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EVALUATION OF 

AGRICULTURAL HYDROLOGY BY 


MONOLITH L YSIMETERS ,. 


1944-55 

By L. L. HARnOI,D, project Hupervisor, and F. R. DnmBI:1],Blfl, lloil scientist, Soil alld 

Water Conservation Research Division, Agricultural Research Service I 

SUMMARY 

:'.
, 

This bulletin is n. progress report 
on the lysimHter investigl1tiolls e111"­
riee! on 11t tIl(' Soil I1I1d vYn.Ler 
ConservI1tion Rest!an:h Station near 
Coshoeton, Ohio, from 1944 thl"Ough 
1955. Summaries of percolntion 
data 11l'(' prescn U'd for thr prriod 
1938-55. . 

The hyclrologie cll1tn were ob­
tnined from 1] mOllolith lysimders, 
rtleh 0.002 a('r!' in !\,ren. !tne! 8 fed 
deep, :3 of whi('h WCl"(' wpigiwe! 
l1utorlllLLic'ally every ] 0 mirllltt's. 
The fCl1turcs of thr instn.I1I1Lions, 
SOll1P ·of whieh 11)"(' uniqur, 11I'P 

cLesct'ibee! briefly. C nlikp ml11lY 
Iysimeters, pel"(!oit1Lion from til!' 
soil into cracks t11le! crl'vices of th!' 
rock aL til(' 5-foot ch'pth takes pilLet' 
natumIiy without supplying extm 
tpllsion. Records of this ppr('oln,tion 

I The work on this experimental water­
~hed project was donc at 1ihe Soil and 
\Vater Conservution 11 ~urch Station 
near Coshocton, Ohio, "':I tl1l' Soil and 
\Vater Conservation Research Division, 
Agricultural Rl;'search Service (formerly 
the Research Division of the Soil Con­
servation Service) in cooperation with the 
Ohio Agrirultural Experim(mt Station. 
The data wert' collected by the project 
staff. lUuch of the work of opcrating the 
lysimetcrs and tabulating the basic data 
were performed by William W. Bentz and 
Robert K Youke"r. ,1. H. Wilson of tl1l;' 
Ohio Agricultural ]<]xperiment Station, 
Wooster, Ohio, assisted ill the chemical 
analysl;'S of pereol!l1.ion water. 

waler colleeted u.t the 8-foot depth, 
dong wi th reronls of precipitation 
and I'unoff, 11,l'r presented in tables 
l1,ncL graphs fol' each lysimeter. 
VYright l"P('oxds provided dutll for 
clt'tpl'lllination of moisture storage 
changes in till' soil monolith. Daily 
gains in wright not nssociated with 
periods of pr(~cipitl1,tion werp desig­
nn,trd ns ('ondensntion and absorp­
Lion. Evnpo tmnspirn,tion values 
werr dCl'ived from the weight rec­
ords in likr mannel' during periods 
of l()ss. 

Thr nmount of moistul'r con­
densed and absorbed was fnirly 
hugr, ranging fl'om 6 to 10 inches 
of water annun.lly. This is in 
addition to precipitation. Although 
this moisture, or dew, may br 
entirely evaporated in the morning 
hours, its value in conserving soil­
moisture supplies is notable. One 
month when only 0.55 inch of rain 
fell, 1 .39 inches of dew was all 
important facto I' in reducing drought 
damage. TIl(' highest daily value 
of condensation-absorption was 0.08 
inch. The amount of de.w was 
greater' on dry unirrigl1ted soil than 
on moist irrign,ted soil. The period 
of most rn,pid accumulation of dew 
wns generally ft'om about 4 to 1.0 
p. m. 

Soil-moisturr depletion byevapo­
tmnspil"l1tion was greatest in May, 

1 
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June, July. n,nd August. Stage of each ,Veal', 1944-55, inclusive, show 
crop growth, that is, development of the fluctuation of moisture in 40 
leaf luca and maturity, as well fiS 

depth .of root penetmtion and 
available soil moisturr nJfrcircl 
cvapolrn,Ilspiration vn,lues. vYith 
normn,l prccipitation, evapotranspi­
ration vnJurs l1yemgecl fro111 ltbout 
80 to 90 perrellt of tll(' tWnUl1I 
supply. In yettrs of defidpnt pre­
('ipitatio n, ('yn.po tmnspimtion used 
tlbout 96 percent of thr supply. 

The ('OtTret vil,lue of npt moislure 
depletion is "evltpotmnspimiiot1 
minus condensn,tiol1-absorption," or 
ET-CA. These consumptivr-use 
values Yl1riecl from season to senson 
as affected by thr elimn,te, crop, and 
supply of soil moistul"l'. Thr high­
rst rates of consumptivr lIsr for 
cornlr..nd Wfrc in ,July tLnd August. 
Those for grnssll1,nd \\'('1"r in winy 
and JUtH'. Inign,tion trncied to 
prolong thr high wi1,l('r-usl' ra1l' for 
grass into llltr July and August and 
for ('orn until 1MI' August. 

Thr tLmount of wn,ter USN] lo 
producr a pound of eOru crop 
mnged from 27:3 to 586 pounds. 
The most efficient uSP of wn,t('r 
oceurrec! with irrign,tion and th(' 
highest crop yirld (196 bushrls of 
corn per n,cre). Actuttlly, thr least 
amount of watpr-·-] 7 to I 9 inch('s­
was used in producing til(' lowrst 
yields but repreS('l1 trd til(' grcnJrst 
unit amount of witter ppr unit of 
crop. A total of 2:3.5 itlchrs of water 
\ms used in producing the' highl'st 
yield of corn. 
.. Grttphs of accumulated daily 
cOllsumptiYC usc of waler rpfleet 
various furming oprmliolls such 
as: (1.) Reduction of wtllrr lise afler 
spading sod for corn planting, (2) in­
erellse in Wt1ter usr· as lear n,rca of 
corn plant develops, (3) reduetion 
of waleI' usc afte!' cutting tlnd re­
moyul of ba~·, (4) increase in water 
use as menc!ow crop leaf area dc­
Yclops, and (5) inerensc in water 

inches of soil for lysimeters ill crops 
and ill contin lIOUS gruss--legume 
cover and for different soils. Peri­ •ods of saturation, depletion, mini­
mum moisture, and accretion are 
readily apparent. The effect of 
irrigation und the influence of 
vegetal cover on soil moisture are 
considerable. During :May and 
June, one year, tlbouL 5 more inebes 
of water wus extraet~cl from the 
40-inch soil profile on tll) ulfalfu­
bl'omegrass sod than on cornland. 

Precipitation as measured by the 
weighing lysimeters differed from 
that caught in the Fergusson re­
cm·ding ruin gage. The average 
anuual precipitation for the period 
1945-55 was 4.38 inches less for 
the Fergusson recording gage than 
for the lysimeter. 11uch of the 
variation in years of widely-diver­
gent precipitation \·alues by the 
two m.ethods is accounted for in 
snowfalL The seatter of points 
above ll!lcl below the line of equal 
Ylllues 011 a grn phiclll com.parison 
indicates no consistent year-after­
year c1eyin,tion in the ciaily rain­
storm ynlues. 

Lysimeter eVllpotranspiration is 
compared with pan evaporation 
and almometer water loss for sev­
eral yellrs and for sP\·eral crops. 
In somr periods eyapotrnl1spiration 
and pan-pYt1poralion rates were 
about equal. In other periods 
rYllpotranspiration from eornlancl 
px(!('ed('d ptlll rYaporatioll by as 
much llS 40 perc('n t for ll('tLrly 2 
months. EVtlpolmnspirtllion tllso 
cxcerdrd water loss from thr whiLe 
atmom,elPf bulhs, but by lrsser 
amounts. 

iv[ontltl\T and tlllntttll yal ucs of 
percolatioil from rue II lysimeter 
are summarizcd for d ifl"creni soil 
tj' pes. Pcak rate's of pcreolatiol1 
coillcicl('c1 with periods of high soil 

use after irrigation in August. m.oistuJ"('. Per('oln,tion for tIl(' first 
Graphs of daily soil moistUl'e for 4 months of the calel1chu- year • 
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comprised 80 percent of the annual 
amouut for lysim.eter battery YI02 
and 65 percent for battery Y101. 
In the former, parent: material is 
shale and in the latter it is sand­
stone. Th e great.est aun ual tolal 
percolation came froIll battery Yl 01 
(sandst.one Illaterial) ; the maxim.um 
in 1 year was 26.3i inches in 1950 
from lysimcter YI01C (bluegmss). 
The min im.urn was zero in 1954 
from Yl OlD (in alfalfa-bromc­
gmss). 

Leaching of pllHlt llutriC'nts 

Aim lYIONOLITH LYSIMETERS 

through the soil profile is evaluated 
by chemical analysis of p.ercolation 
water from each lysimeter. Annual 
nutrien t losses vary considerably. 
The variation is caused by lurge 
clift'ereHees ill anllual pereolation 
ltnd by applieuUol1s of fertilizer. 
Data for both arc pI'esented. Ki­
trate losses ranged from 0.03 to 
14.85 pounds per acre pet· year. 

A brief revipw of litemtme on 
lysimPler invpstigations which has 
appearNI during the period 1939':"55 
is inellldpd. 

BACKGROUND, OF THE STUDY 


Agrieulllll'lli hydrology in ('('('C'nt 
)'(,[1,1'S has bC'('omC' a subj('ct of 
major iniNC'st in mll,f1Y 11{'lds of 
acti\Tity. From t.ll{' In.rg('-scnlp gov­
prmllpnta,l flood-('ontrol, Illnd-I'(lclu­
mation, lLlld irrigalion proj('('.ls dow11 
to thp individun,l fltrm olwrn,tion, 
('onsidel'lttion of wnlC'r movpnH'nt 
across, into, Itncl through soils is 
bp('oming inel'Pllsingly impol·tn nt. 
InclustriC's, munieipnJilh's, and ngri­
cultur(' til(' couutl'Y on'/' nr(' l'OLl­

s('i01ls of thr 11('l'<I fol' wnJl'r ('onS{'I'­
vation. Thus, mueh utt('ntion is 
bping givPlI to th(' u('('(1 for bPltl'r 
control of WIlt ('I' alld r('(luction of 
walPr wastC'. P('rhn,ps thC' I1rst 
piaN' to brgiu ('oulrol is tIl<' Innd 
surfl1('C' wh('rp tht' millclrops fall. 

A kno\\'lpdg(' of wnll'r movC'ml'ul 
o,'C'r thp Innd slIrfIH'{', mO\'Pl1H'nt 
into nnt! Ihrough lh(' soil. ('o[\(ll'usn­
tioll and 111>sorption of \I'll tl'I', ('\'up­
ol'lllion, nnd liSt' of \\'ulC'I' by crops 
is nC'('C'ssnry fOl' a ('Ompr!'lil'llsin' 
nppI'olwh lo \\'IUt'r C()utl'~)l. Soil 
moisturl' is 11('\'(,[, ('Onsttlllt: il is 
l'ith('I' in(,l'l'usill~ or d('('rC'llSing. Tt 
mn.Y bt' l'pdUC'l'd through (TOP uSP, 
('nlpol'n.tiou, or Iwr('olnlion down­
wn.rd 10 ground-\\'lltlll' r('sC'I'\'oirs. 
Pr('('ipiltt( ion Itbsori.)('dby till' soil 

ply. En'n fl'ozC'n soilmny vn.ry in 
soil-moisturr content from day to 
day.

'rht' IYsinwll'r stucii('s nt Coshoc­
ton w('rr plllnnC'd to obt.aiu measure­
nwuls 0 f till' vttl'i01ls Wll ter-cyclc 
factors uuell'r difl'l'I'Pllt sCflsonnl, 
wgPlnl, nnel soil-lYlw conditions. 
This r('port, baspd on Rboat 12 
v('ars of dntn, summlu·izrs and 
clis(,lIss('S th(' l'Psulls of thpsp studies 
through 1%5. In som(' instances, 
summn,ri('s pxtC'nd bltck to 1938. 
Annlys('s of th(,s(' ]ysimetcr datu, 
will 'S('IT(' ns n tC'llehing aid in 
l'011 ('gps, n l'l'f('J'{'I1{'C in mRny soil­
1I,nd-\\,1l lpl' mnnllgc.'nll'n t progrnms, 
Illong with \\'llt{'rshl'd eleyclopment, 
llnd as n souret' of fllCls fOl' irrigation 
gu idC's in muny Ilrpus. 

Throughout l]l(, ('ntire ppriod of 
I'('('ord lbpr(' W('I'(' mn,IlY timps when 
soil moisture' WllS suffi(~il'l1t to mcet 
('rop Iweds. For tl1('sC', thr C\'npo­
lmnspirnlioll Yltlut's WC'I'P the mllxi­
mum for lhC' eiimnlic C'xperiencp. 
O('('Ilsionnlly soil moistUl'P was so 
ddici('llt tllllt e\'llpotm.llspirn,tioll 
ntiul's \\'('I'l' I{'ss than maximum. 
For [hl' .YC'Itl'S prior t.o 195;3 soil 
moisllu'P \\'11S supplied by IIl1tUl'n.l 
phpnOm('1H1--·I'llin, SllO\\T, and dew. 

'. 
l'('ph'nisll('s soil-\nltpr supplies. In IQ5a, 1954, nnd 1955 two lysim­
TlwsC' PI'O('(,ss('s I'{'SUIt ill n. ('011- (lll'.I'S \\'('1'(' ilTiglLled Lo provide 
tinuously cllltnging soil-\\'n.ll'r sup- tlmpll' moislUl't' for crop lIPccis. 

http:proj('('.ls
http:maxim.um
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Precipitation for LIll' period H144- 3. The monolith 01' 'llndislllrbed­
55 averaged 3.70 inches less thn.n soil-block type-where !1 casing of 
the long-term normal fol' this 111'CIL. verticoJ walls is built around a 
Only 2 of the 12 yelLrs recorded block of soil in situ. .A perforated 
more than normn.l precipit.ntioll, pan is iusl'rled bene!1th the soil 
with 1950 being excessiv(' by 7.25 block to eoll('cl p(']"eoII1Lion wa tel'. • 
inches, The most critical moist url'­
deficient period WIlS 1953-55. An­
nual deficits of 11.69, 8.22, 11nd 
9.44 inches totaled 29,35 inehes for 
these 3 years. Precipitation in 1953 
was 28.34 inches. Only 011ce before 
WIlS there Il yen.r of Il'sS pl'C'eipitI1­
tion. That "Tas in ] 9;~O whl'n 22.0:3 
inches WIlS l'l'eordl'd in Coshocton, 

EYll,lulltion of ngricultul'!1J h~'­
clrology presentcd in t.his bulletin 
reflects the vl1riatioll in climaie for 
the period. The render is eneou1'­
aged to examine till' results of these 
}ysimeter studies in thl' light of tbp 
Ilatural and artificial supply of 
moisture. 

L:ysiml'lPl's in gPl1l'rn.1 mlly bp c\l'­
fined IlS slrueturps con taining n 
mass of soil, anel so (iPsignl'd as to 
permit thl' mCllsurt'l1WIl t of \\'I1,(P1' 

1draining through tht :ioil. Thrpt' 
general types uSNI in Llw Pl1st 111'(' 

as follows: 
I, The filled-in i//7Je-whpl'(' tht' 

containing unit \\,iUt Y('rtieni wulls, 
open top, 11ncl p('rfol'll.\ecl bot (am is 
filled with soil remand f!'Om its 
oriO'inal IO(,ILtion. Cswtlly this soil 
is ~erceJled ILnd mixpcl to mn,k(' it 
uniform. i-1il1<'t' tht' nat.urn.l 1)('1'­
llleILbilit\· ('hlu'llC'tt'risties of tilt' orig­
inal soit' pl'ofi.le ('allnot 1)(' l'l'lnint'cI 
in this typP of lysinwjpl', thl' soil­
moistllr(' 1'('ll1lionships do not I'l'PI'(,­
sent nn.tlll'n.l ('onditions, 

2. The Ebel'/I1nyer iYJH'--wll('l'C' n 
sh!111ow pan 01' funnt'i is insPI'jt'c\ at 
dcsirpd dt'pths llnc\PI' L1ndist 1l1'\)('(1 
soil hOl·izons. SilwC' llH'I'l' art' no 
side walls (Itl' soil of lhl' I,\'sinwtpl' 
is 110t sepal'll,lt'd from the' udjoining 
soil. The pan funnl'ls th(' pl'I'C'oln­
Lion watpI' to 11 measul'ing ttw k. 
This type !111ows lltll'('sll'ict.('(lltLtNal 
mOYt'nwnt of soil wn,tt'1' Iwd SLll'fll,(,(, 
I'lll10 fl'. 

Ther(' has b('('n much crilicism of 
the diff('reut \Ysim('t('rs. Some }y­
simelers d:> not permit runoff, all 
the prt'cipita,tion being held 011 th(' 
gl"Ouud surface until it is absorbed. 
Otb('rs permit l'tlllofI but do not 
menSllrl' it, All bn Y(' !1rtifieilll bot­
toms tlmt do nol allow c!1pillary 
mOYC'IllC'nt of wn,t.C'r upwnrds. In 
nULl1Y h'sim('tC'rs the Hoor of the 
mettil ('olleC'tor in terru pts the nalu­
rnl dminage Iwd ('ILuses unua,Lur!11 
wC't 1l1YC'rs at lhC' bottom. SomC' 
pC'nnil' the lu.lC'ml movement of soil 
wn,ler, otbC'rs rC'striet it. 

Tl1£' ('osho('[on h'simeters w('re 
speC'iJically planned' ItS wl1,l('rC'yeip 
instruml'nts. Thprefore, dettLiled 
n.tlention in (lip cll'sign \\'I1S gin'n 
to soil-Wlill'r rpln,tionships that 
would ILfl'l'C'( Llwir pl'rfOrma11N'. 
En'IT dl'ort wns madp to diminn tl' 
the objeC'tionl\,bh' fC'n.(lu'('S of pre­
\'ious h'simetc'r installn,tions, 

The' ('oshocton h'simel('rs differ 
from' most installil,tions of this 
11l1tUl'l' in seYel'lLl respects (70).2 
Sonw of thl' morl' important fca­
tUl't'S of thpir construction ILIid op('r­
nlion l1I'l' us follows: 

1. Side wl1lls pr('wn t In.teml 
mO\'t'IllC'I\( of wntpr. 

:2, A In,l'gt' I'P(·tn,nguln,r surfu('(' 
111'l'a, G,22 x 14 f(,(,t, pt'rmits (TOP­

ping with n {i(·ld spn,cing of 4 COI'll 

I"OWS, 42 ilH'hl's Ilptlrl. 
:L The large surfn('p n,ren mini­

mizes the nrtifl('inJ bOl'dllr efTt'd 
n.1ong Rid('s of ensing, 

4, Ii'our sidp-wlLlI bI1tt\l's, inserted 
011 l'flch of till' four sides n,[t('r lh(' 
\YSinwlel' cn,sing ll!Hl b(,Pll sunk, I'P­
eiUCt.' \\'0 [t'1' scl'pnge dOWll thpsl' U 11­

~ 1t alie llum bers in parent hest·s refer (,0 
Litcm! lift' Citcd, p, l-l T. 

http:pl'ofi.le
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natural planes. These bn.ffles fu nc­
tion like piston rings. 

5. Preserving the natlll'al soil 
profile of topsoil, subsoil, alld geo­
logie parent material provides 11.lI 

opportunity to obserYl' soil-wn,te!' 
reLutions npp!'oximn,ting nalul'lll 
conditions. 

6. Pn,!'cnt-materinJ roC'k (shale or 
sandstone) about 3 feet t.hick ILt the 
bollom provides a nn.tumlmellns of 
tl'llnsmitting pf'I'cohLlion wIlter from 
the oyerlying soils to frf't' gl'llvi t~· 
water drnining of!' into observation 
tanks. Fissures Iwd ('l't'\'ict's in thl' 
rock hwcl' also nniul'ltlh' brl'nk the 
en,pillal:." columns through whieh 
ground walcr might otherwise rise. 
This roel\: la.HI' permits t.he inser­
t ion of pel'C'oln,tion piUlS and the l't'­
moyal of lhl' uncl('rh-iLltT I'oek ",iih­

, '" out int('rfel'ing with the nonnal 

downWil.i'd or upward m~)yem('nt of 
the waler. 

7. ~Ju\tiple percolation-pall bot­
toms in the l)'simetel's permit ob­
servn.tion of pereolalion at S sec­
tions of tll(' 14-foot length, 

S. Aut.omatic wl'igbing devices, 
c!pvelopt'd l'xpI'('ssl~' fol' this stud~', 
rl'cord wl'igbl ('hanges in the 65-toll 
soil mnss to a 5-POlllld aCC'Ul'acy. 
This is t'quivnlenl to about 0.01 
illch of wllter over tbe lysimeter 
sllrfaet' ILrelL From thesr weigh t 
l't'C'ords it was possiblt' to derive 
cln tiL 011 precipi taLion, condensatioll­
Ilbsorption of waler, I1nd eYl1po­
ll'l1llspil'l1,tion for yarious periods of 
lhl' (itw. 

A n10re cumplete description of 
lhese felltures along with the con­
struction and installatioll history is 
givcn furthe!' on. . 

REVIEW OF RECENT LITERATURE 


The li tN'al Ul't' reviewed her(' co\'­
t'rs, in gl'neml, thl' pel'iod from 19~~9 
to 1955. All t'xtpnsin' reyiew of 
lill'rnlure b.,- Kohnke pl al. (70) 
eovprl'C1 1wo and tl lmlf ern turips of 
l'esPILI'clt in I.,-sinwtr.\- up to 19:~9. 
~o I't'Iwtilion of lhis ex('('lknl 
('(',yipw is mad!'. 

The purpose of most I~'sinwtel' 
ilwesligalions hns lwen t.o study 
problpms in hyclrolog,", soil fertilily, 
01' both. A fpw studies, such as 
lhosp repol'll'C1 b~" '~'llllilllLll (132) 
nnd Colman (25), \\'l'l'e t'ont'el'nt'ci 
pl'imn,rily with lysiJlletel' design. 
Wallihn.n point{'(1 ou t tlml wi t h 
shallow I,\'sinwlpl's :30 in('hrs dN'P 
ILnd 12 inc'hps in ditUl1('tcl' it ,,"ns 
IH'Cl'SSI1.l·" lo us(' a tension of 10 ems. 
nWITUI'y'to provide drILinage COI'l'(,­
sponding to 111(' norma'! dminnge of 
tht' SQil. Colmn,n uSNI Ylwious 
dminlLgl' t('nsions to dt'lt'l'lnine 
watel' outflow und('(' e!Lell tension. 
It ILppelll'S from tlu'se dn.ll1 thn,t 
S01ut' tension is IwedNI to si llluln.l(' 
lmturn.l soil dminllge in shn,Llow 1.,"­

sirnl'lt'l's \\"bert' true soil rests (li­
reetl~' n,boYe till' percoln.tion paIlS. 
The Coshocton 1,"sinwtf'1's were de­
siglH'd lo oYt'l'eome this objeetion 
b)Y inelucling in the lysimete1' soil 
profile, nbou t ;~ f ppt of bedroC'k that 
would I'Pst dil'l'C'lI.,' Ilboy(' the per­
coln.tion pn,ns. 

Stuclil's on moisture eondition in 
lYsin1l'tt'l's by the uSP of t.ensiometers 
'~'Pl't' madt, 'by Richards et al. (104-). 
Among l'eC'pn t hydrologic studies 
mnde with lysinwters in tbis COUIl­

tr'~'! the mos't not('worthy arc those 
of ?\hl'tin and Rich (89) in Arizona, 
Colman !wd Hamilton (26) and 
Hamilton (50) in Cnlifol'llia, Stauf­
fpl' (116) in Illinois, tLnd Kilmer 
Pl nl. (69) in ·WisC'Ollsin. The lust 
two il1Y eSLign.tions 1llso illeluded 
stuclil's 011 nutrient losses ill the 
IWI'collltt' . 

Lysinwtl'I' studies of the nitrogen 
bitl!Lll('l' ill soils hllye bCt'1l made for 
Il long lime by numerous illvesti­
~ILlors both in t.his country and 
abroad. Examples of such studies 
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mad.e since 1939 include ,llOse line between the water reservoirs 
of Bizzell (9, 10) in New York, and the drainage pipes leading from 
Chapman et al. (24) in California, 
Karraker et al. (68) in Kentucky, 
and MacIntire et al. (86) in Tennes­
see. Stauffer and Rust (117) havc 
studied leaching losses, runoff, and 
percolate from eight Illinois soils. 
In addition to evaluating nitrogen 
losses from these soils, they in­
cluded in their study a determina­
tion of calcium, magnesium, po· 
tassium, sodium, sulfur, and silica. 
They also made a statisticn,l inter­
pretation of the elata. They con.. 
elude that their study indicated 
that leaching losses from soils were 
lower than was prcviously believed. 

The Tennessee station has made 
numerous studies on leaching of 
various chemicals for a long time. 
The investigations reported since 
1939 were made by ~Vl!LcIntire or 
Slll1W and their eoworL.-ers (27, 
75-86, 92, 93, 111.) 

Chapman and his coworkers in 
California have reported results 
of a number of lysimetel' investi­
gations (12, 22, 23) in which they 
studied the balance of plllnt nu­
trients and salts in irrigated soils. 
They reported gains, losses, and 
balance data for calcilUu, magne­
sium, potassium, sodium, phos­
phorus, sulfur, chlorine, bicar­
bonate, and nitmgen for a 15-year 
period. Their data indicate that 
about 8 percent of the total rainfall 
(about 11.5 inches annually) plus 
irrigation water applied would have 
to percolate through the soil to 
pl'event salt accumulation. 

:Mol'e recently Allison and Reeve 
(1) have used lysimeters ill Cali­
fornia to stuely plant response to 
salinity as influencecl by water­
table eonditiolls. For water-table 
control, eaeh lysimeter was pro­
vided with a float-va1ve type of 
head contml device, which was 
arl'l1nged to move up nnd down on 
It control panel. TIlt' movable 
float -valve~ wer('('ollneeted in the 

the bottom of the lysimeters. TIle 
desired water-table levels were es­
tablished by raising or lowering 
the float-valves on the control • 
panels. 

A number of lysimeter investi­
gations in forest cover are being 
carried on by the United States 
Forest Service at San Dimas, Calif. 
(26), Tucson, Ariz. (89), and else­
where. The extensive work by 
Lunt (74) with lysimeters on forest 
COVf'l' in Connecticut was con­
cerned primarily with the compo­
sition of the percolate. Other 
studies reported since 1939 on the 
composition of the percolate include 
th ose of Bizzell (9, 10) in New 
York, Volk and Bell (130, 131) 
and Volk (128, 12:J) in Florida, 
Roller and Bowen (105) in South 
CaToliua, Plice (102) in Oklahoma, 
Smith (114) in Arizona, and Kardos 
(67) in Washington. Filled-in ly­
simeters were used in all these 
investigations except that of Kar­
dos, who used the Ebermayer type. 
Neller and Forsee (95) of Florida 
report the use of a lysimeter for 
organic soils. Because of the high 
water table in organic soils, a 
special filled-in type of lysimeter 
was used in which the lysimeter 
soil surface was 4 feet above that 
of the adjacent fields. Joffe (63,64) 
in New Jersey reports a study of 
the movement of cations and an· 
ions through the soil profile by 
use of the Ebermayer type of ly­
simeter. Lowdermilk and Sundling 
(73) have used lysimeters in their 
study of the formation and signifi·· 
cance of erosion pavemen ts. 

Among the lysimeter investiga­
tions reported outside the United 
States are those of Bastisse and his 
coworkers (5, 7, 8, 30, 31) in 
France; Cav'anillas et a1. (16,21) in 
Spain; Deij (28, 29), Maschhaupt 
(90, ,91), and Visser (127) in Hol­
land; Geering (48) in Switzerland; 
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Drover and Barrett-Lennard (43), list of 100 references was gIven 
and Annett (2) in Australia; Roseau (122) . 
(106, 107, 108) in Alger'ia; Haouet Other investigations reported out­
(51) in Tunis; Sundara Ro,o et 0,1. 	 side the United States are those by 
(118) in India; Winnik (133) in 	 Arrhenius (3), Benjaminsen (8), 
Israel; Bryssine (14) in Morocco; Bl'uin (13), Carrente et 0,1. (15), 
Shawarbi (112) in Egypt; and de Gruyter (49), Dimo (32), Fried­
Smith (113) and Van't Woudt (125, rich (44-46), Galvez and Bueno 
126) in New Zealand. (47), Howell (62), Jolivbt and 

Some of the hydrologic studies Helias (65), Kupper (71), Lee (72), 
made,by use of lysimeters are those N atermunn (94), Odelien and Uhlen 
of Aslyng and Kristensen (4) on (97), Odelien and Vidme (98) , 
Danish soils; Boschi (11), who Scharrer and Kuhn (109), Scharrer, 
worked on auxiliary irrigation in Kuhn, and Liitmer (110), and 
lysimeters; Vall Doorn (33) on Suomi et 0,1. (119). 
hydrologic observation with lysim­ Data obtained from the Coshoc­
eters in Holland; Hesse (60), who ton lysimeters have been presented 
measured transpiration of plants in hydrologic data bulletins (123, 
by small lysimeters; Makkink (87, L~4), and in the papers of Dreibelbis 
88), who deter'mined evapotrans­ and Post (41, 42), Post and Dreibel­
piration from grassland; Hooghoudt bis (103), Harrold and Dreibelbis 
(61) on the use of lygimeters for (57,58), Harrold (52,56), Dreibel­
ground-water studies; Van Nievelt bis and Harrold (39), Dl'eibelbis 
(96) on drinking water supplies; (35-37), Dreibelbis and Bender 
Pfaff and Friecldch (99-101) on (38), and Harrold and Yoder (59). 
water balanrcs of soils; Theron These papers were concerned pri ­
(120) in South Africa on percolation marily ~with problems in hydrology. 
under fallow ancl crop conditions; In the work of Stackhou&e and 
and 	Kalweit (66), who presented Youker (115) the accuracy of Fiber­

glas-gypsum blocks was evaluateddata on the percentage of annual 
by the weighing lysimeter. Theevapotranspiration for each month 
papers by Dreibelbis (34) and bywith different kinds of plant cover; Dreibelbis and McGuinness (40)

Of particular in terest is the work reported on a study of the plant
of Turc (121, 122), who studied nutrien t losses in lysimcter perco­
the moisture balancE' in cfGPped lates. In the latter paper, a statis­
and uncropped soils in lysimeters tical interpretation w;as made of 
in various parts of the world. A the data obtained through 1955. 

\ 

w' 

DESCRIPTION AND HISTORY OF INSTALLATIONS 

The research plan developed in to provide data basic to the determi­
1935 for the Soil and Water Con­ nation of the rates and amounts of 
servation Research Station at Co­ water absorbed by the soil. In 
shocton, Ohio, provided for a study order to evaluate the extent to 
of all thE' factors affecting the which land-use practices affect 
disposal of precipitation as part of water absorption and conser'vation 
a comprehensive stuely designed to of water anci soil, and to obtain 
uncover the basic laws governing complete data on all phases of the 
agricultural hydrology. Precipi­ precipitation-disposal system, the 

• 
tation and smface-runoff measW'e­ studie~ also inelude& measurements 
ments from agricultmaJ fields were of the '\OSS of soil water by evapo'· 
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transpiration and percolation below 
the root zone. For this purpose, 
the Soil Oonservation Service built 
at Ooshocton, in the period 1937~40, 
a number of monolith lysimeters 
equipped with self-recording weigh­
ing mechanisms-the first in the 
histo!'y of lysimeter investigations. 

Since a major purpose of the 
lysimeters was to provide data 
needed in the analysis and interpre­
tation of watershed data, the lysim­
eters were established in areas 
representative of different water­
shed conditions. To avoid dis­
turbing the natural conditions of 
the watershed areas unduly, the 
lysimeters were installed on sites 
adjacent to the watersheds where 
the slope, aspect, and soil profile 
were typical of the watershed. 
Because of the high estimated cost 
of the desirable type of lysimeter, 
the lysimeter installations were 
limited to three sites as follows: 

1. Permanent grassland on steep 
(23.2 percent), well-drained soil 
(Muskingum silt loam); site YlOl. 

2. Rotation cropland on rolling 
(12.9 percent), well-drained soil 
(Muskil1gum silt loam); site YI02. 

i' 3. Rotation cropland on rolling 
(6.0 percerrt) , slowly permeable soil 
(Keene silt loam); site Y103. 

The location of the lysimeter sites 
and other hydrologic installations 
is shown on a map of the experiment 
station (fig. 1). Three lysimeters 
were constructed at each site. This 
unit at each site is referred to as a 
"lysimeter battery." Some of the 
more important nhysical andagro­
nomic features of the watersheds 
are shown in table l. 

Alllysimeters in the same l>'l,ttery 
were to be operated t,he same so as 
to disclose any discrepancies that 
might result from differences in­
herent in the soil blocks. A fourth 
lysimeter was subsequently added 
to the batteries at YlOl and Y103. 
At YI01 the additional lysimeter 

provided a means for measuring the 
hydrologic effect of different grass 
mixtures. At YI03 the additional 
lysimeter made it possible to operate 
two units according to a conserva­
tion plan and to keep two as a check. 
One lysimeter in each of the three 
batteries was equipped with nn 
au~omatic weight recording mech­
amsm. 

LYSIMETER SITES 
The physiography and soils at 


the three lysimeter sites vary III 

important respects. 


Physiographic characteristics (all 

elevations are for height above mean 

sea level): 


YI0l.-Land slope, 23.2 percent; as­
pect east; elevation of lysimeter surface 
about 1,185 feet; elevation of crown of 
hill above lysimeter site, 1,245 feet. 

YI02.-Land slope, 12.9 percent; as­
pect east; elevation of Iysimeter surface, 
about 1,185 feet; elevation of crown of 
hill above Iysimeter site, 1,200 feet. 

YI03.-Land slope, 6.0 percent; aspect 
south; elevation of lysimeter surface, 
about 1,128 feet; elevation of crown of 
hill above Iysimeter site, 1,130 feet. 

Soil types: 
YI0l, ]I.;[uskingurn silt loarn (sandstone 


origin) .-This soil type belongs to the 

Gray-Brown Podzolic group and is resid­

ual in origin. The entire profile is per­

meable and· has good drainage. A de­

scription of the profile nearlysimeter Y101 

follows: 


Depth 
(Inches) 
0-8 _____ Dark brown silt loam with 

texture approaching a loam. 
8-16____ Brown to yellowish-brown silt 

loam to loam with some 
sandstonc fragments.

16-33 __ _ Brown to yellDwish-brownloam 
vith sandstone fragments.

33-5L __ r Dmposed sandstone with 
,andstone fragments.

51-96 ___ ' .. ]htly decomposed sandstone 
rock with few sandstone 
fragments. 

YI02, lI{usk-.;"gurn silt loarn (shale 
origin).-This soil type belongs to the 
Gray-Brown Podzolic group, is residual 
in origin, ane, occurs extensively in the 
North Appalachian Region. There is 

• 
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LEGEND 

~. ~ Acr. Lj',imlltrl 

Cr~Smali Wat.r,hld ---'--, 
_ Runoff Sialions 1-1 
C_"":\wa'I'lh.d BoundalY 

o 
.... .. Groundwater ObH,wo'ion. 

'X ~ __~Coal Strip Mine 

LOCATION MAPJ_._R•••r~a'ion Boundary 

1000 1300 3000 neo ~o 
$c."""'" 

FmURE I.-Map of experimental area showing location of lysimeter batteries and 
other equipment used in obtaining hydrologic data. 
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TABLE 	l.-Physiographic and agronomic jeatures oj watersheds on Govern­
ment land 1l~ed jor hycir'ologic observations, ('oshocton, Ohio 

'Yater-I 1 Dr~in-! CO~'er and Predominant 
s~ed " Land lise . age i rotation 2 , Practice 3, soil type
No 1 \ 'lre'l 

13'---' 	Wood,_ j ~.'2:..-I-:'mwOOd,~~'~0"'''vauon~-:'''king'''n 10=. 
132-··'1.'· __ do.•.•. - - j • 59 ioo· .. do. __ . -_"'" _. _do. _____ i Keene silt loam. 
IS'1.__ _ Reforested._' . 92 I Pines. ___ .... _' .... _do __ .. _ _ _ Muskingum silt 

loam. 
130•• __I l\Ieado\L._. 1. 63 Alfalfa-timothy_' ... _' .do_ . . Do. 
129 ____ 1Pasture. _'_, 2.71 Alfalfa,ladino I 

• 	 clover, bronlP­
t 	 grass. i_.,_~_do .... _"" ___ , Do.

135 ____ ;___ do __ oo.__ 2.69 l'overty grass, Poor........ -' 
 Do. 
, . briars. 

102 ____ 1__ ·do____ .. _ 1. 26 Alfalfa,ladino, Gonsen'atiol!.' Do. 
clover, broll1e· 
gruss.

104_ .•• ,._.do_.••... L :33 Bluegrass_..... !_. ___ do __ .. _.,. Do.
109_... : Cultivated __ 1. U9 C·W-:\f·"L __ '" .do_ .. __ . Du.
115__ ..••.do._ •. _.. ' 1. 61 '. _._do_.. Poor_ """ :'f	uskinglllll and 

Keenp silt loam.
123.. __ , 	..do...... . 1. ;~7 . _.do __ . ('onSt'n'ation _ Kccnp silt loam.
127._. 	 _.do... _.. . 1. 65 __ ..• do. ___ .... _. :'fulch. Do.
103.. _.,_._do.•. _ . . 65 :'1·('-\\,·:'L .. _ Conservation Do . 
1l0..•• !_ •• do. __ .• _. 1. 27 :. ____ do•• _.•.• ' Poor__ . ____ .• Do.128.. _-' ___ do __ .. __ _ 2.68 ' ... __ do_ ....... ' :'Iulch. :'luilkinguHl loam.

llL. __L..do_.•. __ . L 18 :'l-:'[-C-W... _. __ ..do••. __ Coshocton silt 

! loam.
113__ •• !...do. __ .... ' 1.45 ,..... oodo•..... Consernltion i Do.
118_._.'-_.do_•.. _. ,f L 9(j ' .... _do___ .. Poor_ . _ ' Do.
106___ 	 _.do. ____ •. ' _ _ + 1. 56 W -:'1-:\1·('. .. . _,. _do•.. _.. :'fIIskfngUIl1 loam. 121•• __ .. __ do•. ___ ._ 1. -12 : ..•do. COllservation Do.
188. __ .i.-_do_-_oO . 2. 05 ! • _ • _ do . __ •.. _ :.rulch. :'[w;kiJlgulll silt 

i loam.192___ +__ do___ .. 7.59 ____ Poor.,:,I·C-W-:.L • Do. 
185--- ..dO __ - 7.40 Contour strip COll~l'rvation Do. 

cropped. 
187__ ·_I_._~0T ... '.. 7.20 __ ...do. _____ ., .•do ___ . ___ , Keene silt IOnl!l ..169____ 	 MIxed. ,. 29.0 :\fixed. . .do... :'Iixed. 
172.___ 	 Woods... . 4a. U Woods ..•do. _. Do.
177._._ ~lixed_ 75.6 :'lixed. ., .clo. Do.
I83_ ... _! __ .do...... 74.2 1- • _do_. Poor Do.
196._._\•.• do... _ .:303 .....do.. __ do .. Do. 

I Sl'e fig. 1 for location in rplalion to Ivsillletcr battl'fit';:; 1'101, 1'102,. and Yloa. 
2 C-corn, \V-wllt'at, :'[-Jlwadow. • 
3 "Conservation" practice m('ans contour cultivation, high f('rtilit~· Il~vel. and lioil:; 

with pH of 7.0. "Poor" practil'p lIIeans ~traight row:,. low fertility level, and soils 
with pH of 5..1. 

'. 
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no mottling in the profile and the drainage 
is good. A description of the profile 
uear Iysimeter YI02 follows: 

De.pth 

(Inches) 

0-7 _•• _. Brown to vellowish-brown silt 

loam (plow layer).
7-14 ____ Yellowish-brown silt loam, 

slightly heavier than surfa\~e 
soil; occasional stulle frag­
ments. 

17-24-. _ Yellowish-brown silt loam to 
fine sandy loam containing 
many sandy shllle fragments.

24-311. __ Partly decomposed shalC' in 
various ~tages of decompo­
sition; fragments increllsing 
in size with depth. 

3!)-60 __ Layer of shale in various stages 
of decomposition containing 
layers of ferruginous ma­
terilll; mostly undecomposed.

60-!)6 ___ Bedrock cO;'1sisting of undC'­
composed shale with somC' 
HhalC' in first stages of decom­
position: 

YI0S, Keene silt IOClIll.-This soil typr 
OCClm; extensively in the vicillib' of the 
experiment statioll. It belongs· to the 
same group of uplllnd ,;oils as thl' :'IIus­
kingum series but differH distinctly from 
the latter ill its hydrologic characteristics. 
The subsoil is characlt'rized bya heavy, 
relatively impermeable, silty clay whereas 
til(' :'Iluskingum silt loam subsoil is a 
rather perdow:; loam or silt loam. A 
description of the profile lIear Iysimctcr 
YI03 follows: 
Depth 
(Inches) 
0-7 __ .. _ Omy-brown silt loam (plow 

layer). 
7-15. _ . Yellowish-brown silt loam; UII­

mottled; slightly helt\' ier 
than surface' soil. 

l5-27 _ .• Yellowish-brown silt loam to 
silty clay loam; sligh tIy 
mottled with gmy. 

27-4.1 .. __ :'IIottled gmy, yellowish-brown 
and rust-brown heavy silty 
clay, gray color prE'dominat­
ing. 

-1·1-76 __ • Oray heavy silty clay contain­
ing shale fragments. 

76-!)6 _" Partially decomposed clay shale 
to decomposed ('Iay shalc. 

The mcchanical analysi:; of t1ll'se soil:; 
is given in table 2, and the chemical 
11IIalysis of typical soil profiles adjacent 
to the Iy&imeters is given in table :3. 
These annlyses, based on samples taken 
at the time the Iysimeter casings were 
being sunk, include It complete profile to 
a depth of 8 feet. 

.t ;;050!) 0-58--:1 

LYSIMETER CONSTRUCTION 

A careful study of the literature 
and an inspection of conventional 
types of lysimetcrs revealed that 
none were adeqUtlte for the pur­
poses of this study. The Coshocton 
lysimeters were ~L distinct departure 
from previous installations in de­
tails of design itlid in the broad 
scope of information obtainable. 

The plan and t,ypical cross section 
of n, battrr:; of 1ysimetcrs appear in 
figu['(' 2. The three lysimeters of 
l'ach hnHctT were constructed close 
tog('ther in 'ol'(ler to keep the length 
of til(' shelter tunnels to a minimum. 
A Sptu·(, of 6 feet between adjoining 
soil blocks was I:equired to pel'mit 
el1('losing eaeh block without dis­
turbing an~- of th(' others. 

'l'h(' soil bloek was enclosed by 
building a reinforeed ('oncrete cus­
ing with yertieu] walls in location 
on tlir ground surface and then low­
ering it b.\- removing the soil from 
beneath the bottom edge. The 
lower <'dge of the cnsing wns beveled, 
and t1 steel ('utting edge was at ­
tadled to facilitale lowering. The 
('nsing wns 8 feet high. The inside 
dinwl1sions werc 11 width of 6.22 feet 
11.{'I·OSS till' lnnd slopc and a length 
of 14 fcct, to proyidc an enclosed 
arc!"\' of 0.002 ncrc. The top and 
bottom cdgcs of thc walls were par­
allel to tIll' groulld surface. To pre­
Y('nl secpag(' of water thl'Ougb the 
('!Ising, til(' insid(' walls wer(' first 
coated with creosote, wll-ich pelle­
tmted into th(' por('s of the concrete, 
tmel then co\yered with hot asphalt. 

'I'h(' ('nsing wns {'onstrueted with 
4 horizolltal grooves l}~ inches deep 
.i n till' in tcrior inc(' of eaeh of the 
4 wnlls. After the easing was low­
en'l! to el\('lost' tIH' 8-foot undis­
turbed soil monolith, st('el stI:ips a 
illeill's wide wel'(' driven into these 
grooves, with l}f indH~s of each 
strip protruding illlo the soil mono­
Ii th. III cfl'eet, till' foul' strips !let 
liS piston rings ill a (',\'lilldel'of an 



-----

8 

.--- .--.,.---~ 

Soil depth 
represented . 

(incheii) , 

i
I 

"" 

..... 
~ 

t>:I 
a'J'Am~g 2.-111echanical analysis of soil profiles acUacent to lyshnftel'sl 

LYSDIETER YlOr, i\h'SKINGe':lI SnT LOAM (SA:\'DS'l'ONE) ~ a 


----,,-.--.------. '--1- Analysis of total Analysis of particles <2mll1. 
>
t' 


til 
materials d 

'_________________________ t' 

Description, 

; >2 mm. <2 mm.
i! 

---.....-----l---------------------------'----------

I Percent I Percent 
0-8--_- ______ i Dark brown silt loam________________________________ 10.11 89.9 
8-16 _________ ! Brown silt loam to loam ____________ .. ________________ 39.8 60.2 
16-33 _______ .1 J3rownloam with sandst,one frllgments _________________ 27.41 72.6 
33-5] - _______ Ii D~com~)osed sandstone with sanc!:otone :ra~ments____ _ _ __ 40. 2 : 59. ~ 
51-96 ________ Shghtly drromposed sandstone \11th fe\l fr.lgments______ 4.81 95. _ 

1 
-----~~...... '~---. ----.!-.--~.------- ---~ 

T~YSDIETER Y102, Ml'SKINGUM Su/)' LOA~I (SHALt;) 

0-7_________ -' Brown to yellowish-brown silt loam ___________________ .! 8. 2 I 
7-14.- _______ .I Yellowish-brown silt loam slightly heavier than surface I 3. 2 Il soil. 
14-24 _ _ _ _ _ _ 1 Yellowish-brown silt loam to fi ne sandy loam __________ _ 
24-39 ________1 Decomposed sandy shale ____________________________ _ 
39-46__ ------1 Mottled gray ~lI1d rust-brown clay shale _______________ _ 
46-60. _______1 Decomposed silty shale______________________________ _ 
60-74.. ______ Shale in first stages of decomposition __________________ _ 
74-96 _ _ _ __ _ __ Bedrock (shale) _____________________________________ j 

~-------- _______~r_-..-._._._..­

• 


6. 2 I 
1. 1 I 

24. 8 
53. 31 

__ ?:~-=-=_=_= 


91. 8 l 
96. 8 I 

Total sand 
2-0.05 mm. 

Percent 
38.1 
29.6 
45.0 
7Q. 8 
7:>.4 

-~-.....-..--.. "~---~------..---- !"3, 

28. 9 
27. 1 

= ==== =1 

93. 8 j54. 9 
98. 9 I 61. 0 I 
75. 2 I 48. 8 I 
46. 7 57. 9 

~.~=t~-=~= =~= 


I t"l 
t' 

1-3Total silt I Total clay ..... 
0.05-0.002/ <0.002 Z 

....mm. mm.
-----1------ ... 

" cO 
Percent Percent 

54.3 7.6 S52.61 17.8 
36.0 19.0 ~ 
l~. 1 13. ~ ~ 13.·1 11. ~ t"l 

1 ~ 

0 
"j 

~ 
63 . .] I 7. 7 ~ ....54. 7 18, 2 a 
27. 3 17. 7 fl 

1-3
24. 8 14. 2 d 
33. 9 17. 3 ~ 

t>:I28. 7 l3. 4 

=== ~== I===== =~=== 

, . __ ,u., . ,.,_.~:-f • 
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J,YSD1F:'I'lm YI(j:~, KI~I':NI1 SIIII' LOAM 

~~,~---.. ­
0-8 _________ _ 

Gmy-brOWIl flil t IOllllL _ "" ___ ,' • __ - - ... _ - _' - . - - - - - - I. J 98. 9 
8-15. - ____ ._ Yellowish-brown silt loam, unmoLUNL _ _ - - . _. _- - - _. - - ­ 5.2 94.8 
15-27 ... _. Ypllowish-brown silt; 1011lli to silty clay loam slighUy 2.4, 97.6 

maUled wit.h gray. 
27-41. Mottlpd gruy, yellowish-brown, lind rust.-broll'n silty O. 5 99. 5 

clay; gray predominant.. 
·\1-60. Gray Iwavy silly clay containing shlll(' frngll\ent.:l. - - - - -. - 2.2 97.8 
nO-83 Mostly decompoHed clay shalf'" -.. "- __ - .. - .... -"" 74.8 25.7 
83-9(j Partinlly decom pospd clay Rhale .. - _ ...... - ..... , - ...• - .. 76. 8 23. 2 

I AnalySt'S by p. R. DI'l'ib('lbis and F. A. PORt. 

2 No dlti:a. 


oG c::I • 

10. 6 78. 4 II. 0 
8. J 77.8 14. 1 
9. 1 63..~ 27.5 ~ 
9. 3 53. 1 37.6 8 

§
8. 2 54.2 37.6 .." 
8. 8 62.4 28. 8 g

14.2 62. 1 23.7 
~ 
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'j'AnMJ 3.-Chemical a.nal?ISis of tllpical profiles oj soils adjacent to l?lsimeters Yl01! Y102 an,d Y10:J 1 f-I. 
1 	 !JiI". 

J:'YSIMB1'Bll YJOl f M URKINOUM SllJl'lJOA1>t.(SANIlS'I'ON I~ OIUfJlN) 

Blillnex­ .Soil ,. . I I I 	 l~oAR I ' , Or- . ,
gallic~Iepth Hi011! '1'102 ]i'P20 3 J AI 20 3 MnO Can MgO KzO NJl20 l'20.; fl03 i~r~~- Total I N Ufltio ICillillllc I piP ~ 
ilia1;­ of OM C!\P!\Cl\;y(lI1che~) 	 Lioll ter t.o N M.K~ ~ --- -'-~;:-l!'~;l' p~--rPC-: PeJ'- 1~;~1 ;:~~. ~:;: --~~1~- - PCI'- Pr-;-;;: per-I' P\!I- J Pa­1---1----1_ 

('/'nt UIII cl'lIl I ('CIlI f('1l1 ('/'nl eml. rent Celli rcut rent cent rent 	 rent cent ~ 
0-.8. 7.2... 561 L 12 4. 2tlill. '16 0.40 0.34

1 
n.8tl I. !.)S; 0.50 O. l(l O. Iii 0,33100.1. 3 0.13 2. 650 20. 4 G. 15 5. I ()

8-lG 75. -\5 1.03 .\. In 12,31 .07 . In .. 82 2, 151 . ·17 . on .OU :1.78>100.51 .03 · :3a3 11. I 3. a4 4. 70 §
lli-27 72.7°1' on5. 5.2113.71 .. 031 .12 .SO 2.0(l! .68 .on .05 4.1!)IOO,47 .03 ,2(){\ O. !l 5. 3n 4. 55127-40 7·\. 50 .81 ,\. 28 12.81 .00 .12 . gO 2,50 .71 . Of>, .08 3.23100. U5 .02 .180 I). 3 3.!l4 4. (i0 t:rl 

t' 

40-5,1. 70.07 I. OIl <t. 37115. flU . (HI .13 .05 2.751 .48 .0.'>1 .02 4.02 !1\).88/ .02 · )40 7.a 5.21'4.·.10 
5·1-\)(L 185.531 .381 4. alii 6.02 . 071 . 0,11 ~1. Mil .31 .07, .10 I. 58 100. 451 ,01 .062 Ii, 2 1. 4 1 5. 20 Q 

1 .... 
.LYf\lMl~·I'Jm Y102, i\l UIlKI"OUM Hn,1' Lo.-\1.1 (RnA),t~ Olll(1IN) 

.... 
-I 
<J::i 

-------.---,I 3. 8111 L~ 7 
0-7. 75.3,d I. 13 O. \8. 0.2(1 0.88 2.07 O. '.18. 0.12. 0.23 5.08100. 781, {~-]O 2.130 21,3 5.70 5. 15 ~7-H 73. I!) I. 08 4.4a 12.83 · 05 . /(1 .!J4 2. 26 I. ')(i .08 . IH 4. 32 lOO. 47 .04 .380 0, 5 4, 7(\ 4. 75 
\4.-24 0!).01 • !Hl <. ""5 O~l"1 ..1"~. ,J,} • OG • 08 I. 08 2. 35 . -I,'} • 08 . 0) ,j. 83 100. 03 . 03 • 241 8. 0 5, 74 4. 70 ~ 
24-3!l 07. 48 I. 21 5. aD .16.71 .06 .D'I 1.20 2.M .n7 .on .12 ·1.70 100. 57! ,03 • a24 10. 8 '.I. 30 4. 30an-oo_ 03. ns L 22 6. H3 ·18. 00 .06. .17 I. 57 a.03 .54 . 12 .1:3 O.·H) !H). 81 .03 · ann 12.3 5.7() 4.40 t1 
Go-no 65.63 I. 17 7.52 Iii. 70 • Oli • I] 1. 46 2. 85 . 74 . 15 . 15 4. \)7 100. 57 . 03, · alia . \ I. 8. 5~ tl2 4. 60

1 1 1 	 ~ 
Ll'llllll1W~m Y103, K),gNI1 1:;11/1' LOAM 	 o 

~ 
---~--:-~""""'---;---"'--"'--~-o.-o; I. nI 0, 18 o. 1.01 O. Oli' 	 :;.0-7. 75. 20 1.12 .1. 88 HI.()O O. 30 0.33 5.1)5100.41 0.12 2.2(10 18.8 II. 32 5. (\0 o7-15 70.41i I. 12 5.02 12. 76 .10 .32 · n2 2. 27 . 83 . 08 . 03 5. 88 !H). 7!l .05 . 50S 10.2 n.03 5.50 ~ 
15-27 70.00 l. 11 (I. 54 la. au .05 . 2~i · 81 2. 13 . '18 • 08 . 04 5. 7!) 100. 08 .04 · aaa 8.8 !J.4ii ,1. ilO
27-31i, 03.56 I. 20 5.36 18.87 .02 .08, I. 08 2. 73 . 53 . ()7 . 02 (i. 85 100. 37 .04 .204 5.1 8.43 .1. 05
3U-4t ()2. 71 I. 02 12. ,14 14.48 .Ja . 08 • 70 2. I () . 34 . 33 . 03 (). 27 100. (i8 .03 .15a 5. 1 8.65 4.80 ~ 41-76. 07.13 L :13 3. !H ]7. un · (H .03 · 84 2.!)\) . 21 . 08 . 03 n. 80 100. 47 . 01 .255 0. 4 8. H2 5. 10
76-00. 58. 70 I. 22 7.00 J I). 24 · 14 .14 I. I I 3. 10 . \II . 12 . 02 7. 44 !HI. 74 .04 .2H2 7.3 11. 47 5. SO ~ 

t:rl 

I All:llyses by .fOil Schelling Iwd V. n.. Drf·ib(·lbis. 3 1\1. JO;, = milligralll equivalentI'!. 
!! Determined e1cclrollletriolllly on lIir-dry Ilamples IIsing the 

glass electrode. 

• 
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FfmmE 3.-Casing weighted with sanel bags to facilitatl' lowering in partly ('xc[wateel 
trl!Jlch. 
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engine. Here they I'pdu~(' allY tend­
ellCY for water to flow down till' 
cOIltuct surfuce bel \"eon soil and 
COll(,l'ete I'etain.in~ wull. LowC'l'inf; 
of the cusing (fig. :-!) WI1S fllc'ilitalecl 
by udding weight to the lop ILnd 
Pl1l'tiy exc!lY1Ltin~ the tn'nch below 
t hC' wall. 

The b(d cCHll of thl' soil monolith 
is suppol'ted by ppl'fol,atC'd sl('L,l 
pans that \\,l'l'(, jlwked Illong tlH' 
bottom ('(lg(' of thl' 8-fool ('on('I't'Ll' 
wltIl (,Ilsing (fif;. 4) lllllil thl' l'n til'(,'.. 
u ni t WIlS (,llclos('(llllld sealed. Con­
('1'('1 (' foole'l' walls SUppOl't til(' pn til'(, 
IlH1SS. One 1,-sim('t(,I' ill ('uch bl1t­
t('I',\- is sUPPol"t('(1 J))- thp st('C'1 b('llIllS 
of th(1 w('if;hing nw('hallism. Fig­
W'p 5 shows tl}(' SUl'flu'(' of h-siml'll'l' 
bllt t('n" Yl 02 u.fl('1' ('onstl'u("tion was 
(,Olllpl(ltpd. 

RECORDING FEATURES 

ERcb lysinlC'tpl" is <'quipp('d to 
("(\('ord llutomn,ti('nJI ,. lWei continu­
ousl.," the' sl1rfa('(' !"llno!!' and ])('1'('0­

lalion. Runoff from uphill areus is 
dil'('rtecl al'ouncI the I Ysi1l1eter. Ly­
sinll'tt'l' runoff' is ('oIlec.'tpd by trough 
al tlH' downhill pnd and piped to a 
lal'ge' tank whpl'p it uccumulates. 
A \\"Illpl' \('\"('1 l"peol'dpr operates on 
('aeh I'unoff' ('olleelor lank, sepa­
rn.tpl,- for pucb I ysinwtpl'. Percola­
tion 'Wl1tpl' thn,t' ]"ell('iles tht' 8-foot 
soil dppth is drninl'd by pipe to 
(~oI\ector tan ks, S(,Plll·l1t('I.,- £01' cnch 
I '·8im('t('l'. '\-aU'r I('v('1 I'(,Gorders 
on dl(,s(' LIlli ks pl'oyidt' cIn,tu on 
lin1(', nmounls, l1nd I'!Lt('S of percola­
tion. 

