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EVALUATION OF
AGRICULTURAL HYDROLOGY BY
MONOLITH LYSIMETERS -
1944-55

By L. L. Harnown, project superviser, and F, . Druisernats, soil scientist, Soil and
Water Conservation Research Division, Agricultursl Research Serviee !

SUMMARY

This bulletin is » progress report
on the lysimeter investigations car-
ricd on at the Soil and Water
Conservation Research Station near
Coshocton, Ohio, from 1944 through
1955. Summearies of percolittion

dnta arce presented for the period
1938-55.

The hydrologic dnta were ob-
tained from 11 monelith lysimetors,
cach 0.002 acre in area and § feet

deep, 3 of which were weighed
automatically every 10 mimites.
The features of the inslallations,
some -of which are unique, are
described  briefly.  Unlike many
Iysimeters, percolalton from  the
soil into craclks and creviees of the
rock at the 5-foot depth takes pluce
neturaliy without supplying extea
tension.  Reecords of this pereolation

! The work on this experimental witer-
shed project was done at the Soil and
Water Conservation T iarch Station
near Coshoeton, Ohio, wy the Soil and
Water Conservation Research Division,
Agricultorn] Research Service (formerly
the Regenrch Division of the Seil Con-
servation Serviee) in cooperation with the
Ohio  Apricultural Lxperiment Station,
The data were collegted by the project.
stafl.  Much of the work of opernting the
lysimeters und tnbulating the basie data
were performed by Willium W, Beniz and
Rebert 18 Youker. J. H. Wilson of the
Ohio  Agricultural Txperiment Stution,
Wooster, Ohjo, assisted in the chemical
nnalyses of pereolation water.

waler colleeted at the 8-foot depth,
along with records of prectpitation
and runoff, are presented in tables
and graphs for cach lysimeter.
Weight reeords provided daty for
determination of moisture storage
changes in the soil monelith, Daily
gains in weight not associated with
periods of precipitation were cesig-
nated as condensation and absorp-
tion.  Evapotranspiration values
were dertved from the weight ree-
ords in like manner during periods
of loss.

The amount of moisture con-
densed and absorbed was fairly
large, ranging from 6 to 10 inches
of water annually. This is in
addition Lo precipitation. Although
this moisture, or dew, may be
enbirely evaporated in the morning
hours, its value in conserving soil-
moisture supplies is notable. One
month when only 0.55 inch of rain
fell, 1.39 inches of dew was an
important factor in reducing drought
damage. The highest daily value
of condensation-absorption was (.08
inchi, The amount of dew was
greater on dry unirrigated soil than
on moist irrigated soil. The period
of most rapid accumulation of dew
was generally from about 4 to 10
p.m.

Soil-moisture depletion by evapo-
transpiration was greatest in May,
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June, July, and August. Stage of
crop growth, that is, developmoent of
leaf aren and maturity, as well as
depth of roct penctration and
evailable soil moisture affecled
evapotranspivation values,  With
normal precipitation, evapotranspi-
ration values averaged from about
80 to 90 pereent of the annual
supply. In vears of deficient pre-
cipitation, evapotranspiration used
sbout 96 percent of the supply.

The correct vatue of nel moisture
depletion s “‘evapolranspiration
minus condensation-absorptlion,” or
ET—CA. These consumplive-use
values varied from season Lo season
as affected by the elimiade, crop, and
supply of soil meisture. The high-
est rates of consumptive use for
coruland were in July and August.
Those for grassland were in May
and June. Trrigation tended o
prolong the high watler-use rate for
grass into late July and August and
for corn until late August.

The amount of waler used (o
produce a pound of corn crop
ranged from 273 lo 386 pounds.
The most efficient use of water
occurred with irvigation aud the
highest crop vield (196 bushels of
corn per acre).  Actually, the least
amount of water—17 o 19 inches—
was used in producing the lowest
yiclds but represented the greatest
unit amount of water per unit of
crop. A totalof 23.5 lnches of waler
was used in producing the highest
vield of corn.

Graphs of accumulated daily
consumplive usc of waler reflect
various farming operalious such
as: (1) Reduetion of water use after
spading sod for corn planting, (2) in-
crease i water use as leal area of
corn plant develops, (3) reduction
of water use after cutling and re-
moval of hav, (4) increase in water
use as mendow crop leaf area de-
velops, and (5) increase i waler
use after irrigation in August.

Graphs of daily soil moisture for

each year, 194455, inclusive, show
the fluetuntion of moisture in 40
inches of soil for lysimelers in crops
and in continuous grass-legume
cover and for different soils.  Peri-
ads of saturation, depletion, mini-
rounm moisture, and acerciion are
readily apparent. The effecl of
urigation and the mflucnce of
vegetal cover on soil moisture are
considerable.  Duwring May and
June, one year, shout § more inches
of water was extructed from the
40-inch seil profile on an alfalfa-
bromegrass sod than on cornland.

Precipitation as measured by the
weighing lysimeters differed from
that caught i the Tergusson re-
cording rain gsge. The average
annual precipitation {or the period
1945-55 was 4.38 inches less for
the Fergusson recording gage Lhan
for the lysimeter. Much of the
varintion i years of widely-diver-
gent  precipitation valves by the
two methods is accounted for in
snowfell. The scatter of points
above and below the line of cgual
values on n graphieal comparison
mdicales no consistent year-after-
year deviation in the daily rain-
storm values.

Lysimeter evapotranspiralion is
compared with pan cvaporstion
and stmomeler water loss for sev-
eral vears and for several crops.
In some periods evapotranspiralion
and pan-evaporalion rates were
about equal. In other periods
evapotranspiration from cornland
exeeeded pan evaporation by as
much as 40 percent for nearly 2
months.  Lvapoironspiration also
exceeded water loss {rom the while

atmometer bulbs, but by lesser
amounis,

Monthly and aonunl values of
pereolation  from  each  lysimeter

are summarized for different soil
types. PPeak rates of percolation
comcided with periods of high soil
moisture,  Pereolation for the first
4 months of the calendar yenr
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comprised 80 percent of the anpual
amount for lysimeter battery Y102
and 65 percent for battery Y101.
In the former, parent materinl is
shele and n the latter il is sand-
stone. The greatest annual telal
percolation came from baltery Y101
(sandstone material); the maximum
in 1 year was 26.37 inches in 1950
from lysimeter Y101C (blucgrass).
The minimum wes zero i 1954
from YI01D (in alfalfe-bromoe-
gruss).
Leaching  of

plant nutrients

through the soil profile is evaluated
by chemical analysis of percolation
water from each lysimeter. Annual
nutrient losses vary considerably.
The vanation is caused by large
differences in annual percolation
and by applications of fertilizer.
Data for both are presented. Ni-
trate losses ranged from 0.03 to
14.85 pounds per acre per year.

A brief review of literalure on
lysimeter investigations which has
appeared during Lhe period 1839-55
is meluded.

BACKGROUND ,OF THE STUDY

Agriculiural hydrology in recont
vears has become a subject of
major interest in many felds of
activity., Irom the lurpe-scale gov-
ernmental flood-coutrel, lnnd-recla-
mation, and terigation projects down
to the individual farm operation,
consideration of water movement
neress, into, and through seils is
becoming  increasingly important.

Industries, municipalities, and agri-
culture the country over are cou-
scious of the need lor water conger-

vation, Thus, much attention is
being given to the need {or better
control of water and reduction of
waler waste.  Perhaps the frst
place to begin control is the land
surface where the raindrops fall,
A knowledge of waler movement
over the land surface, movement
inte and through the soil, condensa-
tion and absorption of waler, evap-
oralion, and use of waler by crops
s necessery for a eomprehoensive
approach to wiler conteal.  Soil
meisture is never constant; it is
either ereesing or decreasing, 1t
may be redueed through erop use,
evaporation, or pereslation down-
ward 1o ground-waler reservoirs,
Precipitation absorbed by the soil
replenishes  soil-water  supplies.
These processes result i n con-
linuously changing soil-water sup-

ply. Even frozen soil may vary in
soil-moisture content from day to
day.

The tysimeter studies at Coshoe-
ton were planoed to obtain measure-
ments of the various water-eyele
foctors under different  sensonal,
vegelal, and soil-type conditions.
This report, based on about 12
vears of datn, summarizes and
discusses the results of these studies
through 18955, In some instances,
stinmaries extend back to 1938,
Analvses of these lvsimeter data
will serve as a teaching aid in
colleges, a rveleronce in many soil-
and-water management programs,
nlong with walershed development,
and ns a source of fucts for irrigation
gudes in many nreas,

Throughout the entire period of
record there were many times when
soi! moisture was sufficient to meert
erop needs,  For these, the evapo-
transpiration vafues were the maxi-
mun for the elimutic experience.
Occasionnlly soil moisture was so
deficient  that  evapotranspiration
vielues were less than maximum.
For the years prior lo 1953 soil
moisture wns supplied by natural
phenomena-min, snow, and dew.
Tn 1853, 1954, and 1955 two lysim-
elers  were  irvigaled 1o provide
ample moisture for crop needs.
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Precipitation for the period 1944—
35 averaged 3.70 inches less than
the long-term normul for this area.
Only 2 of the 12 years recorded
more than normal precipilation,
with 1930 being excessive by 7.25
inches. The most critical meisture-
deficient period was 1953-535. An-
nual deficits of 11.69, 8.22, and
9.44 inches Llotaled 29.35 inches for
these 3 years. Precipitation in 1953
was 28.34 inches, Only onee befare
was therve n year of less precipito-
tion. That was in 1930 when 22.03
inches was recorded in Coshocton,

Evaluntion of agricultural hy-
drology presented in this bulletin
reflects the varation n elimate for
the period. The reader is encour-
aged to examine the results of these
Ivsimeter studies in the light of the
natural and artificinl supply of
moisture.

Lysimeters in general may be de-
fined as slructures contaming a
mass of soil, and so designed ns Lo
permit the measuremient of water
draining threueh the soil. Three
genernl types used in the past are
as follows:

1. The flled-in {ype—-where the
containing unit with vertical walls,
open top, and perlorated boifom is
filled with soil removed [rom its
original loeation.  Usunlly this seil
18 sereened and mixed 1o make it
uniform. Swee the noatural per-
menbility choractleristics of the orig-
inal soil profile cannot he relained
m s tvpe of lvsimeter, the soil-
meisture relationships do not repre-
sent natural conditions,

2. The Ebermayer type-- where a
shallow pean or funnel is inserted af
desired depths under undisiurbed
soil horizons. Since there are no
side walls the soil of the lysimeter
is not separated from the adjoining
soil.  The pan funnels the pereola-
tion water to a measuring tank.
This type allows vnresirietod lateral
movement of so1l waier and surface
runoff,

1178,
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3. The monolith or undisturbed-
sotl-block type—where o casing of
vertical walls s built around a
block of soil in sifu. A perforated
pan 1s inserted beneath the soil
block Lo collect percolation walter.

There has been much crilicism of
the different lvsimeters, Some ly-
simeters (> ool permit runoff, all
the precipitation being held on the
ground surface until it is absorbed.
Others permit runoff but do not
mensure 1t,  All have artificial bot-
toms that do nol allow capiilary
movement of water upwards. In
many lyvsimeters the floor of the
metul collector interrupts the natu-
ral drainage and enuses unnatural
wet lavers at (he bottom. Some
permit the luteral movement of soil
waler, others restrict it

The Coshocton lysimeters were
specifically planned as waterevele
instruments.  Therefore, detailed
attention in the design was given
to  soil-water relalionships that
would allect their performance.
Every cilort was made Lo eliminale
the objectionsble features of pre-
vigus lysimefer installations,

The Coshocton lysimelers differ
from most instaliations of this
nature in several respects (70).7
Some of the more important fea-
tures of thewr construction and oper-
ation are us follows:

1. Side  walls  prevent
movemenl of watler,

2. A lhwge rectangulnr surface
wrea, §.22 x 14 feel, permits erop-
ping with n field spacing of 4 corn
rows, 42 nches apart.

3. The large surface arcu mini-
mizes (he artificial horder effect
aloung sides of cnsing.

4. Four side-wall baftles, inseried
on cach of the four sides after the
Ivsimeter casing had been sunk, re-
duee water secpage down these un-

lateral

T ltadie nunbers in parentheses refer to
Literature Cited, p. 147,
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natural planes. These baffles fune-
tion like piston rings.

3. Preserving the natural soil
profile of Lopsoﬂ subsoil, and geo-
logic parent material pm\'}dos an
opportunity to observe soil-waler
reintions approximating nafural
conditions.

6. Pearent-material rock (shale or
sandstone) about 3 leel thick at the
bottom provides a natural means of
transmitting percoliation water lrom
the overlving soils to free gravity
water draining off into observation
tanks. Iissures and creviees in the
rock laver also naturally break the
capillary columns through which
ground waler might otherwise rise.
This rock layer permits the inser-
tion of percolation puns and the re-
moval ef the underlving rock with-
out interfering with The normul

AND MONOLITH LYSIMETERS 3]

downward or upward movement of
the water,

7. Multiple percolation-pan bot-
toms in the Ivsimeters permit ob-
servation of percolation at 8 see-
tions of the 14-loot length,

8. Automalic \\mglung deviees,
developed expressly for (his sLud\'
record weight changes in the 85- Lon
soil mass {o a b- pouur.l acCUracy.
This is equivalent to about 0.01
inch. of water over the Iysimeter
surface area.  Trom these weight
recordds 1l was possible to derive
date on precipitation, condensation-
absorption of water, and evepo-
transpiralion for various periods of
the day.

A more complele description of
these fealures along with the con-
struction and installation history is
given further on.

REVIEW OF RECENT LITERATURE

The Lterature reviewed here cov-
ers, in general, the period from 1939
Lo 1955, An extensive roview of
hterature by Kohnke ol al. (70)
covered (wo and a half centurics of
research in lysimetry up to 1930,
No repetition of this execllent
review 15 made,

The purpose of most lysimeter
investigetions has been Lo study
])I oblems in h vdrology, soil fertility,

hoth, A few slu(lw-:; such as
Lhosv reported by W, allihan (7132
and Colman (25), wore coneerned
primarily  with  lvsimeter design.
Wallihen pointed” out that  with
shallow Ivsimeters 30 inches deep
and 12 inches in diameter il was
necessary Lo use a tension of 10 ems.
mereury to provide drainage corre-
sponding Lo the normal (Ilmmwo of
the sml.  Colman used various
drainage tensions 1o delermine
waler oulflow under caely tension.
It appears from these doda that
some tension is needed o simulale
natural soil drainage in shallow Iv-

simeters where (rue soil rests di-
rectly above the percolation pans,
The Coshocton lyvsimelers were de-
signed o overcome this objeclion
h_\' including in the lvsimeter soil
profile aboul 3 feel of bedrock that
would rest directly above the per-
colution pans,

Studies on meislure condition in
lysimeters by the use of tensiometers
were made by Richards etal. (J04).
Among recenl hydrologic studies
made with lvsimeters in this coun-
try, the most noteworthy are those
of Martin and Rich (82) in Arizona,
Colman and Hamilton (26) and
Hamillon (50) in California, Staui-
fer (716) in Illinois, and Kilmer
¢t al. (69) in Wisconsin. The last
lwo investigations also  included
studies on nulrient losses in the
pereolate.

Lysimeter studies of the nitrogen
balanee n soils have been made for
a long time by numerous investi-
galors both in this country and
abrond. Examples of such studies
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made since 1939 include those
of Bizzell (9, 10} in New York,
Chapman et al. {24) in Celifornis,
Karraker et al. {68) in Kentucky,
and MacIntire et al. (86) in Tennes-
see. Stauffer and Rust {117} have
studied leaching losses, runoff, snd
percolate from eight ITilincis seils.
In addition to evaluating nitrogen
losses fromn these soils, they in-
eluded in thewr study a delermins-
tion of calcium, magnesium, po-
tassium, sodium, sulfur, and silica.
They also made a statistical inter-
pretetion of the data. They con-
clude that their study indicated
thet leaching losses from scils were
lower than was previously believed,

The Tennessee station has made
numerous studies on leaching of
varicus chemicals for a long fime,
The investigations reported since
1939 were made by Maelnlire or
Shaw and their coworlkers (27,

75-86, 82, 93, 111.)
Chapman and his coworkers In
California have reported vesulls

of a number of lysimeter investi-
gations (12, 22, 23) in which Lhey
studied the balance of plant nu-
trients and salts in irrigated soils.
They reported gains, losses, and
belance data for calcium, magne-
sium, potassium, sodium, phos-
phorus, sulfur, chlorine, bicar-
bonate, and nitrogen for a 15-year
period. Their dala indicate that
about 8 percenl of the total rainfall
{ebout 11.5 inches annusally) plus
irrigetion water applied would have
to percolate through the soil to
prevent sall sccumulsiion.

More recenlly Allison and Reeve
(1} have used lysimeters in Cali-
fornia Lo study planl respouse to
salinity as influenced by water-
table conditions. Xor waler-table
control, cach lysimeter was pro-
vided with a Hoat-valve itype of
head control device, which was
arranged to move up and down on
& conlrol panel. The movable
foat-valves were connected in the

line between the water reservoirs
and the drainage pipes leading from
the bottom of the lysimeters. The
desired weter-table levels were es-
tablished by raising or lowerin
the floant-valves on the contro
panels.

A number of lysimeter mvesti-
gations in forest cover pre being
carried on by the United States
Forest Service at San Dimas, Calif.
(26), Tucson, Ariz. (89), and else-
where. The extensive work by
Lunt (74) with lysimeters on forest
cover In Counnecticut was con-
cerned primarily with the compo-
sition of the percolate. Other
studies reported since 1939 on the
composition of the percolate include
those of Bizzell {8, 10) = New
York, Volk and Bell (130, 13I)
and Vollc (128, 123y in Filoride,
Roller and Bowen (105) in South
Carcling, Plice (102} in Oklahoma,
Smith (114) in Arizona, and Kardos
(67) in Washington. Filled-in ly-
simeters were used in all these
investigations except that of Kar-
dos, who used the Ebermayer type.
Neller and Forsee (95) of Florida
report the use of & lysimeter for
organic soils. Because of the high
water table in organic soils, a
special filled-in type of lysimeter
was used in which the lysimeter
soll surfece was 4 feet above that
of the adjacent fields. Joffe (63,64)
in New Jersey reports & study of
the movement of cations and an-
ions through the soil profile by
use of the Ebermaver Lype of ly-
simeter. Lowdermilk and Sundling
(78) have used lysimeters in their
study of the formation and signifi-
cance of erosion pavements.

Among the lysimeter investigs-
tions reported outside the United
States are Lhose of Bastisse and his
coworkers {5, 7, §, 80, 8I) io
France; Cavanillas et al. ({6, 2} in
Spain; Deij (28, 29), Maschhaupt
(90, 81), and Visser (727) in Hol-
land; Geering (48) in Switzerland;
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Drover and Barrett-Lennard (43),
and Annett (2) in Australia; Roseau
(106, 107, 108) in Algeria; Haouet
(61) in Tunis; Sundars Rao et al.
(118) in Indis; Winmk (13%3) in
Israel; Bryssine (14) in Moroceo;
Shawarbi (112} in Egypt; and
Smith {113) and Van't Woudt (725,
126) in New Zealand.

Some of the hydrologic studies
made by use of Iysimeters are those
of Aslyne and Kristensen (4) on
Danish soils; Beoschi (11), who
worked on nuxibiary irmgation in
lysimeters; Van Doorn (33) on
hydrologic observation with lysim-
eters in Holland; Hesse (60), who
megsured transpiration of plants
by small lysimeters; Makkink (87,
88}, who determined evapotrans-
piration from grassland; Hooghoudt
(61) on the use of lysimeters for
ground-water studies; Van Nievelt
(86) on drinking waler supplies;
Piaff and Friedrich (99-101) on
water balances of soils; Theron
(120) in South Africa on percolation
under fallow and crop conditions;
and Kalweit (66), who presented
data on the percentage of anpual
evapotranspiration for each month
with different kinds of plant cover.
Of particular interest is the work
of Ture (727, 122), who studied
the moisture balance in crepped
and uncropped soils in lysimeters
n various parts of the world. A

7
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list of 100 references was given
(122).

Other investigations reported out-
side the United States are those by
Arrhenius (8), Benjeminsen (8},
Bruin (18), Carrente et al, (15),
de Gruyter (49), Dimo (32), Fried-
rich (44—46), Galvez end Bueno
(47), Howell (62), Jolivet and
Helias (65), Kupper (71}, Lee (72),
Natermann (94}, Odelien and Uhlen
(97), Odelien and Vidme (98),
Scharrer and Ktthn (109), Scharrer,
Kibn, and Litmer (110), and
Suomi et al. {(1719).

Data obtained from the Coshoc-
ton lysimeters have been presented
in hydrologic data bulletins {128,
1243, and in the papers of Dreibelbis
and Post (41, 42), Post and Dreibel-
bis {708), Harrold and Dreibelbis
(57, 58), Harrold (52, &8), Dreibel-
bis and Harrold (39), Dreibelbis
(35-37), Dreibelbis and Bender
(28}, and Harreld and Yoder {(59).
These papers were concerned pri-
marily with problems in hydrolegy. .
In the work of Stackhouse and
Youker (115} the accuracy of Fiber-

las-gypsum blocks was evaluated
¥ the weighing Iysimeter. The
papers by Dreibelbis (34) and by
Dreibelbis and McGuinness (40}
reported on a study of the plant
nutrient losses in lysimeter perco-
lates. In the latter paper, g statis-
tical interpretafion was made of
the data obtained thro\ugh 1955.

DESCRIPTION AND HISTORY OF INSTALLATIONS

The research plan developed in
1835 for the Soil and Water Con-
servation Research Station at Co-
shocton, Ohio, provided for a study
of all the factors affecting the
disposal of precipitation as part of
a comprehensive siudy desigred to

uncover the basic laws governing
agricultural hydrology.  Precipi-
tation and surface-runoff measure-
ments from agricultural ficlds were

to provide data basic to the determi-
nation of the rates and amounts of
water sbsorbed by the soil In
order to evaluate the extent to
which land-use practices affect
water absorption and conservation
of water and soil, and to obtain
complete data on all phases of the
precipitation-disposal system, the
studies also included measurements
of the loss of soil water by evapo-
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transpiration and percolation below
the root zone. For this purpose,
the Soil Conservation Service built
at Coshocton, in the period 1937-40,
& number of monolith lysimeters
equipped with self-recording weigh-
ing mechanisms—the first in the
history of lysimeter investigations.

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

1. Permanent grassland on steep
(23.2 pereent), well-drained soil
‘(Muskingum silt loam); site Y101,

2. Rotation crepland on rollin
(12.9 peorcent), well-drained sol
{(Muskivgum silt loam): site Y102.

3. Rotation cm})la,nd on rolling
(6.0 percent), slowly permeable soil
(Keene silt loam) ; site Y103.

The location of the lysimeter sites
and other hydrologic installations
is shown on & map of the experiment,
station (fig. 1). Three lysimeters
were constructed st each site. This
unit at each site is referred to as a
“lysimeter battery.” Some of the
more important physical and agro-
nomic features of the watersheds
are shown in table 1.

All Iysimeters in the same baitery
were to be operated the same so as
to disclose ony diserepancies that
might result from differences in-
herent in the soil blocks. A fourth
lysimeter was subsequently added
to the hatteries at Y101 and Y103.
At Y101 the additional lysimeter

provided & means for measuring the
bydrologic effect of different grass
mixtures. At Y103 the additional
lysimeter made it possible to operate
two units according to a conserva-
tion plan and to keep two as a check.
One lysimeter in each of the three
batterics was equipped with an
automatic weight recording mech-
anism.

LYSIMETER SITES

The physiography and soils at
the three lysimeter sites vary in
important respeets.

Physiographic characteristics (ali
elevations are for height above mean
sea level);

Y161 —Land slope, 23.2 percent: as-
pect east; elevation of lysimeter surface
about 1,185 feet; elevation of crown of
hill above lysimeter sife, 1,245 feet.

Y102, and slope, 12,9 percent; as-
pect east; elevation of lysimeter surface,
aboub 1,185 feet; elevation of crown of
hill above lysimeter site, 1,200 feet,

¥103~Land slope, 6.0 percent; aspect
south; elevation of lysimeter surface,
about 1,128 feet; elevation of erown of
hill above lysimeter site, 1,130 feet.

Soil types:

Y101, Muskingum sill loam (sendsione
origin) —This soil type belengs to the
Gray-Brown Podzolic group and is resid-
ual in origin. The entire profile is per-
meable and has good drainage, A de-
scripbion of the profile near lysimeter Y101
follows:

Depth
{Inches)
Dark brown silt ioam with
texture approaching a loam.
8-16.___ Brown to ycilowish-brown silt
loam to loam with some
sandstone fragments.
16-33.__ Brown to yellowish-brown loam
vith sandstone fragments.
33-51___ F omposed sundstone with
Andstone fragments.
" xhtly decomposed sundstone
rock with few sandstone
fragments,

Y102, Muskirgum silt loam {shale
origin}.—This soil type belongs to the
Gray-Brown Pedzolic group, is residual
in origin, anc. occurs extensively in the
North Appalachian Region. There is

51-96.___-




AGRICULTURAL HYDROLOGY AND MONOLITH LYSIMETERS

JUUIDR R -1 1. -
EZA. s Acre Lysimates
C?_Sl\d]l walershad
Sl Runott Stelient
Lo grrinad Boundory
A& . _Grewsdwatar Gbervatiane
E,_. _Lookout Towar
W ....Coal Sinp Wi

s Aubreotion Boundaly

CmadfS 800 oo Joto 1ioo 000

Ao in Ferl

Ficure 1.—Map of experimental ares showing location of lysimeter batteries and
other equipment used in obtaining hydrologic data,
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TaBLe 1L.—Physiographic and egronomic features of watersheds on Govern-

ment land used for hydrologic observations, Coshocton, Ohio

g i
Water-l : Drain- 1 Clover und Predominant
shed } Land use °  apge rotation 2 Praetice ? soil type
Nol : nren
{ i :
[ l Arres | '
131 Woods._.__; 2.21 ! Hardwoods. ... Conservation -' Muskingum loam.
133___ .. do....._. 1 B (Ion_---__, cee-dol oL olL © Reene siit lowmn.
134.._., Reforested.© .92 | Pines...._.._..'..__. do_. .._._  Muskingum silt
3 ) : : loam.,
130__..! Meadow__._' 163 - Alfalfa-timothy. ... do. .. .. De.
129_--_'E Pasture.... 271 . Alfalfy, ladine
; ' cl{]\-'er,bromt'~
' Eruss. NN 1« P . Ba.
135 i ..doo. .. ... 269 - Poverty grass, “Poor... .. .. Da.
| briars. '
102 . .do_...__. 126 Alfalfn, ladine  Conservation .. Dao.
: P lover ,browne-
Eriss. :
104 .. ... do.. ... .33 - Blueprnss__.. _..._do_.. ... _ Da.
109 __ Cultivated. . L 69 - C-W2A-M___. .. .do... ... Du.
116 . ._.do_._.... .61 ... .. do. .. Poor. ... . Muskingum and
. ¢ Reene silt loam,
123 __ . _do... 137 __dcr__ Conservation . Keene sill loam,
127_...i.adoo. oL L83 ... .do........ Muleh .. : Da.
103.. ... .do.. .63 0 M-C \\' M.._._- Conservation Da.
10, ..o .doo. ... .27 ... do. co.o. Pooro L. Da.
128 ' do_._._ .. 268 _._._ do... ... © Muleh. - Muskingun loam,
11l . i..deo.. ... L.18 M-ACY_ L. Ldoo. . .. Coshocton silt
; losun,
1L o.odoo.o..._ 46 . ....do. -, .. Conservation | Do.
8. __t_do.......0 L9 ' _do. . Daor, S Do.
106 4. . _do_...... 36 WoM-M-CL BN« < © Muskingum ioum,
120t do...._._  L42 - ....do.. _. ... Conservalion . Do.
188___.' __.do... 203 Y : [« B - Muleh. Muskingum silt
i laam,
192 |...doa. ... .. 7. 39 M-C-W-M____. Paor. .. Do,
I8 .. i___do_... _.. 740 Contour strip Canservation Do
i crapper.
187 . _do..... -2 L.doo oo C L0 LdoooL o L Keene silt loamn.
169 . Aived. T 2000 Mived. .0 0D Idolll T Mixed.
W2 Woods__. . 436 Woods ... .. .__do. Do.
L77___ .1 Mixed. 75.6 ¢ Alixed. . . .. .-dao. [o.
183....d...do.. .... TL2 . _..do.. ...... Poor a.
N+ [ S Y « [« I o,

6 .l ldo._. . .303

? C—-corn, “ﬁ—\\'hmt M—mesndow.

1 “Conservation’
with pH of 7.0.
with pH of 5.1.

l‘])oor

pr.u:tlu' means contour cultivation, high fertilicy lovel,

! See fig. I for loeation in relation to iysimeter batlerios Y101, Y102, and Y103,

and soils

prietice means straight rows, low fertility level, and soils

IS
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no mottling in the profile and the drainage
is good. A description of the profile
uear Iysiraeter Y102 follows:

Depth

(Tnches)

Brown io wellowish-brown siit
foam {plow layer}.

T-14__ .. Yellowish-brown silt  loan,
stightly henvier than surfase
soil; occasional shale frag-
ments,

17-24 ___ Yellowish-brown silt loam (o
fine sandy loam containing
many sandy shale fragments.

24-39_ _. Partly decomposed shale in
various stages of decompo-
sition; frugments incrensing
in size with depth.

38-60_ . _ Layer of shale in various sluges
of decomposition conlainiug
lavers of ferruginous ma-
terinl; mostly undecomposed.

80-96. .. Bedrock comsisting of unde-
composed shade with some
shale in first stages of decom-
posilion.

Yi08, Keene sill loam.—This soil type
oveurs extensively in the vicinity of the
experiment station, It belongs to the
same group of upland soils as the Mus-
kingum series but differs distinetly from
the infter in its hydrologic churacteristics,
The subsoil is characterized by a heavy,
relatively impermenble, silty clay whereas
the Muskingum silt loam subsoil is a
rather pervious loam or silt loam., A
deseription of the profiie near lysimeter
Y103 follows:

Depth

{fniches}

0-7..... Gray-brown silt lowm

layer).

Yellowish-brown silt lonny; un-

motiled; slightly heavier

than surface soil,

.- Yellowish-brown silt loam to
silty  clay  lomm;  slightly
motiled with gray,

27—41. .. Mottled gray, veilowish-brown
and rust-bhrown heavy silly
¢lay, gruy color predominat-
ing,

41-76. 0. Gray heavy siliy elay contain-
ing shale fragments,

70-96. .. Partianlly decomposed clay shale
to decomposed clay shale,

{plow

1., .

1527 .

The meehanieal analysis of these soils
is given in tuble 2, and the chemieal
unatlysis of typical soil profiles adjacent
to the Iysimeters Is given in table 3.
These analyses, bused on sumples {aken
at the time the lysiineter casings were
being sunk, include n eomplele profile to
& depth of B fect.

ABEBYY (—BE——2

LYSIMETER CONSTRUCTION

A careful study of the liternture
and an inspection of conventional
types of lysimeters revesled that
none were atlequate for the pur-
poses of this study, The Coshocton
lysimeters were w distinet departure
from previous installations in de-
tails of design and in the broad
scope of information obtainable.

The plan and typieal cross section
of o battery of bysimeters appear in
figure 2. The three lysimeters of
each battery were constructed close
together in order Lo keep the length
of the shelter tunnels to a minimum,
A sprce of 6 feet between adjoining
soil blocks was required to permit
enclosing each block without dis-
turbing any of the others.

The soil blovk was enclosed by
huilding & reiuforeed concrete ens-
ing with vertieal walls in location
on the ground surfaee and then low-
ering it by removing the soil from
bheneath the botlom edge. The

lower odge of the easing was heveled,

and n steel cutting edge was al-
tached to [aciitate lowering. The
casing was 8§ feet high. The inside
dimensions weve & width of 6.22 feet
across the land slope and a length
of 14 feel, Lo provide an enclosed
ares. of 0.002 nere. The top and
bottom cdges of the walls were par-
allel to the ground surface. To pre-
vent seepage of water through the
casing, the instde walls were first
corted with creosote, which pene-
trated inte the pores of the conerete,
and then covered with hot asphalt,

The casing was construcled with
4 horizontal grooves 134 inches deep
in the interior tace of each of the
4 walls,  After the casing was low-
ered lo enclose the 8-foot undis-
turbed soil monolith, steel strips 3
inches wide were driven info these
grooves, with 1% inches of each
strip protruding into the soil mono-
lith. 1In effect, the four strips ast
#s piston rings in a eviinder of an
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TARLE 2.—Mechanical analysis of soil profiles adjacent to lysimeters’

Lysimerer Y101, Muskincua Siut LoaM (SANDSTONE)

Analysis of total Analysis of particles <2mmny,
' materials
Soil depth
represented | -+ Description
(inchesy ; Total sand] Total silt 4 Total clay
. >2mm. <2 mm. |2-0.05 mm.0.05-0.002 | <0.002
mm, mm.

Percent Percent Percent | Percent Percan7t ]
38. 54. .

. . 29.
16330 . .« .1 Brown loam with sandstone fraginents 27. ; 45,
33-51 Decomposed sandstone with sandstone fragments 40. . 70.
Slightly decomposed sandstone with few fragments.. . ___ . . 75.

