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FOREWORD

Irrigation is practiced in different parts of Texas under various climatic
conditions. 1In the far western portion of the State, irrigation supplies almost
all of the water used by crops, while in the State's central region a signifi-
cant part of crop water requirements is derived from rainfall. Rainfall on the
eastern section of the State is sufficient for crop production most of the time,
but crop yields are often assured through the use of "insurance'" irrigation: dur-
ing infrequent critical dry periods of a few weeks durationm.

This bulletin presents information on the water requirements of plants re-
gardless of whether this water is supplied by precipitation directly, or by
irrigation. The values given herein are not the amounts of water which are
to be applied to the land, or pumped from a water supply source, to achieve
agricultural production. Diversion amounts and field application volumes are
dependent upon the soil characteristics, canal losses, deep percolation, and
variations in times and amounts of rainfall., All these factors have to be
considered in determining the amounts of water to be diverted from a supply
for irrigation.

In order to determine the amount of irrigation water to be applied to the
land, it is necessary to know the water requirements of plants. This bulletin
presents the fundamental data of these water requirements of plants for use in
water resources planning. Subsequent publications will describe studies of
effective rainfall, irrigation efficiencies, and total diversion requirements.

TEXAS BOARD OF WATER ENGINEERS

0. F. Dent, Acting Chairman
November 23, 1960
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CONSUMPTIVE USE OF WATER

BY MAJOR CROPS 1IN TEXAS

ABSTRACT

The study that resulted in the publication of this report was undertaken
in order to obtain fundamental data of the average amounts of water used con-
sumptively by agricultural crops, grown under favorable conditions including
a full water supply, and thus to fulfill partly the need for information re-
quired for use in estimating the water requirements for irrigation.

The results published herein are estimates of average consumptive-use
amounts for 12 major crops and crop groupings, and are tabulated by months
for the respective length of growing season for each crop in each of 24 areas
of major production in the State.

A method for estimating consumptive use of water by crops was developed
by the Board of Water Engineers and used for the computation of the estimates
tabulated. The TBWE (Texas Board of Water Engineers) Method is a procedure
of relating experiment consumptive-use data to a composite relation of air
temperature, dew point temperature, wind movement, and solar radiatiom, to
obtain constant ratios or use coefficients for specific periods of time which
vary with respect to length of periods and stage of development of vegetal
growths.

The experiment data used were published consumptive-use amounts deter-
mined for crops grown in Texas, California, and Arizona. A composite relation
of the aforementioned climatic data was used to compute average values for all
areas of the state for the period 1946-55. These average values are called
CLIMATIC-INDEX numbers. These numbers were used in conjunction with the use
coefficients derived from the basic studies to compute estimates of monthly
consumptive use by specific crops in each area of the $tate.

The estimated consumptive-use amounts for specific crops, as computed by
this method, vary from place to place directly with the climatic-index number
only.

These data provide a basis for estimating the monthly water requirements
of plants on an average for production of agricultural crops in all areas of
the State; and thus provide a basis for estimating amounts of water required
from a source for irrigation when used with information describing amounts of
rainfall effective in supplying the water requirements of crops, soil moisture
available to crops, and losses involved with the distribution and application
of water for crop use.



CONSUMPTIVE USE OF WATER.

BY MAJOR CROPS IN TEXAS

INTRODUCTION

The quantity of water required for: the production of agricultural crops
under irrigation must be known and inventoried in planning agricultural water-
supply development.

. This report presents estimates of average monthly depths of water used
consumptively by major crops grown in Texas under conditions favorable to the
production of agricultural crops, which includes a full water supply. Also
included is a description of the TBWE (Texas Board of Water Engineers) method
which has been developed for and used in the computation of these estimates of
consumptive use. The values which are given for the water used consumptively
by each crop are based on reliable data available at this time and are. recom-

mended for interim use until more extensive and precise data are obtained.

The estimates appearing in this report represent water requireméntsiof
plants only and not the gross amounts of water necessary for diversion from a
surface or underground source to supply these plant requirements. Gross diver-
sion requirements include consideration of many variable factors; such as canal
losses, soil type, and method of water applicatiom, in addition to the watef
requirements of the plants. . However, the water requirements of plants . consti=
tute the fundamental data used to develop estimates of quantities of water to
be diverted for irrigation and are presented herein for this purpose.

ACKNOWLEDGEMENTS

All individuals and agencies, private and. public, who have participated
in the observation and collection of basic data related to the subject of this
report are to be commended for their contributions. Particularly acknowledge-
ment for assistance in the collection of basic data and in the interpretation
of that data directly related to this report is given to:

The late Mr. Richard D. W. Blood,,State‘Climatologist; U. S. Weather
Bureau, Austin, Texas. T S

Mr. Dean W. Bloodgood, Retired Irrigation Engineer, Board of Water
Engineers, Austin, Texas and former Irrigation Engineer, U. S.
' Agricultural Research Service. ' ' ’ :

Dr. Morris E. Bloodworth, Professor of Soil Physics, Department of
Agronomy, A. & M. College of'-Texas. ; )
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U. §8. Study Commission-Texas, Irrigation Collaboration Group: Mr.
Paul T. Gillett, Chairman; and members from the U, S, Bureau
of Reclamation, the U. S. Soil Conservation Service, the State
Soil Conservation Board, and the A, & M. College of Texas.

Mr., Tor J. Nordenson, Chief of Hydrologic Investigations Section,
Hydrologic Services Division, U. S. Weather Bureau, Washington,
D. C.

