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ABSTRACT 

Cotton (Gossypium hirsutum L. 'Stoneville 506') was dry-planted 

on 1.02 m row spacing in Marana, Arizona. Chapin Twinwall 2.0 mm drip 

tape was placed 5-8 cm to one side and below every seed row. The field 

was uniformly watered until 9 July when the dry, medium, and wet irri

gation treatments (155.9, 167.3, and 184.1 ha-cm total, respectively, 

over the growing season) were initiated. The estimated evapotranspira

tion was 80% of daily evapotranspirati on for cotton, Casa Grande, Az. 

There were no significant treatment differences in number of flowers 

and mature bolls. The dry and medium treatments had greater yields 

than the wet treatment. The wet treatment had significantly lower 

photosynthesis and diffusive resistances, and higher transpiration than 

the medium treatment. The photosynthesis, diffusive resistance, and 

transpiration in the dry treatment were not different from the other 

treatments. 

v i i i  



INTRODUCTION 

More acres are planted to cotton and greater returns are 

received from cotton than any other crop in Arizona (16, 58). Cotton 

in Arizona has the highest consumptive water use (0.42 ha-m) of any 

large cash crop except for alfalfa and pecans (16, 35). 

Agriculture in Pima County is almost exclusively supplied by 

groundwater sources. New well development and water use are limited 

by the 1980 Arizona Groundwater Management Law (8). Due to these 

restrictions and rising water and energy costs (16), farmers in Pima 

County need to conserve water. 

One method to conserve water is the usage of a high efficiency 

irrigation system such as drip irrigation. Fangmeirer (37) found the 

application efficiency of furrow irrigation was between 60-70%, in 

comparison to 90% efficiency by drip irrigation. Therefore, 1.12 ha-m 

less water is potentially required for cotton development under drip 

irrigation as compared to furrow irrigation. 

In addition to economics, there are other benefits from drip 

irrigation such as uniform application of irrigation water which results 

in better plant growth and development (62). If properly managed, the 

application of fertilizers is more efficient and the frequent and uni

form application of water reduces the probability of salt accumulation 

in the soil rooting zone (87). These advantages and others are being 
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investigated in order to provide an alternative irrigation system to 

agriculture. 

The objectives of this study were to investigate the effects of 

three water levels delivered in a drip irrigation system on flower and 

boll development, photosynthesis, transpiration, diffusive resistance, 

and leaf temperature of upland cotton. Two of the irrigation levels 

were less than the consumptive use requirement for irrigated cotton in 

the Southwest (78) and the third irrigation level was slightly higher 

than the water requirement for cotton production. 



LITERATURE REVIEW 

Water requirements for maximum cotton (Gossypium hirsutum L.) 

lint production vary annually due to environmental and genetic inter

actions. Early studies by Harris et al. (56) and Erie et al. (36) 

recommended six post-plant furrow irrigations for upland cotton pro

duction in central Arizona. Bruce and Romkens (20) determined that 

for the first 4 weeks of flowering, high soil moisture was necessary 

to ensure the highest yields. Bucks et al. (22) found that drip 

irrigations on 3,6, and 12-day schedules did not substantially affect 

yields for either full or short season cotton. Kittock et al. (69, 71) 

concluded that less frequent water applications were needed late in the 

season to produce high yields of upland cotton under unfavorable con

ditions such as high temperatures or insect infestations. Fowler and 

Vazquez (41) reported that in the field, severe water stress prior to 

flowering produced the greatest number of blooms and set bolls during 

the flowering period as compared to stress following first bloom 

through the peak flowering period. Therefore, some water stress may 

be beneficial. 

3  



4  

Water Stress Effects on Fruit Development 

Available soil moisture affects the number of fruit, retention 

of squares and bolls, and yield of cotton (49, 80). Jordan (65) pro

posed that available soil moisture may control the fruiting character

istics of cotton. Low soil moisture availability may reduce vegetative 

growth rates which in turn may reduce the production of reproductive 

tissue (80). 

Changes in the hormonal balance (12, 31, 82) and nutritional 

status (47, 48) of cotton influences the number of fruiting forms lost. 

Cotton will abscise approximately 15-30% of fruiting forms under opti

mum greenhouse conditions (82). Mauney et al. (79) determined that 

about 10-50% of all squares formed in the field are shed. Guinn and 

Mauney (51) reported that field cotton grown without water stress lost 

about 30% of the bolls through the season. Severely water-stressed 

cotton in the same test abscised an average of 78% of the bolls. 

Endogenous abscisic acid (ABA), a naturally-produced plant 

hormone, accumulates in cotton in response to water stress (89, 90). 

The amount of ABA required for stomatal closure was not related to the 

amount which accumulated during wilting. ABA accumulation may be 

hormonally controlled (1). An increase in the concentration of abscisic 

acid increases the shedding percentage of fruit (49). 

Sensitivity to water stress changes with the stage of develop

ment of the fruiting structure (65). Water stress induced abscission 

decreases as the squares (floral buds) develop from the 'pinhead' stage 

(1-2 mm diameter) to about 1-2 days before anthesis. For 10-15 days 
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after anthesis, the bolls are extremely sensitive to water stress but 

sensitivity decreases rapidly thereafter (59, 82). Approximately 4-7 

days are necessary for boll abscission to occur but the process is 

reversible during the first 3 days by the removal of the stimuli 

(drought or nutritional imbalance) (99). 

The effects of water stress on cotton fruit abscission are 

different under greenhouse conditions than in the field. In the green 

house, McMichael et al. (82) observed that 14-day old bolls were 

retained even at low leaf water potentials (-2.4 MPa). In the field, 

Guinn and Mauney (51) found that boll retention decreased at -1.77 and 

-2.01 MPa (leaf water potential) for normal and suboptimal irrigated 

cotton. Jordan (65) suggested that the different responses observed 

under field and greenhouse conditions might be related to root con

striction in pots. Under field conditions, the roots may penetrate 

deep into the soil profile for water and thus maintain turgor which 

has been reported to be necessary for abscission to occur (67). 

Stockton et al. (98) proposed that irrigation 30 days before 

anthesis influences the rate of flower production due to the affects 

on vegetative development. In the field, reduced flowering rates with 

severe water stress late in the vegetative stage have been noted (51). 

Several researchers have observed that severe water stress during 

flower production does not greatly affect the rate of flower produc

tion (81). 

The effects of moisture stress on cotton is regulated by the 

degree and duration of water stress and stage of plant development at 
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which it is imposed. Eaton (29) concluded that water deficit through

out the plant's development did not significantly alter the relative 

boll loads (boll weight vegetative weight"^) of cotton grown in 

5 gallon cans. Marani and Horwitz (77) reported that a single appli

cation of irrigation was the more efficiently utilized when applied at 

the beginning of the flower production period than before or after 

flower production in Texas (6). Analyzing data from a 6 year period, 

Harris and Hawkins (57) proposed that cotton should be allowed to 

develop some moisture stress as indicated by moderate midday leaf wilt 

during the peak fruiting period for maximum lint production in Arizona. 

Late in the vegetative stage, Singh (94) withheld water in 

the morning from field cotton until the permanent wilting point and 

reported that more flowers and bolls were produced on unstressed plants 

although the percentage of bolls set was unaffected; seed cotton in

creased since the number of flowers and bolls were related to yield 

(44, 50, 51). However, Hancock (53) could not identify a correlation 

between yield and flower counts but he found that boll counts did 

correlate with yield if bolls developed under normal conditions. 

Under severe water stress, the number of mature bolls may not be 

related to the yield due to the decreased boll size caused by the 

stress (36, 108). Grimes (43) reported that mild water stress early 

in the season slowed growth without adversely affecting subsequent 

fruiting, flowering, or yield. Bruce and Shipp (21) noted that high 

soil moisture tension (-0.02 to -0.03 MPa) for 3 weeks after first 

bloom followed by low soil moisture conditions (-0.03 to -0.05 MPa) 
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for 6 to 8 weeks produced higher yields than high soil moisture through

out the same period. 

Grimes et al. (43, 44, 45) studied the effects of severe water 

stress at various times during the flower production period. Water 

deficit imposed early in the flowering period increased square shed 

thereby depressing flower production. Severe water stress during peak 

flowering caused the lowest percentage of boll retention. The low 

availability of water disrupted the nutritional and hormonal balance of 

the cotton plants which induced abscission of the young fruit (1-14 

days old bolls). Cutout (a temporary cessation of growth and flowering 

in August which normally occurs in the Southwest (76)) was also 

hastened. Other researchers have observed increased square shed 

(21, 99) and decreased flower production with severe water stress dur

ing peak flowering (20, 52). Grimes et al. (45) noted that the majority 

of young bolls abscised when stressed late in the flower production 

period. However, abscission of these bolls is not economically impor

tant because 85% of the total bolls are set during the first three 

weeks of flowering (76). 

Grimes et al. (52) reported no differences in yield with water 

deficit late in the season. However, Singh (94) determined that severe 

water stress after flowering caused the lowest yields by increasing boll 

shed. Kittock et al. (72) observed that boll maturation was hastened 

under water stress conditions. 

Furrow irrigated cotton produces yields that are not signifi

cantly different when maintained at 25 and 50% available soil moisture 
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(6, 88). Without water stress, cotton produced approximately 11% 

greater yields under drip irrigation than under furrow irrigation in 

southern Arizona (28, 98). Initial drip irrigation studies within 

the same region showed a nonsignificant lint yield decrease of 21% 

with water stress (102). 

Fiber length increases with increasing increments of water 

(92, 97). High water levels decrease the micronaire (69) and strength 

of lint (54, 92). Fiber strength and uniformity are not affected by 

water stress (69). Dryland farming conditions decreased the micro

naire and boll size compared to irrigated cotton in Texas (36, 108). 

Grimes et al. (46) reported that fiber elongation and weight were not 

affected until severe water stress was imposed (-2.8 MPa leaf water 

potential), showing that cotton lint is a high assimilate sink under 

water stress. Gin turnouts (lint weight/seed cotton weight) are 

generally not influenced by irrigation levels (69, 92). 

There is an general agreement in the literature that water 

stress during peak flowering period is likely to reduce the number of 

bolls set and the yield of cotton. Water stress imposed before flower

ing may not affect yield but any water stress which affects plant 

growth or the number of fruiting sites potentially affects yields. 

Water Stress Effects on Cotton Physiology 

The effects of water stress on cotton physiology are well-

documented in the literature. In controlled and field environments, 

water stressed cotton had reduced photosynthetic and transpirational 
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rates partially due to stomatal closure (3, 5, 15, 55, 103). When 

Boyer (14) induced water stress with sodium chloride root solutions, 

photosynthesis was reduced yet the leaf diffusive resistance was 

unaffected. El-Sharkawy and Hesketh (32) obtained high photosynthetic 

rates with visibly wilted cotton leaves in the greenhouse. All visibly 

- 2  - 1  
wilted cotton had net photosynthetic rates below 25 mg CC^ dm hr . 

In the field, Sung and Krieg (101) reported that cotton photo

synthetic rates were reduced by water stress an average 26% prior to 

flowering. Nonstressed cotton plants had -1.4 MPa leaf water potential 

and stressed plants had -2.6 MPa leaf water potential during the vege

tative stage. During the boll-filling stage, photosynthetic rates were 

reduced by about 39% by a leaf water potential of -2.6 MPa. The stage 

of development did not affect the monopodia! leaves but the sympodial 

leaves had higher photosynthetic rates during the boll-filling period. 

Hutmacker and Krieg (64) found little difference during the 

vegetative stage between photosynthetic rates of stressed and non-

stressed cotton, although stressed plants had 15-30% lower stomatal 

conductance. They concluded that the reduced photosynthetic rates 

during boll development were more closely associated with mesophyll 

conductance. Troughton (106), and Troughton and Slayter (107) theorized 

that in water stressed cotton, photosynthetic rates (APS) are regulated 

by the internal carbon dioxide concentration and/or the mesophyll 

resistance. Baker (9) exposed non-stressed cotton in a semi-enclosed 

field chamber to various carbon dioxide concentrations (130-600 ppm COg). 
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Resistances to gas exchange by the cotton leaves were unaffected, there

by disputing Troughton's theory. 

