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EVAPORATION AS AN AID IN CALCULATING
IRRIGATION REQUIREMENTS
FOR CROPS

INTRODUCTION

The rapld development of irrigation throughout
America during the Twentleth Century has encouraged the
study of the economic use of water and the ways by which
water is lost.

Pioneers in the field of irrigation, until recently,
have been unable to determine scientifically the economi-
cal amounts of water necessary for projects with different
climatic cropping and soils conditions.

In the search for an accurate method for determina-
tion of the economical irrigation requirement or duty of
water, emphasis was placed on rune-off, percolation and
plant absorption, and only recently the evaporation of
water from a free water surface was suggested as an
accurate and simple indicator of irrigation requirements.

The huge water resources in irrigation areas have
only lately been developed, and experience has indicated
that less water may be delivered to the land than was
formerly thought necessary.

Knowledge concerning water movement into solls as
rain, snow or irrigation is rather 1neemplete.‘ Various

methods have been used to determine the amount of
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irrigation required by agricultural crops, and consumptive
use plays an important role in this problem.

The aim of the author 1s to make a comparison of the
Lowry-Johnson, the evaporation method, and the water
variation trisl for estimating irrigation requirements of

an aref.



HISTORICAL

Evaporation.

Conslderable work has been done on various phases of
evaporation. Perhaps the first studles were made by
perroult®®) 1n 1670, Da1ten(2®) 1n 1708 organtzea extste
ing knoviadgu of evaporation and announced his law, which
has been used as a basis for caleulating evaporation rates
based on temperature, altitude, vapor tension, and others.

As early as 1888, Fiﬁtg&rtlﬁ‘ae) stated that the
evaporation depends on the difference between the loss of
water at the surface, temperature, and the condensation of
water vapor taking place at that surface. This difference
is nuv‘eullod net evaporation. He studied the temperature
of the alr, the dewpolint, water vapor pressure, quantity
of water vapor in a cuble foot of air, total and relative
humidity, and the weight of air at verious pressures. As
& result of these studies he proposed the formulas

E 2 +114(Vev) + ,0012(Vev)2

He developed another formuls to be used when the water
surface ls exposed to the movement of the alr. The
formula was: w

B e Yox(ew).

In the above formulas: V means vapor pressure in the



atmosphere; v, vapor pressure in the water; and w, wind
veloclty.

Rusuoll“s)

studied the significance of variations in
the evaporation rate and derived a new formula which takes
into account the barometric pressure, but not the wind
velocity.

c.rponter(lg) carried on experiments, at the Celorado
Agricultural Experiment Station, on measurements of evapo-
ration from a free water surface of three square feet in
a sunken tank to determine the constant of Fitzgerald's
formula, In a later paper(ls) he reported that diminished
barometric pressure tends to increase evaporation.

Bigelaw(S) showed that if pans for evaporatlion were
buried in the ground they would absorb heat from the soil
and therefore show error in evaporation. Fortier(za)
used galvanized iron tanks 2 to 3 feet in dlameter and 30
to 36 inches deep, which were placed in the soil and filled
with water. As & result of these measurements, he con~
cluded that an increase in the temperature of 10° Fahren-
helt causes an evaporation increase of one inch per week.
He concluded that the evaporation decreased rather regular-
1y with the altitude. In another report (21) studying the
effect of evaporation on moisture content on solls, he

concluded that the evaporation from soils varies directly

with the amount of moisture in the top layer. Fortier
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worked also on the relation between tomperituro and evapo=-
ration and found that reducing the temperature from 88°F,
to 80%°.4F. decreased evaporation 20 percent.

Cameron and Gallaghor(ll) worked with solls of dife-
ferent levels of molsture content and under controlled
moisture conditions. They arrived at the conclusion that
after a certalin wetness 1s reached there 1s little increase
in water loss. Widtaoe(ss) after four years of experi-
mental work concluded that the evaporation of water from
bare solls increases as saturation of the soil is approached,
and the increase in loss is usually lerger than the
increase in soll moisture. In another paper (54) he
reported that (a) the higher the molsture content at the
surface the more rapld 1s the evsporation, and (b) the
loss by evaporation was 29 percent greater in uunlhinﬁ than
in shade.

