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ABSTRACT

The fruiting pattern and yield of drip irrigated cotton

(Gossvoium hirsutum L.) were studied in relation to irrigation level

and planting rate. Two irrigation treatments, 100 and 80% of

consumptive use represented by 30.4 and 24.1 ha cm water per season

were studied with two planting rates; 5.6 and 22.4 Kg ha -1 , at Eloy,

AZ. The field was uniformly irrigated from 25 April to 10 June, 1985.

Irrigation treatments, however, were initiated on 11 June.

The lowest mainstem node with a sympodial branch supporting a

boll was one node higher at the 22.4 kg ha -1 seeding rate treatment.

In addition, the number of monopodial branches per plant was

significantly decreased with increasing seeding rate or decreasing

water application rates.

Increasing planting rate did not significantly increase yield.

Significant yield increases were detected with increasing water

application. The interaction effects between water and seeding rate

were not significant for yield.

While no significant difference in the total number of bolls

produced at the end of the season was detected, the weight of the bolls

were significantly increased with increasing water and/or decreasing

seeding rate.

viii



CHAPTER 1

INTRODUCTION

Over 85% of the total water used in Arizona is consumed by the

agricultural sector. In the near future, the competition for water

usage between the agricultural and non-agricultural sectors will

increase (Arizona Groundwater Management Study Commission, 1980).

Arizona's water problem is caused by imbalance between

consumption of water and the supply. In 1977, it was estimated that

the state of Arizona used 185,000 ha cm more water than was recharged

annually (Arizona Groundwater Management Study Commission, 1980).

The water overdraft problem is becoming more severe every year

because the state relies on ground water resources for over 60% of its

total water usage (Arizona Groundwater Management Study Commission,

1980). This water overdraft caused a decline in the groundwater

reserve which resulted in increased water pumping costs as well as a

decrease in the number of hectares under agricultural usage.

It is clear that in order to keep agriculture economically

viable in Arizona, current technologies and management practices must

be improved. Drip irrigation is the continuous, precise, discrete, and

slow application of water, in the form of drops through mechanical

devices called emitters, located at selected points along water

delivery lines. A major objective of drip irrigation is to frequently
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supply each plant with sufficient soil moisture to meet daily

evapotranspiration demands and minimize the hazard of water stress (The

Irrigation Association, 1983).

Cotton is an important crop for Arizona agriculture. More acres

are utilized for cotton cultivation and greater returns received from

cotton than any other crop. Arizona farmers have achieved the highest

average yield per hectare in the United States. Cotton, however

requires a considerable amount of water to grow and irrigation is

expensive in desert crops production (Kobriger and Oebker, 1985).

The problems of increasing water use efficiency and achieving

maximum yield are complex and no single discipline can provide the

optimum solution. Drip irrigation, however can markedly reduce water

use compared with other irrigation methods (Kobriger and Oebker, 1985).

The objectives of this research were as follows:

1. To determine the effects of two irrigation levels; 24.1 and

30.4 ha cm, on drip-irrigated cotton yield.

2. To evaluate the effects of planting (5.6 and 22.4 kg seed

ha -1 ) on cotton yield.

3. To study the interactive effects between irrigation level

and planting rate on yield.



CHAPTER 2

LITERATURE REVIEW

Regions of the western United States where cotton is cultivated

are usually dependent on full season irrigation, however the increasing

competition from industrial and urban sectors for water will reduce the

amount of irrigation water available for agriculture (Fowler and

Vazquez, 1982). Drip irrigation will probably allow more acreage to be

introduced to agricultural production in the arid regions. Savings in

water, fuel, chemicals, labor and the harvesting of more yield are

characteristic results of drip irrigation (Rayner et al., 1982).

Components and Advantages of Drip Irrigation 

There are basically two types of drip systems; the above-ground

and the below-ground drip irrigation systems. Regardless of the type

of system, they basically have similar components which include the

filter station, the main lines, drip lines, and emitters.

The basic components of the filter station are usually media

filters, water-pressure source (booster pumps and deep well turbine),

irrigation controllers, and injection pumps. The filters function to

remove organic and inorganic (sand) matter from the water to prevent

emitter clogging (The Irrigation Association, 1983). The type and

number of filters needed in a particular drip system depends on the

3
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quality of water.	 Irrigation controllers are used to automate

irrigation and can be set to irrigate at various intervals.	 The

automation of irrigation is controlled by a solenoid or flow valve

which turn the water on and off. The installation of the injection

pumps are optional but they are useful for injection of fungicides,

insecticides, fertilizer, and soil amendments into the water delivery

system (The Irrigation Association, 1983).

Drip lines are generally flexible PVC or polyethylene pipe 9 to

19 mm in diameter. The emitters are distributed along the drip lines

and are each designed to deliver a predetermined flow rate (Vaughn et

al., 1980).	 A typical emitter should be able to decrease water

pressure from the drip line to the soil.	 This can be done by small

holes, long passage ways, vortex chambers and manual adjustment to

reduce emitter discharge rate (The Irrigation Association, 1983).

Drip irrigation has many advantages. At the University of

Arizona, a group of scientists (Briggs et al., 1983) studied cotton

yield productivity under furrow and above-ground drip irrigation system

in Casa Grande, AZ. The total amount of water applied during the

growing season was 43.0 and 61.0 ha cm for drip and furrow irrigated

plots, respectively. Results indicated that the above ground drip

irrigated plots produced an average of 2915.0 kg ha - I of seed cotton

yield compared to 2263.0 kg ha' of seed cotton yield with furrow

irrigation. Direct comparison between treatments can not be made

because each irrigation system was managed separately and was located

in different fields.
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Another experiment conducted at Coolidge, AZ on a sandy loam

soil showed that cotton yields were 1909.0 and 2253.0 kg ha -1 with

furrow and subsurface drip system, respectively (Fowler, 1982). The

total amount of water applied under sub-surface drip system was 31.0 ha

cm compared to 86.0 ha cm with furrow irrigation.

Marsh and Gustalson (1971) stated some advantages of drip

irrigation which included increased yield, substantial water savings by

minimizing surface runoff, reduced weed control by wetting only a small

portion of the soil, and minimizing tillage.

