld the chloride, while they increased 
tlle fixation as regards carbonate aud nitrate of potash. 

Next to bone-meal, humns seemed to have the most marked 
solvent action when used with sulphate or with chloride of potas
Hiul11, but it increased the fixation decidedly as regards carbonate 
of potash, and slightly as regards nitrate of potash. A mixture 
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of humus and carbonate of ammonia had in general less solvent 
action than humus alone, or even than carbonate of ammonia by 
itself. Carbonic-acid water did not exhibit much solyent action, 
perhaps because the carbonic acid speedily escaped from it on 
coming into contact with the soil. 

Nitrate of soda, used in conjunction with sulphate, carbonate, 
or nitrate of potash, increased the diffusion of the potash appreci
ably, but it did not do so when used with chloride of potassium. 
Gypsum, Epsom salt, and especially sUtJGphostJhate of lime, had 
some solvent action, excepting when used with nitrate of potash. 
But chloride of sodium exhibited very little solvent action in any 
case. , 

The fixatWh of potash from chloride of potassium was hindered 
by bone-meal, humus, manures, dung-liquor, carbonate of ammo
ni.a, superphosphate, gypsum, Epsom salt, and carbonic-acid water. 
Indeed, with the exception of common salt and nitrate of soda, 
all the substances tried by Treutler promoted the diffusion in the 
soil of the potash in chloride of potassi.um. It was noticed, as 
had been done before by other observers, that in general the fixa
tion of potash from a solution of the chloride is less complete than 
it is from the sulphate and carbonate, or even from the nitrate. 

Practical Rules fa!' applying Potash Salts. 
In default of any extended practical experience with the Stass

furt fertilizers, and their known inability to repay an immediate 
money profit in most cases, it will probably be well not to apply 
large quantities of them at anyone time. The amount that a care
fullaborer would naturally scatter from his band wben sowing one 
of these salts upon a field would probably be a useful application 
to that crop in a rotation which stands in special need of potash. 

In general, it may be said that potassic fertilizers, used judi
ciously, have approved themselves on many poor sandy and peaty 
soils - though by no means on all s:tnds - as appropriate dress
ings for clover, peas, lupines, beets and potatoes. For such lands, 
some 400 to 500 lb. of kainit to the acre haye been recommended. 

It appears that the muriate is often applied at the rate of 125 
to 250 lb. to the acre, and kainit at the rate of 700 to 900 lb., 
usually in conjunction with other fertilizers. They should be 
ploughed under. German dealers ill fertilizers recommend that 
mnriate of potash shonld be applied to heavy soils in autumn, and 
to light or sandy soils in early spring. 
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Heiden has argued that for sugar-beets, from 350 to 550 lb. of 
the double sulphate of magnesia and potash, or from 175 to 250 
lb. of true sulphate of potash, may be applied to the acre. For 
potatoes, he recommends from 250 to 550 lb. of the sulphate of 
magnesia and potash, or from 135 to 250 lb. of sulphate of potash; 
while for mangolds the cheaper muriate of potash may be used, 
at the rate of from 200 to 400 lb. to the acre. For lupines, clover 
and flax, he suggests from 350 to 550 lb. of the 80 10 muriate to 
the acre. 

As regards the profitable use of potash salts for fertilizing pota
toes, Bretschneider has insisted that, although mllch depends upon 
the mode of their application, moderate dressings of~he Stassfurt 
fertilizers are decidedly useful. In so far as mere incJ~ase of crop 
is concerned, he holds that it does not much matter whether the 
fertilizer is used in the form of a sulphatc or of a chloride, pro
vided as much potash is applied to the land in the one case as in 
the other. He urges that potash salts should be strewn broadcnst 
after the land has been harrowec1 fiat, and then be worked in slightly 
with a smootlling harrow before any furrows are drawn, or dril!s 
marked out for the reception of the seed. By proceeding in this 
wayan increase of crop may confidently be looked for. Experi
ments upon potatoes by JUagerstein also go to show that this plant 
needs potash in the earliest stages of growth. He urges that for 
potatoes, potassic fertilizers should he appJil'd to the land some 
time before the sets are to be planted, and that the fertilizer should 
be strewn evenly and worked into the soil deeply and thoroughly. 

IIunn from S((linc }IIwlIlres. 

On the other hand, potash salts should never be put into the 
bills where they might cOllle in contact with the seed potatoes, nor 
be strewn in the furrows, since they are apt to hinder the sprout
ing of the seed and to destroy the young sprouts. N or should 
the salt be strewn as a top-dressing, for in this case much of the 
fertilizer would be left where the rootlets can llave no proper 
access to it. Both for potatoes and for beets, it is well to apply 
muriate of potash to the land during tile autumn before planting, 
or to apply it for fertilizing the preyio1ls crop. Under the head of 
Soda, it will be seen that mauy plants can bear an application of 
common salt or of sea-water when mature which would kill them 
if they were young. The same remark is true of the Stassfurt 
baits, el>pecially, it would appear, of the muriate; and it has some-
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times been recommended that, in applying this compound to root· 
crops, it should be worked into the soil at the time of the first or 
second hoeing, in order to be sure that none of it can come into 
contact with the young plants. In any event, however, there is a 
certain amount of risk in applying saline manures to growing crops. 
Voelcker, in speaking of potatoes, has said, "I am more and 
more constrained to look upon all very soluble saline manures as 
rather dangerous agents, for I haye noticed, over and oyer again, 
the injury which these kinds of fertilizers produce in dry seasons, 
especially if they are applied rather late in the spring. Unless com
mon salt or potash salts can be applied to the land quite early, or, 
at all eyent~, not later than the beginning of March, I believe it 
would be better, in 9 seasons out of 10, not to make any use of 
these very soluble matters, which require to be thoroughly washed 
into the soil if they are to benefit the crops for which they are 
used." As has been said already, this remark is particularly true 
of chlorides, which are much more apt to do harm than the suI· 
phates are. (Schue bIer.) 

Mr. Gregory remarks that he has found it dangerous to apply 
kainit in the hill where small seeds, such as those of the cabbage, 
are to be planted. It is better, he says, to spread the fertilizer 
around the plants just before their second hoeing. This subject 
of the injury done to crops by saline fertilizers will be treated of 
more at length under Sodium Chloride. 

According to JHaercker, the results of German experience teach 
that there is no use in applying kainit as a top-dressing to old 
meadows situated on rich marsh-land, or to those the soil of which 
consists of loamy sand, poor in lime. But it is none the less true 
that in the great majority of instances, where kainit has been ap
plied to old mowing-fields in that country, useful results have been 
obtain('d, provided of cOlll'se the land was moist enough for the 
profitable production of grass. Particularly good results were 
obtained on meadows the soils of which were composed of sand, 
peat, or moor-earth, and of sandy loam. Usually, the yield of hay 
was increased by the kainit, and often to a notable ex,tent, though 
sometimes only the aftermath was improyed. The destruction of 
moss was a frequent gain, and occasionally it happened that bet· 
ter kinds of grasses, or clover, appeared upon the fields. Gener
ally speaking, good results were obtained whcn the kainit was 
applied at rates ranging from 350 to 600 lb. to the acre, but it 
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uften failed to serve any useful purpose on mowing-fields when 
applied in quantities as small at 175 lb. to the acre or as large as 
700 lb. For the region in question, it appeared to be best to 
apply kainit to mowing-fields either in ~oyember or February. 
Frequent failures attended the application of it in October, 1\1arch, 
and April. 

On some German moor-lands, continued applications of kainit 
have been found to be hurtful, apparently by hindering nitrifica
tion; perhaps also the presence of magnesium salts may have 
done harm to the crop itself. 

l\fultitudes of field experiments with potash salts have been re
ported in the German journals, and the results of them vary not a 
little. The following table of results obtained by Stoeckhardt 
may serve in some sort as an epitome of the matter. The ferti
lizers were applied in this case to potatoes on worn-out lanel. It 
was a light, sandy soil charged with humus. Tubers were har
vested from II acres of land as follows, in German pounds:-

Wei;;ht of Crop. 
600 lb. nitrate of potassium 12,340 

sulphate 11,150 
carbonate 10,720 
chloride 8,850 
tartrate 6,640 
phosphate 5,950 

No manure . . 4,840 
600 lb. silicate of potassium 819 1 

Per Cent of Starch. 
23.0 
21.6 
24.2 
20.6 
24.0 
24.0 
23.2 

ChlO1'ides kinder Tobacco from Burning. 
The objection to chloride of potassium as a manure for tobacco 

depends upon the fact that leaves of this plant which have been 
grown upon land rich in chlorides are apt not to burn readily when 
dry, apparently because the easily fusible chloride of calcium ac
cumulates in the leaves and, by melting when the tobacco is 
burned, covers the carbon particles and shields them from the air. 
As A. Mayer has urged, phosphates (as well as borates) would 
interfere with the combustion of tobacco even more decidedly than 
chloride of calcium, because of their ready fusibility. Mayer 
found that chloride of potassium by itself does not hinder tobacco 
from burning, thongh chloride of sodium does somewhat. Indeed, 
tobacco-lea yes soaked in a solution of chloride of potassium and 
then dried burned the better for the addition. 

1 In this clII!e the plants were distressed. 
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According to Mayer, the prejudice which has existed for some 
years against chlorides in tobacco manures needs to be modified 
somewhat. "'\Te would come nearer the truth," he argues, "if 
we were to say, The more ashes there are in a tobacco and the 
more potash there is in thcse ashes, and the smaller the amount of 
non-yolatile acids in combination with the potash, so much the 
better will the tobacco burn. The 1110re phosphate and lime in a 
tobacco, so much the worse for its combustibility. The presence 
of much chloride of calcium or of sulphate of lime has an unfavor
able influence also." 

Nessler also admits that the ability of tobacco-leaves to hold 
fire is apt to be considerably influenced by other ash-ingredients 
beside chlorides as well as by certain organic matters, such for 
example as the ditticultly combustible fats and albuminoids. Since 
some of these organic matters disappear during the fermentations 
which occur whcn tobacco is cured and stored, many kinds of to
bacco are improved as to their combustibility by keeping, though 
there are other kinds which are not improved. It is to be pre
sumed, howeycr, that those tobaccos which are not susceptible of 
improvement mnst be rich in chlorine and poor in potash, while 
the samples which improve on keeping probably contain much 
potash in proportion to the amount of chlorine, and need only to 
be freed from the non-combustible organic matter in order that 
they may burn freely. 

Nessler has concluded as a result of his examination of 46 
samples of tobacco from different parts of Baden, which had been 
grown on soils of various characters, that the more potash and the 
less chlorine a leaf contains the longer will it continue to burn 
when lighted, and that the higher the proportion of the potash is 
so much the more chlorine may be present without seriously affect
ing the combustibility of the tobacco. So too, the less chlorine 
there is in a leaf the less potash is necessary to ensure ready com
bustibility. He concludes that tobacco which is to be used for 
cigars should contain at least 6 times as much potash as chlorine, 
and that no tobacco which contains less than 2.5 % of potash will 
burn well if there is present in it more than 0.4 % of chlorine. 
As an example, he cites the case of a Sumatra leaf containing 
0.64-0.78 % of chlorine and 5 % of potash, which burned very 
well, while a tobacco with 0.4 % of chlorine and 3 % of potash 
burned badly. 
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Some of the older experiments which illustrate the bad effect 
of chlorides are given in the following tables. Nessler, for ex
ample, watered a number of individual tobacco-plants, at the end 
of July, with solutions containing each 15 grams of the salt to be 
examined. The plants were growing in fields in two different 
townships. After the harvest the leaves were analyzed, and 
tested as to their power of holding fire:-

EXPERIMENTS IN CARLSRUHE. 

The 100 Parts of the LeaveR 
Kind of Kind of Fertilizer Leaves contained 
Tobacco. used. glimmered Ashes. Carbonate Chlo- Water. Seconds. of Potasb. rine. 

Maryland. No manure. 36 
Chloride of potassium 9 30.8 0.83 1.14 
Sulphate 43 28.0 1.10 0.43 
Nitrate 62 

Java. No manure . 43 
Chloride of potassium 20 32.G 0.83 1.42 
Sulphate 67 30.4 0.37 0.71 
Nitrate 31 28.2 0.64 0.71 

Nuremberg. No manure. 9 
Chloride of potassium 14 38.9 0.20 1.63 

" Sulphate 15 25.7 1.40 1.56 
Nitrate 31 21.1 1.65 0.43 

EXPERIMENTS IN SECKENHEIJl1. 

Gundi. No manure . 8 
Chloride of potassium 5 19.9 0.60 2.13 12 
Sulphate 31 189 0.42 1.50 14 
Nitrate 45 17.2 1.57 2.20 14 
654 kilos. potash superphos-

phate and 2,180 kilos. wool-
dust to the hectare 19 16.0 1.33 1.24 13 .. 33 wagons farm-manure and 
300 kilo •. potash super-
phosphate 22 18.7 2.30 1.49 14 

32 wagons farm-manure and 
30,400 litres dung-liquor 17 18.8 3.86 1.35 15 

" 25 wagons farm-ma.nure and 
19,300 litres dung-liquor 1 18.0 2.90 1.49 12 

15 wagons farm-manure and 
15 wagons night-soil . 173 19.9 3.22 0.71 13 

40 wagons farm-manure to 
the hectare . 23.1 1.84 2.00 15 

It appears that, with one exception, the application of chloride 
of potassium diminished the combustibility of the tobacco. One of 
the most remarkable results is the last item but one in the table, 
for night-soil usually contains a considerable proportion of chlo
rides, and is thought to be apt to injure the combustibility of to
bacco. It occurred to Nessler that, in this instance, the preceding 
crop (mangolds) might have taken up a great quantity of chlorides 
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from the field, and that the land might thus have been freed from 
them j and, on subjecting this idea to the tests of experiment and 
observation, it was seen to be true. 

Ways of Avoiding Chlorides. 
In one instance it appeared that a crop of mangolds, grown on 

land charged with chlorides, took off in the roots 52 kilos. of chlo
rine from a hectare, and 176 kilos. of potash j and in the leaves, 
13 kilos. of chlorine and 10 kilos. of potash. It appears, indeed, 
that several crops may be useful forerunners of tobacco on this 
account. Tobacco itself is perhaps the best of these cleansing 
crops, bllt stubble turnips are good, provided the leaves as well 
as the roots are carried off from the land. Oats and vetches also 
(sown as meslin) take up much chlorine, and a smaller proportion 
of potash than of chlorine. Either of these crops might serve to 
remove chlorides from soils which had become unduly charged 
therewith by improper methods of fertilization, and so might crim
son (annual) clover, grain-crops, hemp and rape. In case the 
land were to be heavily dressed with potash salts free from chlo
rine, even fodder-corn (maize), sugar-beets, red eloyer or lucern 
might be grown before tobacco, though there is a certain objection 
to these crops, in that they take up very large quantities of potash 
in proportion to the amount of chlorine taken. In case potatoes, 
sugar-beets or chicory, which contain from 10 to 20 times as much 
potash as chlorine, were to be sold off a farm, much potash would 
be removed from the soil, while much chlorine might be retained 
in the leaves, which woulcl naturally be used on the farm either as 
fodder or as manure. Hence neither of these crops is to be com
mended 011 a tobacco-farm, unless, indeed, they are fertilized 
with potassic manures of kinds that are free from chlorine. 

Among the earliest systematic experiments relating to the influ
ence of chlorides and of potash on the combustibility of tobacco, 
were those of Schloesing, which are given in the following table. 
They were made on poor sandy soil that was somewhat calcareous, 
and clayey enough also to be somewhat tenacious. The soil con
tained very little chlorine, sulphuric acid, or potash. One interest
ing point which these experiments illustrate is, that while sulphate 
of potash gives much potash to the plants, yery little sulphuric 
acid is taken up by them. The result is similar to that obtained 
by Boussingault in his experiments with gypsum. 
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No. Kilos. of Fertilizer 
100 P!,rts of the Leave~, containing 10% CombuBtibilityof 

of ]I[Olsture, con tamed Parts of Cigars made from the 
Plot. to the Hectare. 

Potash. Lime. :~ff.:. ~~ft· ;f;~.- Leaves. 

Nomanure .. .. 1 04 7 73 0 99 099 0 70 { Almost incombustible, 
. . . . . did not hold fire. 

2 3,300 fiesh and 11,500 } 
washed peat 0.98 7.48 0.81 0.93 0.55 

3 666 sulphate of potash 2.66 6.58 0.78 0.97 043 { Readily combustible, 
· heJd fire 3 minutes. 

4 570 chloride of potassium 1.74 7.17 0.73 0.87 1 64 { Slightly combustible, 
· hel'l fire 1 minute. 

/) 773 nitrate of potash 2.13 6.26 0.64 0.00 0.38 Readily combustihle. 

6 265 carbonate of potash 1.65 7.34 0.96 o 44{ Comb!,stible, held fire 
· 3 mInutes. 

7 530 .. 2.24 6.24 0.65 0.84 0.42 

8 l,MO 2.50 6.61 1.05 0.54 Readily comhustible. 

9 432 chloride of calcium 1.16 8.47 0.97 0.85 1 77 { Ah.solutely incombus-
· tIble. 

0.82 8.29 1.09 0.77 1.69 10 213 chloride magnesium 

11 500 silicate of potash 7.74 0.92 {MOderately combusti-
1.39 0.98 .... ble. held fire 1 minute. 

12 1,000 " 1.99 7.44 0.78 1.04 0.50 Passably combustible. 

It will be noticed that the plots 1,2,9 and 10, to which no pot
ash was applied, all gave bad burning tobacco; that those treated 
with chlorides, 4, 9 and 10, gave tobacco that contained three 
times as much chlorine as the others, showing that this element is 
easily assimilated; and that the tobacco which contained this large 
proportion of chlorine burned badly. 

Best 11fanure for Tobacco. 
For the reasons above stated, and from the results of practical 

experience, Nessler argues that, for growing tobacco, farlllyard
manure cannot well be replaced by artificial fertilizers, although 
the action of the manure may be improyed by the addition of the 
artificials. In order to be fit for use on tobacco, a manure should 
contain at least 600 lb. of potash for every 100 lb. of chlorine. It 
will be less and less suitable according as the proportion of chlo
rine is larger. Night-soil is by far the worst of the so-called nat
ural manures, since it contains no more thau 40 lb. of potash for 
each 100 lb. of chlorine. Even kainit contains 50 lb. of potash for 
100 Ib_ of chlorine. 

Good cow-manure, from farms not manured with fertilizers that 
contain chlorine, is excellent for tobacco, but horse-mannre is not 
so good as cow-manure. Neither the dung of sheep nor of swine is 
to be commended. Liquid manure, i. e. the drainings of dung
heaps, which in some parts of Europe is largely used upon tobacco, 
may vary widely as to the amounts of chlorine and potash which 
are contained in it, according to the character of the fodder eaten 
by the animals, and as to whether or not they are given salt to eat. 
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Nessler noticed that for each 100 lb. of chlorine the quantity of 
potash in liquid manure varied from 182 lb. to 917 lb. He com
mends it as a good manure for tobacco, in case it is not sur
charged with chlorine and is ploughed under before the crop is 
planted; bnt if it were to be applied to growing plants of some 
size, it would be apt to retard the ripening of the crop and to make 
the leaves" spongy." 

Ordinarily, neither kainit, carnallite, nor any other of the Stass
furt compounds which contains much common salt, should be used 
upon a tobacco-farm, since they would tend to charge the forage 
with chlorides, and consequently the manure produced upon the 
farm. Nessler recommends applications of 1,000 to 1,400 kilos. 
of wood-ashes to the hectare, or 200 to 400 kilos. of sulphate of 
potash, to be applied in the spring to medium soils, but to be 
ploughed under in the autumn if the soil is deep. In the spring 
there may be applied also, before planting, if the land has not 
already been too heavily dunged, from 150 to 200 kilos. of nitrate 
of soda to the hectare. 

As a rule, nitrate of soda should not be applied to tobacco while 
the plants are growing, lest it hinder the ripening, though in case 
it should happen that 'all nitrates are washed out from the land by 
persistent rains in early summer - as is shown by the plants ceas
ing to grow, and losing their dark green color-it may be well to 
strew upon the land 100 to 1.50 kilos. of nitrate of soda to the hec
tare, provided, however, that the plants haye not yet got to be large. 

The double sulphate of magnesia and potash may be used instead 
of the simple sulphate, and it is to be noted that on light sundy 
soils it might sometimes be practicable to use even muriate of pot
ash, if it were applied not directly to the tobacco but to a prelim
inary forage crop, for from such soils chlorine is washed out by 
rain-water so much more rapidly than potash is, that not enough 
chlorine to do much harm is left in the soil. 

Nessler found as a rule that while tobacco grown on sandy land 
contains as much potash as that grown on heavy land, it contains 
much less chlorine, On the average of his experiments, tobacco 
from sandy land contained 0.29 % of chlorine, while th:lt from 
heavy land contained 0.92 %. He could not detect any noteworthy 
quantities of chlorine in tobacco grown on such land after pre
liminary crops which had heen manured in various ways. Herein 
is found one reason for the practical rule that, for produciug good 
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smoking tobacco, light sandy or medium soils are better than 
heavy, clayey land. 

It is even possible to grow fairly good tobacco on farms ma
nured with night-soil, provided the soil is sandy; and it has been 
noticed in Europe that tobacco-land which bas long bcen manlll'ec1 
with night-soil (rich in chlorides), or other unfit manure, yields 
freer burning tobacco in rainy seasons than that obtained in dry 
years, when as much as 2 % of chlorine has sometimes been de
tected in the leaves. The presumption is that the cblorides have 
been washed down into the subsoil in the one case, and bronght 
up towards the surface of the Boil in the other. 

Stassjurt Salts nwy preserve 1~fanure. 
Several of the low-grade minerals and products from Stassfurt 

are well suited to be used instead of gypsum in horse- and cow
stables, and in sheep-stalls, to keep them sweet; and even on 
dung-heaps, to hinder that form of putrefaction which occasions 
loss of ammonia. They may be used, perhaps even more eco
nomically than gypf'um, to "hold" ammonia, as tbe common say
ing is; for, as is well known, cbloride of magnesium (and chloride 
of calcium also) has the power to absorb and fix vcry considera
ble quantities of ammonia. Eichhorn found, for example, that 
one grm. of anhydrous chloride of magnesium could absorb 1,187 
c. c. of ammonia gas (and one gnn. of chloride of calcium 1,437 
c. c.), while a grm. of spruce charcoal absorbed no more than 
105 c. c. of ammonia. It may be said, also, of these saline pre
servatives that they act as germicides to hinder decay and putre
faction much in the same way that common salt acts when applied 
for the presel'Yation of fiesh, fish, hides, etc. 

Fittbogen has made numerous trials with stall-fed sheep, at tem
peratures ranging from 54 to 69° F., to determine how much of the 
nitrogen in the fodller was retained in the manure according as one 
or another of the preservatives was scattered upon it. He was 
well satisfied with their action, having obtained results which are 
given, very much condensed, in the following table. The follow
ing amounts of the fodder nitrogen were found in the manure, 
when there was used,-

No preservative, from. . . . . . . • . . 
0.10 kilos. gypsum to each sheep, per day, from 
0.08 kainit 
0.12 carnallite 
0.06 " refuse salts from the Stassfurt factories. 

Per Cent. 
71 to 82 
88 to 90 
84 to 94 
87 to 97 

90 
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In practice, it would probably be sufficient to use half a pound 
pel' diem either of kainit, or carnallite, or gypsum, for each horse or 
cow, or for every 10 sheep. The potash compounds would be just 
as ntluable, when used as fertilizers indirectly in this way, as if 
they were put upon the land as snch. 

Troschke found that while carnallite strewn in stables absorbed 
9 % of ammonia, kainit absorbed only 4~. % j though, as he re
marks, the large proportion of chlorides in carnallite might some
times be objectionable. Maercker also has suggested that it will 
be well to avoid those salts which are rich in chlorides in cases 
where the manure is to be used for tobacco or sugar-beets. He 
urges, furthermore, that the tendency to absorb moisture from the 
air, exhibited by salts wllich contain mllch magnesinm chloride, 
may mtLke them inconvenient of application in some cases. 

Morren found that the loss of nitrogen from decaying horn-meal 
was almost wholly prevented when 10 % of kainit was mixed with 
the horn. The mixture remained neutral instead of becoming alka
line, as happened when the moistened meal was allowed to ferment 
witllollt the kuinit. 

The results given in Fittbogen's table manifestly refer to tol
erably fresh manure. Other experiments have shown that the 
preservative influence of kainit and gypsum is not necessarily 
permanent, since considerable losses both of the dry matter and 
the nitrogen in the manure thus treated have been noticed after a 
few months' time. Troschke found at the end of 3 montbs that a 
loss of 20 % of the dry substance and 10 % of the nitrogen had 
occurred in manure which had been mixed with kainit, and that 
19 % of the dry substance and 32 % of the nitrogen had disap
peared from manure which had been mixed with gypsum. He 
found that gypsum fixed ammonium carbonate more freely than 
either of the Stassfurt salts, and that among the latter kieserit 
was the most effective. Heiden also found that kainit was less 
effective than gypsum for fixing ammonium ctLrbonate. 

In more recent experiments by Holdefleiss, beaps of fresh cow
dung were mixeu with kainit, etc., and then left exposed to the 
weather during 7 months. At the end of this time, the heap to 
which kainit had been added still retained its original texture, and 
it was manifest that the dung had undergone no great amount of 
decomposition, While a similar heap of plain cow-dung was very 
much decayed, and sO,was a heap that had been mixed with phos-
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phatic gypsum, as well as another that had been covered with 
earth. Some of the results of these trials are set forth iu the 
following table :-

From 6-ton heaps of 

Loss of dry matter in 7 months, 
per cent . • . . . . . . 

Loss or gain of nitrogen, per 
cent . . . . . . . 

Plain Cow
Manure. 

. 31.2 

Dung Dung 
Dung and and Phos- covered with 
Kainit. phatlc Gypsum. earth. 

11.9 22.5 

• 23.3 0.15 4.6 2.2 
(loss) (gain) (gain) (loss) 

The large loss of nitrogen from the heap of plain manure is 
noteworthy, aUl] so are the gains of nitrogen in the heaps charged 
with gypsum and kaiuit. As regards the preservation of nitrogen 
the covering of earth did good. 

At the close of these trials, the several beaps of manure were 
used for field experiments on potatoes, and it appeared that, as 
compared with un manured plots, the dung which had been pre
served with kainit gave a smaller yield of tubers than were got 
from the heaps of dung that had been treated with gypsum or 
covered with earth. The yield from the heap of plain dung, how
eyer, was smaller than that from any other heap. The quality of 
the kaillit potatoes was low, since they contained a comparatively 
slllall percentage of starch. The gypsum heap gave a larger yield 
of potatoes than either of the others. 

Value of Potaslies. 
American potashes, which consist essentially of a mixture of 

hydrate and carbonate of potash, and usually contain some 60 % 
of real potash, may be had nowadays at about 5 cents the pound 
at wholesale. Hence the pound of real potash in them would cost 
about 8 cents, while it can be obtained for 4.5 and 5.5 cents in 
the form of muriate and sulphate of potash. In view of the ability 
of the caustic alkali to decompose and dissolve bones, and to ex
cite fermentation in heaps of peat, weeds, and other vegetable 
matters, as has been explained under the head of Composts, it 
may perhaps sometimes be good policy for the farmer to buy what 
potash may be needed for his land in the shape of "potashes," 
rather than in that of sulphate or of chloride of potassium. Al
though the real potash (K20) in the" potashes" may cost much 
more money than it would if bought in the form of a neutral salt, 
it might occasionally be true that the caustic alkali would be the 
cheaper substance for the farmer to buy, because it is really a 
source of two kinds of power. After it has made the peat, or 
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bone-meal, or weeds, 01' what not, ferment, it is still as useful as 
ever as a source of potash for the crops. " Potashes " are here 
specially insisted upou, because they are a compact, concentrated, 
merchantable article, readily obtainable j though of course, if 
wood-ashes can be got, the alkali in them could be bought for 
less money, because ashes are a crude unmanufactured material, 
upon which no labor has been expended except tbe cost of collect· 
ing and transporting them. 

It is wort by of remark that much caustic soda is sold nowadays 
hy retailers untler the misleading' llame " potash," and that there 
are many localities in this country where potashes are no longer 
kept in store by country shopkeepers. The genuine article can 
still be obtt1ined, howeyer, without any difficulty, either directly 
or indirectly, from the city merchants who deal in potashes. 