One I\'Sl111('tCI' in elleil of the three. 
blltlpJ'ips is ('quil)PNI fOI" weighing. 
'I'IH' 1l'fifJhillfJ Iiu'cha "islIl ('oIlsists of 
senles opel"n,t ilIg 011 til(' l('v(,1" and 
prpclulum I)['ill('iples. 'I'b('y were 
instl1lkd br jllcking up til(' eomplet(' 
lysinwter, I'olling tbe sCIlI(' fmme 
into pltH'e i)(,llelltil At, Ilnd then 
low(,l'ing thp Iysiml'lpl' until the 
settlP fmIlle ('111'1'ied th(' entil'e load 
of about 65 tons. Dead weight 
Lwlow tIl(' ('xp('ct('d mnge in weight 

Figure .j.~Pl'rcollltion pan~ brin/-( jacked bl'lll'tlth ~oil block. 
~. 

http:I'etain.in
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variance was eliminated by counter­
balances. A.ftel" installa"tion, the 
scales were tested over a 20,000­
pound range by the United States 
Kational Buren.u of Stn.ndards. The 
mechn.nism was founel to measure 
weight changes Lo the nearest 5 
pounds, which is slightly more than 
the weight of 0.01 inch of Wt1tC'l" on 
1;he lysimetC't" ttrea. Every 10 min­
utes 'the mechanism opC'r~tes auto­

maticn.lly to print on a pn.per tape 
the time, date, and the weight. 
The clock is spring-driven and the 
prin ting mcclutnism is actuated by 
clC'ctl"icitv. 

Grease placed in the nn.rrow cup­
shaped gap separating the movable 
l~Tsimeter from the surrounding soil 
n.t the ground surface permitted the 
weighing lysimeters to move freely 
n,nd at the same time prevented 

Figure 5.-Surface of IYliimeter battery )'102 aftpr conHtruction was complptl'd. 

TABLJo; 'i.-Date on which records for each ll/simeter bl'{ICLn 

LysinH'tpl' RUlloff l'prcolation SCllll' weight::; 

.Jan. 17, J\l;~8 Dpc. aI, 1n:37 :\onl'• 

.Jall. 10,10a8 !•.... do ... • lul\(' I, LH:~\l.l 
. do.. .do .. :\01H'. 

Dpe. :ll, J1l4.2 [ D('c. aI, l!1'12 ! .1 \111\' 3, I n·la. 

YJ.02A ____ ...•. .. .... .Jan. 6,ln;{8 D('c. :3[,l.n:u :\011('. 
Y102B__ • __ ._ 0", ••• ' c1o ..... i do .... Do." •• ___ • ..... 

Y102C______ . __ ....... .... . ..do...... D('c. ;l0, lO:n ~[ny, l!);)7, 


Apr. 26, U)·\O ~luy 11, 19aO. 
~ [!lr. I I, W·IO :\011('. 
• _••do __._ ..... Do. 
Mar. 20, lIHO Do. 

1 Scales trun~ferl'('d from YlO.IB to )"IOID ill ,/IIIH' I().Ja. • 
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nil' !tnd water from en tering the in the shelter tunnels and Ivsimeter 
shelter tunnel. The greuse allowed soils the same us in the" soil of 

• 
the lysimeter to move with very 
little'friction as evidenced by th'c 
sensitivity of the scale needle ciUt'ing 
periods of gllst.\~ winds, The senl 
also helpecllo keep the temperature 

adjacent crop fi.elds, 
The elutes on which runoff, perco­

lation, and scale weight records for 
etlC'h l,\'simeler began are given in 
tu ble 4, 

EXPERIMENTAL PROCEDURE 


AGRICULTURAL OPERAnONS 
ON L YSIMETERS 
OullurnJ tretttnll'n ts 011 till' lysilll­

eters wei'!.' designed to ]H'ovidp 
menSlll'pmcnts needed to PYltlui\,tt, 
the hydrology of: (1) Ppl'll1ltllent 
grnsses aud legumes Oll well-clmined 
soil; (2) It ('rop I'oltttion of (,Ol'll, 
whpnt. nnd 2 YPttl'S of meu.dow 011 

wt'll-dmined soil; alld (3) n, similttr 
I'otttlion on. slowly ]wrmpn.bip soiL. 
Agl'i('ultllJ'fi1 oppmlions W{'I'P clllTiC'd 
011 Ilt til(' Si\,me tinH' Itnd ILL tilt' SttllH' 
intt'tlsity ns ill tbt' t'ldjn(,Nlt [anll 
fields, Hn.u<l. tools Wert' lIspd in 
working tht' Iysillll'( pI' soil. Th(1 
ttbnol'mal bOl'ckr {'(reel common to 
mu.nv h-sillH'tPl'S wns OY(']'('0111(' b \' 
exteildil.1g the cropping ttl'pn nl'oun<1 
eneh bH.ttl'IT n, dj··,[nut'(' of n,t knst 
25 fee't ill ~).ll d il'('d ions, J,'or C'x­
ttmplp, com rows on Lh(' lysimntpl's 
\\'PI'(, px/ended into tllp bOl'ciPt'ing 
tu'ett for atl('ns( 25 fpN. nne! pltl'n,lIel 
rows W(,I'P plan ted 011 tltp contour 
ttboyp Iwd bt'low the Ivsinwters, 
'rlH' entin' ('I'Op 011 Pllcb'lysim.et(,I' 
WIlS I'emon,d n,t thp ('('gubtl' hn,rY('s( .. 	 li111P nnd \rield clp(pl'lll.inn.tiolls Wl'rf' 
mad(', .Lvsim.pkI'S 1'10213 nnd 
Yl02C \\,('I:P il'l'ignU'd in 195:3, 1954, 
lLnd 1955. 

A complete history of ltLnd-usC' 
opomlions and yields for l'llC'h 
lysimeter for lilt' 1936-55 period, by 
,YCtU'S, n.p penl'S in til(' fLP ]wlld ix, 

IRRIGATION OPERAnONS ON 
LYSIMETERS 
To meel the growing dell1lUld for 

dltta OIl crop lise of WIlLeI' wI! en' 

ncleq untp WH,tpl' is Ityu.ilable at all 
limes in til(' growing sel1son, an 
irrigation progmm WHS stnrted on 
Ivsinw[pl's Y102B ttlld YI02C in 
tl1(1 COl'll YPltl' 1953, 'Vfhenever half 
of tIll' n~'Hiln,bh' moistme in 2 feet 
of soil bl'C't1.mf' t'xhl111sted, \\,l1ter WitS 
n.pplipcI to rn.ist' the moisture COl1­
ll'lll of this ptU'( of the profile to the 
1OO-ppr('('n t le\'pi. Cltr(' was tl1ken 
not to l'x('('('d (itl' fidd f:ttPl1eity of 
this soil depth, Crop-rotation 
lysinwlPl's nt sitp Y102 wore se· 
]('('(('d for il'rign.tioll bpC'lLUSl' this 
soil is 1I10l'P droughty (ban nJ site 
Y1 0:3, hl'ign.l ion WHS applied OIL 
eol'll ill t he' snrnnwl' of 1953, 011 

wheal S('pel for ger11l1n n,tion in 
O('(obl'I' 1953, 011 UPW meadow in 
1954, and 011 firs['YelLl' meadow in 
1955, ' 

LYSIMETER RECORDING AP-
PARATUS 
SlIl'fll('L' l'llllofl' from ench Jysim­

(,(PI' wus piped to Sepnl'lLte htnks 
\\'h('l'(' l!tl' \\'H,Iel' necull1ulnted nne! 
thp d('ptit \\'ns nutor'lnticnJly nnd 
cOlltillllOllSI\'l'ccorded, Fl'om these 
dutrts, tltbldations WC'I'(I mad!' t.o 
pl'oddl' data on runofr lotn.ls, rateR, 
and tiull', by StOl'lUS, dttys, months, 
nnd Ycal'S, 

p(:,·colat.ing 'wate!'s lhn.t ;'eaehed 
(Itl' 8-foot clPpth werc piped to sep­
!'tl'att' tn.nks for apC'lllllulatiotl, Here 
till' d l'P l.It wns 1'(,C'Ol'd ed iLl.ld data 
\\'PI'(, tn,buln,lpdiu Lhl' same way u.s 
fot, !'Unoer. . 

('/tn/l ical (l.II.a{!l8il:i \\'US mnde of 
pen'oln.tc sllmples takl111 from ench 
pCI'('olMion tn.nk ('neh lime it was 

http:pen'oln.tc
http:bl'C't1.mf
http:exteildil.1g
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drained. Nitrates were determined Runoff and percolation values 
soon after sampling. Concentra­ were obtained from the individual 
tions of other solutes were deter­
mined from oomposites of several 
samples from the same perc01ation 
tank. 

Weight data were tabulated sep­
arately from the printed tapes taken 
from each of the weighing lysim­
eters and averaged for periods of 
an hour. Weight-change figures for 
various time periods were converted 
to inches ·of water depth OVel' the 
0.002-acre surface area by multiply­
ing by 0.002207. 111e water-depth 
values were summarized by days, 
months, and years. 

Weight change for the pel'iod of 
day when the lysimeter was con­
stantly losing weight was converted 
to inches and labeled do,ily ET 
(evapotranspiration). Likewise, 
consistent gains in weight were la­
beled CA (condensation and ab­
sorption). vYith few exceptions­
ET values represen ted the overall 
soil-moisture change fl'om the great­
est to the least weight figme for 
each day, and CA values repre­
sentedthe oVel'all weight increase 
from the daily minimum to the sub­
sequent maximllm weight value for 
the day. 11inor fiuctuations in 
weight between these daily ex­
tremes wel'e not used in the compu­
tations. During pel'iods of rainfall 
CA and ET were assumed to be 
zero. Percolation rates were con­
sidered and the weight-change val­
ues were modified in the computa­
tion of separate ET and C.A. values. 

Daily ET~CA vailles are the net 
109s of soil moisture for the 24-hour 
period. If there was no precipita­
tion, runoff, 0]' percoln,tion chu'ing 
this 24-hour period, E'1'-CA was 
obtained directly from the weight­
change figures. Otherwise, the fol­
lowing formula was used: 

ET-CA=Lysimeter Precipitation 

recorders. Storage-change values 
for the day were read from the 
hourly weight summnry and c~:m­
verted to inches of water. LysIm­
eter precipitation values were com­
puted from the lysimeter weight­
increase figures during the period 
of rainfall. The beginning and end­
ing time of the rain period was taken 
from the recording rain-gage chart. 
The following formula was used: 

Lysimeter Precipitation=Runoff+ 
Percolation + Weight Increase (all 
from the time precipitation began 
until it ended) 

Values of daily precipitation ob­
tained by this formula differed 
noticeably at times from those ob­
tained from the recording rain gage 
not more than 25 feet away. This 
variation is discussed in a later sec­
tion. 

Hygl'othermograph records pro­
vided continuous data on air tem­
perature and moisture at a height 
of 30 inches above the ground sur­
face. 

Thermograph records provided 
continuous data on air temperature 
at 2 inches above the ground sur­
face and at soil depths of %, 3, 6, 
12, and 24 inches. 

Evaporation records for most of 
the period of lysimeter record were 
obtained from a sunken pan 6 feet 
in diameter and 2 feet deep. The 
rim projected 4 inches above the 
ground surface and the water level 
was maintained at about 4 inches 
below the rim. The evaporation 
records were obtained through the 
nonfreezing period, April-October. 
An anemometer at this pall pro­
vided data on wind movem.ent for 
24-hourperiods. 

Barometric pressure was measured 
by a continuously recording baro­
graph. 

'." 

.., i 
, 

- Runoff- Percolation-Stornge Soil-moi&tul'e observations on 
Change. areas adj acent to the lysimeters • 
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were made periodically using field 
samples and Fiberglas-gypsum 

• 
blocks developed at this staHon 
(134-). No soil-moisture obserya­
tions were made witlul1 the Ivsim­
eters so as not to destro,~ the 
natmal soil structure. Fiberglas­
gypsum blocks, however, were 
placed in the plow layer of the lysim­
etel'S in battetT Yl02 for special 
obserya tions in connection with irri­
gation studics. Since these lysim­
eters were in 4-yeal; rotation, the 
disturbance of soil strueture by 
block placement in the 0- to 7-inch 
depth was harcUy objectionable be­
cause normn,l tillage practices nlso 
disturbed the structurc in this laver. 

In order to evaluate properly·'the 
basic factors afi'ecting water conser­
Yation and utilization, it was neces­
sary to obtain soil-moisture data for 
se,:eral differ en t layers of the profil e 
and to me.ke frequent determinu.­
tions of soil moisture during periods 
of rapid u.ceretion and depletion. 
1foistuTe observations wel'e made 
on the areas u.djacent to YI02 
(Muskingum silt lou.rn) and YI03 
(Keene silt lou.m) at the following 
depths: 0-1, 1-4, 4-7, 7-10, 10-14, 
14-24" u.ncI 24-40 inches. 

Field su.mpling for grn.yimetric 
deternUnatiOlls of soil moisture not 
only required much time and labor 
but also cut up the fieJd unduly. 
Therefore, this method wu.s replaced 
by the electl'icnJ-resistance method 
using Fiberglas-gypsum blocks, 
The sensitivity of the blocks in the 
range betweell field capacity and 
saturation made it possible to ob­
tain reasonably accmate resul ts in. 
the entire rn.nge of moisture from 
saturation to the wilting point fOl' 
the soils at the Ooshocton stl1tioll. 

Soil-watel'-plu.llt relationships u.re 
of greatest importance in the top 
40 inclles of tll(' profile because in 
this area most if not all of the plant 
roots lie within this zone. Using 
soil-moistlU'c data together with 
daily accretion and depletion datu. 
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from the weighing lysimeters, it 
was possible to construct a soil­
moisture graph l'epresenting the 0­
to 40-inch depth of soil to show 
probable daily changes throughout 
the year. 

In the construction of this graph 
certain assumptions were necessary 
relative to accretion and depletion. 
These assumptions, with some flexi­
bility in their application, are as 
follows: 

1. 	ET was assumed to come from 
the 0- to 40-inch depth of 
soil on YI020 and YI03A 
(each a 4-year rotation) 
regarclless of season. On 
YI0ID, which was in al­
falfa-bromegrass cover, it is 
likely some ET came from 
below the 40-inch depth. 

2. 	 In the winter when the soil 
was frozen, all precipitation 
that did not run off was 
assumed to be contained 
within the 0- to 40-inch 
depth. 

3. 	All precipitation was assumed 
to be contained within the 
0- to 40-inch layer when its 
soil-m.oisture content was 
less than field capacity. 
·When above field capacity, 
the fint 0.5 inch of pre­
cipitation was considered to 
be conti'1ined within the 0­
to 40-inch layer. When 
rainfall exceeded 0.5 inch, 
one-third of the additional 
amount was attributed to 
this layer and the balance 
was attributed to the zone 
below 40 inches. The re­
sulting soil-m.oisture curve 
is believed to be accurate 
within ± 0.5 inch with few 
exceptions, and often closer 
than ±0.2 ineh. Some yal­
ues on the calculated graph 
of soil moisture appeared 
to be more reliable than the 
sampled. points. 
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LIMITATIONS OF THE LYSIMETERS 


Cultural operations on the lysim· 
eters were necessarily limited to one 
standard crop rotation of 4 years on 
two of the lysimeter batteries and a 
permanent grass cover on the third. 
Facilities did not permit making a 
study of the hydrology of mature 
woodland or the hydrologic effects 
of such conseL'vation measures as 
reforestation, different cropping sys­
tems, and mulching. The perma­
nent-grass lysimeters, representing 
pasture areas, were clipped to cor­
respond with pasturing periods, but 
since actua.! grazing of the lysim­
eters was impractical, the effect of 
stock trampling on the soil surface 
could not be obtained. 

Evenr effort was mfl,de to work 
the sUl:fuce of the lysimetel' soils 
ill such a way that theiL' physical 
condition would conespond to that 
of the adjacent watersheds. How­
ever, the heavy implemen ts llsed in 
the cultivation of adj acent farm 
fields could not be used on the crop­
rotation lysimeters. Cultivation 
with hand tools and the weight of 
a workm.an probablj.T had less~effect 
on soil compaction than cultivn,tion 
with mechanizecl farm equipment. 

The lysimetel's in this study were 
not designed tc,'" measure surfnce 
runoff other than from the lvsim­
eters. Runoff from upper':lying 
areas was diverted arollnd the lysi1l1­
etcI'. All crops were planted on 
the contollr. No waterways were 
provided to CtU'l'Y runoff water 
downhill to the ('ollecting trough. 
Runoff occurred in the form of sheet 
flow OL' in small rills. All these 
limitations in the lysimeters are 
common to plot studies. ThE' con­
centration and development of sur­
face flow Oil plots or lysimeters, 
therefore, is not truly l'cpresen ta­
tive of natural field flows. 'rhe 
runoff data were needed, however, 

hydrologic factors affecting disposal 
of precipitation. The only lysim­
eter runoff data presented herein •
are monthly totals (tables 5, 6, 
and 7) and annual totals (figs. 6-17). 

The walls of the lysimeter casings 
prevented the lateral movement of 
water from or to the surrounding 
area. This was no serious limita­
tion for lysimeter batteries YlO1 
and Y102 as the soil profiles are well 
dmined, at least to the 8-foot depth. 
It is unlikely, therefore, that water 
moved latemlly in these lysimeters 
OL' even in the surrounding area. 
Spring 01' seep spots weee found 
ollly at lower elevations along the 
hillside. For the heavier soils of 
lysimeter battery Y103, lateral 
movement of water mav have 
occurred naturullyin the unconfined 
arens outside the" lysilfletel's during 
the temporary periods of perched 
water tables. The effed of the 
lysimeteL' walls in preventing In,ternl 
movement of water on percolaUoJ] 
and soil-moisture values is believed 
Lo be small. Except in periods of 
perched water tables, the walls 
would have lIO effect on the func­
tions of bn,ttery Y10;3. 

The accuracy of the weight re­
(,ords used for determination of 
soil-moisture stornge changes de­
pended on maintaining sufficienr 
clearance between the weighing 
lysimeters and the stationary walls 
01' other objects to permit free 
movement of thE' lysimeter. Be­
cause of tIlE' jamming of the weigh­
ing apparatus in the early years of 
lysimetel' operation, thr hourly 
weight readings prior to 1944 were 
of doubtful valuf.'. As the midnight­
values were unaffected, they weL'e 
used without reservation in deter­
miLling relit.ble daily ET-CA val­
ues. Sepamtr ET and CA values 

for complete evaluation of all the. were not derived. • 

http:workm.an
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The net daily loss in weight of 
the lysimeters unaccounted for by 

• 
runoff or percolation was designated 
evapotranspiration (ET). Begin­
ning in 1945, these daily changes in 
weight were divided into periods 
of increase (CA) and decrease (ET). 
The net change for the day was 
designated E'l' minus CA. All 
daily changes in storage were cal­
culated for the items ET, Cj.. , and 
ET-CA. This permitted an eval­
uatiQ!l of the importance' of periods 
of soil-moisture increases and de­
creases sepamll'ly. Snow drifting 
on or off the lysimeters gtwe' 
abnormal we'ight readings. When­
ever tbis happene'd, the corre­
sponding values of ET and CA UJ'(' 

footnoted. 
ET values, as derived fl'Om lysim­

etel' weight records by the' meth­
ods presented herein, can be used 
in man.v hydrologic evaluations. 
They may be used with precipita­
tion data to derive runoff values. 
For rnnoff determinations, however, 
some adjustment must be made for 
differences between values of rain­
gage and lysimeter-measured rain­
fall, and for CA that is not meas­
ured. These' adjustments ('an be' 

applied either to the precipitation 
data in the area under study or to 
the ET values in this report. The 
latter procedure, which is probably , 
the simpler, is as follows: 

Annual E'l' minus CA minus 4 
inehes (preeipitation-gage-data cor­
rection) equals an adjusted evapo­
transpiration value that can be used 
with precipitation-gage data. For 
example, with an average annual , 
ET value of 42.2 inches, CA of 10.3 . 
inches, and a gnge correction of 4 
inches, the usable evapotranspira­
tion value would be 27.9 inches. 
Thus, if the precipitation-gnge 
records in the studv area show an 
annual value of 40 Inches, the pre 
cipitation-minus-eyapotranspiration 
value would be 40-27.9, or about 
12 inehes. This remainder is eom­
monly attributed to runoff. 

The limitations mentioned above 
illustrnte some of the difficulties in­
volved in obtaining accurate lysim­
etel' and necessary related data. 
In spite of the liinitatiolls, these 
hydrologic' data are believed to be 
the most reliable of their kind that 
11lwe been obtained, either by 
actual meusurement or by the use 
of theol'('liea.l formulas. 

ANALYSIS OF RECORDS 


• 

The records obtained by means 
of the three automn1.i(' weighing 
lysimeters furnished basic data fur 
Hnalyses applicablt' to a wide field 
of agricultural hydrology. Results 
\\'ere derived in terms of soil-mois­
ture storage changes, satumtion de­
ficiencies, rate's of soil-moisture dl'­
pletion by crops, evapotranspira­
tion, condensation and absorption 
of atmospheric moisture, amounts 
and rates of pereolation, and plant­
nutrient losses in pereolates. The 
data represent a period of 12 years. 
Irrigation data are available for 
only 3 years. The results und eon· 

elusions may be modified as addi­
tional data are ohtained. , 

THE LYSIMETER AS A DEVICE 
FOR MEASURING THE ACCRE­
TION AND DEPLETION OF SOIL 
MOISTURE 

The lysimeters provided a means ; 
~ 

of measuring the l1ecretion of mois­
ture to the soil, depletion from the 
soil, !llld water-storage changes 
within the soil block. Monthlyand 
anllual summaries of these data for . 
YlOID, YI02C, and YI03A for the l 
period 1944-55 are given in tables i 
5, 6, and 7. The daily fluctuations \ 

I 
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Ty summary oIthe accretion, depletion, and storage oJ soil water as determ.ined by the weighing monolith 
lysimetcl' Yl01D, 1944-55-Coutinued ~ 
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TABLE 5.-Monthly summary of the accretionJ depletion, and storage of soil water as determined by the weighinirmor/,olith 
lysimete:r Yl0l D, nJ.U-55-Contillued t,j
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C!.fulv. •...•.• _._._.____________________ 3.39 .67 _ ·106 0 5.85 0 5.85 ________ 1. 79 ::0
AugusL ___ • ___ . _____ ._._ .. ___ • __ 3.571 .76t 4.33 0 4.80 0 4.80 ________ .47 > 
Sepi.('Ill\)l'L. __ _ _ _ ." __ ...... ,_ I. 4.2 1. 02! 2.44 0 3.7n 0 3.7n ._______ 1.35 t-

October ___ •. ____ .. _. _____ .. _•. _____ 6.24 1.01 f 7.25 0 ! 2.88, 0 I 2.88 4.37 _______ _ ):It 
NOv(,Ill!)pr._.__ _ _... _..• "_,, .--1 I. 55 11.28: 2.83 0 . 12.12 t 0 I 2.12 .71 _______ _ ~ 

DeCCll1iJ(,L. _,_ .•.•.• __ ..... ______ j 2.77 '1.501'_~I-_0__J_-'Lu2L.-0_- I.H2 2.35 -----._: '=' ::0 o 
t ­Totl\L -- ... ---- •. -- •...--------.-136.081 13.57 50.251 .021 ·j5.56 I 0 45.58 13.82 9.15 

. ~=J=-::::-,"=I_~' '=--====-.==1====1==== o 
C':I 

Pcrcl'ntagc of tol:ll ncc:retion or dC'PIl'-1 Percent IPercent! Percenl IPercerll I Percent I Percent Percent t-< 
Uon __ .. ___ . ___ . ___ .•___ ._._ 73.00 ~.OO~.OO .0·1 _\)\).06 L_O___IOO.oO 1.::.::.::.::1.:.:.::..:.:.:.::­

~ 
195ii-BronlP-lllfa\fa: i Inches 1,/1lches I 11lc=;:;;! i71cheS-Inch::jlnchl's Inche-; ----.--­ '=' 

.Tamlllry _ __ __ _ _ I. 82 1 I. 5\) J' 3.'.1] I 0 1 2. 20 I 0 2. 26 1. 15 - - - - - -"-
February____ ". ______ ... __ .. _1 3.57 1\.2·\ .1.81 .17112.101 .12 2.30 2.42 _______ _ ~ oMurel!. __ • ___ • ___ . ..J 5.071 11.93 7.00 1I 0 1 13. \)7 I. 05 5.02 L US .. _____ _ 
ApriL.. ___ .------ .. --,.--- '--- ___ ' __ 1 3.8!! i .fl!! ·1.88 .0\ 5.2·\ j .·1-1 .5.6!! ... --- .. - 0.81 o Z 
1\[lIy .... ____ .... ______ .. __ • _ •._..... 1. 70 .57 2.27 0 0.7!) .00 6.88 ____ ... _. 4.6J t-
JUIlP ... __________ ... ______ • ____ ..... 20.7·1 .76 27.50 0 5.50 0 5.56 l.n·1 __ • ____ _ 
.f lily __ ... __ . _ ., _ . _ . _____ .. _. _ _ .... 3. 82 . 60 .1. 42 0 n. 80 i 0 (\. 86 _______ • 2. H ~ 
AugllsL ______ ._ ... -_ .... _____ • __ J 3. (i6 .7(i 4.42 () 5.36 I 0 5.36 ____ ... __ . \l-l 
Scpt.{'I11\)(·r_........ _____ .•..• _" ___._. .. _I 2. ·15 - !H 3. 3!l, 0 4. 07 0 .1. 07 _ _ __ ____ . (i8 ~ Octobcr. __ --. --- ........ .-\ 2.,10 1.06 I 3.401 0 3. on 0 3.00 .37 _______ _ ..... 

Novcmht'r.. ._ 13.5·\ 1 1. 23 I 4.77 0 I 12.00 0 2.00 1 2.77 -----.-. ~ 
Dl'c\'mlwr .. ___________ ,. .35 11.(\7 2.02 0 12.04 0 2.0·\ ______ ._ .021 ~ 

t:'.l
Total.. ..... _______ .. ___ .. __ • _ __ __ _ ---30:Otf' l3. 34 '52. 35 j--.-18 -;-:m-3.lr-I-.-70 --51. 22 ::010.63 I !!.50 r:Jl 

Perccntagc of total accret ion or depl('- Perc/'nl j Percent P(!rcenl i1;;;'c('nt =;;;;'crnt I-;;;:;:cc;' Percent I 
__.._....!!~--. '.--- ---- --------- -:.-- --.:..-......2~...:')~_~:18 .. !O!.U)O__ . 3L _1~~.~~ .__3. 32 _IOO. 00 '- - - -- - --!- - .... --­

t-:)
1 Some snowfall during the month; 1;onl(' \-alul's Illay bc too 2 hlcludl'S irrigatioll of 3.(\1 inches. ~ 

high l)('cilUse of drifting of SIIOW. 

http:J_-'Lu2L.-0_-I.H2
http:6.06100.00
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TABLE 6.-:Alonthlll summmy oj the accretion, depletion, and storage oj soil water a.s determined by the lIfeighing monolith 
11lsimeter Yl02(\ 19J,/"-/j/j ~ 

o 
--~-....-'-~-"'~-><~" . ,------"'­._---,-----~..--r -··-··.~~c::t;o~· Stomge inDepletion 8-foot profile 

Y('ar, month, and crop grown 1-----::-----.,- 1-3 
l":I 

PreeiPi-1 Condell- 1 Net NetIJ~vaJ.lo'l Pereo.' o 
taliOIl sation Tot.al Rnnolf tmns- lation Total increase decreaseIpiraUon j ,~

1____ 11____1_- ~- '____1 1 ~ 
1041 -iHeadow: Tnehl's Inches Incites I Inches I 7neiLI's I' 7nc/u:1l I' Tnehcs Tn,ehes Inches to 

.J:lnUlu·v. 1. 1al.I 0 2. 2:) 0 1. 52 0 1. 52 O. 71 cj 

FebruaiT L 1)7 . 00 2. 0;3 1 • 02 I .1. 28 I . 01 1. aiL H2 ., --. El'~rarch" . ­ 0.1l8 .an 7.:37' .02 2.01,'l :1.·17 5.50 1.87 .•. ____," l":I 
ApriL •. ·1.:30 .:12 -1.02 .OJ 2.28 :3.22 5.51. "" 0.80 
J\hv 2. <II) • II 2. 60 0 4. 5:3 . 50 5. oa 2. 43 ~ .JU;I'P= . a. 80 . 12 a. n2 . 05 .1. 52 , . 10 .1. 67 . 75 
.July __ 2. 72 . 20 2. 1)2 . 00 .1. 25 ! . 02 4. H8 . 1. 4] ..... 

-1August.... 4.72 .JIl 4.HI .10 .1.:381 0 ·1.5·1 .H7- .. <0SpptC'1llber __ 2. 07 • ·I:J 2. 50 . 0·1 a. 16 0 a. 20 . . 70 
Octobpr. _. _ 1. 00 .70 2. 66 .01 2. 20 I 0 2. 27 . HO . _.. ­ !:1X OYPl1l bpr. _ 1.48 .81 2.20 0 1.601 0 1.6!l .60 " .. ' 
Decembf'r 4. 55 I 1. 44 5. Ill) . 06 I 2. 61 . 02 2. on :3.:30. _. - .. Ul

", :-... -- -.. '--'~.----:--,'~-"-- -- --.--' .--,'.----..- -1-- , .... ---- ..,. --": - -.---­ t:1Total .~8. 11 b.5.3 I 44. G·I .. 4.3 _ .~.1. .~!) . =_?:...:~~~ ·12.2fl 8. ;)0 L_ O. 18._-- t:.l ---- - "d 
PcrC('ntag£' Percent Percent Percent 1 Pen"'n! Percent Percentof.tota~., a~~rl't:ol.t. ~~:__ d('p~:~ _I P85~~3~' ~ 

tion.. __ l4. 6:3 100.00 1. 02 81. (j I 17. :17 ~.~:!~",I:'- _J -_:~,---- =-~-:~ =:=::~~::.:. -::.~,~--~.,.:- ~ 
1!l45·..Corn: Tnches Inches Inches Inches InI·he.~ (nehl's Tn('ht'.~ >­

.Janllary. 1. 63 12.2:3 a.86 0.08 12.15 0.20 2.4n I. 37 - . C). I Febru:in' _ 2.8a I L 82 4.75 .01 12. fi4 2.22 .1. 87 O. 12 i:S 
March' 1).03 .80 n.8a · In 2.70 7.7-1 10.72 .80 
ApriL. 4. 88 .5·' 5. -12 .05 :3. ·18 1. 82 5. :35 .07 ... -"' ~-

MIL\', 5. :32 • GO 5.1)8 .20 -1. 85 1. 8il fl. 88 .90 
.hllll' . 4. :34 .57 4. !)1 L 01) 3.07 . :~-1 5.40 .4n I.Iuly_ .. _ 2.85 .22 :30 07 .08 4.72 .13 .1. n:l L 80 l":I 
Aligust:. ~. 1. 23 .47 1. 70 .05 .1. 18 .0·1 4.27 2.57 
S('ptelll bl'l,',_ 0.66 .4·' 10.10 2. 0:3 a. ·10 0 5.43 4. 67 
Octol)('r __ __ 2.7·1 · !l1 3.05 · :Hl :30 24 .25 :t 88 .23 
November. 3.85 · Ill) 4.84 .05 2. :32 .67 a.o-I 1. 80 '" . 

De(~Plllbel' _ 2.40 1 L 13 il.5:1 · ·10 I 1. 87 • H:l :3. 20 . a:3 -- .. ~ -,-_. ----- -- .--,.....------- _---. ...- .......... _.- ------ ----­

,~~-~ .... " 



-. 0, . • 
Tolttl. 10. 2:l 60.4(i 8.2·1 7. OGI 50.86 I" 10.78 01. Hoi I' .1. H2 f :In. 01 ____'_1_'··==0=:.=, "-=_.."..'"'"'-;.- ''''='''~''I=. -"<.,~. -~---~-

Pf'I'CPllhlg(' of 10tHI 1l(:cl'('tion 01' rlpple'­ Perre!ll ppr('('~1 Prrrrnt Perrent I Pe~rl'lIt Perrenl Perrent 
tiOIl. ". 82. al 17. ·\.1 100. 00 7, G·\ Ho. 51 2(i. 85 100. 00 

-~--~~-l~·~.~ =o=C!==~~=' ~O_~ 

• 

10·10-Wlwlt\;; Inches 11lche,~ lllchrs I 11lches f.nchrs i lnchcs Illches Tnchcs Inches 

,lnnuary•.. LOll 1 1. 58 2. (i7 I O. 05 I 2.44 I' I. 08 :l. 57 O. !IO ~ Ff'brnary_. 4.6a 1.16 5.7!) I ,II 12.a2 2.40 4.81l 0.90 ~ ~lareh 2. 61 L 05 I a. 66 • 0 I.,a. 84 I' 1. (i(i 5. 5 I .I. 85 oApriL __ 1. 87 . 08 2. 55 0 I 5. II . 24 5. a5 2. 80 q 
~Ilty._ [j 98 . ao 6. :~~I I' . 02 ~. ~O ! . o~ ~. ao l. 04 ...... , • 
Jnll('._ .. 6.?~ .17 6.§.l .02 0.121.01 o'§.1 5
JlIly . 5.aa .:17 5.10, .0.11 5.59i .105.1.3 1. ~~_j --~ . -.-03 ~ .-.- a 41August.. 2. 40 . 52 2. !)2 J 0 I 5. 21' . 12 1 5. :1:3 . -. • ° 1. 51l ~ Sppt('lllbeL, . 88 . 77 I. (i5 0 3. 22 I • 02 a. 24 ... ----~- -1 
October.. 4. ~8 . 81l ? 27 • 02 2. fill i .0:3! 2. 7;1 2. 5:3 1_ - - - .. - ..I. 02 _. __ .. _NOVf'lllber 2. ,·1 1. I I .3. 85 . 0 I I 2. 18 ; . 0·1 I 2. 2,3 R 
DCl'pmbcr 1. 8i ___ .. _ .. o 

2. 83 1 I. 20 .1. on ! . 0 I " I 2. O(i : . 15 2. 22 ~ 

t<Total. _ - 41. 4U_[ ~.:..02._.~I. ::8' .20 ~~I O. 05~~1 0.04-j-9.5'8 o 
o 

P('r~l\nt:tgt' of total n('cf(·t1oll or d('ph'- Percc!,ll j' PI'{ct:nl !Percent PercP!,1 1 P('~CI'!,/ } Percen;, Perccnt 
G') 
~ 

tlon .• _ 80. 10-i-~~I-.!~~=-' oG.,_ 81~.~·~t~=~~Go__ 100.00 - . T'-' .--. ~ 
11l.J7-~Ie!ldo\\': Inches I [nclLes Inches Inches I Incht's . lnclll's Inches t3 

1.January._ 5. :35 I I. 4ll 0.801 ,02 12.. oa I .1. .10 (i. 15. O.O!) ... ~ Febnlllry.. 1. 15 I 1. 77 I 2.02 .00 12.51 1.. Hi 3.78 0.81 o 
1\.1 areh -. • 2. a3 I. 17 I :l. 50 . II 2. 70 . ·12 3. 21) . 2 I Z 
ApriL.. 4.28 .1)·1 1 5.22 .01 a. l:l I 2.01 5.15 .07., o

1.May... . 0. ·1:3 . H 7. 17 .03 4. 0·1 :l.00 7. (i7 .50 ~ 
J \lne.. 5. (i5 . 4·1 0. 00 . 04 I O. fi2 1. ·Hi 8. 12 2. 03 ~ .July__ ~.8·! .~5 :t2\J .Ol! 5.§1 i .08 5.\J0 2.~1 
AuguilL.. ,t701 ./a 4,40 .01 4.18, .02 ·1.81 .32 ~ September.__ :l.I:3 ,50 :3. (i:~ 0 I ? :I~ .01 ? :I~ ],8?
October. . I. 0·1 . 80 1. 84 0 .3. .31 0 .3. ,3 (" • I. 5,3 

UJ 

Xovelllber_ 2. (\7 1.0:3 :t 70 0 I I. 70 .01 I. 77 1.!):l. ~ 
l'lDecember.. I. 4!) 1.22 2.7J 0 I. (ill .01 1. 70 1.. 01 1-3 

---------1-----------------1--- l'l 
Total .• __ ,10.12 ~11. 28 51. 40 .2!J 4·t 52 12.28 5i. Oil 3.91 n. 60 U) 

PcrcClltage of total accretion or dppll'- Percent P(!rcent Percent Percent Percent. Percent Percent 
tiOll ... _____ .< •• ___ .............. _" ..••• __ 
 78.05 21. !l5 100.00 . 51 7i. !l8 21.51 100. 00 ----. ---1-------· 

~ 
l-'Sec footJiotcs Ilt end of tabl!'. 

http:0.121.01
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TABLE 6.-kfonthly summary ofthe accretion, depletion, and st07'afle oj soil water as deter'mined by the weighing 1'rwnolith 
lysimete1' Y1020, 1944-55-Continued ~ 

~~-~-----'--- ~, ~--...... ~~, ~--~ ,-~,~ ..-. --,......-~-----~-----..-.-- t-..:l 

\ • ]) I . I Sl,orugt' in\~~~=-I~~__.~._i_____,_._'_(~P rUon 8·fooh profile .,..,
Y('nr, month, llnd ('('op grown , . , J' I ~ 

P('('cipi- Conden-: j )i;vllpo- : Pereo- I Xe(: Xcii o 
tnt ion sation i TO!!II Runoff I t runs- 1 lulion Tottll I inc('{'fii';(! dpCfl'tlSt· ~ ~i pirut.ion i l-I: ' ; . t 

,. -----~--------.---.......-'""-~.-~- ----.--~ 
'-'--- .,.__._- '---' \----1---- o 
>­
t" 

!!l·18-:-I('ado\\,: h!C/U'i; ]71ch~s [n!hl's 1 Inchcs i 7'1lchrs I/lcil,'s I /lcht~ Inche.~ Inches to.lnnu:tlT. .J. ·12 I 1. ,,8 n.OO. 0 1. ')·1 0.01 1. .J:) :t 05 q
1"pbl'lI:II'\·. :3. 1·1 I 2.10 5.2·1 : 2.5·1. 1·1 2. !HI 2.55 t" 

t":-l:tl'('h : .1. 80· L :3·1 U. 1·1, • 08. !l. 00 2. a:l 5. ·11 .7:1 
t.=.1April., , ii. 1 7 i . 88 (i. 05 I .02 I .1. :l5 a. 88 8. 25 2.20 ..." 

:-Iay. :t (iii: . a7 .1. 02 i 0 7. 05 . 10 7. I.'i I j :3. I a Z 
.h1l11'" 5.05 .2G 5.:l1 J .01 7.02 .01 7.0.1 "" 1.7:3I .....,I uly a. 57 . :lG :.l. n:l I . 01 G. Oil • 0 I (i. I I. • • _ • 2.18 ....1AlII-\U';\', I. !l8 -I1. 12 I • 8:3 1.!l5 loa. Il:l 0 :l. n:l I ' . :!)Sl'p! PI11I)['r. :l.7·1 .(i:~ ·1.:l7 .01 a.GG 0 :l.G7 .70 
0('\01)('1' 2. 85 _8·1 :l. (i!! \' _01 2. 77, . 012. 7n, . no 1I ~ XO\'l'Il1lwl' :l.2:l 1. 01 .1. 2·', 0 , 2.2(j 1 .01 2.27! I. 117 i 
])('('PIlI h['1' Ul::.:31_' .. _.I.::~~,'~_~. 7~i__O__i 1. 01 ;__._O_I_,__]'~:..J_~'___ 

oTotal ·12.05 II, G8 5:3. 7:l II • 15!1 ·J(j.52 I (j.51 ;5:1. 181 II. 77 j .1 l. 22 
I==~===I___ .J '=== ~ 

P('l'{'pntnp;(' of tol:11 :lcrl'!'t ion 01' ;3dl'plp- '. P"1'Cfni Perccnl i Percenl II Pcrccnl-f Pcrcl'nl !-Perce;;tl I'cl'cl'ni I 
\.ion. - J 78.2U' 21. 7·1 100.00 .28 I 87.48: 12.2·' I 100.00 . .1. 

''''='-''--"'~=:----:-'=t ! ,i-~ -. i===!===' 
o 
"1 

I O·I\)·-{ 'om: lll!h~s 7nch(',~! 11l9h£~ , I neill'S 1 I/lchS~ I Inches i Irieht~ ! . >,J :1 1\11 n1'\' . n. ,)·1 1. l!l! G. {.3 O. 0 I., I. (O i O. J.I. I. ,)O! ,I. 8.3 o 
Fl'hrlltll'\' . 2.85 1. ]n I -1.0·1 .01 2.0\) f I. a5 :3. ·15 II .50 ::t: .....:-I:lreh .. :l. 8\) 1.;H, 5. 2:3 . 01 2. !l0 I 2. 02 .1. \l:l i • ao o 
ApriL. 2. U:l . 8:\: B. 7(j . 0 I.: .J. 02 . !l4 .1. 07 I 1. 21 
:\1:1)' • :3. 01 1. 17: .J. 18 . OU' 4. 07 . ·Hi -1.5\1 j. _. • 4.1 
.1 1I1l!'. ~ ..j ;~.:!O '!~II :!.18 .O~ ~.!!l .:32 ~.5(jl··· 1. :38 

l:O,I lily. _. (j. tI . ,tl (. 0-1 • I b ,. 04 • 18, {. 88 I .... _ .84 l'lAIlf(lIsL. 2.222. li8 I . UO :3. a7 0 5. 53 j' . Ou I 5. 50 .,. -.' - 'l'Spptl'mlwl'. .. a.-151 .nol 4.:35 .01 3.13 0 j a.l-1 1.21 __ 
Oetolwr.. ,1.0a: 1.I!)l 2.220 2.81. .(1)2.82 ...•.•. -1 . (i0 
.:'\O\·('III\)P\'. . I 1. 55 ! .07 I 2. 52 0 2. 28 . 02 II 2. ao . 2~ .­
l)P('PIl1b,'!'. ... 1·i_~2_._0-1_1 __1._1:"1 ..\. 1:3 0 ,__I._\_)(j_;__~___ I. !)(j 1__ 2_._,__" ___ 

i ._,.,.....,.....,,-," .:w, I 
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TABLE 6.-Monthlllsummal''!f of the accl'etion, depletion, and stora!Je of soU water as determined by the weighing monolith 
lY8imeter Y1020, 1944-55-001) tinucd c,..; 

"'~~'''-~---'--~~-,-'-'-- .............. I ... ".." -......~.. ~ 


Accretion I Depletion 8~~~~~~~oWle 
Year, mollth, and crop grown II-p-r-(\-c-iP-i-.....,..-(-:olld::--·-.. --~-I--~apo-l-p(~rc{)- t;5 

Net Not o
I tatiol\ SIlt.i011 Total I.R\lnoff trans- lfilion Toia\ incn'ase (!(>crcasc ~ I p 'ation 1 H a
1--- ---l----r 1---1---1---1--­ ~ 

10.52·.. ·.\ll'Ht!OI\·; l'1l('ill's I Inches l/llchrs hlC'I/(!s In('hl'.~ I ]n('hrs Inches Inell('8 Inciles b:j 
,Jamlary. (i.:3-1 1 I. 57 7,01 0.0·\ ' 2. fi7 1 -I. IB 0.7·' I. 17 d 
},~('h~'Wlr.\- 2.' !l21' I. 4.' 0 4. :~~ 0 1 2. 2·1 I 2. ?2 .~. !Hi O..6 • .1 ~ 
.\1:\1 ell .\. 01 1 1. (j-l 5. 6:1 . 0·1 1 2. 87 2. GO :1. .fl . 2·' t=j 

;\p!'iI ·LH 1.01 fi.15 .02 a.82 I.\l:~ 5.77 .62 ~ 
:\In)' :~. H2 . ·\8 .\. ·10 .01 5. \J.1 . ;W 6. :~2 I. !hl ~ 
.11111~' ~. O\l ! .5 ~ I a. ~O . 02 I (~. 18 . 02 (~. 22 :1. ~2 ,... 
.Inl} .3. !l.\ .4.3 I .\. .~7 .02 G.72 0 h.7·\ 2..37 ..... 

Al1g11S1 2. 05 .80 ,. 2. 85 . OJ 4. GO 0 .\. 01 J. 76 -I 


Heptpl1ll)('r 2.56 I . n :~. 20 .02 a. H 0 :t 76 .47 '" 

Ol'\olH'r ., . 781 J. 0·1 II I. 82 0 2. :~O . 01 2. :31 . ·HI ;:l

:\OI'P111\)l'L 1.72 '1.12 2.84 .01 11.8(\ 0 1.87 .\)7 

J)1'l't'1llIJl'r 2. 6·\ J J. 0-1 I :t 68 0 1 I. ·J8 0 1. ·\8 2.20 if. 


.-.-....~ -.. - ...---- --,- --1,--,-,-- ­
t::)

Tutn\ :n 7J 11. 77 -10. ·18 I!) ".J.. :32 11. fi8 56. HI I ..\. 58 1.1. 20 ['"l 
"0 

Pl'r,cpntnp;<' of total llel'I'PtiOll or d<,p\p- !l'!:),l'ent ! Pe~'('el:1 I Percent IPerl'(:lIi IPm'('ent Perl'/'nl Pe)'I'c II I 
======~c\==o..-=I==I===I======:====== 

"" t lUll • __ ~ ~ I (j. 2 I 2.t 7.J 100. 00 ..l·\ 78. 87 20.70 100.00 .. o 
hj====I=--="",ol==I==~=:===c ~I-·~~-" 

1!l5:~ Corl1: Triches I n('iws lnchl:.~ Incites Inches Inches lneiLI's >. 
.1:ull1nr\' 5.44 'L 10 G.5'1 0.01 I I. 75 0 I. 7fi •J. 78 o 

::0Fp})J'l1:irv I.H 11.21 2. {i5 o 12.08 0 2.08 .57 

:\Iart·h • a.4-1 11.15 'I. 50 .01 12. sa .Hi 2.70 1. 8!) 
 8
"\PI'i1_ ~ 2.61 .!l1 :t 52 .01 3. aa .51 a.85 O. :l:l 
;\I:\y 4. 28 1. 08 5. :l(i .02 4. :l6 I. 2·1 5. {i2 .2fi 
'/1111'/· 2. :~6 .87 :~. 2:~ .0:3 -I. la . 4:~ 4. ,'iU ., J. :3(i ~ 

::0 
.Iull' 28. 15 . :l7 8. 52 .02 7. 16 . ;5!J 7.57 .05 . ['"l 

Atlg·lI,;I.~ 24. (i!l .47 5. Hi .01 7.22 .22 7.45 .. - - - - 2. 2H 
S(·ptt'I11\)('r. 1.10 .75 I. 85 o .1. 20 .05 4.25 

- ~ 

2.40 
-----~--

Oct Qlwr .\. 14 .01 2. 61 .01 2.6:3 1. 512 2. !l:3,' 1. 21 
:\ 01'1'1111)('1' 1. :~2 I I. 2{i 2.58 o 12. :38 0 2. a8 . 20 I' _.... ' 
/)('('('111\)('1' 2. (iO 1 1. 47 .J. 1(i .0·1 12. (i7 .01 2.72 1.44 •...• _ 

-----~- - -.-.~,--~----

:.>. 



' 	 o.J '.• . '. 	 •
TotaL, 	 40. 45 I.\. 85 52. ao Hi ".1. 42 :!. 02 47. (i0 11. :H 6.64. 

Pprel'Jltage of t.otal :lrcretioJl 01' deple- -pe)~~en;:'l=perccnt l-i;;:;'~;~t-I"l~:;:;~;II"'p;~·~I)-;tl-pen.cnt IPer('ent I 

tioll. __ . ._"" ________ " 77. 3·1 22. (j6 ] 00. 00 . :1,1 n:l. a2 (i.:H 100. 00 


=====--====.= ""==--= ==-= , 	 I 
10.51--\\,ht'nt: Inches In('hes Inches Inchl's Inches Inches Inches Inches Inl,hes 

.J111l1l:U-Y _ .• ' 2. !l7 1 1. 72 ,J. (j() O. 2:~ 1 2. 50 O. 05 2. 78 1. Hl 1> 
Fe!Jrlllu'\' _. 2. O(i 1 1. 82 8. :38 . 05 1 2. "1 . 07 2. 5;~ . 85 c<J 
;\itll't'h . 4.48 1\.·11 .5.8,1 .00 18.:32 1.80 5.21 .6:~ 
Apl'iL. ___ _ 2. 82 1. 10 :3. 02 . 02 5.08 1. 10 (j. 20 2.28 §
}Iay__ .• 2. 20 . 28 2. 48 0 (j. 28 . I (j (i. 8!1 :3. HI 
.JUlIl' __ . _, 2. :1I .47 2.78 0 4.58 .0:3 4. (it 1. 83 
July __ ,.... ' 24.45 .!l0 .5.:35 .0,1 8.14 0 a.18 2.17 l:d 

~ 
Allgu.qt __ . __ _ :\.2:3 .74 :3, !17 .02 5. 12 .01 5. 15 1. 18 
Sl'pU'm1JI'I'__ . 2 2. !l8 . n 8. 71 . 01 4. 5(j 0 4. 57 .80 ~ 
October __ ' __ .. 5.48 . n:l 6.41 .02 a. on 0 8.11 a.,30 I:Gi\ov('m bel'_ ... 	 l. ,1:3 1 1. H) 2. 62 0 1 2. 02 0 2. 02 . 60 ~ 
Decem Iwl' _ . _ 	 , 2.08 11.45 4.1:3 .01 11.87 .01 1.80 2.24 -------- t::I 

l:d 
Tolal .. _ :37, 04 12.2,1 40.28 .4!) 43.02 :3.23 47.64 11.70 1 10.06 	 g 
PI'rC!'lltagp llf tot III ael'l'p1 iOIl 01' d(·plt·­	 o=P~~~~;;;:I=p;~~~nl l-p;;'C(!ni-II:>m'('cfI;t l-pc~~~I=-per('e~11 Percent I 	 o 

HOIL ___ 	 7:). III A. 8~ 100.00 1.0.3 Ow. 10 0.78 100.00 1_ - _____ 1__ ,,---- ~ 
=--:-:;::::.-:;;-::=:-~ =~--===-=======,~-= 	 == 

105,5·-}I<'ado\\': 	 Inches In('lirs In('hcs In('hes Inches Inches I1/.'(:hI:8 ;.­
Z.JIll1IlaI'Y _,._ 	 1. 70 1 1. 27 2. !l7 o 12.08 0.12 2: 20 0.77 t:I 

F(·bnIIlIT.. a.81 1 1. 5:l 5. :34 1:1 12. a5 2. 2!l 4. 77 .57 ,__ 

;\ia.rch _~ .. ,t.96 I 1. !)5 ri. !l1 H 1 :1. Oil 4. 02 7. 10 0.28 ~ 

ApriL .. _ ' :l.n .05 4. (j8 .02 4.48 .02 5.42 .74. 
 ~ i\1av _ 	 2 :l. 8-\ · ao 4. 14 .01 n. no · :12 7.2:3 a.oo 
•J1I11(' _ ' 2 .5. !I!l · (j8 n. (i7 .O:l 5. 00 _ Oil 5. (i(j 1.01 ,.. ~. 

July. __ . :1. 01 .58 4. 1!l .01 (i. 7,''1 .01 (i. 77 2.58 

AuguR!._. :l. 12 · :10 il.51 .02 (i. J8 o (i. 20 2. (l!) ~ 

SI'ptt'llll)('1' _ . 2. an .82 :1. 18 o :3.84 o :3, 84 .66 

Octol)('1' .. 2.2:3 .87 :l. 10 o :3. 46 · 01 :3.47 . :37 ~ 

;'\oVl'lliber _ :l. 48 1 1. 4.1 4. !l2 .02 12.2il · 01 2.26 2.60 

D('cl'1lI1wr, _ . :15 I 1. !)J 2. 2(i o '2.22 .01 2. 2:3 . Oil ~ 


t':lTotal __ :{!). 18 12.0!l .51. 87 . :38 4H. 12 7.74 57.2,1 5. 04 10.41 	 1-3 
t?1 
l:d 

tiOll__ _ _ _ _ _ _. _ , _ • ___ ' __ . ___ 75.54 24.·Hi 100.00 . fi7 85.81 l:l.p2 100.00 ,. _______ , ______ ' . rIl
Pl'rt'Plltagf' of tot'al accrt'l.ioll or c\(opl('c =1-;;-:;:;;'';;I''I''''j~~r(.c-;;/____ IO=Pc-;';';;;/1 PI'1'I'C;II-PC)'('(nt'll-p;;:'l'ent IPcrr'ent 1=1 

1 SOllll' sno\\'fllll dl1ring tht' mont h;50n1l.' valtl('!; rnay bC' ! 00 ., fnclud<,s irl'igation: 
high I)('C:ll1:;(' of drifting of !';no\\'. I!l5il-.Jl1ly, 2.\)3 incll('sj August, 2.!lO inchesj Oclol)('r, 

CI:)2.24 inchl's. 01l!15·1-.July, 1.13 inclwsj S"ptcmber, 1.65 inclll'S. 
l!155-May, 2.2fi inchesj .JlIlil', 3.07 inch!'!';. 

http:Allgu.qt


~ 
~ 

Accretion Depletion Storage in 
8-foot profile 

Year, month, and crop grown I 8 
I;;l 

preCiPi-1 conden-I 
tation sation Total 

I Evapo- Perco-
Runoff trans­ lation 

Net Net 
Total increase decrease ~ piratiOll ..... 

