
 
 

Give to AgEcon Search 

 
 

 

The World’s Largest Open Access Agricultural & Applied Economics Digital Library 
 

 
 

This document is discoverable and free to researchers across the 
globe due to the work of AgEcon Search. 

 
 
 

Help ensure our sustainability. 
 

 
 
 
 
 
 
 

AgEcon Search 
http://ageconsearch.umn.edu 

aesearch@umn.edu 
 
 
 

 
 
 
 
 
 
Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only. 
No other use, including posting to another Internet site, is permitted without permission from the copyright 
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C. 

https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu




1.0 :; 11/// 
2 

. 
8 

11111 
2 . 5 

1111 
;~ 
I.:.l 
L:: ~ 

~lli3.~ 

136 
~ 

2.2 

1.1 --
~ 
'  ~ 
",a~..:. 

I~ 

-

111111.25 111111.4 111111.6 

MICROCOPY RESOLUTION TEST CHART 

NATIONAL BUREAU OF STANDARDS-1963-A 


2 8 2 5 
:; 1111/ . 11111 .1.0 
I~ ~1I3.2 
I"
IZ' I~ 
u: 
~ I~ 2.0 
'- " 
1.;1.:.1.:.1.1 

111111.8 

111111.25 111111.4 111111.6 

MICROCOPY RESOLUTION TEST CHART 
NATIONAL BUREAU OF STANDARDS-1963-A 

http:111111.25
http:111111.25


, ,', ~. 
, ,'. w ~ "", • ,,~ 

~~ ., . 
, 
Q~

if'., .# (', . 0:': 

r 

~1 

t ~, 0 
~ ~ '-:!'j 
>- 1> .~ 

ct-< '. 

Soil Itr!il~y Studies 


in Lysi,fieTe~ Containing 

~ 

Lakeland Sand 

Technical Bulletin No. 1199 

Agricultural Research Service 

UNITED STATES DEPARTMENT OF AGRICULTURE 


In Cooperation With 

South Carolina Agricultural Experiment Station 




•• 

,,' 

Thr studies rC'por-lNi in this 1>u\1('lin W('I'P mudl' HI tlIP Sandhill 
Expf'l'impnL Stat ion, l1C'ar Columbia, S. C., during 10:32-45. The 
e:-.:perirnents were planned to obtain pmctieal Informfttion on It proh
lem sandy soilloeated near Columbia. Data, were obtained dW'ing 
1932-38 on rates ,of loss of plant nutrients and carbon in the sandy 
soil under various (~ropping condit.ions, especially follo\\-i"Jg the addi
tion of green manures, animal manures, and fertilizers. The e).-peri
ments on the use of green manures in cotton production (1£38-45 
fests) were designed as a followup of the ('adier exppriments. A mueh 
wider variety of green manuring systems was used ill thf' I'olalions 
,,-itl! Gou,on. 

A general lack of good information 011 I he use of e(lvel' (·t'ops and 
on leueilillg losses of plHnt nutrients on sandy Coastal Piain soils maliC' 
it prncticahlC' to publish the results of til(' above-listpd studies. The 
desirability of using 00ver crops as a conservation pmetieC' on sHndy 
Coastal Plain soils depends in part on thC'ir nutriC'nt and moisture 
interrelations. Len('hjng losses, particularly of nitrogen applied of1'- • 
season, is of real coneem in thC' South. The information given in this 
bulletin not only will scrn' as a guide in the development of improved 
(lover erop practices, but it will also giveinsiglrt to nutrient mov('ment 
in sandy soils, which is a key to d('v('loping sounder fertiiiz('l' pl'uctiees. 
'fhe results are believed to h(> appIieable to oih('I' similfll' soils if 
aUowanec is made for ('Iimati(' difft'l'(>nees. It is n('('e5';I11',\' [.0 bear 
in mind that the fertilizer rates llsed, pspl'cinlly in lirp r:ll'1i('1' ('xpec'i
menl, although normal for tllf' time \dlPn the' ('XIH'l'illH'lIt ,,-as ',;t:U'lpc!, 
al'(, low hy 1958 :;talldal'ds. 

Washington, D. C. Issued May 1959 • 
Four snlt· lIy IJl(' 'suJH'I'intpndt>"t or I )()('"UUlPJlL~. l'~:-;, (iu\'Pl'IlUH'ltt P,'jItUnJ{ ()flit'(

\\' a .."ihll1gt(l1I ~fj, J). (\ • P"j('l' 2[, (~(·ltlS 
1I 
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Soil Fertility Studies in Lysinteters 

Containing Lakeland Sand 1 

By F. E. ALLISON, principal soil scientist; E. M. ROLLER, formerly associate 
chemist; and J. E. ADAMS, formerly associate soil technologist, United States 
Department of Agriculture 2 

INTRODUCTION 

• 

Vcry sandy soils are frequently considered as problem soils, and 
may even be classed as marginal. rrheir low prr..luctivity is due 
chiefly to their deficient supply of plantnutrients, which are commonly 
found largely in the colloidal clay and organic fraction of soils. In 
addition, sandy soils are not retentive of water and are usually very 
droughty. Such soils are low in organic matter, which not only 
supplies available nutrients and holds water but assures an active 
biological population. .Even if abundant amounts of plant residues 
are supplied regularly, soil organic matter will not be maintained at 
nearly so high a level in a sandy soil as in a clay or loam soil. With 
limited quantities of inorganic colloid present, the formation of or
ganic-inorganic complexes, w111ch are important constituents of the 
finer textured soils, is correspondingly limited. 

Sandy soils are not wholly without merit, however, and hav(' 
scveraladvantages over clays. Sandy soils luwe excellent aeration, 
good drainage, and p"ovide ease of mot penetration. In addition, 
plowing and cultivation may be done a.t any time without danger of 
harmful effects. For crops such as melons and many vegetahles, 
sandy soils are ideal. Some deep-rooted crops, such as alfalfa, also 
make excellent growths on very sandy soils if moisture IS not too 
deficient and the necessary nutrients are supplied as needed. For 
most geneml farm crops, sandy soils are likely to he unsalisfaetory or 
iLt least of limited valuc under most climatic conditions. For cotton 
0" other long-season summer crops, very sandy soils present a problem 
of considerable magnitude to the grower. 

1 ThiR Rtudy waf; made in coopC'l"ation with the South Carolina Agricultllral 
Expe>rilllPnt Station. 

• 
2 ThC' C'xperilllcntal plan was drawn up by Oswald Schreiner, ,I. .J. Skinncr, 

and Roland ~[cKe('1 of the former Bureau of Plant Industry, U. S. Departmcnt 
of Agriculture; the expC'rimcnts were condllctE'd by .r. E. AdamE, E. ~f. RolIE'r, 
NC'lson ~'lcKtlig, .Jr., und A. B. Bowen, also from the fOrJIlf'r BurC'tlu; and thl' 
IllC'clwnical and chC'mical anl.lyses of soil werC' made und('r the dirC'ction of 
L. '1'. AlexandC'r, U. S. Soil CoilsC'rvation Service. The> exprrimental dat'l were 

' .., 

as:'!Pmble>d by F. E. Alli~on, Soil llnd 'Yatrr Conservation He>,~C'arch Dh'i~ion, 
Agricultural Rese>arch Service. E. ~l. Roller died Jllnuary I, 1955. 

1 
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NUTRIENT LOSSES, ORGANIC MATIER CHANGES, AND 
EVAPOTRANSPIRATION UNDER VARIOUS MANUR.• 
ING AND CROPPING SYSTEMS, 1932-38 3 

. 

The e~-perirnents reported for 19:32-38 were planned to obtain data 
on rates of loss of plant nutrients and carbon under variolls cropping 
conditions on Lakeland sand, especially following the nddition of 
green mnnul'CS, animal mnnUl'es, and ferl.ilize1's. 

EXPERIMENTAL PLAN 

Description of Lysimeters 

The lysinlC'tel's used a.l'e descrihed hl'ipfly elspwhl'l'C',4 They WP1'O 

instu.l}pcl at the Sandhill Expcrimcnt Sliltion, Columbin, S, C" in 1932. 
The eomplC'te illstallafion included 24 cylindrical steel tanks, 63 
in('hes in dinmctpr O~ooo acl'c) and 48 in('h('s in depth. They were 
lnll'ipd in soil to witl1in 4 iochl's of Ihf' top. Thp alTangNllC'nt of t111'se 

• 

rX-fH1 
FWFRg I.-Ellclosure showillg arrallgemellt of lysimetcrs. 

24 lysimelt·l's is shown in figuJ'P 1. A vi(·\\~ of some' of the lysinwlel's 
in the pro(:pss of beillg illstalh·d is shown in figuJ'C' 2. Tn this figuJ'e 
111(' 5lN'1 tank in lh(' fon·ground is inVC·J'tpd. EU('h of t11C'SC' lnnks was 
connectod hy means of n block-till tuhe (shown in fig. 2) wilh n. stC'e\ 
rN~('pil1.('lC' 20 illdl('S in dianH'It'l' a.nd 40 inc-\ws ill depth into which lhe 
jeuebat('s from thc' soil tanks eould drain. Thesl' l'c('eivillg tUllk", 
whidl wc·/'(· IOl'l1.t('d. helow lllp soil tanks, a/'(' shown in figUl'l' :1. 'I'he •3 This "petion was pr('parC'd by V. Eo Allison, It}, :\1. Holle'f, and .r. K Ad:lllli;, 

~ ADA;I[5, .J, Eo GR~n:N ~rANCR[NG AND FIm'fILIZ~;R S'fl1DIES IN LYSD[ ~:'n:Rs. S,C. 
Agr. Expt, Sta. Ann, TIpt. 46: 154-] 51i, illuH. 1!l:3!3. 
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lysimeters, obtained from a wooded area on the experiment station 
grounds, was excavated by layer's rcpresenting the natural formatioll, 
i. c., 0 to 10, 10 to 20, 20 to 40, and 40 to 43 inches. Each layer wns • 
thoroughly mixed on a platform and plnced ill the tanks in the same 
or-der ItS it was in Lhe field. After filling, the soils were allo\\red to settle 
from July 1932, until the b(~giltlting of the cl'opping season of 1933. 

'1'wo shallo,," tanks of the same diameter ItS the soil tanks, and 
located ncar them, were used to measure the rainfall. 

The Soil 
1.'he soil used in the lysimeters is described as a Lakeland sand by 

the Fnited Stuks Soil Conservu.tion Service. :Mdchunical tl.nalys('s 
of soil samplt's taken (l'om different parts of the hori;r.oll ar(' givc'n in 

'1',\ RI,g 1.-11r·'chaniral allalllsi.~ of Lake/and .~a/l(l from Sandhill Experiment 
Station, Golwnbia, S. C. 

SOIL SAMPL'ES FROM NATURAL HORIZO:-: 

\ l'urtirle·sllt' "i~tribuUon (in mm.) I .__.-_-,-_-,------;_--,-_--;-________ 
I :Drpl.h, j' Horboll! \'l'ry I Me· Fine Very Clay

illchl's ' coa~e i Oourse dllUn ~and, fille Silt, 
; '5nnd, t sand, snnd. 0.25- sand, 0.05- , 

i '2-1, 1-0.5 0.~.25 0.10 0.10-- 0.00'2 <0.002 0.2-0.02 0.0'2- >2 
I I f 0.05 I 0002 ____.____ ~ ___'___._________---------1__- ___ 
. . I ' j

Perc,,,,t i Percent Percent Percent Percent Percent Percenl paCml!' Percell!, Percell! 
0-3.•••••.. AL" .. , fi.4, 3·1.8 21.3 21.5 {i. a 8.5 2.2 19.8 5.0' 0 
:Hl. .•• , ,\21 ....1 fi.9 ' :10 I 19.9 :!;l.g 8.3 8.6 :l.O 23.1 ii.6 0 
II·IS... ; ,\22.... [ i;.3 j :12.2 21.0 2:J.4 7.2 7.8 a.1 ~'O.s ;.2 () 
IS·:!s... • 112 .... t 5. s I :10.9 20.0 2:1. a i. I 7. 9 5.0 :!Il.!; i I ij o. 
2~-3q, ... , H2""' 5.9 alA 20.7 2:j.7 7. I 7.2 4.0 20.7 • 4.6 0 
:m-5!L."-*i CL _~_'j :;~2 I 21t4 2L5 27.0 7.11 ,1)_2 :-1.2 Zt2 t 2.9 0 
52-n~L ___ "f CL.__ ..! T.7! :10.5 20.R 2S.7 H:~ ~tP :t6 t ~'O.8 I 2..~j 0 
62-ill.... f ('2••_1 9.1 I :;2.1 I 20.5 f 2404 1.4 I a.I) 19.5 t 2.6 0 

HOII, RA.\IP(,ES TAKK.\' r;-.: lIl:l2 AS LYSI:-I wrElUi l\'EltE 1,·11.1,~: Il 

i 
().']u•••••• --------- 5.6 20.21 2:1.0 6.6 74/ :1.2 ! 20.0 I .-1.71' () 

31.0 I 21. 2 ~IU·~~L ••• --------- !l~ 7 3:;.9 21.3 5. ~ 6.7 Ii.. ':} 1.5 t II 
20-40••._. -------- ... 4.8 :!O.8 21.S 1 24.4 7.'l ~:! I 20.4 -1 £\' 06.S r·\(H:L. .•• ---------- 9 •• ; an. 0 ~'O. I I 21.0 5.7 5.5 3.2 j 17.1 ! :l.7 t 0 

TABLE 2.-Chc11lica/ data on Lakeland .~and from Sandhill Experiment Station, 
Columbia, S. C. 

"Of I. SAMPU~cl FRO.\[ KATURAL HORIZON 

Organic matter : Extructahl~ ratio''', mrq./lIXl gill. $oll . 
D"Jlth, , B'L"p 

Inchc.~ Horizon ; pll ,-- t -I r, IT" ':i!ll.~Jra-
1\ Or~nnrc: Nitro· 0/",' On Mg It Xu, K: SUIIl lionI 

____----1-- C;\rho~.:....:.~_ ~______1__1_______ 

. . :: Peru'!,: Perce,!t .~. . i ! j Pcrcell~I ~.3.......... , '\~""'.'-I ~.? I I.~I n.Ot~ ;L!l O..l <0.1 3.6 <o.ll<0.113_9 S 

..-1I ....... .: ,\.'- •••• __ ) <l••l .~II .01, .10.0 <.1 <.11 1.7 <.1 <.1 17 <I 

r1-18.......... A2'1.......1 5.·1 I . 17 ,........ •••••••• . I <. 1 'II. 0 '. <. J <. I 1. I \I 

18·28....... , 11'2•••••••• \ .'i 6 .10 ',........ ........ .3 <.1 1.0; <.1 ; <.1 I.a 23 

2S-:J!l........i 112........) 5. II .05 ........ ........ .2 .1 • S , <.1 I <. I 1. I Z7 

39-52···....·l0I. ....... li,,'i I .1.):1 1........\.......- <.1 .1 ..nl <.1· <.11,·7 14 

52-62••••••••101. ....... 5.7 .O!lj ..........._.... <.1 .2,.R <.1 <.r 1.0 20 

1;2-70••••••_.j 02........, .5.3 f .03 (••••••__ , __ .••., <. I .2 t .8! <. I <. 1; 1. 0 ~~) 


SOIf, SA,\IPLEfi TAK~;;-': 1;-': 19:12 AS r,YSI~IE'I'gHS WERE b'If,I,~;1) 

Q-1O···.·· ••·I·········.·· 0.00 I 0.02'2 I 30. (\ I 0.2 l' 1. 1. ko. I 1.35. 2 <0. I <0.1' I" 
21) 

20-1~.....,... ........... 'i. 5 .Op .._..... _....... .2 5.1 1. ~ <. I <. I 1. 2 17 
,IO-M._••••••)••••••••_... iI. r. •O~ """'T""'. _ <. 1 ,. I Q" • 1 <. 1 .0 II 

~ I 

.2f.1· 010 I 2.;.0 I . •
IQ-2fL............-.... fi.fi I <.1 .8 r .1 <, I I' I, 0 


http:0.2-0.02


5 SOITJ FERTILl'fY S'L'UDIES IN L YSThIETERS 

table 1, and certain chemical data on these soils in table 2. These 

• tables also give corresponding data on the 4 IaTers of soil taken at 
the time of filling the Ivsimetcrs. YeIT little difference in the mechan
icaillalure of tlle soil'occurs do,,-n to -a depth of 6 feet. The. data in 
table 1 emphasize the e::drenl('l~- sand:, nature of the soil; the average 
day content of the whole horizon ,,-as only a little more than 3 per
cent, and the total clay and silt was only 10 percent. This scarcity 
of fine pitrtieles e:\l)loins the lack of deY(·lopuwnt of a markedly differ
(.ntinted profile. Since thl' soil was taken from a wooded area, there 
was a. considerttblC' accumulation of organi(' IllitHer ill the upper part 
of the A horizon but very little below the 18-inch depth. The wide 
earhon-nitrogen ratio of 30 to 1 in the surface 10 inches is owing 
ehiefly to the presence of considerable clempntal earbon that had ac
eumulated as a result of the hurning of fon'sts in the unknowl1 past. 
TIll' C'xLrCIllC' deficiency of thp soil in nitrogen also liIllits the decompo
sition of the woody, highly carbonaccous, residues that are returned 
Lo the soil annufl.llv in forested flreas and tend to accuIllulate at or 
near the stu·face. \rhen placed in the Iysimeters the soil in the 0 to 
40-ineh layer (s('(' table 2) had a pH of 5.2 to 5.5 and was very deficient 
in n.1l of 11H' important soil hases. 

Cropping and Fertilization 

• 
Thp C'l'Opping systl'm for th(' 5-YN\'(' eX]JPrimenlal p('riod for hoth 

sumnwl' ttnd \\-in (('I' ('l'OpS is shown for ('ach of the lysim('t('l's in tablp 
:~; the f('rliliz('1' and mn.nure additions ilT(, gin:-n in table 4. Xone of 
the treatm('nts was replicated. Since th(' crop and fprtilizer treat

• 

l~rm'R" ·I.--C'ro/a/arin lIiIINOI/.(/(a (.~lrialal .!.!;rowing on Iy,inwt!'r,;. Photograph 

takl'n in .lllly. 

. IS7;;(H ~;;!l-2 
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ments included a large number of variables, a summary of the main 
subjects upon which information was desired is given below. 

Crotal!n'ia {fig. 4) was grown on ninc tanks. rfhis portion of the 
cJl.-pcrimcnt was designed to giye information on the conservation of 
organic matter where crotalaria was turned as a green manurc, wJh're 
it was incorporated with the soil as a mature plant, and where thc 
mature plants were used as a mulch. These three management 
practices were repeated with r:re used as a winter cover. The use of 
mature crotalaria as a mulch with and without rve and of crotalaria 
harvested yearly was designed to give an inde~ of the extent to 
which this crop serves as a soil-builder, and of thc capacity of the 
soil to retain organic mattcr. Two additional tanks (Nos. 17 and 
18), not cropped during the first 2 }-ears, received an amount of fresh 
cow manure that furnished approximately the same quantity of nitro
gen as added .in the crotalaria. One of t1lPse tanks was cropped to 
rye each winter, whereas the other was left barp. 

TABI,E 3.-'l'he croP'Pin(l .~y.~t(,1/1 at the Sandhill Experiment Station, /988-87 

Summrr crops I \Vint,'r erops'Lysirnrte':________________'___________________ 
No. 

19:13-34 19:15-37 
1934 

1. ______ ·-1 Crotalnrla, turned 1:-'fillet cuL__ . _______ Nonc.___ .• ______ Nonc___....... ' Nonc. 

green. ' 


2_______ •. ' Crotnlnrin, turned 11 . __ do. ____ . _______ .•.. _._do._. __ •• ____ - •. __ do_________ Do. 

mnture. 


3_____.... Crotnlnr!n, mulched·t· • ___do______ •• __ ._. __ ....•do•• _........ ' .. __do. _____ .__ Do. 

4. ____ •... CrotnlnrIn, t.lIrned 'I··-·-do-.-...-••.•• __ • Rye, turned.__ .. Rn', har. Do. 

gr('C'n. I v('sted.
5__ •___... Crotalarlu, turned! -. ___ do •• ____ .•_._._._ •.. _<10•••____ ..•• __ .•do ••• __ .... 

mature. I Do. 

6.•_.___ •. Crotulnrin, mulchc,iJ .••.•do__•___ ._._. ___ •••. _do._._..• _._ ... __ .do..____ ••• 

7•• _••_.. Cowpeas, turned •____do_.___ .• ___ ._. __ None._ •• ___ ..•.1 None ..•.. Do. 


mature. Do.


I
I 

8__ ._._.......do._ •• __ •.••_•••••____ do. ____ ._ •• _._... Rye, turned •• _ .. Rye•.har. 

Do. 


t v(l'stt'd.9_____~_ .. _ Corn'crotnlarJa, ~ .... ___ do_______ * ... ,,_~_ 0_1- None~,__ _~; ~Ol1c ..... _ 


mulcllcd. • 
 Do. 

10_._ .•. _ ._._.do.•••_. ' ...do.......... Hyp, turncd •• _ Hyc, hur-


Do. 

Il_. __ .•.. ! Crotnlnriu,lJJulched_: Crotalarlu, mulched. :-';onc._.. N~:i':,~~~:

12::-:-:--·--I···--dO_.... .. . .do..... • Rye, turned... Hyc, hnr. 00. 


Hy(', tllnH'd.1 
• f v('sted.

J3_··_ .. ·_1 Crotnlurla, har· ; Crotalarla, har- Nonc •• _ ...... _.• None_. __ .•• Non,'. 
. _,'csted. I . ,·csted. 


14_··_·· __1:\one........ _...... , :\one••••.....•..• __ ••do__. ___._•.••_••do.•_._. Do. 

lii. ___ •.•. Corn sto"cr, turned_; Miliet, cIIL ..•_.... _.do._ •• _ .... _.••_•• do ... __ . __ Do. 

J~:=::::::! ~o~So::::=:. .-- .. ' ~~n~i;'cut=::::::~~: :-:;lg:::::-::::: :':':3g::::::: g~:
18__ ._.___ ...do__ •._. '-"-"'- .•••.do. __ •. __ •___ •••. HY",lnrnerl. •.. _ Rye, hnr. Do. 

. I \·cstcd. •JU_ •• ___ .. Millet, cIlL._ ••.• ___ .•..•rlo. __ ._ ••••_••_•• Mlxtllre, turned'j Mlxtun" hnr. I MIxture, har. 

~====:::: :.J~::::=::-:::: :::Jg::::::::::::: :::::i!~:::::·::-!-::~;Jr\:.) ,.e~r
2~._ •••..•j CO\q~!ls. turned ... __do___•• Hyc, tUrIll'd ••• i Ryc', hnr. INonc. 

JI1ntlJn~. t w'st()d. 1 
24.---.-.-1--- .do..••_.... ---. 'j .- __ do..... .rlO. __..;. ._do..... • Do. 

I Crolalaria mucTOnala (slriata) was used throughout thc ,\xp"riment. Ail millet was cut :1 to r. till1(,~('nch Sf'ason nnd removed. 
! fThc J,!fcen rrtaJ1urt) mixture ~rown in iysimet(1fS 19 to 22 consisted of rY(l, oats, hnrlp)", nml. '''(ltch.
1 Hnrvl'stNI t.he last year of the ~xperil1lel1t. 

• 


• 


• 
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TABLE 4.-Fertnizer andmanllrc treatments at thc$a.ndhill Experiment Station, 
1933-37 

Kind o[ treatment I 	 "\mount per acre and year• Lysimcter I
No. 

l-:L_____ ._ Nitrogen In erotnlaria turned under_______ 72.0 lb. Nand 81.4 lb. N, resp., 1933 and. 1934.4-6_______ • _____do_________________ • ___________ •_______ 
72.0 lb. Nand 86.6 Ib N, resp.• 1933 and 1934.1._________ Nitrogen in cowpens turned under________ 26.1 lb. N, annually, 1933 and 1934.8___ ..__________do________________ .,__________ •__ • _._._ 31.7 lb. N, annualiy, 1933 and 1934. 

!1-10_______ Sodium nitrate added as side dressing to 75 lb. and 150 lb., resp., 1933 and. 1934. 
com. Nitrogen added In' crotalaria not 
determined. 

11_________ Nitrogen in crotalaria, mulehed___________ 72.0,81.4, 1.42.8, 119.2, and S9.7 lb., resp., [or 1933, 
1Y34, 1935, 1936, 1937. 12______________do___________________________________ _ no, 86.6, 137.S. 97.0, and 95.5 lb., resp., [or 1933, 
1934, 1935, 1936, and 1937. 

13_________ Nitrogen removed in crotalaria hay crop__ 72.0, 77.4, 129.4, 8104. and 55.2 lb. N removed, 
resp., 1933, 1934, 1935, 1936, 1937.

14_________ No additional fertilizer____________ •______ _ 

15____ . _ _ _ Sodium nitrate added as side dressing to 75 lb. and 150 lb., resp., 1933 and 1934. 


corn.16___ _____ No [ertilizer_______________________________ 
li-IS______ Freshco\\' manure added infaIL__________ 11.S tons (72.0 lb. N) and 14.0 tons (81.4 lb. N), 

resp., 1933 and 1934. 
17.s tons (145.0 lb. N), spring 1933. 
11.5 tons (S4.4Ib. N), summer 1934. 
5.0 tons (28.9 lb. N), fall 1934. 
5.0 tons (39.,; lb. N), sprin~ 1935. 

Fresh cow manUre added__________________ \' 5.0 tons (34.S lb. N.fl, [all 19.3;. 
5.0 tons (38.0 lb. 1'>",), spring 1936. 

i ( 5.0 tons (31.2 lb. );), [all 1936.19---------. 	 5.0 tons (3S.4lb. N), spring 1937. 
5.0 tons (36.1 lb. );), [all 1937. 

Sodium nltmte added_____________________ • 100 lb., summer 1934, and m lb., winter 1934. 
20 _________ Similar to lysimeter 19, except manurb j Total nitrogen added same as for lyslmeter 19. 

mixed with oat straw. i 
21. ________ Similar to lysimeter 19, except manure I Do. 


was scmideep stall manure with oat 

straw used as bedding material. 


22_________ 	 Similar to lysimcter 19, except manure Do. 
was deep stall manure. ' 

~3 {NitrOgen in cowpeas turned under____ ._._ 43.8 lb. N annually, 1933 and 1934. 
- --------- Dolomitic limestone applied________ . _____ 1,200 lb. In 1933. 

Nitrogen In cow peas turned I1ndeL _______ 42.9 lb. N ar1llually, 1933 and 1934. 
2·1.________ Dolomitic limestone applled_______________ 1,200 lb. In 19:13.{:.ruri:lte potash applled ______ ,.___________ 100 lb. in 19:13. 

'400 pounds or -1-8-1 [eriillzer added annually each sprln~ to alilysimetpfS except Xo. 16 [or the 5 years
and to Nos. 173n(1 IS [or 1933 and 19:14. An ad(litional 400-pound app!lcatlon was made to [all crops on 
lyslmeters Nos. 19 to 22 for each year, 1934 to 1937. 

Cowpeas were grown on four tanks in order to compare a commoD 
summer legume "ith crotalaria. '.rhe soil in two of the tanks W6S not 
limed, whereas the other two received 1,200 pounds per acre of dolo
mitic limestone. One tank that was not limed had a wi.nter rye 
cover, but both tanks that were limed were planted to rye. One of 
these lysimeters received an application of 100 pounds of muriate of 
potash in addition to the basic fertilizer treatment, in order to over
come any potash deficiency induced or intensified by the use of 
limestone. 

The series included both a fertilized and an unfertilized uDcropped 
soil. The basic treatment (sec table 4) was 400 pounds of a 4-8-4 
fertilizer added annually. 

• 
Corn was gl'o\vn on three tanks fo1' the 2 yeRl's. Two of these were 

interplanted with crotalaria at the last cultivation, and one of these 
corn-crota.larin tanks also had rye as a winter cover . 



8 

·,'. 

TECHNICAL BULLETIN 1199, U.S. DEPARTMENT OF AGRICULTURE 

Four lysimeters were used to study four Lypes of manure produced 

at the da.iry: (a) fresh solid manure without litter; (b) fresh nUlI1ure 

plus oats straw corresponding to tha.t obtained in the daily cleaning • 

of the rest stalls; (c) manure collected in the scmideep (8-10 inches) 

stall method where sufficient lilter was added to keep the animals 

clean; a.nd (d) deep stall manme. ,]'h('s(' four ta.nks werc cropped LO 

pearl millet during the sununer and to a mixed crop of rye, oats, 

ba.rley, and vetch during th(' ,,-inter. 'rhe millet was clipped and 

removed periodicall}T in ord('r to simulat(' grazing couditions. 


Methods of Analysis 

The methods of unalysis used were for the most part the olles used 
by the Association of Official AgricultlIral Chemists CA. O. A. C.).' 

Organic nitrogen .ms det('J"mined by llw Kjcldahl method, using n 
salt mixture consisting of Na2S04, FeS04, and CuS04. ,,'"11('1'1' total 
nitrogen, including nitrates, Wi.S desir·ed the salieylie aeid modifieatioll 
was used. ~itrates were determined by the phelloldisulfonie add 
method. 

Carbon was oxidized by boiling in concentrated H 2S04and K 2Cr
2
07 

for 30 to 40 minutes, eollecting the carbon dioxide in alkali, and titrat 
ing according to the method of Adams.6 

Potussium ,\-as precipiuttcd as K~PtCl6' tho precipitate dissolYl'd ill 
HCI, reduced with magnesia, filtered, washed, and ignited, and the 
platinum weighed. 

Calcium was precipitated as CUC20 4, H 2S04 uddNl, and titraU'd 
with standard K~In04. 

Magnesium was precipitatcd as ~rgNH4P04' the prccipitate washl'd, 
ignited, and weighed as maglH'sium pyrophosphate. 

Phosphorus was determined voltimctricn.lly by the molyb(b.le
method. 

'l'he methods used for mallgnnesc, sulfur, and chlorine were the 
official A. O. A. C. mcthods. 

Soil reaction, e::·q)J·csscd as pH, was determined by the potentiometric
method of Snyder.' 

RESULTS 

Crop Yields and Nitrogen Contents 

Thc dry \\'('ighls of the SllllUlH'r and winter ("rops, lllld the nilrogl'n 
removed in the crops, arc given ill tables 5 and 6, respet'li\'cly. 

5 ASSOCIA1'IOX OF OFFICIAl. AGRICur,TURAI, C"E~IfSTS. Ol?Jo'ICIAL AND TENTAT£VE 
)IETI!OI)S ()~' ANAI,YSIS (W TIlE ,ISSOCIATION 01' OFFICIAl. A,GRICl:IJI'URAI, C"E~I!STS. 
Ed.:3. 5!):3 pp., illus. H)25. 

II AD,U(S, J. E. Df;TER~IfNATION OF TOTAl, CARBON IN SOC/,S BY TilE WET OXIDA
TION ~IETrroD. Indu;;. and r~l1gil1. Chern., Analyt. Ed. 6: 277-27\), ill liS. 11):3-1. 

7 SNYDER, E. F. ~(ETII()DS FOR flETEIOIfNING 'rUE IIYDROGE;s'-ION CONCf;NTRA
TIOX OF SOIl,S. U. S. /)ppt. Agr. Cir. 56, 2f) pp., illu;,. .W2S. 

• 

http:molyb(b.le


__ 

9 SOIL FERTILI'l'Y S'l'UDIES IN LYS'iMETERS' 

• 


• 


• 


TABT,E 5.-Crop yields as tons of dry malti;/" in the tops per acre, Sandhill Experiment 
Statl:on, 1933-38 

I Summer crops Winter crOps 

~;;;. \ I I IYeurs Ycnrs Years 
eter Kind of ___. Kind of ______ Kind of 
Xo. cl·op,IOa3·34 ('rop 193.';-37 cropI I 

______illl33t _1934' 193.; _!D3G 1937 Total 1033- 1934· 1935- 1931l-1937· 
:H 35 36 37 38 

--11----1----------

L.... Crotnlnriu.. I. ao I. 46 MilieL..•• 0.0710.64 O. 67 2.28 "'"one................ "'" •..••••__ 

2 ........do...... 1.30 I. G:l .....do.... 1.2.;.71 .72 2.68 ..do............ __..... ___ .......... 

3..........do..... 1.30 1.56 ....do...... 1.27 .70 .70 2. 67. .•do................. « •• __•••• __ 


4.... • ••do...... 1.30 !. 58 . , ...do...... I. -.10 ,81' .74 2.75 Rye....__. (3) 0.36 ........__ ..... 

.; •••.•____do.... __ 1.30 1.60 .....do...... !.47 .81 .83 3.1I ...do....... (3) .30 •..•.•••__ ..... 

(j .... • __ ..do...... 1.30 1.60 .....do...... 1.44 . H .81 2.09 ...do....... (3) .22 ............___ 

'8' ::'.:'•...Co~\,poen.s...••: ....-.:~ ,67 ....do...... .85 .54 .54 I. 93 Nono.... __ ..--. ----....-- ..... --__ • 
.... ..dL . ._ . i7 .. __ .do....... 91 .72.66 2.29 Rye.__ • __....... 30 ._.........__.. 


