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INTRODUC'l'ION 

Purpose 

Field irrigation etticieney 1e the percent8€e of the water delivered 

to the field that becomes available to the crop as soil moisture. The 

so-called "evaporation loases" from wetted ground and foliage are rather 

difficult to measure, but are estimated by Christiansen (J) to be between 

15 and ::,o percent. No doubt part of this ma_y be termed as a "loss, 11 but 

the other part mq be incorrectly termed as such. Many authorities 
l 

claim that water muat pass through the plant before being transpired into 

the atmosphere to be effectively used. 

There are four predominant factors which are considered to affect 

the water application efficiency of sprinkler irrigation. They are: 

1. Variation of indivi~ual ·sprinkler discharge along lateral lines. 

2. Variation in water application within the sprinkler spacing 
area. 

::,. toes of water by direct evaporation, either in the air or from 
plante before water reaches the soil. 

4. :Evaporation from the soil before the water is utilized by 
plants. 

This e.xper1men t deals mainly w1 th the last two factors influencing 

sprinklsr irrigation efficiency. However, the results will not only be 

applicable to sprinkler irrigation, but also to rains, heavy dews, and 

to the water which evaporates from the ground surface following a surface 

irrigation. The loas of water by direct evaporation either in the air, 

from the plant. or from the soil 1s particularly important in sprinkler 

1. No particular re!erenoe is given, but it is the consensus that direct 
water ovaporation from the ground and foliage is of no value in re
ducing the 1011 moisture depletion. 



irrigation where the irrigation generally consists of a light water 

application. The losses from these sources on a light application of 

perhaps two or three inches is a very considerable percentage of the 

total water applied, hence whether that water is actually lost or not 

makes the greatest difference vhen the unit application is small. 

2 

If positive results are obtained from the experiment-thn.t is, if 

the evaporation is found to be effective in reducing the amount of water 

depleted from the soil-then field irrigation efficiency and the term 

effective rainfall, as they are used today, must be redefined or at 

least clarified. It may be possible that sprinkler irrigation and pre

cipitation are more effective than has been recognized in the past. 

Objectives 

The specific objectives of the experiment were: 

1. To determine the approximate extent to which direct evaporation 

from the ground and foliage is effective in reducing the amount of water 

that would otherwise have been removed from the soil. 

2. To determine the effect of several factors which may influence 

the amowit of evaporation from the ground and foliage. The main taotors 

are (a) time rate of water application and (b) depth of water applied. 

J. To make suggestions on the improvement of materials, procedure, 

and collection of data for an improved and more detailed study to follow. 



REVIEW OF tI'l'liIRATURE 

Evaporation loe es from wetted ground and foliage have long been 

conaidered eeriou1. Irrigation by sprinkling has been thought to be ot 

lov eff1o1eney becaun of high water losses from eTaporation, and light 

rainfall hae been considered ineffective because the moisture evaporates 

before enter1J'l8 the root zone of the soil to become available to plants 

as soil moisture. 

Evaporation represent& the movement of moisture in the form of vapor 

from the surface of soil partiol~s or vegetation. Rates of evaporation 

depend mainly upon temperature, wind movement, vapor pressure gradient, 
1 

and--probably th8 most important factor-evaporation opportunity. Since 

all four elements are atteoted by the type and density of vegetation, any 

cultural or natural factors which alter vegetal characterietics will also 

a.tfect the rate ot evaporation. 

llwaporat1on ot water from a soil surface is so complicated that, as 

y t, a suitable expression of the several :factors influencing it has not 

been found. R1oharde, et al. (15) discuss the factors affecting evapor-- -
at1on rate from the aoil at the two extremes in the soil moisture range. 

When the soil surtae~ 1a wet, evaporation is dependent on vapor pressure 

gradients and wind velocity 1n the air Just above the surface. as well as 

l. Evaporation opportunity- on a particular land area depends primarily 
on the amount ot moisture available !or evapo tion and the manner 
in which it 1e expo eel to evaporation. Thus conditions that affect 
moisture quantities and their exposure to the atmosphere also affect 
the evapora\ion opportunity. 
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the amount of radiant heat energy available. At the other extreme of 

soil moisture conditions, when the soil surface 1s very dry, the rate at 

which water may evaporate from the soil depends on the rate at which 
1 

water moves from the lower lay-ers into the evaporation zone of the soil. 

For a coarse sand, the depth of the evaporation zone is about fourteen 

inches; for a clay-, three to four feet (14). 

The close d99endence of evaporation upon the supply of available 

water is too often confused. with the relation of evaporation to temper

ature (4, 10, 20). This error originates in the methods of determining 

evaporation by means of an evaporation pan w1 th a free ,,a.tar surface and 

a plentiful supply of '1>19.ter (9); under such cond.1 tions water loss is 

closely related to temperature. Total evaporation losses are determined 

by the quantity of water that is available (evaporation opportunity). 

The extent, variatio n , end rates of evaporation from the soil, as 

compared with evaporation from water surfaces, can be obtained only by 

observation. i;nien the soil surface 1s moist, evaporation ma,y be greater 

than from a free water surface because the soil, with its minute ir

regularities, presents a larger evaporating surface (19). 

Studies by Blaney and Morin (2) at Carlsbad, New Mexico, show that 

evaporation from a. u. s. Weather Bureau (Class A) pan was 92.64 inches, 

and from a water table two feet below the surface of the bare soil it was 

Jl.87 inches, being a ratio between evaporation from the ground water and 

surface water evapor a tion of over J4 percent. Parshall (lJ) reported on 

a number of experiments made by himself and some made by others to deter

mine the rates of evapor ation from saturated soils and river $ands. In 

one set of experiments he reported the ratio of evaporation from soils to 

1. The evaporation zone is the depth in the soil from which water may 
evaporate; it varies with all types of soil. 
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that from free water su.rf'a.ce to range from 14 to 93 percent for water 

depths beneath the soil surf'ace of one to 12 inches in various types of 

soil. In a later set of experiments he reported ratios ranging from 

four to 109 percent. These experiments show that determination of evapor

ation from soils is further complicated by oonsiderable variation in 

soil types and conditions. These experimentfl also show that loss of 

soil moisture decreases as the depth from the surface of the soil to the 

available water increases. 

Evaporation and transpiration do not reach to equal depths in most 

soils. According to Ru sel (17), unless the soil ie loose in structure 

or cracked, water losses by evaporation are generally limited to the 

first foot of soil. Transpiration can generally dry out the soil to a 

greater depth as determined by the depth and extent of the roots. For 

example, during a pro1011€ed drouth at Rothamsted (Eneland), no water was 

lost from a bare plot below 18 1nchesi in a neighboring plot, however, a 

crop of barley had redueed the water content to a depth of 45 to 54 

inches. It must be kept 1n mind, however, that comparisons between 

evaporation from a bare soil and transpiration serve merely to indicate 

the manner and magnitudes of water losses. 

Interception and subsequent evaporation from vegetation 

There 1s alw~s interception of water by plants, either during rain

fall or sprinklln&, part or even all of which may be evaporated before 

reaching the soil. Clark (4) made several determinations of the maximum 

amount of water retained by plant i this interception car,acity is us'Ually 

less than 0.1 inch ot water. 

Musgrave and Norton (12) came to the following conclusions in their 

experlmentes 

Actual measurements show that the amount whicll may be 



, - - - - -

retained on the canopy of vegetation varies widely in 
accordance with the vigor and density of the vegal cover 
and also with the character of the storm. It is possible 
that agricultural crops seldom intercept more than 0.5 of an 
inch of water, and usually much less than this is held by 
plants a.bow the surface of the ground. The amount of 
evaporation during a. storm is relatively small. 

6 

The total interception throughout a storm consists of two parts: 

(a) that required to satisfy the surface storage of the vegetation, and 

(b) that which evaporates during the period of rainfall. 

According to Linsley, et al. (10), interception by some types of 

cover amounts to a considerable portion of the annual rainfall. Since 

interception is essentially satisfied during the first part of a rain in 

most storms, and since most storms yield only small amounts of precipi

tation, interception by forest or other dense covor commonly amounts to 

25 percent of the annual precipitation. 

After the vegetation is saturated, the net interception would be 

expected to be zero if it ware not for the fact that even during a storm 

there is considerable evaporation from the wet surface of the fol1B88. 

Therefore, the amount of water reaching the soil after interception 

storage has been satisfied, is rainfall minus evaporation • .After the 

rain has ceas~d to fall, the vegetation still retains the interception 

storage, which is eventually returned to the atmosphere by direct evapor

ation. Jru.sgrave, et al. (12) concluded that the amount of evaporation 

during a storm 1e relatively small. 

Maximum interception by vegetation from either rain or sprinkling 

is about the same, but the conditions under which application is made 

are entirely different. According to Code, et al. (5), rain always 

occurs under cloud cover with temperatures leas than maximum. Sprinkling 

often must be done during the day w1 th tempera tu.res of 100° F. or more. 

Nighttime sprinkling provides a close approximation to natural rain. 



Sllrface eTa.poration affects water that might otherwise 
be used readily by the crop. and thus the oompeti tion 1s 
direct and often disastrously keen. Moreover, evaporation 
losses frequently are at their maximum at the time that crop 
demands are greatest. 

lPYJ\1)oration ~ rainfall 

7 

Israelsen (8) says, "After light showers during the growing sea.son 

the water loat by d.iroct evaporation from the lea.f surfaces and from the 

ground surface serves little, if any, useful purpose." 

Barrett and Milligan (l) give the following definition of effective 

precip1 ta.tton: 

Effective precipitation is the amount of precipitation 
assumed to reaoh below the evaporation depth in the soil, all 
of which becomes available to plant use or soil moisture in
crease in the root zone of the plant or as ground water storage. 
(It varies wt th the climate, the aerial growth of the plant, 
and its effect on rain interception, shading of the soil, and 
with the root ha.bi ts, whether shallow and spreading or more 
local and deeply penetrating.) 

In their report the maximum evaporation from any rain was estimated 

not to exceed Oo.5 inch for alfalfa, pasture, grain, and native vegetation, 

and o.J inah for row crops. Moisture already in the evaporation zone of 

the soil vas added to the measured rainfall for any storm. For example, 

i:f there were 0.2 inch of water in the evaporation zone of grain, and 

rainfall amounted to o.4 inch, o. 1 inch of moisture would go to soil 

moisture storage (assuming 0.5 inch lo-et by evaporation). 

Russell, !! !!• (18) made extensive studies at the Nebraska A&rt

oultural Experiment Station concerning evaporation losses from precipi

tation. The following data show the magnitudes of evaporation losses in 

tests at Lincolnt 

a. 16.Jl inches :per annum or .59 percent of the pree1p1 tation 
during four years of test with a corn, oat, wheat rotation 
by conventional tilla&e methods. 



b. 10.82 inches 9er eason, or 78 uercent of the precipitation 
du.ring four years of test with bare sur:::uner fa llow by con
ventional tillage. 