0 

] 944-!'IIpado,,-: Inches Inches
.Tnn uary__' ______ .. _, .. _ _ _. ___ .. __ • ____ 1. ] 5 O. faFebruary_____________________ , _________ 2. ]4 .88l\Iarch ___ _ ____ ., ______ '_____ . __________ 6. 10 .62ApriL_________________________________ :3. 8:3 .49l\Iay_________________________________ 

2.40 · ] 7 Junc_________________________________ 
:3. 15 · 17 July __________________________________ 
2.46 .07August ______________ ,, ________ . ________ 4. 39 .07SeptcnibC'r___________________________ 1. 84 .20October_______________________________ 
1. 81 .45K ovember. __ _ _ _ _ _ _ _ _ _ _ _ _ _ ___________ 1. 25 .39December ______________ • ______________ 4.54 11.56 

Inches 
1. 88 
:3. 02 
6.72 
4_ 32 
2.57 
:3. :32 
2. 5:3 
4.46 
2. 04 
2. 26 
1.64 
6.10 

Inches I Inches Inches 
o 1. ]4 O. 04 
o 1. 88 .25 
0 :3.28 2.9:3 
0 :3. 05 1. 67 
0 3. 97 .07 
.01 5. :35 .04 
.01 4. 68 . 02 
.02 4. 27 .02 
.01 2. 89 .01 

0 1. 70 .01 
0 1. 01 0 
.01 12.95 0 

Inches Inches Inches 
1. ]8 O. 70 -----­ ... ­
2. 1;~ .89 ---­ ... --­
6.21 .51 -------­
4. 72 -------­ 0.40 
4. 04 --------­ 1.47 
5.40. -------­ 2. 08 
4.71 -------­ 2.18 
4. :31 .15 -----­ ... ­
2.91 .87---­ .. --­
1. 71 .55 -------­
1. 01 6'). " ---­ .... --­
2. 96 :3. 14 -­ ... ----­

:> 
t"I 

t:r! 
c::j 
t"I 
t"I 
t%J 
8 ..... 
Z 
...... 
...... 
"'I 
<0 

~ 
fIl 

Total _______________________________ 
:35. 06 5. 80 40. 86 .06 36.17 5.06 41. 29 6. 57 7. 00 t:l 

t%J 
'"d 

P{'r.cC'ntagl' of t?tal accretion or dople- Percent PercenttIon __________ MOO_MOO. _____________ 85. S-1 14. ] 9 
Percent 
100.00 

Percent Percent Percent 
. 15 87. 60 12. 25 

-
Pe1'cent 
100.00 ---­ ... --­ -------­

!"3 
0 

] 945-Corn: Inches InchesJanuary______ . _________________ . ____ 2.04 12. ] 1 February______________________________ 
2.66 11.5:3!'IIareh ____________________________ . ___ 8.11 .56ApriL _______ " ________________________ 4. 89 .26lYItty _______________________________ ._ 
4. 82 .21lJuno_______ • ________________________ 
4. :37 .42July __________________________________ 
2.71 .2(1Augus!'.______________________________ 1. O,i · :38September.____________________________ 0.42 .4.1Octobpr _______________________________ 
2.78 .76Kovcmber. ____________________________ :3. 61 .67December __________________ . __________ 2. ]5 .82 

Inches 
4.15 
4.19 
8. 67 
5. 15 
5.11 
4.71l 
2. 97 
1. 42 
\l.8:3 
:3.54 
4. 28 
2. \)7 

Inches Inches lnches 
0.04 12.70 0 
.01 12.36 1. :37 
.07 2.79 5.47 

0 :3. 72 1. 37 
.01 5.25 .78 
.24 4.53 .06 
.02 5.98 ' .02 

0 4. 59 .01 
.01 2. 69 .55 
.01 a.21 .4:3 

0 2.21 .76 
.01 1. 93 .18 

lnches 
2. H l.H -_ ... ­ .... _-­
:3.74 .45 ---_.... _-­
8. :3:3 . :34, -------­
5.09 .06 ------~-

6. 04 -------­ G.1l3 
4.83 --------( .04 
6.02 :3.05-------­
4.60 -------­ :3.18 
:3. 25 6. 58 -------­
3. 65 ---_ ....... -­ .11 
2. 97 1. :31 -------­

~:..[ .85 ... _-----­

I"%j 

:> 
c:l 
~ ..... 
0 

~ 
c::j 
~ 
t%J 

• -l '. .­ • 



• • " 'J 

Totltl~ __ .. _ ,- .--- -- '--' .--- ___ 1==·1=8=.(=,0=1 -==='''' fi7.0" . -'21 -II. iI" I 11.00 I 53. 38 I 11. 00 I 7. :n ==== ====-\ -1- ==== 
Percl''IIl I pcrcell,'j Pcrce.!.l.l I P!!.rcw: Perce!!l Percent.P\ri~~:~:~g_(~_~f_ to~~~ n_c~'~~~i~~~ ~~._ d('~)~~-.1 P8~~I':;( I 14. 8·1 .I 00. 00 . (8 18. OJ 20. iiI 100. 00 1 ________ 1___ 

I\.l.I(),. \\"11('11 t : rnchl!s l-r=n=c7=w=s= filches j Inches In.ches fnchc,~ Inches.' Inches Inches 
,lallllnl'Y __ _ O. SO· 1 I. 67 2.56 0 12.23 0.80 3.03 ________ 0.7!J 

,;.>PI'1l I'll a IT __ _ ---..I -I. 11 1 I. 31 5. -12 . 0 I 12. 3·J 2. J!J ,I. 5·1 O. 53 _______ _ 
>­

:.It\rph . ... - - i 2..If) . 82 3. 28 0 3. 65 I. 03 ,I. 68 ____ _ _ __ J. 40 ~ 

Apl'il._ -, -I .L ,5!J . 72 2. 31 () 4..53 . 06 4. 5U ___ __ _ _ _ 2. 60 §
:'lay _, _ 5. HZ I Ii. 38 0 5.32 .03 5.35 .!i() _______ _ t"'..\6 
,IIlIll' ___ ,, __ ~. J(! . ~5 7..:1 

1I .. 01 (!. ~~ .50 !!.77 .68 _______ _ d,lilly . _. b. IG . 3.') 1 5. oJ I; . 0 I Ii. (I i • 0-1 Ii. 82 _. _•. _ _ _ 1. 28 ~ 
.\llgllsL, _ _-, 2 . .J 7 I .G~ t 3. Q~! I 0 5. til: . 02 .5. li3 • _ • _ • __ • 2. 64 ~ 8l'pll'lIl hpJ'. - .00 .S:1[ .LloJ () 3..13 .01 3.4,\ ___ . ____ \'6!J 
O('lohl'l' _ .1. ,12 I .81i I' 5.28 'I' .01 2.53 . (JI 2.55 2.73 ______ __ 
XO\"('IIli>l'1' _ I .) -- I -- 3 5'> () J ,.,. 1 .() I I 6- 1 8- ~-I. ~. I I I .' U), .' , ~ . "" I . . • I . oJ - - - - - - -- t:)D('cpm IH'I' -: ___ 2:_~ ___ :~:'I_'!~~J__O____~. H2 i___·28 I. \)0 I. 72 _______ _ ~ 

o 
t"'Total ,! ·10. 05 j !l. ·18 I ,50. 13 I .0·1 ·lfi. \)5 [ ,1.!l8· 50.!)7 8. 0\ I .10. 40 o 
,;.> 

Pt.'I'C'l'IlI:lP;l' of lolal :\('CI'I'I iOIl 01' lIt'plp- o-.i~;'I~;~'~-~. ;':;:,,~.,;,~cti;;;·;,;,,;t.l'l~;.;:;:;;-;t =;~~,;;.,~-.-.-r"'l;;:-,~;':'~;J Pmcllt-==== >< 
lion_.,__ ''-'~~}? L,,_~~_7:..!,~!~~" =_:...O!",~=~?I~j n.77 100.00 ___ ' ___ 1_____ =__ >­

Z 
t:)I n,t7 -- ;\I.t'I\(lolI': [lIch('s I hl/'III's filches 1-11 ch es TIIchl!s 11IIChl'S Iuchs 

'.':lnl!:ll'\'.. 5.28. I L 05 G.33 1 0 12.07 3.32 5.3ll O. !l4. __ • ____ • ~ Fl'bl'lllll',I' _ I. 12 I' I J. 53 2. (Hi .' 02 12. I n I . 28 2. '.I!l . Hi __ . ____ _ o 
:'Ial'ch 2. 80 I. 07 3. ::37 .03 2. 03 . 58 3. 5·1 O. 17 Z 
Apl'iI .1 ..13 .82 5.25l0 :3.201 LBO 5.10 .15 o 

t"':'111.1' ,: (i. ,1·1 1 .05 7.00 I .01 ·1.70 2.0(l 7.·13 4_______ .34 f:3.llllIl' "_1 ii.ini .·15 0.2·1' .02 f). no I 1.1.1 8.03 ______ 1.7!1 
~.J III L . a. 03 . ·I.'i 8. ·18 . 0 I ii. 00 . 05 ,5. 00 ______ , . 2. J 8 

Allgll~L .1 3.70 .03.·\.::33 .02 .1. (in .03 4.7·1 __ _____ .41 
f;pptl'IIlI)('I'_ I a. 18 I . ·15: 3. (\3 0 .5. 13 .02 5.15 _____ .__ I. 52 ~ 

Ul 
O('(OI>PI', I 1.21 j .7H 1.!l7 0 3.07 .01 3.08 .. ______ l.11 ..... 
::\"OVPIIlI>(,I'. I 2.7·1: . in I 3.50 0 I 1..1l) .01 I. .50 2.00 _______ _ ~ 

t"l 
Dpct'IllI)('I'_ .1 .. I,:j2 t • !I!) 2.51 0 I 1.37 0 1.37 1.1·1 -------- .." 

trl 
~Total -"':,o.77",i'--!)7;i- - .50~5 ----.-1-1- -.13. ·10 -~ 53. 48 7. 52 Ul.1. 30 

P,., rc('n \:IP;(' of 101:11 aeer!'1 iOIl 01' dppit'- - p~~;;';i =,;;,;;:;,;~' '-,-;;'~.-;:;',-;t ,- Pr~r~;llt. -,=P;:1:~(~nt Prrccllt. Per('e~l -' = 
lioll ____ " ____ • __ ..... _ __80.!~1 i I!).~!l 100.00 =-=.2~_ 8~',~_18.(j4. 100.00 I___ ~.:::. __ I::.: _____ ' 

~ 
~ s.,P footno(-p at Plld of lablp. 
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~ 
00 

Al'l'n'tioll .1 -;;:I~l'l~i:II-·· ~, ••.. -----.----. ­St.orage in 
8-foo\' profile 

Ypar, 111011\ h, nlld crop grown 8 
t'jPrl'cipi- Cundlln-! -··-··~-T·---~~~~:-,~:~_ . 

Nel I Net 
(ntiOIl I Halioll I Totlll ! .Rulloff !.rnl~s- laUon Tot,al I inert'IISl' decreli,w m . pmtllOn tj

·····-·····!--··--~·!~--·-·i~·---I----I I-~-·--,-_._-­ 1; 
lOIS ;\lplHlow: [nc"('.~ ; ll/c"r,~ InC'hes I T/(·hc'.~ JIIc'hes I 1'III·!ltw InC'hc.~ I1/ch£'s lllche.~ 

,I II II U:II'\' 3. 12 . 1 I. 2i ·J.3n o 1 1.58 I 0.01 I. .5n 2.80 
b;j 

FC'llI'II:II'\' . ,, a. 23 1 ) 1.13 .1. (Hi () 12.31 1 1.5·1 3. 85 .8.1 ~ 
i\lareh • i (' ')') .0·) t" 

), "-I .... ~·1.llG 1.2n 3.2·1 '1 2. 10 .5. ·15 .77 t'j..,ApriL .1. 8\1 i • ;j4 5. ·13 .02 .1. 5i > 2...12 i.OI I. 58 
i\lay 3.81 .3·1 ·1,1.5 ,01 0.88 · 10 G. !l!) 2. 8~1 Z 
,IUIIC' .5. 3!l .31 .5. 70 .02 i.57 .02 i. (il I. !II ....,IIII,\' 3. fiO · ·1·1 .1. 00 .01 (i. Oil .01 (i. II 2. II .... 

~IAlIl!;lI"l , !ll) · .51 I. :iO o 3. 05 .01 3. GG 2. 10 
Sup t.c.'I1IIll'f 3. Hl · ·15 .1. 3li .01 3.28 o 3.2!1 I. Of <0 

I) -I)Oelolll'1' -'. I ... , (i3 3. 35 .01 2.3·1 o 2.3;3 I. O(j Cl
f\O\'PI1IIll'r 3. 00 .83 3.83 o I. il o I. 71 2.12 

(fJ1)('('('1111)('1' 2. :37 I. (j·1 3. -II o I. ·15 o J. ·15 I. \In 
L, 

I I 'I ­
Total i ·1". n . 10 -1·1. (ii G. 30 I 51. 07 10. .53 10. no ~ ..,

P('I'('(,lIlal-(l' Df lotal :1('('rpliOIl 01' (\pplp­ Prl'(,(,llf '" 
lion 82. 25 o 

"1 
1!J1Il - CDI'll: TUl'h('.~ 7neill'S [I/('hrs 17/ll'h(·.~ 11/c'he's [1l('ltrN I [fI('hc,,~ >.1:1 II 11:1 n' .'i ·I!) I I. 05 0.5-1 0 1.8·1 I. IHi I a. 80 2. i·1 

Ji'('bl'wln' _ ::<l2. 87 1 I. 15 4.02. .01 ~20 1.5U I a.80 .. 22 ",..,
i\lllrcl! • , (j,1 o3. !lii I. ·11 ;i 30 3. 30 I. ·12 ·1. i2I ()
April 2.08 · (i·1 .37 I ·1.25 O. li3 c:l 

t"02 I o. I 3. 88 ..,i\1:lv 3.0·1 , .85 3.3. 80 . 02 .1. 02 • 1·1, .1. i8 .80 
c:l,11111(' 3. ,10 ! • (j!) .1. 00 .01 5.02 .01 I 5.0·1 1. 85 ::<l,llIlv _ 8. no j .28 t'l0. 18 I .I n I R. 83 · 05 I !l. 07l . II

AII~lIsL .70 a. ·1.5 .01 .5. R2 o 5. S3 2.38 
8epl ('Ill I)l'r .. ~: ~~ I I. 13 -I . .50 0 ' 3. 25 o 3. 25 I. 31 
OctolJl'r .. I. 0·1 ) I. 27 2. 3 I I () I 2. (i8 () 2. (iSj .. .37 
NOVl'mlll'r .. I r.1) I 

.01, I .07 2.5(i' 0 2. 10 o 2.10 .4G . 
DN'Plllbpr 3.01 I. 70 .1. i I I .0 I 2. 3;3 () ~~. 3~. 2. 3~ ..__..___ 

• 
'­

,. " ,.'.' • 



·0 • 
T(liitl 12. ·1f) 11,8·1 51. 20 • ~!) .1(\. Tn 5~ 5-1 52~ 58 7. sa 6 . .12 

~- ~~ 

• 

Pl'l'('PlllltJ:W of 10UII IIc('I'l'lion or dppll'- i Pcrccnt 1'('1'1'('11/ Perl'('1l1 Pe/'('cnl 1'('1'(,(,111 


lion i T8. III 21. III · ·11 88.1l!) 100.00 

=-=:-=1==I\li;() \\"1)('11 I: }I/I·he" lll(,"(',~ ll/clllw illches 1'11('711'8 Illches 1,/('7Ir8 Inches h/('hc8 

J:II111Hn' 8. 5!l I. ·to n. no n. 03 2. 58 .1. 7n 7.37 2.H2 > 
'1"l'lll'IlIl'r\, 3. 51) I I. g·1 5. ·13 .01 12.71i 2.21 .1. !lS (;) 

· ·15 ~ ;\1 arl'h • 2.1)·1 I I. Sil .1. 82 () 13.8·1 1.25 ;3.00 . <)-
~( Q 

....L 
April ,1.51 1.30 5. S-I ,01 3. 85 1.03 5. ·11l .35 I 
~IH\' 1.70 .50 5. 20 .01 Ii. iii , 13 n. 75 I. 55 § 
,lUll'!' I 2.03 .11O 2. 03 o fl. ·15 .0·1 0. 4!) 3.8(j 

0-,3 
j q

,lnh' G. tHl I. 00 7. (iO .01 .1. 73 .02 -I. 70 2. no ~1 

All P;11H t 2.12 · \)5 3.07 () 5. SO .02 5. 82 .. 2. 7S ~ Rl'pt ('mlll'1' 5. 58 · ns 0.2(j .01 ·1. ·1·1 .0·1 .1. ·I!! I. 77 
OC'i (llll'r 1. 5R .80 2. 38 o 3.37 .02 3.3!l .I. 01- Pi
1\(),'l'mlwl' Ii. 23 I .75 n. !l8 o 12.22 .0\1 2.31 .1. ti7 ~ 

~ ))PC'1'1ll \)1'1' 3, ·11 I 1. 15 .1. 50 .01 12, (in 2.!i7 5.3·1 .78 ~ 
-~ r o--~--

1'olnl 51. OT 12. Rli iii. 82 i · Oil 12.7n I 10.22 t" 
o 
(;)i 

P!'rr!'lltllgl' of t 01 III nrt'I'!'ti(l1l or dl'plp- 1'1'1'('('111 1)('/'('1'/1.1 j 1'('1'('('111 ~ 
lion RO. 18 100.00 15o >

Z 
1051 ,;\Ipn(\ow: I adlcR IIIC/II'S I nell 1'.' IlIchrs ]1/('he.~ \==---:0==1== ~ 

,lanll:ll',' 0.li5 n.71l D.OI 12. ,18 ti. J·I O. (j5 !;>'....F('hl'lI,in' .1. 30 I 1.1. 20 8.51l . 12 I n. 12 !t 71 ., _ I . .15 
1\l.nr('h • 5.71 I I. 71 7. ·12 .03 I 3. !Hi n. IHl · ·1:3 

o 
Z 

Apl'il 3. 58 1.2!i .1. 8·1 .01 3. ·18 5. ·10 .5U o 
t"l\ln\' !t 02 · fl5 3.27 .01 . 17 Ii. 50 3. 2!l 8.1I11il' 5. SI · !i5 0. ·1(; . ()2 . Oil ,5.05 .5J Pi,1111\' a. (j·t · :'5 :3. lin . ()2 .03 7.33 3.7·1 

Al1g.1I~1 , .75 1. 3D 2. 1·1 \ () .02 3. 68 1.M l:" 
8l'pl!'llllwl' B. 12 .75 3. S7 , .01 .01 ~ 3. 78 · on (Jl
Oet 01 ll'I' ' L !l·1 · Tn 2. n I 0 .01 3. 00 . <)-

~( 

1'\O\'PIl\ IH'r 5, (l·t I. S5 5. SO I 0 .01 I. 113 .1. 2G 1:'1 
~ 

1)P('f'lll bpI' fl. 02 12. (is : 8. no I .01 t.\. 23 I. Oil 5. :33 3. 27". -' . _____ 
.. ~-~~,.............-- ~
--"'-- ~TOlnl I .17.-.'Si H;. (is- (j.!. '11;-[ 027 51. 1i3 13.70 (j5. 50 n.21 1- 10.55 (Jl 

-- :'":.~-~,,:.~-.:;;::: ==1 1=,= 

P('I'CPlltllJ,(' of lolnl :ll'(,Tl'lioll or Prr('cnl P('/'('e71 I T'al,rnl
dppll'- 'j'j;IT;rnl /. p('/'(~";l-P('I'('I"~ l'p~I'~;'~
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of soil moisture, when summnrized 
separntely in terllls of CA nnd ET, 
pW"icieci IlLl ('ynhmtion of ('It('h of 
thest' moislm'p-ehnng:p [ndors, Thl' 
net soil-moistUl'(' ('hangl' (ET-C'A), 
how('\rer, \\'ill probably pro\'P to Iw 
u mort' useful ,'nlm' i'n the' lrl'llrl'lLi 
field of ngrieullul'Ill lrydrolog~" 
Accretion 

Tht' wl'ighing lysillH'tl'rs Hcquil'l'd 
moisturl' through prl'('ipitntion, 
sprinkler il'!'iglltion, ('ondC'nslttion, 
nnd n.bsorplion, Prl'eipitn.tion was 
mninh~ in tlIt' forl11 of ruin, but 
snow: sl('d, nnd Illtil \\'('1'(' also 
induded in till' I11cnsureml'n ls, 'I'll(' 
prccipitlllion dllla dl'riwc\ from 
Iysim('tcr \n'igh t ]'('('ol'(ls r('IH'('s('n t 
thl' nmounts falling to t1H' Cll.l,th's 
sllL'ftlC't' nS ('onlrastt'd with dILta. 
obtaint'ci l>\r th(' ordinary rain nnd 
snow gnges, TIl(' Intll'I' 'nrt' k110\\,11 

to 1)(' inndl'<1 uat!' during wiJld r 
!H.'I'iods, 

Condl'nsllliol1 \\'IIS rnninly thl' 
water ('onyprl!'d from. \,ltpOr'· 1'01'111 

in tht' ntmosphpl'p to liquid 011 tll(· 
"egclation 01' soil SUl'fl1(,(" It ill­
dudes also th!' llloislul'(' aiJsol'hcd 
by tht' soil from \'[lpor in tit(> air 
In.yl'rs 1l('11J' till' groulld surftw(' Ilnd 
the Wllt('I' ('OlI(\l'IlS('(1 from "apol' 
in th(' soil po I'('S , Con(\t'nslttion of 
YllpOr within th(' soil, I'('sulling 
from soil-ll'm.p(,l'llt ur(' fl uel ual ions, 
H('C'ount(>(1 1'01' 0111" n "<'IT small 
pnl'l (less thtl.\! 1 '1H'I'('('1\tf of lIH' 
lotnl ('011(\ C'llsaliOll, As soon ns th(' 
Yfipor bl'(,tWW liq uid on lill' "('g(lln­
lion 01' in thl' soil of lht, lysim('t('I's, 
its wpight wns r('('ol'dl'(l.\ypll­
d('finN\ \\'(·ight il)('I'C't1St'S during 
1)(>I'ioc\s of 110 j)I'('('ipilal ion \\'('.I'l' 
atll'ibut<,(\ to ('OIH\PllsIllion-n.i>sot'P 
tion, 

On'l'llll WPJi!h t iIH'l'('HS('S W('I'P 
ll1.bulntt'd for PII('h dllily II('('I'P! ion 
period Iwd ('Oll\'l'I,tl'd It) ill('\i('s of 
wnter, Plus find minus Yllrin,tiollS 
in wpight within p('I'iod:; of g('Jl('I'nl 
weight iIl('I'PnS(' \\'('L'P omi.U(·d ill till' 
cul('ulilt ions. Th liS, til(' CA ntiucs 

an' only net increases and, thcn'­
fOl'r, arc minimum Ynlu('s, If all 
thr minol' incl'cnses wen' totaled 
fol' eaeh da.y, thc I'csuita.nt CA 
"niucs would b(' gl'('a.trL' than thos(' 
gin'l1 herein, FUl'thcnllOrl', when­
('Y(, I' lI,tulspirnJion oeeut's dUl'ing 
til(' CA period, ollly till' l1('t wpigllt 
ehnllg(' ('1m 1)(' mcnsul'C'd, If it 
\\'('I'!' possibh' to l'\'nluall' thcse l wo 
S('pl1l'ull'ly, til(' 1'('suiuLnt values 
of ET und CA would 1)(' gl'Cillpl' 
thttn thosp pn'spnt.NI h(,I'pin, These 
1'('('ol'(ls mnd(' it possiblp lo dc,tel'­
milll' thl' houl's of cOIlc\rllsa.tion­
nbsol'ption, llnd ils fluctuation by 
St'11SOllS wi lh d ifTp('('nt \'('gdnl <'0\'­
('I'S, 0111 r mon thhr I),lld ltnllual 
yalul's llt'l' ginn ill lttblt's 5, (), 
nnd 7, 

PI'C('ipilalion wns u gl'l'aLct' lH,(,t'C­
lion flWiot' by fal' t1l11n C'ondellsalion 
nnd IlbSOl'ption ('ombincd, t1V(,L'Ilg­
ing abollt 80 pCl'cent of thl' iotal 
lH'('I'l'lion, GPliNldly, this pCl'ccn t­
ngl' \\'I1S 10wPI' dut'ing till' dl'iPI' ."cnrs 
nnd highl'I' dUl'ing lhp ,\'(~IU'S \\·hl'n 
pL'('('ipilalion wnS aiJon' nonna\. 
110\\'('\'PI', n.n appI'p('inble nlllount of 
moisllll'(' otlH'1' lhilll pt'Pcipiltllion 
WfiS suppliNllo till' soil and its plant 
('O\'~'I' thl'01lgh C'ondl'nslllioIHlbsol'p­
lion, This tt\'prngNI nbout 20 I)('t'­
(,pnl of llH' loinl M'('I'plion and '\'ns 
high(·1' dwing the' dl'iPI' ,n'nI'S, Ae­
tual [ll1l0unts l'tLngNI from G to !) 
in('\ll)S or wntpr 11I111'.lnll\', \-nlu('s 
mU('\1 gI'l'ulpl' lhnn tlH'S0 (tablrs 5, 
n, and 7) al'p sonw\\,hnt abnol'mal 
I)('('nus(' or drifting sno\\', DUl'ing 
tlw wint!'I' titl' driftilw of SIlO\\- ofr 
fll1d Oil llll' h-siIllNl'I~ is "al'iabl(' 
and til(' \'lIltll:S for P\'tlPOt I'n I1spi rn­
lioll ltnd ('OIHI('IlSILLion-llbsol'plioll, 
\\'hidl IU'(' bnsl'd on Iwtunl I \'sinwtt'I' 
w('ighls, I\I'P nl'('('sst1rily iiH'ol'l'(·('t. 
Wh(,ll this OC'CUI'!'('(!. till' Illolllilly 
,'!lIII ('S lll'P footl1oLl'd. Anl1ulil 
,'nlllPs 01' C'A thnl illl'lllc\(, 01H' or 
lllOl'l' fooll1oll'd \'Illul's Ilrt' gl'('lIlpl' 
thltn tl'1l(' CA \'!I.lut's. 

'I'll(' 1Hollthh- 'Tnl Ul'S of rondpnsll­
tioll-nbsOL'ptioil, \\'IWIl drifting SIlOW • 

http:pn'spnt.NI
http:I'csuita.nt
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had no e£feet, ranged frolll 0,07 to 
J ,56 inches and nYCl'l1ged n,bout 0,5 
to 0,6 inch pet' month, Although 
nnl!'h of this \\,ll(PI' was l'pmon'<I 
by evaporation lifter a fpw houl's of 
sunshine, tIl(' data indiei1l(' thnl dl'\\" 
has some moistu['("('OnS(lITation 
\'nllIP, This is descJ'ilwd in dC'lnil 
in 11. 1n,lpJ' s(I!'lion of this l'ppOJ't. 

1l is il1lel'l'slin~ lo 11011' thn.t in 
sonw lUonlhs of "PIT small minfnll 
dlll'ing 1Il!' gl'O\\'in~ SPHSOn, CA 
'"nlups ('onll'ii>uIP gl'('I1.lIy to till' 
totnl moistll1'P 11!'('I'plion 1'01' lh(' 
month, FoJ' ('xl1mpl!', millfnll 011 

1~'sinwtpJ' Y10ID ill August 1~)45 
(tabl!' ;)) totnl(ld O,H4 in<'h, nlld CA 
nmountl'd to 0,5(\ inch, 01' :ri P('I'­
!'pnl of tlll' tolnl 1l('('I'ption fOl' Au­
~lIsL Tn Spptpll1i>I'I' H14(\ 011 tIl(' 
Sllmp h-sillll'tPI' CA wns 0,00 inl'h. 
01' 4R r;I'I'('('nl of thp tottlIIH'('I'('(ioI1_ 
C'A and I'lLinftlll \\'(>1'1' IH'nd,'" ('qunl. 
Appnl'l'ntl," II. smull Illll0tInt of min­
fnll !llld high ml(>s of moist U1'1' I'X­
tl'tt<'tion I'pslrl[l'd ill it (/1',' soil. \\'hid! 
ill tU1'1l WitS ('oIHl\I<'in' [(i high \'!lItH'S 
of CA, 

Depletion 

Of Ihp tlu'l'(, dl'pl(ltion ['U('WI'S 
('\'apot I'll nspil'ltl ion, p{'J'('olnt iOIl, and 
nlllofT l"'llpotl·!lnspim.tioll. ill gl'll­
(Irnl. IH'('oun[pe! fOJ' thp most d(']>I(I­
tioll nnd runof!, tltl' Il'!lst. During 
mllll)' SUlI1111PI' lI10nths (I\'tlpo[I'Hns­

,0 	 pimlion \\'lIS gl'PlltPl' tl\lln I'ninfnl!. 
D\II'ing ~lul'('h llnd April. Pl'I'('oln­
tion "nlu('s 01'[('11 ('x('('(ld l'\,llpn[I'tlIlS­
pimtiol1 Ynhll's. l-::'l' ntlu(ls gi\'C'n 
hl'I'('in do l10t 1'(')>I'(1S (' II [ tIll' dnil,'" 
monthh-, 01' Iltlllunl mtl' of soil­
moist U j,p c\ppll'l iOll, If sUl'h d II tn 
1l1'(' dpsil'{'d . .I<;T-('A ,'nlll(ls should 
i>l' llsl'd, 1·'01' ('XHllIpll', in '\11l,\' 
1\154, E'l' Otl 't'lOIl) !lablt, ii) wus 
n.1 (j irH'hl's. HO\\,('\'('I', ('"\ 1'01' thl' 
snn1(' lllonth ,,-tlS o.71-:ilH'lt nnd (ltl' 
lll't d<,pll'tioll of soil l11ois[\ll'l' ,,"us 
n,l!l-O,'iN 'ET-C~\ I. OJ' '),:1.\ 
int'lll's, As min 1'01' tht' mOltth 

• 
to(nll'd 2.44 inl'hl'F, H('[unt stol'ng(' 
('hnl\~(, WIlS ;',:11-:-2,44, 01 2,H·\ 

.!;iO:i!lIJ () :,,,. J. 
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inC'hes, ET-CA is generully l'e­
felTed to us "('onsulllplin' USP" of 
,,'fLlp!, by ,'eg-Plfition, 

Anl1llul p,'upolrnnspil'fLlioll ,'alues 
rnngNI from a1,22 to 49.421n('hes on 
YIOI; fl'om :H,49 to 49,12 inches 
on Yi02; und fl'om :36,17 to 51.5:3 
in('hps on YIO:3, E,-apolruTlspirn­
lion wns !OWCII' in the' ell'Y Yen!' 1944 
than in otlw!' ,'ellI'S, It '!'ollstituted 
aboul RO J)(>['('l;nt of tht' tOtH! nnnual 
dl'pll'lioll On tIll' ~JuskillgUIll soils 
nnd Ithoul Xi' IH'I'CC'11 t on Ih!' Ket'nr 
silt lonm, 111 tllp dlT YPfU'S 195:3 
nlid I ()ij,!. hO\\('\'('I', hoth ih!' nmoun ( 
of ET lind thl' PPJ'('('lIlngr of drple­
lion wus ('ollsid(,I'ftlJly highrl' 011 

YIOID, nmounting lo OHI' 96 pel'­
('Pill i II 19:):3 nnd II pH 1'1,\' 100 Pl'l'­
('pnl ill 1954, This difrel'C'llC(' I'P­
sultpd Iurglll," fro III til(' influ(,IH'P of 
Yl'gl'ltl( i YP ('on'r sin!'l' pOY(,lt," grnss, 
wilh its non' shnllo\\' I'oot S,'S (('111 , 
1'('l1lo,'('(1 lpss \\"lltC'1' by tl'lll1spil'lltioll 
in I ~144 thull till' d('('I)('1' I'oot!'d 
alfnl fll.-bl'oml'grl\ss, which WIIS tlH' 
dominllnt "('gl'lntioll on I.,'si111 l'[l'I' 
Yl () I D nftl'1' 1947, Alfnlfu-bl'oll1l'­
gl':\ss ('OIlSlIllll'd so llluch W!llN nutl 
onl,' 1.5:3 inehps was a \'llilnbll' fOl' 
]ll'I'('olntion in I05:~ nne! nOI1(, in 
I\lii4. Enl.potl'tu!spil'lll ion in 1054 
IU110tllltt'e! [0 onl' nn IWI'c'('nt of til(' 
totlll d('pll'tiol1, 

:\ IOJ'(' Witt PI' was 1'('ll1o\'pd from 
lhl' soil by ("'tlpotl'uIISpil'lI,(ion ill 
~Iny, .111n(', .Tuly, ll11d AlI~ust than 
in o(IH'J' :nollths. High(,J' ll'lUlH'l'U­
111I'(,S Ilnd longl'1' dltyS \\'('1'(' ('o11d tI ­
<'in t0 hi~ll!'1' ET \-111 \I('S. Cone! i­
lions fn\'ol'nbIP to \'('gl'lntin' ~I'o\\'th 
inC'I'('llSNl P"llpoll'Ullspirntion, Th(' 
stH~(I of gl'owth of n ('I'Op, (hat is, (hp 
('.xtpI11 of Il'nf-lu'PIl til'ypIOPIlH'11t nnd 
Illlltul'ity. nls[J nffp(,t('d P\'upo(l'Hn­
spil'tltioll, FoJ' ('XI1m]>!e, on YIQ2C, 
th!' ('\'npotrnllspirnlion \'lllll€' 1'01' 
COI'Il in ~11l\- l\lii:~ \\"IU;O\'('I' I,;) in('hps 
IO\\'C'I' 1hili'! 1'01 lllel1do\\' in ~In.\' 
11),)2, Thl' ~1!1Y 1'1l1nfnll WIIS ilead~" 
til(' SllllH' hoth {-PILI'S. But til(' smnil 
II'll r 11I'PH of I h!: {'()J'Jl pin n Is I'('mond 
littll' soil wnll'l' by tl'HnspiJ'nlion in 
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1953; wltlcl' loss wus mainly in tilp 
form of ("·l1.pomtion. On tlH' ('on­
traiT lcnf nl'pl1. of tlH' mendo\\' cov­
erc<[ th(' ground ('ompit,tC'I), in .MI1.,\' 

1952, and \\'l1.tl'I' loss \\-ns mostJ)' by 
transpiration, 

Th(' nct loss to soil moislw'(' is 
prop('dy I'PPI't'Splllt'd by 1','n.POtl'ftll­
spirl1.tioll millus ('oll(\PllsnJioll-nb­
sOl'ptioll, This is 1'('ft'I'I'pel to ns 
ET-CA, (,lIITt'S of which 1'1,1'(' shown 
in figul'C's () to 17 fol' nll'ious l,\'fiim­
etel' (,I'OPS, l\0 l'ffol'l hns ('(,(,11 II1tldt' 

to scpm'/l,t(' ("rltpoll'ltIlSpiI'lLl iOIl ill to 
its ('ompot1(lnt plll'ls Sill('(' titt' ('0111­

binNI Yi1lul's pl'O\-idp th(' 1H'('pSS[UY 
information fol' hydl'ologiC' siu<i.i('s, 

'Ph(' efl'P('( of irt'igation 011 ET 
('un b(' OhS('IT('d ft'om datn:. fol' 195:3, 
1954, ltnd ] 955 ill lnb\ps 6 n,ne! I. 
ET yalu0S 1'01' Y I02(' priol' to il'l'i­
gation in 195:3 \\"(,I'P Ipss thllll 1'0,1' 
unil'l'ign.t('(I Y IO:3A_ Aflpl' il'l'ign­
tion, ET "nlu('s rot' 1'102(' ('x(,ppd pel 
Vt1111('s fol' Ullil'l'igtLlt'd YIO:{A fol' 
s{'YPl'lll months, This snnw I'dn­
tiollship pl'(,yltil('d in IH54 nlld I nDii, 

Soil-Moisture Storage Changes 

Til(' wpighing lysil11Npl', by Illlto­
J1l11.tienII," n'('ol'ding tlw \\'pil!h ts 
III IO-millu[!' ill [pl'\"uls, illdi(,n,lt'([ 
wlH'thl'1' soil-111oisl\ll'p slol'ngp wns 
tl('clulluln,tillg- 01' c1.('plptillg fol' 1111,'­

lWl'ioc! of L1H' day, As shown in 
Labl(ls 5, n, tlnd 7, til(' l\-sil1wtt'l's 
g-nilwd wpig-h t thl'ough' ill('1'('11S('S 
ill soil moisllll'(' ill ':;0111(' SpllSOI1S Ilnd 
lost moislul.'p 11101'(1 mpidly thnll il 
wns I'('('('in'd in oth('1' 5('I1S0I1S. TIll' 
monthl)" YllilJ('s r1'0111 Apl'il to St'P­
It'mlH'I' gl'l1PI'IlII\' sl!()\\"p(\ lo;;s('s or 
ll1oislul'p ill s[ol'ng-l'. ttltholl~h Apl'iI 
{tnel 8t' pl(lII1\)(,I' HII()\\'(,d !!Itins in 
SQIllP Y('ilI'S. \\'11(111 ]l1'(I('ipilI1tiOIl 
fol' tlll\- of tiJpsp mOil! Irs WtlS Ull­
usunlh~ hi"iJ n "!lill ill Sl(H'lll'\'• t'"I, t'" t'" 

I'('sitilpd, 'l'IIl' ollwl' mOllths r()('lo­
bpI' io ~ lfu'('h) gPIlt'I'uIly showpd u 
gnin in stol'ng-l' UIlIl's;; j.lI'('('ipittl.tioll 
WIlS w(III b('low lIol'lllnl. 

rl'lH' 11('[ Illlll1lnl stOl'llg('-('lrllll~(' 
nlhH's \"Iuieel from y!:IU' to ~·('Itl'. 

In th(' Wl't ),l'IU'S J945 and 1950, 
th(,I'p wns 0. 11('t ilH'I'cns(' in f;(Ol'l1gl', 
High monthl)- rainfnll, ho\\,('\'('I', 

cl id not nJ WI1 ,-s "PSlt! lin ItI! in('J'('I1S(, 
in moislul'(' sLorngp, FOI' ('xlunplll, 
mol'l' lhan 9 inehl's of min fell on 
til(' Y('IT wP( soil of Y I02(' in 
~ [o.l'('h i945, ypl thl' mon thly lid 
slol'l1gl' (\(,('I'pnsl'd 0,89 ill('h, pl'illci­
pall.- l)('cnus(' of ('x(,l's,>i n' IlPn'ola­
tion, 

Jn Spplt'IllIH'I' of t h(' snmp ,n'HI' 
on'l' !) illchl's of 1'llil1 fpll 011 Llll' Sltnll' 
1)-S[I11<'l(,I', but lhl' soil pl'ofil(, WHS 
fnl' fl'om SttlUl'ittNL '1'11('1'(' wns 110 

IWI'('olil,lioll, AIlhough I'll 11 0fl' of 
2,O:~ in('ill's I'pdu('pd till' Il('('l'dion 
'-HitI(' of thi' mill, upl slo!'ngl' iu­
('I'l'ilSNI ,L7D il1('hl's fol' thp moulh, 
On I \-sinwll'r 'YI O:~A, th(,I'(' WilS 
PI'H('Llcitl"- 110 I'ullofl' itlld thp S(OI'­
ngl' illl"'Nis(' wus gl'l~fttpl', amouuting 
to n,58 il1cllPS 1'01' th(' month, 

Storng(1 of moislul'P in the' Iysim­
{'lpl's in I "('itl' I'angl'd fl'om n mt1xi­
mum I!tli,i of on:I' (j illdws to 11 
maximum loss of O\-('l' 6 inehl's 
(tll.bll' 8), Th(' gl'('iLlpst loss in 
stol'ngl' O(,(,UI'I'('d ill 1052, til(' fil'st 
YPHI' of dl'ought. Totnl pI'pcipi­
lalion ill 1052 wus nbout 1101'111111, 
but fol' thp Insl 5 months of till' 
"('Ill' it WitS '-PIT ddi('i('lll. 'I'll(' 
ilOl'J1ml 1'(lCItlll'gP l)f soil 1ll0islul'(' ill 
lhp fan fwd ('nl'l\- ",inLl'!' mOllths WitS 
missl\lg Itlld. IU5:~ slnl'ipd with low 
soil-Jl1oist tII'(' storngl', 

PI'P('i pi IIll ion ill IHii:{ wns IlPIl!'I,'" 
I() inelH's hplo\\- nOl'maL ~ l'l siol'­
Hl!l' ('hllllgt' 1'01' thn,l ,HIli' 011 Y I OlD 
wm; n loss of 2.7H ill('itL's. ('Itllsl'd \)" 
tlH' ('xll'nctiol1 of J)1oistlll'p fl,'- d('('J)­
I'oo{l'd Idfnlfa and bl'Olllt'gl'tlSs. ~!'t 
':;lOI'IlI!P ('hn\l~p 011 1'IO:{A WIIS II gn.in 
of O,;'i4 ill('h, Il WitS jlls! ftboul (IS 

<In' n [ til!' (,IHI of tlH' '~('nl' us III ilH' 
b('~!innil1l!' ~ pt SlOl'lig(1 Cllllllgt' on 
1'102(' wus II gaill of -t.70 illCbl'S, 
Illo!ltly ns II 1'l'~HlIl of il'l'igalioll of 
8,07 indH's. 

~loislul'('-slOl'llgt' im'I'l'uSt' "'liS 
higllPst ill IH5:~' 011 Y102(', III 
195·1 it wus llollltml'i,\' IlS mu('.h itS 011 

'. 


• 
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TABLE S.-Annual net gain or loss in soil moisture for lllsimeters Y101D, 

Y102C, and Y103A, 194-4-55 (inches (~fwater) 


YIOID Y102(' 

"-.,.------ -~ "------ -...-------
Gaill Gaill Gaill Loss 

_____________ ____i_______ ____1____ ____ .....--___ 

1!l·I·I. O. ;{5 2. ;l!l O. .,2 
UN5. I. 85 a, (i!) 
L!).J(j ,5n i 0.5a I. !I!J
1!)·li .1. 07 5, Ii!) I :!. I:{ 

,', tn·18 • :10 ,5,1 . Oi . l!J4!1 I. 78 2. (in I.il \ _______ _ 
1!l50 0, 05 :t 27 

2.5-1 1------:.1!)51. 2.71 __ 1. 52 _. __ _ I. M 
Ifl52 4.52 _ n. 71 . _ _ _ _ _ 5. in 
UJ5a 2. iO -1,70 .MI --I!I5., .1. (i7 I. O.J -t. !l\! .• .. _ 
l.n55. I. I;{ • __ _ 5. :H."__ I -t. i!l 

TotIlL __ - l(j~52 - 17-.:-~8- --1-7-. 0-5- -I n. 82 1:3, 4.i I 17. 50 
:\,pL __ _ , 86 2. 77 __ r -t, o:{ 

YI01D and YIO:{A. 'I'hp on-rnil bt'ol1legl'nss was ll1nde 011 YI01D in 
('hnngr in moistuJ'r storngl' fol' (11(' April I 947 (Appt'ndix) Ilnd soil 
12-:-<'lu' pl'l'iod wns -0.85 inch 011 moisture' frolll that tinll' to Odobcl' 
YIOID, -2.77 in('hrs on Y102C', wus nt u higher len'\ than on 
ilnd -4.0a in('hes on Y 1 O:~A. YI02(', In 1949 til(' soil-moisture 

FigUl'l'S 5 to 17 show (,lUllldl1tin ('UIT('S fol' lhl'S(, 1\\'0 Iysimelct's tu'e 
min(ilH, I'unof!', pel'('oln.tion. nne! idenli('1l1 until MIl.\". 'During l\111}' 
ET-C'A fol' 1944-55. Dnily und JIIIH' till'." s('pnrnte, with the 
e1HtngC's in soil-moistul'e' slorllgl' for ('.urn' for 1'1 OlD dropping mueh 
Ow 0- to 40-ind\ profilt' art' also morp I'tlpidlj'. This is ns it should 
gin'n for thC'sp yeaJ's. 'l'his 40-illch b('; tlH' grnss 011 1'102(' was spaded, 
lnypl' in('ludc's prn('ti('nil.'- n1l the Ilnd ('o('n wns plantl'd in enrly l\.[uy 
roots of plnnts grown in lll(' 4-."('111' nnd ('Ollsl'qucntl'y HI''y littl(' wMcl' 
('I'oIH'olation s.\'Stt'lll. On the' P('I'- WI1S ('Ollsumpd b\r til(' smull COl'll 
1l11t1I('nt gt'IlSS I,\'sinwtpl's, it is likl'ly plants until Jul.Y: 
lht' 1'00(s did 1101 Pl'IIPlt'iltl' Iwlow Another inlel'e'sling S('I>tu'lttion of 
Ihie; 40-i1H'h ([('pllt ('X('('pt WIIl'II ,il moist un' ('un'eS O(,(,UITNI ill July 
wns alfnlfu-bl'onwgl'llss. 1950 (fig. 12), AI'(('I' wheat htl/Test 

Tht' top (,lIlTt' of soil moistul'e' on YI02C', thl' soil surCnel' was 
1'('p.I'('S('11 ts the conditions 011 tllt' ehoPPNI Ilnd /1 nl'\\' mendow wus 
I(t'(')](' silt loam of Yl03A. This is s('l'(ll'd on August 4- betltuse of 
lUl( urnl, ns th(' .'vl uskingulll soil of ftlilun' of the Illl'ndow seeded in the 
Y10 I D Ilnd Y 102(' is I igh let· tl'X­ \\'hl'ltL ill ~[nl'('h. III July thl' soil 
lUI'('d und holds less willer. 'rhel't' sUI'fll('l' Oil Y 1 02(' WIlS (nliow 
IU'l' times ",1l('11 lhl' soil-moistul'l' wlll't'ens YI01D was in nlfnHa­
('lllTeS for YIOID nnd 1"102C ill'e bl'Omegrnss, tlnd the depletion of 
nlmost ide'nticnl, as in 1945 (fig. 7), soil moisture on thl' laLter was more 
1945 (fig, 8), }917 (fig. 9), alld 19+8 thnn 4 inehes grenter thltH on 
(fig, 10), A new seeding of nlfl1lfu- YI02C, 
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ALfnlfn-bromegrnss on YI01D appnl:Cllt ill 1952 whell YI02C WIIS 

showed a more rapid use of wat('l' in s(\('ond-ycnl' alfnlfn-timothY 
than th(' fil'st· YCal' mcndow on l1wndow (fig:14), ' 
YIQ2C ill ~[n:y· nnd August 1.951 Th(' sppnl'alioll of soil-moislul'(' 
(fig, 13), Th(' difl'cl'pnc(' wns no! ('Ul'ns 1'01' YI01 D 11l1e1 Y1020 III 
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J s o N D 
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n " 
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II CiIlt.loSS 

II '""ASS 
G....55 

" 
" 
" ,. .J 

OJ 
I + 

" 
10 

,0 
-.,.--~-- II 

'0 

1-+----+-~--+f-~f7-5'<:;.<:;...-+----~.--_r----.-".-.~.-'"~----"--+ . ~- ~~~ 
"NNU.lL RUNOF"F' 

YJo~a ~u" 
Y~2C .U 
'f103& O~ 

1944 

FlO L'RE 6,-Daily "Oil.lI1oi~turl" lll:t'UlllUltltcd daily precipiltlLioll, ('\'llpuLruw;piralioll 
CET- GAl, p('rcolulton, and I\'cl'kh' al'crugc air tempcrature. ly:;ill1ctel'S Y101 D. 
Y102C, and YI03A, 19H. • 
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,­

" 

FIGl'Ur; ( Daily :;oil IlIui~llln', 1\('CUlIIlIlatl'd daily prl'cipittllioll, t'\,apotralltipimtioll 
fl~T-(':\)\ pl:rrolatioll, Ilnd w{,pkly 1l\"PrIlgP nil' tplllpC'rntnrC', lysil11('tC'1"S YIOID, 
\"102(', and Y IOaA, 10·15. 
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May I1nd JllIH' 1953 (fig. 15) was aboVl' Lhat fOI' Y103.!. The curve 
Illll(:h Lhe sanl<' I1S in 1949 (fig. 11). for YIOID shows a low point of 
Irrigation on YI020 in 195:3 about 1 ineh of water in 40 inches of 
brought its moisLlIl"l' (~UI'V(', up soil. All valul's below 4 inches are 

1946 

",
f 

1946 

F'IGl'HB 8.- Dail.'· "oil lllublure, llceulllulall'd daily prccipilatiun, cV:lpoLmnspiratiOll 
(l~T- CAl, 1){'reuIIlLion, :tnel wl'l'kly lLVl'rag<' air lC'1l11lL'l"llturc, ly::;il11cten; Y 10 ID, 
YIU~C, and YIU:lA, In·Ill, • 
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1947 

FIG liRE 9.-Daily soil moisture, accumulat.ed daily precipitation, evapotranspiration 
(ET-CA), percolation, and weekly average air temperature, lysimeters Y101D, 
YI02C, and YI03A, 1917. 

probably fictitious. All the mois­ much of the moisture used in late 
ture extmcted by the alfalfa-brorne­ August and September came from 
grass was attributed to the 40-inch below the 4.0-inch depth. Methods 
profile, whereas it is probable that of computation of soil-moisture 

http:accumulat.ed


50 TECHNICAL BULLETIN 1179, U. S. DEPT. OF AGRICULTURE 

1948 

." 
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. I, .:?J ! \ , I ! i . I I J~- ' 
, rtF ' /1/-:;[ , , • , I , 

, :J I . 1 £n:::.? ' ANNliALRUNOFF I'~ , 
z:~ :/'/< I '1"010 0,04" ~- Z

.r...._"_._~ ?*~~'.. YI02C16' ~_._~, 
o -;,;:;:-:-'" l I '1'1034 .09- II 

FIGURE lO.-Daily ~oil moisture, acculllulated daily precipitation, l'vapotmn~pinttioll 
(ET-CA), percolation, and wct'kly average air temperature, lysimeters YlOID, 
Y102C, and YI03A, 19-18. 
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r<wenE 11.~'Da.ily :;oil moi"llll'(', arClillililatl'd dllily pl'l'cipitatiOIl, l'\'apotrall~piratioll 
(8T-CA), ]ll'rcolation, tlnd Wf'('kl\' a\'('ra~(' air [('irllJl'rutun', l\'"illll't('r", \'101D 
YI02C, arrd \']oaA, 19·1\).' ., 
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..... . - t----_ ... , 
ANNUAL RUNOFF 

1950 

I·'WI" HI> I~. U:tily >,oil IlI(Ji~IIIl"l', :I('('1111111Iat<'d da i1.r pl"l'l"ipil:ltioll. ,·\":t)lotJ':lIl"pirat ion 
(ET-C',\l, p!'l"eolutillll, :lI\r1 \\"I't'kly :l\"('J"lIJ..((' nil" \PllqWI'U\II!"(', ly~illH'lpl"s YIOI D. 
YIO:!C, alltl nOaA, 1050. • 
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, I • -' ,'f 

M !J ,At..- 1..51...... 0J F A M J N o 
HAT CU :--di'! '" iT 

I. ,\.-,\,_/~--+--\---+---1. 

" o 

1951 

}'I';I'I(I; I:~. D:Jily"oil lIl()i;;tlln', aCI'uIJllIl:ltpd d:tih' pn'clpllatllJlI, 1'\'apo\raJl~piratiOIl 
lET CAl. 1H'l'collltiol), aile! w('(Okly :\VI·ra).!;!' aiI: t(·llIlwn1lurl'. ly:<illH't(·r.< YIOID, 
YI()2C', and Y10:lA, 1051 . 
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1952 

I ! I t I ! ! i I 

I \ 
,, 

--1---- j I 1 • 
", • j-\! I",; I ,.[ 

., 

1952 

Flfll'ltI; 1·(. VailI' ~()jl llI()i~t urI', ;t('('UIIlII!tIll·(j dail \' IJI'l'l'ipi{/I{ iOll, l'\'npul nlll~pinlti(J:t 
(I':T --('Al, pl'I'('olntioll, lIud \I'{'('kly Ill'pml!:" ai;' !PI1lPl'I'Il(III'I', ly:-:inwlpl''; YIOID, 
'1'10:2(', alld YIO:'.\' 105:2. 

• 




55 AGRlCl'L'ITHAL HYDHOLOGY A~D ::'lO;;.;tOLI'l'H LYSIME'l'ERS 

chnllg('s did not n.\low for lhis ('011­

clition. This nl80 npplip$ to lh(· 10\1" 
portioll of tht' soil-moist lII'P ('UIT!' 

for YIO]]) in I\);)·~ (fig, Hi). 
TIll' wid!' :-wpnl'lllioll of till' snil­

,. 
! 

l11oistlll'P ('un-('s for YI01D iLnd 
'(10:?(' in Ift[(' 195a diminish('(1 dur­
ing t1H" wint('I' Hnd spring r('('hlll'gp 
ppriod (fig. 15) nnd \"I\S ('Iiminntrd 
h)-~rny 10ii4 ({ig. ](3), III .Jul.\" 1954 

1953 

l 

-I 
~o. __ j 

'-4-'--'~ 

19.53 

F/(;l:H~; 15, Dldl.'" IiOiJ 1I10bllll't', t1('Clllllllltl({·(\ daily pl'('cipitatioll, ('\'apotrumipiratioll 

• 
(.t-:T--Ct\I, 1)('l'rolntiOIl, aud w(,pkl.\' ilV('r:l!«' :lir tl'l11l)('I'II[III'(', ly:;illll't\'1'1'l YIOI J) 
YlO:!C, :I1Ic! Yl.O:IA, 1!l5a. 
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" 

,. 
YI02C PflECIPITATION AND IRRIGATION " 

" ,. 
YIOZ C PRECIPITATION ,0 

·· .. r 
" 

.. 

" 

I>" 
" ., 

" 

1954 

1,'II:l'In: I{i, Daih "oil lIIoi,;llll·... /ll'l'lIllIlIl:l\('d daih' PI'l'('lpllaliulI, 1'\':'1lUII':lIl"pil'lllilJlI 
(I':'l',~ CAl, Ill'l'i.'ol;l\ioll, (1IIi! w{,pkl), llrpI'H)!;(' aii' ll'llIpl'rnllll'I', I~'"illl('tpl'~ YIOID, 
YlH2C, lind YiO:l,\, l!lfi·/. 

• 
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lilt' SCPlll.'fltiOIl rCilPPcllred betlluse of 
the low watel' lise 011 Y 1020 nfl(,I' 

wlienJ hnIT(,st. Irl'igation Oil 
YI02C' also h('lpNI to widl'1l the 
SCIHlI:ntioll of th('s(' l wo ('lI!'\'es, 

J. 

J F M .J 

YI02C PRECIPITATION AND 
Ie 

" 

'0 

.--. 

Dnil \' fl uetuutiolls of soilmoislure 
difl'cl'c(1 with dC'pth of soil (fig, 18), 
1'hC' IllfljOI' chllnges of soil moistm'l' 
o('('Ul'l'NI in the A hOl'izon (0- to 
7-inch d('pth). Both IlCCl'l'liOIl Ilnd 

1955 

'0 

b -" N 
YI02 PRECIPITATJON ,. 

'0 
"~ 

"' ..... ~ je 

--h 
/---+---+--,., ~ 1&

I 
YIOID. ALFALrA & BROWEGRASS -- ~ '" 

; 
" 

ANNUAL RUNOFF 
10'fIOIO o O.I9-

YIOZC· .]8 
'r'lO:U· .06 

p ___ _ ._~-:... "2 

1955 

FICa' In: It, Dail,\' soil III{)i~IIfI'(', :I('('lIl1illla It'd flaily pn'l'ipi I lilion, ('\'aJlot ranHpirntl(JIl 
{Wl'-· CAl, Jl!'I'COIIl(iOIl, Hlld \\"!'{'I,h' H\'(,I.'II).{!' ail' 1('lIIp('ratlll'(', Iysill)!'!!'r,; Y 101 D, 
\'1O:W, IIlIrI Y IOaA, 11)55. ' 
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1947 FI RST- YEAR MEADOW UNIRRIGATED 
.4t--r--;----,r---:--r--r----;;-----;I-\r--r---i---l 

.2~--+---+_--+---~--_r---+-

1955 FIRST-YEAR MEADOW IRRIGATED 
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(J) 1949 CORN UNIRRIGATED 
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Fw\·ut·; IS.--·'I)·]lical ,Jill." lind August suil-lIJoistt\rl' t1l1('tlllltionl' at diffl'l"l'lIt tlc'pth;;, •. 
llllilTil-{lltl'd and i('rigall'd lIll'udo\\' and ('orll. 
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depletion were morc rapid in this The extraction of moisture from 

• 
luyer, th(' flueLuatiolls diminishing the top 7 inches of soil on unirri­
with increusing depth of soiL The gal('d l,vsiml't('I' Y102A lllld on i/'l'i­
CUl"Y($ of duily soil-moislurt' flu<'lu­ gn.ted Iysinwll'l's YI02B lInd YI02(' 
I.lions in ,Tul}: und August indicnlp fol' lbp com renl' 1953 Iwd the 
thut storm l'llinfllll Ilnd till' wn.lpr sl'C'on<!-YCllr meudow 1955 CI1I1 be' 
of irriglttion IlI'P frequl'ntly stored ('ompnl'rd fol' s('\'l'l'Ill ppl'iods dUl'ing 
in 110re SPI1C(' in the top '7 incilN; of l'llCh growing sPllson with datil in 
soi, Slorngp of stof'ln l'Ilinfall bl'­ lllbll' 9. As moisl tIl'l' ('on len l of the 
low tltp i-inch dept11 is mueh 1('s5 soil WfiS b('low fipld cllpacity for nil 
frequent during tll('s(' months, Ilnd lllpsp pl'l'iods, lhe ('xlL'lletioll of 
then only ['('lnJin'I,v SlllllII. qUIlII­ llIois[ tll'P Pllll b(' III lribut:pd en Lirel\' 
liti('s Ilrt' storpd. TIll' moislllL'(' to grr. Thm'p apP(,IlI'S lo bl' n'o 
('UJ'\'ps for t hc' 4 s('('lions of {II(' pro­ O\'l'L'IlII (~OJlsist('nl difrl'rl'f1(,l' be­
[ik !In' SP pl1l'1l [ ('eI ill til(' till il'l'ign,( pel t Wt'('t\ [ l}(l d('pll'tioI\ mles' from 
n'lt['S 1947 and 1949. TlwJ'(' is no ullil'rigatNI Ilnd irrigltll'd Iysim­
('urn' for t h(' 20- to '1O-in('h S(,('{ iOIl ('tprs. After [II(' irrigation of July 
of the jwo(iJp in 1 H5:~ I1nd 1955. 14.195:3, on ('ol'lIlysilTI('lpl's Y102B 
1)('pll'l ion of soil moist UI'(' b('low tl1(' lWei Yl02(" dpph,t.ioll from their 
i -io('b dppt h Oil il'l'iglttpc/ 111'£'11S WIlS i-illth profiles WHS !Jighpr 1I11ln from 
much ll'sS t hOll on unif'riga[NI IlI'PHS. Ylfl2A. 

T.\ur,I·; n. ('olll])(wi.'WII oj (l1'11'1l!1( daily Ihpielioll oj soil moislw'C' from tlu' 
to p 7 i.lI( IllS of soil ill a COI'Il )Jl'ar (/i}/j,1) {Lnd ill (I mNuloll' year (f lJl55) 011 

Illlirri!la/l!/ /ysimcli I' no,!..! and Oil irri!lllied lysimflcrg n027J and 
)'f(j;2('. awl ratio of tilplclirH/ from til( 10]> 7 inc/us 10 '[1'l1l1'/ioll from the 
8../001 lll:-:inu·tl I' mOllolith on }'J02(' 

A \'('ra/.w daily dl'plptirJll I 

~,.., ~ ..__ ...-.-0_ .... ____........._-.. 

