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CHAPTER I 

INTRODUCTION 

Until recently United States soybean (Glycine max (L.) Merr.) 

production has been limited to the midwestern and southern regions. 

The emergence of soybean as an alternate protein source has created 

a potential for an expanded production into irrigated areas of the 

Great Plains region, including the states of North Dakota, South 

Dakota, Nebraska, Kansas, Oklahoma and Texas. Between the years 1960 

and 1976, hectareage increased from 1,225,000 to 2,923,000 (USDA 1962, 

1976). The Great Plains produced 555,307,000 bushels in 1960 and 

produced 1,264,890,000 bushels in 1976. This was an increase of a 

nearly 710 million bushels as compared to the 1960 production. The 

almost continuous annual increase in hectareage occured primarily, 

because of incentives due to higher returns. These returns arose 

from expanding local markets, expansion of uses, and the demand of 

soybeans as an alternate source of protein. The development of a 

viable soybean industry is feasable. However, much of the research 

pertaining to water relations and water stress in soybeans has been 

conducted in humid, high rainfall locations in the United States. It 

is, therefore, particularly advantageous to study soil water, and 

evapotranspiration relationships of soybeans in low rainfall, semi 

arid areas. 

Many researchers, particularly those who have developed models 

and empirical relations for estimating actual evapotranspiration 
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from climatical parameters, have shown that growth stages should be 

a vital consideration in determining plant water needs. The growth 

stages of soybeans have been carefully examined and described by 

Hanway and Thompson (1971), and Fehr et al (1971). Included in their 

descriptions of the various stages of growth are quantitative defi

nitions of respectively twelve and eight growth stages from emergence 

to physiological maturity. Overlapping growth stages make it some

what difficult to determine, in the field, the boundary between suc

cessive ones. This is a particular problem when working with a crop 

having indeterminate morphology such as many soybean varieties •.. In

vestigations assessing the effects of water deficit on evapotrans

piration and yield of soybeans would be especially useful in the ident

ification of the stages of growth that require the maintenance of an 

adequate soil water supply. The information can then be used to make 

management decisions concerning the irrigation of the crop. 

Because of water limitation in the High Plains, it is imperative 

to seek new methods to maximize the efficiency for optimum productiv

ity with a limited supply of water. One method of increasing ef

ficiency of irrigation is irrigating only at those stages of growth 

which give the highest response (critical stages of growth). With 

these concepts in mind, field studies were conducted with the follow

ing objectives: 

1. Study the effects of irrigation during specific growth stages 

on the growth and yield of soybeans. 

2. Study the economic implications of irrigating soybeans at spe

cific stages of growth. 
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Field studies were conducted during Summer of 1980. 4 A 2 fac-

torial experiment was utilized with furrow irrigation as the variable. 

This design allowed for easy water applications. Treatment combi-

nations allowed periods of water deficit to occur during the previous-

ly defined stages of growth. 

With objectives completed, supplemental water can be withheld 

during growth stages where there will be the least adverse effects on 

crop yield. Using this knowledge, water required for soybeans can 

be appreciably reduced resulting in increased water use efficiency. 



CHAPTER II 

REVIEW OF LITERATURE 

Irrigation of soybeans is becoming the most important factor 

contributing to the increased productivity in the Great Plains. Even 

though these areas have an altruistic supply of water, it is limited 

for irrigation in the Southern High Plains, especially around Lubbock, 

Texas. 

GROWTH MODE OF THE SOYBEAN COMMUNITY 

The soybean is one of the oldest cultivated crops and is con

sidered to have originated in Manchuria and developed from the wild 

species Glycine ussuriensis (Morse, 1950). The first record of the 

agricultural use of the soybean was about 2838 B.C. (Morse and 

Cartter, 1937). Soybean culture was popular in Europe during the 

seventeenth century (Morse, 1950), but it was not until the late 

nineteenth century and early twentieth century that interest in 

cultivation developed in the United States (Mease, 1804). At that 

time soybeans were grown for forage. Today soybeans are grown almost 

entirely for grain and resulting protein and oil for which there are 

multitudes of uses. These include the traditional utilization for 

livestock feed. More recently soybeans are utilized for human con

sumption in the form of texturized meat products, cooking oils, marg

arine and flour (Piper and Morse, 1923). Soybean oil has been used 

since World War II in the manufacture of paints. The search for new 

uses continues with the utilization of proteins and oil for adhesives, 

epoxy, and the aid in treatment of artherosclerosis and the experi

mental treatment of multiple sclerosis (Gaston, W.W. 1974). 

4 
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The soybean is an annual, short day, long night legume and is 

normally self pollinated. Plants tend to be bushy and erect, and 

highly vegetative. Varieties are either determinate or indeterminate. 

The determinate type morphology is associated with the length of grow-

ing season. Thus, determinate varieties are mostly grown in the south 

where there are long growing seasons, while the indeterminate var-

ieties are grown in the northern regions with short growing seasons 

(Brigham, R.D. 1973). Varieties are classified according to number 

of days to maturity. The classification of varieties consists of 

ten maturity groups and are identified by designations from 00 to 

VIII, with 00 varieties being the earliest maturity and the VIII 

being the latest maturity. 

Growth analysis studies of the soybean community have been per-

formed by using both classical and functional approaches to growth 

analysis (Borst and Thatcher, 1931; Hammond and Kirkham, 1949; 

Weber et al, 1966; Koller et al, 1970; Hanway and Weber, 1971; Egli 

~ 

and Leggett, 1973). There are two schemes for the description of the 

physiological development of the soybean community. Hanway and 

Thompson (1971) have presented a numbered system which describes 

separately the vegetative and reproductive stages of growth. In this 

system there are four vegetative stages from planting through harvest 

maturity. The number of vegetative stages may vary according to the 

number of nodes with completely unrolled leaves above the unifoliate 

leaf node. To determine the numbered vegetative growth stage, the 

number of nodes are counted and divided by two. Fehr et al. (1971) 

presented a similar system. However, their system included the 
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unifoliate leaf node, and the number of nodes are not divided by two 

in their system. Table 1 shows comparisons of the two growth stage 

description systems. 



