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PREFACE 

THE ~yndics of the Cambridge University Press 
propose to issue a Sature Study Series of which this 
is the first volume. 

We count ourselves fortunate in securing Dr E. J. 
Russell as author and Soil as subject. The \'\ubject i\'\ 
fundamental, for, just as 'the soil lies beneath the plant 
and animal life we see, so is a knowledge of the soil 
necessary for all understanding of flora and fauna. 
The real complexity of the apparently simple element 
"Earth," and the variety of methods required for ex
ploring it, are typical of the problems which the tout 
ensem,ble of the outdoor world presents to the naturalist. 

Dr E. J. Russell has not only acquired a first-rate 
and first-hand knowledge of his subject at Wye and at 
Rothamsted; his own researches have recently extended 
our knowledge of the micro-organisms in the soil and 
theit· influence on fertility. Further, what is very lllilCh 
to our purpose, he has himself hail practical experience 
in teaching at an elementary schor' in Wye and at 
a secondary school in Harpenden. 

Just at the present moment, County Councils are 
trying to push rural education and to awaken the 
intelligence of country children by interesting them 
in their surroundings. It is, therefore, a favourable 
opportunity to offer these pages as a concrete sug
gestion in model lessons and object lessons, showing 
exactly what can be done under existing conditions. 



vi Pl'~fa('e 

The uook is intended to help children to study 
llatl1l'e ; there is no attempt to substitute book stud~
for natlll'O study. Bence, whilst there are passages of 
continuous reading, it is not a mere "reader." MallY 
teachers, myself aI110ng them, have felt the difficulty of 
organising practical work for large classes. Dr Russell 
has writtell so that, whilst llomiually showing tIle pupil 
how to learn, be ilS secretly >lcattel'ing hints for the 
teacher who is learuing how to teach. 

Abundant and varied practical exercises have beell 
suggested, and careful iustructions haye been given 
so that the book shall seem intelligible even in the 
absence of a teacher. 'l'bc proposed practical work iti 
Ilot OIlly ~what might be done uy eager boys alld girls on 
half-holidays, but what can be done by every scholar 
in the com·se of ordinary school work. The pictorial 
illustrations are illtended as aids to observation, 1I0t as 
substitutes. ])rawiug is one form of practical exercise, 
and the preparation of corresponding illustrations in 
the schollU·S' notebooks frolll the apparatus tlser} in the 
classroom and the fieldlS around the school may afford 
exercises ill artistic work with pell, brush or camera. 

Sufficient directions are given for the supply of 
necessary materials and apparatus. 'l'hc apparatus pro
posed is of the simplest character. 

It is suggested that the book will be fOUlld most 
useful ill the higher standards of elementary schools, 
iu prepamtory school s and in the lower fot·ms of 
secondary schools, that is, where the ages of >lcholur:; 
ayerage from bl to l -t 

Ift:GH RIUHARDSUX 

Y ORl{, 7 Jamwl'Y If) 11 
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IXTH 0 D U CTI 0 i\'" 

_ THE following page:; contaill the substallce of lessoll ~ 

given at the village ",chool at \Yye to the 4th, ;ith, 6th 
alld 7th standards (mixed) and at St George's ~chool , 

lIal'penclen, to the :~rcl forl11. There is, howe, er, an im
portant diflerence between the actual lessolls alld the 
book. The lessons had reference to the soils rouud about 
t he village, and dealt Illainly with local pheuolllelUL, 
gelleral conclusion~ being only sparingly drawn ; while 
in the book it has been necessary to throw the course 
in to a more generalised form. The teacher in using the 
book ,lill ha ve to reven-;e the proces:;, he mu",t fiml 
local illustrations auel make liberal use of them during
the course; it is hoped that thc inforlllation given will 
help him oyer any difficulties he may experience. 

This necessity for finding lOCal} illustratiolls COIl 

stitutes one of the fundamental ditferencc:; between 
X ature Study subjects and other subjects of the school 
curricululll. The textbooks in some of the others may 
be Jlece:;",ary and sufficieut ; in X ature Study it is a t 
most only subsidiary, serving simply as a guide to the 
thillg thn,t is to be studied ; unless the thiug itself be 
before the class it is no better thau a guide to a 
cathedral would be without t he cathedral. And just 
as the guide i", sllccessful only when he dil'ects the 
attention of the stranger to the important feature", of 
the place, and fails directly he becomes garrulous and 
distracts attention, so a X atnre Study book slIcceeds 



:xii Introduction 

only in as far as it helps iu the study of the actual thing, 
and fails if it is used passively and is substituted for all 
active study. ~o description or illustl'ation can take 
the place of direct obsel'Vation; the simplest thing in 
Nature is infinitely more wonderful than our best word 
pictures can ever paint it. 

The author recommends the teacher to look tlll'ough 
the chapter before it has to be taken in class and then to 
make a few expeditious in search of local illustrations. 
It is not strictly necessalT that the chapters should be 
taken in the order given. The local phenomena must 
be dealt with as they arise and as weather permits, or 
the opportunity may pass not to return again dul'ing 
the course. III almost any lane, field, 01' garden a 
sufficient number of illustrations may be obtained for 
our purpose ; if a stream and a hill are accessible the 
material is practically complete, especially if the children 
can be induced to pursue their studies during their 
summer holiday rambles. Of course this entails a good 
deal of work for the teacher, but the results are 'worth 
it. Children enjoy experimental and observatiOil lessons 
in which they take an active part and are not merely 
passive ) earn C1·S. The value of such lessons in de
veloping their latent powers and in stimulating them 
to seek for knowledge in the great book of Nature is 
a sufficient recompense to the enthusiastic teacher for 
the extra trouble involved. 

It is not desirable to work through a chapter in one 
lesson. Children unaccustomed to make experiments 
or to see experiments done, will probably reqnire three 
or four lessons for getting through each of the first few 
chapters, and two or three lessons for each of the 
othel's. 



Int1'od'llct'ioll XIII 

The pot experiments of Chaps. VI., VII. and VIII. 

should be started as early in the course as possible. 
Twenty flower pots are wanted for the set; they should 
be of the same size, about eight iuches being a convenient 
diameter, and should be kept together ill a warm place. 
Three are filled with sand, seven with subsoil" and the 
remaining ten with surface soil. Three of the subsoil 
pots are uncropped, two being stored moist and one 
dry. Four pots of the surface soil are uncropped and 
moist, a fifth and sixth are uncropped and dry, one of 
these contains earthworms (p. 5-1). Four glazed pots, 
e.g. large jam or marmalade jars, are also wanted (p. 69). 
Mustard, buckwheat, or rye make good crops, but many 
others will do. Leguminous crops, however, show certain 
abnormal characters, while turnips and cabbages are apt 
to fail: none of these should be ulied. It is highly 
desirable . that t.he pots should be duplicated. 

The plots allio should be started in the school gardell 
as early as convenient. Eight are required for the set: 
their treatment is described in Chap. IX. Plots two 
yards square suffice. 

A supply of sand, of clay, and of lime will be wanted, 
but it is not necessary to have fi'esh material for eac11 
lessoll. The sand may be obtained from a builder, a sand 
pit, the sea shore or from a dealer in chemical apparatus. 
The clay may be obtained from a brick yard; it give:; 
most satisfactory results after it has been ground 
ready for brick making. Modelling clay is equally sati:;
factory. A supply of rain water is desirable. 

For a class of twelve children working in pairs at 
the experiments the following' apparatus is wanted for 
the whole course :-



xiv [ut1'o(1Ilct ion 

Six tripods and bunsen bU1'llers 01' ~pil'i t lamps [2J 
tweh'e pipe-clay triang'le;; [-! J 
twelve crucibles or tin lids [3J 
sixteen gas jars [-:1] 
twel ye beakers 2;)0 c.c. capacIty [-! J 
two beakers ;jOO c.c. 
two beakers 100 c.c. 
six egg-cups [2J 
twelve fllllllels [:jJ 
six fUllllel stan(ls [1] 
six perforated glas~ disks [:1] 
two tubulated bottle.' ;jOO c.c., foul' corks to fit 
cork borers 
-! Ibs. assorte(l gIns;:; tubing 
pestle and mortal' 
twelve Erlenmeyer flasks ;jO C.C. [:3] 

six saucers 
twelve flatbottome(l flasks lUO C.c., six fitted with Illdia 

rubber stoppers oored with olle hole [3], aud six 
,lith ordinary corks [:3] 

box as in Fig. 13 
six glass tubes t"diameter, lS"lollg [:2] 
six lamp chimneys [:1] 
!Six test tube:-l, corks to fit 
three thermometers 
soil sampler (p. H8) 
balance and weights 
two retort stands with rings and clamp. 

The figmes gi,en in square bracket::; al'e the quau
tities that suffice whell the teacher alone does -the 
experiments, it not being cOllYeJlient for the scholars 
to do much. 



1 nt }'od lief ion Xy 

In conclusion the author uesires to tender his hest 
thanks to the ,Re,'. Cecil lh-ant of ~t George's School, 
Hu(l to 1\1:1' W. J. Ashhy of the Wye School, for havillg 
allowed him the use of tbeir schools alld applialJces 
(IUl'iug the progrcss of these lessons. Especially are 
his thanks due to J[1' Lionel Armstrong fOI' much help 
Illlgl'udging']y rCIl(lered ill collecting material, taking 
photograph!';, and snpeHil,;ing the cxpcrimellts. 

K J. R. 

HARPENDEX, 

r ;' /' I'/!l1 I'!/ , 1911. 



CHAP'rER I 

'\VliA'I' IS THE SOIL )IADE OF I 

Apparatus required. 

Soil and sllusoil !1'om a hole dug in the gcwden. 
Cla!J. S~'x t1'(!j1ods ((illd bUHsen bll'l'ners 01' spi/'it 
lamps [2J, Six cruciblc:; (),}' tin lid:; a lld pipe-clay 
t'l'ictngles [2]. Twelve glass jm's 01 ' gCt,"; eylinde}'s [-i]. 
Six beakm's [2r. 

If we talk to a farmer 01' n, gardener about soils he 
will say that there are several kinds of soil; day soils, 
gt"avel soils, peat soils, chalk soils, and so on, and we 
may discover this for ourselves if we make some rambles 
in the country and take cal'efnl notice of the ground 
about us, particularly if we can lea1'c the road a,lId walk 
on the footpaths across the fields. When we find the 
ground very hard ill dry weather and very sticky in wet 
weather we may be sure wc are au a clay soil, and may 
expect to find brick yards or tHe works somewhere 
near, where the clay is used, If the sojJ is loose, drying' 
quickly afteJ' rain, and if it can be scattered about by 
the hand like sand on the sea shore, wc know we are Oil 

a sandy soil and can look for pits where builder's saud 
is dug, But it may very likely happen that the soil is 
something in between, and that neither sand pits lIor 

1 See p. xiv for explanation of the fignres in sqnare bmckets. 

R. 1 



2 lVhnt iii the 80il made o/ ? 

ch.y pits can be found; if we ask what sort of soil this is 
we are told it is a loam. A gravel ~oil will be known 
at once by it~ gravel pits, and a chalk soil by the white 
chalk quarries aud old lime kilns, while a peat soil is 
black, sometimes marshy and nearly always spongey to 
tread on. 

"T e want to learn something of the soj] round about 
us, and we will begin by diggiug a hole about three feet 
deep to see what we call di"covel'. 'At Hal'penden this 
i~ what the scholars saw :-the top eight inches of soil 
was dark ill coloUJ' and easy to dig; the soil below was 
reddish brown in colour and very hard to dig; one 

Fig. 1. 
Soil and subsoil in St George's scbool garden 

changed into the other so quickly that it was easy to 
see where the top soil ended and the bottom soil began; 
no further change could, however, be seen below the 
eight inch liue. A drawing- was made to show these 
things, and is given in Fig. 1. You may find something 
quite different: sand, chalk, 01' solid rock may occur 
below the soil, but you should enter whatever you see 
illto your notebooks and make a drawing, like Fig. 1, to 
be kept for future nse, Before filling in the hole some 
of the dark coloured top soil, and some of the lighter 
coloured soil lying below (which is called the subsoil), 
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should be taken for further examillatiolJ; the two 
samples should be kept separate and Dot mixed. 

First look carefully at the top soil and rub some of 
it between yOUl' fingers. \Ve found that our sample was 
wet and therefore contained water; it was very sticky 
like clay and therefore contaillell clay; there were a 
few stones and some grit present and also some tiny 
pieces of dead plants-roots, stems or lea\'es, but some 
so decayed that we could not quite tell what they were. 
A few pieces of a soft white stone ,yere found that' 
marked on the blackboal'C1 like chalk. Lastly, there 
were a few fragments of coal and cinders, but as these 
were not a real part of the soil we supposed they had 
got iu by accident. The subsoil was also wet and even 
more sticky than the top soil, it contained stones and 
grit, but seemed almost free from plant remains and 
from the white chalky fragments. 

A few experiments will show how much of some of 
these things are present. The amount of water may be 
discovered by weighing out ten grams of soil, leaving it 
to dry in a warm place near the fire or in the sun, and 
then weighing it again. In one experiment the results 
were :-

Weight of top soil before drying 10 grams = 100 decigrams 

" " " after " R'~ " = R3 " 

,Vater lost I ', " = 17 " 
A column 100 millimetres long was drawn to represent 
the 100 decigTams of soil, and a mark was drawn 17 
millimetres up to show the amolmt of water (see Fig. 2). 

Weight of bottom soil before drying . . . 10 gmms= 100 decigrltllls 

" " " 
after 

" 8', " = 87 " 

\Vater lust 1'3 " = 13 " 



Whitt is the slIil 'III(uie (if.'? 

Another COIUlUll :sllouhl be dl'a wu for the :sub:soil. On 
drying the soil it becomet> lighter in colOl1l' and loses its 
stickiucss, but it has Hot permallently chauged because 
as soon as water is adlled it cowcs back to wba t it was 
before. 

The dried lumps of soil arc H OW to be brokell lip 

"g 
~ "0 

(JJ 
~ -g (JJ 

~ 

" N '" ~ 10:;: 
" rJ) 'D '" 

>. (JJ 

" ;;:, [j 
~ 

u 

,,-" 
1""'1""::' ,_ 

" S'~ " M~ 

" " ~ 
Surface soil Subsoil 

u stands fo r the part that burns away 

Fig. 2. 
Columns Rhowing what 100 1Jarts 
of soil and subsoil were made of 

finely with a piece of wood, but nothing must be lost. 
It is easy to see ~hriyclled pieces of plant, but Ilot easy 
to pick them out; the simplest plan is to burn them 
away. The soil mllst be carefully tipped on to a till 
lid, or illto a crucible, heated over a flamc and stilTed 
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with a long clean nail. Fir"t of all it cbars, then there 
is a little sparkling, but not lllllClt, fili ally the soil tlll'ns 
red and doe;,; Bot clmuge any fl1l'ther no matter how 
much it is heated, The shade of reel will at once be re
eogn ised as brick red 0 1' terra cotta, in( Iced " terra entta " 
means " baked earth," ~When the soil is coltl it should 
he exami ned again ; it has ueeolne very l~ar(l and the 
plant remain;,; ha \'e either di ,,;appeared or have changed 
to ash and enunble away directly they are touehed, 
On weighing a furthe .. loss is discovered, which was in 
our experiment :-
'i\'e iglit of t op ~oil after <ll'y illg but before l)lll'ning " , 83 dec igl'iUTIS 

" " " " "aftoL'" 76" 

The p' ~ J't th" t LUl'llt ,J,Wl1Y wcig bed ,,' 7 
" 

'i'{ eight of slluso il nJter dJ'yillg Lut 1 ,efol'e bUl'!1ing ... H, decigriLills 

" " a fter "",!<.J." 

'rhe part th iLt Lurnt a Im), weighed '" 3 
" 

'l'hese results are entered 0 11 the eollllllll in Fig, 2, 
The surface soil is seeu to contain more material 

that will bunl a \\,a,y thall the subsoil cloes, When the 
lml'llt soil is moistelled it does not become dark alJd 
stieky like it did before, it has eOlllpletely changed and 
Call1lOt be made iuto soil again, It is lllore like briek 
dust thall soH, 

For further experiments we shall waut a fresh 
portion of the original soi l. 

On a wet afterlloon something' was 110t ieecl that 
enabled us to get a little fllrther with our ~tudies, The 
rain water ran down a slopillg pieee of ground in a, t illy 
cbaullel it had made ; t he streamlet was yery muddy, 
and at first it was thonght that all the soil was washed 
away, Hilt we soon saw that the channel was lined 



What is fhp ,<oil made q/? 

with grit, some of which was movillg l:ilowly dowll and 
some not at all. Grit can therefore be sepamted from 
the rest of the soil by \ratel·. 

'I'his separation can be shown very well by the 
following experiment. Hub ten grams of fillely powdered 
soil with a little water (rain water is better than tap 
water), and carefully pour the mllddy liquid into a 
large glass jar. Add more water to the rest of the 
soil , shake, and again POIll' the liquid illto the jar; go 
on doing thi~ till the jar is full. Theil get some more 
jars and still keep Oil till the liquid is no longer muddy 
but neady clear. The part of the soil that remains 
behind and will not float oyer ilitO the jars is at ollce 
seen to be made up of slUall stolles, gl'it, and sand. 
Set the jars aside and look at them after a {lay 01' so. 
The liquid renmins muddy for some time, but then it 
clears and a thick black sedimellt gathers at the bottom. 
If llOW you very carefully pour the liq1li(1 oft· you call 
collect the sedilllclItS : they are soft aml sticky, and 
can be moulded into patterlls like clay. III order to 
see if they really cOlltain clay we m1l"t do the experi
ment again, but use 1'Ill'e cht,Y from a brick yard, 01' 

modelling clay, instead of soil. 'rhe muddy liquid is 
obtained as before, it takes a long time to settle, but 
in the end it gives a sediment so much like that from 
the soil, except in COlOUl', tbat we shall be safe in saying 
that the sediments ill the jars eOlltaiu the clay from the 
soil. AmI thus we have been able to sepa.rate the sticky 
part of the soil-the clay- from the gritty 01' sa.ndy 
part which is lIOt at all sticky. We may even be a.ble 
to filld out sOlllethillg more. If we lea\~e the soil sedi
ment and the clay sedimellt oil separate tin lids to dry, 
and then examine them carefully we may fiud that the 
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soil sedimcnt is really a little llIore gritty thml the clay. 
Although it contains 'the clay it abo contains something 
else. 

"When the experiment is made "ery carefully in a 
proper way this material call be separated ii'om the 
pure clay. It is called silt, but really there are a 
lIumbm' of silts, some almost like clay amI some almoi:it 
likc sand; they shade olle iuto the other. 

If th ere is enough grit it should be weighed: we 
obtained l-i decigrams of grit from 10 gl'all1S of' our top 
soil allC1 17 decigrams fr01l1 10 grams of' bottom soil. 
We cannot separate the clay from the silt, but when 
this is done in careful experiments it is found that the 
subsoi.l contains morc clay than the top soil. We should 
of course expect this because we haye found that the 
subsoil is morc sticky than the top soil. 'l'hese results 
are put into tbe columns as before so that we call 1I0W 

see at ollce how much of our soil is water, how much 
can hlll'll away, how much is grit, and how much is clay 
and other thing,,;. 

"What would h:1\"e happened if the sample had been 
dug out dming wetter 01' rIder weather ? The quantity 
of water woul(1 have been diffel'ellt, but in other respects 
the soil would have remained the same. It is therefore 
"best to ayoid the changes in the amount of water by 
working always with 10 grams of d1'ied soil. The results 
we obtained were :-

\\T cight of dry ~oil before ]'ul'lIiug 

" "after" 

The p;\rt tbat burned a WilY weighed 

Weight of grit from ]0 gram:; of dried soi l 

The COllllllllS are giYcII in Fig. 3. 

Top soil Subsoil 
100 100 decigrams 
92 97 

17 

3 

HJ 
" 



8 What is the ;-;oil made f?_f? 

Summary. The experiments made so far have 
taught liS these facts :-

1. Soil coutain" water, grit 01' sand, silt, clay, a pflrt 
that burn" away, awl some white chalky specks. 

2. Tile top la.yer of so il to a depth of about eight 
inches is different frolll the soil lying' belO\\', which is 
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Surface ,oi l Subsoil 
b St:U1tl S for tho pa rt that blU'llS aw(ty 

. Fig. 3. 
Columus showing wbllt 100 parts of dried 

soil anu subsoil Were made of 

called the subsoil. It i" le,;s sticky, ea.::;icr to dig, and 
darker ill colom. It cOlltaills more of the ma.terial that 
bums away, but less day than the subsoil. 

a. \fhen soil is dried it is lIot sticky but hard or 
crmnbl.Y; as soon a" it i::; lllohteued it changes back to 
what it was before. But when soil is blll'llt it COill

pletely alters and can no l(lIlger be changed back again. 
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Apparatus required. 

oraV, about 6 lbs.; n little dried, p01cde1'cd clay; 
sand, about 6 lbs. 8 i:1; glass jars or cylindcrs [2]. 
S£x ue(tkers [1]. SiJ; f'Ug-C71ps l) J. S'ix fnnnels and 
stands [2]. '&i:x~ lJe.1./imltcd glass m' tin disl's [2]. Six 
glass tttues [2]. T 'll"o tlllJl(latccl bottles fitted u:ith cm·ks. 
Some seed:;. Si,)' <~1nltll jCtJ's abollt 2 ·in. x 1 ,in. [2J. 
B r icks. The (/pparatus 'in Fig. D. P estle and mOl'tw·. 

\Ye have seen iu the last chapter that clay will float 
in water and only slowly settles dowlI. Is this because 
clay is lighter than water? Probauly Dot, because a 
lump of day seems yery beavy. Further, if we put 
a. small bnll of day into water it at once sink:-; to the 
bottom. Ollly when we rllh the cla.y between oUt· 
fiugers or work it with a stick-in other words, when 
we urcak the ball into yery tiny pieces-can we get it 
to float aga.in. We therefore concl ucle that the clay 
floated iu our jars (p. (i) for so 10llg not because it was 
lighter than water, but because tIl e pieces were so 
small. 

