
 
 

Give to AgEcon Search 

 
 

 

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

 
 

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

 
 
 

Help ensure our sustainability. 
 

 
 
 
 
 
 
 

AgEcon Search 
http://ageconsearch.umn.edu 

aesearch@umn.edu 
 
 
 

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

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




----

:; ~~~ 1I111~I 1.0 
~W 2.2I I&.l 
L:,: Ii& 
II: 

IIIII~1.1 :: ....... --~ 

111111. 25 111111.4 111111.6 

MICROCOPY RESOLUTION TEST CHART 

NATIONAL BUREAU or ST ANDARDS-J963-A 


:; ~~~ IIIII~1.0 
2:; w 12.

~ Ii& ~ 
~ _ W 001 2.01.1 ....­--

111111.25 111111.4 111111.6 

MICROCOPY RESOLUTION TEST CHART 
NATIONAL BUREAU or STANDARDS-J963-A 

http:111111.25


T!:chnical Bulletin No. 1367 

EVALUATION of 
AGRICULl~URAL 

HYDROLOGY by 

Monolith Lysimeters 

1956-62 

By L. L. Harrold, Research Hydraulic Engineer 


and 


F. R. Dreibelbis,Research Soil Scientist 


Soil and Water Conservation Research Division 


Agricultural Research Service 


UNITED STATES DEPARTMENT OF AGRICULTURE 


in cooperation with 


Ohio Agricultural Research and Development Center 




CONTENTS 
Palre 

Introduction ------___________________________ 1 

Review of recent lysimetry literature ____________ 2 

Brief description of lysimeters and agronomic 


practices ------------_______________________ 5 

Errors in evaluation of dew by the Coshocton 


weighing lysimeters --_______________________ 6 

Correction of published data ___________________ 13 

Data for the 1956-62 period ____________________ 13 


Accretion __________________________________ 14 

Depletion --------__________________________ 16 

Soil moisture storage changes ________________ 25 

Soil moisture as determined by neutron scattering 


and weighing lysimeter methods ____________ 27 

Soil moisture changes related to soil type, crop 


rooting depth, and agronomic practice _______ 31 

Soil moisture-lysimeter versus adj acent water­

shed ------______________________________ 35 

Water budget studies ________________________ 38 

Water use by crops ---______________________ 43 

Effect of ground surface plastic cover on evapo­

ration and transpiration ___________________ 50 

Percolation --______________________________ 55 


Summary and conclusions ______________________ 76 

Literature cited -------_______________________ 79 

Appendix ------______________________________ 90 


II 



TABLES 

Pa~ 

1. Annual precipitation as measured by weighing lysimeters 
and adjaccnt rain gages, 1944-62 ________________________ 14 

2. Monthly distribution of precipitation, rain gage at
site Y103, 1944-62 ________________ ____________________ 15 

3. Comparison of lysimeter rainfall totals with those of adjacent 
rain gages 1950-61 _____________________________________ 15 

4. Differenccs in lysimetcr and rain gage catcrl':s as estimated from 
relations in the data ___________________________________ 16 

5. Annual depletion factor values for lysimcters Y101D, 
Y102C, and Y103A, 1944-62 ____________________________ 16 

6. Annual soil moisture iltorage changes for lysimeters Y101D, 
Y102C, and Y103A, 1944-62 _______________________ ____ 25 

7. 110nthly evaporation from a free water surface ______________ 27 
8. Water budget for lysimeter Y101D and watershed 102, 

June 	10-14, 1960 ______________________________________ 35 

9. 'Vater budgct summary for corn, wheat, and meadow crops, 
lysimeters Y102C and Y103A, 1945-62 ____________________ 39 

10. Data on factors in the water budget for lysimeters Y103A 
and Y103C, fL,,,t-year meadow, 1959 ____________________ 40 

11. Data on factors in the water budget for lysimeters Y103A and 
Y103C, second-year meadow, 1960 ______________________ 41 

12. Data on iactors in the watcr budget for lysimeters Y103A and
Y103C, corn, 1961 _________________________________ .____ 42 

13. Data on factors in thc water budget for lysimeters Y103A and 
Y103C, wheat, 1962 ____________________________________ 42 

14. 'Vater u"ccl by crops during seaS,ln of growth, 1941-62 _________ 44 
15. Average daily consumptive use 	(ETl and soil moisture, 

lysimcters YI02C and Y103A, May-September 1942-62 ____ 48 
16. 	 Recorded, predicted, and dcrived evaporation and transpiration 

from lysimctcr Y102C, May-Septembcr 1957 ______________ 52 
17. Temperature data, Junc-September 1957 ___________________ 54 
18. Yield of corn and water use, 1957 __________________________ 55 
19. Summary of monthly pcrcolation, Y101, 1938-62 ____________ 56 
20. Summary of monthly percolation, Y102, 1938-62 ____________ 57 
21. Summary of monthly percolation, Y103, 1941-62 ____________ 57 
22. Crop yields 	on poor-practice Iysimeters (Y103C and Y103D) 

and on conservation-practice lysimeters (Y103A and Y103B),1947-62 ______________________________________________ 64 

23. Application 	of fcrtilizer, lime, and manure; loss of nutrients 
through pcrcolation; and amount of percolation from lysi­
meters in batteries YI01, Y102, and Y103, 1956-62 _________ 70 

24. Nitratcs in lysimetcr percolates, 1940-62 ____________________ 72 
25. Analysis of lysimeter percolates from Y101B 	 (no fertilizer 

added) at monthly intervals, Octobcr 1959-Septcmber 1960 74 
26. Average 	annual percolation and nutrient losses from battery 

YI01, permanent meadow, Muskingum silt loam over sand­
stone, 1947-62 ________________________________________ 74 

27. Avcrage annual percolation and nutrient losses from lysimeters 
in rotation crops, 1941-62 ______________________________ 75 

28. 	Plant nutrient losscs in lysimeter percolatcs from Keene silt 
loam during years of high precipitation (1950) and low pre­
cipita;,!an (1953) compared with thc 20-year (1941-62)average _______________________________________________ 76 

III 



Page 

29. 	 Monthly summary of accretion, depIction, and storage of soil 

water as determined by weighing lysimeter Y101D, 1944-62 90 


30. 	 Monthly summary of accretion, depletion, and storage of soil 

water as determined by weighing lysimeter Y 102C, 1944-62 95 


31. 	Monthly summary of accretion, depletion, and storage of soil 

water as detennined by weighing lysimeter Y103A, 1944-62 100 


32. Summary of farming operations and yields for lysi'l1eters 
in lysimeter battery YIOl, 1956-62 ______________________ 105 


33. Summary of fanning operations and yields for lysimeters 
in lysimeter battery Y102, 1956-62 ______________________ 106 


34. Summary of farming operations and yields for lysimeters 
in lysimeter battery Y103, 1956-62 ______________________ 107 


35. Water budget for corn seasons, YI02C and Y103A, 1945-61 ___ 108 

36. Water budget for wheat seasons, Y102C and Y103A, 1945-62 __ 110 

31'. Water budget for first-year meadow. seasons, Y102C and 


Y103A, 1946-59 _______________________________________ 112 

38. Water budget for second-year meadow seasons, YI02C and

l{103A, 1947-61 _______________________________________ 114 


39. Monthly p(;rcolation data and 20- and 25-year averages, 
lysimeter battery l{lO1, 1956-62 _________________________ 117 


40. Monthly percolation data and 25-ycar averages, lysimeter 
battery l{102, 1956-62 _________________________________ 120 


41. Monthly percolation data and 22-year averages, lysimeter 
battery l{103, 1956-62 _________________________________ 122 


IV 




ILLUSTRATIONS 

Page 

1. 	Hourly change in weight of grass lysimeter YI0ID and wheat 

lysimeters Y102C and YI03A, and change in air temperature,

.July 17-20, 1958 _______________________________________ 7 

2. Grease seal around surface periphery of weighing lysimeter ___ 8 
3. 	Hourly weight changes of normal lysimeter, lysimeter with 

grease seal removed, and lysimeter with plastic soil cover; 
grease temperature tluctuations; .T uly 27-30, 1962 __________ ·9 

4. Lysimete.r Y102C with plastic sheet cover __________________ 10 
5. 	 Relation between daily grease temperature drop and weight 

increase of covered lysim0ter Y102C, July-August 1962 _____ 11 
6. Hourly weight changes of normal IY:limeter, Iysimeter with 

grea:;e seal removed, and Iysimeter with grease seal removed 
and plastic soil cover, October 5-7, 1962 ___________________ 12 

7. 	 Cumulative daily percolation and evapotranspiration and an­

nual runoff from threc weighing lysimeters; cumulnti,-e daily 

precipitation on YI02C; daily soil moisture in adjacent areas; 

average air temperature; 1936 __________________________ 18 

8. 	 Cumulative daily percolation and ~vapotranspiration and an­

mild runoff from three weighing lysimeters; cumulative daily 

precipitation on Y102C; daily soil moisture in adjacent areas; 

average air temperature; 1957 __________________________ 19 

9. 	Cumulative daily percolation and evapotranspil'ation and an­

nual runoff from three weighing lysimeters; cumulative daily 

precipitation on YI02C; daily soil moisture in adjacent areas;
1958 	 _________________________________________________ 20 

10. 	Cumulative daily percolation and evapotranspiration and an­
nual runoff from three weighing lysimeters; cumulative daily 
precipitation on Y102C; daily soil moisture in adjacent areas;1959 	 _________________________________________________ 21 

11. 	Cumulative daily percolation and evapotranspiration and an­
nual runoff from three weighing lysimeters; cumulative daily 
precipitation on Y102C; daily soil moisture in adjacent areas;
1960 	 _____________________________________________.____ 22 

12. 	 Cumulative daily percolation and evapotranspiration and an­
nual runoff from three weighing Iysimeters; cumulative daily 
precipitation on YI02C; daily soil moisture in adj acent areas;1961 	 ____________ "____________________________________ 23 

13. 	Cumulative daily percolation and evapotranspiration and an­
nual runoff from three weighing Iysimeters; cumulative daily 
percolation on Y102C; daily soil moisture in adj acent areas;1962 	 _________________________________________________ 24 

14. Change in soil moisture in profile as determined by neutron probe 
and lysimeter scale, monthly percolation, and daily rainfall, 
Iysimeter Y101D, May-October 1959 ____________________ 28 

15. Change in soil moisture in profile as determined by neutron probe 
and Iysimcter scale, monthly percolation, and daily rainfall, 
Iysimeter YI01D, .lune-October 1960 _____________________ 29 

16. Change in soil moisture in profile as determined by neutron probe 
and Iysimeter scale, monthly percolation, and daily rainfall, 
lysimeter Y101D, .Tune-October 1961 ____________________ 29 

17. Change in soil moisture in profile as determined by neutron probe 
and Iysimeter scalc, monthly percolation, and daily rainfall, 
Iysimeter YI02C, May-October 1961 _____________________ 30 

V 



Pair" 

18. Ohange in soil moisture in prdile as determined by neutron probe 
and lysimeter scale, monthly percolation, and daily rainfall, 
lysimeter Y103A, May-October 1961 _____________________ 30 


19. Moisture content of Keene and Muskingum soil profiles at begin­
ning and end of 1959-61 growing seasons __________________ 32 


20. Moisture distribution 	of soil in deep-rooted birdsfoot trefoil 

(Y101D) and in shallow-rooted povertygrass (Y10lB), 1959 33 


21. 	Effect of agronomic practice on moisture content of Keene silt 

loam profiles at beginning and end of 1959-61 growing seasons 34 


22. So:! profile moisture distribution for lysimeter Y101D and five 
sites on adjacE:'nt watershed 102, before (June 10) and after
(June 14) a storm, 1960 __.______________________________ 36 


23. Comparison 	of soil moisture of three watersheds with that of 
adjacent Iysimeters for the 12-rnonth period ending April 14, 
1961. Dashed lines are lines of equal values. Neutron probe 
measurements to a 48-inch depth assumed to represent mois­
ture to a 54-inch Jepth ._________________________________ 37 


24. Average daily consumptive 	use by wheat, meadow, and com 

crops grown on lysimeter Y103A during 1942-62 period _____ 47 


25. Plastic covers on soil of Iysimeters Y1020 and Y102B, June 5,
1957 	 _________________________________________________ 50 

26. Plastic cover on Iysimeter Y102B and infiltr.ation tube, June 5,
1957 	 _________________________________________________ 51 

27. Oumulative values of recc ded evapotranspiration (ET) and 
transpiration (T), predicted evapotranspiration, and derived 

evaporation (E), June 6-September 9, 1957 ________________ 51 


28. Oumulative derived evaporation from lysimeter 	Y1020 versus 
cumulative pan (6-ft. diameter) evaporation, June 6-Septem­
ber 9, 1957 ____________________________________________ 53 


29. Oumulative monthly percolation by years, 1956-59 __________ 58 

30. Oumulative monthly percolation by years, 1960-62 __________ 59 

31. Relation 	 between cumulative percolation from Y101B and 


Y101D during 1943-62 a.nd forage yields. Y101B was in pov­

erty grass (shallow-rooted) throughout this period. Y101D 

was in bluegrass (shallow-rooted) until May 8, 1947, in alfal­

fa-brome (deep-rooted) until April 15, 1957, and in birdsfoot 

trefoil (deep-rooted) until the end of the experiment _______ 60 


32. Effect of vegetation 	on percolation, 1943-62. Y101B was in 

poverty grass throughout this period; Y101D vegetation shown 

on curves. Numbers on graph indicate calendar years. Data 

for 1956 not given because alfalfa was gone; 1957 data not 

given because birdsfoot trefoil was seeded then ____________ 61 


33. Relation 	between cumulative percolation from conservation­
practice lysim~ters (Y103A, Y103B) and from poor-practice 
lysimeters (Y1030, Y103D) during 1941-62 period; and crop 
yields 	 _________,_______________________________________ 63 


34. 	Monthly percolation and precipitation for two lysimeters (YIOIB, 
Y101D) in shaliow-rooted vegetation (poverty grass), pre­
treatment 1942-46 ______________________________________ 65 


35. Effect of alfalfa-brome on monthly percolation, first 	treatment 
period, 1947-51. During this period Y101D was in alfalfa­
brome and YIOlB was in poverty grass ___________________ 66 


VI 




Palle 

36. Effect of birds foot trefoil on monthly percolation, second treat­
ment period, 1957-62. During this period Y101D was in 
birdiilfoot trefoil and Y101B was ;n poverty grass__________ 6ti 

37. Daiiy percolation for two lysimeters in shallow-rooted vegeta­
tion, February-March 1945 _____________________________ 6/' 

38. Effect of shallow-rooted vegetation on daily percolation, Decem­
ber 1949 to February 1950. During this period Y101D was 
in deep-rooted vegetat.ion and Y101B was in shallow-rooted vegetation _________~__ _______________ .._______________ 68~ 

39. 	Effect of shallow-rooted v(Jgetation on daily percolation, J8.nu­
ary-March 1961. During this period Y101D was in deep­
rooted vegetation and Y101B was in shallow-rooted vegetation 69 

VII 




EVALUA TON OF 

AGRICULTURAL HYDROLOGY 


BY MONOLITH L YSIMETERS, 1956-62 


11.1' L L. II 1/1/11)1.1>, n·.~( IIrch h'ldrlllll/l' /'/11111/('(' I', {(wI F. It DUI':lIlI';I.l'lH,1 /'I·S/'(I/'tlt. SlIIl ,~('i­
{'nil,il. Hui{ (lilt! Wulf'/' ('IIIIS(,I"1'1I111111. U('scorch /)il'ISi,lIl, Al]ricILltulaL U('.~l'(lr"'l Sel'ult'(,:! 

INTRODUCTION 

Tid,; bllllctin is It progress l'('port 
Oil lhe IYHilllcter iJ1\'estigalions car­
ried on at the North Appal!lchi:ln 
1'~xp(lrinH'nttd Walerslwel near Co­
"I 1()('LOl1 , Ohio, frOln IH5G through 
lIH\2. l"UlIllIllU'i('s of llloistul'l' btLiance 
sLudies H!'!' pn·spntcd for 19'~4-(}2. 
I)abt for 1H44-5f/ n'pl'l'Sl'nt in part, 
a revision of 1I10Ht' publislwd in U.S, 
Ikpurtnwllt of Agrieulturl' Tcehnieal 
Blllkl.:1 1t/B (6'6') ,a 

'I'll(' hydrologic data w('n~ ohtained 
fmIII II lllOllOliLh lysillleters, cHeh 
0.003 acre in area nnd ~ feet tiN'P, 
B of whidl wen; weighed automali-

J ll!'l,irl'd, 
:!'TllI' work on this cxperiment.al Wfller­

sh ...d proj(·(·I. WIlS dont' tit. the Nort.h 
APPIlIIll'hiall gXjwrimpnlll1 WlllerllhNI 1It'1l1' 

Co~h()('t.(Jf\, OhiO. by tll(\ S'lil Ilnd Wil­
lI'I' C()n~t'rvillioll R('sl'lln~h Divi:;ioll 
(i:'>\rCIU)), A~rieult.\ll'lll RN\(\tlrch S('fV~ 
iet', III ('oopl'1'tlIIOIl with I.h(, Ohio Ap;l'i('ul­
IUI'IlI H.('~('f1rt·h and Ikvl'loplllenl. Cl'lIler. 

• Thl' dala w[lrl' ('oll('e( ...d hy lh(> projpeL 
stalT. r-.l (I\'h of I h(> work of ()p('l'Illin~ Lhe 
lysil1ll'll'rH llnd LllbulaLin!1; lh(> baHic dntn 
was P('rfol'llwd by William W, Bentz llnd 
Robe'I't Ii:. tmlkPl' of Lht' 'i\\TRD. .T, L, 
Md:lIil\lle~1l (::,\WGRD) ltH.~isl('d in lhe :;11l­
lislH'1I1 Irr'atnwnL of datil in paris of t.lte 
rp\lorl. .J. n. \Vilson of the Ohio Ap;l'i('u\­
1111'/11 Ht'sl'ltl'C'h mJ(1 lkv!'lopIIIPnl, Centel', 
Woost.t'r, Obio, Ilssistt'd in the chemical 
f\lIalys(~s of pI'rt'olal.iol1 wlllN, 

:1 Italk Il\lIl1b(~r~ in pllrentheses ref ... r to 
l.iI.'I'fllul'{' {'Itl'd. p. 7!1, 

('ally t'vt'ry 10 minuteti. The features 
of thc'ti(' unique inHtallaLions and the 
history of their operation havc been 
dl's('rilH'd in U.S. Dcpartment of 
A[!;rintlLure Technicnl Bulletin 1179 
(()(j), Hf'view of lysimeLcl' litemture 
during 19H-55, given in that bulle­
tin, is l'xt('IHkd to IHG2 in the present 
J'l'port. 

The basic rl'sCllreh plan developed 
in ID35 for the North Appalachian 
I~xpl\rimcntal \Vatersh('d ttt Coshoc­
LOll, Ohio, provided for evaluation 
of all faetors atTccting the disposal 
of pJ'l'eipitntiol1, ilS part of a com­
prdH'llsive study designed to uncover 
hasi(~ laws relating to agricultural 
hydrolo!,!;y. Lysimctcrs were consid­
en'd all important part of the instru­
lIH'ntation necessary for this study. 
[bin fall and runoff mcasurements 
provided dllta for the detennination 
of infiltmlion. Percolation data werc 
n'latecl to recharge of ground water. 
Wcight-ehange records adjusted for 
amounts of minfall, runoff, and per~ 
eolatioll provided data on eVilpo­
tmnspimtion. All these values were 
J1l'l'l'SHary in the analysis and inter­
prctation of the stntionJs watershed 
J'('t~()rds. 

Because of the climatic variables, 
thcre were times when soil moisture 
waH suflicient to meet crop necds and 
timcs when it was not. For the 1956­
(i2 pcriod, anllual precipitation was 

1 


http:cxperiment.al


2 TECH:-IICAL BULL~-;TI;-..' 1367, U.S. DEPT. AGRrCULTURE 

above normal for 3 years and below inches in 1958. Thus, evaluation or 
normal for 4 years. The extremes of the data on agricultural hydrology 
annual precipitation for this period in this bulletin reflects sizeable varia­
were 53.40 inches in 1959 and 36.32 tions in climate. 

REVIEW OF RECENT LYSIMETRY LITERATURE 

The lysimetrj literature reviewed 

here covers the period from 1956 to 
1962. An extensive review of litera­
ture by Kohnke and coworkers (83) 
covered two and a half centuries of 
research in lysimctry up to 1939. 
Harrold and Dreibelbis (66) re­
viewed the literature from 1939 to 
1955. In the prescnt, as in past 
reviews, it is possible that inadver­
tent omissions have occurred, par­
ticulady of works published outside 
of this country. 

The purpose of most lysimeter in­
vestigations has been to study prob­
lems in hydrology, soil fertility, or 
both. In a few cases, studies have 
been made dealing with special prob­
lems such as lysimeter design. King 
ancl coworkers (81) described a float­
ing lysimeter for measuring evapo­
i.ran~piration. McMillan and Paul 
(99) suggested that the major draw­
back to this design was the large air 
chamber required to provide buoy­
ancy for the soil mass, thereby re­
stricting the depth of rooting. They 
suggested a modification in design 
that extends the usefulness of this 
installation. McMillan and Burgy 
(98) conducted further studies with 
floating lysimeters. Cole (25) and 
Cole anci coworkers (26) described 
an Alundum4 tension lysimeter which 
was designed to minimize the eoil-air 
interface problem. Van Bavel and 

• Trade names are used in this publica­
tion solely for the purpose of providing 
specific information. Mention of a trade 
name does not constitute a guarantee or 
warranty of the product by the U. S. De­
partment of Agriculture or an endorse­
ment by the Department over other prod­
ucts not mentioned. 

:Myers (172) reported the use of a 
weighing l:vsimeter that electroni­
cally record" data from strain gage 
sensors on punch tape for automatic 
data processing and analysis. Dylla 
and Tovey (42) reported the use of 
plastic tanks in Nevada for measur­
ing evapotranspiration. Hide and 
others (75) used 4-inch fallow lysim­
ctcrs to study percolation, evapora­
tion, and storage of water in soil. 

Harrold. and Dreibelbis (69) re­
ported the results of a special study 
of the grease seal on the Coshocton 
lysimeters, The erratic temperature 
fluctuations in the grease seal re­
sulted in apparent diurnal weight 
changes that greatly exceeded the 
true values. The reported values of 
dew (CA) of 10 inches or more per 
year were, therefore, much too large. 
Likewise, published values of evapo­
transpiration (ET) totaled from 
weight changes for periods of less 
than a day were too large. However, 
the published values of consumptive 
use, or net evapotranspiration (ET­
CA), based on monthly weight 
changes, were valid. 

Of those investigations dealing 
with hydrologic problems, an increas­
ing percentage have been concerned 
with evaluating evapotranspiration. 
Noteworthy among the reports from 
this count!'y are those of Pruitt (131) 
and of Pmitt and his coworkers (18, 
41, 54, 13;;", 133,134, 135) at Davis, 
California, and of Van Bavel (170), 
and Van Bavel and his coworkers 
(49, 52, 171, 172, 173), at Tempe, 
Arizona. Other investigations on ET 
of interest are those of Peters and 
Russell (120), Tanner (166, 167) I 
England and Lesesne (44), Mather 
(108), Allison and coworkers (5) J 
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Brill and Willits (17), Cowan and 
Innes (28), Ekern (43), Harbeck 
(61), Morris (109) ,Graham and King 
(55), Dylla and Tovey (42), Pelton 
(119), Pierce (128" Campbell and 
coworkers (20), and Speir (159). 
Graham and King (55) determined 
the ratio of daily ET to net radiation 
at various stages in the development 
of a corn crop. Brakensiek (11;), 
Dreibelbis (33,34,35,36), Dreibelbis 
and Harrold (37), Harrold (62, 63), 
Harrold and Dreibelbis (65, 66, 67, 
68, 69), Harrold and coworkers (64, 
70, 71), and McGuinness and others 
(93) wrote papers on hydrologic 
data from the Coshocton Station. 

Harrold and coworkers (70, 71) 
separated evapotranspiration into 
its components of evaporation and 
transpiration. This was achieved by 
placing plastic sheets over the Iysim­
eter soil during the corn growing 
season of 1957, thereby preventing 
evaporation. Soil water transferred 
to the atmosphere during this period 
was entirely due to transpiration. 
Evaporation values were derived by 
regression analysis from data of pre­
vious years in which corn was the 
crop grown. Dreibelbis and Harrold 
(37) reported data on the water-use 
efficiency of corn, wheat, and meadow 
crops. Irrigation on corn in 1953 and 
on meadow in 1955 resulted in a 
higher water-use efficiency for these 
crops than in any year when they 
were not irrigated. 

Dreibelbis (35) found that the soil 
moisture regimen in Iysimeters dif­
fered from that on adjacent water­
sheds. The magnitude of the dif­
ference varied with soil type and 
moisture content. 

:McGuinness and others (93) com­
pared values for Iysimeter soil mois­
t;tlre changes obtained with the 
neutron method with values obtained 
by the weighing Iysimeter. Data for 
the growing season in 1959 showed 
close agreement between the two 
methods. 

Babcock and coworkers (10) con­
ducted Iysimeter studies on the effect 
of composition of irrigation waters 
in California on soil properties. Hil­
debrand and Pagenhart (76) made 
Iysimeter studies of snowmelt. 

Several Iysimeter investigations 
dealing with forestry problems have 
been carried on by the U.S. Forest 
Service. Among those reported are 
the work of Patrie (117, 118), Zinke 
(J 87), and Sinclair and Patrie (155). 
All of these papers are concerned 
primarily with the San Dimas (Cali­
fornia) Iysimeters. Rich (141} de­
scribed the base rock lysimeters of 
the Sierra Ancho Experimental Wa­
tersheds in central Arizona. The data 
showed that most of the total water 
yields resulted from percolation flow 
during the winter. Lowry and Finney 
(92) used Iysimeters for measuring 
the chemical changes in weathering 
coal spoil. 

Lysimeter studies dealing with soil 
fertility problems have been con­
cerned mostly with the nitrogen bal­
l1nce in soils. Examples of studies of 
nitrogen losses in percoll1tes are the 
work of Volk and Sweat (177), 
Owens (116), Raney (138), Branson 
(15, 16), Allison and coworkers (.4), 
Pratt (J 25), Pratt and coworkers 
(126, 1~), Shaw and Robinson 
(148, 149), and Shalhevet and Zwer­
man (147). 

Bengtson and Voigt (11} used 
Iysimeters to study leaching losses 
of nitrogen and potassium from slash 
pine seedlings in Lakeland fine sand. 
They found the slowly soluble fer­
tilizers more efficient sources of nitro­
gen and potassium than the highly 
soluble fertilizers. Orlob and Butler 
(111) used Iysimeters in waste water 
rr.clamation studies. 

?lIcKell and Williams (97) used 
Iysimeters to study sulfur fertiliza­
tion of a range soil and Pritchett and 
Nolan (130) studied potassium leach­
ing losses as affected by soil particle 
size. On an arid Holston sandy loam 
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treated with soybean hay and wheat 
straw, Shaw and Hobinson (148) 
analyzed the leachates for calcium, 
magnesium, potassium, sulfur, nitro­
gen and organic matter. Heyes and 
coworkers (139) and Reyes and Gal­
vez (140) reported studies on leaeh­
'ng of nutrients from soils planted to 
pudely rice in the Philippines. 

Cole and coworkers (26) used ly­
simeters to study the influence of soil 
type and fertilization on the vertical 
movement of nitrogen, phosphorus, 
potassium, and calcium. Leachates 
were analyzed also for gamma-emit­
ting raciionucleides originating from 
rndioactive fallout. Rulon, Rh lon , 
Sb l2ri j l , (;:;137, ee l . . , Pr14-l, and Eulnn 
were detected. 

Harrold and Dreibelbis (66) pre­
sentee! datn on leaching losses of 
potnst5iulll, ralriul11, magnc:;iull1, ni­
trog('n, llHll1galH'sc, and sulfur for 
the pel'iod 1941-55. Dreib('lbis and 
l\[rOuinncss (38, 39) reportNI data 
on nutrient losses, for the same 
pcriod, in which a statistical intcr­
pr('tation of the data was l1wcie. 

Among thr Iysinwter investiga­
tions reported outside the United 
Statps arc thoHe of Ppi ton (119), 
who studi('d J'~T in Canada and 
Cavanillas (21), who studied ET 
from rultivnted plnnts in Spain. Cn­
Yl\nilln.~ and eoworkers (22) studied 
ET using lucern(', sugar bet'ts, pota­
toes, and tomatoes. Suarez de Castro 
and .Rodriguez (163,16'4) of Colom­
bia used monolith lysilll('trrs to study 
water balance and nutrient losses. 
They found a r('lation between vol­
llllJ(' of percolation and total quantity 
of nutri('nt:; lenehed. In the Nether­
lands, Wincl (179,180,181) described 
Iysinwters in that ('ountl'y and rc­
viewed their rccords up to 1954; 
Visser (176) d(':;cribed Iysimcter 
techniques for dctermining the water 
balancc of soils; other investigations 
from that country w('re r('ported by 
Ramsauel' (187), l\[akkink (100 to 
106), Makkink and Heemst (107), 

Hesse t741, de Wit, (184), and Hij­
tr!lnn (14i). Aslyng Mel Kristensen 
\7,8,9) and Kristensen (89) of Den­
mark studied the water balance with 
Iysi meters. 

Green (56,57,58) of England used 
lysilllcters for evap0l'lltion stuclies 
and to study the effects of forest 
llr('as on water l'CSOUl'Ccs. Law (90) 
studied the efTect of afforestation 
upon the yield of water catchment 
arens. \'linter (182l and Winter and 
eoworkC'rs (183) studied potential 
and actual ET with small, weighable 
Iysimetprs. Among the investigations 
in Germany nrc those reportcd by 
KobiPnz (8£), Frcrcks and KosC'gar­
tpn (47), PfatT (122), Kortum (85, 
86), Kiel (80) 1 PrC'nk (128, 129), 
Kohnll'in and Knauer (84), Haus­
hofel' (72), Huscmann (17), Schroe­
<lr1' (1461, Janert (78), Steubing 
(160), Albr('cht (3), and Czcratzki 
(29). Kosmat (87, 88) in Austria 
deseribl'd a microlysimcter in which 
Iw studied the stab'ility of soil struc­
ture by percolation tcsts. Gadet and 
Soubies (50) conducted long tel1l1 
Iysimeler trials and tests in Fmnce 
utilizing thc stable isotope N15. Other 
Iysimctel' studies in Fl'Hnce include 
those of Hallaire (6'0), !lingoet (143), 
Demortier (31), Henin and Turc 
(73) I TUl'c (J 68), and Roseau and 
Bats (144), Ubell (16'9) in Hungary 
studied hydrology with lysimeters. 

Studies reported from the Soviet 

Union include the work of Fedorov 

(45) ; Yuldashev (185), who studied 
the water-salt 1'C'p;ime of soil8; Shi­
lova (lfjO) and Shilo\'1L and Korov­
kina (151 to 154), who studied the 
ehe1l1ical composition of pcrcolates; 
nnd Vasil'ev (174), who made a com­
pal'llti"e study of Hykachev's and 
Popov's lysil1letl'rs. Kaurichev and 
Nozdrunova (79) suggested that 
Iysimetel' chromatographic columns 
should be used to estimate the mi­
gl'ation of various compounds in soil. 
Popov (124) studied the water bal­
ance in soils and described three 
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types of soil evaporimeters, One was 
weighed on hydraulic scales to study 
24-hour and seasonal ET of various 
species of trees and t.ypes of grass 
covel's. Petrov and Shishov (121) 
w;ed plastic materials for construct­
ing lysimeters. Other Russian works 
arc th08e of Ageeva (1), Chapov­
skaya (23), Dolgov and coworkers 
(32)) Radinovich (136), and Smir­
nova (158). Litynski and Kurnatow­
ska (91) reported a study of the 
physico-chemical properties of soils 
in lysimelers in S7.caecin, Poland. 
Debski (30) conducted hydrologic 
>itudiNi in Poland with lysimeters. 
Ostroll1ecki studied water requirc­
lIll'nts (113, 111,) ancl niLrogen up­
take (112) from urea on soils in 
Poland. Zabek (186) studied the 
rprinmation of sandy alluvial with 
lysimeters in Osbowie(', Poland. A 
lysimeter invl'stigation repor(.('(\ from 
Rumania is that of Bujorean and 
Popescu (19). 

Other lysimeter studies r('ported 
outside the LTnited States are the 
work of Albareda and coworkers (2) 
in Spain; ArthUl' (6), 1\[cllroy (91" 
96) and ~IcIlroy Ilnd Summer (96) 
in Austl'l1lia; Ilnd Schleifer (145) in 
Au;;tria. Cowan and Innes (28) in 
.Janlllica related Plln evnpomtion to 
ET from sugar cane. Ostwald (115) 
reported on lysimeter investigations 
in Sweden. V£.'lev nnd Djankov (175) 

and Fekete (1,6) reported results 
from Czechoslovakia. 

Steyn (16'1 J 162) in South Africa 
used both monolith and filled-in Iy­
simeters to study the influence of 
saline irrigation waters on wheat and 
maize. Bonfils and coworkers (13), 
Charrellu (24), and Collot (27) car­
ried on Iysimeter studies in Senegal 
(French West Africa). Greenland 
(59) studied the nitrogen balance of 
tropical soils in Ghana. Glover and 
Forsgnte (53) studied ET from large 
tanks of soil in Kenya. Bernard (12) 
used the energy balance method for 
stuclyingET in Africa. 

Tanaka and coworkers (165) in 
.J apan studied the effect of pel'cola­
tion on the growth of the rice plant. 
They found that percolation de­
creased the H~S content of soil water 
markedly and reduced leaf spot dis­
ease. Okuda and Tokubo (110) used 
lysimeters in ,Japan to study the 
effects of synthetic soil conditioners. 
Slovikovskiy {157} studied the leach­
ing of the leaf fall of 21 coniferous 
and deciduous species. Duprie7. (1,0) 
studied thc Thornthwaite lysimeter 
in the Belgian Congo as an instru­
ment for measlII'ing ET in equatorial 
regions. Siuta (156) used a glass 
lysimetcr to study the effect of anae­
robic transformation in organic sub­
stances on the mineral components 
of the soil. 

BRIEF DESCRIPTION OF LYSIMETERS AND AGRONOMIC 

PRACTICES 


The 11 Coshocton lysimeters con­
structed in the late 1930's arc of the 
monolith or undisturbed soil-block 
type, deemed superior to all other 
types for the study of soil-water 
relations. The advantages and limi­
tations of this and other types and 
the othcr features of construction of 
the Coshocton lysimeters have been 
previously described (66). 

One lysimeter at each of the three 
sites chosen was equipped with an 
automatic weighing device developed 
expressly for this study. This device 
records the weight changes in the 
55-ton mass to a 5-pound accuracy, 
which is equivalent to approximately 
0.01 inch of water over the lysimeter 
surface area. From these weight rec­
ords, it was possible to derive data 
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on precipitation, evapotranspiration, 
and condensation and to evaluate 
many hydrologic effects of varia­
tions in climate, land use, and soil 
type. 

The three dilierent Iysimeter sites 
and the agronomic practices followed 
at each Iysimeter are described in 
the following listing: 

1. Site Y10l- permanent grass­
land on steep (23.2 percent), well­
drained NIuskingum silt loam. Ly­
simeters Y101A and YI01B - poor 
practices since 1937; poverty grass 
and weeds. Lysimeter YlOl C-con­
servation practice since 1945: blue­
grass, heavier fertilizer and lime 
applications than on YlOIA and 
Y101B. Lysimeter Y101D-conser­
vation practice since 1945: bluegrass 
to 1947, deep-rooted legumes and 
grass after 1947, heavier fertilizer 
and lime applications than on Y101A 
and YlOlR. 

2. Site Y 1 02-rotation cropland on 
rolling (12.9 percent), well-drained 
NIuskingum silt loam. Lysimeters 
YI02A, Y102B, and Y102C-conser­
vation practices since 1941: contour 

cultivation, moderate applications of 
fertilizer, liming to pH 6.8, alfalfa­
red clover-timothy meadow seeding. 

3. Site :Y10S-rotation cropland on 
rolling (6.0 percent), slowly perme­
a ble Keene silt loam. Lysimeters 
Y103A and Y103B - conservation 
practice since 1941: contour cultiva­
tion, moderate applications of fer­
tilizer, liming to pH 6.8, alfalfa-red 
clover-timothy meadow seeding. Ly­
simeters Y103C and YI03D-poor 
practice since 1941: straight row cul­
tivation, small applications of fer­
tilizer, liming to pH 5.4, red clover­
alsike-timothy meadow seeding. 

In this bulletin, four-character 
symbols - such as YIOI - refer to 
Iysimeter sites or corresponding ly­
simeter batteries. Five character 
symbols-such as YI03A-refer to 
individual lysimeters. 

Detailed descriptions of the soils, 
mechanical and chemical analyses, 
experimental procedures, construc­
tion and recording features andlimi­
tations of the lysimeter are given in 
the U.S. Department of Agriculture 
Technir.a.l Bulletin 1179 (66). 

ERRORS IN EVALUATION OF DEW BY THE COSHOCTON 

WEIGHING L YSIMETERS 


Hourly weight records from the 
three weighing lysimeters (YI01D, 
Y102C, Y103A) consistently shower! 
diurnal fluctuations, as illustrated in 
figure 1. Gains in weight from as 
early as 1700 and continuing to 0500 
the next day were attrlbuted to dew. 
Visual evidence of dew in this area 
was common. 

Totaling hourly weight change val­
ues like these, Harrold and Drei­
belbis (67, 68) reported annual 
amounts of moisture gain of over 10 
inches of water. Daily totals of 0.05 
inch and monthly values of 1.4 inches 
were reached occasionally. By 1960, 

data from new lysimeter installations 
at various locations in the United 
States became available, showing 
much smaller values of dew-in some 
cases about one-tenth as large-than 
those from the Coshocton lysimeters. 
This led tc a search for reasons for 
such sizea")le differences. The ques­
Lion arose - were these differences 
real or the result of lysimeter mal­
function? 

Numerous hypotheses as to the 
reason for the large diurnal weight 
gains were advanced and investi­
gated. The scales were examined in 
extreme detail by the manufacturer 
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and were found to be reliable. The 
total weight of the maximum amount 
of water that could be held on the 
exterior of the lysimeter walls and 
bottom was found to be negligible. 
Neither temperature nor vapor pres­
sure fluctuations occurred at any 
position in the underground gallery 
of the lysimeter where the scales were 
housed. Diurnal barometric fluctua­
tions showed no correlation with ly­
simeter weight changes. 

The only factor found to correlate 
with the recorded diurnal weight 
fluctuations was temperature at the 
ground surface. Quite regularly, tl. 
few hours af.ter noon, the air tem­
perature 2 inches above the ground 
surface fell rapidly and at about 
the same time the lysimeter weight 
showed a noticeable rise (fig. 1). The 
opposite trend was apparent begin­
ning fairly early in the morning. 
This temperature-weight relation had 
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FIGURE I.-Hourly change in weight of grass lysimeter YI0ID and wheat lysimeters 

YI02C and YI03A, and change in air temperature, July 17-20, 1958. 
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to be a ground surface phenomenon 
inasmuch as there was no daily tem­
perature fluctuation in the gallery 
beneath the ground. 

The grease seal around the surface 
periphery of the weighing lysimeter 
(fig. 2) was thought to be a possible 
cause of this fluctuation in weight. 
Its removal f~om weighing lysimeter 
Y101D on February 6, 1962 caused 
a marked change in the diurnal fluc­
tuation of lysimeter weight. Prior to 
this, as seen on figure 1, the rapid 
weight loss began in the early day­
ligM hours and the gain in weight 
started as early as 1500 or 1600. 

FREE 
TO MOVE 

':l\ RIGIDLYSIMETER ( 
WALL" ~ "-... 

When the grease seal was removed 
from YHlID, the loss in lysimeter 
weight, as shown in figure 3, began 
more slowly, at about 0600 or 0700, 
and was quite rapid from 1000 to 
1600; a fairly constant weight was 
maintained from 1900 to 0600 the 
next day. The gain in weight, which 
had formerly been attributed to dew 
or condensation-absorption eCA), 
disappeared from this record; at 
other times, weight gains of as much 
as 5 pounds were recorded over some 
night periods. It became evident 
that the weight changes observed 
had not been real. 

_0­"--
GREASE 

- ~-

... ... 
. ~ 
. ~ 

• p'. -' 

~AINING 
WALL 

o I INCH 
I 

FIGURE 2.-Grease seal around surface periphery of weighing lysimeter. 
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FIGURE 3.-Hourly weight changes of normal Iysimeter, Iysimeter with grease seal re­
moved, and lysimeter with plastic soil cover; grease temperature fluctuations; July 
27-30, 1962. 

An additional test was made under 
conditions of no moisture exchange 
between the air and soil. The soil 
surface and crop on lysimeter YI02C 
(grease seal still in place) was cov~ 
ered (fig. 4) with a 3~layer plastic 
cover mounted on a frame in such a 
manner that the two I-inch dead-air 
spaces were maintained between the 
top and bottom layers. 

Weight records from the three 1y­
"imeters during this period are shown 
in figure 3. The average trend of the 
recorded weight for Y102C was hori­
zontal, while the other two lysimeters 
showed losses, indicating that lysim­
eter YI02C was indeed sealed against 
soil moisture transfer with the atmos­
phere. The fluctuation of the weight 
curve about the horizontal was quite 
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Flf.l'!tr;·1 -LY-Inlf','r Y 102C with pla"ti,' "heet co\"(~r. 

nol\t'pabh, and titPl"(' wn" a markl'd 
('OJjl'llff,'W'l' flf \V(,jght peak,; with 
gn';t"" It'1Il1H'rat1Il"(' trough,.:. Furthl'r 
(,\'lrl,'!H'r' that diUr!l:d tt'llIppratul't' 
flllf"tll:ttil!U'; in tilt' grl':l:'l' :'('al Wl'n' 
n'latt"d to diul"llal w!'igltr dlang!',.: 
appl'ar" ill tht' rl'iatioTl Iwl\\"I'('Il daily 
tl'lllJH'ratun' drop of till' gl'PI!:'P and 
C'OlTl'''!HJ!lIiitlg ly,.;illl!'tpl" \\·pight gain..;
Itig. ii I, 

Figll)"P G "itow;, a ('olllpal'i"ol1 of 
fht- wl'ight flue! lIation,.; of llll' tlIn-p 
\V"'lIllt'h'f-.c afh'r n'!ll()\'al of the 
\' IO:?(' gl"l'a:,1' :,pal, hut bl·fon' rt'­
JIloval of till' I1loi"turp tran,.;fl'r 
barril-I" on til!' "nri:l('P. \ \'pig!\( f1uc­
tllation,.; in Y W2C Wert' allllll:'t ('0111­
plpt!'ly l'lllllillatl'ri dUl"ing til!' rainlp:,s 
pl'riolk 

Tilt' phy:-ir':d rl'a,.;on for the rl'ln­
t ion lwt\\'l'!'ll gl"l':t"l' :,pal tl'lllpl'ratlll'l' 
and :LJlpart'nt \\'l·jgiIt ('hangl' \\'a:, the 
('hang!' in lilll'ar dillH'n,;jOJ) of thl' 
JWl"iplu'I'al lllPral of the gn':ll'l' spa I 
hood with tl'II1))('ratun'. This hood 
is till' Illl'tal attaphl'd to (II(' lllo\'ablt, 
IY"Ill11'tt'r alld ('!JJllPS up o\'pr the Prlgf' 

of thl' ehannd and down into the 
grt':t"t'. ,\'hen tile grea:::c seal tem­
ppl"ature I'O:'l" the periphcml metal 
pxpand('d, catl"ing the Iy:::iwctel' to 
ri,,(', which indicated a loss in weight. 
\rJwn th!' tPlllpprnture deereased, the 
lIll't:d l'ontr:tctecl, ctlu5ing the lysim­
('(I'I" to drop, which indicated a gain 
in weigh t. 

A." it W:t:' p\'idcnt that tlw pub­
li"fH'tl t'i'aluations of dew obtained 
fmll! the jleriods of hourly weight 
gain:; on the Iy:,inwter::; \\'pre grossly 
in l'ITOl', it ",('('met! de"jrable to de­
\'Plop a lIll'thod for evaluating the 
JlI11gnitlldl' of the error and to publish 
l'OITl~('tl'[1 ,·:t!ues. The r{'lations bc­
tWf'l'Jl thp lllallV vrars of measured 
air tl'Ill!K'ratu/"(; fluctuations and re­
eordl'd wpigiIt changl's would be thc 
kl'Y to tlw sU('C't'ss of this endeai'or. 
A fair J'('latioll wns obtained betwecn 
daily \wi),';ht gains nnd corresponding 
gn'a:,p tl'JlJpC'nlture drop for lysimeter 
Y102(; during thc period when it was 
s('alprl again.~t moi",ture ehangc (fig. 
5 J. C:n'a",e t P111 perature data wcre 
:tntilablf', howcyer, only during the 
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FIGURE 5.-Relation between daily grease temperature drop and weight increase of 
covered lysimeler YI02C, July-August 1962. 

1962 test period. The relation be­
tween weight change and air tem­
perature fluctuations for which data 
are available throughout was so 
poorly defined as to be unsatisfactory 
for use in correcting the past weight 
records. An examination of the rec­
ords for lysimeter Y101D since its 
grease seal was removed showed that 
its daily weight gains were of very 
small order of magnitude, represent­
ing less than 0.005 inch of water. It 
was concluded that quantitative cor­
rections to past records of dew from 

these lysimeters are possible if suffi­
cient grease-seal-temperature data 
are available. In this instance, how­
ever, the period for which sueh data 
were available was too short for 
these corrections to be of value. 

Consideration was also given to 
the possibility of sizable errors in the 
published evaluations of evapotrans­
piration (ET) for periods of days, 
weeks, months, seasons, and years. 
Daily values of ET were determined 
from midnight weight records. The 
variations of consecutive midnight 
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FIGURE 6.-Hourly weight changes of normal lysimeter, lysimeter with grease seal re­
moved, and Iysimeter with ~rease seal removed and plastic soil cover, October 5-7, 
1962, 

values of grease temperature were ('\'ident that the longer the period,
most often of small magnitude and the lesser were the percentage errors 
their influence on weight records was in water use as evaluated by weight
small. Daily differences in midnight changes related to grease tempera­
grease temperature of 10° F. or more ture differences. 
occurred less than 15 percent of the Errors in previously published rec­
time. A difference of 10° could result ords came from computation of mois­
in a weight error of 20 pounds (fig. ture increases or decreases obtained 
5), or 0.05 inch of water, which could from part day gains and losses in 
be 20 percent of the daily water-usc weight. These separate periods of 
value of 0.25 inch. The effect of dif­ rooling and heating of the grease
ferences in midnight temperatures a seal caused false weight changes,
week apart on lysimeter weight was which were attributed to moisture 
usually negligible-a difference of changes ea weight gain was attrib­
10° F., causing a recorded 20-pound uted to dew and a weight loss was 
weight 0.05-inch-of-water error (fig. attributed to evapotranspiration).
S) would be only 3 percent of a These separate moisture change val­
week's water use (1.6 inches). It, is ues were totaled for monthly and 



annual p{'riod;;. Ho\\'('v('r, wll('n thl' 
fnbe wpight- ot' moisture-gain y:tluC';; 
nt'(' ;;ubtra('tpd from 011' fal;;l' wpight­
or moi"tlll'e-Io:-;s Yldu('s, n tnl(' \'ttiue 
of nl't daily, WP('kly, monthly, or an­
nual eVl\l,olmn;;piration is obtained. 

Tltl' authors [,t'gl'l't til(' [If'('\'iol(,, 
publi('ation;; of t'ITOI1('O\lS (lata on 
ell'W anJounts (66, 67l. It is fortnnat(' 
tlIat lll():-;t of th(' infol'lll:ltion pub­
li"hl,d in tl\(, r .::4. Dl'partllH'nt of Al!;-

CORRECTION OF 

:-'lllll11ltU'ips of lIlOnlhlv :t('('l'l'tion, 
(il'plr·tion, an(1 ;;toragl' (If soil wnt('r 
tl:, dl't('rmirwd by tll(' \\'('ighing mon­
olith ly;;inH'ler;; and puhlislwd ill C::4. 
Dl'partll1Pllt of Agrirllltllrt, Tl'ellni­
eal Bull('tin 1179 166'1 ('ontain "epa­
ratl' ('\'aluations of <'on(lPnsnlioll­
ab,.:orptiol1 ((:A) and ('\'allot rttn~pi­
ration (ET). Cyeli(' diurnal w('i~ht 
('hnng!'" on tilt' ly:;inH'ters \\'('1'(' di­
ddl·d into H'parnte periods of ('on­
tinl!OIl;, gain and ('ontinuous loss. 
~lonthlv CA values \\'('1'(' till' total of 
til(' dnilv wei(rht (rain:; dlll'ilw rain­.. (::) t'1 t"1 

I('''s p('riods, adj u;;t(,t! [or [wI'c'olation 
anti runoff. Likewise monthly ET 
ndu(>s w('rr th(' totul of till" daily 
weight lo:<s('s similady adjusted. 

As noted in a prl'yious ~w('tion, 
tl1('sP gains and loss{'s of w{'ight with­
in the day contained false \':tlu('s in­
du(,pd by t('mpcralurl' ehung('s in the 
gre'ut'(· seal.WIWrl'lts monthly lob.l:; 
of tl1(';;e sqmmt(· cvaluations are also 
in error, the <IitTel'('n('e b('twepn them 
i;; vl'ry dose to the true vaiuC' of 
moisture ehange duc to evapotran­
spiration. It was pointt'C1 out pre\'i-

DATA FOR THE 

Thi:, hulll'tinpresents summnries 
of hydrologic data from the Coshor­
ton ly"illH't('rs for til(' i9ij(j-Li2 !)('ri~ 
or!, In ap[l('ndix tab/('s 29-31 the lab~ 
ular ;;lI111tl1[lrips l'xtpnti bark to 19·14 
a" it wns n{'r(';;snry to show ('Ort·{,('~ 

ri(·tdtun' TC'r\wi('(l1 Bulletin 1179 
({j(j I on waU'1' u;;p and moisture "tor­
a!!;!' ('hang!' i;; l'l'liahl('. Hevi8ion8 
mad(' in tht' op('ration of the weigh­
ing ly"inll'tl'l's will make' it possibh> 
to pl'ovide reliabk vahll's of diurnal 
lIIoi~tun' dwngl's as \\"<,11 as to ('an­
t inul' to pro\"idp :tC'('urate informa­
tion on e'vapotran;;piration under a 
\':ll"iety of conditions of (,I'OP, tl'eat­
Ilwnt, and climate'. 

