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PREFACE 
TJlI:-; \Jollk i:-: wril1<'11 1"'1' Ihl'l'I' ]'111'\111:-1''': fi r ... l. ;1~ n. j(''XI-hook 

for fI~rwult\II';ll Hudl'lll":: ;""'01111. a~ II rdl'H']I('{' l'lIllk fo r I h t, pr;t (.

tival r;lrHli'r: ;llld. third , a:- <111 aid 1(1 tilt' land (IWII('I' who ucsiI'L'" 
IlIfOl"llliltilll1 111 Iht, jlt'r:'lItl;J! lllall:l~t'III1'ltI of' IIi..; III lid. 

S(lil pl1,\)-I(':-; i:-; tla' ;1!'[dii'/11iIlJl or ph.n.it· ... lp ~tJil:: . ] t is :-\(1 

1·lu~t,l_Y l'I,t.lil,1I \(l 1,liI.,1' :-1·;,'111'\':0- Ihat it (WI'HIlL(''; IH'\'\':o ... ury to t r l' .. pU,...;.: 

1111011 tilt, g-rOllllld Ilr :--IIIIH' 01' 111l' I Ll. 1ltllaldy hntllllY. g'(·n 1o,!!S . I'II{' III 

I:-:Iry. find 1'.l\i,lp~y . til pn'''''111 ('t'l'taill :-UII,jl'I'I" 1,1, 'lId,\' lIud ('\1 111 -

pll'tl'ly. ;-: lli1 plt,\ .. il·:- dll\l·lad..: ill witll lh., ,'l""I,ly-n·latl·d phll)',(_'''' 
of ngTIlIlOlllY , 31": ~niJ II io 1 o;:.\'. "\IiI 1'1'1'liiil.'·, {'roll P!'o tiul'lillll. ;Illd 
;J!!J'il·ultllral \'II~IIll'I'rlll:,:. in .. \11·11 1111 ('\\1'111 thai it i ... n('('I':-:~: 1 1'\' III 

~'hc 1I1'lll'ri:l1 \PIT (·hl:-;·h· n,lall·t! tn nil ~Ir [111':-:'('. • 

. .\11 aill'lllpl I;;l~ 111'1"; 111.1411' \II (' I!lplta ... izl' til(' JlJ'ill{'i p lr~ of f",lIil 
pll.n.: in •• (llllillillg- till' f}(.lni1l'o of / I/'ill·tif·(' ('\('I'pt wh,' !'(' 1l 1'('\ '1"':'olf l ry ffl r 
p"rp0:--l''':' til' illu:-lral ilili. .\ il1l(II1!!b 111(' 1Hlnk i ... writtl' lI in l lll,' ~ I idd lL· 
\r('Ft. yet 111(' lH·ifl("ipl(·;-: ~i\(,t1 Hpply Ilft.nr/u<n', 

'f Ite nrrill1!.!"{.·III('llt or ill!, Hwltt'r p r('~('11 1 {'( 1 ha:-; 11('('11 ('arefll !ly 
pJlllll1c(1 front '''l' t('.tl·Jrill[! :--:.tuncipoild. I/Hfl )m ... IJC('l1 (' · .. .:IN) i ll t ll e 
('la~!-T(1(\1I 1 fl.t' ~('\l'I'IIJ "1·:11' .... 

Y n r ;ol1s (;('111'1·1· . ..; of illfnrl1l:llilill linn' )/('('/1 11 .... (>(1 h.\· the urdheJrs 

C(l lh'!!{' of .\_:,:·ril·n ltllrc·, 
l 'lI in r sitv of 11li noit:-. 

l Tr1.lll llfi. l1i'.. Octul.cr. HIli. 

.J. (; . . \1 (1." " " 1. 
A. F. (:t'J>\·!'.\ ·F :-;O N 
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SOIL PHYSICS AND 
~1ANAGEMENT 

('II.I I'TI·:1i 1 

SOIL MATERIAL AND ITS ORIGIN 

Defi n it ion of Soi1.-TIII' 1,IIId ," lIrfat'l' of illP {'ii/'Ill i_I: ('In'cTed 
i!llJJn ... , 1'\t'1'\\\"I/I'1'1' \\illl iI ];J\"IT Ill' 11lJ("P/I"HJidaIPd J1I/lll'l'llI\ {II'

ri\l,d rrflill '1'111"1.. .. h,' 1111' j1n'I:\ ...... , .... of \\I';ll11!'!'I1!!!. 'I'll!:" I"lratum 
\ilrit", ill IbivklU''',''; fl'lll1t n kw 1111'111'''' 111 bUIHIIl'd ... \,1' ft'l'\ Hlld lila\, 

"\l'1I 11\' all"l'111 1'1'11111 "'lIla\! :ll'v;\:-. IInl !'\'('ilU"\' it wa .. 11,'\('1' fl,rllH,d 

lhi._ln'. Inll !Jt'("nH~\' it b",- ]1"1'11 varrit,t\ /l\\a,\. Till ' 1l:..!;\·llt,j\,S of tntllt:l
pl.rlalildt 11;1\1 ' 1[11111' "' 11 llLlld J \lllrk thai III UIHH." ill"'-lnlll'!'" 1l111l'h 

"I' .lll ,If Ihl' Illt)"I ' JtlHlE'l'iai !'tj\i·rill;.!' tl ... l'lwh~ \,'n,": Jlol d('ri\cd 
frlllll tlll1"" I.t'lh'atb. 11111 fl'lllIl nt{·k,.. at "nlW' CI I:-.IHlll·l'. I..'Vt'lI 11l1liClrcus 
ttl' IlIil!':- a\\"ny. T hi, 1IIali'rin\ \ill'i\':- ill [·ldll],( , .. ilil\1l \\lth Ihl' !'I,(·k 
frlllll whit'li it W<I:- .kl'l\, ·d .11111 III!' il!.!I'III·ip"jll'c,r1lli'ill:: iI, I I ";lIl1lot 

I'e Il'I"llll·cl 11 "I,if 11111il IIr':.!;lrli:-:lll~ [niH' \\[II"!\I,I[ 11]'011 i1. IlIl,dir.'\iTlg 
i, \(1 Ii ,!.!Tt'fltl'l' or ti''':-- {·xtl'!lt. '1' 111' d"plh cd' tht, J"Y('r UpOll which 
1 lit, HJ',:!illli~III": ha\"(' HI'Il,d j ... (lilly a fl'W 1"'('1. 

F!"Ilm il:-; iJrigill, H ;,\(lil lIIay ht' dl'lifll'd .1:-: di~illt(lg"r<ltcd Htlll 

d('V'lUll'o"::('cl r(wk 1IIi.\(,d witlr ilion' (I I' I('~!'"I (1I'~lllli(' 1IIHlte,,., \\'h iJ~ 

froJII il:-: tl~(' it i, ... (kfillC'd 11~ t"ln plld (If 1lu> ('111'1"' ... ,1::1/1'[111'(' aclllpted 
10 Ill{' mt'(·Jwllil·~1l ;"::lll'llort IHHl 7111111';,":)111)('111 of pLu!l,-=, 

Elements of the Earth 's Crust.-Th,' Pllrlh has hrrll .111.1iod 
hy \'ilTi,m..: nJt';JlJ,~ nl)(l 11H' '·IJJllj)n.;;:.ilj(lJ) flt'lrJ'JlliJlf'rl 10 11 flrpth of 
fll'}'l"IlxiJ))flh'\y 1 \\Tll1y J1\i)('~, I H t 11(' ('lpllIrllt:-- kl10WI1, ('llnll'llI'l1tivcly 

f('\\" U{'('ur in allY 1a1'.~L' Ijnalltili(''': in 111i .. Ft rnilltn . Ei,!!ht (·()II~tituLe 
ahout !'H'~, .-) ]WT ('(' lit. Thl' followiu,t! tahle ;o:hm\'~ nl(' relati,·c ahun
dance of 11Ic,0 ell'monk 

Soil Forming Minerals.-.\~i(l(' from (J,\y:!rll an(1 Tlitrog"C'n as 
ai r, antl ('arbon a~ gnlpllite ()r rliam(lnrl. th(>:-:t' clemenl1i' rarely ever 
exist in n [n'(' :;ttBtp. hut nrc' founel in (,omlJinaliom: as Tnillcrllls. 
ThcEe arc natut;11 !-!llh~tnn('e:;:. P{)~!'('~~ i ~l .g- clcfin itc physic-al charac
teristics a:::. ~pe('ifi(' .r::radty. ill1nl11Cf:;: . brit11~·Il(·F~. ('olor. rlr1\\7uge, 
nnd ~()mctim('s crystalline fOTm and ha\' illg a more or less defin ite 
ehemical composition. 
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Oxygen *,. 
Siljeoll ..... 
Alunjnunl . 
Iron . 
Calcium . 
M agnesium . 
Hotlium . 
Potassium . 
Hydrogen. 
Titaniu m .. 
Carbon .. 
Chlorirll' . . 
Bromine .... 
Phosphorus. 
Sulfur ... 
Ba riulli . 
!\,Iangallct"(, .. 
Strontium .. 
Nitrogen . 

SOIL PHYSICS Al\D MANAGEMENT 

Average Composition of tlje Known Earth I 

ElclIlCIlUI I Lllhullphcn' t II,droKphcrcl I 
_____ '1.1 per CCiii I .. per i Cllt 

I 
g~ 8:, , 9 

I.~:) 

4.50 
3.-17 .05 

I 
2.24 .14 
1.4li 1.1 -1 
2.-\(i ,0.,1 

.22 to.lil 

.-It) 

.1 9 

.06 

.12 

oo::! 
2.07 

.00 ; 

. 12 .OJ 

.O~ 

.OH 
,O:! 

Fluorine .... .. ..... . .10 
AU other ("it'u:cmts .. 

Average. 
iududillK 

uUlIOlIphere 

50.01 
25)::0 
7.;~O 
4. 1 ~ 
3.22 
2.0:-; 
2.::W 
2.2" 

.n.i 

.43 

.1~ 
.:;0 

.11 

.11 

.0' 

.u, 

.02 

.O:l 

.10 
Ai 

.:;0 I --- ----
WO.fI(j 100.110 WO.O(] 

• The dt-nw nul Cl!!I('nlial for ,-rop" lin' in huLl 1.\·Vl'. 
t The 111>11(1 pnrt t)r lilt' j'lI.rlh' lI '·r\J~t. 
; TI!I~ liquid purt, 1,)('('IIWI, !!(OA". t'\':. 

The hard ness of min erals is jl_l uiraLl'U by the following stale : 
(J) tal(~fi nger llaij sl: l'a t<:lu .. 's it eagily: t·!) gypsu ill-thumh lJai l 
sc- ral l:lil's slightly: (3) (·aki1._l~al1 be sc:rntclu?d hy C-O l1illlOJl soft 
ril>: (i) f1uorile--soft iron scra te-he; it: (5) apatit.(~,eratcbcd 
h.l· n gaud kudo; (G) l'rluspar-I'eIT hard k"ife sc ratchos it: (7) 
quariz-,crntches glass : (8) iopaz-scratches quartz; (9) corun
dUIlI-sc mtches topaz; (10) diamond. 

The number of minerals tlwt form soils is not large, but thev 
may be found in Bum)" intermediate stages bef'al1Se the process ~f 
docomposition is a gradual one. 

l. Quartz, silica (SiD;!) is a. ,"cry ablUlLlant mineral in r ocks 
and the most abundant in soils. "~ hen crystallin e it possesses a 
glu!;!'),' nppearalH'e and is trnnsparellt in thill slices, hut impurities 
render it more or less opaque. The ('o mmon cT.,·s tal1ine varieties 
nre "Clullrtz crystal, roso. smoky and ll1ilk~' quartz. The non-crys
talline vadctica are usual1y opaque and jnclu (Jc flints, cherts. 
cha.lcc<lony and the different forms of agate. In Tocks such a. 
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grrmiie. quartz Oc't-uri; n~ gln:,:,,)' 111l1:-;!oICS whic.·h tlo Hot d('conlpose as 
11l():-:t fltber miu('rul~ do, hut TCJHuin as distillct ~tlil1s of <ltUlrtz 
when the Tm·k is hroken down. lu linH.'stuHcS it frequentl," e)(:curs 
tiS (·lH.· rt. an irnpuT(, J"lItlll'T soft form. or 1\6 Hint. Snntl. sI\IHI~tolit's. 
llllJ quarTzite ilrc formro prillC'iplllly of qUllrtz. 'rite fllc,t t.llllt. Hs 
hlln.lli(·s.,..; is -;-, that it i~ all1lh:.:t. in:o:oillhle. <ll'(i)mrOSC~ H'ry ~lowly UJld 
r\I:O:~{'I'Sl'~ 110 l!il~a\"u.gc. make:: it YCTY nl,wH{nnt flln OIJg' till' coarser 
('!llI:-titUClIlS u( ~()i!~. It llllly ue di:.:tillg'uislwd hy iu,; glu5~-likC:! np

p;"IHHIU'(' , hanluesi'. ~hell-lik(' frnc'turC'. hll'k of d('I1Yflge ond it~ 
rt·:-i~t<llll'(' to the Hl'(illB of lill t1cid~ \\'ith the ('x('cptioll of hydro
Ou vric·. 

:!. Feldspars.-Tll(' f('ld~pllJ':-: iJ!cllld<, (lc'uhlc> Filil"1I1e!-1 of potus
:--illlll . . :';~Idjulll. ('iJ! (,i um IIlHlulumimwl. Thry pOR . .::C'S.s II Jmrdl,/(,~s of 
l; . tli"::lilld ('JI'H\llg(' lIlal dl'(",mpo~(' TIIIiH'f rf'ntiily ill the prp):;('J)ce 

(If ""r\,OJl<li('tl ,~all ' r. TJa· m'l ion of f'1ll"l ,nJli {' 1)(·ill is to dj~sohe 
OUl lIlt.' ha, .... e tIl' haH>.:-o. formillg the soluhle c·I\'l'hOIlOic·s. Ie'flring 0 
hrdl'ill\'d nlullllllUtl1 :-.i li{'ntl'. kaolill. n1ltl fillt,l\' (!h'j(lNl fn't: silica. 
,,:1Ii(,11 l'Ull:O:litulc tll(: ('lay of ~oil;;. The prO('cs~ 16 kllO\\~l\ <1:'. kuolin
iZHli{,Il. Thl' f(llillwiltg' !fib! .. , )!i\('5, the ('()mp(J~itjon of the jlrinC'ipal 
r"hl'rar,. 

Composili'on (If I'ri7«:ip(J! Fcld.-;par8 : 
I' ('T crn/ 

:'::iu! ,\hOa 1(,0 I :\u.~) CaO 

Onho('}:l.sc, .. 
.. -:;;:-~~I--.. -.-. - --.-.-.. -

Albite .. . e.S.O ~O.O 12.0 
6~.O 2-\.0 ~,O 5.0 
53.0 'm.o ~.O 13.0 

Oligucia.:5c .. . 
Labradorite ... . 
Anorthite ... . 43.0 37.0 : 0.0 

.is an illustration or the det::Olllposition of feldsJlar, orthoclase 
lnay he taken. Carbonatcd watcr ('hming ill cont.act. witb ihis min
erai dissoh'es out lhe potassium. forming poi;..;'lssium carbonate, which 
beiug soluhle is carried away. In the process the excess of silica 
which amount. to approximately 20 per cent in orthoclase is sepa
Tated a< extremely fiue particles most of which are classed as clay. 
The alumina is left in combination with sil.ics: as a hydrous alumi
mUll silicate forming the mineral kaolin which also constitutes clay. 
'rhe result then of the decomposition of feldspar is a light-colored 
dR" composed of free silica and kaolin. 

3. Amphibole and Pyroxene.- These groups of mineral. are 
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\Lory nlJlludard ill 1"01111' /\1(·1\:, alHl \<lI'Y II grL'at dt'ui ill t'lllllpll.-itivn 

dllli plry ... icid l,n'l!l,:nic',,_ '1'11(','" ]1;1\(' ahtlui.. Ihi' ... ;nlle' hal'dm' .. '" as 

fl,ltb;l'ar fllld 1'11;-::"("-:'- liIIII'l' (Ir h· .. ;- dt"lillill! d ... ·a\·a,Ut' plal1e-. Tlwy 
1I1.;t\" I,~' "illll'r alllltlirJllli" or JIOIl-aJu!IIillflU:-:, _'Ia,!!!J(.·..;iuIll. (·,r!t·illlll 
Hltl1 11'1111 an' Jlt':lrl.' a]\r:l,\_"; P[,(,:'L'IIL Tilt , inlll i .... fn'(jlll'!lIJy ill dIe 

fl'rn,u:, (·oJlilir)flll. .\:-: II .!.!l'III 'l'al Tule iltl':'l' g-J'ou!,!-' 111' Jllinl']';ll~ 
dl·('111lIjHI, .. t' :--ullw\\'hnl n·ndily. gi\ill,!.!' 1'i:-(' til hydl'Pu:,- ma.~ll1'-il1111 
~jljl·;JtI'''' lIud :;Ii]uld(' !'arIHJIlIIII'i'. till' 1,1It(-r oj' \\ hit'll <11'\' t"(lrri(',l ;1\\',1.\' 

in ~\)lutiull. 1"'hc lIydro\H-. 1Il<l,:!IIV ... iulH ~ili\"i\i\' nIH," l'I' ill till' 1'\\rm 
of :'l'rpl'l1tilll' (If talc. lill' Iatll'l' (d' whi (·It . h(.'VClU:'t' of it!" :O:(IJ' IIlL' ..... i~ 

f('i1dily Lnd'l'll dO\\'11 iJito {'IiI.,. TIt(· l'L'rrou:: irull Pl'l'.':l'llt IWI",!lH_'';: 
u\idif.vd Ulltl !!('IH'rally g-iH' .... a :.n·IIO\\· or IIl'flWlJi:-.1t (,tdlll' til lilt' .. !Iii 
j'clrnlt,d, ,\" 1h.· .... t· ::!T .. Up .... of JllilH'n!l~ ;l rl' fn'qLH.'lltJy ltl1lg'lll, ... iall, !ill' 

... oij l'l'..:ultill!.!' i:-- !lll\ _!!t'fll'rnlly hi!.!'lll,r prndLH·tiH'. 

I. Muscovite-White Mica.-Thi . .: lllillt'J'fll i .... llJiltlt' 111' of 
trHIl:,pil['('Jll LllHill:l' 1)1' I'nlia jln ..... (' .... ..:ill:.! a Il;Htlrll',,"I,J'! to '!.;i, Tllt.!';v 
fulin ,Il't' tliill. L·!; l. .. tic' "lid Jl!u.!.!'b. 

T ill' (·llt'mil·it] ('(lllll'\l~itj(lll all~1 -)111y .... il·,[1 l'l'l,pl:'rtie:o: of tlli:- min
l'ral -"':('1'11\ 10 illdi{':Hl' 111:-d., it would d~'rl\mpo:-:.\. nniH'r l'c'h1ii,\'. \l\1t 
t ill 11ll' toilier h;llld il j~ \'(-'1'." ::taldt· lInd l'l'~i,.l': !1('l'()mp{l~iti(\11 .. ~o 
wl'll 111111 ill Il H' .... t- hl"':l':-! tilt' mi ('<1 }'('J'!I<lill';: ill !lll' rl'"·.:idue fl~ (li .... tinct 
~!tillilll! fi.tkl· . ..I . ~iyiJtg ilk s()il n p(_\euJiar g-lilfl'J'inl! apjI(.';_lJ'flnce 
\\·!u·t'(· tl1{' flaJ..:l· ... ilt'e (If 1'(lI1~idl'J'ah]p ,'" i 7.(' . 'r ill' fir .... t 1-1 L'P in it:, lle
P1Illjln .... itil!ll_ i:-- JI,nlt';_llilfll, J'Lh .. ultill_!Z ill n 11."dl'ilt(·ll mien hnrin!!" fl 

I!l·arl." !lli'll'l' . "'hen tll'\'uilljH)sili(Jl1 is ('ompk'le the pnJL1Ud j_.:, the 
hnlrnu:, 'llulllinl1l11 ,..IjUt'atl' OI" (,h1\', "Iu:-f:o\'it(' i~ fOllllel ill g-ra1l1ivs 
tl~ a. r'ol1 .. jtk'r:ddL' !'xl('nt. hut Ii' ;}CIt "('T'." often flssocialcfl "'itll the 
moT'\! hH.:'ic roc·k:-:. 01' those ('()ni!1illin_g- a large pr1' rent uf ma,Q'J1 c"'iul11, 
1'<lklun1 nr in)IL 

:, . Biotite-Black Mica .- Rioiiie lliffer, from the ]lref"l'lliu!; 
mira 111. ('010 1'. and in the i'H·t thai it cleeOllll'(lSep. more Tea<lil.Y, Tt 
('olltains a1uIllillulli awl 1rou in hoth ferrl)US aTlIl ferric 8tate~ with 
ho1lL nUlgnc~il1111 aml jlllLHs!'ium, It clec'o mpos('~ into a mixture of 
h,\'{]r'Jh·d aJumin()11S Ilud 111<1,l'rIJ['siaTi si_jj('[lt('~. both of 'J~bi('h (,Oll

:::lilttiC ('1,1\' , n iotire oc'r'ur i' as~o('iaied with the more basic rocks. 
6. Ze~lites.-Thc zeolite.::. comprise n ~rotlp or :=':c('ollilary min

end~ or uoubtful importauc(', \\'1105(, fUllction, it was beJie'\eel. was 
to rdain the poiaFBiulll HlId l'<1kium in the 80il ngaill~t leaching. It 
is 110,'1 ltflien,d. bOWCH·Y. that p(llfl;-:.~itW1 and SOc1jlUU . librraretl elur
ing the d('('olllposirioll 01' ullJlernls are adsorbed and jJeld IJv th e· ~() i] 
colloids instead of being carried away in solution and lost. From 
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Ihf' (·ollfli(l~ thf'~(1 dPlllt'lll.'" an' 1'1'l11or('(l :"olllf'whnt a~ 1I('('(lNI hy 

phWl", '.I'll(' mil!(·nd.: (II' 1 hi ... f!'T()UP art:' rlet'OllljlO$('(1 by h.rdro("hlori(.' 
:ll·itl \\'ith tll(,' E:ep,IT';1I iOIl of ('olloidal sil il'a. 

Til£' pn.'(·l·ujt!~ llIi[I(,I'IIi:-: nr[' :--;li(·I1II' .... lJtl1 lhrl'l' arc II 1't:w llUIl

:.ilivati.:s th<lt t:iJuuJd Ill' ('\,ll .. id t'n 'll ill Ill\' l'lmh' oj' sui!i3. 
~. Calcite «'u{'()::) .-('alt ·ilt.: i:- 11 \l'J',Y \';'111111011 milieTal cxi~t .. 

il!~ il:-- linw~lolll' iUl1111larlde. J1:-. l 'II1llPOt'-itioll i:-; ('nl), v(i jlC'1' l'I.!nt. 
HilI! lO::. J 1 Pl' !' ('\;111. wiH'JI llul't'. 11 po:;"'\',,:,,:,('::' II. bHrdlll,'~s of a!lC)ut 
:1, dl "lill('\ ('!l'i\\au\ ' nUll ifo' :,olulde jlJ cllrlJ(lll,lied W!\t{' 1". olle part in 

J!)'!ll {If wa1(,r. fOl'llLiJlg llle hi('<lr iloJlatc (CaJ l:.'(t' O:J!.') . In the 
j'11J'!U<lIillll uj' :-Oldl IUHlvriai l'r(lw I'Ill'k l!lH(le up 1orgel...- of calcium 
1·,}r\,(1Jl[ltr. l1w iu:,o,\nlde implirilil'R are ldt illld form tIle soil. As n. 
~l'Il~J';-d ruh' Jinll·:-oll/ !It· ..;{,il:-: an' (jHik fl·dik. 

t- . Dolomite ((·~l~l;.!(t' () ::)~),-Thl' hnrdllC.':::-:01' dlllomit(' i~ 3,,-1, 
h j ... ~·(JI1lJ)() .... \,a 1)1' ;,--1.::.-, per ('I . .'l1t {Ii' (,,!It-illll! Cil rhnllat(' nlHI -1,') .(;5 per 

\.(,])\ td' Illa,!!"I!~" ... illm (',Ir!IOWlk, ])\) lol1litil' 1 i llI l '!"1 o Ill' iR 111;ldl' up of 
tlh .. 'l· Jl1illl'r,t1~. th"U,~h pl'u\,;lllly 110t a\w(I.n: in lhe:'I..' }lflJp(lrliun:-:. I I 
i:- ~l(,\rl,\' ~l)lulI11' ill (·nr\I(JlI<.iled water. 1t.:i1\ ing till' il1ll'lIl'itic~ to f(JJ'TIl 
f:uil material. .A largl! a111ou11t or mag-lle~illlll varl Jon<.ltc is injuriolt::. 
111 !-Ollw croJl!l auJ (,OlJ~titute::. luucb of t.he alkali in ::oils of hnmili 
i!i'L'<I:- . 

n, Gypsum (CaS(\.2 TT :: O ).-r.yp:;;nm POSSC:-,f'I':-' a I an]IH'f.l; ... n f 
;! tllJJ tlw l'o110\l'iIlg- <':(lmp( .~iti()n : Fldfu l' trinxid. -J(j . . ~ per celJt, lime 
:-;·!.U nua wu ter ;211.~J per cellt. l t iti j'(,1I1l(] ill c'oll:.:-idl'ml.jc qUHlltitic!' 
ill nriLl regions wllerc salt lakc~ i'ol'mcl'l ,\' (':\i;-.tl,t1, hut is of (:ompom
tjyely little importance a~ a ~oiJ former. sillce the ~()i l deriyctl from 
h ha>:. Yen' little \'/lI11e. It has. !lO\\,C\'C'l'. some nllue as a TC'rncdv 
for I,Jack 'alkali (hat io '0 frequcnIly fouml in arid and semi-arid 
reg-l(JlIS. 

lil. Apatite Ca. (Ca"F) (PO.L.-ThiR milleral is important in 
FOjJ;-. bel'8UBP of the pho~phoJ'us it IUTni~beB. FOTt1lJwtcly it exi~t~ 
in nIl rocks, though in yt'ry small amonnts, nnd whell th(>~( ' clN'om
PO'" Verv little of the phosphorus is lost througb solution. Hem'e 
n !'()il \..-ill l1stlail.'1 s.ho\\' a higher per c-ent of pho:-:phorus than the 
original rock. In some cases the fluorine is replaced by chlorine. 

11. Limonite (~Fe,O" . ~H,O) and Hematite (Fe,O,).-Sev
eral other minerals mjf!ht he mentioned, llnlong whirh are limonite. 
the hydrated ferric o:rifle having 8,) .u per cent of Fe,O" and 14.4 per 
rent of water. and hematite 30 per ('eut of ox:y~en nnd 70 per rent 
of iron . One or the other of these and sometimes both are found in 
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ncarly all Bo ils gh' ing the characteristic iroll color, the fonner im
parting a yellowish or urownj~h yellow color while the latter gives 
a decidedly reddish color. ,"nr,ring proportions of these mixed 
together g-h'c mRny sh iHlc~ of red, 1)I'OW11 and yellow. 

12. Magnetite (Fe"O.) or (FeO. Fe,O,,) .-~lagneti c iron are 
or m3,!!Jl eti tc exists ill IlcarJy all igneous rocks in. sruan quantities 
hut in SOHIC in ~llflicic lll amounts to form n Y(, Ty important soil COI1 -

f:titU{, llt. It docs not c1e{'omj'osc yeTY rendily. hut remains n::; black 
magDl,tic particles ilJ the soi l. Hinck sands of some Pluts of '>:orth 
CnfolinlL twtl some of t.he allnyial soils of California cantaill this 
minpral. ] t may he easily re('oh'11 izcd hy its ma.!=-rncti c properties. 
Like quartz sand it is inert and .oils formed largely of this milleral 
would be very poor. 

ROCKS 

Ro('ks nrc mas.'::cs of minerals or mineral aggregates and are 
diyidca into three da.s~es. ·igneous, those fOJ'fllcd through the agency 
of heaL, a q1UO'l/..'-': .. those formcd through the agcllcy of water. nlld 
metamorphic, where igneous or aqucouti rO<:.ks are changed through 
aile or both of these agencjes into different forms, but hU"ing prac
ticaUy the snme clJemicai ('ompositioll . 

l. Igneous rocks are di,"ided into tll'O groups. first. int'r!l 
S£L"6 or plu./onic, those formed at considerable depth in the earth 's 
cnl.t where they cooled with sufticient slowness to crystallize. a.nd 
la ter exposed through erotijon; second, erllpi'iTe or 'l.'olca1l1:c, those 
thrown out on the surface of the earth through yolcanic agen cies. 
Both c1ass('s of igneolls rocks arc fo rmed by the fusing and lllixillg 
of rocks. such as limestones, shales and sandstones, due to the heat 
de,'eloped in tlle foldi.ng of the ear th's crust in its adjustment to 
the ohriuking interior. After the adjustment takes place, this 
molten moss g radually cools, the minerals crystallize. forming the 
group of crystall ine rocks. In this folding, if a fracture should 
occur extending to the surface of tbe earth, much of thi. molten 
mass may be forced out on the surface and constitute the Tolcanic 
rocks. This may cool rapidly and solidify into a glassy or semi-crys
talline condition. I n some cases the l'iolenee of the explosion that 
frequentl)' accompanies ,oleanoes throws immense masses of this 
malerial into the air which falls in the form of ash in the vicinity 
of the volcano, but sometimes as dust is carried over large areas of 
the earth's surface b)' air currents. The igneous rocks are di,ided 
into several groups according to their mineral composition. 
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(a) Granite-Rhyolite.-This group i, rOlllposetl of qunrlz, 
feldspars. ohiefly orlhodase and albile, mica, either black Or white, 
nlltl amphibole or pyroxelle. A small amount or npatite is always 
present. Rhyolite is the principal \'o]cn ni c rock of this group. In 
the drrompo,iiion of lhis group carhonaled waler a(Lucks the feld
"pnr~ . dissohing out the potnsf;iulll Rnd sod ium in the form of ca.rw 

bouates, lC~l\"illg LIle day rl!~iduc. The quartz is broken down into 
~nllc1 fwd gTa"el while the other minerals arc df'Composcd into other 
jlrodll(>tS HS gi"Cli under those special minerals lliJo\'e. The resulting 
~oil material formed il' a. saudy clay . the color ucpcnding upon the 
;HH01.lI1t of iron-hc~!rjIlg milJeri.ll~ ill the granite. The soil Imdcrial 
formed froUl rllyulitc, and olher volcanic g ranitcs ditTers only in 
iilJeI1C5S from thai resuJt.ing irpm iJ)jJ'u~jye grnuijes. 

(I.) Syenite-Trachyte.-This group ('onsists (·hicfly or the 
ft'ltl~pars, orihocias(> or albite, ll1i]\cJ'~!l s of the llIie!-l, amphibole or 
p,"rnxcl!c groups and 11 8111all amount o[ Hpatit-c. ] t difl'ers from the 
,e-J'[Iniic5 in the flhsCIl('C of quartz. Hs deco mposition is similar to 
tlwt or the granite hut gin's a clay free from sand, co]orc(] hy iron 
l'ompouuds. Thj,~ rock is not so commOll as gra.nitcs. Trachyt.e is 
the YOlcfUlir form or syenite. 

(c) Diorite-And~site.~Thc:=:c rocks cOlltain oligocln~c, mir'a, 
lIFually biotit.e. nmlJhiholc or pyroxene alld a pat.ite. Quart?; hlUY 
IH .. ' pTc..:cnt. The soil l11f1tcrial formed is either a rather highly 
('o lored clay or SRlltly clay, depending 011 the ab!'cII(;c or pre:icuc-c of 
quartz in Ihe original rot:k. Anucsit.e is a common volcanic form. 

(d) Diabase-Basalt.-This group of rocks consists of labrado
rjtc, am.phibole or pyroxene, usually the latter, and small amounts of 
"llalitc. Quarlz lIlay be prcsellt in snu1l 1 quantities as ill the caSe of 
the diorites. Lsually ]arf!C amounts of I1Hl.gncsium and iron-bearing 
miuerals arc present. rrhc dC<"Olllfwsit ion of this group gives a 
highJ..,. colored clay contaiuing large amounts of hydrated mag
nesium .ilicatcs. Basalt is the \'Oleanie form. 

Other groups of igneous rocks might be givcn, hut these are 
suffici0nt to illustrate lbe changes that take place in the formation 
of 'oil material from them. 

2. Aqueous rocks are divided inlo three classes, (a) those 
"hose constituents ha ve heen in solution and have been deposited 
by cooling, evaporation, releH,e of pressure or by direct chemical 
precip·itation; (b), sedimental or fragmental deposits, those formed 
by the breaking down of prei!xisting rocks and deposited by the 
action of water; and (c) , those formed largely by plants and 
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nililllal~, ]t i:-; quill' impu:):·.il,lc til Jra\\ allY di .. tillcl lines \'ct \\'ccn 
till' r!Ttllll '~ . 

(II) Chemical Precipitates,- I: o\,k:- f'II'lIl{'ll ill thi:-, WilY ill'l' Ilut 

or ;r ~l'l·l.t dl'it] of jllll'()I'I;II(1'l' (1,-. ~oil rr, I'IJ It' 1'::. I,UI hah' ,!..!·Ivat ('('11 4 

I l00lli(, \;t!u(_,. 1'lw .... t, iUl'ludL' till' prt'vions :-;1(1Ill'_-. tile on'::, j 'OLh o r 
lI~l'l'Lll :J1lL1 IH'l'ciUlI;o. IUdals ami dt'lJV~its uf Vl.ult l'UUll. especially 
ptllil.-:.-iulll anu pIJIIJ.:J!II"ruto, 

(1/) Sedimentary or Fragmental.- T ili:-;. tliri:-iOll illl·ludv3 
:O;1I114]·\,l)ll'1' 1111(1 ~11J11",,,, .'OIlt!.O:!O/II' ... ill;!)' I,t, tli\ idl·1] inln t·I'_I:::,..C:- ril'

i'llnlillg It I the IIlH!l'rin] IlInl ('l'llll'II L~ llll' I'11J'lil'I"", t"~l!thl'l' . It:; 

~ili, t'!llI,... j"('rrl1f,!"i l ltlll ... . Ill' 1':Jiv,ll't'lllI.... ~ i!i('('!)ul' :-:l1l1l:-ttlI1l''' bl'l'ak 
tlll\\11 IHr~"!y thl'llllgh I'hy .. il'ill 11[' IHl'vh;lllinti a~I'll\'il',,,: . i'ornlil1!.! ,1. 

:-arl,]." ::uil II!" 1I1I1I":llnlly ]II\\" il;,!Til'ultlll';_ll \;llllL'. ,\ guod l'!\'llllpll' of 
tld:- i, .. tlll':-iL 1'('Il'J"~ ~allll...;i\JIJl' (,I' 1111/'111l'1'1l J llilloi.-. F(' ITU,LtilllfU" 
;o.'l ll d ... j(III(·;o. art' 1ll'(lkl'll (l1)\\,J I ill /I \\":1 ." :-:ilJ1i1,ll' II) the :;ili{·l'IIU":. eXt'l'lll 

tllHl l,I!(: ltlil',J] :IFt'II!!"' :\I'l' 1111.1'(' ;lJd 10 .. lIl','tl i.hl· l'l\lIll'l1til1~ lllatl'l'ial. 

'J' hl' n'~ldtillg: :-:oil i:-:;-\ ,"',Hill. \'Oltll'l,d II." ('(fJlli'lllllld~ 01' il'1l]1 <111\l dol';' 
lIot 1I\1)oi!"'l'to!"' n hi;!h dl','!Tl 'l' ,tl' 1'('1'1 ilit,\' , I II tlil' l,n':lkill,!.!' dowIl \)1' 
l,:J!(·;ll'f'Ul1." ,",'I Ild,o.;1 OIl('oJ. t-!/I' limp i, .. 11;,.),"' (111(·1] Ollt 1/,\' till' :INiOll of 
(·:1I'I .ollah,r"1 \ \';111'1'. ihut'- rl\'l'ill~ thl' 11;11'1 il'\{" ,\1111 1"ll'lllillS!" il raiilf'T 
jI(lor :-:iIlJll,Y ,-:oil. T ilt, tll'!'ll nJ]l()-:ilillll oj' f\'lslJHlhit, ~;_lllll-:I()l1l'" lll:(\, 

,!!"i\t, I'i~c to ~oil:::l of L_lil' ft,rtility 1'('(':111::"(, of till' }fOlil::~iulll and lime 
I'I·l':O;l'Ilt. !Jut 011 lilt, Ilthl' I' halld mif'<lt'{'oll:' Sillllh:tt 'lll'S 111't1lllll'l' :'oii.;: 

til' III\\, \1111.11' . 

• ...:./1(11£'.>: \',1 1':- largely ill ph.y,..:i('al(,()lIIp(t~itjon, SOllie arc f'OlllP(J.-:C'd 
of clll." whil(' otill'!'!"' 4'(llltai ll m ud] t·();I J':-:1..~ J' 1l1at4'l'iH1. ::lH·!J <1::-:: f:ilt or 
en'll !'=illltl, rph c' illllur'I1t'tl (:1131'.\('1('1' of ~hflll'::-: if: prill('lpally (lne to 
]lri" ..... 11I'P alld flit',\' are 1'1..)JI'-:('( ltl L'lllly l'il.-:ily hroken tltl\Yll illio ~(lil 
mall'l'ial. Tile ~tl'iltilil',lIj()1l il]:.'l' nid~ tlli:, ]HO('('f;S , Thl' :-oilF' -formed 
fl'Olll :-h.!lt'F. nIl'\' !'rOIIl \I'n ht'il\" Y ('lav io ~ilh' or S;lJHh' ()IJl':O:, Hlld 
nilly l,e l'\"t r(_' m.~l,\' (lilli{'uiI 'In \\,(j;'k, jn gC'IIC'I:al F=lli.llc s~il:: ilre Ill)t 

(If high l1,!!'r i {'u ltul'tll ntlL1t" 
(e) Organic.-Thi; inc·l lldps 111o"e 11('po.<it5 thnt haye h"en 

rOl'llwd t il I'(lU g-I I lIlt' il~L'IIC\' or o T'£!'<l ni':-:llls , Thl'Y (·ol1sist of ('0111 . 
('halk'. mll!'l. H~lllljm ('~t'oll(, . · '- . 

ra]cHl'eouP' rocks indude chalk, DUlr]. and the ,ariollE limestones 
(Fig. 1.) :-:oi", nre fo rmed from the;e through the soh'ent powel' of 
(,8riJc'11atNl water whir'lI J'(,mOr('::" the lillle and magnesia as the 
hicarhonate. If'fi\'ing the inf..:oluhl(' im puritips fIS. ~o il mAteria'!. Tid::: 
mAy j'onsist of particles of sana or quart.? or some of the finest Roil 
constituents us sill or cloy (Fig. 2) . T,imestones ireq "cntly COll-
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tllil! l1la~..;(.'i= of ('lIel't. impure qunrtz. OJ' Oiut wld(·h mH,'" C'ons-tiiut(' 
1111 'tIl,IlI patt of tilt' :=Illil, tilu:, ![i\ lug- ri~l' to ('11t' rty or nilll~' :o:oil~. 

'nil' I'flJlldity wilh \\'hic·1t a soil is fOrJl\L'd I'rlHll It lilllt':'\olH.' dl'pl'IHl..:. 

:FIG. 1.-Limeatone composed chiefly of shells of Bruduopnda. (Church) 

FIG. 2.-Limeston" contu.ining1:uge nmounts of Crinoid stemll. (Church .) 

upon tI,e amount of impurities present. A limestone (·onlaini ng 
1"'0 pcr rellt of impurities {'o,zld le;I\'e approxilullteh' bro feet of 
rC'Sidl1e for each 100 feet of limestolle l'('move(~ "in £:olution provided 
nothing is ]o~t bye_ro::iion. Limestone soi ls arc usually fertile. 
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3. Metamorphic rocks illduue U10SC that ha\'c been d1angcc 
from their origillal ('ouJitioll hy both physital Ill1li C'iwll1i('aj i.lgel1· 
(,ic's. These may htl\(' heen of eithl:!1" aqueom: Or jgueou:-: ori,g-ill 
CJIII1J~e~ l,an' gil'('ll Ti;-'(' to nl1lrbles from linlt!~toJ]cs, elates hUJJ 

sJI8/cs. lllJ(l gneisses aud Sell i~l~ from igneou:i rocks. 

1. Define so il. 
QUESTIONS 

:!. " ' ld eiJ of the ciCIlH'nts ('~';t'lI(illl for \_'ro ps ' LT(' taken from the I{ir II 11(. 
wllj('h from tll(' soil':' 

3. \\' hat iR tilt· !liglliikalll:c of lhe hard ness of a mineral ill (he formatioll oj 
~uil,;! 

4. Why should quarlz. 1)t' Ii lH'h II l'onunoll constiUlf' llL of ~uil .. ? 
fi, " ' by if! l ittl,· fl'lu~P1H f(lund ill so i!!; wbell it if; ~o ahundant ill TIJ('k.,~ 
fi. \nmt is tilt.' (·h id ,' ;liuL' (If zt"(11ill'''':' 
i. " 'hilt is the imporblll('(' of 'lOn -~i li l'llt.I'l-: f\~ !'oi l forTllt' r:=? 
S_ Which fi l' f' t.he pritH.'ipal llOn-sili {'E\t (' millC'ml::: ill !'oil:o (If lIulIliti n')!i(lll~l 
!t_ lIow an' i)..Tneoll !' Ttlr'k~ fornwtl? 

10. Giv(' di!'<ti n{'tinJl8 h i.·t,,"{'(' T1 ,!.!ranitel:l. syenit es. diorit(,!". nnd diI111<l>:>I:':-i . 
11. nistillj!lIif,h l,C't\\'f'I'll cht'lIli ('ul prc'cipitnt{'$: llnd -;(·dimcl1tllry ro('k..,. 
1 -' 'l ow nrC' "oi l ~ formerl from (':1 1('(1"('0 11 5 rock!"? 
13. \\here do we flnd ~o il s formf'ti from c1udk? From limc::'tonc? 

REFERENCES 
J ClarkJ F, W. , RullcHn (j Hi F. ~ . Gf'()logic'ul Sl1rn'~-. Tilt' J)nt,l of Ueo

chl.'llli!itr y. IOHi J p. 3-1. 
' Merrill, G. P., RncksJ Rock- \:reathf'Ting and Soil s, ]!JOO, p. 15. 



CHAPTER II 

WEATHERING 

l~ocKs are broken down into soil material through the processes 
(,I' weathering (Figs. 3. J, IUlrl ;j). T heBc l1lfl} be divideu ill!O ( l ) 
physical agencies that break the rock into sIllul1er pieces without 
affecting it cliemic..rly, and (2) chemical ng-eneics th.t ('hunge the 
composition of the minerals fa nning the rock and in .0 doing exert ,--

Fro. 3.-lrre6rular weathering ot rock due to Joints and fltrntificatioD. Note blul at bue. 
- (Chamberlain and SalUibury, C()urt~8Y Henry Holt. & Co.) 

a marked influence upon its physical character. The work of the 
physical agencies is di>integration, while that of the chemical agen
cies is decompositi;)n. Each is accompaui ed and aided by the other 
in its work and toe changes tend to produce more stable fo rms under 
e~isting conditions. As an illustration, feldspars are not very stable 
lllinerals under ordinary conditions, and bence break down into 
substances that are more stahle. The chemical changes produce 
hydrous aluminum silicate, carhonates and free silica which are 
much more stahle than the feldspar from wbiob they are derived. 
Physically, the clay is much more stable tban the original mineral 

II 
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ill' i'\('11 tlil' ('0:11''';\' .. ni! ('Oll;-;titlllilli..: ll{'c'au"c it llH ~ flpprofl('he~l m {ll'l' 
(·III:o( ·ly 1 Ill' J j IH i t Ilf 1I11 ,(·han ivai cl i \ i:--iilll. The ul h('I":- llI:ly hl' lJJ'(,kell 
dflll'l] IIlto _..,wililer fraglllt'llt::i IJ,)' iLl.' agc1.H.:ic::-. oj' wl'u dJeri llg. 

FH, 4 .-.\ JUOrt' r..dnm('ed IItll.gc of wentiJ{'rinR than Fi~ . 3 . (Chamb('rluin ami SaJi~I:JUry. 
C<lt1rl{,~~ 1I.'nry ll olL & ('0.) 

Fta. 't,.- "Cupiwl Rock:' Butt(" ;\IODllWll . The different lcn!.ls are due tu \'!\I'ying hurd
n(l~ of the rock stratll.. 

]. rHYSlC.\1. .\ (lEsOn:S. 

(a) Heat and Cold.- l n gene,""i, subslancos cXJland wllCD 
bellied 3ud eontra{'t whell coolt.·d. This is true of rocks. They are, 
ho\\"erer, poor cOllductors of hent and the high temperature ~f the 
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ruck extends to onl,'- n slight ~kpth. Tht' g-reatcl' ('Xl'UIl:,it'll oj' til(' 
:-urflu'!' prt)(lu(·l'~ II :,ll'aill tlwt fn'qlH'lltl,r t'il U:-i.':' a laYl'l' to brenk oiL 
'(111\(..'1 iUles wit II (_'('lll!-:id .. ,:ndde yj<J\I'I1('(' (Fi.!!. Ii). j 11 iAHrel' (\tl i
fllnJia . :-blhs U;'o: much H~ it'll ft,{,t lUll.!! fwd fr(llll l'i[.!id io tell inl"lll':' 
l1JiI·k haH' 11('l'lI o[li'il'rn·(l nil till' ;--{lUl!1\Yl':.:t !'idl' of rol''' {''..:llll:o'l1l'l':' 

tll;n \\"l're prv\.lUC·{'ll iu tlJi~ wny. '~IHn y :-;illiiI;JI' \':\"\':': Il\ay ht' ~t't'lI ill 

Illl' arid fc!!i ons in Foutilw{'f'I('rll l 'llill'(l SI;I1CI". n!)\Jlllt'r~ ;In' :-Olilt'

tillll':-- ((Jull'd ill thi . ..:. lniitu(lp tlJilt ~how p('rldinr {'xfoiinliull dll(' tn 
lIJl{,IJual heAting. This actioll j~ mOrt' IlUtiel'Ubl(' iu fillC-:.!T<lil1(·(i 

Fto. 6.-E:do1iated j!rallitc in the Sicrm Kevadas, California. Previou s glaciation 
has removed the lo,,;H! Illllteriai, I-!i\"inj{ tile ugcIlC;\· of heut a bcttl:r clIIlIICt:. i{u,·kl:I, H (, ... k
Wcuthcring IWd :i()i1s. ~I()rrdJ. (Cvurlf:sy The l\llu·ruilluu CornpUIlY.) 

than ill coarse-graincu rock~J and in higher aHituues '\\'h ere the tem
perature changes arc great and !'utldcn. \r. H . Bartlett 1 ha6 shown 
that granite expalHh or (:ontJ'art;.; .(10000--18 of au ill('h pel' foot for 
Ctl(;h llegrec Falll'eullCit. .)j a rhle changes. .OO()oo.j(j, while sallustone 
c.:hanges .OOOOO!l5 of flJJ ilJe·b per ilegree. ]"lTl1<"1 ira] flppliC-fliiolls of 
this principle ba'·e sorllciirnes beeD made in quarrying anel in rc
lUo"ing rocks in constructing Toads. Boulders ma.\· be hroken lip by 
heating and cooling ~udaen1y. Hocks are mAde lip of 'l"nrious min
eral crystals that PQssess dillerel1t coefficients of expansion. The 
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repentcd differential expansion and contraction of adjacent unlike 
miJlerals due to temperature challges of doy Hud night loo::en the 
l'ry:.;Lll ls. (·nusing the J'ock to <'Tum hIe. This plays i1 morC' prominent 
purt in tile hreakillg 110wn of coars(,- than fine-~railled rorks. In this 
way roc·k s 81'(' weak ened find finally reclu ('cCl to soil material by 
ot her agell cies. 

(b) Freezing and Thawing.-Irhcn water passes from the 

FIG. 7 .--COlu mbia Glacier overriding II. forellt, Als8ka. (CourtellY National Geographic 
Magazine, WB.!IhingtoD, D . C. Copyright.) 

liq_uid to the solid condj tion its '-olume is increased by about nine 
per cent, and the force exerted is 150 tons per square foot. or over a 
ton per square inch . Irater frequently freezes under conditions such 
that part of tlus force is udcd in enlarging credces in rocks, break
in!: off small fragments or displacing masses to such an extent that 
when thaw:ing occurs thev may roll down the slope. This is espe
cially noticeable during a morning thaw on stony slones free from 
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ycgetation. Very porous fork:.: arc frequently dislnl:egrated rapidly 
by frce:d ng. especially whell the J'ock$ uppl'oR('h su..tumtioIJ. HlH'ks 
pos:::e~ ... ing yertir .. ll joiut::l or nUH]e up of inclined strata 01' different 
muteriHi will weather rarial~' \)ct'HUS-(' o r gren\(.'l" a1worpt ion of wntL'r. 
rrhi s adion aoes not O<'('ur ill tropi ral 01' ~uhtropi('al climat"ce;. hut. ill 

remperllte 1'8f!1011S it i ,1.; H:ory importlmt in breaking nOlnl rnc·ks and 
ill keephl~ the Ruh~(lil Opl'l1 sO ilwt hoth nil' <llld wat er may ('nler the 
::"(lil mu(·h man'" l'('ilrlily Hlltl enny on th eir work to a greater exteut 
UP()Il the underlying rocks. 

Fla. B.-Front of Cnlulubia Glacier in 1910 compared in height 1,,0 Bunker Hill Monument.. 
The pinDllck full ft few minutes after the picture WUII taken. (Lnwrence t\'lu,rtin.) 

(C) Glaciers.-At the present time the work of glaciers is lim
ited to a cOliparati" ely snudl area of the earth's surface (Figs. 7 
and 8) . During the glacial period about half of North America 
and Europe were cO"ered with an ice sheet, and ihe work of this 
agellt was very importllllt in that it le"eled lillis and 1111ed valleys, 
ground up and deposited large amount s oi fine soil-forming mate
riaL 'rills deposit is fouud not only OJ] the glacinted arens. but was 
carried far beyond the ice sheet hy water anel further distributed by 
tit wind. Glacial areas are now confined to polar and a few moun· 
tainous regions. Greenland with an area of 500,000 square miles is 
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Ill!"!!'!'!\" v(/\"f'f'{,d II\' 1111 il'/ ' .. diP!'!. 'J' ld~ ,IP/'I'ollt·l!r:-: , .. Plllt'whHt thf' «(llt

di,'ior; tllill I'\i:,,'l'd (HI'I' _\111'11J . \ lIlpri('11 Hllrl E tH/JII" durill,!! the 
g-lal 'ial pl'l'inll. 

( ;1;]111'[';0: \'OII:,i:,1 (If il'(' rllJ'lH('d froJl\ (,~I(,!l:--i\"(' :1(Tumtdalif'll~ of 
"llnW . T Ilt' IIII,\iIW il'l' \Ill/I' .... :-;llllJt ' oj" fill' lilw .... or ~tr('llltl:-- :lIld (lor.~ 

tIlt, ~anll' hilld uf ~~\)rk, hut \]It' J'Hl't that it'e i;-; ,\ ~ol i (l ill Illy p-i\,':' ii 
gl'f'1l1 gl'11Hlilig lJ()\\"{' r. 1 1'(' 4'\I'1't:, ,1 p n 'f.::'IIJ'E' Ill' forty pot!l!d~ 111'1' 

l-f!II~I1'f\ itwit fo r PH']'.'" OIH' hll11llrl'11 ft,(·t in lhil·kll(,fo;~ . and g('ol(lgi~b. 
\', .. aillllltt' lIn' i('l' III I I1IH' I ll'I'1l fnlill fI frw hll!1d rf'd 10 {i,,'(, thnu"':Hn(l 
ft'I'1 Ill' 11101'1' in tlti('kllL'''':'':' during "H' gJlH·ial lH'riod. T lti ... f!TPllt 
IH·(';-.;, .... ll l't' gin',,; t ill' il'I ' inul1('Il:o.v dl'1l1i(lill~ .llld g'rilltlill,!! POWI ' !'. 
U l~l t·it,!,,, IIU)\t' frum it ft'w iucllCe to 5U or GU ret'! a (hl.' -' I hl' lllm-p-

FIG_ n,-T ht' mnt(' rill.1 ~:lrried nnd rl'lllNl h~- st n>n mro ,Lrh "CS t hem t hcir ~rcBt eroding power. 
, l·. S, 11e('i:JIll,ni" n St'r\·i('e .) 

lll f'lli jwillg Ill OJ'(' rnpi d i lJ summer. In iL ejr m O\'(' llleut hll'gp llhl:--:':P.s 

Ill' 1'111-\, ht'l'OllH' illllll'ilt'\Vl1 in 11w It tltlClm or HIP ginl'iers, grom-illg 
:lilt! ~]'itldj_llg Iht.' ... olid nwk 0\'('1' wldl,l! Ihey Jla ~s. It 1111lH be 
l't'lll(' ,lll\Jf~I'I'l1. hmrt'Y('I' . 11ml the in! d id Dul huld these rj gj dl ~y . 

(d ) Erosion of Streams.-F{()\r ill~ \\-aler doubtle!'s is the mo o:;t 
E'.\:tl'll~ j re jJl1y~ie1:l1 agl'llt ill tlH~ fO l' lll illin,1I of soil 1llllterial at the 
j ll"t,:,::<,tli ti ll ll' . T he ~tl'Cl:tllJS with thl'i r luna uf clay. silL, i'(lDd, g ra"e l! 
;1 1111 e\'('11 houldl' l's an' nut only U:-:ill ,~ these tool~ to dcepcll and \\'itlcll 
thl'i r Ya !l l'yi" hnt t hey ;11 ';0 g-rina til(' mater ials into powder fitled for 
~(l il fn f'llJ at ioll. Thc ,,,(Irk of Jl1 oy i n~ wHte r vll.ri e.s a$ Ule ~qua re of 
t he re lor-ilL If the y[' IQ{· ih· i. douhled the ,,·ork tha.t. the stream is 
rtl l'il ulp of 'doing will he increa8<'Cl fonr tim e::: , 8iJwe hy douhliJl,g the 
\·olooily. t wice the number of particles will . trike an object \lith 
double the force. T be dD<'l'elling and widening of the stream chan-
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!lei if' due' maio]y to the meehHllirnl w('a r or fri rlio ll of the lTl.ntcria l 
ra rricll hy the water ( Fi g . ~)). l ' ll'ill' wate r ahmdl's Ycr," slowly. 
,\ rapidly fl owing strcllllll'll rryi lig IHl"j!r illllUllld s or rHlIt eri ,li ahrades 
it.1: hed \'Cfy rnpiuly. 'I'hi ~ lflfiy l)(.~ illnst rll ic(l ill 111(' \'a lleys t.hnt 
han:- heen cut hy strcrum: tillli ('ontflin wHtrr olily nft.rr VCI',\' hCR'J' 
rain!':. Leyc'\ pJah'am: haH' oc('n rli:,:,.;:('rt('d Ilnd ('hnng('(l into fl rug-gcll 
('ountry (If hill s and Y1111t'y::': by ('ompn rn t-irel,r p,rnnll wet w(lather 
::.tn'nm·~. rr he {'Ili ire land ~U l'ra r(' h ft~ heel! gTf'!lt ly 1l1(Hlifiec1 hy this 
process find the transported material used largely ilJ soil formation. 

Fro. lO.-Inner gorge of Orund Ca60n of t he Colorado Rive r, Arizona. (Walcott. U. S. 
Oeol. Survey.) 

Captain C. E . Dutton' estimates that 10,000 feet of rock strata 
havo been removed from an area of 13,000 to ].5,000 square miles 
by the Colorado Birer (Fig. 10). 

\Vhen quartz is ground up through the action of moving water 
much saud is produceu, and after these particlCli hare been reduced 
to a certain size the permanent water film protects them largel,v from 
further attrition. On the other hand. feldspa~s Iruell suhjected to 
attrition form un impalpable mud or clay accompanjcil hy consider· 
nble loss of ba.ses such as potassium, sodium, or calcium, according 
to the kind of feldspar. 

2 
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(c) Waves.-WnH: :ll"ii(J1I i;o:. ('0 II fi 11(,(1 to U1\' :-:11(11'(':0: of :.<ear-: and 
Ute hll",!;lT Jllh!':\, I II 111,1 ".\" jdiln.' .... ! his Ilgl'IH'_\" hl'l':lk .. do\ru 1'01 id j·iifl';-: 
illio Itlil."';O:('/'O of I'tl('k IIW1 11\'l'(tIll(' 111"11"('11 HIli! WOI'II illto TOllll(I(·~l 

IUIIIIIII'I','; , till'lI i ( l pl'I,I,It'I'-. lind fill.d !y illt" jilll' Jllill!'riai thaI i:: (-;]1'

I'il,d Ilway and d"pw .. it t'd in tlt'I'!ll'r \\";ltl'l' OJ' ill ;-;ill'itC'J'I,d iJdl,j~ to 
fnl'llll'lll'.". Oil tilt , .\t1;llltj{· C(J(\l't cd Hl'i tilin W{j\('F- FOJlwLilTl(',<': (':\('1'1 

fL prl':O:,":uJ't' Ill' t]ln'c trln~ Pt'T' flqnul't' f(l(lt. '1'h(' on'mge j'prr'c j.;: (ill 
jJ(JIJl1d:; )'1'1' f>qllnl'l' fO{lt ill ,t:LlJ1HIl(," [lll(l ;!n~(i POlIII(ls in \\~i ld('r. 

Enc· 1l ware result:;; jlJ Ul(~ morem cllt of m.oro 01' Je:,,!') material, and 

FiG. 11.- 1\- illll_f'flrn·d gmnitl'. The lools were grain!' of I':md . Camps Bny, S. AIrica. 
(C1UIIUhcrillili und ;::;Il lisbury , Cuurl(;sy Hcnr~' Huh 01:: Co.) 

Lhif:: 1lI0rPTllCIlt i:-> [I(·c·olllpauiNl uy ntil'ition producing nne material. 
Shall'!' lUls o!/s('ned thliL ill C .. IJ}t· ~Ulll. 1'11],55 .. grauitic padllg blocks, 
weighil1g <I h(lu t, twellty pound..::;, ,yhell exposed t.o the action of the 
8ll_rr for a Yl'nr, were worn i_nto spheroidal boulders tha.t would indi
cate a lo~:- of more th~n An il1(;11. 

(f) Wind.-The movement of "~nd is uni,ersal, but its effect 
is destroyed Or greHtJy reduced. at least, at ceTtain seasons or the 
yeHr orf'r large area::; of the lanel surface by the covering of vegeta
tion. Along the coasts, in the arid lllteriors of continents, and 
during winter and spring in many areas, a large anl'mnt of work is 
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11\1111' hy the willd iu wearing UOWll ~ulitl rot'k:;: ond ('onrs(, Foil mnt('
ri:iI~ i1llu du;-.t. The inqHl vt of , .. aut! pllrti(·it.·:-; a,f.!:aill~t r()t:k~ alld 
1I.!:aiJJ:"t ('iltli (.tlie r gradually \n'al'~ tlll'llI clowlL inh) (ill(' 11Illl(·ria\!) 

( /:i:.:. J I). The Jarg(,:o'l II ulld,t:r 01' I'll rti(,I<,.s ,(!'{-' f1 !(H I,d lle',\ r til<.' S(I r
{,Wl' Ill' Uw groluld. lIP!l('I' ill{' grt·,d(·~t :llllOllllt of ain':l:..;io]l will tuke 
Jd'l!·l'lhl're. _\ i!olllut'1' will he \\"01'11 awny ~h,\\'ly ull ! l ll~ willliwnni 
:.idt' ill lIt(_' int.'L' ulltil il topple .... lJrl'l'. <!lId tIll' 1'1'(/('(.';-: ,"; ", ill then lie 
n']'t·lIll·d uJltil il i..; l'tl\i rl']Y <l1':-tJ'()~'t'll. ~\l olI;.! :--h'lrf';-' UIl' gl a :5s in 
\{"iltd('\l'~ of IJPll"'{'~ i:: .~(lIIit'lilll(·," \\ '(I t'll t1JrougiJ I,," Ut(' iltlf)llct of 
:-illld l'<IrLidl':;' U11(1 all ill;-olal1l:C is 
~i\('11 Ily l\1L'l't'ill;\ Will'l'(' thl' g]a~f.: in 
:L ligIJthou~l" \\a~ rUilll·d dlll"iJlg a l"ill~ 
gi(' ~lnrlll. S:II\(] Id~ll"t:-: <trt' ll~(·d to 

r"'{I(JUt'(~ ~f"(l!l1Id ~!:u.~ . TI ll' lwtul"fl.l 
1ll!lllllllleJlt~ :lIll1 •• 1Il1l~llnl(111I •• !"O('ks 
ill tLil' 'rl'~t (,\\'(' Ilwir \I[·i.!!ill ltIrgcly 
tn tlH' w(lrk or 1 he wjll!l. 

(g) Plants. - T ile lllr<'imnical 
lId inll til' p11!1l1:; i.-i ~IIO\\,II hy the 
gJ'lIwth of I'(loi-:-; ill ('J'l'\"ir-l'~ (II' fi!'=:o-u res 
flj" I'IJl'k!- nlHl tilt' pl'.riJJ~ ujlar t {d' gr'cat 
III'I.'-l.l-.('!-;. ~h u~ gi"illg nth0r a~l'nCiCH 

.111 uPP(lrhlJlity for elfe(·tire work. 
The f01't-e cxel'l(.~d ".'1' lHu .... /!r(JoJ1] . ..; or 
I()all="tIH)\s iR :;:'ollietiTl1t':o-: !i'llfTivicllt to 
nlil"e l.Juc-kR of' ~tone. ",hill' c'cml'ut 
willk~ 1_\J'(! f req uently rui1led I,y the 

jiftillg aL'tioll of 1"()ol~ of tr('c~ grnn'- Pill. 12.-Thc roots or tl'f'C!\ rflrn, 
ill}Z" flllj;l('cllt ( r' i::. J~). Ffilgurd:l WCdJ.:f'8 for pryillg m('ioI a.part. (Gil, 
mnkcs thif.: statement. C( _\ r'tl1f111l1('a~- hert .. U. S. Gcol. Survey.) 

urelllPlIi has shown the forc·e with whidl the rooi. e,g .. of the g-ardell 
PPH. pelletrah$. to be erjual to hom ~e"en to leu atll1o~phercs per 
~qual'e llJch." 

]1. cnEMI O.:\.l~ AGENC1ES. 

(a) Acids.-'l'he aimo,pherc;n all local il ie, contain, morc or 
Il'f::;I. arid gnscs, which in ('omhination \\;th tIle moist ure of Lhe air 
form .. H:idf.:. that are brought clowu \vi th the raiu. Thc;.;e arids are 
much more abundant ii} tbe vicinity of nUlllurnctu rinp:: plants, smel
ters. and large cities where they aTe proaueed, lR!"gely hy the burnjng 
of coal. Sulfuric acid is probably the most common of these and 
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('oJltrihut.cs rnucil t.oward tIle hI'L'akiug (lowlI uf ro<;k.5. Nitric "lcid is 
forllll:u UIl(.ll:l' ccrtaill c'OlJJiliolls ill ill!;! H.llllo~pltl:J'e, lUlU, al:.JlUugh 
rill' <LItJOlillt rt'udJillg tile surfacu oJ the l'ilrth IJl'r "(:I'C pCI' aJl1lUlll is 
~JIIaIJ, <lJ1IIIUlltillg" ;It l {olhilllltiLeJ. EJ'glaod. to from :U·I] jJounds to 
:!.!I.' .. , POlllHI:::. ,H'1 tIll' /IIIlg"-l'llIltilllJl'U Ht"liull of tlIi~ u(·id during gcu

log-il'lll tilJLt! lUi:; dllllC <l t!"l'cal lil-1I1 toward ],reakilJ~ dCJ\ru ro('k~ julu 
~oil 11Iat.cl'i.)1. ! \\ )::.\1l11\! i!j(.'H\lIie;o:. 11,HI'::od.lhll·jl· ill'iLl fOl'lHS a yel'y 
adi \ t: ag'cllt, t.'~J)( ·( ·iIIIJy 1I puu I i llll'~ tlllie 1I11d llJa rbJ e. 

(I,) Carbon Dioxide.-Tlll' lllU ... q ell't'l,ti\ll ,wid illllc('ornpl)s illg' 
J'ol,k:::; i:-; UJllt lJl'utiul'l',J by tilt.' U!1i(11J lIf carboll dio.\ide alld watl~r, or 
('nrbOlli(, lu·jd. l'ill'lf~J!1 tljp.\idl! is roulla il.l the <ltIl10~l'heJ'c ju all 
1\ll'lllitit·~ . iJut, of (·ourS('. jll :.:lig-htly grL'H\t'r qU1UJ1jtic~ DUlll' <.:ititS 
illld ru.ct(II'il';o. th,1I1 at o1.her pl:wc:-:i . J t js (.'{Ill::;.idl'reu a wt'uk IIt'id, ,)'t't 

;lCl·HUSl.' uf \he f'H·l.. Unll.. it i~ .. dwa),?- l)l'l':::CIlt., it c).t.:rt:-:. au llHlUcnse 
iJlfiut'IH:e ill bJ'('a kiJ)~ duwlI l'\)(·k~ , e~pe(·ji.llly those toutailling lime, 
lIU1gm::-:ia, 1,()t.at'it. a 11(1 ~(Jd<l. Tile f.:oiJ air t(Jl)1..Jill:-. llluc_·h ]arg~l' 

1l1l1(IWlls of ('<11'1,1)11 dioxide thnu (he air aI,O\·c. thus I)cJ'('olating wa ter 
hCl'OIllCS highly (·IHlrged lH.'fol'c ('liming in i.·OJdlwt with tJlC J\)d;_s 
Ill'llt'l.Ilh. ( 'nr]foIJl1tl,d wnler is llil allllost unj\'crs.al ":{Jln~llt. The 
r11l10llJd of etl/'hon di(Jxide ill ail' undel' tlifferclil c(')IIdili(JIIS is I'>hown 
hy lhe rl)l\uwin~ b\)le: 

A ilia/wi ()f ('(frbvn /J; IJ.ri(/v il~ /l1f' ..... uil . 11~r, fll/d ill Ih e A fIllOtip/tcr(' ~ 

UrtiilUlry Iltmos1)herl' 
A ir f rolll sa nd\' su1Jsuil of fon'.'St 
Air fnllil l t l!l.u;\' suhsoil of fun·~t . 
_.\ ir f l'U II! :-;lIrf~{'C !:IoiI uf fllrl':'ot . 

..,\il' frum Sll rfll tc :loil uf , · ilLl,\'ltl'll . 

.\ ir fro!ll plIstllr(' lwil . . 
A ir fU1Jl /!'tuil I·i(·h ill hUUHlS . 

Par ts I'~'r Hlil!iulL hy weight 
:!8:) tu uOU 

",~OO 
12.400 
la.(IOO 
1.J,(ion 
27.000 
,j·L300 

Fischer hm: ~hn\\,l1 th.d. in raill Hlld ~JlOW WIlier the amOllllt of 
('arhon dioxide "urieS h('lWCt'lI O,;?'Z Hiid U . ..J~ pel' ('cut 1)." ,·ol ume or 
water. fJ'he::e _figu res fl('cordillg to :Merl'ill \\"ould gi'"c lor the Atlan
tic ('oust ::;1"le. a deplh of 3.1'5 mm. of ('arhou dioxide brought to 
the ::urfac'e itt ruill altd snow, for thc upper )Iissis~ippi "alley 2.50 
mIlt .. for tllc lower ?\li ss_ j ~£:ip]Ji ntlJey .J.nO mm., and for the North
ern P<L(·jfil' ~tclTes 6.25 111m, \Yater percolating through soD would 
a.bsorb additional aJl101:wl.s. 

(c) Oxidation.-The only element ilial free oxygell of the air 
acts upon is J-ron wilen ill the su lfide or lerrou~ connitinn. ' Vhen 
the iron of the sulfide is oxidized, iron sulfa. te is formed. wh·ich is 
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:'tIOt! furlher oxiuized so that the hydmh·t] (er rie ox idt' nml sulfuri c 
add fire jll"UdUL"t'il. The n:~lIltjllg' oxitlt' i~ llwl'h sufter. lUu re l;n . ..:ily 
rl'!l l m 'cd hy wuter i1ml llWl'l' hlilky than till' sullid ... . IIl'III'(' iJi.'l'OIHt':-" 

quill' :t1'~{)~'1K'11t or 1I1oi:-:tllrt' a,nd i~ tJIt~1l J'l'i1dily uff('('\l,d hy fl'(.'l'zi,,~ 
lind thawillg. 'f lit, cxpall~ioJ\ pruciw'(.·d liS till' t·II;lIl~1..' tl'll(l:i 1(1 
Itll)~L'iI t.1H' t·r.r~bd::: (d' the nl(·k HlId Il1 l1kl' it \"{_'ry 1'11~( · t·Jltil.!j: \11 t.llll'l' 

ag"l'/!(';{";;: ' ~ 'IH' ,",'lliI!' j:"\ tru(' in tile {'II~i ' of iron {'x;:;;iiltt: ill lhi' r('r"u!l~ 
l'olldit-ion tither n;-: a. ('flrhl111ali' (II' ~i li (·at(-_ ... Tlw I'e:-:nlting 1"·O{l llri:.: 
or d(\('Olllpusilinll h'ud In ('(l[ur tlw ~oi[ lllnil'rial. 1'1·~,("1(·illg H JPI-
10\l"i::.h. III'ownish . (II" T\'lldi~h f'O\O J'. 

(d) Deoxidation.- l -lId('!' ('('I'toill ('(lUtlit.ioIlR OX,rgt'll will he 
t'{'fII(1n,d trom SMilt' (·(IJIlP(IIHI(I, ... !Iut fl:-: II r1IC,lllr' lor' hreaking down 
l'1l(·k:-: thi~ il' 1I0t \'l'r,r illll'orLI1I1t. Th e t'hi('f <l,!!('l1l'Y ill dl'oxidat.iol1 
i:-. (1I'gall i<' :will:-:. The gn';I\ <Itlinit,i' or lhl'~e Hc·ids I'll!' oX,vgt'lI 1'II11hl cs 
1!Il'llI to bike pn1'l oj' <Ill of if JflJJll r·L'!'l.1lilJ ('OnlPIIUlIcl:-:, l'SPl,(,j})Jly 

th~I~t..· 1)1' iron. ll~ (L\idc:-: n r fo;uifat(,:', IHodll('ing <1 difr('t'l'lIt l1Iinom1 
wilh clJtirely difl'(·rcllf. pl,.\':,il'al jll"U[!l'J'li(':'-, till' 11lO::.t lloti(;cahl(· of 
wllldt un' color HUll Ittlrdl\\'~~. JII :-"nII1l11~ flrg<uli(' I1c·id:-; I'rcquellU'y 
J'eliu('(> fprri(' oxide::: 10 fl'nun:, oxides illltl ~li!r;\t ef' to ~ ulfid (' l'. re:-,ult
itlg' iu a grayish or (lr .. d, C"dlur jn tllC sl.Ilt..:oil. Th e' grit_\' ~lIhsUf(;Il't' 
lllitl sllb~oil or l1lau,Y oj' 01.11' I'ourly draim,d :'I.)il::: an."' \llld()lIhtt~(]l'y 

due to the ]11'0<.'12:-:"; oj' ueoxiuaLioll. rJ'h e I-'uil ul1c1e l' a lwwL hed is 
1l ,~1l8 1J y anlb, jlld)['ating a I'f'llu('j ion of iro)!. 

(e) H ydration.-lhtrillg tile pro('c;o;.s of wcntilcring certain of 
the (.'omlllOll minera ls that [,OlllPO::;e ig\]eo\l~ fDld mclamol'phi(' rO('I\ :-; 
ulliLc with water wbidl not oilly ('Ililllgl'~ t.he chcm i('1ti comJlo~ition . 
but pl'()(lu('e~ ,-cry illlportaill ('it'aIlg(':-: ill 111(' pby:,i("u ('Ilal'fl.ctcr (If the 
miller/lis I.htlf. aid ~T(·(lll.r jll hreaking' them dmnJ into sni! nHitcriaL 
Thi~ tlJa llge j .... u:,ua.lIy attcndell with 111(11\' (,I' lCi-)~ 10.'::; 1,y :;;olutioll. 
Oue of the most important e:1Hlllg-es iF- i llL' illl'TC;l~ ill Yo1ull1e, hy 
which tbcrc is n. tcmlcDcy to rupture t.he r{)(,k. ] f 110 lo;;:s iflok place 
by solution, tile ('hall~!(' ()f g' l'lluite into soil through "flri()u~ JJl'()('es:,e:o: 
(If weutJlcrillg " 'oldd g-ivc tHl illC'fcase ill Iwlk of ilS {Hurl! 1.1 8 88 pCI' 
(>eut.n a lUI'g-e part of' 'whic'h i8 elm' to hyllration . .H. the Sfllll C tinw 
lhe hardness of the ro('k is .Iowered very matcTialh·. and ihis, of 
('ourse. gi'-es other ngew::icfl. n Letter chance. r_J11JC ahf:.orpiion of 
water will also be in crea:-:ed alld rreezing a.nd thawing will be mol'c 
effective. The general resu lt of hydration is to Tender the rork ,-erl' 
susceptihle to other agencies. The process of hydration go,!> on to 
great depth. Apparently solid hu t hydrated Toek taken Irom many 
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ft'l'i l'i.'IJt:Ulh 111l' !'=Ul'folt'l' will ('rUlllhlt, (If •. :-;lake ' upon l'xposu re 

10 IIH' nil'. 
{fl Solution.-I\":d('1' j:; a IIlIir('l' .... 'iJ HdrPIlt. lnil ils I'(IWCT is 

gn'llily 1111'rl'a~('d hy lh~ pn':'-L'IlL'l' lir :--lilJ:,hllIV(":-; ill ;o.olllli(lll ~(l Ihal 

il \1('('(!llll\,,;1, \I'ry nl'li\I.' ;\,~t:llt in hn'akillg 1.\ ')\\'11 flll,k:;. \ \~ dH{·it·lW: 
i:-; !!1'('1l1I,\ illt'I'l':J:-I'd 1,,\' till' PI'P:o'v]il"I.' (If (',lrIJlIIl 11i ,l\illp whil'll i:-; 
ali:-",rI'Pd hy rain \\' fIJI'!' rrulll tilt' ntlll,!,.;phl'l'f' <llli! :"Iill 1111I1'l' 1'],(111) 

rill' :--nil ilir III" it fH'/'t'(!/,i(I''''; t11f'(l[l,: .. !"iJ ili l , 8(1i1, (lu' ail' or whic·" r-Oll

li'li)J;-: J)lr~t' ;11ll1)Ul)I...: !lr (';itblt/} djpsj(11' . The ,\:;.,14:1' thuo: IW('(JnJl'." .:1. 

Yt'1'Y ndi\\, :-nht'llt ("'I'l' 1<1\J\(,. pa,:.!'<' '20). 

~i( )~ . .. 
AhOa, , 
H'~(h .. 

h·O ... 
C'll), .. 
~ I g() . 
l\'a~( I " 
l\ zU ... 
P~O b' . 
CO, ... 

Tutal.. 

In ] ~ .. q~ H()_g't'r:o: H rotilt,I'!<i.; ('illTiv(l on z,;uDlr ('xprr illlf'lJi.r;:. tn f:.how 
the powl'r of ('llr!Jtll1:ltl,d wHtel' ill (li:-;!'oh'illg lllill('J'(!l~ of din·(.'l't'llt 

kinds. '1' 11<' llliu('l'al:-; Wl~ re ]Jo\\"(ler('ll nUll digl':,,;t('d for ~Io houl"~ in 
("arhOlJall'tI ,nJl<'I'. alld from OA 10 1 'per ('cu t of the whole maHS was 
d i::soJrea. \rlll'Il"1O gmill:;: of pO\nl ..... rl·a h0r11hl~I'I(1l' Wl'l'C digC'sted 
fur..JS 110urs 111 ('l;1rhOJwl€'<] 'rntcr Ilt H j("mp('rntul'L' of (j() dcgr(>Cs P., 
nil' fullowing PCI vClltages Wl'r(' tliRsnl\-rd: ~ili ('n " (l.OR : oxicle of 
iroll. n.m);): lime. O.l~: :mcl ma.!!JlC':-,in . O.m)5. It is to be under
siood that thi" pro<:e's will !lot (ake pla"e so rupialv uDoer natural 
(·ondition~ i)('c8use the llliW,rtiIs fin" mOl'C llUlS:;:.i\'('!, but at the srune 
time t-he proce:"s is going on C'ol1sta ntl.\~. Ri ehard l\[i.i1ler ll!)~ shown 
that during H·'·en weeks of trcatment of minerals with carbonateu 
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w:ilf'l' ')WI 0 .. -):$;1 pt·!" j't'IIL til' ill!, t.'lI!in' \\'t·j~JlI of OJi;,rDelJHW. 1.:1;) (j 

pt'r j'\'lll of honlu\('lId~, \1.;)0: PL'!' ('l'lli ot' IlHl,!!lh.'liic. :!.ll\t') pCI' (·(.:lll 

{If (\jlillilt'. :..'.111 J'l'!' ('('lit 01' tdi\ill{' and 1:!11 JWI' \'rnt or :-;erpl.'l1-

tim' WI'rl' di;-'."I!Jn,(l. The j·nkiulJl. mHgIJf'.-:illnl. Hml (1)1<,1' ctlknli:
Wl'r(, in ~ol\lti()n III ihe f(Jrlll ()\' \·Hrh(ill(ltl'~ . [',lrhnmdpd \\l\lpl' Itt'is 

\1'rY T'l,;\tli!y upon lillH· ... I(lllt' . and 1111' \';l\'l'rrl).: fnUlLd in 11111' Inr1rl' 

1illl~StUl1~ J~PO:::jl::; iu llliIlui~ ) IJldjalltl. KCH(,U(;ky, aud rirg-iJliu bl'~r 

Fro. 13.-SwJuNitcs flad 8jala.~lJ)ite8 formed in 0. l'sve:rn from iimCIIT.O[lC di!lllllh'ed by 
catbQIl~~ted waler while passing thro\l!'h t.he ro(;kll abo\·c. Rocks. Hol'i"W(!4tbcrinlO 
and Soils, .\Icrrill. (Courtesy The MllcmiHall Compa.ny.) 

e"idence of the great rol,ellt power of water. It is stated that there 
are 150,000 miles o.f subterrmlC811 pa::,s8gcwflys in the limeston.e 
rcgjon of Kcnt.ucky._ and practicaUy all or tltis material was removed 
by carUoTIated waier. In t hese ra,es the stalactites amI stalagmites 
Owe their origin to the limestone dissoh'cd by the water before it 
ente"" the cal'ern (Fig. )3). The ,olution of the limestone has 
produced sinkholes on the surface that gives a peculiar topography 
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i() ('HH' rcgi(III R. T Jlc!'t, ,.;:.illkhul<,s {)r "a~iJl8 YUI'y in !'izc from trD to 
iwo illllldl'(,d feet or 11101'(' :\('r(li'~ and i'ro lll liln'c to fifty feet in 
d('plll (Fig. 1-/). 'J'h<'y nil'_\' ill JI'<'quelJe'y 1)/0; ,,'ell II):. sile. In ."onw 
lo(;alilic::i tllI.' re urc only H Iew sma ll ones thut are Dot objcdiouu.hle, 

FIG. 14.-SiJj)dwJes in II rRVI! region-Southern lIIinnie. The bottomll of the lIinkhole", aTe 
dull OCCllpiL-d by brush. ( H . C. W)I( .. '1.:icr.) 

while in other Tegions they arc So lnrge :Iud f requent thi1t the Jand 
is onti rol)' worthk.,., f or cuitirntion_ Il"hell the oullet from these to 
the ttl" C !'ecomes clogged, "sinkhole ponds" result (Fig. 15 ). In 

!?J:o. 1S.-The outlet. of ainkholes lomctimes beeomc clogged and "elnkbow" ponw. 
reault. (H.C.Wheeler.) 
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Hardin County. ]lljnoi~, n. lake ruryillg in size from 100 to tOO 
arres \nlB produced by the stoppiug (If the f:i nklluJc oullcL ..... 

The I'TO(;eSS or f.:oiutiun Iorru~ Boil IHi.ltcrial hy the rCIIH)\'ul o[ 
!<oluble ~lIbSt<lJ I (,(,~, as itt the ('a:-!c (II' liHlc~tOlH.'. lcl-t\'illg the ililpurj· 
tji'~, or HS jJJ ~IlJJ(_l.:,;jOJH', by tllkillg out. Ilw \'tllll'lliillg Ill,JicJ'ial, ICII"
jug the ill(·olicrcnt. Baud. alld ill tilt' l'aSe of igllCOll~ ro{,h. rellJoving 
::UlIll' vr lhe potash, ~Od;l, liIlL~,·. -1I1il~I\{\~i<l .• or :-=omc other l'ompollllll::t, 

and !c/l\'illg a r(>sitim' Illort' or le::-s modified us soil-forming Illi:l lc riul. 
Pr(llll the HIllOUIlt. (lr limo (,urhonale (',Hl'icd by the Thill1 lCS Hi\'cl' 

jj ha::: heell {.-'HjiIlWil'd that. tIlt, flH'rage aI1wuld of Ihi~ lllai<.:riai dis
f'o[\'l,d f roD! the lillll'stolle fll"ca (ll"flill(~d IIv th is i't rc<1llJ i1; 1-1:1 tons 
pcr '2-quflrc lllilc ill Olle Jcar.IJ 1t i~ estill;atcll (lULL 011 the fl,ycragc 
FOllH'tiJing like oll('-tiJil'd as much Hliltt!.!!" i~ ('Ilrric'd 10 Lhc sea 
il1 ~(Jlution ijB in ihe forlll of' sl.!dimcnt, all(I tha.t hy thi ~ 

prol'e.'i~ alone itUld Ul'I.:.!iJS would he lowcl'ed wll'wthillg like 0110 

foot in 13,000 \'cars,I" 
(g) Plants.-'-Thc Toot ... se('I'('ie acid~ that albel. the rocks and 

aid t;oJutiolJ. The J't.Jot:; of H piolut _gl'owillg 011 H. polished rnarble 
SUriHl'C removed the puli:;h b.Y ucid from the l'O(Jt~ sllllwlug the a('tion 
o[ the ac:ids Oll the To('k, \\'hile ihis lH'tiIJll ill the C:1l~c of a singlt! 
rooL is \ 'cr,\' slight, yet it play::- a t;llher importaut part ill uidiug 
de('ompositioll becHu . ...:e oj' thr lll(itlit.e lltllUI,cr of root.s coming in 
('onta.ct. with the S:(Jil partic'les aJl(] t.heir Joug-continucrl action, 
This may he shown where Lhe surl'a<..'C or st(lJ]es are ("(,,'crcel with 
ljt·hcns. Enough I'ock is broken down to ghc hitd\('1' plllnts, such qS 

It!rus) a chalJ('~e to grow, alld thcse in tu rn by the adion o[ their roots 
and uther Hgcl1cies produce more soil In:a.teriaJ that entourages still 
higher plallts to grow. These plants bol,l tlle material in place and 
allow sufficient ac('umulati on to fonn soils. 1~h (' action or the roots 
of plants on the mincrals in soils is \ 'CT.V imporlant while tlwy are 
alil·e, and e,"en when they det".Y llley aid llIatcri"lly in thc solution 
and liberation of plant Jood 11l1(] declimposition of rocks. 

(h) Animals.-Many animals burrow ill the soi l, and thei r 
action on the minerals tCllcls i.o aid c1ecomposHioll and ilisilltegration . 
This is especially important in the case of earthlmrms, auts, and 
simjJar animals. Many of these carry vegetable matter into thc soil, 
which, oy its decomposition, aids in the break ing dow'}) of minerals. 
Earthworm, pass large quantities of soil through their bodies, 
the minerals of wllich are aclecl upon by the acids in the alimentary 
canal and partly decomposed. Even the larger rod ents, such ... 
gophers, ground squirrels, and mice exert considerable influence iu 

~ 
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till' JorllJ<.llilllJ tlr , .. oil.:" )J(J!)I ill tilL' brl'a.killg dUWll oI l!l jHL'fn l:; allJ 1ll 

Uli.\i ng ur ;-.\Jil ailll :-\ul /i:)oi l. -

1. l)"/iru' \\I'attH"' ing. 
QUESTIONS 

:!. J)i l-tin~\li ,,\, l'l'lW\"'11 till' tllll f\lrltl~. 
:$. Iluc" !.:<luliTI "hHn~I' i l l l l , util,,1' ltl im' rHI,. ~ \\ 'h,'! 
oJ. III what \IUY'" UtI lil',d alLd noll! di~i ll1q.! nlil' r,;d;,,, ! 

~~ ~ ~ ; '\,.~ :!//~.'·"I /I~:~~ '~: 1::1; l"~ :;: , ~j:~;" !J :::: :~'::;t~;;~. "J J~~ ,I,.~/"::'/'~;'llll~:~"' '' ·~ i" t(l fraglll!'fI ts ~ 
i. \\ '!I,II j .. 1111' 11\\\ fur t l:" "urk uf "'lJ'I'alll ... ~ 
H. l:i\\, ~Ollli' ~(!\lli 10\'ill l':\!lUlph· (If l' l' u ... i,HI. 
H. Ito\\' dll UII' Wan'l- <111 tlll'ir work '! 

Ill. \\ II,\" J" t lu' wind t'lLl: li IIlll'lfl'i'tiH' l'I"O,.;iH' a;!cnt ? 
II. \rJlll l is tilt, "(IUITt' uf 1'!I('lI ,,' til" Il1'id..; that lIi (1 ill \\ ('ath4'r it!~? 
J::!. \\ 1", .\, du('" tl lf' :o,dl :tir ('''rllHitl f!I(JI'(' l·/tf'lll,rr diu,dd .. U,an tI,(, atIJlI'''rill(,rf'? 
1:1. 11 0 \1' 11'11'-. ",i l\ :l l\ ol1 1111,,11'11 iI 'p 111'(.'11\.:\11': dowl1 (of r(Jl·\.:"' ~ 
J..J. J )OI':; .ko.\ i tl:11 ion ;/ ifl ill UlilJ Pnll d'·(·fHllPO,.:jj i(J1l ~ 
1.'). Hrill l! ill II i-<utl'lJlh' uf ft' ld!'plIr t.hat :<ho \\' .:. hy<lratiull. 
11;. ( ' 1l11 ' tllut,· tilt, JH')'('{'lIta~(' (If 1\111\' IO"'l fnom {'lith l' UI·k ~il~'11 in lalole on 

I'llg t·' :.!~. 
1,. ( 'III"1I1:1i(' th., 10 .... :0 of TIlII g'III' ... ia ill 1. l\t' :<illlH' wa.\' , 
1:-1. How !l1'(' ... ill.!H l'ti .l' ~ ItllI{ "'''llrH :!miu.'~ fOI' II1l'<i? 
10, Why un' UII I('tltUru' :<uii,., 1'-1,) fJ:(,l lll f"UUy a cid? 
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THE PLACING OF SOIL MATERIAL 

I. RESIDUAL. GRAVITY-LAID AND WAT ER-LAID DEPOSITS 

TlIE mineral pad \)f soil:-; is dCl'iH:ll 1'1'11 111 rt:~t'k~ lhrull.!!;h i1u .. ' wurk 
(,f till' gcologi(·a l fOI'lT:-: giu'JI. Only a s llla!l parI of till' dL .. ,i llic
grated and (1t'('()lllJH)~(_'d nJl'k mnlt:ria] prudllc'c:-i :-Ivil \\'[!t'J'e first 
I'ol'uwd . H.'- fol' the largel' pnriioll i;, 11111\'('(1 fJ'(llll 1he plaN' of i1 ~ 
(Irig-ill a J'i' ''+ fcet. or it ma.y be iholl,:;;,'}))(l.~ 01' mile" , The mate
l'inl 1'('llulillillg' ill p1r: ('e Pl'OfhH'(,!:= g('{lentar," ~() il!'. 

1. SEDF.:\T.\HT }~O IDL\1'lUSS 

Sedentary Formations arc Uw:"c ill wlde'it UIC g-reate r pilr'L uf 
tIll' 11liltl'rial WH !:5 JUJ'lllCd ill p1uve, a~ Wlll.'11 \' (){:k~ wcaLlH'1' intu 
dl,lJril- fitted fl)r tile I'OJ'lllillilll1 0[' f'uiL .... , (I ]' wb ell IlI ]'g-e UlIlOlUll.S or 

11J'!.,'"'JJli(_' u);Jjl t:'J' fll'c'UllJllJatt' thrl'lI¥JI 111(.' gJ'fJWI1J Jl/Jd /J1IJ'li; I J ,jUl';!." 

Ill' I!'I~,";:-:l' , .. , ,£r"n:-lfo:l'!:'. ;-('dg'\.'~. illld oUle r plallt .. , r J')J i~ (' Jfl:-l~ of fur lUa-
1 iOIl:-: i:-, di,idf.:d lllt(l J'c~idu;d Ilild (,ulIltdu:-il' ;o:oi);;;, 

1. Residual Soils.-.\ l't.'sitiUl\l ;-Iuil is one l'o rnwil in s;t'U 
lhnmglL LhL' d(,(,Olllpo:;it.iull I:111i1 di:-,j[1t(!~rat_ioll or rock :-: find llw 
,w{i()!l of (' {'g'IW; C agc/H';c!-;, "It nll'ics jlJ ("(J1 JJ)I(!:;i t"irJ[! \I'it l! the rocks 
from \rhil'h it is dl!r i"\_'u, am] ,rt: hl}\'c ill gt'ller al th{J:-;{1 llJai.cl'ials (a) 
frlJlll igneou~ rocks.. as gmuitl'R. R_Y«'llih';..;, dior i1es. dinha:.;e ~ alit! 
01 iJers; (h) hom aquL'ous T{)ck~, E=- uelJ as f'HJlfl::: lonps. J illH'..::.toncs, 
~hales : awl (c) frOlll lll llti1IllOrphic rocks. af!. g"ul' i:-:s!"!;, . :-(·h ist );. mar

bles, alld slates. By sU) I:-;('fltH' lll (·hallges quill' dilfcl'C'llt Boils ft'SlJil 

('yell f.rom the same kind of' ro<:ks. The impressio ll o(reu r re\'ail s that 
1110.;;:1 soi l:, ATe residua1. tl'hi ~ . hO\\,CY C1', if.; not thp cn::;c. :\(11 O\'er two 
P(>J' tent of the :-:oi!::: sun 'cy('d if] t.ilc' r Ilile(l S blt.c~ hy the HUrefl l1 of 
~oi l s 1 are ue riyco fr om igneous anel lllctaHlorpllir- ro('k~ . :H1d Hot o\'er 
fi'le per ('ell t from gedjmentary l'(I(·ks f:llch a):: sHl1ll :-:t01li.'~ ilild sha les. 

!? Cumulose Soils.-r~U}))llJose f.loiJ,::: arc rOT' lJIed In' the a('cumu
lation of organi C' matter in ulldrain~(l 81'pas 10 suell ~l cxtcnt that 
it forms a Ycry large portion of t ill' f.:uil. T!J('se ar(' diyitll'{l into 
swamps and marshes, 8111ampg are fresh wn ter formations . while 
the ma1"';}l es are formed in brn ck ish 'or ~a lt "ntcr arens. The organi c 
fHatter of thc~(' cmnuloRe (1ep(':o'it~ i~ c1 erircc1 ("hiefly from mo~se$, 
s~u~e~. a.nd grasses, hut almost" any form .. of vegetation may add to 
the deposit. In north temperate and rmhnrctic r egions sphagn um 

27 
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I IlO~:, ,l!"i\'e~ ri~e to ;111111(;,11,. .. (, dt'posits of' pent. ill some rase . ., probahly 
ilulltln'd:, of feeL ill thj('kl1cs~. GrH~)'1eJol usually grow with the 
1I1 (1:'.-:{ .... /.I mI add to t.he (IN·ullIuiatioll . 111 more souilwl'u regi oll::) , 
t.!nL~."(·!' . j_'nt,ai) ... alII) ,<::('d,!!'{';o; for lJ} n ]arp-(:' p:lrt of the depo.<::ii-, whil e 
ill !o:u1,jl'(lpihll n'gi()!1~ ili(' J1illnwlto nnr] :-:11\\' grass constitute the 
('hil'l' "Ian!;.:, from wld r·]! tilL' orgallic lllattf:'r j:: d(:~ri\,E'(l. 

S W<IIllPR mlly 11(> rli"ilkd illto rirer ~wmn r!'. T'f'nt hog::;, lake 
!'\\'amps. <jllilkin,(!' hog-so r\i miJin,!! h{)g~. Wf't wood :" flnd nhlat-ioll 
S \\'I11 11 11:;;. T llh:C t('I'llB fi rt' nirn Mt ~('lr-('xplnnaton. Ri'/'f>r swaml's 
1118), O{;(':Uf ilJ lilt' !lond plnin wh f' I'P {l\"-liow Ink(·'S, representing 

FlO. IG.-Ox-how It>kes formed hy shifti nf!; of ch:mn~l , A, n 1\11(1 C. ~dilm'ntat_ion o n 
inner side of curv~·. (Shaler,) 

former ehnnncls, ha m hecn tran sformed into s,mmp. by filling with 
hoth org<llIic nwtter mI d sedimclJt ( Fig. 16) . In wide flood pJains 
Jow swampy laud lila), lie iJac:k toward tbe bluffs away from dIe 
river. DeJta. lauus arc u;'\ually swampy. 

Peat deposits may be formed (1) in low places where the water 
is shallo,,- hut the supply constant ( F igs. 17 and 18) . 'fills type 
iF' rOUlld in S81Jd clune or grftrel ly areas where the wa ter aeeps out 
.t the base of salld hill , or gTIlI'e1 terraces. Peat formed in tl,is 
way is rarely of an.\" great deplh. Peal. bogs may also be formed 
(2) as sho,m in figure 19. The sphagnum moss begins to grow at 
the marg-ins of the lake and extends Ollt over the water, forming a 
qua.!·in.g bog, a.nd up the bank, as a Glimbing bog. The growth over 

-the water is quite rapid and the sIllall pond or lake may beeome 
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(~u,'e rcd wit.h a floating ml1~ of \'e~etntion which soon uCf"omcs fOUr. 

fi('ien11,r solid to form a support for other plants su('h as rushes, 
~rn.<::.,~es, find RNlges. The ~rt)wth of tll('se soon ~o 8treH!!tilen thi lS 
floating mass that cilill other species of swalllp \'egctntiull, l11cluding-

.~ 1 

FIo. IS.-Florida everglades. 

some sbrubs, gain a foothold . Forest irees may ultimately cover 
It. While the proeetis aGove descr iLed is taking place pHI'ily decayed 
'""geiatioll is dl'oppiug to the hottom uf ihe lake from lhe under 
side of the float ing mass, and thi s accUlDulation may go 011 till the 

FIG, In.-Section showing one step in thc.fi\lin~ of the lake with peat: ce, ruOSf! ~TOwing 
on 8UTfne!! of lake; dd, partly decayed peat that has fallcn from floating lIHW; te. climbing 
bog. (Shaler.) 

pond or lake becomes completely filled. Accumulations of peat also 
OCCUr around Bprings, giving rise to quaking bogs (Fig. 20). In 
poorly draiued area' the moss may grow on the surface of the soil 
in sufficient amounts to form peat. Oftener, however, it forms only 
... ....... ~l _': ~h ; .... .. ......... ,...~'" ........ Hn ... 
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..t lI'et wonrl,,. SU'(WljJ is:. wlwre n J'orc:-:t. area with a slope of leas 
than fl\(· d('~rc'(':- 11m; bee n iTlIllSforlll('d ilJto H ~\\"~llllp thl'ougll th 3 
lH'('1I1l1UJ.HioH (If \'£',!!rtllh Je l/1II1eriai aml lIll' ('011 Bl'fj ll(_'llt illt"J't'rl sC of 

w oi:·:tlll'P. 'I' ll(.: nrifIill<l1 forC':,t II IH." be: l' ll tirely dct-:i r(lycd and rc
pltH,t,d hy plant .... :l(hqHL'{] to .,",W<lTllP tOIl<iitiOIlS . 

• 111 (l1d(ftillll SlI'a·/II/' j~ pr(){l tIC'('(l by the :=:o\11lion ilnd (,3 1T~'illg 
/lwn,\' II!' v(' J'laiu HlOr(' ~oluhl(' ~tJ'al~l. ~lI~'h as g"_,'Pl'U Ilt. !-nlt OJ' t'H!1l 

lillll' .... t(lIl1', /J(·t\\'V('1l 1<,;.;,," :-;ol1Jhll' :-;irnta . tlllt!' ('; JII Fill,!! ;1 luwering 0 1' 

Ilh' !'u l'fac(.' and "l'iJI~illg alloui l'Wil lllp l'oJldilioll:'. 

11. TIl .\)."" !"; ponTED FOlDU T](lX ::; 

-YuJ'iuu :-: agel!('il'!- [Irl' pn_g-agc(l in tilt' Ill()\·CJ11(.'nt of ~oi l mfll.rriaL 
flamel)" : gravity, water, ice, auu ,rillu, anu Lilo dcpusits Iormc(l hy 

FIG. 20.-Hummoeb· G to 12 inciu.!s hiJ!h , fouud in 8wnrupy pla.ces proouccd by tralllj)lingof 
iiw(:k. COll1ulUuiy caUC(l ·bo~." ( H , W , Dickt:u>SOtl,) 

tJJl"O:;f' HJ'l ' kllfl\rll as j"dJU\·jilJ , f.:{'LJjlJJe1Jlrd, tr!<I(· j,l], }lJId dilial. During 
the tl'all~l)()l'IHtioll of tll<.'s(' lUt'lt e l'iaJ ~ l1l::lJI )' p<ll'tiL'lcl'l I1rc I'cdueed 
ill siw HUU ulliel' t:hnlJ,!!c:- brought uiJout. O\'Cl' lJ il1ety per ('ent of 
tilt,,, f:oils SUl' \,orcd Iw t.ho Bu reau of i:')o il ~ 1 in the l~nitcd States ar~ 
Iot'lncfl from trlln~l~oJ'ted material . 

. 1. Colluvial or Gravity-laid Soils.-Cr""itJ mighl bo .a id to 
hI.' the a('ii\'c agent. ill the formation of 8Jt of ule al1O\'c. hut g r3yity , 
lUlAidpu, i ~ rcrs limited in it::: \'"ork, beul~ con1i.I1N:1 to areas of 
"erlical cliO', or vc ry ,Ieep ,lopes. The material transpor led by 
grndty ~U1d deposiicd i1t the haE:c of cliffB ronsi !'t.<:: of a heterogeneous 
mi \:tu r f' or fletI'itu~ that has h('('11 loo:3cned by the processes of 
w{'utherulg and (_'a rTi ad dOWnWllI'c1 hy grayity. This aerulllulJt,.t ion 
i; commonly designated >15 talus or cliff debris (Figs. 21 and :22). 
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FtC . 21.-Wcllthering of Joioted rock above and t hin hedded beneath. Notetalu8 deposit 
III bBS&'. Near Bluff City, (itah. Rocks, Rock-Weatbering and Soils, Merrill. (Courte.y 
t he Macmillan Co.) 
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It f.: how::- "Cty Jilt!e or no assoriillg action, although in some cascs 
lhe fillcr material ma y he washed out hy "-a ter ;111<1 dcpo; itcd at the 
base, tlw.':i lcal'illg Ow' COarser 111ll1Crjal higher 111' OD the slope, while 

(From Elell1t:nts of Geology,Copyrlghl '911.1.0), Eliot Blackwelder and H;u- Ian H. &1'1"1)"'$. 
American llook Company. PuloHsh",s) 

J?'Il'l . 23.-The side of n rnyinE! near Crawron:is;yiUe. Indiana. The more rapid creep of 
surfacc material bus clLused the trees to lean down hill. 

in other cases the COILrser material Illa y roll down the slope to " 
greater distanc-e, lea\' wg tlle finer at the top. fl 'hjs pro('es5 of weath
ering Md downward tIlovement of material will finally t ransform 
the vertical cliff into 8 steeD slope wllich wi ll represent the an".le 
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of I'cst or tho detritus. 'rho dowllward 1Il0\'emenl dot's !lot ~(.op hel't!, 
for the re i~ il t'erl aill mnollut of" c reep" due to freezing H_1Il1 thaw
ing, awl the aciiOlI of water aided by gm,"ity lFig. 2:3) that nlti
Illutely reduces the 810pe so that it may ue (;u ltinl tcd . rrh t...:.c talu:oi 
:-!op(',.: ure snmIJ in exieut am] lire of very li llie ag ricultural ntluc 
l l('muse of their stony character. 

:t. Sedimental or Water-laid Soils.-The lluti ('r inl forming 
tltl''':P deposit:; ha:.; been carried in HU:O; PCIl Rio ll or rolled filoll~ t he 
beds of sheams for it g r ea t.e r or Jess llisLaIl(,c from tilpil' pln.(·e of 
oJ'i,!.!iu . " "hen a body is ill1mcr~l'd in W<li.(' l'. it \US('S wcig-ht eq ual 
10 tlw weight of the wa ier digpbu-t'(l hy it. rrhit'i hUOyllllt cf1'('{·t 
l·j)Hblcs tiJle partj c:Je.,: to l"cmidn ill f' llSPCllPiou for t l lOllg" timo an d 
J'vlldcl':t ('(larser hl.aieri al morc cn~i l y 11Ior('(1 thaJl wbc ll in thc 
almosphc l"'l"'> , The total amount of ~11nl.cria.l ('al' l'ied ~) .Y running 
\1';1l€1' \'ilrics as the fifth:.! pO\rcl' (If its H~!cl('ity ",hiJe Uw siiw of 
pnrti(·jes {'ani ed wU' ics us tbe sixt.h power, fiO Lhut {loubling thc 
Yt'ltl(' ity inc·reases t hc mnuun t of Inatcrial thirty-two times and the 
~i1.t:! of material ca.rried six ty-four time~. 1 [ the vclnrity WCI'0 

lrch1cu the amount js increased two humhcf1 am1 fOl·ty-thrcc a lld 
the size i::i iU (; J'eascu serOIl hund red and twcnty-nine times. Then 
if a gi\'cn currcnt carries particles .1 1l1ll1~ il l diameter doubling 
il:O: ye loeity enables it to carry material (;..1 mm. in diameter, or 
trebling tbe velocity enables it to carry part ides 72.!) mm. in 
lliameter. Thc following table shows the character of material that 
may he ('arrj ed or swept al ong by tbe current. 

T1UJ Al a.tcria.l Carried by Water of Va,ned Velocity' 
I m:bes per Mile! per 

second hour 
3.. . .0.170 - will just mon tine Clay. 
G. . .... 0.240 _,,·ill lift Hne sand. 
s. . .0,454a_wi ll lift sand llS coarse as linseed. 

12'. . . D.OS1!)-will sweep {Llong fine grs.\'cJ, 
24 . . ..... 1.3G3S--will roll rounded pebblcs .1 inch in diametl.!T. 
36. . . 2.Q45 _will sweep ulong slipf1cry. angular s tones the 

size of an egg. 

Another factor in the transporta.tion of soil material is given 
by King.' When a particle is immersed. it attracts a film of water, 
'I"hich becomes an es.entia] part of tbe particle, moving with it 
wherever it goes. The specific gravity of soil parti cles is approxi
mately 2.65. The immersed solid-liqnid body has such low specific 
gravity that very li ttle forre is reqnired to keep. it in sllspensio·" 
and so it becomes po.sible for a particle to he c"rried hundreds of 
miles. This adherent film averages abollt .05 mill. in ihickness. By 
computation we find that a clay particle .001 rom. in diameter with 

~ 
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n 111m .Ol U1UL lhil'k llil::i a. specific g-ra\'ity of J. Oo(J~. 'l'hi :; is so licar 
ilole specific gnl\11y oJ Wail')' tilat till' piutie]e willl'ClIlU1JJ jJJ Sll~pCD' 
sion inuefinitely. l)rofc:-:~lll' l\. illg t.':-!tiwute3 that a forte of ollly 4.4 
flowH15 is IIccc:;;sary tv h·(_'p til(' 1\ lllllS (If ;o:edilllcllt. ill sllEpcnsiOH 
that it; dt.'Ji\T'TPJ at the mOlllJ! uf the ~\jis ... jssipri HiH'r c;leh Sl'COIJU. 

The iIH!rCa:3C of the eiree1i\'C diamcl<'r of the particle l-lugll\ents Uw 
eiIccti\'c cross-~crtion 4 _I) -folu, and ~o Oldv a ycn :-:nUl1\ ,'crUeal 
IlIotion u'oldd be Tl,<!uircd to lJlllitltnju ~u~'i,cn:-iioll~ The (·Erective 
rolnme 'Wou\fl lIe jn('rca~('c1 D,:'? Gl-fold by the adheri1lg" Him. 'Vhcu 
n pani(;\e or dusL is SU:::IWllt1cd in the a.·illlo~pl1{'rc it a.ttrad.f: II fllm 
of air which mores with jt in the ~nme way as tIle film uf water and 
]1'55-£'1):: it:: 8}ll'('ifi(' gra\'ity, thus (,!lublinA' it to he 11('1<1 in ~ lI l'}){'nsjoll 

with n. DllH'h s illfl.ller force than would othcrwii'c he Il('('p;';i'an-, The 
r-pcrific g-fClyity of a eIny particle .00 I mm. in rIin nwLrr. <\'ith all 
ailhercnt fil m 01 air. i ~ 1:23.16. For l'oll!rntin~ the Rprrific g'ral'ity 
of a particle immer~cd in wHt rr the following formula. 1113;' he used: 

""I!"(PX_Rp.Et, + (:rD3 _ 1I""(P ) 
(i !I G _ d"X sp. gr . ~ (V' -d') 

"..[j3- --- - ---v ----Sp. Gr. 

6 

"If~ = volume of a sphere. 

d = diameter of particle or so lid nucleUB 
sp. gr. ==specific gravity of the llucleli8 
D .... diameter ( ) f solid-fluid s:vRtcm 
Sp, Gr. = specific gravity of the solid-fluid system 

The amow1t of lluUCl'illl c'1.ll'r ieu h.v tlw l\1i ssifo1Sippi RiveT atH] 
deposited ill the Gulf or ~l cxil'o annuall y i~ eq ui n \lCJJL il) the re-
11l0Yai in 6,000 )'e"r5 of a hirer one foot thick o,'er the (!llt irc drain
age area. 

Amount of Sediment Carried in Suspension AnnuaUy 5 

I 
Drainage I ~:::~l I Totul I Ha~io at I i~~~~~~ \ T~}~~ 

River ~~as \0 1~'ich~f~e tln~~~h' :I~~~~~~ :~i~~D¥~ )in~r~:;ad 
mt. per :con'd I " by well!llt I 1 s~~~i. (J \~C;e n~::..n. 

Potomac .. ' 11,0431 20,160 ~~I\· I : 3,575 --4-.0- .00433 
Mississippi . 1,U4,000 610,000 406,250,000 1: 1,500 241.4 .00223 
Rio Grande, 3O,OOU 1,700 I 3,830,000 1: 291 2.8 .00116 
Uruguay... 150,000 150,000 . 14,782,500 1: 10,000 10.6 .00085 
Rhone.... . 34,800 65,850 I 3u,000,000 1: 1,7n 31.1 .01075 
Po..... . . . . 27,100 62,ZOO , 67.QOO,ooo I: 000 59.0 .01l39 
Danube. . . 320,300 315,ZOO 1108.000.000 I: 2,8!'0 93.2 .00.154 
NJie ...... I,HlO,ooo II~ .OOO 1 -'4.000.000 I I: 2,050 3S.8 .00042 
lrra,,'addy.. 125,000 475,000 291,430,000 \ 1: 1,610 200.0 .02005 

Mean . 834,693 2Ql,4f>8 1 1O~ . 649,972 1: 2,731 76.65 .00614 
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Classes of Sedimental Soils.- 'l' here are three classes of sedi
ment.»l soils, marine or sea-laid, lucnstrine or lake-la id, <Uld alluvial 
or stream-laid. 

FIG. 2S.-Mnp showing the early stages in the formation of COI1.!'1 mnr!!hes. The numbers 
indic1I.te the depth of vofl.\.er in fritholllil . {C . nnd G. 8urycy.) 

(a) The marine or sea-laid deposits are formed along sea coasts 
(Fig. 25) and include bm·s, spits. hooks, and marshes. Bars fro
qll,l'lJtly prod ll(:e lagoons that ultimately oecome marshes. .Marine 

FIG. 26.-sc.ctionof marine mnrsb; b,gray marsh: c. mud Lank, or mud Babl; d, eei-gra.sa. 
(Shiller.) 
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alii] 8ulL marshes are ili,'iued into t.bose above mean iide, a:; the 
gnl~s IlHLrshcs aud mungrore lllill'~h cs, and those below mean t iue, 
lIlud hank:; and eel-grass ilreus (Fig. :!G) . The mnllgro\'c marshes 
O\'l'ur along the Florida tO llst and lliHe played n vcr,\' illl purtHIlt. 

part ill ndclilJg to t he hlJH\ area ( Fig. 27) . The other fo rlll of 
m;ll'::-lics UU._'Ul' ill more nortl1cfll rcgiolls, the grass marshes ueing 

FU1. 2i.-:\lallgroyc marsh. Biscaynl), Florida. This mangrove advalwes iuto the 
watt'f 1)\' throwiltl! Ollt !lew roots. (From Elements of Geology, C opyright Elll, by 
Eliot HI;lckwcldcr &: Hnrlan H. Barrows. AmcricliD Book Compuuy. Puul i~bcr:l.) 

:-utli('icntJy high 80 thH t they arc co\'ered only during t.he higher.: t 
lides. The <.·el -grass baukb are a\wu.ys ('O\'cred , while the mud hank 
i~ ilderl1ll!diate between these. JJ fJ !1arui is aIr illl.l~tratioJJ of what 
tIle lllarsh Jands may heeOlHc when driljnc(l Ilncl pl'otC'cicd lIy dikeB. 

(b) Lacustrine.-Laoustrine or lake-laid deposits "ansist of 

Fla. 2S.-LeveJ floor of Lake Chicago, witb the8hor~linein the distance. (n. w . DickcIlBon.) 

(J) terraces and beaches representing old water levels alld "hores 
and (2) the beds of extinct lakes. During glacial times. lllany 
lakes were formed by the obstruction of drainage and many more 
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W('I'\' fill\·d 1\1 ,) grt'Ulcr ul' 1(·:-\.: IH.! Jghl with J;.!Til\cl ,IIH1 sand. JJake 
. \ p"Il;-~il.. j·o\'t.'rillg a laJ)!(' 1Il't'll ill ,\1 i lltle~«'tHJ .\ol'th Dakotll, and 
t 'Hlladll , r{'pn'~(' r lt:-; thp fllJ'11Il'r, whih_' l. (_lkL' ( 'hi {'ago (Fig. :2b). Ilil 

t'.\:I4'II:-illll til' Lakt· :\ t ic ·hig-:1!1 it) 111(' .:outlt. HIlIl \lhlllll(_'t.' La ke. all 

cJllaJ'gcrncllt of I.l.lke Eric. arc eXHmple::; of the latler (Fig. -U) . 

Flc. 29.-Terra.''I!!I of Frll~ier River fl.1 I.i ll oct, H. C . Rill' in number. (Ch61llb4>rlain nnd 
.';ulilibury, CO\lrle.~~· H enry Hr.I! & Cu .) 

All of llle Gl'cut Lllk es were 1l1uph more extcnsiye then than DOW 

and subseqncllt ufflilluge luwered the wflt er alld exposed parts of the 
old bed wlti('h IlUW cOllstitute Jacu8tl'ille depu~jt~. These giye llS 
some of ou r iJest s-oi l.:i. Lacs!' and adobe mAy he f ormed , in part 
nt len.!, ill Inke>. 

(r) Alluvial.-TllP alllll'iRl. or >lrpRm-1H id (lJ.'posits. include. 
fir,t, terraces. (,OllllilOllly ca ll ed second bottom or hench lands. that 

FtCi. 30.-Tl'rrar.e along Creek, near RorJ.-foro. IIlinoi3. showing !ltr&tificatioD. (R . W. 
St('wan.) 
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n.:'prt·l::cui lhe JOl' ll1t'1' Huod plaiJis of :o,tl'l"UIl~ whidl now fl ow at (\ 
kn\"l'1' IU\ld; el'COlld, ur:-:L L(Jit0Jli ·lrllld~. \)1' pn.::::cIJL Huud plains; UtiI'd, 
deltH:!'; ulld fuurth. al1U\' inl {'ullt':-: amI 1'1111:5 . 

Terrell'l'''' lll'igillnlt., ilJ t.hn.-'l' \\il Y:: : (1) tho::c fu l'lllL,d hy {lcpo
!">iti(lJl PI' material from ur('r/oal/t'd Sll'l'lWI .... gid ng r i:'l' to ~nlld, 
!!'nnel. or gi lt It'lTU{'{):-, (Fi:!. "!~l) . 'l'I1f..'::\\' (H'l'ur prin('i p,dly along 
lite :-:lreams tliat ca rried dll' dnIJ/!;lgl.' from the IIlcltiug glM·jcf:o;. 

Will It I Itt' {'Urrl'tlL dl'l' retl..:ed. the 
loud wn:: dropped and the \'Idle)'s 
w{'ro filfL·d to a greater Of less 
iH'i,!!h t \ritl! grB\"l~1 HllIl Fa lld. I Ii 
!,0I11~ ('(I:oil'''':' the \<t1leys w('re filled 
al lllllf't 10 a ieH,1 wit'h tlIP uplltnd 
(Fi):!, . ;31/ ilild ;j I ). Farlher 
dUlf!! tire :-:b'ca lr l fil(? tCff<lCC h~ 
came lowPT allLl til e-1-i11C 1' material 
wa~ depositt!d. Whcll:~.the p- Incier 
rdrrn i(>t1 . illl"' st.ream . hnviug 110 

luna to ta rry, wuuld ucg-ill to cut 
(l(1\\"1l tlJl'ong-h t.hl' g ra vcl nnd 
soon this formai iOTl \\'(Hil d he 
much nho\'(' tilt' :;:i J' l'am Hnd (:Otl 

still'(e a tc ,.,.a r~ . serolld !>ottom, 
OJ' hCI1(,h hUHl. The some action 
might take place rlown the ~tl'('am 
w}wrc j Iw fi ncr materin 1 was 
rlrpoei I ('d. (2) Tho,e form en 
th ro1lgl, ciNalioll of lalld and 
r-onse~uellt rejuvenatioll of the 
~t1"enm. thus ('3u sil1,£!' i t to rut 

FIG. 31.-CI?S6TYie w8ectiooof gravel tCrrIl(!e (lown throug'h and ahall(lon the 
of Fig. 30. (H . W. Stewart.) old flood plain and form a 11 CW 

Oll? . (3) Those formed hy pOTlrrn11.9 of 11~b"far:¥ slreams due to the 
hUlldmg up of tbe flood plain of the main stream more rapidh- than 
that of the tributaries. In thi, Way the 10weT pnTt of the trihutary 
"nlley is fo rmed into" lake which woul,l Tecei,e a derosit of fine 
matoTial from ti,e trilmt.,!, hut ron"e hom the inrusllillg waters 
from the mAm ,tream ouring fl oods. A reauction of the waloeT 
supply And the amount of "ediment rarriea by. t1le main ' lream 
"ill eDahle the t rihutary to rut rlown into the fl ood plain, drilln the 
lake, and form a new valley in the Hll. Good examples of tills are . 
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SeCI] :d(JJ!g- 111l! tl'ibulal'il::5 ur ilie ::\l i ~ ::iil:il)iIJjJi alld \rllLash Hi\'cr.s. 
fl'hc vcry Jll'U\"Y :-l.,iJ :-. along Ihese lwvc Leell JUl'llleU in this WHy. 

QUESTIONS 
1. " 'hu.i an' sL-df'lltary f(ITllHltiu ll rO:' 
~. J)iHt.ing'lJi~h III'lWl't.:11 n'~iduul alld ClllllUio"l! soils. 
J. Ui\'l' hi~torr of uu u:\ -I,o\\ lal-t': its flll'n;utiull uud Iillilw. 
4. (Jivt' four l~'ays ill \\ hicb lakl'~ lua\' become cxliILet. 0 
fl. \\ ' hat cOlluiti()lHi gin;;! ri ti l' Lo peaL '!" 
Ii. Ilow is peal funlll'd ~ 
i. \"hUL is it dillJoi llg hug uud hl}\I" hWIlI('d r 
S. How may u wet woods bl'CUIIIL' 1\ SWUUlp ? 

0. IJraw IL ding-ram $ ho\\'ing' how ubhlliull HWu.mps Hilty Uj' ft)TIlII 'd. 
10. lIow Ilre colluviul ~oih; fonned ~ 
11. \"hut is DleaTlt iJy the" (°rt'I'P " (If mau'rial on hilh! iul'", t 
12. \\ ' !tnt lIrc the IilWS for till' Cllff,villg power uf rUllnillg' wat.t'f. 
]3. l:il'l' an c..xumplc of this paWN. 
1-1. \"hat.. \50 ih~ s}lccilit, g-n\\'it..y uf " !'.Oil vart,il:!(l .01 1lI1l1. i.n <liallldvr llnd 

its ill Clo~illg film of \\"ftlt'f .0:') lUll l. thi(·k? 
]5, How IOIll! would II(' n 'iluirt'd for lilt> POt.fllll,l (' Hin'r to rt'JnO"C I:! im' ilc8 

of Illult'riul fmlll its drn.ill:lge Im~in lit till' ratl! givell ill tllhl(:' p. 35? 
]6, ,Yhat arc th~ didsiolls madl" of nHII"!::;itt's1 
17. \\,hll.t il re t.h~' f(lnn s of laf'u~triJH! (,h'positR? 
18. llow Ilrc t.('rmecs for llled? 

REFERENCES 
J ]\]arhut, C". F., Ht'llIwtL H. H .. Llplmlll .. J. 1<:., !lllil Lapham, M. II.. Bulletin 

!H"i, Hurcltu of t-:oils, C. D. J) . ..:-\ .. l!1l:t , p. lU. 
I Dent,;oll, U. ]i'" lust. Ch-il EllC[illl'f'rillg l'rocecd ings, volumc ] IS , IS!)4 , 

p. !l3-00. 
'Geikie, Textbook of Ceolog." . :lnl edHiOIl, 
·Killg. F. H .. S us pcn:'lioll of Solids ill Fluids ::Ind the XutUfC of Col loids 

and Sol utions . TransftctiOlls 'Viscons.ill Acad. X!'i. , Arts a.lld ] .. ettcrI:i . 
volullle I U, pllI·t 1, 1 nOR. 

I Dn.bb, Scienc('. \"oltlln~ :!L 18\)3, p. 34:3. 

General References.- )fc(:l·e. " . ,1.. Bulletin 7'1, Rurea.u of Soils, 
U.S.D .. A., HJl1. Roi l Ero:;ion. DII\"i~ . R. O. K. Bulletin 180, U .R.D . .t\., I!Jl5, 
Soi l Erosion in thl' South. Salisbury. R. D .. Agencies \\'hich Trnnsport 
Material 011 the Earth's Surface, Journal of Gcology, volume iii. p. 170, 



(' ILl 1''1'1-:1: II ' 

THE PLACING OF SOIL MATERIAL (Continued) 
II. GLACIAL OR ICE-LAID DEPOSITS 

TilE giaL:icrs <lIla i(;c :--hL'cl:-\ Ill' flJl'llll'l' 1 illll'~ ('IHNl'd rxtclIsjyC 

areas with uepo:-it.-: uf 11wlt'ri<d ~hut 11IHy be diyid('d illlv lllOl'aillai, 
il1tcrnlOrn illai, dl'lllldill:-i. k'llll(lS. Hill.! l,:·;J.;CI'i'. IJuring 111(' g-Inc ial 
Pl'l'i(ll\ JJI·<I(·li(·nlly all (If S(t!,th . \1I1 l'ri('<l ]101'111 oj' the Ol lio Hlld 
.\ii:'::'('H1Ti l iin'r:;:., amount ill,!! 10 -:1.000,000 ~qua I' l' milt'H. ,ra;.; rO \'C' J'l'd 
willi aD ice sheci (Fig. :j.!) tha.t had grauually pllsh.eu douthward 

F'G. 32.-Fl"oot, of Chencgll. Gluoier Compllfl.-d with Wuhina'LOn Monument, 550 fc~t lugb. 
l La",n;:DOO Mru-loln.) 

FrG. 33.-Very atony BDd gravelly pho.se ot glacial driH near Wbitewater. Wisconsin. 
(Kini.) 

41 
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frolll tb rl'C «(!lIu.:rs of ill,:dllllulatit)ll ill Callada. The 11orth\\"l'sl(' rn 
hall' ur Europc wa~ I'm't'red HL t!l e Sa llie time. \' a.!'t quantities (If 
materi:d of all ~iz(_'1" awi aU kintl!' of rQ('ks \rcn' tralll'jlortNl nnd 
(/l'JlI..IRiil'd WIIl'II tll(· j('e- melted . le<l\-;Ilg' 11 lllardle of hOlllder Chl\'. 

drift, or jill. "arrill,!! frOJII a fl'u' illdl('~ to f:1,'\[, I'Hl hUlldred Jed III 
tlii{'krW8S. The ~;\'l' nl,!!'{' tlpplll ClI' the dcpu:::it 1'(11' ] !iinui:-" H('(!(Jrdill~ 
to IA!H'l'dt.,' j~ ahout J l.i J(_.('t. TI\l':-:(' g-1;H'iaillcposils COllRtituic the 
n1Hlcri~i1 froJlJ whidl tile 80il:-: \\'pre lornH.,d (lYp l' a bl'gl,.' arl'a Cil f't and 
north of .I IliI1 oi~. hut ill the wield/e· wt':-:I a d('l'(,,<;;it of Io(!:-,s 11<18 
IHlri{'d th e drill, 11l'(ldllci!!,!! :O:nil:-: of' all (,l1th'e1y c1ifrel'l.'lli chnl',wf{ll' 
(Fig. :~3). 111 gh\cinh·u Europe tlw :-:.nme {'nut1;\i(ln~ exist in regnnl 
to soils. 

}'10. 34.-LiUle!:!tOllC boulder shoVl'ing glacial scratches. l:rbl1nu.. Ill. 

The drift left hy glut:icrs if.: ouly one or the jmportant thillgs 
.«'oml,li,;hd l,y them, The ~"<ll'll""US I"~'"\1r< ,,( the io<, -i() pmmds 
per sljuare ulch for eaeh lnwdred feet in lhjcklless, ~nauled it to 
wear down hills aud fill mlle)·s. especially if they extendc(l nearly 
at right angles to the direction of the mOy(lment. Othen\~jse it 
might deepen and broaden them, hut ou the whole it~ effect has been 
to leaye tbe country more nearl,r le\'e] tban hefore. Many regions 
hUY'e beell transformed from hilJy areas of low agricultural value 
to undulating or roHillg lauds well adapted to agricwture. The ice 
in its rnoycment southwnnl picked up large quantities oj' detritus 
of all kjllds .,1d sizes and g-round it into fine material fitted to form 
soil.. Mu ch of this material was ennied irom 400 to 1,000 miles 
or more and during it; tra.nsportation boulders (Fig. 34) alld gravel 
would rub and grind against eacb other and aga.inst tbe rock sur-
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fa(' ('s o,'cr wlli('h they lll()\'cd (Fig. :;j) . proLlu('ill~ immcn~c qunll
li ti(' ::; or Toc'k t'ouJ'. 'I'he whole gla('ier wa::. lUI imm('IlSl' mill IlInt 
Wll :-: "lowly g-rimiing' rock::: illln powdcr. Thi:-: rock tlour W<l$ lill-

r IG. 3.'l .-GluciuJ grouVe!! or IUria'! on rock SUrrl1l'(I , Northern Ohio. (Froln EJI"D}cllt" n r 
Gt'I '!Ugy, CopyrigJ11 191 1, byEljot, B !ackwcldN & ll.uh,n H. Bllrrow8. AOluicun Book Co,) 

FIG. 3G.-T:y-picai t.op(lgraph~' of t.erminal momine near Ocomowoe, Wi!!consin. 'Wi~"OIlllill 
Ceol. Sun'cy. (Fcnnem:m. ) 

crated by the melting ice and was distributed over the land by water 
und Willd, forming the ,"ery best of soil material . In some ill
,tanee; it was carried !TIUCH fnrlher tl,n1l the limit of the ice sheet 
and distributed as immense aproDs beyond the ice front. 



SOIL PHYSICS AND MANAGEMENT 

Fw. 37.-DrulIllill-LougILuWoul view. (U . S. Geologl.::ul Survey.) 

FlO, 3S . M-DruUllin-t.rll.lllI\e rse,"i~ \f' . By Alden . (U. 8. Geolosical Survey.) 
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The material carried and pusheil along by the ice is usually ,·ery 
irrc·guJarly distributed, giyillg the glaciated lucas HII ulltluhlting 
to roll ing top()graphy. The ridge fonned at the iermillu tl or the 
~I!l( 'ier i ~ the 'fe1'minal moraine (Fig. 36) whi ch, on n level plain 
likl' lllillOi5 or l own . usually p resel1 t~ n steep nutwnrd slo pe with (I 

\Ter_r ,!;radunl inward slope. Valley glAciers, on the other hand, 
lean' a ~t€'cp inner slope with n gradual outwHsh plain 0 11 the QUt.PI' 

side', The :;uri'ace of the mOTnill(> il' roIlil/g, lJilJ{l\ry. or hns "roulJdpd 
kll(lh and basin" topogrnphy. The height of 11iorailH'S lllil)" Y!.try 

from a f(>w fed to !'('\,erru hUlldred , wh_ile the width may be from 
II lwH mile 1"0 ten nLilr.-: or more. Ilcccssion51 aJJd 1HJnI1H'C50 of th" 
glu(,jl'r may build lip lleW moraines Or override old 01l('S. tenr ing 
them down rompletl,jy. DrulI111:ns (Fig:-: . 37 Hnd 38), typi enHy an' 
on'11-8hapf'd bill:-: (·ol11po . ..:pd or boulder clHY. Rupf'r- flnt1 F;lI b,!!ia('iaJ 
::trf'nm~ fO l'l l'l(,tl hill~ 01' l! raH~l nlld ~fll\{l (·alled kfl.llles, or ridges of 
the ~aUlt:· IlH1Lt;:riai (;alled c~J.;rr:o; CFigs. 3~ an d 40) . 

FIG. 40.-The ma.t.erial comj)O&og Adeline esker con!lista of coarse Band o.nd gra.VtlJ. 
The ledt!e ill conglumerate formed by cementing the sand lind grtwcl with carhoIltlte of lime. 
(R. W . Dickcll8Oo.) 

The Glacial Period.-The three centers of accumulation in 
1\ortl.J America du rilJg the glacial perjod were the Labradorean ill 
I"abraaor, the K eewatin immediatel.,· west of H)ldson Bay, ana the 
Cord iUer!Ul in the Rockl' J,fountains of Callad a. These centers cov
ered large areas (Fig. -12 ), llnd l('e lllD"fement star ed from these in 
practically all directions, but probably not from · all centers at the 
same time, or at Jenst not to n,C same extent. Smaller centcrs of ac-
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('11111111n1ion cxi:;tt'd ill tlw Hock)' ,11111 Dierra .l\'e\(lJu ) Joullwi.lls amI 
1111 the /:';/Hllil oj' ScwfuIIIJ(.lltllld. J JJ Europe (Fjg. -13) til{' ~CiHldJlH!
\ jail WH!-' the I'l'ill(·ipal HlId the l"ntl. a Sl·(·(lll(lrtry t'Clljt_'J'. rrhe g-1at.:lcl'::i 

til' tht' Alp!" alld ('auc'R~u~ \\'t ' l'(' mm·h mort' flxif'll.":jYt' than Hi pl't·~('llt. 
(a) The Sub-Aftonian or Jerseyan Glaciation and Aftonian 

Interglacial Stage.-Tlte fi r.st giiwial <It]\allC'e prohably t',lllll' from 
the } \('l'W<llin ('('II1('T antl i::: ('llllc{l till' .h'rr-;('\'<ln ~)I' ilw \P11I'il:-;kan. 
"ceall~f' ~1lli1J1 :11'C'ilf': of FUr-r:B'l' d('posit:= Illfl;](' hy thj~ ~IHl·i('r arc 
fotllltl ill tiJol-=r stat.es . • \11 other (l(']J(J~it!'. or 1hj~ lIchlllln ' 11;1\"(' ht?ell 

IJllried Ity R-uhseqlleJlt iC'£' ::hl'ptf.: [llitl it i:-: difli!'ult to nHlk(' il careful 
:,luily of thcm hCI'DU:OC of ~uJl{'rpo)o:{'d materi~ll. Thcn' is 110 C"irlCllC'C 

!!Ju t tbe area bt,t.wcen ~c'r ,l cl"l'=ry llJld XCIJfll :::.ka waf' eO"crel1 hy 

Frr. 4 t -Map IIhowinu: extent lind sout.he rn li mit of ~Iliciation 11\ ::-Jorth Awcri r ll.. 
Abu LD.k~~l! ASa~l;i7., Luhm.lH>ll and 1hmm::\·iUe . ~Cc.mpill!d iTl)11l l'I:' .... {!l"l).\ souToes} 

this icc .heet. This glarier recedeti and the tirift deposited by it 
uecame eroded . weathered <llltl the sllrilll'e was cbuugcd into soil. 
J~,"C ll peat be-els we re forll1cd ill ulldrained ureas. TLjs in1er
glAcial ~tn.ge is kno,,'n as the :-\ floniill). 

(b) The Kansan Glaciation and Yarmouth Interglacial 
Stage.- r_} 'he second glacinl a(hance was from the Kecwatill eenter 
aho. and extE'ncled into ] owa. ]\]inois, ~ehraska , and K .aJ1S[I:-. anLl 
<1e>rivccl its !lame from the expo~UIe of drift in the hitter state. 
After the ice recedrd ,oil was fo rmed f rom the surface of the dr ift 
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alld orf!'ani(' llwtt(.'r ;l.(·('UIl1uJntrd a~ p('[li in !-lome RWll.mpy nrcas. 
Thi~ ,~tag(l i:o: kllmrn f1S thf' Yarmn\dh. 

((') The Ill inoisan Glaciation and Sangamon Interglacial 
Stage.-Thr 1 hird gl:ll·inl adYillH·t.: W<I :-l 1"'(1111, Ow Lnhmdnrt'iUl 

FlO. 42.-Map showiJJIJ the Three ('enters of ice accumlliation in North America. (Cham· 
berluin ll.11d Sliliabury. CourtellY I1cnry Bolt Ii- Co.) 

ccnter and ,,-as the most extensi're jn the middle west uuring the 
entire period of glaciation . The greatest. area of surface deposits is 
in Illinois. bence the name. It i" exposed in Ohio. and Indiana, also. 
'I'l]js glaciation was foIl owed b,v a long intergla.ria.] stage during 
which weathering and soil formation occurred. It is k_'_10WD as 
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thu ~nfl gamon 6iage (Fig. 4.,1). Peat dCII(,sits JIHre been found as 
lllllch II,': ;!~ feet in t.ilieknl'!o'S that wen- i'urJ1l('d tluTing t-Ilis pcdod. 

(d) Iowan Glacia tion. L oess D eposits and Peorian Inter
glacial Stage.-The ~nn,!THmon int£'q:r]nri!11 Rta,!!c WH8 followed 
1w the Towan u(1\-n1)c'o from the l\cC'\\'at in ('cnt.('r and (_'oycrecl a ('011-

sidpTl1hlc part (If ' 1 il1ll('fwtn. \Yi"::(·(ln ~in . northem:icrH Iowa and the 
norliJern pari of I "inDis. Tb" c'olldiliollS;l1 th" time uf thl' IlH' lting 
of tllis glacier go. rc rise to cxtensi rc loess deposi is. During sum-

~.o .. , 11) 10 :1I'l 4ll M 7~ 

"'0. 

mer the melting \\'as \'cry rapid so that l.he flood plains of strearos 
draining frum the glacier received deposits of rock flour duru.lg 
these pcrjods of o\'~rflow. Duriug times of Ijttle melting the 
.treams contracl~d to their ordinary cha.nnels, lea\ing the mater ial 
exposed on their flood plains. 'I'llis "'aF picked up hy tlle wind and 
distributed over the upland where it occurs as a deposit from 3 to 
150 feet in thickness over part of the states bordering the Missis"ippi 
and nf issouri Rivers. The 1oes$ buried the Sangnmon soil. 

The Peorian interglacial stage followeu the I owan glaciation, 
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flO . H .-A IIcction Ahowing the black SIIoDgamoD IInil '"d~h the lUin(lie glacial drill 
heneRth and tllU IO ..... ull Joell9 auo\'c, wit h tbe prt:Hcut lIoil au the "urface. nnvl: Count.y. 
lIIinoia. (F. LeVCtctl, U. S. Ge()L Survey.) 

I 

FIG. 4-S.-A lIection IIbowill{t (a) Bloomington lt1'avel ; (b) Shelbyville t.il1eheet: (el Iowan 
loeB!; Cd) Sangamon 80il; (e) Silt below peat . (Dr. Samuel Calvin, U. B. Geol. Survey.) 
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during wlii c·!J the RurIu('e loess was changeLl jnto ~oil whi C'h wa:3 
JalcT bll "jeu ill Jlltrt hy slll'~( 'qUCllt glavicr:o;. TIH' :-.oils rlll(l ])(·al llcc15 
of Llil' J'£:oriaIJ f'tllgl' ('oflt~'lil1 n'llll1in:-- of ('(,(lal' tJ'Cl'~ whi{,11 g rcw ill 
ihe extensive !'walllp:-; filiI! t'xi:-trd at Ihftl time. 

(e) Early Wisconsin Glaciation, Loess and Interglacial 
Stage.- Thc )ieoriall :-.tilg'C was CI1(l(,<] II)' anlither if'f' !ulnlll('e: known 
as tll(' Early ''' i:-;('()II, .. in ( Fig . . j.j) , whi('h ('amc from ihe La bra
dOI'(,[III ('e!lt(.'1' of fH'(' lJ lln!l:ltioll alJ(l fOrllled a YC'Ty cXlellSi\'c athnnc(' 
TCl-H·llilig into 10\\,11, Illilloi:-;. ]ndiaJIH, Ohio. PC'; Il -syIYi.1l1 ia illH.l CO\'
(' I'il lg pradj(·nl !y nil or Xl'W York alld the :XC'w EnglHnd !'i1.ales. 
'J'hi !' g-lll(·icl' huilt . up a f:y!'oll' ltl or lllo['[li I Jl'~ ill -til{' middl e w(";4 that 
iii our of thr most (·llltril(·lcri .r.:jj(· l'l'1I1ul'('[.;. The h'rminal lWJnl.illC' 

of til(' gn'Hie~t :\lhullt'(" i:-; usually a lli:dil1('l J'ia~c. ] 11 J llinois and 
] IHliallu it i:o:. 1.-1I0Wli :1.'" 1.11t.' ~1I\·lh.n illl! mnra.ilIC. This ~!lH'il!r madc 
r;c'\'(:'nd ftd\'HII('(,~ nnd I'l' (·f':,~i(l n~ . huilding IIp :l. llJoraill e ,dih cae'h 
ad rallcC', gi\illg" a F;.{· ri l';O: I-'OllH'wit,lt (,(Illl'(-,Ilt ri (' wijh L [lk(, l\li ch igall 
ar!C] utlrl'l' (;rl',tt Lakr·:-'". A dl'p(J;-;il (If Jo(':-:, ('0\,£:_1 r5 IIris drift ill 
l ilillu is alld pal'l:-: of I ndiilill-I h, a th' lllh (If from thrPl' to !-;ix fl'l't.. 
Th is glll(:iatioll was J(dluWPtl hy i\ l'ullljlnrati"cly sbort, Ullll~Unl'U 
iHterghn:inl ,,;tllge. 

(f) Late Wisconsin Glaciation.-This ~i.agc was terlll illa tCtl 
by flll icc Ht!nIHl·e. ihe late \\' j;-:l·ollsi n. frum all ('Cllt(!]'S of <l ('( 'u1lltIia

t.ion a1ld ill addi l inll from Dli1llY ]0('.\11 ccn1cl'~ . I t was ODe or the 
lllOst extell~i\'e nutl unifurDl i ('~ Rhc(' ls during t he cnt.ire glacial 
pel'juu. Tire ke frOlrt did not extelld ~outh,v-a l' cl 3.5 fa r as some 
(JlheT adral1('(''S c.'\('C'pt in Xl'''" ]~ nglall(1. hut there was Jlrolmbly a 
i olid ire frO llL f rum t h(' .\ tlllnti c to the r a('ifiC', T he ero:; iH' and 
tl'ausportillg- pO\n' I" oC the ivc i'cl~m('d to hase IJl'cn gr eatest at th is 
t ime. as is S!lll\\l1 hy il l{_) vc ry h igh a ll d t'ha radcl'ist ie moraines 
forllwd near :=-O nI f' of the (h eat Lakl's . 

Incidental Features.-C(~rt-aill ]ncidcntul feahl fcs Were de
"eloped in ('ollll('rlioll with the glac ier" t hat sen edfo mOllify the 
ho il s in Ul !llly ]'('giOIlR. rrhc draiuage from the melting ice during 
par t. of tJll' time "'il~ cui.ircly to the south. 'The sLreams were floodeu 
and ove rl oaded ,,,irh sediment. the deposition of ,,,hich Luilt up ter
ra('cs of g m vcl, F<l1Hl . si lt . Ilnd c,'en clay. " TIleD the glacier had l'c· 
ceded so that the region ill northern United States was partlY'eov· 
ered, the o1lliet of lhe lakes, which is naturally fo the north and 
northeast. "'fl S oh~trllctc(l so t hA t they' overflowed the marg-in of the 
bas ins Hn<l dJ'flined into the :Afississippi R i,·er. L ake Agassiz, t he 
enlarged. Lake Winnjpeg, is responsible for the soils of the Red. River 
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\"alley. (Fig. -1 1). Lake (.'hiL:u~{).llil' :!.'\tl' ll ~iu ll of l .. llkl' Mi clLi~!lll , 

j,tLkc ~ J aunlCr. HII l'xtcnsioll of l ALkf' J-:"il', alld other lakes ui (;recli 
allJ SngillHw J~ a.rs pl'odlll'C'u lake-laid !'nil~ ulld formed dWfal"ieriatic 
lIt'aches. 

The lHiltcrilll ,h'po:-:ill·tl hy the )!hu-ieTI'- is ~,f \\\l'fY grlldL1 (l'lIm 

the lillc:-.l ('lay to houldl'TS \,"pighillg" lIlilllj" ltlll:i ( F ig. ~Il;). Jl ~ value 
r 

F lO. 46.-Cranitf' bou lder wei~hinl1; nbout 30 i rms, a t depot of North western R. R ., 
Wo.UkCgilll, Ill. 

FIG. ·H.-Heap of boulders .!:.oU.~t~.r~om a ~ora.ine in northern IlliDoia. 
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for formin g soils depends upon its fineness uuu (he rocks from 
which it wa; de ri' ·ed. M Ull), ar~us kUO\\l1 as boulder bclts contain 
so mrulY boulders that it i~ illJPOS3il,ic 1.0 ~ulti\·at.e the soil, whjlc 
in others they were lIot so ahulldant ],ut that it is prnriicnu lc to re
moye them. TheHl' i)()ulder::. arc !5u1l1l'iimcs used for making fences, 
or piled up 011 waste l'UJd (Fig. ~ '). 

In muny ca~es where the gl3.(·ier passed oYcr rather :;o[t rocks, 
Eucll ns stlll(l.;toUl!S or shales. lar~e ~UllOUJlts (If tlil!: w('r(' pi cked up 

anti pushed fllong und ;;;ol1wtime~ Iorll1t'd a "l'I'," large' pari. of the 
aeposi t. ' ['be ~ui l fo rlll ed fro m it I::' "<.' 1'." inferior. \r hel'c the r fys
taIliuc rO('k8, such n:.; g'l'allit('s und s."cllites, arc mixed with lime
stoues a n'n fertile soi l result~ . 

)lost or"tlte uQulde r clav is ;Ilflkiently fille for 1'00<1 soils. al
though nearl y the C'nti re gJaeiatcd llrca contains SO Ill e' boulders. 
In t lte middle west (he driH is cV"ered wi lli It beyer of fille wind-laid 
ma t.erial. 

QUESTIONS 
1. 'Yhat was the extent (I f tile icc slit'd d urill g the g lat: i 11 I p<' rioJ? 
2. To whllt c.....: tcnt' waS lImte rin.1 d('pos ited ? 
3. " -bat pres~u re did t.III' iC'l' CX(·rt ~ 
4. How IHe tt 'rlllill lli morai nes fOTIlll'd? 
5. Distingui sh bf't.wt:t'U k llll1 ('S. l·skL· r" .. and dnllJlliw" 
6. N ame nlld J OCI~tc the {'(,Ilter::; of a ccumulat ion in Xorth .c\mericn. and 

Europe. 
7. T ell Il.hQut till' .Ierst'ynn or 1\chrn~kan ghl(·illt i oll. 
8, Gh'c till' fll('tf'; ill ngard to t he K a n s ctll ll'(IXalJ('l'. 

9. Tell aLent tlie J llinoisan gl arintion. 
10. \\'hHt wa s dlltrllct.erist ir of t h(' lo\nlll ? 
11. \rh ut \\"U!l the extent of till' } :Ilrh· \\·i!'lC'O IlF. in nd n l flc('? 
12. What was til€' (':tLcll t. of t he a rpa, ('ovt:n,il 11\' til€' Lnt.e ''is(,{) fl;;in! 
1:1 . What e lr('ct did this hu\'{' on drainng('? . 
14. Gh'c some illu flt. ra t ions. 
15. \nmt nre h(tu]ller bplts? 
16, Whn.t wa s the ,(rf' ll cral effe€'t of gin.cif'rs on soi ls ? On topography ! 
] 7. What is boulder clay? 
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CHAI'TEll V 

THE PLACING OF SOIL MATERIAL (Continued) 

III. E OLIAL OR WIN D-LAID DEPOSITS 

TnE statement hUF- been made thai eyery squllrt' mile Oil the 
earth's sllrfal'c has I'ecci'"l"!d parti~'lcs from ('n~r.' · otlier :-:.quare ruih;. 
\rhcihel" this i,~ ahsolutely true (II' llu t, it show:-:. tllilL It yefY with! 
di~trihutioli of material bilf:: been gO illg" Oil, allu this ui . ..:tribn!inn 
lias ill'en urought ahulll.. by ihc Ugt.-'Hl'Y of' wiml. No pitH'€' on the 
Nlrth'r; ~urrfl.ce i:, free from L1u:-:'L En:ll the SilOW 011 the great 

c'ollti ucuial i('C' sheet vf U I'ceIt il.wd (,OlltHill~ a pen·l'ptihh· amount. 
])u!';t St.OnllS all oyer the \\'ol'ld are (.'aT'J'\'ill~ finc Ill<lteriui Lllto tho 
1Ipper ntnw:,pil('l'c. wiH're if; is tnulfo:p0l'tt·d 'for thou~alld~ or miles, 
fallillg on all part:;: of the ca rth. l}lIsi fall::. hu,'c ope'urred ill which 
a lllcfl5undllc nnlllllllt ha~ fallen ill ,L few houTs. I II J 1IC1ilUlil in 1895 
a :o:now fall was (,tJlorc'U l,rowl1 hy the largo amollnt of (lu.st. it con· 
taiJl('u. OllO sample, collt:'t'icd ju :-;t after the storm, cOl1taim'u .37 
jJr'r c'eJit of du st Ity Wt'ight. The Ramo year a. sample or SIIOW 

('uIICcl(,d_ ill L(JIllioll ('outainC'd 10.G,) gra.ius of solid maierinl per 
!!'alloll of water from the melted RllOW. Darwin oLsenccl that the 
;rater in tlie Atlantic :1110 miles from the coast of northern Africa 
was Ji,tindly colored hy lhe rlllH!. aJJd Ihal' oust was railing iJl tbe 
orCfiIl in perceptihle quantities LGOO miles from ihe Desert of 
Sahal'a. The sirocco winch of the Sahal'a sometimes carry dust in 
perceptible quail! ities as rar north as Scotland. Professor J. A. 
"Lduen 1 estimaled that during [to ordinary brreze a ('ubic mi le- of 
air will contain 22,) tons of du st., whil e in a hen,,:,' storm it will 
rontain 12G.noo tons (Fig. -J.8). The ,lust piCked up h,' winds 
together with that throlm into the atmosphere b.I' volt·anoes has 
played an important part ill the formation of 'oils. 

Classes of Wind-laid Material.-The wind-laid deposits 8J'e 
dunes, 1""88 in part. adobe in part and volcanic dust. 

1. Dunes.-Sand is the commOn constituent forming dunes, 
but other materials sometimes compose them. Clay and silt dUJles 
are not unusual. Colie)" found clay dunes in oouthern 'rex as, 
while silt dunes are freqllently met with in arens of deep loess. 
Many of these are foun d on the eastern borders of the Mississippi 

53 
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alld I llilloi, Hiv ers, 11(,(al,ly ill l 'llrro\. \\'hitcsidc, Hock hland and 
Ht.. Clair l'oulltie~ ill I llillUi:i. The l'OTlClirilllls ll('('cssury for the 
fOJ'lllatioll of RfWd dUJI(':-> /_I/'(' il ~uJljlly (If )0;<1 1111 11IHl <I ,:;~\ml'~"\;i)t high 
UIIU COJJ:-,ulJII wilHl. Nt'a alld Ilike ~1 1(Jn':i fur-IIi:",), {'xpclll' lli ('ondit ioJls 
ror tile f(II'lIlfl,tioll of r-:ol1(l dUlI('S. rl'llL' wi)yef' throw the :':;_llHl upon 
the hcu('h <lnd thl' ::trollg" winch whi ch 8(1 ofleTl pn'\,:lil tlWl'e ('a rry 
jL lnll fl wanl. R1Hder l':::.tiulnl<':, thai nillrty pL'r ('c-nt of the coa:-t Ijne 
of OJ(' wurld if.: fl'in,!!t.,d ,\~ilh ~iJ r l( l . The iotnl chlllc Hre/) of Europe 
is --4.r,G2,OOU at'res, whill! the SUUl). wastes auJ about g,OOO~OOO acres 
more. 

FIG, 48.-A dUBt storm in KIlO.l!!811 , Mft.y 26, HH2. (Jardine. Jour. Am. Soc. Agronomy. 
Vol. 5, No, 4.) 

Sand is not raised far aIJo~'e Uw surface n~ in thc case of dust, 
and a shrub, 8 tuft or gl'a~8 Or a iCllc'c may gi\'c lodgment to 't11e 
sa.ud alld origin to n dUlle, _\ftel' acrumulations haH'! ullce beg1lll by 
means of an obstrudioll, tbe dUlle itself \\'ill furnish the necessary 
conditions for growth, In shape. llullCS may he either in the form 
of hilloc:ks. crescentfi . or ridges. tran ~ yel'~e or parsl1el to the pre
vailing \\"jnu s. ']'he slnlpe of the illdiyidual dune is a steep leeward 
and a graclual "indwarcl slope, especially where the prevailing wind 
is constmilly from the same direction, 

Sand d~nes arp. of two classes. migratory or wandering (Fig. 
49), and permanent or fixed. \Viih a com:d",'lut wind, dunes migrate 
or advance a few feet each year, burying objects in their paths. 
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E,-cn "Wages nut! furests ('aJllwt wit]J.sinlld tlll' HtlnllH'c 01' ~nlld 

dUliea. The usual height is from lell 10 Ihirty feel, hul sume hllYC 
been found. 300 feet high. Through some tcmponlry l'hH lIgC in 
('iimntc. as incl'(~ased rniTlfall or c1iminiF:llc(l wi[lcl \'cio(,jty, Y('gcta
Lion may start on Ow ~and nnd gain su(·h ;1 footho ld thAt the Clllll C 

iJcl.:oll1e~ fiIed or }H .. 7111.ancn'l . This Iixcu feature itS someti mes 

FIG. 5O.-A resurrected forest, Dunc Park, TndianR. (Chamb(lTl l~in and SnliJ!lbury, Cbur
t.e&y Henry Bolt &: Co.) 
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brought ahout by plaJdin~s f)1l the windwa.rd :;ide. III Denmark, 
]'rll ~~in, S('of land . l\la s:, a {'h ll~ct1~) Hnd J\orth ( 'Hl'oIina. beach or 
marrum grass (l'ig. 5:! ) whose TooLs cxtcild 1..0 a great depUl 
,- ---. --- .-.-- -- --

FlO. 51.-Wiud ripples Oil lIand dune. (Cross, Chamberlain amI Salisbury, 
lienry H oll. &: Co.) 

Fla. &2,-Tranapu.oting be. ell or marram gmM. (Burosu 01 P lant Industry.) 
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FIG, 53.-The zrBll9 in tilt' foreground ll 'lld!l t.hp RAnd whirh drifts froID tbe " 1Vu8t o" 
bcyc.nd t.he fen ce. (U . S. OIlPl. o f Agriculture.1 

FlO. 54.- Saodill being hcld by-vegetation. In tbi!l 'Wily wlI..ndering dunes may be cllanged 
to permanent. oncs. (U . S, Dept.. of Agriculture. \ 
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has been used quite extensil'eiy to holel the sand, This grows 
luxuriantly as long- af.l. the :::nnc1 is driftin~. hut dies and is re~ 
plaf'f'd II)" other form]': of "C',.!rC'tfition fiS Roon as mon:-mcnt ceases. 
After ii~ulion is ucc'Omplished certain yarieties of trees may be 

'-'--- ----~ 

" Pia. 55.-Fcnce!l being used to oheck the movement of sand. (U. S. Dep t.. of Agri culture.) 

plalllCa, transformillg these dUlles illLO valuahle run~::;t lUJlds. 
l'CI'IlUllJC'ut or fb:l'u dU]I(.'s lllHY be (·!Ja1lged l O ·m,·igralory ones by 
injudicious mawlgel1lClJt, 13uch a ~ rcry dose g-razing, tillage 
01' auythillg tha.t destroy,:; or removes the protecting vegetation. 
This ha..; occurred in some ,yestern states where close g razing by 
sheep has destroyed the vegelation so that sand mOI'ement has 
begun. l\Ii('higan, Illinois, \\'iscOTlsin and Indiana 1)ave consid
era hIe areas of sand dunes. A large purt of these Areas is covered 
with a scrubby growt.h of hlack oak and other trees, whicb f urnish 
complete protection. 1\nCll this growth is removed, however, it 
is very cliflicult to hold the sllJld and it is the part of wisdom to 
I~n I'e el'en the poor grolli h of forest for purpo;es of protection, 
The dune nreas covered wit.h prairie grH sses peculiar to the sand 
present different problems, As" general rule, there is sufficient 
organic matter in the surface six to eight inches to hold the sand 
parti cles, When the soil is cropped or pastured, ;ome of this SUT

race soil may be removeel by the wind in e"'Posed places, forming 
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what is cal led II . , blowout.·· (Fig. 5G) . The tendency is for tT, is 
to increase in size and orten J'esulis in ruining large arens. To 
rrrJnim these .: hlowOllt~" it if;. n('<,c:-::<fi ry to grow legl1mes. plants 
i1bIe 10 lake their nitrog-cl.l from the air. The black locust (Pig. 57) 

FIG. 5u ,-Lurge "blowout" in sand Mell. NUlncr()uI'I flm ull otiC! way be fleen ill the dill-
41u (:l.'. i\lUSQD County, IJlilJuis 

riG. 57.-Black locullts (Robinia p$eudo ocacia. L." gl't:lwing on sand to 1.he right. drifting 
. !:Illud on left. (L. A. Aboott.) 

is probably one of the best, although if the co= on sensitive plant, 
the partridge pea (Cassw' chalnl13c,i"ta), can get a ~tart it will stop 
the movement. '\.'he trailing wild bean (Fig. 58) is another plant 
that grows luxuria.l1tly 011 sand a.ud does much toward huilding up 
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tilo "oii. Tile 1'<11'1 i, 'u tal' nrh-nnlage of' tili, i~ th"t it reseeds il:8elf 
and rt)Jlow~ rye alld wlll,:!t with a good .ffI'o"rth of' rCl1o\'ll ting lUilte
riul. JJ UlJ.dl grutici gro\n:l n:ry wdl UpOll tlIe lJlu\\'{)ut.::i and fre-

Fro. 59.- Pines A"Owi ng on sand duncs in England nt Burry Port. (Carmarthen.) 

quent]y is the means of stopping the mo,·emcnt. The use of pi nes 
fOT this purpose is shown ill figu re 59. 

2. Loess.-8nnd dunes Ill'e limited to regions where sand is 
abundant and where yegetation doed not prevent its being moved. 
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1t is ne,"er carried any distaul'e hy Ole will,l bnt i, rol led along the 
SlirfuC.'e of the ground. Sand lIuue!:' rarely IrilYl..J more thall ten Or 
fil't('cll miles. Finrl' m"teri,Li. lH)\H.'\' c l'. WllJ bl' pil:kcu lip hy till' 
wind oud tralJ~port('d for Illllldl'c<..is 01' en!l] Lhuu:::llJui:-: of lIIilc~ . 

This hring~ ahout a n~l"y wide distrillutivll of thc' filler soil lliate riHL 
In many ('asc~ this is ('UI'l'il'd in ;,uilit'i(:ld an}()ullb; to fortll dl'pn~ib~ 
~'\'(!ra'! hUllul'cd 1'1't'L ill thi(·kJl{,~;;;. r\'hi:-: Hill' dl'po:-:iL hHi' l'l't'll ('al lcfl 
.. luess" lly the Ul'r1l1i1l\:;:' and tile tCOl'nI i:-i Hppii{·d t.u llll' ~Hm(' drposit: 
in this country. Lo(':-s. i:-: di~trihll!(:d O\'(' f tl large area in K"orLh 
AtIlcrica, ('ompri~ing' (JH~I' l;On,O(l() fl1lllan.."' milc:-:, Iltlt is rcally limited 
t(l the shd,cs honk'l'ill,f! the ~li~~i)o: .. jppi -I:i\t_>r Hnd it~ trihut.aries. J b; 
d,'pth varies frotn tW0 to six f,'Ct oY"r thl' pri(lcip,,1 p",rt of 111is 
loc:::s-eo\'crccl Rn'a. but ucal' tlll' lar_!!<'!' !-'tn'HU1S l'l'l1(·]t(,R n deplh of 
:t5 10 ],jO feet . ]1\ ElltopC tIlC IO('!3~ .i:; not:-:o hl"(!lIentll'y dii<lrihu(cd as 

111 Korth Amerie{l. but 0l'('lll"S in FOnlewlmL inOlftied areas and ~cldOln 
O\'c r 12 feet in dt'Jlth. Jt extc[ld~ , h()\\'l'\er, from lLol't.hcr ll Fran co 
:1("1"085 TIelgilml. UCl'l11!_u)_Y, _\u::it-ria, and southern Husf!:ia. 'where jt 
form.., t-ho soil KllO\Vl1 a~ the .• blucK cnrth: ' or (·hernozClll. Jt (,{J l]

tinues castwanl ueross .\f-:iu int.o (,hillH. where /:lomo of l.he. deepest 
<llJil most intcl'f',..;tillg depo ... it, .. O('l'ur that ,-H'C' to In' l'oulJIl HtJ,rwllp1'l'. 

This deposit l'O\"('J'S an urea of -:!O(),(lO,O 1"llual"e mil (.·~ in Chilln, most.ly 
J1) j-j]e basiJI of il,c Hoang Jl o, in pl"I('(',<.: to a depth uf l,.)(l() to ,~.OOO 

fcrt. It 1\ill be Iloli e-ccl ihat ilii!"o belt i'nll()ws the tl'mperate ZOlle. 
Loe.:::s depo::its aJ'e found in .l_rgcntilla and Sout.h Africa, but little is 
known of t.heir extent. . 

rr he origin 01' loe~s has been mu(·h rliSCll .. ..:scd al1cl scrcrnJ thooric;;:, 
have been adnlO(·('d, hut it is "ery likely thaL 110 Ol1e theo!'," will 
"('('ount for ihe deposit in all ("n,e;. "ince" cardul Rtudv of ihe 
work of ttw wind bm: been ma(h.' it 1:' gencJ'I1J1y ('olwC'd('d that this 
agency is responsible for mucb the Luger part of the dcp(J~it. rPhcre 
is litOe cloubt ]Jut that Rome loess may have heen depo'ited as a 
Fediment from water and in so me insia,nces both wind and water 
haye played a part. 

As e"ideace of its eolial origin. it is fOlilld lit all altitudes up 
to 5,000 feet above !'C'a leycl in Europe und probahly a~ much as 
3.500 fed in the rniterl State'. To have this deposited hy water 
1,\'ould haye required these region:: to have heen submerged In that 
extent and there is no eyidenc(' of :'iuch ~uhmergen('e. 'rhe depth 
of the deposit iR quite uniform over hill . and val l~y. aR if it ca me 
like a gentle snow. In the United States, where the ;uhjeet has 
recei,ed much attention, it is belie"ed that the material has heen 
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tukel] from th e flood pluim; (If sirf'aUl:, tltHt ('lIfrjec1 the w:dcr~ 11'0111 
t.he melting glHeiers, depm:it ing- tilt' rock Hour orcr the flooded 
plain!'. 01 Ul{'~(J s tr('alll~ ( l"ig. liO) . J)ul'ing 111(-' col d pari of the 
year tllu flood plain £< were harp and dry alii] tId . ..; fill(! material was: 
("iHri(,d orel' ilw lIpllllJll hy till' willd. The tlepth 01 the deposi t 
rarips with lhe width of illc fl""d plnil' from "'Iueh lhc material 
WiB. d(,l'in·(l and iiJ 0 dj~tllll('e f r o lll j 11(' :·:jTC'<l lll. 1'"]1/1(' ('oar.-:f'T material 
was t1Pl)Osii('cl 011 till' upbllltl :Hlj oi niJl,!! ill(' floorl plaiu. ,,,h ilc the finer 
Waf.; {'cll'J'i('(l tu milch g-I'Cfll(l]" ,1iF=tHIlC'C·S. N"L'}l1' Ul{' fl Mc1 plains from 

which it was derived it was ()(;casion nUy deposited upon the uplands 

FlO. 60.-Allu\·iation b;.' glacial stream below Hidden Glrlcier, AJaskn. This occurred 
to a large extent dnring the Claciui ~t:lriod. The llpland loess Willi dl!rived from these allu
"ial dcposiUl. (Chamberlain and Suhsbur)" Courtc::!y Heury liolL & Co.) 

ill the form 01' dunes, either as hillocks or ridges. TheseJrequcntly 
shm,. the 1>'pio,,1 dune topography. I" l11inois and other states we 
find that Hlong tile larger streams the loess deposit is deeper on tb £: 
upland adjoining the wide bottom lan ds. \Yhere no bottom land 
exi~ts, the deposit on the adjacent upland is wry thin. Tills inili.
cates a vcry close relation existing betwcen the loess alld the bottom 
land. 'L'llC deposit is deeper on tbe east side of Ule flood plains than 
011 tJle 'rest, indjcating pref"ailing westerly winds at tbe time of 
deposition. Very much of the loess of ~ orth America was deposited 
at the close of the Iowan glaciation. The melting of this glacier 
.eems to have been accompanied, as Leverett says, by heavy periodic 



EOLIAL OR \\"I ND-LAID DEPOS1TS 63 

rni,,{ailll·hirh ,"""><'(] n",.l, that ';)"'pl"tei.l· roYcT!'<l the nood pillins. 
TIH'~(, periods of ullu"iniioll W{'rr rollow('(l hy those- i ll whi (,h the 
riYers contrActed to their ordinary channels ""d lefi ihe sediment 

i'1G.62.-A road through a deposit of deep iOC8ll along the lower lllin0U! ~ver. The depoeit 
,Us 30 tc.. 50 feet deep. Tbe vertical wa.U" are IlbllflL(ltcnatlc . 
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to dry. It ,,",,$ then picked up hy the ,,-ind aud carried over ti,e 
upllllJd_. Tlli :-:. l uwtlu lo{.'f'S Wi\:-; "cry cxtcll~i\'l'. rClu:l lillg as flu en:.:.t 
3:-: ~outl1\H'~l(.'rll UJdo, IJorlh illto \\, i~t:(Jfl)<:ill. nJJlI a~ fur south as 
Louisi ,JJl<I (Ill 1J()tiJ I"itl(·.: Id' lh(~ )Iis::, L.:~jpp i J{ in'r_ 

Lot·s:, is quite unifurlll in tc~tur(', ('(Ins;::i:;-iillg' j)l'imnrily of par
ticles of ~ ilt mixed with fille Rand allel a f<mall umount of clay. Since 
much 1illl('S{{,1l (, wa~ :""'(Itlllll lip hy the g-Ia(·j('l'r-:. the l OPf:s C'lmLains a 
lal'g(' proporti oll (J[ l'arIJUllut('~. as 11l1l {'h a ~ ;28 per ('cnt in some 
t'HS('S. The pl'l'I·olatillg ul l'hol lllier1 wat er lin..:: ai~::qh(_'d tIle (.'ar

bOlJfllC frrlm til(' tipper part and ('lLlTicll it dowllward. depositing il 
ill thl' forlli of ('o nt'n·ti()n ~ of ynrit,u :o: .<;:;i7.c~ illHl t=lHIJw~ as Rho"~u in 
figurl' (il. SOIlI l! of thl'::l' a.rC tllhulHr. ] i. i ~ prtJhahlc that thcfi.e were 
fOJ'Tllvd in th e OPCJlillgS left utter roots had oecayt'd. Concretion::; 
of iron flJ'l! inrnll'tl o(·('a~illllally. 

TlJl' dl't'jJPJ' I ( J(.'~:-: dpp()~jj ~ :-:how c·1illrarterif.;lit· H!rti ral (·lcavagc 
aIlc1 tllt...: tilJ'(JltgJI Oli ... Hl<lintaiIJ H'rii(· .. il \\'.ill. .. Jor l()]]g periods of 
time' (F ig. ti :!). 'j \.' J'I"(':,iria,1 ~ h('!l ~. ~ u (" h H!-< :,nails. are fl'('qU Cllily 

IOUl}(l ill th e: (h'epcr (ll'p()sit~. with [HI o{'(·as10lhll £]'(':::.h WaLeI' shel l. 
'.I'lw following' lal.Jp give:; the Hllilly:o:il'- or ]oe~~ !'rom different 

sQnn·('s. JOT c·omparisoJl wj1"h a dust fall ill India.Bu: 

Phy~ica.1 Analys i,.<; (If Loess and Dusl ~ (Grades (If Bureau (If Soils) 

"p',nd '''''''! '';W '''''''. Loess, Dwn from 
C OIl!!ti !'uPllts \ ·irt:ini:1 City. \ · ir~lIi:l. City . I Nebraska snow, Rock-

llHlluil! Illinoill \-ille , l ndiuna 

~rctllt prr crnt per ce lU ~rcellt 

Moisture ... _._ . . 5.40 3.17 
Organic m:l.ll cf . . i;.oo 4.96 11.98 
Gmvc1. .. .. . D.\)() 0.00 0.00 
Coa~e sand ..... 0.00 0.00 0.00 0.00 
Medium sand .. 0.00 0.01 0.00 0.00 
Fine sand . .. ... 0.01 O. JO 0.00 0.00 
Very fine sund . j.GS 24.84 23.14 0.00 
Silt .. 61.85 60.98 54.81 69.37 
Fine silt. H.W 2.80 2.46 5.80 
Clay .. 15.1.5 6.15 9.45 9.68 

Totlll .. 94.29 94.88 99.22 100.00 

The chemical allHI_r;is of {h'e sHlll)'les from different places is 
given in the next table. 1\ote the aJUount of lime and magnesia_ 
The deposit is usually cl"ua~ter ized by a large alllount of car
bonate. 
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COnlltituenu 

Silica (SiO,) . ........... . 
Alumina (AkO.) ...... . 
Iron sesquioxide (Fe10.) . 
Iron protoxide (FeO) . . . 
Titanium oxide (TiO!) .. . 
Phosphoric anhydride 

(P,O,) ... . ........ .. . 
Manganese oxide (MnO) . 
Lime (CaO) .. ... . ...... . 
Magllesia (MgO) . ....... . 
Soda (K",O) .. . ..... .. 
Potash (1\:20), .. 
Water (B,O) ..... ..... " 
Carbon dioxide (CO,) .... . 

GlIllln_, 
llIinoill 

0.06 0.09 0.13 
0.05 0.02 0.12 
5.41 1.69 8.96 
3.69 1.12 4.56 
1.35 1.43 1.17 
2.06 1.83 1.08 
2.05· 2.70· 1.14" 
6.31 0.49 9.63 
0.11 0.06 0.12 

ii::ii 
2.04 
0.84 
1.11 
1.37t 

11.08 
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0.11 

1.81 
.Kone 

1.23 
1.30 
1.96 
0.80 

Sulfurous anhydride (SO.) 
Carbon (C) .. 0.13 0.12 0.19 2.87t 

Total . . 99.99 I~ 99.54 l00.94!ii.95 

• Contains B of OTll:tlnie mfittcr. ! ~r~ti~~.lllatlcr dried at. JOU
o 

C. 

3. Adobe.-Adobe is a calcareo us clay of a gray, gray-bro\\" 
or duJl yellowish ('0101'. "ery fine grained and porous, friable and yet 
standing in vertical est'a rpmcn ts for many yenrs. Th e adohe soils 
are found in the arid allu sClui-arid region s and represent both wind 
and water deposits. Mu ch of the adoLe was undoubtedly formed in 
Rhallow lakes by 1l1C deposition of very fine material which con
tained a large amount of carbonatc" l'esembling loess in this respect. 
Professor Russell' speaks of this deposit as assorted a.nd spread out 
O'er the valley bottom by the action of ephemeral streams where it 
hecOllles mixed wi th dust blown b:' the winds from the neighboring 
mOllntaim !U,d rendered more or less coherent by the cementing 
action of carbollate of lime. It ()(,Curs from lIiexico northward to 
Oregon and Idabo and from California to Colorado. In altitude it 
"aries from sea level in Arizona to 8,000 feet and in thickness from 
a rew feet to 3,000 feet or more. 

4. Volcani'c Dust.-During the explosive eruptions of vol
canoes large quantities of dust and ashes are throm, into the air 
which may be carried long distances by the ' wind. Volcanoes 
e~i5ted formerly where 110 acti\"c ones are found at..prescnt. North
western United States WM a region of great volcanic activity in 

5 
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conl]utrntjrcly re('cllt g"l'olog- ie tillie. As a result. of Lhia actioD, large 
deposits o[ yukanic dUt't are fOllnd in \\'a~hlllgtoll. Oregon, Idaho, 
MOll illlla, \ryomillg, illlc1 NciJra!=:.ka. ]11 tbo latter state the deposit 
vari es rrom --t to :30 l'c{'t in thic:kucss., while ill some or the north
wc~t.c rll sl.a.h's the depo~jt is 1111]('h deeper. rro gi,'c some idt'Q of the 
aruount of du::t that is transported by fhe ",·ind (luring a \'olcalde 
eruption, alld the distance to whi ch it may bl"' carried. it l!, said tltilt 
till' dU!i.t from (L \'ol('l1no in Kicaragua. w!t~ d\~trihutcd hy the winO. 
over 1.500.000 ~qunl'(, mil('~ llll<l thnt a~}\('~ from Kraktdoa fell to 
a depth of severaJ iuc-iles at 3 distnn('(' of a thou:::and miles from 
the \'ol('fino. 