Clay is exceedingly useful becanse of its stickiness. 
Dig lip somo clay, if there is auy in your garden, or 
IH'ocm'e SOUle fi'om a brick works. You calJ mould 
it into any shape you like, and the l'lU'el' the clay the 
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better it ads. Enormous (lUautities of clay are nsed 
for makillg bricks. }Iake some model bricks about an 
inch long and half an inch in width and depth, also 
make a small basin of about the same size, then set 
them aside for a week ill a warm, dry place. They still 
keep their shape; eyen if a crack has appeared the 
pieces stick togethcl' alld do not crumule to a powder. 

If yon now measure with a rulcr any of the bricks 
that have not cracked, yon will find that they have 
shrunk a little and are no longer quite an inch long. 
']_'his fact is well known to brickmakers; the moulds in 
which they make the bricks arc larger than the brick is 
wall ted to be. But what would happen if instead of a 
piece of clay one inch 101lg you had a whole field of clay? 
Would. that shrink also, and, if so, what would the field 
look like ? We can answer this question in two ways; 
. we may make a model of a field and let it dry, and we can 
pay a visit to a c]ay meadow after some hot, dry weather 
in summcr. Thc model can be made by kneading clay 
up lU1der water and theu rollillg it out on some card
board or wood as if it werc a picce of pastry. Cut it 
into a squarc and (lmw Jines on the cardboard right at 
the edges of thc clay. ']_'hen put it into a dry warm 
place and leave for some days. Fig. -! is a picture of 
such a model after a week's drying. 'j_'he clay has 
shrullk away from the marks, but it has also slu'unk all 
over and has cracked. If you get an opportunity of 
walking over a clay field during a dry summer, you 
will find similar but much larger ~racks, somc of which 
may be two or three inches wide, or e\'en more. Some
times the cracking is so bad that the roots of plants or of 
trees are torll by it, aud C,'e11 buildings, in some instances, 
h:lle suffered through their foundations shrinking away. 
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"Ve call 1I0W lLllder:;taud why :;ome of Olll' model bricks 
cracked. '1'he cracks were caused by the shrinkage 
just as happens with our model field. As soon as the 
clay becomes wet it swells agaill. A very pretty experi
llIent can be made to show this. Fill a glass tube 01' an 
egg-cup with dry powdered clay, scrape the surface 
level with a ruler, and then stand ill it glass jar full of 
rain water so that the whole is completely coyered. 
After a short time the clay begins to swell and forces 

Before th'ying After drying 

Fig. 4. 
Clay was plastered over a square piece of board and completely 

covered it. After drying for a week the clay had 
shrunk and cracked 

its way out of' the egg-cup as shown in Fig. ii, falliug 
oyer the side aud making quite a little shower. III 
exactly the same way the ground swell:; after heavy 
rain and rises a little, then it falls again and cracks 
when it becomes dry. Darwin records some careful 
measurements in a book called Ea'l'thwo'l'lns and 
Yegetable Mould-" a large flat stone laid 011 the 
S1ll'face of a field sallk 3'B ~J millimetres l whilst the 
weather was dry between May 9th and J nue 13th, 

I A little more tllltn one·eighth of rtn inch. 
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and rose 1'!)1 millimetre,:.; between September 7th 
aDd 19th of the same year, llluch ra in hav ing fallon 
(Iuriug the latter part of thi::; time. During frosts aBel 
thaws thc 1lI0r ements worc twice as great." 

You must ha ,-c foulld out by now how yery slippery 
clay becomes as soon a" it is wet enough. It i:; Dot 
casy to wa lk oyer a clay fiel(l ill wet ,,,eather, :mcl if tI, e 
clay forms part of the slope of a hill it may be :;0 ::;Uppel') 
that it become::; dang-eron", SOllletimes after vel'} hea r} 
ra ills soil l'e::;tillg 0 11 clay Oll the sielc of a hill ha,; begull 

Fig. 1). 

Clny swelling up wit ell pl ace,j in 
waler an,1 o\" €l' fl owing from the 

egg-cllp into which i t was pu t 

to slide clowmranb and mon's "Olli e (li,;tance before it 
stops. Fortllnately these land slips a" they are called, 
a re not common ill England, but t il ey do occur, Fig. G 
shows one in the Isle of Wigh t, and another is (lescribed 
by Gilbert White iD The Natu }'((l Hi::<to'i'!/ oj'Scluol'lle. 

Allother thillg that YO Il will Im'o' c llOticed i,.; that 
a nythillg lIuMIe of clay 110111" ,)'ate r, A simple 1rar of 
testing this i ::; to put a rOllllfl piece of till peL'i'orated 
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with holes into a funnel, press some clay Oll to it aBel on 
to the sides of the funnel (Fig. 7), and then pour on rain 
water. The water does not I'Ull through. Pools of water 
may lie like this on a clay field for a very long time 
in winter before they disappear, as you will know very 
wel] if you live in a clay country. So when a lake or a 
resel"Yoil' is being made it sometimes happens that the 
sides arc lined with clay to kcep the water in. 

Fig. 7. 

A thin layer of clay a entirely 
prevents the water !'lmning 

through 

If water cannot get through <.:an air ? 'l'his is very 
easily discovered: plug a glass tube with clay and see 
if you can draw or blow ail' throngh. You cannot. Clay 
can be used like putty to stop up holes or cracks, and 
so long as it keeps moist it will neither lct air nor water 
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through. Take two bottles like those ill Fig. 8, stoi) Ill) 

the bottom tubes, and fill with water. Then put a 
fUllnel through each cork and fit the cork in tightly, 
covering with clay if there is any sign of a leak. Put 
a perforated tin disl>: into each funnel, covel' one well 
with clay and the other with sand. Open the bottom 

Fig. 8. 
Sand allows air to pass th rough it, llud so water runs 

out of the bottle. Clay does not let air pass, and 
tlJe water is therefore kept in, even thongll th e 

tube is open. 

tubes. No water runs out from the first bottle because 
no air can leak in through the clay, but it runs out very 
quickly from the second because the sand lets air 
through. These properties of clay . and Rand are very 
important for plants. Sow some seeds in a little j ar 
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full of clay kept moist to prevent it cracking, and at the 
same time sow a few in some moist sand. The seeds 
soon germinate in the sand but not in the clay. It is 
known that seeds will not germinate unless they have 
air and water and are warm enough. They had water 
in both jars, and they were in both cases warm, but 
they got no air through the clay and therefore could 
not sprout. Pure clay would not be good for plants to 
grow in. Air came through the sand, however, and gave 
the seeds all they wanted for germination. 

This also explains something else that you may have 
noticed. If you tried baking one of your model bricks 
in the fire you probably found that the brick exploded 
and shattered to pieces : the water still left in the briek 
changed to steam when it was heateu, but the steam 
could not escape through the clay, and so it burst the 
clay. In a brick works the heat is very gradually 
applied and the steam only slowly forms, so that it has 
time to leak away, then when it has all gone the brick 
can be heated strongly. You should try this with one 
of your model bricks; leave it in a hot place neal' the 
stove or on the radiator for a week 01' more and theu 
see if you can bake it without mishap. 

Let us now C0111pal'~ a piece of clay with a brick. 
The differences are so great tha,t you would hardly think 
the brick could have been made f1'0111 clay. The brick 
is neither soft 1101' sticky, and it has not the smooth 
SUl't~lce of a piece of clay, but is full of little holes or 
pores, which look as if they wel'e formed in letting the 
steam out. .A brick lets ail' through; some air gets 
into our houses through the bricks even when the 
windows are shut. Water will get through bricks more 
easily than it does through clay. After heavy rain you 
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can often find that water has soaked througb a brick 
wall and made the waU paper quite damp. A pretty 
experiment can be made with the piece of apparatus 
shown ill Fig. 9: bore ill a brick a hole about an inch 
deep and a (luarter of an inch wille, put iuto the hole 
the piece of bent glass tubing, and fix it in with some 
clay or putty, then pour some water blackened with ink 
into the tube, marking its position with a label. Stand 
the brick in a vessel so full of water that the brick 

Fig. D. \ 
A brick stauding in water. The ai r 

in the brick is driven inwards by 
the water and forces the li'luid 
up the tube in order to escape 

is entirely coyercd. Water soaks into the brick and 
presses the air out: the air tries to escape tbroug'h the 
tube and forces up the black liquid. 

One more experiment may be tried. Can a brick be 
changed back into day? Grind up the brick and it 
forms a gritty powder. Moisten it, work it with your 
fingers how you please, but it still remains a gritty 
powder and never takes on the greasy, sticky feeling of 

R. 2 
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pure clay. Indeed no OllC has ever succeeded ill making 
clay out of bricks, All these experimellts show that 
clay is completely altered when it is bUl'lJt, We also 
found that soil is completely altCl'ed by burning, and if 
you look back at your 1I0tes you will see that the 
changes are very much alike, so much so that we call 
safely put down some of the changes in the bUl'llt soil
the red colour, the hard grittilless, and the absence of 
stickiness-to the clay. Let us now examine a piece of 
dry, but unburnt, clay. It is very hard and does not 
crumble, it is neither sticky nor slippery. Directly, 
howevel', we add some water it changes back to what 
it was before. Drying therefore alters clay only for the 
thlle beillg, whilst bakiJlg clutllges it permanently, 



CHAPTEH III 

WHAT I .. nm DOES TO CLAY 

Apparatus required. 

Olcty, about 6lbs. Some of the cla!f .li·om Chapte'i" 11 
may, If necessary, be used over auain. Lime, about t lb. 
Six jimnels, stands and disks [2]. Twelve Ulctss jm's [2]. 
Lime w(tte1,1. 

If you are iri a clay country in autuliUl 01' eady wiuter 
you will find some of the fields dotted with white heaps 
of chalk or lime, and you will be told that these things 
" improve " the soil. 'Ye will make a few experiments 
to find out what lime does to clay. Put some clay on to 
a perforated tin disk in a flUillel just as you did on p. 1 J, 
press it down so that no water can pass through. Then 
sprinkle ou to the clay some powdered lime and add 
rain water. Soon the water begins to leak through, 
though it could not do so before; the addition of the 
lime, therefore, has altered the clay. If you added lime 
to a g'arden or a field on which water lay about for a 
10llg tjl1le in winter you would expect the water to drain 
away, especially if you made drains 01' cut some trenches 
along which the water could pass. There are large areas 
in England where this has been done with very great 
advantage. 

1 Lime water is made by shaking up lime and water. It should be 
kept in a well-corked bottle. 
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The muddy liquid obtained by shaking clay with 
water clears quickly if a little lime is stilTed in. Fill 
two jars Jl and B (Fig. 10) with rain water, rub clay 
into each and stir up so as to make a muddy liquid, 
then add some lime water to B and stir well. Leave for 
a short time. Flocks quickly appcar in B, then sink, 
leaving the liquid clear, but r1 remains cloudy for a long 

, time. But why should the liquid clear ? We decided 
iu our earlier experhuents that the clay floated in the 
water because it was in very tilly pieces; when we took 
a larger IlJmp the clay sank. The lime has for some 

No lime added Lime added 
Fig. 10. 

Addition of lime to turbid clay water now makes 
the clay settle and lea\'es the water qnite clear 

reason or other, which we do not understand, made the 
small clay particles stick together to form the large 
flocks, and these can no longer float, but sink. If we 
look at the limed clay ill our funnel experiment we shall 
see that the same change has gone on there ; the clay 
has become rather loose and fluffy, and can therefore no 
longer hold water back. 

Lime also makes clay less sticky. Knead up one 
piece of clay with rain water alolle and another piece 
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with rain water and about '}o its weight of lime. 'l_'he 
limed clay breaks easily and works quite differelltly from 
the pure clay. 

Summary. This, then, is what we haye leal'l1t about 
clay. Clay is made up of very, very, tiny pieces, so small 
that they float in water. They stick together when they 
are wetted and then pressed, and they remain together; 
a piece of clay moulded into any pattern will keep its 
shape even after it is dried and baked. Clay is thel'efore 
made into bricks, earthenware, pottery, etc., whilst white 
clay, which is found in some places, is made into china. 
'Yet clay shrinkfl and cracks as it dries; these cracks 
call easily be seen in the fields during dry weather. This 
shrinkage iuterferes with the foundations of hOllses and 
other buildings, causing them to settle. Dry clay is 
different from wet clay, it is hard, not sticky and not 
slippery, but it at once becomes like onlillary clay when 
water is added. After baking, however, clay permanently 
alters and cannot again be changecl back to what it was 
before. Clay will not let water pass through; a clay 
field is therefore nearly always wet in winter and spring. 
Nor can air pass through until the clay dries or cracks. 

Lime has a remarkable action on clay. It makes t.he 
little, tiny pieces stick together to form feathery flocks 
which sink in water; lime therefore causes muddy clay 
water to become clear. 'l_'he flocks cannot hold water 
back, and hence limed clay allows water to pass through. 
Limed clay is also less sticky than pure clay. A clay 
field or garden is improved by adding lime because the 
soil does not remain wet so IOllg as it did before; it is 
also less sticky and therefore more easily cultiyated. 
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SOl\m EXl'ER1]l[E~T~ ,\TrH THE ~.\X]) 

Apparatus required. 

Sa )/d, lIbOilt Ii lbs . ; day, avollt (j 1bs. Si,r jillmds, 
slal/(/Ii ((;IlIl disl.·s [1]. fii ;x' glass Jet/·s [2]. Olle box 
with glass fJ'ont sluw;/I, in Fig. l:ljilletl Icith da!! ((1/(1 
sctlul as iwlicated. Qllal'!'y chalk (abol{t 5 [U I:i.). Six 
beakcJ's [1]. Six Cgg-Cllp.~ [1]. 

If there is a salld pit Ileal' JOu, or a fi eld of samly 
soil, you sllonM get a supply for thesc experimcllts ; if 
not, some builder's sand can be nsed. When the sand 
is dry you will see that the grains are large and hanI. 
Furthcl', they are all separate and do lIot stick together; 
if you make a bole ill a beap of the saml, the sides fall iu, 
there is nothillg solid abont it, and YOll can easily see the 
mistake of the foolish man who built his house npon 
the salld. Whell the sand is wet it sticks bettor amI 
ean be made into a goo(l many things; at the seasi(le 
yon call make a really fine castle with wet sand. But as 
soon as the sawl drics it again becomes loose and begills 
to fall to pieces. 

Strollg willds will blow these fn)'glllents of dry saml 
about amI pile them up into the sand hills 01' dunes 
eo 111111 011 in lllallY seaside districts (Fig. 11). Blowing 
sands call al",o ue f()lul(l in inland (listricts; in the 
Borthern part of Surrey, in part::; of N ol'folk allCI mall)' 
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othcr places are fi elds whero so much ot the soil is blowlI 
a way by strong win(ls that the crops may sutler injury. 
In Central Asia salld storms do \'cry much harm and ha \·c 
in the COUl':;e of yeal's buricd entirc cities. Fig. 12. show:; 
the Penbale sallCI!'; in COl'lmal1 gradually cor crillg up 
some meadows and I'uilling them. 

8aml particlcs, ueing la I'ge, do !lot fl oat in water. If 
we shake up saud ill water thc sall(l sillb, lea ring thc 
water clltil'ely elear. So running water docs not carry 
:;atHi with it unless it is rUlllling very quickly : the sand 
lies at the bottom. 

Unlike clay, sand does lIot hoW watcr. POllr some 
water ou to saud placed on the till dh,k ill a funnel 
(Fig. 8); it lIearly all l'llllS through at ollce. We should 
therefore expect a sandy fiel(l or a sandy road to dry up 
very quickly after raill and uot to rClllaiu wet like a clay 
field. So mu ch h, this thc case that people prefer to Ii \'e 
on a sandy soil rathcr than on a clay. The most desir
ablc resi(icntial districts rouud London, Hampstead on 
the north, ami the stretch runnillg from Haslemct'e on 
the south-west to ~Iaidstone on the south-east, anel other 
fa\'Ollred regions, arc all high up on the sand. 

At the foot of a hill formcd of sand YOH oftcn fiud 
a spring, espccially if clay 01' solid rock lies below. It 
it; easy to make a model that will show why the spring 
forms at this particular placc. Fill the lowor pat't of 
the box shown in F ig. 1:~ with wet clay, smoothing it 
ont so that it touches all thrcc sidcs and the glass froll t; 
then on top of the clay Pllt enough salld to fill the box. 
Bore foul' holes ill the side as shown ill thc picture, 
one at thc bottom, Ol1 e at the top, olle just aboyc the 
junction of thc salld ami clay, t hc fonrth half W;ty lip the 
sand, and fix ill gla ~s t ubes with clay 01' putty. POIlI' 
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water UII to the sand ont of a watering can fitted with 
the rose so a ~ to imitate the mill. At first )lothing seem" 
to happen, but if you look cloBel.r yon willllot ice that t he 
water "oaks t111'0ngh nlHl (loc::; not lie 011 thc sl1l'face; it 
rUBS l'ight dowu to the clay; then it C01tles out at the 
tube thcre ((' ill the picture). ~one goe,.; through the 
clay nor dues cHough stay in the "anel to flo\\' out throllgh 
eithcr the top or the second tube ; of tho foul' tulle,.; only 
olle i:s disehargiug auy water. Th e (li::;chnrge docs not 
s top when the "nppl)' of wa tc r stops. Th e !'Hill noed only 
fall at iuternll", but the water "ill fl ow all the time, 

Fi g. 13. 
Model spring. A box with gh\;;s fro nt contains it layer of 

clay anll one of sand. Wate t' tbat f"l1s 0 11 th e saml 
runs rigllt down to tbe clny bnt cnn get no fLlrtb cl', 
and therefore fl ail'S ant t hrough t lt e t nbe .. at tl,e 
JUDction of tbe clay and the saud. The sallle n'slli t 

is obtnincc1 when chalk tal(cs the place of s,\nd 

The experiment should llOW he tried " 'ith some (;halk 
from a quan') ; it give::; the salllC result::; alld "bows that 
cbalk, like sand, nllows wate r l'e, l(lily to pass, 

Just th e same thing happen::; ont of (1001'S ill a ~an(l.r 
or chalky country; the min water sonks through the 
salld or chalk llntil it come" to clay or solid l'Oe].; that it 
cannot pass, thon it "top", If it can find n W<1yout it 
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does so awl makes a spring, or ::;ometimes H, whole Jille 
of springs or wet ground. Rushcs, which flourish ill 
snch wet places, will often be foullel growing alollg this 
line, and may, indeed, ill summer time be all you call 
see, the water having dmined away. But after much 
rain the line agaill becomes very wet. Fig. 1,1 shows 
the foot of a chalk hill near Harpendcll, whcre a spring 
hreaks out just under the bush at the right-hand side 

Fig. 15. "The little pool below the tree" 

of the gate. III Fig. Hi thc bush itRelf is seen, with the 
little pool of watcr made by the ,.,pring. IIC1'e tho water 
flows ~clltly, but clsewllorc it sometimes happells, at:; ill 
Fig. Hi, that the spring brcaks ont with grcat force. 

Now stop lip the glass tubes so that the water call1lot 
get out. Soon the saud becomes flooded all(l is no better 
than clay would be. A secOl ld model will show this very 
well. ~Iake a large saucer of clay and fill with sand: 
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pour water on. The water ,,;tays ill the ,,;and, because it 
cannot pass through the clay. A sandy field saturated 
like this will therefore not be dry, but wet, and WiUIIOt 
make a good position for a house. We must therefore 
distinguish the two cases illustrated in Fig. 17. A shows 
sand on a hill, dry because the water runs through until 
it comes to clay 01' rock, when it stops and break", out 
as a spring, a tillY stream, or pond ; this is a goo(l 
buildiug site and you may expect to fiud large houses 
there. B shows the saud in a basin of clay, where the 
water cannot get away: here the cellars and dowllstairs 
rooms are liable to be wet, and in a ,ill age the wells 
give impure water. Matters could be improved if a way 
out were cut for the water, but then the foundations of 
the buildings might move a little. 

It often happens that villages are situated at the 
junction of sand and clay, or chalk and clay, because the 
springs furnish fOl·th a g'ood water supply. 

On the other hand large tracts of clay which remain 
wet and sticky during a good part of the year are not 
very attractive to live ill, and even Ileal' London they 
~were the last to be populated: Hither Greell in the 
south-east alld the clay district" of the north-west 
have only of late year" been built on ; while the sands 
aud gravels of Highgate, Chis wick, Breutfonl and other 
places had IOllg been occupied. Elsewhere, villages on 
the clay do not grow quickly unless there i" much 
manufacturing or miniug'; the pari t'ihes are large, the 
roads even now are Hot good while they used to be 
yery bad indeed. Macaulay tells Ut'i that at the end of 
the seventeenth century in some parts of Kent and 
Sussex" Done but the :'trollgest horses could in winter 
get through the bog, in which at every tltcp they sank 



dcep. 'rhe lIIarkets were of tell inaccessible dnrillg 
several months .... The wheeled carriage:,; were, in this 
district, generally pulled by oxen. Whell Prillce George 
of Denmark vi:,;ited the t>tately mansion of Pet worth in 
wet weather, he was six hOllr:,; in going uine miles; and 
it was necessary tbat a body of sturdy hinds :,;hould be 
011 each side of his coach to prop it up. Of the carriages 
which conveyed his retinue several were upset alld in
jured. A letter fl'OIll one of the party Las been IJl'esCI'Ved 
in wbich the uufortunatc courier complains that, during 
fourteen hours, he uever once alighted, except wben his 
coach was overturned or stuck fast in the mild." The 
Romans knew how to make roaels anywhet'e, anel so they 

Fig. 17. 
Two pu~ition s of sand. .d is dry because the water can drain 

away and break out as a spring at c. B is wet bec"use 
the water cannot drain away 

made them run ill a straight liue between the two places 
they wished to conllect, but the ~rt was lost in later 
years, and the country roads made in Englaud since 
their time usually had to follow the sand or the chalk, 
a voiding the clay as much as po,,;sible. 'rhese roads 
we still use. Fig. 18 shows thc roads round Wye; you 
should ill your rambles study your own roads and see 
what soil they are on. 