Nih'ute of Potash. 
Nitrate of potash is a powerful manure, as has been said under 

the head of Nitrogen Compounds. It is often formed in the soil, 
no doubt, and does good seryice there in feeding crops, but it has 
hitherto rarely been employeu as a commercial manure because of 
its high price j i. e. it has been worth too much for other purposes, 
such as the manufacture of gunpowder, to be available for agricul
ture. Owing, however, to the great reduction in price which has 
resulted from the working of the Stassfurt mine, nitrate of potash 
is nowadays used with advantage in cultivating tobacco. Here 
the quality of the crop is of paramount importance, and it " pays" 
to feed it with the best. So, too, excellent potatoes may be grown 
by manuring with nitrate of potash. ' 

Tile old plan was, in,;tead of using nitrate of potash directly, to 
apply a mixture of nitrate of soda and muriate of potash; and for 
grass and grain this mixture is well enough, but the chloride of 
potassium is objectionable both for potatoes and tobacco, as well 
as for sngar-beets, in that it is apt to hurt their quality. Hence 
the modern use of nitrate of potash in these special cases. It may 
be asked, however, whether a mixture of nitrate of soda and sul
phate of potash of the highest grade might not be used with ad
vantage instead of pnre saltpetre. In Dreschler's field experi
ments on potatoes, it appeared that, while potash in the form of 
nitrate of potash did much better service than when in the form of 
kainit, the chief gain depended on the f[lct that the tubers were of 
larger size in those instances where nitrate of potash had been 
used. 
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Saltpetre TVaste. 
At gunpowder works, and other places where crude saltpetre is 

refined, a waste product containing some snlphate of potash and a 
little nitrate of potash, together with a good deal of common salt 
and sulphate of soda, may be procured. As has been explained 
under the head of Nitrates, this waste product often has considera
ble yalne as a fertilizer, though it needs to be analyzed because 
different samples of it vary widely as to tlleir composition. So 
also where saltpetre is manufactured from nitrate of soda and 
muriate of potash, tIle common salt which forms as an incidental 
product is sometimes contaminated wi tIl noticeable quautities of 
potasll and of nitrates. In 12 samples of such refuse salt ex
amined by Swindells, there was found 5.6 % of potash on the 
average. In one sample he found 9 % of chloride of potassium, 
and 6 % of nitrate of potash. 

Prussiate and Cyanide Residues. 
In the manufactnre of potassium cyanides, several by-products 

are ohtained whicll must possess considerable agricultu!'al value. 
For example, a sample of dark-gray "prussiate residue," that 
was readily soluble in water and highly alkaline, which I examined 
some years since, containecl43 % of potash (KzO) and.half of one 
per cent of pllosphoric acid; and other American samples are re
ported to have contained as much as 54 % of potash. Another 
residual black product from prussiate works contains a large pro
portion of' matters insoluble even in acids, and is, when freshly 
prepared, heavily contaminated with ferrous oxide and ferrous 
sulphide. According to Karmrodt, it may contain some 10 or 
12 % of potash and 5 or 6 % of phosplloric acid as well as much 
lime. ~Whell weathered, to oxidize the iron compounds, this ma
terial would be a useful fertilizer. 

Another residual product (cyanide residue), which may contain 
50 % or more of potash, is obtained by evaporating the mother 
liquor from whieh pure cyanide of potassium has been separated, 
by way of crystallization, to be used for electroplating. 

Potash aids in translocating Starch. 
As will be seen in another chapter, compounds of potassium are 

of the utmost importance in vegetable physiology, since they play 
an essential part in the process of assimilation by which the car
bon obtained from tIle air is converted into organic matter. It 
has been established with tolerable certainty that a considerable 

VOL. II-83. 
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amount of potash must be present in the leaves of plants in order 
that sugar and starch may be formed there. Thus Nobbe and 
several other observers have found that no starch is formed in the 
chlorophyl grains when potash is absent, and that without potash 
plants will not grow. On one occasion, Nobbe kept some buck
wheat-plants alive during three months, without any gain of weight 
or any production of vegetable matter, by maintaining them in 
solutions which contained all other kinds of plant-food excepting 
potassium. But on adding to these solutions a small quantity of 
one or another potash salt, carbon was assimilated, and it could be 
seen with the microscope that starch was formed in the leaves. 

As bearing upon this matter, it is noticeable that plants which 
are specially rich in carbohydrates contain much potash. Even if 
there were no experimental proof that the presence of potassium 
is necessary for assimilation, there would still be a strong pre
sumption that there is an intimate connection between potash and 
starch (or other carbohydrate) analogous to that which has long 
been noticed to subsist between phosphates and albuminoids. 

According to A. Mayer, this supposition would have applied to 
cellulose as well as to starch, for, as De SausBure remarked long 
ago, potash is most abundant in those parts of plants where growth 
is most active, notably in twigs and leaves, 1. e. in places where 
cellulose is in process of deposition. Lawes and Gilbert have no
ticed that the proportion of potash in the ash of wheat-grain is 
larger in proportion as tIle grain is better matured, and contains a 
larger proportion of starch. In the potato, also, they fofInd a 
greatly increased amount of potash in the heaviest crops, i. e. in 
those in which the largest amounts of starch had been formed. 

Acid Potash-salts in Plants. 
It is to be noted, furthermore, as a fact of observation, that 

those juices of plants which are noticeably sour, such as lemon 
juice, the sap of rhubarb stalks and sorrel leaves, the juice of sour 
apples, gooseberries, grapes, and the like, commonly contain an 
acid salt of potash. In such cases the acid combined with the 
potash is usually either citric, malic, tartaric or oxalic. 

It has been noticed withal, that tobacco leaves well charged with 
the potash salts of the vegetable acids now in question burn read
ily, in a manner very unlike leaves that contain chloride of calcium. 
Hence one advantage in feeding tobacco-plants with appropriate 
potassic fertilizers, over and above the benefits due to any increase 
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of the amount of crop. The presence of much carbonate of pot
ash in tobacco-ash, as set forth in the table on page 504, is an in
dication that considerable quantities of the organic compounds 
above mentioned (or of nitrates) were contained in the leaves. 
'When subjected to heat, these organic potash salts swell up during 
the process of decomposition so that the charcoal is left in a 
spongy, easily combustible condition, the final product of their 
decomposition being carbonate of potash. 

This question of combustibility has been studied in detail by A. 
Mayer who impregnated filter-paper with various saline solutions and 
noted how the different specimens behaved when burnt. He 
found in general that the more readily a paper burns with flame, and 
the more difficult it is to extinguish the flame, EO much the smaller 
is the capacity of the paper to glimmer and to "hold fire." Many 
organic substances promote tlmning and hinder glimmering, but inor
ganic matters - excepting phosphates (cspecially acid phosphates) 
and some salts of lime - are generally helpful for glimmering and 
prejudicial to flaming. The improvement in combustibility of many 
samples of tobacco by fermentation (and in some cases by leaching) 
is due to the alteration, destruction, or removal of organic matters 
while most of the mineral matters remain behind. 

Beside compounds of organic acids and alkalies, the nitrates, sul
phates and carbonates of the alkalies, and even chloride of potassium. 
were found to promote glimmering. 

Soda salts were less helpful than those of potash, and salts of lime 
and magnesia were not so good as those of soda. Contrary to antici
pation, the glimmering of paper was increased rather than diminished 
by impregnating it with chloride of potassium or even with chloride 
of sodium. 

]\fayer found it comparatively easy to change difficnltly combus
tible tobacco to easily combustible by hanging the leaves in a 
half per cent solution of acetate or nitrate of potash, during 24 hours, 
and then drying them. Mere sprinkling of the leaves with the saline 
solution will not answer. Soaking is essential to success, for not 
only is the tobacco impregnated with the salt which promotes glim
mering, but much organic matter is leached out from the leaves, as 
well as some chlorides. Mcanwhile the tobacco loses both weight 
and strength. 'White ashes may be obtained by soaking the leaves, 
as above, in a half per cent solution of acetate of lime. 

The leaves of tobacco grown in fertile soils often contain such con
siderable quantities of nitrate of potash that they burn more freely 
than they would otherwise, and it is sometimes well to manure to
bacco with saltpetre on this account as well as because of the fact 
that the nitrate manuring increases the crop. Dressings of carbon
ate of potash also, and of wood-ashes, have often been found to 
improve the combustibility of tobacco, and Mayer has urged that the 
nitrate and the carbonate should consequently be preferred for 
tobac.eo even to the pure sulphates. He has suggested that precipi-
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tated phosphate of lime, or double superphosphate, or even phos
phatic slag may be better for tobacco than ordinary superphosphate, 
because the last named contains a larger proportion of sulphate 
(gypsum) than the others. 

CHAPTER XXV. 
, 

MAGNESIUM COMPOUNDS. 

l\{AGNESIUlIl is one of the elements absolutely necessary for the 
growth of plants. In the absence of it crops cannot prosper. 
But since magnesium compounds are found in tolerable abun
dance in most soils of fair quality, and in all soils that are dressed 
with stable-manure, comparatively little attention has been given 
to their employment as fertilizers. 

It is true, indeed, that the amount of magnesium taken up by 
plants is ruther large. Thus, the ashes of wheat-grain contain 
about 12 % of magnesia against 3 % of lime, and the ashes of peas 
8 c/o of magnesia to about 4 % of lime, and so with various other 
seeds and grains. It is noteworthy, moreover, that a compara
tively large proportion of magnesia accnmulates in the grain or 
seeds of the plant, and is in that way liable to be sold in the crop 
and carried away from the land. But it is also true that magne
sia compounds are widely diffused in nature. 

Small quantities of silicate of magnesia occur in many rocks, 
such as granites, syenites, dolerites, and the like. All limestones 
contain more or less magnesia, and the so-called" dolomites," or 
magnesian limestones, contain a great deal of it. Soapstone, 
serpentine, and the talcose slates are magnesian rocks. There is 
magnesia in ashes also, in bones and in sea-water. It is conse
quently an exception to the general rule when a soil is sterile 
throngh absence of magnesia. On comparing many analyses of 
American soils, Hilgard has found that those of rainy regions con
tain on the average about 0.225 % of magnesia, and those of the 
arid'Vestern States - where the leaching action of rains is practi
cally absent- about 1.411 %. 

Modes of Action of 1lfagnesia. 
It may sometimes be true that the application of a small quan

tity of a magnesium compound to land will improve it. This 
fact has been observed occasionally in Germany, as a result of 
the application of the potash-magnesia minerals from Stassfurt. 
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't was shown long ago by Stoeckharclt, as the result of very &x
ended experiments with magnesian limestone from the low lands 
If Saxony. 
It is possible that magnesia, when applied as a manure, may act 

lirectly by serving as food for the plant, or it may be that it will 
Lct indirectly by expelling potash, or ammonia, or lime from the 
,luminous double silic:\tes of these substances which exist in the 
oil. vVhen applied in the form of a magnesian limestone, for ex
,mple, the magnesia may perhaps help the lime to effect the expul
ion of the foregoing ingredients of plant-food from the hydrous 
ilicates that hold them. III othcr words, it may happen that the 
lecomposition of the silicates is brought about morc readily !Jy a 
llixture of lime and magnesia than by lime alone. 

The magnesian limestone, just now mentioned as having been 
xamined by Stoeckhardt, gave a quicklime containing about 60 % 
,f lime and nearly 40 % of magnesia; and it was found, as the 
esult of wide and long-continued experience in Saxony, that this 
me is a stronger and a more enduring fertilizer than that ob
'tined from purer limestones. It may well be true, however, that 
1e final effeet of such lime may be mechanical rather than chemi
a1. It may work to alter the textlll'e and capillary condition of 
1e soil, as will be seen under the head of Lime. It is easy to be
eve, at all events, that the more rcady solubility of carbonate of 
IUgnesia in carbonic-acid water, as compared with that of car
onate of lime, may in some instances give to lI1agnesian limes a 
~al superiority over pure limes, as ameliorants of heavy land. 
The argument is not infrequently urged that phosphoric acid is 

Jecially needed by plants, since it accumulates in their seeds. 
ut manifestly the same reasoning would apply to magnesia also, 
hich, as has just been stated, is founu in seeds in larger quantity 
Ian occurs in the other parts of plants. The only difference be
veen the two cases is, that phosphoric acid is rare, in the sense 
lat it is sparsely distributed, while magnesia is abundant in most 
)cks and soils. 

,i~[agnesia sometimes HIl1·tfnl. 
Doubtless one reason why so little has been said or done in favor 

E classing magnesia among fertilizing su!Jstances, is due to an old 
elief that it is liable to kill plants. This idea seelllS to have been 
19gested by the analyses of English chemists made early in the 
ineteenth century. It appeared frOID the analyses in question, 
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that certain limestones, which had sometimes been found in prac· 
tice to injure crops, contained magnesia. Tennant moreover fonnd, 
on mixing calcined magnesia with soils in which he sowed differ
ent kinds of seeds, that the plants either died, or were unhealthy, 
or vegetated in a very imperfect manner. 

Hence magnesia immediately fell into bad repute, in spite of the 
fact that Sir Humphry Davy, on inquiring into the matter, found 
that there were cases in which these very magnesian limestones 
were used with good effect in field-culture; and that a number of 
specimens of limestone, which had been sent to him by farmers as 
pecnliarly good, were found to contain magnesia. Furthermore, 
Davy called attention to the fact that, in one of the most fertile 
tracts in Cornwall, the Lizard, the soil contains much magnesia. 
"The Lizard Downs bear a short and green grass," he says, 
"which feeds sheep producing excellent mutton; and the culti
vated parts are among the best grain lands in the county." So 
too, a narrow band of magnesian limestone which crosses the coun
ty of Yorkshire is neither sterile nor barren. "Although the soil 
is in general thin on the magnesian lime, yet it is a good light soil 
for arable culture, and with manure produces good crops. It pro
duces good turnips, potatoes, barley and wheat." (Morton.) 
Dayy made experiments by growing plants in soils mixed with 
magnesia compounds, whence it appel11'ed that, although caustic 
magnesia is injurious when present in considerable quantity in the 
soil, it may be beneficial when mixed with peat, or when it exists 
in the form of a carbonate. Sclmebler, ill 1830, satisfied himself 
that carbonate of magnesia is wholly harmless, eyen when many 
pel' cent of it haye been mixed with ordinary loam, and he called 
attention to the fact that the soils of several of the most fertile 
districts in "\Vurtemberg are derived from magnesian limestones, 
and contain more or less carbonate of magnesia. 

Schuebler fonnd, however, as Tennant had done, that calcined 
magnesia was very hurtful to plants when mixed with the loam in 
whicll they were growing, and he urged that the canstic magnesia 
hardens in the soil, like a hydraulic mortar, and forms Cl'Usts and 
clods which are decidedly inimical to vegetation. The fact, too, 
that, as ordinarily prepared, the magnesia is somewhat alkaline, 
may have a deleterious influence. Knop, in his turn, found that 
the presence of any salt of magnesia in the solutions employed for 
experiments in water-culture did manifest harm unless tllere was 
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also present an abundance of lime, potash, or ammonia salts. By 
themselves, the magnesia salts bring about a peculiar alteration in 
the roots of the plants, and in that way soon cause the death of 
the plants. 

Knop suggests that the bad effects sometimes produced by mag
nesia in field-culture can probably be prevented by using in con
junction with it a sufficient quantity of lime. He makes the further 
suggestion that, in view of the extremely easy soln bility of chloride 
of magnesium, and the possibility of this salt's forming in some 
soils when they are dressed with chloride of potassium, that the 
last-named salt may be inferior as a fertilizer to sulphate of pot
ash, which would never produce any such hurtful salt. But, as 
has been suggested already, this very formation of magnesium 
chloride in the upper layers of the soil might sometimes be advan
tageous, since it would be likely to react upon the potash silicate 
below and to set free potash from it. 

Disol'ganiz(ttion of Cells. 
Knop's observation that lime is an antidote to magnesia has 

been corroborated by Loew, who maintains that the nuclei of cells 
t)ontain a compound of lime and organic matter from which the 
lime may be removed by the action of certain magnesium salts, 
with destruction of the cell. He finds that sulphate, nitrate and 
chloride of magnesium may exert a poisonous action in this way 
which is comparable to that of oxalic acid and tIle oxalates. Ac
cording to Loew, magnesia is so weak a base that whenever its 
compounds with the strong acids above mentioned come in con
tact with the lime compounds proper to the cells of plants, a reac
tion of the nature of a double decomposition occurs, which breaks 
up the lime compounds, and the cells also of which these com
pounds form a constituent part. But ill case a su!licient quantity 
of lime or of a salt of lime are at hand, the magnesium salt will 
react therewith, and will have no opportunity to injure the nuclei 
of the plant-cells. 

In consonance with these scientific observations, it has been ob
served by practical men that kaillit may do harm when used upon 
poor sandy soils unless an abundance of lime is applied with it; 
and since kainit may contain some 1 Ii 10 of JIlagnesia, or say 12 % 
of magnesiulll chloride, it seems evident that the lime may do good 
by preyenting the injurious action of the In:lgnesia. Moreover, 
the fact that kainit often does better service on good land when 
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applied in the autumn rather than in the spring, may be explained 
by referring to the slow decomposition of the magnesium salt by 
lime compounds in the soil, and by some of it being converted to 
the condition of a double humate, as well as to the leaching action 
of rain, which may remove some of the magnesium chloride from 
the soil. 

It should be borne in mind that there are several localities on 
the Continent of Europe where soils resulting from the decompo
"ition of dolomite are notoriously sterile and unfit for cultivation, 
and that the old prejudice against magnesia was greatly strength
ened by the experience of German farmer" with Abraum salt, 
and, indeed, with several other of the Stassfurt salts which con
tain magnesia. Soon after the opening of the potash-mine at 
Stassfurt, large quantities of tlle impure mineral, as dug from the 
eartb, were applied for fertilizing purposes; but the results ob
tained were so varied, and tbe action of the substance was so un
certain, that it speedily fell into disrepute. The trouble was due, 
no doubt, to the large amounts of magnesium chloride (20 or 30 %) 
which the mineral contained. Compounds less highly charged 
with this impurity were soon substituted for the crude Abraum 
salt, and they have continued to be used in enormous quan
tities. 

l1inds of JyIagnestcm Fertili:zers. 
Little needs to be said with regard to the different forms in 

which magnesia might be applied to the land. The Stassfurt 
minerals, as well as products obtained from them, are always to be 
had; and were it not for the probability that lime made fro111 
dolomite has peculiar merit for improving the texture of certain 
soils, it might be said at once, and without reservation, that in 
some one of the potash-magnesia products from Stassfnrt may be 
found the cheapest and the best source of magnesia. Lime rieh 
in magnesia can usually be obtained readily. It would not be 
difficult to reduce dolomite to powder. If the use of it were found 
to be advantageous, this powder could be supplied in abundance 
at a very cheap rate. In case of need, it would be easy to treat 
soapstone 01' serpentine with oil of vitriol, and so get an impure 
sulphate of lime and magnesia. Epsom salt also is obtainable at 
cheap rates froni sea-water, and as a residuary product in the 
manufacture of cl1rbonic-acid gas from magnesite by means of 
sulphuric acid; amI of late yean, chloride of magnesium is said to 
be procurable almost as a gift at Stassfurt. 
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The double phosphate of magnesia and ammonia, which is ob
tainable by adding a magnesium salt and some alkali to putrid 
urine, should likewise be borne in mind. The preparation of this 
compound has oftpn beE'n proposed as a device for saving some 
part of the phosphoric acid and ammonia DOW lost from cities, 
although, owing to the bulky character of the liquid to be operated 
upon and to sanitary considerations, the process cannot be re
garded as one of general applicability. There can be little doubt, 
however, that sulphate of magnesia (common Epsom salt), or 
chloride of magnesium, or Abranm salt, may be adderl with ad
vantage to the pit into which the drainings of the dung-heap dow, 
in cases where such pits are maintained. 

It is plain that the farmer may free his mind from all care as 
regards magnesia considered as plant-food, by dressing his fields 
lightly, once in a while, with one of the low-grade Stassfurt ferti
lizers. With the exception perhaps of the very highest grades, 
all the Stassfurt products are highly charged with magnesium 
salts. 

In speculating as to the condition in which magnesia may exist 
in the soil, the compounds specially to be considered are the car
bonate, which is, comparatively speaking, readily soluble in car
bonic-acid water, the double (and simple) silicate, humate, and 
phosphate, and possibly even the double phosphate of magnesia 
and ammonia. 

CHAPTER XXVI. 

LIME AND LUlE COMPOUNDS. 

THE theory of "he use of lime as a manure is a subject full of 
interest and importance, as well as of doubt and apparent contra
diction. In some regions, the farmers are seen to apply lime to 
the land well nigh universally, and in such qnantities, indeed, that 
at certain seasons of the year the whole surface of the country is 
made white with it; while in other places, as in the vicinity of 
Boston, for example, it is easy to perceive that lime is held in 
small esteem by practical men. 

It is hard to say positively why opinions should differ so widely, 
or to discover all the reasons which have determined the observed 
variations of practice. In one word, the subject of liming land is 
not yet thoroughly understood in a.ll its bearings. It is not un-

\ 
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likely, however, that the mystery might eyen now be explained in 
good part, if not wholly, if some competent person would take 
the time and trouble to observe the facts in several localities, and 
to study the history of this particular branch of agriculture in the 
light of modern science. At all events, the problem could doubt
less be solved if the results of the old experience were once 
thoroughly siften, and properly set forth and formulated so that 
experiments could be deyised understandingly, by which to settle 
the obscure points. 

As matters actually stan(1, the student is met at the threshold 
of the inquiry by so many different statements, so many possibili
ties and probabilities, that the subject is made to seem less clear 
than it really is. As has bpeu said, the contrasts between the 
current methods and practices of farmers in respect to the use of 
lime are very remarkable. Why is it, for example, that so little 
lime is used in Eastern Massachusetts? and why is it that such 
enormous quantities of it are used in other districts, such, for ex
ample, as some parts of Pennsylvania, of France, and of G er
many, which have fallen under my own obseryation? At New 
York, Brooklyn, and New Haven the gas companies are said to 
sell their spent lime for almost as much as the fresh lime ,cost 
them, but in Boston no one will take the spent gas-lime as a 
gift. 

Indifference towards lime, or objection to it, is by no means 
peculiar to this particular locality. It is notorious that in some 
parts of the world landlords h:LYe often absolutely forbidden their 
tenants by contract from using lime, and the employment of it in 
agriculture at the present day cannot in any sense be regarded as 
a general practice. 

Another striking diversity is seen in the fact that most German 
writers claim that lime gives its best results all heavy land, while 
the earlier French writers often urged that the proper place to 
apply lime is upon light, open soils. According to Mr. Pusey, 
lime is considered indispensable, as an ordinary manure, on the 
west side of England, and is generally found utterly useless else· 
where ill that country. He confesses his ignorance as to whether 
this difference mlly arise from soil or climate, but he believed that 
lime answers best in rainy climates on wet soils of primitive strata. 
At the ,Vest of England, he says, when land is first brought into 
use from waste, a heavy dressing of lime is a sine qua non. The 
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inpartial reader is in either case naturally inclined to believe posi
tiYe affirmative statements such as these; and it is not easy to 
escape the conviction, that in both countries the customs have 
resulted from practical experience, and that in general the farmers 
are justified in their practices. In England it has been remarked 
by several observers that the introduction of artificial fertilizers 
has greatly lessened the importance of lim'l. 

b[anner oj applying Lime. 
The favorite way of applying quicklime is to bury it in little 

holes in the moist earth of the field, in the spring or the autumn, 
or to make little heaps of lime upon the surface of the land and 
cover them with earth. In either event the lime soon slakes and 
falls to a fine dry powder which is then spread upon the surface of 
the land. In a dry time the heaps of lime would need to be moist
ened with water, but usually the dampness of the soil is all-suffi
cient. On stiff land from 4 to 6 tons of quicklime arc applied to 
the acre, sometimes even 12 tons. In spreading lime it is im
portant that the day should be dry and the material powdery, lest 
a sticky paste be formed. 

A Scotch writer has recently described his practice as follows. 
Plough oat-stubble as soon as convenient after removal of the 
crop. Next spring harrow across the furrows, as soon as may be 
practicable, to smooth the land; layout the quicklime in heaps 
six yards apart, and cover the heaps immediately with the "ery 
damp soil. In 24 hours' time the lime will have fallen to fine 
powder, which must be spread speedily to avoid the risk of rain. 
Finally, harrow in the lime with a heavy harrow. Turnips are 
found to succeed well after this treatment, and to be compara
tively free from the finger-anci-toe disease. 

According to H. Stewart, writing in New Jersey, a very con
yenient way of proceeding is to drop the lime in heaps of one 
bushel each at distances of 2 rods (33 feet) apal't, which will give 
40 bushels to the acre. These heaps are left exposed to air and 
rain until moistUl'e enough has been absorbed by the lime to con
vert it to a fine, dry powder, which is then spread evenly with a 
long-handled shovel. The lime, being thrown 16.5 feet each way 
from the heap, will be evenly distributed over the land. " Lime is 
thus used when land is sown with wheat in the autumn to be fol
lowed by clover and grass-seeds in the spring. It is spread after 
the manure has been ploughed under, and the surface has been 
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harrowed once. Sometimes the lime is applied in the spring 
to a grass- or (',loyer-sod which is ploughed under fot' maize." 

Theoretically, it would seem to be better to plough under the 
lime rather than to harrow it in, since the sooner and the more 
intimately and completely the lime is brought into contact with 
the soil, the more thorough will its action be. All that is left un
covered until it has changed to carbonate of lime can never haye 
opportunity to act as caustic lime. Generally speaking, rapidity 
is desirable when dealing with lime. No part of the work should 
be performed at odd moments. When the job has once been set 
about, the lime should be burnt, bauled, slaked, spread and 
ploughed nnder as speedily as possible. 

Beside the economy of carriage, one great merit of laying out 
the quicklime in small beaps upon the field, and allowing it to slake 
there, rather than at the kiln or the farmyard, is that the powdery 
product can be distributed from the field heaps with less annoy· 
ance to the workmen than would be the case if it had to be carted. 
At the best, liming is a Yery disagreeable process, because clouds 
of extremely annoying dust arise from the fine powdery slaked 
lime to irritate the eyes and lips of the laborers. 

Lime on Green Sward. 
Sometimes lime is applied to grass-land, commonly when the 

grass is young, or to young clover, care being taken to have the 
material thoroughly slaked to a fine dry powder, and to spread it 
eyenly. On fields that are adequately moist, the crop may some
times be very considerably increased in this way. It is noticed 
that lime, like the potassic fertilizers, often favors the growth of 
leguminous plants, and that it tends to " bring-in" cloyer wben 
applied to pastures. According to Pbilipar, neither red clover nor 
annual (crimson) clover can be grown with profit on the granitic 
soil of Britanny (France) until the land has been limed or marled. 

As recently as 1860-70, the liming of permanent pasture-land 
has been extensively practised in southern Scotland. From 150 
to 180 bushels to the acre is said to be an ordinary allowance, 
though sometimes more than 300 bushels are applied. It is said 
that upon deep soils, rich in vegetable matter and inclined to clay, 
lime has an extremely powerful effect in renovating the grass. "It 
at once cleans the snrface, kills insects, decomposes decaying 
vegetable matter, and raises a close sward of sweet, nutritive 
grasses; including considerable quantities of white clover, and 
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cattle wili prefer the grass growing on the limed land." So, too, 
Lawes tas said that" The first application of lime to moor-land, Ol' 

to pastures which are deficient in lime, is often followed by a 
growth of white cloyer, so abundant as to have led some to the 
conclusion thai the plant was spontaneously generated in the soil." 

In southwestern England, also, lime was thought at one time to 
have a peculiar effect in sweetening aIllI strengthening grass. One 
hundred bushels of lime to the acre before laying down the land 
to grass, and afterwards 50 bushels of lime every three years, applied 
as a top-dressing, have been found to serve well on pastured land. 