QUESTIONS 
1. Give some examples of dust iall s. 
2. Gj\"i! dllsses of wind· jaid ml.l.Ltrial. 
3. \\ 'hcre arc Sfillt.1 dunes fou ud and what is the souree of the sanu! 
4. Whu t il:l tllc ~IHlpe of MIlU dUlles'! Ho'" mHy thl'Y \'liTy fnnn thi !!? 
5. Bow j" slllld mo\'cm(,llt sto}Jp~d un the ~hOTt'S'! 
G. Bow ma.\' tixeu dunes L!e cltu.ng(_'(l to wlwtit'l'i lig O ll{' ,.~ 
i. What is a ., lJlowout u t 
8. Wlmt special advlllltage dOt'S lJeaclt grass huve lor pren-'ntiflg drifting of 

salld t 
n. \Thel'e are loess ucposits foum.!? 

10. ()i\'c reasons for belip\' illg that IDes!' i ~ n willil ,kpoi'it.. 
11. 1)0 dust PRl'tidCS carry R. film of air? 
12. ] f Em, what is the eft'eet of t hi s on tilt' Spt,t'jli(' g-ravity of the pnrtitlt'! 
]:1. What. lIrc some of the chamrtcri stics of I()f;'!-;s'! 
J4. H ow does it ()ontpare with d ust? 
15. Gi\'c charn,ctf'ristics of adobe. 
Hi. " 'here h; it found? 
]7'. How extensive are depos its of \'olC'flnie dl1 Rt'! 
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CHAPTER 'II 

SOI L AND SUBSOIL 

TJJE soil may be coJlYPJlienlly c]jYided i"to lW(l .lrnI8: (1) the 
tup soil. tOllsisti ng or (a) surfacc 0 to 6% inches and (b) 6ubsur
fate ti% to 20 in chc~, a.nd en l;uhl:'Oil, whi(·h C'xtellds to flll indefi
lIite depth, hu t is SrlIllpl cd from 20 to .J.n jJl(·)Jrs. Th E' difrerence 
hch,'ecu the two di\'i:-EioIlS, the top soil nlld f'uh~oil, is mI1inl~' due to 
the adion of organi:mIS. hoth plllnt.s and animals, although phY:3ical 
(lIlt] chemica l agencies }un'e plllyed no jnC'Duf5iucTtlhle pHTt. in pro
{lucillg these uifft'renc('s. 

1. The T op Soil.-(a) Snr!a,w.-Thc " "faee eoi l i, c-onfincd 
10 the part m:ualJy turJJed b,v the plow ~1J1cl is lhe &irHluJll wiih 
whid\ tile farmer is lllOF;i familiar. Organi(' matter and fertilizers 
are incorporated in thi s stratum and for this n'a~n the roots oj' 
OUT ('Omm(1I1 prop.o.: are larKely cOIlfilled here, 'I'Iil' most, nln'jollS dis
titJrtioll in lll(y.d !:o;o il ~ hE·tween this and 311Y other Inycn; is the 
darker ('olor IJf(lduecd hy the largcr ("oBient' or o rgl1ni ~ matter or 
humus. This hring.~ ahout (!t-·(·i!l£,t] ('0101' i·hi):!lgCR. sudl H.o.: (l.arkening 
\\'hen ll1oi~ten('d. Hydratel1 ferri c ox ide, jf \'(~ry alnllHlant, may 
obscure t.he dark ('010 1' of organ'ic matter. 

The surhlCe soil frequently dil!"ers hom the other .'trala, and 
more particularly t.he f:.ubsoil, in beillg made up of slightly coarscr 
material. 'l1his difference .is not found ill Ul·id regiolls. It js due 
1.0 the washing c]ownward of the nne pal'tir')cs by percolating w~lter, 
as well as by their removal through l-'UTface run-off during beavy 
showers.. This st.ratum ('ontains the 1argest amount of fertility hut 
generally the leBSt of lime. Organisms of all kinds, usually found 
in soils, are more abundant in this layer. Here are found the most 
iavOTable conditioD'S for bacterial growth and acti\·ity. 'fhe germs 
of fnngous diseases, if present in the soil, are more abundant in 
this stratum. It is the only part of the soil that we can change 
materially and hence its importance, 

(b) Subsurface.-The subsurface stratum )ies between the sur
face and the subsoil, but usually resembles the surface more closely 
than it does the subsoil. The stratum is a natural one. e"tenling 
from the plowed soil to the line where the change in color, physical 
composition and structure inlicates the beginning of the subsoil. 

67 
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The thickness of this stratlllu \"Uries from 0 to 30 iu('hes and even 
more, as in the case of peat and other swamp soils. That of lIormal 
upland locssial soils is from eight, to ten iO<..:hes. 

The amouJJt of organic matter decreases "itl1 depth and vades 
with that of the surface ~ojl. Undel' normal condHioIls it is ne"cr as 
abundant as in the surfal'c UeCllllBe the root development is nc,'cr 
so great anu thc chalices for the introduction of other "egetable 
material are ]101 so p-ood. Excoeptions somdimes OC('U f jn allu,-ial 
Jalld . 'The same downward moyemeJlt of fine ma.terial 1J 85 take.n 
place a.~ in t.he surface soi l, thus giving a slightly coarser texture 
than in the subsoil. Thc subsurfa('e may be made vf dislind layers 
that differ in ('a lar or texture or both. The color ill prairie soi l is 
usually due to organic nluttcr, whil e in timber soils it lS princ ipally 
due to iron ill some Jorill. 

2. Subsoil.-The "Ilbsoi l extends to an indefinite depth, but is 
sampled to .. 10 inc.hes ilJ humid cli mates. Th i~ stratum is of great 
importance bec:au~e (lrainage, capill ary Illon'ment. root penctration 
and resistan ce to drouth depcnd largely upon lts character, and this 
in turn depends largely upon its origin . If residual! lts character 
will vary wi th Ihe pareut rock from wbich it was derived. It will 
be uniform if the parent rock was massj'e. and variable if the 
parent rock was formed of st rata of widely (liffering mineral and 
physi cal composition. III cUJl1ulbse, lacustr ine, glacial and allu"ial 
deposi ts, the suhsoil is likely to va.r)' to almost any extent. There 
Illay be substra ta of gravel, sand, silt, clay aud eveu peat with all 
their variations. ] n loessial deposits t'wo distinct layers usually 
occur in the subsoil, the upper f rom 6 to 15 in ches thick consisting 
of a clayey silt or a silty clay, formed by the fin e material carried 
downward from the upper st rata by waler and deposited in the 
upper subsoil, and the lower composed largely of silt aDd very Jine 
sand, the very pen-ious ordinary ]oess. Subsoils are usually less 
pervious and more retenti\-e of llloisture than other strata. 

Tight Clay.-All soils in humid climates permit more or less 
water to percolate through them. When a rain falls water passes 
into the soil through cracko, burrows, along roots and through the 
pore spaces, carrying with it a small amount of "ery Jille clay and 
some iron oxide to the depth of percolation . I n time the deposition 
of this fine material between the coarser particles may produce a 
very heavy, dense stratum, reducing the pore space to such an extent 
as to make it almost imper vious to air alld waler. Thi. is especially 
liable to take pla.ce in a.cid soils where no lime is present to precipi-
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tatc or fioeculat" the sU>I'(;IIJocl day. Those tight Cl il)' so il. are 
found iu ::iouthern lllil.1ois, -~li ss(J lIrj , ::-1f'ktUlSas and Bliln y other 
plac:es. 

The tight <:lay loyer h CC'l) lllCS "cry hurd wil e ll dry. buL WhUll 

satu raied with wuter it is \ery i'oft alld 1'0.:;18 may be uriven iuio 
Ii easily. 

'l~ h £' tight stratuDl prc\'l"lIl,~ uuderJraillilgc anu the topography 
is almost. iI1\'arjably ioo Hat for s\~rfn('e oraillage. Dnmngc to crops 
l).r -wllter is rery }jabla tD O('{'lI l". To remorc tJw ex(:css. plowing is 
dOD£> in smAll laJH.ls, the dead furrows arc left open and by tl1is 
meaus waLeI' muy he n?11l0YCll. e!o;pC'tially sinl'c these furrows arc 
llsuallr cOlluectcd with II elitelt at the elld of the ii,'lu. This tight 
~tl'atulU Ycry seriously jnLcrl'Nc:,; with the ('apillars mo\'cment. rl' he 
light layer limit~ the stoI'a:.re oj' wall'l" to t.hat part of the ~oi l above 
it. Enm if WaU'I' is abulldanL lw!ow, it i~ f·ut off because the roots 
hllllJOt. pt'netrah" this f.itrl.llum Ilnd. r-ilpi lhlry mo\"(~ment ihrtJugh H. is 

so extremely Sl0W as to furnish but a. ~'anty supply, with the result 
that cro[ls ure seJ'ious]y alteC'1eu liy ul·oulli. The effect of tight day 
is Yery djl-}icult to oren·OlllP. For the pefmUm.'1lt jmprov€mclIt of 
~oils of this killc1, larg-c n.pp l i('ation~ oS ground limestone, four to 
six tOllS per acre. with the growil1g o[ deep rooting CfOpS, suc..;h as 
red. mammoth Of sweet clO\·Cf, are recommended , The puuctuf'ing 
of the tight day by the.e rOllts w,1I without dOll!Jt produce !Jetter 
conditions or drainage and aeration. Dynamite is sometimes usccl 
to break up ihe tight dar, but thjs method is too espensi"e for gen 
erru fnrm UE:C and J,e~jd('s the sulJ~oi1 runs together again when 
~aturated, Tim loess bcueath this tight, day, ,vhi(,h is from eight 
to lwelve inches thick. is ideal in ]lhysical composition. 

Hard Pan.-Hard pan propel' is formed by the dCJlosition of 
substances from solution around so,l Jlarticles cementing them to
gether into n more or less stOllY mass. The deposition of tTlis 
cementing substance is due, pOSSibly, to the stoppage of percolation 
by an impeT\"ious stratum, evaporation brought about hy some cause, 
or loss of carbon dioxide, causing precipitation, as in the case of 
lime carbonatc. The cementing matel'iai is usually dCrlved from 
the decomposition of rocks and may consist of such substances as 
iron, magnesia, lime or SodjuID carbonate and sodium chloride. 

Since tbe cause of l,"rd pan is the stoppage of water in its 
movement downward the rene,,-a] of percolation.. wiH be sufficient 
frequently to destroy the hard stratum. If not too deep it may be 
broken with plow or subsoil plow, but if beyond the reach of these 
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jmplem.ents lIynamite mur-:t be rcsort('d to. In plant-ing tree:; on 
hllr~pan lalld dYliamit.e lllay be used alld thus allow the roots their 
u~u81 penetratiol\, It t.ile. hardpan is caused by s()(lium carbonate. 
jt. mar he l]{'ceSf'llfY to upply gypsum t.o destroy th is carhonate uno 
Illus "rellk up the Ilnrdpnn. 

Humid and Arid Subsoils.-1'he suh'oua of arid region, do 
lIot Llii1'er mnkrifilly f rom the :urfac·c and suhstrrfac'c he('i!.use tJ1(I 
fillC" pu]'fil·lc:-; are llut mo\"(.'u dowJlwi!nl to aTl_\" extl.'lIt hy peJ'colating 
waLor. lit addjjjoll 10 this. f:oJulJlc Ruhst.allc('s 111'(, present, Wili(·h 

f1or{'ld~tc till' l'(lllo(Jiat ('I;IY and ]HCYellt its movement c]o\r1nraT'cl. 
TIll' arid :-:ul.J~oils do !lut IJ()~;,C~S ihc H 1'1lW" or Ullproduf'tin' lln tUl'C 

that i.'h~\radcl'if.C:-O tile humid Ol\e~. 1n arid region::. H'ry (lce)) plow
illg lllHY Le dOllc innncdiatcly preceding the p lanting or the (:rOJl 
without detrimclli; ill fad , it is of great benefit. LCC'fluf'E' it allowr:. 
d('c[lt'J' root pC'lletration UIH] grcHl"cr m.oisture retention. In the 
pl'oce::s of Ic\'eliug. preparatory to irrigating, the f:oil is someti mei' 
l'l'nlO\'cd tv n. depth of sc\'cnd fl'('t without injurious rfTf'f't 011 tilt' 
('I'(1) thnt. fol lows. 111 lJtlllli(l regions the farlller must be c~lreful 

JluL to tU1'1l up muc,h of t he .• raw" unweathered mal('r iai, just 
pTc('ctiillg tillH' of pl.wting the (·rop. hut if deep plowing is done 
RuHic-ien1 time slloultl be giYcn _for th(-_~ soil to ., weather " before 
the ("1'01' j, put jn. 'J'his js probahly pfirll)" due to biolog;c,i1 
cOllditi(JJl~ , 

The (;vlor differcnce::. do not ohtai n in the arid regions because 
the orgl.llli(· matter if'. derived almost ent.irely f rom roots, and thc:.:e 
penetrate Ycr}' deeply: so there is no great af'C'UInnlation of organiC' 
matter in the sUl'fu('(I stratum. Oxidation of iron hn 8- lIot generlll l.'
gone n~ry fill' becHlL~:,e of lilek of DlOisture, hence arid soils are not 
usually highly colored. 

Plow Sole.-\'here plowing takes place at a somewhat llllilorm 
depth for a long time. t.be trumping of horses and the slid ing action 
of tile plow jn the bottom of the furrow have Ii ten' r." to form a 
eOffipnct layer or plow sole. The washing of the til" tateri"l from 
the JQose, plowed soil dowu on the furrow' uOttOllll t s to increas.e 
the tightness of the plow so le. I n order to hreak this ,;tratum 
and I>fC\'ent the formation or another, plowi_llg sh I be done at 
vfiriable depths, find when the moisture condition i, eh that pud-
dling ,.-jUnet take place. 
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QUE STIONS 
1. What are the most ou,-julIo'S djITerC!l(:c~ lJetweetl the sur fac(· strut.tllII aud 

others! 
:!. Whllt lll".-encics hu.\"e been instrumental ill producin~ th('8C~ 
j. \Y1Ult tltc the upper and Jo\\'e r limits of the ~uIIlUlrfu('1' "tratUlll! 
4. Under what conditioll s might the SU!Js urfIH:e Uc ttl;S(·nt ~ 
5. What difrcrcnc(.~ between it Ilnd the surfal'f,r 
il. \\,hy is the su.l~oil of much importallc~r 
i. t:pon what. do th(' difrl'rcncc~ III subl'oi l!\ laq.!el." dl'jlt'llli ~ 
S. V.-hat is th(' origin of the tight clay !jtru..tunI! 
fl. \\'he1"e liTC tilt,y found? 

10. J)O(-'s limc"t,ollf' aid or prevent t1wi r furmati u l1 ~ 
11. Wha.t are OODIC oiJjcctio1H; to ti~ht Clll,\" ~ 
l:t', What are t.he m(>thods of improvement? 
J;J. How is huopan formed? 
14. How muy lutrdpan be destroyed? 
},-), Give difTercm:cs in suhsoils of humid n11li arid r{'J,!'iutH~, 
16, ""lint is mennt b,~ H Tli\I, )I soil mlli.nild:' 
17. \\11at. clfc(·t doc~ 'wentltcring }1Il\'e o n ~lIh~o il ~ 
lil. tl ow tl0 humid uud ar id !!oO ils differ ill clJlor~ Why? 
]fl, ]Jo'" i::; a. plow 60Ie fonn(ld '! 
20, What arc the remedies for it ~ 



CHAPTER I T I 

CLASSIF ICATION O F SOI LS 

Need of Classification.- The formation of ,oils I>y means of 
the nlriulls flgclJciPR dt!;O!('l'iLcu hao !!iYel1 ri~l to grcat complexity. 
As ill nny oLlieI' tll.Liural group of objr·d . .:, the stuuy of the relaliol1-
sllip existillg betweeJl thl' dilrcrcll! HH'mllcrs of tho ~roup is neces
~ar} for H (.'omplrit' ulltll'T,:;tunding of tlWlil. rrhi~ hrings ahout." C01l1-
parison cmd dassifi('ati lill. A w;' l'y :,imple asstllllpiiull would he that 
all !'oil5 clcriYe<1 from the !'ame ki1ld of rnc-ks are the :i-fUne . Thev 
lIo usually Im\'e Rome puint:.:: of !"imiiarity. but !:in many modifying 
factors hH'-e iJeell a.t work that important dii1:erenres are produced 
e\'e.n in these. Jt DJU SL be remembered that "~ i Is are ycry c'Omplcx 
Ioodie., due to the inftnit.e '·a.riety of rocks from whieb tlley are 
deri\'ed and 1he large number of agencies taking part in their 
formatioll. 

By far the larger portion of son material is moved from £he 
place of iis origin 1'01' \'a ri ed distances, perhaps hundreds oC miles. 
]1) its tnHels it may be d(\positea O\'CJ' Rnd o\,er again. and 88 a 
general rule the loose 8urJaC'e of the earth is a mass of urifting 
material, here tn-clay alld a hundred or even a thousand miles from 
here in the next geological age. 

BASTS OF C,LAssn'l CATJOX 

1. Geological.-Roil i:; a geologiC'HI formation deri" ecl from 
rocks b,l' geological forc'!)s. It is "er), natural, thell . that the geo
logical formatioll should be u,ed as the basis of classiDcaboll. A 
number of States have made general soil maps, basing the areas 
upon the geology. In DUU1Y caseE this may sen'c a good purpose, as 
where the soi ls are closel." related to the underh'illg geological for
mation. In other pla re.; the same formation max give rise to a 
great variety of soils, and in this case a c1assiDcation on a geological 
basis would mean nothing. In extensive glaciated region s the soil 
usually bears li ttle or no relation to tbe geological formations 
beneath the drift. General soil diyisions may be based upon the 
geologi cal agencies that bave produced them, and in tlris way form 
an important factor in classification. This gives riBe to residual, 
glacial , loessial, alluvial, and other formations. 
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2. L ithological.-Iu l1l1all)· ("a'os soils 11111"e been classified 
11('C'onli.ug to the rocks from which they have be('.ll derived or upon u. 
lithologic·al ha,..;i~. Ho(,ks or the ~!lnl(' !lume nrc So difl'cl'ent in COlll
po::ition wid HI'C exposed to so llHlI1." alld su{'h varyi l1 g (:()Ildition ~ 
JHJU agen(,ies of ('}wuge thnt tlil'.)' IIlH)" gi\t' ri::e to n'T_\' diffcrclIl 
!'oih~. A soil dcriw,d hom a g ralliie mlly b(' \'l' I'y fedil ... , lluder Ol le 
.'<t,t of ('olldir;OllBi 0 1' nImH!"! 1I1 180/lItdy sterile wHle1' al1other. 

:L Temperature.-H(':;.idl'~ hrl'utdng dowll n .. lt'K:-:, into fo:oi l mate
rial aud aiaiJlg Folu tion 131 ig-hlly, heal (10('8 not play Hueh UII impor
tant jlurt dil'ed ly in th e [ormatioll or R(lii, h11t iudi rt'ctly t.hr()ugh 
its cirl,(·t and illflm:llf"c upun uther 8g'{'II('ic:o:. jplllpcrilture if; of the 
~r(,i1tc~i importum·e. :Jlnrlcrail'ly Itigh 1l' lllpcrnt ll J'('~ inOllel1f:c t.he 
grnwth of pluntF al)(l hacteri al adiclll n:-: Ilhlllift':-:tcd in oxidatioll 
i!lld humi fh'ation of orglllli{' matier. This bri ng, .. ahout 1l1o:.:t impol'
talJt }Jhysital, ('11(,lIli('(l I, alld biologitn l di fJ'ercI1CCS. On lhe ba sis 
!Ir temperature l==oi1::- mHy br diyidt'd into (a) trop i{·. (b) 8ubtrnpif', 
(e) temprrate, (d) ~llbardic, and (e) areti,". TheRo are on ly very 
gl'neral and haH! but littl c signifkallC'c ill a system of C'ias~ificatioll. 

4. Moisture.-j\roi ~tul'C j ~ 110t only a. Ycry important fartor in 
hrraking down ruek!' into f'oii material , Ollt it hrings about vcry 
1'lwdamcutal dWIlt!el"! JJJ the soils tllemsehes, both chemiea lly a,1Id 
physically. 'rhe preSt'IH:e of moisture i~ nC{'C::isary for all chcmi cal 
l'hallgc~, hell('e dN'ornpositiol1 of nUllcrals can luke piaee on ly whcn 
\rat er is pre:::cnt. It is u:-:mtlly 3('c01npardcd by the formation of 
~oluble com.potUl c1s that arc lear·hed out and tarried u,wuy. and fre
quently to SlIch an extent as to lea,"c the ,oil defir·ient in plant food. 

Soils are RometinlCB diddecl into arid. wh ere the annual precipi
tation is less i han ] 0 inc}l£ls; semi-arid, ] 0 to 20 in(·he..;; 8'ub-hurrlli.rl. 
~O to 30 inches; hUln1:d. more than 30 inches, and slkper-humid. 
inc:ludi_ng swamps. rrherc ('Rn l)c no distillct linc of differenco 
between the soi ls of sudl gron-ps. J n ;ome pllrls of India. with 
a rainfall of 28 inches, the conditi ons are extremely arid because the 
rainfaH C01.11es in a very few months a11el at. t.orrential showers, 
re,;ulting in much loss I;) run-olf. The evaporation is very g reat 
during the rest of the year. In parts of Texa ... , with a rairlfall of 
30 inches, it is much more ariel than in North Dakota "i th the same 
rainiall, because of the character of t he rainfall and the greater 
e'·aporation in the former. 

Great differences exist between soils of arid and humid regions, 
primarily due to the amount of rainfall. 'rhe 1Uc.iStu re aa well ns 
the temperature influences the amount anel character of organic 
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lwltter ill sui ls. rJ'hl~ pl"csenc'(' of water ill large RmoWlts arrests 
dl'(_'vmpo~itioll , us ill ;-; wlllnps, by exc:iuding oxygen, while its prct:cnec 
ill Illudc ra1e qllHlltiti(!~ ,o; tiIllUlut,t's Ilitrifi c'ntion in drained land. 1 11 
its 1ll()\'cmC.lJt downwurd thl'oucrh a S(Jii -water Dot only earries 
~()Iuhl(, ('(Il1lfJOUllL1:o: \\Pitlt it, hut ~10\' ('S the' fine purti c- Ios d;)WllWard, 
Ow.!.: prudueing diJrcrclJ(,cs in physi('<11 (:omposition in the different 
f.;L rata . 

«(I,) Arid Soils.-rrhc agel\cies of \1i::;integratinn 1)f('uominatc 
oYc r UI(I:'l' of del'(ln1r<lsit iulI ill arid r('gi(lll ~ ~\ ,.: H n'~ult. the s{_)il~ are 
l'lianH'j(' l'i zpi] hy IHI'.~I.: allll.)Ullb: of odgillJI JIliucrab that h.wc heel! 
dHlllged \'I.:1'Y little. 

Afinera[ Conlent of Soi~ 1 

I 
l\liucrnl!1 other than quarU 

_ 

N"mb",", I in tho tlu,mp\cs _ ___ _.,--_ __ _ 

_____________ _ __ S_'._n~ I 15il t 

::: :1 :& "~~'''' I ---;~r' . Arid .... ........ ...... .... . . 
Prairie (subhumid and humid). 
Timber (humid). ](;0 8 12 

fJ'he g rl'11i- up-L'lley jJ) dlt.'llli,'al dlllllgl'f.: of r(WKS i . ..: water, anl1 jis 
dcfi<-icll('.)' ill arid rcgion~ 11Hf' pr(l!t'vted tile· ll1.ineral:-, from those 
profound challgc:-\ that tnkc pla(_'(' ill humid n~gitlIlH . The mineral:; 
huyc hccu broken dow-n intu rather fille material, but llot into clay, 
whil'h result::. largely from (leroml)o)<ition. ~il t Hlld \ ' flriI)U8 grades 
of SR11d predominn,te. Their mineral content is incl:i('uted ill the 
"I)ol-e table. 

The Jow J'HiJl faJ J 1'('lJ(lers any large amount of Jeaehing jJllpDS

sible, 80 that lhe ,,,1111>1e salta formed during the limited decomposi
tion remain in the soi l. Th e-v may he mo\"cd f10wllward to some 
extent by the water, hut wh~n e\'~porRtiol1 takes place they are 
hrought to the surfarc again, I I ex('e~8i\'e evaporation O('('UfS these 
salts may he l'l'ought to the surface in su(fieient quantities to be 
quite jnjuriou, as ,. alkali." 

Soluble 8QlU in Soils t 

Arid .. ........ ............. . 
Prairie (subhumid and humid) . .. . 
Timber (humid) ......... . .. . 

Per O(!n1. 

0.333 
0.048 
0013 
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Although '::'OJIICWIli11 ('~sil'y f:olublt', lime is n very nhuudani ('011-

::tituent. of Boils of arid regioll:'. 'J'lw HlIlOUlIt \'Hric~;, from O.ti!\ in 
rJ.(i6 per ('cnt. The lnhlc helow gi\' c~ tile l\ ycrl1gc 1'01' !lrid ant.!. humid 
~(Iits. 

Lime nnd MagllcsUJ in Soil~~ of DijJt'Tcrlf Re"g~io~'/I8~' __ ~_~ 

llell:ion 

Arid ....................... .. . 
Pra.iric (sulihumid ami humid ). 
Tim!Jcr (bumid) . 

;":ulllher of 
.iI,mll)Jt:1J 

Per cent 

l.illw \("1,0 ) f 

2.UfJ 
LO!I 

.·11 
I 
I 

1'''(U~ IICl'li l' 
( M~(I J 

L20 
.5 1 
.37 

Th{'se arid 'Roils arc g'l'llcnLily grny or light in l'OJUI', with 110 ,"cry 
dl'('ided change in textu re ill the ~uh;.;oil. The rainfall is not sllfli~ 

l'ient to carry the filiC material clowllwiucl in allY Iflrgc amollut. 
The organi('-matu~l' ('onttnt of ariel soil.:; iii gCllerally low, 

although it contains a largcT per('entage of nitroW'n thalJ the organic 
matter of humid rcgjoIl.~. 

(b) Humid Soils.- Tn this !':I'OUp of ,oils ihe "geneies of 
(lcC'omposition hUH\ prc~lolllinatell OH'!' tho:o:e of disintegruholl. '111C 

fclaspar and mallY utIleI' minerals hu\'c largely und(lrgone chemical 
dlallge, produ('illg the fincr Is,oil ('Ollst itucnts. Hell('f tllc [:loil£; con
tnill large amounts of day. rr he ~uh:;.:ojl diIT('J's quite noticeab1y in 
texture from the f'urfnc·e. J..JCllrhillg has don(.\ \'cry cffecti\'c wo rk 
ill removing sol uble salb: , as sliow-n hy the second tahle On patw ii. 
Limestone ha.." iJ{'Cli \eRehed out. und most of the soil ~ mO(! acid aml 
in great need of thi,;;: most importaJJt con,r;;titucnt. The colors are 
more hjghly developed, due to the greater oridatiOll of iron alld the 
larger amount of orgallic matter. 

5. Vegetation.-~ot only do hac:teria, fungi, Rnd algl1~ playa 
"ery important part ill soil formation and soil change •. but the 
Jljgher plants, especial ly grasses a.nd trees, exert a mo t jmportant 
jnfluenee upon soi l in seycral ways. 'rhey arc respoll~i\'l c to a very 
large exient for the amount of organir matter jn slJilli:;. The char
acter of the vegetation has given r ise in humid and subhunl'id 
regions to h,·o {!reat groups of upland ;o i18, (a) prairie, and (b) 
timber ( Fig. 63) . 

Ca ) Prairie SoHs.-PrairIe soils are usually ch,aracterized by a 
dark ('0101', due to a large content of organic mattar . rJ' he p rairies 
Were covered wi th a r ank growt h of gr •• ses whi ch pr Oflueed a dense 
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network of 'rOOL!) whose Jnlriiui dcl'uy ita", proriuctl ihe soil with an 
Ilhunuunee of ()J'gHlJit 11111tl<-'1'. This extclldt-l to u depth of ]2 to 24 
iJ1(:h('f;. il! aJ)lOUJJt~ ,,;:uJfjl'iellf to impart l1H.' pl'edomilwiing dark color. 
The pJ'airi~ f;.oils ronblill fL larger amount of lime tban the timL~r 
[,:;OilR. and this may htl DIlt' impofLlult fartor io their origin. They 
lI!-!urdly ,!riy(' all alkalille or neutral reaction . An exception to Uji~ 
i:-: found ill ~(}ufhrrn l ilinois. :,omc part~ of )liss0uri, alld ArknuSfif;.. 
trhc~(' J'lJ'ail'ic~ arc aria and han' a tip-ht ('lilY or so-called' : Iw.rdpul1l' 
suh:::oil. 

Prairie soils haye l,ad .'ulJiei(,IlL miulall to lelleh out the larger 

_ 1iW-!f /'(OU"MIII r","I!,sf 

_~rnliJn>SI 

_ Cf!'n(~1 rorl!sl 

_f'/1c1'c G»J!Ftm'!~' ~Sull,T~DItO IroptUl /(}/~S" 

F:o. 63.-Mllp or United States. ShOV.; D~ timber Md prairie areas , Unshaded area, 
rN<irie, D/l.rk ~itr/l.d~ in l\'unbe/l.l{t ~wd !Y.n'al, Celftf'H,1 !an:./fG6, Ligh wt'lllu"ded s.rc8il1 Soutb~ 
ell.llt, Sout.hern furc"tR, \ 'c ry iitthtiv shaded nrca, Roc~y afountuiu forests , Deep shade, 
Pa{lifie Coal!t for_til . (Grll.vcs, C. S. D . A . Forest Sen·lce .) 

part of the soluble salls, so that alkali is fo und only in small areas, 
"Bd then consist; p rincipaUy of the mOTe insoluble magnesium car
bonllte. 'I'he second table on page 74 shows 0.048 per cent of solu
hie salts in prairie soils, as compared with 0.013 for timber soils. 

The praide soils ex tend from Southern Texas northward into 
Canada, widen ing to the east into west central Indiana. A belt whic11 
is not shown in figure 63 extends aCTOSS Mississippi and Ala.bamn 
and over into l.'exas. 

(b) Timber Soils.-Tbe timber soils are characterized by a 
lighter color, due to a small anlollnt of organic matter. This has 
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b('(!n brought a.bout by the growth of forc~ts:, whic'h place large qURIl

tili('~ of orgaui(, mutter, m: !ea\"es oml twigs, on the surface of the 
eoi l. yet Ycr} little bc('omes ill('orporalf:d iJI _it. Thi~ material eithe r 
completely dl'CllYS or is burueu by Sorest. fires. The resulting soils 
are Light ("O\OJ'Cl1. 

The rclatill·lr IlealT rainfall ou limber soils lin" iClIcileJ out tlie 
soluble material: indu'Liing limc~1.oll('. so thllt. tllCY arc llC'utrai or 
a.cid. It is lik<:ly true thai the It·ll.rp~ 11l1\"[1 aidt·J ill lhii'i prot'c~s. 

6. Color .-Onc of 01(' 11lO~t . ill1pol'LuIi ffl<:ior$ ill diF-tingllisJiing 
~()ils is thnt of ('0101'. T hi:-:. is primnrily UtlC tu tW{l thi!l~E', organic 
JIlatter anu t'umpolllH1Fi uf iron. Color i:-:; II fair illdi('a1.iol1 t tl' the 
~al ue or a soil. if a Luge amount of org-Il lli (" J1lHtter is present t.he 
~oi1 will 1,(, bhlt'k or hrowil l while a. :smalle r .. llllOUllt mny be oh~('ured 
by the m ore highly ('oiorcd iron ('U lllPOlllltl s. nnrk lJl'(l\nl or black 
svi ls are usually fcrlile. 'rite color jmpal'tt,d hy jrOll l'ol11pounds 
\'CHics with the degree of oxidation. 

7. Te.>c tur e.-The size of the soi l pilrti(']c~ alld the proportion 
of each g]'ade arc the most important factors in gronping soils iuto 
classes and tIpes. 

QUESTIONS 
]. \\,hy are soils so comlJlex ~ 
2. "'ily should the geologiclll formlltioJ) be used its til(' hasis of chtssifi· 

catiolt ? 
3. \Yhat is the \'ulue of 1\ soi l map uase(l upon the g(!'(llogical formation! 
4 . ..:\re <til soils, derived from the same class of rocks, the. !'llLDle? Whyi 
5. What l,art does heat plll~ in forming soil!:!? 
D. \\' hat is the s ignificance {If ruoi,:,tun: in soil fornlllLion? 
I. Wlwt ILrc tile di\"i siollS of soils haRed on mQisture? 
8. \\11V mal' Texas with a 30·inch rainfa II he morc arid than North Dakota 

,~·jth 20 inches? 
O. What effect docs hell\' " rainfall have on org-a.nic: matter? 

10, What agency predomi ;lates in the fo r ma.tion of soils of arid rel?ions.! 
11. \ '\11Y do humid so ils ha'-c a. larger percentage of quartz than and S()lls? 
12. Wby nrc arid, "'Oi ls gra." or light in color ? 
13. What agency is mo:=.t actiye in tllf' formati01~ of humid soils? 
14. Why do arid soils ha\'e large amount!; of cnrbonau:s~ 
15. 'Thy are bumid Boils more 11igh',," colored t.han a n t] ones? 
Hi. Explain tnc sou rce of org-anic matter of 5011s. 
17. Give diffe renc('s hctwp(,11 timher Ilnd prairie soils. 

~~'. Z\~~~;ht~l~al~!~,,~r~~~~~t~e~~~r :'of l~~:leLT~~;:~i~\~l~~~r to the soils? 
20. What is the signi'ficftnce of ('olor in soil classification? 
21. Wllat is meant by texture of a so il? 
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CIJAT'TETI YIII 

CLASSIFICATION BY THE BUREAU OF SOILS 

'_ill I E l' l'~lIlL;o: of fill the pl'eN.'(ling ractol'~ inrohrd in F-oiJ change,; 
Jiull c~ p!'{-::: :-:ioll aHLl Hpplit'rtti(Jll ilJ til{' ~.ndA:m o[ ('iassiJieation cle\'el
ol ltd Ily the Hu]"p(-Ju (d' ~(lih: . Tilp l 'JJjtru ;--;tail'S lHlF bCeJJ Lli yjl1e(] 
illlo L3 ~rei,d, gl'l1g'r~lphi(· IlivisiOll:,: -till' s.ix ill the' wc;o:ie rn part. aTe 
k/)()WII as .'-oil l'l'gioll~, 'wlJile the ."('yell jn the C;l."lcrn p~1Tt fire called 
,.;:u il prOyij](,cR. 

A soil province i:-: lHi area lrhidl 118s tile sallie g-cncral plJysjo
g raplij(' exp rc:-!Oiion aut! i ll wiJi <:h th(' ~(Ij ls were pl'oduc(·,d by the same 
fCH'ref; (II' groll l'R of' fON'cR. 

A soil region rna)' include .crcral soil pro,inccs whirh later 
study 111ftY cRt Hhl ish. 'I'h f' soils of a prlH'illl'e are grouped tog-('iher 
ill to sc ril'.<.: on the lnl~i!-l of fill' ~a n1(' rllIl g'<' or color. lilt! same ehal'ttet'er 
of Euh~(.ljl. as rcg-a nl s ('011) 1' alHl ~tJ'lIdnJ'c. the sa me t~l)C of relief 
nnd drniu;lp"C'. lind n I'ommon or :-:illlilar origin. J~,- Eoil series 1::5 
ai\'idc(l on tile l)iu.;i~ or Ic:durc into (.'i:I~F(I:-;. 

$nil P1'01·'i'-u:~ and Rcgions,-A. "ca SW'1 Pcyed U1J Lo 1915 

I 
\ Eatirlilited Detailed Reconnail!- Tubl 

lIurvey 8IlDC:e survey 

. --I 
PIedmont PhiCiW , " , . " 47,2J4,0{){) 

.au I 
16,638,950 

acres I p~ CClI 

2,388,416 40.3 
Appalachiall Mountain and 

Plnteau ,. , . . . ... . .... . 8-4 ,837,000 I lO,G43,iOO 
Limestone \ "a.lley ruld l"p .. . 

lWld .. .. . .. ... . .. , 67,870,000 11,660,094 
GlacjaJ alld Loe.",j"L . ... . 385,083,000 43,475,366 
Glacial Lake aud River I 

23,509,504. 50.8 

2,040,896 20.2 
3i}724,60S 21.1 

Terrnce . . . . . . . . . . . . . . . 442, i 88, OOO 12,956,602 
Atlantic aud Gulf CoastaJ 

P lains . . .. . ... . . ... · . . 1 218,362,000 52,718,882 
River Flood PL'lins . . . . . . . . 75,247,000 26,913,813 

R e gions 
Great Plains , .. , .... ' .... 1 331,968,000 ' 10,170,106 127,711,616 42.4 
Rocky MOuntaiM. .. . . . . . 265,575,000 2,674,560 1.0 

~=Be:;.~t.~~~~~. ~ 1ig:gg!:~ ~;g~:~ . t~ 
Arid Southwest.. .. 1 81,148,000 1,674,138 46,080 2.10 
Pacific Coast. .. . . " "" / 109,180,000 16,953,491 4,015,360 ~ 

TolD!... .. . ... . /1.903,200,000 1 222,201,067 234,043,520 I :13.9 

I' ,'197,728 45.0 

2-2,741=;,096 34.6 
7,561,216 45.9 
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A soil class iIWJU.Jl'.-i ~dl !-:uib lJJ1\'j lJg LIlt.' '-:illlll' jt·.\tlln~. f:lIch a,Oj 
day~. }JCClts, 1IIul'k:-.. day lUHm~, ett' .. Hud arc l1iridPll iJltO so il types. 

A s oil ty pe is. a !;oil which UJrollgiwu t the urt'a of it~ o('('ur
renee hils the SI"11lle texturl', /'oJor, structure. d)(]l'(l('tel' of ~u" ... ojl , 
geueral topography. pr(i('(';-::;P:-: Hlld SOlIn'es of llcrh'ntiull. 

'] 'lIe 'r-oil f;UrYen: are or t-\\"o kill<iR. T'(' ('onn ai~~IIl('('_' nllll (l('Lli\Pt1. 
rrhe rormf'1' J'lIl'1li.")n·", m,)y ,!!(.'lH'1'}l) illfol'lllllJiul'. whilt.· lhc );lU(:r 
~iHl:-: tilt' :::oil jy!'!.::; ill c' ()l1~ idt'l':lhIL' lid/IiI. 

1 . TilE l'H:ln!()~'l' J'L.\TE.\tf ]'1:0\"l?\TE 

rrhe Piedmont rl!ltPl)u (·fJ lllpr i:-:eR th(' n.Jling t" hilly region 
lying Letwcel1 the Cu B- t e J'fl foot rf ihc .\pp;illI('hiull _' lnunt.ll,ins: Illid 
the Atlantic Cou::-;tal j')laill. The northcrn {'lid or thir;. prO\'illce lics 
ill llol't.hcasterlJ ~cw Jerse_y. ;llOllg tile glacial j,oulluar,v . in the 
\'icin ity or the 1l1ll1~oll H iY(~r . 1 t exi(']I(ls !-:uutli\rt:stwill'll, alld ill 
Yirgillia is a belt n11l7illg" from 20 to ,j(llllill':-' ill width. \Yid ellin.; 
here h cOlltinuer' jlJ H ~ollthwe:-:t(:_'rl'y din,('tioll to {'l'lltl'ui .\jtlbnl1lil 
with au a\'cragc width ~)f 3pprox il1Hlt ely ] 1.1 nLllc,-\, TJH.~ prodnf'c 
hns fI length of UOO milE's, alld elllirnH'C'S ,Ill arca, of apJlJ'o;\imatciy 
?:L-;'70 ~qml.rc U1j)L'~. The l{)llowillg <lI'C tbe 11l0::;t 11ll]l1)J'tnnt. !'crl c:3 
uf this prO\'illc'e: 

Alamance Series.-rrhc ~lIrfa('c soil!; of thi~ series nrc gray V, 
almost wilit(--' mId of :::ilty texhlrc. rl'hc ~mbsvils are ('Ompol:H,J] of 
yellow, mLiler compact silty clay. S,·altered o\er liIe ,u l"l'ace are 
rragmcnts of t.he parent rQ(,ks wili<:h helong to the 'l ( 'nrolLnn 
:-daies," It form~ It helt in ccntnll Xorth Carolil1a, alld rxlcnus a 
,l:hOTt distan('e into ::5out.!t Carol ill a, The topography \'aJ'ies from 
]Iearly flat to rollini(. or ill "ome places sleeply rolling. 

Cecil Series.-Thc Cccii sc ri es in cluue lhe most importallt and 
\duelv distdbutcd soils of the Pi edmont Platea u, The heBxicr 
ll1<m:Ll;crs arc h-nO\TIl I_\S the t . red-(,lay hU1d::;.'· 'l'hc~c soi lioi are 
TP;o;iuua l, derivccl from glleisses and ~chi8tS ano chul'actcrized by 
their red-clay subsoil s and gray to reel soils. ranging in texture from 
,o.: ancl to clay, the lighter colors pre\'ailiug iu tbe sanoy members, A 
characterj,tic of the subsoil is the conlent of sharp quartz sand and 
the frequent occurrence of the remains of Yeills of quartz, liica 
flakes are also usually presellt in the suhsoil. The topograpllY is 
slightly rolling to hilly. '1'he soils are ada]>lcd to general farm 
crops and ill the South 10 cotton. Over seven and one-half million 
acres have been Illapped. 
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Chester Series.-The Chester series occurs in the northern part 
of the Piedmont I'lu tcau, ha"ing b<!Cfl nwppcd oldy iu rennsyhaniu, 
Mar.vland, tWO Vjrgjnjil~ The type::: in tJlis f'el'ics differ from those 
in the CcciI series jJi lIU\'illg Jcliuw or ollly slig11Uy reddish yellow 
subsoils and gray or brO\\Cll surface soil~, the laUer heing. on the 
<vhole, lighter finu mOre friable thall the l'ecil. Locally they arc 
Imown as t. gray lands." to disUnguish tL cm from the ((reu Jands" 
Df the Cecil series. The soils arc ntlal'tcd to general farm crop:; 
iDU frui t. 

Durham Series.-The ;oils of the Durham ,cries arc eharader
ized by' tl,e grayi;h color of the surfaee alld (he ,'cllo\\- color of the 
mhsoils. They arc dcri\'Nl from light.oolored. ra..ther ('oarse-grfLilll'd 
F8uitc lwd ~nejss, COll.l;;;StiHg principally of qUll.rLz llnd feldspar, 
with some llli ca. 

Iredell Series.-The soil' of the I redell series are light brown 
~o alm()st black ill roJor 1.1Ild frequelltly ("any small irofl ('ol1e:rctions. 
rhe :>uiJso ils t·oll~ist. of extremely plastic, ~tjcky or waxy day of a 
rellowish 1,r(Jwn to gre€ni~h ycllmv 001 or. Disin tegrated roek is 
,fteu em'oullierf'o within the tbree-foot section. The soils are best 
;uited to grain 8.1lcl grass. 

Lansdale Series.-'l'he Lansdale series is characterized by the 
;ray. drab. or browni;h color of tbe soi ls and by the slaty gray to 
)ale yellowish color of (h" suusoil. They are derived from metamor
)hosed Triassic sands lane and shale. Moderate yields of hay, corn, 
lats, wh eat, and J rish potatoes aTC secured. 

Louisa Series .-'l'he soils of thLs series are predomiuantly gra'y 
.0 light gra)' and tbe subsoils red . The material is derived from 
alcose and micaceous schists and imperfect crystalline slates. They 
LTe sl1 itcd to ('orn, grain. forage (·ropa. and cottOll. 

Manor Series.-'I'he Thlnnor soils are characterized hy their yel
owish-bro wn to brown surface color and Vie yellow to 'yell01vish
'ed or dull red cillor of the subsoils. This series is also high in mica 
n .both soil, and tlle subsoil. They are deriyeo from mica and 
'Worite schists. Good yields of cor;', wheat, oats, Irish potatoes, 
nd hal' are obtained . 
Pe~n Series.-The Penn series includes Indian-red soils deri1'ed 

hrough the proce5ses of weathering from red sandstones and shafes 
'f Triassic age. Detached aTeM of these rock formations occur in 
haJlow basins in t.he P ied mORt Plateau from the ,;cinity of New 
r ark to South Carolina. Corn, wheat, oats, potatoes, grass, apples, 



CLASSIFICATlOl\" BY THE BCREAU OF SOlLS 81 

and peaches are produced in the northcflI and tohacco und eot.t.on in 
the southern st~ws. 

York Series.-The typc. include,] in the York .eric.' arc pre
uominantly gray to lighl gray at tl1(.' l-OU rftH'(' itIH.l IHiye yl'llow sub
so ils. Th(:y arc derin:d I'rom tak()~c !.Ind mi('!l('eoll~ ~\'Id sts nu(l 
imperfectly ("rystoll ill c ,Infc>. ('rup yield. nrc u>ually low and (he 
soils arc cx('c£'uingly dillit'ult to improve. 

II. THE _\l'l'AL\{'lll.\~ )lOP:-;T.\lX AXl) pI.A'r'EA C l'ROnN CE 

This provillc'C' CJlllJrll('e~ three Fuhd i\'j:-:iollR of the Appa1achian 
system, which rxieIHl from ~ew J t'TS{'Y and Tlorthern PCIIII:-yh'nnia 
to central Al ,,\'nlll!l. Tlwy '''(" a, follow,: (1) The J~luc Ridge 
region OrJ tLc ellst umI !-:(Jutheilst f' idc: (2) rrhe Cumberland-Alle
ghellY plateau 011 the we,l : alld (~I the Appalachinn ridge and 
valley belt lu:: twccn . The pro\'iJlC"t' inrludes two sn bordiJlate divi
sions lying out, ide of thi; i!elJcral afl'a : (1 ) tll<' Ouachita and 
Boston Ulounta~ll rid~e of tIle Ol.a rk uplift west of the iUisl' issippi 
Ri\~e r> ~Uld (2) the areiL of Coal Measure rocks ill wCcit"cru Ken
tu ck\" alld ",tIllierl1 Indialla. The Appala,·hian constitutes the 
greater part of the IHO\'ill('c and forms a hroad hell. approximately 
900 miles long. ] t in('lud~:; the moull t.'1 ins, ridges. and l'allc}'s of 
this aTea. This provin ce is about 200 miles wide in Venn sylvania. 
and attains a mllximum breadth of about 2iO milc~ in "\I' irginia. 

Berks Ser ies.-The soile of the serie, are yellowish-brown to 
hrown ,,-ilh yelloll"ish subsoils. 'l'he soils ure cieri'-ed from the 
Hudson Ri\'(,T ~hales, whid! nre yel low. hrown. grayish. and olive
colored. The\" occupy rouneled ridges and hills with good drainage. 
They are suit('d to eOfll , oats, wheat, and frish potatoes. 

Conasauga Series.-The f'OllllSR.llfW series are liglJt brOVlI1, altd 
the subsoils are yellow anu prenlilin,!!ly of Rilt~· day loam to silty 
clay in (exture. These soils arc u('yplopec1 typic-ally in flat to gently 
rolling yaUey hmus. They are deTiveu from interbcdued shale, lime
stone, and fine-grained sandstoTle. Good .rie lds of cotton, corn, 
wheat, oats. and fm'age crops may be sec·ured . 

De Kalb Series.-'fhe surface soi ls of this ,erie!; are gray to 
brown. while the subsoile are commonly some shade of veil ow. T he 
soils are derh'ed from the disillte!!ration of SRlldstones and shales. 
The .urfaee features eonsist of gently Tolling table lanas. hills, and 
mountains. The soils are generally not very preducti\'e, but the 
stony and sandy members are adapted to orchard fruits, while the 

6 
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heavier Olles produce Imy Hlld pasture grasses. t:iixi.CCll millioll acres 
of U,i, seTies lJll.l'o bel']] JJlapped. 

Fayetteville Series.-'I'his series (·onsist . ..; of grll_yi:;h uro\\"11 tu 
fJf<HnJ :-(oi/;-; \riUJ yt,Jlu \\'i::,li IJfu u'll to n;Jdish Uf'UWJl ~uhs{Ji h;. The 
soils are [ornICu h~y tho \\'I'atbcring (If santh:toncs alld ~halc~ and are 
found throughout a Jarg-c part of western and Il orl.ll\n~t;tcrn Arkan
tiUS and casleTll Ok lahoma. They are moderately fertile. 

Hanceville Series.-TiJe H ancel-i lle seriC's has!L li ght brown to 
Tl'ullish VTO \\-n sUl'fnt ·c awl a. rcd subsoil. T Ile LOp()grl-lph," l .. 'wgc,.; 
from rol ling to steepl.l- rolling. The soils aTC derived from sand
stones and shahs and arc moderately productive:. 

Meigs Series.-Thi:; scri('..,: is Yllrialdl! ill (·hul'acier and particu
larly in ('olu ]', wbit'h r'1I1l!(').; from Indian red to g- ra ,)' 01' pa1e ye ll ow. 
The soils arc. dcri\'ed f ront red, fluc-grained saml:;toncs and shales 
and from grayish sallcl,tolle anu slln les. The topography is steeply 
Tolling. The soils 111'p suil f'd t(J grass iind the prou1Jeli(1-ll of 1lU),. 

Porters Series.-T h i~ se ri es inc:lucles tlie resiau al :,=oil!i of the 
Appalachian m Ollntains deriyed from igneous and metamorphic 
rocks. They oeCUf at high eleyations. The soils are pm·tj(:ularly 
adapted to fruit culture. 

Talladega Series.-The soiJs of this scri cs are grayish hro".l·1 to 
light brown. The suhsoils fire rca an d have a grca:;y Iecl. 'l'he soils 
are derh"ed from metamo rphic rock:;, priIl C'illa ll."· mica('eo us schists. 
The topograplly is st rongly rolling 10 mountainous. They give 
moderate yields of corn, forage crops, and cotton. 

Upshur Series.-Tn the Upshur series bolh ,oils and subsoils 
arc 1 ndiHn reel ~omc types hHYC the grayish to grllyi;o;h -rctl color 
in the surface soils. They are daTil-ed from Jndiau-red 5andEtones 
and shales, frequently of calca reous nature. They occupy rolling 
to mountainous regions. '1~hey arc generally more productive than 
the De Kalb series. -

Westmoreland Series.-'fhis , eries is marked by the grayish 
brown 10 },cl lo\\-i,h brown eolor illld mello\\' structure of the 
snrface soils and tbe yellowish brown to yellow color and friable 
structure of the subsoils. The soils are derircd from shale;; and 
sandstones, with interbedrled limestones find ca l ('areo tt~ shales. The 
topography ranges from gently sloping to quite rolling or st""p 
land;. These soils are very productive, hein~ particularly adaptcd 
to corll, oa.ts, wheat, grass, potatoes, apples, peaches, plums, cher
ries, berries, and vegetables. 
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Ill. Ll.\lBSTOXE YALLEYS AJ"\U lil>I.A.\"D::; J>ltOYl~CE 

Thi3 proyill<"C i]]elUllc~ two il11JlOTlilllt topographic divisions
the I imc:;tonc yalll'~'s alld uplands. The ljm('~tollc Ylllleys arc most 
cXtcu:::i\'cly u.cH!iopt:ll wit.hiu the Appalu(Ohian )iountaill. System, 
and heside::: these the L'clltral ]3i1:-:in of rl'cnJles~cc and the bluegrass 
J't\gioll o( J\._t.'lItu('ky. 

The uplaud::; di\'i::ion iududeg fL lnrge Hf'ca extending from 
_\lahanw through TelJIIL's,"'ec fllld KellHi('k.r almol'l to tllC Ohio 
Hiycr. The Uzark regioll of )o:OlllJll'fJJ ,,\1 i.":,vuri, llurtht'rll Arkansas, 
llurUwa .. <;:tCl'll OklaholllH, nuu Bouth(,fl~tCI"1l l\JllIf'as is included. 

The pril)cipfll soil series are as follows : 
Brooks Series.-The ~uils nfC gra .... ish brown to brown with 

yellowh:h bnl\nl to slighHy reddi:::h hrU\\' 11 day :,ub:o:oi!s. The soils 
IIrc deriH·a rrom pure liull':-:tlJllc~. with ilil (ll'\'a:-:iOlUd admixture of 
material from nf.:so(·iat{'d !o; .. II}(I~(OIlC Hll(l ~llU le io;, These soils have 
good drainage. '''heat, (;lU'Il , (nilS and applc::; do well. 

Clarksville Series.-'l'lie soil, arc gray and tlie sullsoils yellow 
ana IIsu~)ll'y .. ~ilty dilY ill iC.\lufe llllfl JI'CqlH'lIUy ulHlrrluin by a 
rcddj .. h suhstratulIl. '1']le depth to fed lIIater ial "aril's with the 
toptJgrapllY. h{'ill~ dcepl..'J' on the nwrc i{'rei fin'a!-;. 'rlH' soil !>! arc 
derirec1 from a cherty limcsitllle ana OC'('ll r 0\' ('1' hoj'h Il·vel find \ln ~ 
dulating u\Jlands HIHl rough <lnd hilly \'olllltry with !-iil'l'P :-1 opes. 
They arc adal'tca to iI)\m.l'l:o, grass, slllall graitl~, ('01'11 . strawucrrics 
and cantaloupes. O\'er fh'c mi!iioll alTe!; hHn~ h(.I{,·11 lllHpped . 

Colbert Series.-Thc 6 Urf.}f'C soil i ~ g-rayi:-h to light brown and 
the subsoil yello\\' and frequelltl.r pla;lic. The "'ric; i, derived 
from pure limestone Or a Jimc5tone mi.".;l'1l with ,"i.ri1lclstonL'. 'rho 
topogrrlpJ)_v is fiat to unduJating llll(l drillllHgc is gCllerally poor1y 
establisltcd, \rith proper dJ'aiuage wheat, oats, ("o rn, alld forage 
crops eall be grown with good results. 

Conestoga Series.-fl'hesc soi ls arc yc\lo\\"i~h brown to brown, 
The subsoi la are -ye.llow greenish, occasionally moUll"!d with g raY1 
and h." e a greasy feel. These soils are deri"ed froUl schistose lime
stolle and calcareous shale or shaly liIllilStone. They are adapted 
to general farm crops. 

Decatur Series.-The soils are characterized by a reddish 
brown to deep red color and suhsoils h.V an intensely red Or blood 
red rolor. frhey ar(' clerircc1 mail1ly from pure 1imestone. with aome 
traces of ('her t, a.nd are adapted to corll. :::maJ1 grains anu iorage 
crops. They occur as neady level to gently rolling valley lands. 

Hagerstown Series.- The soils of this series are prevailingly 
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browli ill eolor, with light hrO\n.J lo reddish urolm suusoils, but 
ntH-er !-ill uistinc:tl_y red a~ the Dec!tiur series. The tupography i;; 
t11Hlllintillg' to gelltly rolling. rrhey arc derived fro III limel=tone. 
fThc spi ls- 8re '"err prvuu cti\"e and \1'('11 adapted i0 (:01'1), ~mnll graill, 
(;}0'"er, blue grass, timothy, and apples. Three million acres huye 
bcell mapped. 

lV. THE GL.:1ClAL A_.'\"n l.QEsSIAL j 'liOnXC.E 

'Ihe glacial amlloessiaJ proviLU'c i!ltll1dl'~ that puri ot: the l."uitcd 
St.aLes Iyillg ea~L or the Ureat ] llain:-= ill whidl ibe :-:()ih~ ,11'(' dCl'iH,d 
frulll ( I ) i(iJ-J I.lid deposit..s lCl'1 hy the I'etl'l)llt of Ute ice liL U/C do~c 
of the gJ~l'il)l period, (.:!) water-laitJ lllaterial 1l1timHteiy a's:-iOt'ialcd 
with tilt, j('c-laid l1luteriHi, depositcd du ring the adyull('C' and retreat.. 
o[ the ice ill tbe form of ol1i-II'"h plains, ana (3) silt deposits laid 
dUWD by wat cr or win(l during-, or SUbSe(]llcnt to. the rctrlat or the 
jt:e. The jce-Iaid deposits arc found l.lOnb oS aD irregular liJW nUl
]Jiug from Cin(·innati to La Crosse. ,,'i13eonsill, thence southwa rd 
to Iowa City, 10w11 . continuillg in a westerly direction to the ::Iouth
easjem eo rll er of SOlljh Dakota, South of ibat lille ther are Ill.inlv 
loessial. presumably wind-laid depos-its. rrhe two tongues, the an'c 
rULJllillg down the JI is~issippi aud thc other southwestward across 
Kansas and Oklahoma., are enti rel,r so. 

Bangor Series.-Th is series is eharacterized by grayish to ycl
Jmrisll bl'OWll slirface soils. with su.bsoils 01' lighter gray al]d yellow
ish brown. All of the types arc stOll.\' and grayelly. 'l'he soils are 
deril'ed [rom glacial till containing more or less material from the 
local serccitic schjst rock. The lOJlography is rolling to hilly, With 
the cxception of the stOll,I' loam and sha llow phase of lhe loam the 
type~ of this serieF arc fair general farming soil. _ 

Caribou Ser ies.- T be members of this series haye yellowish 
brown soils which usually rest upon a light gray lower till. The 
;oil matcrial is deril'ed from glacial till ol-erlying calcareous shale. 
OT shaly limestone, the till itseU' bcing deril'ed from the under
lying calcareous formatioD, ha'ing been tramported for only short 
distances. The soils are ,cry productive, being especially adapted 
to Irish potatoes, grain and peas. 

Carrington Series,-These soils are derived through weather
ing of the glacial till "ith little or no modification from loe.sial de
posits. The soils are generally -prairie, black in color, ranging in 
some cases to dark brown. The subsoils are lighter colored gen-
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crall)', Juniug a light )'1'UI1"I1 01' yellowish {'ulor. The tvpognq)hy 
is geully 11l1 ti ulll tillg to rul lj llg. Com alld wh('a" il l'L' tlte prillcipal 
crops growlI. S Cll rly fOllr ndl!i t)ll al'l'e~ ha,\e fJ(lcn J1Iapped. 

Cazenovia Series._fl'llC:Rl.' Roi ls are hrowlI ill. {'olo I' with a !trowl1 
to rcdllish sub:o:oi l Test illg on l im('~ j()n(' ilL fL depth of ItI.U\I\' :1 fcct. 
Fragment..: of li lllc:-:t.one ami rcd :'tlnd~ t(lllc tn'c' found thruughQut 
the soil !Hlll O(·(· tl~ i (liiall'y lilrg-c hould ers urp ~('alt(.' r(· (l OVt.' I' tilt.' sur
f<lee. These soils arc dcrin:!d hom glaeial fill (:olll.n illillg' ('(lIl sici 

crabl e lilller-toJJl' maJeria!. The print..ip1.l1 crops llre grass. HlflllIu, 
(;o rn, wil(>ut, alld potatoes. 

Coloma Series.- The soiL~ of ihiB scriC!::: i),rc lighi. hrown 10 
g-nlyi :-:h ill l:u lor ,yith yellow or n·dtli:-:h su hE'oih;, 'rile inpo,l'Taphy 
i~ gcncmHy rolling to TUlI,I!h alld hillYl rl'p res.enti ng t{! J'llliIlHI and 
g-ro u!ld IlI (![,;lirJ~s. ]'11(' S(' ri ('S i~ formed from r~lati '·cl .r C"(Jilr~C 

1!1acial material molli fi(·d to some extent hy tl\(' fldion of the wind 
ana " ~iltl' r. They our'c supported exteTl:,iyp pill e fort:!1lt::; and arc 
fowHl jn Jlorlhrrn -:\fi rhi.!.!<Hl , \n ~(,olJsj Jl , am] } l inl1c::-ota. );parly 
two and olle-halt' mil lion fH:J' CS bare bee n mnppcd. 

Cossaymna Series.-Tlwsc soils arc bro\nl or sllufr colored, 
with slI h;;:oi lF- of the sli me (;olor, but of fI lighter Rhadc. Both st. rata 
('ontain eon!'.ic\erah le qtHllltitics of sha1e and ('akaTPOU S I$flndstOLl l! 
f ragments lrith n. .';;maJl percclliagc of iorpign bnuldrrs. They arc 
d(~r i\'ed from glacial till and O('ClIP:V rolling to hilly uplands. The 
principal crops are rorn. oats, hilY, potatoes, appl es <uld ot.her 
tree fr uHs. 

Dutchess Series.-fl'he Dutchess soil s arc brown to light brown 
wi th bluish. light brown, yellowish 01' redll ish brown f:uhsoi ls. 'rhe 
soils are friable, the suhsoils being somewhat hea\'icr in textu re 
than the soi l. In some types rOtlJldea and angular gravel occur in 
Loth soi l and ,ubsoil. These arc ""rely of limestolle. The 10-
pography is rolling t() undulating nnd To~gb . The soils aTC adapted 
to oats, grass, potatoe!', and trpe fI'li its. 

FlUShing Series.-The soils are brown in color and overlie yel 
lowi sh or reu dish subsoils. sometimes mi caceous a11d in some in
stances resting on crystalline ro('k. Tbe Dlateriu] is of glac ial origin . 

Gloucester Series.-rrhe soils of the Glouceste r :series are light 
hrownish or often gradsh at the immediate surface and overlie yel 
low subsoils. T he soil s are derired from a rather local glaciation 
of crystalline rocks of granites and gneiss. Thg drainage is fair 
to good. The topograpby ranges from gently undulating to rolling 
or hjlJy. Scattered rocks and boulders of large size occasi()Dally 
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occur, rendering ihe lise of fa rm macbinery somewhat difficult. 
'They gi\'c fair yie lds of ('orn , p<lt.atocs, oats. hay, alld fruit. 

H olyoke Series.- Thc .sojJ~ arc hrown to da.rk yellow ill color. 
The sub!'oils aTC yellow and FOlll('wil ,lL hcar icT thUll the ;.<oils. They 
are of glflcial ori gilJ and derin·(1 f rom metamorphic" tliabase and 
crystalline rocks. rplle topograrh.v is rough and the Boi ls ure rnod
crawly pruductire. 

Kewaunee Series.-rrhis series is chnracterized by grayish to 
reddish browu Or pillkish soils oyerlying pinki.;h reLl sil ty clay and 
rather calt:a l'cons suusoils. rrhcy arc uerired from ti ll and contain 
more or less angular pebbles. 'The topogra.phy ra ries from undu
lating to hilly, iHI t. the undcnl rni ungc i5 generally poor. 

Knox Series.-Thl'5C soi ls lll'C Jig]Jt brown llll d {lJ'C derived from 
locssial or oiher win d hlown tlCl't)SilS. Th~ topo~raph.r is ,!!el1tly 
undulating to rolling . Grain (:rop8 constitute the (·birf agricultural 
produdii. Abont three million ;-Ierrs hare 11(,(,11 lllappcJ. • 

Lackawanna Series.-Thcsc ~o ils are deri\('fl from g-laeial drift 
that fOJ'll1d a l'clath'ely thin man tle o\el'lyill~ t he red shal es and 
jjmc~tolle8 . 'rhe t.opography is sJighil ." rolliJlg' to hilly and mouli
tainolls. 

Lexington Series.-Lexillgton soils are gray to :-ello,,~sh gray 
in color and mel low in structure. The subsoil is yellow to hrown, 
,,-jlh a tinge of red in places, and is oiten somewhat hearier than 
the so il. Drainage is good and the 10pUl<1'aphy is moderately rolling 
to hilly. rrbr t,'lpef:: are rl(l ri \'(:ll from Ineg..: with ol'fln ge :,fllld a few· 
feet I,elo,,- the su rface. 1' lte,c soils are adapted to oorn, cotton. 
forage crops. \'egeiables, anu strawberries. 

Marion Series.-rrhese soils are gray, white or a::;h colored . 
The subsoils are white at the top. lhe white layer varying in thick. 
ness irom 2 to 12 jnches ane] avrragiJ)g a.bout :five ill eh~s. This 
layer is compact, impervious, whitish silt or very fine sand, often 
containing iron roncrE'tions 1111(110("'11 11," kllOWll a~ ·:lulTd-psn:" Be
HeRth this the trlle subsoil is a !!Ja)" light yellow to reddis'h yellow or 
mottled brOlmlsh yellow. hard, impervious clay containing occa· 
sional concretions of iron and lime. The topography is fla t to un
dulating. Drainage is poor. They are deril'ed from modified loess. 

Marshall Series.-The :Marshall series includes the dark col. 
ored upland loessial soil. whi ch predominate in the great prairie 
region of the centra,l west. rrbe surface ooiIs Ilfl\'e a dark bl'o,,'lJ 
to black color. The topography is le,'.l to rolling and artificial 
drainage is usually necessary to secure best results. They are very 
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producth-c and constitute the grcnt CO rn ,o:oils 1)[ the coun try. 
Xearly rour mlil ioll acres hsyc been m.apped. 

Memphis Series.-The )tempilis series is rharorteriz.cd by the 
ii:rht bru wn tu ycllowi:;:h brow ll l'ulor and !:ii lt )' tt'xtun' of the sur
fa('o suils lllid by the slightly lighter ('olo1'c<-1 aIld 1110 r e ('om pact. 
st ructure or the suusoi ls. 'I'he)' oceur south of tlte latitudc 01 St. 
Loujs and are most estell:;]YC in the lo('s!'in.l hpli follo wjng the 
cast bank of the Mi~s issippj ri"er. Erosion h<1:5 heell Rvti\'c and 
has resulted in a IHC\'ailingly rolling t.o Lroken topography. 'l'hey 
arc well suited to corn, oats, peanuts, forage crops, and c()tton. The 
amouut mapped is 2,OOO .(JOO acres. 

Miami Series.-The soils are brown, light hrOlrn or grayish 
;wd nrc ul.luerlain by \·(.'lIowi;:;h aile] hroWLl bCfl\'i('r text ured soi ls. 
}Iottl ings of brO\nl ~nci. light gray nTC presullt in the subsoi ls. Sur· 
face drainage is usuall y good. 'rhe soils hI the main are derived 
from the wea.t.hering of glacial ti ll composed largely of ground-up 
limestone. Dairying is an importan t i1ldust.ry on the heavier types. 
Nearly four Inillion acres have been mapped. 

Mohawk Series.-The Mohawk soil s cou,ist of dark c010red 
glacial material deri"ed ill part fro m dark ('olorcd calcareous shales 
and limestones, hut modified hy admixtu re of i'(lacial lill from other 
formations. The topography is rolling to hilly and they are con
sidered good genera] farming soils. 

Ontario Series.-'l'hese soils are brown to chocolate hrown in 
color, the subsoils being lighter and in many casc, gmrling into 
yellow. :Both soil and suhsoil usually cOlltain Iwnl,lcrcd fragments 
of limestone and are deri\'ed from glacial till of lhe drumlin region 
of New York. The topography is undula ti ng to hilly. 

P lymouth Series.-These soils are <leri"cd fro m moderately 
coarse glacial material largely from f,"ranitrs. Th e scrieR inclur]Cd 
the morainal and till deposits found in southeastern )lcw England 
and on Long Island. Tbe surface soil is shallow and brown, under
lain by a pale yell ow subsoil. 

Putnam Series.- This series includes dark gray to black soils 
ol~erl 'ying impervious drab or bro\m subsoils of fille texture and close 
stm etUJ'e. One of its principal chlU'acteristics is tJ:1O presence of a 
whitish silty layer between the soil and the subsoil. The soi18 
occupy level to gently undulating prairies and are deri ved from 
loessial deposits. Drainage is poor beeR.nse of t~e dense compact 
structUJ'e of the su bsoil. Thev are connned to Missouri. 

Richland Series.-'l'be Richland series i. characterized by a 
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light brown to ycllowi,l\ hro,n\ color and silty texture of the sur· 
fHC£' soi ls alJc1 the somen:}Jat jighjer color alJd lDore compact sirnc. 
turc of the subsoil s. 'J1Jwse i"()il:; are deri\'cu from the loess auel 
()('eur in asso('iatioll with t.he .l\ lctll pltis soils. The topogrllphy is 
F:l1JootlJ. Ha.t to undulating. Cotton, ('01'11, peanu ts, oats. forage 
('l'0P8, dover. cabhage i1ud Irish jlotatoes g ive very good results. 

Shelby Series.-Thc- 5uils oC thiH f::t:l'iCB arc yellowish gray or 
'yl'llowish brown lo lJruwu iu (;0 10 1'. 'fhe ~ub~oilf' arc yello\\' or Tcd
<1i~11 yellow or ligllt bruu'll tClIlLci{Jus ~a,l!ii.\ ' ell/.ra. The subsoils 
arC' d(JI'iY(~d from til{> Kan::as drifL and O(·cup.Y ~tecp st r{,Hlll slopes. 
Th('), were originully cm'cl'pd with white Oilk, SOIlle hi ckory, red oak 
.UH] elm. 

Trumbull Serjes.-TJw 'l'rwllbull series con . .:;ists of gnly sur
fa ce soi ls, underlain Ly lighl gray or gray JUottl<:d with 'yellow 6ub
!:oilfo; , whic·h at HI) 8\'crage depth of' about 18 in ches bc('olne8 a mot· 
tied gl'ay aml }'Cllo\\'. The ,oils are without li'llIl'sumc to a deptb of 
3 feet. They are (\erin'll from ~hflh's IlJJd ~1lJ)dsjones. Coru, oa.ts, 
wheal and hay are tlw prill (·jpal (·tops grown, 

Union Series.- TlJc ,oils of thi s ,cries arc characteristically 
b1'ow1I to g'rayisb browlI ill co lor, of silty texture aud ftj~LlJle struc
ture. ,,~th ),cllowish UrO\\'1l silty and moocrateh' friable subsoils. It 
lS prnhH.bl," partly of loes:;:ial orjgin . The topogJ'llph~' js gently roll
ing to hilly, 

Volusia Series.- Tbe .'oils of this ,eries arc the result of feeble 
gl.cia.Lion of the shale, and "wc1stone; of till' Dc"onian find the 
Upper Cnrhonj[crous. rocks 01 easteTH Ohio, southern New 'York, 
and llorthel'll Penn::lyh'unia. 'l'he underlyulg silfl.les and sandstoues 
ba\'c giren rise to n. huge proportion of the soil material, which hus 
been modified in "arying degrees by other glacia.l material The 
series is well adapted 1.0 the prod uction of' timothy and small grain,;. 
\rheat aDd corll give good yie lds at lower elevations. Over six 
lUillion acres have been mn:pped. 

Williams Series.-'l'he .oils of this series are of a dark gray to 
braWl) or dark browll color, generally uuderlain at 8 to 12 
inches by liglJter brown . ubsoils which grade quickly into 
Jight gray. ashen or putty colored subsoils of ' calcareous character 
and usually of flne and often of silty texture. The,' fire derived 
from gl"ei~1 m.aterial and contain g-r'"vel aud boulde·rs. The sur
face is t reeless alld ,'aries from le<el prairies to rough hilly terminal, 
morainic belts. Nearly H,500, OOO acres have been mapped. 

Wooster Series.-The Wooster series inclndes the yeilowish 
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bro\\'D glatint shale and sands lone soils, hflsing unmottlec1 brown-ish 
blTay:subsoils. When dry the surIa(·e ill plowed nelds li:t 1\, light gray, 
but uudenl(:ath the S-i.Jrfa('e or Wl)t.~ ll I'noi~t. the s()il~ Urc nlways 
yellowish or light brown. 'rhc subj;;oi ls nre of Il hrO\"'li::.h yell~w 
with ju~t a slight tinge 01' r('d. They nrC! clrrin·d from 1o:h!l.\(,s und 
f'!~lmhtones. Wheat, ('orn , outs, hay, and potatoes arc the principal 
crop1:i gl'O\\-·ll . 

V. GLAC l.H. LAKE A...~D nr\En T.ERlL\.CE .pnOYl~CE 

The (lluC'ial Lake aud Ri\'cr Terrace Provinl'c emhraces two 
dassc; of deposits. The first class illcluue. deposits ill th" haslll' 
ol' lakes forw(·d ',y U,e adnll!ce Hlid retrcld, of i<.:c durinp: (lie Uluciul 
period. These were temporal'j' lHkcs which t:pok fo rlll, during the 
pCl'io(l of the retreat of tit" ice or lakes lIwt were forllwJ then !Jut 
huse sillce becll drained through the operatioll of natural draiuage 
forces. 

'rhe second clu!'s of deposits ('ousi~t:s of lhj)~(' lcl't within the 
glaciated area by the streams that flowed fnJlu the i(,C' during the 
Glue-iol period . These streams werc more ahulll1a..utJ.\· Fuppl icd \\-ith 
wat.er from the lllcitilig if'c than at pre'Rent from the lIorma l rainfall 
of the glacial l'egion. They also carried lar~(.l quantities of gru\tel. 
~u.l1d and filler material whirh \\'('1"(, flepQ~itcd in the \,~lH~ys, form
lUg new ~lopes whooe grades were determined hy the load and cur
rent of the streams. Sillce the redudioll of the yolw11cS oC the 
streams lOeW yaUeys have heen formed through the olrl material. 

The province c'Ol1sists of a,la.rgc number of isola.ted arcas, many 
of them a square mile or le~s in extent. Tbc ri\' l!r terrfl.('e~ Ufe 

'leveloped as small. irregular areas or strips along the st reams. The 
larger area' lie withlIl the former basins of the lakes. The principal 
series are as follows: . 

Chenango Series.-This f=.erics consists of yellowish to light 
hrml{ll surface soils and brown to v€Jlow subsoils. ~rhe f'urface so il~ 

vary in texture. The subsoils pa:~s into stratified gravel or coarse 
sand at three feet or more in depth. The series includes ter race 
soils occurring along streams. 'rhe soils are of high 9.eO'ficultural 
valne, and are well adapted to corn, alfalfa, potatoes, and truck 
crops. 

Clyde Series.-This series is characterized by dark brown to 
hlack surface soils and gray, drab or mottl~tl gray and yel
lowish subsoils derived through deposition or reworking of the soil 
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material ill glatial lake, 01' p()ud~. T he ,oil, oi' this .cries grade 
into Il11H.: k alH/ pt.:<tL Th e tOP(Jg-J'<J plIY is It\·cl I1Bd the soi l is llllt
urally !,{Iorl." draim'<.L They arc Jli,uldy j)1'ouw:jj\'c anu \'HJuaLlc 
for ( '0 1'11. ,p'J';I:'1". ,~llgHr lJ('ct$, rulJhage. alJ(1 onions. .About 1,500,000 
ll(' I'(';O: haw· hl'en Illflppcd, 

Dunkirk Series.- The s.oi l~ art' uCl'i\cd Jl'om the wealhering or 
gicwi.ti luke (l(,p()i->it~ lind illt"ilillc 111(~ li~hte l' c'olol'l)(\ f'oils fl..>rmed 
fr(J1ll !!ll(·h nlai{,J'i .. d. TIl{' ;-:urfal't' ,..:oi!~ r;lIlge fnHll lJW\nl to g ray 
in c(.Jnr <-Inel Ur (~ f" uil . ..:tliJl'i from hn../wil 10 ,\l·II(J11- or g-nJ,\" \1 'ill! or 
without lllott lillg'. 'rlip topogTilph~' Yal'il'~ JI'OIll Rlllooth to rough. 
An ilr~a of aluw:::t.. twu milliuJi i).(·n~s. hH~ heen 11I<l)lpf'd. 

F a r go S er ies.- T llif:. :;:;t'Ti('i' O('('lIr," priIH'ipally .. ill tht~ oill glacial 
].Jakc i\P:HR~ iz. in tltl' HC'(l Hin' r YallL'.'·~ <weI ill otlle l' (lltl glH('iHI lakl' 
lH'tls in tlw ::.allle l'l'g iOIl . They arc Y('r~' hlac·k in coln r. t'olltaining 
11 ,'ery lur~c prj' ('(.'Ilt 01 organi C' matter, ill ~onw ('<1;-;C5 cllou_g-h to 
lIIake t.IH'1ll :::lig-h!1,r rnlH'ky, 'r Ile ~([I,r-:(1j l ('(,nblill~ H lilr_g-e umount of 
lime. The topognlphy i:: level. The area Ill(lpPHl is 1l('nrly 3,000,-
000 a.rrcs. 

F ox Series.- The:-:e al'(, gray to hr own alld of ]erel or slightly 
un dulatill,!r topo,!!nlphy. T ill' material \\':t~ laid OOW11 as ou twash 
plain::: o r tC'J'l'il ('eS ~tlOIlg- ~treall1'-: wi1ilill the g-IHC'ial area, 

Manches ter Series.- T he soils of the )l~\Jl('] lc:-.i e r _r.;ed('~ nre 
gellerally ruther SHnlly ill texture nud tIle ~lIJ'rHt.:(' :-:o ils <Ire red or 
hrowtl in color. rrhe !'uhsoilR ar e red or reddish a l1l1 in tIJe lower 
PM't gr~d(' jnto the ,!!hH,ja l jj ll. They ~rc l'ornwd from old alluyiH.l 
or la('u~trjne ::eclinH'lIis l1il'pos(ld a~ terral'CS in the COJlUe<'iicut 
Y alley. TIlt'." flrc adaptcc1 io fru it. carl ~' iru(,k. grains, ilnd tohac('o. 

Merrimac Series.-The !3urfacc soils of t.he l l errimac series 
nrc I11'0Wll to lig-ht hrmnl in color and usua ll,v u nderlaill b,Y yellowish 
SAnd and gr3\'cl. 'r ite), cOJ]~titute the glacial terra('es found a.long 
n early aJI ~tTcnms in 'Kew England . Th e illaterial con sists pr inci
pally of crys!;ll line rock;; whir']' were groun d up by the ice and 
rrworkeu Il\' water. 

Orono ·Series.-Tbc mrface "oil8 are light brown and gray and 
the subsoi ls Hre gray, The -heu\'ier types O(;(,ur as esruar UJC 
and glacial lake plains or outwash plains. Tbe lighter types are 
orl'iYed f rom esker ancl glacial -delta mater ial. The adaptation to 
crops "Yuries with the textur e and drainage. The h mt\' ier soils are 
best suited to grass aDd grains, the intermediate, to general farming, 
aDd the light sandy oneS to t ruck crops. 

- Plainfield Sedes.-The surface soi ls of the Plainfield series 
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range in color f rom !'TUWll to grnyi8h yclluw. wllilc lhe subsoils arc 
lI ~ ualJy yellow to pille yel lu\L The scrj('s js th.! \'t·joj)t'd ill the dCl'" 
dl'i ft-c'(J\'en:d CltCH8 of \rist'u"sin. 1I1ichigall. i.wl! )\illllL'i'(lbl. ll UI! 

)/1'1' ueri\'l'd frum EiHJHJy iJwl ~l'a\"('Jly glil(,jaJ Ll{lhr i~ \\,;I~lh·d lIlJt fronl 
the frollt:; or the gl;lCi(,T.:' . The type j:-, algo [ounu ill deep fi lled-il\ 
\"Alle.\'~. The ~Tl'H\l'r part of the material of the :';l~ ri es has b('~11 

t·oll~itlcrnhl.v aR:;,ortctl by gint:i.l1 waters unu (;OnSi~ls mainly of SLllld 
<111<1 gra"cl. 

Sioux Series.-Thi . .;;; f.;(_IJ'ics oCCu rs ill tile gIH(' iatNl regioJl of 
i he ('cntml lind nort!nre .. .:t('rll stail's and (·oIHprisc~ till;' dlUk urown 
ji) black iC'l'rHf'e f:l)j J~ and \\'ilh a bed ()f gravel within threp feet of 
till' ~urf[l[·c. I f lJlTur::. as narrow UI'I,! l.l.S along streu ms inslead of 
1!T'uau outwaF=-h ]){aills, 

Superior Series.-Thc surface soils are gra~'. brO\\11 or reddi ::llJ. 
with pinki:-h red to light chOl.:ul at l: l'l:d rutile!' dCIl:-c day sub::)oi[s. 
The F:CrieR {"OJ1lpri~l':- H g'I'OUp of ~1tH' ifll-lakl' :-:011:-; de\·clopod 
mostly along tll(· lIlil/'gill of 1...."tkc Superiu r. T he l0l'ug-l"fiphy is 
IlSLl::llJy ]c\'l' i to ."J ig-hi}.}' undnltJting. T hl' !'cri('i' i$ well aJnplml to 
t-ilC produdiull of g r l1;":Ws. g-rains Hlltl lhe gcneral farm crops. 

Vergennes Series._f!'his !'.l'l'ies if.\. 111;)rkcll by browl1, yellowish 
or gra~' 8o il~ llllderiain al \"arying (lejJths by drah to blu£.! or light 
l1"ny day :s uhRoil!3. often r-nll-'Hl'(l US. It (·(Jn~i:-:ts of ill'l'p-water scdi-
1lH'Jlts kllO\nl as the l'JlIllllplaju (·l"ys dC'p,,gitccl jn l'ost-j.:'lflri:d times 
()rer glllcin } dril'L durillg it period of s u),mcrgrnre. ,'-)jlH'C the uplift 
the~e clays ha\'C' been mOre or 1(.'s:;.: mo(liu('c\ by 1he l" tl"('am action 
<111r1 ('olluyiul wUB-h from the surroulldiug highl <lnd~. The f:.udacc 
i" level to gently rollin!'. 

Waukesha Series.-Tlle Waukesha s<, ries i~ characterized by 
clark brown to black ,urface soils ulld eriain lor )'ellow 5,,0;oils in· 
whirh fine gra\~cl i~ usua.II ,," prcsellt. They arC! <](' rh 'cd from walcr
as,o rted glacial debris depo,ited ill hroild filled-in \·al le.rR or as oul
wash phlil1f: 11Jl(] tefrarc," . and are Balli)}' nnr) gT1Hclly in general 
character. They are more p rod uct i\·c than P lainfield soi ls. 

VI. ATLANTIC A .. XD GULF co.,\ TAL PL.USS PROlTS"CE 

The Atlantic and Gull Coas tal Plains Prol·ince constitutes one 
of the most important physiographic di\·isions of the United States. 
This province comprises approxi mately 365,O()O B(jU"r e miles of the 
predominantly flat to smoothly rolling region bord~rillg the Atlantic 
Ocean and extendulg from the northern end of Long I sland in New 
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York to tile ~uulhe rJJ c..\:tl'(:lllily of Florida aJlli alollg the Gulf of 
l\ lexj(;() to tbe 11lOUlb of tile Hio Ul'IllJde. There i~ a hroad gnp in 
the Uulf J'laia represe1lted by Ihe .\lississippi uottoInS and the belt 
of loessial soils udjoillUlg the iJottoms 011 the east. 

In its gcueral a:::pect) the Atl;wtie and (;ulf Coastnl rllljns 
j_Jro\"incc ('U1l8i~lS of a broac1l'lllin which Tise::. gnulual!y either from 
:.:lea IC\'cl or low bluffs nlwlg lh e ('oa:-::t to Lhe border of the high 
inland rcgjoJJ.:; of diJrercllt lup')f,rJuphi!' Jorms. The JUDe]' boundary, 
repn:sC!llt illg the highc~L part. or the main pro\·ince. vuricg from 
~OO to 5(1) ur GUU feet alJo\'c 8011 lc\·e1. Thi5 T('~i()n, although 
formerly a pilljll changlllg to a. g radual slope from t.he ::ea illhllJd, 
has !,CCll er(Jticd sin('c iis upljft aflm-c '~ca leyel to its pre!'lcut vary
iug topogJ'iJplJic JelJiurc::5 of low io moderate reUef as eompnrcd wHh 
the mudt Ulore UIlCVCU ~urfn('c of tilt! Appalnc-hiall and Piedmont 
regions. 'rhe mo.:;t impuriallt series al'e as folluws:: 

Acadia Series.-Tlie su rface soils are light grfl,)' ut white, "ith 
mottled grLly amI yellow, or gray, yellow alia red friahle suhsoils, 
carryjJ!g lime J)oaules aJ1C] jron cOlH'J'pliollS_ ~r he.r are derived 
ma.inly fTt)tu fewol'k etl loessial material. The su rface is gently 
rolling, and t he series i~ II OW timucred with pin e. oak, gum, hickory 
aud SOllll" cypress, I t is adapted to the proullction of corn, cOLton . 
peas, auo oats_ 

Brennan Series.-This sorjes ('onsi.;:i's of gray calcareous soils 
containing a small alllount or llUlllllS ancl a. large amount of lime. 
They htwe beeD deri\'ed frOlu Plci~to('t'ne deposits _in broad \"8 1Iey~ , 

They are of higher ag-riculhlra.l value tlUI.U the former, 
Caddo Series.-The soils are gmy t.o yellow in color. 'rhe sub

sojJs a_re lllottled gray }wd yellow, Of gril)", yellow and red, and of a 
rather stiff stnu,tul"e, Tn Rome places the suhsoil has a pronouncea 
grayish color, while in other:.: it is a moUled yellow and gray, Low 
sandy mounu !; or hUlllmocks ure a ieature of the series. Ootton 
and corll fire the principal crops. Thcse soils are most extcnsil·ely 
uereloped ill Jlorthlrcstem LouisialJa am1 northeastern Texas and 
aTe iteri\'ed from reworked loessial material. 

Coxville Series.-'I'he series comprises dark gray to nearly 
black soi ls derived from the quiet Or deep-water deposits of thc 
Col umbia formation. The subsoils range from a moderately mellow 
friable cla.1' in the upper portion to yellowish plastic compact clay 
mottled with drab a.ua bright red in the lower portion. The 
topography is prevailingly flat. Ther are well adapted to cotton, 
CQnl, oats, and certain '-nrieties or stra.wberries. 
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Crowley Series.-'J'hc· soils runge from ashy gray to light 
brown in color. with mottled browll, yellow "lid rrd, to almost uni
fonnly yello\'- du.,- suh~oilR. L ime' and iron ('olll;retioIlS nrc present 
in the suhsoil. whj(·h i ~ (iuite imperYioll~ to willer. This feature 
fayors the productiull of rice. The tOJlography is flat. They are 
typical prairie .'loils of Louisianll 1.1.1111 Al'k:]l1.'u~ J'Ol'lllCU or rC\\'orked 
loessial material. 

Durant Series.-Tlte t'cricF' vOllsi.'tA of da l'k grn." t.o dark hrown 
surface soii1'\. witli w\low tu dark hrown :o-uhs(JilH. Tilc'\' arc tlerin:od 
IrOllt :-.oft sU'Hl:-:tolJ~ llllt! c<.llt"a]'L'uu~ IlIar!. Th e 5uil:-: aI"(_! pl'oducti"e, 
givillg fair yjl'lll.~ of ,;..rclleJ'tll farm I'J'()P~. 

Duval Series.- Thc :o;oi l~ iUC lll<ll'kNi hy ihcir ill"ig-ht. red colo r 
aud rath('r Illw lillie ('ontellt. Th(·\' nrc d(,'rin"'d from f1u\·jal de
po~il~ of red :::.ands and sandy day~. Three all .. d olle-ilftif million 
acres ha\'e been lnllpped . '-

Edna Series.-The ,oils of this series arc g-ray to dark gray. 
The subsoils f'orJ.;ist or gray ur mottled gray alla ~'ellow, hea'-y. im
pen-i()us tIny_ The topog-ra]1h~' is leycl to genii." undulating. They 
are dcrired froll1 the weatheri ng of' DOllcl1lcjll'eou~ IlHI.!'inc deposils. 
The SUp7)Jy of oJ'ganjc muHer jf. low. They aTf' ]Jot v(lry produrl,.h:c, 
hut COt-lOll, corn alld general farm crop:; are gruwn to some extent. 
Tile a rca. llluppcd c()mprises 1 , .j(I(),I)()(J ::J eres. 

Elkton Series.-Thc I'oils arc li~ht gray to white und the sub
so ils are mottled ,rhitish gr8:' and yellow. Grl.1rcl or ('mlrse 8Ulld 
usually saturaleu with watcr i. fOllnd at a depth of 2)6 to 3 feet. 
They ar(' vI' rather low agri{'ulturnl \·aluc. 

Goliad Series.-The~e soils are prenlilingly dark grfi_Y to hlack 
with r eddish brO\'il1 to red sandy IOHm or :-:andy day subsoils, iu the 
Jower porboDs of which a white, soft, calcareous .~uhstratum is CJ1p 

countered . The soil ma,terial consiE'ts of weathered mari ne deposits. 
They are fairly productive. 

Greenville Series,-These soils are reddish hrown to dark rcd 
and generally loam!'. The subsoils consist of red friahle sand'y clay. 
The t.YPes occupy level to gently rolling areas in the Coastal plains 
uplands. They are well adapted to cotton, corn, forage crops and 
oats. 

Houston Series.-The Boils are black and high in lime, espe
cially the subsoils, which in some of tlle types consist of white 
chalky limestone. The members of the series occur principally in 
the black calcareous prairie regions of Alaba.ma," Mississippi and 
Texas. The soils have been derived from the weathering of cal-
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r'an~ous t:Jay:-: . dHtlk iJl'd . ..: i.ll)(] J'(Jtll'lJ JiJ]J{_':;iollC, vf L'I"l'lat::cous age. 
'rhe ~oi l 1:i of this Fl'r ic~ nrc \cry J!I'OdtH·ti,·c aml arc derated chiefly 
10 cotton alld l'ul'll, hut alfall'a \rill bruw on some of the types. The 
an'li lJHlPlu·d t·(I IIJI'J' i)';{· .... (i.:WO.(IOtJ acre.':;. 

L ake Charles Series.-The :,()i]s or thi:-- i'lCJ'ic~ are ,b'Tlly to 
IdH ('k ill ("0101'. with 1l101til'ti ,\(: I!ow <llld n-'d suh:-:oil~ ('nrryiHg" lime 
and il'ull l'O!l('l'cti(III::::. The surt':tt'(' i~ marh'(11)\' low ~;_lI11h' mounds 
OT hUIlIllI.lwk:-;. T he :-:t1lJ~oil i ... quilt· Tc,..:i:-:t<lI!t t'(J till' Jl\()Y~IllCJJt.R of 

llluil"tlH(':', Hiid drniJll1gp is poorly t'si.ldlli:·dl(-'r1. TLe :-oil:-: arc hcst 
suitl1d to r:.ug;11' 1.:1II!p aut! g-fass. The sl'l'i('s occur,..: 011 ht/ili prairie 
alld lret·-l'o\'(.' re{l arl'n~ elm\ l"0I1 ~i ~t :-; ]Uninl\" of rcwlll'kcLl locssial 
material. Til(_> sl_llul 1110tlIHl::: are iudinccl 'to be druutl lY· SOllIe 
:ri('e if': gr·OWll. 

Leonardtown Series.-Tile soils or this S-t:I'JCf: are gray 10 pale 
ndlow ill (·olur. Tht~ ~lIIJ:--oil:-; flrc lIHlttlcd ~rrar. "\,(,110\1' amI red ~LIId 

~nlil\arily l'II ],I'Y l'IHY 11'1l:::(,s allLl lW('kcts (Ii t';;uli. Tlwy an~ gently 
rolling to l'o.llilJg. 'J'I H'Y !.11"(_~ hl'!"l Fuited 10 J!(,lleral farm ('mpH, 

Lufkin Series.- The .stll'fn('{! .;,;oil;o.' <Ire lighl ~r[ly tWU lllJderlilili 
by ilUj)('ni ou,,,:. pla:::ii(' Hnd gray to lIHlltil..'d .f! ra y aHtl .n~l1\1w ~ub
fOoils. The ditrert..'U('l' ill i,l·\:ll1l'(.' 11(,t w('{'11 the F'l1rt'~\('e f;uil and sub
.... oiJ ill the nlse or the ,<;:1lldr memher." i~ Yen marked. T he tu
pO.!£J·ap hy i~ flat Hlld dt'ainlJg~ i!{ Pl)OI'. Th l' soils flrc Ju('aiiy known 
u:-: •. f1atwnotl:-:" land, Til e tilllbl'J' growth l·ml!'i;-:t,.:; JUl'gl'1'y o[ ;O;('rll lJhy 
oak ;!lId po,..;j lnlk. .-\I"m! tWI) mjJJj ()ll ill·n';': lwr[' UP(,ll lWljJped. 

Maverick Series.-Thl' :;I.lil:-, are light ~ray to hruwnish ill 
('olor IIlld the :-'UllB0ils ycllo\rish llT{)\Yll to drab am! of hea\'ier tex
tun'. 'l'J]('y ~lJ'e j\I),JJlPd by tJ)C l)Ji_'i:ing of JirnrFtonc and s8JJdston c 
with cah:arc()n~ clf1\,~ . 

Monroe Serie~,-Th('~(' $oil:; lI re f!'J'HY to 1,)1'ow11, with mottl ed 
:\'clJow !lilt! l'l,d friable ~tnl(·t ure oS the s.ubsoils. ThE'Y Ot'cu.p." lwarly 
leye] to rolling u1'lnl1,18 throughout the Atlanlic al1d Gulf Coastal 
}'!aills i.Uld fHI\ 'e been l1eri\'ed maill ly from the PiedlUout-Appa ~ 
lachian wHeria!' The soils are usualJy deficient in organic matter. 
TheS are yariously adapted to early, me(1ium and late huck crops. 
The area mapped comprises tbirteen and oDe-half million acres. 

Nueces Series.-The soils and subsoils of thiE series are gray 
amI Hre wlderlaill b,' a "tratum of sti ff. mottled. g-rayisb clay. The 
~ilR nre dcri"cd from Wil1Ll-hlowlI material orig-illall.Y from the 
residual prai ries, whid1 has drifted inland from the ('oast. The 
surface is preYailiug fiat, with 'a few dunes. 'l' hey are poor ngri
c'll1turally. The soils are derated to corn, truck crops, and pasture. 



CLASSlY1CA1:10N Bl: 1:1:1E BUlEJ\.\l 0" 0011£ '<15 

Oktibbeha Series.-'j'hc~e ::-uil::i tire jl r(.'ruilingl_y du_l[ uroWIJ 
W ),eLluwi:.;JI bruwn. The ~tlUtioj!:-- an! t.:O lll}Jv~cJ of bOlllc wllUt lllot~ 
tlt'd yellow, g ray ulld I't'd , ntl!Jel" jJla~til.:, ~ ilt .Y clay. They arc 1I11der

\u ill Ily suft t'utlt'll l illlt':-.lotll..:. '1111 (' iupo$!ri1l'hy i~ fl at to gently 
:,lopi llg. They ~ln' IOt'al ly kllUw!! Il~ .. pu:-:t ():lk Ia.nds·· or " post 
ullk pnliric li1l1d~." \r/ /(.'ll pr{ll't'rly 1/I.l1Idled 11/('," produce good 
('rnp~ of ('MInn . ('01'11. ~l ohll :oOIl ;:rm;o:;-:., ll':~pL't1ezn, bur clover, aud a 
lllUuht, L' or other ( 'I'Op;o:, 

Orangeburg Series.- 'l'J1L' ~\lil:: of ibis- ,~c rjes are marked by 
th{' ir gray to ]'t.'ddi;.;iJ 111'1..)\\,11 ('0]11 1' Hnd OJ 1(,1I :-:tnu't urc. rrhc SlIhgoils 
1'(IJ1~i!'t of friah/p !,<JllLly dBY. 'J' lwy 1I1"{,' ( '(1I1Iin cd to the uplands of 
the Atlunti c' ulI(l (;1.1\[ (' ~Ja~tal -Pla ills. iw i ll g: mO~L l'xt(·ll!.;j\'ciy dc
\clopl'd ill a. h~\lt extt'lIt1ill~ fl'OllI southern .\(Jrlll ('Ilrolillil 10 cen
t ral T('XtiK. This i:-\ a n' l'_\' n.i/uniJlc, 8t' l'ics. its h(:a\' jcr ruclllhprs heing 
flc1a..ptcd to ('o rll. (·lIHo ll. ('owpetls. P('ILlllJt:-<) pot<dpe~. Hnd ('i~ltr Jelll' 
tobacco. X(.:arly [hoe million an(!s IlH\'C h(:'(-II mapped . 

Portsmouth Series. - T hl',"'{' /'IIi!.>; tl J'l' <ln rk ~nl.r to black und 
are high in org!1 1l ic ma tler. The ~lIh~o il 5- nrC' light gruy to m ottled 
gru~- itml yellow lIml till' il(-'lt\' ic:1' tYJ!Ps (1)'(' alway::: pi;.u:t il· . T hese 
l'() jl ~ IlTC d('\'('lopvd in flilt io :::\ i,g-ittl .'· d('pl'l':,:,('d , poorly rlrailJ (·(J situa
tions and l'c:quil'l' drainug't.' iJci"ol'c tiley {'all 11(' u:-;ed 1'01' agri{'ulturc. 
'J' IH-'," [In' adapll'll t.o {'Il I' II. :-;t ril\v\'c: rri(':-io <\1111 (nwk ( ' J'{l}J:-I ~tlch as 
(·a ltbagc. O!l!Olli:l allll ceJ~ ry . ~\J t()p'( · thcr~.-t 10.0110 acre:l IH\\' c heen 

""']lIMI, 
Ruston Series.-The ~(Ji1::i aTe g ray to gl'flyisli hto~nl . an el arc 

\llHlcriHin Ly redd i,h ),ellow to y"II Olr i,h ,'e(1 (,1' dull red modera t.ely 
friahle suh ... uils, lJ1'(!nlilillg-ly of: ~andy clay. They are ~li~htly lower 
in produ('til'tllt.'S:S LhM1 01'ifllg<· J)U!'g . 

San Antonio Ser ies.-'rhesl:! ~oils arc in'own to cilo('olat(' brown 
in ('0101' and ha\'c IJI'OWlIi ::ill red t akal'eou::. )oI.ubf'oils. They arc dc
rc1o]Jec1 jn the scmj-nrid regions of southern 'r exHs. 'rlll'Y are ue
l'h'ed. from cl1i ('ul'Cons matcdal of !-ledi mclltarv origin. rnrler irri 
gation they g iYC ex (,clIent yields of a nlUllhcr 0·1' CfOlJS 8lH,I ! as ('otton, 
('orn, sorghllm, I'egcta bles. and alfulia. 

Sassafras Series.-These ,oils >Ire distinguished hy their )'el
lo ,,~i5h brown to brow-n co1or and mcl10w ~t ru cture. The ;,;uh~oi1 8 are 
reddish Jello\\~ anel friable in stru('ture. resting upon becl~ {II' gravcl 
or sand yarying from 21/:, to 5 feet ill thichess. They a re de'"eloped 
along flat marine or e.c; tuarin€ terrares frOln ]0 to. 2,=)0 f eet a.hove 
'ea level. They inclnde some of the most produetive soils of lhe 
Atlantic seabonrcl. Exeellent crops of wheat, corn, clover, potatoes, 
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111('10118, bcrric~ und \'('gl'tablc::" <11'(' sCf'lITeu. 'r hl' area mapped is 

].717,000 a('re'. 
Scranton Series.-Tht:Sl· ~(Jils BI'e dark gray to hlack. '\\-ith 

yell ow friable suhsoils. 'file topography it: il;lL Rnd ill(' soils are 
generally in nccli of better drainage. Thl',\" arc well Ruited to corn, 
onii'!-, fura/!c crops and a numher o[ H·gctablcs. 

Susquehanna Series.-Thesc are gray to reddish gray in co1or 
antI are tlmlerlain fly mottled n'(l an(l gray or red. gnly and yellow 
plnsi i(' llC~1\"y (·Iny sub:;oils. Heel j~ lliways the predominating (;0101' 
in suhsoils. thl' oLhel' tolorf: npp(!ariug as 1l1o(tlillftf:,. The Roils 
are dCH!loPl'U iJl the h..ighcl' portions uf Lhe COil:-:ta! rIa-in from 
Chesapeake HH~\' to Central Tcxu::o:. The lw;tricl' mCl!Iuers are 
hear." to handlt: on licCOlWt of tile lntradauJe sulJ.soiJ. Corll and 
onts Ufe growll extC!I.'3in:-J.r ill tile nOTtherll, "'Ir ti)J cOHon in southern 
siaimi . . Morc Own z.8fJO.OOO acres lwre been mapped . 

Tifton Series.-rrlw wils nrc gr.1Y to gnlyi;-:h brown in coJor 
lUld nre underlain hy bright ,rel.low, £l'iHb]p, saraly {'lay suusoj]s. 
Small iron ["olll!J'etions OtCtl T Oll the surface allel tliJ'oughout the 
soil scc:tion. rl'heir prc!'{,llce giyes rise to the 10('al Dame of" pimply 
or pebbly land: ' 'I'hey arc eOIl,idetec1 very valuable anil are adapted 
10 cotton . sugar ('ane, 00111, (·owpeas, yelyet heans, oats, rye. sweet 
RlH] I r.ish potatoes, peculls. ngs: p1ums, and ,'cgctahles. 

Victoria Series.-This series <-onsists of brown to black soils 
with gray to whitish, calcareous subsoils. derivec1 {rom ti,e P leisto
cene deposits of tbe Gull Coaslal Plains. 'J'he topography is rolling. 
Over foul' million acres have becu mapped. 

Webb Series.-Thc Eoils of this series are "rOlnt to reddish 
IIrO\\,11 with J'eddish browll to rE.,d subsoi L '1'hey .\rc found in the 
~emi-nrid areas of (he COllsial Plains of Texas. 'riley are cnlti
rated to ~()nlC' extent. Mll~t type~ arc ('oH:!l'cd w ith thic-k growth oC 
mesq uite. 

Wilson Sedes.-Tlle serie;; cmbral.'€s dark gray to black soils, 
witl; mottled gray alld drab to black subsoils, usuully of stiiI, 
hen"!, clay. 'J'he.r a.re t.rpically developed in the mixed prairie and 
timbered regions of rreXJi.5 and appa rently hold u. posi tion inter
mediate between H Ollston and Lnfkin series. Red is pra ctically 
absent. The surInee is frequently flat so that water stands alter 
heavy rains. The heavier meml,ers dry out and bake quickly. Cot
ton and corn are tile principal crops. 
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n1. HIY"EH FI.OOU j'I.AI N::; l'IWn!\CE 

rl'be soils of this pl'o\·illn.' Vl:I.'upy the fil':-;t hot toms nuu nd.join. 
ing l{_'rra(;(..~ of strellms t.hroughout t.hllt ::;('tiioll lying cu:;t of th~ 
UnlHl Plain !S ref!iun. :Sumc Hn.'as or Hood plains soil cover the bot
tums and lerra c'cs o[ "alleys whieh hU\TC ueen abandoned by lheir 
mil in streluu~. 

!l'hctic !'oi\:;. o ... rur 111 rOlllinuous RIll} illtcrruptcd strlp~ along 
the Lallks of fltn.'llms. Thl'y \"al'.'" from llH1'I'OW st.rip~ n. i'f'W rolls 
wille along tht· millor draillHg(' ('()llr~m:; filld tho:o:.e f't rt'nlllS wili c·h 
Pill):::' lhl'uug-h gOI',l!c-iike y:dh.',\"s to IJI'oml hot toms F-{'\'(, l'lll m;ll'~ in 
width. The hrmulust l'irip ur ~trid\y alhl\'ial land is along the 
~li~sissippi I!ivcr. wh ere, at its (:onilucnl'c with tlie .\rkl1llsn:o:, it. i~ 

i.'i to 100 mih!s, 
TflC soil::: of lfii:;: prorill('e illciwlc two topogrnphi{' di,"j:;;iolls : 

(J) The first bottoms or prcsrlli flood I'I'lill;, fillil (~J the terra.,cs 
i,r ()ill flood plaill~, 'rhe materia! ('(11)11)()~illg Ihc:-c floils i!o' (If'rivcd 
fJOll1 \'('1',)' widely distrihUI.C'J source:.; 1\1\(1 from e\'('ry ~ JI('("ics of 
)"IIC·k. 'rhe prilH.: ipul ~l'rie::. J:1l'e u..; J'(IJ1(1W~: 

Bibb Series .-Tlti~ ~('rjes is marked uj' ligllt-('ulo l'ed to white 
cornpal't ~u l'l'a('c soils and "y COIJlPilC't plastic aHd ,dtitc (I I' mottled 
white and ),cll(J\\,j:-;h :-:l1J':-:oils, The Illuteria,j i~ dcrjn~d main ly from 
Coa:;tul l'lains ~(jil8. 'Phey are hc~t ::uited to gra;':s 11lld pusillres 
lwder pl'€s€llL conditiolls, 

Blanco Series.-rl'he~ haye gnl'y to lif;Jlt lJTon-n soils and 
brownish suhsolls "'}Ji('h .in Lhe lower portiuns ('hange to plastic 
hea,"y materials of a rlecidedly brown color. The soil alld subsoil 
Ilrc calcBT(,()Ds. TheRe soils o('cup.y tpntll'es mainly above overflow. 
Soils are well adapted 10 f'ottOll, rorn. hi;h polaioes. anti alfAlfa. 

Cahaba Series.-The su rfa!'e soil, arc brown to reddi sh brO\\11 
alld the subsoils are yellowish red to l'cdd i~h hro"·Il. 'rhey are ter
races principally ahm'c o\'('rHow. TheSe soi l!; arc \\'(,11 suite<l to ('ot
ton, coru, oats. and foraJ!l! {'tops. 

Cameron Series.-Tbesc are soils of <la rk browll to black color 
and tenacious charader and lughl'y calcareous subsoil. The seri es 
occupies broad, .baUow basins, ()('currinl2: typically between river 
channels, and in general is poorly drained. The lower portions re
main flooded during the greater part of the year. Alkali is fre
quently present in the lower depression . Good crops of corn, sugar 
cane, cotton, and vegetable. are .uceessfully grown. 

Congaree Series.-The soils and subsoils 1:Jf this series arc 
brown to reddish brown, there being comparatively little change in 

7 
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texture, structure nud color fru lll the !-:ud'a('{_' dU\nIWaru. They 
OCCur as first bottom of tll(, l' i{_~dlllO!lt reg-tOil aJld ill tile ('ua:,tal 
Plain . .soils /lfC pl'od ul'ii\c. yielding eoru. cotton, cane) oats and 
forage crops. 

Frio Ser ies.-'J'tw:-iP (·oll:o:i.:d .. of dHrk-('olorcf! ~oils whi(·h hnse 
beell brought down frolH lhl' I·:d\\,;\rch J'hlll'nU llllLl (_l{ ' p(J~iLcil in 
terraces nl<lng the Jal'g('r ~tn.·<Illls. TIlt') al'c exccll(lut ag-ricul
tu ra1 soi lcl. 

Genesee Series.- T hr (:(,ll(,f;('(' ~('rics cOllsists of dark browll hI 

grayish brown aUuyiaJ SCUil1ll'llt Lleposite.d along the mnjor sircams 
and their tributaries tllroughout dll' not'tilcflstcrn glaciated region, 
They are subj ect 10 o\"{'rilow. (;00<.1 !o::oils for ('orn, OIH~. Fllgar heeL:;, 
potatoes, C'ubbage:o;. Rnd grR s!'. 

H olston Series.-TI!(,!'c COliF-iFt· of rell(lll"isli brown to /)1'0\\"11 

su rface soils alld )"ellulI" sub.'oik I I i~ dc\'elored in old alluvial 
terracea, somet.imcs Elunding ~OO feet Or morc above the fi rst bot
tom of streams. The llILitL'riui j::. uerived principall:' from sand
stone and shale. Tllr soils gi,·c fail' to good ('rap'" of corn, wheat. 
oats, grass, clO\·er, and forage (· 1' Ops. 

Huntin gton Series.-'l'lw:-:f' a1'(~ Ij~ht hrowl} t.o brown and the 
8u1soils J·(.'U(JW to Ji~l[t hrowl!. Frequ('ntly tll('H' i:-: little dli.ll!g-e ill 
the color or character of the llwtcJ'iul. They occur in t.he limest.one 
and Appalachian }:lollntuin regiolls ilS first' bottoms. They arc ex· 
cellent soils am] well adapted to (,Ol'll, oats. gras:.: and fo rage crops 
under proper cli matic ('ouditions. More than 1,2~17,OOO acres have 
been mapped. 

Kalmia Series.-TIHI !-'urfa('c soil ... are gnr'y to t-,rrnyish ;,·(..,110\\'. 
The subsoils arc mot.tlrd gray and yellow. The ,eric, i, found along 
streams of the Coa::bd Plnin on terraces ahoyc o\erflow. The sur
face is flllt . 'fhcn properly dra.illcd the .iioils are sui ted to corn, 
cotton, sugar C':111C • .'11)(1 JOJ'ngc rrops. 

Laredo Series.-This series (,01l5i~ts of gray to light brown, 
calcareous salls with g-ray, calcareons subsoils. rrhcy occur as ter
races ' [doug streams ill south rl~exas. aud arc quite yaluahle ""Irhel.l 
irrigated. 

Lintonia Series.-Tlle rmrface soils of this series are lig11t 
brown or yello,,~sh brown and of Filty texture. The subsoils are of 
slightly lighter color. They ocrupy stream terraces "l1d alluvial 
land. Grass, forage crops, corn, oatd, lri~h potatoes, peanuts, cab
bage, and vegetables are grown . . 

'Miller Series.-These soils are of chocolate brown to pinkish • 
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red color: with chocolate red or pinkish 1'('u suh~oj l::L Both st loufit 
nre ('nltn reolls. Thr)' nrc first hott.om soils ill rrexns and are wen 
adapted to cotlOll. ('orn, alf,lIra, rOTage rrops, IIlIll cabhage. 

Myatt Series.-Tltl' Jlya H '~oi/s lIre ;.!'I'Hj" to .. lark gray. The 
subsoils art' of g:rny III mol tlcll Rray and Yl!lI\)W ('oior n1H1 impC'niollS 
character. TJJcy J'epl'c.r.:.f'lli tlJC POPrL·,<,;t. dNdnNl port.ion of the 
('oRetal rlain slrcalll lenaces. Tlte." lie principally above overflow. 
I\"hen drained ,hoy 111<1)' I," uS(·d quite profitably for sugar cane, 
con), :md a l1UmiJl'T of Jorage I:rops. 

Ocklocknee Series.-Thc::;;e soils arc dark gray to brownish, 
with brownish or monj('(l browni::h, yc!lowi::.h Ilnd gray ::::uhsoi ls. 
rj'lwy {"wrur in t.he Coastal Plains uI1l1 arc slluject to l)\"(~rI\0w. Corll, 
oats, and for-at:c CfOP5i tIre g-fO\nl. 

Osage Series.-TIH'v ('ons;st of dark gray to almost black 
n]luyia\ wa~h from the jo:.ruIU:;;t.OI1(' nlill shal(l soil:;. or tilt, prairie 
regions. They pr(lduce good :riclds; of general farm {'rops. 

Podunk Series.-'I'hesc are dark IJ1'own in ('oln1' and overlie 
lighter "rl)\\,11 to hr(I,nli:-:h ,!!ras or 'yc\\owi~h grns E>uhr:oils. 1'II('Y 
occur as rather lligh hothllll hllldR. hut [Ire subject to orerflow. 
'rheJ' produce grass alld hCi.lYY t l' u('k ('fOPS well. 

Sarpy Series.-Thrsc soils Tunge from light gray to nearly 
black. Tbey possess Ion," ,ilt)' or fille s,,"dy sllhsoils distinctly 
lighter than the surface. The,' occur ill lhe bottonl5 of the Missis
sippi and :Missouri ri\'el'R aJ1t1 their large tributaries. They are very 
producii\'e and adapted lo p'raill~. grasses, and aUalfa. 

Sharkey Series.-The~e Foils arc of yeJlowish brow"n tn drill; 
vtt\or, 'ivith mottled rUl~ty hrowil . bluish, f1mb ami yrllowish suh
soils, of Yery plasrjc' stru('l UfO, '1'h £'." are very hen"y nlluyitl1 "oils of 
the Mississippi ri"cr, commonly ('alled ., bllrk<hot lanel ." They are 
well adapted W rorn. sugar cane anu eotton. About 1,(;00,000 acres 
have been mapped. 

Trinity Series.-Tllese "oils are dark bro\\'n to black first bot
tom lands mainly deri"cd from the Huston ecries. The organic 
mat.ter COlJt.ent i!3 high and lime j~ usuaJly prcRcnL rrbey occur 
as lIat lands in shallow I'alle,l's. Large crops of alfalla, cotton and 
com are produced when the soil is well drained. The area mapped 
comprises 1,280,000 acres. 

Uvalde Series.-The,e soils are alluvial and occupy hroad level 
flood plains in Texas. 'I'hey aTe light in color and "cry floury to 
tbe feel. -

Wabash Series.-The soils are of • dark hrown to black color 
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and h igh in organic matter. 'I'lle suusoils are lighter drab or gray. 
They occur as first hottoms along the Mississippi. The.,' grow 
large crops or gras5 aIld coru. OJl€ milliou nine hundred acres have 
been mapped. 

Waverly Series.-rrJw soils are light gray in color and o\"crlie 
gray Or moUled yellowish nnd gra_viRh ~ubsoils. 1'hey occur as first 
bottom land alollg strcnmR .i~:-:uil1g from the loesr-ial regioll of the cell
tral prl1irie sta(ps. The," <lTC fairly well adapted to corn and grass. 

Wbeeling Series.-Thcse wils are brown 10 yellowish brown 
and nre underlain hy grayel 1Isually wi thin 3 feet. of lhe surface. 
They orcupy the gravel terraces along the streams that flowed from 
the lec-('o,'cTed regions. 

Yazoo Series.-1'he color of the surface Roil ranges from gray 
slightly darkened with organic matter lo light brown, while the 
subsoils are of mottled grayi.:5h . rusty brmnl and someti mes bluish. 
They o('C'ur ill the Bood plnjn~ or the j\Jj SSi5~ippj Tin'r. They are 
well suited to cabbng-c, onions. peafi, lettuce. 1 rish and Ew{'('t po
tatoes, cucumbers, melons, etc. Cottall, corn, and forage crops give 
good results on the he,,'Y type;. 

VIU. CHEAT PLAINS REGION 

The Great P lain s Hegion is bounded on the north and east by 
the Glacial and Locosi"1 province, on tlw east ani! southeast hy the 
Limestone Valley a.lId Uplands proviJ)('e and lhe (iu\( Coastal 
Plains, and on the west by lhe Rockv Mountains. It 110' a maximum 
width of 600 miles. In altitude it >aries from 1000 Lo 6000 feet 
above sea level. \\11ere not eroded it is a leyol or gently sloping 
plain. There are areas of excessirely eroded or "had land" to
pography. The Great Plains region extends from the Rio Grande to 
Canada. The Dpland soi ls are di"ided into the following as to 
origin: 

(1) Residual Material.-The residual Roils are of widespread 
ocounenre and cOJ18tit1lte the most niensirel:' developed and im
portant produce. Owing to their wide distribution these soils are 
"ubjed to " wide "ariation of climatic influences that have been 
important factors in thei r formation. The series are as follows : 

Bates Series.-These are of dark gray color, while the subsoils 
are yellowish 8JJd mottled red or yell owi sh or huff in t.he upper part 
and mottled with yellow and red in the deeper sections. They are 
tr""less and of undulating topography. The crops are chiefly corn, 
wheat.. fiax, • nd oats. 



CLASSIFICATION BY THE BUREAU OF SOILS 101 

Benton Series.-The 50ils are light brown or grayish brown to 
gmy colored. with light gray subsoils. They arc derived from lime
sLone a.nd shalE~ amI mostly lI~ed for grazing. 

Boone Series.-~'hjs snries consists of light gray soils of Jow 
organic-matter content Ullderlaill b.,' pille yellowish to slightly red
dish yellow and often mottled, porous oubsoils_ They arc deril'ed 
from sandstone and shales. The soils are often limbered and are 
frequently thin and unproducii'-e. The prillcipal crops are corn, 
oats, wheat, and hay. 

Clark Series.-This series includes dark gray to brown or black 
soils and grayish calcareous subsoils. 'I'hey produce lair crops of 
('orB, kafir . wheat, sorghum. and alfalfa. 

Crawford Series.--;-Tllc8.e comprise rcsjd \laI )jmestone soils oj 
dark brown to reddish brown surface soils and reddish brown to 
red subsoils. Cotton, corn, wheat, oats, ali'aJra, clover, Bud timothy 
are grown. 

Englewood Series.-The soils are of Lrown to J'eddi~h urowlI 
color. The subsoils are usually reddish brown hut sometimes brown. 
They are deri "ed from shale and sandstone. They are generally 
adapted to corn . kafir, sorghum, and hay. 

Epping Series.-The soils are white or light i!ray to buff and 
are undf:flain b\" sub::ioi ls of similar character. Ther are derived 
from shaJes an;1 induralod days. Wbeat, baTley, potatoes, and 
alfalfa are the principal crops. 

Morton Series.-The soils are brown in color ' and con tain a 
high content of organic matter. TIte subsoils are lighl brown to 
gray and are rich in lime. They are derived from_ saudstone and 
shales. Wheat, barley, and flax are the principal )ll·oducts. More 
tban 13.000,000 acres ha,e been mapped. 

Oswego Series.-'l'he soil s are \i~hb gray to dark 6'Tay, wIlile 
the ::iuhsoils are drab to yellow anel are compact anll imper\' iou~ . 

They are (Jeri \'ed from shaJe aJl(J sfludstonc. 'Vheat, corn, oats, flax, 
rye, and potatoes are grown. . 

Pierre Series.-~'he soils of this series arc light brown to dark 
brown, the immediate surface often being light gray. They are 
usually compact and refractory. The subsoils arc hrown and com
pact and grade into a substratum. of parti.Il,- weathered shale. The 
surface is generally irregular, heing dissected-or eroded and marked 
by hilla and ridges. Drainage is generally good. The types fre
quently contain rather exces&ive amounts of alkali. 

Sidney Series.-The soils consist of brown sUl'face soils, wi th 
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light gra.y to whiie, calcareous, floury, :::.iH.'" vlay ~ul,::::oi15. 'fhryatc 
derived from calcareous conglomerate. The more loamy types are 
good for gCllcrui farming. 

Summit Series.-The soils are dark gray to black. with mot
tled yellow and gray subsoils. T!, e~' occupy nearly flat to sha rpl\' 
roll ing prairie~ and arc derived hom calcareous ~hales. Corn, 
wheat, oats, timothy, dOHr. and alfalfa are the principal products. 

V ernon Series .-The ~oiI,-.: nrc f l'd(lish 1lrow1\ 1<) feel. Tht' 
subsoils are usually rcrl hut ~ometimc::: redtlish brmvll or bro~nl in 
the upper part.. Corn. wheat. oats, eotton . kafir all" sorghum are 
the chier products. They arc neriycd from samls\C>llcs amI shales. 

(2) Glacial Material.-Tlw ,,,i i, (Irri\'cll from thi, material 
do not OCCUT cxlcllsi\"{~ l." ill tilis region. They are represented 
hy fI sillgie ~erie~. the O'N eill. Till' ).:oii~ nr(' dark gra.'- to 
brown. 1I1l{lcl'iain hy lig-ht hrow!! !'ulti==oil? r(',~tiJl.!~ 111'Oll ~alHl OJ' 
gravel. The topof(raphy vaTics from n(>arly lel'el to rough and 
hroken. The :;('I'i('~ i:-: dl'l'jYe(l f J'om g-ln('ial (lJ'ift whi(·h nn(lrrlief: the' 
loess. rl'he deeper memhers have a lligh yulue fur small grains, corll, 
potatoes, and forage crops. 

(3) L ake-laid Material.-The soils of lacustrine origin are 
of only local OCCUlTence. 'l'hey "Te reweeented hy three series of 
small extent. 

(4) W ind-laid Material.-Thig series oceupics a vcr)' ex(en
siyc arca in Kansas. Kchraska flnt] :--iouth Dakota. The principal 
series nre the C[lllYOll. Colhy, and Valentiut' . 

Canyon Series.-'fhese soils arc light brown or ashy brown 
and the subsoils are yellowish gray. 1'hey are mainly derived f rom 
loc.lsial maleri.'l.1 and are acbpted to grazing and locally to corn, 
milo, kafiT. aod ~orghulll. The serips OC'l;Ul'S in Kansas amI 
Nebraska. 

Colby Series.-The soil" are asll)' gray Or brolvnish gray. The 
npper subsoil is similar to or bghter in color. TIley are derived 
from loessial deposits. Wheat, corn, and forage crops aTe gro,,\\"Il. 

Valentine Series.-The soils consist of brown to dark hrown. 
with light brown to brown and usually hClWY subsoils. They are 
adapted to corn, potatoes, truck. !l.DLllwy crops. 

(5) Alluvial Fan and Valley Filling Material.-1'hese ha,'e 
been derived from the great areas of Tertiary deposits with those 
less extensi,"e areaS of local alluvial fan and coll uvial material. 
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'fhey are lUlcon.suiiuai{'(l, lmt lneJuue certain zones of material 
whj~'h is calcareous alii] mOTC Or 1es~ indurated OJ' ccmelltrd. 

Amarillo Series.-'J'lwse illl·luuc c"o("ol"lo browli to reddish 
llro"~n .soils, with llrouLl to reddisb brown ,"ub~oil~. The . ..:uusoil 
~radcg j'lto a whi le or pillki .... )J white ('a l('IlJ'l'OU . ..; IlHljpri .. d withiJl 
three feet of the SlIl'f:wc. 'They arC dcriw,d from saml.slvllc. slJaJe. 
limestone, awl crystalline tock. l\jore than ele,'en million acres 
ha\'e iJerll mapped. 

Colorado Series.-The soils arc of graJ' to reddish urown color 
and ('ontain nIle quurtz and fe!d.<.ljJlIf frug,ments. The suhsoi l.:i are 
reddjsll brown. They grow n.·getulJ}cs. tree fruits, ulfuJfll

J 
and 

melons. 
Daw es Scries.- The ,c;:oils aTC ashy gray to light hrown in color) 

'R'jth white to pillkish wbite suJ,soijs. 
Gannett Series.-The soiJ.~ are light brown, with yeJJowiah 

sand to ligllt sandy Joam 8u}"Q(lils. rrhey are mostl y utilized for 
pasture. 

Greensburg Series.-Tlle soi ls are brown to dark brown in 
color and the sutJ,soj]s browlJ to yeJJow:ish broWll. The soils are 
cler;yed mainly from Plains .\13rl. They are usually treeless and 
produce wlwat. toru, kaii!' . nlJ(l 8org-hum. 

P ratt Series.-Thc soil!" aTP browJl. wit.h dark reddish brown 
rather compact sticky 8Ilh,oils, u,ually loam 10 cloy loam in tex
ture. They rC'iain 'Wall']' ~yeJ1 i1J.lll IJndpr favorable conditions the 
soils are qnite productj"£,, gj"jllg gond yield s of kafi!', eon}, sorghum, 
flIlcl wb~at. ::\('arly ~,UUO.(l(I(l aC'res hal'r hoo)} mapped. 

Richfield Series.-Tlle ~(lj]s are grayif':h hrown, wjlh grayis]) 
lJTOWJJ rakH I'coliS Btlh~ojls. Thry arc rct.enti\'o of lll.uishuc and 
produoe \I'beat, ('(lrn, aHalfa, and forage crops. More than 8,00U,000 
acres hare been m"ppecl. 

Rosebud Series.-The surIaC'e soils are dark g ra.y io brown. 
The subs(,ils fire light. rolort,d, almost White, flncl ver'y t·alC'areoU9. 

The topograpby ranges from uudulating to steeply rolling aud 
where badly erodc·d constitutes" bad laDc]." More than 5,000,000 
acres ba.\'e 'been rna.ppca. 

Zapata Series.-1_'l1e soils bave gray calcaTeous ~udace; with 
subsoils of similar color and texture. The." hal-e a very low value 
for ngri culture. TllCY fire usea for grazin[!.· 

(6) River Flood Plain Material.-These soils AIe the flood 
plains and terraces along streams. 'l'hey occ-ur widely scattered 
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orer the region, but are especially well del'eloped as the wide 
\"alleys along the larger streams. The series are as follows: 

Arkansas Series.-'l 'his series includes grasish brow-n or dark 
bro"rn soil s, with yeIlowi::ih IHown subsoil s restin g lIpan grlnels alid 
sauds. The substratum is sometim es so Ileal' tlw su rfa t:e as to 
cuuse deficielJ cy of Ill<Ji ::i turc. ~oils ilia)' uc sul,jccL to o\'crftow. 
" 'heat, corlJ, iVl'age crop~, and aH'alffl. Hfe the principa l ('rop:::. 

Chey enne Ser jes.-Tlw -"oil.,.; are hruwll with lighter hrowl! or 
j'cllO\y subsoils ullderiain by slIJHls. aud gnlY<.·ls. The f'uils occupy 
ltigll valley terraces laid down while the &t reams were cllokl'u with 
icc. They arc prOUULlt\'C and 8chrpll'd to grazillg. sluall grains, 
corll, and potatoes. rrHler irrigation thr)' grow aHalfa. and lruits. 

Laurel Series.-Thc soi15 are tlark grHY to brown anu the sub
soils arc usualIy lighter in ('of Or aud aTC underlain 1.1)' 'Porolls gravel. 
Corn, small grains, forage, melons and l'aTitaloupe~ arc grown. 

Lincoln Series.-Thc sO'ils arc clark brown to d:lrk gra~- or 
lleal'l)' black, while tJw subsoi ls are dark gra.\' to brown. Com. 
fm'ngc CTOpS. small graiJl8, ~U1cl alfalfa are grown. 1I.Iore than 
2,3UO.000 acre; haye I,cen mapped. 

Tripp Series.-The soils are brown to light gray, while the 
subsoils al'e light gray to white. Irhey aTe of alluyial origin. They 
are adapted to corn, whcut. oais, potatoes. and ycgetnhles. 

Wade Series.-The soils are browu to dark gray, drab or da.rk 
brown, while tlle subsoils are light browll, hrown Or gray to dark 
dra.b, rather heavy aud compact. The crops are corn, small graiu, 
flax, potatoes, and .1£.][8. 

IX. ROCKY }.IOON'rAIN AND PLATEAU REGION 

'rhis regi on coyer:; the areas 01 elevated mountains and plateaus 
extending from Canada southward to the lower lying, arid, treeless 
plains and isolated ranges of the arid region of Arizona and New 
Mexico. 

The soils vary widely in character owing to the great variety 
of material f rom which they are derived and the number of agencie • 
• cti ve in their [ormatioll. Weather ing in place. has given rise to ex
tensire areas of residual soils. wbile at the bades of the mountaius 
large arcas of rollm'ial soils are found. ~'he stream valleys have 
ter races and flood p lain'3, while t he broad intermountain basins 
have m.1ensive deposits of sediments. 

<al Uplands.-San Luis Series.-The soils are reddish 
brown in color and porous in stru('ture and are underlain by sands 
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and coaTse rounded gravel. They are derived maillly from vol
canic rock. 

(b) River Flood Plains.- Billings Sedes.-'rhc soils arc gray 
to drab, with the ~uhsoils !'imi lar in eolof , structure and texture. 
'J1hcy arc dl'riH:d mainly from !!halcs alld saudstollcs, u,nel are ada.pted 
to a wide range of crops under fin-orahlc l'()IIdiUUII !i of irrigution. 

Laramie Series.-These Roils are light hrown to grayish brown 
with a F:.Jight reddish rast. The subsoils firc lighter gray or more 
r(·udish, i:lollH'timc8 bee'oIlling yellowish i!my. flild urc Ulldcrlain by 
~anu or sawl)" loam wit.h gravel. The .... are treeles~ plains. 

Mesa Series.-Thc soils arc pinkish red or rerlrli,h gray to 
light reddish brown. The suhsoils a.rc of li~hter rcddi:.;h g-ray or 
gnl.r coJor nnel hca\'ier texture. ,Y here irrigated, fruits, a.lfalfa, 
and general farm crops do well. 

x. XOnTH\YESTEH~ IK'T"ER~10CNTATN REGlON 

This region lies betweeu the Pacific Coast, region on the west, 
(he Rocky Mountain region on the north Hnd east, and the Great 
Basin region on the south . 

The Tocks of thjs rcgjoJ) arc mo~tJJ cffus_j\·c or vo]cnnic and the 
soil material is derived largely from these. either by weathering of 
solid materiat or from fragments eject.ed from yolcnnoe5l-. 

(a) Uplands.- Ephrata Series.-These soils arc 01 light gray
i,h brown to yellowish brown color, while the subsoils are porous hut 
compact. They coosist largely of gla~ial subangular or rouuded 
gra "el or bou Iders. 

Quincy Series.-The soils are grayish brown and usually of 
loose porou'i' structure. The subsoil s nrc similar in coloT and tex· 
ture but slightl.r more compact. They are wiud-laid material. 

Walla Walla Series.-This series consists of sticky, brown to 
dark brown soils about three feet deep underlain by yellow silt loam 
subsoils which are often sticky and plastic. The topography is high 
rolung hills. The soil material is wind-laid. Wbeat, barley, and 
oats are lhe principal crops. 

Winchester Series.-The soils and subsoils of this series are' 
dark gray to nearly black and consist mainly of dark-colored angular 
fragments of basalt. The fine material is ,viDd-laid. 

(b) River Flood Plains.-Boise Series.-Soils are of light 
gray to light brown color. The subsoils are similar to the soils in 
color. They are underlain by a calcareous har~pan stratum. They 
are of alluvial origin. 
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Caldwell Series.-The soiJs :rallge jJl coJor h om gr .. l)" 10 d<lTk 
gl'fly or lJlnL'k. IJ'IJe !'I lIb:;oiJs Hn~ lI~lli1 lJJ 01' FO JJl C\\'lHlt jighJpr :o:haal', 
\'!l.J'yiJlg .frOB} light gruy to drab, aucl are 111HJerlain by graycl. 
~llIn!1 g-rai,,~. timuthy allu other .f,rrasses, alf._\lIa, potatoes, and 
Ruga I' Iwets Bra g rowll. 

Yakima Series.- 'I'hc soilB range from light to grayish brown 
10 ye!lowi!'h lJl"oWIJ or light br(l\\'11 ill colo r. Ina:y :ll'{' u:-uHlly t r ee
If'8S jJblilll" and o( <lll\l\ iill urigin. '1' 11(' i llllHeuiate surface material 
it; <.icl'i\'ctl I r(Jlll basaiLi(: 01' 01 li t ·!' eruvt in:: fOl'kf:. 

Xl. (a[i~.·\'l' ]USI!\" l(EUlO~ 

Tjlis region cmlJn_lcr'3 _pl'acticfllly all of lhu Great Ba:-:in of In
terior Jl ra;113-;',', ] 1, llh:luti(.'l' all or Nl'\"Hdll wi th tbe eX('cptiUl1 uf 
till' l!Xt.l'CDH' ,"olltl\C'n stc rll part~ , the W(!:;:lern parL of Utnh. a sman 
part or ,Qnthwrsicrll .I daho. lhe ,anth ('enlml part of Oregon, and 
the g-reatcr part of t ile ensierll margill of California. 

The rcg-ion i!' charadeTizp(l lIy 11lllllt'I'OllR j~()l[itell riuges and 
mOllut.<liu nlJlg-e~ running' in a gelleral north Rml sonth Llir('c~, i on, 
arid t r<,(' lt,s:'; plain~ auu intermittcilt streams which disappear ill the 
gl'aH!lI~- or ~Hlldy soi l or (li~<'hflrg'e into hroad lake ha:.:;ins mORtly 
",ithout- outld~. )Iall\' of t.hese bar;il18 were lakl's ill Quat.ernnn timp, 

"-rhe soils arc rla~sifi('d ac('(rnling to the agcl1('ics eoutributinp; 
to tl,eir formation . 

(a) Uplands.-Bingham Series.-'r his series o['cn}Jie~ the 
]ower 1l10l1l1iaiJI and upper Yall('y slop(,f' auel \alley b.._'rnltl·s OJ' }llains 
allo is formed fr0111 mowltuill Kush alld tlelta cone depo;-:.its, 'rhey 
nrc quite fertile wilen lrI'i~hh:.\ d and are adapted. to alfalfa , grains, 
sugar h('CI~, Yf'gd'lhJrs. all d fruits. 

(b) River Flood Plains.- Jordan Series.-The soils are 
usually dark in ('o lor hut sometime~ liglit grny 01' reddish, the 
ileu,-jc r lower lying mcm l)t'l's heing uliclerlain b.Y gray. black, yellow 
0 1' Tcd compAct hl'Il\~ alld orten ('Hle81'('OliS suhsoils, They are dc
,"oled. to grains, alfalfa, fruits, and trllck crops. 

XU, AHID SQ'GTllWEST REGION 

Tlus region covers the southwestern third of Arizona. a large 
area in south central New ~Mexica and in northwestern Texas. It 
iucl udes also a sm<lll arca in southeastern Nevada and t he south
castel'll extremitv Ot Cahlorn ia. 

The region ~nsists of sandy, gravelly sloping or flat treele •• 
plains from which rise frequent low rounded bills and occasional 
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ilaL tul'pcu. llh.!Slb aUll many isolaLed, e\ollgatcJ mountnin ridges. 
{a) Uplands.-Glendale Series.-'I' l!csc 80ils mllgc frum light 

gray 01' gti.lyi;,:h J/ruwll tv dark bru\.nJ til" clwcu/lite in ('olor fllJd are 
1lllderluin by gmy to light brvwu hig-hly clut:l1 T'eOus suh::;oils. \Vhen 
il'ri~at('d tlll'Y prodll~e al[ulfa, forage crops, Yeg'etallies. grapes and 
cit rulis fruJts. 

Imperial Series.-The soils are gellerally of light or reuclisb 
color, LiIL' !1(:H\' icl' lllcllli.lcrs being ('U llIpH d alJd pla.,.;tic, poorly 
draill('d alld nJ"alinc. The soil IWl!('rial n'prl,:o:wIL;:; olJ lttkc Llt'posits 
d~riH_;d mailllY frolll sal1d~t.on(' and ~h(\Il'~ . 

Indio Series.- Thc fo:oi l:-:. afC light gnty to ::;lillC ('olored, porous. 
amI undt'rip-in I>y C(Hll':,cr sand. They are deri\'(.\.l from granites 
mLx('d with F;h nl\·s IHlil s<llldst(}!]cs. l\ lcloll:->, sweet putaloef'# truck 
nor:;:, ('te., arc g'rowli ullder irrigation. 

Yuma Series.-' l ·h~:-;e :-oil~ arE! u:-;unll'y rather compact. The 
,ub"oil is similar to tl,e so il ('x"l'pt thnt at a depth of 2 to G feet 
Inycn; (If'\,ur that lw\'(' the padidl's, f'li)!hUy ('l'Illl!lltcd together with 
rakimu earhullate. Till ... ·,Y g-clIl'rally Ul'l'UP), mc:-:h lando. "-C'hey iln! 
adapted tv citrons fl'uiif::. flgs. grapC5, Hlld ypgetalJles. 

(1,) River Flood Plaim.-Gila Series.-The soils of the 
lip'hter tYr{'s are prenliliJlgly of light ycUowish brown. light ~f'ayi::\h 
hrolrn or slightly reddish ),ruwn color und porous ... true! UTe. The 
heaYl('I' types Tange ill color from 11row11 or ('ho('olat e. brown t.o aark 
gray 01' Li3C'k unu are compact. The series occupies streanl flood 
plains and second -IJottoms or recent terraces. 

xur. PACInc OOA:-;T l(EGlOK 

This region inclucles the area of l'aliforuia, Oregon and Wash
ington west of the Cascade, Sierra ~ eyaua, ~ierra ~~-1adre and San 
,Ja('into Mowltains. A hroad valley e,teud, almost the entire 
length wHh only slight, interruptions. 

(a) Upland.- Altamont Series.-Soils are light brown to dark 
IJrown in color with a redd.ish tinge when wet. Subsoil is heavy, 
ratber compact reddish brown or light brown clay joam. or clay. 
The series occupies hilly to mountainous regions. "rhe mcmhers 
of this series arc residual, heing deTlved from sandstone and shales. 
Hay and fruits are grown . 

Corning Series.- The soils are of reddish brown or red to deep 
I'ed color, ratl,er shallow, easily puddled, and lmrd to handle except 
under proper moisture conditions. The subsoils..are redclish brown 
to <leep red, of hea"y and compact structure and impervious to 
moisture. The soils oreupy slopinl( 1.0 undulating Il.nd hilly and 
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uisseded up/aud terra<:(!~ and \'ul/(,J' pbius. Tiley arc poorly 
adapted to gl'lIcral filrJldng. 

Everett Series.-'J 1hee-c soil:', range fl"Om light. brO\"vu t.o light 
reddish brown ill color illlU arc or silky textUfl.! anUl)orol1s Slnl(:turc. 
Large amounts of organic lltaticr often oc.cur in the immeuiate StlT

fll(·c. rl'hc subsoils arc light hrown to ;51'a)' aud usually grayelly and 
porous. The mi_dl·_rial is uj' ghlf in! nrjgiJl aml jf' (lcri\'('d irom 
u£umltic ana ilJtrusirc roc'k:s. Heary h>TC,<;;ls aboulla. Some of tile 
less porous types (If·Q.llilllflWd 10 uuir~' ilJg, orcha.rd. aIH] smaLl fruits. 

Fresno Series.-Tht' Fioils nu',\' in ('olor from f,rray to light a~h 
hruwl), the ,hciI\'jrI" Inw-lyillg lllemh('r~ sometimes as!'t1111ing a dark 
gray color as a rc&utt of aecumulations of organic matter. They 
arc usual ly free from gravel; a layer of white or blui:sh gnty, jm~ 
penious, ca}('areou~, nlkali -('arhollutc lIarl1pun Yaryin~ in thickness 
from a fruction oC all illth to sc\"el'al ;!H_.he!'- separates the ~oil anti 
subsojJ. fThe hardpan ;-:Jowi,Y soflew; l.llldj·r irl'igati(Hl. but. is nOT
llHl)).r impenetrable t(l UJe roots of g-rowillg plants, r_}'!Jey occur a,," 

old alhn'ial or coli udal deposits dcri\'ed from g-rallitc ro<:k~. ] f 
the harapan is not too neflr the 5ud'a.ce auel irrigation is pra.cticed 
alfalfa, gropes, fruits . and ,egetables do well. 

Hanford Series,-The soilf: are generally of light gl'a~'ish 
browl! or buff' to .light. hrmvn ('01 or, the heavier members cal'fyillg 
eonsiderable organic matter and hecoming dark gray to Hearl)' black 
whell wct. TlJr,V are micaceous, smooth to the touch . friable, 3])d 
of porous struchll'e, generally free from graycl or buu]ders. The 
soil material represents recent allm'ial stream deposits derived 
mainly from granite rocks. Wilen irrig-ated they are well adapted to 
tree fruits, Taisill and tRLlc grapes, nuts~ ,:egetables and truck crops. 

Hesson Series.-'l'he soil, are dark reddish brown and under
lain by yellowish brown to reddish brow11 subsoils of compact struc
ture. Rounded gra\'cl ilnd small boulders are COlnmOll on the sur
face. rr lJe serjes orcllpies eroded ternwps of lmdtllBting to roll ing 
topography, usually several hundred feet above the valley bottoms. 
1'he material has J,een deri\'ed mainly hom basaltic rocks and con
sists of old aJ]U\'ial or marine terrace deposits. Tiley are well 
adapted to general farming and orchard ITujts. 

Melbourne Series.- These soils are l ight brown to reddish 
brown in color and often dark brown in the immediate surface. 
When wet they are sticky and un tractable, but under favorable 
mojsture conditions are easily tjJl ed. They a.re derj ved princi
pally from shales and sandstones. The topography varies f rom 
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rolling to hilly. :.\Ju c'h is too rough [or the use or fa rm machinery. 
Maracopa Series.-fThe soils range from dark gray through 

the darker shall eo of brown and chocolate to black. The} tI re loose, 
pOr011$. ordillarily w(·11 (lraill('d Blld fn'c (rom Rlkn!i. The soils 
rcprC5ent a:;sori(lcl. coll uyial materia1, largely derived from granite 
ro('ks. II1,eu wilier is supplied the\' are well adapted to fruits, 
yi_lle~ allel gencral farm crops. 

Lynden Series.-The ,oil. are light brown to reddish brown 
and in the lighter textured ,andy type." oltcn li gbt, gray on th" 
:-:urfa('c. Th(' 8uhsoii is 5:lI l1d!' or gnl\·clly. Drainage i~ ~Isunn'y cx
('('s:-:.i\·c. The soih arc derived prillc'ipally from ~tndjfi('d deposits 
~lr :mnu aud gra\'cl f0l'Illt'cl by J!lncial o\ltwa~b. They (){'l'U PY ,l!cntly 
To]Jing upl~J1)d ternlCCS and plains fo rmerly glacinl flood plains, 
!lOW di~sC(·ted and eroded . All types arc s.uitcd to agricultu re. 

Olympic Series.- These f'oil1" are light brown and brown with 
" reddish ,,",I. 'The ,uo,oi l, are generally or compact structure and 
Fome"'JlI1t Jighrer ill ['olor thll n the soils. They are del'ircd mai nly 
f rom LR::l,a lt ic· I'ork . 'rile tOj)ogra1Jhy is rough h mountainous. 
HaulfaU is al,undant imel the soils are heari l), foreste.d. Wl,en not 
ioo rongh they D'lil.\' he 11 SNl for general fannillg and d::til',\'illg. 

Oxnard Series.-Tl!c soil:::: are gellera lly of dark ('O lof and 
(·ompact structure, and though sonwti lll c~ under laill by porous 
subsoil s of light texture, arc generally underlain hy llCavier sub
soils. The su hsoils lack tl,e reu cnlor and adobe stru ctme of the sub
soils of tbe Placentia series_ T hey rep reseut allu vial delt" plain 
deposits. These are pu.rticularlv adapted t.o the production or lima 
beRJlS. Sugar beds, barley. and vegelables do well. 

Placentia Series.-The soil. arQ reddish 11ro\l'n or LrowlJ Rud 
underlain by he"\7. compact., red loams or c]".l' loams of tough, 
impenious adobe structure. The soil material eonsists of alluviai 
outwash, deposito of in termittent or torrential mountain streams. 
They are deri "ed from granitic rocks. They are tilled ,vith diffi
culty but retain moisture well and produce grains, citrous fruits, 
and beans. 

San Joaquin Series.- The soils are prerailingly red and fre
quently gravelly. Bot.h the finer soil particles and gravel are 
rounded. 'The soils are underlain at depths ranging from 2 to 
3 feet by red or mottled indurated clay or sanel y layers and some
times by gravel n.nd cobbles cemented by iron 'salts into a dense, 
impenetrable hardpan. Some of the members are used in the 
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J))'oduction or cit.ron!: aua :-:tUJll: fruit~ . figs, grapes) small fruits, 
a wl I rUt ·k crops. 

Stockton Series.-rl'he Jig-lii r!" ll1t.:l1lh('r~ of this sNies ha\'c a 
buf_r to rcddi:·dl or <:hu<:olIlLe 111'0\\'u l'u10 r. rrile hca\'j(.'1' memuers 
geJI(\1'a)Jy cxliihil <I lIJetrKcd lIdohc shudlll'C. arc 118W]lJy free frum 
gran'!. alid range from llark browu to dark gray or black in l;.OI01', 
The lil:a\'ier Jllel1ll wr ~ arc> d('\'oteL1 mail\ly to the prLluuc:tion of 
graiJJ,O;: and llny. 

Redding Series.-Thc> f.:oi!s. TBIIg-e i'l'ont l' eul1i·.~h gray to deep 
rcrl. arc tlE-unlly pTi\\'C'lly awl !-<Cll l t'tim('s l'Hrry large amounts of 
a lknlj alld pnrti"dJy indurated cl<l ,r-iroll }wrtlpan. ::>trawberrie,"; 
aud IJrnlllhlc fruits yi(:ld nlHwLiautiy. 

Whatcom Seri~s.-Th (' :-<llii!" {'d ill(' \\'hulJ:ol1l ~erics nre of n, 
de,.p reddish bro,rn ('vior ami preraiiillgi.'- of nne texture ana rathl'r 
(OO llljJa d stl'udurc. Tlip :;U l'fUL'C :-:oil i~ Ofll'I1 t1llrk Orowll o r IJcctrly 
hlnck. ~u\'Roil s l'o1l:::ist 01 drab to I!ra:,' plm:tiC' and ('om pact heavy 
:~i)ts , the upper portio}l rarryill,g' r::om8 gran:>l awl ~larial ]lDuJders. 
Soi ls nrc dcril-cd Irani compact g-Iacial drift and occupy areas of 
lllldulating to rollillg upland. The soils are adapted to small and 
orchard JJ'llits. pot11tOf',r;.:, "rgetall]cs and hay PfOpS. 

Willows Series ,~The soi Ls rang-c ill color from l)tO\nl to red
dish hrown or dark ('hoc'oiate 1)l'own and are free fro111 gruyel. 
The subs()iJs nrt~ Jight br(),,"·n to reddisll brown or sometimes :~e)

h:ndsll <lIlel mutt led with llr'H.'·, 'l"'lle.\· hare a ('ompact. f'elatire1y 
impcrriollf!o stnlC'hlre alld often cont.ain lime and gypsum. 'rhey 
nre derj\'{;·d lJlili1dy from calr.areo\ls shall)s. sanelstollE'. a.ml shaly 
saud8to lle rocks. "-here ,,-dl drained ll11d free from alkuJ.i, they are 
well adapted to fhe production of alfaffa. wains and _ with th~ ex· 
(:cprion of fhoH' an'll~ of extremely henry fc·xturc, sng;u fleef,s. 

Yolo Series.-Thi~ series cml!ra('e~ allurial ~oils of brmvlI or 
dal'k bro"" color. underlain hy lightel- hrown 8ubsoils. The type, 
hare been derirrd from sdliFt, antl other m etamorphic rocks, with 
SullIe mat-e rial hom 8haly ~aJ[dRI(J I I(!~ and shales. " 'lwrt,, ('apablC' 
of irrigatioll. fruit~. n~gE'tA.h!e5;, and fornge crops C.Tll be g-I'OWll. 

(b) River Flood Plains-Chehalis Series.-'I'be soils arc of 
recent 3]] uri31 ori!!,ill. orcur.rinl{ .tream Yalleys, traYersing the 
region of r('~in llnl hn::nltip ~oil!' that Yflry from g-ray or drab to 
.reddj~h br own. some of the hp.ader typpl' COl)t.Rinjn~ very much 
orl!"nic matter and sholriog a dark hrown to black color. The suh
soils vary from yellow. gray or mottled to light brown, dark brown, 
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or r{'(Wi:-:h hrowl! 10 hlack ill color. frh e~l' soi l::; arc \'Ny pruuueLi\!c. 
Puget Series.- '1'he ~o iL:; are browll to grayish brown or drab 

(!lId fr('t.{liCutly lIlu ttled \riLh il'Ull sLulus. Tlw hearier lH~lUber~ :11'c 
of I'ather COUlJlHt't allu tClladoti s strueiuTl'. c01ltuilling II large 
HlIlOUllt of orgallir matter, and are u sually Iriaule under Ndti\"a
t iOIl. The :;ub~oiI8 an' light 1,fown t.o drah or grH," Il1llrkcJ with 
ir(JlI ~taillf' . They ON'lIIlY Hood pIll ins in the yitinity of estuaries 
rw '.",tream (lutlets. Th('Y arc "cry producti\'e a.nd arc cint'scd among 
ilir "lory hc:-,I i'oils of t.he rcg1vn. Onts. forage, !Jay alia tnH:k crops 
alld fruits all ilo well. 

Sacramento Series.-'I'he soils are <lark grny, drah or hlack. 
ofi('11 ('olltu.ill lar~c quaulitiet' of ol',!!lltli(' matt('r all(l arc six feet 
(J!' mor(' ill depUI . '1'11 (' f.:cri(,s o("('upic~ :O:trClf1ll 1!(!t!( IIHS 0,(((1 rj"er 
AO(Jd ]>laill~. .\Ik<lli salts fire sometillH':;: enruulltcf('d. '''here pro
[,'c·l,·a hy \to,·ccs, the soi ls nrc productil'c and adapled lo the inlen
:-;j\(. pl'(){l11l'l jon of su~a r hr('ts . trurk ('{'ops. l!('ans. hops, 'putatoe..:, 
lllfnifa. aml pnllICS, pl·an:. and ot.her fruits. 

Salem Series.-Tl_l c 80 ilR are dark hrown to block in ('oJor and 
llnderlain hy C'()mpac·t rp(l(lj~h yellow Fuh:-oil:-. Of hy :-anrl:: nnu 
gnl\'elR. Tlwy are fcc'cnt alluvial 11r))08i1!-l. deriwl(l froTn basaltic 
f"(H,h. Ul"aill ~. truvk (·roJli' and h op~ are' the principal crops. 

QU ESTIONS 
1. \\l!at is a soil Region ? A !'ro\' ince? 
:! . How luan\" of each ~ 
:3. l.)ctiue a s'oi ! ,"cries. 
4. Defin!' n. soil class, 
5, What is a soil type? 
(i. \rhere does the Cecil !'eries occur! 
7. \\' hat arc it.s l:llt\ruct('ristil!s~ 
8, "hat are the characteristics of t.he De Eitlb serie\:i ~ 
!J, Gjve characteristics of Clarksvjlle Fol'ril'~. 

10. Give charact.eristics of Carrington sericR. 
11. Give characteristics of De Knlh seri{'~. 
12. Give char~LCteristics of 'Mar"hall serics. 
13. Ghe characteristics of 'Miami serie~. 
14. Give characteri:;;tics of ' 1olusin. series. 
15, Gin ('ilaracu-'risti('s of \Tillinms !-;('ril"", 
J6. Give characteristics of Norfolk series, 
n. Gh·e chara('tcri!'.tic8 of Orangeburg series, 
18. ~ere is the Great Plain~ region1 Give two seri es, 
1 n, ~nH're i s the A rid Routhwest tPl!ion ? 
20. Loca.te the Piec1mont "Platel\u Provinc~. 
21. Locate the Anrala,{'hian Mountain Ilnd Plate-nil Pro\'inrf', '''lint nl'f' 

the two principal series? 
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CHAI'TEU IX 

SUB-PROVINCES, CLASSES, TYPES AND SURVEYS 

]:0-; working out the' !'lllssjfkntion of soils in detail ill a single 
stah'. it. may he nc{,pssary to make other divisions, or suL-proyinces, 
the suils of whirh hll\,(~ a common origin1 but differ frou). those of 
other suu-pro,·incos in Some fUlldamental charaderisties. 

Sub-provinces.-OI1 tl,i, h"~is the glacial and loessia! province 
oi Jllinois has l)C<)n di,·ided into the following sub-prolinces: 
(1) rllglacitd,t:t1, comprising three areas, the largest bring in the 
south end of ihe stat,·: (~) Illinoisan )loraines. including the 
mornines of the 111il1oi,,,n l:lac-iatioll : (3) Lower Illinoisan Glacia
tion, covering the south third of the state; (.Jc) Middle Illinoisan: 
(5) rpper .Ill inoisan: (G) Pre-Iowan, but 11011' believed to IJe part 
of the lTpj)er lilinoisall: (7) 10waII Glaciation: (8) Deep Loess 
Area, il1C1ucli11g" a zone a few miles wide aJong the "\Vabash, Illinois 
and Mis<issippi rivers; (H) Earlr Wisconsin Moraine" (10) Late 
\Yiscollsin Moraines; (11) E>lrly Wisconsin Glaciation; (12) Late 
Wisconsin Glaciu.tion; (13) Olel Hi"er Bottom ancl Swamp Lands. 
found in lhe older or Illinois Glaciation: (H) Sand, Late Swamp 
and Bottom Lands, thosc of the Wisconsill a.nd ] owan Glaciation: 
(15) Gr,,"cl 'l' erraces formed b,rol'erloadcd streams draining from 
the glaciers and gravel outwash plains; (16) Lacustrine Deposits, 
formed by Lake Clhicago or thc enlarged Lake Michigan . 

Soil Classes.- The soils of these sub-provinces are divided 
into classes baserl primarily on texture. T he classes are as follows: 
(1) Peats, (2) P eaty Loarns, (3) Mucks. (±) Clays, (5) Clay 
loams, (G) Silt loams. (7) Loams, (8) Fine sandy loams, (9) 
f:;andy loams, (10) Sands, (ll) Gravell." loams, (12) Gravels, (13) 
Stony 103018. These are further divided into soil types. 

Soil Types.- A soil t~'pe is the unit of soil classification. It 
is a soil l]nit which throughout the area. has the same physical, 
ehcmical and biological characteristics. In the esrobhshment of 
soil types, the following factors are taken into account: (1) Origin, 
whether residual, cumulo.e, colluvial, sediment.al. glacial or eolial . 
(2) The topography or lay of the land . (3) The native vegetation, 
as iorest or prairie. (4) Tbe strata or character of surface, 8ub
sOldace or subsoil. (5) Physical composition Or texture of the 
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different strata. \ fJ) 'rhe strudurc or gram.1latioll. (7) The 
color of the strata. (8) The natural drailHlge. (~) Tlte auJOU11( 

of orgaulc I1wttcr prcscut. (11)) TIle agrjc.:ultuful "a.lue, Illlscd 
upon its uatural produdin.'lIcss. (1]) The ultimute chemical com~ 
position and l'(,8('.U OJl, WhCUH.'T ~\(·id, JH'utrnl (11' Il.lk~llill e. 

Naming of Soil T ypes.-At first thought it might seem a very 
easy and simpl e murtrr to lHlmc soil types. It is on a single furOl, 
but the diJIicuilY in c- reuses with the size of the arefi ) the Humuer of 
different . oils, and the detail desired. From the standpoint of 
everyone cUDccrned, but more especially from that of the farmer. 
(he simpler and more expressi,"e (he llallle the heUer, alld the easier 
it \vill he to assoc-iat.e it with t.lle soi1. '110 It. ce rtain extent the Dame 
should be descripti1"e of the type. Accordillg Lo the lIomenclature in 
lise oy the Bureau of Soils, names of st>il types usually consi.t of 
two parts, the series name and the class name, ,v-ith sometimes 8 

modifying word included . The series name is that of some locality 
where lhe snil ill question was first found or where it is well de
yeloped. This gi\'cs mUlles as follows: Cecil silt loam, Marshall 
fille sand, nlarshall black clav loam, etc. 

The ahoye system of naming is nppJ1cahle to extensive areas, 
but for a limited arca, such as a sin ~le state, a more expressin! 
system may be deylseil. After the texture, one uf the most ~triking 
charncteristics of soils is the color. In the Darning of soils in 
Illinois, a combination of color and texture to!!cthcr with other 
descriptiye terms. when necessary, has uecll acloJ)tco as convpying 
the most meaning to those who lise the name. \Vithout eyer haying 
seen it, the name, so constructed, ghcs n very good idea of thp 
character of the soil. As illustrations, gray silt loam on tight clay, 
yellow silt loam, brown silt loam on grayel, and medium peat on 
rock may be gi \'en. , 

There are such g reat variations in color that these color dis
tindion. do nol always strictly appl)'. The .oil on rolling and hilly 
land is usually of ayellow rolor either on the surface or immediately 
beneath the surface soil. so that these are called sellow silt loams, 
yellow fine sandy looms, etc. The undulating timher aoils are yellow 
or llTa.yish and t.he term or name ,'ell ow-gray is applied to them. 
Prairies are eit.her dark gray. brown. or black. The usc of the 
term "on" as part of a soil type name indi cates the presence of cer
tain substrata within 30 inches of the surface. _ If the term " over" 
is Dsed. the material, such as 8and, gravel, or rock, is more tha.n 30 
inches below the surface. . 
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Classes, Types and Phases in IIlinois.-ll lila)" IJc of interest 
tu give the cll:l!:i!-;l':-; uI .-:uil:-: nnd lheir limitl'.l. wilh ::i.Umc 1..)1' the type:
and tht,jr 1'11<l:-:'l'l'> tI:-: li .... ed ill the JI liuoi:; vlas!?-ificaliolt. III Butllucriug 
t:oi l lY}ll'::< a :-:y:-:ll' l11 :'(J lll cw!lal .-:iJllilur tu til t' I) (:'wl'~- library system 
hilS iI(,(,1I u~{'d : ill whi{-I! Illl' Whlllt' JlUlllill'r::; fL'prt:'~cllt the :-:ub
prll\'iJwt·f' ;llld fY/'l"':. HIJrI IIH' 11l·(·ima};-:, 1111' plt,j.";l·:-:, To jlJIJ:-:tn1l0: 
. \ ~ui) J/;} .... i)/{, HW/JJn·l' ~:!I; .. i. The JlWt1)'l'l' ; WI._· .. IlI . .; thur it OI-{'ur.~ 
ill t ile Jo\\,;111 g!i.l('iat;(J1J . 1))(.' '!li t1li1i it i.-: J)I"O,I'1I :-ill, 1(111111. nlJ(J . ;j 

tha.t l'O(·k if-: [(luud It::-:~ thatJ :;11 ifi(·IJ('~ h(.'/u\\· the :::u rf.l('c'_ Thc~(l 

Ilumhl'rs fin.' V{)II\(!llil!lJi JUI' ll ... l' U]HIll t-lll' :-:oil IlIHp;:: i[1 IllllJlhl'l'iflg' 

small soil a rcas. 
Peats-(_·ollf'i"t.ing of :l,j pl'r ('P ill llJ' 1H (U'P of or1!anic maLt('l' Hlml't.illles 

llIi!H·d II itl! ':'UUlt· 1XL1Ld, s ilt or chil. 
I. li('cp J/('(ll- wiih !'t'll t lllui'f' ill:11I 10 ilJl·hf'l- jn dl'jJtiJ . Jt.. L'" ht'~t 

drained by O}H' 11 ditl'hl:'~ !J"('llU8(' of the lIlle·qual :'l,tUiJl).! (If tilf'. 
thu~ gl,ttillg' tlll' lll out of linl" 

.J Mcdillill peat on I·luy-wit.h JiI'3.t lJi' tw(,PIl I :! and :10 il\('''l~'' in dejJth. 
Til e dn1irr ~ clf'(' lIsUltlly IJt"Juw Ule j/t'at am! tllerefllre hilt·!:! a. 
gOl,d Ilcd. 

2.1 )ic'~ium I,N\,t. OIl I.'lnYl·Y ~alld. 
"'J )1t'tli1l111 peat Oil :-.ft nd. 
~A .\ll·dillUl Il£'!lt 011 g'1't1.n!l. 
:U, .\kd i lUll l'ea.i. on rOCk. 
:!.li ~h·dium pC'at Oil marl. 

:t i~hQllo,1' 1H'al UII ('f(ly_with peat u to 12 i1l\'],(' i< <1 <'<'11. It 1l111Y lie 
plowed s-uHidl'll tly dcep t.o I.rillg IIp 80n)(' day for "'ul'p!~'ing 
potassium. 

3. 1 Khallo\\' pf'nt I)JJ (')n,rf'Y sand, 
;,1.2 Rhallow jleat U ll ~a\L!l. 
3.4 Bhal10w peat 011 gran'!. 
:1.:3 ~ha!Jow PC'ltt 011 ro('k. 
3.6 Shallo,,' f'NLt. on mitT!. 

Peaty ]oams-coJisi sting of 15 t.o ~{:) I)('r ('('111 of O1'7n.niC mutLC')' with 
11 Inrg-e JJrOlK,rtion of sand al\d Yery little s ilt or day. 

10. f'C(tl y /on1ll, 011 olay , 
10.1 r ea tv loam all clu.,eY SiilllL 
10.2 :rcaf,- loa m Oil .s~1I1d.~ 
10.4 T'eat~· loam on l!TU\'C>l. 
10.5 Peaty loam Oil rock. 

Mucks-H) to 35 perL cent of ilecomposed organiC' mnttrr mix('d with 
much ela..y and s ilt. 

]3. MfU'k on· clay. 
1~.1 Muck ()n clavey sal1d. 
1~~.2 :hJuck on ",a~(l. 
13.5 Muck on rock. 

Clays-soils with morc than 25 per cent of dar. fl snaJly containi1lg 
njuch s ilt. 

15. Drab clay. 
15.1 Sandy d_rab clay. 
15.2 Gravelly dra.b clay. 
15.3 Drab c1ay on saud. 

lr.. Omy clay. 
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Clay loams-:,oiis willi from 1') to ~;J per n: l1t.. uf (' Iu y with llIUl'~ 
silt lHld !SI,t lHe ~u ll{l . 

:W. JJ ll/ok '''011 h)(l m. 
:!(Li l~lllHh- hind..: 1'11.1\' i(lafU. 
:!O,i <:rHr<,tk !,luck (:/u I' !WUII. 

2 1. /lra/J ('/(u/ loanl ,' • 
~l.~ 'U ral! {' la , lou m u ll :;.:t lld . 

~'2. (,'1'0.'1 ('/11,11 loam .. 
2:t i,' rri Ilrow~1 clay 11)(J.m. 
~4. ) 'c /lolt' yray ota!} /O(WI . 

Silt loarns_oil..: willi 1HlIJ'l' tllllll .~,O I'(:r "l'II!. of ~ il l IlIIll h·~:; Unw IJ 
lHor lTUL uf dU~' 1 lIlixt."(1 I\"iLI! ... urnl' ~Il r rd. 

~.). Iliad,' sill lO(Jm. 
:!;;,! Hltl\'!.: "i il. IOlUH \Ill l,III\', 

:21;. HrOII"J1 .~ill 1(/(1./11, • 

~li.J H/'(J\\ll :;ilL / <1 11111 (III eli/I ', 

~1i .:! Hnm \I ,.,ili. IIIHIII VII "'l'lIi!. 

:! l iA !trmnl "i11. i('UIIl lIlI ; .. :Ta\· (~ 1. 
~G . . ) 1 ~1'1I\\'11 ~ill IUllU'l Of( nll'k, 

:.!7. Hrolrn NUt (0(1./11 (n(T .<11"(1""', 
~S. U 1'I)lrll-[JI"OY .sift IV(JIII on tig'" day. 
:l!l . lJmfll\ift {t/ll/II. 

2!1.J Drah ;.;,jli loAlII 1)11 I:lar. 
ao, 0"'(1 .'/ sift loo-m Oil tight cloy. ' 
;n. [Jf 'f'p l}l"Oy silt f (l(/1II. 

:12 . LiOM Un/,II /oIill l oam 1m !iflhl "'o!J. 
;~:!.. I \\11 itt' "itt loam Oil til!lit e!uy. 

=tt (,'m.l/-I'('(1 silt loam (}'I I tight c/(IY. 
~H, r cllOte'lllyry silt l(Jam. 

:i,LJ Yellow ~ru." !'OiJt lOIlTH on day. 
:~4 .2 )'rlJow :.rrny ;..ilt 101\111 on sand, 
.14 .4 Y!;,)low g-ril~' s ilt loa m on gra.vel. 
:~4.;-, lrllow ,!!I'fly hilt Imull on rock. 

3:i . }' f'llowkilt {{Jaw. 
;~ .) . l Yt' ''ow ~ilt, l(lam on clay. 
;Ji).:! Yf'llow ~jJt \ollm Oil "amI. 
;{:i,4 Ye llow silt loam 0 11 g'1'll\'(,r. 
a;").5 YdJow t>.ilt loam 011 rock. 

:Hi, r l'lIoll"llro,ll '~'i1 1 lnam over gnu·d. 
:n. lclloH ..... /lroll'?l 81.1 1 lanm. 
44 . l' f'lLow-g,.oy fille sondy Ril t roalll. 
45. Yellow (;"r,e 8al1dJj silt loatn .. 
Loarns-soils with from 30 to :>0 per i'ent [If :: ~lJ(1 fLlld with leB3 than 

1:) !JeT cent of clay, Ko one constitucnt predominates sumdently to impart 
very d<!fi llite characteristics. 

50, Black mix('d loo,m , 
SO,l Hlltek mixed loam on ('lay. 
50.2 RInck mixed loa.m 0 11 ~an d, 
50,;) mack mixed loam 0 11 rock. 

5 J. Brom". loam . 
51,1 TIro"'n loam on clny. 
51.2 Rrown loam on ~ilt, 
5Ur Brown loa.m on sand. 
51.4 R r own loam on gravel. 
51 5 l~:"nwn ln~_m nn l'nek , 
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52. (hay loa'1ll. 
53. } 'e/.low loa.m . 
54. JU ifEed laam-usually ilrst bott.om land. 
Sandy loarns-soil8 with 50 to 75 per cent of saud and less tlm.n 1 

per cent of clay. 
UO. D'row'" salldg loam. 

(iO.l Bruwn im n<.ly lotlm on cla..y. 
GO.:! Browll tUlndy loam 011 sllnd. 
GOA Brown SIUH]Y loam on gravel. 
60.5 l1rown snndr JOlLm on Tock. 
GO.n Light browu' till udy loam. 

iil, IH(wk. ~alldy loam. 
62. Ut-ay b'(Jndy loam,_ 
04. )'cllol,v-gnl;tJ M.ndy l.oam . 

04.4 Yellow-gray sandy loam 011 gravel. 
G4.5 Yello\\,·grfl.Y sandy loam on rock. 

65. l"eflow IW'1td,1J lo(illl. 
(ill.5 Yel low sa IIdy loam on rock. 

06. LJ" Olvn 8(01(1 y loam o'per gravel, 
67 . r ellml'·gmy 80mdy loam. o'Ver g,·o./Jcl_ 
6S. Brown-gray 1l01l(ly lO(l.m, on tig11t clay. 
Fine sandy loams-soils with from 50 to 7;') per cent of fine sand an 

with lUud. silt and less than ] 5 per cent of claro 
70. Bla,ok fine 801l'(11} loa.m . • 
71. Brou'1l finc s(Jlndy IOO'Tn . . 

i 1.;) ]3rmnl fiu£' sandy loa.m on rock . 
72. Gmy ti'lc sa,nd.!I 1.oa.m. 
n. M·;'tetl fi1W Bandy loam. 
74. reltOlr.gra.y {hie s(t.1uiy IO(Mn.. 
75 . .Yellow line 80t1W.II loam. 
76. Mixed sand. and. loess. 
7'7. Broil"'" fine sandy toom. O't:(?'r sa,ltd. 
Sands-soils witb more than is pcr cent of sa.nd. 
80. River sand,. 
81. Dll'ne aond. 
82. Bea.ch. sand (Lake Michigan) . 
83. ReaiduoJ, soltld. 
86. Fine dune sand. 
Gravelly loams-soils with 2'5 to 50 pH cent of granl with muc' 

ijsnd and !itt]£' s ilt. 
90. GralVcl1y loa.1Il . 
Gravels--soils \\;th more than 50 per c('nt of grRyel and much sand. 
95. (haool. 
Stony loams-sol )s containing ] ar~e numbers of stones over one inc' 

in di8..JIlctkr. 
98. Stony loam . 
Rock Outcrop. 
The complete type number ma.r be formed ill each by prefixin, 

the number of the area or sub-prorince in which it ocrurs. 

SOIL SURVEYS. 