The Effects of Water Stress 
on Flowering, Boll Retention, 

Photosynthesis and Yield of Cotton 

It has been estimated that up to 70% of the yield potential of a

cotton (Gossypium hirsutum L.) crop may be lost by premature shedding

of squares and young bolls. Although the process of natural abscission

is not fully understood, water plays a role in fruit abscission

(McMichael et al., 1973).

There are conflicting reports on the effects of water deficit on

fruiting; several reports showed increased flowering whereas others

showed decreased flowering in response to water stress. Singh (1975)

conducting field experiments with four cotton cultivars found that

withholding irrigation until the plants wilted in the early morning

during the preflower period increased the number of flowers and bolls

per plant. Harris and Hawkins (1942) reported that the excessive

vegetative growth during fruiting that decreased yield could be

controlled by delaying irrigation. Dunlap (1945) found that wilting

the plant for a few hours prior to each irrigation decreased shedding
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of flowers. Stockton et al. (1961) found that plants allowed to wilt

severely for several days prior to irrigation had more flowers matured

to boll as compared to weekly irrigated plants.

In contrast to the above reports, Guinn and Mauney (1984a) found

that water stress caused pronounced decreases in subsequent flowering

rates. They also reported that delaying the first irrigation until 13

June caused a subsequent decrease in flowering that persisted through

the end of July. Unstressed plots produced an average of 214 flowers

m -2 as compared to 185 flowers m -2 within stressed plots. Spooner et

al. (1958) found that boll shedding was significantly reduced by

increasing irrigation.

The relationships between leaf water potential and boll

retention has been studied by Guinn and Mauney (1984b) whose results

indicated that boll retention was significantly decreased as leaf water

potential dropped below -1.9 Mpa. McMichael et al. (1973) observed

that boll abscission increased in a linear manner as leaf water

potentials decreased from -1.0 to -2.4 MPa. They noticed that bolls at

the age of 14 days or more, rarely abscised even after exposure to a

leaf water potential of -2.4 MPa. McNamara et al. (1940) found that

young bolls shed as soil moisture was depleted and a strong tendency

existed for the squares to flower and then shed as young bolls.

The influence of plant water stress on cotton fruiting is

primarily a function of the degree and duration of the stress and the

stage of plant growth when stress is imposed. A moderate stress at the

beginning of the season may sometimes be beneficial. Singh (1975)
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observed that stress early in the season increased subsequent rate of

blooming. Water stress does not introduce square shedding early in the

seasons before blooming (Bruce and Romkens, 1965), but increased square

shedding after blooming starts (Grimes et al., 1970). A mild stress

early in the season slowed growth without adversely affecting

subsequent fruiting or yield (Grimes, 1977). However, results

indicated that a long delay in the first or second postemergence

irrigation should be avoided since a severe stress caused a pronounced

decrease in flowering rate that did not start to recover until about 3

weeks after the stress was relieved by irrigation (Guinn and Mauney,

1984a). Conversely, after flowering or midseason, stress is

detrimental. Results indicated that early July water stressed plants

retained only about 10% of the flowers that appeared on 9, 10 and 11

July. Perhaps even more important, this water deficit significantly

reduced the subsequent flowering and fruiting rate (Guinn and Mauney,

1984b). Therefore, a severe water stress during July has a two-fold

effect; it caused an immediate increase in boll shedding rate and it

decreased subsequent fruit production. A similar result was obtained

by Grimes et al. (1970) in California. Guinn et al. (1981) considered

that any stress which develops after flowering begins is almost always

detrimental. They found that square production and boll set were

reduced if the first irrigation was delayed until 14 days after first

bloom. Severe water stress during the peak flowering period (27 July

to 5 Aug.) more sharply reduced boll retention rate than stress periods

of comparable length imposed either early or late in the flowering

period (Grimes et al., 1970).
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Guinn (1982) suggested that boll shedding in response to

prolonged drought is a mechanism that helps the plant survive and

continue to grow during stress. Since developing bolls compete with

roots for photosynthate, the ability of roots to grow during stress

periods will be decreased. If this line of reasoning is valid, Guinn

(1982) suggested that any application of growth regulators to prevent

boll abscission, or genetic selection for high boll retention and high

bloom rate, might reduce the productivity of cotton plants grown under

unpredictable drought periods. The restriction of root growth

accompanied with a heavy boll load could increase the severity of

stress to a point that photosynthesis would be severely inhibited.

Because of early termination of growth and reduced photosynthesis and

boll production, plants that keep most of their bolls under prolonged

stress will produce smaller bolls during a shorter period of time than

plants which are able to partition larger amounts of assimilate to the

root. Therefore, boll shedding under severe stress may enhance root

development, growth, subsequent photosynthesis, and yield (Guinn,

1982).

Whenever cotton is grown in arid regions, where rainfall during

the growing season is far below consumptive use, irrigation is

necessary for the achievement of high yields (Amir and Bielorai, 1969).

Yield of cotton is sensitive to irrigation, it decreases with either

too much or too little water (Grimes et al., 1969).

There is little agreement in the literature about the stage in

which cotton yield is most affected by moisture stress. Shimshi and

Marni (1971) stated that stress early in flowering is most detrimental;
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Grimes et al. (1970) found that cotton lint yield was severely reduced

by 156 kg ha -1 when stress was imposed during peak flowering compared

to stress imposed either early or late in the flowering period. While

Marni and Amirav (1971) considered stress at any stage of flowering to

be equally detrimental to yield. Whereas, Stockton et al. (1961) found

that preblooming stress insignificantly increased cotton yield.

The mechanisms by which water deficit affects crop yields is

well documented in the literature. Water deficit interferes with

photosynthesis of crops. Puckridge (1971) found a positive correlation

between net photosynthesis and wheat grain yields. Hutmacher et al.

