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PREFACE 

The experimental work for this th~sis research project 

was.performed under the Agricultural Engineering Department 

as part of Oklahoma Agricultural Experiment Station Project 

No. 622. The main ·objectives were to determine dailyp peak 

daily, and seasonal consumptive use of water by cotton .. The 

location for the experimental field plots was the Irrigation 

Research Station, Altus, Oklahoma. 

The results presented in this study should help in the 

selection of a more economical and efficient irrigation 

schedule. Efficient irrigation is required for profitable 

irrigation, and this can only be made possible through 

intensive irrigation research. 

The author'is grateful to A. D. Barefoot, Superintendent 

of the Irrigation Research Station 9 Altus, Oklahoma 9 for his 

guidance and assistance in making facilities and equipment 

available for the ·experiment. Appreciation is also extended 

his thesis_adviser, James E. Garton, Associate Professor of 

Irrigation, for his valuable counseling, planning, and sug= 

gestions during both the experimental and the analytic stages 

of this thesis .. 

The author is also grateful to Professor E. w. Schroeder 

and Dr. Robert Morrison for comments, counseling, and guidance. 

iii 



Chapter 

II .. 

x:n:~ 

v" 

TABLE OF CONTENTS 

INTRODUCTION. • 

OBJECTIVES. • . . . . . 
REVIEW OF LITERATURE. . .. • • 

l 

• ® • 5 

Definition of Terms. • • • • • • • • • 5 
Factors Affecting Consumptive Use~ • • • • 6 
Methods of Determining Consumptive Ui;;e. ~ 8 
Consumptive Use of Water by Cott~n· ... o • 10 

PROCEDURE ... • • • ~ • ~ • e @ • • . " . 
Location of Experimental Area. • • • • • • 22 
Equipment Used ••••••••••• o • • 22 
Plot Layout and Treatments Used~ o ••• e 

lrriga tion Procedure . • • • ~ • • .. • • ® 2·41 
Crop Management Procedure •••• * e • s • 

Soil Sampling Procedure. • • • • • • • • • 
Use of Electrical Resistance Unit as 

an Irrigation Scheduling Guide. • • • • 30 
Crop Yield Sampling Procedure ••• 0 • • • 30 
Procedure for Calculations * • • • 31 

RESULTS • • • ~· • • • • • • • • • ~ . . 
Yield and Consumptive Use for Cotton~ • ® 

Economic Analysis of Water and 
Fertilizer Treatments ••••• ~ "' e • • 41 

Climatological Data •• 8 ••••• ~ 0 o ® 

Study Made with Electrical Resistance 
Unit for Determining When to Irrigate5 • 47 

SUMMARY AND CONCLUSIONS 49 . . ' 
5 • • s, • 

BIBLIOGRAPHY. • 

APPENDIX. .. • • 

C 8 $ • e 

• • • 

G • €'l • 

o • • 0 ti • • 

• • • • 

. . . . . . . . 
52 

55 

iv 



LIST OF TABLES 

Table Page 

I. Lint Cotton Yields in Pounds Per Acre ••••• 9 34 

II. 

!1Cl. 

IV~ 

v. 

VI. 

vx:n:. 

VI Jr Jr. 

IX .. 

x. 

Average Number of Bolls Per Stalk and Average 
Highest and Lowest Boll Per Stalk ••••• 

Analysis of Variance for Cotton Yields ••• 

New Multiple Range Test for Significant 

.. . 
• • 

Difference ••••••••••••• • • • • • 

Summary of Consumptive Use of Water by 
Cotton, Altus, Oklahoma, 1956 •••• • • • • • 

Economic Analysis for Irrigated Cotton 
Treatments, Altus, Oklahoma, 1956 •• • • • • • 

Soil Characteristics of Plot Area, Foard 
Clay Loam. • • • • • • • • • • • • • • • ii • • 

Daily Consumptive Use of W2 and w3 Water 
Treatments During Irrigation Season •• • • • • 

Daily Consumptive Use of W4 and w5 Water 
Treatments During Irrigation Season ••• 

Precipitation Data for Irrigation Research 
Station, Altus, Oklahoma, 1~56 ••• .- • 

• • • 

. . . 

34 

35 

35 

40 

45 

56 

57 

58 

Xl. Maximum and Minimum Daily Temperatures for 
Altus» Oklahoma, May Through September, 1956. 60 

XII. Daily Evaporation and Wind Velocity for Altus 

XIII. 

xxv. 

Dam, Oklahoma, .May Through September, 1956 • • 61 

Corresponding Soil Moisture Percentages 
and Irrigage Readings ••••••••• • • • • 

Irrigation Schedule for Cotton Water 
Treatments, Altus, Oklahoma, 1956. • • • • • • 

V 

62 

63 



LIST OF ILLUSTRATIONS 

Figure 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11., 

Double Submerged Orifice Type Water 
Measuring Device and Turnout Structure .... ., .. 

Layout of Co:tton Plots.' •• e ~ • • e G e • a • ~ 

Flooding Experimental Plots with 3-Inch 
Aluminum Siphon Tubes • • • • • • • • • • 

Sketch of Harvest Area Within Plot •••• 0 • • • 

Relation.Between Crop Yield and Water 
Treatments for Each Fertilizer Treatment. • • • 

Relation Between Crop Yield and Inches 
of Water Applied •••••••••• • • • • • • 

Relation Between Water Treatments and 
Plant Heights ••••••••••• • • • • • e 

Four Cotton Plots Near Maturity •• e o • • • • e 

Average Daily Consumptive Use for W2 Water 
Treatment . • • 0 • • • • • • • • • . . • • • . 

Average Daily Consumptive Use for W3 Water 
Treatment . . • • . • • • $ • • • • • • . • 

Average Daily Consumptive Use for W4 Water 
Treatment . • 0 • • . ".• • • • . . . • . • • • • 

12. Comparison of Soil Moisture Percentages and 
!rrigage Dial Readings Taken on Correspond;.. 

Page 

23 

25 

26 

31 

35 

36 

38 

39 

42 

43 

44 

ing Days. ~ • • • .. • • • • • • • • • • • .• 48 

vi 



CHAPTER I 

INTRODUCTION 

Irrigation is the artificial application of water t o 

soil to assist in the production of crops. 

Scien~ific irrigation involves a knowledge of the 

a vailable water supply, its conservation and application to 

the land, the characteristics and needs of the different 

soils , and the requirements of the various crops to be 

produced. 

I n general, irrigation is most extensively practiced in 

arid regions where agric~l~ure without it is hazardous or 

i mpracticable. Irrigation ;is also applied to land in the 

semi~arid region~ and to special crops in the humid regi ons 

to increase yields. In fact, there are comparatively f ew 

r egions so free from occasional drouth that irrigation woul d 

not be prq fitable if it could be provided , cheaply . 

An i r r i gation region ha~ certain advantages over a humi d 

region in the productiqn of crops. Being able to supply t he 

quant ity of water needed at the correct time is an advantage . 

.. The s oi l o f arid regions is apt to be better supplied wi th 

mineral plant foods that have not been leached out by exces = 

sive rain and sunlight and which .are important factors in 

p l an t life. Growth is more intense and constant in arid 

regions than i n humid regions. If sufficient care and ski l l 

1 
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are app:lied tQ secure ~~'e full benefit of these important 

advantages, the,. :;icreage yields under irrigation may be far 

larger tha_n under natural precipitation. 

2 

The.pr9per use of irrigation water is perhaps the most I 

· ... J:undamental p:a:-oble~ in. crop -~roduction in regions where crops 

are gr.9wn un<;ier irriga t;i.on;•. Studies on irrigation in various 

parts of the world have. shown that an irrigation practice is 

, influenced by ~any.factors, among which are kind of· crop 

·grownv nature of· soil., amount and distribution of rainfall, 
. 

temperature, and evaporation. Conditions vary widely in dif-

ferent regions and make it difficult to develop a. sui ta_ble 

and rational irrigation practice. 

It is not possible to determine to what extent insuf

ficlent rainfall tails to supply the needs of plants for 

water without firsi knowing their water requirements. 

Therefore, the deter.mination of rates and amounts of evapo

ration and transpiration from land areas under different types 

of cover. i.n various parts of the country are major resea:rcch 

problems. 

A de:termination of the consumptive use of water by crops 

is necessary to produce optimum yields and to be a guide in 

the design ·and operation of an economical irrigation system. 

,A basic problem, common to all participants in the field of 

irrigation, is when to irrigate and how much to irrigate. 