In order to make a scienti£c study of soils and to apply.thl 
knowledge to practical agriculture, it is very desirable that t h! 
samples stuilied be taken from areas that are repreaentative of m Orl 



SUB-PROVINCES, CLASSES, TYPES AND SURVEYS 117 

than a single farm. The siuu)' 01 " sample that is ol'(]iullrily seut 
ill by a farmer for allalysi s mCll ns lit.tlc io tile Ilgrieul iurc of a 
:-:tate or even a county . 'rhe samples must be taken fl'om urcns t hllt 
represent some distinct typo of soil and <.;n re mu~t he taken to Rvoid 
errors due to loral v:lriatious. 1n order to plaC'c th e sampling and 
anaJ'ysis of soils upon a truly s.cicntific basis, 11 so il sU_n'cy in which 
the different types of 'oil are located 011 a map should be lIlade, 
,,,,e] the samples secured accordillg to the if 1''''' shown by the soi l 
map. 

Soi ls are suJl'iciently uniform and const.ant io textnre t:o he 
tlirided into distinct types wi th fairly well defined boulldaries. and 
}l soil sUT\~eJ' consists in work ing (Ju t the,lIe boundaries jn I.he field 
aud locating them On a map. The type is ihe urut of the <'o il sur
\'oy. The soils are examin ed to " depth of .)0 inches by means of 
an auger, find the varjatiollS ])OL only of t bL' surfa.ce hut all'o of sub
Rur fncc and Rubsoil arc 110iccl. 111 ::lome caseR where the deeper Bub
Roil is peculiar and afie('ts drainage, the examillation mas extend 
to a depth of 80 inches. This applies especially when' sand or 
grll\'cl Sll bsoi ls OC('ll r. 

Surveys in Different States.-Some ,"il . un·ey work has hee ll 
I'arricd on in every :,tatc. It WaR hegun in J S'f}!) and since then 
.. 79,059,000 "(-res, or 25.2 per ce llt of area of the U nited SLates, have 
heeu sun-eyed. The so il , UTI'e)' of one st.ate, Rhode l sland, has 
been completed . Kearlv all of the work that has been done has been 
in cooperation with the Hureau of Boifs. this organization furnishing 
half the men and their expenses, while the , tate does an equal 
amount. In a few caacs , as in Kentucky and Illinois, suryey work 
lias been done independently of the Bureau of Soils. In the latter 
state, GO per cent of the entire area has been surveyed. 

1. Objects of a Soil Survey.-The ohjccts of a soil sun'ey Iliay 
be stated as follows: (a) to take an inl'Oice of the agricultural 
resources of 11 country, for they depend first of all upon the soils ; 
(b) to provide a scientific baais for consistent soil investigation so 
that time may be used to the best ",drantage in stud)'ing the various 
types lind problems ; (c) to furnish a basis for intelligen t recom
mendations for permanent soil improvement ; (cl) to give the farmer 
wbo desires to study and improve his soil thejniormation neccssalj'; 
(e) in many counties to give to the county agriculturist a valuaQle 
asset to aid in bis work; and (f) to give a hasis for the introduction 
of new crops or farm practices. If tbe work ceases with the mapping 
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uf the ,<':Oi)8, Ycry jit tl e uf H: ;11 \'~lhlC is H L·{ ·ull1pli ~hetl, fiS 1hc sod 
,l: lllTl',r is Dldy pn,j inlill ;-lI'Y tv <I /livre (")llJl'iL'ic illH,: . .;lig<ltioll. IJ, 
Ilm1'(·\ '(·r. th l' :-'1111...: lin.' i!flidy/,(_·d~ Ii(·!d l'xpcril!II ' rt{~ ('<lnied OIL rcporl~ 
puhli:';/]('d gi\ iug' till' n'H!lI;-: uf tilt' \\"Ork, <l lId n.I~·(j lllm (.,,,d;l tiun:..: for' 
ill1 jlJ'OH.' Il1(' 1l I '11111 Ul'lllll .~(·lllL'lI t \lI Hdt.'. dll' I'oHIlWI' 1l1 :IY Inaii h i lll RCJ[ 

Or all till s. ill fu rrnalillll for i l1l\'l'o\'iug hi:-: :-:oil aDd his 1'11 1'111 rnnuuge
m l1 l1t gCII('I'ully. 

2, Methods of the Survey.-ror the applirat ion of this inror
mati oll to til l' iu(li\' iduul I"arlu. it i:-: Il Ct'l'o;:-:nr'y ih ~d the UH1Jl <:. ~howill;! 
the :-:oil s of lil t, J;IJ'1ll ~h()1l1d 1il' a.rl'urnt (' jn all clclai\:;. T o F1N'IIIll

J'lj~b ihi,\:, tllrt'l' ibiJJg-s nl_ kll ,":} arc JH'('(';';""':<1ry: iiI',":!. nlJ'dlll. wcl1-
trllillCQ mel! iv uo f he work: .":{':(·(../I!d. nil ll('{'Uri'ltr 1';:I ... e mil!> "P(II! 
which w shon- the nj~u!ts or their ~\'C) rk: illlJ third. rlt(, ilt{'lm~ lIef'

l'SSH I'Y to cJl<1hle t Ile lll ell to JlI ~j('e the so il 1.'-pe hOlwdllri('5. streams, 
ele., uc'curaid.r upon the map. 

For work ill the fitdu CUl'h lllfi11 !DlIst be familial' wi th the soil 
t.Yr(\~ and tlwir \tuiat1ul1S in the area, he is !:!\l l'\'eying : he {'al'ri l':O: 
an (luger for t'XHlllilllllg 1he soil t (J a depth of .J..O illt'li t':-l. a mAp {If 
th e area lllllue to the ]Jl'uper !;('ale m ounted upon a !-. lUal1, smooth. 
ligbt board. \\' 11('1'(' H satisfactory I)a~e map js llot ~l\'a ilahl e. 011(' 

must he 11I;)de bl'foJ'L' IlJe m;_lpping is begull or lH: 1he work pro
g resses. A compa,,,;,;:: is c1U-r)e(l to (,Llahle him to kPep hj~ (liT('ct ion,;;;. 
and 110 sholild be aJl expcrt elL pac-iug di:,UlII(,(,S HtHl keeping" bis Jo
eaUou . Tlle mapper should 1w rc" j H:' II C' ii s for dra\\ing hi soi l houn
daries and other fcatul"C-s, and colo l'i_ng sojl11rca~. A tnl'\ersc plane 
table 1')hou1o. be within ea f:. ~- l'cm:h to he 11~et1 for g-ettillg th£!' direc
h lll of I'oaus and mih·oatl ,. If hU!!,!!,ies are emplo.,'cd the odomct" r 
may he u::ecl fo r m~il~urillg di!'tilll ('C~ al()ng rond~ Or the ]'e\'oluf ions 
of the wheel may he ,'olln tell. 

rJ'he party ('ollsi-.:t,,, nj' two meu wh o work t:ide hy sjcle. I t has 
been foulld Jlceessar_r, ill orucr to get thc dctnil \\'iih ~umriel1t ac
('u racy. that all afeas mu:o:t be tnl,-ersed awl e\'('ry tWI acres in
spected . 'To faci litate tlti~. cad i seetiol] 0.11 the JIl ap used is Llivided 
iuto {O-acre plots and these form t he mo,t conl'eniel1t ,mi t arca for 
work. 

Certrull lines aTe selected that form the center of the work, such 
as" sectioD line ill one case and a half section line in the other, and 
ench man works nn area olle-Judi" mil e in width, inspecting the soil. 
locating '"i1l1 indi cating on his map the soil bOQllda ries, Toa.ds, 
streams, rajjroad" and any oU,e)' features tlmt sbould be shown. 
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Fro. &I.- Soil SampJcT8: (1) olle-iDcb field Ruger ; (2) oDe".lnd Dne-balf inch sllmplina 
.. uger ; (3) rods for e:r.teWiion of auger for uamining deep subsoil; (4) KillS 811.rJlplina: Lube, 
(5) hammer for forei.Qa' t.ube into 80il aod b ar for liftill.lj;: it out aa:iUn. 
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In some cases arens of five acres or even less are shown, but only 
wheu the area is a '-ery clistillct type. In states where no land 
s.urreys IlRYC been made the roads form convenient lines from which 
to work. 

3. Sampling of Soils.- lll roliectiJlg soil s,ulIplc, for analysis 
eaeh ill\'cRtigalo r has used hi s uwn method. rllifofmity js "cry de
sirable for J)llJ'POj;:CS of c.:o1llpadsou . Silll'C the s8 ulpfe:-: are to be thlJ 
hasis (,1' il1\'('~tj~atioll~ HJ\Lll'lan~ for soil jmprO\'t~n1<'llt, it is highly 
illlpnJ'ulld, that till'_)' shou ld be repl'csclltut.in! uf theil' re~pel"tin.! area 
or type. \\'/!afl'rrJ' the strntUll l (liri:-,ioll:' made, th0y should he ke

(ou red wjtilolli mi xill,!! or ('onia11lirwt iotl itl :In,\" In!,\". Ytlri(lu:-, de
\'ices lra\'e heen used, hut. the :-:;o il auger (Fig, 64), -10 inches long, 
seems best fOT the purpose in humid climates. 

The total rlepth io whi('h tht_' ~Ilmple is taken nU'ies with the 
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r-hflractcr of the ~() i lllJld purpoi'c for whil-h it iJ!. collel'ieu. 111 n.rjd 
regions sampling is frequently don" to 11 deptiJ of II! feet, especially 
for moi~iul'e dctermiIHllions, while. in humid r~giuns -:10 inches is 
~uitiL'iclli. rl'hc ui"j:-.iou!' are frequently IlHt,<le in ll-, B-. 01' 12-inch 
depths, regclrdlcss uf un.)" n~ltllnll d;y j::;ioll:5 ill the :;;oil, At the 
lliinui::i BsperiJllcllt ~(<Iti{)1L the samplcto; arc taken with u. PI;:!
inch ilugt·r to H. depth of -10 im·hcs. TII(' f:aHlJ)lc~ nrr' di"iJcd into 
(a) ''''llJ'f~wl' f.;.oil, 117:l iJll'ill'S ill (\P)It.!J, Ill)()111 as ll("('p HR plowed, 
Iliid T('prp.::i(.'IJt:illg" ilL! <!I'pw.\illlllie \I't'igld. uf .-!,~H){},OOli P(J{IIH.lS per 

acrc fllr the ('0111111011 d;-\y~, day lO<lllHi, l"ij(, IOHlllF, sandy loum;-; amI 
l{j;_llll~: (b) thl' i"uh:-:urt'}\('t' !'tnllulll. (j7:'~ 10 ~O inc-hl¥- in depth , 
twic(,' lilt: Ihi('klll',O:f; (/j' the ,..:urJ';I!'(' iWa n:j>rt.'.'lenling }Ipproximatcly 
a \n . .'ight uf -1.000.000 P()lIluJs 1'll'J' ant:': and (c) the suhsoiL 20 to 
·lO inches in dc})th iLl1d weighing approximn.tcly U.llOO,OQO pounds 
JlPI' ael'r . Ea-leh of tlw thl'N' s::lmples is put illto a f.:.cpa.ratc hag and 
a"al,,'zed separately, 

Sands arc tIle hcayje~t ~oi!:.: and peaLs find Illucks aTe lightest. 
tile latter two hciug only half a!O heo\",)' ~~ the fOJ'mer. Tho weights 
of the strata are girDl) jl1 the preceilillg t.able. 

The~e di\'i~iQns do not nhnl.vs rcpreseut the Batural strata ill the 
soil, 1Jt1t the dep!h of 20 inch" iH usually ncar Ule n.lu ,'al lil)e o[ 
(·hauge be-tweeD subsurface and 8UU)"oj], flJld fll1J)ougb 1here i~ no 
c1lange at 40 illches yet that i::;!l H:ry (>Qunmicnt point, sin(;e i t g i\'es 
the tbree strata with a relati,e thickness of 1,2, allel 3, 

The sample sllOu1a be composile, anel t.his is much more im
portant for the surf11C:e thall eHhcr of the oUll1r sll'aLa, sin<.:c it may 
ha\'e been modified more or less by tillage or other treatment. At 
the Illinois Experiment fllation the mdace sample is socured from 
12 to 16 different borings at some distance apart, hut al l from the 
same ten acreS, The subsurface alld subsoil are secured from 6 to s 
different borings, 

QUESTIONS 
1, Define a sub-province. 
:2. What is t he basis u pon Wh ich clas.ses ure made1 
3, \"-hat factors a re taken into account in making so il types! 
4. \Vhltt is the system of soi l nomenclatu re as used by t he Burcau of 

SoBs! 
5. What is the !S igni fica nce of color ill DII.ming soils? 
6. How are "on )l and" over" used in nruniug soils! 
i , Define peats, 
8. Defl ne deep) medium and shallow peat . 
9. Defino peaty Joarns and mucks. 
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10. How do clays dill'er froll1 day imuns ? 
11. ui.!iting-ujsh /ieb\ ('{!ll I)ilr h!llm~ and loaOl ";, 
12. \Vhat llrc the cltl!O.se::l of ",Ulld . .., r 
13. \orby sllouJd ca n .. ' Ut' \!..":{·rl'i"pu ill Lilt' "l'I('("t.lon of j;nI11Jl h~ for ~{udy1 
14. (;in'! the oujl'l't!;; (If 1.1 !-uii :-.11 I' H'Y. 
15. \rhy should ('11(' !-urn'.\lIt j'xllmiuC' till' ~oi r :; tu a dl'pHI of:40 ilwh\~s? 
10. 'YLat is 1H'('('!;sary to mnkt, tilt' ~oillllap \· Idllaldt·~ 
Ii. \'ho.t. apparatus i~ n(_'Ct'~SHI'.V ftor the ~l\il "'lIrn~ ol'~ 
1R. How fir€' 8111)11-'1,.];' fnkC'IJ ~ 
19. T o whll.t dl'i,tll :Ht' the',V ti~kl'n !llld \\hnt djvi",il'lI~ lin' IIL1Hh·? 
20. "-hat prN'!lutic,118 /In' 10 Ill' Oli"'t:f'l'(l ill til I.. i 1l.J,! !'>IIIIlJl[t'~~ 
21. Whnt. is il (_'olll posiu' :O:lun rol l'Y 
22. \Yhat. is t.h e WCi,Ldlt of the ~tl'l1l !l (If )It'at ? Uf ::and? 
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C'IIAYI'ER X 

MINERAL CONSTITUENTS 

I. SOIL j'_\IlTICLES AXIJ Til ErH sl~ l'AnA']'IO~ 

TUE forces at wOTk 011 rOl'k:-: UI'{',lk Ulcm dowlI into :::.oi1 material, 
tlip parUI..:lc:; of whiclt al'e of nll'iuw; sizl.'s IWU ~1Ji.i.pes. The rc!ati \'e 
/,rupurtion of the diJrCl'ent si%cs is H. Ycry illl1'UI'IH11I IndOl' ,ill the 
d!il l'.adel' oI II ~vjl. .\3 a gCllcnll rule \rhen' ... oi).-; l'onbll)J large per
l'e}_Jtag('~ of a certain gr;l(lu of piJJ'ii('}cs, (llll' (11' ]\\"(1 lwr l'Cllt makc"i 
ycry Jjtile diifen'u(:(" iu tlw phy:.:i~·cJl phelHlIlIC'l1Il. that t.a.ke p\;H'e. Jt 
h:, }Jl)wcyel'. or cOll!3illernhll' importaJIPC' to kn{lw the approxim.at..e 
phy~i{'al C-01l1J Jo!:=ition or texture, as it U~UHl!y giycs :4(JIllC it1ca. or {ho 
('flpillary power, a(_;l'aiion, pCl'('olaiion alla other propt·rties of t h(! 
soil. 

'rhere nrc frequf'ut eX~·i._' pt-iOlJS to this. howc\·cr. The physical 
cornpm;jtiun gin .. '~ DO illca of tile flrl'<lllgCIlWllt of ihe partic]('B or 
;.;tru('tul'(, of the !5oil. 1'he aggJ'egatioll 01' tllC' pal'tidt-'S lIllO granules 
or crumhs plays a most irupOTllIlli pari ill th e physical phenomena 
that take plate. Some e:\l)fl'sr-:ion foT' Fhowing 1I1i!'- is '-cry desirable. 

Mechanical or physical analysis, which i,; the process of sepa
l'niiug" a ~ujl into the different gnu]('s of particles 3('('o rding to size, 
is /111 attempt to accoml'li ,h this. 

As yel. hcnrc\er, DO rt'ry F-C;PJ.}j jilt- g l'Ollpin;2' of the .o.:oil particles 
has J.,P(' lJ (]eyjf.;('{l. ~rhnt or Th. l r()pkin~ i, ... wilhollt (louht. OJle of the 
hest, as it l'e('lIglli7.('f; ;1 COTli'tfint fartor 01' 1'Ill;o. the kqnarc root ot: 
ten· ""tween groups. 1 n olher melhod·, 01" schemes the ratio be
tween grades varies, quite wiLl el ,Y. The l'c::.nlt if< thnt when all 
anal.ysis is made of soi1s of a. TcgulaTly decrea .. ::ing 01' increasing size 
of parti c·les 110 uniformity is shown. 

Several Eystem~ have been deyised. of whjch the principal ones 
i" this country aTe given in the QccolTIpauyil1g table. 

It will be noted that in th e Oshome ~ystem the faetors ,ary from 
2 to 5 : in the Bureau of Soils from 2 to J a: in H ilgPJ"d's from 1.3 
to 3; in the H opkins system tbe constant facto; is 3.16 or the square 
root of 10. 

123 
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Different Sy.terns of Physiwl Analysis, with the Grades and Ratio or F""tor 
Between Grades I 

0 1'lbol'.{le B opkiDtI Bu rcnu 01 &.IIla I Hj1gard 

---
Number Grades Factor Gmd('s pactar 

Gn<d" I Factor Ghldcl:l Factor 
of group 111m . mm. ?fun mm 

1 3.000 1.0000 2000 3000 
2 1.000 3 0.3100 3.16 1.000 2 I 1.000 3 
3 .500 2 0. 1000 3.1 6 0.500 2 0.500 2 
4 .250 2 10.0316 3.16 0.250 2 

I 
0.300 I.tj6 

5 .050 fi 0.0100 3.16 0.100 2.5 0.160 1.87 
6 .010 5 0.00316 3.16 0.050 .) 0.120 1.33 
7 0.0010 3.16 0.005 10 0.072 1.65 
8 I 0.047 1.53 
9 . . .. .. 0.036 1.30 

10 

: i 
.. ' 0.025 1.44 

11 0.016 1.56 
12 0.010 1.6 

1. Methods of Mechanical or Physical Analysis.-(a) The 
Sieve Method.-The sie"c method is used as a par t of practically 
crery system for the separation of grnrel and 50111(' or aJl grades 
of sand . It con~ists of using sie'\"cs with openings of the required 
size for making the necessary sepm'ation. The sepurations may 
ue made dry or I).'". washiug th~ material through with water. 'rhe 
latter is pTeferavle. 

(b) The Subsidence Method.-'I'he soil to bc analyzed is 
thoroughly disintegrated lly shaking with water containing a few 
urops of all1mouia. It is then passed tbrough a batter~' of sie \~es 
to remo're the saud and gran::}. '~r\be water ,ritl} the fine material jn 
suspension is theu placed in a wide-mouthed botlle and the finer 
grades are decaIlted first. This is accomplished by filling thc bottle 
sueh as shown in figu re G,'j to a certain m,ark with water and allow
ing it to stand sllffLciclItl.r IDag for the (-(Jar~er grades to settle below 
the mouth or the tuiJe. '1'he supernatan t liqu;cl with its grade of 
soil parti cles is then blown ofr through the t ube B hy forcing air 
through the hlbe A. 'I'he contents or the bottle are stirred and 
~t1fficient time is allowed for the coal"ser pnrticJes to subdide again. 
As the sands tend to carry the fine material down with them this 
operation must be repeated se"eral times. The same thing is done 
for eacb of the other grades. The microscope is used to determine 
whether the proper size is being remoyed. The great amount of 
time required is 8 serjou 13 objection to this method . 

(c) Schone's Elutriator Met hod,z-The method of separating 
Boil particles by currents of water of varying velocities was first 
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applied by Nobel in his apparatus given in figure 66. This was not 
,-ory satisIactory and tbe same principle was applied ,olllcwhat dif
ferently hy ~('h~iJle ill his elutrialor. rrhe appal'll.tus (·ollsists of n 
{'on ical glass tuhe, as 5ho\\'-11 in fi.gure (ii', The s.ampl c, after 
tho rough dis Lll tCfrrllt-ioll illld pa:::sing throug-h sic\-es 10 n'llll)\'e the 
coarser lllatcrial, is placed ill the tuhe and a current of water aHowed 

.• _-_ .... 
-.-.... -.. -- -- -s 

.Jt : 
C' r : ------.,,------ ~ 

'---------"_ ... 
FlO . 65.-Bott.ie tor Subsidence Method of mechanical nnalvl!is. By forcing air into the 

bottle Lbrou"b A, the water with tbe ",u5J)eDded particles is forced out throup B t.o the level 
of C. 

to enter at G. It is evident that the size of the particles carried 
upward and through the outlet tube will depend upon tbe rate of 
fiow of tbe water, and by regulating this the separations are made. 
There are ~ODle inIWcuracies in this method· caused by counter-cm
rents in the elutriation cylinder and the tendency of the particles 
to collect into granules. In order to'overeome"ihis, Hilgard devised 
his chmn elutriator. 
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(u) The Churn Elutriatar Method of Hilgard.'-Thi, "011-

Bi!o't~ or Ull <ljJP;lI'aiu~ H:-- ~ho\\'u ill fig-llrc li~. The 5011 ill SW'}){'iJ!:o;i on is 
ll/u(-ed ill the !m . .:/.' or 11 (.'ylill(lr;l,(!/ nil)(' which {'(JlJwi m: l.l n1piuJy re
\oh ing ~liI'rN. \,"al er i ::: f ( llTL'{l intn the lla:=:.e of the tube jll 

il lil Olll1tS :' ldli(·il'lll to {'rrak;lll upward c'ul'I'C'ld jl1;;.:t rapi{l ~' l1ough 1.0 

tarry (lilt 1h(' fiIJ(·r-:t p<lJ'li(·lt,~ . 'Ybcu tlJCsc 1:11'('" rcmu\'ctl tiw THte of 
110. M. 

FIG.(ih. 

FIG. 66.-NobeJ's Eiut.rialor . The sU!JPcndcd !loil ill pl:u'cd io C·UIIU ullo ..... cd Lo, flow 
througu the cOlucal kla!l.~s 1. 2, a, find 4, 'giyiujI; fl\'c diffcrcllt1;TIl.dcs. . 

FlO. 67.-Schl'mc'! EJutriutor. Thl' wllter enter!! :ll G nlld the grlldcs ilrc coUected at. K . 
Fla . 6S.-Hilg.n.rd's Churn ElutriutOr. 

tJJC current js increased and another graClc is cDnied out. A screen 
between the stirrer and the separating- dHnniler prevent' the agita
tion of water ill this cl",miler. In this wnyallsepam!iom except the 
finest particles arc marle. I'article. of (-lay less thall 0.0023 rom. 
must be sepa~ated b, suhsioence. This is done bv allowing the 
larger particles to ,'Ubside for 24 hours and then decanting the clay. 
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(0) Centrifugal Method.'-'I'llc ccnlrifu!!111 lIJcillVd liIIs U1'€ll 
'l..'l't'I>('[\,d Ity Ult' .uUI'(.'11H (11' :--i {dl;-: IIIHI j~ !H' \\' ul-!{,d wore extellsi relr 

III th i~ (·t)Ulltr.\- thon nll~' otlH'I', r l 'h~ 1l11l( ']I ill(' for thiti Jlurpo-:;e is 
~hown ill figure Gfi. H ('onsL;l:) (Ii' 11 ('cJlt rjCugc SU:-:pclu]eu f rom t he 

FIG. G9 .-~1ncLiue for cCDtriiuga.i analysill of soils. Bu reau of Soil!!. . C. S, D . A.. 

FIG. 70.-Yodcr'a Centrifugal Elutriat.or. 

shaft of an electric lllOtOr. 'fhe sample to be analyzed i, delloccll
!;,ted by sha1:ing wilh water containing a few drops of ammonia. 
Th.is requires from two to thirty hours. The ctay and silt are sepa
rated from the sands by subsidence and decantation or by sieves. 
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'rile waleI' c'()utainillg the silt auel clay is put in test tube. and 
whirled at a speeu of aGout lOUO revolutions pcr minute. The time 
lJccessary totbro,," dou'u the Biliis delm'm ined by rnicl'Oscopic exami
lIation of the material ill suspensioll. A fter decanting the clay re
maining in suspension, the te,t tube is filled wiih water, the sediment 
is stirred and the operatioll repcated llJltil the clay is all rcmored . 
By running the centrifuge at. a slower rate or shorter t ime another 
grade may be left in suspension and decanted . 

(f) Yoder's Centrifugal Elutriator. ' -One of the best ma
rhines for physical analysis is 
Yoder's, in which he has com
bined lhe principles of the cen
trifuge and the elub-iator, as 
shown in figure 70. The par
ticles are sl1biected to two forces, 
the centrifugal tending to thrall' 
them clowTl nnd the hydraulic 
carrying them l1pward. The 
centrifl1gal effect is exerted to a 
greater exten t 1l pan th e coarser 
partidos and the hydral11ic upon 
thc finer. By this combination 
8 more rapid separation may be 
accomplished . The apparatus 
consists of an elutriating bottle, 
B> into which the suspended soil 

FIG. 71. -IGng's aspirator for the dvtcrmJ - is placed after the sauds are re .. 
~I:.on of the effective diameter of iloil patti- moved. 'Vater enters at F, and 

the overflow with the sediment 
is wHeeled in tbe tube T. While it docs its work very thgroughly 
lind quickly, it is a very cxpensive and a ratber delicate piece of 
apparatus. 

(g) King's Aspirator Method.'-King was of the opillion that 
ordin'ary mechanical analyses do not im-nish a basis for determining 
any very important data for soils. The arrangement 0.1 tbe particles 
into groups is of much consequence in physical pbEmomena, but 
mechanical analy.is does not indicn.t" the structure. I n order to 
overcome this difficulty he worked out tbe method for fi.nding the 
"effective diameter" of soil particles. The grouping of particles 
upon wltich the percolation of air and water and other phenomena 
depends is taken into account. The rate at which air passes through 
a column or-air-dried soil of a given cross section and length under 
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stallual'd conditions of temperature aud prc:.o:sure gh'es the data by 
,,"hid, the diameter is uetcfmincu. rl'he !o!oil i. .. plm:cJ jJj D~ figUJ'C' 
7 1, a tube hll\".ing a CfljJ1H:ity of ]0001' ;tllU l'.t', with a wire gauze 
bottom. This is C"OllDccled hy meam of a tube to the aspirator It. 
A cord with fL weight att:ach('tl cxcrL..: f'ullit'icnt (. pull ,. lo draw the 
ail' through the sojJ . The "efl'('dirc UiUIl1CLcr" is dl'clu{'cd by 
means of a formula. u~ing illp dntn ddcrnuncd . Tho {low of wlltor 
through the soil ('mlll'ut('d from the "cfTcdiyo t1iamrlt'l'" nhiaillcl1 
('orl'c~poud~ \'CT)" (·losel.\' to that aChlally ohscrn,d, OF: showII in the 
table. 

Comparison Between Computed ami ObserIJed FlOlL' of ri)' a.l=c=".=~== 

G rudll or !$Unci EfJectivcdillUltotcr COLllrllllCll flow of (>b~rv('d flow of 
0/ {;:,rtk/cs WlI.t(!r 

(;m,. Om,. 
8 2.54 2,277 2,296 
i 1.808 1,132 1,090 
6 1.451 757 756 
sU 1.21 7 522 542 
5 1.095 453 .2 51)4_.6 
4 .9149 29i.5 329.2 
3 .7988 193 2 10.0 
2 .7146 122 138.6 
1 .6006 SO.6 94.8 
0 .,3 169 66.8 72.3 

ll. :\fI~C:H . .iL son~ CO~STITUEKT8 AXD TH ETH ]'UOl'EHTms 

1. Colloids.-While tbe colloids of soils are usually classed 
aloug with (:lay, their importance just-ifjes separate treatment. Al
though not a:) abundant in soil$ as many other c:onst i t\.lent~, yet 
they possess such distinctire e:liaructeristi cs and impart tlJcse so 
noticeably tha t the.\' are 01 the greatest ronsequellee llOt only from 
a physical stillldpoint but fro m a chemical aud biological as wel l. 
Non-eoUoids are called crystalloids. 

Colloids are snhstance; composed of the very !illest o[ pltrticles 
and when mixed with water appear to go in to so lntioll. Wl'en con
taining It certain amount of water the,· appear jelly-like or gelati
nous. Since t he colloidal state is dependent npoll the size of parti
cles, it follows that mallY substancea rna)' e,i.t in hath colloidal and 
crystalloidal fOTlllS. lJl to thp present time only abont ~oo sub
stances h"ve been found that exiRt in both . . 

Examples of Colloids.-1'he WOT(} colloid is derived from coila., 
meaning glue. A glue or ielly-like consistency is OIle of the most 
fam:iljar characteristics of colloid,¢. In the inorganic world a.lmost 

9 
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all metals and metalloids bave "een produced il1 a colloidal state. 
'fhe si rllplcst compounds of these, us oxides, suliides, chlorides, 
11yclroxides. sOllie (.;aruonates~ chromates, phoaphates, sulfates, and 
silica tes, oeC'u!" in tld:-: fOTlU. Among the organic sub.stanees that 
OC'(:Ul' 118 collo id s arc stan>h . dextrin , g um, fuuber, glue, gela.tine, 
tascills, albmuins, humus, alJd proteins in general. 

Properties of Colloids.-The difference between colloi'l" aml 
("T}'.':;t.dJuids itr une of phys;t's nlld not of chemistry. ')111(' chemical 
compo8ition js the same ill whi chever state they occur. Hence, a. 
study of colloid;; is largely a study of t hcir physical properties and 
c:liara.cteristirs. 

(a) Size of POIl"licl"".-1'he upper limi t of size for colloids is 
ncar the limit of visib ility wi th the ordinary high-power microscope. 
which is 110t far from 0.0001 mm .. With the most power fu l mi c]'o
scopc some of the largest coll oidal part.icles may be seen ; with the 
ultra.-m irroseopc, parti(,les 0.000(10;') 111111. iu diameter are about t he 
Jiluit of visibil ity. 1Ifa11Y smal ler particles exist, but their preBcnce 
is revcaled on l.'· hy th e properties of thei r suspension,. 'l'he parti 
cles huger lhan 0.0001 lllm. give orclinary suspension all(l may some
times show some properti", of colloids. Those bet.ween the .bore 
size and thc molecule give colloidal suspensions, while the molecnles 
gi"e trne solutions. 

Tlle smal ler t.be particle the longer it. will remain in suspension. 
'I'his is due to the fa ct that the speeillc gravity of the particle a.nd 
its adiJering fil m of water ha\'e such a low Bpecifie gravity tbat it 
varies but little from that of water (see page 35). 

(b) Bro.m;an]lf 01'e11l e1lt.- Yer}' fine particles in water are con
stantJy in motion. This mOyemcllt is not a definite progressive one, 
but an irregular, j cri.-y motion from one side to the other. Particles 
l1S large as 0.01 mm. sometimes show a slow movement of tb.is kind. 
but it is best developed in the very finest particles. The movemen t 
is increased by higher temperature. 

(c) Dialysis.-Dialysis is the diffusion of a substance tb.rongh 
a membrane. E"-periments show tilat coUoids will not pass through 
membranes or at best only vel'_\' slowly. Separation of colloids from 
crystalloids may be made in this way. 

From the foUowing table it will be seen that dialysis takes place 
about 80 times as rapidly with crystalloids as with colloids. This 
is dne to the iact that the parchment itself is • colloid. 

(d ) Diffwion..-Colloids diffuse very slowly and they do not 
allow: other colloids to Pl1SS into tbem. Cr,vstalloids may pass into 
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)1' Lhrongh them quite readily. BC{'flllS(' or thjs liu·k of powel' lo 
Jiffu:::l'. (,oHoids pOSseSi' rery little (/::;l1I(Jtit: IIr(>:i~url'. P./'ctf(.'r g-iH!5 

tbe oSlHot.ic }ll'es~tlre of a one per I'Pllt solution or BlI~ar as Cquiql
lellt to n c'oJllmn of DlcoJ'('ury ;)1.R r'm. high. ,,,hi) e that 1)1' ~l one per 

Dia!ysi~' and DiJJwsiol'l Ij C(lll(/id~ ami Crystal/oids 

CnJ$[fdloids 
Sod.ium ("hloridc . .. 
,\rnmonia . 
Ai('()hol. . 
GlucQse. 
CUrle suWtr. 

.h·CT:lg(' .... 

AWUUll! 
dildy~('fl iu 
I'(lUullilTll'lj 

1.00 
O)ol;j 
0.47 
O .. lO 
0...17 

n.na 

'I ill"'!> of 
,>quld c./iffusicllt 

1.0 
O.G 
2.0 
:l.0 
3.0 

].92 

-------------,----- ------
Collaid. 

Gum o,rn.bit>. 
Tannin 
Albumin .. . 
Caramel. , ..... .. " .. . .. . .. . 

Average .. . 
:1 

o.oo~ • . 0 
0.015 1].0 
0.003 21.0 
0.005 42.0 

O.007io ~O.25 

('t'ut of gun) j,r.; on ly G,9 elll . Fl'Om the uLo\'c wlJle it '\rill be seell that 
cry.talloids diffuse ove r (en limes a8 ral,idly fl.' colloills. 

(e) Preczing and lJoifirtg I'oLui.s.-'l'he lowering o[ lhe frcuzing 
poiut a1ld the l'l1isin_g- of the boijillg point. by {'r.r~talloids I"Ul'I! /1:-; 

('onullon salt ill solutioll is familiar to everyone. The change in 
these is in proportion to nil.' amoullt tlissoh·ed. Colloids 11{1 \'(.' Yery 
lilli e efreet. ~Forty-four gram, of protein dissolved iu 100 grams of 
WHlef low(,Tcd the freeziug point. on1y U.O(j ° C;o 

(f) Ele<:lrical Jlelwrior.-ColJoids aTe poar ('onauct~r, of elcc
tridt.,· as compared ,,-ith crystalloids, aod their cooclucli"ity de
creases with the amount of colloid in the disperse medium. Any 
substance in COD tact with water and many other liquicls acquires an 
electric charge. ][ost slibstances become negath'ely charged in con
tact with water. The chaT!"e can he " .. ried anel even reversed hy 
electrolytes and may even become zero at certain suibthle concen
trations. If a current of electricity is pas.;ed into a colloidal solu
tion, the particles mil!rate to one pole or the other. 11 they migrate 
to the ne!!,atj..-e pole (cathode) the,- Are posi l;h'e. ann if towar(l the 
positive pole (anode) tIles are negative. The col1oidal condition 
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eXl'2ts as long as the charge is the sa me. This condition. is not COD
fined 10 "o[[oida[ particles alone. Gut. to coarser material in sus
pen:5lOn. 

If an clcctroil-l.e is added to the solution and the ions and 
purticles Cll rry opposit.e eledric (·harges. ilo('cuJes are furmed which 
settle to t lle bottom. If lhe ions and colloidal parti clcs llave tbe same 
electri c cliargrs tbe colloidal cOlld ition is mailltailled . I f two col ~ 
loid,;,; (If opposhc (· hargc~ ate hrought together: mutual precipitation 
will take p[nec, a.nd if t.hey are the same their stabilits will be ill
creascd. In auciing an el,'o\ rolvte to completel,' prcci]litate a colloid 
a sufficien l amount must he added so lhat lhe charge of one exactly 
lIcutrl.lJizes. t ile rharl!e of the other. 

(g) A dsorjllion.-Ausorption is a surface phenomenon allll 
llCnce uny incl'ca.se in t.he total llIllOunt of surface area \dJl irlcTeas~ 
the adso;ption . Colloids )losse3s Ihis proper!.\' to a high degree be
cause of the large lotal arca of lhe small particles. When a soli ,1 
js exposed to a ga.~ a certain amount of gas adsorptio n occurs. "-hen 
a solid and a liquid come in contact, rODc'entratjon occurs on the in
terIace between the two. Thi s cO l1ecntration j, kn own as adsorp
tion. All . 11hstances are not equally adsorhed h." coll oids. The 
same is true of all ions. If potassium ehloride is ]lassed through n 
soil more of the potassium iom wilt be adsorbed than of tbe chlorine. 

(h) SIo ·n:nkage.-Tbe property of shrinkage is I'er,' cbaracler
istic of colol i.ds (see Fig. 72) . 

Colloids in 80ils.-The colloids ill soils consist of both organic 
a.ndiuol'gflJJ j(, or mincraJ substAnces. 

(a) Org'''''';c Colloids.-Some of the ""rious forms of humus 
constitute tbe organic colloids and probahly form t.he larger part 
of colloids in many soils. These are formed as a result of bac
terial action in the process of humification. Part of the. organic 
matter is broken down into such minute particles as to form colloids. 
The amount is conat.nOy cll.nging in the Mme soil. Since granu
lation takes plaee more perfectl,' III the s]lring than at any other 
time 'of tbe yea r, it would seem that there is a greater supply in the 
.,oil at this time th"n at other periods. This may apply to minera l 
colloids as well. The adSoTptiYe pDwer of tbese organic collDids for 
water is of great economic impor tance in soils. Schlossing states 
that one per cent of ca lcic humate (colloidal) has as mllch cement
ing power as ) 1 ]leT cent of plastic clay. 

(b) Mineral Go17oids.-Mineral colloids are found most abun
dantly in line-grained soils such as clays and clay loams. The col-
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laids oOllsist largely of ferric oxide, ferric hydrate, silicic acid and 
Ilyul'ated aluruiuulII , iucate. These are formed in the decomposition 
of rocb. Iu thc ,lecomposition of most feldspars the silicic acid 
and a.l umillnnl sijicate are formed, but not all in a colloidsl state. 
Zeolites easily gil'e ri .e to colloidal sdics. While many substances 
exist iu a collo idal state in ,oils, yet the total amount is not large. 
'''a rriugtoll est imatcR it at ne\"cr over two per cent. 

2. Clays and Clay Loams.-lHineralogi cally clay is com
posed lflrgely of ko olildte, a hyd rous aluminum silicate t1mt j El 

formed f raIl! decomposition of aluminou·s mineral s. In addition, it 
may contain rery finely el il'ideel particles of quartz, feldspar or other 
mi nerals. I n fact, day may be composed entirely of other 
mi nerals thau kaolini te, although this is not usually the case. 
J'h,n;ic.U.r. clay consi,t. of particles less than 0,001 mm. in diameter 
(Hopkins), 0.1105 mill. (Bu reau of Soils) or 0.0023 mm. (llilga rd) 
(see table au page 12~) . '('his is divided into two parts, which may 
be called clny propeT, con~ isting of particles large enough to be dis
tinguished ,dth the mi croscope, about 0.0001 mm. in diameter, and 
• small amount of hydrous ,,1umiullm sil icate whose particles are 
rcrl' small nll(1 consti tute part of tbe mineral rolloid_<. 

(a) Tenacity.-1'en tlcity is that qllality of cohesi"eness by 
wllich Buhstltnces resist disruption. impartinll' more or less stability 
to tbem. Tn soils th is property is due primarily to ('oUoids. Clays 
and clay loams. hOll'cI'er, possess this property to a high degree. 
Soi1s bare heen diri(]ccl according to their tenaci ty into" heavy" 
and C( light.'" A" Jig-lIt n so il is one that works easily, as sand 01' 

peat, and incidentally has a h igh specific gra vity, as sund, or a low 
specific g ra,-ity, as pe"t, but aIt possessing very little cohesiveness. 
a Heavy" soils, on the other hand, are t hose contai.n ing n great den 1 
of cla)" and hence pos'essing a high tenacity. Clays, clay loams, 
and hea,,)' silt loams and some BUlldy loams are exampleo of these. In 
absolu te weight they are not as heavy a" the sand soils, but the 
greater tenacity pos'eBBed by them makes tbem more difficult to 
plow. H ence the term" hea,,)," is applied to them. 

A high moisture content deerea'seH tenncity. However, a medium 
amount of moisture imparts a high degree. as does also an extremely 
small amount of moisture. as where the soil becomes dry and cloddy, 
This is due to the hardening of colloids and the deposition of soluhle 
salts as a cementing material between the soil particle. . The tenac
ity of " luiavy" soils may be diminished by the adfution of 01'-
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ganic matler, and in gelleral by auything, as lime, that will produce 
gran ulation. 

(bl Shrinkage.-Clay poosesses the properly of shrinkage to a 
remarkahle degree, aue w lbe 1005 of llloisture from the particles 
in generallmt the colluidal consUtucui l",rticularl,.. This shrinkage 
is emphasized when a large amoUllt of humus is present, ))ccanse 
the humus is partly colloidal. Clay has bL'CJ1 {OUIlO to shrink 31.9 
per cellt, aDd peat 32.G pcr cent (scc a('compunying 1"hlo). Hence 
a soil composed of both of these wilt ]>O'SC,. the jlrOperty of shrink
nge to a great. aJld !.;Omet.imes injuriou~ degree. 

Shrinkage of Soils of 'Varied Physical Cumposilion l with the Moisture and 
Organic-At alta Content 8 

Soil.! Tot.c..l 1 Moisture Areul 
organio IlUI·toter IIhrinkll[l;e 

p f:7 r!C7II I per C~llt per Cl':1lt 

Sand .. ......... .... . .. 0.75 9.67 1.88 
Yellow fine sandy loam . . _ 0.80 2],39 2.48 
Brown sandy loam . ..... 2.90 17.43 4.94 
\\fhite sil t loam .. .. 0.79 23.69 4.11 
Brown silt loam . 4.88 31.Q3 10.26 
Black clay loam . . 5.50 40.83 19.00 
Drab cla.y . . 3.60 61.94 31.93 
Peat . . . 64.40 193.94 32.64 

'rbis property is frequently dctrimental to crops, becausc or the 
formation of large cracks that tear the roots of the plants as well as 
ra use excessive loss of moisture (Figs. 72 and 73). The property of 
shrinkage is a primary cause of granulation, and this is only pos
sessed bv soil which conta.in colloids. It is also an aid to percola
tion and drainage, because the cracks produced hy shrillkage do not 
close entirely, thus leaving passageway" for water. Duriug the 
dry summer of 1914. a clay loam shrank to such an extent that an 
inch auger could be ]>usbed iuto cracks "~thout R1]~' CtTMt to !l depth 
of 24 to 28 inches. The cracks undoubtedl}' extended to a depth 
of 36 inches . 

. (c) Plasticity.-A moist clayey soil may' be molded iuto any 
form or ]>ressed into thiu plates, retain.ing t.he sha]>e indefinitely. 
The property permitting this is called plasticity. The degree of 
plasticity varies directly as the amount of colloids present. It is D?t 
a desirable quality for soils toO posse;:s. as such are linble to be more 
readily puddled. The amounts of shrinkage. hVQ1'O.copic water and 
ad.'lorption are approximate indications of n,; plasticity of clay soils. 
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I-I ighly plastic soil. become \"cry hard upon drying. Plasticity may 
ue diminished lIy orgaui(; matter, gl'allulation or change of texture. 

]JJasti(;it.'" may be in creased by !.he breaking down of soil grall
Illes into t/lc:ir indivjdual ~ojJ part ides. 'Tllile tbis is detrimental to 
~oils. it. i~ of decided advantagE' to Ulc\·cnunist. 

(d) P uddling.-UJays 8JliJ e!<iy lomas are usuaUy ma.de up of 
crumhs or gl'an ules. ('PlllposcJ 01' many ~oil particles uuit.ed by a 
weak cl!meldiug subst.aJJt:c, SlH . .:h a~ hum liS or sonte other c()lloiu. If 

the soil is worked or tramplell 
by stork when wet these gral1ules 
aTe broken down, the ('olloids be
("0111 (' ~()l1l('\dHll uniformly dis
trihuted tbl'Ollghout the mass 
ant1 a.l1 irnpcniou!' tOJl(lilioll re
sults. '['he soil is puddled. 
\\' at.er or ail' will ]lot penetrate 
it alld a worse condition couJd 
not well be produced. The pres
ence of sooium carbonate or 
black alkali, or t.he long-eon
t.inued application of certain 
fertilizers, $llch as ammonium 
sulfnte or sodilUll llitratc, brings 
abouta puddled condition. Some 
clay and clay loam soils are-purl
died l'lal"l11'aJ1y. This is likely 
to be the case if they are strongl}' _ 
acid and low in organic matter. 

Water in a soil acts as a lullri
FI G. 73.-Cr:u:k8 in blackclny loa.m after cunt and moycmcnt ta~es place 

~9:6~g dry lX!riod . Phoiogruf.lh~d AUgUst, m.ore readily hetween the par-
ticles. It also softens the 

cementing material so that the granules are easily hroken down. 
\Ihen the soil is turned h.y the plow a shearing, slipping movement 
is prorll1ccd as it runes over the mold board. This will pulverize it 
if in good cond it.ion. but puddle it more or less if wet. When a 
heavy animal steps on the dry soil it is compacted, but if wet the 
foot sinks Ulto the soil, causing a movement which breaks down 
many <rranules, thus puddling the soil. 

When puddling i. produced';ll a. beavy soil it may be allnost 
worthless for a time, but the natural agencies of freezing and thaw-
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iug and \Vetting and drying \\"i ll graclunllr Testere the soil to its 
grunulnT condition . The time required for this depends somewhat 
nJlon tbe organic matter and lime conlent of the soil. It is JleYer ~ 
wise plnn to permit stock j{) T11J1 01] n moc1erHwly heavy soil when 
wet so late in spring thai its grunular cOlldition will ll(Jt be re::tored 
aga.iu by freezing and thawing. in the cOrn belt considcfltblc dam
age is done to the soil by pasturing the cornstalks too la te in the 
~prillg. 

(0) Coagulation or Flocculation.-The exa llli1ll1tioll of n day 
~(lil nsuHlI)f sbowf!. it to he made up of fine particles cemented into 
~rallulcs, crumbs, or gr~lins. II a. few gnHlls of day soi l be pul
reril.('d a.l1d put. illto It Jiter of water aile! stir,ed lmd allo wed to 
,"land for several \n'eKF. I'ome 11111LerillJ will he [oulld still iu suspcn
:-:iull . I f some mineral acids or ('eriain snits or lime water are !ldded 
tu this !iqlljd {;Oil~TUhlij(JJJ wi!! oc'cur allu flu(.:C'u]cs may he ,"CCll forlll
in~, which gra.dually settle t.o tbe bottom, carryilig witb them the 
~' t1spcnded clay purticles. This may be well !3howlI hy putting a 
drop of ,valer with suspellded clay under the microscope. Intro
duce a drop of lime water lw der the cover glass, The particles will 
at once begin to collect ill groupf:., showillg the formation of ftocculcg, 
This process takes plnce in soil ... due to the presellce of certain sub
stanoes in soluti01l in the soil moisture that ".('t as electrolytes. In 
some cases, fertilizers ,,'hen lidded produce this effect, lwd Jime
stone, which gi\·e; rise 10 Lhe soluble bicarbonate, produces floccula
tion. rrhis is, however, a slow process and will not produce brranu.la
tion as quickly as is ordinarily supposd, although beavy acid soils 
are undoubtedly benefited physically by the application of lime-' 
st.one. Common salt produces the same effect and likewise many 
other "alts. M()3t alkaline substances. however, defloccn.late clay 
soils and produce a puddled conditioD. Ammonia and mo.t of its 
salts are good examples. The hlack alkali 01 the West is especiully 
detrimental because of the physical effert it hus on soils in producing 
a puddled, impervious condition. This, however. may be remedied 
by the a.ppl ieation of g_''P UID, cal cium sulfate. The injuriou,; effect 
of sodium caTbonate or black alkali is destroyed by this reaction 
and sod ium sulfate and calcium carbonate produced, the latter of 
wl/iell hILS II flocculating effect on the soil B.nd soon changes the 
puddled condition entirely. It bas been observed f requently that the 
water of glacial streams is extremely mu~dy. while that coming from 
limestone regions is characterized hy c1earn€s.,. The difference is 
due to the lime content of the water from the two sources. In 
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regions wh~rc lilllCSlOllC is cllJStJut l.U1d WhCf'C the :-:;clti n1(~ut of streams 
(:onws frulU acid 'o(lii::; the water is rarely {'Ienr. Even stock ponds 
ill reg-jou::: o[ ;Ll"i(i soil:; where Ulf.~ water lS seldum uisturbed Dryer 
bo(:ome clea r. 

"'l1iJ o day :-:(,jl~ nre ditlivuJt to 1Ill:lI1Hge, lluc to lha dangC.T of 
puudlil1g when too w(.·t 1111<.1 from cJollJ-1 whell tuu dry, yet with 
prnpl'r ('nrc, dl'aillllgl'. illl'oJ'}Jor;itillg' llrg"~U1 i t' lllattl'l' Autl l1Jl1jJ)LajJ1-

ing t}Jc supply of linH:.-;tulit', the {'(lllditiul! of th(>~c .-:ni }s mily be .im
proyed 80 Lhey work faid,\" well. til a.dditic)u to t.Ile ft()(,(;\1 'latioll 

produced 1J,"" the SUh:-: tllllCCS mClltiuuCtl <.Iburc. natu"J'al tau~cS ha~tcll 
it. \rctJ iJJg ;_lJj(l (h·ying. ana fl'l'l'zillg' fllld ihawing', will rhnJlge the 
clulmctcr (If the soil fruw a C"]ut1uy Lo u g raJlt!lllr (:(JlJdition, or CftU~C 
it to (( l'iakl', " ~1 '11e (t1i (,l'llat~ eXjJilllsioll <LIllI contl'lH'tiul! \If the tol
loidal material. whetil('T of lllilleral Or Ul'~anit orlf!"ill, telld to bl'cak 
fhe soil jlJto g}'a/JUles, Frlll pl(Jwillg is (':O;j)c"j,ll ly desirable on 
H heu\'.v·' !toils that are \\'cll JraiTl('d, l'('rau!oic of the good t ilth 
(lcvcloped dllrill,f! willtl'r by thc~l' wltul'aJ Hgl'l\(·i(:'~. Jf a clay ~oi1 

uec'olUcs cloudy it is practicall.Y illl],"8siiJle to reduce it to it C()ndition 
01' good tilth hy lilly Jnt,,·jullliC'al Jni'H II .": , hnt if fn~('%ing- Hilt] j-hawing 
O('cur, or a sho\\T'l' fall:.:, workill!!, it ll lH.lCI' the right moisture con~ 
ditio llS will brf'uk tb(' ('Iorl,~ (,3r-. ily into tnHl-'S('S of ~l'allules. 

3. Silt and Silt Loams.-HUt i> di I'idecl into three classes, 
fine, med ium, und rOfll'SC, runt:::ill:; ill f'il.c from f).OOl to 0.032 
rom. in diameter (Hopki n.) . O.(I()fj to ONi lll. (Bureau of SoUs) or 
0.01 to 0.07 mm. ( Hilgard). 'rhe partid('s of Ii ne , ilt nre ,ufIicieutly 
small to gi.ve to soils properties ~oJ11(>whM si mi}ar io tho~ of (']ay, 
but w:ithout so much danger of puddl ing. Silt €!Jah les soil s to 
retRin much moistllre and gi.cs great. capi ll ary power. and henc 
forms some of the best soils for resisting drout.h. Thev are suf
Jk iently ronrs£', 11Owcvcr, ;t()1 permit of fair aCl'BtiDIl, hut'!.lOt to an 
excessive degree, os jn the case or sa.l1ch, The sil t loam soils cover 
extensil-e areas in the middle west of the Uuited States and owe 
their origin to the ]O<!ss. 

~'hey possess sullkierlt tenacity to I'i\'o the necessary stnuility, 
but not enough to cauS() th~lU to wOlck with allY great difficulty. The 
shrinkage, howeve)·. is not usually sufficient to produce very in
jurious effects. Since granulatioD depends upon tbe amount of col
loids present. and since organic matter as well ., clay ma'y furni sh 
this eonstihlent, the .iIt loams eont"ining the Inrgest QJDon.nt of 
organic mnttel' grmlulate be;t. Silt soils clencl enl in organic matter, 
such .4S. grBy or yellow timber soils, show little or no granulation 
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alld llIay be easily relluced to a powtler ur clll,t IUltde up of illili
,-idual partidc~ . TIIe::l' ]'uu tog-dJIt' r IJ<ldly wi!b ih!II"Y I'aill)i . 

~. Sands and Sandy Loams.-Sancl is divided illto Lb.rce 
groups, fine, mcdiulll, (:oar:..;c nnd somet imes rcry fiuc, \'ul'ying 
fJ'onl o.(l:~2 to 1 nlm. ill liiallll'1t.-'r , ll opkin:.:). 1),11,-, to 1111111. (Bureau 
of .'ioil,), or O.l~ to 1 mlll. ( Jl ilgnrrl). ~aocl vo"esSt·s \'e,)' litlle 
tt·Jlfl{· it:r, hCIIl:e little stahility. ')1hcl'c j::: 11:-:ual!y grl'll.i dRlIg'l'!' of 
I1HWl'III('nt. hy the willll ,-lIltl il~ lllllUY c'aSef.: ~11Il(1 soils ILre seriously 
dalllflgpd ill this wny, as i~.;:, :;l'ell in the c. Llmr-uut~ .. ill SltlH.f aJ'c.l~ 

(SI.:.'C' p. ,)\1). Thi~ morell1clli may lit' pl'en'Il L~l b'y iJH'orporatillg' 
orgallic mutter whieh jmparts ~unki(-,Jlt h'llIwily to hold the Sfl. l1 (L 
The fine alld Ul('i.lium grades of SHlHl allow fuil' tlloif.;illre mO\'cm clIt 
iJuth up Hnd down, bat UIC cOUl'se anow,,, too nl!!ch per('(lJali(ll!, ",hile 
('<Ipillary lllo\'emelll is ex('(·('(lillfr!.\" Jimitetl. ') t. is generally iI('1i{'vcd 
thai sHntls an' H'ry Llcfll'ieuL in llloi~1tlT'e ana that the " fi ring" of 
('Orl1 Oil sandy lalll1~ jR ulwny:.:. due to t/1i:-; ('au~e . Often, howevC'r. 
it is dill"' t.o !L' htek uf J]itjOg'('~l, tJle drying oS tile ]oweJ' Jea,v(,s being 
pT'odu('cfllJY trflllS\ova.tiol1 or nitJ'(I:.!('lI to hll'I'y' on flrrtlwl' growth in 
other POl·t, or lhe plant. This drying of the lenves may he ,lmo,t 
crdir't'ly prc\·cnt(·d iJ,r 8uppJ.,·ilJg HIe ('fOP \\"ith the n€('C{':;flHry food. 
rJ 1be fact that sands do not r etain much moi~h]J'c cnal)\es them to 
wa.rm up carly in th e spring, 

5. Gravel and Gravelly Loams.-Man.l' types of soil ran
i 11in (,onsirlerahle per('entilg('f~ of gn)\"cl. ] t is of very J ittJe ll flC 
except thnt throllgh jtR extremel," 8 1 o,,~ decomposition it i urni s11es 
" s111ltll amount of plll11t food . 1 t may Ioem a parl of unv type or 
soil. but i~ more commonly a~,;;o('i<d,('rl ,,-jtll the ('{)ilr~('r (~oJlstitl1cnt.s . 

6. Stones.-Stones are quite rommon in mallY soils of the 
glaciated and " ,.id llnl u're"" 1111t hare very lit.tJe ,,"lll" except to 
modify tempcrnturc <111<1 ('()n~('rvr moi:-;tllre t.o iI sli f!:ht extent. 
rrheir slow c1ecOlJlposition mn,r proriJe a small amount of plant 
food. 

QUESTIONS 

1. What benefit is a J..'7l owJedge of the pbygjcnl eomposjtion of ~()jJs? 
2'. What is meant hy mrehanical or ph,vsical analysi~! 
,3. Why is the Hopkins method cons idered superior to other,q! 
( , NotE' the dillerent fllctoT~ or rat ios between tjJe grades. How mnch do 

they va ry! 
5, Should these fa.ctors be constant! ,vny? 
6_ How is the sieve method used f 
7, Explain how the sepa.rn.tiom~ are made in the subsidence mpthod! 
8. What is the principle of RchoneJs ('J\ltriation methnd T 
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n, What auvuntage tloeg Hilgllrd'~ Ulethod pl)ss(' ;;~ O\'et Sch i:lne'sY 
10. What effect duel! whirliug the SllTllple in the centrifuge have ? 
11. " ' JIHt is tile prind l'Ie tlf Yoder"s machine? 
12. 'What is the ad\"u,utngT' of Kin~(8 aspirator ! 
J:! . Desc l'iiJc the m('tilod of ·King. 
14. \\' hat is the irnpor tn ll ce of collo id" in soils? 
15. Whnt are colloidi' f 
Hi. \1'1Iy mur su ll.<.:;tall (,('s be ill both co lloidllJ uno erystulJoit.iul forms! 
17. Give exalllpl! 's of inorganic colloids. 
lR. Gh'e ('xam ples of or g-aTli (' co ll (l ids. 
HI. Does co ll oidal L'ondition depend upon phyRical {'Q ll clition or chpmica.l 

comp(lRition ? 
20. "'lm t nil(l\lt Ill{' s ize of ])l'lTtidt''_ in {'olloid~? 
21. Wh y do smull panicll!s remain in suspem;ioll so long? 
22. 'What ii" Hrowllifl ll m O"€.>lIH' llt ! 
23, \Vha t. if< tiilllysi,,! 
24, Wba t d il r('TP;lCi> ill the dinh'sis hetwpcn ('n}loit.l s an/] t:TVsildJ(lid..;? 
25 , Di sc:us. .. tlitruf'ioll of cry!o\t.n(loids in ('orn}Hlri ..;o n In ('ollo f(I", 
26, " ' hat ,df{'ct do colloids ha ve upon the fn't' zi ng nud hoili,ng IIO!ll ts of 

liquids? 
2i, "\,hat is pec1Ilia r ill t.he electri cn l uei1u\'ior of l'olloid" ~ 
28, ""ha t e1J'i'('t dO~8 1l. JI el(:(·trol,,~tj· lwW' UpOlJ th p col lDi d,"? 
ZH, " ' hen wil\ un <! Icetro ly le comph,tely pl'ccipitlltc day in s lI 80JH' n ... :on ? 
30, What is adi;orptioll? 
31. Is it un iform for ull suLsta.nces 1 
:12, "lInt Rre the orgunic (:olloids in soils? 
33. What ~(! the mineral coll oills~ 
34, What mat' OP t he mineral composition of l!hl\~! 
35. " ' hat is iCllll cj t~r ~ • 
36. Define a .. ljght" soil. A .. heu\'y " one, 
37'. \~'ha t is th ~ etreC't of moi.sture 011 tel]8<'itx? 
38. How Illay the tcnac it~- o f so ils be diminisiH:!d 1 
3B. \nHlt causcs soi ls. t o shrink ? 
40. \That bCllcfit is der ived lJy ,;h ri~tkll~ r \Yhn i Jisath-a.ntagc ! 
41. J)etine plasticity. 
42. Bow JUay plasticity be increa sed ? Diminished? 
43. \~-hat is the condition of a puddled so il ? 
44 .. \\11at e ffect dO($ water ha n' 011 ea.13,C of lJUddlhlg? 
45. \,fby do~s plowing te lld to jJuddle i.l we t 8u il ! 
4.6. \Vlmt agclldcs dest.r oy a· puddled cOlJdition ? 
47. Why is fall plowing of heat')· soi ls beneficial! 
48. \nlat a:d\'ftnta.ges do silt so ils posses" 0\'(' 1' cla.)'!:; ? 
4fJ. Vlhat auout sh rinkage and g ranulation of silt soil!;! 
.50. Why dOf!S saud possess little tenacity ? 
i)). \\llat effect does tid" 11&Ve ? 
52. Wlutt is t . firhlg " of COrll alld wha.t is the cause! 
53. What value has gravel in soils? 
54. Wha.t " Rlue have stones in soils? 
55. Define tenacity. 
56. Of what value a.re colloids in soi.ls? 
57. Wba.t property causes black clay loa.m to <. roll J' upon wagon wh~els! 



MINERAL CONSTITlJENTS 141 

REFERENCES 

'Rrif,!g's, I ... J· t Martin , F. 0., and Pear(,e, J. R., Rnllctin 24, Burea.u of Soili, 
t-,;-O; .J).A., 'fh~ Ct'utrifugul M ethod of ~oil A lIIdysill. I!J04. p. ;j3. 

t \\' ill'y. H. \\" ., Principles and PTfl ('ti('c of Agricultural Analys is, 1906, p. 
:2:11. 

II Or. ('it., p. 2·10 . 
~ Bulletin 24, }$urcau of SoilA. HIO~. p. 12 . 
• Ymlt-f. I', ..'\. .. , Bulletin BIl. l"tah 1"tation. Tilt"' ~l'W l'~lIt ri fugI11 Soil 

Elutriator, ] f)04. 
" ',ill,!.!. F. H .. Physi(·)'. of Agriculture, 11)0';, p. 121. 
f Zt, f. phys. Chem .. Leip"jf', g, H~ ( I~):!). 
-luJluhlished datil, Soil Ph_n;i(·s Dj\' isioll . l"n i\·(.r .. ity of lilinois_ 

General Re{erences.-FJetdj(:~ r. C, C .. a nd Rr."fHI. n .. J~ulletin Sol, 
Hurl'nu of Soi l '!. r.S.D.A .. )roditica.tion of thf' 1o.lct.hod of :Mechanical 
_'Ilai n .. i!l, 1!l12, Hollland, Paul. The Colloidal IlHd Cr\'stl1.l1 o irl!ll Rta t C6 of 
)'ntt~'T, 19J4, J), Yon .:\o!~trlwd Co .. Xl'\\" y(lrk. FJaV~d!l'k, Emil. .-\n fnt r(}
dUf'tiol! to the PhYsics Rnd ('hl'llli"tn' of ('olll'li(k HID .. r. & A, C'hu rch ill, 
L01Hinn. O.o:twllirf trllnslntf'd liy F'i"f'!!(>r. Tf!"llldtlVok of Cotlo id-Chemistry, 
Inl;;. p, Blukiston'!:) :-':0118 & Co .. J'ldla(l(·\phia. 



C'lHI'TER XI 

ORGANIC CONSTITUENTS OF SOILS 

By far the mot:t. yuJual.lc C0l1l'ititUC:l 1t or soils is the orgaui(' llIate
rinl lkrired from tlH' plHut~ {1l1~1 <lllimals that lune Ih'ed ill Ullt} 

(Ill the soil. T he term ("'[l(utie muller will be used to incluue all 
mntcl"i,ti from urganisms. to distillguiEh it frolll the term ImnlU~ of 
more re::trirted llse. j fiLII! liS refers. ill its re:;tricted meullillg. only 
to that portion of organiv m:)tter that i5 soluble in dilure alka.li. 

Kinds of Organic Matter.-Organic matter exists in the soil in 
cYfry Ftnge of c1ec:ny. from tbnt \Yho~E' ('cllulilr structure iE- sdl1 viai
ble, to that rcry simi lar 10 coai. It may he aiyjc]t'r] inlo (n) acliN 
or freBIi. whi(·], decomrl>.<os renclilr; (h) the illerl. which is u.'"alIl' 
old a.lld dO('omposes too slun·l.r for Ihe use of ("rops; alld ( c ) tbe 
coal-like mate"ial that oxidize;: "'i ih extreme slow1le", if at all. and 
whose chief use is to impart a cla rk calor fo the soi l (rigs. :-4 and 
7'5) . 'file act i\-c' if.: the mmd importallt and is that form which i3 
ordinarily ~llpplied 1"1._) the soil a~ manure and 1('~,ru11lcs . Lllder long
c011timJC'lJ , illjuc1ic:ious, 8ysiem ~ or ('roppin,!! the' nrtiw' org-an ir ma tter 
is largely removed and the TC'sult i~ e..xhauslcd, •. Tun-down 11 or 
"worll-out " lan d. To maintain tbe prodncriY(,lle5s the organic 
matt er nlll't he snppl ied in considcrable quantities and of a· form 
tlia.t will decay rradily. I t 1::: ('qua]l :-.. esscntial tn supply organi c 
matter in a mOTe stahle or 1e ... :;: rcadil :v decaying fo rm, as F-traw. 
('orn :::talk~ or ot her non-leguminous ma terial. since these benefit the 
soil physically for n. long'er time than legumes. 

Amount of Organic Matter in Soils,-1'he organi c-matter 
('on tent of f'oil .. TflJ'ief: ql1ite wi(lr:ly hJ the sflm(l Jocnli ty. Ew'n jn 
soils from wh ich jt has not hern Tf'n1o\"(Ic1 by erosion a distance of 
Ii felv rod.' rna." make a. ;:-reat difference in ti'e amoun t. Soils con 
ta in .from a small fra ction of a fler ~ent to 90 per cen t, S,,'amp 
hmds g-enerall,\' ('ontain most, w'hile Falld so il ;;: cOl.ltain least. 

H ow' mu ch organic matter a soil shou ld ('ontain is a question 
often asked ami one vcrv difficult to an~WeT. A soil may contain 
five per cen t of organic ~atter and he les, producti,e than' one wi th 
only two per cent. 1f nch depend, upon it. nctivltv or rapid;!:r of de
compooition, The chances for large yields are decidedly in favor of 
the soil wi th a llll'ge organic content. A soil with a few tons of fresh 

HZ _ 
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or quickly dccayiIJg organic maUeI'. F=- U(·h us clorer OT maIlure, may 
giyc better rczlIli::i lhan. a soil full of old, slowly Jl'l'Omposillg organic 
mutter wlIess the cuudil iulJs arc lllOt:!L fHnH'ublc. Ther~ should be 
sllflic:iCIIL ol'gallic matter to k<·ep the ~oil ill goot! pilyaienl condition 
find also furni::;h 11 itrogCII for rn~L\': ill1l1l1l (' fOP!;. The organic COn

tenl depends upon sc\'cral flldors. ns Iollow!i': 
(a) Moisture exerts a douJdc irlflm'I1ce in aiding the accumula

tion of organjc mutt{,T in ~olL;:. III t1l(' first place. it is fayorjlble to 
the growth of plallts, It make, I'eI'), little d ifference hOIl" little or 
bow much moisture is prcsent in the soil. some plants have adapted 
tJlemselv('s to growing under tho~e conditio"ns. E,Tpn where water 
stand'B nearly all thE' year, cat-tails, flags, sedges. llnd some grasses 

Flo. 74.-Frl1gments of pJRnts round in 80j)B.. (Bulletin PO, Bureau of Soiu .) 
FlO . 7S.-Frngmellt8 of IllseC~9 found io 110118. 

grow luxuriantly. III the secoDd place, tl,e presence of excessive 
moi,ture tends to preserve the vlants, which ultimately form Boil 
themseh'es Dr become mixed with the mineral maller and aid in 
forming soil, such as peats, peat.)" loaw:;, and mnd~s. ~\'c:n so-jJ withJ 
an ordinary amount of moisture prel'eIlls complete oxidation of the ' 
roots and other fresh vegetable material that becomes incorporatedl \v' , 
with it. Soils containing small /l.l1l0UlltS of water, such as sand~ 
provide very favorable conditions for oxidation, and hence th~ 
organic-matter content of such soil is low. 

O"erllow land generally contains more than the adjacent npland 
beeause of the greater growth due to a richer soil, the hetter facilil;ies 
for its preservation because of greater moisture content, and the 
deposition of some organic matter along with iJJe sediment during 
periods of overflow. This deposit may cove~ leaves and grasaes, thus 
preserving them from complete decay. 
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AI';d soils arc namrnU.)' low iu orgauie matter because the moist
lire j,S not. su1ticieut to producc l.I large growth uf ,·egetution. 

(u) Vegetation.-The uphUld timber soils coutain much less 
orgauic maUeT lhau the aJjaceuL prairies. It is suie to aSs lillIe that 
the ])rairies were llltH.dl more ext(!llsi\'c formerly than nOw. Xewly 
formed land. lI'cre originally treeless and corcred by smaller plants, 
but more c...;pecin.ll)' grasseR. This was parbcuial'ly true ill the glae:i
alccl area. 'l'hc pI'S i ries wcre co\'cred w-itb grasses whose network 
of roota extended to n deplh of 8 to 20 in,·bes or more. A sample of 
drgin hlue stem ptairie sod on b'rown silt loam contained roots at 
the rllte of ) 311:> tons per acre to the dcplh of 6% inches, Part of 
these roots died etleli year. anI} the partially decayed material 
accumulaled in the so il, fOTming the hlack prairie soils of the co rn 
belt. ] n IlliJlois the alll.tly,es of 30i samples show the surface soil 10 

n depth of G% inches 1.0 ('ontain 4.53 per cent. or abont 45 tOilS oC 
organic matter per acre. 'I'hi. includes the rolling and ftat prairie 
soils, hut not the swamps. The Rubsurface, G% to 20 inches ill depth. 
showed an orgnuic-milttcr content of .2.8 per cent. 

~'hat this i'o prohably true fiB to the origin of t.he black earth soil 
or chernozem of Hu>sia is well shown by the following table which 
gives the relative fil110Ul1t of roots aud })ercentage of hurou3 in s.ix~ 
inch depths : 

Roots and Humus in Three Chemozem Soils at Different Depths. The Root3 
in the Sur/ace Six. 11lchtu; is Taken cu 100 Per Cf1lJ t 

Depth 
Root! JIumU8 Roo,," Humua Root.!! Humus -----------_ 

()- 6 inches ... 100 5.42 100 B. ll 100 9.64 
6-1 Z inches .. 89.1 4.83 63.9 5.19 80.3 7.77 

12- 18 inches. 66.9 3.62 48.3 3.92 70.0 6.71 
18-24 inches . 47.3 2.56 35.0 2.84 58,4 5:81 
24-.30 inches . 47.3 2.50 26.0 2.11 38.2 3.57 
30-36 inches . 34.6 1.88 18.1 1.47 33.0 3.18 
36-42 inches . 23.9 1.29 6.3 .51 16.2 1.56 
42--48 inches . .. 14.4 .78 .70 
48-54 inches .. 6.7 .36 

These determinations are ra.ther typical for semi-arid 01' rather 
bub-humid prairie soils where theTe is a greater tendency for the 
roots to penetrate deeply . A similar condition exists in hUJllid soils, 
with this clifferenee, that the great mass of roots is nearer the surface. 

The inva..ion of the prairies hv -foTe.t, has heen goin!!' on very 
slowly. The first trees to pread over the prairies were wild cherry, 
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hlu('k wll iu u1, haL:kbcl'l'.' I elm, usb, alld uur-ouk. Thl! shuue of the 
tret:1'i 1I11J tJJO lwd cl'g l'vwt.!J tJhlj, sluwl,}, l"J'I:.'Pl, iu kiUcu ihe grl1SBllb, 
nlHl tltt: plauts that rcplac·cd Ull'U1 supplied Ycry little ol'g~Ulic w at
tel' to the i:iuil The i C3\"(!S alld b\'ig~ lIl'l;uUlultltl'Ll UPOIl the surface 
IJlIU uenJyed cOlllpJr tt'\y 01' wert.' OUI'lh'O lly JOTesl Hrcs. Th e Ol'gllnjc 
mntlCI' that had accullluillt.e(\ wn~ sluw ly being rlJll lOYCU by oxidai iou 
or nit r ificatioil. with the rc..:ulL that tile suils were g radually tha ngcd 
ulltil <l light-(·olorc\l :-oil n'snitl.!d . \\"bl'lJ t.h is thatl~c had takell 
placp t he freer: m entio ll l'u ubv\c wer\.! ~nHl u al1y I'cplil('l'Ll ily whitt: 
oak. Ilickof'y, an d othcrs adapted io lig-lit-t.'oio}'{'d !<;oiir: or fo:oi l ~ low ill 
uJ'~a ll il' motter. ~t'\-~ I'al gCll(, l'ati llll~ or tree's WI..~ I'C req uired io en·cc· t 
thi::: dUlnge. ;-;0 gn.'a t Wn !? the rf'u uctioll of OTgaJli(' rnatter t.hat the 
1.indl('1' ~\)iJ~ t'o ll Lai u Jpl'"S t han ha lf;l~ much al'" 1h(1 prairie. 1'11(1 H!l nJ
Y:-:\'~ or 1t;1 !"illll.plc:-: (If timhe r ~{) il !'h(),"" I . n:~ per ('("111. ill the fo:. \ll'fac:e 
and 0.77 per ('('nt in the s.ub;.:.u rfHcc. 

(c) L imestone.- Soi l:o: ril'l! ill liUJc~toll(' are lI~ uul1y \\'('1 1 RUp
]1lied wi th oI'?,uni(_· maHer; due to t he faci that linli:~sto II C cll('ouragcs 
a lar~er ,z'Towth of Ycg('iati(Jn ... (" !K'(·iilJI.," of Jegnl1ws. ,lilt} is vcry 
eJl'c('tjr(' in r l'ta ining humus in the soil Hgaiw;;t ]ellellillg, 

(el) Latitude and Altitude.-As a geueral rule soi ls of north
~rn latitude:.: hare more organi c: matter than tho~c of southern. 
"'bile ihe ('ondi t- ion:;; for a luxuriant .~owtlr (J r '-egpt;ltioIl are not so 
fa\'ol'uhl r in t!1e north , ~'et the co nditions Jor it!-l. pre~cn-a.tion arc so 
much hpttel' th at the result is a. larger oTganic content. Thi s js well 
8110 '111 in llJiIlois. TIle depo-.:jt of ]O('S.Ol ill the State I.llclll,!! the 1\f is
sissippi Hiye ,. is the same throu~hout the length of the f'Hate. Th~ 
nllalyse~ of e ig-ht samples of aeep loc~s from th e south en(] of the 
F-1tate ~how 1.11 per ('ent of oTj!;]uic ma tter , wl1ile f ouT samples from 
the 110rth end show 3.R() per (·cnt. Eigll tcen sampl es of timher soil 
from t he south ('11(1 of tllt' St.ate Rhow 1. r) per (,(lnt of org-allie matte!' 
in the £:llrfacc nnd 0.;58 rer ('€nt iII the- snhsurface. ·whi le the same 
g-enend rharflcter of soi ls in the north ::how::- 2.-1- and O.9G PCT cen t 
respertivclv. The same is true of the prairie soi ls. The browl! 
prairie soils hom the I.aimle of th e southcrn part of the 'm rl ) Wis
consin i(laciatioll show 4.5 per rcnt, while the same type 150 miles 
to the north containf!: 6.1 per (·Pllt. 

Changes of Organic Matter.- When \'e~eta ble rna tte.r becomes 
mixed with soil it undergoes a pbysical cilange produced by bacterial 
action in which the plant tissues are destroye~, and it becomes a 
hlack or dark brown homol[eneon., mass. At tl,e . ame time 9 chem
ical change takes place. The procee, at fi r st is quite rapid, but later 

10 
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l.ceul1llJS \cry sluw, uud :-;tilllillcl' {'cuses allllU~t. clltin:ly. T he supply 
of IlX.\'gl'll i~ ::iOllIC\\' !t;\t low ill tllt! :::oil Hml the \·ulltlit.ioll '~ 'U'C !lot 
f<l\,u1';lhll' rot' !·ollljJll'1I.' O:-..illatillll of till' \llbfdn!,le llIatt(' J'. 'l'hc 
partial n:-..iilaliull pT'()lltll·l'~ 01'ganie U\,ltter or ynri ed l·ol1lpoF-itiOII. 
l u thiB dUll1~l' the hyrlrf),£!'PlI 1'111(1 OXygCIl (,Olltl'ut of the H:ogetahle 
lllutter \l('C'0111f' f: 1(,:::8 . ",hil€' the proportion of carhon find nitrogen 
in(, l'ea~cf'. The organic· mnHp]" of lh(, ~oi1l1ll(lcr clifi'f' rent ('on(lition5 
may ("dlltain froTn thr(,0 to tw('nty til11e~ a,r.: mnch nitrog'{'ll n:?; the 
or i ~illnl ll wtm'ial. '1'hi~ (·hallge mAy he ('arrie(}:;:(1 fnr that 11ltimnl-cl,r 
('a rilouizcu llwtl'rild mily he JIJ'Odl1 ('<:!d that is similar to ('oal OT ('har-

Fla. 76. Fill. ii. 

7fi .·- Rptlcimc.nJl o f ciulr('[.:.i 1I1HI I:han'oa\-like mntcri:l\ found in soih. 
77 .-Speeilllcu~ vI ('v,d I(lUlLd iu Ij() i!,; . ( ll\lllc~ill lJO, Uur'(mu of S{)ij-s.) 

coal I (F jgs. 7G and 7 j). 'nus lIoea not Ulldel'go further change. 
TIle hUll1us ill"(,:UlllUlu-ie., .. lUurc rapidly in Yery moist soils thall in 
comparatiycly dry ODOS. 

The follOl,ilig table from Hilgal'd ,ho,,'s the (·hallgc; ill lhe for
ll1fltioll of coal, probably somewhat ~imilar to those {·hauge-3 of 
organic matter in soils : 

P rogress of H um1;fication, and Formal.ion oj Coal i (llfoislure and Ash Omitted 
From CalculatiDns) 

I ' and hurnie - - ---,---[ Llgnlte Sco~ch 8,,1-
CCllu- i Humin Bro" 'n [ p,:}«. .. Co.}, I Peno-

~ acid ~:; I. 40 . 80 IJ::I 8~f~~~ ~~~a _ 

______ ,: ___ i ____ ( _u_"_",_inl IUciJeJl welles ~ = cite!} 

· '1 44.44 149.4-59.7157.80 162.00 64.10 69,50 84.20 \94.80 Carbon . . . ' . . 
Hydrogen .. 
Oxygen .. 
Nitrogen . 

· .. 6.1 7 2.5- 4.5 5.40 5.20 5.00 5.90 I ->.80 2.60 
· " 49.38 35.8-47.3 36.00 3~.70 26.80 24.00 8,80 } 2,60 
, . . .. .. . ,3-18.7 , ,80 •. 10 4.10 .(;() 1.20 
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\Yhilc ihis tuule docs not represellt cxu.vtly the l'haugcs that take 
plate ill the soil LUldcr all l:olldiLjOIl~. yd Schriner !U1d BrowJI 
hare :::l1OW1I t1lllt HHllly fJllrlide.~ of cOllI <wd ('!J;rr{'(ll.ll-likc materia} 
1 ' .\i~1 jlJ 1il(> soil. lllliicutiHg that tlli~ pro~'c:-;~ prolHtilly ov('UfS i1l soil~. 
:-;omc of thi~ 111l1r be til(' ro:;ult of fil'c~. 

Nitrogen C~ntent of Humus.-11oisturc pLlys a YNY imp(tr
tanl part ill determilling the tornpof'iticJI] of' oT'~(llIir Illflflt' r or soils. 
i!1di('Hlillg' t/IHt tile I"'o('eA'~ of humifil'ati","! is quilc \';lri(.'(1 \.Imlcr 
djn't~ J'l'nl (,r,llllitioui-'. '!'b is uirTrrcJ)('O is w('l) showlI in lll(' nilrogt'IJ 
{'mlwnj (If bUlllU:; 1'1'011\ arid flnd humid rcgions. 1I ilg-arcllla.!". 'Shown 
fllat :0:(1;1:0; of ('nlir{,rnia "Ill'\' ill humu~ {'()lIh.' lIt with the rainfall. uut 
tileir llitl'OgCI1 nppear:-: to l;c independent of humidity. ' 

llumus and Nitrogen C()ntent (~r Humid anti Arid .soils of C(llijvnli(J 3 

Arid soi ls. California ...... . . . . 
,,",\lb·.irrigated arid, Cniifornia . 
Humid 8oil~, Californb .. 

'1 
, 

I 
Nit.rORf"!\ ill };:itrul!:('1l ill 

I'~ _ _ ,,,_,,,_,"_, ___ ."'_il __ 

I'(TCf"''( "fTrt"t( perrt'rI( 
.~1 , 1[i.23 .13[1 

1.0G I 8.38 .099 
2.45 I 5.29 .135 

JAlier in\t('sjjgaiion.:: .<;;l'f'Dl 10 jJ)uic'a1.e. that ihe nitrClgen t'ont,t'llt 
(If the hmul1s iu arid ;o:uil:-: i!=1. not a.~ high a::: the abo\'c figllrc~ show. 
Tht' organic lllflrtcr of humid rL"giollB tOlltaim~ a ,,::ol1Jcwha.t Ynri~ 

ahle amouut .ff llitrot!clI. One IlUmlretl and twellt\'~six snrface ~an1~ 
ple~ of pl'a.iric ~oih=.'colJtained 3.1 per (,Cilt of urganic matter, t !:A 1! 
Ililrogen of which wtlS appn)ximately 4.RH" pel' N'nt. rJ'JlC ,IHerage 
orgalli('-matier ('olltel1t of :19 ~ur[ace sflmplcp, of t imbcl' soils wao: 1.H3 
per cent. which contfdned :l.on p(,r CPlIt of nitrogen . By mult.iplying 
the nitrogen content or a humid ~oi l lly 20 fl fair appT'oximation 
of the amount or or!!"nir: matter mal" be ohtained . 

The character of ~oil humus \IiI! ~l,o depene! UPOll the cbaracter 
of the material from wllirh it is derived. Snyder. of 1JiJlIICBof"a, )"IS 
determined the amount of ni trogen in humus from different SOurces. 

The Amount of /I'itrogen in Humus fTom Different Mat.crW.ls • 

Humus from meat scraps . . 
Humus from green clover . ... . 
Humus from cow manure .. . 
Humus from oa.t straw .. . 
Humus from sawdust . . . 

10.96 per cent nitrogen 
8.94 per cent nitrogen 
6.16 per cent nitrogen 
2.50 per cent nitrogen 

.32 per cent nitrogen 

Distribution of Organic Matter in the S<>i1 Strata.-The COn
tent of organic matter diminishes with depth in all normal soils so 
that at from three to six feet the amount becomes very low. I II arid 
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80ils lltt conleul roJJS morc lUl iform ru,u 10 grcIlter ueplh, due tc 
uccpt!r rooL d~ndojJ[Il(!IIl. 1[1 :'Wi1WP s(}il~ tl.h::n~ i:; frequclltly it 

grel.lt Ht'('UIIIUIHliuli ill dll' :-ur!'aee H.uLl uppt..·\' ~uIJsl1l'faC:l~, wlth Tat.her 

fI ~udueJ) dl'CJN1SC at. a ili~tiJJ(;L lilJo. 'rjmiH:r soil~ .show n g reatel 
decrease ill LIl(! suu~tIC'fac(! ihau JJl'aiI'ie soH., . TIle (Jrg<lJ!il' matter 
is usuall.\' deeper ill •. llu\"i,,1 soi l, than ill o[he l's, The di,[riiJulion 
dep{'/lcl . ..: t~) a huge t'xtCJJt llpOll the l1tpth Df r(}()t dcrelopment, the 
cU'ed of hUrI'o\\· jllg' I\lliItIH!~. the <ll"t'Hl\lulut;ous that Hre tnkiug- piaN! 

as ill hottum antl ,.;;'Wall1plallLls HlIll the {'I'H(;k~ Jlrodul'ed 11,\' shr ink
age, whi rl! is especially ('haractcri!3!.i(' of {'Iny and clay }()(l]n soils. 

Organic ~MaUcr itt Soil Strata ~ 

Boil tY'pe8 

Brown silt loam. 
Black clay loam . . ... " . 
Yel.low·grflY sil t IOJun . . . 
Yellow sil t loam.. . .. . . . . .. . 
Gtay silt loam Oil tight day . 

~~~--~ 

1'\0 . of I o'.~~~f2n/'·'3 ~ IS(~.b_.'/U"'''_~('I·1 SuhlWii 
salllpit!S m';;hc9 lIlcb,,;' f~~~~Js 

12Z 
2'J 
51 
35 
18 

---------
11eTCI!1'!l 

5.30 
7.03 
2.33 
1.70 
2.40 

lJI'Tte'll 
3.10 
3.58 
O.S9 
0.60 
J.31 

]Jrrrl.'1'l l 

0.91 
1.02 
0.57 
0,48 
0.70 

Value of Organic Matter t o Soils,-It is lTcxt to impossihle 
to assigll a defillite mOIler "a!ue to organic matter as in the 
case of nitrogen. ph(J~phorufl, . and potassium. The dimculty arises 
frum the fact that " '!,,,n jl](;or1'or"le£1 witb the soil it has se"
eral chfIel'cnt c-tTects, phY!:il('ul. (.chemi(·Hl, alld LiologicaJ. all." oue of 
whi ch t,' of ;uflicicJlt, importance t.o justify its use, The yulue of 
orgald c· maUer 1llllst iu the end he determined from the ,"alue of the 
increase in crops pl'oduee<l. This has heeu \Torkt~d out for manure 
and. is heing determined for othCl' forms of organiC' nlatter, such as 
crop resicll1c~ and ]egumc5. The thwg8 for which it i3 of "aIue are 
~. follows: 

_l. Granulation i, one of the most import.ant properties of heavy 
and medium soils. 'l'his gi,-e~ permeability for both air and water, 
and very dC8iTfihle working qualities that heaTY , non-hrranular soils 
do not po~"ess. In fa ot, some of the most intractable soils are clay. 
that are quite 1m-\" in organ ic matter. '1'he granular structure 1essens 
the tenacity. 'rhis latter is especially noticeable in heavy soils, 
'rhere i:o no one (!()Dstituent so beneficial to such a large class of soils 
8S organic matter, It~ remoyal :from. a soil destroys its power to 
granulate_almost entirel,v. When the humus is taken from brown silt 
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hlftlll and black t:lH~' loum hy lCHdtiug with dilute nnlluoniu . ihc 
!'(lUt'l' til graZl!!lntt'.i~ Jw-.:f, 

Figure ~~ Rl!(lW~ Ill(_> t'ffl..'d of {,(,(lIora} of humlls UpOll the grilnu~ 
lalioll of IdH C'k (·Iil ,\" Joanl alld d"ilh day. The si lt l(lnll)~ gnltllllHtetl 
Y('J'\" lit tit' eYel1 with or!.!'Hlli v lllllth'r. Eat,1I ~\lil llil!' 11('(l)J wl'j filld 
drj~·d H'Yl'rlll 1 iJllL'J'I. . l 'I'OPl'i JJg' wid} lilt' ('nJILillllL'd !"('IIW \"ItI (lj' 

Ilr,!!HniC' lIlatter will ultinH{!(·ly hring about It ('ondit iOIt of v()or 
.~!T'lllulatitlll and ('()Il~{'qll( 11t!y jl(,01' tilth . 

...,.Retainin g Moisture.-rPhl' I\' i$ HO l'uftef mt'1-horl of j!l C'T('lI • .:

illg the muisture lwhjjllg capacity (If soils tlmn lIy addiIlg orgauic 

FlO. 78.-Thf' effect of the femO"I,l of humus nnd of wetting and drying upon Rrll.nula. 
[illn Omt. c l l.l~· i~ dIe unl.\· on e t.haL bilOW!! allY t ... nd eucy ~u gnll1ulutc when hlHllU>l iii rt;:
tuU\'t!U . (l 11I\·I'r.s.i t~ · of JJJJJJo.i ~.) 

rua ttl! 1', ) t l1(,j8 fl.':! il Sl)(mge jisclf. ;:nul when mL,cd with the minera.l 
ral't (If the soil gil'es higher po·ru.:iit.\· aod cOlhiequelltl.\' g reu ter water 
(·llIHI{·jt.y. It l'etards t.'ilpi.J!/.Iry movement jn :,oil~) as well U~ aids in 
1he proauctioll 01 a "cUer mul ch. h(ltb of whic·ll help in l'elniniug 
n}(Jj~hlJ'c hy 1'cc1ueing rrnpo7'lltion. Snn(l permits of ralJj(1 percola
tion \\'jth (lollJpar~l ti\'cly sma ll amountR of watcT retnilwd. Jf orgnni(: 
matter is all(lfod t.o ~aJ1(.1. th{~ Tet('nt.iye puwer of sand will l'e ,great!] 
jn('r('n~etl. T ]jjs j;l\,l(' ~hows ill(' cITed. 

EffecJ oj Organic .~latlcr on Retention 0/ Aloisture in Sarul e 

i";oilmUll'Ti ll.l 
Grfl.milo{ 

~'nler retained 
by 100 grumlJ 

I Ul!relUl(', 
per "cnL 

----------------~----------I--------------
Coarse Band .... . . 
Coarse sand with 5 per cent peat .. 
Coarse sand with 10 per cent peat . 
Coarse sand with 20 per cent peat. 
Peat ......................... . 

13.3 
18.6 
24.7 
40.0 

l M.O 

40.0 
85.7 

200.7 
1283.4 
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Tlw 1llClW'11lCJJt: of t'€lpiJ1ClJ'y J1loil:'tuI'c i,:" priJll'ipal1y alollg the 
~\Il'r<l(;l':':, of mitll'l'al ~oiI1)iLrlidc", that ill'e in l'lJlIt.avl, i1tH.1 the more 
point:'. o[ l"Olllold till' lill'gvr tile tUl\OUllL ,11\(1 till' grealcr tht! rapitiils 
(J[ lI WH!lllC'llt. Prg-;wi(: llJaLter iutroJul'(._':': HUIllY ,cr,'" irregular 11(11'

tic' It's w/Ji<:h dilllilli:.:h I Ill' llumlu,,! r ill (.:UllIHVl. .\ :0: a. l'C~UIL capillary 
mU\l'Ull'lll i.-.: .~ I()w ill ;O:1)iL-.: rich jll orgalJie: wHller. 

;1. Pudd1ing· .-'_j'h~' p,ll'tivll':-' (It' soilt". Jl)W ill nrgaui{' matter al'e 
!lot ('{'Illl'1I1l'd tngt'tbl'I' illto ('[,Ullll):, alld hC'Il('c arc 1'1'('(' to move. 
" 'lit,/} tbl\C;(' dry ~oil..: JIt'l'flIlIC \Hot UH're i!' n n:.';_lJ"l'al)::{'llH.'llt oj' the 
pari i(·jl'!'!. due ,;, the urawillg' i'()!'{'c of the :-:urf[l(·e {jim. 11,\' whic,1t the,', 
Hl'(' hrougltt. d{)~l'r tu,~(.'tl)L'r . i1ud tilt"' pOJ'e' ::pan:~ i:-;:o:o dilllilli.·dll~ (l til at 
water ('<.lIlIlot JJclldr,-dc t lrc' wet ~t !'(dum "cry l'ilpidl:', Thi:=: 11' i"lpokrn 
o[ as a nllJuillg tUgl'tiW J';' lnlt i:-: n'nl!." one f(ll'm of plll1l11ing, The. 
ellJ1JJg-e i~ pro{llH'pt! by 11w tl~ ll s. i oJ) 01' tile £lm of w;;licr cll'llwi1lg the 
pilrt ir'/c,; Log<'i hN. Thi ~ l1vTioll lllClY he :::'CCII wherp tlnlp~ of water 
fall in du~t cluriw! n 1'ho\"\'('1', 

~(liJ s JO\Y in (;q!IlHii' lWJltt'l' al'(' (,fl.'::ijy l)llCWled if \\'ol'k{'d trhen 
wrt. am] n.longcr time is reqllirr\l for the natural a~ell('i('s to correct 
l}Jis ('ollrliiiull il]}lll if the :O:{lj] iE well ]JJ'oY)lh'rl wilh 0J'g:1JJir' mAtter. 
,'i!Ill't' p"l'[tIlUh,·S H(t,! JC'f:troy('d 1)), puddlillg- fl (·(JlT~di(ln of thir: COIl~ 

clitilm j,B, protln(,(.'d w hrn hy Blly rncall.:5 ,!!1'8nulnrion is restored. 
4. P revents L oss by E rosion.-Ero,'li011 (';1l1SC~ YCT} ,;;;erious 

loss on many :;:(lil~. _\ \'a~t amount of t.he ridl(·;::t ,~oil material iR 
rcmon"d nlll~l1alJy Jnlln t-l)(' Tolling hlHl h,T tll(, f'~('es::. {.yf l'ninfal1 
tlrat Tuns ofr as .s urrl_l (>~ dnlinlige. The more the rUll-off the g-rcnter 
the llTII()Unt of wm;;lling-. I t 1:-1- pl'nrti('nll~' 1mj)ns~iIJJe to 1)l'eH.! !lt this 
cniird.l'. 'rllt? Joss mar ))e diminished by 1Ddhod.s gil'en in 
Chapter xxvii. 

n. Increases Temperature.-Ol'ganir matter imparts a dal'ker 
('oJar to i:he ~oil, thw: increll:s ing tllo a!r';:O'l'prion of heat. a:nd rai~ing 
fhe {cmperahHe. and. a.s a gelleral rule ]01' wrlf-flrflined p.oil~, tho 
tlmlcr the soil the higher the tcml'erahne. Ligld-colored soils are 
('oJ", ",11i/(' dark 011es a1'(-' Wal'm. 'fhis differcllc(.\ ill ('0101' may 
inc'reuse the tempemtllre from four io tell de~ees F . at a depth of 
fOllr jllrhe~ during fI: clear dl1.' 1ll1d gi\?e the crop on tlle dark .:joil a 
c1i,(inct advantage. 

G. Biologica'l Effects.-Biological and ronseqllently chemical 
actiou is in('reased by organir matter. not on1," h('c8n!'e it provides 
n food Fmpply for tlle organi2'tl1'S. hut al~o he('au$:e it lninf"s ahout 
phvsicaJ conditions favorahle to the action of bacteria which produce 
_t.._-: __ l :!_ ... .: __ 
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I, Furnishes Nitrogen to Crops.-Tltc ullly !5{Jll ['CC u[ uitrogell 
JIlr our IIUll-Il'g'UllllJlQ,.llS (:1'Ol)S i~ orgallil' JIlatte l'. ~itr()gcl1 Io;\ana

tillll gll\.!S haul! iu hand wit h low ol'g-culic (;()uwnt ill soii:o'. This is 
t,;\ idt.!Ill't,d by the yelh.lwil:ih-grc<"ll ('u\or of l'urll, oat~ . or wheal 011 
l'Tt,dl,d hwd LlcfiLicllt ill orgNJli{' malt~l' illl'Ulltnl~t. to lire llark )!nwu 

culor wh~rc lld~ l'ol1stituent j8 ahutILiullt. 1t 8upplil's lIitrugrll., the 
llI\1~i. CX1)(!II~j"e l'ouu l;]cwcuL ll!:led hy pl1wt.), OIlC that we (;il.Jlllut 

lltr~lnl to buy for oruinar! fnrm l'J'ups. A lOU-h\lshel ('rup of <-'01'11 
! il'r ill'l'e l'equires 1.-;U IJ0l111ch of llitrogcn, tile VOllnl] ('T('ittl YUille of 

which HI ] ~ l;Ctlt~ per pound i~ a\.)OuL *:!'!.tiO. Utlll'f crops rcqu1n, 
:O:UI1lt'WiU1L ~imjblt amounts. l~f!"unHls arc imll'Jlcudcnt of vrgauie 
JJlill11'r: fI.~ they ohtain tbc·ir Hil n.g(·11 J'r-u)ll Lilt' nir. 

H. Binds Soil Particles Together.-On sJl lJdr F-oiis wcil -oP\'Olll
IJPsl'tl orgaujC' Jtlal1cl' hina/; ille BfuJil graiJ)s log'ether ilJH] rl'(lllcL'S 

JlW\' PlllC1Jt by ,duo. Jt al~o jj)l'n~ll~c~ the waJer-hollling C1tIH1t:iiy, a~ 
SL'Cll hefore. 

Losses of Organic Matter.-Thc amOlwt ()f org;lJlic llltJilcr 
in tlw ~urJa('e ,·draLlwl of Lhe on1i_ua ry uphwd soi ls nl1'ip~ 1'l'O111 
]5 to (iO tons per u(.'l'e. This b"lS required thf)U~<ll_l(ls of YCl:ll'S 
fOT its [lc'cul):lulmioll , but thl'ilugh the :.:ystcnlS of CI;opping gCIIerally 
pJ'ClctiN'() it j~ being removed Jrom thc 801J8 much more rapidJy 
HUUl jt crer 8(,(,tlI1wlaf·ed . 

(a) By Cropping.-1'he amoulit of orgallic maLter removed 
mWtlally from a soil wei! suptJlied " ith it ill rcasouHuJ} adin, Jorm, 
SHti1 <I:; lirnw-n ajlt loam., is lwt far from threc:- rour-th~ to ()IJC ton per 
<kre. ~\_ large portion of tlds. is lli>cd iuclirecU,v h.\' the crop, ,dulc t.he 
Tel1Jai.udel' is lost by the IJl.ltura1. 1'I'o('cs:-:es described lK'low. In (~Ol11-
pariJlg a. \'il'gin prairie ~.3oi1 with ihe sallle soil after cropping for 
1'\Lxty :vears, it was found that the oq~anic~mattcr content of the soi ! 
has heen reduced approximately 'fifty ton~ per fiC'Te. Of (:onrr.:.c. in 
~ojl~ with a smaJler amount of organic matter the total Tcn10vcd is 
lJ('(!ef::::ariIy lesa. The 3lTIOlWt TCl11o\-cd dCpCllds to some ('xtent upon 
fhe crop gl'own. The inter-tilled crops usc more nitrog-cn, and more 
organi c matter would he decomposed to produce it than non-tilled 
crops. It must be remembered that loss of nit.rates either by crop
ping or leaching means lo~s of organic matter from t11c soil. 

(b) By Erosion.-Organic matter ma,- lw removed from the 
soil hy erosion. Ver,' few regions "re"o fla!'or have the "oil so well 
protected that tbere i;; not more or less erosion.lakin.!! place. and in 
the !nore rolling areas th is be('omes a YeT:" BC'tive B,5!ent in the 
removal of tbe orgamc matter along with the soil. In this way in 
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certaill regioll ~ almo,t all of the ;urfa('c soil anu it" organic matter 
ha\'c oeoll rell1oyed: Ul1d yellow" day points.." are quite COllllTIOll. 
'rho!'.(_: arc Ilotilillg more thau the OUt.l:roJllJiug of a stratulll, either 
of '-:lJhsurl'rll"(.' or ,-=uh"'ioj). wbidl ('oillcljn.-; little or HO orgnnic matter. 
En~ll (J1I br(nnl :-:i_Jt loam urea .... mw·h 10:;:; of or&raJ.li e: matter take::; 
place through eTof:i()ll, uIHl this iJecomes m ore serious the longer 
(·ruppiug l'Ol1tiI_}I1CS. 

(') By Leaching.-l It the paJ'iiaJ decomposition of \'cgetllblc 
11wjjt ' l' :.:olllbll· Or,l!)lllil' iH,jd ."- HJ\_' Jr,fJ1ll'd. Tbc:,c 1WlY VC Tenwrcd 1n 
part, h,r th<' wil ter whi t-h percollltes through III{ ' f;u'il tluring hca,-,r 
l'nill:-;. Th i:; i..; e~p(_'('i<llJy Inn.' of add Fuill"\, ] t it' liOL Ul1('OllllHOIl to 

s(:(' 1i1e d l'uillflgC w<ltt~r of peat bO)2:f' of a il'owni:-;\l (·olar, ouc to the 
disso\\"('(l organic- l1l<t.tt('l'. Th e )Ir('.-:en(·c of ~rllall Hrnoullts ot certain 
ulknlj('f.:. ;):' alJlJJ1011ia <lJHl ~0dium l"Hrbnuatc. jnCTl'<l15eS thc soh'cllt. 
pou"er (If welLer for humu:'l. 

(ll J By Fires.-}'irr;--. of ('Y{'1I llh.H.lcrate inteu F. ity de~troy large 
amol1l1h;: (lr orgftllil' 111at1<'r frolll fhe inllUNliat.c BudncE'. and ('yen in 
th(' bUl'flillg' or ~h'H\\" Fttluh\(" 01' ('uTn ',.; i.nJk:;; eVlI::ider<11Jle or_g-a.nie 
mnttcr i!-l In~ from the: f::oil. :--;l\ydel' j ~£!'i\'(,R the following: :. The 
,<;;oi J i'I'lIllJ j-J il1C'kJey. ) l j1JJ}('~()ta. beroT'£' the grr'f1t forest fire of lR!)3 
fo:how('d ].Ii~} per (,('lIt }JUIlJUi-i IUle] OJ:? per ('cot nitrog-cn, After the 
fire HIN(' '\'(' I'U pre~cllt 0..-11 pl'f ('eilt humus lInd O.Oii per cent nitro
~ell, TIle forp:o:t firo had ('[IU'.3l'd a ]08:3 of 2;,()O poullcl8 of llitJ'o~cn 
per acre, OJ' thirteen tOlll' of Orf!Hllit' matteT':' :Much orgfl.lllc matter 
that <hoilid I,e plowed hack illto Illc <oil is bu rn ed . 

(c) By Oxidation or Nitrification.-The process of oxidation 
iF; ral'ripd Oll throu~h the infiucllC'c 01 hacterja. which aTC always 
present ill fert ile ooils. l"urler fa\'arable ronditions of moisture, 
temperature. and aeration thet=:c organisms are rcry H.c·tiyc a,gents in 
destroying organic matter. They arc e5-peciall,r nrtiyc in eulti\'atecl 
and well-aerated soils. auel while their II-ark means destruction to 
organ ic matter. they are at the same time perforrni.ng a fUllction 
ab;;olutelv necessary for the growth of plants. In the destruction 
of organic ll1att~T they arc p'fOduriug plant food essential for crops. 
]n the grOWi]1g- of (' rops, OlJ~ and one-1Jill.f pounds of nitrogen are 
required for a busllel of corn, one for oats. and two for a bus],el of 
wheat, and this must be ohtail1eel from organic matter through the 
agency of thfJ~e hacteriA. The greatest lot:s occur~ when no crop is 
growing, and these Foluble plaut foods fire loot hy leaching, although 

- some los~ or nitrnte:; is !!OiJH!' on whenever (Jraina.!Z'c takes p]are. 
(f) By Use of Quicklime. - A very serious objection to 
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burned limestone or quicklime is that it tends to destroy lhe organic 
matter of lhe soil, and most .oib that ned lime have too littlc 
urg.Ulie lllatter to begin wilh. Allhe l 'cnll,ylvania ::itatiou the plots 
ha\ iug bUfut lime ilpplicd ror :!3 :ymtl'l5 showed lC:is llitrogcl.l by 
~{i;1 pouml:s thll,J)_ the limcsiulll.: plot. Tid ::; ditfcr(!IJ('c is eqUId t.o 
;{: .. -) lOllS of barnyard manure pCI' ac:re. At. the Yi rginin. Ht..atioll it 
JJ;):; brcll cletermined Uwt the applications of qweklimc hun~ rl'du('cll 
tlll'! iJmDUlJt of nil rog-clI ,mel orgalli{' matter wheD compared with 
pJ()ts l rl'aicd the ,':':llllH! ('X t't'pt lh'lt fjuit·kJimc was omiltC'd . 

(g) By Fallowing.-YHllnwing i$ Je~)\'iJlg the Janll witllOuf [l 

(TOP for a ~ca~Oll during whi l'h I ill' su i} is cultinlt.cil . 'fhi.'! has I,CCl! 
11 Ycry l'OmUlUll agricultural praej ice in Euroj).:!all t-otllItrie.s. but 
morc e5]_Jc('ial1y in England. The objects of the fa}}(l\\' were La 
dc~troy 1recdB, to dcn:!lo£l till auulldanc:e of nitrates for the succeedi1lg 
(·fUp. to increase the moisture ('orltC'nt o[ tile s()iL aHd to prodll(.'c 
good tilth in hea.IT ,oil,. "'bile all of the objects \I·(·re aO('omplishcd, 
yet iu rcgiolls where 11NI.\,y fall. win ter, or sprillg l'ains (It'cu r U1111'h 
of the so luble plant food which was procluced At the expenoe of 
Ol'gilUit m~l iH' 1" was Jeadlcll out of the ~(Jil alH] iost. King '(OUlld 
lllnt in the spring of HI00 Janel f .. t!lo'i,·('(1 the prc1'ious Brason con
tailled 2-1.3.7 pouuc1s morc of llih'ates per ac re thaJ I the (' ropped 
hllHI, Th e following tahl" frum Hall shoW'3 the efTeet. 01 leachillg 
from fallowed lanel upun the wll\_~at crop: 

Y'ield oj Wheal Grown Wbell Percolation was Large and Small' 

15 yean; of percolation, 
below average I 

16 years of percolation, 
above average 

Loss due to exceSS leaching 

Pur~ulll~ 
li!)n 

th rOIl~h 
r.O~incb 
gliuge 

3.99 

8.92 

BI1 !lheJe per acre 

WheaL 
Tile Tan !Liter 

daYIl wheat. 
(:8ch yf!aT 

4 30.1 

13 27.1 

3.0 

W heat. 
lifler 

fu.}lQw 

44.6 

29.3 

1.;.3 

Cui» 
due 1.0 
ht.11ow 

14.5 

2.2 

Fallowing should be pra(' ticed 0[11,1, \I'hcre the rainfall is not 
sufficient t o cause any loss by leachiug, as in sub·hum id and semi
arid regions. 

Estimation of Organic Matter.-No Very satisfactor y method 
has been devised for determining t he organic ,matter of soils, since 
it is impossible to deternrine it directly. 
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ta) Loss on I gnition.!'-Tbc ibllitiuu method is EOl1lctime~ 
Ui"l'u. lltlt ,It 111\, Jll':oit i:-: (Jllly appJ'uxilllUll: fur pl'ale: auel t'auds 
wltil·h t'Ulltnil1 YL'r.)," _liltlt· watt' r u[ h~' drali{JLl, Fi\t, gT;lIl1~ nr wCllcr-
1'rt'(..' :-oil if.: hrat('d III 1\)\\' !'(\(llll'I-\,;:' ill rl (' ru t: ibl(' til! nil OI'lri\llir mall('r 

t ... hllrllL't.! <1 \Yay. t ' UOll\J!d Illui :oh'll with a f\,w drnpf' of a ~ntul'Ht~d 
:-,o\utioJl of 311l11Hllliulll carlIGn<lW. Dr\' fl11d iwnt to 1.;0 ,;) C. to 
eX jlf' ! ('X('('A:':' oj' nnlllHlllin. T ilt, IO:-<R ill w'ci~ht i't'; the ol".zalJic matteT, 
water of hydriltion. lIlIl! yolntill' i-!Ull~tilll('('S. 

Lo:l.'i on IYll iifon Compared with Organic Ma.fi(.'1']O 

/c",,,,",.·,, rm", v'"'''', .•.. ,,''''''=/ ===== 
-- - --

rk IWI'f'1l I ''''w"" BI·t""·{·!l 
( Irj!:uni, ' 

Kind of ~',i{ /(/(/ " und I~Jo and 1 .• (/<> aud Whiter Itt ,is 
il.':!liti,!u il:!llll(m i)!nitin" I'('r n'IIL 

""Tholl 
.---- I 

P'"r (f' ,,/ 7Ur,""r lWr ( flJr I'i'r fT"l 
(lId pa$tuf(, 9.~7 D.06 ~.50 U.12 
Sew pa:,;ll1fC 7.07 G,,~S (i.flo -I.IH 
Amble soil s.ns 5.70 .::'.(ij 2.H 
Clay suh~()i\ .o.~2 5.3\:1 4.7(\ O.l'lrl 

T )Il' ))l'r l'l'ld lIf )",..: . ..: nil igllitiol) i . .: ~!'I'II to}Jp mud) lJicdl('J' IllHll 
llull obfaiJ)l'd JrulU the ,1('ll1a) HlI)f,Uld of urg~JJlj(' l',IJ'hulJ ll('TI'l'llljlH-'!L 

takilJg' tb~ 0l'gHlli(' rn 'ltt(' 1' H~ 1'lildclilJjJIg' 5~ pl'r ('(Wl or j:~lr),(lll u r 

Hlu1til'JyiIJg tlie Pt'" Cel li, oj' (',!I')lOll II,\' J.?:?-L 
(II) Combustion in O xygenYl-The ('oT'lllll1',:tioH H1Hhod lras 

)'('C' J! w::(>d to sume estellf. T Ile soil is pillct.'d ill H pun·claill or "lllli
HUlIl l,oilt. 011(1 i~Hit-(.'d ill it ('omhui-:Lion tulle jJnrt1y (illed Irith (·uprj(, 
()xil.1L'. The {uLe t:; c\lllrlCr/('{i l,rrrl! a s('rres of IJltlh3. tlm'i'(, of ~uJ
phlirLc Hl.'ill fur ab~o!'i!iJlg llitl'otl:, j'UUll.'~ allel \I"Hler and fi \\-e ig-hcd 
plll:1Sh hulll for <Ih.4oJ'hiug th~ car['(lJI tlio.,\id{! fanned <lul'ing ('OfU

hu~t.ion. ..:\ (,UITent of rlil' from \'lhit'h the carbon diuxide hus bee Jl 
rCI~lOn:'d hy p;l?::ing through a pota!==h bulb is t1l'a\lm through the 
tube ".'I" ml'al1~ of flU H ~pir'lt(1r. 'rhe nJ1lO\mt of C<l'J'hOll dioxide pro

tluceu iR then tld('J'l11ined h.\- weighillg the hulk UJHl the organic 
matte!' (oand by Inllltiplyill ,!! 1lle weight of carhon dioxide by O.-!';'l. 

(r) The Chromic Acid Method."-1'hc arlJ)aratu. ronsistd 
of R train of fla:::ki' anel hulhs arranged as f'hown in fi~lHe 79. A 
('11Tr(,llt or nil' i:.: dl'flwn thl'ou!;h the apparatus hy Rl1 aspirator at I . 
The ('Arhon dioxide is rcmo\'(\(l from tbe air h.'o' a solution of potas
siuJll hydr'oxide in the flask G. -The combustion takes place ill flask 
F, into wh!.ch about ten grams of soil are placecl, together \\~th five to 
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i('1l f,!rml). of puher ized p otaS:li mll hi(!iJnllllnL('. 1) j..; n (·()lIdCl1~l'r . 
• 1. (·ull lllillS.1 ci<ltunHed ,"ulUlioll of ,~iht'J' ,.:ulJHtt' to ilh~ol''' ;III\, !I\'dl'o

,,!dl)rj~· moid. ~ulldlul' tritl .\ id(.· 0 1' diu.\id\.· that Illa,\' /11..' gt'l lt.' '';lll·:L lJ 
l'olllai!l~ {'(IIlC'cutnl!Cll :-:ult'llriv 'Itid. ( ' pota:,\~ium hydI'Hlt'. f) ll ('it! 

tu 11(' w('i~lll!tl with (' ill \l~'ll'l' lllill illg' tlll' wel,!.rill of V:lrllilll dioxide . 
. \11 ;wl(l t!'Hanl IInlh ('(Jlllplvtl'fo: tilt' traill . Tlw <IiI' i:-: Illln\H'll to 
fl(J';-;: thl'Pugll the ;::yt:lcm fol' nJJOllI tell minnie',,;, T he ,o:oil H1Hl 
IlfI//!. .. :-:itllll Ilicirl'Olllille 111'(' llr(lro:l~hfy mixed ill F and ('uo('(-'n tm (p<1 
~u!furi(' twill (:-:pl'C'ific' g'l'fl\"it.Y 1. ~:11 ,~l(lwly :Jdll!itt~, t l thl'ml~h th{' 
d ru],l'illg JUlIlll'l until the ('lId (II tile tllhp ('rom (: i!o: (·IIYNl'll. H 
1111 \ ig{)r()ll;-; adi()ll tnkcFI plil(·t, tIll' flil:-k mn .\' t1l('1\ hi' ~lo \YI .\· h('ajf'll. 
Till' ht'rllillg ~hn ll ill \'(lJltillll f' i'l'Lllll fin' to It'll 1n;11111c·...:,. TIl(' hulhs 
(. 1111(1 ]J lin' thPll \\'eigIJt~ll ;1))(1 tilt , ;1Il1flU111 of p,lJ'I)f)1I ,1in.\;lll' I -!('~ 

l ' l(l. 7!l ,-ArrIl 1l{:cmclltQI nJl(l9rll ' 1I.~ fvrtif'jl'rmiJlilll:!''''_'''lllil'' ',wtlf'T by l'j,r'lIlJjf'llr,d /lJl-lllod 
~ UuJlctill :.H. Il\.Jn:h\l of l'iuik ) 

icrminf!u, 'rile orgollil' mattei' ii' founil hy rnult iplyi JIg t.1l is by 0.-:17 L 
Thi~ method iloe!-O uot ~eem to ~;H~ (·nmple te l'omhu:-=ti(Jl l. :\ cotn
p;1I'i--,on -with Ull' (lr:r combustion llll'1hod 1o:-how:-; llJ;lt I lip IIHlf)lWt of 
('ilr!UllJ {ounc] hy oxida tion witb dn'ollli(' il(·jd is ;,I)lo ut 7!U) per ('c'nt 
(11' (but iUlllltllJy the cumbu!==-tioll met hod. 

Carbon Found by the Two Methods ·in Soils Dried at 1()(f' ("I' 

Old pasture ... 
New pasture ., 
Arabie soil , 
SUbsoil .. 

Kind ol-t'r,jj 
COUlhU!:ItiOIl I C Il1(>LllOd b romi,' Ildd 

witll r)J[Y~~1I 1 __ '_"'_'°_"_"_ 
l Jf7' t: f'11 

3.55 
2.41 
1.42 
Q.~S 

1)CI''''t;,lf 

2.Rl 
1.93 
1.18 
0.28 
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Determination of Hurnus.' :t-'l'elJ gnuns of soil aTC treated 
01/ II. filter ,,, u c·(_'t>;, ... j,d,l- \l'itiJ u oH f! IJt't" ('(flit i)o}urioJ] uf hydro
ddHl'ic ,wid IwljJ !l1t' l ime j~ rl'JtJ(Jlcd. a:-: :-/Jl)\\ll /1)' w::.tiug a. 
f(,\\' ('t"H(, l't'/IlillH'll'r:-: td' rhl' liltnl1e Willi 1I1IlJrJU/liu!ll o~III:Jte u.fler 

lJ('utl'ulii':iug with ~UlllIlll(lia. \\"u:-h tile I:'uil with distilled wat.er La 
I'{'IIIIIIL' Ull' lIrid. 'I'll £' Jiller Hild :-(lil are l'lll('l'd jll a hOltle or ~top
pCrl'd cyli nder Hlld a ddilljtl' /lwount of a {,lur pl'r l'CH! ,":o/ulioll uf 
rllllJ.nt)Jlia i~ Hddt'd. The f1ll1(JUlll mlded l'ihou\d 'lilT from ].-,1) to 
[i(J() (, ,!I)i v ('(.'lltlllll'tcrl'\: d(.'pt!Jldlllg' U]H)1l 111(' ()r~nlli('-;ll:tt1Cr ('ontcut 
(If the :-;oil. Di_g-l';-.t I\'ji lt frcqul..'llL ~hflkillf!' for 1:2 ho ul'~ and allow 
to !o;jllIl{l foT' ].! llOur:;. Fil ler the ~lll){.' rtLrd;'ll1t liquid tU1l1 u,:.:(: all 
ltliljlloi p~lrj of th(' \\'holc 1'(11' (' \'1I1}l1J';ltioll. I)r,r ilL JOO ('., weigh. 
igllilc UIJ(J wl,jgh 11!...'"~Jifl, '1'11(' JI), ....... II:' ig"lIilion j s tIlt:! hUlllul:l . Cal
L'1I1~ltC the unwuut ill tilt., l'lllin' ·,',:ulflplc. 

QUESTIONS 

J. n"fine or,l!lwic ma.tter. 
:!. l)i:oiliTlgui ~h ht,'{\\' (_'{' !1 hUIIUlS nlld (lTI!JlIlit· lJudlt'r, 
a. " ' hill il:l tht· ":(1\11'\'1' uf lIIu",t ui 1h(' tlq.!ll llil· \IIatlt'r~ 
-t . '\' hy fin' UpItUIt! furt':;l .. tlil~ 10\\ ill urganic 11lI111t'r1 
S. '''·hac are Cill'rtI07.('lli ~()iI8 found ? 
0. \\" IJIlt ki ll ds oi oq!luli{' UlUI t.i'I' ill soil..:? 
i. \ \"lutt i~ u "rUlH1o\\Jl" farm IIstJH.lh·~ 
H, " ' IIILt UJlhJl!JI! of Ilr),!'uII i(' mattl'r ",/w'lIld :;Ioi J,. I'nnblill~ 
!I. \\ ' hut eJJ'el'! dOl'" IIwisfllr l;' lutn · 1111 (Jq .... llllk·lJIlIltl'l" ('olltf'nt! 

1(1, Are prnirit's illl'!"l'asillg- or dl'Cn'il:-iin~ ill ('Xl,.ent? 
I I. lIow mUll)' ton~ }lcr Iltrc of ol"gallie mutt cl' in timlwl" soil,. to a. depth 

of j;~:l i l u:ilcl'l! 
12, III tile !\Uh~llrflH'('! 
J;L " ' lIy an~ roils ri('h ill limi!"'to1\e usually rich ill Qr:,!I\_ui{' ma.Ul'r! 
14, \\ ' lIy do soils of HortiJerll Illtitudt!8 lIun! more orJ.!ludc lIlutter! 
I :; . Ui\"t~ till' t'hllllg('S tlJllt orgtlld{' lIluru.'r 1II1d~rt!0('s in tile )'loi/' 
Hi. \\-h ie ll el('llwnt8 in<:l"t'R,.(, alHL wllith decrf'U:-it' in proportion t 
Ii. What h. 1'1(' uriJ...·,-bi of iht, ('oal,Hk(, mtlu·rial)3. ill .. oils'! 
18, ( 'ompllrt' tlw hllnl1l~ of Ilrill ilnd hmnid re~ioll s in nitroJ..:'clI, 
HI, 11 thl' ll itro!,!'('11 ('ont~Tlt of n !:lurfll(,(, iloil j" O.2Ri pt:'r ccnt, wbat pcr CNlt 

of nrgfiuie mutT,'r does the soil contain t 
20. How mUlly tOilS ,WI' 8t'ret 
21. Flow i)'1 orglluie matt('r distrihuted ill the soil strata! 
22. How is till> moTU')," ,'uhlt.' of orgllnic mutter to be detf'rminNl! \YURt 

fll('wrs an' im'oh-cd! 
2:l. Of whllt. '"111m' is grllllulation! 
24, \\1lat effect does orga,nie matter lllWC on retention of water! How 

mtuly tOilS of water per acre will an addition of 5 per cent of peat 
ena.ble t.he s\lrftt..ee to hold! 

25. How does org'8nic matter prewnt puddling! 
26. How does it aid in cor recting i t! 
2i, What effect does it haNe on tempera.h1 re! Bow ! 
2'0. How does i t affect biological activity! 
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:W. How mllch niLrogt' J1 it> rt'tjllirl·d fur It j ,j'uullhcJ cr IJ}J of corn r }'or & 

(.IO · IJu~Iif'1 l'rop of Ol1l~ ~ Fur a -IO-/JUg/H'1 1' f" OI' of wllcat ~ 
30. \rJJot IU(~ [.11(' cddcrll'l'''' {J( "litrogcll ~tarnlli li ll r 
3 1. Uf \dmt ndue iii orgullit 1ll11 l.t.cr if! Liudillg suil I'ltrl idcs ivgt'thl'r1 
:12. \\' hllt part. dot's l'ru':';;OIJ pilly ill lu,.;s of orguuil' nlllttl'r~ 
;j;t \\ 'hlll lln' yclluw" " JIlY p (Jillt.; "'! 
:..14. " '}Jut. 1,11l"1. ducs Ji'1.u'll i llg play ill luss of orgu/,;l' llIuf{l'rt 

:3:,. (;in' all t'xRDlple of lo~s h," lire. 
:Jfi. h lliirifi(,llLioll hell(~fj(,jlll ur dt'trllllcntu/ t o n. !'lui! r 
:f;. \\ 'hut arc till' OI'.if'I·t i(lll lo; to quid.limE'? 
:~s. \\ 'hllt i:> 1UI'Il u t lIy f uJI(Hl"illgr Uh'L' till ' OlJjf'(·tR to lit' 1II'! ·umJlli s ll\.tl. 
:19. \\"JIIIL I,fft'j'l dO<' 1:> it 1111\'" 011 urglllli c mntLl'r! 
4(). 'V hnt. wu~ the InF-S of orgulLil' matter dm' t n hIT'!',,1 fin· .. • 
41. \\' IIt'l'l' mlly fallowilll! h{, pnH'L h'!'d (·(·!I I H.lIl1i (· all ~· '!' \\ h~' ~ 
4:! . ,,' hat ohj('(~tioll t o i~'llitioll for d('{,ermiuin~ orguTli c mutter of ~oil!ll 
4:l. J)cs('rihe the dr\' ('omhll stiOIl 1I1l'thod. 
~4 . lIow milY tilt, l'ilrl lOn of ~il :, 1)(' dC'L('rmiIlPd! 
..J.-,. 1)1';;(' r il ,(': tilt' Ilwthod for dt,tl' rmin i llg t hl' hUlIIlIiI. 
4(l. If I), I<o il ('o lltllin !4 1.:li4 IH'r ('P il L of {'ar lx)JI , },O\I IlUlll_\, Lor:K l l{' r lu' n' "f 

orgllllic mutter in Lhe plowt'tl 15o i1 ! 
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('J/.\PTEn XII 

MAINTAINING AND INCREASING THE ORGANIC
MATTER CONTENT OF SOILS 

'I'llE llllllJllllinillg or tlJ(' orgullil' lllllllCl' ill .soils i, .. Ille IJlOl"t tliI· 
fit'1I11 I'r(Jldl'JIl t'li lill' /I\l'l'IIg'U 1'1.11'111. 1 1. with IjH' IIJlrngl'IJ it ('Oll

lIIill:". i:- t/u o liluitiJl,!.!' !'anUI (iJ1 IIIU:-:t uf Illl' i'arlll:' III' thl' southerIl 
Hlld l'll .... 1t'/"ll :'IHI(.';-. HlLd ii:i I'a ... t bl'('nillillf:( of vrillIal'y il1lpurtttlll'C 011 

l:t ll'll Hlld W\\l'iI\ \'I. .. 1t farm ... (_1f llll' IHi~h\k· \\"\!~l. 
'I'll Itmiutllill tilL' ol'gfluic llljllll'J' n: quin"" (':'Ollll'iililig eL .. p !l1I1Il 

11101]( '.'". J t J~ lilt! [(1 hi' /lIId for allY pri'·t" l)l'CUU";{! tlJl'rC is 1I0 

lIdf'<jlllltp :-:uPI'Jy. I I I!lll .... t Ill' grll\\ II (IlL till' f;HIJI IIJlJ put IUH!k 
hlrgt'\: a~ Tl':--idul';- wbil'll arc or I~,'r ,;due fur allY olher purpoJ'ic 
of 11,-: IllHlIUre 1'1' 1)0111. 'I'll lIIailJlill1l thi ... l'UIl::titllt'nt n·quin'~ \crv 

('lIn,l'lIl plHlIllillg- of r()t;llioll:- nJld !IH' p!'lIJll'J' halldlillg' ul' the (' r ()p~.: 
,!.:'I'(/WJI, ~\ fl'\\' r~lrllH'r'~ 11I1I ,\ 1111,\ uJ',!.wllil' 1I1l1ttl'r 11 ,"; grai u or hll." 
f!'fllil IIlt'ir H(_'i~lthllr:-.. [Iut !I,j .. i~ II rel',\' :dlOrt~~ighTl'{l pol it,." fol' 

tllL'iattt,l'. TIll' 1,1('1.. or IH·ti\l' org;llIil' lllfll1('J' i:-: tlH' pl'imary C<ll1~C 

uf :-:ui\ l'xh;IlI~t"IOI1. ) l llll_\' r.II'JtlI'J'1'i 1'l'1l1iz(' ito .. \alm'. hilt \(Ory few 
IIHH' Illlldl' tilly ll(.'fillil(.' pl;lll~ 1'111' ib PI'J'lIlCllll'lIt mai II I l'lHlIH 'l'. T o 
jlllJln'n~ 11 \I'l11'1I-l)UI 1'111'111 j, .. 1101 1111 \'u;-;y la:ik, S ill~'e ihe urg'Hllic 

lIlilll{'1' 1\)1' 11111" :'lliJ:-: 1ll11~t he t.!ro\\,11 011 0111' J'a!'ll1:-:. fhi:! first n'qllire
llH'llt i:-: that lill' :o-oil :-:11:I11 Ill' in ('OlltlitiOil to hrJ'OW it. T...eguITIcs. 

a1l1..1 more I..'~l\\.ll·illl\:- 'hI.:' (.:\\1\('1':', are ,\It' he:::\ (,l'npi=- to ~r(\w 1()r :-oi\ 
illll))'(I\I'llll'nt. T II('-," l'L'eJuil't' illrgt'J' 1.1111011111 ',": of' minC'raJ:; iLl the 
I'itliJ. ('''P''('jlllly ~·(d('itllll 111lt! "ho$pIJOru~_ tlWIl almo8t any oth& 
(>1'01'- 1)lll' 01" hlltll 11111:;:t 11.'::111111." I,e f:upplied. 

1. By Addition of Limestone.-)Ian,· ,oil, aTe so acid or sour 
jJu1f the b(,~l l"!oii-r<'lIm-.l1 illl:! crops. the ('}(I\'('r1'. will 110t grow suc
('c~sfully. Bdorc th('~(' f:oils (,fin lip impro'ct1 to an~' extent. u nle$3 
nn uulimilNl supply of m<lIltll'e i:: /l\'ailnhl e, limestone mm:t he 
npplied. l\ l lln~' ('xperiments. lln,"(' shown Halt the h(',~t form to use 
js ()f(liullry .!!l'ouml or ('rll:"hec1 l i me~tonE' , This neut ralizes the 
(I(·iil. pr(','ellt~ I(':lchinp: or (ll'~'llli(' matter und fl1rni~h('s the plant 
with the C'lemclil t culrium. 

Lillle,tone j , rafher read ily sol uhle. In hnmid re!!ions from 
500 to 800 powlds are leached out of the soil each year. In many 

158 
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soils it has bCf'1l Jo'Q l'olllpidely l"i:ll\oH·d that thl'Y ut(' :will 1I1l11 the 
dClth'ld. l'ukiulll j:-; tuu dcli(:il' llt to prtldun' !,!ilild (T\)l'~. l""pl'l'inliy 
(l1'1t.',!!lI l1H':', ..'\ Pl'lil'atiull:' ~11(lllhl lit' UI,I.]I' IIIH'(' ill ('\l°rY rulillion. 
'/'0 1II;1iIJwili lilt-' /iUH':o:i4I!1(' /II' pr\'~t'lli [Iril,to, ('lI~t!' fmlll 'fin." ('l'/lts 

to OtiC Ilollnr pcr nne pt'l' ,llllIlllll pili:'" jJl(.' ('n:o:\ or nppl .\ ill!.! it. 
Thi~ will mllke po~~ihlp till' g'l'o\\'illg (If h')!un1l'~ I' til' !o'oil-rl'IHJ\'ntlllg" 

JIlIJ'P()~(,R. On f'Tod{'(l hill 1;lIld l llr,!!(' ~r{lwthf:! of f:W('f't ('lover 
11111tlUllt iug to 2.7 tOll:: }lcr 3(,1'1.1 fOT the two yea rs of it .:; growlh 

\\'erc made po!'silJJc hy the IJIJpji(;;ltiolJ of four tonI' or limestone 
to acid soil. 

2. By Applications of Phosphorus.- ]'ho,phorus should be 
JncntiollNl jn lhip. COll11cditln lll't"au:"l' SI) lllflll\' :-:uil:- ar(' tlcfkient in 
this cleme1lt, and ib appli(;atiun is '-ery uc~cs::;ary 1'01' in(,reasing 
the growlh of legume,. It "itell more thnll double, U,e I:fO,r th of 
doyers and, of course, gin!S a larger amount of 11lu(·h-net.'clcu acti,'c 
material to be turtlecl ullder. Th. acids i'ortllerl in the rlecny of 
organiC' matter aid f!J'catly ill the liheration of phOE:lp1tOTlIS and 
potassium that are locked lip ill the miJ}crnl. in the "oil. The 
fiycrage increase of elm'cr at the Illinois Statioll at LrhaDa OJ] 
brown silt lOflIn was: 1.05 tons per acre where pbo;;phorll!3 wa~ u~ed, 
while on another field on the same tyPe the illcrease was 1.51 tons. 
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At Fairfield, iII southern Illinois, on gl'uy silt l(.ltl.lU tIll tiglJt, day. 
Marioll silt I uU-1Il , the gUill for phOSpiJ01"U l:l 1 IjIl1C~Lullc ami manure 
{)\'Cl llUlllllfL' aJclIJc WH~ i.ti.!) j\)l1~ per a('re uf good e!o\'cr hay. All 
kn(lw thnt the g rowill;! of larg<..· legume ('rop:: alit! tJH:.' prod uction or 
lurge nop:-: or graill (Fig'. ~(J). 

a. By Accumula tions in Pastures.-The li"ctl:totk former has 
Ol le d(.'('iuc·d Hdntlltllgt' (ln~r the grain farmer ill thut som{_' of his 
lnfH] IIIU~t. 1,(, in pll:-IUl'r UIIJ UlTUltlUlntioll:, of org'~lllj{· materiu] 

Rrt' inkillg' pll1 ('(' during thi::. jJl'riud of .. re.=;l:' .\ laJ',£!t' 1l1110Ullt of 
the orgnlli<.· JHllll el' that ,!..'"J'(IW:' jll tilt, pu:-:tur~ will be eHt l~1I anu ue

!'tl'0YNl by I"tnvk ill ill(' prl)('c:::~ of uigl'4iull. hut the total re:-:ult 
will lit., ht.'lll:fii·inl to till' slIil. J'rt)!ll thi' taille 0 11 I Hl!,!:t' )(i:! h , .... i11 
lie ~e('11 ihnt olJly .i('{!l pOllIU] S. 01' (Irglll1ic' lllatll' r lire re(,O\'l'reU in 
thl' J1l(mUll~ flit' cal'il lUll (lj' pa!'.tllre :!Tll[ol~ eHtell hY '.;:t'I(·k. For red 
(:\\1\'(' 1' pu::.t \lrl' . tl\(' U.nlHUlIt 1:-; (;~O l)lIlIIHl~, wh ile for a}f"l!'a it i:o: {;GO 
poulld:,. PH~tlln' gra!'s(\~ (h,'\'('lop !-:."S.tl'IIl,;'; of roo!." w]lic·h tlllc1 quite 
]urgt,ly io til{' llrg:llli(' :-::uJlply in t l1(' ~{)il. I r leg-ulJwf.; ('fIll he grown 
ill c.:OllllCc-tioli \\'ith these p~l:-::tUI"C gm!".~c~ 1111l( ,h ])('tt er fI'sults. will b8 
ReL'ul'c(l tban (rom the g:rass ulouC'. 111 the ('a~c of ::weet clover 
gl'OWillg' with hlue grn:o:s. it 1.;; foulIll that til{' iUllOUlit of hlue ~Tass 
will bt' 11I1',f!l'r tllllll jf grnW'1l "Ioue. In pHsture.!3 th('re j,3. \'('ry little 
org'ltlli c' ma1t(!1' ](I:'.t by oxj~lution, siJlce tltif.:: pl'(lc'e:o:~ if" Dot rcry act
irr iII Sou. th(,r(, heillg" 110 more nitrate:'. forlllet1 thHn nre llr'ed by 
the gTass. ]n 010 compac-ird pUf.::ture~. llitrifirati nn j.~ lIot 8uflitientlv 
rapio to mailltaill U g-ood gro"~th of ~HF;:-. FnrmeTR !'pcak of such 
pn8tuI'r:o: H~ h(, lng c' sod bound: ' Plowing and reseeding or at 
lenst a tlHlToll,!!h clisking mny be necc8sflry to completely iterate 
the soil and hrillg' nhout larger g-rowth. 

rn~tuTr grns~(,5= flTe frequC'ntly CiltCll so closely hy sl()ck that 
\7cry littl(" hc'ne(it if.:: der iyrd h,r til€' soil. rlan'T 1:-: oftC'1l pnstllTed 
so thnt n1' fhe end nf the ~('a',~Oll there 1S nothing' left on the f:,'Tound 
to tu-rll under for soi1 impron'Jl1rut. 

~. Green Manures.-O ne of the ver, important W"!·~ of in
creasing the org-ntli r mntt£'I' is by the USE' of green manu rp:;:. Almost 
nny rrop 'may he u~('d for ihis purpose. but ]egumeE= aTe much hetter 
because of the !treater \·.lne of the material for soil impToYement. 
T he crop ·,e1oded shon1d depend upon the t ime of planting, the 
peri on ayailab1e for growth. the cl,ararter of the ~oil to he im
p roved. and the , .'·otern of fa rm ing p raetired. T he legum es besf 
adapt.ed to single snnlmeT growth are cowpens. soybean s, ('ommor. 
vetch , field peas, and " elvet bea.ns. Red, sweet and mammoth 
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c}()\'er l'l arc biclluial~ UJIU {'UII Ill' ~1..·1.·dl'll Ulll' .\t'lIr with 11 lIur:::c l "rOP 

tlml allowl't.J to prOUUl'e II growtiJ Ille lIl' .\i :o'l'rillg" IJd()I'tJ luruillg 
Uliller. Hairr o r willte l' \ctt'li lllll' Ill' sl'cd{,d wi tll r\'c ur wiuter 
(Juts fu r eurly' ~prillg pa:O:luft' !l lltl p']o\\"l,d Ullllt'l' [(I I' (·tJ ;·Il . t'(11 hJll or 
othe r L' I'Ops . jl, is 11 l'U lIl l1lO11 prnvtil't_, ill the ~'Urll llc\1 10 ~ow {,lover 
with when!. oat:-: o r rye lind turn it ullder ill tIlt' fa ll o r thc fol~ 
iuwiJ1g sprillg for (:01'11 . ~wt'et l'lml'J' is c.\l'l'I It'll l fU f this purpose 
ill lI1HllY fot:<Jlitil"_; . Om.' to two Lo ll ~ of elrr JIllltcriHI hll\(' heen 
turned 11m!..'1' ill lime> for the ( 'Onl (·r op w iJiltlllt lI PjJl.Il'l'Ul injury. 
'rlteJ'e j~ danger. h OWCH'I'. from I'lowill,!! und('r It inrgl' OlilOllnt (If 
green JlIaterial tn he j'(,IIO\\"l'd by a nop of ('01'11. c'otlol1. or potut.Ol.'s.. 
l)u.I'illg the In~t fe w yCAr~ !:!OIl1l' l'OlllpJl't(' flliluJ'(':O: Jun l' rl'sult..:(l rrom 
thiF TJrad ic(". TbC' 1!l'l'cn r' rop tl lke:-: l,ut IlItlC'h of the ~1\' l li IH IJl c 
plant food und mo i ~tu r{' flnd mlly l('fl\'(' til(' Roil ~o dcf'iC'ient iII thp~e 

that the ('fOP whir·h follows Ilwy 11(' :-(' rj()lI ~ly illjured. Hc~i ilc~ . Ow 
ft' rmt'ntatioIt of the ,!!I'l'(,Il ma li' rinl IllII ," df1 \"{·loJ> heat that will drin' 
off fl(J l1l{' moisture and lcuy(' the ~oil :-:till rlric J'. although fhe large 
flmount of \Vnt_cr tlll'll('d l!llckr with the ~r-rceTl (·rop would tC IIO to 
i.'ompeusate fo r illly 10Ft in t.hi~ WBy. 

5. Catch and Cover Crops.- 'Jlany ti me:: i t i~ ad\'ontag-eous 
to UFle crops fo r :-:OIlW ~pe(·in l JlurpMc ill whidl 110 nUempt i~ ma de 
to grow them to maturity . Legumes. rye. nab:; or other crops. fin' 
80metiln cs SC\n1 011 land thnt j~ to li(_· j.]](' for II timc in orlh'r to use 
lhe a\'uilabJe llltrates an d pre\'cnt their ]":-;8 hy leaching. 1'hiR 
plan i-.; c~pecial].r uchisa1Jle on srulCl.Y f.:nil ~ , but. it ma.'- hc applied 
to other .oils to good adraJllage. Wheal on sandy lalld eould be 
immedi l1te1y followed hy cowpeas. whi('h not only con~crve the 
nitrates but add niiro)!en to tbe ,oil. \l'he"t "nd oatR 011 heavier 
~oiIs. suc·h as f: ilt and ('luv JoamB:. are ll ~lIl1JrV l'011ow(>(1 '~()O ll after 
hon'cst by n. crop of weedF: and g-rnp:r-; whi r'h' n('t n~ vcry cfnrient 
catch ('rops. "llel'f'~e r pO~j::ihl(' IC~'1.1mp;: f.:houl<l he grown after 
oats, wheat. or hnrl£'y ror this pl1rpo~(' l}('('au~c or thcir rlouhle value. 
Cowpeas. soyheans or clo\'er aTe somet ime:;: seeded in ('01'11 at the 
last C'ul ti"atiOll to he used a~ a ~oi l-irnpro\ring ('atch rrop. ~rhey 
mav 81.0 he seeded in the hill of earn without "eriolls detrimen t 
to the rom. Rape, ("o"horn hlrnips. or rye may be useo as catch 
crops. These may be pastured and thus acquire an add itional 
¥alue. 

The same crops may he used "" cover crops !n orchRrrls to 
hasten the matnri ty of wood or on hillsides to .pre7ent washing. 

6. Barnyard Manures.-Mauure is one of the most valuable 
11 
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hy-pl'udUL'b uf till' fur/II: huwc\"l'r, sulli<' icJlf mallure cannot he 
],I'uuu('l'd frll ill tlll' t ' J'lljl:-: gTU\\' 11 fill l Ite !'arm to Illailltlliu lilt> ;-.upply 
llf orgallil' Hlliiter. TIJil-i I." lim' t o till' JHt't tll .. 11 /I Itll'ge tllllOUllt of 

llll' o rgallil.: lJlaHer i:-- d('~tl'Oycd uuring tllL' JlI'O{,l':"'~ uf uigestiolJ . 

AI'l' rfJ. fjf! Digf'slil!ilily of Somc COlILflWII Feeds \ 
~~~~~ 

F.·~L111 Dn lII:oIl,'r DrJ Inulll'f r"I'uvered 
dl":~·II,.·d ill manure 

'W"1', '''-''/ prr ,-,.,,1 puU.",/8 pCT/lm 

PllSt.UI't' ~rfl.s~('s ... 71 ~'!' 5W 
(iG :14 GSO Hl'd ('lover, gn>('Il .. 

AJfalfil, gr(,('Il ..... . HT 33 000 
Mi ... ed IIHmdow h!l~' iiI ~fl i80 
Hed clover 11:1,'" fil 39 7SO 
Alf!dfn hny liO 40 800 
OllL straw 48 52 1040 
Wlwut !slr:l\\ 43 57 1140 
C<lrn ston-I" GO 4(] SOO 
Hilof'k (·orn .. 63 :.I i 740 
Corn-:wd·(_,oh melil . 79 21 420 
Coru CIlBibtg(' ,. f>4 36 720 
On,ts. 70 30 600 
Corn. 91 9 ISO 
Wheat bn;n. 61 39 780 

}' T'om t}1C flb(l\'(~ fahl e il if' seCI] that in I('('(liu~ ha.,' ahout -10 per 
L'('lIt of the Uf.!:nlllic' maltN. OJ' , .... nll ]1001111:-: per tOil (If Ilny :feu . j:-; 

rero"cred in the milflure. whil£' with pa.::fnrp g-l'a~":L'~ .Ill l1H','age of 
;t:.! per ('cnt. 01' tJ-!-t1 ponnd:=; per tOll. is TC'toH'fed, In til(' reeding of 
8t r8\\", s hoek (·orn or ('Y('ll ~'nsilagc. Uw animals lL~flH' n ('onsiderablL' 
Hmouut. :-0 thnt somcwhat more organi C' ll1nttcr i~ r(!c'o\'('rell than 
indicated by the fjgure~, 

rrhe amount and romposi tion of mannre produ(,cd hy different 
iwimuls ,'ury CJuite widely. Thc following tnhlc gi\'c:-: 1hr RmOUJlt: 

A17WUnt a1u1 l' alue (If Manure, Solid (lnd Ltiq'lL'i.d, Excr('lc(l by l'ario ,,;s Farm. 
Aninwls per 1(X}(J Pounds of L il){' W eight 

Animal 
Pounds: ~,'era.l!'(" 'Per t't'nl' I Pc-r C<'nl a r Y I 
per (by tollll per .,'ear solid liquid slue ------1-norse ". , , , ,. ,35-45 7,0 SO 20 SI9,88 

Co\\'"".,.,." , 70-SO 12,7 70 30 28.07 
Steer""", " .. ' 40-50 7,5 70 30 21.75 
Swine. . . . . . . . . . . 4{}-5Q i.3 60 I 40 25.48 
Rhccjl, 30-40 5.5 67 33 32,(]6 

In connection. with this, attention iE rniled to the next table, 
'which gives the compo3ition of tb·e mauure: 
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Cumposiliml uf Fresh ;\1 ulwrc 4 

~~===~ 

Awmnl 

llurse 

Cow 

Swine 

Sheep 

Escr(lnlclit 

ltt:rr"111 
i<tllid l)() 
Liquid :w 
l\lixed. 

Solid 70 
Liquid 30 
l\ i ix('d 

Solid GO 
Liquid 40 
1\jixcd 

Solid 07 
Liquid 3:~ 
Mixed 

Waler 

~o 
!Ii 
iJi 

(~) 
S.) 
(iX 

:"\itroKCli PhOliphorull Pot.ulium 

040 
I.(K) 
.liO 

.:15 
040 
,liD 

.75 
1.:15 
.U:i 

.11.) 
Tra('(' 

.07 

.2"l 

.05 
.Jb 

.2'2 

.{I'.l 

.15 

.08 
1.11 
.37 

.33 

.37 
.37 

.3i 
1.74 
.83 

~. Loss of Manure and its Prevention.-.\ bourcc of great 
lo:;s OC'CU I'S in the handling of llH1IJUJ'(' 01"1(.-'1' it is prouucccl. In too 
mauy (_·a~t·.s it i~ Idt jn the lot Of undcr the Cl:l\"(!S (If the barn 
or shed untiJ the orgDllic IllHLt-er is dC('(lcupo:,cd Ullll a lnrge amount 
of the fertility i:, carried away. III the pl'(J(·e;o:..~ of roLting there is 11 

Jarge 8mollut of orgulli{' matter 10:'1. rr o dcicrruinc the amount 
of loss the Outarjo Station pillcl'u Jour tOilS of mixed cow and 
horse lllnuure in eqUid 1l1l10tliJis iu a protecteu shed and a like 
nl110tlllt in an opell bin expo::,(,u_ to the weather. The four tons 
c:ontuincd 1038 pound.:; of organic maUer. rrhe losses arc gjvcn 
in tile ]]ext table. 

Loss of Organic .-n.fatLer and Fertility in the Rotting of Afanure ' 
----=-~ =-= 

Fresh 
AI the end of At the end of At the end 0 At the end of 
three monthll lIix mODtha nine month. ~:~~ 

~--------'-P-~--E-.·,-_- l-p-"'-_-;-I -E-'-_ pm- I Ex- Pro- J Ex- pro- I El-

~ ____ ~I _'._'_~_d_""""_i tcru.od posed tecW(1 poaed tertl..oO pulled tected
l 
poecd 

lxnmd, poundll 'POUrld, polmd, /)(JUnd, 

Weightormanme 8000 8000 2980 \:3903 2308 14124 2224 4189 2158 13838 
Weight or organic 1938 1938 1 880 791 803 652 700 I 648 770 607 

matter \ 
Lou In per ceot 

Organic matter .. 
Nitrogen ............ . .. . 
Phosphorus .. _ ......... . 
Potassium ... . ........ . 

.\ 55 160 \58\ G5 \60 · 17 29 19 30 23 
· Non~ 3.5 None 5.2 Non· 
· NOD,,! 16 2 21 2 

67 \60 \ 69 40 23 40 
5.7 1.7 7 

24 2 25 
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I I i'. ,"cry illll'Orlllllt lha l toe maJlurc should be handled in Fueh 
u. way us t.u lOti!! us Jittlt· 8:- Jh)s8iLlc. The he.st jJlan is tu scutter 
it Oil the laml !1e :,UvIl U~ pnlC:lil:aldc llfter it. ib produC:l·d. if the 
fertility i:o. IClu':ht,d uut t.hcll it goc:-: into the '30il, UliJ if thl! Illl1uurc 
l'l'('Ollll':" drr then· is u~~(,1l1iHlh' 110 JOS1\, The farm shouJLl he man

aged, ir p()~siIJle, ~o tlll'fe wouitl. alwnys he a. plHte to haul mru1ure. 
JI tid:, is IHII f(.'a.~illic ullJer the ... y ... t(_l lli foll oweU or if the lipIds be
l'Ollle loo wet to draw the 1ll<HlUl'C UpllJ) them . lhe pfU\lit.'lU or pre
\'i..:Jltmg 10:-:-; iJl'('ollle!' all iIlJpurtnnt 011(' , It i ~ wel l to n'IIlC'D11Jcr 
tha!. the g-n'u tc!':l i(ltoi't':- an.' dill! 10 fermenlULitllt aUlI Il-lI{·lring. 

(11) }/£'rIJII'lIfa(ioll.-Th c pro('(';-;~ oJ fl'r1l1l.'lll l.l li(J1l j .. ~ Jarg(' I~' rc
I'ij'OIl:-:ilJlt· fuJ' I()::::~ ()f lIitrog-ell lllld ol'~ani{· 1l1l1Uer, It is PI'lH'tiC'fllly 
inlJ)oi'l'iibh, tu )In'\ent it l:lItiJ'~'I.", hut it rihould ill' redul'{'d to 11 

mi.nimum. WI1<.'1I munur(!. parti\~ ularl.,: fromilOrsc:,; . if: thrown i_uio 
a pik li ~(lon hl')!illl'i TO h<'''lt. Thi~ inclil'fltes that h[l('rcI'ial U('liOll 

or fermelltation i~ Hlkillg pI8('c, Thp orfrHuir matter of the manure 
is hcillg (ll·{'ompo8l'd. f\l._\d nitrogen in the form or ammonia is given 
off. r('~ultillg ill huge loi'sc~. 111 l'onnection with ihi~ proeess) 
other orgnniSllls. may work. eu u;-:ing .. fire faug-iug;' r esulting jn 
n light. ]lowdery 1'01'111 of manuI'(' of little yalue. A PI'O(,CSR of 
fernWTlLlItiol1 t;lk('~ 1'1I.lec ill ('ow manure or ("Ompart 1ll1l1l1ll'eS that 
~s.ults ill rotting without so Jl1l1(·h loss. This is kl1o\\11 a.1.: plltre
f8ctioll nncl is dOL' to an!li!l'oLie buctcria ur those working wilhout 
o'\ygen. The IcrmClllntion may 11e hngel,r J)I'c,Tentrd by axclllding 
the nil'. si nc€' oxygen is l1cccs~ary for tlH' process. Tlli;,; lUll,\' he dOllC 

in two ways. fin-t hy i1llow;n~ stock 10 trample the mallurc. thus 
compactillg it so mu ch as to exclude the nil', and. secolld, keeping 
the mlllll1re "cry wet . 

(lJ) Leach-ing,-Tbc grcatt'si. 10s5 of manure is clue to lcachiug. 
n, it affecls nll eOIl.tituents and elements alike. The colored liquid 
draining from tbe manUTe hCllP carries Jarge amounts of ,'aJunble 
materittl 8W8.'- ill the drainage waleT'S. The Ohio Station found 
t.h.! Ill.nure from steers exposed for three mODths. January to 
April. decreased in plant food mIne per ton from $3.01 to $1 .85, or 
there WlUI a loss of $1.16. or 3R.(' per cent. The loss of organic 
nlutter WfiS fully 8S great. Leaching may be pre1'ented b.v keeping 
tllO manure in a shed t<> protect it. from the rain, If exposed, it 
should be kept in a concrete pit or tank to prevent loss by leaching 
and "el'Y wet to preyent heating. Horse lllaDure i. the Illost d.iffi
cult to keep because of its tendency to heat, owing to ira looseness 
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and thL' II'L't' Ul'L'l':-/" of a ir. \\'Ia'H' j,tl.:-.:-ildl' it ::-hllldd Ill' Illi~i.·d with 
l'U\\" IlHlIlUrl' to n~lldl'r it lllon' ('\l lul'a(t. 

I r 1111' Hnimu\:"- Hn' !11'ill~ t't'd ill H :,lil'd llr harn will'!'\' th~l lHflllUl'C 

may !Il~ left till it i~ ill.lu /,'d oul tlll'rt' wil! I,I' /( ..... III .... I!lnn in nlly 
(,th'cr WfiY. 1 f II ('('IlH'Jlt t10(lT i~ Il:"<l'ri tlH·n.· wi ll Ilf' IW l{,,..:-; b\ It'IIt'b
iLlg aUu tlJc tramping Di' sUJc:k \"ill cx(·llHlc tbe nil':;;o thut \'c'ry little 

Fw 81. 

FtG. St.-Bow doee this man handle manuTl:7 The IJllUml l1WIWCt the question. 
PtG. 82.-'\rhen tht' IIpTt:lldcr i~ filled the mtlnure ill huulud to th(! f.cld. In this WRy t ' Je r e 

iii \' ery liLlie II}!III . 

fermen tation wil l take place. Yarious experinl(wt stations have 
demonstr ated the higher YB Jue of manure ilJJd the JOW(:f Joss 'when 
kept in this way. Compare figures 81 and 82. 

(c) _·l bsoTbents.- Substances that act a. aLsoriL"nt, of ammonia 
and other constituents that l1'''ould be remored C1L(;iIy are sometimes 
mixed with the manure. Dry earth or dry peat ;"ay be used to 
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good lHhUlltUgC. l'll h.:i Ull1 :ml1'uLc, lumi pl1U5lC r, lllUY ue dusted 
(n cr the lI UHl u re . T he sulf uric aCI J llJlItcs with l li€ tlUllllOnill, 

f orlll iJIg-1l11lmoll ium ~u lffl tr, whil,h if". fPudilv !'olubJe. ('(lmmon ~fll t 
i:-: HJ T11I ' 1 ill lt·~ lJ~prl, lID! bot h it and Jand plaslt' f HT(' tu(.l ( · :\]J(, I I~in.' 
fu r gt'll L' nll 11:01(: ill vlc w of their sl ight cfICl:l. 

Ce rtai n ~ U f_t.~ Ulll(.'{_'S 11my be U3CU liS a IJ~(JrI)Cll t~ alld al:-:o fUT re
eldon'j l lt( the UlH l l u re . J f t he lIIaJlure i:; to be used 011 hllld de
ficieJl t in the elemellt pota~si u lll. ku iniL may he u~ed ro r LiJi~ pur-
1'U:'l' li nd \\iJ Cll tll(" m a lJ u r c i~ seatten:d O\'er the luud will ~u Pllly the 
I Il:cd(·d {·IL'IlIl'Ilt. l_-'jllely gruund roek pho~phatc !J I' Jiuut:, Ill ay he 
ll :,ed ti S IllJ lli teor "eli t llnd ti t lile ~Ull C t i m~ Sti pP'.\' the elemellt phos
Il ho r ll~ . ill wbi ch lll ust ~oild arC! defi(;ient . . A l the Oh io :--ib-ILioll the 
u\crugi.! aunua l i ll t'rea:sc fo r StalllllU llu re Rlld floats o\'l' r stal l mun ure 
ulotiC WHIS 7.;! bU6he15 of COT'II per acre, while the increase fo r yard 
lllllllu re treated o\er ullIl'f'at.ctl was GA uUl3-hels. The corresponding 
jll l' reuses fo r Will'ilt w('n' ·L I ;\I l(l :l..t bm:hcls per aerf'. 

The ll ext table shows tile ~ml(Hm t or loss f rom ll1Allure wi th 
abso rhcnt rci' llfor('cment e.x jxlsed fo r three months. T he expe r i~ 
ments were made at the Ohio Stati Oll. 

Composiliml oJ Steer .Mtlnure Aflt:r E:r.porurt' for Three M onths- P() tmdlf 
Per T01~ t 

------

Floats = Hoek 
phosphate 

Trea tment. I Organic I A h maILer 11 

Pounds nt beginning 349.00 120.20 
Pounds s.t end 310.74 98.95 
Per cent of loss 10.% 17.67 

Acid phosphate ~~~~~ ~: :~nning I gg~:~g 101.40 
85.88 

Per cent of loss 24.57 15.30 

Pounds at beginning j 369.00 107.40 
Kainit Pounds at end 291.50 83.6-1 

Per cent of loss 21.00 22.1 2 

Pounds at bc.~in ning 375.40 104.60 
Gypeum . Pounds at end 2G7.35 75.72 

Per cent of Ins.'5 28.78 27.6 1 

Pounds at bc.cinnj n't 416.00 79.20 
Untreated Pounds at end 2!i4.79 65.68 

Per cent of 10ss 38.75 17.07 

r-:it ro- f l'hol - I' Pot SI
, en I phoru!! aiU Dl 

10.70 8.60 I 7.38 
7.46 7.57 3.52 

30.38 1 L 97 52.30 

9.86 5.70 6.88 
7. 18 4.79 2.99 

27.18 15.96 56.<'4 

9.76 2.88 10.70 
6.68 2.48 4.98 

31.56 13.89 53.46 

9.68 2.76 1 7.88 
7.94 I 2.66 2.56 

17.97 I 3.63 67.42 

10.30 3.24 8.14 
7.18 2.47 3.3'; 

30.29 I 23.76 58.84 

The "B lue of ma.n ure in 8 soil depend.s upon three things : 
fir.t. the beneficial nhy.ica 1 effect p'roduced ; second, the plan t f;"'d 
supplied, an d, th ird, the stimulus given to bacterial activity. Its 
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real ,olue to the farmer call l;c detcrmilJct1 uul), hy the money 
fl' turll~ l'ctUTcd from iIlcfcast'd yitdd:;. This dCjJ(!IHlti upon ~\'erul 
fHl'iOJ":-: tlip soil ilsclf. th{, no}) p-roW'Jl. till' pri{'C rCl'ciyed for the 
CIuJl. the rute of npplieatioJl alld the {'o~t of lIlt.' JUIlIlUfP. 

_\5 a gtllcrai rule till .. ' hl'11l'f the ~uil tlll' ll':-:~ IH'(,(] ilu.:'rc is (or 
JlIi.1I1un..' Hilt! tltL' slllallPr the- n·tUrIl~ per Ion froOl it~ U!-IC. The 
!,von'f the- !'oiJ the g-rC'ui('r tllp Ill'ed alld the' i<lrg-('r t.llt, rclurnR. 
FnJ'lIll'f:- n'(_'op"Ilizc {[lis 1'11(.'1 und us-nally lIppl.r IllI1I1urc 10 the poorer 
pIfH'('~ 011 1 hei r farm::' . 

. \ 11 ('fOP:, do !lot rC'l'po llll t'qunl1y w('11 tn J1llllltlr('. It:-: \'l1lu(' 
may 11(' illc'rea:;('rl hy applyill,!! to HlP right ('fOp. T imothy. ('om 
aIllJ wheat usually gi"e goou returns from appiicutions of Illau urc, 

FJo. &1.-Manl.lre epreaaer in lu·t ion._ T be mSlll.lre ill torn .!IJ?20Tt .90 &II to be 8c.tI",red l.Ini-
ronnly. (.1. C. BClWBr.J, Cir. 49 Purdue:. ::itfl.t.ion.) 

yet corn may be a complete fa ilure after manure. This is not 
usunlly the fault of the manUl"e, uut of lhe amowlt applied and 
subsequent management. ::ltrawy manure plowed under late in 
the spring without eliskiug is ver'y likely to iujure corn because of 
the effect on moisture movement. 

The common impression is lhat heavy applications of manu.re 
are most profitable. The greatest pTofit per ton of manure is ob-

- tained from light applicat ions when well distTibuted. Thi·. may 
he.t be accompl i.hed with thp manure spreader. At tIle Obio Sta
tion at Wooster fi n (I\-erage of twenty years shoWG~ a "alue of $3.48 
per ton wheTe four ton . of manure were applied, $2.70 with 8 tons 
and $2.24 with J 6 tons per acre. 
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The following table gives data from Purdue Statioll and iUus
hales the "alue of ilifTeren! alJ10un!:s; 

Average Value of incremc for Mn l1:UTe Pl-'T Crop and Per ron for Twenly·thrte 
rears, 1890-191 '2 1 • 

H!)ta~ioos I 
A \-cra.ge nmount in \ 'ltlue of WCTCa.se tons pet rotatiou 

Com. 
I heu"JJ L liyllL he/nil III/lit 

I 
14.2. 8.S $3.11 $3.78 

Oats .. ... 4.78 4.03 
Whent .. 5.83 4.52 
Clo\'er .... . ....... . 4.91 3.90 
A vcrugc per ton of nlltnurc 

I 9.i 
1.31 1.84 

Corn ... I 
15.(){) 8.55 6.68 

Oa.ts., . . ·1 4.H8 4.28 
Wheat ... . 7.33 5.53 
Average per 't~~' ~f '[;l~;l~r~~ : : 1.39 1.81 
Corn .... 1O.\l4 6.72 8.16 6.81 
Wheat .............. .. . ... .. 11.45 9.83 
Average per tOll of manure . .. . n:i;i '3'.81' 

1.79 2.40 
Corn (;011tinuously . .. . ....... 6.79 6.38 
A vcrage per ton of ImmUTe .. . 1.02 1.67 
Wheat cont.inuously . ...... 4.35 2.72 6.17 5.25 
A \refuge per tOil of manure . .. .. _ .. . 1.42 1.93 
Aver1l£E: pet ton of manure (or :ill 1.39 1.93 

cxpe.runents 

(d) Meth ods of App7ying MUllure.-Fol' !Ill appli cation of 
mannre to he mosi etredive i t should be evellly di,tl'iblltcu and 
theu lllOl't)ugllly llli~,cd with the soil. It is very Jiificuil to accom
plish lhe first by hallJ Epreading. There will almost cerbli nly be 
larg\: chunks of ma.nure alternating with baTe spots. The lUanure 
spreader (Fig. 83) i~ iudi spensible for this purpose. It tears the 
manure to picers. scatters it evenly and permits of smaller applica
tions. The same a.mount of"manure co'fers a larger area and , as 
"""n from the above table. gi"es it a higher value pel' ton. The 
mixing of the lllallllre with the soil lllay be re"dil.I' accomplished 
by the disk. 1'his is ]lot so important unless a crop is to follow 
soon, ns in the case of spring plowing for COTl) or SUll1mer plowing 
for wlleat. It is especially desirable for coarse manures which when 
plowed uuder interfere witb capillary movement. 

The manure should be applied as soon a'O possible after being 
produced. since there is less loss when in or on the soil t hau if left 
in the lot. or even the shed (Fig. (2). Some farmers prefer well 
rotted manure, blli there is too much loss in the TJTocess of dI'C • .y to 
8UOW this to go on in any other place than in tbe soil. Weight fo r 
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weight, well rotted mallure may he more raluable tban fresh 
manure, but the loss of fertility aud orgauic matter involved in the 
process more thau overuaJ"nce. the bellefits. The character of the 
>oUed manure will depend upon the couditiolls uudel' which the 
decay took place. There is ])0 question bUl that twenty tons of 
fresh manure applied to soii ,,~ill produce grcat('r increase thun 
ihe same weight of manure would uftel' it is well rotted. lu many 
('ases it is 110t P""ctical to apply manure a' rupirll)' a. produced. 
}"'nnl1(!r~ or the corn IJelt houl out the manure in !'ummer and 
carly f;pring. ~rJl3t t.aken out in ~ununer is u~nnlly phw('(l on ILLnd 
io he Sall plowed. This is wi thout. dOll!>i H I"oocl prHeticr. The 
manure becomes dec.yed H,flicienll), Ily spring so that it will not 

FIG. 84.-.4..0 cXP(!o.!tive aiid IVtlswfllJ 1I'/lY (Jf ha.rldling manure on the 'arm. Do Dot put 
it in IJiles . (Deere 41 Co.) 

inlerfere with moisture morement. The fall al1d winter loss i. 
ar·oided. 

Coarse manure is best applied in t.he fall , hut if the applica
t ion is made in spring it should be "er), light. Hear." 'pring applj
cat.ions may rum the rrop, especial ly corn. In the dry suilllner of 
19B corn on Some fields that h •. d received heavy applications of 
manure before being plowed in the spring produced no grain 
whatever. 

lIfallure is sometimes piled in the field in small heaps and later 
scattered with the fork. Th., is not only an expensive but a 
wasteful process. 1f uch of the fertility is leached into the soil 
heneath the heaps and a large amount of manure is left at these 
spots in spreading (Fig. 84). 'f he result_is a great many very 
rich spoto upon whjch small grain lodges oadly and is frequently 
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lost. 'j'JICSC RJIOlS arc cilill yj!;ilJie iu uat~ alter ij years UII a. 1"81'111 

jll UJC \·jt·iJJilY or lile l )1ti\' cr~i ty of llliuois . 
.s. Organic Residues of tlJe hrnn are 01 two kiwls. t1w~ that 

forlll 110 P,I n of tht' l'I'OJl. as wect1:-, UIIO Lho~c t.lntt ilrc part of t.he 
('rop 01' hUl'\'c!o;ted witb the crop. 8ud\ a~ ('orn ~tnlks. ~lr;\w Rnd 
,Ii/U!I!/Il', 11t'fefofol'(' it h(l~ heel1 hrlicycrl lJX Zl1;lny f~}rmert:- th;lt 
JllO:-:t ('J'{'P n,~jt1Ut'~ hilY£! Jittl(1 or 110 ynJlJc and the ensie;~t W'ly of 
dispo~ing of Ull'm waf.: the be;:.;!: (·on~ccJlH.!lIUy mud, matcl'inl W3:-' 
hUrl1l'tJ allu ihe prat'iil'c has by 110 mCflIlf:. r-caFea. Jt is e~timatcd 

FICl . S':;.-BUToi ng corn stalkll-tn nddhiOIl to the or~lInic 1l1lH.Ler destroyed. in burniug t.he 
ifwlkll .rome organic lIlatleT in J!w 1'1011 i.ll bl.lrm;:-d. 

that in Lhe western part of tue enited States ilie straw from 20,000,
uno to 30,000.000 acres of grain is hurued el'ery year, while in the 
torll belt the practice of burnillg stalks is ,ti ll somewhat preralent in 
('crbTin Bl.:!ctiollS (Fig. 8.3) . This enormous waste 01 organlC mat
teT alia nitrogen is to be regretted very lUnch. Crop residues of 
all kiuds blll'C /SI'e"t ,'allle, Chemists tell us that straw has" 
manurial value oC !f;2 to $~ per tall , over half of which is due to 
the plant food which it contains. "'hile the rest is due to tl,e phy.if'l11 
etiect upon tl,e soil. ("orn .t>ilks.contain 16 pouml, of nitl'O~en per 
(tn, alld even after exposure during the winter the amount is re-
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uu(:t!u (July Auout 1 y:! POUDUS, so llmt the huruillg or <:ul"I.l stalks 
reeull~ ill a loss u1 l-!~:.! pOUIlJ~ of nitrogen per lOll, which at 1.) 

cents" jJOllllU \luulJ ""IOUllt tv $~.J7. 'J'lier~ is liltle Juuot Imt 
thai lhe \"aJue 01 Ule corn stalks j'~)r lmpro\'illg the Ullh wuuld be 
('qua.l to oIlL,-halt' of tbe nline uf the nitrogen, ::'0 thut for turnin g 
back illlO tbe soil the wrll stalks arc wortll full} $;1 pcr tou. The 
\'nlue of residuc~ iti showll ill the yields ~cl.'l.l\'(I(1 where they have 
-been returned to the ~oil for a numher (If '·t'Hl'.~. 

One of tllC most nduable l'rop l'c$id~JCs is th~t from )cgumcs. 
which are frequently gl'llWU for th~ f:.ccu. UIH.! the sira ,,,' Teturneu 
tu the Euil. It furnislll:::; \JrguIli<.: lllUUcr in iti:i mo~t adi\'e form. 
Tid, ill uitrogen . aud its rapid dceuUll'o,sil.jon m.akes it. one 01' ihe 
ue:-:t tlllJelldmcllts for soils in baJ pil_rsiclli coudi tiQn. 

On the experiment field at BloolUingtoll, llli'lloi ::;, where crop 
re,iuues ],ad Lccll turned Ull(Jer for fire yearE, ihe yield of wheal 
for 1911 was increased~.-1 bushels orer tlH,t where t.he crop rcsid u('; 
had lle~n remored, a.nd til ] V12 t.he .rlela of COTIL was inCtCaRed ~.9 
bushel> alld in 19]3,5.9 Lu,hels. ,\ t. the cxperimcllt.lielcl at Du Btli;, 
Illinois: crop residues turned uuc1('r ga\'i,~ an increase of $19 .28 '" 
for twelrc crops, or $1 .61 per acre annually, while with phos
phorus applied the increase for residues was iHO for the t.welve 
crops, or $3.33 per acre. 

The turniIlg under of crop re~idues on the grn in farm in the 
eorll belt is yery essential, since it is the only mean s the grain 
farmer has of maintaining the organic matter . II he makes use of 
residues and an occasiona l crop of dorer he hils e"eJl a better 
chance of maintaining the organic matter than the sto<:k farmer 
who loses so mucb organic ma.tter during the l)i"ocess of fcedin~. 
(See the table page 162.) 

9. Growing Non-Tilled Crops.-Tillage increases oxidation of 
orgalliC' matter b~' bl'il)ging about [ayorahle conditions of moisture 
alld aeration. The compact condjtion of the soil where non-tilled 
crop.; are grown retards decomposition of organic matter l henc:e 
the henefit of such crops as wheat, oats, rye. barley and gr"eses. 

10. Rotation of Crops.-Rotation permits the growing of tilled, 
Don-hlled and soil-renovat.ing crops. Farmers should plan their 
rotations with the thought of soil maintenance. This is funda
mental. The length of the rotation and crops selected 'sbonld he 
adapted to t1,. soil and to the .vstero of fanning. On soils well 

*The pr ice of COTn Wll~ fi ,[!'U Ted a£ 3!'i ('ent~ per· hllshel. oa.ts at 30 cents. 
wheat nt 70 eenb;, Clo\'t'TlIeed at $() ll nd soyheans at $ 1 T)f> r hUf!lhe1. 
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slIp]Jiil'J with organir' walter the rUlation !o: hould be quite dif-rerent 
from 1 hal. 011 ,Io:uil ... dcti<:il'llL ill dd.:: t:Ull,..: ritu(..'llt. 111 tIw fUI' llJ €l' 

('ilfo:l' nllH,h of 11 1t._' I'l:~idul':- Ill il!ht lit, ~(jJu (Will till' farlll. whik in 
Ill\' la lli'J' H)ll{ 'j, IIH.'lar,1!I'r p:I1'1 ~h(luJd bl'rrtul'nctl 10 the :'{Iij_ Puc 
e,~ i'\ cll tial of a nllntiull (clr :,oi! impr(l\'l' llH:'nt j ... III l\:':l:-t Olll' l~.g-\llIlC 

(· ro]) durin)! llw ('y[ ·1e. :--; ()i iR ddi(·jt'llt in otp-l1ni(' lllfittn :-hould 
hr,n' a l!l(ll'(' f rN[U('1J1 n'('urrrll('(' (lj' thi ... ('rop . as t!t(~ nil tH' (If the 
rotatioT! il l imp l'nvillg- ill(' ~(Jil (h'l'l'lH1F pJ'1m;-nil.\' on Ow \l~e 01' it. 
'] 'h(· Jpf[ IIllHl , .. hfmlfl ht' i Or1l('d hfl!'k int(l the ,..:oil \rhf'llf>rf'f p()~.:.:i" l (' . 