Lysiveter Y102, MuskiNcum Sinr Loam (SHALE)

0-7.._:.2___.! Brown to yellowish-brown silt loam

T-14. . .ol Yellg;vish—brmvn silt loam slightly heavier ‘than surface
soil. : :
14=24_____.__ 1 Yellowish-brown silt loam to fine sandy loam
24-39_____ ... Decomposed sandy shale

39-46. . _.__._{ Mottled gray and rust-brown clay shale

Decomposed silty shale

60-74_ .. __.___} Shale in first stages of decomposition

74-96 .. _.__ ..} Bedrock (shale)
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Lysiverer Y103, Keexy Sivr Loaw

Gray-brown silt loam

Yellowish-brown silt loam, unmottled

Yellowish-brown silt loami Lo silby clay loam slightly
mottiled with gray,

Mottled gray, yellowish-brown, and rust-brown silty
clay; gray prcdonnwmt

Gray hmw\' silty clay containing shale fragments.. ...

Mostly decomposed elay-shale. Do oo oot anas

Partially decomposed elay shale.. ..o .. oLooi il
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TanLe 3.—Chemical analysis of typical profiles of soils adjacent to lysimeters Y101 , Y102, and Y103 *
- Lysimerer Y101, Muskinaum S1ur LOAM (SANDSTONE ORIGIN) '

¥1

. Loss ‘ Or-~ - VBnm)ex-
Soil : i | Bibin R
depth | 8i02§ TiUy | FeaOy | ALO; { MnO] Ca0 f MgO) 3G0 | 8,0 [ P,0; 1 80, 1.9 | Total Banie | ey change

et i TN | sy

ity

Per-{ Pei 1 Pere | Per- | Per-| Per={ Per-| Per-{ Per- | Per-{ Per| Per-'| Per- ¢ Per-
cend 4 ¢ oen cenl 3 ocent | cenl i eenl | ocent | ocent renl  vent | cent ceid cend
72. 56 4,260 11460 0, 40] 0. 341 0, 86! 1,98 0,500 0..16] 0. 16/ 6. 33/100.13' 0, 2, 650)

75. 45 1, AC19012.34 -.070 16 820 2,180 .47 000 .09 3. 78100. 51) . 333
472.70 5211 13.714 .03 120 L 80F 2.06; - .68 0% .05 4. 15100, 47} . ©206
74,50 A28 12,817,060 120,000 20500 .71 L0580 .08 3231300, 05) . . 186
70.07 101 L 3715090 L0 S43 L 05) 2.75] L 48] .05 L0204, 02 99,88 . 146
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Pravre 3.—Casing weighled with sand bags Lo faeilitate lowering in partly exenvaled
trench.
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engine. Here they reduce any tend-
ency for wafer to flow down Lhe
contact surface belween soil and
concrete relaining wall,  Lowering
of the casing (He. 3) was [acilifated
by adding weight to the top and
parlly cxeavating the french below
the wall.

The berom of the soll mounolith
is supported by perforated stee)
pans lnat were jocked along the
boltom edge of the 8-fool concrele
wall casing (fig. 4) until the entire
unit was enclosed and sealed, Con-
vrete footer walls support the entire
mass,  One Ivsimeler in each bat-
Lery is supported by the steel beams
of the weighing mechanism,  Fig-
ure 4 shows the surface of lysimeter
battery Y102 after construction was
completed,

RECORDING FEATURES

Each lysimeler s equipped o
record automatically and conlinu-
ously the surface runoll and pereo-

lntion. Runoff from uphill areas is
direeted around the lysimeler. Ly-
simuter runoff is colleeted by trough
at the downhili end and piped to 2
lnrge lank where it accumulates.
A water level recorder operates on
cach runcfl collector tank, sepa-
rately for each Iyvsimeler. Percols-
tion waler that reaches the 8-foot
soil depth is drained by pipe to
colleclor tanks, separately for each
vsimeter. Water level recorders
o these tauks provide data on
time, amounts, and rates of percolsa-
tion.

One fysimeter in cach of the three.
batteries is equipped for weighing.
The weighing mechanisin consists of
seales operating on the lever and
pendulum  prineiples,  They were
installed by Jacking up the complete
Iysimeter, rolling the scale frame
into place beoeath 4it, and then
fowering the Ilvaimeler until the
scale [rame carried the entire Joad
of nbout 65 tons. Dead weight
below the expected range in weight

Figure f.—Pereotution puns hoing jucked beneath soil block,



http:I'etain.in

18 TECHXNICAL BULLETIN 11792,

variance was eliminated by counter-
balences. After installation, the
seales were tested over o 20,000-
pound range by the United States
National Burenu of Standards, The
mechanism was found to measure
weight chonges to the nearest 5
pounds, which is slightlv more than
the weight of 0.01 inch of water on
the lysimeter area.  Every 10 min-
utes the mechanism operates aulto-

Figure 5—Rurfuee of lysimeler battery

Tasre 4.-- Date on which re

U. 8. PEPT. OF AGRICULTURE

matically to print on a paper tape
the time, date, and the weight.
The clock is spring-driven and the
printing mechanism is acbuated by
electricity.

Grease placed in the narrow cup-
shaped gap separating the movable
lysimeter from the surrocunding soil
st the ground surfnce permitied the
weighing lysimeters to move {reely
and at the same time prevented

Y102 after construclion wins compieted.

eords for each lysimeter began

Lysimeter Bunofl PPereslation Seale welghts
YIiA., ... . . o oodeng 171838 Dee. 31, 14937 0 Noae.
YIOiBoo .. . .. dwn 30,0038 0 doo . 0 dnne 1, 1830
Youcooo.ooo.o. o0 L0 o sdoo L do. .. . None
YiomD. ... ... coooooo Bees 3L HHEZ Deel 34, UMZ 0 June 3, 13,
YH02A .0 0 L0 o dan B, 1938 0 Deel 31,1837 0 Nomw
Yi02B Lol el Lol Lodoo Da.
Y020 .. do. . Dee, 38, 137 - May, 1937,
YI03A. . U Apr. 23, 140 . Apr. 26, 1940 © May i, 19390
YWAEB_ o o0 oo oL Mar 1 PO Mar, 2, 1O D Noae,
Yi03C ..l sewondoo oL ode oL Do.
Y103l L .l UONar, 1Y, LG Mar, 20, LG Do.

! Seales transferred fram Y18 B to Y101

D i June 1943,

9
i
3
|

[l
H
i
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air and water from entering the
shelter tunnel. The grease allowed
the Iysimeter to move with very
little friction as evidenced by the
sensitivity of the seale needle during
periods of gusty winds, "'he senl
also helped to keep the temperature

in the shelter tunnels and lysimeter
soils the same as in the soil of
adjacent crop fields,

The dates on which runoff, perco-
lation, and scale weight records for
cach L\'Slmotm began are given in
table 4,

EXPERIMENTAL PROCEDURE

AGRICULTURAL
ON LYSIMETERS

Cultural treatments on the lysim-
cters were designed to  provide
mensurements needed to evaluale
the hydrology of: (1) Permanent
grasses nid l{*gum{'s on well-drained
sml (2) a crop rolulion of corn,
w hr‘u.t. and 2 years of meadow on
woll-drained soil; and (3) o similar
rotation on slowly permeable soil.
Agrieultural operations were carried
ol nt the same time and at the same
intensity as in the adjneent farm
fields. Hand tools were used in
working the lysimeter soil. The
abnormal border effect ¢common to
many vsimefers was overcome by
extending the cropping wrea around
each baltery a dislance of wl least
25 feet in wll directions. For ex-
wmple, vorn rows on the bysimetors
were extended into the borderi ik
nren for at least 25 feet, and par aliol
rows were planted on the conlour
above and Dbelow (he lysimeters.
The entire crop on each Iysimeter
was removed at the regular harvest
time and yield determmations woere
muce.  Lysunelers Y1028 and
Y102C were irrignted in 1953, 1954,
and 19335.

A complete history of lund-use
eperalions and  vields for each
lysimeter for the 1936—55 period, by
yoenres, appears in the wppendix,

IRRIGATION OPERATIONS ON
LYSIMETERS

OPERATIONS

To meel the growing demand lor

data on crop use of “water where

adequate water is available at all
times in the growing season, an
irrigation program was started on
I}sunolms Y102B and Y102C in
the corn year 1953, Whenever half
of the available moisture in 2 feet
ol soil beeame exhuusted, water was
applicd to raise the moistwre con-
tent of this part of the profile to the
100-pereent level.  Care was talken
not Lo exceed (he field capacity of
this  soil  depth.  Crop-rotation
Iysimelers al site Y102 were se-
Iected for irrigation hecause this
soil is more droughty than at site
Y103, Trrigation was applied on
corty in the summer of 1953, on
wheal  sced  for  germination In
Getober 1933, on new meadow in
1954, wnd on first-year meadow in
1955.

LYSIMETER
PARATUS

Surface runofl from ecach lysim-
eler was piped Lo separafe tanks
where the water accumulated and
the depth was avtomatically and
continuousty recorded. From these
charts, tabulations were maude fo
provide ditta on runoft Lolals, rates,
and Lime, by storms, days, months.
and vears.

Percolating waters that reached
the 8-fool depth were piped Lo sep-
arate lanks for accumulation, Here
the depth was recorded and data
were Labulaled in the same way as
lor runoff.

Chemical anelysis was made of
percelate samples laken from each
pereolation tanlk each time it was

RECORDING  AP-
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drained. Nitrates were determined
soon after sampling. Concentra-
tions of other solutes were deter-
mined from composites of several
samples from the same percolation
tank.

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

Weight change for the period of
day when the lysimeter was con-
stantiy losing weight was converted
to inches and labeled daily ET
{evapotranspiration). Likewise,
consistent gains in weight were la~
beled CA (condensation and ab-
sorption}, With few exceptions-
ET velues represented the overall
soil-moisture change from the great-
est to the least weight figure for
each day, and CA values repre-
sented the overall weight increase
from the daily mintimum to the sub-
sequent maximum weight value for
the day. Minor fAuctuations in
welght between these daly ex-
tremes were not used in the compu-
tations. During periods of rainfall
CA and ET were assumed o be
zero. Percolation rates were con-
sidered and the weight-change val-
ues were modified in the computa-
tion of separate ET and CA values,

Daily ET--CA values are the net
loss of soil moisture for the 24-hour
period. If there was no precipita-
tion, runoff, or percolation during
this 24-hour period, ET'—CA was
obtained directly from the weight-
change figures. Otherwise, the fol-
lowing formuls was used:

ET—CA=Lysimeter Precipitation
—Runoff—Percolation—Storage
Change.

U. 5. DEPT. OF AGRICULTURE

Runoff and percolation values
were obtained from the individual
recorders. Storage-change velues
for the day were read from the
hourly weight summary and con-
verted to inches of water, Lysim-
eter precipitation values were com-
puted from the lysimeter weight-
incresse figures during the pertod
of rainfall. The beginning and end-
ing time of the rain period was taken
from the recording rain-gage chart,
The following formula was used:

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

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

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

Thermograph records provided
continuous dala on air temperature
at 2 inches above the ground sur-
{ace and at soil depths of %, 3, 6,
12, and 24 inches,

FEpaporation records for most of
the period of lysimeter record were
obtained frem a sunken pan 6 feet
in diameter and 2 {eet deep. The
rin projected 4 inches above the
ground surface and the water level
was maintained at sbout 4 inches
helow the rin. The cvaporation
records were obtained through the
nonfreezing period, April-October.
An anemometer at this pan pro-
vided data on wind movement for
24-hour periods.

Barometric pressure was measured
by u continuously recording baro-
graph.

Sovil-moisture observations on
areas adjacent to the lysimeters
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were made pertodically using field
samples  and  Fiberglas-gypsum
blocks developed at this station
(134). No soil-moisture observa-
tions were made within the lvsim-
eters so as not fo destroy the
natural soil structure. Fiberglas-
gypsum blocks, however, wore
placed in the plow layer of thelysim-
eters in battery Y102 for special
observatious in connection with irri-
galion sludics. Since these Iysim-
eters were in 4-yvear rotation, the
disturbance of soil siructure by
block placement in the 0- to 7-inch
depth was hardly objectionabie be-
cavse normal bllage practices also
disturbed the structure in this layer.

In order to evaluate properly the
basic factors affecting water conser-
vation and utilization, 1t was neces-
sary to obtain soll-mosture data for
several different layers of the profile
and to make frequent determina-
tions of soil moisture during periods
of rapid scerction and depletion.
Moistwre observations were made
on the aress adjacent to Y102
(Muskingum silt loam) and Y103
(Keene sit loam) at the following
depths: §-1, 1-4, 4-7, 7-10, 10~14,
1424, and 24-40 inches.

Field sampling for gravimetric
determinations of soil moisture not
only required much time and labor
but also cut up the field unduly.
Therefore, this method was replaced
by the electrical-resislance method
using  Fiberglas-gvpsum  bloecks.
The sensitivity of the blocks in the
range between field capacity and
saturation made it possible to ob-

tain reasonably accurate resuits in

the entire range of moisture from
saturation to the wilting point for
the soils at the Coshoclon station.
Soll-water-plant relationships are
of grealest imporlance in the top
40 inches of the profile hecause in
this area most if not all of the plant
roots lie within this zone. Using
soil-moisture data together with
daily accretion and depletion dats

from the weighing lysimeters, it
was possible Lo construct a soil-
moisture graph representing the 0-
to 40-inch depth of soil to show
probable daily changes throughout
the year.

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

1. ET was assumed to come from
the 0- to 40-inch depth of
soit on Y102C and Y103A
{each 8 4-yesr rotation)
regardiess of season. On
Yi01D, which was in al-
falia-bromegrass cover, it is
likely some ET came from
below the 40-inch depth.

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

3. All precipitation was assumed
to be contained within the
0- to 40-inch layer when its
soil-moisture content was
less than field capacity.
When above field capacity,
the first 0.5 inch of pre-
cipitation was considered to
be contained within the 0-
to 40-inch layer. When
rainfall exceeded 0.5 inch,
one-third of the additional
amount was attributed to
this layer and the balapce
was altzibuted to the zone
below 40 inches. The re-
sulilng soil-moisture curve
is believed to be aceurate
within 0.5 inch with few
exceptions, and often closer
than £0.2 inch. Some val-
ues on the calculated graph
of soil moisture appesred
to be more reliable than the
sampled points.
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LIMITATIONS OF THE LYSIMETERS

Cultural operations on the lysim.
eters were necessarily limited te one
standard crop rotation of 4 years on
two of the lysimeter batteries and o
permanent grass cover on the third.
Facilities did not permit making a
study of the hydrology of mature
woodland or the hydroloegic cffects
of such conservation measuves as
reforestation, different cropping sys-
tems, and mulching, The perma-
nent-grass lysimeters, representing
pasture areas, were clipped fo cor-
respond with pasturing pevieds, but
since actunl grazing of the lysim-
eters was impraclical, the effeet of
stock trampling on the soil surface
could nol be oblained.

Every eflort was made to worlk
the surface of the lysimeter soils
In such a way that their physical
condition would correspond lo that
of the adjacent watersheds, How-
ever, the heavy huplements used in
the ecultivation ol adjacent farm
fields could not be used on the crop-
rotation lysimeters. Cultivation
with hand tools and the weight of
o workman probably had less effect
on soil compaction than cultivation
with mechanized farm equipment.

The lysimeters in this study were
not designed t¢ measure surface
runoff other than {rom the lysim-
eters.  Runoff [rom upper-lying
areas was diverted around the lysim-
eter. All crops were planted on
the contour. No waterways were
provided (o ecarry runofl water
downhill to the collecting trough.
Runoff occurred in the form of sheel
flow or in small rills. All these
limitations in the [ysimeters are
common to plot studies. The con-
centration and development of sur-
face flow on plots or lysimeters,
therefore, is nol truly represenla-
tive of natural field flows. The
runofl data were needed, however,
for complete cvaluation of all the

“movement of the lysimeter.

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

The walls of the lysimeter casings
prevented the lateral movement of
water from or to the surrounding
arca. This was no seriocus limila-
tion for lysimeter batteries Y101
and Y102 as the soil profiles are well
drained, at least to the 8-foot depth.
It is unlikely, therefore, that water
moved laterally in these lysimeters
or even in the surrounding area.
Spring or seep spots were found
only at lower elevations along the
hillside. For the heavier soils of
lysimeter battery Y103, Iateral
movement of water may have
oceurred aanturatly in the unconfined
areag outside the lyshneters during
the temporary periods of perched
water tables. The effect of the
Lysimeter walls in preventing lateral
movement of water on percolation
and soil-moisture values i1s believed
to be small. Except in periods of
perched  waler tables, the walls
would have no effect on the fune-
tions of battery Y103.

The accuracy of the weight re-
cords used for determination of
soil-moisture storage changes de-
peiided on maintaining sufficient
clearance bebween the weighing
tysimelers and the stationary walls
or other objects (o permit free
Be-
cause of ihe jamming of the weigh-
ing appuaratus i the early years of
lysimeter operation, the hourly
weight readings prior {o 1944 were
of doubtful value. As the midnight
values were unaffected, they were
used without reservation in deter-
mining relisble daily BT—CA val-
ues. Separate BT and CA velues
were nol derived.

F
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The net daily loss in weight of
the lysimeters unaccounted for by
runeff or percolation was designated
evapotranspiration (ET). Begin-
mmng in 1945, these daily changes in
weight were divided nto periods
of increase (CA} and decrease (ET).
The net change for the day was
designated ET minus CA. Al
daily changesin storage were cal-
culated for the items ET, C.\, and
ET—CA. This permitted an eval-
uatian of the importance of periods
of soil-moisture increases and de-
creases separalely.  Snow drifting
on or off the lysimeters gave
abnormal weight readings. When-
ever this lhappened, the corre-
sponding values of E'I' and CA are
footnated.

ET values, as derived from lysim-
eter weight records by the meth-
eds presented herein, can be used
in many hydrologic cvaluations,
Thevy may be used with precipita-
tion data lo derive runofl values.
For runeff determinations, however,
some adjustment must be made for
differences between values of rain-
gage and lysimeter-measured rain-
[ail, and for CA thatl is not meas-
ured.  These adjustments can he

applied either to the precipitation
data in the area under study or to
the BT wvalues in this report. The
latter procedure, which 1s probably
the simpler, is as follows:

Annual ET minus CA minus 4
inches {precipitation-gage-data cor-
recetion) equals an adjusted evapo-
transpiration value that can be used
with precipitation-gage deta, For
example. with an average annual
ET value of 42.2 inches, CA of 10.3
inches, and a gage correction of 4
inches, the usable evapolranspira-
tion value would bhe 27.9 inches.
Thus, i the precipitation-gage
records in the study area show an
annual value of 40 inches, the pre
cipitation-minus-cvapoiranspiration
value would be 40—27.9, or about
12 inches. This remainder is com-
monly attributed to runoff.

The limitations mentioned above
illustrate some of the difficulties in-
volved m obtaining accurate lysim-
cter and necessary related data.
In spite of the limitations, these
hydrologic data are believed to be
the most reliable of their kind that
have been obtained, either by
actual measurement or hy the use
of theorelienl formulas.

ANALYSIS OF RECORDS

The records obtained by means
of the three automatic weighing
lysimeters furnished basie data for
analyses applicable (o a wide fiald
of agricultural hydrology. Resulls
were derived in terms of soil-mois-
ture storage changes, saturation de-
fieiencies, rates of soil-moisture de-
pletion by crops, evapotranspira-
tion, condensation and absorption
of atmospheric moisture, amounts
and rates of percolation, and plant-
nutrient losses in percolates. The
data represent a period of 12 years.
Irrigation data are available for
only 3 years, The results and con-

clusions may be modified as addi-
tional dain are obtained,

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

The lysimeters provided a means
of measuring the accretion of mois-
ture to the soil, depletion from the |
soil, and water-storage changes -
within the soil block. Monthly and
annual summaries of these date for
Y101D, Y102C, and Y103A for the .
period 194455 are given in tabies !
3, 8, and 7. The datly fluctuations




ABLE 5.—Monthly swummary of the accretion, depletion, and storage of soil water as determined by the weighing monolith
lysimeter Y101D, 1944-55 fﬁ
A print sl Storage in
Aceretion Depletion 8-foot profile ;
Year, month, and erop grown o , Q
i Precipi- | Conden- Fvapo- | Perco- | Net Net Q
tation | sation @ Total .| Runoff | {rans- | lation Total - { increase | decrease a
{ piration =
: ~ g
, ; i , o
1944=—Poverty griss: Inches | Inches | Imches | Inches y Inches | Inches | Inches | Inches o
January., oo oLt n el Lalh 092 1. 43 0 0.77 0. 07 0. 84 0. 59 fomeaiuna a
February.. .. oo.o.o .0l 0 L S B O | VA 2.85 0 1. 55 | .11 168 L R S >
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Angustoo. oL ool S k27 4. 54 18 3.81 3 L0k o
September. ... ..o Lo oLl S 182 2. 26 210 2,410 0 2. z
October. .o oo o o i e 183 2,49 .11 2,01 0 2, -
November. .. .. Lo L Lo Lol 1.23 1 1,66 0 .03 0 1, .
December. ..o oo Tl Lo 2,83 4,70 0 11, 82 g 4 L o
Total .. o oo i e O 306G 349..10 L1231, 22 7131 3447 g
T AR IR LT BT I T T s R L R Ty R e s R b e it HE soeloy Pestian e P‘a
Pereentuge of total aceretion or deple-  Percent 1 Percent | Percent | Percent | Percent ;| Percent | Percend =
tion R e . b 8L T4 18. 26 1 100. 00 2 8 18065 100, 00 4. o e e i o
- STREILELSISY Do 2 X g S atiah Sadiie cuac SRS § - i Rt iy Seve P i imapih e Jrripasnt deve g '11
1945~ Bluegrass: o I'nches | Inches. | Inches | Tnches Inches 5
January. .. o0 - oo R 68 2y 5 07 0 3.6 2 D
February. o000 o 2.60 11371 6,31 0 4.27 . 64 4.0 =
Marcho o o000 o0 s . 7.87 .86 8.73 .01 3.124+ 574 8 Q
Aprilo . © D T a8 .51 4. 99 C02 1 2ol o7 g
May. oo g4 A 07 L4610 5,13 .04 368+ 244 6 =
JunesoLoooo e L3510 .31 386 .02 481 L0105 =
July. oo o266 490 315 .01 5.78 ;.47 &, 2
August. oo L L I O L5610 1L 50 01 3,75 i 2001 3.4
September.. .0 L 00 L0 L L0 .67 4 010,11 02 2,85 | L0202
Qctober... ... .. .0 oo . 2,091 61 3052 .01 313 | .81 3
November. .0 . D 3.90 .88 478 0 1,81 ¢ L7012,
December .. 0 B o 20T L3 -3030 L0001 63 1.3 3
. 2 B LIRS S O N o N UGN F
0 ) . Y. Al
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onthly summary of the accretion, depletion, and storage of soil water as determined by the weighing monolith
h/szmctci Y]OID 1944—55——Conmmed

R o ) - ‘ . SLOl‘l\g(‘ illv

8-foot profile

92

Accrétion ! Depletion

Year, month, and erop grown ! i : E
: } Precipi- | Conden- Evapo- i Pereo- Net Net

b tation sation Total | Runoff | trans- | lation Total  {iucrease | deerease

: ; piration ;

1048 - Brome-alfalfg: . ; lnclwa Inches | Inches | I'nmehes Inches | Tnches | Inches Inches t Tnehes
January .0 : L 2,851 ' 1067 . 52 0 1 1 IEE I 1. 74 2,78
Februarv. ... . L ) . 3. 49 1.6 EFR L 0 2,32 98 1. 97
Mareh . . . i i€, 76 1. 33 5. 0 ) 3045 05 i, 04
April oo A 4,05 . 57 . » 01 466 ! 93 4. ...
May. o2 laslow ) 5.63 71
Jwne. oo . e 3,00 . .22 3, .0 ',3() 32
July. o . o e 3,50 | Rk 5. 89 |
August. . S 104 , 85 . I t 70 ; ,
Reptember. 0 - ORI .15 ¥ . 304
Oetober = . e . 33 .75 . 263 |
November . . i 3,22 LT A, 214
December B U 2. 35 .23 3. Y, 62 |

SR NI

N

i
Psos

Total . S R 38. 5 X 48012

’\l

Pereentage ‘of total averetion or deple- lgommlﬂl. Pclu’n{ E Percenl | Percent | l’mr'(’n{ P('l('onl Imu’n(
tion.... SR iliaee ) 80, ()‘) 9 ‘)1 I 100, ()() .()h 88. J*) L 100, 00 i .

1949 Brome-alfalfaz: Irlrlws In(hl'.s Inrhcs 'Inches Inrhcs i I nches ’h’uhm'
. . 0

! 1L08 () 48 0 L6100 V69 2030
U1 34 4024 | .06 1 .15 321
; . 58 : . ‘ 12 <L 90
3. 93 ] . i .4 6. 19
. 95 . 6. 84 | .0 T«
4,02 . X . 0 6.
.61 .02 6. 89 6. ¢
3. 45 . 5,34 1 b
.12 . . AR R
.81 3. ; 3. ¢ ]
. 40 ) ] 1.83 ¢ : 1. 8
.35 { LS ‘ i, 7t

January
Februapy
Mireh
April

May

June

Juls
August.
September
Octoboer
November
Deeember

JANLINITHOY 40 "Iddd S "1 62171 NILATING TVOINHOTIL

Jwrrww¢@mw+wp

i
i
i




Total | _ s ST 5LO4T .06 800 558 B 10.79 12, 58

Percentage of total ageretion or deple- P(*nrn( ; l’mu'nl i Percent I’(’ru'nl I’(‘r(('nl Percent
tion.. ... Lo . 70,34 ‘ 2(. 661 100, ()0 i 212 89, 5() 10.38 1 100. 00 R R T

-u 1950 Bromoe-alfalfi; : In;‘h(t;s Inches Inéthcs ln.ochss s Inchgs ; 1 Inches
January. S . L 9,06 1. 34 10, « .01 : 7
]{;bnin\ L . L j fljg : : 1. (58 H. ; 01
March . 03 ! 1. 6 : {
April. o 38 ¢ 1. 07 0
CMay. 50 . 68
June 08 : .87
July. . 5l L 24
Angusto. .. 49 43
September. A .86
(etoher . 50 69
November . 23 1 v 84 .
Decembior .24 0 11,09

=) O

Qe

Eh F= o JOTE A

—

$°~9°.'—.
3 o T b

00F .10 L0
19 Poo30eg é
07 ! : :
33 P2l 3

fw@rwmsw++ww
PNN?NPN@??
.

Pereentage of total aceretion or r!(-ph-- . Percent | Pmcml‘ l’('rt'c’nlzl nl | P('rcmli I’mr(‘nl Percent
fionw . oL L . L. 82, ')()» 744 1100, 00 . P83.098 0 15,74 1100, 00

‘_.(_ﬁ R A, S sins et e e FRRR—

1951~ Brome-alfalfa; i Inclzm | Inches | Inches i s lnchr's i Iﬂch('s
January. oL 0 ) . i 6,58 1 11,08 7. 66 © 12830 257 41
February. . e R 1. 68 : ! S804 (). 58
March '] 53 42 (). 40
April .20 .73 41
May .52 . 1. 06 79
June .65 6. 48 .16 23
July . L300 346 .01 15
August. .38 86 , 72
September 308
October. 2,90
November. . . 6. 46
~December: 8,39

Total. - L P Y E . 2 60,17, ()u l‘) I2 13,41 62,

Pereentage of total aceretion or deple- : I’crcr‘nl Percent l’mrmu ‘ Pereent + Percent | Percent
tion. e A I A Sd X (1 ), 100. 00 08 ! 18 5!) 21.33 { 100, 00

e T M;“ swsmmrmTT mrnammes

Total S S 521 i 11, 01 f 63, 15 | 161 47.95 0 899 % 57
. ‘ s b ‘
r
1

54

.“:“F*’F'JP"F"F":’BS"N

AGO RO, ST ROCO T o

&
h

érwwwmwﬂp

00 |

SHALIWISAT HIITONOW ANV ID0TOMAXH TyYNILINOINDV

‘ .
l
!
|

Le

See footnotes at end of table,
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TABLE 5‘.-;—Month1y‘k.§u1'nmary of the acc}ction depletion, and storaqe of soil water as determmed by the weighing";monolith
lys imeter YIOID 1944—55———Contmue(l

Storage in

Aceretion Depletion 8-foot profile

Year, month, and: erop grown .
Precipi- { Conden- Evapo- | Perco- Net Net

tation | sation Runoff | trans- | Iation "ot increase | dicrease
piration

1952-—Brome-alfalfi: Inches ]nrhes “he Inches | Tnches I'nc Inches ch Inches
January. .. . L . 0 12,32 5
February. 44 |
Mareh. . 15
Aprll-_. - 65
May. 04
June. 58
July . 49 -
Augmt 28
Scptombor R 75
October. ... . . 90
November.. .~ . .70
Decerber . .31

.01
0 1
0

.02

.01

.01

1

PN O N o
S EROINOING O
SN RN

i b s 3
it

‘SN '6L1T NITHTIAS TVOINHOAL

R Tt ad St I

Total. .. ... S 0, 10. 50. ¢ .05 46, 61 8. 80 55.

‘Lddd

Percentage of total aceroti - e ent Percent | Percent | Percent | Percent | Percent Percent
tion....0 o000 0L . 56 2144 1 .100. 00 .09 84, 04 15. 87 {:100. 00

19533-—Brome-alfalfa: Ine Inches | Inches | Inches | Tnches | Tnches | Inches
January, . 0 _ S . 11,14 6. 741 11, 60 0 L. 60
February. oo S 1. 4 L 41 ! I 0 11
March. ‘ S D 3. 54 11,26 54 .22
Apriloo. oo T . L. 00 30 .74
May_,,h_. D S . 63 23 .54
June._ e . T A 2 .47 08 .03
July_oooooo0 i 4. . 34 16
August, .- IR R . .54 62
Septembero._o o 0T . .65 19
October N S ciee . D . 65 08
‘November., . ... . o . 3¢ 11,36 88
December - 92

333
HYALTIA0IYDY A0

el CEE =T T TN

i .“:“.“-”&“:"!—’v’?’?’?"!

!




Total. ..o o ool oLl 30, 67 10. 81 41,4 .03 42, 71 . B3 44, 27

Pereentage’ of total aceretion or deple- | Percent | Percent | Percent | Percent | Percent | Percent | Percent
BN, e e et calaesod| 73,04 | - 26,06 | 100,00 06| 96. 48 3. 46| 100. 00

1954—Brome-ilfalfa: Inches ! Inches | Inches | Inches | Inches
January : R 82 ] 0.01 ] 1. 80
February. ..o Limi L i 21 v2,
March. ..o i e i e 77 !
April e 29
May.. ..o 44
21
39
57
42
24 .
55 : 1.

77

1,
0'

b

pend
—_

Augusto_ il s i
September_.. . ..

October

November... ... ...
December. . ... Lo ...