'~~r_~~_'_ 

[rri~llt('d Y I 02(' 2 
I'f'riorl Haill- l'lIirrigutl'c1 lrri)!lll('d 

~-~-....,......----.,.,.-.
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lop i top ( S-foot i incli().'l

indlt':' indH''' Top 7 !Ilono- : to 8-foot
illl'lws lith monolith 

. ............... .~'+-~--.~--.. ~~- ~ 
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.lttJ~ 17 2i 2. (i'( 2·1 .28 .2S . ,1·1 6-1 
,J 1II,I':l1 Aug. (j .71i I:~ 12 12 ,I!I 6:~ 
AlI~, 1() 2() U7 10 10 .25 ali• O!J

1\155 \l1I('n<lo\\ ~. 
~ln\'!1 IX .2!! .oa oa .0-1 _ 05 80 
~[Ili' 25.111111' 2\J 2. a5 .07 · Oil • 01) 1(\ 5(j 
.J HI,i' I 12 I Xli IX 21 .2(l .22 HJ 

· OS · on.ltd,l· Ia 27 . (il' Oi . HI -17 
,lilly 2!1 Allg, 10 I. 12 II 1·1 I:; ,22 5!l 
Aug. 10 22 . !II 10 .08 .08 UJ -12 

'. 
I B:u;('c1 011 ~oil-lllOi"tl!n' hl()('k r(,IHlillg~ ill till' 0.. to i-inch d!'pth nnd 011 lI'eigh~ 

elmo!!;('''; ('('l'ordl'd un t1lP X-fool d('('p Iysillll'tpl'. 
11rrigtll('d "" follow,,; IlJ5:l~ ,JlIly 1.1, 2.07 il!(:hp:-; AIIV;. 25, 2.8\) inch!.':;. I.U5-1­

~I!l.r 18, 2.25 inclll':'; .June 2!J, a.Oi inclif'~. 
-1;;0;;1}1) U-;;1> .-:i 
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The datil in tl1bll' 9 show Ulitl JOI' sharply in slopC', After tllP first 
the periods of higb 1'l1.lps of wtll(ll' ('ulting of ho.'", tht' 'E'l'-C'A f'UITl' 
consumption I1.bou( no p('t'('('nt of 
the totnl moistul'(, (\eph'tion from 
corn lysimet(,L" YIO~C CfLIlW fl'olll 
the toj) 7 inehl's of tIl(' soil profi1(', 
FOI' mcadow, this f1g111'(' I'('udwd 11 
maximum of 9] 1)('1"('(1 III rOt' llw 
pCl'ioel Jul.... 1 to 1~, H155, 

CUlllulnJi \'(' P\'ltpoll'llnspirat ion 
plott('d along with ('um-uillti\'(' 1'l\il1­
fall (figs, ()-17) l'mphn8ill(,8 tbt' llll'g(' 
proportion of ttl(' moislur(' supply 
COIlSUlll(l(1 through ('\'n.potl'tlllspil'll­
tion, 

S£'Y('['al it('mg of intel'('st fwd 
importiu1('(' ('Itll lw ObSl'ITl'd b." 11 
studY oJ th£' ('UI'Y(lS of R('('ulllull1,tp<l 
CYiLpolmnspil'lltion (I~rl'-CAI, All 
CUIT('S slllr[ oul with low slopp [or 
th£' first :~ months of ('Hell Y('llI'. 
Th(' il1('I'('118(' ill slop(' of ilH's(' 
eUl'Y('S [rom April on through tlU' 
growing SOtlSOll 1'('PI'psc'uls (hp in­
ereilS(' in rille' o[ ('onsUlnpli n' ust' hy 
Yegl'htlion, tl1l' SlN'))('sl slopp !'Ol'­
responding with tIl(' gl'('fttpS[ mlp 
of ET-CA. Tlw c\cwel1sP in slope' 
of the (,UI'YeS IWill' til(' l'!ld of till' 
growing s(,l1son is n 1'('SUIt of t I) 
insuffi('i('nl soil moistul'l' lo support 
tlll' erop d(,lluwd [or walpr fwd (2) 
till' el'op I'(,(lehing 1l111lurity and 
being unl1blr to \IS(' wnU'l' Itt high 
l'I1.tPS, In 195:~. irrigation 011 YlO~C 
suppliNI \\'Itll'!' to 111('{'t till' ('01'11 

nceds throughout t h(' gl'o",ing S(,I1­

son iLnd tlH' ('\'tlpolrrLllspit'll.lion 
CUlT(I ('ontinupd Itt n st('('p slop(' 
into S('plomlH'I', In <'ontl'llst, on 
YIO:lA II\(' slop!' of OW ('U!'\'P dl'­
('('cl1sed 1l0li(,{,ltbly in Intl' Au~ust 
1.1I1d bN'i1llll' v('I'~" low by ~t'P­
[(1111)(' I' 10. wlH'n (11('1'(1 wus not 
cllou~h soil moist 1ll'P to ]>1'('\'('11 t 
wilting, 

Rl1.picl ('han~l's. in sloJl(' of [ill' 

l'vapotl'iLllSpinl.tiol\ ('llI'\'PS ('01'1'('­

spond to hUI'Y('sl of ( iI(' 1111\' (','op. 
IlS shown in figul'l' I:L Afu'l' ('lil­
ting of 1111,\" lilt' 1'l1,tl' of ('()J)SlIl11pliYl' 
use dP('I'(,I1SNI strikinglY, lhus ('t1l18­
ing till' ET-CA ('tlrn' to d(l{'l'l'nsl' 

I"Pgainpd its st<'rp slope' in about J() 
to 15 dnys, 'rlH'IlP\'('r tIl(' 8('("011<1 
('ulting of hl1Y WIIS in August. til(' 
L'itl(' of ('ollsurnplin' USt' 11('\'('1' • 
t'pgainl'd its hi~dl rn t('. 

('umulati \'P Il('I'(·oln.t iOIl \'Ill\\('S 

\'IlIT ('oIlSi<iPl'fLhly from \"('111' to 
.\"ell·l". with 1'('lntj\"('I.... IIlJ'gp iU1l0UIllS 
in 19fjn !lnd ollh' s111ltll 1l11l0UlltS ill 
tlj(' dn' \"('I1I"S ~)f 1\l5:~ Itlld 1\154, 
[Du('h Y('!t'r, most of tllp )wrcoln.tion 
O(,(,UIT('(\ ill tlH' ::;('nsoll of high soil 
moisture, Annuttl !'tillof!' Y1111\('5 for 
nil Yelll'S wel'(, J'plalinl r smllii. 

'I'I\(' w(,pkh" n \'ern;)"!'s of dltih­
, I:"' ' 

mnxinuull ILir lc'mpt'l'Ill UI'(, 11I'p 111::;0 
plo{tl'd ill figul'l's (\ to 1T. 'l'lw::;(' 
nY(,I'ngps fllil'i." PI'NiPIl t n pict UI'(' of 
l(,111]lPl"llt l\l'(' ('hangps dlll'il1g Llw 
growing s('l1son fOl' (In.cit of tile 
....rlll's 1\144·55, 

THE LYSIMETER AS A RAIN 
GAGE 

'I'h(' slUnplin~ 111"('11 of till' l'niJed 
Slltl(ls ,rl'nJitl'I' BllI'('llll Frl'gllssoll 
~nge' is 50 squnl'C' il\('ll('s (R-inch 
diallwtl'I'). ",hPI'PHS I ill' sn mpling 
II.I'CI1. of llw h'simPlPI' is 1~,540 
SqUIU'(' inclH's i(i,~2 ): 14-foot 1'('('­

iltngkl. Rain (tilling on both is 
weighed, 'I'h(' fOl'nwl' mil,\' bl' 
gl'(ll1.tl,\· ar!,pcted b.'; wind ('UI'I'pn ts; 
the InJ lI'I', lQ 11 Illll(·iI smllll('1' d('~l'('l', 
Csing the' l."si111('(,1' \\'('ight I'p('onl 
I1S ti1(' lUOI'P 1t('('UI'I1.L(' m(,I1SUl'r of 
pI'('('ipi! n,t iOIl n,t t\1(' Coshodon stn­ .tion, i l is possihl(l by ('Omplll'isOIl to 
l'Yni1w.le' til(' H(,('UI'IH'Y of th(' If'(,l'gus­
S()l1-gn~(' I'l'('()J'(1.

:\1 ont111\' 11Il<l u.nlllllli \'n.!tl('s of 
pr('('ipillLtioll (snow 01' min) oh­
taillt'(\ !J\' th('s(' two llH'tilods n.t 
h'si nl(' [('I: sill' Yl 02 durin~ tll(l
i 1-,'(,11.1' l)(ll'iocl 1945-55 npP('lu' in 
LIlli\(> 10, Till' F('l'g\lsson-I't'('ol'd('r 
dn,ln. w(,I'e oblftil1pd b.\' poul'ing til(' 
C1lPlUl'l'd will (I l' inlo n (,l1libl'lll!'t\ 
11ll'llsul'ing lubt' SOOI1 llflpl' ('flCl\ 

sLorm.. Out of n tOll11 of I :{~ • 

http:l'Yni1w.le
http:gl'(ll1.tl
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montl:l\' \'ahll's. thl'l'(, \\'('1'1' only sist('Il('."; til(' J,'Pl'gUssoll-gngl' dl1ln 


1. 
17 timrs when tlw monlhh' \'fllu(' 
foJ' the F('I'gllSSOll (,ltt.('h WflS' gl'Plllf'I' 
t hlU! fOl' ttll' lysiuH'lpI'; ! hl' Inq~('sl 
plll~ dt'\'iatioll WI\S 0,2\1 ilwh in 
OC'tobpl' 1\);J4, Thl'J'(' W(,I'P I l;j 
timp" wllPn thl' FPI'~US>:Otl-~Hg(' 
mOll thly Y11111(, "':IS \('ss: t Iw Itu'g<'st 
dpyilltioll WIts ~,;J J ill!'iWS ill .Jlln­
tIIu'y I \I:") I, 'I'll(' n Y('mgp <I('\'in t ion 
fol' t lip I I-,\'PIU' IlPriod I'll Il~l'd rrom 
.ljJJ2 illl'h ill .In.lltllln lo--(Ul1 

illC'h ill .J uh, Dl'yiu t io'ns W<'I'I' gPll ­

Nn II,\" sml; II rl'OIll April t hrciugil 
()('toill'l' I'm' Ill!' ('ll t il'(' I 1-\('111' 
lwl'iod, ' 

Tllp H"Pl'ngl' IIlll11I111 nli1/p [Of' Ilw 
Fpl'gtlsson !'ll\ch WlIS 4,:lS illl'lH's l('s:; 
11wl1 [01 thl' ly:;impIPI' fol' lilp pl'l'iod 
11I4:i ;i;i, )'lnxillllllll dp\'jll,(ioll ill 
1 ."PIU· WllS H.tiO illcl!!'s ill I n,) I; 1".42 
ill<"lll's of tid>: d('vin.lioll O('C'W'I'P!! in 
.Jnll II Ill'\" , !"('bl'llIU'L )'Iur('h, IIlld 
!)p('PllIi)(,J', RnillSiol'llls IU'(,Olllltpd 
rOl' onl \' 2.HI" ilH'ill's of Ilw \J.(iO-illc'h 
totlll llnd snm\ 01' I'aill Hnd SilO\\' ­

BtOl'lllS lu'('otlnl('d j',)l' th(' 1'(,lllninill!! 
1i.\l2 il\(,!Il'~, ('Olllpllrisoll or ilHli­
dclUHI 1'lliustOl'Il\ I'P('O/'{!s nnd II \'PI' ­

ng!'s of groups 1'01' I \l;i I (Iig, J!I I 
shows 110 l'l)Jlsistpnl dp\'illt ion Iw­
I W(,PI1 t hI' t\\'o llll'i huds of gllgitlg 
rainfnlL 

• 

DlIil\' Y1Ll.1/PS of millfnll fol' both 
t h[' Fl'j'gllssoll gngl' llnd tIll' Iysim­
('(PI' 1'01' lilP Y(,HI'S I !I:i() :iii HI'P 
ginll ill [ilblp~ II Hi. Dllta 1'01' 

IlIp:.;p Ii yPIll'~ Hl'(' 1'(,PI'(,::;PIl tn t i \'(' of 

Ill!' Pili in' I 1-,\ ('III' j}('riud, YI'lll'S 

of high lInd low pl'l'c1pitH.t iOIl 11.1'1' 
ilH'lutipd ill [Iwst' llthl('s, Dnta for 
days or SIlOW Iwd fOl' (ill\':-, of Ipss 
IhitnO,1 illl'h of pl'('('ipiilltioll 1ll'P 
uot ill!'itlt\Pc/, 'I'll!' dnlll 111'(' gl'ou[>l'd 
b\' SI'IIS011 llnd ::;i,r.<' of dail\- mill, 
'('Ill' llllmbl'l' of tin \'~ \\'Il;'n t IH' 
Fpl'gu::;sOtl ('111('11 wus' gl'('ll.IPI' I hllll, 
1(,::;5 Ilran, 01' pqulli to tlrat of thl' 
h'sim!'lpI' is ::;ho"'lI. Thp tolal dif­
[Pl'PIW(, ill 1'II.infnIl ('atdl al1d thp 
1l;'Pl'u}!.P difrl'I'PII('P jlPI' day IU'P 
gl\'l'l1. 111 Hlij(j (tnhlp II lLud (i:.;, 
HI), lht'rt' npJlPltrs to IH' HHl1(' ('011­

\\'('1'(' nhou t 10 J)('I'{'pnl less thnn thp 
jYsiowlpJ'dnln, In 1951 (tn,blp 12), 
(ltl' Fpl'gusson ('illch is gPllcrnll,\' 
smal1PI' htl t wi th IPss (·onsist(,I)('\'. 
FOI' IH;j:~ Ilnd IHili) (fig. I9 1111<1 
Lnbl('s 14 illld I (j I, thl' ;;<'it( lpl' of 
points abo\'(' and ht'lo\\' tlw lin(' of 
('qunl \"IlhH'8 illdi('ll[('::; no consistent 
dp\'intiOtJ in th(' dn,ih' rninstOl'lll 
nll\! ('S, I t is p\'idpll'[ l hitt til(' 
gn'tltl'sl pOl'tioll of tiJp fllll1wll 
tiill'{'I'PIH'PS in ]ll'p{'ipitn.lioll ('n,[ch is 
fOllnd in snowstorllls 01' mins of Ipss 
than n,l in('b, 

Till' FPl'gUSSOll gngl' n,tld ot IH'I' 
sim ilu,r min lWei sno\\' gngC's uSNI 
0\'('1' th(' ('ountl"\' iU'l' saLisfllctorY 
for most PUI'POS('S but not fol' 'n 
lysinH'tPI' hydrologic study such IlS 
that III COShOC'lOll,H('I'{' th(' h'­
sinwlpl' prC'('ipiln.t ion YllitH' Dlllstbe 
dpl'i\'('d Ilnd lIsNI in ord('r lo tll'rin 
Ht n ('omph-lt' Wu,lp['-onlitll('p 1'p('ord, 

THE LYSIMETER FOR MEASURING 
EVAPOTRANSPIRAnON AND 
CONDENSATION-ABSORPTION 
Till' n u tomltl i(' I'p('ol'ding mech­

Hllisll1 of t hl' \\'('ighing Iysimetc'('s 
pro"i<ll'd 1'('('01'<1::; from wlti('h wert' 
('Itlnrlalt'd til(' moisluJ'(' ll'itl1sft'1' 
fl'om Yu'[>OI' form ill IIll' atmosphere 
to liquid form 011 the \'PgNitLiOIl 

or on t hl' soil ll.lld. ('0 11 \'('I'sl'h', from 
liquid 1'01'111 Oil t hl' soil or iii 01' 011 
til!' \'pgptntioll 10 \'I1.por fOl'm in 
IIt(' nl J1)OSphl'l'l', III \'n.pol' form, 
(Il(' moist \Ire i::; not \\,pighl'd, III 
liquid form, till' nloistul'p is wPiglwd, 
011 dllYs of no pr('('ipiln'(ioll, \\"('igitt 
ill('I'PHSPS dUl'illg thn,t pOl'lio[] of 
t hl' din' \\,11('11 lh(' w('iO'ht wus , ~ 

('on!illtlollRI,\' gltilling WPl'(' ILltl'iu­
lll('d to ('olldptlsatioll and l\,oSOL'plioll 
of moist tll'(' from IIll' n,tmosphpl'('. 
Tb is phPIlOIlH'1l01l is labelt'd CA 
ill t Itis 1'l'porL. Also. 011 duys of no 
pl't'c'ipi!utioll, \\'('iglrl d(,('l'('tlsl'S W(,I'p 

n.tlribu!l'd to ('YltpO ll'ttllspil'l1tiotl , 
In.bplPd I~T ill l his rppol'l. In 
('lticulttLillg ('A and Err, lile amount 



• • 

~ 


'l'A lH," 1O.--Pl'fci1J1wtion obtained by Ffl'!lUSSOn rain flafll' anti on {JI'Ml11d 8uI'jOCl' (d 111simftCl' Vt02C', by months, 1945-55 
>-3 
l"l 
(1

, ,I---I' I .. I - I I I : 0, -, ','- '~"-"'" ,--' -'0'- ,- ..- ',,~--

'{rar fllle! ~a~(' i .Jan. Fpb. i Mar. Apr., ~rlty II ,TIIIIP I .Tilly I A11~. t SI'P\" !Oct. "ov. Drc. TotalI 
____... ~ ___• _.___,.. _.-- ••, ...____I ____!_,___i ___.,____J ._______1___,_-______,_____._______ §

i ' i, I .. I I " ' I ~ 1!).I5:, I Inches ll-nchl's! !nChI'S! f7lchesI/7lchl"~'I' Inch'isl Inch/'s: Inch/'silnChl'S! Inches 11lch('s Inch/'s Illches t:"' 
F('J'gll;;:-;on ~n~(' I I. 04: 2. 3ul 8. 06 .\. 40 .\. 70 a. 0:31 2. 72; 1. 12 n. 68 2. 68 :3. ·\5 1.:35 45. 4n 
Lyflinwtl'r ' 1. n:3 i 2.!l:3 0. O:~I' .\, 881 5.:32 .\. :1·1. 2. 85' I. 2:~: n.(ilil 2. 7·\ a, 85 2. -10 50. 86 tll 

J I)'(" I I . I §
, ,. 't l. [, j , 

Fl'r~\IRROll ~I\~(' .58 a.72\ 2.21 ' I. 50; 5. 5:~; n.4·\ 5.21 2.·10 .681·\, 26 2.5U 2. :321 :l7. ·11 t:"' 
1 j 2. 8:3 ·11. 46 t'l

Lysinwtpl' ' 1.00, ·\.6a, 2.6J, I. 871 5. !l81' (i. 721 5. :l:~l 2..10'1' . 881 4. :~8 2.7-1 >-3 ..... 
1!)47: • i i ! " f! ?:", 2. :!.I 1. 181' :15. 7!l 

L) RlllH'tPI 5. a5: I. 15, 2..\.1 4.28, n. 4'~1 5. 60i 2.8·1, .3. 76 ,t).\ I. 04 2.67, ­Fp.I'~\Is:-;ol~ g:\~(' 4.841 • a(ii . ?:JI, :1. :Hij (~. 2?1 5. 7~1 2.72: ;t (i~ :l. 0~1 .07 
1. ·\n !O. 12 

11).18; : I l! ' I 
~ 

2. 021 :l7. fi7 <0F,l'r~II~RO, II ~nw' I. !!ll, - 2. 78,1 4. 4:~! 3. 421 4. 81 ~ :l. ·I!!' . 02,' :30 :,d 2. U!ll' 2. 8:3j 
" 

5. ().II, 2. :H: 42.05Lyi'\ilIH't('I' :I.42i :t 14 .1. 801 5.17 ' :l. (i5 5.05: :3.57' 1,12: :1.7·1: 2.85 :l. 2:3, c:j
]!H!J: .,1 I 'j 

2. ·12 :l7. ·I·jFl'I'~lIRSOI~ ~a~\' _.: 4. 70 2. (lIl :t 421 2. n~i ~. SUi ~,!l q ~. 5{i; 2. ~7i :l. ·\·1 i . !l~) I. 28) {fl
2. n·I' :l\l. 08(LYSIIllPtPI 5.541 2.851 .1. 8!l1 2. !l,li .1.0Ij ,\, .10; h.71 2. b8 i,' ,3, -I 5i I. 0,11 1.55, 

1,)50: I I . I I ! i i j o 
Fcr~m;~on ~:\~\' 8. 18, :t 21 i 2. 061 4. 151 ·1. 17/ 2. O·1i !i. 70: 2. 18' 5. :~8Ii I. 4:3 5, 56, "C

2. I:l ·17.28 t'l 

Lyiiill\pt(.1' !l.11 / :3.741 :1.011 4,·1·1,1 4..\2 1 2.27i !i.!18 2.1,1 5. iiI 1.50' !i..lli :\. :~2. 52. 05 >-3 

In51: : ! ! I' I I ! oF('r~lI;;iioll gll~(, ;~. !l01 2..15' 4, :30i :3. 1° ' 2. ·11 15. 5·1 2, !la, ' 55, :1. on I. 841 .\, :~7; :1. (jlil :38. 2:1 "'1
LYSIIllPt(.1' (i..11'1' 4. 8:~ 5.!;(0 :3.41 1 2.:38 5. ni 2. no ' . (i5! :1.02. I. 88; 5.0·1' 5.78; 47,8:\ 

;l ­
1!152: . 1 i l I I ' C'l1FPI'I5"iison g:l~(', 5.65! 2.:12 2. !l7j :l. 85i .1. 08 2. !l.II, .1. 10/ 2.01 2. li2i .77 I. Ii:! 2.221' :15. I{i ~ LyslIlH't(.1' (i. :3·1 2.!)2 4.011 ·1. 1.)1 :3.!l2 2. Ii!ll :l. !l.111 2.05 2.5lii .78 I. 72 2.6·\,:l7. 71 

11!l5:3: I 1: I I,· I 2 
Ft'l'gJlRSOll g:l~\'_ 4.711 I. 1:3 2. (i0; 2. :~:\i ·1. I!!, 2.251 5.001 I. (i,li I. 0·1 . ·\71 .!l5 2.0:31 28.:34 
LysilllPtt.1' 5..\41' I. 4.1 1 :3..I·\! 2. til; .1. 28 2.3lil 5.221 I. 7!l: I. 10: ,{i:~j I. :~2 2. Ii!)! :32.32 ~ 

,.1<)5" I I 'I I II 'I ~ 't. 1 ! l"l
FC'rgllii,;oll ~ngp 2., 221 I. 80 :3. :l!li 2. !l8'1' 2. 21 2. I, -i: :I. :l8i :1. :l:~ I. 2:1; 5. 77 l. 00 2. :361 :11. 8 L 
Lysilllt'll'l' 2. !l71 2. Olil .\, -I:ll 2. 821 2. 20 2.:H j a. :32: :l. 22, I. :l:~i 5. 48 1. 4:3 2. U8 :34. 25 

J!)55: ! I I'," 1I I 1 ,
Fpl'gll;;Ron~:I~p_ . !lSI 2.71' ·\.4·11 :\.55 1.51, 2.(iI' :l,5.)' :\.:15 2.:3:31' 2.11 :3.18 .28,' aO.50 

Ly:;iIII I'tl'l' I. 70: :3, 811 4 !Hi :3. n l I. 58t 2. !121 :3. (ill :\. I~' 2.:Hi 2. 2:31 :3. 48 .:35 :1:3. 85 




;-:-:-;­
"~~'< '. '.'. • 

AYeJ"lLg(', 1\)45-55: 
Fergus~on gage __ '" _., ..... _ __. 3.5:~1 2. :311 3. 521 a. 4 i 1 :3. 761 :t 761 .1. :.~ II 2. 161 :t 261 2. 171 2. 651 2. 001 a6. 84 
Lyl-linwjpl' .••_ ._ •• __ •. __ _ 4. 45 :t 05 4. :3!l 3. 66 a.!l2 :3.!l5 4. :30 2. 20 :3.:35 2. 23 a.04 2. 68 41. 22 

==== 1=1=1=1=1=1==1=1=1=1= 

Amoun!; F('J"guR~on catch ciiif('J"NI 0li-
Ofrom Ivsinwt('J' catch: 
~ 

A ,'(,ragc ~ ...... _ .. ___ .............. '. ' .. ,_ 68 4 .... . lI2 -.741-.871-.251-' WI-' J!)I-' 011-' 041-' 0\)1-. 061-' :3!l1-· 1- . 38 C-2.51 -2.38 -1. 5!l -.48 -.62 -.4!l -.22 -.20 -.41 -.16 -.85 -2.12 -9. 60
Exl J'pnl('~ __ ... ... ... _ '. .." __ .. ___ .I{ .C::-.51 -.24 -. :37 +.16 +. l6 . +25 +.85 +. 13 +.07 +.2!l -. Oil -.07 -2.44 t" 

===1=1=1=1=1=1=1=1=1=1= l,3
c::Nurn- Num- 1V1I7I1- Num- Nurn- Num­N1I111.- JV1I7I1- lV111T1- 1Yllm- "'lIm- Num-I Num- ~ 

ber bel' bel' be/' bel' bel' be/' bel' bel' bel' bel' Iler Iler .... 
;\[onths FC'rgl1~;;OIl cnich waR gn'at('r_1 0 0 0 I :3 2 4 :3 :3 1 0 o () t' 

,,[onth;: Fl'I"gll~Ron catch was \('58 __ .. _ 11 11 II 10 8 !l 7 7 8 10 II 11 1l ~ 
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RAINFALL MEASURED BY FERGUSSON RECORDING GAGE (INCHES) 

FIGURE 10.-Compari::;on uf daily rainfall data from Ferglli:;~oll recordiug gage and 
from Jysimctcr Y102C weight record, 1\)50, 1051, 1\)53, and L055. 

of percolatiotl, which wus measured ET is a eombillatioll of (1) 
separately, was takell into aceollllt ('vapomtioll of moisture from the 
as inclieatecl below: ground surface, including the Slll' ­

face of vegetaLion; and (2) tran­
OA= Weight illerease plus spiration, the removal of waier from 

percolation the ::;oi1 by crops. The two phe­
nomeni\, opertLte together in nature 

E1'= ·Weight decrease minus to deplete soil moisture. The 
percolation amount of soil-moisture depletion 

caused by evaporation and transpi­
(All figures are inches of water) ration may be compensated ill 

• 
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TABLE ll.-Oompar·ison of daily rainfall catch as determined by lysimeter 
Yl020 ancl by Fergusson 1·ec01·cling gage, by size of rain, 1950 

0.1- to 0.3- 0.3- to 0.6- 0.6- to 1.0- Rains over 
inch rains inch rains inch rains l.0 inch 

------- ---..,.---I----c---- ------Period 
Fer-iL ' Fer- L' Fer- L' Fer- L .YSllll- YSlm- ySlm- ySlm­
gus- eter gus- eter gus- eter gus- eterI 

son Y1Q2C son Y102C son Y102C SOil Y102C 
_______________.__ gag~l--- ~age ___ gage ___ ~age ___ 

Inches Inches Inches Inches Inches Inches Inches Inches 
,January-ApriL __________ 0.28 0.27 0.4:3 0.50 0.72 0.77 1. 07 1. 08 

.1-1 .15 .36 .62 .71 .96 ___________ _ 

.27 .25 .56 . 60 .96 1. 08 ___________ _ 

.28 .32 .37 .47 .93 1.01 ___________ _ 

.16 .18 .37 .42 .75 .80 ___________ _ 

.11 .07 .34 .33 .62 .62 ___________ _ 

.21 .22 .55 .53 .72 .85 ___________ _ 

.16 .21 -----y----- '. Zf~f ------ -----­.22 .31 _____ + _____ .69.69 __________ ._ 
· 24 . 5a -. ___ -I- -" _,,_ . 63 . 64 - - - - __ . - ___ _.16 .17 ___________________________________ _ 
· 12 . 12 ______________________________ • ____ _ 
.·13 .16 __________ • __________ • ____ . ___ • ____ _ 
.17 .18 

.17 .17 ====== ======c==== ====== ====== ======.23 .2:1 ___________ +_____,____ .____________ _ 
May-September _. :~~ :ig --.-40- --:40T-.-ii4-!--:iii- -i'-S9- --i'-S4 

· 12 . I? . 30 . :14 I . 80 t . 92 1. 6? 1. 64 
· 16 . 19 . ?1 . 5.8 . 831 . 85 1. 4~ 1. 41 
.26 .31 . 36 .39 .66 .69 3.8f 4.05 
· 13 . 12 .37 .43 . 61 .64 ___________ _ 
.22 .22 .35 .37 .70 .70 • __________ _ 
.18 .18 .60 .57 .93 .91 ______ • ____ _ 
.26 .24 . :34 .38 .60 .66 ___________ _
.20 .12 ___________________________________ _ 

.1:3 .16 ______________ • ___ . ________________ _ 


Octobcr-DeccmbeL______ .27 .28 I .37 .42 .82 .80 1. 13 1. 41 

· 16 . ] 8 . 40 . 43 . 83 . 88 1. 05 1. 34

.20 .21 .30 .34 _________ • ____________ ._ 
· ao .25 -----·1---·-- ------,------ ---.-- -----­.28 .26 
.16 .22 ==:=':~I-===== =:=::= =-==== ====== ====== 

---·~--I--~--

Dayti of rC'corcL"lIl1lllber __ aa 18 20 7 
Days of equlLl catch __ do __ 6 I 2 0 
Dt.ys Fergusson entcll ____ do __ 

was greater ... 9 ::1 2 2 
Days Fergusson catch 

was loss _________ _do •. 18 I·l 16 5 
Tobtllllllount .Fergusson 

catch ditfel'pd [rulI1 
lysimoter Clttch 1 inch('~.. -.50 -. S-1 -1. l-1 -.70 

Average ditferencp in I 

catch per day 1_. __do.'! -.015 -.047 -.057 -.100 

1 Total difference for the yelll'=5.67 inches. 

~. 

http:yelll'=5.67
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TABLE 12.-00mparison of daily rainfall catch as determined by lysimeter 
Y1020 an{[ by Fergusson recording gage, by size of 1'ain, 1951 

i I 	 •I 	
0.1- to 0.3- I

• 
0.3- to 0.6- I 0.6- to 1.0- \. Rains overr. 

i 	 inch rains i inch rains i inch rains 1.0 inch 
: ~ 

Period i~t-~-l~-~-i F r- li-~-! Fer- l-~-
e:_ Lyslm-! e~_ LYSlIll-; e~_ LYSlm-1 _ LYSlffi­

gus eter gm; eter' gu~ . eter gus eter 
\ son Yl02CI' ~On Y102c'j SOll IYI02d son YI02C! gage . gage gage • gage 

I I 	 ' 'I---'---l--- ---1---'--- ------
I nches IInches Inches IInches IInches I nches Inches Inches 

Jalluary-April- ____ ~ _ O. 18 O. 26 O. :35 O. -to IO. 96 1. 08 1. O-t 1. 22 
· 20 . 13 . 50 . 56 . 82 . 9 t ___________ _ 
· 16 . 35 . -t.6 1. 39 . 65 . 65 ___________ _ 
.17 .14 .35 .37 .63 .72 ___________ ~ 
· 20 . 20 . 47 . 56 . 80 . 90 __ _ _______ _ 
.18 .31 .?O . 52 --~-~,- --- .. ~ .. -~----1----- ~ · 20 . 24 . 41 . 45 _ • ___ . _______________ -_ 
.16 .13 • ______ • ______ .. ______ . ___________ ' ­
· 26 . 30 ____________ • _.. __________ - _ . __ • ___ _ 
.19 .19 ----.- ______ 1______ --.-- -.------ ----. ­
.17 .19 ____________ \. __ ._. _______________ _ 
.14 .14 -----.- ------1----.- --. ___ --.---,----.­

:i~ :ij ==:=== : ===: J ===:l : : ===~: ~ ==: === : =:May-September ... _... -.1 . 20 . 18 . :39 . 39! . 70! . 6-t I. 78 1. 68 
'I' 	 • 23 . 22 . -t4 . 48 l . 6:3! . 65 I. 06 . 90 

· 11 . 12 . 30 I . 31 l . 90 I' . 91 1. 03 . 99 

! 	..;~! :~ ~ :~~i I : ~~ I:: _=~ ==: ====-~. ~ ~ ___ ~._ ~ ~ 
I .26 1 .35 .39 \ .40 ------\------ ------ ----.-

I:~~ :§~ :~~ I : ~g :::=== =:=::=):::===C::::
------\-----.- ..38 .46 ______1______ 1' ______ ----- ­

.. _____1______ .32 .32 ------ -----------. ---- ­
.55 _ .52 ------i------ __________ ._ 

October-December__ .35 .61 .64. ____ • _____ _ . ----1--.-20-1--.-22-1 :42;
· 28 . 31 . 48 . 47 . 78 . 78 ..________ . _ 

\ 	 .18 .19 . -to .45 . n .77 _____ • _____ _ 
· 25 j • 27 I . 58 . 56 . n . 8-t _. _ - .• - - - - - ­
.10! . 11 ~ .4:3 .58 ------ ______ 1_____+____ _ 
.§~.\.:~q!g I • ~ i::::f:::f:::f:::: 

--------------------,I , r---'-0--1 12 I 5 
D~ys of record _" number--i 29 2
Days of equal catch I , I 

do._ .. , 5 :2 ; 2 I o 
Days Fergusson catch was I I I 

greater __ --.-- __ do __ -I 7 1 
I 

Days Fergusson catch Wll;;t ileiSs_____ • _______ do. ___ 1 17 20 9 
Total amount Fergusson ~ 

catch differed from Iy- I 
simeter catch 1_.inclw8 -.58 -1. 77 -.55__ ·1' 

Average difference in I 
eatch per day l ..do ____ 1 -.020 -.008 -.0-t6 +0. -t-t 

I 
~-, -~.--....~.-"~~........,..~ ~-------- ..• 

I '1 Jtal difference for the yrar=9.60 inches. 

• 

http:yrar=9.60
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TABLE 13.-00mparison oj daily minfall catch as determined by lysimeter 

Y1020 and by Fergusson recording gage, by size oj rain, 1952 


• 0.1- to 0.3- 0.3- to 0.6- 0.6- to 1.0- Rains over 
inch rains inch rains inch rains 1.0 inch 

Period 
Fer- -L~- Fer- L-~-I~L-~- Fer- -L~-

ySlm- ySlm-. 	 ysun- . ySlm­
gus- eter gus- eter I gus- eter gus- eter 
son YI02C SOli Y102C1 SOli Y102C SOil Y102C 

gage gage 	 gage gage 
_____• __• ______• _ ____________1____________ 

inches 11l/c/zes Inches 11 Itches filches 'Inches inches l11ches 
.January-ApriL .•...... - - O. :"IJQ i O. ~36 O. a5 t 0.43 O. 6:~ 0.66 2.71.2.64 

• .1 . .... .38 i .40 .76 .95 1.011.24 
, . 14 • 17 · :~6! .44 .83 .85 1. 29 1. 24 
r . 14 

j 

. 17 	 .30 i .32 .62 '-'.56 
t 	 .20 

I' 

.23 .:-12 I . :38 ._ .• __ ._._. _________ .~_. 
· :34: .38 --·---1·----- ------ ------I : :~g I jg .31 1 .28 ------1------ ------ -----­

.29. .26 .33. .31 ------1------ ------ -----­
.45: .49 _.._--j------ ------ ----- ­
.38 I . ~8 
· 48, .';) 1 

~ray-Septplllb('r .. 	 =~====l====== =====: ====== · 12 . 14 . 56 . 58 .91 J .80 1. 47 1. 26 
· 27 . 28 . 34 . 36 · 64 i . 62 1. 22 1. 16 
· 14 . 18 . :~5 . :31 · 92 I . 82 1. 77 1. 62 
.28 .29 .52 .49 · 90, . 88 L 04 1. 0:3

8') .78 ___ • _______ _ · 2:~ . 25 . :32 . 28 
· 24 . 25 . 35 . 38 _..•. _ ......• _.•..• ___ •• 

: H :}~ l==:~.=,.==.:=l==::~=::==:== ===.=: ====== .16 .18 !._ ••..•.•• _, •.•.• .,_ ...... /1 ... ____ ._. __ 

:ir :}~ 1=:::::::'=== =:=~=: .-=~~= ::===: ~=:===October-Dpcellllwr. .. 	 .28 .24,.47 .. 47..71:.76 ..••. ____ •. _ 
.22 . lSI .55' .56 I· ·····i-···-- .----- ----- ­
.16 .17 .43 .39 ....• _r ••.•. ___________ _ 

___________ _ ._1_1__._12_ ", ....... --- --"'"1''' '--r-'--- -----­
1~ap: of record .. IIUlltber •.! 24 20 10 I 7 

DtlysofeqwllrateIL_do.· 1 2 j 0 I 0 
D1L)'l:iF\>rgll,,~oll catch was' 

great('r ............do.. 6 7 G (6 
Day~ ]<'ergll$soll catch WH:; ,I 

les;; ... ' ...••do_. J(j 12 4 .• Total amOllllt F('fguH"on 
catch differed froll1 
Iwimeter catch 1.Jnchel: .. , -.24 -, 'r-I +.OG + '}oJ 

, --A ,·i.-mgt· difft'n'Il(,(, ill 
catch Iw1' day 1 do -,010 -,014 +.OOG +.0:31 

J Total differ('lIc!,' for t!w Y(':l1'=2.55 inc!wl' . 

• 


http:Y(':l1'=2.55
http:1.011.24
http:2.71.2.64
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TABLE 14.-C01nparison of daily rainfall catch a,~ determined by lysimeter 
Y1072(, and by Ferg11.8son recording [Jaffe, by size of rain, 1958 

0.1- to 0.3- D.;)- to D.6- D.6- to 1.0- Hains ovc:r 
inch rtlim~ inch railll! ioch nling 1.0 inch •

Period 
F('r· Fl'r- lt~(lr- F()r­:Lysim- Lysim. 	 . Lysim- Lv~im-go:;- gus-	 gus- gus­ctcr pt('r 	 (,ler i-tel'gon sou 	 ;lon sonYI02C 1'102(' 	 Yl02e YI02Cgag(' gllgP 	 gagp gllgl.' 

--~.-- .~-- ... - --.....-- -'-- ~ ..-.------- ----- ---,---
I nrhes InrheN IlIrhe.~ IlIrh('.~ 	 inches Inches J Itrhes In,,,' 

Janunry·-ApriL. O. 1!1 . O. 23 O. ·.lS O. -1 L . L 53 l. ' 
• IIi' . 1.7 , 3u . ·[2 ' •....•. , 
· 12 . H . 5?1 ,i .•~~. 

?- 2- I 5 5
• .0 . I'i" ~. . 
· 18 . 23 . 53! . 58 ' 
.10 • 1.·1, .·16 I .53:. 
• 1.0 • 00: . 45 . 50 I 
· 12; . Hi I .·HJ i . ·J·1 i 
.18 .2-1.... .... ,__ 
.10 .111--. ~~_~_ ~ ~_ ~ _..,_« __ 1.. ..:
: iI, ~ ~~ :. ~. "J ~ .-..... -- . 
· 27 . 20 ;.... .;.. . 
.23' .33 

;\Iay-S('pll.'U1Lwl' .27 .30 .31 .2·1 0.82 0.78'; 1. -10 1. 35 
· 27 . 30 . 3·' .37 , .07 . .. 7U 1. 20 1. 30 
. 28 .2H .32 .311 . . !)(j . !Hi 
· 10 • 12 .51 • ,'jl .70 .7[jI 

· Hi ..20 ..j.\ .41 
.12 . Hi .31, .37 
· 12 . 12 ••/7 · ·~S 
.28 .28 . ·\5 • .111 I 
.2(j .23 ..\., .'[.1 I 
.23 .25 . (j0 ; • GO ' . 
. 28 .3(l .·10 · ·(,2 ' 
.2J .2U; ••J2 .4:3 
· 1·1 . 17 

October-December. 	 .12 . H .30 .31 .80 .87 
.23 .2(l .30 · ·~2· 

-·-:-·---~--··.-···~-~I 
Days of record. Illllnlwr' 2!J 22 ii 3 
Days of ~qual catrh do 2 3 I 0 
Days Fergusson catch 

was greater. do 3 ;) 
Days Fergu880n eateh 

was less __ ....... do.. 2<\' J·I 2 2 
Total amount Fergus:-;on 

catel, differed from 1",­
simcter c:\tell I •. inehn;;. .7 J .34 18 -.06... 

Avenlgedifferencp ill cfltCh 
per day I. _... do·. 02·[ ... () 1.'5 -,03() -.020 

I Totlll dHicrence for t;I(' year= 3.!)8 inche". 

• 
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TABLE l5.-00mparison of dCLily minfalt catch as determinecl by lysimeler 
Y102C and b1l Ji'er[J1L.sson l'ecorrliny yafle. by size of rain, 1.954 

0.1- to 0.3- 0.3- to 0.6- O.G- to 1.0- Rains over 
inch min;; inch raillf; inch mins 1.0 inch 

'---'--"------ - -----,------Period 
F('r- 'L' Fl'l"- L 	 Fl'r- II . 'Ppr-, L . , vSlln-' : ysilll-	 '-Y~lln-i TI" ; ySlm­
gu~- ; etl'r gus- et(>r gus- cter' ~ 1,,- i eter 
;lOll '{102e l'on YI02(' ~on )"102C son iYI020 

gagf' gtlJ.{e 	 gagp , gagp 1 

'---- - .... --- ~.-- ~---.-.-..- --"-' ---J<----1--­
l illd/(:.~ 1Jl('hcs ll/('ltl'.~ I/II·hls 	 Indlcs: il/(:hl's' I I/chr:si III('/II!.~

,January-April O. l(j O. 17 0.:32 O. :12 O. 84 O. n1 ' I. 07 I I. 0;3 
· U; . I8 . (j.! • G·~ ,'" 
· 18 .2ii 	 . G·t . (1) I \' 
• 10 . Of) 	 • 70 . 77 
· 12 . 18 . 8;~ . 81 
.20 .2·1 
.20' .28 
.28 .35 
· I!{ . 18 , 
.2;1 . In i 

" 

l 

.25 .28' i I" 

.20 .20 • .I{j • ·11 ,7(j ,O!) I 1. 50 1. 44 
· 1:1 . ](j .58 .5-l • H2 . !J.1 
.20 .2:1 , ·IS · -14 .78· S~ 
.22 .2·1 .. 58 · fJ5 
.20 .21 , al .:H 
· 15 . 17 · :l!J · :lS ' 
• II • 12 .5J , ·I·j 
.20 .26 .32 · :l;l 
.22 .21 .58 .52 
· 10 . Ii · !lJ · a:l 
· I (j • 13 

'15 • 1·1 
• :2 J .21 
, 1·1 . I U 
.2·1 .2·1 

October-Decpmb('l' 	 .21 ,20 .5G .5:3 • (Hj • SO 2.07 1. 8-1 
.20 .2(i .77 .7:3 
,27 .2!l .7·1 .85 
.27 .27 • .j;{ , ;l!) ,"' 
, 11 • 1(; 
• 10 ,LO 

,0 

Day,,: of record IIlIm!>(,,' 12 12 3
D:ty~ of ('qual catch 

du_ ,) 2 0 
Day;.: J?prgllfi~oll catch 

\l'a~ gr('al(~r __ .• ' do. n 7 (j 
Day;,; 1"('rl;n:;::;oll catch 
wa~ less., _'.' do. ;{ ,) 0 

TOI-al amount l'ergus:;oll 

catch di/fc'rf'd from 

Ivsilllcter <:atch I 

- illches,. ~, ·11 +.18 -,O·J +,33

Averuge ditfefPIlCt' in 
clltcltperclay I._illches•• -.Ol;l +.015 +.033 +, 110 

• 1 Total difference fOf the yellr=2..1-j inchet>, 

3 
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Table l6.-Comparison oj daily rainfall catch as determined by tysimetel' 
Y102C and by Fergusson 'recording gaye, by size of rain, 1955 

I 0.1- to 0.3- I 0.3- to 0.6- i 0.6- Lo 1.0- I Rains over 
j inch ,rains_I inch ,rains_;~rainS_I~nc~_ •

Period 
I Fer- kVSilll-)i Fer- ILvSilllJ Fer- ; LYSilllJ Fer- ILvSilll­
! gus- I eter gus- I eter ! gus- 'ete ! gus- I eter 
: son YI02C son IYI02ci son 'Ylo2"ci son !YI02C 

l~ag~\___j~ag~;___!~~~.__J~ag~I___ 
Inches I Inch es ,i Inchesj InChesl Inches! I ncheS\IlIches IInches 

January-ApriL." ." ••.• 0.12! O. 16 0.38. 0.38 0.77 0.74, 1. 01 i 1. 00 
\ · 27 f • 20 I . 54 i . 52 .... -. -' _. -11 1. 02 I 1. 13 

· l\) I' . 24! . 51 l . 49[.... " ... - - 1. 25 l 1. 19 
· 26 . 2~ I . 41 • 37 . - .• , . _. -1- -... --i' -.­
· 18 . I () I • 36 . 32 ... -. • . __ '1_ - - ....... - • 
. 20 I .18 1 .42 

I 

.43 I.. ·.. .,. 0\.. ___ .: ... __ _ 
· 10 . 09 I . 48 . 49 • .., . - ... ' . - .' - •.. , - .. 
· 22' ?- -1 - 4 ":~~ I : ~~ 1-'" ~. . () o,j: : : . : .: -::: ::::: ~ : : . : .. :

I . -; '.. -.0 .... -t·· "- --.---,---- .. ,---- . 

: ii I : i:i i~:':" ::=::::':~:=I:::=::l::'=::-=::· 
May-SeptclIl oer :i~! :7~ 1--.- 35 '. 38' '.- 83 '1' -:81': -i. 08' -. j:05 

· 20 14' 5a 65 . 70 . 72 : I. 12 1. 020 0 0 

.27.30 .a:3 .4:'.)\.- _j'_ ._,1.29,1.17 
· 19! . 23 .48 . 48 .. J. 19 I. 22 
· 24 28 . +7 . 4+ .. 
• 14! 

I 

. 
• 

18 .36 .38 I 
· 28 I .:31 . 57 . 52 !. 
· 27 . 24 . 36 . ;~4 
· 18 I 15. .48 .52 r 
:ig 1 : 

0 

~~ !: = - : ::; -: : . J .. ---.--­
October-Deeembl'r. · 25 i . 24, I . :36: .3~ I 2. 27 I 2. 29 

. 12 i .15! ..38, .421. .____ ... . 
• J0 I . 12 I . 33' . 20 ,_. 1\: ....1•. ' .. . 
· I It. 15! . 50 i . 48 !. .i . .1 

')6 i . 25 .. _1 I j· - I . I -IT'
,------:-------1----'----

Days of record. number 21J 21 ;~ [ 8 
Days of equal catch ,! 

do. o () 

Day:; E'erglls~on catch was 
greater... ~ .do. I~ !) Ii 

.Days FrrgllHHon catch wat' 
lef'';. ..do Iii 10 

Tolrd amollnt Fprg\l,;~on 
catch diffpl't'd from lv;;i­
m<'t(.'r catch I inclil':< I(i -.05 +. u;~ +.16 

AVerngl' diffl'I'('lIc(' in 
clltch per da~' I do -.000 ~. ()O~ +.01 +.02 

Total difference' for tlw year= :2.26 inches. I 
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whole or in part by water added to 
the soil through condensation and 
absorption. The net soil-moisture 
depletion resulting from tlwse proc­
esses (designnted ET-C'A) is a 
very convenient value in a~t'icul­
tuml hydrology. For drutnage­
basin sludies involving the hy­
drologic eycie, ET-CA values 
should be used instcad of ET 
UIOI1(' , us explained in a previous 
scction. 

In watcl'shedflood control and 
soil - and - wn.ter - cOllselTalion pro­
grnms, tht' volume of nil' space in 
the soil allcl the possibility of 
increasing it and using it are im­
portan t. 'I'll(' soil pores may bt' 
needed to stor(' all or part of the 
storm rainfall. Kot only the vol­
ume of ail' spUC(' in til(: soil. but 
111so the size and arL'Ullgement of 
pores and oth('I' factors gOY('l'll the 
capacity of the soil to tL'Ullsmit 
L'Ui n fall ; ill other woeds. its pel'­
meabilit\, rn.tp. When tile water 
in pores' is replaced by ail', oxygen 
is mack available for plflnt usp. 
1Vhen Ilir replaces watp!, in too 
many pores. ho\\"('\'el', Cl'OP fuilut'P 
IlHl)" result becallse of insuffieipnl 
moislmp. 

The magnitu<i(' of ell. Ilncl ET 

JULY 12, 19~,3 J,ULY 13 

and their diurnal oeeUlTenec mit\' 
bc obscITcd in figlll'cS 20,21, and 22. 
These art' typical of corn and 
meado,,' fields and represent both 
ell'\' and w('( conditions in a well­
drained soil (YI020) ancl fairh- dry 
conditions il~ a slowly pernleabie 
soil (YIO:3.A). Whene\Tpr the line 
in thc graph is abovc zcro, there is 
w(,ight gain (0A) for these hours. 
These p('riods, indieated on the 
graph in solid black, IHe commonly 
found in tlt(· late afternoon or early 
night. Tht' amount of 01\ for each 
dny is shown as a plllN, for example, 
+0.054 inch for lvsimett'l' Y103A Oil 
August 28, ] 95:( (fig. 21). When­
('Y('r till' line is below zero there is 
weight loss (ET) for thes(' hours. 
These periods extend most generolly 
from eady moming to late aftpt'­
noon. 'I'll(' amount of ET for 
pach day is sho'\'!l as a minlls, for 
('xampit", -0,152 inch for Iysinl('ter 
YJ03A Oil August 28, }953 (fig. 21). 
Consumptin' use (ET-CA) for 
this day is +0.054-0.152= -0.098 
in('h, • 

"lwn('nr tllP word p\'apotrulls­
pimlion is used to expressE'f -CA, 
it is so nolpd, as in figures 6 through 
1(. Th(' graphs of a('('umulated 
pyapotranspiration al'e actually 

JULY 15 JULY 16 
I 

I I 
YI02C IRRIGATED JUL~ 14 

1.02 , , , , ,I , , 
I '~ I '..a. , . , 

o , '- r' ...1 nl' 'nl' '1 II ,.J 1 
L j , L,.. 1 u, iJ lLr' , '" r~ -.02 , ,. , .., , ,..",z '"H IJ' 1 I 

r.OIJ" -.22.1" t016" .204" f.009" lJ' -.269" f.006· 1-1" -• .100"g~ 
w 

-.04 

OJ ... 

~ ; ,, , , t J ~ ~ t.02 , , , , , ,5 :r YI03A , , , ,
::IE " ......... , .... a' '­>- ~ 0 I-' 1 I r II 1. n ..J' 1 In.J. 
0: 

1 I , 'I ..J,I' IL,l IL, I . 'L, 111,.1 ,g -.02 
:r 11 . L , 1,.1 , , ., II U 'l'~ , ,, u , ,U ..",~

-.0' 
f.009 -.24.1 foOl8 -.229 f.015 -,2.11 f,OIJ -,256 

-.06 

• 
FIGURE 20.-HDUrly moisture change" in irrigated and ~lIlirrigated corn ly"in1eterii

YI02C nnd '1-HiaA before nIld after irrigation ';July 14, l!)5:~ . 
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AUGUST 24,1953 AUGUST 28 I AUGUST 29 

YI02C IRRIGATED AUGUST 25 
t.02 

I , , 	 ,, , 
, rI I 	 ,... 	 •0 ,~ - 'I !, L r1 lJl., r1-w 

W II 'n ,J , II ~I II ~, 
I!> -.02 , 	 , 
< 
z I", 1.,1 , L J I , L r , 	

I I ,I:r: 	 J , '1 J 1 n..lu 	 _ -,04 

!r +.022" -.244" t.004" L- -.358" +.004" ~ -.348" 


w W 
!r 	........~ 
I- ~ 

III t.02
"- , 

I YI03A , ,
0 0 
::< I , I:r: 	 ~ I'"0 ,>-
-' 	

u 
~ II 

.-. -
:-j ...J I :1 ~ --, 

!r 
:::l -,02 I~ I , 1'-, i-l I , '"1. I-' , 
0 , , , 	 ,......... L I ul 	 , lJ.
:r 

t.028 " -.155" "1:054" L -.152" +:050" -.14'"
-,04 

Fl(; nn: 21. Hourl.\· lIloj,;t lin' {'hall.!!;O" ill It'rig:tt .. <1 Ill,d llllil'rigall'd ('0"11 ly~illJpt('r" 
Y102(' ;IIHI Y 10:\.\ !)(,[Ol"l' awl aft 1'1' irrigation AIIgll"t 25. 1 niia. 

MAY 16,1955 MAY 17 I MAY 20 MAY 21 

YI02Q IRRIGATED MAY 18 
.. 02 

:.a. iooL 
, 

o 1 r "1 ,-', ." .J ., r' 
h, r' ' 	 ,1 ,..r , ., .t.-,,~,bt- ' 	 ,"'1. r --	 l, J 'l r' ' 

t,OIT" ....j- - -.203"f;OOI -.25'" 	 t.O"" Lr -.250" fOOl" 'I. J -357" 

·_·4.~.-;-- YI03 A --~ . __' , ,
r--7-- ----;-.- ,.............- -""""-- _.-. .. ., . ..._.­

,-r'u1 IIrI 1 ,J 

'I 
"1 ,J 

IlJ...:. 
, 
__ ·-t-~I-~-

L rll ' :~\: ,.-._.-; 
tf:::'~-

.... - .. .t,L ._'--i-f-! 
--

. 

1 : .~ -----Ut-. ' 	 ''1 Y 
1,1 L 1 

f.006" -.305" tOiO' ; • 240 t.O/4 . -.273 t007 -306 
-06 

FltOl"ltl-.22, !tlllfl'i\ Illuj..tllrl' {'hallAI', ill irr/l.wl ..d aH<lllltlfl'ig;lll'd 1llI'ad(I\~ 1.\,illlO'[pr;; 
YlO2(, aW! YlII:L\ !lI'fllrl' and aftI'!' ifligalillll :\la~ Ik. lUii:i 

I~T - .. ('A. Th<' ~lop(' (lr t h(':-,t' hw'" tIlt' ET· C'A ntlup:- j"('PI'PSP111 Iht' 
1·('I>rl'~!'llt,.. t [H' 111'1 dail,\ l!Pplt·1 iOIl m t I' or s()i1~nlOist Il/'(' cll'pl('(ioll foJ' 
of ;;oil moisllln' rOl' 2-1· IHllll'S {,lIdill/! llt(, ('mp gt'(}Wll. TIH' impol'tancp 
Itl mid uigh!. of 1his I ,'pltt Illl'ul of 1lH' dlLtn \"ill 

I tl il'l'igllt ion ]ll'lll't j('t', f':T C.\ [I(' 1lI1l1'(' np[I!lI'/'llt nftp!, Ilw spdioll 
YttitlPs should Ill' 1I~!'tl. 'I'h!'\ HI'I' 011 il'l'ignl iOIl •Jl. lOS I j..; st ndi!'!!. 
{'OIlUllOllfy I'l'fPITI·d III /1:- '''('011­

Condensation.Absorption (CA), or Dew~\lnlp lin; liS!''' or "('I'OP [hI.' of 
1\"l1lt'I·... Act llul" , YI'g'ptul iOll dop:­ TIlt' It \'PI'ugP daily ('.\ on nil t ltl'PP 
nol 1l1wuys ww :;'11 thiS \\ulp!,. hut II pigitillg ly:siml'tl'('::i i::-; ginn by • 

http:irr/l.wl
http:FltOl"ltl-.22
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months and YPiLt'S fol' th(' pt'riod 
1944-55 ill tfl,bk 17. 'I'll(' gl'('all'st 

• 
ay('l'llg'(' dttily CA fOl' nlly singl!' 
monlh. ('xc'ppl mOllths Ittl'('('tpd by 
drifting SIIOW, wus (UJ5 ineb 011 
IYsiml'lpl' 	~'f LOaA ill 0('(01>1'1' J!ti::' 
).[onths, !'x('('p{ tho,,!, of SIIOW, ill 

whidl til(' anl"llg'(' !Ittily ('A \\us 
mo1'[, I hall ().(l~ ilH'h \\'['('(' AWi!. 
~('Jlt l'miJpr, ilnd ()('( ob!'r, ,,\.Y"I'ngl';' 
for tlIP gl'Owillg spaHOIl i ~ [ay 
August I !1l'P nil low. 

1t is likl']v I hnt (,,,\. \'nhl1's in t hi~ 
J'('porl fol" April to Odol)!,I' un' 
C'olls!'l'yulin', Till' w('[Kit! 1'('Port! 

('nn l1lPHsUI'P OIl]Y II!'! dlllllg('S. .\. 