Again~ this problem of determining the consumptive use pat

tern for the growing season of the crop, in particular, is 

required. The consumptive use pattern of a crop is known to 



vary according to the type of crop, stage of maturity» and 

climatic factors during the growing season. . .. 
A thorough knowledge of the consumptive use pattern is 

3 

necessary for determining an irrigation schedule which will 

avoid the common problem of waiting too long to irrigate and 1 

also, the problem of excessive irrigation. Both of these com-

mon mistakes in scheduling irrigations are known to result 

in decreased yields. The lack of sufficient moisture in this 

experiment was evident in both appearance.and decreased 

yields. Excessive irrigation is an uneconomical practice 1 

and it can also reduce yields due to keeping the soil moisture 

level too high. With a knowledge of the variation of con-

sumptive use, an irrigation schedule can be set up that will 

irrigate the optimum acreage for the greatest net r~turn. 



CHAPTER II 

OBJECTIVES 

The objectives of this research project were as 

follows~ 

1. Determine the consumptive use of water by cotton 

for optimum yields in southwestern Oklah~;nna, 1956, 

by the soil ll)oisture depletion method and the 

field plot method. 

a. Determine.the seasonal transp'iration 

pattern. 

b. Determine the peak average daily tran-

spiration between irrigations. 

c. Determine the peak monthly transpiration. 

d. Determine the seasonal transpirati,on. 

e. Determine the total seasonal moistur~ use9 

2~ Determine the effect of varying the amounts of fer= 

tilizer on the yield of, the cotton of the dii:feriernt 

water treatments. 

3. Study the reliability of the electrical resistance 

method for determining when to irrigate. 

4 



CHAPTER III 

REVIEW OF LITERATURE 

Definition of Terms 

The writer believes it: ~ecessary for the reade r to 

fully and correctly untjerstan~ the following terms, as 

defined by Young (26), before reading this thesis. 

I rrigation Requirement: The quantity of water , exc l ~ 
sive of pr ecipitation, that is required for crop production~ 
It inc ludes surfa6e evaporation and other economically 
u navo i dable wastes. Usually expressed in depth for any 
given time ( volume per unit area for a given time) . 

Wa ter Requirement: The quantity of water , regardle s s 
of its s ource , required by a crop in a given period of time 
for i t s normal growth under field conditions. It includes 
surface evaporation and other economically unavoidable 
wastes. Usually expressed in depth (volume per unit area 
for a g i ven time ) . 

Consumpt i ve Use (evapo-transpiration): The sum o f the 
vo lumes o f water used by the vegetative growth of a given 
area i n t ranspiration and building of plant tissue and tha t 
evapora t e d f rom adjacent soil or intercepted precipi tation 
on the area i n a n y specified time, divided by the given area . 
The consumptive use may be expressed in acre - inches per acre 
or depth in i nc hes , or acre-feet per acre or depth in feet. 

Trans pi~ation : The quantity of water absorbed by the 
crop t hat i s transpired and used directly in the building 
of plant t i s s ue in a specified time. It does not include 
soil evaporation . It i~ expressed a~ acre-feet or acre 
inches per acre , or as depth in feet or inches . 

Field Capacity: The moisture percentage on a dry 
weight basis of a soil after rapid drainage has taken plac e 
f6llowing an application of water. This moisture percenta ge 
is rea~hed approximately two days after irrigation. 

Permanent Wilting Point: The moisture content o f the 
so il at wh ich the plants wilt and do not recover unless 

5 



water is added. It is expressed as percentage of moisture 
based 6n the oien-dry weight of the soil. 

6 

Available Moisture: The quantity of water in th(cc ,'.";:,-l,; 
that is available for plant use, as limited by the field 
capacity and the permanent wilting percentage. It is expreS= 
sed as percentage of the dry wejght of the soil or as depth 
of water in inches per foot depth of soil. 

Moistur.e Percentage: The p~rcentage of moisture in 
the soil based on the weight of the oven-dry material. . ' 

Apparent Specific Gravity (volume weight): The ratio 
Of th~ weight of a unit volume of oven-dry soil of undis 
turbed structure to that of an equal volume of water under 
standard conditions. · 

Real Specific Gravity: The ratio of the weight of a 
single ioil particle to tha weight of a volume of water e qua l 
in volume to th~ ~aitiel~ of soil. 

SoiL Moisture: The water in unsaturated soil. It is 
expressed as a percentage on a dry weight basis, or in i nches 
pe r foot depth of · soil. 

Factors Affecting Consumptive Use 

There are several independent and related variable s that 

will . affect the consumptive use of water by plants. These 

fac t ors are QOt necessarily constant and are known t o d i f fer 

with locality and fluctuate from year to year . Mos t o f these 

f ac t ors a r e related to the natural influences, such a s cli-

mate 9 wa ter supply, type of vegetation grownj soil 1 and 

topography. 

Consumptive use is probably affected more by tempera

ture than by any other factor. Abnormal low temperatures 

may retard plant growth, and unusually high temperatures ma y 

produce dormancy. Consump-ti ve use is known to vary even in 

years of equal accumulated temperatures because of the devia= 

tions from the normal seasonal temperature. Transpiration 



is not only inf~uenced by temperature, but also by the area 

of ihe leaf surface and physiological needs of the plant, 

both of which are related to the state of maturity. 
1 ••• , 

Evaporation and transpiration are both accelerated by 

7 

days, of low humidity and slowed during periods of high humid= 

ity. If the a-verage relative humidity percentage is dtlU!'."= 

ing the growing season~ a greater use of water by vegetation 

can be expected. 

find or moving air will cause the rate of evaporation 
. ' 

to .increase from that of a still, calm day. Hot~ dry winds 

and other um,1sual wind condi tio,ns during the growing pe;riod 

will greatly affect the amount of water utilized by the plant. 

Latitude is:also.known to have considerable influence on 

the rate of consumptive use of water by various plants. Due 

.to t~e rotation of th~ earth and axial inclination, the hours 

. . qf daylight during the summer are much greater in the northern 

latitudes than at the equator. The longer days will allow 

plant transpiration to continue for a longer period each day 

. and to produce an effect similar to that of lengthening the 

growing season. 

The preceding factors discussed have been concerned with 

natural factors. The physical factors should not be omitted 

as. the;y have a definite effect on consumptive use. The phys-

, ical factors _include the method, of delivery to the farm, lay-

out of farm as to prope, ,i~rigation system design, prepara-
" . •!, 

tion of land for irrigation, and the method of applying the 

water to the land. Noxious weeds can increase consu:gi.ptive 
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use by adding undesir.able and unnecessary vegetation. Plant 

. diseaises and. harmful i:Q~ects can inhibit plant growth and 

thereby reduce consumptive use. 

. . 

··;-Methods of Determ:ining Consumptive Use 

The sixsmost .CODlJllon·methods of determining consumptive 

use according.to Israelsen (16) are as follows: tank and 

· lysimeter experiments, .';field· experi'ment plots, soil m<;>isture 

studies 9 analysis of c;imatological data, integration method, 

and.inflow-outflow for large areas. The encountering of . . . _1'· ., . 

problems are common regardless of the method use9. 

For the tank and lrsime·ter experiment method to be reli

able for determining '?onsl.J:mpt:i:ve use, natural conditions need 

to be·reproduced as closely. as possible. The tank' needs to 

be located in an area in wh.:j.~h the natural growth will be the 

sam.~ inside the tank as _outside. The tanks are usuf;tlly two 

or three .. feet in· diameter and six-feet deep. The lack of 

being able to reprod,uce the natural conditions can be a ttrib= 

uted to limitati~gs. of the soil• size of tank, regulation of 

,water supl)ly 9 and sometimes environme1;1t. 

The ,field plot exper.iment method of determining consump= 

tive · .use is .found to be. more reliable than the tank and lysim-

eter method. Th~ procedµre fo.r determining consumptive use 

by this .method.is to measure the volume of water applied to 

the p~ot and prevent or measure any surface runoff that might 

occur.~ The water: should be applied in sm~ll depthS, not to 
. 

exceed five inches, to prevent percolation of water below 
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the. root zone.. It. ·is be_tter for the water table to be low 

so ,that no water will bE3 ~upplied to the plants in the plots 

by capillary soil moisture. 
·i 

... Consumptive use deter.mination by the soil moisture study 

_metl;lod is widely used and considered one of the more·depend

ab+e methods.. The soil needs to be fairly uniform and the 

. water table _.low en<>ugh that ground water fluctuations will 

nQt reach the.root zone. Soil moistu~e samplesare taken at 

vari9µs depths in_ the ~oot _zone before and_ after each irri

gation and also betweei,. irrigations. The soil moisture sam.;. . . ,, . 

. ___ p;les are dried, and .. the percent of moisture is figured on 
. ) ' '' ' .' 

· the oven"".'dry weight basi,s. From the moisture percentage, 

the water in acre-inches can be computed. 

The analysis of climatological data has been an aid to 

irrigation engineers for d~termining consumptive use formulas 
,: ' 

that will -give fairly reasonable and accurate results. 