Another account says: "Spread lime on old grass-land soon after 
mowing, at the rate of 1GO bushels to the acre. Slake the heaps with 
a little water, spread the powder and brush it in while hot. The ef
fects of this treatment may be seen for 15 or 20 years." Yet allother 
account, relating to "'IV cstmoreland, 8ays: "Lime has allmys been the 
favorite top-dressing for pasture-land, especially on the slate-rock 
formation, where it acts magically in prodncing a fine, sweet heruage . 
. . . The usual dose for a strong, healthy, rushy or benty pasture is 
from 200 to 300 bushels to the acre, an under-allowance bring of lit
tle usc. It is laid out from carts in convenient heaps, and generally 
left to ' sour' before it is spread. . . . One most important point is 
that lime must never ue applied to wet land, or it will be thrown away. 
The beneficial effect is most strongly marked on newly-drained, sour, 
rushy Jand with a strong subsoil; and on thit', or on mixed heaths and 
bents, the fine grasses and white clovers spring up plentifully after a 
good dose of lime. The first dose should always be a heavy one; 
after which the good effects will continue for 20 or 30 years. A sec
ond dose of lime never answers anything like so well as the first, and 
some artificial dressiug is usually then resorted to." 

It is noteworthy that after bone-meal came into extended use upon 
grass-lands in England, lime was much less used, in many localities, 
upon pastures and mowing-fields than it had been before. Oue reason 
for this change was, doubtless, that while both the lime and the bone 
encouraged the growth of clovers, the bone did additional service in 
that it really fertilized the land. In experiments with various ferti
lizers on pasture-lands in different localities, Voelcker observed that 
lime often had a decidedly beneficial effect upon the herbage, while 
at other times it diminished the yield, and appeared to have an inju
rious effect. He says: "There are, no doubt, soils upon which lime 
has been used with most beneficial effect upon the herbage. Indeed, 
I do not hesitate to say that, on soils utterly deficient ill lime, it is im
possible to derive the greatest benefit from the use of farmyard-ma
nure or guano and other concentrated manures, unless they have been 
previously limed or marled. On the other hand, there are both light 
and heavy pastures on which lime has no effect whatever, for the sim
ple reason that such land contains naturally a superabundance of car
bonate of lime." 

As a preparation for lawns, on non-calcareous soils, gardeners have 
often advised that lime should be freely used. As much as 200 bush-
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I to the acre have sometimes been used for this purpose when the 
Ild was trenched; but usually the plan is to apply 50 bushels or so 
lime to the acre at first, and to repeat the dressing every 3 or 5 

ars, until there has been added as much as BOO bushels to the acre. 
~cordjng to Joulie, writing of conditiolls which exist ill France, it is 
ways well to apply a certain amount of lime to grass-land, especially 
permanent mowing-fields, at the rate of some 8 cwt. to the acre 

mually, put on in autumn immediately after the last mowing. The 
lrpose of this lime is to prevent sourness and to promote thl'; decay 
dead organic maUer, whereby the Ilitr(lg(~n that is contained in it 
made available as plant-food. He urges that, even OIl calcareous 
ils, dressings of lime may be good for grass-fields, since meadows 
metimes become sour at the surface, through the accumulation of 
lad organic matters, even in cases where the soil is highly calcareous 
a depth of 8 inches. To his mind, it seemed ahsolutely necessary 
at all soils which naturally contain less than [i % of lime should be 
'e~sed, before seeding down to grass, either with lime or with marl 
with ashes from lime-kilns. Lime he held to be best, and he rec

nmended that it should be used at the rate of from 16 cwt. to 2 tons 
the acre. 

Lime considered as Plant-food. 
Looking at tIle question of the use of lime from the theoretical 

>int of view, it is plain that a certain proportion of lime is neces
,ry to the plant. Lime is a substance that can no more be spared 
an potash, or magnesia, or than phosphoric acid. Some of it 
ust be present ill the soil, or no crop can grow. But, in so far 
, the immediate requirements of plants in this sense are concerned, 
few pounds of any lime compound to thc acre would satisfy them, 
ld there is already enougb, and more than enougb, lime in almost 
rery cultivable soil. It is to be said, however, that several scien
fie observers haye noticed that at the time of germination of 
any kiwis of seeds, the organic matter of the seeds is put to 
)tter nse, and is used up more completely by the young plants, 
hen all ahundance of some compouud of lime is within reach of 
Ie plants. It has been found indeed sometimes that certain seeds 
thel' fail. to produce plants when lime is lacking, or that they pro
.lce plants which are deficient as to size and vigor, yery much in 
Le same proportion as the supply of lime is inadequate. 
According to DeMrain, lime is specially useful as an aid to ger-
ination when the seeds happen to sprout at temperatures lower 
Ian that which wouW be most suitable for them; and in some of 
s trials results as good as those got with lime were obtained by 
m['ly increasing the temperature at which the seeds were allowed 
'germinate. In his experiments, ulmate of lime gave better 
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results than nitrate of lime, and the question suggested itself 
whether the organic matter of the ulmate might not have helped 
to nourish the young plants. 

Lime is Abundant. 
Lime is one of the most abundant of substances. It has been 

estimated tllat not less than one-sixth of all the rocks on the sur
face of the globe are limestones, and tlll1t the metal calcium forms 
as much as one sixteenth of the solid crust of the earth. Vast 
tracts of conntry are composed almost entirely of limestone, and 
there are wide ranges of soil that is wellnigh wholly calcareous. 
There are great beds of gypsum also here and there, and scarcely 
a rock can be found that does not contain lime as an essential in
gredient. All the ordinary granitic rocks contain calciferous sili
cates. In the older part of Boston, the very waters of the wells 
are" hard," because they are charged with gypsum; and in many 
localities, where limestone abounds, all the waters are hard, from 
the presence in them of bicarbonate of lime. 

It may often happen, no doubt, in sandy regions, and in soils 
which have resulted from the decomposition of certain sandstones, 
slates, and other rocks poor in lime, that neither the soil itself, nor 
the water which percolates through it, contains enough lime to 
serve as nourishment for plants; but in almost e,"ery such instance 
there is a still greater deficiency of other fertilizing materials, such 
as phosphoric acid and potash, than of lime, and the use, not of 
lime, but of some general manure, like that from the farmyard, 
will be indicated. In any event, if it were wished to give such a 
soil lime, it might be better to apply plaster of Paris, or bone-meal, 
or superphosphate, or some compost made with lime, rather than 
mere quicklime. 

Income and Outgo of Lime. 
This point can readily be illustrated by contrasting the amount 

of lime in ordinary soils, or even in the poorest soils, with the 
quantities of lime taken off in crops. It will be seen at once that 
cultivated soils commonly contain a great superabundance of lime 
over and above all that can possibly be needed for the mere pur
pose of feeding plants. Thus, if it be assllmed that an acre of land 
taken to the depth of one foot weighs 3,500,nOO lb., and that the 
soil contains no more than one-tenth of one per cent of lime, which, 
as the records of soil analyses show, is an extremely low estimate, 
there will still be no less than 3,500 lb. of lime to the acre. But 
in Ii nl'on of 
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18 bushels of wheat and 2,000 lb. of straw there are only some 6 or71b. of 
lime. 

12 bushels of peas and 1,200 lb. of straw, 28 or 29 lb. of lime. 
120 bushels of potatoes and 3,000 lb. of tops, 20 lb. of lime. 
375 bushels of mangolds and 6,000 lb. of tops, 25 to 28 lb. of lime. 
In 5,000 lb. of clover hay there are 100 lb. of lime . 

.Moreover, wherever farmyard-manure is used, quantities of lime 
as considerable as those taken off in crops are commonly retmned 
to the land, and in most commercial fertilizers also there is more 
or less of it. Voelcker's analysis of six months' rotted furmyard
manure shows 0.2 % of lime; that is to say, a single cord of such 
manure, even if it weiglwll 110 more than three tons, would carry 
to tue land 12 lb. of lime. 100 lb. of guano contain some 10 lb. 
of lime; 100 lb. of bone-meal, about 27 lb.; 200 lb. of plaster, 
more than 60 lb.; and so on. 

Lime Plants and Others. 
It is a very old belief that certain kinds of trees and other wild 

IJlallts flourish best on calcareous soils, while it is equally well 
known that other plants cannot alJide the presence of much lime. 
In many regions, some species of plants occur so constantly on 
those soils which contain lime, while they are not seen on the non
calcareous soils of the locality, that their presence or absence is 
regal'de<l as a characteristic indication of the nature of the soil. 

In this country, Hilgard has insisted strongly on the fact that in 
the Gulf States some kinds of oaks, and such trees as the crab-. 
apple, wild-plum, tulip-tree, honey-locust, juniper and some others, 
grow constantly on the fertile calcareous soils, while the pines 
propel' are left in possession of the poor, non-calcareous land. On 
comparing a large uumber of allltlyses of soils that had never been 
suhjected to cultivation, he concluded that in order that a soil 
sh~tll be fertile enough to favor the growth of the lime-loving trees 
above indicated, there should be present in it not less than 0.1 % 
of lime if it lJe light and sandy, and not less than 0.25 % of 
lime if it is a clay loam. In heavy clay soils the percentage of 
lime should not be lower, he says, than 0.5, and it may rise advan
tageously to 1 % or even to 2 %. Beyond the last-named figure, 
it seems in no case to act more favorably than a less amount, un
less it be mechanically. 

As regards agricultural plants, it has long been a matter of popu
lar belipf that hops and sainfoin flourish best on calcareous soils, 
while sorrel and some other weeds disappear whenever the soil is 
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well charged with lime. In many parts of Europe, the appearance 
of sorrel, oxalis, and certain other weeds in a field, is regarded as 
an indication that the application of lime or marl is needed. But 
according to 'Vheeler, lime so favors the growth of clover and 
other desirable plants, that they are thereby enabled to overcome 
the sorrel and crowd it out. He noticed, moreover, that while sor
rel did not grow as well on limed land as on that which was un
limed, it grew far less luxuriantly on land dressed with lime and 
sulphate of ammonia than on land dressed with lime and nitrate 
of soda. In Ohio and other States, Lazenby has noticed that 
chestnut-trees are not seen growing naturally on soils which con
tain any considerable quantity of lime. He remarks also that 
many of the representatives of the heath family will not grow or 
even live for any considerable time on limestone soils. 

Liming often improves Tilth. 
:1<'rom what has been said above, it will be seen that - with the 

exception perhaps of a few special crops - the farmer in applying 
lime to his land could hardly be justified in regarding it simply as 
a fertilizer of direct action. On the contrary, in seeking to explain 
the benefits derived from lime, special attention must be given to 
the physical and chemical actions of this substance upon the soil 
itself, and upon various constituents in the soil, as well as its cor
rosive action upon worms, insects and fungi, as will be explained 
directly. 

Mention may here be made of a noteworthy fact of experience, 
that liming is often found to do good service on soils which already 
contain no small quantities of lime-compounds. According to 
'Vay, lime is uniformly applied with great success on soils of the 
London clay near Farnham. But this clay contains a considerable 
percentage of carbonate of lime ill the shape of chalk fragments. 
Lime acts most beneficially also on the gault clay wllich contains 
a notable quantity of gypsum. 

~fltch Lime is leached out from Soils in rainy Regions. 
Attention bas already been called (in Chapter VII of Volume 

I) to the fact that the waters of field-drains usually contain ap
preciable quantities of lime-salts, although they contain hardly any 
potash or phosphoric add, whence it appears that in rainy regions 
lime must continually be leached out from the surface soil by rain
water - as a nitrate, a chloride, a bicarbonate or a sulphate - and 
carried in part iuto the subsoil and in some part out of the land. 

VOL. lI-a4. 
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As Hilgard has insisted, it is because of this leaching action that 
subsoils in Europe and in our Atlantic States are apt to contain 
more carbonate of lime than surface soils, and that the soils of • 
valleys are often more calcareous than those of the adjacent up
lands. 

In many districts, the farmers are accustomed to make good 
this loss of lime by applying lime or chalk or marl to the land; 
but it is a curious and an extremely interesting fact that in arid 
regions where not enough rain falls to exert much solvent action, 
carbonate of lime tends to accumulate in the surface soils and is 
not removed therefrom. (See end of Chapter XVI in this Volume.) 
Practically speaking, the arid lands have all been marled naturally. 
As was said on p. 136, analysis shows twelve times as much lime 
in good agricultural soils in our arid States as is found in the non
calcareous soils of the eastern coast. 

Familiar examples of the leaching action in rainy regions are 
seen in the stalactites which form in the cellars and caves in lime
stone countries, and sometimes in tile-drains which have been laid 
in soils naturally highly calcareous or in those which have been 
heavily and frequeutly marled. After a number of years, it may 
happen that the tiles will become more or less incrusted with the 
lime-carbonate, and it is held to be inadvisable to use small tiles 
on such soils, lest they should be obstructed in places where the 
flow of water is habitually somewhat checked or impeded. 

Lime changes Soil-texture. 
There is no question, either that lime mayor that it does actu

ally exert a very powerful influence to alter the mechanical con
dition or texture of soils to which it is applied. Sometimes this 
alteration must be beneficial, and at other times detrimental; and 
this circumstance is of itself sufficient to explain why lime is es
teemed in some districts and not in others. 

A very little attention to the way in which lime acts in mortar 
will make this assumption clear. If a thick, smooth paste of 
slaked lime and water be spread thinly upon the surface of a 
stone, or npon a piece of wood, and left to dry there, it will be 
found that the film of dried lime adheres to the smooth surface 
with great tenacity; and since in the process of drying a good 
part of the lime has changed to the state of a carbonate, it cannot 
readily be washed awayeyen. A familiar example of this adhesion 
is seen in ordinary whitewashing. 
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It is essential to the success of this experiment that the layer of 
lime should be thin; otherwise, it might crumble upon itself in 
drying. In case the paste be spread upon a porous solid, such as 
a brick, for example, instead of the wood or stone, it will be 
noticed that the lime adheres to it still more strongly than to the 
smooth surface, since some part of the layer has struck root, as it 
were, in the pores; and in case dry loam were taken instead of 
the brick, the adherence would doubtless be still strongfr. 

Now mortar is nothing more than a liIlle paste, into which so 
many little stones (grains of sand, that is to say) have been put 
that no more than a thin layer of lime shall be in contact with 
each one of these stones. But when a field is dressed with lime, 
the lime paste formed by the union of the lime with water must ad
here to the particles of soil in a manner analogous to that now iu 
question, and the physical character of the soil must be very much 
altered by this adherence. The power of the soil to lift water by 
capillary action will be changed, and in some cases it will be very 
much improved, while in other cases it will be diminished. 

Marshall has said that before the use of lime became prevalent 
in the central valley of Y ol'ksh ire, much rye was grown on the 
lighter lands upon the margin of the Vule, while in the l\lorelttnds 
scareely any other crops than rye and oats were attempted. But 
nt the time he wrote, in 1787, rye was principally couliued to the 
Moreland dales, and even there the alteration of the soils by lime 
had been such that wheat had become the more prevalent crop. 
As Hunter taught, long ago, "The great excellellre of lime upon 
a sandy soil, is by meclmnically billdiug the loose partieles and 
thereby preventing the liquid parts of the manure from escaping 
out of the reach of the root-fibres. CpOll day the effect of lime is 
different, for by means of the gentle fermentation that it produces 
the unsubdued soil is opened and divided ... As ligllt sandy soils 
contain but a small portion of oleaginous particles we should be 
extremely cautious not to o1'enlo them with lime, unless we can at 
the same time a~sist them liberally with rotten dung, woollen rags, 
shavings of horn and other mauures of an animal kind." 

The geological formation call ell loess, first by the Germans, but 
nowadays by everybody, affords a stupendous example of the bind
ing power of lime. This extraordinary formation covers several 
hundred thousand sqnare miles in Northern China, and larger areas 
in other parts of Asia. It covers an immense area in our own 
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Western country. In China it is occasionally 2,000 feet thick, 
and in Europe and America sometimes 1;")0 to 200 feet thick. 
Now this loess is a calcareous loam, which is easily crushed in the 
hand to an almost impalpable powder, and yet its consistency is 
such that it will support itself for years in vertical cliffs 200 feet 
high. On close examination, it is found to be filled with minute 
tubular pores, which branch uownward like rootlets, and these 
pores are lined with carbonate of lime. It is to these tubes that 
the loess owes its consistency and its vertical internal structure. 
In China, in particular, the loess districts are extremely fertile 
plains. They constitute the grain regions of Northern China, 
which have been cultivated for more than 4,000 years, apparently 
with very little manure. The porosity of the soil permits the eleya
tion of nutritive matters from a very great depth, whenever a rain 
has established a moist communication with the ground-water. 

Overliming. 
In the North of Scotland it has not infrequently happened that 

peaty and moor-land soils, which are naturally light, have been 
" overlimed," as the term is; one symptom of the affection being 
that the land becomes too loose and open, so that it sinks under 
the foot and affords no proper support for the roots of grain-plants. 
The inference is, that the texture of the soil has been hurt, so that 
it is no longer in a good eapillary condition, and cannot bring 
water to the surface readily from below. 

On the rice-fields of Japan, applications of;) tons of lime to the 
acre sometimes cause the particles of the soil to become so firmly 
cemented, either at the surface or a few feet below, that both the 
soil and the crop suffer injury. 1Vater stagnates upon the land, 
cultivation becomes ditl1cult, and both the straw and the grain of 
the rice-crop are brittle and of inferior quality. (Kellner.) 

Flocculation by Lime. 
Another kind of mechanical action, even more important than 

the foregoing, is found in the power of lime to cause the coales
cence, or so-called" fiocculation,"of the finest particles of soils into 
coarser granules. If a quantity of ordinary loam be washed with 
distilled water upon a filter until all soluble saline matters have 
been removed from it, or - better yet - if the loam be treated first 
of all with hydrochloric acid, to remove any lime which may have 
been contained in it, and then be washed with distilled water, the 
character of the loam - i. e. its condition of tilth - will be materially 
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changed. On stirring some of the washed loam into a large volume 
of distilled water it will be noticed that while the heavier particles 
of earth settle out at once, many of the lighter particles will remain 
in suspension for a considerable time, and that the water will be left 
permanently muddy, or at the least cloudy. But on stirring into 
the muddy liquid a small quantity of a salt of lime, the suspended 
particles of fine earth will soon cohere to form flocks, which speet1ily 
fall to the bottom of the containing vessel and leave the liquid 
clear. This experiment, suggested by Schloesing, is a particular 
instance of a very general fact observed mallY ycars ago by F. 
Schulze, that muddy liquids can readily be made clear by adding 
to them lime-water and certain other chemical agents. Schulze 
noticed, in particular, that extremely minute particles of clay, such 
as will never settle in a mud-puddle, will, on the addition of small 
quantities of lime, bicarbonate of lime, or the like, speedily floccu
late or coagulate into larger aggregntions, which soon settle Ollt and 
leave the water clear. The setliment thus ohtained is of much 
looser, lighter chnracter than clay or lllud which hns settled by 
itself, and this looseness of texture or friability persists when the 
sediment is dried. 

I:-lchulze's experiments and observations have been repeated both 
by Schloesing and by Hilgart1, and it is now well known that lime 
has a very remarkable power to act in this way upon all extremely 
fine particles of mutter, and thm; to improve the texture of clays 
and silts and fine loams, such as would naturally be too muddy or 
cohesive. Not only does tile presence of lime in a soil hinder the 
fioating about of the colloid clay, but, as Schloesing hns remarked, 
it tends to assure some sembbnce of permanence to whateyer of 
good tilth may have been obtained by the opcmtions of tillage. 

Lime 1Ilay IJicrease Permeability. 
Again, there is in ordinary soils on an average abont 50% by vol

ume of open, " empty" space, which is divided up by a vast num
ber of grains of sand and clay, but the manuel' in which this empty 
space is divided is of immense practical importance. It is essential 
in order that good crops lllay be grown that the open spaces in a 
soil shall neither be too large nor tDO small, and in many cases it is 
advantageous to treat a soil in such mnnner that the soil particles 
and the air spaces shall not be uniform but of uneven size. 

In the case of a stiff clay, for example, where the small solid 
particles are so evenly distributed that the separate empty spaces 
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between the grains are of nearly equal size, water will necessarily 
move about more slowly than would be the case after some of the 
fine particles have been flocculated amI made to adhere to one 
another more closely and to the larger grains of sand also, for in 
this way some of the open, empty spaces will be made larger and 
others exceedingly small. Hence when lime is applied to a close, 
tight clay ill which water moves but slowly, and flocculation oc
curs, many of the particles of clay are brought closer together and 
larger open spaces are formed in the soil. " In the clays of the 
Potomac formation in Maryland the grains are very evenly dis
tributed, and the flow of water is so extremely slow that the soil is 
practically impervious to water. In such a soil a rapidly growing 
plant might perish for lack of sufficient water supply, when it had 
been shown by analysis that the soil contained a large amount of 
water. The movement of water would be so slow that the soil 
could not supply the plant with water rapidly enough for its need, 
and the plant would suffer for water as in a light, sandy soil." (M. 
Whitney.) 

To illustrate the mode of action of lime on clay, Sachsse and 
Becker mixed intimately a weighed quantity of a heavy clay loam 
with 2% of quicklinie, and packed the mixture in a wide glass 
tube, across the lower end of which a piece of lace had been tied. 
For the sake of contrast, another tube was charged with a similar 
quantity of the loam to which no lime had been added, and in each 
case the column of soil was made to be 15 cm. high. On pouring 
water into the tubes it was noticed that in the absence of lime the 
water penetrated the loam to a depth of but little more than 8 cm. 
in the course of 2.5 hours, and that the mud then became wholly 
impermeable. During the next day no water dropped from the 
bottom of the column of earth, although there was a layer of water 
16 m. m. thick lying on top of the earth. But in the tube charged 
with the mixture of loam and lime, water passed through the 15 
cm. column of soil in an hour and ten minutes, and thereafter it 
continued to drop regularly from the bottom of the tube. Of 
61.2 c. cm. poured into the tube, 22.5 c. cm. passed out at the 
bottom, and 38.7 c. cm. were held by the soil. 

In a similar experiment made with kaolin mixed with 2 % of 
lime, water passed regularly and gradually downward through the 
tube, so that in the course of an honr and fifty minutes the whole 
of the kaolin was wetted. Of 40 c. cm. water that were poured 



LThIE VS. MUDDINESS. 535 

into the tube, 19 c. cm. were caught as a filtrate. In the case of 
kaolin alone that contained no lime, the action of the water was 
not a little remarkable. It passed quickly into aU parts of the 
kaolin, and a few drops of it eyen fell from the bottom of the 
column, but the mud immediately became impermeable, and the 
kaolin swelled to such an extent that the tube burst. 

Loam, £8 lIwrie J}/Ilclr/!J b!J TV(tshillg. 
It had often been noticed by experimenters, seeking to wash 

out from soils the soluble matters which are contained in them, 
that the first portions of wash-water flow off clear enough, but that 
the succeeding portions arc cloudy from the presence of suspended 
matters, notably minute particles of clay. Ou encountering this 
difficulty Schloesing found that he could overcome it, at least for 
the soil he had in hand, by passing a current of carbonic-acid gas 
through the soil while he was washing it; and he concluded that 
the formation of bicarbonate of lime, by this device, was the cause 
of the filtrates remaining clear. Undoubtedly the bicarbonate does 
act in this way, but it is now known that carbonic-acid water by 
itself has the power to flocculate clay, and that as a general rule 
acids are highly efficient agents for accomplishing this purpose. 
Many saline substances have a similar power, though with the ex
ception of certain acid salts - such as the sulphatcs and ehlorides 
of iron and of alumina, superphosphate of lime, or the like
few of them act so quickly and so deeidedly as caustic lime and 
the true acids, such as muriatic acid, for example. 

Alum has long been used in eastern countries for clarifying 
muddy waters, and as it is now known sea-salt acts in this way to 
keep the oceans clear. 

Lime Clew's ~""[ucldy Wetter. 
Schulze noticed that while lime and compounds of lime, acids of 

various kinds, salts of potash and of soda, carbonate of ammonia, 
and many other substances, acted to flocculate the particles of 
matter suspended in muddy liquids, ammonia-water had no power 
to do so. Schloesing corroborated these results, and noticed that 
turbid clay-water was precipitated immediately when one one
thousandth part of chloride of calcium was added to one part of 
the liquid, and in the course of a few minutes, when no more than 
two ten-thousandth parts of the chloride were added; but when 
the proportion of the chloride was reduced to one fifty-thousandth 
part, two or three days' time were required for the ch.rification of 
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the liquid. He found that nitrate, sulphate, bicarbonate and hy
drate of calcium acted like the chloride, and that magnesium salts 
were almost as effective as those of calcium. Potash salts on the 
contrary had to be used in quantities about 5 times as large as 
those of calcium in order to produce the same effect, and sodium 
salts were still less active than those of potash. 

Similar results were obtained with muddy liquors prepared with 
loams; they could be clarified quickly by a few ten-thousandths of 
a lime salt, and a few hundred-thousandths were sufficient to pre
cipitate the suspended matter in the course of 24 or 48 llours. U n
like the acids, alkaline solutions do not act to flocculate clay. 
Unless the solution of alkali be concentrated, it will not precipitate 
clay-liquor, but will favor the retention of the clay in suspension. 
No matter what the precipitant, as soon as the coagulated clay has 
been freed frolIl the substance that threw it down, it regains its 
power of remaining suspended in water, and it can again be pre
cipitated therefrom on adding lime. 

Schulze fonnel that 1 part of slaked lime in 20,000 parts of water 
was competent to clarify lllUll-puddle liquor. A quantity of milk 
of lime that contained no more than half of one per cent of slaked 
lime was snfIieient to clear up a muddy liquor prepared by stirring 
10 c. c. of clay into 100 c. c. of water. Numerous results of simi
lar import have been obtained by other observers. It has been 
noticed repeatedly that while bicarbonate of lime, as well as vari
ous saline matters aIllI acids, are highly efficient agents for elarifying 
clay-water, small quantities of the alkalies and alkaline carbonates 
tend to prevent the flocculation and preeipitation of suspended clay. 
According to ::\1. Whitney, the opposite effects produced by the 
soluble alkalies and by lime may readily be shown by stirring some 
clay in water to which a trace of ammonia has been added, and 
putting a drop of the turbid liqnor under the cover glass of a 
microscope. It will be seen that tile fine particles of clay cannot 
come close together, or that they are actually repelled. But on 
adding a trace of lime, the particles of clay will gather together in 
light flocks, which not only approach each other, but are held 
together by some force. 

Puddled and Granulated Soils. 
As was explained under the head of Tillage, there are certain 

processes in the arts where the object is to make particles of clay 
or earth as fine and adhesive as possible, as in the processes of 
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tamping, puddling, and kneading. But in agriculture it often 
happens that it is desirable to do away with the tamped, puddled, 
adhesive condition into which soils are apt to fall, and, for the 
reasons above stated, lime is one prime agent for effecting this re
sult. 

The importance of lime in this regard may be shown by a rather 
striking experiment of Hilgard's, as follows: "Let any clay or 
tough clay soil," he tells us, "be worked into a plastic mass with 
water and then dried; the result will be a mass of almost stony 
hardnesf>. But on adding to somc of thc same paste no more than 
half of one per cent of caustic lime, a diminution of plasticity will 
be ob,"ious at once, cven while the clay is wet, and, 011 drying, the 
mass will fall into a pile of crumbs at a mere touch." Thus it is 
that by liming clay soils they may be made" warmer," " mellower," 
and of better tilth. 

Schloesing found that lime-water was more effective than any 
other calcium-compound for coagulating mud-puddle liquor, i. e. 
clay-water; and both he anu Hilgaru find that no other chemicals 
are so powerful in this respect as the lime-compounds. Hilgard 
made carbonic-aci(l gas bubble through a magma of limed day for 
2·1 hours to destroy the causticity of the lime, but the plasticity of 
the clay was not restored, not even after the mass had dried, for in 
this case nothing was done to break down the flocks. 

Once get the fine particles granulated, no matter by what means, 
and thcy will stay so until they are subjected to kneading, tamping, 
puddling, or washing. This result agrees with practical experience. 
On some kinds of soils farmers find that the " lightening" effect 
of a liming lasts for years, and is never entirely lost. So too, it 
is known that marling produces similar lightening effects to lime, 
though the action of the marl is, naturally enough, weaker than 
that of the lime. The influence of the marl will depend on that of 
bicarbonate of lime formed by the solvent action of the carbonic
acid water in the soil npon the carbonate of lime in the marl. 
",Vbereas, in case land is limed, it is to be remembered that, since 
canstic lime itself is somewhat soluble in water, the solution of it 
(lime-water) will soak into the soil in all directions around each 
particle of solid lime, and so extend the limit of its influence. 