Thore are several other ways in which sand clifters 
from clay. It does Hot shrink OIl drying lIor does it 
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swell on wetting, and you will find nothing happens 
when YOll try with sand the experiment with the model 
field (p. 11) 01' the egg-cup (p. ] 2). 

Fig. 18. 

The roads round Wye. As far as possible they keep otl" the clay (the 
plaiu part of the map) and keep on the chalk or the sand (the 

clotted part of the map) 



OHAPTER V 

THE l'Alt'L' THAT BVH.:\fS AWAY 

Apparatus required. 

L ea! mould. ~iJIould from a t1'ee. P eat, About 
1 lb, soil fl'om Ct wood, a 'icell-llumured garde·1t and a 
field ; allio some subsoil, S 'ix c,l'1tcibles 01' tin lids. Six 
t1'ipodli, pipe-clay t1"iangles, and bunsen blt'l'ne1'S 01' 

spil'it lamps. Six bectke1'S and egu-cllj)/j [1J. 

In the autumn leaves taU off the trees and form 
a thick layer ill the woods. They do not last very long; 
if they did they would in a few years almost bury the 
wood. You cau, in the springtime or early summer find 
out what !Jas happened to them if you go into a wood or 
carefully search tlllder a big hedge in a lane where the 
leaves were not swept away. Here and there you cOll1e 
across skeleton leaves where only the veins are left, all 
the rest baving' disappeared. But generally where the 
leaves have kept moist they have cbanged to a d~rk 
brown mass which ~till shows some of the structure of' a 
leaf. This is called leaf mOUld. The top layer of' soil 
ill the wood is soft, dark ill colour, alld is evidently leaf' 
mould mixed with sand or soil. 

Leaf' mould is highly prized by gardeners, indeed 
gardeners will often make a big heap of' leaves in autl1l1l1 
and let them" rot dowll " auel change into mould. If you 
can in autumll collect enough leayes to ma.ke a heap you 

& 3 
- ~ 
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shol1J(1 do so and leave it somewhere where the rain can 
fall on it, but covel' it with a few small branches of trees 
to prevent the wind blowing the leaves away. '1'he heap 
shrinks a great deal during the first few months, and in 
the end it gives a supply of mould that will be very useful 
if you want to grow any plants in pots. 

Some of the little hollows in the bank under a herlge, 
especially on chalky soils, are fill ed with leaf monld which 
has sometimes changed to a black powder not looking at 
all like leaves. 

You can also find mould in holes in decayed trees; 
here it has formed from the wood of the tree. 

It appears, then, that dead leaves, etc., slowly change 
iuto a black or brown substance, shrinking very much as 
they do so. For this reason they do not go on piling up 
year after year till finally they fill the wood ; instead 
they decay or " rot (lown" to form leaf mould : the big 
pile of the autumn has chang'ed by the next summer to 
a thin layer which mixes with the soil. 

"T e want HOW to see what happens on a common 
or a piece of waste gl'Ollllcl that is not culth·ated. 
Urass and wild plants grow np in summer and die 
during winter; their stems and roots are not taken 
away, but clearly they do not remain where they are, 
because next year Hew plants grow up. 'Ve may suppose 
that the dead roots and stems decay like the leaves did, 
and challge to a brown or black mould. It looks as if 
we are right, because on digging a hole or examining 
the side of a freshly cut ditch we shall find that the top 
layer of soil, just so far as the }iring roots go, is darker 
in colour than the layer below. 

We must, however, try and get some more proof, and 
to do this we UlllSt stndy some of Ollr specimens a little 
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more closely. \Ve will take some leaf mould, some black 
mould from a hollow in the bank, some from a tree, soils 
from a wood, a well-manured garden, a field and some 
subsoil. All except the subsoil haye a dark cololil', hut 
the wood and garden soils al'e IH'obably darker than the 
field soil, Now weigh out 2 gl'ams of each of these 
amI heat in a dish as you did the' soil Oil p, -!; notice 
that all except the subsoil go black and then begin to 
smoulder, but the moulds smoulcler more than the soils, 
Theil weigh again and calculate how much has burnt 
away ill each case. Her'e are some results that have 
been obtained at Harpenden ;-

TI-~ ----- -~--: ~~~~Illt ( p: :::::e I - -~-
I Colour ?efure " of loss on

o I Colo.ur of 

: I ina urlllng 
I burn Illg smoulder_ , b' ' resid no 

I I 0 I 

I-~~~~-I -~ -- ~'----I ----
Leaf'monld .. . .. . : u,u'k browI1 mm:l\ , 8':1 light grey 

Mould from l: black mllt:h GO'G light grey 
dead treo I 

I 

Sui l f'rom wood diLl'k urowll Ie,;:; 4:3' ':P white 

Soi l from g1tr<lell idmost black 10::;::; ]0'] roel 

! ::;ti lJ le>ls I 
\ 

Soil from fieh l I browuis h ::"4 >'reel 
I 

I Subsoil. ... . . ..... . I reel I z·o red none : 
I _ __ ~~~ - ~- ~--~-- --

The mould nearly all burns a.way and its dark colour 
entirely goes, so also does the dark colour of the soil, 

Our supposition explains why, in the case of soils, the 
less the blackness, the less the loss on burnillg, If the 

1 The top two inches of soil only were collected here, and there were 
many leaves, twigs, etc. mixed in. Soils from differen t woods vary 
considerably. If tIJe sample is taken to a greater deptlJ the loss 011 

burning is much less, a nd Illay be only 5 Ot· 6 per cent. 
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brown or black combustible part is really mould forllled 
by the decay of plant roots, etc., then we should expect 
that as the percentage of mould in the soil increased, so 
itA blackness would increase and its loss on buruing 
would become greater. This actually happens. 

This, then, is our idea. 'Ve suppose that the plants 
that have lived iu past years have decayed to form a 
black material like leaf mould which stops in the soil, 
giving it a darkish colour. The more mould there is, 
the darker the colour of the soil. We know that along 
with this decay there is a great deal of shrinkage. As 
the black material is formed ii'om the plaut, it only 
extends as far into the soil as the plant roots go, so 
that there is a sharp change in colour about 6 inches 
below the surface (see also p. 2). Like the plant the 
black material all bums away when the soil is heated 
sufficiently. 

Thus we can explain all the facts we have observed, 
and iu what seems a very likely way. This does not 
show that our supposition is correct, bllt only that it is 
useful. 'When you come to study science subjects you 
will find such suppositious, or hypotheses as they are 
called, are frequently used so long as they are found 
to be helpful. In OUl' present case we could only get 
absolute proof that the black combustible part of the 
soil really arose from the decay of plants by watching 
the process of soil formation. 'Ve shall turn later to 
this subject. 

The black material is known as humus. Farmers 
and gardeuers like a black soil containing a good deal of 
humus because they find it vel'y rich, and we shall ,.,ce 
later on why tIllS is so. Vast areas of such soils occurring 
in ,Manitoba, in Russia, aud in Huugary are used for 
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wheat growillg, while thoro are a,lso areaH III the Fen 
districts of Ellgland. 

There is something kllOWll as peat that looks rather 
like mould, but is reaJly so different that you must be 
careful not to confuse the two. Peat is not good for 
plallts, and does not make the soil fertile, but quite 
the reverse. You can see it beillg formed 011 a moor 
or bog, and you should at the first opportunity go 
and examine it. Thero was a peat bog neal' 'Vye 
that was examined with the following results. 'rhe 
peat was very fibrous and bad evidently been formed 
fl'oll1 plants. It made a layer a.bout 2 feet thick and 
underneath it was a bed of clay ; this was discovered by 
examining the ditches, some of which cut right through 
the peat iuto the c1ay below. A sample of the clay put 
into a funnel, as 011 p, U, tlid not allow water to pass 
through; this was also eddent from the very wet 
nature of the ground. The peat bed was below the 
level of the surrounding land and was in a sort of 
basin; the water draining from the higher land could 
all collect there but could not run away, indeed it 
might very well have been a shallow lake. It was 
quite clear that the plants as they died would deccty 
in very wet soil, and so the conditions are very dif
ferent from those we have just beeu studying where 
the plants deccty ·in soil tlwt is only 1Tl.Oist. 'l'his diffel'
ence at once shows itself in the fact that peat generally \ 
forms a thick layer, whi le mould only rarely does so. In : 
the nOl,tll of England the 11100rs lie high, but hel'e again 
the peat bed is like a saucer or basin, and there is soil 
or rock below that does not let the rain water pass 
through. For a great part of the year the beds arc 
very wet. 
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Look at a, piece of peat ann notice how Yery fibrous 
it i:,;, quite unlike leaf mould. When it is dry peat easily 
burns and is much used as fllel in part:,; of Scotland, 
'Vales aIHI Ireland. It is cut in blocks during the 
spring, left to dry in heaps during summer, alld then 
carried away in autullln. Fig. l!J show,.; a, peat bog 
with cntting going on. Peat does not easily catch 
light aIHI the fire :,; are generally kept bUl'lling all night ; 
there is no great flame "lIcb as you get with a coal fire, 
hnt still there i" q nite a nice heat. 

P eat has a relllarkahle powcr of ab ' orbing' water. 
Fill an egg-cup with pe,tt, pa.ckillg it a::; tightly <\:,; yon 
possihly call, an(1 thell put it under water and leave for 
some day:,;. The peat hccome" very wet and swell R con
siderably, overflowing the cup jllst like the clay did OIl 

p. 12. After long awl heavy millS peat in bog" tiwell:-; 
up so much that it may hecome dangeroll::;; if the hog i:-; 
on the side of a hill, the peat lllay overflow and l'lIn dowlI 
the hill like a riYer, carrying e\'(wything before it. S\\ch 
m'erflmrs sOllle times occllr ill Irelalld and they IIsed to 
occm' ill the lIorth of 1 1~nglalJd ; you call read ahout olle 
on PCll(lle I Lill ill llarrisoll Ainsworth 's Lm/C(l.shiJ'1' 
lVitdi('.-. But they do not take place when (!itches arc 
cut ill the bog so that the water can flow away instead 
of soaking ill ; this 1m::; beell dOlle in J~lIglalld. 

This great power of absorbillg water and other liqui<1H, 
so terrible when it leads to oyerflows, enables peat to be 
put to va.l'iom; uses, and a good deal of it is sold as 
peat-moss, for usc in stable::;. 

rll the ditches of a peat bog re(l slimy masses can 
oftell be foulI(l. 'l'hey look jWlt like rusty iron, and ill 
fact they do contaill a good deal of iron, but there are 
al:-;o a number of tilly little liying things pre"cllt. The 
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stones am1 gTit just undcr the peat are llsually white, all 
the red material ii'om them llavillg been washeo out by 
the water which has soaked through the peat. rfhen at 
the ditch these tiny living things take up the red material 
because it is useful to them. Peat or "moorland" water 
can also dissolve lead from lead pipcs and may therefore 
be dallgerous for drinking purposes unless it is specially 
purified. "'ben you study chemistry you will be able 
to show that both peat itself and lnool'land waters are 
" acid" while good mould is not. That ii:; why peat is 
not good for cultivated plants (see also p. 96). 

Other things besides peat are formed whell plants 
decay under water. If you stir up the bottom of a 
stagnant pond with a stick bubbles of gas rise to the 
surface and will bum if a lighted match is put to them. 
This gas is call eo marsh gas. Very unpleasant and 
unwholesome gases are also formed. 



CHAPTER VI 

THE PLAN'r FOOl) IX THE SOIL 

Apparatus required. 

The pot expe1'imf,nts (p. xiii). 

It is a rare sight in England to see land in a natural 
uncultivated state devoid of vegetation. 'fhe hills are 
covered wHh grasses 3JJd buslJes, the moors with ling 
and heather, commons with grass, bracken and gorse, 
a garden tends to become smothered in weeds, and 
even a gravel path will not long remain free from grass. 
It is clear that soil is well suited for the growth of 
plants. \Ve will make a few experiments to see what 
we can find out about thitl property of soil. 

We have seen that a good deal of' the soil is sand or 
grit, and we shall waut to know whethel' this, like soil, 
can support plant life. We have also found that the 
subsoil is unlike the top soil in several W{\ys, and so we 
shall want to see how it behaves towardS- plants. Fill 
a pot with soil taken from the top nine inches of an 
arable field 01' untrenched part of the garden; another 
with subsoil taken from the lower depth, 9 to 18 inches, 
and a third with clean builder's sand or washed sea
sand. Sow with rye or mustard, and thin out when the 
seeds are up. Keep the pots together and equally well 
supplied with water; the plants then have as good a 
chance of growth in one pot as ill allY othor. 
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\ 

Fig. '20 . 
Rye growing in s uri'ac0 soil (P ot ill, s uhso il (Pot J ), ;).lId "wd (Put iJ ) 
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Figs. 20 1tn.1 21 are photogra ph,; of sets of pl1tlltS 
growll in this \nty ; thc weights ill grallls werc: -

Green weight After drying 

---,--- ---

1~1 ~~u~~'l 
Plall t" g I'O\\'1l ill tot' ,~(Ji! ( Put :l) 

" 

" 

,'uJ."oi! (Pot .j.) 

>;',IId (Pot 5) ... 

I-h:; I 1, ', 

2'!) r, '1 

:20 

.Fig. :H . 

Rye I Mustard 

,,.6 2'6 

1'6 I ' J 

O'S J'O 

----

ilIustlll'tl g ro"'illg ill sudneD soil (Pot 3), subsoil (Pot 4), snnd (Pot ii) 

The plants in thc "oil remailled green awl made 
steady growth. Those ill the salld ueyel' showed any 
signs of getting 0 11, their lea \·c.-; turned ycllow amI 
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fell off; ill spito of tIte caro they received, awl the 
water, warmth and air given them, they looked starved, 
and that, in fact, is what they really were. Nor diu those 
in the subsoil f~u'e much better. l'be experiment shows 
that the top soil gives the plaIlt something that it wants 
for growth and that it canllot get either from sand or 
from the subsoil; this something we ,yill call "plant 
food." 

Further proof is easily obtained. At a clay or gravel 
pit little or no vegetation is to be seeu on the sloping 
sides or on the level at the bottom, although the sUrftlCe 
soil is carrying plants that shed imlUmerable seeds. 
A heap of subsoil thrown up from a newly made well, 
01' the excavations of a house, lies bare for a long time. 
'fhe practical man has long since discovered these facts. 
A gardener is most particular to keep the top soil on 
the top, and not to bury it, wheu he is trenching. In 
levelling a piece of ground for a cricket pitch or tennis 
court, it is not enough to lift the tUTf and make tt level 
surface; the work has to be done so that at every point 
there is sufficient depth of top soil in which the grass 
roots may grow. 

How much plant food is there in the top soil? 
'Io answer this question we must compare soil that has 
been cropped with soil that has beeu kept fallow, i.e. 
moist but uncropped. Tjp out some of the soil that has 
been cropped with rye, and examine it. Remove the 
rye roots, then replace the soil in the pot and sow with 
mustard; sow also a fallow pot with mustard. Keep 
both pots properly watered. The soil that has carried 
a crop is soon seen to be much the poorer of the two. 
Fig. 22 shows the plants, while theil' weights in gTams 
wel'e:-
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Mu~tard growing in soil previously I 
cropped wi th rye, Pot 1 ( 1, '8 

lIIustanl growing in .·oil pre\'j()w;iy I 62 ';3 8'6 

uncropped, Pot 2 _ i ________ I _ _ _ __ _ 

Fig. 22. 
J\1o stanl growing in surface soil prev iously cropped wi th rye (Pot 1) 

a,nd in surface soil previously uncropped (Pot 2) 
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'I_'he rye has taken most of the plant food that was 
in Pot 1 leaving very little for the second crop. Our 
soil therefore contained only a little plant food, not 
more, in fact, than will properly feed one crop. But 
yet it did not seem to have altered in any way, even in 
weight, in consequence of the plant food being' taken 
out. In our experiment the soil was dried and weighed 
before and after the mustard was grown; the results 
were :-

Pot 2 Pot 2u 
Ibs. oz. Ius. oz. 

Weight of dried soil before the experiment ... 6 6 6 7 

" " 
after 

" 6 (j 6 6 

Diflereuce 0 0 0 1 

'rhe experiment is not good enough to tell us exactly 
how much plant food was present at the beginning. 
But we can say that the amount of plant food ill the 
soil is too small to be detected by such weighing as 
we can do. 

Here is an account of a similar experiment made 
300 years ago by van Helmont in Brussels, and it is 
interesting because it is one of the first scientific 
experiments on plant growth:-

"I took an earthen vessel in which I put 200 pounds 
of soil dried in an oven, then I moistened with rain 
water and pressed hard into it a shoot of willow weigh
ing 5 pounds. After exactly five years the tree that 
had grown up weighed 169 pounds and about 3 ounces .. 
But the vessel had never received anything but rain 
water or distilled water to moisten the soil (when this 
was necessary), and it remained full of soil which was 
still tightly packed, and lest any dust fro111 outside 
should have got into the soil it was covered with a sheet 
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of iron coated with tin but perforated with wany holes. 
1 did not take the weight of the leaves that fell in the 
autumn. In the end I dried the soil once more, and got 
the same 200 pouuds that I started with, less about two 
ounces. rrherefore the 164 pounds of wood, bark and 
root arose fi'om the water alone." The experiment is 
wonderfully good and shows how very little plant food 
there is in the soil. The conclusion is not quite right, 
however, although it was for many years accepted as 
proof of an ancient belief, which you will find mentioned 
in Kingsley's Westww'd Hol, that all things arose from 
water. It is now known that the last sentence should 
read, "Therefore the 164 pounds of wood, bark and root 
arose chiefly ii'om the water and etiT, but a small part 
came from the soil also." 

But to retul'll to our experiment with Pots 1 and 2. 
They had been kept moist before the mqstard was sown. 
Did this moisture have any efiect on the soil ? Take 
two of the pots that have been kept dry ~nd uncropped, 
and two that have been kept moist and uncropped, also 
one of dry uncropped subsoil and one of moist un
cropped subsoil. Sow rye or mustard in each pot and 
keep them all equally supplied with water. 

It is soon evident that the top soil is richer in plant 
food than the subsoil, and the soil stored moist is rather 
richer than that stored dl'y, although the difference 
here is less marked. In an experiment in which the 
soils were put up early ill July amI sown at the end of 
September the weights of crops in grams obtained 
were:-
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i - -
Plants grown in top soil stored in I 
moi~t condition (Pots 10 & 11 ) ) 

Plants grown in top soil stored in I 
dry condition (Pots 8 & 9) ( 

Plan t s grown ill subsoil stored in I 
moist condition (Pot 13) ( 

Plants grown in snbsoil stored in I 
dry condition (Pot 12) ( 

I 

Green weight After drying 

16'9 
18'9 
12'1 
14'4 

2'6 
2 '8 
1"1-; 
1'9 

0'9 

The crops Oll Pots 10 and 11 ought of course to 
weigh the same, and so should the crops on Pots 8 and 9. 
The differences arise from the error of the. experi
ment. In all experimental work, however carefully 
carried out or however skilful the operator, there is 
some error. 

There is clearly an increase in crop as a result of 
storing the surface soil in a moist condition, showing 
that additional plant food has been made since these pots 
were put up. On the other hand it does not appear that 
much plant food has been made in the subsoil dm'ing 
this time. Further evidence on tIllS point is given by 
an experiment similar to that in Fig. 22, but where 
mustard is grown in subsoil kept moist, but lUlcropped 
for some time, and ill subsoil previously cropped with 
rye. The results in grams were:-

Mu~tard growing in ,'ubsoil pre-I 
vionsly cropped with rye i 

Mustard growing iu subsoil pre-I 
viously uncropped ( 

Green weight After drying I 

12'6 
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These should be compared with the figures on p. -15. 
Although the subsoil lay fallow for a long time it pro
duced no plant food but is just as poor as the subsoil 
that has been previously cropped. These observations 
give us a clue that mnst be followed up in answering 
our next question. 

What has the plant food been made from? 
Cleal'ly it is not made from the sand, the clay or the 
chalk since all these occur in the subsoil. We have 
seen (Chap. 1.) that the top soil differs from the subsoil 
in containing a quantity of material that will burn 
away and is in part at any rate made up of plant 
remains. It will be easy to find out whether these 
,'emains furnish any appreciable quantity of plant food. 

Fill one pot with surface soil and another with the 
same weig'ht of sUl'face soil well mixed up with 30 grams 
of plant remains-pieces of grass, or Etems and leaves 
of other plants cut up into fragments about half an inch 
long. At the same time put up two pots of subsoil, 
one of which, as before, is mixed with 30 grams of plaut 
remains, and also put up two pots of sand, ~ne contain
ing 30 grams of plant remains and the other none. 
Sow all six pots with mustard and keep watered and well 
tended. The result of one experiment is shown in 
Fig. 23 and the weights of the crop in grams were:-

: Green weight After drying 

-------------------------i 

Top soil and pieces of plants (Pot 6) 

Top soil alone (Pot 3) . .. ... .. .. .... . .. . 

Difference in tvp soil ... . . . 
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I ~lb'lOil and }Jieces of plants (Put 7) 

I Subsoil a lonc (Pot 4) """" " "" '''' 

Ditfereucc in ~u LJ::;n il " " " " "" 

Fig. 23. 

Green weight I 
____ I 

I O':j 

I 

After thy ing 

Pieces of grass, leaves, etc. change into plant food in the surface but not 
to any great extent in the subsoil. Mustard is growing in surface 
Boil (Pot 3), in surface soi l and pieces of grass (Pot 6), in subsoil 

(Pot -1), and ill subsoil and grass (Pot 7) 

Now let us look at these results carefully. The 
experiment with surface soil shows that the pieces of 
stem and leaf have furni shed a good deal of food to the 
mustard and have caused a gain of 2-1'3 grams in the 
crop. If we kuew what the pieces were made of we 
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could push the experiment still fUt'ther and find out more 
about plant food, but this involves chemical problem:,; 
and must be left alone for the present. We ca,]), how
ever, say that plant rcmaills are an important source of 
plant food, and since we suppose the black material of 
the soil to be made of plant remains (see p. 36), it will be 
quite fair to say also that this black material, the humus, 
is a source of plant foo(1. 'Ve have therefore answered 
the question we set, and we cau explain some at any 
rate of the differences between the surf~·tce soil and the 
subsoil. The surface soil contaills a great deal of the 
black material, which forms plallt food, while the sub
soil does not. Thus plants grow well on the surface soil 
and starve 011 the subsoil. "T e can also explain why 
gardener8 and farmers speak of black soils as rich soils; 
they contain more than other soils of this black material 
that lllakes plant food. Still further, we can explain 
why the farmer oftell sows plants like mu",tard, tares or 
c1oyer, and then ploughs them iuto the ground. They 
are not wasted, but they make food for the next crop 
that goes in. 