Ackerson et al. (4) measured reduced apparent photosynthetic 

rates by field cotton leaves on both reproductive and vegetative 

branches. Under full illumination, minimum APS rates (5-6 mg C0£ 

-2  -1  dm hr ) were recorded when leaf water potentials decreased to -2.8 

MPa. Complete stomatal closure was not observed. In comparison to the 

reproductive leaves, they found the stomata of the vegetative leaves 

were relatively insensitive to the leaf water potential. Since both 

types of leaves responded similarly to radiation, these researchers 

suggested that stomatal response to low light intensities was the major 

factor causing the lower photosynthetic rates of water-stressed leaves 

positioned on the lower branches. They could not find any correlation 

between leaf water potential and diffusive resistance. This lack of 

correlation has been noted by other researchers (68, 96). 

Correlations have been reported between photosynthesis, trans

piration and diffusive resistance due to the cotton cuticle and 

stomatal resistances (11). Leaf diffusive resistance is determined by 

cuticle, stomatal, and mesophyll resistances. Cuticle resistances are 

frequently ignored in water stress experiments due to characteristically 

high values and the relatively small effect of water stress on it (107). 

Water stress does not greatly alter the mesophyll resistance (13). 

Therefore, stomatal resistance is assumed to be responsible for any 

variation between water stress and nonstressed conditions in photo

synthesis, transpiration, and diffusive resistance of cotton (96). 



1 1  

The research on stomatal response does not consistently differ

entiate between the two leaf surfaces (101). Under water stress, 

adaxial (upper) and abaxial (lower) cotton stomata respond differently. 

Jordan et al. (66, 67) first observed stomatal closure of water-

stressed cotton on the adaxial surface regardless of the age or position 

of the leaf. These investigators found that the closure of the adaxial 

stomata was determined by the leaf water potential alone whereas the 

abaxial stomata were affected by the water potential and age of the 

leaf. Other researchers observed that abaxial cotton leaf stomatal 

closure was affected by the age of the leaf (104). Jordan et al. 

(66, 67) suggested that sampling one leaf surface is not a good esti

mate of the overall leaf resistance. Further analysis by Jordan et al 

(66, 67) showed that the stomatal resistance of an individual leaf was 

related to its water potential. Therefore, a single leaf water poten

tial value cannot adequately represent the water potential necessary 

for stomatal closure in cotton. Nagarajah (83) deduced that APS 

rates were initially reduced by the water stress affect on the 

adaxial stomata. As water stress continues, Nagarajah contends, the 

abaxial resistances increase. Sharpe (93) noted that adaxial diffusive 

resistance was greater than abaxial diffusive resistance under most 

conditions including darkness and drought but these differences 

disappeared with high light intensities. In contrast, Pallas et al. 

(85) did not detect any differences between the diffusive resistance 

of the two leaf surfaces in water-stressed cotton. 
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In the field, stomata are less sensitive to water stress than 

in controlled environments (3). Cotton can maintain open stomata at 

relatively low leaf water potential in the field (68, 105). The 

decreased osmotic potentials caused by dehydration and/or solute 

accumulation (63) or by repeated stress conditions (1, 2, 26) enables 

cotton to maintain positive turgor. 

Brown et al. (19) observed osmotic adjustment of the abaxial 

guard cells after pre-conditioning (cycles of temporary water stress) 

but there was no detectable difference in the adaxial guard cells. 

Ackerson and Herbert (2) found photosynthetic rates were reduced at 

relatively high leaf water potentials for young and old pre-conditioned 

leaves. Leaf conductance was similar or slightly higher for the pre

conditioned cotton compared to the control. These data support the 

concept that non-stomatal processes are limiting photosynthesis because 

translocation of assimilates continued as the leaf water potential 

decreased to -3.3 MPa. Other researchers have noted similar results 

(4, 95). Cutler and Rains (27) reported a small reduction in leaf 

water content as the leaf water potential decreased in cotton which had 

been exposed to previous water stress conditions. The amount of accumu

lated soluble sugars and malate was similar for stressed (exposed to 

water stress once) and pre-stressed plants but differences in the water 

content accounted for the relatively lower osmotic potential of the pre-

stressed cotton. These data indicate that cotton subjected to water 

stress during development is less sensitive to drought although photo

synthesis, growth rates, and yields are reduced (2). 
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In growth chambers studies, Pallas et al. (85) found cotton 

transpiration rates decreased at soil matrix potential less than -0.1 

MPa. Other researchers (96, 100) have found that transpiration rates 

are positively correlated with the soil water potential. According to 

Ackerson et al. (4), the leaf water potentials in the field remained 

relatively constant at high ambient temperatures and high transpira-

tional fluxes under both limiting and non-limiting soil water conditions. 

In growth chambers, Bielorai and Hopmans (13) reported trans

piration rates were reduced approximately 28% at soil water potential 

of -1.6 MPa when compared to the rates at field capacity. Following 

re-irrigation to field capacity, these rates were slow to recover. 

After two days, transpiration rates were 76% of the control plants. 

Leaf temperatures are highly correlated to transpiration. 

Although the adaxial leaf surface is usually warmer than the abaxial 

surface with adequate water, Pallas et al. (85) reported that there 

was usually no difference in temperature between the two leaf surfaces 

with insufficient water. However, they noted that the abaxial surface 

was occasionally warmer due to the wilted position of the lamina. 



MATERIALS AND METHODS 

On 30 March 1983, cotton (Gossypium hirsutum L. 'Stoneville 506') 

was dry-planted on the Kai farm, approximately 11 miles north of Tucson, 

Arizona. The soil type was Vinton-Anthony sandy loam. Normal seedbed 

preparations and planting operations were conducted on the field. A 

four-row commercial cotton planter seeded about 84,000 seeds ha"^, 

4-5 cm below the soil surface, on 1.02 m row spacing. 

Irrigation water was pumped through a constant flush filter 

and then passed through a pressure regulator which reduced the pressure 

to -0.06 to -0.07 MPa before entering polyethylene Chapin Twin-wall 

2.0 mm drip tape in the field. The twin-chamber tubing consisted of a 

main chamber and a smaller secondary chamber used to minimize pressure 

changes. Water was discharged through orifices located every 1.5 m in 

the main chamber wall into the secondary chamber. Water was released 

into the soil from the orifices of the secondary chamber, positioned 

every 0.3 m along the chamber wall. This arrangement effectively 

reduced the pressure. The drip tape was placed about 5-7 cm to one 

side of every seed row and 5-8 cm below the surface. Water application 
D 

rates were controlled with an Irri-Trol timer. 

Fertilizer and insecticides were introduced into the drip tape 

by a venturi system which operated around a pressure differential. 

Urban 32 fertilizer was injected 65 times throughout the season. Each 

14 
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treatment received about 258.7 kg ha~^ of nitrogen, including the 6.27 

kg ha"^ of nitrogen found in the water source. Vydate (methyl 

2-(dimethylamino)-N-[[(methylamino)carbonyl] oxy]-2-oxoethanidothioale), 

a systemic insecticide, was applied aerially and experimentally through 

the drip system to control pink bollworm (Pectinophora gossyiella 

Saunders.), bollworm (Heliothis zea Boddie), and Lygus (Lygus spp.). 

Spot applications with glyphosate (isopropylamine salt of N-(phosphono-

methyl) glycine) and hand hoeing controlled weeds. No preplant herbi

cides nor fertilizers were applied to the field. 

Field ambient temperature was continuously recorded by a 
D 

sheltered Science Associate, Inc. hygrothermograph. A Tru-Check 

rain gauge measured the precipitation. Both instruments were located 

in the field. Missing precipitation data due to heavy winds blowing 

down the gauge was estimated from climatological data from Marana, Az. 

Due to the limitations of space and equipment, the 1.50 ha 

field was divided into three equivalent areas and each section of the 

field was randomly assigned to one of three irrigation treatments. 

Within each treatment were four ranges of 2 plots of 8-rows, 30.3 m in 

length. All data collection occurred within these eight plots in each 

irrigation treatment. 

The optimal water requirement at the experimental site was 

estimated to be 80% of the daily evapotranspiration (ET) for cotton 

grown in Casa Grande, Az., during the 1982 growing season. Matthias 

et al. (78) estimated the cotton water requirement at that site was 
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157.09 ha-cm over the entire growing season. Irrigation application 

efficiency for drip irrigation is about 90% (37), therefore, the total 

water requirement for cotton grown at the experimental site was esti

mated to be 174.54 ha-cm. The treatments designated as dry, medium, 

and wet irrigation treatments received 155.9, 167.3, and 184.1 ha-cm 

of irrigation water, respectively, over the season. This corresponded 

to 87, 93, and 103% of the 174.54 ha-cm. Including 49.0 cm of precipi

tation that fell from January 1983 until harvest on 6 December, the 

estimated total water was 204.9, 216.3, and 233.1 ha-cm of water in 

the dry, medium, and wet irrigation treatments, respectively. About 

30% of the precipitation occurred from 25 September to 9 October. 

From 30 April to 9 July, the field was irrigated with 80.9 

ha-cm of water. The irrigation treatments were initiated on 9 July. 

To observe the fruiting behavior, one 2.13 m plot was randomly 

placed within each of the eight blocks for each treatment. To avoid 

plant disturbances, only fruiting data were collected inside these 

flower plots. 

The fruiting characteristics were determined by tagging flowers 

as they opened and collecting mature bolls. Flowers were tagged with 
D 

dated Kwik-Loc tags attached to the peduncle from 5 July until 22 

September at approximately 2 day intervals. Open volls and their tags 

were collected from 29 August to 10 November at approximately weekly 

intervals. The numbers of rotten bolls and bolls with pink bollworm 

(Pectinophora qossyiella Saunders.) bore holes were recorded. Seed 

cotton was weighed and ginned for seed and lint weights. The number of 
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seeds and lint weight per boll and the weight of 10 seeds were recorded 

for 10 samples from each treatment. Samples of 50 bolls per treatment 

were collected late in the growing season for fiber analysis at the 

University of Arizona Cotton Research Center, Phoenix, Az. 

Data from one plot in the dry irrigation treatment were excluded 

due to severe root rot (Phymatotrichum omnivorum Dugg.). Therefore, 

the dry treatment data was adjusted for the reduced number of plots. 

Apparent photosynthesis, transpiration, diffusive resistance, 

lea f  a n d  c u v e t t e  t e m p e r a t u r e  m e a s u r e m e n t s  w e r e  m a d e  o n  2 2  J u n e ,  1 , 6 ,  

13, 28 July, 11 August, and 1 September, between 1030 MST and 1300 MST. 

Leaf areas and dry leaf weights of the cotton leaf located on the third 

or fourth node from the apical meristem were measured on every date, 

except leaf weights were not measured on 1 July. On each date, at 

least two plants per plot were evaluated for photosynthesis and three 

plants per plot were evaluated for transpiration, diffusive resistance, 

leaf and cuvette temperatures. Both sets of data were gathered 

simultaneously in each plot. 

All of the porometer data were included in the analysis since 

all of the 484 cases were within 4 standard deviations of the irriga

tion treatment mean values (73). 

-2 -1 -1 Transpiration (jjg 1^0 cm" s" ), diffusive resistance (s cm ), 

and leaf and cuvette temperatures (C) on the abaxial cotton leaf surface 

were measured with a Li-Cor LI-1600 steady state porometer with a 
p 

2.0 cm aperature (10). The porometer was on the leaf approximately 
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30 seconds. Temperature differential was calculated by subtracting 

the leaf temperature from the cuvette temperature. 

The aperature of the porometer was placed about 2.54 cm from 

the base of the leaf and away from the major veins since the basal leaf 

cells are intimately associated with the transpirational stream due to 

lack of mature xylem elements and secondary cell walls (91). 

The cuvette system of the Li-Cor porometer does have a finite 

and predictable boundary layer, however, the measured transpiration 

rate may not be identical to the actual values (74). Other possible 

errors involved with the porometer were incomplete contact of the 

thermocouple to leaf surface, inadequate drying of the desiccant, 

loose hose fittings which affected resistances and transpiration 

readings, and the relative humidity had varied from the desired 20-80% 

range. 