PUBLISHED DATA 

ously that tIll' ()wmll tt'll1pemtul'('­
indu('l't! {'lTOrS bai:uH'l' out in a peri­
nd of [l lllonth. For eXHmple, in table 
Ii of -l-.:-:;. Dqltll'tnll'nt of Agriculture 
Tp('ilnil'al Bulktill 1179 the Septcm­
1)(·1' I\).J-l \':t/lles fOI' C'A and !;;T arp 
(lA3 ar.d :).1 G inrhes, r('speetiYcly. 
Bolh "tIl\H'S :a~· in ('ITOI'. Yet their 
di ITcn'Il{'{" 2.73 in('h<'s, represents the 
t I'll(' \'ahll' of p\'apotranspiration, 
with :t po;;:-;ible l'r,'nr of 1('88 than 1 
pprCl'nt o[ 2.n (0.02 ineh) due to 
tPIn l)Pmt u 1'('-0 f-gl'('ust"l'eal eli [[('renee 
frOIll tilt' Iwginning to ('nd of the 
lllonth. All the S('IHll'tlte CA and ET 
,'aillps in c.;.:;. ])('partment of Agri~ 
('ultul'l'Te('hni('al Bulletin 1179 need 
to 1)(' t'('viscd into 11 single value of 
ET in this wav. 

H{'\'i:::('d mO;lthly summary accre~ 
lion lind depletion data for these 
w('ighing Iysim('tel's fol' the period 
19;14-55 and new data for the period 
195()-()2 are gin'n in appendix tables 
29-31. In these tables, precipitation 
nimH' is thc' sourr~e of nceretion. De­
pletion loss('s are duc to runoff, evap­
otranspiration, nnd percolation. 

1956-62 PERIOD 

tions to p!'cviou:::ly published data. 
In a fl'w otlI{'!' cases data prior to 
195{) nppettr in tnbles and on i1Jus­
tratlons in o!'der to elarify the trends 
and rdations. 
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The records obtained from the 
three weighing lysimeters furnish 
basic data for analyses applicable 
to a wide field of agricultural hy­
drology. Results were derived in 
terms of precipitation, runoff, evapo­
transpiration, percolation, soil mois­
ture storage change j plant nutrient 
losses in percolation, and crop-use­
of-water efficiency. 

Accretion 

Precipitation yalues were obtained 
from Iysimeter weight gains plus 
runoff during precipitation periods. 
Annual values for earh weighing Iy­
simeter and for its adJ acent record­
ing rain gage are given in table 1. 
As explainecllater in this section, the 
difference between annual values 
from the lysimeter and gage was 
large but there was liLtle difference 
between individual storm rainfall to­
tals obtained by both methods. 

Annual precipitat.ion as evaluated 
by rain gages (table 1) averaged 
slightly less than the 38-inch normal 
(26-year average) for the station. 
The range in annual values, from 
27.91 to 47.86 inches was slightly less 
than the range in values, from 22.03 
to 52.60 inches, recorded at the Co­
shocton City gage in 1930 and 1926, 
respectively. Annual values of pre­
cipitation for the 1952-55 period were 
considerably less than normal, aver­
aging 31.94 inches. The previous low­
est average for a 4-year period at the 
Coshocton City gage was 33.85 inch­
es per year. High annual values for 
the study period were not grouped, 
but appeared to be scattered at ran­
clom through the record. The occur­
rence of years of low ancl of high 
precipitation and the sequence of 
such were important factors in 
changes in soil moisture storage, run­
off, percolation, evapotranspIration, 
and crop yield. A previous analysis 

T.~BI,E 1.-Annual precipitat-ion us measured bl/weighing lysimeiers and adjacent rain gages, 
1944-62 

I Y10 ID. perman.n t gra."lS I Y 102C. rotation Y103A. rotation 
Year I 

I Lysimcter l Gage Ly.imeter Gage Lysimeter Ga~eI I 
9H •••••.• __ ••• '''''' .•! 

1945.................... 


:~:~::::::::::::::::::::\ 
1945....··---···· ....··'l 
1949.____ ............... 
1950••_.... __ • __ •.••••_. 
1951 ........._.......... ! 
1952....................; 
1953............. , ......\ 

:~~~::::::::::::: ::::::: l 

1m:::::::::::::::=::::\ 
1959....................1 

1960....................)

1961 ......__ ............ 

1962.................... 


Sum ............. ,!

IAverage .• _..... "'_4 .. ~~i 
i 

Inch" Inclzt8 Inch.. Inch..Inch" Inch..I I
31.96 30.57 38.11 30.70 35.06 29.60 
4a6 45.64. 50.86 45,49 48.60 45.36 

37.37 3/.41 40.67 38.17 
41046 !39.4543.02 1 35.94 40.12 35.79 40.74 36.32 

3S.M 37.92 42.05 37.67 41.95 37.71 
I 

38.48 39.98 37.44 42.45 37.6441.21 !52.14 47.86 52.95 47.28 51.97 47.68 
47.94 40.02 4i.83 38.23 H,48 39.83 
{O.02 35.76 37.71 35.16 38.49 35.90 
30.67 27.91 32.38 28.34 33.19 28.20 

36.68 32.18 34.26 , 31.81 36.66 31.67 
35.40 33.85 t 30.59 35.90 31.68 
49.11 !t~g i 44.75 50.22 45.83 
46.04 42.41 !~:~~ I 42.19 46.76 43.52 
3689 33.70 36.32 1 32.96 36.90 33.83 

4ij.52 43.88 53.40 44.97 49.29 44.37 
38.78 34.60 39.26 34.62 41.41 3M9 
42.46 36.35 42.13 36.76 H.61 37.17 
36.73 32.39 (I) 31.76 40.01 33.61 

780.62 710.41 S3 1 ' 672.16 802.36 713.38
' 757.

41.09 37.39 '42.10 ' 37.34 42.23/ 37.55 

I I~~imeter not operating continuously_ 
, V.lues for 1944·61. 
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(6.4) showed that the study period 
was representative of the long-term 
weather pattern of the area. 

~fean distribution of monthly pre­
cipitation throughout the year dur­
ing the 1944-62 period (table 2) was 
ideal for the production of agricul­
tural crops. Average rainfall in 
:May, June, and July ranged from 
3.65 to 4.35 inches. The range in 
monthly values was quite large and 
had noticeable effects 011 various 
phases of agricultural hydrology. 
For example, rainfall in June 1957 
was over 10 inches (appendix tables 
29-31), resulting in a sizable increase 
in p,:!rcolation. 

TAB1.E 2.-Monlhly distribution oj precipita­
tion, rain gage at site FlUS, 1944-62 

Montb IAvera~e 1~Ialimum !Minimum 

Jan.....................! In3~~O I 11l<~~23 i\ Inch~~80 

F.b............... __•••• : 2.67 t 5.64 .37 

Mar.....................j 3.251' 7.99 .7.1 

Apr....................., 3.64 6.73 1.45 


May....... _............! 3.65 
I 

6.85 
. 

1.55 

June....................[ 4.30 10.54 1.91 

July.................... 4.3.1 9,39 2.H 

Aug.....................l 2.62 6.60 .67 


Sept..................... : 2.95 9.29 .38 

Oct.....................\ 2.18 5.B51 .39 

NOv..........__ .........1 2.58, 5.84 .9B 

Dec..................... ! 2.26 4.57 I .31


!-I-"-Yearly avcr~e""'1 37.55 4,.68 2B.20 

Rain measured by gage was com­
pared with rain measured by weigh­
ing Iysimeter to determine the effect 
of grease seal malfunction on rain 
measured by lysimeters. Only rain 
periods were used in the analysis 
since a rain gage does not measure 
snowfall very accurately. Daily to­
tals of rain for the 1950-61 period on 
Y101D and Y103A were used in the 
analysis. The pre-1950 data were in 
a format which made extraction of 
rain amounts difficult and for that 
reason they were not included. 

Analysis of the 1,078 rain-day to­
tals showed that the Iysimeter catch 
could be described by: 

Iysimeter catch = 0.0186 + 
l.0007 rain gage catch with a corre­
lation coefficient of 0.993l. This in­
di-::ates that the Iysimeter catch was 
approximately 0.02 inch greater than 
that recorded by rain gage-for any 
size rainstorm. This relation was 
the same on both lysimeters. This 
is a small difference, but it accumu­
lates to a significant amount in the 
course of a year. 

For these 1,078 rain-day events, 
the total catch is given in table 3. 

TABLE 3.-Compan·son oj lysimeler rainJall 
totals with those oj adjacent rain gages, 
1950-61 1 

Rainrall .. determined by-I Difference 

I Per 
Ly.imeter Rain gage ! Lyoimeter Total year 

[neAt. Inch" Inr.A.. 
YI01D..___ Inch" \352.42 371.90 19.48 1.62 
Yl03A ..... 3S5.58 376.57 20.99 1.75 

l 

I For 1.078 rainoday events. 

The lysimeter rain catch was about 
5.7 percent more than that of the 
rain gage. Although several factors 
may have caused this difference, no 
definite relations could be detected. 
The grease seal malfunction may 
have accounted for much of this dif­
ference. The sampling area of the 
lysimeter, 12,540 square inches, was 
considerably larger than the 50 
square inches of the recording rain 
gage. Also, it is likely that there 
was less air movement effect at the 
ground surface of the lysimeter than 
at the level of the gage top. 

Previous analyses (6.4) indicate 
that about 2 inches of the average 
annual precipitation of 38 inches fell 
as snow. On the basis of the rela­
tions just developed, the difference 
between lysimeter and rain gage 
catch would be that shown in table 
4. Rainfall difference was taken to 
be the average of the values in table 
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TADI.E 4.--f)ijJ/'rl!ftces ill II/simeier (wd mill 
yayp catches (lS e.~iimaled from relalior!s 
in the dala 

Form or 
preCir)ltatlOn 

Rain ........... . 

SnQw ~ • _. , _•• 

TOlal •... 

1 26-yt'ar a Vl'ragt.·. 

A\'~~raJ(l' anllua) 
pn'cipitalion­

t 

Rain gage! Lysiull·tt·r Dlfft'(l'nCto 

III,h" I Inch" Inrhr. 
36 37.7 ' 1.7 
2 4,7 ; 2,; 

42.4 ; 

3. Total difference WtlS taken to be 
11.2 percent (average difference be­
t,veen YIOID and YI03A values in 
table 1) of normal toLal. The other 
values in table 4 were obtained by 
subtraction. The difference in pre­
eipitation amounts measured by th,.. 
two methods was approximately the 
same for rain and snow, although 
much larger proportionately for 
snow. 

On the basis of the:;e analyses, it 
was concluded that there was little 
practical diffpl'(:nce in 11 lysimeter or 
a min gage for measuring storm or 
daily rainfall. The values of ET 
presented in this bulletin anel de­
rin'd from the weighing Iysimeter 
:11'(' ('xpectecl to be similar to those 
computed from energy balance equa· 
tions. but will differ from those de­
veloped in water budget studies for 
basins. The main reason for this is 
that ba::-in ;;tudy data are from rain 
gages, whereas lysimeter-deri\'ed val­
ups of ET eome from ineJ'eases in Iy­
simctE'r weights. In oreler to bring 
these two values into closer agree­
ment, the rain gage values should be 
increased by about 10 percent. 

Depletion 

Of th(· three depletion factors, ET 
accounted for the most depletion and 
:mrface runoff the least (table 5). 

TAnl,g ij.~A TtILllul de pleLion fal'/or /'(IfIll'S jor Iysilllelers 'Y 101 D, Y IOiC, (lud }'liMA, 1.'1-'14 -62 

'~~~~~":'~R~~_ -' _ YI02C', rotation I n03A, rotatioll 

Yrar :! I· I i ~ ! i II 

Run· I P,·rro· , Run· I , Perea-: IRun- I IPereo-, 

._.._____;--"~.~~i Iat,o'~;2°~~:-_~~_L_~~·..-L~~': Total ~i~i latioll l~ 
~ 

1914 ... "..... 
1945. --.. •.•. 
1946. _' __ 
1047... . 
1048. 

:~~L :::.:.:' 
1951. •... __ ....... 
19.12.... 
105.1 

1954.. 

1955 .........___.... , 

19.56................ 

19.17.•••.•••. ___ •.• .' 
1058.. .. .•• ___ .... 

!U5n............. _•.! 
19110.......... 
106l... __ .•••_.... 
1062................ : 

Inrncil .'. lnrht'! ~ Itlrntlf ~ !nrhu' J.: 

112 
.2:1 
14 ' 

.16 
.03 

:~~ 
.05 
.05 I 

.03 

.02' 

24.0R' 7.1:11 32.:1:1, 
27.17 j 15.35 i 42.75:. 
33.M i 
29.! 1 J 
3204, 

~~:~~ 'I: 

37.19 
35.69 i 
31.90, 

31.99 
.1S' "36.00 
.19! 29.50 
.27 27.77 
.1~ I 33.24 

.14 I 35.24 
.0" ,35.67 
.23 31.97 
.91 20.28. 

9.88· 4US:14.8.,: !~.12 i 
5.Ul, 3S.1S j 

~:~~: !~:~! 
13.41 50.65 i 
8.80 44.54 1 
1.53 3:!.461 

a 32.01 I 
l.iD 37.88 I 

13.7:1 43.42 I 

fruht! I: [nth,& • [nehl., : [1Ichelf Ilnr.ht'1f II Inchrlf /1I(ht'1f llJ'Cht! 
0.43 27.96 
4.63 i 28.63 
.29 I 35.66 
.29 33.24 
.1.1 34.S4 

:~~ ~l:~g
.58 3:1.66 
.10 32 • .1.1 
.16 132.5i 

040 '31.68 
.38 31iA3 
.20 35.IS 

lli.SO 44.04'16.331'21.15 
8.40 41.82! .261 33.32 

7.34, 35.i3 
16.23, 49.49 
6.05 42.00 I 

12.28 45.S1 1 
6.51 I 41.50 

1~:~g; ~~:~~ 
15.11 j 40.35 
11.68 	 44.42 
3.02, 35.75 

3.23! 35.40 
7.74 i 44.55 
S.17 I 43.55 
7.56145.04 
5.82 I 39.40 

7.85 i 43.23 II .20 38.51 I 7.87 i 46.58 
7.49 I 4:1.21 .32 31i.Ol 8.05 i 44.38 
S.66 I' 40.~1i I 1.44 26.60 0.941 3i.98 
5.97 3".16! ••••• • .••, _.••• I "". 

0.06 30.37 5.06 35.49 
.42133.49 11.00 44.91 
.04 38.30 4.99 43.3:1 
.11 33.79 9.07 4~.87 
.10 35.62 6.30 4•.02 

:5~ I ~~:~~ It~~ :~:!~ 
.27 34.85 13.iO 48.82 
.18 34.03 9.14 44.25 
.10 30.05 2.50 32.65 

.33 30.70 .64 31.6i 

.06\' 35.36 5.27 4060 

.09 39.57 1i.37 46.03 
2.17 33.58 i.14 42.89 
.23 37.02 3.70 40.05 

.16 38.78 5.11 44.05 

.26 38.61 3.86 42.73 

.62 3:1.84 i.23 41.69 
1.37, 33.89 5.23 39.49 

Sum... __ •••.1-4-:201615.20 16J.73 i·7Sl.13 I~ (.jj-{l-)-1~15.!iI1664~1125.ii3 795.70 

_"':~~rage::.:~i ='~~T~~~;s~'q ~4~lr(,( (,)l(,)'=r(;)·-ol=~~ ~~l~=ws 
, Irrigated. 
J I'lustic ('oV(",r on ground JuO(\ t) to Sept. 9. 
'Not eom.r.uted. 

http:i�7Sl.13
http:7.56145.04
http:44.04'16.331'21.15
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rhe li\'cruge frolll Y102C was not 
l'omputed, as data for 3 'years were 
affeeted by the special treatment giv­
en this Iysimeter. Annual ET val­
UP"; from permanent grass Iysinwter 
YI01D averaged 32.38 inches and 
ranged froll1 24.08 to 37.36 inches; 
vailws frol11 crop rotation Iysimeter 
Y103A averaged 34.96 inches and 
ranged from 30.05 to 39.57 inches. 

During the 1952-55 dry period, an­
nual E:T from Iy::;imeter Y101D in 
deep-rooted grass a\'{'raged 33.90 
inches. Since prec'ipitation averaged 
only 35.69 inches, only 1.79 inches 
per year was anlilable fol' surface 
runorT and percolation. ::\Iinimum 
annual ET \'alues of less than 30 
inches occurrp(\ in 1944, when rain­
fall was deficient and the vegetation 
('OWl' was ::::hallow-rootecl poverty 
gra:,;s; ill 1945,1947, and 1957, when 
lil(' old sod was killed and resl'eded; 
and in the dry year of 1962. :'.Iaxi­
mum values of annual ET of about 
37 inches occurred in 1949 through 
1951, a period of eXl'essiYe precipita­
tion, soon after the alfalfa-brome­
gra::>l:' sod was established. 

On Y101D, the deep-rooted birds­
foot trefoil (1957-62) also removed 
much water through ET. Its effed 
on the soil-water regimen was simi­
lar to that of the alfalfa-bromegrass 
cover (Y101D, 1948-55) which re­
moved an annual llYCrage of 34.95 
illclH:\s of water by ET. Birdsfoot 
trdoil remoyed an average of 32.88 
inches annually during the 1958-62 
period. Values for shallow-rooted 
PO\'crty grass (1944) and bluegrass 
(1945-461 averaged 28.27 inches. 
The 1946 value was large. The 
monthly data in appendix table 29 
~how that excessive rainfall in June 
and .J uly 1946 resulted in larger than 
usual ET values. It is evidp.nt that 
deep-rooted legumes, either alfalfa 
or birclsfoot trefoil, had a pronounced 
effrrt on removal of water by ET. 

The relation between annual ET 
and precipitation on the cultivated 

Ipimctcl's, Y102C nnd YI03A, was 
more romp lex because of the 4-year 
crop rotation of corn, wheat, mcad­
ow, weHdow. The crops harvested 
were: 19-1-1, hay; 1945, corn; 1946, 
wheat: and 1947, hay. This se­
fllH'nre was rcpcated O\'C/' and over 
again. Comparisons were also com­
plicated by the use of a plastic sheet 
on'r the soil of lysimctcr Y102C dur­
ing the 1957 growing season, when it 
was in corn. This Ivsimeter was 
tplllpomrily remo\'cd from operation 
during thl' last 5 months o[ 1962 
when spccial te:;ts \Yl're being made 
to det(\ct the CHUSe of ('xcessively 
lurge amounts of diurnal weight 
ehanges. Tbil:' problem and its solu­
tion are deseri\;ed on pages 6-13. 

The minimum annual value of ET 
from YI02C, 21.15 inches, occurred 
in ] 957, the season during which 
l'vaporation from the soil surface was 
restricted by a plastic sheet cover on 
tJw soil. Results of this special test 
are pres('ntl'd on pages 50-55. "Cndel' 
normal conditions, the lowest annual 
\'rdue of ET from this lysimeter, 
26.60 inches, occurred in 1961, when 
it was in corn. 

Large values of nnnual ET, near­
ly 39 inches, occurred on Iysimeters 
YlO2C and Y103A in 1959, when 
thl'Y were under a first-year meadow 
CO\'er of red clover, al falfa, and tim­
othy and the annual precipitation 
was high-53.40 inches on YI020 
and 49.29 inches on Y103A. 

The fluctuation of ET-depletion 
of i:ioil water by evaporation and 
transpiration-throughout the year 
is shown on figures 7 to 13. When 
the slope of the cumulative curve is 
steep, the rate of moisture depletion 
is high. ET values for :May, June, 
July, and August were high each 
year for the three lysimeters. These 
figures also show the fluctuations of 
soil moisture in areas adjacent to 
each lysimeter. Cumulative daily 
precipitation and percolation values 
arc also given. The period of high 

http:high-53.40
http:evidp.nt
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ET coincides with the period of high partially covers. ET values for 
solar energy received on the land sur­ corn in May 1957 (appendix tables 
face. Vegetation that completely 30 and 31 and fig. 8) were relatively 
covers the land surface extracts more low, compared to those for wheat or 
moisture than vegetation that only meadow, as indicated by the slope of 

1956 

1956 

FIGURE 7.-Cumulative daily percolation and evapotranspiration and annual runoff from 
three weighing \ysimeters; cumulative daily precipitation on ):l02C; daily soil 
moisture in adjacent areas; average air temperature; 1956. 
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the curves. There was little transpi­ ly covered the ground (in May and 
ration from the lysimeter in corn in .June) ET values were high. During 
either Mayor June, when the corn July and August, when corn plants 
plants were small. On the other were large, ET values were high. 
hand, when meadow plants complete­

1957 
"r-----r----,,-----r-----r-----r-----r-----~----,_----,_----_r----_r----, 

.- ..... 39 

-. 38 

" . - - ~ 36

N D .. " 
" 

20 ~ 

,.. 
r • 

'1'1010 
_.0.__'" _ 'r-"~._ 

12 
PERCOLATION 

-11 

l 
,0 

.~.~.. ~.~.~ ~~:~: ~ :~:~,:. :=:~~ :~"7' · 
I. '-'-, 

~__ ~_~ ~->c _ _ _ _ 

ANNUAL RUNOFF 
1'1010'0 2S" 
YI02Co 16 J2."INCl.UOES ,. 69~ FROu PlA5tl'::: COVER 6-6 TO 9-10 
riOJA. 2. 23' 

1957 

FIGURE 8.--Cumulative daily percolation and evapotranspiration and annual runoff from 
three weighing Iysimetersi cumula,tive daily precipitation on Y102Ci'daiIy soil mois­
ture in adjacent areas; average air temperature; 1957. 
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Surface runoff values on the lysim­ from adjacent areas. In effect, the 
eters (table 5) were relatively low lysimeter runoff values represented
because they were unaffected by sur­ those from a small area of land at 
face or subsurface moisture transfer the top of a hill. When rainfall in-

FIGURE g.-Cumulative daily percolation and evapotranspiration and annual runoff from 
three weighing lysimeters; eumulative daily precipitation on YI02C; daily soil mois­
ture in adjacent areas; 1958. 
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tensities were very high, as in 1957, Percolation as measured by the ly­
runoff values, especially from Y103A, simeters was a moisture depletion 
in corn, were fairly large. process. It also represented re­

19~9 

T 
I I ,,-( " 

I I J , 

19~9 

FIOURE lO.-Cumulative daily percolation and evapotranspiration and annual runoff from 
three weighing Iysimeters; cumulative daily precipitation on YI02C; daily soil mois­
ture in adjacent areas; 1959. 
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charge to ground-water reservoirs. 
Percolation data for lysimeter 
Y10lD, in permanent grass-legume 
cover (table 5 and appendix table 
29), show the influence of different 

22~-

f 
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rooting depth and of climate. These 
effects are somewhat difficult to de­
tect from calendar year data as per­
colation quantities were influenced 
materially by the amount of soil 

1960 

2. 

~ 
~ 

u 
~ 

~- '(103"'. "EADOW - SECOND-YEAR 

20 ~ 

~ 
18 ;: 

.-1-----1 ~ 
.-'-----,f----J---- 16 ~ 

i-+---4---1----1 •• 

.+--+--," 

+--.j-.---l10 

- .......~ B 


1960 

FIGURE H.-Cumulative daily percolation and evapotranspiration and annual runoff from 
three weighing lysimeters; cumulative daily precipitation on YI02C; daily soil mois­
ture in adjacent areas; 1960. 
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moisture storage at the start of the 
year and by the amount of precipi­
tation during the period of high soil 
moisture. For example, in 1950, 
with lysimeter precipitation more 

than 11 inches over the 1944-62 ly­
simeter average, percolation totaled 
only 8.99 inches. :Much of the pre­
cipitation (appendi.x table 29) oc­
curred in January, July, September, 

. < PERCOLATION 

- ~18 
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4 •• 
j 

---jo• 

1 
Ig61 

FIGURE 12.-Cumulative daily percolation and evapotranspiration and annual runoff from 
three weighing lysimeters; cumulative daily precipitation on YI02C; daily soil mois­
ture in adjacent areas; 1961. 
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and November, when the soil was 
fairly dry. But in 1951, with pre­
cipitation about 7 inches above aver­
age, percolation exceeded 13 inches. 
Soil moisture at the start of this 

year was large and much of the pre­
cipitation occurred during the wet 
period, January through April. 

The effect of different crops on 
percolation was largely the result of 

FIGURE 13.-Cumlilative daily percolation and evapotranspiration and annual runoff from 
three weighing lysimeters; cumulative daily percolation on YI02C; daily soil mois­
ture in adjacent areas; 1962. 
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the different ET values for the dif­
fl'rent crops, a:5 discus:::ed in detail on 
pagc::; 58-67. It ha" \)('I'n "hown that 
ET from lysimeters in deep-rooted 
\'('f,!;E'tation was greater than ET from 
ly::;inwters in shallow-rooted yegeta­
tion. Data for YI01 D in tublp ;) fur­
tl1l'r ::;how that (wrcolation f!'Olll the 
fOn1wr \Va::; \'C'\)' low, reaching zl'ro 
in 1954, as compared to 7 to 15 
inelH'::; frolll the latter in til(' 1944­
4.6 ()('riod. 

Soil Moisture Storage Changes 

::-;oil llloi::;ture ::;torage changes are 
an im[lortant part of \\'atN' budget 
:;tudit,::;. Evaluation of th{':;e changes 
()vpr lurgC' area" is very difficult. 
Data from the weighing ly:;inwten; 
I tabll' 61 ::;howl'; that nct annual 
l'Ilang!''' in soil moisturC' arc large, 
but that thl' net change oyer a period 
of :;p\'pral vears is :;mall and can be 
nl'glcrtC'ci.· Statistical analysis 

"huwed that the coefIieient of deter­
mination [r~, table 6) for each array 
of lysimetl'r dnta was statistically 
nonsignificant, indicating that there 
wa:; no relation I)('t\\'ecn moisture 
stomgC' change and time. Coupled 
\\ith thi:; wa::: the fact that in each 
('[1:::e the standard error was con:::ic\­
erably larger than the mean anllual 
changl' in stored moisture. This 
Ilwan::: that the mean annual storage 
changl' may bC' considered to be of 
z{'ro magnitude. Thl'sc (bta yali ­
date till' a:::;umption, in regional wa­
ter budget :::tudie:::, regarding net 
change in :::oil moisture oYer periods 
of \'('ars. 

"'hile many of the changes in soil 
moistun' storage from year to year 
w('re \'C'l'J' small, changes within a 
Yl'nr were large. The seasonal pat­
tl'n1 of depletion fro111 the l\farch­
April peak to the October-No\'embcr 
low and the subsC'quent winter re­
charge is clearly evident in the top 

TABL~: 1i.--.lllltlUiI sOllllloisture .~Ioraye chalLyes for iysilllclers }'W} D, }'}lJiC, lImi }'J(J3A 

Yrar 

1944 '" 
1945" ." 
1946.• "" .. 
194, ...... " .. 
1948........ . 

1949 • • 
19M .•.• "" ...... 
1951." .. 
19.12 .. " 
1953. 

1954 .. ".. " .. "". "". 

19.';.; .... "............ "..... "..... ". 

1956", ........... . 

195i ...... 

1951!.. 


1959............... ""... .." •...• " 

1960.............................. ".. , .. .. 

1961. .. "" ... "." ................ " ... 

1962...... ".. ".......... ". ",,'"0<,,'" 


~,·Uor period ..••• "" •. "... "...... 

AVf'ra.l(f> for perwd_ ... MW. 

btandard ('rror ~." ~ 	 ." ~ ~ - • ~ ~< _ • 

r1, cQt'ffirlt"nt of d(,trrnunation . __ "_ ~ ~ ~ _. _ . 

J.lJ!,!,-6B 

YI0[\) 
\ perman('nt grass. 

-0"3, 
4.31 

- "56 
-4.f)'j 

"31l 

-1.,g 
6.05 

-2.71 
-4.52 
-2.79 

4.6. 
1 1.13 

5.6!l 
1.20 

-4.93 

3.29 
-U3 

1.60 

------
1.57 

3.10 

.16 

0.'<2 
.002 

Y102(' YI03,\ 
lrolanDU' (rllialion) 

i1Irht'! /'IChl'S 
2,3S -0.43 

-1.3. 3.69 
,54 -2.66 

-5.69 -3.13 
.55 - .Oi 

2,611 l.il 
3.27 2.54 

-1.52 -1.34 
6.71 -5.i6 
4.,0 .54 

I 1.64 4.99 
-5.37 -4.i9 

3.94 4.19 
, 2.63 3.Si 
-3.0S -4.05 

! 

6.S2 5.24 
-5.12 -L32 

4.15 	 2.92 
.52 

, 6.0S 	 6.66 

.34 ' .35 

0,95 0.78 
.006 .02 

~~,---~-------~--------------------

I frrlgated. 
1 Pla,tu! rovrr on ground Jurlf' 6 to Srpt"",ht>r 9. 
J For 1944· 61 period. 
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third of figures 7-13 and from month­
ly summary of data in appendix ta­
bles 29-31. 

Access tubes for measuring mois­
ture in the profile by the neutron 
scattering method were installed on 
all weighing lysimeters in 1959. 
They provided a means of obtaining 
additional information on total mois­
ture storage changes in the profile as 
well as changes in various parts of 
the profile. Soil moisture storage 
data from the neutron probe were 
found to be quite similar to data 
from the weighing Iysimeters. The 
former data were used in water 
budget studies on Iysimeters and in 
watersheds where the latter were not 
available. Details of these compar­
isons ere presented on pages 27-31 
and of the water budget studies on 
pages 38-43. 

Figures 7-13 show soil moisture 
storage fluctuations on a daily basis. 
The soil moisture in storage increased 
throughout the fall and winter be­
cause of low ET, little or no percola­
tion, and the retention of much of 
the precipitavion. Periods of precip­
itation and rises of soil moisture were 
coincident. Periods of decrease in 
soil moisture were concurrent with 
periods of no rainfall. The top soil 
moisture curve represents soil mois­
ture conditions on the Keene silt 
loam of YI03A.This relatively high 
moisture was to be expected, inas­
much as the silty clay subsoil of 
YI03A held more water than the 
lighter textured l\luskingum soils of 
YlOID and Y102C. 

In 1956 (fig. 7), when both YlOID 
and YI02C were in deep-rooted 
grass-legume mixtures, their soil 
moisture curves were very similar. 
However, there is a striking differ­
ence oetween the curves for these 
two Iysimeters in the period .June to 
September, 1957 (fig. 8). For YI02C 
there were no periods of moisture in­
crea::;c because thc plastic cover on 
the ground surface prevented ab­

sorption of rainfall. IVloisture de~ 
pletion in this case was due entirely 
to transpiration, because the plastic 
cover stopped evaporation from the 
soil. A detailed report on this spe~ 
cial study is gi\'en on pages 50-55. 

A plastic co\'er over the soil and 
the meadow crop of YI02C in 1962 
(fig, 4) prevented moisture exchange 
between the lysimeter and the air. 
The moisture curve showed no 
change during this test period, while 
the cause of the excessive diurnal 
weight changes was being investi­
gated. 

There was a striking departure of 
the soil moisture curve for YI01D 
from that of YI02C in 1961 (fig. 
12), starting about May 12. On 
this date, the sod of YI02C was 
spaded and transpiration ceased. 
The grass~legume vegetation of 
YlOID continued to transpire wa~ 
ter, resulting in a more rapid remov~ 
al of soil moisture from YlOID than 
was evaporated from the bare sojl of 
YI02C. 

Changes of slope of the ET lines 
within the period of high incoming 
solar energy are noteworthy. Abrupt 
chane;es in the slope of the curves for 
YI02C and YI03A on June 7, 1960 
occurred at the time hay was cut on 
these Iysimeters (fig. 11); a similar 
change in slope appears on the curve 
for Iysimeter YIOID on June 20, 
1960, at hay cutting time. Spading 
of the sod on Iysimeters YI02C and 
YI03A on :May 12, 1961 (fig. 12) was 
followed by a reduction of the slope 
of their respective ET curves. The 
curve for YI01D continued at a steep 
slope throughout this period. Rip~ 
ening of the wheat in 1962 (fig. 13) 
was accompanied by a lessening of 
the slope of the ET lines in late June 
and early JUly. 

A departure from the normal trend 
of the sl{)pe of the ET lines appears 
on figure 8. The plastic sheet 
placed on the ground surface of Iy­
simeter Y102C, in corn, on June 5, 
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1957 cffectively stopped evaporation 
of moisture from the soil. The slope 
of the line from .Tune 5 to September 
9, at which time the plastic sheet was 
rerno\'cd, represents the extraction of 
soil moisture by transpiration alone. 
It is much less than the slope of the 
ET curve for Y103A, also in corn, 
where both evaporation and transpi­
ration removed soil moisture. Inas­
much as the plastic sheet on Y102C 
prevented absorption of rainfall, 
there was no percolation response to 
the ('xcessi\'e June minfall. Perco­
lation increases on Iy::;imeters YI0l D 
and Y W3A wpre vel}' apparent. De­
tails of the tests with the plastic 
co\"('r aI'(' gin'n on pages 50-55. 

Lysirneter ET wa::; relatecl to pan 
evapomtion in the 1944-55 lysimeter 
studics at Coshocton (66). A sum­
mary of monthly pan evaporation 
data fur 1956-62 is givcn in table 7 
for invpstigators who may desire to 
continue the study of this relation. 

Soil Moisture as Determined by 
Neutron Scattering and 
Weighing Lysimeter Methods 

Soil 1l10isture measurements made 
on the lysimetcrs by the neutron 
scattering method (93) were com­
pared to w(\jghing lysimcter data anel 
wl'l'e found to be reliable for evalu­
ating ET during periods of little or 

no percolation j that is, for most of 
the growing season. Whereas the 
weighing lysimeters provided data 
on gross moisture changes for the en­
tire 8-foot block of soil, the neutron 
scattering method gave data for vari ­
ous layers of the soil profile. 

The neutron probe is a cylinder 1.5 
inches in diameter and 15 inches 
long, in the center of which is a ra­
dium-beryllium sou;-ee and a detec­
tor tube. An access tube of thin­
wall electric conduit 1.61 inches in 
inside diameter is driven to a depth 
of 72 inches in the center of the ly­
simeter. Soil inside the tube is re­
moved by an auger during the driv­
ing process. The bottom of the tube 
is sealed with a rubber stopper and 
cement to keep out water. The de­
tector tube is connected by electric 
cable to an electronic scaler for 
counting. The count is related to 
soil moisture by field calibration. 

Soil moisture in the top 7 inches of 
the profile, where the neutron probe 
readings were generally unreliable, 
was detennined by electrical resist­
ance fiber glass-gypsum blocks (93). 
The blocks were placed at 0.5-, 2.5-, 
and 5.5-inch depths in each lysime­
ter. ),Ieasurements at other depths, 
12 inches and greater, were made 
with the neutron probe, Six repli ­
cates were used at each depth-a to­
tal of 18 blocks per lysimeter. The 

TA 11l,~; 7.·-~J/olllhly et'alJOralioTt from a free waler surface' 

.\fay i June --·-'I---'"7u~;~I---August ------;:~:::-r-1---;.:;:-
Year 

. U811;~_;;,_;-;;;;;H 1 BPI IUSWB BPI I USWB I BPI USWB BPI USWB BPI 

--- '-" I~c~::!_;:;;::: Inch!, !-;:;:-II Inch" InCh.. j:-;;:;:: Inch.. Inch.. lnrhtl Inch.. Inch.. 
195!i . __ ... _ 5.38 3.35' 0.(0, U9 ~ .. 66·01 4,63. 5.27 4.40 3.68 3.32 3.09 2.45 
1957... _ ... 6.93 4.39 5.$ i 4.36 u 4.96,' 6.51 5.09 3.00 3.44 2.24 2.08 
1958...... _ 6.05 i 4.25, 5.20' 3,89. 6.13 4.21 5.63 3.98 3.69 2.89 3.21 2.58 
19M.... _.... ' 5.28 3.30. 7.06' 5.29 6.09 5.00 I 6.29 M6 5.49 4.22 2.96 2.55 
1960.... _.... : 4.40· 2.94 7.0i: 5.S3 1I 7.17 5.43 I 6.51 5.31 4.21 3.38 3.21 2.65 
1961........ 6.06' 4.16 6.72 5.13 6.50 4.52 i 5.60 4.58 5.32 4.28 3.291 2.14 
1962...... 6.S3 I Q.02 6.85 I 5,00! 7.11 5.50 i 8.45 6.58 4.13 3.47 2.81 2.30 

1 rce~rrpe ~~rioJ only. Uti\\,B evaJKlr.ltion pan" feet in diameter and entirely above ground. BPI pan 6 feet in diameter, sunlcen. 
wIth wat('r level at ground surfa.ce. 

1 U.S. 1I'(·ath.r Bureau. 

I Hureau of Plant Inciulitry. 

'RfCord Btarts on ~Iay 9. 


http:surfa.ce


______ ____ 

~oil layers represented by the II1cas­
Urt'lllPl)ts mnde at speeific depth" are 
gi\'l'n in the following tnbulation. 

Men~uring 
point in 

profilr 


Inches 

D5,2.5,nnd55 ___ .
12 ___________________.___ i·18 
2·1 _______ • _______________ lS--3D 
:36 _______________________ 30~12 
·IS _.. _________ . ___________ 42-54 
60 __ • __ . _________________ 54-64 
68 _______________________ 64-72 

:\0111' _____________________ 72-96 

:-'foisture in the 72· Lo 9{j-inch 
Ilcpth-Rhale rock-was llssull1ed to 
Ill' comitant. ~Ioisturc changes, as 
clelel'lllin('d by the two different 
l\h'thods for 3 yNtl'S on Iysimetcr 
YIOID, pNmanentiy in deep-rooted 
('rops, were almost identical (fig::;. 14, 

• 0 

"" 

~oilla\'(>I' 
J'l'prC'z;pilll'd 

Illrh(.~ 

. 0·7 

1.5. 161. Likc\\'i~C', moisture changes 
dett'rmineci by thl' two ITIl'thoc\s in 
1961 on lysill1l'tl'(,s with cliffl'l'ent 
;;oil" and crop::; (Y101D, YI02C, and 
YI03..\.) Wl'f(' "ery similar (figs. 16, 
17, 18 J. Second-year meadow on 
Y102C and Y103A was plowed un­
til'J' in April. Corn was planted in 
:-'lny and har\'estl'd in October. 
Wht'at was seeded ;;oon thl'renfter. 
:-'loisture ehangl's umkr different 
('onditions wl'l'e determined by the 
two methods. All comparisons indi­
eatcd that the neutron seattering 
method gave l'l':mlt.s adequate for the 
ilwcstigation of many agrieultural 
probll'ms. 

Although daily \'ltlUl'S of moisture 
elwngt' were [\\'aiJable from the 
wl'ighing ly::;imetel's, only those COIl­
eurrent with thl' p('\'iod of neutroIl 
probe measurements were usee! in 
plotting these graphs (figs. 14-]6) . 
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[ndividual observations were plotted period between observations. For 
and consecutive points connected by example, On figure 15 there was one 
straight lines. It is obvious that the ob::ien'ation" on August 2, and anoth­
lines represent moisture content of er on August 11. The line between 
the soi} only if no rain fell during the thc:ic two points on the graph docs 
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not represent the true picture. It is 
more likely that soil moisture rose 
rapidly on August 3 and 4, and was 
then depleted from the 5th to the 
10th. Although the exact moisture 
trends cannot be evaluated with the 
neutron probe datu, they appear. to 
be adequate for U$e in computing ET 
values for periods between observa­
tions and in making water budget 
studies. This use is described on 
pag('$ 38-43. 

Soil Moisture Changes Re!ated 
to Soil Type, Crop Rooting 
Depth, and Agronomic 
Practice 

The lysill1eters ancl the neutron 
probe provided a means for evaluat­
ing the (·!Teet of soil type, crop root­
ing dppth, and land treatment on 
various phases of agriculturnl hy­
drology. This section of the bulletin 
dNth; with the effect of these factors 
on soil moh;ture distribution. A Int­
er s(,(,tion de::icribes the e!Tects on 
I)('reolation. 

Soil Type 

Data on the effed of soil type on 
the soil moisture regimen of first­
and Hecond-year meadow and corn of 
4-year-rotation lysillleters are given 
in figure 19 for the 1959-61 p;towing 
!i('nsoml. (Where a moisture per­
cpntage is gi\'en in this bulletin, it is 
per('('ntage of moisture bt,sed on the 
total volume of the soil.) Data for 
two dntes arc given, one near the be­
p;inning and one ncar the end of the 
growing ~eason. The soil types were 
K('enl' silt loam and Muskingum silt 
loam. The latter is a well drained 
soil, quite permeable, with no mot­
tling in the profile, and with texture 
\)pcoming lighter with depth. The 
Kpene silt loam is slowly permeable, 
with moWing beginning at approxi­
mately 15 inches. Its upper subsoil 
is a ht'a\'Y silt loam, grading into a 

silty clay loam at about 15 inches, 
then into a silty clay at approximate­
ly 27 to 30 inches. The silty clay is 
high in colloids, which swell when 
wet, making the profile almost im­
permeable at this depth, This im­
permeability was a deterrent. to root. 
penetration. In the upper 21 inches 
there was little difference in moisture 
content between the two soil types in 
May. In the 21- to 48-inch depth, 
the moisture content of the Muskin­
gum soil was much less than that of 
the Keene soil. reflecting the contrast 
in subsoil characteristics. 

A greater contrast between the 
moisture content of the two soil 
types, however, appeared near the 
end of the growing season. That of 
the Muskingum soil was very much 
less than that of the Keene soil from 
the 21-inch depth downward. This 
moisture difference also reflected the 
difference in soil profile characteris­
Lics, as the 1\luskingum soil is well 
drained and roots penetrated to a 
greater depth when it was necessary 
Jor them to obtain sufficient mois­
ture. On the Keene soil, the heavier 
soil layers impeded the downward 
penetration of roots and the plants 
had to obtain their moisture from 
the upper part of the profile. This 
accounted for the low moisture val­
ues in the 0- to 21-inch layer of the 
Keene soil in September. In the well 
drained Muskingum soil there was 
no such deterrent to root penetra­
tion and therefore vegetation deplet­
ed moisture from the 21- to 60-inch 
layer to a much greater extent than 
that on the Keene soil. This con­
trast in moisture between soil types 
both above ane! below the 21-inch 
depth was consistent for the 3 years 
regardless of cover. 

Crop Rooting Depth 

Data from YlOID, seeded to birds­
fooL trefoil in April 1957, and Y101B, 
in a poverty grass cover since 1940 
were used to evaluate the influence of 



W 
l~ 

FIRST - YEAR MEADOW 
1959 

o rl----------------------~ 

10 

SECOND- YEAR MEADOW 
1960 

<:......... 

CORN 
1961 

--3 
t'l 
n 
::c 
z-n
:.­

(/)
w 
I 
o 
Z 

20 
SEPT. ~••~••

". 

OJ 
r. 
t" 
t" 

j 
% 

i= 30 
a.. 
!!5 
....J 
(5
(/) 40 

~ 
SEPT. 5_ 

w 
C'> 
.....1 

r. 
in 

" t'l 
'"0 
:"l 

50 

60 I 

o 10 
w" 

20 30 
I 

40 0 10 

IQ 

20 30 0 

Keene Sill Loom 
(YI03A) .•••.••••••..• 

10 20 30 40 

;,­
o 
;::: 
'"'n 
c: 
t" 
--3
c: 
;::: 
t'l 

SOIL MOISTURE, PERCENT VOLUME 

FlGUl!E 19.-Moistllrc content of Jl:ccne and Mllskingllm soil profiles at beginning and 
end of 1959-61 growing seaiions. 



EVALCA'I'lO:>: OF AGIUCCLTCRAL HYDHOLOGY :33 

n deep- versus shallow-rooted crop in deep-rooted vegetation was con­
on soil moisture tfig. 20). These Iy­ siderably less than in May and also 
::;imeters were only 36 feet apart and than that of the Iysimeter in shal­

low-rooted vegetation. This is the 
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FlGCRE 20.-:\Ioisture distribution of soil in 
deep-rooted birdsfoot trefoil (YIOID) 
and in shallow-rooted poverty grass 
(YI01B). 1959. 

there was no significant difference in 
their soil. :Moisture differences were 
therefore, attributed to the effect of 
crop differences. Soil moisture data 
were ohtained near the beginning and 
end of the growing season in 1959. 
During April the moisture content of 
the soil profile was generally at its 
peak and both areaS were still high 
in moisture on May 12. On May 12 
there was little difference between 
the moisture content of the two Iy­
simeters down to the 68-inch depth. 
The moisture evaluations on Septem­
ber 25, near the end of the growing 
season, showed a sharp contrast be­
tween the two moisture curves. Then 
the moisture content of the entire 
68-inch soil profile of the Iysimeter 

direct result of greater depletion of 
moisture through the deeper root sys­
tem. Data for the shallow-rooted 
poyerty grass in September showed 
that moisture below the 30-inch 
depth ,vas only slightly less than it 
was in ),Iay. This depletion of mois­
ture below the 30-inch depth is at­
tributed mainly to drainage of gravi­
tational water. 

Agronomic Practice 

Data on the effect of agronomic 
practice on the moisture regimen of 
soil in first- and second-year mead­
I)W and in corn in the 4-year rotation 
Iysimeter with Keene silt loam are 
given in figure 21 for the years 1959­
61. Data for dates near the begin­
ning and end of the growing season 
are shown. In May of each year 
there was little difference in soil 
moisture due to agronomic practices. 
Conservation-practice Iysimeters 
were limed to a pH of 7.0; poor­
practice Iysimeters were limed to a 
pH of 5.4. Fertilizer rates on the for­
mer were those commonly used by 
"conservation" farmers and were 
about three times as large as those 
used un poor-practice Iysimeters. 
::'I-Ieadow seeding on the cvnservation­
practice Iysimeters consisted of al­
falfa, red clover, and timothy. AI­
sike was used on the poor-practice 
Iysimeters instead of alfalfa. De­
tails on the agronomic practices used 
on all Iysimeters are given in appen­
dix tables 32-34. 

In September, at the end of the 
growing season, there was a sharp 
contrast in moisture clown to the 36­
inch depth resulting from the two 
types of agronomic practice. Below 
this depth, the moisture 'difference 
resulting from different practices was 
less because of the sparse root pene­
tration below the impeding layer. The 
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more luxuriant vegetation, together 
with the somewhat deeper root pene­
tration of the conservation-treatment 
crops extracted more moisture 
throughout the growing season, there­
by depleting moisture to a greater 
extent on YI03A than on the poor­
practice Y103C. These results were 
consistent for each of the 3 years 
represented. The lower moisture 
content of the soil under conserva­
tion practice was reflected in lower 
percot,ation values than those from 
the poor-practice lysimeters, as de­
scribed on pages 55-67. 

Soil Moisture-Lysimeter Versus 
Adiacent Watershed 

The Coshocton lysimeters were lo­
cated adjacent to small watersheds 
and were designed to represent the 
soil conditions thereon as closely as 
possible. It was recognized that the 
concrete sidewalls prevented lateral 
movement of water within the soil 
profile and therefore lysimeters could 
not represent field conditions where 
such water movement was likely to 
occur. 

Comparisons of the soil moisture 
regimen of a watershed with that of 
its representative lysimeter were 
made in 1960. Moisture measure­
ments in the lysimeter were made by 
surface soil moisture blocks and by 
the neutron depth probe in one cen­
tral access tube. Similar measure­
ments of soil moisture were made at 
a few selected sites on the adj a ~ent 
watershed. Some of these sites were 
at about the same elevation and land 
slope as the lysimeter. Some were at 
higher or lower elevations. All sites 
had land areas of different lengths 
lying uphill between them and the 
ridge top, from which surface and 
subsurface flow could come. In ad­
dition, some lateral flow could escape 
downhill. 

Soil moisture sampling sites on the 
watersheds were selected mainly to 

represent variations in soil type and 
position on the slope. On watershed 
102, adjacent to lysimeter battery 
Y101, five sites were instrumented 
for soil moisture evaluations; on wa­
tershed No. 109 (near battery Y102), 
six sites were instrumented; on wa­
tershed 123 (near battery Y103) , 
seven sites; one site in each water­
shed had a deep (72-inch) access 
tube. At each site, moisture deter­
minations were made in the 0- to 54­
inch profile. 

Figure 22 shows soil profile mois­
ture distribution at lysimeter Y101D 
and at adjacent watershed sites be­
fore and after a storm. The lysim­
eter moisture curve for both dates was 
close to the average of the data at 
the various watershed sites, at least 
down to a depth of 48 inches. Below 
that depth, data were available from 
only one watershed site. Moisture 
increases down to 30 inches in the 4­
day period were evident at all loca­
tions. 

The water budget for the period is 
shown in table 8. The total moisture 
computed on the watershed differed 
from the measured value of total 
moisture by only 0.11 inch. In the 
iysimeter, the difference was 0.3 
inch. The close agreement indicates 
that the mea§urements are of accept­
able accuracy. 

The total amount of moisture in 
the watershed soils as evaluated by 

TABLE 8.-Water budgetJor l!lsimeier Y10l D 
and Jor watershed 102, June 10-11,., 1960 

Lysi- Water-
Item meter shed 

Inch.. lnch •• 
Total moisture measured in 0- to 54-inch 

depth.' June 10._••. ________________ 10.72 10.5B
Rain_._ _____________________________ +4.15 +4.15 
ET (IysimeterRcale)___________________
Percolation___________________________ 

- .71 
- .04 

- .71 
- .04 

Total moisture in profile. June 14. 
computed____________________ 14.12 13.9B 

Total moisture in profile. June 14.
measured ,___________________ 13.82 13.B7 

, Neutron probe measurements made to depth of 4B inches 
assumed to represent moisture to a depth of 54 inches. 
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the readings at the access tube sites by soil type as well as by soil mois­differed somewhat from that ob­ ture content. The average moistureserved in the lysimeter soils. The content of the profiles at the variousmagnitude of the difference varied sites in each watershed for each sam-
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piing date wa::; eompared with that 
of the ly~imet(lr profile adjacent to 
the watel':,;hed for a 12-month study 
period \)l'ginning in April 1960 (fig. 
23 J. 

There was a eonsi<il'rahly gl'patL'r 
mngl' in moisture eontent of ly::;im­
('tel' ::;oils than in moi:;ture content 
of waten,hed soils for ('ach of the 
thrN' :-iites ('omparecl (as :5hown by 
the grt'atl'l'-than-45° slopes of the 
;;olid lines going through data points. 
TIll' 45° da8hed lint's l'l'(lrt'H'nt lines 
of l'qual ntlueH.l )'[ci:,;turt' eontent 
of YUH D ranged from 8.1 to 15.6 
indll':-i whil~' that for waterHhed 102 
l"llngpcl frolll 9.3 to 14.9 inehes. The 
rangl' for YI02C \Va:,; 7.8 to 16.3 
inc'h(':,; ('ornparl'd to 10.2 to 15.9 inch­
£:8 for watcrHhed 109. Th£: range for 
'{IOaA waH 10.2 to 17A in('he:; (,Olll­

pan'd to 12.9 to 17.2 in('hes for wa­
tpl'shf'd 123. 