It is an interesting experiment to put a handful of noncalcareous 
clayey soil upon a fnnnel and cause a slow stream of rain-water to 
flow steadily upon it. For a time the water which passes through 
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the clay will be seen to drop bright and clear from the funnel-tube, 
but after a while the drops of filtrate begin to appear muddy, and 
the mass of clay finally becomes so muddy and adhesive that no 
water can pass through it and the funnel is choked. But if, at 
the moment when the drops of filtrate first begin to be muddy, 
some lime be sprinkled upon the surface of the clay, the tendency 
to form mud will be checkeu, a clear filtrate will again pass through 
the funnel tube and will continue to do so until all the lime has 
been dissolved and washed away. 

Thus it is, when rain falls continuously on unlimed clay-land, that 
the water soon ceases to be absorbed, because the clay at the sur
face of the soil has become puddled. In case the field is flat, mud
puddles will form upon it j while from hillsides streams of turbid 
water will flow away and carry off large quantities of the finely
divided soil. It is only long after the rain has ceased, and after 
enough moisture has evaporated from the surface of the soil to in
duce a strong capillary movement from below upward, that saline 
matters are broug11t to the surface in sufficient quantity to mitigate 
in some degree t11e plasticity of the clay, and to enable the soil 
again to permit some rain-water to soak into it. (Aitken.) 

Action of Lime on Olay. 
A more methodical method of experimenting to illustrate the 

effect of lime on clay has been adopted by Pearson. He dried 
and pulverized three different clay soils, sifted them to the same 
degree of fineness, and mixed portions of tlwm with quicklime, 
which was added to the amounts of 0.25, 0.50, and 2.5 % respec
tiyely. These mixtures of clay and lime were made into a paste 
with water and were then dried, ground and sifted, as the clay had 
been. Definite quantities of the materials were carefully placed in 
glass tubes, pains being taken to bring all the samples to the same 
state of compactness in the tubes. The powders were filled into 
the tubes to a depth of two inches, each of them was covered with 
half an inch of sand, and a gentle stream of water was made to 
flow into the tubes until there was a column of it two inches deep 
resting upon the sand. Finally, the time required for the water 
to disappear below the sand was noted. It appeared in every in
stance that the water percolated much more rapidly through the 
limed clays than through the crude clay. The following table 
giYes the rate of percolation as taken from the average results of 
three trials with each of the samples. 



l!:aterial operated upon. 

~lay, without any lime . 
Jlay, with 0.25% of lime 
~lay, with 0.50 % of lime 
Clay, with 2.5% of IiDle. 
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Lap.e of time dnring the percolation •. 
Sample No. 1. Sample No. II. Sample No. III. 

days, hI's. min. days. hra. min. days. hrs. min. 
6 4 17 12 11 28 26 19 0 
o 12 42 10 2 45 7 23 15 
o 9 57 5 6 30 2 12 30 
o 55 0 8 20 0 7 0 

In calling attention to the striking difference hetween the G days 
~nd more that were required in order that 2 inches of water should 
percolate through 2 inches of the crude clay numbered 1, and the 
ilalf day which sufficed for the completion of the same amount of 
II'0rk after the clay had heen mixed with a quarter of one pel' cent 
of lime, Pearson remarks, "Had the test consisted of pouring 2 
inches of water upon wet soil instead of upon dry, the contrast 
would have been still greater." He notes also that soil Xo. 3, 
which in its crude state required from 23 to 31 days for 2 inches 
Jf water to percolate through it, allowed the water to pass in seyen 
hours after the soil had been mixed with 2.5 '/0 of lime. 

Importance of Lime on Clays. 
The improvement of the texture of clayey soils that results from 

the use of lime, and of lime carbonate, is a practical fact of the 
very first importance, for such soils become comparatively open, 
mellow and porous, and much less apt than mere clay to he baked 
into hard crusts or clods on drying. Thanks to the fact that water 
can now percolate through them instead of being held too tena
ciously, they lose much of their former coldness and become warm, 
both because the excess of water can drain Ollt from the soil, and 
because ail' can enter the pores to take the water's place. In
stances are not wanting in the history of agriculture where regions 
of sticky, clayey soils lJaye become fertile 011 the discovery that 
the unfriendly soil could be made better by means of lime or marl. 
The benefits derivable from slIch amelioration lllay readily be con
ceived on considering how difficult it is, generally speaking, to cul
tivate clays, and how llluch trouble has to be taken in order that 
young trees may be made to grow on clays that are somewhat re
fractory. According to Evelyn, " It is ohserved that oaks which 
grow in obstinate clays are long before they come to any consider
able stature (for all sorts of clay is held but a step-mother to trees), 
but in time they afford the most excellent timLer, having stood 
long and got good footing." G. B. Emerson, in his" Report on 
the 'frees and Shrubs of Massachusetts," has remarked that" the 
northern and southern sides of Boston are not essentially unlike in 



540 AGRICULTURE. 

their natural features; yet the hills of Brookline and Roxbury, 
capped with hickory, and whosc sides are clothed with oaks and 
pines, give the impression of a rich a.nd happy country, of which 
only pleasant memories are carried away, while the bare hills of 
Chelsea suggest images of bleak and barren (lesolation." This 
statement may be emphasized by adding, that the bare Chelsea 
hills, like those of the neighboring bare islands in Boston Harbor, 
are composed of stiff, unfriendly, glacial clay; which, though 
easily" cleared" by the first" planters," and still esteemed to be 
good land for grass, is not well suited for the growth of young 
trees. The wooded heights of Roxbury and Brookline, on the 
contrary, are for the most part gravelly or rocky. 

The geologist, ,J. D. Whitney, has insisted once and again that 
the extreme fineness of many prairie soils at the 'Vest is the chief 
reason why these prairies were bare of trees when first discovered. 

Schuebler long ago called attention to certain shaly marls rich 
in clay, abundant in 'Vurtemberg, which occur in the form of fine 
shaly gravel when freshly dug up, and retain this structure for a 
long time when left at rest, even when exposed to repeated changes 
in respect to heat, cold, wetness and dryncss. In this natural 
state they are regarded as dry, loose, so-called hot earth, which is 
on this last account often applied to vineyards for their improve
ment. But after weathering for 2 or 3 years- or when reduced 
to fine powder by long-continued rubbing - this gravelly marl 
acquires all the physical properties of a heavy, cold clay-land, 
through which moisture can pass only with difficulty. 

Some Silts need to be Limed. 
'Wicke, in publishing analyses of several very finely-divided 

clayey silts from the Oldenburg marshes, which, though of excel
lent chemical composition, are notoriously infertile, - so much so, 
indeed, that the farmers when ploughing take particular care not 
to turn them up from the subsoil, - admits his inability to explain 
their barrenness, unless it depends on the fineness of their parti
cles, and their consequent plasticity and liability to form stone-like 
clods in drying. Some of these soils have been improved by dress
ing them with gravel, and others by means of lime and by marl. I 
have myself observed, in pot experiments, on attempting to grow 
plants in pipe-clay admixed with sand, that the fine particles of 
the clay seemed actually to clog the pores of the plant-roots, and 
prevent their development. (See Bulletin of the Bussey Institu
tion, 1884, II, 309.) 
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In general it may be said that the plasticity and cohesiveness of 
clay are obnoxious to vegetation, unless these qualities have been 
in some way mitigated. Healthy plants cannot be grown in soils so 
compact and moist that neither air nor warmth can penetrate them. 
But experience has shown that lime is one very useful agent for 
ameliorating the too great tenacity of clay. In some parts of 
England, the quantity of lime to be applied to clay-laud was 
specified in the agreements between landlords and tenants. One 
form of contract was that the fallow fields should receive 100 bushels 
of lime and 12 cubic yards of manure to the acre. It was con
sidered to be good praetice to spread the manure on the laml before 
the stubble was ploughed, in order that the land might be kept 
drier and more open during the winter. Sometimes the lillie was 
hauled on when the land was frozen and made into heaps about 
the field. After having been spread, the lime was well harrowed, 
it having been thought a matter of much importance that it should 
be distributed through the soil as completely as possible. 

It has been maintained hy some writers, and denied by others, 
that plants often vegetate more rapidly in good soil that has been 
limed than upon that which has received no lime; that is to say, 
some persons have urged that the time required for a crop to grow 
and ripen is usually rather shorter on limed land than on that which 
has not been limed. It is evident that the idea might be generally 
true as regards unfriendly clays, because of the improved mechan
ical condition of the clay whereby it may become comparatively 
" warm" as well as mellow. 

Meanwhile, it should not be forgotten that - no matter how im
portant lime may be for improving heavy clays - there must be 
some soils, containing small proportions of clay, where lime might 
do serious harm by coagulating the clay and thereby changing the 
capillary power of the soil and impairing its capacity to retain 
moisture. As will appear in the next paragraph, this remark 
would apply specially to some kinds of light soils that contain but 
little organic matter. • 

Importance of Lime for Sands. 
On the light, sandy soils of southern Maryland, lime is considered 

to be " the best fertilizer," provided there is enough organic mat
ter in the soil" for the lime to act upon," otherwise it will " burn 
out the land." ·Where lime is applied in that region, clover or some 
other green manurin,ll:. or stable-manure, are considered to ue neces· 
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saryadjuncts. It has been shown by lU. Whitney that the merit ot 
this combination of lime and organic matter depends on its power 
of making the sandy land much more retentive of moisture than it 
was naturally. He found by experiment that, "An inch in depth 
of water will pass through six inches in depth of the coarse sandy 
subsoil of the pine-lJarrens in ahout five minutes. A little lime 
added to this sand will slightly diminish the time necessary for the 
water to flow through. A filtered extract of stahle-manure, with
out the lime, passes through without materially affecting the rate 
of flow; but if the lime is first added to the soil and then the solu
tion of organic matter is passed through, the organic matter is 
precipitated from the solution within the soil by the lime, in light, 
flocculent masses, and the liquid comes through quite colorless, 
and the rate of flow becomes slower and slower, until this coarse 
sand may become almost impervious to water." 

As has been stated already under the head of Fish-·Waste, and 
as will be set forth more in detail under Scwage, many organic 
matters can be thus coagulated and precipitated from their solu
tions by means of lime. 

In other experiments, made upon coarse, sharp building sand, 
Whitney found that filtered barnyard-liquor might pass unaffected 
through the sand, but in case lime (or certain other fertilizing sub
stances) were added to the sand, the organic matter of the manure 
was precipitated and retained, as in a soil proper. In case the upper
most inch of sand was mixed with lime and treated with the dung
liquor, it speedily assumed the clark color of loam resting on a light 
sandy subsoil, with a sharp line of demarcation between them. In 
·Whitney's own words, "As a matter of fact, there is no soil which 
responds so readily to lime as these light samly lands, when suf
ficient organic matter is added, or is present, for the lime to act 
on .... To change the physical condition and texture of a soil 
so as to make it more retentive of moisture, there are two possible 
lines of procedure which may be clearly recognized and defined. 
The soil-grains may be- pushed further apart, not necessarily so 
that the volume of empty space will be increased, hut that the fine 
grains of clay shall be pushed further out from the larger grains 
of sand, so that the grains will have a more symmetrical arrange
ment within the soil, or, if the grains have already such an ar
rangement as to give the full value to the clay, this skeleton 
structure can be filled in with organic matter by precipitation of 
organic matter within the soil." 
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Liming destroys Insects, ·Worms, and Fungi. 
While carbonate of lime is helpful for nitrification, lime proper, 

i. e. slaked lime, is regarded as a cure for some hurtful fungi. The 
liming of seed -grain to destroy the fungus which causes" rust" or 
" smut" has long been usual. The use of lime upon turnips, as a 
cheek to the finger-and-toe disease, has already been mentioned; 
and I can myself bear witness that I have grown exceptionally fait· 
and smooth rutabagas dnrillg three consecutive years upon limed 
land at the Bussey Institution, though no farmer in the vicinity 
would venture to try to grow turnips year after yellr on anyone 
field, beclluse of their liability to the disease called" club foot." 

There is corroborative evidencc, it should be said, which tend~ to 
show that the lime really acts in these cases to destroy the pests. 
'1'hus, Gillespie, writing' of the County of Dumfries in Scolland, has 
said: "Lime put upon stubble or sod-land has often been found 
effedive in gllardillg agaillst the disease called "finger-aud-toe." 
One promoting cause of the disease is giving affected turnips to 
sheep or cattle upon sod-land or stubbles which are about to be 
ploughed for growing a turnip crop. I am acquainted with several 
persons who, after lengthened and careful observations, have never 
known this to fail in bringing on the disease." 

It has been remarked also that in the County of Aberdeen in Scot
land turnips are more snbject to finger-and-toe than they are in ~ 01'

folk in England, although both these counties are composed chiefly 
of light turnip-soils, and although the crop has been cultivated twice 
as long in Norfolk as in Abcrdeenshire and in a much shorter rota
tio11. But in 11 orfolk the climate is rather dry and the sky is 
measurably bright, and the conuiiions are not favorable for the ac
cumnlation of organic matter in the soil; while in Aberdeenshire the 
climate is moist and cloudy and favorable for the acculllulation in the 
soil of the organic remains of plants, "sollie kinds of which - and 
notably that left by turnips - act injuriously upon sncceeding crops." 

Evershed, writing in 1853, has said, of the county of Surrey 
(England), "Liming is now chiefly valued as a preventive of club 
in turnips, for which pnrpose its good effects are very remarkable, 
and are frequently to be seen after the lapse of many years. There 
are instances, on the loams of the greensand, of excellent crops of 
turnips being grown on land which had been limed twelve years 
before, while the club has been destructive on similar soils and even 
in the same field where the lime has been omitted. 

In an account of Oxfordshire, England, written in 1855, it is said, 
"Lime is used on land recently broken up and on peaty soils, and 
also on the light redlands; but it is principally applied as a dressing 
to cure the" club-root" and "fingers-and-toes" in turnips. Some 
land requires 80 bushels of lime every 8 or 12 years in order that 
roots can be grown npon it with any certainty. Not only do turnips 
suffer, but the club-root even attacks mustard and rape. The lime is 
applied to the land, while yet hot, as soon as it is slaked. A man 



follows the plow, sowing the lime at the bottom ofthe furrow, which 
is covered over by the next turn of the plow to a depth of 3 or 4 
inches. If applied in this manner it is a certain cure for this trouble
some disease, and has never been known to fail." 

In this country both Henderson and ~Waring have reported the 
successful growing of cabbages and rutabagas on limed land. ~Waring 
even obtained excellent results on spreading air-slaked lime from a 
broadcuHt sower upon heavy moist land in the proportion of a single 
barrel to the acre. 

A writer on the agriculture of Staffordshire, England, says that, 
on strong, heavy land, thc usual dressing of limc is from 3 to 5 tons 
to the acre. Less of it is used on light land, but it is applied on 
turnip-land at least once in III years at the rate of 3 or 4 tons to 
the acre. The universal use of it may be partly attributed to the 
ne('essity of a corrective npon htnd tlmt has been kept for several 
years as pasture in grass and clover. The lime acts as a medicine, 
not as a manure. It chccks slugs, destroys grubs, and prevents club
foot in cabbages. ~\yheat grown on limed land is brighter and the 
straw stiffer than if no lime had been applied. 

Lime jut'OJ's Healthy GrOtcth. 
Professor Voelcker has stated the matter as follows: "Every 

[British] farmer knows how essential lime is for the healthy growth 
of every kind of produce. On soils destitute of lime, most crops, 
and especially green crops, are subject to disease, and' root-crops' 
are apt to fail altogether on such land, even if it has been liberally 
manured with dung or guauo. lJp to a certain stage, grain and 
roots grown under such conditions appear to thrive well, but as the 
season advances they sustain a cheek, and at harvest-time yield a 
miserable return. The cure for such failures, which are not un
common where poor sandy soils prevail, is a good dOse of lime or 
marl, and then, amI only then, dung or guano may be applied to 
the greatest advantage. The most liberal application of farmyard
manure of the best quality never produces so beneficial and lasting 
an effect on poor sandy soils as when they have been previously 
well marled or limed." 

'While it is not improbable that some part of the good effect of 
lime, in such cases as the foregoing, may depend on its acting to 
mitigate the natural sourness of the land, it is still to be inferred 
that much of the good done by the lime may really be due to the 
destruction of insects and their larvre, as well as earth-worms and 
worms of other kinds, and fungi of various sorts. Indeed, lime
water, lime, and mixtures of lime and SHit (or, better yet, of lime 
Hnd muriate of potHsh?) are often purposely used by gardeners for 
destroying slugs aud worms; and there are good reasons for be-
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lieving that lime might often be applied to the soil with advantage 
in farming practice also, on this account. 

It has sometimes been argued that lime shaull! be applied with a 
liberal hand, when the main purpose of it is to free the soil from 
worms and insects. Thus it has been said that if no more than 
3 or 4 tons to the acre are harrowed in, some insects may escape 
destruction because there is not lime enough to mix with every part 
of the earth; but if as many as 7 or 8 tons of the lime were to be 
well worked into the soil, a thorough clearance would be made. 

H must always be borne in mind that slaked lime is appreciably 
soluble in water, and although this" lime-water" cannot be sup
posed to continue to exist yery long in the soil after its formation, 
in view of the large quantities of carbonic acid which the pores of 
the soil contain, the liquid is still so destructive to animal life that 
there is good reason to believe that, while it does last, its action in 
this way may often be of considerable importance. 

Lime 'L'ersns Slugs. 
Lime has sometimes been applied in England in the state of 

quicklime, not merely for the sake of destroying insects and worms, 
but for the improyement of the land, in the belief that, by using it 
in this state, the decomposition of vegetable matters in the soil may 
be more speedily accomplished than in any other way. To this end, 
well-burnt lime was piled up rapidly in winter on a dry part of a 
fallow field, in very large, well-rounded heaps. The first shower 
of rain that fell slaked enough of the lime at the surface of the 
heaps to form a protective crust which hindered the interior lime 
from falling too rapidly to powder. After the land had been 
ploughed and prepared for sowing in the spring, this caustic lime 
was spread in dry weather at the rate of from 100 to 175 bushels 
to the acre, and was well worked into the soil by harrowing. 

For the purpose of destroying slugs, it is customary, in some parts 
of England, to sow very early of a damp morning small quantities of 
lime or of salt upon clover-fields and beall-stubbles before ploughing 
them, as a preparation for grain. ~When this work has been omitted, 
and slugs are found destroying the wheat-blade in autumn, lime is 
sown as a top-dressing, but this plan is not so efficacious as the other, 
since those slugs which happen to be lying under the furrows are pro
tected from the lime. It is desirable that the lime or salt shall actu
ally fall upon the slugs, in which event they perish. A good dressing 
of fresh slaked lime is usually recommended. It is said that the mo
ment the hot lime touches the slug he throws off his outer skin, and 
that the next particle which reaches him destroys life. But Cobbett 
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insisted strongly that actual quicklime, in very fine powder, should 
be used for this particular purpose. He says: "An effectual way to 
destroy slugs is to sow hot lime in dust and not slaked. The slug is 
wet; he has hardly any skin; his slime is his covering; the smallest 
dust of hot lime kills him; and a few bushels to the acre are suffi
cient. You must sow the lime at dusk, or after dark, or before day
light, or just after a rain, for then the slugs are sure to be out; and 
the process should be repeated several times .... Put the lillie in a 
coarsish bag, much larger than is necessary to hold the quan tity, and 
after nightfall or before sunrise, in the dew or on the moist ground, 
go over their haunts, shake the bag and let the fine powder fall upon 
the ground; some little particle will fall upon every slug that is 
abroad, and every slug that is touched with the lime will die. If rain 
come it will destroy the power of the lime, and then it will be neces
sary, pcrhaps, to repeat the remedy several times. Slugs come after 
a crop that has long afforded a great deal of shelter from the sun, such 
as peas and vetches. In gardens, they are nursed up by strawberry
beds and by weeds, by asparagus beds, or by anything that remains 
for a long time to }~eep the summer sun from the earth." 

Lime favors the growth of the Potato-Scab Fungus. 
An exception to the destructive action of lime on fungi is seen 

in the case of the fungus (Oospora Scabies of Thaxter) which 
causes" scab" on potatoes and sugar-beets. It was noticed by 
Thaxter, in his experiments, that more scabby potatoes occurred 
in those hills the earth of which had been mixed with broken plas
tering and cement than in others, and that these materials mani
festly exerted a very decided influence upon the virulence of the 
disease. As has been said in another chapter, several observers 
have noticed that potatoes are apt to be scabby when wood-ashes 
have been used as a fertilizer j and ~Wheeler has Ruown, by careful 
experiments, that it is the carbonate of lime in these materials 
which is harmful. In one word, he finds that carbonate of lima 
tends most decidedly to increase the scab of potatoes. 

Moreover, the percentage of scabby potatoes is increased by the 
application of any compound of lime from which carbonate of lime 
will naturally be produced in the soil j and the malign influence of 
the lime-carbonate was still apparent and paramount when consid
erable doses of carbonate of potash or carbonate of soda were put 
upon the land, together with the lime. Sugar-beets, also, grown 
on limed land previously infected with the scab fungus, were very 
badly scabbed. But since the application of slaked lime to acid 
soils, such as are common in New England, not only increases the 
yield of potatoes but the percentage of large-sized tubers also, it 
may well be true that the use of lime might be economically advan
tageous in case only one crop of potatoes was to be grown, for the 
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effects of the scab are not usually serious in the first year, pro
vided the seed potatoes are free from the scab, or have been freed 
from it by means of corrosive sublimate. 

Gas-Lime. 
The spent lime of gas-works-which has served to remove from 

illuminating gas carbonic acid, sulphuretted hydrogen, and other 
compounds of sulphur - would doubtless serve particularly well 
for destroying insects, slugs and worms, and the best methods of 
applying it to this end should be discovered. Fresh gas-lime con
tains various sulphuretted and cyanogen compounds which are ob
noxious to living things. "Then left for some time in contact with 
the air, the noxious sulphur compounds are converted to harmless 
gypsum, and the material may then be regarded, practically, as a 
mixture of carbonate and sulphate of lime. But it is apt to be con
t;1111inatcd with more or less coal-tar, which is a substance highly 
injurious to plants. vVere it not for the risk that harm may be done 
by the tar (and by cyanogen compounds), weathered gas-lime 
might be made to serve useful purposes upon many soils; notably 
on stiff clays, to lighten them; on light, sandy loams, to give them 
solidity; and upon sour, peaty soils, to correct the acidity. 

In point of fact, gas-lime is freely used in some parts of Holland, 
on clayey soils, to which it is applied at the rate of 200 or 230 bush
els to the acre. According to some English farmers, fresh gas
lime may be safely applied in the autumn, at the rate of from 80 to 
180 bushels to the acre, to land upon which root-crops are to be 
grown the next year; but harm has often been done by applying 
fresh gas-lime to grass-land. Composts prepared by mixing gas
lime and loam, and leaving the mixture to stand for some time, 

, have often been found to be useful on light soils. It is not im
probable that gas-lime might serve well enough for neutralizing 
sour humus, as a preliminary to the making of dung-compost. 
Numerous analyses of gas-lime have been published, but from the 
nature of the case it would be surprising if the figures of any two 
of them should closely agree. The following analysis by Adolph 
Mayer may serve to give a general idea of the composition of this 
substance: -

Water. . . 30 
Hydrate of lime . 33 
Carbonate of lime 17 
Sulphate, sulphite and hyposulphite of lime. 20 

beside traces of sulphide of calcium, of sulpho-cyanide of calcium and 
of ammonia. 
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Liming corrects Acidity. 
Quicklime has long been esteemed as a means of correcting the 

acidity of sour land, such as that of moors and bogs, which con
tains large quantities of free humic acids, and that which is uncul
tivable because of the presence of ferrous sulphate. In some 
regions, where even upland soils have a tendency to become harsh 
and sour, rather than mild and mellow, applications of lime have 
often given highly satisfactory results. In the words of Gasparin, 
" At the same time that acid-plants (such as sorrel) disappear, the 
yield of cereal grains is doubled, and the land becomes able to pro
duce wheat in place of rye, and to bear forage crops of leguminous 
plants." It may here be said, yet again, that cultivated soils need 
not necessarily exhibit an alkaline reaction, though it is perhaps 
desirable that they should do so. It is to be presumed that land 
is at its best when it contains enough bicarbonate of lime that ni
trification shall be constant and speedy, though granitic soils are 
met with occasionally, the waters of which are faintly alkaline 
from the presence of the bicarbonates of potash and soda. In 
non-calcareous regions, soils are apt to exhibit a slight acid reac
tion, though they are sometimes neutral to test-papers, and it may 
well be true that the importance of farmyard-manure for such soils, 
as in the vicinity of Boston for example, may depend in some part 
on the power of the alkaline manure to mitigate or correct the soil's 
acidity. It is probable, withal, that the high esteem in which ashes 
and leached ashes are held in many parts of New England may be 
due to their ability to correct acidity. But it is to be remembered 
that experience with water-culture has taught that slightly acid solu
tions are not unfavorable for the growth of plants when a sufficiency 
of food is present, though there is abundant evidence to show that 
any excess of soluble acids in the soil would be highly detrimental. 
The acid would injure the plants directly, and destroy the micro
organisms which regulate the fermentation of humus, as well as 
dissolve out iron compounds to poison both microdemes and crops. 
Such acidity may readily be corrected by lime, and the good effects 
of lime upon sour meadows in particular, may justly be credited to 
neutralization of their acidity. One noticeable effect of lime in 
such cases is the destruction of plants that thrive in bogs; the in
ference being that the lhne has neutralized the chemical substances 
which such plants can, and English grasses cannot, support, and 
has so given the latter opportunity to grow. 
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There can be little doubt that many soils in New England are 
more strongly acid than is desirable. 'Wheeler, in Rhode Island, 
has noticed that beets in particular are apt to suffer from this nat. 
ural acidity, and that, while the growth of oats, rye, maize, pota
toes and millet may not be seriously affected, these crops would 
nevertheless be benefited by the application of fertilizers compe
tent to neutralize the natural sourness of the land. 

One way of determining whcther a soil is acid consists in putting 
a weighed quantity of the earth, together with some carbonate of 
lime, into a confined volume of water, and noting upon a mano
meter the amount of pressure produced by the carbollic aeid which 
is set free when the mixture is agitated. Conversely, the amount 
of lime-carbonate in a soil IDay be determined by putting a quan
tity of the earth, together with some powdered tartaric acid, into 
a confined volume of water, and measuring the amount of pressure 
produced by the gas which is disengaged. 

Action of Lime on ~J-Iumus. 
Beside its power of coagulating organic matter, lime may act to 

hasten the decomposition of organic matter in the soil, and, as has 
been said before, it may serve to decompose the inert nitrogen 
compounds of humus. This effect is probably one of the most im
portant of those produced by lime. Townsend has mentioned the 
case of a 'Welsh farmer, whose land had been a bog before it was 
drained, and consisted principally of dark-colored vegetable mould, 
much of which was actual peat, who found lime to be an excellent 
manure. He was accustomed to put most of his stable-manure 
upon mowing-fleWs, and to use only lime for wheat, and in this 
way he obtained very abundant crops. He had two lime-kilns 
constantly burning for !Jis own use. Townsend remarks that" 011 

this land I have counted GO grains [of wheat] to an ear, not picked 
and culled out of many others as being longer than the rest, but 
taken by handfuls at random. . . . On this land, lime as a dress
ing was particularly apt, because, as we know, it hastens the 
putrefactive process, and promotes the dissolution of vegetable 
substances, converting them quickly into "Vegetable mould." So, 
too, Moreul, in describing the cultivation of clover, for seed, in 
France, has said, " On applying lime to sour, moist, peaty land, 
such admirable results have been obtained that lime has been called 
, the best of manures.''' 

The action of lirlle in such cases is manifestly analogous to its 
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action in the compost-heap. There is doubtless at first a certain 
corrosive effect tending to break down the mechanical cohesion of 
the particles of peat and to break up the chemical compounds 
which the peat contained; there is neutralization of the sour humic 
acids, if they were present; and abore all, the soil is made alka
line enough to permit the active growth of microscopic organisms 
which act as ferments upon the inert nitrogen compounds in the 
humus, and which may change a good part of this nitrogen into 
forms available as plant-food. 

Lime may Expel Ammonia from Rich Land. 
Some small part of the good effect produced by the lime may be 

attrilmted directly to the formation of ammonia from the inert 
nitrogen compounds in the humus under conditions favorable for 
the speedy nitrification of this ammonia. Boussingault has shown 
by an elaborate research that when slaked lime is mixed with good 
garden or farm loam, there is a constant slow production of am
monia so long as the lime remains in the caustic condition, and 
several other observers have noticed that no inconsiderable quan
tities of ammonia are sometimes actually lost in this way, by ex
halation, from fields which have been heavily limed. 