8 

c. 11.21 inche , or 79 percent of the precipit~tion during a 
211-day period 1n 1941. Tb.is test was condact din cyli nders 
and evaporation loeses were determined °b'J direct weighing . 

d. 6.47 i n~10 • or 75 percent of the preci pit tion during the 
period January l to May J. 1945. This test also was con
ducted in cylinders. 

e. o. 029 inches of loss per 24-hou.r day from sno,-, as an average 
for fif tee n tests in 1)4 1, 1942, and 1945. 

The evaporation from a bare soil at Rothamsted (Encl<"..nd) l.ysi.I:leters 

(7) averaged 14.7 inches annua lly e.nd showed little variation from year 

to year in spite of a considerable range in pr0cipitation. The avera.se 

rainfall for the period of experimentation was 28.8 inches. On this 

basis, nearly 50 percent of the r ain was lost as evaporation. 

Rowe (16) carried on investigations at the California Forest and 

Range Elcperiment Station concernine the influence of forest -ve get~tion 

and land-use on evaporation-transpiration losee s . These studies were 

carried on under conditions of heavy rainfall in the linter and ver-J 

light :rainfall in the sumr.1er. The interception loss es due to direct 

evaporation from the vegetation were much lo wer thc..-m pr~vioit:;ly astimatetl: 

In moderat9ly dense atands of chaparral, annunl evaporation 
losses from interception have averaged only four to ei{;l'lt per
cent (1.5 to 2.0 inches) of the total precipitatior. In a 60 to 
80 yenr old, fully stocked stand of ponder osa pine th.e losses 
were somewhat gre ater but averaged lees than 15 percent (7.5 to 
9.0 inches) of the total annual precipitation . 

As had been gho~m, the opinions of effective rainf a ll have a wide 

variance. Many farmers corunent on how much better their erops look after 

a light stonn, but the general thought is that any rainf~ll less than 

one-half inch is of little, if any, value. 

Evaporation from sprinkli~ 

There are certain losses that occur in sprinkling that must be taken 
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into · account. The princip al losses nre eva.porPtion between the tine the 

water le aves the nozz l e and the time it ranches the ground or foliage, 

end evaporation from the ~~tted ground and foliage. Evapor a tion before 

t he water reaches the ground or foliage has "been shown by Christiansen 

(3) to be on the order o:f two :percent providing the spray remains in the 

fonn of drops; this loss may be greater if the spray is broken up into a 

mist. Evaporation losses from the wetted crop is a much larger item; 

these losses va ry consider ably and are estimated to be between 15 and 30 

percent. Christiansen (J) s~s: 

Since water 1s someti ILes applied with sprinklers at rates 
as low as 0.10 inch per hour, an appreciable evapor a tion loss 
may occur during and immediately after an application. Even 
with applic a tion rates of 0.25 to 0.50 inch per hour, more 
than 10 percent of the water may evaporate as it is applied 
during the a!ternoon. The evaporation loss at night, however, 
is usually very low. 

The evapor a tion losses from wetted ground and folinge n.ro difficult 

to estima ta or mea sure, and probably var.r 1n different loeali ties of 

sprinkler use and with ea.ch season of the year. In the western pa.rt of 

the United States it is cozm:ionly thought that at le a.et ono-half i neh of 

water evaporates f'r001 the soil and crop during or after ea.ch sprinkler 

irrigation w1 thout being of aey value. In the south- western Uni tad 

St a tes, with its higher tenperatures, the evapor ation los ses from each 

S!Jrlnkler irrignt1on are estinated to be as high as three-quarters of an 

inch of ooisture. The evapor ation during and afters rink.Ung could be 

serio us and re present a gra nt economic loss if the eva~or ntio n from soil 

and vegetation is a "true loss." 
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PROCEDUPE 

Gyps'J.lll bloc..il::s were uood as the principal ins tr-.1w~'1 t t'.) "'le-.su..re the 

1,1oiature content of the soil, fro:n •.-,hich any ch:--?.nge in the noist'..i.re 

content co1D.d be d.etect:::id. Gypsum blocks um.mlly do not ,iv.J an nccurnte 

account of the soil moisture co'ltent ,-,i th soil moistti.r(~ tensions of less 

than ap!'rorlmatelJ 1.5 at:iospl1eres . It w, s. of course, renlized at t: a 

time this e.x:perinent was desicned that eYJJm.,m blocks are insensi tiV'3 to 

noistnre c:ia.n.ges in the rotter soil moistur~ r:\nce. Hotrever, thit ty:ie 

of bloc!{ was !)Ur-posoly pl'"l.ced whore l ar 6 e da.ilJ ':!ater applic,.., _tions were 

to be made, because it w:1s not kno"lm at thP- tine how effecti.ve di,ily 

water applicr,.tions would be in reduci!""l.:- the $Oil "'Oic-t,ire de"'.)letio • It 

was disc•Jvered later in the season that these wettAr ~eto could ;1ot bo 

used to ev13.lUc'1.te the evaporation effc>cti venerrn because of the \·1et on-

di tion of the soil and the resu.lti11ts inse rs itivit: o.: the bloc.r. . P>er.a'se 

of the dee _, percolation of water under t1et soil condi tio r,:_;, t'l.e e. ori

ment was designed to disrer;a.rd t'"1e moist1.1.re data. obtnined. under wet soil 

conditions. Bence, where this occu.rred, it wa not necesE<a:r-J to socu.re 

accurRte noist1.1.re :1easurenents. 

Gypsum ·clocks nre porous blocks r,acle of :pl;"'ster of no.ris. Inside 

of the block are embeddccl two electrodes vi th len.de. Sl'Crt n bl.ocl ' , when 

buried in the soil, absorbs noisture from the soil and rives it up to t 11e 

soil very readily so that 1 ts moisture con ton t tt=mds to be in equili bri-ur. 

1 . The autho r made all of the .c-yosum blocks in the rr. c-. A. C. Soil Physics 
laboratory, usin,~ the procedure developed in that labora torJ . 
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with the moisture content of the soil. T'ne electric:-il resistance of the 

block vari s with its moisture content, U-TJ.d in turn vn.ries with the 

moisture content of the soil. Gypsum blocks are rather inexpensive to 

ma.lee ond ca..YJ. be made in most laborRtories. 

Three hundred twenty-four (J2q·) blocks were made for the experiment. 

There were 27 sets with 12 blocks per set. 

The leads from the blocks were made of ordinnrt 11 ~t-cord or 

"whipcord" and were of such length that when the blocks were buried to 

the desired depth in the eround, that portion of t:1e leads above t},e 

6rouncl was approximately 10 feet. 

The electrodes to be placed inside the blocks were bared and eiven 
l 

a lead coating; these electrodes mu.st be straicht and par~llel to eac 1~ 

ot:1er when placed in the forra. 'Every bag of gypslu::1 v::i.ried in moisture 

content and required trial mixtures to insure consistenc;•; e.:-..c:'l batch of 

~sum r:mst also be nix.ed vi th water for the srune time period . The blocks 

were removed after being in the forms for ap proxit:1ately one hour. 

T'ne blocks were q_lJ.owed to cure for at leaet two dn.j-s befo:-e beine 

tested. When testing the blocks, they were plnced in k.. }) 1;rn.ter and 

allowed to become thoroughly saturated before being re2d with the re

sistance bridge. Blocks that did not fal . within certain limits 2 were dis

carded; near17 22 percent, or 70 of the origin.al 324 'bloc·::s, were broker , 

The blocks were then sorted into 27 sets (12 blocks oer set), pl"ccing 

blocks that had similar resistance readi!l(";s in the sa.".:le set. The 24 \·:ires 

1. Approximately three inches of each wire was bared and dipped in 
molten lead. The electrodes were cut to the proper le ngt1 before 
being placed in the form. 

2. These limits were determined by the resist::i.nce re· .dinr; produced b~,r 
the majority of the blocks. 
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from the 12 leads (t,o wires per lead) of each set wer~ then soldered 

to a 24-connector (r.inle type) "Jones plUt;." The "Joner, Plues " kept the 

wires froo each set in the same order and also helped in readine the 

blocks, as n.11 be described later. 

Placing blocks~ leads in the field 

The experimental plots were located on the U.S.l\.f". A:;ricultnr--i.l 

Experiment Station's Greenville Far~. The soil type for the ~lots used 

in this study is classified as Millville silt loam. It is a deep soil, 

rat her uniform in texture and well drained. Figure 1 (Appendi.:t A) Dive s 

a view of the plots sho,rlng the corrugated metal shields, the crop, and 

a row of cans on plot 1. The genero.l plot layo ut uns as shovm in 

Figure 2, and the detailed layout of sprin klin g equipnent and gypi:;"Jlll 

1 
block arrangement i~ FiQU'e J. 

All sets of blocks were pll¼ced on a r-,_dius of the arc made by the 

sprinkler head (see Fie;ures 2 and J)i the first set was placed 15 feet 

alo ng the radius and t he last set 45 feet from the s~rinkler head. ~ne 

sets vere equally spaced between the 15 and 45- foot ~oints . 

The holes for the blocks ,.,ere ma.de wit h a four-inch soil aUf;er to 

a depth of ix foet. The blocks ware plnceci in a horizontal :position at 

six-inch interv als n.nd the soil was re p lacecl in the ho 9s at apuroxi

mately th e aclllle depth as removed. Tamping of t he re ? l nced soi l wns not 

necessary t o obtain the desired soil density. 

All leads were buried six inche s below the soil surface for a. 

distance of approximately 10 feet from the blocks . ':'hree sets of le~ds 

were cor:ibined at a point for en.ea in readin G, 1::iaJ.·ing a total of thre e 

reading points on each plot. A pleatic bag was pl n.ced over each set of 

1. Figure J does not completely show plot 2, but only sets 4 to 9. 



three "Jones plugs" for their protection. 

Sprinkling equipment 
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Figure 4 shows the type sprinkler head used and the corrugated metal 

shields. Figure 5 gives the arrangement of the pump. valves, and gauges . 

1 Three different full-circle sprinklers were used for water appli-

cation. The distribution patterns and operating pressures are as shown 

in Figure 6. Corrugated metal wae placed in a vertic ~l po ition so that 

each full circle sprinkler would apply water to only one quadrant (their 

respective plot). Trenches were ma.de to catch and dr a in the runoff from 

the metal shields. 

Tu.ch sprinkler head as provided with a re~lating valve and pressure 

gauge. :By regulating the pressure with their respective valves, any or 

all of the sprinklers could be used simultaneously. The pipe and fittings 

used between the pump and sprinkler heads were one-inch in diameter. 

The water supply was brought to the pump by a three-inch aluminum 

pipe. A waste-way from the pump was also provided to dispose of any 

excess water. The pump show in Figure 5 was used mainly for 11booater" 

purposes. At least 60 pounds per square inch pressure was needed to 

operate all three sprin.~lers at one time, and the small pump could produce 

only JO p.s.i. pressure; when more than JO p.s.i. pree~ure was re quired 

the additional pressure was received from one of the large pUlnpe used for 

the irrigation of the farm. 