Table 1. Comparison of growth stage description systems for 
soybeans 
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Hanway and Thompson .~1971) Fehr et al, (1971) 

Stage No. 

vo 

Vl 

V2 

V3 

R4 

R5 

R6 

R7 

RB 

R9 

RlO 

Rll 

Description 

Unifoliate leaves 

First trifoliate 
leaves development 

Four nodes 

Six nodes 

Begin bloom 50% 
plants with one 
flower 

Flower at node 
below uppermost 
node 

Pod visible at one 
of uppermost four 
nodes 

Pod .75 in. long at 
one of uppermost four 
nodes 

Begin bean at one of 
uppermost four nodes 

Pod with full bean 
at uppermost four 
nodes 

Physiological maturity 

Harvest maturity 

Stage No. 

Vl 

V2 

V3 

V(N) 

Rl 

R2 

R3 

R4 

RS 

R6 

R7 

RB 

Description 

Unifoliate leaves 

First trifoliate 
leaves 

Three nodes 

N nodes on main 
stem 

One flower at 
any node 

Flower at node 
below uppermost 
node 

Pod .Scm long at 
one of uppermost 
four nodes 

Pod 2cm long at 
uppermost four 
nodes 

Begin bean at 
one of uppermost 
four nodes 

Pod with bean at 
uppermost four 
nodes 

Physiological 
maturity 

Harvest maturity 
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EFFECTS OF WATER DEFICITS DURING SPECIFIC GROWTH STAGES 

It has been widely accepted that in order to attain maximum crop 

yields there has to be an optimum soil water supply throughout the 

crop growth period. However, it has been recognized that mild or 

relatively brief periods of water stress experienced by certain crops 

can be compensated for, if followed by an adequate supply of water. 

This is particularly true when the water stress occurs prior to flower

ing in a crop such as corn (Zea mays) (Robins and Domingo, 1953). 

In some cases it is the practice to impose stress during specific 

growth stages for improving or influencing the development of the 

crop. For example, pigweed {Amaranthus retroflexus) requires alter

nate periods of low and high soil water content in order to break bud 

dormancy (Alvin, 1960; Auanaba, 1980). For production of alfalfa 

(Medicago sativa) has been recommended that the soil water tension be 

allowed to reach -8 to -15 bars during ripening before resuming irri

gation (Taylor et al, 1959). 

Information is limited on irrigation requirement and irrigation 

timing on soybeans in semi arid regions. The research that has been 

conducted on water relations of soybeans has been for the most part 

limited to the high rainfall areas of the United States. In discuss

ing the effects of water stress at specific stages of growth, there 

are basically two considerations: (1) effects of water stress during 

germination, and (2) effects of water stress on subsequent growth 

and yield (Pearson, 1966). 

From a practical point of view, high emergence percentage is 

accomplished when soil temperature is optimum, unfavorable physical 
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conditions such as crusting are kept at a minimal level and soil 

water tension is low. Hunter and Erikson (1952) studied the effects 

of seed germination and soil water tension. They concluded that for 

the germination of soybeans to occur within five to eight days an 

optimum soil water suction of not less than -6.6 bars at a soil temp

erature of 25°C was required. They also concluded that when soil 

water tension became low, the chance for pathogens to attack the 

germinating soybean seed greatly increased. Similar results were ob

tained by Grable and Danielson (1965). They reported that root growth 

almost ceased due to the presence of pathogens on the soybeans seeds 

and roots which were kept at a soil water tension of -0.3 bars or 

less. They found, however, that root growth of germination soybeans 

was greater at a soil water tension of -0.9 bars. 

It has been cited by several investigators that the seed-fill 

stage of soybean development is the most critical period for soil 

moisture to be maintained. In studies performed in Alabama (Doss 

e~ al., 1974) soybeans were subjected to irrigation treatments ranging 

from a limited supply of 10% available soil water to adequate water 

(50% available) throughout the growing season with all treatments 

receiving light irrigations after planting to attain good germination 

emergence. A maximum yield of 3100kg/ha was obtained with the treat

ment where adequate soil water was maintained throughout the entire 

season. The lowest yield, 1660kg/ha was obtained with the treatment 

where supplemental water was applied during flowering and beginning 

of pod development. In an experiment by Ayanaba and Powell (1973) 

soybeans yield was indicated to be reduced when the crop was stressed 
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at flowering. From their results, water stress during flowering can 

be concluded to have the most significant effect on yield reduction. 

Other researchers have found pod and bean development stages to 

be important. In Alabama, Rogers and Thurlon (1970) concluded that 

the occurence of adequate rainfall during pod and bean development 

resulted in the highest yields. Soybean yields averaged 44% higher 

than the average for the six-year period for the year of the highest 

rainfall during pod development. Shaw and Laing (1966) conducted an 

experiment in Iowa where soybean plants were grown outdoor in potom

eter. They concluded that water stress during the last week of pod 

development and during bean development resulted in maximum yield re

duction. They also pointed out that when stress was imposed during 

vegetation the yield reduction was not as great as that due to water 

stress during flowering and podding stages of growth. 

Matson (1964) conducted an experiment in Missouri to study some 

of the factors influencing the yield of soybeans. The variables con

sidered in the experiment were three irrigation regimes, three dates 

of planting, three varieties, two fertilizer treatments, and two 

plant spacings. The three irrigation treatments were: (1) no irri

gation, (2) irrigated on bloom to 4 weeks before maturing, -and (3) 

irrigation throughout the growing season. Results indicated that 

irrigation prior to flowering had little beneficial effect on yield. 