11. __ .. Corn .40 .....do..____ .90 .55 .55 2.00 None__________............___•••".. 
(grnln). 

l~:=== 'Cro~~~lii;;=: 'i:3() I:~ 'Crot;~ilrin:: k~ 2:t~ I:~~ ~.}g ~~~c~:==:= _(~~...:2~ ===:: :::~: ::::: 
12..___••. .do.__... 1.30 1.60 ..do...... 3.162.052.01 7.22 Rye....__. (3) .25 0.66 0.81 0.51 
13.........do.__.•. I. 30 I. 66 ....do••__ • 2. H 1. 54 1.14 5.42 None..__. __......__ ...____._ ••••.• 
14.... None...____ .......... None••.•__...___ .........__.....do....... " __' __... ____ ..__....__ 
15. __• Corn ____ ...50 MilleL..... 60 .49 . .50 1.59 ..do..__.•. __...__................ 


(grain). 
16.... None........"_' ..... Xonll....._..... ' __ ' ....... , .....do.... __........__ • _., __ •• __ • "" 
17.. __ .....do..__.•••, ...... _ Mlllct...... l.29 .62 .59 2 . .50 ._.do..____ • ___....__ ..._. __ . ___..__ 
18.........do._______...........do...__ • 1.25 .75 .70 2.70 Hyc._____• (3) .30 ..... ____.._._. 
19 _.. Milll't..____ 1.34 1.83 ....do__. __ . 1.5.1 1.261.54 4.33 .Mixture'. (3) .62.83 1.13 1.23

120 .• _______do.____ . 1.3211.79 ....<10...... 1.06,1.442.09 5.49. __do... ____ (3) .G.i 1.04 1.11 1.58 
21. ... _••••do.__••• I. 81 2. 11 " •••do.... 2. 05p. SO I. 89 5.74 ..•do.... __ . (3) .70 i. 05 I. 42, L 79 
22._ ......do...... 1.38 1.4.51 ..do__•__ 1.5311.3611.86\ 4.7i; ".do.... __ (3) .67 1.60 1.18jl.21
2:1" .. Cowpms ..• ".. 1.40 "".dO..... 1.26 .88 .74 2.88 Ryc..... _. (3) .52 ...... , ..... 
24,,_ ......do __......." 1.33. .do...__ I. IS .91 .80 2.80 ..do..__ .. (3) .53 .... "'" __ •j1 1 

I '1'he weight of crotnlurlu was determined for Iysimeler 13 only; the ,·n!tw.q for tlK- other Iysll!ll'ters for 
the year 1033 weI e [lqsumed to be the same. 

, '['he weights of cowpens lI!1d corn g!\'cn in this column are totals fol' 1U3:l and tn~·1. 
l Not determined• 
• 'I'he mixtur\l consisted of rye, oats, lmrlcy, and ,·etch. 

The effect of 2 successive crops of crotalaria used as a grePll manure 
on the growth n.nd nitl'ogpn eon ten t of millet d lU'lng the following 3 
y('ars was determined in lysimeters 1 to 6, In general, the l'PCOvcl'Y 
of niLl'ogen ill the crops dosely paralleled the (lry weights of the 
millet. When t,he Cl'otalal'ia wn.s t.urned under green, the yields of 
millet were somewhat less than wlwl'(' it was allowed to grow to 
matlU'ity. This was pl'Obably owing chidly to the larger qUl1l1tity of 
nit.rogen fixed by the long('r growing cl'otl1laria. The nitrogen in the 
mature pll1nts wOl11el 111so 1)(' held to a slightly greater extent !lgainst 
Il'aching. No appreciable di.fterence b('tw('en the results was obtained 
whC're the matul'(' (,I'otalal'ia wus lUI'IWel .into tIlt' soil anel where it was 
left, as a surface lUUIeIt. The US(' of a win tel' cover crop of rye was 
Iwneficial for all thl'(,l' systems of utilization of the summer gt'een 
manUl'e crop. The rye r('(luC'l'd the leaching of nitrate nitrogen clul'illg 
t.he winter season, and titis nitrog('n was latC'r released through decay 
to the millet, 

Whel'c cow man tIl'(' was added to lysimeters 17 and 18 in such 
quantity as to supply upproximatl'ly lh(' same amount of nitrog('u as 
fix('d by the young croUdaria, (lysinH't('r J), t1w yi('I<ls wet'(' not greatly 
different from Lhos(' obtain('ll wit('r(' tlte nitrogen SOIIlT(, was green 
('rotu.luTia, The r('sulls from l,Ysimelf'l's l7 and 18 an' not, however, 
strictly compamble with those obluin('(1 wl1('I'(' crotalaria was grown, 
because no nitrogen additions as complete f('l'liliz('1' were madc to 

http:1.18jl.21
http:1.5311.3611.86
http:1.06,1.442.09
http:1.3211.79
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. these lys.imeters during the first 2 yeats. This deficit amounted to 
. 32pounos of nitrogen. Furthermore, both lysimeters were uncropped •... 
during the first 2 summers of the experiment, thus allowing consider
able loss of nitrogen through leaching. 

TABL~; 6.-},h:trogen removed in crops as pou.nds per af're, Sandhill Experimem' 

Station, 1933-38 


193~34 1934-35 1935-31i 1936-37 1937-38Lyslm. 

et"r Crops J 
 Total 
No. Sum· Win· Sum· Win· Sum· Win· Sum· Win· 

for 5 
Sum· Win· yearsIller ter mer ter Iner ter ter mer torm~r 

L ....... Crotalaria and millet.. 0 0 0 0 
 21.S 0 17.1 0 19.4 0 58.3
L::~~= 	.•.••do...•.•...••.....• 0 0 0 0 31.2 0 19.3 0 21.2 0 7L7
..•••do..•••......•....• 
 0 0 0 0 29.5 0 19.4 0 21.0 ()4...•._._ 	 69.9Crotalarin, mlllet, 0 0 0 21.3 27.4 0 22.4 0 21.5 () 72.6and rye.5._..____ .,...do...•.......••._.. 0 0 0 21.6 
 35.S 0 22.7 0 24.6 0 84.76...•••.. ___..do..._..•.••••_..._ 0 0 0 , 1.2 33.47_... ____ 	 0 22.1 0 24.5 0 81.2Cowpens and millet. .. 0 0 0 0 20.0 0 14.1 0 15.9 0 50.08_ ..•_.•• Cowpens, millEt, and 0 0 0 21.3 20.0 0 18.5 0 19.5 () ;l9. :1 

9•...__ ._ 


rye. 
Corn, crotalaria, and 336.6 2.5.3------ 0 0 0 15.1 0 16.4 0 93.4millet. 

10_..••.. Corn, crotalaria, mil· 0 340.1 , 1.1 25.4------	 0 17.3 0 17.3 0 101.2 
1L••_c._ Crotalaria...._.. _.._.. 0 0 0 0 , 8.9 0
12.••••.. Crotalaria and rye.••__ 0 0 0 


let, and rye. 
0 0 0 0 8.9

la____ .•_ Crot~laria.___•__ . ____ . '1.9 29.0 ' 2.1 0 '1.3 0 13_7 28.G 
14..___ N onc_. ________________ 72.0 0 77.4 0 129.4 0 81.-1 0 .55.2 0 415,4
15_______ 	 0 0 0 0 0 0 0 0 0 0 0Corn and millet_______ 340.4 14.816_______ Nonc__________________ -----. 0 0 0 12.8 0 13.9 0 81.90 0 0 017_______ 1\IiIleL_______________ 	 0 0 0 0 0 0 0;-, 	 (J18_______ 	 0 0 0 28.4 0 16.9 0 17.1lHillet and rye________ 	 0 li2.40 0 019_____ ._ 	 '1.3 21\.6 0 19.0 0 19.:1 0 fi5.2Millet and ml~turc____ 23.5 _____ do.________________ 0 47.1 27.8 40.3 21.3 40.2 22.1 4i. i 17.8 287.8 •2IL_••••21.______ ____ .do_________________ 25.0 0 43.9 37.3 48. 4 18.6 37.0 41.3 .~O. .5 21. 2 :123.2 
22____ .._ _____do_________________ 37.2 0 53.8 45.3 47.3 27.1 49.2 31i.n 45.6 2i. '( a7ll.1 

__ ••• 25.4 0 36.2 32. G 37.7 25.8 3r,.2 2H.2 .'B.3 10.0 2'JO. ,I2:1.. Cowpens, millet, and 0 0 0 '1.7 27.9 0 2:t2 () 22.0 0 74.8rye. 	

I
24_______ _____ do____•____________ 

0 0 0 '1.8 25.8 0 22.3 0 20.9 n 70.8 

J Set' t"ble 3 for details of cropping system. 
'lnc1udl's only the nitrogen in the plant sampl('s taken for analysis. 
3 Total nitrogen removed in 19a:l and H13·1 in grain. Separate values for the 2 year~ are not uvulluble. 

The yields of millet from lysimeters 7 and 8, where cowpeas were 
turned under as a green manure, were much smaller than from the 
corresponding soils (lysimeters 2 and 5) where crotalaria was grown. 
This was obviously due to the much smaller quantity of nitrogen 
fixed by the 2 crops of cowpeas. In lysimeters 23 and 24, when' 
dolomite was added, the cowpeas made a better growth and fixed 
more nitrogen. This better green crop produced larger yields of 
millet during the following 3 years. Potassium, supplied as muriate 
of potash, in addition to that supplied annually in the 4-8-4 fertilizer 
was without effect. In this sandy soil the main factor, other than 
water, that determined yields was apparently the quantity of nitrogen 
available for use at the time the crop needed it. When the green 
crop was turned under, the data (tables 5 and 6) show that although 
the maiu benefit was to the first crop, there were still appreciable 
benefits to the second and third crops. 

The value of the green manures, especially crotalaria, to the crops 
that followed, is shown by comparison of the 3-y('ar millet yields 
(1935-37) from these lysimeters with the corresponding yjelds where 
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corn was grown (lysimeter 15}dUling the initial 2-year period. Cow

• 
peas (lysimeter 7) increased the yields of millet by about 21 percent 
and crotalaria (lysimeters 1 to 3) by 60 percent. The inclusion of a 
'rye cover crop increased these percentages to about 44 and 85, respec
tively. These differences were obtained regardless of the fact that 
corn received sidedressings of 37 pounds of nitrogen as sodium nitrate 
that were not given to the 2 legume crops during the initia12-year 
period. Where corn was interplanted wit,h crotalaria, the subsequent 
millet crops were neaTly a third larger. These results again emphasize 
the importance of available nitrogen in crop production on this sandy 
soil. 

In two lysimeters crotalaria was grown each smnmer for 5 years 
and returned to the soil as a mulch. In one of these (lysimeter 12) 
a rye cover crop was used, whereas in the other (lysimeter 11) the 
soH was left bare. The crotalaria yields averaged 2 tons of dry 
matter per acre per year for bot.h treatments. In.a third lysimeter 
(No. 13) where crotalaria was cut and removed, the average yield 
was 1.7 tons. Since the c1"otalaria could obtain its nitrogen from the 
air, it is likely that the lower yield on lysimeter 13 was due chiefly 
to the removal of essential mineral nutrients. Although the crotalaria 
yil'lds (table 5) on the 31ysimeters were iden tical for the first 2 years, 
they were markedly less during subsequent years where the crop was 
removed (lysimeter 13) than where it was returned as a mulch (ly
simeters 11 and 12). 

• The dry weights and nitrogen contents of the millet and ",-inter 
eover crops fertilized with four kinds of manure (lysimeters 19 to 22) 
show that semi deep stall manure produced the greatest returns, 
whereas fresh mfi.]lUre and deep stall manures gave the poorest results. 
Yields were closely correlated with the nitrogen contents of the crops. 
Th(' highest yields and nitrog(,l1 recovcrips, obtained with the semideep 
st.all manure, were about 20 percent greater than those for the fresh 
manure and deep stall manure. In evaluating these data it should be 
remembered that, although the same q uan ti ty of ni trogen was added 
to each of the foUl· lysimeters, the comparisons are a little confused 
by the inclusion of vetch in the winter .cover crop mixture. Data 
to be presented later (see table 13) show that a considerable portion 
of the nitrogen added ill the four manures remained in the soil at 
the elld of the experiment. The differences in retained nitrogen 
between manures were small. Furthermore, little nitrogen was lost, 
as will be show11 later (see table 12) through Jeaching. In v-iew of .: 

these facts and the lack of knowledge of the carboll-'I1itrogen ratios 
of the added manures, it is impossible to account witi certainty for 
the dilIerences obtained. They were likely determined .the quantity 
of nitrogen fhed by the vetch, by the amount lost tL· .Jlgh volatiliza
tion, by rate of release of nitrogen from the manures, and by the 
presence or absence of an adequate crop to utilize it as released. 

Effect of Crop on Quantity of Leachate 

• The minfall during the 5-year e).:perimental period is given in 
incbes by months and years in table 7. The quantity of water that 
percolated th,'ough the nu·ious lysimeters is shown in table 8. Cal
culations made from the data in these two tables show that an average 
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TABLE 7.-Rainfall dlldng the 5-year expertmenlal pcr£orl. at Sandhi/l, Experimenl 

Blalion, ] 933-38 


:Month 1933 I~~~---.:~~I 1938 -' "\verugc 

Inches Illches Inches Illches IlIch.s IIlIches : IIIche8January______________________ __________ 1. 08 1.36 7_23 5.34 1. 41 3. ~B 
~ebruary______________________ __________ 3.52 2.27 4.0.; 4. 17 . fl4 2.9;1
March _________________________________ • 3. ti6 I. 84 5. Ofi !!. 94 ' 1. 01 2.9"2 