Harris and Robinson(g4)

considered that one of the
important fietors influencing evaporation is the moisture
content of the soll or its initial percentage. In the
same report they found that slight changes in temperature
have a marked effect on evaporation. In 1917, Harton(zs)
aefalopad & new formula based on the equilibrium produced
by the rate of vapor emission and vapor condenaatioh to
the liquld surface. The formula 1s as follows:

E 2 C(PVev).
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In which P = [z-o"“("”’]; P % ; E, means evaporation
in inches per 24 hours; C, coefficient (0.4 for small areas)
V, vapor pressure of the liquid surface; v, vapor pressure
of the alr; e, base of Neperian logarithm; w, wind veloclty;
s factor of correction the wind; 4, depth of water in
evaporimeter; D, dlameter of evaporimeter in inches. Duytrn
considered that the evaporation from soils including
transpiration from vegetation is the primary source of
vapor in the atmosphere. He found that aqueous vapor is
added to the atmosphere only from points in contact with
the surface of the earth, so, the lowest layers of the air
contain the greatest absolute quantity of moisture.

King'®®) studied the color of the soil as s factor
influencing evaporation and found that dark soils absord
and raediate more heat. He concluded that the rise in teme
perature due to the dark color is the important factor.

Me Donald(ss) found that, evaporation depends upon the
temperature of the evaporating surface, the dryness of the
air, and the velocity of the wind. Bawio(v) stated that,
evaporation due to wind occurs by contact of the air with
the molst soll surface. Buckinghng(lo) showed that the
moisture escapes by diffusion and the less is proportional
to the square of the porosity.

Brigg and Shnnts(a’g) made measurements of transpira-
tion of various kinds of plants and found a close corre-

lation between transpiration and evaporation from free water



surfaces, alr temperatures, solar radiation and relative
humidity. They noticed that, evaporation continued at a
reduced rate during the night while transpiration stops.
In 1921, Hortan(27) used evaporation tanks of 6 and 8 feet
diameter and 24 inches deep. These extended into the soll
20 inches and were kept filled with water to the soll
surface level or 4 inches below the rim of the pan in
different latitudes and elevatlons, and the results were
tabulated.

uond(54) stated that, evaporation takes pkace from
moist surfaces or from water surfaces whenever such
surfaces are in contact with unsaturated air. Fishor‘lg)
and Koen(gg) show that the rate of evaporation is
practically constant at high moisture contents. Fishsr(lg)
stated that the molsture content at which the rate changed
was a characteristic for each soll and a functlon of the
surface. Koen(zg) came to the conclusion that the evapo-
ration 1s dependent upon the available surface, and the
vapor pressure in the molst soll.

Cumming and Richnrdson(ls) in 1927 developed a new
formula taking as a basis the first law of thermodynamics.
They did not take into consideration the wind velecity.

Air temperature and humidity entered into the calculation
only as & correction term having a relatively small average

value under California cenditioﬁs. This formula was:$



Eg HeS «C
+

In which E means evaporation in inches; H, difference
between incoming and outgeing radiation; S, heat stored in
the body of water; C, a correction factor for heat
. carried by flowing water and leakage of heat through the
walls of the vessel; L, latent heat of 'tter;'R, Bower's
ratio. Rohwor(45’44) observed the rate of evaporation
from different types of pans, and concluded that, wide
variations exist between various types of pans, and for
comparison the evaporation ratio of a type of pan and
larger water surface should be known. }

wilsan(ss) quoted the following paragraph in his
textbook:

"Experiments in England indicate that the amount of
evaporation from solls is about the same as that from
water. From sandy soll surfaces this was found to be 0.25
to 0.20 that from water. It was found that the mean
evaporation from water was 20.4 inches, and from earth
was 17.9 inches, and from sand 3.7 inches. Assuming
evaporation from water to be 1.0 the following values have
been obtalned: bare solls 0.6, sod 1.92, cereals 1.73,
and faroaﬁ l.51. Evaporation from ground covered with
forest leaves 1s 10 to 15 percent, and sand 33 percent,
when from bare solls it is 100 percent."”
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(1)

Baver indicated that evaporation from a free water
surface varles approximately with the square of the mean
monthly temperature in Fahrenheit degrees. In another
paper (2) he reported that a rise in temperature increases
the vapor pressure of water and the rate of evaporation

i1s enlarged.

Total Heat Units Method. For many years engineers
have used temperature data in estimating consumptive use

in erid end semiarid regions of the Weat(zs). Hbdko(es)
investigated the relation of consumptive use of water to
the quantity of heat avallable to the crop during the
growlng season, and concluded that, the use of iator is
directly proportional to.the heat available. Hedke used
the values 0,000423 as a earroiation factor between heat
units and consumptive use. He assumed in his work that
precipltation falling on the soill surface, evaporates
twice as rapidly as normal soil moisture.