Now let us turn to the result", of the subsoil experi
ments. 'rhe leaves and fltems have increased the crop, 
but ollly by 0'-1 grams: they have not been nearly so 
effeetiye as iu the surf~l,ce soil. It is evident that the 
mustard did not feed directly on the leaves and stems 
put ill; if it had there shaull! haye been an equal gain 
ill both cases. The lea yes and stems clearly have to 
undergo some change before they are made into plant 
food and the soil has something to do with this change. 
After the crops are cut the soils should be tipped 
out and examilled. More of the origillal pieces of leaf 
and stem are foulld ill the subfloil than in the sUl'face 

-l-~ 
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soil. That is to say, there has been more change in 
Pot 6 containing surface soil than ill Pot 7 containing 
subsoil. The "something," whatever it may be, that 
changes plant remains like leaves, stems, pieces of grass, 
roots, etc. into plant food therefore acts better in the 
surface soil than in the subsoil. Here then we have 
another difference between surface and subsoils. 

Summary. The experimental results obtained in 
this chapter may now be summed up as follows:

(1) Plant food is present in the top soil only and 
not to any extent in the subsoil. 

(2) There is not much present, so little indeed 
that we could not detect it by weighing. 

(3) It is, however, always being made in the top 
soil, if water is present. Only little is made 
from the subsoil. 

(4) 'l_'he remaills ofleaves, stems, roots, etc. furnish 
an important source of plant food. 

(5) But they have first to undergo some change, 
and the agent producing this change is 
more active in the top soi l than in the 
subsoil. 

(6) The top soil is much the most useful part of 
the soil and should never be buried during 
digging or trenching, but always carefully 
kept on top. 
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CHAPTER VII 

'l'HE DWELLERS IN THE SOIL 

Apparatus required. 

Gm'den soil. Six bottles and c01'1.'1:5 [1]. Twelve 
Erlennwyel' flasks, 50 c.c. capacity [2]. Cotton wool. 
Milk (abmtt half a pint). L eaf gelatine. Soil baked 
in an oven. Six sa~tCe1's [3]. The appa1'atus in 
Fig. 28 (two lots). Wash bottle containing linw u:atm' 
(F'ig. 27, also p. HI). 

In digging a garden a number of little animals are 
found, such as earthworms, beetles, ants, centipedes, 
millipedes and others. There are also some very curious 
forms of vegetable life. By carefully looking about it 
is not difficult to find patches of soil covered with 
a greenish slimy growth; they are found best under 
bushes where the soil is not disturbed, or else where 
the soil has been pressed down by a footmark and not 
touched since. Any good soil left undisturbed for a 
time shows this growth. 

Put some fresh moist garden soil into a bottle 
and cork it up tightly so that it keeps moist. Write 
the date on the bottle and then leave it in the light 
where you can easily see it. After a time-sometimes 
a long, sometimes a shorter time-the soil becomes 
covered with a slimy growth, greenish in coloUl', mingled 
here and there with reddish brown. The longer the 
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soil is left the better. Often after scyeral mouths :SOItlC

thing further happens; little fel'll s begin to grow and 
they livc a vcry long time indce(l. There is at Rothalll
stcel a bottle of soil that was Pllt up just like this as far 
back as UIU. For a number of ycars past a beautiful 
fel'll has bcen growing inside the bottle, and C\Ten now 
it is ycry healthy and \Tigorous. If, instead of bcing 
kept moist, thc rich gal'llen soil is left in a dry shed 
during the whole of the winter so that it gTadllally loses 
its moisture, it will generally show quite a lot of white 
flufl}? growth . 

. All of thcse living tllings al'e very wondcrful, all() 

SOllie, cspecially earthworms, are very useful to gar
deners and fanl\el's. 

After a shower of rain look carcfully in the garden 
01' elee on a lawn, common, or pastlll'c ficld whcrc thc 
grass is closely grazed by cattle or cloes not naturally 
grow long, and you will find numbers of tiny heaps of 
soil scattered about. Carefully brush away a heap and 
a little hole is seen, now hit the ground near it a few 
times with a stick or stamp on it with yom foot and the 
worm, if hc is ncar the top, comes lip. When he is 
safely out of the way dig carefully down with a knife or 
trowel :';0 as to examine the hole or "burrow." At the 
top you generally find it lined with pieces of grass or 
leaves that the worm has pulled ill ; lowel' clowu the 
lining comes to an end, but the colour of the burruw is 
redder than that of the rest of the soil whe-royer the soil 
has a greenish tinge. These holes arc useful because 
they let air and water down into the soil. 

'1'he following experiment shows what earthworms 
can do. Fill a pot with soil from which all the 
W01'111S have beeu carefully picked out and another 
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with soil to which earthworms have been added, one 
worm to e\'el'Y pound of soil. Leave them out of 
doors where the raill can fall on to them, Yon can 
SOOIl see the burrows and the heaps of soil or "casts" 
thrown up uy the worms : these casts wash 01' blow 

Fig. 24. 
Soil in which earthworms have been living 

and making bul'l'oWS 

over the sUl'f~tce of the soil, continually cO\'el'ing it with 
a thin layer of material brought up from below. Oon
sequently the soil containing earthworms always has 
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a fresh clean look. After some time the other soil 
becomes very compact and is covered with a greenish 
slimy growth. ~When this happens carefully turll the 
pots upside dOWII, knock them so as to detach the soil 
and lift them oft: The soil where the earthworms had 
lived is full of burrows and looks almost like a sponge. 
Fig. 24 shows what happened in an experiment lasting 
from J line to October. 'rhe other soil where there were 
no earthworms shows no such burrows aud is rather 
more compact than when it was put in. 

Earthworms therefore do three thillgs;-
(1) They make burrows in the ground aBel so let 

iu air amI water. 
(2) They drag leaves into the l:loil and thus help 

to make the mixtllre of soil amI leaf mould. 
(B) They keep on bringiog fi'esh soil up to the 

surface, and they disturb the surface so 
much that it is always clean and fi'ee 
frorn the slimy growth, 

All these things are very useful and so a gardener 
should uever want to kill worms, The great naturalist, 
Darwin, speut a IOlJg time in studying earthworms at 
his home in Kent and wrote a Vel'y interesting book 
about them, called Eal'th1Vor1l1,,~ and Vegetable .iJfould. 
He shows that each year worIllS bring up about -toth of 
an inch of soil, so that if you laid a peuny on the soil 
UOW ancluo olle took it, ill 50 years it might be con!'p.d 
with an inch of soil. Pavements that were on the sur
face when the Homans occupied Britain are now covered 
with a thick layer of soiI. 

But besides these there are some living things too 
small to see, that have only beou found by careful ex
periments, but you can easily repeat some of these 
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experiments yourselves, Divide a little rich garden 
soil into two parts and bake one in the kitchen oven 
011 a patty tin, Pour a little milk into each of two 
small flasks, stop up with cotton wool (see Fig. 2;") 
and boil fot· a few minutes yery carefully so that the 
milk does not boil over, then allow to cool. Next care
fully take out the stopper from Ol1e of the flasks and 
drop ill a little of the baked soil, label the flask " baked 
soil" aud put back the stopper, Into the other flask 

Fig. 25. 

Soil 
Baked 

Fresh soil tmlls milk ba.J , but baked soil does not 

drop a little of the untouched soil and label it; leave 
oQo~a~l a warm place till the lIext day. Carefully 
open the stoppers and smell the milk: the baked soil 
has dOlle nothing and the milk smells ped"ectly sweet; 
the unbaked soil, on the other hand, has made the milk 
bad and it smells like cheese. If you have a good 
microscope you can go fw·ther: look at a drop of the 
liquid from each flask amI you find ill each case the 
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round fat globules of the milk, but the bad milk COll

tains ill addition some tiny creatures, looking like very 
short pins, darting in and out among the fat glohules. 
These living things must have come from the unbaked 

Baked soil 

o 

o 

o 
It· . 0 

o 0 

~ 

Unbaked soil 

Fig. 26. 

o 

Untouched jelly 

Soils contain tiny things that grow on gelatine 

• .y , 

soil or they would have been present in both flasks: 
they must also have been killed by baking in the oven. 

Another experiment is easy but takes a little longer 
to show. Mix t\~:o sheets of leaf gelatine with a quarter 
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of' a pint of' boiling water, pour into eaeh of' three saucers, 
and cover over with plates. Then stir up sOllie baked 
soil ill a cup half full of cold boiled water, and quickly 
put a teaspoonful of the liquid iuto a second cup, also 
half full of cold boiled water. Stir quickly and put 
a spoonful on to the j elly, tilting it about so that it 
covers the whole surface and label the saucer " baked 

" 

A B 

F'ig. 27 . 
Bottle containing limo water, used 

to show that breath makes 
lime water milky 

~~ no the same with the " ullbaked soil ," labelling the 
saucer; leave the thircl j elly alone amI label it "lUl

touched." Cover all three with plates and leave ill a 
warm place. After a day or so little specks begin. to 
appear on the jelly containing the unbaked soil, but 
not on the others (Fig. ~6); they grow larger, and before 
long they change the j elly to a liquid. The other j ellies 
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show very few specks and are little altered. These 
creatures making the specks came from the soil because 
so few are found 011 the jelly alone; they were killed 
in the baking and so do not occur on the baked soil 
jelly. 

You call also show that breathing is going 011 in the 
soil even after you have picked out every living thing 
that you can see. First of all you must do a little 
experiment with your own breathing so that you may 
know how to start. Shake up a little fresh lime with 
water and leave it to staud for 2-1 hours. Pour a little 
of the clear liquid into a flask or bottle fitted with a 
cork and two tubes, one long and one short like that 
shown in Fig. 27. 'l'hen breathe in through the tube A 
so that the air you take in comes through the lime 
water: notice that no change occurs. N ext breathe 
out through the tube B so that your breath passes 
through the lime water; this time the lime water turns 
very milky. You therefore alter in some way the air 
that you breathe: you know also that you need 
fresh air. 

N ow we can get on with our soil experiments. 'l'ake 
two small flasks of equal size fitted with corks and 
joined by a glass tube bent like a U with the ends 
curled over. Put some lime water into each flask and a 
little water in the U-tube. Now make a "'rnall muslin 
bag like a sausage; fill it with moist fi'esh garueii · 2::';1, 
tie it up with a silk thread and hang it in one of the 
flasks by holding the end of the thread outside and 
pl'shing in the cork till it is held firmly (see Fig. 28). 
Fix on the other flask, and after about five minutes 
mark the level of the liquid with a piece of stamp 
paper; leave in a warm place but out of the SUlI . 
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In one or two days you will sec that the water in the 
U-tube has mO"ed towards the soil flask, showing' that 
some ail' has been used up by the soil; further, the lime 
water has turned milky. But ill the other flask, where 
there is no soil, the lime water remains quite clear. 

This proves, then, that some of the tiny creatures 
want air just as much as we do. The all' reaches them 
through passages ill the soil, through ~.he burrows of 
earthworms and other allimals, or by man's efiorts in 
digging and ploughing. 

Fig. 28. 
A bag of soil is fixed into a flask containing lime 

water. In a few days some of the air has 
been used up, and the lime water has turned 

milky 

~ (l\x,.:,IJ ' the experiment with very dry gardell soil: 
litti~ 01' no change takes place. As soon as you add 
water, however, breathing begins again, air is abs01'bed 
and the lime water turns milky just as before. Water 
is therefore wanted just as much as air, 

If you 11ad very magnifying eyes and could see 
things so elllal'ged that these little creatures seemed to 
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you to be all inch 101lg', and if you lool,ed dowl! into 
the soil, it would seem to YOll to be au extraol'dillarily 
wonderful place. The little grains of soil would look 
like great rocks and on them you would see Cl'eatUl'es 
of all sbapes and sizes moving about, and feeding 
011 whatever was suitable to them, some beil1g de
stroyed by others very much larger than themselves, 
some appareutly dead or asleep, yet waking up whell
ever it becomes warmer 01' there was a little more 
moisture. You would see them changing useless dead 
roots amI leaves iuto very valuable plant food; indeed 
it is they that bring about the changes observed ill the 
experiments of Cbap. VI. Occasionally you would see 
a very strange sight indeed-a great snake-like creature, 
over three miles long and nearly half a mile round, 
would rush along devomillg everything before it and 
leave behind it a great tUllnel down which a mighty river 
would suddenly POUl', and what do you think it would 
be? ·What you now call an earthworm and think is 
fmu inches long, going through the soil leaving its 
bUl'row along which a drop of water trickles! 'l'hat 
shows you how tiny these little soil creatures are. 

These busy little creatures are called micro
organisms because of their small size. But they are 
not all nseful. Some can tl,lrn milk bad as we have 
already seen, and therefore all jugs and dishes must be 
kept clean lest any of tbem should be pres~DL. , 0thCl:" 
can cause disease. It has happened that a child ,,;ho 
has cut its finger a.nd has got some soil into the cut, 
and not washed it out at once, has been made very 
ill.' You may sometimes notice sheep limpillg about in 
the fields, especially ill dalllp fields; an ol'gall isll1 gets 
into the foot alld causes trouble. 
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Summary. rl'he soil is fun of living things, some 
lal'ge like earthworms, others very small. Earthworms 
are vcry useful: they make burrows in the soil, thus 
allowing air and water to get in: they drag in leaves 
and they keep on covering the surface with soil from 
below. Besides thcse and the other large creatUl'es, 
therc are micro-organisms so small that they cannot be 
seen without a very good microscope: they live and 
breathc and require ail', water aBd food. Some are very 
useful and change dead parts of plants or animals into 
valuable plant food. Almost anything that can be 
consumed by fire can be cOllsumed by them. Othm's 
are harmful. 
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THg SOIL AN1) THl~ PLANT 

Apparatus required. 

Dry powdm'ed soil, sCllud, clay, leaf mould, seeds. 
Sia; jwmels, disks, stands and glass jars [3]. Six glass 
tubes ahout tin. diameteT and 18 in. long [2]. Muslin, 
st'ring, th1'ee beake)·s. Six lamp chimne!Js standing in 
tin Uds [3]. Pot expe1'iments (p. xiii), g1'owing plant. 
T 'n"o test tubes jitted 1,oith split cOTks (Fig. 85). 

If you have ever tried to grow a plant in a pot you 
must have discovered that it needs much attentioll if it 
is to be kept alive. It wants water or it withers; it 
must be kept warm enough or it is killed by cold; it has 
to be fed 01' it gets yellow and starved; also it needs 
fresh air and light. 'l'hese five things are necessary for 
the plant: 

~ Water, 
Warmth, 
Food, 
Fresh ail', 
Light. 

'Ve may add a sixth: there must be no harmful sub
stance present in the soil. 

Wild plants growing in their native haunts get no 
attention and yet their wants are supplied. We will 
try and find out how this is done. 
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Water comes from the rain, but the rain doe;,; not · 
fall eyery day. How do thc plants lllfulage to get 
water on (ll'Y c1ays~ A simple experiment will show 
you one way. Put about foul' tablespoonsful of dry 
soil on to the fmmcl shown in Fig. 20 and then pour 
011 two table"poollsful of water. Measure what runs 
through. You will find it yery little; most of the water 
sticks to the :soil. Evell aftcr several da,ys the soil was 

Fig. 29. 
Loam and sand both retain water, 

but loam better than saud 

still rather moist. Soil Las the power of kcepillg a 
certain amount of water ill reserve for the plant, it only 
allows a Sll1f1.U part of the raiu to rnn throngh. Do the 
experiment also with saud, powdcred clay, and leaf 
mould. ~ollle water always remains behind, but less in 
the casc of saud than in the others. In one expcri-
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lUent ;j() cubic eeutimetre:; of water were pomcd Oll to 
50 grulUR of soil but OIl)Y lU cubic centimetres passed 
throllg]l , but when all C(Lllal amollllt was poured on to 50 
grams of sallCl no less than 20 cubic centimetres passed 
through. Very salldy :;oiIs, therefore, possess less 
power of storing water than do soils with more clay 
or mould in them, such as loams, chtys 01' black soils. 

Fig. 30. 
W!lter can rise upwards in soi l. 

It cnll, ill fact, travel in any 
direction, from wet to dry 

places 
_. -

F urther, water has a wonderful power of passing 
fr.om wet place:; to dry place . .,; in the soil. Tie a piece 
of lllllSlilJ O\'er the end of a tube and fill with dry soil, 
tapping it do\\'n as much as yo u call, then stand the 
tube in water as ill Fig. 30. Fill another with sand 
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Fig_ 31. 
Wheat growing in soils sllpplied from below with wate]'. All the" 

water the plallt gets has to tra'-ei llpwards 
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amI place in water. Notice that the water at once 
begius to rise in both tubes and will go on for a long 
time, alwayt'i past'i ing from the wet to the elry places. 
It rises higher iu the soil thau it does in the sand. 
Enough water lllay pass up the tnbe in this way to 
supply the needs of a growing plant. Fill a glass 
lamp chi miley with dry soil, packing it down tightly, 
put into water and then sow with wheat. The plants 
grow very well. A longer tube may be Illade from 
two chimney' fasteneel together by means of a tin 
collar stuck on with Canada Imlsam or scaling wax 
(Fig. :3 1). Our plants grew well ill this also, but on a 
sandier soil, where the water could llot rise so ]]igh, it 
might bappen that they would not. 

Thus we shall expect great (lifterelH.:es in the mois
ture of \'arious soils. III some districts there is much 
more rain than in others, awl therefore the soils get a 
larger supply of water. Saud,) soil:-; allow water to run 
through while a loam holds it like a sponge, ill a loam 
also the water readily 1110\'es ft'om wet to dry places. 
Purther, water rllllS flown hil):; and collects in low-lyiug 
hollows or yalleys; here, therefore, the soil is moister 
than it it'i somewhat higher up. What will be the eftect 
of these moisture differences 011 plants ? 

Yon must find out in two ways. Visit a soil that 
you kilO,," is dry-a sandy, gravelly 01' clu.l,lky soil in a 
high situatioll-and look carcfully at the l)la)\~ :.J-b-er", 
theu go to some 1ll0istCI', lower ground and see what the 
plants show. You cannot be quite ~el'taill, however, 
tl\<'tt anything you see is simply dne to watcr snpply, 
because there may be other differences in the suil as 
well. So you must try the folecoll(l method, and that is 
to fiud out by experiments what is the effect of YUl'yillg 
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(lllautities of water 011 the plant growth. Both methods 
mll::;t be used, Ollt it Illay OC more cOllvcuicllt to start 
the experiments first, awl ",lule they are going on to 
collect ohservatiolls ill yOllr rambles. 

Fill foul' glazed pots ,rith dry soil: kccp one dry; 
OllC oilly just moist ; tho third is to be Yery moist alld 
should oe watercd more frequently than the secolld; 
ancl the fourth i8 to he kept flooded with wator, auy way 

:Fig. il2. 
l\Itlstard g ro"ing in so ils supplied wi tL varying quantities of ,rater. 

l(j very little water, i:l a nice am ollut of water, 1:; too 
much water 

'0~L ueillg stopped up. Sow wheat or mustard in all foUl' 
and keep Ollt of the mill. 'fho result of olle experiment 
with mllstard is showll in Fig. 32. Whcre no water was 
supplicd thero was 110 growth and the sceds remaincd 
unaltered. Where ouly little water wa" snpplicd (Pot 
16) the plants made somc growth, hut 1I0t Ycry much: 
the lea,e::; wore small amI showed 110 grcat vigour; 



70 TIl(', /joil and the plctnt 

where tlllfticieut watel' was gin!11 (Pot 3) the plants grew 
yery well ftlld ha,d Huck ~tCl1lS and large leaves; where 
too much water was given (Pot 15) the plants were vcry 
siekly and small. 

The weights wel'e ;-

0'9 

_ ___ l~l'eell_\\_e i ght 

P la ut:-; with too l~lllCh wawl' ......... 'I 3'9 

" " too httle watel' ......... 5':3 
I 

After drying 

" "nice qUilntity of ,,,,,tel' l 17 '7 

Fig. :l3 shows two pots of wheat, one kept ouly 
just sufficiclltly moist for growth, the other kept very 
moist ]jut not too wet. You can see what a difference 
there is; in the drier pot the leaves are rather narrow 
and the plallts arc "mall, in the moister pot tIle lea"es 
are wide and the planttl big. But thcre was also another 
difference that the photogmph does not bring out very 
well-the plants in the rather dry soil were, as you call 
see, ill full ear, ripe aud yellow, while those ill the yel'Y 
moitlt soil were ::;till greell and growing. "~e see then 
(1) that on moist soils there is greater growth than 
on dry soils, but the plants do not ripen so quickly; 
(2) in very wet soils mustard-and many ~her plants 
also-will not grow. . .- " 

'Yater is llot it. elf harmful. It is easy to grow 
many plants in water cOlltailling the proper food, 
1m!' ail' mllst ue Mown tlwough the wate?' at frequent 
intercals. In thc water-logged soil of Pot 15 the 
trouble arose not from too much water ]jut from too 
littlc air. Ail' is wanted because plants are living and 
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breatbillg ill m'ery part, ill the root:; as well a:; in the 
leaves. 