DO = £ = 09 69 00 19 00 e 1O IO
RO e RO GO 53 00
ccocoo, Socoo
rNNfévgpﬁﬁ
RS Bt £ e

Total. . .ouo i el 36,68 13. 50. .02 45, 0 43,

Percentage of tofal aceretion or deple- | Percent | Percent | Percenl | Percent | Percent | Percent | Percent
BN e e T3 00 27.00 | 100. 00 . 04 99. 96 0 100. 00

1955 —Brome-alfalfa: Inches |-Inches | Inches | Inches | Inches | Imches Inches
. 0 9

82 1 1r1.59 , 4] 0 1.2.26
10 12
97 1. 05
24 CAd
79 .09
a6
86
36
07
09
00
04

January. ..o il L 20
February_ ... oo, .o L iL
Mareh. . .o e
Aprila... .o

May., . .oo.. .o ola.0

June, ool oll0

JWly . s
Auguste.oo oLl o em et e -
September. . Lo i L
October. ... ... T
November._ .. .. T,
Deeember. .. oo oL L L .35

39.01 13, 34 5

577 V124
07 1 11,93
89 | .99
70 .87
74 .76
82 .60
66 .76
45 - 94
H40 .06
5477 11,23

V167

»

.17
1
.01

[

IO IO S LI B =
S o e

P

1O S B g

1
1

RO 088 e e NI S
cSCcooooTo
DI G0 e 1 S OV S G 1O T

SHALAWISXT HIIIONOW ANV XD0TOHdIH IVINLINOIYDHV

©

S18 119,34 L 170 51

Percentage of total deeretion or deple- | Percent | Percent | Percent | Percent | Percent | Percent | Percent
tion 74. 52 1 25 48 1 100, 00 5 196,33 3.32 1.100. 00

b}
1 Some snowfall during the ‘month; some values may be too  Includes irrigation of 3.61 inches.
high because of drifting of snow: :

6¢C
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TaBLE 6.—Monthly summary of the accretion, depletion, and storage of soil water as determined by the weighing monolith

lysimeter Y102C, 1944-55 @
Acereti Depletion ~Storage in
Accretion epietio 8-foot profile
o , . =2
Year, month; and crop grown ] 5]
Precipi-{ Conden- Evapo- | Perco- Net Net &
tation | sation | Total- | Runofl | trans- | lation Total |increase| decrease a
piration ] e
r
”“‘ &
1944-—Meadow: Tnches | Imches | Inches | {nches | Imehes | Tnches | Inches | Tnches | Inches -
Jawuary. ..o T . . 113 1. 10 2,23 0 1. 52 0 1. 52 0.71 ... ..... [}
Pebruary. . B 1. 97 . 66 2, 63 .02 1. 28 . 01 L. 31 1.32 I g
March : S A 6. 98 .39 7. 37 .02 2.01 3. 47 5. 60 187 jioiiine &
Aprilo oo oo oDl L 4. 30 .32 4. 62 .01 2. 28 3. 22 5.8 | o2 0.89 3
May._ ..o 2,49 L1l 2. 60 0 4. 53 . 50 5,03 ... ...l 2.43 =2
June. 3. 80 12 3. 92 .03 4. 52 . 10 4.67 ... 75
July. ool A S 2,72 20 2,92 06 425 .02 4033 4. L. L4l =
August__. . Lo Lo iaL oL 472 19 4.0 . 16 4. 38 0 1. 54 . i .
September.. ... . o Lol L 2. 07 L43 2. 50 .04 3. 16 0 $.20 .. ... 70 -~
Qetober.. . L. oo ol ol R 1.90 .76 2, 66 . 01 2. 26 0 2274 0 3% . -0 o
November. ... o ool L oo 1. 48 811 229 0 1. 69 0 1. 69 .60 o :
December. ... .. .. R 455 1 1 L 44 5. 99 .06 12.61 .02 2. 69 3. 30 n
Total . . . . ... ..o 38111 6.53] 44,64 43 7.34 | 42.26| 856 6.18 3
, , e = N
Percentage of total accretion or deple- | Percent | Percent | Percent | Percenl | Percent | Pereent { Percent =
tion . L. e i e . 85037 14. 63 {100, 00 1. 02 81. 61 17.37 100,00 |- .. -l .0 o o
. - P et ooy e e e ):1
1945--~Corn: : Inches | Inches | Inches | Inches | Inches | Tuckes | Inches N
JANUATY S L .63 12 23 3. 86 0.084 1215 0. 26 2. 49 L3710l @
February. .. . oo 2. 83 11, 82 4.75 .01 12,64 2. 22 4,87 ... 0.12 &
March . . R il 9. 03 . 80 9, 83 .19 2,79 7. 74 1072 .. .0, .89 8
April._ .. B e S 1. 88 .54 5, 42 05 3. 48 1.-82 5. 38 07 e 8
May ... o . . B 5. 32 . 66 5. 08 .20 4. 85 1. 83 6.88 .. ... .90 3
June, oL B S 4. 34 .57 4, 91 1. 09 3. 97 .34 540 1. L. .49 g
July. .o e Ll 2.85 .22 3.07¢( .08 {. 72 L13 403 ..o 1.86 &
Augusto.o T oL ‘ 1. 23 47Tk T70 .05 418 .04 4,27 |- .. . 2. 57
September_.. . .o il oL 9. 66 .44 10. 10 2. 03 3. 40 0 5, 43 4,67 | oveean
Oetober.. ... oo i 2. 74 291 3. 65 .39 3. 24 .25 3.88 [iocuan. .23
November. ... oo 0L L 3. 85 .99 4, 84 -05 2. 32 .67 3. 04 180 |.nisens
December., e 2. 40 11,13 3. 53 40 v1, 87 RRIR] 3. 20 L33 o -




Total.. ... Lo . 50.86 § 10, .6 4, 62 16,23 | 6046

menmge of total aceretion or d(\ple- Percent | Percent | Percent | Percent I’prwnl P('rrm( Percent
tion. ... T ] 820D 49 1 100, 00 7.64 | 65.51 26. 85 | .100. 00

1946—Wheat: Tnches I'nches | Inches | Tnches | Inches | T nehes | Inches
January.. .. . BT S 1. 09 2, 67 0.05 1 '2 44 l. 08 Y PR
Febrnary._ . e o . e 63 7 .11 1232 4() 80| 0,90
March, . 61 .01 84 51 N
April._ . 87 0 11 35
May.. . .02 20
.02 72
S04 59
0 21
0 22
. S . .02 69
November. . B e 1. .01 18
December. B L . . 8: L1, 26 .01 }

Total. . L - R 1. 46 9. 92 51, ¢ .29

1,04

July .
l\ugnst. -
September..
October.

ST TIEECEN

5o 1 s

THPUS SR
Tl 1 - N

ISISTS Y
Bo80L0 22 on 2100 1 o0 e 53
b 1

s

58 6. 05 51, ¢

_,,.
o

Percentage of total aceretion or deple- | Percent | Percent | Percent | Percent | Percent | Percent | Percent
tion.. ..o i L i e 80,70 19. 30 {100, 00 .86 87.79 11,65 | 100. 00

1947—Meadow: Inches § Inches | Inches | Inches | Inches : I'nches | Inches

January. . .-
February...

March. . EERE
April...0 ..

May. ...

June_. .. e
July. oo

August.. ..
September.. ..
October. _ -
November.. . . ...
December. . .

Total.... ... ... ... .. RPN A {2 11, 51. 4 .29 44, 52 12. 28 57.09

5.35 1 1149 ] 6, 84 L0214 '2.02 ) 4101 6.15
15 "7 | 292 206 r2al nie] 373
331 L 3. 50 UL 2,76 a2l 320
28 5. 22 ROB RS . 01 15
17 031 4.6 3. 00 67
, 09 L0466 .46 12
3. 29 T .08 90
01 478 02 81
5 ¢ S0l 13
. ) 3. 37 37
1. 0 3 . .01 77
1. .7 . 66 .01 70

EIGH SN RieRoiE |
R s

rNr@?N?@%N#O
e s
~sgidecrgosion

SHILAWISXT. FIITONOW ANV A90TOHUAH TVIALIADINOY

Percentage of total aceretion or deple- | Percent | Percent | Percent | Percent nl | Percent | Percent
BIOM L i e e 78.05 | '21.95 | 100.00 77

1€

See footnotes at end of table.
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TasLE 6.—Monthly summary of the acéretion, depletion, and sibrﬁgé of 5014 water as determined by the weighing monolith

' lystmeter Y102C; 1944-55—Continued
- L e P : —
Aceretion r Depletion Slsf g%rfjlgi;olfli‘l(é

(A5

SN . i s

Year, mouth, and crop grown ; ; : i :
- Precipi-: Conden- Evapo- | Perco- . Net Net

tation sation i Total = Runoff | trans- i lation increase | decrease

: i ; piration !

1948-—~NMeadow: : i dnches ¢ Inches ; Inches i Inches | Inches | Inches i Inches | Inches | Inches

L Januarys . Cee e 3A2 0 1,58 500 0 . o001 95+ 3.05 R
February . : R SN PRV - 05 ' I 2,10 5,24 o Lt G607 2550 .
Mareh -, o S . 10 B DRI Do G. 14 .08 3. 2,33 41 LT3 L
Aprid ... e ool BT . 88 G. .02 388 25 f. ..
May. R o Ceeneb 300650 37 £ 0 .10 15 SRS
June.. o . e e b B0B 126 .4 .01 .01 04 ...
July - O PN B W .36 3. O o1 .01 ‘
August .. Lo 12y .83 1.¢ 0 ;
September: - ' BT . 63 4, 37 201
October. . . . . Lo . 88, L84 8060 .01
November . o o323 1,01 4. 2 0
December . : . ‘ 31 LAa8 ¢ BT 0

SN IS —

[N

.90
o7l
187 |

.01
01
.01

11,68 53. 7 A5 46521 651 8. 1,770 11,22

el S A e e

= R
PR A

Total . A 205

Pereentage of total aceretion or deple- ! Pnrcmr‘l}é Percenl ;. Percent Pc)'ce’nt Percent | Percent } Percenl
ton.o.oooLo o oLl 782600 21074 100,00 281 87.48 1 1224 {.100.00

1040-—Corn: i o Inches i Tnches | Tnches | ITnches | Inches | Tnches | Inches
January. R LS Eaadh 119 6. 73 | .01 1. 75 0. 14 1. 90
February . ] L 85 1.19 L 04 04 1. 35 3. 45
Mareh o 89 1. 34 90 2. 02 403
April, 93 . 83 02 R 4. 07
May_ . 01 1T 07 SA46
Juiies s 40 .78 .32
Julyl oo 71 .33 .18
Angust.. . . 68 , 69 .06 !
September.. . 0. 45 .90 0
October, .. .. .. 03 1. 19 .01
Noxember. . 55 S97 .02
December_ [ 04 1. 19

ISP

FIALTOOTHOV. 40 "LdAA 'S "0 61171 NILATING TVDINHDMUL

GNP RO 1O

[~

R w
F= PO RO 2 88 Nhide e OO

SRS
IR G N T
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TasLE 6.—Monthly summary of the accretion, depletion, and storage of soil water as determined by the weighing monolith

lysimeter Y1020, 1944~56—Continued

Aceretion Depletion S:ng(:)rlug(r()lf?le
Year, motith, and crop grown B
Precipi- | Conden- ¥vapo- {- Perco- Net Neb
fation | sation Total | Runoff | trans- lation Total |increase ] decrease
p ation
1052 Meadow: Inehes | Tnches | Tnches |\ Inches. | Inches | Tnches | Inches | Inches | Inches
January. 6. 34 | 1157 7..91 0.04 § 12 57 4013 G. 74 1 ¥ B
Fehruary . IR 2.92 7 11,40 4. 32 0 12,24 2,72 4,96 . 0. 64
March . . 4.01 U164 5. 65 LO04 12,87 2. 50 Ho4t . 24 R
April.. . 4. 34 1. 01 .15 .02 3. 82 193 5. 77 e .62
May. 3. 92 .48 4,40 .01 5. 94 .37 6. 32 . 92
June. 2, 69 .51 3. 20 .02 6.18 .02 6. 22 . 3. 02
July . 3. 43 4, 37 .02 6. 72 0 6. 7+ 2. 37
Angust 2,05 . 80 2. 85 .01 4,60 0 4,61 |- 1.76
September. R 2. 56 .73 3. 29 .02 3. 74 0 3. 76 -y AT
Oetober . o L R .78 1. 04 1. 82 0 2. 30 .01 2.31 - 49
November. . i .72 1 71012 2. 84 .01 11,86 0 1.87 07T L .
Ddécember . Ce el 2. 64 11, 04 3. 68 0 1], 48 0 1. 48 2,20 ...
Total 37. 71 11..77 49. 18 .19 44, 32 11. 68 56. 19 1. 58 11,29
Pereentage of total aceretion or deple- | Percent | Percent | Percenl | Percenl | Percend | Percent | Percenl
tion. . I O SIS S 76. 21 23. 79 1 100. 00 .3 78. 87 20.791-100.00 [_. .. N P E
1953 < Clorn: Tnches | Inches | Inches | Inches | Inches | Inches | Inches
Jannary - . o [ 5. 44 1,10 6. 54 0. 01 'L 73 ) 1. 76 4. 78 .
Febrnary e e e e 1. 44 11,21 2. 65 0 12.08 0 2. 08 .07 S
March s 3. 44 11,15 4. 59 . 01 12,53 16 2, 70 1.8Y ... ...
April_ L S B 2. 61 .91 3. 52 .0l 3. 33 . 51 3.8 |-o.. ... 0, 33
May. L L 4, 28 1. 08 5. 36 .02 4, 36 1.-24 5.62 ... ... .26
June. L L S PR 2. 36 . 87 3. 23 .03 413 .43 £ 50 1 D 1, 36
July : . L seeo) 2815 .37 8. 52 .02 7. 146 .39 7. 57 YT I R
CAugust.o . PR IR I ¢ 1] .47 5, 16 .01 7. 22 .22 VAR 5 3 P 2.29
September . L L 1. 10 .75 1. 85 0 ; 4. 20 .05 4.25 ... 2. 40
October. . . e e 2293 1. 21 1. 14 .01 2. 61 .01 2. 63 Lot [oooaoae
November : e 1.32 11, 26 2, 58 0 12,38 0 2.38 V20 e
December. T 2. 69 11,47 116 .04 12,67 BUN 2,72 Lod4 | ooaas

e
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Pereentage of total

HON. oLl e

1954—Wheat:
Janwary. .o
February .
Mareh .. ..o
April. oo o
Mav. .ol oo
June
July_ ...
August ..
September...
Qctober. . ..., .
November_. . -
December_ o

Total. . ... .

Percentage of total
tion_ .. ...

1955~ Meadow:
January_. ... .
February,. . ... .
March. .. -
April. ...
May. el
Junesooooo
July . .

CAugust .
September. ...
October .. ..
November.
Pecember .

Total.._ ...

aceretion or deple-

aceretion or deple-

Percentage of total aceretion- or d(pl(\

tion . ... ...

40. 45

11. 85

52. 3()

J16 ] 4442 |

3.02 47. 60

Percenl.
77. 34

Percent
22.-66

P('rr-cnl
100. 00

Pm & mt

Pereent
93. 32 6. 34

Percent

100. 00

Percent

Inches |

97
06
43
82
20
31
40

1o,

F\’:“P‘N:’":"NNN:"‘NN

o

Inches
L1772
1 1.32
11,41

Inches
69
38
84
92
48
78
35
97
71
41
62
13

B OO R LT N O TR0

1
1
1

Tnches

Inches | Inches

2.50 0. 05 2.

2. 41 .07 2.

3.32 1 1.80| 5.
.-08 1.10 6:

3. 23 .16 6. 3¢
. 58 203 4.6
. 14 [ :
.12 .01
4. 56

3. 09
. 02
. 87 . 01

w
~

)

49. 28

.49

43. 92 3. 23

Percent

75. 16

Percenl
24, 84

Percent
100 00

Percent
1. 03

Percent
92. 19

Percenl
6. 78 | 100. 00

Percent

Inches
1.
3. 8

48
.35

Inehes
1. 27

1. 58
1€

1
1
1

L]
F1 9]

Tnches
2. 97

5341

6. 91
4. 68
4. 14
6. 67

: 26

Inches
0

.13 !
.14 !
.02
.01
.03
. 01
.02

.02

Inches
12,08

Inches | Imches
0,12 2
2. 35 2. 29 4,
3. 03 4. 02
4. 48 .92
6. 90 .32
5. 60 .03
6. 75 .01
. 18
3. 84
3. 46 .01
23 .01
. 22 .01

PR HOS R NOIN

30018

12.

5L

.38

o
~

. 12 7. 74

Percent
75. 54

Percent
24, 46

Percent
100. 00

Percent

Percent
. 67 85. 81

Percent
100. 00

Percenl
13. 52

! Some snowfall’ during the monlh some values may be too
high heeanse of dnflmg of snow.

2 Includes nngatlon

1953~—Jily,

2.93 inches; Aug_,ust

2,24 inches.
1954—July, 1.13 inches; September, 1.65-inches.

1955—May,

2.26 inches; Jutie, 3.07 inches:

2.90 in¢hes; October,

IALINOIEHV

v

SHILAWISXT HLITONOW dNV XD0TOUdXH
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¢ arcretion, dep , and storage of soil water as determined by the weighin;q' monohth

lysimeter Y1034, 194455

. . i Storage in
Accretion Depletion 8-foot profile

Year, month, and cron grown ‘
‘ Precipi- | Conden- Evapo- | Perco-~ Net Net

tation | -sation Runoff | trans- | lation Total | increase | decrease
piration

1944—Neadow: Inches | Jnches n 3 Inches | Inches Inches
January 0. 04 [
February__ .. .25
March :

.01
.01
.02
. 01
0
0
.01
35. 06 40. .06 | 36 5.06 | 41.

August
Septeniber
October

B e ek el Sl S T

—

SN NN R CW
B N e OO0 0 B0 =
B N i Ol e O 00

Pereentage of tpt:i] aceretion or deple- | Percent | Perceni.| Percent | Perceni | Percent Percent | Percent
tion 85. 81 14.19.1 100.00 ] .15 | 87.60.|  12. 25| 100. 00

J0 ‘LdEd 'S ‘D ‘6LTT NILWIING IVOINHOGL

Imches | Inches | Inches | Inches ] Inches | Inches
: 12,11 15 0..04 2. 74
11,53 19 .01

. 56 67 .07
.26
.01

.20 1
.42 .24
.02

.26
. 38

.01
.01

.41
.01

THOV

. EeEo
00 e O
REESRY]

qHINLTIOD

August .

September
76
. 67
.82

8052 800 - 105 e 9O OO
s%wprsﬁw@mw»
rpwwﬁgfmww.
NNWWf@f@wﬁw




Total ... ... el 48,60 8. 47 57. 07 L42 41, 96 11 00 53. 38

Pereentage al acereti y Percent | Percent | Percent | Percent | Percent | Pércend | Percent
i 3 85. 16 14,84 | 100. 00 .78 78. 61 20. 61 | 100. 00
1946--Wheat: Inches | Imches | I nchcs Inches | Inches | Inches | Inches
January. Lo e 0.89 | 4167 56 0 12,23
February ... 00 . i 411 v, 31 42 L0l 19,34 1
March B 46 .82 28 . 65 4
59 .72 . 53 |
92 246 32 5
June. ) .25 26 . 6.
July .35 77 . 04 G.
5 6
3
2
1
1

\Id\

R BN
ALIN0IEHY

vy

Nugust.. . L S T 262 61,
September. 0 T L i .85 43
October S : . 8() 53
November.. .. 66
Deconmtber 62

wwwrwwﬂ¢wwww
S o
XH

ST OISO B 06

PR
:

Total T T l().' S 13 .04 45,95 4 ¢ 50. 97

ADOT10dda

Percentage of fotal aceretion or deple- P(‘/u’nl l’m('nl Icm'u( Pm-rcn/ Percent | Percend | Percent
tion_.__ . el 2i 1875 | 100. 00 90.15 § . 977 | 100. 00

ANV

1947-—NMeadow: Tnehes In(h(' TInches ])l(}ItS Inghes | Inches | Inches
January o0 S S 5. V105 6. 33 0 12,07 3.32 5.
February .. e Sl . .1 vl 53 2. 65 L0201 12,19 28
Mareh. - o0 U Lo .30 10 1,07 3.37 .03 93 . 58
April o0 e SR A T, .82 5. 25 0 20 .90
May .. .. . . S .65 7..09 .01 76 . 66
June L S R S 3. 7¢ 45 6, 24 .02 00 Y|
Julyl oo 3. : .45 3. 48 .01 .05
August. T e . 3. ‘ L6300 4,33 02 . 03
September.. o 3.18 50 363 .02
October. e L N 20 .76 197 . 01
November. G 2.7, .76 3.50 .01
Deeember. . 0L R . i BRL 2. 51

R
e e AT

SHALIIWISAT HIT'TONOW

Total ... oo e it 50,35 1] 43 9.97 | 53.48

Poercentage of total aceretion or deple- Pc:u'u/ Percent | Percent-| Percent | Percent-| Percent
Honaaocou s i oL 80 91 l‘) ()‘) 100. 00 .21 81. 15, 18.64 | 100.00

See footnote at end of table.
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» depletion, and storage of sovl water as determined by the weighing monolith
h/snnem )103A 194 /—55~—Contmued

8¢

Aceretion Depletion 8_‘?;%’;"%: oif'i)lc

B

Precipi- | ( onden- Fvapo- | Perco-  Net Net
tation sation Total Runofl | trans- lation Total [increase | decrease
piration

}
Year, month, and erop grown ;
!
f

— , . N

t { - o

H48 - - Meadow: . Inches | Inches  Inehes | Inches | Inches | Inches | Inches | Tnches | Inches
Aanuary oo . R U AN A 5 V1,27 0 L 39 0 V1. 58 0. 01 H4 2, 80 .
February: o o S 30231 1143 1. 66 0 19, ¢ 1. 54 85 .81
Mareh e 06 1. 26 (5. 22 .02 3247 2. 19 45 .77
April.. : . e 4. 89 . D4 5, 13 02 457 2, 42 01
May . R ooy 381 L34 1,15 0l 6. 10 99
June - . S - 530 .31 5. 70 L 02 IR .02 61
July. o . S 3. 56 e 400 .0 6. N 11
Attgnst . : ; L .00 .5l 1,50 ) 3.6 66
September 3.41 .15 436 - 3. 29
October. : . V72 .63 3.35 .0l 2, 35
Novembor . . . 0() .83 3. 83 0 L7 71
December - - ) 2. 37 I. (4 3 II O 1. 45 1415

64T T NILATING IVOINHOUL

bl 208 26 nbe kv B il i

Total: ) k ' ~I I. ‘)n ‘) 0" .‘)l ()() l() H G'i b, ¢ 51,07

Peréentage of fotal aceretion or dvplv— I('z((nl l'uu'nl l’mmm‘ Pou.(’nl P(’run/ Pereent | Percent
tion . S TS S o N1 L1 87.447 12. 34 IO() ()0

1949~ Corn: b Inehes Ties s 1 Tnches ln(h(' hes /n(h(s
Jannary . B} . A .05 3. B 1. 84 .96 3. 80
lwhmn\ . - . 3 4.0 . 2,20 N 3. 80
March o R 305 3.30 . 4. 72
April._ . . i L2008 NiE 3. 88 . 5. 25
May.. . = S . 304 L85 . 8¢ .02 1. 62 E 4.78 4.
June S N B A [ 4. . 5. 02 { 941 .
July E o R : 191 883 07
Aungnst, . o oo T 2, 7i . . 5. 82 . 83
Septe ml)m o B U 3. 44 .1 4 56 3. 25 25
October. .7 T ISP . . , ( 2,68 68
November.. - T ) . . . 2.5 2,10 10
December A . ) 4.7 . 2. 35 36

FUAXINOIYOV I0 “Iddd 'S

o

5 10 80




Total . e S RS L . 84 ol . R [ 5, 5-I. ,)— :)8
R ! : ecio s 0 e e

Percentage of total aceretion or d(‘pl(-- Pereent l’(rr('nl 7’mr('nl L I’(' 00 /1( Per I’(’rrrnl I(*u('ul

ton - Lo, win 8 1‘) : "l 81 } l()() ()() AT |

R

1950 - Wheai: ' lm'h(.s Inrlu‘s Imlzc.s E Iu('hc-s'm ] net ‘Inthc’s Inches
|

January . R . . 8.59 ¢ A0 ‘)‘) 0. 03 2, 58 .76 237 2. 62
February . P R 3.549 ¢ L8 .01 .76 2.2 4. 08 EE
Mareh Do e e 4 8‘3 0 S . 5.00 4. .. .
April L o I l.3() .01 '.Sx) ) .35
May ; . : i .60 01 i 6 . 3. 75
June - R, . . 203 L 60 5. 49
July } - . 00 .76
CAugnst. . B 12 .05 . 82
Sepfember . LB, .68 S
Oeiober .88 .80 | . 2339
November . ), 29 L L0805 . 31
December : , LD 2. 67 ), 34

Total 51. jlsz(mSM 09 40310 12 | 6228

EEESmNEmn L

Percentage of total aceretion or deple: { Percent 7’(1((*/1( l’mwnl I’m(ul/ l’mwnl ; I(-urnl P('ut‘nl o
tion - : f S() lS l*)' “" f I()() ()() .lo ‘) lx ’0 ()8 IO() ()()

1951 ~Meadow: ! lm’hu i IlI(/l(‘.\ i In(hr.s ! Imhr\ In(hm Imh('s ]mlms
January SRS T 17T S IR I AR R (). 04 2. 48 3. 62 0. 1+
February L Lob kB0 2(3 <o 8056 12 L 0 A A 0, 71
Mareh . B Pooa Tl VLTE T T2 .03 3,66 1 3.30 6. 94
April. , ‘ , 858 L2600 481 L0 3481 LI 5. 40
May . 2,62 .65 27 .01 6. 38 A7 6. 56
Juiie . . oo 5. 81 . 65 3 IERTI 02 5. 87 , 06 5. 05
Juily i 304 LA5 L 3oae .02 . 28 03 33
August . o .75 L3002 . 66 .02 . 68
September. : A .75 . 87 i .76 .01 78
Octoboer_ ‘ o . 1. 94 . "‘) LR Te .00 41 00
November : 5. 04 .85 1 5. 84 162 .01 (ib
December , , 602 . 12,68 S. (3() . 11,23 L 09 33

ANV AD0ICHAXH 1MTVIALIADIYHY

progesston

SHALAWISXT HLITTIONOIX

Total . . S lt. Iq l() ()S s ()1 H) L 01 )3 13,70 35, 50

. P(-rc(‘m,:\gv of total acerclion or deple- l’(’r((’nl l’('rct'n.l l"n('u( Pvu('n( men( Percent | T*ercent
Vlon oo s 74,00 26. 00 | 100. 00 LAl 78,67 20 927 100. 00

6€

S(‘(‘ footnote atond of i.d)l('
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of soil moisture, when summarized
separately in terms of CA and ET,
provided an evaluation of each of
these moisture-change faciors. The
netl soil-moisture change (KT —CA).
however, will probably prove to be
s more useful value in the general
field of agricultural hydrology.

Accretion

The weighing lysimelers acquired
moisture  through  precipitation,
sprinkler irrigation, condensation.
and absorplion. Precipitation was
mainly in the form of rain, but
snow, sleel, and lLail were also
included in the measurements. The
precipitation dals derived  from
fvsimeter weight records represent
the amounts [alling lo the carth's
surface as contrasted with  datn
obtained by the ordinary rain and
snow pages.  The latter are known
to be madeguate during  windy
periods,

Condensation was  mainly  the
waler converted from vapor form
in the ntmosphere Lo hiquid on the
vegetation or soil surface. I in-
cludes also the molsture absorbed
by the soil from vapor in the air
iayers near the ground surlface and
the water condensed from vapor
in the soil pores. Condensation of
vapor within the soil, resulling
from soil-temperature fluctuations,
accounted Tor oniy a very small
part {less than 1 percenty of the
total condensation.  As soon as the
vapor beeamwe tiguid on the vegetia-
tion or in Lhe soil of the lysimelers,
ils weight was recorded. Woll-
defined  weight  nereases  during
periods of no precipitation were
attributed to condensation-absorp
ton,

Overndl weight  neresses were
tabulaled for cach dnily necretion
period and converted to mehes of
waker.  Plus and niinus variations
in woeight within periods of general
weight tnerease woere omitted in the
caleulations. Thus, the CA volues

U. 5. DEPT. OF AGRICULTURE

are only net increases and, there-
fore, are minimum values. If all
the minor increases were lotaled
for each dav, Lthe resultant CA
values would be greater than those
eiven herein.  Furthermore, when-
ever lronspiration oceurs during
the CA period, only the set weight
change can be measured. 17 i
were possible Lo evalunte these Lwo
separately,  the resvllant  values
of ET and CA would be grentoer
than twose presented herein. These
records made w possible to deter-
mine the hours of condensation-
nhsorption and ils Huctuation by
seasons with different vegelal cov-
crs.  Only wontbly and annual
values are given in inbles 5, 6,
and 7,

Precipitation was o grealer acere-
tion fuclor by far than eondensation
ad absorption combined, averag-
mg about 80 percent of the lotal
aceretion.  Generally, this pereent-
age was lower during the drier years
andd higher during the yvears when
precipilation was nbove normal.
However, an apprevinble amount of
moislure other than precipitation
was supplicd to the soil aud its plant
cover through condensation-absorp-
Lion.  This averaged about 20 per-
cent of Lhe Lotal aceretion and was
higher during the drier vears,  Ae-
tual amounts ranged from § lo 8
inches of water annually,  Values
muely greater than these (lables 3,
6, and 7) are somewhat abnormal
beenuse of drifting snow,  During
the winter the drifting of snow off
and on the lysimeters is voriable
and the values for evapotranspim-
tion and  condensalion-absorpiion,
which ure based on actund lysimeter
weightls, are necessarily fneorrect.
When this oceurred. the monthly
values  are fooinoied,  Annuanl
values of (A Lhat include one or
more Tpoinoted values wre greater
thun true CA values.

The monthly values of condensa-
hon-absorption, when drfling snow
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had no effect, ranged from 0.07 to
1.56 inches and averaged about 0.5
to 0.6 inch per month.  Although
mich of this waler wos removed
by evaporation after a fow hours of
sunshine, the data indieate that dew
has  some  moislure-conservilion
vilue.  This is deseribed in cdetail
in a later section of this report,

IU is interesting Lo nolr that in
some months of very small ruinfall
during the growing sceason, (A
values contribute groatly lo the
total moeisture acerction for the
month.,  For example, rainfall on
Ivsimeter Y10I1) in August 1943
tlable AY totaled 0.94 ineh, and CA
amounted to 0.50 inch, or 37 per-
cent of the tolal aceretion for Au-
eust.  In Sepltemirer 1046 on the
same lysimeter CA was 0890 ineh,
or 48 pereenl of the tolal acercelion,
CA and rainfall were nearly equal.
Appurently o smull amount of rain-
fall and high mtes of moisture ex-
traction resulted ina dry soil, whieh
i Lurn was conducive (o high valups
of (AL

Depletion

OF the three depletion factors
evapolrnnspiration, pereolation, amd

ol evapoiranspiration, in goen-
eral, aceounted for the most deple-
tion and runofll the least,  During
many swmmer months evapotrans-
pirnlion was greater than rainladl,
During Mureh and Apeil, pereola-
tion values aften exeeed ovapatrans-
piration values,  E'l' values given
herein do not represent the daily,
menthly, or aonual rawe of soil-
maisture depletion, 1T sueh datn
are desired, ET—CA values should
be used,  For example, in May
1954, E'T on Y1011 rnble 51 was
G.16 inehes.  However, (A Tor the
snme month was 078 inch and (he
net depletion of soil moisture was
GAB—078 (ET—=CAL or s
mehes,  Aso ol for the month
totnded 2,44 inches, actugl stornpe
clingge was 3.838—=2.04, o 204

EHINTH VY S
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inches. ET—CA is generally re-
ferred to as “consumptive use' of
water by vegetalion.

Annual evapotranspiralion values
ranged from 31.22 (0 49.42 inches on
Y101; from 34.49 to 49.12 incles
on Y102; and from 36.17 to 51.53
inches on Y103, Evapotranspira-
tion was lower in the drv year 1944
than in other vears. [t constituted
nhaut 80 percent of the total anoual
depletion on the Muskingum soils
and about 87 percent on the iKeene
silt loam,  In the dry years 1933
angd 1954, however, both the amount
af ET and the percentage of deple-
tion was considerably ligher on
Y0, amounting to over 96 per-
cent 1o 1053 and nearly 100 per-
eent in 1854, This differonce re-
sulted largely from the influence of
voretative coversinee poveriy grass,
with ils very shallow root system,
removed less water by transpiration
in 044 than the deeper rooted
allaifa-bromegrass, which was the
dominent vegeltation on lvsimeier
Y1001 after 1947, Allalfa-brome-
gruss consumed so mucel water that
only 1.53 inches was available for
pereolation in 1953 amd none in
1054, Evapotranspiration in 1954
amounted to over 49 pereent of the
total depletion.

.\Iﬂ['l‘ warfer wias I'l'ln()\'(‘(l l'l‘{Jm
the soil by evapotranspication in
Mas, June, Judy, and August than
i ather monthis, Higher tempera-
tures nne longer dayvs weee condu-
eive o higher ET values.  Condi-
tions favoruble Lo vegelative growth
incrensed evapoleanspirtion.  The
stage ol growth of a erop, thatis, the
extent of leal-nrea developiment and
naturity, also alleeted evapotrnn-
spiration,  For pxampie, on Y1020,
the  evapotmnspivation  wvitlue lor
eorn in May 1933 wasover 1.3 Inches
lower than for meadow in May
1952, The May minfall wos nearly
the snme both vears, But the small
feal ares of the eorn plants removed
little suil water by transpirntion in
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1953; water loss was mainly in the
form of evaporation. Oun the con-
trary, leaf aren of the meadow cov-
ered the ground completely in May
1952, and water loss was mostly by
transpiration,

The net loss to soil meisture is
properly represented by evapotran-
spiration  minus condensation-nh-
sorplion.  This is referred Lo 0s
ET—CA, curves of which are shown
in figures 6 to 17 for varnous Iysim-
eter crops.  Noeffort has been made
Lo separate evapotranspiraiion into
its componen! parts shree the com-
bined values provide the necessary
information for hvdrologic studics.

The effect of Illiﬂﬁ.{l{}u on BT
¢can be observed from data for 195 3.
1954, and 1955 in lables 6 and
ET values for Y1020 prior to irvi-
gation in 1853 were less than {or
unirrigated Y103A.  After irriga-
tion, BT values for Y1020 exe ceded
values for unirrigated YI03A Tor
seversl months.  This same reln-
tionship prevailed 1n 1954 and 1955.

TECHNICAL BULLETIN 1170,

Sail-Maoisture Storage Changes

The weighing bysimeter, by nuto-
malieadly  recording  the  weights
at  0-minule intervals, indicated
whether soil-moisture stornge was
accumulating or depleting [or auny
period of Lhe cim‘ As shown in
tables 3, 6, and 7. the Lysimoeters
gained  weight thmugh inerenses
i soil moisture in some sensons nnd
lost moisture more rapidly than it
was received in othor seasons,  The
monthiy values from April to Sep-
tember generallv showed losses of
moisture in storage, aithough April
and September “showed mns i
some  vewrs. When preeipitation
for any of these moitths was un-
usunlly  high, a sin in storage
resalted,  The other months (Octo-
ber Lo Mareh) generally showet n
gain in starage unfoss precipitation
was well below normal.,

The net annual storage-change
values varied from year (o vear

U. & DEPT. OF AGRICULTURE

In the wel wvears 1045 and 1950,
there was a net increase in slorage.
ligh  monthly  rainfall, however,
did not always result in an inerense
m moisture storage.  For example,
more than 9 inches of rain [ell on
the wvery wet soil of Yi02( in
Marely 1945, yvet the monthly net
stornge decreased 0.89 inch, prinei-
pally beeause of excessive pervoln-
Lion.

In September of the same vear
over 8 inches of rain fell on the same
Ixsimeter, but the soil profile was
fur from saturated.  There was no
pereolation,  Although  runefl  of
2.03 inches reduced the aecrelion
value of the rnin, net storage in-
creased 4.79 inchies lor the montl.
(n dvstmeter YI03A, there was
pm{tlmli\‘ no runofll and the stor-
nge inerease was greater, nmouniing
to 6.58 inches for the month.