The yield data of the non-irrigated treatments was reduced by as much 

as 83.1% compared to the well irrigated treatment. 

Brady et al. , (1973 or 4) demonstrated that soybean yields were 

increased by approximately twenty percent under irrigation. Equi

valent yields were obtained for the treatments irrigated throughout 
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the growing season and that where only one third to one-half as much 

water was applied during pod development. Yield ranged from approxi-

mately 2418kg/ha for a non-irrigated treatment in 1973 to 4743kg/ha 

in 1972 for a treatment allowed to reach the 60% soil water depleted 

level of the available water in the root zone during flowering. 

Sionit and Kramer, (1977) under controlled environmental chamber 

conditions realized the maximum reduction of soybean seed mass, num-

ber of pods, and number of seeds when water stress was allowed to 

develop during early pod development and bean development. The plants 

grown in pots were also observed to produce smaller numbers of flowers, 

pods and beans when stressed during the flowering period. 

In summary, the literature indicates that if a water deficit 

period is imposed at later flowering, podding and early seed-fill 

the yield will be reduced. During these instances literature also 

indicates that irrigation prior to flowering is not beneficial unless 

extreme water deficits occur • 

.. 
EVAPOTR&~SPIRATION RELATIONSHIP IN SOYBEANS 

Water is lost during the growing season by evapotranspiration. 

As the crop cover increases considerable changes occur in the pro-

portion of water lost. Most water is lost through plant leaves as 

transpiration. The effects of change in crop cover can be evaluated 

by developing a function which represents the changing ratio of evapo-

transpiration of a well-irrigated crop to open-pan evaporation. The 

relationship of this ratio to leaf area index has been established 

by Shaw (1967) who compared soybeans to corn. 

Peters and Johnson (1960) studied water use by soybean grown 

under three soil water conditions and two row widths in Illinois. 
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They reported that one-fourth of the seasonal water loss was due to 

evaporation from the soil surface under dry soil conditions while as 

much as one-half of the total water loss was due to evaporation from 

soil surface under moist conditions. It was also reported that the 

water loss from an uncovered soil surface was nearly equal to open

pan evaporation when soil surface was kept moist due to frequent pre

cipitation. In the same experiment, soybeans required 15 acre inches 

of water with an efficiency of 2.3 bushels per acre-inch of water. 

A transpiration model of Brun et al (1972) indicated that approx

imately 50% of the evapotranspiration by soybeans in Kansas was due 

to transpiration with a leaf area index of 2. As much as 95 percent 

was due to transpiration when the leaf area index was 4. Parks et al 

(1974) found that the crop used 37 centimeters of water in 57 days 

from 3 July to 29 August, an average daily water use of 0.64 em. 

They also found evapotranspiration of soybeans over a 111-day period 

in Tennessee to be 0.43 em/day. A peak use of 0.84 em/day occurred 

approximately 8 weeks after planting. 

Under semi-arid conditions Sutherland (1978) observed evapo

transpiration to be approximately 473 rnm for a well irrigated treat

ment and 258 mm for a non-irrigated treatment. The soybeans con

sumptively used a maximum average daily value of 6.4 mm of water 

during flowering. 

Eavis and Taylor (1979) found that the largest leaf had the 

lowest leaf water potential at the lowest soil water content. Water 

stressed plants developed a leaf water potential of -13.9 bars com

pared with from -9.9 to -11.6 bars for lesser leaf area. 
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In summary, the majority of literature cited indicated that if 

water is limited~_ watering at flowering and podding will maintain 

economic yields. Additional literature indicates that stress occurr

ing at flowering has no effect on yield. 



CHAPTER III 

· MATERIALS AND METHODS 

During the Summer of 1980, experimental field plots were es-

tablished on the Texas Tech University Research Farm located in New 

Deal, Texas 40 km northeast of Lubbock. It is approximately 0.96 km 

above sea level, and is located 33° 40' N latitude and 101° 50' W 

longitude. 

The soil type is Pullman Clay Loam which is a fine mixed, thermic 

torrertic palelustert. It is brown on the surface, friable and 

mildly alkaline to about 300mm thick. From 300 to 1150mm it is firm, 

moderately alkaline clay which is brown in the upper 550mm. From 

1150 to 1650mm it is a friable, moderately alkaline pink clay that is 

about 30 percent soft masses and concretions of calcium carbonate. 

From 1650 to 2000mm the soil is friable, moderately alkaline reddish 

yellow clay that is about 15 percent soft masses and concretions of 

calcium carbonate. (Soil Survey of Lubbock County, Texas}. 

EXPERIMENTAL DESIGN AND TREATMENTS 

The field was disked twice and fertilizer applied at 28 kg/ha N, 

52 kg/ha P
2
o

5
, 11 kg/ha S, 6kg/ha Fe and 3 kg/ha Zn. The herbicide, 

Treflan, was applied at 1.25 liters/ha. Prior to planting the field 

was furrow irrigated with approximately 150 ha/mm of water to bring 

the top soil to optimum water for germination. 

A short season soybean variety, Craford was grown. Seed was 

innoculated prior to planting. 60 kg/ha seed was planted in l.Olm 

rows. The field was then divided into four replications. Irrigation 

14 
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treatments were randomly assigned to plots. Each of the four repli-

cations had 16 plots which represented 16 treatments that ranged from 

no irrigation to full irrigation. 

Water was delivered through aluminum pipes which had manually 

operated gates. The gates were maintained so as to ensure uniform 

watering. Irrigation treatments ranged from zero to full irrigation 

as indicated in Table 2. 