Mr. Robert V., Thurmond, Portland Cement Association, Austin, Texas,
(Former Associate Planning Engineer, Texas Board of Water Engi-
neers, and former Irrigation Engineer, Agricultural Extension
Service, A, & M. College of Texas.)

PERSONNEL

Preliminary planning and inception of a report on consumptive use of water
by, and irrigation requirements of, major crops grown under irrigation in Texas
is credited to Robert V. Thurmond, working under the direction of McDonald D.
Weinert, former Ch1ef Englneer. : : »

This report was prepared in Engineering Services, Board of Water Engineers,
under the general supervision of John J. Vandertulip, Chief Engineer, and Seth D.
Breeding, Chief Surface Water Engineer, by the Surface Water Division-Hydro- « -
logic Section for use by the Planning Division and is based on a method for
consumptive-use determinations developed by Lou1s L. McDaniels, Acting Chief
of the Hydrologlc Section. , ’

The Data Processing Division, directed by Ivan M., Stout, assisted Mr.
McDanieIé by performing extensive computations and preparing listings in tests
of several accepted methods in preliminary studies prior to the development of -
the objective TBWE method for ¢omputing consumptive use of water by major crops
grown under favorable conditions of avallable water,

DEFINITIONS

Terms used in this report to describe the method employed and to identify
the relationé and factors expressed are speeifically defined, as follows:

CLIMATIC INDEX is a number expressing a comp031te relation
‘of four climatic factors--air temperature, dew point
temperature, wind movement, and solar.radiation--as
expressed by plate 2 in the USWB (U, S. Weather
Bureau) Technical Paper 37 l/ which in turn is based
on Equation 14 in the USWB Research Paper 38 2/,

1/ kohler, M. A., Nordenson, T. J., and Baker, D. R., 1959, Evaporation
Maps for the United States: U. S. Weather Bureau Tech., Paper 37.

2/ Kohler, M.‘A.; Nordenson, T. N and Fox, W. E., 1955, Evaporatlon
from Pans and Lakes: U. S. Weather Bureau Regearch Paper 38.

|



Equation 14 was derived from evaporition research studies

at Lake Hefner 3/ and at Lake Mead 2/,

CONSUMPTIVE USE is the depth of water, in inches, removed’f

from a vegetated area by evaporation of moisture from
soil surface, by evaporation of intercepted water from
plant surfaces, by development of plant tissue, and by
transpiration from vegetal growths. (Literature con-
taining discussions of consumptive use of water by
vegetation, evapotranspiration, and irrigation require-
ments of agricultural crops is quite voluminous. In
lieu of many specific citations, a selected bibliogra- K
phy is presented at the end of this text.)

USE COEFFICIENT is a number expressing the ratio of a CON-

The above

SUMPTIVE USE amount to a CLIMATIC.INDEX.

terms are used in abbreviation, as follows: IC (CLiMATIC INDEX),
UC (CONSUMPTIVE USE), AND KU (USE COEFFICIENT). o

GENERAL DISCUSSION .~

Divisions of the State

The State was divided into eight areas (see figure 1 appendix A, page A—3)

to form major land-resource divisions based on a complex characterized by simi~
larities of vegetation, soil, climate, and water availability.

These eight

areas were further divided into 24 smaller areas (see figure 2, appendix A,

page A-4) on a

. The" following besic crops and erop groups. are: those for which consumptive-

similar but more refined basis.

Crops and Crop Groupings»

use amounts are presented‘

Alfalfe Orchards, Pecan

- Corm 3 L Peanuts: -

. Cotton e .=y - Rice- -
Grains, Small @ e ... Sorghum, Grein
Orchards, Citrus - .- - .- Vegetables, Deep-Rooted

. Orchards, De61duous Fruit

3/ U 'S, Geologlcal Survey, 1954 Water Loss Investigations., Vol.
Lake Hefner Studies: U, S. Geol. Survey Prof. Paper 269, :

4 y. s. Geological Survey, 1958, Water Loss Investigations?

Studies: U. S. Geol. Survey Prof. Paper 298.

Vegetables,ﬁShallow-Rooted .h

1--

Lake Mead ”



Included under deep-rooted vegetables, are the following:

Beans Peas

Beets Peppers
Cantaloupe Pumpkin
Carrots - Squash

Chard Sweet Potatoes
Cucumbers Tomatoes
Eggplant © Turnips

Okra "~ Watermelons

Included under shallow-rooted vegetables, are the following:

Brussels Sprouts : . Onions
Cabbage Radishes
Cauliflower ' Spinach
Celery Sweet Corn
Lettuce ‘

Consumptive-use amounts for five of the major crops (alfalfa, corn, cotton,
small grains, and grain sorghum) are shown for all areas of the state for pur-
poses of comparison and reference. For other crops, these amounts are given
for areas of major production only.

Three of these crops were used as a basis for determining consumptive-use
amounts for certain other crops. Consumptive use of water by perennial pasture
was based on amounts shown for alfalfa; by leguminous fertilizers (used as soil

conditioners) on amounts shown for small grains; and by silage sorghum and. by
forage sorghum on amounts shown for grain sorghum. :

Crop Seasons

The variations in the climate and the habits and practices of farmers and
agriculturists in Texas, from year to year and from area to area, necessitated
the selection of uniform planting dates and length of growing season for crops
in each area for use in this report. These selections, which use the first day
or the sixteenth day of a month as starting dates for crops, were made on a
practical basis from areal information to minimize the variations.