Storage of moisture in the vsim-
elers in 1 yvear ranged Nrom a maxi-
mum grin of over § inches to a
maximum  loss of over 6 inches
ftable 8). Phe greatest loss in
storage ovourred n 1952, the first
vear of drousht. Total precipi-
tation w1952 was about normal,
but for the last 5 maonths of the
vear i owas very deficient. The
normal recharge of soil moisture in
the Gl and enrly winter months was
missurr and. 1453 started with low
soil-muisture stor HUe,

Precipitntion in 1434 was nearly
1 inehios below normmt. Net slor-
age ehange for that year on Y101D
wirs & loss of 2.79 inches, caused by
the extraetion of moistuee hy doep-
roofed wlinlfs and bromoegrass.  Net
sltorage change ou YI3A was a gain
of 0.54 inch. 1L was just about as
dry at the end of the yvonre as at the
beginning.,  Net stornge chinge on
Y1020 was 2 gnin of 4.70 inches,
mostly as poresull of Grigation of
8,07 inches,

Moisture-slormge  inercase  waos
highest in 1953 on Y102C. TIn
1954 it was not nearly us mueh as on
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TaBLE 8.——dnnual net gain or loss in soil motsture for lysimeters Y101D,
Y1020, and Y1034, 1944-55 (inches of water)

YIHUHD

Yoar

yipec Y103 A

Gain Loss Gain . Loss Gain

C0dE 30
) : 85 LT BGY

2 o .

48 R T A1
15946 . P ' .
1047 oo

14948 . . s
P40 S . . . .
1450 T A | [ T
1151 .. ' !
1052

1083 . . . :
140549 . . . AT

1055 R P S

I7. 38 L0519,
aF

18, 52

Total. ... . _
Net.o oo L.

Y101D and YI03A. ‘The overall
change in moisture storage for the
12-venr period was —0.86 ineh on
Y1011, —2.77 inches on Y102C,
and —4.03 inches on Y1034,

Migures 6 {o 17 show cumulative
rainfall, runoff, pereolation. and
ET—CA  for 1044-55.  Daily
changes in soil-moisiure storage lor
the 0- to 40-inch profile are also
given for these years.  This 40-in¢h
haver includes practically all the
roots of plants grown in the 4d-3-ear
crop-rotation system.  On the per-
manent grass lvsimeters, it is likely
the reots did not penctrate below
this 40-inch depth exeept when 4t
was allnlfa-bromegrass.

The top curve of soil moisture
represents the conditions on the
Keeue silt loam of Y103A.  This is
nalural, as the Muskingum soil of
Y1010 and Y1020 is lightloer tes-
tured and holds less water. There
are times when the soil-moisture
curves for Y101D and Yi020 are
almost identical, as in 1945 {fig. 7),
1046 (fig. 8}, 1947 (fig. 9), and 1948
(fig. 10). A new sceding of alfalfa-

.56

ER

82
297 .

bromegrass wus made on Y101D
April 1947 (Appendix) and soil
moisture [rom that time to October
was ol a higher level than on
Y102C. In 1949 Lhe soil-moisture
curves for these (wo lysimelers are
identicnd until May.  During May
and June they separate, with the
curve for Y101 dropping much
more rupidly.  This is as it should
be: the grass on Y 102C was spaded,
and corn was planted in early May
and consequently very Lictle waler
was consumed by the small gorn
planis unlil July.

Another interesting separation of
moisture curves occurred in July
1950 (fig. 12).  After wheat harvest
on Y1020, the soil surface was
chopped and a new meadow was
seedod on August 4 because of
failure of the meadow seeded in the
wheat in Muareh.  In July the soil
surface on Y102C was fallow
whereas Y101 was in  alfalfa-
bromegrass, and the depletion of
soil moisture on the latier wis more
than 4 inches greater than on
Y02C.
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Alfalfa-bromegrass on  Y101D
showed a more rapid use of water
than the first-year meadew on
Yi02C v May and August 1931
{(fig. 13). The diflerence was not
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appareat in 1952 when Y102C was
in second-vear  alfalfa-timothy
meadow (fig. 14).

The separation of seil-moisture
curves for YI01D and YIO2C
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May and June 1953 (fig. 15) was
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much the same as in 1949 (fig. 11).  for Y101D shows a low point of
Lrigation  on Y102C in 1953 aboul 1 inch of waler in 40 inches of
brought its moisture curve up  seil.  All values below 4 inches are
i
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above that for Y103A. The curve

Frerne 8.— Daily soil moistore, aceunuduted daily preeipitation, evapotranspirntion
{ET = CAY, pereolution, and weekly aversge air temperatare, lysimelers Y 101D,
Y020, and Y1034, 1946
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Figure 9.—Dally soil moisbure, seoumulaled daily preeipitation, evapotranspiration

{ET—CA), percolabion, snd weekly nverage air temperature, lysimeters Y101D,
Y1020, and Y1034, 1647,

probably fictitious. All the mois-
ture extracted by the alfalfa-brome- August and September came from

grass was atiributed to the 40-inch  below the 40-inch depth. Methods
profile, whereas it is probable that of computation of soil-moisture

much of the moisture used in late
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changes did not allow for this con-  moisture curves for Yi01D and
dition,  This also applies to the low  Y102C in late 1853 diminished dur-
porlion of the soil-moisture enrve  ing the winter aund spring rechargo
for Y1011 in 1954 (fig. 16). period (fig. 15) and was eliminated

The wide separation of the soib- by Mav 1954 (fig, 161, In July 1954
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Lhe separation reapponred because of Daily fluctuations of soil moeisture
the low waler use on Y102C alter differed with depih of soil (fig. 18).
whent  harvest.  lrrigation  on  The major changes of soil moisture
Y1020 also helped to widen the oceurred in the A lorizon {0- to
separation of these two curves. 7-inch depth). Both reeretion and
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depletion were more rapid in this
layer, the fluctuations diminishing
with increasing depth of soil.  The
curves of daily soil-moisture Ruclu-
ations in July and August indicate
that storm rainfall and the water
of irrigation are frequently siored
m pore space i the top 7 iches of
soil Storage of storm rainfall be-
low the 7-inch depth is muceh less
[requent during these mouths, and
then only relatively small quan-
tities are stored.  The moistore
curves for the 4 seetions of the pro-
file nre separated in the unirvigated
years 1947 and 1949, There is no
curve for the 20- Lo 40-inch section
of the profile in 1953 and 19353.
Depletion of seil moisiure below the
T-ineh depth on irrigated arcas was
much less than on unirrigated areas.

TayLe 9.

a9

The extraction of moisture from
the top 7 inches of soil on unirri-
gated lyvsimeter Y102A and on irri-
gated lysimeters Y102B and Y102¢
for the corn year 1953 and the
second-vear mendow 1933 can be
compared {or several periods during
ench growing season with data in
table 9. As moisture content of the
soil was below field eapneity lor all
these periods, the extraction of
moisture can be atiributed entirely
to ET. There appears to be uo
overall  econsistent  difference  be-
tween  the depletion rates from
unirrigated  and  irrigated  lysim-
elers. After the irrigation of July
4. 1953, an corn lvsimeters Y1028
and Y102, depletion from their
7-inch profiles was higher than from
Y1024,

Lomperison of arerage duily depletion of soll moisture from the

fap 7 inchis of soll in ¢ corn year (149531 and in @ meadow year (1955) on
untrrigaled tysimelor Y1020 and on dreigated Iysimeters Y1080 and

YHG20, and retio of dipletion Jrome the top

S-foot Iysimeter monotith on V1020

Preriod
full Y1024

lop 7
e

Tuchen  fuchex
1. 22
.
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N
s
ur

HIGS tearnd:
June |2
June 07
July 7
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The data in table 9 show that for
the periods of high rates ol waler
consumplion aboul G0 perecnt of
the total moisture depletion from
corn lysimeter Y102C came [rom
the top 7 inches of the soil profile.
For meadow, this figure reached o
maximum of §1 percent for Lhe
period July 1 lo 12, 1955,

Cumulative  evapotranspiration
plotted along withy cumulntive rain-
fall {Dgs. 6-17) rmphasizes the large
proporiion of the moisture supply
consumed through evapotranspira-
tion.

Several items of interest and
importance eant be observed by n
study of the curves of pecumulnted
evapolranspiralion (KT —CAv All
curves start oul wilh low slope lor
the first 3 months of eaeh year,
The inrrease in slope of these
curves from April on through the
growing senson represents (he in-
crease 1 rate of consumplive use by
vegetation, the steepesl slope cor-
responding with the greatest rate
of ET—CA. The deerease in slope
of the curves near the end of the
growing season is a resuli of (1)
msufficient soil moisture Lo supporl
the crop demand {or weler and (2]
the crop reaching mafurity and
being unable Lo use water at high
rates. Tn 1933, irrigation on Y1020
supplicd waler (o meet the ecorn
needs throughout Lthe growing sen-
son and the evapotrangpiration
curve continued i a steep slope
into Sepltember.  In contrast, on
Y103A the slope of the curve de-
erensed noticeably in Inte August
angd  beeame very low by Sep-
tember 10, when there was not
enough soil moisture Lo prevent
wilking.

Ramd changes in slope of the
evapolranspiration  eurves corre-
spond 1o hiarvest of the hav erop,
as shown in fgure 13, After cul-
ting of hay (he rate ol conswptive
use decreased strikingly, thus cuus-
ing the ET—CA curve to deercase

TECHNICAL BULLETIN 1179,
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sharphy in slope.  After the firsl
cutting of hay, the ET—CA curve
regained ils steep slope in about 10
to 15 davs. Whenever the second
culting of hay was in Auogust, the
rate  of consumpiive use never
regnined its high rate.

Cumutative  pereolation  values
vary  considerably  from  year (o
venr, with relatively large amounts
in 1950 and only simall nmeunts in
the drey vears of 1953 aand 1994,
Each year, most of the pervolation
oecurred in the season of high soil
moisture.  Annuad runofl values for
all yvears were relutively small,

The weekly averages of daily
maximum ajr temperature are also
plotted in ficures 6 Lo 17. These

avernges [airly present a picture of
temperature  changes  during  the
growing season for ench ol the
vears 1944- 54,

THE LYSIMETER AS A RAIN
GAGE

The snmpling wres of the United
Stales Weather Burenu Fergusson
gnge is 30 square inches (8-inch
diametery, whereas the sampling
arca. of the lysimeter s 12540
square inches (6,22 ¢ Bi-foot ree-
tangley,  Rain falling on both is
weighed,  The former may  be
greatly allected by wind currents;
the lnlier, te n much smnller degree.
Using the iysimeler weight record
as the more wecuraie mensure of
precipifation al the Coshoceton stn-
tion. it is possible by comparison lo
evaluate the aceuraey of the Fergus-
son-gnge record.

Monthly and annual values of
precipilation  {snow or raind ob-
tainedl by ihese iwe methods al
Ivsimeler site Y102 during  the
[-year period 1943-35 appear in
table 10. The Fergusson-recorder
datn were obtained by pouring the
captured waler into a ealibrated
mepsuring  {ube soon  after oeuceh
storm.  Out of a total of 132
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montidy values, there were ounly
17 Limeg when he monthly valve
for the Fergusson eateh was areater
than for the Ivsimeter; the largoest
plus deviation was 0.24 inech in
Oetober 19534, There were 15
times  when  the  Forgusson-gage
monthly value was less: the largest
devintion was 2,51 ehes in Jan-
uary 1951, The avernge devintion
for the Pi-venr peciod canged from
.02 ineh in Jdanusry o 0N
eh inWfulyv, Deviations wore gen-
erally smnll from Apedl thirough
October for the eptire Tl-vear
periad.

The average annual value for the
Fergusson entel was L3S inches fess
than for the lvstmeler Tor the period
14945 53, Maxtmum devintion (o
Foyear was 9060 inches tn 1931 8,42
inches of this deviation oecurred in
Januvary,  Febrouary, Mareh, and
Deecemboer,  Rainstorms aecounted
for anly 2.65 inches of the 89,60-ineh
total nid snow or min and snow-
storms aceotinted for the remmining
.92 incher, Cowmparison of indi-
vidunl paiostorm records nnd uver-
ages of groups Tor 1831 iy 10,
shows no vousistent deviation be-
bween the two methorls of gaging
rainfall.

Daily values of eainfadf for both
the Fergusson gage and the besim-
cter for the years 18360 35 are
gven in tables 11 1. Data for
these G yvewrs are represeatative of
the entive Tl-vear period. Yoars
of high and low precipitation are
ineluded in these ables.  Data Tor
days of snow and for dayvs of less
than 0.1 inele of precipitation are
not included. The data are grouped
by season and size of daily rain,
The number of davs when the
Fergusson eateh was gronter than,
less than, or egual to thal of the
[vsimeter s shown,  The total dif-
Terence i radnfall enteh aod the
asverage  dilference per day  nre
given, 1o 1950 dable 11 and fig.
i, there appears to be vome con-
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sislency; the Fergusson-gage dats
wore about 10 pereent less than the
lvsimeler data.  In 1951 (iable 12),
the Fergusson entelb ds wenerally
smaller bhul with less consistency.
For 1953 and 1955 iy, 19 and
tables i4 and 1, the seatter of
points above aad below the line of
equal values indieates no consistent
deviztion in the daily rainstorm
values, 1t is evident that  the
wrentest  portion of the annual
differences in precipitntion cateh is
found i showstorms or raing of less
than 0.1 ineh,

The Fergusson gage and other
sumitar rain and soow gages used
over the eountry are salisfactory
for most purposes bul not for o
Ivsimeter hydrologic study such as
that at Coshocton.  Here the Iyv-
simeter precipitation value must be
domved and used in order (o arrive
nl g complele water-balunee record.

THE LYSIMETER FOR MEASURING
EVAPOTRANSPIRATION AND
CONDENSATION-ABSORPTION

The automalic recording mech-
unism of the weighing lygimeters
provided records from which were
caleulnted  the moisture  transfer
from vapor form 1 the atmosphere
to liquid form on the vegetniion
or o the soil and, conversely, from
liguid form on the soil or in or oo
the vegeintion to vapor lorm in
the atmosphere. I vapor form,
the moisture is nol weighed, In
liguid for, the moisture is weighed.
On daxs of no precipitation, weight
inereases  during  that  portion of
the day when the weightl  was
conttiwously gaining were attrib-
uted Lo condensation and absorption
of mowture from the atmosphere.
This phesomenon is labeled CA
i thas report. Also, on days of no
precipitation, weight decreases were
altribuled to  evapolranspiration,
fabeled BT fw this report. In
caleulating CA and BT, the amount
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RAINFALL MEASURED BY FERGUSSON RECORDING GAGSE IINCHES)

Frayny Lh—Compuarison of daily rainfall data from Fergusson recording gage and
from lysimoter Y1020 weight record, 1950, 1951, 1953, and 1955,

of percolation, which was measured
separalely, was taken into account
a8 indicated below:

CA=Weight increase plus
percolation

BT=Weight decrease minus
percolation

(All figures are inches of water)

ET is a combinstion of (1)
evaporation of meisture from the
ground surface, meluding the sur-
lace of vegetation; and (2) tran-
spiration, the removal of waler from
the soil by crops. The two phe-
nomena opernbe together in nature
to deplete soll moisture. The
amount of soil-moisture depletion
caused by evaporation and transpi-
ration may be compensated in
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Tasie 11.—Comparison of daily rainfall catch as determined by lysimeter
Y1020 and by Ferqusson recording gage, by size of rain, 1950

Period

0.1- to (.3~
inch rains

0.3- to 0.6- 0.6- to 1.0-
inch rains inch rains

Rains aver
1.0 inch

Tror-
gus-
son

e

Lysim-
ater
Y102¢C

Fer-
BUS-

Fer-

Zus- Lysim-

: efer |

Buge | Buge

50N ivripac! RN |vigec

Lysim-
eter

Fer- .
Lysim-
gus- | ter

SONn ;
guge Yi102C

January-Aprit

May-Beptember. .

October-December_. . . __

Days of recard..number ..
Days of cqual eateh. _do__
Days Vergusson cateh

was preaber. .. - __do_ L

Days Fergusson cateh

Totil amount Fergusson
cateh differed from
Lysimeter cateh ! inehes_.

Average difference in

Inches

fnches

LT

. 1a
.25

Inches |Inches |[Tnches
0. 43 5
L 36

. b
.37

Tnches
0.77
. 96
1. Q8
1. 01
.80

. 62

Inches |[nches

cateh per day 1. . _do..!

015

~—~. 84
—. 47

! Total difference for the yoeur=5.67

inches.
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TaBLE 12.—Comparison of daily rainfall catch as determined by lysimeter
Y102C and by Fergusson recordeny gagye, by size of rain, 1951

i :
0.1-to 0.3- | 0.3-te 0.6- | 0.6- to 1.0- E Rains over
inch ruins { inch raing ingh rains 1.0 inch

Fer-
H gus-

Lysim-| Fer |Lysim-; =0 sim-; T {Lysim-
r .

eter i Y U arer : BUS- 4 Gter
SON |ar POEOR - son |y-
: gage ;X 102_CE gage Y102C ] gage Y102C

Inches| Inches|Tnches | Inches | Inches ] Inches
January—April. .. 0.18 1 0.26] 0.35 1 0.40 i 0.96 !
.13 . 50 Lab oy .
.35 L4608 139
AL .35 .37
.20 . . 36
.31
.24

May—September

October—December., .. .. ..

Days of record..number. _;
Days of equal eateh i
do....

Days Fergusson cateh wus
graater do.. .
Days Fergusson cateh wus
: do_._.
Total amount Fergusson .
eateh differed from Iy- | :
simeter eateh ' _inehes, .58 - L 77
Average  difference  in
catch per day . _do... . —. 20 —~. 0u8

11 stal difference for the year=9.60 inches.
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TaBLE 13.—00m;mrfson of daily rainfall catch as determined by lysimeter
Y102C and by Fergusson recording gage, by size of rain, 1952

0.1-t0 0.3- | 0.3- t0 0.6- | 0.6-to L.O- | Rains over
_ineh raing inch rains inch rains L0 inch

Period
Fer- : Fer- . Fer- . Fer- ,
Tivsim- Lysim- . {Lysim- __ |Lvsim-
BUS™ ) “ater ¢ BUS- |Tater | BUS- [Topar | BUSS {Lier

son |y son |y~ SON [4r SON  [sr
gage Y102C gage Yoz cage Y102C gage Ylo2¢

|
fuches (fuches ifnches |frnches (Inches |Inches
Janonry—=Aprilo ... 0,26 : 0.26 .35 00,43 | 0.63 | Q. 2.71.
LT 23 . -9l

P
1
L2 .23
.30 . IEO
16 22
.29 )

May—8eptember

L 10 I S Y
R K- |

Uctober-Deevinber.

Days of revord _number.
Days of egual vateh. _do. 3
Days Fergusson cateh was -
greater. . .. .. _..do.
Days Fergusson eafeh was |
less, ... . _._._do_. 1
Toial amonnt Fergusson ;
cateh  differed  (rom
lysimeter cateh 'linghes, —. 2
Averupe  differenee in l
cateh per day ! do —. g
. i

FTetal difference for the year=2.55 inches,
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TaBLE 14.—Comparison of daily rainfall catch as determined by lysimeter
Y1020 and by Fergusson recording gage, by size of rain, 1953
0.1-te 0.3-  0.3-to 0.6-  0.6- bo 1.0-  Rains over
inely rains ineh rains ineh rains - L0 inch
Period T T T T T T e e
Fer- Fer- Fer- Fer.
5. :'Lgi'(ti,“' gus- L Bus . Bus-
SO seynn SOU gy SO arianer S0
e Yi02C gage Y102¢ zage Y 102¢ gage

Lysim- Fysim-

. ]

frehes Inches {aches Tiehes Incltes Taches fuches fael
January-Aprife. oL o0 0010 - 6,28 L G048 o4l L L 1.od - -
LG L bE L3612 e e e
I SN © NS :
250 .27 .52
S18 1 Ja3 ! a3
L0 L n L G
S0 L0948
G I YT N
I8 L2
N L+ I 1 R O
T (R
R E T &
A
.28 .33
Muy-September. S W27 0388
L 27 . 36
.29

Oetaber-December,

Days of record. _vuinber .
Daysofegunlenteh do
Days Fergasson  ealelt -
was greater. .. do.
Days Fergusson caleh
was less_._. ... .do.
Total amount Vergussen
catel: differed from ly-
simeter enteh o inehes
Averagedifference in cateh
pevdav! ... .. do . -, 084

ot dilference for tae your=3.98 inches,
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TasLe 15.—~Comparison of daily reinfall cateh as defermined by lysimeter
Y108C and by Fergusson recording gage. by size of rain, 1957

i
0.1 10 0.3- 0.3- to .6 (.6- to 1.0- Rains over
inch rains inch rains inch rains | 1.4 inch

. Fer- 1o Fer- oo Fer- .
gus- ELE\\I-_(ii-n' Bus- L;‘,f:_l;l_ Fus- _
FOI e v ORDHY ycian e BOR Tl
gage Y102 JOR Y102C SO% Yio2C

»

Auehes Inches fnehes Pnehes Tnehes Taches: Tneles’ Frehes
dunuary=April . 0006 817 632 0.32 481 0M C LO07T, LO3
! .18 : LG4 : S
. 25 . B
.09 LT
I8 L84
.24 .
.28 .
.33

Maxy=Beptember R _. AL T76
ST Loy
. 81

——— e e DD

BT = P =

Oetoher—Becomber

v B BT DD
—_

Days of record  snnther
Daws of equud cateh
do. .
Days  Fergusson caleh
was grenter. .. do. .
Days  Fergesson  cateh
wasless.. o _odo.
Total amount Fergusson
eateh  differed  from
lysimeter catehd :
inches. -
Average  differenee  in
cateh pee day L _inches, —. 013

! Total difference for the yeur=24 inches.
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Table 16 —Comparison of deily rainfall eatch as determined by lysimeler

|

Period :
1
I

Y102C and by Fergusson recording gage, by size of rain, 1955
! ; .
0.1- fo 0.3- : 0.3- to (.6G- 0.6- Lo 1.0- ¢ Rains over
inch rains ineh rains inch ruins | 1.0 inch
Fer- | F | Fer- | ! ber. |
Fer y Fer- po o Fer- o Lt Fer- .
b
SUII SD[I - 3012 " SOII
gage gtlozcg anee p Jozc | guge Y1020] glg, 1Y102C
:' ; |

b

|

Inchesi z'-uchesiI-uc!ne-!:';!nrhes Inches' Inches Inckes Inches
Janusry=April... . ... 012701610387 0.38[0.77 , 0741100 LOD
.27 L2000 a4 a2 h -.-5_.___!102- 1. 13
M k! L2 Lal oy 49 een- o« 125, L19
i 20 .29 L S Y (N PN SV AU
T S Y O RN TR 1 1 SO SR I
J200 181 a2 43 L L R
S0 .09 Ld8 a0
.22 .25 B LBd . ———- P
.15 B 5 2 I, [ SR | -
- N T N S [N SRR
AR S R 5 B S S § e e .
LS B T R N S S e N P
I T N A A S Ll
May—-September B A ¢ - I T - T B 1 IR 1§ 81, 108+ 1.05
U200 by 53 (BB 70 721112 - L 02
boLar o800 L33t a2 e Ly
D19 U2 4B 48 Gl h DL18 e
oL L2847 a4 L -
ool 18 86 0 .38 | LR I ..
- R S T U U,
foL27 0 L3 36 34 2 : -
187 .15 : .48 .52[ e -
I S U N S P S U
S R S R S S
October-December .. .. . .25 1 .24 .36 .38 1. ... . 227 219
poL120 15t 98 L I
foolay 124 033,20 - DR
CoLol LB} L8048 " .
Do 25, iy i
Duys of record. number 1) : g1 3 ! 8
Days of eqnal enteh i
do. ) 2 . 2 0 : {
Davs Fergusson eateh was . '
greanter, do. .. 2 ] 2 5
Days Fergusson euteh was
less. . . _da 15 : H 1 ' B
Total amount Frrgussan ;
cateh differed from lysi- -
meter euleh! inches L1 - 5 +. U3 4+, 14
Average  dilference o
eateh poer day ! do -, 0DG - +. 1] 4. 42

! Total difference for the

veur =224 inches,
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whole or in part by water added to
the soil through condensation and
absorption. The net soil-moisture
depletion resulting from these proc-
esses (designuted BT —CA) i a
very convenient value in agricul-
tural bhydrelogy.  TFor drainage-
basin studies involving the hy-
drologic cvele, ET—CA  values
should be wused instead of ET
alone, as explained in a provious
section,

In watershed flood control and
soil - and - waler - conservation pro-
vrams, the volume of air space in
the soil and the possibility of
increasing it and wsing il are im-
portant. The soll pores may be
needed Lo store all or parl of the
storm rainfall.  Not only the vol-
ume of alr space in the soil, but
ulso the size and sreangement of
pores and other factors govern the
capaci{y of the seil fo transmit
cainfall; in other words, its per-
meability vate. When the water
in pores is veplaced by air, oxvgen
is made available for plant use.
When air replaces water in {00
many pores, however, crop failure
may resuil becnuse of insufficient
moisture.

The magmtude of CA and ET

SULY 12, 1953 JULY 13

AND MONOLITH LYSIMETERS 71

and their diurnal occurrence max
be observed in figures 20, 21, and 22.
These are typieadl of corn and
meacdiow felds and represent both
dry and wet conditions in a well-
drained soil (Y102C) and {airly dry
conditions in a slowly permeable
soil (Y103A). Whenever the line
in the graph is above zcre, there is
welght gain (CA) {or these hours.
These periods, indicated on  the
graph in solid black, are commonly
found i the late aflerncon or early
night.  ‘The amount of CA for each
day is shown as o plus, for example,
+0.054 inch for Iysimeter Y103A on
August 28, 1838 (fig. 21). When-
ever the line s below zere there is
weighl loss {ETY for these hours.
‘These periods extend most generally
[rom early morning to late after-
noon, ‘The amount of BT for
each day is shown as a wminus, for
example, —0.152 inch for Iysimeter
Yi03A on August 2§, 1953 (fig. 21).
Consumptive use (ET—CA) for
this day is +0.054—0.152=-0.098
inch.

Whenever the word evapoleans-
piretion is used Lo express BT —CA4A,
it 1s s noted, as in Agures § through
i7. The graphs of accumulated
evapolranspiration are actually

LY i€

Y 102 C IRRIGATED JULY i4

| JuLt 15 i
T 1

11
=

N
L]
o

>
[~]
o
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Figere 20— Hourly molsture ¢hanges in irrigated and.unirtigated corn Iysimeters
Y102C and YIU3A before and after irrigation July 14, 1033,
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AUGUST 24,1953 AUGUST 24 AUGUST 29
YIQ2 C IRRIGATED AUGUST 25
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ET-—CA The slope of these Tines
represents the net duily depletion
of soif moisture Tor 2 ours ending
at midnizht,

in ireigation praetiee, BT 00
values should be wsed.  Thes are
commanly  referred to as “enn-
sumptive vse” or “erop use of
water.”  Aetually, vegolation daes
nel always use all s water, I

Hourly rsoisture elargges incdrripgated seeed nuerigated meielon I3 =1ptaestinrs
aet!d YHELA Before seed afver bedantion May 18, 1935

the I CA values represent the
rate ol soil-mosture depletion for
the crop grown.  The importanes
ol this treatment of the data will
be more apparent after 1he seetion
ol irrigation -po 108, s stodied.

Condensation-Absarption {CA), or Dew

The nverngze daily CLA oo all theee
welghing  Ivsimeters given by

i
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months midl yvears for the period
1944-55 in table 17, The grestest
average daily CA for any single
month, except months affected by
drifting snow, was 0,05 inch an
Ivsimeter YH3A in Qctober 1953,
Months, oxeept these of spow, in
wiich the average daily (4 was
more than 0.02 inch were April,
September, and October, Averages
for the growing scason o May
Augusi v are all low.

1t s fikely that CA values in (his
report for April 10 Oetober are
conservative.  Phe weigrht veeond
ean measure only net changes, A
erop & fool or more in height rould
he transpiring waler at the same
tme A ds occurring at the gronmd
surfnee.  Observations have shown
that the tempersture of the air
ustidly cools sooner at the ground
surface than g {uet or so above the
ground. A values were always Joss
for a tall erop hawn {or no crop. For
example, on May 1, 194, A for
alfndla-bromegrass wis - 3.004 ineh
wiwd for bure plowed land. -~ o458
inch.  CA values ttable 7 for
hestmeters Y1020 and Y1050 in
vorn i T943. 1Y, and 1055 woere
gepoerlly greater in May than i
June, July, and Aoagust, In May
the mround was mostly bare, and
the phus weight changes ropresent
tiue A values s there was prace-
Heally ne Daospintion. Later the
surface was eovered by o crop that
grew continnousiy ialler, wwd the
plus weight  changes peprosented
CA minus transpialion, of o nel
vonservative vidiue of CAL

Cutting wad removal of hay re-
ulted 1 an apparent herease i
CAof €01 ineh per day . CA values
bofore and alter cutting hny along
with CA vaues for unear hay pro
vided o omeans of arriving a1 the
magnituder of this erease i OCA,
The inerense m CA ecould not he
explained from ehinmtobodeal Tae-
tors, As it was Bhely that BT was
essenlialty stopped by removnd of
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Lay, CA was possibly a (ruer value
aftor hay cutting than belore, It is
likely, therefore, that the true CA
for most of the growing senson was
greater than could be messured by
the weighing Ivsimeters,
Temperature changes within the
soil may enuse vapor in the soil
pores to condense i the eooling
phtse of the evele and to evaporate
it the warming phase. This would
resull in lysimeter weight choanges
that shoukd not be associnied with
actunl inereases or deereases in soil
mosture. A study was made {0
deterime the magnitude of such
weisht  chianges, Computations
hased on recorded soll teiperature,
vapor pressure, and volume of air
in sell pores indieate  that  the
amount of moisture condensed by
coothye of the air in soil pores plus
the moisture condensed from air
drawn into the soil during  the
coating periad was extremely small,
The dutly total was fess than 0.01
pound “ahout 000662 ineh of water)
for tise bvsimeter aven. This factor
wis therefore oo sl (o be con-
shdered. and the CA values wore
then nssunmed to he supplied on-
tirely from atmospheric moisture,
Farmers have long  recognized
the value of dew (A in hrelping
to supply erop moisture. Dow s
apparently wreater in valley felds
than o hilks. However, on the
Coshoeton [ystimeters, seveornd hun-
dred Teet above the valley floor,
dew was sufficieal at times o earty
o erop over deonght periods. One
sued perod ocewrred i August 1951,
With ool 055 ineh of rmin that
montl., crops dul not will,  Dew
N o Iveineter Y03 amounted
le 134 wches fable 183 with as
el 5 G.0N ineh 1noa single day,
The importanes of der o conseryv-
ing sl mosture s osubsiantiated
Iy obmervations whieh showed that
wlale dew was heing evaporated
o moisture was taken from the
soif. BT values were essentially no




TanLe 17.—Average daily condensation and absorption (CA) on lysimeters Y101D, Y102C, and Y1034, by months,
' 1944~65, expressed in inches of water

Year and Tysimeter?

1944:
Y10L1D .
Y102C.

March

April

May

June

July

Aug.

Sept.

Oct.

Nov. |

Dec,

Annual

PU TR O SR I A R PEC IR B a3 e

IR

13 0 e
Plagty

0. 031
L 013
. 020

. 028
. 026
018

2, 030
034
. 026

2, 053
. 038
. 035

L 043
. 043
041

, 045
043
. 045

0.015
L011
. 016

. 017
. 018
. 009

0. 007
004
. 005

015
021
009

017
012
.on

. 027
024
. 021

. 008
012
.01

0L
. 038

. 027

. 022
L 018
. 016

L 017
021
L 021

0. 008
004
. 006

L 012
019
R

SO
. 006
010

017
. 015
S 015
007
009
. Q10

L 020
. 026
. 023

. 029
L 015
020

. 022
. 022
2022

0. 007
L 006
002

L 016
007
. 008

011
L 012
012

. 021
. 015
. G15
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0. 015
L 014
. 007

2015
.015
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. 030
026
. 028

. 027
. 017
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. 013
021
L0156
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. 038
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. 024
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012
021
. 025

0. 021
. 025
. 015

020
. 029
025

. 025
029
. 028

: 028
, 026
025

L 024
. 027
. 020

L0206
. (38
L 041

L0022
. 025
. 026

L 025
- 023
. 026

0. 019
.018
. 016

- 039
. 030
. 064

. 029
. 027
. 023

. 034
031
. 026

. 026
. 032
. 025

. 030
. 032
. 032

. 030
- 035
- 035

. 034
. 040

. 046
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L0521 .032.4 .020 1 016 . L0184 - 007 L 021 036 | 2032
053 | . 034 L0158 017§ . L0261 024 ) L0344 200 . 038
049 L0256 1 L0164 L0123 . 017 . 021 . 033 . 035

, 041 L0331 -.0201 .016 . .018 11,022 . 021 , 04 . 0444
. 037 . 033 L0351 . 029 , . 015 . 025 039 | 2 . 047
035 [ L0297 L 024 . 025 . L0247 041 . 050 - 200 ,-033

[

- e T
=100~

~
.

oo oo oo oo

K
o OJT
R

8B

+

L 066 1 . 0351 025 024 L0221 L0257 . 034 {033 % 043 . 048
20461 037 ¢ 009 016 4 024 ] 4024 .030 | 2 04 . 047
. 041 . 031 . 014 014 . L0221 .040 | . 026 | 204 . 039

20621 .033 1 .08 .0254 . . 024 2031 . 034 . 0 . 056
2 0631°.0321 010 5023 | . L013 [ 027 [, 028 ¢ 2 04 , 064
205210 0201 012 .027 4 . 021 L 037 1,027 1 = 034 , 044,

S s e

"

Y102(
Y103A

N S

i

Average;

Y101D 0581 % 046 L0201 017 L0187 0K 019 ¢+, 02] L0251 2O . 0406

. P - v N 2
Y102C. . I i 2 2,056 1 % 041 L0300 L018 ) L 017 . 01 L0221 .023 L029 2.0 . 046
Y103A- Coee LD AR 040 ] %056 2040 L0251 . 017 | L 016 . 016 . 021 . 026 <029 1 2 03¢ . 041

1 Yor cropping history, see pp. 157-166. Frrigated July M, Aug, 25, and Oct. 12 and 21, 1953.
2 Some snowfall during the month; values possibly too high due 4 Irrigated July 16 and Sept. 13, 1954,
to drifiing of snow. S Trrigated JJune 20, 1955.
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TaBLE 18.—Daily values of dew (CAY on lysimeter Y108A, August 1951

Date Dew Date

frciies
0.02 '

s
..
. S

4__'-'__‘__"_ et

greater following a heavy dew than
jollowing little or no dew. 'I'his is
explained in a later section of this
bulljletin.