(1983) showed that photosynthesis rate of cotton plants was

significantly reduced by moisture stress, however, substantial

reduction in photosynthetic activity occurred when mid-day leaf water

potential declined to -2.0 MPa. Marni and Levi (1973) found that water

deficit decreased carbon assimilation rates and photosynthesis by

reducing the size of the leaf. Sung and Krieg (1979) showed that field

grown cotton plants photosynthetic rate was reduced by 26% under water

stress compared to the control. Culter and Rains (1976) found that

water stress reduced the amount of CO2 available for photosynthesis in

cotton plants by inducing stomatal closure, and by reducing the

activity and synthesis of the RUBISCO; the photosynthetic enzyme which

fixes CO2.

In the arid regions where irrigation water is scarce and

expensive, drip irrigation seems to be a promising technique for

reducing water use up to 50% and increasing cotton yield (Wilson et

al., 1984).
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Yield of cotton can be improved under drip irrigation for

several reasons. Allen et al. (1986) reported that cotton plants drip

irrigated daily, maintained a uniform leaf water potential through the

course of the growing season, whereas, weekly and bi-monthly level-

basin irrigated plants showed significant decreases in leaf water

potential just prior to an irrigation. They also found that net

photosynthesis of drip irrigated plants during the course of the

growing season was always higher than those weekly and bi-monthly

irrigated plants. Hofmann and Taylor (1983) found that the frequent

small application of water in drip systems can increase yields by

providing a more uniform environment for plant growth and development.

Where cotton has to be irrigated with less than the optimum

amount of water essential for high yield, it seems that drip irrigation

can result in less stress and greater productivity than less frequently

applied level basin irrigation (Allen et al., 1986).

The Effects of Plant Population 
on Photosynthesis, Boll Size, 

Boll Retention and Yield of Cotton 

The effects of planting rate on photosynthesis, boll size,

fruits abscission and yield of cotton is reviewed in the literature.

With very high plant populations (256,000 plants ha -1 ), Guinn (1982)

found that the photosynthetic activity of most of the leaves on each

plant was adversely affected. Plant populations of 200,000 plants per

hectare reduced irradiance through cotton canopy (Kittock et al.,

1986).

High plant populations can as well reduce the size of the boll.

Hawkins and Peacock (1973) found that the average weight of the boll
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was reduced by 0.5 g as plant density increased from 24,616 to 224,095

plants ha -1 . Buxton et al. (1979) found that boll size was reduced by

approximately less than 5% as plant density increased from 74,000 to

148,000 plants ha -1 .

Fruit abscission under high plant density is documented in the

literature. Guinn (1982) stated that the most likely cause of high

fruit abscission of crowded plants is low light intensity in the

canopy. The rate of photosynthesis and therefore, the amount of

photosynthate available for fruit growth decreased as light intensity

decreased. As photosynthate availability decreased growth, flowering

and boll retention were all decreased. Decreasing the demand for

photosynthate by early season defruiting increased boll retention

(Guinn, 1985). Kittock et al. (1986) found that square and boll

abscission rate was increased as photosynthesis decreased under high

planting rate (200,000 plants ha -1 ).

The effects of plant population on cotton yield is discussed in

the literature. Wilkes and Corley (1968) found that a maximum of

1160.0 kg ha -1 of lint was obtained when the populations were within a

range of 96,000 to 114,000 plants ha -1 . Below or above this range,

yield was decreased. Bridge et al. (1973) found that cotton lint

yields were 1435, 1467, 1456, 1462 and 1366 kg ha -1 under 26,000,

75,649, 119,238, 157,179 and 198,911 plants per hectare, respectively.

Hofmann et al. (1986) found that drip irrigated cotton yield was 1467,

1418 and 1418 kg ha -1 with the 5.6, 11.2, and 22.4 kg ha -1 planting

rates, respectively. Buxton et al. (1977) found that increasing
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planting rate from 71,000 to 229,000 plants ha -1 had no significant

effect on yield.



CHAPTER 3

MATERIALS AND METHODS

This investigation involved a field experiment during the 1985

growing season utilizing cotton (Gossypium hirsutum L. 'Deltapine 90').

The site of the experiment was Eloy, AZ, approximately 90.0 km north of

Tucson. The farm is owned by Arnie and Russell Schlittenhart. The

type of soil was Mohall sandy loam, the length and width of the field

was 190.0 and 178.0 m, respectively.

An above-ground drip irrigation system with three media filters

was utilized in the experiment. Mechanical electrical timers which

controlled solenoid valves were used to automate irrigation. The in-

line, 1L hr -1 NetaFim emitters used were spaced 1.0 m apart along the

water delivery line. The drip lines were placed in the center of every

other furrow.

Trifluralin (a, a, a-Trifluoro-2,6, dinditro-N,N-dipropyl-P-

toluidine) and prometryn (2,4-bis(isopropyl-amino)-6-(methyl-thio)-5-

triazine) were applied as preplant herbicides in the amount of 4.0 and

5.4 kg ha -1 , respectively, to control certain weeds such as Amaranth

palmer (Amaranthus palmeri wats), Morningglory (Ipomoea hirsutula 

jacq), Common purslane (Portulaca oleracea L.), and Yellow nutsedge

(Cyperus esculentus L.).

13
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During 23 to 25 April, 1985, a six-row cone planter was used to

dry-plant cotton seed on 1.02 cm row spacing. A total of 6.93 and

27.70 g of seed were planted in each 12.2 m row length for the 5.6 and

22.4 kg ha -1 treatments, respectively.

The experiment was designed to initiate two irrigation treat-

ments 60% and 100% of consumptive use, represented 18.3 and 30.4 ha cm

of irrigation water, respectively, with two planting rates, 5.6 and

22.4 kg ha -1 referred to as low and high seeding rate, respectively.

However, actual levels applied were closer to 80% and 100% of consump-

tive use, represented by 24.1 and 30.4 ha cm of irrigation water. The

amount of water applied at the 60% consumptive use treatment was

considered to be sufficient to cause plant-water-stress. Whereas, the

100% consumptive use treatment was considered to supply adequate

moisture for growth. The test was replicated six times utilizing the

split-plot design; water level was used as the main plot and planting

rate the sub-plot.

Twenty-four experimental plots were utilized in the experiment.

