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EVALUATON OF
AGRICULTURAL HYDROLOGY
BY MONOLITH LYSIMETERS, 1956-62

Hy L b Houwowp, rescareh hpdiade cagiier, aned W IL Duttinress,t research sod sei-
entest, Sorl and Waeler Conserenfron Rescarch Diveion, Agricudturel Rescarch Serpices

INTRODUCTION

"Thix halletin is 1 progress vepord
an the lysimeler investigalions car-
ried on ab the North Appalachinn
Fxpertmental Walershed wear Co-
shuelon, Ohio, from 1956 Lhrough
1962 Mummaries of molsture balance
studies are  presented  for 1944-02.
Drata Tor 1944-50 represent in pard,
a rvevision of those published in U5,
Department of Agriculture Technieal
Bulleta 1179 (643

e hydreologie data were obinined
from 11 monolith lysimeters, euch
Q002 aere in aren and 8 {eel deep,
3 of which were weighed automuti-

T Retired,

= The work on this experimental water-
shed  projort was done abl the Norlh
Appdachinn Experimentnd Walershed newr
Cuoshoeton, Ohto, by the Sai rnd Wne
tor  Conservalion  Research  Division
(RWCHD, Agricultural  Research  Serv-
ice, i coopernbion wilh the Ohio Agriculs
Cduyrnd Hesenreh nnd Development, Cenler,
The daln wers colleeled by tHhe project
staff. Murh of the work of operaling the
Iysiwioters nodd tabulating the hasie dale
was performed by William W, Bentz and
Robert B, Youker of the SWCRDL T L.
MeCninness (SWORDY weasted in the sin-
tistien) freatment of data n parts of the
report. J. 1L Wikson of the Ohio Agrienl-
fent Researrh and Development Conler,
Woosler, Obio, assisted in the chemieal
wisdyses of pereolntion water.

8 (irlie aumbers in parentheses tefer to
Laterntuee Cued, p TiL

enlly every 10 minutes. The features
of these unigue instailalions and the
history of Lheir operation have been
doseribed in U8, Department of
Agriculbure Teehnieai Bullelin 1179
(661, Review of lysimeter Hiternture
during 1944-55, given in that bulle-
tin, is extended Lo 1962 in the present
report.

The basie research plan developed
in 1935 for the North Appaiachian
sxperimental Watershed ab Coshoe-
ton, Ohio, provided for evaluation
of all faclors affeeting the disposal
of precipibation, as park of n com-
prehensive study designed to uncover
basie laws relubing to agricultural
hydrolopy. Lysimeters were consid-
ered an wnporband part of the instru-
mentalion necessary for this study.
Ruinfall and runoffl measurements
provided datn for the determination
of mnfiitration. Percolation dats were
velnted Lo recharge of ground water.
Weight-change records adjusted for
amounts of rainfall, runoff, and per-
calation provided data on cvapo-
transpiration. All these values were
necessary in the analysis and inter-
pretation of the station’s wabershed
records.

Beeause of the climatic varinbles,
there were times when soil moisture
was sufficient to meet crop needs and
times when it was not. For the 1956+
62 peried, annusl preeipitation was

1
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above normal for 3 vears and below
normal for 4 years. The extremes of
annual precipitation for this period
were 33.40 inches in 1959 and 36.32

inthes in 1858. Thus, evaluation of
the data on agricultural hydrology
in this bulletin reflects sizeable varia-
ticns in climate.

REVIEW OF RECENT LYSIMETRY LITERATURE

The lysimetry literature reviewed
here covers the peried from 1956 to
1962, An extensive review of litera-
ture by Kohnke and coworkers {§3)
covered two and a half centuries of
research in lysimefry up to 1938,
Harrold and Dreibelbis (68) re-
viewed the literature from 1939 to
1955. In the present, as in past
reviews, it is possible that inadver-
tent omissions have ocecurred, par-
ticularly 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 ecases, studies have
been made dealing with special prob-
lems such as lysimeter design. King
and coworkers (8f} described a float-
ing lysimeter for measuring evapo-
iranspiration. MeMillan 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 rooiing. They
suggested a modification in design
that extends the usefulness of this
mstallation. MeMillan and Burgy
(98) conducted further studies with
floating lysimeters. Cole (25) and
Cole and coworkers (26) described
an Alundum? tension lysimeter which
was designed to minimize the soil-air
interface problem. Van Bavel and

1 Trade vames are used in this publica-
tion solely for the purpose of providing
specific information. Mention of n trede
name does not constitute a guarantee or
warranty of the product by the U, 8. De-
partment of Agriculture or an endorse-
ment by the Department over cther prod-
uels not mentioned.

Myers (172) reported the use of a
weighing lvsimeter thab electroni-
cally records data from strain gape
sensors on punch tape for automatie
data processing and analysis, Dylla
and Tovey {42) reported the use of
piastic tanks in Nevada for measur-
ing cvapotranspiration. Hide and
others {75} used 4-inch {allow lysim-
eters 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, mueh 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 evapotranspiralion (ET-
CA), based on monthly weight
changes, were valid.

Of those investigations desling
with hydrologic problems, an increas-
ing percentage have been concerned
with evaluating evapotranspiration.
Noteworthy among the reports from
this couniry are those of Pruitt (131)
and of Pruitt and his coworkers {18,
41, 54, 18%, 188, 134, 185) at Davis,
Celifornia, and of Van Bavel (170),
and Van Bavel and his coworkers
(49, 82, 171, 172, 173}, at Tempe,
Arzona. Other investigations on ET
of interest are those of Peters and
Russell (120}, Tanner (166, 167),
England and Lesesne (44), Mather
{(108), Allison and coworkers (5),
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Brill and Wiilits (17}, Cowan and
Innes (28}, Ekern (438), Harbeck
(61, Morris (109}, Graham and King
155), Dylla and Tovey (42), Pelton
(119}, Pierce (123, Campbell and
coworkers {20}, and Speir (159).
Graham and King {55) determined
the ratio of daily I'T to net radiation
at various stages in the development
of & corn crop. Brakensick (14},
Dreibelbis (33, 34, 35, 36), Dreibelbis
and Harrold (37}, Harrold (62, 63),
Harrold and Dreibelbis (63, 66, 67,
88, 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, 7!)
separated evapotranspiration into
its compenents of evaporation and
transpiration. This was achieved by
placing plastic sheets over the lysim-
cter soil during the corn growing
season of 1957, thereby preventing
evaporation. Soil water transferred
to the atmosphere during this period
was ontirely 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 efficieney for these
crops than in any year when they
were not irrigated.

Dreibelbis (85) iound that the soil
moisture regimen in lysimeters dif-
fered from that on adjacent water-
sheds. The magnitude of the dii-
ference varied with soil type and
moisture content.

MeGuinness and others {93) com-
parcd values for lysimeter soil mois-
tarc changes obtained with the
neutron method with values obtained
by the weighing lysimeter. Data for
the growing season in 1959 showed
close agreement between the two
methods.

Babcock and coworkers (10) con-
ducted lysimeter studies on the effect
of composition of irrigation waters

in California on soil properties. Hil-

debrand and Pagenhart (76) made
lysimeter studies of snowmelt.

Several lysimeter 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
{1871, and Sinclair and Patric (155).
All of these papers are concerned
primarily with the San Dimas {Cali-
fornin} lysimeters. Rich (141) de-
seribed 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
tluring the winter, Lowry and Finney
(92) used lysimeters for messuring
the chemical changes in weathering
conl spoil.

Lysimeter studies dealing with soil
fertility problems have been con-
cerned mostly with the nitrogen bal-
ance in soils. Bxamples of studies of
nitrogen losses in percolates are the
work of Volk and Sweat (177),
Owens (1168), Raney (138), Branson
{15, 16}, Allison and coworkers (4),
Pratt (125}, Pratt and coworkers
(126, 127), Bhaw and Robinson
(148, 149), and Shalhevet and Zwer-
man ([47).

Bengtson and Voigt (1f) used
lysimeters to study leaching losses
of nitrogen and polassium 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 lysimeters in waste water
reelamation studies,

MeKell and Williams (97) used
lysimeters to study sulfur fertiliza-
tion of & range soil and Pritehett 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 Robinson (148)
analyzed the leachates far caleium,
magnesium, potassium, sulfur, nitro-
gen and organic matter. Reyes and
coworkers (189) and Reyes and Gal-
vez (140) reported studies on leach-
ing of nutrients from soils planted to
paddy rice in the Philippines.

Cole and coworkers (26) used ly-
simeters £o study the influence of soil
type and fertilization on the vertical
movement of nitregen, phosphorus,
potassium, and caleium. Leachates
were analyzed also for gnmma-emit-
ting radionucleides originating from
radioactive fallout, Ru!™ R
S O3 Cet#) Prist and Foytes
were deteeled.

Harrold and Dreibelbis (68) pre-
sented data on leaching losses of
potassium, caleium, magnesium, ni-
trogen, manganese, and suliur for
the period 1941-55. Dreibelbis and
MeGuinness (38, 89) reported data
on nutrient lesses, for the same
period, in which a statistical inter-
pretation of the dala was made.,

Among the lysimeter investipa-
tions reported outside the United
States are those of Pelton (1197,
who studied ET in Canada and
Cavanillas (21}, who studied ET
from cultivated plants in Spain. Ca-
vanillas and coworkers (22) studied
ET using lucerne, sugar beets, poti-
toes, and tomatees, Suarez de Castro
and Redrigues {163, 184) of Colom-
bia used monolith lysinicters to study
waler balance and nutrient losses.
They found a relution between vol-
une of pereolation and total quantity
of nutrients leached, Tn the Nother-
lands, Wind (179, 180, 181} deseribed
lysimeters in that country and re-
viewed their records up to 1954;
Yisscr  (1768)  deseribed lysimeter
techniques for determining the water
balance of soils; other investipations
from that country were reported by
Ramsauer (1371, Makkink (100 to
106}, Makkink and Meemst (107},

Hesse (74), de Wit (184), and Rij-
tema (142). Aslyng and Kristensen
17,8, 9} and Kristensen (89) of Don-
mark studied the water balance with
lysimeters.

Green (56, 57, 58) of England used
lysimeters for evaporation studies
and to study the cficets of forest
areas on water resources, Law (80)
studied the effcet of aforestation
upon the yield of water catchment
arcas. Winter (182) and Winter and
caworkers  (7/88) studied potential
and actual T with small, weighable
lysimeters. Among the investigations
in Germany are those reported by
Koblenz (82), Frereks and Koscgar-
ten (47), Pinff (122}, Kortum (83,
S¢), Kiel {80}, Prenk (128, 128},
Kohnicin and Knnuer {84), Haus-
hofer (72), Husemann (77), Seliroe-
der (1468), Tanert (78}, Steubing
{160}, Albrecht (3), and Czeralzk,
(297, Kosmat {87, 88) in Austrin
deseribed & mierolysimeter in which
he studied the stability of soil strue-
ture by percolation tests. Gadet and
Soubles (50 conducted long term
lysimeter trials and tests in Franee
utilizing the stable isotope N5, Qther
lysimeter studies in Franee inelude
those of Hallaire (60), Ringoet, {143,
Demortier (87}, Henin and Ture
(?3), Ture {188}, and Roseau and
Bats (144). Ubell (169) in Hungary
studied hydrelogy with lysimeters.

Studies reported from the Soviet
Union include the work of Fedorov
(43); Yuldashev {185), who studicd
the water-salt regime of soils; Shi-
lova (750) and Shilova and Korov-
kina (151 to 154), who studied the
chemieal composition of percolates;
and Vasilev (774}, who made a com-
parative study of Rykuachev's and
Papov's lysimeters. Kaurichev and
Nozdrunova (789) suggested  that
lysimeter chromatographic columns
should be used to estimate the mi-
gration of various compounds in soil.
Papov (124) studied the water bal-
ance in soils and deseribed throe
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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 types of grass
covers. Petrov and Shishov {121)
used plastic materials for construct-
ing lysimeters. Other Russian works
arc those of Ageeva {I), Chapov-
skaya (28), Dolgov and coworkers
{32), Radinovich {136}, and Smir-
nove (158}, Litynski and Kurnatow-
ska {81} reported o study of the
physico-chemical properties of soils
in lysimeters in Szeaecin, Poland.
Dehski (30) conducted hydrologie
studies in Poland with lysuneters.
Ostromeekt studied water require-
ments (113, 114} and nilrogen up-
tauke {71/2) [from uren on soils in
Poland, Zabek {1867 studied the
reclumation of sandy alluvial with
fysimeters in Osbowice, Poland. A
lysimieter investigation reported from
Rumania is that of Bujorean and
Popesen (19),

Other lysimeter studies reported
outside the United States arc the
work of Albareda and cowarkers {2)
in Spain; Arthur (6), Mcllroy (94,
95) and Mcliroy and Summer (96)
in Australia; and Schieifer (145) In
Austria. Cowan and Inncs (28} in
Jamaiens related pan evaporation to
ET from sugar cane. Ostwald (115}
reported eon lysimeter investigutions
in Sweden, Velev and Djankoy {178)

and Fekete {46} reported results
from Czechostovakia,

Steyn {161, 162) in South Africa
used both monolith and filled-in ty-
simeters to study the influence of
saline irrigation waters on wheat and
maize. Bonfils and coworkers {I3),
Charreau {24}, and Cotlot (27} cnr-
ried on lysimeter studies in Sencgal
(French West Alviea), Greenland
{59} studied the nitrogen balance of
tropical soils in Ghana. Glover and
TForsgate (53} studied BT from large
tanks of soil in Kenya. Bernavd {12}
uscd the energy balance method for
studying IST in Africa,

Tannka and coworkers {165} in
Japan studied the cffeet of pereola-
tion on the growth of the rice plant.
They found that percolution de-
creased Lhic T1.S content of soil water
markedly and redueed teaf spot dis-
case. Okuda and Tokubo (110} used
iysiineters in Japan to study the
effects of synthetic soll conditioners,
Slovikovskiy {157} studied the leach-
ing of the leaf fall of 21 coniferous
and deciducus speeies, Duprics (40)
studicd the Thornthwaite lysimeter
in the Belgian Congo as an instru-
ment for measuring BT in equatorial
regions, Siuta {750} used a glass
iysimeter to study the effect of anac-
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 are of the
monolith or undisturbed soii-block
type, deemed superior to all other
types for the study of soil-water
reintions, The advantapes and limi-
tations of this and other types and
the other features of construction of
the Coshocton lysimeters have been
previously deseribed (66).

One lysimeter at cach of the three
sites chosen was cquipped with an
automatic weighing device developed
expressly for this study. This device
rccords the weight changes in the
85-ton mass to a §-pound accuracy,
which is equivalent to approximately
0.01 inch of water over the lysimeter
surface aren. 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 effeets of varia-
tions in climate, land use, and soil
type.

The three ditierent lysimeter sites
and the agronomie practices followed
at each lysimeter are described in
the following listing:

1. Site YI0f — permanent grass-
land on steep (232 percent), well-
drained Mugkingum silt loam. Ly-
simeters Y101A and Y101B — poor
practices since 1937; poverty grass
and weeds. Lysimeter Y101C—con-
servation practice since 1945: blue-
grass, heavier frrtilizer and lime
applications than on Y1014 and
Y101B. Lysimeter Y101D—conser-
vabion practice since 1945: bluegrass
to 1947, deep-rooted legumes and
grass after 1947, heavier fertilizer
and lime applications than on Y1014
and Y101RB.

2. Site Y102—rotation cropland on
rolling (12.9 percent), well-drained
Muskingum  silt loam. Lysimeters
Y1024, Y102B, and Y102C—conser-
vation practices sinee 1941: contour

cultivation, moderate applications of
fertilizer, liming to pH 6.8, alfalfa-
red clover-timothy meadow seeding.
3. Site Y103—rotation eropland on
rolling (6.0 percent), slowly perrue-
able Keene silt loam. Lysimeters
Y103A and Y103B — conservation
practice since 1941: eontour cultiva-
tlon, moderate applications of fer-
tilizer, liming to pH 6.8, alfalfa-red
clover-timothy meadow seading, Ly-
simeters Y103C and Y103D—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 Y101 — refer to
lysimeter sites or corresponding ly-
simeter batierics. Five charseter
symbols—such as Y103A—refer to
individual lysimeters,

Detailed descriptions of the soils,
mechanical and chernieal analyses,
experimental procedures, construe-
tion and recording features and limi-
tations of the lysimeter are given in
the U.8. Department of Agrieulture
Technieal Bulletin 1179 (66).

ERRORS IN EVALUATION OF DEW BY THE COSHOCTON

WEIGHING

Hourly weight records from the
three weighing lysimeters (Y101D,
Y102C, Y103A: consistently showed
diurnal fluctnations, as illustrated in
figure 1. Gains in weight from as
early as 1700 and continuing to 0500
the next day were attribnted 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
mches of water. Daily totals of 0.05
inch and monthly values of 1.4 inches
were reached oceasionally. By 1960,

LYSIMETERS

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 te a search for reasons for
such sizeanle differences. The ques-
tion arose — were these differences
real or the result of lysimeter mal-
function?

Numercus 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 wallzs 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.

7

The only factor found to correlate
with the recorded diurnal weight
fluctuations was temperature at the
ground surface. Quite regularly, &
few hours after 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

280 = i ' i i
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i
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=3 e, _,.-'-"'2
CLiao ! i| .'-t‘\\‘ \ E
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i ‘ ’ | YI0ID, GRASS —¢_4 | | \,‘/;
a0 1 .\\ - ¥
| | | - \l»/':,..\]t\
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Fiaure 1—Hourly change in weight of grass lysimeter YI101D and wheat Iyzimeters
Y102C and Y103A, and change in air temperature, July 17-20, 1958,
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to be s ground surface phenomenocn
inasmuch as there was no daily tem-
perature fluctuation in the gallery
beneath the ground.

The grease seal arcund the surface
periphery of the weighing lysimeter
(fig. 2) was thought to be & possible
cause of this fluctuation in weight.
Iis removal from weighing lysimeter
Y161D on February 6, 1962 caused
a marked change in the diurnal fuc-
tuation of lysimeter weight. Prior to
this, as seen on figure 1, the rapid
weight loss began in the early day-
light hours and the gain in weight
starled as early as 1500 or 1600.
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When the grease seal was removed
from Y161D, the loss in lysimeter
weight, as shown in figure 3, began
more slowly, at about G600 or 0700,
and was quite rapid from 1000 to
1600; a fairly constant weight was
maintained from 1900 to 0800 the
next day. The gain in weight, which
had formerly been attributed to dew
or condensation-abserption (CA),
disappeared from this reecord; at
other times, weight gains of as much
a5 5 pounds were recorded over some
night. periods. It became evident
that the weight changes observed
had not been real,

GREASE SEAL
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™ S Bt ml W bt wa ----_c—-l:

crease . _|

U'/__R/E’TA:NING
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Fieune 2—Grease seal around surface periphery of weighing lysimeter.
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Fioure 3—~Hourly weight changes of normal lysimeter, lysimeter with grease seal re-
moved, and lysimeter with plastic soil caver; 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 Y102C
{grease seal still in place) was cov-
ered (fig. 4) with s 3-layer plastie
cover mounted on a frame in such a
manner that the two 1-inch dead-air
spaces were maintained between the
tep and bottom layers.

Weight records from the three ly-
simeters 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 Y102C was indeed sealed against
soil moisture fransfer with the atmos-
phere. The fluctuation of the weight
curve about the horizontal was quite
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et
e UL e 72

Frovng d - Ly-ametor Y102C with plastie sheet cover,

nereeable and there was o marked
eoneurrenee of  weight peaks with
Treese femperaiuee trodehs, Forther
evidenee thar dhiomal temperature
fluenmitions in the srease =eal were
reluted to dinmmd welshr echanges
appearsn the relation between duily
temperzrure drop of the grense and
corresponding lysimeter weight miins
i, Dy,

Figtive B <hows a earnparison of
the weisht foctindion: of the theee
ysnmeters  after removal of  the
YHIZC srense seal, but before re-
moviel  of  the  mol-ture  teansfer
barrier on the ~urfnee. Weight flue-
tintions b YIO20 were almost com-
plerely eluniusted dhiring the ruinless
periol-,

The physieal rewsan {or the rela-
tion between gropse sead tenperatire
and appareit welght chanee was the
chunge in luear dimension of the
peripheral anetal of the grease sexl
hood with temperature, This hood
5 the wetal witachol 1o the movable
Iysumeter and comes up over the edge

ui the channel and down into the
grease, When the grease seal tem-
perature rose, the peripheral metal
expundedd, causing the lysimeter to
ri=e, whieh indieated a loss in weight.
When the temporature decreased, the
metal contracted, causing the lysim-
eter to drop, which indicated a gain
in weighe,

A= owas evident that the pub-
lizhed evaluations of dew obtained
from the periods of hourly weight
gains on the lysimeters were prossly
m error, it seemed destrable to de-
velop 1 wethod for evaluating the
magnitude of the errer and to publish
corrected values. The relations be-
tween the many vears of measured
air temperature flucluations and re-
corded weight ehanges would be the
kev to the suceess of this endeavor.
A fair relation was obtained between
daily weigl gaing and corresponding
grease remperatore drop for lysimeter
Y102(" during the period when it was
sealed apainst moisture change (g
3. Grease temiperature data were
avadlable, however, only during the
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FiGure 5—Relziion between daily grease temperature drop and weight incresse of
covered iysimeler Y1020, July-August 1962.

1962 test period. The relation be-
tween weight change and air tem-
perature fuctuations 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 lystmeters are possible if suffi-
cient grease-seal-temperature data
are available. In this instance, how-
ever, the period for which such data
were available was too short for
these corrections to be of value.
Consideration wsas also given to
the possibility of sizable errars in the
pubtished evaluations of evapotrans-
piration {ET} for periocds of days,
wecks, months, seasons, and years,
Daily vatues of ET were determined
from midnight weight records. The
variations of eonsccutive midnight
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Fieure 6—Hourly weight changes of normal lysimeter, Iysimeter with grease seal re-

moved, and lysimeter with prease seal
1662,

valucs of prease temperature were
most often of small magnitude and
their influence on weight records was
small. Daily differences in midnight
grease temperature of 10° F. or more
occurred less than 15 percent of the
time, A difference of 10° could result
In a weight error of 20 pounds (fig,
5), or 0.05 inch of water, which could
be 20 percent of the daily water-use
value of 0.25 inch. The cHect of dif-
ferences in midnight temperatures a
week apart on lysimeter weight was
usually negligible—a  difference of
10° F., causing a recorded 20-pound
welght 0.053-inch-of-water error (fig.
5) would be only 3 percent of a
week’s water use (1.6 inches). It is

removed and plastic soil cover, October 5-7,

evident that the longer the period,
the lesser were the percentage errors
in water use as evaluated by weight
changes related to grease tempera-
ture differences.

Errors in previeusly published rec-
ords came from computation of mois-
ture increases or decreases obtained
from part day gains and losses in
weight. These separate periods of
cooling and heating of the grease
seal caused false weight changes,
which were attributed to moisture
changes (a weight gain was attrib-
uted to dew and a weight loss was
attributed to evapotranspiration).
These separate moisture change val-
ues were totaied for monthly and
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annual periods, However, when the
fal=e weighl- or molsture-gain values
are subtracted from the false weight-
or moisture-los: values, o true vatue
of net daily, weekly, monthly, or an-
noal evapotranspiration 12 abtained.

The authors regret the previous
pubtlieationz of erroneons data on
dew anounts (68, 571, Tt 1= {ortunate
thar most of the information pub-
lished i the U5 Department of Ag-

CORRECTION OF

Sunmmaries of monthly gaeeretion,
depletion, and storage of =0il water
as determined by the weighing man-
olith ly=imeters and published in UK
Depariment of Agriculture Teehni-
ead Bulletin 1ITY 1661 contain sepa-
rute evaluations  of  vondensation-
ab=orption (CAY and evapotranspi-
ration (KT Cyelie divrnat weighe
changes on the lysimeters were di-
vided inte separate periods of con-
tinustis gain and continuous los=s.
Monthly CA values were the total of
the daily weight gains during rain-
less periods, adjusted for pereolation
antd runoff. Likewise monthiy ET
values were the total of the daily
weight losses similarly adjusted.

A8 noted inoa previous scetion,
these gains and losses of woight with-
in the day eontained false values in-
dueed by temperature changes in the
arease seal. Whereas monthly totals
of these sepurate evaluations are also
in vrror, the differenee bhetween them
Is very close to the true value of
moisture change due to evapotran-
spiration. It was pointed out previ-

DATA FOR THE

Thiz hulletin presents summaries
ol hytrologie data from the Closhoe-
ton lystmeters for the 1936-62 peri-
o, Ty appendix tables 29-31 the tab-
ular summaries extend back to 1944
Hs it was necessary to show eorree-

13

riculture  Technical Bulletin 1179
L5 on water use aned moisture stor-
age chuge 150 velinhle. Revisions
nmutde in the operation of the weigh-
g lysimeters will make ic possible
to provide relinble values af diurnud
maisture changes s woll 18 Lo eon-
tinue to provide aeccurate informa-
llon on evapotranspiration under n
variety of conditions of crop, treat-
ment, and elimale.

PUBLISHED DATA

ously thar the overall temperalure-
intlueed ervors balanee out in a peri-
ol of 8 month. For examaple, in table
6 ol U3, Department of Agriculture
Technieal Builetin 1179 the Septom-
her 1894 values for CA and ET are
043 and 306 inches, respectively.
Both values are in error. Yet their
tlerence, 273 inches, vepreseats the
true value of  evapotranspiration,
with o possible ervor of less than 1
pereent of 2,93 (0.02 inch) due fo
temperature-of-grease-seal difference
from the beginning to end of the
month, All the separate CA and ET
vadues in US, Department of Agri-
culture Teehnical Bulletin 1179 need
lo be revised into a single value of
ET in this way.

Revised monthly summary acere-
tion and depletion data for these
welghing lysimeters for the period
1944-55 and new data for the period
1956-62 wre given in appendix tables
243-31. Tn these tables, precipitation
alene is the sourre of aceretion, De-
jetion losses are due to runoff, evap-
otranspiration, and percolation.

1956-62 PERIOD

tions to previously published data.
In 4 few other cases data prior to
1956 appear in tables and on lus-
trations in order Lo clarify the trends
and relations,
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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, plant nutrient
losses in percolation, and crop-use-
of-water efficiency.

Accretion

Precipitation values werce obtained
from lysimeter weight gains plos
runefl during precipitation periods.
Annual values for each weighing ly-
simeter and for ifs agjacent record-
ing rain gage are given in table 1.
As explained later in this section, the
diffierence between annual values
from the lysimeter and gage was
large but there was lictle difference
between individual storm rainfal] to-
tals obtained by both methods.

Annual precipitation 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 47.88 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 1852-55 period were
considerably less than normsl, aver-
aging 31.94 inches. The previcus 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,
butb appeared to be seattered at ran-
dom through the record. The occur-
rence of years of low and of high
precipitation and the sequence of
such  were important {actors in
changes in soil moisture storage, run-
ofl, percolution, evapotranspiration,
and crop yield. A previous analysis

Tases L—Annual precipitation as measured by weighing lysimelers and adjacent rain gages,

1944-62
f Yi0oiD, pormunent grosy ! Y20, rotation Y1034, rotation
Year } !
[ Lystmcter Guge l Lysimeter Gage Lyimeter Gage
Inches Incher Iaches Incher Iches Tnehes
31.08 30,57 38.11 35.0 23.60
47.06 15.84 50.86 4549 48.60 45.36
43.02 3797 4146 31.41 10,87 3B.17
39.45 35.94 10.12 35.79 40,74 36.32
38.5% . 2,05 37.67 41.95 arn7t
4121 35.48 39.98 1744 12.45 3764
5214 43.36 52.95 | 708 51.97 47,68
47.84 18,02 47.83 35.23 {7.48 30.83
6,02 35.7% 3T 35.15 3349 3580
30.67 2.8l 32.3 28.34 3319 98,20
28.88 3218 34.26 3LE) 36.66 31.67
35,40 21,93 33.85 30.59 35.90 3068
191t 1558 | R 44,75 50.22 45.53
16.84 $2.41 4767 1 52,19 45.76 43.52
36 80 33.70 36,32 32.86 36.90 33.63
146,52 £3.38 53.40 +4.97 45.20 44,37
38.78 3460 39,26 34,62 4141 35.48
12.46 3635 4213 3676 14.61 3147
36,73 32.39 [0} 3. 40.81 33.61
750.62 | T4 ] IS 167206 802.38 713.33
199 | 87.39 | 142,10 137.34 2.2 37.55
1

i Lysimeter not opersting conlinuously.
! Values for PH44-81.
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(64) showed that the study period
was representative of the long-term
weather patiern of the area.

Mean distribuiion of monthly pre-
cipitation throughout the year dur-
ing the 1944-62 peried {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 noticcable effects on various
phases of agricultural hydreclogy.
For example, rainfall in June 1957
was over 10 inches {appendix tables
29-31}, resulting in a sizable increase
in percolation.

TasLe 2.-— Menthly distribution of precipita-
Kon, rain gage ol gite Y103, 1944-62

i [P
Average . Mazimum - Minlmum
' !
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lysimeter catch = 0.0186 +
1.0007 rain gage catch with a corre-
lation coefficient of 0.8931. This in-
dinates that the lysimeter 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 cateh is given in table &

TasLe 3.—Comparisen of lysimeter rainfail
totals with those of udjacent rain gages,
1930-61

Rainfall a3 determined by— Difference

l Per

Lyaimeter Rain gage % Lysimelsr Total | year

Inches E inches

30 8.2
384
.99
6.73

.85
0.54
9.32
6.50
9
5

A o b
nTRs

-1 | e

.
o
[~

Rain measured by gage was com-
pared with rain measured by weigh-
ing lysimeter to determine the effect
of grease seal malfunction on rain
measured by lysimeters. Only rain
periods were used in the analysis
since 8 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 exfraction of
rain amounts difficult and for that
reasen they were not included.

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

Incher
37160
376,57

Inches
352,42
355.58

! For 1,078 rain-day 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 accounied 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 (64} 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 gape
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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TasLE 4.-—Differences in fysimeler und rofn
gage celches us esitmaled from relations
in the datu

Avermue annuad
precipitslion-=

Form of
Precipltalion

' Rain guge ) Fiystoneter . Diffesenge

frches
38

{nches {aches
Hain. el A

Bnaw,._...

B T
. i

Total. .

1 20-yvar average.

3. Total difference was taken to be
11.2 percent (average difference he-
tween Y10ID and Y103A values in
table 1) of normal tolal. The other
values in tabie 4 were obtained by
subtraction. The difference in pre-
cipitation amounts measured by the
two methods was approximately the
same for rain and snow, although
much larger  proportienately for
S0W,

Y101 D, petamnost geiss
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On the basis of these analyses, it
wus coneluded that there was little
practical difference in o lysimeter or
a raln gage for measuring storm or
daily rainfall. The values of ET
presented In this bulletin and de-
rived from the weighing lysimeter
are expected to be similar to those
computed from energy balance equa-
tionx, but will differ from those de-
veloped in water budget stucies for
basins.  The main reason for this is
that basin study data are from rain
gages, whereas lysimeter-derived val-
ues of BT come from increases in ly-
simeter weights. In order to bring
these two values into closer agree-
ment, the rain gage values should be
increased by about 10 percent.

Depletion

Of the three depletion {actors, ET
accounted for the most depletion and
surface runoff the least (table 5).

Tantk 5.-—Annual depletion farlor vatues for lysimeters V161 Dy Yia0, end Y1034, 194468

Y1020, rotution Y1834, rotslion
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ET ;lawon | Total . of ' ET
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I'he wverage from Y102(C was not
computed, as data for 3 years were
affeeted by the special treatment giv-
en this lysimeter. Aunnual ET val-
ues from permanent prass lysimeter
Y101D averaged 32.38 inches and
vanged from 24.08 to 37.36 inches;
values from crop rotation lysimeter
Y103A averaged 34.96 inches and
runged from 30.05 to 39.57 inches.