),loi:,;ture values for ~ruskingum 
:,;ilt loam over sand:5tone (water::;hed 
I 02 \'l'r:,;u~ lysimeter Y101 D), which 
had :t bird:5foot trefoil cover, showed 

INCHES WATER 

r-r. 
' i ' 

i
I 

t i 

i 
17rMUSKINGUM SILT LOAM', MUSKINGUM 

tilt' best agreement of the three lysim­
eter :,;011s with the line of equal val­
ues. At the highest moisture con­
tent, moisture values of lysimeter 
YIOlD were higher than those of the 
watershcd, but at lower moisture "al­
Ul':' the l'C\'erse was true. l\loisture 
\'aluc:5 for Keene silt loam (water­
:5hed 123 nrsus lysimeter YI03A), 
in second-year mcadow, showed the 
poorc:;t agreement-the lysimetcr 
yal ues wcrc ('onsistcn tly lower than 
tho:;p for the wnter~hed on all datcs 
"ampll'd ('xrept two. :\Ioisturc val­
UP:; for ),Iu::;kingum silt loam over 
::;halp {watershed 109 vcrsus lysime­
tl'r YI02C J were intermediate bc­
tween the other two in agreement. 
Only ('ight lysimcter values indicat­
ed a higher moisture contcnt than 
that of till' watershed, and thcse 
Wl're do:;e to the line of equal values. 

One decp access tube was placed 
on ('ach watershed to provide a com­
pari:;on of watershed moisture values 
with those of the lysimeters to a 
d('pth of 72 inches. The contrast be-
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tween the 0- to i2-inch moisture in 
lysimeters and that at the deep-tube 
sites on the respective watersheds 
was even more pronounced than that 
between the 0- to 54-inch profiles in 
every case (36). 

For the watershed 123 versus ly­
simeter Y103A study, the moisture in 
the watershed soil at the deep tube 
site was greater than that in lysime­
ter soils each time records were ob­
tained. Soil type exerted some influ­
ence on these relations. For Keene 
silt loam that had impeding layers in 
the profile, the contrast between ly­
simeter-watershed moisture relations 
appeared to be greater. 

For all three comparisons, the ly­
simeter moisture content approached 
that of the watershed at high moi,,­
Lure levels, whereas at low moisture 
lcvels thc contrast was greater in 
most instan('es. 

This study indicated the short­
comings of selecting a 1/500-acre 
plot on a hillside, isolating it with 
impervious side walls, and expecting 
it to represent the hy.drologic behav­
ior of a 2- to 3-acre watershed with 
its variations in soil and degree and 
slop(', The study also raised some 
questions concerning the validity of 
watershed moisture values estimated 
from data from a small number (5­
7) of RiteR. 

Water Budget Studies 

Values of ET, sometimes tennecl 
consumptive lise, were determined 
from the equation 

ET=P-G-Q-~M 

where ET=evnpotranRpiration 

P=plwipitation 

G=p('/"('olation 

Q=surfnce runoff 


~:yr=('hangc in soil moisture 

All factors on the right side of the 
equation were' determined directly 
from Iysimeu·r data. ~:\r was deter­

mined from the lysimeter weight rec­
ord. 'Vater budget summaries for 
the various crop seasons on lysime­
ters Y102C and Y103A are given 
separately in table 9. Net moisture 
storage change is given for each of 5 
years of corn. In 1961 under natural 
conditions (no irrigation, no plastic 
cover), the depletion value (negative 
value of soil moisture) for Y102C 
exceeded 6 inches. Rainfall on 
Y102C during that year was the low­
est for the corn years, totaling 14.47 
inches. In 1953 and 1961, rainfall 
on Y103A was quite low and the soil 
moisture depletion values exceeded 
7 inches. .i\Ioisture depletion on 
Y102C in 1957 was large because the 
plastic sheet cover on the ground 
prevented water absorption during 
much of its growing season. In the 
same season the depletion of 4.22 
inches on Y103A was about average. 

In the wheat seasons, moisture 
storage gains exceeded losses both in 
amounts and in numbers of occur­
rences. During the four first-year 
meadow seasons, moisture depletion 
predominated. During the four sec­
ond-year meadow seasons, moisture 
gains predominated. 

Monthly water budget data (ap­
pendix tables 35-38) show relations 
between precipitation, percolation, 
runoff, ET, and soil moisture storage 
changes throughout the different sea­
sons for lysimeters Y102C and 
YI03A. 

The use of a nuclear probe and 
fiber glass-gypsum blocks for evalu­
ating ~i\1, discussed in an earlier sec­
tion, made it possible to evaluate ET 
on non weighing lysimeters. Tables 
10-13 present ""ter budget data for 
weighing lysimeter Y103A and non­
weighing lysimeter YI03C. 

Data for 21 sampling dates (May 
6-Sept. 25, 1959) for lysimeters in 
fi rst-year meadow are given in table 
10. Precipitation values were the 
same for both lysimeters. Percola­
tion was higher on the poor-practice 
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TABLE g.-Water budget summary fOT com, wheal, and meadow crops, lysimelers Y102C and 
YI08A, 1945-62 

_L_Y_IlUD_'_e_t_er_II ___c_r_oP___I__p_e_ri_od_' _+___Y_ear___1if:ti~~- ~UDotr I~ k·ti~~ m~~~~e 
Inch.. Inehe, Inch.. Inchc. Inch ..1945___________YI02C_•• ___ _ Corn May-Sept. 	 23.07 3.44 18.62 2.34 -1.331949___________ 17.91 .27 20.63 .97 -3.961953 ___________ 
'20.58 .08 23.01 2.33 -4.841957______ • ____ 24.69 '15.£1 ' 12.84 1.46 -5.521961 ___________ 14,47 1.14 18.76 .92 -6.35 

Average______ 20.14 4.17 18.77 1.60 -4040 

1945-46 ___________ ------
Wheat Oct.-June 	 32.43 1.06 25.25 7.47 -1.351949-50___________ 36.77 .15 20.72 12.74 3.161953-54 ___________ 

• 24.59 .44 22.68 3.23 -1.76
1957-58 ___________ 32.64 .28 21.09 6.17 5.10
1961-62_______ • ___ 28.15 1.51 19.62 6.17 .85 

Average______ 30.92 .69 21.87 7.16 1.50 

Ju1y-July 	 1946-47.__________ 46.38 .36 36.42 12.66 -3.06 
1950-5'--_________ 54.62 .56 39.96 19.98 -5.88 
1954-55___________ '46.02 .43 36.69 7.72 1.18 
1958-59___________ 49.14 .21 42.04 8.15 -1.26 

Average______ 39.23 .39 38.78 12.13 -2.26 

Second-year Aug.-Apr. 1947-49_._________ 69.351 .20' 53.30 11.06 4.79 
meadow 1951-53___________ 66.89 .28 46.78 12.52 7.31 

1955-57___________ 72.32 .60 52.70 13.64 5.38 
1959-61___________ 77.39 .55 53.69 17.11 6.04 

Average______ 71.48 .41 51.29 10.87 5.88 

Inch .. Trlcht. Inch.. Inch.. Inchu1945___________
n03A ._._._. Corn May-Sept. 	 23.60 0.28 21.58 1.57 0.171949___________ 

19.96 .23 23.61 .19 -4.071953___________ 
15.01 .05 21.53 .46 -7.031957 __________ 23.32 1.95 23.35 2.24 -4.221961. __________ 15.71 .48 22.06 .28 -7.11 

Average._____ 19.52 .60 22.43 .95 -4045 
---==----- ­1945-46 ___________ Wheat Oct.-June 	 29.85 .04 27.22 5.86 -3.271949-50 ___________ 36.40 .07 22.82 10.02 3.491953-54 ___________ 23.63 .31 22.37 .66 .291957-58___________ 3J.86 .25 24.70 4.66 4.251961-62 ___________ 29.64 .18 24.64 5.21 - .39 

Average..---- 30.68 1--.-17- 24.35 ~ ---.8-7 
===== 

July-July 	 1946-47.__________ 46.76 .11 39.41 10.26 -3.0 
1950-5'--_________ 53.58 .28 43.37 15.43 -5.50 
1954-55___________ 39.99 .09 34.41 5.21 .28 
1958-59___________ 44.99 .16 43.78 5.05 -4.00 

Avp.rage.. _____ 46.33 .16 40.24 8.99 -3.06 

1947-49___________ -- ­
Second-year Aug.-Apr. 	 69.62 .13 53.69 11.71 4.09

1951-53 _________ ._meadow 	 68.61 .23 49.84 12.27 6.271955-57___________ 76.31 .25 57.49 10.08 8.49 
1959-61. __________ 80.56 .44 59.16 11.15 9.81 

A verage ______ 73.78 .26 55.05 11.30 7.17 

1 Corn, from .pading sod to harvest. 

WhClt. from corn harvest to wheat harve.t. 

First-year meadow, from wheat harvest to last hay cutting, foUowin~ ye ..... 

Second-year meadow, from last cutting of first-year meadow to spadmg sod for corn. 


I Irrigated 5.83 inches. 
I Plastic sheet on ground surface, June 6 to Sept. 9. 
• Irrigated 2.24 inche •• 

I Irrigated 8,11 inches. 


http:1--.-17-24.35
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TABI.E IO.-i)aill on faclors in the waler budget for lysimeLers YlII3A and nose, Jir.~I-year 
meadow, IOriO 

EvapotranspirationSPercolation Surface runoff j Moisture storage 
Prl'cipi­ I dunge'P.dod I tattoll Total I A vel".gr daily 

YI03A' YI03C" )'103A YI03C': n03A 'n03C n03A! ),103C : n03A i 1'103C' 
-~---"-' .....-.---- ...~ -~--- ---- -~- - ____,__________,__1_ 

IMh.. Inrh Inch Inrh In,h i rllch.. Inch.. Inch" i Inch.. ' Inch ; Inrh 
~lay6. ,,~~ .. _~ .~~ ___ .~ ~<~~~~_ ~,., '._~ ... _ ~ ~ ....... ~. ~ _ ...... _ ....... ~ __ .I .. __ ._. __ )~ .... "' __ ." __ ... ... __ •• :_ .. ~ ... _,. ___ 

~Iay 13 1,30 0.04 0.06 0.01 0.01 i -0.18 -0.07 1,43, 1.30 ~ 0.204 I O.ISI!"oo, 

.\Iay 18 ,_. , .0.5 .02 ,02 0 0, - .50 -.45 .53 .48' .106 .096 
~Iay 2.5 ." ,92 .02 ' ,02 0 0 - .93 - .09 1.83 .99 .261, .141 
June L ,,, --.' LOti ,0202 0 0 + .28' + .01 j .i9 1.06, .113: .154 

June S, " a6 .01 .01 0 0June 15 ,,:. l.i5 i ,01 ,04 .02 .01 
I -1.32 -:- .S! 1.6i 1.16 .230 .166 

+ .3S ..,... .. 3t 1.34 1.33 .191 
Jun,. 29 .. .... ~ , .141 
June 23 ... ~_. 1.37 ,01 ,03 .01 0 + .31 , + ,21 1.04 

, 
1.13 .130 

.190 
1.20 01 04 0 .01 IJuly 6 ... 

-.06 I + .19, 1.25 .96 .208 I .160.,11 .01 ,01 0 0 -Lil0 

1 - .;0 1.89 ' I.4S .270 f .211 
July 14 •• , ".... .62 01 ,01 0 0 -1.57 

i 
j - .05 i .272 

I 

2.18 1.56 i .195July 20 .. ". 1.21 0 .03 0 0 + .48 i + .28 .73 .90 ! .122 .150July 27 ....... 1.0,~ , .01 ,04 0 0 
 1.36 ' .104Aug. 3 ..... ,46 ,01 .01 0 0 =I:~~ ! -.10 
' 

1.14 .163 
Aug. 10 .. , __ , 100 ,01 

- .95 1.50 '.40 : .214 .200.07 .01 ,01 +1.67 + .99 .21 .S3 .030 ,119 

~~UL~ --, 0,25 ~ 0°1 g g =1:~5, =d~: I:~~ I:n;:m :~~~ 
AUK.31. . , .42 0 0 0 0 - .181 - .23 ,60 : .65 ',°86 r .093 
Sept'"~"""" ,~g 0 .01 0 0 -_ .'!,9"- I +.14 1.31 .74 

r 

' 164 .092 
)l.,pt, Ii 29 ,01 .01 0 0 - .3~ 1.0i ; 

r 

.6~, .110: ,067 
Sept. 25" 0 0 ° 0 O! - .54; - AI .54 : ,4, .068 : .059 

Total ".'~'-'-:;O'-M;-;';-'~C==·I==' '23.77; '20.05 '~i~ 
, , ! : ; r ; I------,-- ­ -----~-----------------

I E.~.h period end, at mIdnight of the date on the line from which data are read and begins at midnight of the date on the 
pn'ceding lint", \'~:{('rpt first pt·~iod. whirh be~ins at oo:OO'a.m. of May 61. 


1 Keen~ .!pit loam, COn:fl'rvatlon practice, Hay cut June II, AUJ!:. 3~ 

, Keene .ilt. loam, poor prartice. flay cut JUlie II. Aug. 3 • 
• D,·termlOcd by fiber Klass .YllSurn blocks in the 0, to i-inch layerand by the nuclear probe method in the 7-to i2- inch layer. 
, Value. dem'cd from' water budget flluation. 
s Yield 4.31 tons pl·r arrp or O.ISI tons per mch of waler consumed. 
, Yield 3.03 tons per am' or 0.151 \011 p"r inch of water .<on5UIIl<d. 

lysimeter. Runoff values were \'ery inches, determined by the neutron 
small on both. Derived (formula 2) probe method. The contrast in ET 
,'alues of total ET and average daily between the two practices-24.77
ET are given for each period. Total inches for conservation practice and 
ET for the season amounted to 23.77 18.66 for poor practice-was even 
ancl 20.05' inches for the conserva­ greater than in 1959. The yield of 
tion-practice (Y103A) and poor­ hay per inch of water consumed 
practice (Y103C) lysimeter, respec­ amounted to 0.181 and 0.184 ton on 
tively. When the weight records of the conservation-practice lysimeters 
lysimeter Y103A were used, ET to­ for the two successive years. On the 
taled 24.31 inches for the same peri­ poor-practice lysimeters the vt\lues 
od, 2 percent more than that evalu­ were 0.151 and 0.139 ton, respective­
ated by the neutron scattering meth­ ly. Although the ET values were 
od and the water budget formula. lower on the poor-practice lysime­

Similar data are given for second­ ters, the water-use efficiency was 
year meadow in 1960 (table 11). greater on the conservation-practice
Total ET for the period May 4 to lysimeters during both seasons. 
September 26 on Y103A, evaluated Similar data for the corn crop in 
by the lysimeter weight record, was 1961 appear in table 12. Total ET 
26.30 inches as compared to 24.77 for the period May 2 to September 

http:practices-24.77
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TABLE ll.-Dala on Jaclors 'ill the waler budget Jar lys-imelers Y J{M:\ ami}, If).JC, ,~ecofld-year 

meadow, 1961} 

. -I-·-·---~-· ,------~------
I Evapotranspiration) 

Surface runoff "toisturt;> :storage 1-
Prcclpi .. ~ chamlC' I , 

Pmod' lallo" 
, \ 

Total .~ vera~" dail~',--- - ....._,... _.. ....,.......,.. -----\---.~------ ­
,1 , 1 

Y103A' Y103(" YI03A' Y103(' r103A, Y103C' ',n03A \'103(', "103.-\. 1 Y103(' 
--,---,--------~-:-______I__--.I--'-­

._ •• ~~~~" .,!n<~ .. l_~<Ii~~, .. ~~~~.: •• ~~~~." .:~~~~~ • • :~~~~•.I.:~~~~~.. lfl~h~~.f\..~~~~.J..~~~~..May ~ , 
~Iay 16 '2.02 0.02 ' 0.0& 0 , 0 '+O.Si +J.l~ \' 
~Iay 2~ ~ 1.04 .01 .03 0 : 0 
June I 51 .01 .01 0 0 

Junt' '( .iO 01 01 0 o 
JUlie 21 5,00 .03 ' 1,91 ,05 .13 
Jutlt> 28 ,HS 02 ,06 ,01 o 
July5. 1.54 .01 .03 .01 .04 

July 12. .03 .01 ,01 0 
July 19. I.H 01 .03 0 g 
July 26~ .,14 .01 .01 i ,01 02 
Aug. 5 3,04 ' 0 04 04 .03 ,. 

Aug Ii ,1~ ,0\ 02 0 ° 
.-\.u~. 30 . 3'~,fi_~ ,0 '05 __ 1 ,: .02 .03,
;;"pt,lj ,,0 ,U~.. 0 0 
Sept. H ,24 ° 0 0 
:;"pt, 211 .06 II .01' 0 0 

-.44 + .3. 
- ,95 - .5~: 

- .52 I - .02 
+3Ji' + .02 , 
-1A6 -1.00'+ .15' + .35 ' 

+I:~\:; :~~ I 
- LIS, -l.46' 
+1.72 i +1.30: 

-1.i6 I -1,31 
:1':11.'0561'. +2.05 
- ..• 040 i 
-1.55 - .56, 
-1.02 I -1.02. 

I.l~' O.iS 0.094: 0.065 
IAI .69, .184 i .086 
1.55; 1.13 I .194 .141 

1.21 i .71 ; .202 t .118 
l.i5 ' !t04 ~ .125 .146 
2.31 1.52 .330 .260 
1.37 i 1.12 ,l96 .IUO 

1.2:1 .46 ,176 .066 
1.22 , 
l.iO . I:~~ i .190 

.243 
.120 
.281 

1.2$ 1 1.07 , .143 .168 

I.R9, 1.43 i .15S .119 
2.06;
l.i3 I 

1.05 I 
I.!O 1 

'.21~~(!
' i 

.OSI 

.15i 
U9, 
1.08, 

.IS I 

1.07! 
.224 I 
.090 i 

.098 

.089 

Total. """"2i:64-~ -2.S0 .--.-14-~:=:-:-:-=:~i-;-jS:GiiT--:I71I-m 

, ~;arh pmod ""ds at midnight of the date 0" the hne from which data .re read .ud hegins at midnight of the date au the 
IlreCl'tllllg line 'e,<cpt fitst p('riad, wh"h he.lfI$ at 00:00 a.m. nf ~Iay 4•. 

1 Kl"t'm. silt.IO<UII, ('onst'rvation practic(>, lIay cut June 6. July 22. 

) K~ecJt> slJt loam. pOOr pral"tic(>, Hay cut Junt· V. July 22. 

, D~tt'rmlned by fib,,'r gla.s."I .gypsUUl blocks In the 0... to 7 -cUlch layer and by the nuclear prohl' ull'thod In the 7 - to 72 ~inch layt~r. 

$ Valm's derived from water bud"et l·quatiou. 

• Yield ~ ,Si tons pcr acre or 0.184 tan per meh of water consumed. 

1 Yit,l\d 2.59 ton~ per acre Or 0.139 ton per Ilich of Watt~r consumed. 


21 on YI03A, evaluated by the Iysim­
('ter weight record, ',vas 22.34 inch­
es, compared Lo 21.98 inches deter­
mined by the neutron probe method. 
Values of ET (21.98 vs. 19.04 inch­
es I and water-use efficiency (7.73 vs. 
6.78 bushels per inch of 'water usc) 
were greater under conservation than 
under poor practice. Average daily 
ET for the period amounted to 0.155 
and 0.134 inch for the conservation­
practice and poor-practice lysimeter, 
respectively. 

'Yater budget data for the wheat 
crop in 1962 appear in table 13. On­
ly fin' soil moisture sampling dates 
are reported because soil moisture 
r('('ords after ::\[ay 7 could not be tak­
en without damaging the wheat 
crop. The last date for determining 
soil moisture (July 11) was just aft ­
er the wheat was cut. Total ET for 

the period :March 29 to .J uly 11 on 
Y103A, evaluated by the lysimeter 
weight record, was 16.22 inches as 
compared to ]6.58 inches, determined 
by the neutron probe method. Aver­
age daily ET was very low from 
March 29 to April 19, amounting to 
0.067 and 0.055 inch for the conser­
vation-practice and poor-practice ly­
simeters, respectively. Little tran­
spiration occurred during this period 
because the plants were small and in­
coming solar radiation was low. Val­
ues of average daily ET and water­
lise efficiency for the wheat crop were 
greater on the conservation-practice 
than on the poor-practice lysimeters, 
as they were for the corn and mead­
ow crops. 

These ET values, derived from the 
measured water budget factors, 
agreed closely with those determined 
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TABLfi l'2.·-J)a/(1 on/aclors "ithe waler budget for lyslffleters }'103A arid YJ03C, corn, 196/.-..-'---~.--------- ..----:--------------
I E:vapotrall!lpiration ' 

Pe(~olation Surra~e runoff Moisture !!oto~e :______...,.-______ 
?rwpi­ change' t II'mod tatlOU Total Average daily 

H_ " ••___. _____~__-:-_____--!--_,..- ­

,,1'103,1' YI03C' )"103,1 Yl03C i n03A !vloac IYI03... !Yi03C YI03A YI03C 

~--.-----.--'.---'--t--·--'----- ­
" Incht!' Inch ! Inch.. Inch; Inth 'jl Inch.. , Inch.. \ Inch.. llnchll Inch Inch 

.\1&y 2 
!.fay 24 '···UB"o:if· " 0:27""0:6,' "'0 "-I-'':'o:ii9r,:o~o6';''''£33'1''''1~57' --0:106- "-il:oii 
June 5 201 ,04 ' .111 . .13 .08 + .85 ' + .26 I .99 I 1.51 .082 .126
June 16 . 1.76 06: .32: .30 .14, - .19 - .23 ( 1.591 1.53 .145 .139 