1 1' il i~ n'Il1()\'(,d anJ lI(lj-hin!! Trtll l'lH·(l 111 i t~ fll~('(> W'1'," little Of 

nothillg is hailJcd Jar pcrm:llH.mi ::toiJ impl'o\'crueJJI aJH1ll1Ilintcn,111C'e. 
r 

Pia, Sfi.-Addinp orgfJllil' matter to tbe soil jn t.be .form of Bweet ohwllr, 

Clorer {llld ('OWpea3 {lrc ('{)mmonJy growll. The best olle to gro '" 
on the grail] [arm is tha t which pro\'iucs tllc htrgest amoullt of 
material to turn uu der. )Iedium red clo"er is most common in the 
northern states, but. alsike or sweet cIoeer is better adaptell to 
.somewhat poorJ:y drRil1Nl ~oils, ~rammoth or English and s\\""eet 
CIOI"<'f prooably furnish the largest amouIlt of mnteTinl to plow 
under. and bolh plants "ill furnish a faiT erop of seed, upon which 
the farmer must depend for his immediate returns. It requires 
the very best conditions for red do"er to prodllce three t ons per 
acre for hoth crops. which is at least one ton abo,. the average. 
Sweet clover is all cxeel1ent leg-ume fOT soil improvement because of 
its large gr~vth (Fig. 86) and deep rooting characteristics. 
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The following t.able gh·e:::. the amouut tbat hfl~ been produ{'l·d 
during the two yea rs' growth: 

lrwesligalion oj SUNeJ, Clover (Meli1<>tw alba)' 

' DCE
Lb 

Dry llitl.ttc

l

,r l>e r nero I NitrQK\lll l:ler acre 

I ti tlC ca) l~ou nds I~r ~~:It Poundll I:,rt~~'~ 
---------------------f------

_ , _ .. , _ 10367 81 197 86 

Part:! of p!ant 

Tot.:-LI tops. 

TOLaI snrhu .. '(' roots . 
Subsurfnce root~ . .. 

TQta.1 roo1..<; ... 

T otul fops JU)d 1'oot8 

o to 7 
7 to 20 

o to 20 

ISIJ<J 
(;01 

2410 

12i77 

14 

19 

100 

22 
~ 

31 

228 

10 
4 

14 

100 

l'roll1 the nbol'e lal,le iL will ue seen (bal (he sweeL rlover pro
duced GA tOllS of total dl'\' matter, Of jhi~ 1.2 ton, came from 
the roots, The total weig'ht of sweet clover from " single year's 
growth in the dry season of 19B on black clny loam wus ;.4 tons 
per 8 ('1'e. 

QUESTIONS 
1. Would it be advisable to purchase manure for ordinary erops! 
:!. Wnat is the first reqllirerocllt in Illaintaining organic matter! 
3. Whv is it HRcessar'\'" to add limestone? 
4, "~hat is the cost of ma.intaining it? 
5. What l !\ the effec·t of phoRphorm. on ~rowth of clo\'{'rs! 
0, 'Vhn.t advant.age dOC' IS th~ livestock farmer have Q\'t'r tilt· gntin farm er! 
7, How much org'klllie' IlInt.ter i8 lo!\t in the pro(:ess of digestion of pa,Btllrc 

grasses? Of alfflJJll ! 
8. IDJat is the remedy for" sod hound" pal"turrs! 
9. ,rhy is pasturing often of little henefit to soils? 

10. 'Yhat painO; should }X' ('''Oll siderc!C1 in se lecting a crop for gn'Cll manure? 
11. Gh-e. dange r to crop arising from grcI'n manure turned under itl aprillg. 
12, 'What nre catch crops? For whut used ? 
13, Explain under what ~onditions w('e().s ma~~ have ijOI1l(,! vlllu~. 
l4. What is tbe use of CO\'er crops 1 
HI. in pasturing Ted eloHr what per cent of the organi c. matter is \O!:lt? 
16. Wbatproportion of the corn fed is recovered in the maJlUre! 
17. If a farmer keeps ]0 horses ayeragin~ 1400 pounds each, !) cows of 

800 pounds a.nd }O hogs of 100 pounds each, what hs tllt value of the 
manure produced in n. ;rear ' 

l B. What are tbe (jources of Joss of ma7mre? 
] 9. Ohoe the e.'\;"IJeriroent conducted by the Ontario Station. 
20. 'Thy is there no loss from dry manure? 
21. '''llat is" fire fa,nging"1 
22'. What is putrefac.tion t 
23. How may fermentation b<! prevented 1 ~ 
24. Wliat parts of manur~ I\re a.ffeCted by fermentation1 
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~5. \fJaIL lmJ'ljOJl ~ 111'1' Jlfrfld..f'd IJY )cn chiJJg~ 
2U. \nlllt IntI'! dL·l.t.'rlnillt..oQ it! /'t.·gun1 1..0 Joss front manure by the Ohio 

,"' ta.lum'! 
:!7. \ \ 'hut i:; tile I,efl t wuy t.o kL·(·p 11llUiUrC to prt'Veut I OI:!::;~ 
tHo \\ 'IUI1. art' ahl:\urhl'nt:"t .\'UIII(> l'Ollle . 

:!!t, " 'hltl are the U::;I.::;' of tl'i:niol'cing lIlat<'rinl ~? 
:W. L' I'OII wiLat. dul'~ the \allll' of maUt\l't_> dl'llCnd ~ 
:n. ]I uw mllY it~ relll nlha' l,l' dl'LerllJilU'd ~ l ' poll what doc,.; thi:; dcpI' IHl'! 
:12. On whn,t kilJ d of soil shou ld JllllUIHC he ILppbed ! 
;~ ;~. \nUlL l'r"I',; rl''';jJDlld 1'('1'!t to nUlIIure'! 
;H. WJ,u t /ll1lC1l1llt,8 of fmlilurt" un' ill''':i, LV H.I'I'I.\":' 
:15. (~in' tilt' rc"ul( ,;; ulttlliu("'(i 11\' Ule j 'urdw' StliLiou. 
36. \nLll t an' till' 1\{lrallt~lgcs' to 1Jt! g:li ll cd hy tit,· USI.' uf tilt, In<lILUrC 

sPI'I'lItit'r '! 
:li', \"hfll i l'l tilt' \'1I1 11P of ('orn r;tnlkl'i and ,-;trllw '! 
38. \\' liat iIltTl'aSt'fi; ILil\'C \1('l'l1 obtaiTlI'(l 11,\' tit!' \hi(" oi ('1'01' rc~iJ.uco ~ 
;~!I. \YhaL is the I\tl\,;lIlb~,!.!f' of ,I...'To\\'illj! nUII · tilled ITOp~ ~ 
..to. \\' hal i=- PSI'lf' lltil\i ill 1\ rntatl nn fol' ,,:oil imprOH'Ull'llt ~ 

-IJ. How Sil tlllJd the )eJ!ullIf' !Ie JlUlli ltged'! 

42. "'hidt J (,~'1HJlC_>fO, R.n' Iwst for soil illtl'ro\'('mt.'1lt ? 
43. \\'hat ,,"tI !'. tIL(· totld flllwunt (If or;,!a rli t' matter pro(/w.'('(i 11.\' tt ~illglc 

ElL'u.:sou·s growth of i5wl\et clo\'t'f! 
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PHYSICAL PROPE RTIES OF SOILS 

1. Real or Absolute Specific Gravity.-Tlw ren\ "po(·iOc 
gra\'it,r of soil::: nHie~ \I'ith Jill' killd a!1d ~lIl1()lIl1t of lIIilll'flilfl. i'OI11-

po~ing them i"uill the Hmount of (lrganic' Illnl1et prt""rlll. rJ'he 
F'I){'(' ifi(' gr~l\'it.r (If ~OIllC of the 1ll0f'(' importllld mill('ntl~ in l:I(Jils is 
giyelJ ill the following table: 

Quartz . ... 
Albite .. 
Orthoclase . . 
Oligoclase .. 
L.lbrlldorite. 
Allorthiie . . 
Dolomite .. . 
Limonite .... . 
Magnetite .. . . 
Zcoliks ... . 

Spccijie Orcu.itlJ of Soil-Fonnirtg .11 incrrL~ 

2.G5 
2.61 
2.00 

: I 2.60 
2.1>8 
2.72 
2.85 

3.6 to 4.0 
.1 .5.0 to 5.1 

2.25 

Kaolinite .. . 
I Amphibule .. . 

I Pyroxcnp . . 
Musc·o .... it(.! . 

I Biotite .. . 

I
I C~lh:jte .. 

Crpswn . 
H~nflti,e . . 

I Epidote .. . 

i 

2.50 
2.9 to 3.4 
a.2 to 3.5 
2.7 to a.o 

j'};' to ~~~O 
2.a3 

4.5 to b.a 
:1.25 to :l.S 

Orgaujc mllU(.'l' is the )ightc:.:t ~ojJ rOllFtituCJJt. its ,"pc('ifie grunty 
being 1.~ to l.a, The specific gruyity or the 8urfHcc ~oi l of brown 
~jlt Joum, tl,e commOn prairie ~oil 01' the ('OTlI helt. i . ..: .i!,G2. of gnlY, 
,'ellow gra)'. or yellow . ilt loam 2.(;5, while of "lack rlu), loam it 
iF 2.57. 

2. Apparent Specific Gravity.-The real ~pc(·ific g1'l1\'ity is of 
\'('ry )jttlc illJportHJJr'C jJJ rompal"i!-'on with thr nppilrcnt spcf·ific 
gnwity . \\-hi('h is the ratio uetween the weight of n twit \'(,}ume 
of wHtcr-fTCc F-oj] RJld the snme yuJume or water, 'fhe rxprC'!3',:;ioll, 
\'olullle weight, is somet.imes applied to this ~llid repre:;:enls the 
weight of a, llllit -volume 01 :;:oi1. The appareJlt specific grnyity is 
llUruerically smaller thall the real specific warity hecause, ill the 
latter, the pore ',pace is eliminated. The apparent specifi c gravity 
<aries directly as the kind and amount of mincral~ and the com
pactness, and' iJ1YcTsely 3!' the amOtU1t or organiC' matter present 
and the porosity of the soil. It i. olJtained by cli\'irling the weight 
of a certain volume of soil by the wei,!(ht.of the same volume ot 
witter, or, what " monnts to the same thing, the weight of the soil 
in grams by the volume of the soil in rubic relltimetcrs. 

175 
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lIm1er dilrcnmt S.r~jl' J/J:-: uf jillngc of the ~HIJlt' ~oiJ type, the 
UpplU'cut specific gra\'ity is uu approximate measure of the tilth 
ur the suil whell dclcl'll\i Iwd unJt:r Jield (;onditjuH:5. 111 order tv 
do thi8 take a tube wiih a (!uttiug C!dgc and lOl'{'e it into the soil 
Lo (J. (,(.'l'laiIJ depth mark ed OJ) till' tulll", thus ~ecurjn~ tl defil1iie 
\'ulullle of the so_il. Dry, weigh, alld compare with an equal volume 
or wuter, ur) in other words, determilJe its apparent sj)c<·ific- gra\"ity. 
The ~oil hUYing the lowest apparent Sl)('cific gradty if: iJl \)(,j.:t tilth. 
As all illustration, the Ilpparellt speeiJie gravity oj' hrO\rn si lt loam 
from a hea,-ily croppeil field was L;lG. while that of !l wel l treated 
field was ).10, iudi('ntillg thai the 1atter was in muc·h hl'tWt tilth 
than the former. The appHl'enl spcC:ifie grayil-y of soils raries Irom 
1.7, thut of salld, 10 0.5, that. of peat. 

3. Weight of the SoiL- 'I'he ,,-eight of an." quantity of Foil 
may be determined hy multiplying the weight ot an equal volume 
of waler Ly the apparent ~l'cr'ifi{' grnyily of lhe soil. A cuhi c foot 
of 'Soi l \taTie~ from lOG poulJds to 31 pOlllJ(l~ per cubi(' foot, the 
fanner being Jojilnd, HIe ]i1Her P('<1t. Knowing- the weight of an 
acre-inch of water (0 be 226_000 pounds, it is easy to ohtain the 
\H"ight of an acre-inch or UIIS numbcr of acrc-inches of soil. (See 
the tahle page 120 for weight of soil strata_) 

4. Color of Soils.-'l'he c~lor of soils is one of the most notice
aule or ~tT"iking c-haracteristics Ulld alway:; appeals to praC'tical 
farmers as one 01 the hest mealJS for indicating so il differences. 
Its import.ance ill rstimutillg the character of the soil must depend 
upon the materilll producing it. Color is due almost entirely to 
{he presence of two substances, organic matter and iron in some 
fonn _ 

The cO] D.r jmpnrted by organir matter yat-jC$ with the amount 
pre<ent. the stage of it, humification, the moisture content of the 
soil, and the amount of limestone pre~cnt. 'rhc color imparted 
\'ories from hlack thrOllgh hrown to gra~~ . rrhe least decomposed 
imparts a brownish color, wbile the organic matter that is thor
OUgTl l_V humilied give3 a very dark brown Or black color to the soiL 

The presence of limestone impaTts n darker ('olor to the organic 
matter and hence to the soil. It i:urlher aids by preventing the 
lear.hing out of the black llUnllls by forming insoluble compounds 
with it. Soils fairlv well drained but deficient in limestone are 
usnallv I igltt in colo;. The Acid of soils bleaches the organic matter 
so th~t its effect in coloring soils is not so striking -as in those 
containing_limestone. In areas of acid soils, tbe presence of lime-
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stoue outcrops arC iudicut('d Ly ..lurk 1-loils. ('otrl~'y I sp('nks of beill~ 
Il.hle to tru('c nil outl'n1ppilLg iillll':.:t(IIIC ~tndlllll h .... the (htrk ('''\01' 
of the soil, cUlt! the ,-iUUIt' lhing lll.l~ hC{'1l (Jb."{' I'H'U ill tilt' S{)UUW r ll 

part of IJlilloi~ jn the flc:id :O:llil~ nC thai rl'~i(JIL "I ll ~tli l ~ of arid 
rC'giollS linH.!~tone is freCjuently ~o HhuntlalLt a~ 10 irl.lpart It light 
color. 

lron oxitles giY(~ yarious C"olorr; to Ow ':"0[1, dt'])(,IHlillg' upon the 
de~r('c oJ oxidHtjon. Ferric· o"\itlr ( Fe:,:O;\) impnris Ii hright rmld ish 
cO/Ol'. ])ue to the preSCIH'l! of ihis ox-ide, mallY of ih{_> suhsoils of' the 
Piedmolll Plateau arc d(l(·idc-c11v T~ll in ('0 \ 01' . The h\'(lraicd fl' rri c 
oxide (2Pe,O" .:lH ) I imp"rl; ~ dull , 'cllmri,11 (·"1,, ,. I~ the suil. hut 
js ',;:olTleiimcs mixed with the unll,rdrous ferric oxidc~ ~i\' illg f\ red
dish yellow or ,rclJuwi;.,;lJ J't'rJ ('o}(' J". (It.'pending llpon whi{'h preuomi 
llnte~. In some CHSCS1 dcoxillation has oC'('urred through the eO'cct 
or organic acill~) or !o;Oln.e other agel\cy. and the higher ()xi(lcs of 
iron hlH'C been T('dtH_·~d to the }(I\VCl' form. trhis gi,,-es fl !'luioh. 
gra)'i.h or drab eolor to the soil. This is e;p",·i.d ly true in acid 
.';(liJs, in poorl) urnillecl ones, antl il.l EOllh.-:ojl~ '-'clieaUl peat, peaty 
loam or muck. In the latter ea'au the irOll has heen deoxidized f.!n 
rOJD)Jletely that Ilw soil usuany 1'r,·"""l" B III.iformly light drub 
color, The Illo~t striking effect 0.1' dcoxidcltion i;.; ~(!en in the acid 
soils where drainage is illtcrccpted lIy au impel'\'llJus clay strahm!. 
The iron is so c-ompletely deoxidized lhat the subsurface stratum 
is frequently white. 

son constjtuents themselves in some cases may impart color 
Lo the 'BOit. a8 where ail abWldance of qunrb; saud is found, giV'ing 
tbe soil a grayi:.:h or whilisll cast, :::;omctime~ mi~a is 8uflicielltl y 
nbundnnt to produce 8 g)itterjng 11ppecJI'UIJ{'C ;1) the 1!;oiJ. ]11 SOl}J e 

parts of the Piedmont Plnteau the mica formerly exisled in granitic 
rocks i11 la.rge rr'y~hls hom one-hal!' lo one alld one-haH inches in 
diameter. ,nen the roek dec-omposcd, the mica remained liS large 
flakes, giving the soil a glittering .ppeaIlU1ce. 'rhe co lor of soils 
may undergo some chang-e. usually due to the loss ot organi c m>ttter 
througll cropping, hut mostly becaucoe of erosiol1, producing yel
lowish brown Or yellow color. 

5. Odor of S·oils.- As a general mle soils possess It distinct but 
feeble odor, due to It very small amount of an OTl(aniC compound of 
the aromatic family and analogous to that of the camphorat.ed 
bodies. A "ery minute quantity is present, til!,re being only 11 few 
millionths' of • per cent. 

12 
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(i. Number of Particles .-FnJlIJ UIl' wOl'k lJl'Cl'eding, especjally 
!lIe I"ulvt':i gi\ iug till' dill'e/'l'lll grade,:; uf :-:I,)il IlHlieri<11, it \\' lIJ be 
,"'L'im Uwt lWJlJj' .~,)jJ p .. :lrlidt, .... ,'In' (.,.,11'1..'1I11.3J.r ,"mull, ilild tilt· lIWl/) ,Cl" 

of thc~c ill n t'Pl'lain \uli.lllu' 01' w\.'ight ur :,()it i~ \'~ I'.'" g"l'i.!<lt. [r the 
Inrf!('~t p:lrti,·J('~ (II' (. l;[y. (1,011) f1!illi!l! ('! (' l' in diHWBtCf', \\"(.'ft ' ::ipileri(_·til 
and (·(luJd bc arl'RII,!.!'f'll ill ('oll1l11ll<1r fonn jll a r-ubj('i11 hox (lUc il)vh 
CIl(·h W3.\-, it woul d ('onl,lin !."i .(;'!:I,()O(J.(I( J(I,()(l() parliele5. The tlll

ff'rmi!llliinn of tilf' !l!lIlJll['r Ilf pirriif'}ps in a c1efinite weig-ht of ~oil 
('an he mad(' 11." f1iridillg HlP w('i~hl of soil h.\~ the w('i .~ht of a 
f.:i llglc u\'cru::cptiized ptlrti(·le. [If; g,i"Cll in th l , folluwing formula: 

N _ Wpjght of Mil (gr/llD~) 
- W...:i~t (lTtl :siugie pa.rticlc 

Weight of ODe particlp =:l~,, 1)8 X Rp. gr. 

N = the Dwnbcr of fJ~rtieJe!'j , D = tIle mean diameter IJf the soil particle 
iff ceut in l(.'lers ltud K -;-1)3 = the volume of a sphere. The .spcc.:ific gmvit)' 
taken is 2.65. 

rr hi,-::. of ('ou,. ... ('. '1...:~unIL·8 tlwt thL\ soil ]lllrlich':_< are spllel'f.'~ aUl] 
Hl'(.' all redul"l·(l to the ;j\·{.'!·age di.lml.'{('I'. Til t' following hlhlf' gl\'es 
{he IlUtl"lhcr of soil p;uti('lcs pCI' [!nlnl of suil : 

Number of Partida; and I nternal Surface of Soil SCjJarales 

llu reuu of soilll groul)tI 

SQil Fl(; pnrtHCB Diameter, rum. 
I l:iurf,.ce ! 11l ~lJrlLRl 

N UI~b~~~[ir:~~~dcs I t~r;:a~~r O:~~~~~d 
__ -I-______ , __ '-'-O._'_·"'_. ~q . ft . 

Fine gravel. . . . .. ' 1' 2.000 : 1.000 2]3 15.1 7.3 
Coarse sand ........ " 1.000 -0.500 1,;09 00.2 14.7 
Medium sand . . .. 0.500 -0.250 13,668 60.4 29,5 
Fine sand . ..... . . 0.250 -0. 100 134 480 129.3 (\3.1 
\ 'cry fine "Ind.. .. .. 0.100 -0.050 1,709;400 302.1 147.5 
Silt.. . . . . -- '11 0.050 -0.005 I 34,722,000 824.8 402.7 
Clay.. .. 0.005 -0.0001 46,296,296,000 9,000.2 4,439.4 

Coarse sand .. ... 
Medlulll sand . . 
Fine sund .. .. 
Coarse silt ., . . 
Med.ium silt" 
Fine silt ., .. 
Clay ..... . 

HiiDois experiment. etl\tion gtOUpti 

1.000 -0.320 2,506 34.3 
0.320 -0.100 77,821 107.8 
0.100 --0.032 2,506,265 343.0 
0.032 -0.010 7i,821,OOO 1,078.2 
0.010 --0.0032 2,506,265,000 3,429.8 
0.0032--0.0010 77,821,000,000 10,781.6 
O.OOl(H}.OOOOl 5,596,597,275,000 44,834.8 

16.7 
52.6 

167.5 
52G.6 

1,675.0 
5,266.4 

21,896.1 

8. Shape of Particles.-Particlcs of many . h"pes and size. 
~xist ill all soils. 1'hc shape varies with the origin . Soils formed 
6'ODl VOle".Dic ash or dust a~e mo!'t irregular in shape find those of 
'wino. origin are more njlaTly uniform. The former have many 
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elongated or laLh-likc part.icle., while those ol wind origin arc 
.!Il'llerally rounded. Fig-tire H7 ~i\'es !ol-omc of thCSt' differenre!' . hoth 
~IS t.o sllilpP and size. The c1()sf'lIcSS of parking- vnrif's willi ill(> :-.11,11)(' 
of the Sl)ii ~ains. A ~ a g-cn('r~ll 1'111(10. the mor(' unirnTm the size 
llJl(l ~11<lpe the ('1DI'('J' lhe pM·king under llormal conditions. 

Flo. 87.-(A.h.er '-1crrill ) A. Sho"'il\~ angular character of quarb. ptt.rtirles ill decolll
pollCd gllei88 . B. Quant gru.JlulCllo from bea.ch suod. C. Showinj.: outlines of shtlld!! of vol· 
c~nie dllat ILl't Ptl>en under the microscope. Rocks, Rock-WclJtheriug and Soili, Merrill . 
(Cout,ICsy MIl~millnll Co.) 

9, Arrangement of Particles.-Tbere is no definite arrange
ment of particles in soil.,. Coarse sauds approach more nearly uni
formit\" than IlJJ)' others. Theoretically, ther.e are two general forms 
of packing or arrangement, ihe columnar. figure 8SA, and oblique, 
figure 88B. If the soil particles were spheres -and of uniform size, 
the col umnar arrangement would gi ve 47,64 per cent of air spa.ce, 
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whilr II!!' oldiquC' fO rJ lI w\)uld Kin.- ;.?.i.!).i pCI' ('l'lIt. T he air space 

with ('Oll lllllllll' UrI'l_IJl~ellll' lIt ll1UY hL' r · !dl~ ul<lll'd H' Ty' easily " :r t~ki_lJg 
II II IH'-iut'll {" ullil'al !llJX alld filli!lg' it with Ill<lrhlei' of ,1iff pTcnt si7.cs<. 
nlryi llg f r olU 0110 iIll,1I {u OIH.'-8i:dcCll lh iIJ ch in diameter, and (,on1-

C 

F IG. 8i. 

puLing- the pcr cent of air Epa!'€: left ill thp box. The sa me calcula
tio ll may J,e made ful' the ohlique a rrallgement. nlihuugll it i:: lllut'h 
IUore dillic-tllt h(,('Clu~r' o[ till' 1l1!lthcmati cs il1\·oh·cd. 

] f ill:,iL>IH1 of lill\'illg , .. ol ia fllIrtides. ilS in figures 80S.! und B, 
.4. B C 

~~;qq:.~ 

FIG. RS.-DinltfS'"\1 {lhowillR; the IlTtangement of 81)il particles. A. column ~t' or vertical; 
n, oblique ; C. compound gt8.DU!etI. 

each of these should be a compound g rnnule (Fig. SSe) made up 
of ma.ny spherical pnrticIea with tIle sa me arrangement us the larger 
partjc1es. the ai r space or porosity, wDuJa he. jor eoJuUllla r arra.nge
ment, (-l7.G-lo per cent + 47.64 per rent of ;;2.36 peT cent)= 12.58 
per cent, or, fOT oblique arr~ngement (25.95 per cent + 25.95 per 
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('E:!!lt of 7.,l .()5 per ('cn f) = ·j,).l j pcr ('ent. Thl' littl vr 1'01'(' ~pa{'e, 

-1:1.] ~ per ('t:!llt, i~ IlPfJl't1xiHltl[('ly l lta.t ['u~sl'sscd by t Il !' HI l'di ulII an d 
fille' s.nutly lonm~~ \\-hile the for lller, j· :!.:l~ I'l'r ('~ Ill , is b.l(, hi~h for 
:-oiL; mdess ullder cx('CptiOtlH i (·olltlit ioIJ5. Tlw ('OI.LI'SC tillnJs whi l'l! 
appr()aeh to t.h(>(ITcti(·ul ('on(iit ions mo:::.t l1C~Irl y s. how ;jj lLl ;{.") pCI' 

(:t'nt of pore space. 'rhe gnumJar ('oll(ljtjolJ dC\'cloped ill a ~oi l in
{' reases its pore F-JlRce. 

10. Internal Area or Surface.-Tlw tOLlil ~u r ra{'(' of l1lf' soi l 
rfl rtj(']u~ in a ,f!'j\'cil \'olll nl(' or wci~ht is pnlh,(l lho ill tc 1'1 III \ nrcn. or 
~UrrHce of the soil. and j~ uFuallyexpressed in s'1uarc f(,(·j, or H(,Te~ 
Jlc'J' ('uhic foot. rrhi~ is "cry import.ant bC(,i1u~e it ('onl rols to a 
hlJ'g<' <'xt{!tlt 1.he cIDlOllllt of hY,!!l'os('opi c: nncl l-:lpillHry or fi lm 
m(/j~,;tnTc. ~ \ sy!'tcm of gTa~l('s of soi l panicles l)fi~cd (HI till' ill il' rll !t1 
-;;: llrl'i.l('c would he of g'J'C'fl t nd\lc. Sinrr tll(' ~lIrrll(,{," of Fpll(\rr ;.j 
\·ar." as the ~quS1res of their rarlij or rlinnwt(.'J'~. tll(, internal ~ Ul'rH ('C 
of a soi l \xri pR. ill\'(' r~cI\' fi.~ tlH'j::l~ fnndicm::. rr lli ,,;: may h(' ',.:11(1 \\'11 
by mean s; of marhh'~ ~;s Ilh()\'(~ ll1ll1 Ntl('llla till g til(' t~t;ll Rlldllce 
with ('nell diRlnder f(lr ('(Jlnrnna l' afTaflgemrrtf. 

Area of Sphere.,; in a One-ifU!h CuJ.rical Box with Columnar ArrflngcmC1u, 

Diutuetcr o( Etpbo!TI~f! 

1 inch 
M inch 
U inch 

1/ 8 inch 
1/ 16 inch 

1/ 1000 inch 

--- _-- - -

J ~-UIIl[)er ()( !!pllt're~ ill ant' 

1

'--- ,,,bi, "J 
512 

4,096 
1,000,000 

Tutu.1 lIurfuc'e. I!(jullre iu chell 

3. 1416 
6.2832 

12.[,(;(;4 
2.5. 1J 28 
50.2256 

3 ,141.Jfi 

Th e followillg tahle g iyes the internal area of various soi ls: 

Compu1ed S urfaceg of Suil Particlc6 i n Different K i-,uls of Suil King a 

Eff!lCLiv~ 

I SOC,"" ,,, I Arel' per Rind OI80U djzwJCtcr of Pore Spllt't: ~jl gruinIJju 
!lOil grain!' OIl(! cubic fool cubic foot. 

rnm. JIt.rcclIl 8(j'uanjtd acre. 
Finest. clay soil .. .004956 .52.94 173,700 3.98 
Fine clay soil . . .OO7G57 4,).69 129, lOO 2.96 
Fine clay soil . _. ' _ , , . .008612 48.00 110,500 2.56 
Heavy red clay soil .. .01111 44.15 91,960 2. 11 
Lo81llY c18)' soil ... ... .02542 49.19 70,500 1.64 
Clayey loam ... .01810 47.10 53.490 1.23 
Loam ... .. . .. . .02197 44.15 46,010 1.06 
Loam . _. _ .... .. ' . ... .02619 34.49 4.5,760 1.05 
Sandy loam . .. .. . . .03035 38.83 36,880 .84 
Sandy soil . ... .. .07555 34.45 15,870 .36 
Sandy soil ......... .1119 32.49 11,030 .25 
eo.".. sandy soil. " 

.1432 34.91 8,318 .19' 
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From the pr~cdillg taule it will he Sec" that tho total surface 
ar('fl oj' the purticles vI" 11 cl/"i(' f'lIui of \"t·ry fille soil i::i ull(JlIl fuur 
iil'J'P":', wJdJ\' IJ da}t'y itl,}lJl ('{Ill);lillf:. all ,I/Til Hj' 1 :;3 I.j( ' n ';o{ I'l'f \'ubil' JO I) 1 

HIlt! it {'oar1'<t' :5l1l1llv i:;uil about ulle-firth of fln !.HTl' . l 'ardul culeula.-
1ion:, show that a ~iJt h'tllli dJ]\t;lill~ rr"IllI;~).{lOU i Ll ~ ;"llltU ::iqwln' f(.'d 
]I(.'T {'lIl,ic' foot. rraking- II ~(lil \\'ilh all illlcrlHiI l'=Url'fU'(' of iO,()O\) 

S(jIlHl'C rel't }>1'1' {'uhit: Ivot. tll(.: .lrt'n (It till' pari.id\·~ ill all acre 10 fi 

d(·pLI! of Ofle foot \rould 1,(' ']/'Olll JOU ~qtt<1l'l' IHile.~. Ill' Ihrl'(' town
,Io:hil's, '1'0 l.1. depth or foul' fept, ]'rom which phlilts trike mo:.: t (If 
tit(J;r 1I1oif'turr. tile total aJ'C'1I rd' thc' f;.nil pani(·\{'f' ill HlP f'ilf INIIH~ 
is lint far from j~Hj !-:ijlhln' lllih · ~ liN ac'n·. oj' hn·jn· fOWII:-hip:". 
fj'!iL' (,tlpillary waLl'r is di:-iLrihutet! o\'(~r Ihi~ Slll'f;lC'C, 1 r th0 TootR of 
Il ('01'11 pln.l1t d ill not T'a:-;~ heyond t be nlidtlle uf ihe rows, and no 
111ul'(' thall foul' fect lh·cp , PHt,1! Ilill would InHl' H]lpJ'tl\.imnwly :d.:{ 
,Wf'cR (d' soil pnrtidc -:-:urfll('(' from \rltidl to dr~nr it~ ~uppJ.r of 
moj~tlJl'P Jillll food. 

Till' followil1!! tnl,Je sh(l\\,~ fh(' Y,lfiaril1111'1 in {11(' i1l1rrll;11 f.:llrfH('(l 

of :"ome of I Ill' (·('mnn01l ~ojl LYlll':' ill the ltws:"ial af<,n:::. or i1l(~ ll1i(ldlt· 
west: 

I nl('ntal it rca of SoU Type!.), Ca/ru.la[(:(l from Their Physical Cotn1K1SitiQIl 4 

Soils 

Dune Bnnd ....... . 
Brown I)[lndy hmll\ .. . . . 

K~~,~;~' s~I;~i~~:/I~ I t~~I~~ .. , . 

Bbck clay !Olun , . 
Drab clay . 

- -=--- -::::::___ - =---= 

. 1

1 l:',::::'~,~:,'" pee ,,,bi, r",,, 
30,3JO .GOO 
55,380 1.271 
(;9.780 LflO'l 
70,900 1.628 
81,780 1.877 

J:W,700 3. J3R 

11. Porosity of Soils.-I'orogily is tire tolal amount of air 
spac'C in Boils nnd 1'3 usualh expressed jn vcr ('ent or Y01UIllC, It 
depend, upou tbe "elation 01' solid partides to the interstitial space. 
Tbi. is modified to a Jal'go extent. by the size alld shape o( the pa r
ticles, granulatioll, tilla.ge and amount of organ.ic matt.er. Porosit." 
or total pore space ,-aries inreT,<ely as tbe size of the soil particlos 
alld inoreases with thoir irrec:ularin- of form. FOT this reason 
1'oloanic ash soils posseSR gre;t por~sity. Granulation and good 
tillh illerea.e the porosity of ~oils, ""d puddling diminishes it. 
Tillage exerts a iayorable inAuencc on porosity, but sometimes in
creases jt to an injurious extent, · Porosity varies directly 8S the 
amount of or[ltnic matter. It is usually lessened by the reaITiUlge-
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Hlent uJ the boil l'urtidL'~ upon wcltill~, (':o;pl't'iully ill ~oil8 low ill 
urgllui(' nwiier. 

lJ'be pl)l'o~i t y ll1il,r Lt' dl'tCfllliuc(] h." dirillillg the dilrcI'I'IH'e he
tween the I'('al ll1H\ thl' appal'cl1t. ::p('cifk gru\'it." by the reul , ur uy 
the followiJJg formula: 

Purosit . = Heal Rp. , gr. - :\pp. Sp. ~r. 
j Heal ~p. gr. 

Til t- pI1ro:·dty of' diffPrl'11t g:',l(iL'1' 01" :-:l1lld IIII~ heen (lcicrmilll'd 
ill thi:; W:l y allli til{' J'(~~ultl' an· gi\'l.'u ill till' i'lIllowill,!.! tahll': 

1. PH.';SCS a s icv(' 20 Ill{':-;l! t':; I () 1 ht i]l(:1I; Iwld hy II 

.. H)-nl(:sh.. . . . .. 
2. Pas8€:s 40-Ulcsh; hl'id by (il.)-III('~h .. 
;j, Pw;.<;e:; G~nlt'~hi hdd hy sn-In(~-;h . 

~~ ~;:~~ ~:ti~~~~~~.hellt~ ~~I~~;~\ (';: :; of ' L I~" . fillf' 
pttriicll!b . 

J,,<'r'IJt 

40m 
·U .07 
4-1.64 
45.U2 

4G.I)() 

1'("1'''''''( 

;j(i.S:l 
:n.u\I 
:W.U2 
..t 1 ,3~ 1 

40...1\) 

Thc' Jlomsity oJ the s.oil UJldl'J' fipld l'Ollilitiolls j~ or Illu ('h morc 
i llJjll)r uJIl ("c th;uI that uf !ll<: laburntury .sn lllph'. ufter harillg bee l] 
fi Ji c/y gruunJ . The laboratory dNcrlll ill<llio ll gi n~1i l'O U1P;,ll'uLi\'c rc
:,u]\:;, howl!ycr. that arc of' t::U lllC \~lIUl'. The l'0J'l}~iiy WH y hCl'it be 
ohtRilll'(l I)), takillg the nppil l'cnt :,pu('ific gr;'l\'ity uIlllcr fi eld COlJ
ditilJlIs. a:-: f.{iycu 011 l'flt.:"C J /.), aile! tlte rcal spl'l, j fil: gra\'ity oj' tlw 
:-<oil U1Ld usc these ilJ the fOl'lllula abo\'c, SoilH ill gO(1U tilth IHive 
high )Joro,ity. It is not 1111 1I,11al for lhe same type of so il from 
,lifrercnt fields to hal e a difl'creure of 10 pcr cent or CI'e li more 
of pOre "pace iu favor of the soi l of good tilth. The tolal pore 
spate Yl:njcs invel'ad)" whik· the siz.e of the illdi\'idual porcfol \'Hrics 
dircetly liS the . izc of the particles. The total pore .pacc of COllrsc 
soil~ as sauds is smail but the pores are large. rrhc sectional arCH!-; 

of i.ndividual pores Yary as the .qual·eS of the diameter of the "oi l 
particles. In figure BSA there are Hi pores per ·.quare inch, while 
if the parti cles are one-half as large the)- number 6-L The sectional 
area can be only one-four th as large in the latter case as in the 
former. If COflI8C ~alld whose particJes hIne It diamet-er of one
twenty-fifth of au inch is compared with clay ,vh{J,e partirles are 
One twenty-live-thousandth of all ineh it ,,~U he seen lbat for so,,(l 
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wiLh col u111nar arrullgemcll l there ,,' ill he G:l5 pores per squa re inch 
and ,rito d u.r (j25,OOtl,OOO. Tile fu rmer will be olle milJiolJ times 
as lo.rge HS lil \! latter. The large 8-ize of the pores permits c'crtaiu 
plt,Y:-iind Jlr(J('C~Sl':-i , sud! lUi pereolntioll and aenlliol.l. to take place 
so readily th at the)' Ill"), I,e uetrimel/lal to tile crop. On ihe other 
IlHud, fillC'-graiucd soi h:i, as clays nml eiay 10HIllS. with their Ycry 
lIlillII ll' pun':..;, IHit. large if)tul P0l't' space. 1I1i1.\" ~o Tet.llrd fWrt'ulutiou 
nuJ ai.:1"ntivll as to hl' equall," lh,t.rimcIlLd to the ('l'()p. )'l cdium
t!Tllim:ll .<;tJiL~. ,1,-': ~jJt JWUlL.II.: 01' iiIif' s;llldy loam.s pfi ... ,,;;t· • ..:.~;ll~ illl jnter

IIwdiatl.,· port' :-:PHH', nrc 11(':O:t. suikd to most (TOp~. altllollgh both the 
('(llIr:::(' ami reTY fille ~oiJt' hll\\! thei r arh'a[Jta~c~ Ulld(,1' ('ertaill ('011-
ditioH~. Tilt' ~j%l! oJ the pores ill iille~gr;lilled '.;;;oils ig jll(,l'('a~{'d by 
grun ulation. 

The fo]]owiug tahle 8hows Ihe porosity of tliITen'Tlt t:"l'C'13 of soils : 

P(}1'oS'ity in S()il,~ of l'aried Physical Composition 4 

()r~ullic· Looec Compliet. 
Wlllt.erl'UIlUllit 

peTc'!lIl 11#!T CCld P"C~lIt 

SnncL .. 0.75 44.9 39.7 
Brown $1{~dy ' lo~l;~ . (1~~dil~T;l' ~~;ld) . 2.\lO 53.i 43.3 
Yellow fi ne sandy hlln (IO('s .. ~) O.RO 59.0 49.9 
"l,ite slit loam. 0.79 59.7 50.2 
Bro,,,,'n silt 10Bm .. , 4.88 (j().4 50.4 
Black cl[l), loam .. 5.50 6),2 52.7 
Drnb clay . . . 3.60 68.2 58.2 
Peat .. 64.48 C>5.6 60.8 

T he tolal pore space of wils is r arely less lhau 30 per cent. 
('On.TS~~ clean sam} has about tIlis amount. Th is mea us that a ('ubie 
foot of such soil ",ill contain 70 per cellt of solid material. In ca',e 
olt sand.v loams and sil t loams. tlw pore space amounts to ahout 50 
per cent. or ilU lf of the "olume of tile Boil. or, in a cubic foot, tbere 
are approximately 862 cuhic inches of air spacc. T he increase in 
porosity. within certain l imi ts. is beneficial becau se of t he increase 
in aeration. E xtremely large niT spaces in soils are detrimental 
becau se they permi t of exce3sive emporation. 

QUESTIONS 
1. What is specific grR.vi ty? 
2. Give 8pt'Cific grRdty of a few common soil· forming minerals. 
3. "711nt is the apPl\,rent spec ifi c g ravity! 
4. Ho w is it determined? ~ 
.i. How does porosity affect it ! Ti lth ! 
6. R ow js the weight of a.. cubic foot of soil determined ! 
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7. If II soil JUiS lHi a pparent specific gnl\-ity of 1.-4, what i i t,IJ C weight o( 
t.he surface soil per lUTe? 

8. Vdlj' is color of soilii ~o iml1ortullt! 
9. What color i8 illlparLl.'u oy orgunh· mutler r 

10. \Yhat clrcct doc8 limc:;lt.ollt' lu\\ l' 0 11 ,-,(,lor'! 
II. What I,,'olon .. 1.1"rt! duo.! LO iron! 
I:!. \\' by IlTC tiuhwi l ~ in t:;\\ al1lps ~4) ftt'qut'ntiy J,!ra,\" (If drub! 
J:I . Tilt· :> uhsoil aLo"l! t he tight ('I a \' !o'tmtl]m is \I~'lIdh' j.!TlI \ ' in ("(lIa r. Why 

is tltis ~ . . . 
]4. What is pI,tulitlr of tlu' suhsoil!"\ of tht' J'; Nhll tlllt 1'1 uicll u ? 
l fl. \"ha t t'oi l l:(HI :'tit.U l· lIl~ illlpu,rt. {'u l(lr ~ 
Hi. Explnill hvw ,,(Iii,. IIllIy 1I1Hlcrgv dmn;:1' in ",,\or. 
17. \yhllt ~'11II l te ,.Hitl of Olio odor uf I'>1li1:-.1 
IS. If I;oi l pnrt_irfl'~ IIYl'rll g't' o,n:! iu c' lI ill lIilllll('1.('I'. how mnll,\' <'-mild 10(' pille-cd 

in II .. unt·· inch cuh i('ltl I'll;'; wi1h {'U IIlJlIIIIII" IIn-allgPlllelll~ I f IlJ':! Illm .Y 
Ifl. How mally partil'll'l' in II g ram of Roil if tll(' pllrticles u\'cragc U.005 1II1ll . 

in dill/lwh'r? 
20. l ' pon what. do(>s t he I5hupr of lilt· jlllrtit:it.!:' Ot' Pl'wJ.? 
2 1. Whllt prol'l>rt.,· <!h('R this afl't,(·t1 
t~. Define jJlLl'TJlaJ :,urf"(',, I)j H !'!Oil. 
2:1. How does the inlcf llll! Rurfne(' nI f Y? 
t4 . H ow do the areas of I'phc·res nlry f 
25. If a cu bic foot of soil huf.l all ilLt.PrtHd sur fu('E' of :;0.000 I:.qU flfl.' f{'('L and 

it con t ai n s 2.0$ poundll of llloisture. hnw thil'k wOllld the film of 
water be if uniform!\" d i .. triiluted O\' ('r tit(' surfll('('Y 

26, \\'hat is lhe internA.l ,,; i.lr flll'~ in IlI' r C:; of Iln Il c re 01 COltr:-l(' 6ll11dy !;oil 
4 fr('t deep~ (,fable PRf!1.:! I P. l ,) 

27. Of an acre of the clay Boi l ttl> gil'ell ill tJlP table 011 pn.J,!' t· lS::! ? 
2H. \nult two Ilrr(llI:.rc'lllcnt ... fo r i'o il IInrti l'\ ('8 ? 
29, If a two-inch cuhica l l,ox i ~ fill{'(! with shot anl··sixteenth of an iuch 

in Jiamet.er urntl1l!('d in CO]Unlllllr fo rm , h ow mUll,\' will it hold ? 
:10. What l)('f c{'nt of nir spac£' will fI.'main ? 
:J1. HOI,· is the pOTosit:r mndi tied? 
:{:2. Wllft t effect. dMS wettill/! have on toro l por e space? 
33. How is porosity of a ,"oil determined? 
34. H ow is the porosity of It soil lIJJller tif'ld CI)IlIlitiolll' drl.('rmiJ1N]? 
3fi. \"\'hat r e lation bctwen 1.11(> total pore ~l'ate li nd tile s ize of the pores? 
:.W. ff so il partir res Ilre OIw·thou snndth of an inch ill diltmf'i.cr, sphcri<~a r 

and afranged vertica ll .... in a. one- in t'h ('ull('. whllt will he the total 
!<ectionai Qn:a of the pon's 1 Of 8 s ing-Ie pore? 

37. In the table on png-c lS3 \,·hy is t il e porosity of the compact in .Ij 1('."'6 
than ill 4. ? 
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WATER OF SOILS 

PLA !''I' growth ("anllot takl' pln('e wit,haul moisture. ]'lnn tf: ('on
sisL of from GU 10 0\(.'1' ~IO !Il'f l'euL of waler. Thi:i represents ollly 
a \'cry , .. mall j)1IJ't. oC the wakr u"l'd. ~in {'~ l1WllY plants tl'HJl81'irc ill 
twent_y-four hours all amoullt, ('(jlull 1.0 their lreight . \\"aieJ' i~ of 
primary illlP(Jl'iclU('C ill Jll<lllY pllySj(',-ll and all cllE:! l11i<..:ul (;hallgC:5 

that. lake place ill ihe 'oil. 
Some Physical Characteristics of Water.-\r:dcr ha, ("elini n 

physicnl c:lial'ad eri f'tirs tlmt sl10ulfl he noted here. ]b volume 
c-hHIl,!!l'S wiih j{,Ill]il'J'illuJ'(l, 1 1:>: 1I1;l\imnm tkn~ily is attl1illed at.t 
llpgTl'l's C .. 3!J:? P .. ilnd expilll:..:ipil tnkl'~ pla('e ciihl~r ilhu\c OJ' l,ellJw 
thi:- t('mprr<lluJ'(I, ;11](1 :,t ].1 {ll',!!l'c'(':-, c .. ;19 r.o lhe orw:it,Y <1:' ('OUl

jJaI"{'d with w:l1cr nt -J dcgl'l'{'S t'. i:" O.~)~) . . \1. the JrccZilJg puilll the 
deni'it-Y of wntrr is O.!)!HI,-':"'. while the dellsity or if'c at ibe :--:ame 
iCll1pc~·l.lhlrc is O.!);!~. ]11 the ll11"! iLing- or ice a 'h1l'ge 3111011nt (If heat 
is U8CIl, hllt jt d{)('~ Il(lt rni:'l' the t pmpl'Tiltll l'C. This lwnt b{,f'omes 
Intent or is us('u iu chnnging the cOlHliiioll of the wHter from a 
Folid to a IiquiJ, 1t requires morC:! hClit 10 melt (fuse) jr-c Lhau to 
1'11:<(, m('tal :,. To 11I pH 011(, gralll oJ icc r cqllil'C's ~tJ (·alorics.* whereao; 
llJetnl~ require fmllJ j to 77 (·/l1m·jcs. Ex-pre:":srd in Fabrcnbeit
potllld :-; . t.he Ellgli:;:h :::,vst£'1I1. ihr 1igurc:::. nrc 1-!4 for icc and from 
~ to ]3".(; hent ul1its [or mel"ls. 

In tIle C\'upllration of wuter a si milar phenomenon is ohserved. 
" 'hen the hojJing point if: T('~chcclIlO further c-hang-e in temperature 
of water occurs. but the llPnt i~ llsctl ill changing the ,vater from 
a. liquid to /] gas. To ctrect this cll8n~e in one gram 53-:' calories 
are llecessary, or. with Ule Fulncnheit-poulId, fJG6.G .heat units. It 
must he rememhered that when wa ter c'apoTatcs. nn amount of 
heat equjvalent to the nhove j, ,,,cd . regardless of the temperature. 
In changjng from Jl }rip-her to a Jow('1' tcmperJlturc. Dr from ,g-aFeous 
to liquid form, or from liquid to solid, eq ui,alent amounts of l,cat 
are liberAted. 

* A. calori e, in gencral. is the amount of heat r equired to raise the tem
pera.ture of it gram of water on(' degJ'e-e eentigrade. A heat unit or n British 
thermul unit is the heat required to raise Olle pound of water one degree 
Fahrenheit. 

~ 186 
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Specific Heat.-The anlOuni of hoa! required to rai,e one uuit 
nH1S~ ot a SUhSlOU ('C 0110 tlcgrcl' in tClIl]ll' ratllrc as ('U llllhlTt·ti t o that 
of the Fame weigh t. uj' \\"atel' i:-: 1110 ~pl.'l·ifi(' IH'at of n t: uhi<d all l'C. The 
f;.pe('i(il' hNIL or water l!Xl'I.·\' d~ thai of l'\(._'ry l)tlie r :-;uh;-:1tlll('(' and is 
u~t'd a:-: tlie ~tiwdilnl or ] .0. Suh::-tlllJC'c:) wi th low 8pC(,j{ie; heat 
dwnge ielllpt.'r<1iurc l"lllJidly. 

Viscosity.-Thr flui(lity or ris('o)'i!y or water rari es 'with tcm
Jl(·J·:IlUJ·(· :wd with :'Uh:-:irlll':l':o:, ill ;O:11\llli(; 11. Jf at II tl l'gr('t·~ C., the 
\i:-;l'(Jf"ity is IOU: at '~I() Llegn'l'" l'. it i:; : ~1. 

~()ml' :-:u],~ tnll ('es whell ai~~(lhl'd in wat('r illc:n·ll i:.C the vis('osity, 
while otilNS dl'l'l'CilSe jt, 

Uses of Water.- l:n'el1 plallt~ ('(llltain !l \ ' (' l'Y Illrg;<' pef<'cnlage 
or wah'f , a!=; ~LltL'u aho\'c. .\ l"OIl:-:hll1t ~ 11'('8T11 i!- 111Is:-:il1~ ill through 
th(· roots allu trnn . .:.:pil"!'<] by tit!· !c'n\'l':' , From :wo to :\()U pOlluds 
(If wniel' arc rcquired for e\er} PUl1lld 01' dry m<111 er of the plant. 
TIlt' ~oil iht'li mllst c(lJ1tail1 n :,u(iiI ' iVl1l <1 l1HJU1l1 nlHl IHU:-;t he of 
~ U ('h cliaracter that it (:,Ul lh, j in'r hi t!!(! Iil:Jtll thi~ erWrnl(lti5 tlJllouuL 
I f thici is not suppl ied, the jd;-nd is siUlllt:U (II' mAy "'il i <lnd die 
before mainrit\"' The 1I.;;:('':': or water ill .. :-:oj],o: arc ~IS follows: 

( 1) Dire(';ly a, a plolJJt )"1>"'1. laking part. in the IoniJc]ing up 
of ti1:i,.:ued. €ithcr as water or 111I1il'(·(·tly by heing u!'cd in comhina
lion witl l oiher eiemellts. 

(:2) As a. sohelll for variollS suh~ti.n('es in the' soil that mfly he 
u'cd b,· plants. It was loc1iercrl by .Jethro Tull that plants fcd 
clirectly upon the ,"'CTy fine suil pnrtic'le,;:. takin~ UWI1l ill t.hrough 
t.he l'oot ~ . anu that filii' tle('ountcd 1'01" the iJ('Ut-'T growth of ('rops in 
'1"cl l puh·eril.ccl soils. 

(:-3) As n. mt'n!l~ hy which tlw5(, nutrient 8()hl tions are ilr(lugllt 
to amI t"ken into tIle plaut, citl,er alollg "i th the wnler or b)' 
diffui;ion. 

(4) As a TPgul a tor of certain physical phenomena. 
(5) b e an aid to chemi(,,,l aciion pruduced dired]" Or through 

th c agenc.]' of bacteria. 
The Amount of Water Required by Plants.-Experiments 

hayc been carrlf'd on in various part~ of the w(l rlcl h,v different 
jJ]\'estigators to determine the a.mount of wflter used in proaucin~ fi. 

crop. 110re or Jess tran spiration i ~ going on constantly during 
growth, nnd an cuormou~ amount of water pns!?es out through the 
stomates of the leave,. Tl,e following table goi,.e. the amount of 
water required to produce a pOtmd of dry mat:er, as determined by 
c1iifp.rflnt iT'l v~t,i(T~tnl'R. 
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Water Transpired by Growin{J PIa1U8 Jor One Part oj Dry iJla1J,cr Produced 

Lll.wCI! ~Ild Gilucrt,1 licllricg ... l,. GCrlUallY I Wolllly,t Germany l .Kin~'l Wisconain 
EOjtiuud 

Beans . . 214 Beans (horse ) 2G2 Maize .. . . 233 Corn (maize) 27 1 
,"Vheat . . 225 \Vheul. (sprtng)35'9 \ Millet. .. 416 \ Polatoes . . 385 
Pens . 235 l'CIls . .. 2\)2 j.)CllS . . . 417 PCIU:I 477 
Hed clover .. 249 Ited dover .... 330 Hape . .... 912 Hed cluver 577 
Burley . 26~ Burley , . 310 Burley . . 774 1 Harley ... 464 

Oats . . . . 402 Oats . ...... (jG5 Oats ... 504 
Buckwhellt.~ : ~~~ \ ~1l~~~:';~C~~ : . 64U 
Lupine . .... 843 
Hyc (spring) . 377 I Sunfloll'er . 400 

Average .. ::?:n Average . a42 i Average . 663
1 

Average. 446 

~ric6l:clt used QuarLt I:ULod ill slUull alllounts and !luppii!'d till! Ilc<'c!I8ary piUDl food 
In solutiun . Figures indude .. omu 10"'''' uf water by cvajJuruUull, wluch WUII !lUt prc\'o!utud 

aL fit\V~ll~)~~~c;..Jc~~~~~,~ Cj~~'I!~i~i~~:; oi
f ij~~I~r':~l1l!"uPplit!d with orglUlic UUIt.lcr. Pcrfotlltcd 

covers mate rially redurcd t!vupumtiou; Lhl~, j,uwc\'cr, wu~ ~'het' kt:d up 0 11 l:Ioill;rowiug no ,·rop. 
1 Killg~ u>icd ubuut ·100 poundllof IIUr!Uu.!IIOih" III Cllnl;,I!Uflle SCt dOWlllll thc cunh. Sollit: 

wen' rUli 11l ,11e fit'ld, othetB ill grccn.LouBc8, Wu tcr W.II3 lIddeJ from bWlcllt.h. flO tbllt tI~'IIP-
ora~ion Wtill ,'cry 1!1iJ;h~. 

We scc from the aLove table that the waler required to pro
duce oue pound of dry matter yaries from 21-4 pounus ill the case of 
uean." us determined b)' Lawt!::: 3.lH] UiiiJert. of Englallu, to 912 
pound::; for rupl', as determillcd hy \\ OllllY, of lierlllany, 'rhe average 
of all dcterminatio1J:i shown a!;O\'c i_:; -128 pounds, King's deter
miJlations in II" iSCOllSill probably apply Getter lor the humid sec
tion of this country thau a.o)' oLhers thaL haye beeo made. The 
llundJel' of trials made by Killg was a~ folloW'3: Peas, 1; barley, 
5; potatoes. ]-1.; oats, ~O; clo,-er, ·Hi, and corll (majze), 52. ,nth 
the water Tcqlli rements as delermincu by King, a lOO-bushel crop 
of corn \wuld fL'qllirp approximalely 1 G ioches of water to produce 
it. or 18 tOllS pcr busheJ of gmiu; a I OO-bushel crop of oats, about 
ltr inches. or 20 tons per lHlshel; a 50-Gushel crop of wheat, 1~.1 
inl:hes, or is.7 ions PCI' bushel, and 3. j'our-ton ('rop of clover, 20 
iIlches of wa,ter. 

Briggs and Shantz lul\'c made ueterminatioll'3 of water rcquire
, ments of pla1Jts in the arid regions of lhe Un ited Slales, and their 

results are gi\'cn in the taule, page 2-12. 
Dependent Upon Transpiration. - The amolmt of water 

required by plants is dependent upon the amount of transpiration, 
which in turn depends upon several factors, as follows : 

(1) High tempera.tures increase and low temperatures retaHl 
transJ)iration. 

(2) MoveIll.ent of the air increases transpiration from the plant, 
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whjle tbe mOl'omellt (It' 1 h(' plnnt it.oJ[ aids tbe circulation of the 
wutf'1' within Lhl: pla.lIi.. lllld ~u inCI'Ca8e8 transpiraLiou. 

(;3) Low hUlllidity j~ 1'1I\'orahlc til trUJlspimtiol\. 
( -~J 'fIte dlUnldcr uf [II(' ~(Jil i .... un irnportnrlt f<ldoL "More 

tnlllsl'iration takt's 1'lavl' l'nllfJ pll1ut.:.: 011 poor soils thnn 011 tho:::c 
well suplJlil'd with plaut f(lli tl. 

( ,») 'J'ran::pil'fitioll ill('reuses with the IJri~htn('ss of the 
f'llWdrirrc. 

({i) Thr mOTe llloi:-tul'(, ilJerc i~ il1 tlH' f:oii ihe ,g-rcnicr iR tlte 
t rall~pi nil ion. 

The Supply of Moisture in Soils.-1. Rainfall.-The ;upl'ly 
of moisture ill B(Jil:, Jqwlrd:-: I,riruarily {HI rhe· rain(HI1. Tile c.\('cp
tiOll~ are whel'£! artilit:ial irrigHtiOll I::: prltt,ti('rd OJ' wJlL're wAtel' i~ 

hrou_ght to a region through f:OIl\(lo pnfO\l:-; ~l1hstratl1m and lhcll 
reaches the sur[ilcc Ly hydr(l~tHli c prt'~:-:llrc . Tht.' following t.nul e 
sh(lw:-: rhe arwual pJ't(:ipitlllioll for dilr('r<.'ut. portion!' (If the cart" 's 
surfa.ce: 

PreCipltation on Earlh' s Surface' 

Annual pn.wilJil:~UOU 

"Cndcr 10 inches . .. 
From 10 to 20 inches . . 
From 20 to 40 inches 
From 40 to 60 inches . 
F rom GO to SO inches . 
From 80 to 120 inches . .. 
From 120 to 160 inches . . 
Above 160 inches . . . 

I 

Pt'r('t>utll~(, of huttr'1! 
hUH.! Burflir(: 

25.0 
30.0 
20.0 
11.0 

9.0 
4.0 
0.5 
0.5 

100.0 

It is seell f rom the table that 55 pCI' ccut of lhe land arca 
receives less than 20 in<:hes of rainfall annually, while onl'y 5 per 
{'eut recei ves over 80 inche;. In the ruiled State; fully 50 pel' cent 
of the tot.al area receiYe, less thall 20 iDche. 01 rainfall, and o\'er a 
very large part of this the gro\\'ing of crops 13 practi['ally impossible 
except under irrigation. (~e[' Rainfall )Iap, Fig. sn.) In almosl 
all regions whero crops depend upon rainfall, its unequal dislribu
tion, Or the frequent recurreDce of periods 01 drouth, results in 
reduced yields. 

In aJmost eH'.ry season in some parts of evE!n so smalJ an area 
as a single State crops are injured to a greater or lesa extent by 
drouth. In some cases the dry weather OCCQrs early in the spring, 
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ill .\pr il OJ' ALHY. but it lI(TUI'::. murt' oftcll ill July or August. at the 
time witCIJ Lilt.! g'l'uwillg" lTO]'1- art.' ill grl'atl'::'l JH.:t:d of 1ll0lsture. At 
tht' Llli\(!r::.il.' tIl' I 1JiuuIs '. tl\{' dl:-:.trihUlJull uf ruiufall i~ i:iu irregular 
ihClL in tile· l'u:-t tWt:llty-fh .. , yt'ilr:, N'\t'll .\pril~ ha\c heen dry or 
hare h:uJ lc~g IJI1lJJ Iwo ilH,JH's Ilf raillf;dl. ,Illl] Juring ,hi." .:wmc 
timc Jour )1<1,'":-:, ei~lll .'lIllt,:":. (he .'lIly~. Ri\ ~ \lIgll::;t.~. lUHl ('1t~\'CJl 

::)('ptC'mht'J':.' hur(! h~(_'n dry. ur :1 hila! oj' I] till! of l[iO g'l'owing 
months for the :l,-) yNtr~ . I II til(· ;;:OtltIH.'1'1l jilin] of ihe :-I{nie the 
u;~trit\Uli(ln is still rm.)n' il'rl·g-u\n r . mid (\roulh is mol'(' injuriot1!; 
lherr, llceausc or thl! _!!1'L'lltel' l'rapOml iul1 and the <:hrlrndcr (If the 
~oil. ~1 '!Jis illu:o;tJ'alt';o; quile w{'ll i1le (,ollditi(\ln~ /!cnerally in the 
humid area. 

2. Soil.-Th!: supply of llH.)j,,,turc for the crop ocpenus upon 
the thfl.r<1l"iel' of till' :.:oil it,,~'lr. .\11 OP('!) porOI1S soil, such I't.~ a 
('\larSe ~auc]y lonm 01' !-alld. will los-(_' a !!l'ei.1t uC!ll (If moij<;hne hy pcr
l'OiUlion. and IWIlI'c will noi h:1\(, ;1 lar:,!c f.:upply for ('['ops. Fre
que/It }'llim; 11r1' np('eS~tlry 1'0-1' .... uch n soil. H(1\\'{'H'1', the" firing" 
(II' the <:l'OP on sandy ~!)il i~ lIot a]waYi3- :111 illdicution of bll'k of 
moisture. On filler graillcd ;::oils. bmyc,·er. the moi:::.ture js retai ned 
lll\l(·h 1~et1er anu nn alJtlllllanl supply is uSllfllly present for the 
: .. ·To\\-illg crop. The reientiye power of tlw soil is iIH'renscd v('ry 
ru:lit.'riilll.v by the pr(,.I::Cllc·c of orgallic mal ler. Prooably no olle 
{'ollstitucnt plays n. greater part in mnintaining 1he supply of moist
ure in the suil thnn that of orgalli(' matl(!l'. 

3. Loss by Evaporation.-]n n :-'Oil defirient in organic mat
ter. cOllsi~ting- of meuium-'.;izea soil I'arLi('le~. the movement of 
moiB-t.ure to the surfnc'e and jig ('rapom1ion rnny redllre tIle Eupply 
t:uflkient1y to il1jur~ t.he crop. This l.2IClOt 1S ur (,5pCC\a\ imp()rtane~ 
ill scmi-Hl' iJ alld arid ,odio",. (S,'e Chnptor 18.) ~rIlJehes. itood 
(iHil. and a fair suppl)' or ol'i(llnie maltcr reduce e\'apoTation to a 
large exlent. 

Ways of Expressing Moisture Content.-The moisture con
tent of soils has been expressed in a l1u111I)('1' of' difl'el'cnj- ways, some 
of which hal'e been <lisconti!llled hecauso of their impract ic·ahility. 
Some of the methods are as follo",,, (a) pcr rent ba,ed all weight 
of soil; (b) in cuhic inches 01' peT cent of \'olume. and (c) ill acre 
inches. 

(a) Per Cent of Weight of Soil.-ln expressing the moisture 
('ontent in per cent nlriotls method,(1 hll\'e beeD u,l:{'d. A fcw invcs· 
tigatoTs haye bo:,ed it on tbe weigh! of the wet ,oil as takeD from 
the field. This is not satisfartory. because the hase varies from day 
t.n flu", nc;: tho rn .... i:;:hlT·o nrmtllT'lt (.hnnuPI: Tn " ..... nll=' ('!l.QPR thp npr (,pnt 
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has heen basell on the ai r-dry suil, alill while this j, somewhat bettel' 
Lhau the forllle r , yd, it i1'4 l'uh jl:d to the same Objl'VtlulI , sjUl!C the 
nir-dl'y,"'tliJ \ I,riel'l \rill, f!l{, Il'H1I'(.' l'lItlll'C uIIll JlllllliJilJ vf the air. 
\Yi UI(lut Llouui Ul€~ must, ~a.t.is[al'to ry btlSC for expre~:,i_tlg the pCI' teu t 
is the weight or WHtt'f-t'l'Pl: .. t)il ol11,ailll'd by aryillg in un QYCn at 
1 ()() to 1 I U degrees C. H i IgaJ'il has u,eu Lhe lClllperalme of 200, 
otbers. 1-10 deg-rel's C .. fo r obtaining the wIller-free soil, uut, 
ill general pri1(' ti c'(' It wmpcnlturc of 1(10 d(lg"rce:;- C. i::: easier to 
IlIlliJll..a.j]) fwd just fl~ s}ltjsfLwtol'Y. P rolJtlLly D01Je of i1Jese j;-; the 
('X,ld point fit. w!li t,h all of the hygro:-('opic: m oh;ture is dri\'en of I. 
The thing tll'f'i rl'd j~ a. unifurlll ~bllHh\rd . 

(iJ) Cubic Inches or Per Cent of Volume.-E'prea.uli! Ihe 
wal.er cOlltent in r uhi(· ill('hes 01' PCI' cen t of "ohune ruBY h~1Ye it::. 
JJClnmt..age jn ('u.:::c of eerL;liu soil:.:. ,;;u('h as peofl.t . .:, or mllek~, whidl 
nre H'l')' light. (,T ~a]l(l~ whi c:h a.re heayy. A peat :::oil with 50 per 
('ent of moi!'lnn" lilay ('ontain 11 0 more thal\ a s ilt loa.m \-.;itll 20 jll'r 
('eut. A cubit, foot or IWllt. water-Jrce, weighs about 30 pounds. and 
50 per cent. of moisiure would mean].j l)Olluds per cuhie foot , wh ile 
the si l t loam. \\'cighillg- to) pounds per cubic foot wi th 20 per cent, 
wouJd lHlve Ule F:ilmE' nlHOtllJt. ExprC~R{'d ill per rent. of \"ol mDe. tho 
amount would IX! ;2{ in efll'h ('a~(' . To determine the per cent of 
\'Ol lUDe nec'c8silates the fhllling of tl)e per cent of 1110iRtnre based 
on tile water-free soil. ~ 

(c) Acre-inches.-lt i. oftrn desirable to express the water 
conieut oJ sojJs for conrcnie1!t [,0111Pfl, J'j.~0l1 with the rallyfal l. This 
mas be dOlle in squ aJ'r-foot-jnches or in acre-inches) the depth of 
'wa.tel' ill inehes over a squa re foot or an a.cre. To do this it is neces
sary io determine the weight of Wl1ter in the so il per square foot to 
the deplh desired. The 'rei!,h! of water in " cubic loot in po" l)(ls 
di"ided bJ 5.2. the weight of 11 square-foot-inch of u'atcr. will gil'e 
the deplh in inches. 

QUESTIONS 

I. What amount of wa ter is required by plllnts r 
~. Give thl! eR'ect " of tCl'uperuture (:}\ltnges Oil water. 
:1. " ' hat is lIltcnt hea t ? 
4. Give ('omparisoll of JJll·tllJS llnd wllter a s to t,lI(' nmOllnt of hent rNJlIired 

to change the condition or stntf'. 
ii. Gin diO·ercl.lOt>S between th~ calorie lind E IL::dish Ilpa.( 1t1tit. 

(i. ne ti ne speci fic beat. 
7. How do('8 water <'()mpan' wi th other substnncf's! 
R. ' Vhat fact.ors modify Yiscosity ~ 
fl. Give 'U ses of wa.ter in soil.a. 

10. Row mue'!. water is required for a pound of dry maHer ! 
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lJ . lJo\\" 1I111l,It for a :,~lltll"llt'l ('"I"II ('nl l' ~ .\ li\J - l'l l~hl'l (,:ll l'rup ! 
I:!. L' p!)1\ \\hat <hws Lluo llllllllltllu! \\all'r u:o.l'd hy plaut:; dl'I"'ILfI ~ 
I:!. Il l'\\' 111111'1, "f tlH' l'lll'll,':. l!luU ,.,ulilll't_' j", lL,l<\ph'lI t.u llniillar," humid 

a;.!Ti('11ill1rt" ! 

/-1. \\ ' 11111 ,mrJ /If 1/II" ' Uiti,d , .... W!i';o; i~ II/III/ill '! /.";,'t' J:llillfll!l :\/ltl'. Fig. Sli.) 
1:,. \10\\ dill'''' til\' railli,dl \111",' Ilul-in).! ,lith'no ll1 11l11Ilih", " 

Iii . JIllw U\It'~ :ipi! nl1\"'1 tI,l' 1110i,...t\l1"l- "'1I!,p\."'~ 
J7. \\' \mllhlrl d()l'~ eva.jlorathl1l pili," ill tlt l' "t..onl~l· lIf Wltll'r1 
Hi. \\'but <lrt' t.he ut!"!\lll1lj.!\· ... lind disad\'lln'ILg'\'~ uf I':..prt,,.sillg IllO is Lurl! 

('Oflt.('llt ifl pt'r (-('rrt (I i tH·ig-Jd. Iii soil ? 
J!I. \\'hlll is tilt, I~,,·;t hasl' hi lI.,e '!' " ' iI.\ 1 
~(l. (;in- ,ltlnllltil!!t'!< 01 c.'\I'!'t'~"III:-: 1tII';"Ulrt' (',lld"lIl ill ('1I1.i(' ;11(:11£'1'1 or p(,r 

('(' III \il \',,1111111'. 

:!I. \\"h~' is it. wdl tu t'xpn':<li thl' lI\ili ... tlll"l' ('out. ' nt ill anI' ;ndl('S! 

REFERENCES 
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I n,.llri('gl'l. 1': :-"jll'rilllt'lIl ~ti l tillll I il-I·on\. 1\', p. :;;!:!. 
~ \\ ·(ll! ny. EXpl'r;ITH'llt Stat illn l :l'I'llrd. 1\', p . .-,:u. 
4 ". in~. F. I I.. l'hn~k~ of _\ ).!Ti(·ultnl"l·, IHOi , 1', I;I~I . Ill ... /) 11th !l lId lHh A ll ' 

;11.1111 1(('l'or(; ,\'j';(·I)II; ... ill , .... Illtinn. 
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~ j\Jo,.:it·r. ,I. (; .. J:'ulld;lI :.!OS. IJliJlui " 1':'1'I'ril rll'ut :-:t Ut.i (," , ('\illlut<, (If 

Ill irwi .. ,ll)l'. 
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ClIAl'TEn x v. 

WATER OF SOILS 

I . HYGROSCOPIC MOISTURE 

'YATER ie:. helLl ill ~()jl~ b\' the manifl':-:tnt.ioll of attru rti\'c force 
unde r 1 hree forl11s: (1) h)'gI'OSl'opi(" or u(llH'sion: (:!.) surface 
tCtlsioJI. Hud (:q hydl'( l~tlltil;. (II' grn\ ir-y. rl' lte::o:c g-j\'C ri~c t.o till' 
Lhn.·c flo-tailed fUrl1h3 of wat.('I'-hygrof.:.c·opic', C'upilifrry. or fi lm. and 
~rnrit.atjollHL ]1 mll~t be l'l'l1lcmi ,el'l'd thnt t.he wilt er r;f all i:; the 
~aml' ill (:!lcmica! f:Olnpusit ion. ill(' oldy dil1'cI'CIll'(' beillg ill the Sorce 
ll/Jldiug Or mV"jllg it ill t.he ;.:uil, 

Hygroscopic Moisture.-r\ II sub,tance, Ita \'e ihe power of oon
llcn~il1g Illoi . ..:tul'{' UpOIl UH,jr r::lUl'fac'('s. II('nee a Yer," thin film of 
waLer ('.\ iEd.s uroulHl nil Rnh~t,lJl("("~ ('xpo:-!ell tn t.he- air. This phcno11l
(,lion is kllowlI a.::: acl~orpLiOll. TIl(' water 'j::- brld \'ery firmly by ad
]ir:::ioll 01' JIIol cc'ulal' fOl'ec. whil'h is p:;;timntml ns equal to 10,0(10 
nlmo~plH'rl'~1 Hllcl the wnkr may be n·m(Jw~u ollly hy a tempc raturl' 
lliuch higher tlWll the OT(1i1111 r,r. \rhen 1I 0 1'1l1ll1 temperature is 
re!'tol'cll, ille moi~turc wil l lIgaiJi he ~ lo\rl'y condcllscd upon the snr
ftH·C. Briggs J has ('nkul{JtC(_l the tbickIlei:"S of U1(' hygroscopic film 
for quartz particles as 2.(,(, X 1n--" celltimeters. or 0.0000266 mill i
meter. 'The amoun t oS hygrof:,('oph· nloj~tllrc ill H f'oi l oepelHlsllpOlJ 
sc\'cl'lll factors. 

J1'ljgrosC(,pic Capuci1u oj Soils 2 

Rut! AlIluunt i'.Hni mUIll Maximum :\ " crRge 
of {'IuS llI{\istur(> moisture 

I"T (,f'111 1"T ('rill pt'T r~nl 11treornL 

Sandy soils . . . .. . J....css thaJl [) O.7~) 4. 18 2.59 
Saudy loams .. . 5 to 10 1.84 6. 12 3.39 
Loums .. . 10 to 15 2.30 9.18 5. 19 
Clay ictrullS .. 15 t.o 20 5.06 10.26 6.49 
Clays . Over 20 4.20 18.60 10.83 

(a) Size of Particles.-'l'hc amouut of hygroscopic moisture 
in soils "fiTies im'crsely liS the size of ihe particles and directly as 
the illiernal surfa.ce of the soil. Since colloids are mad e up of very 
minute particles, a small anl.'Ount present will increase very mntc
rially tl,e interna.l surface and C"ousequenUy the total amount of 
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lhi:-: form oJ JlIoil'hll'l'. Sundy P-Oi\R Willi II rl'illl i\('\,\' ~ Ilhdl I".UI'[ucc 

ilf('U ('oll!.uill 0 11\)' ~ JIlIL II fllllotll!i!oi uf h)'~l' u:-:('opil' W:1II'I'. 

The pn'<'(\(\ing' tll hh' :;\JO W!'l lilt' ;1111 011111 of hy,!.;"r!l~(·opH' llI o i i'll1 l'O 

as d('termillrd II)' H ilgard. The soil:, WCI'(' l'xpfl~t'(l ill ~Iltllrll.t.c (\ 
alfl l(l''''pht.·l'c· <It 1,j d\-'?!"rcr~ C. alHl dri(l\l <I t ;?on dl'g'Tt 't':-' { '. 

'J'hi :-; :.:hnwf; tilt! ctf ('rl, of h'xtul'e :lnd ('OIl:-:'<' f)lH-'lltiy lhe ildcrnal 
.':UI'I'It('(' npoll til\' n1l10nnt of hyg-r(l~('()pii' llI11ii'dul'e. Til atlother ('{\.1m 
thf' hy,.!..'1·o~(·()pjp ('np,l{'ity Will'. (It_'I('J'lllill{'d fol' iJJc wlloli' :-:nii 1I1 H1 1 heJl 
fur th l' sepnndcs a~ follo w::;: 

\yho l~ s\)il 
('luv 

J>(' r r.'nt 

l-lydruuii(' Ynlll1' It''' i' UU\II u . ::..~) 111111 . I,(' r :-W('(I1I4\ . 

11,'<1l'auli (' Yll lu !' n.~.l IlIlll .. . 

.) .~ -I 

l i.1iII 
7 .\ 1(; 
~J1 I 

1.7 :l l1~'dnll1li(' " lIlut? (1 .•• 0 !I11ll . . . 

(h) Colloids.-'l'}le {·oll(,jt] ... J111\'(';1 Y(,J"y high fH]:,(lJ'pti \'p power 
for wate r. and thejr pn's('u c'c jll soi ls ill(,I'('H.Sc.-; \'('ry sLrikiugly the 
h.'·gro5('opici IY. :\ea rly alJ ..-oils. and lllorr pnl'tic'uJarly the' hensy 
o Jl e~. i..:Ontulll considerahle arn(Jul!t:- of (·o llnids. '1'1I£, -," 1lI1l )' occur 
as hUlllU~. ferric oxicle . I-lilic·j(, ari Li. or hydrc.uf.; aluminum silic·alcf:.. 
IlyrlnJii'd fl'rri(" oxide illHl ,';m)1r ollJer mjlU~ rl-)l:, may UJJit (, wiih 
walt'r ('hemicnlly. hut. til€' 1'00)1mon hy~ro~(·o pi (· pilCIlOlllclIon if:. olle 
of adsorption. 'fh i!' table shows t he etr('('t of ('oIJoid,:; On the hygro-
8l'opic moisture. 
11(fluence of SiU, Sand, Cloy, Ferric i1 ydraip mid Hu mus 011 Hygroscopic 

Copar:iJy ~ 

I
M.iSiii.s-1 i l\fi.9llis_) .\J.jjjlli.jjJ .\J.ijj.~~""_\ \.. .. _ 

pine IllgUJIl I lIy:.!>' fliLt- I i£!ffU- r~fru- 811lP I SIPPI,. 
@l1lIH .Wash- . . I 81PI)J I!IPPI Ouhu I ~r.1881.1t- M_lMl." 

hills , du~t ~i~~c wows ginolJ.'J I.!.Jno~l a 1I1ur"h IIlu':'lIh 
~l~~'~' I soil \ day I~I~)' ~~~IJ lll.teflle Illu ck 8011 

=-----:--:--- - - -- - - - - ---- ----
B ygroscopiclTloistnre ~.-lS 4.92 \ !J.09 9.3a ' 18.60 19.6G 21 .00 ]5.40 
CI.y. .. .. . .. ... 2.94 1.27 74 .G5 125.{S 28. 15 ? Tr: Tr. 
Ferric hydrate . .... . 1 .~ ... . . 1 .15 .. . ~ 1.2. 10 51.~ 
HwII"s .... ..... .. .00 .44 0.00 I .50 hllle 3.33 56.10 19.83 
Finest silts (0.01 -1 I 
0.0250 UlUl .) .. .... . 60.10 45.04 123.15 68.60 40.33 \ .. , '."'" 33.94 8.70 

Sands, fine and me- J "1 .... vu 
<liUln (O.0250-{)·501 I 
mm.).. ..... .. 31..0 42.40 .20

1 
4.70

1
15.61 J .... 70.1 8 

It '''ill be seen from the abore table that day, ferri c hydrate and 
humus ha" e the greatest effect upon hygroscopic rapacity. 

(c) Temperature. - Tbe temperature a3'ects the amount or 
hygroscopic moisture. since under temperatures higher than normal 
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H. part of th'" ilygl'(ls('l)piv Ilwi:-tul't· i:o: dri'l'1l oil'. C(Jndrl)sntion will 
HgHill takt, P!;.l('(.' wlH'1l Ih(, t( ' lllJwntilJrl' 1'l'{'Qllll'i' 10wI'r. If. 11(,\\"(·\,(,1'. 

til(' air i~ t-aIUl',ILL,d Il' itll llllti:-:tU1'L: .111 iIH'l'l'a:"L' ill tL'lllpl'J'atuJ'l' 

ilH'I't'U:-'(':O: 111(' allttlllHI (It' Illoj;-:iul'l' nd:--orll(·d. 
lJ i!g,II'd /rib f(lUlul tlwt a /il/t' , .... ;llIdy ,~oiJ dJilt ild .·llrJ'UI1 In-o lI t' /' 

{'t'llt nr lIloi-.:1uJ'(' frolll 11 ;-.;1l11l',jf1ot! <lltlllt .. phlTV ;11 1~, (h·.~n·(·;-, (', 
<lll!o'orli(,d fnur Pt'l' l ' ('11i "'!Il'n 1111' tl' llll'I'l'iIIUI'l' \\' a~ J'lIi:-l,d tel:q 
dt'grl!l':~ C, .\ 11".]\';1''1' :-:(,il \I'\ti,·\) :1!l;.;()rl'I 'll ~('H'Jl }'l ' r \'('nr ill 1\ :-:atu
ndl'u iJtll]4):, phl'I'(_' nt l :i 11l'gn'I"" l ' , Hri:",orL('d Jdl1(\ Pl'l' V"lI t ill ~~ 1 

d Pgr('(·~ C. 
(d) Organ ic Matter 11<1:-- ,\ higll :pl""'''l1tiy(' 111,\\'('1' 1\ 1r watl'r. 

(·,1;1'('(';:111.,' ill IJI(' 1'01'111 1iJ' ,·oI1uid;!) 111111111 ...... \11 .... lIil. .. C'O/Ili/ i ll ,hi ~ i/I 
~ rn all nn}(Hllll~, <1t 1('i1~1. willi.._. ;-'11]11t~ ltiln.' Sl'\' (_' 1':1 I I)('r (·t ' IlI, whit·1I 
~i"e:-: Ihl'1l1 a Ili,:..d1 11.\',:.:I'I .... \·"pi,· (·i1]I'I1 ·i ly. 

(t') Humidity.- 'I'h(' l'il<ll l _!.:'t':o: ill IIlllllidity uf 01(' :lir 1't1I1."t' :t 

\'~lriHti()11 (,r I1Yl!l'u;"'o(·npit· 1lI11;",tlll'I' ,II lilt, .... n II It' kn111l'l';llllJ't ' . I f ~l 
I"oi l fld .... ,II·ll, ... 11111 ' ulJiI (d' llWi:-;tll],( ' ill ;\ ... :IIUI':III,,1 :llllltl:--l,ht·J'(' IIi 11 

Ct'rtaill it' Ilqu'I':llul'i' . il will nti;-:"I'h tlln'l' ... fllul'tll.., ~ (If ;1 11llii \\,hl 'lI 
the nil' i:-; jhn'r-I'nurl"~ l';lIU1'fllH1. and (11l(·-1wlf !llt;t /I! (II1(·-h.lll' 
~Hjurflii"ll. Iud .,t (l1ll'-four!!1 f'=<1tll!':lticll1 will 1HI:::'111'1I :-ii~hth 111 01'(1 
i hall thir-: 11l'OP(,,'t i01l. ' . 

n nhl'lh\(·k h;l~ :-:llll\\'1l lll,' (1f1\.(.j <d' \;ll'i"lI.~ I'l'i,tiiu'> hlilTli l1ili('~ 

on the h.\'~rM(·()lli{' ('ontNll I)f qllartz 111111 hunlll:-- <lfil'r nfl expo:,ul'c 
of 2 ·,J: hrHl1',;:::lt ;?(1 rlp,l."rrf'.<;.: f'. 

PerC('lifrtfl(' (~f IIYfP·O:';('(lpir .1 /OIAvl'I ( l),/ll f' /HT/:_) _" ____ -

-- I<",,,,in' ,,,,,,,,d,,," ,0 I i, l) 70 !J'l II)(J 
_ ""f <"f'I1I. ___ ______ __ _ __ , ___ 1 __ _ 

Quar\z .. _... ... ... 0,045 U.D;;;) 0.76 0. 11 9 I 0, 175 
H UUlul) 4.05:' I 7 . j'(ii) IOJ,sH 15.u7u If to I 4 

The Determination of the Hygroscopic Coefficient of Soils, 
-'The hy,!!'rus~'(\pil' ('(l('tikicIlL of n ,";lJil l!== tltv :tlllOllll1 ut' moi~tu l' (' it 
will :1(1.:;ol'h when cxp0sP,1 ill a. ~nturaled iltlllo~phel'e for a clefinjle 
time Ilt il. ('on.,;UllIl tempcl'[dul'e. 

'}'hc dct"rrI11illaiion of the hygl'oz;;:copi (' capRI·it,\' or hyg-ro!'copic 
('ocffi(-iclli of ~oi':-: j:; of ron:.-idrTiJl,le importanc'c. :-:im·(, it g-in.'s a 
eon·,tant for the ,oil that depend, "pan the internal ,urfare, t.hus 
g-iying n meFll15 of rompnriEOOlJ. One of the \J(·:.:.t mcthodf:. for :its 
(J etermjnntinn i!' i'hllt of Rr igg:.:: . whi('h i:.; to pl,w(' the :.;oiJ in A satu
rated atmo'phere at 1'5 degrees p" approxima.telv 24 ile,,<TfccS 0" and 
let it remain .until no further increase ilJ 'weight is shown_ I t is 
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t.hC'1l dried al 10\) d(',!!!'l't':-: (', '1'111 ' dilrl'!'l'lH'l' !o!:i\l:!!' the hy.~l'o~(·(lpil' 
('(Jdli('il'lIi of till' i-\oiL Il il~;tr·tI lU1:- lI:-t,d a klll]tt'nltlll,(' of ;!l)O 
,h'gT(·P::o:. ('. ill 11\1~ til'll'nnin;llioll or hy~r(l:-('opi(· I'Hparity. whidl 
1'(llIle:, fll'.Her, pro/I,ddy. ri',u-hill:.! Iht' 11(1;l1t of ;l1':".1I1U1(' drYIH';o;,,: of 
:.nil. lJ! Illi .. iJl'lt'rmio;li;o/J duo '''IIi! should I H.' ,":/'1'(.';1<1 ()llt ill 11 \('ry 
Ihill l;I.Yl'I'. :'0 l!tn! ~l:' lilJ",!!C' :l ~\lrf;I('(' ,)<: ]I(I;-;,.:.ih]p JllJly J't' ('''POSt,t] 

din'dly In llil' "IUtlnlll,d air. 
Thc· h,\'!!J'lI..;vo1,it· ("II'lli{'i(,lIj Ilf ~(\il ... mil\" It,· 111'11'l'mil11-11 i1111in'l,tly 

II,\" ll .. ill!! Illll!'r ("'11:-t'''II'': jil whivlr lht, 1',':!!!'I1!"-("ljlk "'lclli,· jl'lIi \1('<1':"': 
;) I}<·fillill' r(·liri iflll. '1'111,1'111'111111<1' an' ll": flllfll\\":: 

(n) Ilygrt)"'~'()pi (' .'IIl'!li.,il'II{. ' ="iltillg' ", ... !li.,jPllt X O,OK, 
~ I, } I 1,\ ;!I("~"\'f'i(' {'(I,·Ili('j~'II! = ll1ilj,,1 III'" "Illil ;11,'111 X '1,:li. 
I t) 11.\_:!"'I'''.'.'II\'' nH'1!i.·ivlli = ( 11111\"'"1'" 111,I,1\t1!o! I'll I.!ll'il ,\ - :!.1) 

X U,:!.:~-I, 

/.1 \ lIY,!..'I"(I".·p/,i,' j'I, .. m .' ii'111 == 0,1107 ,./lud" + (I.IIX:.! .. \11 + 11.:\11 (day 
+ tll'!!l1l1ir' 11I:lijl'rl. 

17,,1' \\ilii!1!.!" "(Il,llil,ivll1 ,";11' P:l '!I' "-!I'!: lllfli..:tul'.' "1]lli\:lll'111, PIt!!I' 

:!ll:!, illlll llloi:-1UI'(' 11I)I']ilt,~ ,',1]1;1,';1.", Pil/!{' '!Il~l, 

The Use of Hygroscopic Moisture.- It WH~ f-'1'111(.'l'ly h(,li('\ cd 
tll,,( plililt.; \\'{'f(' ahh· til \1"'\' "'IHII!' h .... gro:-i'"pi.· JlHli."IUI'l'. IluI 1;111'1' 
ill\l':o:ti,!!<llillll:-i 1'-1'('111 l(! ,~IHI\\, 11,,11 Ihi:- i:-: H(II ]l0;-::-;il,](,. I 'Cnll111ll'nt 

\1 i/till,!! hn..: 111'l'll l"lkl'll i\" I.b,' PHillt i1( \d,il,1I pl~lnt. ... "(',::-:1.' 10 ollta,if! 

:-ulli(';f'I!! \\'111",' fl'(l1Il dlt' ,,,(,il. ;Ittd lit lIds point they .... till ('(I/tUtill 

,,,,nl)W l':lpillary nloi, .. tllJ'e ... ilI JJ{lllfdJ jll!' fill)] i,..; {jlljj(' IhilJ. 

D('U' I'minntioll.<': or til{' llHli' . ..:i!ll'{' ('Ollielll (If :-O(li\5 at, wiit in,!!" ha\'C 
II(:'~'II tnadL' L.Y l ~rig'g..; Hilt} ~lrHIIIZ. ilnd an.' Ui\'1'1l ill tlte fullowing 
lal,le: 

----- --- ---------
11~· J.:r'",,'npi" Wi\llu~ Am"lIn! (I' 

I"otfli"icu\ ,'"dli\'WBt ,'npillaTY,WMt'r 

IJ·'rr,',1l l",r('f'lI( 111'1'''''''' 
COllrsp sand 0.'; 0,0 (1.4 
Fitle sauu , 1.5 'J,t; 1.1 
Sandy loam . . ' 3.5 4.N U 
Fhle sandy loam, . , H,5 $1.7 :J.2 
L<.t'UlI 7.~ W.:l 2Ji 
CJIlY Jo~"; r~',' 11.4 W.:l 4.0 

] I.l t.he work of Bl'i~g~ ano. ShUlltZ tbe Jct.cl'mination of the 
\\~iltjng ('oeffi(:' icni of ~oi\s al\\'3.ys shuw!>! the pl'(,· .. ~.'n('~ (If !-lome ('npil
Illr) water. Emu al tloe dcath poiut of plauts ,oi ls show more than 
the hygroscopic water prcseut. 
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Fl ilgard 8 gin':': i.iI(, f(lllowing u:-ct\ of hygl'o~copic IDoi'3tUTC in 
plmlt g'l'llwtl!: ,. ( 1 ) Suil:; (If JJigh bygro:;:('ojJi (' power ('an wi11-1-
IIrH\\' frot11 JUoi:.:t HiI' (; IH1Ug'1t ll1()i::llll'l' to 1)12 {Jf material help ill 

811staillillg lil(, jif(_, of Y{\~I'''Jl jull ill rIIiJJI(';:\~ :-:umm('r.': or in tiJU£' 
of drouth. J t ('B illiot. lHl\n:\"I~ r. mailltllin lIOT11Ial grmdh SfiYC in 
the CI1',;:C of ~(l IIi C Jcscrt plilllt:-. (:?) ll ig-h lllo i:,tul'f' nhl'orptioll pre
\'Clli." th e rapid and undue lll'fl iing- (Jf 111 (1 ~urf(H'l~ ~(lil io flw dall~['r 
po i nt. filld thu:o: oftl'll ~flY(':-: ('I'O p~ tll.1I ;tl'l ' Im:l ilL ~oib or low hygro-

QUESTIONS 
1. \\ 'hn t flln'p oS 1I (·t 111'011 wajl'r j ll ';(lil ... ~ 
'1 \\ 'h llL f"I'Il) .. of 11Loirlt urt, a rl' flllZlld in tinil,.; H.\; It n'>\\l1I !)f tlll'f;l.\.' foreer. ? 
:1. J)l'!i lW hYJ.!I·(J::I('iJpil' mui .. tlln'. 
4. 1 row r{{ft':; siz{' of lHlI·ti{"r ('~ afr~·(,t 1 ilt, amuHllt (If IrY),!T"u,wOl'it, l1loi4urt' ? 
;;. Wlntl I·lred do t·" lloid~ lil\n' ~ 
Ii. ,,"lIIt (_. tI"t'(-t UtW ,o( t,!'IIt[lN'atul't' Il11n· (III Ir.\ ·,f!r(l~(·ofli(' moh.tll"" in ('om· 

parll,! in'l~' dry Hir ~ 
T. \Ylmt 1'1I'1'('t if tilt· ail' i:-; I'utul'llh·d ~ 
~. '''hut (·fred does ol')!lwil' lml.ttt ' l' Ira\' !' (I I! lrygrui-4('ol,i(' 1ll 0 i '"tlll'P~ 
!I . " 'Iutl rl,llIlioll ~~i!it" l, t ' \\\t't' 11 till' ad,.;orptiull of l'(lfil .. fl'ulli ditl't,rt' llt d\", 

g'1'I ' {':" of !'ulll ralillli ': 
1(1. Flow do 1111' mtiolO of humidity ami adsorptiun ('OlUpart' i ll till' t:\1I11' (HI 

,JII7(' /!I(i ? 
1\. n(~1i IH: hygtoS<'Ollil' <'lwllh,jeut. 
1~ . n (lW i ~ it. dc'tc'I'mil1l!d ~ 
l :t CUll pl anb lIi'P lIY,!!I'()~('()I'i(' lllni f'tl1t£'? 
14. \Vhich 80il in tll(' tn.blE' on pagl' 10. hu,," tll(' hi::h(>flt hY~I'Ofl('opir co

('tl'il'icllt ~ \\ ' 11,' ~ 
1:1. '\"'deli ('olllnins 1'111' "i,(!llt~t HIll Oll nt of {'n pilllll"_\" Ill oisiutp l\ft_l~T til(> ·wilt

i ng' ('of'/Ii(' i('flt ifl n'ael"'d ? 
JIl. ]f tl dll~' loam ,"oil wl,j~hs RO pouIlJ8 pt'T" ('ullie foot, how mallY tons 

of I1IUI\'nilllhli· lllni"tlltt' i~ ill tht' flo il to a, depth of two fl·pt P('l" 
R CI'('? (See t il hIe 011 pl\~r' l ft i , ) 

17. ',"hnt i't' th(, ti S(' of h,,,gTO~('opic' 11loj .. t.url'? 
] S. 'flit' w il ting- (.'cwniC'if'l1t. nf a ('lilY 1011 111 iJ-' 1 r..~ lwr ('(,Ilt. wlin.t i~ t1l,' 

1I,"gl'ust'('pic: ("of'ffi('il!lIt ? 
19, If tIlt" IIJ Oi@t.Uf(' "oJdi[J~ ('<I[,/I(,j ( \' (If II )'(01/ ii" 2:t:? p('r' .·en t,. wltnt i!'l t/H' 

hYP'TOS("opic c'()('flic' ient ~ 
20, ]f II soil C'nntllillS S:l.1 p~t ('I'lit of ~n n d. R.f; of s il t fi n d 7" .:\ of r\ay. wha t 

iR the hygroscopic ('<wfliciellt? 
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C' IL\P'I'EH XYJ 

WATER O F SOILS 

II. CAPILLARY W ATER 
T IlE mDE=t ahllndHII) MHl hy j',Jr j)Jl' 1)'O:.:j jl)q)(Jtlnlli. form of ,"'oil 

111oi~tul'e i . .:. rllpillal'y or Blul rlloi;-:illl'C', 11 dill'el'~ \' ['(lill h,rgro:,('opi(' 
IllOi:-;tll r(~ ill that it cnlp(II'<lh'~ at ordinary i~'ll1pl'ndlln·:-: . i:-: lIot l'OIJ
d('I1.>.:pd <-lgaill OIl the soil [mr/ic)t·,..; , :wd IIwy more Ironl 0111.' parlit'lt' 
10 HW,j her. 

'rhe h'r1n ('apillar,v as appli\·\l hi this 1'01'111 Ill' \\';1\('1" lH1~ ilri~CI1 
froll1 the 1';-1(·f DIiIL IlIi", 11 IOHlI tI(;'1II min' hf' hc· ... t. Si'('/I ill \'err :~m;JJI 

rH.pillnry tHb(_'~. \\"hell tuhr:-< HI'P pln("pd' ill waft'l' the hci,!!itt l~ whiel ! 
it will r i1'c YUl'il.':-:' with the dianJf't('T of thp tuhe, 

H eight of ('upillarll ru,~(' in GI(J.~.<; TubeI'. 

DiltlJlc\cr of tUt..CII 

1.0 m I ll. 

. 1 111111. 
,O l llllll. 

Height of Wl1lCr 

1 ;j.~n() II lIn . 

!'=):C~G m It .. 

\ r,:n.(i 11101, 

T he !aw <:':\pree::-:illg llJi~ uvti(JII i~ H~ (o U o\\'~: TJle hcight in 
wh i('h thc wH ter rises nl rie.oI ill\"{1 r~('ly a:-: titt, dil1 ntCtl' I' of tite t ulH.', 
The reu uctioll o[ UH.' tlill l1lcter oue-tcllth ('HUS(!f:. t.it ... , watl' !' to l,j :-;C 
te ll t imes af:. high, T hc movcment (lr water ill soils from a. j'ree 
wH tcr sur f'ilec rl'sclllhle.~ j;;OmewllHt I Itt· ]llO\'l'Illt'llt 01' WHit' !' in a large 
llu luher of capillary tubes of \'ariOmi '.~ i ZNi. ] n the tase of so il s 
where the water r ise:;: fro m a free water su r fact' the Rmou nt ill t lte 
80il ya nes in ycr.r:lely as the rli,~tance alloY(, the fn'e watcr. 'I'his 
would be exactly t~e of a large uumber 01 m r iou·.'-Bized capillarv 
t ubes. The explana t ion for soi ls is nOL quite a' simple, however, 
as this would indi",te. 

Surface Tension,-'\nwne,'er an ai r-water su r face e::dsts the 
molecul es of water in tl1e iuterior are attrac'tecl <.~qually in all cli r cc· 
tions. The molecules on the sn.-fnco are snhjceted to a doubJe hut 
unequal attraction of the ",a ter on one side an el the a ir on the other . 
whieh has the effect of producing- " thin fllm compoFed of the sur
face moleculea which is under tension. If the jjlm is Rat no pres-

199 
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S Ore j~ (·xertcd ill fl1ly diJ'cvtioll. H (' lIl'\l'd tilt' tL'lIJ.:;i(JjJ \\'iJJ (.'(IU:O:t' 

" l',,~·.~.slLl·(> ill tlw ~jn'(,li(ll! (If tll(' ('t'llter uf l'tlrrarUl'l' aLII I ill 1'1'0-

P_Ol'ilUII to 111(_'. nldl.ll~ or "lIJ'\i\\un ... ' . The prt·~;-.Ul'l' i ... "Lllial l~' twu 

ttJlll'_" tile 1(.'Il .... ](J1l dl\ldl'd )'.\" till' rittl i 11:--. Till' gn'nlt'l' lilt, ('Un<llUI'L' 
tfUJ Il·."':~ \~'if1 lIt, ,lil (' I'ad ill~ ,Jill[ \'PII""l'ljlll'lllly llu' ,!!T'l'l1tl'r thl' pn':-:;-;llf('. 

II ~(Jd J1,ll'twl('~ iln' ill {'(lIllad tl]{' W(l1l'r will IlL: ill t\ro J'UI'JII ... : 

(1) H~ n fillll i11'\ll\lld lilt, parjjdl':'. find ('!) iI~ <I w;1i~t it{'tWl'('lI till' 
Jlur!il'lc~ a,..: '-:\lflW1J ill figu!'l' !IH. T ht, 1 lJ'(',,,u rl' it' al\\'ay . .; ill illt, dirpv
liol1 of till' l'L'r1iN nf c'unniul'l' ;llld \<ll'i(,,-: ill \ t'1'l-{·h.' fl .': lIu' Till I in;' .. 
'J1 JJ(' ,PJ><' ....... III't' oj' the JjlIll ill'(/llIld Iilp ~lIi! ililrii('l(' i:.: illlnln1, whil(' 
dial of' the waj ... l j.-; Olli\\·'lrd. T hp /"01"1'(' will Ilwll I,i' tlill Iliffl'f('Il{'l' 

I'l'f \\"('CIl I hl':--(I j \\ (). . \ :-; II g4'IlI 'l"ili 1'1I](. j h,· \\,,1 i:.:.j fil rn (,Xf'rtf:. f ht' 
gT(lUt('" ft)J'('l' hl'{':lll~(' it h'I:': lilt' ~n'Hl('1' ('unntlll'l' Ilr tl\(' 1":-'''1' 1" 
1';1(liu:-. '] 'Ju' JlJ'l'~~u J'(: (hw i(, Ilitr(ll:j'nl'l' "f" C'll rntiuJ'(' i . .: wl'll :--:hoW"n 
hy two ~(lilP hul,IJI('s 1 {I ,ifill r1 ill:d hn\'(' H rI'l'{' air jln:-:::.u!!(' h('1\\"('('n 
tlU '1II a:-: ill (iglll"('!lJ. 'rill' <:lll'\<ltUI'l. .. ' uI till' ~mi.lll('r . d. ;uuuld ~iye 

t e 

d 

~t 

FI G !)I) -.'"n parl;('II!'~ "hawing film '>, 
Illid W,ti~w (If (,>lpillu.r~' walCr. 

FlO. \)I.-LuTI!:" llllil smtllJ huilhl[" (,<)Il_ 
1\I"(·,.'d \,.\ n wlw I,. Th\: l.':r<·ul('r {"UT\'UUlr(' 
IIf II ff\n'f'~ 11,\· l~ir inl\l It \luli\ the. cur .... u.
lUrt't,fci",II,{' HI\lll!' ZL" II. 

it grc.i{el' pre:;::;,:uJ"t'. '1'1111 1 jlli~ i~ iru(' i;-:: ;0;1111\\']1 hy tlH' fad thnt Ihe 
ail' i~ fOI'("£'(1 frol1t it. illhi il1l' lill',l!"L'I' lftrl)ld('. (I. till Uw film .. r. a('I'O~:-; 

thl' (,Illl of lhe tuhp. ,lin.:: a l'U l"\',1illI'C 111e :;:11]11(' <l~ that of the large 
buhhle. 

I f 80il particles nrc in f'oul;ld ~0 thllt ille \\~at'l'r filmF ('oales('e, 
tltr' iilJllI' will ndju"f thl'JJl~el\"l'~ :-:0 <l~ t (1 he ill eqnilibr iulll. If. how
{'\"('I' .. watcr ig I"l'1ll0H'cl from one 01" the pnrtiC'leR .. a::: fI.t d, the ('CluililJ
riwll will In"' destroyed. II puJl wjJi he ."c.t up tmrarrl a, allel water 
w·ill moyc Ife1nt other pal'li('\e:'l until rquilihl';um i8 restored . In 
figtlrc t"K.l the film around (l it: thillner than at a., and this may make 
11 slight difference ill the curntture of til(> films. hut morc particu
larly of the waj st~. the CtlrratUl'c heing- nnlf'h greater hehl'ccn c and 
d than between a and b. The )n'eater ontwal'fl force at e ,md f 
would c1ra\\p water from the other films. 

If water is aelded at a the cql1ilihriltlll "'ill be rl",h'o:Vl'(l alld 
J't'adjustllleJ.lt wiJl take place. 'J'he ~ml.l}l('r ill(' amollut or water 

preacnt in tll: .oi l the greater will be the enCl'.ture of the films 
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Moisture in Soil Columns.-.\ llulIlltCl' III' pOll'titlc . .; nrc HT

l"illlg'('{] H'rtic<llly II:' ill Ii g-u fl' ~J 'L T lil' film ltrl.Jlllld ( I ) i~ held 
II,' tbe aLil"l.lMioll of tha t partivle aivill'. T ht:! lihll arouud C~) i:-: 
Itt'll! 11,1' tilt' utifildloJI (If tlH' p.:Irlit·le, plu..; the <HIIII'lInl [1(111 of the 
\\'Hlel aL a. T ht' wnl.('1' lillll or (:~) is IIl'lli hy iIi' 1J\nl fOI'l'e. plu:o; 
Ihol'ol' cd' (/ lIlld f/ , ~n. ( I) I':; Iit·lt! by itl- 1'1)1'('(', pI 11:- II. II. :IlId t. Till ' 
nlm of thl' JOWl'!' :'I\il p'II'til'h. .. mu",1 lit, hl,ld hy the gn':Jtl!~t Iort'c. und 
iI.~ a l'(\~' IlJt I}Jj,s lmrlide w(luld h;nl' lite t}ri, ·k('~·t film. U Uw 1<JII'cr 
{,ud (,t' thl' :-niil.·oltllllli ('HJlLllill~ frt,(., wah'l' till' !ibn:; Illa\' Iw:-o:() thil'k· 
('lied lIy lbl' ('O'ItlI,jlll,d l'llI'I'l' (If ,Ill' fillll nh(}\' l' I.hlll 11(:llrly nIl I'0l"f' 

"Jla(·t!~ mny 11(1 fil/rtf with \\'aln. ' ('lit' port ',.;patc:-; {If lile :-ioit 1'011111111 

i" ('lIlltlld I1'ilh the free Irlltt'l" llWr iid Il~ tnl,(,~ . 

Effect of Size of Soil Partic1es.- ll will h(' '""" fl'ol1l Illi,. 
llll'll, that til(, mOYCI1H'lIj of l'flpi llHry \\,ilt('1' i:, Chil' to 111<' dilr{'n'IIl"I' 

.ill ('Ul'nlturc n[ the film, IIJlil III(' ,gr('uil.'l' tli(' j'UI'\' 

HIUI'L' tlw gl'Pfli('l' \\'il! Ill' Jlic ('" I'illll 1',1' Pill! or 
]H'l::-i:-Ul'l'. T he smaller the alllollllt of water prc:::.-
l!lll ill the !-ioi1. the gr~atl' r will he the runnhuc 

b of' tIll' film ftl'twel'lI the ~(til lHlrtidl':i. As a gC'Il

(,1'ill l ' llle, the largrr the 1Jnllli1('r of ,o;;n;l pnrti(:ll'_;; 
tht: ,!.!Tl'lItl'l' the llumber of' fillll:; ])J'(>:-t·>llL ana 
cOI1!'cquelltiy the goT'Nltt'I' pull w;\! he exerll!d per 
llllit of \OllinW of" the i'oil. ]l l'lKC tllC! wiLter 
in capiliary tuhC's rf'pr(,.~!:: ld ed hy a single i.ilm 

e :It ihe top of lhe watl'!' ('OIUlllll \rill Jlot ]'i ~e fiS 
hig:h as in tile Boil. wilere the lllllllher of fiiTns 
j:;' mHny timl':: !.!l'('tl1rr thun in ~hr tulle, 

Fw. 92 .-Showiug Th~ height'to lI'}ddl !lte wait,/, will rj,;;:C £11.'-
111~:,r:fliiii~~~~ ti~c ~I\~~~: )"Ie/lds UPOll the Ilill'erell('e ucjw{,(,l1 tIl(' ('omllil1l.,d 
Lica.lsoil column. force of lhe films flncl tlte forte or rrTn \' i1 \' rep
resented II)' the weight of the ·wafer. In coarBc-:tJ~uiIlCd' RoiJB, 
where the lotal film ,mIate is sm!dl, tbi, fO I'cc rcprc,cnling Ihe 
upward pull will .00 11 be oycreomo l,y the forcc of graxil'y or 
weig-ht 0.[ water. aUl1 beut·c wal('l' will not rise ycry hig-h . 111 fincr
grained soil.. where tbe total slIrfu('c {)f the film . ..: i:;; \,(' r y hrg-e it 
Id il J'equi.re the \\'Qi,g-ht of lL H'ry higb column nf water to },a);:J1}('c 
this for ce .. lIenC'e ill fine-grailleu soils waler will l'ip;e much hi gher 
Ihan in coal',e "oils. 
. Tn two $oi:s, one filJc-g-rllil.led :mcl the other toal'sc. haying- {he 
Hbus of the same thichl1css lmel the ~l1me cu r\"aturc, the re wiD he no 
tendency for waler to move from ono to the other when brought in 
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l'olltad, alUI()ugh the fillt-'r-g ra illctl ~oil may haYe mallY time& the 
1110 i:::llfrc' ('o ll lCJli (II the other. 011 the other hUJl(.l. 1:1 tiny soi l muy 
l·xfru(·t wail'r frOIH u. ~IIIJtI ,..;oi l ", /lell iu duse l:(Jlltad. even j f the 
('ia,- ('() Ida ill:; ~("t:I'Hl tillll'!:1 thl' 1IJ1l0llllt or wil te r th~1 1 the l'i<l llcl S(Ii 1 
d()~s. T hc· dilre!'r!}('p \d ll he du(' to the rill'! illil! ill thE' ('a.';p oj' th<, 
f' lIutl lrr !-ioil lHlrtit;\c~ ill "till' iiHl' l'-graiJwrl 60ii the wa t{-'f tilm will 
ll<l\'c U ,!!1'L'utcr cu rvatu re. <Inc] hCI1I'e will IJe ;-Ihlr i t) pull \nlter frolll 
lIl t' I"fllld ::oil. WIl(,I'(' tht' fi ltll t:: h,l\'r ]£'s!-\ ('un-a t un'. 

Moisture Equivalent.:·-Hrig'.~s Hlld :\Id.anc r]PSi,l!11Ct\ a ('clI tr i f

lIg'RI rwwlt icl(' ],,\' wh;('11 rn oi~t ~()il~ ("(1111(1 b(' subj('d('d 10,1 l'ot'(-c or 
lOOt) limps 111at lJf _g-rn \'iiy OT murt', The :::oi l1'( ulHl('r Ihi:-: {'(lI Hiition 
would IO:-:l' 1IIoi:.;tuJ'(' Ullt il till' ":lJlillary fOr('l' WllS ill ('quilih l'iull1 
with Ill; :;; f(ln'l' of 100\1 ti l1l l'i' UTll\' ih', Wll t'll no furthl'l' l(!f.I~ \rould 
lakl' pla t·{' . .\1 ihi )'; puillt all f;;)iis h~~\'e film . ..: of the :-::tnH' th i {'klll':-:~, 
a.nd if' the f'ni l:- llrc put. in c:1u~(.' (.'outart there is no te n (l ~ncy for 
waf er io 1110\0 from one ' ... oil jo the othrT. The papilla ry fon'es are 
jJ) ('{jl.li/ihriullI. '1'J)(' llf'J' rC'JJt oj' wa ter pr('selJi fit this pojnt j,;;: 

kJlllWll fifo: the 1I7ol:slvrr ('(I lli/ lafl'n! (lr the soi l. I t if; nhl'llY "; higher 
thall th(' wiltin g ('llcllk i(, lI i fl.1Hl luwer tlltHI tIlt' opti mulll water ('Oll
t PIlt. \\'hil l' not l'l'll1'(':-:lllltin,~ fllly (' r itir'll \ nlOi ~lur(' ('01dl-'lIt. yet il 
rt1rl1i~I1{.':-: <1 " er y ('011\'('l1 i (,l1t <'l llls tant fo J' ('omp~lr'L'; (lJ1 of rl iffE' I'ClIi 
;.;ui/:-:. 'J'/Jf> llUllIerir'f!/ ",.lIue (If the moisture eq llindeu t clC'jJC' ltch- urmt 

the jllirl'll al :-:ul'fac'(_' of th f' fo:0 il. Th e follo wing 1ahlc gi\'c:; the 
H\\"J'a_ae fo r fo:tl Jll t' t'\a:-::-:('~ or ~()i l :-:: 

M ai.sfur{' Equim /l'ItI .'1 oj So me soa Cla~.'1CJS ~ 

Sands .. 
Fine s:wds .. 
Sandy loams ...... . 
Fine sandy I()Hms .. 
Lou.ms .. ... 
Silt loams . 
Clay ioams .. 
CIa)', 

:: 1 

'1 

}olHXil1llllll 

~.:l 
10.0 
18.6 
21.4 
20.8 
26.9 
32.4 
38.4 

.'Jinim unl -I -=-
3.0 4.9 
3.8 5.6 
5.3 10.4 
6.8 13.0 
i .7 16.5 
8.3 l i. 1 

15. 1 2),9 
19.1 32.0 

Sim'c the 11Ioit:tul'e equi\'nl eut hears a ra t her definite ratio to 
other son consbwts these mav be used ill Hs indirect determi.nation, 

Determination of Moi~ture Equivalents from Other Soil 
Constants.-When the. other soi l constants, as wilting coefficient, 
llygrosrop ir coefficient, moisture holdi11g capacity. or m echanical 
ana1ysis, ate kilOW11, t he moisture f'qui,'alents may be determined 
in1!.irectly by. the following formulre: 
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(t') ~loi.st.\1re t"llui."I\\t'nt = ( )'IOI!1oIUn' holding: ('UPlldly-21) X .1I35 
~ [I) ~to~t;t.urc (,(}ul\'ull'ni == 11~'J!roSol:opil' i'lli;I1 i<'it'lIt X 2,i I 
(a J )IOllSturl' ('qlli\'lllt·nl:= " Ojlt int! {'oi'tli<'iI'llt X I.~'" 
(dl .'laj~lun' ('(lllh'ul('//I = (I.O:! :;ulld + O.Z:! Hilt + I.V.) (·IHr. 

Movement.~rl'l!(' lllO"rmf'I!1 flf l'~lpjJhlry \\'~Ill'f' 11H1)' lake r1nre 
it! filly dircctioll. hut with ~!ightly grl!Ht~1' fal'ility dowllward tllnll 
upward III' sidewi:-:l'. hl'l't1U:-'t\ or the uid ot' )!l'tI\·ity. 'I'll£' ntil- ulid 

llC'i,!.!iJt of tl 10 H'Il h.' II \ lIt'IH' lul lI)lUII "l'\'l'ml fa.l'10r:-i. 
1. The Thickness of the Film.-()!l[' of tbf' I))u/'ll impol'iJlld. 

radon.: ill l'/lpilllll',\' I'\lO\\'I1I{'flt i:-: Uh' tlJi('kll(':-;~ III' till' filfll of wiltCf' 

(Ill the :o:oil pai'tivl<' .. \~ a gl'lH'nd rule, tht' gn':lt(_'r tlill dlfVf'l'('IU'C 

hctWf"ell ti1(' 111(li st lire (-0111t'[1l (If I.ldjlH'l'Ht ~(lii l\llI ,":-:'C~ , OJ' lilt, greatcr 
IllL' Ji£rurPI)['c jJJ tll .. · ihieklll\";~ or Ii I m . ..:, liu;' . ..:IJ'OlItWI' will h(·1}Jl' pull 
.111(.1 tile IlI(J['(' nlflid will II(: tlte IUUW'W('ltt. ' I' lti:-: i:o: \'('r~' \\'('/1 :;:) Iown 

ill ~oil~ adjH('ent io fret' or graritniinllai wule!'. ' f lIH~ tli:-:lriilutioll 
JI('(ll' the free wufer tfike:-: plilc,c 1'ilpillly through ('apillfil'Y Jlil:-:~flgl'8. 

while Ilt :-:OJUC di:-:.tful('(· flit' lllfl\' (·JlI{,.lJt i" 11\' llH';IJIS of lliilJ JjJms am] 
~lo\\" ~urra('c di~tr;l/lftjoli. I f tlli:3 )jul\,P;f1cot i:-; llfnnll·d . it is rc-
1.Ulled by gl'a\"ity . hut if dc)wIIWlll'd. a~ Hf'1L'1' fl mill. tl1(, movement 
1)('( 'unH'~ sOIl1{_'whl1t nlJlitl, c~pl't'iHlIy it' tilt, f\\HlK 'Hl' quile Ihid,. 

To c1etNJl}jJIt' how rapidly or ~I(lwly w;d('1' 1I1()\'f'l'\ fl'Olll a mni !'.t 
,":(li l il.lto It dry one, )jury tl ul'y £:lud two 01' tllI'e(' i,H'/If':; ill diameter, 
ill soil with mcuiulU moi:::tul'e t.;ontl: ll l, alld l.' .\illllillC e\'crv thrL.>(· or 
four days. The lUO\-emcnt ii:i rer)' slo\\'. 'j'\\,() 01' three ,r('eks will 
lw TC'luiT('d for the <:lod tu hCl'om,(, moi8tcllt!d. It i,....:. withuut doubt 
lruc Lbnt the root...: or phll.lts go l1ftcr the lJloi;:.ture rather thall wniL 
fur the moisture to lIlore to them u.Y capi!J[lf'it.r. TId::;: [<let ('olltro/:-i 
to it lurge e..'\lent the root dl'Hdopmcllt. of p!UU1S, It must he TcmClll-
1001"0U that \'ery little (·apillary waler u,eu loy plants is ora.\\'11 from 
the \raier tahle of the soil , which is usunlly Jll<lJlY feeL lwneatlJ the 
!'llrfacc. PJalits sowctirncs wilt whet! the free ·n-au'r i:; llOt more 
tlUHI three or fOUT feel beneath the su rf'ace. which IllC"IIS ,hat the 
moisture rising hy capilla rit.y is not sutli<: iellt for the use of the 
plant. The fact lhat moisture mOl'es .0 slowly through a ory "oil 
i ~ what mukes dust mulches 80 effeccire, 

In order to show the rate of moyement of water thrOllgh the 
soil, after the dry summer of 1889, Kin!!, of Wiseonsin, collected 
samples of soil to a depth of five feet, and a portiol) of the dr.\- a .. ea 
\\-as effectually protected from rain and ,no\\' I1m1 left in this ""n
dition until April the foUowing year. Samples were thell collected 
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I'ront tll(· (_·(t\t'n·d HIlt! f!'Olll the cXjI(J:-'t'd :o:oi l ~llld the 1l1OiF-ture ('UI\

trill d(,jl'rJlIillt'd. Til l ' 1'1':-1111:'. nn' f!iH:ll ill till- Inuit'. 

Wall 'r Pcr C(' ltt (/J nry Soil, rOI'crcd aud ['-ncollercd, at Dijle-rent Dales (A-ing), 

I ~ I fool, saudy eJa)' 
2nd fool, I"(:u d:l~'. _ . . 
:~rd fuol, I'lay and sand . 
·\lb foot, s:llvl :lI'\(\ ,I!,'I'!IW\ 

r".I. f( lot, ~:HIII and L!:I';I\'!'\ 

Oril!iual "(JiJ_ I~~ St)i] ulI('fwcn·d 

')<0\ :!'i, t :--KH April 1-1, i"iU(J j :\ prill-l , lli\IO 

I I"" mol I 1~ ""/ I~ ""/ 
-l.o;.~ ~.32 20.23 

10.07 U.G~ 20m 
9,] 1 u.33 :-;.32 
4.3.~ a.71 l\.G:i 
4,';:{ :'),0":; (i.()7 

(i.-J :? 1:?Li.=J 

11 '1. thl' prntC'('ll'd :-;{)ii th('I'l' Wa:-: 11411 0111," 110 ~f.lill 11,\ ('(l pilblrity 
frotH till' :-:id(l;o' til' J'1'lim h('luw. I'll! ll1\ avlulil l o~~ !1I'\'lLrJ'l'd. 

~. V iscosity.- ri:-- (·u:-ilY i:-: 111<,' n':..:i,..:;tflll('I' that !Iquid~ 0!1"' 1" io 
ill(' 1IH11'('1)I('1I1 (If HIIJI(·('!deo:-: il;:lIirrsi (';,wll nflwf". Tlri , .. pro[)('ri," i:..: 
\\"1_,11 :-'('('il ill ~.'"rlljl~ , !Illi \\t" 4111 I1tll ordillarily think II]' \\';111'1" n,o: jlllf:,

:-:I.,:-,:-iJI!!" au,' JilJ"~l' HIU{lUnt of yi:-:(,(I:-iIY (II' :-:howill.!! all\" \"<ll"iatiol1 

ill jilL .. J'('~llI.'("! ' Ullt!('!" r1itrl'Tl'lIt c'(llI diii(lI1:-:, ,\ f-:nlll{' \\:!Ii.Jt highl"!" 
\ii'l"o:.:it\" jrH"l"c'ar-:t:':-: iiJl.' ~Il rr;]( ,{, tf'll. .. i(11I oj' tllr Ii I Ill, IJlJi i1t. tla' f';lllll.' 

tilllt' J'(:lal'd ,,, lil(' Tilll' of J1HI\' (,III~'llt hy 11':.::-:t.'llill,S!" Ihe fluidity and 

(<1) J'ellljW/'fr!/{/"l', - Y;lria{illll:-:: ill tlte temperat.ure 01' \,;d (' r 
l·h:1I1,!!'l' it:.: \ j-:("f,:-ity, a hi; . .dlt'!" j('ll1p(','at-un,' Ilimillio.:hill.f! nile] n lower 
illl'J'('iI~iJI.!!' jt, J t1('l'paf:;iJl!! ri::,'o:-:.ity iJl('l'dl:-;P;': stll'l'nrc tellsion. ]1 

h<l~ bi'l'll ~lt~if' l'lllinl'd th,lt,'i]' th(' \'i:.:c:()s i t\' of " '11t·e l' at Zl'l'O C, is taken 

tiS ]00, thell Ihe \'is('(I~jt,, [11 ;!,) d{'!!r('(',~' i,..; :i(), nt :31) (l<~!;.'T{>f'S .,J,"" and 
at :10 (1t'_!!T'{,(,:;; 31," '] ' h'i~ \'ll1'i~t i(~11 ill n 11 ('11('('5 thL' f"fll)i lin r~~ 1110\'C

mel1! (d' Jlloi:"luJ'l\ ill ;o:clil:-: to Bome ext(: lIt, 

The Il('xt tnh/r ~ ho ... \·:-:, tlwt ('[I pi lIal'," 1ll0rCIllrnt i~ more rapid at 
lliglwl'. H'lllpl'l'rIlUI'(,," , i'llIli('il l illg that th e' greater fluidity produc(lc] 

EJfrd oj 11em1Jeraillre 011 Ri.'~r (Jf ('apillanj /I'[(/'i,'lfllre,G U71iIJersify QJ llli7wis,-
11 ciqhi 'in J tichcs 'in:94 II ours 

T t'IHJ)f'rt.turt', d('gN."'" 
F'u.hrfJnh('il 

32,.=) 
flO,5 
70,5 

Brown :;ilt 
loulll 

11.9 
n.3 
13 .. 5 

-===~.,-==== 
Whill' !!'ill 

1011111 

11.9 
14.0 
14.5 

Yclluw fiui' !!:lmly 
IOllm 

19.7 
22,9 
25.8 
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i:-: or gl'l'Rlt' r 111Iporianve thnu nil itH'I'I.'<ii;l,d (C]leiOu, at h'/li:\\ within 
tilt.! lilUi15 {l l' til l' c). IH . .'riIUCUl. \\' [lIle JUI iuvn'at-e in \i~('ot-ity ;;1\1.::-; 

~I'l'at{_'r ~ul'favl: t<':ll:-iOIl, dll' nt!t' 1,1' IIl t1\I' IlI l'U( j ... dl'(,_'J'vl\~t'd l'l'I·;II1 .... \' 

:,f g-n·.71t! r n·!""i:-;!;tI!('t'. l ·Hdl.'i hi(!hl'i" IdH!/l·nllllf(.' .... 1/1(' t'/-lpilJary 
/il1lij would Iw fl'Ht'lil·a FI)lIllI''', ,\('1 tin: JIl'lg'ill 11IlaillL'd wuuld bl! 
k:; .... UlUll at lUWl'1' Il'mpL'nItUI'I':-:. 

~IJl\ll'\,hnt dry r-lIil~ fn'4Ill'llliy l'I'I'llllll' Illoi~t ill 11111,' !IutU IUll 

,ritlillut l'tlill. '1'Ili .... i .... ptollahly dUll ttl j\\'O thiIL_e;:--lt':o<t- e\tlJ'~ 

or;ltioll due to IO\\t'J'JlJ,!! (II' i l'1l11 11 'r;}l l1l'l' <Iud ill\'rV<I:-!I,d ('lIpilllll"_Y pull 
<11 lile :-:ll rLh'(' dUI:! {o gl\·alt·!' :-:urfih'c h:Jl:-.iIJJl (J/" 1/11.' watt'!' lit Ihi ... 
ll'IlIIIl'r<llUre. 

lh) _'"'uJ)s/!I)!(·{' .... in 8olulioll.-Tlll' ""Ij .... l·~,,~ily }I))d ]ih('wi ,~{' fill' 
.:-urf'a c·l' 1\·[I .... i,,]1 Id' wa\l'" arl' ;_ljrl'l·tl'd 'HI!1'I' or 11, .... :-; 1,\ i'u!l;-:\;llll'L''''; in 

.... nlu ti (JlI. ;--;mne illl'l'l"ll .... ~', \\hill' Otlll'l':-i dl"'rl';!~t" It 'l1~i\) ll. Thl.! 
bt'igllt to which liquid:, ri .... (' ill :-;I)il:, \;I['il':-' willi thl' .... 111'1';11'1' 1f..'I1 . ..;illll. 

tilL' d('n .... itif..,.~ of thl' liquidl' !'l'ill:! lhl' ,":;\llIl', TIlt' I'Hllidi l y or ri!'l' 
of i!H I:-t' lil1Uid:-- in thl' ~ nnl( ' ::r,il dl']ll'Iitl" LI]l(l1l Ill" \i~I'\16it.\: llll' 

W(In_' \i .... (i<l 111(' liquid I//(' :.;101\'('(' lilt' JtJUlt'/lIe'lli. ", I illend i-OldJ

.... ' ''IH'P .... ,l(JdNl to :1 .... llil !!'elH'(':lJJr ju("['t';! .... I' IJ)(, ~!lrr:lt ·t, tl'lJ .... illll. j I' 
)JI,w:o:.:-iuIH (·1111)['illl' i:-. ;il'ldt,c\ Iii 'lhl' )'.url':lC'l' I)r :I ~(lil thl' t'l1pillary 
pull III' tlw :-l1rl'an' 1I10i;-:t \I 1'\' \\'ill hi' ill l·I'I'fI;o;I" 1. <11)1\ IIIlln' WHIl'1' will 
]lL' hrollgllL I1p JrOl1i 111(' ;-:u], .... ldL Til i . ., i ,~ il'UI' ,d' 1110 ;-:1 III i lIl'l'IIl 
1'1:'1'1 iliz(.' I'''';, 

(JI'g'Hlli c ;-:U!'oSlillll'l':' jt)\\'l'1' tlH' :O:ll r/';1 tT tl)ll!-iioll ;-:n IIIH ~ illl',\' wou!d 
lint (·uu.":(· ;-:// ~f'(';it ('<lpi!!iI!',\" f,(dl. IJlit \;'(/uld ill(")'{'II,':(' Ih(' nqJidity uf 
l1l()\' t_'IlH'Ilt. ~ojl .<.':olujjoll,' h.il\'l! ):1 Irn\, ..:u rJ))I'l' it'IJ..:jfHl. 

H .. IiIl!' \\-~>ltillg a r~\\' illc-il(';:-. ill d('plh JI:l\,C l:I l entll' II ('_\' t(, lhuw 
\nlter li p f rom 1h(' ,ll'I!Pt'I' i'oil. a:-i Oh!o:crll'd hy i\ing.:' lie rOllin_! 

that ~.:) p(jul1tl~ pCI' ::::qIlHl'C' 1'(1(11, ill 011(' trial ~lInl :LG!) iu nnuil"'r 
hnd hcen tl'anl'fer l'cd from tilc lower ~o il ~ -l to -JB illl·he.:-: to tJ,lC upp(' r 
ill iG j]{,)UI"S aft-(:.'l' w('tiing-. 'rhi ~ j::. chle ill part to {h(' fad that the 
,"llrfa('(? ten:o:i(Jn of rnill 'nlte !" i~ greater thlln that ( If ,o.;oil :o:(t/utiofls. 

Ifronl ihe next tahle jt ""II-ill he s('('n Uwt ('omDJoJ) ,.,..JJf.. gin',' LlH' 
,C'1'('n1('~t te_n~ion and t,h.nt. ~oil solutio]ls ;1r(, h)w. 'I I' nny of the 
chcnlic-al f:Uh~tflIH'C:;; l11('ntiollhl in the talile l--hol1 \(l h(, npplic(l to 
the sUTfll('(' of the f'o il when it paf:~ed i:nto ~oltltio]l . the ten~i(ln 
would he il) crea~ec1 sullir iently to drilw up \'")1tC'1' hcm t "elO\\~. Rome 
rc('cnt e.\l-)eri_l:l1Cllt.;: fly Karraker R inrTicllie t hat ~uhstan('eR in .Rolu 
t-ioJl pl fty lit-tle part in JlI0istllTP nloV(,Tlleltt. ~"ll e~ f:tr(' ng't, h5l- of the 
solu tions in the tahle Rre much greater th811 prohabl:v e,'er occur 
in soils, unless it should he in ihe immedia!e surface jmt aHcr an 
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S urJ(l(:(,> TCTlsiou ami !lw V ('7u;ity of Certain Solulioru; 7 

l'("iutiun lll'lIsit;.' 
I Surfll,(,(, 

c:-c-- -------------- _____ pt'T (If I CIll. 

I
It!llSiUlI. dynll8 

Witter .. 1.0000 73.9 
C OIIJIlI OIl S}tit t :'\a('l ) 1. 1 (l()O 77 .6 
l\'l ul'intf' pol:-lsiL (1\('1) 1.1000 77..5 
AJIlIllOllinfll sulfat !!' ({ N' 1I 4 J ~""'() 4 ) 1.1000 76.8 
;-;odiulll s ldrah' (N !l~""04 ) 1,1000 75.8 
1;odiuIII nilru!(' C\a:'\'O al .. I . IO()U 75.8 
P olassilll1l hydrll t,(_' (1';:() H J . 1. 1000 75. 1 
IJuLlt.ssiull1 ~l, l fflll' (1' 1t:()4 ) J .OS:iO 75.1 
\Yood ashC'R I.OO:~ t-I 75.2 
ThollllLS stllJ!; J.()()I:l 77.4 
l\hlrl 1.001 a 77.0 
Lime I.OO2(l i5.5 
Anunonill (:\ 1-l 40 IJ) O.9flOO 67.5 
rrille .. . . 1.0260 64.9 
St.nble IHIlIlUr(' .. . I.00J3 73.2 
J;: t;'utuck" IJlllC'·grnl:l:-t !'Iu il 1.0000 7l.0 
Whent ~oil 1.0000 69.G 
Gardt'll soi l 1.0000 69.4 

fij)pJic'l.1tioll (If f:,O !1I(' Illincntl (crtiliz{'r or jn nlkali :o:o ib. I n eiUler 
(If the:-:c nl:-:e:.: ~oln (' dl'('d would uudouhH'dly lie pl'ollu('f'd , 

:·L Texture. - TIH' :,nl<JJler the ~oii purti ('lt::-: tlie sl<nyc r thl' 
('apllln ry lll U\"l~ll lt'U l. bu t l iu . .!u reti l'al1y the higher the water will 
ri!w. T his is true uuly iu theo ry, The re~ i ~ta n (;e to mOyei.llent 
bl'(,ollle~ :-:0 g-rcat. ill \"cJ'y ftuc-gTi-li l1 f'd :-:oi18 tlw t the wateJ' will not 
J'i~e as bigli 115 ill mediulll-grailll'd Oll e~. Lo ughridge foun d that 
ill all ndolw 8-oiJ \\"ith -l--l.:' v c r l'cn1 of day. a height of -16 inche:'. 
W;l ~ reth'hcd ill l!}.-I do\'s. wh ile in a fine sanrl\' soil the water a ttained 
H. hei ght or -l i inches jn ] :2.) cbys. J 11 n l:!Rnd soi l the wl1ter reached 
it's liTll it ill six dan;. T he lllO\'ement. or wlIter ill day :;:o il 8- i s very 
.r.;]ow. lIot. OIlJ.'" t111~e to Uw (',dremc jineness of the 'ordU1<llT cJe:I)' 
Jlat'ti (" l e~ , hut to tile presen('e of colloids which douhtless hinder 
the Jl1o\"(!L1lcnt. 

In experiments with two ,oils ~'ater rose by capillarity 8.5 f eet 
in ~)O .dHY:' jn locss (yello\r ti tl e sHndy loam), while in whi te silt 
lUflm so il ,d th 0.8 per c('nt of orgnlli c matter it rose n, .) feet in about 
the SAme time. Th e loc~s ('o lani.ned p l'fl d ic:nlly 110 organ ic matter. 

,t. Organic Matter.-The presence of organi c matter retards 
capi ll ory m orement, due to the colloids present and the greater 
Jlorosity produced. The next table Fhows the movem ent of water 
in soils by capilJarity from a free \\'llter su rface. The tubes were 
0"0 and one-half inchel in diameter and five feet long. 
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H.r I'tlllll'arin:.,( 1'(lIIlItIIl~ 1 <III!] :!.:{ Hud -I. ,.) Blld (i, :- illlt! :-\,!I fillU 
1(1, alld liH'1I nil willi 11 ill til(' lall](' . till' ('I1'( '('j of nr,!.!";wiC' maU('r 

I II 111(' t"1,nr!o:t'-grairH,d I'-ilil~ 1111' I'r,!.!olrlir· Illul kr whir·1! ('oll::ir:trrl 
of ljll~I'y )!rUUlHJ wl,]l-Licl'VIU}JU::icd Jleilt g-iYl . .!::o a ~re;l1er rull~C of 

I 

FI .... 93.-Showing the e.ffcct of various Ilmolllll!! of orgflnic m~tter on the rise of capillilry 
.. wate.r from 8 free-wDter surface for" 14-day period. 
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lllO\'cm('nt. .It TC'tlul'c:, tlu" l'ilpidily lit fiJ'~L hul 11\(, \Yakr ill tIll' 
lIti.\IUI'l!. fl;'; 8.]lowll ill ('OIU lI lIl ~(I. :!. l)ll~:-:l'~ \0. ] ill ~ix !\(llIr~. 1 11 

rhe (jW'I'-,gl'lIill('d ,";oil Ih(' (·/J'(}('{ of (H'_!!i!f!i( ' Itwltl'r i~ 10 11,11 Illi/r 

rd~lJ'd lilt· IlHl\('llIt'lIi fnllll 1111' Ii!':",!. Illtl 10 dillliltj,..i1 lit" ht'i!.!'lit. ,;:-; 
,..1111\\"11. I,,' (·lllll)llll·il1.£! \11:-:. :~ IIllll I.:i :111(1 Ii. 1I1ld :' :111<1 S .. \ \'1)111-

jllll'i:-:tJIl (II' \o~. !J HIlll 10 :-.!to\\':-: thl.' "I1"'I'j Ill' lht, i'l'nw\Hl of nr~:lIli(' 

maile r hy {·rnppill,!!. ~llIW ('apillIlI'Y 1I)(1\'I'II1('ul i~ 1]"";n11111' ill :-'\11'

l'11Vt' ~oil:-: 10 pn'\Pllt ('X("l':':1'-i\L' III~ ," 111' 1110; .. 1111'1' hy (·\<llllll';lli,ll1. T hi' 
:",11 h . .:uJ'fIW\' alld I'IIIJ:,()jJ ,Ut' ht'ltt' r Ild;ljth·d 1'01' 11l'11'1' I'npid (';lpill:I I'Y 
IIWn'Hlt'lIt ldricli JlriJlg,~ the moi ... d!H'(' lip \I'lit·n· runt.;;: ill til(' H!lrflW(' 

:O:11i! llWy Oll\'lin tlli'ir ~uppl.r. '1'111,' l)('nl i, ;Ill l'\(·t,1\"Ht l':>.illllple 01 
'I'ry :-:Iow IlIU'{'IlH'llt 1hrough H "l'ry por{l\]:-- :O:{Jil. TIlt' litnil \\',lr' 

J'v.lt·lied in h'D {bly~. F igl.ll'l' ~):1 :0:114.1\\ ' :-- lilt' ,·If('c1 Ilf fll'.!!)llIil· 111.111(,]' 

UII 11(_'igld of ri:--t· flf W<llI'!'. 

Maximum Capillary Capacity or Moisture-holding Ca
pacity of Soils .-~oil:-. p(l:o'~l'~f' \'ill'.' iug P()\\,('J'~ 411' I'dllinillt-! lnlli~l

lin' "y (''''l'iIJilrijy dut' I'rll11:lrijy jl) k.\jul'('. Till' 1111'IIIod III' ddl.'1'
lllilling 1IIi;.; flu:; Ilt 'ell l1p\·if:.l'd by Il il.!!:trd ilnd Ilindiflt·d Ily Hrigg--: . 
. \ RIlWII {'llp {h'l' ('('IJiillll'h'I',';; ill fiiamrt('J' :.lIlt! (111(' ill Ill'igilt. 

willi the hottom madl' of \t:!J'Y 011(' llultill~ (·I{llh, i:-; 111"('11. T I1(' ~oil 

i.-; :-octtil'u ,.:li:,:hl1.\' lIy jarrill[!' nlHl :-;tmk{,li (111' !e\'cl with thl' lop of 
tile ('up, It is tlieu ]lil-H·ed wit II i he 1,1)\ 1(1Il1 ill the \rall'!', alld whell 
the soil ba~ takClI u p the maximum <1mOUI1L of wat.er. it is Hllowl,d 
l(! unI-in for 1-1 few Hlil1ule,~, !llJd t1l(' ll't'igJJt (If the mdl'I' rlt'lt' l'miJH,a 

,by COUlparilig -\\'illi tbe \\'t,jght:-; or thl' dry l"nil. T his \H-'i1!ht is- l1t_~-

igll<ltrd u:o: the wa1cl'-Iic,lding ('ilj>tl('ity (If tlit, :--{ Iil. 'Jlili t) is llI u('h 
higher than, will be fO'ulld under field (,(llldi1il'Il:O:, The following 
fail le shows the P('1l'cIl1ngc of W;lll'r h('ld Ily t'lIpillarily and the 10tal 
wate l' al f-:alur<ltiol1 in SOUle :-;oi l ~ , nl! from .l lliIlhifo: ('\'('ppt lil{' J;u;L 

Jlfa.C'imwl1 ('apillary awl illaximum rl"«t('7' ('(qKlcill! ~ 

fi eld by T(ltal I EXrC8:1(,fWlnj 
_ ____________ I __ '_',_)jl_lI,_ri_',\. ______ u\·cr I:upillarity 

1

_",,' 
Snnd., .... . , .. . ..... . 
Yellow-gray silt loam .. 
Yellow s il t loam .. 
Brown sil t IOflm . 
Black clay loam . . , . . . . . . . 
Palouse volcanic ash soil . 

14 

1IeTN" 11 

27.80 
45.42 
48.31 
60.04 
00.66 
60.00 

7Jf!T r f' rd 

29.23 
48.88 
52.10 
64.56 
69.32 
64.49 

1.43 
3.46 
3.79 

I 

4.52 
2.00 
4.49 
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Amount of Water Moved by Capillarity.-'1'he many experi
].)J{.'JJts JW1UL' iutljc1'IIe tho InU\'eHIL'1Jl of large 81110WltS of waler h.r 
I'I1rf~IC'(' ft'rl:o'iwl. l_\_irlg' USL'U u tille :;,IJld takeJl from the ::iuusoi.! and 
a cIa)' IOl:lHl ill t.:ylimh'I·;-: fuur reet high, c~ll: h WiLh a sl'cLioli equi,'u
lent t(~ onl' ~l]llHl'l' ft,ot. rrhe ~oi):'; w('r(' \'ompll'tcly Rflturriff'd ,alld 
the ('ylilJilt'r" \\"t'l't.' p19 ('ed ::10 liliit the water 1(;'\"('J W:I ~ one fool, holow 
til£' ~ uJ'fll(·{·. r\ f'(1'0J1g ('UITl'lIt uf IiiI' W;\1' paR:-:cd (wer the Furfl.ll'c 

Ior pig-ilt d~lY~ :Jill! till' ('\'aporaliull det ermine!.]. The f'HJ1H: thillg 
wa:-; d()IIC' with the watt'!' It~ \t'l fit twu, thJ'('e, an(1 fUlll' fl'f't, hplvw the 
FUI'I'Hh:.'. 

Water EIr({IJi~rrJt('d Dail!! PI,," Squrm> Foot /{!ilh (he Water Lend at DijJcre-nt 
========~I.J=i$tallC('s /{dotJ' tllO Su.r/ace III 

Kiml "{,,oil (!llf' fOOl Two koel Three fe(" Four feN 

I" ,u'lfl~ IlOlIud .. pot.l"d ~ p<llo.d, 

FiliP saud . :2.3j ::!.Oi 1.2:1 0.91 
Cby loulli . 2.0,5 1.62 1.0\1 0.90 

These result'!': :::how thai the amount. (Jf ,rater rili.~ed t'nnr feet 
was cqui\ alent to 0\1(' inch ~lf rain in TIre and one-half Jays. F,'om 
RU(.:\i ('xp('rilllelJt~ tlH.' imprcs:,iolJ ls, gi\'cn that capillarily is the 
g'l'cnt fadul' in bringing water to tJ!(> crop. Jt t1oe~ pIa., a laTg'c part. 
hut the ('o lldHious ill the aho,'c experilllellt were Hutch more Javor
"hie tlinn are ordinarily found in t.he licit!. 'I'he water rose from a 
fJ'l.~('-w(lt('r sUTf~H'r and t.hE' artificial breeze lllcren:::erl eY3porat ioit 
enormously, Capillary mO\'('lHent js extremely sl(J\"\' throngh clay. 
loam, finu it is 'Ny likel y (liat the wHter eva],orated f rom that soil 
when U1C '\\~ater t.ahlc was 3(j OT -18 in ches. beleJ\\' the Ftlrface Waf:. not 
ohtllillf'Cl from lh£' wflter tnhle. hnt from lhr n?~el'\'e iJ1 t.hr s.oil. lt 
takes more.. tlwn eight days. lifo; seen in the tnhIe. pag-e 207. for water 
to bc' e~uried -iH inr iws 01' ('Y(-'Il :3G inches in height. The rei-:ults are 
without doubt much higher thnn would he ohtained lIueler normal 
field ('oudition8. Tn reg-anI to f'flpillnrr mo\~cmeJJt. TIotmi.o;:trov,l1 
or Hu's~ia , sa~r!3 , " As J'egards Ule mccha~icnl Tfli5'ing of water, how
eyer, hy capillary actiOll , it may he as~mllled that the limit from 
which watel' can ma.ke its way upward lies TIlurl1 trig-her than the 
limit "c-cessible to roots. All the rlatoll at tn." command regarding 
moisture in the soil of the Odessa experimental field poiut only to 
Olle conclusion, namely. t.hat water perrolat.ing beyond a depth or 
4Q to 50 centimeters (1 G to 20 inches) does not return to the sul"iace 
except by W!!.Y of roots." 
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'rbe e\'aporatioll [rom the J.r~iUll'lcr . .: or druin gugcs lit H,otli
tllllstcu, ElIghwd_. frulH hare :-:oil at dl'}Jih!' of itJ illtlie::, alld (i( 1 
illvhe:;, 5JIOw:: lIn CX('('S~ of 0.1 J of lUI ilH'h ptT annum for the cll'CPCI' 
~oil milSs as ajl IHeragc rOI' ;~-I ymu:-i, 'I'hi::: n'prc~t'It!s thl' Wtlll'I' 
hrought to the s.urf;\(·(, from tiH' II) il1('I1{'s of ::nhl'oii (If till' d,"'pl'1' 
~ag-(.·. Ilnd nmoullls to ol1ly 12 1n1\::: Iwr <In£' peT UlIHum. or nrd !'uHi
(,jelli. to ~r(nr more thaJl Orl(·- It:d r hu,::::!J('J of wheaL Tlli :"' i'ldi<'nt{'/o: 
11ml il ,'pry ~ Jmlll HJl10UJ}I ,I' w1)1"1" i,;::, brought frtlm ~l depth :,:rc'HII'r 

Ihllli :!tI jll('h(!~ Ity "lJpill,:II"ity ill H l'iIl" iUlIlll RI)i1. 

Rnlnfflll ani! B"aporalim, III iint},lttnsi('(/, '''ll{l{allt/,l~ A"("Tagr jm S;, } -(,(/T.~ , 
18~'1 io liJ!h~ 

H~liufl'll. 

I 

incllcs 

20 "'~"~~':__I January . 2.32 O,;){) 0.27 
FchruIlf.r · 1.H7 n.;;,) OAf) 
~brl:h U;3 O.DIi (I.K I 
April 1.89 I .:m 1 .:~2 

M:1\" . 2. 11 1.112 I ,Sf) 
JlllI·~ . . 2.a6 1 . 7 :~ 1.71 
Jill\' . 2.7:.$ 2.0~1 2.0:3 
August . . 2.01 2.0;:' 2.0;' 
Sept.ember· 2.;)2 l.()., L(in 
Octoher . .. 3.20 1.35 I.:m 
:"ovember . . 2.$;6 o.n O.(j. 
D pCt'mbcr . 2.52 0.:')0 O.~{7 

Tota! rer yCftf . 2~.9R 1,:;.Of: 14 .2.; 

RClwltl:i Jor m.arimurn (md mininl'wn Tainjail 

:\1nxitnUlU (l903 L 
"t\llinirnull) ( 1898 ) .. 

a8.69 
20.49 

1.5.21 
13.17 

t.\l iudll'" 

0.:16 
0.49 
0$_ 
L:.~(l 
!.lH 
1.74 
2.08 
2.11'J 
1.'(H 
1. ~2 
0,82 
0,4" 

----
15. If} 

14.4& 
12.80 

The Capillary Pull of Soils,-l l i, quite important h, iJc· ahle 
to measu re tllis capilla ry force fnr d ifterent .oils. A method for 
doing this has been devised b.l· Lynde and Dupre. It COllsi.t. of 
placing the soil in a fWHJcl on a cotton doth filter that is con
nected " jtb a water column b,· means of a wick. The water column 
Tests upon a column of mer~ur.Y. the lower end of which i , in " 
yessel of mercury. As the water eya.pofBtes f rom the surface of the 
80i l tbe wa.ter in the tube rise, and with it the m ercury. The height 
of the mercury represents the pull. The capiUary l ift is quite large 
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ill fitll '-g rflirwd :.:ui!~. H., ~ h(fWll ill tIl(' I1l'.d. tnhle, and woull1 hc !-!ulli
(,j",lI j/l .. 'I] ;O: IHiIJ jI ("']UIJJIl (If W:dt'f vf the IH:iglJl givCIJ jn tJw thiJ'J 
('{dlllllJI. 

__ '_' .. _;1 _"'_"'_"'_"_''','_''_' _____ 1)!IUIlf't!'TVfl!nU!I .. 1 II.~ il:b\ " r II :,) 

l'v}('c1il llll :-:and .. 
Fine SHlld 
\ 'prX fim· snlld 
~ilt. . . 
('lay . 

j"l 
.tl - .35 .ns 
.2[) -. 1 1.7}o\ 
.J - .0;') 4.0;; 
,11:) JI():j 0.\1\' 
.00:) 2U.XO 

Osmosis in Soils.- LYlIlk ;11111 Dupn', l' lr:lYl' ,1L' JlH lIl:,tl'fltl,(1 

that :4oi!.: t(lJltaillillg' (illP purUl'll's ad .t:o; ~l' lIu-lll' nll eH!d(' 1l1 i..'ltd,raIH':-', 

prol):dtl.\ pl'lld\ll'ill .~ \)Id,\ i:I [r;ld itlll,1I l'flrt (If tIll' l'rv:o::-ul't' "j' a 11l('1!1-

11/";11)('_ ) J OH'JJJI'1I1 1)1' 1 hi.: killd lilkl':' pl;l('(' wln'J1 jJ difl'I'J'l'IH'P jJj 

C'IHH'l'lltl'lItioll of :-Ullltioll;-, l' .\i:,l..: ill itdj .. ll·t-'llt ~4!i! rna:o:!-'('.". Thr di rc('
til!\) ll [ 1Il 0Y(, lI H'nt i~ !U"'ilrd tlll' ]loil11 Ill' ZOIl4" o r ~Tt'at f':"t C(lJ1{'Pl1tra
ti('l1. TIlt: 0:--1110:-.i::, i:-. ilwl'l'a~l'd h,Y a hi~hl'r tl'll1pcratUl'c. ~u thai.. tile 
m(J\l'1I1 Uo 1 il- f,!'n';1il!r' ,ill ~Utllnll'r tll,l1! Willll'r. 

King- J:, lias fOlllld 1I1lI! 11I;]IIUJ'll iJl('OrpOnlil'd witl! 5:01'1 ('(\u~(_·(l a 
ri~(' of watl'!' into the UpPlT thnx-' 1'1.:'(,1.. of soil , duc tll a stronger sotu
jin)) 1I1ld g-n'ilil'r lI~JlI01i(' prt\~~ure. F ert iJizf'r::o will'n :1ppljcd to a 
:04111 di:'::,oh'c alld ('flu:,\.: a grc<lll' l' ,'nllt'cllt ral iull of ihe ~oil solntioll 
Il~ well a:, [l g'n.!;11c l' ~lIrr,kc tl'lI:-itJll . with the re~ult. th~t wnter i;i 
drawll to tilL' :o-urftlt'C', I t i:-: prolltlldy true thllt li!la~e iUJd t-he ::lppli
c',di u/) of Ji lll t'. hotl! of' ",hidl mil)' aid hnrirrird artion in rle" eloping 
plant fO(Hl lind Olll::- produd'lIg- ~tTonge!' soil solutioIls, ma,\" promote 
beHt'!' :-:urfaee TTlOi:"turc ('OllflitioIlS. 

Use of Capillary Water'-C'''l'ilJ.ll',l' w,der is tho form used hy 
pl:111h:. in their g-rowth . E\'etl jn tb~ most !:<e ,'ere t1routh~ plnllt:-: 
('/l1H10t cxtntd all of the film lJIOi,"l urc. The ('Ommon crops may 

u;c some gnniLHtional waloe r, hut Dilly 10 a. "cry sl ight extent. Rice 
and eralllicrric::: art! nahuHll,'- adupted to g rowth jn a Yery 'wet 01' 
crcn saruralcd 8viJ. T1IC' iWW lwt of \nl ler in [L soil for hest growth 
Yarie~ within rather wide limit:-:., hut onr ('oml11on nops lIlake best 
gr(1wlh when soils contain from .. 0 10 GO per cent of their t.ot.al 
moisture cnpacity, fr~)is is tbp opli!lIlJ .. m 'lrater ronfent-. 

Wilting Coefficient.16-The moi8t.urc conten t of the soil at 
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\\'hi('h thr plnnt wilt:- jll'rtl1allt'lltly or at which il cunnot maintain 
its rigidity i!: {ht' /l'1~ltil/g ('oe/lil"if'11i. Thig poilli dOl';ol IIpt \:lr~' ,I 
~!Tt'fll" d<:ni with dilT('I'Pllt planft:. wd, Of l i'll IIn'l' Ihn-!' jll'l' 1'1'111 awl 
u:,uaJ1.r within 1.:; 11('r ('('ILl. It. !Jm\TH' I'. \~lI'i .. ;-: widl,1." wilh Ilill'rl'clli 
~o iJ:,. T ill' work II{ I) rig-g-:, fWJ ~I!llJltz i'-hm\'~ that it j;::, nppro\i
mateiy 011(' i\.lItl 0 1](,-1,:\11' (1.Ij) iinH':, thl1t or the byg-ro:o:(·npil' eOl'Ili
(,jPllt. ]1 l'l·pr('~(.'Ilt~ till! lower lilllit of nnLil:lhlp 1I1oistnl'l'. 111 
:';11141:: fllHl light ~jJmly 1(I<lTll:-:' 'ill ,,'hii'll 111(' hY,!.!"I'U:O:f·Oj.ir· t:llCflki(,llt i:; 
\'('11')' low till ' wiltillg' l'ot'ili(·jClll i::. :11:'0 hl\\'. I II {'lily :)nll:: wh(l~c 

l1,\'gru:'('opiv ('tll'flki(!l1[ nll'il':- 1'1'11111 !'! [0 :!O Iwr ('\'IIt' i1ll~ \\-illing 
l'ol'mvi(,IlL i ... 1l'Ulll JK lo ;;0 \,I.'r (·l'ld . whik' in llIudi. llild pl.:lIl SIIjJ::; 

it mil:' filII a~ hig-I! ll:ol 7\1 pl'!" ('{,Id. Tilt' ",ill ing ('lll'Hit'lt..:nt of t.he 
sallll' :oloil is a l'UII!'taJlL that Ill;!\' hI' ll:o:vd ill lil L' dl'll'rIIliuaiiull of 
oilier t0Hf:tHllb. :-:w·h U:-i tilt' II,Yg;'();O:('Pjlil' ('ol,nil'il'lli alld wal,(·r-hold
ing' ('; !JJ~l('iLy . 

Tilt, wiltillg' (·()(.'llki(,1!! i~ (ll'H' rmilll'll (''\lH.'J'iuH'llhlll,\'. bilL may 

nl~o he found ;IHli rl'dl\' froll1 ntlH'r ~oi! ('(III:-: t,wl" to ",hi"i! it :-:U8-
taill:-l ~l definite n:intilll;. Tlt l ' rlllinwillg fn J'lllll b' 1I1:1)' l,e usetl: 

(:l) W iltingC(Jefficicnt = l\ l tJistur~.~~l ui"llll'llt 

(h) Wilting CCJcffit:iclli = Il n~roR(_'_o~~8 ~~ttCfnl" i enl 

" I· C ffi ' l\ l ui~t lire holdillJ,\: r!)p:irit .v 
(c) \'\ I I..mg (Ie CICUl = ~90 

(d ) \Yilting CUoJffieicni = 0.01 l)~lJl dR + 0 . 12 ~jlt + 0 .57 I'by 

Th~ probable errors have been omitted frum Iii",,, fonnulro. 
Willing CoejJidenl.s ()f 1 "ari,QU8 BmJs for Dillert'lLl P ill III", 1-: 

Corn ... 
HOl'ehurn 
\\'hcat. (Klibnuka). 
08.ts, . ....... " .. 

~~,~ey ... 1 
Rice (Japan). 
Squash .. ..... , . 
Pea (Cunacb) .. 
' ·etch . . . 
Tomu.t.o ... , .. 
Clover (red). 

Moisture equivalent _. , .1 

C01HlIC 

l:Iu.nd 

1.07 
.95 
.RS 

1.01 
1.04 

.9 1 

.9(; 
1.2 1 
1.02 
1.22 
1.11 
1.00 

1.55 

Fiod,· \ s,uud; ~tlI ,C,,',',',',,' 
!jan ',~ ___ ' __ _ 

:l.4 
:J.:l 
3.3 
3. 1 
2.9 
2.!J 
2.7 
2,G 
3.3 
2.4 
3.3 

5.5 

G.G 
5.S 
G.3 
G. I 
(i.2 
5.n 
5.6 
6.4 
G.9 
G. I 
6.9 

10.2 
!),i I 

10.:j I 

10,5 I 
Ig~ I 10.1 
9.4 

12 .4 
9.i 

11.7 
, lD.7 I 

15.5 
13.9 
14); 
14.!I 
14.2 
1<! .4 
13. 1 
15.1 
16.6 
14.7 
15.3 

1- 12.0 I8:9f27:4 
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Available Moisture .~'l'lw 1l 011-flntilable 1ll 0 iSt UT€" ie that per 
('(,lIL fO UIl(l iJJ !"oii:, wi lC' IJ p{' rmll lll'n t wiJlinf," OI'f'UT.;;, 1i is pOf:f' ihJfJ 

(hot a :o' nlHIl umflu llt {I I' this Illll," he Flowl\" tl.vaiiahll' hut insutlir icnt 
fo r ['lIp id or (" "(' 11 llo rJI hd g-r\) \\-tiJ. H i::: ~~ppl i t'tl i t) thl.' plaut Illuch 
t.oo ~ I u \\'l y . \ \ 'hell til t' c'apilla ry fOl'n' t'qwli:o: tilt, (JslI1ot ic presl:iure 

Una vailable 

HOIJluf"e 

AvO/foNt:' 

tVJisl ure 

Unovotloblt> 
/'I()f.$lurl!' 

~~ 
:;:; 
~ ;;. 
~ . .. 

~ 
~ 

" ~ 
t> 
~ 
& 

Wo.t?1' tf /(ftll1l/IDJ1 

WOfl!r ftu (a/f()(J-C.J 

flY9rosco/'tC Cotf(ICIt?t71 

W!lltnJ CoelfcfCnf 

/(OIS/U!'e c9ulvolenl 

Opl lmum H(JIJfun! Confl>",. 

jor Ordma,), Crof's 

Flo . 94.- Diagram shuwing the relation of different. forms of moist ure to tbe s. .. ·a.ilable aDd 
uns.v lti lltble llIoisture of soilil . 

or forre of t he pJunt the lI'ater rnay be said to be llon-a"8iJable, 
The difIerence between the wilting eoefficient and the maximum 
capillary capacHy g ives the maxinllull amoun t of aqu]able water. 
Somewhere between these lies tbe critical or optimum wat er con
tent. Under field conditions tbe difference between the amount of 
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moistur~ cOlltailled Ilnd t,he wilting c0efti (' icllt will Rive til(' I\\uil
Hille m()i~tllr{'. A ~mH1J amount of gruvitational IlIO;stUI'l' IlH\\' h\' 
u~ed II,\" plHntK Ordinar,\ pfflllf:-: live hUL 1l1l1ke Jif"th' growth \~'I](,1l 
Ih(' 80ij js Mrtlrated . The dingl';11ll (Fi~. H-I ) !'howi'i jJw 'rL'i1l!ioll of 
the .:::uil eon~tnl.lt:' Illld the din t'rellt I'orms of Illoi~tlln..'. 

QUESTIONS 
l. JjI)I\' dop!; C"lpillllTy woi , .. tll1'(· iliJ;'I'T [1'(1)) JJ.\~.:TP"'I·o/!id 
:!. t:in~ Illw I!(\\'pnling- IH·iglit. 
3. " ' ''ILt. (:ltI/:-t_':. the tilm (Ill U l\' ltl,j', ,'i l/fflll'!':-

-t, l ' uder wlULt t"unditioll:i will tilt' lillll p:"l'rt. 1"'I':; :;III'{' Y 
;, . .If tIlt' t('fI"iufI o f wat(', li"!r ;1'1 ':l.!1 d,nws Ill'/' "'(jIlIlTe (·j·IILilu(·j(·r. wlud. 

Prl-':lSlIfl" will tht' lihll l'xerL if tIll' ntdill~ of j'un-nlll!'£' is t.;, tum. ! 
(i. E).p la iu tIl l: 1l10\·(~Jtll'nt of lIlUi"tllJ'll from llllC :'lui! IlIll ' li (" ~' to 1l,l1otlll.'l' . 

111ustntL(!. 
r. fluw is Ul(li~tlln' hcld ill Hdl l.'o11l 1111l ~ 1 \-\"flr i ... ilil' fil1ll ihi"kl'r 011 

the lower jHlrtid(':!': . 
8.. Wflat dl'l't't dot,S fill~IICS~ of Jlllrtid~'::1 111.1\' (' 011 ~'upiJ1ar,\' pull'~ 
!L \\'hllt determines the ht·ight ttl \\hidl "'!lll'l" will I"i"l' ill 80il ... 1 

JO. Why should 11. clay with I;t hil!hcr 1lI0i:;tllr(' (·tIIltcnt. Ulltll It. ~ltlld Mil 
('x tract moi$ture frOI1l tht' llltter wltt'lI ill i,' ltl"'~' ('OIl\.Il('t with it ~ 

11. \Yhlll i:.l the Il\ui::ture eql1i\'IlI('lIl (If "oil!:' ~ 
1:1. \\ ' l1y I:Ihould day have SUell a high 1I1oi~t.l1n· L"fjlll\'llh'lIt ('OtlIJllln'd with 

ot.her Roil ,. ~ 
l;~. Find the moL-dun' £'IjUinlll'lIt if Iln' hy,t .• TH .... cupil· "j)('f!it'it'llt ill jj.:J p,'r "P1lt, 
I". \'-blLt dd,f!rminci' tltt· rupiuit,\' uf cllJlillHry mov('lIl1'ut ? 
I.,), ,n/lit is the ei~njfjcllflee of tile cxpcrim(,\lI t t\'it), t)1(' (,lor! ~ 
W. "-hat l·fT{' l't do('" t'apillary IlHH'eIlU'nt htl\'{_' nn rooi dt" ' t'lnl llllt'l1 t~ 
17, (,' h '(' l\ill,!!':s {_·xpcrimcnt. \\·ith tilt' ('O\'CI'('(1 :-\(JiJ s . 
11:1. J)('lillc ,·isco!;lit\'. \\'hat elft·('t 011 "llrfll('e wnsif.m dOt,1'i it lilt,,!''! ( III 

('apiJlary m(;"cmcnt.? 
HI. "'Lat (,tr(,{,t does t('mp('raturt' have on ('llpilIILrY 1I10\'('ITII'nt ? \'h~l? 
:W. "hut ('n'cct do min('rul fl,lIh~blll('eg in !'Inlllti(1TI 11n\'c upon tCHilioll? 

Org-Ilni(' su bstan('es? 
21. \\'hnt cf1'(,(,t will an Hppli('atioll of mnnure illl\'{_' on illlrfa{'c t(,lIt'1i(ll1 ~ 
22. \\'br doe,:. witter ri~e fl\~wr ill Illedium- than fine-,L.rTflilwd toOils ! 
2:J . Con;pllr(' ('oll11nns I, 3, and 5 in the tahle 011 page 207 IlmI ~xl. l ai ll llif· 

fprenC'('s. 
2-l. ("ompure n. 10. 11. Ilnd 12 and I"xpillin difTt>rell(:c!-I. 
2n. From the standpoint of (_'Jlpillnr," movement., i.s llrgllnit' IJUlHt'r ,]{osirahlt , 

in soils? 
:!fl. 110\1' is the maximum C'..apilltlr,r ('apacity of ,,«,>i1.'\1 fletenllillNI ? 
27. What allout the deliver.'. of large illllounts of water h)' cfLpilhlri ty for 

crop," r 
'2R, (lin' tllt;' ('onriu E- ion" r enehed from the drain ~I\J!('~ ILt Hothullll.t.etl. 
29. Describe the method of determinin~ ('npillllry pull of 8oil~ . 
:JO. Will wa.tet rise 26.8 fef't J':j:!h in clav1 
:n. What part dOeR OSlIlo!l.is play in moisture move~('nt ! 
:l2 . G ive Uses of capillary m oisture. 
33. WhRt is the vriltinJ! ('Of>fficicnt! 
34. If the hyg-roscopic ('ooflkient is fi,2 per cent. what is tile wilti tlg co

efficient! 
35. What is meant by availl\hle moi8t.ure? 
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:Iti. 11o,,' d(l din't'I'font ~ui l :, ('( I III IHlI'I' ill tilt' amount of fi\'u ilahlc lII {)i"tUrt,~ 
:Ii .. \ !loll ill till' lit,ld ('U l lt.al ll "; ~(;.a pcr {'l'IIt. of roUistilH' Illld til l' hyg-rn· 

!-1·('l'it· (·udii(·jPTlt. is Ii.:) P(,f ('t'IlL How much antilaLlt· D1UihtUfl' does 
Lh.· ~\liJ cuntll!" ~ 
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WATER OF SOILS 

III. GRAVITATIONAL WATER 

(;H. \'\lT.\TIO:\ \1. \\"<111 ' 1' j~ 1hal w[li( ,1I Illay II\' ['('llIon,r! frol11 til(' 
,~(liJ Ily tllt' [i,r('(' oj' ,f!I';I\ ity PI' IIraiJll,d fn!llJ illl' ;O:l,il lllHlcr 1}I)f'lllHl 

{'ond ili(Jtl:-,. TIll' p i t;-:i-ihll' illllCllllll ill' ihe gT<I\jjHtioJl~d wall'l' if.; till' 

dim'l'l'Il(:(' l)t,\w\'\ '11 till' wal\'!' ]w ld I,," a :.:oi l al it:>' lII11 1i lllll111 !'j,l pil
In ry ('l1p(l (' iIY !lIlt! ill il,..: IIJ!nirlJlllIl wilk!' t'ap:lt'ity. WitI'll l:UlIlJdl'fl'ly 
!'alural(·d. III' Wlll' !1 ii\(, ;t i l" ~l,al'l ' j..; v'IIIlIII I'll'I.\' (ill t·d. T his Hlt lOUIIL 

\<ll'il':-- wiLli tilt, lYJU' Ill' ~oi l. 

TJIf' det<:I'IlJiJl!lti(lll o/' the' g I'1n'itlltiv/ltd \1'IIh'r (';llllieity (If ... Dilfo: 
i .... \Ny ulI:-ali!-Ofaf'tury. 'l'lt 1.' nnllltllli Ikl'l'llll...; upon th(! hr ight ilbove 
tIl(' water i ;-lhl(' Tit,· ~ra\itnti n llill W;dl'i' i:-: th t' clin:t' r('[]('{' h('t wl'rll 
till' mill'!" t·Ollll'l1t . Wlll'l! l '{lmplL'\vly ~:dl1nt\l·d, 1I1!11 Will' l t ()Illy ~Hti::.
Iil-d with ('upillnry w;ltvr. Thi ,~ HI1I l)1I111 wi!1 \:11'.\ ', Sill('l' till' ~l llll (' f.:oi l 
wi!! he ~<lli:o.jh'd hy :1 ;-:'Ill,dl('J' ,l11l4111l1t oj' 4'rI)!illary W(Jt~'I' til{' g- 1'(,Hll'r 
ih (" (li:o.tlllll·l' i1!tO\"4' fill' will!'1' hJlll!" l\ill~ ~h()w~ the HlllOl1l1t. or 
\\;]\t'l' Hi (l' frCrt'llt l}('i ,~ld:-: nl'()\l' tilt' W,Jil'l' tnhlc' with l'HIHl !o1 1)1' diJ
tnt'llt gnulL1~ alld two t'nil:-:. 

lr(l lcr a/ DiIf('r(,l1/ Ih'iyht.'1 ..1//(11'(' till ' Wail'r TahIr After I:k--;Ilfl SatuT(/lf-ri (lli1.1 
iJrair(ed J 

lil'idlt !tuO\'C 
wlIter taule 

IIIr}'I'.9 

fW-~ 1 
72- 69 
GO-57 
48-4El 
3&-33 
24-2 1 
12- 9 

(;... 3 

'''ami ="" ~() 

/1<.+ (1"111 jJ(' rc('lIl 

.23 ,(i1 
U S I $ () 
l.SJ 2.2G 
2.03 2.46 
2.31 UO 
3A2 13.:"i2 

16.0,' 22AG 
20.00 22.88 

I Cluy Inn1ll 

peTl·O.t r""(o,1 /'1" C~lLt 

~.n;l HU fi 2 1.16 
·1.04 J6.:j!) ~ 1.0;; 
(i. i7 Ji ./H) , 1.21 

10.:)0 I R. iO 31.1¥.l 
t 4.Hfl 20.UO 32.45 
IRfJ:! 2 1.4G :;4.40 
22.G~ 22.6,\0; :;5.97 
30.28 2i.(iH :Ji.19 

Percolation.- rl'hc· lllO'"(>lllellt (If !rl'u\'itatiollill W111(' 1' clm\"llward 

through the Foil 11.'" the (oJ'{'{' of ,!!ra~it,v i~ callcel pen'olat ion, I t 
l1eppnds IIpon ,'1ercraJ fa('tor~, 

]. Physical Composition or Texture.- T hE' 1"I1orement of 
water through the 80ii h.'· the force of gT:l\'ity "a ri c~ rlil'C'dly 8S t he 
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. ize or the 1"II'(i(·I(·, am1 the pore "pac,,". but in"el'"ol), as the total 
)1111'0 !--)'tH'C 01' the porOi'iity. Sin ('e thc!'c larioTs ,lppe.nd npoll the 
!'ize (If the l'arti(· J(.·~. the physi('al eOlllj)o:.:.itioll is the (·o l1trolling 
Fncinr in percolill iou. J r n Jjn('-~ra in('d ~(J jl Iws .jf) per ('cnt of porr 
~pa ("l' ulld n ('oarst:.'-,!TniJl('cl 011(' has 3:3, it mU:it i'olh,\\" that the pore 
I-'p il ('l'~ ill tbc' fOl'nwJ' lllU:-;t hl' infinit{'ly mor(' IIUllH! I'OI\f'. aml t: nlnllcr 
th"n in til l' Intter. Jf tile fll'('rag" riiamctpJ' of Ihe I'arlicles of the 
fille-grnil1Nl ~ojl i;.:. 0.01 111111. ~l l lll of UIC otlll'T ] mill., thc' nnmh('T 
or por('[o; fo r (·qwtl ar(,H.';; \\';11 he approximately 10.(/00 till1CF I1lllrc 
tIUlll('I'fJUl' in tllC' fillt' liwil in the ('(Jar~c , and ('omH~q u('ntly the Tcsi:-:t
HIl('(_' tn tlte' mn\ClI1<'nt or tht' wai('l' would he muvh g-n'3h: r ill tbe 
jjlle-grailled ~{liJ OJ' lhrough 1Ill' f'llwlJ(,T pore::.. TIH' 1l(':lfl'J' ihl' /);11'
lic'll'" clppn1;.ldl tlllif( lJ'l11ity ill !'iz(' til(' T1l0re ffiyoraJ,le the ('(lnditioll~ 
for pCJ'(·ohd .. ioll. If "!lrioll:; :-:izcd j)arii(:lcR firc prf'~cn1 nud of EiUl
ilur :-:hHpCS the ~mall('r Olt~'~ lJIay h'lld to (· log til{' jllter~pa('cs hcbn:\cll 
Lhe lal'~er HJHl lIlHY rl'nd('l' till' soil imj)('niOllE, l[ the particl('~ 
ilre \'cl'y il'1'{_'fwllll' in ~JI~lpe. J'('g(lrdJeF~ of size', the pc'rmeRhjjity of 
1h{> foRdl Illay l Ie illcl'('flsed, Tl lifo; if' tru!! of \'oklluir a:-:h :-:oiis. fJ'hf' 
r:tl-ncful'c (If tlw :;;011 iF 311 imponnl11 fHdnr in llCl'c'oIutloJJ , 

i . Granulation.- l n the cm:(' of clays and oiher fine-g rained 
:-:oil~ tli(' ('ementillg 01' tIl{' ~oii part iC'h':-: ill to g-ral1uil'~ Hi(h: pcr<'oi<t
tioll. rThe Illrg-c jJJit'l'."pn.('(I, .. cxj,l.:till,:Z iJehn'€' l l j h(.' graIlu]e,r;:, nlJo\\-
1'1'(.'(' IllO\'f'Ill('IIt. E"clI ill ~oil:-; with ('on~id('nj],j(! nll1ouTl t l3 of SfillJ 

percolat ioll Illay he ;'Iii/eel hy ~ranlllHtioll. H(.'~1\'Y Hoils de\'oid of 
grnllt1 1c ~ are a ln\ll~t nh:-;oiulei.v illlper"iou:-:, ~ll('h ~oil!o: iU'e: pmlclird. 
The\' ma\' be:-:o wlIuralh', or tht·\, may bc(:omc £1.0 in- ~ome mcchulli
('il l ·()per~ti(Fli . t=:U(,lt il~ 'pl(l \\'ill~' or tramping- oj' ~t.o('k when wet. 
T his ('oncl ition IWty be only tempora ry. 