During the 1952-55 dry period, an-
nual BT from lysimeter Y101D in
deep-rooted  grass  averaged  33.90
inches. Since precipitation averaged
only 35.69 inches, only 1.79 inches
per year was available for surface
runofl and pereolation,  Minimum
annual BT values of less than 30
inches occurred in 1944, when rain-
[al! was deficient and the vegetation
cover was shallow-rooted poverty
grags; in 1945, 1947, amd 1957, when
Lhe old sod was killed and reseeded;
and in the dry year of 1962, laxi-
mum values of annual ET of ahout
37 inches oceurred in 1949 through
1951, a period of execssive precipita-
tion, zeon after the alfalfa-breme-
urass sod was established.

On Y101D, the deep-rooted birds-
foot trefoil (1937-62) also removed
much water through BT, Tts effect
on the seil-water regimen was simi-
lar to that of the alfalin-bromegrass
cover (Y101D, 1948-55) which re-
moved an annual average of 34.95
inches of water by ET. Birdsioot
trefoil removed an average of 32.88
inches annually during the 1958-62
period. Values for shallow-reoted
poverty grass (1944) and bluegrass
(1945-46] averaged 2827 inches.
The 1946 value was large. The
monthly data in appendix table 29
show that cxcessive rainfall in June
and July 1946 resulted in larger than
usual ET values. Tt is evident that
deep-rooted legumes, cither alfalfa
or hirdsfoot trefeil, had a pronounced
effeet on removal of water by ET.

The relation between annual TT
and precipitation on the cultivated

lvstmeters, Y1020 and Y103A, was
more complex because of the 4-year
erop rotation of com, wheat, mead-
ow, mewtdow. The crops harvested
were: 1944, hay; 1945, corn; 1946,
wheat: and 1947, hay. This se-
quence was repeated over and over
again.  Comparizons were also com-
vlicated by the use of a plastic sheet
aver the seil of lysimeter Y102C dur-
ing the 1957 growing season, when it
was in corn. This lysimcter was
temporarily removed from operation
during the last 5 months ol 1962
when special tests were being mude
to deteet the cause of cxcessively
large amounts of diurnal weight
changes.  This problem and its solu-
tion are deseribed on pages 6-13,

The miniimum annual value of BT
from Y102C, 21.15 inches, oceurred
in 1957, the secason during which
evaporation from the soil surface was
restricted by a plastie sheet cover on
the s0il. Results of this special test
arce presented on pages 30-53. Under
normai conditions, the lowest annual
value of BT f{rom this lysimeter,
26.60 inches, occurred in 1961, when
it was in corn,

Large values of annual ET, near-
v 39 inches, ocourred on lysimeters
Y102C and YI03A in 1859, when
they were under a first-year meadow
cover of red clover, alfalfa, and tim-
othy and the annual precipitation
wns high—53.40 inches on ¥102C
and 4%.29 inches on Y103A.

The fluctuation of ET—depletion
of scil 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 dMay, June,
July, and August were high each
year for the three lysimeters. These
fizures aiso show the fluctuations of
soil moisture in areas adjacent to
cach lysimeter. Cumulative daily
precipitation and percolation values
are also given. The period of high
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ET coincides with the period of high
solar energy received on the land sur-
face. Vegetation that completely
covers the land surface extracts more
moisture than vegetation that only

TECHNICAL BULLETIN 1367, U.S. DEPT. AGRICULTURE

partially covers, ET values for
corn in May 1957 (appendix fables
30 and 31 and fig. 8} were relabively
low, compared to those for wheat or
meadow, as indicated by the slope of
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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. Duriug
either May or June, when the corn July and August, when corn planis
plants were smail, On the other ere large, KT values were high.

hand, when meadow plants complete-
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Surface runoff values on the lysim-
elers {table 5) were relatively low
because they were unaffected by sur-
face or subsurface moisture transfor
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from adjacent areas. In effect, the
lysimeter runoff values represented
those from a small area of land at
the top of a hill. When rainfall in-
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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 alsc represented re-
1959
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charge to pground-water reservairs.
Percolation data for lysimeter
Y101D, in permanent grass-legume
cover {tzble 5 and appendix table
22), show the influence of different

TECHNICAL BULLETIN 1367, U.s. DEPT. AGRICULTURE

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
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moisture storage at the start of the
yvear and by the amount of precipi-
tation during the period of high soil
moisture. For example, in 1930,
with lysimeter preeipitation more
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than 11 inches over the 1944-62 ly-
stmeter average, percolation totaled
only 8.99 inches. Much of the pre-
cipitation {appendix table 29} oc-
surred in January, July, September,

1
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and November, when the soil was
fairly dry. But in 1951, with pre-
cipitation about 7 inches above aver-
age, pereclation exceeded 13 inches.
Soil moisture at the start of this
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year was large and much of the pre-
cipitation occeurred during the wet
period, January through April.

The effect of different crops on
percolation was largely the result of
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the different ET values for the dif-
ferent crops, as discussed in detail on
pages 38-67. Tt has heen shown that
ET from lysimeters in deep-rooted
vegetation was greater than ET from
lysimeters in shallow-rooted vegeia-
tion. Data for Y101D in table 5 fur-
ther show that percolation from the
former was very low, reaching zero
in 1934, as compared to 7 to 13
inches from the latter o the 1944-
46 period.

Soil Moisture Storage Changes

Soi1l moeisture storape changes ure
an important part of water budget
studies. Kvaluation of these changes
over large areas is very  difficuls,
Thata from the weighing lystmeters
ttable 60 shows that net annual
chinges in soil meisture are large,
nat that the net change over a period
of several years 1= small and can he
neglected. Statistical analysis

25

showed that the eoefficiont of deter-
mination (#*, table 61 for each array
of lysimeter data was statistically
nonsignificunt, indieating that there
was no relation between moisture
storage change and time, Coupled
with thiz was the fact that in each
case the standard ervor was consid-
erably larger than the mean annual
change in stored moisture. This
means that the mean annual storage
change may be considered to be of
zere magnitude.  These data vali-
dute the assumption, in reglonal wa-
ter hudget studies, regarding net
change in =0il moisture over periods
of vears.

While many of the changes in soil
moizture storage from year to year
were very small, changes within a
year were large.  The scasonal pat-
tern of depletion from the Aarch-
April peak to the October-November
low and the subsequent winter re-
charge is clearly evident in the teop

TaBLk 6. -Ananual sorl moisture storuge changes for lysimeters Y1018, Y1020, and Y034
(5.4 59

Yimp Y102 Y1034
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third of figures 7-13 and from month-
ly summary of data in appendix {a-
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-
turc storage changes in the profile as
well as changes 1o various parts of
the profile. Soil moisture storage
data from the neutron probe were
found to be quite similar to data
from the weighing lysimeters. The
former data wore used in waler
budget studics on lysimeters and in
watersheds where the latter were not
available, Details of these compar-
isons are presenfed on pages 27-31
and of the water budget studics on
pages 38-43.

Figures 7-13 show soil moisture
storage fluctuntions on & daily basis.
The soil moisture in storage increased
throughout the fall and winter be-
cause of low BT, little or no percola-
tion, and the retention of much of
the precipitaon.  Perlods of precip-
itation and rises of soil moisture were
coincident. Periods of decrease in
soil moisture were concurrent with
pertods of no ratnfall. The top soil
moisture curve represents soil mois-
ture conditions on the Keene silt
loam of Y103A. This relatively high
moisture was te be expected, inas-
much 2s the silty clay subsoil of
Y103A helkd more water than the
lighter textured Muskingum soils of
Y101D and Y102C.

In 1956 (fig. 7}, when both Y101D
and Y1020 were in deep-rooted
grass-legume  mixtures, thetr soil
moisture curves were very similar.
However, there is a striking differ-
ence between the curves for these
two lysimeters in the period June to
September, 1957 (fig. 8). For Y1020
there were no periods of moisture in-
erease beeause the plastic cover on
the ground surface prevented ab-
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sorption of rainfall. Moisture de-
pletion in this case was duc entirely
to transpiration, because the plastic
cover stopped evaporation from the
soil. A detailed report on this spe-
cial study s given on pages 50-35.

A plastic cover over the soil and
the meadow crop of Y1020 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 Y101D
from that of Y102C in 1961 (fig.
12}, starting about May 12. On
this date, the sod of Y102C was
spaded and transpiration ceased.
The grass-legume vegetation of
Y1011 continued to transpire wa-
ter, resulting in a more rapid remov-
al of soil moisture from YI101D than
was evaporated from the bare soil of
Y102C.

Changes of slope af the ET lines
within the period of high incoming
solar energy are noteworthy. Abrupt
chaneges in the siope of the curves for
Y102C and Y1034 on June 7, 1960
oceurred at the time hay was cut on
these lysimeters (fig. 11); a similar
change in slope appears on the curve
for lysimeter Y101D on June 20,
1860, at hay cutting time, Spading
of the sod on lysimeters Y102C and
YI03A on May 12, 1961 (fig. 12) was
followed by a reduction of the slope
of their respective ET curves. The
curve for Y101D continued at s 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 slope of the ET lines appears
cn fgure 8 The plastic sheet
placed on the ground surface of ly-
simneter Y102C, in eorn, on June 5,
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1957 efiectively stopped evaporation
of moisture from the sail.  The slope
of the line from June 5 to September
9, at which time the plastic sheet was
removed, represents the extraction of
soil maisture by transpiration alene.
1t 15 much less than the siope of the
ET curve for Y1034, also in corn,
where both evaporation and transpi-
ation removed soil moisture. Inas-
much a3 the plastie sheet on Y1020
prevented  absorption of rainfall,
there was no percolation response Lo
the excessive June rainfall. Perco-
lation increases on lysimcters Y1011
and Y103A were very appaerent, De-
talls of the tests with the plastic
cover are given on pages 50-53.
Lysimeter BT was related to pan
evaperation in the 1944-55 lysimeter
studies at Coshocton (66}, A sum-
mary of monthly pan evaporation
data for 1956-82 is given in table 7
for investigators who may desire to
continue the study of this relation.

Soil Moisture as Determined by
Neutren Scattering and
Weighing Lysimeter Methods

Seil moisture measurements made
on the iysimeters by the ncubron
staftering method (93) were com-
parcd to weighing lyvsimeter data and
wore found to be reliable for evalu-
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no percolation; that is, for most of
the growing season. Whereas the
weighing lysimeters provided daia
on gros=s moisture changes for the en-
tire 8-foot block of soil, the neutron
seattering method gave data for vari-
cus layers of the soil profile.

The neutron probe is a cylinder 1.5
inches 1n diameter and 15 inches
long, in the center of which is a ru-
dium-beryllium source and a detee-
ter tube. An access tube of thin-
wall electrie conduit 1.61 inches in
instde diameter 1s driven to a depth
of 72 inches in the center of the ly-
sincter.  Soil inside the bube is re-
moved by an auger during the driv-
ing process. The bottom of the tube
15 sealed with a rubber stopper and
cement to keep cut water. The de-
tector tube is connccted 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 determined by electrical resist-
ance fiber glass-gypsuwin blacks (93).
The blocks were placed at 0.5-, 2.5-,
and 5.5-inch depths in each lysime-
ter.  Measurements at other depths,
12 inches and greater, were made
with the neutron probe. Six repli-
eates were used at each depth—a to-

abing BT during periods of litkie or  tal of 18 blocks per lysimeter. The
Tannk 7,-—Montily evaporution from q free waler surfuce!
May : June July I ABguat Septernber Oetobier
Year ' .
N N 1

TUSWBT GPLY D oUSwWB ' oner | usws | Bpl I USWH ! iiPl | USWB | UPI | USWB ! BPI
frekes  [nches Inches | Inchea’ fnches | Inckes ], Inches | Inckea § Inches | Inchea | Fnches | Incher
538 335 10 488 5.G6 46830 &7 4.40 3.6 332 3.09 4%
#.93 439 588 4.36 §.60 4.06 i 6.4l 5.09 3.90 3.4 2.3 208
B0 425 &M 3% 6,13 4217 583 3,98 .59 288 i 2,58
5.2% 3.30 . s 509 b.0% 5000 829 .48 5.49 4.22 2.55 2.58
440 - 294 ER TR ¥ ¢ 747 sa3l 6.5 531 4.21 3.38 3.21 2.65
.05 - 416 . &7 513 6.50 4.58 ; 5.60 4.58 5.32 4.28 .29 2.74
BH f4020 B35, Sou T4 5.58 ; B.45 6.58 413 347 2.8 230

b fce-free period only. USWE evspuration pan § feel in dismober and entircly shove ground . BPE pan 6 fuet in diameter, sunken,

with water level at ground surfuce.
* LS. Wealther Burean.
+ Bureay of Plant [ndostey.
* Record starts on May 8.
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o1l layers represented by the meas-
urements made at specific depths are
given in the fellowing tabulation.

Measuring
point in Roil lnver
profile representod
Inches Taches
05,23,und335 .- 0-7
e e ————m 7-18
2 SR 18-20
K PV | 25 3]
B | U 5
B o e e 204
BS e e B472
NOOP o e oo 72-96
Moisture in the 72- lo 96-inch

depth—shale roek—wns assumed to
be constant.  Moisture changes, 4s
tletermined by the two dilferent
mothods for 3 years on lysimeter
Y1018, permanently in deep-rooted
crops, were almost identieal (figs. 14,
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15, 161, Likewisc, moisture chunges
determined by the twe methods in
1961 on lysimeters with different
soils and erops (Y101D, Y102C, and
YI103A) were very similar (figs. 16,
17, 18). Becond-year meadow on
Y102C and YI03A was plowed un-
der in April.  Corn was planted in
May and harvested in Qctober.
Wheat was secded soon thereafter
Moisture ehanges under different
conditions were determined by the
two methods,  All comparisons indi-
eatedd that the neutron seattering
method gave results adeqguate for the
mvestigntion of many agricultural
prollems,

Although daily values of moisture
vhange were available from the
weighing lysimeters, only those con-
current with the period of neutron
probe measurements were used in
plotting these graphs {figs. 14-16).
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[ndividual observations were plotted
and consecutive points connected by
1t is obvious that the
lines represent moisture content of
the se1) only if no rain feli during the

straight lines.

period

er on August 11.

hetween  observations,
example, on figure 15 there was one
observation on August 2, and anoth-
Tle line between
these two points on the graph does
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not represent the true picture, Tt is
more likely that soil moisture rose
rapidly on August 3 and 4, and was
then depleted from the 5th te the
10th.  Although the exaect moisture
trends cannot be evaluated with the
neutron probe data, they appear to
be adequate for use in computing ET
values for periods between observa-
tions and in making water budge!
studies. This use i1s deseribed on
pages 38-43.

Soil Moisture Changes Related
to Soit Type, Crop Rooting
Depth, and Agronomic
Practice

The lysimeters and the neutron
probe provided 4 mieans for evaluat-
ing the coffiect of soil type, crop root-
ing depth, and land treatment on
varipus phases of agricultural hy-
drotogy. This seetion of the bulletin
deals with the effect of these factors
on so0il moisture distribution, A lat-
or section describes the effeets on
pereolation.

Soil Type

[Juta on the effect of soil type on
the soil moisture regimen of first-
and second-year nendow and corn of
4-year-rotation lysimeters are given
in fizure 19 for the 1939-61 prowing
seasons.  {Where a moisture per-
centage i given in this bulletin, it is
perceniape of moisture based on the
total volume of the soil.} Data for
two dates are given, onc near the be-
ginning and one near the end of the
growing seasen. The soil types were
Keene silt loam and Muskingum silt
toam. The Iatter is a well drained
soll, quile permeable, with no mot-
tling in the profile, and with texture
heecoming lighter with depth. The
Koeene silt loam is slowly permeable,
with mottling beginning at approxi-
mately 15 inches.  Its upper subsoil
3% a heavy silt Joam, grading into a

-
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silty elay loam at about 15 inches,
then into a silty clay ai approximate-
ly 27 to 36 inches.  The silty clay is
high in colloids, which swell when
wet, making the profile almost im-
permmeable at this depth. This im-
permeability was a deterrent to root
penctration. In the upper 21 inches
there was little difference in moisture
content hetween 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, reflceting the contrast
in subsoil characteristies.

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 scil profile characteris-
tics, as the Muskinpum seil is well
drained and roots penetrated to a
greater depth when it was necessary
for them to obtain sufficient mois-
ture. On the Keene soil, the heavier
soil layers impeded the downward
nenciration 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. 1n the well
drained Muskingum soil there was
no such deterrent to root penctra-
tion and therefore vegetation deplet-
ed moisture from the 21- to 60-inch
layer te a much greater extent than
that on the Keene soil. This con-
trast in moisture between soil types
both above and below the 21l-inch
depth was consistent for the 3 years
regardless of cover.

Crop Rooting Depth

Data from YLD, seeded to birds-
foot trefoil in April 1957, and Y101B,
in a poverty grass cover since 1940
were used to evaluate the influence of
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a deep- versus shallow-rooted crop
on goil moisture {fig. 20). These ly-
simeters were only 36 feet apart and

SEPT. 25
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CRGP {110MD]

—== SHALLOW-ROGTED
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Fioenre 20—Maisture distribution of soil in
deap-roated birdsfool trefoil (Y101D)
and in shallow-roofed poverty gruss
{Y'101B}, 1959,

there was no significant difference in
their soil. Moisture differences were
therefore, attributed to the effeet of
erop differences. Soil moisture data
were obtained near the beginning and
end of the growing scason in 1859,
During April the moisture content of
the soil profile was gencrally 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 ly-
simeters down to the 68-inch depth.
The moisture evaluations on Septem-
ber 25, near the end of the growing
season, showed a sharp conirast be-
tween the tvo moisture eurves. Then
the moisture content of the entire
68-inch soil profile of the lysireter
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in deep-rooted vegetation was con-
siderably less than in May and also
than that of the lysimeter in shal-
low-rooted vegetation. This is the
direct result of greater depletion of
maisture through the decper root sys-
tem. Data for the shallow-rooted
poverty grass in September showed
that moisture below the 30-inch
depth was only slightly less than it
was in May. ‘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 cffeet of agronomic
practice on the moisture regimen of
soil in first- and sccond-year mead-
aw and in corn in the 4-yesr rotation
lysimeter 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 scason
are shown, In May of each year
there was little difference in soil
moisture due to agronomic practices.
Conservation-practice lysimeters
were limed to a pH of 7.0; poor-
practice lysimeters were limed to a
pH of 5.4. Fertilizer ratcs on the for-
mier were those commonly used by
“eonservation” farmers and were
about three times as large as those
usedd on  poor-practice lysimeters.
Aeadow seeding on the conservation-
practice lysimeters consisted of al-
falfa, red elover, and timothy. Al-
sike was used on the poor-practice
lysimeters instead of alfalfa. De-
tails on the agronomic practices used
on all lysimeters are given in appen-
dix tables 32-34.

In September, at the end of the
growing season, there was a sharp
contrast in moisture down fo the 36-
inch depth resulting from the two
types of agronomic practice. Below
this depth, the moisture “difference
resuiting from different practices was
less beeause 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 Y103A 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
percolation values than those from
the poor-practice lysimeters, as de-
seribed on pages 550-67.

Soil Moisture—Lysimeter Versus
Adjacent Watershed

The Coshoeton 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
cencrete sidewnlls prevented lateral
movement of water within the soil
prefile and therefore lysimeters eould
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 prebe in one cen-
tral access tube. Similar measure-
ments of soil moisture were made at
a few sclected sites on the adjazent
watershed. Some of these sites were
at ahout the same elevation and land
slope as the lysimeter. Some were at
higher or lower elevations. All sites
had land arcas of different lengths
lying uphill between them and the
ridlge top, from which surface and
subsurface flow could come. In ad-
dition, some lateral flow could escape
downhill.

%oil moisture sampling sites on the
watersheds were selected mainly to
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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 Y1(1D
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 oaly 0.11 inch. In the
lysimeter, the difference was 0.3
inch. The close agreement indicates
that the meaburements are of accept-
able accuracy.

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

TasLe 8.—Water buelgel for tysimeter Y101 D
and for walershed 102, June 10-14, 1860

Lysi- | Water-
Tiem meter ahed
Inchee | Inches
Tatal moisture measared in 0- to 54-inch
depth, ! June 10, e el 10.72 10.58
Raf. . o ccecemmcmc—cmmamm e +4. 15 +4.15
ET (lysimeter scal eee| = A — .71
Fercolation — 04 - 04
Tatal moisture in profile, June 14,
computed . aieans 14.12 13.98
Total moisture in profile, June 14,
measured VLo 13.82 13.87

1 Neutron probe measurements made to depth of 48 inches
assumed to represent moisture to a depth of 54 inches,
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the readings at the access tube sites
differed somewhat from that ob-
served in the lysimeter seoils. The
magnitude of the difference varied

by soil type as well as by soil mois-
ture content. The average moisture
content of the profiles at the various
sites in each watershed for each sam-
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Ficure 22.—Soil profile moisture distribution for iysimeter Y1011} and five sites on adja-
cent watcrshed 102, before (June 10) and after (June 14) a storm, 1960.
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pling (late was compared with that
of the lysimeter profile adjacent to
the watershed for a 12-month study
pericd beginning in April 1960 (fig.
231,

There was a considerably greater
range in moisture content of lysim-
oter so0ils than in neisture content
of watershed soils for cach of the
three sites vompared (as shown by
the greater-than-45° slopes of the
solitl lines going through data points.
The 45° dashed lines represent lines
of equal values,)  Aleisture content
of Yi0LD ranged from 8.1 to 156
inches while that for watershed 102
ranged from 9.3 to 14.9 inches. The
range Tor Y102C0 wus 7.8 to 163
inches compared to 10.2 to 15.G inch-
es for watershed 109. The range for
YI03A was (0.2 to 17.4 inches com-
parced to 12.9 to 17.2 inches for wa-
tershed 123,

Moisture values for Muskingum
AL Toam over sandstone {watershed
102 versus lysimeter Y101, which
had » birdsfeot trefoil cover, showed

INCHES WATER

the best agreement of the three lysim-
eter soils with the line of equal val-
ues. At the highest moisture con-
tent, moisture values of lysimeter
Y 101D were higher than those of the
watershed, but at lower moisture val-
ues the reverse was true.  Moisture
values for Keene silt loam (water-
shed 123 versus lysimeter Y103A),
in sceond-year meadow, showed the
poorest  agreement—the  lysimeter
vilues were consistently lower than
those for the watershed on all dates
sampled exeept two.  Moisture val-
ues for Aluskingum silt loam over
shale twatershed 109 versus lysime-
ter Y102(') were intermediate be-
tween the other fwo in agreement.
Only eight lysimeter values indicat-
etl a higher moisture content than
that of the watershed, and these
were ¢lose to the line of equal values.

Cne deep access tube was placed
on cach watershed to provide a com-
parison of watershed moisture values
with those of the lysimcters to a
depth of 72 inches. The contrast be-
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Fiarre 23 —Comparison of soil moeisture of three watersheds with that of adjacent
Ivsimelers for the 12-month period ending April 14, 1961. Tiashed lines are lines of
equal values. Neutron probe measurements to a 48-ineh depth assumed to represent

maoislure to a 34-inch depth,
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tween the 0- to 72-inch moisture in
lysimeters and that at the decp-tube
sites on the respeetive watersheds
wag even more pronounced than that
hetween the 0- to 34-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 -
simeter~watershed moisture relations
appeared to be greater,

For all three comparisons, the ly-
simeter moisture content approached
that of the watershed at high mois-
ture levels, whereas at low moisture
levels the contrast was greater in
most instances,

This study indicated the shoré-
comings of selecting a 1/500-acre
plot on a hillside, isolating it with
impervious side walls, and expecting
it to represent the hydrologic behav-
tor of a 2- to 3-acre watershed with
its variations in soil and degree and
slope. The study also raised some
fuestions concerning the validity of
watershed moisture values estimated
from data from a small number (5-
71 of sites.

Water Budget Studies

Values of BT, sometimes termed
consumptive use, were determined
from the equation

ET=P—CG—Q—aAM

where ET=evapotranspiration
P=precipitation
G =percolation
Q=surface runoff
AM =change in s0il moisture

All factors on ihe right side of the
equation were  determined direetly
from lysimeter data. al was deter-
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mined from the lysimeter weight rec-
ord. Water 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.  Moisture 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 4.972
inches on Y103A was about average,

In the wheat seasons, moisture
storage gains exceeded losses both in
ameunts and in numbers of oceur-
rences., During the four first-year
meadow seasons, moisture depletion
predominated. During the four see-
ond-year meadow seasong, moisture
gains predominated.

Monthly water budget data (ap-
pendix tables 35-38) show relations
between precipitation, percolation,
runoff, 8T, and soil meisture storage
changes throughout the different sea-
sons for lysimeters Y102C and
Y1034,

The use of & nuelear probe and
fiber glass—gypsum biocks for evalu-
ating AM, discussed in an earlier sec-
tion, made it possible to evaluate ET
on nonweighing lysimeters. Tables
10-13 present water budget data for
weighing lysimeter Y103A and non-
weighing lysimeter Y103C.

Data for 21 sampling dates (MDMay
6-Sept. 23, 1959} for lysimeters in
first-year meadow are given in table
10.  Precipitation values wers the
same for both lysimeters, Percola-
tion was higher on the peor-practice
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TaBrt 9.—Water budgel summary for corn, wheai, and meadow crops, lysimeters Y1020 and

Y1034, [945-62

Precipi- Perco- | ASuil

Lysimeter Crop Perted ! Year tation | Runoff | ET fation | moisture

Inchex | Inchex | Inchex | Incher | Inches
Yzl ..... Cara May-Sept, 1945 .. mm——— 23.07 344 18.62 234 —1.33
10 L —— 1.9 27 20,63 07 —3.968
L1775 T 120.58 O8] 2.0 2.33 —4.84
111 24.84% | Y1561 | Vi2.54 148 —-5.52
117 D .47 .14 1B.76 82 —8.35
Average.._.__ 2014 .17 i8.77 L6 —4.40
Wheat Oct.~June 194846 e mmme 32.43 1.08 25,25 7.47 —-1.35
.13 2072 1274 3.18
A4 22.68 3.3 —1.76
28 2108 8.17 5.10
1.51 i5.62 B.17 85
.69 2887 7.18 1.5¢
Firal-year July-duly 38 3642 12.698 —3.08
mesdow 55| 34.98 1 1988 —5.88
A3 36.94 7.72 1.18
21 42.04 8.15 —12§
39 38.78 12.13 —2.26
Second-yrar Aug.-Apr, e 1 63.35 .20 53.30 11496 4.79
meudow 195153 . 66,89 28| 4678 | 1282 .31
1985-57_ 72.32 60 52.70 13.64 538
195961 71.39 55| 5300 1.1 6.04
5.88

Inches
Yi03A...oaaa Corn May-Sept. o437
— 407
—7.03
—4.22

=il
—4.45
Wheat Cct.-June —3.27
3.4%
29
4.25
- .38
87

First-year July-Tuly ~3.0
e&i —5.50
]
—~4.00
~3.06
Becond-year Aug-Apr. 4.09
mendow §.27
5.43

4.8

i

? Corn, from spading sod 1o harveat.
Whest, from cotn harvest 10 wheat harveat.
I-_rx!.—yesr meadow, from wheat harvest to last hay cutbing, Tollowing vear.

Second-yeat roeadow, from last cutting of first-vesr meadow to apading sod for corn.

2 Irrigated 5.53 inches,
1 Plastic sheet oa ground surface, June 8 fo Sept, ¢,
4 brrigated 2.24 inches,
* [rrigated 8,1} inches.
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Tasre 10. —Dala on faclors in the waier budye! Jor lysimelers Y1034 and Y IO3C, first-yeer
meadow, 1958

Evapotranspiration 3
Percolation Surface runoff  § Moisture storage

) Preciin- . : change ¢ i
Period ¥ Latson ' Total 1 Average daily

VI3AT YIOR0! YWSA Y080 YI03A© YH3C YMEA Y030 YI03A © Yieac

Iach Inck . Inch frek | luehes Inches - fnches fach ¢ lack
B YT IR Y M Y- T ¥ TR g ety - ""i'.-i&“;""i:éﬁ':‘_ﬁfiﬁi'i’h_bﬁiéﬁ
02 . 1] : b= B0 K 33 A5 186 s
09 - Lo 83 i 1.8 .09 261
" I SO A .72 LG . NIEa

—-1.32 . L6 L6 .oag
81 438 .3 L3 1m ligle
S 31, 4. L4 LI3 130 .
BLE — 06, + . 1.25 496 .08
~LH; = 145 om0

-1~ ]

o

~15T 1 = LE6 - 272 ;
C 4 A 35 a8l e
=3 — Lis 104
© =105 . . B T
81 L7 59 53 830 |

R
255 i
088
. RTIN
0T, 80 0.
- Nt

N 200 4 s o4l : (€237 OT2005 167 -

DOTo O

o
—153,
— s
— a2t

o — el

I ]

! Ench period ends at mudmight of the date on the hinw from which data are read and beging al midnight of (he date on th'
preceding line, “except first poricd, which beang at 08:00 a.n, of May 81,

t feene ool loam, convervation practice,  Hay cut Jupe 11, Amg, 3.

* Keene silt, foam, poor practice.  Hay el Jyne 11, Aug. 3.

! Betermned by Bher ghass wypsum blocks in the §- (o 7 -inch fayer and by the nuclear probe methodin the 7- to 72- inch layer.

3 Values derrved lrom water budeet equation,

& Yield £.31 tona per acre or 0L151 tons pet anch of waler consumed,

T ¥eeld 3.03 toas per aere or 0131 ton per inch of waler consgined.

lysimeter. Runoff values were very inches, determined by the neutron
small on both. Derived {formula 2) probe method. The contrast in ET
values of total ET and average daily  between the btwo practices—24 77
ET are given for each period. Total  inches for conservation practice and
LT for the season amounted to 23.77  18.66 for poor practice—was even
and 20.05 'inches for the conserva- greater than in 1059. The yield of
tlon-practiee {YI03A) and poor- hay per inch of water consurmed
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 values
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-
Simifar data arve 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 Y1034, evaluated Similar data for the corn erop in
by the lysimeter weight record, was 1961 appear in table 12, Total T
26.30 inches as compared to 24.77 for the period May 2 to September
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Tancy 11, —{{ale on faclors in the waler budgel for lysimeters Y HI3A and Y 1130, second-year
wmeatlow, [61

. 3 Evapotraspiczlion *
Pervolation Suelaee runoff Momture sworage
Prectpie change ' : . .
Prrtedd talioh ' Totai Average duily
YIG.'.!-\" Y0y YiI03A Yo Yi0daA \'103(:‘% YWEA YOI Y1esa o Y1030
r

taches fnck  Faches fack . lack fnehes Jnc!lu; Frches !m:&ﬂri Fach ,I {nck

May 4 T Y [
May I8 . 202 0.02 0.0% [i] Lt] - l 13 [ERELS
May 94 . 5.04 D3 02 g 3B {oLg 086
Juare | Bl i1 i [ li] N 188 RL1]
Juyne ¥ - T [ 31| L] 1] — .52 - b2 1.2 i {1 - 18
Jugte 3 5.0 Keh 149 Kth3 i3 =347 4+ 92 Li% 204 125 BTl
June 25 . 55 02 o4 0l 0 . —1d6 —ap4c 23t 1.53 430 260
duly 5. .. 1.54 N LX) A 04 + 45 4 35 - 1.37 [ 4 ' 456 AsG
July 12 . 03 Mm o B Q —-1.21 — .45, 1.83 A 136 Rit
July 19, . P44 11} 03 0 1] 4 .01 + &7 1.22 L g 128
Suly 20 .. 54 B a1 B a2 -0 B8 . —f4G° L7e 1897 ¢ .243 - L25E
Aug 5 . 3484 Lt} 04 04 B 1T 4130 12§ ¢ LAY 43 168
Auvg 17 ca 4 .07 G2 [+ 1] —1.76 =134 L3 i.43 H (158 A8
Aug, 30 . 304 1] A RH A L35 +" &3 2486 . 185 N1 081
Hept B L 7 a #2704 0 =101 A LT Ll 4 157
Sent 14 R 2 B ue # [t - =LAy - Lah 178 I8 2y 098
Sept. 26 . K [t} 51 13 B =107 102 g8 107 i G490 . {89

Total . .- 2064 . A5 250 M R R CERETT: TISGD  LATH E 129

1

1 Fach pc'rmd entds at mitlmght of the dute on L law from whick data are ceqd and beging at midaight of the dote on the
peeceding hine fexeept first periad, whiek bewtns at 00.00 2.0, of May 1),

T Hevne st lgan, conservation pructice.  Hay ent June E Juby 22,

¥ Koone aild foaem, pooe practice. Huy cot June §, July 22,

T Deternnned by ﬁ{mr glass -y pun blocks i the O 1o 7 et Layersnd by the suclear probe method i the 7o to 72-iach layer.