Soybeans were water stressed at specific stages of physiological 

development. First sampling was conducted at end of vegetative stage 

of growth. Five plants were harvested froiD which the following pa-

rameters were measured: 
2 

leaf number, leaf area (em ) using model 

3100 Area Meter, leaf and stem dry weight (g), and plant height (em). 

At podding and seed-fill stages of growth the pod number and pod 

weight were also measured. 

Yield components determined were: pods/plant, seeds/pod, seeds/ 

plant and seed size (200 seed weight). At harvest yield kg/ha was 

~ 

determined from one row of plot 4m in length. Yield data was sub-

sequently used to determine economic evaluation of the operation. 

Cost data was according to the findings of both the Texas Tech Uni-

versity Department of Agriculture Economics (Dr. Ethridge) and Plant 

and Soil Science (Dr. Krieg). Price used was the current market 

price as of (October, 1980). Profit and loss were computed for the 

whole operation. 

Results were analyzed by statistical means. Both computer and 

calculators were used. Analysis of variance and the Duncan's Mult-

iple Range Test of the yield were done by calculator. Both the main 

and interaction treatment effects were evaluated. Computer programs 
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used were: VRANOVA: BMD, B}ID=02R and BMDP2R stepwise regression. 

Tests determined significant differences; correlation coefficients, 

and regression coefficients. Yield, leaf area, leaf number, leaf dry 

weight, stemdry, plant height, pod dry weight, seed size, seed count 

and seeds/pod were dependent variables. The independent variables 

were stage of growth and water applied. 



Table 2. 

Treatment 

* 1) Control 

2) s 
3) p 

4) PS 

5) F 

6) FS 

7) FP 

8) FPS 

9) v 
10) vs 
11.) VP 

12) VPS 

13) VF 

14) VFS 

15) VFP 

16) VFPS 

.. 
17 

Summary of irrigation timing treatments for 1980 
New Deal soybeans 

Stages of Growth 

Vegetative Flowering Podding Seed-fill 

Irrigated 

Irrigated 

Irrigated Irrigated 

Irrigated 

Irrigated Irrigated 

Irrigated Irrigated 

Irrigated Irrigated Irrigated 

Irrigated 

Irrigated Irrigated 

Irrigated Irrigated 

Irrigated Irrigated Irrigated 

Irrigated Irrigated 

Irrigated Irrigated Irrigated 

Irrigated Irrigated Irrigated 

Irrigated Irrigated Irrigated Irrigated 

* P=Podding, V=Vegetative, F=F1owering, and S=Seed-fill stages of 
growth 

NB Hereafter treatments may be referred to in numericals (1 to 16) 



CHAPTER IV 

RESULTS AND DISCUSSION 

During the Summer of 1980 a 24 factorial experiment was con-

ducted to determine critical growth stages for irrigating soybeans. 

Critical stages were determined by comparing yields for treatments 

irrigated at various times. Sixteen irrigation combinations were 

utilized. Treatments allowed for V, F, P, S, and combination water 

stress periods to occur. 

Number of days from planting to harvest were determined. Days 

were used to study the time required for a crop of soybeans to mature. 

Time was used to determine the stages of growth and their occurances. 

Table 3 presents the summary of initiation date and duration of each 

stage. Except for the vegetative stage which initiated at planting, 

dating began at first irrigation at that stage (F, P, and S). 

Table 3. Summary of duration of growth stages for soybeans grown 
at New Deal in 1980 

Growth Stage Date of Initiation Duration Days 

Vegetative 2 June 32 

Flowering 4 July 26 

Podding 31 July 21 

Seed-fill 22 August 36 

Harvest 115 

18 
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Presentation of results will be divided into two sections. First 

section describes above ground matter, yield components, and grain 

yield. Second, section describes the economic evaluation. Economic 

evaluation will be based on yield and economic inputs. 

Leaf area 

Leaf area was influenced by stage of growth and treatment. At 

the end of vegetative stage of growth leaf area was 774 2 
em . Dif-

ferences appeared at the end of flowering, when samples were taken. 

As shown in Table 4 treatments irrigated at vegetative stage increased 

their leaf area significantly above their unirrigated counterparts. 

2 Average leaf area (3430 em ) for the irrigated was 1.51 times the un-

irrigated. During podding stage sampling four treatments were com-

pared. They were control, F, V, and VF. On the whole, other treat-

ment samples showed more increases than the vegetative sample. F 

surpassed both the control and V by 3130cm and 700cm respectively. 

More water was available for leaves which produced better growth. F 

was surpassed by VF which produced 
2 

10100 em • That indicated that 

supplementing flowering irrigation with V could be very beneficial in 

increasing leaf area. The seed-fill stage sampling was in eight cat-

egories, namely: control, P, F, FP, V, VP, VF, and VFP. The VFP 

treatment produced the highest leaf area. The next highest leaf area 

was the VF treatment. Treatments irrigated only at V and only at F 

were higher than other single irrigations. F and P stages of growth 

and FP combinations gave a substantial increase in leaf area. 

Leaf blade number 

According to Boyer (1976) water stress reduced plant growth, but 

not leaf blade number. Data of Table 5 indicated that mean leaf 



Table 4. 