Several individuals _have at1;empted to develop these formulas 9 

but Blaney-' s (3). .formula is probably more widely accepted' than 

any other. .His formula_ is based on mean monthly temperature 

. a,nd. monthly perc~ntage of daytime hours of the year. Expres

sed mathematically, U = KF. = ~kf, in which U is the consump= 

tive use of water in. inches by the crop for any period; Fis 

the sum·o~ the monthly consumptive use factors for the period 

(sum_of tp.(a products of mean monthly temperatures, and 

mon,thly percentage of daytime hours of the year); and K is 
; .. . . ' ~ ,: 

the empirical consumptive use coefficient. 

The integratie>n method requires a knowledge of unit 
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. 
consumptive use of water and a:9reages of crop, natural vege-

. tation 9 bare ·land, .and water surfaces.· The consumptive use 

is'then the summation of the products of unit consumptive use 

for each crop times its area, plus the unit consumptive use 

of natural vegetation tim~s- its area, plus evaporation from 

bare land times its area,, plus water surface evaporation 

times water surface area. 

-The inJlow-outflow. method is more applicab:le to large 

areas. The consumpt:l.ve.use for the area is determined, from 

the amount of water that flows into the area during the one

year period 9 plus the yearly precipitation in the area, plus 

the ground water storage at the beginning of the year, minus 

the water in ground storage at the end of the year, minus 

the yearly outflow from the area. 

Coqsumptive Use of Water by Cotton 

In the Wichita Valley of Texas, McD?Well (20) reported 

the amounts of irrigation water ranged from 2 to 34 acre-

inches in. addition to the rainfall during the season. The 

largest yields in cotton were obtained where 28 to 32.4 acre-

inches of water 9 including the rainfall, was used during the 

growing season; the average was 16 inches of irrigation water. 

For the five years, the highest average yield was obtained 

on plots receiving a total of 30 inches of water. The total 

amount of water received by a plot included the water applie4 

in preirrigation three weeks before planting and that applied 

by irrigation up to harvest, plus whatever rainfall which 
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occurred during that period. The yield decreased as the 

amount of water was increased, or decreased from 30 inches& 

In actual irrigation practice, Marr and Smith (19) 

reported that on 13 different farms located on Maricopa sandy 
' 

loam soil in the Salt River Valley of Arizona, the yield of 

_ lint cotton increased as the. amount of irriga t.ion water was 

increased. The average yield of cotton increased from 175 

pounds per acre where 1.22 acre-feet of water was applied, 

to 650 pounds per acre where 3.5 acre-feet was applied. 

Marr and Hemphill (18) studied the amount of water 

_needed by the cotton crop in the southwestern United States. 

In the Salt River Valley _of Arizona, the quantity of water 

used for cotton varied from 2 to more than 4 acre-feet. At 

the United States Field Station, Sacaton, Arizona» in 1923, 

Pima. cotton yielded 1,391 pounds of seed cotton per acre, 

while Acala yielded 2,269 pounds with an application of 2 

acre=:-f~et of· water per acre. In the Imperial Valley of 

California, ~be quantity of water used ranged from 2.5 to 6 

acre=feet& The larger quantity of water was needed on very 

sandy soils 9 and the smaller amount on fertile, sandy loam 

soils wi:th a larger water-holding capacity. In the upper 

.Rio Grande and Pecos Valleys in New Mexico and Texas, from 

8 to 20 acre-inches of water was required. In the lower Rio . 
Grande Valley of Texas, 3 to 21 acre-inches of water was 

required 9 depending on the amount and distribution of rain= 

fall. In the latter region, one to four irrigations were 

given to the cotton crop. 
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Beckett and Dunshee (2) found that the yield of cotton 

incrE;iased in gen~ral. as the amount of irrigation water was 

increased on sandy loam soil in southern San Joaquin Valley 

·.qf Calife>rnia.. During .the five years 1926-30, cotton that 

. ,. :t;'.ecei ved 22. 6 acre-inches of water in three irrigations pro-

duced an.average yield of 603 pounds of lint per acre, while 

cotton tbat received 28.6 acre-inches in seven irrigations 

produced 1 9 034 pounds of lint per acre. 

In,New Mexico 9 Curry (8) conducted experiments from 

1925=30 to d~ter~ine the irrigation requirements of Acala 

cotton in the Mesilli,Va.lley. He reported that cotton has 

a wide adaptati,on with·respect to amounts of irrigation water 

. applied. He found that 18.9 to 21. 5 acre-inches of water 

.. applied in f.our to. five irrigations produced almost as large 

yields ?f cotton as 41 acre-inch¢s applied in ten irrigations. 

Fortier and Young (11) conducted experiments to deter-

mine .the amount of water require'd to produce cotton in the 

Pacific Slope Basin. The~ reported that the average maximum 

production of 2.06 bales per acre was obtained:from 3.46 

~ere-feet of water. a_pplied :i,n seven irrigations during the 

years 1926=30. T~is amount i_ncluded a six-inch preirri·ga tion 

and rainfall. 

At the New Mexico Stat~on, Bloodgood and Curry (4) ap

. plied 20 acre'.'"'inches of wa te.r to cotton in three. irriga tion,s 

and obtained:a yield of 819 pciunds of lint per acre. They 

stated that the general practice' of irrigating cotton in the 

Mesilla Valley is to apply about 18 inches in three or four . '. ' \ . 

irrigations. 
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McDowell (20) reported on growing cotton under irriga

tion in the Wichita Valley of Texas for t'he years 1932-33. 

He stated that the largest yield of cotton, 450 pounds of 

lint per acre, was obtained from 28.54 acre-inches of water. 

When the water was increased to 31 acre-inches, the yield 

was ,reduced to 427 pounds of lint per acre. 

Fortier and Young (10) observed that in growing cotton 

at the New Mexico Station, on adobe soil overlying coarse 

sand, a total of 1,775 pounds of seed cotton per acre was 

obtained when 33 acre-inches of irrigation water was applied 

in five to six irrigations. When the water was increased to 

37 inches~ the yi~ld was reduced as much as 200 pounds of 

seed cotton per acre. With cotton grown on worn-out, fine 

sandy soil at the Medina ~roject, Medina, Texas, a maximum 

production of 260 pounds of lint per acre was obtained with 

22 acre-inches applied in one to six irrigations. 

Cook and Martin (9), Camp (7), Marr and Hemphill (18), 

and Hudson (15) discussed in detail irrigation methods best 

suited to cotton. They stated that the general appearance of 

the cotton plant is a good index as to the time to apply 

water. The apparent quantity of water previously applied 

could not be accepted generally as a safe basis upon which 

to determine the time for subsequent irrigations. According 

to information at that time, the appearance of the crop 

offered the only dependable guide. 

The foundation for maximum production of cotton was laid 

only .if sufficient water was given the plants durini the 
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early stage of development to keep them in a healthy 1 growing 

condition. Wilting of some of the plants in the middle of 

the day during early growth was not harmful and was not con

clusive evidence that a general irrigation was needed. 

When the cotton plants began fruiting and flowering$ 

they needed and used a maximum quantity of water, with sub

sequent irrigations frequent and heavy enough to prevent any 

serious wilting during the middle of the day. When· the plants 

indicated a need for irrigation, neglect for only a few days 

was likely to result in serious loss from shedd-ing of young 

squares and bo·11s. Careful observations showed that the 

color of the cotton foliage in the dry areas of the field 

appeared somewhat darker with a slightly bluish tinge; there

fore9 the ~otton in. need of water was recognizable from a 

distance. The color change was noted even before the plants 

began to show signs of w.ilting and was a definite warning 

that water was needed. Another sign upon which growers of 

upland cotton relied was the color of the terminal growth. 

When in a thriving condition, the plants would ordinarily 

show three tQ four inches of tender, light-green stem between 

the t~rminal bud and the reddish coloring of the stalk. A 

rapid extension of the reddish coloring towards the terminal 

· bud showed a checking of growth and indicated a need for irri= 

gation. When the flowers could be seen extending above the 

terminal buds of the plants and a decided yellow color was 

noted over the field, it was evident that irrigation had been 

postponed too long. An excess of water was usually indicated 
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by a waxy sheen on the foliage 1 by large coarse leaves, and 

by excessive terminal growth@ 

In California in 1954-55, studies on the irrigation of 

cotton were conducted by Stockton and Doneen (22). Research 

was conducted as to the relationship of soil moisture to 

growth, physiological development 1 and yield of the plants. 

As the plants developed in size and the days became warmer, 

moisture use rates increased to approximately 0.15 inches 

per day for June, 0.20 inches per day for the first part of 

July, and 0.30 inches per day or more in latter July and 

throughout August, with a rapid decline in September. 

The high yielding cotton plot of 2.92 bales per acre 

was one that received ten irrigations through the season for 

a total of 30 inches of water applied. The treatment that 

received 26 inches of water yielded 2.90 bales per a~re 9 and 

the treatment that received 5205 inches of water yielded 

2.81 bales per acre. 