AprlL__________________________._. ___ .__ 2.36 3.85 1O.2{i 6.35 6.35 5.83 


~~~===:====:::================ ~: ~g 1 1: g~ H~ 2: l~ g~ ~: r~July___________________________ • 4.69 I 3. IS 5.04 3. S3 4.56 4.26 

AugusL._.____________________ 3.83 f 6 . .J1 7.20 4. no .7. r.o 5.87 

Septem~r_____________________ 1.08 I 4.20 5.04 2.051 1.90 .•• ____ ••• 3.07 

Oct()ber ______________ . ______ .• 1.15 I 2. ~1 • \19 S.70 2.39 '_" _. ___ .3.21 

Novembt·r._._._______________ • .421 3.42 2.92 2.90 3,03 .••••_._..2.04 

Decem~r..________. _______ •___ 1 .83 3.40 : 2.24 4.4ii 2.45 , •... ___.• 2.67 


Total for years and aver-'----,----l---- ---- ·---'1·------- 
age annual rainfalL_ ___ 18.79 I 40. 24 I 37.24 55.50 iiO. 114 I 9.41 42.44 

TABLE 8.-Qu.anl'ilies of percolale expre,~ser.l as inches per unit .~wjace oj IYldlllclcrs, 

Sandhill Experiment Station, J 933-38 


*Cro"ro~~~' i=;<Ci~ !~;~. ~~.I ~:i~ I~~=~;~: i""~ 
No. ;i i;Iii I;~ ;iJ;i;~ ;& ;i : Ii • 

L_... Crotrilariaand5.52 ..2 74 5.9.') 9.07 9.691~Jt~ ~.~·~~~1~110.;4·1109.2:f~~~
mUlet. . I 

~===== .:::=~g=====::::=j g~1 i:~1 U~ ~:g~ ~:gg: ~:t:.~! ~:~~, ~U~! lU~ 19:~ :~:~( :~:~ 
4...... Crotalaria,mlllet,· 5.00 .71 5.85: 5. UP, 8.51l 26.12· 6.48: 17.:-18,.14..]6' 9.9L 1lIl.89l ·16.I> 


and rye. "."";. ()(.I , SS! 1- ••)~ 14 28'10 0) ,,- 37t "'1
5__...•.___ do____........ .5.14 .16 v "" ~••;: 7.46,26.46 6:1!1 17:38' 14:221 9:&}; 98:5ii 4~:i; 

6___.• -----do----.····:--i ~:l~ .1;1 5.78 10:~8: 7,76 2Ii.21! 9 

7--.-.Cy~t:eas and mll· 1 2.85, 7.47: 10.14 26,2011 -61'.t~111~I'.q_I84: 14.82 9. 82tllO. 3. 51,7 


8____ • Cowpeas, millet, 3.52 1.43 6.03 8.11 9. SS,,·. 26.03.... 14.49 9.8.51104,18 4". S 
and rye. 

9_____ COln, crotnlaria, 4. 64 2.03 8.45 6.27 8.891 26.441· 7.00 17.27 14.80 9.67105.46 49.4 

and millet. 
 I I 

10_.._ COI'!1. crotalariu, 4.24 1.38 S.03 4.07 8.92 25.68 6.75 16.94 14. 2'J 9. 5:1,100. 67! 47.2 

millet, and rye. I 1
5.95 

' 
11.... Crotaillriu.__ ...... 4.91 2.00 7,94 3. til, 22.86: 2.87 16.92 8.01 7.61IS2.fi8, 38.3 

t~::== g~g~~l~~:~.~~?:ye:! gg 3:~; ~:b~i g~1 n~: ~g:;:g ~:~; f~:~~llgl g:~I. ~::~: ~;l:¥
14..••• None___ ....... __ .! 8.42 3."1 13.47; .10).35; 15. III; 26.24,11.02 17.as l 18.09; 1I.88la:l.7.!jl !iZ.7 

15_•.• Corn and millet... ; ·1.47 " 9.29 1 II.m, IO.SS1 25,76 7.3..i 17.02 14'c04 9A7,J1:l.(",! r.:l,(1

16.___ ,,"onc___..... __ ., 8.50 3.78 13.9U· j().42 15.38 26.00 11.2:1 16.73 17.21 9,44,la2.foS· 112.2l17.___ MilleL_"""" __ 1 8.2814.13 1:1.70: 10.67' 9.011 25.fhl' 7.2016.76 H.M 9 r.o1l9.m iifi.l 

18___ • MIllet and rye..... 8.15 ~.~7 1~.80: 7.6?1 ~.O~! ~~.~!, 6.21 16.87113.48 0.03,111.15 li2.1 

19.~._ Millet and mixed, 2.83 3./0, 1.88 8.03, ,.J'I __.30 5.62' 14.08i 11.811 5.84189.39, 41.0 


j. crops. 1 I l! , 

22·01._-_-.-_._ •• -_ •. ,_ddoo~-__---_-_•••••••••.•• if 3.40 3.84' 8.101 8.01i 6.40,22.09; 5.28 14.00,10.67/ 5.49 87.28'1 41,U 


. , 2.54' 3.77 8.021 7.67t 6.2:1 21.79 5.20 13.13,11.521 5.43 8.5.30 40.0 
22~_~. ___ ._do_____ ...... I 2.86 3.91 8.17 8.02 7.23,22.32, 4.ll!i; 1a.84/ 11.67, a.1l1! SS.881 41.71 
23____ C~~8~~e.mllIet, . ~. ~91 .~!~. U8' ~. ~~1 8. 7~\ ~:. 791 6.14: I~. 74 l~l. 841 9. ~~! \18. 01 4~. ~ 

24...... ___do ___........ .~.o2 .14 1,.44 1.. 1, 8.9.1, _,.SI 6.02111.10 l.tM. g.{{ 1lIl,IH 4b.( 


RulnfnIL_---_ •. Inches. - , 18. 56 lii:ll:2I.7ii l7:3O 23,4;:32:5; 2ii.5i';"24.i;27.55 ~,~ 

I.A total of 1.78 Inches of irriglltion wllter \l'1~~ added to elleh of lysln1('ters2, a, ,i, Ii, 11, 12, and 1:1 during

September and October 1933, nnd 0.88 Inch was added to ench of irslmet!'''' II. 12./llId 1;1 h: August 19:V,. 

In calculating the percentage of ralnfull recovered In the percolates, these Ilddltions nreincluucd. 
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• 
of 47.4 percent of the rain that fell on the 24 lysimeters leached 
through the soils. The largest. amount of percolate-62.5 percent-
was collected from the two uncropped lysimeters, and the least 
amount, 33.6 percent, from lysimeter 12, which grew a very heavy 
crop of crotalaria each summer and had a rye cover during the 
winters. The intermedjate va.lues for the other trea::1nents were 
inversely related to the size of the crops grown. 

Crop Yields and Evapotranspiration 

'ebe water loss('s by evapotranspiration (evapora.Lion hom soil plus 
t,rallspiration) from the various lysimeters, together with the crop 
yiplds, are shoWII ill tablp 9. TIl(' results of calculations of the effi
eier:(cy of wat;(,1" lIS(, in terms of production of Wilts of elr.y matter are 
itlS0 given. . 

TABI.E Il.-The 'It.~e oJ 'water b!l rrops grow(/, it. rota.tion in lysimeters for 511ears, 
Sandhill Experiment Statton, 1.Y33-38 

~... \"erage e\'upotranspirntion per yenr 
~... \'cruge I----..,.-----;------,-----

Lysimeter No. <lry mutter : "'ntt'rper l 'Yuter per 
prodUced Wt\tl~r per fDry matter I.(J(KI I IWlund 
per y~nr yellr' per Inch pounds of dry 

dry mlltter mutter 

• 
POlLlld,If 
IJeT (lefe Jlli:hes PO'lIId., fllc"'. Po,,,,ds

L ___ ~.~ ___ ,_.,......._,_ .. _, ..... __ .. 2.lIHi 20.8 00.9 10,:12 ~a:!6
2. __ ~.~_.~_~_ .. ___ . ,~'"'" _...... ~ __ " ___ ~ .. ___ " 2,244 ~2.2 Jfl1.1 9.89 2,24(Ja........ __ . ______ .. __ • ________ •______ __ 	 qor)'U
2.212 21.8 101.5 9. St; 
4•• __ .......... c" .......... ____ .......... . 2.5-10 Zl.f IIl.9 S.IH ;;'i: (£-3

98t,5. ___ .... ____ ,,_.;, ____ .. ___ ~, ._ 2. ti-l4 2:1.2 114.0 8.77 1ft •..•• ,. ____ • __ . __ .• _ OJ 53') 2:1,0 110.1 9.()S 2.0fi7 
7_. _,. .. __ ~~ __ • __ ,._ .. ____ " . 	 i;040 20.0 50.5 19.81 4.48."
8_ .. _.. __ ......., ..... _. __ ... _____ • __ _ 
 1.4ti-l 2LS t fii'.2 I4.St; 3,371
9. "." ___________ ..... . I. 1St; 2LU i 5:t5 18.69 4,2:10
10... _____ . __ ... _____ .... .. 1,9"..8 22.5 Sti.O 11.117 2,f>42 
II ...~._--. ____ ......... ______ . 3~ 992 21i.l 153.0 0.5·c. 1.480 
12_ •. ____ .. ____ ........ __ .". 5,(J.I0 28.1 179.4 5.58 1,262 

__ "13. " __ "'" ______ 00 ...... . :i,:i52 2.=i.:1 132. 5 7_ s.=i 1,709 
14. . •• ____ ~. ____ ... 'O__. ___ . o 	 15.9 .'"'' 

2tl.l1 iiL.'i15. ._. _______ .... ___ ............. . J. (~11j 19.40 4,393
IIi. .• _. __ ........ __ ._ .. 1I lIi,1 ( ____ . 
17_ I, (Xl\! is.StI . -~"4:2.!)(.

_-0 ......... _ ...... .. 
 18.8 f r;:g
ilL __ .... coo ...... __ ... _ .. _ .. 1,32t1 	 l1i4f1. :l.4!l!J 
w. __ '.oo,." __ ' __ ....... " 4.772 Hr1.4 1.177
~~J j 5.20 
:'~I- • __ • ''''' ____ ' 	 ';,4;12 ~.1.,2 ' :21fi.", -4.ti2 1, (l-Ifl 

I:!l ti. !.'CKJ 1 2.'i. (j 242. 2 4.13 Ha~) 

:!'.L ·1,924 ' 24.9 ' W7.S • a.on 1.14.; 
2:1 	 2.J~ 2:1. I 92.1 I IO.i«; 2,458'>',!!·L 	 t 2,112 , --. -, 1':1.0 IO.7fi 2,-1:1:1 

I----·-------~---- --- 
\\"elghl"d ""'·rag.... 1 i 1-17.. 5 8.27 J,572 

"llelJ th(' pounds of dry matter prOdltel'd in thr LOPS are plotted 
against evnpotmllspiration, as in figur(> 5, n. stmight line with a con'e
lation coeffieien t of 0.886 is obtained. This Iill(' in t,('rcepts thr X-axis 
at a point nearly eorn'spollding to tlw Wllt('r loss from a barr soil. 
If the yields from lysimeL('rs 19 to 22, indusive, whi{"h rCl'('iy('d muth 

• 
larger additions of Jlutriellts, 111'(' dirnill!1tl'd, t]H'lI tl)(' corn'lat,ion 
eo('{£iei(,l1t is 0.957, TIll' mn,ximulI1 eVUpOll'H.nspiraliOll WIIS nbouL 28 
inelws of wntN pC'l" .\'('nr from (,I"oppc·d soil, \\-h('rens the loss from blll'(, 
soil WI1S Itl inelws. 
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FIGCRE 5.-The relationship bt'twe('n crop yields Ilud evapotranspiration. 

The total evapotranspiration (table 9, col. 6) ranged fr:om 935 to 
4,485 pounds of water per pound of dry matter produccd, ",ith an 
average value of 1,872 pounds. Cropping syst1ems that left the soil 
barc for a minimum part of the time and produced the largest yields 
l'equired the lcast water pel' unit of crop produecd. 

The eeonomics of water usc is bettel' shown if crop yields are 
plotted against the efficiency of watcr usc, as is done in figure 6. This • 
plot gives a, strnight line \\'ith n eorrela,t1on eocffi('ient of 0.995. '1'he 
more dry matter produ('ed per unit IlJ'eu., or per in('h of rainfall, the 
greater is tll~eflkiene.r of use. This holds true regardless of kind of 
crop or rotatIOn use~l 
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FIGI}RE G.-The relationship between crop yields and efficiency of water usc. 

• 
The 16-inch loss of wn tel' from an uneroppl'C\ soil (table 9 and fig. 5) 

t'onstitutes in net dfed an oYerlh!au loss; it is 01(' minimum loss that 
occurs under allY condition. .As crop growth proeeeds from the 
seedling stage until near maturity t.he logs of wat('r by evaporation 
from the soil surfac(' gradually decreases, owing chiefly to increased 
soil water tension, shading, and mulching efl'ects of the crop. During 
the same time, however, this loss is more than offset by increasing 
trn.nspiration that tends to parnTlel crop growth. During the entire 
growth period of the crop the watrr loss by e"\'aporn.tion Cim be 
cxp('ctrd to be about ol1e-hnlf as gn·at as till.' loss by tl'nnspirn.tioll. 
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In making usc of these evapotmllspiration 1'I.'sult.s.s it, is well Lo 
l'emember that lysimeter datu of the type reported here emmot be • 
c).:pected to agree exaeUy with those obtained in the fidel. Under . 
both condi Lions wat.er losses b.\- ('va.potnUlspiration fiTe determined 
chiefly by tbt' a,vaila.b\P moisturt' supply and tht' amount of radiant. 
energy that sLrikes the pln.nt. At eertain times crops growing ill the 
iit'ld, espt'eially if c\Pcp Tooted, may have more moisturt' available 
than if growing in the limited amount of soil in a lysimeter. In '-er.,
dry years this difl'erenee ma~T be important. There are other timps, 
however, when lysimeter soils, due to the broken soil column and laek 
of downward capillary pull, may supply more water to tlH' crop than 
would a eorrespondingfield soil. The very sandy soil used ill the' 
presen t e),:periments, together with the depth of l.\-simeter, should 
ho,ve minimized these faetors. 

Seeondary fadOl's n.ft'eeting evapotl'anspiration ine1ude \\-jml 
velocity, relati'-e humidity, air temperature, and density of vegt'tll
tion. In the l,rsimet:cr experimell ts no crops werp grown 011 the area 
in their immediate vicinity, and henee some of the t'l1ergy that fell 011 

this area 'was reflected against the vegetation in tIl(' lysimetc·rs, or 
helped to warm the soii£;. Furthermore, the exposed isolated pbnts 
also intercepted more wind tha11 they would lULYe if gro\\ing ill tIl(' 
field. The larger plan ts may ulso have reeeiycd a IiHIe more ligh t 
than would normally ha.ve fallen on the surfaces of th(' l,\-sim('tc'r, bu t 
this is ofl'set in pllrt at least by the grea,ter amOUll t of min that such 
plants would intercept. All these eHeets are not believed to have • 
affected appreciably the ma.in conclusions to be dra\\ll from th(' . 
experiment. Certainly, in any genera} evaluation of the data, COll
sideration should be gi,-en to the 11igh aeeuracy with whieh water use 
can be measured in l\'sinwters in contJ'ilst to the lock of accur!\.ey \\-ith 
which it can be meosured in fic'le! experiments. • 

These studies, which show that high effieiency of water usc is 
dependent UPOll high crop .\-iplds, also by inferene(' sho,\~ that any 
factor that inc-reases these Yields, such us fertilizers, a more fC'rtih> 
soil, bettc'r soil tilth, moi'C" uYililable soil moisture, higher yielding 
types of crops, and better vuri(,ties, woule! be expeeted to inc·J·PiI,s(· 
the efficiellcy of \\-ater use. The type of erop grown fwd the rota.tion 
used arc of minor importance except as these ufTed the total produc
tioll of dry mutter. A ('ropping s,Yst('m that ke('ps a. ~rowing ('rop 
on the soil for as large a pe1'('('n lngc' of the time as f('asibJe would n]so 
favor the more eGonomic liSt' of the wuter. 

These fiJltiings, when nppli('d to irrigation farming, sugge'st thn.t it 
would bc' inuch-isablt, to bring ne\\-}t11lds under irrigation unIPss thl''y 
arc eapnble :)f produC'ing bumper (,I'Ops. Furthcrmore', if wntpr is 
limited, it would b(' bc,tter to irl'igntl' II. limited ucrPHgc adl'qun.tl'J.\' 
than to usc the same \nlter sparingly on a mu('h larg('I' llrea. 

B ALLISON, F. E., HOI,I.~;H, B. ?lL, and HANfJ1', W. A. TIn: H~;I,,\1'I(I:i~III1' 111;_ 
TW.t:e:> gY,\I'OTHAN"PIHATIO:> AND YlEt.D$ O~' CHOP" GHOWS IS I.Y~I\!I:;T~;It" It,,-
CEI\'ISG SATI'HA!, H,uN~'ALI.. Agroll. Jour. 50:50fr-.511. j!)ijS. • 
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• 
Nitrogen in Leachates 

The losses of nitrate nitrogen from the soils b.y leaching during the 
5-year period of the experiment, shown in table 10, ranged for the 
various treatments from an extremely high value of 178 I)',unds to , ' 

,a low value of 10 pounds per acre. Although there was some relation
ship betwE'en rainfall and the qua.ntit.\T of nitrate in the percolates, 
this was not the most important factor. Loss was determined pri 
marily by the quantity of nitri1te in the soil at the time that lea<.>hing 
ot'curred, which was in tum determined by the quantity of nitrogen 
recently added in the various forms and by the extent to which the 
cropping treatments succeeded in removillg the lJitrates as formed. 

TABJ.E IO.-Nitrale nitrogen in percolates expressed as pO/lnd.~ per acre, Sandhill 
Experiment. Slation, J933-38 

---.--------------~------~·---·-T------~-----------------

Ly. I /1933-34 I 1934-35 I 193,,...3l; 1931i-37! 1937-38 

sim. i--"-I--1---;--- ----,.- 
('Wr Crop~ grown nnd rainfall I :\ruy Oct. A pro Oct. Apr. j Oct. A pr. Oct. A pr.j· Oct •. Total 

I 
No. 10 to 17 to 10 to 2 to 5 to 3 to 15 to 16 to , 9 to 5 to 

Oct••",pr. Oct. Apr. Oct. Apr. Oct. ."'pr., Oct. Apr. 
26 9 1 4 2 H 15 8 4 15 

! 

1=~ -C-r-ot-a-Iu-rr-a-a-nt-l-m-n-Ie-t.-••-.{ ~I[. 2.4 126. 3i 43. 5 ~ 7.5 -0-II 2. 9 ~~1OI.8 
2••..+....00............._•.•_. 7.4 .8 21." 135.5 9.3 8.7 0 33'.•~ ( .11 5.3 g'o!.{ 

3.........!lo.•••••••••••••••_•• 9.3 1.4 17.0 i 2l.0 7.4 7.9 0 .1 3.5 71.7
I .. 
4.. ... Crotulurin, millct, and g.3 .1 4.21 9.4 0 9.7 0 4. 8 • I 4. 8 ~2. 4 

r:rl~* J 

5•••.....••.do._.••__•._._._..._. 6.0 .1 S. 1 2.7 0 14.5 .1 5. I .1 1 6.7 43.·1 
lL.••. '" ...do•••••..•.•••_...... 6. 1 . I S.9 I 1. 3 0 13.4 0 3.9 .1 6.0 39. S 
7•.•••• Cowpeasundmillet••. " 2.8 l.6116.83o.1 2.5 4.7 0 l.3'.1 2.462.3 
S••.... Cowp<.'ns, mill('t, and ryl.'. 2.2 0 311' 70, .1 6.4 0 2.2,.1 3.5 24G 
9_4_~_' Corn, croLalnriuJ Ilod 4.7 .2 7:7 1:7 2.3 5.1 .1 2.31.1 2.520.7 

10•.•.. C~~AI,ll~l:otnlarlu, millet, 3.1 0 I n.p •G .2 7.9 0 2.2 .1 3.6 21.3 
ano ry<.'. 

11 •.••. Crotnlnrlu••.____••__••_. 4.5 2.1 JIG.:! f, 1.5.2 8.1 44.S 1.1 37.4 20.1 28.6 17S.1 
12.••.. Orotalurinnndryc•.___• 5.0 .1 8.4, .9 .1 14.:1 1.213.0;16.9118.278.1 
13..... Orotalnria •••• _____._.... 4.9 • I. 6. H ; 1:1.2 5. 9 21. I. .5 17. S 19.3· 17.5 10•• 2 
H .•••. -'"one••••••••••_••_._.__• 27.1 Hi.7,. 32.3,' 11.7 121i.O S.I· 17.7 7.0 22.0 8.9 17S.1 
10l~""" Corn nnd mlllct•••_••••_ 4.5 3.5 9. 1 4.3 I 1.0 3.9 0 1. 3 . 1 i 1. 2 28.91 Xom' •••••••••_•••••••__• 18.1 9.7 21.8 I 10.2 21. 7 7.9 14.0 f 1i.7 14.4 1 7.6 132.1 
17.... :\lill<.'t .•• __._._._•••____• 16.4 13.0 30.1 34.3 2.8: 7.9 .1 :l.l .1 1 1.6 109.4 
1~ ..... .\liIl<.'tanrlryl~•••..•.•.• 14.7 0 27.3 !I.S 0 l5.5 0 2.0 .11 .5 m.t; 
l!l.._ •. :\11llt>tllnd mixed crops.. .3 0 S.1 .1 0 I .1 i .2 1.5, .1 1.9 12.4 
20..........do......__••__•__._._ 1.0 0 6. G .1 0 • I I .1 _?. D' 1 .1 2.0 10.5 
21......._.• 00••._._.____••••___• 1.8 0 n.1l .1 I 0 1 .11 .1 3 .1! 2.9 14.0 
2'2••••• __ ._.<10._•••._._.______.__ 1. 5 0 6. R .1 I 0 I .1 \ 0 1. 3 .1 1.4 11.:1 
23•..•• Cowpeas,millct,an<lryc_ .6 0 4.fj 6.0 lOt 5.6 I 0 2.0 .1 1.5 ~1(J.4 
24 .........do •• __.•.._.____.•__ . 2.1 _0_1~1~~.i-O-'-~9-,-O-,~~ _._11.....:2.= 

Rfiinfull ......_.___•__•.. inches.. 16.12110.11' 21 ••n: 17.30, 23.42 32.53i 2O.51l 24. 3S 27.55i 17.23,210.9 

Analyse'S for nitrates in the Uppe'1' 4.5 inc·hes of soil werE' made at 
irn'gular but frequent intelTals during the 5-yenl' experimental period. 
Part of the'se results is given in tablC' 11; ill figure 7 the dn.ta fOl' four 
of the lysimetel's arE' plottpd in detail. For ready comparison tbc 
mon thly rainfall figures are shown just below the soil ni trate graphs. 
These charts emphasize the rapidity with which uitrate was fOI'lTIP<i 
from organic nitrogen sources alld IlcelllTIulat('d whell the soil tempeJ'a
ture and moisttu'c were satisfaetol'Y, and when there was 110 ('rop awl 
inadcquate rain to remove tit(, nitJ'aL('. The graphs !11so show how 
quiekly a modE'J'ateiy sized rain lowlrs t.he nilr!L!!' le\'el in the'surfact' 
soil t.o ne'al.· zel·o. .A yigorollsl.\' gl'OWilig ('I'Op will n.lFio 1)f'('Yl'lIL nitmto 

http:16.12110.11
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• 
FIGURE 7.-Chnnges in nitrate nitrog('n content of the surface soils in four selectNI 

Iysimeters durillg tilt' 5-y(~ar I)('riod of the experim('llt. 

accumulation; in fact, on Lakeland sand th(' only pract.icnl way to 
prevent large losses of nitrogen by knelling following f(,l"tilizuLion is 
to grow such a crop. . 

A eompnrison of the nitrate nitrogen rellloYNl in the pereolntcs 
(table 10) with the total nitrogen content of the same percoh1tl's 
(table 12) shows til!!.t, on the averagl', 85.2 p('rcl'nt of the nitrogen in 
the leaehates was nitrate nitrogen. During tIll' summer of 1934 and 
the following winter it was observed thnt quantities of orglmic DlJlU('r 
varying fWIll near zero to the l'quivalent of 11 pounds of nitrogen 
per !1cre were found in til(' lencllates from ttl(' vllrious cylinders. The 
total organic matter eollectNl during this period is given in table 12. 
At other timcs during thl.' l'xpt'rimelltlll p('riod no mo)"(' than traces of 
organic matter were observ('t\ in the percolates. This tendcncy for 
some organic matter to leae-h through the 4:3-inch eolumns of sand 
probably largely accounts for tIl(> llonnitmte nitrog('1\ ill tht' pereolnt!'s. • 
It is also possible that sOl11e of tho J.5-pt'rc(>n t d if1"(>r('n("(' h(~tW('('II till' 
resulls in labl('s 10 and 12 may he due to ,·uriillions in all1Llytil'11\ 
results by the 2 methods used. 
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Changes in Soil Nitrogen and Carbon 
Changes in the organic nitrogen contents for successive years of 

the upper 4.5 inches of soil in the 21: lysinl('ters are given in table 13, 
and fOl" the carbon contents in table 14. All the Iysimeters except 
the two uncropped ones showNI at ll'fist some gain in both soil ni tr'ogen 
and earbon as a l"l'Sttl t; of the various fertilizer and cropping trC'atnwll ts. 
The u\'C'rngC' gain in eurbon wns 1,170 pounds pN' ael"(' 4 ..5 illelws of 
soil during til(' 5-yC'nl' period: the largest gnins (avel'l1ge=2,:373 
pounds) occurred wi1C're animal maJurE'S W('l'(' addE'd annually and 
where crotalaria was grown continuously without t'('movnl of the crop. 
The corresponding n,v('rage value for the l'E'maining 16 cropped soils 
wus 718 pounds. On ttl(' IWeI'age, 1'01' evcry gnin of 10 pounds of 
carbon there wns a corresponding gu.in 01' nE'uriy 1 pound of nitrogen. 
The curbon-nitrogen ratio of til(' organic 1l1a.ttE'r formed during the 
expprill1pn t in til(' 4 lysimetl'J's tltn t recei VN{ annual applications of 
animal llwnures uYerngC'd 10.9, when'as the rutio for thE' rC'll1aining 
18 eroppNi lysim('U'rs wns 9.4. ""'herE' thl' larger gains o('('urr('d, til(' 
l'I1tios \\'('rE' fnirly ('onstant for th(' vll1'ious lysim{'t(')'s, but til(' figu)'('s 
rnngrd ra tlt('I' widl'ly for the smnlIe-r gnins, since at this 1('v('1 I he 
nnnlyli('ul ('!TOI'S Iwcanw mol'(' illlPortant. 

TA RI.I' J:3.-C'JlClnge,s 'in or[/Q nic nitrogen 1"/, upper 4..'i £IIC/t lllyer oJ soil, Sandhill 
Experiment Statioll, 1.')3,'3-38 

Percentage' of nitro~en III soil at Gnln (or los$) inLY~irn.1 y('nrly p<'riods Ii-ycnrs 
el('r I Crops grown 
So~ 1 i! I 

___I l-=-i_:~_:_~~5:3n~'..lo3~'_:~ ~)oe,roo:(~;,: ~~~~~~~~. 
'-.••••• , Crotnlllrio tUhlmillN,•••. "-'IO.02~() .0,02~3 O.O2\lO 0.02,17 (},02h2 0,02.3! '" 49••5 
2.... _ i ..rio..... ".02'.') i ,02,iS .02tlS i .02.1 •. 02.0' .02&I! .00fH: U!i.O 
3.... '. ,.<10....., , ' .. I'02'.~) , .02~' •. 0265 i .OWI '.0281 .O'.?l:\U .Otlii9 1(1:1,5
4_____ "Crowlarin, millet. nnd rye...... ,O2'2() 1.028:1 : .02.:1 ! ,O'.?l:\U! .02113 , .02'J2, • (lO,2 lOS. I) 
5...... ,.do..... -1.02'20 i .02:l7 , • ()2'J5 i . mo, t .Im:l .0301) I .(j()g5 I~. ~ 
I........ :...do_ •. _. " ' .• 0230! ,0232 , .032'2· .OWS .02'J7 .0287 I .1J(15i 8,>.11.----·--'1 CowPe,lsandmlll"t. • .•0220 .02~1: .02:18 . (l259 , .02'lii.O:?:~5 • (lOIS 27.0 
S•._. __ •• CowpeHs, mill"l. und rye._ '" .0220 I ,0227 ' .02,18 ' .026.5 .02,18 .02GS i . nO,IS 72.0 
11.••_._.'1 Corn, croluhlrin, nnd mIllN_._ .1J21O /.0225 .02,I:j, .02:" .1J26(i, '1J24!l1 .lImll f,~.5 
,10•••__ Corn, cl'OtlIlllrin, mlll('t, anrl .1J22O .022,1 .0:?:15 .{)~J8' .02li7 , .()~'ti.i .1~H5 U7.5 

IL.. " 1C;<rl~;lnrhL.. _.... " .... __ ...0220 .0214' .0285 .0321' .0.1-15 f .038:3 .016:1 2H,!i 
12..... ('rowlari" and r\·C._... "."....0210 I,()2'2:1 .028:1 ,(~7" ,Oa~8 , .0:170 .OWO' ~4().O 
la... ('rutalal'lll-._ ,.:." ... "••. __ .. , .0220 .0222 .0231i' .()2,,)9 ' .02i2 : .024G 1. .002li '. :m.o 
14.0" .\"ono"" .._"" _...._.."_ ••••• 0:1'20 .()212 .021S .020S .02On; .0185 r -.0035 -.i2,5 
15••_ Cornl1l1d 1l1111~t••. __........... 0220 .0225 .022:1 .()2'1Ii .0247' .om r .0008 12.0 
16••_ ,XOl1l' •• __ ' .... _. ___...... 0220 1.0220 ,.0210 .0217 .021)5 .()21)1' -.(lOln, -28,5 
17... Mlllt'!... . .. _... _..... _ .0210, .()240 .02r,o .02GS .02li7 .0265, .00,1,5' S(,?j'.05
18....\llIIl'ttllHlrye.... __ .... _••• ,,_ .022O'.02,12,.0:?:18 .02,';S .0282 .02C,2' .O(l,12 " 
19.•__ "" ,\IIIII.'(,lllld rnLxed crops...... _, .0220 .02r,o' .0285 .0:116 .(~J.IO .0:11i2 .0(.12 21a.0 
20•.•, __ ' ...do_ •••_ "" __ ."._ .0220 .0205 .0:1:15 • (l:l:t'i .Q:l5S .0:170, .0150 225.0 
21...• __ . ' •.•do".... __ .... _... .0220 r .021>1 .n328 .n:H2 • ()3f,1 .Oar.2: .01,12 21:1.0 
22....... ,'_' .<10...... ".,,' .()21O .02411 .O:llr, .m:lO .0:148 .0:3,0: .owo 2~O.O 
:?:L._.. COW!lt'HS, millet. ami rye.._ .0210 ,022S • ()200 .0270 .0289 ,0287 i .0077" 115.5 
24•••••. -,._,(10...-. ,-, ,,_ ,0210 ".02'28 .0280 .02'r, .028:', .028. i .0077_:_115.5 

• Calculatiolls ore IJ.!S('(I on 1,500,000 pounds of soli. 

Ac(,t1I'fl.U' valul's for tJIP pel'(,£'I1l!lg('S of en,rboll addl'd to til(' \Tal'iOtls 
Iysimelel's thnt were still pl'l'sonlat lhe ('nd of the HXIH'l'inwntnl pel'iod 
(:nnDot be givon, sincr the cal'bon ('on/Pills or Ul(~ n,ddpd Ol'gn.ni(' 
I1ulteriaIs nrc not knowlI. Appal'('ntly til(' gains ill soil ('al'l)OIl, wht'I'C' 
gl'eell mn,I1UI'£,S and ('rop I'('sidu('g ,\-pn' add(\d, aI'£' dosely ('ol'rdn,U,d 
with til(' quantity of carbon added. In tlLig resped, tItp manul'u 