X ow turll to what you havc fSeell in your walks. 
You would probably notice that OIl thc drier, sallCly or ( 
gravel ground there was nothing' like as great a growth 
of grass or of other plallts as ou the moister soil. This 
is so much like what we found ill the pot experimeuts 

Fig. 33. 
Th; ~ 'wheat growing on very this when,t growing 011 nl.ther 

moist soil was still green dry soil was yell ow and 
lind growing vigorol1sly , ripe 

whilst 

that we shall not be wrong in supposillg that .,the 
differcnce ill water snpply largely accounted for the 
difference in growth. But YOIl may also haye noticed 
somcthillg else. Plants ill the dricr soil have gcnerally 
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narrow leaves anel the g'l'asses are rolJed lip and fiue, 
whibt those 011 the damp soil, iududing the grasses, 
have usually broad leaves. Thus in the (l1'Y sallel,)' soil 
you may find broom, spur1'ey, sheep's fescne, pine trees, 
all with narrow leaves; whilst on the moister soil you· 

\ I 

Fig. 34 fl. .... r 

Plants collected on dry sandy soil. Broom, sbeep' s f~scue, cresteif 
dogstail and gorse, all with Ilanow leayes 

• .,., 

ma:r finel burdock, primroses, cocksfoot and other broad
leaveel plants. Figs. 34 (t anel b sLow some plants we 
found on a dry, gl'avelly patch on Harpem1en COlllIl1OlI, 

and on a moist loam in the ri '-or valley below. 
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Th e "o il 111111 flil' plaut 

Before we call account for th is oU:5el'vatioll, we must 
ascertain a. li ttle more dosely what uecomes of the 
water the plallt takes up. It certai llly uoes !lot all stay 
ill the plaut, and the ouly way out :,;eems to be through 
the leaves. Put a tCl'it tube 011 the leaf of a growing 
plant awl fix a split cOl'k round the stem: leave ill SUl\-

Fig. 3-1 U • 

" 
. ,Plants collectell on moist loam. All ha\'e wide leaves 

light for a few hOUl'S and notice that water begins to 
collect in the test tube (Fig. 35). '1'he experiment 
shows that water passes out of the plaut through .,the 
leaves. 

This experiment was first made by Stephen Hales, 
and described by hiLII thus in li27: "Havillg by many 
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evident jJroot:., ill the foregoing experiments tioel} the 
great quantitieti of liquor that were imbibed and per
spired hy trees, I was desirous to try if I could get allY 
of this perspiring matter; and in ordcr to do it, I took 
several glass chymieal retorts, b Ct 1) [Fig. 30] aud put 
the boughs of several sorts of trces, as they were growing 
with their leaves on, into the retorts, stopping up the 
month p of the retorts with bladder. By this meaus I 
got several ounces of the pcrl'>piring matter of vines, 
figirees "-and other trees, which" matter" Hales found 
to be almost pure water. The test tube experiment 

Fig. 35. 
Plants give ont wa te!' tbrough tbeir 

l eay€s 

should JlOW be made with a llarrow-Iea\'ec1 grass like 
sheep's fescue aud with a wide-leaved grass like eoeks
foot. You will find that wide-leaved plants p~s oo.t · 
more water' than those with lIarrow lcayes, and hellee 
wide-leaved plants occur ill damp situations or on dalllP 
soUs like loams aud clays, while narrow-leaved plants 
can grow Oil dry, sandy soils. 

Another thing you will notice is that fields lying at 
the side of a ri,'el' nllLl liable to be flooded, and fields 
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high up ill wet hill distl'icts, are covered with grass. In 
a clay country there is also a great deal of grass land 
and not much ploughed laud; if you live where there 
is much clay you can easily discove,· the reason. Olay 
becomes very wet and sticky when rain fall s, anel very 
hard in dry weather: it is, therefore, difficult to culti
vate. Farmers cannot afford tq spelld too much money 

Fig. 3(;. 
Stephen H ,tJes's Experiment (from T'ege table S tctticks, 1'01. I. 1727) 

on cu;'~ivation, and so they prefer grass, because once 
it is established it goes on indefinitely and does not 
wallt ploughing up and re-sowing. And besides, farmers 
have learncd by experience that grass can tolerate mpl'e 
water and less ~warmth than most other English crops. 
'rhere is much more grass lall(l in those parts of England 
where the rainfall is high and the temperature rather 
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low-c.g. thc northern parts of ~:lIglalHl- thall III the 
eastern cOllllties wbere the rainfall i:s low. 

'fhe (lifrel'ellce ill water supply, thorefore, lcad" us to 
expect the following differences betwccn saudy soih, awl 
clays or loams :-

On sandy soils (thc water content being small) thc 
wild plants and trecs usually ha ,'c "mall lcaycs. Culti
vated plants do not give vel'y heavy crops, but they 
ripen early. 

On clay soils (the watcr content being good) wild 
plants and trees usually ha,c larger leavcs. Cultivated 
plants give good crops, but they ripen rather late. ]f 

the water content is too good or the day is too sticky 
the land is generally put into grass. 

Plants require to be sufficientl.y warm. Some like 
tropical heat alld call only be grown in hot houses; 
others can withstand a certain amount of cold and will 
grow up on the mountains. Our common cultimte<l 
crops come in between and will not grow ill too cold or 
exposed a situation ; tbus you filld "ery little cultimte(l 
laud BOO ft. above sea level, and not usually much above 
500 ft. At thi:,; height it is left a:s grass land, and highel' 
up as woodlall(l, moor, or waste laud. Grass req uircs les!'; 
warmth and can therefore grow at greater height:s than 
many other crops. If you start at the top of a hill ill 
Derbyshire, and walk down, you will sec that the top is 
moodand, lower dOWll come~ grass lalld, still lower you 
lUay find arable land, and if the valley is dalllp you will 
find more grass at the bottolll. Figs. 37 and 38 show 
typical views of the hill slope:,; further south: they are 
taken neal' Hal'pendell. The top of the hill ill each ca:se 
is over 400 ft. above sea level, and lias never been 
thought worth eultiyuting, hut has alway:s been left as 
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wood because it is too exposed for farlll crops, 0 11 the 
lower slopes the arable fields are seell, whilc at the 
bottom borderiug the ri "er i::; rough grass land, :-lhown ill 
Fig'. 39. The top is too cold and windy, alld the hottom 
too wet, to be worth cultivating. 

As the plant root if.; alive it wants air. The effect of 
keepiJlg ail' out can be seen by ::;owing some parle,)' or 
ouion seeds in the ground aud theu pouriug a lot of 
water 011 and plastering the soil dowlI with a spade. 
Sow anothcr row in nicely crlllll bled soil, not too wct, 
press the :,;eeds wen ill , but do not plaster the ::;oil. 
This sccoud lot will generally do much uettcr than the 
first. If tlw ground roulld a plant i::; frequently trodden 
so that it becomes yery hard the 1Iiant makes much less 
growth than if the soil wcrc kept nice and loose. A 
good gal'dellci' takes Yery gTcat pains ill prepar'ing his 
ground uefol'e he sows his sceds, aud hc iK carcful that no 
olle should walk 011 his bcds lest his plants ::;llOUld ::;ufiel'. 

Summary. 'Ye may H OW coll ect together the . ltrioll :; 
things we have learnt in this chapter. Pla,lIts require 
watcl', air, warmth, food, and light, and they will not 
grow if harmful substances are pl'eseut. The rain-watcr 
that falls remains for sOllie tillle iu the soil, and clocs not 
at OIlce run away or dry off': water (;an aJso move from 
wet to dry places in the soil. Thcrefore the plant doe:s 
not lIecd rain every day, but call draw on the :;tock ill 
the :soil durillg dry weather. A sandy soil is luuaUy 
drier than a loam or a day, especially if it lies rathel' 
high: plant:s growing Oll a sandy soil make less growth 
and ha"e 1Iarrower and smaller leaves than those Oil a 
moister soil. 

Situations morc thall fi \'e or six hUJldred fcet above 
::;ea level are, ill Bngland, as a rule, too uleak aud 
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expo,.;ecl for tIl e ordinary cn lti,atc(l crop". Such land 
is, thercforc, e ithcr grass lan(l, llloorland, (101rnlalHl or 
woo(lhtnd. 

The roots of plant" are living a nd require air. 'rhe 
soil )llU"t not be troddcn too banI ronnd thcm or ail' 
cannot get ill , llor can it if tou llllH:h wate)' i" prescnt. 

G1'11,.;s call put up 'rith lllore watcr auel lc"" warmth 
than !lIOSt cult i,'ate(l crops, 

Instances of thesc fa.cts may be fOIlIHl ill going down 
auy hill ;j OO ft, or more in heig'llt: the top is usnally wood 
or waste, being too cold for crop:;, below thi" l11ay cOllie 
grass lalld, lowc!' still arable land. It is both warlller 
and moister ill the valley (sill ce watcr mIl"; (lowll hill), 
amI so we call account for thc pro"eruial fertility of 
mlleys. But jll"t nCllr the rircr, if there is one, tIle 
ground lllay be too wet for crop", aUf I thercforc gra~" i" 
grown. Clay land that i" rnthet' too ,,'ct to plough is 
n"llalI," left ill gra:;s. 
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CHAPTEH IX 

CU LTILiTJOX ,\NJ) T1LLA (fE 

Apparatus required. 

Plot cxperimcldl'5, /toeillg (tlul IIwldtilig. Thcr-
1nometel". Soil .~((mplc}' (Fig. -1:2, 1). gtl). Thil'5 toul 
cOllsists of n steel tllue 2 -ill . iii diameter (lIa( !) /11 . 

loug, tcith a slit Cllt alollg its le/igth wul (ttl the (' rtf/I ' IS 

sh(l}'pened. Th fl tuve ,i s fixell (/n t o a cC1,ticall'5tcd rod, 
vent at the end to a rilly:2 ill. ill diul/l cter, fh/'(I/(ljh l( 'hi('h 

a stOllt IL'Ooden luwdle passelS. It il'5 I'eadil!) liiwlc ll!) ((, 
Vlach 1Il/:th. 

Farmers and. g'ardeners throughout the spring, SIlIll

Iller and autumn, are UIl,.,Y ploughing or c1iggillg, hocing 
01' in othcr way;.: {;ultiYHtillg thc soil. Vn!cs:s all this is 
well done the soil fail s to produce much ; the sluggal'd'::; 
g'ardcn has al ways beelt a by-word altd a l'cpl'oach. 111 
trying to understalld why they do it we 1lI1l::> t relllember 
tlmt plaut roots need wa.tcl' , warmth and ail'; if thc ,.,oil 
is too cOlllpact 01' if there is too much water thc plaut 
sllffers, as we havc seen. 

One grcat object of culti\'atiOll i,." therefore, to pre
vent the soil Deing too compact and too ,,'ct. After the 
hnl'Yest tbe fanner breaks lip his g rolUl(l with a. ploug'b alHl 
then leaye::; it alone till ::>ecd time (Fig. -10). A glll'{lelJeI' 
does t llo same t hing' with a fOl'1,:: ilJ his kitchen g-ardcll
he cannot very 'well elsewhere, 0 1' thc phwt root::> Illight 
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become too cold. If thcre if; frost durillg the winter 
both farlllcr ;tlill g-ardeucr are plea>icd he<..:flUtie the} ,,;<1Y 
t Il e fl"Ost " mellow,,;" tIle grollud ; 'yO Il call sec \rhat they 
meall if YOII walk 011 a frosty lllomillg oyer a vlonghcd 
fi eld. The large clod,., of earth [we lIO IOllger sticky, 
t Ile} alrea(ly ,,; !to,," ,,; ig'll"; of breakillg lip, aJl(l if tlley arc 
lIot f1'o;;:ell too ha]'(l <..:all easily be slmttererl by It kick. 
The change ha ,.; bcell broll,ght allOllt ill exactly the sallie 

, F ig . 40. 
AftCl' La l'\'cst til e r >1 l'lU € 1' 1)l'eaks up hi s land ",iUl a plo ugh and theu 

le,wcs it nJolle until seed t iLll e 

way as 't he Im]'stillg of water-pipe,,; hy frost. Wheu 
water freezes it expa nds with ell Ol"llI on,.; fC)I'(;e and 
blll':sts open anythillg t hat confines it ; water freezing 
ill the pores of the soil fOl'ces the little fra gments apar,t. 
This actioll is so important tllllt furth er illllstration:s 
shonlc1 he looked for. A piece of wet chalk left out Oil 

a fl'O,.;ty lIight oftCII lTlIlI1hlc" to piece,.;. Tt is dangerolls 
G- i 
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to climb clifts ill the early spring hecanse pieces of rock 
that ]Ilne beell split oft· (lurillg the winter fl'ol::its by the 
expallding water lilay easily gi\'e mey. Frost play:s 
ha,'oc with \raUs built of flillt tl awl \lith old brick:s t]mt 
are beginniug to wear. If there arc seyeral frost", with 
falb of rain or S11 0 W aud tlmws coming in betweell , the 
soil is llIo\'e(1 ahont a good deal h)- the freezing an(l 
lllCltillg water. Blllbtl awl cutting,.; al'e sometillles forced 
out of the gToulld, whilst g'ral::iS all(1 young wheat may be 
so loosened that they Im\' e to be roll ed in again as soon 
as the \reather perlllits. 'Wheu t he ground ktl::i beell 
dug in autumJl ancl left ill a ycry rOllgh state all this 
IOOSCl liug work of the frost is \'ery much helped, uecause 
so much of the soil run,)' oecome frozeJJ. If in spl'iug 
you dig a piece of Ian(1 that has already been dug ill 
autllmn, and tllell try digging a piece that has 1I0t, you 
will find the first lllllCh easier work than the second ill 
all but Yery sandy soils. 

A lit tlc before the seed" arc SOWIl, the soil has to bc 
dng or eulti\'atetl again so that it Illay become more 
le\'el and oroken into smaller pieces. The farm er then 
harl'ows aml the ga rdener rakes it, alld it becomes still 
filler. Yery great care is bestowed all the preparation 
of tlte seed oed, and it ,rill take you 10llger to lea rn this 
than ally other part of outdoor gardening. The soil has 
to he macle fin e and (11'.)', alld no pains llln::;t ue ,;parcd 
in gettillg it so. 

·Whell at lar,; t the soil is fin e enough the seed is Pllt 
in. But it j" not ellough ::; illlply to let the seed tumble 
il),tO the grollwl. It hail to he pressed ill gently with a 
spade 0 1' a roller, not too hanl or the soil becomes too 
:sticky. Fig. -! 1 shows tlus operatiOll beillg C,11'l'iecl Ollt 

. on t he farlll. Then the soil should he left alone. 
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If YOII watch an allotment holdcr who growK olliollS 
really well workillg away at his seed-bed you will see 
what a beantifully fine tilth he get~. If YO II try to do 
the same you will prohabl.v fail ; his seccls will be up 
before yours and will grow into healthier planhi. Only 
after long practice will you sllcceed, and tbclI YOII ,,·ill 
ha \"e lllastcred Olle of the great llIystcries of gardelling. 

As soon as t he plants "xe up they havc to be hoed, 
and tho more often this is doue the better. H oeing has 
several useful effects on the soil ; (lming :-;l1lllll)cr t ime 
sOllie experimen ts may be made to find out wlHl,t thcse 
are. A piece of gL'olln(l is wa.nted t hat has got no crop 
0 11 it.. Set out three strips each t:lix feet whle an(l six 
feet long, leaYe one ell t irely alolle, hoe the t:lecOlHl ollce 
a week, allCl the third three t ime,.; a week ; put labels 
Oll 10\0 that 110 mistake call arise. The slll'face uf the 
untouched plot uecolllcfi yery compact awl glazed in 
appearance; thc other soils look nice a lld crllllluly. 
'r ake the temperature of the soils by placiLlg a ther
mometer in to it at m riolls depths-half illCb, three 
illcbeR, awl six inches-also take the temperature of 
the ail' ; ell ter lip the rcsul ts as ill the taule, which 
Rhow,:; ,,·hat lmppenc(l at Hal'pellllell. 

Date : Air tem 
pem tul'c 

I 

I 1!)lO 
LJ IlIlC 20tb : 
I 

I ' 
I J lI l1C 27th 18" 

1 _ _ -

Soil tempenttlll'c I 
---~, -~--- I 

I I 
, Untouched I 

I ~. inch I 
I :1 JI1 cbe,; 
I (i inche,; , 
I I 

I ~ i ll(;h I 

\ 

3-inche,; ; 
I i lnchc,~ 

.) - 0 
- I 

17 ' ·,-, 
·1 (j -·7 
1,-,··," 

H oed "Hoed 
once : tlll'ee ti lll CS \ 

weekl y I " eekl.) 
-_. -----1 

:31 -·.-, :11"'5 I 
2D ~ '8 ~M f,/ ' 8 

:2G"·5 

17" 
1(; ' ·:3 
1;j ~ · 5 

17" 
](i ·2 
1;, -·.-, , 
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Tb e th" rU1IHllot,' r l'l'adill g~ are ill riog rol]s l!c lltigl'adl'. 
Hemar];:s. J llue 20th: Hilt S lllill Y tby, tho l'o had lJel]1l Il O l'il,ill 

sill .;e J lln e 11 t h. 
J llile 2'i"tLt: Cold, <.:lolld,;- cia,' -, sevc I'111 cold, \I'et day:; during the 

past \I-eek. 

On the cold (lay thcre was yery little difierence 
between the plot;.;, but on the hot day the hoed plots 
\\'erc cooler than the otheril. X ow 0111y the top illch is 
touched by the hoc, nud >\0 it appeal'S that the layer 
tIm,; loosened shield,; the rcst of the ;.;oil from the "un's 
JICHt. 1£ this is the ea:-;e \l'e ought to find that allY 
othor loose material 11 0 111(1 aet ill just the same way. 
" 'e lllllst, therefore, set out a f01ll'th plot a lOllg'shle the 
others, eO\'er it wi th straw 0 1' cut grass (a co \'cr like this 
is calle(l a mulch), awl take the temperature thcre. 
::lome of the result,; were at< follows; -

])ntc 

IDlO 
. ·cpt. 21th 

Od, 5th 

1 _ _____ _ 

Air 
temperature 

17 ' 

-s inc h 
:fillcbc~ 
(j ine:lles 

I inch ~-

:3 inche:; 
G illche:; 

Soil tcmpemtllt'e 

I~Hl) e~l Plot_I ~Itl ~C~e_(~ ~Iot 
I I 
I 17 " '-' : 12" 2.-, 

1:2 -'5 11 " 75 
12°':25 11 0 '5 

17 ' l!)" ,5 
I l j " , 15'; 
1'-, " ';; 11" 5 

HOl uhrks. Sept. 2-1 tb : l,",u'J)J dil,Y uftel' " ra t hel' CI) iLi ,' peU. 
Od . .-,tll : Aftcr ;l, IOllg ;;1,," 11 "f dry, \l'i\l' l tl \\'oiJ,t i, cr, 

'rhe nntollebed plot had 1>eeollle sll10tllcred in weeds 
alld (;ould no longer be n,;c(l for this experiment. TllC 
mulcbed ,;oil i. ', bowevc[', e()olcl' eyell t han the hoed soil, 
ant) our e~pectatio ll that lllulehing' ,roulc! keep the ':loil 
(;()ol has tnl'ned out to ue correct. 
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It may be expected that the hotter soil-the unhoed 
lllot- ,rill also be drier than the othors, and thi t,; can be 
found out by a simple experimcllt. Take a sample by 
makillg a hole six inchcs deep with straight and not 
with sloping sides : thi' is best done by driving' a tube 
two illches wide iuto the soil (Fig. -1:2): if you have not 
got snch a tool yon may use a trowel, but yon will ha,'e 

Fig. -1!. 
Soil sampler. (See p. 82 

fo1' description) 

to be Ycry (jnick alld very carei'ul. 'Veigh the soil-or 
a part of it if )' on hrwe got a great deal-then set it to 
dry in a ,,,arm placc for three or foul' days. 'Veigh 
agaill wholL it is dry: the ,liifcrcncc gi,es the loss of' 
water: filld what it \\'ou1l1 be ill a hUlidrecl part". Om 
results were:-
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P ercent.age of water ill the 

Soil boed three 
times weekly 

Juue 20th ...... t 

June 27th ..... . 
- ----''--- - -

16'0 

18· ... 20'5 

Remarks. JUlle 4th: The weathor i:s :stilJ cold a lld the ~U1l1ll1er 
has not yet begun. 

J Ulle 20th: Hot rby following a ll SOUle hut, dry weather. 
J Ull e 27th: Rain had reGentl )' f" llen. 

When hoeil)g is done in the early part of the summer 
it dries the soil, awl the moro freqllent the hoeing the 
drier the soil (sec June -lth results). But later on, when 
the hot weather begills, the hoed soil loses much les;,; 
moisture than the untouched plot; the httter lost 6'-1 
per cent.. in 16 days in the top six iuches, whibt t.he 
soil hoed once weekly lost 3 '1 per ceut.., and t.he one 
hoed three times weekly lost ouly 1'4; the two hoed 
soils are now equal, and arc both moister than the 
tmtouched soil. ,\Vhell more rail) comes they get just 
as wet as the others: hoeiug does not prevent water 
from sinking ill, but it does pre\ent water from getting 
lost. ' 

Our experiment bas, therefore, shown llS that hoeing 
makes a loose layer of soil which shields the rest of the 
soil from the sun's heat, and prevents it getting too, hot 
or too dry. A hoed soil is cooler and moister, and 
therefore better suited for the growth of plant roots 
than an unhoed soil. 
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'l'hc mulch of straw 01' dried grass was fOllnd to 
have the same effect in conserving the water as the 
loose layet' of soil obtained by hoeing. Some results 
wel'e:-

Dn.te 

Hoed so il I illnlched soil : 

uno 
-1 - - I 

I 
So pt. 2c1th I 

I 
1 !) '6 20', 

I 
_~~ _____ ~ __ l 

Fig. cl3. 
Unltivation and .mulching reduce the loss of water fyom so il s 

'fhese re:;ults are so important that SOllle i\tdoo)' 
ex.periment:; should be made to furnish more proof. 
Fix up three inverted bell jar:'; with corks and bent 
tub,es as show1I ill Fig. -l::~, fill all with dry soil well 
pressed down, theu add water cm'efully till it appear:'; in 
the glass tubes. N ext day lllark ,lith stamp paper the 
le,'ol of liquid iu each tuLe and the)) letwc one jar 
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llIltouched, carefully cultivate with a penknife every 
two or tlcree clays the top quarter of an inch of the 
second, and cO~'er the third with a layet· of grass. 
After a week notice (lgaill the leve):.; of the liquid and 
mark with paper; you find that the water has fallell 
most in the uutonched jar, showing that more has been 
lost from this than from the jars covered with a mulch 
either of soil or of dry grass. 