Hookor(ss) suggested the value 0.00039 as the corre-
lation factor instead of the one determined by Hedke.
Lowry and Johnaon(sz) developed a method in which cone-
sumptive use 1s shown as a straight line relation, within
narrow limits, to accumulated daily maximum temperature
above 32°F. during the grdving season,
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Water Veriation Trials. Stevona(4e) used the Brigg

and Shantz data in estimating consumptive use by applying
the relation b etween transpiration and dry matter pro-

(52) made observations of

duced by crop yleld. White
ground water levels in an alfalfa fleld in the Escalante
Valley, Utah, and it showed & dilstinet lowering of the
water table during daylight hours and a recharge at night.
He observed a marked decrease in transpiration an,cleudy
days from that on clear days.

w1dtaoo(55) worked on field plots with a water table
75 feet below the surface. He measured the water used
for 14 crops during 10 years and found that the yileld
increases rapldly to a certain point with the increase of
total water used, and then decreases or increases very
slowly with further increases of water. The peak value
(31) ahed
9 crops divided into two groups, those producing good ylelds

was consldered as the consumptive use. lewils

and those of average yleld. He found that 7 grain crops
and potatoes uied less than 2 feet per acre, alfalfa and
clover used the largest quantities. Israelsen and Winsor
(28) found that the quantities of water necessary to suger
beets, potatoes and alfalfa were 2.5, 2.0, and 2.8 acre~
feet per acre respectively.

Powers has made systematlc soll moilsture studies of

(42)

soils and water variation trials for 31 years » he
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found values from l.4 to 2.0 feet for 4.1 to 5.2 ton per
acre of alfalfa and a little less for clover. He found
an average use of 21,03 inches per acre for dairy pastures
at the College Farm, Corvallis. Experiments with the
Willamette Valley floor indicate an average of 12 inches .
as the economic net duty of water per annual crop and 18
to 24 inches for meadow orepu(‘z). He concluded that the .
net weighted duty for good irrigsble soils in the valley
floor is approximately 18 inches to each 40 acres, if half
of the farm is in meadow. sy

Dean(le) working on Umatilla solls found that the
finer textured solls require 30 inches for alfalfa, and
the economic duty of water on loamy sand was found 5 to 6
feet in season for alfalfa and 2 to 3 feet for annual crops
with an average duty of 4 to 4.5. Powers anmi Levis(42)
working in Malheur County near Warm Spring project area
found an economic net duty of water of 30 to 48 inches.
Powers and thnstan(sv) found a welghted economic duty of
30 inches for the Klamath project on loamy fine sand. At
the Harney Field Station 1t was found (42) that 18 inches
on the field gave the maximum yleld.

Other Methods. In attempting to find an accurate

method, much work has been done. Blaney and co-workers

(4)

- by studlies made in 1931 demonstrated the adaptability of



the evaporation pan as an index in estimating evapo-
transpiration losses from molst areas. In a swamp area
in California, by growing tules in a large tank, he
demonstrated that the percent of consumptive use with
reference to evaporation from an exposed Weather Bureau
pan was 895 porcent.(sl)

'Blaney, Taylor and Ybung(e) used the integration
method to determine the consumptive use of various types
of crops, native vegetation and native habitat of plants,
The rates of use so determined were welghted by the area
devoted to that type of use within the studied area or
valley to obtain the total consumptive use and weighted
average use, Young and Blanoy(sv) indicated that the
consumptive use by native vegetation with an ample ground
water supply may be considerably greater than precipita-
tion in semiarid regions, They stated that the evapo~
ration from a water surface may be used as an index of
the consumptive use,

Blaney and Mbrin(b)

by plotting average annually
observed data, varylng from 12 to 14 years, found the
relation between temperature, humidity and evaporation,
From the curve they developed the following equations

Ep, 2 0,00167 T (114-H)

In which E; is annual evaporation in inches (0.7
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times observed U. S. Weather Bureau Class A pan); T,
snnusl mean temperature in degree Fahrenhelt; H, average
relative humidity in percent. Then, by introducing a |
factor of evaporation force (heat) which was obtained by
multiplying the mean monthly temperature in degrees Fahren-
heit by the monthly percentage of annual daylight, the
former formula became:

E =k (tep)(11l4~h) and for t.p = £ the formula
was transformed to:

E = Kf(114~h)

In which K 1s equal to the monthly coefficlient
varying with the type of pan or water surface.