All apparent photosynthesis (APS) measurements under 10 and 

-2  -1  over 50 mg CO2 dm hr were considered to be outliers (extreme 

observations) and were not used in the analysis. The remaining 94% 

of the cases were within 4 standard deviations of the individual 

treatment means. 

Apparent photosynthesis was measured utilizing the methods of 

Clegg and Sullivan (24) and Clegg et al. (25). A small plexiglass 

chamber (2.2 1) with a battery-driven fan for circulation was sealed 

on the leaf. Two rubber septa mounted on the side of the chamber 

enabled two 10 ml plastic syringes to extract gas samples from within 

the chamber. The first sample was taken after initially sealing the 



19 

chamber and the other 30 seconds later. The two syringes per plant 

were returned to the lab for analysis. The sample leaf was removed 

from the plant and placed on ice to maintain a flat leaf surface for 

an accurate area measurement in the lab. 

The difference between the CC^ concentration in the two 

syringes determined the amount of carbon dioxide flux due to photo-

synthetic assimilation. An open system Beckman model 856 infrared 

gas analyzer (IRGA) with nitrogen gas carrier was used to measure the 

carbon dioxide concentrations. A Fluke 8024A multimeter measured the 

peak output from the infrared gas analyzer. Syringes of known concen

trations of CO2 were injected into the IRGA system for calibration. 

A Li-Cor LI-3100 area meter was used to measure leaf areas of the 

sample leaves. 

Errors potentially introduced into the photosynthetic data 

were sampling variability of the leaves, shading, inaccurate timing 

between the 2 syringes, breathing into the leaf chamber, physical 

disturbances of the cotton which increased the plants' respiration 

rate (33), and gas-leakages from the syringes. 

To evaluate the irrigation treatment effects on the physiologi

cal measurements, the photosynthetic and porometer data were analyzed 

by linearly regressing individual treatment means against the overall 

treatment means. This technique is similar to that described by 

Finlay and Wilkinson (38) to characterize the behavior of individual 

varieties in varying environmental conditions. In this study, this 
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method provided a relative measure of the irrigation effects on the 

physiological measurements under various environments. 

Each irrigation treatment was represented by 4 means from the 

4 sampling dates after treatment initiation for each of the physiologi

cal measurements. For each data, the mean of each physiological 

response, over all of the irrigation treatment samples was computed. 

The individual treatment means were regressed with their corresponding 

overall mean for each of the 4 sampling dates. Regression coefficients 

(slopes) and intercepts were analyzed to determine treatment differ

ences (42). 

The field was defoliated twice with sodium chlorate in late 

October. Most of the medium irrigation seed cotton was machine-har

vested on 19 November and put into trailers and weighed. On 6 December, 

26 2-row plots were harvested with a spindle picker in the dry and wet 

irrigation treatments. These plots were 7.6 m in length and separated 

by 1.5 m alleys. Seed cotton from each plot was individually weighed. 

The entire field was again harvested on 19 January 1984. Seed cotton 

was ginned and gin turn-out ((lint wt) (seed cotton wt"1)) was deter

mined. 

Statistical analysis was conducted on the University of Arizona 

CYBER computer system. The University of Arizona calcomp plotter 

produced all graphics. 



DISCUSSION AND RESULTS 

Irrigation Effects on Yield 

At the first machine harvest, the dry irrigation treatment 

produced significantly more seed cotton than the wet irrigation treat

ment. The wet and dry irrigation treatments produced 3949 and 4200 

kg ha"^ seed cotton, respectively (0.0217 level of significance). 

Unfortunately, most of the medium irrigation treatment had been har

vested earlier by the grower and could not be statistically analyzed. 

Yield of this treatment was estimated to be 4072 kg ha~^ seed cotton. 

Approximately 328 kg ha~^ seed cotton was harvested in all 

three treatments at the second machine harvest. Including the second 

pick seed cotton, the seed cotton yields were 4544, 4400 (estimated), 

and 4245 kg ha~^ in the dry, medium, and wet irrigation treatments, 

respectively. These yields could not be statistically analyzed. 

Hand harvested seed cotton yields from the dry and medium 

irrigation treatments were very similar. The dry and medium irrigation 

treatments had 5864 and 5855 kg ha"^ seed cotton, respectively. The 

lowest yield, 5322 kg ha"^ seed cotton, was harvested in the wet 

treatment. 

Gin turn-out (lint weight/seed cotton weight) was approximately 

27.5% for all three irrigation treatments. 

Less lint was obtained from the machine harvested plots than 

the hand harvested plots because machine-harvesting is less efficient 
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and some seed cotton fell out of the bolls as a result of storm damage 

late in the growing season. Seed cotton losses due to rotten bolls 

caused by storm damage also reduced the machine harvested seed cotton 

yields. Approximately 5.73 and 5.35 bales lint ha"^ (218 kg lint 

bale"^) were harvested in the dry and wet irrigation treatments, 

respectively. From the estimated seed cotton yields obtained from the 

grower, the medium treatment produced 5.55 bales lint ha"^. In compari

son, 7.39, 7.38 and 6.70 bales lint ha~^ were collected from the hand 

harvested plots. 

No significant differences were detected in fiber quality, lint 

percent, weight of 10 seeds, number of seeds and lint per boll among 

the three irrigation treatments (Tables 1,2, and 3). Fiber quality 

was within the range previously documented for commercial upland cotton 

production (56, 92). The cotton from the wet irrigation treatment had 

the lowest lint per boll, weight of 10 seeds, and lint percent than the 

dry and medium treatments. This may have been due to the high inci

dence of boll rot and insect damage. 

Irrigation Effects on Flower Production 

Significant differences were detected among the irrigation 

treatments in the number of flowers produced on 15 of the 30 flower-

tagging dates (Table 4). The majority of these treatment differences 

were detected after 24 August when frequently, the wet irrigation 

treatment had significantly more flowers than the dry and medium 

irrigation treatments. 
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Table 1. Fiber quality and seed cotton per boll, seeds per boll and 
seeds per 10 grams under dry, medium, and wet irrigation 
treatments, Marana, Az., 1983. 

-IRRIGATION TREATMENT -IRRIGATION TREATMENT 

DRY MEDIUM WET sig. 

Seed Cotton/ 
Boll (g) 3.52 4.06 3.28 0.0953 

Lint/Boll (g) 1.54 1.54 1.41 0.4236 

Seeds/Bol1 23.5 24.4 24.7 0.5373 

Seeds/10 g 112.5 113.5 111.1 0.6167 

Lint Wt/Seed 
Cotton Wt. (g) 38.3 38.0 38.9 0.9314 

Micronai re 4.55 4.56 4.23 0.4513 

Lint Uniformity^ 44.43 44.62 43.24 0.7030 

^Uniformity of lint: the ratio of the fiftieth percentile fiber length 
to ninty-fifth percentile fiber length. 

Flowering commenced about 2 months after first seedling 

emergence, regardless of the irrigation treatment (Fig. 1). Flower 

initiation was approximately 7 to 11 days earlier than would be 

expected under furrow irrigation with similar planting dates in 

southern Arizona (70). 

The plants in the dry and medium irrigation treatments had 

similar flower production patterns throughout the growing season 

(Fig. 1). The number of flowers tagged fluctuated more in the medium 

irrigation treatment, particularly during the peak flower production 
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Table 2. Number of seeds and seed weight per boll at weekly intervals 
under dry, medium, and wet irrigation treatments, Marana, 
Az., 1983. 

IRRIGATION TREATMENT 

PICK DATE DRY MEDIUM WET 

SEEDS/BOLL 

8-29 24.0 28.5 — 

9- 2 26.0 22.9 — 

9- 8 27.4 25.1 23.0 
9-15 27.7 27.0 22.4 
9-22 25.1 23.6 23.2 

10- 6 23.8 27.0 28.4 
10-13 23.6 25.0 24.7 
10-21 19.6 23.5 24.0 
10-27 23.6 22.1 25.2 
11- 5 17.2 20.9 25.0 
11-10 20.4 22.7 26.7 

MEAN 23.5 24.4 24.8 

PICK DATE DRY MEDIUM WET 

•WEIGHT OF 10 SEEDS 
[gl 

8-29 1.25 1.16 — 

9- 2 1.16 1.25 — 

9- 8 1.12 1.19 1.17 
9-15 1.09 1.08 1.12 
9-22 1.13 1.14 1.07 

10- 6 1.17 1.17 1.08 
10-13 1.14 1.11 1.17 
10-20 1.10 1.06 1.15 
10-27 1.06 1.08 1.08 
11- 5 1.10 1.10 1.07 
11-10 1.05 1.14 1.09 

MEAN 1.13 1.14 1.11 
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Table 3. Cotton lint weight per boll and total seed cotton weights at 
weekly intervals under dry, medium, and wet irrigation treat
ments, Marana, Az., 1983. 

IRRIGATION TREATMENT 

PICK DATE DRY MEDIUM WET 

LINT/BOLL 
[gT 

8-29 1.80 2.00 — 

9- 2 1.72 1.43 — 

9- 8 1.83 1.57 1 .00 
9-15 1.92 1.70 1.26 
9-22 1.65 1.52 1.31 

10- 6 1.49 1.74 1.57 
10-13 1.59 1.60 1 .62 
10-20 1.35 1.48 1.54 
10-27 1.45 1.35 1.52 
11- 5 1.00 1.22 1.43 
11-10 1.15 1.34 1.48 

MEAN 1.541 1.541 1.414 

PICK DATE DRY MEDIUM WET 

cccn rflTTflN UIFTGHT JLu U UU 1 1 vli n u 1 un 1 

(g per 17.3 m^) 

8-29 11.0 5.3 0.6 
9- 2 48.7 68.6 5.7 
9- 8 280.9 274.0 85.0 
9-15 1094.9 1045.0 419.0 
9-22 2285.8 1714.0 739.0 

10- 6 3281.3 2985.0 2231.0 
10-13 1938.4 2257.0 2168.0 
10-20 664.0 1083.0 1445.0 
10-27 379.5 396.0 1017.0 
11- 5 126.9 273.0 872.0 
11-10 58.3 51.0 246.0 

MEAN 10168.4 10152.0 9228.0 
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period. In contrast to the relatively smooth flowering pattern of 

the dry irrigation treatment, the wet irrigation treatment had the 

greatest variation in number of flowers tagged throughout the season. 

High flower production occurred in 2 phases during the growing 

season. The rate of flower production increased quickly for all treat

ments during the third week of flowering and continuing through the 

sixth week (Fig. 1). A rapid cut-out (temporary reduction of flowering 

and growth) of flower production occurred throughout the field in the 

sixth week after flowering had begun, particularly in the dry and 

medium irrigation treatments. Slow continuous decline of flower pro

duction occurred for the next 2 weeks until the second phase of high 

flower production occurred. Briggs et al. (17) reported a similar 

flower production pattern with drip irrigation in Casa Grande, Arizona. 

The sharp decline of flowering in all irrigation treatments on 1 and 3 

August was due to sampling errors associated with assisting personnel 

who were unfamiliar with the experimental methods. Therefore, the 

significant differences detected in the number of flowers on 1 August 

were not representative of the affects of the irrigation treatments. 

The period of greatest flower production occurred between 

18 July to 15 August period in all irrigation treatments. During this 

period, 77, 73, and 66% of the total flowers produced over the season 

opened in the dry, medium, and wet irrigation treatments, respectively. 

The f lower product ion in the medium i rr igat ion treatment was 3% and 9% 
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higher than in the dry and wet irrigation treatments, respectively. 

During the peak flowering week, 25 July to 1 August, approximately 

- 1  - 1  
99,000, 104,500 and 91,400 flowers ha day were produced by the 

plants in the dry, medium, and wet irrigation treatments, respectively. 

On 5 August, 91 days after seedling emergence, the dry treatment cotton 

produced the highest number of flowers on one date, about 113,000 

flowers ha"^. The corresponding flower production in the medium and 

wet irrigation treatments were 100,600 and 96,300 flowers ha~^, 

respectively. These numbers of flowers produced were similar to the 

flower production numbers with drip irrigation in the same region 

which were greater than the flower production under furrow irriga

tion (17). 