The effect of the moisture content
of the surince soil on CA is shown
by the changes in ('A before and
after Irrigation (figs. 20, 21, and
22). The change 15 more striking
on cornland (figs. 20 and 21) than
on grassland (fig. 22). On August
24, 1953, before irrigation on Au-
gust 25, CA on Y102C was 0.022
inch (fig. 21}. On August 28 and
29, with o wel soil surface. CA was
0.004 inch per dav. Data for
Y1034, unirmgated, show that cli-
matolegical conditions on the uni-
formly dry soil surface of Y1034
were actualiy more favorable for CA
on August 28 end 29, than on
August 24, The wet soil of Y102C
was not conducive to high values

of CA.

Data for Y102C' and Y1034 for
August, Seplember, and OQclober
1953 (table 17) show the effect of
irrigation on CA for cornland and
new wheat seeding, On thie moist
surface of lvsimeter Y102C, aver-
age daily CA was 0.015, 0.02", and
0.038 iweh per day and ou the dry
soil of Y1034 it was 0.024, 0.041,
and 0.050 inch per day, respec-
tively, for these months.

Dew Date Dew

fnches
0OG - 23, ... (.. ...
07 24,
RS T
226,
D,
28 .. ..
29 ..
0., ..
b ) S

'|\

I nehes

otal, .

Evapotranspiration (ET)

The average daily ET from all
three weighing lysimeters is given
by months and years for the period
194455 in table 19. As expected,
ET ~values were highest in the
growing season (May, June, and
jul}r). ET wvalues for August and
September were lower, largely be-
cause of the deficiency of soil
moisture. BT wvalues cannot be
high if moisture is insufficient to
meet  the plant needs. This s
illustrated by comparing ET values
for the 1953 growing scason for
irrigated  lysimeter Y102C'  with
those for wunirrigated Ivsimeter
Y1034, Both were in corn, The
gverage daily KT wvalues in May,
June, and July were higher for
Y1034 than for Y102C. Neither
soil experienced much of a moisture
defieit in these months. The ET
value for Y102C, which was well
supplied with moisture, remained
high in August (0.233 inch per day),
whereas the ET value for Y1034
deerensed to 0.174 inch per day be-
Lavse of a large moisture deficit.

Notieeable differences in ET can
be observed for different erops,
especially in May and June, Al
this season differences in the de-
velopment of the vegelative canopy
are very noticeable, 17T values for
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Tanne 19, Average daily ma]mhansyn‘ra(wn (ET) from l?/szmdus Y101D, Y102, and Y1034, by months, 194465,
erpressed in inches of water

i

. R i ! 5 . : | :
Year and lysimeter Jan. 1 Teb, T Nareh . April | May ; June | July i Aug. § Sept. Oet. Nov. | Dee. | Annual

1044 | i ' E ; : ;

Y101 0,025 1 0,053 0, 08,§ 0.076 0. 120 | 0. 147 10152 0128 1 0 0.065 | 0.034 120,039 | 0.085

\1o><* : S o049 044 0 L0650 L0760 LG L IBL T L1370 L . L0731 056 ] %0841 094
37 1065 .04 1020 928 I8 | (5L 138 006 | 0551 (034 [ %095 099

L1025z ] L1000 L0081 100 460 © .187  .121 L0951 L1001 .060 | 053 | . 114
£060 | 2004 [ L000 | LU L1860 L1320 D153 L1380 (U3 L1040 ¢ 1060 | 108
087 0 2084 | 090 L124 | L1691 . U510 .193 | L 148 ] 090 | 104 | 074 | .062

Paagr |2 087 506 .15 L2200 L2000 L1520 L1040 L0811 . 062
070 L Lo080 | Li24 0 J170 0 o168 188 180 | 168 107 | L0741 .073 | .066
072 nO0SI ! LS 151 LIT2 200 .28 . Sluelolos2 ol e

067 e 001 L0907 La22 132 L1000 186 - 138 165 | 0921 L0321 .029
065 L LO00 T 080+ . 104 L1500 .221 . . 188 L1540 L1SLT L1091 059 | . 054
S067 %078 0 .005 . . 107 154, .230 0 L1810 151 (171 L0990 . L 044

e036 i L0830 L1110 L155  LI82 L3 1901 L1521 . 085 | .071] .052
L0630 %088 | 007 | L 145 L228 0 IB4 197 L 127 L1220 089 | . . 062
LZgaL ) 4080 ¢ L1040 L4520 (2230 L2520 L1071 D109 | . 076 | 047

520 L0700 L1030 L2000 220 L2040 2220 12 . Jti2do.oer | .055
570075 Lol L D131 L1 Dwa3 0 L1790 D104 L0ap | L063
5O L0TO 1106 D120 D9 (197 | D280 (188 086 0| 076

Xl
L 08

JU063 R 08T L 04 L L1896 L1900 286 20, LT 2054 . 069

\100(' , 4,073 L0801 % Dol L1980 186 0 L1200 L1560 L 2] L s n . 087

lqyroag DOLOS3 L0082 12 L2150 205 183 . ST . 100 740 .086
051 S : ! 1 ] '

101D I TR A B P N SRRy 21T 68 a2 L1200, 12 112702064 12138

Y02 ;,;j L 085 1 2163 0 L0060 ST  NEEE £ I - S I L008 | 2064 | %104

Y103A L2080 1 2 £ . R0l e L2360 FLa2a Eo 090 i 05 136

See Tootnotes nt end-of table,
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Tasre 19.—Average daily evapairanspivation (ET) from lysimeters Y101D, Y102C, and Y103A, by nionths, 1944-55 ;[
expressed in inches of water—Continued ‘ '

Year and lysimeter ! | vrarent April | May | Jurce | July | Aug. | Sept. | Oct. .| Nov. Dec. | Annusl

1952: ) ‘ . . o

. 075 . 084 102 B . . 186 . 242 . 170 ..125 : 064 . 057 ., 042 . 127
. 083 077 . 093 . . ; 206 . 217 . 148 .'125 . 074 . 062 | 2.048 121
. 090 093 .- 109 . ' ;185 . 216 . 142 . 122 .070.| 2065 . 051 . 125

. 052 | 2075 2082 | . . 203 . 198 -. 149 . 140 | . 067 | 2063 | 2062 117
. 057 | . 074 L 081 | -, . 138 | 3231 . 233 | . 140 . 084 | -2 080 | 2 086 . 121
. 057 .078 | 2088 . . .165 | .248 | .174 | .087 . 071 . 052 [ 2066 . 114

. 061 | 2080 [ 2132 . . .173 ) . 189 . 165 - . 126 .093 | 2071 . 062 125
081 | 2086, -2 107 | . . .152 | 4101 | . 165 | 4152 [ . 100 | %.067 . 061 . 120
. 055 | 2072 | 2129 | . . L191 | . 110 |0 . 158 | . 102 | . 071 %071 | 2 053 . 115

. 073 L 075 [ 2128 | . . 2185 | . 221 . 173 .136°{ . 100} 2067 . 068 . 135
Y . 067 .084 |2 098 | . . . 187 . 218 L0199 | 128 | 112 | 2074 | %074 134
YI0BA. e S0547| 2112 | 2130 . . 2162 | . 175 . 172 . 123 . 109 | 2062 | 2055 . 130

Average: '
Y101D . 068 1 2.088 | 271051 . . L1821 .207 ) L1562 . 124 | 0090 | 2058 | %063 . 121
T102C . 069 . 086 . 094 . . . 180 . 186 . 159 . 129 . 094 071 . 071 . 120
Y108A o oo .si- L, 066 | 2095 | 2110 . . 187 J194 | 197 | . 156 | - 116 } .087 | 2060 | 2 C69 L 122

! Foi‘ rropping history, see pp. 157-166. : 4 Irrigated July 16 and Sept. 13, 1954,
2 Exaggerated values due to drifting of snow. s Irrigated June 29, 1955.
3 Irrigated July 14; Aug. %5, and Oct.-12.and 21, 1953.
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May and June for the corn years
1949 and 1953 averaged 0.146 and
0.169 inch per day {or lysimeters
Y102C and Y1034, wheveas for
alfalfa-bromegruss the average was
0.208 inch. A difference of 4.082
inch per day amounts to over 3
inches for the 2-month peried.
These differences disappeared when
all three lysimeters were in about
the same crop {second-year megdow
in 1950 and 1954 on Yi02C and
Y103A and aifalfa-bromegrass on
Y101,

ET values alone show the magni-
tude of moisture extraction from the
soil and evaporation from vegeta-
tion during & part of the day from
aboul 6 a. m. to 4 or 6 p. m. This
extraction is partly compensated
for by CA. Tie differcnce (ET—
CA) represents the net loss of
moisture for a 24-hour day, and il
is the figure most commonly used
in agricultural-hydrology problems.
Such data are presented later in this
veport under such headings as

“Water Use by Crops—ET—CA”

and “Iivigation.”

Hourly lysimeter weight records
during periods in which there was
no rainfall and lttle or no percola-
tion show the periods of the day
during which there were gains and
losses in moisture. These hourly
changes in soil moisture from weigh-
ing lysimeters Y102C and Y103A
{figs. 20, 21, and 22) show the mag-
nitude of the evening—night weight
gains and daytime weight losses and
the effeet of wrigation or evapo-
transpiration (ET) and condensa-
tion-absorption (CA).

CA and ET for lysimeters Y102C
and Y103A on July 12 and 13, 1953
(fig. 20) represent unirrigated con-
ditions. Irrigalion on Y102C on
July 14 amounied to 2.93 inches,
Leaves « f the corn plants shiclded
only part of the soil surface on these
dates. BT and CA values for July
15 and 156 represent- conditions of
ample moisture for Y102C and
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deficient  mowisture for Y103A.
Evapotranspiration, as well as con-
densation-absorption, was affected
by soil-meisture supplies during this
July period.  Average ET for
Y102C for July 12 and 13, prior to
irrigation, was 0.214 inch per day,
or 91 percent of that for Yi03A.
Both had received the same rainfall
for months earlier. Average ET
for Y1062C for July 15 and 186, afier
irigetion, was 115 percent of that
for Y103A.

Rains of 1.30 inches on July 18,
0.4% inch on July 20, and 0.96 inch
on July 22 replenished moisture
supphies on Y103A, and ET for
Y103A again became greater than
for Yi()?(%, the natural relationship.
The last rain in August occurred on
the 9th, except for 0.07 inch on the
17th. By August 16, the effect of
the Jate July and early August rains
had disappeared, and the influence
of the July 14 ivrigation reappeared,
that is, BT for Y102C again became
greater than for Y103A. _

On August 24, CA was slightly
less on Y102C than on Y103A (fig.
19}, Both soil surfaces were dry.
On the same day {August 24) ET
for Y102C was 157 percent of ET
for Yi03A. TFailure of the prins-
weigh mechanism prior to August
24 and on August 26 and 27 pre-
vented the development of hourly
moisture-change data for consecu-
tive 2-day periods before and after
wrigation. On August 28 and 29,
CA on Y102C, with o wet soil sur-
face, was extremely low whereas on
dry soil lysimeter YI03A it was
extremely bigh.  Terigation of 2.90
mches of water on August 25 mols-
tened the soil to a depth of 24 inches,
It also provided moisture needed by
the «op and possibly increased
evaporaiion. The combined ET
for Y102C vose lo an average of
about 240 percent of that for Y103A.

One measure of the value of irri-
gation in July and August 1853 is
crop yields—168 bushels per acre
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on the 2 icrigated lysimeters Y1028
and Y102C and 144 bhushels per
acre on the 2 unirrigated lysimeters
Y103A and YI103B. Tn 1949, when
neitber Y102 nor Y103 was irei-
gated, yields were practieally the
same, averaging 150 and 151 bushels
per acre, respectively.

The only ivrigation in the growing
season other than i the 1953 corn
year was on May 18, 1955, on a
first year meadow crop of red clover,
alfalfn, and timothy.  Awvailable
moisture in the 24-inch soil depth
had depleted to Uhe one-half lovel,
and 2.26 inches of water was ap-
plied. lIrrigation influenced BT
noticeably (fig. 20). ET for Y102C
on May 16 and 17, hefore irviga-
tion, averaged 83 percent of that
for Y103A. On May 20 and 21,
after ivigation, BT for Y102C av-
craged 105 percent of that for un-
mrigated Y103A. There is consider-
able variation in this velationship
for the individual days—May 20
and 21. Ou both days, however,
there was an increasc in ET Jor
Y102C after irrigation. Records
for May 19 could nol be used in
this comparisou as some of the
hourly values on that day were not
available.

Water use by crops (ET—-CA)

The nmount of waler required lor
crop growth has heen the subjeet of
much experimentation, especially in
the arid and semiarid seclions of
the counlry where irrigation of
almost all cropland is necessary for
production. Within recent vears,
however, irvigation in the humid
Eastern States has been found to
be profitable in many cases. The
scorciky of water supplies, the cost
of transporting waler Lo the crops,
and ‘the loss of plant nutrienis
througlr-leaching in almost every
State have crealed & demand for
sound technical information on the
use of water by crops to help develop

plans to conserve this vital natural
resource.

Water-use-hbyv-crop data are also
needed in estumaling the rate of
removit ol water fromn soil pores and
in evaluating scil-moisture condi-
tions anlecedenl Lo eritieal storm
periods.  Such evalualions provide
an imporlant factor needed in esli-
matling infiltration rates and caleu-
lating  slorm-runoff  rales and
amounts.

Weicht records from lysimeiers
Y1020 and Y103A for the period
194155 provide duta on the amount
of water used by differeut crops in o
4-year crop rotation in their respec-
itve periods of growth (table 20).
These data arve for 4 corn years, 4
wheat vears, 4 first-year meadow
years, and 3 second-year meadow
years. They show .for each year
and for cach crop the amount of
waler taken from the soil in the crop
period, 1. e, ET—CA, or consump-
tive use. Ne eflort was made to
separate evaperation {(E) and tran-
spiration (1), as these two processes
often funetion together to deplete
soll moisture.

All data in table 20, except for
lysimeter Y102C in 1953 and 1955,
are for natural moisture conditions
where periods of soil-moisture de-
ficiencies normally occurred during
some parts of July, August, and
September.  If there had been ade-
quate moisture for maximum crop
production during the entire grow-
ing scason of each wear, it is likely
that greater amounts of water
would have been used. Crops on
Iysimeter Y102C were irvigated in
1955 and 1955 and the dala for
these vears (lable 20) are for
optimum meisture.  Totlul amount
of water used, crop yield, aud cffi-
ciency of water use all show the
efleet of wrigation.  (See p. 108 for
2 detailed deseription of rrigation
practices and resu'ts of the studies.)

The ameunt of water ranspired
and cvaporated in the May—Sep-
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tember period in the production of
corn ranged from 17.4 to 24.6
inches. Under conditions of natu-
ral moisture, grealer amounts of
waterwere used on lysimeter Y1034,
where the soil is heavier and holds
more water, than on the light-
lextured soil of Y102C. In 1953,
however, water use on hrrigaled
lysimeter Y102C exceeded that on
Y103A by 1.8 inclies,

Yicld of corn ranged from 34 Lo
144 bushels per acre withoul irriga-
Lion, ‘The low yield resulted from
insufficient moisture and wilting in
Inte  August.
1953, a yield of 196 bushels per
acre  was produced on Y102C.
This was a higher yield than on
unirrigated lvsimeter Y103A, a
reversal of the normal relationship
of these two lysimetors,

The elficiency of water use is
evaluated by dividing the weight
of waler used (table 20, col. 5) by
the dry weight of crop produced
{table 20, e¢ol. 7). The resuli

{table 20, col. 8} shows that efR-

ciency of use on cornland withoul
itrigation ranged from 319 to 586
pounds of water to produce 2 pound
of erop.

The lowest value (319 pounds)
corresponds to the highest yield
and s the most officient. The
highest value (386 pounds) cor-
respends to the lowest yield and is
least efficient,

The most efficient use of water—
only 273 pounds of water Lo produce
6 pound of corn crop—wus with
irngation on Y102C in 1953, The
amount of waler applied and the
time of irrigation was delermined
bv field measurements of available
soil moisture and, as a result, there
was neither underirrigation nor
overirrigation.

Average values for lysimeters
Y102C and Y103A show the same
vield of corn and about 20 to 22
inches of water used with a water-
efficiency value averaging nearly

With irrigation in -
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400 pounds of water per pound of
crop. ,

The total amount of water used
for wheat production, ranging from
12.0 to 14.7 inches, was much less
than for corn. The efficiency of
water use (table 20, col. 8) was
generally less for wheat than for
corn. The amount of water used
to produce a pound of wheat ranged
from 456 to 762 pounds and aver-
aged about 6800. Crop yield, with-
out irrigation, ranged from 32 to 48
bushels per acre and averaged less
than 40.

Lysumeter Y1020 was irrigated
in October 1953 to start the 1954
wheat crop. Apparently this re-
sulted in a slight increase in yield
without affecting the amount of
water used in the April-June period
(14.0 inches for irrigated Y1020
and 14.7 inches for unirrigeted
Y103A}. Efficiency of water use
was 525 pounds on the irrigated
Iysimeler amd 608 pounds on the
unirrigated lysimeter. Waker sup-
ply is seldom a limiling factor in
the production of wheat in this
region.  IBxcessive amounts of wa-
ter en poorly drained soils may,
however, result in decreased yields
and less efficiency in water use.

On meadowland, yields and effi-
ciency of water use were noticeably
affected by avallzble moisture.
Walcr-use values for first-year
meadow withoul irrigation ranged
from 19.4 to 24.6 inches for the
April-August period and averaged
about 22 inches for the 4 years of
record (table 20). Unirrigated crop
yields ranged from 1.67 to 4.43 tons
per  acre. Water-use efficiency
values ranged from 629 to 1,377
peunds of water per pound of hay
crop.

The water-use period of April
through August was selected to rep-
resent the meadow growing season.
However, some persons may want
velues for the period beginning
April 1 and ending with the dotc of
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Water used per acre

20.—Water used by crops—evapotranspiration (ET—CA)—during season of growth, 1941-65

Dry weight of
crop per acre,

Weight of
water used

Crop and vear Lysimeter ) C'rop yield including straw| to produce 1
: Period Amount per acre ! or stover pound of crop
63 2 (3) €3] (3) (6} {7) (8)
Million
Corn: Inches pounds Pounds Peunds
1041 il Y102C | May-Sept.. ... 17. 4 3. 94 | 80 bushels._. ___ 10, 000 394
1945, Lol il Y102C | .. do_._._____ 18,9 4. 28 | 34 bushels.._ ... 7, 300 586
1945 .ol .. Y103A |._._. do__..o_._. 20. 7 4. 69 { 61 bushels_.. ... 10, 500 447
1949 o L L.l Y102C | ... do. ... . 21.°5 4,87 | 144 bushels...._ 14, 600 334
1949 o LioLlill Y103A |..._. do_ ... . 24. 6 5.87 | 139 bushels_ ... 14, 100 395
1963 Y102C (.. .. doo... .. 223.5 5.33 | 196 bushels. . _._ 19, 530 273
1058 e Y103A | do- . ... 219 4, 97 | 143 bushels.._._ 15, 600 319
Averase { Y102C oo ool 20. 3 4:60 | 114 bushels. . ... 12, 858 397
TARE o e Y108A |ooiomo i 22, 4 5 08" 114 bushels__-__ 13,400 387
Wheat:

: 1942 ook T Y102C | Apr.~June_ i 12, 4 2. 81 | 32 bushels_..... f 3, 720 755
1042, L. i el Y103A |- doc. .. .. 12.0 2.72 1 35 bushels...... 4, 100 663
1946 . oo Y102C | _._. do-oni oo 4. 2 3.22 | 38 bushels..._.._ 4 4, 880 660
1046, ... - ____ Y103A . ___- do_.___._.. 14.0 3.17 | 36 bushels_.._.. 4, 160 762
1950 o o il Y102C | _.. do_.____.__ 12,9 2. 91 |43 bushels....._ 6, 380 456
1950, - __o_oloio_i. Y103A [..__. doo____._.. 14.5 3.29 | 43 bushels......_ 6, 580 500
1954 Lo L Lol Y1020 ... do___ . .._._ 14.0 3. 17 | 54 bushels......_ 6, 040 525
1954 . il Y103A |._.__ do. . ._._._ 14,7 3.33 | 48 bushels..___. 5, 480 608

Average { Y1020 |l 13. 4 3,03 | 42 bushels._.___ 5, 255 599
MOt Y103A |_oooo oo .. 13. 8 3.13 | 40 bushels______ 5, 080 622

é8
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Meadow, first year:
1943

Y102C
Y103A
Y102C
Y103A
Y102C
Y103A
Y102C
Y103A

Average {;}8%3

SIO O CH D =T

oo | oo e

il

Meadow, second year:

1944 .. l.. bl Y102C
Y103A
Y1020
Y103A
Yi102C
Y103A

r,l ¥
Average .. . ... { }(18:%,(\‘

DO O e

SO COWL U]

1. Computed on an acre basis from the lysimeter data.
2 Includes §.82 inches of irrigation water.
3 Includes 5.32 inches of irrigation water.
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the last hoy harvest.  These values
may be obtained from the graphs of
accumulated ET—CA (figs. 0, 14.

and 17). There are no graphs for
1943, In 1851, for example, BT —

CA for Y102C was 17.8 inches for
the period April 1 o July 14,
With a yield of 2.70 tons per nere,
the water-use efficicncy value for
this short-lerm period was 854
pounds of water Lo produce a pound
of crop, instend of 906 pounds, the
value for the entire 5-month porind.
For YI03A, the short-term cffi-
ciency value wos {048 pounds of
water per pound of erop produced,
instead of 1,108 pounds of watler,
the s-month value, The short-
term values for both Yi023¢ and
Y103\ were 94 pereent of the 5-
month values.

With irrigation on Y102C i 19353,
water use reached a total of 270
inches.  Crep yield was 5.47 tons
per acre. the highest for any firsi-
vearmeadow.  Water-uge officicney
with irrigation was 513 pounds of
water per pound of crap, the hest
first-vear meadow value. For the
season [rom April 1 o the last
cutting of hay on July 22, rensump-
tive use on irrigated lysimeter
Y1020 tolaled 20.2 inches of water
and efficieney of use was 383 pounds
of water per pound of hay, This is
74 pereenl of the 5-month figure of
513 pounds.

Waler-use values lor second-vear
meadow (table 20) for the 5-month
period April through August ranged
from 18.7 to 26,3 inches. Crop-viekd
values vanged from 1.50 to 3.80 tons
per acre. Water-use efliciencey for the
S-month period ranged from T84 Lo
1,550 pounds of water per pound of
erop, Water-use efficiency in 1952 for
the season April 1 to the Jast eutting
of bay was 754 pounds of water for
Y102C, or 73 pervent of the 5-
month vahlie of 1,080 pounds, and
841 pounds ler Y103 A, or 73 pereent
of the 5-month value of 841 pounds.

A study of the crop use of water

1179, T. 5. DEPT, (OF AGRICULTURE

by semimonthiy periods (figs. 23,
24, 25, and 26t shows (hat the rate
of water consumption varied con-
siderably  throughout the growing
season.  For example, depletion of
soill-waler  supplies  (eonsumptive
use} by vorn. without irrigation, was
greatest in July (g 23),  Ordi-
narily, this value execeded  {he
amount of rainfall.  In faet, deple-
tion of soil moisture dering July
was so great that supplies in August
were not enough e meet the de-
mand.  Without irvigation BT—
CA was less in August and Septem-
ber than inJuly, ss indieated by the
1941, 1945, and 1949 data for Y1020
ad Y1044 and the 1953 dutn Tor
Y1030 Trerigation on Y1020 in
1953 resulted in continued  high
rite pf waler consumption until the
end of August---about 3.5 inches
for the perfod August 16-31 as
compared with less than 2 inches
an unirvigated lvsimeter Y1034, A
picture of the dillerence between
these two Ivsimeters in available
moteture ean be obtained from the
top graphs of figure 15,

Evapotrauspiration  frony  corn-
langd i May and early June usually
was low---nbout 2 inches per half
month.  As there was very little
leaf area wm tlus early  season,
transpivntion was low,  Eyapora-
tion was high from a wet soil surface
and low from a dey soil surface. The
diffeventee between BT'—CA  datn
for nearly barve corntand (Y 1020)
and lor lepume-grass (Y101D) is
shown by the wade divergenee of
thewr seil-moisture curves in May
and June 1949 -{lig. 11} and in late
Moy and June 1933 {fig. 15), and
by the striking differenee hetween
the ET—CA graphs in figures 23,
24, 23,

Wheat usedd waler most rapidly
in late May and carly June (fig. 24).
Water was removed from soll pores
by evapolranspirution laster from
whentlond than from cornland prior
to June 15. Water needs for wheat
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Figrre 25.—S8emimonthiy evapotranspiration {$T—CA) from first-vear mendow
lysimeters Y102C and YI03A for 1843, 1947, 1651, and 19355,

diminished after the middle of June,
This is the ripening period. Fol-
lowing whent harvest and the ve-
moval of straw the new meadow of
timothy, ved clover, and altalfa pul
on rapid growth. Cousumplive use
of water incressed somewhat ag the
leaf aren increased in late July and
August.

Water-use datn Dby first-year
meadow for lysimeters Y102C and
Y103A for 4 years are shown in
figure 25. Vegetation was mostly
timothy, red clover, and small
alfelfa plants. Water consumplion
was greatest in the first bhall of
Jure. Hay cutling in June re-
duced the demand for water, Water
use inereased in July as a resull of
leaf-area growth and then decreased
early in August after the sceond
cutting of hay. .

Irrigation on Y102C in July and
August 1953 resulted in continued
high use of water until lnte Sep-
tember, The contrast between
ET-—CA data (fig. 238} for irrigated
lysimeter Y102C and for unirni-

galed lysimeler Y103A in August
angd early September is striking.
ET—CA 1n late August was about
3.5 inches for Y102C and less than
2 inches for Y103A.

Without lrrigation there appenred
to be little or no difference in con-
sumpiive-use values for lysimeters
Y102C and Y103A, when the sur-
{aces were completely covered with
vegelation such as meadow. How-
ever, when there was very little
vegetative cover, ET—CA  ap-
peared to be greater for the wetter
soil of Y103A than for the better-
drained soll of Y102C.

Watcr-use dals by secoud-year
meadow appear in figure 26, Like
the data for first-vear meadow (fig,
253, the period of maximum con-
sumpiive use extended from the
last haelf of May through July.
These values were generally lower
in 1944 than for the same period in
1948 or 1852, There was no ailalfs
in 1944, and the vegetative cover
was mostly shallow-rooted grass and
weeds,  Yield was about 1.5 tons
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per acre.  Vegelative cover in 1948
and 1952 consisted of & good stend
of nlfalfa and yielded over 3 lons
per acre. The deeper rootls of Lhe
alfalfa may account for greater con-
sumptive usc in ilhese 2 vears,
With & dry soil surface, these plants
could get water when the shallow-
rooted plants in 1944 could not.
For certain design purposes, such
as irngation systems, 1t may be
necessary Lo know Lhe maximum
rale of BT—CA for periods of o
week or 10 days.  Monthly or semi-
monthly values do not provide the
necessary information.  Appareni
in table 21 are the differences be-
tween maximum consumptive-use
riate and the monthiy average rate.
For example, in August 1953 the
maximum-use rale fer the eorn
lysimeter was 0.36 inch per day and
the monthly average was 0.22. An
irrigation syvslem designed to meet
a water-use figure of 0,22 inch per
day would fail to produce the maxi-
murs erop when confronted witl:
the demand rate of 0.36 ineh per
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day. In some months the average
waler-use rote and maximum de-
mand rate for short periads were
almost the same,

Moisture values for 40 inches of
soil in table 21 represent an approx-
imate average for the month, They
are given to help the reacder sce how
the consumptive-use values dro
off in August and September with
Jower available moisture. This is
not alwars the case, as values of
moisture in 40 inches of soil may
nol represent the moisture avail-
able to the plant. Someiimes avail-
able moisture in the lop foot or two
of soil was nearly exheusled, caus-
ing reduced vields and lower values
of ET—CA, when there was enough
maisture below the 24-inch depth to
give o fairly high moisture average
for the entire 40-inch profile.
Evapotranspiration (ET—CA) com-

pared to water-surface evaporation

and aftmomefer evaporation

Lysimeler studies provide valu-
able information on water use by

4 B
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Figure 26.—Semimonthly evapotranspiration (ET-CAY from second-yeur meadow
lysimetlers Y102C nund Y1034 for 1944, 1048, and 1052,




TanLe 21 —«Armcu/e daily - consumptive use of waler by mops on lysimeters Y1020 and Y103A, for mavimum 10-day
pmod and /or (lm month, . flm/mb'( 7)(( mber, 1‘142—1),‘)

i

Average per day inJune 0 Average per day in July

e e o e g s b e b G SO Ao i, s Y

Lysimeter, ¢rop, and. year ‘ (k)nsulﬂ])tiVo use ~Clonsumptive use o Consumpiive use

, Soil L Boll Soil
mois- iomois- i mois-
Month  ture ! Maximum] Month U tored S Maximum : Month | ture !

10 days 10 days

P Maximum
10 days

U O (O PR e e e e

1

1
Y102C: , | E
Wheat 10 meadow--- . Inehes |

!

W42 ] 0. 16 |
1046 .. REETE. 18

Inches  Inches : Inches Inches | Taches Inches Inches + Inches
0. 1.3 1.3 0. 21 R 5 0,22 017 10,
10, 0 . .23 S99 1. .23 17

ooo0

1950 . AT 2000 17, 1L0 .26 L7 . .12 10
J S .22 . .10 07

1954, . Lo . e .22
Meadow, first year-- ! ‘ !
PO43. L L . 13,5 - .23
1047 .. . . . 13.5 .28
V951 ;oo ol . . N 10.5 .21
1955 0. Lo e , L2100 205 17
Meadow, second year : : :
1944 T Sl . E 0.5 J18
1548 2 e el . . : . 0. 25
1062 oL f . 28 . i L0 . 30

Corn-+-

1949, - .
1953 . -
YI103A: ]

Wheat to meadow--
S22 L

1946, o

1950 . ...

1954 Lo

[> Fe Y pel]

SO

Soo
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e

Meattow, first year--
1043 . 0
1947
I‘Lﬂ
1955. . :

M(\ﬂ(lO\\ second wm'— :
1944 . N
1048 ..

1052 .

Corn-

1945
1049 .
153 -

Lysimeter, ¢rop. and year

S Y102C:

Wheat to meadow-—-
1042 oo
1046 .. .

1950,
1954,

Meadow, first \(‘m~~
1943
1047 . R
1051, oo oo o
1955.. ..

Meadow, second yoar—
1944 . e

1048 e i

1082, . e i d e e a e

- See footnotes at end of table,

!

|

-

o]

S|

. )

0

.0

0
0

)

13.0

5.0
.0
B0

Clonsumptive use

\l.\\lmum‘ \I(m(h i

10 days

I'nches

0.16 .

.22
16
.16

.20

i

I'nches

Q.

11

16
.13
B

.18
S13
S 07
14
10
.13

Average per day o Angnst

i Soil
mois-
{ure !

Inches
8

0,
9.

i

oo DUioo

£ i
Average per day in Septemboer,

Consumptive use

 Maximum |

I'nches
0. 09
10
.16
.15

S12
.19
.13
13
.12

R
S

Month

U Inches |
0, 08
07
L1120
13

07

s

PR YA
L1
.10

.10
. 09
.10

i

Yield per-acre

Soil
mois-
ture !

I'nches

} 32 bushels,
: 38 bushels,

43 hushels,

54 hushels,

NMen®

23

SF
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TaBLE 21.—Average daily consumptive use of water by crops on lysimeters Y102C and Y103A, for maximum 10-day
: period and for the month, May-September, 1942-55—Continued

06

Average per day in August  [Average per day in September

Lysimeter, crop, and year Consumptive use Consumptive use Yield per aere
Soil Soil

mois- mois-
Maximum | Month | turc ! | Maximum | Month | turet
10 days

"Y102C—Continued
Corn— Inches Inches Inches
.13 .12 .0 .11
.23 .15 9. .10
. 36 . .22

oy
S

oS
o

34 bushels.
151 bushels.
196 bushels.

.18
. 20
.18
.15

.21
.20
. 13
. 16

. 08
.11

35 bushels.
36 bushels,
43 bushels.
48 bushels,

0.5 ton.
2.0 tons.
2.3 tons,

*Id3d S "0 ‘61T NILATING TVOINHOWL

—

PHW 0SSN NDPON OO0
COS  Sum OO UIOOU

.15
18
.16

.18
.28
.18

61 bushels.
148 bushels.
143 bushels.

oot o C Ut SCOoOLMO
—

HYNLTADIYOV J0

! Moisture (inches of water) in 40 inches of soil. 2 Irrigated.
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crops in the Coshocton area. There
are only a very few lysimeters over
the country and none are developed
for hydrologie studies to the extent
of those at the Coshocton station.
There is therefore a need to develop
o relationship between ET-—CA
and some type of hydrologic meas-
urement for which records are com-
mouly aveilable in this and other
States. If such a relationship can
be developed with reasonable ac-
curacy, perhaps the Coshocton data
can be adapted Lo the commonly-
available hydrologic data for use in
regions outside the Coshocton area.