• 

• 


•. 

http:Ol'gn.ni
http:S(,?j'.05


23 

",' 


SOIL FERTILITY STUDIES 	 IN LYSIMETERS 

• 
additions are in a different class. This carbon represents much 
more resistant material, since it is the carbon left after much decom
position has already occurred. Futhermore, the yearly additions 
of carbon to lysimeters 19 to 22 ","'ere greater than to the others witil 
the possible exception of Nos. 11 and 12. 

TABl.E 14.-Chanyes in carbon contents of 1lpper 4.5 inch layer of soil, Sandhill 
Experiment Station, 1933-38 

Perccntage of carbon in 5011 nt Gain, (or loss) CIN ratios
Lysim· yenrly periods in 5 years 

t'ler Crops grown
No. 

1933 193,1 1935 103611037 1938 	 Per· IpoundS 1933 1038 
cent 'peracre' 

I••..•. ; Crotalnrlaun<l mlllet .•••• I~:-';; 0.581 0.595 O.G12 ;;;;;~ 0.046 ~~;~
2•..••••••••do..................... ,i6U .591 .589 .f>O,,: .lHO .612 .04:l 645 25.9 21.5 
3...........<10••••••.•••••_•.• 508 .579 .573 .6r'l\ .fil8 .638 .0·10 600 127.2 2'l.1
.!....•. Crotnlnrln,mlllc t ,lIn<lryc.. 57~ .~l§6 .m91·ti~ i '~~', .'!I.;{J .08!l 1,~4~ 26.~ I ;n.(; 
~...........<lo....... .58, .,,,0 .m)4 .. 6S".bSU,.6,U .083 1,_4~126., n.o 
6...__.....<10..... . . .. . .582 .(~J7 .1}lO \ .61>5: .647' .652 .070! 1,050' 25.3, 22.7 
7.•••.• CowpcnsnndmilleL ..r>8(1 .:;97 .G021.t;(J4,.lill:.f~J9 .029\ 435126.4125.6 
S...__ • ('owp'~ns, millet. and rye.. . ~8\1 . ~ . ~7? . t!2~ , . Q?,2 : . ~ •04~ I I35:;'!. 8 j ~. 8 
9...... Corn. crotnlnrln, nn<l .584 .09_ .583 .00".6_, . 636 .05_ . ISO _,.8. _0.5 

10..... ,C~~:,ll~ctcrotnluria, millct, .501 .548 .600 .002;. {;al; ',I .6ii6 .0651 9i5 26.9 i 24. S 
nlld rye. t 

11 .... Crotalurin.................. 51;7 .51iti .619 .617 .687 .700 .133 1.005 25.8 I 18.3 
12..... Crolnlurln and rye.____... .557 .588 . tilKJ .673 .71JO I .724 .167 1 2,505 26.5 19.6 

'. 
l:l .... ('.rotnlnrl3.................. 5~ 1.~~2, .~!3 j.~ .'!12~ j .~? .007! IO~ 27.! 24.5 
14 ..... );0I1l'.............____..... 58_, .0.1, .0,4; .012 .0." .• 053, -.029! -430126.02629.. 9 
1.1..... <::,orn and mlJIct..______... . ?06 ; . ~9! 1 . ~II I • ~ i . ~~J! ; . ~~5 i .009 I 135 t 27.! ,0.85 
16..... );onc.............__. ___.... 588 I ,580 i.584! .549, .060' .0,8, -.010 -150 26.1 .., 

17..... }.Iillel..................... .r.ss, .r.l4· .628: .62,; ,611: .616 I .028: 420 i 28.0 23.2 

IS..... }'I iilet and ryc............. 592:.615:.615, .(jlS ' .IH3 ' .IH7 .055 . 825 f 26.9: 24. l' 

19____• }'llilet nnd miXHI crops..... 5~) , • ~95 I . ~i~ 'I •~98 I . !!3 . I~l . 1~9 I 2, 0~5 I 26.8 j 20.1 

~.........<10.................... ~~: .1.11! ".O! ,.. !14, .!~;{J, .!5G i .I!(J i ~,550, ~.6'1 20,·,

_1 ..........<10..................... ""_'.538 ,liS, . .1.5 .,,~l .•48 .1.6, _.64(),.U.O 20.7 
2'.L,..~_ _c1o___ .. _···"·~.~-~~ .. ~~._".i ••188, .62\1: .705: .7l(j .739 .752 .HH 2,400 ~ 28.0' 20.:1 
23..__ ('owpens, mlll,'t, and ryc..! .5\ll; : . SU7 .. I>H i .IHO • f.J.I .65.1, . (157' 8.;5, 28.4 22.8 
24 ___ .. ~ _do .. ____ -.. -f.5S01 .. 5i5~.G51!.62tl .O:!8 • {);30 1 .050; 75()iZi.6 22.0 
__...:.'_ __.__1 •.__! I r f 

I ('ail'lIlnlloll, an' Im~..d 0;1 I ,;~X),O()(J pOIIIl(I~ of ~oil. 
'Z Xitrog:l'n ~h·C'Jt in tnhll' 12~ 

'I'll(' ilH'/'('i\sl'S ill soil ol'galli(' mnttl'I' ohtn.illl'd in thl'sl' studies may 
S(,(llll slllnH hilt till' ilI('I'('ilSl'S ill'!, actunlly as 1u.l'g(' as could bl' l':\lll'ell'd, 
{,~onsidl'rillg thn.t lhl'rl' wns LiUIl' inorganiC' colloid pl'esent to hold thl' 
carbon compounds n,nd soil nl'rn,tion and elimnte J'n,yol'ed biological 
activity. Cndoubtedl.y thl' initin1 10'" organic. mutter lCYl'l of tho 
soil was an impoltant fn.etol' fft\'ol'ing carbon retl'ntion. This leyel 
wns Vl'ry stable, ns shown b.'T the' smn.Jl loss of cHrhon from the two 
uncropped soils nJler l'e1l10\TH.l to thn lysinwU'I·s. ]f an attempt were 
ma(k to rn,ise the orgnnic matter eontl'nt to high!'I' lenis, incrcosing 
I'(lsist.ance to such it buildup would br l'x]}('ctt'd. Enm ill mudl 
finrl' textul'l'd soils, mnintainl'd undl'r similar condit.ions, 1l111.l'ked 
illt'l'NISeS in carhon al'C' s(lldolll ObS('tTN\. 

Nitrogen Balance Sheet 
Accurnte nitrogen hulanGl' dntn. ('annot bp ginn 1'01' most of tho 

lysimet(>i's, becH.use h'guJnPs W(,I'(' grown for ftt h'H.Sl n JH1Tt of the 
tinw in all but 3 of thC' 22 cropPNI Iysimolers. The C'XHCt ftmounl 
of nitrogen fixed by the IegullH's is not knowll. The aho\'c-ground 
par·ts of thl' ('1'OPS Wl'J'(' ann.I.\'J',l'd, !tOW('\'l'I', and from Ul('SC dn.tn n 
fnirly n,(,C'UI'n.te ntlUl' tan be given for lhl' q uan ti ly of n tmospJll'rie 

http:n,(,C'UI'n.te
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~ 
TABT.E ] 5.-Nitrogen balanoc slwct e:J;pre.~sed a.~ ponnds per acre t d'ltdn(I thp, 5-lIcar peI·tod (1988-38), Sandhill Experiment Stal'ion 

.~
Nitrogun IIddltions Nitl'Ogcn rt~ll1o\"ell l-<' 

Soli 1~otul IXctguill
L~slllll!t~r Crops grown nltrogtm or h.• ~ in ~ 

-, Inltro~I!lJ t'"No. Anllllal Ullin 'rotnl, ,rrotlll, gain OJ' recovered nI~n.igo~
"C1·tlllzorl 1I1111111ru lind ~ccd UXC(1pt ILegumos 1111 Crop Percol"to 'I'otnl loss tl:j 

h~guilies nltrogell ~" 

- -----.--- ---1--------- ~--.--.----------- ~ 
t;:J 

2···· ....... .....dO............................ 80.0 0 30 IHl.O 153.4 21i:l.4 71.7 IOl.a. 173.0 +911.0 2t19.0 +5.(; ~ .. 
1•••••••••• _, OI'OI11lul'lll lint! millet............... SO. 0 tl 30 I to. 0 I W:U 2ti:l.4 .,8.3 113.7 j 172.0 +19.5 221.5 -41. \I 


:1. ...............do.............. .............. 80.0 0 30 110.0 153.4 21i:1.4 69.\1 S3.0" 1.12.9 +10:1.5 256.4 -7.0 
 Z,'4........... Croluhll'lu, millt'L. unrl'·)'ll......... gO.n 0 35 U5.0 1.'S.1i 27:1.0 72.0 .1a.ti 120.2 +108.0 234.2 -39.4
.;.......... + .... 11<1........................... 80.0 () 35 115.0 1.,8.11 27:l.1l 84.7 5:1.6 1:18.:j +127.5 2115.8 -7.8 .... 

O...........!.....rto ....................._..... SO. 0 0 35 115.0 15Q.1I 27:1.6 S1.2 411.:1 127.• ; +S5.5 213.0 -00.6 


I 
.... 

7...........1 Cowp~"s lind mlll .. t ....._......... SO. 0 0 30 110.0 52. I Itl2.1 50. 0 77.3 127.3 +27.0 154.3 -7: S lC 

8.....: .....1 ('OWP""8, mllll~t.anrl ry".......... so. 0 () 35 115.0 6a.4 178.4 59. a an. 8 UO.I +72.0 102.1 -16. a (0' 


II........... : CIlI'II, emtulurl", IInrl ml1l('I, ...... 117.0 () 30 147.0 ('l 147. n 113.4 aa.5 120.!1 +.;S.5 185.4 +:J8.4 

to .......... : ('orn, 1'1'01.111111'1:1. IIIll1et, "nd rYI'... 117.n 0 35 152.0 ('l 152.0 101.1 211.11 131.0 +Hi.5 108.5 +4t1.5 ~ 

11...· ...... i Crol"ltIl'1I1.............. .......... 80.0 0 30 110.0 401.:J em. a '8. {} 205.7 214. U +244.5 459.1 -142.2 
 fIl12..........; Crotnlnrltlnndryc._..._.......... 80.0 0 35 115.0 488.0 1I0:1.n '28.0 IHI.tl' 118.6 +2·10.n 358. Ii -245.3 

13........... Crollllul·itL....................... 80.0 () 35 115.0, • 0 115.0 415.4 12:1. 4: $18. 8 +39.0 577.8 +462.8 

14........., XonlL............................ 80.0 0 25 105.0 0 105.0 (l 195.6' 195.n -52.5 143.1 +38.1 

15.......... COl'll und IIIl1lcL................. 117.0 0 30 147.0 0 147.0 81.iJ :l:J.O 115.8 +12.0 127.8 -19.2 

ItL ......... Xono.._.......................... 0 0 25 25.0 0 25.1) 0 153.9 153.0 -28.5 125.4 +100.4 

17. ......... M illct........... .................. 48.0 15a.4 28 2211.4 0 220.4 ti2.4 1I8.2 180.0 +82.5 263.1 +33.7 

18.......... l-lil1ct ,,"d ryc... .................. 48.0 15:l.4 :1:J 2:H.4 0 23-1.4 65.2 71.8 137.0 +63.0 200.0 -34.4 

III.......... "ll1lt·tund 1111,,,,1 crops .... , .... __ HiS.S 475,a 35 11711.1 (') 11711.1 287.8 17.•1 :J05.3 +21:1.0 51B.3 -ltiO.8 

2t1. ..............du ....... ,.................. 168.8 475.a 35 li70.1 ('l 0711.1 323.2 ItI.U :Wl.I +225.0 565.1 -114.0 

21. ..............do ........_...... ............. W8.8 4;0.:1 35 07U.I ('J 1179.1 3iO.l 22.0 392.1 +213.0 605.1 -74.0 

22...............110 ........................ ,... 1IiS.8 475.3 35 1>711.1 ('l 071l.1 2\1(1.4 16.1 301l.5 +210.0 54tl.5 -132.6 

23......... .1 Cowp..us, IIIl1h·t;, unol ryl·.......... so. 0 0 35 115. G 87. Ii 2t12.6 74.8 211.2 104.0 +115.5 219.5 +11i.9' 

24, ........+....dO.."........................ 80.0 () 35 115.0 85.9 2!HJ.1l 70.S a3.11 103.9 +115.• ; 219.4 +18.5 


I Calculations Ims('II on 1,.'iIHI,rXKI I)()nnl[,; or ~ol1. 
2 Xot til.,.,tcl'IuiIwd, 
, Inclndc.~ nnly thl' nitrogen in t.hl' Jlhln~ sunlpl" rUinove<1 ror anulysls. 
• Crop rcmovell. 
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nitrogen that was fixedalld returned to the lysimeters. The nitrogen 
balance data, which are reported in table 15, seem to show that the 
nitrogen in the legume tops represents rather closely the amount. 
that was fLxed by these plants. The plants obtained little nitrogen 
from the soil because of the low percentage pl·esellt. 'rIte nitrogen 
taken from the soil, and not from the air, happens to correspond 
closely with that in the roots of the crotalaria and cowpeas. 

The net nitrogen gain or loss figmes for the 24 lysimeters are given 
in table 15. In arriving at these figures it was assumed that all of the 
uitrogen in the harvested parts of the legume crops came from the ail', 
except where mixed legumes and nonlegumes were gro\\rn. In these 
mixtures no determinations were made of the nitrogen in the legumes, 
and thefigm'es in the last column of table 15 make no allowance for 
such fixation. 'rhe nitrogen gain or loss figures for lysimeters 1 to 8 
and for 23 and 24, wheTe the nitrogen in the tops was eonsidered in 
arriving at the balance, are surprisingly near zero in each of the 10 
lysimeters. 'I'he extreme variations are between +18.5 and -60.0 
pounds of nitrogpu per acre with an average value of -14.0 pounds. 
If the mauy ohvious sources of error ill alTivillg at net values, the 
ulleert,ain ty as to tIt!:' exact portion of the legume uitrogen that Game 
from the air, and tIte lack of replication are considered, aU the results 
are within experimental error. Oprtainly, there is no evidence for 
appreciable losses of nitrogen from these 10 lysimeters by volatiliza
tion. 

• Where corn was grown for 2 :years, followed by millet fOT 3 summm-s 
(lysimeter 15), the net nitrogen loss for the period was 19.2 pounds per 
nere. Uuc1er similar conditions, where crotalaria was sown in tll<' 
corn for 2 seasons, Ole nitrogen balance figures show a gnin of 38.4 
pounds without winter covel' (lysimeter 9) and 46.5 pounds with rye 
coyer (lysimeter 10). In arriving at these !let gains the unknown 
amount of nitrogen fL-xed by the erotalaria was not considered; in fact, 
t.hese gains, if real, probably represent the approximate amount of 
nitJ'ogen fixed during the 2 seasons hy the late-sown companion crop. 

The nitrogen balance value obtained where erotalaria was grown for 
5 years and harvested (lysimeter 1:~) was +462.8 pounds. :Most or 
all of this gain is the result of symbiotie nitrogen fixation, and, doubt
less, would have been considerably greater if more nutrients other 
than nitrogen had heen added. 

• 

,VIlCre Cl'otalario, was grown for 5 yenrs, with or without a rye eover 
erop and the crota1aria, returned to the soil (Iysimeters 12 and 11), the 
nitl'Ogell balance figures were -245.:~ and - ]42.2 pounds per acre if 
all the nitrogen in the tops and nOlL(' of that in the mots are considered 
as fixed from the air and induded ill the calculations. Two main 
explanations for the negatiye values soem to be involved. First, till' 
crops on these two lysimete,'s were not ha"vested but returned to the 
soil each year. This return of so mudJ nitrogenous plant material 
would he expected to increase crop yields and at the salIle time de
erease nitrogen fixation. Table' 1.5 shows that the nitrogen in tIl(' 
Lops from the 2 crotalaria-mu1ehed soils was an average of 75 pounds 
greater than from the tops grown 011 Uw soil from which the crop was 
removed (lysimekl' 13). Nitl'OgNl fixation figures are not available, 
hut the fixation in lysimete,'s ] J alld 12 was almost. eerLainJy eort
sidel'ably below that oecurrillg in Llw 111 ((,('r. If thi", is l"ue, then tIl(' 

. t~ 
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large negative values for lysimeters 11 and 12 are not real; they are 
large because much of the nitrogen in the legume tops actually caDle 
from the decomposing crotalaria instead of from .the air, as the table. 
indicates. A second possibility is that a considerable loss of gaseous 
nitrogen from these soils occUlTecl. Since the legume tops decomposed 
on the soil surface some gaseous losses, chiefly as ammonia, would he 
expected. Although both of these two possibilities probnbly contri
buted to the negative uitrogen balance values for lysimeters 11 and 12, 
the first was prohably the more important. 

The addition of fresh manure for 2 years to fallow soils, followed by 
the growth of millet during the succeeding 3 years without a winter 
coyer crop (lysimeter 17), resulted ina positive nitrogen balance of 
33.7 pounds per acre over the 5-year period. In a similaTI~y treated 
soil, except for the addition of a rye coyer crop (lysimeter 18), the net 
balance "cas -34.4 pounds. Both values are doubtless within 
experimenta.l error. 

·Where four types of manure were applied twice a year oyer tJH' 
5-year period and the soils cropped to millet during the summer and 
to a legume-nonlegume mixture during tile wint{'r (lysimeters 19 to 
22), the loss of nitrogen averaged 120 pounds. The losses from the 
4 lysimeters ranged from 74 to 161 pounds pel' acre. These are 
minimum values, since no allowance is made for any fLxation during 
the winter by the vetch growing in the rye-oats-barley-vetch coyer. 
rfhis fixation is not believed to have been large. The data seem to 
.show rather positively that some gaseous losses of nitrogen OCCUlTed 
from this soil where manure was .added each yt'ar. Although these 
losses were greatest where f1'esh manure was added and least when' 

• 
: 

semideep stall manure was used, it is possible that the differences 
between manures may not he significant. In the interpretation of 
these results it is necessary to remember that each of these 41ysim{'tel's 
received 144 pounds of nitrogen in the form of a 4-8-4 commereial 
fertilizPI' und about 25 pounds of nitrogen us sodium nitrute during 
the u'"\.-perimental period. From published rC'slilts/ the unaceounted
for losses of nitrogen could have been either asanllllolua, nitrogC'11 
gas, or oxides of nitrogen. The chief loss was probably as ammonia, 
hut some reduction of nitrate, added or fOl'med in the soil, mll.yhave 
occurred. 

TIle nitrogen balance results for the two uncropped tanks (Nos. 
14 and 16) show unaccounted-for gains rather than losses. In 
the soil of lysimeter 14, where 16 pounds of fertilizer nitrogen was 
added annually during the experiment, the nitrogen found in the 
leachate exceeded by 38 pounds the sum of the nitrogen added in the 
fertilizer a.nd rain and released from the soil. This positive value may 
indicate some nonsymbiotic nitrogenfi.xation, but more likely is 
experimental error. Lysimetcr 16, which eontained untreated soil, 
showed a nitrogen gain of 100 pounds per aere. The extremely small 
amount of available energy materials present would seem to rule 
out bacterial fixation of nitrogen. If the gain of 100 pOlmds is signifi
cant, the most likely explanation is that the nitrogen was fixed by 
blue-green algae. Recent researches have shown that these c1l101'0 • 

9 ALLISON, F. E. THEENIG~rA OF SOIL NITROGEN BALANCE SHEETS. Adv. ill 
AgroIl, 7: 213-250, iIlus. 1955. 
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• 
phyll-containing micro-organisms are of considerable importunce 
under some field conditions, especially in rice paddies. 

Potassium in leachates 
In the search for the best fertilizing and cropping practices for very 

sand.y soils, it is essential tbat information be obtained on the rates 
and extent of loss of all thc more -important plant nutrients under a 
variety of cropping conditions. The contents of potassium III the 
leachates from the various lysinleters are given in table 16. 

TABLE 16.-Potass1:U"~ conl~l!l.s 0/ percolat~.~ a.~ pound.s oj K!!O per acre, Sandhill 
Expcnlllcllt StatIOn, 19.'33-38 

Total lUa:l-3·1 i 19;14-:1.'; I 19:j~-3fo ! 1!J:1G-37 1 1f~17-:lS -r-
lb. __._i.__;___ '---I 

L~·siIll K,O c; {: i = '~ ~ ~ Ie;: _ =- f.:, : T~'t:lltoter CrOI'$ gruWl! ·,dded - - l - j - - ~ .-_ ' - _ . - ,- ~ _ for Ii 
No. • as -~ 1_°.:- ~~ -c::-aj "';"j&C!:: -~i-"""!" !::J'ycnr~ 

(~~·li~ ,:i~li8 i~ ~8 i~~11 if ~~li8 '~~I:t. 

3~ I~O 1< 10 < 10 < 10 < 10 
--.-1----------:-1-:-=-;--=-1-.-;-.- --_-1:-::-1-1-:-:- -:-:;l-- -
1..-.-.. C'rOtaluriuaudmillct. 80 13., d . ., \3.1! 3.1 1.0 .•. 1 11.6! •. 3 _._' o.Gj 22.:l 
2_ .......... dO .... _. ___ .... __ ..... 80 12.:1 '1.4 2.4 i 2.8 : I.U . 1.;-, 1.2; 2.0 2.0 .6 JS.O 
3 ____ •• _. ___do___ ._____ . __ • __ ... __ . SO 2.5 1.5 2.2 1.801.3; 1. 7i 1.0 2.0 1.8., .6! 16.4 
4__ ." •• C'rotalnrin,millct,andryc. SO 12.0 .7 2.2,5.8' 1.5 i 2.:1,.1.0,.. 2.0 1.9: .5 f 1.Q.9
5 .......... +~ ..do __ .. "'_....... _.. ~~ __ ~_~ sn 2 . ..t ... 2 2.9 t 5.2 1.5 2.. 1 LO' 2.] 1.51.6 19.5 
G. __ .... ••. _do.... _._...... 80 1.7 .7 2.8; 4 8 l.1 2.. 0 .LO' 2.0 1.7; .91 18.7 
7.....__ . Cowpeasand milll't.. SO 1.5 .9 1.9 ',' 1.9 20 3.2 1.5 24 20 11.0 j 18.3 
S, Cowpens,mlllet,andry,'. SO •. 8 .52.24.81.71.91.2,2.0 1.6j1.4t 18.1 
9_._. __ • Corn, crotabria, and. mil· I I 

let... __ ..• ____ .~O 1.5 1.1 2.l )0.3 1.4 .9 1.1 1.7 1.4. I .• _i ,f 22.2 
1(1.. __ •• Corn. crotaIaria, lllUlrt, 

and rn____ .... __ .... SO; 1.0 1.0 2.8 7.1 1.:1 1.2 1.2 1.7 1.3'", 19.3 
11 C'rot:llari:l _..._......__ . So If 1.5 10) 2.-1 4.1 ).J i 4.4 1.4 0.9 1.4·4.6 :!2.U• I 
l2... _•• Crotalarin"nd rye.___ •••• 80 1.7 .6 2.2 ;;.0 I.[) 3.0 l.a 2.llI2.8: 1.1 :l1.G 
13 C'rotalariu.•__________•__ • 51).2.0 .912.2 2.9 1.1 2.5 1.0 2.n 11.4:.6 16.6 
14 ____ . Nnn~..•.•.. _•• _, _______ • 80 i 8.1 a.4 1I:1.7 17.fl,lo.0 12.0 9.7 7.7112.7; fi.1 10;;.8 
15 ._._. 80rn nnd millet ___ •______ • SO i 211 .9! 1. 7 11.7 2.n .9 1.4 1.4 I.ti .7 24.:1 
16 _.... N'Olll'.. ___________________ • (! I '!.r. ~7 1'0 2 1 8.n 'I~"I S.5 7.U: ".! r..4 25 nlU 
17 . __ . MIIIl'L _......._______._ I-IS i n.n ;1.0,11.0 .IO.S .1.0 2.1; 1.7 I. 1 2. Ii 2.1 44•• ; 

18 .... 1IIiI1'·l:lndryc__ ....... __ .. 1·IS 4.); .• 9i8.S ·I.!l'2.:l 2.• ' 1.2 1.4,1.5'1.1 28.7


' 1!1 .•. 'MUlt'l:ll1dmlxcdcrops 11144 .0' .i' 1 2.:1·1i.1i'IJ, 1.7 1.4 l..~;I.·1 .i.5' 2'2.R 
20 ~ .do .. _~~ ......... ~.~~.~ _ ! 1·'" .8 2.a ,).. 2 ·l~t:! ,2.5 ,t.:~ ;·tX 11.5:; ~.~ I.n 5LU 
21 ... ' __ ,do • __ ... __... __ .,)'].\4 1.5, I. n !~' I 12. t\ I 4.2 10. Ii •• 1:1.4 '1".•1 11.8. R!.I 
22 -~~~ "'fi_~_d(} _____ ~~ .. _... _M ____ ~· i I 144 .B 1.3 2.R fj,fi: 4.2 22 1.5 !!.O' I~9 GwS ~).2 
2:! . • Cowp",s, rnJlI!·t, tlnd rye, 1'0 .6 .4 I. n . 4.0 , I. 4 1. n .' 1. 2. . 1. G L 7 2.2 Ifi.O 
2·1 .. ____ .do .. _____ .•_______ • II 143 .S .5 1.0.2.012.3 4.2; 1.8 3.2 2.9 ~7 :!:I.O

1
) i ' ~ j } __v 

1 Additional potash, not r1rlt'rrniu~d, W,!S adeI,·,1 In ttll' anilll:lllll,ulUn's. 

The potash content of thp leachate from tilt· unfertilized fallow 
soil (lysimeter 16) WfiS 69 pounds K 20 pC'/' lIcre for the 5-yeuJ' period: 
\\:here 80 pounds \\"'Us ucickd us fertilize!" (iysillwter 14) the> Ie>udmte 
('.ontuined 106 pounds of potash. Among the> other 22 Ienclmtes 
from cropped soils only one (I.vsillH'te>r 21) had u potassium eontent 
gl'(·n.ter than that from thc' unfertili;r,ed fallo\\- soil, and this one rc
eei'-ed cOllsidembl)- more potash in the form of 4-8-4 fert-iliu'/' and all 
undekrmined amouut in thp eo\\- milnure added se>miamnrnll.\· during 
tbe experimental l)('riod. The an-mgp K20 eonte>ut of the' leaehates 
from tbe 15 eropped Iysimciel's that rpe('in'd 80 pounds of potash 
as comph·te fN-tilj;r,('r and no animal JlHUIlII'P \\-as 2 J pOllUds. Thc 
data ill table 16, taken as it whole, emphusi;r,(· that potash WitS lost 
f!"Om th is sltDd~- soil vcr~' readil)" in tlw Ilbsf'[](~(' of n(Top. The \'u60us 
cropping trentm('nts reducpd the .I('a(~hing 108,:;('8 b~- RO p(·reent. 
Winter ('o\'er erops had little dJee'c, because the sumnWJ" crops IHtd 

http:1.6j1.4t
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apparently left little soluble potassium in the soil. If fall applica
tions of potash had been made, it is likely that winter co\'er (H'Ops 
would lIa ve markedly reduced the potassium contents of the percolates. 

Tbe leacbing losses where manure was added were usually somewhat •greater than where no manure was applied, both because more potash 
was lidded and also because fall applications of manure were made. 
The leaehing data for potassium bear a close resemblance to those for 
nitrolJ'en in the sense that where £'ither element was present in a 

·' 	 soluble form it was remov£'d readily by rains. Obviously this can 
best be prevented by heping the soil cropped as much of the time as 
possible .and by avoiding applications at a time when the vegetation 
is not adequa t£' to assimila t£' it. 

Calcium and Magnesium in Leachates 

The caleium contents of til(' kllehntes f!"Om the vllrious lvsimeters 
lire given in tnble 17 and t1u.' Illnglll'sium ('011 t.pnts in tllble U 18. The 
data for the two elements. when rplntt'd to th£' tr£'lItments, bear n 
dos(' res('mblan('(', ns would be exp<'eteo, ('x('('pt that. soils normally 
contain more calcium than magnesiuIll and this IS reflected in the 

TABLE 17.-CalriltllL cOlltent.s of IJerrolale.~ u.s 7J(lnnd.s CaO per aae, Sandhill Experi
ment Station, J 933-38 

!~~~~J J!la4-35J~J 19:1fi-37 1~~~J 
1 - . -. I . , '-' - IT,mll

('fllllS I!rrlwn o t =_::. -.- c -_ t :'1.0 i =7;1 =_ -or.:; 1 rQrI 	 ••!~~l;i 	iil~~ ~i ~~ ;ili~ ;~ ~il'y·~r:; 
--.---------.- 

1 : ('rotlllllr!u ami mill!'t.· 7.9 ·1.2 
2 ., .do....... I It" :l.1:\ ! .do....... 'ii.5 3.7 ., __I(,~!:~laria, J11IJ1,.t.• and 1 4. 5 1.0 

r. .' .do•••_.. 
6 • ) ...do........ 
..... CO\\'P~IIS and J11111~L. 1 
S... ('owpens, mil1,·t. and' 

ryE.'. t 
IL. 	 Com. crotl1laria. lInrl: 

millet. 1 
10 'j ('om.crol"lnrill, mill"t'l 

~~ 
II '1 ('rotnlurlll..... . 
12. • CroUllllrlunno.i.ryc.. 
la. • ('ro\UlnritL.... 
14.. _ ;.:on"... • 
15. • ('om lmd millet.... _ 
16•. _ I"om·...... . _ 
17 • Mill,';,..... • 
18... 11i11etund rye.
IP._ Mlllctund mixed crops.. 
~'O .do....... .. 

~::::::~~::::::: 
23.... Cowpens, millet, and 

n•••. •.••• r).·,elo·'t... ••.. 

·I.fi. Ii 
3.0 1.0 
:1.3 ,'.0 
2./j 1.5 

:Ui 2.0 

2..; 1.3 

4.2 a.2 
4.7 1.1 
6.1 1.4 

21.4 12.:1 
4.3 2.8 
l.i.71 n.2 
13.7 1I.4 
9.7 { .7 
1.4 2.8 
1.4 fl.:l 

:.~ ~.~
1:9 

1 '----t------ 

'1:4' a:1 li:o: Il:S 40.3 

I I I ! 

21." 44.lllz2.S b2.4 
12.:1 31A 23.6 5.3.1 
12.4 17.2 21.5 51.2 
5.9 11.6 1:1.2 40.0 

9. () 4. II II. I 4I. 5 
7.7 3.8 Hl.I ·\J.B 

14.1 2~.2 17.0 ·lb.7 i 
7.7 9.0 11.5 27.0 
7.4 8.:1 8..9 26.0 

7.:1 5.3 8.1 24.0 

11.6 16.4 ii.lI. 89.1! 
