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Introduction.

In my lecture last year I gave an aceonnt of the expreritnents at
Rothamsted 8n the growth of wheat for more thun forty years in
suecession on the sune fandy withont o, with farm yaed manure,
and with a great variety of artiticial nonures,

Attention was dirceted to the tluctuations o the amounts of
produce from year to year, and to the average yickl per acre over the
carlier, the later, and the total perviod of the experiments; ander eacl
of the very varying conditions as to manuring,

The results of collateral investigations were also adduced.

For example, the inereased assimilition wnd yield of carbon per
acre in the crop, for a given wmount of nitrogen supplicd in manure,
and the connection between carbonassimilation, nitrogenaccumualation,
and  ehlorophyll formation,  were shown.  The  proportion of  the
nitrogen supplied in the manure, which was respectively recovered in
the inerease of the crop, lost by drainage. or accamulated as crop-
residue in the surfiee soil, was pointed out. The intluence of exhuustion,
or of full supply of the mineral constituents, ou the wineral composition
of the crop was shown ; the general result being that whilst the amounts
taken up by the entire plant, as represented by the quantities coutained in
the total produce, corn and straw together, varied considerably according
to the supply within the soil, the amounts accumulated in the final and
definite product, the grain, were under otherwise equal conditions nearly
identical,

The influence of season was illustrated by the results obtained in the
best and the worst seasons of the forty years. The genersl accordance
of the Rothamsted results with those obtained on other soils and in
other localities was next puinted out, and it was shown that at Wobarn,
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as at Rothamsted, when nitrogen was supplied as ammonium-salts, op
as nitrate of soda, for wheat or barley, comparatively little of that
which was not recovered in the iwmediate increase of crop, was
recovered in the succeeding erops,

Leaving the experimental results, attention was directed to the
average \'mld of wheat per acre in the United Kingdom over a period
of 32 years. It was shown how greatly the area under the crop had
diminished during that period, but that our yield per acre was greater
than that of any other wheat growing country, and very much greater
than that of the chief exporting countries, such as the United States,
Canada, or India; and very much greater also than in most of the
European coutitries where peasunt proprietors or small holdings prevail.

The consideration of these facts naturally led to a consideration of
the characteristic differences, in some important respects, of old arable
soils, of pasture soils, and of prairie and other virgin soils. Tt was
shown that a fertile soil was one which had accuinulated within it, the
residuc of ages of previous vegetation, and that it becomes infertile as
that vesidue s exhausted.  Finally, it was concluded that it was
extent of area, and cheap fertility, not good cultivation, against whici
the British wheat grower had to contend.

In the present lecture I propose to bring before you the results
obtained at Rothamsted, on the growth of barley, not for more than
forty years, but for thirty-four years in succession on the same land.
The collateral Investigations in cobnection with barley are not so
numerous, or of such general interest or importance, as those to which
attention was called I the case of wheat, but [ shall be able to
illustrate the influence of exhaustion, manures, and variations of season,
on the amonnts of produce, and to some extent on the composition of
the crop. Iy conclusion, T shall adduce some statisties relating to our
arca under the erop, to the amount of our imports, and to the sources
whence they are derived,

Barley, like wheat, is & member of the great gramincous family of
plants, to which we owe so muny, and such important econemic
products,  In our own country and climate, barley comes second to
wheat in importance among the cereal crops we cultivate ; though, in
the north, cats gain in relative consideration.  The average area under
barley in the United Kingdom is, however, ouly about four-ifths as
great as that under wheat ; and we shall see that it, like the area under
wheat, has of late vears diminished.

In countries with warmer and longer summers another gramineous
grum crop, Indian corn, or maize, comes into prominence ; and in

rarmer countries still grows the sugar cane.  Indeed it is to this family
th.tb we owe our chiof starch- and sugar- yielding crops; and it 18
somewhat remarkuble that the plants which, at any rate in temperate
climates, come next in importance as stare b- and sugar- yielding crops,
should bglon" to such widely different orders as the Solanee giving us
the potato, nd the ‘henopodincee giving the sugar beet, mangel
wurzel, &c., whilst the organs, or part,s of the plants, which yxeld the
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roducts are also widely different. In ench case, however, it is the
store of reserve material which the plant has laid up for reproduction
which we turn to economic accotint.

But not only does the gramineous family provide us with our chijef
sturch and sugar yielding crops, hut it contributes w large proportion of
the natural and cultivated herbage, upon which animals of use to man
are fed over very large portions of the globe,

Although wheat and barley are thus closely allied botanically, and
they have, morcover, in some respeets very similar requirements as
cultivated crops, yet it will be found that there are distinetions as wel)
as similarities which it is important to recognise,

To refer to one or two points of distinetion which ohviously must
have an influenee on the results obtained in experiments on the growth
of the two crops, and which must be borue in mind in theie interpre

ation, it may be mentioned that, in our own country and elimate at
any rate, wheat Is almost invariably sown in the astwmn, whilst
barley is as generally not sown antil the spring.

Thus, wheat has four or five months for rontdevelopment, aml
for gaining possession of range of soil, betore barley is sown.
Under these circumstances, too, the conditions of sotl most suitable
to the two crops are very ditferent. For wheat a comparatively heavy
soil is adapted, and « fine tilth, encournging superticial root-development,
is not desirable.  For barley, on the other hand, a compuratively light
soil 1s more appropriate, and a fine tilth s of great importance.  In
other words, with the characteristic lubit of growth of the plant, and
the short pertod at its cotamand for root-development, a very permeable
surface-soil is a desideratum,

In these facts we have the indication that wheat aequirves o much
greater root-range, and consequently a command of the resourees of a
more extended range of both soil and subsoil 5 whilst barley must, in w
greater degree, be dependent on the supplics within the surface-soil,
and so be the more susceptible to the intluence of the exhaustion, or
the supplies, within the surface-soil.

Bearing these various points in mind, we may now turn to the
restilts of Jong-continued field-experiments on the growth of harley, hy
different manures, and in different seasons, and to the evidence of
collateral Laboratory investigations as to its composition.

The Rothamsted Field Erperiments on Barley.

The Rothamsted Ficld Experiments on Barley were commenced in
1852, that is eight years later than those on wheat, but at the same
time as that at which the arrangements of the plots in the Experimental
Wheat Field devoted to chemical or artificial manures hecame more
systematic and permanent.

The barley crop of last year, 1885, was the thirty-fourth in
succession on the same land, and the thirty-fifth crop is now growing.
There are nearly thirty experimental plots. Two have been unmanured
from the commencement. Une has received farm-yard manure every
year, or rather one-half of it has, for after twenty years the plot was
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divided, one half being still annually manured as before, and the othep
half then loft unmanured, to test the offects of the unexhausted n-sulnv
of the twenty vears’ previous applications of farm-yard manure.  The
other plots have annually received artificial manures, for the most part
the same year after year, from the commencement; but there have heen
a few changes, some of which will be explained as we proceed.

Lesudis withoud Manure, and with Farmyard Manure.

The results to which 1 shall first direct your attention are those
obtained withou! menre, and with /élrnlj(lr([ menwre, Tuble 10 (p.3)
gives the produce of grain per acre in each year, and also the average *
]irmhu(- mm seleeted series of years, and over the whole period of 32
vears, to IS83inelusive,

The first column of the Table gives the produee without manure.
Columns 2 and 3 give the produce by farmyard manure for the first
twenty vears (1852-1871) over the whole plot; and for the next twelve
vears (IN72 1883). Colwmn 2 gives the produce on the half of the plot
on which the applieation was still continued, and column 3 that on the
other half where the application was discontinued after the first twenty
vears, showing therefore the effects of the residue of the previous
applications,  Column 4 shows, for the last twelve years, the excess of
produce an the plot where the application was continued over that
where it was discontinued ; and the last two columns show the inerease
over the unmanured produee, first by farmyard manure continuously
applied, and secondly by the residue of the applications of the first
twenty vears,

First referring to the produce withowf manure, it is seen that in two
vears, the third and fourth, the yiell was over thirty bushels per aere ;
m six years during the first thirteen, the produce was between twenty
and thirty bushels, but it never afterwards reached twenty bushels, and
in twenty-four out of the thirty-two years the yield was less than tw enty
bushels ; in two of these it amounted to only ten, and in one (1879), to
only 64 hushels.