A slate 01' flat stone acts like a mulch; if you lc::we 
one OIl the soil for a few (lays ill hot weather aUlI then 
lift it up on a hot day yon will see that the soil uuder
neath iii quite moist ; you may also find seYeral slugs or 
other animals that ha'-o gone thore for the sako of tho 
coolness and the moisture. Plants and trees also keep 
ofr the SUlI 'S beat alld so make the soil cold ancl moist. 
Grass land is in Sllmmer and autnmn, and even ill early 
will tel', cooler near the surface than bare land. 
Harpelldeu we found: -

_______ ~.L_ __ ____ -

Date 
I' Soil Temperatul'e : 

i I Grass ;~nd : Bare lanel -I 
u;l;--I ---1----1 

Sept, 2-lth I -.~ iuch : 1:3' 
:fillches 12°'5 
(j inches 12°'5 

17" 5 
12°'5 
12" 25 

Oct. 5th J-; indl 
3-indw . ., 
6 inchc,; 

] 5°'5 1'1 0 

] ,30 16" , 
1-1' -5 i 15°'f) \ 
---- ----...._ 

At 

B'-eu if the gl"OlIIHl is Ilot covered a certaill amount 
of protection is still pos:-;ible, Trees al'e often plailted 
round pouds to prm'ent evaporation of the water. The 
willd helps to dry the soil very much, alld a hedge 
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that shields from the wind not only protects the crop 
but also keeps the soil moist: a road with high hedges 
at each sidc remaills wet for a long time aftcr more 
exposed parts have dried. The effect 011 the tempera
ture can be well seen on a (lay when a N. E. wiud is 
blowing. Fix up Oll a piece of the experimental grollnd 
a little hedge made of small pea-stakes or brush wood, 
and take the soil temperature at one iU<.:h depth, both 
on the willdward and on the leeward side. Two results 
were:-

Temperate at 1 in e;h del'th---~heltel'ed Hide 

" » » windward side 

'Ye have already seeu that Oil the hot day, June 20th, 
tlle top lmll-inch of soil was hotter than the air: the 
mercury ill the thermometer rose directly it was put 
into the soil. There is nothing yery unusUftl about this; 
if JOu touch a piece of iroll lying on the soil JOll find it 
hotter than the air. Lower down the soil had the same 
temperature as the ail', and still lower it was cooler:. 
'1'he sun's heat travels so slowly into the soil in Slllllll1er 
that months pass before it gets far down, but thell, as it 
takes so long to get in, it also takes a IOllg time to get 
out, aud it takes still longer to get either ill or out if 
there is a mulch or if grass is growing. 

During the early winter you may notice that the 
first fall of snow SOOIl melts on the arable land but 
remains longer on the grass ; towards the end ot- the 
winter, howeyer, the reverse happens and the snow 
lI1elts first 011 the grass. There is no difficnlt}- in ex
plai~illg this. '1'ho arable land is, as we have seell, 
warmer in autumn and carly winter than grass land, 

I At great depths below the surface the temperature rises again from 
quite another cause. 
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a:tlrl so it melts the SIlO\\' more rapidly. But during 
winter the gl'aHS lall(l lo"es it:;; hcat more "lowly, and 
tiJel'eiorc it is wal'IIlCl' at thc cnd of thc wintor than the 
arable lanu, hence thc snow melts more quickly. 

In Chap. v. it was pointcd out that dal'k coloured 
soihi rich ill humus [tre greatly f~womed by gardeners 
and fal'mers. Thc ,aIuc of hUlllUH call casily be shown: 
takc a sample of soil from a gal'(len that has for a long 
timc been well lllanured and another from a field close 
"by- next to it if you can-and find the amollnts of 
JI10bturc pre:3ent. Two soils at Rothamsted gave the 
following rcsults :-

------ - -~~---

Dilt~ ___ 1 April lith ~[ay (ilh July (itl! I, Oct. 28th 

~l() i "ture in dark ~oill 
rich ill 11U1I11IS i 

7I[()i~tllrc in lig btc"1 l:n 

~I _~O il [l ()O I~ i~~II~ I~j_ _ _ _ _ 

:20'0 

ll-U ]2'0 

- -- - ~~-- - _--

Hllmlls, thorefore, kceps the ,rater in the soil alld tiave:3 
it from being lost. 

Anothel' 'bcneficial effect of hocing is to keep down 
wecdf-i. W ccds oycrcnl'\rd the plant, shut out light, 
take food and water, and occupy space. Few plants 
cau compcte against wccds, some fail Ycry badly in thc 
stl'ugJlc. Sow two rows of mai;.o:e two yards apart; 
kecp onc well hocd for a yard on cach side and leave 
the othel' aloHc to strnggle with the wecds that will 
grow. Fig. -!--! sho\\':3 the result of this experiment at 
St George's School. At Hothamsted a picce of wHeat 
was left Illlharvested iu lUB:.., and the plot has not been 
toncllcrl Hince; the wheat was allowed to shed its sced 
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a ne] to gTllll' llP lI'itllOUt all,\' attelltioll, \Yl'e<]" flOllJ'i :,;Il elr, 
Illl t the whea t (li(l lIot; tIll' next ,year there \\"n" tilt 
little wheat, awl b,\- I m:(j 0111 ,\- a fcw plants CO llld ue 
,.;eCIl , ,.,0 stun ted tha t (l ll e would hardly J'ccog'lli ,.;e thelll, 

Thl' hoed plot . nO weol\'; 

Fig. 4-1 (1 , 
:\[ai7.e Call110t COlnpetl' s llcces; full y against II-cp.d, 

Thc grollnd "till relllaillS ulI to lH:he(l, a lld is no\\' the 
dellse thicket "een ill Fig. -L'i. l\!o"t of 0 111 ' lalld \\'ollld 
heeollle like tld" if it were lI eglected fo)' a fe\\- 'yea)'", 
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/ Farlllers occa,.;ionally kare their ground \rithollt a 
Gl'Op fol' a whole year and c ((lti~'ate it a" oftell as they 
Gall to kill t he ",ecIls, Thi ;; prad icc i" called " fallow 

ing," cU1(1 is Ycry Clll t:ieut ; it is much le"s COllllllOll IlOW 

F ig, 44 U, 

t lmt (TO P" like lllallgohb a lld swcI!es a re g rowll , which 
call, if ne('e""ary, be hoel! a ll the Slimmer, 

We ha,e all'eally "CCII (p, G!l) tlmt oruillary cnlti
\'atell phlil b will tlOt, li\'c ill a wa te r-logged ,.;oil. 
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Whel'over therc is all ex('c,;,.; of wntcr it lllll,.;t b-J 
remove! 1 hefore sati,.;factor.\· l'e,.;ul ts call be 0 bta i1leel. 
F ig. -Hi shows a, fiel(l of wh eat ill _\Jay wh ero the crop 
is all bllt killed aud only cer ta i1l weeds ";1In'irc 011 a 
patell of 11l1(lra illed lalld that lay wet all the winter. 
Draillillg; laml is ditiieu It and somewhat expen!'li \'e; 
trellches arc first Cllt to a proper (leptb, 1md (lrain pipes 
a re laid OJI the bottolll , ta king care that there b a 
gentle slope aU the way to the ditch, 'The raill soaks 
into the soil an(l gets ill to tIl e pipes, for they are 1I0t 

j oined tog-ethel' like gas 0 1' water pipes, but left with 
litt le spaces in betweell ; it theu run ,; Ollt in to the <1itdl, 
Usually only clay soil!'! Ileed dl'aiuage, but oecasiollaJIy 
sanely soils do a lso (see 1'p. 30, lOG ), A great (leal of 
draillage was cnl'ried out in EnglallCl oebreeu Ill -lit awl 
l!l(i() , alld it led to a marked impl'OYemellt in agl'icultmc 
alld ill c()uu t r,)' life gellerally. mlcre is, hO\l'e r e1', a great 
deal that wauts doillg uo,\'. 

The addition of chalk or lillie to soil was f OUlHI ill 
Chap, III. to il11])1'o\'e it YCI'y much by making it le"fo; 
sticky and less impervious to ail' and water. Chalk or 
lime cloes 11I0re than this. It puts out of action certai n 
injul'i ou:; substances 01' acids that lllay be forllled, and 
tLu» makes the coudit.ion:; mOl'e favOllrable for plauts 
fwd for the useful lIli cro-organbms; fill'lll er" and gar
deners express this hy sayillg t hat it "s\reetens the :,;o il. " 
A Ullitecl :-)tate" pl'oYorb rHIlS: " A lillIe COllllt l'j" i,.; a 
ri ch coulItr,"- " Yery many so il!'! in Eng-Iaucl are illl 
proyed by addiug lime or clta lk. There ar~ conl-ii derable 
a reas ill the south-eastern anll ca"tel'll cOllu tics wllere 
the soil is ,'er.r chalky; here YOH fiIHl a wOlHlerfulIy rich 
assor tment of flowcr» and shrulJs. ,"hero thcre is too 
l1luch chalk tIle ,.;o il i" lI ot fertile, heeflllse it le t" water 
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thl'OlIg h too casily, as wat' ,, 11 0 11' )) (lJ] p. :W: bll t foJ' tL:i ; 
r ery r ea son it is adlllira ble for l'c", illc ut ia l purpo:sefi. 

T hc re a re ;;Ollle exception ,.; to t he rul e that plan t:,; 
neod lime. SOllI e plan t:; will no t tolerate it at all ; 
", lI eh a rc rllodo(lclldrOlI R, a za lea", fox gl o \'ei:\, spuJ'rcy, alHI 
hroolll ; whcror cr you "co those gn m iug yo u may be 
:-lurc that lim o i:; a U"clI t. 

Lime rea lly dith' J'''; f l'Olll chalk, uu t chango" ill to it ";0 
(luickly in the soil t ha t the action of uo t h i:; almo,.;t, 
thongh no t qui te , t he Ham o. 

Summary. The rari()\l ~ t hillgs '1'0 ha r e lcal'llt ill 
this Cha pto r a rc :-

Alltml1n a!HI wiu ter c llltira ti on a rc nce(lcd to 100";Cll 
tll C flO il so t ha t J'aiu ca ll i'oa li ill a llll 1I0t lie auout ill 
pools, a ud ab o to fu(; ili tate w(ll 'kiug' ill "pl'iug. 

The soil h as to ue u]'okcu dm\'ll r e J'Y fillely allll 
m ade rather dry f() J' n ,.;oe(1 h e(1. 'JIIC seed bas to he 
rolled ill and t ho)) left eutird} al oll e. 

,As 1300)) H", t he li t tle plaut,.; ,n e up tIl e so il IIl(l"t Lc 
hoell, a ur1 the llloro often t hi ..; i;,; douo tll e uettc]'. 
H oeillg keep:; t il e ;,;oil (;001 nlHI moist in hot wea th er, 
the 100,.;c layer actin,!!; like n lllllk h of :straw. ~\Il.Y thing' 

else that shiel( \" the :-loil from the "un 01' t ue wiwl has 
t ile same actioll u ut i" 1I0 t so e trc<:ti r e as the lIluldl . 
F urther, lweillg keep..; dowII wee(1,.;, which su(;ce""fully 
eompete agaill :-lt allll o,.,t UIIY ellltirate(l p la ll t;:;. HUJllu :-l 
a b o pre \' e ll ts thc Jo"" (Jf lllo i"hlre h Olll soil s. 

])rainage lIlay be lJeee:;:';<l r,Y to 1'CII1O\'C exec"" of wato r. 
Liwillg 0 1' (;ha lking' the "o il i" uelle fi cia l, llot ollly 

beca.use of t he illljlrOYCmcllt:-l mell tioned ill Chap , IIf., 
bu t a lso Lecn ll ,;o cer tai ll illju r ioll :'< "; llUl:i t nll cC" a l'c t lr C1'cuy 
l'emo\'cd. Th er e a rc, how(.; \'er, ,,( )Inc plaut:; that will Hot 

tol er ate lime. 
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In this chapter we want to put together mudl of 
what we ha \'o learned about the lliftc rent ki11(1::; of :;oil, 
so t hat as we go about the cOllll t ry wo Illay kilo II' what 
t o look for 0 11 a, clay :;oil , a l'iltmly soil , nlld so OU, 

\Ye ha , e :;eell that clay hold,; water and is Yery wet 
and sticky in winte r, while in Slllllliler it be<':ollles hard 
alld dry, aJld is liable to crack h ully. "It greets a' 
win ter' a llcl g il'lls a' I'i lllllllW l', " as olle of Dr .J ohll Brown 's 
<.:haracters said or his soil. Clay l'ioils are th erefore hanl 
to dig and expenl'iive to cul tivate: the farmcr <.:a lls thcm 
heavy and llsually prcfers to put them ill to grass 
because ollce t he g rass is 1Ij) i t lasts Hfi 10llg as it is 
wanted awl neyer nccds to be resowlI. BlIt ill the days 
whell we grew our own wheat, before we iJl1ported it 
from the l~lli ted :-itates awl othor eOllllt ri c:'l, this clay 
laud was widely cult ivated for wheat ami ueans, So 
loug' as wheat was (;0/- to 100/- a qua r ter it was a \'cry 
profitable crop, but, whell some forty ,\' CHrS ago it feU to 
40/- and then lower still , the land either weIl t out of 
cultivation like the "derelict" fa rms of Esscx, or it wat> 
d lallged to g'l'as:; land aJl(l ll sed for cattle g razillg. 
Great was the distress that followed : foiOIllC dis tricts 
ill deed were years in rcco\'eriug. B ut Ilew methods 
came ill: the land Ileal' LOlldon was lIse(1 for dairy 
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f rmill~ , alHI e],.;cwhel'e it, WH,,, ill1pl'O\"l'(1 fol' grail,in~, and 
the da,y (Ii,;trict;.;, although com pletely dmngclI, are HOW 

11101'0 Pl'o:::;PCI'Oll::> agaill. .'Lany of the field :::; still show 
the ri(lge,., or " law I:::; " ill which, when they grew wheat, 
they were laill up to let the water rUIl away, anll UlallY 
of them keep their old names, but these are the only 
relic,.., of the old day:::;. 'fh e laml i:::; !lot, alld Ileycr 
was, yery Yaillable. The roads arc wifle, and 011 either 
si(ie llaye widc waste :::;trip" cut up roughly hy horse 
traeks, cart ruts amI alit llills. Brackell, gor"c, rllshes, 
thi,.,tle,., all(1 bramhles grow there, and you may find 
man} finc hlackbelTies in :-)eptember. 'fbe coarse .dint 
g'l'a':iS is foulld with its lea \'e::> a:; roug'b as files. The 
yillage" al'e often built rOUll(1 greells whi ch sene aio; the 
\·illage playgroull(l, where the boy" aIHI young mell 
IlOW pla.r cricket alld foothall, aJl(1 their forefathers 
practised archery, played 11l1Oit" all (I other game". On 
a few village greells the :\[aypole can still be seen, 
whilst the stock:::; in widell offender:::; wero placed are 
aJso left it] sOllle places. 

The Iletlges arc often hig-II and "t1'agglillg, alI(I there 
arc lIU1l1crous woOt],; a ll (I plalltatio1l'" cOlltailling much 
oak. Some of the wood,.; are \'ery ancient and probably 
forlll part of the prilllCY3 I forest,.; that ouce largely 
co \·orcll England. Eppillg" Forest ill Esio:icx, the Forest 
of Bleall amI the I\ing':::; "~oocl in Kent, havc probahly 
lIeyer beon cultivatell land. fn the Ihys wbell ships 
were lnadc of oak these wood" a lid hellge,; were yel'Y 
ntlllrthlc, hut IIOW they are of Jittlc lI"e a,.; "ources of 
timber. ]1J,.;tead the)' arc I'aluerl for quite auother 
rea"OlI : they aft'ord shelter for foxes and for gauw 
bird:-;. Tho clay llistrict :;; are all11 always haye beon 
fhmou,.; for tilX hunting : the P.\·tchley, Qu 0 1'11, Belvoir, 
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nlld other celehra tcd pad:s 11<1 r e their home" ill tJ..e 
uroad, clay, g ras"y Yale" of tIle ::'Ilidlalld;;:. The yale of 
B1ackulOor a lld otbel' clay rcgions arc e([llally fH 1110 li S. 

The plalltations alld hedgerows arc fitl e place:; for 
prilllrose:; alld foxglores, \I'bile ill the pastures, alld 
espceialJy the pOOl' va,;tures. are fOll1ld thc ox-eycd 
dais}" and Ipmkillg gra,;s, that make ,,1I(;h fille nosegays, 
as well as tbat surc sign of pO\'crty, thc ycllow rattle. 
But mallY of thcse poor pa"tures Ila,·c been improved 
b.\· (lraiuiug, limillg, a.nd tllc lise of ,;uiblble Ill<UIlII'CS. 

Although the road" Hre better thall they wcre ("eo p. :30) 
they arc "till oftell hl.d 11 lid lie wet for weeks together 
ill willter, espceially where the ll cdges arc high. 
XlIlllel'OUS bri ck anll t ile yard" lllay ue foulld alld iroll 
ore is Ilot II 1 l(;om III 011 : ill some place" it is work e(ll1ow, 
in others it is 110 IOllgc r \rorked 11.11(1 nothing l'clltains 
of the lo"t illdustry sare ollly a few 11(UlleS of fi cllls, of 
pOllds, or of eottnge,;. 

A .;alldy soil i,; in so IIlany ways tIle opposite of a 
clay soil that \I" C shall exped to filld (;orrcspulllling 
ditte rences ill thc look of the COli 11 try. A salldy soil 
(loc:; llOt hold \I"atcl': it may get watc r lip from the 
snu:-loil it) supply the pla llt (sec p. ()() , or, if it lmppen,.; 
to lie ill a ua"ill of clay, it Illay CYCH ue very wet: othcl'
wi,;c it i" ljkely to he too flry for orc1iual'Y plallt:;. "'0 
may therefore look Ollt for two ,.;ort" of ,.;alH] country, 
the one (;Illti rntce I heCnthC thc]'c i,; enough \\"a :,er for 
the el'op" and tIle othcr not ellltirnted u cca u:-ie the 
watcr i,; lacldllg. These can re; \(lil y ue found. 

'Ye will ",tll(ly tllO cnltivatell SH IH]:; first. As sand 
is .::lot good plnn t food (p. -1 :1) tll ese ~oil;; want a lot of 
llUUll1rO, and so are not gooll fur ordinary fann ers. But 
they arc rcl',\" casy to clllti vnte~fC)l' which reason thoy 
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a re called light "oil~-a1\(1 can be (lng at a ll)' tillll~; 

seeds can be SO WI1 eal'l y, ali(I early crop" can he got. 
()ow,eq nent ly the 'e soil" are very u>;eful for lllell doillg 
special work like fattening winter and spring sheep, or 
prodncillg special crops like fl'llit or l'otatoe!';, amI for 
market gardeLlers who grow all sort:,; of vegetables, 
carrot:,;, l'ars lli]J~ , potatoes, pea~, and so OIl. Fig . .Ji 
is a dew of a highly cul t ivated salldy r cgion ill K ellt 
showillg goo:,;cberrics in the foregroUlHI, yegetable" be
hint], and a hop ganlen bchilld that agaill. 