Treatment 

Soybean leaf area as obtained in different stage 
of growth sampling in 1980 

Sampling stage 

20 

Vegetative Flowering Podding Seed-fill 

2 -- - - - ------- em /plant - - - - - - - - -- - - - -
Control 774

1
a 2280

2
b 3960

3
d 48004d 

s 
'D 4350 d .L 

PS 

F 7090 b 6140 be 

FS 

FP 6950 b 

FPS 

v 3430 a 6390 c 6870 b 

vs 
VP 5960 c 

VPS 

VF 10100 a 7910 b 

VFS 

VFP 9570 a 

VFPS 

1 All treatments have the same average leaf area 

2 Treatments 1 - 8 and 9 - 16 have the same average leaf area 

3 Treatment 1 - 4, 5 - 8, 9 - 12, and 13 - 16 have the same mean area 

4Treatments 1 - 2, 3 - 4, 5 - 6, 7 - 8, 9 - 10, 11 - 12, 13 - 14 and 

15 - 16 have the same average leaf area. 

·Means in the same column followed by the same letter are not sta

tistically different (Duncan's Multiple Range at 5% level) 
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number at the end of the vegetative growth stage was 73.1 At the 

time treatments wer~ similar since all had received anly preplanting 

irrigation. Differences began to occur during flowering. Irrigated 

treatments produced more leaves than the unirrigated (133 vs. 113). 

The availability of soil water increased leaf number by 20 leaves. 

Sampling at the end of podding indicated that treatment combination 

VF obtained a greater leaf number than that obtained by single irri

gated treatments such as V and F. Treatment VF also had 1.38 times 

more leaves than the contol. At seed-fill stage there was no sta

tistical difference among control, P or F. The combination treatment, 

VF, produced the least leaf number of any treatment. VF lost most of 

its leaves through senescence, because earlier they had become lush, 

and suffered water stress when not watered at podding. V treatment 

maintained its leaf number, because of stress plants did not grow 

very much. They were hardened, thus less susceptible to water stress. 

VP and VFP produced equal leaf numbers, 244. Number of leaves for 

FP was not statistically different from V treatment at this time. 

Plant height 

Plant height (Table 6) was determined throughout the growing 

season. No difference existed until the beginning of flowering stage 

when control and V treatments had heights of .29 and .36m respectively. 

At the end of podding there were four categories: control, V, F, and 

VF. The VF treatment plant height was .78m, followed by F, .68m. V 

treatment plants were taller than the control, .53 vs .. 45m. Water

ing had a substantial effect on plant height. Plant height was also 

determined at seed-fill stage. VFP produced tallest plants, l.OOm. 

It was followed by FP with .90 which was not statistically different 
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Table 5. Soybean leaflet number at different samplings in 1980 

Sampling stage 

Treatment Vegetative Flowering Podding Seed-fill 

- - - - - - - - - leaflet/plant - - - - - - - - - -
Control 7301a 1132b 1863c 1904c 

s 
p 193 be 
PS 

F 228 b 189 c 
FS 

FP 208 b 

FPS 

v 133 a 217 be 213 b 

vs 
VP 244 a 

VPS 

VF 251 a 173 d 

VFS 

VFP 244 a 

VFPS 

1 All treatments have the same average leaf number. 

2 Treatments 1 - 8 and 9 - 16 have the same average leaf number 

3 1 - 4, 5 - 8, 9 - 12, and 13 - 16 have the same average leaf number. 

4 1 - 2, 3 - 4, 5 - 6, 7 - 8, 9 - 10, 11 - 12, 13 - 14, and 15 - 16, 
have the same average leaf number. 

Means in the same column followed by the same letter are not sta-
. tistically ~ifferen~ at 5% level (Duncan's test). 
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Table 6. Soybean plant height as measured in different stages 
of growth in 1980 

Sam;eling stage 

Treatment Flowering Podding Seed-fill 

- - - - - - - - m - - - - - - - -
Control . 291b .45

2
d .40 e 

s 
p .51 d 

PS 

F .68 b • 74 b 

FS 

FP .90 a 

FPS 

v .36 a .53 c .55 cd 

vs 
VP .62 c 

VPS 

VF • 78 a . 87 ab 

VFS 

VFP 1.00 a 

VFPS 

Treatments 1 - 8 and 9 - 16 have the same average plant height. 

2 1 - 4, 5 - 8, 9 - 12 and 13 - 16 have the same average plant height. 

3 . 1 - 2, 3 - 4, 5 - 6, 7 - 8, 9 - 10, 11 - 12, 13 - 14, and 15 - 16, 
have the same average plant height. 

Means in the same column followed by the same letter are not sta
tistically different at 5% level using Duncan's test. 
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from VF, .87m. Plants grew taller with watering at F. Irrigating at 

flowering alone surpassed VP (.74 vs .• 62). This indicated that most 

of podding water was used to produce pods not height. There were 

slight differences in height among treatments: control, P, and V, 

were .46, .51 and .55m, respectively. 

Pod count 

Essentiality of water to pod formation can not be overemphasized. 

Pod counts were determined from podding stage through pre-harvest and 

compared for all treatments (Table 7). The VF treatment produced 

most pods/plant, 92.6. V was next with 79.4 and followed by F with 

60.6. The control had the least number of pods/plant, 53.6. Data 

indicated that watering at vegetative produced a plant which was able 

to produce more flowers and pods than control and F treatments. At 

seed-fill there were eight treatments. Control results were not sta

tistically different from P or VP. Date indicated that although irri

gating at vegetative permitted more pod formation, the stress at 

ffowering caused senescences. Differences of treatments F, VF, FP, 

and VFP which produced 163, 132, 187, and 184 were due to watering 

at flower~ng. Pod count was continued until physiological maturity 

stage but ended prior to harvest. That allowed for comparison of all 

16 treatments. Results showed no significant difference between pod 

counts for control and S (78.3 vs. 75.0). Data showed differences 

from F irrigation, although treatment P showed a slight increase over 

VP, 97.7 vs. 95.0. P compared with PS was greater (97.7 vs. 111 pods) 

but not statistically different. Seed-fill water was used to make 

and increase seed size not pods. The necessity of irrigation at 

flowering can be seen from treatments: F, FS, FP, and FPS which 



Table 7. 