An~' ~u bsilll1('e thnt c'uuSPS 01' aids granulation will increase per
IllP(lhiJity fin d (,{)1I~('qtl(,lltJy j)l'l'eot llti oll. The application of l imc, 
('\ullk. nhll't. or JiJll f'!-=totl(;' to ('lay ~()its it:: a well -knowll pl'acti('e for 
I'l'Oduci ug better lilth . Cla .1' soi ls are rcadily permeable to wa ter 
onl\' wh en their roi loiilR are. in a floP('ulate<] condition. 

'3 . Organic Matter.-A ver." favomble effect is produced upon 
the pcrnwnbiJity of me(JjulrJ- aJHl n ne-grHlnecl sojls by the ilJcorpo
ration of or gfUli(' matter, hut in coarse-gra ined, ~ullay so il s the effect 
oj' organic mat ter i. to reta rd percolation. H th ing very desirable in 
such .0i18. In silt and clay soi ls the irregular fra!,;lllents of und e
composed parts of plants impart a porosity helpfu l to the downward 
movement of w8ter, while the humified material a ids i.1J the pro-
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durtioll of crack~ through it~ property of ::hrinkagc as well ns its 
dfeet 011 grallulation. both f<lyorillg thl' (\IO\"l'IlI('llt of wilfer. 

-I. Viscosity.-l'haJl f!c~ iu tcmperature <lU'cd the riscosify or 
mohilitr of water to ~u{_'h IIlll':\tcut thHt It Ill{)\l!"; l"IlttH' n'lHlily ulitl er 
high tl ~RJJ Ivw tcmpCftllllfCl!l. '_I' lle eJr{~d of tew pi'rlllllre u;, clll, il
lHry 1lI0YCIlH.'IIL " 'ua showu on pnge ;.?O-J. Killg flluud that. the 
al110UliL 01' \ruter flowing tlt rougll ~oil ui. !I t!l'.!!Tt'('~ ( t. Wl\~ (j, I :) 

g-ruIHs Fer l1tiliULC. ILIH.i li t ~t!.:, d('gl'{'("'; it. W/I,'" 11) .. -) -1 g-mms. Brig'g':-I 
l').pluilll'U t his greah'J' flow UI_I t. hl' tlJeory ur It'''~:-\('II('d YiS(·ll~it.". Hll d 
:-:ho\\'(:·d that while the rat io hCt\H'l'll the' Hnw,.; i..; J. ~ 1. thl' ratil) 
Ilt-hr('('!! I}I(' ri.,,;(·ositie . ..: i . ..: ! .':"i. Thc,t:e ('OI'f't'.":pulHl ,":0 (,jo,,,p iy lIwl 
Ihere i:; 11 0 L!()l1ut tlltn hi~ {'lJJI('I I1 ~i(J1l \\'a~ r ight. \r/lit']' will pc]'vo
lall' th ruugh ;-.oil:-: fa:-:hT in :-:UlIl lllPI' thall W;llll.'l'. \\'l1h~1' ut :l'! 

dl'grl'Cs P. HJJd ;I t 'i" d('gTI!(! . ., F. wa.": >JJ OWlJIJ io flow frum a milJi- -
Illcter opening tll1lier thl' ~:-lJIIl' pres!;ul'c ill cHeh (·usc. r\'wiC't, fI:i 

II1Ul·1t watt'l' flnwl,d (Jut al ';'1) dt:'.sl'l!l·g it:'; Ht. :\:t de~l'('e~ . At :1-! 
dt'_.!!rees the wat er i1il1 lWt ('unH-' Ollt jJI a fo: trp<llll, but droppeci 1'11 P

idly from the luhe. while at 70 uegI'ee:o: ,il ll()\\,pd ill a :-:.lclIdy st 1'(·U l\1. 
The Y;sc'o:;:iry i:-: frequently ufl'L'l'icd II_\' :-. uh~lOll ('es dis~oh'('d ill 

the s(Jil watcl'. :-4ome s uilSj;lJI('CS iuc'rease ,yhi le othe rs dec'l'car;(' 
\·i:-:('o,;::;t,v. HS SI.W Wll on pHJ!e 2lHi. In til(_-' ('H:-:'C o f oT'gallit, l'3 uh::bl ll('(' :-: 

ill solution perc'olatiull ma," he aide(] II_\' tlw 11'~~el1pd "i!'f·O~d1.\', 
.3. Atmospheric Pressure.- Tl1e (_,hangcs iu pre:,;~ul'e of t.he 

atmo8piJel'e) with its expruh; j()ll and contl'action !I ('C'0 Il1IHII1,)'ing till' 
.. lows " alld t . highs ." nfleet percolation to some cxielll. T 1H! 
decrease of pressure allo\\'fi the ail' in the Soo il to ex-paucl, th us f(, r ('i l l~ 

out some of the wa ter lnto the draina.ge (·h aJl ne l~. Kill!!:! foun,1 
the discha rg-e f rom it spring to he 8 per ('e J1 t g- 1'(."ULer \\~ itIJ <I falli ng 
tha ll a ri sing barometer and a varia.tion of 1.-) pCI' rent in the How of 
water frOlll a tile un<1 €'T' f':i mil a r conditioJ1:::. 

G. Shrinkage Cracks.-Thc "nWI·cment 01 water b.f percolatioll 
is aided g reatly hy thc r ra c·ks that arc produced ill clayey Boils !I,V 

shrinkage during pe riods of drouth. '1'he", crarks (10 not fullv clo," 
upon subsequent \,etting' nnd may tJms le~i\'e pR.:C:i':Bge lrIlYS for 
water. r~rh 'is is very important in heavy soils. rrh e LllJ'row~ or 
animals, especially insects -and ea rthworms. penetrate t he soi l j[l 

all d i rections and furnish a ready meaDS for movement or water 
both la.terally !lnd verticalh. The greatest anlount of work done 
by earthwor ms is in he31·)" soils where percol1\.tion is naturally 
slowest. These animals a.re not abundant in acjd soils and those 
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1I1'fi('icnt in orgalljv lllattl'l'. ('I'n,' fi/"llr Hid til .. , Llowmrllnl lllor('mcnt 
(J{ \1':11('1" II)' Illt,jr IIlII'l'U\\:';. 

7. Roots of plants l)1'Jl('indl' I Ill' :-;I)il ,lIld tltt-!' Ilt·('I1.\". ]p:n'ing 
pa!-'!o':rg('wu y:-: thnlll.!!"1I ,,"lridl Will .. 'r !lilly p<I. ... ~ (Jllill' n:iuiily. 

Lysimeters or drain gages bllll' II('t'n u-:t,d j'nr dd('rmining- thr 
HIl10unt of pcn:o\:rtiol! awl l>\':lj)IlJ';jl i,lll. '1'111.' lnng"':,1 i1ll11 nlO:::t 

int,erc .... tillg 1'('('nn1~ IW1(' Ilt'I'1l 011111;0(·1] nt 1:(llhlHn~U,a; EI)~J/lnd, 

wllNe )"croJ'd." II;I\"[- [If'(,11 kl'jd for :11 yl'III':-:. Til t' gngt':-\ (·(Hl.;;:i!"i or 

mll~S(':-: f)r Illl di~hll'I ,('d ;'I.il or clill'{_'J'Clll ,1('pjh~ l'lwiMl',1I ·ill ('l'U1t'nt 

tnllk:-: wit h dl"lillnge oul!pt ::: fill' 1ll('n:,lIJ'ill,!!: 111£' lwn',dntinn. Til l' 
Roil i!:' II flinty (·IH~· lO;111l ('T' hl'il\,Y loam allil if; \..:('\,1 fr('c from all 
H'getl.li ion . 

Rm:'1IJal/, P{'f'(,(llflf imJ and ErnT)(lrafiml 3 (// R{lOlllmsfcri, Rlt{/hIlH/, .4 !'eray" /(IT 
S,! )"ear .... /f.,''///o /00.: 

Hain- 1"'tr'C)i:<titUl thrflulo\bl l't.'r I'ClIt of flunhlll 
fall " '111 !'1'T('(J!:tI1I11'; through soil 

i\!t1l1thll 

I
· u :.!u ./t) iii) :!(I ;10 {i(J 

~C-I~'-b~-;~-~j-;~-. - - - - - - . m;~~'; "':";~ "i'~~ ;'i'it '~~'~' ;~'t ;~i'g' 
Mareh . - 1.S:~ O.K7 l.{):.! n.fJ5 -17.{j f)S.H 52.0 
April. 1.!-i\1 O.t)O (j.t)7 O.:);~ :!U.S 30.0 28.0 
May . . 2.11 O.-HI 0 .. ").') 0 .. ;0 ~3.2. 26.1 23.6 
June . 3.:W n.li:; ().[i.~) n.li::! 2~.O 27.6 26.3 
July . . (l.G!) n.70 I O.(irl 1 3;).~~ 2:').C, 23.8 
August .... n.li2 O.(i2 O.oR 2~t2 23.2 21.7 
Rcpt.cmlw l' . . ().~~ n.s;1 O. ifi :l.:').O ;{2.~ ~o.o 
Oct.ober .. ... T .'{.'i I.~-t l.68 57.f: ,')7..-') .. 52.5 
No\'cmbf'r .. 2.11 2.tS 2.04 7H.7 7G.3 72.4 
D ecemlwr .. 2.02 2. J!) 2.04 RO.3 85,4 8].0 

51.0 I 48.n 

Hc,'wlts fur J'rars of Max imum am] Minimum Rai'nfall 

1\!l a .. xi n1tlm (InOa) . 
Minimunl (1898) . . 

:;~.(j!) ~:!.4~ /23.60 /24.3:; ) (iO.7 ) 61.0 )63.0 
~O. ·l!1 7.~i3 7.90 7.69 3.1.7 38.5 :37.6 

---- - - - - -

Jt will he noleu frum the aho'" lable that the amouut of perco
lation nll'ics hui" li ttle for rhe diffel'cJ_d. depthR of soil. 'rhe u\'ernge 
perc-alation for t.he 20-inch depth was 12.90 in(·hc'. ,,,hile for tlw GO
inch it was] :3.79 inche'" This ~ho\\'s thai only 0.]] inch nlOrc wat<'T 
was Tela i neJ h)' the deeper soi l. . 



GHA V1TATIONAL I\"ATI:;R 221 

WaIn lJr(HfllIllj from EI!/h/ Pn' f~f SCllllmll"J ,":'IIIIIJ.~. j 'rrn'Jdll{j(' Jjfl<~I 'd 1)1/ /)r!J 
Soli ,' K illfl 

I hour 
I dav 
:) d:l~"~ . 
\1 day:-; 

:1/j, .... (bj·:< 

tiJi 
Il.i'\ 
1'2.. :, 
1:!51 
/:J, ci 

'''' 
IA 
ll.:i 
7.5 
1-\..1 
9.:J 

Till' Tnldl' ~It(!\\~ rill' Hlll'lur d III' walt'l' dr;[illiIJ~ 1'1'11111 (·j,!!lir fi.'d 
t,r ;O:;ltl1l'i11\'d !-i11Id :"ui\ ill '!Ii~ tln,\:">. 'I'll \' dnlllHIj.!t'. or ,'oun .. (', wa r:. lloL 

I'llllrillUlllI:- durill),! 111, ... 11111('. 1'1I! \lIt'it,d wilh nIlH!ili(lll~ of Il'Jl1 -

1'1'I'llIUrt' alld <ltIl11I:o.jdIL'ril' Jl!'l!~"lIn·. I)urill~ I iii.' la:-;i -!.-,\) liny:o: ur 
illtl'rlllittl'llt. dnlill:l;.!"e lltl' :-t1lld lll~ t frlllli (i_:,(i to n. ! ;; jlOllllds of 

\\all'r ]ll'1' ~qll}lr(' 1'(I(I\. (II' frcllll I .. ! tu Ilf'I:LTiy 1.k ill('IH'~ or wRter. 
J'L'n·ulat.i(l!1 i:-: tlllly ]lo:.::-:ildL' \1'111'11 tIll' nil' ('an (-"liN 1/1 (' :,oil, \lI'lkC. 11 

:--light raill Jalling (Ill 111l' :-udal'l' I1Ii1Y I'dllJ'{l OJ' ('utirciy "('.p pcr('\)
lHiioll II." ~(·Hlill.!:!: Ill{> :-url":ll'l' !'(J Ihnt th~ ail' ('<ll\l\uL get out. This 
]li).": 1;(.'('1) 1)\1.:;':('1'\·!·d ;ll JIll' i:otlwm ... !.·d .!1';Jill g;l!!j· . ..:, 

QUESTIO;\lS 
1. Dl'Iil1c ]J"a\'ilaiillllal \HILl-)'. 
" \\' llllt i ". tIll' tllUXiJllUI1L \l'utl'l" .':qlll c:i t-,\'~ 

:t \\ hkh luay 1m n' thl' _gt"t'ILLI'r ;:ru \ itlLtiOlllll wJllcr I':l.pa(·it.y, l-l.lIld or <-lilY ? 
-I . ])plille wa.tl' r tahle, 
;-). lIu,," dllP~ 1.]1(' 1llOn'lII('llt of wat('1' illr(lngb l-llil nll'." ~ 
a, COllljJun.' tL~ uumLt'r of pun's ill a !'-O:J. ud "oil, Iwrtir' /('s lUI.; HIIII. , \Iith a. 

~ilt ~lIil, pl\l"tit"le~ f),03 llllU. 

7. \"hat. nl,(,uL lhl' eli"e<:i. (If t;hapc and bil;\' {If J1artil'](o" ill the !-lame su i! 
on p('l'colaUon '! 

R. \\'hat pa.rt docs. g-l'unulution phl~' in 1,(,l'colutiul1 ? 
9. {Nee tile e/Tl>cts of Qrg:wi(' mutter (111 (let"coJutioll, 

10. E,X"plniu the l4J'(>et of \,j!'(·os.it,\· (lll 1'1' 1"('ol<ltion, 
II. \\'hat thil1lJ"d llffpct the \'i~('ojo;it:,' of Wlltpl' ~ 
J2, F.xplnill \'arilltion ~ cAnsed h:.- clulnj!pi' in :ttTll"~Jlllpri(' rre"~\lrc, 
J:L \That othc l' factor!' aid pen'olution? 
)·L D {> .. criJ)(> the J-:oOmmstf'll dn-tin g8..f!{''';, 

Hi. \YIUlt ('on('lll sions ilia\" he drawn from ill() I"e!'llllts ? 
Hi. Gil'€' E .i.lIg's experilllelit re-_,.:urding- drll.inap-I! from sunds. 
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CONTROL OF MOISTURE 

1. DRAINAGE 

"Ell), few plat·(Il" 011 till ' t'arth's slIrI'Ht'l' han' ample rai_uIaH so 

\nOII tlistrihutl,tl that 110 aitC'lltioll -lIi.-'l'(] he gi"clI to thr ('(liltru] ur 
l!Io; . ..:run'. I II 11I1111Y llUlIlid ;IIJd 811j>('rhlll1lid arl'a.": tlJl' l!l"raf prob
Il' l lI is di:-:po:;.ing of tlw l'X('l':-:~ of waIL'!' , while ill f-\(,llli-ari41 n:'giolls 
it i~ tt) l'(lII:'l'J'\'(' the r~illrflll fo r till' c:rop. while' in the f.:tiU dl'it.'r 
J>l'gH'II:O; irrignt illu is l1u' illl-all~nrhing p1'oiJ\rl1l. E\'CIl ill the humhl 
1I1'l',\.!;. :-:o nJ (' :o1,'il:-:nlIH ;11'(' RO (11'," thnt the utlllO~t care lllU:::t he exercised 
to ItolLi the llloi:::tul'e for the crop. 

Removal of Excess of Water.- Drainage.-The a,YCn17e soil 
ht!s llhuut ;") () per ('c nt of pore spa.ce. A waterlogged soil is one 
IUI\' rlll!" the Jlor(' :-:ril(,(' liIli:(1 \\'ith water, It hc('orne~ lIel.~c~sl]ry to 
r('l1ll)\'(, thi:-o CXl'l'~!' of w~d(lr ~n th<lt IhE' food-prrxlu(, 'ing baderia 
;I1Hl the Toots of plallt!' nuty h(' nhl (· to j:.('<,urc oXYl:_!t'Il. T ile waler 
tl1hle il! fill' sui ! 1ll1l~t he from thr{'c to fOllr f{>,pt l)(>Jm\~ the sur-
1'1.1('(', ~lllii('icnt to !!,in:o rool11 for the de\"('lopml'nt of Inrge root 
l'.n:tl'IlH: If jt j~ nhoH' thi8 it mu~t he 10w('rec1 by drainage. Be
:,iflf'~ 1hr Jowrdl1g of tlw wnf{'r tnble ]lHlJl\' other bencfits Hrc dc-
rin'd frolll clrail1~ge (Fj~r. 95) . . 

(a) Dra inage gin'!' .-;f(/{Jilify (0 t.he soil. Ordillarily when a 
]Jrcny wri,ght is applird 10 n Y(~ry Wl't ROi l the pnrticles are pushed 
10 onr ~iil(' . tlw CX('C';o:s of wilter \\'cfik ell~ the cementing material 
of the ~"TllrJ(dtLs <HId 'Il'tt' ::'tHlI('\durt HS i~ lulJricaut to tIle particles. 
Thi~ Il10YCllWllt. is \"cry illjnrious to t he tilth of the ~oil, since it 
breaks dow1\ the granule,. pro<lucilll( " puddled cond ition. This is 
\'er.'" likely to occur in HIl." sod, hut nwr(' particularly in 8 bellYY 
onc. .Freezing- and tha "'illg 01' wetting and dTying may overcome 
in time the condition pl'odllecd if the ,oil is drained . Great dam
Hge is sometimes done hy pasturiJ1g wet soils during late winter 
and ea rly spring. 

(h) Soils containing all excess of water are rarely in good 
physi{,fll r-mldjtinn. (;rnn1Jlat1"..on iB proclnced h.\~ a1trrnate wetting 
and drying. and' 8. 80il that is satura.ted practically all of the time 
canuot be subjected to these beneficial conditions. F reezing o;nd 

222 • 
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tliaU'j,11!} is U!~O ullollicr lIH'IJI\S rur IJl'uducing gn,\li ulnLiilll, if Ihi' 
right HllHlUllt or \\"l.lH.',: i:; l'rl':"l'lIt. _I r thcrl' ir- nil l').t_'l::;:- or \\,a1t._' 1' th e 

elrei:1 of fr('~zillg and tilllwilig i~ tu hl'cu.k duwlI till' ~1'1It1U!t.:o:. 111 -
!'IPHd or proLlUli"g' gl)ud tilth Ii .1 rUIlII,"_" jlulh1\(ld ('() IHlitinll rt\~tllt~. 

Tile .. ~ojl of a. p01ld \\"/){'r(> \rlli(.'r Ill!:' .~tP(ld during' UH' winler will 
ill' rUII tOg'l't her \'('1')' \))J(lly hy i'p,.il\~ ,\1111 hl'('()IlW qllilp (·O Il111l1d. 

tt') It ~(_'('m~ nlmot:l paradoxi('H I that till' 1'i..' 11I (1\'/l 1 (If th l , "X('('~il 
oi' wHter ~h{)uld ill('·r~(I.se flu> (l.I'O,i/ Ifl/e Illois/url' fill' l,l;\1I!1-l, ~.l't it i ~ 
trLll'. I A)w('ring the wal cr bhlc 10 fI rIl'pth or 1111'('(' el' 1'\\1\1" i't'('t 
cnables plullt roots to dcvelop in n larger area tlnlU h i ot.herwise 

A 

H 

Flo. !l!l.- Thc diffcrence in j!:f'rminati<m and I!:rowth on undrained 110il (J\J /lnd drained 
irUli~~j;';"W kind of !loil nrrd tllf' 11I11U" kind r.ud nUIlLbet or~"l!dll Wl' rl' pl nillc . ( l 'uivcraity 

possihle, since plant roots do not penetrate " lvatcrloggetl soil. 
'r his win give them a chance lo Hecure the wflier t!"Om 11 depih oJ 
three feet or more where otherwise the)' would he ljmilcd to one 
or t Im feet. CapiUIlTY water, only, is used by ,,1M!S, and drainage 
i11creases the roJume of soil that (.'ontains tbis form of moi ,'"tu fC. 

(d) The remol'al of the excess of waler • .ias ai'ration, since the 
~'ater is replaced by air. About 50 per cent of the volume of the 
soil as it ordinarily exists is pore space, and about one-half of this 
should be occupied hy air under ordinary conditions. T his. in " 
waterlogged soil. would be filled lvith water. 'l'hc optimum con
dition for plant growth is sufficient moisture for the use of the 
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phllll , hut nof HI 111111'11 , .. ~ ttl l"I'u\rd (nil lill' o~yg-l·l1. whil'h i~ 

t'qwtlly (,:o;,"l'lllial. 

(l'J Tit!' II'flllll'ralffrC of tIlt, ,":0;1 \\ill 1'1' J'Hi;-;('d II,\' UI{' r'('I11~,\;1I 
01' IIII' w;tkr, :-;illt't' the :-Ip('I' i !k lll'ut of 1]1(, :-oil will Ill' 1\1\\"1'1' wiih 
It,.'i ... wo'lkr. J [ tilL' f'Pl·(·j/i( · ll(,;)j of WH!I'r j , .. ] Mill OW! of soil j.~ 

O:!. till'l! 1\ watl'riIJg-t-!"t,tl ~oil 11<1\ illg 1111 .ljlJI.uPld :-cpt'l'ifk ,!!r;l\ it'y 1)1' 
1.'.!. ;md ."iO Pl'l' ('('Iii or 1}l ()i~lltl'l' \\l)l1ld hll\{' ;1 :-opt'j'lnt, hl'HI of OAtl. 

OJ' 1111' lllllllllJll (II' IIt':d "t'<plin'd ill raj..:(' 1111' H'ltljll'rnjurl' or till' wpl 
,"(li t (111(' flt'gr't'i' w\11I111 hI' IliOn' jl1:111 tW;"L; fl~ ,~I\.'at .\:'\ fo)' thC' 11ry 
!3{,i l .. \1l0Uh ' l' J'ad(ll' !llllt alr('('I:O: Ill\' il\lIii't'ratul'l' if: 1h(, lowl'rill ,!.!; 

til' p\apornli oll II," ilJ'a illclg-('. 1 '~\:II"'I':liillll i:- a (·nnlill}!" 111'(1('(':-:::'. nlHl 
('\'('I'Y pound ,)f \\';Ilt'r p\' lIpnl'ni,,{l fl'lllll llH' ... u'rf:1'·(' Ill' t1H' ~(li\ T('

(Illil'('~ !I(j(i.fi IH'ai tlllit:-;, :In" f11i:", \I ill \1(' takcli ];ll'.!.!'i'l~y from 111(' 
Roil. U f' II l'f" wd fi,(lj'(;-; ;11'(' .. (.lil'" ."(liI;" Thp." lllil.\" I>l' 1 l'<l Ilf'

fOrlllrl1 i 11111 .. ('IU'h .. (111(':0: 1,\' (1 t'1I i IIfl!.!'P (Fi!t. fl.)), 
Hntiwlg"f' Il11Iit i1l·rl :-i till: ,!!' 1'I ,win'.!! "'~'<I:-:'I,n ,,!, ('{Iriflill :-:oil:::. arl(l 

may ]'():-: ~ild,\" lWl'lltit It. (·oll1plrlt: {·lian.!!(1 of ('1'1)1' .". ( '(lIlfliiiolls :)l'e 
111(1I't' fil\ 'n f llllll' foJ' ));ulo,!...'if';ll :lI'li, U)' ill tl,(, dr.-lilll'll _,';flil 111'(,;1118(, 

of 11-1(' il) (' J'C'a:o: r in jpll1pflndl! l't' :11l111lf 1I('j11"1' ::li:rniioll. Kitl~ 1'0111111 

tl1;ll w{,ll-,lrllirw(l .... lllldy 1( ll1lll 111\11 a h'IlI)lC'T:1fur(' of (i(;.,) rl,·!!r('(':-:. li' .. 
whih~ -irl nil nrl(lrnillPtl hl<lf'k 1l\(II' ~h ill(1 tt'llllwrntnn' W;j<;: ;1-1 cl('grC'C'f' 
HI tlH' ~;lnw (lp)lth. 

F.xprJ'im('nt~ rOllrlll('jr,l will! l n1Yi== fill~-'ll \filh 111(' f:illllC' f'oil. 
(Inr (If \\'l1i('11 'nl.~ Ilrnillf'rl w1lil£' tllf' (,j lu·!' Wil R IlIri. ::h(lw ~ljff('r(,ll('e .~ 

as gin'H ill Ill<' tnhl(l. 

Effect oj Dmi'llUgc 011 TcmprrafuTc of a Soil !-Degrees Fahrenheit 

T;ul(' 

6 A.M. 

S A. M . 
10 A.I\I. 

12 M. 
1 p.M. 
2 P.M . 

3 P.M . 
4 P.M. 

5 P.M. 
fi P .M. 

I 
' I hcrlUOI1l. 11 r 1 lilt 11 -J ' I hcrrtlulllt'l{'r 2. lndu::lf - rilt'rlllOrnctlr 4~lt~ 

hdtl\\ "urfutl' bc::hJ" lfurfa((! bclo" surfnl'c 

I n ;:u11"d l Hdr.Ullfd l ')IIlIIl(\ ~ Dr1Ullc~ I LUdrwn(.d 
41\ ; I 4,) 0 4q 0 472 fJ2!) .'}oo 
')i'\ 0 ,')2 [I ,-13 0 rIO .~ 51 0 49 5 
75,0 Hi 0 nt, .-) (i1 0 !)i .=) t)4 0 
~,; ~ 73 :, 770 HR 5 b7 0 (520 
Ri:) I 73 ~ iD .:I 70 7 70 () GS 1 
R-! 0 7':! 0 81 0 720 742 680 
810 700 80 0 710 765 705 
761 ~l 770 ~5 M8 roR 
712 H3S 742 663 7;14 700 
68.0 62.0 72.1 65.0 74.0 69.0 

It will be noted that t.he greatest dilf erelll:e bctwceu the c1railled 
and Ulldrujned soi.l at OliC inch iti depth was 13.7 degrecR. at two 
incbes 9 degr~s, 31)(1 at ..J. i llche~ 6,2 d~gr('es. 
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(r) T ilt.' J'{'11 10\',i! o( till' l':\\,'l':--~ ld' \\tl kl' from the ~I);I ill V1'(·Il~t.'~ 

d" I'UII'I/(),-:if iuli :llld lIilriji fUlilJlI . I'J'UV\':-;:'l'ti IH'l'l'~:::U],y ro t· IlIl' g r'owth 
Id' Jllallj~ .• \ :s <l gl'ILI . .' rai rul l'. till' lll U;-:S\';-: 111141 ;!Ta;-:;-:L'K of swalllp~ 

baH' dl·l'O ll lpll:.a·J lOll \pry :-li;dlf l'~\I'llt (lilly. lU .. 'I·;111~(, (If til l' (''\\'l';O;;-: 

llf J1l0i~tllre whit·1I P" l' \l'1I1;-- thl' aCTl':-: ,": ,d' O'."g-t'll. P rll;llage n\!(IWS 

H~;ratioll llllilllil' PI'OI'(' :":' "I' lIitrifi"atioll Illny !JIl' n lnkp phH'l'. 
(g) .. I/ NII'/lig " (d' soil or ( ' I'(l]l;': I'll lllC'diulll- to fill('-,!!fni ll('d 

:o<oil:-: is {lil1lilli:-:hl'll (I " alll1()~1 l'Idi1'l'I," \1I'(,\'(·nl<·.1 by thp I'l'l1l()\'nJ 
(If tile w:11 t' 1'. \\ '1 It.' 11 a \\'I't ~oil frl'(.'zl''': it <'''1 1111111 :-: in IIIl' tlil'c<"iioll 
uf Jcal:it 1'L',:: i:-: tallC'c, whi('h i ~ \llm-,IT'd, !lnd till' (TOp. whl1t e\'e r it iR, 

FIG . OO.-Pipe heaved nearly (. il\clit'li during winter of H1l5-1U16. 

is pusllcd ill ong with it. T his PI"lJ("L'SS hl"illg l'C'pentcll O\'cr alld 
oyer may H heave" a crop out of the soil en tirely, as in the case of 
young alftllfa, c-1o'-er or wheat, I f tilt.! soil is umiDt'u, the expa n
sion of the silltl1l er amount of water ill f r(.lczi llg will be taken CUl'e 
of in tl,e pore spaces of tile soil lri thout expanding upward to 
such g- reat extent. F ig-ure 9(; shows the heaving of a gas pipe 
stake durjng one win'teT, and £~re 9i shoi.vs the heaving of 
aHalfa in a p00Tl.v drained soil. Where tight sUQ,o ils are present 
the danger of heaving is very great. so that it is practically im
possilJJe to grow al falfa anel clover. 

- 15 
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(1,) T llc (_·J1't·di'l'I!t'~," (If fhvl'ougll d /'lJin~lg(.' ill prN'{,fll£ng 
1'1"0,'-;01/ llll~ bl'l'lI OI)l'il'J'\l,d ill IlI,-llIy jll:-lI11Jel'!'1, I,UI this point i:-; <1i:-:
vlI:O::-:PfI utili!,], Iltl' !'uhj{'v\ or l'ro~ipll. 

(i) l )ntirJII~(, is (Hll' II/' [I,l' IIICJ:-t ('fl'('vtilt..' fIIt:HIl~ for f{' IlW\'ill;! 

alkali fJ'ont land lIlldl'l' ini,!!lIliuII, ;11111 lh1l:- JJI'('rcldill).! jt~ .. ]'i~e" 
alld ('(lIl~l'(I'H'l1t illjury h.1 (' ],IIP:" It. ill (ollldulI(·tion wil-I! fl(\(ldillg. 
is nl~(1 <III {,m.'c·! in' IlH,thlld (OJ' l"l'elHillljll~ I<llill th;lL (,Ollt.fiill~ 1':(1 much 
Hlklllj IIi< ttl rI ' ll(kr it 1I11j'l'lldu(·,i\\·. 

T ypes of Drainag e.- ' I\ro ~L'lIl'ral lYII(':-; Ill' rll'ainag\.· iHlH' I,eell 
(ltlll'loYl'd, open llnd ti\I' drllill:5. 

(a.) Open D rains.- I II iI ,!!l'I'llI /1I<111y (.,<1 .... ( ';.:. tilt· opel! drain i/oi 

HII absolute' lIe{'('R,..:iiY. \'<'("HU:-:t' thl.' i<ln!t' HIIlOUJd, of WHirr t.o ill' 
{,:lrril'd o!r PI,pl'illde~ Ule J){):-1~j\)ility ci Il~ill,g' ('()H'I'{'t1 <lmills at a 
r<'Il.,,:oJlflhle ('eJ.';t. liCHee there will (dways iJe a. Ja rgt' IIUlliller of 

FIG, !l7.-Alfalfa t.lmt. WRS compl('tcJY(~~I~~f]~'it.~('n"ing. Note root!! l~inJ!: on surfttl'e. 

Opl'll {lmins. f;uch as dredge dite:bcR. I n some cases open ditches 
a re. JH'('t::-:~llry het'fJUsc qllkksnnd it= l11'c:::.eJ)t which (!lIters the drains 
through flit' (lJ l t 'lliHK~ IIt.'hrpt-'lJ the tiles <llll] fiJI.., them 80 98 to re
dUt,(, their l,nkiell{'Y or e\'i..'11 (·log them entirely. 111 other places 
the r,,11 or slupe (If Ihe lawl i, ;0 , Iight that ti le druius would be 
of \'cry little u:-(' aud l!PI!('l) the OpClI tlih:h hecoJII~~ a necess"ity. 

A fo'nn of open {II' :-:urf!lc'c dn-lilUl,l!P that i::: efYec{.j,·c und adapted 
to ('('l'tain t,vpeB of f'oil is that pri\ctic'cd on soil::: with hardpan or 
tight clay 8uiJ:,trutn. 8l1C,II soils orenr in "[trimls par ts of the 
('QUlJtry IJnll lin) form f)f drainnge arlnpll'cl to them is that of dene] 
furrows or shal low rlilcheg ahont 20 or 2.j fee1 apA rt. The~e a re 
employed to a large extent on Ofr3F: wit.h t ight rlay !' uh~oi ls , 

There are F:e"cra i f:erions ohjections to open clrnins. 'riley ale 
almost in\'aria~ly expensive fOTms, because constant care is needed 
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tokPC'l' fh ditchc.r.;; opell ~1J)d ill gP!Jd l'tmdi,i,)JJ (Fi,!!:O-. n:-l. :I!l. JUU) . 
JIl <l lew ycar~ tllP fall may hl'('Ollll' \l'I'Y 11111..'\('11. dUl' \u 1l1()J't' rH\,id 
erusio1l at olle l'/;] <:e thall lit 1l11(,1lJ('I'. ()1,:-ll'lwti(lll:-: flW,\ f.[d ildo 

FIG.9S Fw. \)9 

FIG. IIK-TI,t: oI.J8t r\[t,t inIlJj iuU; rfen' ..... itl. tlw ''\In'' IIi uud I'I~\I"(' ddlt·(·titlll!l. ( If (' WI,t,t' ler ) 
Fill. !m.-lYltcb I'rll(lually beiug filled by tjl,il (jilt' ttl "urn 'IlL heLug rctaTtied hy j:fll.llfl . 

le. C. COltllllUck ) 

FIG. l00.-A neglected ditch often seen in hea\'ily wooded areas. (H . C. Wheeler .) 

the ditch which will cause deflections of tho cu .... ent and TeslIlt in 
wearing away of the hank. Ther e- il' alwfI!'Fi a considerahle waste 
()f land in connection willi open drains even at the \'ery best, and 
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lUJ Upl!ll diLdl i:-; u/ \\'uj'J:l ju Ll!(: \my. J L interferes n :ry :-'criously in 
mall )' t ' a ~c:-- willi tiling-I' vI' laud , lJuL v il e of the llluBL f.:C riUU8 vh
jl'(:1 ion:;, iro: 1111' la(' k ~Ir I'hy:--it ';d Itl' IJdit tH tile :-uil f rutH (11 11,.'1\ dit.du,!::; 
ill l' tJJlIllari ~(/ 11 Wi llI lilt, .lrait1. .... rl' lti:-: 11- prill('ipal1y due to the 
IHd tllnt. :-111:111 0Pl'l! IIndll:- arc rH'\' L'j' as tll'l'P :l:-; tlte l:OITI':-puIlJing 
tile drain alld dv not 1'1'ltIU\l! ti le \\;]tt 'f ;1:-; (·{lJtI]Jil'i{,ly. T Ill' g-rowt.JJ 
o[ wcec! :-; :lnd .~nL":' vlllg":-; lilt, .1itdl ilntl ]'clHll'J't-< it h, ... :-: l·lf('t.,t i\c. 

<") Ti1e Drains.-,'~ifl c(, lhe (I/Ijl'd oj' dnJilltlg'(' i~ t(l /u ll'(' r lite 
wat er tah1p, tht.! lill' :-.lIl lu lI11'l' 111111'1.'" lit]';!(: i1nd the lit1l'~ !o;ullivil'ldly 
l' 1~I~ l' (Og't'tIH.'1' and OIt :--Ut'!1 tfl'jlth tlillf tLl' wat ~ r HItt )' I'l! r('l1lO\l'd 

IIdol'l' till' ("1"01' ~Urrt·!'~ H' l" itJl1;o; illjl1ry. 11' ti'l' tile i:.: 1:1;(1 (kcp 
CJl ()u~h t.1l lu\\'cl' t Ill' \\' a ll' l" h,lI! t' to only t\\'o (t'L,t bl~l1eajh tIle sur
[11 ('(, Oil nil ;Ht' I'rl!.!'I.'. :1 nl iJI or two (I I' tl1n.'e iJ1C'!I('S will n!i1:'c' jt, jn
juri(Jt1siy t]Par II;c ' ;o;url'i!(·t' . .. ulll if fn·qul'IlL J' .li1\:o' fol Io\\' 111(' crop 
will Iw dfIlIlU;.:"I'd in ,..:pill' III' tilt' 1';1('1 t'hld tl lc J1Ifl I1 i:-. tiled. If 
t I, e tih· i;o; 1( 10 ~1ll;tll llii:" !-\14) w ],(,111 0\,11 lII;lY PNllliL n-ry ~(,I'ious 

5v,,/oce 0; Sa-! 

I 
F,,, IO' ,-f'huwjn,t!. the W:Lwr luhh ul ", \lith 1ill"1< "f lill"!lt 1 Knd :1. and 11\ /,b, !loon 

lift.!' r I.!'" illtlt'nioll of an<!ther hilI' (1.1 :! und lult'r "I /,'// '1'1.., ,,1(1)1; uf the wate r tnoll:: \)etWI:CD 
die Ijll t·, of t ile \'Briel! wi tb the )ll.'n· j"lllS11cs!I uf the ""il. 

iuju !'.". J f lite W,ller tald e j,':' liln'(' rel't, Ill'neath the ~llrfac'(' and 
the [out o[ :-:llil ubv \'i.' it i::: t\\'(I-thi nls sai'Unlll'U, a raiufall of two 
iJiciles \\'iB I'ai:-:(\ Ihe wllte!" 1nltlc a Iuoi at. iea::: t and damage 1.0 t he 
[ 'TOP T1HIJ result; 

The torol!rnphy of the wateT tahle in ti le-drained land cons ists 
of n se ries of rid g()~~ wi t 11 the (' rC~lS aiJout m id u'c'IJ J!e twCell the 
lin es or tile. The hl'i~ht of 111('$(' c r('~ts nlJoyc the tile depends upon 
the te,tm e and dWl'a etpr of the soil strata , the distan ce between 
the Jines 'of tile and lIl(' amOlult. of: l'ai"fall (Fig. 101 ) . In laying 
t.il e the cha racter of the Bo il ~hou ](.l he taken into flc'co unt and the 
Ijnes pJ:r('rd (,Jo.;:e CDOIIg'h t'ogether fl.O tlUl t the w:rtcJ' tahle \-rill be. 
lowPl'ccl to at least 30 iMhes henealh the su rfa ce at it., highest 
point. Jt lllllst lie remel11here(] lI",t tile most (I f thc IV' tel' does not 
simply pa'!:s ll(lwllwl1rd int o tlw tile, but it Illllst m O\'e lnte rally 
from two to fhe TOcl ~. deprlHling li p011 thr di[3br.nee hetween the 
Jines. The latc..:al movement is comparatively ,low, ,0 much so in 
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wallY so il s that th(' c}'op is frcqul' jllly u!lI11ag:pd l)(>r~lrl..' till' WlllA' I' 
wille is lowl'l'cd heyond 111C point of injury. Tilt- llllc:oi d ti ll' 
~h(luld he laid du:;;,er in :;'U1IIl'wlll,\t illljll'l'Yiuu:oi ~(lil~ tlt:w in 1 1i,.'I'\' j 0 11 ,-; . 

UILC~ . 111 tight dHy :::uil:-:oil:-: tile tiit' d/,lIilL~ l'iJould Lc lIot o\er fUll r 
rc,d$ apart, amino doubt twu rod.:: would ue uetler. 

Coar:-;l:-texluret! soils gLlll(' rall.r draill hetlcr than finc O]H'l'i ... \ [l 

()(·(,llsje)J);'ll light stnlluJll OJlly H fl'w jJlt·hl'~ tiJi,'k JWI) .<':l'l'i()usly 111-
tl'J'fl'l'c with draillng-l'. I II gt'Il,'ra\. iinH.':'llllll' :,(,il...: draill Iwltl'r 
111<111 ~trOlJgl.·, HL·iil OUl';': Ill'i'UUS(' (If 11",-, gl'!llluia lioll llrodlH,t'd hy tll(, 
liIlIL';:-tOlll'. lI t'I1\Y ,.;oil:.: n1'l' l':-J1l·{'ially ~ljdl'd I,." s1\1'111kagl' (lIlll till' 
fUl'lllaliol1 01' (' J'il ('k~ til II dejlth ( I[ "'t'n_' ril1 r('~lt whidl lIIay 1101 ('0111-

pldt·!.\" cluSt'. J::"f11I\rorlH . ..:. (TJI.di....;IJ I1ml uther lllJillla/:-: d(, mlldJ 
to OJlCll IIp iht' :;"il for frl'C' 11I1l\l'IIh'ut of wlILn, lloth latera11\" and 
\·l'rti ctilly. . 

QUESTIONS 
I. \'hal J'rohlt· rn s eUI1I(' Ill" ill Llll' l' lIlllrol (If 11 lOi~llll"l'~ 
:!: . llt 'lilH' :L watt'l·ltr":g't'd :olli!. \\ bill nbjl ·(· tioll .... tlJ il ~ 
:1. Explain };Ullh' f,j' tlil' l·p:'llll., o f hH·k {Ii ,.lllldlily ill :L !<oi1. 
4. "II,\' an' )lprllllllh'IlLi.,· ~Itl!rlllt·d ,.oils 1I "'lLli l ly ill 1'001' iilth ~ 
;'i. llf)\\' due:, dl'ldlla~1' Il!l\ ·t'l ti,t' a\"ailalJl(' IILlI; ,..tlll"l' !" 
0, Explu.in how ai:l'atiull j,. uirl't'll'd I,y drt\i llll;!\'. 
,. ,,' !'IlL is the (_'/}'l-et tlf dm;lIa~I' UII t./It' .'if,e('l/i(· 11t'lIt "f II ;.oil:' n "I,I"? 
)0;. \\11." dur'" r.1miullg-e aired l'\'HI'0raUull'! 
!I, How may drainab'r: ull'{'t·t. I'ro" ... nllll thr' 1l'IIJ..'th !If P"rl l\\ ill;: !;' I.I :-;U II ~ 

]0, \\ .,, ~, arc d(,I'OIll I,():-\ltillll alld llitrineaLiun II I'l·(o,r.J:U·Y'! 
II. How does drainag(' jll'p\' l'rd Ilt';lVillg! 
l:L Why do0.:! a, tight ~uhs()il (;IlU~C IHlU\'il1g ~ 
]:t \\'hy are ope ll dr l1.i n::\ n(,cl·~~ll.ry ? 
1-1. [{ow an' tight da~' !"oilt< u~ llldly rlraill('(l? 
I.'). \\"hat arc ~ome ,,1!j£'r·tio ll S: to 01'1'11 el it e'lll'''' ~ 
16. " ·hat. prl't:llllUnll!ol ,,1,ol1 ld III' I)/',,('f\,t'd in t.ilill;! f 'YI,y ? 
Ii. l ' pol1 what do~ tlte t(\pn~ra.ltll." of the wllt('r 1.al, lc tll'peTltl ? 
JS. 111m' low s hould tht· witter tl1."I(' I,('? 
l!l. In,.\· i:;. late ra l nlOl'P rllImt (If ~nl t('r th l'o rrj!I, ~(l iIR j.;O j,"o \l '~ 
:!U. \\- Jmt are some of the !<Iuil ('o1Hliti o Il S tlwt Ilid IIl'llinllgl'? 
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CONTROL OF MOISTURE 

II. TILLAGE 

O?\I'; or til(' IlIl'ilJl)o; 1'01' {"l)lIfl'l']lill~ IlIoj'llIl'i..' thut j..: quite lllli
\er:-:ally l'nldi'·l·d i . ..: thal/d' tilla~i'. 11 iilld:-: llpplit'jJ l lOIl ill arid aJ1 l1 
fo:l'llli-clJ'id :'t'('liOII~ HI all lillll':' illld ill hUlIlid Hnd ~lIpl'rhullJid 

rl';!i()ll~. ilion' jlHl'livlllarly ill }I('rilltl:, vI' drouth. .\I1Y flJI'1l1 of 
illlpl{'1l1l'lll 1hat :,iil':-; tilt, :01)il. i'nlltl 1I1l' Vl'ulk'l<i1 form of hoL' tf! 
til l' pO\\'l' rfui lr:ldor with il :, t\OZl'1l ]Ilu\r:' !lIlU it...:. ltllrr(lw:" wit! 
Ill'{'llllllli i:!h till' :0:;\111(' oi)j{·(·t. 

Increasing the Moisture Capacity of SOils .-Prolmuly oue of 
lilt, lllll:.;t inl]lllrltl1l1 J'Hl"tllr:-:. ill ...,uppl,\·;lIg ~nil~ wilh sunil'il'lll ]lHlii""t~ 
un' I'llI' CI'II]I'" i:-:. h~- int'rl"l:.;illg till';!' \\';111.'1' holJillg {_<lJltlvity. Tlti:-: 
Jl1I1Y bl~ lit·t ·O lllpii:-.hh\ hy ~l\\"l'rJ.l 1l1eilwlis: 

(a) By Til1age.-:--:' qi]~ frL'(jul'lltl.r hpl;{JllH:' so compact that they 
will l10t i_lll~oJ'1J WlltN n·i_Hlih. ltl'IH:e UWJ'(, will lIe l_\ large Hill-oft 
HIlll It {'i-'ll~eq\lt'llt ]\I~:-: Hni n'n]} ur W,lll'l' hut U1 soil nintprial due 
10 l'rO;o;iuII. (lId," tile Walt' r that i:-; 1l11!-oorhed Nlll I,l' of allY hel1{:'fit 
io ('J'op~, 1It'III·t· i1 hl'{'O tll (,~ \"l~ry Ih'('(';o;::;lIry to put tlte ~()il in 
('llIlditioll 10 ilh811rh a:-: 11111("lI W;\It'T as po~~i hll" 'J'lli~ (', 111 be;o;t he 
;u'('lIllljlli~!tI'd hy :-:Iirring- ilH' ,..:tlil 10 t.:llll:-:idcl'Ilb]e dl']Hli with some 
1'U1'I11 oj' plow. rrJll' hc:-:t illlpll'llll'lit fill' tbi:, pllrpo:-:0 i:-: the (_'om -
1Il0ll mold honrd p\(lw. 111 plowiu,g'. till" soil is Ilt)t ouly iu,'prted. 
flui pU"·l~ ri zL'd. alld tflii-: j:-: H'l'y hcltt.1fkjai if fhe !'oil is in propel' 
('I)lHiition with r('~pt'vt to m o i:::ttll'l' . To iIlCl'CHt-:C' t.hL' sto ra~e capacity 
10 lhe ~r'pat(':-:t extf'llf plowillg' 1"hould he Hi=. 11cep H:-\ possihle. rrhe 
:o-:toJ'llg-e ('f1pHt'ify llIay ea::il." he 110uhlpd by tllis mC'nus aud the soil 
pui ill {'onditioJl to ah~lll'h ",Mer l'ca (lil~' ~o that \'c·I'." little rnns ott, 
This pl'adic(' .1::: e:;:p(,(·inlly adyisllhle on rol.1in~ land and in semi
arid rrg-ions, 

(b) Compacting the SoiL- I ll the 1'1'000 •• of plowing the ,oil 
j~ ldl 100 l oo~e foT' Tt:'!tninill,!!" moiMllre to the highest degree, either 
agoin:::t perc'olation or ~r::lrOI'lltinn. allfl in ol'der to bring about 
prover cOllditions n ('C'rtftin amount or (,oU1pactin~ is necessan'. 
This 1113), he done by various implelnentl'. such as the l'pike-tooth 
hAnow, the disk harrow, the rotary "arrow. the rOTrugated roller, 
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or the Buh::.urIuee packe r. The 1I:o(l' or these llllpll'I II f'lItt-. ~' ln~e~ HIl)' 

lal'.)!e air ;O:i'm'\'~ 111al l'x i ~t in lILt.' ~oil Iilat wl/uld 1t'lul in illt'l't'Il:'(' 

l'ither l'\;-lponniull (II' pCI't'ubtillll allll hl'lH'l' 1'1'Iltll'l':- 1\1( ' ~nil 1l1 udl 

lllOrp n~Il'!J,i\L' of Jl)I,i ... !urt, d!l_lll it would l'l' 1I1IH'rlri,"I'. 

(c) Organic Matter.- T ht· WiJt('f htrldillg' I'nl'ut'ity Ill' tIll' :-ni l 
II W,\" lie !<ll'gl·1,r jlH'l'l'<I:-l,d through 1111' additioll or (Il',!.!:tlllil' Illlltlt' r. 
T his (_'()Il~titll('llt 11('1:-: ill" a :'pUIl~('. illl~,)rI , jll,~ lil!,!.!l' tl'llIHtilit,l' (If 

wain wbi vb Hn.' bl,lt} Il~Hilll"t the I'Ol'VC or ~ril\ ii," l 'apillu l"y 
1l1t)\l'1I11;'1l1 i:-: J>t'tanit'rl. tht1:-- Ih'('n'Hl-ill~ :-urJ';\f'{' t'\HjHIJ'lIlioll. 

(d) Deep Rooting CropS.-Tltl' l'fl't,t·t til' dl'{'jI 1' 001 illg no!'1' 
i ... ::;'flllH'wbat ~illlili)r 1\) lll'i.'p plmring- ill' :'llth:,(lilil l~ l'X~'I'I)t llHlt t.lll' 
\IPl'lljllg~ llli\(ll' IJ'y lhl' rOt l\. :o' lll'{'tlllll' ]1i11'1I'y fillt'd witll (ll',!!',llIil' 

IUallL'r, whj l'lt ill itSt,lf i~ betH'lit'ia\. 'I' ll .... , UPI'llill;":,"; I'lt ru il"it II. 

pn~~<lg~way fur walt' r allt] nir \0 gn':itlL'r d\')lllt:- tltHII allY pnu'li ('al 
tillage c'()uld do . (htl:; L'lJlal'gill;,{ tilt, WaitT rt':o:en'IJir. 'i' 11I' dC(,f1v (If 
the organiC-llllltlel' PJ'OilU('I'" a ~Pllll'\rhai grallular t'nlldili~11l ill' tIlt' 
del'per ~lIh:,oil thai ,lids ill tltl' al':-'0I'ptiI 1Il illld ri.'tl'llfillll 1)1' 1I1,)i ~ l\lrl'. 
()[teu the ,~uhsurfa{'l: :wd ~tlh:,(lil 1Jt'l'\) 1t 1t' :-;u \'otllpad thai till' WII,l(,]" 
i" Pl'c\'c!ltcd from pl'l'l'olatillg- throu,l!h tlH'1ll to <.Illy tr1'l'!lt ('xll'IJL 

alld tlti~ ]l('rlllits tile l-ollrful'p :'tnllU1H tit hl'('OItIt' :O:Htllrall,d ,-lilt.! then 
a la rgl1 aWOllllt of rUIl-oll' amI l'Yn ],uraliulI 'lIl1~t Il('\'\ ':- ",fll' ily lllTUr. 

Removing the Excess of Moisture by Tillage.- TlI,· re
moral uf w~t('l' by tillilg'e is Hut OHCII pl'll('livl,tl alld it:- llj1pli('ll
lion j~ Yen' ii luit l:!u. Yd jf a JC\V illt.'hc~ of ~lll'ril~'C ;o:()il l'O Il 
tail1:- too l~ lUd l watel' thi:-: llHH Ilc 1't'lll(l\l'U to :--tlllll' ('xl(,IJL fly 

tiJlage. whidl l'IlL'UU l' ll,3l':-; l!\:,ll';a'alioll frolll the :-;lil'l'('(l :;:(lj l , In;t 
the gl'eatc~t (:arl:! js lJl'l'e~t>al''y, T he :-:uiJ W HS he ]ll! l\\' l ,t] 0 1' c:uHi
nded and left somewlJat ruugh . I"U~ gi\ing it, ;1 ('\);] 11('(, tv dry 
out, This may })l'rmit f.:el'UiB,~ l'a ri it,l' than if left ill ib orig
illal COlli pad ('O ll dit i lJlJ. ]11 ('(, !'luill :,oi/:, rolliug' may Ill' of IICllctit 
because or the effect jt 1Ja.~ ill (;(Jlllpal'lilig tht, ~() il IlIl.] (al'ilitHtillg 
capillary lllo' ·cmcnt oJ nJ()i ~t ur(.' to the sur[a('l' wh(;,I\' it i~ pvopo
rated. Frequeut eulti\"a t ioll may al:-;o hll\,c rI similar (' t-red in 
tl ryillg out the ('ulti "atcu ~oi1. 8inrc e\'(~l'y ('uiti,'ntiull will bring t o 
the ,(; lufa ce moist sojJ that will hc('oJ.)lc dn, <11111 J)rttf'1' ('olJflit j (ln~ 

Lor seedi]]g may be produccd in thi,,,: W<1;', f rh i~ !-:.hould not he 
practiced " 'ith so u; th at arc c"'il)' plHI/lled, Iwt mar he "dl'isahle 
fo r sundY ~oil & or tbo:-:c hu yillg t111 nhllnclnllC'c of' orgAn iC' mattel'. 

Dec~easing Losses from Soils.-Water is lost. from soils 
by percolation to depths helm\' the capillary limit bv drainage 01' 
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pl'rl'ulutioll, hy lr,tul'l,jJ' .. lii{'ll rJ'(IIIl k'a\'l'~ (}f phlllt !:i all(l Ily l'YapO rn
t iOB frollJ the I'UrfHl'l! of die ~uil. 

(;-1) D ecreasin g P ercolation.- T IH' alJ\flllllt or pen.:(Jialio!J Lle
p Cla] :, refY JJJrt!{'Jy {lJJ lilt' Jl'~!1Jn' of I ill' .... (Iil _jt:-:l,lf .• \ ;-. ,I g-t'llcJ'lll 
nlii', lIlt .. ' l'I)HI':-;cr tile 1('.\iurt.' 01' 111l' Inr,!.!"lll' I Ill' air ,"pm'(.':: thl' ~rcat(.'r 
till' ;lIll(lUlrl (If {,(,r'('(d:fti(ln. 'I'll i ..... (If {'I'IU!',:-('. BWy III! modified ),y 

tIll' :IJ1lUllIIl. of Ct}IllPilt'lioll Hlld :11:'11 11," till' (l1·~;l1!i( '-llIalj(.'r L'ol!icllL 

The illJlOurli of pl'n'nlaiitll1 L1~'pl'lld;"o. [1111, (Ill tilL' Opl'l111L':-:S of the 
~()il protitl(·ed hy tillng'l' a:- ~i\l'[l al10\('. E.H.'l':-:~iH' pl'l'L'olntion 
wil('I'(.' it i~ ulle to l'O.l1':'t.:'I1L'!'i:' of ~oi! textUI'l' is ,"c ry tliflil'ult to 

pn.'Yl'IIl. 

The' jlll'orp\Jl'l-dioll (d' ::0 111 1..' waLl' r-rL·Ln;l1illg material ~lIl'h U~ 

<:\ilY 01' Hlly of tht: fillur :-il Ii I \'OIl ... tilU(,·lJt~ or organic lllatH']' with 
til(.' ~;Il1t1 or ,!.!raH~l will lIitl i!J at 'I'Plllpli:-:lJiII;! till' Tt'!:\uILi' de:-:ireu, 
rrlH' 1'Ol'llll'I' j:-- all l'xpclI~i\'(· JlI'<)('I"~~. lllli !ta .... hl'(~l1 dl/llt' l)!l a :-omaJl 

s(·,dc wiih o:(:elll'ld I'c!'.u\J:-;. Th l' U~l' Ill' (lr~allil' lll:'t1N ii' it 

more Pl';,! ('jj(·,d iJut ~UJlll' ",JlNt slowl'r !11·Pi:t· ..... .,: lllJh',~ . ..:: ulHll'J' ['fwdi
tiou~ whcn.' <I111l11llcull :-:upplil':' oj' [arm 111;Ullll'C ilrC at. lt~llJll. (;0111-

PIlCtilig j~ \'('ry IJ('l!('/h-i;!1 ill ('a~(' oj' ::;/_llJdy soi!.s. lllll 111U:':L he Cllrc
fully dl1lll' in llIl' l';l~l' of lIl'IIy\' :-:11 i h:.. 

'(I,) Decreasing Transp i ~ation from Plants.-AJI plan(s ill 
their growth f(·quin' l'!Hll'Illull:-t anlnUllt~ uf watt'!', ' }H'ul'tivally all 
of wl!(dl ltlU:..: t he ~(,('l1!'('d 1'],(1111 thl' :-t)iL \\"c have' !::Cl'lI that from 
,")00 to jot) pOllnds of wat l' 1' .He l·cqui'·l·d for e:h:h pllund of (lry 
matter jlI'OdUl'l'd, Th i::: l1W;_lll ;:: fhnt CTt)PS n'Ulon! large quantitie.5 
of waleI' fl'om till' suiL 

The f'~lati\'(! alUonnt of I\'aicr rC(luire(l mily be rc{lu(;cu b_\, all 
ahuJldillH'!;' Df pJ~llt. food JlI'o\-idl'd through ('UJij\'iltiull, I'OtatioD 
and ferlili)mlion. \Y eed, "nu olher jol"nls foreign to the crop 
should be de:itl'0.red tu pren:llt them froUl dCIJril'ing it of the 
nlO i ~nll'e Il ccl:'s:-;a ry for its growth_ 

(c) ,Preventing Evaporation by Mulches.-A mul ch is any 
Il1si.crial pla c·cd Oll or produc:ec1 from the surface soil by tillage. 
] ts object is lo prcyenl c\'uporation . To he cfIe<.:tj \~e a mulch must 
be dry. S.ince moisture films pass rery slO1yly into dry. loose soil, 
pru cticlllly ,,]] of the moisture that is lost is by interstitial empo
rntion and diffus ion throu_zh the mulch Hir to the atmosphere above. 
~rhi~ aiffU!'~.:ion bIkes place \'(~r." slo\\,·I:'. 

'['tie [oHOIling table gil'es tllc reslllt~ ohtaillcd by BlIckmgham 
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with diJrcreul {kpulS or air-dry 1IlIildlt:;:;. the ~oil lISl'U \Icing the 
l ..c'olluJ,dt owli .I0UIlI : 

Lox/) oj Waler //y /II1CTl'ililwi E,'uIHlmlio/. Ilild l)tjJu;;1(1/I Through MIl{('h('~ oj 
\ 'uru',J Thu:lmt '{j" IIf 1., (lIH1nll(}U' li i,Hall/ I 

IlIrI" .. 
I ~.II 

l .tiu 

"j"I,,: .. 
O,!lb 
lJ.fi\) 

\Y ith a J"! -iIH'11 tllukh pf '.i'al..lltllt) lawil ;-.uil till' 111:-::-, or lIIoi ~l llrc 

tlillOUIIIl'll !O OIlL' il1dl ill ~h \"l' • .tr:5 . Th ~' aJ\II)\!lIt~ lo~t are s u 

;-.rlla!i lhat tlll' Y 111.!l' d IlI){ IlL! L/lk~ll illtU :[lTlIUIII. "udl' r Iil,ILl ~o n
lliliol"ls a mull"1l j:-: rarl'ly l'\121' pared, There \\'jJI I,l' ."oJllL' pbJL'cS 

where l·aJlillarity i~ at. wllrk. Ji cHl't' uIHIl:r lit·ld l'ul1(liLiolt~ hdJ() ra
tury r(':-:ult~ af\:! ~L'l11ulll atl .. liut'd. inll till'), rUrlli~h l'rinl'il'icg to 
~~uidc in farm J'l"ttdivc. .\ Ii llluldll':O- clld,,:--{! air of high humidity, 
rhus retarding or jJl't'\ctlting c\'apllratioil frum tIll' 111(,i:-:t $;lIil Oe
neath, TIl(> dry layer ]JrcYl'llt. .. C:.lpilhlry JllO\"('UlCUt.. tu illc surfac.:c 
alld i;; JU;Hlc llllh.:h Ultlrc e{l'I:<'1in:' 11\' ii~ loo;;l'lle:;~, 

There are 1 wo kiuJs of lll\lll"hc~. artificial anll soil mulches. 
(a) Artificial lIluldJC, are [0I"111"U hy til" "l'pli""lio11 of 

lIlauure, str::l \\', (,ha Lf, pl'a t, lea\cs, ~[lwdu~L Hud otl,er IItalcr ials 
10 pn'H.'JJt en1l)oratiun, 'rJ1i z; lll el lJlJu llJW.;1 Jlete:':~<Jrjl." he \'c ry limA 
iteu ill its fipplii."i.llion heei.lu:-:e of the (!XP~ Il S~ attached Hnd lauor 
iu\'o!\'cd. ~lH:h lUukll('s arc. how('\'~ r. \·cr.)' cfr('di\'(' . At the samo 
time other ohjrcis 'He ;IN'omplishe(/, Em·1! a::; prc\"(!Jltiug Uu.' growth 
of \H.'<!(/R arICl udJirlg jJhl(lt fO(J(l, SlrawJ'(~ lTi(!~ alJd bU::I1i fruilS are 
::(u))etjJ.})c,~ mul ched with .st nw,,·, lWmUl'(' or JeaYCf:. to StrHw n P(ltuA 
toes are grown quite extensin:!l y 0 11 the dcep I()cs:;:jal so ils along the 
llissis~ippi riYCT. The POtlltoes nrC' plullted three or four inches 
deep in the soil. Afler tbe ,oi l hec-omes wurm am] hefoTC the 
potatoes cotlle up the)' arc eOI·ercu with stroll· to 0 depth of six or 
cjght inches, J t keeps dO\\~n the weech, ('(lJJ ::er\'(.'t=; moi:d ure and 
furnishes some plant food which is leached ( ut of the ,traw into the 
soil. 

In Europe and other countries stones are placed 111'011 the sur
faec of the soi l in hi llside vineyards to NIr]Sen'c tbe moisture. 
GraveJ is sometimes app1i('fl foJ' th(l :.:amr pnrposr ... 

(b) Soil mulches nre hv far the most prRc·ci('ul an<1 '·OlUmon 
means of conserving moisture. They are applicahle to ILl I climates 
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llll(J ('ultditiollS. The :-:(Ji/ lHuJdl (.·{}I1 ... i .... t~ uf <l dry la,rer of soil, 
l:il!Jl'I' 1~ l lll'l' (Il' (·(Illlpact. fl'ht, I(lo.~(_' lJIull'h it! rar lllurlJ cifed iYe and 
C(JIIlIII\IIJ than till' ('(IIlIJlIII" (Fig. I() :!). Tlli~ lillte r J'Cri U!l8 only 
(lrte r IHllch m oistu re has Ile!..!l] lust frolll the ::loll, ami should not be 
dl'I't'lldl'd lIpOl1. 

:--;IJ II H' f;.oii.5 fIrC' ~i.'lr 1l1ukhirlg- 10 n l'ertaill ('xtel1t. ~~lll(h . peats 
nlld highl,'- gr;lllldHI' f:f)il~ art ' of thi:-: l'hllr;J(·jf'r. T he !Il.l ~t WHy Ilf 
jH'olilkill1! a :o: rli l Illuldl i . ..: 1Iy iill:l,l!l'. UH' kind 01' implcll1rnt i\epE'Hd
j l lg upon the ~oi 1. i1...: tilth Hllrl l)lui .... tllJ'e {'uJticl1t. nllll the kind and 
c'olltiiliull 01' tht, erO]I. 

Fineness of the Mulch .-~llIkhl':; nun' lit, llllHlc' Inn fill(' to lw 
of gf(.!atl'~t nt/ue Ullller all l.'oudi tioll s. Jf ElJe- or mediulll-p:rained 

FrG. 102.-:\ good method of conserving moifltUrtI. 

,oils con tain little organic metter, cultimtion tends to produce .. 
UJulch of iJldiritlwli pllrtjclcs or a dust mulL-h. whil'u, while it serves 
H~ry wclJ for pr(,\,{~lllillg rYHpnraLion . yd. 8el'Yes; t.:.q ually well fo r 
prcrPlltiug ausorl'tioll or l'.i llral!. H ence the first dash of a. hea vy 
::;llOwe r dt uses t!Je~e IJa rticles 10 rUll together ,mel produce au almost 
impt'n·jous stratu m. I f the mulch j ~ llot so nne or is sOlllcwhnt 
r'1<Hldy or grann lnr th is rnnuin,!!' top-et her does not take place so 
readily anel a much larger proportion of the rAinfall will he ah
~orbcd . This in ari el regjon~ he('om('~ n very seriotl:: prohlem where 
it i. desirable tlwt all of the rainfall "hould he ahsorheel, Hence 
n mulch should not be made with an implement that Teduces the 
Boil to dust, 
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The Depth of the Mulch.-Thl' ,h'['pl'r the mulr l, Ih" nl(>l"" 
{'tl'cdin .. ' it i,-. J\iJlg llll~ ~hU"' 11 'cr,\- ('(III(·!lI ... d\"('ly thllt l'rHp(I['l.Itioli 
i:- PI'I!\'('utl!ll tv H ' l 'l'_\' lill',!!"(' l',t\'l1t lIy dvep{'1' lllldl'hL'~. ' I'jl{' fld
luwiug table gin:6 hi~ n .. ':'ltlt ~ : 

EfferliI1(J1U'SS of ,",oil MZlkhr:; oj IJiifrr('fll K iwis (1'111 Ueplh 'l...._\I'aier I.A .. ~t m 
JI ~ I lJuy$ 

--
I 'v lI1ulr b Id~;~1 2 :~~~o!l\ :~ :1'~:~~~S .. :;"~~t'8 I 

).lulth I ~Iuldl I MultI, M1Lhh 

Blatk mu.rSh~:----I----I------------
TOrlS per acre :J:-'I-i 0 :;,j,; 0 ::";0 {} j Z:,lj '" 2I.i25 
Inches l)f 'nl)i('J a J!J3 ~ U j :J,:-;.J. 2 :.!(I;; 22;;0 
Per cent. &lved b, I 

mulches .. I 3-1 )-,1 ':}-1 OS I flh 39 57 Oti 
Sandy loam. 

Tons per acre . i-ll.."; I :37:1.7 :~:~n .. :~ 28i.:i :J 15.4 
luche!' of water (i5~S :1.:3 :!.!l!Jt. 2.539 2.i85 
j.)er cen t savf"d I 

by mulches I 49.Un 54.~4 til.22 57.47 
Virgin clay loam. 

TOllS per ftC re I 2,414 1,2® H7H.7 l)lSB.2 ~.9 
Incbes of water 21.31 lJ.l~ ~.(i52 7.852 7.805 
Per cell t sa ved 

by mulches .. 47.7ti 59.38 ti3.):-~ 53.34 

It ~iJl be notea from this tahle thal the four-il)ch mulch wa. 
llO more "ft',,<'!il'e than the three-illch. 

Deep 111ul('lw5 al"(~ \"Cl'~' ('frec·tin' in (·on:::eninA" moiF-tnre, but 
there are :;:'f'riou~ oujc("{iol1:- tll ih~'ir t1~(~ \\'I1I'r(' ('1'01'.": fll'(-' !!row
ing. Tlll' (Jbjt'di(Jn~ flr!,l!' lllOI'(! diredly to rilrtnil1~ ill humic! 
than in F)emi-flrid <llh1 arid Tcginn~. it in humil\ an'il!; rl rnulc-h 
three or four jIll'ht.'s dl'PP i.:o. prOfluC'L,d Oil H :,-"il \\"jlh l\1I illt crtillpd 
crop. serious root injlll"," 'rill O('('ur "'hid] will ml1trrially clf'{·rru.i:e 
: ·ieJd$:. Deep mulrJl€,~ nrC' prndi('al onl~' on !l!lT(, ~(lil... . Tile effec
ti~'eness of a nuddl derenrl~ upon itF Joo~enNi~ ;111(1 dryne~s. A 
three-inch mulrh mealH' thf' lol'~ (If fI lRT~e nmount of wa1er if it 
i, to he efrecH"e to it~ full oopt11, '1'0 maintain" mul(,h of this 
depth m01'e frequent ('Ulti""tion iR npc'p""l'Y Ihftll for Rhallow 
ones. Erery ('ultjnltion turn:;; Ullrll'f rlry ,'lniJ :1l1d j,l'ing-J5 moist ~oil 
to the surfaCe. rer-ulting- in l m:~ of ll1()iErure. ~Jw}Jow mulrhefol are 
easily mnintni·ned with a minimnm of ('ultiwltion. In humin 
rlim~te., if the crop is free from wrerls. there iR l[tt1e neccssity for 
cultinitiOll of S3Jlfh. :::.anclv 103m.:: ann r-: iH loam!-. 

Besides the moistnre I ~st from the mulch thr plant food that 
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it ('oIlLai!l:, i~ IIll<lnlihlhle Jtlr the II~C ill' the (·n~Jl. J f the mulc:h is 
litl'l'(' ill(·It(",,; del'}, it 1lH;;IIl:-: t1l1lt alluui olle-halr uf the pI OWl'J 50il, 
t.ilt' IlLIJ:,t rNliil' p':lI'l. ItllS little \alm: eXl'l'pt 1'1.,11' til(: ('UU:5~J'\·<tt. iOll 
of llloi:'il.lrt' .• llld ill ilUlIIid vlilil<lLe:-: Illi:, JaYl!r is of Illul'h great.er 
\nliH.' to the ('rol' fu r till' pl'lIlt J()(ltl it l'ulltaill::i t.hall JUI' the lUoisture 
it ('(IIlN'nl':'. 

Maintenance of the Mulch.-l~lId cr C(·r1ain ('oJl(litions the 
f:oil lHukh 11111 \' IJC t'lltirl'ly l1(.'~tr(lYl'd or n'llIk'1'(·d mUl·1! Il'f.l.f; eff t'c
tin' Ify H oh()w~' r} 50 that j', b(_'l'Ollll"ti Ill'{'C:,S;lJ'Y hI 1'l'Il('W 11. fJ'illage 
of , .. (1)1(' killd IllU . ..:j he TCl'-nJ'tl'J t(1 ill o rd l'l" to r('IHollll ('L' it. AHer a 
light :-:hU\rl'i' il itarrnw Ill' w('('(l{'r 111<1." 1)(· (.'fredi\'(_· ill ]'c'n('will_!! it. 

Till' l'H~(' with whidl [l 111\\\('h 1\\;1,'1 lll' l1l<lill11\;I\(,,1 (l cl'('lhh to n 

1;ll'g<' cxt('llt lQ11'1I the kind (~r t'()il. ;";;lIl11~ <1IH1 -":111(1.'" l(IIlIllS l'es:pond 
H'ndil." 10 \ill:lgt· illid tIle Tllulch i:o: ('n:-:y to pJ'oclu("('. Soil~ (,(Hltaill
ill~ Inl'gt) alllollllts of' orgllllie TIlattt'T ft1'(' g'I'ilTlul:lJ'. alld n JOUSt'. 
1ll(,Jlmr :o:u rJ':-I c'(' llluich j:-: nwillt nill t,d without (lilfir-u1ty. neu\"\' 
!-:lIi i:-:. low ill orgalli(' mnit('l'. P'·(':-.\C'llt tllr g-l'(!~h'~t- tlillil.'ulty. si ll (,'e 
lilt'.\' Ill'l' -likl'ly 1(1)(> 1'lm1rly all(l dpfi('il'nt in grHIlUiation. To pro
dUI'i.' a ,!!ooll tnlllrh ill ih('~'.(· ~o ;l-: hy Jl1('('hulli('al m('f1n ~ aloll(, i~ 
1l11l\O:;t i III ru:o::o:i hIt'. _'\I1~ihi l1 p: illHt ('I1(,()lll':lg'e~ finc'('ulalioll will 
Illut eriall " nill ill ill!' l'm'IlHllinll nf l1lnl('hc~. 

TIl£' ;llllilltrllflIH'(' of n. mlllC'h i ~ ('-=p('l(,;:111." import.ant ill nric1 
nlHl .t.:pmi~nrjtl ~f'(·tjO)) .t: wh('l'r :;:0 11)U(·11 (l/'p(,ll(l~ upon thr rnllS('Tnl

lion of' m(li~hll'(,. TI"{,11 willi :o:mnll _g-r:lill tliP mule·}! i ~ mnintain rc] 
h." m('illl ~ of :1 li .~hj f.;pikr-fonj h h;'Jrt'o\\' or w('edel' until the grain 
h.r fo:liallillg th e soil pr('\'Ctlt~ (',,("('~::; i\ ' (' ('\' u]lOI'f11-iOll, 

Q UESTIONS 

1. \That f'rrect docs compHetin,!! lHln'? 
2_ " ' hat. f01'1II (If tiling-I:" illC'I'('Il~~-'::I tli£> m oi!'t.ur(" l'n.PIlCity of :o'oils to the 

I!r{'l1tt'~t de~n'(' ~ 
3. lIow dOt,& or~ani(· lHatte'r nfl'('ct. {11f' wRif'r-ho ldillg- ('!lpseity oi soils? 
4. EXI'1:dll tlw £'Ired of dt'I'p rwting 1'1"0]>5 011 ,nlter cl~f1il('ity of soij,". 
r,o Ho w may watl'r he rl' II1(1\'I'd by tillngf'? 
Ii. How ma.,- l'x(:e-ss in! ,.crl'Ol lltioll be O\'crCOIllf' or prevented ? 
'. j':Xpillil1 how tn\llspil'atiol1 may h\, I'f'(ill('f'd. 
S. Uo\\' HIlIeh moisturf' is lost by illierstitia.l eva poration and diffusion 

through thc-llIu} ('h? 
n. "'h,\T is it illlPO",:;ib l(' to haw' It pprfect lI1ul(·l1l1ncif'r field condit ions? 

In . How dot'S the hum id soil nil' (If till' mule-II pl'('nnt evaporation? 
11. DetilJe lUI nrtifieiill mull-h. 
12. Oi"e ndvant.l\g-es Ilnd disadvant.ages of its li se, 
l :~_ W-hn.t is n soil llIul r·h? 
14, IIow is it effective in rt'taining O1oi stul'e~ 
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la. (:jyC rart !'; r('~llrdiHg fiU(:llt,l'i" of mu kh(':-\, 
Hi. " 'hat (·oll1.: lu~ioll !lilly Ol! drawlI {tOIll KilL~(ri work u.<.; give ll ill (ald(' on 

page :lafl ~ 
1';. \"lmt ItC't' :.(.l1Il' l\i)o\l\dnlTltlq,!I'''' of a thl'l'I"llwl, m\ll('h~ 
Ix. 11(1\" d('<' /J ,.;ll<llJld ell(' ntuldl I'I'~ 
lB. ll llw 1\ 111':< It si ltlWf't dl,:otr(l\' II ll1l1il,h? 
:.!O. \"liflt pli t t dp!':" tpxtun· ,'dllY ill tilt, \'fi:.~· with w1,\ (>h II lIlu lt,!. Inay he 

IIJnintaillt'd ~ 
21. lI \Jw uftL'1I tjlw uld l'uilinlliOI1 be dun\~ 10 mninlain II muit.'h ? 
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CONTROL OF MOISTURE 

III. DRY-LAND AGRICULTURE 

T]lE 11istrillU\_ion of rai1lfall U\('I' IhL' ;-:\Irl'al'(' (J[ till' earth is VCTY 

ifl'l'J,!ulal'. ~o tlnit l'Xit.'Jl;-:j\l! ,Hl'.b ill'l' de!h')(;.'111 ill Jlllli"",lur'(:_' allu 

SIwl'iaJ (·ultural IIH.'U]t,d:.: and .... J,l·( ·iHl t"l'OI':-: 1I1U:-i1 lie tl.~L·d. ~rally 

rq!inn!'- Ilrl' :-0 plltt!'l,'" :--ul'ldi ... ,d witl! llItti:-:tun' thai l' rol':, nlllllot be 
gl'OW!!. ('\(.'IJ under tIlt, In'.':! l',)ndiliun:-:. wi!lJuui irrif!;Hiun. ll.. ,,,i l l 
be welJ 10 etlJlslllt thl' taldl'. p<l~l' I ~!I. ~III \lIt' illlllUlll pn.·L'ipitatioll 
on the ('Hrtll' !'i land 8'lrfal'e. The lllHp. fi,:.!llrl' ~!l . may he or further 
h(~lp ill gi"illg a ('()ll'cd idea <1::: tu the IOl'fllioll of thl! humid a.nd 
lin- i:ll'l'a~ . 

. Fronl tiH' Ulhlc. pa~e J"'H. it i:-: ~('t'lI th<li nppl'OXilllHtl'ly li:) pCI' 
{'('lit of l1ie lalld ~HL'n lIf tIll' I,:trill 1'l'v4'i\'l!~ 1(':,:-: tllall :W ill('h{'~ of 
nJillrlll1. .·\ I,()ul :!cl pl~], ('(-'Ilt rl'('('in':-l le;-l~ lliall ](1 jll('/ws. whijp ·,W 
per ['('Hi hils from 11110:HI illdl{,:--. 111 Illl' l 'llijl·d ~111f(.'JO: alrrne the 
(1 1'\'-11111 11 l'l'!:iolt (,orer,,,; ;,,110111 tl JH.'-il;'llf lJIl~ t'lliirc aree}, HIli! 1.J 3.\UlJO 
:-:q~l<lrC mil~':; {If thi~ i:-: :.:uitablr for dry fllrmin;:. Au:-traiia. has 
nlloui I ill' ~anw <l111(HIlIt. ;111(1 ('xtrw:-i\'c nl'(',1:;: ill'f' foul1cl in Afri<.:a 
UIlU .\~i"l and :-:1lIf1ller 1I1l('R in l ~lIrllp(' alld ,~nllill .\I1lC'J'ira. 

Adaptation of a Region to Dry Farming.- l n dry- land 
fHrmillg. wh ile tlw Hllllllillt or Jl1nistul'(' ~uppli('(l hy the rainfall 
is hy far th(' l1l[l~t impOThlllt fcwtnr , yet there Rrc s('('ondary 
(llle::; illfli mUflt !tc 1aken i111(1 (·on:o:idel'iltioll. Thf'r-:r are frequently 
of :-:nl1kicnt i111pOr1<111(,(, to hring flhF:ollltl' failur(' if o\'crlooked or 
11ol'leoled. 'I'hf'PC incltlde c'""poration and the character of the 
soil, ,,'};riril are or nlnwf-:t equal ~jgnifi('an['e with the rainfall. 

(3) Rainfall.-The "rlaplation of a rf'!,ion to rlr.,· farminl' de
pend~ upon 8PH'I'a l fildnr:;:, one of the principal OIlf'S being the 
amount of rain fall IlTId itp rli,triilul.ion thrOlll'h the yea r (Fig. 
103) . Dry ranl1in~ i, not Iwadiral with Ie" than 10 iJ1 Che, of 
raiufall 3nnuallv. hut there nre mnrlif,·in:r f"rtn". With this 
n.mount th(' moist.ure 1l1u:-;t he rarefulh' f.:tofen Bnd C011Sel'ved .fo r 
the crops. The margin is so narrow' that a year or two \yjth a. 
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raiu{(lll but slightly b,'low ti,e 1I01'I1Iai \\"ill I'cslIli in {ai lure. Tile 
ili::lributioll of tlu :; raillfall is quite j1llport:mt, aJtlHmgh not so 

FIG. I03.-TyPelI of rainfall over the dry-fum .ru ,or the United Statee. (After Henry) 
,.--:--

Fla. l04.- Sa.ge brush on land well adapted to dry fannina:. Utah. 

much so a~ in hwnid regions. sinee by praC'lirillg' the best methods 
of conservation the moislure mav he held in Ihe ",iii. It i8_ how
ever, oesirahJe to have the rainfall during the growing senson. 
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FI(j. 105.-A f,tT3\'clly !tOil not well adapted 1.0 d ry fn rming (Dry Fa:rming, Wld t!JOt>, 
Cour tf'!!Y MaC"ntillll.o CompIUlY.) 
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(0) Evaporation.-The amount o[ e""poration is on(· o[ lhe 
ra('torR that determines in lL measu re the ynlue of n reg-ion Il)r Llry 
farming, Rim'c. 01 heT thing-s being equal, that phH'C is 1I(.>s t utlnpted 
to liJi:; prartiec whi ch has the least ('\-aporation (Fig. )()I ). Norlh 
I>akota with a rainfall of ]3 inches has 31 in ches of c\'u porafion 
from n frc('-watcf ~urrn('t' during till' :.;ix :;;um m(,T mont hs. whi\ <' 
nonhern 'l'exils with 11 like fn;rdnlJ hfi.R :-'5 illcil(,.\;. 1f j ... rcry 
(·\'idcut that the -for mer woulu he heUrI' tHhptcd to dry farming. 

Rain/all QlId Evaporation from a Free-Water Surface I 

Lost River, Ida.ho . 
Laramie, Wyoming .. ... . 
Fort Duchesne, Utah . . 
St. George, rta.h . 
Tucson, Arizona .. . 
Mohave, CnJifornitt. 
Fort Ywnn, ArizDntl . 

Anll\luJ 
prl'cipitlltiull 

AllU\lW 
r'Vo.porlllioll 

j"l'h", 

70 
70 
75 
90 
90 
95 

100 

(c) Soils.-Thc character of lhe soi l is of much imparlance, 
sine:e many are entirely unfit for dry farmillg, because of some 
peculiarity they possess which renders thcm incapable o[ retaining 
the moisture necessary for crops. III selcding laud for dry form
ing, it should not be an acid soil and shonld neither be too open 
nor too impcnious. Coarse-grained soi ls (Fig. 10 ~) und very (i ne
gra ined ones arc equally objectionable for lhis kind o[ agr icul ture. 
Layers of gravel or coarse sand or hardpan are serious obstacles, 
since in the one case the water passes beyond lhe range of capillarity 
and in the other the storage reservoir is small and the moisture 
cannot percolate deep enough to be retained against evaporation. 
Uedium-grained soils (Fig. 106 ) witb unifonn texture to a depth 
of eight or ten feet furnish best conditions. 

Water . Requirements of Plants.-Tbe amount of water used 
by plants in arid regions is about one-half lUore thall in humid 
regions. In lJtah experiments were carried on for six years on 
fertile soils, and the conclusion is that an average of 750 pounds of 
water per pound o[ dry matter was required. • 

Briggs and Shantz have made determinations of the moisture re-
16 
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qUil'L'llh'JlI :-: uf a. large LJulI1ltcr ur plant.s. T he results of their iuves
tigutlUlJ ~ art! gin'll ill the r'Jllvwillg table: 

IJ'ull,..,. /(I.(juirc(l {() ,'rur/U(_" (Jw: 1\I!wd vJ l)ry .HaUCT aJ Akrun. (,ol.~ 

Mill(·t 
Sorlo\'hulJi . 
Corn 
Sunflower 
\\'JIf':II . 
Teosinte . 
Ibrley . 
OMs 
Fln.x 

310 Pot:d,Q •. 
;U2 I CO\\ PC'j 

L~(jS I :-:.u,bl'.l.t'l 
(IS { kllg:~u beet 
bJ3 Hed dOler 
:it\~ I :-;\\,(.'('l, dOVN 
:;;H Alfalfa. 
&97 I Tumhle w(.'t'd . . . 
no£, BussiaD th istle .. 

63G 
571 
744 
397 
789 
770 
1)3 J 
287 
336 

] t will Ill' .:'{'en thnt the fl1l10unt (If water "ilrles from 28~ to 90,) 
/1(JUlllJ;-: PI'l' j>nlJlHJ (if dry JJwjU.,r. The }!\tJ'll_rre of tIll' ,1hO\e i,r;; 5;,0 
pounds of Wllh: J' ror ('Hell p(lulld or ilry lllHttel'. :-:' OIlW crop::: Ill'l\ 
lit'11l'l' ild,lpil,d 10 dry III!\d n,l!Ti,·ultun.' llwll IltlJl'l'~ hl'('tll1~{, ()r rhe 
ful't thal tll{_'Y 1'('(1 U iTl' le.-:~ watl'r . whil(_· ~(Jll1C han' hnbit~ of ~ro\dh 
tlwl L'lll1hll:' Ilil' l J1 tl) 1'L' . .:i.-:t dl'f)uth. MallY plallts lllU:;t 1)1' llcrlima11'd 
h01'01'(' h(_l~t rt'.-:uI t:-; nlll he olJtuilwd. 

'_\'lt l~ l"hlh Stntioll fllullllthnl f'ulti\'atioll 1t:~ .,:p'l(>(lllw 1l1ll0UIll (If 

,,",d(_'[ j·t_'ljuin·d. 

Pouwls (If lra{f'T Requir('d to Pr(ldac(! a PoulIll oj Dry l11aUl'r of ('om J 

Sand" loam .. 
CbY· !Ol-llll . . 
Clay . . . . ... .. . 
Type not. given , . 

. • •.• _.~ Not '~~~'~ I 
. . .. .. ..... 535 

. . " . ... ' . 7[>3 

. .. " ' 45 1 

('Ul!i\' ll!{'d 

252 
42~ 
5S2-
265 

Loss of Water.-Haitlfall j, lost from the ,oil in 10UT different 
wayE', Illttnl,l.": I'ull-ofr. l)('l'l'(,ln.tion. enlpOI'Hlioll. and transpiration . 

(n) Run-off.- One of t.he p:::sclltials of dry tarming is to pre
relit lo~~ tJf \nlter UU·UlI.!.d1 !'ul'fll('c J'ucl-off b." puttillg' Ule soil 1U COB

dHioJl 10 !11i~()l'h the l'ai~_J!itll. 1t is impossihle to prerent some JOER 

hpcause (If U1(> ton-ential rains in arid re~ions. The soil should 
be kept ill H loo.e cOIl~ jtiol). so as to .hsorh water a, rapidly as 
possible. 

(b) P ercolation.-It i. rarely-the case that there is so mueh 
rrullfall on soils wen adapted to .dry farming t.hat water gets beyond 
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the range of cupillury actioll. Thel'efu J'e lu:-~ hy pcrcolut.iult i~ 11I~ 
bigllificrud .. J'cI'to lati()1l iu{o lhl' UJ>pl'l' I'oil I Hyl'l'~ IllU~\' luke plurc 
r eT,\" TilPidly tfJ (·hlv,k NHllpld{' ,-':Ht llnilioll of lilt, . ..:urfHf'p l'Ioil. hl'~ 

('nus(' thi ;.: would T'r~ult ill more 01' !c:::-; run-ofT. F (lr llii:, plll')lO::lC 

I h~ looser tbe soil Ute I,ctler. 

(e) Evaporation.-lHid conditions are yery well ad>lpteo to 
e"aporatioll of Water from tile soil surface, due to the "ery 10\r l'ela
tire humidity, the rarity of the atmospilc·re and th (~ Ja)'f,"e air mo\'e
ment tnking' place in arid regions. This i ~ the mo::;.t Reriou:; Rource 
of loss. At Salt Lake ('ity the relati,e humirlitv tn .umme'r is ahout 
35 per cent., while in hu;rurl regions the aver~ge is from 75 to 80 
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per ('e:ll. ~\s a gel, crai rull', tbe !)urfaL:c suiil' urc dry ill arid regiuu -3, 
IUlt..1 this PfC\'CIJlo. ill a lllca~urc IlL lCU:5L. u. large IU:-iS vI' WUler, :,.ince 
the IrtU\I.;IHcJJ I,. of waLer t.hrough dry I"oil i:-; \cry sll.Jw. \ -I.;ry little 
C\'upul'llI.i oll tak(;s place within the illtersti(;cs of the soil itself, as 
has bC('ll f.:iluWJl Ii} tilt' tahlt, Oil pagl' ~:n. BUl:kiughlUll has ~LowlI 
thnt the allJIJUlll uf walCf 10:::1. uy tr.UJsfrr uJlward ainllg wilh the 
HiI' jn thl! proi't·:-"; vf :lvrut;O!1 allltJUI!!:; to no lllOrc t",-IIJ one il! <:h 
ill !'ix year:;. It is trul'. hOWt·,\"(,r. tllat e(J;)r~c soils IMc a larw·r 
IlIllUlwt ill tlli:-: wily ILiall iiuc-,!!'rainl'u one:;, hut the 1051' ill either 
1" l...:C IIlH )" be Ilcgledpd. 

(d) Transpiration.-AII plallts bd,a! Willer through the r(lot 
lIairo alit! u rery large [Inri. of it j:-:, trnll.'.:pirc'(\ thruug-ll the 1L·l\ref'. 
'1' lIt, amount. of W<.Itl!f u~cd ill this way ('olllStituici' pnwlivally all that 
is tHkclI up hy the plant t!X('epl that u~l:d ill huildillg up li;.:~uc;-;, 

whidl generally amounts t(l Oldy a !':mall fradion or tbe toial 
flllHHllIf. Transpil'otiofl \·nri.:':-, with cl'T"lnill ('()lHJiljon ~ , hutlJ of 
\\'catht'r and Koi\. and ill gelleral the fad1lrs ill,lt afl't'd cYilporlltioll 
frOll1 tile s(,il nfrcrt tnUlspiration [n,nl tll(' "hUlI- (see pag(' l~H). 

Thi s applicf' to plant~ g-T'owillg in hUlllill n',!!i(lIl~ ai' \\'dl as under 
flriil ('onilj,joll.s. Tnlll,.;pirut-ion \'[lric,(I im·('1'.;;:ely a.~ fhi' 1'ela l ire 
humillity. clirc('ily with telllpc raitul" with wind \"('\oeit,Y and dircd 
!' llIl SliilH': hut it is dC(,l'cH~cll hy It large amount of plaut f(lod mate
Tin! djs8nl\'(~d 111 tile' Foil moisture. _ _\rid cOlJc1iiious are cspcc·ially 
farorable for trauepiration . 

Jt must he relll(.'lIlher('(1 al!'o that w('cdR. like' useful plnnt!', 
transpi re ]nrg-e amounts of wllt('r and mn." be one of tht greatc1't 
sou rces of loss Ull1 c5S tlH~ Foil is kept 1'1'('(' from them. "~f'('d~ have 
no plnce on lmy farm. hut 111or(' (,Fr('('iall." on a. dry-land fartn. 
Hoi miFtro\' -4 ~a\'s, (. ,reed:.:. flT(, 1 he I~itt.('f('~t ('Ilemv of field rulture 
and the h{'st frjend of d rouf!ht." . 

l\[ETIIOO OF I'RE\-E~nXO LOSS OF WATER 

In or:l'-fnrm pnlctiec e\-cT)' me~'lJJS must he lIsed for preventing 
loss of moi!?hlrc. Other ('TOP fact-ors sink into insignificance in com
parison witb this Oll(' . The moistnre must be sufficient not only to 
start the crop, but there Dlu,t he enough ,tored in the soil to mature 
it. Th. farmer know' that e,·cry pound of Dloi,ture taken from 
the soi I that docs not go through the crop will lessen the yield. 

The loss oE moi stu re b)" evaporation is prevented to some extent 
hy the crop itsel1. Afu.r the crop heMmes lnr!!e enough to shaae 
the ground evap.oration is grea.tly retarded. This is especially t rue 
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of non-ti lled cJ'up,~ . The air clJdU;;t'd jJI J1la ~:,e . ., of vcgciution. ~U l" lJ 

fis wheal, oats. lil.illet. c:!o\'cr :-: aDd l'ii luiJar L'rOPt;, hn.8 a. t:o lllpHl'uti\'l!ly 
high hUlldJity. ~l) t.hat c\'uporuLioll frum lhe 80il is l'e1..unietJ Ilud 
p l'Ullil.ltly l1!mut-it entirely prcrclIlcJ duriJI g' 1\ large part uf t he day . 
Iii::; a matter o( ('Olll lll u ll obsen'a.tiol! lhnl the lh:\\" rt'lHnillt:- ill 

herlry Ol1l~ 01' whcal lll:lll ), hours ariel' ~HlIl-Up allli is dcpol'iitcd agnill 
se\'ernl hours I,eforc ~un:-:d. rntis will c fl'('ct in :l .,· prevent lllU (· !J 

cn!pOTutiuil from the soil. ',"hile HI(: hum id ity or 1,11<' air in Lilcpc 
(·rIIJls of ~(' mi-f\l'i {l J'l'giotlJ!,. wUllltl 1I0t he H:-:' high n~ ill humid (IlleS, 
~' l'f tIlt' diffel'l'IlC'{' \\'I)uld Ill' ~ ul1i l·iel1t to l e~sl'1i the c\'ll porali (lIl. 

,ri ih t ii! ('d t: f'Op:-;. ~h ndjll,!! aidl-' to ~() II\ C (!xt(' Il1. hut the mukh 
;:-; the i 1J!l'o rtll1l! f<ldor, WIl(>!! I Ill> t'rop )J;l~ g rO\\' JI to f'W '" sixe Uwl 
the roots a rc wei! ll i:.;ir illui.l'd Ihrough till' l'loil. 11loifoltuI'l' hH i; very 
little (,hanC'(' of TP(H'hillg Ihe Sl1rfH (,(' ll ( '( 'iltl~€' or ill t' lI('twork of 
rools w1tid\ nl'e uhStIJ'lJillg' nIl Jll()i~lul'c tlwt ('() IIICS \\~ i ( hill rellc' h, 

Tillage.- Th r h{'st mean" ftl r pn'\'('l11,ing loss lit' wal eI' is by 
tillal!e. ii," wl1i "h H, mlliL:1t i:.; maitJiHilll'l1. \ 'n ri OUH (.'x p(' rimcn leTs 
have fOU1Ul thai r'uit in Jii oll will ~a\'e from ;2 '~ to ;);i pf'r ('(Hit of thl! 
\\'iller tlwl would u1i!(' /,\\ 'iR€ (>\'uporilfe, 

(0) Depth of Tillage.-Tillng-c I'rntl u(·cs (·o lldi liull' ill the soil 
that pf>fmit \'e J':' slow r-a pillar:' m ()\'('nll'nt I,y j'(rr C'; np; ~()i l partic:lcs, 
apart so that. the film:.; of wa ter ('an llot pnf.:s (n·e ly from onc to 
flllotber. As it p-€lleral rulf', the l1ccpcr the llluJ f'h the more cfrcc
tiye it is in pr('\'eJltin~ en1llol'ation. In arid rcgiollR l}H' plowing 
i~ one of the mo!-'t fundamental opern tiOIlR. si nc'e it plays two vcr)' 
importillit funrl ion::.:, fir~t. tn produc ing :l J oo~e mul('11 for J'('ta rd ing 
capillary mm'Clll f'Jl t., find. speolld. jJ\ forminf! a deep strntum for 
ahsorbing tlw rainfall and retilillin~ it aftcf\\'f!rll. The THall Sta
tion has conc1 urtrc] R. numiwr of experim cnts upon d('pth of plowing 
and the rewlts RI)(IIV tJlllt eil(lit to ten indle, is the I,est depth. 
',hen in rn'i1s(,~ for grrnter drptbs are oht.ained Lhey ore usually 
too low to corer the additional expense, 

Yields oj n 'heal for D iJfcrcut Drnlh,<; of PlolL'ing, Utah Station,-13u.shels 
Per Acre" 

Ju,", Wal!b ing- Tooele Sevier 
County 10D County CoUllt~· County 

- - -------
Plowing 8 inchC3 deep .. 2~.3 11.6 14.7 5.3 
Plowing 10 inches deep., 23.4 12.0 14 .9 ;;.8 
Plowing 15 inches deep .. , .... .. . . 10.9 15.2 

1 
14.8 6.8 

Plowing and subsoiling 1 &-20 inches 
0.4 deep .. 15.4 15.2 10.2 
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.\l 0I](' r n1('ly tll't'P jlJ(,\\"j[l~ i:-; \I't'y t':oH'lllinl. :-iue'j' It prf'q:nJi :, ]0:;:$ 
by :..urfat't' draillug,'. 

(II) F all Plowing.~~ I)])mJl'I' 01' f~lJl pJuwiJl¥ j ~ (_,,-,PCI·j'lJly lHl
\lllllug('uu:-- IJI.-'(·HlI:-1' it, 1,(,_'r])lil:, Ilk 1I1)i"\(lrptioll of willieI' raill1' anu 
:-rl(lW~. illll] if "llJli\';ltillll i.~ thl'lJ d"1Jl' il:' I'JlI'Jy <L~ pr',..: .... ihl t• in lhf' 
...:prilLg' H Int'gp :I1l11lUIII cd' JlH,i~turp l1ul,- bl' lipId ill till' Roil for the 
11.":(, pf tIlt' "1'!)/' ill IIH' full 01' 111(' foJlfl';'ill,!! :;;(,<).O:tI/I. "lr till' pIon-inK 
llHl:-:t I'l' dUlll' ill U1(' ~J!rill~ it i"hould !.l' lifHlC' a:-; l,n,rly n:: jJ(Ii':-ild(' to 
l'>IJl'l1 tbt' 1';)ill ... ;wd JHJ)d lrJ,at j", !lln'lIdy ill 1I1t'I"(}ij. 

T he' di~k (',Ill lit' u~i.'(-I 1tl .t!'ltod [I(l\illlia,!.!'t' Ill! either fall (II' ;;;priug 
/,11)\l'in,!! 10 !'/,vdlll'(' d<'l'i' II/J!lc·l!t "o;. E\('IJ on Efuhhle dll' (li,'=K (';111 

Ill' Il~(,t! to lilh<llll<lg-t ' 11. ... i'1111!1 11:" lilt, )!Ti:lin j,': 1'<'1110\ ('cl. 1 f i1 ('J'op i~ 

,.:(,(,11('1) iJi /lu' fill). PIlc.' of 1],(' \'(~ry HlJ('{'~i'liry thinlY,"; i::: to procll/('£? 
H. Illukh as 1'1I1'1y ill 1111' :-:J~J'iu,g il:- pO!-':-,ild!;' with P-1I1l1(' implc'nHmt 
tld/lp/(·d If I tllitl 11{ l r/,(I,";('. 

(C') Summer Tillage and Cultivation.~Alil_'rlla1.l~ ('l'UppiJlg 

pmt'id(J:- fell' H crop ('ll'!'Y 0111('1" ,\"t·aI'. To It.'lllt· lIu' laud idle (II' 

Il('('upird with wl'pd:, would Ill' (,f 'IHI benefit. TIH' obj<,t,l, of 1101. 

('I'(JPJlillg durillg' U[U ' ~l';L";(1[J i:-= til Rh,,'(' Illui:-:turl' lor U!L' crop the 
folluwillg' ,r{'<Ir. J t i~ 1ll' ('(~;':Rfl ry U)('II to l'tli the s()il ill condition 110t 
ollh' 1(') ah:-orlJ iilt' l'.lill that lllil~' filiI. hut to (_'OIli-l'IT(, ii arten-nua, 
1 r ·wl'l:(l~ ~1l'l' nlll.\\'(,a to ~r{lw ii)l~ lll(li:,lurc will he l(H'l. To ayoia 
jhi~ 1(\:;)0' :-:UIlITlwr ("iliag!." 01' fallowing' i~ pr}lc1ic·('(1. Thi~ (it~ the 
s(,il fo r llh~ol'hill~ wilter, for cOtlsen'hlg' it. from C'rnporfltion hy a 
mulc:h }mel kilf~ \l'l'l'U:-: lhfl1 l1:-;C it. 

Cuiti"ntiol] or ('1'0]':' is as imp(J rtant as summer tillul!c alla 

~houII1 he tTOllC' io n. gTe' lter depth llinll ill humid regions. I t may 
be done witilllllt injury to tlIL' rU(lt~ ur tile crops. hecau!'(' tLle 'root 
~ystl'mr.: (II' 111;lOt8 d{'\{·jop dt'l'j)t'r in arid tllun jn humi(J ~ojls, T he 
mukh produ{·pd on flll' ~t1l'l'fl('(' i'ilOllirl not 11(' ton nne, hut macle IIp 

of small ('1 ods mixeil -wilh fill(, !!rnnllial' matf'Tia1. If a dust 111Ulch 
is PI'OdUC'Nl. the fir::t rla:;:lt (If ~3in ("am:('~ the ~oiJ parti(·l c~ to r un 

• together illH] Jyr0c111{,c~ a ROll1c\riIat impcr dous ~tratllll1 which pre
H'nis rapid ahsorptioTl ulH_l water is; lost. through surface run -off. 
E\'CTY effort nllli.:t he mnae to maint.aiu a. mulch wltil a l'letwork 
of rools is <l~reloped m,d the crop i, lar,go enolli(h to shade the 
ground, Another objection to the dust mul e,h is that the fine mate
rial _is :':0 cllsily mon·a hy the " 'ino tJHlt :::erious Joss of soil may 
l'f'!'lllL 

After a ~hower fall::. . the mule-l, should hI? renewecl as s.oon as 
possible. Expe.!imcnts h."e shmm t hat of the water lost during 



DllY·LA1W AG1UCULTCHE 

the firs.t week aftl~ r 1\ ralll (HJ pN ('I.' 11 t lIl'('urrcd during lil t' fir:;t 
t hTce daYi5-. h(' I\1 .. '(' I.h(' l! C'l 'l':,si ty fo r ("llit j, III lOll II!' !'OtlH II': ll \ l~~i hl(' . 

(d) Subsurface Packing.- .\ (.,wly plOWl'd ~ldl ('ollinill!' mall ,\ 
lRrgp nir SPil t,'l'!' Il!ld i:-; t(lO IlPl'1I fIJI' rI'\<linillg- W:lt l' r 1l:,!lIiil:-:! l\\apnrn ~ 
rio}!. Hllh~ur[a ('(' )1aekill,!..'" I:' Iv:,ol'1t'd to fllr c\(I:-ill!! t!,l''';P ail' !lllll(·t°:' 

Bud pr('Ycnting ('_\ l,(,~, .. j\l' l ,!:-:~ or. mdlT Ily (_1\·n [lora tifl Jl . ' I'hi !-i I:' 
tI(,(,{)Il1pli:,hed ill 11 r;!riP! ,'- (If wI'I Y:-i . Figure Ill?' :::h(l\\-" 111(' :-;1111:'111'
j'ace p:l(-kc r whi ch i:-: u~l,d rllr thi:-:. purpII':/'. T ht' wcd gl'-lil,e wlw('i:-:. 
fh-e il1ches. apart, ('rnwd ,Il l' .... nil \0 /,mh ~id(':-:. Ihll ~ ('I JlIlJII1 l' t i ll :! tIlt· 
!luhsul'l'a('('_ ilut }t'u\' illg' H lllllil-h In] 11l(' !'1l]·r.H'i'. ' J'hi:-; illqd p llll 'll\ 

wa~ in\"(~lItell hy ~ J I' . II . \L ( 'III1\pl11,11. of Lim'I)1", "\ (' hr~I .,lw. OIH' 
of 111(' pirITW('fs in r1r~' fOll'lllillg. 

Other md\lOd~ IlrC' Tl':,(lrtNl 10 rIll' (·tlllll':l (· l il1;! 1111' :-ull:-'lIl'j';u,\ ,. 

FlG, 107.-ClImpbdl SubBurlacc Pll t j,. er. 

surlJ as w;ilJg tJJe disk sot straight. 'rl lC (IJ'uiliary ."mDuth rolh.'r 
would not be desiJ'llhlc fur thi:.. purpusC', ho('allse {he ('O lllpudi( lll 

that jt prodlH.:e~ rCIlC\\'~ ('apillaritj' Hi til e 13 ur f;_l(·c alld would ('l:lll~e 

a loss of moisture uules~ a LUlIkh w e r e !lg'ILin pl'oducca 0/1 lite su r
face. ]n fact, the smooth roller should JlcYQ r he u:-.ell on a <1 1'1' farm, 

as Lbe flat ~urf'H(,f' pl"Odu('('(l ('Ilf'ourages tho ~oil to I, low, T he {'OJ'

ruga ted roller leavet= the soi l Tough Bud this preYclI ts or at ]ea~t 
greatly lessens hlowin g. The roll ing should lIot be dUlle paral1r] 
to the direction of the pl'e\'uiliug wil111;;:, hut at Ti~ht allgles t.o it. 

(eJ Storing of Rainfall.-A ver." important fac·tor in drY fa rm
ing i8 t.he st oring of the rainfall of onc' )·ear in th e 'oil for the 
USe of the crop the (·ominl! •• ason. The majoT- part of the wile 
in whj ch thp wateT is !Otored !:ho1l1 cl \)(' ::uffiriently rlepp flO that H iF: 
beyond the depth of ready capillary movement to the sm(ace and 
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with ill Ow JimjL of tile l'Oot zOlle for pla1Jts under arid conditions. 
Thi R '"aries from eight to leu fe(t or 1ll(lre iIJ (h'ptu . nxpt'riments 
in Utah showed as [illi Cit as !15 Y:.! pcr (_-ellt. of the water which felt 
us Tail! alll! SllOW durin}.!" tll(' willi l' r Wl1e fUIIJl(] !';illf ed jJl the first 
eight (pet of soil in the ro;p ring. .'Hkins;oJ] foulld tlwt at the ~{on
farm ~tntion ~oil whi('h ('ontaint:'iI 7.7' per ccut or moi slure in the 
fall c'ollin illt,d ] 1.:' Jwr (·cllL in the ~pring- and after proper RUTllmer 
tillag(' ('ollininC'd J 1 per ('cnt in th e· -fall. The foll f) wing- tnlile :-.h(lws 
the alllollnt of Will er tha i, may he stnrC41 ,ill the F-oil (luring- the 
winter: 

I.)erccn/aqc oj W ater in i""(lch Fool or Soil to a De1)tll of Eight Pcc/,G 

- - - - ~ - - - -- "'iTIIL 18ce'OIl."-1 Third I F'OUrt.h\ Firt~. ~th :-'c\lcnth eighth A\"(~r· 
S=-c--,-,t-. -8=-.- '-0(-)2-1--:6-:.3:-; 7.:12 8:17 s.55 ·1 8.26 9.29 10.10 10.3,~ 8.56 
April 24, 190~ IB.2n In.OS ] s.S3

1

16.99 13.61 ]2.62 12.24 12.37 15.63 
Increase ...... '2.92 11.76 110.66 8.44 5.3& 3.33 2.14 1.99 ;.07 
Aug. 24, 190n 8.33 7.63 8.42 11.66 111.30 10.75 9.59 7.93 9.20 

i'!~~eu.~' 1907 1~:~~ 1m 1~:~ 1~ ~ '~:~~ Ig:~g Igg 1 ~1~ 1~:f~ 

J 1. w jJj he TIotru that Uw iDc-rense 01 moj,-;ture amounted to eight 
blches for the eight feet of soil. 'Yater st.o rage in a soil is .impos
sihle when a crop of weeds is g-rowiJlg-. 

System of Cropping.-Therc can be no continuous cropping 
ill dry-hmd agriculture :1S in humid l'egio tJ s. heeause the rain
fall is not u sually suf1icicnt to grow two crops in succession. 
Howc\'cr, if the rainfall of two seasons can he used for growing a 
single crop. profitahle results Illay be obtained. The con8enatiou 
of this moishue from one season to the next, is the most important 
problem ill this kind (If agricnlturc. Thc possihilHics of rajsing 
grain under dry farming lllethods arc seen in figu res 108, lOD 
81ld 110. 
Continunu8 Crop])I;n,g 1'8. After Fallow. Average Results for All }'-ears Trsted, 

AJo!1lana SIoJion 7 (BII_~heI8 Pr:r Acre) 

KubH,lIk:t " ' hite huilcs:! .3ix!~::aY I\pring whcp,t. bRrlc~' 

-~--~~ 

Sub-statiun Can- Af~.'r Co~ Aft.cr COD- After 
tinuoua fu.ll ow tinuous {KIlow tiouous fallow 

~---~- ----- - --
Dawson County .. 15.18 17.57 15.97 20.90 31.1 7 51.00 
Rosebud County ..... 16.98 20.80 15.02 28.31 30.31 40.03 
Y cllowstone C-ounty . 7.73 )9.32 " 14.90 20.33 13.75 47.94 
Chouteau County 14.18 17.35 13.29 1l .90 28.90 34.56 



FIG. lOB.-Turkey P..ed Fdl Wheat. wit.hout irrigation. yield 58 bushels per acre. (Mon
tana Sl.u.tion. Bul. 74 .) 

FIG . 109.-White BulieM Barley OD l"nd eontinuoualv cropped. 
F,a. JlO._llTb jte H'uUestI Bn.rJevon land {allowed the Drt:vioU8 year. (Bui. 74. Montana 

- . Bw.tion.) 
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'l-'hc results sho w that fallowwg gi\'cs considerable increase oyer 
(;()ntillt1()U~ ('foppilJg. The Jonger tllis i~ continued the great.er the 
diffl' rcllt'<·. \rbether altel'natiug (,TOpS with f:UDl mel' tillage is 
profitable will be determined Jargdy lIy local ~oil <lilLI climatic 12011-

dilions lhuL influeoce the cost of j)roduction. 

Summer Tillauc With Aitemalt' CruPPl71(J t',S. ('onfi71llou.s ('101'l)ing/~ iYOItli 
Dakota Staliu1l (llwshcl.s Per A cre) 

~=~==== 

___ "_"_d_OO ___ I=_.,-1'_,,·_,,,_,,_,,·_m __ 1 WhC!Lt I~ ~ Corn· 

j
conl,il1UOUS . ... 13.2 ZltS 17.0 3610 

, .. SUIlH!lCr tillugt!... 14.8 41.5 ·20.0 3400 
ContlUliolls. .. . 15.6 ao.s 2.~.5 37;jQ 

. .. Summer tiJJIIgt? . . 27.F· .51.1 32.5 2&~O 
Continuous ....... 14.2 29.5 16.1 f;f;90 

. . . Slllnm('(" tillup;c .. In.s 46.0 2..~.8 7370 

Edgeley .. 

Dickin80lI. 

Williston . 

I I t ,· I Continuous . ..... 11.2 34.1-.\ 23.7 5840 
_·_e_,'_IIl_g_C'_. ___ .• Bmnmer tilla.p:('. I 21.5 ~~ 5540 

Average increase for Summer t.illage. 7.:j Hi.G "i .7 -225 

·Pounds. 

It will ue F:ecn from this:. table that SUlllIner tiUage :ra\'c an 
incrcase fol' whcat. outs a.lld barley. hut be~t J'csullti werr obta iucd 
for COl'fI by cOIltillUOlIS croppillg .. 

Crops for Dry Farming.-lll liO kind of agrivult lire is the 
ad.aptation 01' the crop to ihe l'J1\'ironmeJJt of gl'e;-Iter l'Ollr:icljucnce 
than in dry farming. lu gClIernl. the I:roJ)8 should be such that 
a maXiWUllJ growth is 8cc urell with 111iuillltiltl water requi rements, 
and the ·crops that mert lhis cOlldition ,,·i11 be hcst all"pted to 
dry~ll1l1d agric:ultul'c. Alfalfa i:;: all excepUoIl t but its ucep-l'oot
iug character bns fitted jt, fol' ~ecuril1g fI large amoulIL of. water. 
~Jost crops }Ul\'e the power uf Rllapting tbelm:c] \,(;'s to some extent t.o 
the c(mditiolls of climate aftcr II Jew years, but tbe drr-land Jarmer 
n eeds I.L variety of CI·OpS that buyc ueen tried alld de'eloped by 
selecti<1n 80 that they resist the unusual conditions lo whi ch thev 
are subjected. {Tpoo' U,e seleclion of the crop and seed ma.v depend 
the success or failure of his efforts. 

(a) Wheat is the principal crop for tbe dry-Iaml farmer. All 
over tbe arid tmd semi-arid regions wheat has proved to be Olle of 
the best drouth-resist!)nt crops that call be grown. In the drY-land 
regious of other continents wheaf has been JlTown for many cen 
turies, and ~rtain varieties ba.ve been developed which are well 
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nrlapt.ed to arid conditioJl .... Hot!, ;-,.prillg uIId \\ in!t_'r w!Je.ti.s urc 
growu, tue latter being IlIU(_'!1 II 10 rt, d(!~irabh_· when' the l'iimntt' is 
suitaiJlc. 8priug wheat~ urc gruwII lH l'g<.,ly 1'1'0111 ~t'ln'll6kll north 
LilI'ough the Da.kolu::: bel'!:Iu~e of Lilt' ~e\'l'J'(" \\· llIt t.'r~. TW{I n JriPli, '.": 
uf :-;prillg \ ... heal ~1I'{, gTUW Il , the {'U lIIIIIIHI f'p rillg" wheat 1l1I1l the 
DUrtilU (J J' ,\jlH'arolli. '1'111 ' Il1.ltt.'1' wn:-: illlnlduel'd frolll Hu:,s ia III lt 1 

11I1P; jlfU\'eU to 1)(' an (,xl'('II~lJt nnit'l,r, The 8(' lI1i-hHrd willtH wheuls 
lire gTOWll mer exlcllsi\'t) !tr('tl~. the mmd hnnly \'!tri(·jiL':-t being 
'J'ul'kf'y H('(l. KII<1.rkof unu ('ri111E'fll1, all Ol' ig-ilHltillg ill ~(, llIi-ariu 
Hussil.l . 

Th E;' yit-Ill of wh eat Oil the dry farm js of fl great ileal of conse
qUCII('(> hl'cHu:-;e it j:-: till' ('flief 1ll011C_r ('rup, \\' inhll' wlil'nt yields 
better than ~pr il1g WII('HL j t usually }Juy~ lo g-row l'iliH'r 011 i'Ull1mcr 
tilled IU1l(1 In thc dry-farm expcriment:;: ill )IOllhlllH 111(' fl\'cragc 
yiclJ ot' TUl'b:y Hed was :r~' ,7 hu:-:h{'is per ac'rp. while the spr ing 
wheat. Kubankfl. \HIS Ht-l bUfo;hcis , or nhollt half as 111u(·II. ] 11 

rtah Ttlrkey Hpd I'l'ollu(,"·pd :2K, 1 hushels. while 1I1C best ~pJ'iug 

wheat for tbr same yeaTs produ('cc1 1-1.,6 hu ~h (_'ls ]1(' 1' flC'J'C. 

(b) Oats are hrgllJllil1,!!' to lIe rc,cog' l1i zcd afol n good dry-land 
C'fOp. eiLlw r for hay or grain. 0.£ the r-:p ril!g rHri('ri(>:; the ~i.dy Da,'" 
hus proyed to hc' h{'st, principally h{)t'ans(I it, ripells two \\,('pk:: ea rlier 
than othe-r nll'ieiirs. .-\ wintE'r \'nriety. til{' RN:wcll. that has heen 
[ripd iii itah. promi,"" welL )11 1!liJ7 "ml l!l(lR f'ixt y DRy oats 
.\·iel~ed ~2.3 hmhels per nrre. while the Ro,well I("\,e ~O. l bushels. 
At the 1'lontnnn Sta.tion the rield of Sixty Day was 37.1; b,,,hels. 

(c) Rye j~ ono or the 1,e:-:1. clry-lanrl .£ rllin .~. 1t r(·~i!'fr.; drout.h 
bettcr than nlmof't an\' oth('1' C(->1'CI11. The- fall rY(' at 1fontana 
yielderl 28.!l bnshe]:.: p~r fI ('re. 1'11(> m(Jf;t f'eriOUR (ll;jeeiioll to it is 
its persi,tenee in the field "fler once .eeded. It may iJe used to 
good nclnlTlj"age a~ a gl'(>(>TI manure. 

(d) Barley is one of ti,e rereals well adapted to dry-l and if 
Reeded \cry early in the spdng- :-'0 that it getR a good start before the 
dry. hot weather bel(ins. The hulless Yarleties .. em to do best. In 
:lr~nt"nn as an awrage of all te~t' on different fields the ,'ielel of 
the "hite Hulle .. was 17.8 bnshels per acre. while the California 
,'ielded one bllshel mOre. Tn Korth Dakot. an a"rage of 23.11 
hn~helR wa~ ohtained. One winter yariety ha:;: heen ~mrn. 

(c) Corn ha. not been g-rown verY extensively On dry-lanel 
farms because it is not well adapted to the teMperature condi
tions IOI1J!(l in nri cl regions. Corn docl'l hpst where the njght~ 

are warm. and in arid regions the radiation is so grea.t 8 S to lower 
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UJC iClllpCl'aiUf'{.' Hoi'.\' 1I1Ul'i, tlurillg lLl' night. Corn lIas com· 
p,l tilfj\'cly luw watel' rC4 1uiremcill alld pnHlul'cs mol'c dT}' matter 
for flit' \\'il!< 'f lI:"l ,tl tltiln lIilll<J:-:t illly otlier <' I'OI'. :--1 (.'\'('1':.11 strains 
In1\ e hC('1] d('\"('lop~l{l that 1'('s i:-:1 Ll rollth \q·ll. \Yh ell ~l(>(·limat.('d 

1-'(,('t! i:; u::('d. :0'1'('11 h('Jl lH'oJ)f'rly I'rl'pnrf'tl nlH1 tlw romp wpl1 f'ulli· 
\'Hi('d. /l r"ilul'C' ran·1y l'Ver orC'l1r:-:. 11, nlm()~1 ('\'CrY :-:('n~on !mf
fki(,ll1 t'nlltlf'r i ~ -pnuilll 'I'll tn jll1Y foT' the cmp. :1l1l1'in thr mor£' 
f9Yol'ahie Y{'fll'R gOlul yi (> \(l:-; of gl'flin fll'(, ohtililll'll. Hi' principal 
vR.lm' lie!) in the rorage it produces. Figure] 11 show:, ('orn ~J'own 

:; 

Flo. 1 U .-Com grown on dry ·land far-m . ~otP lo\'> !!tlllk.!!. Utah. 

on n dry-lulI,l fa rill. 'I'hl' f:talk~ <\I'e lJot FiO (,O:1rf:(' a::: in JHllnid 
8Teas HIlt} lIlak(· better rL'Nt 

(f) Spelt and Emmer have l)t'clI IwomllWllClcll as crops well 
adaptptl to ~rm i - l1 rirl (·onditiolls. They were imported from Hussia, 
\\'Jle're they ha\'(> ll('('ll grown quite ('xt('m:irel.,~ m: fcrd -rO T' ~tock. 
~"'l('r arc n~JT c/o . .;:elr l'('lcd {'d to ,,·Ileat. lmt tile hul! 1'enMills attached 
as ,,~ i th harlE"", ' 

(!!) Sorghum is one nf the prillcil'al clrnlllh-rc.i,tnni crops and 
:r i eld~ flF-; mu(·h as sen~n tons per aCTe. Tt~ chief u~(' i~ for fOl"ag-e. 

(hl Kafir and Milo Maize.-1'hesr are well "(]opterl to the 
Grent Pl ains south of N"ebraska ' and parts of Cal iforn ia. T he 
tempel·.ture o! t he higber altitudes is too low for its growth . These 
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are used both for J\mLge HI lt.! gmiH. 111 thl' ~lJUlhl'rll P(ll't of tilt! 
Un'at l'luill:- ill 1\.<111:-<1:5. Uklaholl lll: Tt;~a:-; H.lld Sew ~1 ('.\it,O these 
I()rJlJ;-) rer," iJ1]pVrulDl. crtlp. ,}(lrdi/)t' \I .... \})It' • ..; Ill<ll lIlt' n\('nJ ,~i' yield 
oj' t::hell('d gnlill JrlIlll milu maize \\'a ~ -10 hu:->hl'l::: Pl'i' !lcn' ill tho 
I Jal1 lia!ldll' or T l''\<lS. 

\r !lt,J'c II !'-t'Yl'I'l' drouth (It'i'UT~ 1Ill ':",l' nn,,~ :-;lojl groWill,!.!" hut rc
l\lain <lli\'{·, Tll(':' :-,LHt qui <·k ly ilgairl wlle!1 rain:' ('0111<'. 

(i) AIfalfa .- Yo !'rlll' IHl~ 11('1'11 (If ,!.!'I't'llf{lJ' "HIm' oJl (hf' irri

ga iNl lHlIrl or ill(' ',"f'Rt 1h<ll1 Hlfnlfa. Ullll it i;.; JlJ'()\' ill~ 1(1 h(, :I \'C' ry 
\'nhl<l])l(' {Till' (111 illl- t"lry-LlIlIl 1';11'111 ll~ w( ·I1. I t i .... h\)\\·p\' t' l" . rcI'Y 
r1ifliNdt III Fttlr/ !lud(,1' IIrid (·( ltHlitiorl:'i. The fad :lra.t 1111' ro()L'1 
Pt!IH'll'Htl' tn ~lIt·" 11 .!!'n'<l1 {kpt!l ill tlie;'l' (lry-Inllfl 11l'l'}I::i nlake::; it 

FIG. 1 J:!.-Dry-fl~f1h !WLavH..'fI . Utah 

auaptCll to using- lhe ]ll(li;,tul'e ;,hJrt'/l l" a grp(ll tlepth ill ihe 8\lb
~lJil, f1nu no .... ingle .000(';I,"':/)0"S drouiJI wjlJ aJfuf·t it .l:.:l' J'i oll.';: Jy lIfter it 
iJecomes 1l!oruugldy l.';:,iabli:-:ill.:d til till' !:luiL T hil'k :-,cl,dillg m ust 
bc a\'oitled. It is !lelter ada}lll'L1 to lig-Ilt and medium !'oils th~1U 
to lIen".y days. L'ulli"atioll i.r.: a~ e~:-;elltial ill growillg ,dr~drH HI-' for 
any other crop. T he ~red (%1' ie (Hle I)f the l11o~l profiiahle of the 
alfalfa field . YOI· prorlu(·ing ~ee,l il is 1)(>,1 10 p1'11It the alfali'a in 
hj11s or '·0W5 80 that it may he rultivatecl. It mov he necesea ry 
t.o t hin it in on(' phll)t eycry six to tw('lYe inches. rrhe s('('ond crop 
j~ usually left for Hoed, toe am(lunt of f:€(ln produced Yarying from 
150 to ~00 pound. per arrc. 

(j) P otatoes (Fil'. ]]2) are coming to hr 10oh(111pOn "' nIle 
of the staple ITOrS of (lry-land a~iculture. With ~ rainfall of J2 
inches or more potatoes produce excellent crops. both in yield and 
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qllHlit,y. All ;,l\cra_g-e yil,ld lJI' J"!:) IJtI~hl'tf 1R'1' a(T(' \\'as produced 
ull the MUllt,i:lIJ/L bSI,erililcllt !"Iation:o:. ill tlir dry-farming areas. 

Seeding.- ln ::-cUli-arid T'('gjol1~ st'ediug must. be done more 
L'Hl't,rully t!UIIJ ill hUlIIid rcgj(JIl::. . \ tI{'l'P IIwH(Jw f:t'cd 11('(.1 Ulu",t 
Ill' fitOl'out-'"hl_y 1)1'('I)<\I'l'lI lind tO(.1 llllll'h work ('311110t 1)(' expeuded 
111'011 it. Till' ~('('(1 h('IT ,·:ll(Jufd lit' :-;1Ii'f1 a~ to ,wi <11' a ~l()rHg'e res('r
,oil' for watt'l' ;111(1 ~lll1i(·il'rdly \'olllpavt !o'1) thtlt till' l1loi::1urc will hl' 

IIP:!r tbl' :-'Ul'f(1(·(' to g{'rmi]\atl~ till' l'l'('tl. :\ ftf'r lilt' :-:t.'Nl i~ phmt('fl 
or during tilt· pl'o('e~f=: of planting Hw ,'"oil :::110111(1 1)(' ('olllpac·jl·tJ 
<ll'olll1d tlil' 1'{'{'t1. For thj~ 1'(IllSOIt tht, I'1'f':-::-: drill ,,]ullll(l 1,(' mq,d 
quill! p"t'IH'J'idly iJi ~I!cdill~. It perlllit:-, llldforlll ili::trihutiuu and 
l'o\'crillg of St'l'(l. Broa llc:a~t ~L'eaitlg il!\' it(,~ failure. 

1" it.'f/s (lJ LoJilwwo:c Wheat Trilh Diff('1'cnl ,l/ rf}wri8 oj Sccding . l~ Cfall Station 
(Hu.shel-li Per Arrc) 

~1;_1 ~lt,thn=JO~' ~"'~"'~h~="=1 ~l!1'O", I-~~~n \ IOOh ~II~I \,cru~t' 

l
Brotidcast 125 55 150 I 16 0 15;j l 12 g 

Tooele Dnllcd 152 135 16 --1 2;.) 2--1 q 19 q 

I 
C ro8..<: drilled . 13S I ]30 133 I 19CJ J 192 J,jC) 

(Broadcast 167 \ ]39 I 25b I 8(, I ]29 15.6 
Juab ~ Drliled 24.j 169 3:3.l :n u \ 334 202 

lCrossdnllcd 18 0 85 244 300 119 )86 

Fl'Ofll Ill<' preceding lable it will be ,"en that lhc drilled whe.t 
gn.\"(' all ill(,J'eu8c of' 7.0 husiwls in one case Hnd 13,(l Illl~heis in 
allotlwr (1\"£:'1' the brouclrasted. 

On ~crt\i-f\riJ li\nd it might be ::,uppo5€d that clcl."p ::.ceding w{)u\d 
be ll('Ce,c:r-;ary. 'rhe depth must depend upon the c:haril cicr of the 
soil alld tIlt.: alllount of JIloi~turc it ('Qutain.:;:. In he,l\·.'" r/;1.'; plnut
ing should be from onc to one and one-hall' in('he~ , while planting 
in sanely loams may be as deep as three inches. "---here wheat was 
planted lhrce inches deep in heayy cia,'· lhe ,Yield for an ."erage 
of fh'e yoa,'s was 1B,:! hushels , while \rhere the planting' ,yas done 
at one and one-half inches the yield wa s 26.!1 bushels per acre.ll 

The .mount of seed to the acre should be a little more than balf 
Ulut required in humid regjon~. A heary seeding results in almost 
certain failure, It very frcquentl,\' happens that the moisture in 
t he soil will be sufficient lo start..!he plants of a. light seeding in 
nne shape, while those of • beavy seeding would all he stunted, 
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The Colorado I'-;bniuu n:l'ollHIl C1Jd ~ t1w followiug UI110UIJtS, ul
though ihj:-. Illa y qll'Y wii il 11H_' (·tllldi ti~JIl or lill' soil: 

CrUI) 
Pnunds Ii ('HI' 

PounrJ .~ 

I 
p,or lU:t\· per lit're 

Whea,t 
~--------ao to ·10 \' Milo o",i1.o lor ~raio 5to ti 

Harley . .. ~5 1.0 [10 iJw:1l'f Essex rlIJW . . 31.0 5 
Fla,\: . 

'j 
:.m I Hr0l11l' j.!ra s... . :to 

Spell llll'd C;lu:n~ -t,) ,\lfulfll (oJ' buy . J:! to 20 
i\ lillet .. IU r .}llall" ro\tiv"tc'J lor "" .. <1 :lto ;; 
Sorp:huUl for forap:c :?j i ,"'i\\C('[ clover ........ 20 to 25 
Katir corn for fora!?£': J i) to ;~o 

Corn, single grain!'!, }:, III 18 incht.'S apart. 

~h'rl'il l of l 'tn1 1 l't'('O JJllll CI\( I:-; tllHt (Iilt~ /Iud liHrl(.y lIP sl't·deu at 
tile rat.l' of llir<;e l'~'L·k . .: 1'(.'1' ,Ii'n'; rye, two P('Ch::::; alf'lIlfa. :-li\ l'(JllJJd~ . 
alld uUl(,'r nop:; i [) ]Jl'op(Jri jou. 

Acclimated Seed.- - Thc seed to he plnnted on n d ry-ln.ud 
farm should I lfl\'C hre ll grown wIder semi-arid conditions, 
1·' lJJ'IIWJ' ,~ from h llJu!d J'vgiow: Jrl'ljuellily luke seed wiill tlll'l)l whell 
1))(')" go on the dry farm and ('1'0/1 failure Te.·mll.';. r~ !1uJly 8('Q-, ,.,11 
yel.l l'~ nrc Tequirrd 1'01' a (·rup fl'OIlJ 1mlll; (] Tf'g ioll~ t(J 11{'('Ollle 

tlH'l'uughly adnptrd to ih 1l\.' W ('oll (liti(1l1~ so ihal it will prll(ltH'C' well. 
I I i~ far hc·tip]' for 1IH' farlller 10 obtain seed aJrcildy a (;(' ustomcd 
to dry r·(I ll!litions. 

QUEST IONS 
1. 'Cpon what three thing .. doc~ thf' 8<h'pta.tioJl of land for dry farming 

depend ? 
2. \Yhat conditions o f Roil are 1,(~t ? "'IUlt a.re ohjediotH11Jle! 
;~. l:Orom til(' stamlpoilLt of water requir{'menh. what nrfl Rom e of the good 

crops for dry farndn~ ? 
4. How docs cu ltiyation l e~Sf'1l tlw \ntf.er rl'quirement of crops1 
:i. \\"hy do crops ull ~ummer fltllow proJuce more LiuUl where croppt~d CO li' 

tilluoush'? 
(j. ",}lItt comlhions ill nrid r~giolls make It iRr:!e run-off Jlo~s.ihle? 
j'. "\\llat condit ions allow a larg(' entporat i(1n ? 
fl. 'Wlu-lt is the most. desira.b le df'ptll to plo \\· in dr._ farmill~ ? 
n. \"Vhy is fa ll plowing' more d(':;irahle undpr dn-form ('onditiolls? 

]0. Give the ndYUntll,!les in the U!'Ie of the suhsurface pllcker. 
11. To what extent Illa" the fall a.nd \(·irlter rain Hnd .B1JOwfalJ be stored 

in tllE!' so il for ('TOpS! 
12. What about wet'ds on a dn'",la.nd farm! 
13. How does transpiration va;"y! 
14. What importa~t l)Qints 8110111d be absen Ted in selecting crops and seed 

for the dry farm! 
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• I !'i. l/j,'(' tile ll(lnllllllt!'.,., of u!'l'td fur tile dr,l -laud f,tnll, 
ro. \\ ' lIy is a fall ul" \\iute!' \'Lr it' l," ilIOn' c1l,:-iralolt' ih:lll a. spri llg':'\own one? 

:~: ~~ : :::\I.t i:I::'lt~::II'f ,:",l,\'~:,,;,~~g:;~'.\~"I'l~n:·ltl:'.',~.)~:'; ' .. ~·t::~,;\ :;I~ l I~:~~I(:':~;'II Iln~IIH't'd ~ 
lB . \\ 'Ilul I"'\'( 'lI llti,'Il" IlIl1 .;L lit' \lll;:,'11 ill N,,.diu;.! 1111' ('1'''1' ill dry - huHI 

funllil!g~ 
:!,O. \\ ' hat. j ... IIIl'tlllt. by l~(·dilllldl'd :-"I'd ~ \\' 11.' i", it. ill1l'(lrlulit '( 
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CONTROL OF MOISTURE 

IV. IRRIGATION 

TmUC.\TIOX mfl,r b(' Itt'llc li{'(.'d in Hlly reg-ioll w"~rc tlte Hormill 
rainJall ib 1101. ~ul1il·i(']lt to gl'UW lll<l.\iulUltl {']'()P~ 01' ,,' IIl'n' !!it' 

nJillfall i:-: IIt'fit'il'lIi cluJ'illg 1111 ,\ pan Ill' tilt, :-1'~I:o-()I\. Till' III' ofiL 
rcuJiz(_,d will d"f,,'ud {I pOll !I/(, ( ' /'('1' grm\'/I, III(' iII('I1'1I:-.(' ill.' it·ld (IIC'1' 

110 irrigaticlI. 1I1P l'lt~t Id' ,ql]dyill,!.! W<lkr. lind !Ill' II1'i( '(' or OIL' ('I'O}1. 

The practit'l' j ... l1=,llHll,\ ('ol!fi!1l,J_ tl) arid 1'L'gi(JlI~ hl'('ilU~l' irl'i,!!atiol1 i ~ 

11/JS(JJlltL'l.r IHTC:-:-iilry lIIltlc' r 11)(,;-(· ('(Jlrditi(lftl' tu product' HH,r (·rop 
whnter{']', or to ":{'llIi-arid rt';:ioll . ..: wlll'l'lo irrigHtir'll will g-i\'l' lill'gl'r 
yi{'l11~ nne! ill ~(lllll' \L'l'y dry yl'ilr:-- WI,tdd ill :-'I1 1't' n {TOP wlll'n' 01111'1'
wise Lllt!"(, \w lil(l IJ(' 11(1/1\.' . frri g-;lti(llr i~ pr:H,tif'(·d Iff a \(or',\' /lnlit.ed 
c.xtt'nt iu humid ('\im:,tl''': , I:!w'n ill FI(l1'iclll with fl'Oi)1 firt" io sixty 
111('/11 .. .:::. (If Tail1fall and ill njJw1' ~tnt('~ with thi rty to fori."" iJl<:ht's, 
] 11 ilt('~e ['('giol!1'I watpl' i~ ilI*P/il'rI ill H \"I._'ry ifltl'n.:in' fo nn (II' ag-ri
{'ultUI'(, or to ~p('('iHI ('rop..: whit'lr f'olllllln lltl /l lrigll pri(·t,. thu~ julo<-
1.i I'y.i ng t he CXP(.'ll~C , 111 !',onlC' F.l1l'Opr}lll ('(llllltl'i('f! H'W:lg'P if.;. :-:onw
f_ illl(,~ nppli('d to :-:-nil~. tllll~ fI1J'/1il-hill ,~ 111'1111 ,,';11 (' 1' nlld plOlllt food. 
In China and .1 ft]HlIl i rri1!at ihll i~ illl nlnHl:-:t unin"rsHl pnwtil'c. c\'cn ~ 
where mu(,lr of 111(· 1and I'(>('('i\'{,~ /l fail' n:!llu'/ll Rupply or \\,iliel' in a 
,,·ell di,t .. iuutcd mill!'"J!. 

Some Irrigation Prnj('('/s i11 lr('~tf'1'n Fnilrr/ StrztC8 

========== ==~====== 

SuIt, River, Arizona ." ... , 
Yuma, Arizona-C:iliforn ill .. 
Uncompahgre, Colorado 
Boise, 1 clabo .. _ . , . 
Minidoka! Idaho. ". 
FlatheR.d, Montana ... 
Milk Riv~r, Montana , 
SUII Ri ver, Montnnn ....... , .... ,. . 
Nort h Phtt..te, Nebraska- Wyom ing , ., .. 
Sboshmle, Wyoming. , , , , ... , '.,. 

17 

\I'\'r"xin':It(' 
('1);<1 

$]0,000,000 
7.000,000 
,;,000,000 
8,700,000 
4,400.000 
1,2,,0.000 
1,060.000 
1,000.000 

] 0,200 .. 000 ~ 
:l,ROO,OOO I 

A"rrll to h.~ 
irrit.:!lh.'d 

2]9,000 
130,000 
140,000 
243,000 
11 8,000 
152,000 
21n,OOO 
216,000 
121),000 
](>1.000 

257 
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The aroa of lalle] Ihnt llIay ultimutely b(' brought uuder irriga
tion is l-lllal! ill (·o IIlJlHr islIll with tht' t.ot .. li drY-land areil. uecuuse 
the ()wi :-;up"ly uf W<l1l'J' j,.. Hlll ::ullivil'Jll fIJI' ;11 u rt· lhall Olle-tellth 
of the dry land. .\t IJl'(_'o;enl oldy nllouL on(' pl'r ('(,'ld of ihc lalla ill 
tile \\'(-:-;1 l'l'I 1 ;;;talt's i . ..: ir'J'iglllPd. T 1H' llllilriing- (If :o:u{'h n~:;:cn()ir~ 

liS arc gi\l: 11 ill lite prl'f'l'dillg talJlt' is {'xtc:nJing thp irrigated area 
IlI (HT 111,111 W/l:- :<U!ljllI:,{·t! tll Ill' l'\H~ihll' n (l'W ~·t.'ar:-i a.!..!:o . 

Area and Projects.- Ir r 1!1()!) . l:L::W .. /!Hl al ' rt'S (If laud Wl're 

il'ri:..,rllit 'd ill Illt' Ilrid I"'t;,tt .. o::, Tlli,"! \1"<1 :': an in("'l';l~(' of x:! pCI' cent ill 
tell Yf':1J'':, I II J!)ICl till' pr(lj{ll · j~. thl'll Id:Jrtr"l. will 1,(' f·np;lhlr of 
il'ril!ati/!~ 1!J.;~:~:I.,;"\1 jH'n':-- Will'll fully 111111('1' W;Jr, ' l'he tot.Hl fll'('jl 

ill l'iudcd lU tlie lJruj edd is 31,1l;!,ljO al'rc~ . i ll auditiou to th(· 

FlO. 1 13. - ConrluiL lor crmclLlrt.mg wllter to " 'hf'rf' il mlly he used for jrri.gJl.t..ioD, (U. S. 
R('clllflllltinn ~·n· icc .) 

FlO, JH.-C{lflcrck-lincd {'!IDlII thut pl:nnil " 110 l Ull!! hy I!(:epu.gc. (\; , S. l{cc\llnlfI.Lion 
~tlic~.) 

nlJOre. 7:?-1,S()O acres of ]twd wel'e irrigCited ill humid areas, nearly 
nIl of wlJi (:}J WII~ for th(' gro\\'illl! ()f ri('c. 

The 1:uited ::>tol<·, Ill'("\altlntion "errice. estahli,hcd in 1002, 
was lo USl' the' m Olll',\' frolll ill!;' ~al(' or puhliC lant11' ill the a riel stnt.eR 
in the (,o ll ~trudioll of iTri~;'ltjon ::'YSh'lllS. rnder the di rection of 
Dr. F .. n. Xe,,"e]] immense projects have heen started, many of 
whi ('h lH1\'c 11('(>/l ('omplctc(1. nnd hy which lllrge areof' hove been 
rerlaim~d and "d<ler] to the conntry n.s ,ome or it, most yaluable 
n~~Cls. 

Sources of Water.-(a) Diversion of Streams.-'l' he com
mon f.lourrc of wat"er for irrigation lws heen the dircrsion of parts 
of I':tr£mms a.t n }Jpight ahove wheT€' it, is to be w:lcd and conducting 
it by meanB of call"l ~, tmmels. conrluits and ditrhes to where 
it is to be .distrihuted over the laud (Figs. 113 alld 114). 
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"rater is sOllletimes COlltitlt'tl,d fur 1I1i11l)' lllilt.:s, passing through 
hills alld oy(.:r ,"alleys uilli gorgl':!. I II thc eas\.! u[ lhl! UUH ui::;Oll 
tunnel (.If Colorado, the llUIlUisoll ri'cr is di\'(!rtcu from ilt'! course 
aud cHT ricl1 through :l tUBlIl'i almust ~ix J)liJl'~ long: puuriJJg illio 
the UIlCollljlllhgrc rall l'), WIt l' fC it is u::eu ttl irrigate 1-IO,00U Heres. 

(IJ) Reservoirs.- }IJ lJl illly "blOt· ... ill Un' arid l'l'gi(JfIS of thid 
allli otll er r'()uldric~ dal l1 :-i June 1.('\.'11 Ill/ill avrn;:;:~ ~(Irg'l!S Of na rrow 
vuJJC)'!3J prodlh·illg- lakl's or J'l':"\l'noir:: who~c water is u..:\.,d in the: 
irr igalioll of lillahl e laud rUr- tlll'l" limn I tilt' \"nlll'y. 111 thi:-: way 
the rnins tllld SIlO\\':-: of WillieI'. which w4Juid ~Ithc rw isc he lu::;t. a tc 
ht'l(1 for the lise uf ('rol's at it timt.' w llt'll thl: wal(lf (If file ~LreHm 
i:-. entireJy iu:-:ullk;('ld Jor 1 he 1'1IJ']fllN'. Till' \-: oo"'l,,('11 danl lll'rO~1:) 
the :-$alt H i"l' f in . \ riz!lIICI;~:I _!!'o1l'1 i!llI:,IJ'nti,HI (Vig. I] ,~I), Jl crc 
f=ullkicnL wail' r is ~t(l r('d f\lr irri gal ill,!! '! 1 !I,(I()O ,I\'I'e:" Tlds; clam, 
t'l1 ITcd up.'<irCtII1l, j~ :l~l fef'1, hi::/! (lIId !IJU fed lOll:,!. wiih /1 tb iuk
II{':'~ at its Ija~c of ](;~ fl'd Hnd "l11 1'(·,·t I1t lh(' top. It forms n lllkc 
(lr rl'f'lc n 'oir :.?c) llliJc~ !rIll,!! :lllt1 (i'lli'll lJll(' 1q jwo 'IlIi!l'~ wid" lind ('0 11 -

Lni ll R J.:)Ij , .tlOO ilt' l'(,-r('d uf watl't', ~ J. l11\' ... i [11; 1..1 I' !"\,~jl\IlI;ol }[/1 \ '(, 1.('(111 

('oIJRtru e:led hy till' gOH'[,lIJl[l'[d. (Jr ;ll'." 1I'lId('t' \\'tl,". 'tltat \\'i11 irri,!!atr 
fro nl. l O,nOn t o ;l'ri,OOn fI ('['{':-' l'(\vll, milKing iI Lol1l1 of (1\'('1' :l,OOfl,ono 
n('n'~ irrigait'Cl hy I hcfo:(' Jlro.i('I'i~ ( Fig, 11 ()), 

(c) Pumping from Some Subterranean Supply.-l " ""1Il' 
10('aljjie~ in nri cl reg-iom: ('xtt'lI:-iH.' lIrHl('!'~roulld I'l':':('l'\'(lil'~ of WiltPI' 

o(,('ur sufficiently lJCllr tllC SUl'f;l('(' tu 1)(> p tU llp(·(l [Irf' irrit!atjrm pur
pmW8, ] 11 oth('1' r(!,!lioll'S arlc!'iall \\'(,11:-: lllay fllrni;dl 11. hountiful 
!-i ll_pply, \Yh('f(' irrigHtion is pra ('ti('~.'C! in hUlllid r{'.!!ioll~ pUIl[pillJ,!" i ~ 
thE' usual l11('t 11011 , rJ'hc ri c'c ficl(l~ of Ark:lllsn:;l flll(l L()l1i~j flml an,' 
irrigated in thi fo: way, 

(el) Pumping from Streams or Canals.- Tn E.U'vpt. TI1<1i a, 
Chjna and Japan nluf'h of iltf' watpl' fo r irrig-ntioll j..: pumped on th0 
land lJY mcnDs of IHlJ1d Of f()l)j pnwrr. f' 1)J))f.'timf'fo: r-a t"Uc' or (lonk('y~ 
are used for this pUTpose. 

Preparation of the Land for Irrigation.- TJlc nr.'i sicp in 
preparing the lau d for irrigation i,1;; tho Tcmo\'al or the Ycgct,ation 
( Fig . 117 ) . The chllracier of thi , ,arics with the amount or rain
fall from shmLecl gTa~f.:. :;:a.gp hru :.:h, _gTC'af:('wo()(l and mCl'quite to 
the remains of heRY)' forests. The rost of (, \ E'aTin~ Y3Tips i'rOlll two to 
five dollars per acre for most lands to "' mlloh as one hundred anel 
flitl' dolla rs per flore for forrsts. After the "e!rctation is removed 
tlle lalld nHI.~t }Ie gra,d£>il ,'In that the wa ter may he uniformly ap
plied . Man y tracts are so ftat that "ery little gra.cling is necessary. 
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FHl !j!i. 

FIG. 116. 
Fla. IlS.-ROO8Ovdt Dn m, SUI L Ri-'cr, An;liOlltl' ( e.~. RI'(~hirtHLtion St·n-lt:e.) 
Fla. J l &.-Craniw RLlef DjVf:l~OIl Dllm; NIh Hi\'CT Project, .'\ti'QJ)a. ( U. S. JWclareaiion 

Sct\"il~,) 
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l '~ lIl1lh' t lwrc Hl't' d<'I'H'(·:.::--ioll:O: to Ill' lillt'd or ~Ii.~ht \'! l'\lIli ,llI:" to 
he l'(ln~on·(l. TIle ol,jl'd j ~ lIot t(l Il\\eJ the tUlltI . Llul ttl !'I,du{,l! 

FIG. 117. 

FIG. 11S. 
Fro , 117.-DeSElr t lands and Hom~tead. RUDt\e)'l'roject, MontIJ.na. ( U. S . Reclamat.ion 

~·f\· i,..c.) 
Flo. IIS.-Whclil fidd. 1\linidolm ProjecT . ld illio. Yield GO IJII!lhcU! l)CT ucrc . (U . S. 

Reclul1lllli oD Ser\icc.J 

it to a unifnnn slope so that \Iater will 8pread o\'er it tmiformly 

(Fig. U S). 
Character of Water Used for Irrigation.-Tll humjd regions 
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tlH' WlJll'1' ur ::-tI'Clllll!:i 1';11'1'1,,;-: IJuL liuk' :-o()iuhll' wilterial. but ill llTiJ 

nJJ[J ";i'lIJ;-Hl'it! , rt·gjoll~. 111Jt!1't' 111l.' gn'IJI 11{,{,{·,;,..;jl.," .rOT il'rigaLioll 

l ·xi:·d~. JudI! ,,,uil :Jlld wat(,1' Hlay ('(JJliaill alkali ill t'oll~idcnlble ahull
dallt'l', \\"hilL· lh L' t~t'l';--:' or ai'kali ill irriga\('d lllud:-: i;o- dUt' u:-,ually 
III thl' :-all:-' ill thl' ~oil. ,\'l't it j .. ill llll.UJ) ('ai'l'::i dul' ill part. and ~llli'
lilllCJo: whnll\", 10 till' r-:a\illity uf 11Il" wall'I' \\'hi~·h i~ ill'il1 lT u:--t..'J h.r 
irrigltlioJI .. Tht ' ~:tJ1.'; 11111 .: C'il/Tied ;,,'('ulIl!iI:ll(-, ill th(.'/'"',";(Jil. /ll'lJ
dllt,jllg \'tOry iJljlll'itlu;-:, I'l·~ult:-. Fori." g-rain:, or . .:;]11;0; pel' gill Ion is 
ll1-'u;d/y a . ...;:-:ig"Il(,d 01:0: till ' Jililit fol' irrigation watt'r", Thil'i. ltl)W{'YCf. 

dt·PI ' lHI:-.; UjlOli till ' l'!\;ll'ill'it'!" or tll(' :,uh:",i<1II('(',"; ill r-:(dntion. III l'ali
fUl'llia, tilf' limit lit'."; ill all (';1::;(';-1 If(,l(\\\, If) grnill~, Tlw (lnngl' !" of 
w,illg' il'('i~aiillu 11';11(,1' (·(lIII .. ,;lIiIl7 j'oll...:jrl{· r;ilJ/(' ~;ilt...:: (]('[wwl.o: \'('1'." 

largl!ly UP(jJl till; d\'OIillH,~,:y of tilt' land irri_!!liJl'd (I I' tht, mdhoflr-: or 
PJ'!'\('l1tillg Ill4'il' 1I<'(·111I1111111iol1. 

Bell .... Fourdlf', aj 1 ~I'IJf' FeJllI'('JIf', Houth l>;lknt:l . 
l3i~horn, al Fol'I ('\lst,t't'. l\ lontu.lla. 
(,olor~ld{l, :11 YUJl!~l. Ari:wu:t .. 
Hed. :11 l\111llgUll, OkbhoUl:I . . . , ' . " 
G\llIni~on, at \\' hit('wa\eJ', Colorado . . 
Pecos, at C:lrlsbtld, i\~ew J\h'xi('o . 
p(,cos, ut DHyton. Npw l\l(>~lj{;o " 
Rio Gmnde, lit EI P:1S(J, TCX!IS . 

SnIt, nt ROOSI'Veil, Ariv.oll:1 ..... . . . , . 
North Phltl.e, HI Lntllmic-', WYOllling: 

PUrl '" p"r 111il1;on 

I \lill~l ~UUl I :\ll:Xillllllll 

;,(, 1,120 
1R 2,S60 

741 30,800 
o Hi,800 

;l2 4.090 
o 1,480 

44 11 ,400 
~ Sa,900 

40 6,940 
ll:! 3,450 

~lal1Y :-'tl'{'<lIl1~ \ .... ho~p \nliel':O: are u:-;(·\1 fu r irri~itliull (',11'1'\' mOTC 
uJ' Jp.-:.:-: ]I];IH'riill jJj :-,us.pC:'ll::ion whit'h hL'l·ullle:.: H wr;' il11POTtllUt .factor 
in llInilliaillin~ 1h(' 1'('J'fility Ill' tilt.' !-1oil. 'I'l l(' UIllOllllt of sct.limellt 
cf1r ried in !'u~pellsion by \'adous stremlls is gjveu in tile above 
laLle. 

Composition of River Sediments,-)lan_r riycr sediments have 
)'('('Jl Mwl.n:etl jn Un' l'n ijcu HfRte.-;. in Europe, and ill Eg-ypt, frJJe 
r('~mlt~ f:hnw that riyer llHlt.1:- nre some~'hat "jehel' in the esseutial 
pllwl' fnod (·j('lu('lIis thllll il1(" onlin!] I'_\' fertile soils from Wl1i('b the 
water COllW~. ] t hns heen ('stinutl('cl IJ_\' Forbes that the market 
ndu(' or the fertilizing conr..tituenh: in thl'pe sampl es. 0 " Ralt River 
mud. to the Itere-foot of water, '-aTieiJ from $7.98 to $25.51.' When 
the fertilizing Islue of these sediments is ('onsidcred in connection 
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with the \ldue of the di:.;~ohcd itlai cr illl::- . lJUl' ~Jr tlte ~lTH j thl\antllgl':-i 

of irrigatiuu is Illade c\·idI..'IIL. H:, thi~ adJilill1\ Ill' plullt fuod fnlll i 

,H'£ll' tv }l',-lr c r o ppil1g' llIa y (.'Oll l iIlUl' illddilJill·ly without tI"pl\'1illl; 
tlil' :-:oil. :-: UIlI L' ~trt_';I1 I1 :-' ~U'l ' (',\I'('Jlli ll ll1' til IlIi ... l'ull'. 110\\1'\'(' [', 

Time of Irrigation.-TIll' ilTi ,!.!"atitlll uf l'rt ll'~ tllny 1111·,,' plnl'tl at 
\(\l'ioll:- t;llIl':", dPjlL'l1dilig UpOIl the tTlI)' ;.!'I'II\\"11 alld thl~ Uilj('(,j 10 

lIe H(·(·OII1Jdi:;lwtl. TIll'tJ rt'ti"a lly the :-:nil !'-illltdd I ll' :-:uppli,·d wit.h 
ju . ...:1 s ulJ il'it'1I1 WI/ ItO I' I" llHlill 1:lill (If,timlllll (,lIlIdilifll/' for !.!TIIWI/J 

,Hid llIallll'it y. 'l'llil'> i:-- H \'(11141;1;011 til Iii' tll' ... in·d . \,"!wlhl' [' i ' Il'r at

tajf_J(.'d 01' "(;,; hc)\n.' \·cr, thi:-. i:-: co(f'('l.1 ll\I:-...:ildl', r-irl\'l' 1/1(' ~rqll'ly (If 
watl' !' l'l'eqUl'l1l\y r UIlS !'o III \\' tll,ll dUl'illg pari l'f tIll' .~nn\'ill g

."(',1."':011 it i:-. llut ad"lju,111' rul' lli,· IHll']l0 ..... l'. 

I rrig-a! i(r /l way lIt' dOIll' (:i t IIP I' wll1'!l till' \'1'11 1' i~ 11111 gnl\\ illg:. 111 
the (,If I. willk r l ll' l'lIdy ~/,I'jllg. or Wlt l'll tlH' ('1'(11' j", gn,willg- c!u l'ill .~ 

tIl(' f:UnIIlICI', I II the J01'llWI' t";\!'(' till' ol,j l'd i:- to 1,1 )I<lill till' wall' l' 

WhCH the tlt'Luane! fur il i~ llot !'o g-l'l'at H1ld stOl'l' it ill tir e 1"1l il fur 
ur:c the ]lext ~(·a:::on. I I Ill;] \' he dOlll' ill lllwdifl\(, ly artn h'll'\p!-'i ILlId 

[!'O1ll UWIl til! sr r illg'. \\"il ;tl'l' iJ'l'i~atic)11 i!' llot ;Je]\·i:-'lh](. \\')JC'II !lIP 

:-;ni l i:;.: froz(,IJ) a ~ 1111WiJ of' tll(' \\,iltpj' mnr /1(' '11):;;1. hilt wlr!' l'r thl' \\'ill 
ll' J'R al'(' mi l11 it may lJl' pr:t (' ti('(_·d til g( I~ll ild \':1 Iltagc'. 

~\lJ'iJ Jrn /_lIlt) wlwilt :-:lulld/l not I'l' l] nlldwl Ill/ring llJl' \\'iJJ!!'r in 
l'\dd {·lim,l1 c!-'. 

Jrr igcnitJll 'I'u/er IIJtl.\'/rl' ~q)ldi(·(l (.·nrl.,' if] Ihc :-:prill~ til :-<11(' !'litll<! 

(If the w<lter of the .o;;p ring floud~ t'Hur.:l'd Ity 1 Il l' 1l1l'!1 ill,!! :-:1L(lW:-; of 
tIle l1loulltnjn !': . This wou ld I)e Jarg"l'l.,- IOf.:.t ulll~·!" . .: I'l' .... l·p,(lir:' IlInc 
l lccn built to :.:tor(' it for ~ unlln eJ' usc. The tinl(' ;lllll frl'(IU(' Il ('~' of 
il'l'igatioll depelld \ll1(JII tire (·rop. fn ,\r iZ()llfl ol'l·h~rtlF l'~'(,f' iying 

fall and \\in ter iT'J'i gntiolIS lHl\'e pJ'()(lu{'('d well without any ftl rther 
application of wat er. Alfalfa ~hould he irrig-iJiNi ...:t\'('ra l times, a 
few clays before ('utting- Hn d i l)!ui ll ~O(Jn af t('J' tire ("rop lw.:.: heen 
hancsted. Wh eat and otheT ~ll1all ~faills. l,ennF an(l PP:'l:O: if' planted 
jn 11 so iJ we]] filJ ed whh moi.;;:.lurL' nee{l little or no iJ'l'i!!:Jjioll t.j]] 

flowering time. Th i!' pcrm its a good foot ~yl'tem to 11c\'cloj), Early 
irrigation lessens the proportion of grllill to r:ITllW, 

Amount of Water to Apply.-As a generol rule· the more 
~'ater that is appl ied to a so il. ~'ithin praei ica i limil" the IRrger 
amount of dr~' matter it produce,. The prohlem is llot to go beyond 
the puint of most profitahle return,. T hi, po int has not yet been 
cleterminecl. I t is yery iJiffieult of determinRtioTT, since it varies 

with the {"fOp. the soil. rainfl\lI an rl other condition •. 
Usually more water is applied than is necessary and certainly 
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more than ig c(.1)llomi('ul. ] n lhl' tuhll' tIll' mldiliollal II11Hllllli.-; (If 
wBier applied ga\(' HII iU('H'rI:"(' ill till' total ~lry 111:IItcr produl'cil. 
yl'i the jJl( ·J'(,Il"'c of dry JlwllI'r pt!" ,jt'J'l'-illl'l! of \l"illl'l' dl'(;l'l';i .";I'(l. 

Thl! jllt'I'l'H~C ohiaill(.'u wa!'\ Hot alwilY!' /lI'nlitilJ,ll·. 11 will he Ilolt,d 
rhilt the yidd of wIJ(I,!I ;1' :::.,";: l'Il:-/H'/:, 11('[" uen' 11'/1('["(1 {hi' ill('/h'" 
o[ wattl' wel'e appii(.'d. wllill' I.:J illvlll';'; gUq' a yi,·ld nf 11.:-1 hll:-:l1l'h. 
or all illvren"'e oj' I.:, I'li ... hl'\:-- per Ut ' l't' -i lll,h. \\"II ~'1l '! .. i jll(·hl':' Illun' 

weft· IltlUNi the jll (· n'a ... e wa ... O.M bu ... llc\ pl'r anc-il1"'l. Hill! wltt·n !in' 
tHcbe!; fllOT'l' Wl'n' uJ'Jdit·d tht' illt:I'('a:-:t' W,I:; D.I bU:';\h' i 1'('1' ill'n'-il1dl . 
T lte Jwxt h'll illcht,:" gil\(' l{'~", tlwll {11Il' -il'H111 of H Inl;-ollt'l illt'l'l'll:-l! 

per fllTl'~i[]vh, JI i:, H'I'_\' ('\icil'llt thal till' puitd (If pndit.al,11' nppli
catioll uf wah'r Ita:' IWl'lt pill'o;-;~'rI. 

The J)roducing j 'owrr lif ,;0 : 1 rn'-Iu!""".; Jr/'('I. Applirrl /" 1)ljTl''''ul , ll"fllS 
(lJ i .. (1w/ 1 

C rop 
I ( 'ut'~1 1v.nl"rt~ Ihrc\' IHn" 1 "\Jrh'n~ S~"'I'CS 

(h'ep liN J) deep d,,~p d",p 
lO IlIrhCII 1 F, IU' b"l1 110 lZl"hl'~ 17 Ij lilt ill'''' I " ll[rJ.C8 

==-------1------ - -
\Vheat: I I Grain, bushels ... 4751 / (I} 42 1~}Q ')B H.II II, 2Z686 

Stmw. pounds .. 4,j,'j3 790S 10,J5G J.1...!lN IIIJJO 
Corn : 

G rain) bushels. !Ji 12 187 ~b :W8 [lG 31H r,n 
Stover, pou nds . wano 16558 1:-:021 28iilb 

Timothy: 
lillY 1 pounds .,. 6054 7688 J J739 11!J2R 

Su}\nr hcets : 
I ons .. 20.82 38.90 55.89 lH.84 S2.f.S 

Pottttoes: 
Rushc1s .. 195 373 450 544 (\(]J 

Alfalfa: 
l1ay, IlOUllcis f<S40 2(i(i!)3 

'rile one oiljed to he k~pt ill mind ill irri~alion if: to grow ibe 
maximum amount of dry muHer wi t.h an ttr re-il.lclt of watcl', Ex
periments show t.hnt 10 to 20 inches is the most pruc-ticahlc amount 
to apply. L arger amounts lower Lhe quabty of the graiu alld do Jlot 
gi\-'e proportionate increases. 

The above tahle shows tbe value of small applical ious over more 
extensive areas in compar.ison to the same application on smaller 
areas. 
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Returns from Sugar Beets W here SO Acre-I nches are Distributed Oller Different 
Areu-s ~ 

Frolll ihc ah(J\l' lilLie i t will 11~ ~CCIJ that :lO cll'!'t'-illt"iIl':' I:ipl'I.:ad 
(I,'cr Ihrl't' ilt'n'~ gi\t'!'O tilt:!. gl'('atl'::-I Iwi rctlirn~. Th(' I'l':.::.nlt:-: ul' thc 
1'1all :--; lalioll illdit'llit' t!tai wh{'r(' ilJC alJllual r<1lufull i:-. .1'! to .1;; 
illl"hl':' HIl HJ1plil'Hliuu of J I) to ·~o illdlC:;: i~ !-'uiIic·iL'llt for l)nlilla ry 
c·rnp.;. alld tIll' l)('~t ;1I1l0unt li(_·~ 1Jl'Hr the ll'~::';' l' r quantity. I Jr. F. 1L 
.N('\H,ll i~ 111' thl' (lpillillH 111<11 12 ~1(·1'l'-in('lw:-. i~ ~uni('i(,\J1 to prod nee 
good ('I'\'l'~ of ill! killd~ ('\('(.'pt. .Ji/,;i1fa alld a fl'w othel' ~illlilar (' r opjoj, 

Loss of Water from Canals.- l t. j~ e\"('rywben.· agTl'i.:ll thiJt a 
ypry b l J't:'t" p.HI nl" flip \\";11('1' di\l'rt('cl from f'irl';]Illi' i~ Itl~t hl'fol'e iL 
rNH.'I\\.'~ \ 1\1.' pta\'(' wll\'I"\.' it i:: to lit, HJlplit'll t.o tilt' \,,\\\1. H. is c::ti
tHur('(1 tlmt .). 7~' jH!r' ('(:'Id of UH' ,\',!I(,I" i:=; 10:,1 for erich mil(· of ('<111:11 

tltrouo:h wlli('h it is (·1Hril,d. 'Tllil': lllcall~ thal all the wHler \\'ou111 
h{' lo:,'t in 17 L1lilc~. Tilt, ]tl~~ i:-. I'illlscd by €'\,~IJlor<ltioll llnu seepage. 
' I'he ('illlids pas,:.: on' l" all killds of :.<niL hoth porous am1 imperYlou!'. 
lAtrge fllllOUllt3 are }o:-:j· where the ('nual pa~ses 0\'('1' ,!!Tiwclly o r 
~flnd.r soil. TJlis 8-('(_'I)fI_g-c \rniel' not Ollly cloci" \'(>1'." little ~()od , hut 
ill 1ll£lJlY ('a~('~ cl(J('~ much harm hy ('allsin~ the ,raicl' 1'ahle to rise 
jnjuJ'jollsJy lJcar t ill' Plufn('{l HIHl nl~o hring!' up 1'lle nlka_l i. Rome 
l'xvecliellts are lIs('(l to (limini~h thi:-. \of's . Th(' ~oil i~ sometimcs 
pndd!f'd L,r r1rag::illJ! chains jn til£" j,nitol1l of the (,filial. .. ( Fig. 119), 
j hll~ l'cllcle riJig t he soil l ('s~ }len-iollR, T he- hoHorn 311(1 !'=l·dcs of 
C'flJlftl s arc 8omcLiml;'\s ('oY('I'('(l ",iih cruele oil to l('~~cn h>3ka,rre. T he 
1ar:re canals are f:;ollwtimrs lined w-ith rOI1e- ret(' (Fig, 114), wlii(,h 
limits the 10", to the enlporntion. Eyen fine ,oi.l ~ollstituellts . , n oh 
m: clav t)r silf , ha \~e h('cl1 u!3ed for 1 ini ng- the cana 18 to render them 
less p~l'dous , T his is ac('ompli~hcd jn 118rt hy the sediment ra r r ied 
bv wa1'er. 
. It is estimated that ill I ndia the los, is from 20 t.o 75 per eent 

from the canals. '1'he inrestil'ations of the Department of Ai'r i
('uJture in thi F- ('ountr~- show that m:,arly GO pe r cent of the water is 
lost between the head I'ates and t he laterals and a ronsiil erahle por
tion of the r emain ing 40 per cent is lost before it reaches the land 
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to be irrigated. Fortie r ~U.\'8 th~1\ Il'::::; thull ~llle-liLird ut' llll' WHtt ' l' 

Ji\'crted 11'011 1 the 8-trea lll:: is Ill'lunli_\" t1sl"ll hy dll' (' 1"111':->. 

T he Duty of Water.-" T he duty of wa1('1'." ;1 tnll! IOlJg ~i llt'l' 
(·oiUl'd, IlH:a.IIS till' ll'IIl1l1ilY of waleI' I\Pt,dl'd hi lIIatul'l,_' ("'(1],:0:. I t 
way 1e t·xpre .... :.:c·d jlJ \nriIHI." W1J.\':-:'. :--i o llH'1 iIlJt· . ..; lJIt' dUlY of W;II{'j' 

i~ cxpl'e:4s~'J a~ lhl! lllllllhl'r or i'(lulld~ of WUll'!' I"t'qll in,'d \u produ(·e 
one pUr//ld III' lilt, <.Iry llwlfc1' of tin' ('I'Op; Hilder otllt'" t'{)JI(litiolls. 
lIS tile tJeptll uf WIlier {I\'(.'r Illt, lie/d r('quired durillg tilt' gr(lw illg 

~eU~ull Lu III'(J,j !1('l' tl,(, (·rop. 
1101'(' (·Ollllllollly . l!oW"\l'I', tla' (lUlY (If Wall'r i~ (_,Xlll·l· ~1'\l· tl H).: thl' 

IIUfIJ! 'l'J' of II(' I'CI" that lilt!.\" 11(' irrig-at(·L] IIY II a ." tilLite qUHl!lit_r ur 

W;ltt..'I" i':iHy il ~('('llIld~rl!ot. tll)\\' illg- 1' (Jlllillll(lIl~\_r tllrnllg-h till' /!I'O\\'in ,g 

rol'asol!.tI .\ Sl'(·\Jlld·fno\ uf WHH'I" IIlt'HIL'" 11m! :\ 1'lIllil' !\U)\ u( wail'r i...; 

(If'J;YeJ'ed Nlc-h .':iN'ond <l)l{l1lJHJ IJc c:l. .. jly 1"c(l1I(,('(1 to fll-r('~fl'l,j (11' 3('re~ 
jlJ(:he:-:. ~ ill{"(! at th is rflh· [Ill a{.'rc~ill(·h wi\! b(' dclir('T('d l'l1{'1! hour. 