Ada:ms 9 Veihmeyer 9 and Brown (1) in their investigation 

of cotton irrigation in the San Joaquin Valley of California 

were concer~ed mainly with plant responses to irrigatiop. A 

num.ber of irrigation level treatments were .used 9 but the main 

terms used were 11wet 11 9 "medium11 9 and 11 dry 11 
0 The objective 

for the 11wet 11 treatment was to maintain soil moisture above 

the permanent wilting percentage. The 11 dry 11 treatment was 

unirri.ga,ted. The 99mediumu treatment soil moisture was not 

maintained as high as the 11wet 19 treatment. 

It was evident that if the soil moisture were allowed 
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to remain at the permanent wilting percentage for extended 

.periods 9 there would be a definite reduction in plant heights 

and yields. Between the principal "wet" and "medium" treat-

ments 9 the yields of neither group were consistently higher 

nor lower than those of the other group. 

An irrigation differential planting date experiment on 

cotton was conducted by B1oodworth 9 Burleson, and Cowley(~) 

at the Lower Rio Grande Valley Experiment Station during the 
I 

1955 season. They found that the timing of irrigation water 

applications to coincide with critical stages of cotton plant 

growth was very important •. Yield of lint cotton, boll size, 

staple length 9 and oil content of the seed were not signifi= 

cantly affected by either irrigation differentials or plant

ing dates. Irrigatio.n water -applied during the fruiting and 

boll maturity stages gave the greatest yield. 

Thaxton (24) reported that from experiments on' the High 

Plains of Texas 9 the quality of cotton may be affected by 

summer irriga.tion. Fiber studies made on cotton from. irri= 

gation tests at the Lubbock Station showed that the highest 

quality of cotton was produced with only a preplanting ir~i= 

gatio~. The largest yield was made with two summer irr~ga= 

tions, but this produced the lowest quality cotton. Three 

summer irrigations reduced both yield and quality. A good 

compr~mise came from a late. July irrigation which averaged 

. a.bout 100 pounds less lint but produced a much better f,iber. 

A study by Brown, Benedict, and Bryan ( 6) on the need,' 

of irrigation in the humid.regions was conducted for the 
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years 1950=54 in Arkansas. They reported there was a statis= 

tically significant increase in seed cotton yields as a result 

of irrigation~ The average yield from all irrigated plots 

was 2 9 589 pounds per acre of seed cotton; for nonirrigated 

plots 9 it was 1 9 394 pounds per acre. This gave an increase 

of 1 9 195 pounds per acre 9 or an 86 percent increase due to 

irrigation. 1he daily consumptive use of water by plants 

from the irrigated soil was greatest during the peak fruiting 

stage of growth 9 after which it decreased considerably •. The 

average daily consumptive use during the month of June was 

Ool3 inches; during July~ it was 0.26 inches; and during 

August, it was 0.15 inches. The timing of each irrigation 

was based on the percentage of available moisture remaining 

in the soil at depths which varied with the method used to 

indicate soil moisture content. During the last two years 

of the experiment, irrigation was begun when available soil 

moisture was 50 percent. 

Spooner and Caviness (21) reported in their study, whic~ 

was to determine the critical stages for irrigatine; cotton, 

that irrigation increased the yield of seed cotton signifi

cantly for ~11 irrigation treatments when compared with non= 

irrigation.. The greatest increase in yield a.mounted to nearly 

a bale per acre and was obtained by irrigating throughout the 

growing seasono The data indicated that 'the cotton plants 

:may be allowed to wilt during their early growing period 

without greatly reducing the yieldy but an adequate moisture 

supply 'must be available during the entire fruiting period 
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if the highest yield were to be expected. The increase in 

yield due to irrigation was obtained by prolonging the effec= 
" -

tive fruiting period,_ rather than by increasing the fruiting 

at any given time. 

A report by Harris, Hawkins, Cords, and Aepli (14) 

covered four years of work with differential irrigation 

sch~dules. The irrigation schedules were designed to deter= 

mine the extent to which soil moisture supplies should be 

limited during the fruiting period and to ascertain the best 

time to change from abundant to limited soil moisture. The 

soil used had a water-holding capacity of 18 percent and a 

wilting point of 8 percent. There were no signif.icant dif

ference$.- between the yields of plants irrigated at 8=percent 

·soil moisture after midsummer and those irrigated at 10 per-

cent during that same p~riod. The report also stated that 

any. condition retarding early growth tends to throw the plants 

into a.vegetative condition during the fruiting season which 

was a detriment to the yield. 

A :six=year report on differential irrigation schedules 

witn cotton was.made by Harris and Hawkins (13). The irri= 

gat:ton $Chedules were designed to determine the best type of 

pl~tnt growth from planting to the fruiting period to obtain 

maximum. yield. Re~ul ts .. showed that plants which grew most 

rapidly from time of plai.nt_ing to July 31 and continued growth 

at a moderate to low rate from July 31 to September 10 were 

the highest in production. The plants which grew slowly 

from time of planting to July 31 and continued with slow 
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growth from July 31 to September 10 were the lowest in pro= 

duction. Plants making intermediate growth prior to July 31 

and comparatively rapid growth from July 31 to September lO 

,.W1r,["e intermediate in production.. The data indicated that cot= 

ton plants should be allowed to reduce available soil moisture 

more completely between irrigations during the fruiting period 

than prior to this period 9 unless they were stressed too 

severely prior to fruiting. 

Because of the need to know how many times to irrigate 

and when irrigation should stop 9 Stockton and Doneen (23) 

have been conducting experiments at Shafter 9 California. 

Xrrigation frequency appeared to have little effect on yield 

and quality of cotton fiber until it was reduced to the point 

where cotton plants were allowed to wilt. Too many irriga= 

tions 9 even on well drained soil 9 appeared highly undesirable 

from both. yield and quality standpoints. Twelve ,applications 

with a total of 34 inches showed the highest yield for 2.97 

bales per acre. The yields decreased as the amount of water 

and number of :applications were increased or decreased. 

Fromm review of literature by Krantz, Swanson~ 

Stockinger 9 axid Carreker (17) 9 they concluded that for max= 

imum production of cotton$ the plants should never wilt. 

Irrigation should be .. 'accordi'ng to the needs of the plants~ 

· a;nd not by the calendar. They reported that irrigation should 

start when the plants begin showing a need for water, an~ 

irrigation should continue until all the bolls which are ex= 

pected to mature are ·set. Later irrigations were likely to 



20 

cause undesirible vegetative plant growth. 

Careful tests on cotton plants in the San Joaquin Valley~ 

as reported by Whitney (25), showed that practically all the 

water that cotton required was about 29 inches per season, not 

counting evaporation or percolation losses. August was the 

month of greatest moi~ture use. Tests indicated the best 

yields of cotton were grown on land irrigated so frequently 

that the wilting point was never reached. 

Jrrriga tion exper:i.ments began in the Texas Brazos River 

Field Laboratory in 1952 as reported by Garrett (12) to 

determine th•~ effect of i.rriga tion in a humid region. The 

four water treatments used in the experiment were as follows: 

1. 'rhe high moisture level was 50~percent available 

moisture or above. 

2. 1'he medium level treatment was maintained a.bove 

25=percent available moisture until the cotton 

began to bloom and then was raised to 50-percent 

available moisture. 

3. The low moisture level was maintained at or 

above 25-percent available moisture throughout 

the growi.ng seasono 

4. A nonirrigated plot was maintained. 

The first year 1 s results from the high moisture level 

treatment which received only 3 inches of irrigation were 

roughly 1~000 pounds of lint cotton per acre as compared with 

632 pounds from the nonirrigated plot. 

For· the second year oJ the experiment, the high moisture 
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level treatment produced 1,012 pounds of lint per acre with 

9 :inches o:f irrig.a!. tion;; the medium moisture level produced 

786 pounds per acre with 7=1/2 inches of irrigation; the low 

moisture .level produced 665 pounds of lint per acre with 

4=1/2 inc.hel~~ of irrigation;; and the nonirriga ted produced 

399 pounds of lint cotton per acre. 

For the 1955 sea.son~ 14 inches of irrigation on the high 

moisture level plots produced 1 9 755 pounds of lint cotton per 

acre 8!,!S\ COl.!li1tpai,red with·· 500 pounds per acre for the n10>:ni:r':riga ted 

plot. 



CHAPTER IV 

PROCEDURE 

Location of Experimental Area 

The Agricultural: Engineering Irrigation Research Station 

near Altusv Oklahoma. 9 was selected for the location of the 

experimental plots. The plots were loca~ed on Foard clay 

loam so-il and were underlaid by a clay subsoil to a known 

depth of 60 inches. The soil was considered uniform over the 

entire experimental area. 

Equipment Used 

The irrigation water used on the experimental plots was 

delivered by the W. C. Austin JCrrigation District •. The water 

was de_li·v~re.d in open 9 unlined canals to the research station. 

The turnoutst,ru.cture and the water measuring device was a 

double submerged orifice type as illustrated in Figure 1. 

Open$ unlined ditches were used to transport the water from· 

the turn.out to the experimental plots. The water was then 

transferred from the small head ditch to the plots by 3~inch 

siphons four=feet long. 