Treatment 

Number. of soybean pods at different stages of 
growth in 1980 

SamE ling sta~e 

Podding Seed-fill Preharvest 

- - - - - - - - Pods/plant - - - - - - - - - - -
Control 1 

1182e 78.3 56.3 c g 

s 75.0 g 
p 123 d 97.7 f 

PS 111.0 d 

F 60.6 c 163 b 196.0 b 

FS 171.0 c 

FP 187 a 167.0 c 

FPS 185.0 be 

v 79.4 b 121 d 110.0 de 

vs 95.0 f 

VP 126 d 186.0 b 

VPS 111.0 d 

VF 92.6 a 132 c 117.0 d 

VFS 104.0 e 

VFP 184 a 218.0 a 

VFPS 235.0 a 
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1 1 - 4, 5 - 8, 9 - 12, and 13 - 16 have the same average number of 
pods. 

2 1 - 2, 3 - 4, 5 - 6, 7 - 8, 9 - 10, 11 - 12, 13 - 14, and 15 - 16, 
have the same number of pods. 

Means in the same column followed by the same letter are not 

statistically different at 5% level using Duncan's test. 



produced 196, 171, 167 and 185 respectively. Even in combination 

with the less pod producing stages of growth flowering irrigation 

still increased pod VF, VFS, VFP, and VFPS produced 117, 104, 218, 

26 

and 235 pods respectively. Difference between VFP and VFPS pod counts 

indicated that avoiding water stress at podding prevented pod loss. 

Leaf dry weight 

Leaf dry weight followed the trend of leaf area and leaf 

number because leaf weight is a function of size and number. Leaf 

dry weight data was presented in Table 8. At the end of vegetative 

stage leaf dry weight per plant was 3.7g. Sampling at end of flower

ing stage showed differences among treatments. V treatment leaf dry 

weight was greater than control, 26g/plant vs. 22g/plant, because of 

an increased water applied. Sampling at podding stage showed di

versity among leaf dry weight data. Control vs. lowest with 25g/ 

plant. The highest weight was obtained where there were two irri

gations in the treatment, VF (35g/plant). Next higher was F with 3lg/ 

plant. None of these treatments were significantly different. At 

seed-fill stage sampling, control was equal in weight to P with 26g/ 

plant. Pods utilized water for their development. The flowering 

stage still proved optimum for leaf weight increase. Flowering irri

gation alone produced 35g/plant while FP produced 37g/plant. The 

difference, P water, was used for pod formation and development. FP 

combination was not statistically different from VP with 37g/plant. 

More water at flowering stage continued the trend increasing leaf 

dry weight in VFP. At this time both VF and VFP produced leaf dry 

weights significantly different from the rest of the treatments. 



Table 8. Soybean dry weight obtained from different sampling 
stages in 1980 

Sampling stage 

27 

Treatment Vegetative Flowering Podding Seed-fill 

- - -- - - ------- g/plant - - - - - - - - - -
Control 1 3.7 a 22.6 b 25 c 26 e 

s 
p 26 e 

PS 

F 31 b 35 cd 

FS 

FP 37 c 

FPS 

v 26 a 31 b 33 d 

vs 
VP 37 c 

VPS 

VF 35 a 45 b 

VFS 

VFP 57 a 

VFPS 

1 All treatments have the same average leaf dry weight. 

2 1 - 8 and 9 - 16 have the same average leaf dry weight. 

3 1 - 4, 5 - 8, 9 - 12, and 13 - 16 have the same average leaf dry 
weight. 

4 1 - 2, 3 - 4, 5 - 6, 7 - 8, 9 - 10, 11 - 12, 13- 14, and 15- 16 
have the same average leaf dry weight. 

Means in the same column followed by the same letter are not 
statistically different at 5% level using Duncan;s test. 
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Stem dry weight 

Dry weight of stems was presented in Table 9. At vegetative 

stage, sampling treatments centered around 3.3g/plant, because all 

received water only at preplanting. Differences showed during flower

ing stage sampling, because of differences in water received. Con

trol treatment produced only 4.4g/plant, an increase of just l.lg/ 

plant from the previous sampling. However, the irrigated treatment 

produced 8.lg/plant, about 1.86 times the control. At podding stage, 

F treatment surpassed control and V (3lg/plant compared to 166/plant 

and 27g/plant respectively). The VF conbination was very effective 

and produced 42g/plant. The seed-fill sampling indicated no differ

ence in stem weight between control and P. Irrigating at flowering 

stage produced more stem weight increase. F treatment alone produced 

39 g/plant stem weight. In combination, FP produced 42g/plant despite 

the water was used mainly for pod formation and development. To re

emphasize the above, the VP combination produced only 34g/plant, and 

V alone produced 3lg/plant. VFP produced the highest weight of stems, 

57g/plant. Next was VF with 45g/plant which indicated that the effect 

of P in VFP combination was 12g/plant. 

Pod dry weight 

Data for pod dry weight was presented in Table 10. Control pro

duced the least pod dry weight. The P and V treatments produced al

most the same pod dry weights, 45g/plant and 46g/plant respectively. 

Watering at flowering alone produced 54g/plant pod dry weight, and 

FP combination produced 57g/plant. The VP combination treatment also 

produced a relatively high pod dry weight, 53g/plant. The VF 



Table 9. 

Treatment 

- - - - -
Control 

s 
p 

PS 

F 

FS 

FP 

FPS 

v 
vs 
VP 

VPS 

VF 

VFS 

VFP 

' VFPS 
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Soybean stem dry weight at different sampling stage 
in 1980 

Sampling stage 

Vegetative Flowering Podding Seed-fill 

-- - - g/plant - - - - - - - - - - - - -
1 3.3 a 4.4

2
b 163c 21

4
d 

21 4d 

31
3
b 39

4
bc 

42
4
b 

2 
8.1 a 273b 314c 

34
4

c 

42 3a 45 4b 

574a 

1 All treatments have the same average stem dry weight. 

2 
1 - 8 and 9 - 16 have the same average stem dry weight. 