Thornwhite and Hblsmnn“g) have developed a method for
determination of evaporation and transpiration. They
observed the vapor pressure gradient between two different
levels in the atmosphere. In another report(so) they
found that, the evaporation from molst soils may be more
rapid than from free water surfaces. Increased surface of
the soil particles present larger evaporating surfaces.
Thornwhito(47) suggested that, in order to evaluate the
moisture factor in climate, the molsture supply must be
compared with the water needs or the potentlial evapo-
transpiration ratio. When the precipitation is deficlent
there 1s drought; when the precipitation is in excess of

the need, the surplus goes to recharge the water table,
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and produce run~off.

In another paper(48) he noticed that, in some areas
nearly all of the precipitation enters the soll, while in
others only a very small percentage reaches the subsoil
before being evaporated. Indices of effective precipita-
tion are more satisfactory than total rainfall., He
developed an Index of preqipitation effectiveness based
on the fact that evaporation and transpiration increase
with increases in temperature. Thornwhite's Index was:

1
11?{? )‘1? where P and T mean precipitation in inches,

and temperature in degrees Fahrenhelt respectively.
criddale’?) workea in Idaho with several experiments
to calculate the water requirements of crops. He took
as a basis climatologlcal data and found that: (a) cone
sumptive use varles directly with the temperature,
available sunlight hours, and the length of the growing
season. (D) normal precipitation during the growing
season is enough to take care of the consumptive use by
crops in Idaho areas. In his report he used the formula:
U = F.k«R
In which F = %35 and U, consumptive use in feet depth;

F, index for consumptive use during‘the growing season; K,
consumptive use coefficlent; t, temperature in degrees

Fahrenhelt; p, percent of daylight; and R, rainfall in feet.



EXPERIMENTAL

Methods:

In this thesis a comparison is made befvoon:

(a) Lowry-Johnson method,

(b) Evaporation methed, and

(¢) Water Variation Trial method.

The procedure followed is based on a comparison of
the first two methods with the results obtained by the
water variation trial methed, using data from Oregon and

Venezuela field station.

15

The Lowry-Johnson method, also known as "Heat units

method”, is found by multiplying the meximum daily
temperature of each month above 52°F. by the number of
days in the growing season. The total number of heat
units sccumulated is referred to the Lowry~Johnson curve
where the consumptive use 1s indicated on the vertical
axis and heat units on the horizontal axis. For this
method the mean maximum dally temperature for a period
ranging from 9 to 57 years were used. The average mean
monthly maximum temperatures are summariszed in Table No.
2. ,
The Evaporation method, consists in measuring the
leoss from an open tank filled with water, making allow-
ance for various positions and shapes of tanks by intro=-

ducing comparable factors for each type of tank.
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The Water Varistion trisl method, consists in the
determination of the quantity of water that gives the best

yield of the varlous crops tested growing in fleld plots.
NMolsture is measured by taking soil samples before and
after each irrigation. The moisture equivalent and
moisture content are determined, to ¢ alculate the useful
soil moisture capacity.

The meteorological data were taken from Corvallis,
Moro, Pondleton, Harney, Warm Spring Reservolr (Malheur
County), Klamath (the evaporation measured at Tulelake),
and Medford in Oregon and Guataparo, Suata and Never{ in
Venezuels.

The data from these statlions are summarized in Table
No. 1 and Table No. 2 as used for the methods in this
thesis.



TABLE I

GROWING SEASON, PRECIPITATION AND EVAPORATION

Eleva-
Station tion CGrowling Season

Oregon' Feet MNo. Date Mo. Date
Corvallls 226 April 1 Oct. 1
Noro 1838 May 3 Oct. 15
Pendleton 1495 May 3 Oct. 5
Harney 4139 June 7 Sept. 3
Warm

Spring
Resery. ©O910 lay 20 Sept. 20

(Malheur)

Hermiston 624 April 24 Oct. 9@
Tulelake 4055 May 23 Sept. 17
Medford 1425 May 6 Oct. 14

VQngsgp;ga

Guataparo 1500 Nov. 1 to March 31

Suata 1600 Deecs 1 to April 30

Never{ 10 Jan. 1 to Dec. 31
1

and its branches.

