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This study was conducted to investigate the effects of 

four drip irrigation treatments on five fruiting 

characteristics of cotton (Gossvpium hirsutum L.) using 

periodic observations to gauge the relative impact of these 

effects over time. The fruiting characteristics measured 

were: 1) number of flowers, 2) percent boll set, 3) number 

of bolls, 4) weight boll'1, and 5) seedcotton production. 

The irrigation treatments included four levels that in total 

season applied irrigation equaled 60, 68, 76, and 83 cm of 

water. Periodic observations included three, 3-week-

intervals from the onset of flowering (26 June) to cutout 

(29 August). Results indicate that irrigation treatments 

had a significant effect on all characters measured, only in 

the later stages of development (later in the season) with 

higher amounts of irrigation applied producing higher levels 

of each character measured. Significant differences were 

found among periods of observation for all characters 

measured. 
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Flower and Boll Development, and Water Stress 

Flower and boll development in cotton (Gossvoium 

hirsutum L.) is of interest to agricultural researchers 

because of its indirect relationship to yield. Yield is 

directly proportional to the weight and number of bolls 

produced which is, in turn, a function of flowering rate and 

fruit abscission. Interest specific to water stress and its 

relationship to flower and boll development stems from two 

major concerns. First, flowering in cotton is considered to 

be highly influenced by water availability (Jordan, 1971). 

Secondly, although irrigation systems might overcome drought 

related stress common to cotton producing climates, there is 

evidence to suggest that water stress, under certain 

conditions, may promote flower production and increase yield 

(Singh, 1975). 

Flowering in cotton, for most cultivated varieties, is 

not influenced by photoperiod (Mauney and Stewart 1986). 

Although environmental factors such as day and night 

temperatures and light intensity may influence the position 

of the fruiting sites or delay first flower, the primary 

influence on flowering is vegetative growth (Mauney and 

Stewart 1986). Growth of the cotton plant is characterized 
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as indeterminate, producing new mainstem nodes every 2 or 3 

days at the beginning of the season (Hearn, 1978). The 

production rate of mainstem nodes begins to decrease with 

the onset of squaring (Baker et al.,1972; Mauney and 

Stewart, 1986), probably due to carbohydrate competition 

(Saleem and Buxton, 1976) between vegetative and fruiting 

growth. Fruiting branches, along with vegetative branches, 

develop from the mainstem nodes, and additional nodes along 

the fruiting branch provide the fruiting sites. Increased 

vegetative growth increases flowering potential by 

increasing the supply of mainstem nodes for fruiting 

branches and adding nodes (sites for squaring) along those 

branches (Mauney and Stewart, 1986). Therefore, the effects 

of water stress on flower and boll development may be seen 

indirectly through its effects on vegetative growth. 

Minimum daily leaf water potentials in cotton range 

from -6 to -28 bars depending on availability of soil 

moisture (Mauney and Stewart, 1986). Jordan (1970) noted 

diurnal changes in water potential with minimum water 

potentials of -17 bars in stressed plants, corresponding to 

periods of maximum light intensity which reflect the 

evapotranspiration demand of midday conditions. Plants went 

through a recovery period overnight with maximum water 

potentials obtained just before sunrise (Jordan, 1970). 

Predawn wilting did not occur until the end of an 8 day 
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stress period with a leaf water potential of -26 bars. 

However, increases in both plant height and leaf area were 

inhibited if the plant water potential did not rise to a 

value of about -8 bars for a portion of each day (Jordan, 

1970). Bruce and Romkens (1965) also found reduced plant 

height, and in addition a reduction of square initiation; 

with increased soil moisture tensions. Mauney and Stewart 

(1986) described a positive linear relationship between 

squares per plant and plant height, which in view of the 

research results from Jordan (1970), and Bruce and Romkens 

(1965) already mentioned, would link water stress to a 

potential negative affect on flowering. The fact that leaf 

area is also affected by water stress in Jordan*s study 

(1970), is also indirectly related to flowering if we 

examine the nutritional demand theory (Eaton, 1955). 

The nutritional demand theory is an attempt to explain 

the seasonal pattern of boll shedding and bloom rates in 

cotton over a typical growing season. Guinn and Mauney 

(1984a) describe the typical fruiting pattern of the cotton 

growth cycle as a gradual rise in flowering rate with a peak 

at mid-season followed by a decline to almost zero and then 

a resurgence of flowering that increases in rate through the 

end of the season. Because of the exponential increase of 

fruiting organs, leaves, and internodes the demand for 

carbohydrate, nitrogen and photosynthate at some point 



11 

becomes greater than supply (Hearn, 1978; Guinn, 1985). At 

this point, the plant sheds young bolls and flower 

production is decreased so as to concentrate carbohydrate 

and photosynthate material in the larger bolls where most of 

the plants energy investment has been made, creating a 

greater demand for that energy (Hearn, 1978). This 

corresponds with the first dip in the flowering curve. As 

the bolls mature and the nutritional demand is lightened, 

flower production is reinstated which corresponds to the 

resurgence in the flowering curve. It follows from the 

nutritional demand theory that limited energy stores, 

acquired through photosynthesis in the form of carbohydrate 

and photosynthate material, could hasten the initial decline 

phase of flower production. Decreased leaf area reduces the 

physical hardware available for a plant to carry on 

photosynthesis and will therefore limit the energy 

production of the plant. Therefore, the decreased leaf 

area, described by Jordan (1970), could accelerate the first 

decline phase of flower production and, in addition, 

increase the shedding of young bolls. 