There was thus a very great variation in the amount of produce
without manure from year to year according to season. A glance at
the figures, and especially at the average produce over suceessive series
of years, as given at the foot of the Table, shows, however, that
mdopcn(lont]\ of these tlnetuations due to season, there was a pro-
gressive decline due to exhaustion ; though the last four years gave a
higher average than any other four in the last sixteen years.

It may be observed that without manure there is a decline in the
produce of barley grain of 31-4 per cent. over the second sixtecn years
compared with the first sixteen ; and that this rate of decline is
considerably greater than was found in the case of wheat. This result
is doubtless due to the shorter period of growth, and the greater
dependence on the surface soil, in the case of the barley ; and hence
exhaustion is the sooner manifested.

We now turn to the produce by farmyard manure. As without
manure, there is very great fluctuation from year to year according to
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TABLE 1

Barley 832 years in succcasion on the same land, Hoosfield, Rothamated,
Produce— Without Manure, and with Farm-yard Manure,
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season ; but instead of a gradnal decline there is an obvious increase in
the yield over the later years, due to the accumuiation of the manurd,
There is, in fact, instead of a decline of 27-7 per eent., an increase of
73 per cent. over the last twelve years compared with the first
twenty ; although the second period included a number of the worst
seasons of the whole series of years,

In four of the thirty-two years the farmyard manure gave more
than 60 bushels of barley per acre, in thirteen years hetween 50 and 60
bushiels, in ten hetween 40 amd 50 bushels, in five hetween 30 and 40
hushels, and in no ease below 30 bushels.  The average yield was,
over the first twenty vears 48§ hushels, over the last twelve years 51§
bushels, and over the thirty-two years 191 bushels, against 177 hushels
without manure.

So much for the produce of barley obtained by the unusual
application of fourteen tons of farmyard manure per acre per annum,
for thirty-two years in succession. Tt is estimated that the manure
suppliecd about 200 hs, of nitrogen per acre per annum, or over twenty
years 4,000 Ihs, of nitrogen. It was further estimated that at the end
of twenty years, not more than fourteen or fifteen per cent. of this
large amount of nitrogen had heen removed in the inerease of erop.
There must, therefore, have been a great accumulation of nitrogen, and
other constituents, within the soil ; and analysis proved that this was
the case.  Indeed, it was caleulated that, if there wert no loss of
nitrogen, by drainage, by evolution of free nitrogen, or otherwise, and
i the accumulated residue were as available as that which had already
been effective, the producee should be maintained at the level of that
of the first twenty vears for not far from 150 years more,

Let us see what was the result of stopping the application of
manure on half the plot after the first twenty veawrs?  This is shown
in the lower division of the table. The sccond column shows the
produce of the last twelve years, where the application was continued ;
the third column where it was discontinued : the fourth the excess
yielded by the continuous application over that by the residue from
previous applications.  Lastly, the fifth column shows the increase over
the unmanured produce, by the continuous application, and the sixth
that by the residue.

Comparing the second and third columns, it is seen that there is a
general tendeney to increase in yield where the application of the
farmyard manure was continued, and to decrease where it was dis-
continued. This result is brought prominently to view in column 4,
which shows that the difference between the amount of produce
gradually increases until during the lust four of the twelve years, the
manureresidue plot shows an average of about twenty-four bushels per
acre per annum less than where the application was continued.

The averages at the foot of the table show that over the first
twenty years, with the continuous application the yield was 48}
bushels, whilst over the succeeding twelve years, it was, where the
application was continued 51§ bushels, but where it was discontinued
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oply 347 bushels: showing, therefore, an average annual deficiency
under the influence of the residue only, of 175 bushels, or of 33-6 pev cent.

Taking as the standard of comparison the unmanured produce
(which, however, itself gradually deelined), the lust two columns show
that aver the three four-yearly periods of the last twelve years, the
increase of produce was with the continued applieation 371, 331, and
415§ bushels, but with the residue only 2720 147, and 177 bushels,
Over the whole twelve years there was an average anmal inerease of
375 bushels with the continued apphication, and of only 20 hushels
with the residue,

It may be observed that over the whole period of thirty two years,
the total produce (grain and straw tocether) was without anure less
than ane ton per acre per annum, whilst with the fomyard manure it
wis 28 tons, and in some years it reached from 36 to S5 tons,

To sum up in regard to the foregoing results—there was gradual
exhaustion and reduction of produce without manare, and  gradual
accumulation and nercase of produce with the annaal application of
tarmyard manure.  But when the application was stopped, although the
effect of the residue from the previous applications was very marked, it
somewhat rapidly diminished, notwithstanding that ealeulation showed
an enormous aceumubition of nitvogen as well as other constituents,

Indeed, determinations of nitrogen in the surfacesoil, after the
twenty vears application of furmyard manure, showed it to he nearly
twice ag high as on the unmanured plot,

How then is the reduction of produce to be acconnted fort The
nitrogen of farmyard manure must obviously exist i very different
conditions.  That due to the urine of the antmals will be the most
rapidly available, that in the finely comminuted matter in the fices
will be much more slowly available, and that in the litter still more
slowly available,  Henee the small proportion that is at onee offective,
awl the very large amount that accumulates within the soil in a very
slowly available condition.

But the evidence at command leads to the conelusion that neither in
the wheat field, nor in the barley field, does the accumulation within
the soil account for the whole of the nitrogen supplied which is not
recovered i the immediate inerease of crop. Some is doubtless lost as
nitrates by drainage, and some probably by evolution as free nitrogen,
The fact of such losses is of considerable interest ; but it is some conso-
lation to believe that the loss will be proportivnally very much less in
ordinary farm practice, where the amounts of farmyard manure applied
are much less, and where various crops, with different root-ranges, and
different perinds of accumulation, are grown.

Resulls without Manure, and with Artifical Manures.

We have next to consider—what is the character of the exhaustion
induced by the growth of the crop without manure? and to what
constituent, or constituents, of farmyard manure, its effects are mainly
to be attributed 2 These points will be illustrated by the results given
in Tables 1I. and I1L (p.p. 8 and 9), which show the effects of various
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TABLE II

Barley 34 years in auccession on the same land, Hoosfield, Rothamsted,
Results showing the effects of exhaustion and Manures.
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TABLE III

Buarley 34 yrars in suceesrion on the same land, Hoosfield, Rothamated,
Results vhowing the effects of Exhaustion and Manures.
° Dressed Grain per acre, Bushels,

Manures and Produce per acre per annum.
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purely mineral manures, of purcly nitrogenons manurcs, and of comli-
nations of the two.

Results are given for sixteen plots, arranged in four series of four
plots cach, and Tor cach plot the ]>1mll1('o~(1r(‘scul grain per acre-—is
given for thirty-four years in suecession.

Series 1 comprises four plots, without any nitrogenous manure,
namely—

Plot 1.-=Without manure.
o 2o Superphosphate of lime alone,

-Sulphades of potash, soda, and magnesia.
-Superphosphate, and sulphates of potash, soda, and magnesia,

Series 2 comprises four plots, with the same four conditions as to
mineral manures as Series 1, and ammonium salts supplying 43 s, of
nitrogen per acre. per anpin, in addition.