Each plot consisted of six parallel rows 12.2 m in length spaced 96.5

cm apart; the outer two rows of each experimental plot were considered

as borders.

Irrigation was started approximately 1-week before planting to

insure adequate soil moisture for seed germination. Equal amounts of

water (11.72 ha cm) were applied to the field prior to 10 June to

obtain an adequate stand.
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Table 1.	 Cumulative	 amount	 of water applied	 at two rates during the
1985 growing season at Eloy, AZ.

DATE IRRIGATION TREATMENT
24.1	 30.4
	ha cm	

25 April-10 June 11.72	 11.72

11 June 11.72 11.72
12 June 11.78 11.87
13 June 11.78 11.87
14 June 11.90 12.07
15 June 11.90 12.07
16 June 11.90 12.07
17 June 11.90 12.07
18 June 11.90 12.07
19 June 12.02 12.21
20 June 12.29 12.47
21 June 12.42 12.62
22 June 12.65 12.81
23 June 12.70 12.95
24 June 12.80 13.08
25 June 12.91 13.25
26 June 13.00 13.33
27 June 13.05 13.34
28 June 13.10 13.54
29 June 13.20 13.71
30 June 13.20 13.71

1 July 13.30 13.96
2 July 13.40 14.16
3 July 13.60 14.41
4 July 13.80 14.74
5 July 14.00 15.02
6 July 14.11 15.16
7 July 14.11 15.16
8 July 14.12 15.18
9 July 14.27 15.32
10 July 14.50 15.50
11 July 14.74 15.79
12 July 14.90 16.07
13 July 15.08 16.36
14 July 15.25 16.65
15 July 15.63 17.03
16 July 15.83 17.36
17 July 16.01 17.54
18 July 16.01 17.54
19 July 16.01 17.54
20 July 16.19 17.83
21 July 16.36 18.12
22 July 16.54 18.41



Table 1. (Continued)	 Cumulative
during the 1985

DATE

16

amount of water applied at two rates
growing season at Eloy, AZ.

IRRIGATION TREATMENT
24.1	 30.4
	ha cm	

23 July 16.71 18.69
24 July 16.87 18.98
25 July 17.05 19.27
26 July 17.22 19.56
27 July 17.40 19.85
28 July 17.57 20.13
29 July 17.66 20.22
30 July 17.75 20.38
31 July 17.87 20.59

1 Aug. 18.05 20.87
2 Aug. 18.26 21.16
3 Aug. 18.40 21.45
4 Aug. 18.56 21.74
5 Aug. 18.74 22.03
6 Aug. 18.91 22.31
7 Aug. 19.08 22.60
8 Aug. 19.26 22.89
9 Aug. 19.42 23.18
10 Aug. 19.60 23.46
11 Aug. 19.77 23.75
12 Aug. 19.95 24.04
13 Aug. 20.12 24.33
14 Aug. 20.29 24.62
15 Aug. 20.46 24.90
16 Aug. 20.62 25.15
17 Aug. 20.80 25.44
18 Aug. 21.00 25.65
19 Aug. 21.15 25.99
20 Aug. 21.32 26.26
21 Aug. 21.47 26.53
22 Aug. 21.63 26.79
23 Aug. 21.80 27.06
24 Aug. 21.95 27.33
25 Aug. 22.11 27.48
26 Aug. 22.34 27.72
27 Aug. 22.54 28.05
28 Aug. 22.73 28.38
29 Aug. 22.90 28.65
30 Aug. 23.05 28.91
31 Aug. 23.22 29.18

1	 Sept. 23.38 29.45
2 Sept. 23.38 29.45
3 Sept. 23.38 29.45
4 Sept. 23.54 29.71



Table 1. (Continued)	 Cumulative
during the 1985 growing

DATE

17

amount of water applied at two rates
season at Eloy, AZ.

IRRIGATION TREATMENT
24.1	 30.4
	ha cm	

5 Sept. 23.64 29.88
6 Sept. 23.73 30.01
7 Sept. 23.83 30.10
8 Sept. 23.94 30.19
9 Sept. 23.94 30.19
10 Sept. 23.98 30.25
11 Sept. 24.00 30.31
12 Sept. 24.06 30.38
13 Sept. 24.06 30.38
14 Sept. 24.10 30.40

Total 24.10 30.40
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Drip irrigation treatments started on 10 June, 1985. However,

irrigation was continued as needed during the season and water was

applied daily during peak consumptive use (Table 1).

All treatments received identical amounts of nitrogen fertilizer

(189.0 kg ha - I), injected through drip lines as needed in the forms of

Soin -32 and occasionally N-phuric.

Insects such as bollworm (Heliothis zea Boddie), Pink bollworm

(Pectinophora gossyiella Saunders), boll weevil (Anthonomus grandis 

Boheman), thrips and mites, and bugs (Lygus spp.) were controlled by

spraying several insecticides. Aldicarb (2-methy1-2-(methylthio)

Propionaldehyde O-C- (methylcarbamoyl) and methomyl (S-methyl-N-

(methylcarbamoxyl)oxy-thioacetimidate) were applied on 16 May.

Whereas, sulfur (S) and cypermethrin (cyano-3-phenoxybenzyl (+) Cis,

trans, 3-(2,2-dichloro vinyl)-2, 2-dimethyl cyclopropane carboxylate)

were applied on 28 Aug. Other pesticides such as monocrotophons

(dimethyl-(E)-1- methyl-2-methylcarbomoyl vinyl phosphate) were applied

on 17 July and 14 Aug. 1986.

A mid-July root-rot (Phymatotrichum omnivorum Dugg) invasion

destroyed three plots. These plots were removed from subsequent

statistical analysis. In addition to this, a mid-season rust (Puccinia 

cacabata) invaded the field. A pump failure and difficulties with

finding a replacement caused plant-water stress on 17 and 18 June.

Twenty-four, 2.1 in long sub-plots were selected from one of the

two rows which were not used for machine harvest (the central two rows

of each plot) and/or not utilized as borders (the outer two rows) for

flowering and fruiting studies. All 1-day old white cream flowers in
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each sub-plot were tagged with coded plastic tags twice a week as they

opened, starting from 26 June and ending on 29 Aug. Tags were coded

and attached to the peduncle of each flower.