* Values derived feous water budet pquation.

& Yield 4 57 tona per aeee or 8154 Lou per ich of water consumed.

T Yied] 2.56 tous per acre or 0,130 ton per ineh of water consumed.

21 on Y103A, evaluated by the lysim-  the period March 29 to July 11 on
eter weight record, was 2234 inch- Y1034, evaluated by the lysimeter
es, compared Lo 21.98 inches deter- weight record, was 1622 inches as
mined by the neutron probe method., compared to 16.58 inches, determined
Values of BT {21.98 vs. 19.04 inch- by the neutron probe method. Aver-
es) and water-use efficiency {7.73 vs. age daily ET was very low from
6.78 bushels per inch of water use} Alarch 29 to April 19, amounting to
were greater under eonservation than  0.067 and 0.055 inch for the conser-
under poor practice. Average daily  vation-practice and poor-practice ly-
E'l for the period amounted to 0.155  simeters, respectively. Little tran-
and 0.134 inch for the conservation- spiration occurred during this period
practice and poor-praclice {ysimeter, because the plants were smali and in-
respectively. coming solar radiation was low, Val-
Water budget data for the wheat ues of average daily ET and water-
erop in 1962 appear in tabie 13. On-  use cfficicncy for the wheat ¢crop were
ly fve soil moisture sampling dales greater on the conservation-practice
are reported hecause soil moisture  than on the poor-practice lysimeters,
records after May 7 could not be tak-  as they were for the corn and mead-
en without damaging the wheat ow crops.
erop. The last date for determining These ET values, derived from the
soil moisture (July 11} was just aft- measured water budget factors,
er the wheat was cut., Total ET for agreed closely with those determined
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Tapus 12 ~Duta on faciors in the waler budgel for Iysimelers Y1084 and ¥ 03C, corn, 1961

Evapotrazapiration +

Percolation - Yurfuce runofl | Maoisture storage |
Precipe- : ¢ chunge ! !
Penod ttion i Totsl Aversge daily
TI034 7, YI03CY  Yi034 | Y1030 , Yi03a i g likieg [ Y1034 ; Y30 | Yi03A | Yioac
fachea {neh Inthes  Inch - Inch ‘. Inchee ' Inches ‘ Inches l Inchas Fueh Inek

May 2. ey e e X R TTrTe PO S [,
May2d . . .78 03l - 0.57 0.1 0186 G078
June 3 PR 20 - 4 . k] 082 128
Fune 16 | . 178 0G| 42 5] W45 Bk
Jume 20, .. ... [ Al 810 2 308 210
Jone 28 .. . . NiTi 08 85 Rl A A28 155
July 30.. . ... 38 . 02 . 03 & i A B A 207 128
July 1§, .. ' 05 L2000 0 4430 4280 32 A8 84D 038
Jabe 28, ... 252 or - 05 6 ! op, 4+ .29 4+ 897 220 1s7]  a7m 198
Admg. &L 2,80 0. 63 - A3 UL N 1l 132 1.8l 250 259
Awg . L L. 0 . ol - 8z i} . 1] Pl P B B ] .35 B9 183 MLl
Aug @5 . ... A7 o1 - a1 0 ; 1] ! —-1.23 i —1i.18 138 134 232 283
dog.? . @ e o1, 0 ' 9 —gi —.ae! 3] iasl 9| w2
Aug. 29 L & EiH iH | 1] A — oY l + .5 a4 32 188 084
Spl 8, . L. re) B [} ] . 0 D= - .85 L35G 157 i85 {88
Sept. 12 ... D : I & [1]] 1] 2 ) —1iz i —~ 8% 112 87 187 45
Hept. 2l - 2 1 0 ] ! 1] o=l - a7 A Rl 04 067
Total ... 1538°  A6: 14 .48 | kT8 N " ........ soi08 ] Y1004 | ass .134

! Back geriod endy ot mudnight of Uhe dute on the line from which dala are read wnd bogine at midaight of the dete on the
precethng line tervent first period, which beying at 0000 3.1m, of May 23,

* Keene silt losin, conservation pructice, Uorn hapvested Oct. .

3 Hoene mit foam., i)em' praetiee,  Corn hurvested Oet, g,

' Determned by Blue gf:l.wf'munl blocks in the 0- 1o T-ineh layer and by the nuclear probe mothod in the 7- to 72-inch layer.

* Valted denived from water budget eoustion, X

b Yielt 170 hushels per acte ur .23 hushels per inch of water condumed,

7 Yieh 120 bushels per acee ur 6.75 bushels per nch of water consyted.

Tange 13, - Date on factors in the water budget for lysimeters Y1034 gnd Y1 03C, wheat, 1962

. Evapotranspiration *

) Percolation  © Surfacc runci¥ | Moisture stormge
Precipt- . change * K
Perrexi ! © btion | : Tota} Average daily

LT ¥
; \'103A?F YiesCs | Yiooa | veosc | viosa l Y1paC | Y1034 | YM03C | Yio3A | Yio3C
' Ll

| Fnohex , fnch

frche ’ Inches Inch fn:.ﬁnl Incher | Incher | Inchex | Inch Inck

Mar. 29, A S O Ml T Mot Sl IR S
Apr 19 250 i.i8 (B ] Q.92 {00t} -+l ‘ +0.39 L4 LiG 0.087 0.656
Apr 24, L Rl £ 0 & — 8%, - 35 1.08 ST 16 14
Mayp UL &y wei w3t oo oo | Tvsid —nm| tes| rasl fss| s
July Bl 6.73 A2 a3 B O [ —5.50 l —3.450 12.16 10.89 186 158
f—— ———— _ _ :
Tatal. ... 10.3% ¥ 151§ 031 108 R, [ I ¢10.58 | T13.45 15D 128
. 1 ) .

! Bach period ontds at mdimght of the date on the line from which data are read and begins at midright of the date on the
precoting hne foxcept fiest pessod, which begins ot 0800 a.p. of Mar, 263,

1 Kevne xit lonm, condervation practice.  Wheat harvested July )1,

Y Keeae nit foam, poor practier.  Wheat hurvested July 11, .

¢ Detertmnndl by Bt glats-gypeum blacky in the 8- 107 inch layer und by the nuclear probe method in the 7- Lo 72-inch layer

5 Waliey dderived from water budget eonnelion.

¢ ¥ieid 69 luhely poe aere ar 416 bushels nee ineh of water consymed.

¥ Yield 22 busbels per scre or 2,23 bushely per inch of Waber consuinod,
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from the lysimeter weight data—
further evidence that the soll mois-
turc measurcments by the fiber glass-
gypsum blocks and the neutron scat-
tering method were of reliable aceu-
racy. The nuclear probe thus appears
to be n useful tool for determining
ET where the factors in the water
budget other than soil moisture {run-
off and percolation] can be evalu-
ated with a reasonable degree of
ACCUPRCY,

Water Use by Crops

The amount of water required for
erop growth has been the subjeet of
many  investigations, especially in
the arid and semiarid reglons of the
country, where irrigation of erops is
essentinl for production. In recent
yeurs, irrigation in the humid cast-
ern states has been found to be prof-
itable in many cases. The scarcity
ol water supplics, the cost of teans-
porting water to the crops, and the
ioss of plant nutrients through leach-
ing have ereated a demand for sound
technieal information on the usc of
water by erops to belp develop plans
lor wize use of this vital natural re-
souree.

Information on water use by crops
is needed to estimate soil moisture
depletion rates and subsequently to
evaluate soil moisture conditions he-
fore critical storm perieds.  Such
evaluations are importand in esti-
mating infilkration rates and calcu-
lating storm  runoff rates and
amounts.

Weight records from weighing ly-
simeters Y1020 and Y103A for the
1941-62 period provided data on wa-
ter use by different crops in a d-year
rotation during their periods of
growth (table 14). These data arc
for 6 corn years, 6 wheat years, 5
first-year-meadow years, and 5 sec-
ond-year-meadow years, The data
include both evaporation and tran-
spiration, inasmuch as both processes
deplete soil moisture.
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All data in table 14, exeopt those
for lyvsimeter Y102C in 1953, 1855.
and 1957 arc for naturnl conditions
tno irrigation, no plastic cover),
where periods of soil molsture defi-
ciency normally occurred during Ju-
Iv, August, and Seplember. 1f there
had been adequate moisture for max-
imuwn erop produciion during the en-
tire growing season of cach year, it
is likely that more water would have
been used.

fnusmiueh as evops on lysimeler
Y1020 were derigated in 1953 and
1955, datu for these years are for
optiniu moisture conditions. Total
amount of water used, erop yield,
andl efficiency of water use all show
the effect of irrigation.  In 1957 the
so1l surface of Y102C and Y102B
was covered with plastic to climinate
evaporation losses,  This experiment
is deseribed on pages 50-53,

The amount of water transpired
and evaporated in the dlay-to-Sep-
tember poriod in the production of
corn ranged from 17.4 to 218 inches,
with one exception. Only 13.2 inches
wore removed in 1857, when evapo-
ration was ¢liminated during most
of the season by covering the lysim-
eter soil with a plastic sheet, Under
natural molsture conditions crops on
the high-moisture-retaining soil of
fysimeter YI03A used more waler
than those on the light textured Mus-
kingum soil of Y102C. In 1853,
however, water use on irrigated ly-
simeter Y1020 exceeded that on
Y103A by 1.8 inches.

Yield of corn without irrigation
for the 1941-61 period ranged from
34 to 170 bushels per acre. The low
yield resutted from insufficient mois-
ture in Auvgush 1945, With irriga-
tion, in 1953, 186 bushels per acre
were produced on Y1020,

The cfficicney of water use was ex-
pressed in two ways. One way evalu-
ated water-use efficiency by dividing
the dry weight of the crop, in pounds
per acre, by the inches of water used
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TasLE 14.—Water used by crops during season of growth, 1941-62

‘; ) i . Lrey weight of Water-use efficiency—
. Lymimeter | Period © Water une Crop . cropiocluding crop produced per atmount
 (ET) yield' | straw or stover h of waler used

Crop and year

In.facre Bu. aere - Lb. facre L. fin. Bu.fin.

10.000

7,400
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14,500

H,100
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* Computed on ar aere basis fram the lysimeter data.

1 Ineluides 5.82 inches of ierieation waler,

1 Boil ayeface covered with sheet of clear plantic from June 5 to Sept. D Lo stap evaporation.
1 Tneludes 5.32 inchea of irrigation waker,
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during the season. The other way
evaluated water-usze efficiency by di-
viding the crop yield, in bushels per
acre, by the inches of water used.
The results show that cficiency of
water use on cornland without irri-
gation or evaporation harrier 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-
cicney was 1.81 (1945, Y102C) to 8.26
(1961. Y102C) hushels of corn per
inch of water used.

The highest efficiencey, 1,364 pounds
or 947 bushels per ineh of water
(1957, Y102CY was obtained when
evaporation was prevented by use
of u plastic sheet. Average values
for lysimeters Y102C and Y1034
show approximately the same crop
vield, a witer use of 19 to 23 inches,
and 8 water-use efficiency averaging
close to 700 pounds of crop, or G
bushels of corn, per ineh of water
used,

The total amount of water used
for wheat production during the
April to June period ranged from
12.0 to 13.5 inches per acre.  The effi-
ciency of witer use in producing dry
weight of crop was less for whest
than that for corn. The weight of
crep produced per inch of water used
ranged from 300 to 898 pounds, and
averaged 413 pounds, Crop yield
ranged from 32 to 62 bushels per
acre and averaged 45 bushels per
aere. Bushels of wheat produced
per inch of water used ranged from
238 to 4.34 and averaged 3.26. The
greatest efficieney in water use was
coineident with the maximum erop
vield.

Lysimeter Y102C was irrigated in
(reteber 1833 to start the 1954 wheat
rrop.  Apparently this resulted ina
slight, Increase in yield without affect-
ing the amount of water used in the
April-June period—14.0 inches for
irrigated Y102C and 14.7 inches for
unirrigated Y103A. However, effi-
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ciency of water use was 431 pounds
or 3.86 bushels of wheat per inch of
water on the irrigated lysuncter and
373 pounds, or 3.27 busbels, on the
unirrigated lysimeter. Water supply
was seldom a limiting factor in the
production of wheat in this region,

On the meadow lysimeters, crop
vields and efficiency of water use
were noticeably affected by available
moisture. The water-use period of
April through August was selected
to reprerent the meadow growing
seasron. However, values for the
period beginning April 1 and ending
with the date of the last hay harvest
may have been more useful, These
values can be obtained from the
graphs of aceumulated BT (figs. 7,
10, 111 of this bulletin and similar
graphs in Teehnical Bulletin 1179
1687,

Water-use values for first-year
meadow without irrigation ranged
from 19.4 to 27.1 inches per acre for
the scason and averaged about 23
inches for the 5 years of record (table
14). Yields of unirrigated ecrops
on these lysimeters ranged from
1.67 to 4.67 tons per acre. Water-
wse cfficiency ranged from 165 to 360
pounds of erop per inch of water
used.  With noirrigation, the highest
vield corresponded to the greatest
water-use efficiency, and vice versa.

With irrigation on Y102C in 1955,
water use reached a total of 27.0
inches per were.  Crop yield was 5.97
tons per acre, the highest for any in
first-year meadow. Water-use effi-
ciency with irrigation was 442 pounds
of erop per inch of water use, the
best first-year-meadow value,

Water-use values for second-year
meadow for the April-August period
ranged from 19.0 £0 27.5 inches. Crop
vield ranged from 1.50 Lo 6.76 tons
per acre. Water-use efficiency for
the 3-month period ranged from 147
to 524 pounds of crop per inch of
water used. Information on the dates
anid number of hay cuttings on cach
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lysimeter are given In appendix
tables 32 to 34.

ET from cornland in May and
early June was usually low—about
2 inches per half month; leal area
was small, so transpiration was low.
Evaporation was high from a wet
soil surface and low from a dry soil
surface. The difference in BT data
for nearly bare cornland (Y102C)
and for legume-grass (YIMD) is
shown by the wide divergence of
their soil moisture curves in MMay
and June 1961 (fig. 12).

Wheat used water most rapidly
in May and early June (fig, 13}.
Soil water was removed by ET {rom
wheatland at about the same rate as
from grassland in this period. Water
needs for wheat diminished after the
middle of June. After the harvest of
wheat and the removal of straw, the
new meadow of timothy, red elover,
and alfalla grew rapidly and re-
established high rates of ET {sec
fig. 9.

Water-use cfficiency, in terms of
erop weight, was lower for meadow
than for either corn or wheat. The
average values of crop weight pro-
duced per ineh of water used for the
1941-62 period are 736, 404, 310, and
327 pounds of corn, wheat, first-year
meadow and second-year meadow,
respectively, on lysimeter Y102C.
Average values for the sune crops
on the Keene silf loam of Y103 were
(84, 422, 254, and 315 pounds, re-
spectively,

Irrigation on  first-year-meadow
lystneter Y102C in July and August
of 1953 resulted in continued high
use eof water until late September
{663. The contrast in water-use
cfficiency was quite evident inasmuch
as 442 and 360 pounds of erop were
produced per inch of water used on
the irrigated {Y102C1 and unirri-
gated (Y103A0 lvsimeters, respee-
tively.

Water-use data for second-year
meadew  were similar to those of
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first-year meadow and the period of
maxiinum eonsumptive use without
irrigation for both extended from the
last hali of May through July.

For certain purposes, such as the
design of Irrigation systems, it may
be necessary 1o know the maximum
consumptive-use rate for periods of
a weelk or 10 days. Table 15 shows
the average daily rate of consumptive
use for the i0 consecutive days of
maximum use {(maximum 10 days)
and the average daily rate for the
entire month.  For example, in Aug-
ust. 1953, the average consumpiive
uge for the maximumi-10-day period
for corn lysimeter Y1020 was 0.36
inch per day and the average for the
month was 0.22 inch per 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 confronted with a demand
for 0.36 inch per day. It was not
uncommen to find the maximum-10-
day average daily consumptive-use
rate to be larger than the month-
hasis average daily rate hy 23 per-
cent: or more. In some months, the
average daily rates of consumptive
use for the month and for the maxi-
mum-10-day periods were almost the
spime,

The moisture values for the top
40 tnches of soil {table 18) represent
an approximate daily average for the
month.  They are given to help the
reacder see in general how consump-
tive-use values dropped in August
and September due to lesser available
goil noisture. There is some varia-
tion in this relation. Sometimes
avatlable moisture in the top foot
or two of soil was nearly exhausted,
causing reduced yiclds and lower
consumptive-use  values  although
there was enough moisture helow the
24-inch depth to give a fairly high
moisture average for the emtire 40-
ineh profife.

The trend of consumptive use
throughout the May-September sea-
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Ficure 24— Average daily consumplive use by wheat, meadow, and corn crops grown on
Iysimeter Y103A during 1942-62 period.




TaBLz 15.—Average daily consumptive use (ET) and soil moisture, lysimeters Y102C and Y1 08A, May~-Septemnber 1942-62
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son for all four crops is illustrated
by figure 24. Comparisons can Le
made belween averape dally values
for the month, for maximum-10-day
periods, and for the highest maxi-
mum-10-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 critieal examination
be made of these Lwo eomponents of
consumptive use, since water saved
would be of value for the future ex-
pansion of urban and industrial arcas
as well as for farm and recrestional
uses.

Peiers and Russell (720) in Tlinoig
found that by stopping evaporation
with a plastic soil cover, a good corn
crop could be produced with only 5
to 7 inches of stored soil water.
However, in their experiment there
may have heen subsurface water
additions to the test area from out-
side soil sources. To eliminate this
variable, they suggested that the
study be conducied on lysimeters
where lateral movement or eapillary
rise of water eould be controiled.

The objectives of the study de-
scribed in this section were twofold:
(1} to determine the relative magni-
tucdes of evaporation and transpira-
tion from a growing corn 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
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Ficure 25 —Plastic covers on zoil of lysim-
eters Y102C and Y102RB, June 5, 1957,

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

Lysimeter Y1020, with its autn-
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 to the soil.

Lysimeter Y102B was chosen to
evaluate the effect of soil cover on
percolation — the second objective.
Water was added beneath the plastie
cover (fig. 26} in amounts equal to
that which was absorbed by lysim-
cter Y1024, 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 (707,

Weight-change records on the cov-
ered lysimeter Y102C 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 comn,
were used in a Y102C-Y103A regres-
sion (r==0.95 standard error of esti-
mate = (.021 inch per day) devel-
oped from previous corn years when
trentment on both was identical.
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26.—Plastic  cover lysimeter

Fioone
Y102B and infiliration tube, June 5,
1957,

an

Estimated E values for the covered
lysimeter were derived by subtracting
recorded T values from predicted ET
vilues,
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Rainfzall, transpiration, and evapo-
ration data for this experiment are
presented in fable 16 and fipure 27.
During the May 1 to June 5 period,
before the plastic sheet was placed
on the weighing lysimeter {(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,

(f the total predicted ET of 15.44
inches for the period June 6 to Sep-
tember 9, T amounted to 55 percent,
{8.47 inches} and I, 45 percent (6.97
inches). Prior to June 5, the propor-
tion of B to T was, no doubt, con-
sitlerably greater than afterwards.

For most of the May 1 to June
5 period, there was little or no leaf to

T T T T Ll
- RAINFALL .
'y
o
3z
z
oL _.lll_-__J . l . .
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Froure 27 —Cumulative values of recorded evapotranspiration (ET) and trapspiration
(T}, predicted cvapotranspiration, and derived evaporation {E), June 5-September
9, 1957.
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TasLe 6. —Recorded, predicled, and derived evaporation and lranspiration from lysimeler
Y1020, May-Seplember 1057

Evapotranspiration !

Trangpiration ©  Evaporation
Period Rainfall ¢+ recorded on  ; derived on
Reconded Predicted Y02 = ; YigzCt
TI03A Yipel .
Inrhies frcher Inchex Incher Inchea
May I-Juned.., oovueann. .. 1.91 4.52 * 25! JR O
Jupe 6300 .. ... - 115 500 424 L7 2.47
3.69 708 b6.657 414 | 2,53
253 1.56 3.99 . 240 1.59
15 . .36 B 16, .38
Tatala:, . ... ...l
May l-Zepr 9. L 2214 22,49 L
June B-Bept. 8 .. ......i... 17,23 797 15.44 547 597

! Lysimeter nneaverel.

* Plastic cover placed on groumd over lvsimeter Y1020 on June &,

FMeasured

transpire water, By the time the
plastic cover was apphied, the plants
covered approximately 5 percent of
the lysimeter area (fig. 25). 1If all
the 3.69 inches of moisture removed
before June 6 were E, total E for the
May I to September 9 growing sca-
son would have been 6.97 4 3.69, or
10.66 inches, and the total ET 1544
- 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 May 1 to June 5 period was B
necessarily resulted in a small under-
estimate of T for this period.

1t was concluded that a seasonal
estimate of E equal to 45 percent
and T equal! to 55 percent 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 the uncov-
cred weighing lysimeter {Y1034)
and T on the covered weighing ly-
simeter (Y102C) are shown by cumu-
lative curves for the period June 6
to September 9. Predicted ET and
derived E curves for the covered ly-
simeters are also shown in this figure
along with rainfall amounts.

The plastic cover introduced some
unnatural conditions. Several checks
and comparisons made as cdeseribed
subsequently indicate that the re-
sults were reasonable. Fstimates of
E were compared to potential evapo-
ration as evaluated by evaporation
pan data. The effect of the cover on
the encrgy balance was considered.
Soil temperature and crop yield data
were compared to those under natural
conditions.

A comparison of derived E with
pan evaporation 15 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 equat
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 (86). The
slope of the double-mass curve (Ag.
28) departed noticeably from this
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relationship once that month. This
corresponded to a dry period of 8
duys having about 0.1 inch total rain-
fall,

Az the shade from the vorn plants
increased and available soil water
deereased, the derived values of soil
i hecame less than those of pan
evuporation, Further inerease ol lead
shade and Jdecreased evaporaiion of
soil water in August produced u
so0il-I7 to pan-I ratio of 0.5, Notice-
able departures from the general
trend which appear in the curve on
fipure 28 are associated with dry
periods. The most striking one was
from July 24 to August 13, when
total rainfall was less than 0.1 inch,
Near the entd of this period, the soil

23

surface was very dry, the derived
vatues of daily soil E were almost
zero, and the double-mass curve ap-
proached a horizontal line. In this
wse, the derived soil-E values secm
to be about what onc would expect in
relation to pan evaporation,

Tt is possible that the solar cnergy
causing transpiration was not exactly
the smne for the covered and uncov-
cred cornland surfaces. The dusty,
trunslucent, plastic cover was not
expected to increase reflected solar
energy sufficiently to significantly in-
crease transpiration.  Transpiration
vitlues fromm the covered treatment,
especially after the plants shaded the
surfaee, were considered to be com-
parable o those under field condi-
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Tinure 28.—Cumaulative derived evaporation from lysimeter YIMC versus cumulative
pan {6-it. dinmeler) evaporalion, June 6-Seplember 9, 1957.
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tions as simulated by the uncovered
treatment,  Fritschen and Shaw 148)
und Waggoner and Reifsnyder 1778}
al=n evaluated this influence.

The trusslueent cover, however,
rused some abnormuad effeet on the
temperature of the soi and air be-
neath the cover {table 171, The soil
of the eovered lyshneter with no
water added (Y1020 showed con-
sistently higher mixbuum and some-
what Jower minimum temperatures
than thut of Y1028, to which water
wits addil under the cover.  The
remperature of the soil of both cov-
vred Iysimeters was higher than that
of YH02A, without o cover.  Gelger
£511, in his stwdy on mieroclimate,
gives pxamples of analogous condi-
tons amd shows their effeet on tem-
peradure relutionships in and near
the cround surface, The confined air
space botween the xotl and the plastie
sheet serverd ns an insulation against
heat  Lransfer; the plastic  cover
touched the zround surface at only
w few poiats, Soil heat losses asse-
ciated with evaporation of soil mois-
ture were redueed by the cover. Heat
exchange from soil to atmosphere
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through wirbulence was prevented by
the plastic cover. Loss of heat from
z0il to the atmosphere was further
minimized by the poor conductive
propertics of the air layer beneath
the plastie.  Furthermore, the beads
of water constantly on the bhottom
side of the plastic sheet practically
stopped the infrared radiation from
the soil to the atmosphere, As a re-
sult, =oll temperatures were higher
under the plasiic cover,

The sHghtly lower maximum seil
temperatures on YI02B compared
with those on Y102C were probably
due to the higher available soil mois-
fure in the former, in view of the
high specific heat of water. Part of
the energy received by the covered
and irrigated lysimeter was used to
evaporate the moisture available in
the profile while less was used for
this purpose on Y102C, Table 17
also Hlustrates 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-
tie soil cover,

Tanne 17, ~Tem peratiret duta, June-Seplember 1957
! F:

Soil trenpreratues at 334 anch depth

Air teinperature

One inch sbove ! Betwern cover and
ground aurfsce s0il surfuce

Y20 —Cover,
0o wnier added

Cortiand—Nocover,.

Y020 —Cover,
no water eided

no walter added

Muximum Mipmum Mazimum Minusom ,\!mimum!i Mintmum Maxunum, Mink

| .
A n:imum! M

Perod e e e
YiR1A -Norover, Y1028 --Cover,

no waler wrdded waker addod

oF. of. - ap L1
June ID B0 Lol Ll Ll o L
June BE 39 . L. Lol L e
duly LB L IS 70 L1 T
Judy 1L-200 ... ] ;1] g V4
Jisiy 2 30 L b o 90 5
Apg. 100, L | &9 29 I
Aoz, 15-20 0 ., Pl iy §2 It
Aug. 2831, T it N4 T

Sepl.i-30.. .., ' %5 %2 H

Cep e en b oep
59" 68 ;
[ 54 - 544

95 15 8 1

93 M- & 66

43 [ 74 b 67

90 - 73 [T 65

95 . 71 g . &3

% 73 b3 83

gl 0 8: 60

' Renduiga taken daaly st appronmately .30 4 m. are averaged for cacll pertod and listed undyr minimum; readings Waken fram
2o 4 p m. aee aversged for sach penod amd listed ynder muximem,
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Yield data given in table 18 show
very high values for all treatments,
The plastic cover placed or June 5
over lysimeter Y102C, with no water
added, in cffect ereated z drought
jasting from June 6 to September 9.
The 125 bushels of corn per acre
produced can he attributed almost
entirely to the water stored in the
s0il,

The corn plants on the covered
Iysimeters never showed serious need
for water. But there must bave heen
some water stress on Y102(' {cov-
ered, no water addedi as corn yield
thercon was less than on either the
ancovered Y102A or the covered and
walered Y1023, At harvesttime, the
moisture content of the top 7 inches
of secil on covered fysimeter Y1420
was 4 pereent by volumme. Wilting
point was about 9 pereent by vohume,
Total moisture in the 8-foot profile
of thix lysimeter on October 1 was
less than that for any provieus corn
yvear. The soil in both the uncovered
lysimeter Y102A and n the covered
but irrigated lysimeter Y102B re-
ceived 10.85 inches of water during
the June 3 to September 9 period.
The yield on Y102A, without a plas-
tic vover, was 169 bushels per acre.
With T, but with no K, and with
water added, the yield was 3182
hushels per acre (Y102B}.

The evaluation of the effeet of the
plastic eover on pereolation, the see-
andd objective of the study, was
evaluated on Y102B. Water in the
amount equal to that absorbed by
Y102A {1085 inches) was applied
through plastic tubes {fig. 28) during
the period Junc § to Scptember 9.
Percolation from this lysimeier
amounted fo 527 inches during the
same period, whereas that from the
unceovererd  lysimeter tofaled 3.08
inches,  In previous years, when
treatiment on these two lysumeters
was the same, there was very litile
difference in the percolation during
the eorn season. The best estimate

30

TasLe 18-~ Yirld of corn wnd water use, 1937

Yieeld

Lymmeter Treatmenl Water
teseed 1
fu acre faches
Yi2d . Norcover, ug water
wlied 159 EF
Yip2H Plastie vaver, waler
added 182 R
kRl Plastic vover. no
water added 125 L R
V1034 Na cover, #0 wiler
adudedd 149 22,49

' May 1 to Sent. T

1{"ould not he pvatvated aeeyrately these Ivsimeters pol
pgwpnied foe weight measaremonts,

T ol 5 47 wnches plug B of 3 60 mebex for May 1te Jane 5.

of the net inerease in percolation dur-
ing this period wasg, therefore, 5.27 —
3.08, or 2.19 inches, due to the stop-
page of .

The winter-spring recharge was
gquite nermal. From September 10,
1957, to June 5, 1958, percelation of
6.07 inches would normally be ox-
peeted from the covered and watered
Iysimieter, based on a regression rela-
tionghip between pereolation from
Y1024 and Y1028, Aleasured per-
eolation during this same period was
6.40 inches, an increase of only (0.33
inelh. The total increase in percola-
tion amounted lo 2,19 + 033, or
252 inches. There was little evi-
dence of any sizable residual cffect
on percolation that year. Apparently
inuch of the water saved as a resul
of stopping I8 was used by T,

Percolation

This scetion presents interrelations
hetween percolation, soil type, crop,
cropping practice, and chemieal anal-
yas of percelates,

Poercolatian  water — the water
moves under gravitational foree
downward through the soil profile—
was measured at cach of the eleven
bysimeters.  Normally, this water
contributes to the supply of ground-
water and thus replenishes the water
i wells, springs, and streams.




Seasonal VYariations in Percalation

Data in tables 19, 20, and 21 and
in fgores 29 and 30 show that most
of the pereolation oceurred in late
winter anid early spring.  During
thiz period, soil moisture often ap-
proached saturation. The near-satu-
ration condition was reached after a
period of almost continuous aecretion
that usually began at the start of the
dormant zeason. The soll moisture
peak was gencrally reached during
Mareh or April, when rates and
amounts of pereolation also reached
their peak (14, 33, 66). For the
1938-62 pertod, approximately 75
pereent of the pereolation oceurred
during the first 4 months of the vear,
Dhiring late spring and summer, when
ET rates were high, seil molsture
diminished to such an extent that
little water was available for per-
colation.  Monthly percolation data
for the 1956-62 period are given in
appendix tables 39 to 41. Seasonal
trends in soil molsture are shown in
figures 7 to 13.