('rop Ii fool or mil! p ill IlI'igl;t ['(l111d 
lH' trnnsJliring \\'Ittp!, III til" SHUll' 

t illlP (':\ h; O('('U l'l'ilH.; II ( I h" grou nd 
surflu'l', ()hS(I)Tllti(;lIs buy,,' slio"'l1 
thu! tIll' 1!'lllp<'I'atw'l' of (hI' nil' 
usuully ('001:-; ~()OlI"I' nt th!' ground 
~t1l'fU('(' !han n f(wl OJ'so al)(lY!' I II!' 
!!I'OHlHI. C.\. nllu(':-; \\'('1'[' uhnl\'s Il's:-; 
for 11 tall CI'Op thnl! [OJ' IIll (TOIL For 
I'XHlllpJI', 011 ~Iny 11. J\J4!l. C,\. fol' 
nlfltlfn-hl'OIlH'g'I'!lS:-; wns+ IUHl..j· ilWh 
awl f(lr harp piowt'd lund, •• (I.fl.iP 
ilH'h, C'A vulups Itubl" I" for 
I"simple'r:-; YI!l2C und Y]();;,\. ill 
(:01"11 in lH·!;i, IIl·HI, ulld IHi):; \\,('['1' 

gPlll'l'Itlly gl'NtlpJ' ill ~[Ity tllllll ill 
,fUll!'. Ju]y. Hud ,Augu"t. In :,[ny 
tIll' !!l"Olllld wus mosllY blll'p. ulIcI 
tIt(' pl1ll' \n,jghl ('hnllg'l'~ )'{'Pl'PSl'lll 
t Illl' (',A \'Idups lis I hpI'!' \\'11"; prllc'­
I ie'nlly no t )'illlSpiw t iotl. Lut!'I' IhI' 
surra('" WlIS ('o,pl'pcl by n crop lll1t! 
g'rp\\, ('0111 illuml::;]Y Iall ('I" utilI ! IH' 
jll\l~ \\'('igh! ('ltH Ilgl''; "('l>I'{'''['1\ t I'd 
('A mill\!"; trHIlSpil'ulioll. (JI' II 11I'1 

C'OlISI'!'\'1l1 i \'1' nd 11(' of ('A. 
('UI t iug unci !'I'!lw\'nl of htl,' 1"('­

sllltl'd ill lin nppul'l'llt illl'n'lIs!' iII 
('A of (;,01 illl'h PPl' dny. ('A \ lillII''' 
l)(lfol'!' !llle! nft (II' I'ut t illg lw.\ along 
wit It ('A \ult!I'S fol' 1111<'111 Jill,' 111'0 

vi<il'd II lU('ItIlS of Ilrrivillg III tIlt' 
lllu!!uit wi,· of this iIWI'I'HS;' ill ('A, 
'l'1I1' iJ)("'PllSP lit ('A ('oldci Hot 1)(' 
('xp\aitwd froUl I'Iimalo]ogi('ttl fuc'­
lo!'s, As it was likl'h Ihat ET Will' 
pSl'wu!inJly sto]l}wd hy l'c'UlO\ 111 (If 

hny, CA was possibly 11 tnH'l' vllh~(> 
aftPt' hll~' (,'Ittill~ thtLll })('fo1'(,, It IS 
lilwh', tbpl'l'foI'P, that thp t('up C'A 
fOl' lilO:,( of IItt' growiuK senson was 
gl'PUtl'l' thUli ('ould hp ll1puslll'('(l by 
t h(. \\'{·igltillg Iysiml'l PI';;, 

'l'PJUIH'I'Utlll'P ('hIU)gN~ within th(> 
~()i1 llIlI." c'tttJ;;P VILp01' ill til(' soil 
jHlI'P;; (0 ('ollclPIlSC' ill t11(' ('ooling 
phus!' of t bl' ('.\"('Ip nne! to (·YILPOI'n.l(' 

ill tIll' wtlnnillg plIlUH'. Thi;; would 
l'I'SlIIt ill 1rsimplpl' wpidll dlll.ug('s 
lhat ~1\ll1l1;1 uot 1)(' nss(\('in,t I'd with 
Uf't unl 11lf'I'I'HSPS 01' <lI'C'I'(,US('S in soil 
mOlslUl'I', A slud\' wt1~ I1ulcl(' to 
dl'll'l'lllltH' lh(, mngnituc!t> of such 
\\('Igllt dlllllg£'S. ('omputIlLio!1s 
hasl'd 011 I'P('o!'clt'd soil tPllljlPl'n.tur(', 
nlpOl' pn'S::;llI'l', and ,-ohlIllP (If Ilit' 
in soil JlOl'PS ill<1i('ntp tbllt th(> 
HIllOll11t of moist un' ('oll(lC'llS('d by 
('oolill!! of Illp nil' ill ;;oil POl'('S phis 
till' llloistlll'P ('oncil'lISpd from Ilil' 
dnnrn illlo II\[' soil durillK til(' 
poolillg pl'l'iml \\!lS I'XI1'PlllPiy small. 
Thl' duil\' tout! \\1\:-; \(1:-;:-; than 0,01 
POlllld I llbollt (l.lHm()~ il1('h of wllll'r) 
for lit!' l\':-;iml'!l'r arpu. This fnctor 
\\'u-: thl'!:"fol'l' too smlll! to hI' (,Oll­

sttll'l'l'd, alld IiII' C'A nlIl!(>;; W('rr 
l[wlI IlSSlIllll'd t (l 1)(· Huppli('d Pil­
Iin'l" f!'OllJ lltIl1osphpl'i(' llloislul"('. 

l'lil'lllPl'S 1111\'(' IOllg l'('c'ogniz('d 
III(' ntlu(' of (h·" 1 ('j,. 1 in lwlping 
10 supply ('mp moi~tul'l'. Dpw is 
npPuJ'('ltl'!.\ gl'C'ul,'!' ill vllll('~' lipids 
1[lItll Oil hills. 1 Io\\ ['VPI'. OIl lht' 
('oSll(H'IOII l\'sinl!'tl'l's, s('v('!'ttl hUll­
dn,d fpl't lil)()vl' [lip \'1111(\\' floor 
<II'" ,YUS <;IlHi('iPIl I nIt iulPs io {,Ill'n: 
n !'rop 0"1'1' dl'llllgitt p!'I'jods. Ol1'l~ 
:"111'11 pl·rind O('['ul'r!'d ill AUg'ust J H;i I. 
\rill! Ilnh !I"i:i irwh of mill thiLt 
lllOJltlr, (,j'l)ps did. uot wilt. Dpw 
f ('.\ 011 l\'silUt'(['1' Y HJ:L\, nmoun\('cl 
to I.;{!l i'w'ht's luhl" IS) with us 
llIUplJ lis n.Il" illl'iI ill u :;illglp cluy. 
TIJ[' impOJ'tlllwl' of rllll' in ('OIlS('I'Y­
lllg' SOli llloistlll'(' is substH.l1tifltPd 
hv o!JS('!'\,ul i(Jll~ \\-hich shol\'('d that 
\\~hil(' tip" wu<; bpilW ('nlJ)omtNI

~ 

no llloistul'l' \\lIs tul\Pll fmIll the 
~tliL ET \'ltiUl''' \\[11'(' l'ssl'ntiully no 
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'J'A m,I'; ] 7.--Average daily condensation Mul a.bsorption (OA) on lysimeters Y10iD, Yl02C, and Y103A, by months, 
1.944-55, expressed in inches oj water ~ 

,.---.~~-+.-,....,-...-'>-...- ... " ._------_-... .--.<,-'-,,",---'.~~-~ < 

Aug. Sept. Oct. Nov. Dec. Annllnl ~ Y ('ar a\ld Iysillwt('r I .Jnn.J ~('l.)~ MUTCh April MILY .1ml(' .July .... 
--...~~--"'--....-.,~ - ­--.-~-,-,," "'-----~------ > 

0 

t" 
1O.f.l : 

O. 000 0.015 0.021 0.014 2 0.060 O. 019 til
YlOlD 0.016 O. 030 o.o:n 0.015 O. 007 0.008 0.007 Cl2,046 ,018
Yl020 .0:l5 .028 ,013 .011 .004 · O(H .006 .006 .014 ,025 .027 t" 
n03A ! .024 ,030 ,020 .016 ,005 006 1 .002 .002 .007 .015 .013 2,050 .016 

t'l 
t" 

.] 045: I >-3 ......
YIOID I 2 \'~ 8 2 1 ')0 ,028 .017 .015 .012 .0Hi .018 .015 .020 . 020 .036 .030 

Z.015 .015 .02!) .033 .036 .030Y102C .026 .021 .010 .00712: 072 1 2: 065 · OIR j ,012 .Ol·l .025 .032 .026 .064- .....
Y10:3A 2,OH8 2,055 .018 .OOD .OO!) .014 .008 .... 

H).I6: -1 
.0:10 .025 .028 2, o.la .02!) conOID . I . -.:)/O-~ -. ~ 2, mo ,017 · OIl .011. .022 ­"05') .025 

.020 .0:37 .041 .027Y102(' 2. 051 2. 0.\1 .0:14 .02;1 .012 .006 .012 .01.7 .026 
YIO:3A 1 2, 0·\·\ 2, 034 .026 ,01:3 · OIl ,010 .012 ,017 .028 .028 .025 ,026 .023 S 

10·17: ! ?l0')- ,028 .024 .026 ,03·1 

I 2,0·18 2,O(i3 .0:18 .o:n .024 .015 .015 ,02·\ .017 .026 .0:34 ,039 .03t t;:j
YlOID. I 2,0·\8 2.0R6 2,053 .02\) , -I .017 ,021 .021 .023 
Yl02(' 

0')- ,025 ,025 .O:l2 ,026 t'l
YI03A 1 2, 034 2,040 .085 • ~I ,021 I .015 .015 ,020 .015 "d 

1!).J8: ~ .026 2,0·10 .0261'IOJ1) 2,054 2,050 .lHH .010 .008 . .007 ,012 ,018 .018 .02·\ 
_I 2.0·181'102(, .. _j 2,051 2.072 .0·1:) .020 .012 .oon .012 ,027 .021 • o·r .0:34 ,032 

"1 
0 

, (}20 ,028 2,03.j .025'Y]O:IA 12,0·11 2.050 .04] ,0]8 · OIl .010 .01·1 .016 .Olii 
>10·ln: 0.oao .050 ,oao'(lOll) . 2,035 2,048 .0·15 .oao · OIl ,020 .0.12 .023 .025 .026 ~ ......0'») ,0:38 . o:~n .Oa2YI02C ,038 2,0·12 .0·18 .028 ,Oa8 .026 . OIl . ~- . O:lO .O:l2 0 

YIO:lA 2.0:H 2.041 .045 ,021 , -(0')- ,02:3 ,000 .O2:l .0:l8 . 04 I .O:l2 .055 .032 8
1!)50: >-3

2,057 0.52 .0:36 .022 .02n .008 , OJ.! .018 .022 028 2. O:l5 .030 ClY10m .043 
'1'102(' .042 2. 0(\ I 048 .041 · (l18 ,015 .028 .02!) .024 .02ii 0-14 2. 050 .035 ~ 

0')0) 2.0:n .035 t.'!l 
~-Y103A .04ii 2.066 0(\0 .0·I:l .016 .020 ,O:l2 .oal , .026 025 

In51: 2.082 .034~ I ·0')') I .013 .012 .Oi2 .025 037YIOJI) 0:35 2,060 O·!!) .0·10 .017 ~- 2,060 .0·10YI02C. 038 2, 116 0·18 · O.j{i ,021 .022 ,015 .038 .021 .023 0:15 

YIO:lA I 037 2, 152 055 ,042 ,021 · ()22 I • OIl' .045 .025 
 .020 028 2.086 .046 

,~ ,~,• . • 



• • 
!1052: 

yl()1l) 051 2.051 052 , 0:~21 ,020 I ,OIG ' ,004 ,018 ,017 ,021 030 032 ,029 
Yt02C 051 2,048 053 ,084 ,015 ,017 , 01.1 ,026 ,024 ,03,\ o:n 0:38 ,0:33 

0,\8 2,0,\7 040 ,025 ,016 ,012 ,011 ,017 ,021 ,033 041 035 .030t;; YI0:1" 
g 1058: 
o YIOID 2,OB7 2.050 2,041 , O:3:l ,020 ! .016 ,011 ,018 , 0')') ,021 2,0·\5 2,04,\ ,OBO g;

~~ 

'" YI02C 2,0:35 2,043 2,037 ,oaB ,0:35 ,02!) 3,012 3,015 ,025 3.039 2,042 2,047 .oa2I' YI08A 2,0:31 2,047 2,035 ,020 ,024 ,025 ,012 ,024 ,04.1 .050 2,0:38 2,0:33 .082 
~I 1954: 

VIOll) .\ 2,0·\0 2,048 2,060 ,0:35 ,025 ,024 .022 ,025 .OM .033 2.04a 2,048 ,037 
Y\02(' 2. o.l(j 2.0·17 2.0·16 ,0:37 ,000 .01G l,029 .02.1 l. 024 ,030 2,0·10 2,0·\7 ,034 ~ 

'" YI03:\ , 2,0:3:3 2,087 2,041 ,0:31 ,014 ,014 ,033 ,022 .040 ,026 2,040 2,0:39 ,031 
)055: I ~1

YIOID J 2, 051 2, 04·\ 2,062 . ():l:~ ,018 .025 .01\) 1 .024 ,081 ,0:34 2.0·\1 2.056 ,OB6 ;:Q
YI02e 2, 0.\1 2, 055 2,O(i3 ,082 ,010 6.023 .019 .013 .027 ,028 2.0;\8 2.064 .035 

~ 
'1'103" ~ ' 2. 03.\ 2,061 2,052 ,02!J .012 . 027 . 026 . 021 , 037 , 027 2.0B4 2, 0.\4 , 0:34 

• -,. '+~__ 'c' _____._~____ ._+~_,__~_ ... ____....-_~_ __.'.•..,..! ,...,..,......------~~_r ::ll 

A\'('raw': i . o 
t' 

YtOID !-.051 .020 .017 ,010 I .021 , 02Q j 2. 0:12 1 2, (l46 1 o 2.058 2,0·16 .018 , (l13 ,03] o 
Y\02C ' 2,0·16 2,05U 2,041 ,0:30 .018 .017 .015 .022 .02:1 , 020 I 2. 0:17 2. 04(} .032 

~ 
YlO:lA '. 2,0·10 2.05G 2, (l40 ,025 .017 • U J(j . OW .021 .026 . 020 2. 03!) 2. 04 I ,020 

;.­
_ -..,-_ ___ ____ -r' ,_L_._._.~'~~~ ' 

--~+~.- ..---- Z 
~ I For ('ropping hiRtory, Sf'(' PP, 157-IG6. 	 ~ lrrigillpd .Iuly 1·\, Aug, 25, and Oct. 12 (lnd 21, 1953. 

2 SOll1l' !;nowfnll durin,1.( t hI' 1II0nth; \'alll(':O; po;;sihly loo high (hI!' ~ Irrip;nlrrl \Iuly 16 and Rl'pl. la, 1\)5·1. 	 ~ ..... 
to drifLinp; of snow. ~ I rrip;all't\ .1 Ill\(' 2\J, 1055. 	 o 
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TABLE l8.-Daily values of dew (CA) on lysimeter Y1 03A , August 1951 

Date Dew Dew D('wDate DatI' 
i , .•-----,---- ------- ---_. --.------ --'._- ". 

Inches filchesl ____ ~_._~ __ ,,_' 12. __ ... ____ _ Illches 
2 _____________ _ 0.02 O. 06 2a .. . 0.0613_______ .. _,,_.3 _____________ _ . o:~ 

____ ,, .07 24........ ___ ... _ .. .06
1·1. ____ _
4 ________ • ___ . _ .01 .06 25•... _ .06
5 _____________ _ .02 IS_. •• _ .. ._ .05 26 .. _.. _ .. ' .05

. 03 16 .... _ .,. __ ._ .. .05 27 .... _____ ..... .086__________ ~_.~: 17. ____ _.01 ___i ____ .. __ . ___ ._ .08 28.. .0-1

.01 18... __ _8,. ________ . _ . _ . 05 2U .... .. .05
9_____________ _ .04 ' 11L. .. . .06 :~O ... _... . .06 
10 ________ _ . 05 20... __ . ___ . .05 aL ... ______ ... .02

• (J.l 21. •. _. .0511__ .• ____ ... .06 22 .. .06 Total. _ 

gre'1terfollowing it. h<'lwy d('w lhl111 Evapotranspiration (ET)
followi.ng little Or no (h'w. This is 

The avemge dail,Y ET from allexplainNl in u lutN s('dioll of this 
three weighing lysimetel's is givenbulletin. 
by months and years for the period

The effect of tIl(' moisture content 1944-55 in table 19. As expected, 
of the suriac£' soil on ell. is shown ET, cLiues were highest in the
by the changes in ell.. bdol'l' and growing season eMu-y, June, and
after irrigation (figs. 20, 21, and July). ET values for August a,nd
22). The change is more striking September were lower, largely be­
on cornland (figs. 20 and 21) than cause of the deficiency of soil
On grassland (fig. 22). On August moisturp. ET yalues cannot be
24, 1953, befoI'£, irrigation on Au­ high if moisturt' is insuffiC'ient to 
gust 25, OA on Y1020 was 0.022 mep[ the plant llreds. This is
inch (fig. 21). On August 28 and illustl'l1ted by comparing ET values
29, with a wet soil sm-fncl', C A was for the 195':3 gl'owing season [01'
0.004 inch per dllY, Ditta for lrricTatcd Ivsimclrl' Y102C' with
YI03A, unirrigated, show thl1t cli­ lho~e for' unirrigaled lysinwler
matological conditions on the uni­ YI0:3A. Both were ill conI. The
formh~ dr"- soil suriac£' of Y10aA aVl'rnge ditily ET ,-alues in ~lay,
were actuu:!lv more favorubl£' for 0;\ June, iUld July weJ't' higher foJ' 
on August' 28 and 29, than on YI03A tbitn for YI020. K either
August 24. The wpl soil of Y102C soil exprrirl1cl'd Illueho( it moist UJ'£' 
was not couciuciye to high va,lups dl'fi('it in these months_ The ETof CA. valur (or YI02C, which WitS well 

Data for Y102C and Y103A. for supplird with moisture, remained 
August, Septt~mbpr,' and October hiuh in August (0.233 in('h IWI' clay).
1953 (table 17) show the effect of wherl'as ttll' J!:)T yalu(' for YI03A 
irrigation on CA for eornland and dN'renso('d to 0.174 ineh pl'l' day be­
upw wheal seeding. On the moist cause of a Iurg(' llloisturp defieit. 
sm'fac(' of 1.'-simpler YI020, IWer­ " K otieeable diifrl'('nc(>s in }JT can 
age daily OA was 0.015,0.02-, and be obsen'Nj for diiferent el'Ops,
0.038 inch per day and on the dry esp(>cially in MilY and ,June. At 
soil of YI03A it was 0.024, 0.041, this senson tliiferNlces in th(> de­
and 0~050 inch per day, respee­ velopnH'nt of th(> "(>getittiY(' canopy
tively, for these months.. are very noliceabIP. ET vnlues for 

http:0.015,0.02
http:followi.ng


.' • 

TAHI,r,; 19.-.l11'fra{lf daily eraj)()tranS])i1'al1'on (leT) from 111simetel's nOl lJ, DOtH', and :n03A, by months, 1944-55, 
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TABLE i9.-Average dauy evapotranspiration (ET) from lysimeters Y10iD, Y102G, and Y103A; by months, 1944-55' 
expressed in inches oj water-Continued ' 

Year and lysimeter 1 Jan. Feb. March April May 

1952:YIOID _____________ 2.075 084 102 .155 .227 
YI02C ______ - ______ 093 .127 . 192 
YI03A __________ --- 2.090 On3 109 .142 ,212 

1953: 

2.083 077 

Y101D _____ - - ___ - -- 2.052 075 082 .110 .203 
Yi02C ______ - -- --- 2.057 . 074 081 · 111 . HI 
YI03A ____ - __ - _ - - -- 2.057 078 088 .119 .164 

1954:
Y1 Q1D ____ - ______ -- 2.061 080 132 .155 .198 
Y102C _______ ----- 2.081 086 107 .IH9 .201 
Y103A _____ . _______ 2.055 072 12U .140 .212 

1955:Y101D _____________ 
2. on 075 128 .174 .219 

Y102C ____________ 2.067 084 098 .149 .222
YJ03A _____________ 2.054 112 130 .170 .241 

Averag~:
Yi01D ______ --- _--- 068 088 105 · 13H .182 
Y l02C _______ - - __ -- 069 08H 094 .127 .178 
Y103A _______ ._ --- 066 095 110 · 131 .187 

1 For !'ropping history, see pp. 157-166. 

2 Exaggerat,ed vnlues due to drifting of sno\\'. 

3 Irrigat{'d .July 14, Au)!;. S5, and Oct. 12 and 21, 1953. 


I July Aug. Sept. Oct.JUlie 
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.194 . 197 · (56 · 116 .087 


· 182 

4 Irrigated .July 16 and Sppt. 13, (!l54. 
5 Irrigated June 29, 1955. 
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Ivlay and June for the corn years deficient moisture for Y103A. 
1949 and 1953 averaged 0.146 and Evapotranspiration, as well as con­

• 
0.169 inch per day for lysimcters 
Y102C and Y103A, whereas for 
ulfalfa-bromep;mss tilt, average was 
0.208 inch. A difference of 0.062 
inch per clay amounts to over 3 
inches for the 2-month period. 
These differences disappeared when 
ull three lvsimeters were in about 
the same crop (second-year meadow 
in 1950 and 1954 on Y102C and 
Y103A and alfalfa-bromegrass on 
Y101D). 

ET values alone show the magni­
tude of moisture extraction from the 
soil and evaporation from vegeta­
tion during a purt of the day from 
about 6 a. Ill. to 4, or 6 p. m. This 
extraction is partly compensated 
for b~r CA. The' difference' (ET­
CA) represents the net loss of 
moisturE' for a 24-hour dn,y, and it 
is the figure most commonly used 
in ugricultural-hydrolog,\~ problems. 
Such data are presented later in this 
report under such headings as 
IC\Vater Usc by Crops-ET-CA" 
and IClrrigation." 

Houdy lysimeter weight records 
during periods in which there wus 
no rainfall and little or no percola­
tion show the periods of tIl(' day 
during which there werE' gains and 
losses in moisture. These hourly 
changes in soil moisture from weigll­
ing lysimeters Y102C and Y103A 
(figs. 20, 21, and 22) show the mag­
nitude of the e'vening-night weight 
gains and daytime w('ight losses and 
the effect of iITigation or evapo­
transpiration (ET) and condensa­
tion-absorption (CA). 

• 

CA und ET for lvsimeters YI02C 
and YI03A 011 JuI}: 12 and 1:3, 1953 
(fig. 20) reprl'Sl'llt unirrigatecl con­
clitiolls. It-rigtLtion on YI02C on 
July 14 amounted to 2.93 inches. 
Leaves' f the (,Ol'll phLllts shi.elded 
only part of the soil surface on these 
dates, ET and CA values for ,Julv 
15 ILnd 16 represent' conditions of 
ample moistut'e for YI020 and 

densation-absorption, was affected 
by soil-moisture supplies during this 
Jiily period. Avemge ET for 
Y102C for July 12 and 13, prior to 
irrigation, was 0.214 inch per day, 
or 91 percent of that for Y103A. 
Both had received the same minfall 
for months earlier. Avemge ET 
for YI02C for July 15 and 16, aHer 
irrigation, was 115 percent of that 
for Y103A. 

Rains of 1.30 inches on July 18, 
0.49 inch on July 20, and 0.96 inch 
on .July 22 replenished moisture 
supplies on Y103A, and ET for 
YI03A ug!tin became greater than 
for YI02C, the natural relationship. 
The last min ill August occurred on 
the 9th, except for 0.07 inch on the 
17th. By August 16, the effect of 
the late July and early August ruins 
hud disappeared, and the influence 
of the July 14 irrigation reappeared, 
that is, ET for Y102C ugain became 
greuter than for YI03A. 

On August 24·, CA was slightly 
less on YI020 than on Y103A (fig. 
19). Both soil surfaces were dry. 
On the same day (Aug-ust 24) ET 
for YI02C wus 157 percent of ET 
for YI03A. Failure of the print­
weigh mechanism prior to August 
24 and on August 26 and 27 pre­
vented the development of hourly 
moisture-change data for consecu­
tive 2-day periods lwfOL"c and after 
irrigation. On August 28 and 29, 
CA on Y102C, with a wet soil sur­
face, was exlremely low whereas on 
dry soil lysimeter YI03A it was 
extremely high. Irrigation of 2.90 
illches of water on August 25 mois­
tened the soil to a depth of 24 inches. 
It also provided moistme needed by 
lhe ('~op und possibly increused 
evaporation. The ('ombined ET 
for YI02C rose to an tweruge of 
about 240 percent of that for Y103A. 

One measure of the value of irri­
gation in July and August 1953 is 
crop yields-·-168 bushels pct' acl'('. 
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on tbe 2 irrigated lysimeters Y102B plans to conserve this viLal natural 
and Y102C and 144 bushels per resource. 
acre on the 2 un irrigated Iysimeters 
Y103A and YJ 03B. In 1949, w1l('n 
neither Y102 nor Y103 was irri­
gated, yields were practically the 
same, averaginf.; 150 and 151 bushels 
pel' acre, l'espcetively. 

The only il'l'ig!1tion in the growing 
season other than in the 1953 com 
year was on :\fay IS, 195,5, on It 

first. year m('ado\\' erop of 1'('(1 dovel', 
alfalfa, and timothy. Availabl(' 
moisture in tll(' 24-inch soil depth 
had depleted to the ollC'-ilalf level, 
and 2.26 inches of witteI' was n,p­
plied. Irrigation influenced ET 
noticen,bly (fig. 20). ET for YI02C 
on ~fay 16 and 17, before irriglt­
tion, I1veraged S3 percen t of that 
for Y103A. On May 20 and 21, 
after irrigatioll, ET for Y102C iW­
crag-ed 105 PCl'C'('n t of that for Ull­

ilTigated Y103A. Ther'e is consider­
able "al'iation in this relationship 
for the indivicl Llal days-:\Iay 20 
and 21. On both days, however, 
there was an increase in ET for 
Y102C after irrign,tion. Records 
for :\fay 19 could not be used in 
this comparison as some of the 
hourly ,·alues OIl thnt day were not 
available. 

Water use by crops (ET-eA) 

The amount of wltLer req uil'cd for 
crop growth hns been Lhe subject of 
much experimentation, esp('('inlly in 
the arid and semiarid seeliolls of 
the Goun try wherl? irl'ign tion of 
almost all el'Oplnnd is neecssnr.\T fol' 
production. '~Vithin recent years, 
howevet', irrigatioll in l1w humid 
.Eastern States has been fOllnd to 
be pl'ofi table in many CUSt'S. The 
scarcity of water supplics, thc' eost 
of transporting water to tbe crops, 
and the loss of plant llutrients 
througlr· leaching in almost every 
State lU1Ve created fL c1.emn:nd ['oJ.' 
sound technicnl illfol'maLion on the 
use of water by crops to help develop 

\Y i1ter-use-hy-crop data are also 
needed in ('stimatinf.; the rate or 
l'C'movat of waler from soil pores t1nd 
iu ('vuhmtillf.; soil-moistlU'e condi­ • 
tions antecedent to critica.l storm 
periods. Such C'valuations provide 
an important factor needed in esti­
mating infiltration rates and calcu­
lating storm-runon' mtes and 
amounts. 

'Wl'ig-b t records [!'O1ll lysimeters 
YI020 and Y103A fo!' the period 
1941-55 pro\Tide data on the amount 
of water used by difTel'enL crops in a 
4-yelu' crop rotation in their respec­
tive periods of ~rowth (table 20). 
These data tire for 4 com yeal's, 4 
wheat years, 4 first-year meadow 
years, and 3 second-year meadow 
yeal's. They show ..fo1' each year 
and for each crop the amount of 
waleI' taken from the soil in the crop 
period, i. e., ET-CA, or consump­
tive' usc. No efTort was made to 
sepamte evaporation (E) and tran­
spiration eT), as these two processes 
often function iOf.;ether to deplete 
soil moistme. 

All data in table 20, except for 
lysimeter Y102C in 1953 and 1955, 
are for natural moisture conditions 
where periods of soil-moisture de­
ficiencies normally occurred dming 
some parts of July, August, and 
September. If' there had been ade­
quate moisture' for maximum crop 
production during the e'ntire grow­
ing season of each yetu', it is likely 
that greatcr amoun ts of watcr 
would havc been used. Crops 01] 

lysimeter Y102C wcrc ilTigatecl in 
1953 and 1955 and the data for 
t\1Pse years (table> 20) arc for 
optimum moisture. Total amount 
of wuter used, crop yield, ftnd effi­
ciency of water use all show the 
efTect of irrigation. (See p. lOS for 
a detailed description of irrigatioll 
practices and results of the studies.) 

The amount of water Lranspired 
and evaporated in the May-Sep­ • 
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tember period in the production of 400 pounds of water per pound of 

corn ranged from 17.4 to 24.6 

• 
inches. Under conditions of natu­
ml moisture, greater amounts of 
water were used on lysimetel' YI03A, 
where the soil is heavier and holds 

• 

more water, than on the light­
textured soil of Y102C. In 1953, 
however, water use on ilTigatecl 
lysimeter Y102C exceeded that on 
YI03A by 1.6 in-.:hes. 

Yield of corn ranged from 34 to 
144 bushels per acre without in'iga­
Lion. The low yield resulted from 
insufficient mois'tlll'c and wilting in 
late August. \Vitli irrigation in 
1953, a yield of 196 bushels peL' 
acre was produced on Y102C. 
This was a higher yield than on 
uniL'rigated lysimetcr Y103A, a 
reversal of the normal relationship 
of these Lwo lysimetel's. 

Th(' efficiency of water usc is 
evaluated by dividing the weight 
of water used (tablr 20, col. 5) by 
the dry weight of crop pL'oduced 
(table 20, col. 7). Thc result 
(table 20, col. 8) shows that eHi­
cieilc'Y of use on cornland wi thout 
irrigation ranged from 319 to 586 
pounds of water to produce a pound 
of crop. 

The lowest vnluc (319 pounds) 
corresponds to the highest yield 
and is the most efficient. The 
highest value (586 pounds) C01'­

l'esponds to the lowest yield and is 
least efficien t. 

The most cffieient usc of water­
only 27:3 pounds of wiLter to produce 
a pound of COl'l1 crop-was with 
irrigation on YI02C in 1953. The 
amount of water applied an.d the 
time of irrigation was determined 
by field measurements of available 
soil moistlll'c anel, as a result, there 
was neither unelerirrigation nor 
overirrigation. 

Average values for lysimeters 
Y102C and Y103A show the same 
yield of corn and about 20 to 22 
inches of water used with a water­
efficiency value averaging nearly 

crop. . 
The total amount of water used 

for wheat production, ranging from 
12.0 to 14.7 inches, was much less 
than for com. The efficiency of 
water use (table 20, col. 8) was 
generally less for wheat than for 
corn. The amount of water used 
to produce a pound of wheat ranged 
from 456 to 762 pounds and aver­
aged about 600. Crop yield, with­
out irrigation, ranged from 32 to 48 
bushels per acre and averaged less 
than 40. 

Lysimetcr YI02C was irrigated 
in OctobcL' 195:3 to start the 1954 
wheat crop. Apparently this re­
sulted in a slight increase in yield 
without affecting the amount of 
water used in the April-June period 
(14.0 inches for irrigated YI02C 
and 14.7 inches for unirrigated 
Y103A). Efficiency of water use 
was 525 pounds on the irrigated 
lysimeter and 608 pounds on the 
unirrigl1tecL lysimeter. "Vater sup­
ply is seldom a limiting factor in 
the production of wheat in this 
region. Excessive amounts of wa­
ter on poorly drained soils may, 
however, result in decreased yields 
and less efficiency in water use. 

On meadowland, yields and effi­
ciency of water use were noticeably 
affected by available moisture. 
"Vater-use values for first-year 
meadow without irrigation ranged 
from 19.4 to 24.6 inches for the 
April-August period and averaged 
a.boHt 22 inches for the 4 years of 
record (table 20). Unirrigated crop 
yields ranged from 1.07 to 4.43 tons 
per acre. ,Vater-use efficiency 
values ranged from 629 to 1,377 
pounds of water per pound of hay 
crop. 

The water-use period of April 
through August was selected to rep­
resent the meadow growing season. 
However, some persons may want 
values for the period beginning 
April 1 and ending with the dv,tc of 
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TABL1;: 20.-Water used by crops-evapotranspimtion (ET-CA)-dY,ring sea80n oj growth, 1941-55 
t<1 

~- ~--. -- -----. 
J 'Vater used per acre Dry weight of Weight of ~ crop per acre, water used 

Crop and year LYHimcter Crop yield including straw to produce 1 ~ 
t'Period Amount per acre I or stover pound of crop 
c; 
q(l) (2) (3) (..l) (5) (6) (7) (8) 
~ I t<1 
r3

Million 
Corn: Inches pounds ! Pounds POl/nds Z 

1!:>4L _____ _ 
.... -_. ------ YI02C May-Sept. _____ 17.4 3.94 80 bushels ______ 10,000 394 .... 

_____ do_________ .....1945. _____ _ 
- ~ - ... .., .. -- YI02C ]8.9 4.28 34 bushels__ .. __ 7,300 586 _____ do _________1945______ _ 20.7 61 bushels______ 10, 500 447 '" ..,..,-------- Y103A 'L 69 ~rr:; _____ do_________194!1.. ____ _ 144 bushels _____YI02C 21. 5 4.87 14,600 334---------- _____ do _________1949_____ ._ YI03A 24.6 5.57 139 bushels _____ 14, 100 395 ~ 1953 -- ----- _____ do _________ ______ _ --_.,---_ .. - YI02C 223. 5 5.33 196 bushels_____ 19,530 273 _____ do _________1953______ _ ?'YI03A 21. \l 4. \l7 143 bushels_ .. __ 15, 600 319- .. ------- ­

~ 

----- { YI02C 20.3 '1. 60 114 bushcIH_. ___ 12, 858 39 t<1
A verap;c __ ---------------- ~---- 114 bw,helll _____YI03A 22.4 5. 08 13, 400 38 

-~-------------- ;.l 
==:I=:-;~.=;" ======-= 

Wheat: o 
1942______ _ "'JY102C Apr.-Junco. _____ 12.4 2.81 32 bushels ______ 1 3, 720 751942 ______ _ ---------- _____ do_________

Y103A _____ do_________ 12.0 2.72 35 bushels ______I 4, 100 66 E;1!)46______ _ ---------- YI02C 14.2 3.22 38 bushels ______ 4, 880 66-- ... ------- !:ll194(1._____ _ _____ do_________ ....Y103A 14.0 3. ] 7 36 bushels____ .. _ 4, 160 76
H)50______ _ ---------- Y102C _____ do_________ 12.9 2.9J 43 bushels______ 6, 380 45---------- _____ do_________1950______ _ ------- ... --- Y103A 14.5 3.29 43 bushels______ 6, 580 50
1954 ______ _ _ ____ do___ - _____ YI02C 14. 0 3. ]7 54 bushels______ 6,040 52-- ... --- ... --- _____ do_________ ~ 1954 ______ _ Yl03A 14.7 3.33 48 bushels______ 5, 480 60 !:ll---------- t<1 

42 bushels ______13.4 3. 03 5, 255 5\l9Average__ --------- ... -----­---------- { YI02C 
40 bushels______ 2Y103A 13.8 3. 13 5,080 62 

, ---------------- =-=_ 1== == = 

• 
 • 




• • 

-----

lVleadow, first year: i I 
1943_________________ Y102C Apr.-Aug_______ 1.0.4 j 4. 40 2.3~ tons ____ j 4,720 932 
1943_________________ YI03A _____ do_________ 20.3 ' 4.60 1.61 tons ___ .___ 3,340 1,377
1947_ ________________ Y102C _____ do___ -_.___ 21. 7 4.91 2.44 tons_______ 4,880 1,006
1947.________________ Y103A _____ do_________ 21. 2 , 4.80 1.95 tons_______ 3,900 1,231

j	 
;..­195L________________ Y102C _____ do______ __ 21. 6 i 4.89 2.70 tOlls_______ 5,400 906 I:;)

195L________________ YI03A ____ .do_________ 22.2 : 5.03 2.27 tons_ ______ 4,540 l:l:l1, 108 .....1955_________________ YI02C _____ do_________ 327.0 i 6.12 5.97 tons___ ____ 11,940 513 0 
1955_______ _________ Y103A _____ do_________ ~l' ,. '7 4.<3 to..·•····· 8,860 I 629 C1 

YI02C ________________ 22.4 I 5.08 3.37 tOllS_______ 6,735 820 C1Average ________ l:l:l---I{ YI03A ______ .. ________I 22. 1 I 5. 00 2.58 tOllS _____ - - ____ 5, 160 	

~ 
1, 086 ;..­

, 	 - 1-----=1 t" 
1\'Ieadow, second year:

19,14______________ .1 YI02C Apr.-:-Aug_______ 18.71 4. 2~ 1.50 tons _______ _ 3,000 1, 410 
1944_______ __ _______ YI03A _____ do_________ 20.5 , 4.60 1.50 tons _______ _ 3, 000 1,550 ~ 

t='Hl48_______ .. _________ Y102C _____ do_________ 25.91 5.87 3.10 tons ______ _ 6,200 947 l:l:l 
1948_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ YI03A _____ do_ _ _ _ _ _ _ _ _ 26. 3 , 5. !)6 3.~0 tOllS ______ _ 	 07,600 784 t"1952_____________ ___ YJ02C _____ do_________ 24.0 i 5.44 2.64 tOlfS __ .. ___ _ 5, 280 1, 030 0 
1!)52_______ '" _____ .. _ Y]03A ____ do_________ 25.01 5.65 3.36 tnns_.__ ... __ 6,720 841 I:;) 

~ . 1--- ­
2.41 tons ______ _ 	 ;..-Average___________ { lC102C ---------------- 22.!) j 5.18 	 4, 833 1, 129

YI03A ________________ 1 23.0 5.42 2.8\l tons __ .. __ _ 5,773 1,060 Z 
1 t=' 

-----~---- ----~----------- --.----- ­
~ 

1 	 Computed on an acre basis from the lysimet.er data. 0 
Includes 5.82 inches of irrigation water. Z 

0Includes 5.32 inches of irrigation water. t" 
:::3 
P1 
t" 
~ 
rIJ ..... 
~ 
l"J 
r3 
l"J 
l:l:l 
rIJ 

00 
~ 

-
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the lust hay hul'v(>st. TIl(>s£> v!llues by sc'mimonthly [lP1'iotis {figs. 2:~, 
may be obtaiMd frol1l t\.t(,.gra.phs of 
ac('ul1lulated ET-CA (figs. 9, 1:3, 
and 17). '1'he1'(> fLre 110 graphs for 
194,3. In 195], fot' !."xnmplt', ET­
CA for YI02C WfiS I7.l1 indl('s fol' 
the period April 1 to ,Tuly 14. 
·With a yipld of 2.70 lons P('I' llcrp, 
the 'water-ltS!." rffi('ietH"- yulup for 
this short-tet'Ill l)(,t'io<1 was ~ii4 
pounds of wa[pt· to product' It pound 
of crop, instead of 90G pounds, tIll' 
Ylll'll(> for the' ('tlti]'(' ii-mollth p('l'io([. 
For YI0:iA, titC' shor\-tC'rl11 C'fn­
ci(>l1cy yalut' wns 1,04G pound::; of 
watN' per pound of ('rop pl'Oduc('cl. 
instead of 1,101-: pounds of \nttpl'. 
the 5-month yalup. Th(' ::;ltOt,t­
tcrl1lv,t:du!."s for both Y102(' nnd 
YI03A \\"P1'l' 94 p!."[,('pul of tlu' fi­
month vnlues, 

'Yith irrigatioll Oll Y 102(' ill 1 \)5ii, 
w,ltel' llS(, l'cndt('d n total or 27,0 
inchC's. Crop ~'il'ld \\'IlS ii.nl tons 
per lte1'C', the hjght>st for till," first­
ycur meuclo\\-, 'VittPI'-llS(, pf[j('ietl('Y 
'''itll irtigatiotl wus fJ1;~ pounds ()f 
wn.t(>l' per pound of crop, lhp bpsl 
first-yenr mendon- nllup. For til<' 
sC'nson from April 1 to til(> last 
cutting of hllY 011 ,July ~2. consump­
tive llse on il'l'igatpd lysiml'tPI' 
YI02C lotnled 20.2 il1(,]}(,S of \y!lt!'l' 

find effici('ncy of tlSP W11S :3~:~ pound:=; 
of water p(']' pound of huy, This is 
74 p(,l'cent of tIl(' ii-month figul'l' of 
51a pounds. 

,\VltteJ'-US(' valups for SP('olld-YCM 
meadow (titbIC' 20) for llH' 5-tn()lJth 
period Apt'il through August ranged 
iWIll 18.7 to 26.:3 inches. Crop-yipld 
v!tlues l'fi.ngec\ from 1.50 to :U:W tOilS 
per acre, '\V'nlel'-lIsP <,ffi('ipnc~' for til(' 
5-111onth ppriod l't1llgcd from 784 to 
1,550 pounds of water j)l'l' pound of 
etop, 'Vater-lisP efficien(',V ill 1H52 for 
tltesetlsOllApl'ill to thl'lns[ cutting 
of hn.y wns 754 pound:=; of wO.lt'l' for 
Y102C, Or 7a P(']'('('11 t of lilt' 5­
month vnllll:' of 1,OaO pOllnds. tUlcl 
841 pounds foJ' Y1 O:3A. Ol' n ]WL'(,pnt 

24, 25, Itlld 2B j shows tbu.t t11p ri1tp 
of )\'ltlpl' ('onsumption YIl1'i('(1 ('on­
si(iPl'Itbly throughout tlll' growing 
se'llSOIl, 1<'01' ('XilI1lpIp, drpIl,tioIl of 
sOil-wiltl'l' ,~'lIppli('s ('OllSulllptiv(' • 
lIS(') by (,Ol·n. \\'itlHlut il'l'igntion, wns 
gl'Plll0st in ,July (fig. 2:3), Or<li­
nal'ih', this \'!lhI<' ('x(,(,p(\pd thp 
all1o\lJl[ of mlni'oJl. III fllct, cll'pl('­
t iOll oj' Roil moistUl'P (lul'ing .Jul,\­
was so gl'Pill that slIpplil's in Augllst 
WPt·p Ilot ('no ugh to 11l(lP[ the' tit'­
mallei, Without irriglltion ET­
CA 1,'ilS kss itl August ltnd Sl'ptem­
b('1' tban ill .Tull-, Ill' indicated 1)\, thl' 
1n41, 1945. and IU4H data fol' )"1 02C 
and Y] O;1A and the' 1H5:~ daln fOI' 
YlO:U... Irl'ign,[ion on Y102(' ill 
1fl5:l l'psultp(l il\ ('ontinupd ltigh 
rnU' of WfI,«'I' consllmption until tIll' 
Pild of August--about :l.5 indt('s 
fot' tlt(· pP('Tod Allgust lG-:31 ns 
('olllpHt'pd with ll'sS thtU1 2 in('lll's 
Oll llllit'l'ign(('d I,n;inw[('r YJ 0:3A. A 
pi('tul'P of tbl' diff('l'('IH'P bet W(,Pll 
t hest> two h'si I1wters ill tlYttilitbJe 
mOil'tul'(' C'llIl b(' obt!ti'H'd [!'Om lllC' 
top g'l'nplu; offiglll'e lli. 

l~Ytlpotl'ltnspirn.tioll f!'Om (:Ol'll­

Inlld in ~lH \' and earh' ,June usually 
\\'ilS low·,·-ttbout 2 il:)ehes per hair 
mOll tIl. As th('1'(' WHS velT litt\!." 
IPH.f area in this ('n.rly 'season, 
tmllspil'l1tion WHS lcn,'. 'EVI1POl'l1.­

[ion wns high from n. wpl soil surfn.c(' 
and low from nell'\' soj] surJlleC'. T]l(' 
difl'('['Pllee IwtWPL'lI ET-CA do,tn 
for nellt-1" bn.['(l eol'tlInnd (Y102C) 
and foJ' 'leglll1w-gnlss (YIO ID) is 
showil by thl' wid(' divergenc!." of 
thpir soil-l11oislut'(' curves ill )'IfLY 
oml ,TUIll' 1040 (fig. 11) fLncl in IfLlp 
)'lllV and ,TUlll' lH5:3 (Hg. 15), !tnd 
b)' 'tllp 'striking difference betwe!."n 
till' gT-CA gl'f~phs ill ftgUl'lIS 2:3, 
24.25. 

\\'hl'itl ltst'd \\'tLlt'l' most mpidly 
in late' },lity and (lady ,June (fig. 24). 
\ratpl' WHf' l'('Olo\'ed from soil porl'S 
In' !."vaj)olratlfJpi)'il.lion fast!."I' from 

of thp 5-mollth yulue' of 841 pounds. \\:hentIand limn ft'om eot'llln,nd prim' 
A study of tlw crop usC' of water to JUllP 15. \Vn,lt'l' lleC'ds fOt' wheat • 
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0 1"1 ~ III :m ~ lUI In , I~m '1111 , : ;~II lil~ II ,~Enl 

YEARS - - - - - -- ffil941 §1945 01949 11953 -IRRIGATED YI02C 
(j) 	 2.93" JULY 14 

YIELD PER ACRE: 2.90" AUGUST 25:t: '" U 't102C.:- - - - - 80 34 144 196 BU.~ 

a: Y 103A - - - - - - -- 61 139 143 
I-'" 
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~ ~ 

nn PIn '"' 
UIII I ,II 	 HII lill llilJ0 

APRIL MAY JUNE JULY AUGUST SEPTEMBER 

FWl'Im 23. ····Helllimonthly ('v:tpotr:ln~JlirtLtiun (ET- CA) frolll corliland lYHinw[t'r;-; 
Y I 02C (II!!! Y 103A for ID·ll, I!)·15, I n·ln, lind ]\)53. 
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I I 1 I I 
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,, , III III: I, I~I ~I ~ III ~ IIo 

YEARS -------- ffil942 91946 ~1950 11954 -IRRlq,ATED YI02C 
1.13 JULY 16

YIELD PER ACRE: 1.66" SEPT. 13 

YI02C------32 38 43 54 BU. 

YI03A----- - 35 36 43 4B 

I I ! I I I
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: III: II i : ~I ~ I~lll 

APRIL MAY JUNE JULY AUGUST SEPTEMBER-
FUWHE 2·L--HplDimunthly evttpoLrHnHpimtioll (E'1'- CAl fl'om wheatland Jy:;illl()ter;; 

Y102C lllld Y103A for UJ.l2, Ul,IG, Ul50, and lO5'L 

• 
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YI02-C r
3~~~--~---I~--~HH+-4-~_+~~~~~--~--~----+---~ 

2~--+---~--~~~~!Ri:t~~~~-*~~~~:~__~I~~~~+_#__4 

I I ... n 1m fl :: '11 ~ h: 1m ! n n. 
 • 

YEARS - ------ ~1943 ~1947 11955-IRRIGATED YI02C 

2.26" MAY 18


YIELD PER ACRE: 3.07" JUNE 29 
YI02C--- - -2.36 2.44 2.20 5.97TONS 

a: 
1&1 YI03A- - -- -- 1.67 1.95 2.27 4.43 ... 
; 41----~--~--~---,----r-1--~--'1----r---'!----.---'1--~ 

3 YI03A 

II : In: lfil InI I n 
11:111 :rff~lIllm!1I1 

APRIL MAY JUNE JULY AUGUST SEPTEMBER 

FIGl:RE 25.-Scmimonthly cvapotranspiration (I~:T- CAl from first-year meadow 
lysirneterR Y102G and YI03A for H)-!3. 1947, 1951, und 1955. 

diminished aftcr the middlc o[ Junc. gatcd lysimeler YIO:3A in August 

This is the ripcning period. Fol­ and early 8eptember is striking. 

lowing wheat harycst and tilc rc­ E'l'-CA.' ill latc August was about 

moval of straw thc nc\\' meado\\' of 3.5 inches [or YI02C and less than 

timothy, reel dover, and alfalfa, put 2 inehes for Y103A. 

on rapid growth. Consumptive usc 'Yithout irrigation there appeared 

of water increased somewhat as thc to bc little or no difference in con­

leaf area increased in late Jul\' and sumptiyp-usc valucs forlysimeters

August. . YI02C ltnd YI03A, when the SUl'­


Water-use data by first-year [nees werc completely covered with 
meadow for lysimeters Y102C iLlld vegetation such as meadow. How­
YI03A for 4 years are shown in cyer WhCll therc was very little 
figure 25. Vegetation was mostly nge'tatiye COyeL', E'l'-C1\. ap­
timothy, red clover, and smail pcared to be greatcr fOl' the \\'etter 
alfalfa plants. "Vater consumption soil of YI03A than for the better­
was greatest in the first half of dmilled soil o[ YI02C. 
;June. Hay ('uLting in JUI1C' rc­ 'Yatcr-usc dltta bv secollcl-\'car 
duced the demand [or waleI'. 'Yatcr meadow appear in figure 26. Like 
use increased in July ns a result of the data for first-yeal' meadow (fig. 
leaf-area growth ane[ then deer'eascd 25), the period of maximum COI1­

early in August after the second sumptive use extended [rom the 
cutting of hay. . . last half of May through ,T uly. 

Irrigation on YI02C in July and These values were genemlly lower 
August 1953 resulted in continued in 1944 than for the same pel'ioel ill 
high use of wator until IMc ~ep­ 1948 01' 1952. There was no alfalfa 
tember. The contrast beLween in 1944, and the vegetative covel' 
ET-CA data (fig. 23) for irrigated wns mostly shallow-rooted gL'fI,SS and 
lysimetel' Y102C and for unirri- weeds. Yield was about 1.5 tons • 

http:YI03A------1.67
http:YI02C-----2.36
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per acre. Vegetative coyer in 1948 daT. In some months the average 
and 1952 eonsisted of a good stand water-use ratc and maximum de­

• 
of alfalfn. and yi('lded O\Tel" 3 tOllS mand rate COl' short p('riods were 
per acre. The'deeper roots of the almost tllP same. 
alfalfa may ae'count for [Treatcr ('on- ~·[oisture \Talnes for 40 ineiles of

.' . " StIDlptIvC l1SC n1 these 2 years. soil in table' 21 repI'escn! all approx­
'With a dry soil surfnee, thcsc plants Lma!(' awrngp for til(' mOllth. Thev 
eould get wuter wlH'n the shallow­ arl' givpn to help til(' l'l'adl'l' see ho\,' 
rooted plants in 1944 eould not. till' eonslunptiy('-use values drop 

For cerlain design purposes, sueh of!' in August IWcl ::-icpLember with 
as iITigation SYStl'l1lS, it mny be 10wPl' Iwaihblc moisLul'p. This is 
ne('essarv to kllow tilc mnximum 110t always til(' casc, as values oC 
rat(' of 'gI'-CA for jJl'riods of n, moistul'P in 40 inehes of soil may 
week or 10 cia ,·S. :\lonthly or semi­ lIOt l'l'p['esPllt the moisture avaii"­
monthly v!lluc's do not pI:ovid(' tilt' nbl(' to thc plant. ::-iometimes avail ­
11('('eSSlu')' inforrnnt iOIl. Appart'll t ablc moisLul'l' in the top foot 0[' two 
in table 21 nn' till' dilT('l"('IH'CS bc­ of soil was llearly cxhausted, caus­
twcen maxinmm ('onsumptive-usc ing ['('(Iutcd yields and lower values 
rat(' and the month1\' avcmgc ratc'. of ET-CA, when t1ll'l't' wos cnough 
For eXl1mpl(', in AligUSt I 95;~ tit<' moistur(' below the 24-inch dcpth to 
maximum-usc ratc for the ('01"11 gin 11, fairly high moisture aVCl'flgp 
Iysirnetcr was 0.a6 inC'h pcr da.v and fol' tilc cntil'C 40~ineh profilc. 
th(' mon thly a\'l'l'l1gc was 0.22. An 

Evapotranspiration (ET- CA) com­irrigMiOl1 SystClll clpsignN[ to mel't 
pared to water·surface evaporation a watcI'-lIS(' figmc of 0.22 in('[1 )wr 
and atmometer evaporation day would fiLii Lo proci11C'P thc maxi­

mum (TOP ",11(,11 conCrontecl with Lysin1l'te[' studies provide valu­
tiH' dcmand rntl- of 0.:35 inch per ablc' information on water use by 
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YI02C ..•••.• - ­ 1.50 3.10 2,64 TONS 
Y I03A .----•••• 1.50 3.80 3,36 

a: w 4 
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~ 	 I I I YI03A 
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FIGtIHE 26.-Scmimonthly evapotranspiration (ET-CA) from second-yeur meudow 

Iysimcters Y102C and Y103A for HH4, 1948, and 1952 . 
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YI02C: 
\\'11l'al to nwndo\\"' 


H142.. 

1!)4(i. 

1050 

105·! 


:\1 pnclo\\', fir:'! ,'par 
10·13 ' 

1"17 

1051 
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:'11 ('ado\\" R('eOlld \"I'al' 
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1\152 
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pfl'iorl and jol' tbl' month, Jl(1,y--Seplfmbl'l', t/J,12-li/i 
1-3 
trJ 

A vC'l'ng<' [>1'1' dllY in ~I fly A"l'l'ng<' ppr dny in ,rlIll!' ,\ ,'['raW' 1)('1' tiny ill July o 

~ 
H 

('()Il~lImplh'p liS!' ('OIl";lImptiyp lIS(, COIlHlIilIptin' lIS(I 
Hoi! 	 Hoi! Soil ~ 

Itloj,,­	 tl1oj:;- moi,,­ bii~rnxill1lI1n ~rolltl1 t \11'(' I ;\Iaxillllllllj ;\lol)lh Imp I ~raXiJl1l1ll1: ;\[onll1 I'm" I q 
JO dnYH 10 du-y" ! 10 days t" 

~ 
"'3 

Z 
ll/chc,~ fneh(w !nc'h(,~ Inehl'R Jneh(',~ l'ld,('s IlIcht's [llch(',~ [nehi'S ..... 

O. 	 Iii o.la 1 I. Ii 0.21 O. 15 11. 5 0,22 O. 17 10.0 ..... 
.18 I.i 10. () ,23 III 10.0 17 11. 0 ~l · 2:3 	 <0
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.22 18 ]0. ,21 · 17 0,0 .2(j .2;1. n.o I:;l 

,21 .21 2 n. 17 • Hj .• - -(. ;J ,20 ,20 7.5 ~ 
:-' 

17 ]·1 Il. :i 18 1,1 8. 5 , 15 I·' 7.0 o 
.27 .22 8.0 ,25 .22 5.0 .21 18 5,0 "J 
.23 · 18 lO.O .30 .20 7, () .2(\ .20 U,O >o 

l;i · 13 12. () IG ,11 10.5 .17 1;1 n.5 is 
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Hoi! Roil ~ 

ll1ois- ll1ois­

~rnxillllllll' ~IOlllh I m'p 1 . ~laxilll\Jlll. ~I()lllh lurl' I ~ 
10 days 	 t:; 

~ 
oYI02C!: Z 

I,,'hpfll. to I1w(lclo\r 	 1·lIl'ltc.~ luchl'N lnrlllw inl'hl'R l'1lrhf.~ In(·hl'.~ o 
1\)·12.. 	 O. .I(i o .II 8. 0 0.00 O. 08 8. () 32 hught'I;;. ~ 
H)4(i .22 · Hi O. () · H) .07 ' 7.0 38 buslwls. 
1050. . Hi • 13 n.1i • J(i · 12 10.5 43 1>1ls1J(lIR. ~ 
1054 ., Hi .1·1 7.5 · .15 .13 2 7. 0 54 bushels. 

M.enclow, fil'gj. ypl1l'-- ~ 
1043 .20 .18 11. 5 • 12 .07 !1. 0 2.4 (ons. g; 
1047_._ ..• _ ..•.. III · 13 8.0 · 10 · 17 7. tl 2.5 LOllS. ~ 
10nl •. _... ___ _ 	 t'l10 .07 5. 5 · 13 · 11 (i. () 2. 7 lOIl~.1055. __ ••• _.• __ ._ .. __ .2() · In 5. ;) · 13 · 1() , 5.0 6.0 tons. ~ 

IVTendow, H('COlld year--	 ::d 
1044 ___ •. _____ ._.-._. _ .Hi .14 n.o · 12 • .10 <i. Ii l.n lOllS. 

(fJ 

1048. ____ .••• __ , •. ,_., •. ___ . . 17 .10 ·1. n .11 .00 '1. 0 3.1 tOIlR.
1052.... __ • ___ • __ ._._ •.. __ ._. ........ . 
 Hi · 13 i>, 0 .11 • .10 4.5 2,1i lOllll. 

See footnotes ILt end I)f tnble, ao 
CD 



TABLE 21.-At1e1'a[Je daily consumptive use oj water by C'1'OPS on lysimeters Y102G and Y103A, jor maximum lO-day ~ 
period amdfol' the month, j\1a.y-Septembe7·, 1942-55-Continucd 

..,- ............-~+........~~~.--~-~ 


I A v('rage per day in August AVt'l"agc per day in September ~ 

Ly~imetel', el'op, alld yC'ar 	 S 
J Consumptivf> u~elI Consumptive lise I Yidd Iwr aen' ~1----- ~____ So!1 .__________ 	 So!, 

111018- I I mOIS-	
&; 
t" 

?v~~x:{~;.~n Month i t.urt' 1 I~raximllll1 Monih tlln, 1 1 
1------------------~--I---------;----:I----i------ o 

l:d 

l'JY102C-Contillned 
Corn-	 fnchcs fnchcs Inches Inches Tnchcs TnchcsI 	

~ 

1945______________ • _________________ _ ~ 1949 ______________________________________ _ · 13 · 12 7.0 .11 .10 9.0 34 bushels. 
1953_____________________________ · 10 ....23 · 15 9.0 . 07 7.5 151 bushC'ls . ... 