During the first 10 days of flowering, the medium treatment 

cotton plants had significantly more flowers than the plants in the 

dry irrigation treatment on 3 of the 5 flower tagging dates (Table 4). 

,0n two of those dates, the plants in the wet irrigation treatment had 

significantly fewer flowers than the plants in the medium treatment. 

As the number of flowers began to decline in early August, the plants 

in the dry irrigation treatment produced significantly more flowers 

on 8 and 10 August than in the higher irrigation levels although the 

affects of the higher irrigation treatments on flowering were not 

consistent on these dates. 

The plants in the medium irrigation treatment apparently had 

adequate vegetative development to produce a greater number of fruiting 

sites during the early flowering period. The wet irrigation treatment 



2025 

MEDIUM 

Figure 1. Cotton flower production on 30 dates under dry, medium, and wet irrigation 
treatments, Marana, Az., 1983. 
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had continuous vegetative development which apparently delayed flower 

initiation and the development of early fruiting sites. Apparently, 

the dry irrigation level was sufficient to support vegetative growth 

but the total leaf areas of the plants were reduced in comparison to 

the leaf areas in the other two treatments (Ramadjita Tabo, personal 

communication), and, this reduction apparently decreased flowering by 

limiting assimilates. 

An August cut-out normally occurs in this area and flower 

production decreased rapidly after 15 August. Boll load is a major 

factor controlling cut-out (86). Vegetative and reproductive growth 

compete for available plant carbohydrates. Heavy boll loads reduce 

the available carbohydrates which in turn reduce the new vegetative 

growth necessary to support the development of additional fruit (86). 

The wet irrigation plants had the highest flower production 

during the cut-out period and until late into the growing season. The 

number of flowers produced in the late season resulted in the wet treat

ment producing more flowers than the other two treatments. Excessive 

vegetative development of the plants in this treatment (Ramadjita Tabo, 

personal communication) delayed flower production during the first 

flowering period but increased flowering later in the season. On three 

of the seven flower-tagging dates in the cut-out period, the plants in 

the wet treatment had significantly more flowers than the cotton plants 

in the dry treatment (Table 4). The number of flowers in the medium 

treatment were significantly less than the wet treatment plants on two 

of these three dates. During the cut-out period, the flower production 
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Table 4. Seasonal cotton flower production under dry, medium, and wet 
irrigation treatments, Marana, Az., 1983. 

DATE DRY MEDIUM ? WET sig. 
•(Flowers per 2.15 m )• 

7- 5 0.25 b1 1.75 a 0.38 b 0.0078 
7- 8 2.00 2.13 1.50 0.7496 
7-11 3.25 b 7.00 a 4.63 ab 0.0126 
7-13 4.13 8.00 6.00 0.0733 
7-15 5.50 b 13.38 a 8.75 b 0.0039 
7-18 16.25 21.38 18.50 0.2000 
7-20 20.13 24.88 18.50 0.0970 
7-22 26.88 31.63 24.13 0.1798 
7-25 41.50 37.75 36.00 0.1033 
7-27 37.25 42.38 36.00 0.2479 
7-29 40.75 43.13 41.13 0.7554 
8- 1 30.03 ab 34.88 a 24.88 b 0.0285 
8- 3 26.38 32.75 27.88 0.1629 
8- 5 49.00 43.13 41.13 0.1634 
8- 8 37.75 30.00 33.63 0.0527 
8-10 36.13 a 37.38 a 28.75 b 0.0361 
8-12 34.63 28.00 35.00 0.1651 
8-15 24.88 b 28.38 ab 35.88 a 0.0268 
8-17 20.38 22.63 21.38 0.7383 
8-19 20.00 18.25 23.25 0.3534 
8-22 16.25 19.50 16.50 0.5097 
8-24 12.25 b 13.75 b 18.75 a 0.0233 
8-26 8.38 b 10.00 b 15.63 a 0.0047 
8-29 9.75 b 11.25 ab 16.50 a 0.0413 
9- 2 8.88 b 13.25 b 25.88 a 0.0002 
9- 6 5.71 b 11.63 b 19.50 a 0.0012 
9- 8 2.29 b 3.00 b 9.38 a 0.0022 
9-13 2.00 b 4.25 b 8.75 a 0.0052 
9-15 0.86 b 2.00 ab 3.50 a 0.0485 
9-22 1.57 b 3.50 ab 5.50 a 0.0301 

TOTAL 538.38 600.88 607.88 0.0531 

^Means across a row not followed by the same letter are significantly 
different at P = 0.05 by Student-Newman-Keuls Test. 



in the wet treatment stabilized to approximately 54,800 flowers ha"1 

day"1. During the same period, the rate of cotton flowering in the dry 

and medium treatments declined but averaged 45,000 and 46,300 flowers 

ha"1 day"1, respectively. 

Precipitation during this period may have affected the cut-out 

process. From 15 to 18 August, approximately 1.3 cm of rain fell 

raising the total precipitation for August to 13.3 cm compared to the 

normal 7.3 cm of precipitation for the month of August (60). Cut-out 

may have been further encouraged by shading or cloudy weather condi

tions (18, 30) and cool ambient night temperatures (47). 

Some researchers have reported flowering increases with 

increased water (100). However, heavy and frequent water applications 

can result in water-logged roots with low oxygen concentrations and 

reduced respiration (23) which may induce square shed (76). Trans

location and mineral uptake would also be reduced (75, 84) which would 

decrease growth and development. However, the irrigation rates and the 

precipitation in this study probably were not sufficient to cause water

logged roots. The maximum flower and fruit load that the plants in each 

treatment could support with available carbohydrates were probably 

already present on the plants during the cut-out period since immature 

bolls have a higher priority as a photosynthate sink than floral buds 

(7). Therefore, these combined factors of possible induced square 

abscission by the environmental conditions and low square formation due 

to low carbohydrate availability probably caused the observed low flower 

production. 
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During the second phase of flower production from 24 August 

until 22 September, the wet treatment plants produced significantly 

more flowers than the plants in the dry irrigation treatment on every 

flower-tagging date. Generally, the number of flowers in the medium 

irrigation treatment was similar to the flower production in the wet 

irrigation treatment (Table 4). In the second phase of flower 

production, approximately 4.2, 6.0, and 9.3% of the total tagged 

flowers bloomed in the dry, medium, and wet irrigation treatments, 

respectively (Table 4). During this period, the plants in the dry 

and medium irrigation treatments produced 59 and 36% fewer flowers, 

respectively, than those in the wet treatment. 

Although heavy precipitation (6.0 cm) fell from 26 to 31 

August, the wet irrigation treatment had higher flower production dur

ing this period than the other two treatments probably due to the 

higher vegetative growth of the cotton in the wet treatment caused by 

the higher irrigation applications. Apparently, sufficient total 

photosynthate was provided by the wet treatment vegetation to produce 

and support more squares, flowers, and bolls late in the growing season 

than in the other two irrigation treatments. These reductions of late 

season flowers in the lower irrigation treatments may have resulted 

from limited photosynthate production caused by lower total plant leaf 

areas. Most of their photosynthate was probably allocated to fill 

previously set bolls. The irrigation system was operating during this 

rainfall period which would have reduced any problems associated with 
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salts leaching into the root zone (40, 61). Drip irrigation systems 

should be run during rainfall so soluble soil salts which are kept on 

the wetting front are not leached back into the root zone. 

Irrigation Effects on Boll Production 

Although generally not significantly different, more bolls 

matured in the dry and medium irrigation treatments than in the wet 

treatment through 6 October (Table 5). Thereafter until the final 

boll harvest, significantly more bolls were harvested from the wet 

treatment than the other two treatments. The development of numerous 

late season flowers in the wet irrigation treatment affected the 

number of mature bolls late in the boll production period. 

The date the greatest number of bolls were harvested in all 

three treatments was 6 October (Table 5). Due to heavy rains and the 

inability to enter the wet field, the 6 October data represents two 

week period. The period between 22 to 29 September had more mature 

bolls than 29 September to 6 October based on the boll periods and 

number of flowers produced. 

Although the wet irrigation level produced plants with more 

flowers, it also had the greatest shedding percentage. Approximately 

57% of the tagged flowers in the wet treatment were shed. Flower 

abscission in the dry and medium irrigation treatments were about 50 

and 53%, respectively. Though not significant, this enabled the plants 

in the dry irrigation treatment to produce the greatest total number of 

mature bolls (Fig. 2). 



Table 5. The average number of cotton bolls harvested at weekly 
intervals under dry, medium, and wet irrigation treatments, 
Marana, Az., 1983. 

-IRRIGATION TREATMENT-

PICK DATE DRY MEDIUM ? WET sig. 
(Bolls per 2.15 m ) 

8-29 0.29 0.73 0.13 0.7866 

9 - 2  1 . 2 9  a b 1  2 . 3 8 a  0 . 3 8 b  0 . 0 4 7 9  

9- 8 7.86 9.00 4.00 0.0580 

9-15 28.72 29.13 16.00 0.2140 

9-22 64.00 a 52.13 a 27.25 b 0.0000 

1 0 - 6  9 7 . 1 4 a  8 1 . 8 8  a b  6 7 . 2 5 b  0 . 0 1 7 8  

10-13 57.86 66.00 63.50 0.6738 

10-20 25.57 b 38.38 ab 48.63 a 0.0080 

10-27 13.86b 13.75b 31.13a 0.0003 

11- 5 6.00 10.00 26.75 0.0001 

11-10 2.14b 1.63b 7.75a 0.0015 

TOTAL 304.71 304.38 292.75 0.7031 

* Means across a row not followed by the same letter are significantly 
different at P = 0.05 by Student-Newman-Kuels Test. 
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Figure 2. Weekly cotton boll harvests under dry, medium, and wet irrigation treatments, 
Marana, Az., 1983. 
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The number of mature bolls in the dry and medium irrigation 

treatments was similar for the first 2.5 weeks of boll collection. The 

wet treatment plots had 46% fewer bolls than in the other two treat

ments during this period (Table 5). 

The rate of boll maturation in all three irrigation treatments 

were similar from 22 September to 6 October although the plants in the 

dry and medium irrigation treatments had significantly more mature 

bolls than in the wet treatment (Fig. 2). The dry irrigation regime 

yielded 13 and 42% more mature bolls than the medium and wet irrigation 

treatments, respectively, during this period. Although the boll 

periods during this time-span were very similar for all treatments 

(Table 5), the number of bolls harvested were high in the dry irriga

tion treatment due to the high flower production in mid-July. 

From 6 until 20 October, the number of mature bolls dropped 

dramatically in the dry treatment plots (Fig. 2) due to the steady 

decline of flower production after 15 August and lowest overall boll 

periods during this period. 

In general, from 20 October to the end of the season, the wet 

irrigation treatment plants had significantly more mature bolls than 

the plants in the dry and medium irrigation treatments. 

The patterns of boll maturation in the three treatments closely 

followed their respective flower production patterns. As the irriga

tion level increased, more bolls matured after 6 October. The per

centages of total mature bolls collected after 6 October were 35, 43, 
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and 61% in the dry, medium, and wet irrigation treatments, respectively, 

showing that the crop maturity increased with the increasing irriga

tion. From first emergence to open mature bolls, about 145, 148, and 

156 days were required to obtain 50% of the mature bolls in the dry, 

medium, and wet treatments, respectively. For cotton development in 

the dry irrigation treatment, 164 and 169 days were necessary to obtain 

90 and 95% of the mature bolls, respectively. In the medium treat

ment, 165 and 171 days were required to harvest 90 and 95% mature bolls, 

respectively. In comparison, 175 and 180 days were necessary for crop 

development to harvest 90 and 95% mature bolls, respectively, in the 

wet irrigation treatment. These treatment differences for crop 

development were primarily associated with the flower production 

patterns of the individual treatments. The high incidence of boll 

abscission in the wet irrigation treatment also delayed crop maturity. 

