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ABSTRACT 

This study was conducted to evaluate the effects of shade stress 

on cotton (Goss.ypium hirsutum L.) fruiting forms at different stages of 

the flowering season. 

The cotton cultivar Deltapine 61 was grown at a population of 

about 100,000 plants per hectare at the University of Arizona Campbell 

Avenue Farm (CAF) and Casa Grande Overpass Farm (CG0F), in Tucson, 

Arizona during 1975 and 1976. Plots with 54 plants were shaded at dif

ferent intervals by a Saran screen cloth allowing about 50% of sunlight 

to penetrate. 

Flowers at anthesis were tagged daily before, during, and after 

the shading period. At the end of shading period, five plants were 

harvested for stem and boll carbohydrate determination. The remaining 

tagged plants were mapped later to quantitatively indicate the flowering 

and fruiting pattern. 

Irradiance near the top of the plants at about 1200 hours was 
o 

520 and 276 W/m for the check and shade treatment respectively. Maxi

mum microclimate temperature was about 1.5 C cooler under shade treat

ment compared with nonshade. Minimum microclimate was similar for both 

treatments. Plant height was not affected by the treatments in both 

years and locations. 
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Total nonstructural carbohydrate (TNC) content of stems was 

significantly reduced under shading in both locations and in both years 

even when the shade period was for only 3 days. 

The TNC and also dry weight (DW) of the bolls in 1976 were not 

different with few exceptions. The percentage shed as square potential 

and number of flowers likewise were not different between treatments 

in all shade periods at both locations. The percentage of shed as 

square potential, however, was higher at the CGOF compared to the CAF 

possibly as a result of Verticillium wilt. For both years no differ

ence was found for all fruiting characteristics studied at the CAF. 

During 1976, at the CGOF significant differences were found for 

number of bolls and percent boll potential under shade stress, with no 

differences for these parameters at the CAF. In both years, percent of 

boll set was not significantly different. 

Total nonstructural carbohydrate and DW of the bolls, percentage 

shed as square potential, and number of flowers were not different 

between treatments. The percentage shed as square potential was higher 

at the CGOF as compared to the CAF possibly as a result of Verticillium 

wilt. 

The results of these experiments indicate that shading has a con

sistent effect on plant metabolism reducing the level of assimilates in 

the stems. The TNC level of the bolls increases with age particularly 

between the 4th and 9th days and shows a consistent trend for less TNC 

under shade treatments for bolls of all ages. 



There were some positive and significant correlations between 

boll TNC and stem TNC at both locations but not for bolls of all ages. 

This stuc|y indicates that under the conditions of these experi

ments 50% reduction in sunlight decreases TNC content of the stem 

significantly but does not increase shedding of fruiting forms signifi

cantly, in Deltapine 61 cotton. 



CHAPTER 1 

INTRODUCTION 

Cotton (Gossypium hirsutum L.) is the world's most important 

fiber crop with wide application in the textile industry. In addition, 

products obtained from cottonseed processing are valuable for human and 

animal consumption as a source of protein and vegetable oil. 

With recent price increases in petroleum products, cotton com

petition with man-made fibers will be stronger and more cotton will be 

grown throughout the world to supply the increasing world demand for food 

and fiber. 

In the United States, cotton is third in value among crops. 

Arizona is a very important state as a cotton producer, with 8% of the 

United States total production in 1976, and the leading state in yield 

of Upland cotton per hectare. There is still a potential and necessity 

for improving yield per plant and per unit area. A continuing obstacle 

to maximize cotton yield is excessive shedding of fruiting forms, mainly 

under stresses such as: (1) cloudy weather conditions during the flower

ing season, (2) closely spaced plants that reduce light penetration deep 

in the canopy, (3) decreased COg concentration, (4) decreased photosyn-

thetic efficiency, and (5) reduced carbohydrate translocation. These 

factors may lead to altered enzyme and hormonal balances. As a result 

of this shedding, total yield is often decreased and production costs 

are increased. 

1 



2 

Plant scientists are trying continuously to understand the 

processes involved in cotton plant behavior under adverse conditions in 

order to improve yield. Additional knowledge about fruiting form 

behavior under stress conditions is necessary in order to develop new cul

tural practices, create new varieties better adapted to the environment 

and to increase cotton yield per area without decreasing fiber quality. 
« 

• Knowledge of the effects of shade stress on cotton fruiting form 

sensitivity at different periods during the flowering cycle is needed 

to more clearly understand some of the physiological relationships of 

carbohydrate levels and fruiting. 

The objectives of this study were: (1) to determine the effects' 

of shading on fruiting and boll set during different periods of the 

flowering cycle of irrigated cotton, and (2) to determine the nonstruc

tural carbohydrate levels in stems and young bolls after a shade stress 

period and their relationships with fruiting. 