8.2 3.4 2.8 i 38.7 
ii.7 12.2 8.2 I 47.0 

29.7! 24.0 14(i,8 j 4u.ti 
7.:1 10.6 !U) 20 2 

IS.S: H.7 23.2 ~~1.5 
28'"1:19.0 7.9 1 28.8 
2G.6: lii.n I 6.6 27.91 
8.4 I 4.4 j H.9 28.4 
9.0 I 8.11, 8.!I 26.0 

1~'3 ~.~; I~.~ ~T:j 

9.3 23.3 22.2 
7.7 2.'.8 26.6 
B.n :!6.4 :!6.1 
.6.B 23.6 :!6.1 

6.2 2..'i.8 21.6 
{i. 3 23.0 20.0 
n.1 ,21.5 19.1
(i.8119.6 16.2 

5.9 14.0 27.6 

5.0114.9 22.:1
I 

6.4 SO.S, 31.2 
4.1l1 :H.S i 3.1.3 
.>.9 :l8.11! :1Ii.4 

:12.8, ~'8.3 45.4
.i.olll.s I 11.7 

20.9 18.0 20.0 
7.7 17.4 12.9 
fl.O lIi.1i! 17.0 
Ii.t; 10.7 1 33.2 
8.0 17.4 j 27.6 

!.~ ~'r i :~g
6:i is:o I 1;~i.O 

i5:1 f 1l.7 121.4 

n.7 15';.5 

13.112'2'2.0 
14.8 i 2t)4.1l 
1.5,7 ' 188.:1 
J4.1 14ttB 

16.2 1139.4 
Hl.21I:1.I.. 
11.7 172.7 
n.1 J13.0 

5.7 109.:1 

8.6 100.2 

45.7 294.·1 
27.3 159.2 
29.4 WO.D 
19. () ;IIKi.:I 
i.8 89.11 

12.8 17-1.7 
8.4 171i.! 
7.n 1:1:1.9 
S.2 120.11 
S.7 12:!.R 
7.f1 134.1; 
9.8 

_",_._.__..______ ,_3_.I~~~I._.;_1•.__9_._9_._2,,1._7..:.:_J_8._0_4_5._7..:..._6_.7_.'-..1_8_.7-,-"_18_,2-,-,_-'-__ 

11n 1933 all application or 1,200 pounds per acre or dolomitic limestone was made to these Iyslmeters. • 
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quantities present in the leachates. The largest quantities of both 

• 
elements leached from the soil were from the fertilized fallow soil, 

but these quantities were only slightly more than where crotalaria 

was grown without winter cover and returned as a mulch. Winter 


/,'cover crops usually decreased the losses of both elements. Undoubted
ly, crops tend to reduce losses in the drainage waters through their 
assimilation or transformation of the soluble salts of these elements, 
especially the nitrates. Such compounds as calcium nitrate may be 
assimilated completely, or only the nitrate ion may be utilized, 
leaving at least a part of the calcium to form carbonates, sulfates, or 
other less soluble salts, or the calcium may enter the exchange complex. 

TABLE IS.-illagnesiwlt contents of percoiatl!s a.s pounds lol gO per acre, Sandhill 
Experiment Station, 1933-38 

IS' 
Slm· Crops grown 

S?~: \,_____ 

1 	 2.5 5.5 2.2 M.2C".r,o.t,:llolnf_in..an. d m,i!lc.t._, . -I S.4 I 1l.5 19.4 21. 1 r..4 I 15.0 
2 , . . .. , . , 4.5 2.».12.2 t 19.8 S.9 15.2 2.0 6.0 2.5 76.1 
3 .do•••..•_. , . . 5.7 :l.1' I~.O 1I.~ i 9.0 17.7 2.3 5.8 .!.tS 73.6 
4 Crotalnriu, millet, and 5.2 .7 1.6 9.( i 7.5 20.7 2.9 7.3 3.3 roS. 1 

':ao............... , ! 0.3 	 t".9
5 	 A! 9.5 3'Sf 5.5 23. I 2.8) 7.. 6 3.0 2.9 
6 - .•do...... . .. I 5.41 .8 9.0 3.G r.. I "" ~ . 2.8! 7.9 2.5 3.3 f.:l.9 
7 Cowpens and mlllct••• , 5.5 3.9 15.4 17.1 6.5 iG:ii " 2.8' 5.7 ~.. 2 2.8 ;-;~9 
S. 	 Cowpen~. millet. nnd . 4.4 1.0 8.3, 8.2 7.9 IU.9 ' 3.2 1 7.1 ~.9 3.3 00.2 

r~rc. 
1.1 j S.7\ 7.4 G.2, 14.0 3.2; 5.4 2.2 2.4 m.5• 

9... '. C~~iet~rot!llnrin. and 5.0 I 
, ! 

10, Corn. crotnlarln, mlllct, , 5.2 .8 8.2 5.2 G.O \ 1fi.7 ; 3.2, fI.4 2.2 3.1 57.0 
amlryt·. \ i 

11_ • Crotalnrl:I..... . __ ,! 5.9 1.3 I 13.2 5.5 
12 Crotaltl!'ia nnd n·c.. ___I -!. 9 2:~ : Ig:~ 15J ~:~; rg : 2.0 I 11.2 4.9 ~: l \ ~~:g
13,. . Cl'Owlnrjn............ _. 5. G L 1 i 7.1 J~.'l(_ ~ ?'! 24~! i ;;.0 4.1' 7&.0 
14 • XOll(· ........ __ . .~ _ -.:. 22. 2 \ 9.3 :!'2.3 1.~.9 In.a 10.~ I 1:81 ~:~ 4.7 . 2.8: 109.3 
15 . Corn (wil millet•..••. __! 5.3 1.5! S.9 9. II n.o 12.5' 2.4 5.0 3.1 I 2.8 f 58.0 
16 _ Xon~......._..• ___ .. 14.8 , n.S r 17.1 10.0 JIJ.; t 9.0 u.S 5.8 ·1.S 3.2 f SS.S 
17 _ ;\IllleL .•• ,.. . . .• -11:1. 7 , E.S i 2a.3 21.1 :1.1 10.0 2.3 5.0 3.9 , 3.6! 94.S 
18 ;\ [\!Iet und rye ". _ 10. G : .3 25.1 10.0 3.3 12..7, 2.1 5.S 2.6 
19 ,Milletandmixerlcrops.. j ~.2i 1.0 9.2 4.S 5.7 19.n 2.6 7.1 3.5 ~~! 1~:~ 
20 .•.•do••••..•___ _ .; 3.0 4.5 9. S 7. I O. 7 I!j,() 3.5 6,n f ·1.2 
21. "," ..do....... 3.2 . 3.4 15.4 \ S.O 7.4 i 17.2 !t7 5.6 3. Ii ~:~ i ~t~ 

2'2 . _l .... _do~.,~., ..__ ·LO { 2.4 9.5 I 5.U fl.7 i 18.9 2.7 7.2 I 4.0 2.;; t 62.9 
2:3'J' Cowpens, mill~t. and 4. I : L 1 f G.3 j 8.3 S.Ii' 20.5 2.8 i S.2 ·L-t t 4.7! 69.0 

rvc.1 	 1 
2-1 • \.... :dO 1........ 4.l i 3.2 i 11.4117.3 10. I '21.3 2.41 S. I 3.9) 86.7 


I In HI3:llln aPJlllC-Jtion of 1.200 J1ound~ p~r acre OrU0101111\lc llm('stonc was modo to these lysimcters. 

Sodium in Leachates 

The quantity of soclium in the leach utes from the variolls lysimeters 
is r('ported in table 19. 1Yhere no fertilize]' wus added und no Cl'Op 

was grown (lysimcter 16), 35.6 pounds of Nn20 was present in the 

• 




•• 
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percolates. Addition of the usual 400 pounds per acre of 4-8-4 

fertilizer annually increased the sodium value in the a.bsence of a. crop 

(lysimeter 14) t.o 98.5 pOlmds. The leachntes hom all the otlH'r • 

lysimeters that recei,ed tbe same quantity of fertilizer but were Yar
iously cropped, gan' values that were near but slightly below this 

figure. Larger quantities of sodium in other leachates are due either 

to additions of compkte fertilizer containing sodium, to fertilization 

with sodium nitrate, 01' to additions of animal manures. The crops

had little efi'ect on the ,alues obtained. 


Manganese in Leachates 

:Manganese was determilll'd in the various leachates, en.'n tbough 

these values are of minor interest in the present study. They are 

n~ported in table 20. The highest value, 2.9 pounds ~fn304 for the 

5-year period, was obtained in the percolate from the fertilized fallow. 

Under similar conditions, where no fertilizer was added, tbe quantity 

was 1.85 pounds. TIll' leachates from the fl'rtilizcd cropped soils con

tained an av-eragC' of 1.2 pounds of ~'ln3041 which is a n~duction of 5g 

percent caused by thl' crops. 


TABI.E IfJ.-Sodi1l1ll ron/l'llis of percol(lie.~ as pOll lids K(l20 7Jer acre, Sandhill 

E;qJerilllelli Station, 1933-88 


Ly· i 
sin}· . ('rops j(rown 
et~r •Ko. 

I...... Crmalarla and millvt._.! 14.5 7.0 II. SID. I S. () 5. 0 4.' t I' S... 4.4 70.9
2...........tlo.. .." .........1 13.0 
 4.6 12.;;; I1.2,.. 7.0 6.9 3.6 0.1 ·1.8 77.8
3•._ •• ·••••• r1o................' 12.$ 0.0 15.1 !I. 2 7.2 7,8,3.0 10.1 
 a.7 liQ.74•••..•. ('roialariu, mlJIN, and 

,)"'., - ................ 16. O· 1.7 12.1 ll.G !J.7 no 3.2,10.2 
, 

~. 1 8.1 ~ 
5..•...' ..•..do.................. 9.4 5" IIi. 0 8... I 8.5 H.O 3. ;; 10. fj 3.1\ .I):l.n

6••••• _ .....<10. ••••.•••• ......... 11. 0 
 I. (j 15.5 lJ. Qi 1-! I:~. I :!'. ~I100•. i., 5,0 ,2.0 
, C'O"'pt'llS lllltirnill<'t ..". 11. S 5. 7 I~. a Q. ~ l' u." U. I ~ u 3.S·, ,n.oS:::::: COwpl'as, mil"'!, Mti. 

r)-p __ ..... _____.. _~ .._~ 13. '2 1." 111. 9 11. 2 I12.1: 7.21 3.4 lOA! 3.S 4.7 j 79.09...... Corn, emlalarIa, and 
. mllM................. 15.3 4.8 \2.1.5 19.1,27.0 ]8.5 f 0.2 ](),I S.4 3.3 137.210__••• ' Cum. rrntabrhl, DliIiN, 

3.0 ~~. 1 17.0 2;3. ii 22.7 J. 0 ] 2 . ..t 5. 2 1 .1. 2. !!lO.I;11 _____· C~:~I;,~t;;~::::::::::::: ici:~ Jll" II.S 2.9 11;.7 1.0 I"A •. 11 i 7~ [) 91 :\tl.~ 
I~..... ('rotal'lria a",1 rye...... O. n ).,; 13: ii (/.;; 2.:! 2(J. 0 I. 3 15.5 4.2.: H.2 M.I
13..... Crotal:lrhl. ........__•• ' H.:1 !U 13.0 15.0 3 ~ l.7.)i 1. . ., IS.!! Ii.U· ·1.4 Hi.. ;H..... ;-;Olll' ..............___• Zl.;; lUi .IIU! a.·l IU; ·1.0 9.ll '.n 11.5 1 
 1.2 US. ~l
15..... : ("orn 'ulIIlIJIl1N••••••••• 11.1 ~. 4 2/i. .s 25. 1 20. IJ 2.S . .J 5. b J 5. " 7. 0 ;i. 1 In~ 
17•.••.' ~lilIN ............... 15.·1 1.9 :l.n H7.3 
HL••_ Xone................... iii. I 2. !! 3.3 I. U 3. II I 1,9 2. 1 2. ~ I !. ~ .:1 3i>. h 


IS••••• ' ~I !lI"1 ami rYl'.... •••••. \.1. 3 .S t~~ ~ ~: ~f 1~: ~ ~~: r ~~ ~ tt 2~ 4: ~ :-)!t;;:1.:1 
'J .1 g....... ~J IIl"t anti mIx('!! crops. W.O 211. 9 'lUi 37.1 3S. I S. 4 30. 2 13.1 


~'O..........<10 ................. : 12.3 9.9 ~Ii. :J 2:l.0 ·13.5 -Ill. 7 lUi 37. l! 111.1 S.ll 2:1U. I

21 ..........do.................. l~. 0 S.O :1(1.2. 2V•.1 r,l.l ':;1.7 HI. 11 41. 2 IV; 7.0 2SI.Il 


~" 5.11 IS9.2. 

22.........do.. ...... .......... 13. Ii 5.9 2\/.1 21.0 ·IU.O ·11.11 is. 2 2.~.li Jlto .1. 7 2H.H
23_____ COwpens, millet, an(l 
rr,· .......__.......... 11.5 -J.5 9.0 In.2 1:1.8 13.2 \ 3.8 i 11.1 r,.5 I 3.2. SIl.S


'l4••••• ~ •••••uo..•....•......•__. 17.1 3.1 12.7 1".0 12.3 11.0 2.7 11. ~,n.1. 3.1 91.:\ 
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TABLE 20.-11Ianganese contents of percolates as pounds ilInaO, per acre, Sandhill 
Experiment Station, 1933-38 

193.1-3·' 1934-35 1935-36 1936-37 1937-38 1 

Crops grown 

;; ~i ~21~; ~~ ~i ~; ~; ~i II ~i 1~1~: 
;~ 0 ~ 10 ~ fO < 0 < 0 

--------.--'--1--'--1--'--'--1--'--1----
L __••-I Crotnlnria and millct••.•; 0.18 O. OS ! 0.21 10.29 • 0.13 : 0.25 I 0.04 10.00 ! 0.17 '\ 0.03 1.44 
2••••••I•.•••dO.••.•.•..••••••.•. '\ .12 .12 .13 .32 .19 t .21 .02 .05 .14 .03, 1.33 

~======'·crO~~lariii,··m·lliet:·nnJ·l.OG .15 .23 .18 .17 1. 22 .03 .07 .17,..03 1.3\ 
J·yc.•_•....•...•_•••_. .09 .03.1 .17 .13 . OS! .15 .02 .06 .12 .03 • S8 

5.._........do_____.....___..... .10 .02 1 .21 .07 .08 I .21 .03 .10 .151.05. 1.02 
6............dO................... 12 .Oll ••18 .05 .02 .07 .13 .05 .97.OS 1.21 
i._.... Cowpens aml.mlllet..... ' •OJ .10 .12 .2i .15 341' 05 .07 .18 t .04, 1. 37 
8......, Cowpens, millet, and . t I 

i rye.................... 05 .04 .OS .09 .11 .26 .03 .OS .15,.04 i .93 
9...... - Corn, crotnlarla, and I 
10...._1 C~:!~~t;.;i:ila-;iU:·miiiet:· i .06 .03 .04 .07 . 09 1 .15! .03 .04 .12 ..03 I .66 

1 lIlId rye.............._, .on 1.02 I .05 I .05 1 .04 .• 14 i .031.04 .13 .04 .r.o 

11...._1 CroUllnria............. : .06 .11'.18,.09 j .09 I .79 .04 .69,.33 .21 2.59
112.----1 Crot31arillJlndrye....... 05 .04 .lfi' .05 .02 .54 .03 .17 i .54, .OS 1.(\8 

13.._.. CrOI.llar!".............. ' . 13 .07 '. ?_1~ t .15 .07;.61 .05 .25i. 58 1.14 2. Ii 

14..___ ' "one.__.......__..____..47 .25: " .21, .31; .47 .20 I .12 .59, .OS 2.00 

1~'--"i C.ornandmillet.......__ .08 .06: .06 .12, ,26; .15 .O~ I .I).j '~!', .04 .74 

16....· ."'onc..........---..--... 2i .16 .• 15 i "~~'l! ._1\,27 .·OI~l·11 .., .07 1.8;
17___..1)[[BN...........__...__ .25 1 .'0221! .151 ~v .05.25 "I .07 .12 .04 l.ftS 

18_.__ .\lilIeLtllldrye.__....... ' .20 .15> .15, .05 ,'~1)~ 'Oo~l.. Ur, .121.01 1.07 


UHL... .'liBet und mixed crops. O. .04.OSi .04; .04 jl .07.24: .04 • TJ 
20......____do............._.... 0 .09 .09 .05 .on _ .20, .06: .09 .:!S' .().! .00 


~====,===:::lg::::::==:=====:=:: g :6~!:~ :31, :Sg I:i :~~, :l,~ :~ :&il 1:~ 
23..... : C'owpms, mJller, and! .04 0" ! 

2L.._i_..~:-So:::=:::==:::====== g .04 

< 

:lL J~ :~g ~:~ :~1 :?i :~~::~ L~ 


Phosphorus in Leachates 

Anal.\·sl's for phosphorus in th(' kn('lHllC's, l'C'port('d in tabl(' 21, 
show thnt en'n this yery sandv soilrC'\('nsC'd Ettie of Uris ('l(,ll1ent. 
The lnl'.:··'st qnantity, 2.1 poun(h, was pl'C'sent in the pC'l'ccla.te from 
the JC'l':'lJiz('d JaUo\\'; the value for the unf(,l'liliz('(l fallow soil was 
1.5 pounds P20~. Cropping tl'eatl1l('nt hnel little. eIl'ect, as nU other 
ndu(ls fell ,,-ithin the mngC' of 0.9 to 1.7 pounds P20s for the 5-.nnr 
p(lrioel. It is Jortunu.te tlLn t this ,-pry sU,J](ly soil r('tnins ])hosphorus 
agninst leneiJing to nlrnost the ;;tlllH' ext('nt ns (\oes n much f111(,1' 
tpxtured soiL 

Sulfur in Leachates 

The sulfur eontents of tIl(' Ynriolls 1PnC'hnt('s ar(' sho\\'n in tnlll(' 22. 
The low('st nmOllnt.. 124 pounds S03 P('1' fl('I'(' fo1' 5 ypnrs, \\"iIS in the 
lenchute from the unf('!'tiJized fallo\\" soil. The addi tion of 400 pou nds 
per acrp nnnllnlly of 4-8-4 fertilize!' raiscd this ynille to 2G9 pounds. 
The l,rsiIl1ctc!'s (Xos. 19 to 22) that l'etPiwd ndditiOllnl ('omple((' 
fertilizer and nlso n,nimnlllln.llul'cs relens('(.1 n,n n.V('l'tlg(' of 408 pOllnds 
of ;;';Oa Lo the leHellu,tC'. Crops usuully ci('trCflst'd the sulfur ('ont('IlL 
of the lcachutcs on1)- slightly. 

http:Jortunu.te
http:pC'l'ccla.te
http:crO~~lariii,��m�lliet:�nnJ�l.OG
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TABLE 21.-Phosphorus contents of percolates as pounds P 205 per acre, Sandhill 
Experiment Station, 1.933-38

Iii' ! 193.3-3-l : 1934-35 I 19.35-36; 1931}-37 r 1937-38 I .~! 
Lvslm·! ,i~:3_13_'S 3 3 3~13alsoo 3_i3~_. : 

e~er' f Crops grown ~~ '. R ~- 0- ~ _n -,m- = . a 
Xo. , ~ ~ ::Ii ~'i -i C'l ~ 1.:"-5 :-: ~ t - "rlj' - E. ~ -rl t~:; 

f ~~ ~-ol~< ~o ~<tl~o ~~\.tlt t;~~ ~' 'I'----------'I----i-,-j-i-j-·,-l-,-j---I 
L______ Cr()wluria and milleL____ IIf>oo;Q 0.17 1°.26 0.12 ,0.390. OS :0.20 '0. 120.10 0.22 0.0" 1. 71
2 ___________ .do..._. ________________! .22 .0S .. 11 1,.40 : .10 I .IS .m) I .10 .20 .. 03 1.51 
3..______ •__ ,do ......______.._______ If>0 .09 I .13 : .12 .29 .00 i.19 .09 i.1O .19, .02 1.28 
4 ______ , Crotalaria, millet, and rye. lGO .19:.04 .12 i .22, .051 .22 .OS' .10 .20' .0-3 1.25 
5 __________ ..do................_..__ InO .15.\.02,.11 ,. 12 ' .04 ! .20 , .04 .11 • IS .02 .99 
6._.____ '____ .do......._....._••••___ , !roO .23 .00 .10 .09 .00, .19 ,.04 .10 .IS .02 1.07 
7_______ COWIl(~~snlH1mill('t,_.____ i 1,.0 .27 .27 .12 l .24 .0(; .14 .05 .10 ,16 .03 1.44 
8_______ Cowpeas, milll't, and rye •.' 160 .17 .12 .13j.15 i .0" . If. •05 .09; .15.00 1,13 
9______.' COrll. erot3luria, and II 160 .29 .16,.10.,09 .05 .17 .05 .10'.21 .04 1. 26 

millet. : ii' I
10______ COrll, crolalaria, millct, , 160 II .25 .10;.11 .OS ' .07 .19".05 ,I .10 ,.19 .04 1. IS 

nnd rye. t 'i11 ______ Cro131ariu._______ • ____._i 160' .12 .21,.09 .In .02 .18 .0-3: .13 !.1O .02 1.00 
12 _____ Crolnlariaandrye___..___ : HiO .I~! .05: .07 .1~ .02 .2.:! .0?:.09 i .12.02 .89 
13______ Crotlliaria ••_______•_______ , lft() .I~'. OS . on . I.. .0-3 .11 .0:1 .11 .1~ .02 1. OJ 
14-_____ Xone ....._________•_______ , 160 .32 .3S;. 21 .30 .08 .21 .07 .10·.38 .04 2. on 
15______ Com and millet__________! 1(iO .18, .29, .10 .12 .00 .1"> .0.5 .09: .16 .0.3 1.24 
16______ xonc---------------------' 0: .17 " .lr, .18 .24!.OS .20 .05 i.lO:.22 .02 1.48 
17._____ l\1!llN ...__________________ 96 i.W 1 .0 .17 .38'.04 .15 .04: .10: .16 .02 1.22 
18______ ""llllt'land rye.. __________ 96, .34'.09 .18 .Ili .04 .2.1 .0.1 i .IO:.W .0.3 1.36 
li1..____ .\Iillvtandmixcdcrops_••• 288: .41i .27 .OS .09 .00 .14:.03 i .10 .21 .01 1.47 
20 __________ .do __.._________________ 208, .43 .32 .05 .07:.0-3: .. 10 .05!. 10 .!?3 •04 1.51l21._________.do __.______________ __I 288'.51 .27 .10 .05 .04!. 13 ' .0.1 .07: .IS .0.1 1. 44 
22___________ do ...._________________ 288: .20 .28 .10 .05 .m .1,5, .04 .13 .15 .04 1.20 
23••____ COW(wns, millet, and rye __ ' 100:.16 .10'. OS , .16 ' .041' Hi .!J.1:. 10 .13 .0-3 .119 
24______ ._____ dO __..._______________. 160,.33 .OS,.OS j.2,5 '.(){ .19'.00;.10 .13\,.02 1.25' I I I j 'i •TABLE 22.-Sulfur contents 0/ perrolates as pounds S03 per acre, Sandhill Experi

IIlcl/.l Station, 1933-88 

193.1-34 1934-35 1935-36 1931}-37 1937-38 

L 3 [3 i3 3 3 5 ,c 3 l3 _ 

~iE; 1 Crop3grown "'~ ~.::!::. ~'.' ..,:; "'i II;~ 2i 0 .. •"i :s 
No. f ; ;:.~ ~~ li.:8 ..;~ ;;0 ~-<; §.o .. -<; §.o ";-0; 

! ~ 0 1< 0 I~ 0 ~ .0 < 0 ~ 

L==='.:~~~~::~:.:~t~_~~~:l::~=:! U U I ~:f! l~:~ ,~gj It.U m:~ j-~g:g .~4:~ !~l:g .~~~:g
3 •• ____••__ do.___•______________, 4.8 1. 0 i 5.0. 8. 5 34.5! 86.2 Ill. 9 ' 41.6 34. S j' 22.'; 257. S 

;~~~·--:.~~i~~::~_::~~~~_~n_~_l ::: :: :1::: I :::! ~:::: !:~:: :;:: :::: :~:! ~::~ ~~~:~ 
6.... __ ,____ .do ••••• _____...._____ 3.4 .6 8.8 9.0 ;J:l.5, 71;'9 15.0 :19.7 3.1.fi 21.11,242.4 
7.____ ' Cowp"'lSaIHlll1ilh~t ____ ' 4.0 1.8 7.S 14.9 31i.1 S7.fl 17.S ,14.1 34.9 22.4 271.4 
8 ____ •. C'OWIWIIS,lIllJlet.Jlndrye.i 3,0 II 1.5 10.1 17.2 40.·1' 7S.;; 16.1 41.4 :12.0 20.8 2m.0 
9._.___ ' Corn, crolaluria, and I' 3.. 7 2.5 22.0 15.0 ·H.O, 78.1 lILO 30.6: :12.8 18.9 21i.3,G 

10_._.; C~I~:!~(~~;Oluhtriu, millet, 3.1 1.5.24.1 S.9; 47.2j73.3; H.7! 31.9 J 20.5 1$.4 2,,2.0 
i and rye-. I! f 

1J •__ -' C'roWhtriu ••.••_. ________, 4. I I, 1.7 5. I 12. G; 9.8 liO.4' 7.0 29. S 17.4 11.1 159.0 
12..... , Cnlulluriu allli rye______ l :1.3 .5 7. () , W. I , 9. I I 79.8 8.1 37.0 Ja. I 11.2 1711,2 
13..__.! Crotnlarlu.______________ , 5.a I 1~8~ KO 1:1.0, 9.9 I 70.3 7.8 32.4 W.,'i 1,1.6 179.0 

lL::! f"g:::';.iidmiill,'i:::=====: Hi 5.2 ~U, lU •::t~ j ~1:~ n:J. ~~:g ~~:~ I ~:~ ~~t~
In•. __.' XOIIl' ••••• __• ___ ••••_.... : ~.' 81 , 2. I 10. S ~. J i 15,:1 ; ~? ~ ~. ~ !~. ~ i 13.4 1 5.:J 12"-2 
17•••__ , ,\1 iIIl'L........._. __ .._..., 2. I 13.2 IJ••.1 :. I~. \I ! "".~ , la. ~ '"JI!. ~ : 35.3 j19. 2 20ii.7 
IS..... : . .\li1I,·t 11IHI ry('•• ____ •••• : ~.81 1.5 9.7 B,5 1/.0, r,l,,, 13__ 30.0' 2S.9 ,19.11 203.ii 
19..._.: .\li1Il't lind mixt'll crops...fi, a.s II~',~/): 13.fi' 5!1..5127.1 19.2 fl7.0' ,,~.'I i 111.1 385.2 
20...__ .___ .. do ... ____• ____._..... 2.31 3.2 " 1:1.5 : fill.4 :1:1:1.11 19.8\72.2 55.8 l' !.';.4 405.2 
21 ...... __ ..clo.................. " :1.4: 2.9 21.0 1:1.:1 72.2 :145.0 20.7172.3 61.4 14.7 421.. 9 
22 __ •__ • ___ .do ....... ____....... 4.:1 ' ;j.1I 21,.3 1:l.7: rH,:1 '13~.1 1!.3, fl.:;." (\.:;.8 15.1) 415.ll •
23.__._ CO\\·Il("IS,lllill('t,undryc. 4.a ._: ,,' 0.11 10,0. 45.~ ,98.9 1~.3 f ~~.~ 37.9 2.3.5 ~290'90.,fiIJ
2L..__( ____dO.._________________; 3.5 , 4.8 13. l . 48. I 1101.3 ; 14. U I 4~. U , 36. i lB. 4 

/ 1 

http:1:1:1.11
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Chlorine in Leachates 

The ~hlorjne contents of the leachates from the various lysimeters, 
• 	 shown ill table 23, ayeraged about 150 pounds per acre for the e~-peri

mental period. Most of the chlorides came f!"Om the soil, as shown by 
the yalue (141 pounds) for the untreated and uncropped lysimeter 16. 
Fertilization with 400 pounds of 4-8-4 fertilizer increased this quantity 
(Iysimeter 14) to 183 pounds. Only three values higher than this 
were obtained; two of these were where larger additions of complete 
fertilizer were made together ,,-ith manure, and the third was where 
muriate of potash was, added. All cropping systems decreased the 
chlorine content of the leachates, but the effect was not marked for 
most lysimeters. 

TABLE 2;3.-Chlorine content.~ oj pereolalel> (£.~ pO!llld.~ oj Gl per acre, Sandhill 
Experiment Station, ./983-38 

1933-34 	 I 193-1-35 I 193&-36 I. 1\l:l6-37 I 1937-38 I 
1__.--_-'-;,------;-- ---,,---', Total 

I"si' j j' i forI
meter! Crops grown ~Iay Oct. \ Apr. Oct. 1Apr. oct.., Apr. Oct. Apr. Oct. i 4.:; 
Xo. " 6 to 27 to I 10 to 2 to 1 5 to 3 to 1.'; to 16 to 9 to 5 to ,'Yl'STS

Oct. Apr. I Oct. Apr. i Oct. Apr.! Oct. Apr. Oct. Apr.
I 26 9 I 1 4: 2 14. 15 8 ~ 4 15 

-, . '--'-1-'--:--'- -1-
L ___.'Crotaluriu nnd millet_•• __! <'I 1l.7 11.7 19.4, 15.0 \32.5 '10.3 31.0 I 9.2 11.5,152.3
2_____ •____do._________________ • e'l 12.4 11.6 1.'i.4' 10.5 37.n 8.9 30.51 9.8 11.9 148.6 
~ ______ L. __.do_ •• _. ___•• _________ . (II 14.1 11.3 14.3. 10.1 34.3 9.4 36.3 10.7 11.3 151.8 
.1. ____ ' C'rotnlaria. millet, and I (I) 5.3 12.2 13.0 f 15.0.34.6 9.2 :16.4 10.4 10.6 146.7 

t rvl'. ; 	 i 1 ~ 
5__.._'_.,,:do.__.. _____• _______: (ll 1.6 1S.5 9.7 i 8.8 t :~1.5. 8..1 140.3 i 9.7 10.8 141.:1
tL___ I_____do __...___ .....______, til 4.7 15.7.10.5 S.:! :\4.7' 9.2 l 49.0 111.2 10.6 15.1.9 
7 _____ ,' (1(;w[~,as and millet.• ____ e'l 12.8, ' 14. 711!1. S • 16.3 29.5 .. 12.7 : 16.3 : 11.7 9.4 143.2 
8._.. __ , C'OW[W.a5. millN. and ('1 6.1' 12.9 14.0! 17.8 al.5 i 10.0 i 17.9' 9.8 10.0 130.6 

f)0(). 	 ~ : I 

9 _____ 1 Com,. rrotallllin. "'1<,1 (I) 7.8 16.4,13.1 1.'•• 3 32.8,12.1; 17.4 I 9.2 9.8 133.9 
, mill.-I. ' I I 

10___: Corn. crot.liaria. millet,: (II 6.2 Itt 7 I 9.9 16.6 :10.4, 12. 4 ! 14.7 11.2 10.2 128.3 
und ryp.. ,:! ' 

11 ...._ crOUllaritl ••• _ •• __.._____ , (I) ,1-1.4 11',1' .16.!;' 5.4 :3S.7 5.7129.8 7.7 9.4 138.8 
12___.. CrOUlltlria!lnd rye ____ , (1) • 4.9 .I.'i." 111.4 :1.7 40.2 6.6 i 22.0 7.9 7.2 119.5 
13._.... Crotoltlria •• _••• ____.____ (ll 6.5 19.5 15.3 6.9 131.6 8.6,,22.:{ 9.8 8.2.128.7 
14...._ x.one _____ •______________ , 20,9 7.9 31.1 '. li.5 :14.7 j2:{.6, 22.7.18.9 17.3 9.5' 183.2 
1.';__•__ Corn and millet.________ , (I) 7.S 2:1.5 2'~.; 21.7 24.7, 14.1 'I 17. I 12.4 10.7 : 154.1 
16.__ • Xonc_.._________________ , 9.6 3.4 26.8, 18.8 20.8 2:1.4 r 12. 0 , 13.6 14.5 8.0! 141.3 
17..__.. MilleL_...___ •__________i (ll 4',7 27.S \','12.5 ! 15.13:3.2 12.4 j' lH.4: 9.S 9. i 1161.6 
18_..__ ~Iillelalldr,e-- ..------, (11 .7 28.4 14.9 24.1\ 30.5 9.4 18.4, 9.1 9.7 145.7 
19..__ ~Iill('tnndmixedcr()ps--f (II 8.3 17.3 i 12.9 14.5 2.,.2 12.6,2.1.6,10.7 li.3 i 131.4
20._______.do __... ________ ._____ fll 31.1 19.5· 16.7 22.5 29.9· 22.6 I 27.4 '.12.0 8.0 I 189.7 
21.___ •___ .dO ____________ •_____; (ll \26.3.52.4 i 29.4 29.S 3.1.7 19.8129.0,18.2 7.3 I 245..9 
22..__ '__...<10 .........__________ (ll 17_6 12:1.5115.6. 25.0 j 28.3. 15.9,22,'1 '. 13.8 7.3 f 169.4 
2.1.___1C~~~as, mill,,!, and; 3. S 5.7, H. i ; 17.:{ 19.8! 34.1 : 10. 0lI9. 2 7.8 8.9 i 138.1

1
24..__ 1___ • dO. __.•______________! 4.0 I' H.S 4,';.5 j' ,;'1.6 i 2,';.9 36.3! 1O.4j1 20.1: 9.2 12.11 227•9 

. . l I I 

I Xo~ det.ermlned. 

SUMMARY 

• 
Lysimeter studies are reported that were designed to obtain both 

fundamental and pl'llctieal information on methods of crop production 
on a· '-ery sandy soil 10"" in organic matte" and ,,-ater-holding capacity. 
Emphasis was placed on the determination of the value of green 
illallures in comparison with animal manures in crop production and 
in soil organic matter maintenance. Leaching losses of seYeral of the 
elements are also reported and nitrogen balance data calculated. 

http:C'OW[W.a5
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Where crotalarill. was grown for 2 years and returned to the soil 
each year, the crops of millet that followed were mn.rke(il.'- increased 
and the effect was in eddence for three successive millet cmps. • 
('rotalaria turned at maturity gave larger yields of millet than when ' 
crotalaria was turned earl.'-. The yields of millet wel'e almost the 
same where the maturp crotalaria WllS added to the soil as a mt/lch as 
where it was incorporated with it. A rye co\'er crop greatly decreased 
the losses through leaching and thereby incl'eased .'-ields. ('owpeas 
was much less effectin~ as a green manure than was erotalaria. Fresh 
eow manure, added at such rate as to supply the same quantity of 
nitrogen as that fixed by' emtalaria, gave about the same ;:ield inerease. 
Obyiollsl.'-, the main factor determining the millet ."ields was the 
amount of nitrogen a\-ailable, which was determined b.'- the quantity 
added or fixed and by the extent to which nitrogen was assimilated 
before being removed by leaching. 

'vhere cow r.,.nnure was applied regularl.'- at equal nitrogen lenl" 
and the millet crop clipped frequently', the total tons (dry \\'pight) of 
millet per acre for the 5-year pel·iod were: (1) 7.5 for fresh cow 
manure; (2) 8.6 for fresh co\\-manure plus oats straw; (3) 9.7 for semi
deep stall manure eontaining oat straw; and (4) 7.6 for deep stall 