The ahsolule dun- ()f water j~ i.)1r tola! amount 11](11 tlit· crop 
l'l'l·('jl·(· ... hr ifTiO'aii(l;J , hr nlinfilJI. :lllr1 tllni I'III/tui}l('tl in the .'Io i1. 
11- is cxrr~ ... ('d ~~ uC·l'c-iJl;'hef.;, The t1(,/ aut,r of HO,IkI' is the amount 
adually dcli\'(1J'('(l to th(' farmer throul-!h hr; il t'iHl-gat(·, 

nne f-iccond-I'oot t'en'e~ to il'l'i!!at(' frolll 2:; to (, ,'rr :Jon <1('res 
du ring the _growing ~€'a~on, An ;1\'~rllg-c is from 7;; to l()O fH'Tes . If 
tile 3(' rC'1lp'E' irrigated l,y H s('roncl-foot 'i~ Flmnll. the duty of water i s 

low, while ir the a('rcn1!(' i~ 1.lT,!!r the duty i ~ high, 
rrhe <lut\' of wfltrr \'luie.., with s.('n~ ral fflC'tOTI'l: (1) 'rhe Taillrall 

varies in _iT~iJ!at{'(l r(l!!ion~ from aJrno:::t nothing' t'9 30 or 40 inches., 
The acreage irrig-a tecl hy a ~p(~ona ~foot will Ileces.i'fl rily "ar~1 ,,--jtll 
the rai nfall. (2) Roil. thAt ne qui te po rous will require more 
water Tor the ('TOP tlurn the l (,~R pC1\·iou~ OlleR, sinre much will 
he lost hy per('olAtion. 1;:" en hardpan soils r equire more water than 
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lhm~(' of ulJifurm t('xiure, (:'~) J )ifr~J'l'ld (·rops fequirf' different 
1l11l0111lt.:-; or Wl:ll( 'r. FUrllgP trop!'. L·sJH'vially alfalfa, J'{lquire more 
,nLlt' !' lllllli (,pn'ill:-i. ( -I) ,\ rt'rtill' ~Ilil 1'1'(luire;o: Il'~:-; \nneJ' thllll a. 
rUJI - t!lJWII !'()il. (.i) TI !(' HIll01ltli oj' waj~'I' I'{'tjuil't·d dl' Pl~ l1d:-: 10 !o'(lIl1(' 

rx 1f'Jlf 1l11'1J1 IJ)(' ;lnl Olllll of mll['1' nppjipd <lIltl (hi' 7JJt.'HH,C; LakelJ 10 
('(JIl~('IT(' it. 

Duty of Water in Different Countries.-lrrigafion i~ praC'
tiv(·d Oil nil ('llldill{'II1S. Tht' dllty nr Wlll('J' ill Eg-ypt ii" ]1;) uc'r(':-, 
fp l' j'ld(1)1! flllt! ntlll'!' dry ( 'r(\p~ alld (it! ;1I'1'l\~ rill' ric't'. Th i~ i:-: for :111 

irrigation JlI'riod of ::-, day:-. In ~()uthl'rn :\fri{,11. wltC I"t' UH-, al1l1ual 

rllillf,dl is from ·?O to ~.i il1dH:_'~ . the d uly of water is. fo r ~egetaules 
ItH) to ]:-_.i(J i:l.('t·(,s: for ('creal:o!- 1-10 t.() :tOO H(:r('s: for sugar calle 50 to 
j,) Hcre:,. Jl t I ndia the duty from JUlI C' to October is 80 to 170 

Rvl"C:-:, while from SOY(lllliJ('1' to ll_arch i t j:; 90 lo 200 acres. Under 
~U ll lC t :l1uals HiO Hcret: Jilne IIN'II ~lLlupt(!d a~ the normal duty, 

]u }:urope l il t: duty is somewhat higher than in most countries, 
11('CfIllS(' of hj~h('r raillfall. T he fI.Yerage for Spain is ]72 acres, 

\rl tile that JOT FrflTlPC. HpHin Dltd Italy:is 239 acres. IIl\'cstigntions 
ill North Amcril'a show that t.he duty of water is about 100 acres 
for un irl'i,!!fl1ioll ~('a::on of gil clays. 

Measurement and Distribution of Water.-Since water is a 
thing of slich great val lie in irrigation, its measurement becomes a 
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ll('('cssit.v to prot.e{'t ill(, fannt'J' \\"JIO'i..; the pu,,('!lIl:-:t'J' OJ' ellll:O:UIlH.>1' 
and [hu l'() llIpau,Y thut [lIrni::;II1.'~ th~ WHlrr. J laliY d{'\' i\'l'~ 1111\(' 1.L'l'!l 
\1:0:('(1. hut thl' I_uo;-t l'OlllllUHl Ilnd 11I11~t :-.lli .. ra\"Lnrr i:-: lla' \\\,ir o r 
\I\'('rI'nl\ ( F i!.!'. 1:!(l)_ T Ill' w~'ir ~h('lild I'l' ill~jHl\('d'whl'n' tilt· "Hlln\ 
is l Ollg. str<l i~ht nnd It'\"t·1. .\ )'()X j,<..: /1);11'(") i l l !III' (',lIIn) ,"0 dlill 1111 
wot l' r lllU:-:t flnw throllgh it. .\ hOfl rd willi <t "lJ{1!<·ll j..: pllln·r! ill tllt' 
box an d ;\('1'11:-::-: the stn'Hnl. Th i~ Holdl lllC1Y Ill' :'('\'l'r:d illl,IIl"": 01' e \t.~ 11 

FlO. 121.-TrupCwidlllOr Ci rmoil;'Lt.i weir, showinll; Jr',etlwd of di"ilJiug t ill' I!!t rcllm. ( V ~.h 
Agriculturu! Experiment citation.) 

seyeral feet long aud the depth of water flr)\riJlg through thi s may 
ue easily measured anll the total amowlt dele rm ined i' r(>m a tahle. 
rrhc:;c l;otches llW)' be cHher rectangular. trapezoic'laL or hial1gulnr. 
The tTulJPzoidal 'is: coming- into mo!='-t gene ra l u:.:e. 

For purpoS('!3 of (1istrihnt ion to different lat~ T' Hl;o; Ule strCfllll:: 
are rreq uentlr divided at the orerfall ]Jy p lacing a hoarrl wilh a 
sharp edge so as to ~('parate tJ)(' sirflam into two hI' m.'J1'C' parts (Fig. 
121). Ea ch part is then conduded off in a separat.e lateral lo lhe 
region desired. 
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Methods of Irrigation.-'l'bc ltl:lIJIIC)' of applyiug \ ... ·atcr to 
~ojlf.: dl'tc._·rlJljlJ(_·~ to a lnrgu extelJt thl' illl1Ul'lIt"C it has both UpUll 

the plal1 l Hilt! ~()iJ a:-: \\"1'11 (}:; the eJrccIJ't'Ill::'t! uf the waH_'r itself. 
I II arid J'('g-i(lll:' [\1"0 W 'II(' I';t1 l",I')o:t('IH:- or irrigatilill arl' J'tlllowcJ, 

flo()liilJ!! ilild l\ll'rf)\ril1!!. ~';lI'h Ill' whil ,li h;l~ it:-: ad\'flIl1i1!!l'~ unller 
('(,I'luill' (·oJulitifllJ . ...,. '1'1;(. fll'tl'l'I11inill,!!' r;l vl()r~ a.re (1) the: c}Jarilc·tcr 
(d' 111(_' ;o'\lil, ('!) till' ;ttllnUII! or w;IiI'J' 1'1'1' unit of ii1l1c fll' "head:' 
(a) Iltl' ('\lldOIlI' or 1;,,\ Id' tilt' la ll(!. 1111,] (I) t1l,' kill,] td' l ' l'OP. 

(a) Flooding.-.\ ('Olllllll!1l 111l'IIHld for Apldyill!! Willl'1' i::. Ly 
- . -~-1 

FlO. 122. - BIlB.i» OT check 8YSLllfll of jrrigllljlJ~ archfmh. Principle. of Jrngation -f'rart icc. 
Widtsoc . (Courtesy ~'lRcmilllln Compllny.) 

floodiug' the entire area . Thi.s l'C'lJuires tLlat the lano 5JIaJl be prac~ 

tical I)' lIal and Ihe soil oue thtll does not erode badly lior bake 
upon dl-.ring. H e"r} ,oil, "n' he, 1 aclaplcd to tbis method, so that 
when the large \'olume of waier is turned on the soil ",-ill not wash. 
If the volu me of warer is ton small jl will 81nk into the soil hefore it 
reacile, Ihe olher .ide of the lield. Alfalfa, pasture and meadow 
land and wheat and other ~nHdl g-rains may be ~t1r('e~~fun~' irrigated 
in this way. Three principal 1llodlfiratiolls. of th if:: method are 
flood in/! closed fielns . flooding open fields und basin floooinl". Th e 
closed-field flo..0ding or check flood ing, as i t is sometimes called, is 
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where n le\'ee or dike i::. huil t around the IiL,ld <llld 1_1I1i.l whi ch lhe 
wat.er is tUl'lIed anu left. tilt it i:-: all Hh~ol'bl·d. ' \ hi:-: i::: lL \'O lllllllll\ 

practice ill China and .J ajlll1l. III 011('11 jil'ld fluudiNfI a (':,1 11\'11:; dam 
i:, plac('d ill the ditch alld lhe \nll e!' forl'L,tI t(_1 run ~.\· (' r till' hlinks 
u[ the tJit c·lI iuto t]l e He ld. .-\ modcra.h' :::\oP(' pt'1'1I1iis it to rUII 
~low l.\· OYeT t he li{'hl where the ):llrp lu ~ waleI' 1'1111~ iulu allother 
d iith at t.!1(, \o\\"('r f;;icl ('. 

}--ta.'jin fluod/llfl i~ p l'n dic'Cll ill orchard).:., ihe h'rcr hl' illg- thrown 
IIp:-:O a::. to O('(' l1py [ill' :'PU{'l' allo1if'<l In NH, h tn'c'. Thr wat er if.; nl
l{) wco to entl.' 1' the: C']H'liJ:'IlJ'l' and Idi till it is <ll ,!'l(lrll('tl ( Fig. '12·!). 
Dirt is pi\t'(l I1l'ound the I I,l~' tlf trIP 11'('(' :0:0 fiH.' hnrk will not get 
wet. Th is m ethod i ~ g l'aduillly pa:,~illg' out (Jf 11S:C. 

i ---- --- . - --- ---r.:-

FlO. 123 .-1 rri~llling potatoes by furrows. C. S. Reclllma tion Se n 'ice. 

(bl Furrow Irrigation.-The furrow meUlOd of irrigation is 
One of the rn01-'t CuI1l1UOll nud [Q)" rU(J~t (;(J Jl(]iti ons ooc (jf lila lJest 
methods practiced. :,lma ll furrows lead fro m the "'1' 1'1 )" Jil<:h IUld 

the water is ill,~o l" l1l'd by the :-io jJ (Fig. l:!:q. 'fhe .l'urrow:oi al'e from 
live to tell inches deep (lnd from three fa eight floet "p.rt, tl,e dis
tanre depending upon the soil and the crop. By thi, method the 
irrigat.or may (-ont1'01 the qnUlltity of watN and 8 eomparatively 
small amOlll1t may be ~pread oYer a In.rge arra of lim e1. Only a 
small &ll1ouut of th(' soil b~(,Olllf'S wet. so that injury from puddling 
is Dot imminent. The £tnrows may soon l,e rovered and thur-l rcdure 
evaporatioD, preVi:Dting Or retarr]illt! the riFe nf alkn.lL It i~ VPl"Y 
difficult. to obtain un iform ili.trihutinn. due to the difference in the 
absorbing power of the soil or length of furrow or hoth. This 
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JtIl ' lJHJt] if-; r-p('('i il lly ndnp lt,u h I illicJ'-jjJjpd C"J'o ]l.':',. ~U (·JI a s ('om and 
],(d atoes, Hud i~ ui'l,d extcm:ircly fo r c:c rcai:-:. alfaHu, alld or(;hards. 

(t') Sub-Irrigation.- Thl' Dl L' tliOll or f:.uh- iI'Tigi.ltioll is prac· 
ti(·f·d Oldy to <t rcry lilllil(·d c:\L(,llt II(!cau:o:e of the great ini ti al (lost 
J!JHk irlg- it almost prohihilj\·c. I r Oil . conrrde or wooden pipe~ may 
1,(, ll.~('d. l,ui digg-i rlg' the trel1('hc~ for plilC'illK t.hr:::.c iR expcllsi "e. 
rrhe TOOt.R t log the openings unu in time impair t.he u se fuln ess of 
the :-:V:o'U' lll. 

A Jonn uf Da tura.l sub-irrigation 1 ... practjeed in the ,rest where 

Fla. 124. .-~1 (lthod of irrill':s.ting by overhead IpnYII, .~dapted t o small fru its Iond 
\·(>II:~·t!lbl"l! in humid arens. (Fortier'lI Use of WaLer in 1tri~l:Ition .) (Courles), McCraw
H ill Boo k CClmplluy .) 

thf' :-:o il js :O:llflki(,llfly POT'OU8 ~o that no underground pipes aTe 
Ilc(·(':::~ al'.Y. For mC'f irrjgntioll has hrought t he water table neur 
the surf"cc, and now the object to he accomplished is to keep the 
wflll' l' "tflhle Euflicicnily nCllT the s urfi\('(' 800 that capillary water from 
it will Rl1pply thf' r mj>.F. An impf'rrious s.trntum is necessnTY at a 
depth of a few feet. A tract of GO.OOO acres is irr igated in thi s way in 
th(' upper t)llake Ri"er YflI lC'y. Tr101Io. Pnrh or tht' Rnn Luis Volley, 
C'olol"ftclo. fire irrigated in the same numuer. The ditches are from 
,,(\ to 250 feei apart. 

(d) Surface Sprinkling and Overhead Sprays.-'l'his method 
is adapted OJ:ly to small areas and is one of the most expensive as 
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well tl:-' inrf1'('('lin' WHyS of aJlpi.\ing- Wn!!.'L It i~ di.·qrilI11ll'd tinder 
Jlrc~:-,uJ'e thrulI.! .. dl pille:'. till' \\;!tl'l' l':-.vap!llg- b,\ llll';lll:' t.r tHIZi'.I~'~ or 

hy ~ll1all ()lH.'Jlillg~. It i:-: ll~i..'d IH'11ll'ip,dly to :'UPl'll'IlIt'HI lltl' I'ni ll· 

fall (Fig. 1~-4) in IItl1llid I'l'g-itlil:-O \\'h~'rl' I'nljt .... of high \/lluI'. ~ul'h 

a.;;; rt"C"dilblt.,.:, and :':111<111 fl'uih. un' ,!.!'J'(I \rJl. l '''lIItl 1,\ 11h' Hl'ldil'llli(J1i 

i:-;:o:ul1i('it' lll IU Pl'Il('irail.! I.ml," to II ~lig1tl IIl'plll . 1'('IIl'(' it ~\)Oll ('\Hllo· 

1'(11(':-1. Ji lHl~ a h'lldl'IH',Y tu pnlliul'v :-:linlluw l'otllillg" (II' I Ill' planb. 
Till' lll('thod htl; ... tlH' ~Hh;lIltilgl' \)f (':1:--,\' ('(1111I'u1, lill!\, W}\."tl' bJlll!, 

and IlIH)' IJ~' ll .. (·d PII q'n' LiIH'\l'U land. 
Cultivation A ft er ' I r rigat ion .- \\"ht ' l't· po:-.)'iIJJI' lIlt, irriglliL'd 

laH(! t-hltllltl he ('ulliyalt'd <I" :-oltoll H:-O thl' :--lIil is ill p"njl('I' (·clliditioll. 
Till' \()~~ h.\' ('\,~lpl)\'a li\l\1 fll\\\lwill~ irri~i1tinll i:-. l'1I01'lIl0l1:-, t'~lll'\'i,J\\~ 
",1I(.'l'l· 110 nop j~ (Ill lhl' lalHI hll',:.!l' l'IlIIHgll tu t-hadl' it. TIll ' l 'lah 
,"'itclti(11l f(luJltI 111111 wli<'J'(' lalld wnr 11Il] ('lIltin!it·d lill ."-4'\('11 dll r ... 
nfl(!1' i!'ri_;!1I1ioli tIl{' Jo.":t- ()f wiltl'r Ily ('\lI!1(ll'Htillll \\"1\:-; 1,I,~) jl1dll'~ ;,1' 
lli-l jnll!' Pl'!' aC're, ",hilt' I! t]nYt- !!<I\(';\ In:,:-, (II' 1.\1:1 ill("h,· . ..: III' :!I~I 

ton::: pel' i.!{'f(', :11111 'J I 11;1,1 ," gin t' ~I l:J"" III' '~.: i/l(·I1,· ... Il l' :~ I)~ Inll.... The 
('ulti\·ntilill t-11I!\.dd I'l' a~ d(.'I'jI :1:- p(),... .. ildp UlIdl'J' tlu' (·il"t·\lI1I~tall(·l':-: . 

. \~ UI(' rl'~lllt of <In C"'llI'l'inH.'lIl :i It,;---~ Ill' ].: :, illl·II(.',... f)('\ 'u I'1'"d ill 
;!,", d;j\'~ \\'}I('I'(' rlll'l't.' l\';I~ IIU 1lJ(Ii£.h. \\ '111'/1 II I11H'[' (1/' dn (rntll u/;ll' 
. ..:oil II'II'('€' jlll·hl·:' Iltid.: \\':1:- pl;J(·(,t! llpllll 1111' r:U I']:;I I'(' Ilw I:\i~ull'a\illn 
was I'ctlu (!(.'d to (l. ~ t: "f ,Ill ilH'1I OJ' ;l~.: ]Il'1' ('I'llt . whil;':l 1 (,1l~i '1I'11 

1I1u!<.,h pnH·lil·;_dly rtOPl1l'll P\<11101·afiull. 
Crops for Irriga ted Lands,- l ll'i-I c·l. il·ally IIIl c·J'op.~ IIfl:lpll'd 10 

the (·lim'Jl(1 will gr(J\\' UI1(ll'I' irrig:ltioll, SOl Ill' l'I'quil'l ' Ullin' W,dl'l' 

than othcl':--, Lut thi:-- i~ (,Mil." ilfl:ju:-;t<.'d hy the 'lj'jllic'Htillll . ..: III' "'ati·T'. 

(Fig. ]~J . ) 
Cereals.- ll' hp.a,t.-l'lH" hest ('(--, I'eal lI11dPr irri~lltiol1 i~ \\'ll(·,d. 

'Yhile it j ~ primaril." a nop for ,lr)'-l[l\)(l n~ri('ul1 UI'{', .\'{.j it yil'1dl4 
'''ell whell irrigntfltl illid is a good (''1'01'" to (it in with rntutiOll" 11;-:('11 
OIl irrigated l<1n(l...:. fU1d i~ .!tl'OWIl Cjllitr (.~ t(.'J!~in.dy. TIll' al111111111 of 
water required 11.'- wheat drpclltl::: upon thl" p(,l'\'inllST1{" '"~ of the ~il. 
llut ill f1 dt·"p. rert i10. wl·l l-till<'ll soil 1 ~ inc·hcs will 1,(' f.:ufnc·icnL 
The TTtah St:Jtir)Jl f()uniJ Olaf nil nrr1iC'fliinn of 1Jl ilH·1Jf's nt water 
$;!'ayc -1 1':, IHI! .. hels. 10 illche!' gi1\'P 4::1), hushels. an(l ]!) illc·hc· 1;: ::an' 
-1-;).';' bu::h e l~ prr acre. 

Oat .... ·.-rrlic ~ro ,dng or oat.;;;; on ; 1'1'1.!!1ltNl lallrl prolmllly ll'ill 
ne\Te r hec'ome rery f.':\iel1siw1 • Illihough it will ])p 1l ~f'(1 to ~OIl1(' ('xtent 
10 ~i \e YHTlcty ill rotRtiotl~. It prorluC'e:.: w('11 and requires fthnut the 
same amOlmt of water 31-' wheat. 

Barley.- The harl ey rrop is a va1ual)1f' I"lne \uHler i rri~1',ti0n~ 
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I'I'OUU(·j /lg well alJ(_1 requirilJg it Je:-.s filUUUII! of wllter than oUlel' 

(,(lrf'HiR. After!ln :lppiil'lltilll1 of 7,;; illl: hc~ of waicr little increase 
waf.; ollt.i1illt·tl wilh llIOTC. The haTh,) prot\uc'Cc1 under irrigation is 
u[ i,etle r yuuiity thau thal] , ro<iU (·l·<l un llry laud. 

FIG. 125. 

Com produces more dry matter in proportion to the water 
applied. Llwn alnlOf:f; ;lDY other CTOp. It is llot yet gro·wl1 exten
gjvely under lITigation . but its '1"I"ea. j~ in('ren~jng. e~peciall)' in 
regions where stock raising js • prom.inent industry. It has a 
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]lHlgl!1 irrigat iull perioJ 1!J<l11 :-lI ltdl graIJ1~~ tllef('Jorc l\.yulll:S lUtJrl,:' 
Wut~1'. L'ulti\'UlluU alIt!" l:ucL iJ'J' igali{.l11 i:: \cry C::i~cutiHL AI) uppli. 
l'illlUI\ uf ;2:, illt:ill!s gU\(; !!~I.l 11t1:-hcl~ pt:r Hvl'L. lit thl' l" tuh ~tHlIOII. 

Nil! j . ..; }] I itll' !bi"li i .. grown 1I1hlt'l' llllllli(l, :--!'IIIJ -l rol'i( '~11 ('0/1-

ditiolls. Inn irrigllliPl1 ill' J1n~)/lit1g i:-: Ill'l·t' .... :-'HI'.Y Til l: {'!tL'Vh ~.\:' 1 (, 11l i:-; 
ll.":t'd. Lt'\L'l!:- url' tlll'IIW!! up "'1I11ivil'lltl_\ hi:!-!,h to n'lllill <I 111,n'l' of 
wilter t(1 tl dejlth lit" thl'l.'t' til (t'll il1dll'~. T he Wall'I' ir- ill'HI'lv alwll\' 1'-
ilJl.Jllit'd II.'" PU!1I)';[l,!.!" !'I"'ll1 wl'l l .. (II' ('illl,II:". .. 

Forage Crops.-. l ljrll!a i~ !Hlt ollly Ow 1Il0~t i 11lP01'11I1I( {'I'0l' 1'0], 
fOl'<lt!I' purp(),":l':':. IJllt it i...: till' J11 1l..:t \lllU;Jldt, \It' <Ill nlt]J:-- g-rowll 

lwdt'l" irl'ig<Jli olJ (Fig. J·.'fiJ. I I...: ,nlw' i . ..: Cllh;!IH'i-,j II,'" 111/' fild UHft 
il i~ H nill'ogt'll g'<llhl'l'l'1' HlllllI1 'lually build;-- up the ~l)il during it:-; 
gruwlh, 

\Ll tt~f' llWr IN i_lpjdit'd It.\' rllr rl\W~ . 'f1(1()ding'. or J,y ('h('l·kill~. 
\\'hl' ll "'nlt'!' ii' ,dall1(I;lllt fll l()(lin,Q' i!-- tltr llH'thud u:-,!'tl. 1 r tht, i-Ioi l 
hak(·::; III' H'ud:-; Itl I'UIl tU.~l'tht'!'.llll' I'IIITln\, JIH.-III!It! j,": I'l'l'I'{' nrhlt'. III 

ll1i;-- l'il~t' til!' land i:- l!IClrkl'd (Ill' (1[" fUI'I'(lWl'd itnIlW1/illt(·'.\' 1I_f1 {' J' :;:'Pl,d

illg LltHl11n' rlll'nl\r.~ 1'('I·oIJJt.' \It'l'lU;lIl(.' nL ,\I f;drn "{ " !'lir/\"i ,,-:oll!{'\\' )wl 

111ort.' \\"nt('T than {·t'I'l'alB-, and 1K to .~ I il!(,l1c..: f:.liulI\(l 1,(- flJ,pli t·d, 
}~(l1'1j ('1' 1'1)[/11,1 tltilt :10 iH' fl'-il1dll':- llpplit:.·d tn (111(' !1('n.' prndllf'l'IJ 
1-4 ,-111(1 pflullli:-: of 11<1.\, \I'llile WIH'1l till' :-:anll' ;IIlH)!,11l1 of mdl'l" wa:-, 
n.pplipd to fhl' ll('rt':-, lil. ltHI 1101J11d:-: \I'l'n' 1'1'01111<'('11. 

1 r 8l'(',1 i~ to he lJ'rtIdu('(I(l hut littlt watl'r :;:.houlll Ill: npplil·t! III 
thr ~'(I\\'th tlwt i~ to prnliu(·p the H'ed . 

OlhN F'ora,rJf' (·,·u!l ... ·.-Till(fdhy. (Jrrliard flms .... nl1d 1>"(111/(' rims.,· 
are i.' I'Op:' that thl'ir(' HUllt'r irr ig-1I1iIIH, \llIj /11'(' \PI'Y iJ1fcrior til 

nlfi.llfn "ill tlJi5 re~ped, CICI\"('1' doc!'- well UIl(ll'1' irrig-ati(lll, hut pro
du('es mur·h I('sf' hay Ihan alfalfa. 

The sugar beet is OIlP of fhp fJlMt profHaiM oj irrili"ted crop'. 
It 111"eic rf-: n (lrep rlay lonm so il aml dry f'lI lill11e;!=, T hree to fhe 
irri;:mtinll~ art" :mfli(·jrllt flml 011 ~(llllr fl.oii:: ollly two arc deemed 
Il('('essary. From f01l1' tn :, ix iI!('hf>~ lire <1ppliNl lit CRrll irrigation. 

Potatoes are a \'('1'.\' imp01'innt c'I'Op on irri.!!ntcIl l:.)ncl. rr hci L' 
,,",lIer 1'1'ql1il'rU1Nl t.s- ar(, !=o lll('\\'hHt lik(' ~lIgaT h('rb:, T he furrow 
mci.horf ii=i practiced. Fifteen to twenty-four inrhes of water should 
J,C' ~u(l]cojeni. 

Peas, beans, melons, tomatoes, onions. cotton. nn(l OlnJly 

other crops mny he grown W~ I'}' f;u('(·ef'~rll11y unn er irri,!!ation. 

Fruits of nearl.\" fill kindN 1ll:J," be gl'O\\,l1 \~'her(l rlimatic ('Orl

cl jtions. are Jl.ight, 
Irrigation in Humid Climates.-All anllllnl precipilation of 
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:;(1 iIJl"ill'," or IJl(JI'{' gill'''' :-lItlit·il' l l[ IIHlj .. tUI"l.: [ ( '1" prodll ('il1g fair c:rop~ 
o[ lIt'lLrly all hind:, if lil(' raill!'all i:- di:-.tribut.l,d prOl'l,rly. 1>1'0Ul11Y 
j,,'ri(ld:- 'In' quite ,'llitIJlIlIIl. ,\1 ('U1UIIlLiCl. ~. l' .. ti'! fHu·(.'ll-.!lI\' 

I'l'rif ,d:-. will, 1(,:,;-. t!lilll ulll' illl,:i! of J'ilillf"IJ durillg" Ih(, ,: .• 'TU\\· jlJ,j 

,"{'/I,":\llt, .\prjl III ( )df,lll'J'. (j~TlJrTI·d frllll! Iqllll-J~III!J .. \ 1 riJlvi:IIHI. 

X .. 1 .. Ifi jll'l'll ld .... ill (1 ... ld'; ( J~h. \\"j .... '!? ]WriIHI:--. :llld at .\ rlH.', .. . l ow;!, 
:2:) :-illlilul' pl ' l'!('d~ (1,'( urJ'l'd during tiL\' "<lllll' tiltl(' . . \1 I Ill' 111ill()i;-; 
:-iIHliOIJ frllrn J!l!lti-l!IJ:, l1J1'J'1' Wi'I'i' J!I jll'J'i'Jll ... (If droll!h 1.-, d,I\" . ...: 

It II I!..!'. \\11il,' IIi \\l' l'l' lllll/'l' LilaH :,!.-I dill" ,lilt! ~i:\ llltlr(' llwl! ;)11 d,,',·:-; 
ill il'llgtlJ. . . 

\ \"hill' Illi.., UIll'll'll c1i~lrilnltijll! illtliv'ltv:-- thai iITi.~'HilJI! Ini~ld 
lit, pnJl'lil'l'd rjll/'iIJ),! .... 'HJIL' ."·n)'. ... with IJl·j)JJI. il j,", IC!,.' dnnll!1'lJI. lJlllf

\ ' H ' I'. Wl!t·tlll'J' il will t'Il'1' Ill' pJ'tdilnl,[t· rill' tIll' urdillill'Y t't'rI'Hi:-, ~\ 
1'111.11'-\'\'111' I'Olilliolt" \,1' vnrH. t IOlI.". 1111d ('IUll' l' wa~ foi!o\\'va 011 lrl'llWJj 

;-.ilt 1:1;1111. i lll' (·tII1Jllll,1I )lI'OIiril' ... 0;1 uf lIlt , !'l1!'!1 ht'l!. 1','1' 111 ."t 'Hr .... 

\\,iliwui il'1'iA."itl; ()1I a tl.·lt-,rt';.11' ~n('ntgt ' yi, ')11 \1 ' .'"1." -':~.,) ),1.1 .... 11('1. ... while 
Htijoillillg 1.\01:-:. irri;'::lll·d WIt'.' 11 Ill·l·l·:-~i1r.". ,!raIl' a yit·\d or J!I.~) 
lrlt ... h l'l~ Ill'!' ill·n'. ;111 illtJ'(_'u:-oe of n.1 111Il'h{·!...;, ]) urillg till' dry ... C;-t~\}l!;' 
Ill' 1!1 11. ]~II:~ ;!lld 1 !J1..f till' yil' ld uf t'(JrtJ /lwnlgt'ci ;~:!.;) lJu ... tH'ls 
lI'il!w/lt (/IH! :./),,-': I.l/ .... )J{'I. .. 11';11/ irriJ,!:llill/'!. fll/ iJJ(T('.J..;€ of I ,''':'.) hu~II(,I.~, 

E\l'1l \\'ilh ll1i:-: large iltnc;}:,p ftll' <11',\ Sl'<l .':'(H1S the flYl'r;l)!C illC'rl'H:,l' 
i ~ ill~\lllh·i~'111 tl) pH.' r()r il'l'ig"lli{lll. 

J ITig-,1I ion or 1 rlH·k <1l1d ~omf' fruit ('roJl:'. without rlouht. ('(Jtlle] 
1,(, pl'iI('ri('('I/ jftfl(ifn/lly, :1t1<1 in ~<':Iwral tI,e 1l10r (' nllllill'! (' the· ('r(lf' 

111(' mnr(' 1)I'nnl~d!r(, irrigiltion 11('I·()1I1('..... S tn:n\'J 'l'rrie.~ HIlil hl1,Il 
fruii. .. n':-:!lontl WI,II in irrigatioH, I,Olh wil It 11 finer qual ity of Jruit 
and ;.\ IlIl1 ,::I ' r fruititlg 11{'l'iI>11. 

Q UESTIONS 
1. t -POII \l'hllt flldur~ dol'S tilt, p rufi t f rom i rriga t ion dt'peud? 
:!. Wi,y i~ tl lt' i1'l'igahlt· an'a :-0\1 lim ited '[ 
3, Look lip ;"onH~ (If Uw p r ojl'l'l$ :.riven in t il l' tablt· 0 11 pag(' 257 . 
4. "'Il/Ii an' Ult' :-o(lun'l'''' ltf irri;!Htiotl waLt'r'! 
fl, " 'j'lli 1J 1"~IHlrnt i () lI I!' lJ(·tl'''~lI ry iJcforc' thl.' la nd ean lie i rri glltpd ~ 
G. \ \,iI\' "h(I\ll d 110t ~t\li n t' watf'l' lit, l1:;l'd for irri)!flt i(l1l1 
i, 1 .. lilt· "I"li llll' n i (:lllT iNI in s llspl'n"io ll dl'triJlI('lIta i o r uot't I f ])I'T1f'

ficin!. wh\"~ 
S. \ \'IUli 111'\' tIlt· Itd\'llnt..'l~{'F' :tnd di::mdnlll tug{.'S of irri_;!at ion when Ole 

('roJ! i!oi lHlt g-]'()winl! ~ 
fl . 7I ! l;l\' tI'f) 11l1l ('h wHt('r l ,t, lI ~{'d in irrig-at ioll? 

10. \y};" t iJol; m Nltlt Jw t hl" .. dut.. of water "1 
11. " -htl is " ~l'r(llld·fo{lt of \\'at.rr~ 
12. \l' lul. t i s the H"SOJU t.t~ autv of \\"R t('r? ~ B ow i ,i; it e...x pres.3ed? 
1 :.;, Ho~\' much will II, second·foot irr igate! 
14 , \, hat, causes th is vari ation ! 
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Jii . ITow lUlJ('h waU'r 8hould Iff' lLJlplit·t! III n t'rnp~ 
Iti, Study (·arl.'flll1~· tilt' I'r(lpnrtiull~t1t· illt'l'l'U";{' lit yil'ld fllr itH'I'I'HN,d ap]ili

culiolL uf \\lltl'r ill till' (,11\,11' ull 1' l l~(, :!ti-l. 
Ii'. <':olll],an' llll' ~'i l'ld l','r HIT" "IL(,I'" 7.:. illl'IH'~ \\t'r,' \!\,plh"! \\il,1I Ihnl fllf 

:w illl"llt ',.. Did tilt, bLI';!I' 111')11; (' 11 1 inn \,11~ ~ 
1::1, Jlow i!- \\ukr 1.,,.1 frolll till' i1'l'i;!,lIlion ('IIIl IL],, '! 
J !I. WhUI i ~ tilt, !"i,!!llilic'!llll't· "I' I,lIi ... III"" '! 

:.!O. Il uw ii> 111i :-; 10"" Il n'\' (,lItt'iI ~ 
~J. l lnw i" thl' wutrr IlIl'n"I1I'('c!') 

·"'·1 \\"hat arc till' lHh' lInta,!!t'!" lIud IIl l i.'C't LPn .. tIl ,-urf:Il'p l"- prinkHng '? 
:!;~. \\"1111\, i .. l'i1('I·k·llond III:,: '! 
:! ·I. ~ !iI'C' 11Ih!lIlt:t .... I .... of flJrTOn, il'l·j,!:"tiHJI. 

.!.l. \\ ' h,v ,.hu ldd l ilt, irri,!!ati'ci IUlId I ... 1, ,111;\1111'.1 """II ufli'!" irri)..,'ldillll·/ 
:ali . lTudl.' l· \\"ilni (·tlndiiion~ i:-, ini).!aliull III 1IIIIIIili (· Iiullltl· ... I,rnliinillp ? 

REFERENCES 
, \Yidkot' .. 1. .L !'rinc· ii dt',., of Inig-:ni{\11 " nll·Lin·, 1!l11 . p. !I(i. 
~ Ful"lll'''', H. 11.. l:lIl1l"titl ..J-I •. \rizulill :--".I.I1ioli. '1' 111' I: h" j I ni!!lIll1lg \\:tI.I'r~ 

i}f . \l'i%OlllI, I!IIJ:!. p. IliO. 
' \\ ' idt:«)t', .J. ~\ .. Bullt,ti ll Illi, ( ' tafl Ht.utioll. T h,· J'r"dlH'li l l ll III' ()I·.\ ,\llIff, '" 

wit.h l )i1l"I' I'('UL t,lllIllllit.il· ;'; (If Il'riglltioll \\:11,'1. [~I[:!. \\ id t ,.,~", .. 1. ,\ .. 
llnd :-'1,' ITil l. J.. A., Bullt'l in 117. l ' t.alt ~tllljon. '1111' '\i,·III ... tof I 'n,p,; 
wit.h '1 lill"'I""111 t~lIa ll l it IP'; of I rri;_!;] Lilill \\ all ·r. I n I:! . 

' Hull l·ti ll J 17, l ' tah, \..)1), CiL, p. II :" 
~ \\·idts1Jt·, .J. ~'L l' riI1l'i),I(' ); uf I rri;:lt t iull 'l' I'Uetil'I~, l!lli. p. a:17. 
': \\ ·jdj, ... ol'. , j , , \ .. J' l"illl"ipl,· .... of I lTi~ali,," " l'l1l'1i"", I!I] 1.1" :1:: 1. 
:.)10.'"';" 1", .1. I: .. lind ( :U,.,b lf .. o ll . ,\ . F .. Jlulll'tin ])'{I. 1 11ill(Ji~ :'111l11111. 

,\llIi~tll"(, /111(1 Till:I)...'"(, fIJI' ('(11'11. 1!1l:-" 
:'-'0;\ 

General References.-"·or1il·r. ~ :l nllw\. Y"arll('flk l'. S, n. ,\ .. )l ~'lh{ldH 
of .'\rl,J.l"in~ \\'llll·r . 1!)(}!), p. :?!t!. M l' L~IU,!.'"Jdill , \\'. \\' .. I-'III'IIWT''_' Hulll'fill 
:mH. 1'.:--:, n, .\ ., lrri ).!:tlillll of ( :l'uil1. 1!1\11, \\'1'1;.;\1 .. 1. t-;- .. Bu l ll,jill j .1, !rIalto 
:O:tllt,iutl, I lTi:.!Utinll I'rud.ir'l·. 1!1i ·.j_ It(lNliu;!. F, \\'. . F:II·I!lPI ...... ' Tlul1!'till :l!I:!. 
p, ~. D . ..-\" lrrigation of ,~ugltr H€'et .... J!I)O, Sl'I\'t·ll. F , II .. l/'1,j~llti(m. 
lnOG, 



(' II.I l'TI ': I ~ :\.\ II 

ALKALI LANDS AND THEIR RECLAMATION 

: \I.I\.\l.llaIJtl. .. '-Ire ftlUlltl ill ;111 r('~ioll" oj' dclieil'lll nt;nl'ilil. T 1H'Y 
ll,'·:ually Ol:i'lll' \\lI .. 'n' lilt' ruil1f,l\\ i:- Il',-;:, lilall:!n illl'hl':-, 1llli ;11 .l 11Ilia 
tdklllj );IJlLi!'l l'_\;:-:I 1'\\')1 wilh ;1 1'<11111";111 vI' -!K jlll·lIp:-. '.1'111' l,!rl'<:I;\l'-

11 (':';:-; of nlillfall ill 1\ 'IJl!'\ jilt!' ;dkalJ dt\J'~!ld:- tllH l1I il:, (,I IIH<WI l'J' . I r 
!1It.' rllillfall ('()1111'~ ill \loJ'Y h<'il\,," 1ihl)\n'J'.~_ {j~ i" tht, ('jll':(' in 1l lIlia. 
llilidl will I'UII oi l' 1111' :-Ill'fill"t' \rilhlllit Plltl'rillg' t1u.' :-lIi1. find IIl'UI't' 

will do li111(, lllwilrd n'lIll)\ ill !!' tilt' ;dkilli. .\ small 1';1i1\I':l11 ('I) mi!!:! 

1\ :-' gl'Jtlil' :·:110\\"('1':- :-:0 lhm ;1 wi ll ('1l\l'l' I he f'(lii will he lllore {'Ir,,'d in:. 
TIH' l,r]'pj'j. [011. of 11:1' 1';-lill]';111 IIl'IIt:-'lul1' :-OIlIl'Wltilt UPOIJ the i'l1i1J'

Ilf't(' !' of t hi' I'pj l. Ull ill fall ,ri II IIf'I1(,1 nliL' n 1I>(I~(' , :-:atldy 10(11tl ,..: oil 

Il1 m_,/} I ll!!!'l' I'l'ildily din]! :1 l'I'1,L I I ('II1'P, 1II1d (' !' the :-alll(, rainfall .-1, 

clay ~(,ill!l' a {' lil Y Illillt1 ;o'oil m'l\" ('tltlinill !llk,tli, while tlw ~flt!lh IWlIl1 
or'sHltd would i ll' fl'l't.' 1'],( 1111 it. Thl' Hmount 01' eYfI})(Ir1l1io·ll. too . 

p111_Y:-::' it ~o!lH'\\'lt:d illlp11dnnt part i11 ilu:' aHlount J1r(,~(,Ilt. [ ~ !1dcr 

('oI1l1iti(llL~ (jf ~Tl'id l"lljlnratilill tilt' alkl1li mil.'" Ill' hrnugJd to tilt, Slll"

fH('e. whilt, \\'illl l(· :-:!-' t·Y<lpl'J"i"lticJI1 . ;1~ in a more Ill)rthern (·]illlHtl' .. the 
al kali would IIld he trouldl':-'OIllC' <It all. 

Alkl11i t10('~ not u~u:11h- O("('nr ill hill 1:11\(1;.;. althullQ"il in F-mull 
Jerel \'RJll'Y~ nrnoll),!" bil l; alk.Jii IIWY he fou nd in ~'olli'il1e ra b1e 
Illl10111"lf:-:. ' I t 01'("11 1' :-: ai>ullc1"1Jlliy in 1('\"'('1 UplJ:lllt1:-: jj' ih(' (lr,lillage is 
ill ~lJly w;l,r illll' l' /'(:I n'(l \\'iill. A llu\' ial 1:11111...: freqnently conUIi n 
nlknli. duf' to ~e(,pHg-(' from f!It' upic111(1 alltl Hlso from tll(' wf\tf'T of 
the ,~t rt'am. 

The Origin of Alkal i.- Tn the <lec'o llll'o,ilioll of N('h and the 
furtil(' T' Ih'('ol1lpo::::itioll of :-,(lil lllntrriili. mill1Y ::;oluhle Sl1\);:;tanl"ei fire 
formed wili(_·h mllY lIot h(' leached out 1,,' Ult' small rainfnll of the 
l'C'g iOll hut ma." h~' hrollght to tho ~tT rrH'c(' hy cnpiilal'.Y mo\"emcllt. 
MallY of the ,tf'3tiiieil !'(Irk" ('ortia inl'd lIlucir ""It. dlle to the fa ct 
that they' Wel'e fo rmerl in ~alt or hrH(·kif'h waters. 'nlen t h('se be
('H ille c1r~' IRlld lhe salt Wflf.1 leaclll"d out Ifltrl' and C'A J'I" i(ld into tCDl
ponny iukes. ':Phi~ [lcC'ull1ulatioll cont inued and ult imately the 
lake became drv and a del'0~i t of alkali wa;; left (Fig-. 127) . 8all 
F:p riJlgs 80DlPtil11Ps o('('ur. the ,rnters of which carry (,onsidernhle 
nmolllltF: or alknli into (lepl'esF;ioIls. where thf':v may AC'cnmlllnte in 
I.Tge quantities. Whatever the source of t he alkali. its existence 

Z78 
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i ... lI~lIHlly llU{~ 10 dimilli\, ('Olldilioll:-'. I t llnll1ral1y 1'1':-1111)0: from IL 

r,liIlfall illsuf1iI._. icnt t\) {',HI'\" :'0111111" ltlall'rilll 11111. ,)1' I Ill' I""il. \\"hi ('h 
uitinlllh,j", ]ll'('(lllll'S so jlJl'l'n'glll~1l'd Wllh ,il 1.\:; 10 ill' Hlljlt'CJUUl'

t ire (Fig. ]'!~). 

r.
I 

Flo. 12S.-Alknli area showill£ the absence of vegetatio!l. {U. S. Dept. Qf Agrieult.ure 
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Kinds of Alkali.-Tlll' alk,dil'::' of a ri d n:giulli' arc commonly 
l·l a ~:-:jji~'d .11-1 Illilt'k. wllitl', :lI u1 brown. Thl! Idal:k l'UIl!'i;:;t; .. uJ runll~ uf 
l-llilill ill ('arI!IIJ1; l ll', whit 'l! "II't' tll(,j r 11 .. 1111(' til t lli..' (;\) 1(1 1" IJI'lJtilwL·d hy 
tilt, :'(lIU11011 uf I.rgallil· 11111111'1' lIud iT .. Ih'po:-;itioll 011 .... !lil pill,tit,!c:, 

dllrill,l.!' t'lilI IUDIIJOIJ. Tllt'n' ;11'\' II! 1(';1:-:1 T\ro rUI'IllI'; (If :-iodlUlli l'aJ'

l'fJ l lillt' iu('Jutll,d ill llll' Idil('k lllkHli. lIlt, bivarit(}II,I1c ( 11 .\'a\'O:l) find 
[111 ' 11111'111"11 ('i,rlIOIl'II.' (\H} ' l) ::) . 

1' 11(' wllitt· alk;lIit·:-; iln' l·()ltlpU~t'd JlWilll,\ \)1' l'olllllltJll ~;llt ' (\a l 'J) 
alld .::o(,dI11 1l 1 .... ulfat(' (\;I:,: :O-:(), ). jo.~\'1IH:1' with :-;Ull l l' lil:l.i!"IIl\~illJll ~ul

f,d(, P lg:--;t1, ) . p1ttH~ .. ill lll l·ldlll'idl' (1\ t ']). IJl'I-gIH.' ... illlll ddori,Jc 
(:\ l .!.{ ( 'l~) ,IIHI :-Illitll :1111011111:- ur IlI,llIy otht'I':o. , Ti lt.' Ill"l)\\' !1 alkali 

('()IJ. .. j:,tl' (II' I litn!ll'~, "lIi('iJ ,_lI'L' i'ound (tll]\' Ut 'l"I; .. iIHH!l ly ill d,Ullllg-

i!l~ qU;llltitj(,:->. j) it]'l'I'l'1ll 1I1kiIlil','" ll:'llill'ly p{TUr ai-. 'lIIix turc ~ jll 

\ llrioll:, ,lIld 11J(it-lillitt, pn'il(ll'lio!l;-!, . \ l'al't,1'1I1 'dudy or (lie J"o1 Iuw
illg- taldt, ~IJtI\\"~ tll;:- rad, Thil l fnllll Kt'I'Jl {'Ullilty, 1l1l11illl'l' {.Ill.'. 

('11111a;lI ;-;' ~(ldll1nl ''' III1'I1Il ' 1'l'illl'ip/11Iy, Ilut with :--OJlH' jll1t;I:-osilllJl i-;ul 
Lll l': IIll lll1lt'!' 1\\'11, ~tlfliUJJl :-:1I1fat(' <lilt! (,hl0Tid(, wiih ,"UII1(' lIitnlll': 
Jlun]\l('1' 1111'('1' I'olil rlill.'" .... llcliUI1I , li lt I jl,ltn:o;:-:iulH (';11'1,(111; 11(' nr ll1a ('k 
alklili l 11r~('ly: \\lIil(' ]'(1(11' i, .. " lIlixlun: u l" :--odililtl :-;ulI'Bil" chlol'id t\ 
Vii rlldltall'. <11111 11 i t J'1I1t'. 

l~f'1'I'(',d(/I/I' rOI/l/lo, .. iJioll rif S(l1II1' 1" Jpicol Alkali Salls J (Hilyard) 

l\{,T11 :'I l euithc r g~~':,\;,~ I Tu",,~ 
Count~', COUtlt~' , W nshing- CO,uut~,. 

C:difornin )' lo tltun:1 ton CahfonllU 
------

Pot:l..:.;h 5.14 1.18 n,nS 

\ 

1.76 
Soda . 36.90 il9.56 4.1.59 38.39 
Lime 0. 15 2.8r. 0.03 
l'vl rtj:!; lI('s i'l 0.23 1.31 0.07 
],'('rrif' flxid·' ;ulli :til~ lllill ;I" 0.30 O.O! 
Sulfuric ac id 51.23 34.97 0.09 I:t.20 
C'hJoriut, 0.29 15AO 0.99 7.40 
Cllrbcmif' ;1.(' ;<1 0.23 1.1 9 34.93 11.G2 
!\il.ri(' aciel . 5.37 10.50 
~~~sphoric tl~'id 0.09 1.05 1.05 
tilhc:t., .. '. . , .... ... 1.34 0.05 0.82 

1732 Organic matter uni t w:lIE'r , 4.07 1.29 7.!J.3 

Tilp nlllOullt of' the tlin('l'('llt kinds of alknli is not ('on stant. but 
(' hnJ_j~('~ I'I'I\m \r ('ck to week. 

Effect on Physical Condition of the Soil.- T he ulack alkali 
,1efloC('lll"i(" the ,oil, producing a l'ur]tlled ~on rl iji on due to the 
sol ution of the OT,!!'iIJriC mntter, A yeT:' ('lose rea rrnu,Q'('mC'n t or th(' 
r8t'ti(,te~ occu rs by 'rh ich the soil becomes imperriOTIS to water and 
pra ctically untinable. This clOSeT arrangement 'of particles de-
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creases tlll' ' -OiUllll' . PI'UdUl'ilig iI :-light dt'l'l'l':-:-IUIl III \\h1( ']\ \'uit'r j,", 

likely 10 :-olalld. 11 al:-ll tl'lIdl' ttl fprlll 11111 ~11 alHl illlll~'n iou .... :-:trnta 
aL difl'l'l'l'lll dl']'th!- ill 1111' :-011. 

'J'11l~ wldl{_' alk<dit,~ haH- Itll illjllrj(tli:-. l,(rl'l' t Ull t ill' :-;oil. IJut. uri 

!Ill' 111 Ill'.!' [wild, tl'l1t1 tl. pI'IHiUl"l' a _;!nllluhu' l'ilanl!'ll'r Ilull I ~ \l'ry 

LI\OI'll'J!c tv tilth. 
Vertical and Horizontal Distribution.- Tlll' dil-Irihutioll of 

al~:lli ~;tlt~il" \lory irl'l',!.!ul:rl'. 1)\1111 it, illll\1l11l1 ;llId kltll!. Tht,rnl lll\\"
jll~ Lnlll ~ gi\L' . ..: till' \\'rtil-.11 di:,lrilnllHtll III HIll' Id:II·I'. \\ hit 'll Illil.\' III' 
l-lllHC\\ lint J'l'pn'''t'lI\all\{' ur 1I1!), .. \ alk:di HITiI:-:, Tlll'n' j", H llltH' (If 
:rr("l1 C:-- I i:Olll'11ldralinll :It alillut lilt, til'plll or all1l1l:l1 11l'1'('o];lIiIJIL 

Thi:-:. ZOlll' i:-:. 1!JI/\\'\! dmrl\wllrd :-:\i;:.,dlll,\ IJ,\ 111(, Willll'r llllt! ~prillg

raitl~ Hnd i:, hroll,: .. :-[It upward hy :-111l111lt.'t' t,\.q!41J,.liil'll. 1 11 ill',n." l'oils 
it, will U(' )t{':Irn thv :-url':lI'1.' tlHl11 ill I 11. '1'1 Ill,.d lit' (lilt' ,", 

l 'crliral /)i...-.triIJlltirJlJ of AlI,;a.li Rf/orr IIml I/Ir'r / rn'r/IIfiflf{ (II , '(lrio/(,<; /)('J1lh.~. 

~==~~~'J'ufan, ('llliJllrllill. 1'(lluu/s /)1..'" :\('r{ UJ ilfl(lr_"_,~:_) ~==~ 

o to I; jJl{!Jj(~;<: , 
() to J:! ifldlC~ , 

12 to 18 inelies . 
IS to 2-4 itlchl'S 
24 to 30 inches 
:~O to 3n illl'hcs , 
:i6 to 42 inches, 
42 to 4S inclH's . 

i\by:::, 11')\):) 

35() 
4(\0 

1:)50 
~ I (j() 
75~O 
B[>bO 
o:l80 
1aOO 

;-;t~pICIIII)c l', l l-iU:, 
420 
4~U 

17l1! 
4·1.;0 
7blU 
HIJO 
I TkO 

li!JO 

l!:on' land, irri~ 
~a,,'{1 f"ur ~ curti 

l\ l ay. _ISfJ5 

J2~:W 
7:')-10 
HIXO 
J:jZU 
l:lSO 
7liO 
.~:-m 

.,1)0 

The aUlount or ;.dkllli ill an ill'l'iI OJ' l!\'t'll ill fI f! lIlfili lipid \aries 
almosl jllf-inileiy. Jt :-l'{;n!~ til 1110\(-' from p!ac·c to "I:w('. r'O th<lt un 

area with abllndant nikali may ill !,'iJori time. Pt:rl1Hl'~ Il ot oyer a 
w('ck or two. llil\p mud) J<':-F-. Thr killll of alkali \';lriPF cn:1l Illor r 
than the qualliity .. '\ ::pot or hlnt'k ulk<lli may dlf1ngC' ic, white. and 
111.c(' 'r erSa. Low phlC('S in inij!<lted ]fllltl wilJ llF-ually ('ontai n IlHlFt 

alkali. "lie] are f rc'<Juontly ['allrd alkali mn,.,ho;. 
Effect of Irrigation on Rise of Alkali.-Tho lon,lrnry of irri

gation is to inC'r('a.~e thE' nmOlllll" of f'nlponltiol1 1'1'0111 til£' su rfiH'e 
of the ""i ). TI,P ,,-a[(')' '1I'I'Iio<1 0111,·1'.' till' .,,, il. rli'.,oJro.' th" R" Its OJIlI 

carrj Cf: them downwnrr1. \\,lwn f'YHpornt ion hf'~inFi the water mOy(l~ 
upwa 1'd. ("HrryiTl7 the' ~a't:-; with it nn(l d('pn~ i t in~ Hlem at the Su r
face. The efl'P(·t of f:ll('('('sFi,,<, irrig-ations flnd the exr(l-~~iye evapora· 
tion Ibat foll01l's is to transfer la'rg-c quantities of salts to the sur-
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ffllT fool (Jf ~t)il. '!'lIi/"l i ... !-']'okt.'11 Ill' a" tlli.: .• ri:'t, of alkuli" alld the 
i'll't't'l iR hi r lliJI tlli..' bllld for ordillHry (·rup~. Th(' n'~uI1 i.-: w('11 
!'h(JwlJ ill till' iahlt.' Ull page itll. whert' tht' fo:lIrt'iIt·(1 foot ('41111!l i ll l, d 

I:).';'ti() ,'(IUIHI...;. whill' I Ill' ~ ;IJllC d~'lllh llndl'r Ilatural ("oullitioll::; ('011-

tuillt,d H{ifl ]'ounu .... 

A IIImml (IItff ( 'mn]JII,,,iUrlll of Snl/:;; i ,/ A {koli SIIII! .fmlll (" ' ,lfl-r ftj ( 'ir('ulII,hn' IIC(', 
4 Feci .J.partanc/ I Fuul J)(rJl l 

Pot:t"iSiUIll :-;UIf.'IIP 
Sudium sulfate . . 
~li\l!nf'siulll l;ulf:lIc 
~odilllll r hlnrid 
t'ltdjlllH ('arbo!lat(' . 
SodiulU phoSfih utt' . 
t;odiu llI l1ilraH' . 

('CUleT o( FI,ur EII;!ht '1 .... ,.1\ L' l'U!\'r 
I"I)0t h',,! f'oC I f('t ' j I!Iltr}!1I1 

1~~-11.92 ~I~ 
I!l..~-I 12.S.1 23,72 2:J.!17 W.!lli 
:U)T ,07 .fI:j :2.():j S. :l!1 

I ;~.SO 2:J.T~ 2-1. 1:3 24.::n :W.tiO 
50.72 ,-,O.flG a7,:'j.) :ifiAH 2H.B,I 
&~ ~~ ~ I~ 

.:(() .K7 . I :~ 

'I' ht' ilTigatlPl1 v;}Ilal~ ;JIlll Itllch(.· .. t-1I11h'tilllt':-: 11,1 .... rhrough ;1 
'rnttlt'J' opell :"o il that l'l'J'I11 i!.;,,> ('oll:,idt'J'<lldl' :-\l'e p<.l_!.!'l' . I t i:-\ l'st ill latl,d 
that ;W jlCI' ('('I lt (If ill{' \\',lIl'1' 1l1kl'll jll fit tli t' ill'cHigat(':; ;:-\ 10 :;:'( lIy 
!-Il'l'page fnl ll i illl' ('Hll/ll~ tlrt' 111:o-t'hl':-\ ;\1 II I (1Ilntirl' l' tilird b: ,!.!(Ill<.' llf"fon ~ 
it i .. lI~ed fur irrig-Htinll. 

'nl i ~ H·t'p~g-t:' \~' atl'r plt,':~w.'-\ "Hough IIle ,.:"il. di.lO:-:oh·iJI,!! the alkldi. 
flUe! fiJl al ly II0lii water alld alk1l1i ,,:Wlll' jt) the :"ur/',w(.' ill :O;llIlH' ~[i,!!htly 
I\lwl'r p!tll'(_' i ll til(' li(l ld. Thi:-: aikaJill(' water gi\'cs ri se to alkali 
lIl al'::: lll'~ whic·lr. although \ (-' ry small at fil':-:t, g radu ally i\1 (, I'l'i-l:O:P il\ 
I'i;w 11111 il 1I111('h of lIH.' [;_!Iul i~ nlf{'c·!.l,d. Tl l{'" ]'i~c uf alkalj " ha:; 
ru ined IlI!',!.!'t' aII1UUHI .. of lal1d iJ('(';,IU'-:1:' oj' the e.x(_·e~si\'(:' use or irri_g-a
ti(lTl wfltef. '1'11(> dcsil'C' of fn rmers to get their .. 1l1 0I!ey ' ~ worth " of 
wnt t'1' hi:l:-i ha~tell(_-'d their ruin. 

Effect of Alkali on Plants.~A reI\" plani~ h"l"(' \I('tOIllC adapted 
to g-roWil1g wher(_> ];rrge amul1Ilb: or alkali are rrc;o:cni al1d a re in
j ured oilly \rhell tile ~(_)jl hl'('OIlH'f: Yer." s.trongly alkaliue. There arc 
!" Illrl ll lorHl IHeas wlH.'l'c t.he alk,lii is ~uH;('iel1L to kill all \'e~('tfitioll . 
. -\ .0: 11 gtlllend ruh' . the~t! alkali-re:::isiRnt plan ts fi re Hot of nHl(:h ec'o
nomi C' jmportallcc. 

As a resnlt of this poisoning, eulti"ated plants fire injured to 
"llrying degrees ( F .ig. ]'29)_ \\'Iwl'f' the alkali il" \'ery ~trong the 
plants show a s ickl,· grolyth ana finall y die ,,·it holll frui ting. If 
Jee.s in amount they may become dwarfed 1111(1 prod uce ra ther 
:::C'ftnti ly. Affeeied h ees show n SClmty leafage wit.h small fruiting. 

The exlemal injmy done to plants is confined to a narrow zone 
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Ht the Hlrflll'(' oj' tilt' ;o.(lil (11' Jl(_'aJ' lilt' run! ,'roWIi. The lli-ll'k JS 

1ul'llt·d to H 1'1'4I\\,11 01' I,Jilt'j..; ('ulLlr for aliI/III a hall' iudl <lilt! IllUY 
t'lI!-iil) lit- ),v(·lt'd ttlL III (11,lIn \\oril:-:. UI(' plilHI jlll.~ \)('('11 •• gil'dled:' 
1[' tlH' plililt dUl'''; III't di l , it h('i"(!IlI('~ 1.II\p1'ldil~lh\c. 

'!'be 1'0(1).. [tI'p n(d illjltl'l'd jl(,!,(,t'plii,ly tn illly dl'ldh . fl~ 11 genernl 
mh' , but;1 i.~ \(·ry likt'Jy til/It IIII' l'!11il'(' plil1l1 i:-- poi:-:olll·(l IlHlJ'C or 
l(',~'~. It. ; . ..: (I llh- \r!/I'n' l'Olll/HOII ,"ill, j .. n'IT IlllI/lIIlall! ill tile snl ,soi l 
Illlll 1111' dll('P(';' J'()nl:, [In' illjll1'f,d. . 

Li m it fo r Germ ination an d G rowth .- (; (,l'lllill<llill!! l1]ant~ arc 
11l1)~t ~{·tlHili\'l· tn <lll,ali. hl'lIl'l' ill'{)llljlnr;lli\'l'ly ~lll:lli .1111(111111 ill IIl l' 

IU(lhr8t A 111011111 ,~r .'tllw/i ill W hil'l, 1" (/1I1.~ I\"I"I( Fmmrll'lIaif('rfr,/I- .'irrrm(wd 
from lJ i{/hf',~f {(I LOU'f"i)f. 1~(JlI1I1I..~ Per , t C7"(, Fo ur F, "f'{ f)" I' fJ 

~~-

I --;;:;;rl"{"~ (" .. ![b"III.I'· ('II~Hrid(' I '1'1"1<1 
___ ~~~ _ _ ~ ~:t1bt'r·"s[\ ll l . { ,.~,I ~odl» 1='1111011 M:II1J __ "_"_1I1_i _ 

~,d",r"s< ·J4,O!Kl I l'lli.2'() iO.:mO I 3~t, t lO 
~t,l::t\f~ll~l:Jld . ~~~~~,~g I ~::1~;g ~ 1::-/20 ~ fg:~~g 
~:;(fl~!:I.H . . ~:~,~~g \ ~:~~g ~:~~g ~~:~~g 
HUl!;ar h(,\,t tl:.!,li40 -1.000 1O,:.!40 il~.s-tO 
nr~l pc!:l . .1(),"'iOO 7,:') '-,0 !),{i-lO 4:,),700 
Onjons r).),o 0 :~~) ,ISO 
POI!lI{)('s :'),:--: 10 :38.4~O 
Barley . ... . . 1 2.0~O 12.170 [', 100 25 .. ~20 
l~lul.cll \\'l le:.lt. '.m , ~It}() ~,OOO 1.480 24,320 
OmnlCes . JS,GOO a,MO 3,~nO 21 .S40 
WhL'~tL.. . .JS.12() 1.4,-.:0 1,1IiO 17.2.1:>0 
App les. J"(,3-1() 640 J ,24-0 ]6,120 
('dery .. , . ,. 4,O~O 9,GOO 13,680 

n~,~~~f:'~' . ~~)~I~I~ . lll:~gg 9t;Q' i;720 ~ ~:l~g 
D:l.I,{' palm i),!"I()(l 2,~O() 8,32'i{ 

:'UI' L.I('l' :::Ilil nt ilHit Ilt'ri\ltl liJ<lY 'JI'OdlH..' C' H'I'Y !-i(' riuu ::: rC:'lI11s, A s an 

illu:-<tI'HtiuJi. ytlllll_g" idl",l\j'U will Jlnt ::l<1l1d lllol"l' theW j:L{)!)O }JvlIllds 
of ,aJkaij jlJ the ~I)j) II) ;, 11i'/)t1l 1)1" filII!' fed. ,r)Jil e 0111 alfalfa will 
flullrj~f'h ", IIPn' ll Parh' fen tinlr'~ t.hat amount ex ist:::. 31H1 this i::: true 
mUl't! or I(,~F- of ill I ·plants. 

I n the gT()will,!!" of C'c rtain ('rups Fj)('c·ial method!" arC' emplo~'ed 

for redu('inp- the amount. of alkali in t.he f-aIrfaee Foil Ulliil the plrult 
bc('omes old enotlf!h to re:::.ist it::. (' freet . An plants are not equally 
in j ured by the same amount of alkali. Some will grow and flourish 
where otI,ers "'i]1 die. In the rase-of the tu,,,ock grass. it will grow 
where the ,oil to a depth of four feet contains ~n9.000 pounds of 
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IIlkidi. u'hilt' ':"0110 01' I~/)Uf/ (,(lUI/d, .. \I ill illjure dlt' k'llIl1lJ Lree. T ill' 
p\,(.'(-cdillg iahh· g-iH';O lhe liiglll' .... l allillUII! \,1' Idl-.lIli ill \\ hil'h plullt~ 
\\"l'I'I.' Jvumi tlllltll'I.'( ' ll·'l. 

_.\~ il gelll'raJ J'ull' pbJlll.:- I'JIIIJJllt willJ"lll!lIi Jllt}l'l' llwn O, J pt'/, t't.'IIL 

oJ .:;odiulll t'arl'(lll:ltl' ur It;,fJIH) I'Ulllld,. ill /I ([t·pth \11' -l feet, o.'!.-, J)(" I' 

(."('l1t UI' -::111,000 p()lIl]1l~ (If .... ndilllil t'lduritlt' (II' ('.1111111( . 11 i'ail, Ilor 

1110 1'(' lltan n .• -) P('l' ('Cill UI' :-:0,\1110 }l41111Jd:o- (,I' ~\ldiIlJII :--Illfnjp. I f tIll' 
<l11l(}Ul1t:-: ill('rL'a:-u Lv allY 1'\lI'llt 1,1,.\',11111 lllt' ... ", I ill' ]llnll!/,( Hn' \('I'\' 

~{'riulIsly irljUJ'L'd. . 
Utilization and Reclamation of Alkali Lands.- T hl' Inr::,::(' 

L'\Lellt lIJ1tl t!l'nll \:lIUI' of 1I1kilii land:- 1lI,Ikl' tlll'] 1' utilization alld 
I'c('lanl<llillll :-0111l' or till' !till:'! itlll'nri;lllt I'J'OIJ]Clllr' ill irri,!,,!Utl,tI 

I"l'l!"ion::" ,rhill" a great Illatl..'" I w'thHd~ IW\l' [it'\'11 Il"il'd with pUl'lill1 
~UC:I"l'1'!"i, ~"d the 1"1'1l1O\al uf till' illkali i:- tilL' olily !'{'IIH'd,,\" thai will 
prrnHllll'll tly n"d,litll tl1(" lalld. I I Illil_\' I'I' \\,,(,11 III lIotil'c )'lOllH' or 
1he more or Ie:',:; tt'lIlp"nlry l':\.jJ",'dil"llt:-: 1"1)r utilizing til(':,(' rooi l::: . 

1 " Growing Alkali~Resistant Cro ps .-.\I/ Jilall l :-i un' n01 
l"qunlly ~l'Il~ili\l.! 1Lt alkali, :lilt! tla' I'l"lddl'lll hL' I'c i...: t il finri l h~' I'rop 
of JligllC~i \ <11tH' tlltd will I'l' .lIrc'l·u,d II'a::t 1Iy !ltl' "al1~. rr lle SHII 
gnts::; alld ~,dL LtI~III't" g"I'(I\'" uII.!I ' r ('xtn'!lll! ('OI1l1itill11:' Illld tIH'Y flrt' 
o! eOll:-:idcraldL' \HILle 1"111" ful'<lj.!l'. ~\\"{'I't ("If)\l'l' (~l ('!il(lt) g l' ()\\,~ 

wl..'ll wb(!J'C! alhali i~ q,uil,' HhlHHltlllt nlHI rU],lIi!-:\I('~ \(,I'Y !-",oori paf'lurl' 
and i'UY;ltr(· \\ hl'll ('uL Hlr)y. 1 11 ,>:uJllt.' pl;.i{'t"": it. i ... ('/'fI H'(Jill,![ (Jilt oth('1' 
plants. F(l l' g;lilli1Jg tlw rt '(]ui..:.ih' klHl\r!l'll_!!(,. 111(' ki1!t1~ alit! a lll ount:: 
of cac,h alknli 11111~1 I,c d(lll'rJllilll·r"j ,lllil dLfl"l'J"l'lll {"f"()P~ .~l"n\\,,11 10 iCHl'l1 
tlJC efref'LS 01 \HJ"yjJJ,!.'" {jllJUJdtil';-: 01' ;-:;]J1."; UpOJJ tllC'lIJ. ~·\ rl(·J' ,!!t' t t ilJ;..'" 

ihi~ jlli'ol"maLiuu jJJC 'l('tt'l'lllillnii(1I1 (Jr 1hl' alkali of IIC'\\' laJ](l~ wil l 
gi\"c a. Y('I"Y ,gO()(.l iilea (lr tbe ('!"flp!, tl, ~I'(IW. 'j!aIlY plllnt;-.; arc m()~t 
sensiii\"c fn alkali \\'llClI YUtlll,!! !l1l(1 :-;.0111(,' :-pc("ial l']"c('aulj(Jtls 1111.ISt 

he tak{'11 jn sltlrtin,!! I 11l.'Ill , .\ :-: H ~l'Il('nti rule i-'hnlJ(I\\' Tootin,g' ('TOp:.; 
are more sCIt::-ili,'c 11][111 lli(, l1C('Jlcl" rfl(dillg" ()11('~1 :-11(}1 ru:: nlfalfa and 
meul(,t. \\·h(Ji"e TOOlS c..'i:tellci h('.\'(Illc1 tIl(' ZOllr (If gl"eah'>:i concen

tration . 
2. Retarding Evaporation.-Alknli sail, ,If) IlW,t of th"i r in

j ury "'hen llen r ih~ !'urra('c" T ile:,," are In'ought 1]1(:' 1"(' hy the upward 
m ovement :tJHl c\,i1poJ"}ltioll of ""Hler. amI anyUlillg that will p revent 
t b.is will rl'ltll·(l the flc('umulntion of SilltF; ill t.he r.one of g r('atest 
jn jury. ff his 1l1~~\" be done in two wfi:"fo"--by mulchln~ and shad ing . 

'l'be effirieJl'·Y of R lnY~r of ,oil in finc tilth (() prevent c'·.por.tion 
bas alreRd,' hcell di,cu,,,,,d. T his should be three aT four inches 
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d("op 10 I.e lllMi eI1,,<"Ii,·(' (Fig. 1 ~1U). Thi, lIIulch if maintaiued 
will PI'(:!w'11L C~l'I.'.<.; ... i\'c l'<lpillary Illon~lll(,l1j ulltil tile crup is f!.ufH~ 

,-jeIlUy larg(' it) ~11<Idl' till' )!roulld. Till' maintellanc'e of jhe mulch 
!hell ht'l'fI JlH'!oi of Il'~~ il1lpol'iHll(,C. .\HHIfIl dllrillg till'('t'-I\l1Htil:-: (lr 
the till1l' of it:-: g'l'()\\lh fUJ'llil'l,(':, fI Yl'ry rl-Tel'tin· .-:.hHlle. Eraporalioll 
frolll :-:(dl of' Ol't,lJiJrrl:-, i ... prl'\(llltl' tl \PI'Y lt1:1tt ·ri;_llly 11,'- thr ~ha.c1il1g of 
tlip Irl't'." . . \ nitil-j;d 11lu]t.IH'!-:, lJ:' )!tnlw. h·,I\(':; . ,..:a n-du:.;!, ;1IHl1ll:1I1lIrt'_ 

Ilwy he II"';( " !. Inl! ;In' \(10 (I\jlt'H:,i\t' for IHrge lIn'a .. alld nul.'" pM~ihlc 
for higit-prit'cri /'1"0)1:' Ul1dl~ r a \ l'ry illt('Il:.:j,'(' ~y::.tl'lll (If ;1,!!ri('llitur(', 

:1. Deep Plowing an d Turning Under Alkali,-The 1'1'Heticc 
of l'1l(·(lIJra,!:.6IJ ,!! t'\"<'l]Hmdiotl j,.: ~ulll('1ill1(':; rt'fmrl\·d to fIll' llrill;,!" ill;,! 
tli{' alkali to thL! eUrLHl'l.! alld th ell turniug undLT 8U del'ply thut it 

Flo . 130.-i\n orcliard ,,-eU {·tdtinHed prevefi{!'I the risc {J( Hlkali. ( L', S. Ttedamatioll 
'*T\·j,·e. ) 

\\·ill net ri;e to the ;url'"ce until after the YOlWg crop has pa,'sed 
throu!!h it::: most s.(,Il~itin" ~la~e. T·h thi, menlJS alfalfa Rnel other 
(' rop:-: ~1ll<l.\· III:~ :'iLllrted. ' n](~ rl tile' vro,; i1tbJirl:-l' Slf(·jl ::;;1.(, tlli1t it shade::: 
tlH' ~()iJ alld the J'oot8 take up the willel' f rolll bellt'ath. ('oillparathely 
jittle moisture erapMilIes I't'Olll the ,urfR('c and [he alkali is Dot 

('arrie,d up to any e:dcnL 
4. Neutralizing Black Alkali.- T hc hla('k alkali w.heJl present 

jn amounts of onc-1enth {lJ 3 per cent pl'C\'ellt!5 the growing of most 
(·rops. Sodiulll 8-lufate may lie pres(,I1t iIJ amounts ih"e times as 
gJeet before it hec0me, injurious. R.'· h'entlug the black alkali 
spots with gyp'um (lend pla,jpr) " chemical reaction takes pI""e 
when moisture is present, producing 80diuDJ sulfate and calrium 
caTbonate. The former is not sufficientl)' soluble to be iujUTiolls, 
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while tlll' latter i:-: \'pry ht'lll'fh·j,ll Iv illl' ::oil ill iL..: jlllddll'd ('olldi
,ioll. The l'clll'tiolJ i1'i 11S follows: 

Xa,('O, + Cu~O. = Xn,!';O. + ('1ll'O". 

The nmouni to lie applied Lll' P(o]_\(.Ii' UPOll 1l1l' all)oulli of nlkttli 
present. Tw iee ,\.:; IlllH: i1 gyp.sUIll a..:s IJlal:k alkali ,is Ilt.'l,dt'u. but it is 
he!-it 10 flpply :!uo to .J,01l pound:; }In Hl'n· illlllually. ) I oi:,tlll'c i ... 
11('('e~sary for t!t(, rClJ(: li{HI til hlkl' plal'c, The l'ilill1g't.' ill tiH' pl1 ,\'
:;i(,,11 ('olldilioll ~d' th(.' ;';I,il i~ 1\" illlpOl'liltd n..: tllf' ('lll'lIlivlllell'p('L T he 
impcrriolls :::() ii lJ(.'/-.dll,": to ~wcll up, II(:COIIH'~ IH'I'Oll:-\ alld i"OOIl the dt'
prc:-::·H .. 'Ll ~Pllt iii IJI'(lu,l!ht to the g(.lJIf'l'ill 11"rt.'J. 

[J, Removing the Salts from the Soil.- Thl' n'lIlo\/I1 (II' Lh l' 

f: HIt::; js the ouly jlL'l'lIlil1ll'lll rt'lllpdy for I'l·\ ·luilllitl.!{ ulkuli lillld:-, 
Thi s js aC('(Jrnpli!'du'd in s('\'l'rnl ways, 

(a) H!/ j~'(Tapilly,-\rhl'll eXl"t':O:::I iw ('\'Hpor;_ltiOll h!l~ ilrought 
];lrgr ljualltiti('s of alkali to tIl(' :-urfH(·p it III1lY h(, :o:vrll pl'd lIfr with 
IWU Of 1111'('(' iIlC,Jh',": of t;oij 1-1))(1 thrrn\'lJ into r1raiJIJlg(' :-y, .. q(,J]J,"'; tl11l i 
will caTT.)' them 011' tltl' IHud, Large 111I10HlIt:-: (If <Ilkilli IllII," he re-
1IlO\'eu in this \\'ely . hui this a.pplies to small arCHS uldy. 

(b) Flo(Jdin,q.-Tlw lIlbdi lilli," he lcG."j,(,U c/fllI'flIIY{'rd into tlit> 
sidl to a depth of th l'CC ()r fOllr ft't't I)_\' Ho{)(lill)! ~o tlwt tiH.' crop mH)' 
l,c temporl1rily relie\eu from all.Y danger of injury, .\ttcmpL..; hnn· 
"eeli maue to \I'a"h the salts oft the lallel, /iut sine" they soak illto 
the sOli as SCIOll as uissol\'ed this js .imj)(ft':-:.ihle. 

(c) B!J Crop/rinq,-TJlis IlH'thof1 js to pmduvc {·f(lpf:. that. iake 
up large nUiOtluls of alkali in {heir gru\\~ih ",llid} wilf hI.' Tcmm'("rl 
wHh the crop. The AlI:'trnliau ~alt 11l1~h Wil{>11 malul'C ('(,ntnins 20 
per c:enL of' ash ilnd yields af: Illm'h r1R nw' lon~ PCI' Itc're. A Fiinglc 
crop will l'cmm'c approximatriy a lon of alkali, 

(d) f"lIdeTflT{I,illa_qe,-Lrll('hillg (lut th(' ~alt..; throug-h IIIH101'

(haillag-c i::; ilw mo~t ])rRriic'al <111(1 prrmaHcllt rrm('dy 111nt Jw.s 'I Jeer! 
d('\'ised. 'rIli:-. of eOllr:;e. rC{luir(':: l1 thm'ou,frh clrainag-c ~.Y:"\tcm as 
romplde as for draining the swamps of' humid regiollF. .\ fler the 
ilrainage s.r~tem is lJlstalled, th e $:oil mn~t \,(' flnor1('(l to leach out. 
a larg-e per cent of the <alts. <0 that there lI'ill he little danger from 
alkali Jater. '111is l'cqlliJ'c~ H large amount of wairl'. flS t he flooding 
mm:t rontinuE' for se\'crnl month~ (FiQ'. ]:ll), \}Hh r,-cry hriga
tion s.Y!';tem a cOl'r('~ponding- llnrlerdrainarre ~ndcm Fiholllrl b(' in
stalled to (,flrry off' the w;ltf'r from f'xcc:::~iw' irrigatil'ln and e-e£'pagt? 
which is largely respollsihle for the l'i.'e of alkali. 

T o give lID idea of the way reclamation is accomplished hy 
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AU,ALI LiL"D~ A:\ l) THbm liliC LA1IHTlU:\ 2:;9 

Icaching lei u':: l'oll:-idl'J' II/'il,ll), I Ill' l\"ink 011 il 1 1I·lIl' I'l' jnlel 1't'( · l;li lllt·t! 

Ileal" :"'i .IlL Lakt' l 'il,r. 'l'lll' ~\Jil W/\:-o 1!:Hlly 11lrl'I'kd by aJkuli, th en: 
1!l'illg Jl'tllIl :.!.:I \0 ;, Ill' l' ('l'lll III <L (k l'll, uf _flll]r 1'1'l'l. Til t! snlL-i 
were princ ipllily ~odiulll l,ldlll'id al1d ;"lIdiulIl 1"ulI'HII" Hnd ;,oint't' U.~5 
pe l' ('em of tlll' 1'111'111('1' .llJrI !J,;, Iler n .'lIt uJ' Llle [aw,-, !' I'l'III'l'Sellt Ul{! 

L1)1j)t' J' lillll1, uf n' .... i ... l;IIHT (If Ill!)":! l'llrJJI erop.-: it Il'ill ht· !'it '( ' 11 thtlt the 
};ll!d Wll.-: IronlJll',';;:-;. 

'ril e wllrk hl'gan In l!)O:!. 1IH' HUI"(':\n of :--: nil~ alltl [hill ~l nli(lll 

('ooperaliug.:' A sy::itC' 1l1 or nJIt1( 'rd l'ililJa~l' I'-as iw=ialll'd. till' l<lt(,l'lIl...: 
hcillg lli rcl'-ill(·h ~ll1d fc,UI'-illt'li till':'"'. I:d) rl'l '! flJlH],j alld pint'cd f01l1" 
fl'ct UCt!p. 'l'11C soil was 11 :-;i.Ludy awl ciill} lUflm fro m l·t to ] l:) 

Flo. 132.-Wh('!\t, on tf'f'binwd ulbli lRnd 1l('[lr Fr"~lIo, ('.Ill. n"{'\aimpo hy one year of 
nm)liillg wit/j Ulld,·rdrlullIIl!l'. ( U , S 1)/'1,7" ,o\J!r) 

iJJcbes dccp; the lllltlL'rJyinf_'" m;)fl 'J'i,J] n lJ'j!'t] from Jl(.':Jvy Jo:ml 1..0 
day. r]_1he total yolulllC' of wnll'" u~(,d in f1nndillg \nl~ l i.H!l(i,FHi(j 
cuhi c feet or HI.2 fpet oecp 0\(' 1" tho ~II OCI"<"S. TIl<' l"l,,1 ""\Is '·c
m oved in the 8.j'-;-;;.9..tO (' lI bi(' I'('('i or (lrailt <.1 ,!{l' WI11(']" WHl' 10,l i;j..t.OOO 
pounds of ,:)317 tons. or a houl 011(' 31111 fJlI('-fnurlh poul lfl~ fin (uiJic' 
foot (If wnt-c r. The BIIl()\rlli (If nlkali in tlll\ s() il at the hcginlling 
was 6651 ton~. AhouL fW PPI' rcnt \nu; f C' lll(wcc1. 

The (·ost of illi=iLalllng Uw (lraillagc :::.'"~t_em waf: $1 (; ,!';O pel' acre, 
A 20-8('1'(' tl'R('t nt rr('~no. Cnlif()rnin . wa:.: reclaimed in n similar 

way. the ('o~t of j Jl~tal li n!! lilt' (lr~lillag(' ~y~tem ht'>ing til(' "n me as 
for tbe Utnb nren ( Pi g-. J ~n. T h;, lalld had heen r,,,·ch>1,e,l for 
$350 per acre an u Iras "I)undoned 1 0 years aHer its purcl Jase. 

19 
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FhJ(Jdilig WU;; 11(·gtlll Ol1 '\1un:/J J, l!JU:J. ;uH.1 ifJ 2\ulcllllwr. H/f):1, 
:dfHlfa \Ili:-- :-lvcd(·d iJll Ihn'(_' a l' rt:~1 wld l·!J Wi!.'" cut. ~ix Ulllt':: the Jlexi 
."l'llI', Jll'udut·i !lg' a tollll of ~ :) . UIIIJ jJuulld:-:. of al 1',11 fil hay. 

Ulh\'r lTilvb. :\urth Yakima. \\"ul'ihilli;101\, HilliugR. jfo:1tauu. 
:I!ld TellljJe, Arizllllll , \\'\'J'l' redainll'd. Till' ('(J::t <d' in!:=taUillg the 
drllillflgt' :-:),1'1['111 laril,d frolll !fI'!l tn ~;~:; p(lr ac're. 

Hardpan .- \\'l!t' l'l' bur<lpnn OC'(,III':" ill 1he !=u"~()il l'('("lamntion i~ 
:l 1ll11 (·h lH()n' ililli('ult pro(·(·~:-;. Thi~ If1.Y~'1' u~tlally Yflrici- in depth 
/"1'11111 UII(, io fOlll' fl,t,( Ill' (,\(.1] IlIOn' , Tilt' {'l'mclllillg- llwj (,T'ial may 

II(' ('alciulll ('Bl'11u113te. ir(J ll ('OlllpOllllll:-: or otlwf :-\uilt-i1f111{'l":: and luay 
I!\' fl'IJlIl a f'{\\,' il1dl('~ f~, :'t'\t'rai fl'f'l illlhil'kll('~:'_ I II :-:ome inslnll('t'~ 

1/,(' Hc-iiOIl or the wat!'!' is: to rli:-:illtt'; .. !T<lfp til(> llill'll p;1 I). and wh ere 
tlti~ l){'(-ur~ littl (' dilli(-ulty i:, (-[1u:-cd iJy it l'akium c'arhollutC' 8-ome
tjme~ nc-ts ill ill;,,,: \\":IL 'r.-:u,alJr l)lj..: ·clor,..: l10t ()(-('Uf [llld it h('romc~ 
priH-tivally illll)\,:-::o:ilJ]~, i() 1t";1 (-11 , (lut till' nlkali hpral lFC the hnrclpnn 
\\"ill Ilot 1)(>T1l1il t}}(l ''Vat er to IM::'-: do\\-nwnnl_ 'rile alk<lli may be 
jt'<I c- hrri 101h(' cI"Jdh of tlip hartlptl.fl, hut llllH:h of il r(, IllHiIlF in tJlis 
1'1 rat UHI and SOl'll! ri~l'~ _ ] r tl1(' hardpan if=. duC' to hla(-k alkali it is 
ll{'t'c:,::-ary 10 lI eulralizt' thi.:-:. with g~l)f.:l1m hefore- flnt)(lin~. 

]110Ft ~oi l :;;. c$pet-ially silt jnamF, ('lay ]OHllI~ , Hni! clays, arc 
injllJ"t'd mOTe or If'~S hy .f]oodin_g-_ Thl' g-rn llU lcf=. !.lfl' d('~troyp(l. FO 

tllnt when tile watm- is. rcmoH'(/ tI](l suil hak{'s ()r i.-: rwrt1," plIild](;ld. 
and it becomes II(lCe~Sfl.r:v 10 u~e some meaus for restoring tbe ti.lth. 
Thi!':. may be accompli:-.hed b~- hHrring under n greell manure crop 
or hy all npplieatinn of fflrmyal'cl manure_ 

Value of Alkali Land.-Alkali lane], include some of the mo,t 
1"0Iul1hl,' Innd, in the \Test. hut mOI·e es)wcinlly [hose thll t nre 
(llpnb1P (If hl'ing- irriga1.eu_ 'rhey are \\·(lrthles~ a~ they are, hut 
aftt'l' the alkali is ]"pmoH'cl tht,y h.He It very hig-h \'alue_ WheTc 
\\"a«~r I11ny h(' IUHl iTl ahllndalH't' thp c:ost of J'('("Juiming- is 11ot-eXCe1'
s::in', ]1) doing thi~ ]'('(-lHlllntiou work c1l'ailla~E' distrids- F'hOllld hf' 
Ot'j!fllliz('cl Fimilnr to thor;:r in humid r('~iolls for drnining sW"nmp 
lunel. The expense ,,"ould in 1his wa" he reduced to a. rensonable 
amount" per acrp_ 

A lkali Soils of Humid Regions.-JlI nreas where the rainfall 
would seem to prerlllde the possibilitT of alkl1li. soils lire sometimes 
fOllnel to contain eonsiderllhle amounts of soluble material. 

Dorse.'·' speaks of the pnteile' of alknli at the M"fYlnnd ~tation, 
where it tllin la~-£'r of soil 5=11owe(l ] }t1 per {,€lilt of water-soluhle salts. 
f:uf'h us nitrAtes of cflJrinm, magl;eFiulll. sodium. and potassium, 
together with ~0me chlorides and sulfates. 



ALKALI LA:'\D~ A:,\D THElR RECLAMATIOl\ 2\)1 

~Illall :-:pote'l fl'w rud~ ill ditllw .. 'h'1' o(.·('ur ill :-;outh~l'n l lliuui:; iu 
,iliclt the ~oluulL' Rult.o;. forll} il d"l'u~it thllt lonk:-: li~p ;I hl'I"'Y 
.. hile rl'()~t or light :-1l()W. AIIl.L\n,i:-: :--ho\\"~ thi:- jull\' :-:odium sulfate. 
t ha~ hl..'l'lI bT\l\\g'hl to dH' :-Ilrril(~l' hy .... PI'p;'J.!"l' frlllll hi!-!'hel' 1<IIld. 

JJI tIl L' g)}lf,j<llt·'d <!I'l' .. l fir thl.' -' Ii/ld}" \r i',..:j Hlklili ,';(ljb "l'('llr ill 

WI 11.'- ) (I\\", ~W1tllIJt.r plllC·P:-I. lI:,uaIJ,r in :-.Illall !'Iitt·ht l :- (If a. t('w ::qtHu'(l 
·(llI . ..:, hut iu some ('II:'('~ L'xtC'lJd O\' l'l' mall,\' <I ('rC':: . Purcn!! dr,\' ~pl·IJ:-; 
,\'hiti:-h il!<:l'u'=tatioll:' ilPPt'~t1· on 111(' :-Ul't':H'{' of tht, :.:oi l th;II {li:-:np
)('a r with rains (1:'ig. };);)). The:::e alkali un'liS almost alway~ ('011-

Flo. J;~3.-A Ol'l'RrfCf) busby nr If'nfy>orl1 pllln1 .l!fnwing lin alknli "nil or humid urllK. 
Shell!! Bfl' n(,fl.rl~· ul .... Il~·1I iudica1ioOil of 1.lkali. 

taill large quantitief' oj' mag]jc~iu'm t'~lI'honate, ~lllU when this ('om
pound amounts to more than one per celli ('rops suc'h us CO!'ll aud 
oats are badly affecterl. rrhe ('orn doe~ lIot grmr \\'eJl , and where 
i:t ronglx impregnated wjth t.he carbon ate is bu!-:hy nnd the hladcl"i 
turn brown or reddish. If a smaller amount js present the blade, 
are striped with yellow. Yerr little grain is produced. Oats 
make a rank g-rowth , but RImo~t im'ariabl:' lodge, 

Drainage is the ultimate remE'Cly . hut th~ process is slow when 
only the natural rainlall is depended upon. 
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JJ O\rO\C I'. fur i IIlJUl·tliilll,J.r nJI'I'l'dillg the l,lI(·d, 01' the' alkali 
HJlIJlj('cl!iolJ ;o. (II' fn,lJ! ~.-, 1\1 :,;'jt(1 jJUlllIIJ:- (d' p ut a:o:::-iuUl 1:iHlt~ lllny be 
u.,..('d w/Jell 111('.1' {';W lit! (}/tliiit((,(j ilt f\':li'ilH l-tl,/C pric'\,;:- (Fj~. ] !J-I). 
l ' Olll'~l' :-Iahk 11lil lllln' j .. ,1:-- {,nil-il'llt " ... jJllln:- .. iulH ... altt.i. Hllcl cn~n 
bl./'ii\\' III' g!'l!l:1l IlWIIUn ' iUJ'llcd lllider IJi.I::- 1I \l'l"y I,clll:lit'ial clred. 

QUESTIONS 
I. \\hi lt. l'n lldi tion" ,(!in· ri"" 10 alkali ,..uil .. ~ 
i. 011 II Inti )..illd uf ialldt' Il l'- tp I 1I!'u;..: r upli,\' i:-- alkuli lI1 u,.,t uiluutill nt! 
;L \\ hat j,., tilt, "'l.\Jre(' ,,( tl'i' ul",,11 ":llb~ 
4. \\ ";11 i ... tl,l' ("JlII I '(I,,;tilill (If 'i llie!.: /Ill-lib? 
;) . What !-lIll,. "(Ill:-l itllll' tilt, \\'lIit. , ;tlkali ~ 
G. +\otl· pfl'.·ejl-' uf Iohlt'k nll..:di Upoll til" .,(,i] Jlllrl orgllllil' tlllttl('r, 
7, Jl t l\\' IIWIIY pUUIllI" 111 1III.;ali ill tIll' .,;III'iUt'l' luui of "uil ill t'fl,,11 I'olumn 

itl tlr t' ta.blt, of pa~t' ~~:!? 
~ . 110\\ dur'.': j n ·;t.-mtlOlI ('/W"(' II ,'j.:o1l' or II II.: a); ~ 
n. \ \ ' hat un-'" ;I.lkll1i lIIal'::.lrp" " 'f 

\(1, \\'hut i~ tilt' li r .,t t>th'l't llf /llk:tli Olt l,lunt:-? 
11. \\ ' Iult i" t. llt, 1111 LU 1'1' uf 11r~' \'1l't'{· t (d rdl.> ali 11]1"11 tn'(' Ii~ 
J2, I ~ till ' {,trl' (" of alkali tht, ,.,,1111" UII Hil r'IHllt~ ~ 
J:J, H ' hl11 f'J)'(,f'I rlrlt',s lll}.;:uii Jwn' OIJ gf')'J/jiJJilLJr!ll ~ 
J..J. \\ '''.' ' an' "hnlltl\\' I'u(!t<'d tnq);o, 111('1'[' 1l1l't'c' tl'd II," ;i1kali ~ 
] '-', \\ 'hlll Illt't hud~ /In' n.dOl'tl'd fOl' Pl"l'I 'I'IlLiu:; ("'11 pOl'lltion ~ 
1Ii, \\' !tUI 1IIl'IUlS Itt"l' tnkl·]J to ;;;lurt crllp~ wl,(,,,,, yOUIlg" plnnLs are " c ry 

selltliti"l' to Illku l i':' 
17, Jill\\" i1'- blHl"k nlkaJi nC'l1tnilj)\t'ilJ 
I H. \\'h ilt nbjl'I'tiOll "; to n.'Hlo\'l\lr.f alk:lli I.y .. t'rflpin~? 
In. \\'It,· ('ul1I1(linlk,di 1,(> \Ill:;)t('(l oil' uf lund? 
20. lJo"" rna" ill(' ,·\u"LraJillll ~nlt llll:;1r lit, ll~l'd to rI'lllon' alkali? noe'! 

tld~ I:blnt lilt\'{, lilly "llltH'~ 
2], D('i,4"'ril.t, till' 1'(>(']::L1lltt ti ()JI of till' rtall tl'nf't .. 
2:!. \\'hat 11l '1'('cTltag-(' of tll(> wn.t('r applip(l WIlR C'llrri{·d olf by drainfl.g-£' ? 
23. \"11:'1' j~ n hn.rdl'"11 dt'trim{,lltll.l ill 1't-'1ll0\'ing-lllklt1i~ 
24. What is the ('Ire('t o f flooding on tilth ~ H ow may tilt' ('IlIIdition he 

l'orn,(·tl'tl'~ 
~ .), \\-hat i~ the illlportaH(,f_, of 1'('('lal11ilti on uf alkali lanel.: from 1\11 ('('onomie 

8illnd poi nt ~ 
2(). \ylt,\' do alkzlli ~oil~ nC'C'llr in humid l'l';riolt,.:! JJo\\' does tlH' Itl kali differ 

fro II! tlLa t (If II rid n-g-inn,.. ? 
27. \\-hllt is the 811h~tHII('e thrrt dN'~ tltp injun' ? 
28. How is l'orll alr('C'tf'(1 It" llIfl!!IH' .. illlll ('a rlionate? 
:W, ' Yllltt; are the H'ml'di(..s t.o j,e 1I8ed ~ 
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TEMPERATURE 

THE rital fUlldi(1I1:- Ill' pl:lllt:-- n'rplin':1 ('{'Ttaill j(,lll]ICnllUrr for 
tlleir 11('~t PNl'lIrIll,llh·!'. I'Jilllt:- nUIY ;,.!"I'll\\ ni (1111{ ' r Il'ltljlt'l';liIlIT .... . ll11l 
lIH'Y ~l'iJW 11IOS j ,i;!Ol'llW.ly ell lill' OplllllUl1l \\'mpC'1'lltun'. ",hil'll fo r 
11itJ{>n'Jlf plflllb \al'll':- fl'Plll:-:'O til \til! d" gJ'( '('~ F. 1'.(·10\\" t.lli~ gruwth 
dj i llilli;.:hp~ till <It .. ltJllul 1(1 tll'gl'l'l":" F. it {'(':1:-(':- rill' lllO:":t pll1l1t:-: .. \ t 
j(.11l111(')·ntul'l':" hi .~ll e l· tJlilll till' I qllilllllill ;,!t'(I\\th i:-: 1('.:.~ \ig'\I'O'I~ till:1 
p(lillt i:-- I'l'al"lll,d al ['rllill !I!l tu 11 :, dp,!.!T('{·,':' I",. W11('I'I' it ]'l'Ili'ti t'illly 
"(':\:-(';0: . . \ kllln\"[l,dl!{' I)r Ihl' rUlll'iil)!!."; ,,1' hl';d ill 1'E,1111ioll to g{'r llJ i~ 

1ll1liou, g-I'pwt fl. pll,y:.:il'iil pllt'lllllIll 'II ;]' ;l11d b,wll'rial ~H'lj\ ity, a;lt! til(' 
1l1l',llJi-l td' it:.- \'(1111I'ul. i" (II' ('IIIl:-idt'l'lddt' PI'<1('ji!'I1! illlPIH'blllf'l' to IIH' 
ilg-rirult11 I'i :::t, 

The Sources of Soil Heat.- J. Direct Radiation fi-om the 
Sun,-T1H' ~U!l ,l!i\t'~ 00' Ilotil ligl lt ltlHf 111'<lt 1'<1 ,\',0: , and )';1) 111 (' 1)( l he 
];_lUt' r. :-:trikillj! till' pnrlh, 111'(' ;111-;111'],('11. 'j'hi ~ i:-:. 11](, chirf ROl II'('I' 

or IW<1t. TIlt! H1l10111d IT'('l' IH·d fnliH jill' :--llll I:" (' llnrllICIU f' , LHIl ,g'~ 
It·y f!'i\t,~ it a:-: equal to l,oon,OO\) j,;t\II1'lL''': p(' r hour V(' I' sqnal'L' 
1llt:'l('r of :--:,ul'fa ('l' frllm a. 'l'rj i('al ~ \Ill ill n <-1(';11' :-:ky, Jf all of ihi~ 
(_·ll C' r}!,\· w('re ail:-:ol'lll'll hy li1 (' 1t!1I\\'(,1l f'ix i]J(,lH's nf ~()il on a ~qu!lJ'e 

foot its-; t t'lllperflhll'(' would lit, nli~(·d II." '! I.,; (l!',!.!'I'('{''': ill :III hou r , 
T I1(·· :::oil I~ fI I wily::: Hltli;.}I ill,!..!' hf'at. ('( tll ... i ... til)_!! or \\'a\l'::: (,t' II)\n' r pil C'h, 
Th(,f-le III'C em:il_\' IIclr1 hy g-l<l"~ Or walt ' l' \ 'HI'0J', wl1i('11 is tJ';_lIl ~ PHl'l\ lIl 

10 wan-'f:: or hig-llC'l' pit<"ll nr l'f'f l'l1ngiiJilily, 11 "IH'(' ill(' t'xc:('::~i\'(" he,ll, 
of the ~1I1S:-: hOll ,..::e <ll1c1 tli(' op j)l'l·.;;:-in.! heal wlt{~fJ rh (' ail' i:-. lade II 
willi m oi:-:tul'C ill thl' ~llIIlJII(,r. 

T 1Je beat 1'(,(,(,;\,('(1 l,y !lny part or t1J(' ('IJ rth 's f'urfft(,(, fr()m Ule 
~lIn depplI(l:-:. Itpon the tnln~pari.'l1l'~- of' l1w ntl1lMplwl'r 10 heflt. nu~t 

par'ticles and w;]l er \'apm' in the i1tm{l~rhe l'r ini r rc('pt Borne, while 
dry air, frC'e from (l u~t, ab:-: ()I'b~ "pry little, 

Cornp:rriog' the hj!~ll C':-' t iemrJ(-' J'atm'e l'('ftr-Jlefl hy 11 hl:1ckened 
lhermolllf'irl' ill vaC'UQ fi1 r.rccnwirh . r.ng-Innfl, 11P111' "(in 1<' \'('1. and fit 
nRl"OS. ,<;,,·ilzerlnn<1 . . )·1O() feet nhore "'n 1('1'1'1, the temperatllre at 
the latter plo('c Wfl:-:. :!O, l dc_gr('cs F, hi~ll('l' in Nm'emhcT. :-Hi.2 det!TecR 
in Decem her, 37,2 deJ!"c(,~ in J nnw'll'Y, Rlid 2-l, ~ degrees in l?eh
ruary, rr he p-rounll wn~ {'(,nt i n11011~1~- ('ove-reel wli h ~now at D avo!l-. 
While more heat is ret·ei1'C() frllm the SUI) RI high ,,]I illl()o per unit 
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294 SOlL l'H YSICS AND MA],(AGEUEKT 

an'H. it i:-: radia tel1 iuju :,pavl' much !linn.' rapidly \H'C'Hu .. e uf tire 
.I.;JlHdl ~l])Jolllll (d' nlpllr i ll !Ill: air lu bldd it. 

:.!. Precipitation.- \\" /lt'H wan n rail1 fall:- lIpon and pelletrui,{·s 
tile ('old ,.;oil it. (,/:I1Tit'~ willi it l:.'fU(' ~lIlH)Unt~ (If hf.'lIt. T his mily 
;_1(_'('Olillt for tJH_' rapid growth oj' }')ll1l)t:' Ilfti'r n :::110\\,('1' ill :.-pring-. 
An i,Il·11 of (,lIiH 10 d(',£!T('(';:: u'a rrLlt'r tlHll 1 O/{, Foi l u'(fl1ld r ai:':(l 111(' 
t l'1lI11{'l'lltu!'{· (Jf 111(' ":UI'I',I('(' :-ix itH,IH':, of :-\oil -I.ti d('gr('(';-" if If) per 
(,t'lll oj' nl(Ji~!ur'( 1 CXi:':l(111 ill fill' ~oil to h{'~il1 with. 

:3. Chemical changes ill 111(' ).:(li\ ·n~,.:ull ill the pl'otltH'iion or 
Ill'at. Tid ,.: i;.; {',,:pl't'i.dly tnH' Ill' all (,hemiV!li ('ilnn,!!!''': ill ol'gflllir' 
nwi({·I'. hut jI'Hii, 'uifll'ly ":(1 of gn"(,1l ~;rop~ and fn,;-:h fUI'Tll.nucl 
lll<lllun'. TIlt' I'l';-:ult :-: (If ;o:ollH' ('~pl'ril1l( ' ld:--:lt nil' l mpl'l'ial ('(dlrf,!'e. 
T okio. ,llIpAIl . willi dif1'ereot nmolUlt~ (Jf' nWIHll'f' applil,(l an(l thor
lHlg'hh' Illi.\l'd witlt the ,:5Oil, urc gi\clJ fur fhr-da\' inh'J'\"als in 1111' 
~l('('()m'pflny jlJg t;lble: . 

hljlu.erlU (!( Furm!la1'd Mamaf' ml Tr-nJJlCrulllrc oj Soi[.i Dl'gree.o; Fahrl'1!hcif 

To.n~ pcr arr" - - - :\one l 10 I 20 -I -10 I 80 
--- I~--i--I~~---

T empenltUl"t:', (1('101'1('1' 2,(- :~ 1 tiO':1 02.t) t)3.~ 1.);3.1 nfJ.l 
Excess over unmullur('d . I :to ~.3 2.6 4.6 

T l'm pC'rllturc. ::'\:()v(,lllbcr 1- .''>. .,,)"; .. -, i""ll.;j 11)02 GI .:-J (i2.2 
.Excess over UnmUl'Hm'f..! . . J.O] '( 2.8 3. j 

T pmperaturt'. NO\'cmbpr ()-..IO . ."-i7 ~ I ,Sf S "-iX -l S9.3 60.4 
Excess over lHuo lu'tu r('d. . . I 0 (i 1 2 2.1 a.2 

TCE~~~~~t ~:.~~ ~·~~~~~~~~~~dl . 1.~ I:~ . I .).l T .j~ ~ 1 -~;; ~ 5~~~ 5~:~ 
AVf'rtl.J((' f'.:i{,eRo:. with JnHJ1Un' in fir:.:t f\\"Pllt." I 

d:l.n~ . 0 t) { 1 70 2.~.1i ~.40 

It will hl' uuh'd tllni tlu_, hl'cl\' il'r th(' npplic-ution the greater the 
iJ) (· r l';.ls(' iJ ) h'mIH'J'nil.lJ'r. 

--I. Physical Changes.- \\'}t('!l ,1 ~~)i l ;lh~OTl,~ walt,J' it:: tempera
lul'(' is iIlCl'C'U8('(1. T hi ,,,: i .~ truc' for hoth H";Jf rr l"al'o r and Jjquhl 
Wili er. t.he forme l' pro<!uc·ing- tlU' hig-Iw:-:t jC" l1l },C'l'ahue be(,flu~e of the 

l 11creUo';e in Temperatwe by Ab.~orplioll oJ Wa ter l"opor at 86 ])egrees P. 
(,;;P) D C(lTf'I.'s ('.)~ 

QlI::lI'tz su nd . . ... . ... , . .. . ..... . 
C:ucium carbo nntc (preripillltcd) . . . 
Kaolin .. ... . . ... ... .. . . 
Hydrat.ed ferric oxide . . . 
Pen t ... 

1.58" F. ( 0.88" C.) 
2.&1" F. ( 1.4 7" C.) 
4. ro" F . ( 2.63" C.) 

. . l() . 7~ " F. ( 9.30" ('. ) 
.. 22.05" F. (! 2.2.;" C.) 
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llltent heat f."ir(,l1 (Jff during' (·OILil('[J:"lItioll. Tlll~ gJ'NI(('1' till' h."gro~ 
~tOpjt t'aJl~I(,jly (If till' :o'(.lil lilt' liigh,'1' i ... J!l\,' jPIlJP('1';11I1rt> pJ'udu('pd. 

Fwm til(' prC'{'l'llill,!.!" lahl{, (Ill flagl.' '!~J! it \\"ill lit, :'('1.'1\ tlwt PI'lIt 

nnd ferr ,i(' oxide p:a\'(' th(' hil!!1c, ... t ti ' lllpt·nltl1J>L'. \\ hill' qtHlrt'l. ~alld, 
with it,>; lVll' h.r~I'(/~(·()ri(' (·;Q):1(·jly. g'i!\'(' tit!· ]{'II;.:t inl"r(.'II~(,. I II 

tile llcx1 lalde the illt'rt'u ... c:' firl' l\l1t ~Il large. 

I'1lCrea~f of Tellll'J('fo/urt' f,y till' AI/pi/(a/lo1/, I'I /.irlui l/ W (lff'r (// :in /)<'!IN'(','1 P . 
{/1I /)('!lfI'I"" c.P 

QUJlrt,z 8:lIJd ". . . . .. . .. 
Ctli("iunl cllrbOltatt' (pn'('ipil:ltl'd ! 
J{ II(JlilJ .. .. ... . 
Hydrated fprril' uxiuc 

.IS· F. ( .W· C.) 

.:)'1' F. ( .~S· C.I 
I 19° ' . ( ,i'\,'j0 ( '.) 

11 .;-;:-;" I . ({U;O' C,) 

Loss of Heat.-\\"ll il~' the :",t,i! i:: r(_'~'l'i\ ill,!! Ill'at throu,C"h th l'i-ii' 
various ~OUI'l'l':- il i~ In::iu,!! it ill :'l'\c ral ddtcrl'lIl \\'fI,\"1;;. 

1. By Radiation.- TIH' anl('llillt of hl'at nlliilltl'd frolll /o(oil!'i i~ 
nil!: ilin:[·th- lll},(,(.'!pd )1\, their l:ulpl'. 'I'hl' ,..,UilVlII{'1Il i.oj wilde if! 
pbysitf: thn'( gO(I(i llh:.;();'b(.'T'1' arl' gOl.d ·radintul'i". Thi:-; i:: nl!'i() II'Ll(' 
that tlil-' !1t,.lt lUl'l It\' rlld in! il1l1 alld l'OIl \'pdioll J,\' 011(' Itu!! \" to 11110\ her 
:,urroulHliuf! it i~ l;J'(lJ )llflilllHlI tu lill! It'IHPl'!'lIll;!'C difYl'J'L:\J{'P l,l'twm:1I 
the two. J)clTk ,'!oils arc ,!!t1orl i-liJf:flr)Icr,-; of !l,e ,~ Ull· ,., liNd. lint tlle',\' 
h;ne 110 tendClIty tu l(l~c it more I'ilpidly \'l't'<lU~l> til' tlwi!' ('o lor, hut 
bC(,HU~C thcy arc wal'lner thall pOOl' nh~()J'II('r:-: or lig-ht ('olorcd ~oiI8 . 

ancl at uight they all (('nil to ('oo! te, the tllJllpCmlUI'C of the sur
J'ollJJtljng atmof'piJ('J'e. Blrwk ~n i J).; hB\' illg' llb7'o-r!)(,(j mort' lJl'<Ji will 
ha\'e m ore to radiate) bul th('l'e i:.- 110 lClldl'n('~' for dllrk !=-oi ls lo 
berome lower in tCI1lj1erHture at n ight thall li~ht - ('olorcd olles under 
the same ('onditions. 

I n OTclL,1' to clel('intil! (, the (lfrt'd of rn]oJ' (111 I'adialioll HOll\'oueos 
colol't'Ll white sanu ana ddl'I'lHilled the l'i.ulintion Tatio ai" ~i'\'cn i.n 
the following tahle: 

Tilt, Radiatwn Ratio (~( Different ('(lIMed 8and8 

_________________ C_O_'O_"_d_,_""_d _________________ ~~ 
White.. 1.060 
Black. J .05 J 
Blue., '. 1.045 
Green , 1,040 
Red 1.050 
Yellow . . 1.048 
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TIH.~ rc:"\ ult:-- I"L'i.'1I1 ill i!lclil'flil' lha\ radiaiiull iti slightly bet.tcl' from 
white :-~ud. bilL Ih~· dill\:1\'Ill"\,:-' an' :'0 ::- IIlJII that lllt'\' l'o llll' within 
thl' l"\J'Cl'illll'llIHl l'I'/'lIr. and 1"'1 tIll' ("vl!vlu:-ilJ ll is 1 '~'!lehcJ II} the 
C;\I'I'rilllt'Htl'l' !hat \'jJ]1l1' dill'" litH IIlrl'('\ l'<l di;lli(!l1. .\ hlrgl! :laWIIII! 

ur !itl' 11l!,I! I'adiakd fl'tJl1i 11Ll' ;o.(lil i:-- Ill'nuglll til till' :-'UJ'f,ICl' by L'OJI

dudi/J/J . It i~ ,'lj,,,,,Jr),{·,lllurillg lhi.' d;l_r ;1/11) i ... ('olldl/{'!i'd !lOlnnrilr<.! 
II) a til'plll nl' fn'lll 1'111' tu tWl ,1H' irH"]II':-.. \ .. tIll' !C1!lIh·nllul\: of tue 
air I'L'i.'lllla·:-- 11'w('[' at Ili,!!ill tIll' Ill':l1 ill}lil!'\ i:-- VllildlH"l(·d lJlwk til till.! 
~1I J' r;11·t' alld 1:-- l'ad i;]lt,d into I Ill' ;Iil'. "/'IJI!l /'\.·lll'u"n in .\ug:u:'t 
Illl)rt ' IIl'HI i~ l'l'(TiIVd h,\ llll' :--oil thall i:-- I'llt[i;ll\,d rl'!IIlJ i~ . hut dU'l'ing 

til l' 1'\':--1 oj' !lit' yl'i11' nJdia!i(11l i:-o ,:.!Tl 'Jll'r tllilll al,,"PI'}ltillll, HIH! <1:-: H 

J"(':-lJ!t 1 Itt' j('i1l1H'['U!tll"l' (If !lll' :--"d i:, In'('olllillg [!lWl!I'. (See the 
table, \lllg-l' :a17,) 

;!, By Conduction Downward Into the Soil.- T lll' fH'()('c:-:-: of 
("(luductil)1I i:: H 1l'1'_\' :-\(I\r nih'. ,,11 ;·.Ip\\" !ll:d Iht' ~{1il HI. '-I <it'ptll (If 
; ~tj illdH..':" Iln:-. <III ;]\t'l'iI~l' Hlll1l1t.1l nlll!.!"l' 411' {)llh' ·2~ . :- dl'!!l"l'l!:-: 'F. for H 

tCII-,\'l'<l1' ;[\Pl"Clgl '. \\1111,: ,11;[ d"ptli pl:Hll l illt,h' til(' ,!\,{'r;tge r:ll1gl' Wi):--; 

-I:J.t-: dl'grl'l' :O:. S(1I11(' or till' bl'at i:: l'!llldm'\t,d ttl ::;lIl·11 n dl'l'lh that it. 
";lIIIIOj ild\IJI'III'l' tIll' ~TPwl1J td' Jd;lllt~ jll ;111.' II;! .' :lIl1\ IIlay b(' l'OIl

siileJ"l'd Ill::!, 
;;. By Evaporation of W ater.- \\ ·IIVII W!ltt'!' j..: l",lP'lI"Htl'd large 

1l1ll0 Ull l:: of Ill'ill ,Hl' ",IITil,d ;lIlay .. I" {;l{<'Jd Ill',ll .ill till' \(11,01'. 

-I. By Convection Currents of Air.-'nll' l!(',dt"l ::oil warm:;; 
thl' adjH('l'llt 'Iir. i'Hu ... ill .:..!;' jt til ('_'PilIHI alld J'i:-:e. Thl':-:C l'UlTCnt:- o[ 

Wal"UI nil' :Irl' \'lIn~tlllllly ('iI l'J'yi liP: I<lrgt' <l1li'IUllt:o: nf Ileal uIJlnlJ'd. 
T ill' elr('d oj I Iii:..: ill ('OJIIlltll'i:,,:oll in r'Hlilitiol! lllily he :-{~I'11 Ii,l' pbl('illg' 
tlJ{'l'lllolll('1<'r~ ilt ('qwt! t1i ... iml,·e .... IlbtJ\t., <llId 011 tJ/(~ .-::it]{, of a. ll£'i1twl 
Ohjl·(: i . 

Soil Temperature for Vital Functions of Plants.-l. Tem
perature for Germination.- '1' Ih.' ll'lllp('rat un' at whi(,h- g(' I"-

1I1 i llH t;nll lakl':O: p!;Il'l.' \BriC':-- \\"i1b dill't'J'('lIt (·Ia:::-:ps or plants. 
Sl()\I" _.!.,"(,J'ntirIi11i(J1I ill il ('0111 :-:oil "rill,!!;>: Hl,out fa\,or.lhlc eOll 

ditiow:: for till' ll{·ti(1 11 or fllll~i Hrl(l hi.l(·tPTiH UP(lll thf' B-l'rd whirh nw'y 

tllll:O:l'lh:(·ay. S(lll1l' oj' OUr C:liltj,·;t!l'il trop:..:. a:;: ('orn aud heaus. are 
cspc(·itdly t"-tlStl'lliild(' {I) injury ill tl1i:: W1\.\' . TJ!i~ ma.\· bring ahout 
l.I..Io\\' pf'T('l'nt,t,!!t' of ,!.!'('J"millntiolJ Hlirl a poor :::.ftuHl rc~nlh-: .. TTlotJl" 
1'01111 (1 OWl l'L'Tta;1I :-ol't'lh:. 01](' nj' ,,,./Ji c· h wa . ..: "'''(';It. would ~crminate 
;11 <L dlll'k l'l'IIHI' on H ('llk(, of ;('{'. fhl' ro()tl ('l~ <lc${'E'ndiJl!!' il~to t he ice 
to a ~Iig-hi drpth Ii." meli ing- ('ylill~lr i (·,'d (';ri'itif'~. 1'l~e rootletF: of 
Non .. a)" maple de~cellllprl into the i r-c to " dcpth "f 7.5 ceptimet.".R. 
T he llcxi btul~gh'es the. minimum . opti nnnll, and maximum tem
perature at which germinatioIl takes place. 



TEMPEI1.;\TUHE 

Minimum, OpfimwlI, aud Afax-imum TCIII]Jfl(/llIr('.~ for Germinal£ollllj ' ·ariou.'i 
Seeds as Dctt.Tm'ilU:d by [)iiJ(..7'('l l i i 1l.l'Csfigatorx ( Df 'grC('.~ Fahn',I1wit) 

J :'.I,IIIIILUIII 1_ UPlIlIIUIII • ~Ul'U~ 

. I_ ~ 1111 I fl llLe r~. I \ al~ Ji,I])Cf - yltl! lIu"cr~ 
JIl\'C!lt lj:(:Il('lr S:U'hfi I H:~- Jllfl{lt Snelltl r'eg lundt l':l . l t illt lit ~- Jl<llut 
____ hllll! ____ ~Ul ______ __::~_j __ _ 
\\"lJP"t. . .. 1 JI ·11 .$2-40 04 I i>l 77-88 l().j '>'1 I{X) 
Harll'v 4 1 41 / :3)-40;vt 8:.5 7i-8~ 1 ()-I I(X) 100 
Pt';l.~',. .... -l-l.fl -14 :12- 40 ~q ~o i'j-S~ 102 100 
('orn (lllaiz(, l ..fS -I!I 10 :, 1 !J :~ flJ Xt-- lOO II :) II ;, 111 - 122 
Hf'dclowr ·12 :3~ -4() 70 7i- l 00 :-;:l 100- 111 
Turnip . . $J- JO cS9 77- SS I 'n~ AA- JOO 
1111J'I:ml . 3~ :tl---40 ~1 til -S~ no S~-l00 
l\lclon . .. I HO---(iFJ D9 Xl"- IO<ll 111 - 122 

~~~~:~I~kin . I ~1t~g I~~ 1 k~=~f;6 

By ('{llisuhing Lhe Iulluwillg iabll.! it will be :-OUCH thnl we 
1ml,!! agu adHpt t.,j llur <lgril'ultural pradil'c;:i to ('o tlform ill a IIlCI!$. U'l·C 
to tile i('1Jll'el";ltuTI' l"l'qujrcnl (! lIh or plallt!-' fln gCI"I,li nati oJl. Thc 
temp('l"lltuJ"{':S for gnndlt Ilre veT_\' :-:illlihir io thM(1 1"01' g(, l"miIlBtion. 

7'im(' /(I 'qll il f'll J01 :1p/KurClIIl"( (if Radick at i)iiTcrr-nl '} 'cllllwrafllTcx ~ 

T ernperat,llr<'S. 1~1 ;'I ' F·J~I (;5' F. 

Ryc . I 
4 2.5 

,,'heut . ;;nd l)~l~ i ~): ... 
i 

Q 3 2 l.75 
O:ltS ... . i :3.75 2.75 2 
' ·ct('her.; . . G .i 2 
AJr"J(a .. (j 3.7:1 2.i5 2 
Hcd l'iovC'r ... I 7.:; 3 1.7[, I 
H{'ans .. 6.5 4.75 4.25 
r...lustard. 2 1.5 I 0.75 
Peas . . . 1.75 1.75 
!~:1pc: . 

I 
I I 

I urrup . ..... 2 1.75 
Sugllr beet ... 22 a.7,:) a.75 
FIa...'X ... . ....... 4.5 2 2 
Corn (m:1ize) .. 11.25 :·t25 3 
Pumpkin . 1 IO.n 4 

H will be seen [row ilte preoeding table [ha( the time fur germi
nation is ('Ontrolled largely I,r the temperaturc ·alld emphasizes the 
llecessity of not seed ing ul.ltil the iempern.tu re is bj[!h cllough. 

2. Temperature for Growth. - Wi th most plants .• mel espe
cially with our culti'·ateu ones, growth does not hegin until a tero-
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perature of .. W LO 50 tJegrcc;:, F .. the Zero poiut of growth, is reached 
Ily th e soil. U.rowtJJ j~ mOH \, iti0 J'tJu ... ill Jro1lJ KIJ to !IU ucgn'e::: F. 
Thi:-: IIH.·a1J ~ lltal t.ho tClllpeI'HtUI'(' Illli SI I'cac·h th.ll puint during tb~ 
dny, C\'CIl if it. d(le~ fili I helow thi:; duriug lilt, l1igJIt. The i-nnounL 
o[ growth depend ;;:. upon t.he prcJportioll of I he clHy that if.: ah(we the 
z(,ro point or growth or tbe Ill'at hOl1r:;, I t will he' seen frolU the 
following 1<11110 thai ('Ol'll n 'quin.':O:"1 lIll'dium !Jig-II \('mpl'l'ature before 
growth begills, whil e melolls require Ii still ltigber one. 

Tempera/ure uJ Soil fur Growth 6 

CruP!! l\liniluUIll (J p tillllllH :\lnximullJ 

Mu~tRrd . :t3° F. ~ 1 " F. 99 " F. 
BRrlcv. 41 " F. S~Hjo. V. HU.8° F. 
\Yhe~lt 41 " F . ~3.f>" F. 10.' .. 1" F. 
l\luizc 4!1° r', !1:J.(j" F. 115 " F. 
l\iciIlC'Y beau . 4!)" F. 0:3.6(> F. 115 " F. 
Melon 05° F. 91.'1 " F. 111 " F. 

3. Temperatures Favorable for Osmosis and Diffusion.
O~rno3i:: il' l.I prot es:; upon wlii (· h ~c nllina iioll or :::eeds alld the 
growth of plants depend. The ~('{'(I ('lI/Jt i..: tlte osmoii(' 1I1 t'mbrilue. 
and ilw ra pidity with whi(·1I water passe:.:: Hnoug-b tlli::: dep(,IHI~ upon 
the teUlperature. USl1loti(' pn'~:-:ul'l' is the p(Jwel' that sel1d~ tile soi l 
moisture intll tIl<' root..: of pl;_l11 t...:. .:\ t }O\\· te l1ljlC'l'HtUl'e:.: plallts may 
wilt. (lilt! .~(\('hs found ihaL at ;,j deg-recs F. pumpkin fwd tolliH~(,O 

pla1l1..: did 1101 re('rirc ~u!-r-j('iellt moisture tf) ('olllpclJf'mi(' for c\'eu slow 
tI'IJII:-piJ'lI.tinl1. 

ni1Ju~i {) 11 or s\1bstu ll('es in solut ion l.~ il1Huenccd uy tempera
tuJ'C ill the ~allle way. being lllueli more rnpid at high ilHm low 
tl'lllpCl'}ltures. 

4. Temperatures for Nitrification. - Our ordinary crops 
depend to u large ex tent upon tll(' ucti\'ity of hacteria iu the soil , 
u'hidl hS Ul('a1J~ of tllC 'H'O(,(>~,';: uf uitrifi(,Htioll u..:e tile IJ.itrogen in 
the orgaJli t· Illatter to P l'O(l U('P soluhle Ilitrate5. The soil bacteria do 
11nt. work io H.IlY lilr~t' exicut if the temperature of t he soil is below 
ell degree~ P .. rwr above 130 deg-re<" F. 'l'hey nre most active 
at temper<ltures betweeTl 00 and 85 degrees F. 

Conditions Affecting Soil Temperature.- l. Specific Heat. 
- It is a Yery interestin~ as well as an imports.nt fact that the same 
amolmt of l,eat ;,pplied to different ~ubstlll.1CeS raises the temperature 
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unequally. Of nil ~ uhioltalH·es. ~olill or liquiu, wut er requires tht' 
grl'<l(e~t. amount of hellt to <:iJaugc it~ tl'JIIj1t'J'Uf Ul'l' OIIP dt'grcc. '1'11.: 
(jllalllit ,r oj' 11(.'<11 J'l'quin'd to C'il!'lJJg't\ the if'mprrnillfl' of }j unjj mns .... 
of any 811u:.;tnnl'(' 011t' deg ree is the specitic: helli o[ lhe substance. 
lI"aiel' i, lakell a , ullity. 

AluminufIl 
Bruss ... . 
Coppt'r . 
GI:1&" . 
Granite 
]ron. 

0.:219 
0.0\1 
O.0!l3G 
0.117 
(un to 0.20 
0.1 In 

0.:105 
(1.174 
1),0559 
{Ul552 
O.OH:\5 
0. O:;3~ 

TId ;;; meUIl E: thnt OJW powld or iroll ~l'quirc .. O. lIH til" ll1u('h heat 
to l'iHlngc its 1ctnlH'rntul'(.' (lite degree (I S i:-: I'('quin·d ii,\' H pound of 
\\'Hjpr. or tha i thl~ hf·ni 11('('h.::.;ar,r t o (,free" ,I (·hHII)..;"l' nr Olll' d('t,'"l'ce ill 

a pound of water would rai:-:e 8.-1: pound:- of irulI Ollt:' d(,~I'('e. OJ' olle 

}Iollud SA dc):,rr('('s , 
nry 80ils gellera !!,}' pm:pcss 1.1 low spN'ifie heil t. rl.1fyil1g' from 0.1.:1 

to n.:~. with an nn.! rage of 0.2]:"), OJ'. ill lltlwl' words, it J'eqllil'('~ from 
olle-~C"cllth to one-third as mudl il eHL to nli:-;l' the tcmperllture of dry 
soi l une degree as of water. 

Specific Ii eal oj So"il Cc.nudituenU 

Lan~ BOUyOUl'OIlI 

I 
Equal I hfjual Equul Equlll 

____________ I\clJ.:h l..!! 'UIUllIC!i \\t!lghlll ~ 

Sand ... 
Clay. 
Loam . 
Peat ...... . . _ 
Ferric oxide ..... . . 
Calclum cnrbonllte . . 
Gravel . 

0.189 0.499 0.1929 0.509 
I U.233 0.568 0.201\ 0.569 

'. '.1 0.214 0.210 0.551 0.477 0.587 0.2.03 0.440 
0.163 0.831 

0.206 0.551 0.2045 (Uii;4 

The figures for peat vary a great deal, because iu some cases no 
allowance was made for the beat of wetting. 'l'pe specific heat of 
equaJ voJ-qllle may be obtained hy multiplying ~uhe spcrific heat of 
equal weight by the specifi c gra,ity. 
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i 'ditCIl lias IWld ~ ' ddr l'lllillat lollJo! fir the ~pC(·in(· heat or soi l types 
of \, ilrl(l\l ,'" l'lu:;i'l':-l <t:-l gi\l' 11 ill ti ll.' f'1lluwillg lahlL·: 

,1.,'/I('(·iFr 1/ ('0 1 of 8(jj/.~ ( r ;q l/(I/ 11 ·{' i.qh,,"1 ) · 

Norfu lk roa nti 
I lud:-lO Il H.i\'er Sl llH.l . 

Fill(.' ";Il lld (",vi! i'$I;'JIIl III IL-I 

Fine tjllMlz lIulIl' . 
('oa r s(' blWc.l (qIHl l' t1./ . 

l 'odnllk Ii Ill' 1"1I1Hl\' IOlillJ . 
Lt'OIlIu'dtowll si lt. 'h,tllll. 
l lllp;l'r..:tuw ll lotlm 
(;a[ \' l' t,dflll ('!I", 

· .0.18<8 
. O. 171i!1 
.O.l-;-!Jf1 
. O.1!IOIl 
.0. 1\1011 

· . O.lS:!S 
.O.1!I-I" 

· .O. l llJ-l 
. O.:,W!17 

.l'luck ""oil, :!:,',wr Cl'llt of I. rga ll i(' HlaUlT . . ..... U.I .>liti 

I l lllllll~ has tlH' hi~h (._'t't HilL! sall tl the lvwe:-: t ~Jlet'il1(' henl of ~oil 
(.' ou:-;t itU I:'Il(~. \re t ~ojl~ requ irl' UlUt,h Ulort! heat ti l nd:--e their LClll
lJ(.'J'atul'l' thall dry Olll':-!. I II t .. ISt' of a dry ~ilt loam whu.-:.e ~pE'tifi(_' 
heaL is U.i3 if iO pCI' ('eIlL (lJ' 11I (Jj~ tul'e i~ addl'd, it:; :::pc("ifi<' hl'a j will 
1)l' rni:O:l.:,tllo O. :J{i. Ollt' hundred IJlJlIlIti!ol of dry :o:(dl w(Juld !'( 'qu irc the 
IIppiic'<liion of :2:~ h('at llllit:-; to r:1i ,~c it:: l(,lllpI'I'atul't> OIl(' dcgrrc, 
whilt · tIll' 8~lm (' weight Ill' till' wet :ohil w(Juhl I'rqui r(' (Hi hcnt Ulli ts . 

The latt.t' l' w(l uld WlInll lip much IlHlre ~Iowl:' thall tll(, forme!'. rrhc 
I,ff(_l('l of \,1.1 1'," w g lI Jll nulJt~ of Jlltli ~tlJI'(_\ (111 Lht.' :-pc('ifi(' heat is hf: rr 
... hOWll : 

ElJcd oj Moi;s/urc on Specific !Tea.t , P(I£]/t7l/. Fine Sa.ndy Loam 10 

l\'lni1!tur(' cCHltcnL. 
p er ce nt, of do' 

weight. 

O.2GS 
1.3:< 
2. 1< 
2.83 

.1850 

. IH:{5 

.2000 

.205:1 

:o.l"i~LLlre COll timl. 
per rCII1 IIf dry 

we ight 

u.6O 
10.08 
20.2f) 
26.93 

HI>ecific hcut 

.2~34 

.25i5 

.3204 

.35G2 

2. Evaporation of Water.-The tempernture of soils is lowe red 
by tIle enlporntioll of wat.er f rom them. ]u the chauge from a sol id 
to " liquid or from a liquid to " va(Jor beat is required to effect tbe 
(·hange. \rhell the opposite chauge t.akes place heat is liberated. 
'fhen icr melt, SO calories (cenlimeler-grflm system), or 1++ heat 
u ni t~ (English system), arc UF:cd in proclueing the changes iJl a ullit 
weight. 'Yhen water pa:;:~e~ i_nto vapor. 531 calor ies or 966.6 heat 
umt. lire required, and when condensat.ion takes place this heat is 
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lihernied. Whell wntt:'r e\:.l"Ol'ill('~ fro111 a soil, the Jurgl:l' pUrl of 
tltt' heaL u~l!d ill the lJrUl_>b~ i::; LaKt.!ll fl'um LlIl! Boi\' Thi!-< IlU ~ :t 

It'lldl'IlI'Y III 10w('1' Ihe lCIlIjI\'_' ralUI'l', .wt! lu.:Ill'c wet :-Iuils uU IH~I war!l\ 

lIfJ nlpidly i ll [Ii(' .:'Jlrillg- ,lilt! iU'I' :-Ij(J~ <.'11 ill' m; ,. ll.li c .. soil . .:, They 
IJel'1I1Jl(' WHrtH ollly Wll l'lI 1 11\' ~rL'iltl'l' pari 1)[ the wutl '!' Itas C\'HJ)Orall'd 

til" wh ell PI'Ui'vrly drained. 
if oll(!~hnlf ptJluld of wail: r i:-i c,'upl,,'atcd daily frotll a :-:qulln' 

1'001 oj' ],:pil. -l;-::~.;) ht..'iIl ulJ jt~ OJ' 1~J.7~1(I "lIll)l'i(':-: arc J'(·(juired. tlit' 
l<lJ'~l'r pUrl or whit-II would I,l- lakell fl'lIlll lilt' ~oiL ] f all or thl' hrlll 
llC('l'~:-:ary for i.hi~ Wl' l'(! takeJl frolll II euhi(' foot {Ir loam soil lillvillg 
.II! Hjlji:!t'(_·nt F/'l'(·ilk g-n-n-it,\' (.If 1.:.',; mId (·(I!lt.linill,g' ;!I) pc/" ("CIt! cd 
lIJui :-:iu J'{_' il wouJd JOWl'!' Ihl' tt'llljll'nlilll'(' 1.-1.:-) d(,.£~T{,I'i" F. 

l ' lay ~. IH: tll:'" Hnd tilH"iraillcl1 soil:-: arl' ('old ulld Iilt(' partly J,('('ilW"C 

(,1' this c\'apol';1ti()ll. 

Anyihillg li)}ll dimiJli!-;])('s 1'\·,IP('J'iltii.Jll nidi- ill in<'rl';l ;-;illg the 
11.'I1I}Jcl'aturo ur so ii!"-. _jlnh.: he:-:, \\'iJldhJ'l'nk ~ . ulld <1J'Hilla~c dl~('J'Cfif:(.' 
t' \'nporaiion, nnd hCIJ(.'c jJj('rca!'t' temperatur(', The ~trnnl-!' wilHb of 
f..'prillg iI.l Cl'CI.L."e el'llpor:.ltiol1. II Cll ('(' !CU11 1(1 k<·t.'p the Rt/il ( '001<'1' til/til 
it. hC('OII)C:-: fairly dry. wiw!\ it. \\'HI'lIl~ uJll'i.lpidly. 

rr bc efJ'N·t of the wiwl upl,n enlporlltirm has bel'Il well ~howll 

hy King-. wllo ,1dcl'l1lill1.,d fh(\ l"<l1'(J l'a1 inn fit. :W, J.')(I , ;lIId :100 fc(!i 
fo iJl(.' ]('(.'\\'IIJ'Cl. uJ n, lwrl~('rIJ\\', '1'11(' amoullt \nl ~ 2-! nnd ~;~ per ('clll 

g'l'cai('J' 1'01' ] ·')0 Hllrl ~~ 1I() f(·d rc:;:p(_.d jyely thall at ,to foc t. \\'he ll 
the air caine a ('l'(I~S a HelLl of standin.!!: c!o\'cI' 7HO j'PC't wide t.he 
('\'flpofatiou "'ilS 30,1 rer c{'nt Ilreni'Pf nt -1.)(/ f~d. and 40 per cellt 
~I'eate r nt ;iOO foet tklll at 20 fed from the fir\<l. 

;3. Drainage.- Th e effect of 11rninage on tCJlqwraiurc nt- differ
en t depths is showil ill the talole. The ,,)iis Are the ,ame. Drainage 

Titnc 

The Effect of i)rai1«J.{}c on 'J'cmTJeTat1.Lc;,~e=u=====~ 

ThcrlllOIll1)lcr 
1 inch ocl ow 

BurfaC(l 

'rhcrIIlOlllt't{'r 
2 ilH't.C9 below 

Burial:c 

TIWrlnunWlf'r 
" inch,," IJclow 

surface 

D,aincd L'ndrlliDcd Drained I Cncl rlliuccl Drained l'nclrnincd 

-----1---1-------------
6 .-\..M.... . 
MB.:\:imurn. 
G P.M .. 

48.0° F. 49.0° F . 48.0° F. 49.0° F. 49.5° F. 49.0° F. 
82.5· F. 70.0· F. 80.0· F. 69.0· F. 75.0· F. 68.4· F. 
71.0· F. 63.0· 1'. 73.0· F. 65.0· F. 74.5° 1'. 67.5° 1'. 

]'emoVE'S the gravHationaJ or free water? thus lowering the specifi c 
heat so that tbe same amount of heat applied will rai,. the temper a
ture more than if the soil contained much mo;,ture. 
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It is vcry jl!!crt ..... tillg 10 nol l' the eJl'c('r vf an-lillage it! the ubo\'c 
c:'1J('ri IJ lellt. upun tIll' geJ'1l1JIlHtioll of ~t'l'd1' allt! ~a rly g'l'owth (If 
pl;.wts ill tJu.' dralJlcll ami lIJltil'aiJll·d :"I,jj (Fig. H,j) . 

. 1. Presence of Water.-.\ ... ide frolll Hll' /uwl'ring of tempera
tu re II} cYilporntiull of wll!t:r from ,..:oil:: . th(, I'rc~l'Ill'l' vf waH'1" keep:: 
the IL' lllpe ratutl' uClwn hCl";\u!-:l' of 111(' :-:lowl!i.'R~ \\-itlt which it l'hang('~ 
or h('('II U:'l' of jt~ high !--pl'( ' ifi{' hl':ll. This i:, partiy ihc ('uu:::c or 
pl,;;I :: , ('Iay:" IIlld ll lillrailli'd land \I('ing" (·tdd Hlld lilt"" I r Hl'uLie; foot. 
of dry soil hll'lillg iJ :-:I ,{·(·ili(' /Ie/It or Ii.~. Il'('i,!.dlill,!! Jil l) 1IO(llld~. :-:IJOldd 
han' JUO heaL u!Lii...: applied \ tl it. it:' ll'IlI)lel'llllll'l' \\'ollld be il1{'f('R~l'll 

lirc degre('s Fahr(,llllt .. 'it. I f a ~'uIJi(" I'lIlIt .-:IJl)uld l"oJltnill :.!(l pound . .;: 
uf wait·r. it~ l(>Il\IH' ralurp would Ill' illl'l'l'il ... t,t! IWtI ~Illll oue-hulf 
d!'_i!Tt'l'S. or the ~pecifi{' hrill of' the ~nil wou!d ill' tlOllhk'll. Saml 
)"o(lil~ Urt' .. carl\"" \'Ct"Hllt'C td' t\w :-: !lHlll i111l0l!!1! of Illui ~tnn' which 

tlH')' ('olltaill :lI~d 1hcir low ~Jll'('ifil' \W<lt. 
5. Absorption and Radiat ion of Heat. - The ah~()rptioll (I[ 

11 <'[11. I.ly ~(/il~ Rna ('(jll~(·q!!(·llll.r ll!(: ir !(,lJIp('rntul'(' d(>pcw]s largely 
UpOIl flit'il' ("0101'. Thl: dark ('nlun: absorb llHlre 11l'Ht tllaJl li.;rht (llW:o<. 

Hinck. bhw. brown. allll rt'd ah:.:orh Ill"li ill til<' 01'11('1' g-iy(lll. wbile 
rrl'l'en \,(>110"' . ~ra\'. ancl whil(' IIhROl'h Ic~s. whit e \will.g tht' :-:lowcFl 
;'Isorl)c'r of alL' l~o l1yoll(,o:-; ('0101'('(1 whitr :0:111111 \\"ith dyC'F; and dcler
miJJc(l the ('olTIpa !'atiH' (ll ,sorbing POW!;'!' ns measured by the tempera
ture ohiaillcd . This table gl\"es the results: 

bjJcct oj Color {1ft '}'emperature oj Sand/! I: 

July 2";-2$ Augu.u 5-6 

C(J/Qruf 1!:IlJC :\l:u.huum :\lillimum .1\b.rillWnl .Minimum 
2 )' .. "\1 . 4 A.M .. 2:30 P.M .. 4:30 A.M 

I 
Black ... I 40.9 ' c. lti.i 'C. 37.0 'C. ]2.45° C. 
Blue. 

'1 
40.0 ·C. J6. 65' C. 36.7 'C. 12.4 'C. 

Red. 38.00' C. 16.60' C. 30.9 'C. 12.4 'C. 
Green ... . '1 37.10' C. 16.60' C. 34.7 'C. 12.3 'C. 
Yellow . 35.8 'C. 16.60' C. 32.65° C. 12.25' C. 
~rhi (,e . I 34 .0 ' C. 16.44' C. 31.7 'C. 12.2 'C. 

A "ery intercsting demonsrration is to .fill a tra.y three b.v six 
feet. wi th soil, plant al1 equal numher of seeds in each half of the 
tr.". and co,'er one-hair with ,crY dark soil find the other half with 
whi te soil and place in the sumj,in~ (Fig. 1~4). For be.t results 
this should be carried on ill spring or fall. Plants come up from 24 
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to 72 hOI1I'!" Rll{)llcr ill t.hl' l'~trl of the tray ~'()\'er('(l with dlll'k soi l. 
'fhe tahll' following giH~:': lilt, 11'1l11'CmtU1'(.' i ll the two part:.; uf 
Uw iraJ: 

Eff(:ct oj {'olor on Soil Tcmpl'.-at urt' 11 

I TIII.~ ru"'II'l'tcr bulb Tlll'fllluliwtcr bulu ! TI"'rnl"lllI'tl'r uulb 
1 jilt!. bdvw 2 in('hc:, below " Ilwh!.:1I hdu\\' 

TilHe lIurfun: I lIurftwc "urfll"\' 

~~-__ ~_I~I~~~~ __ ~ ,_~ 
~'l'~~;n\~I;I~ " : . ~~:~: r: I ~g.O: :~: ~k~: r j~:g: :~: ~~:~: r , ~?:1: k 
() 1'.,\1.. IUj" F. Oti.5" F. ; .J 5" F. 70 II F. 7i II F. ! 71 II F. 

In('rcll~c 8.8' F. 7.J" F. 

A 

FIG. 134.-DilTercnce in growth ulllight and dark {'(lIn roo Roil" A, "orn ; B. whclil; C, Waler· 
meJ'Ju. 

'l'be time and tbe number of plants coming through the soil 
are gO~'erned to $:ome extent by the color of the soil, as is shown in 
tbe following t8 ble. 
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Time H('(IUirl,1/ rmd Ih,' " u IIII/ t'r '!f J'I(ull.~ Ih(l/ ('mll(, { '" i ll 1111' .'im"l.'1 nf Different 
('(llOTS. On!' I/ w!drl'd·Sctds !rere Plantoo i ll Each l J 

i . 
8. 
~). 

10 . 
Jl. 
12 
l;j 

\\,i, II Idill"k till' ah~(II'JJtiull i:-: a11l10:-1 c'ompll'l(,. T he soj!~ of' wilat
('n'i' ('nloJ' te lld 10 {'( ~(J l 10 the tcmpcl'ntu I"l' or th e !"urrollllciiug 
1I111l0~ph('J'{_' during tilt' niglli or jll {.j(llHl.r went hrr. T Ilt' l llhic 011 

pilg'l' :W:! F'h(lw:-; that Ul(' /O\n'f:.t t('mp('rat-urc~ of lllp d,lJ'k-t'% J'cd 
~alld~ w un' It ()t ~l ~ It)w n::: the ligld-vo l()r~d (111(''\. ( 'n/or hn:o; l ittle 
ill fhJl' JJ cl" jll YC:' J'Y wet soil.o.: ,..:j)J('P ('\";l p0T;i1 ion j::: :1 ~/'('~Jlj' /' feW! ') r ill 

/u\rt' l' iltg t...' nlpt\ nltllrt~ t11all ('olor j,..: ill loni sillg- it. 
n. Latitude or Angle of the Sun's Rays.-AI\ Aat areas of 

Ill(' ('artI1 ':'; Rll r f H('(' hilrt> 111(' RilllH' lIumher or ho nl'~ (If pO:O:f:ih le :0:1111-

shim' 1l1U1Llill1y ",ithnut J'P_g-arcl tn lorRtil..l1l on ilic cUl'th" T lie erl'cC't 

£ 

F lO. 1 35.~Sbowillg tht' l'vnLj)llmtivc nfeR!! f'ovcrt'd b~, ille !!Ull"i! rll.'"" wben rerticul, 3D, 60, 
• Ilud SOdegrf,."CfI from the \'eniclI\. Comp a re AB. :\ C . AD " Ilud AE. 

of lhe rays in wRrtniIlg thl"' ~o il depends 11pon the angle at which 
11le.'" strike (Fig. 1:~5)" I f i) sunbea m striking th£' carth"s $urface 
pl'J'p(mdiculnrly ('Dyers nil arl?H of 1. when 1hi~ sa me heam strikes 
at an an!!i e of 30 de!!rt'e' from the yertical. it will cover all area of 
1.175: at 60 degrees it will cover an "rea of 2. allCi at go degrees 
1m area of (1. 'Phe heat will he spread Ov{,r n larp-er area the g-real&r 
the distance from the vertical, and the effect on temperature would 
be inversely as"the angie. T~e atmosphere absorbs some beat. Tbe 
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\'ertical rays P,L"::: thJ'(~lI:!h a {hiIlIH'1" :-:tndlllli or air lll!lll the lJ ther. 
aud 11I0re Ileal will J't,;tl·h I Itt' "\lrI;1I'l' rrulll a \l,rtil'ul 1'1111. 'J'lH' 
dfel'l or ~n'jlll'J' in('lill:ltillll j.., l'IIIU!,i'il:':lh'd fill' III ~UIIlIlICJ' \1' :-O IIiC 

C'xtelll by tilt..' IUllgl'r :::ulI~lLjJlt' [11'riIHI ill !\\\"'1l1y-f,Hlr hllllr:o:; for high 
hllil udc~. 

7. Slope.~'I' hp ~1(jJll! o[ bud ha ... :-:llllll'\l"\wl ih~· :-<1111(' (·ffl'(,t H:' 

latitud(' 011 ilw C'{/]\('l'lltrntioll lllifilli ... trilllilitlll of Itt'aL T lll'dl'('I'j 
i:-: to {':lU:-lP till' m,l:-- fronl llll' ":UIl t" ':11'11..1..' Jill' :-011111 !"I{ljlt' III a h'Jo':oi 

lInu til(> Illfrth lIi;J ~Tt';llt'r ling-It· fnJllllhl' ]WI'[II'llili('ullll' (Fi~. l ;{!;). 

\r ith t.ll(' :-:1I1l -I.> dl'gl'l'l'~ 1l1'{l\l' lilt, h11rizoll :llld jllP hill 11;J\';Jlg- jltl~ 
two ~lop(':-; uf '!I) dl'.~!Tt'~'!"' PI' ('qual h'ng-th. 111(' ,,:olltll 01\1' w(luld "('l'l'iq' 

tWlce il:-- llllH'h ]J{·a l rrolll t hl' :--\111 <1:-- jill' lIod II niH'. 

\rollll.\, fOlllllllll;.lt tilP iI\I'J'llgl' h'lllJ!l'l'alul'(' (If lIlt' Routh ~IOPl' (If 
a 15-dc~I'cC hill \1';1'-: 1..1 d,·:,;I'{,(·.~ F. higher tlWII Ill£.' lIorLh .. dope. 

, , , 

F IG. 13fi.-Efiect' of slope on lhf' :Irea (·o,'crOO by the f!UII ' !I rnl'S. Angle of 8UD'S l',.~·a 
~O degrees from "crticsi. EF ill 100 f)l)r cell~ greater ~hl.Lll DE. Be is 40 per cellt grCu.LCr 
than AB, 

King Iound that on .J uly 31 11 south slope of 1S degrees had a tem
perature 3.1 degrees F . higher thall the level at a depth of olle fuot; 
2, r degrees at two _feet. aud 2.8 c1l'~rt!t'::; at thrc:>c teet. J~o r early 
crops a SOllth slope is desirahle. Plant, that are li llble to injury 
from spring frosts SllOul,l be pincer] 011 norih slopes so that gruwth 
wil l be relarded as much as possible. 

20 
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~ . Conductivity of Soil Material and Soils.- \ret Roils are 
bdl cl' ('UlHJUr-lOJ'S vJ' beai t1WJJ dry Ol JC.-: ~llJt1 ('OJ1l1Jati ()I1e).:. better 
j hall loo.":c Qlll';"i. Th(:';:;e LiilrcI'Cll t;C~ UJ'~ due. to t il e lad that air is a 
vt' ry pou r (·() IHIlH·tOT, C\l! 11 P(lOl'l'l' thall wate r. Suii!'5 shoulLl Ilut ('011-

d llet heat. d(}\nllnlrd H'l'y r'i·lpi dJ.\· ill I"'pri fJ .!{. but ,·.;jwuld eIlU:-:C cUrJceu
t.Tntio ll 01' heat ill til(, ~H rf <lvc t wo to [(IU J" illr hC':-! to 11<1:,1(,11 gt'rnlilll1-
tio ll and ni,l till' g ruwth of till.! .\·(\ UlIg' plnn\. or all "oi l 1llntcrial~ 
qtw ri z show:.: tilt, fti~hl's1 !'all' ur ('lJudud i\·il y. wll i ll' dry ]Hl Wd tl l'cd 

l'imlk sho\r~ tbe IOWf·.~t. 

III ti l(' followi ng- tullk' it will 11(' wrll to noie tllP IlifTerence 
hdwc('u loose alld ('ompn:o:.t. w~,t nlll1 dry. and finl' and (,OH 1'5C. 

Rdolil'( ('mldurliliiy oJ .'1m:! M(//rnaI 13 
- - =::--==-= 

(~lltLrlz powdt!r .. 
Peat. .. ' 
" :Il(ll ill . 

j;;oi llmll crill l 

Ch"lk .. .... .. . .. . .... 
(.'Ia y with l iln (.'~ t o lw ~tOl1 es 
CI:I)' with (lu:t~'I Z S10 1l(!S . . 
Qu:utz saud. fine . . . .. . 
{lwlrl z s;Hld, JJlf' UiUlll _ 
t.!ua.rb s~llI d , (,·oa r::!!'. 
Quartz swd . 

Dry 

LIoo:<e Cump<IoCI 
------

100.1l 1()(i.7 
VIl.7 90.7 
[lO.7 fJuA 
8.5.2 92.G 

11 2. 1 
1I5. li 
100.0 
103.6 
105.3 moist 
lOO.O ]7-:1 

Wet 

---
201.7 

9-1.3 
155.6 
] 53.2 

1890 

'J'lJe next lilh l\.' i'hows tlw hwg!ll of lime' rcquirt'd lifter the air 
tetnp(' ratuTc had hegun to ri se fot the h("lt to pCllctm h' tht' ~oil to 
lhe 11r plhs g i\'ell ill th(' tahle_ The ('ona lll'ii,-ity or Shit :: does Dot 
play:1 ,f..'1'(lflt pA r t jll prnctical ng-rir u!1-ure ('xc'cpt tlarly ill the spring 
\\~he1J the grCl:ltef l'oudurth-ity of s~lJJ(l sojJ.~ pcrmjt~ them to '-~'arm 
up curlier IlIlU to a g- rea ter depth _ thus gi\- j_ng thc crops grO\yn upon 
them Ib e ulhanlagc of seyc r"l hours of warmer soils eaeh day. 

Uehril'e Time for Heat in Penetrate the .soil U1Uler Field ComUh"mtS U 

0..,. ~I~I~ Loam Clay Peat 

illc/u:" Ilrs. m in. 'Irl. mirl . hTIJ. m1·". hrB. mlYi. fan . min. 

July 27. I 6 4 4 6 3D 6 9 

I 12 7 7 9 30 9 30 

August5 .. . G 4 4 G 5 30 8 30 
12 7 7 JO 9 30 

August 26 __ G 4 30 4 30 7 6 
12 7 7 10 30 10 

August 27. 6 4 4. 6 5 30 
12 6 6 10 30 10 30 

September 6 5 4 6 30 6 9 30 
12 5 30 5 30 9 9 
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The following LaLle gi\-cs dle u\ cJ'agc ;.tli l il'lnpNlltUH ' at \lIryillg 
dept.hs [or t (' 11 sea rs: 

A verage Flail Temperature. l.rxJ5-:914 rO-}'cQr A ,'(7agt' in mUt{lra,.~." Sod 11 

Dt'p~h-llJc h~'1! 

I. 
3 .. 
li . 
9 . 

1" 
24 . 
30 . 

It will IIC lIoled thnL tl,~' hjg!Il!~L 11\eragl' tl' IIIf'l' J':lt U I'l' to a 
depth uf Jlill l' il!<;h cl' I::: n .: a(:]ll'u ill .J uly, while fw' g'1'l'/I I I'r dtpth s Lhe 
higlH':=1 if: 1l_'lIl.;hed i ll .\ugu!'t. Tlt j~ I::: dUl' to the ~dtlw (·otJdll(·tj\'ity 
of the 1':oi l. 

!}, Tillage.- Ill g-cl1c-rn l. tillage bas two l'fTed :: UJlOIl :ooil1i lUi 

regards tempera ture. I L in creases c\ apo l'tlti on ut Ii I':'t , hut whell the 
sur(clt'c J,C('Olllf.: . ..; dry this 1/1 ,)'I'!' a('t.::; <1:-; a lIlukh, 1)I'C\'l'lIlillg Ih c' 1II0 i:-:l
nrc from conIillg to the surface whell the heal i::i u ~('d ill eWI)lIJrat ill~ 
it. Tillage' looi;cns the :o:oil, mak ill~ it <l P(IO I' <,:oll{lu~·tol' vI' hellt. 
1'lti ~ ('ol)c'{_'ntral(,:-! the heat in the slll'fn('C two or th l'rc il\(·lIcs o( 
soil, uUll gives better l'o nditi{)n~ Inr f!l' I'milllltiull l·ady in the 1'i l'rillg:. 
l ~nl c r ill the ~(! aSon. whell the ul!LiJiNI soil hm: be('ollle ~0 1llCWh llt 
dry, Llle condi tions arc rcn~ rsed. and the tilled soil is (;(1011.: 1' than the 
untilled. 

QUESTIONS 

1. Whv is a knowledge of tile fUli ctions of hnt and its control import..ant! 
:! . JIJ u'f;i rat(' the lllllount of heat r l,'{'ein!d f!"Om thc sun 
3. Why do high altitudes f t'cc i\'c more heat from the 5 1111 1.111\11 low ones '! 

\\lll," arc high nitituties co lder ? 
4. After the malllll'(, Lccomcs thoroughly decompo8t'ti and mixed with the 

scjil , what eUect will it ha\'e 011 tell1perature! 
5, Why shou ld wliter Yllpor ra.ise WJe temperature of soil mflt.crin,l lUore 

than liqu id water? 
6. \"ha.t efJ"ect does color huve on rad ia.tion of heat? 
i. \Vh v is conduct ion of hent dowrnntrd into soil HO s low! 
8. Why is slow ge rmillutiotl of seed .. uTldcsimld('? 
O. I s the temperaturf' of the .. oi l usually at t.h e optimum , as shown in the 

table on page 298, wlicn the s{'(.>tis a re plnnted ! 
10. ' Vhat part does osmosis play in I£ennination? 
11. Row does temperature affect it? • 
12. Wlmt effect does color of l'ioii have nn Ii cloud" da,, ! 
13. How docs the specific beat of soil s compare with ot.her substances! 

(See table., page 29n.) 
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l ·t. Il u\\' ch\('!, t.h£' :Olwe ifil' hf'at. uf hUlllu s t'ultll'll.re wilh nUll'r bu],sltlllt:es 
fuullu ill 1-1,11 ,..1 

J 5, \\')1111 j~ t)H' t,jJ'e'I', (If c'nlj!tlnlliulJ OJ) tI'JJ']Jl·J' ... iun· of I'<oil" ~ 
In . '·:». I'laill lht, \.'1'''1 '\ HI moj t-lul'c' (Ill " 1'1'('ili(' iI('ai (If !:lUilo. 
17. Uj\'t, tht, /i,!!I1I'1'" ill n -;':ll nl Iv IIil' j·i!,·d,.., III' uilldhn'llk, .. 
I H. Ilow ltHUI," Ilt'lLt unit., \\(llIld I'l' I"l'quin·d to ru; !,\' llH' t ClIq1P r ll tur p (If II 

('l l hl(" /(,(11, III' .. (dl lil (' d('i!/'('('~ if it \I 't'i::dl~ SII pll((lId~. \\'HI('!'·f rt'I'. uud 
c'(lIlLui llt,,1 :!(l IWI' ..:1' 111. Ilf \\;lh'r~ ~l'\·t' itil' 11I'at. of :--oi[. U.:!l. 

111 . (~jn' 1'lJ ll du .. iulI uf l':\)'I.·riUI\.'l1b to( t:UU YUlLt'U" ill Lald
" 

011 pagl' :W:t with 
('ulvn'd ,.;all(l". 

:W. Tr," tilt· " ' I,I'ri rt H'11i "ill! ,..c,(·c!,.. pl:lllf\'d ilL rlifl'l ' l'l'u l (·nfiln·r! ":(Ii f:--. 
'11. \\'IUl.i l'Il\·d lli J ('ok- ,' IJft\'c on diirel·t'ui s{'{'d,,~ \\"11 \' did melons slLow 

111\\' l'r ),!t'l'IIIiHutioIL '~ • 
:!~. \\"h l.ll illllll('II('\' dl l\'1" t·{.lur iLu\{' 1!l1 \'~'I"\' \\d ~oi1:-.~ 
:!:i, 1<:"" oInill ~ ·Irl'd of lat,iitHII- 011 ll'1I!1'('rHtlil"t, " f ~I)il". 
:!4, r'::\ )I!aill adi"l1 of airlln:--pllL' l"t· in a1'Nll"pli'lli of l'l'lIt. 
i.~, . '\'hll t i,.; till' PI1'('t,·t. ' If ,,!n!1I' 011 It'II!! ' l'ratl Ln '~ 
:!fi. ,, 'llIlt Pil)'t dOL'1" "OUthw , i\' jry play ill j l'l11111'ndll l"l '~ 
::!j". Wlth·1! will warnl u p qlli {,k('r ill ~pl'i llg. 11 ('u lti\'ittl'd fOui l ur II ('CHlIllI1 t't 

. .,o j r ~ \\")/\ ~ 

28. Why i~ dry. im'h(' (· !talk it IHl{lI'C'l" ('ondlh-tor {If ht'Il1 , Imll qUlLr t z ]lowlier? 
:!!I. \\ ' IL~' j,.; /i ll (' ~ufl(l It f"I\" /,(-" ~'(,rrrJ!ldor IIrUIl ('"IU'!"ol' :-:lIld ~ 
:w. ,,'11 \' i ~ \ \"I·t ~I) il II 1",tt ,·1' "illl(ilwt, ,1' 111 ;.111 dn ~ 
:{ J. 1'\11: trm'k l' I'(I I' :- do WI' 11 1,\·t/ ;.!Ilod or' l'U(l1' t:om!lIdtll'" ~ 
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SOIL AIR AND AERATION 
EYERY jndiyiflllai who !Jar: g-nJ\"1l {'!'op:-: klluw:; that u ~oil nHl~t 

('ouinin air a:-: well <1:-. \\";\1<'1'. alld till' nnloullL of OIW will \lIn Wilh 
thut l)i' tile otlwl'. 1n otlli,'l' \\'\II'd:-, llll' air oj' a :-:fJil o('l'ui'i~~ Uw t 
slHH'c 110t O('(;Upil'd by wilt~'r. illld Wlll'll t [1(' prupui'liull or lilt, two 
i;:: alJout equal optilllU!Jl v(IIJdit.iI)l]:-' pl\'\ail. 

Use of Air in Soils.- T IlI' 1l1(1,·q imp'Jl'blld l'll'lll('ni in ~()i l 
~Iir i . ..: OXY;.!l'[J. I t i:-: l1l'l·l' .... ;lry fill' till' '11nl 1'1111('liO]l:;; lImt tuke 
l'\;w(' in pitlllt~. and ill til .. , (',l-Y III' wilt('r-lngt!(.!1 l'>o11J'O. jll wlli(']! till' 
oxygell i::i H,dll{'L'd to It lllil!inlltlli. tll{' {·jJ't'I't (',111 rL'ndily he lo;CCl 1. 

{hy{:!vlI j~ Jll'(·(':'.":a!'Y f()r r(~!t C'<,,,'pimlitJII. \\ '(, Ii lid flwl Lltef"t· j~ ,It I 

injerl'hIlJJ~(, ill {he )'O(lt:-: . 111(' Vjll"!)(l!J diu:\idl" L('iJlg" gi\\·JI nlr hlld the 
oxygell taken iJi. () \itl;JtilllJ . with or wilhllut 111(' fI~I'IH'y ur hm-tl:rill, 
i,:; n(l('l':'~,ll"y f(lr furni:--llill,!! H\;Jihlhl(, plnn! fOl ltl fIll' the crop. T he 
llI'('('('~:-- that ~up!,lil':-; c_\\'ailnldl' lIitr<lll'~ i;-. kllll\\-" ;I~ l1itl'ific'utioll , an(\ 
Uih~,~ JIbe·£! thf'{/u!.dl tile <t~elJ('Y (I[ Ol·:Ill1l;,';III~. ,_/,hi~ i,,,: al,;"loJlIll'ly 
11l'('(.'~~;1J'." j!J :-:oil:,. :11111 if fur Hlly 1'(',1:-:(111 O:\Y.!!(-'II i:-: pn'Y(' l li.l'd I'mlll 
(_'ntc'rillg the Roil, 0]' if tIll' :-:l1pply 1'('('(lllW": lo\\,. 1111' \;l('k (,j' lJ'itralc3 
js sh(lwn h:,>- 111(' yellowi:.;.h~gn·c·1l ('olor thai the plaut !'O(j11 fu;":ll n l~S. 

A Sllf>ply of oxygel1 i;-: 1H'('(':,:--nr y hi i11(' S();} 1'0], g'('fminatioll al:';'(I. 
Certain chemiwJ IJrOC't'.":,"p, .. tNkr p);-IN' ;/1 dIP ,":PI'II fill' which oXY1!pn 
is nf'l'e1'sllry. I n {'xLr(l1Jl(~l,\' wd ~(,il:-: :-:('l'(l~ ,!!(,l'lIliIlHf(' \'('ry poorly. 
Air i~ lle(·e:o::-:nr.r in the ;-'0;1 fill' :;:.upplying' JI ill'()_!!'('11 1(1 the' nitr(lg'('n
fixing barterjn, holh ~ymhioti(' AIHl II01H:'YllIhintir. TIl(' ('urbon 
rlioxide ot: tllC $:oil nir if: of impIll'lan('(' 1J('('HU;;l' (Ii' it~ {'fi('rt Oil min
prn]~. '] 'l1P.~e Bre slal"]Y d£'(>omp();.oPI] hy Lhf' (';uj,c.Illir }wi,l th;:}t is 
formed _ an,l plant fo"d i, lil>ornl(',l _ 

Amount of Air in Soils.- 'l' lw "mount or ail' in ,o il depend, 
u pon the pOTo:~ity. aoel th is 11pon the trxtlll'('. It woulll Tlrltura lly 
he supposed thnt Uw ~rI?H1e~t amount of air w()ul(l he in the f'loi l 
having the Jl ;ghest porosity. T lli.<: mAy noL alway,;.: be trUf'. Slnc'e 
soils ,,~th high porMity h"re al"o n high retenl ive capa['ity fo r 
moisture. alld it would not l,e all unusual thing for a "oil to retain 
so m uch lnl ter th;lt it would TNlu('(' tlw 1I(·hml nmrnmj· of nir prc'~('nt 
to a ]loint less than that hel,1 hv s"lId. (See the tahle on composi
tion of soil air, page 310 .) 
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T he i'ITUdlll'l' of ihe ~(.il Jday::, SOllie pHd in Lhc amount of air. 
T!Ji~ il:i {.!/,\pl·t.:iiJlly trut' (If filll '-graiul,d ~oiJs . ][ grallulatioll cxj~b 
IllI' :-:!IiWt' I!etwl't'll tilP ~nlI1\lh' .... \\ ill bL' Lirgl'ly O('('upil'u hy air, eyen 
WIH'1l till.! ~oij i~ wpH S.U]lpJiI'(] wit.h WUiN. T his may illL' !'CI<\:;e the 
il JJ J(111JI1 I)/' ,J;r Sf) 11H1t it will ('(JJ1Jparc H'ry f;lrl1T';11)Jy witlJ i1uJi in 
;-:;111(1. ' l 'lw illlWUllt (If ul'i!lllJi(' Hlntier prr,,,:cllt. jnlJlhJI1('e~ bOlh the 
wfl it' r H'lailH,(1 nllc1 till' })(1]·o:,ity . hut as a ,!-."L'J!(,"J'ill l'u1t' it will ill
l'l'('IlSI.,' till' HIlHlUHI tit' ail' ill snilR. :::illl'(' it nl/'<() ilH'r('a~Cg tIl(- gl':l1l11-

lalion. rr ht' llll}!'t illlport::llIt fa('w l' jn (.h'termiuin~ the fllllOUllt of 
Hir ill !'oil i:- 1IlOl:-: IUT('. whi(,h \"(11';(':'\ l'rDIll wl'ek to wl'rk. Arter a 
hl'i1\'Y rain air ILln.\" Ol'('Upy Ilul." ,L :-:'lllnl{ frariion of !lIe total pore 
rp'"\('I'. \r iOl the f Clllll\'id (If thl' \~'at\,'r' I),\' l'c·rcoltl LiOll , cnlpornri(JI1. 
;1111] 11\' I'oot:-: Ihr (llll(Jtlnt of nir ill(·1't'l:L":{,.';:. 

C~mposition of Soil Air.-\\'hile 1he ~oil ail' (·onlnin:-: !'uh
f.:innc'c-p- lhai arc nnt ft)tllld 10 nllY exlr'llt in the air HboY(I, yct in 
gt' IH.'ral the ~1l 11 1C l·lcm(.'llt~ find ('(jJ'-:;:tihH' lJt:-: a rc fmwel in it as 'i n the 
ntmo~pht_lr(l. rr hu.>:: w(\ finll the HflllOrphprt' r'nllll'osNl of oxyg(l ll, 
llitrog-cn . HI1f1 ('urhon dioxid(·. wilh fI fe'w o(hrr l'\etnrlli5 or ('0111-

pnUllLlr. ] 11 the ~nil ai r We' filld til,· f-::ltll(> {'\('fll('nt:-: pl'e:::\lllt. hut not 
ill flll' !'.nnw proportion. 'J'}J(, (·nrholl di,)xidc i . ..: milch 1J}or(\ ahmHlant 

I 
S'il:;~d:~ 1·:lrl~~n I O):n~I'n ."\itruj.(c n 
("Il. fl .) (WUCf! . 

-------[---------------
~:;~~~;-.~~~b~~\ lO~/f~·~~I, : 
S urfatt' 80il of fo rcSI . 
CJIlY :;:o ii ,_, ..•......... 
Soil of ftspa ra.~us hC'd not 

Immured for orlt' ye:tr .. 
Soil of asparagus' bed 

frcstrty lTw.n ured, . . .. . 
Sundy so il, s ix d3YS nfter 

nHL1l w'illP: .. ,. ' •...... 
Saudy soi l, ten days ru ler 

mn-nuriug (LhrC(! days of 
rain), . ... ...... ' .. . 

Vegetahle mold com~t. . 

41-1 Hi 
315:iO 
fi.'m 

10,:11 0 

11 ,182 

11.1 S~ 

11 ,783 

1l , 7S.~ 
2 1,049 

Ord in:J.rvair (above the surface) .. 

14 0.24 
28 O.7H 
57 (I.H i 
7 1 O.f.i6 

~6 0.74 10.02 

J72 1.54 18.80 

2;j7 2.21 

1,144 9.74 10.35 
772 3.64 16.45 

Pl'r ('en t b} \'OIUlliC 

I 03 I 20.93 1 

79 .. ;5 
7!1.52 
79.35 

80.24 

79.GG 

79.91 
79.91 

79.04 
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iJI !;:oil ail" thnn ill tlte Htl1lt)~Jlllt'I'(!, whilL· the UX,\gclI rurie:- jll'\.'1'8~ly 
with tiJl' alllulwt uf t;_trltoll Jiu).itic, the nitrogclI 1'l!lllainjllg prac
tit'alh' Lile :o:allll'. 

'j"!tc IIhoyc tahle show~ tilt, allHlullt of l'ar\)(111 dill~idl' ill 8(ljl~ 

11l1l.1l'r tlifferClli l'omlitirlll:-l with the l'i!ll\pilrati,l' alllollllt or uXYg'C'II. 
Aeration or Soil Vent ilat ion.- .\j__imtioll a:-- ~1l( )kt.'11 (lr ill ('uIl

lll'{_' tioll with _'oi l...: iI-: HII illtcrvilClllh't' 11(.'1\\"l'(·1\ tIle atlllo:"l'ilL'l'l' nllJ 

IlIC soil air. 1t i~ llt'C'(!''':''''lry. fir,,,,, 10 ~uppJ." llit' P.\ygl'1! lI(.'(.'<h,d It.}' 

"(I(It. ... ,1110 :--oilllr~Hlli:-:II1i-: t' l'l ·(lIlCl. the :-<tlpply the llitJ'IJgt'H 1I(_'l'ded hy 
11itnl~l'Il-fi:\illg h;l{'ll'ri<1. Illld. third. to r(_'1110\ '(_' thl' nHilt/1I dioxidl', 
all e,\l'C:--:- o[ whiL,1t lw(.'onll·"; illjul'iou,..; h{'l':IlI~l\ "I' till' !'ad thnt it 
t·\(·JlIdt's ('-\"y.~Cll. Sojj H'llli\;ltinll Ilia), I,l' lll'~I, IUlplj~hl'd ill n \'Ill'i(.'I." 
of \\'ilY:':'. 