The amounts and distribution of
precipitation, especlally turing the
winter and spring months, direetly
affeeted pereolation,  Other {actors

Tanne 19, - -Summary of monthly percolation, Y101, 1938 62
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such as soil type, land use, soil mois-
ture, and [reczing also affected the
smount of water available for per-
colation. A reduction in cither sur-
face runoff or ET tended to increase
percolation,

Effect of Soil Type

A study of the effeets of =zoil type
on percolation was made from the
15-year record for 1941-52 and 1959-
61 on the 4-year votation lysimeters
(Y102, Y1031, Data for the 1953-58
period were not used, as those for
Y102C were uffeeted, st timoes, by irvi-
gation and by a plastic soil cover.
Pereolation from lysimeters Y1024,
Y1020, and Y102C (Muskingum silt
toam over shale) averaged 8.02 inches
(appendix table 400 during this 15-
year period compareel fo 6.90 inches
fappendix table 41) from lysimeters
YI103A and Y103B (Keene silt loam).
This difference was statistically sig-
nificant.

The highest monthly pereclation
from any lysimeter in battecy Y102
{Muskingum silt loam over shale)—
7.74 inches from Y102C—occurred
in March 1945 (table 207, Maximum
annual values of 17,77 inches oc-
curredd on Y102C.  This soil profile

Y01yl I Yioiba yimie i Yo
Portod S e e e e e - : !
Aver- Maxi- Mun- Avir- - Maxl-© Mini- Aver- | Max- | Migi- b Aver | Masi- . Minie
agre moin mun age pium  auin WER UM G omum o oage [ mum b omum
Inches fnchea  Inches fnches fnches - [nches Eacher faches - Inches facher . Inches | Inch
Jfan LK £.240 - 128 1.52 TOLsT f55 0021 0057 118
140 3IgT .00 LI 258 ; 18 192 381 240 1,26 ]
248 744 83 115 4.52 G828 Y52 1030 LM ¢
TAY 500, BF 184, 387, 79 246, &07, .82: 150 o
£57 341, RE . [36 243, 36 L4 215! A4 a3t 0
1.3% 4. 36 LIa 245 - 36 122 3130 29 52, 0
Rl 2.1% ] Mo T 1LP5 , 15 47 202 1'_ A3 36 1]
AT MWy M, 41, 1w 02 Al 2.00 B8 a
: : H i !
TOLTE . 0 d8. 1087 0 . el et sl oasi g
1% 184 1 dFT o433 0 o ar: w19} 0 5 06 &L 0
340 167y 0 RS- R P D U X ad o 02 0 D4 g0 0
T -t S - A T A0 BIE| 0 ] mloesg o
Totalforyear. M7 25.83 6.20 | 1020} 1841} 604 | 1444 ¥ 2037 | 744 } 835§ 1681 | a
i . \ ! s

! Monthly data for 1438 551 U5 Dept. Arr. Teeh Bal, 1179 (8

1 Shallow-reoter erops; Muskongum silt loam over samlstonr,

£1: dada for 1958 82 in appendix table 30,

1 [ata for 1043 - 82, ahaifow reotad eraps, 1043 47; deep rooted crops, 1945 62,
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TanLe 20 -—Summary of monthiy percolation, Y102!, 1938-62

l YIDza? Y1028 ! | Y1020
Period i
i j i
; Average 1 Maximum{ Minimum I Averue% Marimum | Minimum E Average | Maximum { Minimum
b ¥ i
; l lachen | ach Incher | Inches ! Ireh frehea Frches fneh
i 4.4 - ) 0.52 1 .58 ] 106 4.84 Q
i .81 1] 1021 16119 )] i 127 400 o
. B.E0 02 2.02 ; 6594 ; A2 42 .74 il
pooAME 2w | 11 | 061 18] 435 04
Eovar 1 o 80 L83 ol 2.00 08
i 2.35 4 .01 a7 30 | a2z V187 0
i 7 0 B i 212 W02, 08 L] 0
s i ! 56 i 0 08 51y 0 ! .03 .22 0
Beple cecemceiommemnndd 08 ay, 0 &7 1t 0 .08 175 0
F5 e Se 04 - .48; ¢ 1 .0'3: WL 1] 1 a2 25 l 4
Nov... ... o .. 04 4 a4 e .09 LI 04 A 0
Dec.. Lol T B K R I 2. 0 ] . 2.0 | 0
Totalfor year ... 555 14.49 EEREE ST T 9l szl onmm 56
‘ . : T i
* Monthly data for 1935 85.n US Dept, Aar, Tech. Bul. 1179 (84%; data for 1956-82 in appendis Lable 40,
1 Hotation of rore, wheat, aml 2 years of meadow; umprovisd practices; Muskingum silt lourm over shale.
3 Plaite rover June 8 to Sept 8, 1057 prevenled infiltration and reduced percelalion.
Tanne 21 —Sunaary of monthly percolation, Y103%, 184162
! Y1024 2 g Y103t 10302 10307
Period T T R ] o i |
U Aver-  Maxic Mini- | Aver- | Maxi- ] Mini- | Aver- § Maxi- | Mini- | Aver- Mazi- | Mini-
age mun Tl | age ;Ilitllﬂ mim i ARC 1 um mn age munmni mum
© faches Inches  ineh * Incher Inches fnthes Iacher | Inchea i Inches | Faches | Incher | [nches
olos £56 0 & B 504 001 1.37 5.30 a.02 1.30 A7 q
L6t a7 o 106 23l g7 Iel 2e0 ) 02| 13s| 398) 02
1.75 547 A9 168 374 3, L.08 4,56 .68 .87 4.7 .35
124 . 402 o5 128 4.02 i BT L3 4.36 .07 131 4.82 04
: , : I L
4d ‘I .66  .03. .50 .50 ] .03 i a4 .87 04 52 2.14 ki
24 155, OF: 2 ‘ .43 ! Gl 45 201 04 A5 2.04 A
04 23 o] el a0 LT LM .03 4 1L0z .01
03 @y o0 f o4, aei oo} oo8) el wz) 08y 46| 0
b s 0 o ol ot o boer| sy o0 o8| 8l oo
_______ ;o3 41 D .02 A5 0 i .07 86, 0 04 23 0
i N[ g6, 0 0i ‘ 6. 0 ' AL a0 ; € .10 JGE a
5 267 0 | 381 17 AL .E2p 233 | o] 8] o 0
Totalforyear. - 6447 13.00 ] 647 8.32 i 12,35 i 1.08 ‘[ 8.58 1 13.57 l 2.97 | 782 | 1076 | 2.3
t : . !

' Monthly data for 1041 35 LS. Dept. Agr, Bul. 1179 {86}, Data for 1856-62 in appendix table 41, Percolation recorda Legan
in {940.

t Itotalion afeorn, wheat, and 2 years of mesdow;improved practices used on Y1034 and ¥ 103E; poar practicen used on Y 103G

and YHID, Keene sl loam.

is well drained and its percolation
values are expacted to exceed those
of Y103, Kcene silt loam of slow
permeability. There were a number
of years when no percolate was ob-
tained in September, October, No-
vember, December, or January.
Pereclation tates were more erratic
on the Keene soil (battery Y103)

because of the texture and structure
of the various horizons, The Keene
subsoil is a heavy silt loam grading
into silty clay loam and then into
silty clay. The colloidal content of
the latter enhanced swelling and
shrinking of the soil, which directly
affected percolation, When the soil
was saturated or nearly so, the swell-
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ing of the colloids made this layer
almost impermeable.  When  this
layer became dry, the shrinkage of
the colloids produeed cracks in this
laver, which facilitated percolation,
The highest monthly pereolation on
the Keene silt loam was 547 inches
(from Y103A} in Muarch 1945 (table
21}, Its highest annual percolation
ameunted to 13.76 inches (from
Yi03D) in 1961 and the lowest was
0.64 inch in 1954 (irom Y103A). The
maximum pereolation values on Y103
were usually less than those on Y102

The variation in percolation among
lysimeters on the same soil type and
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the same cover reflects the general
heterogeneity of soils in this area.
The coefficients of variability are in
the 20- to 23-percent range,

interrelations Among Crop Species,
Crop Yield, and Percolation

A eomparison of data from lysim-
cters in deep- and in shallow-rooted
vepetution showed that rooting depth
had a sizable effect on pereolation.
Vegetation on all lysimeters of bat-
tery Y101 was shallow-rooted pov-
erty grass or bluegrass through 1946,
Data in appendix table 39 and on
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Fioure 20—Cumulative monthly percolation by years, 1956-39,
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Frogere 30.—Cumulative monothly percolation by years, 1960-62,

the double-mass curve of figure 31
show that pereolation during the
1943-47 period was about the same
from lysimeters Y101B and Y101D,
averaging 11.42 inches per year on
Y101B and 12.24 on Y101D. The
general trend of the curve during this
period coincides essentially with the

line of equal values. In 1947 the soil
on Y1011 was secded to & mixture
of alfalfa and bromegrass—both deep
rooted. Beginning with 1948, per-
colation on Y101D was much less
than that on Y101B, still in poverty
prass. The slope of the graph on
figure 31 for a period of years begin-
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Froure 31 —Relution belween comulative percolstion from YI0IB and YiICID during

1843-62 and fornge yields. Y1018 was in

poverty gruss (shallow-rooted} Lhroughout

this perind. YI0lD was in bluegrass (shallow-rooted) until May 8, 1947, in al{alfa-
brome {decp-rootod) until April 15, 1957, and in birdsioot treloil (deep-rooted)

untit the end of the cxperiment,

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

Statistical analyses were performed
on the Y101 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 plotted points arcund the
general-trend line for the period
1948-62 may be due to chance. How-
ever, there are numerous featurcs of
the trend line thal appear te be
worthy of consideration,

Crop yield data are shown along
the curve of figure 31, After 1947,
the crop vield on YI0ID was much
greater than before. TFurthermore,

it was much larger than that of
Y101B 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
subgequent {all and winter rain was
not sufficient to overcome the deficit
and to cause the normal amount of
percolation. The curve is almost
horizontal in this period, showing
that percolation from Yi0ID was
negligible compared fo that for
Y10!1B. DBy 1956, percolation on
Y101D had recovered to & large
extent and was almost as large as
that on Y101B. Alfalfa on Y101D
had died out by 1956. DBirdsfoot tre-
foil, another deep-rooted legume and
reputedly of longer life, was sceded
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in its place in the spring of 1937, It
was much slower in starting than
alfalfa and the increase in crop yield
did not show up until 1958. Percola-
tien from Y101D in the 1956-57 pe-
riotl totaled slightly preater than
that from Y10iB—a situation some-
what like that prevailing before
YIDID was seeded bo deep-rooted
crops. By 1938 the stand of birds-
foot trefeil on Y1011 had beecome
well established, ns evidenced by
erop yickl inerease and by the re-
chuetion of pereolation below that of
Yi01B.

Az previously noted, the greater
the crop yield, the greater the water
eonsumption (ETY. This increased
soil moisture depletion and deereasad
pereolation—an effect more apparent

61

in dry than in wetl years. The cffect
of a sequence of wet and dry years
on annual percolation from deep-
and shallow-rocted vegetation s
shown in figure 32.

During the pretreatment period
(1943-46), when both YI01D =and
Y101B were in bluegrass, annual
precipitation  varied from slightly
below to slightly above normal. Per-
colation values were approximately
the same from the two lysimeters
ancl were fairly high, ranging irom
about 7 to 15 inches per year.

Trata from 1947, the year Y101D
was reseeded, are omitted. The blue-
grass wits chopped and killed in April
and alfzlfs and bromegrass were
seeded in May, Very little vegetal
growth oceurred that year,
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Fioure 12 —Elect of vegelation on perrolation, 1943-62. Y101HB was in poverty grass
throughout this period; Y1011 vegelation shown on curves. Numbers on graph
inclicate ealendar yenrs, Data for 1936 nol given beeause alfalfa wns gone; 1957
dutn not given beenuse birdsfool trefoil was seeded Lhen.




62 TECHNICAL BULLETIN 1367, U.5. DEPT. AGRICULTURE

For the first 3 years after Y101D
was resecded with deep-rooted alfal-
fa and bromegrass, its percolation
{ranging from zero to 13 inches an-
nually) was considerably below that
of Yi01B, in shallow-rooted blue-
grass (ranging {rom 6 to 18 inches
annually). In the Septernber-De-
cember 1950 period, bhefore the soil
moisture deficits on the lysimeters
were overcome, percolation from the
shallow-rooted crop Iysimeter totaled
5.03 versus 0.13 inches from the deep-
rooted-crop lysimeter.

Only onc set of values, for 1951,
plotted near the line of equal values.
This followed the wet year of 1950
{annual precipitation 12 inches
greater than normal), which had
higher-than-average precipitation in
November and December. Since the
moisture deficits on Y101D and
Y101B were both overcome before
1951, there was very httle difference
that year between percolation from
the deep-rooted-vegetation lysimeter
{13.39 inches) and from the shallow-
rooted-vegetation lysimeter (14.06
wiches).  This shows that in wet
periods the effect of different rooting
depth on percolation was greatly
diminished.

Annual precipitation for the 1852-
39 period ranged from normal to 9
inches below normal, Whereas this
sequence of dry years reduced per-
colation on hoth lysimeters, its effect
on percolation from YIOID was
much more pronounced—in fact there
was no percolation in 1954,

The vears 1956 and 1957 were wet
years. Furthermore, the deep-rooted
tegume on Y1I01D had almost dis-
appeared. Percolation from YIOIB
and YI10ID was 14.50 and 13.73
inches, respectively for 1956, and
14,52 and 16.81 inches, respectively
for 1957 f(table 39). In March of
1957, the old vegetation on YIQID
was destroyed and hirdsfoot trefoil
seeded. As in 1847 when aifalis was
sceded on YI101D, there was little

vegetative growth on Y101D in 1957,
Pereolation from YI0ID exceeded
that of YIOIB in both these resced-
g years,

In the birdsfoot trefoil period on
Y1G1D (fig. 32}, percolation was less
than from YI01B. 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
fromn cropped lysimeters in battery
Y103 {fig. 33} showed that conserva-
tion practices {(higher fertility and
deeper-rooted meadow) generally re-
dueed percolation. The contrast be-
tween aceumulated values of annual
percolation from conservation-prac-
tice and from poor-practice lysim-
cters is not nearly as striking as the
contrast between these values from
continuous grass-legume and poverty
grass lysimeters (fig. 31). Conser-
vation practices began with higher
application of chemical fertilizer to
the 1941 corn e¢rop on lysimeters
Y103A and Y103B. Rates of appli-
eations, use of manure, seeding speci-
fications, and yield data for the
period 1938-55 are given in the ap-
pendix to U.S. Department of Agri-
cilture Technical Bulletin 1179 (66).
Similar information for the period
19536-62 is given in appendix table 34
in this bulietin,

There are three periods, each show-
ing a distinct relation between the
accumulated percolation under the
two types of treatment (fig. 33},
The initial reiation between accumu-
lated percolation under the two prac-
tices is shown by the irend of the
double-mass curve from the start,
1941, through 1946, By the end of
1946, the S-year accumulated per-
colation from the poor-practice fy-
simeters {Y103C and Y103D) to-
taled 3448 inches and that from
the conservation-practice lysimeters
{Y103A and YI03B} was 31.20
inches. Average annual rates for
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Ficure 33—Relation between curmulative percolation from canservation-practic: 1youi-
eters (Y103A, Y103B) and from poor-practice lysimeters (Y103C, Y103D) during

1941-82 period; and crop yields.

this period were 5.75 and 5.20 inehes,
respectively.

In the sceond 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-
meats was quite noticeable in this
second period. (Where 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 24.8 percent of the
average annual percolation rate from
the pocr-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 robation.

Table 22 shows the increase in
crop yiclds 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 {rom poor-practice
and conservation-practice lysimeters
respectively ; the corresponding val-
ues for the third period were 122 and
153 bushels per aere. The corre-
sponding increase in yield for the
wheat crop was more noticeable—
32 and 46 bushels per scre for the
second period compared to 34 and 36
for the third period, an increase of
8 busheis per acre in the difference
between practices. The correspond-
ing inerease 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 aere in the difference between
practices. Increases in yields were
related to increases in total use of
water (table 14). In turn, increased
use of water by the crops resulfed in
reduction of percolation,

TECHNICAL BULLETIN 1367,
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The reduction in percolation was
not always concurrent with the crop
yield inerease. The reduetion often
appeared at the starl of the pereola-
tion period following the crop season.
Greater ‘moisture deficits caused by
mncreased wafer 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 periads of several
Vears.

The effect of different rooting
depth on delay in the start of appre-
ciable amounts of percolation can be
iltustrated by graphs of monthly and
daily percolation values. Monthly
percolation and preeipitation date
for the 1942-48 period, when lysim-
eters Y101B and Y101D 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
fipure, indicate that there was no
consistent difference befween the
monthly percolation values {rom the
two lysimeters during $his period.

In the first treatment peried —
deep-rooted alfaliz and bromegrass

Tasie 22.—Crop yields o poor-practice lysimeters {Y103C ond Y108D) and on conservation-
practice lysimeters (Y1034 and YIO3R), 1847-62

‘_ Corn yield from—

Wheat yield from— Meadow yield from—

Period
Paor- Canservalion- Poor- Conservation- Poor- Conservation-
bractice practite practice practice pragtice practice

1 Lers Iy ] iysinet {ysimeters lysinoters lysimeters

Bu. lacre Bu.facre Bu. facre Bu, facre Taorafacre Tonsfarre
A5 e 114 151 32 46 24 34
..................................................... 2.4 2.1
- - amcmccmte e |ema e —— i —————— 1.4 3.3
Avemge oo oo b 2.1 29
Lo ORI (N R R 3.0 1.4
13 144 a8 48 1.9 6.5
118 150 42 52 3.3 4.4
136 i1} 32 6T 3.6 £.9
AVETRRE . o e 132 153 M 56 3.3 5.1
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Froune 34 —Monthly pereolation and precipilation for two iysimelers (Y101B, Y101D)

in shallow-rooted vepeinbion {poverty grass),

on YiDID {1947-51)—there was a
consistent delay in the time of sea-
sonal incroase in percolation from
the lysimeter in a deep-rooted crop.
For example, in December 1948, per-
colation from YIOIB rose to 0.76
inch, whereas, there was none {rom
Y1011> (fg. 35); in the following
month, percolation from Y1013
renched 1.65 inches and that from
YI01D was only 069, By March
1949, percolation from hoth lysim-
cters was nearly the same. The
percolation decrease in the summer
was more rapid on YI101D than that
on lystmeter YIOLB, in shallow-
rooted vegetation.

In Lthe second trealment period,
1957-62, the effect of birdsfoot trefoil
on the delay in the seasonal increasc
of pereolution and Lhe advance in the
time of its recession was alse appar-
ent (fig. 36).

The effect of the change from shal-
low- to decp-roofed vegetation on

prolreutment period, 1042-46.

the date of significant risc in per-
colation can also be illusbrated
by daily percolution-precipitation
graphs. The day of the first small
inerease, or the beginning of percola-
tion, is of little importance compared
with the date of large inerease. The
graph of daily percolation for the
pretreatment period (fig. 37) shows
ithat pereclation from the two lysim-
eters, both with shallow-rooted vege-
tation, was practically the same after
February 22, 1945. A significant
rise in percolation from Y101B oc-
curred in mid-February bub daily
percolation soon fell to a small
amount.  Percolation from Y101D
Jdid not show this initial rise, but,
after March 5, the percolation rate
was practically the same as thab of
YiQtB.

After Y101 was seeded to alfalia-
bromegrass, 1ts rise in percolation,
as vompared to that for Y101B was
strikingly detayed (fig. 38). Where-
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Fiaure 35 —Effect of alfalfa-brome on monthiy percolation, frst treatment period,
1947-51. During this period Y1011 was in aifulin-brome and Y1018 was in poverty
grass,
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Fiouze 37~—Daily percolation for iwo lysimeters in shallow-roated vegetation, February-
Mareh 1945,

as a significant amount of percola-
tion from lysimefer Y101B, in shal-
low-rooted vegetation, began  on
about December 20, 1949, percola-
tion from Y101D did not show &
sizable rise until January 10,1950
and did not approach percolation
from Y101B untii about January 25.
Thereafter, the percolation values
were comparsble. A similar pattern
& shown by the shallow-rooted ly-
simeters versus deep-rooted lysim-
cter percolation curves for the birds-
foot irefoil treatment period {fig.
39).

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

Tosses of chemical constituents of
the soil through percolation, com-
monly termed leaching, were deter-
mined by chemiecal analysis of the
lysimeter percolates. Leaching of
plant nutrients has been studied by
numerous investigators, The re-
views of the liternture by Kohnke
and coworkers (83) and by Harrold
and Dreibelbis (66) have listed vari-
ous investigations carried on pri-
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February 1850, During this period Y10!D was in deep-rocted vegetation and YI01R

was it shallow-rooted vegetation,

marlly for the study of loss of
nutrients through leaching. Some of
these investigations have called at-
tention to the shortcomings of many
lysimeters resuliing from the unnat-
ural conditions under which pereola-
tion occurs, the most serious being
percolation from filled-in lysinmicters

or from lysimeters that do not permit:

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 nuirients un-
der different practices on the lysim-
eters and on the amount of Jime,
{ertilizer, and manure applied to each
lysimeter from 1956 to 1962 are given
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TFiguni 39.—Efect of shallow-rooted vegetation on daily percolation, January-March
1961. During this pericd Y101D was in deep-rooted vegetation and YI01B was in

shallow-rooted vegctation.

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

More caleium was lost through
leaching than any other nutrient;
manganese losses were the least.
{Plant requirements for manganese
were small.) Bulfur losses during the
1941-82 peried were higher from the
lysimeters receiving the greater
amounts of fertilizer,

Nitrogen oecurred 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. These data show the contrast
in nitrogen losses by soil type and
agronomic practice as well as the
large variation in replicates on the
same soil type and agronomic prac-
tice. Nitrate losses were least on the
Muskingum silt loam lysimeters over
sandstone that were in permanent
grass, lysimeter battery Y101; an-
nual values from this battery ranged




TabLE 23— pplication of fertilizer, linie, and man ure; loss of nuirients through percolation; and amount of percolation fromt lysimeters in balleries =~ ~3
Y101, Y102, and Y108, 1956-62 =

Application of —
Nutrient losg
Year and . Agronomic Perco-

lysimeter Soil 2 Crop practice Fectilizer Agri- lation )

cul- Manure water 3

] tural =

Amount Kind lime K Ca Mg N? Mn s a

Lb.z Lb.¢ Tona/ Lb./ Lb./ Lb.7 Lyt Lyy Lb.7 In./ S

ngﬁ acre acre acre acre acre acre acre acre acre acre :x.
: =
YI0L AB...... S o Ms Grass Poor i 0 0 0 7.08 6.55 4.54 0.60 Q.27 12.28 17.79 -
YL OD. ool Ms [.....do...] Conservation 0 [ 0 7.68 31.89 5.21 .61 30 42,58 17.07 a
Y102, ABC., .. oeae... Mi Meadow {.....do. 0 1.0 0 8,16 13.06 10,98 4.03 .18 15.72 .04 t:
Y103, AB.. K ameendooiiL.ludo 0 Q4 0 14.00 38.52 17.1 2.58 18 2236 8. .
Y103, CD e e et ey K wws=-to...} Poor 0 0 [ 21.34 31.61 11,02 2.09 W22 2047 10.40 ]
1957 ;3*
Y101, AB. o oenanes Ms Crass Poor 0 rvedmane 0 [ 8,77 5.81 4.31 41 28 13.18 17.10 “4
Y101, CD. e d  Ms AL do._.} Conservation 300 5-20-20 0 0 11.47 36.07 32.50 3.25 32 3048 17.42 Y
Y102, ABC...icacnnne] Ml Corn ... do...... - 4360 5-20-20 Q 10.0 14.79 43.97 23.55 4.75 .31 34.04 9.46 I
Y103, AB. ieoiicananns K R - S S do.o.... . $360 5-20-20 0 10,0 14.36 44.87 11.94 5.95 08 27.93 7.37 <
Y103,-CD s eeieee K j..- do...| Poor 5150 5-20-20 0 7.5 24.81 57,72 2648 8.83 .26 26.47 12.04 -~
1058: =
Y10L AB ] M Grass Poor . 0 0 1] 3.54 2,40 1.01 13 22 8.74 11.72 7]

Y101 CD.. Ms ... do...|" Conservation 0 0 [1] 18.35 22.56 18.23 1.88 22 25.59 10.16 °

. ML Wheat f.....do....... 0 0 0 6,06 15.03 20.18 9.53 .16 15.44 5.92 o]

K [RORNCV [ SO ST - SN 0 0 0 7.48 22,79 21.98 6.71 18 15,24 4.51 g

K .. do...] Poor 0 0 0 17.59 22,12 19.14 7.30 24 14.08 6.24 :3

Mz Grass Poor . 0 0 0 4,38 3.88 15 18 40 11.32 19.49 >

My fooo. da...| Conservation 0 0 0 7,79 19,37 6.95 .61 55 25.36 12.08 2]

M1 Meadow |..... do.. ... 0 0 0 537 15.68 21,50 10.48 .20 16.92 5.83 E

K PRSI . S S do... ... 0 0 0 8.58 33,79 27,50 5.19 .40 23 51 6.81 O

K | do...| Poor 0 0 0 18,14 37.89 3179 8.22 .80 2278 11.49 g

]

o

w

=




| I | |

: ¥ i
Grass Poor 0o ! 0 ! 4.38 6.85 3.50 1317
few..da. ..l Conservation [ 0 8.25 20.99 15.67 9.52
i Meadow 1.....do....\ee 0 | 0 540 11,23 23.35 5.31
..... o .t do 0 0 566 16.43 2272 5.18
..... do...! Poor 0 0 9.7§ 17.94 25.09 5.57
(irass Poor 0 0 1 4.78 3.80 3.28 11.80
... ..do_,.i- Conservation 0 0 9.50 19.47 15.80 11.42
' 0 100 , 5.25 16.2§ 23.7§ 6.50
0 10.0 | 5.76 29.06 30.47 8.43
0 75 | 1655 30.18 2322 13.66

:
Grass Poor 0 0 0 | 225 3.06 1.55 7.86
..... do...! Conservation 0 0 o ! 193, 14.66 447 8.13
Wheat 1..... do.o. e 0 0 ¢ 1201 4460 1490 5.08 5.50
..... OrnimernnllO ool 0 0 ! 120 ¢ 6.50 ;- 3236 1091 6.31
mo-do... Poor {0 0 751 1356 230 11.21 9.0t
.......... Poor 0 0 0 0 5.82 7.64 3.47 .25 .37 10.59 12.82
200 { - 4-10-6 .2 .2 9.20 17.59 $.49 .72 34 20.52 11.49
200§ 4-20-8 3 3.2 5.62 14.51 13.25 5.61 .29 14.06 6.91
200 ) 2.20-§ 2 3.2 9.55 24,85 18.27 413 27 28,68 6.40
1001 1-7-5 0 i 1.8 15.86 22,54 17.35 472 .37 22.03 8.28
i

' For 194155 data see table 30 of U.8. Dept. Agr, Tech, Bul. 1179 (661,

3 Ms=Muskingum silt loarn over sandstone; M 1= Muskingum silt loam over shale; K= Keene silt loam.

3 Nitrate nitrogen.

4180 pounds at corn planting and 180 pounds at wheat planting.

3 50 pounds at corn planting and 100 pounds at wheat planting,

3 Nutrient loss data for 1945 and 1946 omitted because of incomplete records; Mn and S data are 15-year averages.
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from zero to 5.93 pounds per acre.
Zero loss of nitrates resulted from
zero percolation, YIOID) in 1954,
The addition of nitrates Y101C and
Y1011 {none to Y101A and Y101B)
several times during the period 1945~
62 (table 23) influenced this varia-
tion. Furthermore, nitrogen fixing
legumes were seeded on Y101D
1947 and 1957.

Nitrate applied on April 15, 1957
on YI0IC and YIOID was foliowed
by heavy rainfall in June and in-
creased percolation from both Iysim-
elers in June and July {table 39},
Percolation from Y101 was slightly
greater than that from Y10, Ni-
trate teaching loss from Yi0IC in
1957 {tuble 24) was practically un-
changed. That from Y101 in 1957

TECHNICAL BULLETIN 13067, U.s. DEPT. AGRICULTURE

was the largest on record. 1t is likely
that the mtrate buildup during the
previous years of alfalfa on YiQID
{no legume on Yi0IC) caused the
large nitrate loss. Percolation from
both lysimeters was also large in
1958, XNitrate leaching from Y101D
continued at high rates in 1958, but
declined to less than 1 pound per
acre in 1959, There seemed to be
practically no relation between an-
nual percolation amounts and corres-
ponding leaching losses of nitrates
during the period 1959-62. No ni-
trates were added after 1957 and
annual losses of N were small (1 to
2 pounds per acre).

Variation in nitrogen losses from
year to year {rom batteries Y102
and Y103 (table 24) was less be-

Tanue 24--Nitrates' in lysimeler percolates, 10462
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tween practices than between lysin-
eters under the same practice. Y103A
and YL03B were under conservation
practice and Y030 and Y1030 were
under poor practice.  There does not
appedar to be any consistency in
leaehing losses belween the various
battenes  or  btreabments,  Annund
values ranged from 003 to 1766
poumnds per aere.  This variation was
milwenced largely by the amount of
pereglate, by the addition of fer-
Lilizer and manure, by the growth of
legumes with their concomitant in-
fluence on nitroren supply, and by
biologieal activity in the s0ill, Fer-
tilizer application on May 2, 1957
ttuble 23 and appendix table 34y
was followed by large amounts of
rainn in June. Percolation {rom all
fy=imeters at Y103 site ftable 41
inereased noticeably in June 1957,
More fertilizer was added on October
2, 1457, Percolanion increased again
in December. Nitrate lenching from
all Iy=imerers nt this site for 1957
tiable 244 showed sizable inereases
over those of 1956, This was dee to
the lirge increases in percolation so
=oon after fertilizer applicaiion.
Lenching losses of nitrates remained
high in 1958 although percolation
totals were only about hall of those
in 1657, In fuet, the nitrate loss
values showed no sizable reduction
until 1960, the thicd year after fer-
tiligation,

It was impossible to determine the
souree of the nutrients io the leach-
ale, Nubrvients in drainage water
were derived from the applied ma-
aute, {ertilizer, and limestone mate-
rials and from the soil itsell. Seme
of these applied nutrients appeared
in the percolates the same year or
in the following vear. It was diffi-
cult, therefore, to attribute nutrient
leaching losses to any particular
applieation. It was also likely that
contaminants in the atmosphere, such
as nitrogen and sulfur, contributed
appreciably to the composition of
the feachate,

73

A detatled study of the leaching
of chemical constituents of soil was
made or the untreated lysimeter
Y101B for a 12-month period ending
September 1960 {tabie 25}, Quanti-
tative determinations of a number of
anions and catiens were wade and
expressed s parts per million.  As
this lysimeter received no fertility
treatment during the period 1936-62,
the composition ol the percolate
bears some relation to the chemistry
ef zoll development., 1In this con-
nectien, it s interesting to observe
the relatively high content of silica
in the pereolate. Bicarbonates and
sulfates are the only anlons found
in greater concentration than silica.
Of the cations, sodium and potassium
were highest in concentration, Losses
of the other cations were relatively
small,

The average annual pereolation
and putrient losses under permanent
mendow for the period 1947-82 are
given in table 26. Losses from one
vear to another were different as
expected because of differences in
yoarly percolation.  Analyses indi-
cated, however, that, cven after
adjustment for difierenees in yearly
percolation, the nulrient losses were
not the same from year to year. The
addition of fertilizsers at irregular
intervals to the conservation practice
tysimelers (Y1010, Y101D) was the
main reason for the variation In an-
nual nutrient losses. However, in
the case of nitrogen, the annual aver-
age of 1.24 pounds per acre leached
from YI01D in alfalfa probably re-
fected the contribution of aitrogen
to the soil by legumes. On theY101
Iysimeters without legumes, the an-
nual average amount of N leached
waz only 0.24 and 036 pound per
acre, on the poverty grass and blue-
grass lysimeters, respectively. Al
though the applications of potassium
in fertilizer were the same on both
Y1010 and Y101D, the leaching was
much less from Y101D (4.68 pounds
annual average} than from Y101C




T4

{11.24 pounds}. This probably re-
flected the greater amount of potas-
siun removed by the alfalfa crop
than by the bluegrass, as vields were
considerably greater on the former.
(ee appendix table 32 for data on
yvields.) Because no limestone was
added to the poor-practice lysim-
cters, the amounts of calcium and
magnesium leached therefrom were
consitderably below those from the
lysimeters in conservation practice.