No. of
Days

184
165
155

123

163
117
161

151
151
565

Total
Evapo- Precipie
ration tation

Inches

2843
39.3
32.5
23.9

40.0

36.4
23.1
34.0

30.5
27.3
51l.2

Total

7.95
2.87
3.24
1.15

2.11

2,07
2.70
4.45

5.06
4.00
1.16

Oregon data were supplied for Ore. Agr. Exp. Station

2 Venezuelan data were taken from Unpublished report

about those Projects.
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Length of
Stations Year
Oregon
Corvallls 52
Moro 25
Pendleton 57
Harney 9
Warm Spring 25
Hermiston 41
Tulelake# 51
Medford 37
Venezuela
Guataparo 40
Suata 40
Neverf 40

TABLE II

MONTHLY TEM?ERATUHE - PRECIPITATION AFD EVAPORATIOﬁ

MEAN MONTHLY MAXIMUM TEMPERATURE

Jan. Feb. Mar. Apr. lay June July Aug.

- > - 7B

- - - 5903

’ - - -

3402 88.5 8906 -
95.0 95.4 96.2 98.2
91.0 93.2 94.3 95.9

75.2 83.0
71.0 77.0
72.5 78.2
- 76.2
70.8 79.5
78.3 83.9
61.9 74.4
75.5779,2

- -
. B3

e -

88.4 88.6 85.0 72.3
85.0 84.3 75.7 63.5
88.9 87.2 78.0 67.1
88.0 85.0 73.1 =~
89,1 87.4 77.3 =
93.1 90.4 8l.5 68.5
85.5 84.7 76.9 =
88.6 86.4 83.1 69.4

Sept. Oct. Nov. Dec.

85.5 8809
- 92.1
95.4 94.1

81



Stations
Oregon
Corvallis
Hero
Pendleton
Harney

Warm Spring

Hermiston
Tulelake®
Medford

Venezuela

Guataparo
Suata

Never{

Length of
Year

38
25
57
16
42
41
51
37

40

40
40

TABLE II (Cont.)

Jan. Feb. Mar. Apr. May June

2.56 1.88 1.14

0.74 0.65
«26 .98
- «68
«24 1.0
53 55
«91 W72

1.31 1.17

PRECIPITATION IN THE GROWING SEASON

July Auge.

0.28 0.43
<18 .21
«41 52
«20 .23
«30 19
«16 27
«27 25
+29 .16

1.57

«67
«89
04
«38
33
«58
.68

0.09

«42
.18

«19

-84

-
- £

-

Sept. Oct. Nov. Dec.

2.66 1.17
&l N
2.47 .91

6T



Iength of
Stations Year

Oregon
Corvallls
Moro |
Pendleton

Harney
Warm Spring
Hermiston
Tulelakes
Medford
Venezuela
Guataparo

Suata
Never{

This table represents
The blanks represent the mont
The months marked 0O
# Temperature was measur

35
34
16
20
21
31
22
11

10

10
10

TABLE II (Cont.)

EVAPORATION IN THE GROWING SEASON

Jan. Feb. Mar. Apr. May

- - b 5.0 405

“ - - - 4.9

- - - - 2.8
sl - - 01 602

- - "' * . 4.7

508 609 803 -~ i

Be3 5.3 Ted 5.4 =~
9.1 8.6 9.1 9.0 =~

June July Aug. Sept. Oct. Nov. Dec.

5.1
79
6.3
6.5
Se1
7.7

6.3
6.8

6.0
10.0
8.7
2.1
12.6
9.6
6.7
8.9

means no evaporation or prec
ed at Klamath Falls.

6.1
8.8
79
7.8
1.0
7.9

6.0
7.7

3.8
5¢3
4.7

-]
4.5
4.9
2.6
4.8

1.4

growing season.

4.6 4.9

e 309
7.5 7.9

the weather condition during the growlng season only.
hs outside of the

ipitation was recorded.

Elevatim

266
1838
1495
4139
3310

624
4085
1425

1500

1600
10
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Computations.
With the avallable data, maximum daily temperature,

precipitation, evaporation from pans, and net duty detere
mined by water variation trials method, in various
sections of Oregon and Venezuela, the calculation for net
duty of water and irrigation requirements were made %o
check against those data already obtained by the water
variation trial plot method.