On 8 Oct., mature bolls with their coded tags were hand-har-

vested along with untagged bolls from each sub-plot.	 All sub-plots

were reharvested on 15 Oct. The number of flowers that matured to

bolls, the weight of each collected boll, and yield data were calcu-

lated and recorded to study the effects of irrigation level and

planting rate on flower and boll production, boll weight and set, and

yield of sub-plots. Flowering and boll curves are incomplete because

flower tagging was stopped on 29 Aug. This was because plants that

produced flowers in early Sept. usually did not produce mature bolls

(Erie et al., 1968).

On 10 July, the total number of plants of the central two rows

of each plot were recorded to determine the total number of plants for

the 5.6 and 22.4 kg ha -1 treatments.

A total of six randomly selected plants per sub-plot were taken

on 11 and 18 Sept. for morphological studies. These included the

number of monopodial branches per plant and mainstem node location of

the first sympodial branch supporting a boll.

The field was machine harvested on 18 Nov. by collecting the

entire yield of the two central rows of each plot.

Since flower tagging was done twice a week, stepwise regression

was performed to obtain the approximate number of flowers that

developed in each sub-plot, on the date where no tagging was done. Two

separate polynomial stepwise regressions programs were performed, one
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for flowers and the other for bolls. The dependent variables which

were computed in the programs were flowers and bolls, respectively.

Several multivariate analysis of variance (MANOVA) programs were

done for mean weekly flowers and bolls production, weekly boll sets

percentage, average yield and total flowers and bolls produced at the

end of the season, and boll weight.

Separation of treatment means was performed using the least

significant difference (LSD) test at 5% level of significance.



CHAPTER 4

RESULTS AND DISCUSSION

Irrigation and Seeding Rate Effects on Flowering 

A total of 41,190 and 167,536 plants hat' were obtained with the

low and high seeding rates, respectively.

A multivariate analysis of variance (MANOVA) showed that there

was no statistically significant difference in the total number of

flowers produced at the end of the season among the four treatments

(Table 2). However, there did appear to be a trend that favored the

low seeding rate at the 24.1 ha cm treatment (low water). The average

number of flowers produced at the 24.1 ha cm water treatment at the end

of the season were 235.0 and 159.6 x 10 4 flowers ha - I with the low and

high seeding rates, respectively (Table 3). This non-significant

decrease in the number of flowers under high seeding rate might have

resulted from increased plant to plant competition for water and

nutrients and thus, reduced photosynthesis. These results did not

agree with Buxton et al., (1979) who found that total flower production

increased with increasing plant populations.

Mean weekly flower production values at each water and seeding

rate treatment are illustrated in Table 4 and Figures 1 and 2.

Multivariate analysis of variance showed that flower production rates

were not influenced by water or by the interactive effects between

21



22

Table 2.	 Analysis of variance for the total number of flowers
produced at the end of the growing season at two water
treatments and two seeding rates,	 Eloy, AZ.	 1985.

Source	 D.F	 MS	 Sig.	of F

Residual 7 18623 -

Replicate 5 9313 .7685

Seeding rate 1 16595 .3766

S. rate by water 1 29033 .25196

Error 1 5 5651 -

Water 1 20036 .11843

1 Coefficient of variation (C.V.) = 30.9%.
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Table 3.	 Average number of flowers produced at the end of the season
at two water treatments and two seeding rates at Eloy, AZ.
1985.

Treatment	 Flowers

Water
ha cm

Seed Rte
kg ha -1 No.	 ha -1 x 10 4

24.1 5.6 235.0

24.1 22.4 159.0

30.4 5.6 228.0

30.4 22.4 221.0
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26

water and seeding rate. Whereas, the rate of seeding significantly

affected flowering rate from 9 to 22 Aug. (Table 4). In the 24.1 ha cm

treatment, a statistically significant difference in the number of

flowers produced between 9 to 15 Aug. was detected between the low and

high seeding rate treatments. The number of flowers produced during

this period were 63.8 and 26.0 per 2.14 m2 with the low and high

seeding rates, respectively (Table 4). Whereas, the number of flowers

produced from 16 to 22 Aug. were 34.2 and 9.1 per 2.1 m 2 with the low

and high seeding rates, respectively. Under high plant population,

intra-plants competition for sunlight, nitrogen and water are all

increased (Hesketh, 1975). Consequently, the amount of photosynthate

available for flower production would probably be reduced.

The flowering pattern for the 24.1 ha cm water treatment (Fig.

1), showed a peak flowering period that lasted 4 to 5 weeks after

flowering had begun. Although not statistically significant, the trend

was that flower production rate at peak flowering week was reduced with

increasing seeding rate. The number of flowers produced at peak

flowering week was 510,000 and 330,000 ha -1 week -1 for the low and high

seeding rate treatments, respectively. Cain (1984) reported a similar

flowering production pattern with drip irrigation in Marana, AZ.

After peak bloom, flowering dropped off as the plants entered

the typical cutout period known for cotton grown in the lower desert

regions (Briggs et al., 1983). Cutout is strongly affected by boll

load and may have occurred because of competition for photosynthate

between growing bolls and new fruit development. As the plant becomes
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Table 4.	 Average	 number	 of	 cotton	 flowers	 calculated	 at	 weekly
intervals	 under two water treatments and two rates at Eloy,
AZ.	 1985.

Irrigation Treatment
24.1	 (ha cm)	 30.4	 (ha cm)

Date
Seed Rate (kg ha -11 Seed Rate (kg ha - li

5.6	 22.4 5.6	 22.4

	Flowers per 2.1 m2 	

26 June -	 2 July 6.0a	 20.6a 6.5a 31.0a
3 July -	 10 July 41.7a	 46.2a 36.2a 59.0a
11 July -	 18 July 74.6a	 61.8a 62.2a 78.1a
19 July - 25 July 101.6a	 67.0a 79.2a 86.0a
26 July -	 1 Aug. 93.0a	 60.5a 85.0a 78.5a
2 Aug.	 -	 8 Aug. 83.6a	 45.3a 81.0a 61.1a
9 Aug.	 -	 15 Aug. 63.8a	 26.0b 67.2a 40.8b
16 Aug.	 -	 22 Aug. 34.2a	 9.1b 47.7a 23.8b
23 Aug.	 -	 29 Aug. 5.8a	 5.0a 23.5a 14.0a

Total 503.0a	 341.0a 488.5a 473.2a

'Means across a row not followed by the same letter at each water
treatment are significantly different at P = 0.05 by LSD (Least
significant difference) test.
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loaded with bolls, the demand for photosynthate exceeded the supply and

cutout occurs (Guinn, 1985).