. 36 .22 2 11.0 .22 · II 8.5 196 bllslwls. -I 

MOhO' 

Y103A: <0 

'Vheat to meadow­1942___________________________________ ._ 

1946_______________________ . _____________ _ · 18 .15 10.0 .08 .07 9.5 35 bushels. s 

1950______________________________________ _ .20 .16 12. 5 .11 .09 9. 0 36 bushels. en 

1954 ______________________________________ _ .18 · 16 11.0 · 18 · 13 14.0 43 bushels. 


· J5 .14 10.0 · 10 . 06 9.5 48 buslwls . 
Mcadow, first year-	 §i

1943 ______________________________________ _ 

1947 _____________________________________ _ · 21 .15 8.5 . 14 .07 7.0 0.5 tall . 

"d 

!-'l

1951 ______________________________________ _ .20 · 13 10. 0 . 19 · 15 10. 0 2.0 tons . 

1955 _______________________________ . ______ _ · 13 .08 n.5 · 13 .10 9.0 2.3 tons. 
 ~ · 16 · 15 8. 5 .09 .09 7.5 4.4 tOilS. 

Meadow, second year­1944 ______________________________________ _ > 
1948 ______________________________________ _ · 15 .14 7.0 .10 . 09 7.5 0.5 tall . o 

i::l1952______________________________________ _ 	 · 18 .10 7.0 . 11 .09 li.5 3.8 tOilS. o · ]6 · 15 7.5 · 13 .to 8.0 3.4 t.OllS.
Corn-	 §1945______________________________________ _ 


1949 _____________________________________ _ · 18 · 13 9.5 .09 .08 13.0 61 bushels. ~ 

1953 ______________________________________ _ .28 .16 12.5 .10 .07 11. 0 148 bushels. ~ 


l'J· 18 .15 I 10.0 .06 .04 8.0 143 bushels. 

1 Moisture (inches of water) in 40 inches of soil. 2 Irrigated. 

'.
• 
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crops in the Coshoct~n area, There 
are only a very few lysimeters over 
the country atid none" are developed 
for hydrologic studies to the exten t 
of those o.t. the Coshocton station. 
There is therefore a" need to develop 
a relationship between ET-CA 
and some type of hydrologic meas­
urcment for which records are ('om­
monly available in this and other 
States. If such a relationship call 
be developed with reasonable ac­
curacy, perhaps the Coshocton data 
('an be adapted to the commonl~'­
available hydrologic data for use in 
regions outside the Coshocton area. 

vVith this in mind, the lysimeter 
ET-CA values have bee'n corre­
lated with do,ta from evaporation 
pans and from white atmomelpl' 
bulbs (figs. 27, 28, 29, 30, 31, 32, 
36, and 37). Evaporation of water 
from both the pan and Lho atmom­
eter bulb represents [11l inte­
grated measure of the forces Ct1US­
ing the transfer of wa\.p)' from 
liquid form to vapor form in the 
atmosphere. These forces are for 
the most part comprised of solar 
radiation, relative humidit~, of the 
air near the ground, wind movp­
ment, and air and water tempen1­
ture, Data are commonly available 
fol' all these except solar" rt1diatioll. 
The United States "Weather Bureau 
maintains and publishes data from 
evaporation patls at many locations 
in this country. Atmometer data 
can be obtainl~cl ('asily and at vpry
low cost. ' .. 

The evaporation pan used at 
Coshocton (BPI pall) was 6 feet 
in diameter and 2 feet cleep. It 
was sunk in the ground to within 
4 inches of the top of the pan, and 
the water surface was maintained 
at about gJ'ound-surfaee level. Datu 
from this type of pan lu'e not com­
mon over the country. Th'e Vnited 
States ,Veather Bureau evaporation 
pan, which is most generally used, 
differs from the. pan used in these 
studies and its evaporation values 

450509 0-58-7 

are higher. A coefficient of 0.75 
can be used to adjust values ob­
tained with the tJnited i-?tates 
"Weather Bureau pan to values used 
in this·study. 

An attenipt was made to relate 
ET-CA values to daily evapora­
tion-pan values. The result was a 
wide scattering of points. The 
uext step, and the one adopted, was 
to relate accumulated daily ET­
CA values to accumulated daily 
evaporation-pan values and ac­
cumulatpcl daily atmometer values 
for the grmving season,' April 
through September. These curves 
fire termed "nU1SS curves." 

Fairly straight lines appeared ill 
sections of th~se mass curves, indi­
cating periods of uniform water loss 
as determined by the different 
methods. For "example, in figure 
29, all tlU'ee lines,are nearly straight 
and appear to have about the same 
slope from about May 15 to June 
10. This means t.hat ET-CA 
for wheat onlysimeters YI02C and 
Yl03A was tlt the same rate as pan 
evaporation. The slope of all three 
curves diminished from June 10 
until about Junc 25. After that, 
the mass curve for the cvaporation 
patl resumed its steep slope, indi­
cat,ing that the energy forces caus­
ing evaporation and transpiration 
after June 25 ,,'ere rather high. 
The ET-CA C'UJ'ves, howeveI, con­
tinued at a lesser slope as water use 
by wheat \\'us at a fairly low rate 
fl:om June 25 to about July 20. 
This was the period of wheat ripen­
ing and harvest, and before the 
new nlcadow had developed much 
leaf area. After July 20, the new 
meadow on Yl03A consumed watel 
n,t nearly the same rate as the 
evaporation-pall rate. On Yl02C, 
the ET-CA rate was about 90 
pereent of the evaporation-pan rate 
and the ET-CA rate for Yl03A. 
The latter usually has more soil 
moistme than Yl02C. 
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Iysimctcrs Y102C and Y103A and (2) pall evaporation, May-September 1948. 
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FIGURE 29.-Daily rainfall and accumulation of daily (1) evapotranspiration from 

Iysimeters YI02C and YI03A and (2) pan evaporation, April-September 1950. 


Evapotranspiration rates ex­ about 40 percent continuously from 

ceeded evaporation-pan rateR when­ May 12 until the second cutting of 

ever the siope of the mass curve of hay. For a short period after the 

the former was greater than the first cutting of hay the evaporation­

latter. This situation prevailed in pan and ET-CA rates were about 

1950 (fig. 29) from April 20 to May the same. 

18 and from June ] 0 to June 25, Consumptive use of waLeI' by 

but the difference was not vel'y second-year meadow (figs. 27 and 

large. Consumptive-use rates by 31) exeeeded pan evaporation and 

first-year meadow in 1951 (fig. 30) atmom.eter evaporation at tim.es 

exceeded evapora~ion-pan rates by throughout the growing season, but 
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by much less amounts than for first­ (fig. 36) and in 1955 (fig. 37) the 
year meadow (fig. 30). There were slope of the atmometer mass curve 

• 
many periods in 1952 (fig. 31) when generally exceeded that of thp. 
the mass curves were parallel, i. c.. evaporation-pan from late May 
the rates of water losi?, weI'e essen­ through September. 
tiallv the same. Atmometer-bulb In 1953 (fig. 32), water-loss rates 
data first became available in 1952. in. 1'fay were about the same from 
Its mass c.urve roughly parallels the 0,11 four sources. In July and 
evaporation-pan mass curve until August, the evaporation-pan rates 
September, after which the atmome­ and the atmometer rates were 
ter mass curve is greater. This also nearly the same, but crop use of 
occurred in 1953 (fig. 32). In 1954 water from these two measures of 
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FIGlfRE 30.-Daily rainfall llnd llccumulation of daily (J) evapotranspiration from 
lysimeters YI02C and Y103A and (2) pan eVllporlltior~, April-September 1951. 
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FIGURE 31.-Daily rninfnIl and accumulation of daily (l) evapotranspiration from 
Ii Iysimeters YI02C and YI03A, (2) pan evaporation, and (3) water evaporated from 

atmometer bulbs, April-September 1052. 

the evapomting forces differed no­ for Y1020 and YI03A, the corn 
ticeably. In June when ET-OA plant had developed only a little 
values were small, as indicated by leaf area. In July and August, 
the lesser slope of the mass curves however, leaf area of the corn plant 



97 AGRICULTURAL HYDROLOGY AND MONOLITH LYSIMETERS 

was large and the rate of water use 
was great, as indicated by the 
steepness of the mass curves for 
YI020 and YI03A. In fact the 

slope of these mass curves exceeded 
tIle slope of the evapora.tion-pn,n and 
atmometer mass curves by 40 per­
cent for a period of nearly 2 months 

~-- - ,-- ---1280 

----------200 

o 
MAY JUNE JULY AUGUST SEPTEMBER 

FIGURE 32.-Daily rainfall ane! accumulation of daily (1) evapotranspiration from 
lysimeters Y102C and YI03A, (2) pan evaporation, and (3) water evaporated from 
atmometer bulbs, April-September 1953. 
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Near the end of August the rate of shown in figures 33, 34, and 35 
water use by corn on Y102C (irri­ The accumulated value of water use 
gated) and the atmometer rate were by crops is plotted against the 
about the same. accumulated value of pan evapora­

In 1953 the corn on Y102C was tion. Whenever the double-mass­
irrigated and that on Y103A was curve line par'alleis the line of equal •not. The mass curves of evapo­ valUEs, the rate of water use by
transpiration (fig. 32) for lysimeters crops and pan-evaporation are the 
Y102C and Y103A wore parallel same. The slope of the line for 
from late .June to about August 10. May 1952 (fig. 33) is flat, indicating 
After this date the ET-CA mass that the rate of W'1ter use by crops 
curve for YI03A dropped off fast, was greater than pan evaporation,
whereas that for Y102C continued From the first of June to the middle 
at a high rate until the ccrn ma­ of July, both rates are about equal.
tured, aboutSepte'mber 5. Yield dif­ After July 15 the pan-evaporation
ference (table 20) between these two rate exceeded that of crop use. 
lysimeters was 53 bushels per acre. The relationships are shown nu­

Evapotranspiration and pan merically in figure 33. 
evaporation ca.n be compared by In figure 34, the double mass­
the double mass-curve plotting, as curve plotting shows the relation­
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FIGURE 33.-Relation between alfalfa-timothy evapotranspiration and pan 

evaporation, Y102, 1952. 
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FIGURE 34.-Relation between corn evapotranspiration and pan evaporation, YI03, 

1953. 

ship between the use of water by 
corn and pan evaporation. For 
May, the rate of water use by corn 
was greater than the evaporation­
pan rate. For most of June, the 
rates were about equal. From lata 
June to mid-August, water use by 
corn was at a greater rate than pan 
evaporation. Afterwards water use 
by COl·' dropped off rapidly as a 
result of insufficient soil moisture. 

Water-use data for irrigated corn 
are compared with evaporation-pan 
data in figure 35. The general 
trend of water use is about the same 
as for unirrigated corn (fi~. 34), 
except that evapotranspiratIOn on 
YI020 continued at a high rate into 
September. Relationships are 
shown numerically for each period 
of uniform slope. 

The effect of. wheat maturing, 
harvest, and growth of new meadow 
on water use in 1954 is shown in 
figure 36. These mass curves can be 
compared with those of the same 
cropping pattern in 1950 (fig. 29). 
Wheat yields were from 5 to 11 
bushels greater in 1954 than in 1950 
(table 20). A similar relationship 
may be observed by comparing the 
slope of the mass curves for ET­
OA and for the evaporation pan in 
both years. In 1950 all slopes were 
about the same while the wheat was 
growing. In 1954 the slopeof the 
water-use mass curves during wheat 
growth exceeded .the slope of the 
evaporation-pan mass curves by 
about 40 percent. 

With maturity of wheat, the 
ET-OA curv~s dropped off strik., 

http:26-AUG.15
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FIGURE 35.-Relation between irrigated corn evapotranspiration and pan evaporation, 

YI02, H)53. 


ingly-more so than in 1950. It is 
afparent from a glance at the record 
o daily rainfall for both years (at 
the bottom of figs. 29 and 36) that 
1954 was drier. With less moisture, 
consumptive use of water by the 
new meadow plants was less than in 
1950. After irrigation in July and 
as a result of July and August rain­
fall,the ET-C_<1 curves increased 
in slope until they had about the 
same slope as the evaporation-pan 
curve-as it was in 1950. This 

., 	 means that water use by the new 
meadow during August D.nd Septem­
ber was at about the same rate as 
evaporation from the pan. The rate 
of water use as indicated by the at­
mometer appears to deviate from the 

Use of water byfirst-year meadow 
in 1955 (fig. 37) shows about the 
same relationship to pan evapora­
tion as in 1951 (fig. 30). Its rate 
was about 40 percent greater than 
the rate of pan evaporation as long 
as there was plenty of water (April 
and May). The slope of the ET­
CA curve for Y103A dropped off 
after June 5 and roughly paralleled 
the slope of the evaporation-pan 
curve, which indicates equal rates of 
water loss. The Y102C curve main­
tained its steep slope until Septem­
ber except for short periods of lesser 
slope after hay harvest. Irrigation 
on Y102C supplied the water 
needed, a hi~h rate of consumptive 
use was mamtained, and the hay 

evaporation-pan rate by about the yield increased 1.5 tons per acre 
same amount throughout the season. (table 20). • 

http:1-AUG.31
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Attention is called to the minor 
reduction in slope of the ET-CA 

• 
mass curves at the hay harvest on 
July 22, 1955 (fig. 37) as compared 
to a major reduction at the hay 
harvest on August 8, 1951 (fig. 30). 
It is likely that rainfall and soil 
moisture provide the major reason 
for this difference. In 1951, the 
period before and after the August 
hay harvest was so dt¥, there was in­
sufficient moisture to--.. meet the 
demand-thus the low values of 
ET-CA. In 1955 there was ample 
moisture before and after hay har­
vest to take care of the demand­
thus the high values of ET-CA. 
Evaporation was a large factor in 
the high values. 

Evapotranspiration following night 
rainfall or heavy clew 

The effect on evapotranspiration 
of dew or rainwater on the vegeta­
tion or soil was determined b)T com­
paring the evapotranspiration val­
ues from wet plant and soil surfaces 
with similar values from dry sur­
faces. For wet surfaces, ET values 

were selected for days following 
either night rainfall or periods of 
heavy dew eCA). For dry surfaces, 
ET values were selected for days 
following night periods of little or 
no condensation. These data for 
lysimeters Y101D and Y102C are 
given in tables 22, 23, and 24 for 
1947, 1948, and 1949, respectively. 

In all 3 years very few values were 
found that could be used for com­
parative purposes. The criterion 
for selecting the data \vas a 3-day 
period of very little change of vege­
tation-one of night rainfall, one of 
heavy dew, and one of little or no 
dew. The days were not always 
consecutive. 

The general conclusion of the 
study was that evaporation of mois­
ture on vegetation from the preced­
ing night, whether from rain or dew, 
substituted for part of the next day's 
transpiration. For example, in the 
period May 6-<;}, 1947 (table 22), 
ET values for Y102C for each of the 
3 days ,,'ere almost identical. 
Total ET on May 9 (0.10 inch) was 
probably made up of 0.06 inch of 

TABLE 22.-Eifect of either night rainfall or dew on next day's 
evapotranspiration, 1947 

Evapotranspiration following-

Date 

May 9.... 

Aug. 27-29•.. _ 

Aug.3L ,. 

Sept. 3-4 .•. 

Lysimeter 1 

YIOID 
.... { YI02C 

YlOlD 
.,. {YI02C 


YIOID 

. ... {YI02C 

YIOID 
. {YI02C 

YlOlD
{YlOiC 

YlOID 
- {YI02C 

Night rain- Heavy dew 3 Little or no 
fall 2 dew 

Inch Inch Inch 
............ ............ 0.12 


.•..........• _ . 11 

O. 	 15 _••.•• _••• " •• _•••. _• __ . 
.11 ...... _..... _. ___ •.• _. __ 

I Lysimeter YIOID in gmsl') and Y102C in first-year meadow, legume-grass sod. 
2 Night, rainfall preceding evapotranspiration period: IHay 7 =0.20 inch, and August 

31=0.74 inch. 
3 Dew preceding evapotranspiration period=O.03 to 0.06 inch. 

http:period=O.03
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TABLE 23.-Effect of eithe1' night 1'ainfall or dew on next day's 
evapotr'anspiration, 1948 

Evapotranspiration following-

Date Lysimeter J •
Night rain- Heavy dew 3 Little or no 

fall 2 dew 

".I, 
,; Inch Inch Inch

/1 _____________________ .... 0.16 
:July lL. ________ -- .- .. - {i~gm _.... ___ . ___ ._______ .19 

O. 15 ___ .. ________ .. ____ " _____ _ 
July 13. _____ . _____ -- ',,-- {i~g~g .15 ____ . ____________ . _____ _ . __ • _.... __ • ________ . __ _ _ _ . 12 
Ollt. 4 •.• _____ • ______ .• __ {~}g~g ____________ ____________ .12 


__ ._________ 0.12 ____ ._. ____ _ 

Oct. 14_ -- -- . - -- --. -- - -- - - {i~3~g __ •. __ ._____ .13 ___ •• __ ._. __ 


.10 _____ ._ ... __ • __________ _ 

Oct. 18 _______ . ____ ------ {i~g~g .11 ______________ • ________ _ 

J Lysimeters Y101D and YI02C in second-year meadow, legume-grass sod. 

2 Night rainfall preceding evapotranspiration period: October 18= 1.04 inch. 

3 Dew preceding evapotranspiration period=0.03 to 0.05 inch. 


TABLE 24.-Effect of either night rainfall or dew on next day' 8 


evapotranspiration, 1949 


Evapotranspiration following-
Date Lysimeter J 1_____-._____,..-_____ 

Night rain- Heavy dew 3 Little or no 
fall 2 dew 

Inch Inch Inch 
Y101D 0.32June 3______ . __ .- .... - ... YI02C{ .11

0.32 . ___ . _______ .. _________ _ 
June 5. ___ ... - ..... - _ ..... -. - - {i~g~g · 25 .. ___ . ______ .. _______ .. ___ _ 

· 31 ___ " _____ . _____________ _ 
June 18_..... - .. --- - --. - -- - nqgm · 24 _________ .. __ _ ___ .. _.. ____ _ 

June 19.___ -. -- .. - -- - - - - - - {iig~g .28 
.21

O. 20 ______ .. ____ _ 
July 4.. - -- - - -- - - {ii8§g · 27 _.. _ ____ .... _ 

· 32 __ .. _.... _. _ . _ .. _ . _ .......... __ _
July 25 _____ . ­ ---- nqg§g · 32 . __ . _ ___ . ___ ....... _ .. _ . _. 

.31 
July 26_ - - - .. - .. - - - - . - -" - - - - {~igm .32 

YIO]]) .33
.July 27__ -- {YI02C .32 

· 28 __ ... ". ___ .. _..Aug. 7 ____ .____ - nq8~g · 26 _................ .. 


J Lysimeter YIOID in grass and YI02C in corn. 
2 Night rainfall preceding evapotranspiration period: .Tune 5=0.•')3 inch, .June 18= 

0.20 inch, .Tuly 25=0.74 inch. 
3 Dew preceding evapotranspiration period=about 0.02 inch. • 

http:period=0.03
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evaporated dew early in the day suitable for comparison. The other 
and 0.04 inch of evapotranspiration period!? were affected by rain and 

• 
from soil moisture. With no dew, 
as on May 6, all of the ET had to 
come from the soil water. Dew, 
therefore, had conserved some soil 
moisture. When there was little 
or no dew, lal'ger quantities of soil 
water were used in the ET process. 
In other words, the evapotranspi­
ration from vegetated land follow­
ing nights of little or no dew was 
mostly transpiration. Further­
more, sizable quantities 'of the ET 
from land moistened by CA must 
have been evaporation.' Dew fall, 
or absorption of water by the soil, 
or both; therefore, have a soil­
moisture conservation value. 

Dew 01' rain had a, noticeable 
dfect on evaporation from ba,1'e 
soils. The 1949 daUt (table 24) 
showed that evapotranspiration 
(mostly evaporation) from cornland 
lysimetel' YI02C on June 3 was 0.11 
inch. The soil was dry and prac­
lically bare. On Juno 5, following 
a rainfall of 0.53 inch, eyapotrans­
piration (mostly evaporation) was 
0.25 inch-morc than .double that 
on June 3. This same rainstorm 
had no efi'ect on e\TapotTanspiratioll 
from grass lysimeter Y101D, as 
indicated bv identical ET values 
(0.32 inoh) for Juno 3 and5. Much 
of the ET from grassland was 

. transpil'lttion by plan ts. 

Evapotranspiration from cornland be­
fore qnd after cultivation 

• 

The dfect of cullivation in reduc­
ing losses of soil moisturc by eyapo­
ration is a subject that has been 
widely discussed. An examil1!1tion 
of the lysimetel' records for the corn 
years 1'941, 1945, 1949, and 1953, 
particularly evapo transpiration data 
for seYel'l11 davs beforc and after 
cultivation, th;'ows some light on 
tbis matter. Although therc wcre a 
total of more LImn 8 cultivations in 
these 4 ycars, only 2 periods-June 
1941 and June-July 1949-were 

other factors that prevented their 
use for this purpose . 

The daily rate of evapotranspira­
tion from cornland several days 
before and after these two cultiva­
tion periods is given in table 25. 
In both periods, over 1 inch of rain 
preceded tIle initial cultivation. 
The ground was moist and the 
evapotranspiration rate high, aver­
aging about 0.25 inch per day. 
Daily evapotranspiration wus' less 
after cultivation on June 23, 1941, 
than it had been before. Con­
versely, in 1949, evapotranspiration 
was greater following cultivation. 

The apparent reason for this 
reversal was the difference in mete­
orological conditions such as air 
temperature, moisture, and wind. 
'1.'he integrated effect of these factors 
as measured by evaporation from 
the BPI pan is given in table 25 
(col. 5). The meteorological poten­
tial for evapotranspiration was 
greater in the period following cul­
tiyation on June 23, 1941, than it 
had been before cultivation. In 
spite of this greater potential, 
evapotranspiration from cornland 
was less following cultivation. Be­
fore cultivation, evapotranspiration 
from lysimeter Y102C was 280 per­
cent of evaporation from the BPI 
pan. After cultivation the ratio 
was 95 percent. Likewise, the ratio 
was 210 percent before cultivation 
on July 1, 1949, llnd l42 percent 
after. YI03A shows similar trends. 
There are no data from this lysim­
eter for. the 1941 cultivation period. 

CuI tivation redueed evapotran­
spiration in both periods. Possibly 
all the saving was in evaporation. 
Cultivation might slow up tran­
spiration slightly if many of the 
plan t roo.ts were destroyed by me­
chanical stirring of the soil. 

A comparison between evapo­
transpiration data from the undis­
turbed grassland of lysimeter 
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YIOID on the onc hand and corn­ ] 95:3, 1954, nnd 1955 than in 
land Ivsimelel'S YI02C and Y10;3A 
on the' other furnished an additional 
basis for judging thE' efreet of C1lHi­
vatioh on moisture COllscl'vn.lion, 
Data in table 25 (col. 9) show lhc 
magnitude of this moislUl'P saying. 

THE LYSIMETER AS A GUIDE FOR 
THE DESIGN AND OPERATION 
OF IRRIGATION SYSTEMS 
Irrigation systems (ksigned to 

supply just enough watel' to J1wcl 
the demand of tbe crop-no more 
and no less-an' likelY to result in 
the most profit and the most l'fli­
cient usc of watel' l'CSOUl'CCS, 011(' 

of the factors inyoln'c\ in thc design 
of an irrigation systl'm is tht' maxi­
mum ruLe of ('onslllnptiyl' lISl' of 
wn.tl'r hy thl' crop, This i~ n.ll 
Il\<('l'uge OYl'l' it pl'l'iod of u. W(,pl;: to 
10 d!1YS-llOt lhp mnximum ntt(' for 
a singl!.' day nor tilt, :tn'l'ngl' ntlp 1'01' 

llll en tire mon til. 
DnJa to p\"nluntt' this ftwlol' linn' 

bel'l\ Ilssl'mbll'<1 from t h(' 1\'l';inwt('l' 
l'erol'ds. ~lnximUIn I.O-d(l\' ('Oll­
sumptiVl'·'IlSl' Ylllut's for 4 (TOPS nl'l' 
given ill Ulble 21. 

Evupotrll.nspimtioll (1':'1' - CAl 
daht in this I'l'POl't tU'l' fot' lltLtuml 
soil-moistuJ'l' supplies for nil ~'(,l1I'S 
on h-sinlPtl'l' Y10:{A iUHl (01' nill'S 
pl'ioi' to 19,'5:3 on lysinH'tl'r yj 02('. 
At tialC's for l'xtunplC', ill .\ugust. :tnd 
~cplemh('r of most .,"purs, moist Ul'l' 
wus so low that ('OnSlllllplin'-mw 
valtH's \\"cr(' 1('55 thn.n thl"" would 
han' hPC'1l llll<iPI' ('ollditi()ll~ of n<l('­
qun.t(' moistun' (tnbl!' 21 :tlld figs. 
2:3,24,25, l1.ud 2G), 111 !,rood irl'ig:l­
tion pmcticc, howl','!'r, soil-mois­
turc supplics un' 11("'('1' ulIo\\'Pci to 
dl'pld<' to sueh low nmoullts elUl'ill!,r 
till' growing S(,!lSOl!. L,\'sinH't!'1' 
Y102C was UH'I'pfol'l' il'l'iga (I'd ill 
]95:3 and ill SUbSNjU('lll ,n'nrs WIWll­
ever the aVl1ilahl(' moistul'(' ill 2 f(,p( 

of soil c1E'plctl'd to tht' 50-pC'rN'11 l 
ll'vel. Its ET--CA n1,lu('s 1ll'C' 

highel' in August n.n(l Spptl'mbL'I' 

fonncr ycars ilnd al'C higlll'r than 
fot' unirrigalcd Iysinwbcl' YIO:3A in 
thesE' :3 ycars, 

Thc ii'l'ignJor is bccoming incl'cns­
ingly conscious of the ll('cd for np­ •
pl,yi ng watN whcl1 it will do the 
Cl'Op the most gooel, In some sl'c­
tions of tIlt' country, thc irrigator 
hus developed through experiel1('e n. 
knowledge of thl' feel of the soil to 
indicate the amount of itvailn,ble 
moist ure :lnd wh('n to irrigatf~. 
Some irrign.tol's hl1N(, found moistul'e 
instl'llt11cnts of mal(,l'inl aid in 
scheduling the nppliealiol1 of water. 
Flll'lh('r devt'lopments in this field 
arC' most. ('('rtain to conw, 

THE LYSIMETER FOR MEASUR­
ING PERCOLATION 

Ihtn on percolation from tlH' 
lysinll'll'l's are presented in two 
pHrts: (1) Amounts and mtcs of 
P!'IToiation, H.nd (2) chemical anal­
,\"sis oi' tlll' pl'l'cola Les. Ther'l' is n 
([pfinil(' rC'lationship between thl' 
(\\'0. Y:ll'ialion in thl' amounts tLnd 
I'all's of pt'l'colation i'cslIltcd in var­
iation in the loss of plflnt nutrinnts 
through leHehing. 

A mOlll!t,~ and HaieN 
Pl'l'collllioll, lhl' \ntlpl' thal mov('s 

1)\, gnwitational fo;'cl' downward 
tiu'ollgh'thc soil prof-jlp into t1H' 
UIHIl'rl\-ilw SHndstolll' 01' shalt' l'<wk, 
wns m'('as~!'('cI 1)\, aIL II h·simetl'l's. 
This \\'n(('I' is no' long('/' n.\:nilnbl(' Lo 
\'('''('tatiOll, XOl'!111llh' this is tIl('
\\,:~('I' [hnl ('olltl'ibutl's 10 tilt' ground 
wut('1' Hilt! thus !,(Iplt'llish;'s thl' 
\\'H,( (II' ill springs, w('I1s, :Ind sl ,'t'l1ms, 

~lost of lht' ppr('olat.ion through 
thl' soil ]ll'Ofil(, O('('ul'l't'd durillg 
lu[(' \\'intpl' :1n(] ('nrI,\' spring (lnbl('s 
~(j, ~i', :tnd 2H), Durillg this 
pt'riod soil moislul'P g('nl'ra.Il~' ('X­

('pc,dec! lIjl'. f1(~ld <'n.pneit,\', fol1o\\'i.ng 
gc\-('ml months of ulmost <'onLll1­
nous tl('cl'l'tion with littk c\C'pll'tion 
h,\o (',-n.pofl'H.nspirillion (fi~rs, G-17), 

http:fol1o\\'i.ng
http:g('nl'ra.Il
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TARLE 26.-1\lonthly 7)('J'CO/alioll da!a" /ysimetN battcry YiOi, f()38-55 

• 

: ~' i 

Yellr aJl(I ly<'iJl1('\('1' .Tan, . Jo'pb. :'II HI'. ApI'. :'lIlly .11111(' ,July Aug. ! Sept. Oct. j No\'. I Dpt. IAnuunl 
I :! I ! I total >­o 

::tJ..------------- .. -"-'-------- .---....'.----,.---- ----I ; 1---1 1---
(j

1938: 	 _ lncl,!.~ f. nchrs . fnc!lcs i. hlC!IC.S 'ln~'!e.~ IncJlcs Inches Inches \ lnch;s Jnchc.~ 1 fllchcsllllchc.s Il1Iche~ 
A __ "._ . _.•. _.. ,_ 0.8d) I. 848 . 4. a.18 3. DIG O..136 O. '()8 0.3·18 0.420 I 0.060 f 

i. 

0 ,0 i 0 J3.260 
H.,,_.. ._ .8Q·1 1.200:2.508.2.2·1-1 J.152 1.008' .·I·I,I .,102' .108iO ; .012: Trace 10.032 e 

j c::1 
,----...... ,...... - ••---,-~--;----- ~-'-'"'----~-~- ._. --.""--- -f"''--- --~><'-- -"--~.-- ---.---~---; t I 

A '·PI'Hg<'. · 8·10 ' I. 52·1 , 3. 558 : 2. 880 J. 04·1 . 858: . 30n . ·15G . 084 i 0 i. OOG t Trace I 11. G4G ~ 
t"::::....-:::::=::.:=.-.. ,=~~-=~=-===.:~:::=:::; ==~.:: =.::::----==_... :~-=-.,-;;; ==-""';.":=~=-l~.=.;~-:;. -.. -;=1=1 . ---~ 

(' .. · (lOG • 2. 028 ' .J, 7(H ' 3, .528 ; I. 35n . I. 0-1-1' ,.1.1.1. . ·15G, . 180 ; 0 I, 024 I TraCl' , H, 820 :r: 
t::l1030: ::tJ~, 2~~~~:7;=~,~83~'" 3, 5~~-~~. ~:~. .~OG ':-~~ o~;·- ~~;: .-~)3(j; ~:41=~ 05~'1=~ 0·10 112. ~)57 o 

~ 

A._ ._. _____ .• _ 
D. __ . ____ ... __ .. · 2·10 ' I . !H 2 I I. 3.14 ;I . 3GG: . nO·1 . G28 . 004.: . 271 t ,022 . 23!! I . 030; ,057! G, 037 t" 

o 
~.--.---.- --~,-----!--'--'- .-"--'- - ..~- ------.-._--,--.-I---I--'-~-- o 

t\yprag!' .. · 228 . I. 573 ; 2. 088 . I. !l33: . !)S2 . GG7 . I. 03G. . 285 , 02U: . ]31 I . 0·1·1 t • 05J: 9. 0-17 ~ 
== == =~=.:::=~':::~.~~=:=.=-- =.:-:;..:.;;:::-=::=....-:-_--- ~---~:=~:=-:::.=;====:====-'" >­c · 38.1 12. ·1()2 3.210 '12.332 1.850. . U70 , I. ·HiS: . ·10(1 i .072. .330 i . HiO' . 12G ~ ]2, 7GoI !2 
=-==''''---==,===-==c-==''', ='=·===!===·==~-=l=.;=i ;=-.= d 

10·10: 

A.... _ .350 ..120 I. 277 J. 1·15 I. 210 . ·12G : L 234· .0·12 j .300 1. 522 14. (].I7 

i;>' 


8H .. __ • · 550 .8G8 1. ·1{j2 I. 2·10 I. 300! . 8·1{j; .550. . 20·~ 1 .4.J.1 I. 588 1 15. 258 z o 
t\\'('l'tlge 	 ~".4~;5' . (i·18 I. 3(i1l , 3. 7221. 1()3 : 2. 432 i. 255 ;'-:G'36r-:-S!J2 ;-":'123 !_.:372-1-1:555 i 1·1. (i52 

=<:..:;--'-.~"::":..;=~...-::::::;,:,=::-=.= =~=--"',===,======!==:===--=;=-===:=::=~'==..-=::=-.'::=-= =-,:=.= ~ 
;IiC ... ' .... _.. _ • _ . 72(i L J02 2. 05li . 3. 8·12 ; L 2·10 : 2. 51·1 i I. 324 1 1. 28.J' . ·100 i . 102 i . 47.1 I I. (i·12 I I G. 70G 

1\)·11: 	 : - --':==--='. ---=:=-'-I==I===I==-='=--! ==.== t'l 
~ 
UlA........ _._ •...• _.: I. 88·1 I. 3G8 .828:. G72 i .63H I L 008 ; 2.18·1 i .708 i . 27G I . aOG . !J60 .8M;! 12.66G 

13 .. ______ •. _____ - .. ' I. 53G .200 . !J78 ! I. 217 I . !)!!O ; I. H31 ! 1. 051 i . GliO I .102 .11·j .03·1 I. J83 I 10. G95 ~ 
>'lAvt:rage .• ..._-11':-i[0 .834 I .753~i-.-!J-.-I.I-I-.-8-1-3-i I. 020 (2~0-G-8-i-.-G-841 . 18!! J .255 .407 1.015 11. G82 
t"l 

t"l 

~5161 	
Ulc.·---------------\2~8721 i:~L-~:20~! . (H8 !2}~2 L2.016·, L~2641-:-5-2~) ~32 _:.~8'1 12. ~~ 
::0 

. 03G 

See foot;note at (,'nd of tHble. 	 ...... 
o 
~ 
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-TARLE 26.-Monthly percolation data, lysimeter baUery Y101, 19a8-55-Continued ...... ...... 
o 

Nov. AnnualYear and Iysimeter Jan. Feb. Mar. Apr. May .Junc •July Aug. Scpt. Oct. ) Dec. 
tot,al 

. ---
Inches Inches Inches Inches Inches Inches Inches Inchc8 Inchcs Inches Inche.~1942: I nche.~ Inche.~A__________________ 12.966B___ ______________ .I. 104 J. 596 2. 838 2. 466 . HI8 l. 338 · HI2 · 174 .024 .018 .018 1. 560 ~ 

~ 

. H60 1. 858 3. 024 2.472 1. 032 1. 2fj6 .378 · 174 .036 0 .078 1. 302 12. 580 (") 

- ~ 
Averagc__ . _____ .174 .030 .OOH .048 1. 431 12.773.I. 032 1. 727 2. !l31 2.46H . H75 1. 302 .645 t:d 

=:!- .;::-==:=~~ - -=-~ ==::::::=~== Cl0 __________________ === === 
1. 302 1.314 2.670 2.304 I. 080 1. 428 .888 .3H6 .114 .048 .288 .1. 188 L3. 140 
----=~ = ~--- =-- ==-=:;::. =-=- = =:J=-==-=- = =- = === ..,

IH43:__________________A 
B__________________ 2.436 I. 512 3.024 1. 308 I. 788 2.364 .528 · 180 .048 .012 .012 0 1.3.212 Z 

2. 100 1. 4.04 2.004 1. 164 I. 41.6 I. 884 .4H2 .276 .048 .012 0 0 10.860 ... ... 
Avcragc __ .. _____ 2. 208 I. 488 2.514 ].236 J. 602 2. 124 .510 .228 .0·18 .012 .000 0 12. 036 o.l 

==="== :::::1---= <C_::::;:::t_ ==-==0 __________________ == ==~===-=-== ==--------== == -= = 
2. 71)0 1. 428 2. !l28 J. 176 J. 824 2.580 .600 .312 .060 .012 0 0 13.7l0 
1. nu8 1. 440 2.8H2 I. 272 1. 668 2. lUll · 1112 .408 .120 .024 0 0 12. 600 ~ ])------------------

~ Average ___ '- ____ .606 .360 .090 .01S 0 0 13. 1582. 382 1. '134. 2. H1.0 1. 224 J. 746 2.388 o 
=:==J ==:::== === ~= == ==-'= =- ====:J=--==--====:= 

l"l
1944:A_________________ .03().012 · 180 3. 900 3. 486 J. 254 .612 .276 .087 .006 .012 .003 II. 8M ~ B__________________ 

0 · 180 2.058 2. 706 1. 122 .480 .181l .018 .003 .003 0 .003 O. 7115 o---------- ---- ..,
Avcragc ________ .005 .007 .002 .020 8.315.000 · 1~0 2. H7H 3. 096 b 1~8 . 54!) .231 .052 

= ~=
==---_t=--=~ :::::;J= ===.;.~0 __________________ ===- = = ~ 

0 .023 9.884D__________________ .024 .240 4.068 3. 468 J. 278 .540 · 1!)8 .035 .007 .004 ~ 

.072 .108 2. 403 2. 733 1.0401 .54(i .222 .012 0 (l 0 0 7. 140 § 
A verllge ________ .018 .174 3. 23(i 3.100 1. 1{) 1 . ,143 .210 .0201 .003 .002 0 .011 8. 512 

=~ ===- === = ==:::= = == = = ~ 
1945: ~ 

A__________________ l"l
.750 2.841 . 7.437 2.471 2. (i(iO . !)70 .48(i · 170 .880 1. 821) 1. 0(i7 2. (l70 24. 255 ]3__________________ 
.018 1. 0!)8 4.5Hi 1. 841 2. 02!) .7!)2 .357 .124. .520 1. 317 1. 313 1. ,10 I 15. 380 

A vCTllge ________ 1. 490 1. 709 19.821.384 1. tl(i!) 5. !)77 2.156 2.345 .884 .421 · 150 .703 1.573 
==-----=::1 =:~ ::::l_= ===--=:t=== = ~:::::::.~=-=== =:.==: === 

• 
 -




--
c________________ _ 

.357 2.435 7.518 2. 487 3.180 1.044 .544 I .133 .270 1. 191 .826 1.674 21. 659 
0 .636 5.740 1.968 2.441 1. OIl .471 .204 .024 .807 .697 1. 350 15. 349 ])----------------­

• 

Average ______ _ .179 1. 535 6.629 2. 228 2.810 1.027 .508 .168 .147 .999 .762 1.512 18. 504 

-== = o:=J= = >1946: oA________________ _ 
1. 698 2.119 2.436 .894 .963 2. 649 .930 .384 .192 .090 .591 1. 242 14. 188 ....B____- ___________ _ ~ 

(")1. 231 1. 532 2.199 .792 .840 2. 310 .849 .339 .120 .081 .438 .954 11. 685 

Average______ _ · 1. 465 1. 825 2.318 .843 .902 2.479 .890 .361 .156 .085 .514 1. 098 12. 936 ~ c_____ ..:_ ~1. ]56 1. 783 2. 265 .801 .444 1. 510 .864 .198 .042 .012 .099 .648 9. 822 >
1.123 1. 876 2. 106 .801 .423 1. 492 .861 .315 .102 .020 .088 .669 9. 876 t<])-----------------

Average __ - ___ _ 1. 140 1.829 2. 186 .801 .433 I. 501 .862 .256 .072 .016 .094 .658 9. 849 ~ 
t:1 

1947:A________________ _ o ~ · 3.562 2.181 1. 287 2. 313 3.411 2. 901 .702 .294 .159 .065 .034 .165 17.074B________________ _ 
· 2.517 1. 641 .852 1. 557 2.487 2.247 .600 .216 .086 .037 .014 .139 12.393 8 

o 
0-<Average ______ _ · 3.040 1.9] 1 1. 070 1. 935 2. 949 2. 574 .651 .255 .122 .051 .024 . 152 14.734 

-c________________ _ ~ · 3.282 2. 038 1. 029 1. 635 2. 346 2. 361 .639 .231 .104 .052 .032 .031 13. 780 1)________________ _ t:1 
· 3.258 ].928 1.005 1. 653 3.096 2.850 .735 .282 .045 0 0 0 14.852 

Average ______ _ · 3.270 1.983 1. 017 1. 644 2.721 2. 606 .687 .256 .074 .026 .016 .0]6 14.316 8 
= a

1948: t'A________________ _ 
.909 1. ]25 2. 757 4.644 1. 830 .765 .390 .204 .070 .008 .126 1. 098 13. 926 B________________ _ 
.861 1. 023 2.160 2.979 1. 548 .714 .303 .087 .015 .003 .021 .777 ]0. 491 ~ 

Average ______ _ .885 1. 074 2.458 3. 812 1. 689 .740 .346 .145 .043 .005 .074 .938 12.209 ~ c________________ _ 
.561 ].599 2. 709 4. 755 1. 518 .723 .339 .171 .060 .008 .028 .639 13.110 

])----------------- _ 0 .660 1. 587 3. 264 .083 .007 .004 .008 0 0 0 0 5. 613 ~ 
":3 

Average ______ _ tr:I
.280 1. 130 2. 148 4. 009 .801 .365 .171 .090 .030 .004 .014 .320 9.362 ~ 

r;:;
I 

~-~ 
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TABLE 26.-Monthly percolation data, lysimeter battery YJ01, J938-55-Continllcd 	
t-;l 

...._--_..., .. --,-",--, ..~..-------	 .-­.~ 

~ Ycar and Iysimcter .Jan. Feb. l\far. Apr. May .JUIIC .July Aug. Sept. Oct. . Nov. Dec. Annual (') 

t.otal ~ 
1949: 	 Inches Inches Inches Inches Inches Inches Inches Inches Inches Inches Inches Inches Inches ~ 3.429· 2. 682 2. 577 2. 058 1. 161 .498 .963 .693 .243 .225 .075 .471 15.075.~------------------B __________________I L 950 	 1:01.848 1. 890 1. 608 	 1. 047 .444 .720 .693 .225 .198 .120 .498 11. 241 q 

Avcragc ________ 2. 689 2.265 2. 234 	 1. 833 1. 104 .471 .842 .693 .234 .211 .098 .484 1:3. 158 ~ 
l'JC__________________ >-:l 

D __________________ :3.651 2. 868 2. 6511 	 1. 884 1. 002 .426 1. 059 .849 .261 . 111 .077 .178 15.021 Z.690 1. 149 1.7l0 1. 380 . G03 .036 .003 0 0 0 0 0 5. 580 
-. ..... .....Avcrage ________ 2. 171 2. 000 2. 187 	 I. 632 .803 .231 .531 .424 .130 .055 .030 . OS;; I~ 10. 30~ ... 

'" 1950:A__________________
B __________________ G: 201 3. 525 2. 172 2. 628 2.118 1. 131 .612 .482 1. 749 .468 1. 287 3. 558 25. 881 ~ 

8. 522 2. 568 1. 740 	 2.0'19 1. 658 1. 062 .504 .27G 1. 059 .381 1. 080 2. 508 18. ,111 U1 

Averagc. _______ 4. 8G2 8.0,16 1. 960 	 2. 838 1. 886 1. 096 .558 .85,1 1. 404 .424. 1. 184 8. 083 22.145 t:i 
l'JC __________________ 	 '1:16. 876 3. 825 2. 298 	 2.814. 1. 788 1. 113 .576 .845 1. 020 .:H5 .888 3.855 2G.873D_- ________________ 	 !"'1. 272 2. 460 1.740 	 1. 827 1. 062 .471 .027 0 0 0 0 . ]2\) 8. 1)88 
o 

Averagc _.. ______ 	 ~4.074 3. ]42 2.019 	 2. 820 1. 425 .792 .802 .172 .810 . 188 .444 I. !1fI2 17. G80 

I 
>o1051:A__________________ 	 ll:l 

B __________________ 8.75:3 8. !)6G 8.654 2. 882 1. 284 .528 .660 .285 .091 .015 .422 2.5<11 20. 031 
2. 685 2. 580 2. 7:36 	 2. 475 1. 248 .528 · (12"1 .195 .044 .018 .429 1. 401 14.955 

Average ________ 8.219 8.27:3 8. 195 2.654 1. 266 .528 · G40 .240 .068 .014 . ·:!-26 1.971 17. 4.93 
C__________________ ll:l 

4.245 8. 90!) 3. 788 	 2. 886 1. 158 .435 .201 .075 .023 .022 . 168 2. ,W9 HI. 404 l'J
D __________________ 

2. 568 8. 459 8.417 2. 727 1. 056 .155 .007 0 0 0 0 0 13. 389 

Average ________ 8. 40G 3.684 8. 600 	 2. 806 1. 107 .295 · ]04 . 0~~8 .012 .011 .084 1. 250 16. 396 
.-- ------ -_.. _---.---.-­

• 
 ~ 




--

-- ---

~
• 

1952:A______________ ._. 

3.186 2. 475 2. 7!W 1.770 I. 068 ••J ) f .270 j .ono i .015 .003 . :H3 
_ 3.081 2.21.iO 1. 935 2. 136 1. 4.7G · !l93 .420 .146 . .034 .009 .OOG .027 12.513 

B ________________ _ _ 5. 21l r-IC I 17. 61n 

Average ____ • __ · 4. 146 2.718 2. 205 2.4G8 1. G23 1.0:30 · ,Hi8 .211 .066 .012 .004 .135 15. 087 

C________________ _ -- . - g; 


l:>j· 6.042 2.778 2.6.58 2. G52 1.458 .9G!l .720 .432 .120 .O:H .041 .030 17.934D ________________ _ ..... 
_ 1. G80 2.292 2. 028 I. 830 .867 .0!l2 .004 0 0 0 0 0 8. 799 o 

Avcrage _ ____ _ · 3.864 2. 5:~5 2. 343 2.24] 1. ] G2 .580 .362 .21G .060 .017 .020 .015 13.365 
=--~ . ­ ~ - l:>j

1953:A _____________ _ >­
R_______________ _ _ 2.526 I. 716 I. 887 1.824 2. 007 .9:3:l · :360 .140 .010 0 0 .009 11.427 t< 

.870 1.2a3 1. ·122 1. ·W7 1. 62B · S04 · BO:3 .165 .0'J2 .003 .002 .008 8. 122 
--~ •..- .--- -_.----- ­ ~ Average. ____ _ I.OOS I. 474 I. Ii5'J 1. (HiD 1. SI5 · \)14 · aOli · 1.56 .026 .002 .001 .008 0.774 t:) 

c________________ _ - -' -=;:~== o 
l:>j 

D_________________ _ · L 2S4 I. 560 1.05!) 1. (iSO 1. 275 · SI:3 .516 .27:3 . lOS .022 .022 .041. n.562 t< 
· 0 0 .222 . HI .54B .027 0 0 0 0 0 0 1. 533 o 

o-Average _______ _ ~ .042 .780 1. 090 I. 215 . n09 .420 .258 · 1:36 .05'1 .011 .011 .020 5.57S 
==-==-= ~ 1954:A ________________ _ t:)

B________________ _ .002 .00:3 1. 20-1 I. (i IS I. :320 .5!)4 .255 .045 .003 .297 .270 .537 6. 204 
.080 .24:3 . !)J 2 1. a41 1. 242 .579 .267 · lOS .0:30 .486 . :339 .609 Ii. 236 ~ 

-~------ o 
A "crag!' ... ____ _ .04] . 12:3 1. 058 1. 480 1. 281 .586 .2(i1 .076 .01(j .392 . :lO8 .573 0. 220 Z o 

c .OSO .2H4 1. 51S 2. 007 1.374 .702 · .1) 1 · ]56 .036 .267 .201 .333 7.439 
· 0 0 0 0 0 0 0 0 0 0 0 ~D~~:===:==---·----- I" 

-

Avcrage _. _____ _ o t<.040 .147 .75!) 1. 004 .087 .351 .200_ .07S .018 .134 .130 .160 3. 720 ><l 
= U2 

~ 
tzl 
1-3 
tzl 
l:>j 
U2 

i--' 
i--' 
C;j 
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TABLE 26.-Monthly percolation data, lysimeter battery Yl0l, 1938-55-Continued I--' ..... 
~ 

Year and lysimeter I Jan. Feb. Mar. Apr. May June .July Aug. Sept. Oct. I Nov. Dee. Annual 

total 
 t;5 

Inches Inches Inche~' Inches Inches Inches Inches Inches Inches Inches Inches Inches19i~~________________ ll~~ie6 ~ 
1. 785 3. 993 1. 554 1.029 .363 .135 .058 .009 .002 .2~8 .543 11. 055 B __________________ 1.278 1. 029 2. 115 1. 461 1. 107 . 360 . 147 .097 . 041 . 026 . 228 . 513 8. 403 ~ 

Average ________ 1.287 1. 407 3.054 1. 508 1. 068 .362 .141 .078 .025 .014 .258 .528 9.729 ~ 
C _________ •. ________ 1. 173 1. 743 4.422 1. 608 1. 116 .345 .127 .047 .026 .007 .009 .156 10.779 E= 
D __________________ 0 .120 1.050 .444 .090 0 0 0 0 0 0 0 1. 764 t':2 

;,3 

ZAverage________ .586 .932 2.736 1.026 .603 .172 .064 .024 .013 .004 .004 .078 6.272 ... ...
Average, 1938-55: ...I 

<QA (18 years) _ _ _ _____ 2. 012 1. 904 2. 840 2. 453 1. 519 1. 254 . 698 . 294 . 288 . 196 . 340 . 916 14. 714 
B(18years) ________ 1.349 1.326 1.979 1.877 1.342 1.137 .606 .288 .171 .174 .255 .724 11.228 

~ 
Average ________ 1. 681 1. 615 2.410 2.165 1. 430 1. 196 .651 .291 .230 .185 .297 .820 12.971 

!1l 
C(18years) ________ 2.048 1.902 2.984 2.358 1.385 1.202 .718 .374 .214 .173 .229 .765 14.352 '=' D(13years) ________ .972 1.241 1.993 1.583 .998 .684 .226 .089 .023 .066 .060 .165 8.114 t':2 

"d 
;3 

1 Record incomplete. o 
''''.j 

>o 
~ 

~ 
~ 
~ 
t':2 

• 
 ~ 




• 
~ 

TAELE 27.-1donthly percolation data, lys1:meter batter?, Y102, 1938-55 

• 

-"~ ..............--.--,......... - . " ....--~."~ ..~.. -_.....•.- ... ~." 

----"'.;---~~--.--.- .. --.--~---....-- ~...--~~~.---

Year alld lysimetcr .Ian. lccb. :'lIar. 	 . Junc .Iuly Aug. Sept. Oct. Nov. Dec. AnllualApr. 1 :'Iray 

total 
> 
c;) 

.....1938: 	 Inches Inches Inches Inches Inches Inches Inches Inches Inches Inches Inches Inches Inches 
~ 

A______ . ___ .. ______
B__________________ 1. 224 2.268 4. 8ol8 3.012 O. 408 O. 432 0.132 O. 024 0 0 0 0 12.348 2 
C__________________ .840 2.232 4. 668 2. 868 .408 .324 .096 .024 0 0 0 0 11. 460 

1,972 2. 340 14.308 2. 868 .360 .324 .072 .012 0 0 0 0 1 11. 256 ~ 
Average ______ 	

~ 
21. 032 2.280 24. 758 2.916 .392 .360 .100 .020 0 0 0 0 11. 858 >

t"' 

1939:A________ ._____ . _ 
0 1. lIi4 1. 579 2.288 .387 · 150 1 .061 10 	 0 0 0 0 15.629 ~ B_______________ . __ 	 1:10 .9t12 1. 706 2. 275 .463 .234 . 127 10 	 0 .043 0 0 15.810C..____________ . ___ 	 ~ 
0 .976 1. 340 11. 44J .323 .078 .023 .004 	 0 .009 0 0 14.194 ~ o 

.~veragc ________ 0 	 1. 034 1. 542 22. 282 .391 .154 2.070 2.004 0 .017 0 0 5.211 c;)- >< 
1940:A __________________ 

.123 .453 1. 779 3.276 .360 · 132 .052 .012 0 0 0 0 6. 187 ~B__________ ., __ ._._ .044 .130 1.263 3.542 .432 · 150 .085 .024 .012 0 0 .091 5.773 1:1 

.020 .128 1. 019 2. 980 .354. .066 .015 .004 .004 .003 0 0 4. 593(~---.------------- ~ 
Average ________ 	 o

.062 .237 1.354 3.266 .382 .116 .051 .013 	 .005 .001 0 .030 5.517 Z o 
t"'1941:A ____________ . _____ ~.420 .816B__________________ .960 .384 .156 	 .336 .228 .108 .012 0 0 0 3.420 
~C__________________ .468 .960 .780 .348 .312 .348 .192 .132 '0 0 0 0 3. 540 

.119 .114 .064 .042 . 187 .156 .090 .051 .002 .004 .031 0 .860 

Average________ ~ 
.336 .678 .553 .258 .2]8 .280 . 170 .097 .005 .001 .010 0 2. 606 ~ 

l"l1942:A __________________ 	 >-3 
B__________________ 0 .276 1. 818 1. 476 .174 .048 .084 .060 .006 .006 0 .204 4.152 l"l 

~C__________________ 0 .220 2. 012 1. 608 .204 .084 .276 .066 .012 .018 0 .150 4.650 Ul
.006 .222 1. 620 l. 536 . 138 234 .150 .024 .036 .018 .018 .402 4.404 

Average ________ 	 . 1
.002 .239 1. 817 1. 540 .172 .122 .170 .050 .018 .014 .006 .252 4.402 

"""'" 
01"""'" See footnotes at end of table. 



~L'AnL~} 27.-J\1onthly percolatio'lI- data, l118imeter battery Yl02, J938-55-Continucd 	 I-' 
I-' 
~ 

Year ilnd IYRimrl('r 1~~~~l~r~:;~~I~~;:-T-~~)r.-1 ~rtly 1 .IUIlf' ! .Iuly I Au~. Sept. "l--~'ct~'-'I-~-I-~:- '1'~nnu:1 
total ~ ------'--1 I 1--1 I~--I---j-'--' ----	 I I I- ­ @

1!l48: 	 Inches Inches Inches Inches Inches fnches Inches Inches Inches Inches Inches Inches Inches ~ A•... _" 1. G08 I. 248 3. 93G 1. 092 1. 2'J8 I. G5G . 144 . 0110 . 048 . 02·1 . 02'~ .012 11. 100B __ • _ 1. 512 1.392 3.816 1.140 1. 272 1. G92 .084 .03n 0 .012 o o 10. n5G ~ C•. _. 1I. 95(i 1. 53G 3. (j3li I. 104 1. 428 1. lili8 .O\l(i I .072 .024 .03(i .02'1 .012 11. 592 
t!1 
qAv('rngl'. 	 1. G92 ,I. 392 , 3.79li 1. lL2 I. 3lQ 1. (i72 . lOS .0,')0 .02·j .02·' .01G .008'..J1. 2i(i t""=~'=='l=-==c===="'--==""'-~~('-=~·="'-=co~",=,,= . 

1944: 	 ~ 
I-:lA._. , . 012 0 3. 342 3. 150 . ;j.1O . 132 . 030 I . OOti 0 . 003 0 . 009 7. 224 ..... 

B .. 10 0 2.05S 3.12(j .510 .1l4 \.030 .0030 0 0 0 (j.4,41 Z 
C' ....L0 . 012 ~. 4~~ _~. 2~~ . ~04 _. ~O~ ._~~': j_O__ 0 0 0 .021 7. 34~ ..... 

AVl'rag(' .00·1 .00,1 13.Ion 3.1b6 .018,.110 .0_8 .003 0 .001 0 .010 7.000 ..,'I 
In4fi: 1	 ~ A. 	 I' .cO~': i .390 l~l.·~03 ~1~7~--~fj28'1 .37:,c=~~~=.:1~c=-.OJA': ..JS:- .G:~~' .921 12:S75 

lL I o !. 123 ! 0.939 1. 4S(j 1. (il·' .387 ,159 Oii2,. Oll .081 .030 .990 I L S78 ~ 
(' : ,:l5812.2l;j17.735 I.S1.7 I.S27 .342/,129 .03GI.003 ,24(i .G75 .927 10.210 	 I::) 

i;'j 
"dA~'(,l'Ilg!, .. ' 1-~93 '~Ol 7. 192 I I. 52(j 1. (jno . 3(j7 ,~3-.0·17 I • 009 . 270 . cl49 . n48 J 3. li53 ;3

'=""'=·="I"",=-·c=e'I""=;='==='='=1=="'-==.=' "".' -	 ..
1,94(;: 	 oj I 	 I I 

• 	 ":!A 	 1. 102 I. 197 r .777 .141 .090 .OS4,!. 12!i . 123 I 117 . Hi5 . 13·1 .043 .I,.ono
B. 	 1. 050 2.287 I. ·1·15 .2.191.070 I . OlD .IG(i .342 I .051 .013 .002 0 Ii. (in·1 ;.­

oe .'. 	 1. 083 2. ·15(j I. (i59 .2·12,. OSO .071 . 10.'5 .125 I .019 .027 .0·1·1 . 151 li.0!i2 :::;j 

A\"('ragp ~ I. 078 ._I:?~~ l~-~_.~~~,_. O~~.=. I·~':'._' 197-!~~i?__.:.9_~_ .O~O .Oli5 5.285 § 
19·17: ~ 

A. 	 I. !i3s J-~'~~ . ,IliS ~s~~l~. 5S~I'-~~5~-~"I~' -"~~~~~'~~I .02n, ·.01S'- 5. 91 ~ gI. Ili7 
i;'jB .. . '12. 71? I. O~:I . :3li3 2.007 J. 845 I .777 .OOS .03!? .023 .018 .OL') .012 S. ~~S 

C ... "·I,OOh 1.16.3 ,·123 2.007 3.000 1.457 .076 .Olh .004 .003 .011 .004 12..WO 

Awral-\(',_____ ,2. SHi 	 . OGli .Ol!l .018 .011 9.0S6-.9551~ 	1. 7·17 2.Ji()1~1' ~:331 .02~ 
I_-""'==='=t="="==="",""'~')="'~==-=="""'''======='= 

• 
 • 	 ~ 


http:008'..J1


• 
~• 


10·j8: 'I' l jI
A". _... I • 0:21 I . 0, I () . 15R 2. 079 I . 0:38 . 08 I: . 0:3,,) I: • 02.) I . 0251 . 010 . 0 I 9 . JIG 2. 482 

B .• _ .007 .O](j .847 :3. !)(\9 .O!)S . on I . ow . OIl .007 .00.') .009 .OOG 15.013 

C_ • •... .010 .1,,18 2.331 3.88·1 . 104 .00·1 1 .000 I .003 0 .011.013 .012 H. 521 


>­
A \'prnl-('. o.013 .05S.~~j.2 3.3]! =~~.~=",;__~!:=~~91"".. 013 .011 1=:..~~..;1 .014/.0]]-1 4.(\72 ::d ..... 