manure ('ontaining pine needles. c\s these yields arc direetl.'- correlated 
with the nitrogen contents of the crops nnd little loss oceurred through 
leaching, it would appear that the diJrerences bptwpen mnnures were 
due ehicfly to the variations in loss of volatile forms of nitrogen. 

The water lost byenlporation or evapotranspiration ranged from 
16 inches from the uncropped soils to 28 inehes from the soil plnnted ._ 
to crotalaria and r.'-e. The annua] rainfall nnl'nged 42.5 inehes. A 
direct and high degrpe of con'elation occurred between the dlOY weights 
of erops produced nncl eyapot.mnspimtion from these cropped soils. 
Likc\\'jse. the effieipncY of water use was dirrdh' ('orrcll1i('d with 
dr}~ matter produ('tioli. These relationships held' for all (Topping 
systems, showing that th(' t."pe of (TOP gl'o\\'n was not important 
except as it affects thp totnl dry mattr'r produced. ,Yut('l" is also us('d 
more efficientl." if thp soil is kept ('o\~ered \\'ith vegetation. 

Losses of nitrate nitrogen in the Icaehates I"Illlged from] 1 to 17S 
pounds per fi('/"(I for the 5-year period. Sueh losses \\'el"e low whpre It 

crop wns grown almost continuousl.\' on th(' soil, und high where till.' 
fertilization find cropping systems were such as to allo\\- ('ollsidl'mbic 
nit.rate formation \\ithout simultl1neous ('rop utilization. .\.bout 15 
pereent of the nitrogen in the lcachates wns in forms other than 
nitrate. 

Orgnnic carbon and nitrogen \\'('re inereas('d to at lenst. fi slight 
extent by nil til(' 22 cropping trentments. The av('rnge il1erl'ns(' ill 
Clll'bon during the 5-Yl'nr period was 1,169 pounds per ane for {hI.' 
surface 4.5 inches of soil. Th£' aYNug£, inen'lls(' in ('uriJon for til(' 4 
soils that received animal manures semiannually was 2,434 pounds; 

• 
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• 
pounds; and for the remaining 16 cropped soils, 718 pounds. The 
gains in soil carbon where gn'en crops and crop residues were added 
appeared to be correlated closely with the quantit}T of carbon added. 
The stagl' of mnturity at whieh the green crop was added to the soil 

, , 
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for the two soils where crotalaria was retm'ncd as a mulch, 2,250 


nnd the method of nddition did not appreciably afl'eet the organic 
mattl'r buildup. WintN COHr crops were b{'nl'ficial, both in con
s{'r\'ing nitrogen and in 1\{'lping to mis{' th{' soil organic matt(,f le\T{'l. 
Incr{'tlses in soil carbon Wer{' tlccompanied by increus{'s in nitrog{'n in 
til(' tlpproximat{' ratio of 1 part of nitrogen to 10 parts of cllrbon. 

Crotalaria fix('(1 about 75 to 90 pounds of nitrogen p{'r fiCft' annually, 
and cowpl'as 40 pounds. The quantity fixed correspond{'d cios{'ly with 
th{' totul nitrog{'nin thr tops of the plants when grown und{'r con
ditions of low anrilable soil nitrogen. 

Accurntl' nitrog('n buluncc .figures for the vurious lysiml't{,l"S could 
not bi' culeulnt('(l, b{'enuse legumes were grown in all but three of the 
('/"oppNl Iysimet('rs. TIl(' data indicate, howenr, that ('ssl'ntiully all 
Ill' tlt(' added nitrog<'n could be accounted for exeept where crotaluril1 
was grown nnnually and returned as a mulch, and where animal 
rnanur('s Wl'r!" usrd. In the crotll.Iaria Iysimeters, pitll('r sonl(' gaseous 
lossrs of ni trogc'n oc('urred or the fixl1tion by the I('gumes was l('ss than 
l'stimuted. ,Yhere l1nimal manUl'es were used, 10 to 20 p('rcent of the 
ndd('d nitrogell e\-idently escaped as gas, probably ammonia. 

Potassium was rea.dily leach('(1 from fuIlow soils, but sumn1('r ('rops 
I)I"e\-('nt('d much of the loss. Winter crops had littl{' {'fi'eet on th{' 
quantity of potassiullI lC'achC'd, as summer crops had aln'ady rC'll1o\-ed 
most of thC' soluble potassiuIl1. 

'I'll{' qllantiti('s of sodium in the lC'a('hatf's w('n' uSlwlly gr{'atC'l' titan 
that of potassi lim and Wl'r{' not gr('n tly nfi'peted by tLl{' eropping 
trf'l1tmpnls. 

CnIeiuIl1 and magnl'siu1l1 loss{'s from til{' soil, whi('h WPI'{, fairly 
Inl'gp in til(' a bsC'nce of a erop, wer{' r('d ueNI by bot h SUIl1Il1('l' unci 
wint('r crops. 

~hlI1gancsr in til{' IC'I1e1mt('s rnngrcl from 0.6 to :3.0 pounds ~[n304 
prl' acrr for thl' 5-y('al.· p('riod. In most CI1S('S eropping d('('/"('nsl'd thl' 
nll10unts ill th(lll'l1.dllltl's. 

Th{' loss of phosphorus through I{'aching was l1l'gligibll', thl' ml1xi
mum value' 1'01' tltt' C'xpC'rinwntal period brillg 2.1 pounds P 20s pt'r Hnt' 
from thp f{'rtilizl'd fallow soil. 

Loss{'s of sulfur rnng{'d from 124 to 427 pounds S03 P{,I' arrr for the 
:')-Yl'ar p{'riod. ThC's(' 10ssC's wrr{' d l't{'rll1 in {'(I 1110rr by thr ildditions 
ll1i1d(, than by th(> ('ropping treatnwn t. 

Trtl{' rhlorinC' conlC'nts of lh{' lC'aehaL{'s awrngrd about 150 pounds 
for thc' C'ntirC' {\xp{·rimt'nt. Crops usul1l1y r{'du('('d tht' loss!'s, but not 
Illil rk{'(lly . 

• 
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USE OF .GREEN MANURES IN COTION PRODUCTION, 
WITH INFORMATlON ON NUTRIENT LOSSES, SOIL 
ORGANIC MATIER CHANGES, AND EVAPOTRANS
PIRATlON, 1938-45 10 

In the efi]'li('r ('xpl'ri1l1l'n t, the use of green manur(' crops, especiaUy 
crotalnria, on Lakdand sand was V('IT ('fl'('ctin~ in incr('asing crop 
yjelds. The ('fft'ets of such lpgullH' c:rops w('r(' cnused chi(·f1y by the 
nitrogen fix('d by till' l('gUlIIl' mtlwr than by t1H' incrpase in soil organic: 
mntter. Aryl' wintt'r ('O\'PI' erop was nlso pffl'cti\'l' in producing 
larger yields through till' eons('rvution of nitrogen that would other
wise ha\Tp t'scapN\ in lilt' drninagt' Wiltt'I'S. Any eropping systPIl1 that 
tpndt'd to l'pdu('e such nitrogl'n loss('s also brought about largp]' yiplds. 
The addition of SUnUllel' gn'(,Il Illanur('s, winU'r eO\'pr ('rops, and 
nnimal ll1anurl's rl'stIltN\ in some in('l"l'ast's in soil organic matter, but 
tht'st' incI·(·aSt·s wpr(' appal'l'ntly not suffieit'ntly Inrgp to afft'ct apprc
eiably the physic:al propNtit·s of the soils 01' tilt' crop yields olll('r than 
through tltl' additional nutrit'nts suppliC'd. 

Till' t'xpt'rillwIIts l"(·pOI"lc·d in this sl'etion Wl'rl' dpsign('d as a followup 
of thp PXI)('rinH'nts n'portl'C\ in til(' pn'('('ding sl'dioll. A llIuc:h wider 
variety of grpen Illl1n uring sys\.(·ms WI1S us(·d in rotn tions thaL nJwl1.ys 
eontainpd ('otton I1S til(' indicator ('('op. Yi{,ld dnll1 lIl'(' supplemented 
by Jenching datft and soil analys('s for ('arbon I1nd nitrogpn. 

EXPERIMENTAL PLAN 
Lysimeters and Soil 

The 24. lysim('l('J'S used in th(,s(' studi('s W('J"(' til(' SiUl1(' flS thos(' us('(\ 
in the studi('s d('seribl'd in till' Nldil'r s(,(·tion (pp. 2 to 4). Th(' 
lysimett'l'S wen' 10t"l1tl'd nL til(' Sandhill EXI)('rinwllt St/ltion nenl' 
Columbia, S. C. 

The soil was tbe snllw T...akcolnnd sHnd that \\'I1S plnCe'd in the Iysim
clersin 19:32 I1nd used for the fil'St (·xpprin1l'nt. Meehnnical and 
ebemieall1nnlyst's of this soil nre' gin·n in tables 1 nnd 2. In prppnring 
the soil for uSP in thp s('cond (lxp('riment it WI1S J"pmov('d from nll 
lysimctel'S I1ccording to lhr('(' horizons; llHIlll'ly, 0 to 10, 10 to 20, Ilnd 
20 to 43 inchps. Thp soil f!"Om nny gin'n horizon from nll 24lysim
pt(,J'S wns plaeed in a single' pilp for mixing. Binet' n 2-incll sC'ttling 
hnd OCCUrIwi subs('qut'nl to tiJ(' original filling, sllffieipnt n('w soil WI1S 
obtained froll1 the' originnl loealioll and I1dd('d proportionn lply to each 
horizon to bring til(' totnl (\(Ipth to 4:3 indll's. Aftl'r dpnning and 
painting til(' inside's of tht· lanks wilh nsphnltum pnint, tht' mixed 
soil was pln(,Ni in tht, iysimelpl'S necording to horizons. Be·for(' ndding 
the .soil) howe'ver, ~H pounds of ('om'Se grn \'l'i WllS pll1cNi in the bottom 
of ('aeh tnnk 0\,('1' thl' dl'nin, and nbovL' this 70 pounds of eOlU'S(' sand, 

10 This spction was Jlf"{'purpd by F. Eo Alli~oll lllid Eo ~1. Hollpr. 
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• 
as in the original instaIlntion. .AIl these refilling opel·a.tions took place 
in the latter pnrt of May 1938 j immediately after completion of the 
first experimen t. 

Cropping Systems 

The crops grown in slimmer and winter on each of the lysimeters 
during the e)..-perimentn.l ppriod 1938-45 arc given in table 24. 

After filling the Iysimetl'rs, no crops were grown in 1938. During 
t,his ppriod thp lenchates wel"(' collected and analyzed from time to 
time for snIt concen\;ration to note the degree of uniformity. All 
Iysimders werp plnnted to ('oUon til(' second summer (1939) in order 
to get the soils in bl'tt,pr('ondition for thp exppriment to follow and 
to obtnin mon' info,·mntif'm on thl' degree of uniformity of the soils 
in til(' various Iysimd<'l"s. Owing to the extremely severe boll weevil 
injury to ('otton in some lysimpt(,J"S, howpvp.r, it was impossible to 
obtnin ('!"Op dntn on unifol"lllity of thl' soil in the lysimeters . 

.A lnrgp number of ('rop combinations (table 24) involving the use 
of summer and winter green manure crops was used. During the 
main 6-year experimental period, the indicator crop, cotton, was 
grown in the various lysimetcl"S f!"Om 1 to 6 seasons. One lysimeter 
was kept fnllow for all but the last yenr. The treatments were not 
["('plica ted. 

Fertilization 

Tlw additions of all plnnt nutrients and lime to the lysimeters 
during the experimentnl period are ginn in table 25 in chronological 
ordt'r. It should be noted that in anyone senson all lysimeters 
rt'ceiYed the same ndditions of inorganic nutrients. All crop rcsidues 
werp n'turned to tbe soils. 'With the exception of the cotton residues 
for the 1939 senson, these were returned to the lysimeters on which 
they W{'J"(' grown. In the 19:39 season the residlH's from aU lysimeters 
wpre pooled and the same proportion returned to each lysimeter. 

TIll' total quantity of ('aeh of the main elements added is given by 
growth p('riods in tllblr 26. Sufficient, dolomilic limestonp was added 
from time to time to kC(>p the soil reaction between pH 6.0 and 6..5. 

Methods of Analysis 

The cl1l'mical nwthods used were the same IlS described in the 
earlier experiment, except that total carbon was determined by dry 
combustion rutiH't" thlln by the Adams wet-oxidation method. ll Oom
pm·ative analyst'S of tht: Lakeland sand gave values that were 6.8 
percent bigher with the dry combustion method than with the 
wet-oxidation procedure. 

II S('(' footnote (), p. 8 . 
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____________ _______ _ 
___ ____ __ 

_____ ______ 

~:~ ';. ... ~ '," ~. 

1'AnI.B 2'1.-'/'116 cropping s1Jstcm jor the 7-lIcar exper£mcnlal period, 1939-45, at the Sandhill Exper/:lIlenl Slatl:on 

Summer Crops 
J.YS,!.y{~~teI· 1------;-------. 

103U .l!l40 1941 10·12 

L_.___ ._.. Cotton.__ • Crollliarifl 1/I/lcro· Cotton....________ Cotton__ .• __ 
."u/a.

2. ___ • ____ • __ • __ clo___ ... _.. _clo••________________{Io___ •_____ • __ • __ .._clo._ •• _.. 
3._.____________ <10 __.._ ..•. __ (10 ____ .. ___ ..______ (10_..___________ ....clo.... 
4.. _.._____ .....do...._ :_•.•c1u _._. __________ ._<10..________________ <10. __ ... ________ .. __ do...._____.. 
5._____ .. ___ ..._do_. ___ . ___ clo•. _.____ • __ ._ • __.do...._________ .• ___ do.-..___...... _____ clo...._____ .._______do._..___ ._._._ .... _c1o....___ •••do.___ 
6. _____.._______ <10..........do...._....______ •• _clo ...._....____ • __ ._do.._............___ do_.__. __ ..________clo....____________ ..<10....__.. __ uo.._.. 
7............._do._...._...do....__ ..___..... .do....._____• __ .....do...._....______.. _do..___ .._..____..._uo. ____ . __ •___ . ___ ..do ..____ ...<10..... 

8... ____...1 __ ...do..__ .l .... _do...._....... .1 ... __do....______ •__ 1. ____uo___._. ______ .l __ . __ <10 ____________ .1. __ ..<10 _____ ....____1_____<10.____ 1.... _<10 ...._ 


:E::::::: :=:::;!~::::: =~~=);:!~;~,~:~~::::=:: :::Jt~~=::::=:=:t:J~:~-:~::=:::::: :§~:);g:.;~=.~~::::::: :::J~:I::==:===:=:: :::J~::::: :=:Jg:::::
12•. _. __ .._ ._ .. _do..._. VclvctbcnrL~ ..____ ....._do....._.._..... ____<10._.._________ V~h·elbcuns_.__ ••• _____do....__ ...._____...do....___ • __ do...._ 
13_._.._. ____....10.._._ 

14___ ...___ ._.__ do...__ 

15_________ • __ ._do_____ 
16___ • __________ 110..___
Ii_._______ _. __ do._.._ 

18_______ ._ .• ___do••___ 

Crola/aria speC/lib· ... __ do.____ • _____ ......_do_____________ Crolalaria speclab· _____do.________ ._. ______ do..___ ..___ do____ _ 
ilk i/i.,.

Crolalaria ill/er· _____<10 _______ .. _.•_ ...__<10 __•____ ._____ Grolalaria i7lier· •____<10_______ ._...... _._<10_ ...______<10. __ ._ 
trudia. media.

Mlllt·t '. ____________ •__ <10 _____________ ._.__ do... _. _______ Millet , __ ._. _________ ._<10__.._...________ ._<10_...___• __ do_. __ _ 
.....do.'. __..___________do.__ . _____ . __ • __ • __ do...__ . ________ ' . __ do.3 • _________ •• ___ .do_____ • ____________ do___ •_____ .do.__ ._ 
Crolalaria 1IIllCro· Soybeans.___ . ___ • ______do_______ . _____ Crolalaria 1IIllCro· Soybeans.______________<10 __________<10_._._ 

'llaifl. 
.....(10._. ____ ._••_____ ._clo_ .._•• _. ___ 

,19_. __ .....I .•___ clo._.__ 1 •. __ do_____ ._..... _ 

20...... __ .1. __ ._do._.__ Crolaillria speC/lib·
iii.•. 

21..... ___ • .1 __ ._do..__ _ Croluluria 1Ilucro
<llalu.

Mlllt·l __ .. ___ •___ . _ 
23_~.~ .~ __ ~ ~.~._do._.__ Cuttoll ______ . __ ... 
2·1.. ... _....... _do._.__ }·allow..... _.... 

22... __ • ___ '. ___ .dO__ .._ 

• 

Orotuiflria 1ntlCro· 
1111111. 

Crolalaria 8peclab. 
ilis.

Soyhellns____ . ____ _ 

_...do _____ . ______ _ 
Cotton._. ______ ._. 
Fallow. ___ •.•. 

I Oro/ala ria .""ucrollula ulluwl'd to volunteer ill cotton. 
, 'rurncd lit maturity. 

32 crops of millet turned at Ill! early growth stage. 


• 


lU4a 

• ___ •• Crol(/l(/rill 1II/lcro· 
"IHlla. 

_..____ ••• _{Io_...___ •_____ 
._clo.._._.---- .. 

11144 11145 

Cottoll.. __ ....._ ... 1 Cottoll .... 

...._clo. ________ .. __ • ____uo.._.. 

.....do....________ • __ ••_clo ... 
....do..... .--......do...__ ...._<10_.. 

1W/fl, 
__ ." _.______.do___. ___ • ____ •••• __ do__ ._. ________.. _. _do._.. 

Crolalaria 1IIl/cro· I...._do. ___•• _._ .... 
'llUlll. 

Crolalaria .• pecla/J· Crolalaria spec/abo 
ili8. ilis. 

Crniuiarill mucro- SoybeIlIL~._..__ .• _ . 
·"nla. 

1\1 iIlCL.__ .... _.. __ ., ___ ._do_..._. __ .... . 
Cotton.___ • __ • ___ • Cotton._... _..._•. 
}·IIl!·_W__ .•• ___ .... }·l1l1o\\·..... _..... . 

r./' 

Crolaluria 1IIllcro· 
110/0.

Grolaluria .• pec/ab· 
iii.•.

Crolalaria 1l11tero· 
'/Hlla.1\-[lIIeL____________ 

Cotton. .. 

Wlllter Crop~ 

1938-39 1939-1945 

1 Fullow_ .. .1 Ryc. 

__ .. _<10_ •.._ 
do•. .. 

._•• _do._.._ . ____ do_.... 

l'lIlIow__ • ________ ......do________ ._do.___ • Fnllow. 

••••_do.. ••I. do_._._1 Rye._ ____ 
____ .do._._______ <10 __ .._ Do. 

_____ clo_____ . __ ._do••__ _ Do. 

___ 
.. __ do..__• ___ ._<10___ __ 

..do___ ._ .. do._... 
Do. 
Do. 

Oats. 
Vetch. 
POllS. 
Fallow. 

Rye lIn<1 vetch, mixed. 

Peas an<1 vetch, alt. 

yeurs. . 
Rye an<1 vetch, nit. 

years. 
Rye with nitrogen. 
Rye.

Do. 

Do. 

Do. 


Do. 

Do. 

Do. 

Do. 


Rye and vetch, nit. 
years. 

.' 




_____________________________ _ 

, .... }" 
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TABLE 25.-Fer#lizers 1 and lime, as pounds per acre, added to the 24 lysimeters at 
the Sandhill Experiment Station during the period October','e5, 1938, to September 
27, 1945 

Commerclul fertUlwr 

Dfitellpplled 
 1-------,,--------------------.-----------,---------IPt~~~~~~ 

Amount 'Material' Lysimeters 

First winter llnd sunUIlClr 
(111118-39): Polt1ld. Poltlld.Allr.l1 (1930) ________ ._ ..•• __ .. __ .___________________________ ____________________________ 1.000 

Apr. 13____ .____________ 
}.[uy Iti. _._____________ 
.Tune 2_._.•••_. ______ ._. 

July 6____ • ____________• 
Second winter IlDd summer 

(1939-10):Oct. Ill. ______________._ 
Dee. 20_________• _______ 
Feb. 29___• __ . __ • __•••_ 
Apr. 6._•••_._.__ • __•. 
Apr. Ii__. ____. _____._._ { 

Apr. 24. __._.•__._.__•__ 
MIlY 23_ ._.___________ • 
.runt' 2tL___ _______ _~~_~ 

'Phlrd winter and summer 
(194!HI):

Oct. 15____ ._••_•••____ _ 
Feh_ 25 ___ •••____._•••_ 
Apr. 1 __..•...•__•..__ _ 

Apr. ,23_.__ ._•••_••_••• { 

l\:luy 28 ____,.. _________ .. _ 
June 30___._.____ ••_••_ 

Fourth winterundslllHl!lCr 
(1941-42):Oct. 7__ • __ .•____ ••____ _ 

Feb. 23 ____ • _____ • _____ _ 
Apr. 3________________ _ 
Apr. 14________________ 
Apr. 28_________. _______ { 

~ru~' 20 _______________ _ 
MIlY 21;' ________ c _____ _ 
r.!IIY 30. _____________ __ 

Fifth willtt~r ulld summer 

000 2-!Hl ____________ • _______ •• AIL ______________________ •________ _ 
50 Sodium nltratIL._________ • _____do 
ti7.5 Nitrfite-ummoniu (12 ••___do 

pounds N).67.5 • _. __do_._. __ ••__ •._. __ ••___ ••• __do 

2-!HL. __________• ___ •__________do300 Nitrate-ammoniu________ .. ______do6i.5 ••• __do___________________•• _. ___doli7.5 .•••_do___ ..._._...______ • __ No. 9.____ ••_.. __ • ______ • ________ •__ _ 
liIlIl 
135 

1i-1Hl._._______ • _________ ._ All, except No. 23 ______ • __ ••• _••• _. 
2-S-ti. .. __ ...___ •__________ No. 23____ .._..... ____ ._._. __ • ____ • __ 

135 
noo 

Nitrnte·ummonia_________ All, except No. 9.__.;________••_. __
.••._do.___ •______________ . No. 23___________• ________ • ____ ._._ti7.5 .. __do_________________________.do______________ ._••• _______._ • __67.5 

300 
U7.5 ~\t:;itc_uliim(ii;Yn_~~======= _:1!=dO~~= :==:====:~=:===:: :::::::::: ... ' _do _______ ........__ •___ No. g _______ ._. ____________________ ._
135 

liOO ti-IHl._. __ • _______ ... __ • ___ Nos. 17-22, 24 _________ ._.___•____ • __ 
2-S-fi. __ .•.•• ____ •••• _. ___ • Nos. I-Hi, 23 ___ • ______ •••_ • ______... 

135 Nitrate-ammonia_________ All, eXl'Cpt No. 9____ • __ •• _ . ___ ",.__ 
(j7.5 Nttrate-ummoniu_______.. Nos. 1-16, 23 __ • ___________ •__ • __ •••" 

tillll 

.. ___do ___ •____ • __. ________ .•_._do _____•_____•___ • _________ •____ _67.5 

2-S-fi. _' __ • ___ ••_. _______ ._ All______•__._.__•_____._•.•___ ._ .._300 N'itrate-ammoniu_________ • _ _____________________ .. __ ........... _
~_~_do135 
135 ...•_do _______ •________ •____ No. g___••••__ • ____ • ___• _______••• ' .. 

_. ............. _____ ._._._. __ ............ ____ ...__________ 1,000 

fi-S-U ... _•___ • __ •• _. ______ •tiOO 
2-S-6..... _....... _____....
noo 
Nitmte-ummoniu________1a5 
Nltrate-ammoniu..______ti7.5 .....do____ •• _______ •_______ti7.5 __,.•do______________ ._.___ _

r.7.5 

............. _ .... __ ._._____ 


Oct. 9.... __ •. _. ___ ...._ 300 Nitrnte-ammoniu____ • _____ All, except No.lb.______ ._ ..._.......

Oct. UL .. _________ . ___ 2-S-n ......... __ .. _.... _... AIL.. ............__ ..._____ •__ _
:lOllFeh.29_______________ _ N' itratc·ummonill____ ~« ~ ~_dl)___ . __ ~~~~ ____ ~_._ ... ~ _____ ~ __ _••• "180Apr. 2 ____________ •___ ,.. •__ ..do..__ .. _ .......____ .. No.9_____ ......._______ ....... __ .._
1;{5 . ,

2-S-2....... _._ ....._. ____ All.." .......___ .. _......__ .. .
Apr. 18_____ .._••• _..... { 000 
1:l5 Nitrnte-ammo!1ia____ .. _. __ Aii, except No. Y__ .......___ ...... .. 


MIIY22 ___ ....... __ •.• _ . ____do__., ..... ______ .• _•• AiL•. " ...... _____ ...___ .... _•••
la.;
,Tune 12_____ ....._.... mlO 2-IHL .... _.. ___ ....___ • _____ .•do.__ ...........______ • 

June 28_____ •__ . t~IO 2-0-3 ..... ___...... ____ ...... _do_.. , -.... __ ......._ .... __ ••.• 


:O;Cf! r"ntnntps Ilt end or tahlt'• 

• 

(1942-43):Oct. In •. ______________ _ 2-S-6.......______________
300I·'cb. 24 ________________ _ N itrute-ammoniu ____..___ _135wI nr. 2t;,.., ______________ _ .. __do____ .... __ .. _________135 2-S-2 ___ .. __ .. _____ • ___ .__ _Apr. 2IL_________• _____ { litJO 
la;; Xitrate-ummoniu____ •_____

'i\llll:r 22~ _____ ..... _______ _ 2-0-2___ ••___ ._____________
r~lo 2-0-2. _________ .. __• ______,\-lIlY 20 • ______ ._._._•• mHI

.June IIL__._. ________ ._ 2-0-4_ ...._._._.______. ___IiOO 
Sixth wimer und summer 

(1943-44): 
Xitrnte-ummoniu_________Sept. .18 __ .••• _•• _. __ ••• 3BO 

__ .... 0- ...........____._ 


_____________________ ••__ ."., 
________• __________ ._ •• _. ___ • 

___• _____________________• ____ 

_____. _______•___ . ________•__ • 

__________________ • _. ______ ._ 

Nos. 19-22, 2~__________ •___ .,..._•.• 
Nos. 1-18, 23 _______ •• _____ .. __ • ____ _ 
All, except No. 9__ .............____ _ 


• Nos. 1-18, 23 _________.. ___ ....... __ _

Nos. 1-18,23______________ •___ • __ .._
A1L___________ . _____•______• _____ ._ 

All.___ •_____________________ •_____ .' 
•___do____________________ •. ___ .., __ _ 
No. g________• _________ ......__ •••;
AIL______ .. ___ • _______ .. _.• ______ ... 
All, except No. 9______ ...... ___ .....
AiL ______ ._. ___ •__ c _____ ......____ _ 

• _..._do_________________ ._.. • ____ ••• _ 
• ___ ._do__ . ________• _____________ •____ _ 

No.11i______ •_______.... __ ••• ___ •___ _ 
• 733 
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TABLE 25.-Fertilizers1 and lime, as pounds per (Jere, added to the 24 lysimeters at 
- the Sandhill Experiment Station during the period October 25, 1938, to September 

27, 1945-Contmued 

Commercial fertUlzer 

Date appJled 
 I--------o--------------------.---------------------I~~~~~~~ 

Amount :Materlul' ,Lysimeters 

2-8-6...___ ." . __________ •• 11.11. ..___________________ , 
Sodium nltrnte___ •____________do_________________ __ 
1\ltrate-nlllUlonla________ .. No. 9________ •______ ••.• _,Apr. 3.___ ....______••. -i,(~iO

Apr. 21-____ .___________ 135 Nitr;ite:u;;liil~nia·_~·_~:::::: -Ali: -e~xcepi -N~:iC:::::'Apr. 27___________ .____ UOO 2-8-5 , ____ •••• ___ • ______ .•• AIL......... _, ________ _ 

'May 22_. ____________ •• 150 SodiulIlllltrate_________ ... _....do___ •____ •. '00 __ •• 

June 7._______________.. 150 . ___.do ______ . __ •_______ •_____ ...do_____ ••". __ ..... _. 
.rulle 29._____________ ._. {iOO 4-{)-6•.•. ________ ." ______ • __ . __ do___...... ' __ •. "_' 

J All cotton residues, lnciuding the seed, were returned to the soli ench year In September or October. 
"All formulas refer to nitrogen (N), phosphorus (P,O,), and potassiulll (K,O), In this order. Nitrute

ammonia conSisted of eqnal parts of nitrogen supplied us sodium nItmte and nlllmonium suifate. The 
same combination "'lIS used In the mixed fertUlzers except for the appllcnti()n made on .o\pr. ,27, 1945. 

'All nitrogen lIS sodium nitmte. 

TABLE 26.-Addition.~ oj plant n·utriellt.~,1 expresseda.~ pounds per acre, to tlte 
lys£'IIl,etel'.,;, Sandhill Experiment .station, 1938-45 

_________________ ~ I N ~I~ ~l~,______.______t___ 

'VInter, 1938-39.-••-------------.--------------------'1! 0 0 0 0 I 0Summer, 1939..._ _________________________________ _ 44 48 36 365 21M 