With this in mind, the Ivsimeter
ET—CA values have been corre-
lated with data from evaporatlon
pans and from whilke almometer
bulbs (figs. 27, 28, 29, 30, 31, 32,
36, and 37). Kvaporation of water
from both the pan and the atmom-
eter  bulb represents an  inte-

grated measure of the forces caus-
ing the transfer of water from
liquid form to vapor form in Lhe
atmosphere.

These [orces are for
the mosl part comprised of solar
radiation, relative humidity of the
air near the ground, wind move-
ment, and air and waber tempera-
ture. Data are commonly available
for all these except solar radintion.
The United States Weather Bureau
maintains and publishes date from
evaporation paus at many locations
in this country. Almometer data
can be obtuined casily and at very
low cost,

The evaporation pan used at
Coshocton (BPI pan) was 6 foct
in dizmeter and 2 feet deep. It
was sunk in the ground to withip
4 inches of the top of the pan, and
the water surface was maintained
at about ground-surface level. Data
from this type of pan are net com-
mon over the counlry. The United
States Weather Buresu evaporation
pon, which is most generally used,
differs from the pan used in these
studies and its evaporation values

450509 O-mBE—-T

are higher. A coefficient of 0.75
can be used o adjust values ob-
tained with the United States
Weather Bureau pan to values used
It this-study.

An attempl was made te relate
ET—CA values Lo daily evapora-
tion-pan valuss, The result was a
wide scattering of points. The
next slep, and the one adopted, was
te relate accumulated daily ET—
CA values to accumulsted daily
evaporation-pan velues and ac-
cumulated daily atmometer values
for the growing season, April
through September. These curves
are termed “‘mass curves.”

Fairly straight lines appeared in
sections of those mass curves, indi-
cating periods of uniform water loss
as determined by the different
methods. For ‘example, in figure
29, all three lines are neardy straight
and appear Lo have about the same
slope from about May 15 to June
10. This means that ET—CA
for wheant on lysimeters Y102C and
Y103A was at the same rate as pan
cvaporation, The slope of all three
curves diminished from June 10
uniil about Junc 25. After that,
the mass curve for the evaporation
pan resumed its steep slope, indi-
cating that the energyv forces caus-
ing evaporation and (ranspiration
after June 25 were rather high.
The ET—CA curves, however, con-
linuod at o lesser slope us water use
by wheat was at a fairly low rate
from June 25 to about July 20.
This was the period of wheat ripen-
mmg and harvest, and before the
new meadow had developed much
leaf area. After July 20, the new
meadow on Y103A consumed water
at nearly the same rate as the
evaporation-pan rate. On Y102C,
the ET—CA rate was about 80
percent of the evaporation-pan rate
and the ET—CA rate for Y103A.
The latter usually has more soil
moisture than Y102C,
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Freore 27 ~Daily rainfall and aecumulation of daily (1) eviapotranspiration from

1eters Y102C und Y103A and (2) pan evaporation, May-September 1948,
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Ficure 28—Duily rainfall and aceumulation of daily (1) evapotranspiration from
iysimeters Y102C and YHBA and (2) pan evaporation, May-September 1949,
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Fiaure 28-~Daily rainfall and accumulation of daily (1) evapotranspiration from
lysimeters Y102C and Y103A and {2) pan evaporation, April-September 1950,

Evapotranspiration rates ex-
ceeded evaporation-pan rates when-
ever the siope of the mass curve of
the former was greater than the
latter. This situation prewailed in
1950 (fig. 29) from April 20 to May
18 and from June 10 to June 25,
but the difference was not very
large. Consumptive-use rates by
first-yeer meadow in 1951 (fig. 30)
exceeded evaporation-pan rates by

about 40 percent continuously from
May 12 until the second cutting of
hay. TFor a short period after the
first cutting of hay the evaporation-
pan and ET—CA rates were about
the samie.

Consumptive use of waier by
second-year meadow (figs. 27 and
31) exceeded pan evaporation and
atmometer evaporation at ftimes
throughout the growing season, but
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by much less amounts than for first-
vear meadow (fig. 30). There were
many periods in 1852 (fig. 31) when
the mass curves were parallel, i. e..
the rates of water loss were essen-
tially the same. Atmometer-buib
data first became available in 1952,
Its mass curve roughly parallels the
evaporation-pan mass curve untii
September, after which the atmome-
ter mass curve is greater. This also

95

(fig. 36) and in 1955 (fig. 37) the
slope of the atmometer mass curve
generally exceeded that of the
evaporation-pan from late May
through September.

In 1953 (fig. 32), water-loss rates
in. May were about the same from
ail four sources. In July and
August, the evaporation-pan rates
and the atmometer rates were
nesrly the same, but crop use of

occurred in 1953 (fig. 32). In 1954 water from these two measures of
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Fiauae 30.—Duily rainfall snd accumulation of daily (J) evapotranspiration from
Iysimeters Y1G2C and Y103A and (2) pan evaporeticn, April-September 1851,
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Ficure 31.—Daily rainfall and accumul

ation of duily (1) evapotrunspiration from

tysimeters Y102C nnd Y103A, (2) pan evaporation, und (3) water evaporated from
atmometer bulbs, Aprit-September 1952,

the cvaporating forces differed no-
ticenbly. In June when ET—CA
values were small, as indicated by
the lesser slope of the mass curves

for Y102C and Y1034, the corn
plant had developed only s little
leaf area, In July and August,
however, leaf avea of the corn plant
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was large and the rate of water use
was great, as indicated by the
steepness of the mass curves for
T102C and Y103A. In fact the

slope of these mass curves exceeded
the slope of the evaporation-pan and
atmometer mass curves by 40 per-
cent for & period of nearly 2 months

ils) i
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Figure 32—Daily rainfall and accumulation of daily (1) evapotranspiration from
Iysimeters Y1020 and Y103A, {2) pan evaporation, and (3} water evaporated from
atmometer bulbs, April-September 1953,
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Near the end of August the rate of
water use by corn on Yi02C (irri-
gated) and the atmometer rate were
sbout the same,

In 1953 the corn on Yi02C was
Irrigated and that on Y103A was
not. The mass curves of evapo-
transpiration (fipg. 32) for lysimeters
Y102C and YI03A wore parallel
from late June to abous August 10,
After this date the ET—CA mass
curve for Y103A dropped off fast,
wheress that for Yi02C continued
at a high rate until the corn ma-
tured, about September 5, Yield dif-
ference (table 20) between these two
lysimeters was 53 bushels per acre.

Evapotracspiration and pan
evaporation can be compared by
the double mass-curve plotting, as

TECHNICAL BULLETIN 1179, U. 8. DEPT. OF AGRICULTURE

shown in figures 33, 34, and 35
The aceumulated value of water use
by crops is plotted against the
accumulated value of pan evapora-
tion. Whenever the double-mass-
curve line paralilels the line of equal
values, the rate of water use by
crops and pen-evaporation are the
same, The slope of the line for
May 1852 (fig. 33) 1s flat, indicating
that the rate of water use by crops
was grester than pan evaporstion.
From the first of June to the middle
of July, both rates are about equal.
After July 15 the pan-evaporation
rate exceeded that of crop use.
The relationships sre shown nu-
merically in figure 33,

In figure 34, the double mass-
curve plotiing shows the relation-

25 7 7 T
fOOUVBLE MASS-CURVE PLOTTING) \}
vl
E Q’,af
20 \1’
FAN 4
Q:yi’
EVAPO- &
RATION & 7
- 'VQ — \./
({NCHES) A
\ /
v al.
Ep q,°° 5\?\;{. HAY GUT ,
1O & ./—-] MAY 1-3i —t
& \,/ ET = L.6Ep
) R SUNE | = JULY 15
o ET = 4,1€p
~)
5/ JULY 16 ~ SEPT. 30
S R ET : 0.8Ep
et HAY cuT
W
P
o o
0 5 i0 3.1 20 25
I EVAPOTRANSPIRATION {(INCHES) ET

Ficurg 33, —Relation between alfaifa-timothy evapotranspiration and pan

evaparation,

Y102, 1952,
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Froure 34.—Relation between corn evapoiranspiration and pan evaporation, Y103,
1953,

ship between the use of water by
corn snd pan evaporation. For
May, the rate of water use by corn
was greater than the evaporation-
pen rate. For most of June, the
rates were about equal. From late
June to mid-August, water use by
corn was et a greater rate than pan
evaporation. Afterwards water use
by cor.- dropped off rapidly as &
result of insufficient soil moisture.

Water-use data for irrigated corn
are compared with evaporation-pan
date in figure 35. The general
trend of water use is about the same
as for unirrigated corn (fig. 34),
except that evapotranspiration on
. Y102C continued at & high rate into
September. Relationships are
shown numerically for each period
of uniform slope.

The effect of wheat maturing,
harvest, and growth of new meadow
on water use in 1954 is shown in
figure 36. These mass curves can be
compared with those of the same
cropping pattern in 1950 (fig. 29).
Wheat yields were from § to 11
bushels greater in 1954 than in 1950
(table 20). A similar relastionship
may be observed by comparing the
slope of the mass curves for ﬁ -
CA and for the evaporation pan in
both years. In 1950 all slopes were
sbout the same while the wf?eat. was
growing. In 1954 the slope of the
water-use mass curves during wheat
growth exceeded the slope of the
evaporation-pan mass curves by
ebout 40 percent.

With maturity of wheat, the
ET—CA curves dropped off strik-
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Freure 35.—Relation Letween irrigated corn evapotranspiration and pan evaporation,
Y102, 1953.

ingly—more so than in 1950. It is
a?parent from o glance at the record
of daily rainfall for both years (at
the bottom of figs. 29 and 38) that
1954 was drier. With less moisture,
consumptive use of water by the
new meaedow plants was less than in
1950. After brrigation in July and
as a result of July and August rain-
fall, the ET—CA curves increased
in slope until they had about the
' same slope as the evaporation-pan
curve—as it was in 1950. 'This
. means that water use by the new
meadow during August end Septem-
ber was at about the same rate as
eveporation from the pan, Therate
of water use as indicated by the at-
mometer appears to deviate from the
evaporation-pan rate by about the
same amount throughout the season.

Use of water by first-year meadow
in 1955 (fig. 37) shows about the
samé relationship to pan evapora-
tion as in 1951 (fig. 30). Its rate
was about 40 percent greater than
the rate of pan evaporation as lon
as there was plenty of water (/ rﬁ
and May). The slope of the ET—
CA curve for Y103A dropped off
after June 5 and roughly paralleled
the slope of the evaporation-pan
curve, which indicates equal rates of
water loss. The Y102C curve main-
tained its steep slope until Septem-
ber except for short periods of lesser
slope after hay harvest. Irrigation
on Y102C supplied the water
needed, a high rate of consumptive
use was mamtained, and the hay
yield increased 1.5 tons per acre
(table 20).
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Froure 36.—Daily rainfall and aceumulation of daily (1) evapotranspiration from
Ivsimeters Y102C and YI103A, (2} pan evaporation, and (3) water evaporated from
stmometer bulbs, April-September 1954,
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Figure 37 —Daily rainfall and accumnlation of daily (1) evapotranspirition from
lysimeters Y102C and Y1034, (2) pan evaporation, nnd (3) water evaporated from
atmometer bulbs, April-September 1455.
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Attention is called to the minor
reduction in slope of the ET—CA
mass curves at the hay harvest on
July 22, 1955 (fig. 37) as compared
to a major reduction at the hay
harvest on August 8, 1951 (fig. 30).
It is likely that rainfall and soil
meisture provide the major reason
for this difference. In 1951, the
period before and after the August
hay harvest was so dry there was in-
sufficient moisture (o~ meet the
demand—thus the low values of
ET—CA. In 1955 there was ample
moisture before and after hay har-
vest to take cere of the demand—
thus the high values of ET—CA.
Evaporation was a large factor in
the high values,

Evapotranspiration  following night
rainfall or heavy dew

The effect on evapotranspiration
of dew or rainwater on the vegeta-
tion or soil was determined by com-
paring the evapotranspiration val-
ues from wet plant and soil surfaces
with similar values from dry sur-
faces. For wet surfaces, ET values

were selected for days following
either night rainfall or periods of
heavy dew (CA). For dry surfaces,
ET values were selected for days
following night periods of little or
no condensation. These data for
lysimeters Y101D and Y102C are
given in tables 22, 23, and 24 for
1947, 1948, and 1949, respectively.
In all 3 years very few values were
found that could be used for com-
arative purposes. The ecriterion
or selecting the data was a 3-day
period of very little change of vege-
tation—one of night rainfall, one of
heavy dew, and one of little or no
dew. The days were not always
consecutive.

The general conclusion of the
study was that evaporation of mois-
ture on vegetation from the preced-
ing night, whether from rain or dew,
substituted for part of the next day’s
transpiration. For example, in the
period May 6-3, 1947 (table 22),
ET values for Y102C for each of the
3 days were almost identical.
Total ET on May 9 (0.10 inch) was
probably made up of 0.06 inch of

TaBLE 22.—Effect of either night rainfall or dew on next day's
evapotranspiration, 1947

Lysimeter 1

Evapotranspiration following—

Night rain- | Heavy dew 3| Little or no
fall ? dew

YitlD
Y102C
May T_.._ ... I §i3é8

Mav9____ ._._ ... .. {YlOlD

Y1020
Aug. 27-25__ _ ... {\ 101D
Aug. 31, .. ..

Y102C
Sept. 3-4. ..

May 6. ..

{Y]Ol D
Y100
Y101D
Y102C

! Lysimeter Y1UID in grass and Y102C in Arst-year meadow, leguine-grass sod.
? Night rainfail preceding evapotranspiration period: May 7=0.20 inch, and August

31=0.74 inch.

! Dew preceding evapotranspiration period=0.08 to 0.06 inch.
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TarLE 23.—FEfect of either night rainfall or dew on next day's
evapoiranspiration, 1948

Evapotranspiration following—

Lysimeter !
Night rain- | Heavy dew ?| Little or no
fall 2 dew

Yi01D
July 1 L. Y1020
Y101D
Y1020
Y101D
Y102C
YIND
Y102C
Y101D
Y102C

! Lysimeters Y101D and Y102C in second-year meadow, legume-grass sod.
¢ Night rainfall preceding evapotranspiration period: Octobar 18=1.04 inch.
¥ Dew preceding evapotranspiration period =0.03 to 0.05 inch.

TanLE 24.—Effect of either night rainfell or dew on next day’s
evapotranspiration, 19489

Evapotranspiration following—
Lysimeter 1

Night rain- | Heavy dew * | Little or no
fall 2 dew

V101D
June 3___-_._....‘ . R %1020
. 101D
June S____ ... . N . %rlggg
V101
June 18____.__ ... _. vi02C

June 19_____ ... ... ... {%:igég
July 4__ ... ..

S b e
July 5. ... ... {YlﬂlD
{

Y102C
Y102¢
Yi0(D
\"182(%
) Y101
July 270 L Y102G

Yi0lD
Aug. Yo ... . {YLOK_ZG

! Lysimeter Y1011 in grass and Y102C in corn.

? Night rainfall preceding evapotranspiration period: June 5=0.53 inch, June 18=
0.20 inch, July 25=0.74 inch.

? Dew preceding ¢vupotranspiration period=about 0.02 inch.
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evaporated dew early in the day
and 0.04 inch of evapotranspiration
from soil moisture. With ne dew,
as on May 6, all of the ET had to
come from the soil water. Dew,
therefore, had conserved some soil
moisture. When there was little
or no dew, larger quantities of soil
water were used in the ET process.
In other words, the evapotranspi-
ration from wvegetated land follow-
ing nights of Little or no dew was
mostly transpiration.  Further-
more, sizable quantities of the ET
from land moistened by CA must
have been evaporation, Dew fall,
or absorption of water by the seil,
or both, therefore, have a soil-
moisture conservation value.

Dew or rain had a noticeable
effecct on evaporation (rom bare
soils. The 1949 data (table 24)
siiowed that evapotranspiration
{mostly evaporation} from cornland
lysimeter ¥Y102C on June 3 was 0.11
meh. The soil was dey and prae-
tically bare. On June 5, fellowing
a rainfall of 0.53 inch, evapotrans-
piration (mostly evaporation) was
0.25 inch—more than double that
on June 3. This same rainstorm
had no eflect on evapotranspiration
from grass lysimeter YI101D), as
indicated by identical ET values
{0.32 inch) for June 3 and 5. Much
of the ET from grassland wns

_ transpiration by plants,

Evapotranspiration from cornland be-
fore and after cultivation

The effect of cultivation in redue-
ing losses of soil moisture by evapo-
ration is n subjeet that has been
widely discussed. An examination
of the Iysimeter records for the cern
years 1941, 1943, 1949, and 1953,
particulariy evapotranspiration data
for several days before and after
cultivation, throws some light on
this matter. Although Lhere were
iotal of more than 8 cultivations in
these 4 years, only 2 periods—June
1941 and June-July 1949—ware

105

suitable for comparison. The other
periods were affected by rain and
other factors that prevented their
use for this purpose.

The daily rate of evapotranspira-
tion from cornland several days
before and after these two cultiva-
tion pericds is given in table 25,
In both periods, over 1 inch of rain
preceded thie initial cultivation.
The ground was moist and the
evapotranspiration rate high, aver.
aging about 0.25 inch per day.
Daily evapotranspiration was less
after cultivation on June 23, 1941,
than it had been before, Con-
versely, in 1949, evapotranspiration
was greater following cultivation.

The apparent reason for this
reversal was the difference in mete-
orological conditions such as air
temperature, moisture, and wind.
The integrated effect of these factors
as measured by evaporation from
the BPI pan is given in table 25
(col. 5). The meteorological poten-
tial for evapotranspiration was
greater in the period following cul-
tiyation on June 23, 1941, than it
had been before cultivation. In
spite of this greater potential,
evapotranspiration from corpland
was less following cultivation. Be-
fore cultivation, evapotranspiration
from lysimeter Y102C was 280 per-
cent of evaporation from the BPI
pan. After cultivation the ratio
was 95 percent. Likewise, the ratio
was 210 percent before cultivation
on July 1, 1949, and 142 percent
after, Y103A shows similar trends.
There are no data from this lysim-
eter for the 1941 cultivation period.

Cultivation reduced evapotran-
spiration in both periods. Possibly
all the saving was in evaporation.
Cultivation might slow up tran-
spiration slightly if many of the
plant roots were destroyed by me-
chanical stirring of the soil.

A comparison befween eva{i)o-
transpiration data from the undis-
turbed grassland of lysimeter




TaBLE 25.—Effect of cultwation of cornland on evapotranspiration, 1941 and 1949

(L

Evapotranspiration

Cornland

Grass

Y102C
@

Yi03A

Y101D

Evaporation
(BPI pan)

Ratio of evapotranspiration from—

Lysimeter Y102C to—

Lysimeter Y103A to—

Evaporation
from
BPI pan

(6)

Evapotrans-
piration
Y101D

©

Evaporation
from
BPI pan

Evapotrans-

piration
Yi01D

Q)

194"

“June 30

@

Daily average

Inch

Percent

Percent

Percent

901,
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July 12 it |
: .27

.27

.27
!

Daily averige .27

1 §.54 inches of rain in preceding o days.
2 'Corny culiivated this date.
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Y101D on the one hand and corn-
land lysimeters Y102C and Y103A
on the other furnished an additionnl
basis for judging the effect of enlti-
vation on moisture conservalion.
Data in table 25 (col, 9) show (he
magnitude of this moisture saving.

THE LYSIMETER AS A GUIDE FOR
THE DESIGN AND QOPERATION
OF IRRIGATION SYSTEMS

Irrigation systems designed to
supply just cnough water to mect
the demand of the crop—no more
and no less—are lilkely 1o resull in
the most profit and the most ofli-
cient use of water resources. (One
of the factors involved in the design
of an irrigation syvstem is the maxi-
mum rate of consumptive use of
water by the crop. This ig an
average over a period of a week to
10 days—not the maximum rate for
asingle day nor the average rate for
an entire month.

Dafa to evaluate this factor have
been assembled from the [yvsimeter
recovds.  Maximuin 10-day con-
sumptive-use values for 4 crops are
given in fable 21,

Evapotranspiration (ET — CAy
data in this report ave for nafural
soil-moisture supplies for all vears
on lyvsimeter YI03A and for vears
prior to 1953 on lysimeter Y102C.
At times lor example, in August asl
Seplember of most vears, moeisture
was so low Lhat consumptive-use
values were less than they would
have heen under econditions of ade-
quate moisture {lable 21 and figa
23, 24, 25, and 26).  In good irriga-
tion practice, however, soil-mots-
ture supplies are never allowed Lo
deplete to such low amounts during
the growing season,  Lysimeler
Y102C was therefore irrigated in
1953 and in subsequent vears when-
ever the available moiscure in 2 foet
of soil depleted to the A0-pereent
tevel.  Tts TP--CA values are
higher in August and Septemboer

U. 5. DEPT. OF AGRICULTURE

1953, 1954, and 1955 than i
former years and are higher than
for unirrigated lyvsimeter Y1034 in
thiese 3 years,

The irrigator is becoming inereas-
ingly conscious of the need for ap-
plying waler when it will «do the
crop the most good. In some see-
tions of the country, the irrigator
hus developed through experience a
knowledee of the feel of the soil to
indicate the amount of awvailable
meislure and when lo  irrigate,
Some irrigators have found moisture
instruments of material aid in
scheduling the application of water.
Further develepments in this field
are mosl cerlain to come.

THE LYSIMETER FOR MEASUR-
ING PERCOLATION

Data on pereolation from the
Ivsimelers are presented in two
parts: {1} Amounts and rates of
pereolation, and (2) chemical anal-
vsis of the percolates. There is a
definite relarionship between  the
two.  Varialion in the amounts and
rates of percolation resulted in var-
iation in the loss of plant nutrients
through leaehing,

Amounts and Ruates

Pereolaiion, the wader thal moves
by gravitational loree downwarl
through the soil profile into Lhe
underlyving sandstone or shale rock,
was mieasured by all 11 lvsimelers.
I'his waler is no longer available to
vogetation.  Normally this is the
water that coniribules (o the ground
water and  thus replenishes  the

waler in springs, wells, and slreams.

Most of the pereslation through
the soil prolile accurred Jduring
late winter and carly spring (lables
206, 27, and 28). During this
period seil meisture generally ox-
ceeded Lhe field eapacity, following
several ntonths of almost contin-
ugus aeerction with little depletion
by evapotranspiration (figs. G-17).
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TABLE 26.—~Maonthly percolation date, lysimeter battery Y101, 1938~55

i : ‘ i ; i i L i | i
Year and lysimeter - Jan, =Teh. | Mar. o Apr. ¢ May ~June & July Aug, | Sept. | Oct. ! Nov. | Dec. [Annual
: : ; ‘ i i | i total
}

Inches  Inches Inches | # Inches Inches |- Inches | Inches

cues 00876 01,848 ¢ 4 5480 3,51 2 0. 0.060 : 0 0 0 13, 260

coe 804 10200 - 20568 102 244 ;. 1085 0 - . 012 Trace | 10.032

Average. ... 840 ' 1.524 : 3,558 | 2 . .456 L0840 i .006 | Trace | L. 646
Covicecsioiio. 096 2028 4,764 8528 | 1856 1044 | 444 436 | . 180 | O L024 | Trace | 14. 820

S TRTIT TeiTmadams Snmerorery cmeonmeTmet oo e s ey e e ST

i

1939: ; _ ; :
. 832 | 3.500 | 70611078 208 036 .024| .057 | 046 | 12, 057
(34410366 0 SO0+ (628 . 094 L2701 1022 230 | .030 | .057 | G 037

. 160

e meee e 38412462 08,210 12,332 1,850 1 . 970 | 1468 | .400 1 .072, - 330 |

i
= =EE L smrEas i....«....a,,—.. 3 !
| |

Avernge. ... .228 1573 2,088 1033 | .982 . .GG7 ' 1036, .285 020  .131| . 044
i

: ! ' : : ! : i
1277 003,572 0 L1045 2,531 1,210 1,426 1 1. + o 042 ¢ L3000 0. 4, 047
462 0 3,872 i 1240 ¢ 2,334 11,300 846 . 550 ! REEE I 115, 258

G481, | 432 [ 1,255 | . 636 S92 | .372 | 1.555 | 4. 652

L7260 1102 20056 3.842 ) L240 | 2514 | 1.324 | 12840 400 | . 474 | L 642 | 16, 796

e e e e s e g B —— Y

i { i

: : g ; : i
(1884 . 1368 @ . 828 ; L6721 . 6306 i 1. 908 | 2. 184 . . . 39 L8401 12.666
1536 . . 299 ‘ . 678 | 1.217 E L9001 1, 931 P 1,951 . . e -1 1,183 § 10,695
|

.813 11920 2068 | .084 | .180 1 . 1.015 | 11. 682

i
1872 828 L | 516 . 648 ] 2. 112 | 2016 % . L2647 . 708 | 120360

L.710 0 .834 | .7531 . 044

SHALIWISXT HLITONOIN ANV ADOTOHUAH MTYHALTIADINSV
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Sce footnote at end of table.
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TapLe 26.—Monthly percolation data, lysimeter battery Y101, 1988-566—Continued

Year and lysimeter

~Jan.,

Feb.

Mar,

Apr.

May

June

July

Aug.

Sept.

Oct.

Nov.

Annual
total

Inches
2. 466
. 472

Inches
. 918

1032 |1

Inches
L 912
. 378

Inches
. 018
-~ . 078

Inches
12, 966
12. 580

L 975

. 645

. 048

12. 773

2
2. 469
2

. 364

. 080

. 888

. 288

13.:140

. 308
. 164

1, 788
. 416

, 528
. 492

. 012

13.212
10. 860

. 1236

. 602

.-510

006

12. 036

. 176

1. 824
. 668

..600
. 612

13. 716
12. 600

. 224

. 746

. 606

. 1568

1. 254
1,122

. 276
. 186

0. 864
b. 765

. 188

. 231

318

. 278
. 044

. 198
- 222

9. 884
. 140

1. 161

. 210

. 512

. 660
. 029

.- 486
..367

. 2565
. 386

2. 345

. 421

. 821

011
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TaBLE 26.—Monthly percolation data, lysimeter battery Y101, 1938-55—Continued

Year and Iysimeter

Jan,

Feb.

Mar.

Apr.

May

June

July

Sept.

Oct.

* Nov.

Annual
total

Inches
3.
1. 950

429

Inches
. 682
.. 848

Inches
. 577
. 890

Inches
2. 058
1. 608

Inches
1. 161
1. 047

Inches
. 498
. 444

Inches
. 963
720

Inches
. 243
. 225

I'mches
. 225
. 198

Inches
. 075
. 120

Iniches

15.
1L

075
241

2. 689

. 265

. 234

1. 833

1. 104

. 471

. 842

. 234

.211

.~ 098

13.

158

3. 651

.. 868
. 149

. 655
L 719

. 884
. 380

1. 002
. 603

. 426
. 036

1. 059

. 261

. 077

15:
5..580

021

L1771

. 009

. 187

. 632

. 803

.531

. 130

. 039

10.

3. 525
568

. 172
. 749

. 628
. 049

. 118
. 653

. 749
. 059

.. 287
. 080

25.
18,

3. 046

. 960

. 338

. 886

- 404

. 184

1 22,

881
411

145

. 825
..460

. 298
. 740

. 814
. 827

788

. 620

. 888

26.
8.

373
988

3.142

. 019

. 320

. 425

. 810

NETEY

17,

680

3. 966
580

. 654
. 736

. 832
. 475

. 091
. 044

. 422
. 429

20.
L4,

031
955

. 273

. 195

.-654

. 068

. 426

17.

493

301

. 909
. 459

. 783
. 417

. 886
. 727

. 023

. 168

19.
13.

404
389

3. 684

. 600

. 806

. 012

. 084

16,

396

¢ll
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.16
. 420

Average 4. . X . 62 . . 4068

L 720
. 004

. 862

C et ae i

. 360
. 363

. 366
516

. 258

. 255
. 267

. 261
L 4]l

Average. .. .o.-.
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TaBLE 26.—Monthly percolation data, lysimeter battery Y101, 1938-565—Continued

Year and lysimeter

Jan,

Feb.

Mar,

Apr.

May

June

July

Aug.

Sept.

Oct.

Nov.

Inches
1. 554
1. 461

Inches
. 029
. 107

Inches
. 135
. 147

Inches
. 058
. 097

Inches
. 009
. 041

Inches
. 288
.228

1. 508

. 141

. 078

. 025

. 258

. 608

1
1
1. 068
1. 116
. 090

. 127

. 047

. 026
0

. 009

Average

. 026

. 603

. 064

. 024

. 013

004

Average, 1938-55:
A (18 years) . __ .. -.
"B (18 years)

. 519
. 342

. 698
. 606

204
. 288

, 288
. 171

. 340

Average

. 430

. 651

. 291

. 230

C (18 years) . 2o —n
D (13 years)

. 385
. 998

. 718
.226

. 374
. 089

. 214
. 023

! Record incomplete.

PIL
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TaBLe 27.—Monthly percolation data, lysimeter batter;, Y102, 1938-65

Year and lysimeter Jan, Feb., Mar, Apr. May | June July Aug. | Sent. Oct. . JAnnual
total

Inches Inches | Inches | Inches | Inches | Inches | Inches I#ches
1. 224 2 4. 848 | 3.012 [+0. 408 { 0. 432} 0.132 | 0. 024
. 840 A 4. 668 . 868 . 408 . 324 . 096 . 024
1. 972 X 14
4

2
. 308 | 2.868 § .360 [ .324 | .072 | .012
2

21.032 | 2 24,758 |.2.916 [ . 392 | . 360 .100 | .020

1939:
Al e . .579 | 2.288 | - 387 . 150 1 . 061
] 1.706 | 2,275 | . 463 . 234 . 127
441 2323 . . 023

. 282 . 391 . 154 12,070

276 |, . . . 052
. 542 | . ; . 085
. 980 . = . 015

. 266 . . . 051

. 384 . : . 228
. 348 | . . . 192
. 042 | . . 090

. 258 . . . 170

. 476 . . ..084
. . .608 | . o . 276
. 006 | . . .536 | . . . 150

Average .002 | . . . 540 | . . . 170

SHALAWISAT HITIONOW dNV ADOTIOHAAH TVIALIADIYOV
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See footnotes at; end of table.




TanLe 27 —Monthly percolation data, lysimeter battery Y102, 1938-55—Continued

Year and lysimeter

Jan,

" Feb.

Mar,

Apr.

May

June

Jul Yy

Aug.

Sept.

Oct.,

Nov,

Annual
total

1943:
Ao

Average.
19444
Al
Booooo L
G

Average.

Average oo

Inches
1. 608
.. 1, 512
St 1,936

Inches
1..248
1, 392
1.-536

Inches
3. 936
. 816
. 636

Inches

1. 092
1..140
1. 104

Inches

1. 248
1,272
1. 428

Diches
1. 656
1. 692
1,668

Inches
. 144
. 084
. 096

Inches
. 060
.-036
. 072

Inches
. 048

Inches
024
. 012
. 036

Inches

. 024
0
024

Inches
012

0

. 012

Inches
11, 100
10. 956
11. 592

. 796 |

17112

1. 316

1. 672

. 108

2056

024

016

. 008

. 216

342
658
466

$o 190

3. 150
3. 126
3. 222

. 540
. 510
. 504

. 030
. 030
. 024

. 006
. 003

..003

. 009

. 021

. 224
b, 441

1535

&

3.166. |

. 518

. 028

. 010

0. 903
5. 939
7.735

1, 628
. 614
. 827

. 921

. 996
. 927

192

. 690

- 048

LT77
L)
. 659

. 090
- 070
- 080

R (Vv

3

. 204

. 080

~1

. 168
: 363
423

. 485
. 845
. 000

. 318

. 110

911
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Average. .

Average.

Average.,

Average.
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. TasLe 727.—Monthly’ j)ércoldtion datab, luszmewr batte}y Y 102, 1988-66—Continued

Year and lysimeter

Jan.

Feb.

Mar.

‘Apr.

May

June

July

Aug.

Sept.

Oct.

Nov.

Average

Average 3

Average
Average.$

. 18-year average:
A

Average

Inches’
. 017
. 013
. 003

Inches
..006
. 004
.-003

Inches
. 016
. 019
. 165

Inches
..016
. 063
. 513

Inches
. 044
. 474
. 236

Inches
. 054
. 147
. 429

Imches
. 057
. 054
. 393

Inches
. 055
. 062
. 222

Inches
. 050
. 041
. 048

. 023
. 026
. 003

. 011

. 004 |

. 067

. 197

. 585

. 210

. 168

. 113

. 046

. 017

. 008

. 004

. 092

. 288

. 855

. 288

. 224

. 142

. 044

. 014

. 029
..019
. 051

. 014
. 018
. 066

-. 017
. 320
. 797

. 025
. 501
.- 104

. 021
. 071
. 165

. 023
. 028
. 033

. 034
. 036
. 003

. 029
. 033
.. 006

. 021
S 024

. 018
. 020

- 231

. 033

. 033

. 711

. 543

. 086

. 028

. 024

. 023

. 015

. 013

.-693

. 035

. 042

. 058

. 802

. 118

. 030

. 020

. 020

. 012

. 010

. 227

. 077
. 087
.117

. 672
. 039
.- 292

. 672
. 235
. 017

. 576
777
. 918

. 021
177
. 031

. 003
. 129
. 008

. 003
. 009

. 008
. 005

. 001
.007

. 006

. 204~
5. 843
L7716

. 094

. 001

. 641

757

. 076

. 047

. 004

. 004

. 003

. 002

. 921

.102

. 166

. 626

. 848

. 104

. 068

. 004

. 006

.- 004

. 003

. 280

. 924
1.028
1,217

. 074
1.
1.