Jordan's (1970) study described leaf water potential 

thresholds for growth inhibition, but it should be pointed 

out that cell growth is more closely related to turgor 

pressure. Leaf water potential is a function of turgor 

pressure and osmotic potential. Osmotic potential in cotton 
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is variable because of its ability to osmotically adjust 

(Ackerson and Hebert, 1981) and this adjustment allows 

turgor pressure to be maintained at lower water potentials. 

This fact somewhat limits the use of leaf water potential as 

an index of water stress in cotton. Nevertheless, Jordan's 

(1970) study points out the association between water stress 

and flowering, due to the direct effects on plant height, 

leaf area and subsequently photosynthesis. 

The element of timing also plays an important role in 

the effect of water stress on flowering. Bruce and Shipp 

(1962) found that plants grown at a high soil moisture 

tension up to 6 weeks past first bloom did not show any 

difference in flowering compared to plants under normal soil 

moisture tension. Grimes et al. (1970) found decreases in 

flowering under severe water deficits but differences in the 

degree of decrease depended on the stage of plant growth; 

with the greatest decrease at the peak flowering period and 

less decrease either early or later in the flowering period. 

Singh (1975) found that pre-flowering stress induced plants 

to produce more flowers whereas post-flowering stress showed 

a decrease in flowering. Singh theorized this might be due 

to increased carbohydrate synthesis similar to that of 

sugarbeets under water stress. Later research on 

carbohydrate composition of cotton plants showed water 

stressed plants having 2 to 5 times greater amounts of 
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organic acids and carbohydrates than unstressed plants 

(Timpa et al., 1986). Timpa and associates attributed these 

higher rates to decreased translocation out of the leaf 

rather than increased synthesis. Guinn et al. (1981) had 

results similar to Singh (1975) showing increased flower 

production with early water stress. Guinn and Mauney 

(1984a) showed that most of the time a water deficit 

decreased rather than increased flowering, and in cases 

where the reverse occurred it was due to early insect 

damage. Guinn and Mauney (1984a) showed that higher 

irrigation levels increased lygus bug populations and 

subsequently increased insect feeding which can cause square 

shedding (Leigh et al., 1974). It was concluded that 

increased flowering in water stressed plots compared to 

irrigated plots were due to preferential feeding in the 

irrigated plots. This response, however, was evident only in 

years when insect populations were high (Guinn and Mauney, 

1984a). 

Ackerson et al. (1977) observed a reduction in 

photosynthesis when leaf water potentials were below -14 

bars and a dramatic reduction below -20 bars. The decreased 

rate of photosynthesis was not due to stomatal closure and 

the specific mechanism of effecting the photosynthetic 

process was not identified. They also noted that 

photosynthetic rates did not recover as water stress was 
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alleviated although the non-recovery stress threshold was 

not specified. A reduction in photosynthesis will decrease 

the vegetative growth of the plant and, as stated earlier, 

this will decrease the fruiting potential of the plant. 

Secondly, a reduction in photosynthesis has been found to 

have a direct effect on the decreased retention of squares, 

or floral buds (Guinn, 1974). 

The last avenue by which water stress may affect 

flowering in cotton is through its influence on hormonal 

activity. There is little information available regarding 

hormonal initiation of flowering in cotton. The evidence 

that pre-flowering water stress increases bloom rates may 

suggest that ethylene can stimulate flowering (Guinn, 1979) 

because water stress has been shown to increase ethylene 

production in cotton petioles (McMichael et al., 1972). 

This theory seems contradictory to the fact that ethylene 

has been shown to promote abscission by slowing auxin 

transport (Beyer and Morgan, 1971), and that the inhibition 

of auxin promotes abscission (Morgan and Durham, 1975). It 

has also been shown that water stress, auxin transport 

inhibitors, and ethylene have a synergistic effect on 

abscission (Morgan et al., 1977). 

In summary, water stress in cotton has been shown to 

inhibit plant height, leaf area, square initiation, square 

retention, and photosynthesis; all of which directly inhibit 
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flowering itself, or indirectly inhibit it through a 

decrease in vegetative growth which is the basis for 

flowering. Water stress seems to temporarily increase 

flower production depending upon the degree of the stress, 

the stage of plant growth at the time of the stress, and the 

level of insect populations. Finally, water stress may 

effect flower initiation and abscission through the 

influence it has upon hormonal activity of ethylene, 

abscissic acid, and auxin transport inhibitors. 

This study was conducted to observe the effects of 

irrigation levels on five fruiting characteristics of 

cotton. Special interest was directed towards the relative 

impact of these effects over time and under the use of a 

drip irrigation system. 
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A single field experiment was conducted at Regal Farms 

near Eloy, Arizona in 1985. The Soil type at the 

experimental site was a Mohall sandy loam soil 

classification. The field was planted on 23 to 25 April 

following a 13 cm preplant irrigation. A six row cone 

planter was used which allowed for experimental plots of six 

rows, 12.2 m in length, separated by 2 m alleys. A surface 

type drip irrigation system, used by the grower, was 

employed for the experiment. However, a separate pumping 

station that could be controlled independently of the 

grower's was constructed. Separate treatment supply lines 

were obtained through a manifold system at the end of the 

main supply line. Each treatment supply line was controlled 

by diaphragm valves which could be automatically switched 

open and closed by pre-set electrical timers. Lateral drip 

lines with emitters of a 1 liter hr'1 discharge rate, spaced 

1 m apart in the line, were placed at the center of the 

seedbed along the length of the seedrow. The discharge rate 

of the drip lines was constant over the entire experimental 

area and therefore different water levels could be obtained 

by adjusting the duration of each irrigation through the 

timer control of supply line valves. 