I ! , •

~~~:iL' 0 07 :g~ :g~ 0 01 0.01 =1:5~i =:~~I ::~~l I:~: :~~~ :m 
July 10... ,39 .02 , .03 a 0 -2.!l 1 -us: 2.48 I 1.54 .207 .128 
July 18••. _ 76 ! ,01 .02 0 0 + .43! + .28 ! .32 .46 .040 .058 

Julv 26•• , 252 .01 .05 0 ! .01 + .29 ; + .891 2.22 1.57 .278 .196 
,InK· 2 2.80.0 I .03 .03 : .09 +1.04! + .87 1.72 1.81 _250 .259 
Au~ U 0, 01 .02: P 0 -1.36 -1.01 1.35 .99 .193 .141 
AUg. 15 • .17 ,01 .01 0 0 -1.23 -1.18 1.39 1.34 .232 .223 

Aug. 24 .- .6~ . .01 ,01 0 - .68 i - .62 1.34 1.28 .149 .142 
Au~. 29 • .S8 ' .01 .01 0 .01 I - .07 \ + .54 .94 .32 .188 .064 
ll<-pt. II .73 0 01 0 0 I - .83 - .85 1.50 1.57 .195 .196 
Sept.12. i 0 0 01 0 0 I -1'121~'88 1.12 .87 .187 .145 
/lept.21 .. 24 I 01 , 01 0 0 I - .14 - ,37 ,37 .60 .O~l ,067 

Total ••• · -'5'38.--::i6,-1ii4" --.-48-'~L __... _ ....__.__ ~~ -:J55-:rn 
~_, 1 ...--t j f I ' ___ 

I Each period rnds at midni~ht o( tbe date on tbe line froUl which data are read and begins at midnight of the d~t. on the 
precedlU~ line 'execpt first , ..riod. which beKin. at 00'00 a.m. of May 2). 

1 Keene ajJt !oarn, eonservation practice. Corn harvested Oct 9. 
J Keene ~"t loam. poor pr'<C(icc. Corn harvested Oct. 9. 

I Dl'Icrmlncd by fiber gl,. ......Kyp.um block. in the 0- to 7-inch layer and by the nuclear probe metbod in the 7- to 72-inch layer. 


,$ ValtJt·s dt'riVl'd from wah~r budlil;ct equation. 
• Yield 170 bushel. per acre or 7.7;) bu.hels per inch of water consumed. 

'Yield 129 bu.hel< pcr auc or 6.78 bushcls per inch of water consumed. 


T,l.Ill.t: La. -'/)11111. Qn/<tclor,~ in lhe waler budget for lysimeiers Y JOSA and Y lOSe, wheat, 1962 
-- ......._.------....-~--.,.-------,..--------

Evapotranspiration J; Prrcolation Surf.'I.ce runoff Moisture Rtorage 1______-._______ 
reeeipi· " \ change 4­

P(>rJ()d I tation ' i Total A~eragc daily 

_,~.~_.._____ ,,__.•~,~::.,) YlO:C' ( ¥103A !¥103e ~ YI03C ~~ YlO3A YI03C 

• I , 

.\I:.r 29 J _:n~htll _1.~~h"..L.~~r~.'~,J .I~~~_L~~~~_ . .:~~~~: __:~::_ .:~~~~:__!~~~~:___~~~~____!~~~._ 
Apr, 19".. 2.80 I IS 1.24 0021 0.01! +0.191 +0.39 1.41 1.16 0.067 0.055 
Apr 2,1 ..... - 2R .08. .06 0 0 - .88 - .35 LOS .57 .216 .114 
May i .. -.: 5? I 09 .08 1 0 0 -1.51 -!.l4 1.99 1.63 .153 .125 
July 1I ........I~'___12_. __ ~,__._OI_t__._01_ ~ -3.50 ~~~~ 

TotaL "'1 10.38. 1.171 I.SI! .03 , .02 .••_____ : .••_____ '10.58 '13.45 .159 .129 
~_~~._._·__....... _______!l__~___'___...:...._._ __'____'__~'___ ___'___ 


I E:l('h period end. at mldnigllL of the date on the linr from which data are read and begins at midnight of the date on the 
pr""edin~ line ("xcep~ first period, whIch be~ins at 00'00 a.m. of ~Iar. 29). 

, K.en~ silt loam. conservation practice. Wh".t harvested July 11. 
'KPl'ne.,i1t loam.lloor praellc,'. Wheat harv"sted July 11. 
• Deterrnined by fib.. gla.'I..-gypsum blocks in til" 0- to 7 ·inch layer and by the nuclear probe method ill the 7- to 72-inch layer 
, Valllc~ derIved from walt'r blldg,'! r(IUation. 
• ¥,"hl 60 h""h"I. per aero or 4.16 bushd. !ler inch of water consllmed. 
1Yield 30 bunht·ls pr[ a(!({' Or 2.23 bURhl'!s 1)I!r inch of watr,'r consumed. 
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from the Iysimeter weight data­
further evidence that the soil mois­
ture measurements by the fiber glass­
gypsum blocks and the neutron scat­
tering method were of reliable accu­
mcy. The nuclear probe thus appears 
to 1)(' It useful tool for determining 
ET where the factors in the water 
budget other than soil moisture (rUll­
off and percolation) can be e\'alu­
atpd with n rNls(mable dpgree of 
a('cUrHcy. 

Water Use by Crops 
TIl(' amount of water required for 

rrop growth has i)('en the subject of 
many inv('stigaLions, especially in 
th(' arid and "emiarid regions of the 
coulltry, wlH're irrigation of crops i" 
elili('lltial for production. In recent 
ypurs, irrigation in the humic! ea"t­
ern litate" has Iwen found to be prof­
itabll' in many eases. Tlw scarcity 
of watt'r sllpplit's, the cost of trant'­
porting water to the crops, and the 
loss of plant nutrients through leach­
ing han~ cn'atec! a demand for sound 
technical information on the liSt' of 
water by crops to help develop plans 
for wise use of this "ital natural re­
source. 

Information on water usc by crops 
is needed to C'stimate soil moisture 
depletion rates and subsequently to 
('valuate soil moisture conditions be­
fore critical storm periods. Such 
c\'aluation~ are important in esti­
mating infiltration rates and calcu­
lating storm runoff rates and 
amounts. 

Weight records from weighing ly­
simeters Y102C and Y103A for the 
1941-62 period provided data on wa­
ter use by different crops in a 4-year 
rotation during their periods of 
growth (table 14). These data are 
for 6 corn years, 6 wheat years, 5 
first-year-meadow years, and 5 sec­
ond-year-meadow years. The data 
includC' hoth e\'aporation and tran­
l:lpiration, inasmuch as both pro('e~ses 
deplete soil moisture. 

All data in tablc 14, excC'pt those 
for Iysimeter Y102C in 1953, 1955, 
and 1957 arC' for natural ronditions 
l no irrigation, no plastic cover), 
where periods of :::oil moisture defi­
rit'ncy normally occurred during J u­
Iy, August, and S('pt('m\)C'l'. If there 
had been adequatl' moisture for max­
imum crop production during the en­
tin' growing ;;pason of ('ach y('ar, it 
is likely that mol'(' wutC'r would lu\\'C' 
lwen usC'cL 

rna;;lllueh as crops on Iy;;inlt't('r 
Y!02(' \\'('1"(' irrigated in 1953 !lnd 
1955, data for till's(' years arc for 
optilllulll moi;;tul"(' cOIHlition;;. Total 
alllount of water used. crop yit'ld, 
and (,[Reicney of water use all sho\\' 
the ('('fC'et of irrigation. In 1957 the 
soil surfncc of YI02C and YI02B 
was eon'I"('d with plastic to c1iminate 
evaporation los;;('s. This cx]wrimC'nt 
is dpsc ri lwei on flllp;t·S 50-55. 

The amount of water transpired 
and ('vapomtcd in the ::\lay-to-Sep­
tC'mber pC'riod in the production of 
rorn ranged from 17.4 to 24.8 inches, 
with one exception. Only 13.2 inches 
wcre l"l'l11o\'ec! in 1957, when evapo­
ration was eliminated during most 
of the season by covering the Iysim­
eter soil with a plastic sheet. l;nder 
natural moisture conditions crops on 
the high-moisture-retaining soil of 
Iysimeter Y10:3A used more water 
than those on the light textured :Mus­
kingum soil of Y102C. In 1953, 
howe\'('r, water use on irrigated Iy­
simeter Y102C exceeded that on 
Y103:\ by 1.6 inches. 

Yield of corn without irrigation 
for the 1941-61 period ranged from 
34 to 170 bushels per urre. The 10'" 
yield resulted from insufficient mois­
ture in August 1945. With irriga­
tion, in 1953, 196 bushels per arre 
were produced on Y102C. 

The efficiency of water usc was ex­
pressed in two ways. One way evalu­
atC'd water-use efficiency by dividing 
thC' dry weight of the crop, in pounds 
(WI' acre, by the inches of water used 



----

44 'I'ECH:-irCAL BULLETIN 1367, u.s. D.EPT. AGlUCCLTURE 

TABLE H.-Water used by crops during season of growth, 1941-62 


f 	 Dry weight or Watff·use efficiency­'I!
Crop and year Lysimeter 	 f Period Wat~r me Crop crop including crop produced per amount

! (ET) yield I : stra'" or sto"er or water used 
---------------------- ---.:-----;----

InJacrt Bu./aCTt LbJacTe Lb./in. Bu./in.
Corn: 	 t I 


1941.._.. _...1 YI02C 1 May-Sept. I 17.4 SO ! 10.000 575 UO

1945...____ • __ YI02C ! .....do_·..·1 18.8 34 I 7,300 388 1.81

1945. ___ • ___ .' n03A 21.3 61 f 10.500 493 2.86 

YI02C 21.6 IH, 14.600 676 6.67
._...do....." 1949_. ___ .... . ; • ____do..... 

I I 

1949......... ' 24.S I 139 : 14.100 560 5.60 

1953 ........ .' mg~ !:::::~~:::::: 223.5 i 196 , 19.530 831 8.34

1953 ___.. __ .. VI03A ' ..._.do..... : 	 21.9 ; 143 ' 15.600 712 6.53 
1957........ . Y102(' 1 __ • __do._.. _' '13.2 i 125 18.000 I 1,364 9.47 


1957.... __ ... ' n03A •••••do •••• ' 23.4 149 23.520 1.005 6.37
1061. __ .... __ Y102(, ___ ••do..... 20.1 166 14.910 i 742 8.26 

1911 ..... __ .. Y103A ,__ •••do ..... ___2_3_,2_1 ___1~_'0______14_.0_·6_0_, ____6_2_8~!-----7.-3-3 


Avera~e._ ... _.' Yltl2(, • __ .... __ .__ 19.1 I 124 14.057 I 736! 6.4.9 


\'10:1A :~'.;:;::,.;;:.; ___,._.::.:..~ 13~~ ====15",.6=5=6=,====6=84=,====5=.7=6 


Wheat. I 

1042 ... ____ __ YJ02(, Apr.•Juno: 12.4 ,32 3.720 I 300 , 2.58

1942 ________ • VI03A _. ___ do .. ___ 12,0 35; 4.100 3421 
 2.92 
1946 __ ....... V 102(' ___ ••do .. __ ., 14 ~ 3S ' USO 330 2.57 

1946. ______ ._ VI03A _•• __do_... 15.1 36: 4.160 275 
 2.38 

1950 .. ____ ._. Y102(' I _. ___ do_... 12.9 i 43 : 6.3S0 4951 3.33 

1950 •• _...... ; YI01A ' •• __ .do __ •• ' 14.5' 43' 6.5S0 454 2.97 

1954. __ ..... _ Y102(' 1•••__110 ..... ' 14,0 54 ' 6.040 431 I 3.86 

1054 ...... __ • n03A i·----IIo •.•• 14.7 48 5.480 I 373 1 3.27 


105S ... ____ .. now .....do .. __ .' 13.2 42 5,240 397 ! 3.18 
19,5S....... YI03A' ____ .do. ___ • 15.5 . 56 7.320 , 4721 3.61 
1062 ___ ... ___ \'102C ____ .do._... 13.1 49 6.260 ' 478 3.74 
1962 ____ •• _.. _::0_3._A__ ., ..do.•• _____15_.2_____6_9______9_.0_90_1 ____5_98_, ____4_.5_4 

Avera~e___ .... 	 n02C __ .... _._ ... 13.4 43 5,420 ! 404 3.21 

n03A ' 145 . 48 6,122 1 422 3.31 
- -. =.~..= ,=~--======== 

In. 'Qrre 1 Ton.'}Qrre ; Lb./acre t Lb./in. Ton/in.

Fint-year meadm·,.: l I I 


1943......... YI02(', Apr .• Aug. 10.4 ' 2.36 i 4,720 : 243 0.12 

1943_. __ ..... YI03A ' ____ .do.._._ 20.3, 1.67! 3,340 i 165 .08 

1947...._.... Y102C ,__ • __ do..... 21.71 2.H 4,SSO I 225 .11 

1947 __ ....... YI03A :•••--•••••',jIOo_.•••--••-1 22.2 1.95 1 3.900 176 J .09 

1951......... YI02(, 21.6 . 2.70 , 5,400 I 250 ' .12 


1951 ....... __ YI03A __ .._do_..... 22.2 ! 2.27 .. ,540 I 205 .10 


l~~L::::::: mi~:::::~~::::: ·~U \. U~ : IH~g I ~:5 :i~ 

1950 ......_•. · Y102(, .- ____ do. __ ._' 27.1 4.67 ; 9.340 I 345 .17 

1959 .........;~'_·I_O_3A_____ .do..._____2,,_.,____4_.3_I_i ____8_,6_20_'____33_5.1 ____.1_7 


Average._..... 	 Y102(' , __ .......... ' 23.4 j 3.63 i 7,2561 310 I .16


",..y.:o;:_ :':::;-..::_~'.:.:: =-. 230_==2=.=93=' 5,852 ===2=5=4,=======.1=3 
Second-year m('ado,,~~ 


I9H ......... no2C Apr.·Au~. i 19,0 1.50 ' 3,000 \ 158 I 0.08 
___ ..do. ____ ,1944. __ ..... . nOZA 20.4 1.50 i 	 .07 ____ 	 3.000 147 !1948... ___ .. _ n02C :____ .do _ 25.7 3.10 1 6,200 • 241 .12 

1D4q_ ...... .. n03A __ ...do••• __ , 26.6 3.S0 	 .14
7,Coo I 286

1952.. _.... .. n02(' ____ .do_... _: 24.0 2.64 r 5,250 220 .11 


1952....... .. YI03A j .... _ .. _do~ ___ -1 25,0 3.36 ' .13 

[956 ____ ... .. 1'102(' _____ do..... 24.1 6.32 . .26
1 
 I~:~~~ I m1956. __ ..... . n03A ,__ ...do..__ • 1 27.5 6.76 13.520 492 .25 

1960....... .. Y102(, ..__ .do... .. 26.9 .S.97 ' 11.940 444 .22 


!1960........ _ YIOJA _....do ..... 27.4 4.57 9.140 334 .17 


Avera'te .. __ ~ __ .. 	 Y102(' 23.9 ; 3.91 327 .16
7.8121' 1'YI03A 	 25.4 ! 4.00 7,996 315 .16 


I Computed on an acre h ... i. rrom the Iysimeter data. 
I Indudf,'s .'j,S2 inches of irri'tation wairr. 
I Soil .,urfare coverrd with .h'el of clear pl... tio from June 5 to Sept. 0 to stop evaporation. 
, [neludes ';.32 incht,·s of irrigation water. 
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during the season. The other way 
evaluated water-usc efficiency by di­
viding the crop yield, in bushels per 
acre, by the inches of water used. 
The results show that efficiency of 
water use on cornland without irri­
gation or eYaporation barrier ranged 
from 388 (1945, Y102C) to 1,005 
pounds (1957, Y103A) of crop per 
inch of water used. In terms of crop 
yield, the corresponding range in effi­
ciency was 1.81 (1945, Y102C) to 8.2fJ 
(1961. Y102C) bushels of corn per 
inch of water used. 

The highest efficiency. 1,364 pounds 
or 9.47 bUl'hels per inch of 'water 
(H157, YI02C) was obtain('cl when 
('vaponltion was prevented by usc 
of a pln:;tic sheet. A"crage ,'allies 
for Iysimeters Y102C and Y103A 
llbow approximately the same crop 
yipld. a wLlter lise of 19 to 23 inrhes, 
and a water-usc ('fficiency averagincr 
r\os(' to 700 pOllnds o( crop, or 6 
bushel;.; of corn, per inch of water 
u::ed. 

The total amollnt of 'water used 
for wheat production during the 
April to .June period ranged from 
12.0 to 15.5 inC'hes per acre. The effi­
ciency of water lise in produC'ing dry 
weight of crop was less for wheat 
than that for corn. The weight of 
ct·op produred per inch of water used 
ntnged from 300 to 598 pounds, and 
averagt'd 413 pounds. Crop yield 
ranged from 32 to 69 bushels per 
aC're and ayeraged 45 bushels per 
acre. Busl1Pls of wheat produced 
p<,r inch of water used ranged from 
2.38 to 4.54 and averaged 3.26. The 
grcatr;.;t efficiency in water use was 
eoin('id<'nt with the maximum crop 
yield. 

Ly;-;in1Pter YI02C was irrigated in 
October 1953 to start the 1954 wheat 
crop. Apparently this resulted in a 
slight increase in yield without affect­
ing til{' amount of water used in the 
April-Jut)(' period-14.0 inches fOl' 

irrigated Y 102C and 14.7 inebes for 
unirrigated Y103A. Howt'ver, effi­

ciency of water usc was 431 pounds 
or 3.86 bushels of wheat per inch of 
water on the irrigated lysimeter and 
373 pound:::, 01' 3.27 bushels, on the 
unirrigated lysimeter. Water supply 
was seldom a limiting factor in the 
production of wheat in this region. 

On the meadow Iysimeters, crop 
yields nnd efficiency of water usc 
were noticeably affected by available 
moisture. The water-use period of 
April thmugh August was selected 
to represent the meadow growing 
sea~'on. Howeyer, values for the 
period beginning April 1 and. ending 
"'itl! the date of the last hay han'est 
mny hlwe been more useful. These 
YUlue" cnn be obtained from the 
gmJihs of ac('ull1uiated ET (figs. 7, 
la, 11) of this bulletin and similar 
graphs in Technical Bulletin ] 179 
(661. 

\Yater-use yalues for first-year 
meadow without irrigation ranged 
from 19.4 to 27.1 inches per acre for 
the sea::on ancl averaged about 23 
inehes for the 5 years of record (table 
141. Yields 0"£ unirrigated crops 
on these Iysimeters ranged from 
1.67 to 4.67 tons per acrc. Water­
usc efficiency ranged from 165 to 360 
pounds of crop per inch of water 
used. With no irrigation, the highest 
yield corresponded to the greatest 
wnter-use efficiency, and vice versa. 

With irrigation on Y102C in 1955, 
water lise reached a total of 27.0 
inrhes per acre. Crop yield was 5.97 
tons per acre, the highest for any in 
first-year meadow. \Vater-use effi­
ciency with irrigation was 442 pounds 
of crop per inch of water use, the 
best Ii rst-year-meadow value. 

'Yater-usc values for second-year 
meadow for the April-August period 
ranged from 19.0 to 27.5 inches. Crop 
yield ranged from 1.50 to 6.76 tons 
per acre. \Vater-usc efficiency for 
the' 5-month period ranged from 147 
to 524 pounds of crop per inch of 
water used. Infonnation on the dates 
and number of hay cuttings on each 
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Iysimeter arc gh'en in appendix 
table:s 32 to 34. 

ET from cornland in ~Jay and 
early June was usually low-about 
2 inches per half month; leaf area 
was small, so transpiration was low. 
Evaporation was high from a wet 
soil surface ancl low fl"Om u dry soil 
surface. The difference in .ET data 
for nearly bare cornland (Y102Cl 
and for legume-grass (Y101D) is 
shown by the wide divergence of 
their :soil moisture curves in May 
ilnd .J une 1961 (fig. 12). 

Wheat used water most rapidly 
in :\Jay and early ,J une (fig. 13). 
Soil water was removed by ET from 
wheatland at about the same rate as 
from grassland in this period. Water 
needs for whcat diminished after the 
middle of June. After thE' harvest of 
whrut and the remo\'al of straw, the 
new meadow of timothy, red clover, 
and (tIfalfa grew rapidly and re­
establi:;hed high rates of .ET (sec 
fig. 9). 

\Vater-use efficiency, in terms of 
crop weight, was lower for meadow 
than for either corn or wheat. The 
average values of ('I'OP weight pro­
duced per inch of water used for the 
1941-62 period are 736, 404, 310, and 
327 pouods of corn, whcilt, first-year 
meadow and second-year meadow, 
respectively. on lysimctrr Y102C. 
Average values for the same crops 
on the Kcen(> "ilt loam of YI03 were 
684, 422, 254, and 315 pounds, re­
sp('ctively. 

rrrigation on first-year-meadow 
lysiIrJeter Y102C in .J uly and August 
of 1955 resulted in continued hig~ 
use of water until late September 
(66l. The contrast in ,yater-usc 
efficiency was quite evident inasmuch 
as 442 and 360 pounds of crop were 
produced per inch of water 'lsed on 
the irrigated (Yl02Cl and unirri­
gated (YI 03A I lysimctC'rs, respec­
tively. 

'Vater-uile data for srcond-year 
mrudow wC'rc similar to those of 

flr::;t-year meadow and tlw period of 
maximum consumptive Uiie without 
irrigation for both extended from the 
last half of ~lay through JUly. 

For certain purposes, such as the 
design of irrigation systems, it may 
be necessary to know the maximum 
con:sumptive-use rate for periods of 
a week or 10 days. Tttblc 15 shows 
the avcrage daily ratc of consumptiv(' 
use for the ] 0 cons('culive days of 
maximum usc (maximum 10 days) 
and the average daiiy rate for the 
entire month. For example, in Aug­
ust 19.53, the average consumptive 
use for the maximum-lO-day period 
for com lysimcter YI02C was 0.36 
inch per day and the average for the 
month was 0.22 inch pel' day. An 
irrigation system designed to meet a 
water-use rate of 0.22 inch per day 
would fail to produce the maximum 
crop when confl"Onted with a demand 
for 0.36 inch per day. It was not 
uncommon to find the maximum-lO­
clay u"erage daily consumptive-use 
rate to be larger than thc month­
basis a \'crage daily rate by 25 per­
cent or more. In some months, the 
average daily rates of consumptive 
use for the month and for the maxi­
mum-lO-day periods were almost the 
same. 

The moisture values for the top 
40 inches of soil (table 15) represent 
an approximate daily average for the 
month. They are given to help the 
reader see in general how eonsump­
tive-use values dropped in August 
and September due to lesser available 
soil moisture. There is some varia­
tion in this relation. Sometimes 
a"uilable moisture in the top foot 
or two of soil was ncarly exhausted, 
causing reduced yields and lower 
eonsumptive-use "alues although 
there was enough moisture below the 
24-ineh depth to give a fairly high 
moisture average for the entire 40­
inch profile. 

The trend of consumptive usc 
th roughout the 1\fay-September sea­
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TABLB I5.-Average daily consumptive use (ET) and soilllloisture, lysimeters Yl02C and Yl0SA, May-September I.942-62 

A verage per day A verage per day Average per day Average per day Average per day
in May in June in July in .~ugWlt in September I 

LysiOleter, Consump- Consump- Consump- Consump- I ·CoDsump­
crop, and tive use tive use tive use tive use tive Use 

year Soil Soil Soil Soil Soil 
mois- mois- Olois- mois- mois- I 

For For ture 1 For For tUre I For For ture I For For ture 1 For For ture t 
maximum month maximum month maximum month maximum month maximum month 

10 days 10 days 10 days 10 days 10 days 

I 

Inch Inch Inch" Inch Inch Inch.. In'~. Inch Inch.. Inch Inch Inch.. Inch Inch bJche~ 
YI02C: 

Wheat to 
meadow 

1942••......•.•.••. 0.16 0.13 11.5 0.21 0.15 11.5 0.22 0.17 10.0 0.16 0.11 8.0 0.00 0.08 8.0
1046 •••. , ••.•••_••. .18 .15 10.0 .23 .19 10.0 .23 .17 11.0 .22 .16 9.0 .10 .07 7.0 
1950 •••••.••••••.•. .20 .17 11.0 .26 .17 11.0 .12 .10 11.0 .16 .13 9.5 .16 ~ 12 10.5
1954. ••••••._•.•.•• .24 .19 10.5 .22 .14 6.0 .10 .07 ' 6.0 .16 .14 7.5 .15 .13 ' 7.01958 ..••••••_.._•.• .23 .19 10.5 .19 .17 7.5 .12 .11 9.5 .21 • IS 11.0 . .21 .14 9.0
1962_ •.• __ •••.••.•. .30 .20 10.0 .19 .14 - .. ------ .06 .06 5.4 

----~----- -------- .. - .. .... ------ -------­
First·year meadow 

1943 .• _••. _•.•_.•.• .13 .11 13.5 .23 .18 12.5 .18 .13 10.5 .20 .18 11.5 .12 .07 9.0 
1947••••, .•••••.••• .23 .12 13.5 .28 .20 12.0 .25 .18 9.0 .19 .13 8.0 .19 .17 7.0
1951. _._ •.•.••••••. .22 .18 10.5 .21 .17 9.0 .26 .24 9.0 .10 .07 5.5 .13 .11 6.0
1955 .• _•.•_. __ •._•• .21 .12 ' 9.5 .17 .16 ' 7.5 .26 .20 7.5 .20 .19 5.0 .13 .10 5.0 
1959 •••.••......•.• .24 .21 11.4 .27 .21 10.0 .28 .22 0.5 .10 .10 0.5 .18 .13 0.0 

Second.year meadow 

1944. •••.•••••.__ .• 
 .17 .14 0.5 .18 .14 8.5 .15 .14 7.0 .16 .14 6.0 .12 .10 6.5
1948••••_.•.••••••. .27 .22 8.0 .25 .22 5.0 .21 .18 5.0 .17 .10 4.5 .11 .09 4.0 
1952••••, ..•••.•..• .23 .18 10.0 .30 .20 7.0 .26 .20 6.0 .16 .13 5.0 .11 .10 4.5
1956...._•.••.•_••_ .21 .17 11.5 .24 .18 11.0 .21 .16 10.5 .24 .20 10.0 .13 .11 S.5
1960 ••••.••.•.__ •.• .22 .16 9.1 .23 .19 9.8 .25 .21 8.8 .20 .19 8.4 .10 .12 6.9 

Corn 

1945••••___ ..•••••_ .15 .13 12.0 
 .16 .11 10.5 .17 .14 9.5 .13 .12 7.0 .11 .10 0.0
1949 ••.•_••...•_••• .15 .00 12.5 .19 .15 11.0 .26 .23 10.0 .23 .15 0.0 .10 .07 7.5
1953 •••••_•._.•.••• .13 .11 14.0 .14 .11 12.0 .25 .22 ' 12.0 .36 .22 ' 11.0 .22 .11 8.5
1957••••_••••.•.•._ .14 .11 11.0 .10 .07 10.5 .16 .13 7.5 .11 .08 4.5 .06 .04 3.5
196L ••.•.••._•.•.. .19 .10 12.2 .12 .11 11.5 .23 .16 9.7 .23 .19 7.2 .20 .09 6.1 

Yield 
per acre 

32 bu. 
38 bu. 
43 bu. 
54 bu. 
42 bu. 

2.4 tons 
2.5 tons 
2.7 tons 
6.0 tons 
4.7 tons 

1.5 tons 
3.1 tons 
2.6 tons 
6.3 tons 
6.0 tons 

34 bu. 
151 bu. 
196 bu. 
125 bu. 
166 bu. 
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YI()3A: 
Wheat to 

meadow
1942•• _____ . ___ ._._ .20 •15 11.5 
1946 ••• ___ ••____ ._. 
1950_ ••_•• _. _______ 
1954. •• _. ___• __._._ 

.18 

.22 

.23 

.16 

.19 

.20 

14.0 
14.0 
14.0 

1958. _ •••• _.•••• _•• 
1962. _•.__ • __ • ___ •. 

.26 

. 30 
.22 
.24 

14.5 
10.7 

First-year meadow
1043_ •• __ • __ ••__ . __ 
1947 ._ •..• _.•____ •. 

.13 

.22 
.10 
.13 

12.0 
16.0 

1951. ••• _._ ••• _. ___ 
1955. _' _._ •• ______ • 

.23 

.24 
.18 
.23 

13.0 
13.0 

1959 _•. __ ••••. _._ •• 

~.:"~_~_~d_'_"_____I 
1948.••._._ ••• _•••_ 
1952•• _. ____ ._•• __ . 
1956•• __ ._.•___ ._•• 

. 22 

. 

16 

1 
.29 
.26 
.23 

.21 

. 

12 

1 
.22 
.20 
.21 

11.8 

13.0 112.0 
13.0 
15.5 

1960•.•.• __ ._._•• _. .23 .17 10.6 

Corn
1945_____ . ___ ._. ___ 
1949. _.•__ • _____ ••• 
1953. __ • __ • ________ 
1957 _. _._. ____ ._.•_ 

.19 

.17 

.17 

.17 

.15 

.12 

.\4 

.12 

15.0 
16.0 
16.0 
15.0 

1961. •. _••• __ •• ___ . .16 .11 12.6 

I Average moi,ture (inches of water) in top 40 inche. of 80il. 
, Irrigated. 

.22 

.24 

.26 

.26 

.19 

.22 

.22 

.28 

.20 

.14 

.30 

.21 I.26 

.24 

.26 

.21 

.19 

.21 

.18 

.22 

.15 

.\4 

.21 

.19 

.18 

.18 

.16 

.15 

.22 

.18 

.J3 

.21 

.17 

.25 

.18 

.19 

.19 

.15 

.18 

.14 

.19 

.15 
I 

13.5 
14.0 
14.0 
\0.0 
11.0 

10.6 
15.5 
11.5 
10.0 
10.3 

10.0 
8.0 

10.0 
15.0 
11.1 

14.0 
14.3 
14.0 
15.5 
12.2 

.I~ 


.~ 


.12 


.10 


.11 


.08 


.IS 


.23 


.25 


.20 


.26 


.15 


.23 


.23 


.21 


.25 


.21 


.33 


.25 


.27 


.23 


.13 11.5 
.22 14.0 
.12 13.0 
.OS 9.0 
.11 13.0 
.07 6.5 

.15 9.0 
.16 12.0 
.21 11.5 
.15 G.O 
.20 8.7 

.15 8.0 

.18 7.0 

.20 10.0 

.J8 14.5 

.21 9.9 

.19 12.5 

.29 14.0 

.23 12.0 

.26 14.0 

.18 9.7 

.18 .15 

.20 .16 

.18 .16 

.15 .14 

.23 .21 

.12 .11 

.21 .15 

.20 .13 

.13 .08 

.16 .15 

.16 .13 

.15 .14 

.18 .10 

.16 .15 

.25 .22 

.21 .19 

.18 .13 

.28 .16 

.18 .15 

.21 .JS 

.24 .20 

-----. ­

10.0 
12.5 
11.0 
\0.0 
14.5 
7.6 

8.5 
\0.0 
9.5 
8.5 
9.5 

7.0 
7.0 
7.5 

13.0 
\0.0 

9.5 
12.5 
\0.0 
10.5 
9.0 

.08 

.11 

.18 
,10 
.20 
.15 

.\4 

.19 

.13 

.09 

.16 

.10 

.11 

.13 

.13 

.20 

.09 

.10 
.06 
.05 
.18 

.07 

.09 

.13 

.06 

.15 

.11 

.07 
.15 
.10 
.09 
.10 

.09 

.09 

.10 

.11 

.14 

.08 

.07 

.04 

.04 

.11 

9.5 
9.0 

14.0 
9.5 

12.0 
7.2 

7.0 
10.0 
9.0 
7.5 
6.5 

7.5 
6.5 
8.0 

11.5 
8.9 

13.0 
11.0 
8.0 

10.0 
6.4 

5 bu • 

6 bu. 

3 bu. 

8 bu. 

6 bu • 


69 bu• 


0 5 ton 

2 o tons 

2 3 ton, 

4 4 tons 

4 3 ton • 


0 5 ton 

3 8 tons 

3 4 ton, 

6 8 tons 

4 a tono 


61 bu. 
8 bu. 
3 bu. 

49 bu. 
obu. 
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son for all four crops is illustrated 
by figure 24. Comparisons can be 
made between average daily ,"alues 
for the month, for maximum-lO-day 
periods, and for the highest maxi­
roum-IO-day period during the 1942­
62 period. 

Effect of Ground Surface Plastic 
Cover on Evaporation and 
Transpiration 

The term "consumptive use of wa­
ter by vegetation" has generally 
included both evaporation of water 
from the soil as well as transpiration 
of water by the plants. With the 
prospect of increased national de­
mand for water supplies, it was ap­
propriate that a critical examination 
be made of these two components of 
consumptive lise, since water saved 
would be of value for the future ex­
pitnsion of urban and industrial areas 
as well as for farm and recreational 
uses. 

Peters and Russell (120) in Illinois 
found that by stopping evaporation 
with a plastic soil cover, a goud corn 
crop could be produced with only 5 
to 7 inches of stored soil water. 
However, in their experiment there 
may have been subsurface water 
additions to the test area from out­
side soil sources. To eliminate this 
variable, they suggested that the 
study be conducted on lysimeters 
where lateral movement or capillary 
rise of water could be controlled. 

The objectives of the study de­
scribed in this section were twofold: 
(1) to determine the relative magni­
tudes of evaporation and transpira­
tion from a growing com crop, and 
(2) to evaluate the effect of an. im­
permeable soil cover on percolation. 

Clear polyethylene plastic covers 
were placed on the soil surface of 
lysimeters Y102B and Y102C, as 
shown in figure 25, when the corn 
was about 10 inches high. These 
covers were impervious to water and 

FIGURE 25.-Plastic covers on soil of lysim­
eters Y102C Ilnd Y102B, June 5, 1957. 

causf'd essentially all the rainfall to 
run off except that which adhered to 
vegetation (interception) and very 
small amounts that were retained in 
pockets on the surface of the plastic 
(surface storage). 

Lysimeter Y102C, with its auto­
matic weighing feature, was selected 
to obtain data on the relative magni­
tudes of evaporation and transpira­
tion-the first objective. After the 
plastic cover was installed, no water 
was added t{) the soil. 

Lysimeter Y102B was chosen to 
e,"aluate the effect of soil cover on 
percolation - the second objective. 
Water was added beneath the plastic 
cover (fig. 26) in amounts equal to 
that which was absorbed by lysim­
eter Y102A, which was uncovered. 
This was done after each storm. 
Details on the application of water 
and surface sealing operations have 
been reported by Harrold and co­
workers (70). 

""Veight-change records on the cov­
ered lysimeter YI02C were used to 
evaluate transpiration (T) by corn. 
To obtain estimates of ET amounts 
that would have occurred without 
the cover, the weight changes on un­
covered lysimeter Y103A, in corn, 
were used in a YI02C-Y103A regres­
sion (r=0.95 standard error of esti­
mate = 0.021 inch per day) devel­
oped from previous corn years when 
treatment on both was identical. 
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Rainfall, transpiration, and evapo­
ration data for this experiment are 
presented in table 16 and figure 27. 
During the May 1 to .June 5 period, 
before the plastic sheet was placed 
on the weighing lysirneter (Y102C), 
there were 3.69 inches of ET (table 
161. All other recorded weight data 
on this lysimeter from June 6 through 
September 9 represent T. 

Of the total predicted ET of 15.44 
inches for the period .Tune 6 to Sep­FwurlE 26.-PIa.~tic cO\'er on Ivsimeler 

¥102B and infiltration lube. -June 5, l!~ll1bcr 9, T amounted to 55 percent 
1!l57. (8.47 inches) llnd E, 45 percent {6.97 

inches I. Prior to June 5, the propor­
Estimat('d E values for the covered tion of E to T was, no doubt, con­
lysimet('r were derived by subtracting siderably greater than afterwards. 
recorded T values from predicted ET For most of the May 1 to ,1une 
,-alues. 5 period, there was little or no leaf to 

!lAINFALL 
VI ....6 2r--+__--~~1-·__+-----~----~------~----~----~------~----~ 
~ 

'l 
15r-~----~~----+-----~----~------~--~~-----r----~~~~ 

j ...... r ....... / 

-~ 7"-,-----+-----l-----l 

, //,"(rPREDICTED ET,UNCOVERED YI02C ~ 
" I 

Jr--+----~~~--+---~~----_r------r_----4_----_r-------r_----~ 

O~~~~~---L--J~O--~~IO---L--2~O--~--3~1--~~IO---L~~-L--~--L--I~O 

JULY AUGUST SEPT. 

FlGURf: 27.-Cumulative values of recorded evapotranspiration (ET) and transpiration 
(T). predicted evapotranspirntion, and derived c\'aporation (E). June 6-September 
9, 1957. 
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TABLE l6.-Recorded, predicted, alld den/.'ed evaporatioll and iralUlpiraiioll from Iysimeier 
Y / 020, J[ay-Sepiernber / {j/j, 

Period Rainfall 

Inrhil 
llay I·June 5.............. .• 4.91 
Iun.5-30'...••. __ •.••. •.••• 11.15 
July 1-31_............. ..... 3.69 
Aug.I-3L.................. 2.23 
s.-pt.I-9................... ____._16 

Evapotranspiration 1 
Transp~raliol\ Eva.pon.Uon 

I recorded on derived on 
Recorded Predicted YI02C' n02C' 

YI03.'" YI02C 

--~-,--------

Inch.. Inch.. Inch.. Inch.. 
4.52 '3.69 !•.••..• __ •••••• .i ................ 

5.09 4.24 1.77: 2.47 
7.96 6.67 4.H I 2.53 
4.56 	 3.99 . 2.40 l.59 

._36_. .5_4, .l6 i .38_____ _____ 

Totals:... _.•.. 
May l·Sept-9...... . 
June 6-Sept.9 __ ............ , 

22.14 
17.23 

22.49 
li.97 

' 
' 

---~ -~---~------.-------~-------~---

I Ly~imeter ItncQver~L 
2 Pi&.,tic COYer placed on ground ovt'r IYolIilllt'tt>r YI02(' 011 June 5. 
J ..\feasurt'd 

transpire water. By the time the 
plastic cover was applied, the plants 
covered approximately 5 percent of 
the Iysimeter area (fig. 25). If all 
the 3.69 inches of moisture removed 
before June 6 were E, total E for the 
)'Jay 1 to September 9 growing sea­
son would have been 6.97 + 3.69, or 
10.66 inches, and the total ET 15.44
+ 3.69, or 19.13 inches, In this case, 
E would have been 56 percent and 
T 44 percent of the total. The as­
sumption that all of the measured 
3.69 inches of moisture removal in 
the )'Jay 1 to .Tunc 5 period was E 
necessarily resulted in a small uncler­
estimate of T for this period. 

It was eoncluded that a seasonal 
estimate of E equal to 45 percent 
and T equal to 55 pereent· of ET 
under the conditions of this study 
was reasonably accurate. Relations 
of E to T throughout the season ap­
pear on figure 27. Here the daily 
values of recorded ET on Lhe uncov­
ered weighing Iysimeter (YI03A) 
and T on the covered weighing ly­
simeter (YI02C) are shown by cumu­
lative curves for the period .June 6 
to September 9. Predicted ET and 
derived E curves for the covered Iy­
simeters are also shown in this figure 
along wit,h rainfall amounts. 

The plastic cover introduced some 
unnatural conditions. Several checks 
and comparisons made as described 
subsequently indieate that the re­
sults were reasonable. Estimates of 
E were compared to potential evapo­
ration as evaluated by evaporation 
pan data. The effeet of the cover on 
Ghe energy balance was considered. 
Soil temperature and erop yield data 
were compared to those under natural 
conditions. 

A comparison of derived E with 
pan evaporation is shown in figure 
28, where cumulative derived values 
of daily E from the covered lysim­
eter are plotted against cumulative 
values of daily evaporation from a 
sunken pan 6 feet in diameter. These 
double cumulative curves are often 
termed "double-mass curves." For 
much of June, the slope of the dou­
ble-mass curve is roughly parallel to 
the line of equal values. This means 
that E for the uncovered soil surface 
of cornland was approximately equal 
to pan evaporation. This relation­
ship is the same as that for evapora­
tion from conventional cornland 
during June 1953, as reported by 
Harrold and Dreibelbis (66). The 
slope of the double-mass curve (fig. 
28) departed noticeably from this 
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r('lationship once thut month. This 
corre::;pondec\ to fl dry period of 8 
day::; luH'ing about 0.1 inch total rain­
fall. 

As the shade from the eorn plants 
inereused and available' soil water 
dcereas('d, the drri\'ecl \'!dues of ::;oil 
l<; became Ie::;s thlm tho::;e of pan 
e... apot:~;'.tion. Further increase o( leaf 
shade ancl decreased evaporation of 
soil water in Augu::;t, produced H 

!'loil-I:: to pan-E ratio of 0.5. Notice­
abl(' departures from the general 
tn'tHI wh1eh appeHr in the curve on 
figure 28 an' as::;oeiaLed with dry 
lwriod:;. The most striking one was 
from .J uly 24 to August 1:3, when 
total rain fall was less than 0.1 inch. 
:\('ar the cnd of thi:; period, thl' soil 

1 

6 

I V 
II 

uJ '" !:I: 
u 
~ I 

;;urfuce was Vl'ry dry, the derived 
\'!tlues of duily soil E were almost 
zel'O, and the double-mass curve ap­
pl'oachl'd a horizontal line. In this 
eas(', the derived soil-E values seem 
to be about what onc would expect in 
rdution to pan ('\'apomtion. 

1t i:; possible that the solar energy 
('ausing transpiration was not exactly 
the same for the covered and unco\'­
('red cornland surfaces. The dusty, 
tran:;luccnt, plastic covel' was not 
expected to increase reflected solar 
energy 8uflicicntly to significantly in­
crl'asl' tran:;piration. Transpiration 
\'[Llue:; from the covered treatment, 
p;;pecially after the plants shadl'd the 
;;urface, were considered to bl' com­
parable to those under field concli­

/V 
~~.c,,'i: 

~ c,,~ 
/ u'll 

k 
\I-'Il 
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FIGUllE 28.-Cumulative derived evaporation from Iysimeter Y102C versus cumulative 
pan C6-ft. diameter) evaporation, June 6-Septembcr 9, 1957. 
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tion:; as liimulated by the uncovered 
trpatml'nL Fritschen and Shaw (48) 
and Waggoner and Reifsnyder (178) 
:11;:0 (lvaluatpcl thi,.; influence. 

Tlw tran"hlf't'nt ('oYer, howc\,('r, 
('au:;pd :-:OI1H' ahnormal rffect on the 
t\'IUlwmlun' of thl> :soil and air br­
nC'ath til(' rowr (table 17). The soil 
of tlll' CQ\"PI"l'd Iy"illwtl'r with no 
wat!'!' udd<>d (Y I02C J :ihoWt'<l ron­
"i:-:t('ntly high('!" maximum amI sonw­
what lowpr minimulll t<'mperature,; 
than that of YI02B, to which water 
wa,.; :uldl'd und('r til(' co\'('r. Tlw 
fPmp{'rat\lr(' of til{' soil of both eov­
('red ly:-:illl!'t('rs was higher than that 
of Y102A, without It {'oVCr. Geiger 
!511, in hi,; studv on micro('limnte, 
givp,.; ('XtllJlp\{':; of llnalop;ou,.; comli­
tion" and :ihows their p/T('rt on tcm­
lH'r:LtHr(, f(,!ution"hips in and nC:lr 
tlu' ground ....urfarp. Th(' confined air 
"pa!'p twtW{'C'll tlw "oil and the plastic 
"lwC't ,,('rved a,; an insulation against 
lwat tran"f('r: tlw plastic ('o\'cr 
touf'lH'd thp ground surface at. only 
a f(·w points. 80il heat. losses asso­
f'iMl'd with ('v:Lporntiol1 of soil mois­
tun' wpn' rc>ciu('('d bv the co\'er. Heat 
I'xt'hangp 

l'mc)<i 

~.----
Jun~10 20... . 

June 21-39 . -.. 


JlIly 1 10....... 

Jllly 11 ·2(1...... 

July2131... 

AliI!. 110 '. .. 
AII~. 11·20. 
,lUI!. 21·3J. 

Sept HO .. ... 

frol)] soil to atmosphere 

through turbulence was prevented by 
the pla;;;tic co\'er. Loss of heat from 
~01l to the atmosphere was further 
lllinimized by the poor conductive 
properties of the air layer beneath 
the plastic. Furthennore, the beads 
of water constantly on the bottom 
"itip of the plastic sheet practically 
:;topped the infrared radiiltion from 
tIl(' ,;oil to the atmosphere. As u re­
:;ult, soil temperatures were higher 
undl'r the plastic co\'er. 

The slightly lower maximum soil 
tpllllwratures on Y102B compared 
with those on YI02C were probably 
dUl' to the higher anlilable soil mois­
ture in the former, in viC'w of the 
high specific heat of water. Part of 
the energy received by the covered 
and irrigated lysimeler was used to 
eyuporate the moisture available in 
the profile while less was usee! for 
this purpose on YI02C. Table 17 
also illustrates the effect of the plas­
tic cover on air temperature above 
the soil surface. Both maximum and 
minimum air temperatures near the 
ground surface were higher under the 
plastic than when there was no plas­
tic soil cover. 

TUII.r: 17. -Temperature' data, June-September 1957 

Air temperature 

:;0,1 t..rnl1eralure at 3\.i inch depth I 

One inch above II Between cover and 
ground :surface, soil surface _____________1_____­

YJ02A··:O;o pov"r, YI02B-('ovl'r, Y102C-Cover. ; Corn land-N0 cover., Y102C-Cover. 
1\0 waler added waler added no waier added ' no water &dded I no water added 

'\~:i~:~:~;':::· .\f.ximum' .\linimum.\laXimum! Minimum' ~Iaximuml ~!inimum\Ma<imuml Minimum 

-:;--- -.f'---.-:;~ ---;'-:-'-P.-!-o-p.-i-:;-i---:-;-I-:;-!~ 

,q 
79 
79 

79 
,9 
74 

74 

. __ .' •. ' ••. _." 
-- .• -... .... 

70 
69 
6S' 

6~ 
6~ 
1),1{ 

65 

91 
90 , 
90' 

90 
92 
S4 

.Q2 

___ •.••••••••••• '"]" .... _... , 
"'_."_., •• _...... ••••••••• 

75 95 \ 15 
7~ ~~ ! H ' 
75 I 1~ I 

75 ! 96 73 
75 95 , 73 
73 90 , 73 

I 
74 8i ! 70 

89; 68, 10~ j, ...._ •• __ 

86· 6~ I 99 70 

82· M; 100 ! 64 
57 66 95 I 66 
85 67 93 i 67 

87 ; 65 
: 

100 14 
86 I 63 105 68 
83 63 lOS 73 

I 
84 10~ 11, 

60 ! 
---~----'-----,-" "-,~-.--.---. 

• Re"d",gR lakpn .ia.ly at approximatdy 6:30 .1,111. are averal!cu (or each period and listed under minimum; readings taken from 
2 to 4 p,m, arl" aYj'rJ.~t'd (or t'at"h pt'rlod and listed under maximum. 
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Yield (1ata given in table 18 show 
very high values for all treatments. 
The plastic cover placed on .J une .5 
o\'er lysimetcr' Y102C, with no water 
added, in effect created a drought 
lasting from Jun(' 6 (0 September 9. 
The 125 bushel;; of corn per acre 
produced can be attributed almost 
enti rely to the water stored in the 
;;oil. . 

The corn plants on the rOYl'red 
lysimeters ne\'er showed ;;eriow need 
for water. But then' I1IU;;t IHl \'(' h('('n 
some \\:ater stress on Y 1 02(' (cov­
ered, no water add('d J as rorn yield 
thereon wns lE'sS than on either thE' 
uncover('d YI02A or the ('o\'er('(1 and 
watered YL02B. At harvcsttirne, the 
moisture content of tlH' top 7 lU('hes 
of soil on co\'ercd lysinlf'tN Y102C 
was 4 percent by volume. Wilting 
point was about 9 pereent by \·olume. 
Total moisture in the 8-foot profile 
of this lysimete[' on October l was 
less than that for any previous corn 
year. The soil in both the uncQn'rcd 
lysimeter Y102A and ill the covered 
but irrigated lysimet('r Y102B re­
eeived 10.85 inches of wntrr during 
t.he June 5 to Septrmber 9 period. 
The yield on Y102A, without a plas­
tic cover, was 1(39 bushels per acre. 
With T, but \\'ith no i'j, and with 
water added, the yield was ]82 
bushels per acre (Y102B). 

TIl(' e\'aluntion of the effect of the 
plastic (:o\'Cr on p('l'colation, the sec­
ond objective of the I;tudy, was 
evaluated on Y102B. Water in the 
amount equal to that absorbed by 
YI02A 00.85 inches) was applied 
through plastic tubes (fig. 26) during 
the period .J une 6 to September 9. 
Percolation from this Iysimeter 
amounted to 5.27 inches during the 
same period, whereas that from the 
uncov('red lysimeter totaled 3.08 
inches. In previous yearB, when 
treatment on these two lysimetcrs 
was the same, there was very little 
differt'nce in the perrolation during 
the com season. The best estimate 

T.\BLE IH. ~~ j'ie/d oj rom (utll waler 11051', J!Jfi7 

\'/02,1 a C'ow~r. 110 l\'atfr 

Lyslm~tPr Tn'atuH'nt Yield : Iral~r 
used I 

_ ...... _ok"'" - ---..- -.~--

1/" arrt illC'hu 
~ 

,I. 
YlO21l PlastH:' t'O\·flr. V\atPr 

add,'u Is2 .1 

adM!l 169 

Y 102(' 1'1a.,tI< rov('r.. 110 

wat('r added 125 '12.16
nOaA _ ~o ro\'('r. 110 Wail'( 

addrd 14(1 22.49 

I ~Ial' I 10 tirpl, 9. 
1 ('"ould not bt" t'va,lualt·J u('rtJratt'h- lhNH' iysimrlt'rs Jlot 

t'(I\IlPpad for w(ll~h~ fUraSUrl'fIt(>nt$. 
1Tor ~A' Inrh,·. "fus (, of369U!rh,·. for ~f:IY I toJ"",· 5. 

of the net increasp in per'colation dur­
ing thi~ period was, therefore, 5.27 ­
3.08, or 2.19 inehC's, due to the stop­
page of E. 

'1'11(' wintl'r-spring l'erhnrge was 
quite normal. From September 10, 
1957. to .June 5, 1958, percolation of 
6.07 inehes would normally be ex­
pected from the rovered ancl watered 
Iysimeter, based on a regression rela­
tionship hetween prrcolation from 
Y102A ancl YI02B. ::\Jeasurecl per­
colation during this same period was 
6.40 inehes, an increasl' of only 0.33 
ineh. The total increase in percola­
tion amounted t.o 2.19 + 0.33, or 
2.52 inches. There was little evi­
dence of any sizable residual effect 
on pC'rcolation that year. Apparently 
milch of the water saved as a result 
of stopping E was used by T. 

Percolation 

This sertion presents interrelations 
between percolation, soil type, crop, 
cropping practice, and chemical anal­
y"is of percolates. 

PC'rcolatian water - the water 
moves under gravitational force 
downward through the soil profile­
was measured at each of the eleven 
lysirneters. Nonnally, this water 
ron tributes to the supply of ground­
watC'r and thus replenishes the water 
in wells, springs, and streams. 
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Seasonal Variations in Percolation 

Data in tableB 19, 20, and 21 and 
in figures 29 and 30 Bilow that most 
of the pel'colation occurred in late 
winter and purly spring, During 
this period, soil moiBture often ap­
pro(tchrd saturation. The near-sa.tu­
ration condition was reached after a 
period of almost continuous aceretion 
that usually began at the start ?f the 
dormant BPnson. The soil mOI1'ture 
peak was gl'l1prally reached during 
~rar('h or April, wlH'n ratrs and 
amounts of pl'rcolation also n'ached 
their peak 114, 33, 661. For til(' 
1938-62 period, approximately 75 
pl'rcent of tlw percolation occumed 
during th(' first 4: months of the yrar. 
During lute spring and summer, w\1('n 
ET ratt's wel'C' high, Boil moisture 
(lirninished to "uch an extpnt that 
littl(, watpr was tl\'ailable for per­
colation. .:\Ionthly [wrcoiation dntn 
for the 1956-62 (wriod are given in 
app('nfiix tables 39 to 41. ~ea1:;onal 
trpnds in soil tnoistur(' art' shown In 

figurps 7 to J3. 
The amounts and distribution of 

pr('cipitatioll, pspreially during the 
wintpr and spring months, dirpctly 
affect('(1 p('rroiation. OtlH'l' factors 

such as soil type, land use, soil Ulois­
tun: and freezing also affected the 
amo'unt of water available for per­
colation. A reduction in either sUr­
face runoff or ET tended to increase 
percoldtion. 

Effect of Soil Type 

A study of the effects of soil type 
on percolation was made from the 
15-year record for 1941-52 and 1959­
61 on til(' 4-year rotation lysimeters 
(YI02, YI031. Data for the 1953-58 
[wriod were not uSNI, as those for 
Y 102(' Wl're affected, lI,t times, by irri ­
gation and by a plastic' soil cowr. 
Pl'l'colation from lysimrtl'rs YJ02A, 
Y102B, and YI02C D,[uskingum silt 
loam O"C'!' "hal(') awraged 8.02 illchC's 
(apP(,[Hlix tablC' 40) during this 15­
Y('Llr period compared to 6.90 inches 
(appendix table 41) from lysimetC'rs 
'{103A ancl Y103B (KeenC' silt loam). 
This difference was statistically sig­
nifirnnt. 

Th(' highest monthly percolation 
frolll any lysimrter in battery Y102 
(:;\Tuskingum silt loam OWr shale)­
7.74 inchC's from YI02C-occurred 
in :'I Iarcl! 1945 (table 20), Maximnm 
annual yailles of 17.77 inehes oe­
cUTrrd on YI02C. This soil profile 

T.HIJ.~: I!). - -.Summary of monthly percolalion, }' Ifi/', lfJSS-62 

JM..... _0 ...... ,' 

'ph, ........ ,- ­
.\lar, .. , ....... ' 

Apr" ........ _.. , 


i~~;.::.:::::..
July...... ,., .... , 
An~....... , ... '" 

S.pt, ... _ ... '.'.. 
OrL ...... , .. _ 
:-iov. "....... ...... 


¥lOlA • YIOIB ' 

lork" 
t.~5 
190 
2.69 
249 

U~ 
",0 

~ta~\~ Mlni-' A"I\"r­
mum mum Ilgl' 

Inrh" , Ind", : Inth" 
6,20 \ 0 , 1.26 
3.97: 0 ! 1.27' 
7.44 1l3' 1~5: 
500: ,67 U4 

1 

U~i :3~: i:~~;
2.lS: .14, .70 
2.00 i 

Dcc................. .9\ 356, 0 i ,73 \ 


42 i .04, .41 

.27' LiS; 0 : .19 \' 

.f~ 1831 0 ' ,17.

.34: 1.67· 0 ' ,27 I 

mum 

Inrhrl i Inrh.. 
3,52 I 0 
2.58 I .IS 
4,52 .68, 
3.S7! .79 

~!~' :;~
1.95 ,15 
1.73 1 ,02 

)'101(" 

I:"",, Inrhe.• i Inrh.. 
I.S7 G.SS 
192 , 3.91 
2.,~S' 7,52 
2.46, 5.67 

U~ ~:l~ 
.>I! 2.02 
.46! 2,00 

106 i. 022! 1.62 
L32' 0 .17: 1.19 
131 I 0 .23 I .92 
2.51 0 , ,BO I 3.86 

0.02 \ 
.24! 

1.03' 
.52! 

:~~l 
.13 t 
.04; 

,nIl 
0 I' 
0 

YIOLD' 

Inrhf! i Inrh .. I.' 

0.95 I 3.26 1 

L26! 3.46: 
1.94: 5.74. 
1.72: 4.48; 

Inch 
0 
0g 

0 .24 1 2.52 j1 

I:~p!. ~:~~l g
.36 2,02; 0 
.IS i 1.21 I 0 

.05 .3S I 0 

.06 .81 0 

.04 .70 I 0 

____::~lfOri':~~_I~:7~_~~::~J 6:~0 \ 11.20 l,wl6'04! 144~~ 2~371 wI 8.751 16.S1 I 0 _ 

I ~IDnthly d.l. [Dr 193R 55," {J ,S, D..pt. A~r. Trrh BuL 1179 (66); data for 1956-62 in appendix table 39. 

t 8hallow~rooted rrops; ,Muskmgurn ~Jllt loam OVrr sandstone. 

1 D~ta for 1943 ,62; ,hallow root.d rrops, 1943 47; drep rooted reofl". 1948 62. 


0 

http:near-sa.tu
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TABLE 20 -Summary oJ mOlllh:" percolation, Y102', 1938-62 

. II Y102A 1 Yl02B 1 ! Yl02C 1 

Period 

Average! Maximum !Minimum IAverage II ~Iaximuml ~linimum IAverage Maximum Minimum 
• . I \ 

-:;;:T-;nchtl l--::-\--:::-\Inchtl --;::;:::-;:::: ­1.'.'-;::::- Inch.. 
Jan.................... O.H I U~ , 0 0.82 , ~.50 0 1.06 U~ 0 
Feb••••••••••••.•••••• ! .91 I 3.61 l 0 1.02 3.61 0 1.27 4.09 0 
~Iar................... l 1.84 6.tO i. .02 2.02\' 6.94 .02, 2.42 7.14 .06 
Apr.................... 1 1.09 ~.H I ,02 1.79 4.12 .06 i 1.88 5.35 .04 
l' I 

May................. .\ .52 1.67 ji 0 .60 ) 1.93 1 .07 I .71 3.00 .OS 

June.................1 .30 2.35 .01 .37 i 3.10 t .02 i .29 '1.67 0 

JUly ..................l·. 1O .75 . 0 .15 i 2.12 I .02 \ .08 .39 0 

Aug ........... ,. ...... .06 .56 a .08 I .51 !. a .05 .22 0 


Sept .05 ; .70 0 .07 ~ I 28 t 0 .08 1.75 0 

~~t~::::::::::::::::::! :~~ ;:~ g :~i : :~~ ; g :g~ :~~ g 
Dec........... .J .16 1.96 . 0 .21 : 2.i6. a ! .22 2.93 I 0
--. -----_·_-------1-----·_-

Tolal for year __.~_s~~-.~:~.:~.' 7.19 I 1652 i 95 I 8. 12 1 17.771 .86 

, ~Ionlhli' data Cor 1938· 55 In U.il. Dept. Agr. Tech. Bul. 1179 (8611dala for 1956-62 in appendix table 40. 
1 RolattOU of r:orn, wheat. and 2 yrars of meadow; improyl.'\l practice!!; Muskingum silt loam ovt'r shale. 

l PlastiC' rover June 6 to s... pt. 9, 1957 prevented infiltration and redutt:d percolation. 


TAIIl.E 21,-SuI/IlIlflry OJ lIIonthly percolation, }'WS', 1941-62 
..-- --.-.--~~-...-.--~.-....,.--------.------:------

\'~O~:'___! ,,{103B I. . I n03D 1Yl03C 1 

Period 
1 Aver- Maxi· Mini· i Aver· ! MaXi-I Mini· i Aver· \ Maxi· \ Mini-I Aver· Maxi· Mini­
) age mum mum ~ age i mum mum 1 age mum mUm age mum mum 

-.-.... --.- ...~-- ; Inrh" Inch .. -;::;:1 Inch .. ~: Inch.. ; Inch" Inch .. linch.. Inch.. Inch.. ~ 
Jan... _.. 105 i ~.i6 a ,0.90 5 o~ I. om l' 1.37 5.30 0.02 1.30 5.17 0 
Feb _.. Ll6! 3047 .01 I 1.06 2.2~. .07 1.44 2.89 .02 1.35 3.98 .02 
~lar. 11.7,5 : H7 .19 1.65 3.74! .27 i 2.06 4,96 .68 1.87 4.75 .35 
Apr. ..".......... ..4 403 .05 1.25 H21 .06 1 1.45 4.36 .07 1.31 4.82 .06 

May............... .44 I 2.66 .03 ,50 I.S0 .03 I .64 2.87 .04 .52 2. \4 .03 
June •.• __ .... _...... :~1; 155, .01 I .26 139 .01 1 .45 2.01 I .O~ .35 2.04 .01 

01~'~~." ........... , .03· :~~ i 0. :~~ I :~~! 002 1 :J~ I:;~ :g~ :~: I:~~ 0·01 


~t... .......1 ~~ .~~ g \ :g~ t :~q ~ .g~ :~~ l g :g~ :~~ gII 
Nov.... ._.i .06 .76. 0 051 .16 I 0 .16 1.30! 0 .10 .68 0 
Dec...... .... .... 36 267, 0 .36 1.87 i .01 .62 2.33 .01 .68 3.10 .01-- - - - -----------,-_._--------

Totnl (or year "I 6.H: 13.59 I 64\ 6.321 12.35 1 1.08\ 8.58 [ 13.57 1 2.97 1 7.82 13.76 2.22 

.--.----... ~ 
I ~(Qnthly data for 194155 in U.S. Dept. Agr. Bul. 1179 (88). Data Cor 1956-62 in appendix lable 41. Percolation records began 

in 19~O. 
1 Rolation of corn, whent, and 2 years of meadow; improved practices lJ.lIed on Y103A and YI03B; poor practices used on YI03C 

and YI03D; Keen. silt loam. 

is well drained and its percolation because of the texture and structure 
values are expected to exceed those of the various horizons. The Keene 
of Y103, Keene silt loam of slow subsoil is a heavy silt loam grading 
penneability. There were a number into silty clay loam and then into 
of years when no percolate was ob­ silty clay. The colloidal content of 
tained in September, October, No­ the latter enhanced swelling and 
vember, December, or .January. shrinking of the soil , which directly 

Percolation rates were more erratic affected percolation. When the soil 
on the Keene soil (battery Y103) was saturated or nearly so, the swell­



58 Tg(,H~!('AL Bt:LLETI~ 13G7, l'.S. DEPT. AGIH{'l'L1TIH~ 

ing of the colloids made this layer 
almost impenneable. When this 
layer became dry, the shrinkage of 
the eolloids produced cracks in this 
layer, which facilitated percolation. 
The highest monthly percolation on 
the Keene silt loam was 5.47 inches 
(from Y103A) in l\farch 1945 (table 
21). Its highest annual percolation 
all1ount~d to ]3.76 inches (from 
VI 03D) in 1961 and the lowest was 
0.64 inch in 1954 (from YI03A). The 
maximum percolalion values on YI03 
we're usually less thnn those on Y102. 

The variation in percolation among 
lysimetcrs on the same soil type and 

the same co\'er reflects the general 
heterogeneity of soils in this area. 
The coefficients of variability arc in 
the 20- to 25-percent range. 

Interrelations Among Crop Species, 
Crop Yield, and Percolation 

A comparison of data from Iysim­
eters in deep- and in shallow-rooted 
vegetation showed that rooting depth 
had a 8izable effect on percolation. 
Yegetation on all lysimeters of bat­
tery YlOl was shallow-rooted po v­
prty grass or bluegrass through 1946. 
Data in appendix table 39 and on 

~'IOURfl 29.-Cumulative monlhly percolation by years, 1956-59. 
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FIOURE 30.-Cumulative monthly percolation by years, 1960-62. 

the double-mass curve of figure 31 line of equal values. In 1947 the soil 
show that percolation during the on Y101D was seeded to a mixture 
1943-47 period \vas about the same of alfalfa and bromegrass-both deep 
from lysimeters Y101B and YlOID, rooted. Beginning with 1948, per­
averaging 11.42 inches per year on colation on Y101D was much less 
Y101B and 12.24 on Y101D. The than that on Y10lB, still in poverty 
general trend of the curve during this grass. The slope of the graph on 
period coincides essentially with the figure 31 for a period of years begin­
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FIOURE 31.-Rclation bctwccn cumulative percolation from YlOIB and YlOID during 
1943-62 and forage yields. YIOIB was in povcrty grass (shallow-rooted) throughout 
this period. 1'IOID WII!j in blucgrass (shallow-rooted) until May 8, 1947, in alfalfa­
brome (deep-rooled) unlil April 15, 1957, and in birdsfooL trefoil (deep-rooted) 
until the end of the experiment. 

ning in 1948 departs materially from 
the line of equal values. 

Statistical analyses were performed 
on the YI01 percolation data for 
the 1947-62 period. The average 
annual percolation for deep-rooted 
grass, 8.09 inches. was significantly 
lower than ,the 13.73-inch average 
for shallow-rooted grass. The varia­
tions in the ploUed points around the 
general-trend line for the period 
1948-62 may be due to chance. How­
ever, there are numerous features of 
the trend line that appear to be 
worthy of consideration. 

Crop yield data are shown along 
the curve of figure 31. After 1947, 
the crop yield on Y101D I'ms much 
greater than before. Furthermore, 

it was much larger than that of 
YlOIB during the same period. Dur­
ing the very dry years, 1953 and 
1954, the deep-rooted crops depleted 
soil moisture to such a depth that 
subsequent fall and winter rain was 
not sufficient to overcome the deficit 
and to cause the normal amount of 
percolati.on. The curve is almost 
horizontal in this period, showing 
that percolation from YlOID was 
negligible compared to that for 
YlOIB. By 1956, percolation on 
YI 01 D had recovered to a large 
('xtent and was almost as large as 
that on YIOIB. Alfalfa on YIOID 
had died out by 1956. Birdsfoot tre­
foil, another deep-rooted legume and 
reputedly of longer life, was seeded 

http:percolati.on
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in its place in the spring of 1957. It 
was Illuch slower in starting than 
alfalfa ancl the increase in crop yield 
did not show up until 1958. Percola­
tion from Y101 D in the 1956-57 pe­
riod totaled slightly greater than 
that from Y101B-tl situation some­
what like th!\t prevailing before 
YlOl D was srrdecl to deep-rooted 
crop". By 1958 the stand of bircls­
foot tn'foil on YlQl D had become 
well (·!-!tablished, as evidrnced by 
('rop yield incrCflS(' and by the rc­
duction of percolation below that of 
YiOlB. 

As pr('viollsly not('d, til(' grcater 
the' crop yield, the gl"catel" the \vater 
consumption (ET). Thi:; increased 
o;oil llloisture deplrtion Hnd decreased 
percolation-an dTed more apparent 
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in dry than in wet years. The effeet 
of a sequence of wet and dry years 
on annual percolation from deep­
and shallow-rooted vegetation is 
shown in figure 32. 

During the pretreatment period 
0943-46), when both YlOID and 
Yl 01 B were in bluegrass, annual 
precipitation varied from slightly 
below to slightly above normal. Per­
colation values were approximately 
the same from the two lysimeters 
and were fnirly high, ranging from 
about 7 to 15 inches per year. 

Data from 1947, the yenr Y101D 
wa:; rC:;l'eded, nrc omitted. The blue­
gra:;:; was ch0pped and killed in April 
and alfalfa and bromegrass were 
:;ccdcd in May. Very !ittle vegetal 
growth occurred that year. 

",_45 

50 

A at. ALFALFA-BROME 
D---~ BIRDSFOOT TREFOIL 
.""....,,". PRE-TREATMENT 

4 8 10 12 14 16 18 20 

PERCOLATION. Y 101 B. INCHES 

FIGUlU; a2.-I~lIe('t of v('g('tatlOn on pcrl'olalion, 1!l43-62. Y 10113 was in povcrty grass 
throughout. this period; YIOI D vegetalion shown on curvcs. Numbcrs on graph 
indicatc ('alendar y('ar~. Datn for 1956 not givcn bCl'lluse alfalfa was gone; 1957 
dllta not. gIven bC'(,llu~c birdsfool lrC'foil was .sccded then. 
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For the first 3 years after Y101D 
was reseeded with deep-rooted alfal­
fa and bromegrass, its percolation 
(ranging from zero to 13 inches an­
nually) was considerably below that 
of Y101B, in shallow-rooted blue­
grass (ranging from 6 to 18 inches 
annually). In the September-De­
cember 1950 period, before the soil 
moisture deficits on the Iysimeters 
were overcome, percolation from the 
shallow-rooted crop Iysimeter totaled 
5.03 versus 0.13 inches from the deep­
rooted-crop Iysimeter. 

Only one set of values, for 1951, 
plotted ncar the line of equal values. 
This followed the wet year of 1950 
(annual rrecipitation 12 inches 
greater than normal), which had 
higher-than-avcrage preciritation in 
November and December. Since the 
moisture deficits on Y101D and 
YlOIB were both overcome before 
1951, there was very little difference 
that year between percolation from 
the deep-rooted-vegetation lysimeter 
(J 3.39 inches) ancI from the shallow­
rooted-vegetation Iysimeter (14.96 
inches l. This shmvs that in wet 
periods the effect of different rooting 
depth on percolation was greatly 
diminished. 

Annual preciritation for the 1952­
59 reriocl ranged from normal to 9 
inches below normal. Whereas this 
sequence of dry years reduced per­
colation on both Iysime>ters, its effect 
on percolation from Y101D was 
much more pronounced-in fact there 
was no percolation in 1954. 

The vears 1956 and 1957 were wet 
years. "Furthermore, the deep-rooted 
legume on Y101D had almost dis­
appeared. Percolation from Y101B 
and Y101D was 14.50 and 13.73 
inches, respectively for 1956, ancl 
14.52 ancl 16.81 inches, respectively 
for 1957 (table 39l. In )'1al'ch of 
1957, the> olel yegetation on Y101D 
was destroye>d and birdsfoot trefoil 
seecled. As in 1947 when alfalfa was 
seeded on YI01D, there was little 

vegetative growth on Y101D in 1957. 
Percolation from Y101D exceeded 
that of Y101B in both these reseed­
ing yeats. 

In the birdsfoot trefoil period on 
YI01D (fig. 32), percolation was less 
than from YlOIB. By 1962 most of 
the trefoil had disappeared from 
Y101D. Its extra effect on moisture 
extraction and on percolation also 
vanished. 

A comparison of percolation data 
from cropped Iysimeters in battery 
Y103 (fig. 33) showed that conserva­
tion practices (higher fertility and 
deeper- rooted meadow) generally re­
duced percolation. The contrast be­
tween accumulated values of annual 
percolation from conservation-prac­
tice and from poor-practice Iysim­
eters is not nearly as striking as the 
contrast between these values from 
continuous grass-legume and poverty 
grass Iysimeters (fig. 31). Conser­
yation practices began with higher 
application of chemical fertilizer to 
the 1941 corn crop on Iysimeters 
Y103A and YI03B. Rates of appli­
cations, use of manure, seeding speci­
fications, and yield data for the 
period 1936-55 are giyen in the ap­
pendix to U.S. Department of Agri­
culture Technical Bulletin 1179 (66L 
Similar information for the period 
19.56-62 is given in appendix table 34 
in this bulletin. 

There are three periods, each show­
ing a distinct relation between the 
accumulated percolation under the 
two types of treatment (fig. 33). 
The initial relation between accumu­
lated percolation under the two prac­
tices is shown by the trend of the 
double-mass curve from the start, 
1941, through 1946. By the end of 
1946, the 6-year accumulated per­
colation from the poor-rractice Iy­
simeters (Y103C and Y103D) to­
taled 34.48 inches and that from 
the conservation-practice lysimeters 
(YI03A and Y103B) was 31.20 
inches. Average annual rates for 
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FIGURE 33.-Relation between cUMulative percolatIOn from conservation-practir: "J"iul­
eters (YI03A, Y103B) and from poor-practice lysimeters (YI03C, Y103D) during 
1941-62 period; and crop yields. 

this period were 5.75 and 5.20 inches, 
respectively. 

In the second period, 1947-52, the 
average annual percolation rates 
were 9.68 and 8.65 inches, respec­
tively. The first-period difference in 
average annual rate, 0.55 inch, was 
9.6 percent of the average Y103C 
and Y103D percolation value. The 
difference of 1.03 inches in the second 
period was 10.6 percent of the aver­
age annual percolation rate from the 
poor-practice lysimeters. The crop 
yield difference between the treat­
ments was quite noticeable in this 
second period. CWhere there are no 
data shown, values are missing from 
the record.) 

The third period apparent on figure 
33 covers the years 1953-62. The 
average annual percolation rate was 
8.25 inches for the poor-practice ly­
simeters (Y103C and Y103D) and 
5.38 inches for the conservation-prac­
tice lysimeters (Y103A and Y103B). 
The difference of 2.87 inches in this 
third period was g4.8 percent of the 
average annual percolation rate from 
the poor-practice lysimeters. The 
change in percolation relations be­
tween practices from the initial to 
the second period was slight. That 
between the second and third pe­
riods was considerable. Statistical 
analyses showed that, for the entire 
1941-62 period, the average annual 
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percolation from the conservation­
practice lysimeters, 6.36 inches, was 
significantly (at a 5-percent level) 
less than the 8.18 inches average 
from the poor-practice lysimeters. 
This relationship was true for all 
crops of the rotation. 

Table 22 shows the increase in 
crop yields between the second and 
third periods. There was practically 
no change in corn yields; yields for 
the second period were 114 and 151 
bushels per acre from poor-practice 
and conservation-practice lysimeters 
respectively; the corresponding val­
ues for the third period were 122 and 
153 bushels per acre. The corre­
sponding increase in yield for the 
wheat crop was more noticeable­
3:: and 46 bushels per acre for the 
second period compared to 34 and 56 
for the third period, an increase of 
8 bushels per acre in the difference 
between practices. The correspond­
ing increase in yield for the meadow 
crop was also considerable-2.1 and 
2.9 tons per acre versus 3.3 and 5.1 
tons per acre, an increase of 1 ton 
per acre in the difference between 
practices. Increases in yields were 
related to increases in total usc of 
water (table 14). In turn, increased 
use of water by the crops resulted in 
reduction of percolation. 

The reduction in percolation was 
not always concurrent with the crop 
yield increase. The reduction often 
appeared at the start of the percola­
tion period following the crop season. 
Greater 'moisture deficits caused by 
increased water use by crops had to 
be largely replenished before percola­
tion started. Comparisons of crop 
yield and percolation differences for 
individual seasons or single years 
are not always valid. The carryover 
effect from one year to another may 
be minimized when comparisons of 
values are made for periods of several 
years. 

The effect of different rooting 
depth on delay in the start of appre­
ciable amounts of percolation can be 
illustrated by graphs of monthly and 
daily percolation values. Monthly 
percolation and precipitation data 
for the 1942-46 period, when lysim­
eters Y101B and YIOID were both 
in shallow-rooted vegetation, are 
shown on figure 34. The seasonal 
trend of percolation and its response 
to precipitation as shown on this 
figure, indicate that there was no 
consistent difference between the 
monthly percolation values from the 
two lysimeters during this period. 

In the first treatment period­
deep-rooted alfalfa and bromegrass 

TABLE 22.-Crop yields on poor-practice l]/simeters OTIOSe ond YJOSD) and on conservalion­
practice lysilllcters (YI03A and YI03B), 19.1,7-62

---------------.--------"---,-----------r--------------I Corn yield from- Wheat yield from-

Period 
Poor. IConservation- Poor- I Conservation­

practice practIce practice practice
lysimetcrs Iysimeters Iysimeters Iysimeters-------I 
Bu.!atT< Bu.!aere Bu.!aere Bu.jacre 

1947-52___ "___ "_____________ "_ 114 lSI 32 46 

------- ...--- --"'------------ ------.-.-- -- ... -----.------

Meadow yield from­

Poor- I Conservation­
practice practice 

Iysimeters iysimctcrs 

I Tona/acre Tona/acre 

2.1 3.4 
2.4 2.1 
1.9 3.3 

2.1 2.9 

3.0 4.4 
4.0 6.5 
3.3 4.4 
3.0 4.9 

3.3 5.1 
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FIGUlU: 3'1.-Monlhly percolatIOn and preeipitalio[\ for two Iysimctcrs (YIOIB, YlOID) 
in ~hullow-rool('d vegetation (poverly grllSs), pretreatment period, 1942-46. 

on YIOID (l947-5U-lhere was a 
comiistent delay in the time of sea­
sonal increase in percolation from 
the lysimeter in a deep-rooted crop. 
For example, in December 1948, per­
colation from YlOl13 rose to 0.76 
inch, whereas, there was none from 
YlO I.D (fig. 35); in the following 
month, percolation from Y 101 13 
r(,lLched 1.95 inehes and that frorn 
YJOtD was only 0.69. By March 
1949, percolation from both lysim­
eters was nearly the same. The 
per('olation decrease in the summer 
was rnore rapid on YlOID than that 
on lysirneter Y1Oll3, in shallow­
rooted vegetation. 

In the second treatment period, 
1957-62, the effect of birdsfooL trefoil 
on the delay in the seasonal increase 
of perrolation and the advance in the 
time of its recession was also appar­
ent (fig. 36). 

The effect of the change from shal­
low- to deep-rooted vegetation on 

the date of significant rise in per­
('ulation can also be illustrated 
by daily percolation-precipitation 
graphs. The day of the first small 
inerease, or the Leginning of percola­
tion, is of little importance compared 
with the date of large increase. The 
graph of daily percolation for the 
pretreatment period (fi.g. 37) shows 
that percolation from the two lysim­
eters, both with shallow-rooted vege­
tation, was practically the same after 
February 22, 1945. A significant 
rit;e in percolation from Y10lB oc­
curred in mid-February but daily 
p(~rcol::ttion soon fell to a small 
amount. Percolation from Y101D 
did not show this initial rise, but, 
after :March 5, the percolation rate 
was practically the same as that of 
YIOlB. 

After Y101D was seeded to alfalfa­
bromegrass, its rise in percolation, 
as compared to that for Y101B was 
strikingly delayed (fig. 38). Where­
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FWURE: 35.-Eff!'cl of alfalfa-braID!' on monthly percolation, first treatment period, 
1947-51. During this period YJOJD Wits in affldfa-brome and ¥101B was in poverty
gra.'iS. 
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FIOCHE 36.-Eff('('t of bird:;foot trefoil on IDonthly percolation, second treatment period, 
1957-62. During thi>' period Y101D wa.-; in hirdsfoot trefoil and YIOIB was in poverty
gra.'<s. 
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FIGURE 37.-Daily percolation for two lysimeters in shallow-rooted vegetation, February­

March 1945. 


as a significant amount of percola­
tion from Iysimeter YlOIB, in shal­
low-rootecl vegetation, began on 
about December 20, 1949, percola­
tion from Y101D did not show a 
sizable rise until .January 10,1950 
and did not approach percolation 
from Y101B until about January 25. 
Thereafter, the percolation values 
were comparable. A similar pattern 
is shown by the shallow-rooted Iy­
sim('ters versus deep-rooted Iysim­
eter percolation curves for the birds­
foot trefoil treatment period (fig. 
39). 

Interrelations Among Plant Nutrient 
Losses, Precipitation, Soil Type, 
Crop, and Agronomic Practice 

Losses of chemical constituents of 
the soil through percolation, com­
monly termed leaching, were deter­
mined by chemical analysis of the 
Iysimcter percolates. Leaching of 
plant nutrients htls been studied by 
numerous investigators. The re­
views of the literature by Kohnke 
and coworkc:rs (83) and by Harrold 
ancl Dreibelbis (66) have listed vari ­
ous investigations carried on pri­
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PRECIPITATION 


FIGURE 38.-E.ffect of shallow-rooted vegetation on daily percolation, December 1949 to 
February 1950. During this period YlOID was in deep-rooted vegetation and YIOlB 
was in shallow-rooted vegetation. 

marily for the study of loss of 
nutrients through leaching. Some of 
these investigations have called at­
tention to the shortcomings of many 
lysimeters resulting from the unnat­
ural conditions under which percola­
tion occurs, the most serious being 
percolation from fillecl-in lysimeters 
or from lysimeters that do not pemlit· 
surface runoff. The Coshocton ly­
simeters more nearly approached 
natural conditions than many others, 

and the evaluations made of plant 
nutrient losses through leaching were 
considered reliable. A knowledge of 
the extent of plant nutrient losses in 
percolation provides useful informa­
tion for various agricultural pro­
grams. 

Data on leaching of nutrients un­
der different practices on the lysim­
eters and on the amount of lime, 
fertilizer, and manure applied to each 
Iysimcter from 1956 to 1962 are given 
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FIGURI~ 39.-Effect of shallow-rooted vegelation on daily percolation, January-March 
1961. During this period YI0ID was in deep-rooted vegetation and YIOIB was in 
shallow-roo led vegetation. 

in table 23. It is apparent that these 
applications exerted a great influence 
on the composition 01 the percolate. 

More calcium was lost through 
leaching than any other nutrient; 
manganese losses were the least. 
(Plant requirements for manganese 
were smaiL) Sulfur losses during the 
1941-62 period were higher from the 
Iysimeters receiving the greater 
!lmo~lllts of fertilizer. 

Nitrogen occurred in the percolate 
mostly, if not entirely, in the form 
of nitrate and in this study was 

determined only as such. A sum­
mary of the data on nitrate losses 
in percolates from each lysimeter for 
the 1940-62 period appears in table 
24. Thcse data show the contrast 
in nitrogen losses by soil type and 
agronomic practice as well as the 
large variation in replicates on the 
Harne soil type and agronomic prac­
tice. Nitrate losses were least on the 
Muskingum silt. loam Iysimeters over 
sandstone that were in permanent 
grass, Iysimeter battery Y101; an­
nual values from this battery ranged 
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300 I 5·20·20 	 II.H 36.07 32.50 3.25 .32 39.48 17.42\'102. AUC............ . MI Corn ,..._.dO....... 	 l-<
• 360 5-20·20 o 10.0 14.79 43.97 23.55 4.75 .31 34.94 9.46 W1'103. AlL ............. K .....do......._do___ .... 
 • 360 5·20·20 o 10.0 14.36 44.87 11.94 5.95 .05 27.93 1.37 C>1'103, CO.............. K __ ...do... Poor 
 • 150 5-20·20 o 7.5 24.S1 57.72 29.48 8.83 .26 26.47 12.04 ~ 

1955: q1'101. All .............. 
 o o o 3.M 2.40 1.01 .13I IOrass Poor 	 .22 S.U 11.721'101. CO.............. M.M. . ....do... Conservation o 	 ~
o o 18.35 22.56 18.23 I.S8 .22 25.59 10.161'102. ABC............. MI Whe.t .....do...... . 
 o o o 6.061'103. AB ....... __ ••__ • K .....do........do...... . o o 	 15.03 20.18 9.53 .16 15.44 6.92 tj
o 7.45 22.791'103. CD..____• __ ..... 	 21.98 6.71 .IS 15.24 Ul t'lK .....do... Poor o o o 17.59 22.12 19.14 7.30 .24 14.08 6.24 
1959: ~ 

1'191. All. ....... ____.. 
 o o o U6 3.S8 .15 .IS 	 ;..1'101. CD .. ____ ••• __ ... Ms lor.... IPoor 	 .40 11.32 19.49M. ..•••do... Conservation o o o 7.;9 19.37 6.95 .61 .55 25.36 12.091'102. ABC.........__ .. MI Meadow .....do....... o o o 5.37 15.65 21.50 10.48 .20 16.92 5.83
Y103. AB .........____ • K .....do__ ......do....... 	 "S
o o o B.58 33.19 27.50 5.19 .40 2351 6.81 (')1'103. CO............. . K .....do... Poor 
 o o o 18.14 37.S9 31.79 8.22 .60 22.78 11.49 q 

~ 
:>j 
t'l 



1960: ;: .I I I I I I1'101••-\Il •.•••••••••••. I: 11. 1 Gras. I Poor 0 :•••••••••• 1 a 0 os 6.&\ 3.50 .07 ••••••••••, ••••••••••, n.17 

)'101, ro ........... _.. .\Is .... .do_ ••• rons.rvation 0 !.......... 0 0 6.25 20.99 15.67 I .66 i •••••••••• '•••••••••• ' 9.52 

),102.ABr .• _...... MI ~I ••dow ( .....do ...... 0 ,........ _. 0 0 5~O 11.23 23_35, 8.79 .......... ' .......... ' 5.31 

)'103. All .......... _'" K •••••do .. · .....do....... , 0 !.......... 1 0 0 566 . 16.~3 22.72 i 3.30 : .....................j 5.IS 

n03. rD ............. · K •••••do.. ) Poor 0 ........... ' 0 0 978 1i.9~ 25_09 3.91 :..........i.......... 8.57 


1961: ! l I I j i I I
nOt. All............... M. I Gr... ! Poor f I.......... 0 0 4.19 3.S0 3.28 .11 ....•....·:· ....• .. ··1 II.SO 

1'.101' rD .............. ) Ms .....do_ ... ' COII.m·ation 1 0 !..........! 0 0 9_50 1.', 19,47 15.80 1.19 I........... :.......... 11.~2 

1'102•.-\n(' .•. _......... , !III ! eorn ,.....do .......; • 360 i 5-20·20 I 0 100 6.25 ' 16.28 23.78 9.54 I.........·f.......... 6.59 t'i
n03. AIl..... _........! K •••••do •• t ....do ...... ; '360' 5-20·20. 0 10.0 8.76; 29.06 30.~7 5.41 .........+......... S.43 <:
19:~1:03. co..............! K \.....dO ... ,' Poor !.150 I 5.20'20! 0 7-5 1:.:51 30_IS 2322 5.51 II.... · ....T 13.66 !l­......··· 

t:"r::\ 101. All.............. M. I Orass Poor .......... 1 0 •.•5 ' 3.06 1.55 .09 ..........,.......... 7.86 ;..
! 0 
nOI. rD......... -....: M. ,.... do •• ' Con.en'ation 0 I . 0 0 I ~.23 " H,66 H7 1.32 I .......... · .... ··.... 8.13 

Y102, ABC'... .......... 111 I Wheat .....do....... 0 !.......... : 0, 12 0 ~ ~6 j IUO I 8.08 9.32 i·· .. ·.·.·.. .......... 5.50 ::a 

XI03,AIl ..............; ~ j ..... do .• .'.....do •••••. , 0 j..........1 0 !.' I~O MO j 32.56 10~1 7.6~ 1........_.) ... ·.. · ..· 6.31 
 z 

o 
) 103. CO..............; K ......do .. , Poor 0 .......... 0, 1.5 13.56 \ 23.10, 11..1, 5.13 ,..........;-......... 9.01 


"J1941·62'",'...ge' 1'-- 11--1'-1-1--'-1-1---
o 

1'101••~ll......... !II. .......... Poor 0 0 0 0 5.82 7.64 3.47 .25 .37 10,59 12.S2 

)'101. CD........l 1h .......... ('onscrv.tion 200 l ~·1O·6 .2 I .2 9.20 17.59 S.~9 .72 .3~ 20.82 I L~9 > 

)'102•.-\B(, ... __ ••· ~II ...............do......., 200'1 ~·20·S .3 : 3.2 5.62 14.51 13,25 , 5.61 .29 14.06 6.91 o 

)'103. All ........ : K ...............do....... 200 2·20·S I 2 . 3.21 9.55 24.85 18.27 I 4.13 , .27 28.68 6,40 ::: 


(')1'103, CO ........ ; K ........ :........ Poor I 100 I 1.'-5! 0 I~~ __ ~~,_~~ 1i.35 ' ~.72 i .37 220~__~ 
 r:: 
~ I For 1941.55 data sr. t.hle 30 o[ e$. Dept. Agr. Tech. Bul. 11,9 1661. r:: , ~1s=:Musklngulll .ilt loam o'·.r saudstone; ~II~-Muskingum silt loam o,w ,halt; K;o K,·tn. silt loam. 

1 Nitrate nitrogen. ~ , 180 pounds at corn planting and ISO pound. at wheat planting. t"
• 50 pounds at corn planting and 100 pounds at wheat planting. 

'Nutriellt loss data [or 1945 alld 1946 omilied because ofincomplete reco,ds; Mn and S data are l5-year a,..rages. :t 
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from zero to 5.93 pounds per acre. was the largest on record. It is likely
Zero loss of nitrates resulted from that the nitrate buildup during the 
zero percolation, YIOlD in 1954. previow,; years of alfalfa on YIOID 
The addition of nitrates YIOlC and (no legume on Y101C) caused the 
YIOID (none to Y101A and YlOlBl huge nitrate loss. Percolation from 
several times during the period 1945- both lysimeters was also large in 
62 (table 23) influenced this varia­ 1958. ~itrate lcaching from Y10lD 
tion. Furthermore, nitrogen fixing continued at high rates in 1958, but 
legumes wer(' seeded on YI0ID In declined to less than 1 pound per
1947 and 1957. acre in 1959. There secmed to be 

Nitrate appli('d on April 15, 1957 practically no relation between an­
on Y101C and Yl 01D was followed nual percolation amounts and corres­
by heavy rainfnll in .June and in­ ponding leaching losscs of nitrates 
crNlsed pC'rcolation from both Iysim­ during the period 1959-62. No ni­
rters in .Junr nnd .July (table 39). tratrs were added after 1957 and 
Percolation from YlOID was slightly annual losses of N were small (1 to 
grrntcr than thnt from YW] C. r~i­ 2 pounds per acre).
lratr I('aching loss from YI0l C in Variation in nitrogen losses from 
1957 (table 24) was practically un­ year to year from batteries Y102 
changed. That from YI0l D in 1957 and YI03 (table 24) was less be-

TAIlL~; 24.-~Silrllll!sl in lysimcler perro/ales, l[J.W-(jB 

Ballery n01 ' Battery Y102' Battery n03 7 

Yt'ar 

YlO1A nOIB YIOIC' YI01 D 31, A' i B' 
 C' A' ' B' I c· I D' 
---' ,---- -._- ---,~':-' --'-'-1-1-' ­

l.b. ,a,.,! I.b. a,." l.b, 'arT< l.b, .crt I.b.arr' Lb.!arT< Lb. 'arre I.b.larre Lb./.cr.,Lb./.rr<,Lb.larrf 1040 
1941 0.27 0.10, ,--,•.• , •. ; 653 ~,?2' 5,76 : .... ;;~ .•••• : ..! 4.~~ i 4.2~ 
1042 H ,36 O:~O ''''', •••• , 2,,2 ••,3 ,--,,,1 0 .• 3 0,,5 I .1. I .8, 

040 ,3S ,25 276 2,93 US! .29 .96! 1.84, 1.091943 40 19, ,43 5.40 471 9.63! 339 1.521 3.58 1.4219H ,31, .17 ;;)6 I 2,87. ViO, 5,H i 6.23 I.S0 3.44 5.95 

1945. 122 22 :62 2:19; 2,25; 203; 6.93 I 5,04, .46 I 2.99 5.741946 
1947 .40. .J.I ,20 · .. ···:i;i·,..i:s2"··a:07-:·:,:5ST"14:SS· "R:7ii'I"14:S3'11"'13:~ii
1945 47 ,1 S' ,39 1.86 I 1.25 j 1.~ 1, 3.5: I 4,55 2,2~, 1O,~4 3,231949 32 .15, .41, ,43 i .59 j .13 Ll9 I 3.25 1.68, 1..0 1.41 

19.>0 50 ,23; ,67 .15 I 8,22 S.OI' 12,87; 5.1.1 6,OS 2.37 3.36
1951 .21 15' ,31 .13' 8.40 5,8S 6.89: 14.24 2.77 2.110 7.351952 34 ,13 ,33 .O,q I 3.31, 3,02 5.77 I' 2.21 1.6S 3.93 10.44
19S3 13 .12 .17 .07' ,03' .07 1.14 .56 .73 .60 1.76
1954 .22 .29 ,21 0 .03.42 3,03' .80 2.31 1.04 4.12 

1955 .30 .15 ,32 ' ,01 6.23 6,34 10.371 2,03 I. 2.66 I 1.96 2.63
19M ,~6 ,34 ' .73 . 
11)57 .. ,flO .22 '56 

. .>0, I.SS ~.,.530S i, 7,63 2.541 2.621 2.86 1.32 
5,93; 4.57', 5,38 I 5,37 6.52 6,00 11.661955. " .. ' , .t7 0, .31 ,

1959 
3.45 I S,~4' 8.S7 10.77 6.17 7.25 4.69 9.92 

25 .11 ' ,29 .93! 7.02: ~.7j 17,66 4.7S,' 5,59 i 5,93 10.52 

1960 ,10 04 .29 104, 4,89, 700 I 14,49 3.32 3.291' 3.62 1 4.201961. ,16 ,Oil ,29 208' 056 j 543 IB 62l 0.26 4.57 0.77 4.241962 1') , ,or; , .27 2 36: S 15 8.89 I 10,93 US 10040 3.89 6.37 

-~'-1~-'-:; ~:US;4.34YS~03I4.5Sf3.55r4.1215.24 
I In trrms of:<. prr arTP 1'<" yrar, 
2 .\fuskln~urn 81lt lorun o....rr .snndatonfl; jWrll1n.nl'nl grassland. 
J Nitrates added "'v«al (11111'8 dllnn~ 1954·62, 
, Lrgumes sredrd III 1947 alld 1957, 
, ~(u.kin~um sllUoarn OVl'( .halr; rrop rotation. 
'(:olls<Tvatlon llmrtir~; mtm!e addrd III 1941. 1945. 1949. 1953. 195i. and 1961. 
1 KN;'IiP silt loam; crop rot.'lt.JOfl. 
'Poor practlre; IIltrat •• added 10 1941,1945. 1949, 1953. 1957. 1961. 
aAVfrai{e, of yrars for whl('h data ar~ avallablr, 

http:US;4.34YS~03I4.5Sf3.55r4.1215.24
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tween practices than between lysim­
('t(,rs under the same practice. YI03A 
nnd Yt03B wer(' under con~ervation 
practice lind Y103C and Y103D were 
under poor practice. There does not 
app<'ar to be any con"i."tency in 
leaching loss('s between the various 
baUerie;; or treatlIll'nts. Annual 
\'alues ranged from 0.03 to 17.66 
pounds pN HCfe, This \'ariation was 
infiuen('pd largl'ly by the amount of 
pefcolat(', by the addition of fer­
tilize-r and llJallUl'{', by till' gmwth of 
h'guIlH'S with ti1l'ir cOIH'omitant in­
fhH'Ill'l' on nitrog('n :,;tlppl}" and by 
biologirai aeth'ity ill the soil. Fpr­
tilizl'l' applicatiol\ on ':'lay 2, t957 
(tabl!' 2:~ and apppndix table 34) 
wus followed by larg!' amounts of 
rain in ,lUIH'. Percolation from all 
ivsilTlPtl'rs at Y103 site (tabll' 4l) 
incJ'!'ast'd noticeably jn .TUIH' 1957. 
:\lon' fl'rtiliz('I' wa;; itddl'd on Octobe'r 
2, HJ57. Pereolatioll incre:t:<ed again 
in D('C'Plllll('r. Xitmtc l(lllehing from 
all Ivsitltetl'rs at thl::; ~ite for 1957 
(wbip 24) showl'd sizable incl'eu~es 
owr tho:;p of ] 95£). Thi;; wu,.; due to 
tltl' IMgp inereu:;ps in lwrcoiution EO 
soon aftpr fl'rtiliz('r application. 
LI':tc'hing lo~~(';; of nitmt('s remained 
high in 1958 although (wrcolution 
totals W('1"(' only about hal f of those 
in 1ns7. In fitN, thr nitrate loss 
valliI''; :<hc)\wd no sizabl(' l'('duction 
until 19GO, the third year aft('r fer­
tilization. • 

It wus impos::;ihlr to determine the 
:,cHln'c' of til(' nutrients in the leueh­
atl'. Xutril'nts in drainage water 
w('r(' c\('riwd from the applied ma­
nure, fertilize!', and linH'stone mate­
rifth; and from the soil itself. Some 
of th(l~c applied nutriC'nts appearrd 
in til£' pe!'co):ltes the lWIlW year O!' 
in tlH' following year. It was diffi­
cult. tiH'refore, to attribute' nutrient 
leaching loss!'::; to any particular 
applicntion, It was al80 likely that 
contaminants in the atmosphere, such 
as nitroge'n nnd sulfur, contributed 
appreciably to the composition of 
tilr I(,llchat('. 

A detailed study of the leaching 
of chemical constituents of soil was 
nltulc on the untreated Ivsimeter 
YlOlB for a 12-month perio~! ending 
September 1960 (table 25). Quanti­
tath'e detenllinations of a number of 
anions and cations were made and 
expressed as parts per million. As 
this lysimeter recl'i\'ecl no fertility 
treatment dUl'ing the period 1936-62, 
the composition of the percolate 
bl'ar:; some rt'lation to the chemistry 
of ~oi\ development. In this COl{­
ne(,tion, it is interesting to observe 
til(' relntiwly high eontent of silica 
in the percolate. Bicarbonates and 
~ulfatl's arc the only nniomi found 
in gn'ater concentration than silica. 
Of til(' cations, ::;odium and potassium 
wen' highest in concentration. Losses 
of tht' other cations were relati\'elv 
slllull. . 

TIll' awrage annual percolation 
and nutrient losses uncler permanent 
nwado\\' for the pc'riod ] 947-62 arc 
giwn in table 26. Losses from onc 
vear to anothcr were different as 
i';qwcted beeause of differences in 
yearly percolation. Analyses indi­
cated, however, that, e\'en after 
adjustment for clifLerences in yearly 
(wl'co!ation, the nutrient losses were 
not the Same from year to year. The 
addition of fC'rtilizers at irregular 
int('rYtlls to the consrrvation practice 
lysimeters (YlOIC, YlOID) was the 
main reason for the variation in an­
nual nutrient losses. However, in 
th(' case of nitrogen, the annual aver­
agr of 1.24 pound8 pC'r acre leached 
from Y101D in alfalfa probably re­
fi('ctcd thr contribution of nitrogen 
to the soil by legumes, On theYIOl 
Iysimeters without legumes, the an­
ntud twera~e amollnt of N leachrd 
was only 0.24 and 0.36 pounel per 
acre, on the povrrty grass and bluc­
grass Iy:dmeters, respectively. Al­
though thc applicntions of potassium 
in fertilizer were the same on both 
YlOIC and Y101D, the leaching was 
l11ueh less from YI0ID (4.68 pounds 
annual nveragc) than from YIOI C 
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(11.14 pounds). This probably re­ rotation Iysimeters of the Keene silt 
flected the greater amount of potas­ loam and the nJuskingum silt loam 
sium removed by the aLfalfa crop over shale appear in table 27. The 
than by the bluegrass, as yields were effect of conservation practice and 
considerably greater on the former. poor practice on the amount of per­
(Bee appendix table 32 for data on colate and nutrient losses under this 
yields.) Because limestone rotation for battery YI03 is appar­no was 
added to the poor-practice lysim­ ent. Conservation practice caused a 
cters, the amounts of calcium and significant reduction in percolation
mngnesium leached therefrom were amounts (8.28 inches to 6AO inches 
con:<iderably below those from the per year). The nutrient losses of 
Iy~imeters in conservation practice. nitrogen, pota;;sium, and magnesium

A vertlge annual percolation and from battery Y103 were less from the 
n\ltrit-nt loss datu from the 4-year- conservation-practice lysimeters. 

TABI,~~ :2f>.--Allal!/sis of ll/simeler percolates from Yl{JJ B (no fertilizer added) at monthly 
illlert·(tls, ()ciobrr 19.59 to September 1960 I 

1960Detf'rrnmahon and umts _._--------------..,..----,--
Oct. !oIov. Dec.' Jan. j Fel>. ; Mar •. Apr. i ,May; June I July IAug. Sept . ."..._----... ..-..--- ----------------------.--.----- ­

:-Olh('<\ -Si(); 5,9 iI' p.m.. 5.6 7.2 7.8 S.O S.7 8.2 i10.0 r 8.7 11.0 10.0Iron; f.· 1'.I"tI. U7 02 .01 .IH 
9.0 

.05 .06. .01 ! .02 ) .02 .07 .02 0C~d('ium ('a. L3 L3 1.9 .fl·" ru .. 15 .9 .7 1.6 i 1.6 I 1.7 2.0 1.7 1.7.\Jagnt'SlUtil .~f~· fl·fl·m .•. 1.5 1.0 6 .6 1.0 .8 .8 i .6 I,D ,1 1.4 1.4:-1Othum 'Sa p.p III 3~ 3.3 2S 2A 2.1 2.9 3.1 , 2.2 I 2.3 2.3 2.8Pot~I!.Irn I\i .1' fun 4/j 3.2 1.6 
3.2

.8 1.2 5.0 1.4 1.0 1.9 1.5 2.4 2.4O,,",ol.,·ti,ohus fl·p.lII.. 34.0 ,21.0 19.0400 30.0 i 28.0 31.0 : 30.0 ·32.0 34.0 38.0 no
! I 

lIardlll"lJl "" ('aCO" 
j'3. \f~ fl·fl·m .. 

i 9.0 SO 60 4.0 60 s.o li.O 6.0 8,0 6.0 10.0 10.0S(n '.nrfIOJiatt' pp.m 0 00 0 0 2 0 0 0 0 0 0BIl.'ar1Jonlltll Hr'('l' ·l>.p·m. 21.0 150 90 s.o s.o S.O . 11.0 S.O 10.0 12.0 12.0C·arhonat· ('/).1' P flfn . 0 0 0 0 0 0 0 0 0 Ilg.o 0 0BuJratt"" ~fh' . l'.p.m .. 110 12.0 9.4 9.2 9.6 11.0 13.0110 9.0 9.6 10.0 12.0('h!oruk 1'1' Pl'D)'. 1.0 0 10 .6 2.0 1.0 i 1.0 1.0 1.0 1.0 1.0 1.0f'luondp'}o" -P·l)'nl., .J .1 00 0 .1 .1 0 0 0 .1 0~Itrate :\( 'J ~ .. ppm... .1 .1 .2 .4 .2 .2 ,2 .1.2 .2 .1 0 
!"j)(>C'lfir l"()ndur.tl1nr.~ 

niirromnos ~t 25tiC . 630 58.0 43.0 36.0 41.0 43.0 60.0 ;39.0 46.0 39.0 50.0 50.0pI! 6.6 7.2 6.6 6.6 6.3 6.36.6 I ) 6.2 6.7 6.3 6.5 6.5PrN'lplt.a.tlOn tiL 010 548 3.01 2.36 3.04 • 3.21 . 1.17 . 1.67 , 6.64 .48P-f'r('o~'\t1on m. mo.. .49 . 3.27 1 6.88 ) 3,06
.92 1.73 2.03 i 1.46 1.20 . 1.41 ! .77 1.28 .83 ! .67 .34 

__ I_.r~.-"'~ 

I (Jab ~'lrnll!hpd I>y tho r.K Geologlcall'lIr.ry, Columbus, Ohio, whi.h made the dderminations on sam flIes collected near the 
first of Lh.· mOllth by the ~o" and Water ('ollsrrV'Jtion Rrsrarch l'taticn, ('c,hoelen, Ohio. 

T,\IIl,~; 2{i.-.tt'frllgf annual 1>crl'0laLion and nuLrient losses from ballerll Yl0l, permanent 
mradou', JluskillgulIL .~illioam OL'er sandslone, 1947-62' 

Yearly loss oC­
l.Y.!W11f't(lr. rrQP. tind PI'<colation 
ngrOIiOlnIt'" pr.lrtl('~ 


Nitrogen Pot:wium 
 I Calcium I Magnesium 

In., ~T. Lb./am I Lb./acr. I Lb./acre I Lb./ocT<YIOIA .YlOIE ;lvI'rugr, poverty 13.22 i 0.24 : 4.63 7.16 3.58geMS, poor priu::otlre. \ 
YIOIC, blurgrass. 

I 
14.,5 .36 I It.14 12.24 l 5.74~on5t!'rv""tlull pmt'tlrt". 

YlOl D. alfalfa, 8.09 1.24 ;i 4.6S 23.6l I 13.42cons('rvatlOn practlft'. 

.. .. _-_._-_._._"-----'----...-!._--....!.._-­

http:Geologlcall'lIr.ry
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TABLE 27.-AI'eruge amtual percolalion and nulnenlioSSfsjroll! lysill/elers ill rolation croTJs, 
J.'J41-62 , 

I.#Y3irneter; soil, and Pcoccolatioll 
a.gronomic practice 

In., yr. , 
Y103, ('0. Keen...II 10alll. 8.28 ~ 

poor practice. I 
6,40 .Yl03, AB, K.ene .i1lloam, 

cOllBf:rvation praClltr 

Y102, ABC, ~lu'~JngulI .tlt 691 
Joam oyre shall:'. 
('()nserv~tlon practice. 

1 ~o data for 1945 46. 

The greater losses of K through 
percolt\tioI1 from poor-practice Iy­
~imt't('rs wert' partly uul' to the 
gn~atpr solubility of pota:,:<ium from 
soil that was more acicl tltaI1 ~oil 
UI1dpr COI1H'rYation practice. Lime 
was added to YI03A and YI03B in 
1944 to rai;;e the pH to 6,8, None 
has I)(,pn npecietl since that time. Thl' 
It's:;('r amount of potassium remO\'ec! 
by tht' ('rops and the greater amount 
of pC'rcolate under poor practice \\'('fl' 
additional infiUl'nces. The greater 
solubility of manganese under acid 
soil conditions would nlso pnrtly ac­
count for the grrater loss of man­
gnne:>l' under poor practice. Caleium 
and magnesium losses were only 
slightly greater from consel'vation­
practic(' than from poor-practice 
art'lls. 

The etIt'rt of soil type on nutrient 
10::::s(',; was apparent from the greater 
loss of potassium, calcium, and mag­
nesium from the Keene silt loam 
than from the ;,[uskingum silt; loam 
(table 27l. A more detailed account 
of tht' statistical intrrpretation of the 
data was reported by Dreibelbis and 
::'.lcGuinness (.381. The smaller loss 
of all nutrients except nitrogen from 
the ~ruskingum profile Wits likely 
due to tht> greater permeability and 
brttrr drainage charact('ristics, of 
thi.,: soil. ::\[ovrl1'lt'nt of wat<.'r through 
thr soil was fairly rapid and there 

Yearly loss of-

Sitrogen 

Lb. acrt Lb" ocrr l.b. arT"" l.b arrt 
".72 15 ~6 '?? h 17,35 

413 9.55 2~' v~ 18.27 

5.61 562 14:,; 1:125 

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

wa.,: It'ss opportunity for the water 
to exert its solw'nt efTrct on the soil 
mass than then' was on thc Keene, 
Percolation through Krene soils was 
gPlll'rally slow, especially in early 
spring when the soil became almost 
impt'rml'ablc. Ho\\,Pyer, percolation 
was fairly rapid when the prrcolate 
fiO\\'('d along Y('rlical cracks that had 
dl'vl'lopt'd aftrr prolonged dry peri­
od:-. These fi:;;:;ures, rt'sulting from 
shrinking of the soil colloids, gradu­
ally closed again aft<.'r moisture 
8\\'('lIed the colloids. 

Dam on nutrient lo:::ses for high 
(1950) and lo\\' (1953l pI'l'C'ipitation 
years are given in table 28 to show 
the contrast under thpse exlreml's in 
r.linfall. Low pereolation and mini­
mal lIutrient losses werc associated 
with ypars of low precipitation. Loss 
of nutrients, except nitrogen, for the 
y('ar of maximulI1 preC'ipitation is 
likply to be clasp to the maximum, 
occurring unclpr the climatic and fer­
tility conditions preyailing at the 
Coshocton station. The 20-year an­
nual aV('ragc for nitrogen losses from 
Y103C and YI03D un(ll'r poor prae­
ticl' (4.72 Ib./acre J is higher than the 
\'allw for the high precipitation year 
of 1950 (2.87 Ib.!acrt'l. The growth 
of I('gutnes and the addition of ferti­
lizt'rs resultP(1 in high nitrogen 1ca('h­
ing losses for SOlllt: years (table 24). 
Tlwse high values increased the aver­
ag<' abo\'e that [or the year 1950, 
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T I<Bl,E '2R.-P/afll nutrienl losses in lysimeler 7lerco/ales from Keene sill/oam during years of 
high precipitation (/ .9';{)) and lou' precipitation tI [HiS) compared with the 20-year I (J f).II­
62) (L/'erage 

A"rOnOlnIC prartict' and pt.·rJoo 

Conservation practice: 
1950 {high precipitation! 
1953 (low precipitation! 

20-year I avera~e 11941"62).. 

Poor pm('tict~ 

Total Peroo- I ;o;utrients percolated 
Prt'· lation 
cipi~ 

taUon Ca t ~Ig ~In s 
--~- ..... ---------_._--------- ---­

I053I1owpre"lpitatlofll _ 33.10. 5.05 4.59 .68 i 3.61 1.18! .19! 12.5/ 

20~Year I avera~e 1941 62'. _ 3uJi3----s:20:~'l7.35" l5"S6,-4-:72j---:37l22.ii3 

Data (Dr 1945 and 1946 omitted because of inoomplete ,,·oord.; Mn and S data are 15· yt'ar a,·.ragt.s. 

1050ihigh precipltatlOnl ..... -.. ' 51.97' 13.40 18.69 

fnmt. fnch.. f,b.loer' I Lb. oertj 

51.97' 12.60 i 51.79 30-18 
33.19 3.54' 5.8S .74 

36.93 

, 
30.81 I 

f,b •. acre t Lb.•Crt i Lb.iacre Lb.iacrt 

11.55 I 5.62! 0.64 : 82.21 
2.77 ' .64 i .13 I 8.28--,--'---'--­
9,55 i .27' 28.68 

20.56 2.87 .94' 51.IS 

The data in table 28 also provide 
It comparison of the effects of agro­
nomic practice on nutrient losses 
through percolation. Nutrient losses 
were considerably lower uncleI' poor 
practice except in the case of potas­
Shllll and manganese, for reasons 
previously given. The differences in 
nutrient losses between practices 
were less than those between high 
and low precipitation years. The ap­
plication of excessive amounts of wa­
ter, by irrigation or by appreciable 
amounts of rainfall soon after irriga­
tion, is likely to result in increased 
nutrient losses through percolation. 

Although annual losses of plant 
nutrients resulting from percolation 

are small compared to those result­
ing from surface runoff from culti­
yated land, they are of practical im­
portance. For example, 5 pounds of 
nitrogen per acre and 10 pounds of 
potassium pel' acre would be equiva­
lent to 100 pounds of 5-10-10 fer­
tilizer; 50 pounds of calcium per acre 
would be equivalent to approximate­
ly ]25 pounds of limestone (CaC03 L 
Data from the Coshorton station in­
dicate that nutrient losse::; through 
drainage are less than formerly sup­
posed. Many of the data from earli­
er studies elsewhere were obtained 
under relatively unnatural conditions 
resulting from lack of provision for 
runoff or from the use of filled-in ly­
simeters. 

SUMMARY AND CONCLUSIONS 


Data on agricuHural hydrology are 
needed in the solution of many water 
management problems. The efficient 
use of water supply in crop produc­
tion depends on a knowledge of con­
sumptive-use rates throughout the 
entire growing season. Data on mois­
ture extractIOn rates by ET (evapo­
transpiration) are needed to develop 
a knowledge of the amount of soil 
pore space available for storm rain­

fall absorption. Forecasts of flood 
peaks and volumes depend on this 
knowledge. 

When watershed management pro­
grams are being developed, lysimeter 
ET and percolation data are of con­
siderable importance in evaluating 
the hydrologic effect of various land 
treatment practices. Vegetative 
changes that affect removal of soil 
moisture may cause changes in flood 

http:3uJi3----s:20:~'l7.35
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runoff, percolation recharge to ground 
water reservoirs, and the subsequent 
transfer of this water to streamflow. 

Data from weighing Iysimeters 
were used to compute ET-the value 
left after runoff, percolation, and 
weight change are subtracted from 
measured precipitation. Errors in 
the measurement of anyone of these 
factors would result in errors in eval­
uation of ET. However, separate 
determinations of ET over periods 
of several days made on these same 
Iysimetl'rs were also made by the 
neutron probe and were found to be 
in close agreement with those result­
ing from lysimeter data computa­
tion. Therefore, possible enol'S in 
the separate measurements involyecl 
in the computations were considered 
to be of little consequence. 

Some of the previous data sum­
maries from the Coshocton weighing 
Iysimeters separated the daily weight 
incrcases and decreases into periods 
of condensation-absorption (dew) 
and evapotranspiration. Annual val­
ues of dew of over 10 inches were re­
ported. In 1962 it was discovered 
that these diurnal weight change val­
ues ,,,"ere in error and that the error 
was caused by temperature changes 
in the metal and grease peripheral 
seal between the free-to-move lysim­
eter and the contiguous J'igid land 
areas. Although these errors in sep­
arate diurnal values were sizable, the 
daily, weekly, monthly, seasonal and 
annual values of net weight change 
converted to consumptive use of wa­
ter were essentially correct and are 
accE'ptable. Annual values of dew, 
howe\'er, arc in the order of 2 to 3 
inches instead of 10 inches. 

Changes in soil moisture storage 
from month to month were large. 
:Monthly increases during the wintcr­
spring period reached 7 inches at 
times. Decreases in storage of 3 to 
4 inches per month during the grow­
ing season were common. Net 
changes over a year varied from 

year to year, the largest increase be­
ing 6 inches and the hlrgest decrease 
onr 6 inches. Years of large gain 
were usually preceded by years of 
loss. The aye rage annual moisture 
storage change for the period 1944­
62 was less than 1J;! inch. Water 
budget studies for periods of 5 or 
more years can neglect moisture stor­
age change because it is small. Stud­
ies for a period of a year or less 
should take account of moisture stor­
age change, which may be large. 

Data from the neutron probe and 
soil moisture blocks made it possible 
to study the water budget on the non­
weighing Iysimeters. These results 
showed that growing-season ET val­
ues for meadow on the conscrvation­
practice Iysimeter totaled 23.77 inch­
es compared to 2005 for the poor­
practice Iysimeters. Although vege­
tation on the conservatlOn-practice 
Iysimeter used more water, its water­
use efficiency was greater-0.181 ton 
per acre for each inch of water used 
,ersus 0.151 for the poor-practice ly­
sil"!.1eter. Similar evaluations for the 
corn crop showed a total water use of 
21.98 inches for the conservation­
practice lysimeter and 19.04 inches for 
the poor-practice one. 'Vater-use ef­
ficiency values were, respectively, 
7.73 and 6.78 bushels of corn per acre 
for each inch of water used. 

Moisture extraction by crops of 
root systems deep enough to tap suf­
ficient moisture for their needs 
reached maximum monthly values of 
over 7 inches. A verage daily values 
of evapotranspiration for 10-day 
periods of maximum use exceeded 0.3 
inch. This and similar information 
pertaining to consumptive use of wa­
ter by crops is valuable in the design 
of irrigation systems. 

'Vater-use efficiency values for the 
same crop varied widely from year 
to year. Variations between crops 
were also large. Under con\'entional 
farming practices and 'ilithout irri­
gation 1 inch of water produced 
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from 1.81 to 8.26 bushels of corn per 
acre. In general, the greatest effi­
ciency was associated with the great­
est yield. At an 80-bushel-per-acre 
corn yield, 1 inch of water produced 
4.60 bushels of corn and at a 166­
bushel-per-acre yield, 1 inch of water 
produced 8.26 bushels. At the lower 
yield, 17.4 inches of water was con­
sumed and at the higher yield, 20.1 
inches. At high yields more water 
was used, but with greater efficiency. 

Prevention of evaporation of wa­
ter in cornland further increased the 
efficiency of water use. A plastic cov­
er placed on the ground surface of a 
Iysimeter on .June 5, 1957 stopped 
evaporation. Total water use was 
13.2 inches, 125 bushels per acre were 
produced, Hncl 1 inch of water pro­
duced nearly 10 bushels of corn. This 
experiment showed that about 45 
percent of the evapotranspiration un­
der conventional cornland treatment 
can be attributed to evaporation and 
55 percent to actual crop use. 

Comparisons of the soil water regi­
men in lysimeters with that on small 
adj acent w~tersheds indicated that 
Iysimeters did not exactly simulate 
watershed conditions, possibl~ be­
cause of the artificial barriers to lat­
eral flow. The magnitUde of the de­
viations in the comparative soil mois­
ture regimens was affected by soil 
moisture and by soil type. In the 
Keene 8Ht loam with impeding layers 
in the pr-ofile, underground lateral 
flow in the watershed was more like­
ly to be greater than in the well 
drained Muskingum sHt ;';)am. These 
conditions place some limitations on 
the general application of Iysimeter 
data to watershed hydrology. 

~Ionolith Iysimeters, despite their 
il1lpedcctions, have supplied valu­
able information that illustrates 
many principles and relations in wa­
tershed hydrology. In water budget 
studies they have also provided val­
uable data on percolation which can­
not, at present, be evaluated on a 

watershed basis. They have also 
been useful in evaluating the accu­
racy of the neutron method for de­
termining moisture changes in the 
soil profile. 

Percolation data given in this bul­
letin are essentially evaluations of 
the monthly, seasonal, and annual 
recharge to ground water for differ­
ent soil types and for different crops. 
Percolation evaluations have direct 
application to water yield studies 
since they relate to ground-water re­
charge and discharge into streams. 
The period of appreciable amounts 
of percolation coincided with peak 
soil moisture values, with about 80 
percent of the annual percolation oc­
curring in the January-April period. 
Under poor practice, the values for 
this season ranged from 58.4 to 74.2 
percent of the annual value. About 
l\Iay 1, near the start of the growing 
season, rapid extraction of moisture 
by ET began, resulting in lesser 
amounts of water available for per­
colation. Near the end of the grow­
ing season, percolation often ceased 
or decreased to minute quantities. In 
1954, no percolation was obtained 
from lysimeter YIOID in alfalfa­
bromegrass. This was a dry year 
following a dry year and moisture 
deficiencies extended deep into the 
soil. 

Crops and agronomic practice had 
a pronounced influence on percola­
tion. The 8.09 inches of average an­
nual percolation from lysimeters in 
deep-rooted grass was much less than 
the 13.73-inch average from lysime­
ters in shallow-rooted grass. Of the 
4-year rotation lysimeters on the 
Keene slit loam, those under poor 
practice showed higher percolation 
amounts (8.20 inches) than those un­
cleI' improved practice (6.38 inches) 
and the difference was statistically 
significant. Graphs of monthly and 
claily percolation indicated that per­
colation response to fall and winter 
rain was considerably delayed in the 
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lysimeters with deep-rooted vegeta­
tion. 

Annual amounts of plant nutrient 
10:5ses through percolatinn varied 
considerably. The variation was 
caused by large differences in the 
11mounts of percolation and by fer­
tilizer applications. Data for high 
(1950) and low (1953) precipitation 
years show that low values of perco­
lation ancl minimal nutrirnt losses 
wrre associated with years of low 
rainfall. 

Statistical treatmrnt of the data 
on nutrient losses indicated signif­
icant diffcrrncrs due to the effect of 
agronomic practice and soil type. 
l'neler the 4-year rotation on the 
Keene silt loam, calcium and mag­
nesium lossrs were greater from con­
servation-practice lysimeters than 
from poor-practice lysimcters. Po­
tassium losses under a conservation 
pntdicc were lower than those under 
a poor practice. Greater losses of 
potassium, calcium, magnesium, ancl 
sulfur occurrrd from the 4-year ro­
tation Iysimrtrrs with Keene silt 
l(Jam than from those with Muskin­
gum silt loam. 

Data provided by the Coshocton 
lysimeters now cover a period of ap­
proximately two decades. In agri­
cultural research this is not consid­
ered a long period inasmuch as one 
crop in a 4-year rotation provides 
only 5 years of data, with the result 
that climatic variables are not the 
same for any of these years and they 
do not cover a wide range. However, 
the results provided so far do illus­
trate principles and can be of practi ­
cal use in agricultural hydrology. 

Climatic variations from year to 
year produc(:d different results, as 
did crop and soil management prac­
tices. Thus, water control and utili ­
zation problems were numerous and 
varied. The solution of these prob­
lrms requires much knowledge of 
how the usc and treatment of the 
land affects surface runoff, percola­
tion, ET, and soil moisture storage 
changes. Data in this report may 
help solve many of these problems 
ancl may be of particular benefit in 
formulating soil and water conserva­
tion and watershed management pro­
grams. 
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T_~BLE 29_-Monthiy summary of accretion, deplett'on, and ~torage of soil waler as deler mined 
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Xl;:,'::::::::::::::::::::::: ~:n I .02 , , 2.40 1.54 - ......0.841.75 4.17 •• -­.01 1.81 : 2.73 4.55 1' ...------­

i:;!!~i:!::!:i;!i:~;;:!ii ;~: )1 i .l~, -_i:_~_!II:-:::-,:ii-I:;;---;t~
_____;_j_i_,I____ 
1____2_._83_1 ___0 _1 0 

TotaL._______ •____ .._,._ 31.96 i 1.12 : 24.08 i 7.13 32.33 I 7.44 7.B1 
1===1=== 

1946j~!~~~~~~~ _______ .. __ • ___ • 1.68 ' 0 ' -.60 I 0 I -.60 I 2.28 t_______ _ 
Feb.. __ • ________ .. ________ . 2.60 I 0 '.56 , _64 1.20 I 1.49 ---.-------
Mar..____________________.' 7.87 .01 2.26 I 5.74 8.01 ,___________ .14 
Apr.. ______ • ________ • _____ ! 4.48\ O' : 2.43 I 1.97 4.42 I .06 -----.. ---­

j~~~::::::::::::::::::::::: t~I i :g~ U~ i i:M mI::::::::::: l:~~ 
J.,uUlgy.-_-.--.-_-.-_-__-._-_-.-_-_.'-_-_-_-_-_-__-_-I. 2.66 t .01 5.29 ' .47 5.77 :___________ 1 3.11
'" .94 ! .01 : 3.19 I .20 3.40 i___________ 2.46 

Sept.__._.,_____ , _____..__ : 9.67 ! .02 2.41 I .02 2.45 I 7.22 _________ __ 