It follows from these results that it can hardly be advisable to 
lime land at the moment when that land is to be dressed with 
barnyard-mannre or any other fertilizer rich in ammonia, lest too 
much of the ammonia should be lost through rolatilizatioll. In 
case both lime and farm-manure were to be applied to one aIJ(1 the 
same crop, it might be best to plow under the lime in late summer 
or in autumn, and not to spread the manure until the next spring. 

Many of the results o]Jtained by Boussingault have ]Jeen given 
already in Volume I., under Nitrification. An additional example 
will.be found in the following statement, which relates to a dark
]Jrown, compact peat that contained 2.2 % of nitrogen, no nitrates, 
and 0.02 % of ammonia. 

1.000 grm. of the powdered peat left during 
5 weeks admixed with 100 grIll. of hydrate of lime gained 0.137 grm. of ammonia. 

13 weeks admixed with 100 grm. of hydrate of lime gailled 0.124 grm. of ammonia. 

The peat was then made less compact by mixing with each kilo. of it 4 kilo of sand and 
400 grm. hydrate of lime. 

1,000 grm. of this mixture left during 
1 month, gained 0.332 grm. of ammonia. 

One noteworthy result of Boussiugault's tests is that the quan
tity of ammonia (leveloped is not proportional eitllPr to the quantity 
of lime employed or to tile amount of organic nitrogen in the soil j 
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one hundred parts of lime acting on the peat above mentioned, 
which contained more than 2 % of nitrogen, produced little more 
than 0.1 part of ammonia, while some of the loams examined gave 
0.3, 0.4 and 0.8 parts. 

Sometimes "ery small applications of lime ga,-e amounts of 
ammonia which were out of all proportion large as compared with 
the amounts of lime. Thus, in two of his experiments where 3 
grms. of lime were mixed with 1,000 grms. of loam,~ i. e. a quantity 
which would have been a mere sprinkling on a field -- as much as 
2.33 and 4.00 parts of ammonia for every 100 parts of the lime 
employed were developed in the course of a week. But when 
larger amounts of lime were applied it was unusual to get as much 
as O.S lb. of ammonia for each 100 lb. of the lime. As the mean 
result of his experiments, 0.033 grnl. ammonia to the kilo. of loam 
was quickly developed by the lime, and although this amount is but 
small, it is decidedly larger than the quantity of ammonia ordi
narily contained in the best loams in northern countries. In point 
of fact, in these experiments, the act of liming had the effect of 
doubling the quantity of ammonia ill the soil. For there was found 
on the average no more than 0.017 grrn. ammonia to the 1,000 gnn. 
of good French loams, although in fertile loams from South Amer
ica, as much as 0.063 grm. to the kilo. were obtained on the aver
age. 

DestrucUve Action of Lime. 
In many cases the corrosive disintegrating action of the lime, and 

the fermentations which may precede nitrification, are to be regarded 
as highly important; as when lime is used as an adjunct to green 
manuring, where a crop or sod-land has just been plowed under, or 
when applied to' new land, or to land so foul with weeds that a sort 
of green manuring has been obtained by ploughing it. Tn order 
to get the full effect of the caustic lime in such cases, it should he 
well worked into the soil when freshly slaked, and before any seeds 
are to be sown. 

Kellner, in .Japan, on contrasting the action of lime on slightly 
moistened upland soil, with which some organic matter had been 
mixed, with its action on wet swamp-land similarly charged with 
organic matter, found that while the lime hastened the decomposi
tion of the organic matter in both cases, the action was much 
more pronounced Oil the dry land than on thnt which had been 
kept wet. While the dry land lost 13.58 10 of its organic matter 
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He remarks that moderate dressings of lime have served as good a 
purpose as very heavy dressings. 

In these experiments lime or marl were applied in quantities of 
2,000, 4,000, 6,000, and 8,000 kilos. to the hectare half a year 
before the crops were sown, and it was found that while the first 
effect of liming such land was excellent, the long continued use of 
lime was decidedly hurtful. During the first year, crops of peas, 
rye and potatoes were largely increased by the liming, both on 
recently burned moors and on those which had long been cultivated, 
but in most cases the after-effects of the lime were harmful, in that 
the crops gave diminished yields and that the soil seemed to be 
exhausted. Hence the advice to apply only small doses of lime to 
such land, and to use clay-marl when possible rather than lime
marl. 

Earthworms live in Mellow Humus. 
One curious result of the amelioration of peat-bogs in England, 

by draining and liming, is said to be that the land soon becomes 
filled with worms, which find abundant support in the decaying 
vegetable matter, and that a plague of moles is apt to follow in 
due course j these animals being attracted by the worms on which 
they feed. It is to be inferred from these observations that, even 
before the advent of the worms, the limed land must have become 
fitted to support the useful microscopic organisms which work to 
bring the soil into a wholesome state of fermentation and to make 
it fertile enough for supporting large crops. 

It needs to be said, however, that while the application of lime 
to drained bog-land may hasten the coming in of the worms and 
the moles, these creatures would still appear after a time even if 
no lime were used in the process of reclamation. I have myself 
seen them arrive in force on bog-meadows at the Bussey farm, 
soon after the sour land had been drained and dressed with stable
manure, although no lime was applied. It is probably true, as a 
general rule, whenever bog-earth is reclaimed and made mellow, 
that nitrifying (and other) micro-organisms speedily appear in the 
soil, to be followed in turn by earthworms which feed upon them, 
and by moles, which prey upon the worms. 

The fact may here be recalled that Hilgard has observed on the 
arid soils of California, that although the presence of carbonate of 
lime in a soil hastens the oxidation of humus, the proportion of 
nitrogen in the humus may nevertheless increase, because the car-
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bohydrates in decaying vegetable matters are oxidized more rapidly 
than the nitrogenous constitnents. 

Lime pronwtes Useful Fermentations in the Soil. 
It is not improbable that one of the most important uses of lime 

may be to foster thc growth of useful micro-orgtlilisms ill the soil, 
perhaps even those which live upon the roots of clover and other 
leguminous plants. There tire experiments by Heiden and Voigt, 
on the liming of land, which seem to support this yiew. Indeed, 
the results obtained by these chemists were so well marked that 
Heiden was led to declare that" lime deserves to be called a col
lector or gatherer of nitrogen." 

A number of plots of crude, rongh, moderately heavy land were 
tilled and cropped during 10 successive years, and were finally 
examined as to the amouuts of nitrogen contained ill them. Plot 
No. II had received no manure during the 10 years; No. III 
had been limed 6 times in the course of the 10 years, each time at 
the ratc of 14 short tons to the acre; No. IV had been fertilized 
with sulphate of ammonia, 7 times during the 10 years; No. V 
with tri-phosphate of lime, 6 times ill the 10 years, and No. V[ 
with sulplmte of potash, 6 times in the 10 years. There was fonnd 
in the soil of the several plots the proportions of ammollia, nitric 
acid and organic nitrogen that are given in the following table:-

SURFACE SOIL. 
Plot, II. III. IY. Y. Y1. 

Ammonia 0.0005 0.0021 0.0005 0.0008 0.0010 
Nitric add 0.0048 0.0056 0.0002 0.0017 0.0032 
Organic nitrogen. 0.0334 0.0588 0.04\)7 0.0481 0.0493 

SenROlL. 
Ammonia 0.0005 0.0008 0.0008 0.0003 0.0011 
Nitric acid 0.0012 0.0008 0.0022 O.OOl!) 0.0012 
Organic nitrogen. 0.0459 0.0613 0.0275 0.0353 O.Oil!) 

It will be noticed that in Plot No. III (the limed land) there nre 
decidedly larger amounts of organic nitrogen, allll even of nitric 
acid and ammonia than were fonnd in the other plots. It W[lS 

plain, moreover, that the excess of nitrogen in No. III was not 
to be attributed to roots that had heen left in the soil, for on sub
jecting the soil to mechanical analysis no considerable quantity of 
roots could be found in it. .!\foreover, since the plot which hlld 
been fertilize,! with an ammonium salt (No. IV), had borne larger 
crops than the other plots throughout the experiment, it is to be 
inferred that the soil of ~ o. IV must have contained more roots 
than that of No. III or any of thc other plots. 
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Quicklime may hinder NUrijication. 
Many writers have urged that lime, or rather lime-carbonate, 

does good by promoting the formation of nitrates from nitrogen
ized organic matter, or from ammonia, within thc soil; and recent 
experiments have shown that, as regards the carbonate at least, 
this view is correct. From a very early period, indeed, carbonate 
of lime has been considered to be an essential adjunct to the porous 
earth of saltpetre plantations, and it has long been known that 
nitrates are specially apt to form in limestone caves and upon walls 
plastered with lime. Finally, Waring ton has shown by experi
ments that the nitrifying ferments prosper exceedingly in presence 
of an excess of carbonate of lime, and indeed will hardly do good 
work without a supply of the carhonate. 

It is to be remembered, however, - as has been explained in 
Volume I, uuder Nitrification- that quicklime is hurtful to the 
nitric ferments, and that it might readily happen that one of the 
first effects of liming a field heavily would be to arrest the nitri
fication of its humus. \Varington found that lime-water is a much 
stronger alkali than the nitric ferments can bear. Of course, the 
undue alkalinity of the quicklime will be mitigated as soon as 
enough carbonic acid to change it to carbonate has been absorbed 
by it from the ground air, and it must constantly happen in farm 
practice that the lime is speedily neutralized by the acid humus of 
the soil, and here of course, lime would finally promote nitrifica
tion. 

Lime may decompose .ilfinerals. 
Another corrosive action of lime is seen in its power to hasten 

the disintegration of refractory silicates. Such action as this 
would usually be brought about much more readily by caustic lime 
than by gypsum, and there can be little doubt that the disintegra
ting action of lime upon feldspar and other minerals may some
times be of considerable importance. It has been reported, indeed, 
that applications of lime have often been found to be specially effica
cious on such clay soils as contain many fragments of broken but 
still undecomposed feldspar; and it is evident that bicarbonate of 
lime formed in the soil, by the action of carbonic acid on the lime, 
might react with silicate of potash in the feldspar to form silicate 
of lime and soluble bicarbonate of potash. Moreover, there are 
experiments by Fuchs and by Zierl which show that if powdered 
feldspar is gently ignited with lime, and the mass then digested 
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with water, - or if powdered feldspar previously ignited is boiled 
with milk of lime for a short time, or digested for a longer pe
riod with milk of lime at the ordinary temperature of the air,
much of the potash which the mineral contained will be given up 
to the water, while lime takes the place of potash in the mineraL 

So large an amount of potash may be dissolved in this way that 
it was proposed, at one time, to employ the process as an econom
ical method of obtaining potash for use in the arts. There are, in 
fact, many kinds of clays which are acted upon to no inconsidera
ble extent by lime, even before they have been roasted. If a small 
quantity of such a clay be stirred into milk of lime, and the mixture 
be left to itself for a week or two, it will be found, on tre:1ting the 
mass with muriatic acid, that an appreciable quantity of the clay 
will dissolve, with separation of gelatinous silica, though, as is well 
known, clay by itself is not much acted upon by muriatic acid. In 
the case now in question, a part of the lime enters into combina
tion with some of the clay to form a small quantity of a hydrous 
silicate of alumina and lime, such as has been so often spoken of 
as useful to hold potash and ammonia in the soil. But during the 
formation of this compound, there must have been set free from the 
clay, or loosened up, as it were, within it, whatever of potash 01' 

ammonia the decomposed portion of the clay may have contained. 
It has been shown by Kellner, that lime sometimes acts upon phos
phates in the soil to make them more readily available for crops, 
and that the exhaustive tendency of too frequent applications of 
lime may depend in part on the using up of the ash-ingredients 
which the soil contained. 

There are experiments by Stoeckhardt which show that caustic 
lime attacks, not only fNdspar, but even powdered quartz and pure 
precipitated silicic acid, and that it combines with small quantities 
of silica to form a hydrated silicate of lime which is easily soluble 
in acids. It is known withal, from the examination of mortar from 
old buildings, that caustic lime does slowly act upon silicious sand 
to form small quantities of a hydrated silicate of lime readily solu
ble in acids. The same easily sohble silicate may be obtained 
directly by mixing lime-water with recently precipitated silicic 
acid. It is worth noticing, moreover, that Stoeckharrlt's experi
ments were made upon minerals which had previously been leached 
with acid and with water until everything soluble had been removed 
from them. 
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Scientifically speaking, it would be possible, on the plan of these 
experiments, to establish compost-heaps consisting solely of lime 
and clay, with the idea of loosening or " unlocking" some of the 
useful constituents of the clay. Clay composts have, in fact, been 
made occasionally in England, from equal bulks of lime and clay, 
and satisfactory results were obtained; though the motive in these 
cases was merely to destroy the tenacity of the clay, and this pur
pose was accomplished in the conrse of a fortnight. 

Hilgard has argued that the presence of lime-carbonate in the 
soil must often be of great importance for maintaining fertility, 
because it acts to decompose inert, refractpry silicates, and to fa
vor the formation of the more soluble zeolites. He urges that the 
useful effect produced by the presence of a per cent or two (or 
more) of lime-carbonate in soils often seems to depend on a kind 
of unlocking action, i. e. an energizing or rendering active of sub
stances which would remain inactive otherwise. That snch action 
does really occur is made evident by the fact that, in Hilgard's 
analytical process of digesting soils in an acid, it is found that the 
so to say limed soils dissolve more completely in the acid than do 
those which are deficient in lime. 

From the" limed soils" acids often dissolve out the alumina so 
completely that no clay is left behind in the residue insoluble in the 
acid, and this insoluhle residue is smaller anyway in the case of the 
lime-soils. To this decomposing action of lime Hilgard attributes, 
in some part, the long-continued fertility of certain cotton-lands in 
the Southwestern titates, which can bear to be cropped for many 
years because the lime in the soil acts constantly to loosen up pot
ash, phosphoric acid, etc., from their inert compounds. 

Another point to be remembered is the fact, which has been il
lustrated repeatedly by laboratory experiments, that an admixture 
of lime salts, or even of carbonate of lime, with a soil, iucreases 
the power of that soil to absorb and fix potash, soda, ammonia, 
and the like, from their solutions. 

Lime may combine with Silicates. 
It may be said further of lime, that it can act by uniting with 

the hydrous silicates in the soil so as gradually to expel from them 
potash, ammonia, or magnesia for the use of crops. Heiden has 
shown by experiments that the fact is as here stated, though in so 
far as the action of lime-water alone is concerned, a better pur
pose might perhaps be served by applications of gypsum. It has 



SO)IE LBIE RE.:'IAIXS SOLUBLE. 559 

upon the organic matters of the soil. Moreover, the lime tends 
constantly to unite with organic matters in the soil to form humate 
of lime. But recent inyestigations by Heiden go to show that a 
part of the lime may remain in the Boil for years in the soluble form, 
at least on bnd that has he en very heavily limed. Thus, a quan
tity of earth taken from a plot of land that had bpen limed at the 
rate of 14 tOllS to the aere, early in May, was leached with \vater 
half a year latcr, at the end of November, in comparison with ad
jacent ulllime<1 land. amI there was found 44.5 milligrams of lime 
in the extrad from the limed lund, against 4.7 mgs. in that from 
the soil that had not been limed, i. e. more than 9 times as much 
lime was di~solyed by water from the limed field as from the other. 
From the subsoil, also, of the limed plot, water dissolved out llllleh 

more lime t11l1l1 coukl be leached from the unlimed land, - more 
than 6 times as much. The figures were LiS and 26 mgs. re
spectiYely. 

In another experiment, two samples of soil were taken from a 
field that had been limed some 12 years previously. It was inferred 
from the large number of fragments of lime that were visible in 
this earth, that a heap of lime lllust have stood upon the place 
whence the earth was taken. There was found in these samples 
0.039 % and 0.032 (/0, respectiYely, of lime that was soluule in 
water. Other samples of earth taken from different fields gaye 
results which are stated in the following table: -

No. of years 
since ihe 

liming, 
140 
10 

8 

The Boil contained per cent of lime 
Boluhle in 

Water. Hot, strong muriatic acid. 
0.0197 0.2722 
0.0235 0.3629 
0.0232 0.3472 

It appears from these figures that the lime soluble in water 
amounted to a considerable proportion (a fonrteenth or fifteenth) 
of that solnble in the hot concentrated acid. 

Heiden argues that the lillle soluble in water was chiefly in the 
forlll of hydrate of lime, because the soil had an alkaline reaction, 
and because he found comparatively little carbonic acid in the solu
tion. This last observation is important because, as is well known, 
bicaruonate of lime shows an alkaline reaction. The lumps of 
lime also which were found upon the old field did not contain 
enough carbonic aci(l to neutralize all the lime tlJat was contained 
in them. 'Yhile it is a matter of the deepe"t interest that the soil 
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of limed fields may be thus highly charged with solutions of lime, 
it is to be remembered that it is quite within the limits of possi
bility that the dissolved lime studied by Heiden may have been in 
the form not of caustic lime, but of some compound of lime and 
organic matter. 

Poor Soils are unfit for Liming. 
One conclusion to wilich the foregoing discussion leads is, that, 

excepting clays, and some cases wilere it may do good as a means 
of correcting sourness, lime is not a thing to be applied to really 
poor bnd. Generally speaking, it can hardly be profitable unless 
tile soil is already fairly well charged with the constituents of plant
food. Its function is to alter and improve matters that are already 
in the soil, and to make them more easily available for crops, as 
well as to bring the soil into such condition that it can enable. 
added fertilizers to be put to better use than they could have been 
without the liming. It is an adjunct to be used occasionally, but 
no proper substitute for manure. 

Speaking in general terms, it may be said that lime is used much 
less freely nowadays th~_n it was formerly, though there are certain 
localities in Europe where the use of lime has been coincident with 
the building of railways which have made it possible to procure the 
material cheaply. On the poor granitic soil of the French province 
Limousin, for example, great advantages have been gained by 
applying lime which is brought by rail from the Department of 
eher. Thanks to the lime, it has become possible to grow excel
lent crops of clover, anJ to keep Illany animals, and so to obtain 
adequate supplies of manure. (Deherain.) 

Quantities of Lime applied to Land. 
The amount of lime applied to the acre varies wiJely in different 

countries, and according to the kind of soil. Heavy clays can bear 
lUuch lllore of it than light, sandy loams. Inasmuch as the chief 
action of lime is undoubtedly to improve the mechanical condition 
of the laud, it is evident that the lime should not be applied in 
quantities too small to effect this purpose. Ordinarily it should be 
thought of and applied as an ameliorant in terms of tons, and not 
as a fertilizer to be useJ by pounds. In many localities lime is 
reckoned by bushels each of eighty pounds weight.' Thus ill 

1 According to experiments made at the New Jersey Agricultural Station, .. A bushel of 
good stone Iilne weighs 93 lb. ; when alaked it will yield ""arly 3 bushels, each of which 
will weigh about 45 lb. A bushel of unslaked oyster-aheUlime wei~hs CO Ih. ; when slahd 
it will measure more than 2 bushels, each uf 40 lb. weight. A. bushel of mag-lleaian stOlle 
lime weighs 8U lb. ; wheu slaked it measures about 2 bushels, each of 55 Ib; weight. 
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Eastern Pennsylvania, where lime has long been used, the usual 
dressing is said to be 40 or 50 bushels to the acre, on soils of me
dium quality, while on deep, rich soils as much as 70 or 80 bushels 
may be used with advantage. On poor land, it was thought to be 
best to begin with no more than 20 or 30 bushels, and to irwrease 
the dose as the bnd improved. Formerly, at least when the term 
of the usual rotation of the locality was 5 or 6 years, every field 
was limed in its turn, at the time whell the grass-fields were broken 
up preparatory to the sowing of Indian corn. The sod was ploughed 
under in the autumn, or early in the spring, and the land was har
rowed once. Next April, quicklime was deposited in heaps upon 
tile land, and drenched with enough water to make it fall to pow
der, which was immediately spread while yet fresh, or "warm," 
as the term is, and harrowed in thoroughly. Occasionally, the 
lime was applied before sowing wheat in the autumn. Some farm
ers even interpolated an intermediate dose of lime, applied as II. 

top-dressing to the yonng grass in November. Stahle-manure was 
not applied at the same time as the lime, hut the year afterward, 
either in the spring for barley, or in the autumn before seeding the 
land with wheat. 

In England 4 tons of lime to the acre are esteemed to be suffi
cient for light lands, and for land that has been long under culti
vation; or, instead of this quantity, more frequent dressings of 1 
or 2 tons at a time may be used. In some parts of Scotland, from 
60 to 150 bushels of lime are applied at stated periOlls in the rota
tion, the usual quantity mngillg from 90 to 120 bushels. For old 
sod-land that has just been ploughed, 6 tons of lime was the dose 
formerly recommended; and in those days quantities ranging all 
the way from 6 to 12 tOllS seem to have been usual applications, the 
larger amount!:! being applied in cases where the land had not pre
viously been limed. But it seems to have been recognized very 
early that the lime obtainable in some localities is much" stronger" 
than that from others. An English farmer, writing in 1765, has 
said, " Lime differs in quality as well as land itself. In lllany 
countries the crops would be burnt up if 6-1 bushels were laid on 
an acre, whereas in Derbyshire there are instances of people lay
ing on 384 and 448 bushels per acre on grass-land." 

From 100 to 160 bushels to the acre seem to have been common 
applications in some parts of England, though it was admitted that 
different kinds of land require different proportions of lime. Gen-
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erally speaking, cold clay-soils appear to have been limed more 
heavily (8 to 10 or 12 tons to the acre), and more frequently also 
(once in six years, or even oftener) than any others, for the reason 
that the lime makes such land work more kindly; but the York
shire farmer above cited has said, "'Vhoe,-er tries the experiment 
of putting as much as 12 tons of lime to the acre on old tilled 
land, will find himself in an error, especially if the soil be clay, 
which is apt to be too much bound after the fermentation of the 
lime is over; but sand lands can never be overdone with lime, pro
vided it be laid on in the spring, and that it is not of that fiery kind 
which many of the sorts are." 

So, too, for improving the cold, raw peat of moors and bogs 
which have just been drained, as many as 200 or 300 bushels of 
lime to the acre have sometimes been applied. It is said that 
these heavy dressings of lime, when combined with judicious 
ploughings, will, in the course of even a few weeks, bring the 
peat into a condition fit for supporting crops. There are prob
ably very few localities, however, where the expense of using 
such large quantities of lime could be justified nowadays by the 
improvement which it effects. 

In 1776, Hunter wrote as follows: "It is generally said that 
lime answers better upon sand than clay. This observation will 
undoubtedly hold good as long as the farmer continues to lime his 
clay lands in a scanty manner. Let him treble the quantity, and 
he will then be convinced that lime is better for cluy than sand. 
It may be justly answered that the profits will not admit of the 
expense. I agree. But then it must be understood that it is the 
application and not the nature of the lime that should be called in 
question. Clay, well limed, will fall in winter and ferment with 
acids. Its very nature is changed." 

Less Lime is Used Nowadays. 
Latterly, smaller dressings at more frequent intervals have be

come customary in England. More than 5 or 6 tons to the acre 
are now seldom used there, even on strong land. Instead of ap
plying 4 to 8 tons once in fifteen or nineteen years on land that 
had been previously limed, the rule is now to apply lime every six 
or eight years in quantities not larger than 1 or 2 tons to the acre. 

In Germany, lime used to be applied at the rate of 6 to 12 tons 
to the acre once in 7 or 8 years. In France it has always been 
customary to apply smaller quantities of lime than were formerly 
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usual in England j 3 or 4 tons to the acre once in 7 or 8 years, 
seems to have been the old rule. Modern French practice, accord
ing to DeMrain, goes to show that as little as 2 tons to the acre, 
applied once in 3 years, is sufficient for light land in regions where 
the rocks are granites or sandstone, though 4 tons might be ap
plied in case the soil were rich in organic matter. Proof that the 
dose of lime employed has been sufficient is afforded by changes 
in the character of the vegetation of the fields, and particularly 
by the coming in of white clover. On clayey land, 3 tons of lime 
to the acre may be applied every 4 or 5 years, an(lon very strong 
clays - where liming is always useful- the quantity of lime to 
be applied is to be determined by comparing the cost of it with the 
profit obtained hom its use. In reclaiming peaty laud, 2 or 3 
tons of lime to the acre may be applied, after the land has been 
drained, and if profit is got from these quantities, still larger ap
plications may be tried. In Belgium, the rule at one time was to 
apply some 2.5 tons to the acre once in 10 or 12 years. 

Salfeld has found by experiment that on newly-broken sour 
moor-land (Hochmoor) 900 lb. of lime to the acre is not enough 
to ensure the successful growing of horse-beans ot' peas; and 
Maercker has stated in respect to certain German moor-lands, 
which suffer from the presence of sulphate of iron, that there 
would be needed from 4 to 10 tons of lime to the acre merely to 
destroy this hurtful substance, and to pre\'ellt the further forma
tion of it. It is held that deep soils require to be limed more 
heavily than those whirh are shallow. Pmetieal men say that the 
reason why land requires to be limed anew after a longer or shorter 
interval depends prinU\rily OJ} the fact that the lime tends con
tinually to sink deeper and (1eeper into the soil. \Vere it not for 
this peculiarity, they Cllll see no reason why one good dose of lime 
should not serve for a century. 

According to Schweriz, a practice prevails in some localities of 
giving the land a mere sprinkling of lime (8 or 10 bushels to the 
acre), at the moment of Bowing grain, i. e. after the land has been 
prepared for seeding; and it has been suggested that the devel
opment of ammonia in the soil by the action of the lime on inert 
nitrogen compounds may perhaps justify this custom. The ammo
nia would be set free at the very place where the young plants 
could have access to it. The lime might serve in some measure 
also to protect the young plants from insects, and to promote 
nitrification. 
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Leaching out of Li1ne. 
It is undoubtedly true that, when lime has been applied to the 

land in rainy regions, the rain-water which percolates through the 
soil will carry away much lime, because when either lime or car
bonate of lime are present in a soil they unite readily with the 
carbonic acid which results from the decay of humus or other 
vegetable matter, and form soluble bicarbonate of lime, which 
passes down into the subsoil in the percolation water, and in some 
part goes out of the soil altogether. It has been obseryed of cal
careous soils in England, that carbonate of lime is the most promi
nent soluble constituent in the water which flows out from field
drains, and that any application of manure which increases the 
fertility of the land increases also the proportion of carbonate of 
lime in the drain-water, since the amount of carbonic acid in the 
soil rises with the amount of crop residue annually undergoing de
composition. 'Vith the application of artificial manures there is 
a large increase of other salts of calcium than the carbonate in the 
drain-water j thus superphosphate of lime, sulphate of potash and 
sulphate of ammonia naturally increase the amount of sulphate of 
lime in the drainage j and when an ammonium salt is applied there 
is a further production of nitrate of lime through the nitrification 
of the ammonia. In the experiments of Lawes and Gilbert, the 
loss of lime which the soil suffers when ammonium salts are ap
plied to it continually has necessitated in some instances the 
application of heavy dressings of chalk or lime, for in the absence 
of carbonate of lime the action of the ammonium salts on pasture
grass has been found to be injurious rather than beneficial. (War
ington.) 

According to Hilgard, there can be no question that the leach
ing out of lime from soils is one cause of their impoverishment. 

. Because of it, most subsoils in rainy regions contain rather morc 
lime than is contained in the surface soils. The absence of such 
leaching action in arid regions has been supposed to be one reason 
why these countries exhibit exceptional fertility when they come 
to be irrigated. An illustration of the amount of lime which 
might be removed from a soil by leaching has been given by 
Schloesing as follows: "There would be no improbability in 
admitting that the ground air in a fertile or recently-manured 
calcareous soil might contain as much as 1 % of carbonic acid, or 
that water lying in contact with that ground air could hold dis-
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solved as much as, 0.196 grm. of carbonate of lime to the litre. 
But in case the rainfall of the locality was 24 inches, and tllat no 
more than one-fifth of this water percolated through the soil, tlmt 
would amollnt to 480 cubic metres of drainage to the acre, which 
would carry away 200 lb. of the lime-carbonat<3. 