(.;) Diff usion i~ the mixill;'; uf ga~l.'s of dill'cl'ellt {_'{JIllpm:d(iOJl 

dul' 10 Illol('vulllJ' IlW\l' IIlCIlt. II IJU1Y IJl' \\"('11 illl1!'1 ratvd hy filling
a hot LIe with ell rlJoli d ilixilll'. Hnd al Lil(llt).dl tIl i:-: ga~ i:-: hef! \ it,!' Hum 
lll'dillClI'Y <IiI'. j'(.'t if the hot tit, i:< I(;:[L UIli'-tnppcrcd for 11 ioilHIJ't lillie 
it will g"1'<Hlul1l1y Jifl'w"l.! illlo til(' ... ·urr(luIHliHg' IltnHl.:..pli(Jf(>. A:-: Rt'(.'n 
ill tilt, PI'{_'vt"diug ta!d!.', :-:()il air e(Jllt(\il1~ iI lar:,,~1'1' illllOllllt or ("arhon 
diu,\jUL' thau illl' i1tlll(l~"IH're (UH\ it i:,= ("OJl:,t'lIltly. hut ~1\)wJy. iJei ng 
J't,'lIIo\"{_,d I,_,,- tlifl"u::ioll. 'J'IIi:--; }J1'O('es:o; take." pI3('(' mOl'e rapidly in 
soil::: uf ial'g<' to1.al pore :'=p~I("{_1 ilian ill thll:-:P willi large inrii\"Hllla! 
!,llre!', ~o that for hl'il\"il'J' ~tljlf:. with a Iligh pOl'o~ity and a high air 
('ontrllt" dilJu:-:ion \\'ill hlke pIH('c ll1M(.' fi1pidl ." tll:111 in f:lanrl_v Ruils 
wi th lal'g-l'J' Jlon:~ Blld a f;111111Ier Inial ]Ion: SPU(·c. 'r hi~ S('(,ln~ ("on
tTary to the fad that !<<lllrly f'olll' are beticr ai_;ndcd l!tal1 ("Iny ~oils , 

but" jt nlu:-:t be l'ememhl'1"l'd ihat utilrl' agl'lJ) C·j(,:-: HI'{_'> at w(Jrk that 
hring al!out hett('r lIemti(J1l in sandy soils" ('umpnctillg a soi l, hy 
allY mean:-:, wild:.: to l('!' . ..:ell (lilJ"u:-ioll lJ('("[]u:-:c it Je~scn.;: tlJc lotal 
pore ~pa(;c" For tili)'>. J'cn:-:{lll a floil ]11 gO(ld tilth permits more Tapid 
difrll~ion than one ill pon!" tilth. T emperaturl' olTccts difru,;.;irm in 
that a higher temperature prociu('cf:l g'r<.'Htel' l1HJlecula r acti\~ it::, 

whi ch results i ll more T<lpid illt.cl'("han,!!"c of the g-a(;.('s. 
(b) Removal of Water.-1'lic rcmoyal of water from [he soil 

hy any process permits air to C1JtCI', thus bringing- into t he soil a 
new supply of pllre air. As the ,,~at.el' is can·jed out hy drAillage 
the air follows downward from the f-:urfacc. The removal of water 
hy tlle roots of plants has the .ame effect, but th~ ('hangc is very 
slow" 

(c) Changes in Atmospheric Pressure.-Rarometrir pre.sure 
is not cOllstanL Regula]" ebanges t.l<e place in the region of the 
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11 l'('I<lilillg- \\"l':-:leI'Ji~· ... ~'\(.'l'.r tlln'(.' (I/' futlI' dHY"';, <:tl l'l'(:.":!,olltliug" to U!(' 
1IIU\l'JI lL'Jd !If •• lJigils" illlt! ,- low ... ·' 'J'JJl'~l' Y}lrilll i oH.S UlIWlwt to 

all a \l 'l"il.!..!'\' HI' 111 ltHli OHI,-lll-I11' i1)('11 ill Ih~ Ill,jght Ill' till' 1111.:1'(>11 1"\', ~\ l 
tIll' I llill(l;;- :-1 I<1lillll JiJl' lI\t·nl;.!'I' \I'l'I ·hl" dlilll~'l' f()r fh(' \'t·a·r. .... h;1 ... 
l'el'll O_I,~1 ill('l1. T ill' lll illill1l1l11 durill'g tid:"" lill1L' Wrl:- (i:!o JJI(·h . 
while till' Illilxinllllll \\H:o- 1. 1:-1 illdl('''_ . \ l'['lll'tiillg- to H(1yll .... law. 1111('

, ')'(';1:-1.' ill pr(\ .. ~ l1rt > in('n'a ~ (':-, the \(dtlllle {lj" a .~'I ;-; . wbill~ all inl'l'(,Hs(' in 

rl rtJ~~lln.' dilJ!i/!i ... JII'~ ;1 awl ill rq'(lI'(lnhIlJ 1(1 rill' ill(_'t'(·tl~C or d('cf"t'lli'c. 

11 difr(,rt'I)(-e (Jj' 11.5 ilH'J, j)l pl't' ..... ..:!J)·t..' j,": t''1uin.il('1l 1 to J/ liO i)J 1111 
nt lllo:o:pltnt'. I r :1 ("ul,ie r(liit (If :':11i! willi ;l!) p(lr cent of pore f'pu(,(' 
ha l'. flll ('-ha ir flf tlli .. IIITUpil'd I,.y HiI'. il willl'(ltltaill -1:1 ': ('ullic' indle:: 
of air, .. \11 irH·['L'il;o-.f' in 1'1'l':':~U l'l' lit' 1 / {iO or all ntlllo.'plit-re will 
fon'(_' !-1'H'11 cuhit· illf'!ll' ,.., of' ;IiI' into lhl' :.:(dL \\' illt H ('(lJ'l'('~pond illg 

dl'Vl'l'11:':t' ill pTl':';~l!I'C fi,e ~(Iir ni l' ('xpand:.:. fO l'c'ing out the ~all1e 

f1fllolltJt. 

(11) Temperature Changes.- \\'llt_'l! f!;1~e, .. tin,' lwuff'd the." ex
pand, li nd WhL'11 \'OUlhl they (·o llll',H'l. T ilt, nrUOnlit or c.\paus iou (I I' 
l'OJlinw11(111 i:-; :l 11I'linite qlliJlltit,'" .\il' dUlllgl';: ill volullIe 1 / 1fJl 
1'01' ('ilt·1! l·hall,!!(' PI' (l11(' d('f,!Tt'P 1: .. I1I1'<'II11('il. or ] I'~:-;{ IIII' ('aeh d('gTl'{' 

l'cntit[ntfl l' . If It ('uiJir fOOl (II' ::oil ('ouiaill:': -1:1:2 (' uhic' illc-hes of 
nil'. H (_'iHlIIge of' 0 111' dl',!.!'J'{,l' will I'(,:,tlir ill ,\ (,II:1l1,!!(' of uJlp r(l.\im;:ttely 
o rl e' eyl,lc' inch i.tJ \'(d llm (~ . ./)ur-illg' Uw ,!.'" I'(lu-jng- :'\('11:'0 11 t.he' nr('rage 

til-lily I'l-llIg(' fo r .'-(l il:.: to 11 llepHl of four jl)(·hes is about t welve degrees, 
as shmn' ill thl' tahle l)clow. 

RIlI/fll' (!( Telll pl'1'a/'lITc (If Plow('ri and U"flirJtl'rr/ L(/ttf l at D iJJf.'Tfflt Dl'pths 
(IJ t',rrCCI1 Falmmll('[t j-AI'cru(lc 191.!-lV1IJ!! 

Depth 

TreaLlllent 

Mu,, ". 
JUlle, 
Jul,\' , ." . 
August. 

------

Two il1ches U('{'P ~ Four inchcs.d t.X'p 

l 'klwl'd I ~Ol plowNI ~kl\n>d IKotplowl·d 

/2.' 11.2 I /0.3 I 9.8 
]:).n 1 ~.8 13. 1 15.7 
1M IU lU 1~ 
, ·.1,1 I J;_Ui Jl..j J1.J 

This wtluhl triy(' a {_'han_e-e ill HJlumr of ahout 12 ('ubic inches in 
a, cuhi c Jonl of soil. anll this HlllUUllt would he ex pelled during the 
tlay and taken in at ni:rht. The uerntioll brought about by changes 
in pressure anel trmpm'atul'e pr(ldu('cs almost a. complete change of 
the air :ill the-surface few inc1es oC .(liJ eacR week. 
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(e) Tillage i~ the IlIH,~tcJTccti\(! IllCtllOd fur prodlll ·jug/! dUlligu 
of r:oil nir. The !Ic~t implefl!<'!I! for iH·{'oll!pli .-hiH~ IlIi:, I'III'jJO:::U is 
the' piotr. \rhell rlit· fUIT{I\\ :-lic·(· i~ lut'lU'd (nt'r rlll' :-:llt'lirirlg' Ilr{l

<hu'('d JHI1\"(:r;;:(·:-; tire '''(Iii ({lid liri/!;.:-:-: ah"!!1 Ii t'IJ IJJl dl'I(' dt;l/lg't· (If IIiI' 
il! nil ('X('('pt. Ilia gralw/c:'. alld bn.'lIkiHg- the ~(Iil UJI hriltg-:-: H/'Ullt <l 

llIudl iJe[t(.'r challte fur H dIHfl~(1 ill thl':'L'. ~\rJ,\' furlll of tillng-l'. 
IllJwl·wr. \\' ill uHltcri::i11,r nid <I~;nlli~)II. I'hlWill;! \,!lIdd~' g-rnund 1\('

l·t1Illplil:dHS the 1{.'l1~t. Whell t/H.!:-c l·I(ld~ arc thnrough!y ]luhcrizeJ 
Illllch hdtm' iJltcrl"h~ulg(' takl'~ plu('(', ilild thi~ i~ Oll l' oj' till' gr\·pt 
HdnHltilgl'~ o( lhttl'oug-h puherizn(;oll oj' the ~(liJ. 

(f) Wind Movement,- The WiIH] :l~ a, g('llL'I'n! rule 11l0\f!~ in 
~u~t:-; . and th('~c l';l~l-illg- o\'e r II fi t·ld hil\'(' 11 !t·l1d,·rll· .... to draw out 
tile nil' (rom the ~oj_1 Hnu aid Ill:!'ui ion 1u ~()nl(' ~XIt>l1t ill thi, .. way . 
. -\..n\' exnd dClcflllirllltilllJ of thi;-: dfl'l'! or w[lId would 11(.1 "~'n' dim
('ult, yet it i~ pro!ll1ble tbat 011 :-:oils ha"illg Illrgt· nir !,PU('c~, .o.:uc11 
as cloud}' (II' sfllldy onu:" Uri!:i phlys quite Mil illllllll'lHnt. plirt ill 
aeration . 

Water-logged Soil.-~rany :<oils which ilu,'c illl\ll'rfl'd dl'u.ilt
age due to a hiJ!b watn tahle or HII imp('l'viI1llf: !=-t111i um filII,\' ('011-
tain :;:uc-lr a large amollnt or ",nit'r R:, to l'x('iud<, the air, l'l'!'uitillg 
iu a \'cry seriolls tOlldiiioll. so fur flS til(' \'ital ~uil Hc-ti\iticR lire ('011-
('crned. Th e rCJ]wdy. of ('OUl';-:t_', is c]1'[ljlla~e. III HI tile (hainngc 
r:hould lIe suffici cltt.1.Y r·omplt·te flO that 11 hea\'y Taild'all \l'ill llot 

!'-l1turatc the soil fOT allY ll'll,!:...rth of time, ] r tbe wuter bllll! i ~ two 
(IT three feet from the :-~l'fll(.'~. a hl'a\'V rain may rai~l' tlli:i !'nflkicnth 
to injure the crop ullle:;s the :-()il 'i~ Ulorol;ghly l1rnined, l\ la n:y 
systems of drnillage haye not h('el1 sufficient to lll\"el' the water Inblc 
rapidly am] the re!'ult i8 that in wet. '"a'O,1O the crop Is hadly 
damaged. .EvelJ in moderately wet H'a~Olls. the: rTop in the ]<,w{'J' 
plilCCS where the watcr table is neilr the surJa('e will I:l~Sllme a 
ycllowjsh-gTcen color, indicating that jnjury j~ l>cing clnllC by ];){·k 
of acratian. 

Running Together.-Soils (hat are deficient in organic matter 
are ill condition to he "asil.,· puddled, e'pecially (he fine and medium 
grained ones. fl hear)" rain may be .,utricient to do this. The 
beating of the rain drops break~ the granules into individual pa r
ticles thilt render the f:urFacc impenious both to air and WAter, thus 
cutting off :he suppJ.,' of air . If this condition contitll.le~ fm' any 
length of time, the crop may be retanled ir -its IfrolVth and he
come of a greenish-~'el1ow ('olo_r, indi(,iltin~ nitrogen starvation. 
The remedy, of course, is tillage for hreaking the crust and aeratil)g 
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t.he soil. II a }JCary soi l or it so il ,.id, ill orga nic maHer should 
hecome puddled ill this way hy H sl!(Jwcr, upon drying. shl'inkagl' 
(' r;1{·bi will he Ju rnH'c/ tJll'Uugh which till" nln,\" enter. Till:l,!!c \t'o (dd 
not. he so nt'{'CSS;_lrY ill that l:ilse. 111 light sandy suils this pwlcJ.ling 
wi II not lake place. 

QUESTIONS 
1. Gi\,(' lI R('S of uir ilL !"oils, 
:t. Whut ar(_· ~lt1l' illliil,,,t.iuIl8 hy tht' plant tlu1i oxygen is dC'ficient ? 
:.L l lpOll whni dul' Jo! the UIIlOlllll of air thut the su il willl'ontaiu d~'pclJd? 
4. \ \"hnt (':lUSt'S \Hrii.ltiou,: ill [Ill' "Ul1ll,ol'litiilll ui ".:o il (lir ~ 
5. 111 t1LUlc atl Imgc 310 "'/lUt is UIl" ltl ' , "'/ll!t ' IHI1II1111 t of rJitmgclI ? 
Ii. Jl ow doc,; thi s l'UIJlJUlrc with till' lIurJIllll alll()Ullt ill air? 
7. '!Jl'fi ll(' Ili"rntion. 
S. \rh y is it 1ll'l'C.:Isarr ? 
H. \-\' Ii~Lt i ii uilJ'U":iou( JI\u :<t rlt1{'. 

Itl. What, ctred dO('b porosity linn' ('TI riiJru ::- i(lH '! 
11. Iinw dOt'H j~ !lll p l' rHturl' /tlr('(·t it ~ 
1'1.. Ilow dt'l'!i n'III,'\' ,d of wHipr aid dill'lI:-.iuT1 ? 
1:). lInw IIII1 {' h dmllJ.,:"e ill Iltll.lusl'heril· JII' t',;~ lIr(' ill II w('l·k ~ 
1-1. \Ylint is. Hode'r; law! 
Ir,. What pnrt 'of an atmosphere il$ n'prl'~t'nl l'd Io~ a ('\1:IIIg(' of 0.-1:; incb 

of prf '~~Urf' ~ 
Ill. 11 0w do~~ Illlll(1f.;pill'l'ic dlalJ~~ elfl,(,t ni;ratioll ~ 
Ii . 1'':X plllill tilt' t'!re('l (If tl'llllwnLttll'I' challg('s on :· (;rntion ! 
IS, (;iw a\'{'!'ng-e cllnng~ for the JOUf' r'l(lfltll~ {\H' ('a<'1, (/t'"tli IIlld fo r cadi 

tn~nt lne J\t. 
I!), lien,' mlleh of a ('hnn::!c in "olUlIle would ul.;CIIl' for cadi if the l:IOil 

\'OIIlIDP \\'PTe one· foul't.h air ? 
~O, Rxplain till' elf{'("t of t.ilJa}!"!.' Oil ILi_;rntion. 
'1.1. (;i\'(' f'ITt'ei of wind mon!lIl1' n t, 
22. What is lL water-iog-j!('(l 80 il1 
2:j. IInw IlIn\' it, \11,' nvoi(\('(l ? 
24, Why i ~ it drlriJl)f'IIf.ai to thl' crop? 
~5, "'hilt e!Tect docs funnin g tug('t.h l'T Illlv(' 0 11 Ili;ration 1 
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SOIL ORGANISMS 

TIlE soil cQllin.in::- \nrg-c nUlllh('I'~ or ol').!u ll i:-:: m:;, ho1 h plant s llnd 
ani m al..::. or rfl r ioll:' killd~. Ihld ad, UP"II both thl' urglllli<: alld lIlill 
(: rall 'oll~t itu ('llt!' of lilt· f'(Iil. TIH'Y }1l'oduvt, dllll1/!I'!'., lIlallY or whi('h 
arf' hig-hly hP11I'lil'i<l1. while nth('r:, aI't' ddn l1wll1.nL F or rO l\\"cllicn cc 
flll'Y Illay II{\ diyid(·d ildo 11lIlcro-nrgani:'lrt f', i'1I(·11 li S r(ldrnl:; a nd 11\-
1-l'{·L~. alld 11Iicfl.HJl'gIlJli~1l1.". i IlIli't' IIf lIlil'l'o:;-wopiv siz{" ::Ul'i l as fUl' g i 
.tlill IJ'H:1criu. 

.1IAt:NO-(_j IW.L~ IS)l:;; 

J. R od ents.-LnJ',I.!"f' JllIlllt.l<.'rS or nJdunl:o:, sue·1! us ~quifl'el s, Tuts, 
mi (_·(l, p raiJ'i(' dug's ;)Ild ,!!nph('J'~ .. hil\'l' Ihe habil oj' 1JurJ'owillg iii lhe 
!-;oil. thu~ l'iH:iliwtlng' lit!· Hvtiol l of l'l'l'taill agt:llc·ic;-;, 'l'h(_·:o:c car ry 
f.:oil upward ano a llli;J'C thuJ'l)\I~.dl lll i:.:illg of till.! SllrraCt! allo sub
~\)il j:-; t.hus IJr(lu},!'ilt about. Lilll'I' thL';O-C ilj)cllillg-S arc fiill'J with 
f.:.urrtlvC :-uii. )\w,IJ \,pg'('la1Jlc lllattl' r 1I1:-:o is ('arr ih i iu lu these 
hlllTOW:';, wlii('li help!" ill ch"'ompi)!"itioll of the mineral R ,('itb wid t h 
it (:{JUH'S in (·Olltfl.ct , _:\ i..' !'UtiOll aud jtl'l'r'oint.inll arc ai('li·(l by t.he wo rk. 
of t!u';.;c al1imals, It is iuterc:-;tillg' to not£' th at \'cry few burrowing 
ro(lellts arc f(llllld 1n re~iollp; of tight (' ifL Y Ruhr'oi ls. 

2, Insects.-.~\ .l'1'C'/_1t 111all Y ill~l!dH 'liYC in t he earth during their 
larntl stall' 01' ('rell tht:: whole of thr ir li\'c::. The lan'al Rt.ag-c of ill· 
sed:.; 1:-; t heil- most adjyc ]1(·rio{1. T heS are (,o l1 ~ta lltJ y working 
t he ir way throllg-h the soil and in tiJ i::; way aid ael'ation aud drainage, 
S('\'cntccn-year ioclIPit:-:. are v(.' ry ahundallt jn Roi\Pi in HO lll.C local 
arcns, Over [}oo ('x lI yim! 01' east-off' shcli R, of t hes.e insects werc 
(·ounted upon a hnwthorn I,ush not 0\'(: 1' iluce feel bigh. Ant.s 
work up t heiT hili,. filling them with Y('[(etaille matter, and when 
they are ahalHlol1ed [m'm \,Ny l' ich ~pot~ or soil. 

3. Worrns.-Earthworms are mo~t ('om mon organisms nlHl 
are found in m ediu m and ll('iJ'l' soil s of humid. areas that are well 
supplied " 'ilh o rganic matter. ·They do not seem to be so abundant 
in acid soils, el'ic1enUy preferring those con tainin[': some l imestone. 
Tlley do not Jj" e in sands, light sand~' 1ollmf. ar'id or :iemi ~ari(l 
soils. They aid in nt:>rntion anil their Iw rrOl1"s imprDl'e drainage. 
The)' pass large quantities of soil throug h their bodies, 'r he min -
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crulR arc a('lcd UJlOll II,)' tl10 u(.!id~ vf the alimculury cnnnl; producing 
l:hcllli<:aJ l:lttlllg'~':-; rc:-:ultillg ill U.ll' iilJerati()lJ uI plHut fuuU. 'JIll',)' 
('arry JiHgl' alllOulll::; til i'Joil frunt lhl..' :,uu:, ur[ul't! null subsoi l and 
dcpo:-;it ii, lilt t.h~ Hu r J'al'l' of the groulld. \rll(~rc it IIlBy be ~cen as 
('i:Li-i(:', l'R pc\·ildly ill tIll' IIhH'lliJJ:; aftL'r it r<liu. J)aI'WiIJ ~tatt.:s tlHlL 
Wlll'!'1..' i'iI ri it Wrl n w: al14,lulld 111(· :I1110Uld h l' lH Ig-ld by HlC lll 1'or11ls R 

layer from 0. 1 tu 0.2 int'h ill t11i(' klIC~~ cadI )'l'u r. Thi s alilOlIld ... to 
frOlli I t, t.o ;·iIJ \011": pCI' ;-I('n' . ;..\(jJIlC ('(Impariltiy(' experimellts IUlxe 
IW{; JI COllll U('ll,d wJlicil Fllo \\' t1ud ('flrlll\vorm:: i l lC"reUSl' tllC yield of 
1.:1'ul'p. 

-l. Plants.- T he Roil iR Jl)o(lified to a lar~c extent Ity thL' TOOts 

of alt ldflnts. wiJl'1iH'J' IIlJ'g'l' Or ,..:mall. 'r ile- :.:lwrt -l iH'li anllulils anJ 
IJi(~ll lliHI :" hUH.! tlil' gl'pal('r cf1'c·('t. hl'(·nu:-::p IH'W n)ot~ a re formeu eYer,\' 
011 1:.' or two .H'Hri'. T ilL' 1'(I ()t~ llf peJ'elluini pmirif' g-I'a:-:~ct' are gn'lIt 
fildul':-\ ill lIl (Jdifying :-:oi\ h('{'illl~(' of t.hl'i l' g l'("Ht aillllUlllll('C' nllel 
d('l'P prlldraiioll. \\'h il(' 111o:-i of tilE' root;;; of iT('(':; flllcl sh ruh~ ]iYe 

fIll' yl'HI'~ . yd mil1l_\' dil' ('\"l'ry .~cn~oll . B (J(lt~ oj' all pl<llll]': <111d ROllle 

orgHIIi <: IlUllil'J' t ll Ute f:o il. hut th ey 113YC allot!wl' imporlHll l u!l\·d. 
'.1'11('," IUjlkl' til l' ~~Jit IlHln' PfJl'nll::i aftt'l' tliey dl'(,<lY and ihui' impl'(1\'c 
f1(;/'iltiOIl Hllll clrllilli-lg'r, Frequcntl} wlH'1l i imher :.:preflu~ O\'Cr a 

pr:liril' fll'l'lI illlyillg iI t ig-li t ('hl," ~llh::oil tiJp uilillla te pffE.'d of the 
Toot~ if:, 10 If':'l:-::llil till' imp{,l'\'ion~ cila1'llrtr l' of the 5uhsoil ~o that 
dr;lllll1ge i-lkt,:o: pl!l('(, with Illu('h le:'l~ difficulty. 

Al nny fnngi l i\'(, nil <11l(1 in the ::nil nJl(l f1fi'ret it to some extent, 
Some nicl ill the (ln rly 11('('ompo~itioIJ of \'£'g-rtnb]p mnttcr, Ot.her:;; 
arc di~cfl::::ei' . ~ u (' h a~ ROm E' e mllt ftlld r-;cHh. Other:, ii\' £' in f:\' lll

"i nti(' J'('lotion to ('('rinin lJig-hel' plAnts. The~p throu,gh 1-he ag~n('y 
of large' IlUmhcrs of hypha> or fungi 1'0otlets., called miC!horiza, trans
fer the food to t he comp""io" pllln!. 

nICHO-OHOAX I S:;\lS 

The group of micro-organisms. consisting of hacteria. fungi. 
protozoa . · alga~ alld .\·i.'< 1 ~t-8. i~ oj' special lmpOl'tanee in soil!'. They 
aid in tile tran~rol'lnatioll of tile yegetable and animal remains into 
lhe hlUll1l3-like resid ue. which really constitutes part of the soil. 
'I'he,\' ca n yon luan\, olher opernt io lls t.hat benefit soils chemical ly 
and to 30me extent ph)'sicnll)·. Howe"er. the physical condition of 
Soo il s and the p henomena that o('{'ur in them wh-icb influ ence the 
work and development of these micrO-organi sms are so inlportan t 
that they merit considerable attention. H ow the farmer may in-
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!lUCIIl'l' the work of tite:,c uqpl1Ji~lU:-: is a qllc!:-tioll flial C\·CI'.\' OIlC 
Llltere.sted in ugtitulilll'c should kuow. Tbe lllicfO-Otb<lllislnl" w the 
:-ut! arc (If 1 Wu g":Jll'I'ul hiIlJ:'i, i(Jjuriull~ auJ bl'l1ciivlHl. 

.I . Injurious Organisms.-.\ftl'r 1I :-uil hit .... Ill'Plt l'l'(llllll'd _fur :1 

111lll1iJcr of ycar:-: it i::; rre4ul'lllly fultlld tv (.'lIlLtnill llUllll".:I':-. of 01'
g'iluislll:-: of Yal'ious kiHd~, ~ollll' ul' whidl 1.11'(' lUll {lilly of 110 benefit 
t(l the {'rop. Inll I1n' IIdlililly illjuril1tl:". '1'111.' lllllldl{! f :llld cll(lr
IIde l' of thl'~l' lIr},clId ial'gl'l.\ ujlon till' ('I'(I}I,": grown alld till' l'lllu
tion pnll.:tit'l'fl. :\ :-:illgh.: l'rup 1".Y:-:tl'11I i~ likel,\' tll {'th'()llragl.' the 41(.,
n'\ojll1ll'nt ()j" tl l ':,!lllli:-1I1~ illjurioll:< to tllnt l'I'Up. J I l'IH'l' n J'Oiiltion ii' 
ndyi::=nld~'. 

Some uf tll{',"e fin,: UI(> "'ilt of 1'lItjll'/. fllH, l'{HqH'<l~, prolml,ll' 
('l()\'el' ~il'k(]p,.:-:-:, till' :-l'ul, of potah'l':-, tl1(' J'(Ji~ tlf I ltH!!y pl<1llt:-:. 'J'l1c:;(' 
p('ri . .:h whl'1I Il'y J'utniioll tl\('y IIrt' tll'I"'i\'('ri or tllt'ir iH ,:-;t pln!lt~ f(II' 
H few :ycar~, 

2. Beneficial Organisms.-Th(' ht:I!l-'fil'ial oq!ani:':n1:O ('\ltnp r i~<: 
a C'iJllsiderai)Je I lumln'!' rd' j'f)rHl.~, buf tIn' ,1!I'IIlJI' oj' IJlIf'i('rjH' is or 
:-'I'N,jal importunc'e , It would la' inlpcl:O:!'ihll' to grow ('I'(lPS with
out thosl'. fl'hC''y orc thp [nnll(' r ' ;-, l'l,:-;t frit,tHl¥. T ht,y nil] him ill 
grtting plant food into the ~(,i\ ill till' 1'1'0('(':-:-- (If lIitI'Og't'l1 fixatiol1 
find are of ,-ita I iltljlortUtll'(' ill UI:.Ikiug- plnnt. [()o(l t{1";lilaJdc', Il~ ill 
the proc'css oj' })itrif1('ai.i(lfl. 

(3) Fixation of Nitrogen.-Smne' hurtrrin in the' ~nil lh'e ill 
f:ymhjot ie relation wit h Icg-IIJneF, prodll(·in.£! nod 1I1c~ or t ulwl'('\l':-i 1I pOll 
dw roois. IJ'he ir fundioTl as trw,r grow ill this ('o!1n('('jioil is fo tnke 
nitrof!"en from th(' Hoi! air 1111d put it inlo the plflllt. in lhiR " ':JY 
~torin,Q' 11p or iixing nitrop-en. Thl'~r ol',!!nnii'ms 1j,,(' in thiri rrlnt.ion
~hip with le~umes alld this e'xplainF the impor1ull('(' of thi~ e1as~ of 
plant~ to the farmrr, Turning 11mler tlw kg-limcos (lnnl)\cs the 
farmer to get a Fupply {I f nitrogrll into til(' Roil wil h 11tO(, expense 
and in It form that i:- readily arailnhlc /,0 other plant~ ,dlich can 
nse only soil nitrogen . In general C'H('h Ip,211ll1C hAF it:, own 
'peeial barteri • . 

Another c]m:r: of hadcria known R~ Azotohar-tcT hUH! the power 
of fixinjr nitrogen in the ,oil dircctly or jllclcpcnrjent or any other 
plant. T o what extent lhi!'1 if; (kme iF nol definitc>h' knmrll, hut no 
dount it is of Fufficient eon5cqucnre to jUFtify ('iJ rrflll ('olll=iirleration 
in produring fayorable ronrlition~ '(flf their acth'ity. 

(b) Nitrification.-The nitro"en of "oi l 071!nnic matter cannot 
he used di rertly hY om rrop". It mn,! first he changed into som 
readily soluble form, usually nit rates. Some crops, such as rire and 
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pot.attJCs and po:-:silJly olllt'rr:. rnHy lI ."(, 1II0rt.: 0 1' less of it ilJ the form 
of OImllJ OIJ iullI (·(JlIlpOllUd s. J1." 1'<11' tilt· Itll',;:cr }mrf i,.. takelJ IIp hy 
J11ant ~ n~ JlItratl'S. Til t, !"{!il llilrogl'lI Jtlu:-:\ I.l' ~'hallgt'd to tilis ftJrl!1. 

The pn:;('l's:- of Ili t rilkn tillli j .... the dl<lll,!!itl,l! or till' lIitrogell of ;-.oil 
organic matt e!' into lIitrat(':-.. alld i:- cWL'(llllpli shf'd t!l!'oltg"h tile a('
t,i(lll of ('cr tai ll cla!-'sc;.;, of IJa('1cJ'iil. T ill' sh'p:- ill the pl'o(_,cs~ arc as 
follo,,"o: 

(J) ,,1'~")lO lIifi(·a!io li . ill wlJ idl thl' (I1',!!fl ll i(· mahN is {ll'l'Olll

po:-:cd by l.a('\(,l' ia alld the lI ilnJ~"(\11 chnngl'll illtCJ alUlllonia or ('()rn
potUld:-- of tlml1] OII in. 

(:» .l. riln/ictLl ion proPl' l', Wllil'/I (·n ll. ... i:·d . ..:: of till' for ma tion of 
Ililro u ~ aci d or Ildritt-::: rrlJIll tilt' allllllOllia or <1 1ll1ll011iu lll CO Ill

pound...; amI the ,<.: uh:.;eqll(,llf dMlIge to nitri (' <If·id 0 1' nitJ';lt<':-. This 
if' ('FRt'ntiaily (,x-i lla tion . Tilt, nitrllu:-: nnd Ilitri(· at'id~ un ite' w ith a 
l 'Ilf'(_' of' Ihr ~ni!. :\ :-: ('ale-iuJU Ii' flllt' oj' Ihr Ilw:::.t ("()lnmOll and readily 
8yailublc Ilases, calcium llitndc i,,: usually fOTIllc(1. 

ll1 tiTnlHl'TlO~ .\_Xll CO~I) ITI OXF. 

I. Distribution.- Tl l{' IlfIdcJ'ia cOIl('(' rned i11 nit.rification are 
"cry wiel ely di sh'ihut('d ill nIl kind,:; of :-vil, with the post-ihle exc('p
tiolJ (Jf ~WUllljl or IOll[.!' flo(,d<'d :'\Iill-<. Thc.\· arc rouc-I! more a.lJ ulldant 
ill :-oil~ ('Olltlillillg lime:.:.tullc tball iu strollgly acid unes. The !;.)'1l1-

lJio ti (' b<ldcri~~ fllr jpglllJl('''; 11fe fouIJd l'racti{,tlll.y t;'\'erywhere, but 
l10t the specifi(' fOfms 1'01' all l cgurne~ , The hath' ria for alfalfa arc 
\'l)ry widely di;-:tribntecl o,'er w('stem rej!io lls 01' the l Tni tcrl ~tatcs, 

but ill the cnsL(.' 1'11 reg-io ll illo('uiati01l. whi l'h i~ the process of sup· 
plyin,!! the proper h(l{-ieria, is nec·(,i'~ary . The same is true of many 
other legulllcs. " 'ild leguUles ~ometi rncs carry the same bacteria 
a:o: Qur cuiLinltrd OlleF, 

The number of l:Hlctcria changes with tho t~-pc of soil. On the 
s,llme kind of E-o ii the numher of baderia "aries wi th the degree of 
ferti lity, the tilth, anel the rotation praci,ceel , 

In ,'erticaJ distribution the baderia ill crease in number from 
tLJ(~ surfac'e dowJnnncl for fOllr to six inches il1H.1 then decrease rnp
i(ll,' w,th elepth and are found seyeral fcet helow the surface only 
as the,' al'e carricd elowmrard 11,' percolating water. The zone of 
wcate.t numher of bacteria is h om fi ye to ,ix inches beneath the 
.'urface, but it will vary somewhat with the soil type, being a litt], 
deeper in well-aerated soils. The optimum condit ions of tempe;-a
ture, moisture IIlld aeration are found at thi. depth, The following 
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1abl(' gin~:i the nUlIlhcr of !ltll'i,'ria al.. \'uriilu ::: d(~pths uliJel' diffl'I"l'lIi 
~.Y::: t('lll R or (' ropl'illg ilt IIll.' 10\\'11 Stniioll: 

U(u:Jcrin 7>1...,. Gr,wI oj A iT-Dry Soil '-/{'otrJ/io/l,'; 

Depth of sampling 1 COlldllUOUS cor!l CClrll,r('rn,W((s, 
ami Chn'l.'f 

COfl! , (lnl". 
('IO\'('rftlrll1 't1 

Ullth'r hr"t 
{'(lrll,O!&I:<. 

j ' luv'; r 

- ------·-- 1----1----- - ----
4 in("hcs 
~ indJ('s 

12 inchus 
1G inches 
20 inches 
2..J jlll'iJ('S 

au ill cill's 
JG inches 

\ ,j;'):2,tKK) 
J.:l.IS ,::? ')O 

5-1O,lJ(J(J 
')[IS'")5(} 

i~:500 
!-M,~50 

·IS,:'()I.I 
:3 I ,liOO 

:U)1:!,OOO 
~ ,H:27.000 

WI),;.,) 
:l1G.[I(J(J 
2W,(l(KJ 

,I..:.H,2:.!t, 
4U,(tlJ) 
:.t.!,4 7f) 

4, J48,250 
;j,':;flJ,OO() 
I ,Wi,n,l) 
3·1~,~W 
Zl;{,OOO 
J OS. 751) 

nO,125 
;{i,U::?f, 

4,1().I ,000 
2,!~':f,75l) 

\'t07,5(X) 
:H5,lX)O 
I 55,ifi.J 
!}1,H25 
5a,775 
34,8(J(1 

H will he 11 011..'u that the 1I11U1iwl' or ba('lt'ri;\ at flHn in(;hes in 
dejlih i:-: ~rcati:~i. iJl the rlltn.tioll whic·11 inill ,U::-= till' ( '!U\'l']' ~'I'(1 1' 011 

Ihe land mol'(' I'n.:qUl'lltiy. The di!rl'l"l'Il,·t' i~ \'{'r,\" . ..;Irikillg wht u 
("~llllpa l'hl with {,Olll inu()m; ('O J'll. 

TI!~l l\aJ1!'ia!' !"4latioll found tll::tt til{' 11UIllI,(: 1' ra ril'u din'plly with 
th~ r ... I'lilil y of' till' Hlil. 

~, Con'dit ions for Development.- lt is ~enerl1l1'y kl!OWIl that 
llHI:;t plani:-; require v(,ry I'n\'ora hll' ('oIJeiiliom; 1'(11' theil' grnw1h. suel! 
as fO(J{l, llloistlll'(' . heaL nil'. light, and the phy:o:i"It! l,t) Il(,litioll of thl' 
~oi J. The ~BllIl' rOIl(/itioll:- tlwt ::tJ'C' fa\'orahl(.' to hi ,!dH'I' "hud$ nre 
fa\'oraIJJc £0(' the actidry of h,h'teria, wilh til(' ('x('l'plinn of Jig-ht. 

(a) Moisture .-l~ad(·rial nctidt_y il1nlkifl~ t"h('mi<-aI ('hange 
("('a::.:cs in cln' soil. The other (~ "tr(' mf', Il widef'-! (Jg-g-("(l :-:ni l. if.; IIlnw~t 
eCfI.lifll.\· illl.ihitin:> of tI.e action of h;l(' terin. " 'hen fI ,~oil }ms ap
pl'()xinwtf'ly haJj' of itd ilir "PII('{, fiIJ{'ll \rith mDi.ll ture the cfmilitioils 
lIl'e mO;l:t i'aronJl,le .for Itilderiill flctirity und their growth is most 
rapid. 

(b) Food.-Org!U1ic mattor is a "ory importllnt food fOT most 
b;wteri», out F-ome of th (\ lJeneficinl orp-unjfO.lllS nhtaiJl their supply 
of ('arhon from c:lTbon clioX'idc. They df'velop ill grea.t numbers in 
drained J.:oils ha'f'ing 811 ahundam:e of organic maHer. Srunn 
amounts of mineral food RTf' Trqnired, but !-Ioils llsunll,Y ('ontain 
t=:uffic'ient qnantitic~ for the ll:-:e of these organisms. Soluble organic 
matter in comiderahle quantities tends to inhihit nitrinention. Nor
mnl soils contain rery little. Large amounts of sewa~e are not de
sirable on land because it furnishes soluble organic matter. 
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«.) Temperature.-Thl' O]'till1 l1l11 lClIljJerat ul'c fo r bacterial 
uct.i\-itX lies brtwL'C'11 (i,) ami !);) (h'grel~s F. ( l rl an J~.j degrees C.) . 
I LJi lll illi~hl'," 'I~ 1/1(' j<"lllp<'llliul'll in('rCU8CS, alld at l :UI jo J·IU degrees 
I,', uciioll ('{'}l:;i,':O IIlId llllllty ure killed . Below li .") (h.'gT(!{,~ F. tbe bac
t<: ria In'(_'O IJ1 (_' Ir:'!-l }lvjj\(· flild (T<I~(, at 32 (h'gr'l'('~ F .. although they 
lire !l ot killl'{l. End)" tillHgl', Ilrllillag(' nml <L dUl'k l'ohll' T!li ~c tem
peratuJ'(l nnd {,IU'(llll'ag'(_' II!ll'lrrial :1r'tiorJ. 

(d) Aeration.~Blld('riu fiJ'(' di"idcc1 intu two g'(!Il('r ai cla::.ses, 
ui;rohi('. thtJ:-'t, t'l'qllirillg- (I,'\'\" ... !\'11 fol' iheir growth and Ilcii"ity or 
\\'ol'k. Hlld t hE' IlJlHi;roIJit'. whil'h ['{.'quir·(' IW (Jxygcll. .\i;r,dioll i:-: \(,I'Y 
t's~t'llti:-lJ to tIll' fjr~t ;!TQU}I. ~i ll{"(' nitrificaii{11l i~ the mv!"t im
purtallt work (If b!lc'jcJ'in ill ~oil:; fhf' nll10UIll of Ilitrni(',,, produN_'J 
IHlly 11(' ta kcll /I~ a lll('nr:ur(.' of thei r a('tidt,Y. Experi ments show 
thll1. ill t llt~ nh!"l'I!('(' of OXygt'll not (lilly W('1'(' 110 lIitrates f41rn1<'<1, but 
lh(' ]litr',d('~ pl'(,~(_,Ilt.. w(.'n' I't'dll('('(l with ('\'o! n tioll of free nitrogen. 
\\lW I1 six }'or ( 'l'lli of' oxyg-cn WHR prc:,cnL the amllunt of nitrates 
f(lr lllNl \nl~ d()u"l(' Wlt;'l! it was with] _t'i per ('(,IlL~ 

(p) Reaction.-:--;uil:-: gi\·in.!! 11('itl n'M·tions arc not vel'S fayor
n.h!1,_1 t(1 the wOl'k (If h,wil'l'in. Th ey lll'n more fl.('tiyc in ~(.Ii ls ttUlt 
Hrc l1eut ra l (I I' :: lig-ht.l.\· alkaline. 1~ 1 H' Ilitl'if,ring haC'i eri .1 pl'(lclu('C' 
llitJ'(l u ~ nnd lIilri (· lJ('it!~. \\'hi (·h jPllu to inhil ,it the ir uciioll . I f 
l'a s('.~ are }Jl'e!'cllt i ll tile !'oil !h(.'~f' 'irill lll iite wjih the Hcids pro
fh1(·(.\I1. thn:;; kel'pillg- the t:oil neut ral or a.lkaline. and in good con
dit ion for thei r w(,rk. Lilllo,tolle , holllt! be applied to the soil to 
lwntrnlize the !.wi iIHy. 

Crops growing on wat.c r-Iog'p-eu !'llli l ~ are usually yellow'. This 
i ~ due to n bl c·k or Hnlil able llitrnte&:. The water excl udes the air 
and tl u' h[lrt(.'ri a, C'SUl llOt do their work. The r.:ame cond itions exist 
when (f. :,oi} in pam' tnth rUllS together tind hakes. fo rming ll. crust 
jmp('l'Yioll8- to ah. " Ph en aeration js produced by cnIti ,'atioll 
nitrates are fo rmed auel n CTOP sll ch as corn resumes its normal dark 
green roJor. 

AnotJ ler lmporiani functioll of aeration is to remoYe the ca rbon 
dioxide ott.JI(' so il niT. rrhi s is necessaTY becHuse i t excl udes oxygen. 
111 the process of nitrification ca rbon dioxide i s formed . Tillage is 
1ho best TIl('3US of bringing nbollt at;J'ation . Deheraln 3 conducted an 
experirnent whi ch shows the effect of tillage 011 ae rati on and con
,equclltlr upon t he action of nitl'if.'~ng bacteria . A quanti ty of 
soi l 'I"a.' thronll upon tile Boor nnd worked daily for sis weeks. At 
the end of this t ime- the stiTTcd soi l contnined 23.7 times as nlueh 
nlhi (' ·nit.l·on-All A!l. thp ~nil not (li!l.tll l'htlil "~Tihate farm ing" as 
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formerly practieed i, ,ll' applicatiull or this principle. The soil rich 
in rll'),(lInit: lWlLtcr W (1.': stirreu alit! 1J) o i~!eLl!.'d to deYeiop ;l large 
fllllilUIIt. of l1itrates. whi('11 were then \C'llched out Blld u:'l'{1 for (;0111-

nH'T"{,in\ purpo:::c~, prillc·ipally ill the lllltllUfl1ctul'c of Runpuwder. 

Effect of Different Amounfs of Lime Ur~lI the NWII/)t" oJ Bac.tcria per Gram 
oj nr!J So'i[4 

This tuLle sIlo\\,:-: tlw cffc(,l of lillIe ('arlJulH.dc upon the Iltllllbcr 
of hadc·ria Illld jTldicilld 11 lIluvh g l'(·ltfl'r dc\dopment foJ' tile higher 
linll' cuntel1t. .\1\ ('X(·t ·s~ of Jillll' is lint injul'ioll . ..;, as ill the <:ase 
or ciome ot.her alklllill<.' ('tniloll!ljc'!' IH; I'hoWII jll til(' next. htl,It,. 

Effect oj AlI:oli,I I' ( 'arI1(l7lalf' ('p(m Am()U71f oj Nitrates Pruduc~d ~ 
::----- _ 1 .fJ1J{) (,'m/lul oj Acid Soil 

Trl'atlll l'l1l 

Kone 
I gnUlI }\:~CO:\ 
2 J!;ralU K ~C'()J 
3 gram }\2C'03 
4 gnun h:~CO ~ 
5 gram I{ !COa 

Nitrllh!K formed 

70 milligrams 
160 rnil '_igrarns 
~30 milligmOls 
2.:)() milligrams 
]30 millijlnlms 

7.3 milligrams 

(f) Physical Composition.-Cerlain pl,ysieal phenomena upon 
which haeteria depend for their greHU!~t adivity and development 
take place better in tile medium-grained soi ls than in very .n ile ones. 
very sandy soils are "'ell aerated, but usually do not conta in suf
ficient moislure and food. nrlUlul.tion overcomes this ill the 
hcmier soils to Rome extent. En'Tl with this aid. aeratio[l and the 
moir.:ture conditions aTe Dot so f:n'orllble and nitrificatiol1 is usually 
Filower. Tilluf!c is more e:o:sential fo r these soils. 'Vhere limestone 
is absent he.,!, soils may be lInfa"orable for · bacterial acti,;ty. 
Limestone aid. ;n l!:'"aJlulaiion and thus indirectl'y in aeration. 

(g) L ight.-Dired sunlight greatly we •. kens or even kills bac
teria . The zOlle of greatest numbers is sufficielltl'y deep 80 that 

21 
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f;ulllight does 1I0i l'L'IlHrulc 10 it. .All iIIO('uhllillg llwtcr illi and 
illut:uJMcd ,lIc(!d .sitould he Krl't from dirt.'N :-twligln. I'CI'ilu . .:e (If its 
dryillg ell'l'('L. 

Loss of Nitrates.- :-'llil .:.: 1,,;-..(, lIi1rnlt' :-: ill tlt,'t'c way:": hy leH(·h~ 

illg". d('rIitrific'atioJI .lild Ily tilt' gnJ\\' [/J (II' \n'('d:-: (lr otiJ":"1" pl:ltl t.:-; 
foreign to the trop. 

]. Leaching.- T hc p"1'('1lic:-:1 \(I:=;:-: ur lJitriltC';;: j~ through le'I:1('h
ing. KiLrnH.:H ill'£, rpry r(.';ldily ~C)III!dl\ in wat er . J)ul'ill~ rajll~ tflo:"c 

i'urllwd ill 1II!11l1ln' iU'IlI':O= IIr ~ni\ IlIay h._· l'<lITil ... d into draillU!!,(' :-.y:.-.
j(:_lnlS [lIH1 ](,i-:t. That illi;-; il()c:o; {)l'I'ur to a (:o!l:o:.id eraltll' extent is 
shoWIl by ,1I1tllysi;;: of dnJil1il,!.!"c w;d(·r~. 

l)ejwrail1 {'ul]r('i('(l drllill~l![l' \\"11\('1':- fJ'(llIl ('('11H'lIt tnHk~ with 
I'cst1lt~ u!'. giH!lI ill t.h~' following' tahle. '1' 11(' tllllk ::: had !I(.'CII filll'd 
sC"cl'al years before. 

Crupping 

F'~ll1ow , no cu ltivat.ion . 
Rye grass . 
O"t,s ... 
Mttizc. ... . '" .... . ... 
Wheat. followed by velch(,s . 
\VIU!1IL.. .. . .. . 
Fnllo\\", hOC'd .. .. . .. 
Fallow, no cultivation 
Fa.llow, ho('d 1.I1H.I rolled 
Vine .. .. .. . 
Sugar b{.'Ct 

NitrUl,f'n a"llitri,' 

I DrnilllLgc, i1L!'h~'s ) nitr~~:':~~r~(i~lnd.~ 
druilL:JJ,!:c 

11.2 186.7 
7.8 :1.28 
7.3 7.37 
".9 2 1.60 
ti." 12.60 
7.5 28.70 

11.5 1~)().5G 
I I.:! 158.00 
11.2 183.20 
7.5 36.20 
1.2 0.27 

Tilt, n1illf'all Juring ille ~(.'a:-;ul1 \\"<1:' Z~.~ judlC~. It is Yery inter
esting to )lote tIll' crfc>d of t.he crop (1) the amount of drail1nge anLl 
also 011 the nitrog('11 rcmo\"(!d with tIl(' water_ Cah:h crops are oJ 
yalue in prevel1ting loss of nitrogen in t.his. way. E\'en 'weeds may 
serYe ,as n catch rrop nIter the main crop is rcmoyed. 

Fallowing- (Irfi,-ing- land \\'H.hout a crop nnd C'u ltivat.ing dUTing 
~urnDler) in humid firCSIS is a. ,-c ry expensivc operation and should 
never he praciic('cl. It willllot be ncceR~ar:r if the or,aanic' mntter is 
properly mai.ntaiucd. Fallowing is re,orled to when the active 
organic mntter has hCCll la1'gely remoq~d by cropping and some 
~p('cin l m eans must bC' tnken to ..render the ] CE=S fictive form antil
ahle. Thi, is accompanied with too lllurh loss ot the most expen
sive plant fO.Qd , ni.trates in soils, 1:0 be profitable. In the sbove table 
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(he lus~ of nitrute~ Ily Il!atilillg' from falluwcL11ullu is I N!.l )JoulHls 
per Bue, wlJiJe the cl'oppL'd l:Jllll ..,b,}w~ llll iJ\l!nlge h).::~ oI J5.0 
jJouuds, or ollly Ol!e-IClllb till! lUll\llIllt or the fullu \\"(,d. 

i . Denitr ifica t ion .-Sitrifit·<llillu i~ Hn o.\idutiull pnH.:cs:', whil e 
ul'uitrilil'HtioJl j::; uue of J'l'dUtIIPIJ vr dl'IIXld;llioll hy whidl lIilnitl's 

lin' bJ'(lkl'JI dOWJ] ,wd fl'l.'l' llilJ'fl,!!(, lJ gj\l'll 011'. III o lhL'J' {'ll.~l''-: 11le 
dJlllIgt' lUay lie sud! as to form uitl'ill.'!'i 01' ntlliliollia. I II the Inttl.'J' 
tbe uitJ'o;,!ell may Hoi ill! 10:-:1. [J'lllli till: i'uil hy it. 11 t:!~l';'; phH'l' ill 
~()jl~ \dlCIl PCU)!' a0ra[iIJIl rL'1:iul(:·; ill It (h.'(i(,jl'll(·Y uf (I.\'y~cll. H::i in 
h(lf\\YJ (,Oll1PI1('I, puddled. 01' w;\1l'r-ltlg!!('d ).:,oil:-:. . ?\lanun: l'olltnill:, 

la r~l' Ilumlll'J' :O: or dl ' llitJ'iryill ,~ 11;H-tL'rin 1111\1 I..':dl'cnwl,\' hen\'," llppli
t':lli\lll~ <d' ('(IiJl'~\' JllHIlUJ'l' JlIay re,':U!1 :11 i:'(rl1ll: Iv,.:s through the adion 
oj' rlll..':'c uJ'gUJlj~J!I~, 

Q UESTIONS 
1. \\'Ilar. kirrds of or~'1trri"m~ ;II'(! f(fll/rd i'r tI((, r.ui1? 
2, \\ ' ll/tt it/'fj nw tl'u'nq,:ltlli s llI",:' .'li(;,·n '( I/"~nllri !)m ... ? 
:1. (;i\'c lilt, t'lf·t,~·(", of rodl'ub Oil llll' soil. 
-i, (;i\'t' t..IIL' \\tJrk of i l l,.l'('t,. ill !-ui1s, 
fl, \\ ' ltl'l'I' an.' \\01'111'" 1Il(l""l 1J!)\\lIdl\lIt~ 
n. \\,hllt. work dr, till')' lH'rfU],1ll ill ~oi l~? 
j. (:in' J)tlr\\'in'~ ~t..a.tl'm('IIt.1i uf thl' 11.l11Uunt. of Inllil..'rial brought. t.o t ho 

surfuce. 
S , (;i\l' UH' t..fT('('lS (Jf plllllt ~ on goils, 
p, \\' ll<It j " the w{Jrk of IlIi (, I' O-QJ'gHllj.,lJI H i ll fil.Jj l~? 

10. \\,hut. l,al't do fU11l,d pl fly ~ 
11. 1'(,11 ;dJ(wi 01(' illjttri{lll~ (OrlllS. 
J~. (;ke till,: t.wo tllI,t.hufi s of tixntion uf nitrogen, 
1:). \\'Jillt if; Jlitrifit.:aiion ~ 
1-1, Tcll ahout. t.iH' ,.tt·Jl~ in the pn,(,('l'~. 
1.1, \\ 'hen' un' ~oil llll('teria 1'1104 ahlllllJflllt 1 
Iti. What auullt the distl'ihl1tiOiI of l':lt't<.'riu ~ 
17, now 00 t.he l.lUlllher of bll{'teria "ary? 
11\, lIow tin' UI('\' di"tl'ill1ltL'{t n:rtic'ulh'? 
19, \Yhat efT('~t <10 dilTcrcnt. :--.rs11'1lIS (If trlll'piTlg- !1I1\'e? 
;2(" ' nmt two ,l"(')l('ral rlll.'-lJ'-l,C'; of I.:t(,tcrill ~ 
21. Give tire clllll'ui'tcristir:--. oi ('ath, 
22, Of \dwt l/!-W i:o: ni;rlttion til hnctcri;t? 
2:~, Gi \'e tile experiment. 1,,\' lIal\. 

~~: ~~~tsi:~~ i ~ b~t:~(,:~~~li:[\:;t~, almost ('('1\$;(, in Roils of ext.rem l' moisture 
COntent? . 

26. \"hat tell11wrn.tures a 1' 0-:. 1.IC!'.t for til e work of bacte rin? What are 
detrimental! 

27. What are t"e foods of bacteria? 
2R. W'iJELt part docs the rl'act.ioll of tlH:! soil pIny in ba.ct{'rifLI acf.i\·ity? 
29. What rOlldl1~i(ln do YOU reAch from btble8 on page :~21 ? 
30, Why shouIc! the pll)'sical composition of the ftOi l affect backrial 

actirity? 
31. Gin the effect of E-un liJ!ht on bacter ia, 
32. How are nitrates lost from soils? 
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:1:1, (:h"c concl usion", frolll tuLle 011 (lag-t' a~t . 
. i·L " ' lUlL clft'j, t did "rupping' hn", ~111 dntllltl~('! 
:15. \\,hRt. i.!l fn l1owi l1 j:(! 
:W. Wil y 8110111(1 tlit'I"I' 1'1' ~ u c h IL Inrgt· los>; o f nitmtC':. frum til" flli1owt'd 

l!llld ~ 
:n. \\' hllt il'! dl'uit ri fit'utioll ~ 
38. Under wbut ('onuitiull s dOl'H it. occu r ? 
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CIT.\ P'I'''H X\ \- 1 

TILLAGE 

I ~ Ihe time of .Jethro 'i'uli (1t;~1-1~11) Ihe prc'cnt theury of 
plallt llutl'itiull had ]lilt !ll't'li ;uhalll· •. ·d. :llld thi~ w('II-kllown hui;.
lllwd mllll fJ'l'qUl'lltly 1lIlldl' 11ll' ..:t at ~'Jl ll' lll thai "liJlllg'c is milIlUI'l'." 

\\']li!l' hill theo!'y \\"11""; wrong. ypl hi::; pl'avtin· WaR right.. .ll t· bclievl·d 
that the objC'ct oj filling III!.., !'iuil \nl.:i Lu l'I.\HUh· lIll' p~f\ll( tu fHke up 
tilt' 5-:lllai! I'flrti<-il':' 1'01' .~ro wth. Till' IIn.ll'1il'~' I'('sulting frum thi~ 
Ileijet was a:-: g"o(ld (Ii-! would lwn' 11('('[1 !!I'oug-/d "IJout IJILJ the r(·ul 
tht'ol'Y (I[ pllmt llllfr'itillll l'l~('11 k/l()\n1. \y(' kl!(/~r 1I0t" !hul the pur
l'o.~c oj' tilJilgt\ i . ..: /Jot !f) 1'u1'JJi . ..;1I filH:' pllrtj( · Jt·~ {If soil for the plant. 
IJfJw('\'er, tjlln~(' f}{,(,,)J))pli,o::!lf'<': ;1 llllJ1lh!'1' of ohjl'dF. mUll_\" of which 
IIrc ('IO"~il'ly reJni ('1I to the PJ"(IdUf'liulI ~d' plallt fo(ul for tbe <'I'Op. 

rl lilla~e is the prnf·tic'l' (If wOI'king' till' ~oil 1'(11' the purpose or 
bril1ging ahout mol'l' l'Hyorahle (,o lldiliol\:o\ for ~NlIlinalion anti plant 
p'l'owth ... \1\ opC' J"ation:o: that nn·{_,!·t lb!, s::oil by ~lirl'illg-. illvel'tin,!{. 
fillin~. or firming- nl'P il1(·lndl'tl in lilbl)!l'. The most ('ommon are 
plr)\rin~, harl'owing-. rnllill.£!) .Illil c-ulti'·Hling. 

TJJE Oll.lE(·T~ OF nU.AGE 

1. Pulverizing and L oosening the Soil. - Tho natural ten
uellcy of sui)...: j.~ tu JII • .'('Ulf)£: <'v llljJad , prill(·iJ.lalJ-r through the act jon 
of ruiJl. a1ld jlJ ~"jte I.If ille influl!IJ(·C oj' the rnots of plunhi aurl tJ1e 
orgalliF-lllS in till;! sujl wh(J~e j(' ll{lcIICY ik to keep lhe soil loose and in 
gc,od tilth. ] t is Jlcc·cs . .:.:wy. t.hpn. to :'!tir tile soi l to a1io\"\' the funda
mental pI'O('f'~sps t.hat nrc rilal to ('I'OPS to take vlne·e. On the brown 
silt loam of the corn belt n. rotntioll of corn, rorH. (Jat~, and clover 
WfiS ]rrac!iccd_ The ,oil was plo\\'('<1 11receding the oat crop and at 
no other time. The two crops of corll we-rc planted ill the unplowed 
soil, aud a yield of 35.2 hu~hels per acre wa<:: p roduced as a nine
rear average. The plowed land produce,] 13.'7 bushels more. ' 

2. Turning under vegetable matter and incorporating it and 
other fertil izers with the soiL In our farm pradk-c it is necessary 
to majntain the supply of organic> matter, and this-can he done on ly 
by j_ncorpoTRtinf! lnr~e QUlwtitie)O of \'cgctahle material :in the soil 
When plants die and fa ll to the surfaoe of the ground. unless some 
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menus is takell for Illixillg th em with tll(' s.oil they dc('ompose 
almost clllircly, h'u\'illg little Ilion' thall Ute' n:-:h of til l' plallt to mix 
with the soil. EV('!1l if thi:-; 1Ili:\illg w('n' 1101 Ill'('('s:-:f1ry tile' H'gri.ablc 
JnJlterial would iJ1Il'J'j'I..'J'e witb c'uhinlTJllll jf Jdl tIl) the surf.ll'c. 
T he plow is the !,cr-.l inJplclllent for eon'ring :dl organir material. 
such a~ ('TOP rp~idll (, :-:. wt'I,_' ~ I:-:. ,llld fal'ltJyanl Illflll II rC. 

3. Killing W eeds.-.\ n""t iJl\portalit ohject of tilla~e i, kill
ing wccus. \\'c s{:c (lc' nl(\I 1 ~1ri1II(1Jl ~ {'\ (' rywi1('1'(' or t\H' fad that (lrdi
na ry crill's amount 1(1 YNY JjttlL' wlil'll ill ('olllpt'iitioll with WeC'tl:-:. 
A wC'ed is a hetter fOf'i1t!l'f" Ul<lll' a cultinlh'(l plilllt. nud hCnl'c will 
dppri\'c it of boih lll oi.-:IUI'C' fwd f ool1. :wd it j~ ])e(' .... ~ ..:,Hy for :-:U('

('essful crop proc1urtioll thaL t.h l'" weed:, I,p dC'f'tr(1.V(_'cl. Tillagl' i~ the 
hest IlIC811Fi So fill' lk\·i..:cd for ;t( 'c'OIllpliFhil1.g- thi.;: pUrp(I!-!C. In some 
rl1:"c~, howeycr. Rpray:::. hnyc ht.'£'l1 u~('(l ~11(' (, l';'!.~full'y. 1111(1 if ~prfly8 
rould bl' fOlllld wlli ch \\'ould not injurl' the c·rop. hut would ki ll the 
w('l'ds, 1hrr(' i!'=. no question hut that lllu(,b or nul' tilla.!!:C' ('ould ue 
dispen~('fl wiil!. 

.J. StoTing and Conserving Moisture. -J'Jfl.lltfl. TC'('jlliJ'(' all 
nhumlflut ~U1Jpl'y (If llIoil4tul'c for thl'ir ~('rlllin:llirill [111(\ r,n)\dh. ] 11 

nenrly alJ dimnics- through UIICY('11 rlistrihuiilll1 of raillfa/{ til e' neceS
sity ~.'\ist~ for ~torill_g m~i!;:.ttlrc jll the :;:oi1 whe1l it rnn lip ohtained 
uJld ,[01' {'ollscryiuf!' 1hi ~ for ille ll::-e of the crop later. The early 
preparation of fllt~ Boil hy looseniJlg nJHl ('ompnc·ting s] ig-htly h the 
Lest means for storing the' ~llJlply of thi:-: 1'01' fUllln' u::-:c. Loosening
the s{lil allows rapia absorptiol1 \\·ith little rllil-off'. while stirrillg 
the surface 80ii I.lic!' pr(,H'l1t.s: allY l'xl'('F::,i\·c los):: throngb Cynp0l'<.l
tion . or the~e two under ordiIHIl',\' humid (·OIHliLioIlS. ihe vrepRl'fl
tiOD of the soil for :-:torin,!!' the moistuJ'€, if:, of mu(·h more imporbmcQ 
tlum sullsequcllt tillage f0r rebining- it "'hen H crop is growing. 
Previous to the planting- of the crup the soj! should IJC kept stirred. 

5. Compacting the Soil.-l t frequently herome.' nece,s,uy 
after a soil has been plowed to compact it ill order to close any 
la l·ge nir spaces that may exist ill the 1'10"-0,1 .oil and also bring tbe 
furrow-slice in close contact with the ,oil beneath it so that capillary 
action may <JOt be cut off. At the same time thai the compacting 
is done the soil sbould be puherilcd, thus making a better seed beu 
for the crop. 

u. Planting the Seed.-\VhiJe therc is not much of wlwt we 
usually call tillage in the ordinary seeding oI crops. yet all seeding 
is accompanied by more or less working of the soil. 
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Dll'L}:JIESTS OF 1'1 LLI\ GI:: 

Tillage IntpkmClll~ (Ire diddl'ci into lire c1l1~R('s-pJows, 1111 1'
roWiS, ('Ulilpal:lrr:'. ~(;i!dl'ri=,. <lull l'ult i\ aiOl's. 

1. Plows.-TIH .. ' mold-Iloan! p!lI\\' i:-- llll(' III' 1 1 H.' 1lI11;;t nl ll l lllOIl 

a.<; well 3S one uf tlu' I)(.','.;t ilJ1plt'!Ill'IJI~ f I ll" JnlJ~(_'JliJlg the soil and 

ABC 
Fie 1:l. ,-Diujl:fan1 ~ILOwinlZ the tlworcticul Motion "f t he plow . Tile lilidifl~ (Jr .rheflrinlt il] 

al't:ull'PUIU('d by more or h .. ~s uf II rlllhll~ uNiun. nl\ of whit-h puh·crir.c!I tht: !loi\. ( King ) 

tUl'lliug Ull(.h.! 1' \cgl·tahie lTllllcrial. Jt bl'ilJ~~ auout almost a com
plete iDvcr!'ioli of tllc furrow-slice. aud j1} cluiJlg this pulverizes Uw. 
~oil. The 11101u-lw<1rd i:i of 8uc:l1 a eUl'Ytliure that wben the soil 
passes oVor it, it pnlllul'cs a. :::.h('llring fon·e ill the FIJil as if made up 
of different layers somew!Jat s.imilar to the cffL·<-t {Jf bellding several 
JeD]'e. 01' a hook and ))J'i])gs about pulreriz'lI.ioD (Fig. 137) if UJC 

A D 
Flo. 13S.- Sho",·ing the lhree type8 of moJd·boo.rds. A· S(Jd. B-General purpose. 

C-Slubble. 

soil is in I!ood condition for plowing. II too dry so that the soil 
is cloddy Jittle pulverization is accomplished. Jf the soil is too wet 
for plowing this shearing breaks dO\nl the granules, producing par
tial puddli.ng, "cry injurious to the Roil. 'rhe Illow should be set 
so that the furrow-slice will be cut f ree from the soil beneath and 
practicall.r all inverted . ~fold-board plows are uivided into st.ubble, 
general purpose, and sod plows. 
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The stubble p low (1'i1':. J:IK l'j IIIl " a shorl, strongly cun-cd 
nl(dd-hoard and i:-: pro},ably the he!oit form to Il ~C ill old land. In 
g"Pllrrni the m()re ('Uf\";l1UJ'C or twi :': l tht.' rc i:.: if) the lI1 oicl-hon rd t.be 
grc'Atcr fhe puirrrizfltioll. thl' h('ller i~ IhL' ('onditi(J1I of the ~oi l after 
plowing'. providNl it lHI ~ illl' I'r(lp('r llWl;.;i.l1J'C (>~f!1t(!lIf. Thi s plow 
if' Ilot d(.'~iI'Hhl(\ to u:-:c in hr('flking' sod. l' l 'l':lIlI'lC of tilt, rnngh ('011-
dilion ill wldell it l(!an.~~ tlJ(~ surfuc:c . The joillter i:-: ~nnldimc5 ll sccl 

Flo. 139.-Plow with &eparnte jointer Rnd l"ol1in~ coulter at.tacbed ready for use. (Mouue 
Plow Compauy .) 

in the plowing of light sods, as it materially aids in turning under 
and preventing fhe fUTther growth of grllss (Figs. 139 and 140). 

The general purpose plow (Fig. 13SB ) is a forIll intermediate 
between the stubble and sod plows in length and cllrYalure of mold
board. It Illay be used for either Shlhblc or sod. 1t does not pul
verize the soil so thorou!!h1v us the s.tnbhle mold-board, ano as 8 r:on
sequence it leaves sod 'in "much better rondit ion for wurking into 
a good seed l?ed. For.ll uses it is probahly the best. 
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Sod plows (Fig. l :ltiA ) IlI"e I(\ll i! . ,Iig-lilly ('lin-ill!! mold-hoard. 
that do tlie Illillilllll''l:lI HlllOUld of jluh·crizl.l1iOIl ill turning- lhe fur
row-Fliec. Tilt,)' III"(' u..:ed principlIll.\' ill 
the plowillg (I( hlll,g-b grH :oi!-\ sod!':. ~iJh'~ 
ther I urIl t11i.' /'rllT(I\\ '-t>Ji('(, \\'itll(!ut 
hn':lkillg- it \l'T.)' HIUI 'h. thll!o: lL'lIyi ng a 
('OIllIJ<tr:Jljy{' ly ~nl(loth plmn'd :-;urfllrC'. 
TIJj~ IJH~ ;;llfU(' ;Hh'HIIt:l~'l'''; ill I Ill ' prn
<lul'tiou of a seed ht'd 

A fOTlt} (Jf the mlllcl-bolird phi\\" 
kllown fiS til(' hil/sidl> (II' sw il' el II/o/(' 
may he 1'('\"('1'..;<.'(.\ so 111<11 tlu_' soil 11In,\' 

all hI' thl'O\HI ill (1IIP'dil'(·di(lll. 

The d isk p low ( I\~. III) m,,;· h .. 
u8('(1 ullder 8(Jnll' ('OIlditions to good 
ac]\'alliagc. I r the f'oii is quitl' COlll- FlO. ].10 - Thl ' nJll,birwI\ jOIlI\{'T 

pnc·t and dry it Illay l,e used wlll're it ~~~~ol~:~ll/.lir{'(:~I\~':~.a "(tt~:h:\~L~;r~~' 
\\'fluld not be po.';:~j"lf' for iht' JlJoJ(l- CUnipnuy) 

hoard to do filly work at a.11. 1t haf; lhil-- Ot-ilN I1th-ald.age, lhat it 
(lo('s not tend to pruduc'l' a pl.u\\"Pllll. hC('nusl: 1ile fUJ'I'ow-sli(,c is 

FlO. 141.- Disk plow. (Moline Plow C<>mpany.) 

brokell off ,·ather than (·ut off. "Cndcr some -conditions it turns 
rubbish u.nder better. Di.sk plows are extens.ively used in arid and 
semi-arid regions, bnt may be used successfully 011 almost any soil. 
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'FIG. 1~2.-Li>lt(lr ror proPllriug the "rounu and plun~iuj! corn. lllo.!d chiefly ill the semi
arid rcglUIm. (l\lOltlll! Plu",' Contpnuy.) 

.\ n:l'crsiblc di:-;k fo r billside plowiug 11:.\15 SolDe aJrlllllagcs over tiIl! 
ordiuury J'L'H'rsiLJc muld-uuanl l,low. 

A deep tilling, double disk plow for stirring tbe ground to a 
dl'pL/J of IG to lti illc.:hcs js used in some sectiolls. 'This does llol, 
how(!\'cr. bury the surl'<l (;C soil to so great a depth as would be - indi
caied, but mL\:cs this deelJcl' soil WitJ1 the surfm:e to a greater or Jf:S.'; 

extent. The disk plow caullot be used in stOlly land successfully, 
particularly where the sLones are fumly set in the soil. 

The lister (Fig. H2) is a. plow used pnrtiruJarlJ i.ll semi-ario] 
regions for the preparation o( the ground for corn planting, ano. 
eyeu Ior oUleT CTOpS. It is a douGle mold-board plow, and when 
used opens a furrow ill which the corn is planted. ]t ridges the 
land and !,rives Ule soil an excellent challce to weather (Fig. H3) . 

The subsoil plow (Fig. lH) is ".cd to loosen Ule soil in the 
bottom of a fur row' made by the ordinary piaI\'. It consists of a 
shoe which mere.ly raises the soil, but does not throw it out. 
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Fto. 144.-Subsoil plow. 

2. Harrows.- The Fpikc-tooth harrow is the form commonly 
nSf·'a and js n:ry elfcrtirt' jJl lJUheri:dng alit] slightly compacting 
freshly plmred lund. In some place::: t.he " A ,. harrow', with square 
teelh, is still exi.ell siveJ~· ,,,ecl. and is espee iaHy desimhle in stumpy 
land. The lever harrow (Fig. H5) of two to fOllr sections is very 
commonly used. soml'time~ with a riding att:-chmcnt. 1'lle levers 
permit the slanting or the teelh "0 lhaL any ru!>!>ish will easily paBs 
out of the harrO\L 
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FlO. 146.-Spring-tooth horrow. 

The spring-tooth harrow (Fig, 146) is used quite extensh·ely 
I regions where tbe soil is in raU,er poor physical condition and 
here it is nee sary to cultivate a.s well 9S harrow. After a Tain 
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thif: harrow will do lllore rllkil'111 work in io()scnillg' thr soil than 
the ordinal'Y spike·t(loth harrow, allJ fllr tliat l'cn:::oll i~ 111'1..,d 1l111~1l." 

r 

FlO l<li -Acme hlnde hnrtow. 

Fro. J48.-Th(l solid disk.. 

on soi ls that are den('icnt jn org-ani(' nmtrer. It.,is a yeTY good imp1e
rnent to uee ill the ('ulth'ation of aJCaJra . 

The Acme or blade harrow ( F ig. 147) is \"cd to ,ome eXLent, 
and is an excellent implement to pulyerize and compart the soil. 
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The har ill 1'1'0111, if proJlerly a<lju,ted, ('rushe, tlml" while the 
iwjsieti blnd('!j !'tir tilt! ~{Ji l lIlld t1t'~l I'll\' illI\" w l'I'cl:-: {kit Ill;l\' hare 
started . Fur lIds purpll .... t' it i~ 1,1'[1 1'1" illl.lli 'tilt..' ~pikc -( Il(Jtll h'urruw. 

]. 10. 140.-The-cut uwlty disk. 

FlO. t50.-The spading disk harrow. 

The disk harrow (Figs, l+R, HD and ] 50) is made in three 
forms-the solid disk, the (;ut-awny. auu the s}ladiug cusk. rrhe firs: 
two aot somewhat the same as (he disk pia\\', hut do not turn tbe 
dirt 80 thorougbl.y, yet are ve,! effective in stirring Ihe soil, The 
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(legrc(' of ('fr(_\riiYl'nr~;,. hC)\H'H'r. IlIa ,\ 1.<., illl'l'l'lll'\,d or dilllilli:.:ilt'd lIy 
Hfljuslillj! tht' :lltgJ<: (.If tI!l' di . ..,k trilll till' din..'diol! of JlJIIH' fIIl'lit. 

J\('xt 10 1111' pIlI\\" tIll' di~k I:: nlll' or 1111.' lllu ... t illll'lIrt:lIil Hlld 1I~t'r ll l 
illll'1t'IlH'llil- . I I lIlay hl' 1I .. ('d \l'1"y l'Il'I'I'li\(·ly IIdO],I' lhe p\clwilJ;! i"\ 
dOlw. nlld j..; (lilt' of til l' hl',.::1 jO{'I..: fil l" !Ill' pr<'pnrnlion of It :-I'('i\ \1('(1. 

Fitla'T till' r-olid lli~k Or til l' {'ul-away may iI(' H ... \·d to t'\.I'(ll1rllt 
ndraIl1u,!!I' in r"1l11 ill!,!' lip ('c'I"H-:--jalb Hlld nlhl' 1' \'p.!.!<"fnhlp 11llltl' rilil 
nlu] mlxi1lg- i1H'1l1 \\'i111 tlll' :-'011 lll'rnrl' I'l{l\\'ill~. 'I'lli:, 111:-111'(':-' thl' 
('\(I~f' ('(\Il1il{,j ()j' \111' fUITllw-... li,·\· \\itll th,· :""il l't'lIr:lllt. A Rmn!1 
r'iLar_r spadillg lWI'J'I'\\" is ~ulJJL'liJ/ll' ... nll;wli"d Lu jill' I'iuw. 

~IQ. 151.-Smooth or drum roller. 

3. Compacters.-UompactiJlg is JH!{'es~ar'y because most of Our 
crops require a firm hut mellow seed beo. III mallY cases in Our 
heuyier soils clods are formed whicb require the use of the roller 
to crush, while in tile caSe of sands, saudy loams, and lllallY ,ilt 
loams tile soils are so loose that root deyelojJment and moisture 
retention are interfered with. In arid aurLsemi-arid regions tbe 
subsurface compacter is used to prcyent tbe exc-cssire loss of moist
ure through any large air spaces that may exi~t in the soil. The 
packing also increases upward capillary movement of soil moisture, 
and consequently less w.ter is 10Rt by the dowllward mOI·ement. 

The smooth or drum roller (Pig. 151) is used quite exten-
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~i\f(!ly, but is lJot fiS efI(:C'ti\c af' ~ul1l(' otl1(;r IOl'm:-: nnQ is gradually 
Lrillg rCl'laccu. \r IH.!11 lI~L,d fur (; rll :.;} ling C:]cl(1J:l tilese IlI'C frl'quel1tly 
lH'(,:,:o;('d into ill(' r:nJ! without ItviJig nl1't.:(·Ii'<l j(l <lily {'xtl'll1. alld a 
:;: ull[o;equt'IlL haITU\\' ing 1 Ji'fort, a I'nill ll.";Hilll,\· hrillg-::- 111('111 to tile Sl1!

face again. Hs u ~e gt'catly iU (; rc .. u5l'~ ('\'nporation or lUoititure. 

,. 

FlO. 153.-Disk drill nnd its work. 

Corrugated Roller.-TlJe , moolh form of roller is gradually 
beillg displaced in the corn helt by lhe cIIlti-~""ker Or corrugated 
rolle,. (Fig. ]5.2) . which coosi,t, of H serieR of wheels "'i tl, a sharp 
ridge a/lout t-~·o to t\ro find one-llfl1f inclH'8 in ll ('i~ht. This imple
ment is much more eff('ctive in crushing c10ds and ]eu yes the ground 
cove cd with a th in · mlli ch. 
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The bar roller i, another [orm. ",udc lip o[ a scrics of hllr8 
Tunnillg l£'lIpthwis(' oj' t/)r Tol lL'f. 'l'hi:ol implement is bettcr t11all 
the ordil1ary drum 1'011('1', hut is 110t I.I~ efTcdirc !l~ the rorruf.!"ntt·J 
roll(lf" or (>ulti-p3c,k('r. 

Plankers mail e hy h(lltill~ togetl\rl' two or three two-inch 
Iloards FoO that 1I1(,Y lap 11110111 half may he, u~('(l 10 good advllllingc 
fOT crushill~ riodr; and l<"y('llill,!! without (·ompilctil1g to any extent. 

The Campbell subsurface packer (Fif(. 107'. page 217) i:, 
ur:cd in ariel fllUl f:(,llli-lirid rr,!!ioJls. lt~ ~pc('ial n(lvAlltng(' if.; thut 
it ("om por ts ll('(,p . fr(':-.hly plowed Roil. lenrin~ a mllirh (Ill the sur
fa(' !;'. Jt ('{)n~ists of fl nmnhcl' of wheel:- w-ith n w('(lg'f'-l'!Hlped rdg('. 
Th(,~Q ar(' ahout fiY(~ ill(·hl'~ npart :11111 rp\'ol\"r ind('p(,TlIleIlU~' of cndl 
other. As thi s wheel prcssc8 in) the soil is ptH!lted to both RideR. 

FlO. 15-t.-Pr(·!l1I drill 

thus closing the air Spl1(,(,~. Jeaying 3 loose mulch on Lhe Rurflice. 
'rltis may be used ill sandy soils in humid Tegions to ve ry goO<] 
advantage. 

4. Seeders (Figs. 153. 151, 155) .-The tillage OOIlO by seeders 
is purely incidental. yet in many cases very essential. Drills allllo~t 
invariably till the <aU to a considerable extent in opening a fu rrow 
every sLx_ to eight in chc~ in which Lo deposit the seed. 'Vhere pres:
drills are used tile soil is compacted upon the s('~d. In the planting 
of corn with the ordinary planter the tillage is similar to that of the 
press drill, but not so e,i.ensive. Many broadcast seeders. how
ereT, accomplish no culti\'ation. 

5. Cultivators.-('ulth·utol's are for use in intertined crops. 
Some stir the soil to a depth of one inch or less, wh ile others work 

22 
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to u c]epUl of fo ur ill('1ws or more. rl1l wy may lIe di,"idctl in10 shovel 
disk, fJlu dl: cultinI.iors, aud wt'odors. . , 

FJ() . lb5.-Qrdinary corn Iliant6r wit.h Iltta~lr~~nL for plantiQi: cowpea8 in hill or row with 

FlO. 156.-Three-shoveJ cultiv3tor. 

The shovel cultivators (Fil'. 156) ,·ary in the number aud size 
of the sho\'els used. There ma.)' .. be two large shovels on each gang. 
three medium. Of four small ones. The depth to whirh they go 
varies direQtly with the size of the shovels. It is not unusual to 
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sc<' culti\'ntion donr on:~r rour im'hC'1; {lcC'p with the lnrge or medium 
!-ho\el. There :U'C two t_ypcs of l'ldti\Hto r ~ with four or {iyC smull 
sliovcls in cath gHn~-tllc {'agle (,la\\' nllt! tilt' ~p,·i]\g-t(I(llh. TI1('~c 
]lcl1cLril'lc tile ~oil to iI rll'pth f'li~htly 11101'(' HU11I two illl'tlt'~. A form 
of lhe SilOH'J plow i . ..: 11l11de by Tcplil(·iJI,.!!' l)Jl' ilJ ... j!1l' !"-]JnreJ wilh 11 

litth:.! tljilUlund or hnl' fl.hilr(' }llow I)y wilic'h tile r'oil i;-; throwll up 
111(011 high ridp-l' ilIon;! the {'O I'Il T()\\', 

The disk cultivators ( Fig-. 1:;'() ('oll . ..:i:,i of UII'C(' Ll.i~k:o< 011 cach 
Fi!h' and IllaV be u!'C'd to good a{h:llliHfrL' w\1(,'I'C the hind weed or 
\I' illl morllillg. g/fl1'Y tl"QUlIrlS . • \.-; thes: £'ull;\'III(lr5 HI'(' c·(lm monlv 
l1~cd 1\1(: di!'ks urc!'d to rUIJ deep umfe;orll-row riugcs rc:mlL 'riley 

FlO. 157.-Di.'lk l'ul t;nl!fJr. . 

may. howc\'cr. be aLlju~tt'd to Tun shiJllow illld lean' the soil com
parutiYcly lcycl. 

Blade cultivators (Fig. 1St:) (:(JlIsi, ~t of fO!lr !JIllde,:.:, two to 
(,8ch gung, from ]t to H, i.nc:hcs long and 1wo to threl: inches wid e. 
TheSe arc 11\ared at an nl1trla f::lH'l! that there i:-: :1 :;light tenilen(,y 
10 1llOl'e Fome soil toward the row, hut JJl()~j of jt fulJ:o: O\'CI' the hlade, 
IC4lrillg a loose mul('h. TId::: implclllL'llL is yc ry ~ati:.:faetory for 
shaiiow cw ti\'ation, anu may he so f\(] jmitod as to st.i r t.he soil to a 
depth of three in c·hes or 1110~e. Culti\'ation to this ~cpLh, however, 
is seldom a(hisa])le bec<luse or the injury t.o the roots. 'rhe blades 
em'cr the entire !'pacc betweerl i!1C row.l.:, so there is \'er," little chance 
for weeds 10 eseapc. "A "-shap('d blade!' nrc. IJcing U!~ed to some 
extent. 'rhe "H'CP is" l11oc]ifi('"tioll of the hlade eulli\,!ltor. Each of 
tl)e above js mnd e in both OllC- nnd two-row forrllb, Yarious imple
JUents for use with one horse a re found, su.ch as the double-shovel, 
the fi ve-shovel, and fou rteen-tooth cu ltivators. 
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r111C weeder (Fig. 15H) tOllsi[';t~ of fa large numher of naTrow 
~pr i ng teeth wetl ~l(.Iflptcd for shnllow cult ivation of such C"rop~ as 
('(1m, ('owpw ... IlIHl J,('ll11!" ill IJI1mirl .o:ed inns Hnc1 for mo:.:t of the 
crops ill :-:cmi-ul'id regions. Fur this ill lJl lemcnt to do itf:: Lest work 

PIO. I ,OJ!), -Wceder. 

ihe 'Gil should be mellow and in good t ilth and the weeel. small , 
uu! if the soil is compae[ or the wccds qui te lru'gc it is of little value. 

rLO\rl}."O 

Plo\l'iug i~ un Hrt. J t if-; onc of the mn,;,:~ import.1nt as weU tIS 

the most common methods or preparing the sojJ for lhe c'rop. From 

I'm. 160.-An Mrl.\" form of plow. 

the beginning of agri culture BOllle form of plow has been in use. 
Even at the present time in some countries the ]>low i.s n very pri..mi
ti ve impJ cment, as shown hI Fig. ~ GO . and docs very lllefficjent work. 
In North America we finel the two .,.'<tremes. In part. of Mexico 
the people a e still using the most primiti ve fo rm of plows. In the 
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wheat region of the nol'tilw{'i't the powerful trflrtor. with iti' ~ix to 
tell p!(JWH !llld IH'('"l1ljlallyi llg' di~k~ tim] IHIITl)\\·.~ . wily h~' i-il'l' lI }1I'l'

Ihlrillg the soil fo r till' nop. '1'hl'~(' jtllJJrI'~( fl l{.'I1!~ hUh' III:l krill Jl y 
Trdut"l·d th(' ('( l ~t or l'ai~illl! (\ hu:-hl'\ (If wiH'al, III till' :o:.outill'rll part. 
of the l 'nitco ~t.at(.'~ llHl.lly OIH.,-it()r ,"'l' plow:, nfl' u!-'(·tl. PlowillK. 
when well d()IH'. HC·\·Olllpli:o:!l\.![". Ilion' of (itl' uh.lP('(r' \h·~irl'd ill ti llnge 
Lhall any otiH'r OjH'l'lliinll. Thl' plowing clllllC' hy ti ll' rruc\t' implt·
lllf'lIt:.: of prilllili\'c 11('01'\(\:0: Calif: far ~ll()l·t (If ,!!'oncl n·f.; ull~. I t (' nnble!' 
them. Itow('\f..~r. to put 11wir ~f)il in ~onll''''hai hl"'t(c'r ('olldirio n, 111 1(1 
without rlf'lJhl thc')' grow l:nger ('I'OpS th:lIl without CYCII this simp!!' 
()p~rntion . 

Flo. H'l.-TIIl' 80d is well t.u rned I\nd rr-preSCnl5l!ood work. 

Good plowing saH'S lflbo l' in ill£' pl'cpflrai ion of a ~ccd hed . I t 
I(ives all plants of the crop lUI equa l ,·I","oe and nil a much greater 
ad\'Rlltage than on pOOl' plowing. FOT good plmvillg the following 
things are essential : 

1. 'rhe entire furrow-sli ce shou ld be cut loose from tbe soil 
beneath and all turned. In other words, "cutting and covering " 
is Dot good plowing. 

2. 'rhe plowing shall Id be done to • ceria; I] depth to produce 
pulYerization. In most cases the soil is not pul" crized to any extent 
when the furrow-slice is only three or four inches thick. For best 
pulverization plowing should be done fiv e to seVen inches deep. 
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;( Til e' turning' uuder of rui,hiRII i~ CKo::.('l1tini to g00d plowing. 
To tin this ),1'(1]'('1'1." tilt· rllrJ'{)\\' -~li\'(' llIu:-:1 ht, fhe or ~ix illehc~ tili('k, 
1111(1 ill ,":Olll{, ('i!:-I(':-; t'hnitl~ Ill' wt'ed Iln(lk~ nrc 11('('(.':-:."::11'\". 

-I. T ill' furrow :-:huilld lit' kept ,·dl'<ligJ!I (lI';iI J(,;I,~t p:lrflllt·j will! 
tllP lllirldl{' ridge. as II ('n,/,kt'd furrnw allll{l:-l :t]W;lY,:-: illdiudc,;;: 

"('ut til!g' alld ('(IH"'illg" at :;:on](' linin!!'.. . 
]. Time of Plowing.-TIH' 1 illl!' ",11r'll pl0wil1!! ::hnl11cl bC' <lone: 

YRri{'1'.l wjlll {·jinltltil', cro}l, and ;-:\.11 l'olldilioll;"l. 11l.':Cllli-arillrcgiolls 

PIa. 1G2.---Cood plowing in stubhll' hUld. (.Inllcl'\·i lh· i\bt'hinl" Cllmp:lIlY.) 



TILLAGE 343 

plowillg'should folio\\" UIC' l)n'(·('djl/~ ('I'<IP 11~ IjOHn (Is pos.s;hle. The 
prillull'Y lIbje('L to ht' IH'I.'Olllpiislil,d is l'(JllSt'rndiO Il (If 11l(li1'>tufe. I II 
humid Tl'giUIH; thl' liHH.' 1..11' piowill!! dl'pl'lIds UpOII the (·n lp to ~011lC 
l.'xlent. The plowing 1'(11' Will'lIt llnd rye Illu:;:.i hl! dOlle in SUlllJl1CI'. 
while for vorl]. CO({(I/[ . u .. d~, ltadl'Y. ("O \~· Il\,..'11M. lIud foloyhl!{l lis it may 
be jloJJ(~ eillH'T j1l fail (Jr spriJig-. 

(0) Fall Plowing.- I r 1Il(' pllll.-illl' i ~ done in tho fall the 
ground ~ll()uld l)l' plow\lll ,I. ... Jail' iI~ po:;;~ihlc unlt'f:.~ n \,.' .. lith ern]> is 
l'hllli('(l to l 'O Il !o'l! I'\"l' th (' H\aillllJ]e 11il r;' (('~. \\"hl ' lI lltl' ground is 
~iil'l'l'd J',r 111('" plOlI' it produ{"(.·~ ('omJiiillll.": n.:ry f:l\"()rnblc for Ilitrifl
(',di'lll. whi('l, take . ..: pllll'I' .. I t. lhe l'Xjll'Il:-t' {II' till' ol'g-unil' mallcl' ill the 
~l,il. n'~lIltin~ in til{' pm(lllC'tI1J1l (If :.:oll1hlp plHul rO(l(.1 that Illay be 
ICIl('hl'd out (.I' the )o:\)il L1l1l'ill~ ti,t' "ilder a1lu :ojprill~. j r 11 ('ai(;h 
{,nil' i~ g l'mr!1 1 Ill' plant:- tak(· up Ow iOolulde plant 1'00(1 and }>I'cscrre 
it. ]/J the ('''] . ..1p or rery 1;11(..' f"IJ plowill,Q' Ihe COllditiow: aI'£' lIsuany 
not favorahle for any iHr,!!(' flrnrlllill of ni t rifkalioll. und iltc rcsult is 
that little f:\duhle pl11111 _[ood will 1,c forllleu hcfore willier. 

The ::oil nCYcr bC(,OIllCiO too dry to l)e plowed in lile fall when. 
I(lORNI nt fr0111 Hll' ~t Hl1dp{)illt of hellefit to the Boil. ] t TIlH 'y 1IC('OI11C 
so drYl 11OWC"Cl', that it wi}) be impo.'), .. ihlc frum a po\\'er st andpoint 
t(l do the work wiih hOl':-;l'R. rrhc tracloT Inay he u:.:ed tog-ood nd\'uu· 
luge under these ('olHlit ions. 

There arc! screral imporbliit a(hal1tagc~ in Call plowing : first. the 
work may be uone fit the time of (he year wilen of her work is les$ 
pT{!ssillg; second. Ule organ i(· matter tu rlJed WILler during the fll1l 
has suftkient time to partly deva." hcf(l rC the ('rop is put in, thus 
liheTating the plant f(jod I11H1 gi\'io).{ Lhe f-:oil time to settle and rc· 
establish capillary cOllu('(·tion: third, many illsect::: and their eggs 
arc destroyed hy dif-:turbinl! tlu.:ln If\1c in the fall. whi <: !J is c~pcl'il-\lJy 
true of the ant bill ~ (.'ontainillg Ow ef!~1" of the corll root aphis; 
fourth, the impro\'cmeuJ of ti,e tilth 0] the soil hy expoRing it to 
freezing anu til3Willg and wcttinf! and drying during winLer and 
spring, pToducing n granular ('oudition that is \'cry desi rable. rrhiB 
is especially true of heavy soils containing a faiT supply oC orgall-tc 
matter. 

As a general ruJe, soils deficient ill orga~j e matt.er do not re
cei"e as much benefit fro]]) raIl plowing as soils well supplied with 
this constituent. If deficient in orgallic matter; freczing and thaw
ing cansc the soil to run together instead of jlToducing granula
tion. Timber soils generally are not as well adapted to fall plow-
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illg <1 1-' ).JI'ui l'ie ~o il ~ bC'cause ()f tlil' b1{,k of orgtlllit maUer. Even 
th l! lighter colo red }'ha:-c of hrowl! ;-:ilt IOiH II l)/_l(:k~ badly du ring 
winter. I r faJI pIOWl·d. ;-:ulId.r 1,111111:-- art' Ij ~lbl(_' to lK' damaged by 
hl(Jwillg'. il cary ,"(liJ~ lire c!'pl'eiHJly l,t'II£!IiI(·d hy rail plowing. 

(h) Spring Plowing.-.\ \{·.r~' lu rge anloulil of pl owing must 
ue<.:cs::ill rily be dOll(l ill th e "pl'ing l'l'(',W"c tli(' r r<l p of the preceding 
year wus not. taken ofT ill ti ml;' 1'01' fnll plowi!lg_ It i~ ,'(' r.)' e~f::ent i l\ l 
that SOllU' prep/lndo!'y work 1,(, clnlll' pn" ' joll!-' to th(' plowill~. This 
should ul'-lIalJy ('o l\ si~ t of thorou~1tly dj~killg ( Fig-. H;·I) tilt: g'l'ouncl 
to r ill IIp tlH' \{',.!:l'iahlp JlHltC' ri;}l nlHI mix ii ",jill 1!Je soiJ .so thnt. 
when th e fU1'I'()w-:·di(:e i~ tUrIll'tllllld ('oIJ 1]JlIdl'd ~I ig"htly , d(~~c ('/Jpi l
lar,\' rOllllel'tiull lllay hc e.-: tlllJli~hl·d il L Utlt'C. WheT'e' (_'orJ'l-sbliks arc 

t to br I urlleu under, as is j'/,(-'qlWlltly dOlle iu the (;01'11 belt, the cutting 

FlO. 164.-Prcvloulj to plowing, di aking should bt done to cut up the corn-!!talk!l or othe r 
"cgct~bl() mnn er und prodlu'c a dOOlllllulch. 

up 01' the r: lalks hy 1he ui.-:k iH a \'l'ry important PJ'Ol:c;o:;s. sillee when 
plowcu llie finC' "oil filte rs ill arolllJd the stalks and does not permit 
the fOl'llJl7 tion of Ja.rg~ lliT spm·es ilwi ~'2jiJ iJl drying !JJe .~oil. This 
(lisking will algo pl'c\'cnt (,\·I.lporation, so that if plowed later jt will 
be comparati rely free from clods. 

2. ·Depth of Plowing.-Poor and badly-worn soils should be 
plowed cleeper tho n Ti ch. proc1urti\'e ones, OUT cereals aod grasses 
are shal1 0w rooting plants, the major part of the root,:; developi.ng 
in the plowed soil . This forms theiT natural and most accessible 
feeding arca. Within certain limi ts the <leeper the plowiJlg the 
better the chance or the crop for getting an abundance of food. 
If the plowing is doue too deep"the mfare soil with its swarms 
of bacteria will 00 bur ied below the zone of most favorable action 
and a smaller amount of aya.ilable t ood will be developed for the 
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CfOp. Experie1lC'c indicat('s l.hat eight or nine ill(;hc~ i :;:. I1110u1. 
the limit. For rich. d(,l'JI :-::oi ls :-:i:\ tu ~CH'1I in{'lic:; i:- ~ul1h·it· l lt.. Tllig 
gi"es a Lleep I'l':-~n"ir fur waler storage and nil ~d)\lllcllllll'C u( Roil 
[UI' root Ul'\'('\(lpmcut. 

Deep T iIling.- Ul:l'P tilling plow:- han' Ift.'i'li Jlllt (Ill tlll' 11I:ll'kct. 
hy whidl plowiltg nlily Ill! done to a d('pih (If twehi..' II) l,igh(cen 
iudlCS. As 3 r!'i'ult of nille t(~~ts for ('01'11. the ri('ld \\'a~ :.!.7 hushels 
IIight:r for ol'lJilll.H'Y plowillg l)JHlI whl'I'I' l.hnn:d !wphl' to fourtf'Cll 

jllt'iIl'S dt't'p. Thi s lIlilY han' :-:01 Ill' Hlhalllagl'1'i fill' ;l1J'lIlfa <InLl other 
tlcl'p-ruoiillg 1.-'I'Ops. The l\ {"lHtI('ky ~lH\iull fOlllll\ HII illl'l"ca:o:c of 
·IIG 1 )l..luJllI~ of ;!If:,It"fa !lilY in two ('1;1 t illg:-: ill fa\nr uf dl'I'\I til1iwr , 

Subsoiling.-~uh::oil plow!' haH' l'l'l'lI u:-<{,d for hi(!~('ning "the 
soil to u gl'l..'atr l· depth tlHiIl i~ plI:.:~iLlc witb t.1l ... , ord ill ary plow. Tilis 
prndil'C' was 1I1ul'l' \'11111111011 il fl'W .\'i" II':': ;tgo 1hntl al prr:-il'nL T ile 
I'C':-uit:-: l10 JIIJt illdi('aL(· Utal tll(' (l/lt' r'H th'll ill IlILlIlid ~(Jil:: I::: of ,'cry 
l1JJJ('h vlJhw. . \ ~ 11 rc,t;llH of -HI It:: .. t,..: JIJ ,<':lmthcJ'11 JJ JilllJi,,: IJI(' r' lllJ
s(_)jied Jalll1 g~I\'e all B\,pril,!!C c,f -.?,7 hUl:'hrJs lus~ illlllJ UIi' lan il 1)()1 :;ub
!'oih'cl,1. Thi s practice may h;l\l' j::(lm(' yah\(' ill F=enli-i\l' i(ll'cJ,! inn!" und 
for eCl'iain c:rop~, hut it i:: ('crtlli ll that if 11H~ rery !itll(· nt\ut.! for 
thc prillcipul ('creal (,I'OPR ill 11'uIl1iLl regions, 

Dynamiting_-The usc of (l ,\'nami tc fur hreakillg up thr illl
r('I'\'iou;-;. Or hardpan suh~oils hitS l,e!.:!1 l'l'~o l' l.('d 10 jll r;( 11Il (:' eases. 
'J'his is a good prartic:e where treps aTe 10 ht' planted, A ('liarge of 
dynamite is exploded and the trce is planlc(l in the loose soi l thus 
produced, The expense in\'ol\'cd in breaking- up the ,.;:ul)'~Q il in th is 
way makes the prM'lic'e almost proJJjbijj\,(' for oJ'llilliHY CI'()P:-. ufll e!-:s 
t.he increase iu yield js much gTeater than tlit: e~Jleri lll ent:-i up to 
the present wOllld indirate. 

Effect of Deep-Rooting Crops.-IYithollt milch doubt nature 
has pro,·iIletl tJle hest method of deep lillage. 'I'hi. is hy mean ; of 
deep-rooting- plants, and more especially leg"nlTle~, A ('TOP o[ Tcd, 
mammoth. sweet. d o,er or alfalfa fills the soil wi th roots and len,"es 
it open alld readily perme.hle to water anll air. These root, ex telld 
to a depth of several feet alld render heR'·Y clays perviolls, bring 
plant food f rom the sub.oii t o the su rfa re, DJld benefit , uch soils in 
\~aTious other ways. The crop shoulU he secdrt..l much thi cker than is 
doue ordi.narilv. There shon ld he from six lo-twelve or mOre plants 
to the square foot, as one plant to the 'q uare foot is of comparatively 
little benefit. • 

Preparation of the Seed Bed.-T he ordinary farm crops re
quiTe better condition8 for their growth than the wild plant. with 
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whi ('l. we nrc fumiliar. '"J"he ~()jl ill which they gruw must h(' suf
tkicJJtly luutic 80 Ihe rODes lw\'c litUt.., dilliC'ulty ill peJ1eiratillg- it. 
Till ' gnl\\th j 11(',)" llIHkt, depULld~ tv II large exlt'nl UII til l' urea {'\'cr 
which the root~ spread. ll cnt-to tlu' 1l{1\'C!'~ilY oj' jll"(ld u<.:ing a d(;ep, 
ml'lIuw ,,,cd hed j bat will allow 1'1'"" l'uOI dC·l'clo\,mcllt. 

t'lod~ an.' of no \'ulu(' ill (\ fh' ld. hut an' alwHy~:I :,olln'C of 1l1111O,Y

filIce, 'J'IH'.v arc gellL'rally HIl' produ ct:' of ~llifll('~!' ilnd un~(' iClltifi(' 
I IIl,UJ()lis of flll'ntillg- nlll 11.,'I' OWlI or ~Olllt' ilJiH'l'Cllt faul t Ilf lUld 
qUldity (II' tiJ(' :,nil. :O-;(Iil:-: if work!'!] at fll(' prop('l' time allo a[t('f 
pn'l)('r pr('p:ll'ati(lll respond to p'0ocl tiIIIlp"l' . The di~k if.: on(' or the 
L(,~L iltlpJ('III( l fd~ fur Pl't'\ 'clililL,!! the' f,)rlllation of dolls alld, io
goUJ"r with UJe culli-pucker, fur ue.troywg them if they ouee form. 

FIG. 165.-Grain produc~,~~~ 6(i .. ~t~-;!jr.7 pi{!~~~e~~~do~~ differenl wa~'8 tor winter 

Clods arc of DO ll ~C to a growiug crop, but on the contrary lock 
up large quantities of food auLl uecome prisons for milli011E of baC'
terin that would otherwise be working for the farmer. Fields are 
sometimes ,ecn iu which at least one-third of the plant food of the 
plowed soil is locked up in clods. Eyell if the clods are turned 
under alld cOl'ored uy mellow, moist soil, weeks are required before 
they become thoroughly moistened. unless rain falls. 

1. Wheat.-Plowing for wheat should be done as soon as po.
sible after th removal of the preceding crop and from five to seven 



TILLAGE 347 

nrhc:- d(·rp. 1 f liJr g-rllullll i~ d ry or linblc to hC'('olne dry hefore 
)\Clwillg l"IlIJ he dUIl(' (-Iods Illay ht' Ill"l'H'lIil'd frolll forllling hy 
h(lroll~h di~killg'. 'f'hi ~ ki!l:, \\'(·t·d:, and Jll'ndU{'I';-; :\ lI11ti {·h "hit'h 
'j)1),"'rl'YI'S Jl)lJi .... turt, ;llJd ):IH'r plowing ll)il.' ),p !I lillI' \pry ":illi:.:fHdoriJy 

,'it.hout filly .!:.!'1'l';1I amount of t'lt.tl~. ' I'hl' illlprl,;,;:..;j(lll 1'1\'\nil~ tint! 
iill('(.' w\H'ai i:-: a WI'.\' shallow n1t1ling: pllLlll 1IH' plowing- :-:1100\(1 Ill' 
hJ!IL' ::,nllu'\IIliIt :-hll!l/nr. hut {':qwrillll'li1:-' ,.., )H"'· tlmt /l <IeI'll, of f:l'\"('l1 

wolle:: i, ... 1)(1t inu dpI' /, (Fig. 1/;:)). J 1I!lIJ(,,Ji~!!{IJy Hftt'T illl' p),I\l' illg' 

:.: done it i:.: ll{'l'('~~l1J'y In work the 1'00;1 hy lllPII!!:- nf a di",k alld harrow 

:i\1l'I)wd of Jlf('I\:lr ~lIinn I 
h·"ra~·1' (,I :1 ~"'"lr.< . 1\111 1'11:1 

YIl'It"\'~';;~lo; Jft;~(;;:.t!;)f:'~'ll,t;.,~:;) ';t'.~l~'::,:~~ ~·t!) 

)iskcd . IIfll p\o\\"l'(l , , .. ........ . 
'\()\\'l'd. S;t,·pt. 16. :~ inc;\J('f.; d(·(·p . 
1\0\\'('<1. ::\cpt. 1[1, 7 indLl's li('t'p 
'\0\10'('(1. Alig. l;j. 7 1l1l:Ii('S th·{·p 

(workt~ ). . ........... '" .. .. . 
:J\owc·d, AlIJ-:'. 15. 7 int"lH's ti('f'P, Il ()t. 

workf'd till Sept. 15 ... ' .... 
'llOWf'd . .Tuly 15, :~ illl'hl'~ (\('('P 

(worked ) ............ ...... "1 
:>Iowl~d, J lily ] 5, 7 inches dt't,p 

(worked) .................... . 
Jouble disked July 15, phHvrtl 

licpt 15 ................. . 
)oublcw,skf'd .July l b, pl()wl'd AUf'.]5 

7 iuchcs deep .. . ... ....... . .. 
... istcd .July ] 5, 5 wches drep, ri rigf';:1 

split Aug.]5 .................. . 
... isu~d J uly 15, 5 illches drep; worked 

down . 

20AR 

20.77 4.S5 

27. 11 

In.7 1 

23 AO 

3.D2 

:?2.77 4.05 

prep:truti.,n'" 

~U;4 
~.;~S 
H.(iO 

16,:!4 

13,65 

12.25 

16,87 

12,:{7 

14,30 

]4,73 

J4.51 

:0 COD8cr\'"e moisture, deq:- Iop plunt i'ood. and , J11 0:;:.t impnriant. of 
111, pr(:\'cut the growth of '1re.eds. rr hc seed bed for wheat rnust Le 
fi rm. I f the soil is "cry open at seeuing lime Uw freezing- in wint.e r 
Idll ha \'e a g reater t.endency t.o he.wo t.he wi) lUH] ki II the wheat, 
,specially if the laml is 1I0t well drained , The roller or cuJt i
"aeker cau he used to excellent adyantage in the prepa ration of the 
,ccd bed for this crop, 

I n sccdi lJg wheat in corll -:-round after the con1 bas heen taken 
,If the fi~ld Iar Ule si la, or ,,;aced in t he shock, a sufficiently good 
;eed bed rna)' he prod nccd with the disk, 'rI,e settling of the soil · 
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duril.lg tlie SUlnlllcr will mak{' it .-:ullkjt.' lllly (:(J11 IJHl d and a thin 
strntulil oJ Iwo tv four iJlches jn ut'pth IlH,llowed :o;ollll,\\'hal by the 
disk will prtJ\iup il ll CXl'l'l!(,IJI ~c('d bed. Wbl'ut i~ :O:{J llll'ti IlH\~ f-e~'lh'd 
ill tlte .-:ll1lJ(lillg ('om IUHI ill ~tJ(·1t (';I :::{' ItO p rl'jHI.r:Jtioll is J1e(·e8~ary. 
The crop iH handi{'lipped, /lOW{' \l'J'. IJI'l:<lU:oiC tile ('Urll Illig left the 
tiuil ill poor COllditioll ill J'Pg"<IJ'd 10 JJ\()i~tllJ'e and plant fuod. 

Tla.' pre('l'dillg !ahll' sllo\\'~ tllUl <lPl'I1. ('arly plowi llg' with work in;; 
till !'l'f'ding- tina' ha~ ,iri\'llil 111(- gr(';'lft'i.:1 pI'(lfit. 

ff he soiJ for whellt :-:hould j.p \\'(·jl dnlil1l't1. ']'!ti~ j:-; "cry ('ssl'lltiaL 
('.'irc·('ially ill ti' l lIpl'l"ai(' n',g-iow; wlll~ l'{, rn.·~zing- 1:11HI th;lwing O{'C\lr. 

rl' lw grel.lt ohjertioll to .!trowing wiH'at fOJ'l1lerly wn~ the winter kjllillg 
('nu~( 'u II." u poorly cI rninl' . .] Io'l'N\ t.ed. 

:l. Corn.-The p\llwing- for C'(lT'!! may he done ('ither in fall OJ' 
spring ami the jJl'Otiuctioll 01 the ,ced bed is sumewhat different in 

I" 

Fro. 166,-A good Heed bed on st.alk ~und, 

t.he two case~. " 'iiI! il,ilI plnwing the groulld should he cli~kcd or 
workeu in ~omc way 3f: ell!'i." '-IS po:::s ihlc ill the spring to a depth of 
three LO fh'c in('!l(>~. rph ii' (:() II ~Cf\es moisture. raise~ t_Le temperatUJ'e 
or the so il and dcst rors all\' weeds thl]t mav bltve started . This 
disking shoul d be cont ililleci at internlls of i~n days or two weeks 
until the time for planting. 'l'he object is to destroy as many 
weeds as possible before the crop is plillltcd . as cll1timt ion fOT this 
pllrpos~ is much more effective at th is time. The disking should 
be doue deep to thoToughly acrate the soil and encourage the develop
mEnt of plant food. Oorn on fall -plowed laud is said by some 
farmers to a fire" ensilv. This" tiring" mBr be due to two causes: 
firs~., to lack 0:1 m6istu~e. Rnd, second,' to lac'k 0:1 available nitrates. 
Fa]] plowing,"llllless tbe soil). in good tiltb, tends to dry out early 
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ilnd rapidly. The mills how' C'U IllIHH'!t'd it, flil' g"I'Olltld 1:-:: !litre, !llld 

wjth tiJeslrOJJg Wj'Hh. vI' ~Jarl'h ~J111J :\pr j) ,llNc j,"I lJolllillg-1ol'rt'\l'llt 
r.lpid los5 oj' WIli er. DC('jl. {,1Il'1.'" di~kill~ iii the prepa ratioll of tbc 
~(!('d bed will conscrrc TIl0i~tl1l'l' aud in this WilY lend 10 climillRlc 
this dallgei' f'I'UIll ,. firing."' Thorough Hull dl'~'Jl di"killg al:-:o CIl

('r ul'ages the forml1tion of large (IUHllllticr; (Jf u\'nilHhlt, nitrates. I II 
the casc of shJlllu,," 1111d ill .... ullic ,ieIJt dibkillg' tlif' faJI-phlwl'cl Iilnd is 
left compa{'L fllHl soml'wlwt {'loud,", with l'olltlitiollS fut' lIiirifi{'ntif)1I 
n/ld (,OIlSCrYfitillll uf 1lJ{li<::-tnrc n'ry uurl.\\'{ll'abl t!. Such pn .. ' lmruti (.m 
lias n. tcudel1(',\' to 1'11('{)Uragc •• firillg'" 

~'hc prcpamti()1l of Lhe ~t.·(·d I,(·t) fr(J111 spring-·p lOln·d !;llld do('s 
nnt rC(juirc S(, !lltH,1I working durint!' thl..' :ncrngl' I'ca:-;1)1l al- for full· 
plo\\'td land. Th e f,!J'oUJ)(l l-\wuld h(, thorlJtIi-dJl s \\'(Irkt'd wilh dil'k 
III' harrow inllllcLiillt ely aftcr pl(j"'ing, .\ rutH]'.\' llUJ'J'ow attu('hlld 
(0 (he pl ow doe~ good work. Thi~ wCll' ki llg' :::.hould Ill,! {'o ldillU"t! at 

inten als tlle same us 1'01' hill pJ (.nriIl~. "'hell Tl'ady 10 plltllt. the 
ltarrow mu:v he ~l1ni{·icllt. to put I hc :-:oil ill fille ('(l!1cli(ioll (Fig. 1 jill). 
4,\11 weeds should Uf! killed. J I Ycry f(·w rain s OCt·tll' ill the spring 
aftt'r plowing- it-. done it may he 1Il'('CF:/ola ry to ll!'e tIll' 1'011el', ~i ll c:e 
('OTH, like wheaL. l'l'quirc:.: a finn ~l!('(1 lIed with a 1lH'llow ~ul'fl1(·c. 
Tuo mutli work elm neH)r be dOlle ill tlll' prcpan1j iO/J oj' Uw .'H'cd 
bed. The hest time jt) det:tro_v weeds iu ('Ortl if. b('I'(lJ'e ilw crop is 
plauted. 'l'he culliration at. that time is much more ellicient than 
al any time thereafter. 

3. Oats.-'rhc allllost uni\'ersal J11'~ c ti('e in the ('orn IIclt is to 
sow oats where corn gre'w Ole pn'c·{_·<)jng year. J t \\'j] !' all early 
practice in some r egion!' to i30W the oat1' in r ehl'unry or ) l arch 
without preparing any seed bed whHtC\,{~T. SOllH't"inW"i fairly eat· 
i,<.;.f8etor.r results WCTf' oh!'Twed. Hut m: thr pilysie:)/ cfmtljtion of 
the soil became poorer Lhe n('cc:'i!'ity for a "cH.cr s('ed lJed for the 
oat crop lUl,-=' hecome more im}wJ'ati\'e. A veT)' good way for pn·_ 
pariJ]g the ground for oat. i, to plow it. in Uw rail all(1 thell di,k 
tboroughly in lhe spring. In the ('orn 1",lt, bowerer, the apparent 
necessity for pasturin!! tbe corn -st.alks does not fayo r this pra,,
tiee. Oats do not require a deep ,e(·d bed, hut it ,houle! he well 
prepared . The COmDlOl] practi(·c in the corn helt is to disk -the 
grouna from one to t.iu€'c t imes and g-ive it iL final harrowing. 
The oats may be seeded at any time. either before the first di,king' OT 

between t"he' two diskings. B"e-n in the hE'st or "oils one disking 115 
not 6uffieient. although this i, not an lIDG'ODlmon practice. The 
stalks to a certain extent prevent the full efficiency of the disk and in 
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llHLll'y casus tt (;olH:iLlerablc poriiuu of the oat::; are lJot (!on.rcll bcin'" 
ill sume cue'{::o- by a~1 unl (.'U lllll one-eighth of the Hmoullt sc~ded . 0 

Plowillg tb~ g round bcfurc sel·Jil.lg a ids iu proLlm·ing nIl ex
('clleHi seed u<.'d; 11OIrcn::l', it will be i(}(J lue):;c UIJl(!~s tlWTOUfrltl\" 

iirrllccl. Tlw hal'ro\\' alltI l'OIIIl'm.('tcf silould be used, and if 
0 

t.h~ 
Hoil is wcJl s- uI'pJil'u with ol'p'clllic maiter ~o it will 110t hake it 
should Lc rolll'U HftPl' ILc ::;('{'diJJg' i~ dOlle. Tht' i..li~k ddll JUl r:: some 
~l(hIl I ILU~C o\cr the IJro<l(l('asi s('l'dcl' for ~(·L·dill::r {lHts, Hlld the fad 
thai it {'U' 1r:-< praC'ticall,r :dl Lhl' ~l'l'll is a tll'cjded I:lIlnUliagc. Only 
auoul two-thinl::; a~ 1ll1l l'L ~l'l·d will he l'('quin',l /lR wliell sce(lt·d 
Jlr<Jiic/Cit ... t. 

Cultivation.- Object.-Tht· o!Jj {.,( ·t~ tu !ll' IH·l·oll.lpli:-.ltc'J in Lhe 
('ulti\Hlioll of a C:I\'I' an.': lin;:t, ami prilllflJ' ily. till' ki.lJi11i_{ or 
\\"l'ed fol; f-:l'<'ollll. the l'(Jl I.'='l' I' ra i iOIl uf moi..:t un:: aud, thirLl, aeration. 
While the l'UIlJ';{'I'\IILiOIl (.If IlH,i:-1II rt, lw:- u::unlly l'l'C'11 plae·pel fir:-:L 
1'('(,(, 111 cx pl'riml'nt:- EtlIO\\' tllil! t'ul ti\'atjol1 foJ' the killiJlg of weeds in 
l,ulI1id n'gioll ~ i ~ of \'n:-:II)' mol'(; iI11POl't3]1(:C to thE' crop tiUll for 
l lie CUH."ii...'n atinll of mni ... ture. ] L iE u quc::;tion whether tb ig ml.ly 
lIot he true ill Fellli-aric] rc:gi oJlS as wel l. \\'ecLl:: require both 
Illois,lU]'f' alld planl ffloll for their gr{l\\ih and arc much hettcr for
agers thal1 Uu' culti\ntcd crop. At the Jl1il1 oi::; ~tatioll (tauJe. page 
35;;'), a3 a re!:'u lt of Jlille years' ilJ\"estigiltiull, com wiUI weeds de
~tro'yctl h." n hul' without producing n. mulch g-<.l\'e a yield of 48.0 
bushels per IH"I't' for a llill(,-.H~iU· (}\"(Jragc, whUe fUT the same time 
('Off) in 11 'hi<-l1 ~rc{'d , .. wcre llllom:d to grow prodllced 7 .. 1 hushels per 
Hcre, or -ilA hushel!' ill fll\'or of ))J'c"euting tile growth 01' weeds 
(Pi!!"s. IG7, lli8. Hi!)). I II order to determine wll cther it was the 
lack of the plaut Ioo,] 01' tbe moistul'e thal ('.used lile grealer Joss, 
part 01" (,Heh plot ill which rlie ""(>eds 'l'Cre allowf'cl to grow ""as sup
plied with nIl llw llIt1i ~ tllr(' the (, 1'lIP Hnd weed s IIf'etled. and u-s a fh'e
year t1VCftl~e the y,iel(l was illcreased 2.5 bushels oyer the plots where 
110 watrr ll'il.S applied. This slw·,,·s ratller ('onclusi"eJy thut the 
g .. cate~t lo~s was r9us('d hy depri\'i ng- the rorn of food . 

Value of the Mulch.- l ii this same experiment the plots men
tioncd nhoye io wh i('h the weeds were kept clmrn with a hoe with
out pr oducing H mulch ga\'c a yi£llc1 of -lRO bn hels. while the corre
sponding plots which were cliltinltecl gll"e a yielrl of 43 .3 bushels. or 
5.0 bushels wCre lost due t·o clamnge bv rultimtion. Moisture de
term in a.tions i.n e.-1.eh or tJ1e:;e tlll'pe plots were made and it was 
found that lhe amount of moi sture in the nnculth'ated plot actually 
exceeded that of the cult ivated by 0.3 per cent for an eight-year 
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flo Wi.-!'ine-yeur u\'c rl4:t: yich14:.i.:t bllSlu:11I vcr narc. 

Fla . 169.-Nine-year averBge ~';eld 7.4 bushels per acre. 
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an'J'llge. It is without douht tl'llC thuL j f the g round is plowed to a 
dt'plh of s ix (II' !W \'(' II jll chrs, li nd n g'(,od seed ued produced, there 
j ~ Yl'J'Y lit lie ll c<:rsfoiiy fo r ('u lt inllioll ur <:o rB on gilt loams ano 

Buml." iOlltll f; to \ 'OIl l'l'n'C JlIoi:.-j un', It \\'ill 11(' seen from the following 
(liblc thllt duri"g the IIr.'" Y"II l" or 1!l ll. lnl~, nnd 1!114 the yield of 
CO T'II 011 fhe tlll('ultivllj(_\d plol:-: wa:-:: fi to 10 IlU ~helfo< more than on 
the corrc . .,polldi ng- r nltirated OIH':o;.. The mulril should hare had 1t5 
greatest erfepj during th (,:::t:, sca~O)l&; if it wa~ of much usc in con
sen iug moisture for the crop. 

Re.rults oj Cultil1alion oj Corn:S_ Earh i,1; an A I'CTQ(Jc of Two Plots (Bushc1$ 

=-'=~~---=c~--c-=c~P''r .1 '7=';,) ~,=;",=c===;,,===== 
Trent-'llt'lll. 111~ll ll!O; 1908r~90!)ljl!J1Jl I)11 1 IOI211 1!J1 3RHl'I' 191: \}..yetl r ~;~:~~~* Ilver!~(' of Nu. :'I 

---_._--[-- --- -------
I. N'~~\!~~~~d !1 ~I'~::d~ I I 
2. Pl~~ii llt~§hl~~~· ~~ ... : 2r. tl 2~1\ :13. 1 2t • .:", ·I(i 1

1

1(;,;"' 3~ · ;' l rI4 .. :lr.2 S1.;! 

prflpllred , TI t) l'ui· 

til'llti(ln, w .... -<is 1 I kept UO\\,II by I 
sc·rll.pillk with II (~ .f.I . :t30 t,o.7 ·10." 39.8 75.5 :\·UI tIO,OI 7:!. 48.9 J 12.1.1 

3. Pluwt·tl , !:!t:..'~d h ... d 
prl' pllT't:.-d, wI't,.·cis 
a ll owed \ 01-:.1"0 11' 0.( IG 010.2 .-1 .~ 7'01 JOA 12.:1 8 . ~ 7.-1 1, . 1 

4. Pluw('d, seed hed 
prepared, wet!cl l! I 
allowoo w grow, 
irrigllted ~ . \ll l1.5 12.320.4 5.1 IO.s t 22.8 

5, P\(l\vod, ~ bt_'(\ 
p repared. f'ulli-
vlI.wd 3 times 4 -1 .7 4Y, 250 :H.-I ·1&. 7 301 .5 65.2 21 U '10.5 7f;. 43At 100.0 

U. PJov.'cd. 8t-'Cd J)(_.J I I 
!~:7t~r4' ti~LJ;!~ I 
irrigated 4n. 49. 28.2 40 .0 rl(l.: ,;.")06 1.241.256.270.'1 5O.2t 115.5 

7. PI~~~~~ed e~ti~ I I I I 
vatt,."<\ 3 tim('!I. 
irrigllu"{(, fertil· 
ize.:1 mu In2 ... 78.:1 iT:~ (13.0 50.0 51i.l 72 i45ls 15804 

* i'hts{'(i o n nU "omparablc yields. 
t Fil', .... reur ol'cmge. 
t T en-year n\·(.>rAJ,!e. 
II Eight-year average. 

Trle cultivation "'0, done so as to prod uce a mulch from 2'h to 
3% hlehe. in depth. (See Figs. 110 an d 171. ) During the years 
mentioned tlle mulcl, was so drl' .llId loose tbat the roots of tbe 
corn did not penetrate it, so that'ii it had an)' "ruue at al l it was in 
conserving moisture. The cOrn roots generally develop most abun
dantly in the plowed soi\. B,' CUltiva ting three inches deep the orop 
was enabled to use onl." one-llalf of the plowed soi\. and t here was 
no don ht th'l.t the stirred soil was worth more to the crop for the 
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plant food it rOlllaillC'd thal1 for tht, lIloi ... lurl' it l·{lIl~L'rYC(l. The 
\'\jlrrillll'llt \\"fl~ ('oIHluf'i('d lIn thl' \JrnWII :"ill \Ullll1. tlit, ('ollHIl On 

('('I'II-I)(·lt ~<)il \11' ll lilloi~_ TIH' :-::l 11 1(' l"l'l'I"iIlH.'ld W;\~ tried 011 

t lte (Tray !-oil! Ill/I III lIlI ti!!ilt l,lilY ",ith ~nUH'\\"hllt :-;;nlilar I'l':o:ult:". n:o: 

:-1l()\~1l ill Lbi~ tllhh.: L • 

Rt'!q,fll; oJ CUl/il'(lfiOIi of ('nnl (Ifj aro!! Sat Lortllt nn 1'igftt ('{(/.II 0/ f'airJidd, 
_~ __ ~n_·(l!JII.! ' COUllf!l,4 Jlli/wi;; ( rtf'ids ill Husht'lx Per : I r_' _<') ___ _ 

Tr!'JL1!u(,llt 1 \\l()i'o 11(111 I I\ll~ 11.11;1 \ 19 1·\ II;~;,~~~~· I· :~~':::I. I fr\s~~~ 
I. :\"nt. plowed. not ('lilt i- 1--~ -,~ _- '----1---

vak'il.wl'edskeptdoW II , I 
hy s()rapill~ wilh hoe --1,0 1 :L2 22.t--i o.n 0 1 10.0 I (;.0 3 104 

_. I ' I(JWl·(j. sped hed pfl'-
p:trf·d. weNls kl'pt dmnl I 
b~ .. !<!('rapill~ with h()(' Hi., :U. I t):l.(i 0.0 0 al.5 1 8.~J ~'S.!l 

;{ , Pllm cd, seed IW'd prt>- I 
l;;l~~:;\\ weeds a IJO\\(~d Si ll S ,114 0 0 () 0 10 ::' {)'~ a~~.o 

'I. PIO\\ecl, s(,NI bed prt'- ' , .. " 

p,lred, cu lt lvat(_·d .l l I _, 11 .·l l .2 l llU.ll 
tunes 2:1R

I
2..JO 4.j:-; I D. ! 

5. Plowed. seed 1»<1 1"<>- 1 I I 
prlred, <.:ulllvttLNI :1 I 
tunes, manur e, rO(:k 
phosphate, limf'stone 41 5 326 G2 I 146i (I I 45.4 30.2 15..0;. r 

T lle Departmel1t of Agri('uitII rc !'; report:" a. u lI IHh(_'1' or expcri
mCJlU; ~umewhnt )'iimilHl' ttl tllis. :lnd the ave rage ,ril,Ie] of corn on 
the uncultivated pluts was ,j·?(i hu~hcl~. while thai of the cultivutC'll 
was 52.5 lm!oihcis TIel' acre. Tllc!-:c wrro ['Otlrlu('fed 011 rari(Jus kjuu~ 
of Roils ill 28 different ~tatc:-: , T Ile nerc~~it\' for t'ultiyution is 
.f!'reaLer on hea\~y soil~ than 011 li.~ht Oll(;~, fJ"his is shown hy the 
fact that un cultivateJ s!Uldy loams alld silt hLms p rodueed 105.7 
pCI' ccnt and 102...1 pCr rent of the rultil'atec1, while the' day loams 
anil claJs produced. Te.pcctively, 94.5 per cent and nt.r. per cen t 
as much as the cultl\'nteu. WheD the crop bCrOJ11C'R ]nl'~e enough to 
partly shade the soil, allo the roots hecome t.hornu/Th1.r distrihuled 
t.b rough the soil, t here js ~er~f little ne('es~ i tJ' for r l.1lti\'a ting t o 
conserve moisture. The water that more" u]l lrard is captu red uy 
the roots befoTe it reaches the sUJ'face and evapomles. 

Root I njury.- )fost of the crops grOlI'D in huiuid regions that 
require cultivation are shall ow Tooting. A large . upply of moisturc 
and plant food is in the surface soil . The roots naturally de,'eJop 

23 
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t.11CT(, ill Jar~('r Tltlmhl'f~ . fllInwt('d by tilt' fa\(Jl'nhlC! ('ontlitionf; for 
nldainillg food :11111 Jlloi .. dll r(' .. \ 11 c'xfllllil111lion \,"ill r-;how mflny of 
tlie roots of cultivated plants wiU.in tlie suda('c lhrce inches of 

Fra, 170.-Yieldll of eorn (fi(' ld weight) widl differellt meth/)d ... n/lill.'Jgc. (Ifl lJ ) 

,oil lInocr f3"o rablc (',Jllditiolls amI probably Ihrce-fourths of the 
roots of the plants ,,'i thlli the sucface or plowed soil. 

FIo. 17i.-Vield of eorn (field weight) with different methods of tillage. 

To prcscnc these roots from illjury very shallow cultivation 
must be practiced. Roots tak" nourishment from the soil for the 
plant alld i1 roots are cut of[ it lessens the food supply. Not only 
this, Qut it- takes energy ~om the plant to reproduce the TOots de-
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stroyed. Experiments ha\c hel'1l 1II11de wilh <:OI'll tn show the cfTcc'l 
of t.:lItting tilr 1"00ts sim ilnr 1u what i:- (lnll(~ ill t'tilli \ati(lll to It 

ul'l'lh of fuur 1m-lies. T he j'o!!OW;Il~ w!de ~iq·!, the r(':-:ult~(lhtltilll'l1: 

Re:;ults of Shallow uuJ Decp CuUi!,ll,li()/~ (11111 UUlJt Prul/"IY of Cor,, ' (flcldll in 
11W;JW/8 Fer .'lcre) 

1. Non:::,:;:':i:~:i:~o\\n by [_::_ ~ _::II_:~ '''''I_:' _::I ;~ii~:::~~ 
, scmping \\'ill~ a hoc * .. . . (,~\.O 77.1, ~~.I, ~[~ .a ~n$ ~~.~ ~7.~ ~i _~ 

2. ~lm!Juw-t or <) till l('S .. . . t .1;3.'" g.,j.(1 (;6 ,gj ;)~.4 (0. 1 ,~6_.) 8;;.;) ,O.t; 
,",. l)l'C'p-t or 5 times .. . .. 'I ~·U) 7-1.2 ()()'~I n:L-t ~O. I ;~~U) ~n.4 I,K{-) 
4. ~llllllow-root!'1 lIJ1pru[J('d !f(" .O ~~.? ?~.i l j'{~.~ ~s.~ a;~.? . ~4.~ 

g: ~~;~~~~~i~lbrl~d~~:U;~~~I . t.. . gU~ ~~:~ ¥8:V ~~.:~ . ',0.- I .~h .. 2 .. : ~II:¥ 
#. Hcr:1.p('d \\"·jtlt h(I(!,· r(lots i pruned t . . S5.i, GilA \; 1.5, :\')., (;g.a 

• !'\o mulch prndul;ro . 
t A [mil ... ont' h .• lIt If{PHlT~' W:J I> pb,·(.cI on·r 11,(' llill uf ('UTlI ::lmlu ""ift· "'It,~ rUll ur\JlI llu 

the out-&idc. <1 illchc~ dt.'1.m. 

The effect of cutting the corn roots is ,limn, by rompaTill1: plots 
-1 anti 5. w1icl'(! a {liffer('llct' (If 1:1.:! hutl-hcls ]1<'1' l\{'!'(' i:-: bhoW II ju 
furor of no root injur,Y. <lncl the d,j ffen} IlI'L' i:: Clholll Iht· ~n nl l! when 
plots 6 aorl 7 nrC' ('(lmpflr(·d. 

Level Cultivation.-l'norl' prflct irfllly all CI0 1Hli t i on~ of rainfall 
and soils almost level cul d\'atioll is most. ue:;,irablc. Hiu,!!cd tull iva-

Fro. 172.-Level cultivation.. 
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tioll nlu:,:! nC('cs:-arily l,t, dl'I'p. alld js alway:- lH'c· tlnq1flllied hy root 
Illjllry. J 1I f;~JlIH.' nllmiaJ ]!(dl(111J 1:1I111 rid,J.."ill ,!.!" JJl<ly I'L' 11f't't'i'::,ny. 

\\ ' hNt' 111(' :.1111111<11 llIorllil!~ gl!)1'_\ III' tlllH'1' II'(Iul,I (':"(Jltl l' \\ ('cd~ art' 

tiJi('k d(ll'/l !'ll)ti,'ati(JJ1 WHy Ill: {Hh j~alJlt: Iv ('(J\l'!' tJH!IJJ, l':Ol'etially 
r 

FlO. 1 7 3.-_lUd~eu. \ uhh' !l.tion with driller\ rflrn. A \' ery Ilndesirablc ll1tlthod with neJirly 
~Il soils. 

if the ('orn if.:. drilled and not. (_·IJ('ckcd. rrhi s JOT111S It \ ' (,I'y l'tJ'ong 
uJ,j£,diulJ to £ll'illjIlg- ('01'11. Tlw ridge JOl'J)Jt·d j,<;; ,...:vmctiL11(.'I:1 six 10 
eight iIH..: l1('~ uigh. TIll ' Ji::;k (>ultinltOI' or tilt· lit til' dialllond plow 
life hot" u ~(_ld Jar l'idgill!!. Tllc ideal ('ultirntion i!o: not IlhsnJutely 
le\' ('I, bul f'Ul' il ns to ha\'c a ~lopl! or Olle to two lilciles between rows. 
Compa re figure J ,2 <lnu ligure 17.1. 

Q UESTIONS 
1. Whut wn~ .It,thro 'full':. theory of pillut. nutrition 1 
2. Define Winge. 
~i, ~r!l.v i:; lou,.t·lIiug t.11(' soil nl'\.:~sary ~ 
4. Give results obtained for plowing- and not plowing. 
5, \"hut are the advilll tHf!fuo of turtling under vegettlble mll.tter! 
6. Give adntlltagcs of killing weeds, 
i. Gi\'c till8{!c for storing and consenjng moisture. 
8. \\-"y is cotnpuctin,[! nt'cessary? 
9. Gi\'e act ion of mold·hoard plow in tllTning so il. 

10. " ' luLL conditions arc neN'Si'-llTY for bf.!st puJ\'criztltion! 
1 L \'llnt is the adVILntRg{' of the !4_tuhhl{' plow! 
12. What is the ohjection t o USinl! it in plowing sod! 
13. Describe tllC -~eneral purpose plow. 
14. J)eecrii>e- the sod plow and its work. 
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I.;, " 'hilt is tim hillside pJ DII'~ 
ItL ,,"IUlt arc the n.d\·alltllgc~ of t ilt' disk plow! 
I j . What is tll(, 1I ~+.' of till' li,.,tl'r ~ 
Itt ])l'~l'ri!Jl' tit\.: suhsui i plo\\ lIT1d j.! i\"l· iil'i U!:Il' , 
I!J. (;j\l' puint!> uf ditrl'n'II ~'I' i l l tli!' kind,. uf IlIlrrows. 
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:?O. Whut an: thl' aunllllagcs of till' (li s \.:. 11lll'rOw that lIl11kc ii. ilO ulli · 
n.'nmih' u~('tl ~ 

:!1. Why i::; it nl'I'l'l<~llry to U~' (_'(IIIl)IIU'll' r s'r 
.~., \\ ' hllt, I))"i' Ill(' lli,jl'd iOIl i'! t tl till' 111'111)) rtlllt·]' ! 
:!:i. t:jn' 1l.C1\llILlagC:-i of (1 ('III 'r fun rl :- uJ r"III' r , 
~-I. \\'hul,. i~ II I'lullh.1"1' and fnr \1 hnt 1I",,·d '! 
:!J. /)e~c'ril,(_· the ( '/11111"11'11 :oul/s t/du el' plld.:t' f . 
:W. " ' ]Jill life itl'l U{h'ulltaj.!I'''''! 
:!j. (:[\1' UIn .. --e dll.:O;~('~ of tllltinltorB. 
:!"i. (;in- IldYlllltll)!I ' oj alld ili:-a(l\nlltag'I' iI of 1'II (.' h. 
~!I. \rhic:lt j", 1Jt'~t llcillpL('d to flhalluw l'nIUvHtiIlTl '! 
:;11. I,in' \lIlia' oi diITI'l'I'llt "'t·t'lh'l'l> :\:1 Lillaj.!\' iltlJ,lt'mrllts. 
:0 . (.iq .. fU1I 1' !Joint:, in ~o .. d plow in1!. 
'::!. \\ Iwi d.'wnni lH's ilil' tilll l' of plowing? 
:l:}. \ \")1111 ,,:w Y(lU .:"11." "JotJII1 fall /,J!I\\,j"1! ~ 
:;-1 .. \llI,\ (11(' .. o i l lu . .' I·UII1 .... thO dry to pllt\\' ill t.he fall? 
:~.i. f;j\l" ill)\alltag('~ (If fal l p low iu;.!. 
:ili. \\ IHlt f-iuii,.; an' 1110::;1. hl' !Il'lih'd Ii." fall p l()\\'i!lg~ 
:G. \\'Ilill aI'(' ... ome ad \,:l n hl/!t'1\ of ISpl'i llg- pi l,wi!lJ,.: ~ 
:1";. \\' ]lIli p rppliTa t. io li r-.iloli ld hi' JIladi' io r s pl'illg- plowing ! 
::11. Iluw dt't'p should JlI\)wi ll~ 1.(' d(IIIl.'~ 
,HI. \fhat call III.' .. uid of ('x ln'uwly 11('(')1 1'lu\\'il1:: ill humid n·~i .. n:i1 
41 . Tell about tl1l,' 1'1'''\1l1t.. from ~uh .. oiliJtg. 
-I~. \\'hat fIllly lit' Mtid ill fa\'or of d~' !I;lIl1iting ? 
4:L " ·hal. is ll,P efl'(,(,t of d c{! p I'Clutill).! ('ro p!';? 
4·1. " 'J/at al'L' O,e lltll'tlllhlg'(':; of II {!( I()(l ,wed Iwd ? 
4~. \Yhnt {lrt' the oiljf'ctiollj:; to (' lods? 
4H. (: i",' tlil' flld<.: ill r ('.).!flrd 10 a. ~o(\d s('(-·d hr·d for "'''{'nt, 
4 i . \\·/IRt.. Ilf(' t"l' cflll(·llI",ioJlE' frolll tll(' t.alo/(' I'HJ.!(· :~ .f i? 
48. Jlow siwu lc1 tli(' !"l'('d h\,<1 1~' pTl'p1lred f\lI' (:nrn fnun £fLiI ' plow('!] lfilld ? 
4H. (:iy(' IIlcti'IHI of pn'p:I!'i l l1! ",p\·d from spdng'plowl·d la ntl . 
llO. T(·11 aholli "('NI Leu for uat!;. 
ill. \Yha t. an' the ol.jN,t", t.o 11(· uitnim·d ill ilH' (, lIl1i ,,!\t.i(lll of a. fTOp'! 
52. Gh'e reRults of we(·d ,,. on dC'lrl of com at. tl", JI)il1ois f'tlliifln. 
i):l . " 'hat is til(' nllu(' of ill ;' JlHl I\·l l ill .:ruwing ('o rn It~ shown hy ('mp 

yield:,,? 
·)·L Gi,:£' r esult:; of t.!if· D('l'ft r t.nH'l1t (If Agricuitllrf' on f'lllti\'l\.titlil of ('o m , 
5;; . "'hat efr ect does root injury by l'u lih'8t.()T ~ hay!! 011 y ield of eMil ? 
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SOIL EROSION 

EnOSION j~ th e frlIl('lYnl of Roi l mat erinl l)y nir or 'water in 
motiofl. The \\·(trk (JI' Ind ci' alotle will /'(' (;(Jlt~idQ~cd in this chapter. 
'fhe NntiowIi ('Ull~{'n'lIlioll t 'unlllli~~iou 1 sta.te~ that "on the b<lsi~ 

of c~t imat e:; 1'('c"(,j \ ('d from ;)OltHI() furlllerE. rCIJrcsclltill_g- crery 
(·oullly ill Ih~ {"lIiled Sial e • . 10.02'/.000 a('n', of farm land have 
bet']] ahallllollC(l, and iJUlt 3 .SS~ .Ooo acres, or 0. 2 peT ('cHI , have bCCll 
dcnlsiulcU hy so il l'J'(l:.;ion:· L;ng:r an.'a~ ill the stall's from PCllIl 
!-!'y"'HlIia to li cQrgia and we~twani . illCludillg .Kcntutky, T en nCR!3c(\ 
.\J~lh'll1w. l\l;~ . .:ouri . . \ rk;lIlSuS. Lntl i ~illJln. alJd }!i,,,;-:i~5 j pp j. are sub
jf'd to !-!C' riou s:. damage h~' Cr()~joll . En.'l1 SU('!J prnil'ic stat.es as Illi
nois m.lll IowH 5ufl'cr 10;;:::' III Uds way. A~:1n fi\'('l'llf!"C of the sixty
one counties of IJlil1(, iR. of It'I,ich a detililed soil sUITey bas been 
madc. it lin s iJecn found 1,,· actual mca~\I remcllt of Ule soil areas 
that ahout ] 7' per (,C'llt js h(11y alld s.uhj ('c-t i.o sC"ri ous erosion. 

Cause of Erosion.-El'osion OC('UI'S w!wll e\'('T rain fall:!. on un
proler tc.(l sloping lan(l so rapidl), or in sneb qunntitie. t.hat the Boil 
cannot nbsOJ'b the wnlel' as fast as it f,'lls. The same is true of the 
melting snow. Only thaL wni ef lost from the RIlT'raee-Lbe rUl)-off
('ause,~ erosi())], The Iun-ofl' drj)f'll(ls Oil (1) illr slnpe or topography 
of the lattd, (2) the texture attd st.nlctuJ'e of the soil, (3) the vegc
tatiyc ('\lYNitt!(. nlH1 ( -I) the ollal'"('(,,r of the ]1J'ccipibtiott. 

1. Effect of Topograpby.- T he J'uIl-off from mountain to
pogrnphy is from Qllp-third to t.hn_'('-follrth~ of t.be total annual 
raiufall whrn ij- \'nril'Fo:. from ].') to -1-0 illc'he:;;. Xewell e~t imates the 
run-ofr from 111l:~ I)H:-,in of (he Rarannah ri Y('T in he -is,!) per cent 
(right-yen I' "'-erago) or IIle flllnual rainfall: 56.5 P Cl' rent. from the 
COll.llceticllt ,·"II r.v ( 13-yeor a,·ernge). and 50 pel' cent (six-veal' 
Hvcrnge) from t.he P otODlA C' 113~in. Green leaf pll1('es th e loss from 
the broad le" pl to undulnHng basin of the Illinois river at 24 pel' 
cent, and Lererctt 2 gircs 21 per cent 81' the amonnt of TUll-.off from 
JIlinoi. as a whole. The run-off of the United States as a whole is 
estimated at one-tbird of the annual minfall. 

2. Texture and Structure of the Soil.-Coarse soils absorb 
~ ruuch larger -proportion of the rainfall than do the fine-grained 
ones. TIll)- rate of absorption depends on t he size of pores, not on 
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the toial pore f:},<l C'C' in th(' soil. This fad explains Ihe I'llpill flh~ 
~orplion \'Y the l'ual'tit'-gnlinC'd soils and the t::!u w neiiull uf the (iIlC
grailwd VIll..'d . ]luwe1e/') if !lIe !'Itter an.' Itlt)~{.' IIlld ('\1(.'1' !'rulll 
n'l'l'llt tillage their aiJ:-;o l'ptioll ('OI1lJHll't'S fa\Ofuhly wilh Ihnt or 
l.'UarS('f s(lils . r illess till' lilll':-t-~ .. p·<lillcd s(lil~ (\.'1:1." ItJllIH:; alld ('Iuys) 
are ('xceptionally well supplit'(l with orgHlli(' lllatter 1I11d lillll'~t() ll e 
the hl'ating of rainllropR hl'('!Ik::: tlu\rJJ Oil.' g'l·a1l\dl'~. clill l illi~!Jil1~ the 
~i1.(, (If Ow por('s. thu ... fNHlering thl' ,(.:oil 11.".: .... Ilh~()rhCl!l . . \ ..- C) I't':.:ult 
a large amount (II' wah;' J" i:o:. ]/,:-i from CH'Il l1l ,lf lerute ~I op("~' 

a. V egetative Covering.- T \Jf' f:.l1rl'n('l' f:oii or a lIot uml (01'081.. 
js miliall." ('ur('1'I.'ll with kaye:::. i111l1 twig:;, which protect it from 

F lU. 17'1,-Two Lumlreu ,,(,Win' miks of 0 ))1'(' fort:'P,INl TJ)lllJIlLaill8 in Chi nfl, wJl i!'b (\ OCD~ 
tur~' Ilgl) paid rich rcyunu(: Ull Lhcir lumber ptodurt. (tillitu), Willis ,) 

ero:;; iOll. It ~UITCTS little $-0 long a:-:: this natural protection remains 
ulH.listurlJCi..l (Fig, 174) . ~atul'al pralrics arc u~ually proll'dell ill 
this way Ly a good 60<1 of nati\'c gras~ , The rain drops do Hot 
u ~llilljy strike ale soil dired and thns de~troy (he granule;;;. il:i they 
telld to do in cultiratcd fields. When this rover ing which llarurc 
pro,-idecl is ,·emoved Or de't ruycrl erosion takes place. 

4. Character of t he Rainfall.-A gentle rain will he 8bsorlJf"d 
enti rely by almoF-t all soils, since it clocs not come more rapidly than 
the water ca.n percolate through the soil, thus preventing com plete 
satura tion of the surface. A heay), rain falling' on meaium- or fin e
grained soils eOon saturates the surface and then, absorption hy the 
soil cannot ta ke place any fasler than percolati011 from the surface 
into the lower strat •. 

Results of Erosion.-It is qwte impossible to determine witb 
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nlly dc'f..,'TCC of UC('lIn1vy til{· toto! quamitJ' ui' lIlaLcrilll lUoycd Ly 
watl'r, but it JlIU~t, be 1I1UI1Y wme::; us lUUl:h Hi:!t is depusited frum Stb~ 
pCIl!:'iolJ .in 1u_kcs and I he sellS. 

Some gco.logi:o:t~ 1H1111 OWL t/ie laHd surface of {he eari.h 11:; a 
\dwlu is being lowered by l'r(l~joli ont' fooL hI f'lX thousaud y(!al'~. 
T he c()m.iJiIH.·U 1(.1::;::; frOlll ~u rril {"(.· l'I'OSiUil I1IHl Jrolll suluti(;n lJ\' 
,!.!"rollJltl waters HnH1UJdi=- 10 om' J{)"i jJJ ,dJt,ut -:1 1 tJ{) n:;lf..... -

\\~lic ll a r-:f_J'('am cIllcr,!!illg from /11)iI1'l'OW \ HIll,): ~Jln';l(l~ out orer 
the bott om lalld , the \'t..[o('ity uf ille W<11 (' 1' i:-: l'Ill,(,keJ illl(l its !o;Hl 
of !'iollC's. gnwd Hllt1 e:nlHl 1:-: df'po~itL'd 011 the ri(·b lllluriallnll<l. III 

this way mu('h ntl llll hIe ~od i:-: hUJ'it,(j ('()lllplt·t('ly Ily Inatl'rial tlf jitth' 
immediate use t.o pl')]lt:.;, rl'll(.' illll'l' lllHl erial, if UJ1\\'l'<.ltlicred ~11111 

tlc:fi l' i(,llt in orgnnlc 1l1:IUrJ', lIIHy be allllUi'=t (,(jually worthl l'::s llntil 
al'il'd upon lIy the l'rg-uiar soil~fo[,llIi_]lg" agcJ1l' i ('~. If till' Ul'p():-:iti{)!1 
is l'f1Jlicl there i ~ lit j](' ('htlllc'e for ~oil to forlll, lllit if <.1llpo:;.;iii(111 i,~ 

pr(,\'l'lIt cc1 1'U1' a time tllis allllo~t \\'ol'thl(,~5 lWlt l'l'iallJct:o Jl)cS a. yalu~ 
llbJe soil. 

1. Removal of Organic Matter and Nit rogen.-The ,urfnec 
~()il contains the g-rccticl' paTt or the ol'~a]lic uHlttt'l', :llHl ~o is the 
r il' h c~ t. llIost prvtludiye pent of the soil. The remond (It allY ap
preciahle HlllOunt of ihi~ ~tl'nt.um re<.1l1 C'l's the amount of phtnt food, 
('~I)('('iall'y the uilrogl'tI, relHl erillg the soil less pJ'o{lucti\'c than 
formerly, The following r(,~ llltE from pot culture tests in the green
l1uuse slluw ilwil' ,!trcat l11'Cfl of uitrogrn: 

None 
Polassiull1. , .. 
Phosphorus. , 
Nitrogen , . 

YirldlSfm1l/ Eroded Il iff Lml(l,~a ( HII,,~" t'f.ri TICT A(") e) 

T r(.>:~tln('>Tlt. 

8 
n 
!) 

on 

H CIJf\"t'ounty 
onu . 

21 
23 
31 

2::!5 

~. Changes Physical Character of Soil.-1'he remonl] of t~e 
surfal'c 'Soi l cxpo~cs the ~"ello\\,jsh or reddish suhsoil. which is beader 
finO. more clilliclilt to work than tllc original surface soil. These 
exposures of subsoil Hre locally knowll as " clHY points." They are 
less producti,-e than the original land. In some residl1al and Illacial 
soils with a wide l'Hng'e jll size: of particles the texture of the SlIT
face may be cbangecl f rom a frlirly hCHYY to a sandy Or gravelly 
soil by I.he relllova] of tbe silt and cl"y.learing on ly the coarse mate
r ial which 'Was too large to be carried away by the water. 
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3. Changes of Color.-Ero:-:ion <111110:-'t. innuinhl\' rei'ult~ ill II 

t'hange or ('0101' of tile ~oi!. If (h[' :;oi l i:: hruwn, .Yl'![~'W (11' gnlyish 
.r('llO\\'1 ('r(liioll pl'odnl't'~ /1 ,rrll(l\\" o r r('ddL .. h l'(lio r. {kpt'ndiHg' wholl,\ 
nn the ('oltlf of the r::Uh~lliL 011 till' I' h·dnl(Jlll P lalt'Hli and SU II1\' 

(Ither residual t10ii areal:) the ('olnr h~n)n I C:5 \'l!r\' relJ, Ju~ to l'xjl(l::;un) 
{If the 8ulh':ljiL . 

K! ,\Il" or El:( ISI (lK 

Two ~{!J'H'\I"It<lt di:-lind t,'"iH' . ..; of l'rll:-,ioll are J'('('lIgni:wd, l'11l'd 
(.'m;-;illll IlHd gull,l Ulg". 

1. Sheet Erosion 

\rat CT fillWill,!! 0\'\.'1' It lllliriJ1'I!\ :-.h'['l' I'I'BlU\' ('f'; apl1r r)\inHl{{,\Y tilt 
saUle HIlIOUln uf ;"o()ii 1Il1!tt'riilI frllfll all J!Hrt:,. ,'-lir{'d ('I'(Il-iu/! i:-- LlII' 

!-IIUN'(' of ,r,\!, g'1't'ilier lo ... ~ Ihall ,~1I1Iyi!lg. The \;lltl'r Ijllit·kly alld 
<'(}Jl1ph·tely l't'iu:- :-1I1a!! a1'\',I':, hut. till' fUnllt'r J' l'tlun';' tlll' PJ'(ldUl'

ti,·cuc.::o (1\'('1' Jar!.!""l' ~11'\' , 1~ to the· p(,illt oj' UIlPI·tJ!11ald\.' J'(·tUrIlr:. 

Methods of Prevention and Reclamation.-I. Applicati on 
c f Li:nestone.-LjIJl('~t()lll· ill time n'lIdcr~ the ~uiJ llllJl'C }loruu:o. 

FIG. li5.-Swcet. dovcr on badly crodl!d laud . St .. ~dt.'(l in March, I)hotc)}l:fl"tphed in 
.... eptembf:r. 

by prouuciuf! granules. rrhi ::; les~ens erosioD, be<:allse the sojl is 
more ahsorbent an d the heal'1er compound grlU1ules are more diffi-
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['uli to mon' Ulall lhe inuiriduul partida:;. The marc important 
dII.-.'d uf iiUl(.':o;ioIH:, huwc\'(:!r, Ije~ in it;) power oJ {'OITL'dillg acidity. 
rendering till' 1:;011 11H)!'l' 1'a\urn.ble for thl' gmwtll of IC.!! UJlll'::i which 
fllJ'lJi~h urg'llllil' maUL']> fUld uitrogcll (Fig. J 7;J), 11180 fur soil-Lilld
ing ('rOIH;, Rue-Ii /,1;0; tillloilty 111](1 Idul'gra:-:s. 

2. Protection by Crops.-'J'ltc RlIl'J'i)(,l' or rolli!lg land shoulLl 
be kept (,OYl.'fl'll with ~(Jjl-hil,dil!g l']"l)11;' a:: lJIuch of the time ai:i 
po:-\siblc. F IJI' tltl," ]IlII'JH_I;'"-L' 1l1t'ud(IWI" . pn, .. turCB Hlld rah·h alit] <::0\(.'1' 

trup:-: Hrc ilJdisp{'IlS11ldl' ill till' j'1.lr'millg' (II' ndlillg Jal1(18. 
(/I) M('ar/o l('s (tlld J}tI.~!/(nJ" ·.-Thc ]){'J'('lllli,ll ;:::!"l'iJl":-l':::, timothy ill 

t.be northerll Rhdc:.: ill1d Ted lop :Jlld Bl'l'll1uda gl'a"s Jurthpr south, Oil 
a(·jtl i-=u ils il rc good 11It'Hd(l\\' grH~:O;('~. nL'l'llllHi:l ,;!nl:':~ Illilkc:: goou 
pasturc Rnd. if ('ut ('arly t'1l(Ju,dl. filirly ).!\)\Il1 hay, 1t~ grO\dh is 
~ul'h fi!' Lo stop \\'ashillg "l'J'Y wcll. Jt i~ more pl'(Jlitablc to gTO\\' one 
or more legllllll':'i \\·jtb the gr'a~"'l!~. n.-:. tIl!! latter U~l' llitrogen fixed 
hy thc It'g-tllIle. This i~ pf'lrti('ul<ll'ly dL'~il';_lhll' (Ill thCl~c !,t)il~ dcfil·j(,!lt 
in nitrog(,lI. Tog-ethel' thl':.:e plHllt~ 1'1)1'111 11 goou R{l(l. which Pl'oll-d:<:. 

the slI rfacc :lwlllol{ls the- ooil togetI]{·l', 
}\Iuch of tllesC' lliil)' J1.11111~ ~hollld IICH'!' Ill' plowed. hut kepi in 

])a ~tul·c. 11111c gl'll.l.:~: timot.hy. 1'('11 t(lP al1d othl'l' 1!l'HSSCS. l(l~('tlll'l' 
with red , nlsike alHl while ('I{)\'l' !'. :;\\'('£'t c·h)\'cr (J/lllifofus a/ba) . alld 
Japan clover (Lcsl'cdcza stria.!a), mOJ' ue seeded in addition to 
natiye gra!:'5(,s thai follow upon till.' rCllIO\-a1 of the ItlrCf;t. One or 
more of thc~c should be Clh1(' to gct a goud foothold reg9 J'JJe:o:s of 
whcf.her t.he soil is arid OJ' ('ollLains jim('~tone . T lJese 'Jcrrume~ 

enable the g l"a~:::.es to make 11 111u("h hettcr sod. As already p~illt.etl 
onto legumes in gencral require a. soil containing limel'tonc for good 
gro"rtll. .Japan (,1 m'e r, ilowc\'{\I', seems to he iodin'crcut. Sweet 
clorer is 11101'(' su('cl'ssful thnn any oJ the oUJer cJOI'CTS unger l'cry 
unfnyol'ahlc conditions if iis two Tequil'cmcl1t~-t.hol'Ough il1ocula
tion and abundance of limestone-are satisfied , I t makes a strong 
g-rowth and mAy be paEOtllTed or grown for hay and seed. Bl\lC grass 
soon ~art.s ill it. liying- in part on nitrogen fixed by the legumes. 
This in creases the "m01ll]t of pashue afforded and forms a better 
protection for the ,oil. 

(b) Catch mId ('o'l'or C'rol1s,-Culti,'ated land should not be 
left unprotected throughout the willter and .pring months. especially 
in those sections where t.he ~oil i ~ Dot frozen during any consider
".ble part of the \\~nter. Cowpea, or soybeans may be seeded be
tween the TOWS of corn at the last cultivation or between the trees 
in orchards. - JIajry or wi!}!.er ,'etel, and J apan clover are more 
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d('~irnbJc ill FDme place:::, c:::opl'rinlly 111(1 \"('(rh. ns it li\' ~'l' f hJ'ol1!jh 
tht, ,dlJtcr arid h('gill6 growth Cilr!y jJ1 lhl' ~Jlrillg-. \\,i1h fu!! S(I Wll 
fl'r('al~ :;:WL'l'1 <.:1(1\(.'1" lIIi1y hl' (I..:(·d [ ll ~(lod lI(huHlH~(, wllel! the :.:oil 
i:'i well supplied willi 1'1':1111 food. \Y hetti, ry(' lind u-jiller OltlR ('()\"(> [' 

t he ground welJ aJIIl t lip r(IU!.~ :/1'(' fl \'l'ry enp!'! in' s(dJ J,illd{'l'. Vetl'll 
alld JapJJIl ('Inver arr proh;lhly JJ1t).;j ,1l':"inlllJl' wile!! ,"ullil'ic'nt growth 
i;.: macho, hC('au:-:l' of lIu·ir ability to g-;lthn TlilJ'og~'IJ, thC' jJlrrcas:C' of 
whidt is D1{J:-l (':'!'-l'lltini ill till' illlJl"o\l'nH-'lli or till':'{' :\()il~. emil 
~l'a~~ jg a ll<lIUI',d to\('1' ill ~('Il!'{)ll~ or 11t)I'IlHll rnillrall. n~ it nwkeR 
~ul1il'icl,t ~row1h to ~( ' I'\I! WI'II a:-; 1I !'urfnc'l' ]If(l1l·(·jioll. t':o;pN'ially ill 
l'orn IIIHI olc1 wheat fic\<lp. 

3 . Residues,-~':.talks (II' ('orn or (·ot Ion 11\1\\' \w hal'ro\\'('(l 01' 

rolh,d elllWI! ai'lcr the ('nIp js lUII'\'c;o:: t<.,/l . 111 t.l!i~ Wily they hclp to 
prllt\'c'l the !-!ni l frolll ill{' hentillg of Taill dl'0Jlf:. lIlId 1'I.,t11l(,(~ some· 
wh,lt t.he nlll nuni or ilIiL\\'ing in wilder nnd C'llriy f':.p rin~, Whell i11(' 
.;:llI"fHl'L' f.>.lfil i ~ j hrn\'('ll fIll' no ilH'h (I}' h\,(), i1 is ~':I ... ily l'!'o<J..:,·d. 

It. i::; dc:;:crahlc, ;d~(j, jl) r'o\"(' 1' IIIH11\' (>l'Oll('d nrl'as'- or f11'(! il,g wherr 
{>rosiou i~ ('s'p('('i:l/l,r nlpid, wi! h "tfil~l' of grnin (lr (·Im·cr, mlllmrc, 
01' odwI' (;onr.'1(.' uwif'rinl. The,;:e nrcn,'; ;11'1' lIHll.I.:tli111y Imr in organic 
JJJ<lttf'T, as mOTe OJ' le . ..:.;: of the ,c;:urfll('c soil hM; 11('('11 r{'llIo\,t'll. The' 
(·Oal':;:r. orgnni C' mnHt'r will not oBly ]Joltl Oil.' f'f ,il jll phH'(', hut supply 
plaol l' clod to f'lH'C'('cding crop::. 

-t. Increasing the Organic Matter.-11o,t lands . uhj ect to 
fleriolHl erosion lJare h('f'll timl,C'f('(l fllill nrC' naiurall,v low ill organic 
mntit!r nnd 11itro~('n, The IJilly limher illlldFl (Jr l 11jno i ~ ('ontuin 
an arcrage of ]}i 1'('1' ('(,IlL or I:) jOll!o: (If ol'g-aJlir mattc]' ill the sur
race soi l (two millicln pO\llH1s pel" a{·n·). Tllr y(.'\l(l\\' si lt loum-hilly 
timlicl' lallcl-·of Ihtrdill ('(Iun ly:' lilill /)i~. whidl repr('~ents ihe 
ung-lacial(,(1 loe~~-(· ()\"t'I'('(l RC'rliMI of the ::tat('~ ndjoillillg the lower 
Ohio alid ill{> middle section of the Missi:-:sippi riq;r , rOlJlnins 8S an 
arerage of 15 analyses 1.1 per ccni. (\1' J l (Ollf.: of (lrg-aniC' matt er in 
the surface soil. The hill soil, of the Piedmont l'1"leall. Appa
Jfl.chian 1'I[ountain ]'lJatcau, nml Limc~tone Tnlle.\'s and Upland 
l'lrorinccs eOllta in from olle-half to hra and o1JC'-h.'llf peT cent of 
organ ic matter. r, The avcrage organic-matt-cr content i.i ahout 1,4 
per cent." Profitable crops cannot be procluced without adding 
considerable organic matter Or J1jtrogen. 

Besides furnishin_g- nitrogen. organic mattrr nias granulation 
and cements the fin er particles together into compound granules. 
as discussed under organic mailer. These soils llced the addition of 
large qUQlltities of organic matter to enable the surface to absorb 
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filld J'ctuiu morc of tile I"Ilillfa l l. OWilig tu jj,..: granulating effect 
organic matt er rcd u('c); LiI <.' j t'UJl!IH'Y to rUII IOgcthcl' ulJd k C('}J5 the 
f.:uil opell, sO UI('J'(' is ](-'-:F;. J'lI 11-otr alltl J\;,,-:l'o e ro~ioll. 

LegllIll( ':: must huve a \;ngt' plll(:~ in tilt· agrirultuJ'{, of tltc::.(' 
IHll ds. It is ad,i::'ilhlc' to 1\·(,(1 1I111:'t 1' 1'01"'" to "':101.;" 011 t he _farm. All 
til(' IlHII Jlll"{' prlllltH'{'d ~Iln\lld h(, (':lrt'j'uJly jlJ'r, ... t'f\ pt! <llId rt'1UrJlt'(1 tel 

ill!' .... (li], .\ 11 :-'j;llk .... :--1 nJ\L ,'·dulddt, I II' tlTJwr l"i';;.:ji] ll r .... IJlll hI!) EhouJd 
he pi()\\l·d 1I1I1h, l'. j ' I,.\\-il1!! lllld,,1' tilt' I'Jllin' {"1'I'I ' (Il' ("'Wllt'a;;: , or tlt 

J(,fI:-:l tllP :-;11'11\\', j .. <I prctd j(,\ · t ~ 1 \ 'P l't 'I'llllll1wllrl l" l . 

. j. Deep Contour Plowing.-.\ I"(I ~ " ,-.:niJ IWf nl(ll'(' rOf(_) l;:pllr(> 

thfln II l'O Ill ],;ld Ullt', VUJi:o-('qlh'lltl," it \I'ill Hh~(lr!1 more wflt~'r, \ 

FIa, li6,- Cult.i \'lltcd lcrmrc:; iD China, \ 13:1.iley " ilIis,) 

:-:ilt IORTll in I00i-!(' OJ)l'11 (,() IHl ilion will all:;;lorh ](l to J.) per CC'I;t m or e 

,rater thall ",1I !..!11 t 'UIllPilCI. T Ilt' pun'" ill iI ('lJ lllj1fil't ~oil a TC So !3- llJail 
tllitt it aiJ~nrhi' J'Hill 'en :-: Imrh .1Jltl mUl'h of llie wuter is lost as 
rUJ l-oll. 'The surl'11 l't' ~u'il lIlily 'he kept \0(1:-:(' hy plowing to a depth 
of' eight to ten inclw:i. Ei ght lllt'ht':' of ioo:'le s ill loa m ra ir! ." well 
supplied with org<lnil' mu tter i ~ (:~lJlahl(' of ah:'loJ'hillg' two im'hes or 
lI'fl tcr. 'YhiJe a gr("ltrr dpplh of pl owing wf')uJd jlli·rea .:.:C' 1J] t~ storage 
c<lpacity. ex periments :-;ito\r ~llch to be llllpr0n lahle. rrhe Georgia 
Mtntion 0 rcpo-rhi re:;:ul l~ which indi c·at.e that pl owing more than 
eigllt inches deep lessens tbe yieJd of c.:-ottOll. ] t is he Jie"ed, JlOl1'
~v r , that loeEsial .oils may he plowed to n greater depth with profit. 

Plowing ()u sloping Ij.llld is best dOlle across the slope with a 
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tcn' I'sih le (JI' "ilh:ith~ plow. II.\" which HII (If thl' :;:uii IIIHy hl' turn..::! 
ill j 11(' ~;Illll; tiin .. '4,'1 ion. In ordinary plowill~ lip a lld (1(IWII t he hill 
111(> eHIiIJI (!cprc._'...;~i('I':; . IIt':I/'I.,- (lhrayiO fllulld hcl " '('c /, fU ITP\rS. mal 
('l'jl('vial ly tin.! lit'lld rUI'l'u\\":-. 1"'(.'1'\ ( ' \1:'0 1'1:11 '(':-:' ",h . ' f l' Ill{' \\'all'r vul 
il'ds 1I.lld l'l'lI:--i(l1l 1Jl'.1-(jll~ . In ('ol1\I1\1!" pll/willg l hl':Ol' IIrd illtiry de
pl'('l"l'iol1 ... n l'l' Ht right Illl,l.!h':'o II) tilt, f..\npv Hilt! n 'hll'd ralllt,!, tlian 

l ' II('IJlIn1,!:t' (\I'(I:'oJoll. \r1ll'1l till' n 'V(' I':-ii, ll' plllw i:..: 1I":l'd tllt'I'l' un' 110 

d"ild flln'()\\ '~ (' .\(,(·pl (III t!tt' ("'(':--1 (If ritig(':- WI,I ' J'l' Ii,t'rt' i . .: !lIll litllt' 
t\,lll![('r nl' l'n,:--iull. 

ii, Con tour Seeding.-('_'orn nml l"ottOll t'lill1 l1lc1 Iw plallkcl 011 

,'IUJ 1,'II1' Jim':. (J I' lH',lr!Y ~(l . Thi :: r 'l't1I1('l'~ !!It' t!;ll1;':t ' l' \)1' t'I'(I!'ioJl ill 

pl:ll11\' 1' tnl("k~ . <Ill.! t\;l' "ulli\iltiull will ht' ilntt:-:-: I!I(' ~ I Clpl" whlt ·h 
will a\~,id iJll' JUI'1I1aiiOIl or :'IWtl! ~lIl!i t::'. 11(' tWl'l'1I I1H' 1'11\\':-;, For 
!lli:- 1'l'C1 "OI I i lll' H'l·diu,!! o[ lint..:, w) H'at ilntll'l)\\'j ll:<I;;: r-: huuld he :I (' I'U:,:; 

the :-:lo]l{.' , pari i('u\;H ly wltt'li tht, dri l l i:-- 11:-1Id. 
7. Terraces.- ll l , I)O,-.l' r-:l'dioll ... wi!{'I'f' intf'lI:'iin· f il l'l lljll:! i,..: 1Jl"ll ('_ 

ti(·('d lind In fruit cli:-1 rid:-: wlil'rl' t11l.: rai l l 1'<1\\"; inlICll \' ,V :-;\111 \\ (' 1" )'-\ and 
lite sCli l doc!' Ullt ah",,'!) wail' I' read il,\' , te rracing i:-:. pril l-lit',·d to good 
Hfh nlltllgu (Fig, I ~ I;), Three tYJld:i lll' (cl't"(\('l'!:' art' ill ('\lllrnlOlJ Hi'(,

IiiI:' guide I'ow. til e J('\{,! h('IH'h Ullf] till' )l a ll .£..'11111 , 

(11) The (/u.ic/c 1?(Jtf' (Fi~. Jt';') j:"} mtl(!{' ),." Ihr(l\riJl~ fuur fu r · 
T(lII',.: !n!_!l·tl1VI' 01 \ ('011 10 111' lilies, wi tiJ cUi ilJicna! oJ 'q'j>rclxi maiciy 

FIG. 17i .--Guide.r ow terra(-c!!, Tilere is nQ slopl! from one end of a terrll.f'(' to t he other. 
but there ia I.i s light ~lopc frow the buck uf u teTTUce to the from, (Pearce. R, :A ,) 

three feet in altitude between the rows. T his makes a low fla t ridge, 
and in order to a"oid any wasle of Jand a row of the crop may Le 
planted on i t. This method of t erra cing is emrfoyed 0 11 slopes thaL 
do nol exreed 10 per cent. or one foot in tcn, and where the soil 
is open, absorbing tlle rainlall read ily. 



306 SOIL P[]YSICS AND MANACEMENT 

(h) The Lel'rl Hl'nch (Fi!!, 1: 8) is elllployed ou steeper slopes, 
These Inay be dt:H!ioprd from the guide-row UI' la id out au ('ontouf:; 
lIy u!-'ing a. TC"crsihlc plow. By plowing duwn bill n lovel uench i:::

d('\'~ l opl'd ill a fl'W yCHrs. " 'hcll ti](.' uC5ired forlll (If Iht' terrace 
has beet! prodw·ccl it i~ well to throw till' S(_lil up the ~lop(' ns oHell u,~ 

down in order to aroid cXl'o~iJl.£!' 1(I{) IllUt" llnprodurti"l' ~ulJ:..:oil at 
the upper side or the tcrnH'C. Eadl bCllC·h mn:-:t l,e l'tllii"atcd <l ::; a 
~l'parntc unit. and clri\'i llg' OYe r the lmllk or outCT l·agc Illust he 
3yoi.lrd Ivst clcprcs:::ious he ntadt' wili"!l l'l':':I1!t ill g'ullie::;, The 
grv\\-th of weed6 Oll the eage of the beuch should. be prCH!llted <lIlt] 

a. good grass (,o\'('rin~ Cllcon ragec.l to lH'('YCllt erosion. Crops rna,)' Le 
~l'U"'U ill ~tnligllt 1'(') \\-1' or Oil ~nJlt()ur;.. i'olJuw iIlg the 1crrace Dues. 
l\ l ost faTlllCl'S ohjed to the ~Jl(I rt .I'OW8, whi ch arc ne(·l'.:::sary if the 
rU \I's arc to be kept st raight., because or the loss of lilUe aud the 
tl'Umpillg out or part ot the crop ill tUl'uing during cnltiyutiol1. 
l ~ndoubtedl.l' the hes t way 1.0 pTl'\'en( erosion while farming ihe," 
lam]s is to plaut. and culti\al e aero," the slope or paraliel to the 
tcnHce. The ullC'ultinltcc1111lT1k growing weeds OJ' g'rass is a serious 
ohjection to this form. as it i ~ n hrcedi.JIg' pi<lce for jJljurious insects 
alld n. home for moles. mi ce alid other flnimHl~. , cry often tho 
waLeT f rom the slope aboyc find!:l- ils way into one of their burrow:; 
and a considerable gully forms ill a short time, A terraced park 
is shown in figu re ] 79. 

(c) The ~fa"!Hum. T errace (1i'ig, ] 80) is a very desirab le form, 
because it eliminates the uncultivated spaces of the level bench, It 
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Pm. 17Q.-A t(lrrlloocl park.in ~lisai!!tl ippi . While the nututs\ fllope"'llSlItu.bl.~ under til 
protection of tbe vi rg:in forest, it Wa.3 necessary to terrAce to pn~\'cnt. de\'s,,'1t.utinJ( e rotl illl 
wtlcn t111~ land was del.red . (Burellu of Soils. t.; , S. D . A., Bul. 71.) 