Average annual pereolation and
nutrient loss data {rom the 4-year-
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rotation lysimeters of the Keene silt
loam and the Muskingum silt loam
over shale appear in table 27. The
effect of conservation practice and
poor practice on the amount of per-
coiate and nutrient losses under this
rotation for battery Y103 is appar-
ent. Conservation practice caused s
significant reduction in percolation
amounts {8.28 inches to 6.40 inches
per year). The nutrient losses of
nitrogen, potassium, and magnesium
from battery Y103 were less from the
conservation-practice lysimeters.

Tanee 25.-~Analysis of lysimeter percolates from Yi01B tno fertiltizer added} at monthiy
inlereals, (elober 1050 to Seplember 1960

1959 1960
Deternunation and umia
Qet, Nov. Dee.  Jan, . Feb. * Mar.  Apr, i May | June i July | Awg. | Sept.
'
Silten St papm. . 59 EX) v.2 8 CBD | 87 - 82 MO } 87 Yo ji:2] 9.0
fran Fa P, 07 a2 Bl 04 A5 06 0y 02 mE) 471 0 ]
Culeiuny 1. fipm,. 13 . L3 2.8 o k8 RE ) BG LT 2.0 1.7 17
Magnesanm Mg- ppm.. &5 10 g * .5 16 - 8 E N i .0 Wq 1.4 1.4
Sebwm Na ppm I¥ 33 s 24 ; RE o528 .3 22 5 23 2.3 3.2 2.8
Potagriem: H PR 44 . 3.2 1.6 AP LY 50 14 B0 8 1.5 2.4 24
{hasolved 10fida pom. 400 340 200 %S ;950 90 M0 300 300 134D .4 A0
Usridness ag Cal*g- ; : : : : : : :

"5 ¥z . ppar. 8B %9 BD 40 VB0 S8 . 50 . 50 ] 80 | 60 lio 8.0
Noawnzheuate Lo 0 ] ¢} g .0 .12 o .80 l 1] 1] 1] 1]
Marbonnts $0°(3 SR 21080 150 24 $40 | 840 S8 11 50 ;o Lo yi2n 12.0
toarhgaat. (0. . pum a 1] & .0 .o a ¢ ra 0 i 0 a
seifate S0 ppm.. 150 128 4 64 8.0 9.2 86 : 86 100 (N0 {20 13.0
Clorde ¢ Prwm .. t8 D 10 8 P2 w0 a0 o fe Lo | Lo K]
Fluoruje ¥ ooppm. D i 1] S R | | I B | & & 1 1]
Niteate Niig- ppme.. 4 .2 42 [ N 2 R N B

i .
Speetlic ronduebence : . . I
. mrromhos wl 2. 630 580 430 260 410 330 . BDD :30.0 460 139.0 1360 30,0
ph . . P . g 7o 6.0 B0 . 54 ! B3 63 . B2 ! 67 i 6.2 8.5 B.5
Poeripatation cwtomo o 534% 380 236 304 0 32 11Y - L6T 1 327 658 3.068 % 664 4B
Pereslation . Imo . A9 92 173 203 L4610 - L4l a7 o198 E 837 67 2

! Datg Srmshed by the 175 Geolorical Survey, Columbus, Ghio, which mude the determinations on samples collected nesr the
first of the moath by the “oif and Warer Conseevation Hesvarch Htatien, Ceshecton, Ohia.

Tante 20— Arerage annual percolation and nufrien! losses JSrom baltery Y101, permanent
meadow, Muskingum sill loam orver sandsione, 1947-62"

i

Yearly loss of —

Lymtucter, eron, and i Percolation
RErONOIRLC Fraciee : . . ; i ;
Nitrogen Potassium | Culrium } Magnesium
in. gr. Lb.jacre L. jacre Lb. jacre I Lb. facre
FI0EA YI0IH sverngr, poverty 13.22 9.2 4.63 il 3.58
TNy, poor priclice, . ¢ b
YI0IC, bhuegrass, : s 38 ¢ B4 1224 1 5.7
eoumervalion pracles. : : ) !
i H [ i
Y010, alfalix, ' 5.09 124, 1.68 23.61 12.42
comawrvalion pracice . 1

! Legume sevdbed an YI0ID n 1047
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TasLE 27. —Arerage annual percolulion and nulrienl losses Srom Lystoeelery in rolation crops,
H41-621

Yeurly loss af —

Lyirneter, sonl, and Peecolation
agronginie practice
fa. wr. :
Y103, ('}, Keene sl loant, 835§
POOF praclice. : i
Y103, AH, Keene ailt loam, B.40
conservation pracce :
Y102, ABCY, Muskingun nlc (3:1]

loam over shale,
ronscevation practice.

¥ Nodata for 1945 46,

The greater losses of K through
percolation from poor-practice ly-
simeters were partly due to the
greater solubility of potassium from
soil that was more acid than soil
under congervation praectice. Lime
was -added to Y103A and Y103B in
1944 to ruise the pH to 6.8, None
has been needed since that thne, The
losser amount of potassium removed
by tiwe erops and the greater amount
of percolate under poor practice woere
additional inlluences.  The greater
golubility of manganese under acid
soll conditions would also partly ae-
count for the greater loss of man-
ganexe under poor practice.  Calelum
and magnesium  losses  were  only
shightly greater from eonservation-
practice  than {rom poor-practice
areas.

The effect of soil type on nutrient
losses was apparent from the greater
loss of potassium, caleium, and mag-
nesium  from the Keene silt loam
than from the Muskingum silv loam
(table 27). A more detailed account
of the statistical interpretation of the
datn was reported by Dreibelbis and
Me(iuinness {38). The smaller loss
of all nutrients except nitrogen from
the Muskingum profile was likely
due te the greater permeability and
better dreaimage  characteristies of
thizsoil. Movement of water through
the soil was fairly rapid and there

Nitrogen Potassivin Calvjue M restm

Lb. acre __fb'a:rr o I: a;;-" . _:'.h ::r:
477 15 b Er T35
1 9.55 a0 g - 15,97
561 562 4.5 1395

was less opportunity fer the water
to exert its solvent cffeet on the soil
mass than there was on the Keene,
Percolation through Keene soils was
gonerally slow, especially in early
spring when the soll became almost
impermeable.  However, percolation
wits fairly rupid when the pereolate
flowod along vertical eracks that had
developed after prolonged dry peri-
otls,  These fissures, resulting from
shrinking of the =oil colloids, gradu-
ally closed again  after moisture
swelled the eolloids.

Data on nutrient losges for high
119500 and low (195331 preecipitation
vears are given in table 28 to show
the contrast under these extremes in
rainfall. Tow percolation and nini-
mal nutrient losses were associated
with vears of low preeipitation. Losg
of nutrients, except nitrogen, for the
vear of maximutn precipitation is
likely to be close to the maximum,
oceurring under the elimatie and fer-
tility conditions prevailing at the
Coshocton station. The 20-year an-
nual average for nitrogen losses from
Y103C and Y103D under poor prac-
tice 14.72 1h./acre) is bigher than the
value for the high precipitation year
of 1950 (2.87 Ib. acre). The growth
of legumes and the addition of ferti-
lizers resulted in high nitrogen leach-
ing losses for some years (table 24).
These high values increased the aver-
ape ubove that for the year 1930,
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Tanvg 28.—FPlant nuirient losses in lysimeler percololes fram Keene it loam during years of
high precipilation (19500 and low precipitation (1053) compared with the 20-yeur | (FEAF

82) arerage

Total

Perco- , Nurrientz peeeolated
Agronoimie praciive amd period pre- lation
cipl- . i . . . i
+ tation - Ca Mg K X Mo 8
fachen ) Inches ~ Lb facre ' Lh. aere L, a:re:' Lo, acre’ Lb.;’utrr? Lb, ‘acre
C'onseryation practice: ] ' , :
1950 thigh precipieationt . ., . 51.47 1360 °  5.7¢ 3018 .65 562 464 5221
1851 “low precipitation® 33.19 354 5.88 T 37 Nt A 528
Myear P avernge IMA-G2p 2.55 43 ":'e?_'_ 3868
P ==
Foar practice: . . ;
1358 ihigh preciputationt ... ... 31497 13,40 0.8 E 15.49 20.56 . 287 . 4 51,15
1953 {low precipitstiont 3319 5.05 1.5 68 ¢ 381 Lig i Nh 12.51
20-year V uverage 1041 G2 38.03 LR 735 1558 £72{ At mm

254

! Duta for 145 and 146 omitted beeavse of inromplete records: Ma and 3§ dats are 15 year sverages.

The data in table 28 aiso provide
a comparisen of the effects of agro-
nomic practice on nutrient losses
through pereolation. Nutrient losses
were considerably lower under poor
practice except in the case of potas-
sium and manganese, for reasons
previously given. The differences in
nuirient losses between practices
were less than those between high
and low preeipitation 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 annua! losses of plant
nutrients resulting from percolation

SUMMARY AND

Data on agricultural hydrology are
needed in the solution of many water
manggement 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 extraciton rates by ET (evapo-
transpiration) are needed to develop
a knowledge of the amount of soil
pore space available for storm rain-

are small compared to those result-
ing from surface runoff from culti-
vated land, they are of practical im-
portance. For example, 5 pounds of
nitrogen per acre and 10 pounds of
potassium per acre would be equiva-
lent to 100 pounds of 5-10-10 fer-
tifizer; 30 pounds of ealeium per acre
would be equivalent to approximate-
Iy 125 pounds of limestone {CaCO;).
Data from the Coshocton station in-
dicate that nutrien{ losses through
drainage are less than formerly sup-
posed. Many of the data from ecarli-
er studies elsewhere were obtained
under relatively unnatural conditions
resulting from lack of provision for
runoff or frem the use of filled-in ly-
simeters.

CONCLUSIONS

fall absorption. Foreeasts of flood
peaks and volumes cdepend 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 cffect of various land
treatment  practices.  Vegetative
changes that affect removal of soil
moisture may cause changes in flood
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runoff, percolation recharge to ground
water reservoirs, and the subsequent
transfer of this water te streamflow.

Data from weighing lysimeters
were used o compute BT—the value
left after runoff, percolation, and
weight ¢hange are subtracted from
moeasured precipitation. Brrers in
the measurement of any one of these
factors would result in crrors in eval-
uvation of ET. THowever, separate
determinations of BT over pericds
of several days macde on these same
fysimeters were also made by the
neutron probe and were found to be
in elose agreement with these result-
ing from lysimeter data computa-
tion. ‘Thercfore, possible errors in
the separate measurcinents involved
in the computations were considered
to be of little consequence,

“ome of the previous data sum-
maries from the Coshocton weighing
lysimeters separated the daily weight
increases anc decreases into periods
of condensation-absorption {dew)

and evapotranspiration. Annual val-

ucs of dew of over 10 inches were re-
ported. In 1962 it was discovered
that these diurnal weight change val-
ues were in error and that the error
was caused by temperature changes
in the metal and grease peripheral
seal between the free-fo-move lysim-
cter angd the contiguous rigid 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 essenfially correct and are
acceptable. Annual values of dew,
however, are in the order of 2 to 3
inches instead of 10 inches.

Changes in soil moisture storage
from month to menth were large.
Monthly inereases during the winter-
spring period reached 7 inches at
times. Deereases in storage of 3 to
4 inches per month during the grow-
ing scason were common. Net
changes over a year varied from
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year to year, the largest increase be-
ing 6 inches and the largest decrease
over B inehes. Years of large gain
were usually preceded by years of
loss, The average annual meisture
storage change for the period 1944-
62 wus less than % inch. Water
budget studies for periods of 5 or
more years can neglect moisture stor-
age change because it is small. Stud-
ics for a period of a year or less
should take account of moisture stor-
age change, which may be large.

Data from the ncutron probe and
s01l moisture bleeks made 1t possible
to study the water budget on the non-
weighing lysimeters. These results
showed that growing-scason ET val-
ues for meadow on the conservation-
practice lysimeter totaled 23.77 inch-
cs compared to 2005 for the poor-
practice lysimeters. Although vepe-
tation on the conservation-practice
lysimeter used more water, its water-
use efficiency was greater—0.181 ton
per aere for cach inch of water used
versus 0,151 for the poor-practice ly-
simeter, Similar evaluations for the
carn crop showed a total water use of
21.98 inches for the conservation-
practicelysimeter and 19.04 inches for
the poor-practice ene. Water-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 erops of
root systems deep cnough to tap suf-
ficlent moisture for their needs
reached maximum monthly values of
over 7 inches. Average 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.

Water-use efficiency values for the
same crop varied widely from year
to year. Variations hetween crops
were also large. Under conrentional
farming practices and without irri-
gation 1 inch of water produced
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from 1.81 tc 8.26 bushels of corn per
acre. In general, the pgreatest cffi-
ciency was associated with the great-
est yield. At an 80-bushel-per-aere
corn yield, 1 inch of water preduced
460 bushels of corn and at a 166-
bushel-per-acre yicld, 1 inch of water
produced 8.26 bushels. At the lower
yield, 17.4 inches of waler was con-
sumed and at the higher yield, 20.1
inches. At high yields more water
was vsed, but with greater efficiency.
Prevention of evaporation of wa-
ter in cornland [urther increased the
efficiency of water use. A plastie cov-
er placed on the ground surface of a
lysimeter on June 5, 18537 stopped
evaporation. Tolal water use was
13.2 inches, 125 bushels per acre were
preduced, and 1 inch of water pro-
dueed nearly 10 bushels of corn, This
expertiment showed that about 45
pereent of the evapotranspiration un-
der conventional cornland treatment
can be atbributed to evaperation and
55 percent to actunl evop usc.
Comparisons of the soil water regi-
men in lysimeters with that on small
adjacent watersheds indicated thab
lysimeters did not exaetly simulate
watershed conditions, possibly be-
cause of the artificial barriers to [at-
eral flow. The magnitude of the de-
viations 1n the comparutive soil mois-
ture regimens was affected by soil
meisture and by soil type. In the
Keene silt loam with impeding layers
in the profile, underground lateral
flow in the watershed was more like-
ly to be greater than in the well
drained Muskingum silt lsam, These
conditions place some limitations on
the general application of lysimeter
data to watershed hydrology.
Monolith lysimelers, despite their
tmiperfections, 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 pereolation whieh can-
not, at present, be cvaluated on a
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watershed basis. They bhave also
been uvseful 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.
Pereolation evaluations have direct
applieation to waler yield studies
since they relate to ground-water re-
charge and discharge into streams.
The period of apprecizhle amounts
of percolation coincided with peak
soil moisture values, with about 80
perecnt of the apnual perceolation oe-
curring in the January-April period.
Under poor practice, the values for
this season ranged from 58.4 to 74.2
pereent of the annual value. About
May 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 YI10ID in aifalfa-
bromegrass. This was a dry year
following 2 dry year and moisture
defieiencies extended deep into the
soil.

Crops and agronomic practice had
a pronounced influence on percola-
tion. The 8.09 inches of average an-
nual pereolation from lysimeters in
deep-rooted grass was much less than
the 13.73-inch averuge from lysime-
ters in shallow-rooted grass, Of the
4-year rotafion lysimeters on the
Keene slit loam, those under poor
practice showed higher percolation
amounts {8.20 inches) than those un-
der improved praclice (6.38 inches)
and the difference was statistically
signifiecant. CGraphs of monthly and
daily percolation indicated thati per-
colntion response to fall and winter
rain was considerably delaved in the
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Iysimeters with deep-rooted vegeta-
tion.

Annual amounis of plant nutrient
losses through percolation  varied
considerably. The wvariation wus
caused by large differences in the
amoeunts of percolation and by fer-
tilizer applications. Data for high
(1950) and low (1953} precipitation
years show that low values of perco-
lation and minimal nutrient losses
wore associated with years of low
rainfall.

Statistical treatment of the data
on nutrient losses indicated signif-
icant differences due to the effect of
agronomic practice and soil type.
Under the 4-year rotution on the
Keene silt loam, calcium and mag-
nesium losses were greater from con-
servation-praetice lysinecters than
from noor-practice lysimeters. Pe-
tassium losses under a conservation
practiee were lower than those under
a poor pructice. Greater losses of
potassium, caleium, magnesium, and
sulfur occurred from the 4-year ro-
tation lysimeters with Keene silt
loam than from those with Muskin-
gum sils loam,
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Data provided by the Coshocton
lysimeters now cover u period of ap-
proximately two decades. In agri-
culyural researeh 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 uge in agricultural hydrology.

Climatic variations from year to
year produced different results, as
did erop and soil management prae-
tices. Thus, water control and utili-
zation problems were numerous and
varied. The solution of these prob-
iems requires much knowledge of
how the use and treatment of the
land affcets surface runaoff, percola-
tion, ET, and soil moisture storage
changes. Data in this report may
help solve many of these problems
and may be of particular benefit in
formulating soil and waler conserva-
tion and watershed management pro-
grams,

LITERATURE CITED

{1y Acseva, Lo L.

1962, [CONTRIBUTION TO THE QUESTION OF THE WATER-SALT REGIME OF SOILS BASED

UN DATA FROM LYSIMETRIC EXPERIMENTS.|
Ser. Biol. Nauk, Tuv, 1962 (6): 73-75,

Akad. Nauk Turkmenskot SSR,
{In Russian.}

(2) Ansanrerpa, J. M., Jinsez Savas, [ A, and Goxzaurz Prxa, J. AL
1G33, CONTRIRUCION AL S5TURID DEL MOVIMIENTO DEL AQUA DEL SUELQ PUR

MEDIDAS DE RESISTENCIA ELECTRICA,

Veg., An, 12: 713-734.
{4y AnerrenT, 1.

|Spain] Inst. de Edafol. y Fisiol.

(In Spanish. English summary, untitled, p. 734.]

1955, VERBISBERIFS VERFAIIREN ZUR ERSTELLUNG BINER KLEINLYSIMETERANLAGE,

Arch, f. Gartenhau 3: 5-10.

(4 Anusox, F. B, Rouusr, B M., and Apayis, J. I5

1959, a0iL FERTILITY STUDIES IN LYSIMETEHRS CONTAINING LAKELAND SAND.

U.s.

I3ept, Agr. Tech, Bul. 1189, 62 pp.
(5} ~— — TtouLew, 2. M., and Raxey, W. A,
1058, RELATIONSHIF BETWEEN EVAPOTRANSPIHATION AND YIELD OF CROPS GROWN

IN LYSIMETERS RECEIVING NATURAL RAINFALL.

{G} Arruer, L 1.
1U5S. AN EVAPDTRANSIIGUMETER.
{7

o

Agron. Jour. 50: 506-511.

Austral. Jour. Agr. Res. §: 707-712.
Asnyse, FL C, and Kaisrexses, ).

1458, INVESTIGATIONS (0N THE WATER BALANCE IN DANISH AGRICULTURE IT, 1953-57.

Copenhagen, K, Vet.og Landbohgjsk. Asrsskr.

{8} ——— nnd Kmsrexsax, K. J.
1961, WATER BALANCE RECORDEL.
Inv. Jour, 87; 15-21,

1958: 64~-100, (InEnglish.]

Amer. Sce. Civ. Engin., Irrig. and Drainage




80
(&
(10)

(n

(12}

(13)

(i4)

{158}

TECRNICAL BULLETIN 1307, 17.5. DEPT. AGRICULTURE

Ascyyg, H. C., and Kristexsey, K. J,

1862, WATER BALANCE RECORDER. PART UL Amer. Soc. Civ, Engin. Trans.
1871 132-139,

Barcock, K. L., Caxcson, R, M., Sciruez, R. E., 2nd others,

1939, A STUDY OF THE EFFECT OF (RRIGATION WATER COMPOSITION ON SOIL PROPER-
TiES,  Hilgardis 29: 155-164.

Bexarson, G. W., ard Voor, O, K.

1962. A GREENHOUSE STUDY OF RELATIONS BETWEEN NUTRIENT MOVEMENT AND
CONVERSION [N A SANDY SOIL AND THE NUTRIENT OF SLASH PINE SEEDLINGS.
Soil Sei. Soc. Amer. Proe. 26: 609612,

Beavarp, E. A.

1936. 03 vARIOUS CONSEQUENCES OF THE ENERGY BALANCE METHOD FOR THE STUDY
UF EVAI'OTRANSPIRATION FROM CROPS OF NATURAL VEGETAL COVERS. Sols
Alfriesing [Franee} 4 (1}: 102-320 (incl. of French portion). (French pre-
sentation beging p. 103.)

Boxries, P., Cnarreay, C., and Mara.

1962, BTCLES LYSIMETRIQUES AU SENEGAL. Agron. Trop. [Paris] 17: 881-014.

{ln French., DEnglish and Spanish summuries, pp. 913-014.j
Braxex~siex, 12, L.

1959, SELECTING THE WATER YEAR FOR SMALL AGRICULTURAL WATERSHEDS, Amer,

Soc. Agr. Engin. Trans. 2: 5-8, 10.
Braxson, R. L.

1956. REVIEW OF LYSIMETER STUDIES TO DATE AND PLANS FOR THE FUTURE. Calif.

Fert. Conf, Proc. 4: 23-27.

(16)———

(17

(18}

(19
(20

(24)

(25}

(26)

(27)

1957, “PauL BUNYAN" FLOWER POTS HELF US KEEP TAR ON THE EVERCHANGING
CHEMICAL MAKEUP OF THE s0iL. Whal's New in Crops and Soils § (6):
12 andl 33.

Briwg, G. D, and Winsers, N, AL

1059, BARREL LYSIMETERS FOR MBASURING EVAPOTRANSPIRATION FROM CROPS.
Agron, Jour, 51: 59-80.

Broogs, ¥. A, Prerre, W, O., Porg, D. A., and Scuuwrz, H, B.

1962, SMOOTHED DIURNAL CURVES OF OBSERVED ENERGY AND MOISTURE FLUXES ON
CLOUDLESS DAYS AND COMPARISONS WITH DYER'S EVAPOTRON MEASURE-
ments.  Ch. I, 2d. Ann. Rpt., Contraet No. DA36-039-SC-80334, Caiif.,
Univ,, Depts. Agr. Engin, and Irrig., pp. 5-25.

Busorsay, G, and Poréscy, P, C.
1956. vummeTRUL BeoLoaic.  Prob. Agr. (Bucharest] 8 (5): 97-99. iInRumanizn,}
Casesrny, R. B, Cuaxg, J. H,, und Cox, D. C.

1930, EVAFOTRANSPIRATION OF SUGARCANE LN HAWALI AS MEASURBD BY IN-FIELD
LYSIMETERS IN RELATION TO cLiMaTE. Internatl. Soec. Sugar Cune Technol.
Proc. 10; 637648,

Cavarinras, L.

1956. 2VAPOTRANSPIRACION DE LOS CULTIVOS BN ESPANA. SU DETERMINACION POR
MEDIC DE LISIMETROS. {EVAFOTRANSPIRATION OF CULTIVATED PLANTS IN
SPAIN. ITS RETERMINATION BY MEANS OF LY$iMeETERS.] Netherlands Jour,
Agr. Sei, 4: 80-86. [In Spanish ]

Vavtas Goxee, B, and Maravain Casesvoves, D,
1960. sXPERIENCIAS DE CULTIVO DE ALFALFA Y DE TOMATE BN LISIMETROS, [L¥sias-
" ETER EXPERIMENTS WITH LUCERNE AND TOMATO.] {Spain] Iost. Naec. de
Invest. Agron., An. 9; 449-505, [In Spanish.)
Cuarovsgaya, BV,
1961, [LYSIMTTRIC STUDY OF THE ELEMENTS OF THE WATER BALANCE OF A COTTON
" FIELD INTHE GISSAR VALLEY.)  Akad. Nauk Tadzhikskoi SSR Dok.4: 31-34.
[T Russinn.]
Caanrgav, C.
1961, DYNAMIQUE DE L'BAU DANS DEUX SOLS DU SENSGAL. Agron. Trop. [Paris]
16: 504-561. [In Prench. English and Spanish summaries, pp. 559-560.]
Cowe, D, W.
1058, AnUNDUM TENSION bYSIMETER. Soil Sci. 85: 293-296.
Gesset, D. P, and Hewp, BE. E.

1981. TEXSION LYSIMETER STUDIES OF ION AND MOISTURE MOVEMENT IN GLACIAL

TILEL AND CORAL ATOLL S0ILS.  Boil Sei. Soc. Amer. Proe. 25: 321-325.
Couvor, J.

16563, UNE METIIOD O'ETUDE DE L'EVOLUTION DE SOLS. LA LYSIMETER. Ann. Cent.

Heeh, Agron. 9: 14-18.




(23

(29)

(30

31

(32)

(33

EVALUATION OF AGRICULTURAL HYDROLOGY 81

Cowan, I, R, end Txnes, R F.

1036, METECROLOGY, EVAPORATION, AND THE WATER REGUIREMENTS OF SUGAR CANE,

Proc. 9th Cong. Internatl, Soc. Sugar Cane Technol. 1: 215-232,
Czararzke, W.

1959, UNTEASUCHUNCEN DER WASSER BEWEGUNG IM BODEN MIT HILFE YON UNTER-
DHUCKLYSIMETERN, |INVESTIGATIONS OF WATER MOVEMENT IN SOIL BY
MEANS OF vACUUM wysiMBETERS.] Bodenk. u. PHanzensernibr. 87: 224-229.

Deaski, K.

1956, ZAGADNIENIE OPRACOWANIA BILANSU WODNEGO ZLEWNI RIECINYCH. [THE
PROBLEM OF DETERMINING THE WATER BALANCE OF RIVER B.-\SINS.} RO[‘.Z.
Nuuk Rolnicz. {Agr. Annj, Ser. ¥, 71: 617-626. [In Polish. English
summary, pp. §24-626.]

Demonrier, (.

19680, £ASE LYSIMETRIQUE ODE CONSTRUCTION RELATIVEMENT SIMILE ET PEY

couteEuse.  fonst. Agron. Gembl. Bul, 28: 139-156.
Dovcov, 8. 1, Ecorov, L. L, and Pob’skiy, M. N.

1956, |sTUDY OF CHANGES IN THE SALINITY OF GROUND WATER LAYERS DURING

LeaciinG.] Pochvovedenie 1356 (1) 115-121. (In Russian.]
Dereseuns, LR

1054, 804L TYVE AND LAND USE EFFECTS ON PERCOLATION OF SOIL WATER THROUGH

MONOLITHL LYSIMETERS.  Soil Sci. Soe. Amer. Proc. 18: 338-362.

(34) ——

(35}
{363
(37)

(38)
{39)
(40}

{41)

(12}
(43}

(44)

(45)

1957, AVERAGE MONTHLY PERCOLATION FROM THE COSHOCTON MONOLITHl LYSIM-
grens, 1838-1055. Jour. Soil and Water Conserv. 12; §5-86.

1961, COMPARISON OF TiHE SOIL MOISTURE REGIMEN IN LYSIMETERS WITH THAT ON
andacEntT waterstigps. U.S. Agr. Res. Serv., ARS 41-47, 18 pp.

1962, sOME ASPECTS OF WATERSHED HYDROLOGY AS DETERMINED FROM SOIL MOISTURE
pata. Jour. Geophys, Res, 68 3425-3433.
and Hanrouo, L. L.

1958, WATER USE EFFICIENCY OF CORN, WHEAT, AND MEAUOW CROVS,  Agron. Jour.
50: 500-503.

—— snd McQuivngss, J. L.

1957, PLANT NUTRIENT LOSSES [N LYSIMETER PERCOLATES. Agron. Jour. 49: 523-527.
—— and McGuinness, J. L.

1058, LEacuing Loss.  What's New in Crops and Sotls. 10 (7). 24, 44.
Durnige, G. L.

1959, LA CUVE LYSIMETRIQUE DB THORNTHWAITE, COMME INSTRUMENT DE MESURE
LE L'EVAPUTRANSPIRATION EN REGIONS EQUATORIALES, [THE THORNTHWAITE
LYSIMETER AS AN INSTHUMENT FOR MBASURING EVAPOTBANSPIRATION IN
gquarorial REcions.) Collogque [Symposium| de Hannoversch-Miinden,
1954, 2 {Assoc. Internatl. d’'Hydrel. Seci., Pub, 49): 84-89. [(In French.
fnglish summary, untitled, p. 84.]

Dyer, A, 1., end Pruree, W, O,
1962, EDDY FLUX MEASUREMENTS OVER A SMALL IRRIGATED AREA. Jour, Appl
Meteor. 1: 471-473.
Dryura, A 5., and Tovey, R,
1962, PLASTIC MEMBRANE TaNKs. Agr. Engin. 43: 584385,
Exerx, P. C.

1959, EVAPOTRANSPIRATION PATTERNS UNDER TRADE WIND WEATIER REGIME ON

CENTRAL QAHU, HAWALL  Agron. Abs. 1930: 4-3,
Exnonane, C. B, und Legsesye, I, H,

1862, EVAPOTRANSPIRATION RESEARCH IN WESTERN NORTH CAROLINA.  Agr, Engin.

43: 526-328.
Fenorov, 5. F.

1954, PAPERS (N THE GOYERNMENT HYDROLOGICAL INSTITUTE, Soviet State Pub-

lishing, Hydrometeor. Sec., Leningrad, No. 6.

{46) Fekers, 3.

(47)

1956, KOTAZKE VYSKUMU PODNEHO VYIARU NA SLOVENSKU, [ZUM PROBLEM DER
UNTERSUCHUNG DER BODENAUSDUNSTUNG IN DER sLOwaXEL] Pol'nohospo-
dirstvo 3; 225-248, {In Czech. German summary, p. 238]

Frercks, W., and Kosecarrey, B,

1956, DIE BODENATMUNG YON MOORBODEN HEIDESANDBODEN UND SANDMISCHEUL-

‘;LRE\;_I;; ARHAINGIGKEIT YOM KALKZUSTAND, Dodenk, u. Pflanzenerniihr,
5: 3 .




32 TECHNICAL RULLETIN 1367, U.8. DEPT. AQRICULTURE

(48) Ferrscues, L. J,, and Snaw, R H.

1961. TRANSPIRATION AND EVAPOTRANSPIRATION OF CORN AS RELATED T METE(ORG-

LOGICAL FACTORS. Agron, Jour. 33: Ti-74.
{49) ———— snd Vax Bavew, C. H. M.

1962, ENERGY BALANCE COMPONENTS OF EVAPORATING SURFACES 1N ARID LANDS.

Jour. Geophys. Rea. 67: 5179-5185.
(30} Gaper, R., and Sovsies, L,

1962, LE BILAN DE L'AEOTE DANS LES 50LS. EXPERIENCES DE LONGUE DUREE EN
CASES LYSIMETRIQUES ET UTILISATION DE L!I.‘SUTOI'E STABLE DE b’.-\ZClTE. [TIIE
NITROCEN BALANCE IN S0ILS. LONC-TERM LYSIMETER TRIALS AND TESTS
UTILIZING THE STABLE soTurE X13]  Acad. d'Agr. de France, Compt. Rend.
48: 145-153. {In French.]