Measurement of vater application 

For an accurate measure of water application, No. 2 fruit cans 

1. RAIN BIRD sprinklers were used on all plots 
Plot 1 - No. 40 Standard, 1/4 by 7/32; 
Plot 2 - No. 40Y, J/16 by plug; 
Plot J - No. 40 Standard. lJ/64 by 5/32. 

and were as follows: 
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(Figure 7) were used. 
1 

Two rows of cn.ns --one row on each side n.nd the 

srune disknce froLl the sprinkler heads as the nine sets of g'rpsun 

blocks--were used, ::il\ld1l.{~ a. total of 18 c;:,_ns uer ~,lot. A f 1mr el wae 

soldered flush with the ton of each C'l.Il with a hole in t',1e botton so 

water could drain into the C"'....!l and a hole in the to 'J for rer.1oval of 
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water. These cans were held on a stnke with AA el:'!.stic b:~n<l. nnd could 

be raised easily to keep the top of the can on the s·1..l"le level [JS t},e 

Crop 

The crop planted on all four plots was barle~, (Bonn eville varlet ;,) . 

:Barley was chosen been.use of the lateness of the season. This cro:9 

matured with an expandine root zone thro-..igho ~J t tho s,.wner and did not 

need to be disturbed during the growine season. 

The barle;'{ was pl::-.nted on June 15th in sb.-inch rows, using n one

row hn.nd drill. :fo fertilizer of any kind w:u· applied. Fi 0 -ll'AS 9 and 

10 show the barley as it was coming into :baud. 

!teudin£ the blocks 

A Colew..n resist'l nce bridge was u sed for re din:; the bloc.ks. Tl1if

brid be was cali11rated t:, read the soil voist'tre te n. ion directlJ in 

atm9spheres. 

2 
Two one-pole, 12-position switches were connect ed to a 2l..-co ,:,ctor 

(female type) "Jones p luc" to use in reading the blocks. It wo.s then 

possible to connect the male type "Jones plUt~," '1hich was on a ll 27 sets 

1. Two, rather thc."\..'1 one, rows of cans were u~ed on e::1c]1 l0t for a better 
measure of P...pplica tion. The average depth of the water co-i. t'!.ined i ·1 
ench pair of cans gave an accurnte measure of water applied. One rcw 
of ems could have been used if they had bee n placed directly over 
the blocks, but the crop, and hence the root sys tem, 10u.ld have been 
disturbed w;1en mecsu.ring the water cont.,ined in the c.~11s. 

2 . One two-pole, 12-position switch woul d have been better, but was not 
available. 
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of blocks to tt1e female type 11Jones plug, 11 and by ree-u.J.ating the switc h , 

read any desired block in ea.ch set. The switch and "Jones "!)lugs" r:-tad.e 

onl y one connection necessary for reading each set of 12 bloc ~s. ~igure 

8 shows the bridge and switch used in readine the blocl <s. 
1 

A form (Table 1 of Appendix :B) was prepared for recording the 

block readings. Space was also provided for daily water applic a tion, 

other sprinkling d.ata, weather data, and for the conversio n and tot als 

of block readings to inches of water contained in the root zone of the 

soil. One pa.ge was required for the reading of each plot. 

Determining daily water requirements 

2 The 'daily water requirements, or consumptiv e wate r us e , was det er -

mined mainly from the plot 3 as sho\m in Figure 2. This experime nt wa s 

conducted by Mr. u. A. Patil. Mr. Pat11 1 e plot conte.ine d. lJ set s of 

gypsum blocks buried to a ma.ximum depth of eic;ht foet i n s i x-i n ch i nter 

vals. Block readings were taken about every day and t he da ily aver age 

reading (atmospheres of tension) computed for eac h dept h . From t he dail y 

average block readings the daily moisture depletion from the soil could 

be computed, which is the daily consumptive water use. 

The daily consumptive use ~ v ry by as mu.ch as .50 ::.:ierce nt fr om 

day to day, dependin g mainly on several weather f actors. The r a tio of 

daily consumptive water use to daily evaporation fro m a water surf ace 

was, however, a:pDroxim a tely a constant (Figure 11). Thi s r ntio a.t t he 

1. The form shown in Table 1 is a typical sheet used for col l ecti ng t he 
data. The data sheets from all three plots are available in the 
Irrigation and Drainage Department at the u.s.A.C. i n Lo an, Ut ah . 

2. Consumptive water use is the total amount of water t aken up by ve,_:e
tation for tr anspir a tion or building of plant tissue pl us the 
evaporation of soil moisture, or intercepted precipit a tion. J. Mr. Patil 1s plot was not given daily applications, but was irrig a ted 
only when the crop begnn to show a need for moisture. 
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1 

beginning o.nd end of the senso:ri wns less thnX' one-hf~lf for all three 

comparisons. All curves in Pi(3'ure 11 reached. a m3.Xbr,m durins mid

AUQlst, when the bnrle:7 he:1.ds were filling out and dov'3lo -oing most 

rapidly. These curves trere used to estinmte ti1e cons,un_?ti ve ,rater u.oe 

for periods that r,ir. Patil could not furnish the necessa,r,J d.utft. 

T'nree typee of evuporation pnns were provided nenr the eXT'eri".'e. t· 1 

plot<1. They uere: 
2 

1. A U. s. We ther Bureau Class A pan ; 

2. Fifty--five gallon metal barrel, pninted al 'll,1inu.."< color insiue 
and out; 

J. Fifty-five gallon metal barrel, painted bb.c .· inside and out. 

T'.o.e two fift.--five gallon barrels used were of nomnl heiclit and 

kept entirely above the cro,md surface. 1ac 1 br.r1·el ,;as nlso scro01,ed 

apross the top and provided vith a stn.tionary hook t~aw;e, so that the 

water could. be r,10.intained approximately t'1ree incb.es lrom t·•1e top of 

the barrel. The barrels were essentit,lly 11Yo,u1&11 cVa!Joration par.~, sot 

on to.) of the eround r<,ther than beine buried in tlle cro'md. The:i· were 

set on toJ o 1 the cround in order to secure a ·1ore consiste n t e ..... ~ o sure 

condition and a condition which earlier observ •t iol ·1s inc:ic " ted wo1..1ld be 

perhaps more re!Jresent:itive of crop consUlilptive w-i.ter use. 

The basic a,"lt'1. used for com:puting the three curves j •1 7icure 11 

were Mr. Patil'" i,oil s.::unples and b loc k re-idin E-;s, Md. frod soil s;mples 

and block ran.dines after water applic cltion had been tliscontin'..l.ed o., the 

plots used in this experiment. A more detailed annlysis of the re!cults 

obtained from the three evuporation p:ms is to be =~resonted by Mr. Patil 

1. i.e., dai l y consnm,tive water use wns less t'l-ian one-half the ddl~r 
evaporation frot1 a water surface. 

2. There in an official D. s. Weat1er :Bureau Sktion loc"lted at the 
fo.rm where this ex _ eriment wae con clue te d. 
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in his Masters' Thesis. 

The author realizes that the normal consumptive water use-eva~oration 

ratio may not produce smooth curves, as shown in Figure 11, but evapor

ation is the best index of the consumptive water use of all factors 
l 

available. 'l'he black barrel produced the smoothest curve of the three 

comparisons; its color gave the barrel greater sensitivity to temperature 

changes and was more representative of the plant leaf color than the 

other two evaporation measurement devices. 

Application of water 

An initial plot saturation, using perforated pipe, was made on 

July 2. Sprinkler application began July J and was discontinued on 
2 

September 11. Water was applied on only one Sunday, and tind would not 

perm! t application on several other days. 

As shown in Figure 6, the sprinkler distribution patterns for each 

sprinkler differ somewhat from each other, with the greatest rate near 

J the sprinkler head. The applications would vary from approximately 25 

percent to several hundred percent of the daily norma.l consumptive use. 

F.ach plot received approximately the same amount of rater per day, but 
4 

the time length of application of the water varied somewhat. 

As was previously stated. the consumptive water use mey vary 

1. Experiments have shown that solar radiation 1s slightly better than 
evaporation for determining the consumptive water, but this data 
was not available for the Logan area. 

2. Even a light breeze will distort a sprinkler distribution pattern 
so that uniformity cannot be obtained. 

J. Some sets on the same plot would receive less than the daily normal 
consumptive use and some even several hundred percent of the use, 
depending on their location vi th respect to the sprin.lclers. The ex
periment was purposely designed to make water applications greater 
than, and also lesser than, the normal consumptive water use because 
it was not known at the time ho"' much water !IU.st be applied to result 
in no net soil noieture depletion with daily water applications 
being made. 

4. It may require two, three, or even five times as long to apply the 
same amount of water on one plot as on another. 
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considerably from d.ny to day, and the exact percentages of the estimated 

use were not applied at all times. This situation could not easily be 

avoided because of the many factors that may influence the evaporation 

and consumptive water use. 

A rather accurate measure of the applied water was accomplished by 

the use of the double row of cans on each plot. The water was poured 

from the cane into a graduated cylinder for measurement . 

Careful observations were ma.de to see that the soil and crop could 

handle the water as fast a.s it -vas being applied. o runoff was noticed 

on a.rry of the plots except close to the metal shields, which was not 

within the area of measurement by the blocks. 

So 11 sanro ling 

Throughout the summer, soil samples were taken for moisture content 

and apparent specific gravity determinations. 

A "Uhland" type sampler was used for taking undisturbed soil samples 

for determining apparent specific gravity. The srunpler would permit 

samples to be taken to a maxillIUDl depth of .54 inches. The soil from the 

sampler sleeve 1 was put into a paper bag and placed in the oven at 110° C. 

until dry; the sample was then weighed. The weight of the dry soil 

divided by the volume of the sleeve was the apparent specific gravity . 

Ten samples at each depth were taken throughout the growing season. 

Those values belo, .54 inches were obtained from data of other apparent 

specific gravity determinations made on the farm. The averages of these 

samples are Bhol'm in Figure 12. 

For most moisture content samples, a two-inch soil auger was used. 

The samples were taken as near to the gypsum blocks as possible. A sample 

1. Diameter - 4.90 cm., height - 7.64 cm., and volume of approximately 
144 eu. cm. 
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of soil at each six-inch depth was removed from the auger and pln.ced in 

a metal C.?..l". The samples were ta.ken into the laborator:·, weighed, and 

placed in an oven at 110° C. for at least 24 hours. The samples were 

again weighed, and the percent moisture, dry•-weight basis, calculated. 

:By using the ordinary soil auger, it was possible to refill each 

sample hole with soil and not disturb the soil surface excessively and 

leave holes into which "Water would run. The soil from each hole was re

placed at approximately the same depth as removed. 

A nveihmeyer-improved King Soil Tube" was used for taldng moisture 

content samples after September 11. Samples were needed 1n the drier 

range (high soil moisture tension) and since no water was being applied, 

the holes left by the soil tube were of no consequence. 