This experiment was carried out within the framework of 
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a larger split-plot experimental design which included, as 

the main plots, five water levels at 80, 90, 100, 110, and 

120% of the grower's recommendation for optimum yield. The 

grower, in this case, had used this type of drip irrigation 

system in recent years for cotton production and based his 

recommendation on this experience. All plots received equal 

amounts of water (28 cm) to ensure a stand before treatments 

were initiated on 10 June. Irrigation was terminated on 5 

September with post-emergence irrigations totalling 60, 68, 

76, 83, and 86 cm for the 80, 90, 100, 110, and 120% water 

treatments respectively. A factorial set of sub-plot 

treatments consisted of three Deltapine cotton varieties 

(41, 77, and 90), planted at three seeding rates (6, 11, and 

22 kg ha"1) . The two outside rows of the six row plots, 

provided the border rows. The two inside rows were 

designated as yield rows for machine harvesting, and the two 

remaining rows were used for flower and boll development 

study. 

Preseason soil analysis of the experimental site 

detected N03-N at a level of 14.8 mg kg"1 and P at 12.5 mg 

kg"1. Analysis of the well water detected N03-N at a level 

of 1.04 mg L*1. Total N applied to the 80, 90, 100, and 

110% irrigation treatments was 189 kg N ha"1 with well water 

source N03-N providing for an additional 7.6, 8.4, 9.2, and 

10.3 kg N ha"1 for each treatment respectively. The 120% 
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treatment received a total of 304 kg N ha"1 with well water 

source N03-N providing for an additional 10.3 kg N ha'1. 

Fertilizer sources included Soln-32 (urea-ammonium nitrate) 

and N-pHuric (urea-sulfuric acid adduct), because of their 

compatibility with the fertilizer injection technique used 

with this drip irrigation system. N-pHuric, in addition to 

being a source of nitrogen is also useful in preventing 

precipitation of lime in emitters. 

The flower and boll development study which is the 

focus of this paper was conducted according to a randomized 

complete block design with one main factor (water level) and 

six blocks. Plots 1.8 m in length were selected in the 80, 

90, 100, and 110% main plot water treatment levels planted 

to. the Deltapine 90 variety, and at the 11 kg ha"1 seeding 

rate. Each plot selected was then hand thinned to 15 plants 

plot"1. On a biweekly basis, open white flowers were 

counted and tagged with color coded labels that identified 

the tagging date. Flowering data was collected from the 

plots for a 9 week period starting with the onset of 

flowering, 26 June, and extending to 29 August. At the end 

of the season the plots were hand picked and bolls that had 

developed from tagged flowers were counted, sorted by date, 

and weighed. Bolls that had developed from untagged flowers 

were sorted separately and weighed. Season totals were 

calculated for flowers(the number that were tagged), 
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bolls(the number that were picked with tags), and two yield 

parameters: a) seedcotton produced from tagged bolls, and b) 

seedcotton produced from tagged and untagged bolls. Season 

averages were calculated for boll set (the percentage of 

flowers that developed into bolls), and weight boll"1. 

Periodic totals and averages were also calculated for 

three, 3-week intervals from 26 June to 29 August. Period 1 

was designated as the interval from 26 June to 17 July, 

period 2 as the interval from 17 July to 7 August, and 

period 3 as the interval from 7 to 29 August. Periodic 

totals and averages were calculated for all parameters with 

bolls, boll set, weight boll"1* and seedcotton production 

being assigned to those periods in which the associated 

flower development occurred. This data set was 

statistically analyzed by considering week of observation as 

an additional factor in the experiment. This required a 

pooled analysis of variance for measurements over time based 

on a randomized complete block design. Thus, the analysis 

was performed according to a repeated measures experiment 

over time (Gomez and Gomez, 1984). 

This same data set was also analyzed by considering 

week of observation as a dependent variable and the analysis 

conducted as a one factor randomized complete block. This 

allowed the evaluation of latent parameter levels of each 

treatment on a periodic basis. For example, it was 
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determined, what part of the final yield could be attributed 

to the fruiting development of each of the three designated 

periods and how each of those periodic production units 

compared across treatments. 

Texas root rot (Phvmatotrichum omnivorum) infestation 

destroyed several plots and subsequently an entire block was 

eliminated from the test resulting in a total of five 

replications. Infected plots in other blocks were 

eliminated and treated in the statistical analysis as 

missing values. Treatment mean comparisons were made by use 

of a Fisher's LSD. 



21 

RESULTS AND DISCUSSION 

Statistical Analysis 

Results of the statistical analysis show 

inconsistencies in the coefficient of variation (CV) among 

periods for each character measured. The CV for all 

characters is highest at periods 1 and 3, and lowest at 

period 2, with the exception of weight boll'1 (Tables 1-5). 

In addition to these inconsistencies, there are excessively 

high CV1s for percent boll set, (26-57% in Table 2) and 

seedcotton production (27 to 56% in Table 5). 

The CV is a function of experimental error and its 

proportion to the mean. Experimental error represents the 

random variability among all experimental units that cannot 

be accounted for by other sources of variation such as 

treatment or replication effects. Therefore the CV, in 

part, indicates the inherent variability of the characters 

under observation and varies with the type of experiment, 

the crop grown, and the character measured (Gomez and Gomez, 

1984). Because treatment effects are determined by measuring 

their proportion to the experimental error, the CV also 

indicates the degree of precision with which the treatments 

are compared. A low degree of precision reduces the power 

of the F test in the analysis of variance and increases the 

risk of a Type II error (Neter and Wasserman, 1974). We may 

conclude then from the CV's resulting from our statistical 
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Table 1. Treatment mean plot values of periodic flower 
numbers from corresponding 3-week-interval totals 
taken from biweekly sampling. 