~~~~~r~~~~:~--.=~================================== ~g ~~ ~~ ~~ g
~~~~~r~~~I--=============:=============:===::=::= li~ ~~ ~~ ~~ :lWinter, 1941--42______________________________________ an 24 18 31 ()
Summer, 1942____________________"__________________ 72 48 ali 3U5 218 
Winter, 1942-43.__________ •___ ....___________________ 30 24 18 :11 0 
Summer, 1943. __________ • ____ .. ______ ..________..___ 72 48 1i0 62 () 
Winter, 194:l-44______________________________________ 1IJ2 24 18 253 160
Summer, 1944.. _____________________________________ 84 48 ! OIi 1i2 () 
Winter, 1944-45______________________________________ as 24 ! 18 31 0
Summer, 1045 ___ " .._________________________________ 108 48 ; Wi 365 218 

'rotuL __ -------------------------_____________ ~J~!-----:m-r---;-:75II---8-1-4 

J Composition of materIals: 

N as 20 percent ammonium nitrate or 16 percent sodIum nItrate; 

P,O. us 18 percent superphosphate; 

.R,O fiS SO percent murlnte of potush; 

CaO as 23.3 percent superphosphate and 30.3 per('t'lll c1nlmnl1,i(' limestone; 

1vfgO as 21.8 percent dolomitic limestone. 


RESULTS 
Crop Yields 

The yields of the winter ('.l"OPS for the e!lLiJ'(~ c).lJel'iment are showll 
in table 27. Figures 8 to ] 3 show iliE' gl'owL]l of some of these crops, 
as well as Lhe layout of the lysimeters. 

• 


"" 
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TABr.E 27.-Yields oj winter (·rop.~ exprc.~.~edas ponnd.~ oj dry matter per acre, 
SandhU{ Exper-imcni Station, 1939-45 

Kll1d of cropllysimcter I 1931HO h94fHl 194i-42 1942-43 1943-14 194H5 Total,
No. 1. 1931H5 

---'---------:1---1---1---------------
POIL1Ids POIl1/d., POII.1Id. Pounds PoulId., POUlIM Pouud.L __ -----.1 Rye__ ~ ________________________ 

2__• ______ Ollts________ . _________________ _ 1~ 785 2,74:f 3,390 999 4,294 2, 217 15, 42& 
:1 _______.. 

~! 

1 \-ctch. __________________________1 529 1,782 2,0.,0 547 2,525 1,122 8,555 
4_..-_ - _____ f Peas___ ~ ______________________ _ 1,124 507 310 588 U6 U32 3,467 
5___ . _____ .1 .Fallo\\· _________________________ _ 202 828 588 338 586 960 3 562 o 0 o 0 o o '0n________" I !lye and "etch, mlxed __________ _ '.' 

1J 821 2,555 3,275 1, 1119 3,254 2, 458 14, 532 7_____..____ Peas and \·c.tcb ultenUlte ycnrs. 
t 153 828 994 542 58f> f>32 3,7358. __ . ______ JtYeund ,"elch,alternate years. 1.907 1,308 3,211 939 3,932 967 12,2649___ ______ Hy(. with nltrO?CIL ____________ _ 

10_________ Rye..~ _.__________ .._..._. _____ _ 1,954 2. f>42 3,345 920 ~,384 2, lti9 .15, 4~ 
J L._______ ..-.- _____________ .. __ ......do.... t,989 2,59t :1.211 1,702 4.a:J9 2,555 16,387

J ,9805 2, ~:18 3,211 $.1\ ~,~30 2, 1611 J5, OBi 
2. lUi 2,388 3, 3~5 I,031i 4,475 2.458 15. 8611 
2. 079 I 2, OS:l 2. 9~4 814 , 4,5f>5 2,314 .I4,71l11
1.877 3,150 3,43·' I,nan I 4.475 2. 121 I 16,093
1,831 699 2.542 888 3,341 2,217 11,518

j~~ ~ ~~ ~~~:~:~~::~:~~:::: ~:~:~:: ~~~~:;: ~ :l!~~~~'j
ItL __ •• _~ ........ _....... _..... _.~ ......00.... . J.l)IO I 9:J2 2.944 9112 3,.\.;5 
 1, 928 lJ,8:11
17---------\ .. ~ ........._____ .. __ ..... ~dO .... ( 1, \170 I 2, (i~~ 
 3,970 I, nan 4.~75 3.7.11 17,8114IS ___ ' _____ I R)'(' lllld "ctch, ulternate yenrs , 3,523 939 4,4:11) 930 12, \lIl32.C81 I 1.0110 

t,781 I 2,794 4. 728 2,2.17 4.610 3, if~) 19, 930 
1,810 I 2,281i 3, 3\10 2. 072 -1.475 2.747 16,7841 
1,700 I 2,845 3, 1125 2, 2115 4. OW 3, .519 18,894
1; 782 792 3,52:l 703 3, .173 I,Hf> 11,8111 
1,81~ t 1, iig 3,077 920 3,70ti 1, i53 13, OSt~~~~~~:I:fi~,~~I~:~_:~I;:~~E:~1 o 0 o o 0 

.. ~~#~~"l;;'" . 
P;'I: -n:,H 

l'IGI'ltt; S.-Ausiriall "'ill!;!'!' pC'as e)jj Iysilll!,j{'r 7 ill fOrt'groulld amI rye iiI tile 
bat~kgro\llld. I'hotogmph!'(1 ~'I :lrr:h :!O, .I !H2 . 
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P"\-022 

FIGnu: 9.·--Hyp on lysirnp(PfS 17 and 18. Photogmpil('d ~Iarl'h 20, 19",::!. 
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p~-(l24 

FJ(ll"RE l1.-\"('tch on lysirm'tpr :3 ill forpground, lwas all ly;.;inwtt'I' ;( ill till' [t'ft 
r('ar, and oats onlysilIwtPf 2: ill OlP right rpt\r. J>hotOg:l'tlpJ\(·d!'.[urt'h 1 :';,1 !),I.!. 

Fwnu.: 12. .\II,;(ritlJl "'jllt!'r IWU>, 011 .lysilIH'u·r;L I'htltogral'ht'fl .\Ittrdl In. HI-J5. 
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. ,~ 

·t~.ow""'
P'\"·t.t!n 

Ff(:n"~ J;-I,-\'('(('h 011 h'~jlJ](,(··('1' S jn fon'grOIl/ld :Uld ry<, ill til(' 1J:ll'kgronnd, 
'J>11O(oJ.(r:tplH'd :\Ial'('h Ill. 1f)·IEi. 

Tht' yi(,ld:; of tJj(' :-'lIIllIJlt'I' CI'OP5 1'01' the' Ii ,\'1'11.1':; of th{' ('x]}('ri II H'II I , 
lwginnillg ill I 1l40, tlr(' gin'n ill tfllllp ~8, Figur(·s 14 lo .t (i show the 
i1PIWII,'illH'P oJ 50llW c;I' tli('s(' (TOPS, 

The ('OltOIl 1'01' 01(' YPiU' I H:Hj Wfl.S /lot )w/'\'('st<'d, h('CfiUS(' of VPIT 
sC'\'('L'C' hoLl 1I't'(II'iL injul',V, IIULl/H' pli111ls In'l'(' ('ut gl'('PIl, dri('d, mix('(i, 
111)(.1 an ('qual portion of lll!' loutl,,!'tul'.IJ('d to C'il.(')r.lysil1Jelt'r, For Ih!' 
Sil.nll' 1'('llSOJl, l hp s('('<1 ('0 tl OIL WilS no l hu.n'('s t (·d i IJ J941 but thl' P 11111 Is 
W('/'(' ('ut, t/ri(,d, II-('ighed, fwd l'ptul'lIC'd to th(' soil of [h(' I ,\'SilllP[('I' 

\\'1t£'1'(' gl'OWl1, Fo1' (,fiSt' 01' ('ornpnl'ison, sonw of tIl(' <lu,tu ill table:28 
HI'P .I'NlITflllgt'd ill tn hie 2U to sho\\' mOl'p d inwl I~' tJw ('I1'('d of 1h(' ('I'Oll

pillg s,\'sl('/I1;-; Oil tJ1(' ,\'i(lI<l5 of ('01((111, tlJ(1 jlltii('lItOI' ('I'OV, 

., '''- .. 
} 
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TABLE 28.-Yield.s oj SU1I/lller ('I'OpS I expressed as pOl/nds oj ell'Y mallcr per acre, 
Sandhill Experiment Station, WJ9-!,5 

1939 1940 W41 1912 

LysimC'tcr 
No. Crop R~si· IS~~d Crop 1Rt'si- S"l'd Crop 'Res!' t 5"Nl Crop Res!· Seed 

due' , COL. dtl<' COL. due cot. due cot. 
----1------:-------------1---------- 
1.••______ • Cot. 1,461 f (') C. m. 6.962 .._... Cot. 1.566 ('1 Cot. 1.184 1,317
2...._. __•• Cot. 1,4m (.) C. m. 7,284 ,_____ • Coi. 1,39'2, (0) Cot. 1.133 732 
3.•_______ . Cot. 1,401 i (6) C. Ill. 6.6.1 )_____ • Cot. 754 ,(0) Cot. 5{;7 466 
·1 .._______ .1 CDt. 1,4111. ' (0) C. m. 7.152 ._____ Cot. 691\ i (.) COt. 46,) 371 

1.461 t') C. m. 6.400 ..---- Cot. I.~~l·~ (') Cot. 4.14 345I't=~=::::=l ~~t 1.461 (0) C.rn. 7.041 Cot. "" (0) COl. 1.600 1.026'--________1Cot. 1.461 I (') C. m. 6,'<;61 Cot. USfi I(0) Cot. 423 428S..________ , Cot. 1.461 I (OJ C. m. 7.0n3 Cot. 6~i (0) Cot. 1.093 717 
Il.... --..--l Cot. 1.461 I (0) i C. 1II. 7.059 . __ .__ C(lt. 1,508 (')! Cot. 1.475 I. 226 
10••____•__ , Cot. 1.4tiJ I (0) I C. Ill. 7.\)72"'_'_1 COL.' 1.102 (6) Cot. 1.6r.tJ 1.176 
1I .... ___..! Cot. 1,461. i (0) 50)'. Cot. II.' 2.,~~S) '. ('1 Cot. 1. ~'9'J I 1.1974. m5,____.. 
12......___!Cot. 1. -lUI (0) \'. b. i.9:12 ...... Cot. "'" '(') COL. 1.500 I 1.324 
I:l. .... ___•· COl. 1.41i1 (~) C.s. 5.732,._..._ Cot. 1.334 t (0) COL. 1,3H; 1.215
H ..______ • Cot. 104m (.) c. i. 6,,;56 '_____• Cot. l.a9'2 I ('l Cot. I,:m; : 1.·l7ii 
1.1·.____ .·1 ('ot. ),401 (0) ~Iil. 6.3841______ Cot. 1.;.08 (0) COL. I.WS' 1 •. 132 
iii ....____ . CDt. 1.41B (0) ~Ill, n. WiO ______ Cot. I. "OS (6) Cot. I, !!S\l 11. IS" 
17. __..____ : ('ot. 1.4ft! ('I I C.Ill. 7.720 ______ 1'0)". 3.0H ______ Cot. 1.3~7 1,411 
18......... ' Col. I. ·IIH I') I C. m. 7,1l'3 1______ I'oy. 2.130 _____J Cot, 1, ~~ii ! 1.340 
19.....-... ('<)t. 1.401 ('I !C.IIl••. 870 .______ C.m. 5.aiil·_____lc.rtI. ~,.':;:r..~I'._._.._._= 
~O.._._.... Cot. 1,4M (6, j C.s. 5,708 j______ C.s. 2.540, ••____ , C.s. ~"""_ 
21 ......... I Cot. J~4m f (II) ,?..In. 7.4~4 1______ ~()}:- ~.~J~ ~- ..--- ..t C~.nl. SA:-J5 .. _.. __ _ 
~L ........ ('ot. I l.~m ('I! )f11. G.·lal, .• __.. lio). 3.al~ ''''''1 )111. -1'.··(~,().,J "'1'.';00"
23.... ('ot. 1.4fH (') i Cot. 3.779! (') Cot. 1.311'1' ('J 'Cot. ""., 
2·1....... Cnt. 1.41;1 f'l 0 0 0 

19·13 W44 lU45 1939-15 
'--.,---.,------:---;---1-' .-.--,---\---;----:--- 

L~·~!~'·l . !' 	 ~?,~~ I 'fotnl IsX~:~:.r 
No. Crop 	 H~>i· I ;'eN/ ICrop [{('s!· I I'~ed Crop Resi- :;f'Vtl llll'l' 1'<'('d unt! 

due I ml, dll(' COl. du(' cot. t'roJ) t'olton' i wlntl'rj: r{~$r-
I 

! nosl
_____!___I___:___:______. ______t__'~~:____i~ 

1....--' r.m. I R.2:lfl ...._.. Cot. il.olO 2.371 ('ot. !2,1>34.3.&7., 2;l.ur':l i '.W6 t31! 3!l.;lsl 
~.___..!C. m. : ~,"!I~ rQt•. 1.2y~ 2.·1:.1 (:0(. f 2.!J.~ ! ~"I~~ ~'2.liiS i Ii,."-'I 131; il,I.'!:1
.L_____ r. 111•. h, 4;~.. rm. LIM.. I. i'7n (ot. . 1. .1,1 _, n~1 1l'.I'~n; 4.1;f,'l f:ll :!'_.1..1 
~-----Ml C. Ul. 1 ~.fI!;~ \ot~ ~~n~, 11'.~.·31~)' Cot. l~~~~'l; ~.. 305 l~.O\i~; 4.5~~ (:~! ?~"2;1~ 
0 .... __ C.lII. ••• l-.f1 (ot. 1••• 1 ('ot. I...!'O .. 1101, 1~.Il;} 1'1.9'.1,11 I.". II •• 
G...._.: r.lII. ! ' ..~7R ('ot. 1,'I:);l 2.1\.111 ('ot. 3,().t2 3,4r.3 23. 7S0 7.1~1 ':1,; 3S.321 
-, ,I C.••.. J......... rflt I ""1'''' '_',','·1·1 Cot • I -0" i ., <'~Jl ••..,. , ••., "\'", '~l e • .,.... __ In (. 01- , •• ,1""1""" 18 o'g-••),0__ __." __ 
S...... C. III. ' Ii. rot;, ' .. , ____ , ('ot. 1.1\11 2,21·1 ('ot. 2.7,,0 . 2,7m) 20,00'1 5.1;01 13,· ;13,lm 
9.... __ . ('.111. 7,2;'5 ._ ... _.1 rot. I.ogn I 2.·1),3 . COl, 3.217.3,240 24.415 (j.949 131, aU.!>:l5 
]0...._1 C.II1..•. 520 :-------i Cot. 1,fj;12 2.772' Cot. 2.7100 ;1.750 24.407 '.7:H la. 40••0·1 
l!)~_ .._.. t ~!J);. j 5.:~~S ,...... ___ "'; Cot: r 1.?~ 2."i~ I Cot. ~.~19 ; ~'J/~'~ ~~ ItO Q~S.~~ (3,' :i:~.?~7 
1~'''__ 1\. I. I ~,.;Il \-------i (,ot. ! q~~ 2.552 rnt. ;;__ 11. 3,.~: __.}~I !,I~~ (?' :IS.O:~! 
13...... ('.~. ",Il.,O , ....-" ('ot.• 1.1.•• : 2.[,<,3 i ('01.. .. ROO 4.0.11 19.3.lr. I.SO,· (3) .H.J.lo 
J.I _____I C,i. ! 5.0311 ....... , Cot. 11.1i[l2 2.n,,0. COl. '2591, :l.97G 19.9f1!l S.HlI (3) 3fi.(~J'1 
1.';••___ , ~liI. 17.2.(.1 i""'" rot. '1.;,(12 2.ii5·1· COt. 2.415 3.7f1,'; 22,1I2 7,7;') f311 ;1;1.11:10 
16..... 1. )IJI. : 7.m·1 ' rot. !.n.:!.• 2.119 : ('ot. 3.1J[,.S' :1.1\&2 2'2,712 6.m;6 (a'l......... 	 3.". Ma 

17.....1 C.m. 7.JOri ."_.,, "0),. 1.I13S c. ('01..,3.4" :1..';27 2',.7S·I. 4,03S (2) 4;1.IiSH 
I~..___ : r.m. , .... om !....... "oY. I.H:lS Col. 12.:m :l,r.55. 2:l. HI' ·I.!I!I5 (2) :\fi,I:\7 
19.... _· C. In. li,2no ........ ('.I.I., ·1.,n7 ('ot. 3.1i~:!' 3.4·12 i :l9.0'; :l.H20) 511.007 
20"___1' ('.~. '1.1iOf, ....... C.~. 2.2·12' rot., 2.r~Y.I • a.9[;1) 12(1. ·(rAJ . ;1,056 11 JI ·13.2;1Il 
21 ...._ ';oy. 7.!W,j , ....... C.III. 4.'I!lfl Clll. t ;l,;I2., 3.·lal 35,m~); 3,431 lIl! ,';,).."SI 
22..... !':'Oy. 'r..I).)R ..... \Ill. \7.:1:10 ..... ('01'1"1,109 3.!K~11;1I\.:111;a.[KlOl.l!I·I~.I;1O
23..... ('0(. 'I••125 2.112a Cot. 1. ·13:1 . 2.438 i rol. 2. flOi 2.7an: la, nr.n j ;'Jt!Ii (I) 21t ,;1. 
24..... 0 ....... 0 - ___..+·.... ·1 Cot. I.~~J~ i 2.11)1 I 3.3:;UI2.lG.! (IJ 3,:1;,0 

I Ahhr(,YLHion~ USN}: 
Cot. =('OltOIl 
C.llt.:;:; ('ro/'aiflrill "uH1CTfmnlfl 
C. ~."" ('rOlll/llrill "/>eC(."I,ili8 
r, 1.=("01"/11,1,, illlu1t1cd/fl 
Bo~·.=snyb,·uJl~ 
\'. b.=",.h'Plh!'unq 

i>lfI.=Silll,·\ 


• 'I'll!' (f'rrn rl'slt.itlf'. us t1S<'t1 hf'r~, rpI,'rs (0 tllP whol .. r;op or nn;; portion of I~ that W,t' rt'Wnlt't! to Ih,' !'tIll, 
PS(\'pt 	tllllt In th" la,( ypar of lilt' f'XI",rllllf'JlI Illt' N)(IIHl rt'~irlllt·, w!'n' nol rl'llJrrwtl. 


3'rh~ \'nltl('~ lIi"ell lJ1rJIHI~ (1)(' 1915 ,,."frItH" Ih'lt "'''n' IInl 1"'lIl1'ne,1 'I) Ih" '"il. 

~ ~Iunb(·n; ill part·t1t1)p!'o(·~ rt·r,·r to tlw ntJlnht'r of r'.Oltl)J1 (·rop.. It~H'Vf, .... tl'd. 

! TIll' ",,,idll, f)f th,' wJlltl'r ('1'''''''' \\Illrh an,W!'lntlf'/l, aI'!' ~h'f'n 111 .<1101" :!j'.

'Xol tif'(f'111lilll"1. 
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Fl!a'HI~ I (i. Cotton Oil 1.,·"illll'tf'l· 2. Photop;rapht'd Augll"t fi, I U~;'j. 

TAm,l; 2!1. . riehl." oI "Nif "ollo/l i1l flll l'(Lrioll.< l·roflpil/!I'~!I."tl'IIl". Sal/dhill H.r/Jl'rim<-lIt 
Statioll. /.'I.w- j:) 

:-:'f'i'd ('oltOtl {pounds pl"f t1t."n'f 

"::UIJllfll'r fhf .11 wn 1!115 WI4 ..mil I!fI2.1'fH, 
1!J I:; aoci PH.) 

C. 1lI.-('ol.-('ul.-C'. m.·('I)[. Col HYI' a.:"'iS "~2WC·, rn.. ·-('ot.~Cot.-C. UI.-C(j1. -Cot (1:11- ;j.I;'I' fi,O!tV
C. m.··Cut.-COl.-C'. Ul."('uLC'nl \"'1('11 2.,j~i ,t:m;
(' m ... ('o!.·CoL·e m.·('IJI.·C·ot J)t·~ l." :!. ;i~Jf) ~. 213
(., !ll,·Cm.·C.Jt.·(', Jll. COI,·C'ot F,lll.,,, :!.!H'1l ,t.J~37
C. llL-CuL-C"m.-('. rn.-(~oL-("'Ht l{\P :Hlfl n"t('h ;).,1';;1 1;, 11~1 
C. m.-('nL·(',>1.-(', m,·Ct.! '('ul l'1~:L'" a·ud " ..H'lI ,! '2• .,;,0 ''',t)fq 

., C. mA'ul,,,o('or,·(', m"CfI!.·('ul H\t· '\flil n~t('h: .J -tioU !.~~;I!I C. m . ('"L·('nl. .c, IIl,"'''!.'('''! H~t· \\HII tHIn •.!f"! i:~10 .J, ,_I
III C". m,,-C~ot.'"CfJt.-(~. Ul.~('"oL-CrIL'" H~" a.7'lj 'i. :i.-}"
II It)t' ;U";j ;j.lt-tolt!~);~-(~!!i."-(;!:!i::~!~. i'~':~(!~;tv.~~!~jtJ:! H}.' ;1. :'!'2 :i.";llI;j C. ~.-("·oL-C'nt.·C~ ....-C'fH ... f'hl j{", ·1.0:.; 'i~h·1U
11 ('. i.-Col.-Cut ·C', i. C.}t.·Cnl ;t ~Ijh fi.If;!Ji
J;' ~I il.·C'ut.-COI. - ~I iI,· (·nt,· ('UI n"·f{ \(' a. if,;; Ii. at~'Iii .\1 il,·(·nl,-Cot,·~IIL·(·ot ,-Cot H~" ;tli..,",:! :;.~tJ
IT _.......... C. IIL-:::oy.-C'oL.,..C. Ul.-<~ny.~·r"nl It,,· ;s, ,';:!7 
I~ .•. __ ", ('. rn.~::oy.-C'ot.-C. m.-~o). Cot H\f' ,wd 'n:tr'h: :1. .;;.;.
I!J ..... C', In.~C~.rn._(t. UJ.~('·. m.-C UL-(-"r
:!II .•• __ _ H"· a.lt2 

(:. s.-C': ~ ..~r·,~ s, ....( ... , : ..... (~" ...... ~C'ot .. It}.·
21. ...... ( .1(1. NJ) .-C . Ul.-N)~.- ( . rn.-c ot H,·.· ;tL~;( 

:!'2 It~ ,. :i, ~j(IOf~;I::tP.~':)lt~:~~:K:)',:U:~:··::::. Ity,· :!. ;a,. .t.17·' 
II-IHHHH·!Jl••_._............... . II 
 :t l' ~1 

1 Allhrf>\-tuitms lISt'll: 

CuI. "::{1Jllnrt 

c. nl~ ~ Croft)lqrm flPJ(troruJIrI 

('i. ..... , ~ Cro/IJ(flfUl :<t1Jft It/f.,fH 


C. L - Cm/al'lri" ,u/ult/fflu! 
~uy. ~~(Jyh('all'" 
\'. h. -- v{'h 1'1 iWlll'" 

.\1 H "" trull<" 
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In the comparison of the cotton yields from lysimeters 1 to 10, 
where the summer J"otation was the same but the winter cover crops 
varied, the lysimeters that gav(' the 10w('st yields w('re the ones that 
either had no wint!'r cover crop or one' that made a. very poor growth. 
Rye alone, or in mixture, was an excdlent co\-er, oats was mediocre, 
and peas and veteh were very unsa tisfactory. ~1efidow nematodes 
were found .in ('ollsidl'mble numb('rs by G. Stc·inpr, U. S. D('partnl('nt 
of Agricultul"l.', at B(,ltsvillc', 011 colton plant samplt's tl1k('n from fi('ld 
plots a(, thp ('xp('rillH'nl station wht'J"(' lwas and n·teh had bN'n grown. 
TilesI.' organisms may htwe b(,(,11 I"t'sponsiblt' in purt fOI· tlw low yic.lds 
of these· two l('gul1H' rOYf'1" nops. Th!'y il.l·(· known to bp sus('('ptiblp 
to this p('sl. 

Refc'I"l'IH"P to til\)\(' 26 will show thll! during tll(' last 2 years of 
this expPI·inlPnl a lolill of :3:32 pounds IW1" ucrp of eomnwreiill nitrogpn 
was uppli('(1 to puch of til(' lysim('tl~I"s, and 42 Iwrel'nt of this WilS 
suppli(·d to thp wintt'r con'r crop. This t'xplains why the' ('otton 
yit'lds during tht'sp 2 yl'UJ"S w('J"e so dpppn(lPnt upon good growths of 
thp wintf'r ("OYPI" erops.Loss('s of niLl"ogC'1l through leuehing arC' 
inversl'iy ('orrdntl'd with tlw umount of wintC'l" ("ov('r, us will b(' 
brought oul in It lnt!'l" tn.blt·. Collon yit'ldsin this ('xpprimpnt w('rp 
Ilppiu·('n Uy dt't('J"ll1ilH'd primarily by ni t rogl'n supply at thp tilll(' thp 
("ottOIl pll1nl:> l\{,pdNI it, us WiI:> found 1.0 Ill' tnJ(' in thp <'arli(>r px
]wl"inH'n L 011 I his soil. 

A ~t>j"ip:; of (·ompnrisons of L1IP ('fl"('(~ls of \'ilrious SUlllll1Pr (Topping 
systNIlS, wl]('r(' r.r(' WI1S it/wuys lIsl'd tlS it ("o\'('r, is gin>]) by th(' 1945 
("OLtOIl yit'lds from Iysimptc'rs I, 9-1. 7, ilnd 19-2a, iJlC"1 usi \'(> (lablC' 
29). 1'hp yiple!s of ('olton from all thl'sP lysillwt!'rs, ('xc'Ppl whprC' 
eotton wns grown c·ontillllollsly, mngNI from :3,18:~ to 4,()57 pounds 
of s('('(1 (·olton ppr nCTt'. This rt'pr('s('nts approxinlatc>\.y 2 to slightly 
less than :3 bnl(·s of lint ("olton. gY(>n th£' soil thnt g"J"('W (·oUon 
annually produeNI 2,7:36 pounds of s<,<'d ('otton lhl' .lnst yC'nr of thp 
l'xp('rimpn t. Again, this shows tha t ("otton yidds \\·(·rp ('on trollpe! 
primarily by nitrog(>n supply, whidl the' ryc' (·O\'pr 1H'lpNI to rplain 
during til(' tin1£' wl1£'n ("otton WI1S not growing on the' soils. 'rlH' 
surprisingly good yiplds of (·otton from Iysilll<'lt'rs 15 und 1o, w/tic·h 
gJ"('wmillpt nne! no I(·guIlH'S, shows Ihnl t IIf' fNt ili,wr IIi trogC'1I ucifh·d 
was ad('(llw.l.t' for (·x("c·llpJ1 1 ('otton prod ud ion wll('("(' pn·l·n u lions \\"l'I"(' 
tnken (,0 kPl'p 1IH' lC'l1ching losse's as slIlulI as possiblp. Cnti('r Ih('s(' 
eondilions of high Itpplication of nilrogt'n nne! appill·(·ntly ndNIUI1I(' 
amounts of t1l(\ Qtht'r c'ss('niiltl ('1('111('11 Is, it S(,PIl1S thl1!' lhl' pn·\'ious 
eropping systC'm ('xC'rts fl. ('ompnm.ti\'dy minor C'fl"pd upon ("otion 
production on this sundy soil. 

A comparison of lh(' COttOIl yipld on .lysil11(,tC'r 17 with thut on 
No. 18 shows that n ("onr crop of ryc' al1d \'C'tch in ull(lrnnt(' yl'urs 
gave a slightly higlwr yiC'ld of (·ottOI1 ill 194.5 11\1111 did l"yP ("0\'('1". 'I'll(> 
dift'('!"PI1("(' is doubtlc'ss within pxperinwlltal PITOI". Th(, biglwl" yi('ld of 
cotton on lysillwt('r 18 tl1I1n on 8 is probably CtlUSNI Inrgdy by tlH' 
crop of soylH'ans grown on No. 18 und turJl('(1 undpr til£' pr(l('('(ling YPfll'. 

WI}('l"(' fl. fallow system was maintninpd both wintpr and SllJl1IlH'r /.
for 5 y('ars and thrn a (TOP of ('olton gl"OWIl, the' yil'ld WilS 2,I()-l 
pounds of sPC'd ('of lon f)(lr 11('1·('. Although this yipld of lwarty II~ 
bales of lint ("oLlon was tlH' lo\\"('st obtninpd on nny of tllC' lysinH'{('("R, 
it is not low wlH·n ("ompflrl'd wilh yiplds commonly obtnilH'd in Ule' 
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area in common farm practice. This again emphasizes the role that 
commercial fertilizers play. Apparently, til(' additioJl of ndequutc 
plantnutril'llls, ('spceially nitrogl'n, dir('ctly to the eottoll crop a,t 
til(' tim(' Jl(,pdl'd ean largply subst.itutl' for thl' residuul l'A\,ets of ('x
(,l'lIent grN'Il manuring unci erop resicIul' lIulIlngPlllent pmctic('s during 
sevl'ral preC'('ding y('nrs. 

Nitrogen Removed in Crops 

Till' approximatl' fill1011nt of nitrogen removed in the C'rops from 
(,HC'h of the lysimetl'rs during the ('xpC'rinll'ntul p('riod is given in 
table 30. As stated abo\'c, all sumnll'r and wintl'r gl"l'en C'rops, aftl'l' 
bl'ing oven-dried, were returned immediately to the TespeC'tive 
lysimet(,l'S and spadl'd into thp llppl'r 4.5-inch laYl'r of soil. .For the. 
finn! year of the expNimcnt thl' ('o .. ton J"('sidll(,S w('r('. not rpturned 
bll t wcrc wcighed and analyzed for total ni trogl'n (table 30). Thl' 
IItllnbel'S of (TOPS of sl'l'd ('otton thn t \\'l'rl' hal"Yl'stcd rangl'd from 
I to 4 for til(' various ('ropping systems. Thl' ("ottons(,pcl find lin t wpre. 
!"l'mo\'cd but werp not analyzed. It is belieH'd, howpver, that ('OttOIl
spNI produced by plants growing at similar len'ls of soil nitrogpn 
should be fnirly uniform in C'omposition. In obtaining thp dabL in 
table 30 it was fissunl('d that eottonsepd eontfiins 4.47 l)Pre'pnt nitrogl'n, 
or 2.98 perC'pIlt for the sped plus lint. Tilt' informntion in tilbll' :W is 
ofntlut' ehi('fly in drnwing up Il soil nilrogl'Il balallce sheet, fiS is 
dOIH' ill a subsl'CIUPl1t tnhle. 

'1'.1 IILE :~O .. -.Vi/rO!/1'1! rI'lI/o/'f'f/ ill. ('OIl(HI ,.rofl'~ Cf pi (w.'rl/ (J-~ POlllll/.~ per (trre, 8(l./Idhill 
8fprrilltl'ut Station, lIMS-.V; 

f 

, ;:talks (i!H5 Ollly)' 
· 'I,'("rll,','(' .) 1 TIlUll 

, uitrOi!(m1,t·rops Dr;'; Xitro- l I)", Xitro· in crops 
\\'('i!!ht! g"l1 1 I wdght: g~1I 

----_._------- '-"-- ---,---.-------- ); 1 i 
1 :I ; PouJlds PQ~~tI'~"1 Pogru!" ! POUllds j Pouuds 

7,,51ifj __").~ _.fi34 ,: ·15.t; 271.1 
:I' fl,!l31 ~~)3. 6 l' 2. 112 : 3,3.5 I 240. I 
:1: 'I.Sr.3 IH.O I. ,fJa 2tL 1 i 171.0 
:I ·1, 5~~ 13n. r, ! 1.534 24. 9 i "]1.5

:'} ... ... :I .1. 91'2 14S. ~ I I. 5SO ~.51 172~Ofj.... __ • I) ., • ., •a 7,120 212.4 3.042 ;)0. _ _'.1_. b.. a i 5.522 IfH. fj 1. ,So 27. -; i 192~3
S 3' 5,fiOI WII. fj 2. ,!W ·ri.O , 216. Ii
II... a n. tHO .~,~17. I j ~. ~I, 43.S! 2'>0.9
10... 3 ". ,3,1 ••10. .1 \ "•• 6iJ ·43.1 t 27;i.li
II .. 3ft f, I 24U. S 
12. ~! ~:'i~~ ~1)~: ~ ~ ~: ~:V ' al. g 24S.2 
13.- :1' 

r 

i,·'i":' 2:11. I i 2. !if)'] , ·1Il.:l 2i·1.1
1-1. ~'I .~, 101 211. 4 2.;'91 i aT. a . 27,". -;
15. '.int 2:U.{J ~ 2.,115 I a7. i f 2fiR. 7 
tr. 3' f..nsn, 20S.2' a.o.'s! lid! j' 2,;4.1Ii " 4. lIa, ' Hi.2/' 3 •. "'~ :'1i.!I !..>()t I
IS 2 ·1.011.1 j J.IS. n 2.371 40. I I'ill. 0
IH :l. ·142 102.6 3. r.S2 , r.S,\I. 1111.5 
~o . :1.0.1u • Iii. II 2. ;'09 40.1 I' lli8,U21. -. ~ ..:1. ·131' 102.2, 3. :l2S ",I.. I~".·I
22 :I. t~K' : 116.2 ' ·1.109 fi5.1 181.3
23,. S. ;'iH, 2:;n~ ~ 1 2~ o'mf';
24,. 2.11)4 fH.fi· I. "ins ~~:~ , 2~~:7,

i I"-"-- ----------~---" ................-- ..~ -


I 'Till" sf.1(1(1 (i()tton w:1.., IIvt mmlY7t'd ror nitro~wll~ TJll~ quantitil'.s of nitroJ!£lu 1!h','J\ dn' htl.,~;tJ on th(' us:. 
<umplioll tlmt ~PNI ('Ouon 's(',·" lind Ifllll ('O"U1ill~ 2.UH prn,,'nt :-.:. 

) 'rile cotton SUllks and I~un's (or the l;JSt SNISOII wer,' barvt'Stl't1, dr!('d, w('lgiJl'd, and allalywd but not 
n'turnrd to the soli. 
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Effect of Crop on Quantity of Leachate 
The monthly and yearly rainfall values, as measured on a 1"11111 

gage loca.ted ncar the lysimeters, are given in table 31. The all1lllal 
precipitation during the experimental period ra.nged from 35.1 to 
56.8 inches, with au average value of 43.7 inches. 

TABLE 31.-Rainfall during the experimental period (1938-45), Sandhill Experiment 
Station 

Annual rainfall' In Inches 
Month A '"cr· 

I 
age 

1938 1939 1940 1941 1942 1943 1944 1945 
--------1---------------------------
January.................... •.•.•..• 2.54 2.92 1. 18 2.23 3.49 3.10 2.17 2.52 
February................... •••••••. 9.54 3. fl4 1.82 3.30 1. 19 5.00 4.10 4.08 
~l\rarch...................... •••.•••. 3.05 3.46 2.87 6.71 5.88 7.88 1.69 4.51 
ApriL._.................... •.•..•.• 3 . .12 2.34 2.48 2.76 3. fl4 5.16 2.10 3.011 
May••••••••••_..•••••••••••••"._._ 1.71 2.50 .211 7.11 3.67 4.11 1.76 3.02 
June ••• ;.................... •••••••• 3.00 3.54 9.76 6.62 2.72 2.42 3.69 4."4 
July..•.•_.•.•.•_.._ ••••••. _....... 7.78 I. 71 Ii. 86 7.rot 10.10 4.83 8.80 U.82 
August....•••••••_•.•_••_•••_..... 4.6.; fl. 49 2.22 7.07 2.66 4.01 4.70 4.54 
September.__ ••_._.......... •••..•• 2.45 .98 .97 5.41 3.73 2.26 12.32 4.02 
Octohcr••••_.••_••__•••.•.• 1.97 .15 .58 .93 1.03 .01 4.28 1.211 
No'·ember••••••••••....••.. 3.17 1.03 5.51 Ali 2.57 1.11 1.73 2.23 
Dcccmbcr. ••••••••••.___ •• 2.792.28 1.82 5.2n 4.313.88 1.17 3.07 

TotaL............. 7.!13 l""4I:3iJ1 35.49 i 35.10 1-5(j:7'9T42.17 4.'i.95 41.33 === 

, A ,"cragc annual ",lnf311=43.72 Inches. 

TABLE 32.-Qllantiticll of 1cater that percolated through the /y.~imeter.~ dilring the 

7-year experimental period (1.938-45), SandMll Experiment Station 


PERCOLA'!'E AS l':-iCliES PEH L,'IT SGRFACE 


l~-' 1D3!J...lO ! 1940-l1 ..!.~~ !_1942-13 I 1943-14 !1944-45 I 1!138-15 

L~:'~ I~; ~~~iliil~ii~i ~;I~,~~i~~!!i :;!~1di' :.:1_1:1 

,0 < 0 < ~ 1< ~ 1< ,w I~ i~ .< ,0 < 

L:::::::: g:~; ~t ~:H :::;\ '&~l :n:~i~1 ~:~il::Ai~~~r1d ~:gI-i~! g:(:~~i fI:~ 
3 17.4! S.n; ~.4i 2.1! .I.G~ 12.:1: 11.7! 23.G; 12.71 11.4,14.8; 7.S, 6.3' 15.8 1,,4,0, -li,r. 

·1........... 11~(l.. ~.j, 8.2' (.8, 1.61 4.li 11.9.10.8: 23.2 12.4i 9 • .'i'13.U, 7.!I[ ~.~: 1~.8f 1[,1).2, -Jr..2 

Ii 8..;; 8.51 11'.~,)i :;.3! 12.1' 12.2,23.6 1:1.2[ 9.3 15.2/ -6".. 9,i b.I, 1".4, 1.'>6.7 48.2 

6 ............ lfi.7.; 8.0, 5.8, I 2.4 10,7i 7.4,21.0' 11.01 8.4' 10.3 S 4.3 lI.n 12f>.4 as.s 

7........... I Ifl.9 8.1' 7.9' tGj .lAlI1.6' 10.7123.0: 12.71 U.6,H.1 7.0: 5.4 14.7 148.3' ·Io.n 

8.......... ,.1 !!i.n, 8.2! ~.61 1.5; .1.2' 11.8 7.1i 21.7; 11.7\ 9.81 9.6,16.81 5.4: 13.4 133.9 41.1 

9 ........... 17.3: 8.7' ~.$i 1.1)' 2.311.27.3'22.0'11.48.2' 9.3 6.91 -I.lill.7i 127.8 3!1.3 

10.......... ! W.91 8.2, ~'.~I 1.41 2.1' 11.0 fl.7 111.91 8.7i 8.0', !I.21 6.71 3.7,1O.7! 115.8' 35,1) 

II .......... 16.9/ B.8l vvll.GI ~.6;11.G 7.7;~.?11.~1 ~.Ii. 9.6, U.8! 4.4 13.8/130.5, ·\0.1 

12.......... 16.5t 8.6' 5.7 1.11 _4.11.0: 7,0 20.3' 10.1 1.1; 9.4, 6.31 4.2 12.1 122.4; 37. Ii 

13.......... 16.5; 8.6 .'>.6 1.7 2.8; 11.0: I." 20.6 11.110.0; 9.2\ 6.21 4.2. 11.IH 126.n. :~S.9 

14........... 16.8; 8.7 5.8!.I.7 3.3:10.9' 7.1120.4 10.8,11.39.5'1· 6.81 4.5-12.2 I29.!l1 39.9 

15........... 16.91 S.5 5.6i 2.7! 6.7; 11.0' 8.°120..1111.2, 9.3112.2. 6.8 4.1 Il.S 135.2 ·11.5 

16........... 17'''1 S.7 •.~):~(!I 3:43\ 5.9111.4! 7.6 21.3 11.0' 9.1' 12.4. 7.01 4.3: 11.2' 136." 41.8 

17........... 16.4 8.5 , 1. 2.1, 8.1: 4.ni 20.3' 10.8 7.9: 9.11 IU, 3.U, 10.3. Wi.1' :15.4 

IL 16.9j 8.71' 5.7i 1. 2i 4.4. 9.4. 5.7121.2; 11.11 S.O' 9.5! 6.21 5,9,13.!! 1211.5; :l!I.8 

19........... l6.nl S.l 5.71 1.3' 2.lj' 7.61 4.1 10.61 7.7 8.8; 9.3: fi.·'i 3.1 10.2 101.6 31.2 

20 16.7; 8.5 ~ ~l 1.71 2.5 11.5!. ,5.·113.7 8.1 10.6, 11.0' 6.5, 4.7 12.1; 1Hi.O' 3..... 0 

21. ......... l6.4 ' 8.7, ~.I, 1.2 2.1 8.1! 4.5 11.4, 7.2 8.2( 9.21 1i.41 3.4' 10.0' 102.5- 31.....
j22........... 16.78,7 ..... 8.2.8: fl. 61. 9.3 ~.ltIS.3!1I.~ 9.3112.1; 6.4j 5.9 II ••;, 1an.1; 40.1 

23 .......... 16.71 8.a, 5,6, a.2 !.R 19.8 1,3 ;;0.0; I~"I 1!.O; 9.6; 1~.'.'8ii! 4.2 11.m 130.3' ·11).11

24........... Hi. 0, 8.(i 8.5 SA 1.9 13.0 11.8 .4.0. 12.S .. 1,.0, !lUl' S.9 16.2 I'B.2 fili,n


l 

R.UXFALL AX£) IHHlGATIOX WNI'EH t IH:C~:IVEJ) .\S IXCln:s PEH ['."I'l' Sl'HFAC~: 

t ! r, J .1 _: {l 1 ( -.•• J i r..) 'n : 0)'1) I) • ~ Rnln•. '. .' 23,9; .1.1 13.,,111.4,13.9,21.8 19." 311.61.IS,4, Z,.. __.4 ._8· 15.. 33,3.......... .. 

Irrigation ; 0 I 1.1 l.2; 5.8.. 91 1.6'.' 1.3 2.1, .2'. 2.4 .4' 1.0 () 1.6'............. 


.-- -- ____1__ -- -_. --.'-- -- ----.--. --,----
Total • , 23.0: 22.S: 14.7: 23.2; 14.8, 23.4: 2).0. 3.5.7i IS.fl' 27.fl 22.S 23..~' 15.2 :14.9 • • ...... 

'Totnl raInfall (31).5.8 Inehes) plus total Irrigation wat~r (W.l; InehcsJ=32,;,4 Inches, or an a\'crll~c or 46.5 
Inches annually. Ao ,,,,crage or 40.5 perccnt of this was l'OlIcetcd.ln the percolates, 

7 

http:l'OlIcetcd.ln
http:I.lill.7i
http:lnf311=43.72
http:1-5(j:7'9T42.17
http:4.313.88
http:2.792.28
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The quantities of water, expressed as surface inches, that percolated 


through the soils in the 24 lysimeters are shown in table 32. This 

table also giyesthe quantities of irrigatioll water added during the 

period. Such additions were made only as necessary, in order to 

keep the crops alive during very dry periods or to assure quick germi

nation of seeds planted during such periods. 


An average of 40.5 percent of the water that reached the soils was ' 
eollected in the percolates. The extreme ranges were between 31.2 
and 56.6 percent. The larger the crop that was produced during the 
e:\:perimental period the smaller was the percentage of water that was 
lost in the drainage. 

Crop Yields and Evapotranspiration 

'1'he data showing the rciationship between crop yields and water 
use are given in table 33. Included are the results of calculations 
of the efficiency of water use in terms of units of dry matter produced. 
Figure 17 is a plot of dry matter (summer plus winter crops) produced 
per year vs. inches of water lost. through eyapotranspiratioll (evapora
tion from soil plus transpiration from plants). The data thus plotted 
fall in a linear pattern (1'=0.963) with the best straight line intersecting 
the abcissa at a point corresponding to the water loss from a bare soil. 
This point of interseetionis at 18.7 inches of water per year ill contI'ast 
to 16 incht's ol)served in the earlier experiment conducted in these 
lysimetcrs. Thl' high<.>l· ,raille is dup ehi<.>fly to the 2.8 inches of irri-

TABr.~; !33.-'l'he IW' oj water by r'rop.~ grown in rotation Jur 7 lIear.~, Sandhill Experi
ment Station, 1988-1,5 

E\'upmrHnSplrulhm
AverageI,

I 

fry ruatWr -

I
produced A\OeTU1!U lncil,·s o( IPounds of 
I~)r Yl'nr InGiles of Pound,; of watl'r Waler per
«(lollnd~ WUWr [wr dry lllnttl'r p,'r 1,000 J 

I llOlI"'! of
I)('r ~Cf(') Yli:lr I,'r inch pounds , fir,}'" mntter 

dry· mnttl1f i 
J 

1i,707 28.7 233.69 ·1.2;; 967
ii,aH3 27.0 J9g.63 5.03 1,140
a,S59 24.4 158. iii U. :42 1,432
a,s:Jii 25.0 153.40 6.52 1,478
3.:100 24. I 131;.9a 7.:10 lfi53fI,·wa 28.4 22S.iJ:l 4.37 , 991 
4,021 25.3 158.93 fi.21i 1,425
5,551 27.4 202.59 4.94 I, lUi 
6, ""3 28~!: 231;'99 4.2'2 956 
u.9aa 29.9 Z:II,87 4.31 I HiS 
5,72f) 27.8 205.97 4.86 1,/01
fi,4f)() 29.0 2'22.76 4.49 I.Olli
n.007 2~.4 211. 51 4. i:1 I,OiO
fi.:U3 27.9 22ft 27 4.42 1.00Z 
ii.012 27.2 217.. 3.1 4.IiO 1,041
5.0:1:1 27.0 219. i·' -1.55 1,0:12
I;, Ua2 :lO.n 2:U.Oi .1. :13 !lSI 
5, oSiO Zs, 0 20'J.Sfi -1.77 1,078
Ii. 921 :12.0 2i8.78 3. ,,0 Sil
n.7·11 2<J.S :!"2H.21 4.42 I,OUO 
.~. :1:11 31.1; 201. !is :I.S2 SH.ll 
i,4:~1 !!7~ 9 2m. 42 a. i.) &1\1 
5,fHS 27.9 ISO. va . 5.•>:1 1,2[AJ 

_.--..., 
iSH 20.2 __ :!II.~;J .~2.~.I:O ii,791. 

~-~ ... 
2;9. i5 4.77 1.079 

I CrotnlnrJn wt\:~ nllowpcllo \,oltmlPr·r fn the cotton l'oeh Yl'nr, hut tlu· yl(-I<I:'. were not d()ll'rrnined; hence,
tlle WII[('r IItlllzntion \'Ultll~S I!h'Nl lire hr~h. 
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~gationwateradded in, small amounts during very dry periods.Evi
dently.most of this extra water was lost by evaporation, or evapotran
spiration, and little of it was caught in the percolates. 
. The maximum evapotranspiration was approximately 32 inches of 
water per year from the lysimeters with the largest crops. In the 
earlier experiment, where the crop yield was only a little more than 

.' haH as large, the maximum evapotranspiration was 28 inches, or 
, seven-eighths as large. 
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FIGURE l7.-The relationship between crop yields and evapotranspiration. 
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'. Evapo.t.ranspIration (table33,c0.1.. 6) ranged iro.n'}. mLto. ,5;.7~1 
po.unds ,o.f water per po.und o.fflry matter pro.duce(l, ~i~hanaverage 
weighted value o.f 1;079po.unds. Cro.ppingsystems tha.t left thesOi:l 

.	bare fora minimum time and pro.duced the largest yields :required ,th,e " 
least water per unit o.f cro.p pro.duced. This agrees with the results.. 
o.f the 'earlier lysimeter eA-periment. The facts are mo.re 'easily seen '':' 
when cro.p yieldsareplo.tted ,against the efficiency o.f water use " 
(fig. 18). The best' straight line drawn thro.ugh the vario.uspoints 