Fto. lSO.--Tbe Manpm terrace. With this forlD t.here is nO waate land. (U.S. Dept. of AI 
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difrers from the guide row and 1e\' 01 bench in tllat the lilles are not 
Jewl. hilt nrC' Tlln ,1<"'(1.":':: IllP f:l(I!)(' \\·ith n ~!T~HI(' or !'ix to teJl illChcfl 
ill 100 1'('(,1 lowan1 .. :O:(JllW nnhHnl olltld inio whir-ll 111(' wflleT may 
drflin. 'l'be tCI'J'iH:C is made hy plowing sc\'crnl furrows along the 

~J 
? 
1 

-', , \ , 

Fto. lSI.-Lorust9 ~rowing on I:ullied land. The gullies have been almost completely 
filled. (Heaton.) 

sun'eyed line and pulling the soil to the lower ,ide so as to form 
n. low dyke or ridge with a shalJow depression just auo\1e it. The 
crvp is planted obliquely over the dyke and terrace, so that water 
may collect stong the rO,W8 and be conducted into tbjs depression, 
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or wiile Lottomed tlit,i·h, which h<l~ hut ~light fall. 80 there will ht' 
litt]!· 01' llO cr(J~ilIlL The l\1:lIl_gum tl'fJ':l('l' Villl be Ur;('tl to good i.ld· 
\~lJJlf1g(' Oil \H'!lry :.:oil:-: wlti{·h ah~orh \\'11tl'r w'ry ,'.:1 owly. Thi :-: JUtlll 

pr()"ide:-: rcry {.'t}'(·('ti\'(.~ prolet'tioll ugaiu~t erusion and clilllinlltc~ 

wa~tc Jancl 
8. Reforesting.-A ~ already poi111eJ out, the wil of \'irgill fur

c:-:t~ i:'. p rotl'dctl fly Jt'tlW'5 amI twi!!:,. UIl l'lt'iHl,d arCHS whcre the 
,.:url'll(·o soil has b(..,,(,ll rt.'IlII)\ 'vil to '''tlell "UI extent L11II1 it due~ not 
pl'udul:c pTofitnhl<: (,1'(JPs. llHd c:-:pc(';aUy where gul1ictl it llI ~ly he 
;_Ilhi~ahle to jHlHatc llHiul'C by plnutillg' il'et'8. ' !' Ile hhl('k loellst is 
l'x('ei!vllt 1'01' thir-: pllq)O~{'. j)l·illg n lcgullH' it is capl]bll! uJ' guod 
g"l'mdh 011 ~()il::.; Y(,],,\' Ill,,' ill orgHnic mailer, 'rhe l('lHC~ Hnd twig:; 
protect the soil and, through the uill of nitrogen llxed by the legume, 
grassl's soon ~t;_)rt a III 011 g Lbe L]'~~ t1"ig-, 181), ll)' tl1i::. tillH.~ there is. 
littlC' mm'Cllwnt or ~lIil 111atcl'i;11. ,nlL'1I f1halldolll'(l, "lIrh a rpa i:l nrc 
l'ef{}1'(':-!('d natu "all,r, but Ou' ]1rO('P5," j~ ,'pry ,I.:lo\l~ lllHl 11111clJ au
ditionlll ('rOSiOll may !nke pllll'(' hefore thrTt' ha:-; been !'uflicicuL 
g- rowth to hold tile :-:uil. The lJatural g-rt)wth ill lllo~L ('a,:,cs will be 
01' _far less "<11tH' tlUlll till' I,lcl('k lucu:-;t ()}' ulhC'r tn'('~ wliic·lI might b(' 
:-:dccteu Iu!' thiFl IHnjl()r.:e. 

9. T il ing,-ln ro!Jjl1g l!'cd iol1:;;, .. :::l'ep~y" or «f'jl l'iugy" spo t.s 
are (:OllilllQll. Ou thVR(,. (·rop:; du pooJ'I,\', wheat OftC II .. hcaves" alld 
fnny be killed (·omplctcly. 1)1 wet Rt.,'a:-;OJlf: thc~c ~P()t.s are much 
Jarger than normal, SO the damage is llluch grea.ter, In many of 
thei-c pIHC'{"s aillI Ull Illu(·h Tollillg land whir·h dOC':5 not hflYC an 
c~pE'cially pen iou:-; sl1h~oil. tile "'ill prO(hKl: all ib; ordinary ucne
fits, including warmer. dl'ier surIn ce ~oil in the spring when e~ rly 
tillag;~ and Jllanti_l\g are desirahle. The mORt beneficial cfrc(·t 01' 
tiling is the increase in pCl'yiollsnC'ss of the soil, so that the rain~ 
are absorhed more: 1'('Hdily. thus dC('J'(.'a~il\g tilE' run-off. rrhis is n, 
very effective metbod of preventing erosion, bnt the expense is al
most proiJioitire when Ihat i; the onl." 1'UJ'po;e to be accomplishecl. 

II. Gullyin g 

In any depression e>:teulling tip and down" slope ,,-ater col
lects. Its velocity is increased with its volu.me, 'as is also its trans
porting and eroding power. For this reason dtl!Jressiolls extend
jug down the slope: such as a furrow, ·wagon Or -planter track, a 
sheep or cow path, or even 8. mole umnel, may soon result in a Brnall 
gully. These should be filled witb some coarse organic matter or 

24 



370 SOIL PHYSICS AND MANAGEMENT 

oblilcrntCll ill olher ways. Oth cl'wi ~e . each rain ·will inc-renS<! their 
~iz(' and (hl'Y will l,cC-Ollle a ]I('rIlltlIlClll SOllrl'e of trouhle. ]11 a 
fe,r J('Il.r.>; NI1l:.:id(·t"IJld(' al'Ca~ will 11(' ruined. (ill/lyiIlg in c1ifl'crrnt 
dettl'l'l'S i!-! i'l 'l'll jlj fig!ll'l'~ J ~'! , 1K::. :lllf1 J~ -1. 

Methods of Prevention and Filling.-l . Straw-brush.-

Flo. 182. 

Gullies ShOlild he filled witl] a. durahlc Jllntel'ial sullieiently open 
to allo\\' the water to pass tb l'Ollgh it and yet Tedllcc the veloci ty of 
the (,11lTCnt so ar: to Cfluse dcpof:ition . The material best suited 
<lepends on conditions. Ii t.he slope i, p;entle "nd t],... ~u"ntity of 
wate'!' small, straw. weeds, Qr anything of that nature holds the soil, 
that would othemise be mst, partially fillillg t he gllll.". Where the 
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~lop(' is BiccpCI' or ti1(' amount (d' waiel' ,l!'''l!al{'r. f.:leps IllU~t be takell 
it) l'rcYC'llt the rapidl,\' lIowiug writeI' fnllll \\' H~hillg awn.y tile llIHte
rial w·eu . .For thi:- JJUrjh):'l' ~take ... :-:iHllti!lg up hill. dri\'L'll 1..hl'ollgr, 
lhe Rtrnw nl'C u~l'll ~U(·(·l':,sfuJjy. I I <'d,i!fI or (ltlu"\r hl'llBlJ (Fig. l S,~I) 

plac·cd on the Rhaw help to ho1(l it... ~tOl!(':-: mny w('ll be used for 
thjF- purpost', c!'pccially if they ov('Ur on adjoining :-:hlPl'~. 

Sto(·k l'rcqucntly make jJllUI...; IIp and down ;-·h·pp .,dor)c.<: to ,~u{>h 
rtn extent t.hat. the gra:-::-: i~ killed awl a :,I i~ht (l('r]'('::::~itl!l proc!l}{·Nl. 
\Yater rolleds ill tilis clllrill~ rl.1ill~ alld ;, ,!!llily i~ :--tHl'tt'd. 

In pasture lauds, walerl'}dls sumctimc::; 0 (.T Uf' UlUt Jlwn! up th(' 

FIG. 184.- 0 Id erosion. 

slope by means of headwater er osion (lrig. 180) . As water g0es 
orcr the fall j t lllldcrmjn~ the :sod sHTJ:uce, whic:h thcJl caveS ill, 
making a gully which is especially dif1icult lo fill. I n such places 
it is uecessar.y to protect the face of lhe hank from the undermin ing 
action of the water. 'fhis may be done by filling the gully at the 
Iall with bl'ush or straw or both, whjch must be helJ ill place hy 
stakes or heo"), material , slwh 8f:. ~tone!". :-iillCC the water from 
pasture lanel contains but l ittle sedi ment. fi lling of g-ulli(,s nnder 
theoe conditiOJ" is a very slow process. For completely fill ing the 
gully, dams of some kind must be used helow the f>ll i. 

2. Dams.-l n cultirlltpd field. earth and concrele da.ms a TC 

used for filling large gullies. The cadh dam is built over a large tile 
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FIG. 186. 
FIG. 185.-Brugb chMkiug erosion. 
FlO. ltW.-Hclldws\.cr erosion. 

FIG. 187.-Eartb dam for checking erOl)ion. 
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la id ill the gully 10 be lilbl. _\ ,,'nil',,1 I ile ("o lluecls ,riill the 
Itu ri zullta\ Ulle a I'L-w red a !I~)\L' the d~lIll. ' I 'hi~ forlll o f dum i:-
'Uhll'l('t] hI l'()llIpill'fniYl.'ly :-, lHa ll ~lJl1i l'~ 1'[' ::: l ighL frill whidl do Hilt. 

i_'l1l '1'y la rg(· HIlIOll1l1:O: (11' W<lt~'I'. 

The dam h {)ld~ ti ll' :-illil HwtC'l'ini f'a rr ied dowll hy (!1(' :o'ir('lIlll 

RIH1 tlJp watDr \1"hi ('11 \r(ll1!d or)H'nri.""e O\(.' r/! u\\' the dllll! Hod I'llill it 
}1:1 f-::::l!:-> {l()wlIl hl'ough the \(.'rlil"tlli\<' ;lud out throu!! h 1\l(' hi,riz(IIlia\ 
nllC . rrh r f1'TfllI~l'n\{'l1t of' t1\(, !lip i)'l f-:hll WlI in figul'(, 1,";:'. 

Couc1"('le da.llls arc bettcr !Hlnpted to 1arge gulljcs carrying n. 

FLo, 188.-Filling 1\ gully by mell.n!~ of a concrete dam. 

large volume of n-ateL. 'rhe.\" s]l'JUIJ he placed \1"ell into the bed 
ur the gully 311U e~i(:'nt1 ('d illt o til e bHnk wcJl 1,Hrk frOB,] the gully 
(Fig. 18"8) . The cOllc rete "houlcl be thorough Iv reinforced. A ,pill
way \"i th an ample concrete floor below tLe dam is ab:::oJuteJy nec
essary to pTcyent the water whi cll passes oyer from undermining 
it. The vertic·al tile i~ somctim('l' u:::ed uP: with the earth dam, hut 
it is not '0 essenti,,]. 1m! the hori%ontal tile should be "seu for 
drain"ing t-he tempOT!H,)' ]lond ahove the clam. 
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3 . Vegetation .-.\n\()l1~ the IlUlll,Y J,iuJlt:-; ll1nt mny he used to 
cx('cilcili ad "nlltagl' iJl chv(:J.\illg lhl' dt·(.'pclJillg nllU widclliug or 
g ullil'::;, the blaL'k JIIL'U."l j~ l)rubu)'jy L)H' llW::;t \'tIltH/bIt.' true. UuJUcu 
~o il :-: Brl! Hhnl,Y:O: Inw ill 11 it l'ug'L'Il . yet tht.' \0l'1I:,1 thl'in.:s ill spite of 
(hi, Cad. T ho rooj, help (0 hold tile ,oil "ntl the le,,\"(" and twig. 
nl .. ·:p offer RUlllt,; Pl'ott'( ·j iUII. The lo(.:u:,L a~ld8 S(IIUC lli t rogcll to the 
F-oii Hm.! gnl:< ,":t·~ ~. ' tlll gilt a louting. whi t-h UH'1l (:akhl'~ tile finer 
material. The gully ])WJ he ~_lJmC);.:t cnLirrly flIJ{"'tl jlJ ihis 'way .. 
Loc..:usL trpc:o: aru \aIUHi)it.: foi' jlo:,t:: i[ nut nttaekl'd by horers. \Vil
lows nllu (,()tcuLlwuuilH ~lIJd u fl'W other trcC'F= may l)e used In the 
sa me wa\', l11lt Ull'ir wooJ i:-: Ill' Il'~~ \.lltle Ulltl fc\\-, il' fill\', of th(,111 
pos.-;ess till! athalttu~('.~· or ill(' lo('u~t, ( ~l>l' Fi1!'. 1.'::1 , page' 3(;R.) 

'Timothy. h!ne~,ffI'H::~ . rrdh1p. ~\\'t'(lt (,!o\'f'J· . Jnpnn nud other 
clo\'cl"E an: ,'pry t1!'e/'ul ill all gil I lil':\. ],l1t mure espctially ill \\~i(h-, 

f1at--l!otLm)lca OlleF: wliere (,J'(J~iOIl i:-:, fl ot :0::0 i;erere H:3 La prercut 
them f l'0 11l g(_'Hing a guotl start. 

l lllu;lny !ueulitics till' :'01.1 of llluc-gru'iS or timothy ill draws:~ llot 
disturbed whell the field is pl (nr('(l for ('orn . \rtll'fC limep~oJl(' l.-; 
app lied or whrJ'c 'its r(Jots call l'ell.l'lJ ("Irboll,-Ites ill thu SUbf,oil sweet 
c}o\"('1' is (>x('('ptiolluI Jy willluhle IJCc'IlIlRe ui' jf.~ strong. nlIJid gl'o\vth. 
On the ~:tecp lim('slone slopes of I\entucky Rwect elmer has reclaimed 
large arens of abanc\ollcd lanc1 w.-hich now prouuce eX('l'llctlt THlsture 
nud large crops of seed. 

4. F illing with Soil.-On more g-ently slopi ng land gullies 
may be filled wi th soil hy means of plon's and scrapers. Tl,is 
method CUll be elilployed "'ith profil 0111.1' Oll those areas wh ere 
more or Irs!' jntf'nsjY(~ agriculture i~ to he practiced Or where filling 
n few Email gullies in thiR wa.y will reclaim cOl1:5 iu erahle areas. 
Much suh:::.oi l will he on ihe sllTface which will be \'ery tUlp-roducti\'e. 
Legume:- 1l'l[lst he pmrTI for suppl:dnf! ol'{!lllli(' matter lI11d nitrogen . 
thus restoring fertility. If lhe soil is acid cO"T)eas is the best crop 
to grow. If the soil contains limestone or if limestone is applied 
sweet cloyer is one of the bc:.;{ il',!!'mneB for the soi l, as it grows uncler 
very adverse conditions. ,\rhichever crop is grOWl) sllOuld be r e
tumed to the soil. Fi/lu re] 75, page 362. shows sweel clover grolvll 
UDder the abo\"e conditions. 

QUESTIONS 
.. 1. How much land bas been abandoned in the United States ! 
2. ""ha.t p_erccnta~e in Illinois i~ hilly? 
8. How do o.ther states cOJl}pare 'with Illinois in this respect r 
4. Upon what dOels run ·ofT depend T 
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5. GiYe effects of topography. 
G. \ \ 'l lu.t part. dOt·s t t!x h _lrc of soil ph~y ill ffosion f 
;. llow duelS the H.-geLatin- con'J'i lll.! nfh'(_'t, ero]Sioll Y 
ti. \ylty should t.he l'iul.mdt' J' of ndltfllll a1l"t'j:t (!rtle iulI? 
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U. (;j\'c )jom (' iut:tt. of tile UlIIOIHlt of matt:'hltl mon-d I,y l"urmirrg II'uter. 
10. "'hat i~ Lhe cUed of tili::> dl'})(Isit ill many ill stall cl'~ t 
11. Gh\: dl'cds of relJl(Jval of suri1t('l' ~il. 
l~. \nml results /lrc uutaincd iruill applyiJJ/: plnJJt flm,) to t'J'udl'd eoi):' 
13. \\"Iml em..!d doi.'s l'J'usiull lw.\'c 011 thl' physical ('1Illnll'Li'r of thl' !wil! 
) .. 1. ])eH II(' "heet crusiOl1. 
I,'). lIow dues it r ed uc(' produ('tin':J1(':';"'? 
1G. \\ 'hat benefit s aro dcrin:d frOIl! lilll('f;tOIl(' on eroded luud? 
17. \"'Int a.rc -good llleadow- alld pll~t\ln··g'rasi'cs? 
It-i, \'-hat un' guod leguUl (,:; fo!' hill lalld J!llsLures ? 
J!l. \That. arc the usc:' of (~!Lt.('h crop,,? 
:20. \\'hat usc may III . .! IlIadt· of ('l'u!l rl'~idI1C5? 
:!1. Tell uhouL th(· :l1II01I1Lt. of I.)r~lwif' limite!' in ('ro(1(,tl soil,::;. 
'N \"ha.t e(J'I'(·t doc!' it ha\'(' tImt ('nu .... l·~ I('$:s t'l'o,,;.iol1 '! 
2:t \\'haL fin: the uchulltng-cs uf tiPt'P plowing-1 
:t"l, ,,' hat an' the adnllltu).!t'~ of ('lln tOIlI' pluwil1g nnd f'lt'<'ciinl!? 
:! .. j. \<t 'lLat is the l!'uide'!'oU' tl'l'ra(:(' !Iud \\'Iwt 11ft:. its acinwtagclS r 
:!Ii. Ci v(' adY!l.llt.'g'es of the l('vel Lench tClTa<:e. 
:!7. j)escrihe the 1.11lTl'; ... "1111l leHtlec. 
~S. (Olin: its ndnwtll,!!('s. 
~n. ni8r ll,.;:-l n·fOl·(-:,Ling of cJ'odt'd lan(ls. 
:W. ,,'hat alluut tilt, Il ~ a. Ilwthod flll' prc\'cnting ('ros ion ~ 
:~l. " 'hat, Hr.' 11l!' f'lUnrN'1" of :.."1IJ1it'~'! 
:e. ni\'e 1D(,t.hod~ of pre\'enting g'ullies . 
33. Discus!'; waterfalls . ,,'uv Iln' 1,11£,\, ,,0 ditli('ult to ('hpck? 
:1·1. H ow lIIay dlUlL:-l be used 1.tI nll :!lil!il'io\~ 
35. 'Give usc of Llack locllst 011 gulli~'d IHllt!. 
30. \:Vhat other ways of fill i llt; gullies'! 
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CHAPTEr. XXYln 

ROTATION 

A CHOP rotabon is thf' growillg of two nr H1OI'C CfOpS ion I'c~lJlnr 
8L' (jllC1JCe on thL' ,<':llnJe Jawl. Stie1lti/ic l'i)iatioll is Uw s\'~!('mat j c 

g l'owilJg oj' (;rop:: ull til(_, t;,IIUC ~oil ill regular !'llrC:l' . ..:~illlJ ~u<.:h tbai 
(,<ldl l"I'OlJ heal'=-! a. u~t'(uj !lull fo'{I111l:wi1<li \ita! Tcla! iOIl tu ~U1Ue 01' all 
o[ the oth('r~ gn.nru. Botati ul1 i:":) yeL')' l'lo~ely relat.ed tu and ue

{'O llH.:8 t.he bas.is oj' ::\oil iI111H'(JYl'llU': ILt. Tilt, (Jilj(.'ct ur a rotati(Jll i:-i lO 
utilize, to the 1'C1')' best ;HI \ ?lJIi-"l.g'l: ill the l'I"UdU("i iun (If maximum 
('HJp:-. tll(' fa\'ul'uhlc l'OIlLiitioJl:i uf i'uil ,r iiil rl'~jJed to tilth . lIlflj . ..:t
UI'C, t empcratll J'P 1l.IHl fll()(1 . jl!'mlllt·pd hy (lLller l'!,(lPS. and to elimi 
nate allY 1IIlr~i\ 'omh l (' l'oJ)(litioll' !'1"f1dIWI.·rl hy ,my ('1'(1)1. A lCf-.'l,lll1C 
~houlLl [Ol'm nne of the Cl'OP5- of til(' TotntioJl bt'eau~e of Hs yalne in 
Lrwg-ing- .. t/'QUt t hc:se fa '\-ora ble sail ('owlitious, 

jJ[ajor cr(lps ill rotations a!'p the maio crops gro\nl. M illor crops 
arC' th(lH) ~rrl\r!l for ('ntc,h. ('il\'l'r. o r g-l'('('n IHfllllll'l' lJlup<J::;es, 

I n nature ])0 Y(,l-Y c1jstilJct Totnt.iOlJ oS plHnts o{'clIrs because 
the sallie thing is .l('(·ompli~il l!d in a mea~Ul'e hy the growing to
gether oj' diff(,H'lIt plnllj~ 011 (]!(' :-<lm(' ]amL Yet we see that llature 
lias its OW1I :-_r:-::tem of Tntaii{IIl , ('eriuiu pli11lb may ~row luxuri
antly fo!' fI few yetll's ana then be almost enti rely l'£'p!;J('ed h'y some 
morc fa\'oTccl one_ ;-';\\Tcrt d(jH~r has lx'en ob.':cn~('d growing iilOllg 
dH eb iJaliks for sercnt\ ycnI'S auel then has been cTO'i\'c1ed out by some 
other pla n t wjth out n l ~." apparent (';_luse, As a l'e~ult of ":caiiler 
concljtjons some weeds are Yery ahundant for a veal' or two and 
then almost entirely disappca~. Fires 80mctim~s aid nature in 
bringing about a TotHtioJl of pJa[]t~, as do alf.:o hircls and other 
animals. An\' natural agency of seed distribution lends its assist
ance in acron~p]ish i np: tb i:;: p~1Tpose , 

In agJ"ieulhlflll practice it ba~ heen found Ycry essc",tial to 
rotate crops. The object of fanuilJg" is t.o grow crops and it has 
been found in general farm ]lractice and determined througb. num
erou s experiments that m or e grain and otlJer crops may be produced 
in a regulaT ,·otation than by growing anyone crop year after year 
on the se.nre land. 
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ROTATIO:-; 3i7 

AI)'fAXl'_\OES OF HOT_\TIO.\' 

J. Better Distribution of W ork.-'l'llc Olllo-c rop systcln tllrOWl-i 
<1 large aUWlUJt of work at allout the -same time so (hut It lurge 
fOl'ce of men aile] horses are ui.'cc:;.sary to plunt, cultiYHte OJ' IHlf\'c~t 

tbL' crop. T he lIlo:;t ('elillorui cal u;::(.' of Lill1e [llllJ labor it' ill"'UIII

l'JishCt.1 WhCD it i,~ llWJ'C twifvl'lllJ)' distributed fhrougJJt.Hlt flit, year. 
1u a rotat.ion t.he ~l'rl'nd crops lire phllltecl at tlifr,'r<"llt tinws. Tlll'Y 
mature!5o as to dist.ribute tbe work of bal'\"e~lillg over a r{)ll~itlcrahlc 
period. This Ilclps !'OIYl1 the farmer'!:; lauor pJ'~blclus by furnishing 
morc permaUf'llt emploYlllent to the lahorcr. 

2. Control of Insects and P lant Diseases.-A Y(lI'V f.;c riou s 
(JhjcdiOil to allY (J1H:-lTII]1 s,Yf.:i{·1l1 i!-=o the ('Il('ntlm~Cllwllt it' gi\'cs to 
illjUl'ious inS-ed!:; lhal prey lIP{)ll tlie (·rop. rrhi:; iH especially truc 
of cw·n. The (,pr1J root aphis HIlU the ('orn ruof \\'o/'m h(.'('()me vcry 
l'c riol1!' pC::ilS \1 'hcre thi!" {'I'0p i . ..: .!!fOWIl \'('1'." long ill ~l l ('C{!ssi(Jll. 
Growing somc olber crop fOT s('\'cl'al year::! dCl'troys many of these. 
The same is trl.le of plant. dif:.l·Hf'r~s SUt'l1 a:;; flax will. ('()w pea wilt. 
dover s'ickJJcs:-" potnl-o scah. dry rot of corn, etc. rrhese are WOrse 
thtUl the iJl~t,t~. TIl('_\' Hi.lY 1)(' l'ompit-ll'iy (·ontr(dl r·d 1Iy rotniioll J 

since ill tld::; case the partic:ular host plaut upon whic:h each "lives 
will not be pn:sent eyc1'." year. thus creating cQuditions "cry un
favorable for tbeir sUITiral. 

3. Control of Weeds.-Many crops hare tlleir purtitular weed 
01' weeds that are iu some way favoreu IJj' them. Many weeds 
fuYo J'ed IJy one crop wHI he smothered by another. Cultivation 
of one crop may be the meaDS of destroying some. while others may 
be killed by pasturing or by a tough, heavy sad . 

One-crop sj'stems tencl to encourage many kinus of weeds. At 
Hothamsted. England, on the plots where wbeat bad been grown 
c-ontinuously for many years the ground became so foul that fallow
ing had to be practiced occasionally to eradicate the weeds. Corn 
cockle and chess growing with wheat are familiar examples in this 
country. Remove these from their associati on with wheat and they 
nrc easily killed. Old pastures sometimes become so full of weeds 
that the grass amounts to little. Ox-e),<, daisy. yarrow, verbena, and 
iron weed sometimes t.ake pastures. Hence it becomes as necessaTY 
to rotate pastures as any other crop unless great care is taken to 
keep these enemies out. Pastu res find meadows may be kept clean, 
as seen in England, where the graBS fields are several decades old. 
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These arc Lbe exceplions. England·s iarms are models of scientific 
roLatiOIL 

4. Variation in Depth of Root Systems.-Br rolalion diflcr
ent crops with root ~.r."L(,lH::; \'al'yiug ill i1epth ar~ brougllt suc:ecs
sivef,)' UpOD UH .. ' Jallcl, SOllie esppcinlIy dcpp-rooting t'l'0pf.:. stlc:h m:l 

dorers and ;dfnJ f'l , i'llOllJd lie ,[!'1'OWIl. Thv~c obiaiu !DUell of their 
fooel helow the zone' from whi c'h the ordillary shallow-rooting- crops 
take thei r fClou. ]\fore [han th i" Ihey hring n,mh plant food 10 
where it may be reacher? h,r other ('fOP:':. ] fI tJlis \i-a,'''' the plant 1'ood 
from n deeper Z0110 i~ uliliz(,tl <111(1 ~o il ('xltau:,:tioll will not o(,cur sO 
soon . These d('€p-l"ooiing' (,I'O])~ 11<1"0 a. ycry fa\ilnlb lc effect ill open
ing up the s-uhso'il for h('ttc'f ni:nd ion alld llraillage. 

5. Helps Maintain Good Tilth.-At ille ['JJirer"ify of l llinois 
one plot has breD tlTowjllg- ('Orll for tl1irty-se\t'1l Yf'lIrs: another has 
lmu a {,w Q-C'T(Jp system of' ('Onl i.IIHl oa1~: i.l thirtl ha:-; h:1l1 n three-crop 
~,n:fcm oC ('H)'n , OlltS . alia ("1c}\'cr for the EtHlI(' time. 'l' ll{-~ ,t;oil of t be 
Hrst is compact, U l'lIHS to,~cthcr" badly. HlHl crc\dc~ cOllsiclCl'ahly, 
A hC[lYY rain pnC'ks it nn(l.ronn~ n ~mo(Jth. f:oli tl ~urfa r"{'. The sCl:ond 
ads sOll'lewhat :-:imililrly to tIle' fir:-:t hut i~ not ..,:() hnn. rrhe third is 
mcllow. C" 1'11I1l1 1ar. aJlcl ('YPII Ill'a,"Y rftill:, elu l10t ('ariSe Ul(' Ful'face to 
rUIl 1.og~tl!cr, rr lli~ <.lif1'('J"('lll'<' i:-: 11tH' to the l(l~u1l1e (TOP gTOWli. 

No crop is of mure "enefit to th" filth of n suil than a derp-rootiJJg 
legume. 

6. Helps to Maintain the Organic Matter.- Tll r ]'a rt rola
tion plays ill l\1;lil1tailJill~ ol'g-nnic mailer has beeD rli~russecl in 
Chapter Xl. ' As jJfCriOlll'l,\r showll , 0. IcgulIJ'c ('I'OP is cf'scutial in 
evcry scientific rotaUolJ. rrhc DUIll11Cr ill whicll tile legume is dis
po~ed of iR of Iht' lltnlO~t im,porinllr{.l, Tl'l':' littlc 'in the way of 
perm anent impl'OH'llll'llt i~ aCl'ompiished 11llicBS the lr:gume·is turned. 
hack into the soil cit11C'1' di rcdly or 11$; manure, 

7. Rendering Toxic Substances Less Harmful.-Ro ils some
timel? contain OT',ganic suhsiflllces tllat nrc harmful to plants. rrhc 
sa.me sl1h~t-aJH'(! i~ not ('(pw1J,v injurious t'(I all crops. but is espe
rially detrimenlal fo the )!rowih of the kino of plants that gave rise 
to the to:dc maferial. Changing lbe crop rell(lers this less harmful. 

8. Produces Larger Yields.-From whut has been said it will 
be seen tbat rotated crops have a decided advantage over tbose of 
the :;ingle-crop system. 

:IIiany experiments have been carried on at difle:ent stations 
that prove definitely the great ,·alue of rotation in increased yields. 

I owa gives r ... ;nlts that show a nine-year average for eontinnous 
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rom of 51 bl1 ~h e:l s per acre anu G-I- bUf:.h('\s for corll grown in a. 
ndatinn of ('01'11 . ('Onl, ():lt~. and (·lo"N. 

Rotation Compur~d wilh Continuous Com. Ames, Iowa 

Jt will be oh."l'nl'tl that till' yit'ld ili the lH-'gillllillg- \\";1;'; nhout the 
S:1l11e for car·h . 

At the ]llin rJi~ ;;;tntioll rom hn~ ])r(,11 grown for 1hirt.Y-RC\·cn 
yenTs ill cOlllpa rison with [I COfll nlH_l oal~ 311(1 n ('O Tn. oat.s, aud 
C'lm'er rotation. Tile hl:-it FUll!' l'r(lrS of r(1tT('spoI,ding Y(,[ll':-; iH'crage: 
Con tinuom; ['('l'n 2(i .-l hnshel..: pN llcre, ('01'11 find oats J'oi.llt ion 34.6 
hushels, auu the c-nrll . (lMs. and (-Iu\'l'r rotatioll 57.1 lmshe1s. 

Yields nf ('om, Trhf'al (md floy ['/lrlrr Diff('T(>1d Su·<;lcm.~ (If Croppi11[). 

Cun
tinu-

M iWLc;sota etation I 

Corn 

:l.-ycnf [>-YC3f 
r o[/\--

tioll 1iOl\ 

3-;n:nr 
r otlL
tiQO 

B IlY 

o-ycnr 3-yt!!1f 5--ycllr 
rott,... rotu- rut-a,.. 
tion tion lion 

------1---1---- - --- - - --- -

1899 __ 
1900. _ 
IOO[_ 
1902 _ 
19().j ... 
1904 _ 
]005 . 
190H . . 
1007 . 

Average, 9 years . . 
lncrease . . 

{Iu",},(/ .• Bushels Bl'S/lfls R U~}'f'11i B!I~I!~I~ R1tRII~ls 7'01ls TOJIf 

20.8 5.J.l 31.3 !12.5 ::!5,~ 27_3 
37_5 42.H 58_0 14 _5 27.3 25.6 
13 _9 42_0 4::U~ 10 .0 13.5 15.2 ],58 2_36 . 62_0 7M no 1 ~ .1 25.1 2.25 1.95 
23.6 5U 85.3 lG_3 2-104 30.8 :1.86 G.J O 
11 .1 45_1 37.1 20_8 27_3 32_0 4_26 5_77 
25.1 (04 .1 (i-.lA 20.8 20.6 30_9 4.81; 5.8 1 
27.6 36_1 60_5 14.1 n_o 22_6 1.91 3_ 18 
23_6 35.2 52_2 2-1.5 10_ 1 23_9 1.25 1.42 

22.9t 4S.1 W_7 18 _5 21.0 25_9 2.8M 3_80, 
25.2 33 .8 2.4 7.4 .95 

t S yeaH. ~ 7 years. 

From the results given in the aboye table it ,yill be seen that con
tinuous cropping h.s " greater effed on corn than upon wbeat. Tbe 
3-year TotBtion increa~('d corn 25 .i buslJels, whi J.c the increase for 
,,-heat was only 2.-1 bushels per acre_ 

Ohio l)as been carrying on some experiments for about 19 year;; 
&hat prove the value of rotations. 
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A verage Annual Y ields Jor 16 10 19 Y eaTs IT'hcn Grown Continuously and 
Under Tltrcc- and Fit'c-year }fa/alions. Ohiu Stal~'o'1t 2 

itutlltivl.L Cum Whcnt Uuts Cluver 
~-~ ------

BUI/hel l! lJlI~/.d$ lJU/<J,r'l1< j '('lIlldll 

Continuous . . . . . 15.88 7.52 22.93 
3-ycl1 r rotation . a •. au to.Ga 2,697 
5-.rcltr rot.ation .... , ....... 29.74 10.21 31.00 2)267 
Iucn.:a.sc for a-ye~tr rotation. 18.51 :l.ll 8.08 

Hotutioll ga\'c an jll('rL'H~C! of ]~.;) bu:::hcl:-: per a~'J'e oC l'Ol'll alid 
for wheut 3.] IJU~h('l s, shuwing rtg'llill tllili lO1' 1I TCSP(Jl.llls to rolation 
IJetter than wlien L 

I'L\~KlSG A ItOTATlON 

Planuillg a rOtatioH J'l,tjuire:-: iI g-n~at Llca\ or cHI'C HuJ thought. 
I t .'dlotdd oe nwuc lilA .1'01' the pn.'f;CIl1 alone hut fol' many year,,; in 
tile future. fril l' Jlr (Jhable l~ i-rl'd lJ[ tilt, l'ula tiuH atil,pted 8huuld he 
studied from sl'Yera! :-;tallLlp()illt~. The ef;:~L" r ou the j'eJ'tilit.Y <-lUll 
tilth of the ,oil ,hould re,·eire (-" reful attenti on . Iri ll it Jeerease 
OT increase tilt) organi c m:1tter of Lite :,oil is a question tlwt should 
be work ed out. I r Ibis rOLat ion is 'j,raNie('(1. wha t will he th e ('omli
tiol! of my fa rm after fifty :years r If you ('annot al1swm' tbi~, get
the knowledgl' Or tile hel], f ll at will enalde :·Oll to rio so. The rota
ti on woul(l depend on tlte f'izc 01 lhE~ fa rm to some extent. r],hat 
for OllC of sixty <I('res u'onld not apply to a four }nmdred-Hcre fn rm. 
The TOlatiOlI shonld nIr) with tIle e)J;II';)<:ic'l' or the ~oiJ. A roLation 
for a hC3\'Y, ri ch, black .~Ilj} c'PJ'l;JiJdy -woIl1 ,] not be fitted for fl sunIl)' 
Bo il ) Or rite 'I'(~r~a. ~oils low in organic mutt.er should ha\'e a sy~tem 
of rot.ation who!'(! object is to lmilC] lip the soil in this particular. 
Acid soils will g-row different erop~ tJlan so"il s conLnin illg lirnestone. 
The mainleDaJl(·e (If the fertilitr and tilth of the ;;oil should be a 
very impoTtun t fador in det.ermiIljng the rotation . 

The R.'·,tem of far mi ng to he practiced ,bould be ODe of the COD 

troHing fa.ctor:-: in determining the crops grown. A f ruit-growe1', 
R da iryman, a grain farmer, or a st.oek-Tai ~er would each follow dif
ferent systems. I n any ,rFtcm the vallie of the crops. both those to 
be used on lhe farm and those to be solel. mllst be conside-rcd in their 
selection, siJ)re the retu rn ;.: irom the crnp and its relation to other 
crops is the thing that ,houl rl determine its use in the r otation. 
The most profitable crop should have the most favorable place in t he 
rotation. In the corn and. wheat belt t hese should have this place, 
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ancllikewise of tuc otuer great. moue)' crops, 81H:h as l'ottOll , t.oiJuc('o, 
jJolaLUI:S aDd OthC!"6 . 

.As a gelJcntl rule il l'uLadc.!u u[ thn't! tv !irc Y('UT:-: i:-. III Ol't.! ut.!si ru
Ide than <I lougi..'1' IJlJC. Tim i:lhUrl l'ydc l'eljutl\'!O Il';:;;" truuble unt! time 

to get. it .::; [;{r( t'd ami i:-: (,<I~i(.'r tll JIIHilll.aiB wlll'1! (I/, ('C under IfIiJ. 

H a crup faill:i iu a. thn:e- UI' fuur-Yl:ar ('yelP it i~ Ilot dillit:uh \0 

Inailltaill tlte ['()tajiull. while jf a failu re (1("('UJ"f' ill a IOllger cycle it 
rna ,)" dj1iarran~(l L(1(..' :-;ystL'JII to ;1 .~I'L'a ll'r (II' h,':-:;-; cxt.i,.'nl. 

Hucausc (If tlH: T(·<!IT!..wgcmcnt vI' field~ am) tIl£: <ldjust l1JCllt of 
('rU]i5, it is rather difli('ult. 10 gd II rotation ulllln WHY, u~u all 'y I'C

quiriJIg- sl'Yeral .rcar~, :lUU II i:oj ainlf):,t equally diHi('uit. to challge it 
aflel' (/I\Vl' it is shirred. Til t.! rulatioll ~hlJldd he Illflilitained ('\~cn 

if a .t rop dql':-i fail. .\ :;.:u\,:-:tiiuie ('rop ~\l(Jltld IJt, pbll1llrd to take the 
pla('e of lil",,· crol" thai are linGle ,,, fail. ' l'hi, will 110\ Gc needed 
H!Ty Ofi(,ll. 

'J;!bc hUlll ,"I1/()uld be diridctl i1l1o <].I:; many fiL'lds w! there a1'(' 

yNll'H in the rotation Ulld the ('nip:::' ,!!"I'OWll ill rcg-u]111' folll{ '('c~sion 0 11 

these fields, Oll hltgC farilis the rotation may he dUpli('aled. There 
:::houl{l ht: at lea;;:r one lcg-l1me ('I'fIP, preferahly ;1 bj('lllliaJ or J1ercn~ 
]lin!. ;'111 (1 Jl(lj IllCIJ'{' thaI} two 1-ill('11 ('I'Op:;, lluring the {·ydc . tiw 
Illllnhcl' dl'P(' I\(~itlg UJlC!ll tlil" ~(Iil. tI:-' thc~·w 1':1U:'l' {'oll:oilieralJll' loss or 

orgnui(· l1l'1ti-el' . 
Places in Rotations for Crops.-Cofn ~ m'{'{'('rl~ \rell 11 fter 

cJ oY(:! l's. alfalfa ullCl pasture and dot'S fairly w('li artl'!' w\Jmtt and 
()<It.~ . C'spcc.:ially j'or [;)11 plowing. III f:od _g-r(llllid two 01' t.hl'('e ('fOP!' 

of enTJl ma.\' lIe gl'o\\-n f'lu('cesdully . hut muJ'e i.hall two in s U('('CS::iOll 

on on]j1lary Boi l fire not llc'cJJ)cd 1Jt'!'=t. 
Wheat cloes nol follow CDI'D well e'en if lhe latter mature' SC\" 

er3 l weeks before see{ling time. '\rheat doc:3 well aft.er pot.atoes, 
dorer. alfalfa, 'pasture ur soyheans, the onJy dUll;rer heill~ -its liahility 
to lodge caused by thc excess of a,ailable planl food, especially 
nitrogen . Oats is a good crop to 1'reco(1e wh eat, if lhe plowing is 
done early. "heat follows wheat \'cry well, hut tbere i, too mueb 
claIlger iJ'Om Hessian fl y iII some ]alitude,o. 

Oats is a crop that is adapled to the cooler part of the tempera te 
zoue. Sou th of this the ordinal')' ,pri0l"-,ownoats encounter the 
hot weather at Blling time, so that a partial failure may result. In 
the South winier oats are ,1.."1'0\"11 to :::.ome ('xtent :with fair 8u ('cess , 

There is a belt hetween these wl'ere neither fall nor spring oats 
do well. The summers are too hot for the spring seeding and the 
w.ioters too cold for the fall oats. 
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In the oorn anJ wheat belt and rorre,ponding latitude, onls arc 
almost.. uni\·cl'io;r.JIJr s<.'c(\('d after corn. E\"l!ll in the RQuthcrn I3Lates 
t.hi s i:i practi(·~'d. '11 th~'.r ~houltl follow donor or j1otutoc.:. Ind.~ing 01 
the ('fOP \YlJultl almost ('crtainly (.IC'cur, \rith CUllSl."·qUClll JOl's. They 
will fullow whf'1l1. millet, (.Ii" ('()iHIIl wl'll. 

Rarley (lOCi" well ill tllC :-outhrrn oat:: belt aml under practically 
illC same (·oJHlitjOll~ . I t Illay foHnw wheal. onis 01' ('om . 

Hy(' lllay be grOWlJ UIllll'r
w

pnll.:1 irally fhe ~am(.' climatic condition::. 
as ",IICRt. blll it j:-: a better fOl'a~('r flnd prodliC'l'I:i more ('Ill poorer 
~oil.s. ] II Lhe middle \\,('Rf it is a common crop for \'el'y ~andy lands. 

The C]O\"(.IJ'S an' ullllo;-t uui\·cr ... ally f:C'P(letl with wbeat, onts or 
harley as. Tlllf"':C crops. ()C'('~F-iOIlllll .... till'_\' lllay he J-.ce(lcd in co rll 01" 

cotton after the la:;:i C'ulti\atjrm. hnt the ('l1tl'h iF. ul1('crtaiJl. 
Soybeans anel ('()wpcilfl follow !lilllo.st any (·rop. but thrre i::. lloth

ing gained lIy haying tl1(_'~(' Slw('C'cIl other legume crop:;:. A non
leguminoll::' crop ~hould intt'!'Yeuc or aL lca~t he grown in conjunc
tion with OIle of the 1cgUJ,llC8. 

~o~rE ]'lt1 CTIC'_\L HOT ,\TlOSS 

1. For the Corn and Winter Wheat Belt.- Tn this belt eom 
and \",heat nTe Lite money crop:-;, . and they ~houlcl he gi\'eu the mo::-t 
filYOrnble plat:cs jn the rotat.ioll. J r finy crop :is grown that. is of 
special benefjt 10 lhe soil. lh,';e should haye llie nill"antage of jts 
effect. The hest place for ('o rn is followjng the legume. I f two 
importan t. ]lH)llCY ('l'Op~ arc plac{'d ill tLc rotati ol1 , encb ~hou]d be 
gi"cn Lhe l,c,l place po,sible. This belt is characterized by hot 
summers and cold ",iutel's. \\'i th the 311uuul rainfall yur,ripg from 
20 to 48 inel,es. Corn, wheat, oats, and rye are the -principal 
cereals (Fig. 189). . 

A shari-cycle ]'otation thai -it; sometimes practiced is: first year, 
corn; second ycnr. oats, seeded to cloYer: and third year, clover. 
This is a good rotation to maintain organic matter, but it is not as 
profitable as some olhers. 

An excellent fOUl'-year rotati on is made by adding another year 
of corn to the former. making (1) corn ; (2) COTll; (3) oats 
(clover) ; and (4) do'·er. This exlmusts ihe soil more rapidl'y 1.han 
the former and is best adapted to fertile soils well slipplied with or
gan ic matter. If it is ae~ircd to grow wheat, a four-year rotation 
i s as follows: (1) corn, (2) oa\s, (3) wheat (clover), (4) clover. 
This is weli adapted to a rich soil sucb as blaek clay loam or !' 
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hca\'y phase of lJfOWII ::iilt 1(Jum. I f two c.-rojJs of wheat nre ocsired 
ill t he rotation, the L'xt.rn Olll' may loJluw thl:' clover, Sl'l'Jl'd again t o 
a. d ifrcl'('ut kiJld or t1UH!l' tv lJ l! pl owed 1.1Ildl'l' 1'01' CO rll. This c:hangcf; 
it, jo a fh'('-ycH r cycle. .\ll uihl'r pJ'adi{,lil O/IL' Wil l'J'(' u'!Jcnt j s the 
leadillg ('1'''1' i, (I) wb ent; (~) wlienl \('\')\''' 1' ): :111<1 (:l) dowr, 

J'rolHlhly one of t lli,~ bcr<t. four-rear rOlnticJ!Js fur the to rn belt 
and olle w};ivh gi\"l'toi two g~Jl)(l nWl;PY (TOP~ ad\'aulugeou:.;ly located 
illlhe enJe i ~ ( I ) cu rn, \'1) (lnl; \"lu,,'I') , (:ll doyel'; (~, ) whent 
( clo\'cf'). Tlli :, gi \"(:8 I!J 1"('(' ,rca rs durillg- ,rll ic:h the Jq:nmc t ropt; 
nrc growing alld Ul(' J'oluti oll i.:' 1\(lHI'If.:d io soil::. dvfkicill ill uitrogeJl 
(lJIel low ill orglll]](' mat1er. OIl tilt, grain fa rm prnvtic:nlly all o[ 
tho cloyer ('m]) ,., )J ould bu tUl'lll,a h;,IL'k iJlto t.h~ ;'"oil i u :luy of 1 he5:c 
rotntiOl.1s. (t he dO\cr ma,v he (,lipped a l ld ldl (JlI th<.: billcl alld the 
!'c('ond ('I'Op Illily he harn'~ied 1'01' :,ccd and the :::tJ'3 W r ctul'llca to the 
soil. ~\]l (· raj) 1'e:-:iducs lIot j'('i] :-:iloulLl be tun1('~l bnek into the ~(Jil. 

If moJ'c (·nrH is lh':-: ired thi~ may h~ (-ha llded to a. fin~-~'I(>ar 'rota tillll 
by adding anothor ,,'eil r of carlL, makiILg (1 ) ('Ol'l1, (:2) CO f'll, (3) 
oa1.s (elOIN) , (-I) (,101'01'. aud (0) whe"t (cloyer), 

These rotn ti ons arc 'rell adaptc(l to either g'l'ai,p OT mi.'\l·cl Junn
ing. Binre t h(' rJon:-r UlflY he pa.-;tUJ'('(l to good ml \'Jntage, Anoibrr 
yeaI' of pfl:-,turc or bay mil)' bc easily added by ~(,.'('ding ('10\'(,1' and 
tiJTIothy illstc:1d of (,lore]' alone. The fir:::t year (Jf 1i1C':-C the (, l'llP will 
be hlTgely c- loH'l'. while the '~ccond will be mo~tly timot hy. ] f tbe 
cloycr shouJ(l fail. soylicalls llUl\' he 8 11b~titu L('d to be rut fol' Itav or 
seed. SoyhcUI1 Fo'tra,,: i:-: cillen \·~I'Y r eildi l.v b,r sh.){'k. . 

I f ~oyhea_ns or c(H'11en:.:. can he u!l.cd t() goo(l aclvflutal!c, a rotation 
conta ining one or the (,TOpS- mny well he practiced. The rotation 
rnip-llt be (l) corn. 0) rO"l JPllo or ,'o,ybea11,' , (:1) when! (c]OI'er ), 
(.-l) cloH:'r. Th e CO Wj"H'1l 01' ~o."b('all huS may be feel' to -stock an ~J 
the Dlanure retu rn ed to the ~oil. 

Alfalfa 1111l)' he iuC'lnr1ed in the rotation by adding another field 
and g-rowill,g' it while the other crops are g()in~ the l'OlllHh or the 
regll1ar rota tion , 1\ t the end of this c,-c1e. (he a\falfa fiold is then 
put into corn and Uw olo"or fie \d is seecled to alfalfa, 

In these rotations alsike. mamm oth. mcdjum Ted, or sweet clover 
lIlRy be used, ,rhere ('on<1it io115 are ren' fororable for getting a 
catch of alfalIa, th is crop mil)' he substituted for clover, hut 38 a 
genera1 rul e it is a wi ,e p \an to l ea~e " good slond of alfalfa for 
severa] years when onc(' ohtni ned . 

2. For the Cotton Belt .-Thi ~ region pm~seElses many advan
tages in climate over the corn belt, It has a larger and better di,s-
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trjbuted rainJall wi th a longer growing season and milil winters. 
The unusual facilities for growing a lUOIH.'Y und 11 soil rCllovlltiug 
crop during the su me seaS-OIl gi\'c thi:s "ct:lion dcciLil!d Hlhuntuges 
oyer the COfn belt.. \rime] cO\'(~r (·rojJ:'1 On rolling laud JOT preyell l
iug erosion, as well as green Il1QUlU'e crops for jllCl'ca:"ing the scanty 
supply of organic matte'f, should he grown more extensively. 

The principal lUOll(,:Y crop is cotton, y(~t a great HHm," specinl 
crops arc grown in Liifferent states. 'hlixcl..l farmiug predominates 
in many places. In Kentucky, Tennessee, and Oklahoma li\"e'\o(' k 
fa rming pl'e\'uils, with the growing of grains llext in importance. In 
l 'exas and Arkansas ljresiock j::: l1rst, wi th cotton production }:cl'ond. 
Cotton is the leading crop in AJnhama. Mississippi, Gcorgia, South 
ea.rolina, and Louisiana. In the .latter) sugar callC is next in im
portance. This is al80 gro\nl ill Korth and South Carolina. 
Tobacco is grOlm extensirely in Maryland, Yirginia, Ken tucky and 
Korth Carolina. r.rrll ck ('TOPS 3J)(I frujts are extensively grown ill 

Florida and near the Gulf iu other slales. Corn, rice, wheat, oats, 
katir corn, milo maize. rye and buckwheat are grown in different 
parts of the region. 

The forage crops are "aried and comprise alfalfa, con-peaR, soy
beans, red , a]sike, crimson, Japan, anu sweet clovers, "plebes, 
timothy, hlue, Johnson, brame, and Bermuda grasses, and millet. 
Peanuts, hemp, Irish and sweet potatoes are special crops in some 
sections. 

Thjs sho\l's the large Dumber of crops that are grol<ll ill this helt 
and tbe great opportunity for rotation . M lIch of the soil is acid 
and deficient in organic matter and nitrogen, and the rotation 
should be planned to maintain or increase the nitrogen rather than 
attempt to supply it from commen·ial fertilizers. Legumes must 
be grown that are not aifected hy acid unle.s limestone or lime has 
been applied to the soil. Japan clover. cowpeas, Rlld soybeans fill 
these conditions, since they do \'en' well on acid soils. 

The cotton belt includes a ye~y e:densiye area, large numbers 
of ,,~dely different 80ils, and considerable variation in altitude. 
These tend to g ive variety to the crops grown. The !'otation for this 
helt should have one or more money crops, such ·as potatoes, cotton, 
tobacco, sugar ~al1e. wheat~ rice. one Or more {or }eed and a crop 
for soil impro\·ement. A very good rotation is (1) corn (eowpeas), 
(2) winter oats (cowpeas), (3) cottO!) (clover). 

Where tobacco is grown, the follolVing may be practiced: (1) 
tobacco, (2) wheat (cloyer) , and (3) clover; or (1) corn (cowpeas), 

2/i 
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(2) touacco, (0) whoat (oloY"I') and (-I) t1oyer. In the rice 
distri ct the following i8 recommcnded : (1) rice, (2) rice, (3) corn 
(cowpea,) . (~) willtel' outs (c:owpeas) , or (ell winter oats and 
"etcl , (cu'l'peas). 

II olle of t. he IltOue." crops is potatoes, then (1) corn (cow
peas), (~ ) pO\,ltOl" (,o."beans), and (3) cOttOll (crimson clover)' 
nmy form the I'otal io ll. 'rile Jegwncs ill corll and cotton should 
IJe u;cd primal'il), for soil imprO"emellt, '1'1, ile those foll owillg other 
crops may he used lor hay or so il improvement. These rotatiolls 
aTe only sugb'"l'stjl'e. For the s:toek farm. almost all)" of the abol'e 
rotatiuns may be cxtcllded two OJ' three years fo r hay or pasture. or 
both. witJI wlmte \'cr lneadow or paBtuTe g rass does best i11 the 
locality . wh ether it is redtop, timothy, brame, blue, or Bermuda 
grass. 

3. For H ay and Pasture Province.- The hay and pasture 
proYince (Fig. 189) occupies the Dortheastern part of lhe Ulliteu 
States ill the cooler temperate ZOlle with a southward extension 
in the Appalach ian )[ountains to northern Georgia. Gmss for hay 
and pfl st urc is tbe principal PTOP grown, yet corll, potatoes, rye. 
oats, wheat. clover, and barley are somewhat extensively produced 
in lllHU)' areas. 

'rhe short seaSOllS do not permit the growing of two crops and 
lienee the greater dilfi('ult.r of raisi ng soil-renovating crops. There 
is, however. this adnllltage, that oxidation of organic matter does 
not take place so rapidly 3S in warmer climates "lld the supply is 
therefore eas ier to maintain . 

The foJlowillg rotations are recommended : (1) Potatoes, (2) 
rye (clover ), (3) clorer; or (1) corn, (2) potatoes, (3) r ye 
(clover), (cI) cloyer. For pasture or hay timothy may' be seeded 
with the elo,'er and lef t for two or th ree years. If desirable, oats 
may be substituted for rye. If potatoes are omitted, a good rotation 
is all follows: ( 1) corn. (2) oats, (3) wheat (clover). (4) clover 
and timothy, (5 1 timoth,·. This rotation may be shortened by 
leaving out wheat, making a very desirable rotation fOT some 
locali ties. 

4. The spring wheat region and the great plains province 
occur east of the Rockv Mountains, and wheat is the principal crop 
of both. In the former (1) corn, (2) wheat, (3) wheat, and (4) 
!egumc may be practi ced. In some localities potatoes may be sub
stitnted to," corn. In. lire stock system, clover and timothy may 
be 80wn and ueed tor hay and pasture. 
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The crops of tbe great pZwi"s !,"ovi.nce vary ext<lDsil'ely. Besides 
whent, the sorghu ms form a vcry nduablc crop in the southern 
tllird. To the north of tlli , wheat, together with 80111e COrn and 
aLfaJ(a, is Lhe principal crop. )/0 definite rotation has been worked 
out for this area. 

The principal farm crops in the provillces wcst of the Rocky 
l\folllltains arc wheat and ulJalIa, wHh some ('oru , oats. barley, rye, 
and sugar beets. r:L'he need of soil improvemclJt is not so c\'ident 
here as in llumid regi.ons, Lecuu~e of a much greater original sup~ 
ply of plant f00(1. The extensi\'c ,~rowth of .If"lIa furnishes a 
ready and effectjyc means for Lui ldiug- tip lhe soil. 

QUESTIONS 
1. Define a rotation of crojJ~. 
2. How does a, sc icntilie rotatiun durer frum t.ht! above? 
3. Give tll~ oLjl'cts of lL rotatioll . 
4. \Y1HLt arc major crops? 
5. " 'hat arc mJnor croJls ~ 
G. How are crops rotated in nature? 
7. \\That is the primary (Jbject of farming! 
8. How doe:! rota.tion a.fleet the distrihution of work? 
9. Why is a one-trap systt!m favoraule to t.ile dev(·lo plllent of insects? 

]0, Can ~'Oll gi\'~ ItIl instance of disease caused by continuous cropping! 
11. B ow does ,'ota.tion prevent diseuse r 
J2. liow nre weeds kept dowJI by rotation? 
13, Gin SODl(! examples of troublesome weeds in your locali ty that may be 

kept down by rotation . 
14. YVhy I is it a good practice to grow crops that root at different 

dept.llsf 
15, ~'Cha.t part does rotat ion play in maintaining tilth? 
10. \'Vhat are toxic suhstances and how docs ratR-tion affect these? 
17. Gi"e the results obtai.ned at the Iowa Station for continuous co rn 

and rotation. 
18. \,bat results were obtained at the Illinois Station? 
19. "'hat. do the Minneliotl1 experinlellts S\lOW in regard to corn~ · \'·llea.t~ 

ITay? 
20. 'Which cereal responds best to rotation? 
21. If corn is· worth 50 CCllts and whe.at $1.05 per bushel and hay $8 per 

ton, wbat is the tota.l value of the average crop.'! jl1 8. three-year 
rotation? In a five-nar rotation? 

22. ''''hich r otation gave the g reatest a cre 'value for tlle cropY (Assume 
that in n five-year t:ota.tio.n, three crops of hay were grown.) 

23. Give a s.}'llOpsi s of tile Oh io r esults. 
24. \Vhllt tl1irlgg are to he considel'ed in planning Ii rotation? 
25. What importance should he. placed on the soil in these plans r 
26. ~\1hat consideration should guide in the aelec~ion of crops t 
27. What determines the successioll of crops ! -
28. '''hat about t he lenllth of the rotation Y 
29, W1IY is it difficult to get a. rota.tion under way? _ 
30. Wh:V is it advisable to divide the fann into 8.8 ma.ny fields as there 

&r·e crope in the rotation? 
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J I. Wlltre !,iJould corn be placed ill the rot..atiou ~ 
Ji. WJH'Tc is tilt.' ),cst place fvr wLcnU 
33. \rhcn~ arc Ollts grOWl! ilest'r 
:J·L '\"hL'rt, .art· wjlliel' (lnls g t o ll'U t 
35. \Yh llt crops IIUly well iJc followed i.Jy ullis? 
:.lV. ,, 'I ,NC lIIll,\' nt' lJt' ~L'l'ill·d t 
:37. W hat il'i n'llu;'~c (TUP and wh," m·tf'~sary1 
:J.'\. \\ 'hat d(.J ('(J\\ ' II('!l~ and S(Jy"~IIIJ" fuJl()w~ 
3!J. LO(;llb~' the l'(ll"n und wil1ter wl lt'aL bclt. 
40. \\-h ut arc til(' (Jl'iru:ipnJ aOfls tJI('l'(:! 
41. (J i Ve II goou. I:ilwrt-cydQ rotatiOIl . 
.;4-) Gin' If. good four- year rot!ltioll. ~ 
4:1. Whnt il:l the roill.fioll if two C l'OI'~ o f wheat an.' desired? 
4"J. (J j,!C <l foUr-,VNl.1' wtaiiull ill which leplllll'~ an' grown Linee Ollt of 

fOlif ) ' t'IU'S. 

4;i. I/ow IIUl," tilt.,t::t, ht, udll,pt('(1 to Il;!i.x{'u fanni ll g? 
4li. Whnt i~ t(l ill' dOIl~' if don'r should fai l '~ 
47. \.'·but is the plll(.'(' oi soyucu.ns or COW I1l'IlS ill th(' rotation? 
48. lIow II UlV a lfalfa Ill' irltludctl i ll the rotntion ~ 
II!). Lucn t £' tilt' COt.t(11I helt . 
• ;0. \\'hut ll,dyuntagl'::I o\'(>r the co rn tUlll winter wli(-'ut. tH_'lt docs it pussess? 
5 1. What urf' the priu('ipalmoncy crop~'! 
fi~. KUIll!' some other crops ~l'OW Il il1 this belt . 
• 'j :l. Cin! the fora,£!l' crop):.. ):rro,,~n. 
fi-l. Ci\'c a practica l rotl.lliOll ,\1th tohacco, cotton, rice and potatoes. 
;)!}. What should Iw (lone with t\)C' ll·J.Iumcs? 
5(i. Uow nm,'" tiu.'se Le IIdnph·d to li\'e:::tock far1l1ing~ 
:ji. "'here is the hay and pastun· provincr- ~ 
!is. "lint are it.,. ad"'antll1!('s and disltd"antagcs? 
50. Gin~ r otlltions that ma~' be' practiced. 
(;0. Locair the spring wlwat region. 
UJ. Name the crop::; and gin· Ii rotntion . 
{j~. \Ylmt al'(' tiu' crops 'If the ::rteat plains; regi on ? 
63. \"hn t at£' til(' importnnt crops of til£' proY ill ce \"c ;::t of th£' Rocky 

:MolilltnjJH~ ? 
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SOIL FERTILITY 

\'lTHOLT attemptillg 10 go ill(o the <"hject of soi l fertility (0 

an~' great C=diClll, tbe auth()T~ bnn .. Llluugbi Uwt a Ill'ief ciis{'ul'sion 
of tIle ;::ubjc(;L, girillg ;-:()IllC til' tlte ullderlying' prim·iplc."" would he 
helpful to the fa rm er. Tile field i1' sllc·h a ictJ'f,!e Oll~ . Hud tlte theories 
mhanl'ed are SL) raried and cuullil'tillg, tllat the practical Carmer 
is at a lo~:'. \0 kllOw what tu d(J, and a..: il t'llll:-;equclw{.' dut·s lIothillg. 
The fertility llccl.ls or 80ils may he (lct.(,r111iIlCLi.ill tlin'(! ways: (1) 
liT chemical an~lJ.r:-: ·i,l.:;, \),\' \r1li<-11 t.lle <1mUllllt oJ pl~llIt Juod Iml.}" be 
(lrterminrd . ('?) IJY pot ('ultufe cxper illlel1t~ ill gl'cCllh()lJ:;:c:,; miller 
,,1m,,"! pC1'f"l't .. ollililion<. nnr/ (:1) hy H(,[llal 1i<·lcl!('s!s. whe,'" plant. 
foCK]~ of difl'C'l'Clli kil1d:;; mny he applipil ;)Jld the r('~til1.f.; compared 
with those 0.1 an equal, area (If the Ilutrcatcd soil growing the snme 
c.;I'Op. 

Permanent Agriculture.-AgTicultnre is usually considered a 
permanent inuu:;try. bui jl is no more pcrmailcul thall the natural 
soil itself. If the fertility or the natural soil is inexhauslible, then 
agriculrul'c js a fixed judusLry UHd iik('wi.5-c those iuuu,..:tries. com
mcl'(:C. mUl.lufficturillg) Hnd n~il1inf!, which dcpcml so largely upon 
l1:!ricuJtul'c. If hi f:tory Ldl.~ us llllyt.hillg ahout. ngl'ic\lltufe it is 
this: that it is l10t permanenf, tlwt nati01.1o!! JJtwe JalJcn because the 
agriculture upon which (hei,' ciril izatioll depcllded har! failed. 

Are Soils Inexhaustible?-Thc ]lrorludircllCSS or soil' depends 
upon the omoUllts fl ll(l kinds of plaut. food elementf' they contaill, 
the fa"orable ('onditi(' Il S lor plant growth that t.hey OnCT. I1ml the 
friendly bacteria present. Cbentical analyses sho\l' that plants 
contain certain mineral elements which Lhey obtain from the soil . 
Anahse. show further that soils contaiJ) the,e elemcnt, in limited 
quantlties, and it reqnires no great aD101111t of maLhematic'al knowl
edge to see that if plants take e\'en small amounts of (hese elements 
from this linlited supply, red uction and final exhaustion arc sure 
to follow unless the nccessarv elements arc adrled h\' the farmer. 

Complete e"baustion of plant food is not llccDf~ary .to render a 
soil unproaucti~e . If the ,oil pre,cnts a(herse conditions to the 
pJant, either through lHek or excess of water. poor aeration, or bad 
phsical eondilion, or if the proper bacterin are not present, or, 
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bei~lg present, an' Hol uuuer favorahle cOllditiolls for ('firTying on 
theIr work, the j,ltUiL suffers und Lhe soi l 1_\)IJI('llr~ ns if cxhlln:;:.Lcu. 

Plant Food Elements._rren clemellt:, arc: cS1:'cntial to the 
growth of plants. (Sec ihe table DIl page 2.) ()f th,',e. ,ulphur, 
calcium, magnesium. iron. nitn)g'C'll . pho:-=phorU:-l. fllHl pota.~~ium are 
furni sllCJ uJ the ~ojl. The last three un' the OJ1e::; most lia.hle to be 

P lant Fovd in Crops· 

Crop ~ I Nitro- Pho"- potlls- i Ml\g- C!\I-

____ K_·i_nd ____ I~ _ __:'_ "I"",,, I_::_ = ",um 

I I [>I)u."d~ "(I!~'ltl~ P O!l.IH;J, " 0 1111(/8 Puund, 

Wbeat .. 

Corn . 

Rye. 

Oats ... 

Badey .. 

Clover .. 

Cotton . 

Soy beans .. 

gr:un 50 bushels 71 12 13 4 1 
straw 2 }2 tons 25 4 45 4 10 
gra.in lOObushcls JOO 17 ]9 i I 
stover 3 tons 48 6 52 10 21 
cobs ~ ton 2 2 
grain 
straw 
grain 
straw 
grain 
straw 
seed 
hay 
hnt 
seed 
stalk 
seed 

40 bushelfS 38 .1 8.~ 11.2 
2Y2 tons 25 0.5 35 
100 bushel. 6" II 16 
2 Y\i tons 31 5 52 

50 bushels 42 7.9 10.1 

26O<J, b~~I~~~ l~.G ~.3 1 ~.7 
4 tons J{j() 20 120 

1000 pounds 3 OA 4 
2000 pounds 63 11 19 

4~ b~~~! 1~ ~-~ ~ 
straw 2.25 tons 79 8 49 

2.6 
3.5 
4 
7 
2.9 
1.8 
I 

31 

2.1 

0.9 
11.0 
2 

15 
1.0 
6.0 
I 

H7 

1.7 

3 tons 130 14 98 
1800 pounds 72 3.5~)() 11.7 67.5 
3200 pound, 118,4 3.5 118.4 0.9 28.4 

3 tons 72 9 71 _2.4 7.2 

Cowpea hay . 
Tobacco . . .. . . {. 'J~;f' . 

,. .. .. stalk 

rkill~hba~~~ : . 
Sugar beets ... 
Potatoes ... 
Turnip-roots .... . 
Turaip-lea ves . . . 
Fat cattle .. 
Milk . 

6 tons 300 27 144 Z2.B 218.4 
20 tons 100 18 157 72 64 

300 bushels 63 13 90 5.4 3.6 
15 tons 75.1 12 111 54 183 

2 tons 16 2 18.4 11.2 109.2 
1000 pounds 25 7 1 

10000 pounds 57 7 12 

• Compiled from variou6 sources. 

deficient in soils. There are many indications, however, that cal· 
cium may become so low that legumes, which require large amounts 
of it, may suffeT in their growth because Df an insuffic;ent supply. 

Remo"al of Plant Food.-Crop Requirements.-Remova.! of 
plant fDod from the soil- by the crop is one Df the common causes 
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of Ie.'sened proc1uC'tioll. From thc tablc Oil page aao, whi ch givc; 
the amount or planl food used by some COtHUIUU c.:fOPS, it will lie 
seen that a fiJty-UllSbc.:i l:fOP of wheat rcquiTc:s llincty-six pouuds of 
uitrugen, si:dcen of phosphorus, fUry-eight of potns~ium. eight of 
magnesiuIll, and elerclI of calcium, a toUt] of OIl!Y OI1C llUwlrcd l.lnd 
SC\'ClItY-lIiIlC pounds. This is only two alId ollc-fourUI pcr ccut of 
the wci,!;ht 01' graill and slnlw IlfOUll(.'Nl. The percentage of' plant 
food taken from the soil is ihe ~all1e for COI'II, while for oats it is 
slightly more Ulan two and one-half per ('(!ot. For Ul£! crop to 
obtain c"en this snwlJ amuunt, it is lIUCes.:\<ifY lhHt much lurgcr 
alnounts be present iu the f'oii. since onl)' It small proportion is 
ltyailuule each SCeUi011. 'The yiclus given ill the preceding table ur\! 
high, but 110 larger tban rich soi ls will produce umler favorable 
(·OIH.liiio]Js. 

The legumes t.ake most of tl1lJir lIitrogen from the air, but the 
ot.her elcmeuis gi\'cu ill th~ table arc takon from t.he soil. Other 
"rops take all of their supply of the," clemelJts from the so il. Be
sides the cicmcJl ts gi\'ell in the pn .. >t:·cuiug tau ie, irou is iakcll from 
lhe soil. Howcn'r, there js suc·h all abulldaucc of irnn iJt Lhe soil 
anu pl<llIb; require so littl e that soils prohably will nevcr become 
IlcfitiCllL 1u the (;ilSe of sulphur, the fllllUUl1t Heeded is srnall and 
tim soil l'ccei\'cs SOUle from t.lte air durin~ raills. 

Supply of Plant Food in Soils.-'l'he supply of plant food de
pends upon scveral factors. Probably the most. importanl is t.he 
rock from which Ow soil was dcrimd. A soil dCl'i\'(!tl from a sand
~tOllC may contalll "eT), litUc plallt food oC [lilY kind. A granitic 
soil will probaLly cOlltain lnrJ:;"e amounts of c:ai(:ium, potassi um, 
::.ome magnesium, and phosphorus. A limestone soil would ('ontain 
considerabJ e amount s of carh element. sons formed by mixtures 
of ,'arious 'rocks usually ('ontain the largest ,'''rply. 

Nitrogen is ncarly always a later acq uisition . Very few rocks, 
as that term is commonly used, contain nitrogen. 

Leaching removes large amounts of plant fooel, ana for this 
reason the soils of humid regions contain less than those of arid 
ones. Some exceptions occur in swa.mps. where the mineral plant 
food has been carri ed in by washing and leaching from the higher 
areas. Conditions are favorahle for the accumulation of nitrogen 
through the mo.,.e luxuriant p:rowth and less rapid <isidation of vege
tation. The physical composition of the soil plays a very important 
part in leaelling, since the smaller the soil particles the less the 
le~ch.ing. 
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The c{'(JppiJlg to Wllie:11 the soil has becn suhjcdcd determines 
to a large extenL lIJC pl:UlL-1'om.l (!OlJteJ)t. EH'ry ("fOP rC1110rcd from 
the Jand Lakes away a certain amount of food , tbu::i sluwly reducing 
lite oupply. 

The next table giH!S tile llnlOuut of plant food in soils from 
nujoll!:' cOUJl t rj(~s . 

Tolnl Pla-}'lf Food 1'1/. Some Hf'8idlJoI SI)i/s. *~Pomld8 in Twn ~fillion PoundlJ 
nf ''':r_:il 

. . _ I ,,,'"'"' 1;"~;:'~ ~:'~;': I c.,":"'u u~.;f,;;" 
Mal') land barrell, ............. . . . . 180 _DUO 580 840 
Adoht' :'roil. New Mexico. . . . . . .. I 5200 S200 28600 1 ggsOO I 35600 
CO,ml IwwsLor_w, Bermuda l shwds. 5400 2000 5()ZOO I 5800 

Soil from gabbro .. . ... . ,. .. . . 7.,10 720 15400 7S00 10600 
Soli from gIH;!ISS . . . . . . . . -I 13S() 740 22200 5{)00 7000 

ScrJ)(m~inc soil ... ,_ .. -: . .... 560 JI -10 Z7GOO 8200 i 39000 
Ca.mbnan sandstone sod . . '. ····1 800 ]240 574(}() 9000 I 14800 
Trenton limestone soil. .... 820 1340 51600 8200 10400 

I 
• Compiled from varIOUS sources. 

PcrliJiJy in. Ru.ssi(1.1~ Steppe or 7'c/t('rlwzcm 8oils.I._Pnunds ,in Two Jlfilhon. 
/Jound,<; (lJ Soil 

Viq:dn . .... . 
Cultivated .. 

.. I Phas- Pot!lS' . :\luc-!'\11 rogen Sulphur phQrul! SUIIl Ci!.l('Jum l1esium 

-----1------------1----
5400 560 1220 119W 21562 8800 
4';00 640 1133 8630 18700 9000 

Plant Food 1'1/. .1fissouri Soils.L_Pounds in Two M illion Pounds of Soil 

Tot!ll I _.\ cid Acid 
tioH nitrogen soluble f!Olublc 

phosplWrtlS poLas.s;um ------
T he standard of u very fertile soi l . _ .. ..... . 6000 2000 5300 
Northeast Missouri level pntirie (Vnndalia) .. 3640 1918 6175 
Northeast Missouri level prnirje (High JijJJ) ... 2700 1608 4714 
Northeast Missouri rol ling prairie (Hurdland) . 3760 1978 6089 
Northcltst Missouri rolling prairie (li'uHOll ) .. 3640 1754 7188 
North Missouri timber so il (Laclede) .. 3000 1221 5362 
Ozark upland (Climax Springs) . 11 80 800 2889 
Ozark upland (Otterville) ... 1820 1350 4117 
Ozark upland (Stonehill) .... 1620 740 2623 
Ozark border (New Haven) . ... _ . . . . . . . . .. . 1460 740 _ 5495 
Ozark border (Wittenberg) . ........ . ........ 1500 1660 5429 
West Missouri rolling prairif3 (G!LTcl.t!.n City) . .. 3560 1445 5262 
Southen.st Missouri lowland silt (Hayti) .. " . 6320 4584 17785 
Southeast :M.issouri lowland sandy soil (Camp-

3566 bcll) ......... 1700 1711 
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Plan/. Food in Soil Areas of l\"('1tfucky ,'-Pm.uuis in Surface, 0 (0 7 !rIches, 
Two Milliurl /.)oUluis 

FunnaliO!l 

Trenton . ... 
Cincinllatian .. . . "_" 
Situri.an and D{'\"oni:m 
Waverly . .. . 
St. Louis . 
Chester ...... ... . 
Western coal ficlcl ... .... . .... 
E:lstcrn coaJ field (wcstt:rn p:..LTl ) ....... . 

Eastern coal field (central :Uld casteTlJ parO .. 
Quatern~lry ..... . 
H.ivcr alluvium . 

Tottll Totu..! I Totlll 
nitrogen phoopllVTIl1i pOltlJl,lliil/)l 

'----:m;o ~ 262i8 
31g0 1\124 31900 
2~~0 1100 23940 
1900 650 19000 
2106 gOO 28220 
1,00 702 2<i560 
1\)80 iG!i 2\)290 
2140 6:JO 18180 
2\)80 12()O :34213 
1940 flED 30926 
3300 1910 34430 

H)" inking the figures of crop I'C(jUirClllcllts giq~n ill the iaulcs. 
pages <lDO ant' 3DS, it will be cas} to cakulate the lenglh of 
lime nc(;cssal'Y to completely exhaust ille soils by growing maximum 
croJls. This will give 11 fair icleR of the deficiency or certain plant 
foods in the soil. 

Nitrogen.-Xitrogell is one of the most limited of (he pla.nt 
food clcm<':llts i.n soill:i. 1i. OCeUI'8 jn oJ'gnllic matter in combiuution 
with hyurogcll 1 OXygCll, carboll, sulphur, anll other clcmcnt~, alld 
all non-leguminous plants are iltdirectly dependent upon this form. 
Legumes alISO usc the nitrogen of the organic maUer. Free nitrogen 
occurs in the soil air ill large quantities, but this Can he used only 
i>y legumes. One llUudred com crops of fifty bushels each would 
lise all the nitrogen in the surface f'oil of the aycrage hrown silt 
loam, provided the stalk., were tumed back, while if the stalks and 
grain WCTe both rCllloycd the nitrogen woulu all be used in a little 
more thau sj_·dy-five years. 

Through the ae!i,·ity of soil organisms the soil nitrogen of the 
organic matter is slold y Illade al·ail.ble. The process takes place 
prillcipally ill the plowed soil aud th" amount of nitrogen mad" 
a ,·ailable each season is approximately two per cent of the total 
nitrogen in this stratllm. If there are fOllr thousand pounds in 
the plowed soil, about eighty pounds will become available, or an 
amount sullicieut to produce Il fifty-bushel crop 0_1 COTll. 
i Nitrogen is t.he limiting element o,er large arcns of soil, and 
its iucrease and maintenance becomes one of the most important as 
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well as one of the most dilli('uli prohll'1Il5 for (he farIner ( f;igR. '[~'O 

illlll )!IJ). The lIwtho(1...: 1 hat ba Yc h('t.!11 n!('oll1l1ll'lldl'~1 fur IHHiu-
1aillilJg t.he Ol'galli(; matter will u . ..:ually lllflitltili n till' llitrogl'lI. I t. 

i!3 the ll10~i.. cxpcJlsirc phlllt futld eleml'll t, and IIHl r l' or it i:-l. l'L'quin'tl 
by crops thew of t.he otliel' element!'. \\'hCll the markl't pri(·c 19 
eighteen cents p(."r pound the (,()~, of !Ilt' nitrog'f'l.' for ~1 h1J.-:)Jel or 
('ur]1 is hrcuty-SC\'Cll cellts, lor ,,'beat tlli _rjy-~ix (;cuts, aud for ou ts 

F IG. lIt(l.~\Vll1.:at grQwln~ on 11 "nil \'~ry deficient in nitrogen. !'OU! tll(' ellen of the 
additi(>II of Ilitrfll.':t'rl ( " ) • .-\n'rll~e ~·je!d for nitr(>~ell. J2 j.!rllIIIS pcr POL, ",it}/Out IlilrOMeo 
:i graHlII. ( I!Iinrlj" ,";"il RCI>ort.) 

Fro. 191.-Lcgumes t urned under have the l'!flme effoct M the addition of Ilit,rogen. 
Yields for /I. ruur~yeur averuge we rc IL8 follo ..... s: Ko nitro((en, 4 fl:rZlnL8 per pot, legumes 18 
grams, !toDd for tUtrog(ln 20 gra.ms. (Illinois Soil Repor~.) 

about eigh teen cents. '1'bi5 price makes its purchase almost, if not 
entirely, prohjbiti,'e for ordi,Ja.ry grain crops. 

Kitrogen can he readilv incorporated with the so il by turning 
unuer a crop of inoculated legU7J1es. These may .. he grown in con
nection w-ith some of the money crops, such aF- corn, cot.ton, wbeat, 
rye. oats. and others, and turned under for soil enrichment. The 
C?twn belt and the southern part of the corn and wheat belt ar e 
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especially "'ell adapted to thi' mclllOc1. 1t must be remembered 
that nitrogeu is readily Jor.t by leaching, espcciaHy after it becomes 
,,,·ailable. 

It WOlllcl he well to emphasize the necessit.y of turning the 
legumes under instead of removing them. In mllll)' places the 
legumes ure made .into hay and sold from the farm. or fed without 
returning the manure. Under thCFC c:irrUI11Ftanccs Ycry little is 
accomplished toward permanent soil improvement by growing 
legu mes. 

C071lpoS'ition oj Tops and Roots. Crop6 Seeded July!2 (Delaware Station) 

Crop lind date of bllrV()lIt. 

Cowpcms, tops .. ... .. . ... ...... . 
Nov. 7, 11.00t8 0 to 8 inches .. . 

Root.':! 8 to 12 inches .. 

Per cent in roots . 

Per cent in roots. 

Vetch, tops . .. . ....... .. . . .... . 
Roots 0 to 8 inches . . 
Roots 8 to 12 inches .. 

Per cent in roots. 

Crimson clover, tops . ..... . .. . . . 
Nov. 20, Roots 0 to B inches . . 

Roots 8 to 12 inches. 

Per cent of roots. 

Alfalfa, tops .. - . . . . . . . . . . . . . . . 
Roots 0 to 8 inches . 
Roots 8 to 12 inches. 

Per cent in roots . 

Red. clover I tops . ............... . 
Nov. 22, Roots 0 to 8 inches . . . 

Roots $ to 12 inches .. 

Per cent in roots . . 

Pt)Unda J){!I tu:Te and 
per cent in roote 

Air-d r,\' I ___ ~_~ _ _ _ 

3718 
301 

9 

Nitrogen 

65.2 
4.2 

.1 

Plio&
phoru8 

7.2 
1.0 

.1 

6.0 13.0 

6790 130.9 16.5 
717 8.8 1.0 
39 .5 .0 

39.2 
1.9 

.1 

8.0 

38.3 
1.4 

.1 
---.--~------

. I 10 

I 3~~ 
16 

6.5 

108.0 
12.8 

.4 

5.5 

9.8 
2.0 

.1 

17 11.0 18.0 

5372 128.2 25.9 
381 5.7 .8 
32 .5 .1 

2267 
1962 

8 

47 

6.0 

54.8 
40.2 

.2 

3.5 

5.7 
3.7 

.0 

42.0 39.0 

4.0 

6;;.1 
5.7 
.2 

8.0 

69.7 
3.2 

.3 

5.0 

26.7 
7.9 

.0 

23.0 

2819 69.8 8.3 38.6 
1185 32.5 4.3 8.0 

27 .7 .1 .2 
- ---1---1---

'1 30 32.0 35.0 18.0 
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From the preceding table it will be seen that of lbe legulIIcs 
gh-cn, alfalfa adds the largest illUOlllJt of nitrogen to the soil. forty
seveu per cent in its Toots, aod rcd clorer second with thirly-two 
peT cent. 'Yben the two crops DE red clo\"er are rcmo\"ed from the 
land, the nitrogen left in the soil ill rooLs nod stuhble is OIl all 

average probably no more than equal to that t>tken frolll the soil by 
the crop. so there is no addition of this element ulHler Buell a prac
tice. The table shows that the Toots of co"'peas, soybeans, and 
crimson clover contain a rery low -per cellt of the totnl nitrogen. 
These crops if han'ested from the land probably. not on ly add no 
nitrogen but actually renl()re some from the soiL 

Fresh farmyard manure contains about ten pounds of nitrogen 
per ton, aod the futility of h.,·iog to muintaill lhis elemcnt with 
manure on the average grain farm is readily seen. All manure 
should be used to the best ad\"antage, but where fifty bushels of 
corn per acre, and other crops that remove eqlli\'alE::ni amounts of 
nitrogen, are grO\'i'll it would require nbout twenty tons or uycrage 
farmyard manure per acre eyery four years to maintain it, ('ven if 
iliere were no other source of loss. 

Commercial Forms of Nitrogen.- · rrhc forms in which 
njtrogell may be obtained comlllcr('i311~' SOl' UtiC us a. fertilizer are 
as follows: 

1. Sodium nitrate rOll,tituteg the be,t form in whi ch lhe ele
ment nitrogen is obtained for use ill t'ommerciai fertilizers. Tht 
salt 0('('ur8 il1 northern Chili alld after being purifird by crystalliza
tion ("o ll tains 15 to 16 per cent of the elemen!. Chlorides and sul
fates are present in small qualltities. 1t is very readily soluble and 
should be appliecl when the crop is growing or just before it is 
planted, since it is not absorbed to a very great exten t by the soil. 
It is used by market gardcners alld may be applied to timothy 
meadow and small grains. Its continued use deftocculates the soi l, 
producing a puddled condition. 

2. Ammonium Sulphate.-A.m.monia is a by-product in the 
distillation of coal and the sulfate is produced by passing the am
monia through sulfuric acid . It contains about 20 per cent of 
nitrogen. This salt is reaelily absorbed and because of this is not 
so readily leached from the soil . It should not be applied in the 
fali, because it will be changed to nitrates and leached out and 
lost. Its continued use in large quantities tends to bring about 
soil acidity. 
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3. Cyanamid or Calcium Cyanamid.-This is an artificial 
product made by passing nitrogen into retorts containing highly
heated calcium carbide. It is a heary, black, granular powder, and 
should be incorporated Wit.ll the soil for some clays before planting 
to avoid aD'y toxic effect that might be injurious to the seeds and 
young plants. It cont.ins about ]6 per cent of nitrogen. 

4. Organic Substances.-Cerlain materials that were formerly 
waste products are valuable for thei r nitrogen. Among these are 
cottonseed meal, containing 7 or 8 pel' cen t of nitrogen: linseed 
meal, witb about 5.5 per cent; dried blood, containing from 13 to 
]5 per cent, and tankage, which has from 4 to 10 per cent of 
nitrogen and 1 to 8 per cent of phosphorus. 

Phosphorus.-Large areas of land all over the world are 
deficient in the element phosphorus to such an extent that it be
comes the limiting factor. Jt is especially impOJ'!allt ill the pro
duction of grain alJd in the growth of legumes. Its addition helps 
to make possible the huilding up of soil by larger growth of nitrog
ellOUS soil-renm-ating rrops. In addition to this it in1prore;; the 
quality and increases tlle weight of the grain (Figs. 192 and 193) . 

The needs of a soil for phosphoru s may he determined b)' apply
ing two hundred and fifty pounds of steamed bOlle meal per acre to 
wbeat or corn by sowing hroadcast hefore the seed bed is prepa red 
and securing accurate yields of equal areas of the treated and un
treat.ed laud. Definite eonclusions, howe\'ar, should not be based 
upon a slngle year's resu1ts. 

Phosphorus may be purchasecl in several forms : (J) raw bone 
meal, (2) st.eamed bone meal. (3) raw rock phosphate or floats, (4) 
acid phosphate, and (5) basic or Thomas slag. 

Bone meal is made from the bones of animals slaughtered at 
the packing houses. The bones are a by-product and their high COD
tent of phosphorus makes them valuable. The raw bones may be 
gr6und up into meal, but this contains three to five per cent of 
nitrogen and large amounts of fat and oil. The nitrogen is very 
e':pensive, while the fat is of no "alue to the soil . The bones may be 
steamed under high pressure, thus removing the fat~ and oils and 
gelatin. 'The bones are then pound into meal tbat is placed on the 
market as steamed bone meal. This contaills less nitrogen and more 
phosphorus than the raw bone: 

Rock Phosphate.-Phosphorus ha's been deposited in large 
qUHntities as a mineral combined with other elements forming the 
oj-calcium pbosphate, practically the same as bone in composi-
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FIe , l Y2.- 'Vir hc!).l, 191 1, (' rbu ll.~ field . Cover crops and farm manure plowed under . Aver· 
~gc y ield, :14 .2 bu~h cl.:! per a cre. (rIIillOis Soil Reports.) 

FlO. 193.-Whcll.t, 1911. U rbana field. Cover eropa and farm manure plowed under. 
Finely ground rock pbOlilPbat.e applied. Average yield, 51.8 bushelB I:teT acre. (Illinois Soil 
Reports.) 

~" 
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tion. Large deposiLs arc founu in South Oarol iua, Florida, Ten· 
nessec, Dtnh, aud oiher states. This is milJcd und, ",hell finely 
ground, constitutes the 1'au' rock pliaspha.te of commerce. 'When 
this phosphate is trealed wilh an equal weight of sulfuric acid, the 
res ulting product is acid pliOsJ1hale. This trcatment renders most 
or the pho~J)hoTLIS available. It contaills from six t.o eight per eent 
01 ihe clellletit phosphorus. 

Basic slag. a by-product formed in ihe manufacture of steel 
from iron orcs cOlitrulJing cOllsic1eral)jc: phosphorus, has been ex
tenSively used in Europe u:.; a SQurc'c of phof.:phol'us. hut to no large 
exient in ihis country. 

Forms Compared.-Of these different sources, steamed hOlle 
meal, acid and raw rock phosphate aTe IlIost commonly used. 

Without entering into a lengthy discussion of the merits of each 
of these, it may be said ill general that upon soils low in organic 
matter acid phosphate or stcamea bonc meal may be u.'ed to good 
advantage. If ihe soi.l is well supplied with organic matter, finely 
ground rock phosphate will be preferahle, sincc the acids pyouuced 
by the decay of the organic matter renuer tlie pl!o>phorlls ,,,·ail.ole. 
Any form ot' quickly decaying organic matter. such as legurnes., green 
or barusard manure, will aid jn lil)orating t.he phosphorus. l!'or im
medjate resnits the rock phosphate should he applicd before the 
material is turned ull(ler. It may be adrled to the soil for lhc pur
pose of helping to obtain a cat.ch of clovcr. For heet rcsults with any 
form of phosphate, lime.<.;tone should be pre'ent in the soil. 

In the use of phosphorus on soils deficient it> this element. the 
one purpose should be t.o incrcase the amount by applying more 
than is ]lsed by thc crops. A naturally fertile soil rarely contains 
less than fourteen Jmoored to sL,teell bundred ponnds of the ele
ment per acre in the plowed soil. 

Most upland soils, as shown by the tables on pages 392, 393, and 
394, actually contain from eighL hundred to twclve hundred pounds. 
In the building up of these soils an excellent plan is to add a ton 01 
finely ground rock phosphate per acre every four to six years until 
the amount has reached that of a normal fenile SGil, Or about 
cighteen hundred to two thousand powlds in the surface srven inches 
of an acre. Aiter this is reached a sufficient amount should be 
applied to replace th.t remo\'ed by tbe crops. 

;rhe cost of a pound of the elemen t phosphorus is a thing that is 
frequently overlooked. III bone meal and acid pbosphate the ~st 
of a pound of phosphorus was about twelve and one'hali cents per 
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pound in 191G, while in the fu<:k phmipha.tc the phlJsphoru!:i cust 
from two !lllU ouc-half t.o thfl'C tents pet' }Juund. dl'PCllUillg upon 
the diSLallec from the mines, ill muterial L:olli.ainillg fuurteen pCI' 
<.::cni of tile e1{,DH..'IlL phoSlJJWI"ll': or :J'! pel" L't!I!L {If p!lOsplwric acjd. 

If rock phosphate of the samc illolley ,·allie as acid phosphate 
or uone meal were applied tUtU the cOl1ditions were at all fa\'orable, 
the results obtaiucu would compare well with those from the other 
fOI'fficl alle] tIle J.>lIu!::pllOrus COil tent of the l:io il would be increased, 
as So mucl , more uf thc element would bc udeled. 

P otassium.-As may he seen from the tablc>:-, pages 3!Jt, 303, 
alld 3!)-I, sojls var.}' 1.1 gJ'eat delll ill their contclIt (If potassi ulH. GIlly 
and silt soils coutain the most, while peat.s anu SlllH] S ha\'c least. 
Many peat soils are so deficient in ibis clement thai appli cations of 
potassium are necessary. KotwiLhstanding the Jarge amount in 
soils, it is sometimcs so unavailable that crops fail to obtain thc 
amount necessary for good yields. PotassiullI is us ,,"Ill' locked up 
in silicaf-e mineraJs and the action of ncids of some kind is Jlcccssn'ry 
to liberate it. Thi s may bc accomplishl'd hy thc arids of decaying 
organic matter which attack the mincrals and frec the potassium. 

In soils such as peat the potaesium rna)' he supplied bY appl ica
(-ions of JJLlh1!~:,jlltlJ sulfa te or ehllJridc, en(·II (·onLllioing- ahout eig ht; 
hundred iiIty pounds of the element per ton, Or kainit, containing 
two huuured ponuds (Vi,!!. l !H). Wood ashes rontaill ih'e per cent 
of potassium. Anllual applieations of one hundred to two hundred 
pouuds of the sulfate or ch loride per acre are sufficient for most 
crops. Jlf:rnure IDny hc used, but a ton contains ouly eight pounds, 
"lid the nitrogen of mantlre hM a much greater yolue ·upon other 
types of soil. 

Other Elements.- WOile several other elements are required 
for crops, the supply in the eoil is so large, o·r Ihe amount uscd hy 
crops is so small, that there is little danger of a deficiency. Sul
fur is required in small amount.~, and probably wi ll need te be 
applied only in the caSe of crops SUell as turnips, c'''hage, etc., which 
require large amounts. JTon is used nnly in Rmnll amounts and 
the soil contains an ahundrIDce. Calcium and ma~nesium are low 
in some soils, especially acid ones, anel may be easily supplied in 
limestone, whi ch has been ·discus'ed in Chapter XU. 

Lime, Limestone.-.>UI soils shouJd contain some carbonate, but 
more especially calcium carhonate or I imestone. Its presence is 
yer)' important in tbe functioning of nitrifying bacteria. and the 
production of avai lahle nitrogen . A base must be present te unite 
with the nitrous and nitric acids formed, or the presence of these 
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frel' a(.'iu~ will inhilJit the Hr-tion. ChemicaJ ('omiljnIltioJ) takes 
place and cal{.' iunl ni trii e~ a rill nitralt·:'J arc fOflllL'J. !be hlttl'r of 
which a re uvailable fol' t he use of plants. 

Tho elomelJt calei tim is used by plants as food, as sbown by tbe 
table On page ;190, and there is little doubt but that it may be limit
ing lhe s ize of the crops 011 some so il s. 

Soils frequently ,ue acid _or herome so after IOllg cropping, 
bringing about conditjons unfa~omhl (' for the g-rc"'ih of JUany 
legume . • This acidity may be removed by t he usc of l ime, lime
stone, or Borne other carbonate. Many bacteria cannot dfrvelop in 
an acid soil. . 
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Lime ond limestone hn\"c a beneficial dreot upon the physieul 
cOl1dition of the soil. :.:iIJl'c il ]11'uduec;:-' 1'Io('(.·uJatioIl or gr[illll li.liivlI. 
Tllis pro('cef: is especially importHnt upon hen\"} soil...: find Iho~{' 

defi cient ill organic matt er, and for this reason is more h{,llcficiai 
when npplird to such soils. Quicklime is more cITeeti,'c in this way 
than ('l1 \('iull1 ca rho1late. 

Nitrogen, Phosphorus and P(liassium I'll Fertilizing Materials, Pounds Pl'T 
1'011 oj 200(1 Pounds 

l'.h1crinl :\itHlI!"1l Pho!lphonl!' • ~i\l:2_ 
Acid phosphut.e . II 'l to lUO 
Ammonium sulfate 400 
Aplltite ... ....... . . :)00 to 400 
Ashes, wood, leached . .1 g to 14 16 Lo 50 
Ashes, wood, ullle:J.chcd I 8 to IH (i(l to 132 
BllSjCsJllg .... &~ to HiO 
Blood, dried ..... ~60 to 300 

,:c;.O to '220 Hone mC:ll, raw ... ... 

I 
GO to RO 

Bone mea l, steamed .. 40 to tiO 200 t(l 220 
. '2'5l~' a:i Cot i.onseed meal . 140 to IOU 18 to 2(1 

Kainil. .. 200 Lo 220 
Linseed m~~I·.·. ~ 110 15.6 22.0 
Manure, barnyarcl,' i;e~h·. : . 10 2 8 
Nitrate of soda . 300 to 320 
Phosphate: 

Tennessee rock .. .. 240 to 300 
Florida bard rock . 320 

'S20' l~ 'sio Potus.sium chloride. 
260 Potassiuln lutrate .. 730 

PotassiulD sulfate . . ..... 
. '2'0' ;;' '1'60 

800 to 840 
Tankage, general range. gO to 200 

. 80' ;;' 160 Tobacco waste. ~o (0 80 4 to 8 

• T o find t he weigh~ of pho!!pho ri<- o.cid (l',O~l peT Ion muiliply the weight of pho8-
phOTIl!3 by 2 .a. 

t To find the weight of pot.ash ( litO) multiply the ,,"eight of potl1ssium by 1.2. 

Forms in Which Lime May Be Applied.-Lime may be ap
plied to soils in several different forms. Quick or caustit lime 
(('nO) may be used, but i t costs more than does limestone. 

IJyd rated lime (Ca(OH),) is formed by water-slaking quick 
limc. It is very fine, quite effeeti"e in the soil, disagreeable to 
handle, and usually more expensive than the other forms. 

Marl is formed by chemical precipitation in smnll lakes ill glacial 
regions, and consists of a more or less impure loose, fine cal· 
cium carbollate. It is difficult to get marl out of the water 
"Ild to dry it for soil use, so it is of local significance mainly. 
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Limestone whell grolH1Cl so that it wiJ1 PlI SS through a screen of 
ten meshes to the inch makes an excellcut material for applying to 
the soil. The dust 01' iillCly gl'ou1l(l limestone is read y fnr imme
diale use, while t.he coarser part gil'es durability so thal applica
tiOIl S will not need to be made so often, 

The Best Form to Apply.-E.~pcrilll ell t. hare becil carried on 
at some exp"riment slations to test the ralne of different forms. At 
the PCl1n sylrnnia Stat.ioll two tons or slnkcd Ijmc OIlC'e in four years 
and of ground limestone every two years were used on different pIotR 
nnd the total yields werc greater for ground limrsl oll(\ . AnalyseR 
of samples from each plot showed 375 pounds less of nitrogen for 
the plot receil'illg air-slaked lime. Experiments at lhe Maryland 
Station gave larger yieJds for ground limestone. 
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Al'erag(' l" ield oj Wheat Per Acre Jor Ten } -CUT.'J (1905 to 1914),· Bushels 

~:~~~~ (E~:r~~~~n) I GerrlllUW I ·"umin I-: ~r~f,~~~_\ Fr;uU'c h~ I :~I\~:~~j 
-----------I-~~- ---- - --

14 .8 9.n 30.7 20.0 IS. 1 20. 1 33.4 

• Y~llrbo(l lo. L S. D. A., H115. 



APPEl\TJ)IX III 
TilE f(Jllowing" 1ll"]>S "rc taken fr(ml Ihe Yearbook of the L'nited 

;tateR DepartmcllL of Agriculture for 1\)1;; : 
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l'/dn,. I)f .... ojl ... l'i/j 

<:itangt't1 I,y cHl:-ioll. :1\; ) 
clft'ct of dt'lIxi{ilnj()J1 1)11. 2 1 

(J U j('mpl'I'a1111'l', :W:~ 

of :-;and<;. :'\112 
fn.ctul" in da",.,ilkatillll, 17 

('o lnnltio IlJlld,f\u\\', :i-l 
rh·t'r, \\"OI'k of, 17 

(;rulld l 'aGon, 17 
('olulllhia g-bll'i rr. o" l!]" ri lling foresi , 

~\1;I:;ka . 14 
frollt of. Iii 

("0111111IlR ]' nrral1 g-emeJll I)f partidl!s, 
J";O 

( 'uJltllll:-.lion al1d ch romi C' aci d 
lnpt.hild ~, ('ompa ri"on, I"·,!.!llnic 
111attt'r. J:l.) 

ill oxyg-l!n dl't{' nnil1atio ll of 01'
g alli c: matter. 1;")4 

('OIllI1:1('tl'I',." Imr roller. :l:n 
{'()I'1' u g'<I t t'd rfl11c l', 330 
l'1l 1tij l:t('k(' r. :no 
drum rnlll'r. ;j:~5 
plallkers , :~3 7 
!<lIlt:.;urf Ul'P PUt'kl' I', :~:r; 

('(1l11pad.ing ill(' !io'il, a. part of till, 
Ilj!('. :?Zli 

inl'l'l'a,.e,., 111OistUl'l' ('HP'lc ity. 
~:w 

(\l1llpo~itioJj {1f ff'ltl"'pl1r ,.; . 
fn.="lt manurl', H;~I 
kllt1wl1 t·l lr t.h . 2 
Tin']· sediments, :W::! 

('oncl"(' l (' dum" fo r Hll i llg' gu II i('s . :n:, 
( 'ol1crf'tions, cal ci u lU Clll'bollu t f', G:I 

iron, G4 . 
l'onductivity of soil, effect of, on 

iClllJwnd.ure., :30li 
mnierial , 30n 

('on .. tit ll en ts of .. oils, mine r'al, chap· 
tel' Oll , 1 ~3 

organi C', chll pte:· on , 142 
Coniuur pJowiIJg, deep, Hid iu ci leck· 

ing erosion , 364 
seedi ng, aid in checking erosioll,; 

365 . 
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CuuLru l of moisture, d1U.pkt {'Il. ~~2 
\'onlilll'J"a1l I.·coter HI <ll'l,.' UHIUlllliou , 

45 
Corn, 1.\('1'(_·:tgt' , HlO!!, -IH 

Iwlt. I'CJ tU.tiOllS, :3S~ 
comparijo,(lu, eulLi\,uLI·d, :-1'l'UPt,tl, 

\\,(,('tl~ a Uowed l v g I'{)\\ , ;I:i I 
<:ultinLlillll. :l,~)..'l 

t'lf('c ' t on yield of rovl prulling 
ami [h'c'p liJIJ ,,/jJJ)J4J\\ ('Illlinl ' 
Lion. ~1 iJi'i 

growlI Ol'! dr)' lalld , ~,)~ 
Ull ~\\"l1l11p lalld , ('th'l'i uf IIt.

ta~~iurll orr ... HH 
Illclhod of preparing :-c~·d l'l'd 

for. :;-18 
pllud.(' l', ;'!;{S 
I'l'udu('tivlI, 1!100. <113 
),(,,,1.11(,, of f'ulUnitjvll, 3.~,~ 

yidd~ L1f, dilrl'I'\.: llt Ilwihml ", of 
Ull :lg"e, ;j(j-l 

CoUo n IJtdt, rotatioll for. ;jS-I 
('ottre ll, J I. ]\1., p('lwd:-; s('('d pCI' :It·l'\· 

fIJI' Jilr<' r('llt nop!:!. :!.'l,) 
('IWI'I' am) ('atch cro/>.o;, 11)) 

Cox. 11. H" with Cllies. J. K., re· 
:"ouli.::; corn ('ultinltioll, 2H :-. tlltC>;, 
~l.j3 

(' I'aeks, ilJ hlllck clay loam, l:iG 
blil'illhage. elft,ct (If. 011 ]J(' fl'o!a' 

Li on, iHI 
Cl'Opping, alt.l'l'nllh' 1'1<1. (:olltillUOIl:-. 

-"ield:>. 250 
cO;ltiHlIOll ti vs . after fallow, 

wheat .... i{·ltls, ]\lollt.alla. 2-1H 
loss of o~'gullic maih'l', due t.u, 

15 1 
sy::;tems of, 24.8 

Crop requirements) plant food, aBO 
C)'ops, alkali·rl'<:istaIlL, bTJ'DWil1g of, 

0 11 alkali hlllll , 2S5 
caLeb and eon~r, HiI 
deep rooting. effect of, 34:i 

On moisture cl1pa city. ITI 
for dry farming. t:\t.>(' dry ·farm

ing crop!;;. 
f o1' jnl,!!lItt·cl land, !oipe irrigHtl'Cl 

land. cr Oll!; for 
l1oll-tilleu. factor in Ilminiai.n

ing org-li nie matter, 17] 
plant food in, 390 

l 'l'o ]11>. prutl't't 1m. frulll l'1'( '!"i ou I,~' 
('ut.\'11 aud l'U't' r , :lIi:.! . 

1IIt'lIthJI\>; I,tllli jJa~l ll r{!~. :WI 

r o tu! ;"IJ IIi, ai d i ll Illzlilltailljll~ 
t.r;,!!lll it· Ill1lll.(· I'. Ii! 

ft·Il ·)' I.'lU· I.llt'I·U;.!I' .\'il,I.1 ur. \1,1' 
~tai.I':O ill lllil t·d ;-':tlllt·:-, -10:-, 
-Il)~ 

( 'n'"'tll l1'lid ~, <1ill]\· ... i .. Hl 111 dilJ'u ... il.1I 
~,r. I ;ll . 

( 'u/til';d jllll a{(t'!' irri;:lIti\)lI. :l;;~ 
aut! " UIIIIlII'!' Lilllq,!'I' III dry fanll ' 

[llg, :,! .I(j 

1t'I·cl. :) .~.5 

(,hj,·t't Ilf. :i.jO 
of ('111' 11 (Ill g' l'ay r;ili IOalO (jlJ 

Li,::!tt. 1·la.l , yil'ld"" :I.i:{ 
of cvr ll, .lll i llll i~ rit·ld.,. :l;j~ 
r(;::;u II ,.., uf fft',·p 1III'd "l lllll('II. II itll 

l.lml 1\ 11 h(luL root.. prUl1illg , 
I'UI'II. :\,i.' 

ridg-cd , :.l5.t.i 
( U/til'utOI'::;, :-l:J7 

hIndi', :::::fJ 
di ~k , :33f1 
s ito\'l'l , :{3S 
w('l'd('r, :HO 

( 'ul1ll.1lo ... (' fili i I!'!, 27 
t ' (I r r ents of u i r, i·(.UI ('('tiun, "OlI I'('P 

of III~:- of "oi I I ... al. :!!~lj 
( ',rft uumid, ca/ciurIi, <l0(/ 

Dams, for fillillg- '::lIlli" b, ('(lIII" '('ll' , 
2i;1 

(·n.d ,lt, :!il, it:! 
])(';WOII, t:. Y., l'c latitJIl bet.wcl'll \'t:. 

10('ii \· !Iud Ulllotll1t of lila ' 
teriu'J C.'Itrrictll)\· strNIJJl :", :)::\ 

Dr- I,ris (·Iitr, :JO . 
Dcc:omposition, eJl'cet. of. (111 10" .. uf 

t'ulh,tituents of l'(Jd~, ~~ 

of orj.!anie matter hy draiuagl" 
22!i 

of rock s , 11 
I,y acids, I!) 
Lv allj mal~. 2G 
h,~r plants. i.J 

through solutioll, 22 
Ikcp' footing (,l"OpS, ctrt'Ct of, :14:i 

on \\' 3.1,,1' CfllJlu'ity of .;.oil, 
2:;' 

DelJt!rain, elf('{·t of ncratioll on nitri· 
fyillg ImeLt'rin, :{~O 

1(l5~ of nitrate/'l by leaciling, :i22 
D('uitrifi(:ation, nitra.tes lost by, 3::!3 
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Density , wit.h surface 1.cns ion of 
so lution:., :!O(j 

l)('u.x itlntiol1 , 21 
Dcpmdts, eu lia1, 53 

gi<l.l:ial or ice-la id. cha.pter Oil , 
41 

Det('rmination o f llUlllU S, 15U 
Uilllmsc, 7 
lJial,vsis Ilnd diffus ion , colloids, cry~' 

talJoid~. 1:> 1 
of ('ollnifb, 1.10 

i)ifl'lI;;ioll , hwtllr iu ui;mtion, 3J I 
Lcmpi,:ratufc for. 2\18 

fJig't'sf.ifJWty of flOCd !.. lti:! 
j)illr i t t" 7 
ni ~ iflt,('g m.tiof[ by plants, 19 

: :~: ::'~:;r\~8 
o r Toc' ks, 11 , 32 

llj siri!lHtiulI of nlknli, v-crt icnJ :ll1d 
1I0r il\0 ll1.III. ~SJ 

of irriJ:uiiull wnter. 2GB 
Oiichc:>. Op~lIl drains . :!:!6 
J)obel ll'j 'k. hygros{'op ic Illoi ""turc in 

rcl/\iiull to rdll ti"~' humidity, 
1IW 

])olom itt', ca lciulU lllugncs iuli..1 ca r · 
hllll:d,t:'. 5 

Dorsey. C. W .. reclama tion of alkali 
. land by ullllcrdminagc, 2Stl 

ulkaJi fi t l\ laryhwd station , 200 
nraill g agl's, :!20 
Druilulg-l'. dlapt.er on. 22:! 

benefits of, ai;ration improq:d, 
223 

alkali. ri se of, pre"ent~>{I . 220 
decomposition nnd ni trifica-

ti on increasr-d. 22 ii 
eros io n dcc;rcu.lSed, 2:81 
g-rllllniation improved, 222 
hCll,'ing reduced, 225 
Illoi sturr, avai lable, in . 

cl'e.'ls('d. 222 
• s tabilih increased. 222 

tem per~ tu re raj SN. 225 
effect of. on :zermjnn.tiOJl nni] 

growth. 223 
on soil t emperature. 301 

from S feet of saturated sand, 
22] 

tn>es of. open or ditclH$, 226 
tilt" 228 

Urllins, sce Drainage 
Drills, seed~ , 337 

DrtU~~.:. ~~ _~ .. " 

l>ly . farming, crops for alfalfa , 253 
lutrll'Y, ~51 
l'oru , ~5 1 
eUlm er , 252 
knfir. ZJ2 
rni lu lila izc, 252 
oah;, :lil t 
po tatu!':;, 2;:;;) 
n ' l', :!,:)l 
sOq.~-hllTll, ~52 
f:l pclt, ;!Ji 
wheat. 250 

dc('p, mediulIl-g-rlLinl'd soil well 
uua pt.,'d to, :!4,'j 

Dry-land agriculture, chap t.er all, 
238 

DUlllo nt . eITect n.lka linc caroollate on 
nitrate productiull_ 3::! 1 

DUJl('s, (' In y, S!tlld, si lt, ;"}:l 
perruanent or fixed , 55 
wlludcring. mig-a lory , 54 

Dupr(', with Lynd(', C!upi llnry pull , 
2 11 

oSnlosi!; in soi ls. 2 12 
Dust auu l o~ti8, physical analys is of, 

G4 
"torm, 54 
\"ulcaIlJe, 65 

Dyn:wlitiug of soils, 345 

Earth, composition of, 2 
dam fur fiJlill1! g lllli l!s. 371 , 3i2 

EILrth's cru !;t , element s of. 1 
EUI-thworms, aid in soil formati on. 

3 1:') 
e.ffect of. au soi l, 25 

Eel-grass, 37 
EJemCJlts of earth's crust , I 

plant food. :-mO . 
l~ l ertrical belm.vior of colloidl'l, 133 
Elutriator, method of physical analy

sis, Sch1.ine, ] 24 
churn. Hil,!!ard'e 12Q 
cent-rifugILl, Yoder 's, ] 2:R 

E ij lial deposits, or wind-laid soils, 
53 

udob(', in part, 64, 05 
loess, 60-64 
sand, 53-64 
volcanic dust . 65 

Eroded hill lauds. ;rield from, 3GO 
80il once forested, China, 3:30 

Erosion, chapter on, 357 
cause of, 

rainfall, character of. :\51) 
te~t,!l:e Ilnd structure of SOil: 
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E rosion, cause of, topography, dl't'ct 
of,3dS 

, 'cgetntive coved))::, 351) 
c}ll'ckt'ti hy brulSh. :ij~ 
decreased b.)' drnillll.gt·, ~:.W 

by organic lIIatt.l'r, 1:";0 
hcndwllll'r, 3i:Z 
jJl pll.st,ur(', 370 
kinus of, lShc"t, :Hil 

!,rullying. 3{i9 
of strcumg, 16 
ohl-tldd in l\1i sfol issi ppi , 370 
organic mntter lo~t hy. }:")I 
resu lt.s of, color of 80ii chnll~('d, 

3GI 
organic maiLer and nitrol,!('n 

remo\'ed. :!(iO 
physical character of f',oil 

sheet~I~~~5~~dS;l(~p pr('\'cntion and 
"'~da.I11llti{)n, ('O II\'Olir 
sCl'di ng . ;u)5 

crops, protection h,\', 
3Gl 

deep contnUT plowing, 
364 

limestone, applica.tion 
of, ~(n 

orgltnlC matter, in-
crcMin~, 3ti;~ 

reforesting, 369 
r(>s idllcs, ;l(\!) 

terracillp-, 3(i5 
tiling, 3(i!l 

E ruptiye rockR, (i 

"Esker, A.dcline, 44 
material compOSing it, 4 :") 

formation of, 45 
Evaporation, elTcct of, 011 Boil tl;'m

perature, 300 
factor hi adaptauility of It re

g ion to dry fanning, 24 1 
from a free-water surface and 

ra.il]fall, 24 1 
large loss from, in dTy farm 

ing, 243 
loss by, effect on trans pira-

tion,191 
of water, cools soil , 296 
prevcnted by mulches, 232 
rai.nfall and, Rothamsted: 211 
r ainfall and perco lntiol1, Hoth· 

amsted, 2'20 
r eta rd ing of, factor in croppin_g 

alkali Jand, 285 
Evergl ades, Florida, 29 
:txfoliated granite in California. 13 

EXIlllllsiun. enormous. elm' t.o hydra
t.ioll. it 

dUl' to oshll1tion, ~1 
uf rOl'ks, J;J 

ES}lI"t 'I:!:; illg llluisture contcllt. \\'IlJ'~ 
of. IHI 

Fall plowing. :l4:! 
.FILI lo w, c(Jlltinut)lIs 1'S. afLe]·, wht"'ni 

yil'ld R, ,\loUtllllll, :!4S 
Fallowirrg-. h),.;,.; I,f orgllnic 1I1o.itc r 

IIY, 1:");1 
Yo.l'Lll hllld, \'alul' per l.ll'n'. -,II) 

pruJ!('rt~·. \' III \I ~ pCI' a c "{', 41 1 
F('{'(IH. d i::l' ,.; tihility of, Hi:! 
J'cldsJ.lurs. :1 

l·oUlpu,.; itioll of . :~ 
Fl'rmclltntioll ill mallure, fll l'to r in 

\o"!; of OTg"llllic IIlILtil'r, In4 
Fertility in Illinois lioi1s. ;W4-:~!ln 
l "i lms ;lllcl \\"Ui Hts of wllter ll.l)lJul 

IJllrticlf's, :WO 
thie'k11l's!! of. ill Boil column, 201 

Finu M lldy IOllllli'. lhi 
Fippin, E. (l_, with I.,you, T, 1.., sur

fu('e tCli s illn nlu) dCllMit\' (If ('cr-
tnin ~(ll uti(ln s. ~OG ' 

Vi rd~. orgmlic 111ft ttcr lOflt by, I;,:! 
Fi~dH'r, carboll dioxide in rllill IUld 

SIiOW water, :!O 
Flnl'culo.tion. effl!ct of A..mlllonin.. 

lime, b~'p;;Uln, s(ldiuTIl <'Il rilo n
ute on, 1:l7 

or cO{l_g1.a[a t ion of dll:VlII, l:l/ 
Flooding- or{'ll:tnlri, IUl !l in f'yst.t'm, 270 
Florida cnrglndes, 2fl 
Flow of water. compa.rison hc.iwP('n 

comput('u and oh~l'rn_>(I, 12!) 
Food for ba<'tcria, 3Hl 
F orhes, R_ IT_, "1\1\1(' of mate rial CIl T

ried by ~o.lt Hh'('r_ 2112 
ForcRt, I;eing bur iNl by Ha nd dUllP, il5 

reSlIrrl.'ct,·d, :')5 
Fragmentlll deposits_ 8 
FreeZing Ilnd boiling points, col

loids. c.ffc('t on , 1:l1 
and thawing, 14 

effect on wa.ter-log"!!(.'<1. sa;) , 22;) 
.Furrow irr ij!'atiorl of potatoeR, 27 1 

GeoloJ!ical classification of p,o ils_ 72 
(;corgeson, influe.nce of man UTe on 

Roi l temperature. 294 
Germination and gron-th, effect o f 

drainage on, 223 
limit of (lJknli for_ 284 
temperllture for. 290 
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i ;ilh'-J"i \\,;01 IJJnl'e~, trall!'tl,imlioll, 
I~t'o 

I: ludu! 11m! lu(,,.,,,iai PI' lI\ jlll'\', ~..l_ 

drif1. : .. ;TII\"II, pIHlM.',-11 
grulJ\ ('~. "tria'" 43 
lid .. ,· )j/H/ rht'r 1L'n'jJ('f! IJJ'oyijJI,.'e, 

t-I!I 
lab· ..... :-,11, ;,] 

exlt' ll l {.If. 4v 
or lVI',hl ill l_h'\lU::;.itl:-. l'lw .. pter on, 

·11 
j 'l 'ri lld. ,1.-, 

s('rnidli'i' 011 houidt'r. 42-
~iI·t'all1. ,dllL\ iatiOiI Ily. Ii:.! 

(:111l"ialiOIl. l'xll'llt uf. in i\'orth 
:\ll11'J'il-a, nUlp of. -Hi 

in 'EuJ'ol't'_ lllllp tlf. -IS 
l;ll1C"iativn ... Illinui::mn. -17 

/(lW:lII. 4,., 
.JI' J':-I'YlIlL til' :\,·bl'll:lkan, -lG 
\'al1 :->an. ·Hi 
\\ iSI'OII"lll. -Early, :;0 

La.h'. r,u . 
/,'/Il(,j('r. {'hl·fll':..:-a, .:1/ 

( 'ullllllliia. !'roul. 1,; 
41H'J' -l'idillg- fon· ... i . ..!\ln~kR. l~ 

tlt'lim'tl. ]ii 

f:ll' i(1r ill w"aliu!riug. 1:; 
iudd"lli:li F<'allltl's. ,-,I.) 
pr(':'~lI rl' of iN'. Iii 

(;rand Caliol1. Colorado River, ]7 
nnlllitt', 7 

l""f(oiiatt'd, ('1l1ifu ]'lIi n. ]:1 
" 'iud-ear' I,d, IS 

(;nll1ll1a t~~r;, cfr,,('{, of urai nllge 

of or),!ani(' matter on_ U S 
of. on p(,J'('oIHt ion, ~18 

UrIlR'i. IW:II'11 or )fllrram, tTIIl/.~pl11ni 
ing-, !l{i 

1Iu11(:II. holc\~ ~:l nd, (i0 
~l"!w('l llnd ~nn('lIy loams, 13ft 
Cru,'('\\'- \o::tms, ] 16 
C1'J}Ycl:.:'. 111j. 
f~ntdtationfll Wllt('l'. c'hnpt(ll' on, 2li 
r.nwit,\·- la i·d !'oils. 30 
r.reut Basin reg ioJ.l, to(1 

Pill ins re~ion , 100 
Green m8 IlUTf'S. ] 60 
Growth and g't'l'Ininn.tiOll. effe('t of 

drainn~(' on, 223 
cotor of I'\oil~ on, 30:1 

of planhl. limit of alkalj for: 
284 -

temj)&aturc for_ 207 
Guide-TOW terrace. iW5 
GuLf Coll~tal P lains, and Atlant. ic, 91 

I ;!JlI.I"iJIg-. JI)f'/.Jlud~ uf /H'f','cn1itm and 

t;,~ 11~I1JJJJ .j 

liltill;:. dam .. , :171 
~uil, :n -I 
~ll'u'\ ;tlld hru::;h. :1'iO 
\"i'gt'tatiull, ;17,1 

llalwrlamlt.. tiU1C J't''1l1irC'u fol' ger
luiuUlil'1l at. diflt.:l't'IIL tCIU!J(!ra
turc ... . ~nj 

111111 . ..:\. I) .. rainfall find P\"Itj)\)rl\

iloll. l: olltalll:-t.Pll. '!.ll 
table, ndllfall. p,;rcuiaLiUIl, CHiP

tJl"UiiOIl, J{tll, h:lln ~(t'd, ~~lJ 
tt·llIpt'l'I.l.iurc (...f ;o,oil fur ~Tu\\·th, 

'!.HS 
~-il'ld of \\ ht'at with I,crcolutiull 

laq.!'(' aut! :-'IlUlll, 1;)3 
]Jl1l"tlll(,S~ uf lIlillt'l':ds, ~ 
llartlJllltl. WI 

l'tl't '('l ilL ill lLlkali hl.H~ls, :2!10 
llanow:" a~'IlH' 01" blade, :~a:1 

tlisk, :l:{4 
~f,jk('-i.(loUt, :':31 
'-pring-t.uolh, :-l:{~ 

Ila~- al1d J,a~tlll't' j'I'O\·lll(,c. rotution 
ful'. :lsn 

nellt, uh::'CI1'ptinl1 Hnu ruclin.t ioll (I f, 

(·I]'('('l ( 'I ( ,...( ,il t('UJl't"'(ttUI'(;' , ;j{)::! 
I1ml t'l~ltI. facior in lliS-illtegra

tion, 12 
condut,tiOll dowll\\"lInl illtO Roit, 

f'OLl]'('{' of J(,!'f', 2nG 
I"oil, /:lQUI'(_'l'1!l of. :!H.3 
sjw('ifie, I1.lrpciing' soil tempera-

ture . 2nS 
efrt·(·t of lIluistuT(> nn, 300 
of common suhstances. 299 
of Ro il ('on"tiiU(,lltR_ ~fl9 
of !'oi !s._ ~IOO 

to j)"ll('trai{' soil. 1ill11' for, :Wr. 
]](.·avin)!, due to lu(·k of clTnina~e. 

22fi 
of nlfnlfll. 2Zll 

.. Fff'a\"'T!> soi l. defined_ 134 
JJ ('l1r i c~e l. water transpired per 

pound of dl'Y matter. lSR 
Hf.'lllutit(',5 
Ffilgard. E. ",., chnnges in organic 

matt.er, 146 
l'llllrn ('luLI'jator, lZG 
('omposition of snits in ulkali 

spot. 282 
of typical alkali salts. 280 

efff"C't of \-a.rion!:! substa.nees on 
h,"grqsoopic capacity, ]95 • 
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l-lilgnnl. J.:. \\ .. ft'ri ilit." ill I~u:. :-. iall 
"uib',:m:! 

fun'l_! 1',U'rll'\.\ h~ nllJt.. ill l'eBe' 
Ll'Hliug :01111. 1\1 

J;l"lllh·,.; ul :-ui, parth'I,·:.-, :-,'St.clll 

of. /:U 
Idglu':-'l IIltlillllli IIf alkali wiLl, 

plallt-; Ulllllf"C11'd, :!I"I-I 

lly~rO:l{'llpit' cll],avil,r ul l'ouil ... , 
1!1-1 

nilrllJ.!"1I (,...,IILI·IIl (,i hU1llu", 1 ~ll 
PII II~" (If I,Y)!I'OSl'III'il' 11l1Ii",lUn' , 

J!tii 
root:. alld IILHIJII"; ill I: u,.;:-,ia II 

;,uil:-., l~-I 

\I'I'li"lll di:-lriltllliull (Jf alkali, 
:!~I 

U,,(,killS, t'. (:., ;!I'N(/l""; ", particle.;. 
:-yl'ill'll! uf, 1:.! ,' 

prud lH·tio ll ~d :-\\l'l't dover pl'r 
U l'r{', ];;~ 

lJumid alld arid !; ul n.\)ib. 70 
I'C~i()II"' , ulkuli lIi. 21)1) 

~l' il,... i::; 
lTi tl'UUVn ill 1t1111IU<;; of, ]-1; 

iJumidily, 'al1'('Cli llg lIyg-I'II:-t'opic 
llH,i:-turp, ]!I(.j 

lIu11lili cUli l 'll , progl'(' F"R o f. '\.jfj 

lIUll1mo('k ~, l'ull('d hug"', 30 
illWIUS, (it'li n(:'lI. 14~ 

c]t·Lel'lllill:tiion of. 1,:j(j 

in Chel'lloz(,lIl Hoi]",. 144 
uiU'I',!!l'J1 f'OlltC'nt of, J.J7 

J[nll'lltiuli . :?l 
11~'droclI1ul'i(' a cid, deculllp'lsitiOlI 

hv , ::W 
BJ'~rvbC()rj(' cnpll("it.l' of ~ojl s, 1!11 

codlicienl frolll (lillcr consbwt", 
fOl'lrlllla', J!)i 

of Roils. lf1f; 
relation tl) wilting coenici('llt. 

l!li 
moisture, alTettt'(l h~~ ('otloid", 

195 
by humidity. HIe 
by organic matter. l!Hi 
I1t size of partic le:;, 1!)4 
by tem perature, 195 

chapter on, 194 
use of, 1 fl7 

lcc· laid deposits. dlapter on, 4-1 
Igneous rocks, 6 
Ignition, loRs on, ]54 
Implements of tinage, compacters, 

.. 335 

IlllJl[I~ IlJ('llb or Lillagt·, clllthutul':i1 
3:J~ 

il<lrnl\\:-o, ;~a:! 
II:-ll'r~, ;\:\:! 
I'lu\\ :-o. :l:!i 
tlL't'd,'I':-O, :J:'Ii 

[11"'PI 't"" "(lIIII',lllt'd hy rotutiull. :,f~i 
HID, :-lIi[. :jl ."j 

I tlll-rglac'i:l [ ~tug''''', ,\ fLIllliull, ·Hi 
l'vllriul1, -IS 
:-'Ullj.!,UIUlIi. ':Ii 
\ al"lJH'llth, ·11i 

I ,,It''' I1 .. / :II'('a PI' ~lIrfat'i'. )f.;) 
11111"11'-:;; \1 ' l'ud ... , I; 
[',\1:11\ ;,!llll'iIlLillll. -Iii 

illl!lortallt \(.1· ... ,.. ,h'1 ", ... IL 
IH'I '[ I·d II itll, {i:.! 

IITi.L:III Ni /<(lId. ne,/'''' fill', u/ildfu, :!j:i 
t't'n·Il/,.. :!i:\ 
fOI"U).!I' t'I'(I/''', :.!j':, 
rl'llil:O:, :.!7,"j 
;" ll)!llr lH'l,t~. ~I') 
\ ' I'gt'lul,1l'S, ~~,-. 

lrrij:atioll, 1,11,1]\11'1' Oil, :!r'r 
1Iy ol"{'rht'ad I<JtI'UY or !-.priuk 

liug, :!j'~ 

I'allltl~ lill('(1 \I itll "IIJI('rt'I", :.!,-, ', 
('lllthatiOlI uftl'l'. :!;:l 
l ,n'l'd nf. (Ill ri:-ot' of alkali, ~al 
in ItUlllit\ elilllall'~, :!i:) 
11ll,t ll(,d:- of, 11uudillg-, 2:70 

fIlI'l'OW, 2;1 
!-'>I,riukJin,L" or O\'I',·ill'll.d ~/1.rlly:-O, 

272 
s ul"iT'l'iglltioll. ~i2 

potnlll(')O hy flll'l''I\\'1-I, 271 
1'1'I/,Hl'atillll oj !fwd fol', !!:)!l 
Pffl.il-I'l:-o in \ ' nit('d ~laL{'''', 2:-,"; 

;11 ,'liI'il·d (jlHIIiUtic:'l, ,\"ieJd (Of 
dn' ill/liter. ~lj4 

S(lur~'I'," of. dil·CI'_.,iull (If 

str('llIn !:l, :2::'8 
lJU11ll'ing: from stream" or 

CRUlI[,;, :l:1!1 
rp.H' IToirs, ~;jfJ 

l'uht('rl'fillNll1 suppl~'. 2:i!) 
\\'n tpr, chHracter of, 201 

tillU.' (If. ~(i:l 
Illi rwi", ~()il l'UrVl'f. 112 
IllinohnlTl glnciati(Ul, 47 

Jardine. W, }'f., ~' i (!ld of milo IDnil\(', 
Texas. 2:i3 

,Terseyall or ~('lJraskn.1I g-Ju('iation. 
46 

Johnson , S, W ., carbon dioxide in 
soil aiT, 20 
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Knl1lc,;, fo rmat.ioll of . 4;') 
KlllISltU gllic in Lio ll , ·Hi 
l\lll'mkl'l'. "m llsiulIc:cB ill 801ution 

plu." little paTL ill cltpillal"Y move
Ilwnt', :W5 

Kl'l'wutin {'enter of UC(' I1OlUll:Lt.iOII. 4;j 
Killg. F . 1\ ., IUHollnt of so il ('arri(!d, 

J\lisRissippi Hiver, a5 
ar;pinlior, I~ S 
\'olllpuh'd surfnecl'; of J.l'o il pur

tidl'S of different kinds of 
:-oiJ , 18 1 

lil'plli of mulches. 2.:~5 
dilTl'Tt'lU'l' in tt'lD]Jl'ratuT(, due t.o 

!;iopc. 305 
cO't-pt uf drnillilge 011 tempel'a

illre, 2:24 
('ffl"ci of willdbreak 011 cVHporn.

t-ion. 301 
mRTlllre in surfllc(' caU 8C~ rise 

of wnt1'T into upper thref' it>d, 
2 ]2 

1I10V~lent of mois-tll T£' from wet 
to dry !';oi l slow, 20:L ~04 

Tltin Clllls(I(l Ti>l.e of water from 
s l1bso il. 205 

sumpling tulle. llfl 
s rrillg' d hwlm. rgl..' g-rcnt(:T witl l 

fallillJ?: oarOlnetcr. 2HI 
water c\'aporllted with wa ter 

tallic at Ysried dt'pths helow 
8urfll cc, 2 10 

water U5£'rl per pound of dry 
IDntter, lSfi 

weight of pnrticlcs with film of 
wuter, 33 

LnhrndorCll1I center of accumula
tioll,45 

LIl(,lIstrinc 80il::., 37 
J~nke A!!llfiSiz, 38 

beds, 3i 
Chi cHg-o, 38 

Jevel floor with distinct shore 
linc, 37 

filling ,-.;-ith peat, method of. 21) 
.MalllllCl'.38 
terraces and beadlcs, 3; 

Lakes, m ... ·bow. 28 
Lnnus , alkali, 278 

,-a lue of, 290 
preparation t)( , for irrigation. 

25g .... 
surface lowered throngb Bolu

tion of limt!stone, 24 

Lang, specific h£!at. of soil consUt· 
1Il·lIt,s. ~!HJ 

Lapham, .J, E, lwd M, H., Bureau of 
~oils, soil surn'.'". is-II I 

JAltitude, a.ffecting' organic content 
of 80i I ~, 145 

or ang-lc of SUll'!;, rays a.ffecting 
suil tClllpcrutur(', ;'W-t 

LtlWCEO aIHI Uilhl' rt.. water trans· 
pired U.I' I!'rU\\'ing pliwts per puund 
of dn- IJlIltt('r. 188 

Ll'UCJJjl;;._r of manure. fllrtor in loss 
of orglllliC' mattcr. Hi,l 

of so il, org:a,nic matter lost by, 
152 

nitratei; lost by. 3:?2 
Lcg-uml'l'i, (;onlJ)ositio~ of tops and 

root!', 31)8 
'Len:l hellch t.erruc'C, .'lOCi 
Ll'''!'rett. F.. ('on ll CC'ts 10('8s with 

Iowl11l ,f!laciatioll, 112 
depth of drift. Illinois, 42 
run -ofT for lllinoi~ rinr hasin, 

:358 
Light, effect of, upon soil bactcria . 

321 
. r Light" soil , defined , 134 
Liquid lUllllUrc, "/llue of, excretcd 

b.v fllrl1l ll11imal:s, 102 
Ume, -103 

and magnesia in soils, i5 
carhonate carried by Thames 

River, 23 
efre~t of, on number of bac

teria, 32 1 
on flocculation, 13i 

forms of, nir~slaked limp, lime
stone, ma.rl, quicklime, 405 

in prairie compared i l'it1! lim· 
her soils, is 

quick" loss or organic matter 
due to use of, 152 

Lim~stone, 403 
addition of. aid in producing or· 

gallic ma.tter , J5S 
and rock phosphate, effect of, on 

growth of clover, 159 
ttpplication of, aid in preventing 

erosion, 3tH 
best form to apply, 4u6 
boulder with glacial scr!ltcbes, 

42 
ca1cite, 5 
composed chiefly of sheIls, 9 
contain~ng cri.lloid stems, 9 
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Limestone, clfect Qf c<lrhonntt'li 
wuter 011, 2:! 

rador in maintaining or;:..rll l1i c 
cont.ent of Hoil, J45 

rallt'Ys lUlU ['pllllHls prol'illt't'. 
83 

Lii'ler, work of. i\:ll 
],i t.iloiop-icul factor ill classifieo.titlll 

of soi ls, i3 
l .AltllllS,]J;j 

c:ill\', 1]5 
gnl\'eUy, ]]6 
I'l:tlt.y, J 1 .. 
~Illldr, ] 1(; 

fhie, 116 
silt, 115 
SLo Il\', 110 

LOCIIMt, i.Jack, holds Mild, 50 
growi ng 0 11 gullied laud prl" 

v('nt,g ~rosion, 3liS 
l.oes,. and du.st. physical annlYiH'S. 

64 
e\Jf'mif'ul nnalnlt',. of. (i.i 
rlcli1wd. OJ • 
deposit, COTllH'Pt.NI with Towan 

glll(·jntion, (;:! 
dcpo",ib, 4R 
forma tion of, G2 
Hkindchcn/' lime cOlH'TPtion ... 02 
oceurn'llce of, 61 
origin of, 61 
textllrc uniform, (i" 
ertil:n i wall$; or ('}t'Axng-e. ('hnr· 
ncteristic of deep. ll:l 

Loosening soil, a.n ohjt.'t't of lillll,::!'(" 
:~2;, 

l .. oss h.)' ('\'aporation, effect of. on 
transpira.tion. HlJ 

of manure and its prf'V{' ntiOJ1 , 
103 

on ignitioll, 154 
compared with organic mal · 

ter. ]54 
Losses of organic mattf'r. 1st 
]Au~hridge, Tise of wait'r in ('lay . 

20G 
J .. ~'on. T, L" and Fippin, E. 0 .. imr

face tension and d(,UBih' of <'I' ria iu 
solutions. 206 . 

Lynde and Dupre, capillary pull, 211 
osmosis in soils. 212 

Lysimeters or drain gages, 220 

];Iacro·organisnls, insects, 31 5 
p lan ts, 31 G 
rodellts, 315 
worms, 315 

;\IagueRia in prRiric ('oolpa.n·d with 
t,imh{'r snils. 75 

nnri lirnt' ill soi ls. 7.1 
;\11l~IH'si11l11 ('n r bollllh.'. tiniomii('. ii 
;\[u,!!Ilt'i.ii.('. I; 
;\Iaint.llining Ilnd incrca.sing orgu.uic 

l11utiN in soil~. cltu ptcr Oil, ljS 
1 1H jor ('rOpH, d<'fi!1l'd , ::170 
)llllIgro\'t~ llHlrsh, Florida. :H 
j\Jnll~1I111 ternll!t', :1(;0, :W7 
;\ltlllun', IUlrtWurd. IHI 

COII!'('T\' ('l( f,y liSt' of n ht:lorhcnts, 
l!ii) 

farmyard. influencc of, on soil 
iempl'Tltturtt, ~! I ·I 

nilrol.!t'll {'(lIIll'ni. (If. :'HHl 
frc,.;h, C(1I11POsilit)U uf, IG;~ 
gr(,(,IJ, 11;0 
lu~s (Jf, and its pn'nnt.ioll. lG3 

It,\' ferIlJl'ntlliioll, Hi" 
II,\' IC!l('itill),:', 1(14 
o l'),:'lInic IIHtttt'r , in roli.ing of, 

1(;;1 
metj,odrl o~ n.ppl,l' illg', W8 

of hlllldlm;,!. lO r, 
"'olie] al1d liquid. valllc of. ('x· 

(:rC'tt-'d h\' furlll mdmlllR, 162 
!'!pn'udt'r iri nC'tinll, Ilji 
s tcI'r, (~(1mpo!!itilJn of, afL.;r ex

po:-;ure, lliti 
value of illcrcallc tllIe to, pcr 

10n, HiS 
)larimt, C. F .. und othas. area. reo 

!lidunJ !'oil.o; ill Cniu'<l Htatc~, 
mnrpt'd, '27 

RtlTeUtl of ~oiI8. soil Sllrvey, i s 
)Iarinl' Roil s, 36 
~\ lllrl , 8 
.llarrttlll. or beach grass, tnl1l>lplant..

in!!, ;;(j 
)rarsh. mlLrine, flect ion or. 3G 

mangrove, Florida. :lj 
Marshcs, ('arl,\' stages of formntioll. 

map, :lG 
defined. 27 

·Martin. F . 0 .. and others, chromic 
acid method , ) 54 

;"Jllterinl in soluti on in streams, 24 
'!\'fnumec. Lak~, :lS 
Ma..ximum water capacity of soils. 20!) 
·"h-IcLane. with Briggs, lIloistllre 

equi\'alent ('t' I)t.rifllge, ~02 
Meadows, hold soil against erosion, 

~Gl 
Measurement of irrig!Ltion water, 

268 
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.\il'I'llnllitlil tUlaly!'.is. methods of, 
!:!1-12S . 

(II' phy,.h-:ll alLnl~· l'ih .. l~t: 
:\T,'rrill. U. /', . l'Ollll l1l:;itiuJl of !('JIl 

~pur.",;{ . 
('~l'nl,'iol1 (If grallih' II.\' 11~·dn\ · 

tjnl1. ~) 
~I!l"'" grolllld h~' wind,!,('lfl\{' 

.,:llId, 1(1 

1111111', cill'IUicai Ilnl\\.'·Joo.l'S of 
1PI''''!-, li.-' 

,." )0 .... ,.. oj "Dfl:,tijl)\'J)f,., (If 
n,('k!'., :!:-, 

,dl,ndf'al [lllah'hi.: of dll!'i., (i-4 
:'Ill'nill. L. ;\ .. ,'il,(d of whi'at for 

difl'er;'nl Ill'pth!' Id plow. 
ill,!.". :!·r, 

:\1"t.all,or;~;~i::l\~((I';k~: ;;;r'(lin
g

. 2.)-4 
:".1t'lhod ... of ... ,)i\ ~un('v. ] IS 
\)il'J1. )'11l(,~, ',;ojitf'. 4 

,dlilt'. flll/";('()\'i#l'. _, 

~li('I'(1 - (lr:!lllli~ll1"" injul"i011"_ :l17 
h<'IH'lit,jal, :J1-;-

\Ii;trnlor," ."Hllll clllllf't;, :;M 
.\lilh'l". -:\\. F .. plant fO(ld ill ;,[j'l

fion!'i fioils. :HI:! 
~Iilll'rlli (,tlllui(lJo\. J:e 

(-(IJlsl iiucnb of s.oils, d'npter 
{HI. 12:1 

(-ouit'llt of l;.oi 1s. 7-l 
plin:Ol'\W1"Il;;1..hl 'Hl·ing_ :tpaiii(' ... 
"oil 1'{)JI;o.iillH'llt..:: )Iud tlieir prol" 

l'rii('i'. ]:!!1 
:_\fillt'rllr~. di:.;:-tor\,('d hy ('llrll(lllflt{'ti 

waier.22 . 
l1ardll{'~~ (Ii. ~ 
ir()rI·lj('lIl'irl~, )WrtUltite. Ulafllle· 

lilt'. Ihu llllilc, ."i. Ii 
Roil fl}1'll1ill),!. 1 

~pt'('ili(' ~ra\'ity (If. 17;1 
:\1 11101' ('nlp~ . ;)7() . 
,' Ii,,*i~ f;jf!p i I:h-ct'. i<niJ ma.terial d(', 

}in'l'('d ut Ulout.h, ;~:) 

~Joi~tu1'(>. I\ntilll,bJc. 21-t. 
in('I'l'u:-\cll liy draiu;l.!{t', Z2:J 

capacity of i'oil. methods of iu' 
creasing, compucting' 
!Wil. 230 

d('ep rooii ng crops. 2~ll 
or,t!nni(' mutt er. 231 .. 
tillage, 230 

<'O'lltroi of. chapter 011.222 
by rtHo.ge, ('hRpter on, 230 

content. wn.:~s of ex~rc!ssing. 19] 

:\Iui"iun:' (·on~(· lli. Wll~'S of ('xpress: 
1l1~, ilrn' -jJl{'liL' '-;, J!J2 

\'\IIJil' iIlCII(':-;. or L"'I' CCII i 
Ilf \lljIUJl('. lit:! 

Jt(':;'i[I,'I'I;~11 of wci;!il1. of 

I)r.-cr('n~illg, Jos!:!-i'S from hoijJ'O, 
:!.:{:!. 

dl't.'d of, IJI1 ~IW('i(i(' 11('111. :WO 
t'(jllinlh'l1t. d"ti rH'i1. :W:!. 

d \'l('l'lIli1lUt.iOIl of. fl'(lIli nihel' 
('0111:.111111:;, fOl'lllui:I" f"I', ~n:~ 

1'111Iil"alt'nts vf ",0111(, !'oil clas.~I':-l, 
:.!(/:! 

1':':I'I'''''''f. 1-l'nlO\"l'I\ hy t.illfi::!f'. ~:q 
fat't{JJ' in alll(lUnf. of (,r~:l1d c 

11III tl1'r ill :-oil,,;, )4 :1 
:o;oi l (·1a~l'>iti('at.itJII, 7:l 

for 1,:lC'tl'l'ill, :II!) 
'\I(!\di l'g- ('ltPllC'ity of !'Ioil:-:, Z()n 
fIYP-J'{ ),-;{'oJ'il'. dW}lt(,T 011, [fI-I 
in ~oil t'(dllows. 201 
reillilH'<] I,y \lrg'flni{' lI1utt,'r, I-I!l 
:;ttlrin,!! [Iud (,1J1I;';('1'\' ill,!.:" h,r till. 

a~l', :1~1; 

~lIpi'I,\' in :-oil,.., IR~I 
\Iom.illc, t.erminal. 43 
.\1'11")'(1\\', q, \\-., n',..\lIt.~ of I'i)"t pl'\lII ' 

jug jn SOhllllow ~Uld dl'1:'p cu\ti\~a
tinn (If ( '(.I1"n, :-1;):; 

-'loss . sphagnuw, 28 
.\IHt'k",. II.J 

~pl'rifi(' h(,1'I1 of. ~OO 
:'JILlll I\ow. C"nJol'l1uo. :~.j 
\lnllrl'. Rie1iilrd, solut.ion of min· 

('raj!,!. 22 
11111th. dl'finf'd, 2 :1~ 

£It.-ptli of. :!:l::i 
fil)(,ILf'~P of. 2~4 
maint(,llfHl('(' of. 2~f, 
s(di {'fl'N·th't'II('~l'l (if. 23.1 
"alm' of. fnr ('("o1-n. humicl 

gioll~. :u-,o 
:'Jlulr'hp~, pl'l'mit ]if.tJr- lo;:z~ of "'flirr 

hy int('r;;tithll ('\-apOI'ation. 2~t) 

:\Iu,.:;("m'ill'. whitt' micn, 4. 

Xl'brnskall glaciation, or .Terse.Vfl.l1, 
-lei 

Nelsou, J, B" with Atkinson, storing 
rainfall, l'1f)ntana, 148 

N('wel1. Dr. F. fL. directed large 
irri~flt.iot1 projects. 25$ 

~jtl'nte8 10s1 from soil hy lcocliing. 
322 

by denitrification, 323 
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Kitrale production. effert of i,Ol.IlS· 

Si UUl carbollaL~ UpOIl, :!:.! I 
1\ilric u(:id, alllount brl}ught t,) 

earth, 1{othamsted, 20 
de~omposjli()n h~', 2U 

K it rifi catioll , J lj 
increlLsed by drai llug-e. 225 
lo~s of or{!un ic ma tt,'r h,Y, I;",:.! 
Jt'IIJperllt.IITe for, 2'!IR 

Xitrogen, a!)a 
{'omruercill.l forms (If. anHlIQnilllll 

sui phlttc. :l!)H 
ca lcium (',·a l1 umid. 400 
<-l rg-sHi t, s t{hstallct'f>. 4(Ju 
sod ium ni t ra.te, :!f1O 

cOlltcn t of huml/,Ol, 147 
fixati on , ::117 
furnished to crops hy or)!IlHic 

ma.tter , Inl 
in fertil izing mat('riuk -10:; 
ill ilUIllilS from difTpre,Jl t. rnatl" 

rials. 147 
lO !1t !Iv erosion, :WO 

Non ·till ed · crops. flldor in main· 
tninjn~ orgnnit, })In! I f" " J j I 

Northwestern International Re· 
.'tion., 105 

Number of part icles, 1 iR 

Oats produ('tion, 100!), 41-1 
seed ued for. :149 

Objects of :1 soij sur\'('v, IIi 
Oblique arrangement "of partiC\('s , 

l RO 
Odor of so ils, Iii 
Optimum water cont.('nt. d(,fint'cl, 21~ 
Organic colfo id!'. 13~ 

constituents of soils. chapter 
on , 142' 

matter , addition of, /1 '; swef't 
clover, ]72 

a.ffecting cAp i llary mOVement. 
206-208 

hygroscopi(' moil'tu re. HHi 
and fertility . loss of. in 

rottin-g of'manure, 16:1. 
and nitrogen, lost by eroslr}ll : 

360 
changes of. 145 
comparison, chromic acid and 

combusti6n methods, 155 
defined, 142 
distribution of, in soi l strRta, 

147 
effect of, on percolation, 218 

On sh rinkage, 130, 135 
in sweet clover, J 73 

118 

Orgllnic miLttcr incrt'tlsed by plowitlg 
under !cguilleg, 1;-1 

illl:rl'll.:ic :'< JllUit'tutc - hohlillloi 
l'II.I_UH' it,\', :!J I 

ilH:r(.'Il:>iTlC! ,Ul1Uuut of. nid ill 
('ltt'('kitl~ ('ro,. iul1, :Hi:{ 

ill soill'o, lI!11{lllllt of, (h~ I'CIHi~ 
(111 altitude, 145 
011 IMillldl', 14;' 
0 11 limc:;:tnne, 14 5 
0 11 mois.ture, 14 J 
Oil \egytu.tion, 144 

kind s of, Ilt:t i \"c, I·UIlI · likl-, 
ilh'rt, I.J~ 

Im.1< ull ig'1l lUoll l'(,nqulrcd 
w ith, };}4 

I OI:l~{'::' of, hy cn'ppi llg, l ii 1 
hv em,Ol iuII. I;;] 
11:\' fa llowing'. 153 
hy fi n~",. l ,~):! 

::~: ~~~I~;~k\i~;(?~ r'f.~l~ 
uu'thctd .. uf t':"UrrHl ti (l 1l 0(. l:i:~ 

cllroll1i(' lit·i el "lI'th~td, 1,~)4 
,'olllh u,.;t,ioH il l ~).xyge J) , 

] :')4 

]0"8 011 ig-nitioll, 1,~)4 

mliillillinillj.!, U('('lIllllllnlioll>l 
in pastures, ](iO 

baJ'Jlyard 11lltIIUI't':', ](il 

Clttt'i"l and corer I'J"Q[f", 
Hi l 

.rzret'n I1Ht.llUTf'!;, j(iO 

linw~Lon(', addition of, 
1:jR 

n OJl · liJlI'~l I · rop~. growing 
of. 171 

organic r (,H iduc' I'i , mH' of. 
no 

phosphrtUiI, application 
or. J51) 

r otatiOJl of erop", 1; I 
of ~oi l s, maintaining' and in

('rcasing, rhapt!'r on, lflS 
turning tinder and inr'orpo. 

ra.ti n~ with soil, object of 
Ulla,t!e. 325 

r esidu('s, ] 70 
substance~ lower surfa.re ten

"ion, 205 
source of nitrogen, 400 

Organ isms, soi l, chapter on, 31.5 
beneficial. 317 
injurious, as plant diseases, 31 7 

Origin of alkali . 278 
of BaH materia], 1 
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Uaoor ne, g ra des of particles, I:!-t 
USlllo~i".. tClll pcnltu ff' fUT, ~98 
Usmut ic pressure, sugar solution, 

1:<1 
t IJ. holt' IlI.kc~, ~8 
Osidut ioli. ~O 

I'XPHIl SioTl cltuSied hy , 21 
lo~,.; of Or,l!illlj~, 1111llLI~r hy. I G2 

OX\·UI' II. ('Oml.uiOt.i oll ill. ,\(·jt'T1l1ina
iion of orglluic matter, 154 

I'u ekillj.!, :-uhsurlacc in dry farmin~: 
:!4i 

ra~ · itil' ('ml :-t Ht'f!ion . 10; 
Jlllrtkll'l'!. (·(_Illo id . ;<; ;;w of. 1:10 

,.:oil. and i]J pj.J; ,., l'paraUon, ]~:1 

arl'l1l1,t.' (,IlH'11t of, 179 
uuml,{' f of. 178 
p; htlJw of. li S 
~iz(' of, afTN-ling hygros('o pi(' 

lIl ah.tnT!'. 1\)4 
]'It ~tur{,t!. I\.(TOmll11l.t ions ill. aid in 

IIHlint.uiniltg' organie'matter 
<'Oll t ('llt. I flll 

Iwld lioi] ngninst I!TOgioll. :~fj] 
) 'llt! CJ1, II. E .. ~r)l'cific 11t'1l,t of ,.,oi ls, 

:100 
('O'('('t of moiRtll),"(, on "'IW('ifi(' 

h('nt. :300 
P eaTt:'c , J . R. , size of particles, 124 

t'hrom i(' add ll'u,thod. 1 fi4. 
l'l'Ht.. filliul! lah. 2!l 

Illethod of forma tion , 28 
Peat·s, 11-1-
P en t~- loam il., 114 
P('orian intcrt:dacial !'tagt'. 48 
]'l·r('o/n1.ion. Ilfrl'eted h~' at.mospheric 

pressure, 219 
11.\' "rrlUlUJation, 218 
h\- oq!itniC' wutter. 218· 
b~' ph.ndcnl compos iLion of "oil , 

217 
~ 'Y rOQt~ of plants. 2]9 
b.Y shrinknge cracks, 2 J!l 
hy vis('osit.\· of wnt.er, 2.J9 
df'{ined, 217 
(>vRporntion, rainfall, Rothn1l1' 

"t.ed, 220 
large and small. erred of. ou 

"ielll of whea.t. 153 
loss of, by ,,,ater, in dry farming, 

242 
souree.of 10ss I)f water J 232 

PfetIer, osmotic pressure. Bugar 
solution, 131 

]~hosphatc, rOCk, and limestone, ef· 
fecL 011 growth of clo
vcr . j."i!j 

on \l'h~a t. . 401 
P"os /)h oru~. nppliclJtil)ll of. lIi d in 

prodllein,u orgll lli e fllnttf.or. 1.i>D 
for ms of. add phoSl)hat.e, 402 

Lasic s lag. 402: 
hone m('ai , 400 
compllf('d, 402 
rot:k phosphute. 400 

ill ferti li z.i ng- mHter ialg. 40.1 
Phy;> iC'llI 1lg'l' ncics of w~athering, 12 

III1Iti,\' IWS of loess lInd du"t. (i~ 
11 IJHl."s i!'. mf'thods or, 124 

lI !'pirnflw. Ein_['IO. J2S 
centrifuga l. il u r c n u of 

Soi ls, 127 
eiutriut.or, Yoder 's, 128 

Ch;l; :.~ ('iut ria tM, llilgnru's, 

elutrintor, Schone. 124 
si('n. l :?4 
s uhs iderl (,c, 12-1 

systems [If. )U 
Chlll1,!:."(,8.8oll r(>e of soil hf'llt, 2"94 
chant;tcr of so il changed by ero

sIon. 360 
of water, 186 

composition of soil in r elation 
to bacter ia, 321 

afl'e_"tl ng percolation , 217 
of so ils , varied , efrect of, OD 

porosity. 184 
('ondition of 80il, effect of a l· 

kali 011, 280 
or IlwclwnicaJ ilflalysis, J 23 
properties of so ils, chapter on, 

175 
n pPlirent specific gradty. 

li5 
arrangemen t of particles, 

17f1 
color. 176 
internal area. Or surfa.ce, 

181 
odor, 177 
numher of partiC!les, 178 
porosi ty, 182 
renl specific gravity , 175 
8ha pc of particles, 178 
weight, 176 

Phles growing on sand, 60 
Placing of soil materia.l , chapter 

on, 21 
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Plant. diseases controlll'u lJY rula 
tion, :rj7 

food. crup rcquirt'IIll"lIb. :1~jU 
dement .. of, :WO 
ill crop:;, 3!)U 
in lliinui~ Iloil :-:. su rfILI·t ', :W-l 

sub~oil. :Wli 
~ulHmrf[lC~, :J!)'-' 

in )1issouri Moil:; . :W:! 
ill residuul soils, 3D:! 
in Russia n soi ls, :J!I~ 
locked up ill lIJuj('/W.'i, :!:Ili 
supply in r;oi\s. ;HJI 

PlilllLing' seed accompanil'd liy 1'-0111(' 

tillage. 32G 
Plants, 1l1ll0L,lIIt of wat.e'r rt,tplirC'd 

hy. 187 
djs{nte~ra Lion by. 19 
effect of ulkali on, 2R2 

on rock s. 24 
remnins belwfit 80 il. :ll(i 
watf'r requiremf'utl'. 24 1 

PIIl !<ticity o f c1ay~. I :lil 
Plow. an earh' fo'rm of. ;J40 

Van or sole. 70 
theoretical actiol1 of. :t27 

]')lowing. :\40 
deep, and turnill:; u IHh'r alkali. 

286 
contour, aid itl checki ng ero

sion , 364 
tilling, 345 

d epth of. 34-1 
fall, desirable ill dry fllrmiltg, 

240 
good, essen t ial s of. 3.j I 

sod well turned, 34 I 
poor, crooked furrow, 342 
subsolling, 3±5 
time of, 342 

fall , 343 
spring, 344 . 

y ields of wheat for different 
depths of. in dry farm inJ?:, 245 

Plows, deep ti lling double disk, a31 
disk . 32D 
general purpose, 328 
lister , 332 
sod. 329 
stubble. 328 
Bubsoil, 332 

P lu tonic rocks, 6 
Pore space, amount o f in 8Oils. I RO 
Porosity, different grades of sand, 

183 
of so il s, 182 

1'lIl'Otoity of ~oil.!l, of \'aried phygi"ul 
n HlJp" l:Iitioll,lti4 

l'lltll !lsiulII, -tU;~ 

dl'l.'(,t of, 0 11 corn 011 tiWIUUP 

laUd . -t\)4 
ill fl'rtiiizillg" uHi.tcriuiri. 40;i 

l 'ottlt'\lt·~. 011 dry fHrm, :!r..;~ 
PulL. II. E .. r:\'!atht. t'ouductidl\' 

of ",oil IlIlLtt'ri!ll. :lOli . 
l' nLiric lLI'L'H~ of l Tllit.t·d l"tlltl':ol, it; 

~oil". Hi 
"rl'(·irlilUI.('~. (·II(·miCitl. S 
l'n'cipitaliulL. IlIlip of lnit.('(1 Stl\t.e~, 

I!lO 
(In ['IHth's ~III'iIH:(" lloi!l 
!-;(lur{'t' of t'llil IIt'ut. :.!!l.J 

l'n'I 'lll'ation uf ~t'cd Il('d. 34:, 
J' I'I'I;.'; IJrill. :~:~7 
Prrssurr. Illrnosphcri('. c:iLll llgCS in. 

fal'Lor ill 1I;:l'litioll. :l) 1 
of wn "CR. 18 

j'rcllt\\'idL. liml' {'a rlmTl u U' ('llrril'<1 
II\' Thames "!liver. ~:I 

Pre" 'eTltioTl of 1 0fol~ flf munun', I (i:l 
I'rop!!rti('s, piL."1'oielll. of sui\ .. , chap

ter OIL, 1 ;.-, 
Puddling of clays. 13G 

I,,'('\·!'ntt·d h~' o r~IlHi c lIHttt'er. lfiO 
Puh'('r izi rlg' an!'1 looscninl! ~niJ, tlTI 

ohjC'ct of til1a~t!, :~25 
Pllmpintt water fo r irrigaliolL, 250 
P~~roxcnl'. :l 

(}uakillJ; ],og. 28 
l)uurtr.. 2 

Hudiaiio ll. (avior in 1055 of soil ILeat, 
29;') 

from 8 UIl , source of so il heat, 20!l 
of heat, effect of, on I'\oil tfollL 

perature. :10'2 
rati o, different colored soil s, 2~}fi 

Bllinfall, affecting trall!:lpiratio n, 18H 
and C\'U POTUtiOll from frpe-water 

surface. 24 1 
Rotltam~ted. 21 ] 

and snow. precipitation on 
earth 's surface, IS!) 

character of, effect on erosion. 
359 

factor i n "alue of region for 
dry farm in/!. 238 

map of Uni ted States, 190 
J)e rcoiation, evaporation . Roth

amsted, 220 
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HlIinfllll , !:>t(lrill~ of, in dry fnrming, 
:!47 

tYl'l'" uf. (I\'cr dr.r ·hlllU areu (JI 
l "uit.,·(\ ~1flt.('~ ::!:l!) 

')((oa.d .iol1. alkillilll'. of ~oil d(,,,iruLie 
for 1l/lt'lt'riU. :J:!O 

HI,ltd!'. pli.(' of ill\\'('ring of land slIr' 
ruve h" 1'Io illtinn. :!-I 

i{p,t\ 0 1' :;III;'U]lItl' l"llI'('ili(' ,!!Tfidly. 17:) 
HCl'illmlliinll of alkali lilllds. (,[lIlP

ll'l" Oil. ~7B 
]{ctlding. H. ,1 .. rlept.h oi phJwin,!J for 

l'oitllll on I'rnc]N\ Innd :l:; .. 
Hf'f(lrl.'<..iillg: ;,:,h,p .. l'l" ()~irl11. :hi!l 
]{\'FoI·T\' t\ir~. Rtorill,!! willei' for irriga · 

tioll, ~;,!) 

Hf'i'Oifill11! ,"pHs. 27 
Ht' i:ddllf'~. (lr,!!:ll l ie. J iO 

rf'turlJ of. aid in pr(,\"{!llting PTO -

8ion. :W:{ 
Rt'lw1"T(,('Lf'd fore;.;t ... 55 
Hhvcolit(,_ i 
Hi,:(·,. Flood P lnins prO\' illf:c. H7 

rwciimcmtR. (,O lll]lO.siiioll of, 21l:Z 
!" \\'lwrps. 28 
watn. f:;t1Rpe11lIed fllattcr in. :!{l2 

Hoek <1iRinil'grntion and talils slopp. 
:~:! 

(lutcrop. 1J{i 
plloi_:pha t('. 400 
I-Iplit IJY b·('c. 19 
wcntl)(>rilLg of jointed, 31 

Rock!;. G 
a{llI(>olls. 7 
dN'OUlposition and disintegra-

tion of, 11 
('tupf.in'. G 
('xpUn~ioll of. on heating, 13 
;~lleOll!'l. I) 
inirul;in·. (j 

1m;!'; of ('Ol1~UttlentB through de-
(·omllof'lition. 22 

Il1ctamorphic , 10 
pr\ltonic. 0 
volcauic. (i 
w(,flthcrin,1! of. ('harter on. 1] 

Rock), Mountai n and T>latenu He
giOll. 104 

nodents. mix surfacl' and subsoil. 
3J5 

Rogt~1"s. Brothers. diseolved millcral~ 
in CRroonated "·Ilter. Z2 

Rollers, 335 to 331 
Roose,"elt datU. 260 
Root injury, 363 

pruning of corn, resuJ~s, 355 

Ruot sy~tCJT1S, dept.h of, y[lril!d ill ru
tatiolLs, 378 

Hoots and t.ops, legum~s, compo· 
!;itiUlL of. :HJ~ 

fo l'cl' ex~'ried hy. HI 
ill ChCI'LL01.CIJt soils, 144 
ur pl:mLs aid PCI'COllltilllL, 2:20 

tl't'(, jlryil1g- rock ILJlurt. ]II 
notation , chapter Oil , 37(i 

uontntage::- of. bettcr distribu
tion of work_ 377 

control of insects and plant 
diseusel'.. ::177 

of weeds. 377 
compared with tontiuuotl s corn, 

]OWlt. ::l7H 
ell'ect of, on {'I'Op yields, nJinois, 

(Jhio, :\ \illlll'SOlll, :17\1, 3t'10 
for eOI'll And willier wheat belt, 

382 
cotton helt, 38.J. 
!;Jiring wheat belt, 386 

lll·Jp'" lWtilJtilili ,1.."Q(ld tilth, :ns 
organi(' mailer. 378 

produces larger yields, 3iS 
rt'll(lers tox-;c ~ulJSta.nc:es le1'l~ 

itllrnrful, 378 
YRriation in depth of root 

s.~·stemR, .'/ ';8 
of ('rops, aid in maintaining or

gall ic matter, 17'1 
plll(,(, fo r crops in, 381 
plnnning or, 380 

Rotlllis.tl'O\', wC£"ds enemy of culture, 
friellds of drought, 244 

water not raised far by capil
larit: at Odessa, 210 

RUll-ofT, canse of loss ill dry farm
inp-, 242 

Hussell. origin of adohe, 05 

~age bru8h on land well adapted to 
dry farming, 239 

Sn Its. soluble, ill soils. 74 
Rumpling of soils. 120 

tuhe. King's, 119 
:-:land dune, burying forest, 55 

wind ripples on, 56 
dunl's. migratory or wD,_nderin~, 

54/ 58 
permanent or fixed, 54, 55 

held by. black locusts, 59 
hUllch g'l'asR. 60 
partridge pea, 59 
pines, 60 
sensitive plant, 59 
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Sll.lld dunes, held by tTtlilillg wild 
oeun, liU 

yeg~tlllion , 57 
mO'·clllcllt checkeu lJy feuccti, ;I~ 
poros ity of diU·ertm L gradc~, IS:l 

Sands, lit; 
and sUlld,}" loams, prol'crli('s 

of, l:JIj 
radiation ru.tio of dilft'rc llt 

color~ of, :.W:) 
temperature of, effect of cllloT 

ou. :,\02 
Saudstones, S 
Saudy loams, ] 16 
~angamon interglncilt! stllge, -17 

soil, 49 
SchWsing, relation, nilrall':; forl11{·d 

to o},:ygcn, 3~O 
Schone's clutriator method. phy"icul 

analp;is, 124 
Schreiiwr, 0., ,wd B r owtl, E. E" 

prugrcsli of h llmificiltion. I-Hi 
~ed~nbtn' _formations. 2, 
Sediment carri('d ill su spension by 

rivers, 35 
~edimentaJ soil .. , 3:1 

chl~F.les of. 31i 
Red illlentary, fragment.al , S 
,seed, acclinmted, nec('s"lary in dry 

fanning. 255 
hed, prt'pant.tioll of, for ('orll, 

:348 
fm· oab~. 34!J 
for wheu t. :{4fi 

~ecdc rs. 3:17 
~cro il1 g-, difl"erent m-ethods of •. ,.j l>11I 

wheat on dry land, ;t.')-I 

on dn' land, ~5-1 
rate per acre, Coiomdo, 2:1;") 

SLaler , w ave action, CUjJo :\ 11\1, 

Massachusetts, 1 S 
8hale&, 8 
Shantz. R. L. , se~ Briggs 
Shape of particle;;;. 17S 
Shrinkage, alff'ct ed by coll o ius, J:H 

cracks, 13G 
effect of. on percolation. :;1!1 

phY!-lical composition of, 
135 

of soil s . U:') 
different types o f soil, U:l 

Siel'e method, physica l analys is . J2-1-
S ilica. 2 
Silt and s ilt loams, properties of, 

138 
dunes, 53 

SilL llltlrus, 115 
;--;iuk I'ulcti. ~~ 

ill caVe rcgion , 24 
POI!(\";, pl"lIdIJ t'cd whe n Ollti('t 

i ~ l'IlIgg'I'd. :!-l 
Sizt"' ?f !>(! il I'llrtid.·M. clfect or , on 

('apl1lanty, :Wl 
Hlopi.· of hUlIl, j·,fl·ct. uf. 011 !-I.oil tl'm · 

JJI'l"nl ures, :105 
Sll~·llcr , IU";I> of organic muttl'r in 

{urt·lit. fires. 15:! 
nitrog'cll in hUIllIIM fru llI \'ari

ous Illat r- rial s, 147 
NodiulU nitrate, ;199 
Soil-~~)il .. 

ail" !Iud tti:rlllWll, (,lulpl"r 11 11 , 
:iO!l 

t.L l"lxUl diux idi! in. 20 
l:OHl)lU,.;iti()J( of, :00 

::.lIu\'iul. :11'-i 
ltrllOllut uf nil" iH, :JOtI 

of urguuic IlHtftl'r ill, 142 
uml $lIlu;oil. cha pter on, G7 
arc thc.v incxlnlu ~tjhlct 280 
arid. 7-1 
huger, ]]1) 

Hurmu of, cla~~ i ficatiou , dnl),' 
tel' 011. 7M 

('ll~;jj'd ;Jl i-4u .... pl'lI!·doIJ hy rin'TIi. 

cUJli llttry or 1l10i;--tuTt··huldi ng 
t:1I \,<tc itv of . ~on 

pull of, il I 
c'harac·tl'l' (If. fll("tor in i t~ adapt

ability to dr~' fli1'111 illg', 241 
CIICrIlOZ('1I1, 1"(.101 ~ unu J,lImtl~ in , 

JH 
(·Ia~. dl!liued, i!1 
(·!JI ~N; j'J JJJinoi . .,. ll:! 

cla\' loallls. II:. 
cIa Vii. J 1-1 
!!ravels. I Hi 
gravelly loams. 11 fi 
IORms, 11:i 
rnllr:k~. 11 -1 
peats, IJfj 
peaty loami', ] lfi 
sauds, l1 G 
sandy !oaw[i;, 1 Hi 

fine, 1IG 
sil t 101\.1n8. }l5 

classification of. chapte r on, i2 
co lloids iu. 132 
colluvia l. 30 
('olor of, 17(j 

efl'f~ on t.ime of germination, 



438 INDEX 

~oiltl. compacted by tillagE', a~ti 
l'()ndll ('thjt~ .. , of, (·tfeci on it'ln 

jI('rlLt un', aU5 
l'OJISUtUCllts, l:l!piJjIl TY l ift of, 

i12 
.spcci/ic: U~ltt of, :W1J 

l'UllIUJOJw, :.n 
Jeep. llJ('diu_/ u-gru illro, WL'II 

adapted to dry farming. ~-J:-I 
deiinition of. 1 
t·II'pet of ,tlkali on phY!:iical l'011 -

dition of. :!~O 
of rolor of. 01] g-Towih, :l03 
on t.rflll spimiillll. )111 

ei',lial, ;);{ 
f'rOl'liOB , chapter Oil, :IMI 
fertility, np),eIHlix 1. ::sSt) 
-forming miw"·"uls, I 
gluciui, 4J 
gru.\"elly , not. well adullh'd iu 

dry fUJ"millg. 2·10 
grllvity-lnid. 30 
~u!lif'S fl!l('d wit1l. 374 
hent. l08~ of. U\' condul.'tioll 

dOWIIWlltd {!lt~ soil. ~9(; 
'by eOll\'ection cur rents of 

nil', :!fI(j 
by cnlporation of watt'T. 

2.!J{i 
by radintion, 295 

sourCei:'! of, 2!'3 
chemical changes, 294 
physical (:hangca, 29,1 
precipitntioll. 2!).,I 
radiation, direct from SUll. 

2P3 
<. hcs'_y,1I " light," defin(.'{], 1:14 
Ilumid, 75 
hygroseopic cn~,acity of, l!14 

coefiicient of, lUG 
Illinois. fertil ity ill, 394 
Kentucky, 3H3 
lacustrine, 37 
lime and mag-nesia in , 75 
marine deposits, 36 
materia.l and its origin, chaptpr 

on, 1 
placing of, 27 
relative conductivity of, 306 

IDE'tlwd.s of jncreasing moisture 
capacity of, 230 

mineral constituents of, c.bap
ter on, ]23 

content of, 74 
}.fiSBOUri, "'392 
mulch, defined. 233 
mulcbes, etTectiveness of, 235 

8u il~, vdor of, 171 
orgliuic consti tuents of, chap

ter Oil , H2 
orga1ij~ml'o, ('iwptl'r on, 315 
vnrticles and their !wpll.ro.tion, 

12.1 
Ju' )d tug-riller by orgiUlie lllut

ter, 151 
F;urfa ('l'S o f. in difTl'rcnt. soilr,;, 

lSI 
physkttl chflraeter of, chang~d 

by ero:'lioll. ;J()Q 

prujH.Ttics of. ('llllpl('r on, li 5 
ph_Lllt fond. s llppl~' in, 391 
poro"it,r of, 182-1 8-1 
prairil!, 75 
pro\' incl's, area su rveyed to 

ifll:;. 78 
l'I',!.!iODl:!, Ilrf'n s lln'p.\'£·d to ] 9 1.5, 

;8 
l'e ... iduuJ, 27 

pinl1t food in, 302 
running together Idlld£'rs ai'ra.· 

tion. 313 
samplers. 119 
8amplin~ of. 120 
~lLngamon. 49 
sed imcntal. 33 

class(lf:; of. 3G 
serie .... BUJ'(,8U of Boi1 s, 79-]]) 
shrinkage of. 133. 135 
soluhle snIts in. 74 
spe.cific heat of. 300 
strata. distrihution of organic 

matter in, 14; 
thickness ot. 120 
weight. of. 120 

strNuu-luid, ;J8 
gut.surface, 67 
surfllce, 67 
su rre~' b~' l:Surc.'lU of Soils, chap· 

ter on, 78 
b~- Illinois Experiment S·ta· 

tion. chapter on, 112 
metbods of, 11 S 
object.;: of, 117 

sun'eY!li, 116 
temperature, chapter on, 293 

conditions n{:fecting. 298 
absorption and radiation, 

302 
color, 303 
conduM;j,-it'f". 306 
(irainage, 3-01 
evaporation, 300 
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~oih, tl'llIJ)emtur{'. ("omlitiUH!lo ufo 
fe('till~. IiLtitudt, or 1I1l;!1e. 
Ilf ... UII". rll'·~. ;{{J4-

s lope. 3U-I ' 
BJ){!CltiC heut, 2gB 
iillngr, 3()7 
wuter. prcscllrp of. :302 

fo r growth, :!!IS 
f or "jt1d flw('tj on~ of plllllV., 

gt'l' lll inlltinll. :Wti 
growt.h, 2!Ji, :W8 
nitrification. 2\l~ 
osmosis I1ml dHJ'u"ion, 

2D8 
influenced b .... liquid water, ZfI;:; 

by manure, Z!)4 
raised by absorption of \\'11 te r 

\'apor, ZO-t 
ten-yeur an'rage, :l07 

texture and structurc of. effect 
on erosioll, 358 

tim ber. 76 
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