(51) Geicer, Ii.

1957, THE CLIMATE NEAR THE GRGCSD.  Transhation by M. N, Stewnrt and others
of 2d German ed, of *Nas Klima der Bodennahen Luftschict’’ {Die Wissen-
schaft, v. 78). 494 pp. Harvard Univ. Press, Cambridge, Masa.

(52) Gireeet, J. J., and Vax Baven, O H. M.

18954, A SIMILE FIELD INSTALLATION FOR MEASURING MAXIMDM EVAPOTRANSPIRA-

rioN.  Amer. Geophys. Union Trans. 35: 957-042,
{53} Grover, J., and Forscare, J. A.

1962, MEASUREMENT OF EVAPOTRANSPIRATION FROM LARGE TANKS OF SOIL. Nature
{London] 195: 1330.

(34) Goboano, W. B, Pruitr, W. 0., and Porrexnieg, H. F,

1962, DESIGN AND COXSTRUCTION OF THE NEW 20-FOOT SHEAR STRESS LYSIMETER.
Ch. XI, 2d Ann. Itpt., Contract No. [DA36-030-SC-80334. Calif., Univ.,
Depls. Agr. Engin. and Irrig., pp. 133-137.

{35) Granas, W, G, and King, K. ML

1961, FRACTION OF NET RADIATION DFILIZED [N EVAIOTRANSPIRATION FROM A CORN

cror,  Soil Sei. Soc, Amer. Proc. 25: 158-180.
(66} Greex, F. W.

1059, EFFECTS OF FOREST AREAS ON WATER RESOURCES AND THE TECHNIQUE OF

LYSIMETRY. Mafture [London] 184: 1184-1187.

1950, S0ME_OBSERVATIONS OF FOTENTIAL EVAPORATION [035-57. Roy. Meteor.
Soc, Quart. Jour, 85: 152-158.

1960. & TECHNIQUE FOR MBASURING POTENTIAL EVAPORATION AND SOME OF ITS
arcvicarioss.  Water and Water Engin. v, 64, No. 12, 8 pp,
{59) GreExLaxp, 12. L.
1959, A LYSIMETER FOR NITROGEN BALANCE STUDIES 1N TROPICAL SOiL.  Jour, West
Afr, 8ci, Assoc. [Ghana) 5: 79-89.
{60) Harvamme, M.
1960. LE PROBLEME DU FOTENTIAL DB L'EAU DANS LE SOL BT DE La DISPONIBILITE
OB I'BAU POUR VEGETATION, Ann. de Phys. Ve, 2: 116-130.
{61) Hamsrek, G. IS,
1960. BYAPDRATION AND TRawsPiRaTION. 12th Assemb, Gen., Toronto, 1937,
Union Geod. et Geophys. Internatl. J/n Amer. Geophys. Union Trans.
41: 305-308.
(62) Hamnowp, L. L.
1058, LYSIMETER CHECKS ON EMPIRICAL BVAPDTRANSPIRATION VALUES, Apr.
Engin. 39: 94-97.
(63}
1962. APPLICATION OF LYSINMETER DATA IO STUDLES [N WATERSHED HYDROLOGY. 2d
Proc. Cunad. Hydrol. Symp. 2: 128-134.
{64) ——— Brakewsiex, . L., McGuinness, J. L., and others.
1962, INFLUBNCE OF LAND USE AND TREATMENT ON THE HYDROLOGY OF SMALL
WATERSHEDS AT COSHOCTON, 0HIO, 1938-57. U.S. Lept, Agr. Tech, Bul.
1256, 194 pp., ilhus,
{65} [~—— and Dreinguss, F. R.|
1857, DISCUSSION OF "A FLOATING LYSIMETER AND ITS EVAPORATION RECORDER'
[BY] K. M. KING, C. B. TANNER, AND V. 5. 500M1, Amer. Geophys. Union
Trang, 38: 765-768. [Sce (81).]
(66) ——— and DreipeLeis, F. R.
1938, EVALUATION OF AGRICULTURAL HYDROLOGY BY MONOLITH LYSIMETERS,
1944-55.  U.8. Dept. Agr. Tech. Bul. 1179, 166 pp., illus,




EVALUATION OF AGRICULTURAL HYDROLOGY 83

671 Haraow, L. L. and Dreseuss, B R

1958, EVALLUATION OF DEW AMOUNTS., 12th Assemb. Uen., Torouto, 1957, Cnion
Ceod. et (eophys. Internst). 2 iAssoc. Internatl d'Hxdml, Sei., Puob.
44y 450-165.

168) ——— and Dreixenais, Fo R

1050, WEIGHING MONOLITH LYSIMBTERS AND EVALUATION OF AGRICULTJURAL
nybroLoay. Colleque de Hannoversceh-Miinden, 1958, 2 (Asgsoc. Inter-
natl, d'Hydrol. Sei., Pub, 497: 105-115.

188y —— — and DreisBusis, ¥, 1%

i862. ERROAS LN EVALUATIONS OF DEW AMOUNTS BY THE CUSHUCTON LYSIMETERS.

Assoc, Internati, d’'Hydrol, Set,, Bal. 7 03y 73-74.
{70y ——— Pevens, . B.. Dremeeusls, F. R, and others.

1959. TRANSPIRATION EVALUATION OF CORN GROWN ON A PLASTIC-COVERED LYS5IM-

etEx,  Sotl Sel. Soc. Amer. Proc. 230 1748178,
{71} ~—-— — Petens, 13 B, Dreseuss, F. R, snd others.

1954, EvAFORATION (§ MAJOR SOURCE OF MOMSTURE ross. Crops and Soils 11

6;: 23,
Havsuorer, H.

196%. piE ERFINDUNG UES LYSIMETERS. [THE INVENTION OF THE LYSIMETER.}

Ytschr. . Agrergeseh. v, Agrarsoziol, 10: 57-60. {In German.]
nesiN, 5., and Tere, L.

15, COMPARAISON ENTRE DIVERSEY FORMULES REANT L'ECOULEMENT BT LES
PRECIPITATIONS. !(’{).\ii’.—tRISON HETWEEN DIVERSE FORMULAS CONNECTING
THE FLOW OF WAaTER {PRAINACGE aND PRECUPATION)] |Puris] Aend. des
Sci. Compt. Rend. 221: 750-752. {In French.]

Hease, W.

19368, WASSERIAUSHALT DER KULTURFFLANZEN, [WATER SUPPLY OF CULTIVATED

eraxts]  Netherlands Jour. Apgr, Sel. 4: 60-66.  [In German.]
Hipg, J. C., Browx, B. L., und Cuoriri, R. T.

1050, INFLUENCE OF DIFFERENT SOILS AND TREATMENTS ON DISPOSITION OF WATER

IN FALLOWED LYSIMETERS. Agron, Abs. 1959: &,
Hinpeeraxo, C. £ and PageExuart, T. H.
1955, LYSIMETER 5TUDIEs oF axowMmEBELT. U.S. Corps Engin,, SBnow Invest. Res.
Note 25, 41 pp.
Hesssasy, L
1959, DI8 LYSIMETERANLAGE 1IN BERLIN-DaLEM. HRulturtechniker 47: 73-81.
JaxerT, H.

1860, DIE POTENTIELLE EVAPOTRANSPIRATION ALS GRUNDLAGE FUR BERECHNUNGEN
NES WASEEKRIHAUSHALTES BEWASSERTER BODEN. Ztschr. [, Acker-u, Pfinnzen-
bau 110: 163-172,

Kavaicuey, L. 8., and Nozbrunova, YE. M.

10B2, CALCULATION OF THE MIGRATION OF CERTAIN COMPQUNDS IN SOIL BY USING
UHROMATOGRAPHIC COLUMNS OF LYSIMETERS, Soviet Soil Sci. 1960: 1286
1202, (Trangl. of the Russian periodical Pochvovedenie 1960 {12): 30-35.
1960.)

Kige, H.

1853, DIE FLACHENMASSIGE GRUNDWASSERABSENKUNG [M ERFTGEBIET UND IRRE

FoucEx. Besond. Mitt. zum Deut, Uewasserk, Jahrb. 12: 20-44. Koblens,
{81) Kine, K. M., Tasver, C. B, and Svomi, V. E.

1936. A FLOATING LYSIMETER AND ITS EVAPORATION RecorD. Amer, Geophys.

Union Trens. 37: 738-742. [Bee 63.]
{82} HomLexz, W. F. voN.

1961. NEUE WERTE FGR DIE GRUNDWASSERNEUERUNG (NACH LYSIMETER-MESSUN-

cex}. Ziaschr. der Deut. Geol. Gesell, 113: 12-21.
{83} Konwxse, H., Dreseusis, T, R, and Daviosoxn, J. M,

1940, A SURVEY AND DISCUSSIUN OF LYSIMETERS AND A BIBLICGRAPHY ON THEIR
CONSTRUCTION AND PERFORMancE., U.8. Dept. Agr. Mise. Pub. 372, 68
pp., ilus,

{84) KonNugiN, J., and KNAUER, N,

18538, WASSER UND NAHRSTOFEBEWEGUNG AUS DER ACKERKRUME IN DEN UNTER-
RODEN. [MOVEMENT OF WATER AND NUTRIENTS FROM THE ARABLE LAYER
INTO 'PHE SUBSOiIL.] Bodenk. u. PAanzenerniihr. 81: 1-22,

{85} Korrux, F.

1950, BER DEN WASSERYORRAT IN WAGBAREN LYSIMETERN UND IN VYERGLEICH-
BAREY, GRUNDWASSERFEERNEN SANDSTANDORTEN DES NORDDEUTSCHEWN
piLovioms. Colloque de Hannoversch-Miinden, 1939, 2 (Assoc. Internath.
d’'Hydrol. 8ci., Pub. 48): 38-42.




34

(88)

{87}
(88)
(89}
(50)

L)

(92)
(03)
{94}
{95)
{96)
{87

(08)
{09)

(100}
(1o1)

{102)

TECHNICAL BULLETX 1367, U.8. DEPT. AGRICULTURE

Kowrew, I
1961, 30 JANRE EBERSWALDER LYSIMETER. [EBERSWALDER LYSIMETER NOW IN USE
ror 30 vEamrs] Arch, {. Forstw, 10; 454-437. [In CGerman. Loglish
summary, p. 456.]
Kosyar, H,
1056, HEUCHTEILUNG LER BODENSTRURTUR UND DEREN BESTANDICKEIT MIT HILFE
DES AUFOUSSTESTES, Bodenkultur 9: 4-15,

1056. TESTUNG DER BODENFEUCHTE AUS FILTRATEN DES MIKROLYSIMETERS. Boden-
kultur 9: 143-154.
Kauyreysex, K. J.
1961, ¢ROP YIELD AS 4 FUNCTION OF 50IL MOISTCRE SUPPLY.  Copenhagen, I Vet
ug Landbohojsk. Awnrsskr, 1961: 31- 33. [In English.]
Law, F.
1957, THE EFFECT OF AFFORESTATION UPON THE YIELD OF WATER CATCHMENT
AkEas.  Inst. Water Kogin, Jour. 11: 269-276.
Lityxsxr, M., and KupNATOWSRA, A,
I‘JBO. NIEKTURE WhASOIWOSCL GLER MIKAOPOLETEK WYZSAES SZKOLY ROLNICZES W
SAICLECINIE,  [SOME PHYSICO-CHEMICAL PROVERTIES OF SOLLS IN THE LYSIM-
ETERS OF THE INGHER SCHOUL OF AGRICULTURE 18 szexeciy.]  Stettin,
Wyzsza Szkota Holn, Zeszyby Nouk. 4; 141-146. {In Polish. English
summary, p. 146
Lowny, (., und Fixxey, J. H.
1662, A4 LYSIMETER FOR WPUDYING THE CHYSICAL AND CHEMICAL CUANGES 1IN
WEATHERING COAL sP0IL.  Ohio Agr. lixpt. Sta. Res. Cir. 113, 17 pp., itlus,
MeGeinsess, J. L., Desipenks, F, R, and Harrown, L. T.
1951, SOIL MOISTURE MBASUREMENTS WITH NEUTRON SCATTERING EQUIPAMENT
SUFPLEMENT WEIGHING LYSMETERS.  Soil Sci, Soc. Amer. Proe, 25: 339-342.
Melwroy, I, CL
1957, Toe .\IH.-\SUIIIIE.\IEN'I‘ OF SATURAL EVAPORATION.  Austral. Inst. Agr. Sei. Jour,
3 4--17, illus,

1058. A LYSIMETER INSTALLATION AT aspExpank. Uniled Nations Icon. and
Socinl Council, Arid Zone Res. 11: 45-47.
and Srmaer, d‘ J.
1961, A BENSITIVE HIGH-CAPACITY BALANCE FOR CUNTINUOUS AUTOMATIC WEIGHING
18 THE FIELD,  Jour. Agr. ¥ogin. Res. 6: 252-258,
McKeuL, C M., and Winuiavs, W, AL
1960, A LYSIMETER STUDY OF SULFUR FERTILIZATION OF AN ANNUAL RANGE SOIL.
Jour. Range Mangt. 13: 113-117.
ModiLoax, W. L, and Buacy, R, H.
LO60. INTERCESTION LOSS FROM GRass. Jour. Geophys. Res, 85: 2380-2394.
o _and Pavy, HL A,
1961, FLOATING LYSIMETER USES HBAVY LIQUID FOR BUOvYaNcY. Agr. Engin,
42 405-499.
Makkig, G, F.
1057, DE EVAPOTRANSPIRATIE VAN GRASLAND iN 1956, Wageningen Inst. v. Biol.
en Scheik. Onderzock van Dandbouwgewas. Meded, 15: 69-72.

1957, TESTING THE PENMAN FORMULA RY MBANS OF LYSIMETERS. Inst. Water
Lngin. Jour. §1: 277-288.

1059, LysiMeTERs 1N the NEraERLanDs. Colloque de Hannoverseh-Mitnden,
1930, 2 (Asgsoc. Infernutl. d’'Hydrol. Bei., Pub, 48): 5-12,

(103 ——

1050, LIMITATIONS AND TERSPECTIVES OF LysiMETER RESEarcH. Collogue de
Hunnoversch-Milnden, 1950, 2 (Assoe. Internatl. d"Hydrol, Sci., Pub. 49):
13-25.

(104) ———

(105)

1960, DE YERDAMPING UIT VEGETATIES IN VERBAND MET DE FORMULE VAN PENMAN,
{EV.-\PURA'T‘ION FROM VEGETATIONS IN RELATION WITH THE FORMULA OF MEN-
sax.| Nederlandse Cent. Organ. v. Toegepast-Natuurw. Onderzoek, Cam-
mis. v. Hydrol, Onderzock Verslug. en Meded. 4: 90-115. [In Duteh.
English summary, p. 90.}

1960. LysimETERS. Water 44: 103-108, 121-1245.

s

L



{113}

EVALUATION OF AGRICULTURAL HYDROLOGY

Maxring, G, F.

1962, SUMMARY: FIVE YEARS OF LYSIMETER RESEARCH—A HYDROLQUGIC STUDY.
241 pp. Centrum voor Lendbouwpublikaties en Landbouwdocumentatie,
Wageningen.
and HesmsTt, H. D, J. van,

1G56. THE ACTUAL EVAPOTRANSPIRATION AS A FUNCTION OF THE POTENTIAL EVAP-

OTRANSPIRATION AND THE S0IL MOISTURE TENsioN, Netherlands Jour, Agr.
Sei, 4: §7-72,
Matugr, J. R.

1050, DETERMINATION OF EVAPOTRANSPIRATION BY EBMPIRICAL METHODS., Amer.

Soe. Agr. ISngin. Trans, 21 35-43.
Morais, L. G,

1050, A RECORDING WEIGIHING MACHINE FUR THE MBASUREMENT OF EVAPOTRANS-

PIRATION AND DEWFaLL, Jour. Agr. Engin. Res. 4: 161-173.
Oxuoa, A, and Toruso, K,

1057, LEAK-PREVENTING SFFECT OF SYNTHETIC S01L CONDITIONERS IN PADDY FIELD.

Soil und Plaot Food 21 215-219,
Oruos, 6. T, and Buruer, B, G.

1056. USE OF SOIL LYSIMETERS IN WASTE WATER RECLAMATION STUDIES, Amer.

Soc. Civ. Engin., Sunit. Engin. Div. Jour. 82: 1002-1025.
(JsrroMECKA, AL

19681, POBIERANIE AZUTU 2 MOCINIKA | AZOTANU AMONU PRZIEZ OWIES W RULTU-
RACI WODNTCH. [NITROGEN UFTAKE FROM UREA AND AMMONIUM NITRATE
DY GATS 1N WATER cULTURE.} Roecz. Nuuk Rolnicz. (Agr. Ann.}, Ser. A, 82;
473-488. {In Polish. English summary.]

(STROMECKL, J.

1056, OBLICZANTE ZAPOTHZEBOWANIA WODY DLA LAK IMELIOROWANYCH. [CALCU-
LATING WATER REQUIREMENTS FOR MELIORATED MEaDOws)] Rocz. Nauvk
Rolnicz, (Agr. Ann), SBer. F, 712 723-737, illus. {In Polish. LEnglish sum-
mary, pp. 736-737.]

POTRZERY WODNE LAK NA NAMULONYCH TORFACH WEGLANOWYCH. [WATER
REGUIREMENTS OF MEADOWS ON MIRED CARBONATE PEaTs], Rocz. Nauk
Rolnicz. (Agr. Ann,), Ser. F, 73: 535-546. {In Polish. English summary,
pp- #5-548.1
OsTwaLp, R, R .
1061, LYSIMETERUNDERSORNING. [LYSIMERER 1NvEsSTiCaTions.] Skogs- och
Laatbr, Tidskr., Sup. 6, pp. 52-54. [In Swedishj
Owexs, L. 1,
1980, NITROGEN MOVEMENT AND TRANSFORMATIONS IN E0ILS AS EVALUATED BY A
LYS{METER STUDY UTILIZING 1SOTQPIC ¥iTROGEN. Soil 8ci. Soc. Amer. Proc.
247 372-376.
Paraig, J, Ho
1961, A FORESTER LOUKS AT LYSIMETERS. Jour. Forestry 59: 889-863.

1061, THE SAN DIMAS LARGE LYsIMETERS. Jour., Soil and Water Conserv. 18:

13-17, itlus,
Peuroxn, W. L,

1081, THE USE OF LYSIMETRIC METHODS TO MEASURE EVAPOTRANSPIRATION. 2nd

Prov, Canad. Hydrol. Symp. 2: 106-122,
Perers, . B, and Russewn, M. B.

165%. RELATIVE WATER LOSSES BY EVAPORATION AND TRANSPIRATION IN FIELD CORN.

Soil Sci. Soc. Amer. Proc. 23: 170-174.
Perrov, E. G., and SHisnov, L. L.

1982, [s01L LYSIMETERS FROM PLASTIC MATERIALS] Moskow, USSR, Ordena

Lenina Seisk, Akad. im. K. A. Timirinzeva Dok, 761 135-141.
Prarr, C.

1858, BINFLUSS DER BEREGNUNG AUF DIE NAHRSTOFF-AUSWASCHUNG BEI MEHR-
JAHRIGEN CEMUSEBAU. [THE EFFECT OF SPRINKLING IRRIGATION ON THE
LEACHING OF NUTRIENTS DURING YEGETABLE CULTIVATION FOR SEVERAL
vEaRs,] Bodenk. u. PHanzenernihr. 80: 93-108.

piErcE, L. T.

1958, BSTIMATING SEASONAL AND SHORT-TERM FLUCTUATIONS IN EVAPOTRANSPIRA-

TION FROM MEADOW CROPS. Amer. Meteor, Soc. Bul. 3%: 73-T8.
Porov, 0. V

1950, LYSIMETERS AND HYDRAULIC SOIL EvaromriMETEmrs. Colloque de Hanne-

versch-Minden, 1853, 2 {Assoc. Internatl, d’Hydrol. Sei., Pub. 49): 26-37.




&6 THOUNICAL BULLETIN 1307, .8, DEPMT. AGRICULTURE

13251 Puary, P W,
IDBL, GAINS AND LUSSES OF MENEKaL BELEMENT= (N AN (HRIGATED 504, DURING 4
20 YEAR LYSIMETER INVEsTiGaTioN.  Hhlpardin 30: H3-467,
1§26 - === Braxsox, R L, and Oxaesax, L4
14680, EPPECT OF CROP, FERTILIZEKR, AND LEACHING OGN CARBONATE PRECISITATION
AND BODIUM ACCUMULATION (N S01L (RRIGATED WUPH WATER CONTAINING
sicarpoxare, Trans, 7th loternatl Cong. soil Seil, Madison, Wis,, 1060,
KA SR LA
(127, - e (naemas, Ho D and Garser, M, J.
TOH0. GATNS AND LSBES OF NCTROGEN AND DEPTIT 2ESTRIBUTION OF NITROGEN AND
DRGANID CARBON IN THE S00L OF 4 LYSIMETER INVESTIGATION,  Soil Sei.
Oy 3Ry 207,
(28 Presg, J,
195U, URERBLICK CHER DEN nTAND LYSIMETERMESSUNGEN IN  DEUPSCHLAND,
Collaque de Hennoverseh-Minden, 1959, 2 1 Assoe. Internat!, ¢'Hydrol, Sei.,
Pub. 4Gy 166 169,
(129 - -
). BERLICK UBER DEN STAND DES LYSIMETESMESSUNGEN IN DEDISCHLAND,
Wsserwirtaebufg 300 UL 148,
t130 Pretensrs, W, L, and Novas, OO0 N
1950, PiE EFFECTS OF PARTICLE RIZE AND RATE OF SOLUTION UN THE AVAILABILITY
OF MPPASKICM MaTErLALs, Sol and {rop Bei. Soe, Fla, Proe. 20 146-153.
3 Preere, WL,
L1000, CORRELATION OF CLIMATULIKICAL DATA WITIH WATER REQUIREMENT OF CRUOPS.
Calif., Stade, Dept. Water Resourees, Contract Res. Ann. Rpt. 1959-60.
Calif., Univ., Dept. frei, 91 pp., Davis, Calif,
132 - o= amd Axars, DR
TG0, FARGE WEKIING LYSIMETEN POR MEASURING EVAFOTHANSPIRATION,  Amer,
Hoe. Age. Bogin, Trans. 3: (20 B3-15, 18,
(183 —— - aad Ascus, b1
P90, COMPARISONS UOF BVAPOTRANSPLRATION WIFH SOLAR AND NET RABGIATION AND
EVAPORATION FROM WATER sUwrracgs. Chi. VI, Ist Ann. Rpt., Contract
No, DAJS-039-80-80334.  Calif.,, Univ., Depts. Agr. Engin, and Trrig.,
pp. =107,
(1343 ~~——and Mcdinnax, Wb
FOGL RoME ASPECTS OF 9'HE LYSIMETRIC METHOD OF MEASURING EVAPOTRANSPIRA-
TN, W0th Paecifie Bei. Cony, Henoluly, Hawall, 1061, Abs, Symp. Papers,
p. 324 325,
C133) e — and MeMinnan, W, I
FOBY. DIFRNAL AND SEASUNAL VARIATIONS IN TUE RELATIONSHIP BETWEEN EVAPO-
TRANSPIRATION AND faptarion. Ch. 11, 2d Ann, Rpt., Contract No.
[3A36-038- 5080334, Calif,, Univ., Depts. Engin. and Irrig,, pp. 27-46.
{1361 Rapweovien, N, I
1954, [EVAPORATION FROM 'THE SURFACE OF THE 50iL ACCORDING TO THE GBSERVA-
TIGNR OF THE GLUKHOV AGROMETEUROLOGICAL STATION.] Leningrad Tsent.
[nst. Prognozov Trudy 1954 (37): 3-12.
1137) Ramsaren, B3
1950, DIE ONTERREICIMSCHE LYSIMETERANLAGE, Netherlands Jour, Agr, Sei,
4: 56-59. [Short Description of the Austrian Lysimetric Installations,”
in aglish, pp. 57-50.]
{138) Ra~ey, W, A,
16D, vuE DOMINANT ROLE OF NITROGEN 1IN LEACHING LOSSES FROM SQILS IN HUMID
neGloNs.  Agron. Jour. 521 363-386.
(133 Reves, E. D, Gawves, N. L., and NAzErENo, N. B.
1961, LYSIMETER STUDIES ON A LIPA CLAY LOAM GROWN TU FADDY RICE I,  LBACH-
ING LOSSES OF S0ME SOIL CONSTrrUENTS.  Philippine Agr. 45: 244-257.
ned Ciavuvez, N. L.
1960 LYSIMETER 3TUDIES ON A LIPA CLAY LOAM GROWN TO PADDY RICE i, EFFECTS
OF PERTILIZATION ON GrAiN viBnes, Phiippine Agr, 45: 280-297.
(141) Rreur, L. R,
1955, HYDROLOGIC RRSEARCH USING LYSIMETERS OF UNDISTURBED 501, BLOCKS,
Colluque de Hannoverseh-iinden, 1958, 2 (Assoc. Internatl. ¢'Hydrol. Sci.,
Pub. ) 139-143.

{1403




EVALUATION OF AGRICULTURAL HYDROLOGY 87

Rirresa, Pl
1560, EBN ONDERZUEK NAAHR UE NAUWKEURIGHEID VAN YERSCHILLENDE METHODEN
OM DE POTENTIELE YERDAMI'ING TE BEPALEN. [AN INVESTIGATION AROUT THE
ACCURACY OF LUFFERENT METHODS FOR THE CALCULATION UF THE PUOTENTIAL
EVAPUPFRANSPIRATION.]  Nederlundse Cent. Organ, v, Toegepast-Natuurw,
Onderzoek, Commis. v, Hydrol. Onderzoek, Verslag, en Meded. 4: 79-89,
[In Duteh. English summary, p. 79.)
ixcoeT, A.
1059, SUR USE TECHUNIQUE DE MESURE DE L'EVAPOTRANSZIRATION PYTENTIELLE ET
ACTUELLE DE CULTURES. A TECHNICAL METHOD FOR MEASURING THE pO-
TEXTIAL AND ACTUAL EVArOTRANsPIRATION 0F croprs.]  Collogue de Hanno-
versch-Minden, 1959, 2 rAsgoe, Internatl. d'Hydrol, Sel., Pub, 49): 99104,
iIn French.  Fnglish summary, untitled, p. 99.]
{144) Roseav, H,, and Bats, J,
1956, OBSERVATIONS SCH 20 ANNEES DE FERTILISATION CONTINUE EN CASES LSVI-
sigraigUes,  Rap, Gth Internadh. Coog, Seil 8ei., Parls, 10506, A: 337
1143 Senteiver, H.
1058, Lysimerer TEsTS (N avstria.  Colloque de Hannoverseh-Minden, 1059,
2 tAssoc. Internatl. d"Hydrol, Sei., Pub. 491 34-74.

{146; Scnroener, (.

1958, URER DIEMESSUNG VON GRUXDEWASSERSPENDEN DURCH LYSIMETER.  Angew,

I"Mlanzensoziol. 15: 165-168. )
1147 Suaunever, I, and Zwermay, PoJ.

1962, NITROGEN RESPONSE UNDER YARIABLE CONLEIPIONS OF DRAINAGE.  Soill S0,
03: 172-182,

{148) Buaw, W, M., and Romixsox, B3,

1960, ORGANIC MATTER DECOMPOSRITION AND PLANT NUTRIENT RELEASE FROM
INCORPORATION OF SOVBEAN HAY AND WHEAT STRAW IN A HOLSTON SANDY
LOAM 1IN OUTDOOR LYSINETERS.  Soil Beil. Soc. Amer, Proe, 24 5457,

.. and Ropixsax, B,

1960, FESTICIDE BFFECTS IN S0ILS ON NITRIFICATION AND PLANT GROWTH. Soil

Sei, 90: 320-323
SuiLova, Ya, [,

1960, PIVE-YEAR OBSERVATIONS NF QUALITATIVE COMIOSITION OF LYSIMETIIC WATER
IN VARIOUS TYPFES OF YIRGIN AND CULTIVATER PADZOLIC S50I1LS.  Soviet Soil
Sei, 1939 76-86. {Transl. of the Russivn periodienl Pochvovedenie 1959
{1): 86-97. 1939.)
and Korovkixa, LoV,

[BYNAMICS OF ENTRANCE AND QUALITATIVE COMPOSITION OF LYSIMETRIC
WATERS OF S8aNDY hou.s WITH SURFACE r0pzoL,]  Leningrad, USSR, Univ,,
Vestnik, Scr. Geel. 1 Geog., 1961 (1): 106-117. [In Russinn. English
summm‘) i

{152} — and Korovewwa, Lo V.

2. SEASONAL DYNAMICS OF THE CHEMICAL COMEOSITION OF LYSIMETER WATER (¥

FODEOLIC FINE CLAY LOAM 50108, Soviet Soil Sei, 1961: 263-272. (T'cansl.
of the Rusgsian periodical Pochvavedenie 1961 {3): 3647, 1961.)

{158) —=——und Konovkina, L. V.

1962, COMPARATIVE CHARACTERISTICS OF THE COMPOSITION OF SOLUTIONS AND OF
LYSIMETRIC WATERS OF STRONGLY PODZOLIC SOIL OF A SPRUCE-OXALIS FOREST.
Soviet Soil Sei. 1961 BB1-887. {Transl. of the Russiun periodical Poch-
vovedenia 1961 {8): 74-81. 1961L.}
and KorovKiya, L. V.

1963. COMPARATIVE STUDY OF TIHE COMPOSITION OF S5GIL SOLUTIONS AND LYSIMETRIC
WATER FROM 50D-POLZOLIC SOILs.  SBoviet Soil Sci. 1962: 796-805. (Transl,
of the Russian periodical Pochvovedenie 1962 (8): L1-23, 1962.)

SivcLatr, J. 1), and Parrie, J. H.

1050. THE SAN DIMAS DISTURBED S0IL LYSIMETERS. Colloque de Hannoversch-

Miinden, 19539, 2 (Assoc. Internatl. d’'Hydrol. Sei., Pub. 49): 116-125.
Sroma, J.

1960, 2ASTOSOWANIE LIZYMETROW SZKLANYCH W BADANLACH PROCESOW GLEHOWYCH.
[APPLICATION OF GLASS LYSIMETERS IN SOIL PROCESSES RESEARCH.) Rocz.
Gleboznaweze (Soil Sei. Ann) 8 (Sup.): 183-159. [In Polish, BEnglish
summary, pp. 158-153%; Russien summary, p. 138.]



http:I'ODZOI.IC

38 TECHNICAL BULLETIN 1367, U.5. DEPT. AGRICULTURE

(137) Siovikovskiy, V. L.

1960. [THE IMPORTANCE FOR PLANT NUTRITION OF THE MINERALIZATION AND LEACH-
ING OF THE ORGANIC LEAF-FALL OF WOODY AND SHRUBRY specres.] Akad,
Nauk SSSR Dok. 132: 223-296.

(158) Swminvova, K, M.

1960. |LYSIMETRIC STUDIES OF SOIL-FORMATION UNDER SPRUCE FORESTS.] Jn Akad,
Nauk, 888R, Vsesoluzn. (”skest. Poyvoved. (Acad. Sci. USSR, Allunion
Soc. Soil Sci.}  Reports of Soviet Soil Scientists to VII I[nternational Con-
gressin U.S.A.  [Madison, Wis,, 1960], pp. 124-129. {In Russian. English
summary, pp. 128-129.]

(13%) Beein, W. H.

1962, INSTALLATION AND OPERATION OF NON-WEIGHING LYSIMETERS., Soil and

Crop Sci. Soc. Flu, Proc. 22: 167-176.
{160} Sreveine, L,

1958, BEGBACHTUNGEN AN LYSIMETERN VERSCHIEDENER BAUART. Deut. Bot,

Gesell. Ber. 69 (2); 35-48.
(161) StEvn, M. 8.