Boll Periods 

Boll periods (days from white flower to open harvestable boll) 

were not different among the three irrigation treatments. Boll periods 

increased as the growing season progressed (Table 6) which is in agree

ment with Kittock et al. (72). Generally, increasing the level of irri

gation lengthened the average boll period. One boll opened unusually 

early in the wet irrigation treatment. This short boll period (38 days) 

recorded on 29 August was probably not representative of this treatment. 

Excluding the first boll period for all three treatments, the difference 

between the first and final boll periods were 25, 27, and 26 days for 
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Table 6. Cotton boll periods (open flower to mature boll) at weekly 
intervals under dry, medium, and wet irrigation treatments, 
Marana, Az., 1983. 

BOLL PERIOD 
(days) 

DATE DRY MEDIUM WET 

— IRRIGATION TREATMENT 

8-29 50.50 55.00 38.00 

9- 2 54.80 53.42 52.00 

9- 8 56.27 57.94 57.28 

9-15 57.87 60.47 61.63 

9-22 60.34 62.09 60.92 

10- 6 66.08 68.39 70.71 

10-13 64.99 64.42 69.03 

10-20 68.79 68.10 72.44 

10-27 68.84 70.47 71.10 

11- 5 77.41 71.42 74.44 

11-10 80.20 80.67 78.19 

MEAN 64.10 64.76 64.16 

the dry, medium, and wet treatments, respectively. The sudden increase 

in boll period on 6 October was probably due the cooler night ambient 

temperatures and low assimilate production associated with precipita

tion. 
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Boll Rot and Insect Damage 

Heavy storm damage from 29 September and 4 October caused seed 

cotton to fall out of the open bolls and increased boll rot. In the 

wet irrigation treatment, 8% of the total bolls harvested were rotten 

in comparison to 5 and 3% boll rot, respectively, in the medium and 

dry irrigation treatments (Table 7). The cotton plants in the wet 

treatment partially lodged due to the heavy top boll loads resulting 

Table 7. The number of rotten cotton bolls at weekly intervals under 
dry, medium, and wet irrigation treatments, Marana, Az., 
1983. 

— -IRRIGATION TREATMENT 

PICK DATE DRY MEDIUM WET 

— ROTTEN BOLLS 
(17.3m2)-l 

8-29 0.0 0.0 0.0 
9- 2 0.0 3.0 3.0 
9- 8 5.7 12.0 9.0 
9-15 8.0 8.0 17.0 
9-22 6.9 10.0 23.0 

10- 6 6.9 45.0 57.0 
10-13 4.6 6.0 22.0 
10-20 11.5 30.0 53.0 
10-27 14.9 5.0 11.0 
11- 5 4.6 4.0 2.0 
11-10 0.0 1.0 0.0 

TOTAL 62.9 124.0 197.0 
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in an increase of boll rot and insect feeding. The high humidity 

resulting from an extended wet, rainy period provided a favorable 

environment for the pink bollworm (Pectriniphora qossvpiella Saunders) 

and bollworm (Heliothis zea Boddie) infestations. In the wet treat

ment, 31% of all bolls picked exhibited pink bollworm exit holes or 

bollworm damage. The dry and medium irrigation treatments had 21% 

and 16%, respectively, of the bolls damaged by insects (Table 8). 

Table 8. The number of insect damaged cotton bolls at weekly intervals 
under dry, medium, and wet irrigation treatments, Marana, Az., 
1983. 

IRRIGATION TREATMENT-

PICK DATE DRY MEDIUM WET 

INSECT-DAMAGED BOLLS 
(17.3m2)"1 

8-29 
9- 2 
9- 8 
9-15 
9-22 

10- 6 
10-13 
10-20 
10-27 
11- 5 
11-10 

0 . 0  
0 . 0  

22.9 
44.6 

165.7 
129.2 

72.0 
43.4 
22.9 
11.4 
0 . 0  

0 . 0  
4.0 
9.0 

50.0 
154.0 

90.0 
28.0 
31.0 
4.0 
8 .0  
3.0 

1 . 0  
1 . 0  

2 1 . 0  
28.0 
93.0 

168.0  
113.0 
139.0 

85.0 
52.0 
14.0 

TOTAL 512.0 381.0 715.0 
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Irrigation Effects on the Photosynthetic Processes 

Combining all of the seven sampling dates, the mean apparent 

photosynthetic rates (APS) on leaf area basis of the three irrigation 

treatments were significantly different at the 99.9% level of signifi

cance (Table 9). The APS mean value in the medium treatment was 

significantly higher than the wet treatment APS mean. The APS mean 

value of the dry irrigation treatment was not statistically different 

from the two other treatments. The APS mean values were 28.66, 30.86, 

-2  -1  and 26.51 mg CC^ dm hr in the dry, medium, and wet irrigation treat

ments, respectively. These APS rates were within the range previously 

documented for cotton (33, 34). 

Seasonal photosynthetic rates on leaf dry weight basis (PSWT) 

were also significantly different at the 98.0% level of significance 

(Table 10). The plants in the dry and wet irrigation treatments had 

significantly lower PSWT rates than the rates in the medium irriga

tion treatment. The PSWT mean values were 44.7, 50.2, and 45.0 mg 

g"^ hr"^ in the dry, medium, and wet treatments, respectively. 

The highest APS rates in all three treatments were recorded on 

1 September. The plants in the dry and medium irrigation treatments 

incorporated significantly more carbon dioxide on a leaf area basis 

than the wet treatment cotton. The APS rates of the dry and medium 

- 2  - 1  
treatments were 34.50 and 35.24 mg CO^ dm hr , respectively. This 

-2 -1 
compares to the 27.62 mg CO2 dm hr , of the wet treatment plants 

on this date. 



Table 9. Cotton plants apparent photosynthetic mean rates on leaf area basis (APS), standard 
deviation (s), coefficient of variation (CV), and sample size (N) under dry, medium, 
and wet irrigation treatments and overa 1 treatment mean (MEAN), Marana, Az., 1983. 

APS APS 
mg CO? CV mg C02 CV 

DATE TMT dm-2 Fir-! s % N DATE TMT dm-^ hr_l s % N 
6/22 DRY 20.94 5.96 28.5 7 8/11 DRY 27.66 4.47 16.2 15 

MEDIUM 25.37 7.15 28.2 3 MEDIUM 27.50 4.70 17.1 16 
WET 25.29 7.59 30.0 7 WET 23.20 7.58 32.7 15 

MEAN 23.51 6.80 28.9 17 MEAN 26.15 5.98 22.9 46 

7/1 DRY 25.93 9.48 36.6 7 9/1 DRY 34.50a 8.98 26.0 16 
MEDIUM 30.80 7.26 23.6 8 MEDIUM 35.24a 7.10 20.1 15 

WET 23.81 3.51 14.7 6 WET 27.62b 8.28 30.0 14 
MEAN 27.18 7.60 27.9 21 MEAN 52.60 8.68 26.6 45 

7/6 DRY 27.51 7.07 25.7 16 
MEDIUM 32.09 8.85 27.6 14 

WET 31.73 8.69 27.4 16 
MEAN 30.38 8.30 27.3 46 

7/13 DRY 27.62 5.34 19.3 16 6/22- DRY 28.66ab 8.00 27.9 93 
MEDIUM 29.67 9.37 31 .6 14 9/1 MEDIUM 30.86a 7.44 24.1 86 

WET 27.61 4.53 16.4 15 WET 26.51b 7.58 28.6 88 
MEAN 28.25 6.57 23.2 45 MEAN 28.66 7.85 27.4 267 

7/28 DRY 30.52a2 9.46 31.0 16 7/13- DRY 30.11a 7.79 25.9 63 
MEDIUM 31.14a 5.37 17.2 16 9/1 MEDIUM 30.86a 7.19 23.3 61 

WET 23.76b 6.90 29.0 15 WET 25.51b 7.08 27.7 59 
MEAN 28.58 8.01 28.0 47 MEAN 28.88 7.69 26.6 183 

1 Irrigation treatment initiation: 9 June 1983. 

2 
Means down a column within a date followed by the same letter are not significantly 
different at P=0.05 by Student-Newman-Keuls test. 



Table 10. Cotton plants photosynthetic mean rates on dry leaf weight basis (PSWT), standard 
<4/M II -S 4* ̂  A M F I— 1 4> 1 AN I f*\ I \ M <4 ^MN 1A O ̂  I KL 1 • IM AM A 1AI I MA H J • 

and igatii 

DATE TMT 

PSWT 
mg CO2 
g"1 h-1 s 

CV 
% N DATE TMT 

PSWT 
mg CO? 
g-1 hr_l s 

CV 
% N 

6/22 DRY 25.58 5.22 20.4 7 8/11 DRY 49.91 8.66 17.5 15 
MEDIUM 31.23 7.71 24.7 3 MEDIUM 52.12 7.22 16.7 16 

WET 32.34 10.64 32.9 7 WET 45.99 14.76 32.1 15 
MEAN 29.36 8.42 28.7 17 MEAN 49.31 15.53 31.3 46 

7/1 DRY _ _ _ _ 9/1 DRY 47.52ab2 12.34 26.0 16 
MEDIUM - - - - MEDIUM 56.08a 14.73 26.3 15 

WET - - - - WET 42.36b 10.38 24.5 14 
MEAN - - - - MEAN 48.77 13.59 27.9 45 

7/6 DRY 32.53 8.87 27.3 16 
MEDIUM 39.43 11.24 28.5 14 

WET 41.14 10.92 26.5 16 
MEAN 37.62 10.82 28.8 46 

7/131 DRY 43.50 8.11 18.6 16 
MEDIUM 43.86 13.53 30.9 14 

WET 51.38 9.30 18.1 15 
MEAN 46.24 10.82 28.8 45 

7/28 DRY 58.92 19.89 33.8 16 
MEDIUM 61.37 10.23 16.7 16 

WET 50.18 9.71 19.4 15 
MEAN 56.97 10.84 23.5 47 

6/22-
9/1 

7/13-
9/1 

DRY 44.65b 15.43 34.6 86 
MEDIUM 50.21a 14.29 28.5 78 

WET 45.00b 12.10 26.9 81 
MEAN 46.54 14.21 30.5 245 

DRY 49.84 14.09 28.3 63 
MEDIUM 53.62 13.26 24.7 61 

WET 47.92 15.04 31.4 58 
MEAN 50.48 14.21 28.2 182 

1 Irrigation treatment initiation: 9 June 1983. 

"Means down a column within a date followed by the same letter are not significantly 
different at P=0.05 by Student-Newman-Keuls test. 
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The treatment APS mean values after the commencement of the 

irrigation treatments (over the last four sampling dates) were signifi

cantly different at the 99.9% level of significance. The cotton plants 

in the dry and medium irrigation treatments had higher photosynthetic 

rates on a leaf area basis than the cotton plants in the wet irrigation 

treatment (Table 9). These APS values were 30.11, 30.86, and 25.51 mg 

- 2  - 1  C02 dm hr in the dry, medium, and wet irrigation treatments, 

respectively. 

Over the last four sampling dates, the treatment PSWT mean 

values were not different among the irrigation treatments (Table 10). 

Analyzing the APS regression coefficients (slopes) of the 

three irrigation treatment means indicated no differences (Table 11). 

This does not imply the plants in the three irrigation treatments had 

similar photosynthetic rates under various environments, but that the 

change of the rates in response to an environment were not different. 

Under favorable and unfavorable photosynthetic conditions, the cotton 

plants in all of the irrigation treatments responded similarly by 

producing corresponding higher and lower rates (Figure 3). Steady 

and high photosynthetic rates under all environmental conditions 

would have been the desired response. The dry and medium irrigation 

treatments coefficients were closer to the desired regression 

coefficient of 1.0 than the wet treatment coefficient showing the 
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Table 11. Linear regression equations of dry, medium, and wet irri
gation treatment means for cotton apparent photosynthetic 
(APS) rates and photosynthetic rates/dry leaf weight 
(PSWT), Marana, Az., 1983. 