Series 3, the sume four conditions as to mineral manure, with for
six vears 86 Ihs. and for ten years 43 Ibs. of nitrogen per acre per
annum as amonium salts, and for the last elghteen years 43 Ibs, as
nitrate of soda )

Series o, the same four conditions as to mineral manure, with
2,000 Ihs. rape cake per acre per annum, in the first six years ; and
1,000 Ihs. cach year since,

It may be mentioned that 1,000 Ihs. rape cake will, on the average,
contain 48 to 50 s, of nitrogen, or rather more than in the amounts of
ammonimm-sults, or nitrate used, though probably not more is rendered
available within the years of application, but there will obviously he
accuulation, and some cumulative action from year to year,

Time will not allow me to eall your attention in any detail to the
produce of dndividual years, but you will ohserve that under all
conditions of manuring, whether without nitrogenous supply as in
Beries 1, or with it. in the different forms and (()II)‘)]II‘I[IUI]\ as in the
other Scrivs, there is great fluctuation from year to year, according to
504801, Ihu\ without manure the produce ranges from 35 bushels in
1854, to only 6} bushels in 1879 \\lth a full mineral manure (plot 4,
Series 1) from 42 bashels in 1854 to 71 bushels in 1879 ; with the full
mineral manure and ammonium salts (plot 1, Series 2) = 43 Ibs, nitro-
gen, from 607 bushels in 1354 to 278 in 1879,

As in the cases of Series 3 and 4, more nitrogen was applied during
the first six years than afterwards, the comparison of the produce in
individual years at the beginning and at the end of the period have not
quite equal significance: but it may be observed that with the full
mineral manure and ammonium salts at tirst, and nitrate of soda after-
wards (plot 4, Servies 3), the produce varied from nearly 65 bushels in
1857 to 251 bushels in lh 9 ; and lastly, with the full mineral manure
and rape cake it ranged from 62] bushels in 1837 to 311 bushels in
1879,

Looking to the average produce of each of the eight four-yearly
periods, it is seen that, under all conditions of manuring, even in the
case of the rape cake with its annual accumulation, there is a general
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tendency to reduction in produce from the first tn, and cspecialy in,
the seventh period, 1876 to 18701 but there is as uniformly an increase
over the cighth pertod, 1880 to 1883, There s in these taets clear
evidence that the previous reduction was, independently of exhaustion
in individual cases, mainly due to the seasons.

The bottom line of the Tables, which shows the pereentage redue-
tion in the amount of produce over the second 16 years compared with
the first 16, enables us to diseriminate in some degree between the
effeets of exhaustion and those of seaxom,

It Is seen that the four plots of Neries 1 show a vednetion over the
second 16 yewrs from about 31 1o 51 per vent, or more than twice as
mueh as i the cuse of cither of the other Seviess There i Lere evidenee
that in the case of Series 1, without uitrogenous manure, wuch of the
reduction over the sccond halt of the period was due to nitrogen-
exhaustion.

In Series 2, with anmunonium salts, there is Hoper cont, reduction on
plot 1, where the ammonium salt< arve used wlone, and only from 10 to
12 per cent. where minerad manures are used in addition,

In Series 50 with nitrate of soda, there is o reduction of 20 per
cent, where the nitrate is nsed without mineral manure, of vearly 15
per cent. where it i used with potash, sodag and magnesia, but without
phosphate (plot 3}, and of only wbont 12 per cents where phospliates
were wsed in addition to the uitrate.

Lastly, in Series 4, with rape cake, which contains w considerable
amount of mineral matter, there is a reduction of oy 127 per cent,
where 1t is used alone, of less where any mineral manure is ased in
addition, and of only about 91 per cento where a full wineral wanure
is also used.

As already intimated, that there should be any reduction in the yield
over the second half of the period where rape cake, with its annual
residue and accumulation, is used, ix evidenee that part of the reduction
is due to an average of less favourahle seasons over the later pertod,
But that there should be the greatest reduction in Series L, where no
nitrogen is supplied, is evidence of nitrogen-exhaustion under those
comditions ; and that within Series 2 and 3 respectively thers should
be the greatest reduction, where the atmmonium sults or nitrate are
used without phosphates, is evidence of phosphoric actd exhaustion in
those cascs.

Leaving the results relating to the produce of each individual year,
or of limited series of years, as given in Tubles 1 and HI, a general view
of the effects of the sixteen different conditions as to manuring is con-
venlently obtained in the Summary Table IV (p. 12). There is there given
the average produce over the thirty-two years on cach of the sixteen
plots.  The first column gives the results for the four plots of Series 1,
without nitrogenous manure ; the second column those for Series 2,
with ammonium salts equal to 43 lbs. nitrogen per acre per annum;
the third those for Series 3, with nitrate of soda ; and the fourth those
for Series 4, with rape cake. The upper division of the Table gives,
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for each plot. the averaze produce of grain per acre in bushels ; the
middle division, the average produce of straw in s, ; and the lower
division, the average totad produce (corn and straw together) in hs,

TARLT IV,
Barley 32 years in succession on the same land—Toosfield. Rothamated.,
SUMMARY
Bhowing the effeets of exhaustion and manures.

1000

No Nitro- Do Tha, RIS "
It Cake (2) o

goenotts A Salts N, \rnlu
Munnve | 4dlbs. N dd s, N =491bs. N
DRESSED GRAIN per acre. Bushelr
Without Min Munure T 174 313 43
Ruperphiosphate 2 47 45
sulphates ]m asht, Soda. nind A in 193 40} 41
Superphosphate and hulplum Potusd, bo lu ! ¢
atd Mapnosin . o 3 ___“,‘%‘ 474 458

BTRAW, poeracre. Lhs,

Without Miperal Manurd .7 .. . .| 1k T
?ﬂurur])h(m hnto o [ Kittig
ulplntes i *otash, Soda, A ‘\Inunv%m 1170 2455
Buperphosphate, and  Sulphates Potash, | . qs
Sode, and Mugnest j 1380 A48

TOTAL PRODUCE (GRAIN and STRAW), per acre. Lbs,

Without Minorai Munure” 1159 5249
Hu{u r)lhnsivhuw 5701 6032
phntes Potash, Smlu Al Mg 'lH“vlll. 4063 4480 5175
Superphosphutte, and  Sulphates TPot uuh ) . .
Nuln ulul '\n nesing . . i bt 6042 B667

(1Y Ammonium-Salts &6 1bs Nitrogen first 6 vears, - {3 [hs next 10 years: Nitrato Soda
= 43 1bs Nitrogen last 16 years. 2 2000 Iha Rape Cuke first 6 yrs, 1000108 sinco,

Referring first to the results on the four plots without nitrogenous
mwanure, as given in the first column of the Table, it is seen that plot
2, with superphosphate of lime, and plot 4, with superphosphate and
salts of potash, soda and magnesia, give considerably more produce
than plot 3. with the potash, sodu. und magnesia, without phosphate.
There is more of strow, as well as grain, and of conrse, therefore, of
total produce, with than without the phosplite. There is, indeed,
very marked effect by phosplatic manure, and very little by the
alkalies.

The seeond cobmm, with the same four conditions as to mineral
supply, hut with. in each case. 43 s of nitrogen per acre per annum
as ammonium salts, shows o very great inerease. Fven with the
ammonium salts alone there is a great inerease ; there is somewhat
more on plot 3. where the alkadies are also applied, but very much
more still on plots 2 and 4, where phosphates are also used.