Differences in soil te4tctre nade a different curve (soil moisture 

content-soil moisture tension) necessary for each depth (Figure lJ). A 
l 

time shift required t~o curves for the first six depths (J6 inches) for 

an accurate analysis of the data. Strong ,-rinds during the le.st week of 

August prevented sprinkling on most days and the shift in the blocks 

occurred during this period. For the first six depths the upper curve 

of Figure lJ was use~ u:p to where this shift took pboe and the lower 

curve for the period after the shift. The same moisture content-tension 

curves for depths greater than J6 inches t,ere used throughout the season. 
2 It was not necessary to analyze the data below five feet in the soil 

profile, so curves for only ten depths were drawn. 

A rating table was ma.de for the conversion of gypsum block readings 

(atmospheres of tension) to depth of water (inches) contnined in the soil. 

1. 1. •• block readings changed vith time, for the ea.me soil moisture 
content. 

2. The block readines below the five-foot depth in the soil profile 
remained approrlmntely the same throughout the season. 



The following equation was used for this conversion: 

d = Pw x As x D 

Where: 

100 

Pw = the moisture percento.ge of the soil on the 
dry weight basis 

As= the apparent specific gravity of the soil 
D = the depth of soil being considered (inches) 
d = the depth of water contained in the soil 

(inches) 
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The depth of soil (D) is nine inches for the first depth (six-inch 

depth) and si:x inches for the remaining nine depths (12-inch to 60-inch 

depths). 

The daily block re2.dings were originally conv9rted to e~uiv a lent 

inches of water contained at each soil depth in the fir t six feet of the 

soil profile; the soil moisture content-tension curves for each depth was 

a ssumed to be a trnight line when plotting the ~oisture percentage as 

the ordinate a.gn.inst the logarithum of the soil moist re tension (atmos

pheres) as the abscissa. These curves were fitted to this condition 

statistically and no time shift in the curves ~as considered. The curves 

fit rather well in the mi d-portion, but many points le,y above the line at 

ea.ch end (wettest and driest regions of each curve). 

A careful comparison of the daily tot als (inches of water contained 

in the soil profile being considered) obtained by using the soil moisture 

content-tension curves, with the tot a ls from the soil samples, revealed 

that the first set of curves was inaccurate in the wet and dry ranges and 

could not be used. 

The soil moisture content-tension curves were again drawn, plotting 

the soil moisture content (percent) on the ordinate against the soil 

moisture tension (at nospheres) as the abscissa. There was considerable 

scatter in the points but this condition was thought unavoidable. The 
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block readings were again converted to equivalent inches of vater at 

each soil depth in the top five feet of the soil profile on a weekly, 

rather than a daily, basis. A comparison of the weekly totals with the 

soil sample totals shol8d that a time shift had occurred in the curves. 

The points of these curves were then dnted, and the time shift in the 

blocks was very obvious. When considering the time shift the curves fit 

the points fairly well with little scatter. As is shown in Figure 13, 

two CUI"\res for the first six depths were needed to produce the desired 

accuracy. 

From the new curves the block readings were converted to equlvpient 

inches of water at each depth in the soil, on a weekly basis. Instead 

of computing the total moist~ in the top five feet of the soil profile, 

the computed totals took into account only the moisture in the root zone 

of the soil. The depth of the root zone increased as the season pro-, 

greased, and at any time was assumed to be approxim.at~ly at the depth in 

the soil that the moisture was being depleted. The root zone depth was 

approximately two feet the first part of July, and increased to a maximum 

depth of five feet the latter part of August. 

:Fil.eh set of every plot was analyzed separately; the most important 

data are shown in Tables 2, J, and 4 of Appendix B. 

The total water depletion f'rom the experimental area (Ue) 1s shown 

in column 5 of Appand1..x B, Tables 2, J, and 4; it is the algebraic differ

ence of column 4 and column J. Column 4 is the total mot ture applied 

durln& the time period and is the sum of the preeipi ta.tion and water 

applied by the sprinklers. Column 3 is the oha.nge in the soil moisture 
l 

content during the period. Uc. the normal consumptive water use {column 6), 

1. The change in the soil moisture content was the algebraic differ
ence in the weekly tots.ls of the moisture in the root zone of this 
soil. 
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fas mainly determ.lned from a.~ adjacent plot (see section on determining 

daily water re uirements). Column 7 is the ratio of the Ue to Uc. and 

column 8 is the uercentage of the total soil I'loiature in the root zone 

and was deternined from the following equation: 

Where: 

1-la = A - PW x 100 
FC - PW 

Ha = the -percentage of the total moiat,tre in the 
root zone that is available for ~lwt use 
(includes that moisture in the evaporation 
zone of the soil). 

Aw a the average depth of water (inches) 1n the 
root zone of the soil during the period being 
considered. 

PW c the depth of wa tar (inches) contained 1n the 
root zone of the soil at the permanent wilting 
point (15 atmospheres tension). 

FC = the depth of water (inches) contained in the 
root zone of the soil at field capacityl 
(o.4 atmospheres tension). 

1. The gypsum blocks are rather 1naccurf1te in the soil moisture range 
of about 1. 5 to o. 4 atmos9heres tension. The soil moisture condi
tion was considered to be "field capacity" at o. 4 atmospheres tension. 
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DISCUSSION OF RESULTS 

The results obtained from this experiment definitely show that direct 

evaporation from the ground and foliage is effective in reducing the 

amount of moisture that would otherwise be removed from the soil by the 

plants. 

Figures 14, 15, and 16 show the results obtained from plots 1, 2, 

and J, respectively . The small number by each point of these figures is 

the set number on that particular plot. The results produced from plots 

2 and J are almost identical in nature. The results from plot l were 

rather disappointing as all three plots received approximately the same 

treatment and no !mown bias was given to any one plot. A large portion 

of the points on Figure 14 are considerably lower than the points of 

Figures 15 and 16, indicating a small Ue, Qr that very 11 ttle change in 

· the moisture content of the soil occurred throughout the season . The 

points on Figure 14 have an erratic scatter, showing no particular pattern 

or trend . Sets 7, 8, and 9 tend to drift some,that to the left, set 9 

being farther to tho left tlu>..Jl sets 7 and 8; this drift was probably due 

to shifts in the blocks, causing them to indicate less water in the soil 

than actually existed. 

The poor results obtained from plot 1 shown in Figure 14 are probably 

duet~ one or both of the following reasons: 

1. The predominant slope of the ground on the experimental site was 

to the southwest (towards plot 1). The area around the pump wa. well 

saturn.ted most of the time, and the water IDJ3Y have moved laterally toward 

the southwest, keeping sets 2 to 9 (set 1 got much drier than any other 
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eet in this plot) fairly wet throughout the season. Since very little 

water was observed to move laterally on the surface of the ground in 

the vicinity of the blocks, the movement of water to-.rard the southwest 

was in the form of soil moisture. 

2. The application rate of the sprinkler head used on plot 1 de

creased at a rapid rate from a maximum value at set 9 of one inch per 

hour to a rate of o.08-inch per hour at set 1 (see Figure 6). This 

high application rate is the vicinity of set 9 together with the ex

tensive -variation in application rate between set 1 and set 9 would 

accelerate the lateral soil moisture movement to a greater degree than 

on either of the other plots. 

The objective of this experiment 1s not necessarily to arrive at 

exact values on the effectinnese of direct evaporation in reducing the 

soil moisture depletion, but rather to determine whether or not it is 

etfectiw, and to estimate the degree of effectiveness. Additional ex

periments designed on the basis of the results of this study will be 

necessary to determine more accurately the effectiveness. The curves 

in Figures 15 and 16 are aPI,>rorlma.tions: no statistical analysis was 

undertaken to determine the bi,st fit eur,e because the data did not 

seem to warrant this degree of apparent refinement. 

The aTera&e line drawn tor Figure 15 shows that the evapor ation 
1 is approximate~ 100 percent eftectiTe for the dryer conditions. The 

effectiveness begins to decrease when the available soil moisture is 

greater than 4o to ,SO percent (approximately 1.3 to 1.0 atmospheres 

1. 'When the ratio of Ue to Ue h one (1), the evaporation effectiTeness 
is 100 percent: when the ratio of Ue to Uc is greater than one (1), 
the evaporation eftectlTenees is less than 100 percent; and when the 
ratio of Ue to Uc 1s leas than one (1), the emporat1on ~ffect1Te
ness is greater than 100 percent. 

I 
I, 



soil moisture tension) and continues to decrease as the available 

moisture increases. 
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The results from plot J (Fieu.re 16) show that the evaporation 

effectiveness (in the drier range) is grenter than 100 percent, and in

creases as the available soil moisture decreases. However, the errors 

inherent in the block calibration and the tranepos1ng of normal con

sumptive water use data from an adjacent ~lot to those ,iota involved 

in this study, !Mke it unwise to claim effectiveness greater than 100 

percent. The important observation 1s that effectiveness was essentially 

100 percent. Conclus1Te proof was not afforded by the experiment to say 

that the evaporation effectiveness increases as the time required for 

'\tater application decreases. 

On all three plots. large daily applic a tions were made, sometimes 

as l!l'\l.Ch as one inch or more per day, on the sets closer to the sprinkler 

head. The reason for the low effectiveness is probRbly because of deep 

percolation; the soil in the wetter soil moisture range would probably 

lose most of these large daily applications through percolation to 

greater depths. The experiment was purposel y des1Gned to ap:pl.y at some 

sets several hundred percent of the daily consumptive water use because 

it was not known at the time ho,,., much water would be required for normal 

plant growth and development when daily applic :itions were being made. 

Because of the excessive deep percolation in the vicinity of sots 

7, 8, and 9, the data fron this area cannot be used to evaluate the 

effectiveness. The observation that the surface evaporation is essential

ly 100 percent effective is based upon the data from sets l to 6. in

clusive, where essentially no deep percolation occurred. 

As was stated in the above discussion of the design of the experi

ment, the ap?lication per day was varied over the plot in order to 
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bracket the daily application rate which would result in no net soil 

moisture depletion. 

Now that the evaporation hae been found to be highly effective, 
1 further studies can be conducted with a uniform water applic a tion, 

which ,dll produce a better control and permit a more accurate measure

ment of the evaporation effectiveness. 

1. The term "uniform water applic a tion" should include at least the 
following variables: a. Uniform depth of applic a tion, b. uniform 
time rate of application, and c. uniform frequency of application. 
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SUGGESTE.U IMPROffl@TTS FOR FURTHER STUDY 

There is no available information showin g that an experiment 

similar to the one performed has ever been undertaken. Having perform

ed the experiment, there are several suggestions that mey be beneficial 

if this ezperiment should be repeated. The results of this experiment 

should make it possible for a better and more detailed study of the 

problem. 

Placing and type Q.f. moisture unit 

Probably the biggest change in procedure should be the placing 

a.nd type of moisture units used. The first gypsum block of ea.ch set 

was placed six inches below the soil surface; considerable moisture 

depletion may occur from the first six inches of soil before any change 

could be detected by the gypsum block. This top block represented a 

nine-inch layer of the soil profile (six inches above the block and 

three inches below) while the remaining eleven bloclcs each represented 

sL-c inches of soil profile. Blocks should be p laced closer together 

in the evapor a tion zone of the soil (the first 12 to 18 inches). These 

blocks may be pla.ced at two or three-inch intervals in this zone. 