166
393

. 093
. 209

. 434
. 736
. 728

. 248
.. 283
. 306

. 081
. 101
+ 078

- 040

. 066
. 047

. 061
. 087
. 105

. 050
- 025
- 025

. 053
. 014
. 051

. 185
.234
. 257

. 704
. 498
. 292

1.°056

1.

211

2
2
2. 419
2. 240

. 623

. 279

. 087

. 051 |

. 084

. 033

. 039

. 225

7. 498

! Record incomplete.

2 Average includes complete records only.
3 Average of B and C; irrigated on July 14, Aug. 25, Oct.
and 21, 1953—total, 7.79 inches.

+'Average of B and C;j irrigated on July 16 and Sept. 13,
1954—total, 2.74 inches.
5 Average of B and C: irrigated on May 18 and June 29,
1955—total, 5.26 inches.

9
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Tasre 28.—Monthly percolation data, lysimeter battery Y108, 1940-65

Jan,

Mar.

Apr.

May

June

July :

Aug.

Sept.

Oct.

Inches |

Inches
Q)
1. 925

Inches
1

(
0. 063

Inches-
0. 024
. 077

Inches
0.018
. 018

Inches
0. 018
. 006

1,962

1 032

. 050

. 018

. 012

1. 797
1. 328

. 053
. 054

. 030
. 136

. 011
. 018

. 006
. 006

. 562

. 054

. 083

. 015

. 006

. 052
. 144

. 042
.072

. 018
. 024

. 054

. 036

. 098

. 057

. 021

.027

. 018

. 192
. 228

. 036
. 048

. 048
. 024

. 036
. 108

. 036

. 210

. 042

. 036

. 072

. 018

. 108

. 948
. 804

. 042
. 042

. 090
. 126

.018
. 012

. 006
012

. 123

. 876

. 042

. 108

. 015

. 009

234
. 162

. 080
. 252

. 054
. 102

. 102
. 036

. 024
. 012

. 006
. 024

SYALAWISAT HLIITONOW ANV AH0T0HdAH 'IVHDJ»’ID.OIH,DV

.198

. 666

078

. 069

. 018

.-015

See footnote at end of table.
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TaBLe 28.-—Monthly percolation data, lysimeter battery Y103, 1940-55—Continued

Year and lysimeter

Jan,

Feb.

Mar.

Apr.

May

June

July

Aug.

Sept.

"~ Qet.

Nov.

021
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TanLe 28.—Monthly percolation data, lysimeter battery Y103, 1 940—55——Continued

Year and lysimeter

Jan,

Feb.

Mar,

Apr.

May

June

July

Aug.

Sept.

Oct.

Nov.

Inches
. 208
. 121

Inches
1. 254
1, 188

Inches
1..626
1. 686

Inches
. 127
.330

Inches
. 019
. 082

Inches
. 016
. 044

. 164

1.-221

1. 656

. 228

. 050

. 030

. 322
. 175

. 518
.302

1..602
1. 188

. 495
. 660

. 041
. 051

. 043
. 036

2,248

. 410

. 395

.578

. 046

. 040

3. 468

. B85

. 908
. 074

L171
., 240

. 028
. 047

. 022
. 021

. 176

. 491

. 206

. 038

.022

.503
. 881

. 980
. 629

. 156
. 159

. 037
. 031

. 020
. 017

. 542

.'804

. 158

034

. 018

. 863
. 245

.581
. 650

. 067
. 138

. 015
. 073

. 011
. 040

1. 554

. 616

. 102

. 044

. 026

. 494
. 431

. 680
. 752

. 113
. 252

. 030
. 035

. 016
.013

. 462

L 716

. 182

. 032

. 014

¢al
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. 024
. 063

. 044

. 090
. 078

. 084

6——8¢—0 60coCTH

. 012
. 046

. 029

- 051
. 033

. 042

. 031

Average

Average, 1941--55:
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' Record incomplete.
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For the period 1938-55 approximately
80 percent of the pereolation oceurred
during the first 4 months of the year
on battery Y102 (table 27) and 65
ercent on battery Y101 (table 26).
E‘or the period 1941-55 on battery
Y103, 81 percent occurred on the
conservation-practice  lysineters
during the same 4-n10nt{l period
and 78 percent occurred on poor-
practice lysimeters (table 28). Dur-
ing the late spring and summer
months, when evapotranspiration
rates were high, soil moisture was
reduced to such an extent that there
was generally little water in the
profile available for percolation.
Soil moisture generally reached
its lowest level of the year some-
time between August and October
near the end of the period of high
rate of water use by crops (high
ET—CA value). From October
until spring, accretion usually ex-
ceeded depletion; there was very
little ET—CA. High rates of per-
colation paralleled higii soil-mois-
ture content of the soil profile.

Monthly and annual values of
percolation from all lysimeters are
given in tables 26, 27, and 28.
Curves of accumulated monthly per-
colation by years for the period
1938--55 appear in figures 38, 39, 40,

and 41. Precipitation, especally
during the winter and spring months,
directly affects percolation. As soil
type, soil moisture, land use, and
freezing affect the amount of water
absorbed by the soil, they also affect
the amount of water available for
percolation. A reduction in either
surface runoff or cvapotranspira-
tion tends to increase percolation.

During corn years and to a lesser
extent during wheat years, surface
runofi generally is higher and infil-
gration 1s lower than during mesdow
years., Consequently, & lesser
amount of moisture 15 available {or
percolation in the soil profile during
corn years. However, percolation
was lower during some dry years

from the meadow lysimeters than
during a wet year from the corn
lysimeters. For example, 4545
inches of rainfall produced 12.88
inches of percolation on lysimeter
Y102A when it was in corn in
1945. In 19535, when the same lysim-
cter was in meadow, 30.69 inches
of rainfall produced only 6.20 inches
of percolation.

In some such instances, it is de-
sirable to express percolation as a
percentage of infiltration (precipi-
tation minus runoff). Previous data
from this station (37) have shown
that percolation, expressed as a per-
centage of infiltration, is highest
during meadow years and lowest
during corn years.

The greatest amount of percola-
tion was obtained from the Muskin-
eum silt loam of sandstone origin
(battery Y101). Maximum perco-
lation for 1 year was 26.37 inches
obtained from Y101C in 1950. An-
nual precipitation that year was
over 47 inches. Minimum annusl
percolation was zero from Y101D
in 1954. Factors causing this mini-
mum percolation were: (1) Rainfall
in 1954 was about 10 inches below
normal, (2) rainfall in 1953 was also
deficient by the same samount, and
(3) this lysimeter (Y101D}, unlike
any others, was in an alfalfa-brome-
grass cover.in 1953 and 1954. Ap-
parently this vegetative cover, by
means of its long roots, removed
soil moisture to such an extent that
moisture recharge in the profile in
1954 was not enough to provide free
or gravitational water at the bottom
of the 8-foot profile.

The vegetation on all lysimeters
of battery Y106 was the same
(poverty grass) through 1944 except
that Yi0o1D was bare in 1943, its
first year of operation. Pereolation
values for Y101 appear to_corre-
spond closely with those for Y101B
from 1944 through 1946 (figs. 39
and 40). Y101C and Y101D were
seeded to bluegrass and clover in
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Froure 38.—Accumulated maonthly pereolation by years, 1938-41.

1946, whereas YIQLA and Y101B
remained in  povérty grass. In
1947 percolation \\-'aggrczwer from
Y101D than from WOIC. This
was the year the old sod was
destroyed and lysimeter Y101D
was seeded o alfalfa and brome-
grass. ET—CA was low.  More
water was available for pereolation.
For the period 1948-55 (figs. 40 and
41), however, the reverse was true—
percolation from Y101D was low.
This was largely because of the in-
creased transpiration from alfalfa
and brontegrass on YI101D, As

ET increased, a lesser amount of
water was available for percolation.
Percolation values along with
vegetal  changes for lysimeters
Y101B, Y101C, and Y101D for the
period 194455 are shown in table
29.  Data from Y10LA arc omitted
becruse of soil slumping during con-
struetion operations.
Evapotranspiration values for Y-
101D for the period 194447 {April-
August) are low. Poverty pgrass
was the predominant cover on all
three lysimeters during this period.
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Freune 3%.—Acennmialed monthly percolation by years, 13:42-43,

ET for the period 1948-55, alter the
slfalfa-bromegrass cover had be-
come cstablished, was considerably
higher than before. The annual
average ET—0A value for the
alfalfa-bromegrass period was 24.9
inches as compared with 20.2 mches
for the previous period. The con-
trast in annual percolation values
for the lysimeters in batéery Y101

emphasizes the influence of vegeta-
tion on soil-water relationships.
Although there may be several
reasons why pereolation from lysim-
eter Y101D was much less for the
period  1948-55, it appears that
gvapotranspiration was by far the
most influentiad factor.

Although the soil is classified us
Muskingum silt loam on both ly-
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simeter batteries Y101 and Y102,
the sandstone bedrock in battery
Y101 has produced a very permea-
ble soil through which soil water
percolates freely. Shale on Y102
has produced a heavier soil with
lower permeability and therefore
lower percolation values. Maxi-
mum annual percolation from bat-
tery Y102 was 17.77 inches from
Y102C in 1950. The minimum was
0.32 inch from Y1024 in 1954.
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The highest monthly percolation
from the lysimeters in battery Y102
was 7.73 inches obtained from
Y102C in March 1945. There were
& number of years when there was
no percolate in September, Qctober,
November, December, or January.
Percolation was appreciably lower
from battery Y102 than from bat-
tery Y101, The effect of soil type
on percolation is evident from a
comparison of percolation from the
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TanLE 28.—Parcolation, evapolranspiration, and rvegetative cover for
fysimeters Y1018, Y1010, and Y101D, 1944-56
An m‘:ii Evapo-
Year and Caover pereola- itranspiration
Iysimeter Lion {(ET—CA},
Apr—Aug.
1644 _ Inches Inches
YiOIB_ . ] Poverly grass. . ..... e - 6.8 oo
YiouCooo_. ). ..do o ool Lol Lol oLl L S
Y1 . ... L [ T 7.1 18. 4
1945:
YIGiB_ .. .. Poverty $rass .. ... ... 1B 4 [ococce e
Y10C ... New seceding of blucgrass and clover ... P-4 P PR,
iDL L .. 15.3 I8 ¢
1946
YiHB_o_.__. Poverty grass. .. .. ..o _.._ .. _.__.. W7 oo
Y010 . .. Bluegrass and elover_.__._. e 9.8 1.
YIID . do ool 9.9 23.7
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TasLe 29.—Percolation, evapotranspiration, and vegetative cover for lysim-
slers Y10IB, Y1010, and Y101 D, 1944-55—Continued

Annual Evapo-
Year and Cover percola- |transpiration
lysimeter tion (ET—CA),
Apr.—Aug.

Inches

Poverty grass

Bluegrass

New seeding of bromegrass, ladine
clover, and alfaifa.

Poverty grass
Bluegrass
Bromegrass, ledine clover, and alfaifa. _

Poverby grass__ ... __ .. __
Bluegrass
Bromegrass and alfaifa

Poverty grass
Bluegrass
Bromegrass and aifalfa

Poverty grass
Bluegrass
Bromegrass and alfaifa

Poverty grass
Bluegrass
Bromegrass and alfalfa

Poverty grass
Bleegrass
RBromegrass and alfalfs

| Poverby grass
Blucgrass
Bromegrass and aifaifa

el G

Poverty grass
Bluegrass

Paverly grass
Bluegrass
Bromegrass and alfalfa

Keene silt loam (battery Y103) of the various soil horizons. The
with that for Muskingum silt loam subsoil of the Keene is a heavy sil§
(battery Y102). Percolation rates loam grading into silty clay loam
were more erratic on the Keene be- and then into silty clay. The high
cause of the texture and structure colloidal content of the latter en-
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hances swelling and shrinking of
this soil Iayer, which directly affects
percolation. When the soil is satu-
rated or nearly so, the colloids
swell to such an extent that the
soil is almost impermeable. The
soil shrinks when it dries, and the
cracks that are produced faeilitate
percolation of the soil water. Pre-
sumably, these cracks close very
slowly because high percolation
rates sometimes occur many times
over & period of several months.
The highest monthly percolation on
the Keene silt loam was 5.47 inches
from lvsimeter Y183A in March
1945. “The highest annual percola-
tion on this soil was 13.49 inches in

TECHNICAL BULLETIN 1174, U. §. DEPT. OF AGRICULTURE

1950; the lowest was 0.64 inch in
1954.

The difference in the amount of
pereolation from heavy rainfall in
March and September 1945 wwas
extremely greaf, as shown in figure
42, Rain in March totaled 7.5
inches; and percolation averaged
6.3 inches for the lysimeters in
battery Y161, 7.2 inches for Y102,
and 4.6 inches for Y103. Rain in
HSeptember totaled 8.5 inches; and
percolation averaged 0.4 inch for
Y161, 0.3 inch for Y102, and 0.6
inch for Y103 (fig. 43).

The difference in s0il moisture—
very wet in Mareh and wvery dry
prior to the September rain—was

"

INFALL ™

T . . T
PERCOLATION
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WATER {INCHES)
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Frsure 42.—Typical curves of accumulated pereolation following rainfall on wet soil,
March 2, 1945.
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a major veason for the difference in
percolation for the two periods.

A detailed study of periods of high
rainfall and percolation rates (figs.
42 and 43) shows the approximate
timelag of percolation after rainfall.
Typical curves for cach of the three
batteries of lysimeters wore selocted
for comparison. In fgure 42, per-
colation is compared with rainfall
for the period March 2-12, 1945.
Soil moistare preceding this period
was well above field capacity.
Percolution was active in all lysim-
eters immediately prior to Narch
2. Percolation inereased markedly
after hoth the March 2 and March
6 storms.  After a definite incresse
in rainfall on March 6, percolation
began to respond in about 8 hours
from Y1034, in 12 hours from
Y102B, and in about 16 hours from

P
13 o 7 ooerti] ¢ 3 +

following a dry summer
1945.

Y101D. This docs not mean that
the rain falling on the ground ap-
pearcd at the 8-fool level of the soil
in the lysimeters 8, 12, or 16 hours
later: it means that the rainfall was
effective in cauvsing an inecresse in
the amount of water seeping from
the bottom of the Iysimeters 8, 12,
or 16 hours after the rain began.
The maximum rate of percolation
for & 3-hour period ranged between
0.07 and 0.12 inch of water per hour
for all lysimeters except YI101B.
The maximum rate of percolation
may be expected to occur when most
of the pores, root channels, and
other openings are used to transmit
the gravitational water. When the
soll approaches ssturation, percola-
tion rates govern infiltration rates to
& large extent. Hydrograph analy-
sis of watershed data showed that
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the minimum infiltration rate for the
Muskingum silt loam soil was about
0.08 inch per hour, & value not
greatly different from the maximum
percolation rate obtained in these
studies.

Percolation rates for unsaturated
soils were less than for wet soils, as
illustrated by the percolation for the
period September 22-October 6,
1945 (fig. 43). Following an ex-
ceedingly dry late summer, per-
colation response to the September
rainfall was slow., In fact, there
was no percolation from Y103A
until after 5.6 inches of rain had
fallen. Likewise, 9.1 inches of rain
foll in September before percolation
occurred from Y101D. Percola-
tion did not occur from Y 102B until
10.2 inches of rain had fellen. Sur-
face runoff of 1.70 inches probably
prevented earlier percolation.

Average monthly percolation
values for all three lysimeter bat-
teries for the period of record (tables
26, 27, and 28) show that the highest
monthly values occurred gencrally,
in order of magnitude, in March,
April, February, January, May,
June, and December. In some in-
stances percolation was higher in
Janusry than in February, and in
December than 1 June.  Generally
little or no percolation was oblained
during the period July to Novem-
ber.

Whenever unustal conditions of
precipitation and other meteorologi-
cal phenomena occur, percolation
varies from ihe average pattern.
This was evident in 1947 when high
temperatures and high rainfall in
January resulted in unusually high
percolation rates for the month,
Abnormally low tiemperatures in
February and March of the same
vear froze the soil, and retarded
percolation rates. Soil freezing af-
fected percolation only when soil
moisture was high enough to pro-
vide free or gravitational water.
Under these conditions, the density

U. 5. DEPT. OF AGRICULTURE

of frozen soil permitted little air to
enter the soil profile, thereby re-
tarding percolation. The porous
honeycomb and stalactite types of
frost structure permitted more air
to enter the soil than the dense con-
crete type, thereby providing great-
er air penetration and permitting a
greater release of water by percola-
tion,

The variation in percolation
among lysimeters on the same soil
type is due largely to soil hetero-
geneity and in a small degree to
differences in the vegetative growth
of the crops on the various lysim-
eters, The accumulated monthly
total percolation for the years
185055 (fig. 37) gives a good idea
of the variation in percolation
among lysimeters on the same soil
type. On battery Y101 the effect
of soil heterogeneity overshadowed
the effect of practice, as percolation
wes consistently higher on lysim-
cters Y101A and Y101C than on
lysimeters Yi01B and Y101D each
year, 1950~55. Liysimeters Y101 A
and Y101B were in poor practice,
whereas Y101C and Y101D were in
improved (conservation) practice.
Lysimeter Y101D, however, had a
cover of alfelfa and bromegrass,
whereas Y101C had bluegrass.

On battery Y102 all lysimeters
were in conservation prectice,
There was greater variation in per-
colation among the 3 lysimeters in
1950, when rainfall was about 7 in-
ches above normal, than in 1951,
In 1952 there was considerable var-
intion among these lysimeters, al-
though the treatments. were the
seme. In 1953, 1954, and 1855,
lysimeters Y102B and Y102C were
irrigated, whereas Y102A was not.
Were it not for the fact that perco-
lation from Y102A ususlly was less
than from Y102B and Y102C, one
might erroneously conclude t.h%if;

irr?at.ion increased percolation.
it did, the result was very small.
On battery Y103 the effect of soil
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heterogeneity overshadowed the
effect of practice during the first 3
years of the period 1950-55. Dur-
ng 1953, 1954, and 1955, when rain-
fall was much below normal each
year, percolation from lysimeters
Y1034 and Y103B, in conservation
practice, was consistently lower
than from Y103C and Y103D in
poor practice. It appears that on
the Keene silt loam the effect of soil
heterogeneity overshadowed the
effect of practice during years of
normal or high percolation values.
During the drier years, when precip-
itation and percolation were below
normal, the reverse was true.

The data for years in which all
Iysimeters were in meadow or grass
(1943, 1944, 1047, 1948, 1951, 1952,
1955) provide & good comparison of
the effect of soil type on percolation.
Soil-type effects may be compared
for any year on Y102 and Y103 be-
cause both lysimeters were on a 4-
year rotation and treatment prac-
tices were identical on Y103A and B
and Y1024, B, and C. A more de-
tailed account of the effects of soil
type and land use on pereolation
was presented previously (37).

Plant nutrient losses through percola-

tion

Losses of the chemical constitu-
ents of the soil through percolation
were determined by chemical anal-
ysis of the lvsimeter percolates.
The loss of major plant nutrients
through percolation has been stud-
ied by numerous investigators, as
shown by Kohnke, Dreibelbis, and
Davidson (70), They celled atten-
tion, as have many other investi
gators, to the shortcomings of many
lysimeters because of the unnatural
conditions for percolation, the most
serious being the use of filled-in
lysimeters ot failure to allow surface
runoff,

The near-natural conditions pre-
vailing on the Coshocton lysimeters
made it possible to evaluate more
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accurately the plant nutrient losses
resulting from the leaching process.
Moreover, a knowledge of the extent
of plant nutrient losses in percola-
tion provides useful information for
soil - and - water - conservation pro-
grams as well as other phases of
agriculture.

Data on nutrient losses in perco-
lates from the Coshocton lysimeters
were reported by Dreibelbis and
McGuinness (40} for the period
1940-55. Their report included a
statistical interpretation of the data.
The report in this bulletin is largely
a summary of the data for the period
1941-55. Data on nutrient losses
for different practices on the lysime-
ters, by years, appear in table 30.
The amount of fertilizer, lime, and
manure applied to each iysimeter
from 1937 to 1955 is given in table
31.

It is evident that nutrient losses
are generally lower on the Muskin-
gum soils than on the Keene. For
exa.m[Jle, in :1950, a year of heavy
percolation, loss of potash by leach-

Ing was 11.55 pounds per acre from
lysimeter Y103 (Keene), as com-
pared to 6.96 pounds from lysimeter

Y102 (Muskingum)., In 1954, a
vear of low percolation, the values
were 2.94 pounds and 0.70 pound,
respectively. Calcium losses were
in the same order. This is probably
a_ reflection of the greater perme-
ability and better drainage charac-
teristics of the Muskingum soil in
which movement of soil water is
fairly rapid. Percolation is slow in
the Keene silt loam, which is charac-
terized by a high clay content of the
subsoil, and the soil solution has
more opportunity to exert its sol-
vent effect on the soil particles of
the Keene than on the more rapidly
drained and granular Muskingum
soils. A previous study (49) showed
that losses of potassium, ealeium,
magaesium, and sulfur were higher
on the Keene than on the Muskin-
gum seils, and the differences were
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TagLe 30 ———Summary Losses of nutrients through percolatzon, and amount of percolamon water lost from lysz’neter
batteries Y101, Y102, and Y103, 1941-55 1

- Nutrients lost per acre :
Year:-and lySimeter Land-use practice Pereolation
water lost

per acre: -

I nches
11.
12A

2.
A
5.6
5,
6.
2
2
7.
4.
6.
2,
9.
21,
21,
19.
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TABLE 30 —Summary: Losees of nuirie rients throug percolatwn, and amount oj percolatwn water lost from lysimeter
' : ries Y101, Y102 and Y103, 1941-56 1__Continued ; '

Percolatlon
water lost
Ca Mg N per acre

e

o Nutrients lost per acre
Year -and Jysimeter TL.and-use practice -
2 Mn S

Pounds Pmmds Inches :
30 .11 4 4. 26 6. 22

2 43 l 00 . . . 3.72
1. 55 1. 32 .16 o . 1,59
4. 28 2.42 . . . 1. 54
6. 62 3.99 . . 0. 3. 40

2,74 2.03 . . . 9.73
4.45 2. 34 : . . 6. 24
5. 50 8. 44 ) . . 6. 92
10. 89 12. 20 .34 . . 5. 68
Y103 ‘ 9. 84 6 85 | . . : 7. 65

Average: !
9. 04 3.93 . . . 12.72
14, 37 5. 46 . . . 11. 08
13.08 10. 28 . . . 7.20
28. 59 16. 56 . . . 6. 31
21. 38 13. 06 . . 21. 7.24

| Data for 1945 and 1946 omitted hecause of ‘incomplete 2 Nitrate nitrogen.
records. 3 No data.



http:Conservation--------4.92
http:do-------------7.54
http:Conservation--------.70

AGRICULTURAL HYDROLOGY AND MONOLITH LYSIMETERS 137

TaBLE 31.—Application of fertilizer, lime, and manure, 1937-55

Year and lysimeter

Fertilizer

Amount
per acre

Lime per
acre

Manure per
acre

Y1014, B
YiolC, D _TIT T
Y102

Pounds

OOOKRS CNNWD SOng ooD oS

oo Qoo oo

o Qoo Owo

0
o
o
1]
8
4
4
0
a
4
0
0
0
0
0
6
6
&
0
4
0
0
0
0
L
4
4
0
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TasLe 31l.—Application of fertilizer, lime, and manure, 1937-55—Con.

Year and tysimeter

Fertilizer

Armount
per acre

Lime per
acre

Manure per

agere

SR 4107 Y
1853:

Pounds
[

500
200
200

Nitrate
0-10-30
0-10-30

3-12-12

Nitrate
3-12-12
3-12-12
3-12-12
3-12-12
3-12-12

(-10-30

L= o]

—=L SO0 oG OLoS oo o

SO0 QOO OoooRoOD

(=R ]

0
it
.
¢
0
&
6
&
G
4
4
0
0
H
0
0
)]
g
G
0
)
6
0
t]
0
]
1
4
0
0
0
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all highly significant. Losses of
nitrogen and manganese were higher
on the Muskingum, but the differ-
ences were not significant.

Calcium exceeded other nutrients
in total amount lost through perco-
lation. More calcium was lost
under conservation practice than
under poor practice, because of the
addition of limestone to the soil on
the former. In the wet year 1950,
caleium leaching totaled 51.79
pounds per acre from Y103 {(con-
servation practice) and 30.81 pounds
from Y103 (poor practice}). In the
dry years 1953 and 1954, losses
were about 5 pounds per acre under
both practices, and were not signif-
icantly different.

Magnesium losses were also gen-
erally higher under conscrvation
practice.  When the loss was higher

under poor practice, it was because
percolation was greater from these
areas during those years.

The percolates contained less po-
tassium (K} than ecaleium and in
many cases less potassium than

magnesium. On the Keene silt loam
the loss of K was greater under poor
practice than under conservation
practice. This was probably due in
part to the 1epressive effect of the
added limestone (conservation prac-
tice) on the outgo of K: also, on the
conservation areas, to the increased
vegetation which utilized more K.
Although greater amounts of K
were applicd on the conscrvation-
practice lysimeters, it is likely the
opportunity for absorption and fixa-
tion of K was great enough to limit
the amount of K in the percolates,

Nitrogen occurs in the percolate
mostly, 1f not entirely, in the form
of nitrate, and in this study it was
determined only as such. A sum-
mary of the data on nitrates in the
percolates from each lysimeter for
the period 1940-55 appears in table
32. These data show the contrast

150500 O—58 10
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in_nitrogen losses in percolates by
soil type and by practice, and the
variation in nitrogen losses from
lysimeters on the same soil type.
Nitrate losses were least on the
Muskingum silt loam lysimeters
over sandstone that were in per-
manent grass; annual values ranged
from zero to 2.09 pounds per acre.
On the 4-year votation lysimeters
there was no statistical difference
between the nitrogen losses from
the Keene and from the Muskin-
gum soils (40). Vaeriation in nitro-
gen losses was less between practices
than among lysimeters on the same
practice. The variation in nitre-
gen losses was considerable from
year to year; annual values ranged
from 0.03 to 14.85 pounds per acre,
This variation was influenced mostly
by the amount of percolate and by
the addition of nitrogen in fertilizer
and in manure,

'The amount, of manganese found
in the percolates is small but
appreciable. The amounts needed
in plant nutrition are likewise small.
Manganese losses were generally
lower under conservation practice
than under poor practice, largely
because the limestone applications
on the former tended to reduce the
solubility of manganesc.

Sulfur losses were considerably
higher from lysimeters on the Keene
soil than from lysimeters on the
Muskingum soil.” This difference
was likely duc to the greater sulfur
contamination of the atmosphere at
the Keene location. Smoke from
soft coal fire in the station garage
furnace has been observed to blow
over lysimeter battery Y103
throughout the winter, thus provid-
ing the greater-than-normal sulfur
contamination. Sulfur losses were
generally higher on the conserva-
tion-practice lysimeters, largely be-
ceuse  of the sulfur added in
fertilizer.
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TaBLE 32.-——-8ummaiy of data on nitrates in lysimeter percolates, 1940-565 (vn pounds of N per acre per year)

Lysimeter Y101 ' Lysimeter Y102 Lysimeter Y103

B

9.

S,

o

—
DO O Q0 00 Q0

8.
2.
1.6
6.
2.
1
2.
2.

Average (years of

' No data.
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The nutrients applied to the soil
in the form of fertilizer, manure, and
lime may appear in the percolates
the same year or in one of the
following years. Thus it is difficult
to attribute nutrient losses to any
particular crop. Also, the concen-
tration of nutrients in the percola-
tion water is not necessarily eon-
stant over any period,

The nutrients in drainage water
were derived mainly from the
applied manure, fertilizer, and lime-
stone materials and from the soil
itself. Centeminants in the at-
mosphere contribute & small but
appreciable amount. The rate of
nutrient loss per unit volume of
percolation was always lower on the
poor-practice lysimeters then on
the conscrvation-practice lysime-
ters,

Nutrient Losses by Leaching Vary
With Rainfall
Data on nutrient losses for 1950
{a year of high precipitation) and
1953 {a year of low precipitation)

are given in table 33 to show the
wide differences in losses under these
extremes in rainfell, In 1953 (low
rainfall) smaill amounts of pereola-
tion and minimum values of leach-
ing were obteined. In 1950 both
rainfall and percolation were much
above normal. Nutrient-loss data
for this year may, thercfore, be
close to the maximum likely to
occeur under the climatic and fer-
tility conditions prevailing at the
Coshocton station. The dats also
reveal the influence of improved
conservation practices on nutrient
losses during these wel and dry
years,

In 1950, annual rainfall was
47.28 inches, over 7 inches above
normal, and esleium losses were
over 51 pounds per acre. This is
cquivalent to approximately 130
pounds of calcium carbonate. In
1953, annusl rainfall was only 28.20

AND MONOLITH LYSIMETERS 141

inches, 11 inches below normal, and
caleium losses were only 5.88 pounds
per sere. Aversge caleium losses
for the 18-yesr period 1941-55
were 29.35 pounds. Percolation
amounted to 12.61 inches in 1950
and 3.54 inches in 1953. Mag-
nesium losses for the 2 years showed
an even greafter contrast. The
other elements studied (K, N, Mn,
and 3) also showed a very noticeable
contrast in losses for the 2 yesrs.

The observation that excessive
water supply resulted in large
increases in nutrient leaching is
important in irrigation practice.
If excessive amounts of water are
applied, greater nutrient losses
through percolation may resuit.
Also, 1n the humid region, rainfall
sometimes occurs soon after irriga-
tion. The excessive amount of
water in the soil under such condi-
tions may result in an increase in
nutrient losses by leaching.

The difference in nutrient losses
between conservation-practice and
poor-practice lysimeters was less
than between the years of high
and low rainfall. Increased rates of
fertilizer applications on conserva-
tion-practice lysimeters resulted in
some sizable increases in leaching
losses in the wet year, Higher
fertilizer rvates generally used in
hrigation practice could, therefore,
result in noticeable increases in
leaching losses whenever such
practices caused a greater amount
of percolation.

Although ennusl losses of plant
nutrients through percolation were
appreciable, they were small com-
pered to losses through surface
runoff. Data from the Coshocton
lysimeters indieate that nutrient
losses through drainage are less
than formerly supposed. Many of
the data from earﬁ)‘ier studies were
obteined under unnaturel condi-
tions because of the use of filled-in
lysimeters. '
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TanLe 33.—Plant nutrient losses in lysimeter percolates on Keene silt loam during a period of high precipitation (1950)
and low precipitation (1953), as compared with the 16-year average (1940-55), by practice

Total Nutrients percolated  per acre
Practice and period pre- Perco-

: ¢ipi- lation
tation ¢ Mg g N Mn

Conservation: Inches | Inches
1950 (high precipitation) 47. 28 12. 61
1953 (low precipitation) 28. 20 3. 54
16-year average (1940-55) 37.°16 6. 29

Poor:
1950 (high precipitation) 47. 28 13. 40
1953 (low precipitation) 28. 20 5. 04
16-year avetage (1940-55) 37. 16 7.20
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DISCUSSION OF RESULTS

This bulletin presents a complete
evaluation of wvarious important
factors of agricultural hydrology
obtained over a period of 12 yenrs
(1944-55) by the Coshocton mono-
Iith lysimeters. Some summaries
from 1938 are included. For the
last 3 years (1933-55) irrigation
on lysimeters Y102B and Y102C
prevented moisture deficiencies from
affecting the water consumptive-
use values by crops. Lysimeter
Y103A was not irrigated.
from the unirrigated lysimeters are
believed to approximate closely
those that prevail under natural
conditions. Results  from  the
irrigated lysimeters are expeeted to
represent adequately the hydrology
of irrigation farming for similar
erops and climate.

The self-recording features of
the Lysimeter, including the unique
weighing mechanism, made i pos-
sible to evaluate the various forms
of aceretion and depletion of soil
moisture as well as water storage
changes within (he soil block.
Monthly and annual summaries
of precipitation, condensation, run-
ofl, percolation, and evapotranspira-
tion provide data for a permancent
cover of grass and legumes and for
n 4-year relation consisting of
corn, wheat, and 2 vears of meadow,
The drily Auctuations of soil mois-
ture, when summarized separately
in terms ol ilic various forms of
accretion, depletion, and storage
of s0il water, provide data of much
value in the solution of numerous
problems in agricultural hydrology ..

By means of the weighing record-
ing meehanism, il was possible to
evaluate the hourly weight of mois-
ture vapor transferred from the
almosphere to liquid form on the
carth — condensation—absorption
(CA). CA compensates for some
of the water lost Lo the atmosphere
during the day ~— cvapotranspira-

Resulis .

tion {(ET). The net daily loss of soil
moisture, commonly termed con-
sumptive use or evapotranspiration,
is derived by ET—CA,

Atmospheric moisture is the sup-
ply of water to the earth’s surface;
precipitation accounts for about 80
percent of this supply and CA for
the remainder. For example, in
1948, precipitation totaled 42.04
inches and CA, 11.68 inches. The
individual monthly values of CA,
when unaffected by drifting snow,
ranged from 0.07 to 1.56 inches and
averaged from 0.5 to 0.6 inch per
month,  Although much of this
water was veturned to the atmos.
phere by evaporation after a few
hours of sunshine, the data indi-
cated that CA reduced the depletion
of soil moisture. CA was greater
on dry, unirrigated soils than on
moist irrigated soils. In the dry
month of August 1951 on lysimeter
Y1034, rainfall totaled 0.75 inch
and CA, 1.39 inches. There were
8 days that month when CA was
0.05 inch or greater.