The average planting date in each of the 24 areas and the length of grow-
ing season for each crop in this report was based on field reports (except for
shallow-rooted vegetables) from Agricultural Experiment Stations of the A. & M.
College of Texas, and data revealing the physiology of plants which were col-
lected and furnished by Dr. Morris E. Bloodworth. These dates and lengths of
growing seasons are shown on figure 4 (appendix A, page A-6), For the shallow-
rooted vegetable group, the one exception, one or more 3%-month growing seasons
were indicated in the field reports. The lack of basic data on consumptive use,
and the variations in planting dates and length of growing season for crops in
this group were the reasons for the use of a 7-month season for shallow-rooted
vegetables. This 7-month period generally spans the season characterized by
staggered plantings and harvests of mixed combinations of vegetables in this
group.

/
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‘Methods of  Estimating: Consumptive Use

The need for knowledge of the consumptlve use of water by maJor crops and

native vegetatlon has been the incentive for extensive research and experiment.

This need has been the stimulus for the development of methods for extrapolat~ -
ing the experiment data to other areas and different climatic regions. Recog- .
nizing that atmospheric phenomena, in addition to soil conditions, affected

the growth of plants and their use of water, scientists have related research
and experiment data to climatic data as a vehicle for use in estimating the
consumptive use by crops in other areas. The sensitiveness and the objective-
ness of these methods have been controlled by the type, the quantity, and the
extent of the climatic: data available. The number of atmospheric phenomena
which comprise our climatic data recorded at meteorologic stations are few:
with respect to area of coverage and completeness of expression. The fewness -
of these data has been responsible generally for the development of methods
which are adaptable to extensive areal usage, but which are lacking in sensi-
tivity to changes in our geographic and climatic regions.

-.Several recognized methods for estimating consumptive use by agricultural.
crops and native vegetation have been used in the United States and in foreign
countries. Some of the better-known methods are those discussed in 'Methods
of Computing Consumptive Use of Water" by Wayne D. Criddle, Paper 1507, IR~1,4
~ Journal of the Irrigation and Drainage Division, Proceedings of the American

"Society of Civil Engineers, January 1958, which include the following:

‘Lowry-Johnson ‘Method
Thornthwaite Method
Blaney-Criddle Method

* Hargreaves Method
Penman Method

The cited methods vary somewhat each from the other in the climatic data
required and used to express relations in empirical or theoretical determina-
tions of consumptive use during a part of, or throughout the life cycle of,
specific vegetal growths at research and experiment sites.

Of these methods, the widely used Blaney-Criddle Method was seriously con-
sidered for use in estimating average-monthly consumptive-use amounts for the
major crops grown in Texas under favorable conditions of available water. This
method ‘entails the use of: one variable which is mean air temperature, & con=-
stant for the site which is the percentage of daytime hours of & year at that
latltude, and a ‘use coeff1c1ent for each crop. -

In the appllcatlon of the Blaney-Crlddle Method, the complexity of the use
coefficient becomes apparent. ‘This coefficient expresses an integration of the
physiologic characteristics of a plant together with the effect of atmospheric
phenomena other than (1) air temperature, and (2) the possible percentage of
daytime hours of a year during each month. Heretofore, adjustment of this co-
efficient on the basis of relative humidity variations has been practiced.in

an effort to compensate for differences between geographic and climatic regions.

Satisfactory results have been obtained in some areas by this procedure. ' The
distribution of monthly and seasonal coefficients hdas been dependent on indi-
vidual judgment.



Recognition of the subjectiveness of some of these methods previously
adapted to widespread use reveals the acumen and adroitness of the cited au-
thors and others whose work in this field is testimonial of their experience
and judgment. However, the judgment procedures mecessary to distribute the
Blaney~Criddle use coefficients precluded the adoption of this method for use -
in estimating consumptive-use amounts for -crops grown. in Texas in this report,
and provided the stimulus which led to the development of the method used.

TBWE METHOD

The .TBWE Method developed for use in estimating consumptive-use amounts
utilizes some of the basic research and -experiment consumptive-use data pre-
sented by the cited authors.  Similar data recently collected in Texas by the'
U. S. Agricultural Research Service and.the Texas Agricultural Experiment Sta-
tions were used to develop constant-value USE COEFFICIENTS for a given crop.

The TBWE Method differs from other methods in the number of climatic vari-
ables utilized to express variations in consumptive-use amounts from place to
place. Development of this method has been possible because of the availa-
bility of Equation 14, USWB Research Paper 38, and the related procedures pre-
sented in USWB Technical Paper 37, which provide the means of processing a
greater and more varied amount of climatic data. than heretofore practical.

The TBWE Method of estimating consumptive-use amounts for crops, is a

procedure of relating a measured CONSUMPTIVE USE for a crop during a period

of time, to a CLIMATIC INDEX at the site of measurement during the same period
“of time, to obtain a USE COEFFICIENT. This USE COEFFICIENT can then be applied
to a CLIMATIC INDEX for the same length of time at any other site for which
consumptive-use amounts are desired for that crop. This method and others are
homogeneous in basic principles. However, this method employs constant USE
COEFFICIENTS: (KU) for specific crops in. all geographic and climatic regions,
and utilizes the variations in the composite relation of the four atmospheric
phenomena to determine variations in consumptive-use (UC) amounts. Therefore,
the amount of consumptive use estimated for a crop varies directly with the
CLIMATIC INDEX (IC) only.

The only variation in a set of USE COEFFICIENTS for a crop is effected by
the planting date and length of growing season; such as, the first of a month,
the sixteenth of a month, or whatever date of a month is used. A set of USE
COEFFICIENTS developed for a.crop started on a specific planting date durlng
any month and continuing throughout the length of the growing .season for that .
crop from that date can be used without adjustment at sites other than the ex-
periment site and beginning on the like planting date during any month. For
example, USE COEFFICIENTS developed for cotton planted February 16 at Weslaco
in Area 4A (see figure 4) can be used without change for cotton planted May 16
at Lubbock in Area 1B. The USE COEFFICIENTS developed were used in this manner .
for each specific crop in all areas having the same planting date of a month
and the same length of grow1ng season.