FLOWER NUMBERS 

PERIOD 

TMT 12 3. TOTAL 

1 21 A* 62 A 16 B 99 B 

2 16 A 75 A 23 AB 113 AB 

3 14 A 80 A 40 A 136 A 

4 24 A 82 A 29 A 135 A 

C.V.% 17 8 21 11 

MEANS FOLLOWED BY THE SAME LETTER, WITHIN A COLUMN, ARE NOT 
SIGNIFICANTLY DIFFERENT AT THE 0.05 PROBABILITY LEVEL 
ACCORDING TO PAIRWISE COMPARISONS USING A FISHER'S LSD. 



Table 2. Treatment mean plot values of periodic percent 
boll set calculated from corresponding 3-week-
interval totals taken from biweekly sampling. 

% BOI/L SET 

PERIOD 

SEASON 
TMT 12 3 AVERAGE 

1 75 A 26 A 3 B 33 A 

2 66 A 32 A 6 B 31 A 

3 54 A 30 A 18 A 30 A 

4 83 A 32 A 23 A 38 A 

C.V.% 38 ' 26 57 50 

MEANS FOLLOWED BY THE SAME LETTER, WITHIN A COLUMN, ARE NOT 
SIGNIFICANTLY DIFFERENT AT THE 0.05 PROBABILITY LEVEL 
ACCORDING TO PAIRWISE COMPARISONS USING A FISHER'S LSD. 
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Table 3. Treatment mean plot values of periodic boll 
numbers from corresponding 3-week-interval totals 
taken from biweekly sampling. 

BOLL NUMBERS 

PERIOD 

TMT 12 3 TOTAL 

1 16 A* 16 A IB 33 B 

2 12 A 23 A IB 36 AB 

3 9 A 25 A 7 A 41 AB 

4 16 A 29 A 6 A 51 A 

C.V.% 27 13 15 22 

*MEANS FOLLOWED BY THE SAME LETTER, WITHIN A COLUMN, ARE NOT 
SIGNIFICANTLY DIFFERENT AT THE 0.05 PROBABILITY LEVEL 
ACCORDING TO PAIRWISE COMPARISONS USING A FISHER'S LSD. 
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Table 4. Treatment mean plot values of periodic weight 
boll*1 averages from corresponding 3-week-interval 
totals taken from biweekly sampling. 

WEIGHT BOLL -1 

TMT 1 

PERIOD 
SEASON 
AVERAGE 

1 4.0 A* 3.3 B 3.0 B 3.7 B 

2 4.7 A 3.9 A 4.7 A 4.0 A 

3 4.7 A 4.2 A 4.4 A 4.3 A 

4 4.6 A 3.6 AB 4.1 A 4.0 A 

C.V.% 11 

'MEANS FOLLOWED BY THE SAME LETTER, WITHIN A COLUMN, ARE NOT 
SIGNIFICANTLY DIFFERENT AT THE 0.05 PROBABILITY LEVEL 
ACCORDING TO PAIRWISE COMPARISONS USING A FISHER'S LSD. 
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Table 5. Treatment mean plot values of periodic and total 
seedcotton production (grams) from corresponding 
3-week-interval totals taken from biweekly 
sampling. 

SEEDCOTTON PRODUCTION (GRAMS 

PERIOD 
TOTAL 

TMT 12 3. tagged total/plot 

1 64 A 53 B 3 C 120 A 456 B 

2 55 A 88 AB 7 BC 150 A 689 AB 

3 38 A 103 A 33 A 174 A 740 A 

4 75 A 106 A 25 AB 206 A 668 A 

OSL 

C.V.% 56 

.07 

27 56 42 15 

MEANS FOLLOWED BY THE SAME LETTER, WITHIN A COLUMN, ARE NOT 
SIGNIFICANTLY DIFFERENT AT THE 0.05 PROBABILITY LEVEL 
ACCORDING TO PAIRWISE COMPARISONS USING A FISHER'S LSD. 



analysis that there is more variability in all the 

characters that we measured, with the exception of weight 

boll"1, at periods 1 and 3 than at period 2 (Tables 1-5). 

We can also conclude that the variability is higher for 

percent boll set and seedcotton production than for the 

other characters measured. The variability observed for 

percent boll set and seedcotton production is also at a much 

higher level than would normally be expected for these 

characters and we can assume accordingly, that the power of 

the analysis will be correspondingly low. A low level of 

power in the analysis limits our ability to detect 

differences between treatments when in fact they do exist 

(Type II error) and it is therefore important to determine 

the underlying causes of the variability and determine how 

best to control it through experimental design for future 

experiments. 

All parameters measured in this experiment, with the 

exception of weight boll"1, are either directly or 

indirectly related to flowering. Reviewing the flowering 

data, therefore, may be a proper starting point in an 

attempt to explain the inconsistencies in CV among periods 

for all parameters. 