Carbonate of Lime. 
A few words remain to be said about carbonate of lime, as such, 

though of course wherever caustic lime is applied to land it comes 
to act as clubonate of lime as soon as it has once been thoroughly 
neutralized with carbonic acid j and it may well be true that, in 
many cases, the good effects of liming are really due to the car
bonate of lime which results from this neutralization. Indeed, it 
has sometimes been urged, in respect to certain English localities, 
that the effects observed during the first year after liming are apt 
to be inconsiderable as compare<l with those noticed in the second 
and succeeding years, and the inference has been drawn that the 
fertilizing action may really have been due to carbonate of lime 
rather than to the original quicklime. Limestone gravels have in 
fact been used in very large quantities in some localities for fer
tilizing the land, and with marke<l success in the damp climate of 
Ireland, as has been set forth by Arthur Young. 

Reference has already been made, under Composts, to the fact 
that the lime-carbonate favors the fermentation of humus and ni
trification also. The experiment of Schulze, already cited, is of 
special interest as bearing upon this point. In repeated instances 
he charged pairs of glass cylinders standing in mercury, and full 
of atmospheric air, with equal qnantities of loam tllat was rich in 
bumns of rather sour character. But be mixed the loam of one 
cylinder with -lo its weight of carbonate of lime, while to the other 
cylinder he made no addition. After the lapse of from 4 to 8 days 
he found habitually that all the free oxygen had disappeared from 
the air of the cylinder that contained the lime-carbonate, and that 
this oxygen had been converted into carbonic acid by oxidation of 
the loam, while in the other cylinder not more than half the oxy
gen was consumed in the given space of time. Ordinarily, the 
oxidation of the mere loam was more than four times slower than 
that of the limed loam. This obseITation consists with practical 
'l)xperience in France, where it has been noticed in dry regions that 
the organic matter in calcareous soils speedily disappears unless 
pains are taken to replace it by means of barnyard-manure, or by 
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occasionally growing crops which leave milch refuse in the land. 
On many non-calcareous soils in that country humus tends to ac
cumulate rather than to diminish. 

The IIUlnllS of Limestone Soils. 
In regions of abundant rains, on the contrary, humus of excel

lent character may accumulate on calcareolls soils precisely because 
the lime-carbonate hastens the partial decay or humification of 
vegetable matters, such as the remains of plants. It is "ery no
ticeable indeed in regions where the soils and waters are calcareolls 
that the humus is, generally speaking, milder, mellower and more 
fertile than that of non-calcareous regions which are exposed to 
climates of equal inclemency. It would appear, for that matter, 
that sour peat or moor-earth is seldom if eyer formed in limestone 
regions in temperate climates. Marshall noticed, long ago, in lo
calities where limestone abounds, that the humus of hog-meadows, 
and especially that upon the edges of low-lying ditches, where it 
is exposed to the air, is a rich black mould of esteemed fertility. 

It is to be presumed, indeed, that one prime reason of the fer
tility of many calcareous regions is that their humus is "mild," 
and subject to rapid nitrification. It is easy to understand how 
the farmers in such districts might readily come to regard bog-mud 
as a fertilizer by itself, and that they would be apt to attach but 
little importance to the making of the composts that are so much 
esteemed in many granitic countries. The remarkable fertility of 
Aroostook County, at the extreme northernmost "limit of the State 
of Maine - as contrasted with the comparatiye sterility of the 
greater part of New Englanc1- appears to depend primarily upon 
the prevalence of limestones there, and upon their action in fayor
ing the formation of mellow humus. 

Hilgard has repeatedly calle!] attention to the fact that the prairie 
soils of our "\Vestern States contain no small proportion of lime, 
and has insisted - as upon a fact of experience common to all 
countries excepting those so cold that the formation of moor-earth 
is sptciully favored - that whereycr a particularly dark-colored 
upland loam is met with, it may be regarded as good evidence that 
a calcareous rock or soil will be found lying beneath that loam. 

Carbonate of Lime may jil'event Paddling. 
The importance of the lime-carbonate as a means of hindering 

the puddlillg of clayey soils has already been mentioned under the 
head of Lime. It appears, indeed, that in yery lllallY instances it 
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is really a solution of carbonate of lime in carbonic-acid water, i. e. 
the so-called bicarbonate of lime, which is the effective agent for 
coagulating the clay. The remarkable clearness of the streams in 
chalk districts has often been commcnte(l upon by English anglers, 
and the water of the Lake of Geneya offers a noteworthy illustra
tion of the action now in question, for this water is particularly 
clear in spite of the great tUl'uidity of the glacial streams that flow 
into the lake. All the sl1spended matters arc coagulated and pre
cipitated as soon as they mix with the lake-water, which is charged 
with the lime-carbonate, In 10 litr()s of wat e1' taken from the 
Rhone at Geneya, at a point where it has the same composition as 
the lake-water, Deyille found 789 milligrams of carbonate of lime, 
49 of carbonate of magnesia, 466 of snlphate of lime, and 63 of 
sulphate of magnesia j i. e. in one litre 63.5 mg. of lime and 4.5 
mg. of magnesia. Small quantities of alkali salts were present 
also. As a general rule, any waier - whether taken from wells, 
rivers or ponds - which is noticeably clear, bright and sparkling, 
will be found to be "hard" from the presence of lime salts. 

Other things being equal, there itl less risk that a soil which con
tains considerable quantities of lime-caruollate will ue puddled by 
rain than there wouhl be if none of the carbonate were present. 
Even when the store of uicaruonate and other saline matters natu
rally present in the soil-water has l)een diluted or washed away by 
rain, new portions of it will spee(lily be formed to coagulate anew 
any particles of clay which may have been puddled. 

Schloesing has suggested that, if soils could be conceiyed of that 
contained neither solutions of the lime-carbonate nor of other 
saliue matters in their pores, it would follow that the earth could 
no longer have the power to clarify muddy liquids. On the con
trary, the soils themseh'es would be changed to mud whenever 
rain-water fell upon them, and all brooks and rivers would be 
muddy, because the clayey and loamy parts of soils would slowly 
be washed away through them into the sea, untilllothing but sand 
and grayel were left behind. Possibly snch elutriation and straiu
ing of clay from sand may really have occurred to some extent in 
geological epochs anterior to the appearance of vegetation on the 
earth's surface j for when soils contained no humus, and particu
larly when the waters that washed the soils were warm, it may 
perhaps have happened that not enough carbonic acid for the 
rapid solution of lime and the effective coagulation of the clay was 
brought into contact with the soil. 
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From the evidence above set forth, it follows, as Holleman has 
urged, that the ease or difficulty with which any given clay soil can 
be worked may depend on the amount of lime contained in that 
soil. Holleman has, in fact, found, in repeated instances in Hol
land, that when the physical condition of a clay is not improved 
by applications of gas-lime, the reason of the failure is that this 
particular clay is >natnrally calcareous j while in respect to clays 
poor in lime, he found that their physical condition was almost 
always improved by applications of this material. As the result 
of numerous trials, he has concluded that liming will probably 
improve any stiff clay which contains less than about 0.15 % of 
lime that can be dissolved out from the soil by means of carbonic
acid water, while clays that contain more than 0.5 % of lime sol
uble in carbonic-acid water will probably not be improved by 
liming. 

CalcareoHs Soils are uSHally Fertile. 
Excepting occasional districts where chalk or dolomite predom

inates unduly - i. e. regions where the calcareous rock is too pure 
or the climatc i'5 too dry -limestone countries are commonly fer
tile countries. Sometimes they occur as veritable oases in the 
midst of a sterile granitic region, as in the case, for example, with 
Aroostook County in Ncw England. It may be admitted, as a 
gencral rule, that regions of non-calcareous soils are at a disad
vantage as compared with those where the soils are somewhat cal
careous. 

In some tracts of exceedingly fertile land in Germany it has 
been found that the soil contains 8 or 9 % of carbonate of lime 
throughout the entire region; and the good effects of marl and 
leached ashes all over the world go to show that it is well to have 
a large store of carbonate of lime in the land. It has been noticed 
also by geologists that, where limestone formations and deposits 
of clay meet and mingle, fertile soils are apt to occur. Doubtless 
many of the fertile calcareous soils now under cultiyation were 
formed originally by the commingling of river-mud and coral-sand 

. in just proportions at the bottom of the sea. Of course, in cases 
where the organisms which build the coral, or other living things, 
have been buried in the mud or clay, the final soil may contain a 
fair proportion of phosphates and other forms of plant-food be
side carbonate of lime. 

Arthur Young, in dwelling upon the great advantages resulting 
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from the general plenty of limestone and limestone gravel in Ire
land, has said: "If as much rain fell upon the clays of England 
(a soil yery rarely met with in Ireland, and never without much 
stone) as falls upon the rocks of her sister island, those lands 
could not be cultivated. But the rocks in Ireland are clothed with 
verdure - those of limestone, with only a thin covering of mould, 
have the softest and most beautiful turf imaginable." 

Chalking of Clay Soils. 
It is said to be commonly remarked in England that the clayey 

and loamy soils of that conntry are fertile only when they contain 
an appreciable quantity of lime. ·Where cl3y soils occur there on 
the edge of tile chalk districts, it is a common practice to" chalk" 
the clay. Chalk is carted upon tile clay land at the rate of some 
RO to 100 cubic yards to the acre, and left to disintegrate over 
winter, in little heaps 4 or 5 yards apart, which are spread in the 
spring. "Free chalk - such as is reduced to powder by tile 
frosts - is excellent manure for stiff land, and it produces a com
plete change in the nature of clays. In some localities in Eng
land the land is manured by digging wells in the fields and 
bringing up the underlying chalk, to be spread about on the land. 
It is laid out upon the surface, where it is crumbled to powder by 
the frost, and thus gets incorporated with the loam." (Cobbett.) 
" By a proper application of this substance, the most tenacious 
clays are rendered friable and mellow, and their native stubborn
ness and adhesion overcome." (Banister.) 

Some farmers have found chalking a remedy for club-foot in 
turnips j a disease against which quicklime is ordinarily employed, 
as has been said. Indeed it is recognized in Enrope tb3t turnips 
grow exceptionally well on calcareous soils, and that this pl3nt is 
specially grateful for applications of lime or marl. European 
farmers urge that carbonate of lime, wben not in excess, has a 
favorable inflnence on tbe decomposition of farmyard-manme in 
tbe soil, and that on this acconnt, as well as for otber reasons, it is 
always desirable that sandy and clayey soils should contain con
siderable quantities of calcareolls matters, liS an admixture. But 
as regards soils composed wholly or in good part of chalk, it is 
complained - Itt least in warm countries, sucb ItS France - that 
manure decomposes too rapidly upon them. Indeed, except in 
rainy countries, chalk soils are objected to on several accounts. 
They can be easily and cheaply worked, it is true, but tbey are 
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commonly late and cold in the spring, because of their white color, 
and are apt to dry out absolutely in midsummer in regions where 
showers are rare. Frost heaves them badly, and winds blow them 
away so that the roots of crops may be laid bare. Most of these 
objections are met in rainy countries by letting chalk soils lie as 
permanent pastures, which become covered with fine and delicate 
herbage which is highly esteemed. 

The great fact, that limestone regions are fertile regions almost 
everywhere, does but reinforce the argument, that the character of 
a soil may often be permanently clIanged by incorporating with it 
a per ceut or two of lime, eitlIer by actually liming the land or by 
dressing it with chalk or marl or waste-lime of one kind or an
other. It may even be possible in this way to change rye-land to 
wheat-land, as Gasparin has urged. When the farmers of New 
England have come to understand clearly that the leached ashes 
they so much esteem are really little more than very finely pow
dered limestone, they will probably begin to use other forms of 
the lime-carbonate more freely than they do now. There is, by 
the way, nothing of novelty in this assertion. Ruffin, in his work 
" On Calcareous Manures," long ago wrote as follows: "W ood
ashes, after being deprived of their potash, have calcareous earth 
and a small proportion of phosphate of lime as their only fertiliz
ing ingredients i and both together do not commonly make more 
than there is of calcareous earth in the same bulk of good marl. 
Except for the proportion of phosphate of lime they contain, drawn 
ashes are simply artificial marl, more fit for immediate action by 
being finely divided, but weaker than our best beds of fossil 
shells.' , 

Attention has already been directed in Volume I to the power 
of chalk rock and cbalky soils to hold water, and a somewhat 
similar remark will apply to loess formations and to many other 
fine calcareous soils, notably to calcareous clays which have been 
left as a residue, where great masses of limestone have been dis
solved by water and so carried away. In Maryland, according to 
l\L Whitney, "these limestone soils are too retentive of moisture 
for early truck. In an average season they would maintain such 
an abundant supply of water that, although large crops would be 
assured, the crop:! would be late in coming to maturity." 

Calcareo1ts Sands and Shells. 
A sand of carbonate of lime consisting of finely comminuted 
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sea-shells, found in sheltered bays upon rocky coasts, is largely 
used as a fertilizer upon the coast of Ireland and the Channel 
coast of France, as well as in some parts of England. From the 
little ports on the Channel the French farmers transport this sand 
inland 20 or 30 miles in wagons, and ill Cornwall it is carried to 
even greater distances by rail. It is said to be applied with special 
advantage to stiff clay soils. According to Deherain, the best 
qnality of shell-sand is usually applied at the rate of from 70 to 
180 bushels to the acre, while samples of medium quality are ap
plied at the rate of from 110 to 230 bushels. In the environs of 
Cherbourg as much as 300 to 1000 bushels to the acre are some
times used. 

Another account says that it is applied with much benefit to 
marshy grass-lands at the rate of 10 or 12 tons to the acre. 
TlIough often put upon the land directly, it is frequently first made 
into a compost with peat, pond-mud or stable-manure. According 
to Gasparin, it is always associated with manure or witlI sea
weeds. The sea-sand is said to improve the character of the 
herbage in pastures, to destroy moss and innutritious swamp 
plants, and to favor the growtlI of leguminous plants. Indeed it 
has been claimed that tlIe growing of clover and lucern on the 
granitic soil of Brittany first became practicable through the use 
of this material. It is esteemed for turnips and for potatoes, and 
also for the cereal grains. 

In Devonshire, England, the shell-sand is applied at the rate of 
11 to 13 two-horse loads to the acre before ploughing for wheat; 
and it is considered to be yaluable on grass-land also in that it 
produces sweet and luxuriant herbage. A Scotch writer has urged 
that, taking cost into account, shell-sand is the best top-dressing 
for natural pastures, in his locality, and this is clearly tile general 
opinion on the Channel coast of France. As has been explained 
already, chalk, like any other form of carbonate of lime, may act, 
according to the circuIllstances, either to loosen stiff clays or to 
bind some soils which are naturally too loose or incoherent. 

Shell-lime 'l:erS1(S Shell-flour. 
Oyster-shell flour, such as was made in great quantities in Bos

ton a few years ago, was as good, and probably better, than the 
shell-sand. But there is small reason to believe that the powdered 
shells are any better than lime obtained from shells that have been 
burnt, In experiments made upon light land at the Bussey Institu-
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. tion, it appeared that oyster-shell flour., that is to say fresh oyster
shells ground extremely fine, did not give quite so good crops as 
caustic lime that had been prepared by burning oyster-sheIk 
Moreover, on analyzing sea-shells, it appears that the organic 
matter which they contain is wellnigh free from nitrogen. There 
is no evidence that this organic matter is of the least use as a 
manure, unless indeed it may perchance be fit food for microscopic 
ferments. Hence there is no reasoll why the farmer should be at 
the expense, either of having the shells ground, or of carting the 
useless constituents which can he expelled by burning. 

The cheapest way to obtain carbonate of lime in powder is to 
burn the original limestone, or sea-shells if they are to be had, 
and to slake the product with water. The slaking may be done in 
heaps eoyered with moistened earth, as has becn described, and 
the fine powdery hydrate of lime spread directly upon the land, or 
the lime may be used in the compost-heap j 01' the quicklime might 
be left to become air-slaked by exposurc to the air, and the pro
duct be applied to the land instead of leached ashes.' Air-slaked 
lime is sometimes spoken of as a hydrocaroonate of lime. It is in 
fact a particularly intimate mixture of the hydrate and the car
bonate. 

Of course it must happen, whencyer freshly slaked lime is ap
plied directly to the land, that it will act at first as canstic lime. 
Only after that action is finished will the influence of carbonate of 
lime be much felt. But manifestly by proceeding in this way the 
affair is complicated by the caustic lillie which acts upon the land 
at one stage of the process, and no one can say just what carbon
ate of lime might have clone if used by itself. It is not impos
sible that cases may occur where the action of the callstic lime 
upon the soil would be detriment:tl j and it is to be noted that, in 
such event, the ditt1culty would only ])e partially overcome by al
lowing the quicklime to slake in the air. 

There is always one great advantage to be credited to quick
lime, ill that the cost of transporting it will be decidedly less than 
that of transporting powdered limestone. The atomic weights of 
calcium, carbon, and oxygen are respectively 40, 12, and 16; and 
the molecular weight of carbonate of lime (CaC03 ) is 100. But 
there are 44 lb. of carbonic acid (C02 ) in that amount of pure 
carbonate of lime, that is to say, almost one half the weight of 
the material; and by expelling this carbonic acid at the quarry, 
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there will be just thus much less of dead weight to be transported 
to the farm. 

The argument as previously stated means merely, that by apply
ing powdered limestone or sea-shells the experimenter is in so far 
master of his position. He will know precisely what he is doing, 
and be able to judge from the crop whether or not the lime-car
bonate has done any good. But when the carbonate has been 
obtained as a secondary product by starting with quicklime, it can 
neyer be known with certainty whether the obseryed effects should 
be attributed to caustic lime or to the cm'bonatc. 

Use of Leacherl11.~hc~. 
It is not impossible, when the modes of action of lime com

pounds corne to be understood more clearly than they are now, 
that only carbonate of lime will be applied to some killlls of soils, 
and the use of quicklime be restrictcd to special varieties of land 
and to the compost-hcap. This conclusion is foreshadowed hy the 
extended usc that is made even now of leached ashes in mallY 
districts, as well as by French experience with shell-sand as just 
now described. Indced, in dircct, eomparatiye trials of lime and 
shell-sand, Philippar obtained per hectare 4,570 kilos, more par
snips, and 3,200 kilos. more potatoes, and in the case of rye 870 
kilos. more grain and 2,950 kilos. more straw, than were got from 
the limed land. 

In some parts of Rhode Island, Connecticut, Vermont, and 
Massachusetts, leached ashes have long been highly e"teemed, and 
they continue to be used in these localities very freely, even when 
the cost of the material is high. As mllch as 18 or 20 cents the 
bushel of 55 lb. is said to be paid for Canadian leached ashes in 
Connecticut. Leached ashes arc always more or less moist, aud 
may be estimated to contain 35 % of water on the average, as re
ceived by consumers hereabouts. Nearly half of the moist ma
terial is carbonate of lime in the condition of a fine, soft powder. 
There arc 3 or 4 % of magnesia also, beside clay, sand, charcoal, 
and other impurities. Such ashes rarely contain as much as 1 % 
of potash, or more than a per cent and a third of phosphoric acid. 
If the carbonic acid be classed as inert matter, together with the 
sand and charcoal, it will appear that scarcely more than one-third 
the weight of leached ashes can be regarded as possessing any 
fertilizing value w ha tsoever. 
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FactitiollS Leached Ashes. 
S. W .• Johnson has suggested that leached ashes might readily 

be imitated by mixing together 30 lb. of fresh-burned shell-lime, I 
8 lb. of kainit, and 10 lb. of fine bone-meal. These materials 
""ould supply 28 lb. of lime, 2.8 of phosphoric acid, 1.0 of potash, 
and 0.7 of magnesia; and, with the exception of magnesia, which 
is rarely lacking in soils, would probably be equal to 100 lb. of 
leached ashes, as used for fertilizing purposes. He urges that, in 
many localities, such a mixture might be economically substituted 
for leached ashes; and that, still better, such of its components 
as experience might show to be useful could be used to greater 
advantage than leached ashes themselves. 

It is to be presumed that the soils on which leached ashes do 
their bcst service are specially fit for nitrification, and that this 
process is promoted by the lime-carbonate. In this view of the 
matter, leached ashes would be of little use on soils not rich 
enough in organic remains to admit of ready nitrification, unless 
indeed they were used in conjullction with farmyard-manure, or 
some other source of nitrogen. This idea consists perfectly with 
the field observations of Schulz, that the fertilizing action of farm
yard-manure may be decidedly increased by applying finely pow
dered carbonate of lime and plougldng it under with a shallow 
furrow. So too, l\Iaercker, on applying similar dressings of car
bonate of limc, as an addition to dressings of sulphate of am
monia, got better results than were obtained by means of the 
sulphate without the lime-carbonate. 

Beside the direct action of carbonate of lime in feeding the 
plant and reacting upon the various matters which occur with it in 
the soil-water, it has a distinct though feeble power of decompos
ing organic matters, something as an alkali would. There is 
nothing very extraordinary ill this, for, as is well known, the 
solution of carbonate of lime in carbonic-acid water has a decided 
alkaline reaction; anu, as the experiments of Johnson haye shown, 
the action of carbonate of lime on peat is real though feeble. 

Ceo'bonate of Lime a Regulator. 
The presence of a quantity of carbonate of lime in a soil may 

sometimes be useful as a safeguard against, or as an addition to, 
saline fertilizers. Thus, when chloride of potassium, sulphate of 

1 Perhaps it would be well to slake the lime, and then expose it to the air in a bani 
cellar, with occasional stirrings, before adding the other ingredients. 
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potash, or common salt are applied to land that contains carbonate 
of lime, the salts are slowly decomposed, with formation of bi· 
carbonate of potash, or bi-carbonate of soda, as the case mny be, 
and these alkaline compounds have usually a better fertilizing ac
tion than the chlorides and sulphates whence they came. In this 
case the carbonate of lime acts as a regulator, as it wcre, to keep 
the land at its best j and so it is with regard to nitrification, as 
has been said. According to Hilgard, who bases his remark on 
observations and analyses of the virgin soils of our Southern and "r estern States, phosphates are more readily assimilable by crops 
growing on soils which contain an adequate supply of lime than 
by those growing on non-calcareous soils. He finds that sandy 
loams containing no more than 0.1 % of phosphoric acid ~dll yield 
fair crops during a term of 8 to 15 years, provided the soil con
tains lime enough, while twice this proportion of phosphoric acid 
will not serve any better purpose than that when there is a defi
ciency of lime. For that matter, there is abundant eyidence
as has ulready been set forth under Lime - that carbonute of 
lime often acts as an efficient agent for decomposing silicates in 
the soil and liberating the plant-food which is contained iu them. 

~f((rls. 

In connection with lime compounds murls should be considered. 
The word" marl" is a somewhut vague term, applieu to mixtures 
of calcareous earth and various proportions of cluy, or loam, or 
sund. There are murls containing no more than 5 % of carbonate 
of lime, and others that carry 50 or 80 % of the carbonate. 

Shell marls, so called, consist of deposits of clay und silt, ud
mixed with smull shells, thut are found beneath the surface soil of 
swamps, and sometimes at the bottoms of ponds. They must not 
oe confounded with the diatomaceous eurth (sometimes of pure 
white color), which is often found in similur situations, and which 
consists of innumerable silicious shells of microscopic organisms. 
Occasionully, shell marls contain very large proportions of car
oouute of lime. The heaps of oyster-shells, 01' of shells of sea or 
fresh-water clams, fOllnd in lllUIlY places near the sea or on the 
borders of ponds and rivers where Indiulls formerly congregated, 
are in no sense to be regarded as marl. }'or the farmer, these 
shell-heaps are simply stores of limestone fit to be burned to lime 
when the conditions are favorable for this enterprise. 

Generally speaking, it is only the carbonute of lime in a mar) 
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that gives it its fertilizing power, though there are some rare varie
ties which contain appreciable quantities, not only of phosphoric 
acid and potash, but of organic matters rich in nitrogen. The 
lime-carbonate acts, of course, to correct acidity and to promote 
the decay of organic matter; and, as has been said already, after 
it has been dissolved by the carbonic-acid water in the soil, it 
serves to flocculate colloid clay, and to favor nitrification. The 
good repute in which marls are held depends upon the fact that 
they are often found far inland in the hearts of agricultural 
regions, and may be readily Rppliec1 to the neighboring land at no 
great cost for transportation. Unlike quicklime, they can rarely 
do any harm, for there is nothing caustic or hurtful in them. 
1\1oreover, they are often applied in such large quantities as to 
alter the texture of the soil, and to serve as true" amendments." 

Upon light or sandy soils in particular, such as are apt to be
come too loose when worked, great benefit is often derived from 
methods of tillage which tend to ml1ke the land compact. The 
use of the roller, folding with sheep, teathing with cattle, and 
methods of shallow ploughing have all been employed to this end, 
and so has marling. It was customary at one time in certain dis
tricts of Englalld to occasionally cover the light lands with heavy 
dressings of a marl which has been described as being usually a 
strong clay containing a great deal of lime. It is evident enough 
for that matter that a light soil dressed with seventy or eighty 
thousand pounds of clayey or loamy marl to the acre will be made 
sensibly heavier, and so, conversely, of a sandy marl applied to 
clay. 

Gpon some of the low-lying fen-lands of Lincolnshire, great 
improvements have been made by applying clayey marls both to 
peats and to peaty sands. The benefit of a thorough dressing 
with marl is sRid to be felt during ten or twelve years, though the 
effect is very variable, according to the character of the marl and 
of the soil. It is to be noticed, howeyer, that in some of these 
instances mere clay, devoid of calcareous matter, might perhaps 
have answered nearly as good a purpose as the marl. Indeed 
instances are not lacking in European experience where clays ap
plied in this way have served excellently, especially as a means 
of bringing in white clover upon poor light calcareous land. 

As a general rule, however, it is the fact of admixture of clayey 
and calcareous matters which makes marls so serviceable" both to 
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stiff and to thin soils, breaking the one and glvmg substance to 
the other." " It mends any kind of land," says a writer on hus
bandry, early in the 16th century (as cited by Thorold Rogers). 
Gasparin cites examples where good results were obtained habit
ually in France by applying 11 tons to the acre of a marl which 
contained 77 % of pulverulent carbonate of lime, or 12 tons of a 
marl containing 68 %; and Deherain says that it is still usual in 
that country, in regions where marl is employed, to apply it at the 
rate of from 10 to 20 tOllS to the acre once in 15 or 20 years. In 
the 17th century, in Lancashire, England, it was customary to 
apply marl every 12th year to land that was kept constantly under 
the plough. (Houghton.) The old French writer Puvis argued 
from a theoretical point of view that in mal'ling land as much 
marl should be applied as would be sufficient to add to every 100 
lb. of soil moved by the ploughshare, 3 lb. of carbonate of lime. 
This idea was based on estimates of tile amount of calcareous 
matter naturally contained in sOllle rich clays and on practical 
experience of marling, though as Gasparin has pointed out, marl 
has been known to produce excellent effects when, instead of the 
3 % insisted upon by Puvis, it added to the land less than 0.8 % 
of carbonate of lime. 

It needs to be borne in mind that the mechanical condition of a 
marl has much to do with its value. Just as coarsely crushed 
bones are worth far less to the farmer than bone-meal, so a rough, 
lumpy marl will have less value, other things being equal, than 
one whose particles are fine. It follows, of COUl'se, that mere 
chemical analysis of a marl is not sufficient to determine its value. 

Marls are commonly classed, according to their mechanical con
dition or consistence, as stone marl, shell marl, earthy marl, or 
slaty marl. A striking peculiarity of the really good marls is their 
capacity of falling to powder under the influence of tile weather 
after they have been spread upon a field. This phenomenon de
pends upon the unlike behavior towards water of the clay, the 
sand, and the calcareous earth wl1ich the marl contains. The clay 
swells on being wetted by rain, while the sand and the lime-car
bonate do not. When dry weather sets in, the moist clay shrinks 
in upon itself, while the sand and the lime compound remain 
unchanged. Hence, by alternate wettings and dryings, the co
herence of the marl is destroyed, and the original lumps of it 
gradually cl'llmble to powder. In winter also the crumbling pro-

VOL. II -31. 
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cess is hastened, when the weather occasions alternate freezing 
and thawing. 

The use of old mortar, or plastering taken from buildings that 
have been burned or otherwise demolished, though hardly analo
gous to marling properly so calJed, may in general be regarded 
merely as an applicntion of coarse carbonate of lime, though there 
is often some gypsum in the mixture, more or less caustic lime, 
and occasionally a little nitrate of lime, especially in plastering, 
which is to be accounted a better fertilizer than mortar because it 
contains cow's hair, as well as lime and sand. Other kinds of 
refuse lime which are to be had, in some localities almost for the 
asking, are the" scum" from sugar-honses and the" scutch" of 
skin-dressers, already described in Volume I, and the waste lime 
of soap-boilers, which consists chiefly of carbonate of lime. 