Procedure. of Computation

The computation of USE COEFFICIENTS for each crop was accomplished in
accordance with procedures described as follows:

‘/ - 8 =
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Basic experiment data were related to CLIMATIC-INDEX numbers.

1.

Measured CONSUMPTIVE-USE amounts were . arranged by l5-day
periods beginning with the planting date acknowledged in
the experiment data used. These l15-day periods were ar-

.. ranged so that-adjustments of the basic data could be made
for use for crops started on the fzrst or on the sixteenth

day of a month.

CLIMATIC-INDEX numbers were computed for the same 15-day
periods from climatic data for the experiment site or the

nearest USWB first-order climatic station in accordance ;_i:
with the procedures described in the USWB Technlcal Paper .

37. Paper 37 contains nomographs for the solution of
Equation 14, USWB Research Paper 38. These numbers are
called Evaporation from Lake Surfaces in the cited papers.

Each 15-day CONSUMPTIVE-USE amount was divided by the
CLIMATIC INDEX for the corresponding 15- -day period. The
resulting ratios are 15-day USE COEFFICIENTS. (These 15-
day ratios can be transferred to other sites and related
to CLIMATIC-INDEX numbers for like periods to obtain esti-

The 15 =day amounts and numbers obtalned 1n steps Al 3 were;‘¥

used to define growth-use curves which were plotted as. .

histograms showing 15-day relations, and also plotted as,ﬁf

mass curves showing total consumptive use for each crop

‘during the period of experiment data -available. - These

growth-use curves represent the consumptive use durlng
various stages of vegetal growth

- The basic assumptlon of this method is that the growth of each

crop and its corresponding water use is directly related to the
four climatic factors described in the definition. of CLIMATIC
INDEX, and that this assumption is valid with the d1ffer1ng

physiologic characteristics of various crops.

On the basis of the stated assumption under B, the growth-use
curves described under A4 were used to adjust the experiment
consumptive-use data to planting dates beginning on the first
and sixteenth day of any month as desired. Ce

1.

' CLIMATIC-INDEX numbers were computed for 15-day periods as

needed for each experiment site in order to adjust experi-

ment data for each crop to the selected planting dates used

in the various areas.

‘mates of CONSUMPTIVE USE by l15-day periods if. desired, ) e

The USE-COEFFICIENT numbers obtained by step A3 were used as

' constants for respective 15-day periods in sequence and were

multiplied sequentially by the l5-day CLIMATIC-INDEX numbers

“obtained by step Cl to estimate CONSUMPTIVE-USE amounts at

the experiment site as though a respective crop. ‘had been,
lanted and grown at that site during the selected periods

.- 9 -
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3. The CONSUMPTIVE-USE amounts and the CLIMATIC-INDEX numbers
computed by steps Cl and C2 were combined into desired half-
month and full-month arrangements to agree with the desired
“planting dates and the adopted length of growing season.

"~ 4. The half-month ‘and full month values as combined in step C3
were then processed: - UC/LC=KU--CONSUMPTIVE USE divided by
CLIMATIC INDEX equals USE COEFFICIENT.

The KU numbers computed by the above-described procedure comprised sets of
constant-value USE COEFFICIENTS which were employed in the computation of esti-
mates of CONSUMPTIVE-USE amounts for respectlve crops in the areas of major
productlon as des1red

BASIC DATA

Consumptive Use of Water by Crops

" Amounts of water used consumptively by various crops, as determined at
basic research and experiment sites, and presented in published and unpublished
reports, were part of the basic data used to develop the relations and esti-
mated consumptive-use amounts described and presented herein. These data were
obtained at various sites in Arizona, California, and TEXas The sources of
data for respectlve crops, are as follows : o

Alfalfa consumptive-use amounts in San Fernando Valley, California,
in 1940 3/ o :

Corn based on consumptive~use amounts for grain sorghum at Bushland,
‘Texas, 1956-58 2/,6/ and. adjusted on. the basis of growth-use
relations for the two crops as indlcated by figure 29 in Bulle-
tin 937 Z/ . =

Cotton consumptive-use amounts at Weslaco, Texas, in 1958 8/

Small Grains consumptive use at Bushland, Texas, 1956<58 i/,ﬁ/

2/ Blaney, H., F., Haise, H. R., and Jensen,; M., E,, Monthly Consumptive
Use by Irrigated Crops in Western United States:  Supplement to U. S. Soil
Conservation Service Tech.: Paper 96.

8/ Jensen, M. E., and Sletten, W, H., 1959, Agricultural Reasearch Service
Project Reports: ARS—SWC ‘Fort Colllns, Colorado and Bushland, Texas.

7/ Bloodworth, M, E 1959, Some Pr1nc1p1es and Practices in the Irriga-
tion of Texas Soils" Texas Agricultural Experlment Station Bull. 937, A, & M.
College of Texas o SRS ; B .

8/ Ross, P, E s and Boykin J. W., Unpubllshed data for 1958 cotton crop
at ARS-SWC station in Weslaco, Texas.