The flowering pattern observed during the season in this 

experiment, which was typical of the characteristic 

flowering pattern normally observed in cotton (Guinn and 
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Mauney, 1984a), was represented by a gradual rise in 

flowering rate (corresponding to period 1) with a peak at 

mid-season (corresponding to period 2) followed by a decline 

to almost zero (corresponding to period 3). Normally there 

is a resurgence of flowering, following period 3, that 

increases in rate through the end of the season (Guinn and 

Mauney, 1984a), however the field in which this experiment 

was conducted was managed according to a short season 

production strategy so that irrigation was terminated before 

final resurgence in flowering could begin. On inspection of 

the CV's for flower production (Table 1), we observe a 

relationship between CV and flower production levels 

associated with periods indicating that lower flower 

production levels coincide with higher CV's. While periods 

1 and 3 correspond to low flower production levels and 

exhibit a high CV, period 2 corresponds to a higher flower 

production level and exhibits a lower CV. The same pattern 

is observed in all other parameters (Tables 2,3,and 5) which 

are indirectly related to flowering. The exception is weight 

boll"1, which is not related to flowering. This would 

suggest that an explanation of the inconsistencies in CV, 

noted earlier, among periods for each parameter might be 

linked to the inconsistencies in flower production levels 

among periods. Certainly, lower flower numbers alone would 

not account for more variability, however specific factors 
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which affect the apparent magnitude of these numbers, such 
I 

as plant to plant variation, which is part of the plot to 

plot variation, may be more basic to the problem of the 

observed variability. 

Although there are many edaphic, environmental, and 

management factors that can affect the productivity and 

development of plants, the design of the experiment and the 

application of proper plot technique attempt to maintain the 

impact of these factors at a uniform level across all plots. 

Because this is almost an impossible task, it is possible 

that factors such as these may be expressed in a non-uniform 

manner in the experimental area; leading to some variability 

among plants. A more potent source of variation between 

individual plants however, may be genetic compliment. 

Typical emergence patterns indicate that seedlings 

emerge over a two to three week period after the first 

seedlings appear resulting in a wide range in age, 

development, and number of bolls per plant (Peacock et al., 

1971). Kunze et al. (1969) showed that seed size within a 

variety was linked to emergence. Wilkes et al. (1968) and 

Wilkes and Hobgood (1966) reported that 50% of the total 

yield was produced on 25% of the plants, with no bolls found 

on 7.5% of the plants. Porterfield and Smith (1956) showed 

significant differences in lint yield among progenies from 

various seed sizes with plants from medium seed sizes 
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yielding more than plants from either large or small seed. 

Plant to plant variation is a source of variability 

that would contribute to the experimental error. Because 

data was recorded on a whole plot basis rather than on an 

individual plant basis there was no way to estimate the 

plant to plant variation, or sampling variance, (Gomez and 

Gomez, 1984), which can allow partitioning of the 

corresponding error (Table 6). If plant to plant variation 

was a significant factor contributing to the experimental 

error in this experiment then the question is : how did the 

plant to plant variation contribute to higher CV's in 

periods 1 and 3, than in period 2? 

We may begin a theoretical explanation of this 

question by viewing plant to plant variation as the product 

of two sources of plant to plant variability; productive and 

developmental. The productive variability would be the 

difference in numbers of flowers produced at the same stage 

of development. Developmental variability would be the 

differences in stages of development between plants at a 

particular time of observation during the season. The 

productive variability between plants is evident from the 

research of Wilkes et al. (1968) and Wilkes and Hobgood 

(1966) mentioned earlier. Although these differences 

plainly exist, measurements were not made to provide direct 

evidence that this variability is expressed in different 
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Table 6. Format for the analysis of variance of data from 
plot sampling in a RCB design with t treatments, r 
replications, and s sampling units (plants) per 
plot. 

Source Degree 
of of 
Variation Freedom 

Replication r-1 

Treatment t-l 

Experimental error (r-l)(t-l) 

Sampling error rt(s-l) 

Total rts-l 



degrees of magnitude at different time periods throughout 

the season and although it might contribute to differences 

in CV*s among the periods of observation we cannot use this 

explanation with any degree of confidence. The 

developmental variability between plants is also evident 

from the emergence studies of Wilkes and Hobgood (1966). 

There is no evidence, from the measurements taken in this 

experiment, that developmental variability is expressed in 

different degrees of magnitude at different time periods 

throughout the season. Unlike the productive variability, 

however, it may be observed as a non-proportional 

variability due to the periodic observations enlisted in 

• this experiment. 

As an example, we can construct a hypothetical growth 

pattern for two plants and consider what effect the 

developmental differences would have on the observed 

variability at each period. The illustration in Fig. 1 shows 

the flowering curves of two hypothetical plants that are 

productively identical but are separated by a 1 week 

interval due to a developmental variation. Under this 

hypothetical construct, the total season flower production 

for both plants would be equal and the developmental 

variation would be unobservable. If however, we isolate one 

week during the season, the developmental variation is 

observed as an apparent variation in production. When 
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Hypothetical illustration of 2 identical flowering curves that 

are staggered due to a developmental variation of 1 week, 

(assuming zero productive variaiton) 
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viewing the production levels of these two plants in terms 

of a 3-week interval, as was done in our experiment, the 

variation is seen to be larger at periods 1 and 3 than at 

period 2 due to the overlapping of the two staggered 

flowering curves at week 6 and the resulting equilibration 

of the two production levels (Fig. 2). 

In addition, as we observe apparent production levels 

at weekly intervals further toward either end of the curve 

in Fig. 1, the magnitude of that variation, as a proportion 

to the mean, becomes larger. This is due to the fact that 

the variation does not become proportionally smaller as the 

mean becomes lower. The CV is derived from the variation 

(error sum of squares) and its proportion to the mean and so 

it will also increase as the mean becomes lower as long as 

the variation is constant. As a result, the CV is likely to 

be more sensitive to a lower mean and thus reflect higher CV 

values. 

In summary, the developmental source of plant to plant 

variation can potentially create inconsistent observations 

of variability in two ways. First, it could effect a lower 

observed variability for observations during midseason due 

to the overlapping of the individual flowering curves. 

Secondly, it may produce a variation that is not 

proportional to the mean which could effect a large CV at 

periods of observation with a low mean. 
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Fig. 2. (Illustration of apparent productive differences among each 

3-week-period observation resulting frorri hypothetical curves 

in Fig. 1. 