Average weekly flower production values for the 30.4 ha cm water

treatment (Table 4) showed that flower production rate was

significantly higher with the low seeding rate treatment from 9 to 22

Aug. Flower production rates from 9 to 15 Aug. were 67.2 and 40.8 per

2.1 m2 with the low and high seeding rates, respectively. Whereas, the

number of flowers produced from 16 to 22 Aug. was 47.7 and 23.8 per

2.1 m2 with the same sequence of treatments, respectively. This

reduction in flower production might have resulted from plants failure

of providing adequate photosynthate for new flower development under

the high seeding rate.

High plant populations and close spacing are currently being

promoted as cultural practices to shorten the growing season and thus,

avoid late season drought and cut production costs (Guinn, 1982). High

plant populations, however, can adversely affect crop development by

delaying the node of the first sympodial (fruiting) branch (Buxton et

al., 1977) which under certain conditions promotes excessive vegetative

growth with low yield (Saleem and Buxton, 1976). High populations also

increase leaf density, creating a more favorable environment for

insects and disease and making defoliation more difficult (Buxton et

al., 1977).

The flowering pattern for the 30.4 ha cm water treatment (Fig.

2) showed a peak flowering period that lasted 4 to 5 weeks after

flowering had begun. A noticeable trend showed that peak flowering

week was extended by one week with the low seeding rate.	 Peak
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flowering week occurred between 19 to 25 July and 26 July to 1 Aug.

with the high and low seeding rates, respectively. This observation

can be explained by referring to Baker (1976) who found that maturity

earliness was hastened with high plant populations.

Average weekly flower production values for the 24.1 and 30.4 ha

cm water treatments (Table 5) were obtained by computing the average

number of flowers produced with the low and high seeding rates treat-

ment at each water treatment. Even though no statistically significant

differences were detected, it appears that once the plants entered

their reproductive cycles, increased water application rates produced

slightly more flowers at the end of the season and at weeks following

peak flowering week (19 to 25 July). For instance, the number of

flowers produced between 16 to 22 Aug. were 21.6 and 35.7 with the 24.1

and 30.4 ha cm, respectively. This slight increase in flowering

production might have resulted from increasing photosynthesis and thus,

photosynthate availability for flower production with increasing water

application rates (Mezainis, 1985).

Irrigation and Seeding Rate 
Effects on Boll Production 

A multivariate analysis of variance (MANOVA) for total number of

bolls produced at the end of the experiment is shown in Table 6. Even

though the difference was not statistically significant in all compari-

sons, there was a trend for the low seeding rate to produce more bolls

at both water treatments (Table 7). End of season bolls for the 24.1

ha cm water treatment were 71.3 and 51.0 x 10 4 bolls ha -1 with the low

and high seeding rates, respectively. The increased boll production
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Table 5.	 Average number of cotton flowers calculated at weekly
intervals under two water treatments at Eloy, AZ. 1985.

Date

IRRIGATION TREATMENT

24.1	 (ha cm) 30.4	 (ha cm)

	Flowers/2.14 m2

26 July -	 2 July 13.3 18.8
3 July -	 10 July 44.0 47.5

11 July -	 18 July 68.2 70.2
19 July - 25 July 74.0 82.5
26 July -	 1 Aug. 76.7 81.5
2 Aug.	 -	 8 Aug. 64.5 71.5
9 Aug.	 -	 15 Aug. 45.0 54.0
16 Aug.	 -	 22 Aug. 21.6 35.7
23 Aug.	 - 29 Aug. 5.4 18.8

Total 422.7 480.5
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Table 6.	 Analysis of variance for the total number of bolls
produced at the end of the growing season at two water
levels and two seeding rates, Eloy, AZ. 1985.

Source D.F MS Sig. 	of F

Residual 7 1728.4

Replicate 5 1963.1 .42279

Seeding rate 1 6346.8 .09687

S. rate by water 1 1341.7 .40752

Error 1 5 477.6

Water 1 107.1 .57662

'Coefficient of variation (C.V.) = 29%.
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Table 7.	 Average bolls produced at the end of the season at two water
treatments and two seeding rates at Eloy, AZ. 1985.

Treatment
	

Bolls	 Boll Set

Water
ha cm

Seed Rte
kg ha' No.	 ha - I x 10 4

24.1 5.6 71.3 32.9

24.1 22.4 51.0 32.0

30.4 5.6 74.0 36.4

30.4 22.4 60.0 31.7
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production at low seeding rate was mainly caused by higher amount of

flowers being produced with the low seeding at the 24.1 ha cm at the

end of the season (Table 3).

End of season boll production for the 30.4 ha cm water treatment

was 74.0 and 60.0 x 10 4 bolls ha -1 with the low and high seeding rates,

respectively (Table 7). The non-significantly higher percentages of

bolls set might have accounted for this increase in boll production at

the low seeding rate. Boll set percentage was 36.4 and 31.7 with the

low and high seeding rate, respectively (Table 7).

Failure of higher populations to produce more flowers and bolls

at both water treatments (Tables 3 and 7) would indicate that some

environmental conditions which were created by crowding of plants, at

least under the conditions of this experiment had an adverse effect on

fruit production. Mutual shading between adjacent plants which reduces

photosynthesis is enhanced under high populations (Eastin and Gritton,

1969). The distance between fruiting positions on sympodial branches

was longer with high populations (Kerby and Buxton, 1978). High plant

densities also increase leaf density, creating a more favorable

environment for insects and disease (Buxton et al., 1977). With

increasing insects and disease, Baker, 1976 reported more shedding.