\/ - 10 =




e Citrus. eonsumpt1Ve use is’average -of amounts for oranges and grape-
' ‘ fruit in Salt River Valley, Arizona, 1931-54 2: 9/ and the amounts
for oranges in San Fernando Valley, California, in 1940 2

us Fruit consumptive use in San Joaqu1n~$acramento Delta,A
California, in 1928 2 = : ‘ ,

*éPeeans consumptive use based on amounts for walnuts in San Fernando
Valley, California, in 1928 3/ - -

Peanuts estimated average consumptive use. in- east Texas based on
~data in Bulletin 937 1/

i Rice consumptive ‘use and cultural flooding based on data from Rice-
Pasture Experiment Station at Beaumont:and Eagle Lake, Texas,
in 1954

i Grain sorghum consumptive use at Bushland Texas, 1956 58 2/ é/f

BRI E=Rooted Vegetables consumptive use by tomatoes in Sacramento
SR Valley, California, 1933 558/ o .

”Shallow-Rooted Vegetables consumptive use in San Joaquin Delta,
California, in 1928 3/ : : . :

4 ‘The relations of the consumptive use of water by perennial pasture; by -

i leguminous or other crops, used as fertilizers or soil conditioners;. by silage
 sorghum and forage sorghum; to the consumptive use by the base crops. described
- previously, were determined-on the basis of sparse. experiment data and recom-
 mendations by 'some of the agriculturists acknowledged.: .

The basic amounts of consumptive use at respective experiment sites by the
above ‘¢rops,‘as used to develop the USE. COEFFICIENTS employed in. the TBWE Meth-
od, are shown on ‘table 1 (appendix B, page B-3). In some instances, the amounts
shown" ds UC- (CONSUMPTIVE USE) vary slightly from the amounts presented in the
cited references. These variations result from the adjustment of the experi-
ment data because of differences in planting dates.

:5/ See footnote S, page/lﬂ
8/ See footnote 6, page 10
' 7/ See footnote 7, page 10
3/ Blaney, H. F March 1959 Monthly Consunptive Use Requirements for

| Irrigated Crops: Am. Soc Civil Engineers Proc. Paper 1963, Journal of the
Irrigation and Drainage: Division; Vol. ‘85, No. IR~1 Part 2 : .

. | Y



Climatic Index

The basic value of the average annual CLIMATIC INDEX determined for each
of the 24:areas of the stdate described under .GENERAL DISCUSSION, Divigions of
the State, is shown by the large numerals on figure 3 (appendix A, page A-5).
These values were obtained by replotting the respective isograms shown on plate
2, USWB Technical Paper 37, onto 'a map of Texas showing the 24 areas, and then
determining an average from these isograms in each area. The resulting chart
shows the variation in the average-annual value of the CLIMATIC INDEX for the
10-year period 1946-55 across the State. - - . = P PR

As mentioned before, the values shown on plate 2, USWB Technical Paper 37,
and entitled: MAVERAGE ANNUAL. LAKE EVAPORATION IN INCHES PERIOD 1946-55", are
called CLIMATIC-INDEX numbers in this report. ‘ ,

. Monthly values of the CLIMATIC-INDEX numbers for each of the 24 areas were
determined by multiplying the average annual CLIMATIC-INDEX number for an area
by the monthly distribution coefficients for that area as shown in table 3
(appendix B, page B-7). - These distribution coefficients were determined from
values of the average monthly CLIMATIC-INDEX number computed for 31 USWB first-
order climatic stations--20 in Texas and 11 in adjacent states. These first-
order stations are listed in table 2 (appendix B, page B-6). . The distribution
coefficients are the ratios obtained by dividing the average monthly CLIMATIC-
INDEX number by the average annual CLIMATIC-INDEX number. If expressed as a
percentage, these coefficients represent the percentage of the annual CLIMATIC-
INDEX number occurring each month of a year on an average. The distribution
coefficients were assigned to each of the 24 areas.on the basis of the defi-
nition afforded by the numbers: computed for each first-order climatic station--
using such numbers direct when applicable, and interpolating between such -
numbers for adjacent areas when applicable. The resulting CLIMATIC-INDEX
numbers are shown in table 3. L

Monthly values of the CLIMATIC-INDEX number were computed for each experi-
ment site, for each year or each average of years, as .needed for relating to
CONSUMPTIVE-USE amounts for crops comprising the basic agricultural data used
herein. 'These numbers are shown as IC for-the respective sites and crops in.
table 1. ' : o . : : :

USE COEFFICIENTS

Constant-value USE. COEFFICIENTS for each crop at each experiment site
were computed from the basic data as previously described under TBWE METHOD,
Procedure of Computation. For practical application of the method, the USE
COEFFICIENTS for half-month periods were recomputed and related to one-half
of a monthly CLIMATIC-INDEX number., This procedure allows the use of monthly
values of the CLIMATIC-INDEX number divided by two when computing estimates
of consumptive use by crops planted on the sixteenth of a month:-or harvested
by the fifteenth of a month. The USE COEFFICIENTS for each crop and each
starting date-and length of growing season are shown as KU in table 1.

The consumptive-use amounts computed and shown for/each»crop arekesti?¢
mates of the average depth of water, in inches, required for the growth and
full development of that crop under conditions favorable to the production of

\/ - 12 -




agricultural crops having a full water supply in each of the areas for the

. periods indicated. These amounts are constituted as defined and do not in-
 clude estimates of losses of water from distribution, leaching, seepage, and
~ other causes not inherently a part of the experiment consumptive-use data
described and used,

TABULATIONS OF DATA

A set of. tables, numbers 1 to 4 (appendix B) and numbers 5 to 16 (appen-
| dix C), are used to present the relations described and the results obtained
£ by the procedures set forth. These tables contain the basic experiment CON-
. SUMPTIVE-USE data adjusted to planting dates used herein, the CLIMATIC-INDEX
b numbers for the experiment sites, the TBWE USE COEFFICIENTS evolved, the dis-
" tribution coefficients used to convert average-annual climatic-index numbers
i to monthly numbers in the 24 areas covering Texas, the average-monthly and
. average-annual climatic-index numbers computed for each of the 24 areas, and
. monthly and seasonal consumptive-use amounts by areas for the crops included
| and listed under GENERAL DISCUSSION, Crops and Crop Groupings.