The type of bloc k used mcy al so be of 1nporta.nce. It is coi:i...mon 

knowledge that the gypsum block is insensitive in the wetter range of 

the soil (from field capacity to about 1.5 or 2.0 atnospheres of soil 

moisture tension). As the soil moisture tension increases, the gypsum 

block may give an accur ate account of the soil moisture content. The 

gypsum from the block gradually dissolves ancl if left in the soil may 

eventually le ave the electrodes bare. The gypsum block may give a 
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consistent reading of the soil moisture content if the soil is either 

continuously wet or dcy; the block reading for the !!aine soil moisture 

content will shift w1 th time if the moisture cond.1 tion of the soil is 

allowed to Tary (i.e., periods in which the soil is wet alternated with 

periods in which the soil is dry). 

Altho'tl&h the nylon or fiber-glass units are more expensive, they 

~ be used to a better advan'ta8e in the wetter range of the soil, and 

wu.ld probably give a. better measurement of the soil moisture content 

in the range below two atmospheres tension. A combination of either the 

nylon or :Uber-glass unit and the gypsUI:1 block could be used 1n the soil. 

using the gypsum block in the drier range and the other type block in the 

wetter range. In using both types of blocks, they mey be used as n check 

on each other. 

In this experiment the blocks ware placed to a depth of six feet 

below the soil surface. In analyzing the results it proved to be un

necessary to go to that depth for this particular crop and soil. The 

root system of the cro:p used in the experiment should determine the ap

proximate maximum depth 1n the soil to place the blocks. 

A-o--olioa tion s1f water 

It should not be necessary to apply sever a l hundred percent of the 

normal consumptive water use at some sets, decreasin g the ap? lication 

rate until some sets on the same plot receive only a fr action of the 

daily use. Now that surface evapor a tion has been found to be highly 

effective 1n reducing the soil moisture depletion, water~ be applied 
1 at a uniform app11cnt1on rate to as many sets as desired to determine 

more accurately the limits and extent of the evaporation effectiveness. 

1. Replications, if each set receives the same amount of water at the 
same application rate. • 
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The variable of 0 time rate of application" should be given further 

study. This experiment did not defini tel.y prove that the eva9oration 

effectiveness increases a.s the time rate of application decreases, and 

should be carried out to a definite conclusion. 

Reading~ blocks 

The blocks were read on most days throughout the growin g ·season, and 

total amount of water contained in the soil profile for each day was 

computed for each set of blocks. Because of the many variable s , these 

daily rea.dings could not be accurately used in computing the evaporation 

effectiveness on a daily baeis. Reading periods of from three to seven 

days would be sufficient for most purposes. Periods of one week were 

used in the final analysis of results for this experiment. 

Detennining consumptive water ~ 

Determining the daily or even weekly consumptive water use pre

sented some problem, and a better method for determining this use should 

be developed. At present, the best method for detennining the consump

tive use seems to be from taking soil amples. A 0 check plot" using the 

same crop could be provided from which soil samples can be taken at any 

time and the consumptiTe water use computed for the desired period. 

Pumping equipment 

The preslJ\ll'8 pump used would create only JO p.s.1. pressure, while 

about 60 p.s.1. pressure was required to operate all three sprinklers at 

the same time at their proper pressures. The pressure in excess of JO 

p.s.i. was obtained from one of the large pumps used for irrigation on 

the farm. It 1s suggested that one pump be made available to furnish all 

of the pressure required. 

PreventiM splash 

Splashing of water from the corrugated metal shields may easily be 



prevented; burlap or some other material m~ be placed on the shields 

'.ihich will permit the excess water to drain off without oreatine a 

splash. 

location of experimental J2.1g! !!!lh respect to wind 
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Since even a light wind may distort a spr1nkler distribution pattern 

and make 1 t almost impossible to make a uniform application, experimental 

studies should be conducted in an area 1n which the wind 1s at a minimum. 
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CONCLUSIONS 

'!he following conclusions are based on and supported by the experi

mental work reported herein: 

1. D1reot evaporation from the ground and foliage has been found 

to be highly effective in reducing the soil moiature depletion. The 

evaporation effectiveness is approximately 100 percent in the drier soil 

moisture range but drops off rapidly when the available moisture is 

greater than SO percent. The exact value of evaporation effectiveness 

at any soil moisture condition cannot be pin-pointed from the results of 

this experiment. Some results showed effectiveness of greater than 100 

percent, but it is felt unwise to make this claim; the important obser

vation is that the effectiveness is essentially 100 percent. 

2. The wetter sets (sets?. 8, a.nd 9) could not be used to deter

mine the evaporation effectiveness because of the excessive deep perco

lation at theee sets; the daily water applic ntion to these sets was 

several times the normal daily consumptive water use. Very little deep 

percolation occurred in the vicinity of sets 1 to 6, which were used to 

reach the conclusion that eurface evaporation was essentially 100 percent 

effective. 

J. The experiment did not afford conclusive proof that the evapora

tion effectiveness is independent of the amount and frequency of appli

cation of water. 

4. The research showed a tendency for an effectiveness of greater 

than 100 percent in the drier soil moisture range as the time required 
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for water application decreased and continued to increase as the avail

able noisture decreases. Further study should be given to this variable. 

S. Since evaporation bas been found to be highly effective in re

ducing the soil moisture depletion, further studies should be conducted. 

using a unifom water application, to determine more accurate~ the 

extent and l1m1 te of the evaporation e!:fectiveness. 



LITERATURE CITED 

(1) Barrett, Willis c., and Milligan, Cleve H. Consumptive water use 
and requirements in the Colorado River area of Utah. u.s.A.C. 
Agri. Exp. Sta. Special Report No. 8. March 1953. 

36 

(2) Bl aney, Harry E., and Morin, Karl v. Evaporation and consumptive 
use of water; empirical formulas. Trane. A.O.U., Pt. 1, 42. 1942. 

(J) Christiansen, J.E. Irrigation by sprinkling. Calif. Agr. Exp. 
Sta. :Bu.l. 6?. 1945. 

(4) Clark, o. R. Interception of rainfall by prairie grasses, weeds, 
and certain crop plants. Eco. Mono. 10, 243-?7. April 194o. 

(5) Code, w. E., and Hamman, A. J. When to use sprinkler irrigation in 
Colorado. Colo. A. and M. Bul. 4o5-A. June 1950. 

(6) Foster, Edgar E. Rainfall and runoff. New York: MacMillian Co., 
1948. 

(?) Hall, A. E. The book of the Rothamsted experiments. New York: 
E. P. Dutton and Co., Inc., a. 1917. 

(8) Israelsen, o. w. Irrigation principles and practices. New York: 
John Wiley and Sons, Inc., 1950. 

(9) Lassen, Leon; Lull, H. w., and Frank, Bernard. Some plant-soil
water relations in watershed management. u.s.n.A. Cir. No. 910. 
1952. 

(10) Linsley, Ray K., Jr.; Kohler, Max A., and Paulhus, Joseph L. H. 
Applied hydrology. New York: McGraw-Hill Book Co., 1949. 

( 11) Lyon , T. L. ; l3u.ckman, H. 0. • and Brady, N. C. The nature and 
properties of soils. New York: MaoMillian Co., 1952. 

(12) Musgrave, G. w., and Norton, R. A. Soil and water conservation in
vestigations at the Soil Conservation ~eriment Station, Missouri 
Valley Loess Region, Clarinda, Iowa. u.s.D.A. Tech Bul. 961. 1930. 

(lJ) Parshall, Ralph L. Experiments to determine the rate of evaporation 
from saturated soils and river-bed sands. Trane. A.S.C.E. 94, 961. 
1930. 

(14) Penman, H. L. Some aspects of evaporation in nature. Royal College 
Soi. Jour. 16; 117-129. 1946. 



:n 
(15} Richards, S. J.; Hagan, R. M •• and McCa.lla, T. M. Soil temperature 

and plant grovth. Al!,ro. Mono. Vol. 2, Pt. 5: J0J-480. New York: 
Acad. Presa, Inc., 1952. 

~/c16) Rowe, P. ~. Report of the committee on the evaporation and tran
epiration, 1943-1944. Trans. Amer. Geopbys. Union, Vol. 2.5i 683-
693. 1944. 

(17} 

(18) 
I 

Russell, E. John. Soil conditions e.nd plant growth. New York: 
Lon,gmane Green, 1950. 

Ruseel, J. c. Evaporation losses from precipitation. Paper 
delivered before Neb. Aead. of Sci. May 5, 1945. 

J (19) Thornthvaite, C. w., and Holzman, Benjamin. Evaporation and tran
spiration. Yearbook of Agri., 1941. 

j (20) Thornthwaite, c. w., a.nd other. Report of the comittee on the 
evaporation and transpiration, 1943-1944. Trans. Amer. Geophys. 
Union, Vol. 25: 683-693. 1944. 



38 

APPENDIX A 



Figure 1. View of experimental area sh owin g cro p, shield s and a row of cans 
on plot 1. Sprinkler is operatin g on olot 3 in the bac kg round. 
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Fi gure 4. "Ra.in Bird" full-circle sprinkler used f or applyin g; water 
to plots, with shields in the ba.ck~round. 
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Fi gure 5. Pump, valves and pressure euages. A valve and pressure 
gua.ge was provided for the regulation of water application 
to each plot. 
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Figu re 7. Cans used for catching water to measure application. A 
funnel ms soldered flush with the top of each can to 
decrease eva pora tion los ses. Also, note that the top of 
the can is kept on the same level RS the crop height. 

Fi gure 8. Coleman resistance brid ge and switch used for reading the 
gypsum blocks. The bridge was calibrated to read blo cks 
directly in atmos pheres of tension. 



Figure 9. 

45 

Barley on plot 2 comin g out in head. Foliage was heaviest 
in this region where the a pplication was ao proximately 
equal to the normal consumptive water use. 

t 

Figure 10. Growth of crop was "stunted" close to the shields on plot 
2 because o~ an excess a oplication of water, resultin g in 
a lar ge amount of deep percolation. This decreased crop 
growth and density did not extend to re gion where gypsum 
blocks were buried. 
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Table 1. Illustration of data. sheet used for collection of dAte . 