The average maximum daily temperature above 32° F.
was determined for each station end each month or fraction
thereof during the growing season. The growing season 1is
the length of time between killing frosts. The product
of the mean dailly temperature above 32°F., multiplied by
the number of days of each month or fraction, is the total
number of heat units for each month. These products are
added to find the accumulated heat units in the growing
season. The total number of heat units accumulated is
then checked on the Lowry-Johnson curve. Thils c¢urve has
as 1ts vertical axls consumptive use in feet of water, and
as the horlzontal axis the accumulated heat units in
thousand degrees Fahrenhelt.

The result for each station is summarized in Table
No. 3.

The evaporation data were tabulated. These data were
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corrected to measure the evaporation losses from large
surfaces of water, and they were considered to be equal
to the evaporation losses from solls, and the transpira-
tion losses from plants. The factors used were 0.77

(58) and 0.83 for a

for U, S. Weather Bureau Class A pan
sunken tank.

The precipitation data for each station were corrected
for arreetivo'proelpitution and deducted from consumptive
use found under Lowry-Johnson and evaporation methods.

The effectiveness of the precipitation for each station
was considered by oamparisbn among the temperature, evapo-

ration, soll water holding capacity and texture.

Soll Characteristics.
The humid solls of Willamette Valley are Chehalis

loam and Willamette silty clay loem with good water holding
capacity. Newberg and Chehalls series are found in the
river bottom and Willamette loam or silty loam in the
Valley floor (53). Soils used at Moro are mostly Walla
Walla silt loam with good water holding capacity. At
Hermiston the solls are of low water holding capaclty, low
in erganic matter, and of sandy structure ranging from
fine sand to medium sand. They are of open structure and
rapld percolation, so, the precipitation result with
little effect for crop.
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In the Pendleton area, the solls are Walla Walla silty
loam, but of little fertility. In Klameth project, the
soils are sandy loam on slope, with basaltic subsoil., The
run-off is great and very little quantity is taken in by
the soil. fho soille at Warm Spring and Harney Branch
Station are good, with relatively good water holding
capacity. These soils belpng to the Wingville silty loam
series for Harney Station, and the Warm Spring solls are
loam.

Venezuelan soils are fairly good with high water
holding capacity, high organic matter and calcium content.
These solls are mostly loam to silty clay loam (Maracay
and Valencia series) with good drainage, plastic clay
subsoll (39,40). The soils in Guataparo project were
developed from lacustrine and stream alluvium. The parent
rock is mostly serpentine with veins of quartz. They
were developed under moderate rainfall and high tempera~
ture, 73.1° F. being the mean annual temperature. They
present differentiated horizons with vearlious stages of
maturity or develcpmant.(sg)

Solls of Suata irrigation project were developed from
conglomerates and mica including serpentine. Scil profile
development 1s not so sharp. In a limited area, the soils
show compact accumulation in the B-=horizon. The climato-
logical conditions in which these solls have been developed
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are moderate rainfall and high temporuturo.(éo)

Solls of Neverf irrigation project are: (a) recent
river bottom, (b) old valley filling and, (c¢) residual
hills. Amount of bottom land is subjected to innundation.
The soils are higher in clay, darker and richer in organic
matter. Soil profiles are slightly leached. They are
good clay loam soils, the temperature 1s extremely high
most of the year; the evaporation is also very high.ﬁ

Estimated precipitation efficlency.

When the soll surface is saturated following a heavy
rain, evaporation is very rapid, perhaps more rapid than
from a free water surface. An accurate method has not
been found for correcting the total rainfall for evapo-
ration losses, run-off and deep percolation. Allowances
have been made in this thesls in estimating the effective
precipitation. These allowances are based upon the
amount of avallable molsture held in each foot of soil
depth, and the temperature. It is belleved that this
assumption based on the wetted depth of soil and usable
moisture of soil 1s the most satisfactory approach to

effective precipitation.
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The estimated efficlency for each station was as follows:

Stations Estimated efficiency
Corvallis 80 percent
Moro 80 "
Pendleton 65 "
Harney 80 i
Warm Spring 80 "
Hermiston 50 »
Klamath Project 60 .
Med%ogg 80 .
aparo 65 "
Suata 60 .
Never{ 55 ¥

Once the effective precipitation is lkmown it is sub-
" tracted from the consumptive use to find the water require-
ments of the crops. The results for each station are
found in Table No. 3 in column 8 and 12. Then, to the
water requirement was added a percentage for deep perco=-
lation and other minor losses occurring in the delivery of
water to the land.