The ullcul t i vated saud" a re sometimes not really so 
very difierent, au(] s01l1e of them, pcrhaps mallY of them, 
might he improycd or r eclaimed an(lll1adc to grow the:,ic 
special crops if it were worth while. Bnt they alway:,; 
reqnirc special treatment alld therefore thcy ha ve boen 
left alone. In day,; of old OllJ' allcest01'S di,.,like(] thcll1 
very much ; " villauoml, rasca lly heaths" Uobbett alway,.; 
called them. There were practically no "illages am] fe,v 
cottages, because thc land wa,.; too barren to produce 
enough food; the fell' cl well er,.; on the heath, 0 1' t he 
" hea.then," lI'ero ,,0 ignora ll t and henighted that the name 
came to sta11(1 generally for all snch people and has 1'0-

mained ill our lang uage long after it,., orig'inal meanillg' 
lI'a:,; lost. ,A:,; there were so few illhabitallt" the heath" 
lI scd to he grcat place,.; for robber,." highwaymen, Hnd e"il
doers ge11erally; Uad ':,; Hill 011 the Watling :-it. hetwce11 
Roche:;ter H11(1 Gl'Hye:,;encl, Finc)lley Comm01l, HOll11Slow 
Heath and other,., cq Hally dl'c(l(]ecl hy tra "dl er~ of the 
"e,"e11tccnth ami eigh tee11 t h ce11 tu ri e,." were harren sa11dy 
tract". Hut in 0111' t ime we no longcr ll ee(1 to dread 
tHcm; we call enjoy the i11filli te char1ll of the breezy, 
open conl1try with it~ brow)) vegctation, the pink hlo,;so1l1 
of thc bell-"haped heatll an(1 the lilac hlo"s01l1 of the 
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Iwatller, the >ipla",lll'''' of yelluw fro II I tIle ragmJrt (I]' tIm 
gOJ''''e and the clark pille alld lardl plalltatioll":. III tIle 
,.,priug the youllg ;;hoot" of brackell lell(l a bea utiful lig ht 
~TCCH colour to the "'CCHe, 'rhilc ill the ,llltlllllll the failed 
growth coyers it all " 'ith a ri ch hnmu. People IIOW 

like to liYe amid >i nch ,.,IIlTollnclillg>i. awl "'0 tllo",e heath"" 
that ha\'e been 1I1ltouelled foJ' ,,0 IOllg Hncl arl' part of 
thl' origil)al prillleYal England a" it wa" ill t.he days 
of the Britons, are becollling doUecl \\"i th r('(l hrith'(l 
a 11(1 r e(l tiled yilla,.:, <llId arc fa"t lo~ ill g their alleil'lIt 
e1mradcr. Thc lll'a t h,.; aJ'e IlOt eYcrywhl'J'e dry: theJ'e 
are 111l1l1erOU" clay La"ill": wllcre the "an(llie~ \I'ct" wh ere 
peat fonm; (sec p. :17), nlld whl'l'e JIlaJ'"h plallt'" like the 
bog a,,;plHHld, >iulldew, 01' CottOIl g"rH';" ca ll be fOllnel. 
111 walking' orer a h eath 'yo u ",oon lennI to timl t he,;L' 
wet place,; by tho colouJ' (If the ~J'ns,; alld the ah"'l'llCe of 
heather. ]ll ,,01110 phll..:e;.; there i" a gOOlI deal of \\'00(1, 
oilpecially pill e", lal'che,;, a1l(1 s il vel' birdIe,,: all thl'''l' 
arc r e I',)' COllllIIOIl 0 11 the ~urJ'l'y ,.;allcb, willow,., abo g J'()\\" 
ill t.IlC damp place,.;. Fig. ·11l "ho\\'" a ;-5 II 1 Tl'.Y heath~ 

nlackhl'ath~ \\' itI1 hl'atll er, go r"e alld brackell: \rith 
pille-wood" ill the di"tall cl' all(l ererywh l'1'e ;;Ollle hlrl' 
patches of SI1l(1. Much of the XC\\' Forest i" nn tIl e 
;salld , as abo i" 130ll1'l1elllolltll, {allloll'" for its till e ville 
\\"ooeb. Fig; . .. j.!) i" a yie\\' of "Hell wuocl" 011 " "illlhl edoll 
CO I1IllWII. But e!,.,e\\,hcrl' tlll'!'C is 110 woocl : the peHsa llb 
hul'll tlte turf, alld ":0 ."011 fil)(l their eottage,.; llHre ,hllge 
fireplnel'l:i : ill"tead of fenCl''': 1'01111<1 their garden,., or 
l'oUIHl tile plantatioll" thcre are \\'all" made of tllrf: 
~Ilc:h are the I )oreile>iter heath,; so finely Ile,.;erihed hy 
llai'dy ill The RI'fIU'11 (It'thl' Jtufi 1'1' awl otber lI orel". 
Other sa II (],.;, ho\\,l'r c r , arc (;o ve1'o(1 with g'ras~ awl lIot 
\\ith h ea the r, :111(1 1WllI) of thc,;l' haye a spceial vHllle 
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\\'oodlan,) 'alld 11I';1 t l"'I' 1)/1 Jigb t ~fll'l(ly so il, \\, illlbl t' ll Oll ('011111),»" 
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for golf lill}.; s, c'~l'ec iall j' ";Ollie (If the dry, illl'ig(lratillg; 
saml;; by the "ea,.; iclc, The f'<l1I1 0 11"; lillk,.; at :--i t .\IIc1rcw,.;, 
amI at Littlc,.;tolll', are CXHlllpl c,.;, 

[n hetween tllc fertil c a lld tbc harren ~allds COllie a 
1IIIl1lLel' that are ellltivatcc1 wit.h oll t heillg "ery good, 
They Hre lllllCh like the otller", carrying a "cgetation 
that is ll snally of t ll(.) narrow leaH:(1 typc (p, /:2 ), aud 
not Ycry den,,;e, 011 the l'oad ;;idcs YU H sec broolll , 
heather, heath, hnrclwlb, alollg with gorse alld bracken 
with milkwort ncstling lllHlcl'lleath: cre;;ted (1og's tail 
and sheep's fcscne are comlllOU gms;;es, while spnrrcy, 
knotwced, corn marigold, arc a fcw of thc lIumerous 
wce(l .. ill thc arable ticl(l", Cardell"; arc ea:;ily (lug, but 
it i:; uest to put illto thclIl only tho,,;c plants that, like 
t he natiy c "cgetat ioll , ca ll \\'ithstH Il(l drollght: \' egetable 
gal'(.lell :-l 1II11,.;t he well lll<1JllIrcd and \\ cll lillle(l, Fig, ;j ll 

shows somc of this killd of ('ollJltr,Y ill ;-)III'I'e," , tIl e barley 
field h; SIll'l'UII I I(lell \ )y wo()d Hn(l yt' r,Y voor grass Oil thc 
higher slope", 

It if; en;;~' to tran'l in a salld country hecausc thc 
l'ocl(ls dry yery qni ekly after rain, altltollgh they JUay be 
dll ,.,ty ill summ er, ~oUletilll(,"; the ]aile,., a re ,.;Iltl],:: rather 
deeply ill the suft ,,<1l1d, formillg "Cl'," LJl'ctty hank,,; Oil 

either ",ide, 
Loam ,;, as "'c haye seell (p, :2 ), lie iu betweell sa llds 

al](l clays: they are lI eithcr "cry wet 1101' very (hy : not 
t()O heavy nor ,Yet too light: the,\' arl' \'cry \lcll 'slli tccl 
to our 01'( Ii na 1')' fat,U I crop", a lid they form hy fa I' the 
bcst ,,;o ils for gCll era l fannillg; \\'heat, oat"" hide,\", i'heep, 
cattle, milk, fi'ui t alld ~' l'getal)ll'", call nil oe prodllced : 
iJl( Tec(l the fal'lII cl' 011 a good 10;11 11 i,., ill the fortllllate 
po,.;itioll of bcillg nl)]c to pro(lncc almoF<t allythillg he 
fill(l,., lllo",t profital,le, Til a loam di,.;trict tha t docs Ilot 
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li e too high the la nd i" generally a ll taken up, eren tht, .... 
ron ds a re WUTOW and there a re fe,,' COllllllons. The 
hedges are straigh t and cnt short, the fimn houses 
amI buildings a re well kept, and there is it general air of 
pro::lperi ty a ll rouu d. Uood elms g row and almost mly 
tree tha t is plall ted will sncceed. Lomns shade off on 
one side in to sand ; the ve ry fer t il e "alHlti alreacl} de
scribed migh t C) ui te t rllly he called sandy loams. On 
the other Hide t hey shafle oJt" in to clays ; the heav), 
loam" nsed to he :;plend id wlleat soils, hut a re now, 
like clays, ofte ll of little value. B ut they form plcasa llt" 
lll)(lulat ing COli n try, uicely 'moded, and dotted o,'er 
with tha tched eottages ; t he fi eld" a re less wet aw1 
the roa ds a re rather hetter than Oil the d ays. Whell 
p roperly mall aged the,Y llla ke excell ent gras,,; lan(l. 

Uhalky soils ;,;ta lJ(1 ont f] ui te slmrply from all otherH: 
their whi te colollr, their lime kiln ,.; 1l 0 W often disused, 
their HOUle beech t rees, aw1, nbo\'e aU, t be g reat r a riety 
of fl owering plant" e Jl ahle the tmrcll er at ollce to 
know tha t he if; Oil th e chalk. Ma II .'" plants like cha lk 
a nd the"e lUay ue found ill a hUllclallce, but SOllie, fi uch 
as foxgloves, hea th er, broolll or rh ododeurlrom; call1lot 
toleratc it at all, aJHI :-i0 t hey will !lot g row. 

Cllftlk, like sallel, ii:i d ry, a lle1 th e ]'(Ja,ds ca ll be tnlyer"el1 
very SOOIl after ra ill. 'rhey ar e not very good, howercr ; 
often they a re only ItleIH1ed wi th flill ts, 'rhich occ,ur ill 
the clla1k a ll d a re therefol'C ca,.;ily ob tn inahl e, a lle1 the 
"harp fragm cll tfi pl ay ~'~ 1m I'OC wi th lli cycle tyrc:-;. 
The bye r oad" a ll11 la ll e:'; <I I ~ oftell ll a rrow, windiug, a ll il 
\\'orn 11ecp especially at the foot of thc hill s, so that 
~f te "'banks get a fa il' a mollut of moisture Hwl CatTY 
a dense l"egetatioll . AllloJlg th e profll sion of fl owers 
you can fi ml "cabio u ~, t ile uedi:itra ws, vetch e:-i, rag wor t, 



Tlt e ,~I);l ((lid the ('()1(lltl"!J"icle ':lll 
,fig wort, and Ulany a plant rare ill otIlel' places, like the 
wild orchie1,,;; while the cornfield;.; are often yello,,, with 
cha,rlock. In the hc(]gerow,,; are hazels, guelder ro;;es, 
lllaples, dog-wooc1, all intwinecl with 101lg trails of bryony 
and tra,eller's jO)~. III the a lltumJl the traxellel"s joy 
produces tIle IOllg', IJairy tufts that hare eamed for it 
the name of 01(1 man's bean1, while the guelcler roses 
bear clllsters of )'e(l berries. The great mriety of flowcrs 
attracts a cOl'l'esp oJl(ling yariety of butterflies, moths 
alld othcr in,,;ect;.; ; there are also numbers of birds amI 
rabbi t,;- iJldeed a chalk country teem,,; with life ill spite 
of the hare look of the Downs, The l'oa(h; rUJlJling at the 
foot of the chalk Downs and conJlecting the villages, am] 
farllllwlI,;c,,; l.miit there for the goo(l water supVly, are 
particularly rich ill phUlt::; bccautle they KOluetimes cut 
illto the chalk and sOlllctillletl illto the neighbollring 
clay, sand or rock. Xow aud theu a spring bursts ont 
and a little skcam takes it" ri tlc: if yon follow it you 
will generally finc] wate l'Cl'e,,;S culti \'l1.ted somewhere. 

Beside:,; the beech tree:,; you also filld ash, Ryca UlOl'e, 
maples, and, ill the church yar<l;l, some \'ellemble 
yews. ('s11all,)' the chalk dh,tricts \\'ere inhabited \'ery 
early: t hey are (h'Y alld healthy, the land call be 
cultivatef] and the height;.; cOll1llla ml extensive views 
o,'er the country, ;';0 that approaching enemies could 
easily be secn. On t}le chalk flow]] ,,; a nd plain,; arc 

I 

fouml lI1allY remains of tribes that Ii ,'ed there ill tllc 
r emote age,; of t hc PaF,;t" who,,;e yery names are now 
lost. Strange weapons and ornaments a re sometimes 
(lug IIp ill the camps where they lived amI worked ; the 
harrows can be seen in which they were ImJ'ied, im(l- -
the telllples in which they worshipped: Stonehenge 
itself, tbe best Imown of all these, lies on the chalk. 
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~eyeral of the camps "till keep th e name the ancient 
Bl'iton ~ g'Hye them- the JII(I'-rlI/1I , tllC enca llljllllent OIl 
the hill , changeel ill the cUllrse of years to ~laidell , a,.; 
in ;\laic1<:11 Hill, lIea r Dorche'iter, in ])orset, ;\[aielen 
Bowel', lIear Dnnstable, all<l so 011, Some of their road" 
are "till in uso to thi,.; (lay, the 1(:];:lIie lcl ,ray (the way 
of the ] coni , 11 Belgic tribe), the Pilg rim '" Way of t ho 
son them counties a!Hl other,.;, 

Eroll the prefient rilInge,.; go back to very ancient 
timos, all<l tho cliurchc" are of tell se rell 01' eight hllll 
drOll yea r" old, 

III Vlnco::; the Jallel is too ,;teop or too cle vatecl to 
be cliltinitec1, amI ,;(J i t i,.; left a~ ],a,;tul'e for the sh eep 
or ",.;h eep walk " ; where culti"atioll i::; pos,.;iblo the 
fidel,.; al'e large a u(l wi tllOlit h edges, like tho:se ,.;howlI in 
L"ig, ,)1 ; during alltllllln , wiutCl' aJl(I sprillg there a re 
mau)' ,.;llCep about, l'e llJll'd or " foIdecl " Oil the arable 
land, cat in,!!,' the CI'Ol)';;; of ,.;wede,.;, turllip,.;, !'ave, \,etcIJC" 
or mnstal'll g l'o\m fol' them, 01' gl'HZillg' on the aftermath 
of "a illfoin 0)' gl'a",; Hnd do\'cl', ~o inlpol'ta nt are sheep 
in chalk di"trids tllat thl) whole ,.;chemc of farmillg i,.; 
of tOil based on their rOlluirelllcllt,;, hut COl'll i::i abo a 
valua ble crop_ nnel, e"peoia 11y ill dry (listricts, harley_ 
so that cltalk ,;oib a l'e oftell ,.;pokoll of a,.; ",;heep and 
Larle), " soil;.:, .\lth ongh the pn,.;tlll'ol:l are Ycry healthy 
the re i::; !lot gellerally Illllch fooll or " kecJI " for the 
animal:; during' the ;':UlllUlcr beC1l11,.;c of the cll'} Jles>i_ 

Tilo black soil of the fClI distri ct,; awl elsewhere 
hi widely diWerent from auy of the precoding, It 
cOlltaius, as itt> cololll' shows, a large cLIHlntity of com

,uu:S'tible material (;hap, y,), which ha" a great power of 
holding water, 'l'he;.:e fen,.; are thcreforc wry lI'et; Ulltil 

they were draillod they \"ere desolate wa::;te;.:: you may 
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read ill Kingsley's H C1 'CI/'/ti'd tlw Wale wbat ther 
nse<l to be like ill old clay", aUlI eren as late as lUGi 
Dngdale wl'ites that here "uo element is good, Tho 
ail' cloudy, gross and full of rotten harl'sl; water 
putrid and muddy, yea, fnll of loathsome vermin; the 
earth spongy and boggy; and the fire 1l0i::lOllle by the 
stink of smoking hassocks 2

, " But during the ~tuart 
period wide ditches 01' drain" ,\'ore (lug, into which the 
water could flow and be pumped into rivers. This 
reclamation hatS been continued to the presellt time, 
and the black soils as well as the others in the Fell 
district::; can be nmde very productive. "r e have seCll that a challge ill the soil produces a 
change iu the plauts that grow 011 it. The flora (i.e. the 
collection of plant::;) of a clay soil is quite different from 
that of a. saudy soil , amI both are c1itlerellt from that of 
a chalk or of a fell soil. III like matlner draining a 
meadow 01' manUl'ilig it alters its flora: :;ol11e of the 
plants disappear alHl ne)l' ones come in. EYell an 
opel'atioll }ike 1Il00}'ing a lawn, if ca rried 011 sufficiently 
regularly, causcs a chauge. III all those cases the plants 
fa\'o\ll'ed by thc lIe\\' cOllditions arc enabled to grow 
rathcr bottcr than those that are le::lS favoUl'cd ; thus 
ill the rcgularly mown lawn the ~hol't growing gl'al:5S0S 
have an advantage over those like bromc that grow 
taller, alld 1:50 crowd them out. 'Whcn land is drained 
those plauts t.hat like a great quantity of water ]IlJ longer 
do quite so well as before, while tho,,;e that cannot put 
up with IIluch water now have a oetter chalice. Iu thc 
llatural titatc there iti a great deal of competition aUlOlig 

._, ~) 

1 HalT is an old word meaning Hea- fog. 
" Hassock is the name giyen to coarse grass which form s part of the 

turf bmnt in the cottlLges, 
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p1ants, aIHI only those sunive that are a(lapted to thcir 
-:.,; LU'l'Otlll ding's. You shollld rcmember this Oll your 
ramble,.;, and when you ::iee a phtllt gJ'owing wihl you 
should think of it as one that ba,.; Sllcccecle(l in the 
competition and tJ'.Y to fiml out why it has been enabled 
to do so. 



CHAPTER XI 

H OW KorL I [.~S BEE.\' :\L\lH: 

Apparatus required. 

The rrppal'ntlls in Fig. ;; -1. Th e II/uler sw/(u'e of 
the lips of tlu; u~al.·(: I·.'i shoilld be msclillcd to pl'event 
the 1(; (I,tCI' tl·ic!.1I:ng dowil t7/1' s i(7('.~ . 

It i s IIOt UllCOI1l1ll011 to fiu(l clift~ or crag::; ill inlalld 
pla.ce,;, but they usually sIlO\\' aile yery striking diftcreucc 
frolll seaside clift;,. Tbe :sea:-;i(le c)jtl ~ lila} ue lJearly 
vertical, Ullt thc illialld clifts are not, excepting for n, 
little way at the top; lower dowll a heap of stOllCS and 
soil lies piled against the fitce of the clift· alld makes a 
slope up which YOII cau climb. [f YOli look at the cliif 
you can filld loo,:;e fragment;;, of it split oil' either by the 
actioll of freer-iu g wate r (p. I-l:l) or lly other cnw:;es ready 
to roll dowlJ if :-;utlicientlx dbttll'bed. So IOllg' lias thi,,; 
beell going 011 that a. pile ha:-; by uow accumulated, and 
has been coverc(l with pla1l ts gl'o\\-illg 011 the :;oil of the 
heall. Om iute rest celltres ill this :-;oil; uo Olle has 
carrietl it there; it lllllst hayc ucell mal Ie f1\)\}1 t,he 
rock fhtgment <:l. \rhen you get an opportunity of 
studying ,,;uell a hcap, do ";0 carefully: .'·Oll can then 
see hoI\', i'ltaltillg from a soli(l rock , soil has been forllled. 

·· .. 'phis ul'eaking down of the rock is callctl weathering. 
The :;ame ch,tnge Itas gone Oil at the to)) of the 

clift: Fragments ha ,e split oft' aJl(l the rock Iw,s brokcn 
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down into soil ,rlticlt stop::; where it i ~ lIllle::;s tile rair:.~ 

can wash it away. If there a re no diffs wher~ you live 
yo u can see the ~allle kin(} of actioll in the banks of the 
lanes, iu a disllsed (tltarry, gra yel pi t or day pit. '''her 
ever a vertical cut tillg ]m::; beo!l l1I ade this dowllwanI 
rolling begius and It heap qniddy forJll", making the 
vertical Cllt into a slope. Plants SOOll Leg-ill to grow, 
alld before long it is clem' that soil ha~ been Inade Ollt 
of the fragments that ha,'e rolled do\l1I. I'lli::; pI'oce,..;s 
is known af; soil formation, bllt there i::; another always 
goillg Oil t hat we must 11 0 W stnrl}·. The lJ eap doc" Hot 
imariably lie a t the foot of the clift: If there is a 
stream, ri VCI', or sea at the foot th e fragmellt" 111 a,' · be 
carried away a,.; fast as they 1'0 11 dow1I : the diftel'euce,..; 
showll llJ Figs. :)2 a]](1 5:l between a cliff' at the seaside 
and a cliff il1lauc1 ari se simply in thi ::; 'vay. In inland dis
t ricts g reat m lleys are ill course of time carved out, and 
a t the seaside large areas of land have been wasbe<I away. 

\Ylmt becomes of the fmgments thus carrie<1 a way 
by the water '! The bost way of allsweri1lg the qnestion 
would be t o explore OllC of t hesc llluHlltain streams alld 
foll ow it t o the sea, bllt we cau learn a good deal by a 
few experimc1l ts tbat Cftll be madc in the clas>;r()Olll. 
lYe wallt t o makc a model strcam aud see what happe1ls 
to lit tle fragmcllts of soil that fall illto it . 

Fix up the apparatus showll ill F ig. S+. Tb~ slllall 
beaker A is to rCp1'e::;oll t thc 11arrow mOllll ta ill stre,tJll, 
thc larger oue B ::;t allds 1'0 1' the wille ri \"e1', and the 
glass j ar 0 for the lllonth of thc riycl' 0 1' the sea. HUll 

watcl' through them ; llotiee that it 1'n11S ![Iliekly throngh 
-. ..t', slowly t hrough B , awl still JIlO1'e slowly throllgll c: 

wc want it to do this, because the stream flows qllickly 
amI the river slowly. 
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Huw .,oil hils bccn made 

Now put some soil into . .:1. At OIlCC the soil i:,; , 
stirred up, the water become:,; muddy, and thc muddy 
liquid fIolVs into B. But yery soon a challge :,;ets ill , 
the liquid ill A becomcs cleal', and only the grit al1(l 
stones are left in the bottom: all the lUlld-the clay 
and the silt- is washed into B. There it stops fat' a 
lOllg timc, and some of' it will never wash out. The 
liqiiid flowillg illto C is clearer thaIl that flowing into 
B. If you keep OIl putting fresh portions of' soil into A. 
you call keep B always llluddy, although 11 is usually 

Fi g. 54. 
Model of a strealU. III A, where the stream flows quickly, 

the wator is clear and the sedim ent free from mud. 
In n, where it flows slowly, tho water is turbid ant[ 

the sediment muddy 

clear. At the end of the e.xperimcllt look at the sedi
ment in each beaker: in 11 it is clear amI gritty, in B 
it i~ U1u(ldy. If yon can get hold of some ",ea water put 

' S~)~lC of the liquid from () illtu it: yery soon tWH li(lUid 
clears and a deposit falls to the bottom, the sea water 
thus acting like the lime water all p. :W. 
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The experiment .... hol\";; ll.... that the fine material 
~washed away by a quickly flowing .... tream is partly dc 
po"itcd when tho !'i,'er uecolllcs wider and the current 
"lmycr. alHl a goo(l (leal more i'l depositerl by the action 
of tho salt ,,'atc1' WhCll the I'in)\' flm\'i':i into the ;;ca. 
Tl. e I'ock that cl'Iunblc,.; away inland i .... spl'cl'l(l out Oil 

the bed of the ri,'el' 0[' at its ll\onth, 

rr_lJe convex s ieh l. 

'l'lii s makes the 

longe r course, 
Th e s tream fl owR 

tjuickly , wllshes 
,,\\~ ay th l.! hall ke, 

IllHl deepens th l' 
chann el 

Fig. f) 5 . 

The conC[l\'e side . 

This makes the 
shorter course. 