The third column shows that with a larger amount of nitrogen
supplicd in the first six years, and with nitrate of soda instead of
ammonium salts in the later vears, there is still greater increase ; and
again, the increase is by far the greater where the superphusphate is

used.
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.. The four plots of Series 4, with the rape eake, show a much greater
uniformity of result with the different mineral manures. Still the two
phosphate plots (2 and ) give more produee than the two without.
phosphate.  Referring to the produce of crain in illusteation, it is seen
that plots 1 and 3 withouwt phasphate give considerably more produce
than the same plots (I amd 3), u either Series 2 with the anmonium
salts, or in Series 3 owith the nitrate of soda. The explantion of this
is that the rape cake itsclf contains phosphates. On plots 2 and
on the other hawd, where phosplates are adided, there sopearly ws much
woduee in Series 2 with the anunoniom <alts, and wore in Series 3 with
he mitrate, than i Series 4 with the rape cake.

Thus, then, whilst there is evidence that the phospliate of the rape
ke was effective when none wis otherwise supphed, when it wis so
prplied inaddition there was more effeet with Hee nitrate, with its more
apidly availuble nitvogen, than withe the rape cake, with its greater
actual amount of nitrozen, but oo fess rapidly available condition,

Comparing the produce of plot 2 with superphosphate without
potash, with that of plot  with superphosphate. wnt <alts of potash,
soda and magnestcin addition, 1t i< remarkable that, hoth in Series 2
with the ammoniwim salts, and in Series 3 owith uitrate of soda, there is
over the whole period of thirty-two years almost identically the same
amount of barley grain without as with the potasl There 15, however,
rather mmore Straw and total produce with than without the potash,
Thus we have, with the ammonimm alts, an average of forty five
bushels without potash, and 317 buzhels with potash ; and with the
nitrate of soda 47 hushels without, awld 174 hushels with potash.  Of
straw, however, there iz, with the wmmoninm salts) an average of
2,827 Ths. without, and 3,019 with the potash ; and on the nitrate plots
3,127 Ibs. without, and 3,345 Ihs. with potash.

It will afterwards be seen that where nitrogen and phosphorie acid
were liberally supplied without potash. the available potash of the soil
itself becume deficient ; though this deficieney was to the last searcely
at all wmanifested in the produee of wradn. It iz obvious, however,
that with gradual reduction in the amount of plant, the yiell of grain
must in time diminish.

So much for the intluence on the barley erop, of different conditions
of manuring, each contivued for more thun thirty years on the same
plot, and in a ticld of sowewhat heavy lowm, with a raw clay subsoil,
and chalk below, giving good natural drainage.

It is seen that nitrogenous manures alone had much more effeet than
mineral manures alone. It was obyions, therefore, that the exhaustion
induced by the continuous growth of the erop was characteristically
that of nitrogen.

Both with and without nitrogenous supply phosphates were more
effective than potash salts, showing that the available store of phosphoric
acid in the soil becume deficient sooner than that of potasi.  With the
shorter period of growth of barley than of wheat, and its greater
proportion of surface-rooting, hoth nitrogenous and mineral exhaustion
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are sooner developed ; and so far as mineral exhaustion is concerned, the
available supply of phosphoric acid was sooner exhausted than was that
of potash. Indeed, in ordinary agricultural practice, it is clearly
established that superphosphate is more effective with the spring-sown
than with the autumn-sown cereals.

Influence of Season on the Amounts of Produce.

It has been seen that there were, under all conditions of manuring,
very great variations in the wmount of produce from year to year
according to scason.  The extent and character of the influence of
season will be bronght prominently to view by comparing the produce
of the best and the worst seasons of the thirty-two, and comparing the
characters of the seasons themselves,

Tables V. and VL illustrate these points. Table V.o (p. 15) gives the
produce of grain, the weight per bushel of the grain, the produce of
straw, and the total produce (corn and straw together), of six very
different conditions as to manuring in each of the best two seasons,
and in the worst season of the whole series. There is also given the
deficiency of produce in the had season, compared with that in each of
the two good seasons,

For wheat, 1863 was the hest season of the thirty-two—indeed of
the forty—of its growth.  For barley, 1863 was also a very good year
for both grain and straw ; but it was not so good for such a variety of
manures as were 1854 and 1857, which (in the Table) are adopted as
the best seasons.

For almost all conditions of manuring, 1854 was the season of the
highest total produce, corn and straw together; that is it was the
scason of the greatest luxuriance or vegetative activity,  But 857 was,
especially for the highest manuring, the one of the highest produce of
grain, and of the highest quality or maturity of grain, as evidenced by
the weight per bushel. Thus 1834 was the highest for Juxurianee, and
1857 the highest for the maturation of the crop,

As for wheat, so for barley, 1879 was decidedly the worst seuson of
the thirty-two.

The plots selected for illustration are those without manure, with
farmyard manure, with mixed mineral manure  alone, with mixed
nmineral manure and wmnoniun salts, with mixed mineral manure and
nitrate of soda, and with mixed mineral manure and rape cake.

It is not necessary to detain you with any detailed consideration ot
the results—the figures speak for themselves. The lower division of
the Table shows that under each of the six very different conditious as
to manuring, 1854 yiclded a much higher total produce (grain and straw
together) than 1857, But the upper division shows that, notwithstand-
ing the less amount of plant, 1827 gave in most cases nearly as much
grain as 1854, and in two cases—those with the highest nitrogenous
manuring—(and both years were within the first six when the larger
amounts were applied), 1857 gave more grain than 1854, The weight
per bushel of the grain was also higher in 1857, on all the plots where
nitrogenous manures were used.
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. The contrast between the produce in these two very ditferent good
years, and that in the worst season 1870, is very x!ul\nw the ditfforenee
amounting in several cases te as mnch as the average erop of the country

TABLE V

Barley. year atter year on the same tand, Hoostield . Bothamsted.

Produce of the two best seasons, IS5 and 1857 of the worst, seson, 1879 and
average of DU yvears INSZOI8S3

DLTIIIIL L oL - - \ H

1854 ISGT (W7 [ LRDd NS

| Bewt Keamopn DRI or Yy
otsi DESCRIPTION OF MANURES; ‘ Worat i ",:W
i QUANTITIES PER ACKE. : S vere
o

DRESSED GRAIN per nere, BUSHELN
; — _— s . _
lo ' Unmanured . R+ ik 64
7-2 Farm-ynard Manure o bl g
40 Mixerd Minoral Manure, alone T Wy Tt

4 Mix. Man. Mar nnd 200 e N Sadt Axiba N ity
fjan ., " e oandTIbs Nitomodn piibhe N RPN FRN A
4c ‘ " » wontd 1000 s Ragpee Cnboe Brlhs N o0d 62y J 1k

WEIGHT PER BUSHEL OF DRESSED GRAIN. LBS

1o I Unmanuree .

7L Farmeyerd '\Iunuu .

i Mixed Mineral Munure, alone

40 Mix. Min Mau. and 2w The Ao Salts
dnn " v W onand 270 s Not sodn s B3 s N N
4c » . . and Lo Tbs Rape Cake 49 1hs N ;oo

13 1he N

i ! ! It
| 1425 ! 52 1016 800 1128
2644 ik ffy 4 DO X

lo r Unmanured ... .-
T2 Farm-yard Manure

40 | Mixed mineral Manure, slone T2 N1 E 1R L)

in Mix. Min. Man. wnd 2% ibs A Satts B Ibe N RS W THT

Jun w w o and 275 1be Nit Sodu B3 )b N B o (e TG 1659

dc | - o and 1000 1bs Bope Cake —491bs N | TR AR —2ldd - 11171 3066
I |

'l()l \h I RODUCE

l(irmn and ‘itmwy per acre, LBS

216

4400 Ty e e
Gigo

o ] Unmanured .. . e e
i Farm-vard Manure . . o TN Sl BT - 10T
CMixed Minersl Manurve, alone . 410 RTY B
Mix. Min, Mu, and 200 by A S des - 13 1Tha N 7 GG ONGT ) — 24
] and 275 1w Nito Soda. £ty N «m. TR oIy 07 :ml.’.; (mz

T and 1 lbs Kape Cake  $91bw N RIS T2 | 4246 2995, 3007
I

NOTE. - Plot 4na, Annnohinin-Salts 86 ths Nitrogen first 6 yvears, ~ 43 1bhs next 10 years;
Nitrate Sodn 43 1hs Nitrogen st 16 years. Plot 4¢, 9000 [bs Rape Cako first 6 years;

1000 1bs, since,

For comparison with the produce of these selected years, the
average on each of the six plots over the 32 years is given ; and it will
be seen how very much higher than the average is the produce in the
good years, and how very much lower in the bad season.