When the crops are deep rooted the percolation 1s
kept at a minimum. For many crops the root depth is so
shallow that more water 1s required to obtain full irrige-
tion coverage. Allowances for these losses were made
according to the type of soll where water variation trials

had been made. The factors used ares
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Stations Deep percolation losses
- fi percent .
Corvallis 20
¥Moro 20
Pendleton 35
Harney 20
Warm Spring Rsv. 20
Hermiston 50
Klamath Project 40
Eb%%ogg 20
aparo 25
Suata 30
Never{ 30

To these results were added new allowances for
canal losses estimated to be an average of 30 percent.
The result is the "Gross Duty", which is the quantity
that should be diverted from the stream or roaarvoir.(ss)

The distribution of the net duty found by the three
methods during the growing season was made according to
the distribution of the evaporation in that peried. The
results obtalned for Corvallis were plotted, and the
curves shown in Pig. No. 1 were obtained. The accumu-

lative distribution was shown in Fig. No. 2.



TABLE III

COMPARISON OF METHODS FOR ESTIMATION OF IRRIGATION REQUIREMENT

Growing Tot.

Stations E%ov.&oalan Days
n

Feet Dpate
Oregon .
Corvallis 2ae;§zgio/1 184
1838 5/21015 165
Pendleton 1495 55105 155
Harney 4139 6/7-9/3 88
Wnnﬁpr1n§$510k§£9~aéb 123

(Malheur) ,
Hermiston 624 4£9-100 163

Tulelake 4055 5/23-947 117

Medford 1425 EVB-1044 161
Venezuela

Dry Season
500 TI/T-7AL 151

1600 12A-4/51 151

Moro

Suata

Never{

Tot.
Heat

9202
7490
7545
4519
6245

8549
5567

7951
8320
9568

Lowry-Johnson's

Method

Cons. Eff.
Use Pre- Reg.

27.2
24.0
24.2
18.6
21.7

26.0
20.5

24.9
25.7
27.9

10 11/4-31/4 181 11,186 30.8

cip.
6.38
2.29
2.11
0.92
1.69

1.03
l1.62

3.56
3430
2.40
0.64

Wat.

20.8
21.7
22.0
17.7
20.0

25.0
18.9

20.3
22.4
25.5
30.2

# These data were estimated. At Moro, 4ry

estimated.

Evaporation

Method

Ine-
ches

Cor-
rec-
ted
28.3 21.8
393
32.5
23.9
40.0

36.4
23.1

34.0
30.5

27.3
51.2

303
25.0
18.4
30.8

28.0
17.8

26.2

25.0

50.0
33.0

25.4
2345
21.0
30.4

34.5
42.5
43.1

farming method

Wat.
Reg.
15.4
28.0
22.9
17.5
28.1

27.0
16.2

22.6
20.2

18.6
38.8

is used. In Never{ was

Net Duty of Water
by Field Plot

Seoill Est.
Used Prec.
Eff.

'Hetlin-
Du- ch~
ty es

19.3 18 Willamette
: Hrj SCGOLO
35.5_56*?&11& Walla
; olis
55.2;56 Walla VWalle

80

80
i BT 65
21.9 20 Wingville
811t Ioam 80
35,1 36 lLoam Soils 80

54.0 56 Aphrete Loamy,

27.0 30 Surprise
Sandy Loeam 60

28.3 30 Meyer Clay Adcoe 80

3l.1 30 Haracay Silt
Celis 65

31.1 30 Valencia Sands
Loam 6

55.4 56%BarcelmaCl.L 55

5
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DISCUSSION OF RESULTS

The best indicator of water requirement for crops was
considered the water variation trial plots method, because
it follows cleosely the changes in the molsture content of
the soll indiecating the water used by the crops and lost
by evaporation. It 1s also an indicator of the actual
amount of moisture in the soil under optimum growing
conditions of the crop.

The evaporation method gave results that closely ap~
proximated those of the water varlation trial. The
curves in Fig. 1 and 2 show small differences in the
results of these two methods which are almost negligible
under practical conditions.

. The curves plotted from the data caleulated under
the Lowry-Johnson method gave somewhat different values
as compared with the method outlined above. At the
Stations of Corvallis, Harney, Klamath Project in Oregon
and Guataparo and Suata in Venezuela, the net duty of
water calculated by heat units gave larger results than
the comparative data from water variation trial plots.