CHAPTER 2 

LITERATURE REVIEW 

Plant breeders and physiologists have studied the problem of 

shedding of cotton fruiting forms for years.- Cotton is known to normally 

shed some young fruiting forms, but when the shedding rate is too high, 

yield is often reduced. Several factors are involved in the phenomena 

and the literature on the subject is vast starting before 1900. Atkinson 

(1896) working in Alabama reported that shedding was caused by diseases -

and physiological problems. There are a number of papers classifying and 

describing the problem and presenting ideas toward a solution. 

Factors involved in shedding can be grouped into two large cate

gories: (1) external or environmental, and (2) internal or genetic. 

Stress may be produced by insect attack, diseases, too high or too low 

temperatures,high or low relative humidity, variations in carbon dioxide 

concentration, water excess or deficit, nutrient imbalance, level of 

hormone in the plant, shade, and interactions of some of the above. 

Mason (1922) pointed out that nutrition is the main factor involved in -

shedding. Later, Wadleigh (1944), Eaton and Ergle (1953), Cams (1966), 

Bhardwaj (1968), Bhardwaj and Abrol (1968), presented the hormonal theory. 

They tried to explain that hormones were governing shedding. The nutri

tional and hormonal theories together give a better explanation of the 

phenomena. Shade is an important factor because it decreases the amount 

of photosynthate, consequently, reducing the energy necessary for growth 

3 
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and reproduction. Under shade stress carbohydrate content decreases and 

abscission of fruiting forms increases. Depending on the degree of shad

ing, cotton plants can shed more than 90% or even all squares and bolls. 

Effect of Shade Stress on Stem and Leaf Metabolism 

In general, shading of even well developed and healthy plants 

reduces the production of dry matter and reproductive structures. Monsi 

(1960), studied the relationship of dry matter production to photosyn-

thetic and non-photosynthetic systems. The photosynthetic system is 

primarily composed of leaves and the nonphotosynthetic system is repre

sented by roots, stems, and reproductive organs. The photosynthetic sys

tem is responsible directly for growth whereas the non-photosynthetic 

system contributes to plant growth in different ways such as: supporting 

the photosynthetic system, translocation and storage of photosynthetic 

products and growth substance, absorption of water and nutrients, and 

mechanical support. The nonphotosynthetic system is essentially a con

sumer of photosynthate. 

Shade stress, even for a short time, can upset the metabolism of 

the plant. Stansell et al. (1973) working with cotton under field condi

tions determined that during passage of a small cloud, net radiation 

decreased from over 1 langley min"^ to 1/4 that value in 6 minutes, leaf 

water potential increased from less than -15 bars to about -10 bars in 

20 minutes and stem diameter increased by over 0.03 mm in 18 minutes. 

A brief Increase in net radiation from 0.5 to 1.0 langley min"^ was fol

lowed by a decrease in water potential from -10 to -18 bars in only 6 

minutes. Solar radiation intensity has to be carefully considered if 
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one is comparing growth or production in plant population because 

decreased solar radiation, even for a short time, can produce changes 

in plant metabolism that reduce or even stop growth processes. Leffler 

(1976), likewise working with cotton plants under field conditions, 

reported that plants under low solar radiation, 199 langley per day 

average, resulted in no fruiting growth, while plants under 400 to 450 
« 

langley per day had an increase of 0.113 g of fruit dry weight (DW) per 

day. 

Dunlap (1943), reported that 2 days of cloudy weather was enough 

to induce shedding of cotton fruiting forms and concluded that the accel

erated rates of shedding following shading were probably associated with 

decreased photosynthetic activity and low carbohydrate nutrition. Good

man (1955) reported that for some cotton cultivars there was a lag of 

2 to 4 days between a cloud event and the associated shedding. 

In soybeans [Glycine max (L.) Merr.] exposed to different light 

intensity levels, Beuerlein and Pendleton (1971), found that rates of 

apparent photosynthesis at high irradiance levels (15,000 ft-c) were 

almost three times higher than values at low irradiance (2,000 ft-c) 

levels. Johnston et al. (1969) found the rate of apparent photosyn

thesis of naturally shaded bottom and middle soybean leaves to be 13 

and 60% of top leaves. Rates of photosynthesis in bottom and middle 

leaves in full sunlight increased by 258 and 50% respectively. They 

concluded that the reduced rates of the lower leaves at the base of the 

plant under natural conditions could be due to self shading and overall 

degradation of the metabolic system as the leaves grew old. 
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Pearce and Lee (1969), found that when alfalfa (Medicago 

sativa L.) was grown under 3,000 to 4,000 ft-c light intensity, that 

specific leaf weight and net photosynthesis were 38 and 80% greater, 

respectively, than when grown under 1,200 ft-c light. Shading alters 

the organelles and the chemical components of leaves. For example, 

Crookston et al. (1975) working with beans (Phaseolus vulgaris L.) 
« 

found that leaves under shade had chloroplasts with few small starch 

grains and high grana content, whereas, leaves grown under normal 

light conditions had chloroplasts filled with large starch grains, 

but few grana. They found that under shade the leaf enzymes involved in 

photosynthesis were reduced approximately 70% indicating a lower overall 

plant metabolism. They also found a difference in leaf thickness and 
2 area. Leaf area was decreased 49% and stomata/mm reduced 36% under 

shade treatment. 