Up to this point the discussion has been directed 

towards flowering, with the assumption that any explanations 

about the inconsistencies in the analysis of the flowering 

data could be generalized to the other parameters, with the 

exception of weight boll"1. Although this theory may 

explain the inconsistent nature of the variability among 

periods for all parameters, it does not support an 

explanation of the excessively high CV's across all periods 

as we see in the analysis for percent boll set and 

seedcotton production. For an explanation of this overall 

high variability we should review the sampling technique. 

Components of the sampling technique, which include the 

sampling unit, sample size, and sampling design are chosen 

to reduce sampling error and thus achieve an adequate level 

of precision for measurement of the characters under 

observation. 

The sampling unit, in our study, was a 1.8 m length of 

row. Had we chosen plants as our sampling unit we would 

have been able to estimate plant to plant variation and 

partition the corresponding error. As demonstrated earlier, 

the plant to plant variation resulting, in part, from the 

developmental differences may have led to the inconsistency 

in variability among periods. The low precision achieved in 

the analysis for percent boll set and seedcotton production, 

as indicated by the high CV's across all periods, is related 
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in large part to sample size. 

The required sample size for a particular experiment is 

governed by the sampling variance and the degree of 

precision desired for the character of interest (Gomez and 

Gomez, 1984). The larger the sample size the greater the 

precision. 

To illustrate the effect of increased sample size on 

precision (indicated by the CV) we can use the procedure 

outlined in Gomez and Gomez (1984) for developing an 

appropriate plot sampling technique. 

This procedure was used to estimate the relationship 

between increasing the number of replications and the 

decrease in variability. The procedure was applied to the 

results from the seedcotton analysis since this was the 

parameter showing the highest variability. We can see in 

Fig. 3 that the ability to decrease the variation by 

increasing the number of replications diminishes with 

increasing replications. The CV levels off at about 20%, 

with 100 replications at a value of 20.6%, and 1000 

replications at a value of 19.2%. 

Increasing the length of each plot is another way to 

reduce the variability. This technique may be demonstrated 

by use of the sampling protocol used in this experiment. 

Since increasing the total number of replications by one, is 

the equivalent of adding 1.8 m of total plot length, it is 
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possible to allocate this increase equally to each of the 

original five replications. In this way we can calculate 

the resulting decreases in CV for increases in plot length 

assuming we keep our original five replications. Increasing 

the frequency of sampling is another way to increase the 

sample size. Since increasing the frequency of sampling is 

proportional to plot size it is possible to calculate the CV 

for different combinations of plot length and sampling 

frequency. Table 7 shows predicted CV's for increases in 

plot length and sampling frequencies estimated from the 

seedcotton analysis based on the most limiting sampling 

period; either late or early in the season (periods 1 and 

2). As we can see from Table 7,'the lowest CV that we can 

achieve with any combination of plot length and sampling 

frequency is approximately 20%. 

According to the theory put forth earlier, the plant to 

plant variation may explain the difference in observed 

variability between periods 1 and 3, and period 2 which is 

approximately half the magnitude (Table 5). Therefore, the 

plant to plant variation could potentially account for up to 

50% of the observed variability for seedcotton production in 

periods 1 and 3. By using plants as the sampling unit, we 

could expect to eliminate the plant to plant variation that 

would otherwise contribute to the experimental error. If 

we reduce the CV by an additional 50% by using plants as the 
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Table 7. Predicted C.V.»s for combinations of plot length 
and sampling frequencies estimated from seedcotton 
analysis.* 

Plot length 

Coefficient Sampling Frequency (davs/weekl 
of 
Variation(%) 2 3 4 • 5 6 7 

meters 

56 1.8 1.2 0.9 0.6 0.6 0.6 
38 3.1 2.1 1.5 1.2 0.9 0.9 
31 4.3 2.7 2.1 1.8 1.5 1.2 
29 5.5 3.7 2.7 2.1 1.8 1.5 
27 6.7 4.6 3.4 2.7 2.1 1.8 
25 9.2 6.1 4.6 3.7 3.1 2.7 
24 10.7 7.0 5.2 4.3 3.7 3.1 
23 12.2 7.9 6.1 4.9 4.0 3.7 
22 15.3 10.1 7.6 6.1 5.2 4.6 
21 30.5 20.1 15.3 12.2 10.1 8.8 
20 61.0 40.3 30.5 24.4 20.1 17.7 
19 610.0 403.6 305.0 244.0 201.3 176.9 

'Estimations for plot length are rounded to the nearest 
tenth of a meter. 
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sampling unit then we could conceivably approach a 10% CV. 

This level of precision however would come at a rather high 

cost in terms of time and labor. 

It seems inevitable that variability will be an 

increasing problem when observing plant characteristics in 

small intervals of time rather than on a season total basis. 

A researcher, therefore, who intends to conduct an 

experiment of this sort must decide on the level of 

precision that he feels is necessary and determine if he has 

sufficient resources to meet the cost of time and labor. 

Practical limitations may require some sacrifice in 

precision for experiments of this kind. 

Flowering 

No significant differences in flower numbers were 

observed in the first or second period of observation (Table 

1). In the third period of observation, and in total season 

flower numbers, treatments 3 and 4 were significantly higher 

than treatment 1. This may suggest that the lower water 

levels were not adequate to meet the needs of the plant, 

thus resulting in lower levels of flower production. 

Because flowering is dependent upon fruiting sites which is 

a function of the vegetative framework of the plant it is 

possible that lower water levels affected the size of the 

plants, resulting in a reduced number of fruiting sites. 
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These findings concur with the results and opinions of Guinn 

and Mauney (1984a) that showed decreased flowering due to 

water deficits. 