TMT REGRESSION EQUATION sig. r2 CV% 

APS 
(mg C09 dm-2 hr"^) 

A £ 
DRY Y = - 2.39 + 1.12x 0.068 0.8689 4.8 

MEDIUM Y = - 3.78 + 1.20x 0.010 0.9809 1.8 

WET Y = 7.83 + 0.61x 0.311 0.4747 8.3 

plants (sample leaves) in the lower irrigation treatments were stable 

photosynthetically to the environment than the cotton plants in the 

wet irrigation treatment. 

From 13 July to 1 September, the wet irrigation treatment had 

an average 20 and 9I greater leaf area and leaf weight, respectively, 

than in the lower irrigation treatments (Tables 12 and 13). The total 

leaf areas of the cotton plants was also higher than in the other two 

treatments (Ramadjita Tabo, personal communication). Therefore, these 

data suggest the wet treatment had higher photosynthetic rates than 

the rates observed in this treatment and probably higher rates than 

in the dry and medium irrigation treatments. Although in response 

to water stress, the leaf area may be reduced (26), the individual 

leaf weight may actually increase due to the thickening of cell walls 

and an increase of cell number (27) but the correlation data did not 

show this relationship in the dry and medium irrigation treatments 

probably due to lack of water stress. 
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Figure 3. Finlay and Wilkinson regression for cotton apparent photosynthetic (APS) 
rates under dry, medium, and wet irrigation treatments (TMT) and 
overall treatment mean (MEAN), Marana, Az., 1983. 



Table 12. Cotton leaf area means, standard deviation (s), coefficient of variation (CV), and 
sample size (N) under dry, medium, and wet irrigation treatments, and overall 
treatment mean (MEAN), Marana, Az.» 1983. 

Leaf 
\ • »•» i 9 » »«•* • ML IM 9 ' «*- • J I 

Leaf 
Area CV Area CV 

DATE TMT cm2 S % N DATE TMT cm2 s % N 
6/22 DRY 0.715al 0.078 10.5 7 8/11 DRY 0.967b 0.267 27.6 15 

MEDIUM 0.527b 0.078 14.2 3 MEDIUM 1.044b 0.184 17.6 16 
WET 0.654ab 0.118 18.3 7 WET 1.236a 0.274 22.4 15 

MEAN 0.656 0.114 17.2 17 MEAN 1.078 0.263 24.3 46 

7/1 DRY 0.781 0.114 14.7 7 9/1 DRY 0.743ab 0.226 30.4 16 
MEDIUM 0.714 0.152 21.1 8 MEDIUM 0.654b 0.176 26.7 15 

WET 0.689 0.158 22.8 6 WET 0.860a 0.206 23.9 14 
MEAN 0.729 0.141 19.2 21 MEAN 0.750 0.217 28.8 45 

7/6 DRY 0.721 0.127 17.4 16 
MEDIUM 0.619 0.130 21.3 14 

WET 0.718 0.095 13.6 16 
MEAN 0.689 0.127 18.2 46 

7/132 DRY 0.719b 0.155 21.5 16 6/22- DRY 0.781b 0.195 25.1 86 
MEDIUM 0.647b 0.114 17.7 14 9/1 MEDIUM 0.747b 0.219 29.2 78 

WET 0.857a 0.145 17.1 15 WET 0.903a 0.265 29.4 81 
MEAN 0.743 0.161 21.9 45 MEAN 0.810 0.237 29.2 245 

7/28 DRY 0.798b 0.155 19.6 16 7/13- DRY 0.804b 0.221 27.6 63 
MEDIUM 0.797b 0.155 21.4 16 9/1 MEDIUM 0.792b 0.228 28.9 61 

WET 1.065a 0.205 19.2 15 WET 1.004a 0.259 25.8 58 
MEAN 0.883 0.215 24.3 47 MEAN 0.865 0.255 29.4 182 

^Means down a column within a date followed by the same letter are not significantly different 
at P=0.05 by Student-Newman-Keuls test. 

2 Irrigation treatment initiation: 9 June 1983. 



Table 13. Cotton dry leaf mean weights, standard deviation (s), coefficient of variation (CV), and 
sample size (N) under dry, medium, and wet irrigation treatments and overall. treatment 
mean (MEAN), Marana, Az., 1983. 

DATE TMT 

Dry 
Leaf Wt. 

(g) , s CV N DATE TMT 

Dry 
Leaf Wt. 

(g) s CV N 
6/22 DRY 0.578al 0.078 13.0 7 8/11 DRY 0.547 0.170 31.4 15 

MEDIUM 0.427b 0.078 17.6 3 MEDIUM 0.551 0.095 17.0 16 
WET 0.572ab 0.063 12.9 7 WET 0.569 0.155 27.4 14 

MEAN 0.524 0.089 16.6 17 MEAN 0.555 0.141 25.3 45 

7/1 DRY _ _ 9/1 DRY 0.549 0.198 35.9 16 
MEDIUM - - - - MEDIUM 0.425 0.148 35.1 15 

WET - - - - WET 0.567 0.179 31.4 14 
MEAN - - - - MEAN 0.513 0.184 35.8 45 

7/6 DRY 0.615a 0.123 19.8 16 
MEDIUM 0.506b 0.118 23.0 14 

WET 0.559ab 0.114 20.8 16 
MEAN 0.563 0.114 22.0 46 

7/132 DRY 0.462 0.110 23.6 16 6/22- DRY 0.553a 0.155 29.4 93 
MEDIUM 0.439 0.084 19.6 14 9/1 MEDIUM 0.463b 0.118 25.3 86 

WET 0.458 0.084 18.1 15 WET 0.529a 0.045 24.7 88 
MEAN 0.453 0.095 20.3 45 MEAN 0.516 0.138 27.3 267 

7/28 DRY 0.421b 0.105 25.2 16 7/13- DRY 0.493ab 0.158 31.9 63 
MEDIUM 0.403b 0.078 19.2 16 9/1 MEDIUM 0.455b 0.152 26.0 61 

WET 0.498a 0.110 21.9 15 WET 0.522a 0.141 26.8 59 
MEAN 0.439 0.105 23.8 47 MEAN 0.490 0.141 28.2 183 

^Means down a column within a date followed by the same letter are not significantly 
different at P=0.05 by Student-Newman-Keuls test. 

Irrigation treatment initiation: 9 June 1983. 



Precipitation may have influenced the apparent photosynthetic 

rates. Heavy rain (4.77 cm) fell within a three day period before 

11 August. During this period, all of the recorded APS rates were 

reduced without treatment differences. 

Vegetative regrowth was evident in all of the irrigation 

treatments and was probably a result of heavy rains and cooler temp

eratures in late August. Higher seasonal water applications in the 

wet treatment, however, produced more leaves and vegetative development 

(Ramadjita Tabo, personal communication) which were available as 

sources of assimilates in the wet irrigation treatment. The extra 

vegetation and leaf development under an adequate irrigation regime 

apparently provided sufficient photosynthate without increasing the 

rate of carbon dioxide incorporation per leaf. Since the sample leaf 

itself was an assimilate sink (7), the photosynthetic activity of the 

sample leaf may have been affected but, all of the treatment sample 

leaves would have been equally affected. Less vegetation was pro

duced in the dry and medium irrigation treatments and leaf development 

under these lower irrigation regimes apparently resulted in higher APS 

rates per leaf were produced in response to the regrowth and boll loads. 

Estimating whole plant apparent photosynthesis based on a 

single sample leaf may not be valid. Foutz et al. (39) found photo

synthetic rates on a leaf area basis were poorly correlated to yield 

but, total apparent photosynthetic rates of the whole plant was highly 

correlated to yield. Therefore, inferences of the treatment photo

synthetic rates on the development of flowers, boll periods, and yield 
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are ambiguous. The sample cotton leaves of the wet irrigation treat

ment had lower photosynthetic rates than the corresponding leaves in 

the dry and medium treatments. The wet irrigation treatment had 

greater leaf areas and leaf weights in response to leaf development 

under adequate water conditions than in the lower irrigation treat

ments. Therefore, the cotton plants in the wet treatment probably 

incorporated more carbon dioxide than the plants in the other two 

treatments. Under various environments, the plants in all three 

treatments were not different photosynthetically on leaf area basis 

(Fig. 3). Contrary to the dry and medium irrigation treatments, the 

photosynthetic rates on a leaf weight basis in the wet treatment 

remained relatively stable and low, regardless of the environment 

(Fig. 4). However, this relationship may not be applicable to the 

total plants which are comprised of numerous leaves under various 

environmental (light, relative humidity, and temperature) conditions. 

Irrigation Effects on Transpiration, 
Diffusive Resistance, Leaf Temperature, 

and Temperature Differential 

Through the seven measurement dates, differences were detected 

-2  in the overall irrigation treatment transpiration rates (ng cm 

s"1) and diffusive resistances (s cm"^). The leaf temperature and 

temperature differential (cuvette - leaf temperatures) were not differ

ent among the treatments. 

The transpiration values measured ranged from 15.45 to 33.79 

- 2  - 1  pg H^O cm s . These values are typical for cotton plants (13). 
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Figure 4. Finlay and Wilkinson regression for cotton photosynthetic rates on dry leaf weight 
basis (PSWT) under dry, medium, and wet irrigation treatments (TMT) and overall 
treatment mean (MEAN), Marana, Az., 1983. 



Diffusive resistances averaged 0.473 s cm"^ over all treatments after 

initiation and were also within the range previously documented for 

cotton (81). 

Differences were detected prior to treatment initiation in 

the leaf and ambient temperatures, transpiration rates, and diffusive 

resistances readings. These differences can not be explained. 

Transpiration 

After treatment initiation, the transpiration rates of the wet 

treatment cotton were significantly greater than the rate in the medium 

irrigation treatment (Table 14). The transpiration rates in the dry 

irrigation treatment were not statistically different than the rates 

measured in the other two treatments. 

The higher transpiration rates measured in the wet treatment 

were probably in response to the higher available water (91). In 

addition, based on the leaf areas obtained in the APS study, the 

transpiration rates measured in the wet irrigation treatment could be 

substantially higher than the rates in other treatments due to the 

greater leaf areas. 

The linear regression equations between the transpiration 

rates of the plants in the three treatments and the overall treatment 

mean were all significant (Table 15). The corresponding regression 

coefficients were homogenous indicating the transpirational response 

to various environments did not differ among the cotton plants in the 

irrigation treatments. The medium treatment plants were the most 

unstable to various environments as indicated by the deviation of the 
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regression coefficient from 1.0; the medium irrigation plants transpired 

the least under unfavorable conditions as compared to the other treat

ments plants (Fig. 5). The plants in the wet irrigation treatment 

consistently transpired at the greatest rate until the conditions were 

conducive for high transpiration. The dry irrigation cotton plants 

were less sensitive to the environment than the medium treatment 

plants and more responsive than the wet treatment plants. 

Diffusive Resistance 

After treatment intiation, the diffusive resistances of the 

cotton in the medium irrigation treatment was significantly higher 

than the resistances in the wet treatment (Table 16). The diffusive 

resistances of the dry treatment cotton plants were not statistically 

different than the other two treatments. 

None of the regression equations between the treatments diffu

sive resistances and overall mean diffusive resistances were signifi

cant among the irrigation treatments (Table 15). The regression 

coefficients were homogenous indicating diffusive resistances of the 

treatments did not differ in their response to the environment (Fig. 6). 

The plants in the medium treatment had the closest regression coeffi

cient to 1.0, showing more stability of the resistances to an environ

ment than the dry and wet irrigation treatments. 



Table 14. Cotton transpiration mean rates (TRANS.), standard.deviation (s), coefficient of 
variation (CV), and sample size (N) under dry, medium and wet irrigation treatments 
and overall treatment mean (MEAN), Marana, Az., 1983. 