1959, DIE INVLOED VAN BRAKBESPROEIINGSWATER OP KORING EN MIELIES IN
LISIMETERPROEWE, DEELI. [THE INFLUENCE OF SALINE IRRIGATION WATER
ON WITEAT AND MAIZE IN LYSIMETER STUDIES. ParT 1] So. African Jour.
Agr. Sci. 2: 300-327. (In Dutch. English and French summaries, Pp-
325-327|

{162)

1960. (NYLOED BRAKBESIROEIINGSWATER OF LISIMETERGRONDE. DEEL III. [tN-
FLUENCE OF SALINE IRRIGATION WATER ON LYSIMETER S0ILS, PART t11]  So.
Afriean Journ. Agr. Sei. 3: 3-14. [[n Dutch. UBnglish and French sum-
meries, pp. 13-14.]

{(163) Suanez pe CasTro, F., and Rovricusz, A.

1958 EsTURIQ EN LISIMETROS MONOLITICOS DEL MOVIMIENTO DEL AGUA EN EL
SUELD. [STUDIES LN THE MONOLITHIC LYSIMETERS ON WATER MOVEMENT IN
e so1L.]  Fed. Nac. de Cafeteros de Colombia, Bol. Tec, 2 (19): 3-18,
illus. [In Spanish, English sumeary.]

(164} ——— and Rooricusez, A

1962, INVESTIGATIONES SOBRE LA EROSION Y LA CONSERVACION DE LOS SUELOS BN
coLomeia.  fn Fed, Nac. de Cafetercs de Colombia, Capitulo I1II: Estudio
en Lisimetros Monoliticos del Movimiento del Aqua en el Suels, pp. 79-114.
Bogota.

(165) Tanaxa, I, Nosima, K., and Uemgra, Y,

1961, [iNFLUENCE OF THE WATER PERCOLATION ON THE GROWTH OF RICE PLANT
IN |THE] FIELD. 1I. THE EFFECTS OF WATER FERCOLATION OF VARIOUS
AMOUNTS OF THE GROWTH AND YIELD OF RICE, AND ON NHy=¥,HsS AND FREE
co: N sow.]  Crop Bel. Soe. Japan, Proc. 29: 392-394. [In Japanese,
LEnglish summary, p. 394.]

{166) Tawwer, C. B,

1957. FACTORS AFFECTING EVAPORATION FROM PLANTS AND 50MLs, Jour. Soil and

Water Conserv. 12; 221-227,
(167)

1960, ENERGY BALANCE APPROACH TD EVAPOTRANSPIRATION FROM crOPS. Soil Sci.

Soc. Amer. Proc. 24; 1-9.
(168) Turc, L.

1958, EVAPORATION ET ECOULEMENT EN CASES LYSIMETRIQUES, AU CHAMP, ET DANS
LES BassiNg DE couRs D'Eav.  Colloque de Hunnoverseh-Miinden, 1959,
2 {Assoc. Internatl. d’Hydrol, Sci., Pub. 49): 75-83.

(169) UseLr, K.

1939, MOISTURE MOVEMENT IN UNSATURATED (THREE-FHASE) SOILS, WITH SPECIAL
REGARD TO THE UTILIZATION OF LYSIMETER OBSERvaTIONs. Colloque de
Hannoversch-Miinden, 1959, 2 (Asscc. Internatl., d'Hydrol. Sei,, Pub.
49): 153-165.

(170} Van Baven, C. H. M,

1981, LYSIMETRIC MEASUREMENTS OF EVATOTRANSPIRATION RATES IN THE BASTERN

USITED STATES.  Soil Sel, Soc. Amer. Proe. 25: 138-141.
(171) —— and Harnis, D, B.

1962, EVAPOTRANSPIRATION RATES FROM BERMUDA GRASS AND CORN AT RALEIGH,

NORTH CAROLINA. Agron, Jour. 54: 319-322,
(172) —— and Myess, L. I,
1962, AN AUTOMATIC WEIGHING LYSIMETER. Agr. Engin, 43: 580-583, 586-388.




{173}

{174

EVALUATION OF AGRICULTURAL HYDRULOGY 39

VaN Baven, ¢ HL AL, and ReaivaTo, R. J.

1965, PRECISION LYSIMETRY FOR DIRECT MEASUHEMENT OF EVAPORATIVE FLUX.
Internatl. Symp. Methodol. of Plant Ieo-Physiol,, dMontpelier, France,
1962, pp. 128-135.

Vasit'ev, [L 5,

1950, [EXTERIMENT 1IN COMPARATIVE EVALUATION OF RYKACHEY'S AND POPOY'S
LYSIMETERS.] Leningrad, USSR, Pochven. Inst. im. V. V. Dokuchacva
Trudy 31: 26-147. ﬁn Russinn.}

Vauev, 12, and Duaxeov, 2.

1961, NOVY TYDP LYZIMETRA FHE VYSKUM VODNEY BILANCIE PODY. [DER NEUE
LYSIMETERTYP FUKR FOHSCHUNG DER BUDENWASSERBILANZ.] Vodohosp.
Cusop. 9: 3-14. [In Czech. German summary, p. 14,]

Vissex, W. C.

1939, THE EXTENSION OF THE LYSIMETER TECHNIQUE INTC A FIELD METHOD FOR THE
DETERMINATION OF THE WATER-BaLANCE. Collogue de Hannaversch-
Miinden, 1959, 2 (Assoe. Internatl, d'Hydrol. Sci,, Pub, 49): 146-152,

Yok, G. M., and SweaT, A, W,

1935, MOBILITY OF UREA NITROGEN APPLIED TO FLORIDA S01LS.  Soil Sei. Soe. Fla,
Proe, 15: 117-123,

Wacaonen, P, K, and Rerrsnyper, W. 15

1961, DIFFERENCE BETWEEN NET RADIATION AND WATER USE CAUSED BY RADIATION
FROM THE S0LL SURPACE.  Soil Sel, 91: 246250,

Waino, I,

1958, THE LYSIMETERS IN THE NETHERLANDS: DESCRIPTION OF THE LYSIMETERS
WITH A HEVIEW UF THE ReCORDS T0 1954; REPORT TO THE COMMITTEE ON
HYDHOLOGICAL RESEAHCH T.¥.0. FOR THE WORKING PARTY ON LYSIMETERS.
Nederlandse Cent. Organ. v. Toegepast-Natuurw.  Onderzoek, Commis. v,
Hydrol. Onderzoek Verslag, van de Tech. Bijeenk, {1955-36) 11/12: 163~
228.  In English.] (Commis. v, Hydrol. Onderzock Verslag en Meded. 3.3

DE LYSIMETERS IN NEDERLAND {11). Nederlandse Cent, Qrgan. v. Toegepast-

Natuurw. Onderzoek, Commis. v. Hydrol. Onderzoek Verslag, en Meded,

4: 207-271. [In Duteh, Linglish summary, pp. 207-200.]

DE “NUTTIGE NEERSLAG" BlJ NEDERLANDSE ZANDGRONDEN, [USEFUL PRE-

CIPITATION' ON DUTCH SaNDY sOiL.] Nederlandse Cent. Organ. v. Toege-
asi-Natuurw. Onderzcek, Commis, v. Hydrol. Onderzoek Verslag. van de
Tech. Bijeenk. (1957-38) 13/14: 103-113. [In Dutch; pages include Duteh

supplement by G. F, Makkink, pp. 112-113.] {Commis. v. Hydrol. Onder-

zoek Verslag, en MMeded. 5.)

WiNTER, 12, J,

1962, LOW-COST WEIGHABLE LYSIMETERS. Nature [London| 196: 1341-1342,
Savrew, P. J., and Sranuing, G.

1959, LYSIMETRY AT THE NATIONAL VEGETABLE RESBARCH $TATION, WELLESBOUNNE,
WARWICK, ENGLAND. Colloque de Hannoversch-Miinden, 1959, 2 (Internatl.
Assoc. Sci. Hydrol., Pub, 49): 44-53.

Wi, C. T, pe.

1058, TRANSPIRATION AND CROP YI1ELDS. (Netherlands] T)ir. van de Lendbouw,

Verslag. van Landbouwk. Onderzoek. v. 64, No. 6, 88 pp.
YULDASHEY, A,

1661, [LYSIMETERS FOR STUDYING WATER-3ALT REGIME OF soins.) Selsk. Khos.

Tadzhikistana 1961 (9): 49-50.
Zavex, S,

1056, WoD4a § JEI JAKOSC W ZAGOSPODAROWANIU MAD PIASLCZYSTYCH W SWIETLE
LDOSWIADCZEN 2 TRAWAMI W WARUNKACH LIZYMETRYCENYCH, [WATER AS A
FACTOR AFFECTING THE RECLAMATION OF SANDY ALLUVIAL AS INDICATED BY
LYSIMETER EXPERIMENTS WITH GRASS CARRIED OUT 1N 0S0BOWICE.] Rocs.
Gleboznaweze (Soil Sci. Ann) 5: 203-219, {In Polish. English summary,
pp. 218-214.]

Zivesn, P.J.

1959, THE INFLUENCE OF A STAND OF PINUS COULTERL ON THE SOIL MOISTURE
REGIME OF A LARGE SAN DIMAS LYSIMETER IN SOUTHERN CALIFORNIA. Col-
loque {Symposivm] de Hannoversch-Miinden, 1939, 2 (Assoc. Internatl,
d'Hydrol. 8ei,, Pub. 49): 126-138.




APPENDIX

TasLe 20.—Monhly summary of accretion, depletion, and slorage of sotl waler as deter mined
by weighting lysimeter Y1010, 1544-62

i Aceration Depletion Storage in

Year, ¢rap, ! S-fool profile

a0l N H

manth o Pregipi- | Evapo- @ Pereo- | Tolsl . '

Lation ! trans-  *  lakoo , depletion Het in- | Net de-
i piration | cregsr . CIEASE

[rches frches I fnehes i Inehea Inchen Incher
I : '

.26 !
57
LI56
sl |

mHEpoverly grags:

wrtaiow
el b

1
0
]
2

0
1.
A
3
214 |
309
242 :
$27

oEST Lo,
0w i

i Ty S e
o

eSS SAEAEage
s N

=
ra
~y
@

&

g

—itelsiy focnunim
et B =] O O

b
)
ke, e B

AN AR =
i BeSawota

o

ol Gl

b !
o mietem i

e B e D= e R

en | taistaka
3 e B b

-
&
4







EVALUATION GF AGRICULTURAL HYDROLOGY 91

TasLe 29.—Monithly summary of accretion, depletion, and sforage of soil water us determined
by weighing lysimeter Y 1011 D, 1844-82—Continued
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TaBLE 29.—Monthly summary of accrelion, depletion, and storage of soil water os determined
by werghing {ystmeler YI0LD, 1844-62—Continued
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TasLe 20.—Manthly summary af eccrelion, depletion, and storage of soil wuler as determined
by weighing {ystmeler Y101 D, 1944-62-—Continued
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Tanle 26.—Monthly summary of acerelion, depletion, and storage of soil water as deteriined
hy weightng lysimeter Y 101D, 1924-62—Continued
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Tanve 30.—Monthly suminary of accretion, deplelion, and storage of soil waler s delermined
by weighing lystmeler Y102(C, 1944-62
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Tasuk 30.—Monthly summary of ceeretion, depletion, and storage of soil water as delermined
by weighing lysimeter Y 102C, 1944-62—Continued
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TasLE 30.—Monthly summary of accrelion, depletion, and storage of soil waler as deterniined
by weighing lysimeter Y1020, 1844-62—Continued
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TasLe 30 —Monikly summary of accrelion, depletion, and storage of soil water as delermined
by weightng lysimeler YI102C, 1944 -62—Continued
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5.24 Dt 273 4] 2
352 o LS WL .01 L.l2
2.8% i g2 ik il
BT Y 53.48 .20 38.51 7.87 48.58 16.82 £.50
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TanLe 30.—Monthly summary of accrelion, depletion, and storage of soil water as delermined
by weighing tysimeter Y102C, 1944-68—Continued

Acerenion Depletion Biorage in
Year, grop, #-foot prafile
artl
month Precipi- Evapo- Perco- Total .
tation Eunoff trana- Intion depletiva Net in- Met de-
piration Crenns

Inchea Tnches Inchex Inches Inchea
1960~ rmeadcw:
Jun 4 '0.38 2.40 3 057

02 LT 1.94
08 v1.85 2.65
0 413 .94

0 4.87 08
A7 5.68 01
.01 6.40
04 5.82

3.58
1.84
! -

Lkt -l ea wing
e
~ImEE oo —

g i
Erinmis 1
on

! Some anow fell durin?' the menth; seme valies may be too high or too low because of drilting enow,

3 Includes irrigation: July 1953, 2,03 inches; Aug. 1953, 2.00 inches; Qct. 1953, 2,24 inches; July 1954, 1.13 inches; Sept. 1054,
1.8% inches: Moy 1655, 2.26 inchea; June 1055, 3.07 inches. i

¥ Largely transpirstion. Plastic cover on ground surfacs prevented evsporation, Jue 6 to Bapt. 9.

i Lysimeler not in operation, seil covered with Dlastic mowture barrier, or work on grease seal.
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TasLk 3\, —Monthly summary of accretion, deplelion, and storage of s0il waler oy delermined
by weighing lysimeler Y1034, 154462

1
. Aceretion | Deplation : Storege in
Year, erogp, ; B-loot profile
snd P |
meoth © Precipi- Evape- | Perpo-
tation Runoff trapg-  ;  latien Netin- Net de-
piration - erepse crease

1844-meadow:

¢

faches {ncher Inches | Incher | Inches

o}
25
203 ,
187 |

pors o
-9
2z=

0
0
1
U
Q

07 |
04
02!
0

K
UG
0
u

e e O B3
S —
G-—Wg

F g4

g feprd

July ..
AUR . e cmeerae e

IS
&
1.
8.
4.
2
2
2,

=
=2

s
r~
=)

194 njwheul.:

—EEom
258

e T D
w2

']

mN moanm e
o
as

OV e

Dot eeaas e ———at

@
o
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TaBLE 31.—Monthly summary of accretion, deplelion, and storuge of voil waler us determined
by weighing tysimeler Y1034, 1844-62—Continued

| Avergtion 1 Diepletion X Storuge in
Year, vrop, : . &-fnot profile
and i | : : . o
maonth ' Precipi- b Evapo- . Perro- |  Total .
tution Runoff + trans- Intian ; depletion Netin- Net de-
© piration . . gresse D crease
i N i

Puches ¢ fackes ! Imcher | Fuches Tuehen
1948-tendow; H i :
Alb o iaimmatmamn 3.12, 1] 3L [IXLE I
L 88 154
Mar ool A8t 02 . 219 -
PSP | 020 242 .

MEY . o i . a1 -
June_ .o el 21, 02
July, e 3.56 ¢ TR
AU e ins cimimamciean e U

NI
01

Decoiii e e

Total ceemman.-

1948=-curn:
I

£ b L3 b3 G
Lo i Do bo b

£300 ta £
—Da b AT A DR En=Im

4
R
k-
A0
A

o

[T
KT 1D O
b i
D - o

=D b
BIER

B =g B e

B bnzy
tn tn ba
& B

10 e RISACH K= T

el QM e T e
B R3E) W fIGN O G B3 EAER

e
=
e
@
=

i

=2

=R tagithin R eeee—

a0 0 £a

=1t Dty haCAeh e
e b
e G B

Ba by bg =)

R @ A
€3 bt
[=F- . L =10

[

=t
oA

[ LEE=]
[ =
ra
b

&

9.21 10.55
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TABLE 3).—Monthly summary of aecretion, deplelion, and slorage of soil waler as defermined
by weighing lysimeler Y1084, 1944-62— Continued

Aecretion Depletion Storage in
Yeur, ;rnp. &-fout profile
!
mealh Precipi- Evapo- Pereo- .
tation Runoff tans- lation Total Het in- Net de-
piration oréane Creane
Frchea Tnehes Inchea Inehes
1852-meadaw:
i} 5.54 003 b 1.32 3.485
.02 02 11.33 1.88
4.02 03 11.86 192
4.9 02 3.52 1.58
4.42 o 6.07 07
2.7 02 5.19 02
4.15 2 6.36 .02
2.12 .01 186 Al
2.58 .01 208 0
.78 113 0
1.94 01 11 ]
273 a1 L5t .n
318.49 .18 34.93 g.14
5.54 .02 L1} 18
La4d ] 187 34
3.48 R 1164 B8
287 ] 27 50
4.20 02 4.35 A2
2.68 Kk 4.21 W02
5.20 a 7.4 .01
LT L0t 4.64 i)
1.18 2 1.38 0
72 0 K] a1
1.35 0 g 1
2.83 a2 Lo 02
3319 i) .06 2,50
2.84 11 150 .04 25 R 4 N R
2,17 a2 9% 01 1.02 135 |l
5.12 0§ 1250 W24 3.02 200 femamiaeas
3,29 Rirs 3.26 .26 350 | 30
240 8 6.15 .65 820 | 3.80
2.09 Al 533 Al 535 Joomame. 3.26
3.37 a1 218 Al 2.40 L F I S
349 i3] 4,22 Rilt 426 | ... i
1.43 0 1.85 O 1.86 | ..o 43
594 2 L7G | 1.78 416 ) L
1.58 1] 1.3 1] 84 [ 7 P
2.52 & 42 .01 A2 239 |oommrceen e
34,66 33 20.70 64 3L67 13.53 8.54
215 a L .59 08
3.87 02 1143 193
5.13 02 1240 2,68
g7 1] 4.23 35
1.82 a 7.10 A4
3.4 1] 403 03
3.45 01 4.61 .02
3.53 .01 4.68 W0t
2.43 e} 2.57 01
242 a 2.52 Rilt
.40 0 .85 02
38 1] .35 .02
35.90 .08 35.36 52T




EVALUATION OF AGRICULTURAL HYDROLOGY 103

TasLe 31.—Monthly summary of accrelion, depletion, and storage of soil waler as delermined
by weighing lysimeler Y103A, 1544-62—Continued

Aceretion Depletion Storags in

Year, erop, &-foat profile
and

maenth Precipi- Evapo- Perco- Total .
tation {rans- lation depletion Net in- Net de-
piration crease

Inches Intches Inchey

0.0
1.22
2.30
1.i8

Wi D B
SEXG

o Gatd =i
w'g'c.
Ll +R T [ 1) =

o T
sritmes e =
A =l W

&

4
¥
4
9
3
g
L4

GR=
Ta s ia
mgm.—

-
)
o

-
=
~
~J

BRAS EER

PN e
[rypcy ]

Somtshy Dbl

DN

P N T T T
5 G in

¥ Iy Cad b
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TanLE 31.~-Monthly summary of accretion, depletion, and storage of sorl water as delermined
by weighing lysimeler Y1034, 1944-62—Continoed

El
} Accretinn Depletion Storage in
Year, Erop. ‘ 8-foat profile
an | £ !
month !t Precipi- I Evapo- ] Pereo- Taotal
,  lation RunoA }  trane- ! lation | depletion Net ia- l Nel de-
: ! piratsn r i crease crease
i o ! 1 :
1060-meadd | Pnches Incher t fookes | frckes | inches faches Inehea
meadow: ! :
! 2.25 0.01 | 1047 | Lt 1.82 133 L.
5.23 0 N 11,00} 52 2.08 37 .
2.20 07 VLa 04 280 b . 0,71
218 LI A3 e | 224
3.67 0 5.34 | 05 LX) N 172
750 a7 | 540 05 5.8 L5 |eeeonns
3.24 02, G.42 02 Gdd [, 3.22
6,92 04 I 5402 n 5.97 5.1 -2 D,
] L PR A7 4] \ 4.17 ] 407 b een 3.70
Qel,.. 2,24 a H 209 o] 2.09 A8 el
Nov.. H 2.28 R 186 It} B7 LAl el
[ T | 294 9 157 ¢ A7 - I P,
T R 1141 .25 | 28.51 3.48 £2.73 10.27 11.59
1981-corn: i
oV S BTSSR PYN B ol mi
542 02 ! .69 39 2,10 LTSI
ki) 0 13.10 237 LXK T O 169
7.53 05 302 4143 T.13 JL ||
2.69 01 156 20 376 Lo . 1.07
3.52 A5 4.40 A2 £.97 looeee o 1.45
5.02 02 5.60 04 5.75 [ 2 PN
2,27 Nl | .20 03 634 o . ... 4407
.56 ] 14 a2 L S P 1.7¢
2.55 1] .22 01 1.23 J 18- - R
3.4d 0 85 Kl ] 258 ool
2.89 01 1t o 79 2,20 jal el
1491 .82 3384 | 7.23 L0 12.90 .98
;
3.41 .06 LY 20
4.40 A7 Loy 1.27
4.12 03 1275 2.21
202 Al 2.95 1.25
3.4 1] T.41 Il
243 a 489 04
243 2 108 4
2,16 .63 327 01
5.73 02 330 .01
2.59 A1 210 0
3.4 03 N5 Q
.08 i .87 k 1]
10,01 ST ] 5.23 |

* Some snow feli during the month; some valoes may be too high or too low because of drifting enow,
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TaBLE 32, —8ummary of farming aperations and yields for tysimelers in lysimeler batlery
Yi0!, 1856-62

;
: ! First cutting ! Second cuttiog
Year i Lyaimetar Cover .
i
i[ Date Yield Date Yield
i i
i i Tanrfacre
111 S [ ZIma Poverty grass 0.17
YiotB JREN: [ TR 20
t YWIC PluE s " S (VU [ MO .26
: Y1010 A[Falfa-brume _______ 23
I'JF)T..__.._..-; Yignd Paverty grass .85
Y OYWB jeee-dooiol e |eeeodooi L B2
. YI0iC! i Bluegrass k]
. Yuipsr o Blrdsfuof. trefoii Li3
i B
10580 e vt Yioia Poverty grass i1
: U119 C O SR 20, e aan 57
Y010 Bluegrass 06
Yig1D Birdsfooct trefoil 1.66
JL'L:11 DO Y1014 Poverty grasa .50
H YR . L1 T a8
N YIIC Bluegrasa 55
i Yol Bm‘.iafaot trafoit .63
1080 oo ommnd Yioi4 Poverty grass 26
Y1018 R [, 2l
Y Hluegrass 27
YD Blrdsﬁmt trefoil .70
(1. YA Poverty grass 27
1150 S PO I A7
Y101C Bluyegrass 3l
b B!rdsfoot trefoil ks
1062, e YIDIA Poverty grass 0
Y10iB do .02
ine Bluegrage 02
YiolD Birdsloot trefoil A5

! Fertilized with 300 Ib. faere 5-20-20, Apr. 15.
Sveded B 1b.facre birdsfoot trefoll, Apr. 15,
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TasLe 33.—Summary of farming operalions and yields for lysimeters in lysimeler batlery

Y102, 1356-62

Farming operstions

. _! Date of |Yield per
Yenr | Lyrimefer Crop - — vent | aere
Cn all lymimeters Additional peactices
Fama
G886 .| Yi024 Second-year Agricoitural lime 1 toofeere, Nov, 190 |_ oo .___ ween| June 6 2,68
meadow. July 18 281
Sept. 4 1.78
YieeB i____.do _da, J— June & 07
July 19 2.61
Sept. 4 1.89
Yioze  \ooLdoo_.. . O YU, FE S June § .54
July 19 2.00
Sept. 4 1.78
) Bushels
1957, Y024 Corn to wheat . Sod spaded Apr. 26; corn planted May | Cultivated June 268; | Sept. ¢ 1)
2; fertilized (188 lb;‘aeres —-20~-20] May n chop and
2; coltivalsd May 29; rotolilizd and | teturned wolysimeter
serded (2 by.foere whent: 3 Ib Jacre | Sept. 23,
timmothy) Oot. I fertitined (IBD Ha. facre
5-20-20} Oct. 1; manure applied (10
tors facre} Nav, 235,
Yi2B  |..-_.do Jo I Plastic caver placed |...do... 182
on surface pf iygim-
eter June 5 ataiks
cliopped  and  re-
turned to lysimeter
Sept. 23.
Y2 |- do S Plastic cover placed |___do._| 125
on sutlece of lysim-
cler June §; atalks
chopped  and  re-
turned to lysimeter
Sept. 5.
1958 ___{ Y1024 Wheat to meadow | Seeded {8 |k facrealfaifa: 3k faereved .. | aee | July 24 45.6
clover; 3 ib.facre timothy) Apcil 4.
Yi0oR do_ e do da._. 40.6
Yoo |o...a do dao R . 4.1
Tene
1956 Y1024 | Fimstyear R OV, June 1 276
meadow, Aug. 3 1.08
Yi02B  |ae._- de - - June {1 243
AuR. 3 1.86
YiozC .2 YRR P June 11 2.35
Aug. 3 232
1960__] Y1024 5 d-¥8aF e e am Jupe § 4.21
meadow. July 22 2.4
Yig24  [----- do_ S SO June § 4.85
July 22 2.82
YHIC . 1 R SO June & 337
July 22 2,30
Bushela
1gei. .. | Yigza Corn to wheat. ___| Manured (30 tons/acre} Mar. 20 sod | omaoaa o aal Oct. § 154
spaded May 12 corn planted, ferii-
ftaed (IR0 ib./acre 5-20-20) May 16;
cultivated June 4, June 22, July 7;
sexded (2 bu facre wheat; 3 Ib/acre
timothy} Jeb. 17; l'erllilzed (180 M. f
acre 5-20-20) Cct. IV,
Yi02B o, do | 1 157
b 127 - . I S [ do do.._ 146
1882... | Yio2A Whest to meadow_| Seeded (61b. facreaifaila; 316, focrered | Manuzed {12 tons/ | July 8 524
clover 3 tb./mere Himothy) Mar, 28. acred Jan. 23
Yio2B s L TR U . S .Y O S . T 48.8%
Yoo oode___.. 60 Y] 4 {12 tons/ [-_.do._ [1.8:)

acre) Mar, L
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TaBLE 34—Summary of farming operations and yields for lysimelers in lysimeler hattery
Y108, 1956-62

Farming aperations

Year { Lyximeter Crop Date of |Yield per

est | sore

Ou all lysimeters Additional practices

Tore
1956_..] . '034 Second-year .} June § 2,88
mesdow, July 1% 2.18
Sept. 5 1.2
Y 3B de. a—— Jupe § 2.3%
July 18 108
Sept. 5 1.82
Yi03C do, " Jupe 6 113
July 19 1.18
Sept. & L9
Yi03D do. - June § 1.52
July 19 1.53
Bept. 5 L.18
Busheln

1957....] Yi034 Corn to wheut....| Sod spaced Apr, 26; corn planted May | Fertilised (182 1./ | Sept. 18 149
2; caltivated May 20. June 20; stalion acre 5-20-20) May
chopped and returned to aci Oot, I, 2 geeded (2 hu./
ncre wheat: 3 1h./
acre thnothy) Oet,
2 fertilized (180
tb.facre 5-20-20)
Qet. 2; tmmnure

{10 Lons/acra)

Noy.
YigdB ... do Ao D de 150
Y103l do do Fertilized {60 'b./ |____. do_ 1L8
sere 5-20-20) May
2; deeded (% bu.f
agre wheat; 3 M./
acre dimpothy} Oct.
2; fertiliaed {100
1b.facre 3-20-20)
Oct. 2; manured
(7.5 tonafacre}
Nov. 25,
Y030 do . (- RN I do do. 13
1955 __._ | Y1034 Wheat to dow, Seeded (6 lb./facre | July 24 58.0
alfaffa; 3 th/fsere
ted clover; 3 lh./
acre timothy) Apr.
YwIB |- Ao da do. 74
YHEC | ..de Beeded {3 Ib.facre do. 2.8
alsiice; 3 b facre
timaothy: 6ib. facre
red clover) Apr. 4.
Yioah  |.....de - do. do 2.0
Tonz
tesg...) Yio3A Firat-year . June 11 2.1%
meadow. Aug. 3 2.12
Y36 U Jupe 11 247
Aug. 3 1.62
Yi03c do Junell 148
Aug. 3 .38
Yioih do oo| Juze 11 1.78
Aug. 3 1.86
Tane
HA0____; YDA Second-year June 8 2,02
meadow., July 22 185
Y1038 do - - Jupe & 3.51
July 22 165
YI03C do June B 209
July 22 o
Yidsh do June & 239

July 22 18
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Tasre 34.—Summary of farming operations and yields for lysimelers in lysimeter batlery
Y108, 1956-62—Continued
. Farming operutions
Year | Lyaimeter Crap Dute of |Yield per
N . hurvest | acre
On all Iysimeters Additions! practices
Bughelr
1961 .| ¥i03A | Corn to wheat____| Sod apaded May 12; corn planted Moy | Manured (10 tens/ | Oct. B 170
18; corn enllivated Junc 14, 22, July acre May 20; ferti-
&; seeded (2 bu,fwere whent; 3 Iba.f fized (150 b fuere
acte timothy) Oct. 18, 5-20-28) May 18;
fertibed (156 0./
acre 5-20-20) Oet.
Y1038 S SO R S S da.| 138
Y1030 doo. \'lanured {28 ¢ do 128
nere) Mar, 20; Fer-
tilized {50 I, /acre
5-20-20) May 16;
fertiiend {268 th./
uérc 5--20-20) Ot
15.
b1 DR . O O - 1. S S RS o R S do. 144
1662, __f Y1014 Wheat 1o meadow | Manured {12 tons facre) Jup, 230 Seeded {8 Mh/ocre | July 13 68.7
wlizbin; 3 Ib,/aere
red clover; 3 W.f
seretimothy) Mur,
YI03H 68,3
Y1530 48
red slover; 3 b/
acte  Limothy; 3
. fugre  aimke)
Mo, 24
Yol o L T, Y I— do. 348
TanLE 35.—Water budget for corn geasons, Y102C and Y1034, 1845-61
LYSIMETER Y102C
Period | Iem Apr, ¥ ! May? June July Ang. Sept. Qct. 2 Total
Inchee Incher Inehes fnchea Incher Inchee Inchet Inchea
May I to Sept. 28, | Rainfall . .. 532 434 2. 1.23 I B P | .47
148, Runol oo 20 1.09 0§ W05 2302 |eremaaaan 344
cemezmrmee e ———— 119 34T £30 37t 2.82 ig.e2
Percolation. ... 183 ) .13 A i 2.34
LHiSol moisture jooocaen.| — 00 — .48 —{.85 -2.57 L X1 A —1.33
May 7o Sept. 24, | Badnindlo oo ool . 3.0 340 BT 5 IR I TR, 17.91
1548, Rupofl o .o.dooaas JOR A5 A6 L] L1 DN PO, 27
ET v ranvrmeee el 2,42 4.41 7.2 4.84 L1715 20.03
Pereolation oo coooooo. Bl 32 RE] ! il 0 87
ASoil maistare {.ooo.. I e Y ) ~3.88
May i 20 Sept. 21, Rum!ail._...--‘--._._--- 428 2.36 18.15 480 | 75 L1 S, 626,58
1953, Runuﬂ_. 32 Eex] .02 A /] 8
3,28 26 £8.79 6.75 2.0 [ _________ 23,81
L.24 A3 30 i 22 . S, 2.33
— 28| —138 95] —220| —188 | ~4.54
Apr. 28 to Sept. 18, ¢ 4,73 1133 1.88 2,33 24.08
05T 13 .70 sa.9) )83 1541
.28 a7 LF M1 240 S12.84
Pcrculal.lon..__ ) 50 W13 02 140
ABoll moisture — 4§ 0z —i.04 —3.40 —12.52 I I I - 552
May 12 Lo Oet, 8, i.13 3.40 E,.76 2.07‘ 1.25 0.86 4T
1961, A1 B85 24 A2 & 0 i.14
1.9 144 503 AL 2.46 38 i8.76
: .38 43 AT 05 201 a R
280t momture i‘.......-. — .83 t — 122 a6 | —38F 1 —u158 i A7) —6.35
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Tarue 35.—Waler budgel for corn seasans, Y1020 and Y1034, 1845-81—Continued
LYBIMETER Y1D3A

Period T T , Agpr.? I May? l Juge l July I Aug. [Sept.‘ Qet, 2 Tetal

| Inches r Incher | Trehes f Incher | Inches Inehes | Inches | Inches
Apr.30toOct. 2, | Rainfall...o... I oms; 4.8 £.27 271 1.04 g2 0.98 23.60
1945, Runofl___._ 01 .34 02 0 01 g .28
........... K 456 410 572 .21 2.8 16 2158
Percolation._. .} A1 18 -8 a2 01 5E 14 1.57
AScilmoisture | AL} — 93] ~ .04 | —305| —3.8 47
Muy BtoSept. 21, | Ralwfall 1 301 3.40 .90 2.75 19.96
1048, Runeft - Q2 01 W18 Kl =1
R | a7 5.3 5.55 5.12 23.61
Percolation, .- o o .. .13 a1 .05 1] i
ASellmoistare f.__.., | —.31] =185 i —238 EYY . —487
May 2 to Sept. 21, | Ruinfull i 4.20 2.69 5.20 174 15.01
1853. ' 02 42 o Bl 05
b 4,25 43 24 1.0¢ 2153
1 A2 02 01 a1 4G
ASoll mohture 1o — 48| —1560 —215| —ng2 rry . -7
Apr. 58 10Sepl 16,] Ruinkalll. 1 09| 448! 10021 549  Los| 262l 23.32
1957, Bunofl........ toog .16 1,59 0 o 03 195
o i 3.82 579 .36 456 3 23.33
Pereolation._ . .. g2 56 1.5% 08 i) i N S 2.24
AScimoisture | — 57] — .08} 169} —455] -2.88 195 V... —4.92

May 120 Oct, 0, | Buinfalloooooo. | S 154 3.52 5.492 2.97 1.58 50 15.71
1961, unnﬁ'_.-..-.--{ i) A5 02 A1 { 48
7 S | 2.1 4,40 5.60 5.38 3.24 .20 22.06
Perealution_. . b ________ iy A2 4 03 .oz 28

£Sait moisture _______ b - 66| —148) a7 | —407| -1 | -1

]

 Prom spading acd to corty hatvest.