Dunlap (1945) reported on a series of experiments testing the 

effect of shade on cotton composition. He found out that shaded leaves 

had 1.7% carbohydrate content (CHO), whereas, leaves under full sunlight 

had 6.6% CHO. The study also showed that upper leaves had higher CHO 

levels than middle leaves and various cultivars reacted differently to 

shading. 

Other studies have also shown a relation between shading and 

CHO levels. Hiroi and Monsi (1964) found that lower leaves of sunflower 

(Helianthus annus L.) had less CHO when shaded. Also they concluded that 

as shading increased the lower leaves died faster. Guinn (1972b) and 
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independently Brown (1973b) found significantly less sugars in lower 

leaves of closely spaced cotton plants. Brown stated that lower leaves 

were severely shaded and that shedding of fruiting forms was probably 

due to an insufficient supply of assimilates. 

The amount of carbohydrate in the stem likewise varies with the 

age of plants, population, irradiance, etc. According to Dunlap (1945) 
# 

total available carbohydrates in stem bark was reduced about 70% when 

plants were shaded. Eaton and Ergle (1953), working with cotton plants 

under field conditions at Shafter, California, found an increase in 

carbohydrate levels in stems from 12 July to 30 July and a slight de

crease by 12 August. Ibrahim (1974) working with three cotton leaf types, 

normal, okra, and superokra, found no difference in stem CHO levels 

between leaf types, but found an increase in percent of total nonstruc- . 

tural carbohydrate (TNC) as the plants grew older, from 10 July to 31 

July. This increase in carbohydrate accumulation with increase in age 

of the plant may be associated with growth increment in the photosyn-

thetic system. Saleem and Buxton (1976) found that as plant population 
2 increased from 7.4 to 22.2 plants/m , the CHO concentration in stems 

decreased significantly. They concluded that the low CHO levels in 

high plant population were the result of low photosynthesis due to 

mutual shading of leaves. In addition, they reported that the top part 

of the stem is richer in total available carbohydrates (TAC) than the 

middle and the lower part had higher amounts of TAC than the middle but 

less than the top. 
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Effect of Shade on Growth 
Substances and Enzyme Activity 

A complex interaction of various growth regulators appears to 

be involved in regulation of boll shedding. Eaton and Ergle (1953) 

suggested that control of boll shedding lies in the balance between the 

content of auxin produced by leaves and anti-auxins made by developing 

bolls. However,*they provided little evidence to substantiate their 

hypothesis. More recently, Bhardwaj and Dua (1972) observed that culti-

vars with high percentage of shedding had lower amounts of auxin and 

gibberellins in the seed and higher content of abscisins in the peri

carp. In low shedding cultivars the amount and distribution of cytokin

es in seed and pericarp were more or less equal. They reported that 

abscisin and gibberellins produced in the seed and abscisin in the peri

carp are transported to and interact at the abscission zone located at 

the base of the pedicel. When auxin and gibberellins are available in 

quantities sufficient to reduce or neutralize the effect of abscisins, 

then no abscission would take place and bolls would be retained. Similar 

results were found by Cognee (1975) when determining boll content of 

gibberellic acid (GA), indoleacetic acid (IAA), and abscissic acid (ABA), 

during natural and artificially induced abscission. Ethylene also is 

involved in the abscission process as pointed out by Lipe and Morgan 

(1972), Morgan and Durham (1972)i Morgan, Jordan, and Davenport (1973), 

and Guinn (1976), to mention a few. Guinn (1976) also observed that as 

sugar content in the bolls decreased the rate of ethylene evolution 

increased. He found that nutritional stress increased the amount of 

ethylene in young bolls, increasing boll shedding. Sandstedt (1971) 
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determined that the peak cytokinin activity occurred from the 4th to the 

9th day (period of high potential boll shedding) and then declined to 

little or none by the 18th day after anthesis. 

There is good evidence that enzyme activity in plants is dis

turbed by stress conditions. Bhatt (1970), studying the changes in 

carbohydrate content during boll set in plants with boll-drying problems, 
• 

found that starch in large quantities was present in leaves and stems 

during boll formation and even after maturation, but was not efficiently 

utilized because of low activity of starch-hydrolysing enzymes. Lemaeva 

(1971) working with cotton under different light intensities concluded 

that there was a direct relationship between enzyme activity, synthesis 

of assimilates and their translocation. Imamaliev and Pak (1972), 

reported that RNAase activity increased in cotton ovaries which were shed 

and decreased in the persistent ones up to 10 days after flowering. 