The 24 areas were listed on the tables in a sequence chosen to attain
' reasonably smooth transition between the extremes in the general geographic
. and climatic areas of the State.

- 13 =




- 61 =

: 931;;0 Surjutrag 3Aog ‘s ‘N

‘uonSquseM ‘Satauaﬁe Sutjedroryaed syj jo sjzodsy - uor3I®3TISIAUI JUTOL IBATY
sooaa ¢pavog Suruuplg S90IN0SIY °TIBN squamaztnbau pue asq zaqem aat1yduns
-uoy fzh6T Punf ¢°q ‘M OTPPTID-PUE ‘°A x utaow ‘°y *q ‘Summg

‘96 Jad9a ‘YoaL GOIAJGS uo;:eAzas
-uo9y 1tos ‘S °‘n iBIEQ uorne?tJJI pue 190;801039m;19 WoxJ SBAAY pa:eSy;xI ug
snuama:;nbaa I1938M Su;u;mla:aq ‘0561 . qsnﬂnv q "M ‘a{pp;zg puwm ¢

°1 3a1ed I=HI ‘ON °G8 °TOA ‘uoTsTAalQ @8euywiq pue
uoT3e81aay oy3y Jo Teuanof ‘g9e1 I1edeg 'o0id s:aeutﬁug 1TATD 305 ‘wy :sdoip
pa3yedtaal 10; squama:;nbau as 9AT3Idmnsuo) &Iqquow 6661 qaxaw o

*21n31no1ady JO '1daq ‘s ‘N ‘uo;:a%;JJI Jo ub;stqu
:1938M JO 9sp earldunsuo) Suturmwialag JFO SPOYISH PISNA ‘gc61 ¢

*¢ °ON ‘9g - IOA.‘ *supil uotuf ‘siydossn “-uy ea:v &ég oosToueiy uwg 9Yj UT
suoTje8T3s0Aul uorjeatdsusijodeay pue: uorjyvaodeaqy ‘¢G61 Jaqonoo ¢

s - "LTIT "TIOA
¢csupal sasourSuyg JIATD °D0S "Wy I9JBM FO O5(] eaTydunsuoy ‘zGe1 ¢°d °H ‘Aeuuelg

‘sexal JO 939T1710) ‘W % 'V ‘0461 110dey sseifoag uotiwas

Juowtaadxy 191nq1n3118v sexa] :A9]11®A 9puBIH OTY ISMOT dY3l UT uO3I0) JO SIT13

. =8119308v1BY) 19914 pue pIaTL q:mozs a3 uo sajeg Suijuvld PUB.SIBIJUIILIIIQ
uo;na%;x:I Jo 399339 “LG6T1 'V °D ‘uosarang pue Ceq °W ‘yjaompoold ‘°M °I ‘193813

: ~  +g-YT °"ON ‘%8 °IOA ‘UOTSTAIQ 9FvuTBiQ. PUP UOTIES
-1111 aqn Jo teuanop ‘o6L1 aedegd °o0ag szaautﬁug 1IAT) 'O0§ °Wy B9y pIUNy
' sy3z ut uorle3TIal &q 1978M JO 98 TBIIUS3O0] ‘8G6T Iequaideg ‘°H Y ‘dweyoneag

S s *gz °ON ‘®o130Bag Sutaesurdug JO SIsnuBl
sissutdug TIAI) ‘008 ‘uwy :jooqpuey AS070IpAH ‘6461 °©

’ ~ 6. IOA ¢ -suwa] sasau
-18uy 1TAT)D aos ‘uy uorqeﬁt;:I ay3 ;o aa:qrmmog a93eM Jo Lang 8yl 3o qxodau
ssaaloag 'UOIJBSIIJI ut JQJ?M ;o asf aAt:dmnsuog 0c6T ¢

o LII IOA ¢ rsusa], s:aau;%ug 1TATID 208 ‘Wy ‘wnys
~odufs ® - g6z aedeg :ae3eM JO IS aa1idunsuc) ¢zgeT ‘sadsuilduyg [IAT) ‘D05 ‘uy

- ' : . ‘907330
Sutjutag ‘309 s ‘n uonSu;qseM ¢ *supa] uotuy] s&qdoag ‘wy  y€-£E6T ‘uoTIBI
~1dsuea] pus uoxud;osqv uo aan:xmmog aq: Jo :Jodaa ‘yEpl1 BuUND[ ‘uo;un *sAydoan ‘wy

&uedmog oo TTTIH-MBIDOW “NIOX MAN &aexoomaq

® Ur S90130BAg pue saxd;out;& ‘saa:nosau Iaanen Sutaaasuoy GGeT “°M 'S ‘usIly
S, ‘« s 95 - Inq neaznq I9y3eoM. °S ‘N

:sdoipy pue sa:emrrg uaamnag suorquau aqq ;o 110dau ISITI V ‘G061 ‘pusloadl) ‘°qqy

AHAVYO0ITAId QHLOATAS



Blaney, H, F., Ewing, P. A., Israelsen, 0. W., Rohwer, Carl, and Scobey, F. C.,
February 1938, Water Utilization, Upper Rio Grande Basin: National Resources
Committee, Part II1IL,

s Halse, H. R., and Jensen, -M. E., August 1950, Monthly Consumptive
Use by Irrigated Crops in Western United States - a Provisional Supplement to
SCS=TP=96 Determining Water Requirements in Irrigated Areas from Climatolo-
gical ‘and Irrigation Data: U. S. Soil Conservation Service Tech. Paper 96.