Data Sheet for Experiment Conducted on 

11.S. P .C. Agricultural Experiment Station ' s Greenville Farm 

Plot No. 3 Date ft u15ust 6 1953 
Pressure 50 osi Observer Val Viynn 
Time started 7155 PrecipitAtion None in . 
Time stopped Io,25 Wind direction None 
Time a.oplied 150 mino Cloud coverage Clear 
l!.stimated use .29 in. Time of readin g 1,00 

Set No. l 2 3 4 5 6 7 8 q 

Crop Ht. (In.) 20 21 21 22 21 20 19 18 18 

can l 24 32 38 42 50 54 64 104 204 
Water • 

0 can 2 32 34 44 50 60 66 68 72 106 
App lied • 

0 Ave. 28 33 41 46 55 60 66 88 155 

~ Ave. .14 .16 .20 .23 .2 8 . 30 . 33 . 44 .7 8 

tnook readin ~s in rtmosdl3re s of te nsion&: equivalent in . 0 1 weter 

8 . 5 7 .o 3 .4 2.3 1.2 1.1 1.1 1.0 .7 

6 1.26 1 • .,3 1. 62 1. 78 2.03 2 . 06 2.0 6 2.08 2.25 

8 .0 4.6 4 .4 2.4 1.1 1.4 1.1 1.0 1.0 

12 . 75 . 84 • 85 1 .o o 1.27 1 .17 1.27 1. 32 1. 32 

5.2 2.7 2 . 0 2.0 1.1 1.1 1.0 . 9 . 7 

18 . 71 • 83 • 91 . 91 1.13 1.13 1.17 1.24 1. 38 

- 4 .1 2 .0 1.8 1.5 1.2 1.0 1.1 . 6 . 5 
{I) 

a> 24 .76 • 90 • 93 . 98 1.11 1.27 1.20 1 . 61 1. 71 
.c 
0 1.3 1. 3 1.3 . 8 1. 0 . 8 1.0 . 6 ~ 1.7 .... 1.1 6 .._,, 30 . 88 • 96 . 96 . 96 1.34 1.16 1. 34 1 . 50 
.c l.4 1.6 1.6 1.5 1.3 1.1 1 • l 1.1 1.0 
+> 
0.. 36 1.18 1.09 1.0 9 1.14 1.25 1. 36 1.36 1. 36 1.41 
~ 
~ 1.2 1 .2 1.4 1.2 1.1 1. 2 1.2 1 • 1 1.1 
(.) 42 1.12 1.12 . 99 1.12 1. 21 1.12 1.12 1 . 21 1. 21 
0 

r-i 
i:c 1.3 1.2 1.5 l. 0 1. 7 1.1 1.2 1.0 1.4 

§ 48 
0, 

1.3 1.0 1 .3 1.2 1.2 1.4 1.2 1.1 . 9 0.. 
>, 

54 e, 

1.4 1.7 1.2 1.3 1.4 1.1 1.3 1.2 1.3 

60 

1.2 1.3 1.3 1.4 . 9 1.6 1.2 1.1 1.3 

66 

1.3 1.3 1.2 1.5 1.2 1. 3 1.1 1. 5 1.7 
72 

Depth of water in 
6 .66 7.07 7.32 7.89 9.34 9.27 9.52 9. 98 10. 78 

root zone (in.) 
- ··-~ -

REMARKS1 Barley is startin g to come into he~ d. A few heads are visable. 



Table?. Anal ysio of date collected from Plot 1 . 

- -- -- -- -- -- ., ____ --------------- -------------- - -----------
1 2 3 

Plot l 
Set l 

Time 
Period 

Jul . b-1 3 
13 - 20 
20 - 27 
2 ? - 3 

Chan ~e in 
So ~l ,foi sture 
in Hoot Zone 

(i n . ) 

+. ;s;:; 
- • ') f 
- .71 

* 
Aur, . 3 - 10 -.18 

10 - 17 - . .. o 
l / - ~4 - 1 . 27 
24 - 31 - 1 . '/2 
31 - 7 -. 37 

Sept . ~-12 - . 12 
-----~J~u~l- .- ~-- ~1=3---- +. 4~ 

Pl ot 1 
Set 2 

13 - 20 -. '15 
20 - 27 -. 0 
27 - 3 * 

Aur . 3 - 10 +. 0~ 
10 - 17 +. ?.') 
1.-.:..4 +. 10 
24 - 31 -1. J~ 

31 - '/ * 
Sept . 7- 12 +. 17 

4 
Application 

plus 
Precipitation 

(HI • ) 

. f->2 

. 3d 
• ::>O 
. 03 
. 21:l 
. 30 

. 4?. 

. 46 

. 69 

. 48 

. fi7 

. 04 

. 32 

5 b 

Depletion frum Norua l 
Expe r imental Con s wnptive 
Area (Ue ) Water Use 

Col . 4 - Col. 3 (uc ) 
i • ) ( in . ) . 09 ~-------- . 7-4 _____ _ 

. 9-> . 94 
1 . 11 1~3t:i 

l . t.i2 
. HO 1 . 83 
• 18 l.b5 

1 . I 2 . ~2 
1. 75 l. 9U 

. 65 1 .1 2 

. 42 . 81 

. 08----- - - .-=7,-,---- -

l . 37 . 94 
1 . 16 1 . 30 

• . ,0 
• ?. b 

. 47 
2 . 03 

. lb 

l . 'i2 
l.ll3 
1 . 6b 
? . 22 
l . 9U 
1.12 

. Hl 
Jul . t,-i3------ ..,-.-,~-o- ---- . H2 . 5b .74 

. 94 
1 . 36 
1 . 62 
1 . 83 
l . G5 
2 . 22 
1. 98 
1 .1 2 

Plo t 1 
Se.; 3 

l.3 - 20 -. b4 
20 - '1 +-.Ob 
2 - 3 -. 12 

Au1; . 3- 10 h ?.U 
10 - ll - . OG 
17 - 24 +. 02 
24 - 31 
31 -7 

- 2 . 18 

* 

* Data was of no value 

. GB 1 . 22 
• ro • 65 
. 96 l . Ou 
• • 1~ 

. 6t:i 
.RG 
• OtJ 

. 44 

• 'i l 

• • 72 
. H4 

2 . 24 

. 81 

7 

Ue 
Uc 

. 12 
1.01 

. 82 

. 44 

. 4 7 

. 80 

. as 
• b8 

• b2 
.11 ' 

1 . 46 
. d5 
. 12 
. 33 
. 17 
. 21 

1.02 

.1 9 

. 76 
1.3 0 

. 48 
• () 7 

. 39 

. 44 

. 38 
1.1 3 

. 23 

8 
Av a ilable 

Moi s tur e in 
Root Zone 
( perc ent) 

66 
64 
48 

43 
39 
28 
15 

6 
5 

63 
64 
58 
48 
48 
50 
48 
40 

44 
63 
58 
51 
51 
48 
50 
4 7 
3 8 

44 \.J\ 
I-' 



Table 2. ( Contd .) 

• 
1 2 3 4 -5-- 0 7 8 

Time Chant'.e in Application Depletion from Nonna l Availa c;le 
Location Period Soil Moisture plus Exp er imen tal Cons umptive Ue .'Aoisture in 

in Hoot Zo·.e Precipi ta tion Area (Ue) Wa t er use Oo Root Zone 
( i r, . ) ( lll •) Col . 4 - Col. 3 \Uc) ( perce nt) 

(i n , ( i '! . ) 
Jul. v-13 -. 22 1.02 1. ?.4 • 74 1. 68 64 

13- 20 -. 24 . 91 l.l b • g4 lo22 57 
20-27 t-1 6 .91 • 15 1.36 .5 5 66 
2 , - 3 +-.09 1.14 1.05 1 .62 . 66 b8 

Plot l Aut • 3-10 +. 11 1.30 1.1 1.83 . 66 56 
Set 4 10-1 7 +-.09 . 94 . 85 1. 65 . 52 58 

17-24 +. 03 1.07 1.04 2 . 22 .4 7 55 
24-:H •l. 06 .os 1.14 1.98 .58 51 
31-7 -.1 9 . so . 69 1.12 . 62 46 

Sept.7-12 +-.45 . 60 . 2 !j . 81 . :n 47 

Jul . 6-1 3 -. 06 1.46 1 . :)?. . 74 2 . 05 57 
13-20 -. 04 1. ti 1. 29 • :J4 1.37 61 

20-2 7 -.l b 1.30 1.45 1.36 1.06 59 
27-3 -. 04 1. b2 1 . ,)G 1.62 • 9t.> 58 

Plot 1 Aug . 3-10 +. Ob l. nO 1. 7h 1. 113 • .:l6 55 
Set 5 10-11 +. ,;l 1. :32 1. ()1 1. ti5 . ol 57 

1 / - 24 +-.04 1. 'kt:'. 1 • .-sa 2 . 22 . 02 57 
24 - 31 -1. \11 . 12 2 . 03 1. ue 1.02 4'::i 

31-7 -. 39 . 66 1. 0b 1.12 . 4 39 
Sept. / -12 +. 10 • 73 .o~., .tn • 04 41 
Jul:S --13 +. OG 1. :iO l. d4 . 74 ·~ . 49 6~J 

13-20 -. 3b l . o4 2 .1 9 . 94 2 . 33 68 

20 - 27 -. 30 l . HB 2 .1 8 1.36 1. ti3 GO 

27-3 +-.0·1 1. ,j 1 1.84 1.62 1.14 58 
Plot l Aug;. 3-10 i-. 24 2 . 2tj 2 . 02 1.8.) 1.1 0 55 

Set 6 10-1 7 +-.15 1. 78 1.63 1. 65 . 89 58 

17- 24 ... 29 2 . 22 1 . 93 2 . 22 . d7 57 

24-31 - 2 . ;'>l . 18 :C. 49 1. 18 1 . 2 f; 41 

31- 7 - • t.J l . 0ll l. d9 1.12 1. j9 32 
Sept. / -1 2 • . 1 V\ 

- . - -------~ ·• [\) 

* Data was of' no value 



T~b le 2. ( Contd .) 

- -r-- --· - --:r 4----- ----~-- - ---- c---- ------r-
Ti:ne 

Location er ... od 
CLa.1, ~e in 

Soil Hois c re 
::..n toot ZG, e 

( i •1 • ) 

Applica.1..jon 
i lus 

• rt:ic~ pitatiun 
n . ) 

Dep leti or, frofl1 ,,o r ,rw.l 
Exper ~me .. ta.l ~o:1s u .pti ve 

Area. ( Ua) 11ater J se 
C 1. 4 - Co l. 3 (Uc) 

(L.) (in .) ------ J .l. G-1 3 +. l;S 2 . t? 
-- ·- - - 2 . ·i4 . , 14, 

Plot 1 
Set 7 

13 - 20 -.1 4 2 . 66 
20 -2 I -. 24 2 . /e, 
27 - 3 +. 02 .n 

Au.· . 3-lU t.1 3 ~. 20 
10-1 7 +. 31 2 . 41 
l · - 24 t. 12 2 • . in 

24 - 31 - 2 . 20 . ?.h 

~1-7 +.~'l 1 . 37 
Sept. 7- 12 +.o~ ___ l . 4u 

-----J ... u-1;:....-o-, _.,.,1~3- 0 ·-g. c~ --

Plot 1 
Set 8 

Plot 1 
Set 9 

1:~- 20 
ZU- 27 
2·, - · 

Aur·• 3-10 
10 -1 7 
l 1.2 4 
24 -31 
31 - 7 

Se pt . 7-1 2 
Jul. 6 -1 3 

i:,-20 
20-2 '/ 
2 1- 3 

AUf.,. 3 - 10 
10-1? 
1 i - 24 
24 . ;:,1 
pl- '/ 

-. lb ;.-:. .. ,2 
-.1 '/ ~ • .. 12 
+. 02 3 . /tj 

t. OU 4-. ?l 
+--l b ~ . 44 
... 12 ~ . Hu 

- 1 . t ~ .3 ~ 
t. L,9 1 . 93 
+. 64 2 .0 6 
-. OG 5 . 4t:. 
t,. 00 ,J . '.l:0 
+. 14 b . bb 
+.O ~ o .1 2 
t. 12 t) . ,, ;J 

+. 61 1."o 
+. Oti 4 . ~. ti 

-1. t 9 . 4H 
+. t.18 2 . eo 
t. 30 2 . 'fl 

2. ,() . S14, 
2 . ~b 1 . 30 
2 . 0 l. t"2 
3 . l7 
2 . 10 
2 . ·<~ 
2 . +5 
1.0() 
1 . ;')g 
3 . bB 
",) . ;:)'/ 

4.12 
.=. 9 
6. ti 
2 • ()' 
1 . 2,1 
1 • /2 

1 . ' 3 
1 . ' :J 

2 . 22 
1. ,18 

1.1?. 
. t:ll 
. 74 
• . ,4 

1 . ;1 . 
1.62 
1. g;~ 
l.t,b 

. :- • 52 • 14 
" • .:,b . 94 
, . JO 

;::, , 0.; 
;::,. 43 
4 ~ . 

