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THE STRGCTURE ANI) PHYSICAL PROPERTIES OF' 

SOILS. 

THEREis 110n~orcinlporta~itecot~onlicpr-ol~leni to-day than 
the production of food ant1 testile fibre to support the life of 
a ~tpid1.v increhsing population and to supply t\ic.ir rtipiclly 
increasing wants in this age of adrancing civilization. 
Agl.iculture is the basis o f  a11 nlan~ifactlxres, tr,idzs. ant1 coni- 
merce, and the soil is the basis of all agriculture. This was 
not gc~ncr;illy recogn~zed until Liebig's brillia~it getlerali7ation 
of the rnir~elanl theory of plant growtl~,  and there was in cot)- 
squence n o  material advnnce in aqricultural n~etllodsor 
pr,lc.t~ces unttl 111s tinie. Since thett this mineral tlit~ory has 
been the subject of a vast amount of the rno5t palient 1.r- 
searcl~, c:rrried 011 i r ~  tlie tieltl, laborutory, ant1 plant houhe. 
At first it w a s  only considert3il iieccssary to tletermine the 
cllernic:~l cotnpositiori of a soil and the cor~lposition of a giccn 
crop to indicate rnlletl~ei~the soil had all the elenrents of 
plant footl in the relative :*uiouut cont:liuc>d in tire plant, to 
show \vl~ctlier the soil was well adapted to the crop. or I I O W  
it corilcl be n~adc  so by ttle addltion of chernrci~l hnbstaucer. 
T l ~ e n  it was foulid that a11 so~ls  have s~~fllcieut plant fooct 
for age? to cotne, aud that cropping during the cor~t i r~~icd 
lifetime 01 a n-ran woultl not ~.cducr this arnourlt materially. 
Tile11 it \\*as cln~tned, and is still held by Inany, that only a 
very sn~nll part of the plant food in the soil is ill a roridition 
to  be re:tdily available to plants. nnil if this available focd is 
nol  used up it quickly reverts to a rocky a ~ ~ d  insoluble form. 
Then it tvns elideavored, by the use of solrents of vnrior~s 
strengths, to deteraiine how rr~ucli of this plant food is at  any 
time available to plants; and failing in this, the work bas 
been pushed blindly forward wit11 plat experiments, trying 

1 Abstract of a paper read hy Professor Xliltou Whttney of the Maryland 
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all kinds of mixtures of all kinds of fertihzers, on all kinds 
of soils. indiscriciliuatrly. as one nlight go into a drug store 
in the dark and bli11dl.y try all the drugs to cure dyspepsia, 
for it is dyspepsia that affects the plant more often than arly 
tliir~g else,-an inabilily to appropri:lte and assinlilate t!~e 
food withill reach. W e  are spending vast sums of rrioney 
for comn~ercial fertilizers. \vllich are used iridiscrimiriately 
on all elasscs, of soil, \rhetiier they be 11ght and sandy. or 
stilf wit11 clay. 

The physical e11a1-acter of the soil has been considered, i l l  

all or ucarly all the ir~rcstigations I have ercr seen, a vague. 
eo~nplex, but, 011 the whole. a relatively unimportant factor. 
The \oil is c-onsidered a ufiil. Soils differ p l~pical ly ,  just as 
rrlen dltfer ~)l~ysically. There is a type of soil suited to Eras ,  
anotl~cr to wheat, others to the clifl'erent grades of tobacco, 
and still others to truc*ks and vegetables. The wliole appear- 
ance and aspect of the soils ditfer to the eye anil toncl~. 

I t  IS a notorious fact that e l~anzing seasons of wet or dry. 
or hot or cold, have far more effect on thr crops than any 
con~bination of mailnres. This in itself is a significant 
fact. 

In  ten yrars a so11 rrlay br SO wo:w out as to becorr~e a 
11,irrni tvaite. This is not frorrl any loss of plant food. for 
tho a r n o u ~ ~ t  so rc~novc-d from the soil is relalively so small 
that it cannot be tletected wit11 any cerlainty. nut  the fact 
confronts us, that the \\heat and corri lands of flie great 
Xorth-we4 are deteriorating, and the wheat and tobacco lands 
of our ovvii State are tletelsiorC+t~ng,both as to qual~ty  and 
quantity of protluct. 

I cotne 11ow to the ~ n a i ~ ~  point of this paper, that the es- 
hanstion of soils is p11,vsical raL11c.r than chet~~ical :  that rege- 
tation, r111dei~ give11 cliui?tic conclitions, is tlependent upon 
tlie circulation or rnovcrnelit of water ill the soil, and that lt 
is 11ossi1)le to changta the physical c o ~ ~ c l ~ t i o t ~ s  of the soil so as 
to coutrol this !vatel* circulatiou, a n d  so contt~ol the growtl~ 
ant1 dcvelopmerit of tllc. p l a ~ ~ t .  Nay, f~~rtlrtv*,that the chief 
benefit derived from tlie use fer%tilize~-sof cor~r~rlercial and 
nlaliurrs is their pl~ysical effect 011 tlic soil, rnt1ic.11 tnodifies 
the relat~on of thr, soil to water, ra t l~er  than, as lirretofore 
snppoqed, to the actual an19nnt of footl they sapply the plant. 
Tlie soil is to be considered as a vast irrigating purrlp which 
provides stancling room for the pla11t anil upplies it con- 
stautly with ~rutritive fluids. If too much water is suj)plicd 
the plant is inclined to clerclop leaf i r ~  large excess; if too 
little watev is sul)pliecl the growth is stunted, l ~ u tit puts on 
rc~lativrly Inore frnit. I t  is a n1ea11 between t l~etn that i s  
ilesil-erl for all plants, Ful :I cl~tf 'ere~~t nleatl fo!. eac.11 class of 

pla~hts. 


Tllr soil is con~posed of miuutc of
f rag~ne~i ts  rocks and 
tniner~uls. \vitll varyiur yua~~t i t ies  Evenof organic. matter. 
the pooreht m ~ d  1110-l burrcan soils are .;l~owri 1). chen~ical 
aoaly\ls to  have sut'ficit,nt plant food for countless penera-
tions of ~ ) l < r t l tlife, ~vhile in teri ycalv or lrss a soil map be 
" wort1 out." aud made for a tirile a barren waste. 

lion-ever comptct and co~\ t i~ luons  and close textured :L soil 
or sub-soil looks, there is still about tifty pcr cent by volurne 
of empty space bet1vei.11 the solid particles. That is, a cubic 
foot of soil will 11old half a cubic foot of water, if all the 
space is filletl. Clay soils hare rnore erupty space than sandy 
soils. W e  have found on the average about fortj-five per 
cent by volume of empty space in sandy so~ l s  and fifty-five 
per cent In clay lands. The ainoutit of empty space in the 
soil map readily be calculated by clividir~g the weight of soil 
by the specific gravity, wl~icli gives the actual volume of the 
soil gr:tins. and subtrac t in~ this from the total volume occu- 
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