Roland (1974) found that cotton plants grown under low light intensity 

fruited more slowly and with less efficiency than plants under normal 

light. Similar data were reported by Imamaliev, Zikiryaev, and Sultan-

ova (1976). They Observed that the respiration intensity in young ovar-
\ 

ies was high and decreased with age, and respiration in shedding fruits 

increased initially and thereafter sharply declined. Also they pointed 

out that the activities of malate and succinate dehydrogenases were low 

in the shedding organs and high in the growing ones. 

Effect of Shade Stress on Nutrient Uptake 

Eaton and Rigler (1945) grew cotton using four nitrogen levels 

under muslin shade and found that high and low nitrate levels reduced 
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plant size, but at similar nitrate levels the dry weight of stem and 

leaves was almost the same under either high or low light intensity. 

Plants grown under high light intensity had almost 60% more sugars and 

starch and about 40% higher fruiting than those under low light treat

ments. 

In another experiment, Eaton and Ergle (1953) using a wide range 
< 

of fertilization treatments, found that when the right proportion and 

amounts of nitrogen (N), phosphorus (P), and potassium (K) were used, 

the percentage of shedding was almost the same. They found that the 

highest yield resulted under the nutritional condition that produced 

the largest plants. 

Mukhamedzhanov and Suleimanov (1975) found that high rates of 

mineral fertilizers applied to widely spaced cotton plants, as compared 

with closely spaced ones, stimulated the carbohydrate nutrition of the 

ovaries and thus increased yield of seed cotton. Lemaeva and Yurchenko 

(1974), observed that shading increased total P content as well as the 

organic P to mineral P ratio in leaves and decreased them in roots. Con

tent of P fractions was changed in all organs of the plant. Ashour, 

Barakat, and Nour (1975) found similar results and reported that under 

shade conditions P uptake by roots was increased. The authors reported 

that by increasing adenosine triphosphate (ATP) under different light 
32 treatments, the P accumulated in the stem, was moved further out into 

the leaves. 

Gossett (1974), studied the influence of interactions between 

three light intensities and substrate calcium (CaO level) on growth, 

Ca accumulation, transpiration, starch accumulation, and translocation 
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in the cotton cv. 'Deltapine 16'. He concluded that low light intensity 

decreased Ca accumulation in leaves. 

Effect of Management and Natural 
Shedding of Cotton Fruiting Forms 

Cotton naturally sheds some fruiting forms which is normal for 

each cultivar. The environment and the genetic make-up are important 
« 

factors controlling the rate of shedding in cotton. In this discussion 

the term fruiting forms will be used to represent squares, flowers, and 

young bolls, with shedding referring to abscission of fruiting forms. 

Lloyd (1920, pp. 14-15) presented a description of abscission 

of fruiting forms. 

The abscission layer across the flower-stalk of cotton 
is very simple. No elaborate cork tissue is formed. 
A plate of cells only one cell thick, stretching across 
the stalk in a definite position, which is marked by a 
faint external groove, starts to divide from the periph
ery inwards, each cell divides once, the two daughter 
cells separate instead of remaining united, and the con
tinuity of the tissues is thus interrupted very quickly. 
The sole connection left is the vascular tissue of the 
wood, which readily breaks, and the dead flower drops 
to the ground. 

Lloyd also found that cultivars behave differently in regard to shed

ding when under the same environmental conditions. 

Kearney and Peebles (1926) reported that Pima cotton (Goss.ypium 

barbadense L.) shed less than 3058 under conditions where Upland culti

vars (Gossypium hirsutum L.) usually shed more than 70% of their bolls, 

and concluded that shedding is in part, controlled by genetic factors. 

Dunlap (1945) pointed out that a 20 to 50% shedding rate of 

fruiting forms was normal during the flowering season. Johnson and 

Addicott (1967) showed that in Upland cotton 60 to 70% of the flowers 
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shed naturally after anthesis. Bhatt, Ramanujam, and Seshadrinathan 

(1972), studying the loss of floral forms in four Upland cultivars and 

four cultivars of GL barbadense L. found significant differences among 

cultivars. They concluded that the shift toward accelerated physiologi

cal shedding caused by environmental conditions is a characteristic of 

certain cultivars. Kerby (1975) working with three different leaf types « 
(normal, okra, and superokra) observed that more fruiting forms are shed 

by high plant populations of okra-leaf types than low plant population 

of normal-leaf types. He also found 25% more shed in 1973 than in 1974, 

under high population, and concluded that the final number of bolls 

matured was not greatly affected by leaf type or plant population. 