, and Harris, Karl, December 1951, Consumptive Use and Irrigation
Requirements of Crops in Arlzona' u. S. Soil Conservation Service.

s and Morin, K V., 1942, Evaporation and Consumptive Use of Water
Empirical Formulas: Am. Geophys. Union Trams., Vol. 23.

, and Stockwell, H., J., Jr., June 1941, Progress Report on Cooper-
ative Research Studies on Water Utilization, San Fernando Valley, California,
Irrigatlon Season of 1940: Division of Irrigation, U. S. Dept. of Agriculture.

, Taylor, C. A., Nickle, M, G., and Young, A, A., 1933, Water Losses !
Under Natural Conditions from Wet Areas in Southern Callfornla: Division of
Water Resources Bull., 44, California State Dept. of ‘Public Works, Pomona,
California. ~ :

, Taylor; C. A., and Young, A. A., 1930, Rainfall Penetration and:
Consumptive Use of Water in:Santa Ana River Valley and Coastal Plain: Division ;
of Water Resources Bull. 33, California State Dept. of -Public Works, Pomona,
Callfornla : '

Bloodgood D W., /no date/ Blennlal Reports. 'Texas Board of Water Engineers,
‘Austin, Texas.

, and Curry, A, S,; 1925, Net Requirements of Crops for Irri-
gation Water in the Mesilla Valley, New Mexico: New Mexico Experiment Station
Bull, 149,

Bloodworth, M. E., September 1959, Some Principles and Practices in the Irri-
gation of Texas Soils: - Texas Agrlcultural Experiment Station Bull. 937,
A, & M. College of Texas.

R Burleson, C. A,, and Cowley, W. R., 1956, Effect of Irrigation;
Differentials and Planting Dates on the Growth, Yield, and Fiber Characteris-
tics of Cotton in ‘the Lower Rio Grande Valley: Texas Agricultural Experiment
Station Progress Report 1866, A. & M. College of Texas.

, Cowley, W. R., and Morris, J. S., 1950, Growth and Yield of
Cotton on Willacy Loam as Affected by Different Irrigation Levels: Texas
Agricultural Experiment Station Progress Report 1217, A. & M. College of Texas.;

Bodman, G. B., and Colman, E. A., 1944, Moisture and Energy Condltlons Dur1ng
Downward Entry of Water.into Moist and Layered Soils: Am. Soil Science SOC1ety
Proc., Vol 8.

Bonnen c. A., McArthur W C., Magee, A C., and Hughes, W F., 1952, Use of

Irrigation Water on the High Plains: Texas Agricultural Experlment Station
Bull. 756, A. & M. College of Texas.

- 16 =




A

‘ *c011 aedeg L1ddng-a938M Lsaing °J099 °S °n
tguoziay ‘AeTTBA PI0OFIBS IOMOT UT UOTIEIeBop pueq=mo:aog £q I93BM JO OS] ‘0661
"3. T ‘AuuadIeH pue ‘°q ‘[ ‘wey “H °g “Aqr0p ‘°M °I ‘uosurqoy ‘°g ‘[ ‘poomdlws |

= S Suxaaautﬁhg TPan3Trotrady  :petiddy |
uoxneﬁt:al Jo q:daq aq: Sutputg 3o poq:aw atqdexg 1661 AInL ¢°y *d [ ‘uojaey

| 4 S FRLa ; : o 11 ]
‘95UsTdg TIOS $9ANISTON TTOS JO JUSWIAOK oYL ‘1261 ‘°r\ﬁaosap:Mvpue>“m"Jéupxes’7

SR : © 951330 3u12u11& “3A09 g °n ‘uolBurysepm

‘pamTnoTa8y Jo 1daq 'S *n ‘speoy °T1qng Jo meeang ‘g¢gY “TIng "Yd9L Surissu

-18ug Tean3TnoTady JO UOTSIATIQ $3ISSMYINOS Y3l Jo Spuw] pTIBTWSS pue Pray
@43 3o sjusweainbey uoT13B3TIIT ‘0€61 aunr ¢y °y ‘8Bunoj pue ¢

. o ‘ L o o UrgIeT c1Ihg
,S1owrey 2an3Indo1aSy yo °3deq ‘S °n  tSUOTIBBIIAT PABYDIIQ ‘LT6T °TONUWES €I3TII0]

co *SBX9] JO
9891109 ‘W g v ‘L9L IIng uoT18Ig nuamt:adxg IEJHQIHDIlgv SBX9L - :9INISTON
' 1T0S ;o u01:azttt:n pu®B UOTIBAISSUOY “EG61 ©° W ‘IIsurng pue Somp ey $19YST

7 : *0OTIX9 MAN ‘snbisanbnqiy ‘uoT1BWBIOY
" “jo neeang °S °n :IMO3Q 3I® pusweq uoTIBSTIA] pue °sp. eaTIdENSU0) ASTTEA FO - |
£pn3g 310dey 3oefoag spueis oTy SIPPTW ‘®wieq Surizoddng ‘/n61 AInp T ¥ ‘avdeig %

‘ . . ! : R ISR BU‘E’IPUI
‘a::a&e;eq ‘A:tsJaAtun anp;na aaqq;mmog &pnns sao:nosau ia3BM ®BUBRIPUI O3
j10dsy * :sweay pruny ut uolleS8iiil Jo Ietnuaqoa puswoqg “Iv3eMm ‘9ge6T T . -