Removal of water from the soil or
from the vegetation by evapo-
transpiration (ET) was greatest
during the hot summer months,
exceeding 7 inches per month sev-
eral times and reaching 8.14 inches
in July 1951 on lysimeter Y101D.
The net moisture depletion (BT —
CA) represents water consumptive
use by crops—a term common to
irrigation practice. ET—CA for
July 1951 on lysimeter Y101D was
8.14 minus 039, or 7.75 inches.
Seasonal variations in ET —CA are
shown graphically along with daily
fluctuations in soil moisture, They
indicate the high rates of consump-
tive use and the resultant loss of
soil moisture. Soil-moisture deficits
in Lthe mid and late growing season
are shown to reduce the rates of
ET—CA, Cutting of hay reduced
rates of BT —CA for several days,
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after which there was usually a
return to rates prior to cutting,
After the second cutting of hay the
rates never reeched the magmtude
of those prior to cutting.

The differences between cornland
and grassland (elfnlfa-bromegrass)
in ET—CA and their effect on soil
moisture for May and June in 1949
and 1953 were striking. Soil mois-
ture on July 1 in the 40-inch root
zone was 4 to § inches less on the

ass lysimeter than on the corn
ysimeter. Moisture losses were
materially less from nearly-bare
cornland than from alfalfa-brome-
grass Consumptive-use rates in

uly and August were nearly the
same for both lysimeters. By this
time, the corn plants had developed
8 complete canopy over the land
surface.

An examination of soil-moisture
records for various sections of the
groﬁie indicated that the greatest

uctuations occurred in the 0- to 7-
Ainch depth. On the unirrigated
plot, moisture extraction by
meadow or corn below the 7-inch
depth was very noticeable, espe-
cially during dry periods. On the
irrigated plots, moisture extraction
below the 7-inch depth was less
evident as long as there was ample
moisture in the 7-inch layer. Even
on the irrigated corn plots there
were times m August when the
moisture in the 7-inch top soil de-
pleted to about 20 Lo 10 percent
by volume. Then moisture-ex-
traction rates in the 7- to 14-inch
and 14- to 24-inch depths were
high. -

Evapotranspiration data from
the cropped lysimeters show the
amount of water used in producing
crops and the efficiency of this
water use. For a corn crop, water
used in the 5-month growing season
ranged from 17.4 to 24.6 inches. In
general, the lower water-use values
correspond to the lesser yield values.
The highest water-use value, 24.6
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inches, corresponded to a yield of
139 bushels per acre (unirrigated)
in 1949. It is interesting to note
that & higher yield was obtained
under irrigation in 1953, when
actually a lower unit guantity of
water was used. 1t is possible that
water-use efficiency is greater in a
planned water-application programn
than when nature supplies the
water at random. The weight of
water used to produce o pound of
crop under irrigation in 1953 was
273 pounds, whereas 395 pounds
was used in 1949,

The yield of first-year hay (red
clover-alfalfa-timothy} in two cut-
tings was 5.97 tons on irrigated
lysimeter Y102C. For the period
April 1 to July 22 (the time of the
second hay cutting) water-use effi-
ciency was 383 pounds of water to
produce a pound of hay. Water-
use for the 5-month growing period
April-September, was 27 inches, an
efficiency value of 513 pounds per
pound of crop.

Average ET—CA values for the
various months of the growing
scason for different crops are com-
pared with average values for
maximum 10-day use periods during
cach month. In some cases, an
engineer may want to design irri-
gation systems on the basis of the
maximum 10-day use rather than
on the monthly average. Differ-
ences were very apparent. ET—
CA wns as low as 0.14 inch
per day in some periods. That
for a 10-day period reached 0.36
inch per day. Average for the
month was 0.22 inch per day.

Lysimeter ET—CA is compared
with water-surface pan evaporntion
and with atmometer data. The
latter two are some measure of the
energy forces causing transfer of
maoisture to the atmosphere. There
does not appear to be anv constant
relationship either for all crops or
for the entire growing season. This
is perhaps as 1t should be, varying
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according to the development of
ground cover by vegetal leaf area
and according to available soil-
moisture supplies.  The results ap-
pear to be encouraging, yet indicate
the need for more data. Perhaps by
means of evaporation-pan factors,
the lysimeter ET—CA values can
be used in climatic areas other than
that at Coshocton,

Percolation date from the lysim-
eters provide a means of evaluating
the monthly, seasonal, and vearly
recharge to ground water for the
Coshocton soil types and for differ-
ent crops. As expected, the period
of percolation coincides with the
pertod of highest soil-meisture con-
tent, with about 80 percent of the
annual percolation occurring in the
January—April period. With the
rapid extraction of soil moisture be-
ginning in May, there is less and
less water aveilable for percolation
as the growing season progresses.

The greatest amount of percola-
tion in any one calendar year was
26.37 inches from lysimeter Y101C
in bluegrass. The least was zero
from Y101D in salfalfa-bromegrass.
Bluegrass, being shallow rooted, ex-
tracted moisture from only & thin
layer of surface soil, whereas the
deep roots of alfaife end brome-
grass removed soil moisture to
depths of several feet. Moisture re-
cherge, in the year of zero pereola-
tion, was not enough to provide free
or gravitational water »t the bot-
tom of the 8-foct lysimeter profile.

Plant nutrient losses through per-
colation arc evaluated from samples
taken frequently throughout the

vear. Caleium {(Ca) losses are
larger than losses of any other
nutrient. They amounted to 51.79

pounds per acre in 1950. In the
dry years 1953 and 1954, caleium
losses totaled only about 5 pounds
per nere per vear, Potassium (K)
losses ranged from less than 1 pound
to over 28 pounds per acre Der year,
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Nitrate (N) losses ranged from less
than 1 pound te 14 pounds per
f.Cre per year.

The weighing lysimeter is a
unique Tain gage. It has & catch-
ment arce of 12 540 square inches
compared with an ares of 50-square
inches for the United States
YWenther Bureau Fergusson gage.
Lysimeter weight records, are ac-
curgte to 0.01 inch. Annual pre-
cipitation values averaged about 4
inches greater from the lysimster
than from the rain gage. The max-
imum difference was 9.60 inches in
1951, Only 2.68 of the 9.60 inches
could be attributed to rainstorms;
the remainder—the masajor differ-
ence—is attributed to snow. The
Fergusson gage, unshielded, is not
recognized as a reliable snow gage.
A study of the daily storm rainfall
for storms of 0.1 1mnch or greater
indicated no consistent frend in
rainfall catch between the two
types of measurements. Only in
1950 were the daily wvalues fairly
consistently less from the Fergusson
gage than from the lysimeter, and
then the difference was about 10
percent.

Although the rain gage is of
questionable accuracy, no other in-
strument capable of providing the
needed information as economically
is available. Furthermore, sreal
variations in storm rainfall et times
are believed to be much greater than
the errors referred to above. At
this station the catch in .a single
rain gage is used to represent rain-
fall on drainage basins up to 40
acres. For some hydrologic studies,
the record from a single rain gage is
used to represent thousands of
square miles. In applying data
from a single gage to large aress, the
inzccuracies of the gage ifself can
possibly be ignored.

The complete lysimeter data cover
a relatively short period; data for
12 years with a 4-year rotation give
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-only 3 replications. Although the
. findings may be considered tenta-
tive, they illustrate principles and
¢an be of material use in agricul-
-tural hydrology. Further sampling
in seasons with extreme climatic
veriations may modify the results,

Water control and utilization
}i\roblems are numerous and varied.

he adequate solution of these

problems requires the proper use
and treatment of the land with con-
sideration of the hydrologic balance
including precipitation, condensa-
tion, absorpiion, Tunoff, percola-
tion, evapotranspiration, and mois-
ture-storage changes. The data
contained in this report can be used
to help solve many phases of these
and related water-control problems.
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APPENDIX

TasLe 34.—Summary of farming operations on all lysimeters, 1936-55

Year

Liysimeter battery Y101

Lysimeter battery Y102

Lysimeter battery Y103

1936

Cover: Pasture grass.

Cover: Mendow, poor

Cover; Meadow, poor.

1937

Cover: Pasture grass.

Cover: Mcadow, poor;
burlap, Apr. 2-Oct.
11

Seeded: Oct. 15, 4
pounds tye and 2
bushels  oats  per
acre; no fertilizer,

Manure: Oct. 29, 8
tons per acre.

Cover: Meadow, poor.

Cover: Pasture grass—
Red top.
Canada bluegrass.
Timothy.
Poverty grass.
Weeds.

Crop: Corn.

Spaded, May 10-13.

Corn planted May 27,
125 poundsof 2-12-6
feritlizer per acre.

Cultivated: June 7-9,
28-29, July i1

Harvested: Sept. 23—
27, crop removed.

Yield: No data.

Cover; Meadow to
wheat.

Spgded: Late Septem-

or.

Sceded: October 7, 2
bushels wheat per
acre, 175 pounds 2-
12-6 fertilizer per
acre,

Cover: Pasfurc grass—
Tame grass.
Poverty grass,
Weeds,

Crop: Onts to wheat.
Spaded and raked:
Tay 1-2.

Oats planted: May 4,
180 pounds 0-20-0
fenbilizer pér acre.

Oats lodged: July 13.

Harvested: July 27.

Yield of oats:

A—43 bushels per
ACcra.

B—44 bushels per
acre.

C—45 bushels per
acre.

Spaded: Sept. i.

Raked: Sept. 9.

Whesat seeded: Oct. 2,
2 bushels wheat and
5 pounds timotihy
peracre. 150 pounds
{0-16~0and 10 pounds
20-0-0 fertilizer per
agre.

Crop: Onta to whest.
Spaded and raked: Apr.
26~-27.

Oats pianted: May 4,
100 pounds 0-20-0
fertilizer per acre.

Harvested: July 24-~25.

Yield of oats: No record.

Spaded: Sept. 1.

Raked: Sept. 9.

Wheat seeded: Oet. 2,
2 bushels wheat and 5
pounds timothy per
acre. 150 pounds
0-16-0 and 10 pounds
20-0-0 fertilizer per
&CTE,
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TaeLE 34.—Summary of farming operations on all lysimelers, 1936-56—

Continued

Lysimsater battery Y101

Lysimeter batiery Y102

Lysimeter batlery Y103

Cover: Pasture grass.
Yieid:

A—0.46 ton per acre.
B—{}.47 ton per acre.
C—{0.45 ton peracre,

Crop: Whea! fo
ineadow,

Clover seeded: Mar. 13, :
6 pounds red clover |

and 3 pounds alsike

clover per acre.
Wheat harvesied: July

12,
rield:

1 T RCrE,
AJ cls per acre

straw—1.2 tons ;

per acre.

grain—28 hush-

3 els per nere.
straw-—1.1 tons
per acre.

grain—24 bush- j

c cls per acre.

Yetraw—0.9 {fon .

por aere.

s ]
grain—31 bush- -

Crop: Whest to
ingadow.

Clover secided: Mar. 15,
6 pounds ted clover
per acre and 3 pounds
alsike elover per acre.

Wheat harvesied: July

12,
Yield:
grain—23 bush-
4l ¢ls per acre,
“lstraw—0.9 ton
per acre.
grain—33 hush-
rls por acre.
steaw—1.3 fons
peT Acre.
grain—=24 bush-
els per aere.
straw—{0.2 ton
per acre.
grain—=26 bush-
D ols per acre.
straw—-1.0 ton
Jer acre.

Cover: Pasture grass,
Poverty grass.
Weeds,

Clover,

| Yield:

. Conservation practices |

on all lysimeters.

i Crop: Corn to wheal,
Manured: Mar. 28, o .

tons per acre,

i Spaded: Mar. 20—

Apr. 1.

! Raked and seeded: :
May 12, 200 pounds

2~-12-0 fertilizer per
Bore.

Cultivated: June 9, 23. .
i Corn eutand removed: |
: or ACTE.
v Clultivated: June §, 23.
i Corn ent and removed:

Sept. 13.

grain—102
bushels per

A{  acre.

fodder—2.5

Lons per acre.
grain—99 bush- -

¢ls per ere.
Bl fodder—2.6

tons per aere.
grain——380 bush-
els per acre.
¢ fodder—2.4
tons per acre. -

Conservation practices
on A and B only.

Crop: Corn to wheat.

Manugred: Apr. I, Htlons
per acre.

. Spaded: Apr, -2,
: Raked and seeded: May

13—

Aand B: 200
pounds 2-12-6
fartilizer peracre.

Cand D: 75 pounds
2-12-6 fertilizer

Sept. 13,

! Yield:

erain—92 bush-
A els per acre.
“1fodgder—2.0 tons
PET 8CIC.
prain—102
bushels per
B{ acre.
fodder—2.3 tons
per acre.
grain—=44 bush-
c els per acre.
fodder—2.5 fons
per acre.
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TaBLe 34 —Summary of farming operations on all iysimeters, 1936-65—

Continued
Year | Lysiteter battery Y101 | Lysimeter battery Y102 | Lysimeter battery Y103
Raked and wheat, seed- grain—95 bush-
ed: Qct. 2. d . els per nere.
Seed: 2 bushels wheat, fodder—2.9 tons
and 3 pounds tim- per acre.,
othy per acre. 300 | Raked and whent seed-
pounds 2-12-6 fer- ed: Oct 2.—2 bushels
tilizer per acre. wheat and 3 pounds
Manured: Dee. 31, 4 timothy per acre.
tons per acre. Aand B: 300
pounds 2-12-6
fertilizer per
Were.
Cand D; 125
pounds 2-12-6
fertilizer per
ncre.
1942 | Cover: Pasture grass— | Crop: Wheat to men- Crop: Wheat to men-
Poverty griss. dow. dow.
Weeds. Clover seeded: Apr. ! Manured: Mar, 2, A
Clover. 13, 4 pounds red and B only—4 tons
clover, 6 pounds al- per acre.,

falfa, and 2 pounds
alsike per nere,
Wheat cut: June 20.
Yield:
grain—38 bush-
Ad els per aere,
siraw-—1 0 ton
per acre,
grain—30 bush-
B{  cls per acre.
straw—0.8 ton
per acre.
grain—32 bush-
cls per acre.
straw—0.9 ton
per acre.
Stulgble clipped: Aug.
18.

Clover seeded:  Apr.
13—

A and B: 4 pounds
red clover, 6
pounds alialfa,
and 2 pounds
alsike per acre.

Cand D: 6 pounds
red clover and 3
pounds alsike
per acre.

Wheat cut: June 30.

Yield:
grain—35 bush-
al  els per aere.
“*straw—1.0 ton
per acre.
grain—39 bush-
B els per acre.
straw—-1.2 tons
per acre.
grain—23 bush-
els per acre,
c straw-—0.6 ton
per acre.
grain—30 bush-
els per acre:
D straw—0.7 ton
per acre.
Stubble clipped: Aug.
26, A and B onty.
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Lysimeter battery Y101

Lysimeter battery Y102

Lysimeter battery Y103

Cover: Pasture grass.
Lysimeter D now in
operation.

A, B, and C:
Poverty prass.
Weeds.
Clover.

D: Mostly bare.

Crop: first
year.

Hay cut: June I6.

Hay removed: June 19.

Yield: C—2.06 tons per
acre,onlyonecutting;
secotid growth, esti-
mated 0.30 ton per
fere.

Meadow,

Crop: Meadow, first
year.

Hay cut: June 17.

Hay removed: June 1.

Yield: A—1.17 tons per
acre.

Hay cut: Sept. 10.

Yield: A—estimated 0.5

ton per acre.

Cover: Pasture gruss—
Poverty grass.
Weeds,

Clover.

Crop: Meadow, second
FEA&E.

Limed: Apr. 25, 2.5
fons per aere.

Hay eut: June 19.

Hay removed: June 21.

Yield: C—1.25 tons per
acre, only one cutting
this year;second crop
poor; second growth
estimated af 0.25 ton
per scre.

Manured: Oct. 18, 6
tons per scre.

Crop: Meadow, second
year,

Limed: Apr. 25, A and
B only, 2.5 tons per

_acre.

Hay cut: June 18

Hay removed: June 21,

Yield: A—1.0 ton per
acre.,

Hay cut: Aug. 25.
Yield: A—estimated 0.5
ton per acre.
Manured: Oot. 18, 6

tons per agre.

Cover: Pasture grass—
A and B:
Poverty grass.
Weeds.
Cand D: improved.

Sod

12,

chop Igcd Apr.

C and D only.

Seeded: Apr. 12, C and
D ornly: 3 tons lime,
500 pounds 2-12-6
fertilizer, and 4 tons
manure per acre. 4
pounds ladine clover,
4 pounds white clover,
and 80 pounds blue
grass per acre.

Grass cut: July 25,

Crop: Corn to wheat.
Cpaded Apr. 30
orn planted: May 23.
20 pounds 2-12-6
fertilizer per acre.
Cultivated: June 23,
July 12,
Cutsrmd removed: Sept.
28.

Yield:
gmiln—54 bush-
els per acre.
A fodder—3.6
tons per acre.
i grain—=60 bush-
Bl. ©ls per uere.
fodder—3.7
tons per acre.
grain—:34 bush-
C ¢ls per acre.
fodder—2.7
tons per dere.
Seedbed prepared: Oct.

18.

Whent seeded: Oct. 18,
2 bushels wheat and
6 pounds timothy
per nere. 300 pounds
2-12-6 fertilizer per
ucre,

Crop: Corn to wheat.
Spaded: Apr. 30.
Corn planted: May 23—

A and B:200 pounds

2-12-§ fertilizer
per acre.

Cand D: 75 pounds
2-12-6 fertilizer
per acre.

CuItlvated June 23,
July 12,

Cut and removed: Oct.
2

Yield:
grain—~61 bush-
A els per acre.
fodder—3.6 tons
per acre.
grain—62 bush-
els per acre.
fodder—3.6 tons
PEr Lere.
grain—i48 bush-
¢ls per nere.
fodder—3.0 tons
per acre.
grain—&57 bush-
els per acre.
fodder—3.5 tons
pet acre.
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TaBLE 34 —Summary of farming operations on all lysimeters, 1986-65—

Continued

Year

Lysimeter battery Y101

Lysimeter battery Y102

Lysimeter battery ‘Y103

Lime: 2 tons per acre.

Seegbed prepared: Oct.
1

Wheat seeded: Oct. 18,
2 bushels wheat and
€ pounda timothy per
aere.,

A and B: 300
pounds 2-12-6 fer-
tilizer per acre.

and I}; 125
pounde 2-12-6 fer-
tilizer per acre.

Lime: A and B—2 tons
per acre.

Cover: Pasture grass—
4 and B:.
Poverty grass,
Weeds.
Cand D:
Grass.
Clover.
Fertilized: Sept. 4, 1948,
C and D only.—400
pounds 0-20-CG fertii-
lizer and 2 tons lime
per acre,
Yietd:

A—0.85 ton per acre.
B—0.28 ton peracre.
C-—0.53 ton per acre.
D—0.50 ton peracre.

Crop: Wheat to mead-
ow.
Maanured: Jan 3, 4 tons
per acre.
Clover seeded: Mar. 25,
4 pounds red clover,
6 pounds alfalfa, and
2 pounds salsike per
acre.
Wheat cut: July 9.
Yield:
A—pgrain—4i0
bushels per acre,
B—grain—30
bushels per zere.
grain—38 bush-
C| els per acre.
straw—1.0 ton
per acre.

Crop: Wheat to mead-
oW,

Manured; Jan. 3, A and
B only, 4 tons per
acre.

Cloverseeded: Mar. 25—
A and B: 4 pounds
red clover, 6 pounds
alfalfa, and 2 pounds
alsike per scre.
< and D: 6 pounds
red clover and 3
pounds alsike per
acre.

Wheat cut: July 9.

Yield:

grain—36 bush-
Al els per aere.
straw—1.0 ton
per acre.
B—grain—38 bush-
els per sere.
C—grain—=29 bush-
els per secre.
D—grain—33bush-
els per acre.

Cover: Pasture grass—
A and B:
Poverty grass.
Weeds,
Cand D:
Grass.
Clover.
Fertilized: Apr, 18 C
and D only, 500
pounds 3—-12-12 per
Bere.
Bod chopped: Apr 18,
only,

Crop: Meudow, first
YE1r,
Haycut:June23, Augb,
Yield {tons-per acre):
June 28 Aug. b
A—1.47 1.18
B—1.58 1.08
C—1.65 88
Fertilized: June 27, 200
pounds 0-12-20 per

acre.

Crop: Meadow, first

year.
Hay cut: June 25, Aug.
11.

Yield {tons per acre):
June 35 Aug. 11
A—1.15 .
B—1.42
C— .08
D—1.03 8

Fertilized: A and'B

only, 200 pounds
0-12-20 per sere in
July.
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Continued

TABLE 34.—Summary of farming operations on all lysimeters, 1936-66—

Lysimeter battery Y101

Lysimeter battery Y102

Lysimeter battery Y103

Seeded: May 8, D only,
8 pounds alfzlfa, 1
pound ladino clover,
and 7 pounds hrome-
grass per acre,

Grass clipped: Aug 1,
clippings left on sur-
face.

Cover: Pasture prass—
A ang B:
Poverty gruss.
Weeds.
C: Bluegrass.
Dt

Bromegrass.
Alfalfn,
Clover.
(rass clipped: May 28.
Yield:

A—1.4 tons per aere.
B—0.4 ton per acre.

C—10.5 ton per acre.
D—3.4 tons per acre.

Crop: Mceudow, second
year
Hay eut:June25, Aug. 9.
Yield:
A—3.3 Lons per
Hore.
B—4.2 tons per
acre
C—3.1 tons per
ncre,

Crop: Meadow, sceond
yenr.
Hay cut: June 28, Aug.
11.
Yield:
A—3.8 tons per acre,
B—3.1 tous per aere,
C—1.7 tons per acre.
D3 5 tons per sere.

Cover: Pasture grass—
A and B:
Poverty grass.
Weeds.
C: Bluegrass.
I}

Bromegrass.
Alfaifn,
Grass cut: June 20,
Aug. 18,
Yield:
A—1.4 tons per
aere,
B—1.3 tons per
acre,
{—1.1 tons per
nere.
D—4.0 tons per
acre,

Crop: Corn to wheat.

Manured: Apr. 25, 6
tons per aere.

Sod spaded: May 6.

Corn plunted: May 9.

Fertilized: 300 pounds
3-12-12 per acre.

Cuitivated: June 2,
L4, July 1.

Cortn picked, stalks
chopped and left:
Sept. 21.

Yield:

A—grain—I151
bushels per acre.

B—grain—148
bushels per acre.
grain-—151

bushels per

{4 nere.

fodder—2.75

fons per acre.

Wheuat seeded: Oet.
3—2 bushels wheat
and 3 pounds fim-
obhy per ucre. 300
pounds 3-12-12 fer-
tilizer per acre.

Crop: Cora to wheat.

Manured: Apr, 25, 6
tons per tore.

Sod spaded: Mauy 6.

Corn planted: May 10—

A and B:
300 pounds
fertilizer 3—12-
12 per aere.

C and D:
160 pounds
fertilizer 2-12—
6 per acre,

Cultivated: June 3, 14,
July 1.

Corn picked, stalks
chopped and ieft:
Sept 21,

Yield:

grain—148
bushels per
Al acre.
fodder—2.56
tons per scre,
B—grain—I{54
bushels per acre.
C—ygrain—107
bushels per ncre.
D—grain—120
bushels per acre.
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TarLr 34.—Summary of farming operations on all lysimeters, 1936-55—

Continued

Year

Lysimeter battery Y101

Lysimeter battery Y102

Lysimster battery Y103

Wheuat seeded: Oct 4—
2 bushels wheat and 3
pounds timothy psr
acre.

A and B: 300
potnds 3-12-12
fertilizer per
aere.

C and D: 200
pounds 2-12-6
fertilizer per
acra.

Cover: Pasture grass—

A and B: Poverty
grass,

G Bluegrdss.

D:

Bromegrass.
Alfalfa,
Yield:
A—0.85 ton per
acre,
B—0.77 ton per
aore.
C—1.00 ton per
acre.
D—3.09 tons per
acre,

Crop: Wheat to mead-
aw.

Manured: Jan, 17, &
tons per acre.

Clover seeded: 3 pounds
red elover, 6 pounds
alfalfa, and 3 pounds
timothy per acre.

Wheat cut: July 7.

Yield:

erain—:29
bushels per
A{  acre,
straw-—1.3 tons
DEr acre,
grain—d4d
bushels per
B acre.
|straw—2.0 tons
per aere,
grajin—43
bushels per
O aere.
straw—1.9 tens
per acre.

Nore: Heavy stand of
wheat and heavy
munyre resulted in
poor meadow seed-
Ing.

Reseeded: Aug. 4, 7
pounds .alfalfa, 3
pounds-red elover,
and 3 pounds
timotly per aere,

Crop: Wheat to mead-
OW. -
Manured: Jan. 17, A
and B only: 6 tons
per acre,
Clover seeded:
A and B: 3 pounds
red clover, 6
pounds alfalfa,
and 3 pounds
timothy per aere.
C and D: 6 pounds
red clover, 3
pounds alsike,
and 3 pounds
timothy per acre.
Wheat cut: July 7.
Yield:
grain—43
busheis per
A¢  acre.
straw—2.0 tons
per acre.
grain—50
busheis per
B{ acre,
straw—-2.2 tons
per acre.
grain—30
bushels per
acre,
straw-—1.4 tons
per acre.
prain—34.
bushels per
D acre.
straw—I.1 tons
per acre,
Nore: Heavy stand of
wheat and heavy
manure resulted in
poar meadow seeding
on A and B,
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TaBLE 34.—Summary of farming operations on all lysimeters, 1936-566—
Continued
Year | Lysimeter battery Y101 | Lysimeter battery Y102 Lysimeter battery Y103
Reseeded: Aug. 4, A and
B: 7 pounds alfalfa,
3 pounds red clover,
and 3 pounds
timothy per aere.
1951 | Cover: Pasture grass— Crop: Meadow, first Crop: Meadow, first
A and B: Poverfy YEear. year.
grass. Hay cut: June 7, Aug. | Hay cut: June 8, Aug.
C: Bluegrass. 8. 8.
D: Yield (tons per acre): Yield {tons per scre):
Rromegrass. June ¥ oAug. 8 June 8§ Aug. 8
Alfalfa. A__ LG9 1. 83 A___ 112 L 15
Gnss cut: June 8, Aug. B._ L17 I. 84 B_o._ .62 I. 26
G.. L11 1. 59 Co.. .97 1. 12
\1eld {tons per acre): Fertilized : Awe, 22, 158 D___ 134 1. 30
June 8 Awng. 13 pounds 0-10-30 per | Fertilized: Aug. 22, A
A.__ 078 030 aere. and B only: 150
B__. .78 .33 pounds 0-10-30 per
Co.. L70 . 40 acre.
D.__ 211 1. 00 Alfalfa cmdu.a.tcd Sept.
Fertilized: Mar, 6, G 2%, € and
only: 1,000 pounds
800 per acre.
1952 | Cover: Pasture grass— Crop: Meadow, second | Crap: Meadow, second

4 and B: Poverty
grass.
C Bluegrass.

Bromegmss
Alfalfa.
Grass cut: June 2, July

14,
Yield (tons per acra}:
June 2 July 14

A___. D25 0. 06
B__. .20 .12
Go.. .72 .07
D___ 214 . 83

Fertilized: Feb. 5, C and
only: 500 pounds
53-12-12 per acre,

year.
Hay cut:
14,
Yield (tons per aere):
June 4 July 14

June 4, July

AL 244 1. 94

- 206 1, 72

C__ 1.62 L Q2

Limed: Aug. 15, 1 ton
per aere.

year.
Hay cul: I'unc 4, July

14,
Yield (tous per acre):
J'.'me 4 July )'4
9

Aol 244

B.__ 2.36 . 8(]

C.._ 1.50 .32

D_. 116 .78
Limed: Aug. 22, A and

B only: 1 ton per
aere.
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Tanue 3¢ —Summary of farming operations on all fysimelers, 1986-55—

ontinued

Year

Lysimeter battery Y101

Lysiineter battery Y102

Lysimeter battery Y103

1953

Cover: Pasture grass—
A and B: Poverty
grass.
C: Bluegrass.
D:

Bromegrass.
Alfalfa.
Grass cut: June 17, Aug.

11.
Yield (tons per acre):

June 17 Aug. 11
A 0 26 015
B— .30 .36
C— .88 .44
D— 186 . 90

Pertilized: Mar. 8,
oniv: 400 pounds
8-8-8 per acre.

Crop: Corn to wheat.

Manured: Apr. 10, 6
tons per acre.

Sod spaded: May 1.

Corn pilanted: May 13,
300 pounds 3-12-12
per acre,

Cultivated; June 15
ond 30.

Fertilized: July 7, B
and C: 80 pounds
nitrogen per acre;
July.

Irrigated: B and C—
July 14, 2.932 inches;
Aug. 25, 2.896
inches.

Cors picked: Sept. 21,

Yieid:

grain—I160 bush-
¢ls per acre.

fodder—2.65 tons
per acre,

grain—177 bush-

B ¢ls per aere,

fodder—3.5 fons
per acre.

grain—196 bush-
cls per acre,

fodder—3.1 tons
pEr acre.

ch and stalks chopped:

1

ct. 1,

Wheat seeded: Oct. 1,
2 bushels wheat and
3 pounds timothy
per acre, 300
pounds 3-12-12 fer-
ilizer per acre.

Whent irrigated: Oct.
12, 0.57§ ineh; Oct.
21, 1.725 inchss.

A

Crop: Corn to wheat,

Manured: Apr. 10, 6
tons per acre.

Sod spaded: May 1.

Corn planted: May 13.

Fertilized:

A and B: 300
pounds 3-12-12
per agre,

© and D: 100
rounds 3-12-12
per acre.

Cultivated: June 15.

Corn picked: Sept. 21.

Yieid:

grain-—143 bush-
A els per acre,
fodder—3 tons
per acre,
grain—146 bush-
els per acre.
fodder-—2.2 tons
Per acre.
grain—I109 bush-
cls per acre.
fodder—I1.6 tons
Der nere,
grain—117 bush-
els per acre.
fodder—1.8 tons
per aere,

Soil and stalks chopped:
Oct. 2.

Wheat seeded: Oct. 2,
2 bushels wheat and
3 pounds timothy
Per acre.

A and B: 300
pounds 3-12-12
per acrs,

G and D: 200
pounds 2-312-6
per acre.

B

C

D
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TABLE 34 —Summary of farming operations on all lysimeters, 1936-56—

Continuced

Lysimeter battery Yi01

Lysimeter battery Y102

Lysimetor battery Y103

I
!
i
!
!

Cover: Pasture grass,
A and B: Poverty
grass.
'z Bluegrass.

Browmegrass.
Adfalfa.
Grass cut: June 15, Aug,
12,
Yield {fons per acre):

Sfune 185 Aug. 12
A— 017 418
B 14 L3

— .33 .12
D— 139 .23

Crop: Wheat to
mesdow,
Measured; Feb. 9, 4
tons per acre.
Seeded: Mar, 16, §
pounds alfalfa, 3
pounds red elover,
and 3 pounds timo-
thy per acre,
Wheat cul: Juiy 13.
Yield:

¢ls per nerce.
siraw-—1.4 tons
por nere.
prain—53.8 bush-
cis per acre.
strow—TI1.4 tons
per acre.
grain-——53.8 hush-
ols por acre.
straw--—1.1 tous
per Acre.

A

13

{'

PN ol leavy wheat

stand resulfed in
poor meadow seed-

Ing.

Reseeded: July 1G, 6
pounds alfulfa, 3
pounds red clover,
and 3 pounds timo-
thy per acre.

Muiched (with straw):
July 16,

! Irrigated: July 16, 1.13
inches.

Stubbie clipped: Sept.
!

Trrigated: Sept. 13, B
and C only: 1.65
inches.

grain—449.6 bush-

Crop: Wheat o
meadow.
Manured: Feh. 9, 4 tous
per acre.
Seeded: Mar, 16—
A and B: & pounds
alfaffa, 3 pounds
red clover, and 3
i pounds timothy
i per acre.
Tand D 6 pounds
red clover, 3
pounds alsike,
and 3 pounds
timothy per acre.
Wheat cub: Jnly 13,
Yield:
prain—+47.9 bush-
ols por nere.

A

straw—1.3 tons

per aere,
prajin—47.0 hush-
el poer aere.
straw—1.3 tons
Per AcTe,
grain—31.7 busgh-
ols per acre.
straw—0.9 tou
per acre.
grain—23.6 hush-
cls per acre.
straw—0.7 ton
pPET NCTFC.
Stubble clipped: Sept. 1.

i

' B

(1

13

;
E

I Cover: Pasture grass,

A and B: Poverty
£ENSS.

(: Bluegrass.

D:

Bromepgrass.
Alfaifa.
Grass eut: June 3, July
a9

Yield {tons per aere):

Fune 8 July 28

A— 0. 37 Q.12

B— .28

(C— .08

D-— 1. 46

Irrigated: June 6, 3.61
inches,

i3
|06
L72

Crop: Meadow, first
yoat.
Hay eut: June 6§, July

22,
Yield (tons por acred:

A— 3. 58
B— 3. 8¢
— 3.87
Trrigated: B and C
only—May 18, 2.25
inches; June 29, 3.07
inches.
Fertilized: Ang. 10, 200
pounds (-10-30 per
acre.

.38
.03
.10

June 8§ July 22 |

Crop: Meadow, first
year.
ay cut: June §, July

; Yicld (tons per werej:

Sune 8 July 28
A— 3. 35 I.08
B— 335 1. 08
'— 200 . 67
D— 2, 33 .94
; Fertilized: Aug. 9, 200
pounds (~10-30 per
aere.
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