I 9,j9: (j 
q

A,.• • OSI 1.790 1.182 .551 .271 i .l8(; .104 .0831.002 .002 .009 o 3.212 
B _ 0 .34·1 2.0H\ 1.001 .33G .315 .129 .0·1,1 I .018 .013 .007 .OOH 4. 229 
(' .l38 1.347 2.018 .939 .<1li2 .318 .177 .0;)7! .003 .005 . OIG o 5. 480 ~ 

::d 
;.­

AV(il'nge __ .... t< . . 073 =~=~~. I. n9 _.-:.!30. _.~35~i;~ =~~, =,.~_137 _:~:~~J-~008 _. 007.' . 0 II 1 . 0021 4. 307 

1950: 
A. • 3. 531 3. 099 1. 79·1 I. 90S . 588 . 105 . 030 f • 000 . ()!}6 .039 .0-12 1.9(j2 13. 803 ~ 
lL, _ ·1.A97 3.012,'1.815 1.983 . (i12 .]20 .0·Hi .191 1.284 . 108 .093 2. 757 16. 518 ::d 

oC•• 4.8·.12 3.258 1.848 2.025 .(\21 .112 .041 .201 1.749 .072 .003 2.934 17.766 t< 

]\\'('I'III-(£'. .000 2.551 I (i. 029.i 4. 290 1 3. 123.! I. 8 12 ~:":7!-J=.:';l?!-O =~.12_~?:39 _~~ I . on 
o 
~ 

-·==1== ;.­1951 : 2:A. 4. 137 3. UOG 3.498 2.424 . ;3n 102 .OG3 .025 .012 .OOB .004 .037 14.487 t;

B .. 

_I 

4.173 3. liOn 3. tii51 2.472 .54U 117 .000 .O(JO .053 .038 .034 .028 14.8G8 

C .• __ .1.098 4. ORG 3. (J30 2. 535 ..510 .Olll .005 .003 o .005 .009 151 :5.093 ~ 
o 

2:Averal-(t'. 4 . .13G 1 :3.76G 13.59312.477 .5·13 1 .093 .053 .02!) ,022 . o III .Ol(j .072 14.8IG 
---11-- 1 1==1 1=1 1==--=1==1== 

o 
~ 105:2: 

A __ -. ",2. fi83 II. 521 11.335 .9631.101 .02,5 .O.,).J .057 .0.57 .043 .023 .015 G.777 ~ 
B••. _ .. . 3.087 2.592 2.2.17 I. 779 .275 .0·19 .032 .03.') .029 .02(1 .020 .0.14 10.155 
('.- . _ _ ·1. 131 I ,. 721 2. 505 1. 932 1 . :3G8 . 02:3 . 002 . 00:3 0 . 003 0 0 11. (j88 ~ 

Avprag<', ~:.~(~~, 2.2?8 12.01: 1. 558 _ . 2'1~-=_. 0:3:' .0:9 I .0:32 .029 .024 .014 .010 9.540 ~ 
l':l 

~ 
::d 
rtl 

t-' 
t-' 
~ 



TABLE 27.-Monthly percolation data, lysimeier battery Yl02, 19S8-55-Continued ,t 

Year and lysimeter Jan. .Feb. Mar. I·APr. May June july Aug . 

, 
Sept. Oct. Nov. Dec. Annual 

total 

I-' . 

"""'"00 

~ 
1953:A __________________ 

B__________________ 
C__________________ 

inches' ~Inches 
.017 .006 
.013 .004 
.003 .003 

Inches 
.016 
.019 
.165 

Inches 
.016 
.063 
.513 

Inches 
.044 
.474 

1. 236 

Inches 
.054 
.147 
.429 

Inches 
.057 
.054 
.393 

Inches 
.055 
.062 
.222 

Inches 
.050 
.041 
.048 

Inches 
.039 
.035 
.009 

Inches 
.023 
.026 
.003 

Inches 
.019 
.025 
.003 

Inches 
.396 
.963 

3. 027 

c 

~ .... c 
~ 

Average ________ .011 .004 .067 .197 .585 .210 .168 .113 .046 .028 .017 .016 1. 462 
~ 

Average 3_______ .008 .004 .092 .288 .855 .288 .224 .142 .044 .022 .014 .014 1. 995 to' 
to' 
t;j 

1954:A __________________ 
B__________________
C__________________ 

.029 

.019 

.051 

.014 

.018 

.066 

.017 

.320 
1.797 

.025 

.501 
1.104 

.021 

.071 

.165 

.023 

.028 

.033 

.034 

.036 

.003 

.029 

.033 

.006 

.021 

.024 
0 

.024 

.031 
0 

.018 

.020 
0 

.069 

.123' 

.006 

.324 
1. 224 
3,231 

t-3 

Z--~. 
Average________ .033 .033 .711 .543 .086 .028 .024 .023 .015 .018 .013 .066 1. 593 ~~ 

Average , _______ .035 .042 1. 058 .802 .118 .030 .020 .020 .012 .016 .010 .064 2. 227 ~ 
?l 

1955:A __________________ 
B__________________ 
C__________________ 

.077 

.087 

.117 

1. 672 
2. 039 
2.292 

3. 672 
3. 235 
4.017 

.576 

.777 

.918 

.180 

.339 

.315 

.021 

.177 

.031 

.003 

.129 

.008 

0 
.043 

0 

.003 

.009 
0 

0 
.008 
.005 

0 
.001 
.007 

0 
0 
.006 

6. 204 
6. 843 
7.716 

. t::1 
t;j 
I'd 
~ 

Average ________ .094 2.001 3.641 .757 .278 .076 .047 .014 .004 .004 .003 .002 6.921 
0 
I'>j 

Average 5_______ .102 2.166 3. 626 .848 .327 .104 .068 .02 .004 .006 .004 .003 7.280 
>
a'l 
~ .... 

18-year average:A ________________ .. _ 
1B__________________
C__________________ 

.924 
1. 028 
1. 217 

1. 074 
1. 166 
1. 393 

2. 093 
2. 209 
2. 419 

1. 434 
1. 736 
1. 728 

.461 

.549 

.666 

.248 

.283 

.306 

.081 

.101 

.078 

.040 

.066 

.047 

.061 

.087 

.105 

.050 

.025 

.025 

.053 

.014 

.051 

.185 

.234 

.257 

6.704 
7. 498 
8. 292 

g 
t" 
t-3 
q 
~ 

Average ________ 1.056 1.211 2.240 1. 633 .559 .279 .087 .051 i-­ .084 .033 .039 .225 7.498 
t;j 

I Record incomplete. 
2 Average includes complete records only. 
3 Average of Band C; irrigated on july 14, Aug. 25, Oct. 12 

and 21, 1953-total, 7.79 inches. 

'Average of Band C; irrigated 
1954-total, 2.74 inchef. 

5 Average of Band C; irrigated 
1955-total, 5.26 inche3 . 

on 

on 

July 16 and Sept. 13, 

May 18 and June 29. 

• • ~ 
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1>'>,-,...",-" TABLE] 28.-Monthly percolation data, lysimder battery Y103, 1940-55 
.:/_..;r 

Year and Iysimeter Jan. Feb. I Mar. I Apr. May I June I July I Aug. I Sept. 1 Oct. Nov. I Dec. IAnnual\;;><'" total 

§".... 
Inches Inches Inches Inches Inches1940: IInches IInches IInches Inches'l Inches Inches IInches IInchesA__________________ _______ _______ (I) (I) (I) O. 067 0.024 0.124 O. 018 0.018 O. 030 O. 732 1 1. 013

B ________________________________ 10.304 1. 925 O. 063 .042 .077 .185 .018 .006 .132 .984 13.736 ~ 
Average _______-'_______L _____ -' 1.152 I 1.962 I 1.032 I .055 I .050 I .155 1 .018 1 .012 · 081 1 • 858 1 1 2. 375 

l:tl 

~ =1==1==1==1===1===============c________________________________ 1.094 1. 797 .053 .018 .030 .035 .011 .006 .012 .816 12.872 
,-D________________________________ 1.136 1. 328 .054 .042 .136 .180 .018 .006 .024 .744 12.668 ~ 

1:1 
Average ______________________ 1.115 1. 562 .054 .030 .083 .107 .015 .006 .018 .780 12.770 l:tl o 

b1941 : 
A__________________ .624 .3061.186 .052 .042 .042 .018 . 024 I . 054 I . 036 .054 .096 I 1.533 ~ B__________________ .708 .672 .672 .144 .072 .312 .024 .0480 0 .048 .120 2.820 

""---
Average________ .666 .48Q .429 .098 .057 .177 .021 . 036 1 . 027 I • 018 .051 .108 1 2.177 ~ 

C__________________ .720 .876 .720 .192 ~.036 .360 .048 .048 .036 0 .060 .228 3.324D__________________ .576 .732 .348 .228 .048 .132 .024 .144 .108 .036 .036 .192 2. 604 
----- ----- ~ 

Average________ .648 .804 .534 .210 .042 .246 .036 .096 .072 .018 .048 .210 2. 964 

1942: ~ 
A__________________ .138 .900 1. 962 .948 .042 .246 .090 .018 .018 .006 .162 1.992 6.522K_________________ .108 .870 1. 608 .804 .042 .156 .126 .018 .012 .012 .048 . 612 4. 416 ~ 

Average________ .123 .885 1. 785 .876 .042 .201 .108 .018 .015 .009 · 105 1. 302 5. 469 ~ 
== t'!l 

C__________________ .234 1.050 2.094 1.080 .054 .360 . 102 .030 .024 .006 · 048 1. 926 7. 008 ~ 
D__________________ .162 .978 .912 .252 .102 .090 .036 .024 .012 .024 · 024 2. 046 4. 662 l:tl 

Average ________1 .19811.01411. 503 1 .666 I .078 I .225 1 .069 I .027 I .018 I .015 I .036 I 1. 986 I 5.835 
~ 

I~=I ·1== ..... .....See footnote at end of table. ~ 

,..1; 
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TABLE 28.--1Vfonthly percolation data, lysi'f{l,eter battenl Yl03, J9..W-55-Continued o 
~ 

Year and Iysimeter Jan. Feb. :Mar. Apr. May June July Aug. Sept. Oct. .Nov. 

1943: Inches Inches Inches Inches Inches Inches Inches Inches Inches Inches InchesA__________________ 
1. ]76 L 212 2.316 .660 1. 908 .528 .048 .060 . 0~4 .024 .012 
.948 .600 .720 .996 1. 800 .564 .036 .024 0 0 .024

B__________________ 

Average________ L 062 .906 1. 518 .828 1. 854 .546 .042 .042 .012 .012 .018 
C__________________ 

1. 188 1. 512 2. 868 .792 L 836 .756 .048 .024 .024 .012 0D __________________ 1. 056 .636 .672 .312 .636 .240 .036 .024 .024 0 .012 

0' ___Average ____ 1. 122 1.074 1. 770 .552 1. 236 .498 .042 .024 .024 .006 .006 

1944: 
.036 .252 2. 934 1. 674 .072 .036 .024 .015 .012 .003 0.~------------------B__________________ 
.048 .072 2.436 2.088 .048 .012 .015 .015 0 0 0 

Average ________ .042 .162 2.685 1.881 .060 .024 .020 .015 .006 .002 0 
C__________________ .036 .036 3. 042 2. 142 .108 . u36 .033 .021 .009 .009 .006D __________________ 

.036 .024 2. 226 L 716 .078 .030 .012 .009 .003 .006 0 

Average ________ .036 .030 2. 634 1. 929 .093 .033 .023 .015 .006 .008 .003 

1945:A__________________
B__________________ 0 1.371 5. 468 L 368 .780 .060 .028 .014 .546 .431 .765 

.014 L 387 3. 220 .693 .363 .087 .020 .007 .309 .153 .163 

Average ________ 
- I 

.007 1. 379 4. 344 1. 031 .571 .073 .024 . OlD .428 .292 .464 
C__________________ 

.019 1. 842 4.956 1. 848 L 066 .096 .052 .029 .881 .864 L 141 D__________________ 

.004 .876 4. 746 .957 .471 .022 .015 .005 .840 .330 .381 
'\~ Avt:rage________ .011 1. 359 4.851 1. 402 .769 .059 .034 .017 .860 .597 .761

'~, 
.... 

'"" ....~ 
,..",. 

• 
". 


.. 


Dec. 

Inches 
0 
.012 

.006 

.024 

.036 

. 030 

0 
.018 

.009 

.014 

.005 

.009 

.183 

.105 

.144 

.372 

.216 

.294 

• 


Annual 
total 

Inches 
7.968 
5. 724 

6. 846 

9.084 
3.684 

6. 384 

5.058 
4. 752 

4. 905 

5. 492 
4. 145 

4.819 

11.014 
6. 521 

8. 767 

13. 166 
8. 863 

11.014 

t;5 

~ 

Q 

~ 
gJ 
~ 
t.>j 

~ 
Z 
..... 
..... 
~ 
<C 

~ 

t:1 
t.>j 
"d 
!"3 
o 
":! 

~ 
~ 

~ 

~ 

172 
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• • .,~ 

1946:A_______________ _ 
.797 2.195 1. 034 062 .029 .4!J7 .040 .017 .0.13 .011 .006 .280 4. 081B_______________ _ ­ . 1.097 .095 .273 .062 .028 .080 .065 .020 0 .021 .035 .304 1. 080-

Average_____ _ .447 1. 145 .654 .OG2 .028 .280 .053 .018 .006 .016 .020 .292 3. 030 
c_______________ _ 

_ 1.019 .984 1. 386 .068 .041 .470 .084 .034 .020 .016 .019 .574 4.715 ~ - .293 .241 .484 .055 .02!J .566 .047 .018 .013 .007 .010 .457 2. 220 ;tl])---------------- ..... 
Average_____ _ .656 .612 .935 .062 .035 .518 .066 .02G .017 .011 .014 .516 3. 468 

(j 

-
1947:A_______________ _

B______________ -- _ 3.319 .282 .576 1. 896 2.658 1. 114 .045 .032 .016 . OlD .005 .003 0. 956 ~ 
· 1. 578 .432 .327 1. 062 1. 793 .786 .040 .028 .019 .004 .032 .038 7.039 ~ 

Average_____ _ _ 2.448 .357 .452 1. 929 2. 225 . !)50 .042 .030 .018 .007 .018 .020 8. 496 ~ c___ _ t:1 _ 2.809 .507 .681 2. 1!)9 2.871 1.374 .053 .030 .022 .012 .014 .013 lG. 585 ;tl 
_ 1. 620 .372 .411 1. 479 2. 13!) .744 .050 .030 .019 .009 .012 .006 6.891 o])---------------- t"" 

Average _____ _ _ 2.214. .440 .546 1. 83!) 2. 505 1. 05!) .052 .030 .020 .010 .013 _ 010 8.738 
o o 

=- ~ 
1948:A_____ _ .007 1. 544 2. 188 2. 420 .101 .022 .012 .OO!) 0 .003 0 .003 6. 309B _______________ _ 

.029 1.544 1. 935 1. 005 .203 .052 .038 .004 .oao .026 .058 .043 4.967 ~ , 
~Average ____ -- .018 1.544 2. 062 1. 71.3 .152 .037 .025 .006 .015 .014 .029 .023 5. 638 

c___ _ .. 240 2. 400 2. 487 2. 695 .608 .045 .033 .018 .009 0 .003 .246 8. 784 ~ 
D________ _ .073 2. 21!) 2. 064 2. 04!) .367 : 032 .029 .010 .0·10 .026 .012 · 150 7. 071. C 

Average_____ _ .157 2.310 2.276 2.3'12 .487 .038 .031 .014 .025 .013 .. 007 · 198 7. 1128 ~ 
1949: ~ 

A_______ _ rn 
· 1. 95!) 1. 585 1. 422 .366 . 138 .012 .053 .001 .003 .003 0 0 5. 542B __ _ ~ · 2.569 1. 920 1. SGa .624 .180 .022 .088 .010 .033 .006 .012 .033 7. 060 t"l 

>-3Average _____ _ · 2.264 1. 753 1. 493 .495 .159 .017 .070 .005 .018 .004 .006 .017 6. 301 t"l 
;tlc_______________ _ rn 

· 2.499 1. 839 1. 848 .813 .441 .084 .483 .057 .022 .013 .013 .087 8. 199 
])---------------- · 2.787 1. 864 1.665 .558 .360 .055 .133 .031 .005 .006 · 108 7. 594

.022·1 ......Average_____ _ t-:)· 2.643 1. 852 1. 757 .685 .401 .069 .308 .044 .022 .009 .009 · e98 7. 897 ...... 



---

I 
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~ TA"RLE 28.-Monthly percolation (lata, lysimeter battery Yl03, 1.940-55-Continued 

Year alld Iysimeter Jail. Feb. Mar. 
I 

Apr. I May 
-~~·"~""--··--·-r 

.Iulle .llIly Aug. Sept. Oct. Nov. 

1950:A __________________ 
B__________________ 

Inches 
4. 755 
5. 037 

Inches 
2. 208 
2. 121 

Inches 
1. 254 
1. 188 

Inches 
1.626 
1. 686 

Inches 
.127 
.330 

Inches 
.035 
.057 

Inches 
.019 
.082 

Inches 
.016 
.044 

Inches 
.043 
.102 

Inches 
.015 
.021 

Inches 
.093 
. 129 

Average ________ 4. 8% 2. 164 1. 221 1. 656 .228 .046 .050 .030 .072 .018 .. 111 
C.________________ 
D __________________ 5. 304 

5. 169 
2.R22 
2.175 

1. 518 
1. 302 

1. 602 
1. 188 

.495 

.660 
.096 
.099 

.041 

.051 
.043 
.036 

.092 

.337 
.019 
.014 

.225 

.114 

Average ________ 5. 236 2. 248 1. 410 1. 395 .578 .098 .046 .040 .214 .016 .170 

1951 : A__________________
B__________________ 3. 618 

1. 755 
3. 468 
.885' 

3. 303 
1. 29:3 

1. 908 
1.074 

· 171 
.240 

.056 

.070 
.028 
.047 

.022 

.021 
.012 
.062 

.006 

.014 
.010 
.084 

Average ________ 2. 686 2.176 2. 298 l. 491 .206 .063 .038 .022 .037 . 0"".­ .047 
C__________________ 
JD __________________ 2. 604 

3. 168 
1. 503 
1. 581 

3.171 
3.078 

l. 980 
1. 629 

· 156 
.159 

.050 

.047 
.037 
.O:U 

.020 

.017 
.015 
.030 

.004 

.010 
.039 
.050 

Average ________ 2. 886 1. 542 3. 124 1. 804 .158 .048 .0:34 .018 .022 .007 .044 

1952:A__________________
B__________________ 3.648 

3.117 
1. 863 
1.245 

1. 920 
1.650 

1. 581 
1.650 

.067 
· 138 

.023 

.060 
.015 
.073 

.011 

.040 
.004 
.058 

0 
.006 

.004 

.027 

Average__________ 3. 382 1. 554 1. 785 1. 616 .102 .042 .044 .026 .031 .003 .016 
C__________________ 
1)__________________ 3.183 

3. 462 
1. 4!l4 
1. 431 

1. 626 
1. 557 

1. 680 
1.752 

.113 

.252 
.046 
.077 

.030 

.035 
.016 
.013 

.005 

.007 
0 
.003 

0 
.012 

Average. _______ 3.322 1. 462 1. 592 1. 716 .182 .062 .032 .014 .006 .002 .006 

• 

Dec. 

Inches 
2. 670 
1. 557 

2.113 

1. 734 
2.154 

1. 944 

1. 090 
1. 190 

1. 140 

1. 683 
2. 233 

1. 958 

.005 

.096 

.050 

.012 

.018 

.015 

• 


Annual 
total 

Inches 
12. 861 
12.354 

12. 605 

13. 491 
13.299 

13. 395 

13.692 
6. 735 

10.214 

11. 262 
12.033 

U.648 

9. 141 
8.160 

8. 650 

8. 250 
8.619 

8.434 

~ 


~ 
~ 
l"j 

~ ...... 

" ~<Q 

~ 
?l 
~ 
l"j 
'1:j 

!"3 

~ 
t;
::a.... 

~ 
::a 
l"j 



---- --- -

~~"""'"~:. .?
1953:A__ ~ _______________

B__________________ · 183 .342 . !l8I .504 .417 .024 .010 I .OO!) .002 .008 .009 .016.696 .690 1. 434 .840 · (',(',(; . (}(i3 .052 .018 .011 .003 .005 .0!)7 
2. 505
4.575

~-Average ________
II- .440 .516 1. 208 .672 .542 .0·1,1 .031 .01<1 .006 .006 .007 .056 3. 543.,.g 

C_~_______________ •
o D _______ • ____ - __ • __ 1. 062 .852 1.359 .8(l5 · !ll5 .0!l0 .038 .021 .013 .009 .005'" .855 .645 1. 862 .888 .810 .078 .086 .024 .008 .007 .001 

.022 5. 251 1,;

.087 4. 851 ::0f Average_ • ______ .....958 .748 1. 360 .876 .862 .08·'" .0(;2 .022 .010 .008 .008 .054 
C')

5. 052
1954:A __________________f ~B__________________ .036 .009 .240 .255 .049 .012'" .206 .085 .732 

.013 .010 0 .003 .003 .001) .639 ~.684 .221 .046 .063 .06:3 .013 .143 .033 .147 2. 436Average ________ ~
· 121 .047 .486 .470 · 135 .02!l .038 .036 .006G__________________ .073 .018 .078 1.538 


J)__________________ .342 .021 1. 320 .408 .288 ~
.051 .030 .018 .012 .042 ~.426 .063 1.602 .441 .333 .033 .046 
.009 .426 2.967 ::0.05a .006 .221 .037 .576 3. 837Average ________ .384 .042 1. 461 .424 .810 .042 .038 .036 .009 · 132 .023 .501 o8

o· 

3. 402
1955:A_______ ~~ _________ ><

B__________________ .085 1. 934 2.676 .354 · 111 .031 .024 . 01·1 .009 .005.180 2.241 2.988 .297 .081 .024 .015 5.283 ~.D::W .063 .066 .018 .02(l .076 .009 (l. 084 ~
Avemge________ · 132 2. 088 2.832 .326 .096 .035 .044 .040 .014 .016 .050 ~C__________________ .012 5. 684 

1)_________ • ________ .598 2. 894 2. 448 . (l78 .114 .036 .037 .020 .011 · DO!) .031 .006 
­

.549 3.978 2. 922 750 .084 .Ol:i .018 .032 .007 
6. 882

· 01:3 .037 .015 8.418 ~Average________ .574 3. 436 2. 685 .714 .09!) .024 .028 .026 .OO!! .011 .. 034 ~.010 7.650
Average,I!!41-55: -A_______ ~ __________B__________________ 1. 359 1. 298 1. 897 1.045 .447 . 183 .031 .018 .050 

~
1. 139 . !)91 .038 .077 .426 6.8831. 46!! .974 .414 .160 .055 .028 .044 .022 .052 .292 ~.5. 640A"ernge______ -_ 1.249 1. 144 1. 683 1.010 .430 .172 .043C__________________ 

.023 .047 .030 .064 .359 6. 262 ~
1.457 1. 341 2. 102 ::01.269 .609 .263 .077 .028 rn
1. 349 .079 .. 067 .107 .491 7. 890])------------------ 1. 188 1. 690 .950 .435 .151 .043 .031 .098 .047 .050 .553 6. 585

Average ________ 1.403 1.264 1.896 1. 110 .522 .207 .060 
- ~.030 .088 .057 .078 .522------------ 7.237

1 Record incomplete. ~ 
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For the period1938-55 approximately from the meadow lysimeters than 

80 percent of the percolation occurred during a wet year from the corn 

during the first 4 months of the year 	 lysimeters. For example, 45.45 
inches of rainfall produced 12.88on battery Y102 (table 27) and 65 

percent on battery YlOl (table 26). inches of percolation on lysimeter 

For the period 1941-55 on battery Y102A when it was in corn in 

Y103, 81 percent occurred on the 1945. In 1955, when the same lysim­
eter was in meadow, 30.69 inchesconservation-practice lysimeters 


during the same 4-month period 	 of rainfall produced only 6.20 inches 


and 78 percent occurred on poor­ of percolation. 

practice lysimeters (table 28). Dur­ In some such instances, it is de­


ing the late spring and summer 	 sirable to express percolation as a 


months, when evapotranspiration percentage of infiltration (precipi­

rates were high, soil moisture was tation minus runoff). Previous data 
from this station (37) have shown

reduced to such an extent that there 
was generally little water in the that percolntion, expressed as a per­


profile available for percolation. centnge of infiltrntion, is highest 


Soil moisture genernlly reached during meadow yenrs and lowest 


its lowest level of the year some­ during corn years. 


time between August and October The greatest nmount of percola­


near the end of the period of high tion WIiS ohtnined from the Muskin­


rate of water use by crops (high gum silt loam of sandstone origin 


ET-CA value). From October (battery YI01). Maximum perco­


until spring, accretion usually ex­ lation for 1 year was 26.37 inches

An­

ceeded depletion; there was very 	 obtained from Y101C in 1950. 

little ET-CA. High rates of per­ nual precipitation that year was 

over 47 inches. 'Minimum annual


colation paralleled higil soil-mois­
ture content of the soil profile. percolation was zero from Y101D 


'Monthly and annual values of in 1954. Factors causing this mini­


percolation from all lysimeters nre mum percolation were: (1) Rainfall 

in 1954 was about 10 inches below

given in tables 26, 27, and 28. 

Ourves of accumulated monthly per­ normal, (2) rainfall in 1953 was also 


colation by years for the period deficient by the same amount, and 


1938-55 appear in figures 38, 39, 40, (3) this lysimeter (Y101D), unlike 

any others, was in an alfalfa-brome­


and 41. Precipitation, especially

during the winter nndspring months, grass cover .in 1953 and 1954. Ap­


directly affects percolation. As soil parently this vegetative cover, by 

means of it.s long roots, removed

type; soil moisture, Innd use, nnd 

freezing affect the amount of water soil moisture to such nn extent that 


absorbed by the soil, they also nffect moisture rechnrge in the profile in 


the amount of water nvailable for 	 1954 wns not enough to provide free 

percolation. A reduction in either or grn,vitntionnl water at the bottom 


surface runoff or evapotrnnspira­ of the 8-foot profile. 


tion tends to increase percolation. The v.egetation on all lysimeters 


During corn years Ilnd to a lesser of battery YI01 was the same 


extent during wheat yenrs, smfn('c (povel·ty grass) t1l1'ough 1944 exce.pt 

that Y10ID was bare in 1943, Its

runoff gl·nerally is higher nnd infil­
first year of operation. Percolation

tration is bwer than during meadow 

years. Consequently, a lesser values for Y101D appear to corre­


amount of moisture is avnilable for spond closely with those for YI01B 

from 1944 through 1946 (figs. 39

percolation in the soil profile during 
corn years. However, percolation 	 and 40). YlOI0 and Y101D were 

was lower during some dry years 	 seeded to bluegrass and clover in 

• 
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l?IGURE 38.-Aeeurnlllated monthly percolation by yean;, 19:38-4.1. 

1946, whereas Yl~lA and Y101B ET increased, IL lesscr amount of 
remained in pove,t.Y grass. In watcr was available for pcrcolation, 
1947 percolation wa~ gl'Catcr' from Percolation Yll1ues along with 
YI01D thnn from )'\\010. This vcgetal changcs for lysimeters 
was the year the old sod WllS Y101B, YI01C, and YlOID for the
destl'oyed .' and lysimetcr YIOID period 1944-55 are shown in table 
was sceded to alfnlfa and b/'Ome­ 29. Data from YlOIA al'eomitted grass. ET-CA WllS low. ]\:[orc 

becltuse of soil slumping during con­watel' was Iwailable fo/.· percolation. 
stl'llCtion opemtions. For the pcriod 1948-55 (figs. 40 nnd 

Evapotranspil'l1tion values for Y­41), however, the n'ver·sc. was tl'UC­
pcrcolation from YtQID was low. .lOlD for' the per'iod 1944-47 (April­
'rhis wns lar·geI.Y because of the in­ August) lu'e low, POYCl~t.Y gmss 
C!'eascd tl'anspiration from alfalfa was the predominant cover' on all 

• 
and bl'omcgrass on YI01D. As three Iysimeters during this period. 
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1~Ii1URg :3\l.-AcclIll1l1Ialt'c1 monthly ]wrcolation by years, 1\142-·Jii. 

ET fOl' the pel'ioel 1\)48-55, after the 
alfalfa-broll1egmss co\'('[' had be­
come established, "'iLS considel"ltbl.\' 
higher than before. The annual 
average ET-(':\. value for till' 
alfalia-broll1egl'llss period WitS 24.9 
inches ItS compared with 20.2 inehes 
for the pl'evious period, The con­
trast in Itnnual percolation vltlues 

1'111 phasi7.cs the infhwnc(' ot: \'eg('ta­
tion on soil-wltte[' relationships, 
Al though thel'e may be sevel'iL1 
rCilsons why p('['collttion from lysim­
etcl' Y\OlD WitS much ll'ss fol' tbe 
period 1948-55, it appears that 
cVi)'potmnspimtion was by far the 
most influential factor. 

Although the soil is clltssified ItS 
for the lysimcters in batter,)" YIOI N[uskingum silt loam on both ly­

• 

http:phasi7.cs


AGRICULTURAL HYDROLOGY AND MONOLITH LYSIMETERS 127 

simeter batteries YlOl and Yl02, The highest monthly percolation 
the sandstone bedrock in battery from the lysimeters in battery Y102 
YlOl has produced a very permea­ was 7.73 inches obtained from 
ble soil through which soil water Yl02C in March 1945. There were 
percolates freely. Shale on Y102 a number of years when there wa.s 
has produced a heavier soil with no percolate in September, October, 
lower permeability and therefore November, December, or January. 
lower percolation values. J\1axi­ Percolation was appreciably lower 
mum annual percolation from bat­ from battery Yl02 than from ba.t­
t.ery Y102 was 17.77 inches from tery YlOl. The effect of soil type 
YI02C in 1950. The minimum was on percolation is evident from a 
0.32 inch from Y102A in 1954. comparison of percolation from the 
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'!' ABLE 29.-Percolation, e1;apotranspiration, and 'l'egetati1'e C01'er jor 

lysimetel's YI01B, nOlO, and I r10ID, 1944-55 


---------,------.--- -..-----.. ---------:-----7-----­
Anl1\~al Evnpo· 

Year and Cover perco n· transpiration 

lysimeter tioll (ET-CA), 


Apr.-Aug. 


] 944: Inches Inches 
Y 10 I B,. _ Poverty grlis1L. ___ .. . " .. _ . _ .... 6. 8 ----- ... -~- ... --
Y10lC __ ._. _ _ .• _clo. _. ____ ... ____ . ___ •• -." 9. 9 ..... --- ........ _---

Y101D __ ••.• • _•.•do •• _ .. _____ .. ____ .. _______ •. _ 7. I 18.4 

1945: 
Y101B. _____ Poverty grass ________ .• __ ...... _._ 15.4-

~-- ... -- ... -- ... --
YIOI C ____ • _ New sepdillg uf bluegrass ancl clover .. 21. 7 

p ~----------YlOI D.. __ . _____ .clo •. _,. .... 15. a 18.4­
194.6: 

YlOIB. ___ .• Poverty grass __ . _._._._ .• _'" _. _,. __ 11. 7 - ... ----------YIOI C_._.. l3luegrass alld clover.•. _••. ,. ___ ,. _. __ . 9. 8 ----- ... ------YI0ID..________ .clo_______ • _." ,.,' _. _____ . ____ ... 23.79.9 

• 
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TABLE 29.-Percolation, evapotranspiration, and vegetative cover for lysim­
eters Yl01B, Y1010, and Yl01D, 1944-55-Continued 

Annual Evapo-
Year and Cover percola- transpiration
lysirneter tion (ET-CA), 

Apr.-Aug. 

194i: Inches Inches
YlOIB_____ _ Poverty grass______________________ _ 12.4
Yl01C_____ _ Bluegrass __________________________ _ 13. 8
Y10lD_____ _ New seeding of bromegrass, ladino 14. 9 20. 2 

clover, and alfalfa. 
1948:

YlOIB_____ _ Poverty grass______________________ _ 10.5
YI0lO_____ _ Bluegrass__________________________ _ -----------­

13. 1
Y10ID_____ _ Bromegrass, In.dino clover, and alfalfa__ 5. 6 23.2 

1949: • 
YlOIB_____ _ Poverty grass______________________ _ 11. 2 --- ... -------­_ 

Y101D_____ _ Brornegrass and alfalfa_______________ 

Y10lO_____ Bluegrass _______________ ------------ 15.0 

5. 6 2i.0 
1950:

Y101B_____ _ Poverty grass ______________________ _ 18.4
YlOlO_____ _ Bluegrass__________________________ _ -----------­

26.4
YlOID_____ _ Bromegrass and alfalfa______________ _ 9. 0 25.5 

1951 : 
YI0lB_____ _ Poverty grass ______________________ _ 15.0
YI0lO_____ _ Bluegrass __________________________ _ 19.4
YlOID_____ _ Bromegrass and alfalfa______________ _ 13.4 24.2 

1952: 
YlOlB_____ _ Poverty grass ______________________ _ 12.5YlOlO_____ _ Bluegrass __________________________ _ li.9
YlOlD_____ _ Brornegrass and alfalfa______________ _ 8. 8 2i. 0 

1953:
YlOlB_____ _ Poverty grass ______________________ _ 8. 1
YlOlC_____ _ Bluegrass__________________________ _ 9. 6
YIOI D _____ _ Brorneg!rass and alfalfa ______________ _ 1.5 23.4 

1954:
YI01B _____ _ Poverty grass________ . _____________ _ 6.2
Y10!C_____ _ Bluegrass __________________________ _ i. 4 _.. _---------YlOID_____ _ Bromegrass and alfalfa______________ _ 0 22.7 

1955:
YIOIB_______ Poverty grass _______________________ 8. 4YI01 C___ __ _ Bluegrass__________________________ _ 10.8
YlOlD ______ Bromegrass and alfalfa______________ _ l.i 26.1 

Average: 
1944-4i:Y10IB______ Poverty grass ______________________ _ 11.6

Y101 C_____ _ Bluegrass_________________• _~ . _____ _ 13.8 ------- ... ----YI01 D ___________ do _______ .. ________ • ___________ _ 11.8 20.2 
1948-55:

YIOIB_____ _ Poverty grass. ____ • _____ • __________ _ 11. 3 ------------YIOlO_____ _ Bluegrass________ . _________________ _ 15.0
Y101D_____ _ Bromegrass and alfalfa______________ _ 5.i 24.9 

Keene silt loam (battery YI03) of the various soil horizons. The 
with that for Muskingum silt loam subsoil of the Keene is a heavy silt 
(battery YI02). PercQlation rates loam grading into silty clay loam 
were more erratic on the Keene be­ and then into silty clay. The high 
cause of the texture and structure colloidal content of the la.tter en­

• 
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hances swelling and shrinking of 
this soilluyer, which directly affects 
percolation. When the soil is satu­
rated or nearly so, the colloids 
swell to such lln extent that the 
soil is almost impermeable. The 
soil shrinks when it dries, and the 
cracks that ure produced facilitute 
percolation of the soil water. Pre­
sumubly, these cracks close very 
slowly' because high percolatioi1 
rates sometimes occur many times 
oyer a period of several inon ths. 
The highest monthly percolation on 
the Keene silt loam was 5.47 inches 
from lysimeter Y103A in :March 
1945. 'The highest anni.lal percola­
tion on this soil was 13.49 inches in 
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1950; the lowest was 0.64 inch III 

1954. 
The difference in the amount of 

percolation from heaV;'T rainfull in 
.March and September 1945 was 
extremel;.' great, as shown in figure 
42. Rain in ".\Iurch totaled 7.5 
inches; and percolation averaged 
6.3 inches for the lysimeters in 
battery YI01,7.2 inclles for Y102, 
and 4.6 inches for YI03. Ruin in 
September totaled 9.5 inches; and 
percolation averaged' 0.4 inch for 
YI01, 0.3 inch for YI02, and 0.6 
inch for YI03 (fig. 43). 

ThC' diffC'rC'ncC' in soil moisture­
very wet in ~rurch und \rery dry 
prior to the September rain-was 

r 

! 


I 	 _{ ­-'o/.'O!~ 
; 

i "': 
/' 

••_., )'.,-OJ Po.i ?' 

i 
..~ i 

.r / I 

l' •l 	 -( ,0,0,...-; 
i ~ .. 

1: .....r 
/, 

.Y 1 
PERCOLATION i!/ 

I /, 
i/ i ! 

;[ I J I 
I I 'j I i ! 

1.2 

i.O f 
I-:i I 
I ,': , 

V 
/: 

I i 
: 

.e :­ .. , ..,,1' 
1 ... II l : I 

i ! I i-f- ­
t--'1./~"" I I.6 ..- 1../; 

.4 I 

o 	 ) ~. : I i I 
IIIAR H 2 3 4 5 6 I 7 8' j 9 I 10 " 12 

FIGURE 42.-Typical curves of accumulated percolation following rainfall on wet soil, 
March 2, 1945. 
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FIGURE 43.-Typical 	clIn'es of accumulated percolation following a dry summerperiod, September 22-0ctober 6, 1945. 

a major rel1soo for thr diffrrc>ocr in YIOJD. This docs not mean thatpercolation for tIlP two p0riods. thr !'!lin falling on 	 tbe ground ap­A dE'tailc>d study of pc>riods of high p('arE'd at the 8-foot [eyel of the soilrainfall and pE'["collltion I'll tes (figs. in thr lysimrters 8, 12, or 16 hours42 and 4:3) shows thr approximatr latl'r: it means thnt the rainfall wastimelag of prrcoilltion nftrr rainfall. ('ffrctiYf' in causing an increase inTypical cUr\~('s for r!wh of thE' thr('r tllp amount of wntrr sepping frombatteries of IYsiI11rt('rs wrl"E' splprtrcl the hottom of the lysimetel's 8, 12,for comparison. In figurE' 42, prr­ or 16 hours after the ['ain began.colation is rompl1rrd with rainfall Thr mllximuffi rllte of percolationfor the period ~rill"('h 2-12, 1.9-15. for a a-hour period ranged betweenSoil moisture prrcl'ding this l)Prioe! 0.07 and 0.12 inch of water per hourwas wt,ll aboY!.' field rapacity. for all lysimeters pxcept YIOlB,PercoJlltioIl was aelin'in all lvsim­ The maximum rate of percolationeters immc>diat<'ly prior to ).·rarch may btl expected to oecur when most2. Percolntion increils('([ IllnrkPd[y of the pores, root channels, andafter both thE' ~rnrch 2 alld .'.Jarch other openings tlre used to transmit6 storms. After a drfilli te incrE'ast' the grtn-itational water. When thein rainfall on '\[arch 6, perc'olation soil approaches saturation, percola­began to respond in about 8 bours

• 	
tion rates govern infiltration rates tofrom YI03A, i!l 12 hours from a large extent. HycLrograph analy­YI02B, and in about 16 hours from sis of watershed data showed that 
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the minimum infiltration rate for the 
Muskingum silt loam soil was about 
0.08 inch per hour, a value not 
greatly different from the maximum 
percolation rate obtained in these 
studies. 

Percolation rates for unsaturated 
soils were less than for wet soils, as 
illustrated by the percolation for the 
period September 22-0ctobel' 6, 
1945 (fig. 43). Following all ex­
ceedingly (hy late summer, per­
colation response to the September 
l'ainfall wits slow. In fad, there 
was no percolation from Y103A 
until after 5.6 inches of rain had 
fallen. Likewise, 9.1 inches of rain 
fell in September before percolation 
occurred from Y101D. Percola­
tion did not occur from YI02B until 
10.2 inches of rain had 'fallen. Sur­
face runoff of 1.70 inches probably 
prevented earlier percolation. . 

Average monthly percolation 
values for all three lysimeter bat­
teries for the period of record (tables 
26,27, and 28) show that the highest 
monthly values occurred generally, 
in order of magnitude, in :March, 
April, February, January, .May, 
June, and December. In some in­
stances percolation WItS higher in 
January than in February, and in 
December than in .Junc. Generally 
little or no percolation was obtained 
during the period July to Novem­
ber. 

Whenever unusual conditions of 
precipitation and other meteorologi­
cal phenomena occur, percolation 
varies from the average pattern. 
This was eviden t in 1947 when high 
temperatures and high rainfall in 
January resulted in unusually high 
percolation rates foJ' the mon th. 
Abnormally low temperatures in 
February and l\!farch of the same 
year froze the soil, and retarded 
percolation rates. Soil freezing af­
fected percolation only when soil 
moisturf: was high enough to pro­
vide free or gravitational water. 
Under these conditions, the density 

U. S. DEPT. OF AGRICULTURE 

of frozen soil permitted little air to 
enter the soil profile, thereby re­
tarding percolation. The porous 
honeycom b and stalactite types of 
frost structure permitted more air 
to enter the soil than the dense con­ • 
crete type, thereby providing great­
er air penetration and permitting a 
greater release of water by percola­
tion. 

The variation in percolation 
among lysimeters on the same soil 
type is due largely to soil hetero­
geneity and in a small degree to 
differences in the vegetative growth 
of the crops on the various lysim­
eters. The accumulated monthly 
total percolation for the years 
1950-55 (fig. 37) gives a good idea 
of the variation in percolation 
among lysimeters on the same soil 
type. On battery Y101 the effect 
of soil heterogeneity overshadowed 
the effect of practice, as percolation 
was consistently higher on lysim­
eters Y101A and Y1010 than on 
lysimeters Y101B and Y101D each 
year, 1950-55. I.Jysimeters Y101A 
and Y101B were in poor practice, 
whereas Y1010 and Y101D were in 
improved (conservation) practice. 
Lysimeter Y101D, however, had a 
cover of alfalfa and bromegrass, 
whereas Y1010 had bluegrass. 

On battery YI02 all lysimeters 

were in conservation practice. 

There was greater variation in per­

colation among the 3 lysimeters in 

1950, when rainfall was about 7 in­

ches above normal, than in 1951. 

In 1952 there was considerable var­

iation among these lysimeters, al­

though the treatments. were the 

same. In 1953, 1954, and 1955, 

lysimeters YI02B and Y1020 were 

irrigated, whereas YI02A was not. 

Were it not for the fact that perco­

lation from Y102A usually was less 

than from Y102B and Y1020, one 

might erroneously conclude that 

irrigation increased percolation. If 

it did, the result was very small. 


On battery YI03 the effect of soil • 
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• 
heterogeneity overshadowed the accurately the plant nutrient losseseffect of practice during the first 3 resulting from the leaching process.years of the period 1950-55. Dur­ Moreover, a knowledge of the extenting 1953,1954, and 1955, when rain­ of plant nutrient losses in percola­fall was much below normal each tion provides useful information foryear, percolat,ion from lysimeters soil- and - water - conservation pro­Y103A and Y103B, in conservation grams !l,s well as other phases ofpractice, was consistently lower agriculture.
than from Y103C and Y103D in Data on nutrient losses in perco­poor practice. It appears that on lates from the Coshocton lysimetersthe Keene silt loam the effect of soil were reported by Dreibelbis andheterogeneity overshadowed the McGuinness (40) for the periodeffect of practice during years of 1940-55. Their report included anormal or high percolation values. statistical interpretation of the data.During the drier years, when precip­ The report in this bulletin is largelyitation and percolation were below a summary of the data for the periodnormal, the reverse was true. 1941-55.. Data on nutrient lossesThe data for years in which all for different practices on the lysime­lysimeters were in meadow or grass ters, by years, appear in table 30.(1943, 1944, 1947, 1948, 1951, 1952, The amount of fertilizer, lime, and1955) provide a good comparison of manure applied to each lysimeterthe effect of soil type on percolation. from 1937 to 1955 is given in tableSoil-type effects may be compared 31.

for any year on Y102 and Y103 be­ It is evident that nutrient lossescause both lysimeters were on a 4- are generally lower on the Muskin­year rotation and treatment prac­ gum soils than on the Keene. Fortices were iden tical on Y103.A and B example, in -1950, a year of heavyand Y102.A, B, and C. .A more de­ percolation, loss of potash by leach­tailed a.ccount of the effects of soil ing was 11.55 pounds per acre fromtype and land use on percolation lysimeter Y103 (Keene), as com­was presented previously (37). pared to 6.96 pounds from lysimeter
Plant nutrient losses through percola-

Y102 (Muskingum). In 1954, a
tion year of low percolation, the values

were 2.94 pounds and 0.70 pound,Losses of the chemical constitu­ respectively. Calcium losses were
• ents of the soil through percolation in the same order. This is probablywere determined by chemical anal­ a reflection of the greater perme­ysis of the ly&imeter percolates. ability and better drainage charac­The loss of major plant nutrients teristics of the Muskingum soil inthrough percolation has been stud­ which movement of soil water isied by numerous investigators, as fairly rapid. Percolation is slow inshown by Kohnke, Dreibelbis, and the Keene silt loam, which is charac­Davidson (70). They called atten­ terized by a high clay content of thetion, as have many other investi­ subsoil, and the soil solution hasgators, to the shortcomings of many more opportunity to exert its sol­lysimeters because of the unnatural vent effect on the soil particles ofconditions for percolation, thc most the Keene than on the more rapidlyserious being the use of filled-in drained and granular NIuskingumlysimeters oi'-failure to allow surface soils. A previous study (40) showedrunoff. that losses of potassium, calcium, 

• 
The near-natural conditions pre­ magnesium, and sulfur were highervailing on the Coshocton lysimeters on the Keene than on the Muskin­made it possible to evaluate more gum soils, and the differences were 
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TABLE 30.-Summary: Losses oj nutrient~ through percolation, and amount oj percolation water lost from lysimeter ~ 

batteries Y101, Y102, and Yl03, 1941-55 1 

~ 

Nutrients lost per acre 


Year !md \ysimeter. Land-use practice Percolation 

water lost 

K Cn Mg N2 Mn S per acre I 
gj

1941: Pounds Pounds Pounds Pounds Pounds Pounds InchesYI01________________ Poor_______________ 14. 76 e) 2.40 0.40 O. 64 7.97 11. 68 ~ )TI0l________________ Conservation________ 8. 91 12.41 2.11 .40 .52 6. 09 12.36)T102 ________________ _____ do_____________ ~ 
3. 63 11. 60 5.66 2. 63 .15 (3) 2.61)TI03________________ _____ do_____________ 
8.03 (3) 5.66 .49 .12 7.15 2.18 !21 

YI03________________ Poor_______________ 19.49 13. 80 6.43 .·79 .16 8. 95 2. 96 .... 
1942: .... 

YIOl________________ _____do_____________ ...
9.66 (3) 2. 20 .38 .73 9.52 12.77)TI0l ________________ 5'Conservation ________ 7.37 (3) 2. 38 .25 .31 6.65 13,14)TI02 ________________ _____ do_____________ 
4.79 11.02 7.94 3. 56 .19 -4.14 4. 40 ~)TI03________________ _____ do_____________ 
7.69 (3) 4.12 .62 .09 10. 87 5. 47]{103________________ Poor_______________ ?l 

1943: t1 
7.34 21. 92 6.06 1. 46 .32 10. 85 5. 84 

)TIOl ________________ _____ do_____________ 
8. 23 11.24 2. 37 .30 .87 9.68 12.04YI01 ________________ ~Conservation________ 16. 80 20.46 9. 29 .43 .57 ll.08 13. 16 )TI02 ________________ _____ do_____________ !'39.51 32.53 21. 73 6.58 .76 4.53 11. 22 

YI03 ________________ _____ do_____________ 
18.73 38. 75 21. 49 2. 45 .48 44. 38 6.85)TI03________________ Poor_______________ ~ 28. 29 30. 25 19.27 2. 50 .64 30. 9° 6. 38 

1944:YI01 ________________ _____ do_____________ ~ 9. 78 8. 66 5.22 .. 24 .54 6. 62 8. 32
YIOl________________ :xl' Conservation________ 24. 18 17.88 2. 77 .36 .50 8. 06 8. 50 ...
)T102________________ _____ do_____________ 

7. 17 16.28 13.98 3. 72 .34 3. 49 6.99YI03________________ _____ do_____________ 8 
14.44 21. 40 18.35 4. 02 .34 24.92 4.86)TI03________________ Poor_______________ E318. 64 21. 80 17.72 4. 70 .36 19. 40 4.82 

~ 
1947:YI01 ________________ _____ do_____________ 

8. 66 18.11 2. 80 .27 .22 18. 50 14. 73 ~ 
YI01________________ Conservation________ 12.66 20. 20 7. 20 .50 .14 33.45 14.32YI02________________ _____do_____________ 5. 71 14.45 9.82 4.06 .16 9. 10 9.03
YI03________________ _____do_____________ 16. 02 34. 23 24.37 11.82 . 14 31. 10 8.50
YI03________________ Poor_______________ 22.43 37.07 25.13 14.00 .21 27. 90 8. 74 

• 
 • 



_____ ____________ 

________________ 
________________ 

________________ 
________________ 
________________ 
________________ 
________________ 

________________ 
________________ 
________________ 
________________ 
________________ 

________________ 
________________ 
________________ 
________________ 

• 

1948:1:101________________ 

1:101________________ 
1:102________________ 
1:103________________ 
1:103________________ 

1949:Y101 ________________ 
YI01 ________________ 
1:102________________ 
Y103 
Y103 

1950:1:101 
YI01 
Y102 
YI03 
YI03 

1951:1:101 
YI01 
YI02 
YI03 
Y103 

1952:Y101 
Yl01 
YI02 
1:103 
Y103 

1953: 

______________ ._ 

Y101_~ ______________ 

Y101 ________________ 

YI02________________ 

Yl03________________ 

YI03________________ 


• 


do~ 

Conservation________ 
_____ do_____________ 
_____ do_____________ 

Poor_______________ 

_____ do_____________ 
Conservatioll________ _____do_____________ 

_____do_____________ 
Poor_______________ 

_____ do_____________ 
Conservation________ _____ do_____________ 

_____ do_____________ 
Poor_______________ 

_____ do_____________ 
Conservation ________ 

_____ do_____________ 
_____ do_____________ 
Poor_______________ 

_____ do_____________ 
Conservation ________ 

_____ do_____________ 
_____ do_____________ 
Poor_______________ 

_____ do_____________ 
Conservation ________ 

_____ do_____________ 
_____ do_____________ 
Poor_______________ 

4.83 
8.65 
4.15 
8. 84 


17.47 

6. 49 

7.64 
5. 00 

10.06 
10. 84 


5: 06 
7.88 
6.96 

11. 55 

20. 56 


5. 66 

7.99 

7.89 

9. 50 


.9.98 


5. 03 
9.92, 
4.95 
9. 85 


12.32 

1. 67 

1. 97 

.80 


2. 77 

3. 61 


10.08 
13. 36 

9.27 

29. 79 

30. 80 


8. 80 

14.49 
10.95 
34.24 
24.40 

15.16 
13.82 
16.95 
51. 79 

30. 81 


10.81 
22. 10 

18.13 
29. 91 

11. 71 


10.16 
28.34 
20. 00 
53. 31 

34. 36 


2. 36 

2.54 
1. 46 

5.88 
4.59 

4.75 ./ 
7.63 
9. 62 


21. 29 

18.13 

6. 97 

7.97 
8. 23 


25. 40 

19.45 

10.43 
8. 46 


11. 91 

30. 18 

18. 69 


4. 86 

9.11 

18.08 
20. 15 

9.59 

5. 87 

10. 30 

16.67 
28.91 
17.81 

.30 


.37 


.22 


.74 


.68 


.33 

1.13 
2.25 
3.38 
6.84 

.24 


.42 


.84 

2. 47 

1. 55 


.37 


.41 

9.70 

5.62 

2.87. 


.18 


.22 

7.06 

8.51 
5. 01 

.23 


.20 

4.24 

1. 95 

7.19 

. 12 


. 12 


.41 


.64 

1. 18 


• 


(3) 
(3) 
(3) 
(3) 
(3) 

(3) 
(3) 
(3) 
(3) 
(3) 

.30 


.29 


.35 


.64 


.94 


.20 


.38 


.56 


.65 


.62 


.26 


.46 


.70 


.36 


.46 


.23 


.28 


.11 


.13 


.19 


(3) 
(3) 
(3) 
(3) 
(3) 

(3) 
(3) 
(3) 
(3) 
(3) 

13.78 
26. 46 

23. 83 

82.21 
51. 18 


14.'13 
34. 88 

29. 75 

55. 24 

28.11 

15.18 
28. 24 

25. 16 

48. 79 

24.17 

6.61 
12.39 
6.34 
8.27 

12.51 

• 

12.21 

9. 36 

4. 67 

5.64 
7.93 

13.16 
10.30 

4. 31 

6. 30 

7.90 

22.15 
17.68 
16.03 
12.61 
13.40 

17.49 
16. 40 

14.82 
10. 22 

11. 65 


15. 09 
13.37 

9. 54 

8. 65 

8.43 

9.77 
5.55 
1. 46 

3. 54 

5.05 

~ 
c:l 
=:0.... 
C 

~ 

=:0 

~ 

~ 
t:I 
=:0 
0 
t"' 
0 
c:l 
>-<j 

~ 
t:I 

is: 
0 
Z 
0 
t"'.... 
~ 
~ 
rJl 

~ 
l"J 
t-:3 
l"J 
=:0. 
C(l 

;....I 


~ c:n 

See footnotes at end of table. 
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TABL" 30.--81'm-Y: [,0.... oj n~ tArmf,gh per,o/IItion, .,.,J ...- ojp.rco/lltion Water lost from I.......,.,


batteries Y101, Y10~, and Y10S, 1941_55 
1 
-Continued ~ 

0 

t".I. 
PercolationNutrients lost per acre . water lost ~ per acre S ~MnLand-use practice - N2Mg ~Year and Iysimeter Ca ­1( Inches- - pounds- - pounds 6. 22 ~ pounds 4. 26- - pounds .14 3. 72pounds .11 3.85 ~pounds .85 .08 1. 591. 30 .25 1. 95 t".I.97 1. 00 .06 1. 54 ~2. 43 1. 161954:Y101 ______________-- poor__ - ------- -- --- 1.71 1. 32 .05 4.05 3. 40Conservation--- ----- .70 1. 55 2. 42 1. 58 .14. 6. 54 Z 

Y101 _____ ----------- _____do------------- 4. 28 2. 88 ...2.94 3. 99 9. 73 ...Y102---------------- _____do------------- 6. 62 7.05poor_____________ -- 6. 04 .27 6. 24 ~ YI03_____ -_--------- .22 8. 202.03 .19 6.92 '?2.74 .16Y103 ___ ------------- 2. 52 2. 34 8. 03.19 5.68 _____ 4. 45 7.65YI01 ________________ do------------- 24. 251955: 2. 95 8.44 .19 7. 65 ~ 
Conservation--- ----- 2. 67 5. 90 2. 34 20. 20YI0l_________ ------- 12. 20 .29 _____do------------- 10. 89 2. 29 rtJ4. 95 6. 85 12. 7~YI02---------------- _____do------------- 7.54 9. 84 10. 30 1:1.40 11. 01Yl03___ -_----------- poor__------------- .26 16. 30 t".I3.93 .34 7. 2~ I'dYI03_~ ------- 9. 04(i. 41 5. 46 .37 11. 63.32 6.3 !"'1Average: I _____do----------·-- 14. 37 4.14 31.029.13 10. 28 .29 7.2YI01 __ ---------- Conservation--- ----- 4.92 13.08 :t 53 21. 88 0Y101 ________ ---- 16.56 .39 ~ _____do------------- 9. 64 28. 59 13.06 4.10 -Y102------------ _____do------------- 21. 3814.20 ~Y103---------- --YI03____________ poor____ ----------­ ~ 

2 Nitrl\te nitrogen. .... 
3 No d:\t,n. 

I Dat:\ for 1945 and 194(i omitted because of incomplete ~ 
~ records. ~ 
t'1 

• 

• 


http:Conservation--------4.92
http:do-------------7.54
http:Conservation--------.70


________________ _ 

________________ _ 

________________ _ 

________________ _ 

________________ _ 
------------

------------

------------

• 

• 

• 

• 
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TABLE 31.-Application of fertilizer, lime, and manure, 1937-55 

Fertilizer 
Lime per Manure per

Year and lysimeter acre acre 
Amount Kind 
per acre 

1937:YI0l 	 Pounds Tons TonI! ________________ _ o ___________ _ 0 0YI02________________ _ o 	 0 8YI03________________ _ o 	 0 0
1938:YI01 o 	 0 0YI02________________ _ 

125 2-12-6 0 0YI03________________ _ 
175 2-12-6 0 0

1939:YI01 o 0 0 
100 0--20--0 0 0YI02_________________ { 150 0--16-0 
10 20--0--0 

100 0--20--0 o oYI03_________________ { 150 0--16-0 
10 20--0--0 

1940:YI01________________ _ o ___________ _
1:102________________ _ 	 o o 

o 	 o o1:103 ________________ _ o 	 o o
1941:	YI01 

YI02________________ _ o 	 o o2-12-6 ___________ _500 	 8YI03A, B ____________ _ 	 2-12-6 ___________ _500 	 4YI030, D ___________ _ 	 2-12-6 ___________ _200 	 4
1942:YI01 

0 0 o1:102________________ _ -----------­
0 	 0 oYI03A, B ____________ _ -----------­0 	 0 41:1030, D ___________ _ -----------­0 	 0 o 

1943:YI01 
0 0 o1:102________________ _ -----------­0 	 0 oYI03________________ _ -----------­0 0 o

1944:]{101 ________________ _ 
0 	 0 oYI02________________ _ -----------­0 	 2. 5 6YI03A, B ____________ _ -----------­0 	 2. 5 6Y1030, D ___________ _ -----------­0 	 0 6 

1945:YI01A, B ____________ _ 0 	 0 o1:1010, D ___________ _ -'----------­500 2-12-6 3 4YI02________________ _ 
500 2-12-6 2 o1:103A, B ____________ _ 500 2-12-6 2 oY1030, D ___________ _ 200 2-12-6 0 o 

1946:YI01A, B ____________ _ 0 	 0 oYI0I0, D ___________ _ -----------­400 0--20--0 2 o1:102________________ _ 
0 	 0 4YI03A, B ____________ _ ------------

YI030, D:- __________ _ 0 ------------ 0 4 
00 ------------	 o 
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TABLE 31.-Application of fertilizer, lime, and manure, 1937-55-00n. 