A standard 8=inch nonrecording rain gage was used to 

measure the;rainfall~ A hygrothermograph was installed the 

first of August 9 but before that time no temperature or 

22 
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rela.tive humidity percentages were recorded on the research 

station. 

Figu1'e 1. Double submerged orifice type 
water measuring device and turnout 
structure. 

The soil moisture samples were taken with a standard 

soil sampling tube and were collected in 16-ounce soil sa~-

pling cans. The samples were dried in an infrared oven for 

one hour, and then the moisture percentage was figured on a 

dry weight basis. The moisture percentages that were calcu-

lated using the infrared oven were corrected to the standard 

oven. An electrical resistance soil moisture measuring de-

vicev lirrigagev was used on a separate water application 

treatment which was irrigated the same·as the high moisture 

level treatment. 



Plot Layout and Treatment Used 

The stat:i.stical design for the plots was a completely 

randomized split plot. The design of the layout permitted 
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a statistic&l analysis of the yields. There were five water 

treatments used and four replications of each treatment .• 

Within each replication of each water treatment 9 there were 

four fertilizer treatments. Each replication of each water 

treatment consisted of eight rows approximately 150=feet 

long. The two outside rows of each plot were guard rows~ 

thereby permitting 100 feet of the four center rows to be 

harvested for the test. Since there were four fertilizer 

treatments within each replication of each water treatment, 

the plots were split into quarters. The plot layout is best 

described by Figure 2. The variability in stand was accred

ited to lack of soil moisture. 

Irrigation Procedure 

The irrigation water was applied to t~e plots· from the 

head ditch through 3=inch aluminum siphon tubes. The large 

siph0ns were selected to permit flooding of the plots so as 

to rvbtain ~ mtiform distribution of water. Borders and berms 

encircled e1i.,ch plot to prevent any runoff of the irrigation 

water. The irrigation of a plot using the 3-inch siphons is 

illustr~ted in Figure 3. 

Since the irrigation water supply was dependent on the 

W. C. Austiu !rrigation District, no water was available for 

irrigation purposes until June 30. At this time, all water 
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Figure 3. Flooding experimental plots with 
3~inch aluminum siphon tubes. 
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treatments with the exception of w1 (no water) received a 

3-inch application. Thereafter, each water treatment received 

a 4=inch application as required to maintain its desired mois-

ture level. The irrigations continued until after the first 

week in September. At this time, the water allocation for 

the research station had been exhausted. 

After the first irrigation, the time to irrigate was 

determined by the following methods. The w2 and w3 water 

treatments were irrigated according to when they showed signs 

of wilting. The w2 water treatment was irrigated one week 

after the first sign of permanent wilting. The W3 water 
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treatment was irrigated 24 hours after permanent wilting was 

· observed. The w4 was irrigated when the moisture percentage 

in the 6= to 12=inch depth dropped to approximately 17 per

cent. This moisture level was selected because in prio+ 
,' 

experiments there was no indicati6n· of cotton plant stress. 

if a soil moisture percentage of about 17 percent was main= 

ta.ined in the first foot of the root zone. The w5 wa~ irri= 

gated the same as the W 4 water trea tmen t 9 "a.nd lrrigage ?read-

in.gs wer~ Cl!'J,mplal.red with the soil moisture .percentages. 

Crop Management Procedure 

The variety of cotton selected for this experiment was 

Western. Stormproof. The plots were planted May 9 9 1956 9 with 

a two=r\QlW pla.nter. The first emergence observed was May 14 9 

1956. After the rains .in late May 9 there wa.s considerable 

c~usting of the soil. This hindered the emergence and re= 

quired the use of rotary hoes to break the crust. An effort 

• was made to eliminate the larger skips in the cotton rows by 

replanting them with a one=row planter 9 with the final stand 

of the cotton being approximately 21 9 950 stalks per acre. 

The plots were cultivated June 12 9 and on the same day 

they were sprayed for cotton fleahoppers. The chemical used 

for this spraying was one pint of Dieldrin per acre. The 

plots were first hoed June 18 9 and the following day they 

were again sprayed for cotton fleahoppers using the same 

amount and type of chemical as before. The first fertilizer» 

15=15=0 9 was applied June 25 in the liquid form as a side 



, dressing. To get the ·vari-ous amounts of fertilizer on the 

subplots 9 the applications were repeated until.the desired 

amount was obtained. 

All the plots with the exception of the w1 (no water) 

received a 3=inch irrigation June 30. The second cultiva= 

tion on July 9 was to break the soil crust and eliminate 
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weeds. .· T,he plots were agaJ.n_ sprayeo. for f leahoopers July 11 

with the chemical decreased to 3/4 pint per acre. Water 
,i, 

treatments w4 &nd w5 each- received a 4=inch irrigation on 

July 12. The second hoeing was on.July 20 to eliminate the 

larger weeds that had been missed by the cultivator. Due to 

the infestation of the plants by cotton le~fworms, the plots 

were spr&yed July 21 with 1=1/4 pounds of DDT and 83/10()-

pound of Chloradane per acre. 

Water tl"ea tment W3 was- -~i ven a 4=inch irrigation July 26 

after the plauts w:i.lted 24 hours. After a week of wilting 9 

water treatment W2 was given a 4=inch irrigation. Spraying 

t.o eliminate leafworms was agai_n required on July 28 9 but 

thi~ time 1, _pound of DDT wa;s used and 2/3 pound of chloradane .. 

Water treatments W 4 and W 5 were ag:ain irrigated July 30. The 

plots were sprayed again on August 4 for leafworms. Water 

treatments W3 9 W49 and W5 were given.a 4-inch application of 

water on August 10. Sprayings were again repeated August 19 

and August 27 because of infestation by cabbage loopers. On 

August 249 W4 and W5 were a,gain irrigated. The final irri= 

gation for W2 and W3 was August 29 and for W4 and W5 was 

S·eptember 5o 

• 
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Soil Sampling Procedure 

Soil, moisture samples were taken the day the cotton wa~ 

planted with periodic samplings continued on the plots until 

the first irriga ti.on. At this time 9 a prescribed sampling 

procedure went into effect. Samples were taken on the plots 

the day before they were to be irrigated 9 and then tw9 days 

and f~ur d&ys after each irrigation~ Biweekly sampling was 

then practiced until the next irrigation. 

Composite samples wer·e taken from the four replications 

of ea.ch water tr~atment at 6=inch intervals to a depth of 30 

inches. Since the plots were flooded 9 the water distributi.on 

wa.s fairly uniform. The samples were taken in a row midway 

betweem two plants of uniform stand so as to obtain a more 

reliable indication of the depleted soil moisture. 

The ~ta.ndard method for determining soil moisture on 

the dry weight basis was used except an infrared oven Wa$ 

used to dry the samples instead of a standard oven,. The 

infrared oven was calibrated to the standard oven with all 

soil moisture percen.tages corrected to the standard oven. 

Undi~turbed core samples for determining apparent: spe

cific gravity were taken with a Pomona sqil sampler. Samples 

were taken at three different locations near the center of 

each foot depth of soil. The real specific gravity was 

determined by the use of a 150 ml. pycnometer bottle. A sum= 

_mary of real and apparent specific gravities 9 along with 

estimated and labora~ory determined values for field capacity 

and wilting point 9 is given in Table VII of the appendix. 



Use of Electric.al Resistance Unit as an 

Irrigation Scheduling Guide 
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In each of the replications of the w5 water treatment, 

an lirrig~ge stak~ soil unit was .placed in the ground. This 

unit was located in one of the two center rows of the plot 9 

approximately 20 feet from the head ditch. The unit was 

placed midway beit;ween two plants of uniform stand. On each 

of the stakes 9 there were four gypsum rings containing stain= 

less steel electrod~s. The gypsum rings were spaced on the 

stakes at 6 inches 9 12 inches 9 18 inches 9 and 24 inches 

from ground level. The Xrrigage stake soil units were placed 

i:n the soil two weeks before the irrigation. season began and 

were not remilllved until after the crop was harvested •. Daily 

readings, a~ time permitted, were taken on each of the four 

stakes. The 6~. and 12~inch read1ngs were averaged to provide 

more reliability in determining when to irrigate. 

Crop Yield Sampling Procedure 

Since the plots were laid out ·in a split-plot design, 

four separate c.rop yield samples were taken from each. plot. 

E&ch sample consisted of the yield from two rows, 50-feet 

longo The h&rvest rows were the inside four of the eight 

rows planted. The two outside rows on each side: of the plots 

were used as guard rows. Midway in each plot was a lO=foot 

guard zone to allow for·a change in fertilizer level. The 

50-ftOJot harvest rows were measured from the edge of the guard 

zone. A sketch of the harvest section is shown in Figure 4. 
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--~~~~~~~~~15oq Appro~.~~~~~~~~~-. 