So much for the variations in the amounts of produce in the
different seasons. It will be of interest to consider, however summarily
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it may be practicable to do it, some of the climatic characteristics of
these various seasons.,

The next Table (V1)
seasons, reckoning from October to September,

and the rainfall, above or below the average.

Characters of the two Best Searons, 1854 and 1857, and of the Worst Season,

the

Table V1

shows, for each month of each of the three

mean temperature,

1879

Temperature and Rainfall + or — Average

Dmh of Rmn.

Menn .

| Toemperature Rainfull 001 inch, or more
Best two l \\'urut B(-nt two ‘ Worst ]’-ORT two 1 \\'orst

S Rt | wra | 1853 [ ’ 187 : 1854 ] 1567 i mm
| ! 3 —

Doy ¥ Dog. F Deg I lnclmh‘Iuchm luclnm Days | Days | Days

Octobor +1u . 4l ] 410 AL ) =08 | 20 423 — 3~
Novembor —~o2 —1 6 — 2 |05 D =115 | 4105 | — 2 — 38 + 2
Decembor —hY 410 1 e s g 007 | 004 0 + 1 + 4
Janunry 424 00 T =00 ] 06D | 4059 + 3 + 0
February +08 L5 | 05 ’ =020 | =130 | +2u | =3 — 8 +10
March +27 407 01 | =128 | 077 | =100 | — 8 —2 + 2
April 4283 03 | w20 1] |00 | 000 | — 4 + 7 + 5
May —16 | 415§ —41 4151 167 | 4146 | +6 0 —6 | + 4
Juro Lo b SR b 18 f—009 | 40R0 L 430 ] 41 ' —2 | +0
July —13 428 35 J—O'N;'u !—-1'50 +112 + 4 ‘ -2 + 8
August 00 449 1 w10 40ul | 4020 [ 4279} 4+ 1 | 0ol +9
Septembor 416 +a o, =2 12 1 +0°47 —3 0 +1 + 2

! 1
AVerages ] | +16 | —2v | ‘)
Totuls | | : L =514 L =505 | 4991 ] +9 . 11§ 454
It is obvions that different scasons will differ almost infinitely

at each succeeding period of their advance, and that, with cach
variation, the character of development of the plant will also vary,
tending to luxuriance, or to maturation, that is, to quantity, or to
quality, as the case may be. Henee, only a very detailed consideration
of climatic statistics, taken together with carcful periodie observations
in the ficld, can afford w really clear perception of the conneetion
between the ever-fluctuating characters of  season, and the equally
fluctuating characters of growth and produce. It is, in fact, the
distribution of the various elements making up the scason, thew
mutual adaptations, and their adaptation to the stage of growth of the
plant, which, throughout, influence the tendency to pmduw quantity or
quality. Still, it Will be seen that the limited summary of the
meteorological conditions of the seasons in guestion, which can alone
be given lwn‘, is not without significance.

First then as to 1854, the seuson of great luxuriance and high total
produce. The Table shows that there was an excess of temperature in
January, February, March, and April, with a deficiency of rain from
November to April inclusive ; but that during May, June, and July,
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hat is the months of active above-ground growth, there were lower
than the average temperatures, with a considerable excess of rain in
May, and then a deficiency-—couditions obviously tavouring continued
vegetation and slow maturation, ) )

In 1857, there was less excess of temperature, and less than the
average amount of rain to the end of April; then from May to August
inelusive there was both cousiderable deficiency of rain and considerable
excess of temperature ;o that is there were throughout the period of
active ahove ground growth couditions favouring seeding tendeney and
maturation rather than luxurianee, )

Thus, then, the two good seasons were very different in their
chimatic eharacteristios, as they were in the charaeter of their produce,

Compared with these, the very bad seazon of 1579 shows much
lowor than average temperatures thronghout the winter, spriug, and
stmtner, and even somewhat in the autnmn, with, at the same time,
great excess of rain from January to September inelnsive ; and it will
b seen that both the deficiency of temperature wnd the exeess of rain
were very marked from April to August inelnsive, that is, during the
whole period of the aboveground growtly, and the ripening, if such it
nmay be catled, of the crop, for in many cases the weight per bushel was
less than 50 Jhs., whilst the amounts of produce were, as has been seen,
very areatly helow the average.

Even théu this very incomplete record of the elimatic characters of
the three seasons Is suflicient clearly to indicate the conteetion between
such comditions, and the characteristic ditferences in the three erops,
Intluence of Erhuustion, Manures, and variations of Season, on the

Composiion of the Barley Crop.

I have now considered the intluence of exhanstion, manures, nnd
variations of season, on the amoun! of produce of Darley, and [ propose
hrietly to consider their influence on its composition.  When discassing
lust year the influence of various conditions ou the composition of
Wheat, it was shown that althongh the supplics within the soil—hoth
of nitrogen and of mineral constituents—had w very direct influence
on the composition of the erop so long us it was only in the vegetutive
stage, yet there was pevertheless very great uniformity in the eom-
position of the final product of the plant - the seed-—provided only
that it was perfeetly matured.  The composition of the straw, however,
showed a very direet connection with the supplies by the soil. The
composition of the grain, on the other hand, was materially influenced
by variations of seeon. But vielations of season obiviously huve great
intluence ou the condition of muturation ; whilst difference in matura-
tion implies difference in organic composition-~in the amount of carbo-
hydrates (starch  espeelally) -formed.  In fact, such variations in
composition imply deviations from perfeet and normal mataration ; and
such deviations are associated not only with differences in the organic
composition—the relation of the nitrogenous to the non-nitrogenous
constituents—but with differences in the mineral composition also.

It follows, from what has been said, that variations in the
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composition of the final and very definite product-—the seed, should be
much more clearly traceable to variations of season than to the
variations in the supplies within the soil: in other words, than to
exhaustion or manures.  This was found to be very strikingly so in the
care of wheal, and we have now to consider how far it is so with its
near ally—barley.

The results given in Table VII. forcibly illustrate the much
greater intluence of variations of season than of manures, on the
composition of barley grain.  Complete analyses of the ash of the
grait (and also of the straw) grown by different manures, cach in
different scasons, have been made, and taking for illustration the
important, and characteristic consituents, potasl and phosphoric acid,
the Table shows for three very different manurial conditions—

1. Without manure,
2. With farmyard manure,
3. With an artiticial manure supplying liberally both nitrogen and mincral
constituents—
the highest, the lowest, and the mean amounts of potash and phosphoric
acid, in 1000 parts of the dry substance of the grain, and of the straw,
in the different seasons.

TABLE VIIL
Highest, lowest, and mean amounts of potash and phosphoric acid per 1000
dry substance.

" Per 1000 Dry Straw

Ter 1000 Dry Grain

Highest | Lum’-s'(j | Menn Highest | Lowest | Moan
POTASH.
| i o o { {
10 llUmmmurml [ 1871 | 766 . 1863 600 ](‘.'54 1871 1177 11858‘ 595 | 885

72 1~'arnr_\'m-«1)qu“.‘! 1871 w6 1856 589 | 6Bl | 1871 | 2201 11866 €76 1323
!
|

|

|

4 A | Mix. Miu. Man. . l
and A, SBalte” 1871 | 798 1852 562 | 661 | 1871

PHOSPHORIC ACID.