~~~.:::=:==:=:===:==::=:j t~~ I <~ I 2:~~ I J~ Hi 1------2]r :::::::::~~ 
Total. ___________________ 1---4-7.-06-1----.-23-1--2-7.-17-,---1-5.-35-1---4-2-.7-5 13.46 9.15 

1946V.t.~~~~~~:::::::::::::J U~ \ 0.03 \ ,'1:8g I U~ U~ 1-------1:57- ________ :~~ 
X~a:.:::::::::::::::::::::::1 6i.:8261 Ii g j t~~ ! 2jA m1--::::::::: ~J~ 
1lay__ , _____..___________ J 47 .02 I 3.97 I .42 4.41 1.86 -- _______ __ 
Juunlye.-___-__--_-_-__-_--_'_-_-_-,-_-__--_-__--_-_! 7.20 .05 t 6.39 f 1.49 7.93 1___________ .73] 5.81 .02 I 5.88 1 .86 6.76 ___________ .95 
Aug. ______________________ ; 2.il .01 I 3.84 I .32 4.171 _____ ._____ 1.46 

Sept.. _____________________ 1 .99 ! 0 1 2.22 I .10 2.32 ___________ 1.33 
Oct.•______________ ....._,_' 4.62 0.01 i 1.73 1\ .02 1.76 2.86 -__ .. ______ 
Nov. __ •__ • ___ •_______ • ____ , 2.6tl I i 1.05 .09 1.14 I 1.52 -__ ..____ __ 
Dec.. _________ ..__________ 2.77 i 0 ' .60 I .67 1.27 1 1.50 1-----------

TotaL ••• ___ •____________ ; 43.02 ! .14 , 33.561 9.88 43.58j 9.31 I 9.87 

90 
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TABl,E '29.--Monthiy sUllwULry oj ,accretion, depletion, and /;torage oj soil waler as tletermiJled 

by we-ighing lysil1leler Y101 D, 1.944-62-Colltinued 


Accr~tion Depletion HtoragE'in
Year, crop. S·foot profile 

and 
month Precipi­ Evapo­ Perco­ Total 

tation Runoff trans­ lation depletion :\et in­ :-let de· 
piration crease crease 

.~--.- -----~---- -------------------------
Illch .. lnrh" Inches Inch .. Inches Inch.. 

1947-brame-alfalfa: 
Jall.... __ • _____ •• _______ ... 5.39 0 0.59 :1.26 3.85 1.54 __________ _ 
Feb......_•• _. ______ •• __ ._. I,ll ,0 1,39 1.93 2.32 '_____ •• ____ 1' 1.21 
~!ar•• ___ ............ , 2.45 i .10 11.313 1.01 2.47 ;_._________ .02 
Apr.. _._._ ........_.... __ • 4,47 i 0 2.79 I 1.65 4,44 03 1-------..-­'I' . 

~!ay..._._._. __ •• ___ •• _... 6,49 .'0°32 I 3.23 32'.810.5 ' 6.36 .13 ,__ ._._.___ • 
June ___ ...........__ • __ ... ' 5.61 ; 5A7 8.34 •.•••.•••__ ! 2.73 

July.......... --.--....... 2.78 ° 5.11 ',73 ' 5

3
..841 1·_-.·_·.·.·_-__·:-_·. 3.. 06


Aug.. __ ..........__ ..... __ 3.60 , .01 3.62 28 9 . 31 


Sept............ _...._..... ' 3.10 I 0 4.27 i .04 4.31 :.-----.-•••1 1.21 

Oct............__ • __ ..... .94 : ° 1.98 ° 1.98 j. __ • ____ •• _ 1.04 

~o\"............. __._...... 2.321 0 .22 0 .22 I 2.\0 ____ • __ •• __ 

Dec........ '"'' ...... __ .. '___1._1_9 ___0__ '0_8____0______.0_8_1
'___ l.U 1-------.---

Total................ _.. _ 39.45 '==";',;;16;,,1 29.1\ \ 14.85 i 44. 12 1 4.91 I 9.1iS 


\94S.i~~~~~~::I!~~f~~_________ .. __ 2.85: 0 1.07 0 .07 I 2.781__ •• __ • ___ _ 
Feb __ .•.• __ ._ ...... _.. _•• _. 43.':!(2 ,0 .86 .66 1.52 1.97 1_________ __ 
M.r............_________ ._ v ,01 2.12 1.59 , 3.72 ' 1.04 :._________• 

Apr ____ .... _..___________ 4.95 ,01 4.09 3.26 i 7.36 ___________ 2... 