Weather is an important factor controlling or stimulating shed

ding of cotton fruits. Mason (1922) working in the West Indies, Dunlap 

(1945) in Texas, and Goodman (1955) in Sudan, pointed out that periods 

of cloudy weather are, in general, directly related with rates of shed

ding in cotton. Goodman, however, observed that for some cultivars 

prolonged periods of cloudy weather were not associated with sustained 

heavy shedding. He concluded that the inability of some cultivars to 

respond to cloud events may be evidence for the usually postulated mech

anism of temporary carbohydrate shortage within the plant as the main 

cause of shedding after periods of cloudy days. 

Other factors such as temperature, relative humidity, drought, 

high plant population, etc., also are involved in the phenomenon. The 

shedding of immature cotton bolls has long been recognized as an obstacle 

to maximum yield, as indicated by Dunlap (1944). 
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Studying factors that affect net photosynthesis in cotton, Baker 

(1965) reported that the supply of C02 at the chloroplast limited photo

synthesis, and the degree of limitation depended on light intensity. 

Plant density and orientation of rows in the field was studied by Baker 

and Meyer (1966), Bilbro (1968), Brown (1971), and Ibrahim (1974). They 

all found that under high plant population the amount of shedding in-
t 

creased and the number of bolls per plant decreased. Ibrahim (1974) 

reported a decrease in TNC at high plant population. Guinn (1972a) 

reported that poor fruiting of close-spaced plants is due to self shad

ing which decreases photosynthesis, and thus decreases sugars and other 

substances necessary for fruiting. In his experiment, supplemental light

ing improved yield. Guinn (1973) pointed out that low light intensity 

caused nutritional stress which may increase shedding. Wanjura and Bilbro 

(1977) studying the effect of emergence time and spacing in cotton plants, 

reported that the number of squares and bolls were reduced under high 

plant densities. 

Translocation of carbohydrate is affected by shade. Brown (1973a) 

pointed out that when the lower leaves of cotton were shaded the propor

tion of assimilate translocated from upper leaves to lower bolls increased 

almost 50%. Baker (1976) studying the effect of row patterns and popula

tions in cotton, concluded that self-shading under high population and 

cloudy weather created conditions conducive to early bloom shed, with 

75 to 80% shed during the first 2 weeks of the flowering season. Shed

ding at this time results not only in loss of earliness but also in 

quality since fiber produced by early fruiting forms is more uniform and 

of better quality than that produced later in the season. The effect of 
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narrow row treatment in Baker's experiment not only increased shedding, 

but also significantly decreased boll size. Data from Saleem and Buxton 

(1976), also working with narrow row cotton suggested that not only a 

decrease in photosynthesis in the lower part of the canopy is involved 

in the shedding phenomenon but also translocation of assimilates. They 

found that the total available carbohydrate level in the middle position 
# 

of the stem, where 48% of the bolls were located, was only 5055 of that 

in the upper or lower portions. Finally, they suggested that plant 

breeders should consider changes in canopy structure to allow high photo

synthesis in the lower part of the canopy and/or create more efficient 

cultivars in translocation of assimilates from the top of the plant to 

the heavy load section of bolls. 

Effect of Artificial Shade on 
Cotton Fruiting Forms and YieTd 

The primary experimental procedure to study artificial shading 

in cotton has been to cover the plants for a period of 2 to 6 days during 

the flowering season, however, in some experiments plants have been 

shaded for longer periods even throughout the entire season. Workers 

have used different materials to produce shade, such as, wood or aluminum 

strips, one or more layers of muslin cloth, canvas, etc., and more recent

ly Saran cloth. Gaskin (1965), tested the quality of light under Saran 

shade cloth, using a color temperature meter. He found that shade pro

duced by Saran cloth was comparable in light quality to shade produced 

by trees if shading is not excessive. However, if the cloth transmits 

less than 25% of the available light, the light quality is not the same 
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as shade of equal intensity under trees. He concluded that this was due 

to selective absorption of blue light by leaves which does not occur with 

Saran. McKee (1963) showed that light intensity on a cloudy day is 

richer in blue and green wavelengths than on a clear day. Comparing 

degree temperatures for different plants, he concluded that the decrease 

in color temperature under a canopy of herbaceous plants was largely due 
« 

to absorption of the blue wavelengths by chlorophyll and carotenoid pig

ments . 

Growing cotton, lettuce (Lactuca sativa L.), mustard (Brassica 

spp.), and radish (Raphanus sativus L.) in Louisiana, under different 

light treatments, Shantz (1913) found that dry weight and plant height 

of cotton plants showed more tolerance to shade than any of the other 

plants tested. Konstantinov (1940) studying different Gossypium species 

at different light intensities, concluded that the species are not equal

ly sensitive to light intensities, due to adaptation and evolution under 

different environmental conditions. 