Figure 4. , Sketc.h (%!- • ha?'.vest ar~a within ,Pl Qt 

The· plots were first ha.rvested «;m the fourth of 

September as there was a considerable amount of cotton open 

at that t:ime. This harvesting was ginned and graded sepa.-
n 

rately fr~m the fin~l harvesting which was November 23. The 

crop yield samples were bagged and labeled and taken to the 

gin at the Ch:lck[tsha Experirilent Station where they were· gin-

ned and graded. The samples were weighed to the nearest 

1/100 of a poundo 

Procedure for Calculations 

The basic formula used for calculating transpiration 

is as foll(QJWS~ 

d ::; p As D 
100 

where d = depth of soil moi~ture depletion in inches» 

P ~ difference in percent of soil moisture between 

two determinations 9 

As= apparent'8pecific gravity of the ~oil 9 and 

D = depth of soil sampled in incheso 

An attempt was made to determine the average daily 

transpiration rates between irrigations 9 but due to the "", 
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erratic soil moisture, levels encountered 9 .this produced unre= 

liable informationo The consumptive use rates for the irri-;= 

gation intervals were determined as follows~ 

Total Consumptive Jirrigation+Rainfall Durin~ Irr~gation 
Use (inches/day) :::;: (inches) lnter'!al ~inches) 

I Number of Days in lrr1ga tion Interval· 

Kn using this method 9 the soil moisture level WAS assumed 

to be the same before each irrigationo 

The yields were statistically analyzed in order to deter= 

mine if·, the water and fertilizer treatment means were sign if= 

icantly different. The new multiple range test was run on 

the water treatment means at the 1-percent and 5-percent 

levels to determine if there were significant differences in 

the mean yields. 
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CHAPTER V 

RESULTS 

Yield and Consumptive Use for Cotton 

The cotton yields in pounds of lint per acre for the 

water and fertilizer treatments are summarized in Table I. 

The yields were statistically analyzed to determine if there 

were significant differences in the water treatments 1 ferti

lizer treatments 9 and their interaction. The analysis of 

variance 9 as listed in Table 111 9 for the water treatments 

was highly.significant. Neither the fertilizer treatments, 

nor the interaction between the water and fertilizer treat

ments was significant. The new multiple range test for sig

nificant d~fference between water treatment means at the 

!=percent and 5-percent levels is presented in Table XV. 

Since W4 and w5 received the same water applications 9 there 

was no reason for a significant difference between these two 

means .. 

The relation between water treatment and yield in pounds 

of lint cotton per acre for each fertilizer treatment is 

illustrated in Figure 5. A difference can be noted in the 

water treatments 9 but there is very little difference in the 

yields · due to the fertilizer treatments. It is appar.ent from 

the results of this experiment that- a higher level of water 
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, ··· . TABLE.. I 

L!NT COTT.ON YIELDS IN POUNDS PER ACRE 
I 

Fertilizer Water Treatments 
- ' ,Trea~ments W1 W2 W3 W4 

FA 173 .48 335~ 51 480.24 1}92.62 
' 

FB 158.77 305.14 556.37 923.90 

Fe 158.45 280 .31 578.91 990.88 

Fn 151.92 318.86 610. 60 1017.02 

Means 160.55 309.95 556.63 1008. 60 
Number of 0 3 4 6 Irrigations 
Inches of 0 11 15 23 
Water A.nolied 
Yield Kncrease in I 

#/Acre Per Inch , 13. 58 26.40 36.87 
n-f Wa+,a.r 

TABLE II 

AVERAGE NUMBER OF BOLLS PER STALK AND .AVERAGE 
HIGHEST AND LOWEST BOLL PER STALK 
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Means 

522.96 

486.04 

502 .13 

524. 60 

'] 

Average Number Average Height Average. ~eight 
Water of Bolls Per of High Boll of .Low Boll 
Treatments Stalk (inches) (inches) 

W1 5.6 11.5 4.2 

W2 7.5 14 •. 8 5.5 

W3 10.3 18.3 5.3 

W4 18.2 24.4 3.9 
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-TABLE III 

A~ALYSIS .OF' .VARIANCE OP COTTON YIELDS 

Source 
..... 

d.f. M. S. F 

Water Treatment 4 138.1744 82.0952** 
' 

Main Plot Error 15 1.6831 

Fertilizer Treatment 3 o.~146. 

Fertilizer X Water. 12 · 0.6146 
< 

Subplot Error. ·45 0.7281;1 

TABLE IV 

NEW MULTIPLE RANGE TEST FOR SIGNIFICANT DIFFERENCE 

Water Treatments I W1 I -:W2 W· I W5 W4 3 r • r 

Means-for 1 
Percent: Level lo23 2.37' 4.25 7 .. 49 7 .• 72 

< 

Means for 5 
Percent Level 1.23 2.37 4~25 7.49 7.72 

Note~ Any two cm.eans not·underscored by the same line· 
are signifi6antlj different.-

,· 

Alty two means undersc_ored by the same lin~· are 
not sign:l.f ican.tly different. 
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application is needed in order to determine op_timum crop 

yield. 

At various times during the growing season; the heights 

of the cotton plants in each water treatment were measured 

· and recorded_. The results are ~llustrated in Figure 7. TWo 

weeks after th~ first and secorid irri~ations, the plants in 

t,he -differen.t water treatments began to show a difference in 
·- 1\ . ~. 

size and color. The fertilizer treatments did not seem to 

.have any effE!Ct on the rate of growth, size, number of bolls 

per stalk, or color. Table .II summar_::j.zes the effect of var-. 
ious wate.r application levels on the· average number of bolls 

per stalk, and the average height of the highest and lowest· 

boll. The four water treatments of the cotton plots near 

maturity are illustrated in Figures. 

Du~ to the type of soil on which the experiment was 

_located, theisoil moisture determinations were too erratic 

to be considered reliable in determining transpiration rates. 

In Table Vlll, of the appendix, compa:r.ing the soil moisture 

levels of the W4 and the w5 water treatments which received 

the same amount of water ,t the same time, it is evident 

that there.were inconsistent variations in the results. It 

was decided that these results were questionable and should 

not be used as conclusive evidence in determining daily 

transpiration. 

A summary of consumptive-· use rates are listed in 
l.. 

Table V for the W2, w3 , and w4 water treatments. The peak 

daily CC?,nsumptive use for w4, which appeared be;tween .. _ , 

.C 
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Crop and 
Treatment 

W2 

Cotton W3 

W4 

TABLE V 

SUMMARY OF. CONSUMPTIVE USE OF WATER BY COTTON 
ALTUS, OKLAHOMA, 1956 

Peak Date 
~ vg. Daily Use · 

for Peak 
Daily for Irrig~tion" Monthly 

Use* Peak Seas.on- Use 
(inches) Use · (inches) (inches) 

' 

0.174 August. 8 -· 0.145 5.38 
Augus.t 28 

0.293 July 25- - 0.212 8.83 
August 8 

0.374 August ;10 - 0.314 10.69-
August 23 

*Peak daily use ~s the peak average use betwe~n irrigations@· 

Total 
Seasonal 

Consumptive 
Use 

(inches) 

2Y.12 

25.72 , 

"33.72 

~ 
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August 10 and August 23, was 0.374 inches per day. The peak 

daily use oc,curred a;t a time when the m~ximum temperatures 

were the highest. The peak monthly consumptive use of 10.69 

inches was during August with a decline beginning about th~ 

last of August. The total seasonal consumptive use ot the 
.. 

W4 water treatment was 33.72 inches. The seasonal use pat-

terns are illustrated in Figures 9, 1~ and 11 for water 

treatments w2 , w3 , and w4 respectively. These illustrations 

indicate that· consumptive use rates a;re related t.o the degree 

of available soil moisture.· 

Economic Analysis for Water and 

Fertilizer Treatments 

In order to determine the greatest net return, consider= 

ing both water and fertilizer, an economic analysis was ma~e. 

Sin.ce the other costs would remain constant, only water, fer-

tilizer·, irrigation labor, and harvesting were included in 

this analysis. With th~ exception of the W3 water treatment, 

the fertilizer failed to show an increase in returns. ',t\1-1 

water treatments showed a definite increase in net returns 

as the amount of water was increased. A w4 water treatment 

with no fertilizer was the high net return plot of $220.46 

per acre, which was $32.50 per acre over the next highest 

" yielding· fertilizer treat~ent. 

From Table VI in which the net returns are !3ummarized 

for the different water and fertilizer treatments, it is 

evident in comparing the W3 and w4 water treatments that 
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TABLE VI 

ECONOMIC ANALYSIS FOR IRRIGATED COTTON TREATMENTS 
' ALTUS,_ OKLAHOMA, 1956 

*Cost of 
Returns Returns Total. Water, Fert. Harvest Net Returns 

, Treatments- 1st Pulling 2nd Puliing ·Returns and Irriga- Cost from Lint 
~ ~ ti.on Labor ··Cotton 

·· ($/Acre) : ($/Acre) ($/Acre) ($/Acre): . ($/Acre) ($/Acre) 

FA 29.39 15.42 44.81 · 00.00 9.64 35.17 
·Fa ' 27.15 15.82 42.97 11.86 8.85. 22.26 . 