Mean weekly boll production values for each water treatment and

seeding rate are shown in Table 8 and Figures 3 and 4. Water and the

interactive effects between water and seeding rate did not have

significant effects on boll production while seeding rate significantly

influenced boll production (Table 8).
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Table 8.	 Weekly average number of cotton bolls produced under two
water treatments and two seeding rates at Eloy, AZ. 1985.

Date

Irrigation Treatment
24.1	 Oa cm)	 30.4 (ha cm)

Seed Rate (kg ha- 11 Seed Rate (kg ha - li
5.6	 22.4	 5.6	 22.4

Bolls per 2.1 m 	

26 June -	 2 July 4.0a 12.3b 4.5a 10.1a
3 July - 10 July 17.6a 19.8a 13.2a 18.0b
11 July -	 18 July 22.4a 19.5a 18.7a 19.1a
19 July - 25 July 25.8a 20.6a 23.2a 20.6a
26 July -	 1 Aug. 27.2a 15.6b 25.5a 20.6a
2 Aug.	 -	 8 Aug. 25.4a 11.8b 26.2a 18.3b
9 Aug.	 -	 15 Aug. 20.6a 7.1b 23.7a 14.7b
16 Aug.	 -	 22 Aug. 9.6a 2.3b 16.5a 7.1b
23 Aug.	 -	 29 Aug. 0.0a .30a 6.5a .66a

Total 152.6a 109.3a 158.0a 128.5a

1 Means across a row not followed by the same letter at each water
treatment are significantly different at P = 0.05 by LSD (Least
significant difference) test.
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Fig. 3.	 Weekly mean boll production with 24.1 ha cm water at two
seeding rates (5.6 and 22.4 kg ha -1 ) during the 1985 growing
season at Eloy, AZ.
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In general, from 11 July to the last tagging date (29 Aug.), the

low seeding rate treatment plants produced significantly more bolls

than the high seeding rate treatment plants at the 24.1 ha cm

treatment. This increase in boll production rate was a result from

more flowers being produced with the low seeding rate at the 24.1 ha cm

from 11 July to 29 Aug. (Table 4).

Weekly boll production for the 24.1 ha cm water treatment (Fig.

3), generally followed the flower production curves, with the peak boll

production period occurring between 11 July to 8 Aug. at both seeding

rates. There appeared to be a trend that peak boll week was extended

by a week with the low seeding rate as compared to the high rate at the

24.1 ha cm water. This week delay in peak boll week under a low

seeding rate might have resulted from more photosynthate being utilized

for fruit production. Guinn (1985) found that photosynthate

availability for growth was reduced with increasing plant populations.

Mezainis (1985) reported a similar boll production pattern under drip

irrigation in Maricopa, AZ.

Mean weekly boll production values for the 30.4 ha cm water

treatment is showed in Table 8 and Figure 4. From 3 to 10 July,

significantly more bolls were produced with the high seeding rate

treatment compared to the low seeding rate treatment. This increase in

boll production rate was mainly caused by higher number of blooms being

produced with the high seeding rate than the low rate at the 30.4 ha cm

water (Table 4). From 19 July until 29 Aug., boll production rates

were generally significantly higher in the low seeding rate treatment

compared to the high seeding rate treatment at the 30.4 ha cm water
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(Table 8 and Fig. 4). This reduction in boll production rates with the

high seeding rate mainly resulted from higher percentage of boll

shedding and fewer flowers being produced with the high seeding rate

compared to the low rate (Tables 4 and 9).

Weekly boll production curves for the 30.4 ha cm water treatment

(Fig. 4) generally followed its flowering production curves with peak

boll production occurring between 11 July to 15 Aug. at both seeding

rates. There appeared to be a trend that peak boll week was extended

by a week with the low seeding rate compared to the high rate. Under

high populations, competition for water, carbohydrate and nutrients

becomes more severe (Carmi, 1986), consequently the plants would stop

setting fruit sooner for lack of nutrients (Ehlig and LeMart, 1973).

Comparing weekly boll production curves for the 24.1 and 30.4 ha

cm treatments (Figs. 3 and 4) showed a trend for increasing late Aug.

boll production rate with increasing water application rates. Since

photosynthesis of cotton is reduced by water stress (Hutmacher et al.,

1983), it is logical to assume that increasing water application rates

would cause an increase in fruit production rate by providing more

photosynthate for growth.

Boll weight was significantly influenced by water and seeding

rate. A multivariate analysis of variance (MANOVA) indicated that boll

weight was significantly decreased from 4.0 to 3.8 g/boll with

increasing seeding rate. This result agrees with data reported by

Baker (1976) who found regular decrease in boll weight as the number of

plants ha -1 increased.
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Table 9.	 Weekly percentage boll set at two water treatments and two
seeding rates at Eloy, AZ. 1985.

Date

Irrigation Treatment
24.1 (ha cm)	 30.4	 (ha cm)

Seed Rate (kg ha -11 Seed Rate (kg ha -11
5.6	 22.4	 5.6	 22.4

Bolls per 2.1 m2 	

26 June -	 2 July 66.0a 60.4a 62.8a 62.1a
3 July -	 10 July 42.8a 43.6a 37.4a 32.9a
11 July	 -	 18 July 30.5a 33.4a 31.2a 25.1a
19 July - 25 July 25.9a 35.2a 30.1a 23.9a
26 July -	 1 Aug. 29.5a 26.6a 29.9a 26.2a
2 Aug.	 -	 8 Aug. 31.5a 25.2a 32.0a 29.5a
9 Aug.	 -	 15 Aug. 35.8a 23.3a 36.6a 36.1a
16 Aug.	 -	 22 Aug. 34.2a 23.3a 37.7a 40.1a
23 Aug.	 - 29 Aug. 0.0a 6.0a 31.4a 4.1b

Total 32.9a 32.0a 36.4a 31.7a

'Means across a row not followed by the same letter at each water
treatment are significantly different at P = 0.05 by LSD (Least
significant difference) test.
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The weight of the boll was also significantly decreased with

decreasing water application.	 The boll weight was 3.7 and 4.2 g/boll

with the 24.1 and 30.4 ha cm water treatments, respectively. This

increase in boll weight with increasing water application rates might

have resulted from higher amounts of photosynthate that translocated to

the bolls at the 30.4 ha cm water. Mezainis (1985) found that boll

weight was significantly increased with increasing water.