Dunlap (1943) reduced light intensity in cotton from 12,000 ft-c 

to 300 to 1,000 ft-c. Plants under the lower light intensity had a 75% 

reduction in number of mature bolls produced. These data suggested that 

reduction in photosynthate was the main cause of the high percentage of 

shedding. In another experiment, Dunlap (1945), covered cotton plants 

for 2, 4, or 6 days, and found that dry weight and the number of bolls 

set decreased under all shade treatments. There was a definite grada

tion of effects from the check plants through the different shade treat

ments. 
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Studying the effect of light and nitrogen on fruiting and carbo

hydrate utilization by cotton plants, Eaton and Rigler (1945) observed 

that with several nitrate levels, fresh weight of stems and leaves under 

low-light treatments were almost the same as the corresponding weights 

in high light, but the high-light treatment produced more bolls. They 

concluded that fruiting activity had greater dominance over vegetative 
« 

growth under high than under low-light intensity. Sugar and starch 

content in the leaves and root bark of plants under high light was 2.7 

times as high as under low-light treatments. 

Huxley (1964) worked with cotton plants 11 to 46 days old, under 

five levels of shade: 27, 38, 54, 79, and 100% or full daylight. Shade 

was provided using 1/4 inch aluminum strips, at appropriate spacings, on 

wooden frames. He found that net assimilation rate was 220% higher in 

plants growing under 100% light, compared with plants under 27% light. 

Leaf area showed no significant difference, but dry weight was greater 

for plants in full sunlight, and yield of seed cotton was not dependent 

only upon vegetative growth. Huxley (1964) suggested that yield ulti

mately depends upon a complex interplay of limiting factors operating 

throughout the life of the crop, on mechanisms of growth and development. 

Lemaeva, Khallyeva, and Yurchenko (1972) observed that under shade 

treatment at different growth stages, roots, above ground parts, LAI, 

photosynthetic productivity, and seed cotton yields were reduced. Like

wise they concluded that the effects of shade were more visible when 

plants were stressed at the flowering and boll-formation stages. 



Sorour and Abdel Rassoul (1974) used 50% shade for 3 weeks at 

different stages of cotton plant growth, from 45 to 150 days old. When 

shading was used at the beginning of flowering, flower production was 

decreased and a shedding rate of 100% was observed. When a shade treat 

ment started 6 weeks before flowering a decrease of 33% in the number 

of flowers and 50% in the number of bolls was noted. The yield of seed 

cotton per plant was reduced by 55% and earliness decreased by 77%. 



CHAPTER 3 

MATERIALS AND METHODS 

Location and Experimental Procedure 

The experimental field work was done at The University of Arizona 

Farms in Tucson, Arizona. The experiments were conducted in 1975 at the 

Campbell Avenue Farm (CAF) and 1976 at two locations: Casa Grande Over

pass Farm (CGOF) and CAF. Cotton, Goss.ypium hirsutum L. cv. 'Deltapine 

61' was grown under irrigation during both growing seasons. Planting 

date in 1975 was 25 April, and in 1976, 22 April at the CGF and 3 May 

at the CAF. The rows were 102 cm apart and the stand was thinned at 

the beginning of June to approximately 100,000 plants/ha. The experi

mental areas were treated with the pre-emergence herbicides Treflan 

(a,<i,a,-trif 1 uoro-2, 6-dinitro-N>,N.-dipropyl-£-to!uidine) and Caparol 

[2,4-bis (isopropylamino)-6-(methylthio)-s-triazine] applied at the rate 

of 0.5 and 1.3 kg. active ingredient/ha respectively in both years. 

Some additional hand-weeding was done in both years to eliminate weeds 

not controlled by the herbicides. All other cultural practices were the 

same as those used for conventional irrigated cotton on these farms. 

According to the Comprehensive Soil Classification, the soil in 

both locations, is a coarse-loamy member of the Gila Series, a typical 

torifluvent alluvial. 

18 
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About 45 days after emergence plots were selected and marked 

with stakes, each plot was 3.20 m long and three rows wide. The central 

row was used for tagging flowers and carbohydrate analysis of stems and 

bolls. The adjacent rows and 0.6 m of the end of each test row was used 

as a buffer. 

The shade and nonshade treatments were arranged in a randomized 

complete block design with five replications in 1975 and seven sampling 

dates, and in 1976, four replications and five sampling dates, as pre

sented in Table 1. 