Flower production, across all treatments (Table 8), was 

significantly higher for period 2 than for period 3 which 

was significantly higher than period 1. These results are 

representative of the typical pattern of flowering described 

by Mauney and Stewart (1986) and Briggs et al., (1983). 

Boll Set 

No significant differences in percent boll set among 

irrigation treatments were detected in the first or second 

periods of observation (Table 2). In the third period of 

observation, percent boll set for treatments 3 and 4 was 

significantly higher than treatments 1 and 2 (Table 2). 

Grimes et al., (1970), reported that a water stress later in 

the flowering period reduced boll retention while water 

stress early in the flowering period increased shedding of 

squares before they flowered. Our water treatments were 

based on a predetermined proportionality to the 100% 

standard treatment throughout the season. It is possible, 

however, that the nature of these treatments may have 

produced a higher stress potential later in the season. 

Early in the season these proportional deficits, in terms of 

actual amounts of water, were relatively small due to the 
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Table 8. Periodic mean plot values of flowers, percent boll 
set, bolls, weight boll , and seedcotton 
calculated from corresponding 3-week-interval 
totals taken from biweekly sampling. 

PERIOD FLOWERS BOLL SET BOLLS WEIGHT BOLL'1 SEEDCOTTON 
(NO.) ffNO.) (grams) (grams) 

1 19 C* 70 A' 13 B 4.5 A 56 B 

2 75 A 30 B 22 A 3.8 B 85 A 

3 27 B 13 C 4 C 4.1 A 16 C 

C.V.% 11 50 22 4 2  

*MEANS FOLLOWED BY THE SAME LETTER ARE NOT SIGNIFICANTLY 
DIFFERENT AT THE .05 PROBABILITY LEVEL ACCORDING TO PAIRWISE 
COMPARISONS USING A FISHER'S LSD. 
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small amount of total irrigation applied. Later in the 

season, after running the same proportional deficits over 

many more irrigations, the actual amount of deficit water is 

much higher due to the deficit accumulation. The lower 

water treatments, therefore, may not have been at an 

inadequate level until the proportional deficits had 

accumulated over several weeks. Any stress resulting from 

these water deficits would potentially be more pronounced as 

the season progressed. Therefore, the results of Grimes et 

al. (1970) showing reduced boll retention due to water 

stress later in the flowering period may apply to this 

situation. Guinn and Mauney (1984b) also reported that 

water stress affected boll retention with boll retention 

rates decreasing as water potentials decreased below -1.9 

MPa. 

Differences between treatments may in some degree be 

explained by hormonal changes induced by plant water 

deficits. McMichael et al. (1972) showed that greater-than-

normal rates of ethylene production by intact cotton 

petioles were associated with severe plant water deficits. 

In addition, Lipe and Morgan (1972) have shown that ethylene 

was a regulator of young fruit abscission in cotton. 

No significant differences were detected for the total 

season average for percent boll set among treatments (Table 

2). Mezainis (1985) also reported similar results and 
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showed that percent boll set was not significantly affected 

by irrigation treatments. 

Percent boll set across all treatments (Table 7), was 

significantly higher for period 1 than for period 2 which 

was significantly higher than period 3. The average percent 

boll set (Table 8) in period 1 (70%), period 2 (30%), and 

period 3 (13%), closely follow the results of Taylor et al., 

(1983) where an underground drip irrigation system was 

studied. In this study, observations from flower tagging 

showed the average percent boll set for the first trimester, 

second trimester, and third trimester to be 84, 42, and 11% 

accordingly. The periodic differences in percent boll set 

are most likely explained by nutritional stress. The 

nutritional stress created by the demand for carbohydrate 

and nitrogen from developing bolls would continually 

increase through the season as the number of developing 

bolls on the plant increased. If nutritional stress was a 

factor in boll abscission then we would expect percent boll 

set to fall as the season progressed. A link between 

nutritional stress and boll abscission has been shown by 

Guinn (1976), who found that nutritional stress increased 

ethylene evolution by young cotton bolls. Ehlig and Lemart 

(1973) reported that the boll load from the first fruiting 

cycle of the cotton plant was the primary cause for low boll 

retention during midseason. Guinn (1974) showed that 
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increased assimilates favor boll retention, and Kerby and 

Buxton (1981) presented evidence that competition for 

nutrients negatively affected boll retention. 

Bolls 

No significant differences in boll numbers were 

detected among treatments in the first or second periods of 

observation (Table 3). In the third period of observation, 

boll numbers for treatments 3 and 4 were significantly 

higher than for treatments 1 and 2. Season total boll 

numbers were significantly higher for treatment 4 than 

treatment 1. These results are a direct function of 

flowering and percent boll set. In the first and second 

periods of observation, no significant differences were 

found for either flowering (Table 1) or percent boll set 

(Table 2) and we expect no differences in numbers of bolls 

at this period. In the third period of observation (Table 

3), the numbers of bolls again follows the trend set by 

numbers of flowers and percent boll set (Tables 1 and 2 

respectively). 

Boll numbers across all treatments (Table 8) were 

significantly higher for period 2 than for period 1 which 

were significantly higher than period 3. In this case 

percent boll set across all treatments in period 2 (30%) was 

less than half of that in period 1 (70%) however the number 
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of flowers in period 2 (75) was almost 4 times greater than 

that in period 1 (19) (Table 8). This accounts for the 

higher number of bolls in period 2 as we would expect, and 

points to number of flowers as the determinant factor in 

boll production in period 2. In periods 1 and 3 however 

percent boll set is the determinant factor with the number 

of bolls being higher in period 1 than period 3. This is 

true even though the number of flowers in period 3 are 

higher than in period 1. This is due to a very high percent 

boll set in period 1 (70%) and a very low percent boll set 

in period 3 (13%). 