1
I 41 

~!ay... ___ .. __ •• __ •• __ .... 3.25 ° 5.37 , .08 I 45'.0451 j' ..._.-_--__._-._=_-.. 2:
June. __ • __________ ........ 3.09 .01 4·.0g I .01 . - 120 
July •.•. _.... _. ___......___ 3.56 0 5 5• 0, 5.521___________ 1.01 
Aug.....__ ..._____.... _.__ 1.04 ° 4.15 .011 4.16 ___ •• __ ._.. 3.96 

12 

~"tt~::=======:==::=:===:=::i U~ ~ U~ : ~ U~ :~~ ._._____.__
Nov., ...._•• ______ ._.._._. 3.22 ,0 1.35,' 0 1.35 1.87 ._..______• 
Dec...______________ •_____ . 2.35 ,0 1.39 ° .39 1.96 __ ._.__ . ___ 

----i'----'---- ----1----1·----1----
TotaL•• ___ • _________ • __ :==3.";8;,,.5;,,4=I,===,O.,,;3=i 32.54 i 5.61 38.18 11.06 10.70 

1949g~~;~~~~i~ai::=::::::=j H~ i g :J~ 1===I=I:=~g=r,==.,,;l=:~=~=I====t·,,;:g=i=r=::=:=:==:=:=:==:=:1 

Apr........ , ____..________ , 3.04 0 3.92 1.38 5.30 2.26 


May............___ ...-___ 2.60 .01 : 6.49 .60 7.10 __ .________ 4.50 

June __________ ..__• __ • __ ._' 3.43 .01 I 5.49 .04 5.54 ___________ 2.11 

6.54 1.70 . _________ . 
4.64 ___________ 1.90i~Jt~::::::::::::::::::::i ~:~! :~~ ; t~i I ~ 

.15 
1.66~~~~:::==:::::::=:::::::::! H~ ( II U~ j g ~:g~ ::=:::::E;: ___________

Dec.~____ ..... ______________ :!.___2._8_1. _________:9_1~_I,___0__I--_.l-8-1._--2_.6-3_1-.--.------.--_--_­
1 

TotaL............_••__.! 41.21 .06 I 3i.36 1===5=.5=8=1===4=3.=00=1,==10",,7=9=1===1=2.=58 

9,06 1 1.27 1.91 7.15 __________ _1951j~~~.~~~~~:~~_________J .01 I .63 ; 
3.15 ,63 _____ • ___ ._

~;~;.::~:==:::=:::=::::=::=: ~:~~ , 0,01 I I II:~~ I N~ 3.35 1·__________ ,42
4.21 .17 __ • ____ ._._ 

6.48 1___________ 1.98 
5.30 1___________ 3.22
7.12 ___________ .61 

Aug.....____ • _________ • ___ : 2.49 0 5.83 I 0 5.83 __ • __._____ 3.34
;i,~~~~~~~~~~~~~~~~~~~~J iii ::~: i;ii I :;ii 

10~c'1~:::::::=:::=::::::=::::1 t:g , ~:~g i g, ~:~g --------.. ­0. 1.45 
Nov..______ •________ ._ ....! 6.23 i 0 I 1.77 'I 0 I .77 '--'-'5:46- --.-.-.!:~~ 
Dec.. ______ •_________ •••__ ,___3._24_,___0__1 11.05 1 ___._13____1_.1_8_, 2.06 ___________ 

TotaL. .. -_______ • _______I 52.14 l===·=16~1 36.94 [===8.=99=1==4=6.=09=1::::1:6.:92:1---1-0.-87 
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TABLE .29.-1\'[01lthl1/ summanj of accretion, depleHon, and storage of soil water as determined 
byweighi:lIg lys-imeter Yl01D, 1944-62-Continued 

Accretion Depletion Storage in 
Year, crop, S-Coot profile

and 
month Pr.cipi. Evapo­ Perco­ Total 

tation Runolf trans­ lation depletion Net in· Nelde­
piration 	 crease crease 

Incha /r.chu Inch.. 
_____ Inch;OI 

Inch.. I1961J~~~~:~~~!~~__ •• .J [nch:~8 I In:h.:~75 ,I 
2.57 • ~.33 2.?'6

Feb.. ____. __. ___ •• _. _____.' ~.22 0 11.44 	 3.46 4090 • ____...... 0.68 
3.~2 4.87Mar.._.______ ••_.__._._._.! 5.78 0 I 1.~5 1 	 .1l1 ____ • ____ __ 

'"_________ .1.59

~;:~~~~~::~:~::~:::::~~j :::: ::: 1.06 •__ __..... 4.04 

2.73 5.21 

2.47\ 7.27 • 
June--·········.····-··.·-l 5.83 .02 t~g I .16 4.58 1.25 •_____• __ •. 
July,,,••_••_•••___ • _____.. 3.07 0 7.75 ' .Ot 7.76 •••__•••••• ..60 
Aug...._.__ ••_•••••_...._.1 .48 0 3.34 0 3.34 _._.•••.••_ 2.86 

Sept....._._...............! 2.72 0 3.22 0 3.22 .50 

Oct....................... .1 2.12 0 2.69 0 !!.69 ..- .•.•-... .57
I 

~~:~~~~:~~:~::::: ::::::i--4-::-::-1:::::g':05:1==13=~=::=:=;::::I::='-4=1:11!::::=50-1:::::~I;~:::::=1-~=f-'::2,:~=:=-=-'-:::==-:=1-~=:-.~:= 


2.43 3.95 __ • ________ 
Feb....____ ••• __ ._.___ •__ .: 3.06 I .01 . '.97 2.29 3.27 ___....____ .21 
Mar......... __ ............ , 4.15\ ° 1.54 2.03 3.57 .58 _ .......__ 
Apr..--_·--..-·.. -·-- .. _..·l 4,56 I 0 3.67 1.83 5.50 .114 

1962;~~~~:~~~~~~...._... __.J 6.38 I 0 I '.i4 I 1.69 

7.32 2.33}~~~::::::::::::::::::::::I g~ \ :gi Hf :g~ 5.21 U8 
July•••___ •.__ ••__ ••___ •.• ; 4.34 i .01 7.0S 0 7.09 2.75 
Aug•• _......._..._______ ••! 2.03 ! 0 4.72\ 0 4.72 2.69 

3.25 .75 
1.25 .56~~~::~:=::=:::::::::=::::::I ~:!~ ! g J:~~ I 	 g .61 '1.32 

Oec....__ ._...............! 2.66 i 0 , .32 ; ° .32 2.34 
1 1 

TotaL..__ .....___ • __ ... ; 40.021===.=05=J 35.60 !:::::8:.8:0:::::::44:.5:4:1•--8-.-19- ----12-.7-1 

1953J~~~~:~~~~~~.__ ._........i 5.60 I 0 i ,.46 ! 0 .461 5.14 • __ ..._ ••. 
Feb...._____________ ...... : 1.45 joO! '.70 i 0 .70 I .75 --...------
Mar............__ .....___ .' 3.M '1.28 ' .22 1.50 1 2,04 ----------.I 


I 	 33~Ipr......--... __ ...--- •• -.: 42':21 I 0. ' 2.30 .74 3.°4,------.... 1'93 

• or__ ......._·__ •__ •__ ••• ' .. 01 5.60.54.6 15 ----------. .
June. ___..__ ..._. ____ ... _.1 2.36 .02 I 5.61 .03 5.66 L.________ 3.30 

i~::::~=::=:::::::::::::::i t~~ ~ I 5.82 g tg~ I::::::::::: ~:~~ 
Sept.... _. __••..__• __ .. ____1 1.12 ! 0 I ::~: I ° 3.54 ___._____. 2.42 

g~,~::::::::=:=.:::::::::::r 1:~i ' ~, ,1:~~ 	 ~ I:~~ -------:iii· .._____.:~~ 
Dee.....__ • ____ ._..__ ••• __ : 2.56 0 :___'_.5_6_: ___0_____._5_6 2.00 . ________ __1 

TotaL___ • ___ . _____ ..___ : 30,67 .03 1 31.90 1:==",;1,;;;.5,;3,,\[==3=3=.4=6,11,==1=0.=74=1,==1=3=.53 

1954-brome·a1Calfa: i 	 I
Jan....__________________ .._ 2.82 .01 '.47 )' 	 0 .48 2.34
reb. __ ._.._____ •___..____ ., 2.21 0 l.80 	 0 .89 1.32 
~Iar..__ • _______..__ ..._... : 4,77 0 ' 2.04 	 0 2.04 2.73 

3.61 .32 

5.38 2.94~;~::::::::::::::::::I ;~ :" ;;; i ; 
4.49 2.28 
5.1S 1.79 
4.04 .47~:;~~~:~~~~:~:~~~:~~~~~~~:! ~::! : ::~; I 	 ~ 2.77 

Oct••• __....__...._....._____ 6.24 0 1.87 \ 	 0 1.87 ------4:3:;· ......_:::~ 
Nov...._______ ...__..____ • 1.55 a ' .841 0 .84 .71 •________ __ 
0 .....---____ • __ •__ • ______1___2_.7_7.1___°___'_,_42____0_.:___._42_ .__2_.3_5_ .-_--_._--_-_--_-­

1 1 
Total.................._.:==3=6=.6=8,1===.=02=i 31.991===0= 32.011==1=3=.8=2<===9".1=5 


http:1:==",;1,;;;.5,;3,,\[==3=3=.4=6,11,==1=0.=74=1,==1=3=.53


-----------

-----------
--

-----------

-----------
-----------

-----------
-----------

-----------
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TABLE 29.-};}'onthly summary oj accretion, depletion, and storage oj soil waler as delermined 
by weighing lysimeler YI0ID, 1944-62-Continued 

Accretion IYear, crop. 
and 

month Precipi­
tation Runoff 

I1 

[ncht. IncA.. 
1955-brome·alfalfa: 

Jan••••••••••••___ •___ ._••• 1.82 0 
Feb••••.•••• ___ ._. ___ •••_. !}.57 .17 
Mar......._._ ._._. _____ ••• 5.07 0 

3.89 .01

~;:~~·.·~~~~:~:::::::~::::::I 1.70 0 
, 6.74 0 

3.82 0 
3.66 0i~t::::::::::=:=:=:=:=:=! 

Sept•••••_•••••••_______ ._. 2.15 0 
Oct............_____ ••____ _ 2.40 0
Nov~ .... _.. _....... __ ~ ... _____ ... _... __ 13.M 0Dec.• ________ ••_.________• .35 01---·1--·-

TotaL ••• _. ___ ••______ •• \ 39.01 .IS , 

I056j:~~I~~:I~~~~.e:____• __ • ___ ~. 2.27 0 
Feb...........__________ __ 
 5.65 .05 
~far ..... ,, ___ ...... "' ___________ _ 5.27 0
Apr........... ______ • _____ _ 
 4.25 \l 

1IIay_••• ___________ ••___ ._ 7.08
J unt~ _... ~ .. ~ __ ....___ .._______ _ 5.51 .01.08 ! 

0.24 .04i'~t::::::::::::::::::::::i 4.13 .01 

Sept .• __ •• ______•• ______ • __1 1.67 0 
1.16 0 
I.S9 0~~;.~:.:.::::::::::::::::::::t I3.99 0 

ITotaL. .••••.• ______ • ____ 1 40.1.1 I .10 i-
1057j~:~~:~~:~~:~oi~:__ ._•.•----1 2.0t; .02 !

Feb.. '" _____ • __ • __ ... ____ • 1.i4 .01 
Mar " __ ••••••••• ___ • ______ \ 2.36 0 
~\pr.• ____ ... _.. ___ ..___ ... _____ .. 5.75 0 

Mal' ..............__ •• _. __ 4.35 .02 

10.62 .221~i~' '.~::::::::::::::::::"1 3.38 0 

Au~..............______ • __ ,' 1.86 0 

Sept•••• ____ •••• ____ ••• _._. 3.0i 0 
Oct.. ....."'''' ...__ • __ ._1 1.82 0 
Nov ....... __ •••• ____ • __ .._ 3.16 0
Dec....__________________ • 4.97 0 

TotaL •• ________ •. __ • ___.1 46.04 .27 

1958-bird.foot trefoil: I 
I.Si .05\~~\~:~·:::::::::::::::=:::::I 1.20 .10 
1.52 0i~:.·:::::::=::::::::::::::1 4.05 .01 

May. _____ • _______________! I 
3.24 0 
4.30 .01j ~i~t::::~::::::::::::::::::i 9.49 .01 

Aug.....---- ----_.--------1 2.90 0 

3.30 	 0 
.35 0 

3.37 0 
Dec.... -- --. -------------- f 
~~~::::::::====:::=::==:::I 

1.30 0 

Total .... ___________ • ____ I 36.89 .18 i 

Depletion Stora~e in 
8-foot profile 

Evapo-	 Total! Perco- 1
traJlll' depletion Net in- Net de· 

pilation 	 crease creaseI_~ 
IncA .. 	 IncA.. IncA .. IncA..I InCA;, I 

10.67 0.67 1.15 --_.._------
I .86 .12 	 1.lh 2.42 --.-------­

12.04 	 1.05 3.09 1.08 
U5 .44 4.70 ---_... _----. 0.81 

6.22 t .00 	 6.31 U1-------I:ii. ­
4.80 I 0 	 uo ----------­
6.26 0 	 0.26 ----------- 2.44 

0 ·1.60 ----------,- .941.60 ! 
0.13 0 	 3.13 .68 

I2.03 0 	 2.03 .37I 	 ----------
I ,,77 I 0 .77 2.77 
1.37 ! 0 .37 ----.-.--..- .02 

36.00 i 1.70 I 	 37.88 10.63 9.50 

I 
1.50 i 0 .50 1.77 

.43 I 1.45 1.93 3.72 ----------. 
I.HS i 2.67 4.35 .92 ----,..-----­
2.34 1.79 	 4.13 .12I 	 ----------­

4.66 : 2.10 	 6.88 .22 --------:90.4.21 i 2.1S 	 6.47 ----------­
4.10 1.66 	 6.10 .14 

1.21 6.13 2.00
';.91 I 
3.23 .38 	 3.61 1.94 
1.78 	 .12 1.90 .74 
.82 i .04 .86 1.03 - ..----- ---­

1.5" I .04 .58 3.41 ----------­
29.50 I 13.73 	 43.42 I 11.33 5.6-4 

I '0 j .83 	 1.051 1.01 ---------- .. 
':69 , 1.20 	 .16 

12.00 1.00 U~ C:=====:= .73 
2.61 	 I 3.58 6. 19 1___________ .44 

4.S7 ___________3.50 1.35 	 .52 
4.75 3.34 	 8.31 2.317.71 . ___________ -------4~335.69 2.02 4.33 1___________3.77 .56 	 2.47 

1.92 .10 	 2.11 1.86 ----------­
1.38 .05 	 1.43 .39 ----------­
.68 .07 .75 2.41 ----------

I .5E 2.52 3.10 I.S7 ----------­

27;7i I 16.80 	 44.84 I 9.85 8.65 

I .21 lAS 1.71 0.16 
---·----~33I .58 .85 	 1.53 ----------­

1.86 .34I .SI 1.05 ----------­
2.78 .94 	 3.73 .32 ----------­

i.59 	 4.355.34 2.25 ----------­
5.12 .72 	 5.85 1.55 
4.59 .20 	 4.89 4.606.68 _._________ ·------3:786.06 .62 

3.36 .20 	 .26 
2.1S .02 1.85 

I 1.35 .01 1.36 2.01 ----------­~j~ 1----·------
I .86 0 .86 .41 ----------­

33.24 ! 8.40 	 41.821 7.53 12.46 
I 	 I 



94 TECHNICAL mn..LETIX 1367, u.s. DEPT. AGRICULT1!RE 

TABLE .29.-Jl/onlhly slUILmary oj accreaon, depieaolL, and slorage oj soil Icaler as delermined 
by weighing lysimeler Y 101 D, 19,#-62-Continlll'd 

Accretion Depletion Storage ;11 
Year, reop, 

and 
.----,--------------:-----i S.foot profile 

month Pre';p;. Eval'o- Perco- Total 1- ­
tu.tion Runoff trans- ladon depletion t Net in- Net de­

piration crease crease 

hleAt.. Inchtl 1nthea Inene, Inrht& luche, Ii Inch.tll 
1959-birdsfoot trefoil: ! 

Jan••.••••.•• , .•••.•.••••• .' 6.24 0.09 '0.57 1.31 1.97 i 4.27 I .......... . 
Feb.. ..................... 3.76 '.Oo_~ , '.84 • 2.17 3.03 , .73 I ••••••••••• 

Mar.••••.•••.•••.••.••••. .1 52.'0079 'I ' 1.78 I 1.84 3.64 : ••••••.••••1 0.85 
Apr....................... ; 0 3.0i .96 3.97 'I 1.03 1··········· 
May...................... ' 2.97 i 0 5.03 1.05 6.98 •.••••••••• ; 4.01 

Jun... .••.•••••••••••••••• 4.44 I .01 5.63 , .41 6.05 :........... 1.61 

July...................... ' 3.99 ,0 6.23 .07 6.30 i.......... ' 2.31 

Aug.......................· 2.40 ,0 4.62 ! .01 4.63"••••••.• __ , 2.23 


Sept.... __ •.•• __ ........... 2.74 i 0 3.08: 0 3.0S .••••••..•.•1 .34 

Oct........................ : 6.21 0 2.39 I 0 2.39 I' 3.82 !.......... 

Nov....................... • 3.20 i 0 ' .79 I 0 .79 2.50 •••.•••.•.• 

Dee.......__ ...... __ .••.•• 1___2_._69_,___0__:___'_.3_,_,___.0_3_ ___.4_0_ 2.29 ••.•__._...
1 

TOla!.. ......._•••••••••.! 46.52 i .14 ! 35.24 7.85 I 43.23 I 14.64 I 11.35 
1 

196o-birdsfoot-trefoil: I f 1 il I 
Jan.....____...... __...... ~ 3.28 !. 0 '.29 1 1.74 , 2.03./ 1.25 ;.______••__ 

{i~;::.::::::::::::~~:::::::; ~_~:.002?3~ :, °•01 ' ~'n i U~ I ~:~t .....__2~~~r ....--1:5jj 
Apr......__............... ; 0 3:79 i 1.58 5.37 1"..--...--.) 3.34 


May...................... 3.47 : 0, 4.52 ! .70 I 5.22 ............1 1.75 

June............ ......... 7.16 I .02 1 6.40 • .26 1 6.68 ) .48 ........... 


i~t.-~::::::::·:::::::::::i ~:~g 0.02 1 U~ ! .05 I U~ !----..2:iii·I..____ .!~~~ 
Sept.. __ .. "................ .52 0 3.30' 0go·OI II 3.301____••__ .··: 2.78 

OcL ......................! 2.08 0 2.08 2.08 1...-- •• --.. ; 0

N"1...................... 2.20 r 0 • .94 .94 I 1.26/' __ ...______ 

Dec................... ..... 2.19 I 0 '.63 .63 l.56 .....______ 


TotaL..................)---3S-.7-8-r---.0-5-:--3-5-.6-7-)---7-.4-9-; 43.21 9.03 i 13.46 


1961.iF~e~br.~.~.~0••~.:••~~•••:::.0••i~.:...................... : 1.37 I 0 '.36 ; 0 II .36 1.01 L.......___

5.17 1 0 ' 1.44 • .18 1.62 ! 3.55 1.--..-----. 

Mar... __ .................. ' 3.79 0 '.99 I 2.18 I 3.17 .62 ,. __.. __...__ 
Apr...................... 7.97 : .22 2.08 : 4.48 ! 6.711 ! 1.10 __... , __ ... 

May......__ .............. 2.841' 0 5.20 1.31 I H.GI ........____ .1 3.67 

June. __..__ • __ ............ 53'.2731 , .01 55·._~56 ! '.~~ I 55·.43~ ,: ....••...3·6·j'.......:.·2.3.
July....................... 0 

Aug.•••• __..........__.... ' 2.37 ! 0 5.40 .01 5.41 •__ ........1 3.04 


! I 
Sept.......................1 1.49 ! 0 2.87 I .01 2.88 ...___..... 1.39 
Oct.............. __........ 2.42 0 2.24 0 2.241 .18 •_____... .. 

1Nov...____ ._ .......__ ..... 3.41 j 0 .90 I 0 .90 2.51 ........... 

Dee•• __ ........__ ......__ • :___2._69_,__0_____,_._18_ __0_____._18_ 2.51 ____...__..
1,, 

1 

TotaL..._.__• __....... .! 42.46 r .23 31.97 1 8.66 I 40.86 1 11.93 : 10.33 


..l~imill\~f:~~:~:::~~! t~I :~ 'I '~TI I In t* I::};:J=:::;~~ 
I,rf~.:.::==::::===:::::::=:=! H~ gO·OI I tH I :~ Hi 11:::::::::::1 H! 

Aug....___.•____•••• __..... 2.12 3.59 1 .01 3.60 __.......__\ 1.48 


Sept.____•••_____••__ ! 5.36 2.88 0 2.88 2.48 • _______... 
Oct...... ___•••••_. 2.3P 0 2.25 I 0 2.25 , .14 .......--.. 

~:~~I~~~=~~~:~:~::~~~::~:! 3:::: 1---8 
' ~::: I 5':7 :::: I I:::: r:====~~:;~-9-1! 

, Some snow fen durin~ the month; some values may be too hi~h or too low because of drifting snoW. 
, Includes irri/llltion of 3.61 inche •• 
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EVALUATIOX OF AGRICULTURAL HYDROLOGY 

TABLE 'JO.-J}fonthly ,mmmarY oj accretion, deplelicn, and storage .QJ soil water as determined 
by 'we£ghing lysi1neler Y 1OiC, 1944-6i 

Accretion Depletiof! Storal!,e in 
Year, crop. S·foot profile 

a~d 
month Precipi­ Evapo­ Perco­ Total I 

I tation Runoff trans.-. lation depletion Net in·· f Net de­
pir.1fjl)n crease t crease 

-----·------,-{-.-c.-,,- {nch.. I 
Incnef f.ch .. 

1 

I Ifilch.. filch.. l.ch.. 
1944-meadow: • 0 I 

0.42 0.71 !...........
~~t::::::::::::::::::::::; l:~~ .U2 1 o:~~ , 0.01 .65 1.32 ••..••••••• 
March•••••.••••_..... 6.98 .02 1.62 I 3.47 I 5.11 I 1.87 j ••.•••••• 
Apr.... __ .................. 4.30 .01 1.96 3.22 5.19 I........... 


j f 
4.92 ._....._•• _ 2.43r~~::::::::::.:::::::::::: i:ig r 0.05 1:15 . :~g jl 4.55 __ •• ____ .__ .75 

July.................... --i 2.72 .06 ' 4.05 i .02 4.13 •.•.••••__ • 1.41 
Aug..............._•••••••: 4.72 .16 ! 4.19 ! 0 ,1.35 .37 __ .. __ • •. 

Sept. ..............__ ..... ! 2.07 .04 i 2.73 0 I 2.77 L .... __.. . .70 

Oct........................ · 1.90 .01 1.50 0, 1.51 i .39 _........_. 

Nov.......................: 1.48 0, I I:~~ 0 I .881 .60 


D~~·t~~... ·~:~:::::::::::J--3-::-:5-11---::-:-;'---27-.9-6-!---7-:~-:-:--3-~:-~:-! :::: 6.18· 

1945-corn: i I I i==== ! 
Jan......... __ ...._........ : 1.63 I .08 ! 1-.08 i .261 .26 1.37 ....______ • 

~2-;:::.;:~:;-~:..:=i ;; I ,; ! ~:! 1 !~ I !~! I[,::::::~~,:::::::;; 
JA"ulgy.......................... -.-_-............... t 2.85 .08 ) Ug : :~~ Ii !:~~ :::::::::::1 1:~~
I 1.23 .05 I 3: 1 i .04 3.80 :. __ ._·__ • __1 2.57 

s.cpt..... ··....·•__ ••_._____1 9.66 2.03 I 2.961 0 4.991' 4.67 •.•• __ . __ , __ 
Oct.. __ ._ ......__ ._••__ ._.. 2.74 .39 ! 2.33 .25 2.97 •__ • ___ •••• .23 

1~:..... ____.._..______... ~:~g :~~ l}} !!.---:~-~-l'-__~_:g_~_1 1:~g ==:::::::== 
TotaL. __ •• __ ._. __ •••. _.!I,==50=.8=6=1==::.:.63::;::::2:8:.6:3 . 16.23 49.49 ) 8.31 6.94 

1946-whcat: I 
Jan.....__ ..........____ ••• 1.09 .05 '.86 ' 1.08 1.99 •____ •___ ._ .90 

Feb............... __ •___ ._. 4.63 .Il 11.16)' 2.46 3.73 .90 ._....___.. 


~~:.~·.~::=:===:::::::::::::f Ui 0·01 U~ l:g~ t~~ ::::::::::: i:~ 
May____ ...._____ .________ 5.98 .02 I 4,84 ,08 4.94 1.04 •___ • __ ._.. 
Junc. __....__ • ____ •__ ••••• 6.72 .02 5.55 .07 5.64 1.08 __ •___ .•__ _ 
July ...._.______ • ___.• __ ••_ 5.33 .04 5.22 .10 5.36 __ ._.______ .03

1Aug......____ . _________•• _ 2.40 0 4.69 .12 4.81 . _______ •._ 2.41 

~~~::::::=::==:=:===::::==l d~ O:~i H~ 1 :g~ H~ ----·l:~f 
1.59 

Dec....__•____ ..__ ....____ • 2.83 .01 '.80 1___._15_:, .96 1.87 

TotaL. •.• ___ •• __ •••••••_ 41.46 .29 35.661 6.05 ---4-2-.00-:
1
---9-.0-4-

1
----9-.5-8 

I==~~II====~I'==~~I~.=====f===~=!===~:I===~ 
1947-meadow: 

Jan....._•••_..___ .________ 5.35 .02 j .54 I ~.JO 4.66 .69 .._._______ 
Feb...._.. __._••________ ••_ 1.15 .06 '.74 ! 1.16 1.96 • .81 
Mar....._________ ••___ ••__ 2.33 • ,II I' 1.59 1 .42 2.12 .2, __________ _ 
Apr..___ • ___........__ ._.. 4.28 .01 2.19 2.01 4.21 .07 _._.__ •___ • 


May____ ••____ ••________.. 6.43 ,03 3.90 I 3.00 6.93 .50 
2,031~r;:.::=:::::::=::::=::::: ~:~~ :g~ . Ug I 1:~~ ~:~~ 2,61 

Aug....____ ._.__ ._. __ • ___ • 3.76 .01 4.051 .02 4.08 .32 

Sept.. ..__________ • __ ••_.__ 3.13 0 4.92 I .OJ 4.93 1.80
Oct.... _____ ._._.___ .______ 1.04 0 2.57 I 0 2.57 ___..___ ._. 1.53
Nov....__ • __ . _______ ._____ 2,67 0 .73 I .01 .74 1.93 

Dec..• ____ ·_·___ ••..__ •••• ___I_.4_9_ ___0__ .___·_4_71___.0_1+___.4_8+__1_.0_1+-_--_._-._-_._--_.


I 1 I 

TotaL······____ .... ___ • ===40=.=12=1::===·2=9=1===3=3=,2=4 1==1=2.=2=8,1===45=,8=1=1===3=.9=1=1===9=.=60 1
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TABLE 30.-Monthly summary of accretion. depletion, and storage of soil water as determined 
by weighing iysimete:r YJ02C, 1944-62-Continued 

Accretion Depletion Storage in 
Year. crop. S.Coot profile 

and 
month Precipi- Evapo- Perco- Total 

Lation Runolf trans- lation denleton Net in- Net de­
piration crease creaseI 


Inch.. Tnch.. Inchea lnche! Inch.. Inch .. Inch.. 
1945-meadow:

Jan.____ ••____ ._.____ •••___ 3.42 0 0.36 0.01 0.3i 3.05 .-.------.----Feb••••••______ • ________ ._ 3.14 .01 .44 .14 .59 2.55 .-----_ .. _--Mar._________ • ___ • ___ •• ___ 4.S0 .08 1.66 2.33 4.07 .73 .. _---------Apr... _________• ___••_____ 5.17 .02 3.47 3.88 7.37 ----_ .. ----- 2.20 

May •• ____________________ 3.65 0 6.68 .10 6.78 ----------- 3.13June______________________ 6.05 .01 6.76 .01 6.78 ----------- 1.73
July•• __________ • ____ ••_. __ 3.57 .01 5.73 .01 5.75 ----------- 2.18
Aug. _. _••___• __ ••••_______ 1.12 0 3.10 0 3.10 ----------- 1.98 

Sept..________ • _. ___ ••__ ._. 3.74 .01 3.03 0 3.04 .70I -----------Oct..._.____ • __ ._...._. ___ • 2.85 .01 1.93 .01 1.95 .90 ..------ .. ---NOY~__ __________ '"' ... ______ ... _ 3.23 0 1.25 .01 1.26 1.97 -----------Dec.._•• _________ • ________ 
2.31 0 .43 .01 .44 1.87 -----------I I 

ITotal.....___ • __ • ________ !42.05 I .15 t 34.84 I 6.51 I 41.50 11.77 11.22 

1949-corn:
Jan....______ •• ___ • __ •___._ 5.54 .01 .56 .14 .71 4.S3 ... ----------Feb.. _••_.______ ._.___..__ ! I2.85 .01 .90 1.35 2.26 .59 -------... ---Mar. _____... ________ .. _______ I3.89 I .01 1.56 2.02 3.59 .30 ----------Apr.___ • _ • _____....___..._ 2.93 .01 ! 3.19 .94 4.14 ----------- 1.21 

~!ar_••__••_______ • __ ...__ ! I3.01 .06 2.90 .46 3.42 ----------- .41 
June. _.'_._••_._____._. __ • 3.40 .05 4041 .32 4.78 ----------- 1.38
July... ____..____ • ______ ._. 6.71 .16 7.21 .18 7.55 .84 
AUJ(... _. ________ .._.______ 2.68 0 4.84 .06 4.90 c==:=::== 2.22 

Sept.•_.. _______ ••____ •••__ 3.45 .01 2.23 0 2.24 1.21Oct,.____ • ____ • _________••_ -----·--~iiii1.03 0 1.62 .01 1.63 -----------N00(. ____• _ __ • ___ • _______ •• 1.55 0 1.31 .02 1.33 .22 -----------Dec..._____..___ ••___• ____ 2.94 0 .77 0 .77 2.17 ----------­i 
Total. __ •__ • _______ • ____ • 39.98 t .32 I 31.50 I 5.50 37.32 9.32 6.66­

lOW-wheat: 1Jan.. _.._______ • ____._••___ 9.11 .06 .94 4.84 5.84 3.27
Feb.. _.....__ • __ • ___ • __ • __ -·------~oii3.i4 0 I .54 3.26 3.80 ----------­
~ia.r0 ______________________ .3.01 .04 I 1.62 1.85 3.51 ----------- .50
Apr, __ ••• __ • _______ • ____.. 4.H .02 2.19 2.02 4.23 .21 ------- ----
May_• __ ._.__ • ___ • ________ 4,42 .01 5.62 .62 6.25 ----------- 1.83
Junt" .. ___... _____ ,.. _____ .., _____~ 2.27 0 5.11 .11 5.22 ------ ... ---- 2.95
July.____ ....__ • ___••______ 6.98 .02 3.11 .04 3.17 3.81 --------- --Aug. ___ ._.._____ • __ • _____ • 2.14 0 3.93 .20 4.13 ----------- 1·99 

Sept.....__ ._._••_._____ • __ 5.61 .01 3.53 1.75 5.29 .32 --------_ ....Oct.._____...____________ ._ 1.50 0 2.80 .07 2.87 -----_..---- 1.37
Nov..___• _______ ._ • ___ •___ I6.41 0 1.25 .06 1.31 5.10 -----------Dec... ___. _____ • __________ 3.32 .02 t 1.11 2.93 4.06 ----------- .74I 

Total.. ________ • _. _____ • 52.95 .18 i 31.75 I 17.i5 49.68 I 12.71 9.44 

1951-meadow:Jan.... ___ ..______.._. ___• 6.41 .10 I 1.45 4.10 5.65 .76 - .. ---------Feb...__ . ____ • __ • __ • _••_._ I 1.50 5.94 1.114.83 .35 4.09 ----------­1Iar.______ '"' ______ ...._______ I !
5.80 .06 'ua 3.63 5.12 .68 - .. ---------Apr.. _. ________ • __ ._.__ • __ 3.41 0 1.83 2.54 4.37 ----------- .96 