3 1 - 4, 5 - 8 9 - 12, and 13 - 16 have the same average stern dry , 
weight. 

4 1 - 2, 3 - 4, 5 - 6, 7 - 8, 9 - 10, 11 - 12, 13 - 14, and 15 - 16 
have the same average stern dry weight. 

Means in the same column followed by the same letter are not sig

nificantly different at 5% level using Duncan's test. 



Table 10. Soybean pod dry weight as obtained at seed-fill 
stage of growth in 1980 

Treatment 

Control 

s 
p 

PS 

F 

FS 

FP 

FPS 

v 
vs 
VP 

VPS 

VF 

VFS 

VFP 

VFPS 

Sampling stage 

Seed-fill 

- - - g/plant-

37.41d 

45.0 c 

54.2 b 

45.9 c 

45.9 c 

52.7 be 

43.6 c 

65.8 a 

1 Treatments 1 - 2, 3 - 4, 5 - 6, 7 - 8, 9 - 10, 11 - 12, 13 - 14, 
and 15 - 16 have the same average pod dry weight. 
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Means followed by the same letter are not statistically different 
at 5% level using Duncan's test. 
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combination produced only 44g/plant indicating the essentiality of 

irrigation at podding for better pod development. The combination 

VFP produced the highest pod dry weight (66g/plant). Control had the 

least weight due to small pod number and size. 

Yield Components 

Yield components measured were: seed size (200 seed weight), 

seeds/plant, pods/plant and seeds/pod as indicated in Table 11. 

Seed size 

Seed size (weight of 200 seed) was determined for all 16 treat

ments and none were statistically different (Table 11). Control to 

VFPS produced from 290 to 340g per 200 seed respectively. The lack 

of significant differences among treatments from control to VFPS in

dicated that water, per se, did not influence seed size. Stressed 

treatments produced less seeds, but filled them. The fully irrigated 

treatment, however, produced more seeds, and filled them equally well. 

Seeds per pod 

Seeds/pod were used to compare treatments' performances. Seeds/ 

pod ranged from 2.1 to 2.8 and none were significantly different. 

Control produced same as fully irrigated treatment (2.7 seed/pod). 

Results indicated water had no influence on seeds/pod. Genetically 

Crawford has been found to produce 2 to 3 seeds/pod (Brigham, 1973). 

Seeds per plant 

The results showed seeds/plant were the most important indicator 

of grain yield. The higher the number of seeds/plant, the higher 

the yield. This was especially valid in this experiment in which the 

seed size and seeds/pod were the same for all treatments. The 
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Table 11. Yield component at harvest of 1980 soybeans 

Component 

Treatment 200 seed weight seed/pod seeds/plant pods/plant 

Control 297 a 2.7 a 42 h 27 f 

s 327 a 2.1 a 56 g 28 f 
p 312 a 2.4 a 83 f 35 e 

PS 324 a 2.3 a 110 e 46 d 

F 309 a 2.4 a 82 f 34 e 

FS 328 a 2.3 a 120 cd 53 c 

FP 322 a 2.4 a 120 c 55.c 

FPS 334 a 2.4 a 150 b 65 b 

v 294 a 2.2 a 77 fg 25 e 

vs 329 a 2.3 a 80 a 36 e 

VP 331 a 2.1 a 120 d 60 be 

VPS 330 a 2.8 a 130 c 46 d 

··vF 291 a 2.6 a 120 d 44 d 

VFS 321 a 2.3 a 100 e 50 cd 

VFP 336 a 2.2 a 180 a 82 a 

VFPS 343 a 2.7 a 180 a 95 a 

Means followed by the same letter are not statisically different 

at the 5% level using Duncan's test. 
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control produced the least seeds/plant, only 42 seeds/plant. Single 

irrigations S, P, F, and V yielded 56, 83, 82-and 77 seeds/plant, 

respectively. The P ·and F treatments produced the greatest seeds/ 

plant indicating that those were the most critical watering stages. 

Watering only at S, although important for seed size, proved to be 

less important for seeds/plant. Combination treatments PS, FS, FP, 

FPS, VS, VP, VPS, VF, VFS, and VFP confirmed the importance of F and 

P irrigations, because treatment VS was surpassed by both F and P 

values. Also significant differences became even clearer when VS 

(79 seeds/plant) was compared to either VF, FS or FP which yielded 

116, 119, or 121 seeds/plant, respectively. Treatment combinations 

with P irrigation were slightly higher than F combination treatments 

(comparing VPS vs. VFS) the seeds/plant were 125 vs. 101, respectively. 

The fully irrigated treatment was significantly different. It pro

duced 184 seeds/plant and was followed by VFP with 177 seeds/plant. 

Yield 

Yield data (table 12) showed significant differences among treat

ments. VFPS yielded 1510 kg/ha followed by FPS with 1390kg/ha, which 

was not statistically different. FPS was not statistically different 

from VFP, VFS, FP, FS, and VPS which produced 1260, 1200, 1130, 1080, 

and 936 kg/ha respectively. There was no significant difference from 

VFP to PS. Data indicated no significance from FP to VF. Also FS 

and F showed no significant difference. There was, also,no signifi

cant differences from P to VP. Control was not significantly differ

ent to S or V even though it yielded less (430 kg/ha). 