2053 ’18521 567 11408

1 O Umnanured .. 1852 1008 1854 18'65 g 1856! 260 !1868 120 | 1'74
7 2 {Farm-yard Manurce 1871 il()‘.’;o 1854 | w23  9yy | 1856 | 292 |1863| 148 | 219

4 A [Mix. Min. Man. '
_:and Auun. Salts.,. 1856 {1079 1868

wad | o5 | 1866 2 1883 | 106 | 194

First as to the amounts of potash in 1000 parts dry substance of
grain of the differently manured plots in the different scasons. 1t is
seen that there is much greater variation in the proportion of potash in
different seasons with the same manure, than there is with different
manures,  Further, the seasons showing the highest amount of potash
are those of much higher maturing character than those with the
lowest amounts.

Next it is seen that there is still greater, indeed enormous variation,
in the amount of potash in the dry substance of the straw with the
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game manure, in different seasons. There is also great variation
according to manure; comparatively little when there was full supply,
but considerable without manure, that is with exhaustion.

Turning now to the phosphoric acid in the grain: there is here
again much more variation in different seasons with the same manure,
than with diflerent manures.  But whilst in the ease of potash there is
the higher proportion in the befler seasons, in that of phosphoric aeid
there are lower amounts in the dry substance in the beffer scasons.  In
fact high amount of potash in the ash, and in the dry substance of the
grain, is as a rule associnted with high maturation, that is with high
proportion of starch, whilst high proportion of phosphoric acid s
generally associated with low maturation and high  proportion of
nitrogen,

The proportion of phosphorie acid in the straw, also varies more
with scason than with manure, and it is the highest in the worst
$6AS0NS.

The conneetion between maturation and  composition is further
illustrated in the results given in Table VIIL

TABLE VIIL
General character of the produce, mean preeentage in pure ash, and parts per 1000
dry matter, of Potash and Phosphoree Acid. Mean of 6 differently-monured

plots in cach season.  Harrests in order of highest aveqht per bushel.

Weight P ‘ Per cent. in Ash \ Por 1000
. er cont. ) tor.
Horvests | POp LUl | asilpire | o [ aniter
. ’ L e "
1bs. dry mutter Potash “Hf{“ll)hnlnr“l , )] ntm,hr ] ‘]?\l:(io
GRAIN
1871 658
1863 553
1852 617
1856 474
1871 55'9
1863 553
1862 517
1856 174

In the Table are given the mean results for six differently manured
plots, in each of four very different seasons, so far us the maturation
of the grain was concerned. The different seasons are given in the
order of the highest weight per bushel of the grain——high weight per
bushel being upon the whole the best practical measure of high quality.

It will be seen that, as so measured, the seasons are given in the
following order—I&71, 1863, 1852, and 1856, —the average weight per
bushel of the grain being in 1871, 559 s, ; in 1863, 553 lbs. ; in
1852, 51°7 lbs.; and in 1856 only 47-4 Ibs. ; or about 8 lbs. less than
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in the two seasons of highest weight. There is here, then, very gread
variation in the character of these four seasons, and in the degree of
maturation of the grain accordingly.

The particulars of composition given for each of these four seasons
are—the percentage of total mineral matter, or ash, in the dry matter
of the grain, and of the straw ; the percentage in the ash (of both
grain and straw), of potash and phosphoric acid; and the amount of
potash and plosphorie acid, in 1000 dry substance of both grain and
straw,

No determinations of nitrogen are available, but it may be stated
that the percentage of nitrogen is almost uniformly lower in the seasons
of high maturation.

The Table shows that, in both grain and straw, there is a higher
percentage of ash in the dry substance, the higher the quality of the
grain,  There are also higher pereentuges of potash, but lower per-
centages of phosphorie acid, in both the ash and the dry substance, the
Ligher the quality of the grain,

In wheat, however, there is lower, not higher, percentage of ash in
the dry substance of the grain, the higher its quality.  DBut, in wheat,
as in barley, there is higher pereentage of potash, and lower pereentage
of phosphoric acid, in the ash, the higher the quality. On the other
hand, there is not in the ease of wheat, as there is in barley, a much
higher pereentage of potash in the dry substance, the higher the
quality.  This difference may be partly due to the larger proportion
of starch to nitrogenous substance in the barley ; but it is probably in
part also due to the palea: (or chaf) of the Larley, but not of the wheat,
being adherent, and retaining the sarplus potash Ivought np for grain
formation.

In both descriptions of grain there is very uniformly a lower
proportion of pliosphoric acid in the dry matter, the higher the quality
of the grain.

In the straw, there is high perceatage of ash in the dry matter,
high percentage of potash, and low percentage of phosphorie acid, in
the ash, and high percentage of potash, and low of phosphoric acid, in
the dry matter, the higher the quality of the grain. In the straw,
however, the variations show a much wider range, indicating much
less definiteness, and greater irregularity in condition.

Thus, then, the higher the quality of the barley grain, that is the
higher its proportion of starch, the higher is the proportion of potash,
and the lower s that of phosphoric acid. It may be mentioned that
with a higher proportion of potash there is generally a lower
proportion of both lime and magnesia, and with a lower proportion of
phosphoric acid there is a somewhat higher proportion of sulphuric acid.

Another puint of interest is, although it Is true the amounts are
small, that there is a tendeney to a higher proportion of soda in the
grain ash, and in the dry matter of the grain, in the better seasons,
even when there is no deficiency of potash. This, again, is probably
due to the ash of the barley grain containing that of the adherent palew.
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. In relation to the composition of the straw, the most striking
result is (though not shown in the Table) that there is little more than
two thirds as high a pereentage of silica in the ash of the produce of
the better as in that of the worse seasons,

Thus far the effects of season, and coincidently with this the degree
of maturity of the grain, on its compuosition, have chiefly heen
illustrated. The next resalts iltustrate more directly the influence of
exhaustion, ov ot full supply, of miveral, or ash constitaents, on the
mineral composition of the produce, hoth erain and straw.

The first three columns of Table IX0 (. 22), relate to the minerad
compusition of the produce grown for 25 yewrs in succession, hy
ammonium salts and superphosphate of lime, bt without supply of
potash, soda, or magnesia. The last three columns show the eomposi-
tion of the produce by ammonium salts, and superphosphate, with
potasly, soda, and magnesia, in addition. There are given the results
obtained by the analysis of  proportionadly wmixed satmples of the
produce, of ten years IR532.61, of ten yvears 186271 and of five yours
1872.76.  The upper division of the Tuble gives for the potash, the
second for the soda, the third for the phosphoric acid, and the fourth
for the silica~1, the pereentage in the ash (pure) of the grain and of
the straw ; 2 the amounts per 1000 dry matter of grain and of straw ;
3, the awmoungs per acre per annum in ths. i the total produce (grain
and straw together), in the grain alone, and in the straw alone.

First referring to the potash, its percentege, even in the grain ash,
is seen somewhat to diminish from period to period where none was
supplied in manure; and in a somewhat greater degree to increase
wlere there was an annual supply of it by manure,  In the straw ash,
however, whilst the percentage of potash goes down from 1844 over
the tirst period to only 870, or less than half, over the third period,
where none was supplicd, it inereases from 2785 per cent. over the
first, to 3443 per cent. over the third period, when it was annually
supplied.  Thus, the inftuence of exhaustion, or of full supply, has been
comparatively small on the mineral composition of the grain, but very
great indeed on that of the straw.