Weight Boll*1 

No significant differences in weight boll"1 were 

detected among treatments in the first period of observation 

(Table 4). In the second period of observation, weight 

boll"1 was significantly higher for treatments 2 and 3 than 

for treatment 1. In the third period of observation and for 

total season averages, weight boll'1 was significantly 

higher in treatments 2, 3, and 4 than for treatment 1. 

Mezainis (1985) found that higher irrigation levels 

significantly increased average boll size. This is in 

agreement with our results for the third period only and 

would suggest that the water deficits brought about by the 

irrigation treatments were not sufficient to affect the 
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weight boll"1 until the end of the season. Seasonal 

averages for weight boll"1 ranged from 3.7 grams, in 

treatment 1, to 4.3 grams in treatment 3. Mezainis (1985) 

observed boll sizes ranging from 3.6 grams, in a low water 

treatment, to 4.4 grams in a high water treatment. 

Weight boll"1 across all treatments (Table 8) was 

significantly higher for periods 1 and 3 than for period 2. 

The lower weight boll*1 average in period 2 may be due to 

the higher number of bolls that were developing at this time 

and the increased competition for carbohydrates and 

nitrogen. Kittock et al., (1979) observed the competitive 

effects of bolls on the same branch and showed that bolls at 

node three averaged 9 % lower weight seed"1, 13 % less lint 

seed'1, and 22 % less lint boll"1, than bolls at branch node 

1. Mauney and Stewart (1986) describes the work of 

Pinkhasov and Tkachenko (1981) who showed that the sink 

strength of bolls increases with age and reaches a maximum 

at 20 to 30 days after anthesis. In this study twenty seven 

day old bolls accumulated more radioactivity from Re

labelled leaves than did younger bolls (7-10 days old) even 

though they were farther away from the source leaves. 

Seedcotton Yield 

No significant differences in seedcotton yield were 

detected among treatments in the first period of observation 
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(Table 5). In the second period of observation, seedcotton 

yield was significantly higher for treatments 3 and 4 than 

for treatment 1. In the third period of observation, 

seedcotton production was significantly higher for treatment 

3 than for treatments 1 and 2, and in addition treatment 4 

was significantly higher than treatment 1. No significant 

differences were detected among treatments for total season 

seedcotton yield associated with tagged bolls. Total season 

seedcotton yield associated with tagged as well as untagged 

bolls (total/plot), was significantly higher for treatments 

3 and 4 than for treatment 1. 

Seedcotton production across all treatments (Table 8) 

was significantly higher for period 2 than for period 1, 

which was higher than period 3. 



SUMMARY 

Plant to plant variation resulting from productive and 

developmental differences between plants is a likely cause 

for the inconsistencies in the CV among periods of 

observation, producing higher CV's at periods 1 and 3. 

Choosing plants as the sampling unit, rather than a length 

of row, will allow for an estimation of sampling variance 

and reduce the error associated with plant to plant 

variation. The excessively high CV's for percent boll set 

and seedcotton production across all periods of observation 

is best explained by insufficient sample size. Increased 

sample size can be achieved by increasing the plot length, 

number of replications, sampling frequency, or some 

combination of all three. The particular combination used 

will depend upon the location, experiment, and available 

resources of time and labor. 

The number of bolls produced is a direct function of 

number of flowers produced and the percent boll set. The 

relationship among these three characteristics is clearly 

expressed in the results of our analysis. No significant 

differences were observed for flowers, percent boll set, or 

bolls in the first and second periods of observation. In 

the third period of observation, significant differences 

among irrigation treatments were observed for flowers, 
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percent boll set, and bolls with the lower water treatments 

resulting in lower levels for each of these three 

characters. Irrigation treatments affected total season 

numbers of flowers and bolls with the lower water treatments 

producing lower levels. Irrigation treatments did not 

affect total season percent boll set, which indicates that 

flowers are a more dominant factor in total season boll 

production than percent boll set. 

Significant differences were observed among periods of 

observation across all treatments for flowers, percent boll 

set, and bolls. The number of flowers was highest at period 

2, lower at period 3, and lowest at period 1, reflecting the 

typical flowering curve and subsequent production of 

fruiting sites. Percent boll set was highest at period 1, 

and continued to decrease as the season progressed through 

periods 2 and 3, reflecting the increasing nutritional 

demand. The number of bolls were highest at period 2, lower 

at period 1, and lowest at period 3. Although the number of 

flowers produced is the dominant factor in total season boll 

production we have shown that percent boll set was the most 

dominant factor in boll production in periods 1 and 3 s 

There were no significant differences in weight boll'1 

among treatments in the first period of observation. 

Irrigation treatments affected weight boll"1 in periods 2 

and 3. The same was true for the total season average with 
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the lowest water treatment producing the lowest weight boll' 

1. Significant differences among periods were observed for 

weight boll"1 with the lowest weight boll'1 at period 2. 

There were no significant differences in seedcotton 

production among treatments in the first period of 

observation or for total season production from tagged, 

bolls. Irrigation treatments affected seedcotton production 

in periods 2 and 3, and also for the total season production 

from tagged as well ds untagged bolls (total/plot), with the 

lower water treatments producing the lower yield. 

Significant differences among periods were observed for 

seedcotton production with the highest yield at period 2, a 

lower yield at period 1, and the lowest yield at period 3. 
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