2.3& 0 5.67 .51 6.t8 ----------- 3.80
~~~~::=::=:::::::=::=:::== 5.73 .01 5.01 .06 5.08 .65July__ •____ • ___• __• _______ • --·----4~ii4 
Aug •• ________ • _______..___ 6.93 6.94 

.65 0 2.13 0 2.13 ----------­
2.90 0 .01 ----------­

1.48 

Sept.______• ____ • __ .._____ 3.02 .01 3.13 I 0 3.14 ----------- .12 
Oct...__• __...__.....______ 1.88 .01 2.32 .01 2.34 .46 
Nov . ______ ........ ____ .. ________ ------4~i4·
5.04 .01 I .88 .01 .90 _... ------.... --Dec. __ •___ • ___• ___ ._._.. __ 5.70 .03 I .1.38 .15 1.56 4.22 -----------I 

Toto!._.....__ .....____.. 47.83 I .58 \ 33.66 1 15.11 49.35 I 10.45 11.97 
: . 
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TABLE 30.-Monthly summary of accretion, depletion, and storage of 80il waler as determined 
by weigh-ing lysimeter Yl02C, 1944-62-Continued 

Accretion Depletion Storage in 
Year, crop, s.root profile 

and 
month Precipi- Evapo- Pereo- Total 

lalion Runoff trans- lation d~pl'!tion Netin- Net de­
piration crease crease. 

Inch.. Inch.. fnchu IncA.. Inch" lneh •• [neh"
1952-meadow:Jan. ____________________• __ 


Feb •• __________________• __ 
 6.:;4 0.04 4.13 5.17 1.17 -·-·--·'0:64Mar.. _____________________ 2.92 0 '.S4 2.72 3.56 --- .. _-- ... --­"00 I4.01 .O~ '1.23 2.50 3.77 .24Apr.. _____________________ --------:624.14 .02 2.81 1.93 4.16 ------- ..---
May ______________________ 

3.92 .01 5.46 .37 5.84 1.92June______________________ -----------
July.______________________ 2.69 .02 5.67 .02 5.71 - .. -... _------ 3.02 
Aug.. _____________________ 3.94 .02 6.29 0 6.31 ---.. _------ 2.37 

2.D~ .01 3.80 0 3.81 1.75------- ..._--
Sept...____________________ 

2.56 .02 3.01 0 3.03Oct._..____________________ ----------- .47 
.78 0 1.26 .01 1.27 .49Nov. ______________________ 

J.72 -------:97­.01 1.74 0 .75Dec. ______________________ ----------­
2.64 0 1.44 0 .44 2.20 


Total ____________________ 

37.71 .19 32.55 11.68 44.42 4.58 11.29 

1953-coro:J an ..______________________ 

Feb. ______________________ 5.H .OJ 1 .55 0 .66 08 --- .._-----­

1.44 0 1 .87 0 .87 .57Mar. ______________________ -----------
Apr.. _________ • __________ : 3.44 .01 1 J.38 .J6 1.55 1.89 

-------~:33.2.61 .01 2.42 .51 2.94 
May. _____________________ 

4.28 .02 3.28 1.24 ~.54June______________________ ----------- .26 
2.36 .03 3.26July_. __ • __________________ .~3 3.72 ----------- J.36 

' 8.15 .02 6.79 .39 7.20 .95Aug. ___ • ________________... -------i29' ~.tl9 .01 6.75 .22 6.98 

Sept.______________________ 


1.10 0 3.45 .05 3.50 2.40Oct._______________________ ----------­
.01 1.40 .01 1.42 1.51Nov. ______________________ ' 2.93 ----------­

1.32 0 1 1.12 0 1.12Dec. _. _•• _________________ .20 ------- ... --­
2.69 .04 1 1.20 .01 1.25 1.44 -----------

Total __ •_____ • _______ ._._ 40.45 .16 32.57 I 3.02 35.75 11.34 6.64 

19s-l-wheat:J an ..______ • ___• ______ • ____ 2.97 .23 1.78 .05 1.06 1.91Feb... _____._..___________• ----------­
2.06 .07 1.21 .85Mar.______________ • _______ .05 '1.09 ----------­
4.43 .09 11.91 1.80 3.80 .63Apr••__• ______________ • ____ -------i282.82 .02 3.98 1.10 5.10 ------... --- .. 

May•• _______ • ______ ... ___ 2.20 0 5.95 .16 6.11 3.91June •• ___________________ • ------ ... ---­
2.31 0 4.11 .03 4.14 --<0-_-- ... --- .. 1.83July__ ...______________ • ___ '4,45 .04 2.24 0 2.28 2.17Aug. __ • _____ • _____________ -------iiii3.23 .02 4.38 .01 4.41 --.. _------­

' 2.98 .01 3.83 0 3.84 --_._-..--- .. .865~~~:::::::=:::=:==::::===: 5.48 .02 2.16 0 2.18 3.30 -----------Nov. _____• ____ •• __________ l.43 0 1 .83 0 .83 .60Oec. __________ . ___________ ---..-------­
2.88 .01 1 .42 .01 .H 2.24 


TotaL____• ______ • ______ 
 37.04 .49 31.68 3.23 35.40 11.70 10.06 

J955'me"dow:Jan..... ___________ • _______ 1.70 0 1.81 .12 .93 .77 -- ... _-_ ... ----Feb.....____... _. _______ • __ 3.81 .13 1.82 2.29 3.24 .57Mar.. ____ • ___ • ____________ --------:284.96 .14 4.02 5.24'1.08 -----------Apr•••• ___ •••______________ 3.73 .02 3.53 .92 4.47 ----------- .74 
May __________________ • ___ 

'3.84 .01 f.60 .32 8.93 3.09J une ___________________• __ ----------­
'5.99 .03 •• 92 .03 4.98 1.01July__•________________• __• 

3.61 6.17 6.19 -'--''''2:58 
Aug... _ • ______ • ____ • ______ .01 .01 ----------­

5;79 0 5.81 2.693.:2 .02 -----------
Sept..______ > _________ ___ • .66• 2.36 0 3.02 0 3.02 -----------Oct. _______• ______ • __• _____ 

2.23 0 2.59 .01 2.60 .37Nov..____________• ___• ____ ------2~ii6-
Oec..___________________ 3.48 .Q2 1.79 .01 .82 -- ... _-- .. --- .. 

.35 , 0 1 .31 .OJ .32 .03 -----------
I 

ITotal_ ••_...._. _______._. 5.0439.18 I .38 36.43 7.74 44.55 I 10.41 
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TABLE 3O.-Monthly Inmmary of accretion, depletion, and slOTage of soil water as determined 
by weighing lysimeter YlO&C, 1944.()£-Continued 

AccretioD Dcpietion Storege in 
Year, crop. 8-1001 profile 

and 
mouth Precipi- Evapo- Perco- Total 

tation Runolf iran&' !alion depletion Net in- Net de­
piration crease cr.... 

Inch.. Inch.. Inch.. Inch.. Inch.. Inch« Incha 
195fl-11If&d01t':Jan.__ •. ____________________ 

2.06 0 '0.311 0 0.38 1.68Feb.____•• _________________ -------- ... ---
S.M .M .52 .48 1.04 Uti)Mar.______________________ ----------­
5.37 .02 1.40 3.19 4.61 .76Apr. _______________________ -------0:034.08 .02 2.23 1.86 4.11 --------- -. 

May_____________________ 
6.90 .01 5.38 UiO 6.89 .01 -----------Junt .... _____________ ,~ ___ ... \_ 4.52 .01 5.7.9 .70 6.00 l.48July____________________ •__ ----------­
5.96 .02 5.08 .25 5.;15 .61AllIt.. _____________________ 

.17 -------;::373.95 .01 6.H 6.32 --------_ ..-

Sept.______________________ 


1.60 0 3.31 .01 3.32 1.72Get. _______________________ --------~--
1.0!! 0 3.31 0 3.31 2.nN.,.,.__ • ___________________ -----------


Dec. ______________________ 
 I.S9 .04 1.54 0 1.58 .31 ----------­
4.44 .03 1 .60 .01 .64 3.80 -- ..--------

TotAL__________________ 
47.49 .20 35.18 8.17 43.55 11.77 7.83 

19S7-corn:Jan,_______________________ 2.36 .25 1 .44 .01 .70 1.66Feb.. _____________________ -- .. -------­
1.86 .03 1 .58 0 .61 1.2~ --------:312.70 .04 1 1.68 1.29 3.01 --------_ ... ­~~~-::::=::=::::::::::=:::: 5.45 .03 2.30 4.24 6.57 --------_... - 1.12 

May______________________ 
4.73 .73 3.2B .70 4.71 .02June____• ____ • ____________ -------ioi11.33 9.70 t 2.17 .50 12.37 ------_ ..... ­.luly.... ______ • _________ • __ 3.69 2.91 'U4 .13 7.1B ---------_. 3.49AllIt· ______________________ 
2.23 1.83 ' 2.40 .02 4.25 ----------- 2.02 

Sept.______________________ 
3.78 .7.7 1.11 0 1.94 1.84Oct.______________________ ----------­
1.72 0 1.06 0 1.06 .66Nov. ____ • __________ • ______ ----------­
3.07 .02 1.06 .01 1.09 1.98Dec.______________________ ----------­
4.75 .02 1 .81 .66 1.55 3.20 -----------

TptaL____ ____________~ 

47.67 16.33 21.15 7.56 45.04 10.61 1.98 

195B-wbeat:lan.._______ • ______________ 

Feb. ___ • __________________ 
 1.80 .02 1 28 .96 1.26 .54 -----------
Mar. ______________________ 1.25 .12 1 .57 .52 1.21 .04 -----------
Apr.._____________________ 1.42 .02 1 ;78 1.10 1.90 ---- ... ------ .48 

3.63 .02 2.40 1.00 3.42 .U -----------
May___________________ • __ 

2.77 .02 5.74 1.84 7.60 4.83Juno ______________________ ----------­
3.95 .01 5.02 .08 5.11 1.16July ______________________ ----------­

10.25 .05 3.55 .01 ,3.61 6.64 --------.. --AUi. ______________ •____.- ­ 2.77 0 5.46 2.695.26 .20 -----------
Sept•• _____________________ 
Oct•• ______________. _______ 3.46 0 4.21 .09 4.36 ----------- .00 

.41 0 3.IH .01 3.20 2.tilNov. _______ • ______________ 

Dec. ______________________ 3.29 n 1 I.B4 0 1.84 l.45 ---_ ..-----­

l.42 0 1 .60 .01 .61 .BI ---------_ .. 
TolaL.__________________ 36.32 .26 33.32 5.82 39.40 9.59 12.67 

1959-meadow:lan.______________________ 
6.83 .03 '0 1.02 1.05 5.7B ----------­F.b.• _____ . ___ • ___________ 4.75 .04 1 1.02 2.35 3.41 1.34Mar.______________________ --------:39 

Apr.._____________________ 4.00 0 '2.05 2.34 4.39 ----------­
5.14 .01 2.U 1.24 3.69 1.45 -----------

May ______________________ 
6.57 1.38 4.02June. _____________________ 3.36 0 .81 ----------­

6,44 1.10July_______________________ 5.34 .07 6.31 .06 ... ----------
AUi. ______________________ 5.34 .01 6.93 .01 6.95 ..---------- 1.61 

2.87 .02 U8 0 ·UO ----_ ..- ... -- ... 2.03 

Sept.______________________ 
3.15 0 3.80 0 3.80 .65Oct._______________________ ------'3:is-


Nov. ______________________ 
 6.24 .01 2.78 0 2.79 ---------- ... 
D...... ____________________ 3.52 0 1 1.11 .01 1.12 2.40 --------_ ..­

2.86 .01 1 .62 .03 .66 2.20 ----------­
Tot"L___________________ 

53.40 .20 38.51 7.87 46.58 16.62 9.80 
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TABLE 30.-MO'TUhly summary of accretion, depletion, and storage of soil water as determimd 

by weighing lysimeter Yl02C, 1944-62-Continued 

Depletion Storage in 
Year, crop. 8-foot profile 

ar'! 
month Evapo­ Perc~ Total 

trans­ Iation depletion Net in­ Net de­
piration crease crease 

Incha Inch.. Incha Incha Inch.. 
1900-meadow: 

Jan._______________________ ' 0.38 2.40 2.7B 057 -----------Feb. ___________________ .. __ ' .77 1.94 2.73 2.U.Mar.______________________ '1.25 2.65 3.98 1.94 
Apr.______________________ 4.13 .96 5.09 ------ ..--- 2.86 

May_____________________ 4.87 .08 4.95 1.53 
June______________________ 5.68 .01 5.86 ----- --1:30-
July _______________________ 6.40 0 6.41 -- ..-------- 3.42 
Aug.______________________ 5.82 0 5.86 .11 

3.59 --------.-- 3.05~~~::~:::::::::=:::::::::: U~ g 1.04 .31 -----------
Nov.______________________ ' .80 .01
Dec. ___ ,, _________________• '.48 0 .81 1.41 ----------­

.48 1.73 ----------­
1------·1-------1------1------1------1------1------

TotaL.__________________ 36.01 8.05 44.38 768 12.60 
1=====1======1=====1====1=====1=====1===== 

1961-rorn: 
Jan._______________________ ' .31 .01 .33 1.08Feb.___________________ .__ ' .27 .04 ----------­

.46 4.92 -----------
Mar.______________________ '.90 3.36 4.27 .51Apr.___ ___________________ 1.97 5.35 7.34 .15 
May ______________________ 3.05 .62 3.68 1.10 
June______________________ 3.44 .33 4.62 1.22 
July_______________________ 5.03 .17 5.46 .30 -----------Aug. ___ •___________ ._____ 5.81 .05 5.88 ----------- 3.81 

2.81 1.56&,~~::::::::::::::::::::::: Ug 0·01 1.78 .65 
Nov.______________________ .96 0 .97 2.66 -----------
Dec.______________________ '.30 0 .38 2.70 ----------­1------·1-------1------1------1------1------1-----­

37.98 12.35 8.20TotaL· ====li====:,==2=6·=60=I,==9=.9=4=1=====1====,1==== 

Aug.' 

1
1962-wheat;Jan. _______________________ 

Feb.___ • _________________ _ 
Mar • _____________________ _ 
Apr. _____________________ _ 

, .67 
'.98 

, 1.65 
2.47 

.12 
1.43 
3.12 
1.16 

1.60 
2.89 
4.82 
3.66 

1.14 ----------­
1.59 -------- --­

---------- .45 
----------- 1.80 

May______________________ 
June______________________ 
July _________ ._____________ 

3.06 
2.02 
2.99 

.02 

.01 
1.11 

6.29 
4.30 
1.15 

.29 

.05 

.02 

6.60 
4.36 
2.28 

___________ 3.54 
___________ 2.34 

.71 __________ _ 

~~;~::::::::::::::::::::: ::::::::::: ::::::::::~I::::::::::: ::::::::::: ::::::::::: ::::::::::: ::::::::::: 
~::::::::::::::::::::::::: ::::::::::: ::::::::::: ::::::::::: ::::::::::: ::::::::::: ::::::::::: ::::::::::: 

, Some onow feU during the month; some valueo may be too high or too low because of drifting snow. 
• Includes irrigation: July 1953,2.93 inches; Aug. 1953, 2.90 inches; Oct. 1953, 2.24 inches; July 1954, 1.13 inches; Sept. 1954, 

1.65 inche.; May 1955,2.26 inch ••; June 1955, 3.07 inch ... 
I wltely transpiration. Plastic cover on ground surface prevented e""paration, June 6 to Sept. 9. 
• LY81meter DOt in operation. Boil covered with plastic moisture barrier, tJJ' work on gre88e seal. 

http:1955,2.26
http:1953,2.93
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TABL~' 31.-lv[onlhly summary of accretion, deplelion, and slorage of soil waler as delermined 
by weighing lysimeter nos..!, 1944-62 

Accretion Depletion Storag< ill 
Year, crop, B-foot profile

and 
month Precipi~ Evapo- Pereo- Toial 

tatioll Runol! trans- lation Net in.. Net de· 
piration crense crease 

Incher j' Inehel Inch.. Inchtl Inch .. Inch ..i 
J944-meadow; ; I 

1.15 o 0.41 ; 0.041 0.45 0.70 
o 1.00 i .25 . 1.25 .89~~;:::~:::::::::::::::::::! ~:l~ I o 5.59 ...........
.51 

Apr........................! 3.83 o ~:~~ i mI 4.23 ............ 0.40 


May...... •• ..•.. ••..·····1I 
2.40 3.80 1 .07 I 3.87 ........... 1.47 


June .............. _._ .. ~ .... _.. _....... __ 3.15 .01 5.23 ........... 2.08
° 18 l
July...................... . 2.46 .01 5. '8~ i U4 ........... 2.18 

Aug' __.................... ! 4.39 ,02 UJ' :02 i 4.24 .]5 ........... 


.01 I 2.71 I........... .87 


[f~.:.:~~~~~~~~~ ~~~~~~~~ ~ j mi g.OI i__I_:~_ii_I___g_:g_:_:___:_:~_g_I___3_:~_J_l'=_==_=_=_==_=_==_= 
TotaL ................. 1' __35~1---.-06-' 30.37 j 5.06 1==3=5.=49=1===6=.5=7,1===7=.00 


1945J~~~~: ..................... ---2-.0~1 .04 i 1.59 i 0 I .63 1.41 ........... 

Feb......................, 2.66 i .01 , 1.83 1.37 I 2.21 .45 ........... 

Mar....................... 8.11 : .07 2.23 ' 5.4~ , 7.77 .34 ........... 

Apr....................... 4.89 i 0 3.46 1.3/ i 4.83 .06 ........... 


May...................... , 4.82 .01 I 4.96 .781 .93 


3.05i~t.~:~:=:=::::::::::::::i ur : o:~~ I tH :g~ I 
.04 

3.18 

Sept.....................J 9.42 1 .01 : 2.28 .551 2.84 6.58 ........... 


~~E:=:::::::::::::::::::1 H~ i,___O_:~_:_I.___l_::_J_!,___:I_i_I___~_J_g_,_.._·_.._·_·1_]_~_·I_:_::_:_=:_=_==_·~_~ 
TotaL ..................! 48.601 .42 i 33.49 1===l1=.OO=il===44=.=91==1,==1=1.=00=!:===7=.=31


I !1===1 i 

1946J::'~~::..................1 0.89 I 0 i 1.881 .80 1.68 ........... .79 

.Feb....................... .' 4.11 I .01 I 1.84 I 2.20 4.05 .06 ........... 


4.03 ........... 1.57
Z':.~·::::::=::=::::::=::::i W,g t~ I l:g~ 4.11 ........... 2.52 

I 

I>lay...................... : 5.92 0.01 64 .. 9108 ,! .03 5.01 .91 ........... 

June...................... : 7.16 .50 6.61 .55 ........... 


01 6.43 "'"'''''' 1.26~~:.~.::=::=::::::::=::::::! ~:l~ 0. g;gg I :8i 5.11 ........... 2.64 


Sept.......................! .90 I 0 2.58 .01 2.59 ........... 1.69 

~~t;::::::=::=:=:::::=:=::=i 4.42 I 0.01 1.6S .01 1.70 2.72 ........... 


Dee..................... ' m1___°__ J~ i___:g_~_I.___l:_g~_!.___l:_~~_I.=_=_::_=_::_:_=_::
1 
TotaL................ ..1 40.6i·1 .04 1',---3-8.-30-1 4.99 43.33~1,==7"'.;,81;,,1,===10=.4=7 


1947j:~~~~.~~.....__.........J I I 1.021' 4.1'~ .94 ...........
5.28 I 0 3.32 
Feb•. __...................· 1.12 .02 I 1.66 .28 .li\ 

Mar.......................! !:~g j' .03 1.86 I .58 2.4: .......~~~. •..·....~i7 

AIJr....................... 1 0 2.38 1.90 4.28 .15 ........... 


.34~~~:::::==:=::=:.=::::=::! 6.44 i :8~ tu U~ m 1.79 
July..• ....• .......... •...1 tb~ I .01 5.15 .05 5.21 2.18 
Aug...................... I 3.70 I ..02 4.06 .03 4.11 .41 


Sept....................... ' 3.18 0 II 4.68 .02 4.70 1.52 
Oet....••..•..• ..••..••••..1 1.21 000 2.31 1 .01 2.32 1.11 
Nov....................... 2.74 . .73 , .01 .74 2.00 
Dec...................... .1 1.52 ' .381 0 .38 1.14

1-------- ----:----1----·1----·1----
TotaL................... 40.74 ===.=11=!==3=3.=79=1,===9=.9=7=1===4=3.=87=1,==4=.3=9=1====7.=52
1 

http:1==3=5.=49=1===6=.5=7,1===7=.00
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TABLE 31.-JIJonthly summary oj accretion, depletion, and storage oj soil waler as determined 
by weighing lysimeter YI03A, 1944-62-Continued 

Accretion Depletion ~torage in 
Year, crop, 8-[001 profile 

iand 
month Precipi­ Ev.po­ Perco­ I To~1 ' 

tation Runoff trans­ lation 'depl,·tion X ot in· ' N.t d.· 
piration I , l'rt'ase 1 creasr 

--------------i --In-c-h-··-l~=:- '--;:::-!-;::;­I,lchelf I Inch.. Inch.. ,1948-meadow: 
Jan ..... _~ ~_~_. ~ ~ ... ~.~ .. .. _ ... ~ 3.12 0 '0.31 0.01 0.32 : 2.80 ••••••••••• 
Feb•••••••• ____ • __ ........ : 3.23 0 ' .88 1.54 2.42 " .~! I' ........... 


~la.r, ......... . ~" .......... _" ____ ... ' 4.96 .02 1.98 2.19 4.19 ! .11 ••••••••••• 

Apr...................... , 4.89 .02 4.03 2.42 6.47 I ...•....... ! 1.58 


May ••.•••.. " •..••••••••• : 3.81 .01, 6.54 .10 6.65 ,•••.•.••••• ' 2.84 
June ••••. " .... __ • __ .• __ .: 5.39 .02' 7.26 i 02 7.30 ••••••••.•• 1.91 
July.............. __ ....... · 3.56 I .01 5.65 .01 
Aug....... ................ .99 0 3.14 1 .01 tn 1:::::::::::: ~::~ 

I i 
Hept.. __ .......... __ ...... 3.91 i .01 2.83 0 2.84 1.07 1____...__ .. 

Oct.............. __ ... __ ... : 23'.0702 i .01 ! 1.71 0 1.72 21..°1021, ••••••..•--•.•.••.••••
Nov.... ____ ...........____ , 0 .8& 0 .88 

Dec................ , •.• --.1 ___2._37_1 ___0 ____.4_1____0_____.4_1____1._96_, I, .......... . 


TotaL..................! 41.95 I .10 I 35.62 6.30 : 42.02 , 10.53 I 10.60 

1949-corn: i==== ==== ==== I i 
Jan........................ ' 5.49 . 0 '.79 1.96 I 2.75 : 2.74 I ......... .. 
Feo........................ ' 2.87 ' .01 ' 1.05 1.59 32.'3651 ',: .. 26~ i,·..--••••• _--•••••·.••
Mar....... __ ............ __ , 3.95 i 0 1.89 1.42 • 
Apr.............____ ...... 2.98 I 0 3.24 .37 3.61 1__ ..... __ ••1 .63 

j 

May.................... __ : 3.04 I .02 f 3.1i .14 3.93 1.__ ..... __ • .89 
June.................. __ .. ' 3.40 , .01 5.23 ,01 5.25 .. __ .. ____ • 1.85 

05i~~:._:::::::::::::::::::::I m' :t~ ~:~~ 0. m__ ..... :~~. --....·2~38 
Sept... __ ........ __ .... ___ .! 3.43 0 2.12 0 2.12 j 1.31 ... __ .. __ .. 

~~t~:.:::~:::::::::::::::::! ::~~ I g ::U g ::t~ 1'--'''':46' _______ .~~~ 
Dec.. -- .•---.--.........--i 3.01 , .01 .65 0 .66 2.35 1__ .._____ .. 


Tota1._.................. i 42.45 :---.2-5-' 34.95 I, 5.54 ! 40.74 1---7.83\ 6.12 


195O;:n~~~~: ....... _.....__ . ...1 8.59\ .03 : 1.18 4.76\ 5.97 2.62 __ ....____ • 
Feb.··· __ •• __ ....•••..•..·' 3.59 .01 I '.92 i 2.21 I 3.14 I .45 ----....... 
Mar.. __ ._.. __ .... __ ..___• 2.94 O. ' 1.96 I 1.25 , 3.21 !__.....____ .27 
Apr. ____ •________.....____ I 4.54 .01 i 2.55 , 1.63 : 4.19 .35 ____ •____.. 

May ---- •• ---- ...--.----..1 4.70 .01 i 6.11 I .13\ 6.25 . _____ ...__ 1.55 
June............__ .....__ .1 2.03 0 I 5.85 j .04 " 5.89 __ ..__ .. __ • 3.86 
July • , 6.66 0·01 \' 3.73 i .02 3.76 2.90 __ ....____ • 
AUg.:::~::::::::.:::::::::i 2.12 4.85 j .02 4.87 __ ......__ . 2.75 

Sept. _. __ ...... • i 5.58 .01 3.76 I .04 I 3.81 1.77 ----_____ .. 

°DN~tc~.:.:.:·.·:.·.::.·:.:.:_·.:.:.:.:.:.:.:.:.:.:.=.=.1 g~ g \ J W! :g~ 1 t~~ j .. ----4~ii7· 1.01 
, 3.41 .01 I '1.51 I 2.67 . 4.19 1. __..___.__ ·"·----·~78 
TotaL .•• ____ ..... ____ . .1--5-1.-97-1-1=-:=-=-=.-0=-9=' 36.46 --1-2.-88-1--4-9.-43-1 12.76 10.22 

195'1~~~~~::~..... __ • __ • __ •...I 5.65 1 .041=='=1=.3=4= 3.621 5.00 .65 __ • __ ...__ • 
~eb.. ·------ __ --·..·--..--l 4.30 .12 I 1 1.86 , 3.47 I 5,45 .--____ ..__ 1.15 
llar....... __ ........______ ) 5.71 .031 '1.95 i 3.30 5.28 .43 __• ______ •• 
A?r......_....... ________ • 3.58 .01 2.22 i 1.91 I 4.14 .--..------ .56 

May.. ____• __ ••____•. _____ 2.62 .01 5.73 .17 5.91 1___________ 3.29 
June_ ••____• _____. __ • ____ • 5.81 .02 ! 5.22 i .06 5.30 .51 •________ .. 
July__ •___ ...___ •____•••__ • 3.04 .02 I 6.73 .03 6.78 ......__.._ 3.74 
A~~...---.--.----••--.---- .751 0 I 2.27 t .02 2.29 ,----------. 1.54 

Sept..__ • ____...___.•••____ 3.12 00. 01 I 3.01 .01 3.03 1 .09 --.---..... 
0Nct•..••• --.....--•.•••_.-- 51'094 I ?-.~,2, .0 1 2'~81 ------·4·2--6· .27• ov ...____.. __..______ • __., . 4 I ..1. ._.._____ __ 
Dec......___ •_________..__ 5.92 1___._01_: ' 1.55 I 1.09 2.65 3.27 ---- ______ . 

01 

Total .... ____ ••____ .•____ --4-7.-48-'===.=27=1 34.85 ,::::1:3:.7:0::'::::4:8.:82:1 9.21 ,. 10.55 
j 

http:1---7.83
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TABLE 31.-Mcml.hly BUmmary of accretion, depletion, and stor<L,,!e of soil water as determined 
by weighing lysimele7 YI08A, 1944-62~ontinued 

Accretion Depletioo Storage 10Year. crop, 8-foot profile aod 
month Precipi- Evapo- Perco­

tation Runoff trans- lation Total Net in- Net de­
piratioo crease crease 

Inch.. Inch.. Inchu Incha Inchll Inchu lrvAu1962-meado ... : Jan._______________________ 

Feb.______________________ 5.54 0.03 11.32 3.65 5.00 0.54 

Mar.______________________ 3.02 .02 11.33 I.B6 3.21 
 -- .. - ... ------ 0.19

4.02 .03 11.86 1.92 3.81Apr. ______________________ .21
4.39 .02 U8 --------:733.52 5.12 ---- .. ------

May ______________________ 
4.42 0 6.07 .07June__ .. _~_________... _______ 6.14 ----------- 1.72 

July_. ____________________ 2.79 .02 5.19 .02 5.23 ---_... ------ 2.44
4.l5 .02 6.36Aug. ______________________ .02 6.40 ----------- 2.25
2.12 .01 3.86 ,Q1 3.BB 1.76

Sept._____________________ 
OcL_____ --_______________ 2.59 .01 3.05 0 3.06 ----------- .47 
Nov.______________________ .7B 0 1.13 0 1.13 ----------- .35
Dec. ______________________ 1.94 .01 1.73 0 .7t 1.20 --- ...------­2.73 .01 1 .51 .01 .53I 2.20 --_ ...-------

Total____________________ 
3B.49 .18 34.93 9.14 .,1 ••25 4.15 9.91 

1953-eoro:Jan._______________________ 

Feb. ______________________ 3.54 .02 1_BO .IB 1.00 4.64 

Mar. ______________________ 1.49 0 1.87 .34 1.21 .2B 

Apr._______________________ 3.48 .01 11.64 .98 2.63 .85


2.B7 0 2.71 .50 3.21 ----------- .34
May ______________________ 
J Uoo______________________ 4.20 .02 4.35 .42 4.79 .59 
July______________________ 2.69 .02 4021 .02 4.25 1.56 
Aug. ______________________ 5.20 0 7.34 .01 7.35 2.15

1.74 .01 4.64 .01 4.66 2.92 -----~-----Sept. ______________ • ______ 

Oct.•______________________ 1.18 0 1.38 0 1.38 .20 

N ov. ______________________ .72 0 .65 .01 .66 -------:06­

1.35 0 1 .44 .01 .45Dec. ________ . ______.-.____ .90 ----------­2.63 .02 11.02 .02 1.06 1.57 

Total ___________________ 


33.19 .10 30.05 2.50 32.65 8.30 7.76 

1954-wheat:J an. ______ • _______________ • 

Feb. ______________ •_______ 2.96 .11 1.70 .04 .B5 2.11 
 ----------..
Mar. ______________________ 2.17 .02 I .99 .01 1.02 1.15 

Apr • ____________________ . __ 5.12 .08 12.70 .24 3.02 2.10


3.29 .07 .26 --------:303.26 3.59 --- .. _------
May. _____________________ 
Jun. ______________________ 2.40 0 6.15 .05 6.20 3.BO 
July ____________ • _________ 2.09 .01 5.33 .01 5.35 3.26

3.37 .01 2.3B -------~97·Aug. ___________ •__________ .01 2.40
3.49 .01 4022 .01 4.24 --------:75 

Sept. _____________________ 
1.43 0 1.86 0 I.B6 .43Oct._._____________________ 5.94 ------4~i6'N ov. ______________________ .02 1.76 0 1.7B ---_ .. ------

Det. ___________________ •__ 1.5B 0 1 .93 0 .93 .65 ---- .. -----­2.82 0 1.42 .01 .43 2.39 

TotaL.__________________ 


36.66 .33 30.70 , .64 31.67 13.53 B.54 
19M-meadow:J&o••____________ . _________ 

Feb.____________________ . __ 2.15 0 1 .59 .OB ,67 UB ---_ .._-----
Mar.______________________ 3.B7 .02 11.43 1.93 3.38 ,49 ---_... ------
Apr•• ______________________ 5.13 .02 12.40 2.68 5.10 .03 

3.97 0 4.23 .35 UB ----------- .61 
May ______________________ 

June ______________________ 1.82 0 7.10 .11 7.21 -----_ ... ---- 5.39


3.14 0 4.03 .03July______ • _______________ 4.06 ------ ...---- .92 
Aug. ______________________ 3.45 .01 4.61 .02 4.64 ----------- 1.19

3.53 .01 4.6B .01 4.70 ------ .... ---- 1.17I
Sept.__ ---------___________
Oct._______________________ 2.43 0 2.57 .01 2.5B .15 
Nov • ______________________ 2.42 0 2.52 .01 2.53 .11 
Dec•. _____ •_______________ 3.60 0 1 .B5 .02 .B7 ------2~73-

.39 0 I .35 .02 .37 .02 
Total____________________ 

35.90 .06 35.36 5.21 40.69 ••75 9.54 
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TABLE 31.-Manl.hly summary of accretion, depletion, and storage of 80il water as determined 
by weighing lysimeter YlOSA, 1944--62-Continued 

Year, crop, 
and 

Accretion Depletion Storage in 
8-foot profile 

month Precipi­
tation RUDoff 

Evapo­
trans­

pilation 

Perco­
lation 

Total 
depletion Net in­

crease 
Net de­
crease 

Inch.. Inch.. IncAa IncAa Inch.. Inch.. Inch.. 
1956-meadow:Jan. _______________________ 

2.25 0 '0.41 O.oI 0.42 1.83Feb._______________________ ----------­
5.86 .01 .87 1.22 2.10 3.76Mar.______________________ -------- .. -­
6.08 0 2.62 2.30 4.92 1.16Apr. ______________________ ----------­
4.36 .01 2.79 1.16 3.96 .40 -----------

May ______________________ 
7.13 .01 6.48 .65 7.14 0.01June .... ____________________ 5.17 .02 5.79 .73 6.54 ----------- 1.37July _____ • ________________ 
6.24 .01 5.73 .23 5.97 .27Aug. ______________________ ----------­
4.17 .01 6.70 .03 6.74 ----------- 2.57 

Sept. ______________________ 
1.78 0 ~.31 .01 3.32 1.54Oct._______________________ --------- ... ­
1.19 0 2.92 .01 2.93 1.74Nov • ______________________ ----------­
1.91 0 1.27 .01 1.28 .63Dec.______________________ ----------­
4.08 .02 1 .68 .01 .71 3.37 -----------

Total____________________ 
50.22 .09 39.57 6.37 46.03 11.42 7.23 

1957-eoro:J an. _______________________ 
Feb. ______________________ 2.52 .07 1 .66 .18 .91 1.61 ----------­

1.94 .02 I .80 .24 1.06 .88Mar.____ ________________ ---------- ... 
~ 

2.61 .02 '1.99 .49 2.50 .11 -----------Apr. ______________________ 
5.47 .04 3.43 2.74 6.21 ---------_ .. .74 

4.46 .16 3.82 .56 4.54 .08 
July ______________________ 10.72 1.69 5.79 1.55 9.03 1.69 ----------­ru~~======:===:========== 3.49 0 7.96 .08 8.04 4,55Aug.. ____ • ______________ ._ ----------­

1.94 .02 i.56 .02 4.60 ----------- 2.66 
Sept.._____________________ 

UI .08 1.31 .01 1.40 2.51Oct. _______________________ ----------­
1.92 .01 1.06 .02 1.09 .83.Nov • ____________________ ... -----------

Dee. ______________________ 3.10 .01 1.07 .01 1.09 2.01 ----------­
4.68 .05 I 1.13 1.24 2.42 2.26 -----------

TotaL__________________ 
46.76 2.17 33.58 7.14 42.89 11.90 8.03 

1958-wheat:J an ..______________________ 
2.04 .03 1 .54 .27 .84 1.20Feb, ______________________ ---- ... _----­
1.25 .08 1 .86 .40 1.34 .09Mar• ______________________ -----------

Apr. ______________________ 1.51 .02 '1.34 .84 2.20 ----------- .6g 
4.05 .oJ 3.15 .66 3.82 .24 -----------

May _________________ • ____ 
3.08 .01 6.85 1.13 7.99 ----------- 4.91

June _____________________ .. 4.23 0 5.53 .06 5.59 1.36July ______________________ ------6~i6-9.74 .06 3.48 .04 3.58Aug .. _________________ • ___ ----------­
2.96 0 .22 6.61 3.656.39 -----------

Sept.._____________________ 
4.43 .03 4,46 1.07Oet._______________________ 3.39 0 ----------­

.32 0 2.43 .02 2.45 ----------- 2.13
Nov.____________________ .. _ 2.92 0 '1.20 .01 1.21 1.71 -----------Dec.______________________ 

1.40 .02 1 .82 .02 .86 .54 
Total __________________ • 

36.90 .2:1 37.02 3.70 40.95 9.85 13.90 

1959-meadow:Jan._______________________ 
6.95 .02 '1.42 .44 1.88 5.07 -----------Feb•• _____ • ________________ 
4.09 .02 '1.67 1.68 3.37 .72 -----------Mar. _______________ • ______ 
2.70 .01 12.24 .98 3.23 .53-------1:00-Apr _______________________ 5.02 .02 2.77 1.23 4.02 -----------

May ______________________ 
3.36 .01 6.37 .32 6.70 3.34-------- ..--June_ .. ____________________ 4.77 .03 6.17 .05 6.25 ----------- 1.48July ______________________ 
4.07 0 6.36 .04 6.40 2.33Aug. ______________________ ----------­
2.58 .01 4.04 .02 4.07 ----------- 1.49 

Sept. ______________________ 
3.13 .01 3.13 .01 3.15 ----------- .'.12Oct._______________________ 
6.24 .01 2.37 0 2.38 3.86Noy. ____________ • _________ ----------­
3.51 .01 '1.27 .01 1.29 2.22 -----------Dec.______________________ 2.87 .01 1 .97 .33 1.31 1.56 -----------

Total____________________ 
49.29 .16 38.78 5.11 44.05 14043 9.19 
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TABLE 31.-Monlhly summary of accretion, depletioll, and litorage of .,oil water as de/ermined 
by weighing lysimeter Y103A, 1944-62-Colltillued 

Depletion Storage in 
Yea.r, erop_ 8-root profile 

.nd h I p .. 1 E 'I 
IAccretion I 

mont ! rec,p" vapo- Perco- Total 

_____________talion -.:=-I_p\~:;I,~" !__Ia_tio_lJ__de_p_le_t_io_n+_~t_e;_~_~_._I__~_~:_~_'~_-_ 
IncA.. Inch" I ucA.. IncA..196!1-meadow: 1 Inch" Inchu I IncA.. I 

Jan. __•• '" ._.. ! 3.25 0.01 '0.47 I I.H 1.92 1.33 ••• ___ ._._. 
.92 2.06 
.94 2.91 •••••_.3~~:. -----.-o~7i 

4.40 ___ 2.24i*~:::~:~:~:~~~~::::~~] ~:~g o:g~ I : H~ ! .43 ._ •••• •• 

.05 5.39 ___ ••• __ .•_ 1.72 
.05 5.92 1.58 ._. ____ • __ • 

6.46 ._. __ • __ .__ 3.22j:i;:-::::::::::::;:::::j Hi '~; I !~ 
04 .01 5.97 .96 __ • ___ • ___ •

::::~~:::~~~:~~~~~:~~~~~~:II ..;: I 0- ! :::: 

•02 

4.17 -._ ... _ 3.706 0 •••• 

Oct .•• _. __ ._.__ • _____ •• ___ • 2.24 0, 2.091 0 2.09 .15 

Nov._._. __ ••___ •• _....._.. 2.28 .01 I '.86 0 .87 1.41 

D..,.• __ ._••• _•• ____ ••____ .! 2.24 0 \ '_57 1 0 .57 1.67 

Total.. •••• __ ••__ ._.__ • __ 1 41.41 .26 1-'-3-8-.6-1-
1
---3-.8-6+--42-.-73-1'--1-0.-27-1'---1-1.-59 

1961-corn: I 
1.53 .01 t .01 0 .02 1.51 •. ________ _ 
6.82 .02 , 1.69 .391;~~~:::=:::=:==:::::::::1 3,79 .01 	 ~:l~ _. ____ !~::_ ·-·----i:iiii'3.10 2.37

Apr.. _____ • __ •• _. ___ • ___ •• 	 7.13 .40 • ___ • _____ _7,53 .08 3.02 4.03 

May._._••__ ••••__ •••_•••• 2.69 	 3.76 _••__ • ____ • 1.07
.0 1 

1. 3.55\ .20 4.97 ___________ l.45June•• Or_ .. __ , ... ____ .. _____._. 3.52 .45 4.40 .12
July • ____ ••__ •___ •• _' __ • __ _ 	 5.75 .17 ___ • _____..5.92 .02 5.69 .04
Aug.. __ • ___ ••••• ____ •• _. __ 2.27 .01 6.30 	 .03 6.34 1__ ..._____ . 4.07 

SePt........... __ •••_••• _•• , 1.56 0 3.24 .02 3.26 l.iO 
Oct•••••••_•••__ •••••••••.• 2.55 0 1.22 .01 1.23 1.32 
Nov........__ •••• __ ••••_.. 3.44 ° ,.85 .01 .86 2.58 
Dec•• _•••• __ ._•••_••••••_.1___2_.9_9_1 ____.°_1_1.__'_._77_:____0_1_1____.7_9.1 ___2_.2_°_1 ••_•._-_••_._--_._-

TotaL ••••• _. __ ••• _____ ._, H.61 .62 33.84 7.23 (1.69 12.90 9.98 
1962-wheat: 1==='1====11'===1'===1===11===1=== 

Jan._._____ •• _____ •••• ___ ._ 3.81 .06 I , 1.17 1.52 2.29 _._ ••• _.• __ 
Feb. ____• ______ ..... __ •••• 4.49 .07 I 

.29 
, 2.17 1.27 3.51 . ______ ~~~_ ---..---~87Mar... __ ._.••_.__ ••__ •• _.. 4.12 ,031 , 2.75 2.21 •.99 

Apr._. __ • ___ •• ___ ._._____ • 2.02 .01 	 •.21 ___ ._._•. __ 2.192.95 J.25 

May._._._.___ ••___ ._. ___ • 3.24 0 7.41 	 .11 7.52 ________... 4.28 
.04June._.________ ••_•• -.____ 2.43 0 4.89 4,93 _.... ___ .__ 2.50 
.04July_•••_._ .• __ .•••________ 2.93 .02 2.08 2.14 .79 _. __ • _____ • 
.01Aug._______ ••••________ ••_ 2.16 .03 3.27 3.31 ___ .._•• _._ 1.15 

Sept •• _____ ._._._••__ -.____1 5.73 .02 3.30 	 .01 3.33 2.40
Oct.. ____ ...._. __ ._. __ • ___ • 2.59 .01 2.10 o 2.11 .48
Nov,____ ••• _.___ ••________ 3.43 .03 .83 o .86 2.57
Dec. ___ • ____ • _____ • ___ •• __ 3.06 .09 '.97 o 1.06 2.00 

1----4-0-.0-1.,-----.3-7-11----3-3.-89-1TotaL_••.__ •__ •._. _••__ _ 	 5.23 39.49 11.51 10.99 

, Some .no1' reU during the month; some values may be too high or too low beca",e or drifting snow. 
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TABLE 32.-Summary of farming 01Jeralions and yield.~ for lysimeiers in IYbimeier battery 
Y10l,1956-62 

First cutting Second cutting 

Year Lysimeter Cover 


Date Yield 1__D_a_t_e__I__Y_ie_l_d__ 

Tona/acre I TOnA/acr,
I 

1956· _________ 1 YIOIA 0.17 ____ ~d:~~::_~:~__________J.d~~_~_J O:~~ \___ :~J~__1_9___ _YIOIB .20.63 _____do______ _

! YlOle mue~rass --.--do-------l 1,45 _____ do______ _ .26 
Alfalfa·brome _____do______ _ .23YlOLD 

Poverty grass June 12 .79 Aug. 14 .6519S7----------i YIOIA .74 ______ ______do 
: 1.01 _____do_______ Yi01B .82 

YlOle 1 .73.58 ______r--~!~i:io~;r~;:i~---- ====j~~:;=7=:==1 _____do _
nOLD l' 1.13 

1958,. ______ --' YIOIA Poverty grass July 9 .60 Sept. 16 .50 _____do ____________________ do______ • .68 _____do.___...YI01B .57! Bluegrass __ • __do _____ __ .52 _____do. ______YlOle .96.91 _____do. ______Birdsfoo! trefoil _____do______ _nOlD 1.55
1 

1959 _______ •• .1 YIOIA Poverty grass JUlie 17 .38 Aug. 19 .50 _____do. ___________________do ______ _ .30 _____do. _____ _
YlOID .58 

I 

.83 _____do._____ _
Bluegrass __ •••do.____ __ .55YlOle 1.75 _____do______ _Birdsfao! trefoil _____ do. _____ _YIOLD 1.63 

1960.________ .1 YlOIA Poverty grass Aug. 23 .26June 20 .28 
____.do_____ . _________ • ___ .do.____ __ .31 _____ do._. ___ _YIOIIl .31.99 _____do. _____ _ 

YIOID Birdsfoot trefoil __• __da. ____._ 2.06 _____do_. _____ .70 
YlOiC Bluegrass __ ._.do. ____ __ .27 

•• ...11961 _____ YlOIA Poverty grass June 13 .26 Aug. 30 .27 _____do._____________ • _____ do_______ .17 ____ .do. ____ __

I YIOIIl .17
Bluegrass _____do _____ __ .52 _____do.____ __YlOle .31lAO ___ ._do______ _Bird.foo! trefoil _____ do____ _Y101D .72 

1962________ ..1 YIOIA Poverty grass June 14 . .21 Aug. 22 .04 _____do.___________________dO _______ \ .15 _____do. ______YIOlB .02 

I 
Bluegrass _____do _______ .33 ___ ._do.______ .02YiOiC 1.38 ___ ._do______ •Birdsfoo! trefoil _____do.____••¥lOiD .45 

1 Fertilized with 300 lb./acre 5-21l-20, Apr. 15. 

Seeded 8 Ib./acre birdsfoo! trefoil, Apr. 15. 


i 
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TABLE 33.-Summary of farming operations and yields for lysimeters I:n lysimeter battery 
YI02, 1956-62 

Year Lysimeter Crop 

Farming operations 
Date of 
harvest 

Yield per 
acre 

On a1llysimetera Additional practices 

Ton. 

Agricultural lime 1 ton/acre. Nov. 19. ___________________ _1966____ Y102A Second-year June 6 2.68 
meadow. July 19 2.01 

____do________________do________________________________________________ _ Sept. 4 1.78 
Y!02B June 6 3.07 

July 19 2.0.1 
_____do________________do_______________________________________________ _ Sept. 4 1.89 

YI02C 	 June 6 2.54 
July 19 2.00 
Sept. 4 1.78 

BlUhm 
1957____ Y102A Corn to wheaL ___ 	 Sod spaded Apr. 26; corn planted May Cultivated June 20: Sept. 9 169 

2; fertilized (180 lb/acre 5-20-2() May stalks chopped and 
2; cultivated May 2\1; rolotilled and returned to Iysimeter 
seeded (2 bu./acre wheat; 3 lb.jacre Sept. 23. 
timothy) Oct. 1; fertilized (180 lb.jacre 
5-20-20) Oct. 1: manure applied (10 
to..iacre) Nov. 25. _____do _______________ "0____________________________ _

YI02B 	 Plastic cover placed __ -do___ 182 
on surface of lysim­
eter .iune 5; stalks 
chopped and re­
turned to lysimeter 

_____ do ________________ do_____________________________ Sept. 23. 
Yi02C 	 Plastic cover placed ___do___ J2b 

on surrace o~ Iysim­
eter June 5; 8talks 
chopped and re­
turned to lysimeter 
Sept. 1&. 

1958____ YI02A Wheat to meadow _ Seeded (6Ib,facrealfalfa; 3lb./acre red ____________________ J~ly 24 45.6 
clover; 3 lb./acrc timothy) April 4. _____do_____.___________do____________________________________________________ do __ _

Yi02B 	 40.6 _____do ________________do ____________________________________________________do__ _
Y102C 	 42.1 

Ton. 
19~9____ Y102A Firat-year June II 2.70 

meadow. Aug. 3 1.98 _____do__________________________________________________________________ _
Y102B June II 2.43 

_____do__________________________________________________________________ _ Aug. 3 1.86 
Yi02C June II 2.35 

Aug. 3 2.32 

1960____ Y102A Second-year June 6 4021 
meadow. July 22 2.24 _____do__________________________________________________________________ _

Y102A June 6 4.86 
_____do _________________________________________________________________ _ July 22 2.62 

YJ02C June 6 3.77 
July 22 2.20 

Bud./o
1961____ Y102A Corn to wheaL___ Manured (10 tons/acre) Mar. 29; sod ___________________ Oct. 9 154 

spaded May 12; com planted. fcrti­
lized (180 lb./aere 5-20-20) May 16; 
cultivated June 14. June 22. July 7; 
seeded (2 bu./acre wheat; 3 Iblacre 
timothy)vc!. 17; fertilized (180 lb./ 
acre 5-20-20) Oct. 17. , ____do ____________ . ____do ____________________________________________________do___ 157

Y102B ____do ________________ dD ____________________________________________________do___ 166
Yi02C 

1962____ Y102A Wheat to meadow_Seeded (6Ib_/acre alfalfa; 3lb'!acre red Manured (12 tonsl July 9 52.3 
clover; 3 lb.jacre timothy) Mar_ 28_ acre) Jan. 23. _____do________________dD __________________________________ do ________________do___ 48.9

Y102B 
Y102C _____do ________________ dD_____________________________ Manured (12 tons/ ___dD___ .48.9 

acre) Mar. 1. 
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TABLE 34.-Summary of farming operations and yields for lysimeters in lysimeter battery 
Yl03,1956-62 

Farming oporationa 
Year Lysimeter Crop I--------------------------.---------------I~~~t Yi:~~r 

On alilyaimeters Additional practices 

Ton. 
Second·year June 6 .2.86

meado .... July 19 2.10 
_____do___• ___________ ••_____._._____• _____________ • _____•____. ____.•... Sept. 5 1.80

YI03S June 6 2.35 
July 19 2.06 
Sept.S 1.82 

YIO~O ._._.do.____ ._._.•••_••__•._.•__.•__•••__-.._._.••._.._•••_._._.___.._..• June 6 1.13 
July 19 1.18 
Sept. S 1.0/

YI03D ____do._••____•••.___••_.••.••______._.____._._••_•.•.•__._._•.•_._...•. June 6 1.92 
July 19 1.53 
Sept. S 1.18 

BlUhm1957____ YI03A Cor. to ... heat • __• Sod spaced Apr. 26; corn planted May Fertili.ed (11lll lb./ Sept.16 149 
2; eultivalt-d May 29.Ju•• 20; staib acre 5-20(20) May 
chopped and returned to soil Oct. 1. 2 seeded (2 bu./ 

acre wbeat; 3 lb./ 
acre timothy) Oct. 
2; fertili••d (1S0 
Ib./acr. 5-20-20) 
Oct. 2; manure 
(10 tons/acre) 
Nov.2S. 

¥l03B ISO
¥l030 :::=:~~:::::::=::f:::::~~::==:::::==::::==:::=::=:=: -F;rt8h;;;C(6ii'-ib~i' ::===~~: liS 

acreS-20-2O) May 
2; seeded (~ bu./ 
acre wheat; 3 lb./ 
acre timothy) Oct. 
2; fertilized (100 
lb./acre S-20~20) 
Oct. 2; manured 
(7.S tons/acre) 
Nov. 25• 

YI03D . _._.do•••••.••_•• __._.do._._________.•__._.______• ___ ••do•.__•_____•____._do. 113 

1958____ Y103A Wheat to meadow. _._._._•.._._._.__ •..•____•_____••_ Seeded (6 Ib./aere July 24 56.0 
alfalfa; 3 Ib/acre 
red clover; 3 Ib./ 
acre timothy) Apr . 

_____do._••_•.•.•.••••_•••..._•.___• ____•______•_____••••do________•.___••__do.YI03B 47,4 __._do._.__. ____•______._..._____._._____. _______• Seeded (3 lb./acre __._.do.n03e 42,8 
al,ilte; 3 Ib./acre 
timothy; 6Ib./aere 
'red dover) Apr. 4. 

YI03D _____do.._•.___.. ,_,___._.___• ___._••_••.•__••_••._ ••_._do.••_._._....._...do. 42,0 

To...
1959____ Y103A First·year June 11 2.19 

meadow. Aug, 3 2.12••__.do__...._._••__. __.•.••_____.••.__........__••_..________ ••_.....__
¥l03B June II 2.47 
_____do_______•• __________ • __________ • __•.__• _____. ___••.•••__•••____ Aug. 3 1.92 

YI03e Junell 1.66 
_____do._•.__•••_. _._________•_____•____________• _____ ._._________••___._. Aug. 3 1.38 

YI03D Juoe II 1.76 
Aug. 3 1.86 

Ton.
1960____ YI03A Second,year Juoe 6 2.92 

meadow. July 22 1.65 
YI03S . ____do.__•____••_ ••.__•••_••••.•..••_._..•.•••.••••_...._•.••••••••.••... Juoe 6 3.51 

July 22 1.65 
YI03e ••_~.do._••_._........_•••.__•.•_••__••.•_._••••••••._•.••••_•.••••.•• 
Juoe6 2.09 

July 22 .SO 
YI03D _••••do.........._ .••_._••••_._•.•••••••••_..___••_.__ ._._•.•••••____._._. 


I 
June 6 2.59 
July 22 ,76 

http:Fertili.ed
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TABLE 34.-S'uTltmary of farming operation8 undyields fOT lYb-imeter8 in lysimeler battery 
Y 108, 1956-6!1-Continued 

Farming operations 
Year LYJimeter Crop 	 Dute of Yield per 

harvest acre 
On "lIly.i01.lors ...dditiollal practices 

1-------------------1-----------1-------­
Bu,hd.

1961••_ Y103A Corn to whoat.___ Sod spaded May 12; corn planted May Manured no tons/ Oct. 9 170 
16; corn cultiVlotoo June H. 22. July a.cr~ May 29; ferti­
5; seedoo (2 bu./acre wheat; 3 Ibs./ lized (ISO Ib./ocre
acre timothy) Oct. 18. 5-20·20) May 16; 

fertilized (ISO Ih'; 
acre 5-20-20) Oct. 
IS. 

YI03B ••_••do••_._•••_•••••••do ••••.••••••••••••••••••••_••••_...do••••••••_•••__._•.do. 158 
Y103C ._._.do._•••.__ ••••••••do••••_••_._•••••_••_•••__ ••• __ Manured (7.5 tOIlS/ .....do. 129 

acre) Mar. 29j fer­
tilized (50 11>./acre 
5-20·20) May 16; 
f..tiliz"d (100 11>./ 
acre &-020-20) Oct. 
IS. 

YI03D •••••do......._••• _••••do•••••••••••••_••_••••_..._. _. _••••do•••••.•__•.•__._••do. 


1962•••_ YI03A \vh... t to meadow _ Manured (12 tOfU/acre) JaIl. 23. Seeded (6 Ih.!acr. July 11 
olfalf~; 3 Ib./acre 
red clover; 3 Ih.' 
acre timothy) Mar. 
29 . 

YI03B • ....do •••____._._ •••••do.••___ ••••_••••_. _._ ......__......do•• _._......____...do. 66.3 
YI03C .....do........_.......do.............................! Seeded (6 IIl.!acre .....do. 20.8 

roo dover; 3 lb.! 

I acrc timothYi 3 
Ib./acr. aLllke) 
Mar. 20. 

YI03D .._••do......., ........do.___ ••••••_. _. ___••••___•••__ ("" .do.......__ •__ ••••__do. 34.S 


TABLE 35.:-Waler budget for corn 8ea80Tl8, Y102C a1ld Y108A, 1945-61 

LYSIMETER YI02C 

___P_'_ri_od_t__ '_t._m j_A_pr_·_'_I~I~I~~~~~I.___ __ 

Inch.. In<h.. Inch.. Inch.. In<htl Inch.. [neht. Inch.. 
May 1 to Sept. 2S. Rainfall ...___ • --_... ----- 5.32 U4 2.85 1.23 9.33 23.07 

1945. Runoff__ .20 1.09 .OS ,05 2.02 3.44._.... ---------ET • ___ •••••__ ------ ..-- U9 3.40 UO 3.71 2.82 18.62 
Percolation __ .. " .- .. _..--- .. 1.83 .34 .13 .O~ 0 2.34 

6Soil moisture 1...-..... --=-:iiO ~ --=t.86 ---=2.57i"-W ==--=t:33 
!.by 7 to Sept. 21. RainfaIL....__ ......... ' 3.01 3.40 6.71 I' 2.68 2.11 \'. _____•._ 17.91 


1949. 	 Runoff...........____ • .O~ .05 .16 0 0 .....__.. .27 

ET ........... __ •___... 2.42 •.41 7.21 4.S4 1.75 ",,,,,_, 20.63 

Percolation. __• ......... .41 .32 .IS , .06 0 "'"'''' .97 


6&il moi.ture " _____.' --.-12- -=t:38.~I--=2.22 ---:36 ==----=3:00 
May I to Sept. 21. 'RuIDWL. ____ .!______.__ US 2.361' 8.15\ '4,6;[- 1.10 ' ._.~ _... ,., 20.58 

.\963. 	 Runoff••_..... ........ .02 .03 .02 .01 0 ____.... .08 

ET___........1__....__. 3.28 3.26 6.79 I 6.75 2.03 .....__.. 23.01 

Percolation.... ......... 1.24 .43 .30 .22 .05 _.._____ • 2.33 


6Soil mOIsture I::........ - .26 _ .95 I -2.291 -1.8sl==
-1.36 	 :4.84 
I~~==== ____1___------- - __• --- -----.--

Apr. 26 to Sept. 16. ! Rainfall....... 0.09 4.73 11.33 3.691 2.23 2.62 ......__• 24.09 
1957. 	 !lunDff_____ .__ 0 .73' 9.70 '2.91 ' I.S3 '.74 •_______• ' 15.01 

ET........... .46 3.28 • 2.17 '4.14 • 2.40 '.39 '12.84 
PercDlatlon.... .11 .70 .50 .13 .02 0 1.46 