The point is further illustrated in the next results, showing the
amounts of potash, per 1000 dry matter of grain, and of straw,
respectively.  There 1s again comparatively little variation in the
relation of the potash to the organic matter in the cuse of the grain,
but very great variation in the case of the straw ; and when it is borne
in mind, that the ash of barley graiu containg that of the adherent
palew as well as that of the grain proper, the conclusion is that the
variation in the proportion of potash to the fixed organic substance of
the grain itself is much less than the figares would indicate,  Indeed,
it 1s probable that the variation, stch as it is, is associated with a
different relative proportion of the organic compounds themselves—of
the fully matured non-nitrogenous to the nitrogenous bodies. In fact,
the evidence, duly considered, is not in faveur of the view that there
is variation in the proportion of the potash to the fixed and ripened
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non-nitrogenous constituents, with the formation of which it
associated.

Table IX

Experiments on Barley, Hoosficld, Rothamsted. Potash, Soda. Phosphoric acid,
and Bilica, per cent in Ash, per 1000 Dry subatance, and Quantities per acre
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The effects of exhaustion, or of full supply of constituents, is more
strikingly still hronght out by w study of the figures showing the
amountx of potash taken up per aere by the crops without, and with,
the supply of it. Thus, the average amounts of potash taken up, or
rather retained, per acre per annum, in the entire erop (grain and
straw together) arve, over the three successive pertods, without supply
of it—3560, 308, and I816 Ih< 5 and with full supply they are,
over the same periods 5374 6373 aud 5505 s, That is to say
there is without sapply little more than half as muoeh potash annually
stored up in the erop over the last five vears, as over the tirst ten years,
of the 25, On the other hand, with full supply, there is, over the
second period mwore than, and over the third pertod abont the same
amount as, over the fivst period ; and there s, over the tirst period
about oneand-a-half time, over the second period twice, and over the
third period nearly three times, as much ax where there was no supply.

Yet, with these enormous differences in the amounts taken up and
retained by the entive plant in the different cases, there is comparatively
little ditference in the wmnounts accamulated in the grain. Thus, over
the first period, the amounts in the grain are—without supply 1307
The,, and with supply 1330 1hs 0 over the second period—without
supply 1445 Ihs., il with supply 1528 1hs ; and over the third
pertod —without supply 1133 M, and with supply 1357 ths,

It is thusseen that, over cach period, there was ruther less in the
grain without than with supply, but that the deficieney was not
material until the third period; that is until after 20 years without
supply in the one case, and 20 vears with it in the other.

In reference to these results, it has adready been shown, in discugsing
those in Table TV, (p.12) that over a period of 32 years, that is extending
seven vears later than the 25 yewrs to which the foregoing tigures
relate, there was almost identically the sume amount of produce’ of
grain, without as with the supply of potash ; though there was, on the
other hand, rather more straw, espeecially in the later years, with the
supply. Tt would appear, thercfore, that the diminished amount of
potash taken up by the plant was sufficient for the exigencies of grain-
formation almost to the end of the period ; and that at least o large
proportion of the excess tuken up when it was liberally supplied was
surplasage so far as the requirements of the grain were concerned.
Some idea of how great was this surplusage may be formed by reference
to the difference in the umounts of potash eventually remaining in the
straw. Thus, the average amounts of potash per acre per annum in
the straw were—over the first period, without supply, 22-63 lbs,, and
with supply 39:94 Ibs., or 17-41 Ibs. more; over the second period,
without supply 1643 lbs., and with sapply 4845 lbs, or 32:02 lbs.
more ; and over the third period, without supply 6-83 lbs., and with
supply 39:18 lhs, or 32:35 lbs. more. It 15 not to he supposed,
however, that the whole of these plus-amounts were surplusage ; for
although the average yicld of grain has been so well maintained, the
character of the plant has obviously depreciated for a good many years,
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and several times in recent ycars even the yield of grain has hegn
considerably deficient.  Indeed, it would seem that the plant has
become more sensitive to adverse conditions of soil or season.

Turning now to the soda, it is seen that whether we look at its
percentage in the ash of the grain, and of the straw, its proportion in
1000 dry substance, or the wmounts in the acreage crops, very much
more was found in the crops grown without its supply, but where
potash was deficient, than where soda was annually sapplied. This is
strikingly illustrated by reference to the average mnounts per aere per
annum in the totad crops, grain and straw together.  Thus, over the
first period, the average amounts of soda in the total crop were, without
any supply of either potash, soda, or magnesia, 840 Ihs, and with the
supply of all three, only 384 Ihs o over the second period, without
the supply 1521 Ihs, and with the supply only 3-69 Ibs. 5 and, lastly,
over the thivd period, without the supply 1185 Ibs, and with the
supply only 327 Ibs.

Thus, then, not only was there much more soda taken up, or
retained, by the plant where it was not supplied than where it was,
but it Is evident that there was the more soda taken up the less
the supply of potash.  The amounts of soda retained in the grain are,
however, seen to he but small ; there is more it is true where there was
a deticieney of potash, and where more soda was taken up.  But, looking
to the amounts of soda per cent, in the grain ash, or per 1000 dry
substance of the grain, it would seem probable that the lavger amounts
where there was deficiency of potash, and more total soda taken up,
were probably only due to Targer amounts climinated from the grain
proper, amd retained i the adhevent palea, or chatf, Whether,
however, the soda has been of any avail, in the carliery or merely
vegetative stages of growth, as a curier, or otherwise, may be a
question,

Next as to the phosphoric acid, of which there was the same
annual supply on both plots. It is seen that whether we take its
percentage in the ash, its proportion to the dry subistance, or its average
quantity per acre, the amounts are, in the comparable eases, compara-
tively uniforin; the differcnces not being greater than can he supposed
to be connected with the ditferences in growth due to the ditferences in
the supply of other constituents.

Lastly, as to the silica: the chief point of interest to remark is,
that, as the figures show, its percentage in these barley grain ashes
ranges from 17 to more than 2¢, whereas in wheat graiu ash it ranges
ouly from about 05 to about 1-3 per cent. ; or, it we take the proportion
of silica to 1000 dry substance of grain, in barley it ranges from 4 to
5 parts, and in wheat only from about 0.1 to abent 0.3 parts. This
difference is obviously due to the chaft being adherent in the case of
barley, and vot in that of wheat ; and the figares afford clear illustra-
tion of the material degree in which the compuosition of barley grain-ash
is influenced by the inclusion in it of what is, in a sense, extraneous
matter. It is indeed obvious that, under such circumstances, we should
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expect, as we find, less definiteness in the mineral composition of the
grain of barley than in that of wheat.
On what does Strength of Straw depend ~

It will be appropriate to refer here to the bearing of experimental
evidenee on the question whether, as is frequently stated, strength of
straw ix dependent on achigh pereentage of silica. Table X (p. 26) allopds
iHustrations on this point. The wpper division of the Tuble wives
results relating to wheat, and the Jower division corresponding results
relating to barley.  In the case of wheat five wanl in that of harley three,
very different eonditions of manuring wee selected for illusteation 5 amd
for cach condition as to manuring results obtatned in bhad  and
in good scasons, are given,  The partienlars indicating the character
of the crops are - the percentage of grain in the total produce, and the
weight per bushel of the dressed grain: and side by side with these
are recorded—the pereentage of ash in the dry matter of the straw, the
pereentage of siliea in the ash, and the percentage of siliea in the dry
matter,

In the wheat in every case, and in the harley inevery case but one,
there is a higher proportion of grain in the better season s and in every
case, of hoth wheat and harley, there i< a mueh higher weight per
bushel of grain in the better season. These conditions are, in faet,
proof of the.superiority of the erops in the main characters of seed-
forming tendeney, anid ripening,

The percentage of ash in the dry muatter of the straw is not a very
significant character; and it is seen that in the case of the wheat it
was on the average somewhat the lower, but in that of the harley
uniformly the higher in the better seasons,

The pereentage of silica in the straw ash is more significant, and in
bath the wheat and the barley it is under all the conditions of wanuring
much the lower in the hetter seasons.  More significant still, is the
pereentage of silica in the dry matter of the straw, and it is seen that,
with the wheat under each condition of manuring, and with the
barley under most conditions, it is considerably lower in the hotter
seasons. It may be observed that the exeeptions m the case of the
barley were where organic manure, as in rape-cake and farm-yard
manure, was employed.