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FLGUltE IS.-The relationship between crop yields and efficiency of water use. 
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shows a correlation coefficient of 0.984. Killdof emp 01' l'otn,tioll 
used was of minor importance,axcept as this u.ffected totu:ldl'Y 
matter production. 

TIle evapotranspiration data reported here, obtaincd in lysiml'ter 
e::\:periments, shoul.d~ not be interpreted as .strictly identicu.l with data 
that might be obt£ined iuthe field. Water losses from lysimeters are 
likely to be somewhat higher than from .field soils for reasons .discussed 
in another report 12 and in the preceding section. The conclusions to 
'be drawn from such lysimeter data are, however, believed to be 
applicable to field conditions. The couclusionsgiven for the earlier 
e~..periment also apply to the present experiment and need not be 

,. 1'epeated. Any factor thnt inCl'eases the amount of dr}T matter 
, produced pel' unit area, regardless of kind of crop 01' l'otatioJ1, ",HI 

inC1~ease the efficiency " ..-it.ll which water is used. 

Nitrogen in Leachates 

The totnl ni trogell that was lcaelll'd from eudl of the .24 lysimctprs 
during the time of the e:\-pe1'imeut for the will t.pr Itud SlUnmel' periods 
is giwn in table :34. Each lysimetel' j'eceiyed a total of 748 pounds 
of fertilizer nitrogen during tIte 7-year pl'riod. III addition, nIl but 
four of the lysimetel's grew legumes for 2 to 5 years out of the 7 years 
and fixed considerable, but Ullh."l10Wn, amowlts of nitrogen. 

TABLE :34.-Total nitrogen in percolates, expres.~ed as pounds per acre, Sandhill 
Experiment Stat£olt, 19:;"" '45 

I 
1038-39 193\>-10 J\loIO-II 1!l41-42 [ 11142-43 1944-15 •

;: ----, !fj r-,_- .---~-,...---

T~y· i ~ \:: I~ ~=-.~ ;;; ~ - ~ ;i ~ - ~ ~. e 

:I~ 8 - - ~ ~ < ~ ~ ~ < ~ < ~ ~ 
::\0. !.3 0- ~ rr: 0 Ul .s u:. .5 .-...... ~ = :...

I: ~ ~ ~ ~ : ~ : i ~ tl~t~ iii __I~~~,-==-,~~ ~-==-~~ -==-I~-==-I~if. . I I .I "11
L __ .. as.5. 28.0: 13.1l: D.2! W.5: 82.8 8.I'U8.5 4.6' 12.1l 00.1. 42.5\ 7.S 30.7' 464.S 
2"'-"1 40.4: 29.7i 18..2' • 4~ 22.9' 88.1 I:U 12Ii.7: 7.31 25,5! 91. 6: :i3.61 If!. 3 43.9. 556,7 
3_.... 43.1 31.7: 2.,.]' ~.5' 4S.7 131.(i 5La 144.8' 18.9: 48.7 140.4 49.(1; 20.1, 98.0' 81i2.54_",,1 43.4 2:1.8' 34.1' 3.1: 3S.n 142.0 43.3 131.0 18.9' .,2.9 135.1 ti1.2' 30.n U5.0: 872.7 
5------ J 42.3 :12.11 ::J5.•1~ 3.1~ 44.2 11I.li 52.0 J13.0i 20.{i; ;-i9~1 I..H .. 3' 47.8' la~a 77.2,777.36-""1 43.8, 26.3 12.21 .1' 23.8 \la.G· !l.S 12'2.1. 5.2, 25.a 90.1 :m.J 18.9 :18.0' 58!\.(i 
7•.•_.. 44.1' 27.2 31..", 3.1' 42.2 130.0' 42.!l 171.11 24.S, 50.1 l;l:l.7' 01.2 17.1 81.2: S!il.O 
8•._ .. 44.2\ 27.1' 12.7 .2 44.8 162.4, 10.6 115.2' 2'2.0' 79.3 71.2 32.0 23.3' 01.4: 737.!l 
9_____ , 44.0: 32.9 12.0, .1 17.4 00.2 ,'l.1l 126.7: .i..'il 23.0 .. :i8.9 411.4 7.a 1.;.5 488.8 
10__ .• 43.3 30.51 10.11 .] IS.3 Di.6' 7.2 Il!l.fit la.51 21.7 65..;: 37.5 9.7 1O.5,4Ii2.1l 
11..... 42.8 32.3! 9.4! A, ](i.9 89.1 8.S'L08.iii 5.0 11.S, ~:~ 40.4 11.6 as.4 48:i.S 

g===:: !:U ~~:r ig:::j J lU IDl:~li:~llW:~; ~:~: 4U 49.2! ~~:~ ltx iU m:! 
14.•_, 41. Ii. a3.()' lI.6 .1 3~.G \18.7. 1:i.7 102.7, 5.0' SO.O OIi.S' :i3,-I 10.2 34.II.'in5.5 
Hj. __ ~. :·m.8 ;i4. a 10.. U' '7~ 2. a 49. a 15A 09. U: ·1.7 l. 2 10.9 2fi.. 1 8.. 2 17.!}" :i20.8 
HL.... 43.5 :i1.9 10.7: 3:3; a.2 li2,2 la.li l~l.S ·!.II .5 10.9 :ti..; 6.6 4.1i :I:!'l.1 
1.7_.__ . 42.2, 30.2, 10.5'; .1 12.1 nu.n 1:1.6 124. .1 0.0 18.0· 50.7 33.0 41.0 14.0' 'I6S.0 
18••. __ 41.4 3,}O'. ~,i Hi. a, • I aa. I 12:1. a 14..i 11.7. 0 42~ .• 44 (15. 1. ~':!I...(5) :1l.0 .'iI. I 107.71 7:1S.0 
19••• _ 4:1.0 , " 13.0r .1 11.0 78.9 2Ii.7· 88.0 _ 4\J.r." a8.:1 la.o 27.3 5:10.7 
20•• _,_ 4:1.0: ~~J 10.2i .1 la:2 102.11, 17.4 104.0 a:lA ~3:~' li2.0 40.9 42.2' :14.3 1il2.7 
~'.'.=".. 42.:1; '."_'.(',' 12.7: ,;~, 14..,. 06.fi. 13.a 83.2. 28.4 73.2 41.0 1:1.7' 14.8472.4 
__ _ 41.1'" 1:1.8, ._. 1.11 4tt2 14.1 2a.3: 5,0. .11 10.4 2U,2 6.0 10.2' 2:14.9 
2:1 •••• _ 43.0' :12.2' 1:1. fl' L 6, 8. t' 58. I 12.2 74.2 4.8 ·18.5 8. I, IS.8; 6.8 15.:1 :H4.7 
24...•• 4n.li 37.4! {1.Si 84'01 50.3, S(t3j 45.2,105.ti[1 111.41 7s.7 91.71 74.4( 52.8 77.1.1889.8

1 1 
12 See footuote 8, p. 16. • 
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The average loss of nitrogen in the percolates for the period was 
566 pounds. The largest loss (890 pounds) was from lysimeter 24, 
which was in fallow most of the time. The smallest Joss (235 pounds) 
was from lysimeter 22 that grew soybeans, millet, cotton, and rye. 
Although these losses are unusually large, it should be remembered 
that usually only three, and in some lysinwiers only olle or two, emps 
Wl'rp htlrn'st,pd dming the 7-year period. All other crops, nnd ILlso 
t.l}(' eott.OTl residues, wer(' returned to th(' soil. In this sort of a 
(Topping system it is not surprising that so mueh of the nitrogen 
wns eollected ill the leae1li1te. It could not be expeeted to uccumulnLe 
in large quantities us soil orgnuie matter, especially in this Yery sandy 
soil. The only other possibility would be for it to be lost in gaseous 
forms. Certainly wlder more normul fa.rming conditi01ls mucll more 
of the nitrogen would haye been recoyered in the erops. 

The leachillg datu show in genenl1 that soluble forms of nitrogen 
do .!lot long n'main ill a soil, such as this Lakeland sand, following 
n1.ius suifiejeut to pI'oduc(' much leaching. The best way Lo prevent 
this is to ha\-e u crop growing on the soil us muell of the time as possible 
ilnd to add soluble nitrogen only at timE's WhC'1l the erop can use it 
qui('kly. Nitrogen added ns plnl1t muLel'iais (seC' tuhll' :~4) is also 
mpidly eOIlY('rted in to soluhle forms if so.1l moisture iLnd L('Ill])('ra ture 
are such as to fM-or d(·composition. 

Changes in Soil Nitrogen ard Carbon 

• Th(' nitrogen and carbon analyses of the soils ill each of th(' lysim-, 
eters, mude ut the lwginning und end of the experiment, ure gi\-en 
in table :35. The injtiill nitrogen cont('nts of thE' soils in the various 
Iysimetel's :::1.Jw good agl'l'ellwnt, whieL indiC'u.tC's that the' soils were 
wdl mi\'('d. rnfortunat('ly, 110\\"e"pr, the earbon analyses arc not 
eutirdy siltisfl1.ClOI'Y, us shO\nl by the ranges ill tll(' earbOll values 
for Uw \rarious lysimett'rs at til(' I)('ginning of th0 ('xJwl'im(·nt. These 
\Talues should han· been JINlrh- idt'lltiellL Later work showed tbilt 
tilese variations w('n' the resuit eiliefly of t110 uSt' for itllith'sis of It 

smull (l grum) snmple of soil that had ~lOt b('('n ground. to it sufliei(.nt 
degree of fill('IH'SS. :-3uch Jill(' grinding of nt ](·asl a IOO-gmm sample 
of the soil to be analyzed is essentiul, l'speeinlly fol' it eoars('-l('xtur{'(l 
soil of low cllrbon ('ontel! t. In addition, soml' vil.l'iation in the Iillal 
carbon nllulys('s may Iw attributed to sampling proeedurt's. During 
Ul(, 7 years of the c:\l}(,l'imen t tll(' plllllt IlHltE'rials that \H'rC' lldd~'d to 
the soils were merely spaded into the upper 4-iueh layer. At the 
cnd of the e:\lJeriment cores W01"e tuken to a depth of 10 inches for 
t),nalysis. The poor cOIT('II1.tion between guins in soil earbon (tuble 
35, coL 5) und crop yields (table' 33, eoL 2) is prnbnbly owing in 
considerablE' part to the nbove fadOl'S that affected the n, l1ul.rs('s. 
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TABLE 35.-1'he lolal carbon and nilrogen ('onlenl.~ oj the upper lO-inch layer oj soiL 
in iysi'l1l,eters, Bandh£ll ExperimeTlt Station, "tfay 27, 1938, and September 27, 1945 

'rotal cnroon Totlll.uitrogen 

Lysimeter No. I Guin or loss ! I Guin or loss 
t }'lny27, < Sl'ptem- l\tny27, i Septem- l__--::-__ 

luaB her Zi, 1938 ! ber Zi, ; I 
1945 Pert'ent I Ponnds I 1945 i Percent ]'onndsI ( per nere J f I per acre I 

~_______ .,.."..__ ~ ___,___,_______, ___1___1___ 

Perrrlli Paunt I I 1 Percellt t Peru"t ! 
1••••• ,", .........,' (l.5.,'; O.ml2! O.O?;' !liS, 0.0212 IUr.l57!' 0.0045 15:1 
2.....", ...... ,.... .5.11 .0;18 .(~\8 i 2,:112\ .()21' .O~~;7, .(XIW 1.0I:I GIS .587 -.ml I -I,IIM .lr!'!'l .0213 I -.(XX~j -;11 

t.:.~~.:::.. :::~:::, ..:! ·.:f~:05' ::;::~ :lr.~\ 1. ~M I! :~~ :~~ i O·IKllU f~ 
n ..... , .... " ,,' ,~ • (j!J.I .0.'i9 2. (XXi .0215 .028S' • limO 238 
7.. ........ .614 .624 .flJO :140 .0230 .02'i4) .0024 82I 
f:::::::::::::. . :~:::g :~ -:~f ' :.~~~ t :~if :~ :~~ i~~ 
10............. .fol)2 .7:1.; .133. 4.5221 .0221 .029\1 .0078 2(\5 
11... .5(19 .fM; I .046' l.m4, .021(\ .02f>3! . flO·!; HiO 

I~=:= ....··· .. · :f~~ ; }i~i :MA I 3'~ij I :g.-~ :~f II :m~ ~ 
14..... .5\15. .1\2\1 .(};14, 1.151\ I .0224 .02(" .0041 139 
15... .• • (\28 I • f\\8 -.010 I -:14l) I .0217 • ()2[,(1 I OCl:l3 I 112:L: I ::i.~ .(~15 -.018 I -lil2' .0219 ,0245: : 0026 1 S8 

18... I .ii75 ::~~ ! :~f./,! 2.;'~f, :::1~~ :~~ I :r~~1! ~~~ 
III ........ ,.. .1\;1;1, .IlZi: -.l~~j i -204 • (rl'l:l .021;9 I .(WI5I; i I!HI 


~L: I :~~g I ::~G I :g~J.' ::7: :~~i{ :gf;~ 1 :l~~ ~~ 
22... I.5S:! ....5 I .1l!r2 I' 3, 128 .0215 0284:.w.m ; 23f. 
2:1... : .621 .(;(K) I -.025 -8SO .0218 :022.'i I' .Ofm I 24 
24... ',(1I0 .540 1 -.070 -2.380 .021:1 .0164 -.004!l -\(\7 
____...' __• ,.__ , _ .... ,--_.:..1__---'-_ 

I ('lIlcul"linns are h"",·u on 3,4Of).OOO pOllnds per ucr~ )(}-Inch Inyer of soil. 

The an'l'Ilge of all allalyses shows n· gain of 1,007 pounds of cal'bon 
and 142 pounds of nitrogen pel' acre. If ail negative values were dis
regarded, whidl is nol justified, the eorresponding gnins are 1,784 and 
172 pounds, .J'espeetiyely. 'I'll(' carbon-nitrogc>n ratio of the new 01'
galllc matter is, therefore, betwel'n 7 and 10. This is a slightl~~ 
nn,ITO\Q'r r!l.tio than obtained ill the ('tIdier e)..-periment on these 
lysim('lrrs. TIl(' quantity of e!lrboJl ftddl'd as plant matt'rial during 
Hll' ('xpprimenl was not d('trrmin('d, hut from tlip crop ,\'idds a fail' 
estimate cam h(' m:1.(}('. TIl(' avrl'age nddition to th(' 24 l.\"sinwt('rs was 
probably nhout 1,5,000 to 10,000 poullds during the ('ntir(' rxpc,/·illwnl. 
This mpallS tl1ftt only 6 to 10 ]wrc('n t of the> added pli~n t carhon 
remained ill th(' soil as soil o/'ganic mu UPl' at lhe end of lll{' ('xprri· 
ment, and sonl(' of lhis carbon had bN'n add('d so I'('cently (hatH rnay 
not have 1)('('n thoroughly decomposrd. Thl'sc' results rmphasizl' tIll' 
futility of trying to build up soil organic matter in !l sandy soil UDder 
warm climatiC' C'onditiOlls. 

Nitrogen Balance Sheet 

Since lrgullH'S W(>I'(' grown in all hut fOllr of t11r lysimrters for two 
01' more ,\'('ars during UlC' expl'rinwllt 11lld lite IUllonn!. of Ilitrogell fi.xwl 
by tlwlll is nol kllo\\'n, it is impossible Lo dm\\' up !l comph,te llitrogen 
hnlan('e s/H'el for ally /ysimril'l' ('x('epl til(' foul' Iysimelers thaI gl'l'w 
ouly nonkgullH's. A partial hlllall('l' slwd is, 110\\'r\'('r, shown in table' 
:3{L Thr fOlll' lysimett'l's (Xos. 15, W, 2a, and 24) that \n'J:(' (,1'opp<'C1 
to nonlrgulll('s only show!lll aVl'l'tl,gr of 82 pounds pel' nne of Ilitrog('ll 
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SOIL }'EUTlLITY STUDIES IN LYSThIETEHS 

UJutccounted for dul"ing the 7 years, or approximately 10 percent of 
Olat added. Considering tht' (,ITOI'S in soil sampling, discussed above, 
this value may be withill (':"l)(,l'imental eITOT. The otlll'r lysimeters 
t·hat gr-ew legumes showed nitrogen balances, disregarding legume 
fixntion, ranging from -148 to +:387 pounds of nitrogen per a('r('; 
the average '~alue was +172 pounds for the experimental period. This 
corresponds to ar average fixation of 65 pounds of nitrogen per year by 
every summer legume crop, if it be assumed that no gaseous losses of 
uitrogen occurred. FivE' of tlw l."simeter soils grew legume cover crops 
or legume-nonlegume conr (TOP mixtures. If these are included, 
then the averageannulli fixation per legume ero}) was approximately
50 pounds. 

TARI.]'; :~(j.·-Nitroue/1. bn/al/cP ,~hl'eIJor Ow e.r:pt'filllen/a/ period (i.rJ,'J8-4.'i), expre.~.~ed 
a.~ pound.s oj nitro!!en per (1('/'1', Sandhill Experiment Station 

'.; it,rOf!pn tulditior1£" 

Lysilllctcr So. , 
.'\pl gainRuin Total, or los~ JIF('rlililJ'r 	 llnd I'X(~~pt Crop :':oil TOlnl

)'('('tJ h'j!l1ult,S 

.------------------- 
1 ......__ ........ .. 
 .JS 27'! -tn5 l5:j !!&U2. 	 48 2·10 557 j70 {Hit
3 ................... 4S 
 Iii S.;:l -:lJ !I!~I ............. -.- .... . 4S 
 .1/12 R7;i Of; I.(nlll
o,~ .. "."'~~ .. ~._~_~.,. .. ~ 014 Ji2 777 0 919n.. ~ .., .... ~~_" .. ~_~_ .. ~~ .. 41; 21;:~ ~j !!:!S ~, (t.s; 

, ........ ~~~ ..... ~&. ~ .. --- 48 
 JJl2, SGJ 52 I,la.'>R..• ..... _......... . 
 ·IS 217 7:-11) 2"28 1,11<:1
9 ................ . 
 4& 2.~1 4S9 11;:1 011:110.................. . ·IS 
 274 4'~i 2(i;j 1_'~12II .................. 
 ·I~ 2·1J 484 I':{) '<;'';i,
12 ·18 248 -174 2.i." liS I1:1 ........ _...... . 
 ·I~ 274 4;'9 1()2 J\:{fiI·L ..... ______ .. ".. 18 279 mn I:l\l liS:!Iii. 44 ~IiP :121 112 70'2
iii 44 2;').1 :t?'2 S~ 61;1
17_ 41< 21}1 ·H"~ 2.12 1(24
Ill. _...... _•. 4S I~!I 7:~ I;:i I,lIKl
Ig 4.~ IH2 .;:11 I!~J ~"
20,_ ... ~_.~_~. __ ~,_~~ 48 158 fila 228 WI!
21~. _~~ .. _.. ~.~_~.*._~ .. ·18 li15 -1,2 21)2 92022. 40 181 2afi 2:~.1 n,:;12a _.::::::: :::::"•• ·IR ~~'S :H6 24 f~O(j
:!4 ...... ~ .. _,.,~ ...... ~.~,.._ ...... -10 !10 SIlO -Wi $12 

J The gllins shown are chiefly owing to fixution of nitrog~n b~ till' l"guJJJ\'s. 

Inasmu('h as nitrogen fixation was depr('ss('d NI.dl Yl'tll' by an aver
age' additioll of 107 pounds of fertilizl'r .Ilitrog(·n, it s('('ms likely that 
the quanti tiC's of nitrogen fixpd by tltt· legumes WNt' not v('ry much 
great!'1' than tJH'S(' \'tiluc's would indkat('. If this is tl'lI(', the cxpel'i
llH'nl shows that, Oil the a,'pJ'U.ge, gas('ous loss('s of uitrogen wpre 
IH'gligihle 01' at, leust smalL This findillg, so far as tlle rt'Sltits ul'e 
('ompal'l1bll', Ilgl'('es with tlw.t l'('p0r[('d for the eurlier e:"l)('rimellt 
conducted on this soil, ("'en though the quantitil's of fertiiizl'I' nitrogen 
a.dded W('l'(' mU('ll larger in Ule second E'xJJ<'rimput. 

Potassium in Leachates 

The potassium eOllt('nts of the 1)('1'('o[otr5 from the 24 l.,·simetprs arc 
~i\'('n ill table :37 by \"illtl'r and summf'1' periods, 11IIIJ summarized ill 
the last column. During the experimental period c!trh lysimctcr 
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received 444 pounds of K 20 as conU1H'reial fCl'tiliz£'r. Approximately 
one-fourth of this was applied during Oetober and the rest in April, 
~1a.'·, or June. 

'I'h£' greatest loss oJ potash (368 pounds per acre) in the 'P£'rcolall's 
was from j:vsimet£'l' 24, whiell was uncropped for most of the experi
menta] period. Th£'av£'rag£' loss from all tIl(' jysim£'ters was 192 
pounds, with the ranges covering 11 0 to 368 pounds. All crops weI'£' 
effective in reducing th£' leaching losses, c\"en though most of the 
plant matcrial was retuJ'(wd to the soi1. The combination of a large 
sununer crop and a good wint('r con-r, csp('('ially l'yc, was most effec
tive in reducing leaching loss('s. 

TABLE ;37.-Pola.~.'illl/l I l'Oil/(>nl.~ of pcrra/uil'", r:rp/'('.~.'rd (1)/ 7J(wn".~ oJ K,O 7Jer IIl're 
ill /!I.~il/l('l('r." Sum/hill E.rprrillleni Sta.Lion, /,988-.~:'j 

L ••• I O.S 
2•••_. ; 10.0 
3 .... 10.2 
4.0... 8.9 
5.... 9. I 
6..... 9.2 
7~ ... _ t 9.7 
8.... g.~ 
g..... 9.2 
HL. 0.• 
11... 9.2 
12.... 9.0 
I:J•••. I 9..1 

lL.l 1~:1 
IIL.••. ' It!.:!I. 8.8 
18... 10.2 
19... i 10.0 
20... . 111.9 
.21 ••• j 0.9 
22... t 9.a . 
2<L.• i 9.4 
24... i 9.3 

I Tllt'lotal quuntity of potIL'i'iiurn addNI to IIl1lysilucL('rs iIi til(' (orm o( murlatt' o( potash durlDg tile .·year
experhm'ntlllllt'rlorJ "',e, ,114 pouD'ls K,O. 

The a,ve'l'age losses of potash during the winte1' and summe'l' periods 
were' 36 and 64. percent, I'esprdiv('\y. This 1'('flPets in pUl't tIL(' smull!'1' 
additions of ft'J'ti\izel' potash during tll(' full tlll1.n during tlH' spring 
season. The most impol'tnnt fuetOl' d(ltl'rmining \OSS('S was, ap
pn,rently, th(' amount of soluble' potnsh pn-spnt at 01(' limp that hpa\-y 
rains OCCUITPd, This is 'wdl illustJ'at('(\ by thp pOUtsh contents of the 
jeucha,tes during UH' summpl' of ] 942 wllPll the rainfall was ('specially 
high (table. 31). During this 6-month JWJ'iod, 23 pPlwnt of the' potash 
l'emovpd during the pntil'(' 7 years 'was (:o11pcl('(( in the h'a('itat,('s. 
Obviously, potash is not l'('lailwd to allY marked extent by a. V('I'Y 

sallld}' sjoi\ and, like Iljtl'og('n, is l'el11ov('(\ rcadily b.'·} hpa\'y raills 
un ('ss t 1(' erop present. is adequate to assimilate and lOld it ill an 
insoluble form. 

•. 


• 


., 
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Calcium and Magnesium in Leachates 

• The calcium conten ts of the pel"cola Les from the 24 lysimeters are 
shown in tabl(' 38, find the magn('sium cont.('nts in tabl(' 39. During 
the. time of th(' eXJwriment 1,751 pounds of eaO were added in fertilizer 
and as dolomitic limestone. During this period calcium was removed 
in tbe l('achings at the aY('rag(' I"a te of 55 percent of the amount 
added. If 0111' excludes 01(' lime addpd tlH' last Season of th(' experi
ment, the ll'flchall's contailWci 70 P(,J"C'l'lIt of the ~ddcd calcium. 

TARL~J 38.-Calcium I cOlltent.~ of pp.rcolate.~, expre.~8ed a8 pOllnd.~ of GaO per acre, 
iIi 1!l8i/ileler,~, Sandhill Experiment Station, 1.9.'38-I,.'i 

,
L ... i 57.5 :l9A 20.0 2.7 17.7 1:!3. I 46.9 1.7.3 44.7 3:1.8 107. S 62.s" 23.3 r.s. g~ 815.82... ~ .. ~ 1 38.7' -Ia.2 24.S 3. .. 31.8 134.3 H2.7 188.7 4.1. Ii H.:I 155.0 li2.9 30.6, 85.1' 971. a3•.•• {;,j.1 4.>.2 32.~ (U 64.3 lSi.3 117. {), 205.3 HI. 2. 7().O 205., 00.4 4:1.3 123. Ii 1.287. (J 
5.._._ 64.li, 74 l' 197.6 70.6 51.7 155.8 1,345.44.... i {~1.5 :15.6 4l.3, 5.31 51.0 2U8.0 103.2 2'2.'i.5 

59.3 44.5 40.7, 5.4! flll.2 162.3 122.,' 201.G 00.5' 1i5.7 218.5' 59. l' :15.9 105.0 1. 2.',.i.4.6..... • DO.; 38.9 25. 9~ 2.0 21.8 Ha.fi 52.5 101.4 45. 7 :18.6 !.S8. 1 H2.5 29. S 74.7 946. G, ~ ..... f~. -; as.4 38.4 .... 7, 4:1.9 188. I 107.6 2:17.7 70.3 (m.o 216.3 (lS.3 32,8 111.n 1.290.28.. .. n:j.9 37.6 19.8 2.·1 50.2 Z'.!O. n .,50.7 175.1' W.9 10:1.2 124.9 36. \I 121.1.; 1. 1:l.'i.9 

• 
y.... {);j.5 4;;.0 19.0 3.n 19.0 135.9 50..') 192.3 42.9, :IS.S JOO.9- .. ~~: i 20. 7 ft;, 1 SiU. ~HL. •. 61. 9 40.9 1 I ..... 2.~ 16.4. 144.6 51. (j I.'ili. 7 53.7 "(i.i lll.i'

~. 

fiS.4 22.6 61. 9 84ft 7 Il..... 1\4.3 4:1.4 14. a 2.6 :19. Ii 3(1.;; Wi. 8 57.Y ~N. 3, 87.2 8:16.212_ ~~ tt.!.ti "5.. 1' 15.9' 2.0 iU gg iU l~tl 2:1. 73!l.2. Hl2.8 5:1.4 2';. U lin. 9 820. 3 1:1 ... u:!.. :i ·Hi.5 IS. , 2.5 16.5 I~~I.I m.3 In9.S 43.9 1\7.4 90.5 50.9 22. S (H. ~ 8:15.514 ..• til.; 46.5, IS. I. 2.8 :1$.7 14,1.2 51l." 177. I 42. I 10:1.4 120. S W.8, 25.1 07_9 9.~.515... 59.4 41tO 1Ii. i, 5.2 Xl. 3 88.9 41. 7 Ir,s.1l ~i? ~ 20. 2 55. fj 41.5 17.:! m.o ()6O.:116... {il.; 4:1.0 17.1 9.6 2a. (j 113.•> 3\!.O IW•.>' .1".8 18.4' 54.S 45.9 18.4 42.:l ii8:1.4Ii_~., 59.6 48.8 In.7 2.2 14.4 !J!J.4 47.6 I!lS.9: 4ft 9 all. 0 98. 4 52.3 47.8 70.2 842.218.. tlI.3 411.5 18. Y 1.8 3·1.5 162. 1 47. Ii 191.2 li5.; 84.7 IW.U il3.3'J 0 79.1 171. 4 I. 1;l/1.919. H2. --; .J;i.. 5 20.0 13.11 94,9 1i3.2 137.5 .111.7, 88.8 122.4 58.4 2'2.0 71. 9 912.82U 62.0 4(1. I 1{j.2 2:6 H.11 14·1.5 51.,) HS.9 SO.S 111.5 112.2 57,1 57. 2 ~H.8 ~Ji.. 321 59.5 47.4 18.9' 2.0 fi.8 l*i.7 44.8 138. 8 !14.9 7[;.!1 119.4 5n.O< 23. 3 ;'5.2 54:!. Ii2"2, U2.U ·H.'s Ii. 9 4.S W. 2 74. 3 42. () l1:1.2 43.H :11.0 [,7. I 40. I ~. 1 ~n. 5 fit!), n2:1 H2.' 4,,, i 18. 4, 5. '7 20.3 95.(; 44.3 148.0' :l.'i. n (H. U 48.5 37.2, In.:! 41\'8 fiUr..1I:!4 f12.2 51. I 4a.4 03.6 92. n lau. U 84.4 182.4 (;ii.7 112. H H2.U iS~ ti 71),3 lJ·tJ 1.:$.11..8 

1 'I'hr t'ltlll quautlty hf eal(,turn lidded to nil Iysilll<'tt·rs iu r~rtlli7.l·rs nud as dnlornitr during the 7.yelir
ext)t~rhn(lutaJ period wus 1,75'1 pfJuuds ('aU. 

Additions of magn('siUlll dUl'ing tIll' 7-yl'i1.1' l)(,l'iod fllllount('d to 814 
pounds ~rgO, and un il.VCmgr of :~2 pC'J'('('nt of tltis wus 1'('llloYe'din the 
Il'adlatrs. Exdusin~ of th(' l11ugnrsiul11 flddpd as dolomitp the final 
y<'al', the' J'('Dloval \\'US 5:3 pPJ'('('n t. 

ThrrniniDlulll loss('s of CaO and ~rgO fl'ol11 allY of th(' JysimC'tcrs 
through le'udling d.ul'illg tll(' £-.\'('Ul' l)(>l'io<i W('I'(' (i20 poullds ('flO and 
ISO pounds of ~rgO. '1'11(' 10ss(,5 \\"rr'(' I'('<iu(,f'd to some ('Xl!'nt by 11. 

good WiIlLt'1' eo\,('1' MOp, but I'PgMdl{'ss of cropping systPIll Inl'gf' loss('s 
of tlll'sf' two II U t I'i(mts ('ftll f)(> PXjH·(·[nd. 

• 
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TABLE 39.-111agrle.~iulll. I content..~ of percolate.~, expressed a.s poltrld.~ of ,IfyO per 
acre, in lYllimeters, Sandhill Experimellt Station, 19.'38-45 

. I ' I ! ,'..... ~_.

I 1938-39 I 193HO 1 194(1-11 I. 1941-12 ! IU42-13 ; 11143-14 ! 1944-15 ! f' 
Ly· ,"" Ie! c "I c·' "-=-1-;--1-;;-'1'-;'·, -=-~I-171 ;-T;---;;--\.--::
slrn- ; -"0 I ~'" l·.... oe ; .... ;?, -':;:: .... ~ -''''I f .... ~ ~ .... ~ ... ~ ~ ...;1- ~ .... 0 I -~, ... ~ ~ 
Ner ~ -:: =..; .-.: t '':::; 1;:;'~! -:; I;'i.: '. ,.,:; I, ?:: ¥i..; I ?:.: ,,, -: , =.: ,.,', ..E 

No~ ~~ t ~O i<! ~~ # t ~~ ~~ t §.~ j ~ .§~ 1~~ I E6 t i~ ~~ f ~ __l-=-!~I.:_:~ ~_l:-~ Loc_J':-:"'_! ~.J~_I~__ l'-::"'_! 0 ~ !~ 
I.... ~>(l.O' 12.9! 0.3 i 0.9 5.8 37.3 13.0! 02.8' lO.n! S.S· 3:1.0: 25.2' 9.5 ~'Il.2 275.9 
2.... 27.8 13.3 i.;' L 2 8. 9 ~~. ! HI.7 i !OI. 1 13. 1 ! 12.0 ; 50. (1; 24.9 11. 9 ~'. ~,' 320.9 
3.... ~'Il.4 14.2 (j.G 2.0 15.1 "S.. 38.7 (iLl J5.0; 17.3: 7(0.0 23.S 16.9 ~u 414.5 
4.... 28.5 IO.Y. 10.3 1.7 13.1 r"i7. 34.6 55.1' 14.U 18.0,72.1 27.6 Ilg3·.~ ~?,".~,i ••~1190'.~ 
5.... 27.2 H.4, 18.3 1.7 17.6' 53.5 40.2 5.'i 2 • 15.9 . 17.0 ' 79.2 23. S ~ ,u 

6.... 28.1 12.4 5.6, .8 7.1' 43.8 15.8: 62.0 ' 13.4 12.7, 52.5 : 2.'i. i 12.2 "6 'I :119.0 
L.. 28.5 12.7 !l.7. 1.5 i 14.1 50.2 j 36.0. 64.i 15.6 Ii. 5 77.6 24,6 12.9 36:4 4\0.0 
8... 28. S 12.9 5.9 .8!l, 5 70.2: 2'.!. 3 ' .52. 5 \G.4· 2fi. S , H.5 19.6. 14. 0 42.9 369. I 
9.. .. . 29.0 15.0' 5.5 .9 G.O, 39.0 ' 15.7 59.6 12. G ' 12. 0 , 34.0 , 25.3! 8.3 f 22.2 28.'i. I 
to .•• i 28.4 1:1.8 j 5.0 .8 5,5 41.5 j J6.4 .48.7.13.0' 13.2, 30.S 21.9' 9.4: 21.0 276.0 
11.. •. 28.S 14.5' 4.1 .8 6. Ii 38.7j 14.4 52.0 i 11.2: 9.5 42.S 22.3: 8.8! 29.:1. 283..~ 
12 .... 28.5 14,6 4.4 .5 5.9 40.6. 14.S r'1.7: 12.9. i.7 34,4 22..5' 12.2, 2'J.9: 292,6 
1:1. ... *l!'~l 15.6' ~.3 .91,~ :lS.Q: 1~.4 ~3.~ 9.6; 19.~ 3:1.~ ZO.5, 10.~; 2.5.0 ;n~.~

1:'-:", ~ii l¥J ~:g'
1 

~:~ b ;ks I~:~ ~t2':U ~J ~~:6 rJ:~ i ~:.i' ~:~ ~~~: i 
I~ ~~5 1~.7' ~.~, 2.2, 7.0 :~t.3 1~.2.~)().fj 7.9; ~.l ~~!.l *~5.9J G.3'~6.!;;;;!.!
I,., .,•• 9 1••. 8 6.. .i 4.5 ~.O 1 •. 4 56,0 11.4 I_I, .~,.O .1,5. ZO.O .4.••1••., 

l~ ;1. ~ 1~. ~ ~. ~ L () lO. " ~. ~ t.!, ~ ~2. ~ ~. 6 ~~. ~ i 4n. ~ : ~~. 4 j 2& 2 ~. 7 ! :i7{i. n 
IY .Y •• ) 13.9 0 Ii ,7 4. G _'.o' Ih.3 50.3 .1.0 _1.. 4r..•1· •.l.8 S. S 25.0 .•10.5. S 
20., 28.:1 14.4 4.9 ,9' 5.0 44.4 14.5 4!l.9 24.9.35.7 3r..2 24.:j 2:1,9 28.5 I 3:15,8 
21. .. _ 27.0 l5.2 5.!J 1'.~, ·1.9 ~.;..;'.~ HtU 3tl.U 2[,.7 2''!.5 47.j ~ 2.i.:$ JO.l ~ 22.1· !?til.;
2'2... 2l:t. ;, 14.3 6. 0 v 7.0 o!1. 9 ZO. T' 8. U, S.4 19.9 I:!. 9 8.2 \G. 6 186. ,I 
2:1... ,21i.8 ]1).0 .'i.7 1.9 1).7 28.:1 11.0 -l1i.1 17.1' 22.3 16,0 H.B 7,4 17,0 2:15.1 
24,. .. 28.2 \!!.J 24,5. 23.9 21.9 t 5{j.G 2/l.5 i 42.r. 12.2 :I!).!I IiI. 0 , 30.S :11.4 39.t. 1441;.2 

,~~~ >~---"'--....., - ~-~--~--
I '\,11,' total qutlntlt)· or rnagnt'SlulIl (1(1<1<'<1 t{) nil ly~ilJl ..t!·rs ,15 <101011111<' during the i·y~ar period wus 81-1 

po"'''.I~ '\lgO. 

SUMMARY 

'I'hp /"('suits of !l lysimptpl' C':q)C'rimcnt, dC'signcd to oblain both 
pra.etieal and flllHlallH'1I1lll infolTnl1tioll Oil tlll' lise of grC'('n lllallUr(' 
('\'OpS and f('rlilizC"rs in ('olton production 011 n Lnk('land snnd, !lrp 
1'('port('d. 

1. If('lwy growth:; of SllI1lI1l('r lC'glllllC' ('rops thal \\'C'rp ill('orpora lpli 
into tlH' soil had n \'PI'.\' bpnrfieial dl'C'd upon 111C' growth of a ('ot ton 
crop lllltt follow(·d, TJlis \\'ns owing 1!1I'W'I,\' to UH' nitrogC'1l fixC'd from 
the nil' b.\- the' IPgU!1lP. Xo \~C'r.r markNi n,dvn.ntngc) in the lISC' of 
h'gulIlrs mlhrl' than nonirgulll('s oceulTt'd wJWl'(, abundant eomlll('reini 
f(·('li.li~()r was suppiiNI undpr eondilions that kept lC'l1.ching loss('s to 
n Ill!l1( m II III . 

2. A h('[wy growth of n \\'inl£'r ('ov('r crop, sueh us ryr, was Y('r,\~ 
]H'(1Pfic-i::t.\ (0 tilt' (TOP thlll follow('(l, (']lidly IH'('ilUS(' iL d('.crt'asf'd 
tJH' loss of nll tripnls h,\' lpndling, Less \'igol'OliS growing ('ovor crops, 
sueh ilS JWHS and \'(>( ('Ii, \\'prp not so snt isfu(·tory. 

:3. Any sys(('fI1 of fC'ltiliziLlion !llld eon'r (TOPS lhat wus pffl'cLivp 
in providing ('olton with an !1(\l'qllu.tl' supply of Ilutric'nts, ('sJw('iillly 
nill'og('Il, at lltl' tilll(' lhilt ('olton (H'p(h'd it, wns ('ff(,(,tin'. Past ('I'OJ>

ping syst('IllS, ('X('('plin SOIllf' c.St:;('!-i for the' I)f'e('pding Y('itr, \\'('1'(' ('·om
pal'illi\'('iy unimpol'!n.l1t. 

4. l~nd('1' lysinwtpr ('o(HlitioIlS, Ill!' IOs!-i of wn.U'1' f!'Om ('('oPPNI soils 
by C\T[l.pot 1'!1l1spil'at ion Wil!-i fLlwHYs gl'Pllt (>1' (hllli lIll' los!-i fl'olll !I 11

• 


• 
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nopped soils by eVl1porution. A direct and high degree of correlatioll 
o('('urred bd"ocell th(' dlT weights of the (:J'Ops and cYapotrnnspirntioll, 
J"('gardless of the kind of ('rop or roULtion uspd. TIl(' dJieicncy of lIS(' 
of water was also dircetl.'- (~orrell\.tcd with dry matter production. Ap
}>11I·('ntl.'- un)" (uetor that fu,'ors increased crop yields ulso results in the 
more efJi('i('nl lise of water. 

5. Tltt' quantity of nitI'ogen in Ule Iwreolatps for tile 7-year ex
]H'rimelltnl period rUlIgpc! from 235 to 890 pounds per l1('r(' for the 
24 LysinH'tcI"S. 'I'he u.vpr·u.gt' loss of nitrog('n was 566 pounds, or 75 
Iwrt'pnt of that addt'd ns fNtilizpr. SOIll(' of tltis lIitI"Ogell wu.s nitrogell 
a.ddl'd b.'- l('gul1ws r·athl'r than in feI"tiLizl'r. Thesl' exlI'elllcly high 
lo:;s('s 1Ir-(' dup in Inrg(' part to the fnct lhllt during the 7-yel1r e:q)eriment 
1I1i1iully on 1.'- :~, a.nd in somp 1.,"simetl'l"S onl.'" 1 or 2, crops were harvested. 
('011 tin 1I01IS emppiJlg, SUlllmer nnd win ter, markedly d('(~rl'llsed leaching
los:;('s. 

6. The gnills in soil cud)on and nitrogen during the ex-periment 
n.\~('rag('d .I ,007 and 1.42 pounds per nen', respccti,ocl.", with s('\-cral soils 
sho"oing losses fOl' one or the other of these el('ments. It is ('stimated 
thnt, on the !Lyernge, onl.'- 6 to 10 percent of lhe car-bon I1dded during 
Uw 7 ypurs remailwd in the soil at t:l:ie end of the ('xperimcnt. These 
r('strlts ('mphasizp tlll' fu tili t.'- of trying to inCl"('as(' markedly the organic 
ll1atter content of sandy' soils in a warm e1imate 

• 
7. ComplpU' IIi trog-('rl balar1("(' shed,s for tiJp various lysin1l'tpl" soils 

('ould not 1)(' calC'ulat('(l, bl'('IlUS(' all but four gn'w h'gull1es. An 
approximate, but fairly a('("ura.tl', blll,UH'P indientps, howpyer, that 
011 the n \'('mgt' g-ilseous lossps of nitrogen W('I"(' .negligible. Thl' 
figur('s also indieut{' t1lill undpJ" ("olldiliollS when' J<'gumes l'('eein'd 
l1ppl"oxilllat('I.'~ 107 pounds of fpl"tiliz('1" nilrogPI1 nnnunlly, the fixation 
1)('1" 1('gu/1w ("1"OP an'rngpd about 50 to 65 pounds ('neh SpUSOIl. If till' 
fixlltion \\Oas grpntpr thnn this the ndditionnl nitregpn fixed was lntpl' 
lost in gns('olls for·ms. 

S. Pot:)ssiull1 los5(,s from th(> various soils r:lnged from 110 to 368 
pounds Iwr 11('1"(' for thp 7~y('t11" IlPriod; til(' ll.'::'el"llg(' loss wus 192 
pouIlds, 01' 4:3 Iwr("(>nt of ihllt nddPfI ns fNtiliz('r. PotassiulIl, like 
nilrogpn, wns n'ndily ll'ndJ('d from til(' soil unlpss tiJp erop pn'st'nt 
wns 11(\('qunl<' to utilizp it. 

9. About iii) pPI"("('nt or slightly mol'l' of lIw cllieiulll ndd('(.1 ils 
fl·I"tiliz('r nnd dolomit(' during til!' ('xlWril)wnt wns 1'(,llIond by IpneiJillg. 
The loss of IIln gil psi UIl1 , add(,d ns dolomitp nlone, WitS :15 I)('I'(·PII(. 
Thesl' JOSSt'S W('rl' from soils thnt \\'PI"(' nppl"oximntply Il('utrnl at nil 
t imps. 

SOME PRACTICAL CONCLUSIONS 

The rnuin pra.('tienl ('ondusions from t!test' ('XPl'riIlWlltS that 11rP 
appli('nbl<.> to n'l"y snndy soils in wurll1. humid dimntc's lin' us follows. 

• 
1. SummpJ" kgurnes, USNJ ns gn'pn lIHlllUI·PS. UI"(' higlll.''' bC'Ilpficinl 

to crops thut follow. This is owing dlil'f1y to thp lIitl'ogen fixed 
from thp nil" by thl' IrgUIlH1S. Son)pgu"Iinolls crops that J"l'('('in' 
nbulIclun t fprtilizpr ni tl'OgPlI Iwiln n sirniln r1y to Ipgulllt's WlWIl US('C1 
ns gr('eIl manures. 
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2. For maximum utilization of added nutrients, it is C'sSCJltilll thnt 
the soil be kept in crops as much of the time us possible. Wintt'r' 
cover erops are very effeetin in TN\ucing I(·aching [osscs. •. 

3. CompaJ'fltivC'ly hCILYY fertilizntion with comp[pic f('rtiliz('rs is ", 
ess('ntinl on n'ry sandy soils. The nutrients, ('sp('eially nilrogl'n and 
potassium, which are readily removed by leaching, should be supplied 
at inten-nls during the growing senson and at a time when the Cl"Op 
can utilize them quickly. 

4. GrC'en manures and winter con'r crops should be grown on \T(',-Y 
sandy soils primarily for the purpOS(1 of fL\."ing or conserving nitrog('n 
fol' tIlt' ('rop thn t follows; they will not inerense apprecinbly the leyPi 
of soil orgl1I1ie mntter. 

5. Th(' (·fficien t lISC' of the ni trogen in ani mill rnnnures is fnvorN\ 
by prompt in('orporntion of til(' manures with til<' soil nnd by keC'ping 
the soil in (TOP for a .n1l1XirnUIlI p('r('('I1tngp of th(' time. 

6. As moisture dl.'fi('il'll(Y is (,Ollllllon in sandy soils, it is ac\\Tisnb[p 
to grow cirought-1'psistant, ([(I(,p-rooted (TOPS un[('ss suppl('mental 
irrigntioll is lH"nilabl('. Ex(,plh'nt yil'lds of a· erop sueh ns ('otton (,fln, 
how('nr. oftpn be' obtnill<'d \\-ith nutlll'll[ rninfnll if nd('quat(' ntt('ntion 
is giY(,Il to tim(' and 1'nt(' of fprti[izntion nnd th(' us(' of ('on'r ('rops. 
Iuclusion of summpr gn'('n rnnnure ('rops in th(' rotation is not essentiul 
if ndequnte f(lrtilize'r nitrog('n is supplied. 

7. ~luch more ('mphusis should b(' gi\'('n to th(' C'fIj('icn('y of usC' of 
wntC',~ in ('rop production, \)('nring in mind thal nny Cnetor, sueh ns 
fertilizer, thn t iner('ils('s (TOP yi('lds fnxors efficien('y. This applies 
mthel~ uniformly to nil (TOpS. • 

• 
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