Recapitulation. 
To recapitulate, and the question now is of lime proper:
Lime may act to alter the capillary condition of the soil, both 

by coating the earth, as was explained, and by flocculating the 
colloid clay in it, 

It may act on hydrous silicates in the soil to push out from them 
potash, or the like. 

It may decompose the inert nitrogen compounds in vegetable 
mould, and may eyen do good by merely disorganizing vegetable 
remains. 

It may neutralize undue acidity, whether caused by an excess of 
humic acids, or by the presence of ferrous sulphate. 

It may destroy iusects and worms, and some hurtful fungi: 
thongh the presence of carbonate of lime in the soil is important 
for nitrification. 

It may help to disintegrate rocks and minerals. 
The presence of it in the soil often increases the" absorptiye 

power" of the soil; that is to say, the power of fixing and hold
ing potash, etc. 

CHAPTER XXVII. 

SODIUM COMPOUNDS. 

OF sodium compounds, considered as fertilizing agents, com
paratively little need be said, Methodical experiments have shown 
that sodium is apparently not essential to the life of agricultural 
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plants. Crops can grow perfectly well without it. Or, at the 
most, they need so small a trace of soda that enough can always 
be obtained from the supplies to be found in the soil, or even in 
thc air. The soda usually foued in the ashes of plants is acci
dental and non-essential. The old notion that soda could replace 
potash in the plant has been disproycd. 

Auill1als, to be sure, need salt, or some other souium compound, 
in order that they may live; and, ordinarily, they obtain the chief 
part of their supply of soda from plants. But these considerations 
have little or no bearing on the question of agriculture. Domestic 
animals might always be supplied with soda by administering to 
them salt, or sulphate of soda, directly; and it would be economi· 
cally absurd to send them the soda by the roundabout way of the 
plant. And yet, in spite of all this, common salt is often found 
to do good service as a manure. 

lrfode of Action of Common Salt. 
The explanation of this fact seems to be that the salt acts indi

rectly. It effects the decomposition of substances already present 
in the soil, and sets frec from them some things which are needed 
by plants. It is somewhat with salt as it is with gypsum, except 
that, while gypsum pushes out potash with especial ease, as well 
as magnesia alid ammonia, from the hydrous double silicates, 
common salt displaces lime first of all, then magnesia, and potash 
(as well as some phosphoric acid) only to a subordinate extent. 
The disco\'ery, however, even of thus much, viz. that salt acts 
indirectly to dissolve matters that are already in the soil, has 
helped to clear up one of the most obscure points in the chemistry 
of agriculture. 

Until a comparatively recent period, it was impossible to com
prehend the conflicting statements about the use of common salt 
that were published every day. One farmer found it a valuable 
manure; another was led to regard it as a poison sure to dcstroy 
his crops, while a large number of observers, perhaps the majority, 
could not perceive that they derived either bencfit or damage from 
its use. On the whole, the verdict of most practical men appears 
to have been rather unfriendly to the use of sult. A good exam
ple of the experiences which have led to this conclusion is seen in 
an experiment made by Lawes. Two contiguous plots of mod
erately good land, devoted to the continued growth of wheat, 
were dressed every year for 20 years with a mixture of mineral 
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fertilizers and ammonium salts; but during one term of 3 consecu· 
tive years one of these plots received 3 cwt. of common salt, ill 
addition to the regular fertilizers, while the other plot got no salt. 
Some of the results of this trial are given in the following table. 
The harvests are the ll.Yerages per year and per acre for the terms 
of years stated: -

Terms of Yellrs. Bushels of Wheat. G~~f~IIl~~i'~t;:';'. 
Salt No Salt Salt No Salt 
Plot. Plot. Plot. Plot. 

3 years before using salt 32.25 32.75 5,988 5,976 
3 years with salt . . . 30.00 30.25 6,535 6,568 

10 years after using salt. 40.75 40.75 7,799 7,Rll 
The 16 years . . . . . 37.25 37.25 7,222 7,234 

It is now known, however, that, with many soils, lime, magne-
sia and potash can be given to the crop by applying common salt, 
or any other soluble sodium compound, to the land. That is to 
say, the salt acts to loosen up or to set free the potash of the soil, 
mnch in the salllc way that gypsum does. Berthier observed, long 
ago, that lucern-plunts, grown on a highly saline soil, contained 
an abumlance of potash and hardly any soda. "T olff, in his turn, 
grew buckwheat on an experimental field, one-half of which was 
dressed heavily witll common salt, wllile the other h::llf was left 
ullmanured. Ou analyzing the ashes of the buckwheat straw, he 
found that tbe portion of the crop which had received tbe salt con
tained less soda, but more potash, than the otber. 

An application of common salt to the land might thus exert a 
decided fertilizing action, by merely pllsl1ing out lime and potash 
from the sllrfuce soil, and sending them down to where the roots of 
the crop are growing. The probabilities are, however, that tbis 
elimination of potash can usually be effectecl more cheaply by 
means of lime compounds tban by means of sodium salts; and if 
a sodium salt were used for this purpose, the nitrate, which is a 
valuaLle manure of itself, because of the nitrogen contained in it, 
might be preferable. 

Voelcker was inclined to attach considerable practical impor
tance to the fact obseryed by him, that salt has power to liberate 
ammonium salts from the feeble combinations in which tbeyexist 
in soils which have been highly manured with rotten dung, with 
guano or with ammoniacal fertilizers. It is well known, he says, 
that salt is most beneficially applied, either alone or in conjunction 
witb guano, to light land after a good dressing of farmyard-ma
nure. On land in goocl heart, and well-manured, salt alone often 
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produces a large incrcase of wheat or other grain, perhaps through 
the liberation of ammonia and the rendering of it immediately avail
able for the use of the cereal crop. On land out of condition, salt 
would not produce this fllYorable effect. 

Nowadays it would usually be better policy to apply a potash 
compound directly rather than to count upon the indirect action of 
salt or of any other sodium compound. FOl' example, Yoelcker, 
on applying muriate of potash to land seeded with elon'r and Ital
ian ray-gmss, obtailled a vigorous growth of cloyer, and a strong 
growth of ray-grass also, with the result that there was a material 
gain of hay as compared with bud that lllul received no manure j 
while comlllon salt applied to an adjacent plot had no effect upon 
the product. 

Several chemists have studied the disintegrating or solvent ac
tion of common salt, and of a variety of other saline substances, 
upou soils, and rocks, and minerals, lIot to speak of multifa
rious experiments of analogous character relating to fixing power, 
Some of the most notewortlly of tllese trials arc those of Dietrich 
(Hoffmann's Jahresbericht, I, 29 and V, 12) and of Beyer (ibid., 
XIII, 22). 

Use of Salt to check milk Gl"Owth. 
Salt is sometimes used to check vegetation. That is to say, it 

is employed not infrequently in Englund to hinder the growth of 
grain-crops, or rather to prevent the stalks from becoming too 
rank on rich soils, or on soils too highly cuarged with nitrogenous 
manures. It is a matter of familiar ob;eryation in Southern 
Franee, that wheat grown on certain saline soils near the mouth of 
tile lUlOlle, has a short, firm straw, and is much less liable to lodge 
than that grown on nOll-saline land. It has been found practica
hIe to materially increase the yield of wheat OIl the saline land by 
manuring heavily. (Gasparin.) 

Methodical experiments ll)' Hannam, on oats and barley, ha,'e 
shown that dressings of COlllllH)[l salt tend to increase the quantity 
of grain in a greater ratio than the straw, to improve the quality 
of the grain, to render the straw white and brittle, and to promote 
its ripening. In respect to wheat, also, salt was found to have a 
slight tendency to increase thc produce of grain and to decrease 
tile weight of the stl'llW, although it did not diminish its bulk. 
The weight per bushel of the grain was increased. Some farmers 
have claimed that wheat grown on lallll dressed with salt will ripen 
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on an average a week sooner than wheat in the manure of which 
salt had fo,med no part. 

It was a not uncommon practice formerly to mix tIle true Peru
vian guano with salt, and to mix soot with salt, and the English 
farmers still use salt to hinder their grain-crops from running to 
straw in wet seasons. As would naturally be expected, salt does 
not act in this way on all kinds of land, though on some strong 
soils it is known to materially strengthen the wheat-plant. The 
use of it fol' tids purpose would clearly be inadvisable on land not 
rich enough to calise rank growth. Voelcker, who found salt to 
be a useful addition to nitrate of soda employed for top-dressing 
wheat, S:lYs: "Salt applied in any quantity to cereal crops and to 
grass-land certainly does not increase the produce. By checking 
over-luxuriance, it to a certain extent prevents the growth of nmk 
grasses, and produces a finer herlJage; and, in the case of cereal 
crops, it keeps the straw shorter and thereby prevents their getting 
laid at harvest-time. . . . ·When strewn upon the grass of perma
nent pastUl'es, salt sometimes has a decidedly injurious effect. In 
one instance, where salt was applied ut the rate of [j ewt. to the 
acre, the yield of grass to tlle acre was 760 IlJ.less titan from con
tiguous unsalted land. Fertilizing materials wllich are very solu
ble in water, and are not absorbed Chemically and rendered 
insoluble by the soil, require to be used sparingly, and should 
always be applied iu showery weather, in order that they may be 
washed into a large body of the land." 

In the words of au English writer: "Common salt js used prin
cipally for wheat upon the lighter loams and sawls, at the rate of 2 
to 4 cwt. to the acre. Its general effed is to stiffen the straw with
out increasing its bulk, and to assist in the perfect tilling of the ear. '" 
Upon the farm of Mr. Ellis, near Guildford (England), the soil of 
which consists chiefly of a deep, rich loam that has long been care
fully culti vated, salt was at one time habitually used upon winter 
wheat, particularly that which was sown after clover or grass, and 
usually with beneticial results. It was customary to apply the salt in 
autumn, either before plowing under the sod, or at the least before 
sowing the grain; and it was believed that, on soils similar to that 
of this farm, salt checks the ravages of slugs and worms, though it 
may be less useful on heavy clays. 

In o1"(ler to exhibit the merit of salt, an experiment was tried by 
Mr. Ellis as follows. Quarter-acre plots were marked out upon a field 
of wheat, the soil of which was a sandy loam upon a gravelly subsoil. 
J~ight loads of dung to the acre had been applied to the clover and 
bellt grass that prpceded the wheat, and :2 cwL of coarHe salt were 
strewll in ~larch UPOll one of the experimental plots. Therc was har
vested from the quarter-acre that received-
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TheS"lt. 
9 bushels of head wheat, weighing 

6llb. to the bushel . . . . • 
1 bushel and 5 gallons tailin.,.. . 

lb. :-<0 Salt. 
8 bushel. of headwheat, weighing 

549 61.75 lb. to the bushel . . . . 
00 1 bushel tailings. . . . . . . 

639 

583 

lb. 

494 
54 

548 

That is to say, there was gained hy the use of salt 01 lb. of wheat, or 
at the rate of 6.5 bushels to the acre. The straw [rom the salted 
plot weighed ib6 lb., and that from the unsalted plot G!J6 lb., i. e 
there was a gain of \)0 lh. straw, or aGO lb. to the acre. On this farm, 
no great success had been got from the use of nitrate of soda upon 
wheat, but a mixture of l.ii cw!. of Peruvian guano and :2 ewl. of ~alt, 
sown as a top-dressing ill the spring, had sprved extremely well 
" when the l:mcl was not ill sulliciently good condition to bring 011 the 
wheat-plant~ satisfactorily." 

So too the tendency of nitrate of sorIa to encourage mildew upon 
wheat, in ]~lJgland, and to make the crop lodge, may be connteracted 
by using a moderate quantity of sea-salt in conjunction with the ni
trate. In practice a mixture of one cwt. of sea-salt, and onc cwL of 
nittate of soda to the acre of land, applierl as a top-rlressing to wheat 
in the spring, has been found to be useful. It is said to be be~1 !lot 
to sow the whole of the mixture at once, but to apply it in two doses 
at a fortnight's interval in showery weather. In illustration of thi,; 
matter, Pusey has reported the following harvests:-

White Wheat. 
Undressed. . 
2 cwt. guano . 
Nitrate and salt 

Bushels 
to the Acre. 

21 
. 24 
. 25t 

Red Wheat. 
Undressed 

Nitrate and salt 

Bushels 
to the Acre. 

19} 

27} 

Pusey 5uggests that the mixture may do good service on cold un
drained days, and particularly for curing defects ill a crop ari,ing 
from seaROn or from poverty of soil, as when wheat has been inj\lred 
by frosts in late winter or by the wire-worm. 

Doses no larger than 42 lb. of the nitrate and f14 lh. of salt to the 
acre, have been found to restore early sown harley that h,l(i suffered 
ReverPly from frost. The action of the fertiii7-cr was imlllediate; 

. the grain-plants soon recovered their color ancl grew half a foot higher 
thall a half-acre strip to which none of the mixture W:1>\ applied. -The 
fertilized part of the field yielded at the rate of 47 bushels to the acre 
and the other part 40 bushels. 

Physiological Action of Salt. 
The physiological action of salt in these cases is not well under

stood j though from the effects produced by salt upon potatoes, 
beets, hemp and flax, as will be stated directly, it is evident 
enough that it may exert no small influence upon the life of plants. 
It is not impossible tbat salt may sometimcs kill the nitrifying 
ferments or some other organisms, that work to make the soil ni
trogen active, or, at the least, hiuder their developlllent. Possibly 
the effect of the salt may be due to a general weakening of the 
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plant. As everybody knows, large doses of salt will kill most 
plants. Perhaps smaller doses may cheek growth hy giving the 
plants an illness from which they slowly recover. There can be 
no qucstion as to the practical fact that salt does retard the gl'Owth 
of plants when applied to the land in quantities aboyc 3 cwt. to 
the acre. Voelcker was led to belieye that to this fact must be 
attributed the great utility of salt upon mangolds grown on light 
and sandy soils. 

On the lighter kinds of soils, he says, and especially when the 
season happens to be dry, roots are apt to pass so rapidly through 
all the stages of growth tllat their leaves begin to drop before the 
plants have had time either to collect food from the atmosphere or 
to accumulate mineral matters from the soil in sufficient quantity 
for the development of an abundant crop of bulbs. Farmers often 
notice, when dry weather sets in, that root crops are liable to 
dwindle away and to yield hardly half a crop. But by applying 
salt in moderate quantities to land otherwise well-manured the 
life of the plant is prolonged and a larger crop of bulLs is ob
tained. On such soils, the application of 3 or 4 cwt. of salt to 
the acre gave Voelcker a htrge increase of roots, and quantities as 
large as 7, 8 and even!) cwt., so far from doing any harm, in
creased the produce of mangolds by ::2.5 to 4 tons to the acre. 
Indeed, in some of these experiments with mangolds, common salt 
gave as good results as those obtained by using kainit. He urges 
that the salt hinders the plants from ripening off too quickly and 
keeps them not only yegetating but in good growing condition. In 
the Eastern eounties of England, the moderate use of salt has 
materially increased the root-crop, apparently by virtue of this 
retardation of the growth of the plants. 

On the light chalky SOilR of Norfolk County, England, where high 
farming hi skilfully practised, considerable quantities of salt have 
been used. It is said to have been applied to mangolds, generally in 
conjunction with gHano, at the rate of frol11 3 to 5 cwL to the acre, 
being sown upon the farmyard-manure. It was found to very much 
increase both the weight and the quality of the beets, and on light 
soils, in seasons of drought, it retained moisture in the Jand. Salt 
was used there extensively also with all sorts of top-dressings, as it 
tends to strengthen straw and brighten the appearance of grain . 

.Much must depend, of course, on the character of the soil; thus, 
Caird in expcrillwnts on the growth of l1langolds near I .. ondon, on 
good gravelly loam, found 5 cwt. of salt to the acre to be a useful 
addition to guano and rlung. lIe harvested tons and cwt. of beets as 
follows from one acre of land when dressed with 
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Ton.. Cwt. 
12 cwt, of sup('rphosphate alone 14 19 
7t cwt. of Peruvian guano 17 17 

40 cubic yards of dung . 21 3 
20 cubic yards of dung and 4 ('wt. guano 23 16 
20 cubic yanis dung, 40 cwt. guano and 5 cwt. salt 30 12 

But on stiff clay soils thc use of salt upon mangolds is injurious, 
becallse the ripening of the crop would usually be too much retarded. 
Voelcker lwIlls that more than Ii cw1. of salt to the acre applied to 
stiff, lVet, clay S~!l.~, or to such soils as are cold and which only slowly 
bring grain, root~ and grass to maturity, would be an excessive dose 
and VI null! do mischief, " for salt has a remarkable tendency to pfO

long 1 he period of vegetation and to delay the arrival of matnrity. 
Consequently, when it is misapplied the crude juices circulating in 
the UI\ ~e leavcs are not sufficiently elahorated or ripened for the 
produc1;l~n of a large amI heavy CfOP, within the period during which 
roots c, ,Il be left in the field. One reason why superphosphates are 
excelle! t for roots on stiff clays is that they promote early maturity." 
Further remarks by Voelcker on the use of salt for mangolds will be 
given on a subsequent page. 

l,awe;' has reported an experiment with mangolds, on tolerably 
strong laud, where - in addition to other fertilizers, which were the 
same fur all the plots - one acre of land received 5 cwt. of salt and 
another afTe 10 cwt.) while it third acre was left without any salt. 
Re says, ., One thing which Rtruck me immediately was that the 
plants which had no salt grew faster than those which had it. There 
could be no mistake abuut the matter. The salt evidently appearefl 
to check the growth of the mangolds. This went on for several 
monUlf', and 'lt one time there was a great difference between one set 
of roots and the others; but at the time of harvest the yield of roots 
from the no-snIt acre was :::l1 ions, 2 cwt., that from the acre with 5 
cwt. of salt wa" 20 tons and 10 ('wt., and where Lj cwt. of salt were 
applied there wcre only 18 tons of roots. As regards tops, the yields 
were 7 tons, 6 ewt.; 8 tom, 5 cwt., and 7 tons, R cwt. respectively. 

It may here he said that, although excellent in many cases for 
mangolds, salt acts injuriously on beets which arc grown for t.he usc 
of sugar makers, both by retarding the ripening process and hy de
basing the juice, i. e. by preventing a considerable portion of the 
sugar in the beet-juice from erystalli:dng. So also in experiments 
where salt was applied to wheat on a good day loam, Lawes noticed 
that the bushel of grain was not heavier when salt was used, that 
there was practically no di.fference in the proportions of grain and 
straw, and that the proportion of offal corn was a little larger when 
salt was used. 13ut it is evident that these negative results, obtained 
on land that was in good condition for ripening wheat, do not in
validate the dissimilar experience of other farmers operating on 
highly manured land and on soils of different character. 

lYheat can bear much Salt. 
The English engineer Parkes has called attention to the capacity 

of wheat for supporting large quantities of salt, in the following 
terms: "The quantity of salt in which the wheat-plant will flourish 
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is curiously illustrated on the warped soils of the river Humber, and 
would scarcely be credited unless seen. Thus, the whole of a large re
claimed piece of warped land was planted with wheat for the first time 
in the autumn of 1844. 'When I saw it, in the autumn'of 1845, the sur
face of the ground was crystallized all over with salt, evidencipg th,e 
enormous quantity which the mass of the bed must have contained; yet 
from this first crop, as I was told, 24 bu~hels of grain to the acre had 
becn threshed out. The order of culture there after warping is to 
leave tbe land to the occupancy of what is called sheep-grass, which 
naturally skins it for thrce years and then begins to dic off. The 
land is then plowed and sown with rap£ which is allowerl to go to 
seed. The rape-plant is considered to remove the very injurious ex
cess of salt, and great crops of it are ohtained. 'Wheat follows the 
rape, and after the wheat any other crop may be grown for many 
years to the farmer's liking and without the aid of manure." 

Possibly it is the clliorine ill the salt which acts to restrain the 
growth of wheat, rather than the sodium. If this be so, it might 
be better to use chloride of potassium (Stassfurt muriate) rather 
than common salt; or possibly a light dressing of chloride of mag
nesium, which would be clleaper even than salt, might sen-e the 
purpose. It would be interesting to study the comparative action 
of common salt and of cllloride of potassium upon some of the 
over-rich bottom-lands at the 'West. On the so-called American 
Bottom in Illinois, for example, the growth of stalks and stmw is 
said to be enormous in proportion to the yielJ of grain. Corn
stalks grow ten or twelve feet high, and are sometimes five inches 
in circumference, while at about the heigl1t of a man's head they 
bear a single eal' of corn. For all the rank growth of stalks, the 
harvest is hardly 50 bushels of Indian corn, or 25 bushels of 
wheat, to the acre. It would be an interesting experiment to try 
whether salt, or any other chlorine compound, would in this case 
bring the stalk production into fit relations with a proper crop of 
grain. 

Salt Toughens Flax (tnd Hemp. 
It is not in the least nnlikely that salt may exert other physio

logical effects than those just now snggested, for Nessler has no
ticed that tobacco grown on land manured with salt had tougher 
and more flexible leaves than that grown on adjacent unmanured 
land. So, lO, hemp that had been lightly manured with salt 
yielded a larger amount of useful fibre, and a fibre of superior 
quality, than was got either from unmanured land or from land 
fertilized with sulphate of ammonia. Flax also, in Fleischmann's 
experiments, gave a third more seeds, a quarter more straw, and 
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100 % more long flax-fibre, when manured with salt than when no 
salt was applied to the land; and Mayer calls attention to the fact 
that, on the newly-embanked polders of Holland, flax succeeds 
well, even when the land is still somewhat saline, and wholly unfit 
for gl~wing merchantable tobacco. It should be said, both as re
gards flax and hemp, that the suggestion was tlIrown out many 
years ago that a stronger fibre is obtained from fields tlIat have 
been lightly manured with common salt. (Gaspariu.) 

It has often been noticed, moreover, that dressings of salt, and 
even of chloride of potassium, tend to make potatoes waxy rather 
than mealy. Stoeckhardt has in fact shown, by an elaborate com
parison of numerous experiments, in which the action of salt could 
be contrasted with that of other ferf'ilizers, or with that of unma
nured land, that, as a general rule, the percentage of starch in po
tatoes is diminished when the land has been dressed with chloride 
of sodium, either by itself or as an addition to other fertilizers. 
Even the yield of tubers is apt to be diminished by the presence 
of salt in the soil. Stoeckhardt urged that it is a physiological 
fact that, when common salt is brought into contact with the roots 
of the potato-plant, the growth of the latter is checked, and its 
power to form organic matter and to store up starch in the tubers 
is hindered to a remarkable extent. 

·When applied to sugar-beets also, common salt - as well as 
chloride of ammonium and chloride of potassium - tends to di
minish the yield of sugar, and of dry organic matter, while the 
proportion of nitrogenous substances and of ashes is increased. 
In an instance where the yield of grass had been largely increased 
upon a meadow by salting it, Hellriegel found that the proportion 
of nitrogenous matter, ashes and cellulose, in the crop, had been 
increased by the use of the salt, while the proportion of carbo
hydrates was diminished. Indeed, Loew admits, as a general 
rule, that, in crops fed with alkaline chlorides, cellulose is in
creased at the expense of starch. 

Voelcker found in his experiments that common salt applied to 
potatoes in any considerable quantity rather injures than benefits 
the crop, especially in dry seasons, and that it has a more decidedly 
prejudicial effect on clayey loams than on lighter, sandier soils. 
Although small quantities of salt sometimes increase the potato
crop on light land, especially when the salt is used in conjunction 
with a superphosphate, he deems it hazardous to apply as much as 



588 AGRICULTURE. 
I 

4 cwt. of salt to potatoes on light loam in a dry season. In one 
experiment, where 4' cwt. of plain superphosphate and 4 cwt. of 
kainit per acre were applied to sandy loam, in a dry year, 8.5 
long tons of potatoes were obtained, while a contiguous plot, ma
nured with 4 cwt. of the superphosphate and 4 cwt. of common 
salt, gave less than 4.5 tOllS tubers, i. e. a crop no better than that 
yielded by the unmanured land. It was true, also, on applying 
mixtures of common salt and superphosphate to potatoes, that it 
sometimes happened that the yield of tubers was less than was 
obtained by the superphosphate alone. In experiments with man
golds and with Swedish turnips, however, the use of salt in con
junction with superphosphate had a good effect, thongh the crops 
fell short of those obtained by using kainit and snperphospate. 
When salt alone was used upon the turn"ips, it appeared to do more 
harm thah good. 

Salt as a Top-clressZ:n(l. 
According to Voelcker, "Common salt is used in England prin

cipally as an addition to manures for mangolds, and, mixed in 
equal pl'Oportions with nitrate of soda, as a top-dressing for spring 
wheat and barley. It is also useful on light land in dry seasolls." 
When salt is used for the purpose of prolonging the term of growth 
of plants on light land, it will naturally be used as a top-drcssi~11 
But, curiously enough, it has sometimes been noticed (presllmatr 
on clay soils), even in localities where salt has been found to do 
good service as a fertilizing agent when ploughed nnder, that top
dressings of it seldom increase the crops, and that they are often 
distinctly hurtful. One case has been reported where 9 cwt. of 
salt strewn upon a Saxon acre had no visible action UpOll either 
wheat or rye, while it killed young cloyel'. In general, it is agreed 
that care must be taken to use salt sparingly, and to apply it at 
appropriate seasons, as when neither seeds, nor sprouts, nor young 
plants are at hand to be injured. Instances are on record where 
more than 3 cwt. to the Saxon acre diminished the beet-crop, and 
more than 4! cwt. diminished the yield of potatoes. In some 
places, 1 or 2 cwt. to the Saxon acre, applied to rye, gave the best 
results, while in other situations the best rye-crop was got with 6 
cwt. In this instance, an application of 9 cwt. diminished the 
crop, and 12 cwt. lessened it still more. Here in New England, 
dressings of from 5 to 8 bushels of salt to the acre have often been 
commended; and there would seem to be little or no risk in using 
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quantities so small as these, for it is said that as much as 20 bush
els to the acre may be applied to young wheat without harm, amI 
there are cases 011 record where 25 bushels have been applied to 
wheat with advantage. Instances are upon record where lawns 
have been freed from moles, without injury to the grass, by sow
ing salt freely. Probably muriate of potash would SctTe the same 
purpose and improve the green sward also. 

There are cheap kinds of salt that are sold purposely to be used 
as fertilizers. It is said that they should not be applied in larger 
quantities than at the rate of 300 to 600 lb. to the English acrc. 
A barrel of salt to the acre, for wheat, is one English formula. 

On top-dressing grass-land with salt and nitrate of soda, Voelcker 
found that while the nitrate pushed on the growth of the gra~s, and 
secured a larger produce, salt checked the growth to such an extent 
that when as much as 10 cwL of it were applied to an acre of stiffish 
lawl, the crop was lessened, even though nitrate of soda was used at 
the same time. Still, salt might perhaps sometimes be spread with 
advantage on spots where heaps of manure have lain, in order to 
check rank vegetation and make it more palatable to animals. 

Experiments by Heiden go to show that, for some loealities, it is 
better to apply salt as a top-dressing than to plol:gh it under. He 
grew barley on a field of sandy loam, that had not been fertilb-;erl for 
6 years, and obtained the results which are set forth ill the full owing . 
table: -

Lb. of salt to the Crops barvested, in Lb. alld Loth. 
square rod. Grain. Straw. Chalf. 

5 ploughed under 16 7 27 15 6 24 
5 as top-dressing 21 27 30 5 15 
7.5 plaugher! under. 23 8 33 9 4 14 
7.5 as top-dressing. 27 23 40 25 6 

There can be litile doubt, however, that much lllUl't depend on the 
character of the soil and upon the action of the salt to improve or in
jure its tilth, for sometil1le~ heavy dressings of salt (20 to 40 bushels 
to the acre) have been applied to fallow la~1(l for the express purpose 
of killing weeds, with the result that vegetation is well-nigh totally 
destroyed for a season; !Jut there would seem to be a risk ill this case 
of destroying various useful micro-organisms, as well as the weeds and 
worms. Probably other solu!Jle non-poisonous saline matters may re
tard the growth of crops as salt does, but few of them are so cheap 
and innocuous as common salt. (Voelcker.) 