6Soil moi.ture 	 - -ml~ ---=3.491-=2:ii2 ---uu ==-=s:52.48 

May 12 to Oct. 9. &infall................ 1· 1.13\' 3.40 - 5 .. 761 2.0;- - 1.251' 0.86 14.47 

1961. !lunoff__ ...... ......... .01 .85 .26 .02 0 0 1.\4 


ET ........... f....__ .__ 1.29 3.44 503 5.81 2.80 .39 IS.i6 

percolation ....! ......... \ .36 .33 .17 I .05 .01 0 .92 


6Soil rnoUlturQ i......... - .53\ -1.22 '.30 I -3.81 .-1.56) .47 
 -6.35 

http:4,6;[-1.10
http:12--=t:38.~I--=2.22
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T.<l.BLE 35.-lValer budget for CQnt seasons, Y10eC and Y103A, 1945-61-Continued 


LYSIMETER Y103A 

t 
___P_e_ri_od___I___ft_e_tu___:I_A_pr_._'_1 May' I June I July IAug. ISept.' IOct.' Total 

Inth.. I Inrh.. InCh"jlnrh.. Inth.. Inrh.. I nrh.. Inrh.. 
Apr. 30 to Oct. 2, 

1945. 	 ~~~~~~===:::: ~.26 I 4:gi 4:i~ 2:JJ J.04 9:~i g.98 23:~~ 
ET.__________ .141 4.96 4.11 5.72 4.21 2.28 .16 21.58 
.PercoJ:.tiolJ.___ .01 .78 .06 I .02 .01 , .55 .14 1.57 

650il moisture !, .11 I - .93 _::: .04 i -3.05 I -3.18 6.58 .68 .17 

May 6 to Sept. 21. RailJfaIL_. ___+ -' 3.01 3.40 I' 8.90 2.75 1.90 ---------1 19.96Runoff _____________.___ .02 .01 .19 .01 0 _________ .231949. 
ET ____ ~-----+-------- 3.07 5.23 8.55 5.12 1.64 _________ 23.61
l'ercolatlon ___ .. _________ .13 .01 I .05 0 0 ______.__ .19 

6Soil moisture 1=== ----=-:2i1----=t.851--.-II- -2.38 ~==:: -4.07 

May 1 to Sept. 21. RainfaIL_·____ '~· ______ ·1 4.20 1 2.691 5.20 1.74 ' 1.18 --•• - ..- 15m 
1953. 	 Runoff___ ••___ ! ____ •__• .02 .02 I 0 .01 0 ._.___ ••_ .05 

ET___________ ~_________ 4.25 4.21 I 1.34 4.64 1.09 .-.____ ._ 21.53 
percolation ____ !_________ .42 .02 .01 .01 0 . __• ___._ .46 

6Soil moisture \-------.-r--=-~40r·-=t.561 -2.15 --=2.92 --.0-9- ==---=7.03 
Apr. 26 to Sept. 16. RatnfaIL _____ 1 .09 II 4.46 I 10.721 3.49 ' 1.941 2.62 ._.______ 23.32 

1957. 	 Runoff________ 0 .16 1.69 0 .02 .08 __.______ 1.95 
ET__________ .1 .64 3.82 5.79 7.96 4.56 .58 __ • ___.__ 23.3; 
percolatton ____ : .02 .56 1.55 I .08 .02 .01 __ .______ 2.24 

6Soi~ moisture 1_ 	 - .571 - .08 1.69 I -4.55 -2.66J 1.95 --_______ -4.22 

May 12 to Oct. 9. RainfaIL-_----l---------\ 1.541 3.521' 5.92 2.27 I 1.56 .90 15.71
1961. 	 Runoff________ _________ 0 .45 .02 .01 0 0 .48 

ET _..________ _________ 2.13 4,40 , 5.69 6.30 3.24 .30 22.06 
percolation___ .I __ .______ .07 .12 I .04 .03 .02 0 .28 

6Soil moisture r====I-- .661 -1.451--.-1-7 - -4.07 1-=t.70 --.-60- -:w 
1 From sva.cling sod to corn harvest. , Irrigation, 2.90 inches. 

1 Partial month8~ 'Plastic sheet on ground surface. June 6 to Sept. 9. 

J Irrigation, 2.93 inches. 


http:0-9-==---=7.03
http:2i1----=t.851--.-II--2.38


...... 

...... 
o 

..,; 
l':TABLE :36.-Water oll{/getfor wileat seasons, }'102C all(/ YIn8:!, 194,;-62 ~ 
tI<

LYSE\{gTER YI{}2C z 
Q
:.­PerioJ 1 t"' 
tp 

I_.~_L~~·' I -~O1.1 -I' ~~\..-'r '-~cc~~[. J.~. , ... rFeb. L' ~;.;.' =r~I:~·'l·;t:j=L~·~:":]~~~~_[;~:·~~_ 
r:: . Inch.. Inc},,,. Inch" I Inch" Inrh.. Inch" I Inrh.. I Inch... Il1ch" Il1chr~ Ihlch" Irlrhf. t"'Sept. 28, 1045 Halllf.IL...... !l.33 2.t4 3.85 2.40 1.00 U3 2.6l I.Sc 5.98 0.c2 11.21 32.43 t"'
to Runoff... •••••• .01 .39 .05 .40 .05 .11 . .01 ,0 .02 .02 0 1.06 


Julj' 9, 1940. ET............ .14 2.33 1.33 . .74 ,M U6j 2.79 I 4,43 4,84 5.55 1.08 25.25 
l'l 

:3poreolution ..... ___0_____._25___~ _.__.9~ ___t~~ __~~ _ ..~.I_ ~_~ .___.07. __.:~~_._ 7.4/ z 

lISoil11loisturl' .IS - .23 1.80 .33 - .00 .90 -1.85 -2,80 1.04 1.0S - .90 - \.35 ;-0 
,:;...:--- .~::.::;:::;-:;-.;.::--- ---~-"~~~.:. ..;::.."::: ::: -"""; ~~ c.v 

rlopl. 21, 1040 Hainfall........ 1.34 1.03 1.55 2.94 9.11 374 3.01 4,44 4.42 2.27 2.92 30.n ~ 

to Hunoff......... .01 0 0 0 .06 0 .04 .02 .OJ 0 .01 .15 

July I, 1950 ET............ .48 1.02 1.31 .71 .114 .54 1.62 2.19 5.02 5.11 .52 20.72 
percol.tioll..... 0 .01 .02 0 4.84 3.26 1.85 2.02 .62 .01 12.74,II -:) 

~ 
:n~~~l11oislurc ._ .85 .. _ ..-=~i~ ._. .22 2.17 3.27 -::.00. -=-.-.50. ~.~r= -1.83. -, --:2:95 =-...,2.38 -:--3:10 
I:l 

f;cpl. 21, 1953 -i\,;j;;r';!L~~.:.: 'Il ·/'---l2.O3 -' 1.32 2.69 2.97 '2~061" '4.43 -iS2"l' .. 2.20 I 2~31-" :80" .. 2459 M 
to HU110II.. ....... 0 .01 () .04 .23 .05 .09 .02 0 0 OH "ll 


July 13, 1U54 ET.... ,....... .52 1.40 1.12 1.20 .78 LOll 1.91 3.118 5.95,' 4.11 .02 I 22.08 :-J 

p.,colllllon..... 0 .01 0 .01 .05 .07 1.80 1.10 .lfl .03 0 3.23 :.­

oII SOilllloistlltl' - .52 1.51 .20 1.44 1.91 .85 .03 -2.28 -3.91 -1.83 .24 - 1.70 
:::::::'~';;~:';";--::. .==~=, ~"",,",-==--> ",--=0='-,,-'1" --. .....,.~ I~ ~ 


Sopt. 10, 1957 l\ai11falL....... 1.16 l.n 3.07 4.75 1.80 1.25 1.42 3.53 2.i7 3.95 7.22 32.64 ~ 

to Itunoff......... .03 o .02 .02 .02 .12 .02 .02 .02 .01 o .28 ~ 


July 24, 1958 £1'.......... _. .78 1.06 1.06 .87 .28 .57 .,8 2.40 5.i4 5,02 2.53 21.09 E3
perool.lioll..... 0 o .01 .06 .96 .52 1.10 1.00 1.84 .08 tl 0.17 c::; 
II Soil moi,ture .35 3.20 .54 .04 - .48 .11 -4.83 1-~1-. U9 5.10 ;tl 

M 
Oct. 9, 1901 


10 

July 9, 1902 


http:Halllf.IL


LYSIMETlm. Y103A 

Jl.rlod I 	 ::lept.' Oe(.'. No.'. I I)".. Jan. Feh. Mar. Al'r M8)' 

. IlIc." In:::-·ll-·-;:,:."·J-;~:h·r~ "1" ';n;h(~ : Inri". 	 Inch" Inrh" "Inch!, Inrh,. 
Ort. 2. 1945 n.lIIfal!........ ••••......• 1.19 3.61 ! 2.15 I 0.891 4.11 592 1016 . 0.11 • 29.B5 


to RUllo!!.....__ .......... .01 0 I .01 I 0: 01 0 .01 ,0 .04 

July 9. 19~6 gT............ " .. ..... 2.291 154 \ 1.11 .88 : I.S4 U8 j. 6.10 : 1.431' 27.22 


__.=._Perrol.tiou ..... ':'::'::::'::":'::"_ ~___.7_6 ___._IS__ ~i_ 2.20 . ._~!__~I 5.86 

t'1.~~~~~~t~,: .::;;--~....~l-.'....- -: .:~! 1.31_ . = .85: - :;9 ! 06 : -1.57 -2.5291 ! .~5,' ..~ -:1:2~.J _ -3 2~ ~ 
;.­Sept. 21, 1949 	 Rainr.IL" __ "j 1.53 1.04 1.59 3.01 I 8.59 I 359 I 294 454 1 no I 2Q31 2.8.1 36.40 t"

(0 lIuno!!•••••.• " 0 0 0 ot ! .03 01 • 0 01 ! .01 O. 0 1 07 
Jul)" 7. 1950. 	 BT........... .48 IAI It3 .fi5, !.Isj '12, 196 2.55 611\ 5R5' 58 2282 r.

;.­
PI·reolalion... . 0 0 0 0 476 ! 221 .• 125 • , 1.63 13 f .04 '0 1 10.iJ2 

6SOIl rnoisture I-~ -'-=-:37 ---.6- ~ 2:35 - - 2.62." --45r' -=-:2711~ ---;; - '-':i5"5F -3.S6 1 - '2:;iijl~ "349 o 
!3 

- .... . --.•- ,--=1'= 1-' • j 	 • ~ 
Sept. 21, 1953 It~;;.r.IL.__·'__I·.0 - .72 1.35· 2.83 2.96, 2 l71' 5.12 i 3.291 240 I 2.09'j .un 2,' rc1 o 

to Runo!!..__ ..... 0 0 0 .02 11 I .02 oR I 07 ,0 .01 I 0 .31 
July 13. 1954 	 E'L ..__....... .29 .65 .44 1.02 .,0 00 2.70 ~ 26 ! 615 533 j .84 22.37 '";.­Percol.tion..... 0 .01 .01 02 .041 01 ! .24 .26 I 05 01 .01 .60 C 

~.~~iln:.~~~ure. - .20 -:-, ~o ==-.:9~. - =,.s7.1~ --2~ ,- --1-15-1- -·2~WI-.-- .3U r --3~80 1-:.-326f ~05-'~ C 
(j 

Sellt. 16, 1957 	 ({ainf.li. .•••..• 1.29 .92 3.10 4.68 I 2.04 1 t.2~ i LSI i 4.061 3.08 I 4.23 I O.iO I 3386 r. 
(0 ({unotf. __ .... • 0 .01 .01 .05 . .03 . OS ,02 j .01 .01 I O. .OJ [ .2.~ 

July 24, !PSS ET.... , ....... .73 1.06 1.07 1.13 , .5~ I S61 1.'!4 I 3.15 6.85 S 53. 2 4~ 1: 2UfJ t3 
P~rcolnlton __ ... 0 _~ ___._0_1 __ ~._~~ _ .~~L --~:.L ._~u.. ___~:::'l__.•• ~~:__ ~~ __ 4.06 r. 

::c 
l>­~.~.~iI:l~ist~c._.S.~ _=- .• :~~ =="" .::o~ _'" 2.:6 "'" 1.20 r _ - . - 24 ! -491 . - 1.31\ I 420 I09 69 I 4.25 t" 

Od. 9, 1961 n.in[l\ll. .......!........... 1.65 3.44 3.S1 I 2112 ' 3.24 2.43/ 1.45 I tI:2.99 4049 1 4121 	 29.64 
to Runoll......... ........... 0 0 .01 .06 .07 03 01 I 0 0 0 I .IS ~ 


July II, 1962. ET............ ........... .92 .85 .77 1.17 2.17 ; 2,5. 2.9.5! 7.41 489 76 j 24.04 t;) 

Pe«alation..... ........... .01 .01 .01 2!l I 1.27 I 2 ~I i \.25 II I 04 .01 I 5.21 :tl 


o 
t"39Moil moistllre .. ........ .72 2.58 _. 2.~~ =--~ ~U. -- ----:iiS!-··-=-.~7J-=-.~2.19 C~4.2.8 !~ ~.- --JiSr o 

o 
~ I rrom cOrn harvest to Wheat harvest. 

, Partial months. • 
'Irrigation. 2.24 inches. 

~ 

~ 
~ 

http:iiS!-��-=-.~7J-=-.~2.19
http:1-15-1--�2~WI-.--.3U
http:It~;;.r.IL
http:Rainr.IL
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TABLE 37.-lVater budgetjor first-year meadow seasons, YI02C and YI08A, 1946-59 ~ 

t:"L YRIl\fETER Y102C t:" 

~ Poriod I HeOl Aug. Sept. Jan. I }'eb. May June July' Aug.' Zl~ ~:.-'~ Dee. 
------ _~~~~.J~p~ --_. ..... 

0.;1 

July 9,1946 RainfalL.•.••• 5.12 2.40 0.88 US 2.74 2.83 5.S5 1.1b 2.33 4,28 6.43 5'5 2.84 0 8 
Inch.. fnchn Inch.. Inch .. Inchtl Inch .. Inch .. Inch .. Inch.. hch.. Inch.. Inchll Incht' Inch .. 

~ to Runoff •••_. __ •• .04 0 0 .02 .01 .01 .02 .00 .11 .01 .03 .04 .01 0 6 
Aug. 5,19H. ET••••••••_••• 4.14 4.00 2.45 1.80 1.07 .80 .54 .74 1.50 2.19 3.00 ~.J8 5.36 .97 2 q

Percolation••__• .07 .12 .02 .03 .04 .15 4.lD 1.16 .42 2.10 3.00 lAB .08 0 
~ ------------------------ -------------' rn 

f:, SoUllloistu,c .87 -2.41 -1.59 2.53 1.62 1.87 .69 - .81 .21 .07 - .50 -2.03 -2.61 - .97 
I;:j

.;;.=~ --,~~ ---.. ===-= = -.-------= = --------_ .. =-: 
July 7,1950 RainfalL...... 4.00 2.14 5.61 1.50 6.41 3.32 6.H 4.83 5.80 • 3.41 2.38 5.73 2.DO .12 54.62 t"! 

to Runoff.__ •• _••• .01 0 .01 0 0 .02 .10 .a5 .06 () 0 .01 0 0 .56ET__ . ___ •___ ._Aug. S. 10SI. 2.59 3.03 3.53 2.80 1.25 1.11 1.45 1.50 1.43 1.83 6.67 5.01 6.93 .03 39.90 ~ 
Percola lion __ ••_ .03 .20 1.75 .01 .06 2.93 4.10 4.00 3.03 2.54 .51 .06 .01 0 19.98 >­------------------------------------------ o
f:, Soil moislure 1.43 -LOO .32 -1.37 5.tO -.i4 .i6 -1.11 .68 - .90 -3.80 .65 -4.04 - .81 - 5.88 l:l-----== --- = = = = ------ = = ---= ---

July 13, 1054 Rainfall••.•__ •• ' 3.59 3.23 5.48 1.43 2.08 l.iO 3.81 4,96 3.73 '3.84 • 5.99 2.60 - ..... ----.,.- 46.02 o
• 2.98 qto Runoff•••• __ ••• .04 .02 .01 .02 0 .01 0 .13 .14 .02 .01 .03 0 --,..---- .. - .43 

July 22, 1955. E,!,••••••.••••• 1.62 4.38 3.83 2.16 .83 ,42 .81 .82 1.08 3.53 6.CO 4.92 5.09 36.n9 ~ l'ereohtion ... ____ 0 .01 0 ° 0 .01 .12 2.29 4.02 .92 .32 .03 0 ------_.- 7.72 q------------------------------------------ ~ 
f:, Soilllloisture 1.93 -US - .86 3.30 .00 2.24 .77 .57 - .28 -.74 -3.09 1.01 -3.09 ------ ... _- 1.18 

= = t"! = = = = = ------= ------------
July 24, 1958 RainfaIL.__ ••. 3.03 2.77 3.46 .41 3.29 1.42 6.83 4.75 4.00 5.14 3.36 5.34 6.34 0 49.14 

to Runolf••••.•••• .05 0 0 0 0 0 .03 .04 0 .01 0 .07 .01 0 .21 
Aug. 3, 1959. ET•••••••_._•• 1.02 5.26 4.27 3.01 1.84 .60 0 1.02 2.05 2.44 6.57 6.31 6.93 .72 42.04 

Percol.tion ••••• .01 .20 .09 .01 0 .01 1.02 2.35 2.34 1.24 .81 .06 .01 0 8.15 -------------------"1.34 -=-:39 -1:451 '--------­
f:, Soil moisture 1.95 -2.69 - .90 -2.61 1.45 .81 5.78 -4.02-=UO -1.61 - .72 - 1.26 



LYSIMETER n03A 

Period I Item I July' Aug. Sept. Oel. Nov. Dec. Jan. Feb. Mar. Apr. May June July' Aug.' Total------ -------1,___1___1___1___1____1___1____1___1___1_.__1___,___,___,____,___ 

Inch .. I Inch.. I Inch" II.chta I Inch.. I Inchta I Inch.. I Inch" I Inchre lInCh" linCh" I Inch" IInch" I Inch.. linCh"5.00 2.47 0.90. 4.42 2.18 UO 5.28 1.12 2.30 U3 6.H 5.79 3.03 o 46.76July 	 9. 19461 RaillraIL ...... ' to HUllotT•••• __ ... .01 0 o .01 0 0 0 .02 .03 0 .01 .02 .01 o .11 

Aug. 11. 1941. ET........._.. US 5.09 2.58 1.68 .92 .80 1.02 .66 1.86 2.38 U 1. 6.45 5.15 1.76 39.41 


Percolation. ____ .02 .02 .01 .01 .01 .2R 3.32 .28 .58 1.90 2.66 1.11 .05 .01 10.26 


I 	 --------~------l------------ l1jD. Soilllloi.ture .02 -2.64 -1.69 . 2.72 1.85 1.7.:J .94.16 - .17 IS - .34 -1.79 -2.18 -1.77. - 3.02 
<: 

July 	 7. 1950 HainfaIL_'::-=: - 3:82: "'-2~i2- '=-.s-:5s =~~58 -0.23 3.4i-1 5.65 -.~3;;-' ="'5~1'-' --i~8 =--2.62 - 5.81- 3.04' .13 53.58 ;.­
to HUllotT•••_••__ • .ot 0 .01 0 0 .01 .04 .12 .03 .01 .01 .02 .02 0 .28 t< 

Aug. B, 1951. ET. ___ ;....... 3.15 4.85 3.76 2.57 1.47 1.51 I 1.34 1.86 1.95 2.22 5.73 5.22 6.73 1.01 43.37 c:: 

g 
;.-Percolallon ••• __ .02 .02 .04 .02 .09 2.67 3.62 3.47 3.30 1.91 .17 .06 .03 .01 15.431___1____1____'____1____1___1___'____,____,____'____1____1____' ____ 

D. Soi/moisture .64 -2.15 1.77 - 1.01 4.67 - .78 .65 -1.15 .43 - .56 1 -3.29 .51 -3.74 - .89 - 5.50 
~=-=~ = = 	 = = Z 

July 13. 19541 HainraIL....... 2.47 3.49 1.43 5.94 1.58 2.82 2.15 3.87 5.13 - g.9i'i-l ,S2 3.14 2.18 39.99 
 oto HullotT••••.•• __ .01 .01 0 .02 0 0 0 .02 .02 	 0 .01 .09 "lJuly 22. 1955. 	 ET._ •••••_.... 1.54 4.22 1.86 1.76 .93 .42 .59 1.43 2.40 4.23 7.10 4.03 3.90 34.41 
Percolation .••._ 0 .01 0 0 0 .01 .08 1.93 2.68 .35 .11 .03 .01 5.21 ;.­

Cl 
D. Soil moisture .92 - .75 - .43 4.16 .65 2.39 1.48 .49 .03 - .61 -5.39 - .92 -1.74 ,.._....__ .28 e1 

=!=!-=I,=I=."I~=c-=I==I=I==I==I=.'·~"'I=1 1=1= C) 
July H, 19581 Hainr.IL_______ 3.04 2.96 3.39 .32 2.92 1.40 6.95 4.09 2.70 5.02 3.36 4.77 U7 o H.99 <1

10 HunotT_________ ,03 o o o o .02 .02 .02 .01 .02 .01 .03 o o .16 
AUg. 3.1959. ET__________ .. 1.04 6,39 4.43 2.43 1.20 .82 1.42 1.67 2.24 2.77 6.37 6.17 6.36 .47 43.78 ~ 

Per.olalion __ ___ .01 .22 .03 .02 .01 .02 .44 1.68 .9S 1.23 .32 .05 .04 o 5.05 ("'i
'----1----1----1____' ____' ____1...-.. __·' ___' ____1___·_1 ____' ____1____' ___ 

~ 
;.­

t 
D. SOilllloislure 1.96 -3.65 -1.07 -2.13 1.71 .54 5.07 .72 - .53 ; 1.00 -3.34 -1.48 J -2.33 -.47 -MO 

t< 
II: 

I From wheat han'est untillll'lt hay culling the following year. 	 • Irrigation. 1.65 inches ...., Partial months. , Irrigation, 2.26 inehe, t:l 
S Irrigation. L13 inches fllrrigation , 3.07 int'hcB !:<l o 

t< 
o 
Cl 
~ 

..... ..... 
IJj 

http:Hainr.IL
http:5.81-3.04
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TABLE 38.-lI'aler budget for second-year mead(lw seasons, }' IOfC and YIO,~A, 1.947,,61 

LYSli\rETER Y102C 
0-3 

l'eriod J Item July' ,tug.' sellt.! No,', Oer. ·~a~.~i ~:~·~i·-~a~~~·~.~;r.. .~ ~;:; -1-;:;' --T:;.I t<J 

.------- :x::---- -;::;::~ -::;,:r-; 	
(') 

zInr.A" lorA" l.rhtl lorA,. IncA" IncA" IncA" InrAtI lnrh.. ... 
Aug. 5. 1947 Rainrall•••. .,,, --'''''''' 3.76 3.131 2.07 1.49 3.42 3.141 4.80 5.17 3.65 5.05 (SI (').,.to Runoff....... _••• __ •••.•• .01 0 0 0 o .01 .08 .02 0 .01 ('J 
JUlie 30. 1945. ET•••• __ .,,__ ••••. __ .... 3.08 4.92 .73 .47 .36 .44 1.66 3.47 0.68 0.76 (.) t" 

I'.reolatioll ........ ____ ... .02 .01 .01 .01 .OJ .14 2.33 :l &8 .10 .01 Itl ------- C 
ttl 

L\Soilmoisture .......... ---.-6,'i- ---:::J:iiOj--.-- 1.93 1.01 3.05 2.55 .73 - 2.20 -3.:3 -1.73 (.) 

::::~:::-.= .----~ -- ~-~-- ~ - -........, 
~~ 

July 	 1, 1948 IRah;r.n ........ "'='3':57 - 1.12 3.74-,·=---= 3.23 2.31 5.54 2.85 3.89 293 0 tJO.35 §
to Runoff......... .01 0 .01 0 0 .01 .01 .01 .QI 0 
 • .20
May 7, 1949.... ET'''''''' __ '' s.n 3. III 3.03 1.25 .43 .56 .90 1.56 3.10 .48 '53.30 YoI'ereolation..... .01 0 0 .01 .01 .14 1.35 2.02 .94 .05 '11.06 

I->---=2.18 ---=t.9S --:701----._--
L\ lloilmoisture 1.07 1.87 4.83 .50 .30 -1.21 - ~53 ~ -,.. .. .... ~ ~ ~ .. 14,79 CiJ 

~'='=C ~~ 
-----~--~ ~~.----

~..-	 -J,\.ug. 8, 195 L Rainrall........ ~. __ .. :-::~ ,.- .53 "'.""" ;O;'I=~ 5.04 5.78 6.34 2.92 4.01 4.14 3.92 2.69 C'I 

to Runoff......... .......... 0 .01 .01 .03 .04 0 .04 .02 .01 .02 (') 


June 30. 1952. ET • __ ....._... .......... 1.20 3.13 .88 1.38 1.00 .84 \.23 2.8\ 5.46 5.07 (.) 

I'ereolation. •••• .......... 0 0 .01 .15 4.13 2.i2 2'50 1.03 .37 .02 [.) 
 iJ,_._m ___ c 

._-­ -~- ---~ ---' -------- -- -L\ Soilmoislur........... -.-.:::-:67 -.:-:i21- U4 4.22 1.17 - .6~ .24 - .62 -1.92 -3.02 CO) 

:- ==--~~~:-,..;:.. 	 t<J " 

July 1. 1U52 R.in;;;U:~-~.._. ;1.94 =- 2-:O~ """" '2:S6"1=--= 1.72 2.64 5.H 1.44 3.44 2.(\1 • 60.SD 
to Runoff ......,,_ .02 .01 .02 .01 0 .1l1 0 .01 .01 ~ .. -~ '" ~ -.... - .. - " - ..... ~ , .28 ~ 

May I, 1953. ET...._....... 6.20 3.80 3.01 .74 .44 .05 .87 U8 2.42 	 ' 46.78 
 >Percolation ..... 0 0 0 0 0 0 0 .16 ,51 ..... .. '12.52~~ 	 ~~~ ~ "" K • ~ .. ~ •••• C).-------' 	 ~I. L\ Soil moislure -2.37 ---=!.76 ---=--:471- .97 2.20 4.78 1.80 - .33 I .... ~_~.,. .. ~ .. , .. _~_._ .... _ • t 7.31.57 
::==--..=-:=..~ ~I;!;'~...;:-:::;:;;:=~I:-:--- -:~;:--~:-:-~~I..::~=I=-.::-:::==.I-:=~;~-·~ C 

July 22, 1955 RainraIL....... 1.01 -" 3.12 ='-2.36 j= 3.48 .35 2.06 5.64 5.37 4.08 6.90 4.52 (I) c::: 
to RUlloff......... .01 .02 0 .02 {) o .04 .02 .02 .01 .01 (II 

June 30, 1956. ET...,........ .48 5.79 3.02 .79 .31 .38 .52 1.40 2.23 5.38 5.29 (.) ~ Percolation..... .01 0 0 .01 .01 o .48 3.19 1.86 1.50 .70 (1)._-----. 	 ~ 

1 L\ Soil moisture .51 -2.69 - .66 I - .37 2.06 .03 1.68 4.60 .76 - .03 .01 -1.48 (ll 
t<J 

,==-:::::=- =1==1===1-·=0"'-=1 =--==--=1 ==I=--= 
July I, 1956 RainralL...... 5.96 3.95 1.40 I 8 1.89 4.44 36 86 • 72.32 

to Runoff......... .02 .01 0 .04 .03 2..25 1 .03 .04 .03 .................... 
2.70 I 5.36\..· ..····l···..·..·\1. 1 	 • .00Apr. 26, 1957. ET........._.. 5'()S 6.14 3.31 I 	 .44 .58 1.68 1.~4 .................... 
 • 52.701.54/ .60I'ereolation. .... .25 . I 7 .01 ' o .01 .01 0 1.29 4 .• 3 .................... • 13.64 

I 	 ---------------_. 

L\ Soil moisture .61 -2.37 -1.72 3 .31 3.80 1.06 -1.25 - .31 - .64 I ... "' ... __ ... _ .. I~ ... __ ........... _ 
 • 5.38
======1='=1====:=I==I=I~;==-=-l=(~.;;:::"-I-::=:= 

http:6,'i----:::J:iiOj--.--1.93


------------------------------------- --------

Aug. 3, 1959 Rainlall.................. 2.87 3.15 6.24 3.52 2,86 i 3.35l 4,981 2041 2.2.11 3.42 7.16 (I) 

to Runofl................... ,02 0 .01 ° .01 O! .02 ,08 0 0 ,17 (I) 

JUlie 30, 1960. lIT.................. __ 416 3.8() 2,78 Lll .62 .38 Iii 1.25, 413 4.87 5.68 (.) 

Percolation....... 0 0 0 ,01 .03 2,40 1.94 2.65 .96 .08 ,01 (I) 


~;~~~~!~~:~.: .... ~':~i -·=~Hf~'"~~:~ =~.~~~~ ~~~~~= ~~~ ~--L::~ =~~.~ t~!--::: ~~~~~r: ~.~~. :~~.~:~~ ~07~A~:~ --.. 
July 1, 1960 

to Runofl. __ •. ,..... .01 .04 0 0 0 0 .01 .15. ,01 I 02 0 ............ ".55 

May 12, 1961. ET............ 6,40 5.82 3.59 1.84 .80 .48 .31 .27! ,90 1,97 l.i6 .......... "53.69 


Pmolal;on..... 0 0 0 0 .01 0 .01 .04 3,36 5.35 .26. ........ "17.11 


t"l1.~,~"i!!!loi~t"!L.-..:3.42_ .,)L -:l..,O..5J=-' .31 1·_J-.41~=~,~j,i3J__t~s..J~. 4921~ =-~. _.-,,!57 C.,., ..1=. __ 10 fiJl4 
~ 
t"c:

LYSli\IETER YlO3A :>­
tj 
o 

Aug. II, 1947 ~:;:~~=.~~=~~--3.70 --;:~;-·--1.21 2,74 1.52 3,12 3,231 496! 489 3,81 ~3~1 (11) 
% 

to Rullofl........ .......... .02 0 0 0 0 0 0 I .02 i .02 .01 ,02 111) 
June 30, 1948. "'''I'........... .......... 2.30 4.68 2.31 .73 .38 .3188 1.981 4,03 6,54 i,26 (II) o...,Pcrcol.tion.... .......... .02 .02 .01 .01 0 .01 1.54 2,19 2,42 ,10 ,02 (II)
------------------,---.---_._-,---- ----------­ >~SoilllloiBture.......... 1.36 -1.52 -1.11 2,00 1.14j 2,801 ,81 .77 -J.,~8 -2,84 -1.91 (II) -:;) 


~ = == "=.="=,,,",,'=""~..'. ",.':.07=,' ="=~=' I'" ,'.. '.:.' ......--" .... ','--,-,.~~ ="""'~ ~=~~ -"~'--~ = """"=-= ~ 
July t, 1948 Runofl..._••• _ .01 0 .01 .01 0 0 0 .01 1 0 0 0 .I~ (")Rainl.IL...... 3.56 0.99 3.91 2.i2 3.00 2.3i ,I 5.491 2.87 3,95 2,98 0.03 ,. ~~.6~ 

C'1lIT........... 5.65 3.14 2.83 1.71 .88 .41 .79 1.05 1.89 3.24 .iO "53.69
to 
M.y 6,1949. Percol.tioll.... .01 .01 0 , ____ 0 ' ____ 1.96 1____1 L42 '·____ .01 .,____1 " 11.71____ 0 , ____ 0 1____ 1.59 ____ .37 1___ ___·- ­ ~ 

1 C'1
1.96 2.74 .1l4 - .63 - ,68 "4,09~ Soil moisture -2.11 -2.16 1.07 1.00 2.12 

I=---===I,.=~=I~-=I"'-"-'" ",,'..•~I .."· ~,~·;:~~~I,-, ~ 
5,54 4.02 4,39 4.42 2.79 I") 


Aug. 8,1951 Runoff•••__......._..... 0 .01 o o .01 .03 02 .03 .02

RainfalL... ••• .......... .62 3.12 1.94 5.04 5.92 t"


0 .02 [I') 

to ET........... .......... 1.26 3.01 2.20 .ii 1.55 1.32 . 11.33 1.86 3.52 6,07 5.19 (U) ::z: 
.02 (U) ..:June 30, 1952. Percolation......_....... .01 .01 .01 .01 1.09 3.65 1.86 1.92 1.58 .07 

t:l
I 1----1---.·1----1----1----1----1-·---1----'----.----.--- ­
3.27 .54 - .t9 .21 - .73 -1.72 -2.44 [U) ~ 

~ Soil moi,ture •••• ...... - .65 .09 - .27 4.26 o=I~-=I=I:=--=-"= 1=c..~=lc-"=·""_=.-·I·'_'_'" '=I="~-'"...~.·I= .·.~~--===I==='"''''l=·~ ",c; ..;.I=_"~-== 
.. 6B,61 t"

Rainlall....... 4.15 2.12 2.59 .78 1.94 2.73 5.64 1.49 3.48 2.87 o o

Ie .23July t, IU52 Runofl........ .02 .UI .UI o ,01 .01 .02 o .01 o -:;)


2.i1 .. 49.84to ET........... 6.36 3.86 3.05 1.13 .i3 .51 .80 .87 1.64 0.10 1:::::::::: ..: 
.. 12.27May 1,1953. Percolation.... .02 .01 o o o .01 .18 .34 .98 .50 o 
----,-----,----,----,----,----,--- -,----,----,----,--- ­

.28 .85 - .34 - ,10 I ......... . .. 6.2i
~ Soil moi,ture -2.25 -1.76 -.47 - .35 1.20 2,20 4.64 
=1=1=1=1='=1====--;;;::I~~:I~==I~I._==.:::._=_':::,.I_:;..;.;::;==.....::: 

RainlaIL...... 1.27 3.53 2.43 2.42 3,60 I .39 1 2.25 5.86 6.08 U6 7.13 5.17 (U) 
JUly 22, Igss 0 .01 o 0 0 0 0 .01 0 .01 .01 .02 IU)IRunoff........ 
 2.57 2.52 .85 .35 .41 .8i 2.62 2.79 6.48 5.79 (U) 


JUDe 30, 1956. Perrolation.... .01 .01 .01 .01 .02 .02 .01 1.22 2.30 I.IU .65 .73 (U) 

10 ET........... .71 4.68 


~_Ii. _117~ Soil moiBture~========'=..~I .... I - .15 .. -.11 2.73 1__ .0:'1_ 1.83 _.=}:~ __ 1.1~ .=_.40 __-::~~ -="'--:t~37-= ~-;-"Jd== ::: 
1:11 

http:Rainl.IL


..... 
TAULE 38.-Waler budget for second-year meadow seasons, Yl02C and }'lOSA, 19.p-61-Continued ...... 

LYSIl\IETER YI03A 
~ 

Period I Item July' I Aug.' Sept. Oct. Oct. Nov. Dec. Jan. Mar. Apr.' May' June Total 

·--------,---1------------------,---------------- .., 
Inch .. Inchet huh" Inch.. Inchtl Inch.. Inch.. Inch.. I

I 

Inch.. Irlch.. Inch.. IMh" Inch.. l"J 
.Rainfall......_ 6.24 4.17 1.78 l.In 1.91 4.08 2.52 1.94 I 2.61 5.38 ••••• _•••••••••••• _. II 76.31 ()

c:JUly J, J956 Runoff........ .01 .01 o 0 0 .02 .07 .02l .02 .04 """"" .......... II .25 

to ET._......... 5.73 6.70 3.31 2.92 1.27 .6S .66 .60 1.99 2.79 .......... .......... II 57.49 z 


Apr. 26, 1957, Percolatioll_ ... . .23 .03 .01 .01 .01 .01 .18 .24 .49 2.72 .......... .......... II 10.08 () 


:>­~~!---.63- --;:;- --J-.6-1 ---.S-!./---.J-J ---=-:J7====~ 
==== ~='-'=I ~ =--='=-= =..:== '~'-,-=~= = ===~-= III 

6. Soilllloi,lur. .27 -2.57 t'"'=----=1==== 
.... 

RainfalL. .............. _ 2.58 . 3.13 6.24 3.51 2.57 3,25 5.23 2.20 2.16 3.67 7.50 (11) 
 dAug. 3, J9,~9 Runoff..... _•• '."'•• '__ .01 .01 .Ul .01 .01 .01 .04 .07 0 0 .07 (11) 

to E1'. ............._•••_._ 3.57 3.13 237 1.27 _97 .47 110 1.90 3.97 5.34 5.80 (11 
 ~ 

June 30, 1960. Percolation •••_ ••. _.•_... .02 .01 0 .01 .33 1.44 .~2 .94 .43 .05 .05 (11) t.<J 
...,I 6.Soillllo;,ture _......... -1.02 I~ --;:so --;:n ~ --1-.33- -W~~I--:U;- --1-.5-8 --(-11)--
.., 


•__'_'__.•"'-I~I--":"':';';"~:~-· ,;;.;I~~----~-I-·--~l---··_·~---';"'~I __~_I__-·~"";;'I --=1::=::=1= Z 
Hainfall __ •.••• 3.24 6.93 I .47 2.24 2.28 2.24 1.53 6.82 3.79 7.53 1.15/_•• _•••••• \I 60.56 ..... 

July 1, 1960 Hunoff....... . . 02 .04 o o .01 o .01 .02 .01 •OS .01 ..__ .••••• ".H. C;j 

to ET........... 6.42 5.92 ! 4.l7 2.09 .86 .57 .01 1.69 3.10 3.02 1.42 _••••••••• " 59.16 ~ 

May 12, 1961. Pe-reola tion. __ _ .02 .01 o o o .0 o .39 2.37 4.03 .13 • ___ •••••• "11.15 ~-l 
I .,- ­

d6. Soilllloi,ture -3.22 I .96 -3.70 .15 1.41 1.67 1.51 4.72 -1.69 .40 - .41 1•••.•_••• .1 II 9.81 
rn 

\ Period, for which lotals are givrn correspond to periods frolll last rutting of firsl-yoar nwadoll' to 'pading of.od for corn. These period. arc defined in table footnote. 3 to 18, ~ 
, May be partial rllonlh.; check dates. l'l 
• Included in Aug. 5, 1047 to May 7, 1949 total. 11 Indudrd in Aug. 11, 1947 to May 6, 1949 total. 
• Total for Aug, 5, 1947 \0 May 7, 1949. "Total for Aug. 11, 1947 to May 6, 1949, ~ 
'Included in Aug. 8, 1951 to May I, 1953 tot.l. IS Included in Aug. S, 1951 • May I, 1953 tolal. >• Total for Aug. S, 1951 to May I, 1953. "Total for ;'u~, 8, 1951 to Ma)' 1, 1953. a'Included in July 22, 1955 to Apr. 26, 1957. IS Ir.cluded in July 22, 1955 to Apr, 26, 1957. 

'Total for July 22, 1955 to Apr. 26, 1957. "To;.1 for July 22, 1955 to Apr. 26, 1957. i:l 

'Included in Aug. 3, 1959 to May 12, 1961 total. II Included in Aug. 3. 1959 to May 12, 1961 total. 
 () 

\0 Total for Aug. 3, 1959 to May 12, 1961. II Total for Aug. 3, 1959 to May 12, 1961. d 

~ 
::l:l 
t.<J 
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TABLE 39.-Mornhly percolation data and iW- and i5-year averagu, iyBimeier battery Y10I, 1956-6i' 

t'J~~~~~ 	 Jan. 1~I~L~:-'~I~I~I~I~I~L~:~J~1 At~~al 
>< 

IncA.. IncA.. IncA.. IncA.. IncA.. IncA.. In<Au In<Au IncA.. IncA.. In,"'- IncA.. IRcA.. t' 
C1956:Y I 0 IA __________________________ _ 

0.273 3.696 3.507 2.511 3.159 2.964 2.007 \.320 0.465 0.237 0.128 0.802 21.069Y10 I B _______ • __________________ • 
.258 \.689 2.256 1.797 2.094 2.103 1.677 \.347 .432 .216 .075 .531 14.502 ~ ---'.--------------------------------------- oAverage_. ______ • ______________ _ 
.279 2.692 2.882 2.154 2.626 2.534 1.842 1.334 .448 .226 .102 .667 17.786 z--- --- ------ = ------ --------- == 	 = 
.201 3.648 3.873 2.562 3.075 2.883 1.968 1.434 .420 .159 .075 .102 20.400 o...,~:g:~~-:~::::::::::::::::::::::: 0 1.446 2.667 \.791 2.193 2.184 1.659 \.206 .381 .125 .037 .046 13.734 

Average_______________________ _ ------------------------------------------ >
.100 2.547 3.270 2.176 2.634 2.534 \.814 \.320 .400 .142 .056 .074 17.067 o 

--------- ------------------------------- :::: 
19S7!YIOIA. _________________________ _ 	 (i

1.446 1.200 1.686 4.608 1.419 4.104 1.917 .513 .198 .138 .420 2.139 19.708YlOlB ______________ •_____ •____ __ 	 c1.044 1.056 \.266 2.700 1.251 2.478 1.671 .477 .141 .093 .450 \.896 14,523 
A verage _______________________ _ ------------ -------------	 ---- E3 

1.245 1.128 1.476 3.664 1.335 3.291 1.794 .495 .170 .:66 .435 2.018 17.156 c 
YIOI C______________ •___ •____ •__ • --- ------ --- --------------- = ------= :::: 

.665 1.128 1.515 4.803 1.011 3.129 1.755 .483 .270 .186 .150 2.928 18.024YIOID _________________________ _ 	 > 

.834 1.200 1.092 3.576 1.347 3.34.5 2.022 .564 .192 .046 .071 2.517 16.806 t' 

Ay!:'rage •• _. __________ ._._._. __ .750 1.164 1.304 4.1~~ 1 1.179 1 3.237 1 \.8881 .524 1 .231 1 .116 1 .110 1 2.722 1 17.415 ~ 
1958;YIO IA __________________ . _______ _ 	 ::::1.422 .915 1.086 1.251 2.784 .636 1.725 1.998 .459 .234 .108 .069 12.687YIO IB _____________ • ____________ • 	 o

1.227 .699 1.005 1.113 2.079 .594 1.323 1.731 .441 .240 .126 .174 10.752 t' oAverage. ___________ ••• _____ •__ _ 1.324 .807 1.046 1.182 2.432 .615 1.524 1.864 .450 .237 .117 .122 11.720 o 
YIOIC_____ • ____ ••_____________ __ -< 

1.503 .664 1.026 1.125 2.649 .612 \.269 1.995 .450 .243 .147 .144 11.895YlOID •••• ________________ •____ • 1.452 .852 1.050 .945 2.253 .720 1.288 .624 .201 .024 .006 .003 8.418 

Average _______________________ 1 ! 470 i .753 I \.038 I \.035 1 2.451 1 .6661 .778 1 \.220 1 .326 I .134 1 .076 1 .074 1 10.157 

~ 

~ 
-...T 



00 

~ 
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TABLE 39.-Monthly percolation data and !O- and !5-yror averages, lysillleler bat/ery YI0J, 1956-611 I-Continued 

V_and Annual 
Iy.imeler Jan. Feb. Mar. Apr. May June July Aug. Sepl. Oct. Nov. Dec. lotal 

--------------1----'----,----,----,----,----,----,----,----,----,----,----,---- ~ 
(")I l~ I~eAn 1 lu.Io. 1 IncA.. 1 Inchu 1 IncAu 1 IncA.. I IncA.. 1 IncA.. 1 Inc~..l~ I l~ I IReA" ::I: 

lV39hoIA. ______________ -- -- --- --- _.1 Z
Yl0IB___________________________ U98 2.814 1.023 1.281 U03 I 0.694 I 0.438 I 0.294 I 0.105 I 0.252 I 0.927 I 2.184 I 14.973 .... 

1.446 1.692 I.M8 1.176 1.473 .627 .483 .321 .111 .486 .921 1.728 12.012 (") 

>
A_-______________________ , 2.022 2.283 1.736 1.228 1.488 .610 .400 .308 .108 .36U .924 1.956 13.492 t:' 

t:dyIOIC___________________________ 2.650 3.102 U79 1.3116 1.530'" .498 .2to .159 .068 .391 .918 2.511 16.302 oYlOlO__________________________ 1.314 2.172 1.842 .960 1.060 .414 .073 .008 .003 .003 .003 .030 7.872 t:' 
t:'A_________________________I~ -----u.n-wo--u;s-u;o~~ ----:Oaf ---:036 --:iii7 --:460 ----wo ~ 
~ =.~=========.====

1960: . 
yIOIA. ____ • _______________ . _____ 1 2.691 1.836 1.1168 J.632 .6113 1.758 .804 .468 .339 .153 .052 .059 12.153 Z 
YIOIB.._. ___ • _____ ._.___________ 2.028 1.418 1.303 1.410 .771 1.278 .831 .672 .333 .102 .025 .060 10.191 ...... 

c..? 
~A_.-.------------- U60 1.647 U36 1.621 .732 1.618 .818 .570 .336 .128 .038 .070 11.172 
~-t=1=1=1=1=1=1=1=1=1=1=1=1=YIO I C • __________________ • ______ _ 

3.102 2.070 1.581 1.506 .697 1.056 .723 .357 .174 .120 .105 .069 11.550nOID__ • _________ . _________ ._. 
1.743 	 !.SOIl 1.653 J.678 .699 .255 .050 .013 .003 .003 o .003 7.500 ~ 

!l' 
2,422 1.786 1.617 1.687 .648 .656 .386 .185 .088 .062 .052 .036 9.525A_-----·-----------------1=1=1=1=1=1=1=1=1=1=1=,I=I== t:I 

1961:Yl0 IA. 
t'J 

________ • _________ • __ • __ ._ 

Yl0 lB___________________________ 
 o.ca2 1.422 UV3 &.004 1.560 .666 .417 .303 .111 .018 .010 .425 13.863 

.462 .714 2.061 2.889 1.410 .768 .453 .387 .087 .006 .015 .426 9.738 ~ 
A_.--.-------------------- .4471 1.098 2.778 3.946 I 1.486 .717 .435 .345 _ .099 .Ol~ _ .012 .425 11.800 o > 

YI01C_•• ____ .___________________ .066 1.518 4.0&9 6.670 I 1.440 .48,6 .270 .174 ',111 .099 .093 .180 14.184 is 
YlOlO____________________ ._.__ • .003 .ISO 2.178 U85 1.311 .378 .108 .012 .006 0 0 0 8.664 (") 

--------------------------------------- o 
A_-----_-------_-.------- .034 .849 3.110 5.078 1.380 .432 .189 .093 058 .050 .046 .094 11.424 ~ 

===)=1========= o1116!' ::>:lYI01A....________ ._._. ________ ._ 1.128 1.260 2.853 1.716 .816 .300 .174 .037 .011 .003 .618 .663 0.669 t'JYI01B.._. _________ ._. __ .________ .717 .616 1.293 1.191 .762 .384 .165 .022 .011 .006 .438 .453 6.057 

A________________________1=1=1=1=1=1=1=1=1=1=1=1=1=.922 .938 2.073 1.454 .789 .387 .170 .030 .011 .004 .528 .558 7.863 
Y101C__________________________ _ 
Yl01D________________________ _ 1.677 1.749 3.381 1.839 .771 .288 .IS8 .089 .038 .014 .054 .258 10.296 

.075 .828 2.412 1.488 .828 .297 .022 .008 .003 .003 o .003 5.967 

.876 1.288 2.806 1.664 .800 .292 .080 .048 .020 .008 .027 .130 8.132A~_--------------------



1938-62 averale:YlOlA ____ ••. _____________ • ______ I.H4H 1.899 2.694 2.486 1.571 1.347 0.801 0.417 0.275 0.183 0.335 0.913 14.709Y10 lB. ____________________ •_____ 1.260 1.274 I.MO 1.842 1.360 1.148 .701 .405 .186 ,17\ .266 .733 11.196 
Average YlOI,AB ____ ••________ _ 1.554 1.586 2.272 2.164 1.466 1.248 .7&1 .411 .230 .177 .300 .823 12.982 

=1=1=1=1=1=1=1=1=1=1=1=1= 
YIOI. AB: 

Pct. annuallOtal _____________ _ 12.0 12.2 17.& 16.7 11.3 9.6 &.8 3.2 1.8 1.3 2.3 6.3 100.0
Pct. cumulative totaL _______ _ 12.0 24,2 41.7 58.4 69.7 79.3 M.I 88.3 90.1 91.4 93.7 100.0 


YlOIO.. ____ ....__ .._.._....__ __ 
 1.865 1.924 2.885 2.456 1.440 1.223 .772 .457 .216 .173 .227 .799 14,437
Pet. annual totaL_....____.._ 12.9 13.3 20.0 17.0 10.0 8.5 5.3 3.2 1.5 1.2 1.6 5.5 100.0
Pet. cumulativ. totaL_______ __ 12.9 26.2 46.2 63.2 73.2 81.7 87.0 90.2 91.7 92.9 94,5 100.0 t<J 

-< 
1943-62 average:YlUlu________________ .. __ ....__ .946 1.262 1.940 1.720 1.133 .824 .357 .180 .054 .056 .045 .237 8.754 ~ 

Pr.t. annual totaL __ .. __ ...._. 10.8 14,4 22.2 19.7 12.9 9.4 4.1 2.1 .0 .6 .5 2.7 100.0 c1 
1'ct. cumulative totaL_______ __ ;..10.8 25.2 47.4 67.1 80.0 89.4 93.5 9&.6 96.2 96.8 97.3 100.0 >-3.... 

0 
I For 1938-55 data, Bee table 26 of U.S. Dept. Agr. Tech. Bul. 1179 (66). Z 
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TABLE 40.-Monthly percolation data and :e5-year averages, lysimeier bat/ery Y1Oi, J.'J56-613 I 	 7,.... 

Year and Anllual ~ 
iysimeter Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dt,C'. total 

f:t!---------------1----1----1----1---_----1----1---- ----1----1---- ____•____•____ ~ 
t'Inch.. 	 Inch.. Inch .. Inch" t' 

Y102B___________________________ 0 0.057 0.861 1.365 1.252 0.377 0.360 0.163 0.002 0 U37 j
1956:YI02A ___________________ ., ______ I Inch.. I Inch.. I Inch.. I Inch.. I Inch.. I Inch.. I Inch.. I lilt I In~h" I t'J 

0 .168 1.179 1.602 1.320 .672 .399 .156 0 .006 .(l00 5.511Y102C••______ • __ • ___ • ___________ 	 7,0 •• 77 3.189 1.863 \.500 .696 .249 .166 .011 0 .(l03 .000 8.163 

Average ____________________ .__ .234 1.743 1.610 1 1.357 .582 .336 .162 .004 .002 .001 .006 6.037 
l-' 
W 
~ 

I =====,=1057: = = 	 == ===---= ='"~""-~ =,,," ""~~== ,.-- ..,= =~,-~ '" '0,=",; --t 
YI02A___________________________ 0 0 .543 4.140 .645 2.349 .i47 .072 .009 0 0 .750 9.255 
YI02B_________________ ._________ .012 .009 .651 4.119 .513 3.105 2.121 .146 .022 .006 0 .876 11.580 ~ 
YI02C________________________ .__ .006 0 1.293 4.239 .696 ' .498 ' .126 ' .022 ' .002 .003 .011 .661 i.557 

Average. __________________ ._••_ --:000 ---:iiii3 --:B29 ----.:Iii61--:iii8 ---ui84 ---:998 ---:oso --.0-1-1 ~ ---:004 ----:7ii2 ~ 
(Il 

t:l 
=== === =-::.;=c;;.~= =;.:=;:: ==-=-..; =,.-~~:::;'-:-';:;: ~:';~:~~' ~-O~; ~ c:".~-:'::-,__,;;::; ••:.... ~_~.~-~ t"l 

1958:	YI02A._____ • ____ • ______________ _ 
Y1U21l.___ • _______________ ._. ___ _ .774 .480 .984 .921 \.674 .006 .018 .560 .067 .021 o o 5.595 ~ 

.003 .519 1.020 1.098 1.932 .138 .036 .510 .120 .031 .0\0 .004 6.330Y 102C. ____ • ______ • _ • ______ •• ___ _ 	 ;,..957 .525 1.101 .996 \.845 .084 .011 .109 .093 .009 .003 .000 5.832 Q 
Average ••• _•• __ •• ____________ _ .878 .508 1.035 \.005 \.817 .106 .022 .423 .006 .020 .004 .004 5.919 ~ 

(')=I=I=I=I==I=-=I==. ",'"',~=I--===--=I== ==-~=I==I=;==----= 
~1959:Y 102A. ___________ • ____________ •• 

.714 \.041 1.176 .576 .399 .012 .012 .009 .006 .003 o o 3.948YI02B ________ • __ • _______ • __ • ___ • 	 E3.444 1.101 2.139 1.113 .783 .099 .033 .U18 .006 .009 .008 .010 5.661YI02C•••_. ___ •• _•• ____ • ______ • __ 	 ~1.020 2.352 2.337 1.236 .810 .062 .014 .005 o .005 .013 .027 7.881 

Average. ____ • ____ ••• ___ •••__ • __ .664 ~ .726 1.498 1.884 .975 .058 .020 .011 .004 .006 .007 .012 5.830 
=1=1=1=1=1=1==--==1=1=,.-----=·"---1;:=1==

1960:
YI02A _____ •__ •••• _•• ___ • _______ _
YI02B __________________________ _ .336 .948 1.302 .362 .005 .008 •007 1' .002 o o .QU3 .003 2.976 

.624 1.680 1.770 .516 .074 .042 .038 .038 .030 .030 .030 .024 Ue6Y 102C _____________ • ___________ __ 
2.400 1.944 2.652 .963 .081 .006 .003 ' o o .003 .006 .003 8.0Bi 

Average ___________ • ___________ _ 
1.120 1.524 1.908 .614 .053 .019 .016 , .013 .0\0 .011 .013 .010 5,311 

='=I=---=I=I=I=I==I=I=-.==::-:='':';:.''~,=I=='!;:-~ 



---------

1961: i 
Y102A ........ __ ••••• """""'" o o 1.230 3.360 0234 1 0.080 0.022 0.015 MI4 i O.OOi' o I 0.006 4968 
1'102B•.. """"""""""'''' .024 .027 .672 3.738 .207 I .071 .044 .024 .016 .016 .0011 i .0\4 4,862 
Yl02C........"""'" """"" .009 .036 3.357 5.352 .1121 .327 .IOS .051 .007 .01)2 o .003 11.933 

.herage........................ .011 .021 I 1.753 I 4.l50 I .354 I .159 .078 .030 I .012 I .008 I .003 I .008 I 0.588 
--_ .. _--, ". 
1962: 

Y102A .................. __ • __ •••• 0 .792 2.328 .717 .21l4 .011 .010 .007 .005 .003 

\'102IL...... __ ........ _•• _...... .022 .957 3.135 1.293 .390 .\20 .035 .020 .030 .017 .012 .012 6.046 

YI02C........................... .120 1.434 3.123 1.155 .294 .048 .018 .012 .014 .010 .019 .113 6.301
00'1 · 1 ..• 
Avera~c ........................ .047 1.061 2.862 \.055 .296 .060 .U22 .013 .016 .010 .012 .042 5.40, t'l 


< 
~25-yr••verag.: 
t"Y102A ........................... .739 .906 
 q

Y 1028 ..................... , ..... .821 1.017 '.M' ,.... .'".604 I .'00 . .182."'"~ .071..,I ."".023 1 .U13."" 1 ·'"1.206 ,.•,
2.014 1.788 .373 .OR3 i.195 
~ YI02C........................... 1.059 1.274 2.424 1.876 .713 .288 .079 .051 .OSI .019 .039 .218 8.121
--- - .........-- -_ .. _-,."" ---. --«._--- .......---- :3
--~- ~--- ----~-~ -~--

Av.rage........................ .873 1.066 2.094 1.585 .614 ' .31U .122 .006 .066 .026 .030 .\116 i.057 o 
'l: 

Y102. AIlC: oPel. annual totaL ................. 12.4 IS. 1 29.7 22.5 8.7 4.7 1.7 .9 .9 .4 .4 2.8 100.0 
 ">j
Pei. cumul.tive 10taL ......... __ ,. 12.4 27.5 57.2 7U.7 88.4 92.9 OU 95.5 96.• ll6.8 117.2 100.0 

J_~___, :.­
Cl 

J ~-"r 1938·~5 data, $.' tabl.]!7 of U. S. DC]ll. Agr. -rech. Bul. 1179(66). ~ 
• Plastic cover June 6 .. Sept. 9 pr~venl.d infiltration and reduced \I.real.tian. C'l
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TABL~) ·H.- Montilly 7JCrcolatioll cl(l/a anri ~2-year (II'erage-5, !ysl/lleler ba/lery l'IOS, J!lS6 62' ..... 
-----------'----.~ .-...--_.,. ~. ,.' ,~ :::5 

Year and I I I 1 I 1 Annu.1 
___••~_~~~ _______~_ I__'~~_" Mar. Apr. ,\Iny June JUlY! AUR lie!,! lOll . /<\\V ,_1).< lol.1 

Jnc~" ! Inch.. Inch.. Illch.. Inv", Inchtl Inch.. I Inchrl t Inch.. ! Inth" llnrh" I Iffthrl l!rlth" 
1956: . I .., 

1'103A .................. 0.012 1.215 2.304 1.161 OM! 0.720 0231 1 0.O,2~ O()(.)R i 0000 0000 I OOOG 6.363 t>l 

1'l03ll .114 \.302 261\8 I.UH 1.239 1.266 1:JS I IO~ j 030 ' 009 033 156 , 962 (') 

A\·"n\~,' ~-:63-'- --;-;so 2406 1.552 .~4~L-·-'9iiS" . '4841 -'~OG~ I '010 I .. 0001- uil'''' -0~1-1\--7nIl5 ~ 
1'J03C'. ................ .186 . ,1.524 2826,., 1.5S1 U61 I.HU .S46 .126 r OZ()!, O,IQ I! Oisl 582 10626 ;;;

1'0130. . .• _ ........ .117 1.299 VOO 1.722 1.365 1.599 .024 .IH 048.1 .012 054 102 10 176 r 


Amag\' . ................ .1[;2 --l.ill- -2'763- --00 -iM3 ~~-);85- -~'-13'; ! Jjj~-I·~oiJ- .'034 1':187 10401 t: 

. ~ 

1957, 'j '1 t" 
r103A.. ...................... .183 .261 .492 2.H2 .561 1.&51 OS4 010 .011 .01R .012 1.236 i 146 ~ 

YlU31l ............................_._27~. ~ __:~_ ~_I_~. .672 1.401252 _OJ{ I< ...'o~:.l 033 O~2 I \ SuR 7.587 ~
• 

A\'l'rnK~ .................. .231 .31~ .579 2290 .616 1.521 .J6~ .026 ,026.026 032 ! 1552 I 7.3116 '/' 


n03e............... ".... .... ,507 966 2,013 .003 1.026 .I9S .0571 .Oil 1031 j083 2:120 I IOSO:1 e,.; 

\'1031J.. ..................... .081 1.071 3.366 .8tH 2.043 189 :O~Oi. -.~~tl~'l 060 236 3:1~51' ~_!.~2:~ ~ 


Averug......................... .744 1.018 3.140 ,S8~ 1.835 .IO~ 05R I _OS3 , .04fi .160 ~..712. 12.042 ~ 


195$: t inI)'IOJA........................... .270 .40" .8~3 .060 1.131 .051 .O~" .210 .0331 .02" .Oll .018 3.71~ " 

Y103IJ........................... .246 .300 1.293 1.038 1.6~3 .001 .198 .2111054 .010 .Oli 150 5.301 tl 
.________.._______ ..___ ~-- -- •.• -- -_.•-.- ..~- --- ........ , - - -.. M 


Avmg......................... .258 .c=:S~_." 1.00~ .849 1.387 .059 .J22 254044 018 .014 .OS~ uns ~ 


Y103e.. ... ................ •••. AI4 .414 .720 .5~3 1.583 .)02 1.2~O .470 l' .001 .013012 .I~a h 7S1 • 

YJ031J .......................... ~_~_._ .\IH _~:._~~ ___L'O~_..:.~~~. __ 3~020 020 _.~~~6__ .. 0.090 1; 


Averl\i\e ......._............ .472, .558 .825 .788 1.657. .113 1.128 .467 t .054 .0 ill .010 IH 6.2~8 c: 
""==~=. """'c..= ==c:-~ "-==.- '-~'.~; ==" (') 

1969: . r. 
1'103.\."......................... .438 L.680 .975 1.233 .315 .051 .035 .015 .0'3 .003 .006 .333 5,007 t" 
1'lO3ll........................... .627 2.208 1,767 1.776 .531 .070 .050 .041 .Q4009U 0.75 1218 8.523 ...,-------------------- ---- ------+ ..~------- --...--- - ..... "---- ,.,

Average...................... .532 1.944 1.371 1.504 .426 .060 .047 :028 .{130 .051 .040 .776 0.810 ::0

=='.""" ,"""'= . .. _" .. _ M 

n03C.......................... 1.833 2.3\0 1.506 1.461 .390 .137 .OU7 .087 .102 .294 1.299 2,211 11.727 

\'J030.......................... 1.980 2.133 1.734 1.680 .441 .063 .0~3 .03~ .016 .048 .675 2.412 11.259 
------------------------ -<--- .------------ ._--­

A,w.g......................... 1.906 2.222 1.620 1.,,70 .416 .100 .070 .060 .059 .m .987 2.312 11.493 
1960:

rlOJA..... ................. .... 1.437 .921 .936 .429 .054 .052 .025 .0'3 .003 003 0 0 3.873 

Y1031l........................... 2.634 1.470 1.107 .930 .084 .168 .049 .032 0 0 0 .012 6.486
I 

Average ....................... ~ I.~:' _ 1.0.:: •.__ .68£~0~0_ _:~O.;c. ...O~ _. '0;;' =",;~~ ~",;;"O<l~;}~~: ::~o~~; =.~.~~ 




__ 

\'103('.•.... --.......... ".1 2,472 1.371 1 1.1 55 1 aUSO 0.132 2 all • 0048 l) 051 oOi2 ' 0099 8103 

030 SJ8,~rI030 ..• ' .•.._•.••.••..•. , 2601 1.560 2000 .813 .096 1.306 .000 I 030 .IH6 

Avrragt! ••••••.• _....... _ . -2.582' --'i7ti5I, - "1'0;2 ,. 114 I 6~S -05;\ 1140 .OS~ .064 8674 


IUUI: I 7.212 
020 010 0411 .015 11065 

n03A. • __ .............. 0 390 2.370 .IUS 110 016 I 014 006 DOG 

YI030 ..... _......... ~_...:.'!.::.~.~ __:~~ ~ 4U2 201 

.028 .010 8,434A""'.g"............... .012 •. ',0561 3.057 .345 .16S .022 .027 


n03(' .... ,. ••.•. ___ ...• IOU5'" 2.823 3.166 060 351 .522 .033 ,021 120 .294 laMa 
!;. YI03D ".......... .312 3.234 UIO 4.815 .210 363 .027 .021 0:10 .174 13755 

_._." ___"'___ ____ ,__ -.... __ t ____ ~.~_ 

c: .Al'rrJl~" ....... _.... "' ....... _ .704 3.028 4.088 usa .280 .H2 .030 .021 .USI 13.(ltlO :>­
---nil 
t'; 

t".. ~ 1902: 
C\ \'103.\. .~§S 1.206 2208 1.251 .108 .046 .036 006 5.220 :>­
o 1'10311 .flO LUBO 2055 1.437 .ORi .047 034 .021 ° ,010 .OOt 60S 7.~a4 ~ 
< c 
1'1 
II A\'eragl'_. ~ .... ,~ .. .632 I 1.62$ 2.582 1.344 .Oos 016 .035 0111 014 ,005 002 Olh 0.•1117 '/. 
Z C 
~ Yl03('. I.SOO I 1.941 2.781 1.275 .IIi .074 .050 .0;3 101 .029 .2111 .501 UOl2 
1'1 YI03D. 1.815 1.920 2.022 UI07 .114 .1)53 046 029 .039 .010 .32(J .640 11.003 ." 

:>­~ oA\'l'tag('. 1.810 1.934 2.852 1.178 .110 .01)4 .048 .051 .07[1 ,022 .200 .6i4 9.00S
1l 
II ~ 
Z 1041-02.ve,.go: r:: 
j \'103A. 1.046 1.104 1.f64 1.236 .442 .243 .OH .027 .038 029 .O.H .311.1 0.440 r; 
Z rIC3B .. .U90 1.004 1.048 1.254 4U8 .2511 .101 .045 040 .024 040 .355 11.324 
C\ 

036 .0311 I .021\ .050 350 I 6,381 ~ o A"mgr.........._ 1:018••• _LIB l.iOI 1245 .HO I .2M I Oi2
.... ~ 
r103, All: t"I In Pel. alllluill tot.l. ... 10.0 17.5 20,7 111.5 7,4 3.9 I I I .6 .6 5.0 1000 

1'1 0:
Pel. cUlIllllati," tOlal. ••••.• ., ..... 16.0 -:i3.-5- -602 ~~I- --g-l.-o-I-!i2l·· - 927 03.3 03.7 \H.4 100.0 ~ 

tl 
1041 62 lI.wage ;.l 

\'103('.... 1.371 1.443 2.(157 1.448 .1140 .HS .li2 .OS5 .074 .000 .158 .615 8,577 C 
\'1030._._ 1.303 1.353 1.873 1.307 .516 .355 .137 .0iO 082 .041 tl07 .081 7.815 t"r ____• ____• ____• __,__1 _____• ____1 ..__.. _.~I ___~_,l o ...... ___ t~·."...· .......... _I_ - .. --.-...I--,,--=~'.... ·.-I----"'­

'" A\·eragl'. 1.337 1.308 1.1165 1.378 .578 .402 .154 .078 .078 ,054 .128 .648 S.IUR 
C 

'".. o 
~ 

r.. Yl03, (,D: 
o 
o 

I'ct.•lIl1ual tot.I.. .............. .. 16.3 li.1 24.0 10.8 i.O 4.9 1.0 .0 .!I .i 1.0 i.O 100.0 

Pet. cUlllul.live tot.L............. 10.3 33.4 67.4 74.2 81.2 80.1 88.0 88.9 89.S 00.5 92.1 100.0 


J ~-o, 1040·55 d.t., sec talli. 28 of U, S. Dopt. Ag'. Tech. Bul. 1170(66). ..... 
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