The Effects of Water and Seeding Rate 
On Monopodial and Sympodial Branches 

The lowest mainstem node with a sympodial branch supporting a

boll was raised about one node with increasing seeding rate. The first

sympodial branch with a boll was located on mainstem node number 6 and

7 with the low and high seeding rates, respectively.	 Similar

observations have been reported by Brashears et al. (1968).	 This is

probably related to abortion of fruiting forms on lower sympodial

rather than inhibition of development of lower sympodial branches

(Buxton et al., 1977). In addition, the number of monopodial branches

per plant were significantly reduced with increasing seeding rate. The

total number of monopodial branches per plant was 2.1 and .4 with the

low and high seeding rates, respectively.

As water level increased from 24.1 to 30.4 ha cm, the number of

monopodial branches per plant significantly increased from .44 to 1.72

monopodials/plant.

Water and Seeding Rate Effects on Yield 

Average seed cotton yield in Arizona for the 1984 growing season

was 3936.0 kg ha -1 (Arizona Crop and Livestock Reporting Service,



41

Table 10. Mean seed cotton yield for machine-harvested and hand-picked
plots at two water levels and two seeding rates, Eloy, AZ.
1985.

TREATMENT	 SEED COTTON

Water	 Seed Rate
ha cm	 kg ha'
	

Hand Pick	 Machine Harvest

kg ha - I

	24.1
	

5.6
	

3077
	

3061

	

24.1
	

22.4
	

2747
	

2857

	

30.4
	

5.6
	

4230
	

4114

	

30.4
	

22.4
	

3875
	

4441

Mean	 3475	 3618
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1985).	 Yields were slightly below normal at Eloy for hand-picked and

machine-harvested plots. Average seed cotton harvested from the yield

plots are shown in Table 10. The 3475.0 and 3618.0 kg seed cotton ha -1

was obtained with hand-pick and machine-harvest, respectively. This

slight reduction in seed cotton harvested from the yield plots compared

to average state yield was mainly due to insufficient amount of water

being applied with the 24.1 ha cm water treatment. As water

application rate was increased to 30.4 ha cm, slightly above normal

seed cotton yield was harvested (Table 10).

Average seed cotton yields were less with the hand picked plots

compared to machine harvest (Table 10). Some of the plants which were

used for morphological studies were mistakenly selected from hand-

harvested plots.

The MANOVA for seed cotton showed that yield was significantly

influenced by water. Whereas, seeding rate or the interaction between

water and seeding rate had no effects on seed cotton. Even though the

difference was not statistically significant, there was a trend that

favored the low seeding rate at low water (24.1 ha cm). Seed cotton of

machine harvested plots was 3061 and 2857 kg ha -1 with the low and high

seeding rates, respectively (Table 10). Guinn et al. (1981) found that

yield of cotton was slightly reduced with increasing plant populations.

As water increased from 24.1 to 30.4 ha cm, seed cotton of hand-

picked and machine-harvested plots were significantly increased. Hand-

harvested seed cotton was 2912 and 4038 kg ha -1 with the 24.1 and 30.4

ha cm treatments, respectively. Whereas, machine-harvested plots
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yielded 2959 and 4278 kg ha -1 of seed cotton with the 24.1 and 30.4 ha

cm treatments, respectively.

These observations agree with Hofmann et al. (1986) who found

that drip-irrigated lint yield was increased from 1062 to 1578 kg ha -1

with increasing irrigation level from 24.1 to 30.4 ha cm.

It was noted before that boll weight was significantly increased

by increasing water application rates. While no significant difference

in the number of bolls produced at the end of the season was detected,

increasing boll size with increase water application was mainly

accounted for the high yield obtained at high water (30.4 ha cm).

SUMMARY AND CONCLUSION

Results indicated that increasing water application rate did not

result in a statistically significant increase in the total number of

flowers or bolls produced at the end of the season. However, there did

appear to be a trend that favored the low seeding rate at low water.

The number of flowers and bolls produced at the low seeding rate at the

24.1 ha cm irrigation treatment were 235.0 x 10 4 and 71.3 x 10 4 flowers

and bolls ha -1 , respectively, compared to 159.6 x 10 4 and 51.0 x 10 4

flowers and bolls ha -1 with the high seeding rate, respectively.

In contrast, increased water application rates produced

significantly more yield. Machine-harvested seed cotton was 2959.0 and

4278.0 kg ha -1 with the 24.1 and 30.4 ha cm water treatments,

respectively. Whereas, hand-picked seed cotton increased from 2912 to

4038 kg ha -1 as water increased from 24.1 to 30.4 ha cm. There did not

appear to be a significant interaction between water level and seeding

rate when fruits and yield production was concerned.
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The lowest mainstem node with a sympodial branch supporting a

boll was raised by one node with increasing seeding rate. In addition,

significantly fewer monopodial branches were developed at the high

seeding rate than the low rate of seed.

As water application rate increased from 24.1 to 30.4 ha cm, the

number of monopodial branches significantly increased from .44 to 1.72

monopodial/plant.

While no significant difference in the number of bolls was

detected among treatments, the average boll weight was increased by

increasing water application or decreasing seeding rate. The MANOVA

showed that water level and seeding rate had significantly affected

boll weight, while the interaction between water and seeding rate did

not influence boll weight significantly. Boll size increased from 3.7

to 4.2 g/boll as water level increased from 24.1 to 30.4 ha cm.

Whereas, boll weight was reduced from 4.0 to 3.8 g/boll as seeding rate

increased from 5.6 to 22.4 kg ha -1 .

Based on the results of this limited research, the recommndation

would be to establish low plant populations in areas where cotton has

to be irrigated with less than the optimum amount of water essential

for high yield. However, if irrigation is not expensive and ample,

higher plant populations are recommended.
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