1 Purtial miontha.

irrigation, 2.93 inches.

+{erigation, 2.90 tnchea.

¥ Plastic sheet on greund suzface, June 6 to Sept. 0.
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TasLe 36.—Waler budyget for wheat seasons, Y102C and Y1034, 194562
LY bli\u«"l‘l‘ R \’162(‘

Period | Item Bept, 2 . g Dec. Jan. Feb. Mar. . May June July ? Total

) Inches Inches Inches Inches Inches Liiches Inches Inches
Bept. 28, 1945 aj .33 2.74 E 240 1.09 4.63 2.61 187 5.98 8.72 0.2) 32.43
to B . - . .05 . .01 . 2 0 1.06
July 9, 19046, ET ¥ . . . 278 4. . 5.55 K 25.25
- 0 . R R Y 1.89 B 207 K 7.47

: —~185] -2 s | w0 - 135
a1, 1049 | Rai Y . 15 ) 0| amt ao ] sa|  war| em| 2mel 3077

io : 0 0 0 ; : ; . 0 15
1, 1950 ET - . . . . N B &.11 N 20 72

X1 . 12.74

—295 3.16
. 21,1953 s . ) .
1o
¢ 13, 1054

. 10 1957
24 1058

TYALTAITEOY "LddA S ‘ng[ NILFTTIAG TVIINHIAL

Oct. t9. 1061

0
July 9, 1062 .
Percolallon._...

A Soil moistiire
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S o g ot e e

Perlod ! Ttem E Sept.? ’§ et ? Nov. ! Dec. Jan. Feh. Mar. b Apr . May June July? Total
b e St v e 8 et £ Ao ..,.,,.,\,'q_,“ B ‘,.AA"‘HA [UUUNIEIS SIS SRS PUVSTR S PO - . - - - T s it g e Fru s aes e e ez b o gy by | i e <ot S g ant,

: :

Incher Inches Inches Inchex Triches Iriches Iriches Inches | Inches Inches Inehie Lichee
Oct.” 21045 | Rainfall_.ooofeesnionoe 1,79 3:61 2.15 0.5 i 2.4} 1.59 5.9 Ty 0.17 20.85
to 01 0 01 01 0 6. 0 01 0 04
July 9 146 1ET...0. .29 1.54 11t 88 184 3.00 95 198 6.10 | 1.43 25,22
Percolation ... doninn ol o 28 k7] ‘1§ 50 2,20 1.03 05 | 03 50 02 5.80
131 S5 ~.9) W —isT|  -nsdd ot 85| —128 —327
Sept. 21, 1949 Chs0 ) a0t] 889 3.50 | 204] 454, s300 0 203 amd| 360
o 0 i 03 o D 0 o1 0 g o7
July 7, 1050 113 64 118 0 1:98 2.55 611 § 5.5 58 228
) 470 221 1.2 163 | 13 04! 0 1002
A6 2.35 2,52 45 - 27 350 -155 ~3.50 | 2,20 349
Sept, 21, 1953 T e 2.62 a6 v sl 3ol 2 0! 200 0 2283
to U 0 02 i1 02 08 oF 0 3l
July 13, 1954 .29 55 Al 102 70 09 2,50 2.26 815 533 | 84 2937
Pen:olahon...,. D 01 0l 02 04 0t 24 26 05 i o1 66
ASml nmlsture - .20 il 0 157 2.13 115 2.10 ~ .30 f -—? 80 —3.26 K113 .29
Sept. 16,1057 | Ruinfall.. B TS BY 310.] 488 EY Y Y S B sosl 308 o 4."23} Coam 33.80
to Runoff... 0.7 D 01 04 051 63 o8 ) 01 0 03 28
July 24,188 | RTL DT 73 1,06 107 13 54 86 1.34 318 i 559 2.44 2470
Percolation. ... 0 0 ] 124 a7 | 10 34 6% 113 R 03 460
A Soil mulstum .56 .83 2,01 2,20 1.20 - .08 -~ 59 { .24 .i ~4.91 *—l.3l$ 4.20 4.25
Oct. 81981 | Raimal.. a1 2091 asl b 449 112 A g 2.43 145 | 20.04
o Rusoff.-- 08 06 07 03 “o1 ) 0 ) a8
July 14,1982 | ET...... 77 117 217 275 2.95 7.41 4.0 76 2404
~ Percolation 0l 29 127 291 1.25 a1 o 0 5.1
A Soil moisture | ... oeeos 72 2.58 2.20 9.9¢ 98 -8 —~2.19 ~4.28 —2.50 | 881~ .3

! From corn harvest to wheat harvest.

2 Partial months,

.

A Irrigation, 2.24 inches,
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TaBLE 37.—Waler budgel for first-year meadow seasons, Y102C and Y1034, 18,6-59
LYSIMETER Y102C

Period ! Ttem July ? Aug. Sept. Oct. Nov., Dec Jan, Feb. Mar. Apr. May June July? Aug.? Total
lnches {1 Tnches Inches Inches Inches Inches Iniches Incher Inches lr.ches Inches Incher Inches Inched Inches

July B, 1946 | Rainfall 512 X 0.88 4.3 5 2.83 5.55 115 2,33 4.28 6.43 573 2 ] 40
o - unoff 04 0 02 Q1 .01 02 .00 By .01 .03 W04
Aug. 5, 1947, | ET_ . __ 414 4.60 2.45 1.80 1.07 .80 B4 74 1.59 2.9 3.90 8.8
Percolati 07 12 .02 .03 04 15 4.10 L.16 A2 2.10 3.00 1.48
A Soil moisture 87 2,41 -~1.89 2.53 1.62 1.87 .69 -~ .81 .21 .07 - .50 —2,03
July. 7; 1950 | Rainfall__. N 4,00 2.14 5.61 1.50 6.41 3.32 8.41 4,83 $.80 RE 2,38 5,73
to Runoff .. 01 01 0 0 .02 .10 35 08 ¢ it 0
Aug, 81951 | ET . .... 2.59 3.03 3.53 2.80 1.25 1.1t 1,45 1.50 1,43 1.83 5.67 5.0t
Percolation. -~ 03 20 L75 07 .08 2.93 4.10 4,00 3.63 2.54 Bl 08
£ Soil moisture 1.43 -1.49 .32 ~1.37 5.10 - .74 76 -1 .68 Il ] —3.80 .65
July 13, 1954 | Rainfall____.... 33.59 3.23 12,98 5.48 1.43 2.68 1.70 3.81 4.96 3.73 $3.84 €5.09
. to .04 .02 0L 02 11 .01 0 .13 14 .02 01 03
July 22, 1955, 1.62 4.38 3.83 2,18 83 A2 R:) .82 1.08 3.53 6.60 4.92
.01 0 0 0 01 12 2.28 4.02 .92 327 .03
1.83 —118 -~ .88 3.30 .60 2,24 a7 57 - .28 - .74 —3.00 101
July 24, 1958 3.03 2,77 3.46 .41 3.28 1,42 6.83 4,75 4.00 .14 3.36 5.34
to 05 0 0 1] 0 .03 .04 (4] 01 0 07
Aug. 3, 1959, 1,02 5.26 4.27 3.01 1.84 .60 0 1.02 2,05 2.44 6.57 6.31
01 20 .09 01 0 .01 102 2.35 2.34 1.24 .81 08
2 Soil nioisture 1.95 -~2,69 — .90 —2.61 145 8L 5.78 1.34 — .39 1.45 —4,02 ~—1.10

¢it
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LYSIMETER Y103A

Period? Ttem July? Aug. Sept. Oct. Nov, Dec., Jan. Feb, Mar. Apr. May June July? Aug.? Total
Inches Iniches Inghes Inches Inches Inches Inches Inches Inches Inchea Inches Inches Inches Inches
July 9, 1946 2.47 0.8 14 2.78 2.8 5.28 112 2.0 4.4 6.44 5.79 3.02 0 46,70
to 0 0 01 0 0 0 02 03 0 ot 02 kil 0 11
Aug. 11, 1947. 5.00 2,58 168 92 80 1,02 .66 1,86 2,38 411 6.45 5.15 1.76 39.41
02 o1 ot 01 28 3,32 28 58 1,90 2.66 111 05 01 10.28
A Soil moisture 02] —264 | ~169 372 1.85 1.72 94 ETY R 18] =34 -9 —2a8| -] - 302
July 7, 1950 | Rainfall ... 382 |  202) 5.58| 158| 6.3 341 5.65 4.30 571 358 | 2.2 5.81 3.04 13 53.58
10 Runoff il 0l 0 0 01 04 1z .03 0t ot 02 02 0 128
Aug. 8,1951. | ET____. 3.15 4.85 3.78 2.57 147 151 134 1.80 .83 2.2 5.73 5.22 6.73 1.01 4337
Percolation 02 02 04 02 lop 2,67 3p2] 37 3.30 1.1 RE; 06 03 0 15.43
A Soi! moisture 64| —275 177 | — 101 167 —.18 65| —L15 A3 | ~ 56| —a.2m 51 ~ 5.50
July 13, 1954 | Rainfall 247 3.49 1.43 5.04 1.58 2.62 215 | 387 | 513  3.47 1.62 .14 30.99
to Runoff 01 .01 ] 02 o o 0 02 02 0 0 0 09
July 22, 1955, | ET._... 154 422 1.86 1.76 03 42 59 143 2040 ] 7.10 1.03 3441
Percolation 0 01 0 0 ) 01 08 183 2.68 35 1l 03 5.21
A Soil moisture .92 — .75 - 43 410 .65 2,39 1.48 A9 .03 -~ .92 —~1.74 |eereninnn .28
July 24,1958 { Rainfall____._..| . 3.04 206 | 3.30 | 32| 22| 140 695] 409|270 Tl 40| o 44.00
to 03 0 0 0 0 0 02 02 01 0 0 0 18
Aug. 3, 1950, 1.0 6,39 443 2.43 1.20 52 1.42 1.67 2,24 517 6.3 a7 13.78
0 ‘22 03 02 0 02 A1 1.88 08 05 04 0 5.05
A Soil moisture 196 | —3.85 | -—-107| —213 171 54 5.07 g2 — .53 ~148| —233] — 47| —400

! From wheat harvest until last hay cutting the following year,
2 Partiaf months.
¥Irrigation, 1.13 inches

4Irrigation, 1.65 inches
5 Irrigation, 2.26 inches
¢ Irrigation, 3.07 inches
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TasLE 38.—Waler budget for second-year meadow seasong, Y102C and Y1034, 1947-61

LYSIMETER Y102C

Period* {tem July 3 Aug.? Sept. Qet. Nov. Dee. Jan. Feb, Mar. Aor,? May? June Total
. Inches Inches Inches Inches Inches Inches Inches Indlu Inches Inches Inches Inches Inches
Aug. 5, 1847 Rainfalloooooo o fooecumnnn. 3.7 3.13 1, 2.67 1. . 8 N 3.6, . 0]
to Runoff... 01 Q
June 30, 1848, T ... 3.08 4.02 2.57 13
Peicolation .02 01 b} Ki)i
O Soil moisture ... - - .65 ~1.80 ~1,53 1.93
July 1,048 Rainfall........ 3.57 1,12 3.74 2.85 3.23
to .01 01 01 0
May 7, 1849, .| ET 533 3,10 3.03 1.83 1.25
01 1] .01 .01
2 Soil moisture ~2.18 ~1.88 197
Aug. 8 1951 Rainfall. .53 5.04
Runoff 01
June 30 1952, s 1.20 .48
Percolation_ . .01
A Soil moisture Lo ... - 687 4.14
July 1,152 | Rainfall... a0 | 205 172
{o Runoff 02 01 .01
May 1, 1853, | O SR 6.29 3.80 T4
Percolation v 1] Q
. £ Soil moisture —2.37 —1L76 97
July 22, 1955 Rainfall. R 1.01 3.12 3.48
to Runoff - <01 {02 .02
Juned0, 1956. ) ET......__. <48 5.79 .79
Pemolnllun.,_-‘ .01 .01
£ Soil moisture S5t —2,69 2.66
July 1, 1836 Rainfall........ 5.968 3.95 1.89
to Runoff. ... .02 01 .04
Apr, 26,1057, | ET.. .o ioo 5.08 6.14 1,54
Percolation. ... 25 A7 0 : 13 B4
2 Soil moisture .61 —2.37 31 3.80 1.06 —1.25 - .31 iy | T SO IO, ——— $5.38

P11
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Aug, 3, 1859
to
June 30, 1960.

July 1, 1960
to
May 12, 19811

Rn\n(nll-.,..-.-.-w.._..“.
Runofl..c.peeuie

2,86
.01

817,11

A Soil moisture  —3.42

LYSIM L.TI‘ R Yi03A

Aug. 11, 1947
Lo
June 30, 1948,

July 1, 1948
to
May 6, 1949,

Aug, - 8, 1931
to
June 30, 1952,

July 1, 1952
to
May 1, 1853,

July 22; 1955
to .
June 30, 1956,

Rainfall.......

1.21

0
231
.01

1.52
0

0004

A Soil moisture

-1

Rainfall
Runoff.

Percolation....

A Soil moisture

Rainfall_o..... «oocines -
Runoff.

Percolation ...

ADO’[OV}{(I.U-{ TVHALTADIYDY 10 NOILVAIVAL

£ Soil motsture

Rainfall
Runoff.
ET

Percolation.._.

A Soil inoisture
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TasLE 38.—Water budgel for second-year meadow seasons, Y 102C and Y1034, 1947-61—Continued
LYSIMETER YI103A

911

Period ! Ttem 8 Sept. . Oct. Nov., ) Jan, Mar. Apr.? June

Inches Inches Inches Inches Inches Inches

. . 7 19 191 4.08 2.52 1.84 2.61 5.38

July 1, 1958 R A1 0 0 0 .02 R .02
ET . 3.31 . 1.27 .68 B 1.04 |

01 01 01 49 7 ie lO 08

16849

(17

to
Apr. 26, 1957, Percolation. ...
A Soilb moisture . 1. 54 T . 3.37

. . 3.13 ) X 2.87
Aug. 3, 1959 . .01 . .

to E 3.13
June 30, 1960. colati 021 01 33

X 18 50.56
July 1, 1960 : . 0 0 01 oowaa
{ : ; . . . . ; 42 |. 150,16

115
1#9.81

0 ET
May 12, 1061. Percolation

A Soil moisture —-3.22

UPeriods for which totals are given correspond to periods from last cutting of first-year meadow to spading of sod for corn.  These periods are defined in table footnotes 3 to 18,
1 May be partial months; check dates,

Yncluded in Aug. 5, 1047 to May 7, 1049 total. 1 Included ih Aug. 11, 1947 {o May 6, 1049 total.

¢ Total for Aug, 5; 1947 to May 7, 18480, 13 Total for Aug. 11, 1947 to May 6, 1949,

3 Included in Aug. 8, 1951 to May. 1, 1953 {otal, 13 Tncluded in Aug. 8 1951 5 May 1, 1053 total,

¢ Total for Aug. 8, 1951 to May 1, 1053, 1 Total for Aug, 8, 1651 to May 1, 1953.

TIncluded in July 22, 1055 to Apr 26, 1957, 18 Iricluded in July 22, 1955 to Apr, 26, 1957.

® Total for July 22, 1955 to Apr. 26, 1957. 18 Toial for July 22, 1955 to Apr. 26, 1957,

# Included in Aug. 3, 1959 to May 12, 1961 total. W Included in Aug 3 1959 to May l2 1961 total.

16 Total for Aug. 3; 1050 to May 12, 1961. 18 Total for Aug. 3, 1958 to May 12, 1961.
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TaBLE 39.—Monthly percolation data and 20- and 25-year averages, lysimeter baltery Y101, 1956-62"

Year and Annual
lysimeter Jan. Feb, Mar. Apt, May June July Aug. Sept. Oct. Nov. Dec. total
Inches Inches Inches Inches Inches Inches Inches Inches Inches Inches Inches Inches Inches
0.273 3.606 3.507 2.511 3,159 2.964 2.007 1.320 0,465 0,237 0.128 0.802 21.068
258 1.689 2.256 1.797 2,094 2.103 1.677 1,347 432 .216 075 531 14.502
279 2,692 2.882 2,154 2.626 2,534 1.842 | 1.334 448 1226 .102 687 17,786
.201 3.648 3.873 2,562 3.075 2.883 1.968 1.434 .420 159 075 102 20.400
0 1.446 2.667 1.791 2.193 2.184 1.659 1.206 381 125 037 0486 13.73¢
100 2.547 3.270 2.176 2.634 2.534 1.814 1.320 400 142 056 074 17.067
1.446 1.200 1.686 4.608 1.419 4,104 1.917 513 .188 138 420 2.139 10.738
1.044 1.056 1,266 2,700 1.251 2,478 1.671 477 141 083 .450 1.896 14.523
1.245 1.128 1.476 3.654 1335 3.2¢1 1.794 .495 170 .166 435 2.018 17,156
666 1.128 1515 4.803 1.011 3,120 1.755 483 2270 186 150 2.928 18.024
834 1.200 1,082 3.576 1.347 3.345 2.022 564 102 046 071 2.517 16,808
750 1.164 1.304 4129 1179 3.237 1.888 524 2231 2118 110 2.722 17.415
1.422 915 1.086 1.251 2,784 .636 1.725 1.998 459 234 .108 069 12.687
1.227 .699 1.005 1.113 2.079 504 1.323 1,731 441 240 126 A4 10,752
1.324 807 1.046 1.182 2.432 615 1.52¢ 1.864 450 .37 217 122 11.720
1.503 654 1.026 1.125 2.649 612 1.269 1.9956 A5 243 147 144 11.895
1.452 .852 1.050 945 2.253 720 1.288 624 .201 024 .006 .003 8.418
1470 .783 1.038 1.035 2.451 ,666 778 1.220 326 134 076 074 10.157

ADOTOUHAAH TVIHALINDIIDY 40 NOILVATVAY
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TasLE 39.—Monihly percolation data and 20- and 2.5-year averages, lysimeter batlery Y101, 1956-62'—Continued

Yoar and . Annual
tysimeter Jan, Feb. Mar. Apr. May June July Aug, Sept. Oct. Nov. Dec. total
1989 Inches Inches Inches Inches Inches Inches Inches Inches Inches Inches Inches Inches Inckes
;i.'lolA N 2.598 2.87¢ 1.923 1.281 1.803 0.594 0.438 0.204 0.105 0.252 0.927 2.184 14.973
Y101B 1.446 lLes2 1.548 1.176 1.473 637 <483 321 gl 486 921 1.728 12.012
Average. ... oiiiiiinannns 2.022 2.283 1.736 1.228 1.488 .810 460 308 .108 360 924 1.958 13.402
Y101C. 2.550 3.102 2.979 1.356 1.530 498 240 159 .068 381 918 2.511 16.302
YI0ID o iiiciianeas 1314 2.172 1.842 960 1.050 414 073 .008 .003 .003 003 030 7.872
Average 1.932 2.637 2410 1.158 1.290 456 156 .084 .036 197 1460 1.270 12.087
1960:
Y101A 2.601 1.836 1.688 1.632 .693 1.758 804 468 .339 .153 .052 059 12.183
Y101B - 2,028 1.458 1.203 1.410 a7 1.278 .831 672 333 102 025 .080 10.181
A 2.360 1.647 1.436 1.521 732 1.518 .818 570 336 128 038 070 11.172
Y101C 3.102 3.070 1.881 1.596 587 1.056 728 357 174 .120 105 069 11.550
D 41077 2 2 U, 1.743 1,500 1,663 1.578 699 255 .050 013 003 003 0 003 7.500
AVErage. oo veiceni it 2422 1.785 1.617 1.587 .648 656 .386 186 088 .062 052 036 9.525
i’lOlA ........................... 0.422 1,422 3,405 5.004 1.560 666 A17 303 11 018 016 A28 13.863
Y101B ———- 402 J7¢ 2.001 2,889 1.410 .768 453 387 087 .008 015 426 9.738
Avetage 447 1,098 2.778 3.946 1.485 17 435 345 098 012 012 425 11.800
Y101C .068 1.518 4.059 8.670 1448 486 270 174 a1 .099 0983 .189 14.184
D 4141 1 ) S S, .003 180 2.178 4.485 1311 378 .108 012 .006 0 0 0 8.664
Average___ .. vemasimeneheanenen 034 840 3.118 5.078 1.380 432 189 .093 258 050 .046 094 11.424
YI00A .. o icaaen i ceaeenn 1.128 1.260 2.853 1.716 816 390 174 .037 011 003 618 .663 9.669
Y101B . 615 1.293 1.191 762 384 185 022 011 .006 438 453 6.057
Aversge. . oo cimean 922 .938 2,073 1.454 789 387 170 .030 011 .004 528 558 7.863
Y101C. 1.677 1.749 3.381 1.839 a7 288 138 08¢ .038 014 .054 .258 10.286
Y101D. 075 828 2.412 1.488 .828 .297 .022 .008 003 .003 0 003 5.967
A .878 1.288 2.896 1.664 800 202 .080 048 .020 008 027 130 8,132

811
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1938-62 average:
Y1014

Y101, AB:
Pet. annual total

Pet. annual total
Fet. lative t.

! For 1938-55 data, see table 26 of U.S. Dept. Agr. Tech. Bul. 1179 (66).
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TaBLE 40.—Monthly percolation dala and 24-year averages, lysimeler battery Y102,

1956-62!

Year and
lysimeter

Jan.

Feb.

Mar.

Apr.

i
? May

June

July

Aug.

Sept.

Nov,

Dee.

Annuat
total

57:
Yi 02A.-
\'1020

Average

Inches

Inches

0.057
.168
&77

Inches

0.861
1,179
3.189

Inches

1.365
1,602
1.863

Iviches

Inches

0.377
0672
.696

Inches

0.360
399
249

Inches

0.163
156
166

Inches
0.002
0
.0t1

Inches

Inches

0
000
009

Inches

£437
5,511
8.183

.234

1,743

1.610

582

006

.543
.851
1.203

4.140
4.119
4.239

2022

.750
.601

4.166

.080

.018
.036
011

580
510
.198

022

423

009
018
005

038

003 *

002
.038
0

016 ¢

013

021
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19613 i .
Y1024, . oenuen R fmmenan . 0 0 1.230 3.360 0.234 0.080 0,022 0.015 6.014 0.007 1] ! 0.008 4 008
Y1028, e 024 027 872 3.738 ,207 071 044 024 018 016 009 014 4.802
Y020, e evmncinn r s 009 036 3.357 5.352 621 327 108 st 007 002 0 003 2,933

Average... ... ... cetmvemananie 0N 021 1.753 4,150 354 159 078 030 012 08 003
2792 2,328 117 204 011 010 007 005 003 006 0 4.083
957 3.135 1.293 J90 120 038 020 030 0z 012 012 6.048
1.434 3,123 1.155 204 048 018 012 A14 01 019 13 6.361
AVEFERE. . ciusrcemanas [, 047 1081 2,862 1.055 080 022 013 016 010 D2 042 5.497
25-yr, svecdge: ; . ) Rl ' . ' o -
Y1024 739 908 1,843 524 206 105 083 047 037 038 104 5.852
821 1.017 2,04 604 373 152 W83 071 023 13 200 7195
1059 1.274 2.424 713 88 i) {051 081 019 034 218 B.121
AVETBRC. . ormirnesicmmnsasmnnne - 873 1.060 2.004 3L kit 122 (il 068 028 030 106 7.057

Y102, ABC: » o ) T ) : e ,

Pet. annual total..... weemamen a——n 124 15.1 20.7 22,5 8.7 4.7 } 1.7 9 .9 R 4 28 100.0
Petl. cumulative total ... ..o..o.. 12.4 27.6 57.2 0.7 88.4 492.9 84.6 05.5 96.4 98.8 17.2 1000 f........ .

3 For 1938-55 data, see table 27 of U. 5, Dept. Agr. Tech. Bul, 1170(66).
3 Plastic cover June § - Sept. 9 prevented infiltration and reduced percolation.
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Tasue 41, -—»Monthly percolatzon daia ami 22-year nveragr's, stuneler bal’erJ Y I()?, 1856 6‘2‘

. e o ; ) TR
Yeur and i | Annusl
lysimeter Jan. Fely. Mar. Apr: May June July Aug 1 Bept Qet Now Des total

Inches Inches Inches Inches Lithes Tnches Inches Inches 4 Inches Inches Inthes hiches Tnches
56: 1
YI0BA . oeianieieeemniae w2 00I2 L2151 2304 1.161 0851 0720 0.231 0026 . 0005 | 0.000 1008 0.00g 5,363
Yo Lol 144 1.302 2586 1044 239 1,266 738 108 030 oo 0 16 962
Avemge e s 2400 155'» 945 09§ 454 Bos oI 009 | 02) 06t 7.005
YU, oo eesine e b 186 T oagas ] vsst T &8l 120 Tl w0l 015 582 10 628
youap. LI 7 35700 1722 1385 1508 024 BT 045 02 054 192 10.476
ASEEIES oo r e amanns eennn 152 2703 | 1052 1418 | Lo 885 135 ) 034 011 ol am 10.401
1957 e 5 o e b , . SO SO
YI03Au. e ammnnerieeenn 183 267 492 3742 501 1551 ps4 019 o1 018 012 1.236 7140
Y0380 LTIl 279 1360 .666 1830 2| ram 252 34 Ml 033 052 1§98 7.587
AVORRRE - emenanr s rmeem e 231 2.200 Taw | s e 026 26 26 032 1 552 7.368
YI0BE. oo ] 02 2013 903 veee | aes | a7 i oa 093 2320 10,503
Yoo LI 81 3300 804 2,043 189 i) 005 ‘060 26 3005 13291
AVETURE . 1 edane i aanssens 744 2,140 884 1.435 104 058 083 046 mo 27121 12048
s . tigh IR o R Sl I o
YI03A..oi emeeninans i 270 000 1131 057 045 216 033 025 o 018 37
Y3038, 4y 1,038 1043 o 198 e 054 010 017 160 5.301
AVETEEE men Coainmes viunnenn o 258 ' 254 044 0 T 084 1,508
YI03C. o eemimeamatosnaeeens] A A0 051 018 02 4 3781
Yio3D, LTI 531 404 046 020 020 140 6600
Average. ovo.es i AT2 a7 054 010 016 m 6.238
i Bt B, A e
Y1034 n o amceieenmnsmameeemmnnnnn 438 013 ma 003 006 a3 5.007
Y103B.0. 000 T 827 B 40 0g 075 1218 8.523
AVETRE. .- e emsecsom rmmmenen 532 o 30 051 oo ,70 8510
Y103 ool eamaaie e T L83 T 3 Cowrl 2| aee ] reee ] 2an|  ngm
oD, I remo 2,133 1.734 1,680 a4 ‘083 043 034 018 048 ] 2412 11,250
i Average.l . uuens oo eean 1906 2,20 1.620 1.570 A6 100 070 080 050 A7) 987 2312 11493
Y1034 eere eoeeamcemiminaeenna| . 1437 921 936 Azg 054 052 025 03 003 003 0 ) 3.873
Y103B.. Ll 2.634 1,470 1,107 930 084 1168 049 032 0 0 D 0i2 £.486
AVEIARC- ooy ianeeemnmammnnennn| 2,030 1,185 1.022 680 009 .10 037 022 002 002 o 008 5.180
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088 1 0l32 | 201 yos 0045+ 0081 D72 £763
13 098 | 136 069 060 030 | 048 §.385
Aversge.. o | 2 Y 2507 A e 074 Poos 00 088 8574

1081; ]
YI03A. o - ) . 4.032 -108 118 038 015 0i4 004 . 1 722
4017 192 20 075 {29 040 04y . .555

AVETORE. s ma e eaamaniea e 0 ) . ETTS BT 056 { 02 028 . 8434
e o 28231 - 3.70 . BRNCTTE B RS 021 12 13.560
103D . : ) . . 10 363 081 . 7 021 . 13755

.250 442 102 021 . dlfl,(if)(l

o
34

1962:
YI03A. Ll . . : . 108 045 038 012 0 0 5.220
Y1038 e e an A R . . 087 047 034 010 . 7.304

AVErNRe. . oen L . KP X . 7 ) V‘OUR 046 035 ‘

Y080 e s 105 | a4 2781 7 Rit) o | el oo BN a0 0012
YD I . . 2,022 . i 053 046 . 018 . 9.003

ws | w7

o] oas 05 022 . 9,008
243 04 024 . 5440
250 101 024 385 324

Averige ) K , . 251 o7 T X 350 0,481

Y103, Al:
Petamsual total, ... oL i , . 3.9 L1 . . ) . 5.6 1069

<
th
Q
o
<
m
)
Z
X
m
Z
3
R
2
Zz
3
Z
4]
Q.
5
ul
2]
n

Pet, cumulative total L oolinoonon 2 . 70.7 i 7 . 4 L1V X I PO

1371 . 1.448 . . 815 8.577
1.303 W 1,307 . .08l 7.815

1.337 . 1.378 8108

ADOTOMAAH TVHALTAITIDY dO NOILVATVALY

Y103, CD:
Pet. annual total, .. ... . 16.3 240 16.8 . . . . B 100.0

Pet. cumulative total © 183 57.4 74.2

Q0D-veZ O—LY6}

! For 1940-55 data, sec table 28 of U, 5. Dept. Agr. Tech. Bul. 1179(66).
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