W1 Fe 21.75 ·17 .36 39.11 23.69 8.99 6.~ 
Fn 26~50 14.69 41.19 35. 56 8.61 -2.53 

FA 33,.70 52.47 86.17 10.08 20.77 J>5!32 

W2 
Fa 27.37 54.'36 81.·73. 21.94 18.46 41.33 
Fe 27.96 47.51 75.47, · 33.77 16.67 25.03 
Fn 32.79 53.19 85.98 45.64 18.93 21.'41-

-, 

FA 42.23 83.07 125.30 13.75' 26.52 85.03 

W3 FB 57.92 93.52 151.·44 25.61 31.25 94.58 
Fe 42.66 111.14 153 .• 80 37.44 32.25 84.11 
Fo 62.13 106.30 168.43 ·49 .31 34.60 84.52 

FA 36.34 267 .34 303.68 21.08 62.14 220.46 

W4 Fa 24.38 236. 63. 261.01 32~94 49.14 178.93 
Fe 23.24 248.36 271.60 44.77 58.94 167.89 
FD 11:.46 285.83 303.29 56.64 58.69 187.96 

' 
*C_ost of water $5 per acre-foot 9 labor' $1 per hour 1 and fertilizer 469 per gallon,. 

--.. 

ii:-. 
01 
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for an additional cost of $7.33 per acre for water and labor 

the net return could be ·increased $10i. 75 per acr·e. The 

water treatment w3 is a common irrigating procedure for many 

farmers who wait until the cotton plants show a sign of wilt 

before they irrigate. 

Climatological Data 

Precipitation and temperatures are the principal cli..,. 

ma.tic factors involved in the consumption of water PY crops. 

Other wea:ther phenomena, such as wind, relative h:i,imidity, 

and ev~poration, are known to affect the soil moisture con

ditions .and available moisture supplies, but none are as 

important as precipitation and teiilP,.erature. The peak daily 

use of moisture for the w4 water treatment was during a 

period of 100°+ temperature's. Climatological data for the 

1956 growing season are presented in the following tables 

in the appendix. 

Table X 

Table XI 

Precipitation Data for Irrigation Research 

Station, Altus, Oklahoma, 1956. 

Maximum and Minimum Daily Temperatures, 

Altus, Oklahoma, May through September, 

1956. 

Table XII Daily Evaporation and Wind Velocity ~or 

Altus Dam, Altus, .Oklahoma, May through 

September, 19 56. 



Study Made with Electrical-Resistance Method· 
,, 

for Determining When: to Irrigate 
' ,.,_. 

The standard method of determining soil maisture by 

sampling 9 drying 9 and weighing was used as a comparison to 
' ' 

47 ,, 

the electrical resistance method. The particular electrical 

resistance unit used in this study is manufactured under the 

trade nan'l.e 9 "l~rigage". · The readings taken from th.e Irrigage 

were very erratic and little reliability could be expected 

from the Irrigage as a guide for determining when to irri= 

gate. One of the possible sources of error in using the 

Irrigage stake is that the clay soil will shrink away from 

the a,take soil unit and thereby break the soil moisture 

movement between·the soil and the electrodes embedded in the 

gypsum ringso A single stake soil unit therefore cannot be 

depended on as a means of determining when to irrigate in 

this. type "t>f soil. Table XIII of the appendix gives some of 

the data collected from the Irrigage and corresponding mois= 

ture percentages as determined by the standard soil moisture 

sampling technique. Figure' 12 illustrates the relat·ion 

between the dial readings at 6- and 12-inch depths.as com

pared with the actual soil moist~re percent • 

• 
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CHAPTER VI 

SUMMARY AND CONCLUSIONS 

A study was made on the consumptive use of water by cot-· 

ton at the Jrrrigation Research Station, Altus, Ok\lahoma. 

The experimental field plot with a completely randomized 

design was used, and the consumptive use rates were deter ... 

mined- by the field plot.experiment method. The effects on 

the yields by va~ying the amounts of water and fertilizer 

are recorded·· in tables contained in this thesis. A sta tis

tical analysis was made of the mean yields to determine the 

significant differences between.the various treatments. 

The following conclusions were made from this study 

based on the results obtained: 

1. The peak daily consumptive use which occurred in 

the w4 water treatment between August 10 and Aug-' 

ust 23 was 0.374 inches per day. For the irriga~ 

tion season, the average daily v.se for w4 was O .3:14 

in.ches per day, with the peak monthly use of l0.69 

inches. The total seasonal consumptive us~ for w4 

was 33.72 inches. 

2 •. · A decrease in yield occurred when the cotton plants, 

were allowed to wilt before being irrigated. 

3. The,application of .267 pounds,- 533 pounds, or 800 

pounds of 15-15-0 fertilizer failed to show any 

49 
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increase in yield as compared with the fertilizer 

treatment which recei ved;no fertilizer., The sta tiS= 

tical analysis showed there was no significant dif-

ference in any of the fertilizer treatments. 

4o From the economic analysis, it is evident that the 

greatest net return resulted from the water treat

ment that was never allowed to permanently wilt~ 

The maximum net retur~ was $220.46 per acre as com-

pa.red with $35.17 per acre from the plot that 

received no irrigation •. An additional $7.,33 per 

acre for 8 inches of water and necessary labor will 
' 

increase the net return from $87.06 to $188.81 per 

acre. 

5. The data obtained from the electrical resistance 

method gave inconsistent results. 'The readings were 

not consistent or accurate enough to be considered 

reliable. 

6. Jit is apparent that the consumptive use is influ= 

enced by the variations in the climatic·conditions. 

7. A continuation of this study is recommenqed to 

obtain more conclusive results on the consumptive 

use pattern of water by cotton~ The following 

changes are recommended~ 

(aJ Eliminate the .w1 and w2 water treatments 

and add a higher water treatment~tha~ the 

existing w4 in o~~er to obtain maximum 

yield~. 
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(b) Have certain areas designated in the -

experimental plots for soil moisture 
. . ' 

sampling to help eliminate sampliing 

errors. 



1. 

2. 

3. 

4. 

5. 

8. 
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TABLE VII 

SOIL CHARACTERISTICS OF PLOT AREA, 
FOARD CI.A Y LOAM 

Calculated* 

Est im.a ted fr,om 
sampling 

Field Capacity 
(percent) 

25.83 

24.05 

Wi:/..ting Point 
(percent) 

11.47 

13 .98. 

APPARENT SPECIFIC GRAVITY** 

. Soil Depth 
{inches) 

6 

18 

30 

Unit Dry Weight 

1.413 

1.575 

1.685 

REAL SPEC.IF IC GRAVITY 

. ·2. 73 

56 

$Field capacity was calculated by use of ceramic plates 
for · 1 / 3 atmosphere tensi'on. Wilting point was calcula,ted 
by use . of :pr~ssu~e membrane apparatus for ·15 at.mosphei-e 
tensiort., Calculations were made by Walter Knisel 1 Grad
uate Fellow ;· Oklahoma A. and M. College~ / 

·**Apparent specific gravity values are averag,e values for 
six undistrubed core samples 'taken by · the Pomona soi-1 
sampler. 1 •. 



, TABLE VIII 

DAILY CONSUMPTIVE USE OF W2 A,ND W3 WATER 
TREATMENTS DURING ,IRRIGATION SEASON 
.. \, 

S_a.mplin~ Dates 

June 29 = July 2 

July 2 = 4 

July 4 = 9 

July 9 = 13 

July "13 = 16 

July 16 = 18 

July 18 = 23 

July 23 27 

July 27 =· 31 

July 31 = August 

August 8 = 21 

August 2ll = 25 

August 25 - 28 

August- 28 ',..:_ Sept. 

September 1 - 3 

Septembe_r 3 - 7 

8 

1 

Daily Use·- Between Samplings 
(inches per day) -

0.72 

0.22 

0.01 

0.10 

0.06 

0 .. 15 

0,16 

0.18 

0.02 

0.28 

0.11 -

0.26 

0.05 

0.10 

0.;79 

0.,07 

0.51 

0.20. 

0.28 

-=--* 
0,.03 

0.18 

0.68 

0.09 

0.06 

0.92 

0.26 

0.16 

0 .35 

0.,68 

0.21 

*Moisture sampling which showed more soil moisture rin the 
· last' sa.~pling than in the first sampling including any . -
rainfall during the sampling interval. 
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TABLE IX 

DAILY CONSUMPT,IVE USE OF W 4 AND· W 5 WATER 
TREATMENTS DURING IRRIGATION SEASON 

Sampling Dates 

June 29 = July 2 

July 2 ·- 4 

July 1 = 9 

July ,9 = U:! 