It is noticeable, withal, that sulphate of sodium lllay exert a 
physiologieal effect upon plants distinctly different from that produced 
by chloride of sodium. Thus, Hilgard has noticed in California that 
sugar-beets grown on soils contaminated with sulphate of soda may 
yield a serviceable juice, while no such result can be obtained on soils 
charged with common salt. This observation clearly consists with 
German experience in the use of potash salts, which goes to show, as 
:Mayer insisted, that, in the long run, SUlphate of potash has given 
much more satisfactory results than muriate of potash has. 
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Salt .flocculates Colloid Clay. 
There is another effect producible by salt which explains the 

good results which hayc often been obtained on applying it to 
heavy land; yiz., its power of making fine particles of clay or 
mud cohere, as is seen when the suspended matters in turbid river
water or in mud-puddle liquor are made to subsidc by additions of 
salt. SchueLler called attention, long ago, to the fact that a 
mixture of salt and gypsum (a waste product from salt works) 
selTed a highly useful purpose on many clayey and peaty soils, 
and especially in wet seasons, both when it was applied by itself 
and when used in conjunction with dung or dung-liquor; though 
on lighter land it was apt to do harm rather than good. Gaspa
rin, also, has called attention to the experiencc of farmers in 
France, near the mouth of the Rhone, which tcaches that when 
moderate dressings of farmyard-manure are applied to certain 
clayey, saline soils of that locality, the full effect of the manure is 
fclt at once by the crops; while on non-saline soils, cqually rich 
in clay, very heavy dressings of mannre must be applied at first, 
in order tlwt tile land shall be brought into proper condition. 

The influence of salt to change the mechanical cOll(lition of 
clay has often been noticed in Holland, where a part of the injury 
which results when clayey polders are oyerfiowed with sea-water 
has been attributer to it. But there can be no question that the 
action may be beneficial in very many cases where the soil is stiff 
and when the quantity of salt put upon it is not too large; for, 
like most other saline fertilizers, the salt causes the finest parti
cles of the clay or loam to attach themselves more or less firmly 
to the coarser particles of sand, or what not, and thus tends to 
make the soil less plastic, more permeable as regards water, and 
more open in texture than it had been before. \Vhcn sea-water 
is used to sprinkle dusty streets, it is noticed that the road-bed is 
made less lllulltly than is thc case when fresh water has been em
ployed for the sprinkling. For remarks on the tendency of saline 
fertilizers to injure seed-beds by promoting the formation of sur
face crusts, see Nitrate of Soda. 

As h[~een expluin~d under the head of Lime, common salt 
and oth 'aaline solutions have a considerable power to flocculate 
fine eart ; or any minute particles that are suspended in water, 
much 3'l lime does. For example, when the Mississippi water 
flows into the saline water of tile Gulf of Mexico, much of the 
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matter that was held suspended in the river-water is flocculated at 
ollce, so that it can subside. Such action as this is one prime 
cause of the formation of deltas, for the flocculation of fine lDud 
by salt is common to all riYers that reach the sea. 

A curious instance of this phenomenon was encountered at Cal
cutta on establishing filtering-beds of sand to purify the lIoogly 
water. It was found that, during the rainy season, the fine mud 
in the water penetrated ycry deeply into the filters and rapidly 
choked them. In the dry season this did not happen, for the 
suspended matters were then arrested near the tIpper surface of 
the sand. The explanation is, that, during the rainy season, the 
water contains a much smaller proportion of saline matter than it 
does in the dry season. The trouble was remedied by adding 
alum and salts of iron. Similar results have been obtained on 
applying Bischof's metallic-iron process to the purification of 
Mississippi water, which holds much clay in suspension. Through 
the action of the water on the iron, a small quantity of a soluble 
ferrous salt is formeu which immediately coagulates the clay and 
causes it to settle. Conyersely, where the waves of Lake Erie 
beat against the banks of clay upon its northern shore, the water 
is said to be discolored for miles out into the lake, manifestly 
because of the absence of saline matters to flocculate the colloid 
clay. It is to be remembered, however, that in soils containing 
calcareous matter, the addition of salt or of muriate of potash 
Illight act, not to flocculate the soil-particles, but to puddle them, 
as has been explained already when speaking of Alkali Soils. 

FlOCCillation lJy other Suline ~l[(ttte/'s. 
·What is true of common salt as regards floc()ulation is true also 

of Yariolls othe1· saline fertilizers, and it is a point always to be 
bUl'lle in mind that the coutinued use of " artitlcials" Huty change 
the texture of a soil, and the power of that soil to hold and to lift 
water. EYen tile saline matters which occm naturally in arable 
soils (notably bicarbonate of lillle) do, in spite of their extreme 
dilution, actually exert a highly important influence to maintain 
soils in good tilth. Schloesillg has suggested the following ex
periment, as illustrating this point. A quantity of moist loam, 
having been crumbled between the fingers to a loose coudition, is 
shaken into a cylinder, at the bottom of which fraglllents of glass 
have been placed and covered with a layer of coarse sand. On 
moistening t~e loam with distilled water, drop by drop, a solution 
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of the saline matters which the soil contained will be pushed down
ward beneath the byer of pnre water, which has the upper hand, 
nud the uppermost byers of lorun will soon lJe left in contact with 
pnre water, with which they filially forlll a muss of dough; i. e. 
when all the "aline matters haye l)('('n remoyed frOIll the soil, it 
passt's iuto the condition of pasty mud. Meanwhile the lower 
l:tyel'C! of tlle soil, altllOngll fully moisteued and Sll bjected to 
heaviel' presslIre th:lll the llPlwr bye],s, exhiIJit no sueh change as 
to their llll'('ullllical condition, for tlH'J are still in contact with 
saline llJattr]'s thni hiJldel' their particJeC! from puddling. 

On l'('pcatiug this cXjl<'rirucnt with ordiwl1'.V well, water, instead 
of llistillc!l wah']', all tue other conditions being as before, Schloe
siug obtained lIO 1l111d at the Rut'fnee of the earth. He explains 
his reslllts us follows. 1 n tLe fille earth, whiell we call loam, day 
often Hcts as a kind of ceUH'ut to hold particles of sand together. 
The clay giyes coherence to the particles of soil, llnd keeps them 
from falling to mere dust. But this binding power of the clay is 
effediye ollly so long as there is enough saline matter present to 
keep thc clay ill a coagulated condition. "rhene,'er, by washing 
with pure water, the coagllbtiug agelits are relIloYed, the clay 
loses lllore or leHs completely this kind of binding power, the fria
Lility of the earth llisappears, and mud is formed, 

Schloesing aumits that not e\'ery kind of earth is suitable for 
the foregoing experiment, for in some soils many of the particles 
or granules are held together by other agencies than that of clay, 
aUll stich soils arc not casily puddled. Many of them will with
stllnd the action of distilled water, as above applied. But it is 
still true tltat a l:1l'ge numoer of loams will behave in the manner 
indicatml, aud sllch soils are liable to be puddled at the surface 
wilen acted upou by rain, which is water that has been distilled 
naturally. 

There are, however, not{>worthy differences between the eXflgger
ated conditions of the experiment aud tllOse to which soils are 
acttmlly suhjected iu the fields. For although in the ex:periment 
the wllter is adJcll very slowly, it lllay still happen that as much 
of it may be applied in a few hours as would amount to a layer 
ten or Mteen iuclles deep. But this woul(l represent au enormous 

• rainfall, such as is wholly llnusllal; hellce the washing out of the 
saline matters must be more complete in the experiment than in 
the. field. Ou the other haud, the beating action of l'aiu, which 
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must greatly promote puddling in the field, has comparatively 
little influence in the bboratory experiment. In the field, more
::>yer, the rain-water, coming in showers, and in comparatively 
,mall quantities, would often be able to dissolve enough lime from 
the soil (chiefly as bicarbonate) to hinder defiocculation. In the 
~ase of very heavy rains, it Illay happen also that the soil will be 
30 thoroughly puddled at the surface, that is to say, it will become 
:overcd with mud that is so difficultly permeable, that not enough 
water can percolate downward to wash out the saline matters from 
lhe layers of soil next helow, so that the tilth of the soil will not 
oe much illlpnired excepting at the yery surface. 

To the presence in soils of the natural saline matters Schloesing 
lttributes the power of the soil to clarify turbid liquids. Were 
t not for the saline matters, he says, not clear sparkling water, 
Jut turbid and muddy water would flow from field-drains and 
,prings, and be dl'llwn from wells. In a similar spirit, Schulze 
lad previollsly insh;ted tl1at the soluble constituents of fertilizers 
lJld manures must often exert no inconsiderable influence upon 
~he texture of soils. He argued that the mellow condition of soils 
,[wt haye been marled or heavily manured must be attributed in 
lome part at lea,.;t to the flocculating action of soluble saline mat
,ers. For that matter, it is a tenet of practical agriculture that 
:he physical defects of stiff clays may often be corrected by ap
Jlying stable-manure at regular intervab. Several writers have 
nsisteu 011 the influence which may be exerted by nitrate of soda, 
1S has been explained already when di;;cussing the fertilizing 
)ower of nitrates. 

Not only do the saline matters in the soil exert an influence to 
)resel'Ye the mechanieal coherence of the particles of eartll, but it 
,.; plain, from the ohservations of Knop (page 214, of this YoL), 
Jlllt the chemical condition of the soilnndergoes marked changes 
,vheneyer the saline matters are washed out from it. I_awes am\ 
lilbel't have noticed that the drainage waters from land to which 
l1111110niulll salts have been applied, are apt to be especially clear 
lU(l bright for some little time afterwards, because of the forma
jail of sulphate and chloride of calcium in the soil, through the 
'eaction of the ammonium salts on carbonate of lime. But these 
;alts of calcium act to coagulate particles of clay. 

Sodium Compounds in the Air. 
As has been said, every soil contains more or less sodium, which 

VOT .. TT-:IR. 
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has been derived from the disintegration of silicates, or been 
brought down by rain from the air. The air everywhere contains 
minute traces of common salt, for as the winds pass over the sea 
they take up mechanically, as if it were so much dust, more or 
less of the fine spray which is blown from the tops of the waves. 
Some of the salt thus lifted is carried everywhere, even to the 
lands most remote from the ocean, though it has been noticed by 
:Muntz that much less salt-dust is found high up in the air than at 
lower levels. He insists that hay, straw and other forage grown 
at high elevations contain comparatively little soda, and that rain
water collected on a mountain 9,000 feet high contained no more 
than 0.34 mg. of salt to the litre, while on the plains at the base 
of the mountain there was found from 2.5 to 7.6 mg. of salt to 
the litre of rain-water. Hence the great craving of animals for 
salt in mountainous regions. 

More of this salt from the spray is, of course, deposited upon 
land near the seaboard than upon that farther inland. At Caen, 
in France, 9 miles from the English Channel, Pierre found that 
the rain which falls upon one hectare of land in a year brings with 
it 57 kilos. of sodium chloride. In the immediate vicinity of 
Boston there is so much salt in the soil, and in the plants which 
grow upon it, that there is seldom, if ever, any need of giving salt 
to pastured cattle. Hereabouts the animals will hardly eat any of 
it if it is offered to theIn, while a hundred miles away, on the New 
Hampshire hills, stock kept in pastures will eat salt voraciously, 
and will not prosper unless occasionally fed with it. At the heart 
of the continent, wild animals used to travel many miles to the 
salt licks. 

Some kinds of Plants can Bear much Salt. 
The power of some plants to resist the injurious action of salt 

is noteworthy. It is seen familiarly in the grasses of salt marshes 
at the North, the mangroves of the South, and in various species of 
strand-plants which grow on the borders of the ocean and in the 
vicinity of salt lakes and springs. Several of the plants ordina
rily cultivated are somewhat tolerant of salt j wheat, for example, 
as has been mentioned already. Asparagus, also, is a case in 
point. It has long been customary to put salt up~m asparagus 
beds, " as a manure," but it is thonght nowadays that the salt 
acts in this case chiefly to destroy weeds. The fact that the 
cocoa-nut tree can bear salt water has often been noticed. It is 
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said, indeed, that on the seashore, in soils more or less saturated 
with salt water, -even in situations where the tide often flows 
around their trunks, - the trees are exempt from the attacks of 
beetles and begin to bear fruit in the course of 6 or 7 years, i. e., 
much sooner than trees which have no access to salt. The milk 
of the seaside-nut is apt to be slightly brackish, but the fleshy 
part of the nut is as thick as that in other cocoa-nuts, and it yields 
us much oil. As long ago as 1688, Dampier wrote as follows of 
an island near Sumatra: "This island, Triste, is not a mile round, 
and so low that the tide flows clear over it. It is of a sandy soil, 
and full of cocoa-nut trees. The nuts are but small; yet sweet 
enough, full, and more ponderons than I ever felt any of that big
ness, notwithstanding that every spring-tide the salt water goes 
clear over the island." 

Dyer, in field experiments made in England, noted that the 
chief lesson taught by his results is the high value of salt as a 
dressing for cabbages when a sufficiency of other suitable manu
rial ingredients is present. Salt seemed to be needed to bring out 
the full action of phosphates and nitrates. Even the good effects 
obtained by using kainit, in conjunction with phosphates and ni
trate of soda, were attributed to the salt which it contains. 

In the vicinity of Boston, some market gardeners are said to 
have found it advantageous occasionally to pump brackish water 
from the tidal rivers for irrigating cabbages, cauliflowers, toma
toes, celery, 1 horseradish and onions. For these particular crops, 
the saline water has even been preferred to fresh water, and it is 
reported that it has sometimes been applied so freely that the 
ground on drying has become white with salt. Mature plants of 
the kinds above mentioned are not injured; but it is said that the 
salt water would kill even these plants if it were applied to them 
when young. Melons are said to be killed by it at all times. 

This power of the mature plant to resist the action of salt better 
than seeds or young plants can resist it, has been illustrated by 
methodical experiments. Becquerel, for example, found that 
while the seeds of wheat and barley were more readily injured by 
salt than those of ray-grass and white mustard, the young plant~ 
could bear larger amounts of salt when they became more fully 
developed. 

According to Heiden, the susceptibility of seeds to salt may 

1 Compare Bulletin of the Bussey Institution, II, 370. 
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perhaps explain in some part the repute in which salt is held as a 
means of destroying weeds. For, when applied to the land some 
little time before a crop is sown, salt may possibly kill many weed
seeds and cripple so many of the weeds which do germinate, that 
the crop proper may with comparative ease gain full possession of 
the field. He urges in general that for the best advantage of a 
crop, salt should be applied to the land either some little time be
fore seeding, or so long after the crop has started, that the plants 
may have become strong enough to resist its hurtful action. 

It is safe to say that tbe above-mentioned plan of irrigating \ 
crops with brackish water could hardly be persisted in for any 
great length of time on one and the same piece of land. Voelcker 
tells of laud, purposely irrigated with sea-water, under the mis
taken idea of improving it, which was rendered unproductive for 
several years, and it is a matter of record that long experience at 
the South of France has shown that allY soil which becomes 
visibly covered with a slight incrustation of salt in times of 
drought is improper for cultivation unless special pains are taken 
to prevent the surface from becoming dry. Even as a temporary 
device, great care would need to be exercised in using saline 
water for irrigation. Several instances have been reported in 
l':ngJand of attempts to inigate land with sea-water which turned 
ont to be utter failures. The land was malle sterile for two or 
three years. As Stood has suggested, although brackish water 
may sometimes promote the growth of crops temporarily, the con
tinuous use of snch water would assuredly do harm. He admits 
that irrigation with slightly saline water may do good during those 
months when rain blls so frequently that the ground is kept fairly 
moist, but he has observed in dry summer weather that the saline 
solution becomes so concentrated by evaporation that enough salt 
is bl'Ought to the 8llrfHce of the land through capillary action to 
kill the crop. Any water which contains more than one-thousandth 
part of salt cannot be recommended for irrigation, although his 
experiments show that water which contains as little as one t\70-

thousandth part of salt may still exert an appreciable action in 
setting free fertilizing matters in the soil. Storp has noticed that 
a solution of salt as weak as the one last mentioned hindered the 
germination of barley, while a one-thousandth solution arrested 
the germination of this grain well-nigh completely. 

The French chemist, Plagniol, insisted long ago that soils con-
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taining more than 2 % of salt are unfit for the growth of any 
plants other than samphire, 8altwort or the like, and that even 
these saline plants cannot thriye in soils that contain 5 % of salt. 
Bnt Delierain maintains tliat the teachings of French experience 
indicate that soils which are habitually moist may contain as much 
as 2 % of salt 'without being unfitted to bear agricultural crops, 
although in soils that dry out easily, the presence of 1 % of salt 
is sufficient to cause sterility. Gasparin admitted that soils which 
contain no more than 0.02 l){) of salt can yield good crops of wheat, 
but that ten times tliis amount is more than wheat can 1lear. 

It is true, however, that there are districts at the south of France 
where, by taking care to mulch thc land with rushes when the 
grain is sown, excellent crops of wheat are grown habitually on 
soils so saline and alkaline that they cannot be ploughed when 
moist because the furrows would be puddled, and would dry out 
to unbreakable clods. In case dry weather SllOUlu set in, in the 
spring, the root-crowns of wheat-plants standing in this soil 
would be crushed by the hardening of the land if no pains had 
been taken to provide a mulch to keep the surface moist. (Gas
p(1rin.) 

All " Salts" are Dangerous. 
It is evident that experiences such as the foregoing teach a very 

emphatic lesson as to the danger which must attend the use of any 
kind of saline fertilizer. 'When common salt, or muriate of potash 
(as has been explained already), or anyanalogoHs substance, is 
strewn upon the land, each particle of the salt will unite with the 
water in the soil to form a concen,trated solution which might act 
to destroy seeds or young plants. This danger will be done away 
with, of course, if the all-too-concentrated solution can be ade
quately diluted either by the presence of abundant moisture in the 
soil, or by rains which may fall between the times of strewing the 
fertilizer and sowing the seed. In order to be safe, the saline 
fertilizers should be applied months before the time of sowing 
seeds, or just before rain, or long enough before seeding to allow 
for the coming of rain; or the salt may be applied to a growing 
crop in rainy weather. In any event, too large a dose of the 
saline matter must be avoided lest the plant should finally suffer 
ilt time of drought when the solution brought to it and to the sur
face of the soil by capillary action becomes too much concentrated 
through evaporation. It has been said of Utah, that" The alka-



598 AGRICULTURE. 

line nature of the soil is injurious to vegetation, though potatoes, 
squashes and melons are made sweeter by a smaU admixture of 
it. " 

It was thought formerly in England that salt must be particularly 
useful for mangolds, since the beet grows naturally upon the sea
shore. As has already been set forth, salt was frequently applied at 
one time to this crop, and many statements have been published in 
evidence of its utility. After studying the question with care, as has 
been Htn.ted on a previous pnge, Voelcker made th" following state
ments : "If I am not mistaken, salt seldom produces any good effect 
upon mangolds on stiff, calcareous clays; whilst on light, saudy soils, 
if my experiencc teaches me truc, it is generally applic<l with great 
success. It would be wrong to say, in a gcneral way, that salt is of 
no use to lllangolds; all that can be said with propriety of my exper
iments is, that in many of them salt did not produce a decidedly ben
eficial effect upon that crop .... That salt is often injudiciously 
applied to the land can hardly be denied; but, at the same time, its 
utility on light, sandy soils, I think, cannot be gainsaid. Some of my 
own experiments appear to countenance this view, and to agree well 
with the experience of many intelligent light-land farmers .... It 
would appear, from some of my experiments, that on poor, sandy 
soils, as large a dressing as \l cwL of salt to the acre may be used with 
advantage, though I do not recommend so large a dose. Probably 4 
to 5 cwt. is a sutlicient dressing on the lightest sands; and on good, 
sandy IOUl118, and warm, friable turnip-soils, 3 cwt. will probably give 
a better result upon m:mgolds than a larger dose .... Occasionally 
salt does more harm than good, not only to mangolds but to other 
crops as well; and I have no hesitation in saying that, in cold sum
mers, even a moderate dressing is injurious to mangolels, when the 
crop has to be grown on a cold, calcareous clay, or on similar stiff 
soils .... It appears from my experiments on a POOl', sandy soil, 
that snIt (used in conjunction with farmyard-manure) has a very 
marked influence in promoting the development of the leaves of beets. 
On light, sandy soils, mangolds are liable to pass too rapidly through 
all the stages of their growth, and to yield a poor crop. If I am not 
mistaken, salt checks this tendency in a great measure, and, by keep
ing the tops in a healthy growing condition, contributes ultimately to 
a larger produce of roots on light lam}." 

Salt as Ct Germicide. 
It is still an open question as to how much good, if any, is to be 

attributed to salt as a meallS of destroying fungi and insects when 
used in such comparatively small quantities as are commonly ap
paed to tue land. It is not impossible that tbere may be some
lbing in the idea, since it is a weJl-known fact that strong brine 
will destroy many fungi and spores of fungi that are injurious to 
plants. 

Some English farmers have maintained that salt i,. a far more 
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efficient agent than lime for destroying slugs. It has eyen been 
claimed that 1 cwt. of salt to the acre, sown upon land in which 
slugs have been noticed, will destroy them completely, without in
jury to the wheat. Others have urged that salt scattered upon the 
land at the rate of 4 or 5 bushels to the acre, before the crop is 
sown, is certain to destroy the slugs when they cOllie forth at 
night, or after a showcr, to feed. Another receipt reads: "Sow 
salt oyer wheat, 6 bushels to the acre. On a moist morning it 
will destroy the worms and slugs, while on light soils it tends to 
shorten and brighten the straw, and to increase the yield of grain. 
On clay lands it is said to rendcr the soil too moist, and to give 
an unhealthy look to the young plants." So, too, a mixture of 2 

cwt. of salt and 1 cwt. of guano to the acre, sown at early dawn 
. after a still, dewy night, upon young mangolds, has been found 

an effective means of destroying slugs, which are apt to feed upon 
the tender seed-leayes of the beets, to the serious injury of the 
crop. 

In England, salt is often sown upon lawns, at the rate of 10 
bushels to the acre, for the purpose of destroying earth-worms; 
01', at the least, to preyent the formation of worm casts. Here in 
Massachusetts an instance has been reported of the successful use 
of salt upon grass that had been injured by worms (grubs?) eat
ing the roots. Applied at the rate of 40 bushels to the acre, the 
salt killed the worms and caused the grass to grow Yigorously. 
As a remedy for cut-worms, salt has sometimes been strewn upon 
the ground before spading it j but muriate of potash, or even ni
trate of soda, would probably answer the purpose better. It 
should be noted, moreover, that, as the experiments of Geubel 
show, solutions of salt need to be rather strong, in order that they 
may destroy slugs, or worms, or insects. In view of the speedy 
and enormous dilution to which the comparatively small quantities 
of salt ordinarily applied for fertilizing purposes must be subjected 
in the soil, it is hardly possible that many slugs can be killed by 
them unless the conditions happen to be particularly fayorable. 
It is not improbable, however, that even dilute saline solutions 
may be so distasteful to the worms that they may be somewhat 
hindered from attacking the crops. 

The following statement as to the usefulness of snit ~\Yns made 
a few years since by one of the most successful planters at the 
South. 



600 AGRICULTURE. 

" I have used salt," he says, "for fifteen or more years. I find 
it essential to success on uHlands like mine, and most of the cot
ton-lands ure like mine. 300 lb. of salt and 200 lb. of plaster 
arc almost a total preventivc of rust, which is one of the worst 
enemies the planter has to contcnd with. Salt makes cotton bear 
longcr in the season, and stand drought better; it increascs thc 
quantity, and improves the quality. It acts cqually well on com, 
oats, and other grains, and it toughens wheat-straw so that there is 
less waste from cars breaking off when tllC crop is cut." 

Bllt here again chloride of potassium might perhaps do better 
service than chloride of sodium. 

Common salt is said to have been used at one time to a consid
erable extent in Switzerland as un addition to the liquid that drains 
out of the dung-heaps into pits which are made to reccive it. The 
mode of action of the salt in this case has not been explained, but 
good effects are said to result in practice from its use. Possibly 
it acts as a preservative by hindering fungi from acting on the ma
nure. Probably some of the Stassfurt products would be better 
for this purpose than salt. 

In speuking thus of the possible utility of salt as a germicide, 
it needs to be borne in mind that, in field practice, too heavy 
dressings of salt would be apt to do harm, by destroying the use
ful micro-organisms which act to keep laud sweet and mellow; 
that is to Ray, whicll prevcnt the hUlllns of the soil from becom
ing acid. The remark of Yoelekcr, just now cited, that in cold 
summers salt often docs harm on stiff soils, would seem to point 
to this conclusion; and so do the statements of other observers, 
who have noticed that salt water sometimes makes land hard and 
sour. 

Action of Sult (( il(l Limp- in Soils. 
The action of a mixture of salt and lime in compost-heaps has 

already been cxpbined as due to thc formation of a small quantity 
of sodium bicarbonate, which causes the peat or other organic 
matter to ferment. Cases are upon record where exceptionally 
strong and heavy wheat has bcen grown upon clover-sod that had 
been dressed, at the rate of 25 to 35 bushels to the acre, with a 
mixture of 1 part salt and 2 parts lime that had been left in heaps 
for two or three months, with occasional stirring, before applying 
it to the latHl. A particularly al1vfll1iageous method of using the 
mixture is said to be to mix it with water before spreading it upon 
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the hillel j 10 or 15 tons of water were used to the acre, together 
with tile 25 or 35 tons of the salt and lime mixture. 

In like manner, salt mixed with lime Ilas occasionally been found 
to be a useful application upon reclaimed and drained peat-bogs, 
and upon the so-called" mosses" of Lancashire. Tile mixture is 
said to destroy the mossy character of the surface of such bogs, 
and to selTe as an excellent preparation for a first crop of pota
toes. Indeed, there are upon record not a few farm experiments 
where the application of lime and salt to the land Ilas increased 
tile yield of crops. As Ilas been said already, chloride of potas
sium would perhaps be better tllan chloride of sodium to use with 
the lime j and, in so far as concerns the compost-heap, it would 
probably be more allYantageous to buy caustic sOlla outright, or, 
better still, to buy caustic potash, wllich is equally strong witll soda 
as an alkali, and is a true manure into the bargain. 

It is to be noted llJoreoyer that the power of salt and carbonate of 
lime to react upon one another when in presence of carbonic acid, 
with formation of sodium carbonates, may explain a certain class 
of cases in wllich salt has proyed efficacious as manure. In tllis 
way, when salt is applied to a limestonc soil, there may really be 
giYen to the land a dressing of carbonate of soeb, and of the 
efficacy of this substance to promote the decay of humus and the 
disintegration as well as the binding of soils, there can be no 
question. 

Indeed, it is hard to escape the conyiction that there must be 
soils the fertility of which is promoted in this way. For it is seen 
in alkali deserts that the reaction between salt and limestone does 
really occur in nature j the only trouble in this special case being 
that the reaction is too strong for the purposes of agriculture. So 
much of the sodic alkali has been formed in these cases that 
plant!>, or, at the least, the texture of the soil, have been destroyed 
by it. But inasmuch as it is known that small quantities of the 
alkaline soda-carbonate may be beneficial both to plants and to 
some soils, it seems plain that this substance must sometimes C011-

duce to fertility, eyen when it has been formed naturally. It is 
difficult not to belieye that there are somewhere in the world local
ities where the reaction between salt and limestone may occur 
habitually in the proper degree. One merit of the soda-carbonate 
is, that it can dissolve to an appreciable extent phosphate of iron 
such as is formed ill the soil. Voelcker observed, in several in-
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stances where fertilizers of various kinds were applied to per 
nent pastures, that applications of mixed lime and salt considerB 
increased the yield of grass, while salt used by itself diminis 
the crop. 

Alkali Soils. 
Reference has already been made, under Potash, to the fact t 

the action of carhonate of soda may be extrerndy harmful w 
too much of it is present in a soil. There arc to l,e found, 
deed, in many countries where the rainfall is somewhat scal 
patches of low-lyiug land which contain so much of this alkali t 
their cultivation is oftcn cxtremely difficult or eyell illlPossible 
case the soil is naturally clayey or impermeable, unless pains 
taken to remove or to destroy the carbonate. As will be explai 
under Irrigation, the soluble alkali may be completely remo 
from any land which is proyided with tile-drains and artifici 
watered j and, as has hecn stated already, it is often possible 
decompose the carbonate, sufficiently for practical purposes, 
applying gypsum to the land. 

END OF VOL. II. 