Plants were grown under full sunlight and under approximately 

50% shade provided by green Saran shade cloth as a screen. Gaskin 

(1965), found that shade produced by Saran shade cloth is comparable in 

light quality to shade of trees when the shade is less than 75% of the 

available light intensity. The shade cloth in these experiments was 
2 extended on a wooden frame 3.20 m x 1.50 m = 4.80 m covering 3 cotton 

rows. The screen height was adjustable to the height of the plants 

keeping the screen 15 to 20 cm. above the top of the plants. The shade 

treatments were applied as presented in Table 1. 

Temperatures were recorded under shade and nonshade in one rep

lication for each treatment period in 1975 with hygrothermographs 

located within the plant canopy. External temperatures were recorded 

at the CAF weather station located about 100 m from the experimental 

site. Average maximum and minimum temperatures are shown in Table 2. 
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Table 1. Shade Treatments and Sampling Dates in 1975 and 1976. 

Treatment Shaded Sampled No. of Days 

Campbell Avenue Farm 

1 7/18/1975 7/21/1975 3 

2 7/31/1975 8/4/1975 4 

3 8/6/1975 8/11/1975 5 

4 8/11/1975 8/18/1975 7 

5 8/19/1975 8/22/1975 3 

6 8/24/1975 8/28/1975 4 

7 8/31/1975 9/5/1975 5 

Casa Grande Overpass Farm 

1 7/24/1976 7/30/1976 6 

2 7/30/1976 8/5/1976 6 

3 8/6/1976 8/12/1976 6 

Campbell Avenue Farm 

1 8/14/1976 8/20/1976 6 

2 8/20/1976 8/26/1976 6 
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Table 2. Average of Maximum and Minimum Temperatures (C) under 
Shade and Nonshade Treatments and the CAF Weather 
Station, 1975. 

Treatments 

Treatment Shade Nonshade CAF Weather Station 
Period Max. Min. Max. Min. Max. Min. 

7/18 - 7/21 31.7 
« 

21.6 34.4 21.8 36.4 26.0 

7/31 - 8/4 29.2 17.8 30.2 17.7 40.8 20.1 

8/6 - 8/11 29.3 19.8 30.4 18.9 39.6 22.9 

8/11 - 8/18 26.4 17.1 28.2 15.4 37.4 20.2 

8/19 - 8/22 26.4 18.3 28.6 17.1 36.7 21.1 

8/24 - 8/28 30.0 17.4 33.0 16.7 38.2 21.0 

8/31 - 9/5 35.8 20.8 33.8 19.7 * -



Tagging Methods 

Flower tagging was done using the Bailey and Trought (1927) 

method slightly modified by Kerby (1975). Plastic tags marked with the 

date of anthesis were attached to the sympodial branches below the 

flower pedicel. 

Flowers at anthesis were tagged daily before, during, and after « 

the shade treatment of each plot, during 1975 and 1976. The unshaded 

controls were tagged following the same procedure. Ten plants were 

tagged per plot in each replication in 1975 and 1976. Five plants were 

used for carbohydrate analysis and five for shedding and boll set infor

mation. 

Photosynthetic Irradiance Measurements 

Photosynthetic irradiance, (PI = irradiance energy between 400 

and 700 nm) was measured, under shade and unshaded treatments, using a 

meter and sensors similar to those used by Biggs et al. (1971). Five 

measurements were made in most plots in 1976 on 28 July, 1130 to 1200 

hours, 3 August, 1320 to 1350 hours, and 20 August, 1300 to 1330 hours. 

The 28 July and 3 August measurements were at the CGOF and the 20 August 

one at the CAF. All measurements were made on clear days. The readings 

from the two sensors, one at the top of the canopy and the other near 

the soil surface gave the percentage of PI that reaches the soil surface. 

Sample Harvest and Preparation 

At the end of each shade period, five plants per plot were cut 

at the soil surface, and the plant height was measured. The main stem 



section used for carbohydrate analysis included four internodes on the 

top of the plant, starting at the first fully expanded leaf basipetaly. 

Leaves and branches were removed and the main stem section was placed 

in a plastic bag and immediately placed in dry ice in the field and 

later stored in a freezer. The stem samples were cut later into small 

pieces (± 0.5 cm.), placed in a perforated vial and lyophilized using 

a Lab-Line Universal Bench Model Freeze Dryer. 

Tagged flowers and bolls were removed and grouped by each day 

and placed in bags for dry weight and carbohydrate determination. They 

were immediately placed in dry ice in the field and then dried in an 

oven with forced air at 65 C until they maintained a constant weight. 

The dried bolls were weighed separately for each day and then combined 

to make a sample of sufficient size for carbohydrate analysis. They 

were combined in five age groups: Group 1 (flowers at anthesis and 1 

day old bolls); Group 2 (2 and.3 day old bolls); Group 3 (4 and 5 day 

old bolls); Group 4 (6 and 7 day old bolls) and Group 5 (8 and 9 day old 

bolls). 