DATE TMT 

TRANS. 
MG H20 
CM-^ s~1 s 

CV 
% N DATE TMT 

TRANS. 
FJG H2O 
CM~^ s"1 s 

CV 
% N 

6/22 DRY 17.53a1 1.57 8.9 28 8/11 DRY 26.16a 1.05 4.0 24 
MEDIUM 15.59b 1.68 10.8 24 MEDIUM 23.93b 1.44 10.2 24 

WET 15.45b 1.63 10.5 25 WET 25.85a 2.00 7.7 24 
MEAN 16.25 1.87 11.5 77 MEAN 25.31 2.14 8.4 72 

7/1 DRY 19.58ab 3.68 18.8 24 9/1 DRY 25.77b 1.94 7.6 16 
MEDIUM 17.96b 3.90 21.7 24 MEDIUM 25.37b 4.83 19.1 16 

WET 20.94a 2.41 11.5 23 WET 28.40a 1.26 4.4 16 
MEAN 19.48 3.57 18.3 71 MEAN 26.51 3.32 12.5 48 

7/6 DRY 21.48ab 5.45 25.4 24 
MEDIUM 19.04b 5.68 29.8 24 

WET 23.18a 3.41 14.7 24 
MEAN 21.23 5.17 24.4 72 

7/132 DRY 32.45 2.94 9.1 24 6/22- DRY 24.49ab 7.51 24.5 164 
MEDIUM 33.79 2.27 6.7 24 9/1 MEDIUM 23.92b 6.95 22.2 160 

WET 32.38 2.43 7.5 24 WET 25.13a 6.67 24.3 160 
MEAN 32.87 2.61 7.9 72 MEAN 24.31 6.35 26.3 484 

7/28 DRY 30.07a 1.11 3.7 24 7/13- DRY 28.87ab 3.36 11.6 88 
MEDIUM 28.06b 2.39 8.5 24 9/1 MEDIUM 28.01b 4.85 17.3 88 

WET 31.01a 1.92 6.2 24 WET 29.50a 3.27 11.1 88 
MEAN 29.71 2.23 7.5 72 MEAN 28.79 3.93 13.6 264 

Means down a column within a date followed by the same letter are not significantly 
different at P=0.05 by Student-Newman-Keuls test. 

? 
Irrigation treatment initiation: 9 June 1983. 
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Table 15. Linear regression equations of dry, medium, and wet 
irrigation treatment means for cotton transpiration 
rates (TRANS.), diffusive resistances (DIF.RES.), and 
temperature differentials (TEMP.DIF.), Marana, Az., 1983. 

TMT REGRESSION EQUATION sig. r2 CU 

TRANS. 

A 
(pg HpO cm-^ s-') 

DRY 
/ \  

Y = 2.19 + 0,  .92x 0.022 0.9556 2.9 

MEDIUM 
A. 
Y =• KO C

M
 C

O
 

i + 1 . 26x 0.016 0.9686 3.4 

WET 
A 
Y = 6.07 + 0,  00

 
r
o

 
X

 

0.041 

DIF. RES. 
(s cm-') 

0.9204 3.4 

DRY 
A 
Y = 0.13 + 0. , 73x 0.251 0.5612 2.4 

MEDIUM II 

<
>

-

0.01 + 1. .Olx 0.119 0.7768 1.9 

WET "
<

>
 

II -0.14 + 1 .25x 0.253 

TEMP. DIF. 
( c )  

0.7474 4.2 

DRY -
<

>
 

II
 -0.26 + 1 ,  . 12x 0.007 0.9867 6.3 

MEDIUM II 

<
>

-

0.16 + 0. ,92x 0.010 0.9797 6.9 

WET II
 0.10 + 0,  .97x 0.001 0.9979 2.3 
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Table 16. Cotton diffusive resistance means (DIF.RES.), standard deviation (s), coefficient of 
variation (CV), and sample size (N) under dry, medium, and wet irrigation treatments 
and overall treatment mean (MEAN), Marana, Az., 1983. 

DATE TMT 

DIF. 
RES-_i 

(s cm" ) s 
CV 
% N DATE TMT 

DIF. 
RES._i 

(s cm" ) s 
CV 
% N 

6/22 DRY 0.884b1 0.127 14.1 28 8/11 DRY 0.456 0.032 7.1 24 
MEDIUM 0.940a 0.127 12.7 24 MEDIUM 0.472 0.063 13.6 24 

WET 1.028a 0.170 16.5 25 WET 0.446 0.045 8.9 24 
MEAN 0.964 0.152 15.8 77 MEAN 0.458 0.045 10.5 72 

7/1 DRY 1.491 0.272 18.3 24 9/1 DRY 0.482 0.084 17.0 16 
MEDIUM 1.561 0.629 26.5 24 MEDIUM 0.491 0.100 20.1 16 

WET 1.395 0.232 16.7 23 WET 0.426 0.032 8.7 16 
MEAN 1.517 0.428 28.2 71 MEAN 0.466 0.084 17.3 48 

7/6 DRY 1.369ab 0.770 56.2 24 
MEDIUM 1.679a 0.860 51.2 24 

WET 1.015b 0.253 24.8 24 
MEAN 1.354 0.726 53.4 72 

7/132 DRY 0.487ab 0.045 8.0 24 6/22- DRY 0.823ab 1.000 63.6 164 
MEDIUM 0.510a 0.055 10.6 24 9/1 MEDIUM 0.918a 0.977 72.4 160 

WET 0.476b 0.045 8.6 24 WET 0.765b 0.540 51 .0 160 
MEAN 0.491 0.701 9.7 72 MEAN 0.835 0.540 64.7 484 

7/28 DRY 0.470 0.045 8.7 24 7/13- DRY 0.473ab 0.055 10.5 88 
MEDIUM 0.482 0.045 . 8.8 24 9/1 MEDIUM 0.489a 0.063 13.4 88 

WET 0.473 0.063 14.1 24 WET 0.458b 0.055 11 .2 88 
MEAN 0.475 0.055 10.7 72 MEAN 0.473 0.055 12.1 264 

^Means down a column within a date followed by the same letter are not significantly 
different at P=0.05 by Student-Newman-Keuls test. 

2 Irrigation treatment initiation: 9 June 1983. 
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Leaf Temperature and Temperature Differential 

The leaf temperature and temperature differential fluctuated 

without consistent trends due to the changing climatological environ

ment (Tables 17 and 18). The temperature differential averaged 3.45 C 

over the irrigation treatments and the treatment regression coeffic

ients were homogenous (Fig. 7). The temperature differential showed 

significant treatment differences during the early and mid-stages of 

flower production (13 and 28 July). The cotton plants of the dry 

irrigation treatment had the highest temperature differentials on 

these dates. This was not expected because the lowest level of irri

gations should have the least amount of water available for transpira-

tional cooling of leaves. 

After treatment intiation, the wet treatment had the higher 

leaf temperatures than the plants in the lower irrigation treatments 

(Table 18). This was not expected for the higher available water in 

the wet treatment should have cooled the leaves during transpiration. 

Correlations 

After treatment intiations, the leaf areas and dry leaf weights 

were highly significantly correlated for all three irrigation treat

ments (Table 19). The negative relationships between the APS rates 

and leaf areas, and PSWT and dry leaf weights were consistently sig

nificant for all of the treatments in addition to the positive rela

tionship between the APS and PSWT. A significant negative correlation 

occurred in the photosynthetic rate on leaf area basis and dry leaf 

weight in the medium treatment; this relationship was evident in the 



Table 17. Cotton temperature differential means (TEMP.DIF. = ambient temperature - leaf tempera
ture), standard deviation (s), coefficient of variation (CV), and sample size (N) under 
dry, medium, and wet irrigation treatments and overall treatment mean (MEAN, Marana, Az., 
1983. 

TEMP. TEMP 
DIF. CV DIF. CV 

DATE TMT (C) s % N DATE TMT (C) s % N 
6/22 DRY 4.75 0.814 15.6 28 8/11 DRY 2.08 0.536 25.8 24 

MEDIUM 4.55 0.650 14.3 24 MEDIUM 1 .85 0.822 44.3 24 
WET 4.39 1.005 22.9 25 WET 2.10 0.662 31.5 24 

MEAN 4.57 0.814 17.8 77 MEAN 2.01 0.683 34.0 72 

7/1 DRY 1.82 1.415 77.6 24 9/1 DRY 2.63 0.695 26.5 16 
MEDIUM 2.38 1.313 55.3 24 MEDIUM 3.01 0.840 ' 27.9 16 

WET 1.57 0.928 59.0 23 WET 2.79 0.661 23.7 16 
MEAN 1.93 1.269 65.8 71 MEAN 2.81 0.737 26.3 48 

7/6 DRY 3.57 1.472 41.2 24 
MEDIUM 3.52 1.479 42.1 24 

WET 4.10 1.479 28.8 24 
MEAN 3.73 1.390 37.2 72 

7/13^ DRY 5.62a2 0.498 8.9 24 6/22- DRY 3.54 1 .307 45.4 164 
MEDIUM 4.99b 0.764 15.3 24 9/1 MEDIUM 3.39 1.735 42.0 160 

WET 5.25b 0.513 9.8 24 WET 3.42 1 .396 44.2 160 
MEAN 5.29 0.649 12.3 72 MEAN 3.45 1.514 43.9 484 

7/28 DRY 3.80a 0.620 16.3 24 7/13- DRY 3.61 1 .509 41.8 88 
MEDIUM 3.28b 0.465 14.2 24 9/1 MEDIUM 3.31 1.386 41 .6 88 

WET 3.40ab 1.006 29.6 24 WET 3.44 1.414 41.1 88 
MEAN 3.49 0.757 21.7 72 MEAN 3.45 1.434 41.5 264 

^Irrigation treatment initiation: 9 June 1983. 

2 Means down a column within a date followed by the same letter are not significantly 
different at P=0.05 by Student-Newman-Keuls test. 
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Table 18. Cotton leaf temperature means, standard deviation (s), coefficient of variation (CV), and 
sample size (N) under dry, medium, and wet irrigation treatments and overall treatment 
mean (MEAN, Marana, Az., 1983. 

DATE TMT 

LEAF 
TEMP 
(C) s 

CV 
% N DATE TMT 

LEAF 
TEMP. 
(C) s 

CV 
% N 

6/22 DRY 27.49 0.882 3.2 28 8/11 DRY 29.84a 0.722 2.4 24 
MEDIUM 26.89 1.003 3.7 24 MEDIUM 29.04b 0.925 3.2 24 

WET 27.19 0.991 6.7 25 WET 29.97a 0.622 2.1 24 
MEAN 27.20 0.976 3.6 77 MEAN 29.62 0.862 2.9 72 

7/1 DRY 35.03 2.033 5.8 24 9/1 DRY 31 .34 0.628 2.0 16 
MEDIUM 34.29 1.714 5.0 24 MEDIUM 31.29 1 .504 4.8 16 

WET 35.07 1.046 3.0 23 WET 31.94 0.494 1.6 16 
MEAN 34.79 1.673 4.8 71 MEAN 31.53 1.008 3.2 48 

7/6 DRY 35.08b1 1.942 5.3 24 
MEDIUM 36.13a 1 .663 4.6 24 

WET 34.11c 0.943 2.8 72 
MEAN 35.10 1.759 5.0 

7/132 DRY 29.63b 1.024 3.5 24 6/22- DRY 31.10 3.785 9.7 164 
MEDIUM 30.68a 0.603 2.0 24 9/1 MEDIUM 31.09 3.291 10.5 160 

WET 29.54b 0.809 2.7 24 WET 31.15 3.267 8.8 160 
MEAN 29.95 0.971 3.2 72 MEAN 31.11 3.010 9.7 484 

7/28 DRY 29.95b 0.683 2.3 24 7/13- DRY 30.09b 0.487 3.8 88 
MEDIUM 29.35c 0.965 3.3 24 9/1 MEDIUM 29.98b 1.329 4.4 88 

WET 30.82a 1 .001 3.3 24 WET 30.44a 1.150 3.8 88 
MEAN 30.04 1.070 3.6 72 MEAN 30.17 1 .175 3.9 264 

^Means down a column within a date followed by the same letter are not significantly 
different at P=0.05 by Student-Newman-Keuls test. 

Irrigation treatment initiation: 9 June 1983. 
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dry treatment although it was not significant. In the dry irrigation 

treatment, PSWT and leaf area relationship were negatively correlated, 

however, the correlation between the leaf area and leaf weight in the 

dry treatment was not negatively correlated and the PSWT and leaf area 

correlation cannot be explained. 