R ~ ‘g *ON ‘sy “10A ¢ *o0ssy sxlom 1938 ‘uy
83 Fo TeUANCL 'seaxv ptmnH u; uorquIJJI ;o a:nqng 9g61 qsnSnV H p ‘SIA?Q »

1 HI *ON ‘#8 °“10A UOTSTATG
aBeutaxq pue uor:e?tz;l 8y3y Jo TeuInOL ‘/0GT Jadea *201g sasauTdug ITATQ * 208
‘uy 'Janam ;o o8 aAtqdmnsuog Sutzndmog ;o spoqnaw gg61 &Januef T T

*1-¥1 °‘ON 79 *TOA ‘UOTSTAIQ aﬂu
-utelq pue uot3e8riil syj jo Teuanor ‘7051 aodeg 3013 sasouiduy TTAT) °aos ‘wy
© t9an3InotaSy uoTije8Tial uO IIBWEIDH FO eouanTIul. ‘ggel Axenuep ‘@ ‘M “SIPPTI) |

B ‘6 °*TOA ¢ suei] sassu
-18ug [TIATH °00g Wy  ‘UOTSTATQ UWOTIBSTIIT oY FO/'9933Tumop JGJ?M FO-Lang. 9yg
Jo 3aodsy ssax%o;a‘ :u013183TIA] UT 193BM JO @sp aaridwnsuoy ‘0geT °H ‘Suriiuo)y |

5 ’ L e ' s ¥ oA “%d0ig
£19100g °95u910g IOS ‘WY  STIOS paza&eq pue ISTON O3ur a93BM ‘Jo Kajuy paemuMog
Sutang suorjrpuoy A3isuy pue SINISTIOH ‘ChpT ‘g 9 ‘ueuwpog pur ‘°y °@ ‘uswio)

) S . EEE L B¢ T6A ‘yoavosay I?JnJIHD‘
C-TaSy ;o Ieu1n0f "saonaeg IenuamuoztAug otTo&g £q pautwmasijsq s® SAeqg’ 19913
uo @23vy uorjeardsueir ATanoy’ “9161 Aaenuep ¢ °} “zjusys pue :

: P - "”'[ *10A qoxvasau Tean3no
=118V Jo Ieuxnop "Jaq:eaﬂ 93 q:tm uotaeraxldg sqt “pue pot;aa Y3imoxy TeWIOoN
ay3 Surang uorjeitdsueiy K1Teq ‘91T 1990300 *°T °*H “zijuvys pue ¢°p -7 “s381ag




Gerard, C. J., Bloodworth, M. E., Burleson, C. A., and Cowley, W. R., 1958,
Cotton Irrigation in the Lower Rio Grande Valley: Texas Agr1cu1tura1 Ex=
periment Station Bull. 916, A. & M. College of Texas.

, Burleson, C. A.,, Biggar, J. W., and Cowley, W.  R., 1958, Effect
of Irrigation Differentials and Planting Dates on Yield of Cotton in the Lower
Rio Grande Valley: Texas Agricultural Experiment Station Progress Report 2016,
A, & M, College of Texas.

Halkias, N. A., Veihmeyer, F. J., and Hendrickson, A. H., December 1955, Deter-
mining Water Needs for Crops from Climatic Data° Hilgardia, Vol. 24, No. 9,
University of California,

Hall, W. A., April 1956, Estimating Irrigation Border Flow: Agricultural Engi-
neering. ' v '

Hansen, V. E., February 2, 1955, Inflltration and Soil Water Movement Durlng
Irrigation: Soil Science, 79.

Hargreaves, G. H., November 1956, Irrigation Requirements Based on Climatic Data:
Am. Soc. Civil Engineers Proc. Paper 1105, Journal of ‘the Irrlgatlon and Drain-
age Division, Vol. 82, No. lR-3.

Harris, Karl, Kinnison, A. F., and Albertt, 0. W., 193g Use of Water by Wash-
inton Navel Oranges and Marsh Grapefruit Trees in Salt River Valley, Ar1zona
Arizona Agricultural Experiment Station Bull. 153.

Hildreth, R. J., 1956, Risk and Uncertainty Arising From Soil-Moisture Yield
Relationships in the Great Plains: Paper for Southwestern Social Science
Association Program, March 30, 1956, Dept. of Agricultural Economics and
Sociology, A. & M. College of Texas.

Horton, R, E., 1923, Transpiration by Forest Trees: U. S. Weather Bureau Monthly E
Weather Review, Vol. 51.

Hughes, W. F., and Motheral, J. R., September 1950, Irrigated Agriculture in
Texas: Texas Agricultural Experiment Station Misc. Pub. 59, A. & M. College
of Texas.

Iowa State University, July 1959, Chances of Receiving Selected Amounts of Pre-
cipitation in the North Central Region of the U. S.: Iowa Agricultural and
Home Economics Experiment Station, Ames, Iowa. ’

s /no date/ Transpiration and Evapotranspiration as Re- 4
lated to Meteorological Factors (U. S. Weather Bureau Contract 9295): Iowa b
Agricultural and Home Economics Experiment Station, Ames, Iowa. ]

Israelsen, O, W., September 1958, The Engineer and Worldwide Conservation of E
Soil and Water: Am. Soc. Civil Engineers Proc. Paper 1775, Journal of the
Irrigation and Drainage Division, Vol. 84, No. IR-3.

, 1950, Irrigation Principles and Practices: New York, John
Wiley and Sons, Ine.

Jensen, M° E., 1957, Research Shows When to Irrigate Winter Wheat Soils and
Water.

- 18 -