At the other stations studied results were smaller as
compared with the water variation trial method. The cone
sumptive use under the Lowry-Johnsen method is determined

for average conditions and sometimes it has been found
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that in reglons with the same number of heat units there
are differences in consumptive use. These differences are
mainly due to humidity, length of the growing season, type
and distribution of the crop and many other factors.
Another cause of variation is the necessity of correcting
the result from the curve, because it represents the con-
sumptive use for a full 12 months period and also includes
water losses by bare solils and native vegetation, which
results in higher irrigation requirements. Consumptive
use caleculated by Lowry-Johnson method is "valley consump=-
tive use"” and not "farm consumptive use”.

A correction factor may be used for calculating the
irrigation requirement for the cultivated area.

. The 4if ferences between the evaporation, the Lowry-
Johnson method, and the water variation trial, is partly
due to the difficulty in oitimnting the effectiveness of
the precipitation, and also in values given to take care
of the losses by deep pe:eolation in certain soils, which
require large heads of water for irrigation. 1In the
water variation trial, precipitation and deep percolation
are already considered when the net duty 1s found. For
example, when 1t is saild a nét duty of 30 inches is re-
quired for a certain crop, then, this means that under

average climatologlecal conditions and with a knowh type of



soll, this crop used 30 inches including the effective
precipitation and deep percolation losses, 1f any.

In the determination of net duty of water by varia-
tion trials, the study of the percolation and depth of the
water table is of considerable importance in the accuracy
of the results obtained.

The efficiency of the total precipitation depends
upon the season of the year, frequency of storms and their
intensity, type of vegetation, the slope of the ground,
and character and condition of the soil, besides the
climatological conditions. Allowances have been made in
calculating net duty in the Lowry-Johnson method and
evaporation method as shown under the column of the Table
No. 3 headed "Estimated Precipitation Efficlency”.
Accurate determinations of efficlency were not possible
because of the many variable factors involved,_aueh as
variations of soilg and relatively small areas, lack of
accurate eqyipmont, personal error, uneven distribution
of rainfall, variation of fertility level and differences
in the cropping system followed.

Evaporation and Lowry-Johnson method may be used in
the field, but experimental work should be done to
determine as accurately as possible the water losses by
percolation, and addition of water by\procipitation or

from the water table. This work should be done on
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experimental plots. The lack of precision in these methods
does not vold them, but on the contrary, they provide an
easy way to calculate the water necessary to irrigate an
area. |

Figure No. 1 shows the distribution of water during
the growing season. Evaporation 1s considered the more
comparable to the water variation trial curve. The use of
this method with the allowances stated, will give more
accurate results in those regions where evaporation data
are available.

In the Lowry-Johnson method the crops sre a corollary
to the number of heat units. In the application of this
method %o a particular location, careful consideration
must be given and proper correction made for differences
in consumptive use, which may arise from irrigation
practices, crop types, etec. The net duty caleculated 6n
the basis of relative pan evaporation was more satisfacte
ory, but temperature records are available nearly every-
where and the effective heat method has a correspondingly
wilder fileld activity.
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CONCLUSION

1. The water variation trial on representative plots
is considered the most appropriate indication of the
quantity of water to be applied to meet the irrigation
requirements of crops. Thls system takes much time and
labor, but it is well adapted for obbtaining reference
data. However for practical considerations it 1s too
laborious and time consuming to employ in larger areas.
This is mainly due %o var;atlona in climate, altitude,
soil topography, methods of irrigation and crops grown.

2. The Lowry-Johnson method presents a fair comparl-
son to the water variation trial method. It 1s more
usable because of the availabllity of the data used in
its ealculation. Maximum dally temperature and preclplita-
tion are used for calcnlation, and are found nearly every-
where. Correction factors should be introduced to adapt
it to the region under study.

3. Evaporation is an expression of the combined
effects of the drying capacity of the atmosphere. The
losses of water from soll and plnnta»ara compared with the
evaporation from an open water pan. Evaporation 1s used
as an indicator of these losses, and has been found the
best general indication of the farm consumptive use in any
region. The meteorological condition influencing
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evaporation from water surfaces likewise affect transe
piration from vegetation and evaporation from soils. The
relation between evaporation losses from free water
surfaces and consumptive use is not always constant, but
it provides a means of making an approximate estimation
of the consumptive use and an approach to net irrigation
requirements as determined by long continued water varia-
tion trials.
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