Differences were further indicated when the main and interaction 

effects were inspected: 



Table 12. Yield of soybeans grown at New Deal in the summer 
of 1980 

Treatment Yield 

kg/ha 

Control 430 n 

v 538 jklmn 

s 667 jklmn 

vs 683 jklm 

VP 742 hijklm 

F 755 fghijk 

VF 823 efghij 

PS 859 cdefghi 

p 861 cdefgh 

VPS 936 bcdefg 

FS 1080 be de£ 

FP 1130 bcde 

VFS 1200 bed 

VFP 1260 be 

FPS 1390 ab 

VFPS 1510 a 

Means followed by the same letter are not statistically different 

at 5% level using Duncan's test. 
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Table 13. Main effects 

+ differences 

------ - - - kg/ha- - - - - - -
v 898 963 65 

F 715 1150 4311 

p 780 1080 300 

s 810 1050 239 

NB -V or F etc. = treatments contains no V 
or F irrigations. 

+V or F etc. - treatments with V or F 
irrigations. 

35 

1 
Apparant differences due to rounding because 

of significant figures. 

Table 14. Interaction effects 

-v +V Differences 

p .. s -F +F -F +F 

- - - - - - - - - - - - - kg/ha - - - - - - - - - -
430 755 325 538 823 285 

+ 667 1080 413 683 1200 517 

+ 861 1130 269 742 1260 518 

+ + 859 1390 531 936 1510 574 
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The main effects indicated that irrigating at V raised yields 

by 65kg/ha over the non-irrigated treatment. F raised yields by 431 

kg/ha which was the highest contribution over all the four irrigation 

stages. It was followed by p which contributed 300 kg/ha more than 

the treatment not irrigated at that stage. The least was obtained 

from the treatment irrigated at V (65 kg/ha). The V stage was not 

very essential; while F was the most essential stage for irrigating. 

The interaction also further indicated the importance of F and P in 

the irrigation combinations. Comparing FS, VS, and PS indicated that 

yields were 1080, 683, and 859 kg/ha. F effects were more positive 

than either P or V. Also that P was better than V. vfuere FP was in 

the combination, yields were highest. 

Economic evaluation 

The second major emphasis of this study was the economic analy 

sis~, The previously presented yield.data (Table 12) was utilized to 

determine the economic analysis of the undertaking (Table 15). Fixed 

.. 
cost data including man-power, operations machinery, seed, fertilizer 

and herbicide were from both Dr. Don Etheridge and Dr. Dan Krieg of 

Texas Tech University, College of Agricultural Sciences. The irri-

gation input was the variable cost which was zero without irrigation 

and increased with the number of irrigations. Total cost was the 

sum of fixed and variable costs. Total revenue resulted from determ-

inations using the current market prices as of date. Comparison of 

total revenue to total cost indicated whether the operation was profit-

able or not. According to the economic analysis, dryland production 

lost $46.00. Irrigating only at seed-fill, vegetative stage or at VS 

also lost money. The F and P treatments began to show some profit. 



37 

The highest profit was made from VFPS treatment. 



, .. 

Table 15. Evaluation of profit or loss of the soybean 
operation in 1980 

Treatment Fixed Variable Total Total Profit (+) 
Cost Cost Cost Revenue Loss (-) 

- -- - -

-38 

or 

- - - - -- - $ - - - - - - - - -
Control 196 0 196 150 -46.001 

s 196 8.91 205 203 - 2.00 
p 196 8.91 205 250 46.00 
PS 196 17.80 213 262 49.00 

F 196 8.91 205 237 32.00 

FS 196 17.80 213 303 90.00 

FP 196 17.80 213 335 122.00 

FPS 196 26.70 222 352 130.00 

v 196 8.91 205 207 2.00 

vs 196 17.80 213 210 - 3.00 

VP 196 17.80 213 286 73.00 

·· VPS 196 26.70 222 213 91.00 

VF 196 17.80 213 290 77.00 

VFS 196 26.70 222 301 79.00 

VFP 196 26.70 222 327 105.00 

VFPS 196 35.60 231 391 160.00 

1 Values are reported in nearest whole dollars. 

Apparant errors are due to differences in significant figures. 



CHAPTER V 

SUMMARY AND CONCLUSIONS 

During Summer 1980 the experimental field study for evaluating 

effects of water deficit on soybeans was conducted at the Texas Tech 

University Research Farm at New Deal, Texas. Specific objectives 

were to study effects of irrigation during specific growth stages 

on growth and yield of soybeans, and to study the economic implica

tions of these irrigations. 

A 2
4 

factorial experiment was used to evaluate water deficit 

during the defined stages of growth. Furrows l.Olm allowed for uni-

form water application. Sixteen treatments were evaluated. Irri-

gation treatments ranged from the control (zero irrigation) to full 

irrigation (four times). This design included all possible combi-

nations of imposed or relieved water stress. 

Several conclusions can be drawn from the results. First, 

flowering and podding stages of growth were the most critical stages 

for adequate supply of soil water. Second, high levels of irrigation 

water applied at vegetative stage of growth depressed yields. Vege-

tative irrigation encouraged more vegetative growth which depleted 

soil water causing deficit at later more critical growth stages. 

Finally, watering at seed-fill was useful only if there was no irri-

gation at podding stage. If there was enough soil water, maximum dry 

matter would produce maximum yield, and peak dry matter would be real-

ized at flowering measurements. 

If water supply was limiting, the most desirable irrigation 
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regime would be to preplant irrigate and irrigate at flowering. With 

cheap and adequate water supply, preplant irrigation could be follow

ed by irrigation at flowering, podding, and seed-fill stages of growth. 

Results of this experiment agree with data by Sutherland (1978) and 

others, that flowering stage of growth was the most critical stage 

for irrigation. 

Economic analysis indicated that there was a potential for soy

bean production in the High Plains. 
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