4. ~o 
2 . 17 
1.::: ( 
2 .,n 

1.; -.;1i 
1 . 1;2 
1 . Mi, 

1 . 6;-i 

Ue 
'JC 

3 . fi'f 
2 •. )/J 

2 . ld 
l . tiO 
l. •it-1 

l.?.9 
LI. ti 
]. 24 

. tl9 
1 . 72 

--- --:·-::54 

• L ,, ,., . ,} , 
2 . ? ti 
1 . ::19 
1 . (iti 
1.0 2 
1 . 11 
2 . 12 
7 . 4:f 
b . 10 
,1. 41 
:::i. 14 
~ . ;.Jt, 

2 e l)o 
2 . i 1 
l . lJ 
1. lt' 
2 • . n 

·-8- --- --
Ava i la. le 

:.1o·stu re .1. 

.. oot Zo·.e 
(perc,;.i) 

.rs----
62 
58 
b'l 
5b 
5U 
5b 
4b 
3J 
41 
b6 
55 
bl 
50 
49 
bl 
51 
44 
39 
44 
b7 
54 
50 
47 
47 
50 
50 
44 
41 
47 S ap"ti_ 7-1 2 ---- -- - -- --- -. ----- -------- -------------

I.ft 
l..,J 



Table 3. An,1lysis of datFt collected from Plot 2. 

l 2 3 4 5 6 7 8 

Time C.1irnt~e in Application Deplet Jon from Normal Available 

Looation · Period Soil Moisture plus Experrn.ental Consumptive Ue l.oist ure in 

in Root Zone Precipitation Area (Ue) Water Use Uo Root Zone 

(in.) (i n .) Col . 4 - Col . 3 (Uc) (percent) 

(i n .) ( i . ) 
Jul. 6-13 +. 31 1.30 . 98 .7 4 1.34 66 

1~-S-20 -.b4 1.4[ 2.02 . 94 2 .1 5 66 

20-2'1 -. 30 1.30 l . GO 1.36 1.18 58 

27-3 t. 05 2 . 04 1.99 1.62 1. 23 56 

Plot 2 Aug. 3-10 -. 20 1.74 1.94 l. B3 1. Oti 51 

Set 1 10-1 7 -.05 1. 53 1.58 1 . 65 . 96 60 

17-24 -.22 1 . 5ti 1. 78 2 . 22 .d0 47 

24-Sl -2 .10 • 24 2 . 34 l. ~8 l.l H 36 

31- 7 -. 56 • 79 1.34 1.12 1.20 23 

Sept.7-12 -. 40 •• o7 1.07 . Ul 1.32 20 

Jul . 6-1::S .... oa 1. 4f1 1.46 . 74 1. 97 62. 

13-20 -.1 5 1. 60 1. 7b . 94 1.86 61 

20-27 -. 28 1.:55 l . ti3 1.36 1.20 55 

2'1- 3 -.12 2.00 2 .12 1. 62 1.31 52 

Plot 2 AU [.~. 3-10 -. 02 ;., • t )4 2 . 06 l . B3 1.12 50 

Set 2 10-17 +. 31 l. ~b l. ti'/ 1. Gb 1. ,)1 51 

l ' - 24 -.0 ~ 1. 80 l. ~~ 2 . 22 . 85 51 

24 - 31 -l. b9 .30 2 .1 9 1. 9B 1.10 42 

31- 't -.24 1.0!3 1.32 1.12 1.18 33 

Sept. '/-1 2 -. 30 • f9 1. 0~ . hl 1.34 31 

Jul. b-13 +. OV l . biJ 1. 41 • '14 1. ~l l 70 

13- 20 -.22 1. 50 1. 72 • '.)4 l. ll3 ti4 

20 - 2 '1 -.21 1. 22 1.43 1.3 G 1. 0 5 59 

2 7- 3 -.l b 1. G2 1. o0 l . fi2 1.11 56 

Plot 2 Au .• 3-10 0 l . H6 1. 86 l.H3 1.02 b4 

Set 3 10 .. n t. OLJ 2 .12 2.04 l. ti5 1. 23 b4 

l"/-24 +. 10 1. 82 1.72 2 . G2 ,,77 52 

24- 31 •l.2 ti . 3 (> 1.62 1. !iH .&2 47 

31 - 7 -. 06 1.3 8 1.44 1.12 1.29 40 

S~pt. _,_-1 2_ -.13 .~o 1. )3 . til 1.2 8 39 \.I\ 

- ---- · 
.{::· 



Table 3. (Contd . ) 

--1 

Loca. Lion 

Plot 2 
Set 4 

Time 
Pedod 

C an , e in Applica.ti 0r, 
Soil Lo~st ire plus 

in Hro t Zone Proc~uitaLi, 
(in . ) ( ~ . ) 

Jul . 6 -13 
13 - 20 
2U-27 
2'7-6 

-. 07 
-. 31 
- . 44 
- . -J,! 

Au~. ~-10 -.41 
10- 17 ~. 28 
l 'i - 24 -. 09 
24 - 31 -1. 9;; 
31-7 -.l J 

Sept. 1-1 2 -. u7 

1.3 0 
1.3b 
1.10 
1.53 
l.o!J 
1.76 
1.34 

. 4C 
l. ~,O 

• b 

De1 letion t'rom 
.t.xperiIT'(mta.l 

Area ( Je) 
•::;o). 4 - ·;0 1. 3 

_U-!_ . _) __ 
1.4 :> 
1.66 
l. .:,4 
1.57 
2 . ,J9 
1. 48 
1.4.5 
2 .41 
l.3 b 

• r,5 

N orrna.l 
Co sumptive 

,,a.ter J se 
( Uc) 
( j l • ) 

Je 

8 
Availa t le 
oisture i11 
Ro(>t Zone 
( percen t) 

--- - -- - ---- - ---- --- -------- --
. 74 l.~o 61 
. 94 1.77 55 

1.3 6 
l. to2 
l. K3 
l. ti5 
2 . 22 
1. irn 
1.12 

. Hl 

1. 1;~ 
. 97 

1.14 
. ~o 
. G'l 

l. ?2 
1./3 
1.05 

47 
44 
41 
41 
29 
31 
21 
2 1 _____ J_u_1 ___ 5 ___ 1_3 _____ .1T- ---

l. tJ 
1. lo 

1.31 • H l. 77 _____ v4 

Plot 2 
Set 5 

13-2 0 -.2 ;:i 
20 - 21 -. 6e 
2'/ - 3 -. 41 

Aur, . 3 -10 -.3 2 
10-11 t,. 26 
17-24 -. 63 
24 - 31 -1.87 
31-7 -l. 2b 

Sept.i-12 -. 14 

• ~i:l 
l..' ,::i 
1.4.'.3 
l. l.i7 
1.09 

. 40 
1.10 

1.40 . 94 1. 4~ 57 
1,6b 1 . 3G 1. 22 46 
1 . 74 l . ~?. l. J7 37 
1. 7b l. t13 • . 1.. 33 
1.41 l. ti5 . h5 32 
1 . 7~ 2 , 22 . 77 30 
2 . 27 1. .18 1.1 5 19 
l . 3LJ 1.12 1.21 10 

. 82 . Hl l.,>l 9 
---- Jul. o-1 3 -. 12 --- ---------------1.2•1 • 74 l.0 8 60 1.12 

Plot 2 
Set 6 

13-2 0 - . 3 / 1 . 36 . 94 1.45 b3 
20-27 -. 74 l. G2 1.3G 1.1 9 46 
27 - 3 -.19 1. 22 1.41 1 . 62 . 87 39 

Aua. 3-1 0 -.b 9 1.22 l . til l, H3 , o99 35 
10-17 +. ll 1.26 1.15 l . GS , 70 32 
17-24 -. 69 . 92 1 . 71 2.?2 .77 28 
24 - 31 -1. ciB . 31 l . J9 1 . 88 1.00 l d 
31-7 -.1 6 .74 . JO 1.1 2 . BO 10 

____ S_e p_t. 1-12 ___ -_._0_8 ______ ._4_b _______ • b3 ___ _____ • 8 __ 1 ______ . _t,_5 _____ 1_1 __ _ 
V\ 
V\ 



Tab l e 3. (Contd . ) 

1 2 3 4 -5 6 7 8 
Time Cnar.i,~e lrl Application Depl eti on f r om Normal Avail ab l e 

Loca 1::ion Per iod Soil r,1o i st1....r e pl us Experim e nt a l Consumpt i ve Ue Mois tu re i n 
in Root Zone Pr ec ipitat.i on Area (u e ) Water Use Uc Root Zon e 

(in . ) ( ..i..I l • ) Col. 4 - Col. 3 ( vc) ( perce nt ) 
( i n . ) (in .) 