Th e stream tiow s 
, low Iy, and tI e, 

pos its silt on the 
shadell part 

The two Sitl eR of the l'iycr at th e bene! 
I 

The !'iyc[' :-oltnlll' r~t "'ye t'l howed all tlll':';c thing" "0 

elearl ,\' that 1 wiLl dcscribe it ; you must thell compare 
it witl. a ri,'Cr that you know, and ,.;eo how far the 
,.;aUle featllre .... occur. .\t the bl'idg'o the strcam Ira" 
"Ilallu\\' alld fio,red quickly: tIle bottOlll Ira;; gritty ~nd 
!leubh', ii'ce fl'Olll llllld, a ll(l fOl'lIIed a safe place for 
paddling'. Before th e bridge \\,H" built t here had beclI 
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a fo['(1 he re. But further a lray e it il e r lip or (101m, t Il e 
strea llJ lI"a,-; deeper awl wide r, flOlrcd UlOl'C ,;lowl.\'. had n 
muddy bottOlll , and ';0 \\'a ,.; II Ut g'on<1 for IJad(11illg. ~,,"t 

one place abont a mile a way ";lIme one had widell cd 
Ollt the rl\,ct· to fo rlll ;t lake, bllt t lti" lll a de t hc ;.;tr cHIII 
ti()\r ,;u "lowly (n,; i t. Ira,.; JI()II" "I) ))11](.:1 1 Iride r ) t ha t the 
,; ilt nlHl clay depo,.;ite(l [lml tIle la ke hecallie "ilt<.' <1 up, 
i.e. i t uecallle ";0 "hallow t hat it wa,.; little lIlore t h ;\I1 ;t 

lake of 1I11ld. The ,;n UlC fact,; were unHlgltt Ollt at tllc 
he ll(l of the ril'Cl·. ('ll its cOII\,ex ,.;ide, Fig . .'i.i,. the 
water has ratiter furth c r to go ill I-\etting r01l11(1 th e 
IJcllcl thall 011 it,; eUlH.:a r c ,;idc B ; it t hc refurc fiolr ,; 
IllUre <Jlliddy, all(1 earrie,; away the "oil of tIll' l.);lIIk ; lIIrl 

lIlud ii'om the bottulIl. Bll t on it" cO llcave ,.;ide wh ere 
it, tio\,, "; more ,;lowly it depo,;its materi a l. Therc i,; at 
t he oencl a marked ditterellce ill (lept h at the t,,·() "ide",. 
Oil its con rex ,.;i(le the :-;trea1ll I'; rapi(l alld dcep, ;llld 
",cum',,; ;nrn)- the bank ; on it,; (;OIl Ca l'e ,.;ide it i,.; ,.;itmer, 
,;lmllo wer, and te lldl'l to become ,.;ilted lip. TIl1J.~ t he bend 
ue<:ollle,.; ))lore alld 11Iore Pl'()uolluccrl lillie,..;" the ballk 
rOlllld A if; protedetl (the otll e r hank of CO!ll''';l' lIl'e!l ,; 
no protcction ) amI t he wllole riye t· Irilld ,.; ahont jn,.;t a,.; 
yon ,.;ee in Fig .. i(i, alld i,.; pe rpetnally ehnllg ing it" (:I Jlll',;l', 
e; lI'1',rillg away lllnte rial froUl one plneE', mixillg it 11]) 

witll material lra,.;]l ed from sOlllewhere el:;c, Hud the ll 
d epo,.;ib it nt n be]](l or iLl a puol ",her e it fir"t hecollle,.; 
a 111(1(1 flat and tllell (11'." laud. :-lollle' , 1i00re r e r , i,; e;l f'ri erl 
Oll t to ,.;ea. We need ll ot folIo\\' the ~tOIlI' to the ;';(:'a ; 
r efel'cnce to ;HI atla,.; Irill sbo '" ,,·ha t. ILappen,.; to other 
I'ire l·". :-lolll e of the day alld "il t they carry duwlI i,; 

. ·.·le!Jo,;ited it t the ir Ilwu t lis. a 11(1 becom e;.; a bar, g'i" l';'; 
ri,.;e to "h oa)" Hnd bank"" or fO)'lIl"; a (klta. Thl' l'l'"t, 

I" carried awny aud clepo,.;ited (HI t Il e t\uor of th e "ca. 
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, ... 
}[ateriaI lYa"hcd ~nra,\" hy the ,.;ea froll1 the coa"t ],.; 
eitllcl' depo,.;itc(l ou otLlel' part,.; of tlte C01l,.;t, 01' is cHl'ricd 
0 1lt and laid Oil the fioor of the sen, l'hu,,; a tllick (lcpo,.;it 
is aC(;lIJnll latillg, and if the "ea were to become (11',)" t!ti .~ 

deposit 1I'<1llId be ,.;oil, 1']li,.; ha:; nctnally happelled ill 
past age:-;, Thc l(1)(1 we li re on, now thy htllcl, has had a 
mo"t wOllderflll history; it haB l)Iore thall Ollce laill at 
thc bottOlil of the sca and 1l1ls oeell co)'(.) refl 'rith a thiLk 
la,yor of ,.;edill1ellt ca rl'i ed hom other place,.;, ThclI the 
~ea uecallle dry lalld a1ld the ,.;edilllent became pl'e;.;"e<l 
ill to rock , which formed lIew ,.;oil, uut it at ollce ueg-HII to 
get washed away by ,.;trenms alld ri,'e r", illto lie,,' ,.,ea,.;, 
all<1 gayc l'i ,,;e to ne w sel1illlc llts 011 tIle tiOOl' of these 
,~ea,~ , And so the rock particle,,; Ita re fol' 1I1ltold 
ag'c . ., been goillg th is peJ'petual round: they become 
soil ; they ure caJ'ri e(l a\\'a~- by the rirer,.;, in til)le they 
reacll tIle sea ; the." lie at the hottom of the :sea while 
thc sedimcut gnt(luall," pile,., liP : tben the "ea uecOIne,.; 
dry lalld allfl the se(lillleJlh a l'e pl'c""ecl iuto rOl:k~ again. 
The eatillg away of the lawl by watel' i,.; still going Oil : 

it is e:-;timated that the whole (If the Thallles ntlley i,,,; 
being IOWCI'el1 at the rate of <\ UOllt oue illch ill e ig-Itt 
ituucll'cd years, This seem,.; \'el'.'- "loll', lmt eight IWllclrcd 
ycars is (llll.\' a ,.,hol't tillie ill geology, tlte sciellce that 
deals wj t} I the,.;e cklllge,;, 

" -atel' doc,.; 1II0re t halllHe1'cly pn,.;h the 1'oek particle,.; 
along, [t (1iRsolve,.; "Ollie of tllcnl, awl ill titis way :help,.; 
to hreak lip the rue\,;. :-;pl'illg water nhmy,,- cOllta ill"; 
di,.;"o] YedlUHttel', (it-l'i ,'cd frOUl the rock,.;, "Ollie of which 
COllW", (lut (l"; "ful' " ill the kettle" when the water i", 
).)l)ikd, 

Hock", Hre also bl'Oken up h." other agcllt.~, There i,.; 
lIearly alway:-; ,.,Ollle licLen li"illg OIl t lte rock, aud if ,,'Oll 
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peel it oft' ,WII call see that i t has eatelJ alnlY some of 
the rock. \Vhell the Heben 4lies it may ellftllge illto 
food for othel' plant". 

\\'e hase leamt tbe"e things about soil formation. 
First of all the rock" break lip into fragments through 
the splitting action of freezing water, the dissohing 
action of liquid water, and other ClUlses. This process 
goe:; OJ) till the fragments are ,el'Y smanlike soil particles. 
Theil plallts begill to grow, and as they die alld (locay 
they g iro l'i .. w to the black hUl1luS that we ha,e scell is 
~() valuable a part of the >;oil (p. ii I ). This if; how very 
many of OUl' ~o iI :s llaye beell made. But the action of 
water docs Ho t stoll at Lreakiug the rock lip iuto soil ; it 
goes further and en,nies the particles away to the lower 
pa,l'b; of the rivcr bed, 01' to the estn11.ry, to form a 
delta, alld mud tlats that may bc reclaimed, like nOlllUey 
Marsh ill Ellglauel and lllany parts of HoHnlHl ha ,'e boell. 
-:'IIany of our present soib have been forllled ill this way. 
F illn lly the particles may be eanie(l right away to sea 
awl spread out 011 the bottolll to lie tbere for many ages, 
but they may become dry land again and once morc be 
soil. 

One thillg 1I10re we leal'llt from the l'h'cl' Stollr. 
Why did it flow quicld)" at the bridge aud slowly else
where ? 'f e klle", that the soil I'ollnd the bridge was 
graveJly, whibt up and down the stream it was clayey. 
The river had not becl! ablo to make so wide 01' so deep 
a oe(l throllgh the gr:=tvel as it had through the clay, and 
it eould thel'efore be forded here, We kllew a lso that 
thero was a gravel pit at the lIext village 011 the riycl' , 
whero abo there was a bridge and had been a f3i'd, . 
amI so we wero able to make a rough map like Fig. 
;i 7, ::;howillg that ford::; hall occurred at the gravel 
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patches, but llo t at the day place,.;, Xo w it was obvious 
tha t all illU, a blackslllith 's forge, a IH1 a few shops and 
cot tage,.; 11'0111(1 SOOll ~prill g' up roulld the fon1, cspecinUy 
as tIl e g ravel patch wa ", bette r to li ve on than the clay 
rouno about, a lld ",0 Ire rea(lily tllldcr~tood why OUl' 

village lind beell buil t ~wh e l'(, it was alld 1I 0t a mile 
up or (Im\'ll the stream, "\Itllost any river ,rill ",how the 
",lime t hing", : O LI t he Len Ileal' Hllrpe Jldell we foulld tho 
riyol' Howe(l (tuickl y at the ford (Fig. 5B), where t hore was 
a linn], s tOll Y bottom n Ul] lIO Hind : whilst a bo,'o fl lld 
lle}o \\' the for(1 the uottolll Iras muddy am1 tho stream 
fl owed more ", lowly. At t it :._. ford t her e is as usua l a 

Fig. 57. 
Sketch mILl' ,bowing wh y Go, lmer: ham and \Vye a rose w!tere 

tbey did on t h e S tOlU·. At .~ , the g ravel pa tcb, the r iYcl" 

h ao ,t bard bed anll can be fOl."d ucl. A village therefore 
gre w up llere. 

At n, til e clay part, tb e l'iYH 1m' a soft bed an,1 call not Le 
ford ed . 'l'u e land j, wr t in winter, and the llfink s of the 

st rea m Illay be w[l, b ell fL \\"'1)" . It is t herefo re llot a good 
sit<' for a village 

small ,iIlfige. Th e Thames furnishe::; othel' oxamples : 
below Oxford there nre J)1ll11Crotl f; rocky 0 1' gm\'clly 
patches ~where fords werc possible, all!l where "il]ages 
therefor e g rew up. Above Oxford, bower er, tho possi
bilities of fonlill g were fewer, becalt,.;e the soil is clay 
all(~' there is lcss rock ; tho roads and therefore the 
viUngef; g rew lip a wlI y from the l'iYcr. 
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APPENDIX 

'1'l1e teacher i:; al l vised to procure, both for hi >; o\\n 
illforlilation and ill order to read pa8sages to the scholars: 

Gilbert White, lY lL t ural lIi.4/J1'!/ '?! 8"ltJ()'/' J1e. 
Charle;; Darwin , E artlt ll"(J l' iIls (!li d Vefjdabl(! :Jl imld 

(Murray). 
A. D. Hall, 1'111' Soil (Murray). 

Mr Hugh R.i eha rdson has suppli ed me ,,·ith the follo\\ing 
li "t of II u estioll~ , thruugh many of which bis seholars nt 
Bootham School, York, have worked. 'l'hey are in ::;erted 
here to <lfford liill ts to other teachers all d to show bow the 
lessons lIl ay be vari el1. '1'hey Khould also prove useful fur 
revising awl te::;ting the scholars' kuowledge. 

1. Collect samples of the .liffcroll t soil :; ill your neighliourlluod 
-ganlcu soil, soil f]"(tlll a plollghctl fi eld, frulll a mule-hill in :, 
pasture fi cl.l, loa f mOlll.1 from a \yill)(l, etc. Cvllect :tlw samplcs of 
thc sub-soils, sanli, gTa \'01, clay, peat. 

2. Supplcmellt your collecti ll ll by plIrohasillg frulll :L ganl cner'~ 

~ll op some miserl pottillg soil anti also thc scparatc illgre(lients 
llsed to form sl1 (;h a Illisturc- ::;ill'cr sam! , leaf lUl)ull! , pcat. 

3. HOI\" Ill :tny r1ifferell t sorts of peat c:m you get samples of ? 
Peat monld, peat 1ll0SS litter, spliagllUlll IJII) ~ H, tlU-i" for burning, dry 
nl0~1' peat 'I 

4, Find for whiLt (lift'cront l'urpo~es saUil i ~ in u~o, sudl as 
mortar milking, iroll fOIUldiu g, ,;olluring, bird cag'c~, and viJtaill 
"ample,; Ilf each kiml. 
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Analysis of Garden Soil. AlJont a hawlflll of ~niJ will he 
required by : cadi pupil. 

5. De~c]'ibc tho appeamllce of the ~oil. hit fille 01' iu lumps '! 
n oes it :;cem (lamp 01' dry ? Can yon Hce the "epamte particles or 
mill eml llIatter ? How large :lye the.-;c ? ] 8 there any evidellcu (If 
yegetahle I11 llttel' in the ~o i l I 

6. Pttt some of the soil ill 
place a dry filtering fUlIlI el. 
l11oi~ture given oft'? 

all emporating basin and m'e)' Otis 
Warlll the h'l,qill gently, I,; any 

7. Dry sOUle of the soil ,tt a tempemtnre Ilot gre'ltol' thall that 
of J)(Iiling water, e.g. by ~pre'ltlillg it out 011 a biscuit till lid, :tnd 
hying this 0 11 a radhtor, H('II' 11'II'e tho appoam.llce and pruperties 
of the suil beell changed by lIryillg' ? 

8. Crumble somo of the (lried soil as fiuely [IS yon call lI'ith 
your fingers, ThclI sift it through a sheet uf c10,1ll wire g,lllze, 
What fmction of the :;oil i:; flue euough to go tlll'\JUgh t he g,Hlze '/ 
Describe the portioll which will not pas:; throug'h the gauze, Couut 
the Jllllllber of wires per ]ine'tr illCl1 ill the gauze, 

9, lI{ix sOllie "f the soil with water ill a fh"k. Let it stand, 
HOII- loug dues it take LeflOre the watcr Decomes quite cleal' ag,till ? 

10, Mix some morc soil with Ira teI', J_jet it settle for :~o 

BOCl >lltl" ouly, POUl' off the muddy ,Yater int\) rt tall g];18'; oylin,lcr, 
Adllmore w:ttor tn tho remaining ~oil , and ),0 11l' oft' tt second portion 
of lllud(ly Wfi.tCI·, adding it tll tlie fir:;t, aud so lIlI tultil all tlie fine 
JIllHl is rell)(well frolH the soil. J\.Uow tllis llltllItly IrateI' ample timo 
t o settle, 

11. When the fine mud h,ts ~ettle,l POllt' ofl' the JI1t1k of the 
ImtCl' ; stir lip the 1I1lld witll tllC rest of' the Imter ; tr,j,J}~fer it to ,w 
el'apor,1,ting basin, ,11111 o"apor,\,te to tlrync~", 

12. Does this dried Illud cousist of very tiny grain ,; of ,;allll 01' 

nf sollie JIlate rial (iiflcrcllt frOlll sH ud I (jan ~' Oll find (lIlt Irith a 
llli c l'J)~cope ? 

13, 1f the m\l<1 c()lIsists (If real clay ,mel not of "a]l(1 it "h()ul<l he 
llo,;;-iule to bum it ill to uriek. Moisten the drie,l llIud again, H.ull 
it if you c;w into it round cl:ty lIlarble, te,we tlti.s to ,Iry Hlon-ly for 
:t day, Then bake it either ill :l chellli cal Ialmratol'Y furnace or in 
an ordinary fire , ~ _ ." 

14. Return to the soil Ilsed ill Questi(ln 10, 1'1'0111 wltich "Itly the 
fiue mud ll:ls lJevll washed >lml)" PUll!' lllO),() l\":ltV)' 0 )1 tu it, shake it 
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well, and pOllr ofl' all the ~lIspelllled Illnttel' without allowing it morc 
than 5 seconds to ,;ettlc. Repeat the pl'oee~s. Collect ~\1Id dry the 
p,)\Il'ed off matel' i .. l as Leforc. ,,' hat is the lIl~ltcri~,1 thiti tilllO, sa.nd 
01' clay 1 

15. Wnsh the remainiJlg portion of the ~oil in Qnestion 14 clefUl 
frol11 all matter whith docs Hot settle promptly. Are there auy 
pehbles left ? If so, IIOw large are they, aJlll of \\'hat kind of stone ? 

16. Take a fresh sampl e of the soil. Mix it \dth distilled'lOatfw 
in a jJask. Boil the IJlixtnre. Allo\\' it to settle. .Filter. Divide 
tIle filtmtc int(. two portions. Emp()rnte buth, the larger portiou in 
au evaporating ]xlsi n over wire gauze, the slII"ller portion in a 
watch glass beated by steam. Is any resi( lne left ,tfter beatiJlg to 
dryness? 

17. Take a fresh "Impl e of soil. Spread it on a cle,m saud Lath 
and heat strongly with a Bunsen flame. Hoes any p()rtioll of the 
soil burn ? Is there any change in its 'Lppe'tmnce after heating ? 

18. To a freslt sample of soil ,ldd some hydrochloric acid. Is 
there :Lny effervescellce ? If so, wh,tt conclusions do you draw? 

19. l''1rlke a solution of soil in distilled water, and filter as 
before. l ti this solution aei!i, :-tlk,tlin e or nentml i Are yon qnito 
certain of your result 1 Ditl you test the distille!i water with 
litmus paper 1 And are you snrc that YOllr litmus dues not 
COIlt:tili eXCCtiS of free acid or free aik,t.ii ! 

Peat. 
20. Examine difl"ercut mrietieci of peat collected (~ce Qnestion2) 

and descriLe the appeamn(:e of each. 
21. Bum a fl'agmellt of each kilieI -of lIC,(t Oil wire gauze. 

What do you notice 'I 
22. Boil sOllie PC,lt with cli"tilled wa.ter a.nel filter the solution. 

What colour is it ? Can yuu tell whether it is acid, lIeutral or 
alkaline ? Evapo1":lte son\; of the solntion to dryness. • 

Out-of-doors. 

23. lIcscribo the appcaJ"illlce of tho soil ill the flower beds 
(a ) during hard frost, (b) ill the thaw " 'bich follows a bard frost, 
~::;) ·!fter :tn A]1l'il shower, (d ) ill drought at the elld of summer, 
(e) ill dnillp Octouer weather when the Ic,lI'es are begillllilig to fall. 

24. [s the suil e!Flally friable at tlitrerollt times of the yonI' I 
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25. In wbat wfly (In dead le,n'es get c,m'ieLi into the soil ) 
26. Call yon find the worm boles in a g,mlen hWII I ill a 

garden path ,/ 
27. Take a fl ower oed 0 1' gmss plot of slIIa li but kHtnHI area 

(say ;{ yards by 2 yards) ftll tl a lI'atel'ilig crtll of kllo lrH cap,wity (Sit)' 
;{ gallons), Filld how lIlllch water must Le added to the soil lief()re 
some of the w:tter ,,"ill reu1:1in 0 11 t he slU'face. Whftt has been the 
capacity of the soil ill gallons per sqll'tre yard ? 

28. Take tll'O therlllometcr~. J~ay olle OIL the soil, tho other 
"ith its bllib 3 iJlches doep in the soil. Compare their tempera t il res 
at mOl'lling, 1100 11 itrld lIigh t. 

29. Filld from the 2j-illch Ol'd ll ,lUCe llIap the ,'eference ILUlllbers 
of the fields neal' yOUl' school. 3Lakc a list of t he fiel.b, showing for 
what erop or purpose each fi eld is being IIsed. 
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Acid waters, 40 
Air in soil, 1G, 70, \)5 
Bars in estuaries, 12:J 
Black soils, 36 
Blowing sands, 22 
Bricks, 10, 16-18 
Chalk, 26, 9(; 
Chalk soils , 110-112 
Clay, 6, \)-21 
Clay soils, 75, 100-102 
Cliffs, llG-1l9 
Darwin's experiments, 11, 50 
Deltas, 122 
Drainage, HI, 96 
Dwellers in the so il, 53-liil 
Earthworms , 54-,56 
Errol' of experiment, 48 
Fallow, <14, 95 
Fens, 112 
Flora-, 111 
Fords, 126 
Frost, action of, on soil, 83 
Grassland, 75 
Grit, 6 
Hales 's experiment, 73 
Heaths, 104 
H eavy soils, 100 
Hoeing, 86- 93 
HUIDns, 30, 51, \)3, 125 
Hypotheses, 36 
L and slips, 12 
L eaf mould , 33 
Light soil s, 104 
Lime, action of, au clay and so il, 

1\)-21, 96- 98 
Lime water, 19 
Loams, :J, v5, 1O~ 
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Marsh gas, 40 
?\[icro-orgalli slll s, 56-62 
Moorland, 80 
Mulch, 87, \)0 
l'eat, 37-40, 130 
Peltt bogs, overflow of, 38 
Perspiration oC plants, 7-1 
Plant food, 41-52, 62 
Plant requil'ements, 64 
P loughing, 82 
P ot esperiments, 41-52, 5el, 09, 71 
Bonds, il0-32, 101- 112 
Holling the soil, 84 
S,tud, 6, 22-32, 41 
Sand dunes, 22 
Sandy soils, (j8-72, 102-108 
Shrinkage of clay, 10 
Silt, 7 
So il sampler, 82, 88 
Sowing seed, t:l4 
Springs, 24-31, III 
Subsoil, 2, 4, 4:J, 48-51 
Swelling of clay, 11 
Swelling of peat, 38 
Temperature of soil, 86-93 
'l' ilth , 86 
Van H elmont's experiment , 4(j 
Villages, situa tion of, 24, 30, 126 
Wastes , 101, 104 
Water content of soil, 88-93 
Water, movement of in soils, 6,3-

68 
Water s upply and plant growth, 

60-74 
W eathering, 116 
Weeds, 04, \)7 
Woodland, 80, 101 
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