Direct analytical results elearly show, therefore, that the proportion
of silica is, as a rule, lower, not higher, in the straw of the better
grown and hetter ripened crops.

This result is quite inconsistent with the usually aceepted view that
high quality and stiffness of straw depend on a high amount of silica.
Pierre and Bretschneider have, however, concluded from their experi-
ments that this is not the case, and at Rothamsted we have long
maintained a contrary view. In faet, high proportion of silica means
a relatively low proportion of orgunic substance produced.  Nor can
there be any doubt that strength of straw depends on the favourable
development of the woody substance; and the more this is attained
the more will the accumulated silica be, so to speak, diluted—in other
words, show a lower proportion to the organic substance,
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TABLE X.
Per cent. Silica in the Ash, and in the dry matter, of Wheat Stram and Barley
Stran grown by diflerent manvres, and in different seasons.

Ter cent. | Woight | Per cont. | Por cent. | Per cent.
Corn in  { per bushel Agh Rilica Bilica
Total | dressed in in in
Produce r corn  |dry matter| Ash  |dry matter
WHEAT
Without e L 543 55 7147 393
Manure PR 406 604 49 6585 823
Amn. Salts BV 348 556 39 6623 268
alone pLYL 403 596 140 6747 230
Mixod }mm B { 4 b7 6874 302
Mineral Manure pLEL] 436 615 56 G467 862
Mineral Manure } 1006 D oawe 580 49 6463 817
and Amm. Salts 188 Rl 622 50 5560 278
¥ d M . YIS b 586 67 69°56 466
armn-yvard Manure - poyo. 36 626 654 5971 390
BARLEY
1852 44'8 517 475 57°49 278
Rape cake }nm 454 568 B54 4204 243
1856 391 461 463 49-39 229
Rape cake 1563 e 563 617 4562 236
Mineral Manure 1852 432 514 419 62:21 261
and Amm, Szl;.m; }]HTI 433 565 670 3271 219
Mineral Mat 1R56 403 464 548 5747 815
and Annu. l;hlllll{: } 1864 473 5] 632 3524 223
53 470 528 515 b67°38 296
Farm-yard Manure } ig"ﬁ 438 566 755 271 32
56 428 471 49 6785 285
Farm-yard Mauure } }zﬁ e 578 601 4308 268

I may mention that in my own neighbourhood, where the straw-
plait industry prevails, the complaint during several recent seasons of
bad harvests was that an unusually large proportion of the straw was
brittle, and broke in the working ; and considering the character of the
seasons there can be no doubt that this was associated with low
development of the woody matter, and high proportion of silica.

Our Area under the Crop, and the Amount of our Imporis.

Before concluding on the subject of barley, it will be of interest to
consider the extent of area devoted to the crop in the United Kingdom,
the amount of our total annual imports, and from what countries our
supplies are chiefly derived.

Table XI. (p. 27) shows the area under the crop in the United
Kingdom, in each of the last 13 years, 1873 to 1885 inclusive. It
also shows the total imports into the United Kingdom during the year
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succeeding each of the first 12 of the 13 harvests, reckoning from
September 1 to August 31 in each case.

The figures show that sinee the harvestyear 188021 there has
been a reduction of area.  Further. the st colunmm <hows that
since the same date there has been a considerable increase i our
imports.

TABLE X1
Area under Barley in the United Kingdom; also Doparts into the United Kengdom,

during cach harvest year from 18734 fo 1885-6,

L)
H{":;;:t Importe
} Q)\mrmrﬁ
1R873-4 2,391 7858
1874-5 XL
18765
1876-7
18778
InTn-4
JH74-K0
1880-1 2,97 1842
18813 3,720, 384
IMK2-3 $.598 127
1863-4 4,081,722
1884-5 4,726,903
18856

NoTE.—The Area refors to the first of the two dates opposite to which it is placed ; the
Imports refer to the succouvding harvest yoar~Septomber 1st o August Jist.

Now, it was in 1830 that the repeal of the malttax took place 5 a
change which it was maintained by its advocates in the agricultural
interest, would greatly cucourage the home growth of barley. The
actual result has been, however, a diminution of our own area, and an
increase in our imports. It would seem that the high duty served as a
bounty on the higher qualities of our own praduction, and that when
this was removed, the greater demand for medium gualities has given
an advantage to the foreign grower.

Nor has the removal of the duty led to an extended use of walt for
feeding purposes, which was one of the main ohjects for which the
repeal was strongly advocated by farmers. At Hothamsted, much
careful experiment led us long ago to the conelusion that the advocacy
of repeal on these grounds was illusory, and for our pains we have heen
accused of not being the farmers’ fricnds ! The result has, however,
fully justified the view we took on the point.

Table XI1I. (p. 28) shows the imports of barley from different countries
over the 16 civil years to 1884 inclusive. The countries are arranged
in the order of their highest average sapply over those years. It will
be seen that both in average, and in detail in recent years, Russia ie
the most important source. France and Germany show fairly equal
average amounts, but Germany has sent us dectdedly the most in recent
years. On the other hand, it is remarkable how very large was
the amount sent us by France in 1872; that is just after the war,
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Turkey contributes very variable quantities ; as also does Roumania,
which gives an average of nearly one and o half willion quarters in
1582 and 1883, and little more than onethird of @ million in 1884,
Denmark supplies more than Swedens but upon the whole somewhat
diminishing amounts v recent years, The United States send com
paratively small, and upon the whole diminishing quantities in recent,
years: whilst Lgypt and Chili send on the average less still, but con
siderably increased quantities in the last year for which the records are
siven— R84
Conrlusion.

I have now illustrated the influence of exhaustion, of manures,
and of variations of season, on the umounts of produce, and on the
composition, of barley.

It hax heen seen thue its veguirements within the soil, and its
suseeptibility to the external intluences of season, are very similar to
those of its near ally, wheat: but that there are distinetions of result,
dependent on ditferenees in the habits of the plints, and in the
conditions of their cultivation accordingly.

Wheat is as a rule sown 1o the autumn, in a heavier and closer sotl,
and has four or five months in which to distribute its roots and get
possession of a wide range of soil and subsoil hefore barley is sown,

Barley ix sown in a lighter surtaee soil, and, with its short period
for root development, relies in o much greater degree on the stores
within the surface sorl. Accordingly, it is more suseeptible to exhans
tion of surface soil as to its nitrogenous, and espeeially as to its mineral
supplies 5 and in the common practice of agrienlture it s found to he
more benefitad by direet mineral manures, especially - phosphatie
manures, than is wheat when sown under equal soil conditions.

The exhaustion induced by hoth crops is, however, charaeteristically
that of available nitrogen ; and when, under the ordinary conditions of
manuring and cropping. avtificial manuring is still reguired, nitrogenous
manures are as a rule requisite for hoth crops, and for the spring-sown
one, harley, superphosphate also, ) o

It has been seen, that under the intluence of foreygm competition
(and possibly in part due to the greater attention paid to meat and milk
production in luter years), the arew under the erop has hwn_ n:(lxu-,cll.
But there is no doubt that, in addition to the soils on which 1t is most
appropriately grown in the ordinary conrse of rotation, barley nmy.hq-
grown, botly in full quantity per acre, and of good quality, in suceession
to wheat, on the heavier soils, when the land is clean enough for a

’

secolud corn crop.

. H. HARMEK, PRINTER, CSTANDAKD OFFICE, CIREN(
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