Combing all of the data after treatment intiation, the temp

erature differentials for the individual treatments were highly 

correlated to the transpiration rates (Table 20). Significant corre

lations between the leaf temperatures and the temperature differentials 

occurred in the dry and medium irrigation treatments however, the wet 

treatment had a significant negative correlation which cannot be 

explained. In the dry irrigation level, the diffusive resistance was 

highly correlated to the leaf temperature. The medium irrigation level 

had significant correlation between the leaf temperature and the 

transpiration rate since the water diffusion pathway is affected by 

temperature (91) which was not evident in the other treatments for 

an unknown reason. 

Correlations between the physiological measurements made in 

this study were analyzed (Table 21). The temperature differential and 

the transpiration rate were consistently significantly correlated over 

all of the irrigation treatments. The significant correlation between 

the diffusive resistance and photosynthesis on a dry leaf weight basis 

in the dry irrigation treatment was not expected. High diffusive 

resistances should have reduced photosynthesis on leaf area and leaf 

weight basis, therefore, a negative correlation would have been 
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Table 19. Correlation matrix of cotton dry leaf weight, photosynthetic 
rate on leaf area basis (APS) and on dry leaf weight basis 
(PSWT), and leaf area (LA) after treatment initiation among 
dry, medium, and wet irrigation treatments (TMT), Marana, 
Az., 1983. 

ALL TMT 
COMBINED 
(N=l82) 

LA 

(cm2) 

Dry leaf weight 0.79043*** 
(g)  

APS -0.37831** 
(mg CO2 dm"2 hr-') 
PSWT , -0.20548* 
(mg C02 g" hr" ) 

DRY TMT 
(N=63) 

Dry leaf weight 

APS 

PSWT 

MEDIUM TMT 
(N=61) 

Dry leaf weight 

APS 

PSWT 

WET TMT 
(N=58) 

Dry leaf weight 

APS 

PSWT 

0.85955*** 

-0.28271* 

-0.24008+ 

0.80008*** 

-0.37606** 

-0.04593 

0.75421*** 

-0.24677+ 

-0.21333 

Dry Leaf Weight 

(g)  

-0.17016+ 

-0.35071*** 

-0.13086 

-0.38077** 

-0.30612* 

-0.36832** 

0.03865 

-0.24392+ 

APS 

(mg CO2 dm"2 hr~^) 

0.75831*** 

0.79515*** 

0.76334*** 

0.73250*** 

*** P = 0.001 * P = 0.05 
** P = 0.010 + P = 0.10 
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Table 20. Correlation matrix of cotton leaf temperature (LEAF TEMP.), 
transpiration (TRANS.), diffusive resistance (DIF. RES.), 
temperature differential (TEMP. DIF.), and cuvette temp
erature (AIR TEMP.) after treatment intiation among dry 
medium, and wet irrigation treatments, Marana, Az., 1983. 

ALL TMT 
COMBINED 
(N=264) 

LEAF TEMP. 
(C) 

TRANS. 
(jjg HpO cm"2 
DIF. RES. 
(s cm-1) 
TEMP. DIF. 

(C) 

DRY TMT 
(N=88) 
LEAF TEMP. 
TRANS. 
DIF. RES. 
TEMP. DIF. 

MEDIUM TMT 
(N=88) 
LEAF TEMP. 
TRANS. 
DIF. RES. 
TEMP. DIF. 

: -1 

AIR 
TEMP. 
(C) 

0.53558 

0.78733*** 

-0.01017 

0.72132*** 

0.22272* 
0.73762*** 
0.17143 
0.77013*** 

0.79049*** 
0.80748*** 

-0.05134 
0.80628*** 

LEAF 
TEMP. 

(C) 
TRANS, 

(pg H2O 
cnr^ s-1) 

0.23397* 

0.13120 -0.20706* 

0.19858* 0.72187*** 

-0.10843 
0.31055** -0.19172+ 
0.45034*** 0.74651*** 

0.51090*** 
0.10354 -0.24105* 
0.27506* 0.77411*** 

DIF. 
RES., 

(s cm" ) 

-0.11940 

-0.04620 

-0.18059 

WET TMT 
(N=88) 
LEAF TEMP. 
TRANS. 
DIF. RES. 
TEMP. DIF. 

0.32076** 
0.77530*** 
0.02572 
0.63759*** 

-0.00152 
0.16124 -0.05232 

-0.52516*** 0.69783*** -0.10804 

*** P = 0.001 
** P = 0.010 

* P = 0.05 
+ P = 0.10 
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expected as observed in the medium and wet treatments. The APS rate 

and leaf temperature were positively correlated in the medium irriga

tion treatment. The wet treatment had a positive correlation between 

the diffusive resistance readings and temperature differential. How

ever, a significant positive correlation was observed in the wet 

irrigation treatment between the diffusive resistance and transpira

tion which can not be explained. 
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Table 21. Correlation matrix of cotton diffusive resistance (DIF.RES.), 
temperature differential (TEMP.DIF.), apparent photo-
synthetic rate (APS), photosynthetic rate on dry leaf weight 
basis (PSWT) after treatment intiation among dry, medium, 
and wet irrigation treatments, Marana, Az., 1983. 

ALL TMT 
COMBINED 
(N=12) 

TRANS. 
(MgH20 
cnr^ s-l) 

DIF.RES. 
(s cm-!) 
TEMP.DIF. 

(C) 
APS ? , 
(mg CO2 dm" hr" ) 
PSWT -0.2449 
(mg CO2 g"^ hr-l) 

0.3720 

0.9119* 

-0.2113 

LEAF TEMP. 
(C) 

-0.0238 

DIF. 
RES. , 

(s cm" ) 

0.5405 

0.4790 

0.2145 

-0.1688 

TEMP. 
DIF. 

(C) 

APS 
(mg CO, 
n~ ̂  

PSWT 
(mg C02 

dm-2 hr-1) g~• hr-^) 

0.0306 

-0.1528 

-0.1186 

0.3878 

0.2994 -0.3784 

DRY TMT 
(N=4) 
DIF.RES. 0.7415 
TEMP.DIF. 0.9155* 0.7082 
APS 0.4581 -0.1632 0.5778 
PSWT 0.7381 0.9976*** 0.7330 -0.1314 
LEAF TEMP. -0.2077 -0.6684 -0.4557 0.2202 

MEDIUM TMT 
(N=4) 
DIF.RES. 0.4917 
TEMP.DIF. 0.9636** -0.6926 
APS -0.4931 -0.3356 -0.3598 
PSWT -0.0743 -0.5114 -0.2849 0.1441 
LEAF TEMP. -0.6549 0.2846 -0.4828 0.9501* 

WET TMT 
(N=4) 
DIF.RES. 0.8766* 
TEMP.DIF. 0.9715** 0.9494* 
APS -0.1101 0.2463 0.1225 
PSWT -0.5878 -0.6406 -0.5304 0.4100 
LEAF TEMP. 0.3212 0.7290 0.5229 0.7512 

-0.7233 

-0.2940 

*** P = 0.001 ** P = 0.01 * P = 0.05 



SUMMARY 

On 30 March 1983, cotton (Gossypium hirsutum L.'Stoneville 

506') was dry-planted at about 84,000 seeds ha"^ on 1.02 m row spacing, 

11 miles north of Tucson, Az. Simultaneously, Chapin Twin-wall 2.0 mm 

drip tape was placed 5-8 cm to one side and below every seed row. The 

1.5 ha field was uniformly irrigated from 30 April until 9 July when 

three irrigation treatments were initiated. The estimated evapotrans-

piration level at the experimental site was 80% of the seasonal evapo-

transpiration for cotton development (174.54 ha-cm) in Casa Grande, 

Az. The 155.9, 167.3 and 184.1 ha-cm irrigation levels were designated 

as the dry, medium, and wet irrigation treatments, respectively. 

Seed cotton was harvested in the medium irrigation treatment 

on 19 November and the other two treatments were harvested on 6 and 7 

December. Due to the long growing season, a second machine-harvest 

pick occurred on 11 January 1984. 

The dry, medium, and wet irrigation treatments had different 

effects on the reproductive and physiological development of cotton 

although none of the cotton experienced water stress. 

There were no treatment differences in the number of flowers 

and mature bolls produced in the three irrigation treatments. 

Cotton flowering began about two months after seedling emer

gence, regardless of the irrigation treatment. Flower initiation was 

68 
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approximately 7 to 11 days earlier than observed under furrow irriga

tion with similar planting dates in southern Arizona. 

Significant differences in the number of flowers among the 

irrigation treatments were detected on 15 of 30 flower-tagging dates. 

The majority of these differences occurred after 24 August, when the 

wet treatment cotton plants generally produced significantly more 

flowers than the plants in the dry and medium treatments. 

High flower production occurred in 2 phases during the growing 

season. The first and major flower production period was from 18 July 

to 15 August. Low flower production (cut-out) occurred in late 

August. The second phase started on 29 August and continued until 

6 September. 

The number of flowers produced in the dry and medium irriga

tion treatments were similar during each measurement period although 

the medium irrigation plants had the greatest number of flowers during 

the major flower production period. During the cut-out period, the 

lower irrigation treatments had fewer flowers than plants in the wet 

treatment. During the second flowering period in early September, 

the plants in the dry and medium treatments had 59 and 36% fewer 

flowers, respectively, than plants in the wet irrigation treatment. 

Excessive vegetative development in the wet irrigation treatment 

apparently delayed flowering during the major flower production period 

that resulted in an increased flower production through the cut-out 

period in late August until late September. 
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Significant differences in the number of mature bolls among 

the irrigation treatments were noted in over half of the weekly boll-

harvesting dates, particularly after 6 October. After this date, the 

plants in the wet treatment had significantly more mature bolls than 

the plants in the lower irrigation treatments. 

Boll periods (days from white flower to open boll) were not 

different among the irrigation treatments. Boll periods tended to 

increase with increasing irrigation levels and as temperature decreased 

i n the fal 1. 

Peak boll opening for all of the irrigation treatments occurred 

on 6 October. This period coincided with a similar peak flower count 

observed during the period of 6 to 14 August. These bolls were 

collected from a 2 week period, but the period from 22 to 29 September 

had more mature bolls than 29 September to 6 October period. 

Increased irrigation tended to delay crop maturity reflecting 

their respective flower production patterns. From first seedling 

emergence to harvest, about 145, 148, and 156 days were necessary to 

obtain 50% of the total of mature bolls in the dry, medium, and wet 

irrigation treatments, respectively. To harvest 95% of the total 

mature bolls in the dry, medium, and wet treatments required approxi

mately 169, 171, and 180 days, respectively. 

Heavy precipitation in late August to early September caused 

a high incidence of boll rot, insect damage, and seed cotton losses. 

Weather factors also resulted in excessive flower abscission and 
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thus, subsequent additional yield loss. The highest percentages of 

flower abscission, insect damage and boll rot occurred in the wet 

irrigation treatment. 

Machine harvested seed cotton yields were significantly higher 

in the dry and medium irrigation treatments than in the wet treatment. 

The total machine-harvest yields were 4,544, 4,400, and 4,245 kg ha ^ 

seed cotton in the dry, medium, and wet treatments, respectively. 

Gin turnouts were 27.5% and were not affected by treatments. Fiber 

quality, weight of 10 seeds, seed cotton, lint and seeds per boll, 

and lint percent were not-affected by the irrigation treatment. 

The dry irrigation treatment had the highest water-use 

efficiency (seed cotton yield per cm of water applied), followed by 

the medium and wet treatments, respectively. 

After treatment initiation, the wet irrigation cotton had 

significantly lower photosynthetic rates on a leaf area basis and 

diffusive resistances, and higher transpiration rates and leaf 

temperatures than the plants in the medium irrigation treatment. 

The corresponding measurements of the dry treatment cotton were 

statistically not different than in the other treatments. The photo-

synthetic rates on dry leaf weight basis and temperature differentials 

(cuvette temperature - cotton leaf temperatures) were not different 

among the irrigation treatments. The averaged temperature differential 

was 3.45 over all of the treatments. 
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Lower photosynthetic rates on a leaf area and weight basis 

were recorded in the wet irrigation treatment due to the greater 

total leaf areas of the sample leaves and entire plants. 
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