-- ·--· 
Jul. b-1 3 +. 12 l . b0 1. 3d . 74 1. 87 67 

13 - 20 - . 23 1.50 1. 73 • 94 1 . 84 62 
20 - 2'1 -. _o 1 . 20 l.~6 1. 36 1. 37 54 
2 / - 3 -. 44 1. 84 2 • .?8 l. 6? 1. 41 47 

Plo t 2 Au, • 3 - 10 -. b3 1. '/8 2 . 31 1.83 1. 26 41 
Set 7 10-1 7 t- 18 l . b9 1. 51 1. 6b .91 39 

l ', -24 -. 48 1. 28 1. 76 2.. 22 . 79 19 
24 - 31 - l . b9 . 37 1. 9b 1. 98 . 99 27 
31- 7 -. 02 . 86 . b8 l.l ?. • 79 19 

Sept. /-12 -. 06 • t,3 . t;9 . Hl . 85 21 
,Tul. 6-13 2 . 52 2 . 52 -- . "74 ---r.4 0 6-S-- ___ 

13- 20 0 2 . titi 2 . 66 .9 4 2 . tl3 64 
20 - 2 / -. Ob c:.. 70 2 . 7b 1. 36 2 . 02 63 
27 - .5 -. 1'1 3 . 00 '1 .17 l. fi2 1. 96 62 

Plo t 2 Au . 3- 10 -. 06 3 . 08 3 .1 4 1. 83 1. 71 60 
Set 8 10- 17 -. Ob 3 . 0b 3 .11 1. 66 1. 88 59 

1 / - 24 t. 04 ' • 70 2 . u6 2 . 22 1 • .-'0 57 
24 - 31 - 1. 73 . b9 2 . 32 l. H[' 1.1 7 49 
31- 7 -. 12 1.80 l.G8 1.1 2 1. t>O 42 

Sept . !-1 2 -. 08 1.30 1 . 22 . 81 1 . 50 44 

Jul . b.-1 3 +. 33 '± . Ol 3 . 7:S . 74 ~. 04 68 

L5- 20 -. 23 4 . 47 4 . ro • .14 :l . OO 70 
20 - 27 +. ~3 3 . '.J4 3 . 71 1. 36 2 . 73 65 
2'1- 3 t. 14 b . 12 4 . ~8 1. 62 3 . 07 68 

Plo t 2 Au~:• 3- 10 +. 24 b.42 . 8 l. ,3 2 . 88 68 

Set 9 lU- 1'/ 0 b. 4'± b . 44 1. 1;5 3 . 30 '70 

17 - 24 +.02 4 . 82 '*• 80 2 . 22 2 . lG 66 
24 - 31 - 1. 12 1. 01 2 . 13 l. 98 1 . 07 62 
31- 7 +. 37 3 . 20 2.83 1.12 2 . b3 67 

V\ 

Sept. - 12 +. 20 ~ . 26 2 .u· . 81 2 . b4 59 °' -------



TA1"l13 4 . Annlv:sis ot' dntfl cl1ected t'rorn Plot 3 • 

1 

Looatior.. 

Pl ot 3 
Set l 

... 2 --- . - . . . 3 - --- .. - 4 ---

Time 
l-erjod 

Chan1.,e in 
So il Moisture 
in Root Zone 

( i, • ) 

Applica.Uon 
olus 

t'rAc. [, i ta ti or, 

( j • ) 

6 
LJepletion from Normal 

Experimental C n s ,mptive 
Area (Ue) Water Use 

C o J • 4 - Co 1 • 3 ( Uc ) 
(jr . ) (in.) 

Ue 
Uc 

8 
Avajlaole 

l,\rjstu re in 
Root Zone 
(percent) 

,Jul. 0 .. 13 -.O u . 52 . rill -~- ·----~ 1---- 62 
13- 20 -.o 2 . ~ti l.~rl . 94 1.47 55 
~U- 27 - 1 . 11 1. 3d 1. 24 42 . ') 1 • . , ::I 
21 -3 -. 72 1 0 62 . d~ 29 • ,4 1. :>fi 

Au,· . 3-1 0 -. GO 1.s;5 . 7:5 19 • 7 I 1 . :i'? 
lJ-17 -. 22 l.S5 . , ~ 14 • J2 1. 14 
l· - 24 -. 4~ 2 . 22 . ~2 12 • ,)fj l . l!) 
21 -31 -. cH . 6i3 l.:Jt' L·Jt'J . 19 8 
31 - 7 -. %1 . 74 . ~5 1.12 . Hb 4 

____ Sept ._7-1 2 _______ -. 05 _________ • 1i ___________ . bl _____ _ ____ . 1,l ______ . 63 ____ 5 _____ _ 
Jul . ti-1 3 -.26 . ~3 . Hv . 74 1.20 62 

13-2 0 - . 31 • JJ l . ~G . ~4 1. 13 59 
2u - 2 7 -. , . .1 1. :,0 1. 17 47 • I (J 1. ;jJ 

27 -3 -. 72 1 . 52 1 . 12 35 l. l l.112 
Plot 3 Au· . 3-1 0 -wB4 1 . 83 1. 00 26 1 . ,)() l . H4 
Sot 2 

Plot 3 
Sot 3 

lU-17 ~.1 0 1 . 55 . 64 21 l . b 1 . 05 
l t -24 -. Q1 2 . 22 . 68 20 • 8F3 1 . ~ .. ~ 
;, 4 -31 -1 • 02 1. '.) U • 8 7 14 • 71) i. n 
~1- 7 -. 31 1 .1 2 . 97 10 • 71-J 1. 09 

Sept . '/ - 12 -. 10 . ol • /8 10 - ~3 • ti:$ 

J ..11 • o -l 3 - • 2 ti • 1 o-· - . 1 • 02 • 71 1. 3 ~ 6 5 
l~'S-20 -.1 2 l . OG 1 . lo . ~4 l . ?.6 59 
20 - 2 '/ 
2 / -3 

Aui; . 3 - lU 
10-17 

-. 35 
-. b4 
-.b ci 
-. ()~ 

l. ?.t) 
1 . :so 
l . ?.d 

1 . 67 
1 . ,() 
l. ►1d 

1.3 0 
1 1- 24 -. o~ l . lo 1 . 7b 
24 - 31 - l.2U . 7G 1 . 96 
31-7 -. ~3 . h3 l . LG 

1.36 1.; 3 
1. s2 1.ll 
l.o3 1.03 
1 . {;5 • 7~ 
? • 22 . • 79 
l . '18 . :rn 
1.1 2 1.03 

________ Sept . '/-1 2 ______ -:_•?~ ___________ -•~O ________ ---~~-4- .. . Rl 1.04 

48 
38 
30 
26 
23 
16 
10 
10 



Table 4. (Co ntd . ) 

l 2 -3 4 5 6 7 8 
Time Change in Applica t ion Dep letion f rc-m Norma l Available 

Looatio n Peri od Soil Moisture plus Experimental Cons ,.lillpti ve Ue foisture in 
in Root Zone Prec i p i tation Area (Ue) Wate r Use Uc Root Zone 

(i n . ) (in . ) Col. 4 - Col. 3 ( Uc ) (pe r ce nt) 
(i n . ) (i n . ) 

Jul. 6-1 3 -. Ob . 88 --- ~ • 74 1. 26 59 
13- 20 +. 11 1.0 6 .92 . 94 . 98 39 
20 - 27 -. 65 . 88 1. 53 1. 36 1 . 12 50 
27 - 3 - . 35 1. 40 l. 7i 1 . 62 1. 08 42 

Plot 3 Aug . 3 - lU -. 25 1 . ;57 1. 62 1. 83 . 89 38 
Set 4 10-1 7 +. 29 1 . 37 1. 08 1. 65 . 65 38 

17-24 - . 06 1 . 2~ 1.3 5 2 . 22 . bl 38 
24 - 31 - . 80 . H4 1. 64 1. 9 8 . 83 36 
31 - 7 - . 14 . H? 1. 01 1. 12 .go 31 

Sept . 7-1 2 h 07 . fi7 • 60 . 81 . 74 31 
Ju l. 6-1 3 +. 32 1.14 . 82 . 74 1. 11 68 

13- 20 -. 59 l . ~4 1 . 93 . 94 2 . 05 62 
20 - 27 -. 26 l.l d 1. 44 1 . 3G 1. 06 63 
27- 3 - . 24 1. 67 1. !Jl 1 . 62 1. 18 59 

Plo t 3 Au ~• 3- 10 -. 32 1 . ,o 1. 98 l. d3 1. 08 54 
Set 5 10- 17 +. 34 l . il:i 1. 62 1 . 65 . 80 54 

11- 24 +. Ob 1. >4 1. ;,d 2 . 22 . 71 52 
24- 31 -. vo 1. 11 1 . 64 1.9 8 . 83 52 
31 - 0 l. Oo 1. 0ci 1.1 2 . 95 4 8 

Sept . 7-1 2 +. 03 • i'iU • l '7 . Hl • .,5 47 
J ul . o-- 13 -+ .1 8 1 : 50 

·T;3_2 _ __ 
. 71 1. 78 60 

13- 20 -. 11 1. li4 1. 95 . 94 2 . 08 60 
20 - 27 -. 11 1. 56 1. 67 1. 36 1. 23 57 
27 - 3 - . 22 2 . OG 2 . 28 1. 62 1.41 55 

Pl ot 3 Au · . 3- 10 +. 08 2 . 04 1. i,6 1 . 113 1. 07 52 
Set 6 10 - 17 +. ;54 2 . 18 1. 84 1. 65 1.11 ::>4 

l '/ - 21 +. 08 2 . 2?. 2 . 14 2 . 22 . 96 55 
24 - 31 -. 53 1. 84 2 . 37 1 . 98 1 . 20 b4 
31 - 7 - .0 5 1 • :Jl 1 . 56 1. 12 1. 39 49 

Se,-Jt. 7- 12 -. 14 1 . 10 1. 2G . Hl l . n3 48 V\ 
- -- --------------- -------- - - - ---- ----- - ro 



Table 4. (Con d •) 

--r--- 2 
__ 3 ____ 

4 ---5 G '7 8 
Time Cha.r.,·e in Applica 1,10n Depletion i'rom ~o.nna.l Available 

Looat .ion Pe r iod Soil ,oisture pl·s Experimental Con s . .u:ipti ve Ue 1.1o 1 stu.r e in 
i, Root Zone Pr ecipitati on Ar ea ( Ue ) 'iiater Use -uc- hoot Zone 

( i. • ) I in.) Col. 4 - Col. 3 (Uc) (percei.t) 
\it. . ) ( i:1 . ) 

J ..il . 6 -1 3 +. '~O ., ') , 

'" •'"'1- 2 . ')4 ~--;;r-- 2 . 75 6;.. 
13 - 20 -. ,0 2 . •~o t..4i • )0 • tJ4 ~. Z8 64 
2J - 27 -. ,)4 2 . ,)0 2 . l) l.3ci 1 . ·r 0 62 

2 1- 3 +.Ob 3 . 10 3 . )5 1.G2 l.i!3 G2 
Plot 3 Au1;. 3 -1 0 +. 08 2 . ,)1 2 . 'I.~) 1 . 1i3 1 . ;-s2 60 
Set 7 l U-1 7- +. 12 3 . L 3 . J 7 1. 6b l . do 61 

1 1- 24 +. 02 3 . 11 3 . 09 2 . 22 1. 39 57 

24 - 31 -. :n 2 • ,4 2 . 9b l. ➔ 8 1. 49 57 
31 - 7 -+-.3o G . :-;7 2 . 0l 1 .1 2 1 . 7~ 57 

Sep t. '1-1 2 -. Ob 1. >~ l . •i7 . dl 2 . b 57 
Jui. 6-13 +.e l}! 3.:>4, 3 . SO • 74----4 . 73- - 66 

13- 20 -. 04 4 . ti6 4 . 70 . 94 b . 00 64 

20 - 27 +. 00 3 . 70 3 . •-l:O 1. 36 2 . i)O 64 
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