July 12 - 14 

J:uly 14 = 16 

July 16 = 18 

July 18 = 23 

July 23 = 27 

July 27 = August 1 

August 1 ... 3 

August 3 - 10 

August 10 = 12 

August 12 -·15 

August 15 = 21 

August 21 - 23 

August 23 = 26 

August 26 - 28 

August 28 1-.Sept~ 4 

September 4 = 7 

Daily Use 'Between Samplings 
· .. (inches per day) 

0.687 

0.165 

0.078 

-----* 

-----*} 
0.270 

0.392 

0.400 

0.500 

0.096 

1.010 

0.260 

0.183 

9.285 

0.920 

,0.310 

0.285 

0.245 

0.483 

0.440 

0.170 

0.720 

0.795 

-----* 
0.232 

0.310 

0.330 

0-.030, 

o'.-290 

1.450 

0.006' 

0.220 

0.100 

0.850 

0.235· 

0.236 

0.610 

I 

I 

I 

*Moisture sampling whi~h showed more soil moisture in 'the 
last sampling than in the first sampling including any. 

"',,,rainfall during the sampling interval.· 
1 
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TABLE X 

PRECIPITATION DATA FOR IRRIGATION RESEARCH STATION 
ALTUS, OKLAHOMA, 1,9;56 

59 

M·ont.h Day I Rainfall in Inclles 

April' l o·.88 
30 0~],9 

Total lo07 

May -2 1.61 -
23 Oo41 
25 1.84 
26 . 2,.1,59 
31 0.23 

Total 6.68 

June, 27 0.09 

July 10 0.08 
17 0.35 
19 0 .34 
30 0~10 

Total 0.87 

August 18 0.45 
19 o.41 

Total 0.86 

,Sept~mber 24 OolO 

October 15 o. 53 
18 1.36 
19 o. 73 
20 0.17 
29 0.67 

Total 3.46 

' November 4 0.23 
7 0.04 

Total ' 0.27 

Rainfall. was measured with a standar~ 8-inch nonreGording 
rain gage. 



Day of 
Month 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
1-8 
19. 
20 
21 

/_ 

22 
23 ,,, 
24 
25 
26 
27 
28 
29 
30 ' 

- 31 
Means 

MAXIMUM AND MINIMUM DA I LY TEMPERATURES FOR ALTUS, OKLAHOMA 
. MAY t hrough SEPTEMBER 9 1956 

May June J uly ·- August 
Max. Min. Max . Min. Max. Min. Max . Min . 

83 60 80 62 102 76 100 75 
83 -- 53 86 62 102 76 , 10_0 71 
83 54 95 · 67 100 72 102 73 
84 60 92 68 96 73 102 72 
88 61 99 71 103 73 105 67 
92 61 95 71 105 73 106 70 
87 6Q 99 66 105 71 103 70 
91 63 98 72 103 77 105 · 78 
94 66 92 63 94 72 105 72 
92 67 93 64 93 70 106 73 
96 63 94 67 99 69 104 . 70 
94 71 97 67 101 76 103 69 
99 74 95 69 100 76 105 .74 
96 57 92 67 102 78 10-8 70 
81 54 95 67 105 82 1.08 73 
90 52 ,103 74 102 77 107 . 7~ 

_99 57 102 77 102 70 · 105 74 ·· · 
99 55 100 70 94 69 .106 70 
98 58 97 ,69 92 68 98 64 
95 61 100 70 90 67 79 59 .. ,, 
94 62 100 75 99 66 85 55 
95 . 63 103 80 102 75 95 58 
93 67, 100 · 74 95 74 100 63 
80 62 100 70 99 68 100 62 
90 64 100 76 _ 101 71 98 64 
87 · 62 97 77 1oi 68 95 63 
79 59 101 73 100 71 99 68 
86 65 . 99 68 101 73 102 75 
92 71 103 67 104 70 106 70 
94 67 103 70 101 73 107 73 
92 69 101 70 101 64 

· 90 . 5 61·;·9 97 .0 70.1 99._8 72.4 101 . 5 68,e8 

September 
Mii'x. Mi~. 

93 5'5 
99 61 
98 . 69 
97 68 
98 69 
93 56 
85 58 
85 53 
88 51 
9ff 52 
99 55 
97 57 

101 66 
99 66 

103 66 
104 65 
97 67 

100 62 
.97 66 
96 58 

100 64 
98 67 -92· 66 
90 62 
89 58 
91 50 
94 56 
97 63 
89 58 
90 57 

95 . s - 60 :s 
C) 
0 



Day of 
Month 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 '; 

17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

Total 

TABLE XII 

DAILY EVAPORATION AND WIND VELOCITY FOR ALTUS DAM,. OKLAHOMA 
MAY through SEPTEMBER 9 1956 

May . June July August· September 
Evap. Wind Evap·. Wind Evap. Wind Evapo Wind Evapo Wind 

.15 83 .23 78 060 106 .39 23 .41 108 
=-- 73 .23 30 0 53 94 .32 50 .41 60 
.15 55 .39 107 .30 55 040 72 .43 90 
.27 79 .31 52 .54 62 .46 68 .44 82 
.31 108 020 66 .45 64 • 51 62 .46 72 
.39 130 .47 112 .40 54 ,.56 82 .40 93 
.35 95 .39 86 .48 60 .46 31 .28 88 
.25 70 .46 61 .45 40 .46 52 .24 39 -
.36 111 .24 59 0 50 75 .46 40 .,28 46 
• 52 137 .35 31 .34 44 .44 25 · .32 35 

· .47 122 .43 41 .13 65. .46 50 .42 102 
.47 96 .42 45 .40 92 • 51 75 .48 64 
• 52· 163 .40 65 .48 95 • 53 75 .48 111 -
.46 97 .41 57 • 54 101 .50 46 .45 102 

'. .20 104 .39 24 • 56 114 • 51 36 .45 107 
.34 66 .40. 102 • 58 87 .50 30 ' • 4'5 99 
.46 70 .56 118 .40 55 .4~ 74 .49 47 · 
.45 60 • 50 87 --- 91 • 51 78 .45 44 

, • 53· 103 .42 44 .26 ·26 ~40. 76 .42 62 
• 57 88 .48 · 57 .12 28 .15 104 • 41 ~8 
• 51 99 .43 87 .28 37 .34 84 .43 73 
.48. 102 • 53 93 .31 61 · .31 20 • 50' 152 
.48 112 • 58· 106 .44 55 .39 84 .47 92 
.32 80 .42 61 .22 21 .41 59 .39 54 
.07 45 .40 86 .31 21 .40 48 .34 33 
.24 68 • 53 111 .38 34 .47 64 .33' 41 
--- 76 .47 56 .42 60 

-

.43 73 .36 58 
.14 53 • 51 81 .49 83 .. 48 98 .40 63 
.30 121 .33 18 .45 64 .45 94 .39 47 
.35 50 • 52 83 .36 33 .40 79 .35 82 
.34 66 .33 27 • 54 81 

11.19 2782 12.4 2109 12.45 1904 13.64 1933 12.18 2234 
m .... 



Date 

... 

June 

27 

July . 
' 
'4 

9 

12 

14 

16 

18 

23 
' 

27 

August 

1 

3 
, .. 

10 

15 

21 

23 

26 

28 

September 

5 

7 

TABLE XIII 

CORRESPONDING SOIL MOISTURE PERCENTAGES 
AND, IRRIGAGE READINGS 

% Soil Avg. of 4 Avg. of 4 
Moisture Stakes· for St•kes ·' for 

6~12'' Depth 6 11 Depth 12" Dep.th 

17.5 143 85 
.-

19.2 182 129 

17.0 113 125 

17.6 52 109 

22~8 186 180 

20. 5 184 182 

21.0 140 177 

18.5 140 180 

16.0 79 169 

21.7 186 188 

22.3 184 189 

16.3 94 162 

19.4 176 186 

17.4 100 134 

.16 .. 8 80 -· 146 

23 .4 184 158 
,· 

21.2 13r 139 · 

15.7 34 133 

23.3 148 148 

62 

Avg. of 
6° & 12" 

Depth 

114 

156 

119 

80 

18~ 

183 

158 

160 
C 

124 

C 

187 

186 

128 

181 

117 

113 

171 

138 

83 

148 
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TABLE XIV 

IRRIGATION SCHEDULE FOR COTTON WATER TREATMENTS: 
ALTUS, OKlAHO.M!\,, 1956 

i 

Water Treatment 'Date of Irrigation . Water Application' 
! (in inches) 

W1. None· None : 

W2 June 30 3 

August 1 4 

August 29 4 
Total ll 

W3 June 30 3 
I 

0 July 25 4 

-·August 10 4 

August 29 4 
Total TI 

W4 'June 30 3 
'. 

and July 12 4 

w 5 July 30 4 

August 10 4 

August 24 4 

September 5 4 
Total 23 
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