Fertilizer 
Lime per Manure per 

Year and iysimeter acre acre 
Amount Kind 
per acre • 

1947:
YIOIA, B ____________ _ 
YIOlC, D ___________ _
YI02________________ _ 
YI03A, B ____________ _ 
YI03C, D ___ .. _______ _ 

1948:YI01 ________________ _ 
YI02________________ _ 
YI03________________ _ 

1949:	YIOl 
YI02________________ _ 
Y103A, B____________ _ 
YI03C, D ___________ _ 

1950:
YIOIC, D ___________ _
YI02________________ _ 
YI03A, B____________ _ 

1951:	YIOIC
YI02________________ _ 
YI03________________ _ 

1952:YlOIC, D ___________ _ 
YI02________________ _ 

Y103A, B ____________ _ 


1953:YIOIC ______________ _ 

Y102____ - -- -- - - - - - -- - f 
Y103A, B____________ _ 
YI03C, D ___________ _ 
YI03A, B ____________ _ 
YI03C, D ___________ _ 

1954::fIOl________________ _ 
][102________________ _ 
:f103A, B ____________ _ 

1955:	:f101 
:f102______________ . _: 
Y103A, B ____________ _ 

Pounds 
0 

500 
200 
200 

0 

0 
0 
0 

0 
600 
600 
300 

500 
0 
0 

80 
150 
150. 

500 
0 
0 

400 
300 

80 
300 
300 
]00 
300 
100 

0 
0 
0 

0 
200 
200 

3-12-12 
0-12-20 
0-12-20 

--- ...... ..... -­--~ 

---- ......... ----­
------- ... ---­

3-12-12 
3-12-12 
2-12- 6 

4-12- 8 -......... _-_ ... _- ...... 
-------- .. ---

Nitrate 
0-10-30 
0-10-30 

:3-12-12 

-----------"" 
... _---------­

8- 8- 8 
3-12-12 
Nitrate 

3-12-12 
3-12-12 
8-12-12 
3-12-12 
3-12-12 

---_ ... _--- ... ­ .... 

0-10-30 
0-10-30 

Tons Tons 
0 0 • 
0 0 
0 0 

0 0 
• 

0 0 
0 0 
0 0 

0 0 
0 6 
0 6 
0 6 

0 0 
0 4 
0 4 

0 0 
0 0 
0 0 

0 0 
1 0 
1 0 

0 0 
0 6 
0 0 
0 0 
0 6 
0 0 
0 0 
0 0 

0 0 
0 4 
0 4 

0 0 
0 0 
0 0 

• 
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all highly significant. Losses of in nitrogen losses in percolates by 
nitrogen and manganese were higher soil type and by practice, and the 

• 

on the Muskingum, but the differ­

ences were not significant. 


Calcium exceeded other nutrients 

in total amount lost through perco­

lation. :More calcium was lost 
under conservation practice than 
under poor practice, because of the 

• addition of limestone to the soil on 
the former. In the wet year 1950, 
calcium leaching totaled 51.7~ 
pounds per ILCl'e from Yl03 (con­
servation practice) and 30.81 pounds 
from Y103 (poor prlLCtice). In the 
dry years 1953 and 1954, losses 
were about 5 pounds per acre under 
both practices, and were not signif­
icantly different. 

~I[agnesillm losses were also gen­
erally higher under conservation 
practice. 'Vhen the loss was higher' 
under pOOl' practice, it was because 
percolation was greater from these 
areas during those years. 

The percolates contained less po­
tassium (K) than calcium and in 
many cases less potassium than 
magnesium. On the Keene silt loam 
the loss of K was greater' uncleI' pOOl' 
practice than under conservation 
practice. This was probabl.\' due in 
part to the 1epressive effect of the 
added limestone (conservation pl'l1C­
tice) on the outgo of K; also, on the 
conservation areas, to the increased 
vegetation which utilized moreK. 
Although greater amounts of J( 
were applied 011 the conservation­
practice Iysimetcl's, it is likely the 
opportunity for absorption and fixa­
tion of K was great enough to lirni t 
the amount of K in the pCl'colates. 

Nitrogen OCCUl'S in the percolate 
mostly, if not entin·ly, ill the form 
of nitr'ate, and in this study it was 
determined only as such. A sum­
mary of the dabl 011 nitratps in the 
pcr'colates from each l,Ysimeter fol' 
the period 1940-55 appears in table 
32. These data show the conUast 

• 450509 0-58-10 

variation in nitrogen losses from 
lysimeters on the same soil type. 
Nitrate losses were least on the 
Muskingum silt loam lysimeters 
over sandstone that were in per­
manent grass; annual values ranged 
from zero to 2.09 pounds per acre. 
On the 4-year rotation lysimeters 
there was no statistical difference 
between the nitrogen losses from 
the Keene and from the Muskin­
gum soils (40). Variation in nitro­
gen losses was less between practices 
than among lysimeters on the same 
practice. The variation in nitro­
gen losses was considerabls from 
.nar to yeur j annual values ranged 
from 0.03 to 14.85 pounds per acre. 
This variation was influenced mostly 
by the amount of percolate and by 
the addition of nitrogen in fertilizer 
and in manure. . 

The amount of manganese found 
in the percolates is small but 
appreciable. The amounts needed 
in plant nutrition are likewise small. 
~fanganese losses were generally 
lower under conservation practice 
than under poor practice, largely 
because the limestone applications 
on the former tended to reduce the 
solubility of manganese. 

Sulfur losses were considerably 
higher from lysimeters on the Keene 
soil than from lysimeters on the 
~:[uskingum soil. This difference 
was likely due to the greater sulfur 
contamination of the atmosphere a·t 
the Keene location. Smoke from 
soft coal fire in the station garage 
furnace has been observed to blow 
over lysimeter battery Y103 
throughout the winter, thus pl'ovid­
i ng the greater-than-normal sulfur 
eoni:amination. Sulfur losses were 
generally higher on the conserva­
tion-practice IJ:,simeters, largely be­
eause of the sulfur added in 
fertilizer. 



• • • • 

.~ 

~ 
TABLE 32.-Summary oj data on nitrates in lysimeter percolates, 1940-55 (in pounds oj N per. acre per year) 

Lysimeter YI01 Lysimeter Y102 Lysimeter Y103 
Year I 

A B C D A B C A B C D ~ 
1940_____________________ t'l 

0.27 0.30 (1) (I) 6. 53 6.62 5.76 (I) (I) 4.48 4.251941 _____________________ 
.44 .36 0.40 (1) 2.72 2. 53 (I) 0.23 0.75 .72 .871942_____________________ ~ 
.40 .35 .25 (I) 2.76 2.93 4. 98 .29 .96 1.84 1. 091943 _____________________ ...
.40 .19 .43 (I) 5.40 4.71 9. 63 3. 39 1. 52 3. 58 1.42 ...1944_____________________ 
. 31 · 17 .36 (1) 2.87 2.86 5.44 6.23 1. 80 3. 44 5.95 '11945_____________________ 

1. 22 .22 .62 2. 09 2. 25 2. 03 6.93 5.04 .46 2. 99 5.74 ~= 1946 _____________________ (I) (I) (I) (I) (I) (I) (I) (1) (I) (I) (I)
1947 _____________________ ~.40 .14 .20 .81 1. 52 3.07 7.58 14.85 8.79 14.53 13.461948 _____________________ .47 · 18 .39 1. 86 1. 26 1.91 3.57 4.55 2.22 10. 44 3.231949_____________________ ?J

.32 · 15 .41 .43 .59 .73 1.19 3.25 1.68 1.70 1.411950 _____________________ l:I.50 .23 .67 . 15 8. 22 8.01 12.87 5. 15 6.08 2.37 3. 361951_____________________ t'l.21 · 15 .31 .13 8. 40 5.88 6.89 14.24 2.77 2.66 7.351952 _____________________ 

.34 · 13 .33 .08 3.31 3.62 5.77 2.21 1. 68 3.93 10.44 ~ 1953 _____________________ 

.13 · 12 . 17 .07 .03 .07 1. 14 .56 .73 .60 1. 761954_____________________ o.22 .29 .21 0 .03 .42 3. 03 .86 2.31 1.64 4. 12 I:rj1955 _____________________ .30 · 15 .32 .01 6.23 6. 34 10. 37 2.03 2.66 1.96 2. 63 
~ 

Average (years of l:t:ldata) ____________ ..... 40 .21 .36 .56 3. 47 3.45 6. 08 4.49 2.46 3.79 4.47 (") 

----_._-" 

1 No data. ~ 
l:t:l 
t'l 
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The nutrients applied to the soil 
in the form of fertilizer, manure, and 

• 
lime may appear in the percolates 
the same year or in one of the 
following years. Thus it is difficult 
to attribute nutrient losses to any 
particular crop. Also, the concen­

• tration of nutrients in the percola­
« tion water is not necessarily con­

stant over any period. 
The nutrients in drainage water 

were derived mainly from the 
applied manure, fertilizer, and lime­
stone matel'ials and from the soil 
itself. Contaminants in the at­
mosphere contribute a small but 
appreciable amount. The rate ~f 
nutrient loss pel' unit volume of 
percolation WfLS always lower on the 
poor-practice lysimeters than on 
the conservation-practice lysime­
ters. 

Nutrient Losses by Leaching Vary 
With Rainfall 

Data on nutrient losses for 1950 
(a year of high precipitation) and 
1953 (a year of low precipitation) 
are given in table 33 to show the 
wide differences in losses under these 
extremes in rainfall. In 1953 (low 
rainfall) small amounts of pCl'coln­
tion and minimum values of lencb­
ing were obtnined. In 1950 both 
rainfall and percoilltion were much 
above normal. N u trien 1:-10ss data 
for this year may, therefore, be 
close to the maximum likely to 
occur tinder the climatic and" fer­
tility conditions prevailing at the 
Coshocton station, The data also 
reveal the influence of improved 
conservation practices on nutrient 
losses during these "Tet and dry 
years. 

In 1950, annufil rfiinfall was 
47.28 inches, over 7 inches above 
normal, and calcium losses were 
over 51 pounds per acre. 'l'his is 
equivalent to approximately 130 
pounds of calcium carbollate, In 
1953, annual l'ninfall WfiS only 28.20 

• 
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inches, 11 inches below normal, and 
calcium losses were only 5.88 pounds 
per acre. Average calcium losses 
for the 16-year period 1941-55 
were 29.35 pounds. Percolation 
amounted to 12.61 inches in 1950 
and 3.54 inches in 1953. Mag­
nesium losses for the 2 years showed 
an even greater contrast. The 
other elements studied (K, N, Mn, 
and S) also showed a very noticeable 
contrast in losses for the 2 years. 

The observation that excessive 
water supply resulted in large 
increases in nutrient leaching is 
important in irrigation practice. 
If excessive amounts of water are 
applied, greater nutrient losses 
through percolation may result. 
Also, in the humid region, rainfall 
sometimes occurs soon after irriga­
tion. The excessive amount of 
water in the soil under such condi­
tions may result in an increase in 
nutrient losses by leaching. 

The difference in nutrient losses 
between conservation-practice and 
poor-practice lysimeters was less 
than between the years of high 
and low rainfall. Increased rates of 
fertilizer apylications on conserva­
tion-practice lysimeters resulted in 
some sizable mcreases in leaching 
losses in the wet year. Higher 
fertilizer rates generally used in 
irrigation practice could, therefore, 
result in noticeable increases in 
leaching losses whenever such 
practices caused a greater amount 
of percolation. 

Al though annuai losses of plant, 
nu trien ts through percola tion were 
appreciable, they were small com­
pared to losses through surface 
runoff. Data from the Coshocton 
lysimeters indicate that nutrient 
losses through drainage are less 
thitn formerly supposed. Many of 
the data from earlier studies were 
obtained uncler unnatural condi­
tions because of the use of filled-in 
lysimeters . 
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rrABU;J 33.-Plant nutrient losses in 11lsimeter pe7'colates on Keene silt loam during a period oj high precipitation (1950) ~ ancllow precipitation (1953), as compared with the 16-year average (1940-55), by practice 
~ 
t':I 

Total Nutrients percolated per acre ~ Practice Ilnd period pre- Perco­
cipi- lation .... ....tation eu Mg K N Mn S ~ 

~tD 

Conservatron: Inches Inches Pounds Pounds Pounds Pounds Pounds Pounds ~ 
1950 (high precipitation) _________________________ 4i.28 12.61 51. i9 30.18 11.55 5.62 O. 64 82.21
1953 (low prccipitation) _________________________ 28. 20 3. 54 5.88 .74 2.7i .64 .13 8.28 !1l 
16 year average (1940-55) _______________________ c 3i. 16 6. 29 29.35 17.61 9. 74 3. 47 .30 31. 42 ~ 

t':IPoor:
1950 (high precipitation) _________________________ "d47. 28 13. 40 30.81 18.69 20. 56 2.87 .94 51. 18 !':31953 (low precipitution) _________________________ 28. 20 5. 04 4.59 .68 3.61 l. 18 .19 12.51 
16-yeur l1\'erage (1940-55) _______________________ 3i. 16 7.20 21. 04 12.29 13. 41 4.13 .37 20.89 o 

"'J 

~ 
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DISCUSSION OF RESULTS 

• 

.. 


• 


This bulletin presents a complete 
evaluation of various important 
factors of agricultural hydro10gy 
obtained over a period of 12 years 
(1944-55) by the Coshocton mono­
lit.h lysimeters, Some summaries 
from 1938 are included. For the 
last :3 years (1953-55) irrigation 
on lysimeters YI02B and YI02C 
proven led moisture deficiencies from 
affecting the water eonsumptive­
use values by crops. Lysimeter 
YI03A was not irrigated. Results. 
from the unirrigaled lysimeters arC' 
believed to approximate closely 
those that preyail under natural 
condi.tions. Results from the 
irrigated lysimeters are expected to 
represent adequatcI:y the' hydrology 
of irrigation fnrming for similar 
crops and climate. 

The self-recording fE'aturE's of 
the lysimeter, including the unique 
weighing meehanism, madE' it pos­
sible to C'yaluate the vnrious forms 
of accre'tion and depletion of soil 
mois ture' as w('ll as WI1 tel' s lorag(' 
changes within the' soil block. 
~lonthly and Itnnual summaries 
of preei"jJitntion, condensation, run­
ofr, pereolatioll, nnd e\~npotrilnspirn­
tion providC' data for a permanent 
conr of gl'llss and legumes and for 
a 4-ye'ar rotation {'onsisting of 
eorn, whent, and 2 Y('firs of lllPado\\'. 
The daily fluet Ult tions of soil mois­
ture, when summarized st'pl1rateiy 
in tt'rms of tIlt' various forms of 
accretion, depletion, and storagC' 
of soil walpr, provide data of much 
\Tlilue in thC' solution of numerous 
problems in agric'ultural hydrologY.e> 

By means of the weighing record­
ing me('hanism, it was possible to 
C'valunte the hourly weigh t of mois­
ture' vapor transfeITed from the 
atmospherC' to liquid form on the 
E'arth - eondensa,lion-absorptioll 
(OA). Cll. compenslttes for somC' 
of the wMer lost to the atmosphere 
during the da? - evapotranspira­

tion (ET). The net daily loss of soil 
moisture, commonly termed con­
sumptive use or evapotranspiration, 
is derived by ET-CA. 

Atmospheric moisture is the sup­
ply of water to the earth's surface; 
precipitation accounts for about 80 
percent of this supply and CA for 
the remainder. For example, in 
1948, precipitation totale{l 42.04 
inches and CA, 11.68 inches. The 
individual monthly values of CA, 
when unaf£ectf'd by drifting snow, 
ranged from 0.07 to 1.56 inches and 
a,Yeraged from O.~ to 0.6 inch per 
month, Although much of this 
water was returned to the atmos· 
phere b:r evaporation after a few 
hours of sunshine, the data indi­
cated that CA reduced the depletion 
of soil moisture. CA was greater 
on dry, un irrigated soils than on 
moist irrigated soils. In the dry 
month of August 1951 on lysimeter 
YI03A, rainfall totaled 0.75 inch 
alld CA, 1.39 inches. There were 
8 days thn,t month when CA was 
0.05 Inch or greater. 

Remo\ral of water from the soil or 
from the yegetation by eyapo­
lrtU1spiration (ET) was greatest 
during the hot summer months, 
exceeding 7 inches per month sev­
eral times and reaching 8.14 inches 
in .Tuly 1951 on lysimeter Y101D. 
The net moisture depletion (ET­
C A) represe'nts water consum.ptive 
!l,~(' by crops-a term common to 
irrigation practice. ET-CA for 
July 1951 on lysimeter YI01D was 
8.14 minus 0:39, or 7.75 inches. 
Seasonal variations in ET-CA are 
shown graphically along with daily 
fluctuations in soil moisture. They 
indicate thC' high rates of consump­
t i\'C' use and thC' resultant loss of 
soil moistlll·C'. Soil-moisture deficits 
in the mid and late growing season 
arC' shown to reduce the rates of 
ET-CA. Culling of hay reduced 
rates of ET-CA for several days, 
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after which there was usually a inches, corresponded to 0. yield of 
return to rates prior to cutting. 139 bushels per acre (unirrigated) 
After the second cutting of hay the 
rates never reached the magnitude 
of those prior to cutting. 

The differences between cornland 
and grassland (alfalfa-bromegrass) 
in ET-CA and their effect on soil 
moisture for May and June in 1949 
and 1953 were striking. Soil mois­
ture on July 1 in the 40-inch root 
zone was 4 to 5 inches less on the 
grass lysimeter than on the corn 
lysimeter. :Moisture losses were 
materially less from nearly-bare 
cornland than from alfalfa-brome­
grass. Consumptive-usc rates in 
July and August were nearly the 
same for both lysimeters. By this 
time, the corn plants had developed 
a complete canopy over the land 
surface. 

An examination of soil-moisture 
records for various sections of the 
profile indicated that the greatest 
fluctuations occurred in the 0- to 7­
inch depth. On the unirrigated 
plot, moisture extraction by 
meadow or corn below the 7 -inch 
depth was very noticeable, espe­
cially during dry periods. On the 
iITigated plots, moisture extraction 
below the 7 -inch depth was less 
evident as long as there was ample 
moisture in the 7-inch layer. Even 
on the irrigated corn plots there 
were times in August when thr 
moisture in the 7-inch top soil de­
pleted to about 20 to 10 percent 
by volume. Then moisture-ex­
traction rates in the 7- to l4-inch 
and 14- to 24-inch depths were 
high.. 

Eva.potranspiration dnta from 
the cTopped lysimeters show the 
amount of water used in producing 
crops and the efficiency of this 
wa.ter use. For a corn crop, water 
used in the 5-month growing season 
ranged from 17.4 to 24.6 inches. In 
general, the lower water-use values 
correspond to the lesser yield values. 

in 1949. It is interesting to note 
that a higher yield was obtained 
under irrigation in 1953, when 
actually a lower unit quantity of •
water was used. It is possible that 
water-use efficiency is greater in a 
planned water-application program 

•than when nature supplies the 
water at random. The weight of 
water used to produce a pound of 
crop under irrigation in 1953 was •273 pounds, whereas 395 pounds 
was used in 1949. 

The yield of first-year hay (red 
clover-alfalfa-timothy) in two cut­
tings was 5.97 tons on irrigated 
lysimeter Y102C. For the period 
April 1 to July.22 (the time of the 
second hay cutting) water-use effi­
ciency was 383 pounds of water to 
produce a pound of hay. Water­
use for the 5-month growing period 
April-September, was 27 inches, an 
efficiency value of 513 pounds per 
pound of crop. 

Average ET-CA values for the 
various months of the growing 
season for different crops are com­
pared with average values for 
maximum 1 O-day use periods during 
each month. In some cases, an 
engineer may wan t to design irri­
gation systems on the basis of the 
maximum 10-day use rather than 
on the monthly average. Differ­
ences were very apparent. ET­
CA was as low as 0.14 inch 
per day in some periods. ThJ,t 
for a 10-day period reached 0.36 
inch per day. Average for the 
month was 0.22 inch per day. 

Lysimeter ET-CA is compared 
with wn:ter-sUJ'face pan evaporation 
and "rith atmometer data. The 
latter two are some measUJ'e of the 
energy forces causing transfer of 
moisture to the atmosphere. There 
does not appear to be an~T constant 
relationship either for all crops or 
for the entire growing season. This 

The highest water-use value, 24.6 is perhaps as it should be, varying • 
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according to the development of Nitrate eN) losses ranged from less 
ground cover by vegetal leaf area than 1 pound to 14 pounds per 

• 
and according to available soil­
moisture supplies. The results ap­
pear to be encouraging, yet indicate 
the need for more data. Perhaps by 
means of evaporation-pan factors, 
the lysimeter ET-CA values can 
be used in climatic areas other than• that at Coshocton. 

Percolation data from the lysim­
eters provide a means of evaluating 
the monthly, seasonal, and yearly 
recharge to ground water for the 
Coshocton soil types and for differ­
ent crops. As expected, the period 
of percolation coincides with the 
period of highest soil-moisture con­
tent, with abou,t 80 percent of the 
annual percolation occurring in the 
January-April period. 'With the 
rapid extraction of soil moisture be­
ginning in May, there is less and 
less water available for percolation 
as the growing season progresses. 

The greatest amount of percola­
tion iu anyone calendar year was 
26.37 inches from lysimeter YIOl C 
in bluegrass. The least was zero 
from Y101D ill alfalfa-bromegrass. 
Bluegrass, being shallow rooted, ex­
tracted moisture from only a thin 
layer of surface soil, whe'reas the 
deep roots of alfalfa and brome­
grass removed soil moisture to 
depths of several feet. Moisture re­
eharge, in the year of zero percola­
tion, was not enough to provide free 
01' gravitational water at the bot­
tom of the 8-foot lysimeter profile. 

Plant nutrient losses through per­
colation are evaluated from samples 
taken frequently throughout the 
yeal'. Calcium (Ca) losses are 
larger than losses of any other 
nutrient. They amounted to 51.79 
pounds pCI' acre in 1950. In the 
dry years 1953 and 1954, calcium 
losses totaled only about 5 pounds 
per acre per yenl'. Potassium (K) 
losses ranged from less than 1 pound 
to over 28 pounds pel' acre per year, 

• 

acre per year. 
The weighing lysimeter is a 

unique rain gage. It has a catch·· 
ment area of 12,540 square inches 
compared with an area of 50-square 
inches for the United States 
Weather Bureau Fergusson gage. 
Lysimeter weight records, are ac­
curate to 0.01 inch. Annual pre­
cipitation values averaged about 4 
inches greater from the lysimeter 
than from the rain gage. The max­
imum difference was 9.60 inches in 
1951. Only 2.68 of the 9.60 inches 
could be attributed to rainstorms; 
the remainder-the major differ­
ence-is attributed to snow. The 
Fergusson gage, unshielded, is not 
recognized as a reliable snow gage. 
A study of the daily storm rainfall 
for storms of 0.1 inch or greater 
indicated no consistent trend in 
rainfall catch between the two 
types of measurements. Only in 
1950 were the daily values fairly 
consistently less from the Fergusson 
gage than from the lysimeter, and 
then the difference was about 10 
percent. 

Although the rain gage is of 
questionable accuracy, no other in­
strument capable of providing the 
needed information as economically 
is available. Furthermore, areal 
variations in storm rainfall at times 
are believed to be much greater than 
the errors referred to above. At 
this station the catch in ,a single 
rain gage is used to represent rain­
fall on drainage basins up to 40 
acres. For some hydrologic studies, 
the record from a single rain gage is 
used to represent thousands of 
square miles. In applying data 
from a single gage to large areas, the 
inaccuracies of the gage itself can 
possibly be ignored. 

The complete lysimeter data cover 
a relatively short period; datJl. for 
12 years with a, 4-year rotation give 
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.. only 3 replications. Although the problems requires the proper use 
: findings may be considered tenta­ and treatment of the land with con­

tive, they illustrate principles and 

ca.n be of material use in agricul­

tural hydrology. Further sampling 

in seasons with extreme climatic 


. variations may modify the results. 

. Water control and utilization 

problems are numerous and varied. 

The adequate solution of these 


sideration of the hydrologic balance 
including precipitation, condensa­
tion, absorption, runoff, percola­
tion, evapotranspiration, and mois­ •
ture-storage changes. The data 
contained in this report can be used 
to help solve many phases of these 
and related water-control problems. 

• 
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APPENDIX 

TABLE 34.-Summary of fanning operations on all lysimeters, 1936-55 

Year Lysimeter battery Y101 Lysimeter battery Y102 Lysimeter battery YI03 

1936 Cover: Pasture grass. Cover: Meadow, poor Cover: Meadow, poor. 

1937 Cover: Pasture !,'Tass. Cover: Meadow, poor; Cover: Meadow, poor. 
bUrlap, Apr. 2-0ct. 
11. 

Seeded: Oct. 15, 4 
pounds rye and 2 
bush~ls oats per 
acre; no fertilizer. 

Manure: 	 Oct. 29, 8 
tons per acre. 

1938 Cover: Pasture grass­ Crop: Corn. Cover: Meadow to 
Red top. Spaded. May 10-13. wheat. 
Canada bluegrass. Corn planted May 27, Spaded: Late Septem­
Timothy. J 25 po1tnds of 2-12-6 ber. 
Po"crty grass. fertilizer per acre. Seeded: Octo ber 7, 2 
Weeds. Cultivated: Junc 7-9, .bushels wheat per 

28-29, July U. acre, 175 pounds 2-
Harvested: Sept. 23- 12-6 fertilizer per 

27, crop removed. acre. 
Yield: No data. 

1939 -C-o-Y-e-r:-P-a-s-tl-lr-e-g-Tr-a-ss--1-C-ro-p-'-'-O-a-t-s-to-,-d-Ie-a-t-.-I--Cro- p-:-O-a-t-s-to-w-·-h-ea-t-.-I 
Tame grass. Spaded and raked: Spaded and raked: Apr. 
Poverty grass. ~faY 1-2. 2~27. 
Weeds. Oa s planted: May 4, Oats planted: May 4, 

1 0 pounds 0-20-0 100 pounds 0-20:-0 
fe ilizer per acre. fertilizer per acre. 

Oats lodged: JUly 13. Harvested: July 24-25. 
Harvested: July 27. Yield of oats: No record. 
Yield of oats: Spaded: Sept. 1. 

( A-43 bushcls per Raked: Sept. 9. 
acre. Wh~t seeded: Oct. 2, 

B-44 bushels per 2 bushels wheat and 5 
acre. pounds timothy per 

C-45 bushels per acre. 150 pounds 
acre. 0-1~0 and 10 pounds 

Spaded: Sept. i. 20-0-0 fertilizer per 
Raked; Sept.. 9. acre. 
Wheat seeded: Oct. 2, 

2 bushels wheat and 
5 pounds timothy 
per acre. 150 pounds 
0-16-0and 10 pounds 
20-0-0 fertilizer per 
acre. 

• 	 157 
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TABLE 34.-Summar1j of farming operations on all l1jsimeters, 1936-55-

Continned 


I 
I 	

•Year Lysimeter battery YlOl I.ysimeter battery Y 1021 'Lysimetpr battery YI03 

1940 	 Cover: Pasture grass. Crop: Wheat to Crop: Wheat to 
Yield: meadow. meado\\'. 

A-0.46 ton per acre. 
B-OA7 ton per acre. 
C-0.45 ton per acre. 

1941 Cover: Pasture grass.
Poverty gras!;' 
Weeds. 
Clover. 

Clovers('eded: :'Iar. 15, 
6 pounds red clon'r 
and 3 I>OU1HI::; al~ike 
clover per aere. 

Wheat harvested: July 
12. 

Yield: I 
9rain-al bush- I 

\ els per acre. , 
, . straw-1.2 tons 

per acre. 
9rain-2S bush- \ 

B cis per acre. ; 
'Straw-l.l tons I 
1 

per acre. 
9rain-24 bllsh- . 

C els per acre. . 
<:lra\\'-0.9 ton 

1 
per acrE'.1 

Conserya lion practices 
on all Ivsimeters. 

Crop: Corn to wheat. 
:'fanured: Mar. 29. " 

; tons per aen'.
I Spaded: Mar. 29­
'j' Apr. 1. 
, Raked and seeded: 
I May 12, 200 pounds 

I 
! 2-12-6 fertilizer per 

acre. 
Culth'ated: June 9, 2a. 
Corn cut and removed: 

, Sept. 15.I Yield: 
1 	 {grain-l 0.2
! bushels per 

A aere. 
fodder-2.5 

tons per acre. 
grain-9\) bush- . 

B cIs per acre. 
fodder-2.6 

tons per acre. 
9rain-so bllSh-

C cIs per acre. 
fodder-2.4 

I
tons per acre. 1 

Clover seeded: Mar. 15, 
6 pounds red clo\'('r 
per acre and 3 pounds 
alsike clover per acrc. 

Whea t har\"(~sl('d: .July 
12. 

Yield: }9rain-23 bush­
\ els per acre. 


1 stra\\·-0.9 ton 

per acre. 


9rain-33 bush-

B cIs per acre. 


straw-1.3 tons 


1 
per acre. 


9rain-24 bush-

C els per acre. 

. straw-O.n ton 


1 
. p('r acre. 


grain-26 bush­

D els per aere. 


straw-l.O ton 


1 
per acre.I

Conservation practice.~ 
on A and B oul\-. 

Crop: Corn to wlieat. 
:'fanured: Apr. 1, JtolH; 

per aere. 
Spaded: Apr. J-2. 
Raked and seeded: :'1a)' 

13-
A and B: 200 


pounds 2-12-6 

fertilizer per acre. 


C and D: 75 pounds 

2-12-6 fertilizer 

per acre. 


CUltivated: June 9, 23. 
Corn cu t and removed: 

Sept. 15. ) 
Yield: 

grain-92 bush­
\ els per acre. 

i fodder-2.0 tons 
per acre.I

{gr~:llshjl~2per B acre. 
fodder-2.3 tall!' 


per acre. 

grSin<-94 bush-


C els per acre. 

foddcr-2.5 t{Jns 


per acre.I
• 
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TABLE 34.-Summary of farming operations on alllysimeters, 1936-55-
Continued 

• Year Lysimeter battery YlOl 

]942 Cover: l)asture grnss­
Poverty grass.
Weeds. 
Clover. 

( 

Lysimeter battery Y102 

Raked and wheat seed­
ed: Oct. 2. 

Seed: 2 bushels wheat, 
and 3 pounds tim­
othy per acre. 300 
pounds 2-12-6 fer­
tilizer per acre. 

Manured: Dec. 31, 4 
tons per acre. 

Crop: Wheat to mea­

dow. 


Clover seeded: Apr. 
13, 4 pounds red 
clover, 6 pounds al­
falfa, and 2 pounds 
alsike per acre, 

Wheat cut: June 29: 
Yield: 

gruin-:38 bush­
A cIs per acre. 
. straw-l 0 ton( 

per acrc. 
grain-3~ bush-

B els pcr acre.(straw-0.8 ton 
per acre. 

grain-32 bush­
C cIs per acre. 

( straw-0.9 ton 
per acre. 

Stubblc clipped: Aug. 
18. 

Lysimeter battery Y103 

jgrain-95 bush­
D cIs per acre. 

fodder-2.9 tons 
per acre. 

Raked and wheat seed­
ed: Oct 2.-2 bushels 
wheat and 3 pounds 
timothy per acre. 

A and B: 300 
pounds 2-12-6 
fertilizer per 
acre. 

C and D: 125 
pounds 2-12-6 
fertilizer per 
acre. 

Crop: Wheat to mea­

dow. 


Manured: Mar. 2, A 
and B only-4 tons 
per acre. 

Clover seeded: Apr. 
13-

A and B: 4 pounds 
red clover, 6 
pounds alfalfa, 
and 2 pounds 
alsike per acre. 

C and D: 6 pounds 
red clover and 3 
pounds alsike 
per acre. 

Wheat cut: June 30. 

Yield: 
grain-35 bush­

els per acre. 
A straw-1.0 ton( 

per acre. 
grain-39 bush­

els per acre. 
B straw-1.2 tons( 

per acre. 
grain-23 bush-

C els per acre. 
( straw-0.6 ton 

per acre. 
grain-3~ bush­

D els per acre.(straw-0.7 ton 
per acre. 

Stubble clipped: Aug. 
26, A and B only . 

• 
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TABLE 34.-Summary of farming operations on all lysimeters, 1936-55-
Continued 

Year Lysimeter battery YlOI 

1943 Cover: Pasture grass. 
Lysimeter D now in 

operation. 

A, B, and C: 
Poverty grass. 
Weeds. 
Clover. 

D: Mostly bare. 

1944. Cover: Pasture grass­
Poverty grass. 
Weeds. 
Clover. 

Cover: Pasture grass­
A and B: 

Poverty grass. 
Weeds. 

C and D: improved. 

Sod chopped: Apr. 12, 
C and D only. 

Seeded: Apr. 12, C and 
D only: 3 tons lime, 
500 pounds 2-12-6 
fertilizer, and 4 tons 
manure per acre. 4 
pounds ladino clover, 
4 pounds white clover, 
and 100 pounds blue 
grass per acre. 

Grass cut: July 25. 

Lysimeter battery Y102 

Crop: Meadow, first 
year. 

Hay cut: .Tune 16. 
Hay removed: June 19. 
Yield: C-2.06 tons per 

acre,onlyonecutting; 
second growth, esti ­
mated 0.30 ton per 
acre. 

Crop: l\fcadow, second 
year. 

Limed: Apr. 25, 2.5 
tons per acre. 

Hay cut: June 19. 
Hay removed: June 21. 
Yield: C-1.25 tons per 

acre, only one cutting 
this year; second crop 
poori second growth 
estimated at 0.25 ton 
per acre. 

Manured: Oct. IS, 6 
tons per acre. 

Crop: Corn to wheat. 
Spaded: Apr. 30. 
Corn planted: May 23. 

200 pounds 2-12-6 
fertilizer per acre. 

Cultivated: June 23, 
JUly 12. 

Cut and removed: Sept. 
2S. 

Yield: 
grain-54 bush-

A els per acre. 
fodder-3.6 

tons per acre. 
' grain-60 bush-

B els per acre. 
fodder-3.i 

\ tons per acre. 
grain-34 bush­

C els per acre. 
fodder-2.i 

I

tons per acre. 
Seedbed prepared: Oct. 

IS. 
Wheal. seeded: Oct. IS, 

2 bushels wheat and 
6 pounds timothy 
per acre. 300 pounds 
2-12-6 fertilizer per 
acre. 

I

Lysimeter battery Y103 

Crop: Meadow, first 
year. 

Hay cut: June li. 
Hay removed: .Tune 19. 
Yield: A-l.li tons per 

acre. 
Hay cut: Sept. 10. 
Yield: A-estimated 0.5 

ton per acre. 

Crop: Meadow, second 
year. 

Limed: Apr. 25, A and 
B only, 2.5 tons per 
acre. 

Hay cut: June 19. 

Hay removed: June 21. 

Yield: A-l.O ton per 


acre. 
Hay cut: Aug. 25. 
Yield: A-estimated 0.5 

ton per acre. 
Manured: Oct. IS, 6 

tons per acre. 

Crop: Corn to wheat. 

Spaded: Apr. 30. 

Corn planted: May 23-


A and B:200 pounds 
2-12-6 fertilizer 
per acre. 

C and D: i5 pounds 
2-12-6 fertilizer 
per acre. 

Cultivated: June 23, 
July 12. 

Cut and removed: Oct. 
2. 

Yield: 
grain-61 bush­

els per acre. 
A fodder-3.6 tons 

per acre. 
grain-62 bush-

B cis per acre. 
fodder-3.6 tons 

I
per acre. 

grain--lS bush-
C cis per acre. 

fodder-3.0 tons 

I
per acre. 

grain-5i bush­
els per acre. 

D fodder-3.5 tons 

I
per acre.I

• 

J 

) 
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TABLE 34.-Summary of farming operations on alllysimeters, 1936-55-
Continued 

Year• 

1946 

( 

1947 

Lysimeter battery Y101 

Cover: Pasture grass­
Aand B:. 

Poverty grass. 
Weeds. 

C and D: 
Grass. 
Clover. 

Fertilized: Sept. 4, 1946, 
C and D only.-400 
pounds 0-20-0 fertil­
Iizer and 2 tons lime 
per acre. 

Yield: 
A-0.65 ton per acre. 
B-0.28 ton per acre. 
C-0.53 ton per acre. 
D-0.50 ton per acre. 

Cover: Pasture grass­
A and B: 

Poverty grass. 
Weeds. 

CandD: 
Grass. 
Clover. 

Fertilized: Apr. 18, C 
and D only, 500 
pounds 3-12-12 pcr 
acre. 

Sod chopped: Apr 18, 
D only. 

Lysimeter battery Y102 


Lime: 2 tons per acre. 


Crop: Wheat to mead­
ow. 

l\fanured: Jan 3, 4 tons 
per acre. 

Clover seeded: Mar. 25. 
4 pounds red clover, 
6 pounds alfalfa, and 
2 pounds alsike per 
acre. 

Wheat cut: JUly 9. 
Yield: 

A-grain-40 
bushels per acre. 

B-grain-30 
bushels per acre. 
grain-38 bush­

C els per acre. 
[ straw-l.O ton 

per acre. 

Crop: Meadow, first 
year. 

Haycut:June23, Aug5. 
Yield (tons-per acre): 

J1l71e 28 Aug. 5 
A-1.47 1.18 
B-1.58 1.08 
C-1.65 .88 

Fertilized: June 27,200 
pounds 0-12-20 per 
acre. 

Lysimeter battery .Y103 

Seedbed prepared: Oct. 
18. 

Wheat seeded: Oct. 18, 
2 bushels wheat and 
6 pounds timothy per 
acre. 

A aud B: 300 
pounds 2-12-6 fer­
tilizer per acr.e. 
C and D: 125 
pounds 2-12-6 fer­
tilizer per acre. 

Lime: 	A and B-2 tons 
per acre. 

Crop: Wheat to mead­
ow. 

Manured: Jan. 3, A and 
B only, 4 tons per 
acre. 

Clover seeded: Mar. 25-
A and B: 4 pounds 
red clover, 6 pounds 
alfalfa, and 2 pounds 
alsike per acre. 
e and D: 6 pounds 
red clover and 3 
pounds alsike per 
acre. 


Wheat cut: July 9. 

Yield: 


grain-36 bush­
A els per acre. 

straw-l.O ton[ 
per acre. 

B-grain-38 bush­
els per acre. 

C-grain.-29 bush­
els per acre. 

D-grain-33 bush­
els per acre. 

Crop: Mcadow, first 
year. 

Hay cut: June 25, Aug. 
11. 

Yield (tons per acre) : 
June 25 Aug. 11 
A-LI5 0.80 
B-1.42 .76 
C- .98 .76 
D-l.03 .88 

Fertilized: A and'B 
only, 200 pounds
0-12":'20 per acre in 

• 	
July. 
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TABLE 34.-Summary of farming operations on all lysimeters, 1936-55-
Oontinued 

Year Lysimeter battery Y101 

Seeded: May 8, D only, 
8 pounds alfalfa, 1 
pound ladino clover, 
and 7 pounds brome­
grass per acre. 

Grass clipped: Aug 1, 
clippings left on sur­
face. 

1948 Cover: Pasture grass­
A and B: 

Poverty gruss. 
Weeds. 

C: Bluegrass. 
D: 

Bromegrnss. 
Alfalfa. 
Clover. 

Grass clipped: May 28. 
Yield: 

A-I.4 tons per acre. 
B-0.4 ton per acre. 
C-0.5 ton per acre. 
D-3.4 tons per acre. 

1949 Cover: Pasture grass­
A andE: 

Poverty grass. 
Weeds. 

C: Eluegrass. 
D: 

Eromegrnss. 
Alfalfa. 

Grass cut: June 20, 
Aug. 18. 

Yield: 
A-1.4 tons per 

acre. 
E-1.3 tons per 

acre. 
C-I.1 tons per 

acre. 
p-4.0 tons per 

acre. 

Lysimeter battery YI02 

Crop: l\feadow, second 
year 

Hay cut: June25, Aug. 9. 
Yield: 

A-3.3 Lons per 
acre. 

E-4.2 tons per 
acre 

C-3.1 tons per 
acre. 

Crop: Corn to wheat. 
Manured: Apr. 25, 6 

tons per acre. 
Sod spaded: May 6. 
Corn planted: May 9. 
Fertilized: 300 pounds 

3-12-12 per acre. 

Cultivated: .June 2, 


14, .July l. 

Corn picked, stalks 


chopped and left: 

Sept. 21. 


Yield: 
A--'grain-151 

bushels per acre. 
B-grain-148 

bushels per acre. 
grain-151 

bushels per 
C acre. 

{ fodder-2.75 
tons per acre. 

Wheat seeded: Oct. 
3-2 bushels wheat 
and 3 pounds tim­
othy per aere. 300 
pounds 3-12-12 fer­
tilizer per acre. 

Lysimeter battery Y103 • 

Crop: Mcadow, second 
year.

Hay cut: .June 28, Aug. 
11. 

Yield: 
A-3.8 tons per acre. 
E-3.I tons per acre. 
C-1.7 tons per acre. 
D-2.5 tons per acre. 

Crop: Corn to wheat. 

Manured: Apr. 25, 6 


tons per acre. 

Sod spaded: May 6. 

Corn planted: May 10-


A:mdB: 

300 pounds 

fertilizer 3-12­
12 per acre. 


C and D: 

100 pounds 

fertilizer 2-12­
6 per acre. 


Cultivated: .June 3, 14, 

July 1. 


Corn picked, stalks 

chopped and left: 

.Sept 21. 


YIeld: 

grain-U8 


bushels per 

A acre. 


{ fodder-2.55 

tons per acre. 


E-grain-1M 

bushels ppr acre. 


C-grain-I07 

bushels per acre. 


D-grain-120 

bushels per acre. 


• 


1 
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TABLE 34.-Summary of farming operations on all lysimeters, 1936-55-
Oontinued 

Year Lysimeter battery YlOl Lysimeter battery Y102 Lysimeter battery Y103 
----11-----------------------1----------------_____1_______________._ 

/- ­• 	
I 

1950 Cover: Pasture grass­

A and B: Poverty 
grass. 

C: Bluegrass.
D: 

Bromegrass. 
Alfalfa. 

Yield: 
A-0.85 ton per 

acre. 
B-0.77 ton per 

acre. 
C-l.OO ton per 

acre. 
D-3.09 tons per 

acre. 

f 

Crop: Wheat to mead­
ow. 

Manured: Jan. 17, 6 
tons per acre. 

Clover seeded: 3 pounds 
red clover, 6 pounds 
alfalfa, and 3 pounds
timothy per acre. 

Wheat cut: July 7. 
Yield: 

{grbi~sh~~ per 
A acre. 

straw-l.3 tons 
per acre. 

grain-44 
bushels per

D. acre. 
{, stmw-2.0 tons 

,per acre. 

,{g~~~she~~ per
C 	 . acre. 

stI,'aw-1.9 tons 
per acre. 

NOTE: Heavy stand of 
wheat and heavy 
manure resulted in 
poor meadow seed­
ing. 

Reseeded: Aug. 	4, 7 
pounds ,alfalfa, 3 
poundsored clover, 
and 3. pounds 
timotJ;iy per acre. 

Wheat seeded: Oct 4 
2 bushels wheat and 3 
pounds timothy per 
acre. 

A 	and B: 300 
pounds 3-12-12 
fertilizer per 
acre. 

C and D: 200 
pounds 2-12-6 
fertilizer per 
acre. 

Crop: Wheat to mead­
ow. ",

Manured: Jan'. 17, A 
and B only: 6 tons 
per acre. 

Clover seeded: 
A 	and B: 3 pounds 

red clover, 6 
pounds alfalfa, 
and 3 pounds 
timothy per acre. 

e and D: 6 pounds 
red clover, 3 
pounds alsike, 
and 3 pounds 
timothy per acre 

Wheat cut: July 7. 
Yield: 

{gr~~She~: per 
A acre. 

straw-2.0 tons 
per acre. 

{grbi~Sh!~ per 
B acre. 

straw---;:-2.2 tons 
per acre. 

{gr~~Sh~~ per 
C acre. 

straw--'-l.4 tons 
per acre. 

{grbi~Sh~! per 
Dacre. 

straw-l.l tons 
per acre. 

NO'fE: Heavy stand of 
wheat and 'heavy 
manure resulted, in 
poo)' meadow seeding 
on A and B. 

• 
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TABLE 34.-Summary of farming operations on all lysimeters, 1.936-55-
Continued 

Year 

1951 

1952 

Lysimeter battery YIOI 

Cover: Pasture grass­
A and B: Poverty 

grass. 
C: Bluegrass. 
D: 

Bromegrass. 
Alfalfa. 

Grass cut: June 8, Aug. 
13. 

Yield (tons per acre) : 
June 8 A1L(/. 13 

A ___ O. 78 O. :30 
B_ _ _ .78 .33 
C _ __ 1. 70 . 40 
D ___ 2. 11 1. 00 

Fertilized: 	Mar. 6, C 
only: 1,000 pounds 
8-0-0 per acre. 

Cover: Pasture grass­
A and B: Poverty 

grass. 
C: Bluegrass. 
D: 

Bromegrass. 
Alfalfa. 

Grass cut: JUlle 2, July 
14. 

Yield 	(tons per acre): 
.June 2 .July 14-

A __ _ O. 25 O. 06 
B ___ .20 .12 
C_ __ .72 .07 
D ___ 2.14 .83 

Fertilized: Feb. 5, C and 
D only: 500 pounds 
3-12-12 per acre. 

Lysimeter battery Y102 

Crop: ll.feadow, first 
year. 

Hay cut: Junc 7, Aug. 
8. 

Yield (tons per acre): 
.June 7 	 A.ug.8 

A__ 1. 69 1. 83 
B __ 1. 17 1. 84 
C__ 1. 11 1. 59 

Fertilized: Aug. 22, 150 
pounds 0-10-30 per 
acre. 

Crop: lHeadow, second 
year. 

Hay cut: .June 4, July 
14. 

Yield (tons per acre) : 
J'une 4- July 14-

A__ 2. 44 I. 94 
B__ 2. 06 1. 72 
C __ 1. 62 1. 02 

Limed: 	Aug. 15, 1 ton 
per acre. 

Lysimeter battery Y103 

Reseeded: Aug. 4, A and 
B: 7 pounds alfalfa, 
3 pounds red clover, 
and 3 pounds 
timothy per acrc. 

Crop: Meadow, first 
year. 

Hay cut: June 8, Aug. 
8. 

Yield 	(tons per [Jere): 
.June 8 .tiug. 8 

A ___ 1. 12 1. 15 
B___ . 62 1. 26 
C___ . 97 1. 12 
D ___ 1. 34 1. 30 

Fertilized: Aug. 22, A 
and B only: 150 
pounds 0-10-30 per 
acre. 

Alfalfa emdicated: Sept. 
27, C and·D. 

Crop: l\Ieadow, second 
year. 

Hay cut: .Jiune 4, .JUly 
14. 

Yield (tOl,lS per acrp): 
June 4- July 14-

A___ 2.44 0.92 
B ___ 2.36 .80 
C___ 1. 50 . 32 
D _ _ 1. 16 . 78 

Limed7, Aug. 22, A and 
B or!!y: 1 ton per 
acre!. 

• 


) 

J 
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TABLE 34.-Summary of farming operations on alllysimeters, 1936-55-
Continued 

• Year 

1953 

Lysimeter battery YlOl 

Cover: Pa.~ture grass­
A and B: Poverty 

grass. 
C: Bluegrnss.
D: 

Bromegrass. 
Alfalfa. 

Grass cut: JUlie 17, Aug. 
11. 

Yield (tons per acre): 

June 17 Ailg. 11 
A- 0.26 0.15 
B- .30 .36 
c- .S8 .44 
D- 1. 86 .90 

Fertilized: Mar. 3, C 
only: 400 pounds 
8-S-S per acre. 

Lysimeter battery YI02 

Crop: Corn to wheat. 
Manured: Apr. 10, 6 

tons per acre. 
Sad spaded: May 1. 
Corn planted: l\Iay 13, 

300 pounds 3-12-12 
per acre. 

Cultivated: June 15 
Ilnd 30. 

Fertilized: JUly 7, B 

and C: SO pounds 

nitrogen per acre; 

. Tuly. 


Irrigated: Band C­
JUly 14, 2.932 inches; 
Aug. 25, 2.S96 
inches. 

Corn picked: Sept. 21. 
Yield: 

grain-160 bush­
\ els per acre. 
( 

j
.t fodder-2.6 tons 

per acre. 
grain-177 bush-

B els per acre. 
fodder-3.5 toils 

per acre. 
grain-196 bush­

C els per acre. 
( fodder-3.1 tons 

per acre. 
Soil and stalks chopped: 

Oct. 1. 
Wheat seeded: Oct. 1, 

2 bushels wheat and 
3 pounds timothy 
per aere. 300 
pounds 3-12-12 fer­
tilizer per acre. 

Wheat irrigated: Oct. 
12, 0.576 inch; Oct. 
21, 1.725 inch!;s. 

Lysimeter battery Y103 

Crop: Corn to wheat. 
Manured: Apr. 10, 6 

tons per acre. 
Sod spaded: May 1. 
Corn planted: May 13. 
Fertilized: 

A and B: 300 
pounds ~12-12 
per aere. 

C 	and D: 100 
pounds 3-12-12 
per acre. 

CUltivated: June 15 . 
Corn picked: Sept. 21. 
Yield: 

grain-143 bush-
A els per acre. 

( fodder-3 tons 
per acre. 

grain-146 bush­
els per acre. 

(B fodder-2.2 tons 
per acre. 

grain-109 bush-
C els per acre. 

( fodder-1.6 tons 
per acre. 

grain-117 bush­
els per acre. 

(D fodder-loS tons 
per acre. 

Soil and stalks chopped: 
Oct. 2. 

Wheat seeded: Oct. 2, 
2 bushels wheat and 
3 pounds timothy 
per acre. 

A and B: 300 
pounds ~12-12 
per acre. 

C and D: 200 
pounds 2-12-6 
per acre. 

• 
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TABLE 34.-Su,mmar1j oj jarming operations on alll1jsimeters, 1936-55-
Continued 

Lysimeter battery YI03Year I Lysimeter battery YIOI ILysimeter battery YI02 

1954 Il-c-o-v-e-r:-p-ru-s-tt-Ir-e-g-rr-a-SS-'--I!I-c-r-o-p.-:-\-V-h-e-at-'-to----!--(-~r-o-p:-W-,-h-ea-t-to--­

! 1\CJ'f[~: [-lPt1\·\, wheat i 
III titand r('"u"itNI in 

poor meadow ;;ppcI-,
ing. 11 

Rpseedpd: .July 16, 6 
pounds alfalf:t, 3 
pound::; red clo\"pr, 
and 3 pounds timo­
thy per acrp. 

Mulched (with stmw): 
July 16. 

Irrigated: July 16, 1.13 
inches. 

Stubble clipped: Sept. 
1. 

Irrigated: Sept. ] 3, B 
and Conly: 1.05I inches. . 

1955 1:--C-~o-,-,p-r-:-I-~I-lS-:t-ll-r-e-g-r-a-ss-.----I--C)-r-op--:-~-I-e-a(-IO-\-V-,-fi-r-s-t---I--(~-r-oJ-)-:-~-[-p-a-d-o,-,-,-fi-r-s-t---

• 

'. 

' . 

A and B: Poverty 
I gra.'<s. 
i C: Bluegrass. 
l', D: 

13romcgrass.lI Alfalfa. 
, Grass cut: .June l5, Aug. 
I 12. 
i Yield (tons per acre): 
I 

1, June 1if A JlY. 12 
A-0.l7 0.18 
13- . 1'~ . 11 
C­ . 33 . 12\ 
D- 1.39 .2:3 

i 
I" 

\ 

.\ A and B: ])O\'Prty
grMs. 

0: Biuegra!<s.: D: 
Bromegmss.! Alfalfa. j 

I Grass cut: June 3, July \ 
22. 


Yield (tons per acre): 


JWtr 3 July 22 
A- 0.:37 0.12 
13- .28 .13 
C- .68 .06 

meadow. 
l\leasured: Feb. 9, 4. 

tons per acre. 
Seeded: :VIar. Hi, 6 

pounds alfalfa, a 
pounds red clover, 
and 3 pounds timo­
thy per acre. 

Wheat cut: JulY 13. 
Yield: ­jgrain-4.9.6 bush­

\. cis per acre. poundsalsike, 
1 straw-l.4 tons I and a pounds 

per acre. timothy per acre.jgrain-53.8bUSh' 1 Wheat cut: .Julv 13. 
B cis per acre. IYield: . 
. ~traw-1.4 tons 

pel' acre, 
(gmin-5:3.8 b:l~h-! 

(' pis ppr acn . i 
. slraw·-1..t tOilS, 

per acrp. [ 

mcado\\'o 
Manured: Feb. 9, 4 tons 

per acre. 
Secded: Mar. 16-

A and 13: 6 pounds 
alfalfa, a pounds 
red clover, and a 
pounds timothy 
per acre. 

C and D: {j pounds 
red clover, 3 

(grain-+7.9 bush­
\. pis per acre. 

j ~t1'll\\'-1.3 ton~ 
ppr a('rp. Bjgrnin-47.fI bll5h­

, pis per acrp. 

('

jstraw-l.3 ton::; 
pcr acre. 

grain-a.1.7 bush­
pi:; per acre. 

f'traw-0.9 ton 
I)('r acre. jgrltin-23.0 bush­

1) pis ppr acre. 
straw-0.7 ton 

ppr acre. 
Stubble clipped: Sept. 1. 

year. I ypar.
Hay cut: .Julte 6, .July ! Hav cut: .Jl\IW 6, .July 

22. 
'x'irkl (tons per ncrp): 

Jun.e 6 Jul1l 22 
A- it 58 1.38 
B- 3. 84 2. 03 
c- a. 87 2. 10 

lrrigat('d: Band C 
onl\'-i'lr{av 18 2.2.5 
inclws; .Tuiw 29, 3.07 
inches. 

Fertilized: Aug. 10, 200 

22. 
Yield (tons pl'r lU'r('): 

I 
Jun.e 6 July 22 

A- a. :35 1. 08 
B- :~. 35 1. 06 
('- 2. 00 . 67 
D- 2. :35 .94 

Fertilized: Aug. 9, 200 
pounds 0-10-:30 ppr 
acre. 

D-- L 46 .72 pounds 0-10-30 per 
Irrigated: June 6, 3.61 acre. 

inches. •U.S. GOVERNMENT PRINTING OFFICE: t 958 0-450509 
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