Dried stem and boll samples were ground through a 60-mesh screen 

using a Wiley mill and stored in capped glass vials at room temperature 

until chemically analyzed. 

Total Nonstructural Carbohydrate 
(TNC) Analyses in Stems and Bolls 

The number of techniques available for carbohydrate determina

tion in plants is vast, Heinze and Murneek (1940), Weinmann (1947), 

Pucher, Leavenworth, and Vickery (1948), McCready et al. (1950), Yemm 



and Willis (1954), Smith, Paulsen, and Raguse (1964), Burn's, Brown,- and 

Blaser (1967,. Greub and Weden (1969), and Smith (1969), to mention a few. 

In general, analyses by any Of these techniques is tedious. 

The method used to extract and determine total nonstructural 

carbohydrate (TNC) in stems and bolls in this study was developed by 

Silveira and Teles (see Appendix A). The finely ground samples were « 
dried overnight at 70 to 75 C. Then a 100 mg aliquot was weighted after 

cooled to room temperature and placed in a culture tube. Two ml of 

0.02 M acetate buffer solution (pH 4.9) were added and the tube was 
2 loosely capped and autoclaved for 20 minutes at 1.05 kg/cm to eliminate 

microorganisms and also to inactivate enzymes. The tube was then cooled 

to room temperature by immersing it in tap water. Exactly 4.0 ml of 

enzyme solution [0.3% Mylase 100 (Alpha Amylase derived from Aspergillus 

orvzae) from Wallerstein Company, 6301 Lincoln Avenue, Morton Grove, 

Illinois, 60053] was added. The tube was capped and incubated for 20 

hours, at 40 C in a shaking water bath. The tube was removed from the 

incubator and 4.0 ml of distilled water was added. Then the tube was 

shaken vigorously about 20 times to improve the extraction of .reducing 

sugars and centrifuged for 5 minutes at 2,500 rpm. After being centri-

fuged, the tube was left in a rack for at least 10 minutes. A one ml 

aliquot was transferred to a Folin blood sugar tube and 2.5 ml of Teles 

reagent was added and the tube closed tightly with a rubber stopper. 

The bottom of the Folin tube was immersed in a boiling water bath for 

6 minutes, to develop the color, then cooled and distilled water was 

added to bring the total volume to 25 ml. 
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Prepare stock solutions for Teles reagent in distilled water 

as follows: Solution A: 1% (w/v) Phenol; Solution B: 5% (w/v) Sodium 

hydroxide; Solution C: 1% (w/v) Picric acid; and Solution D: 1% (w/v) 

Sodium bisulfite (analytical grade). Add in the following order, mixing 

between additions: one volume of Solution A, two volumes of Solution B, 

two volumes of Solution C, and one volume of Solution D. The working 
« 

solution was prepared every other day. The percent transmittance was 

read using a colorimeter (Spectronic 20) at 520 nm and a 10 mm flow-

through cuvette. A standard curve using glucose was determined from 

5 to 25 mg/ml using the same conditions described for the samples. 

Stem and boll samples were analyzed with the same technique. 

The percent transmittance (T) values were transformed into 

absorbance (abs.) by the formula below: Abs. = 2 - log T . 

The % TNC was calculated by the formula: 

c, TMr Abs. of sample x weight of glucose ,nn 
~ Abs. of glucose x weight of sample 

using the glucose standards whose absorbance was closer to that of the 

sample. 

Finally, boll potential, percent boll potential, percent boll 

set, etc., were calculated as presented below: 

1. Boll potential = total number of flowers + number shed as 
squares. 

2. i Boll potential . * 100 
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o a n-n ..a. _ number of bolls .. 
3- % Bo11 set " number of flowers x 100 

4. % Shed as square potential = """faonpotentialx 100 



CHAPTER 4 

RESULTS AND DISCUSSION 

The photosynthetic irradiance (PI) values under shade and non-

shade treatment'are presented in Table 3. The PI percent at the top 

of the canopy under shade treatment ranged from 51 to 54.5% as compared 

with the nonshaded check. At the soil surface the difference in PI 

percent under shade and nonshade was only about 30%. These data show 

that at lower canopy levels the PI, is controlled to a great extent by 

the architecture of the plant and also by the arrangement of the plants 

in the field. 

Plant Height as Influenced by Shade Stress 

Analysis of the plant height data indicated no difference 

between treatments, within a shade period for both years, Table 4. 

The shade period was apparently not long enough under the conditions 

of these experiments to Induce significant height differences as was 

found by other researchers. Shantz (1913) using different shade levels 

for 50 days found a significant increase in height of those plants under 

50% shade. Similar increases in plant height were reported by Dunlap 

(1945) who used 70 and 94% shade up to 12 days. Roland (1974), also 

working with cotton under shade stress during the growing period found 

an increase in plant height. Another consideration is related to the 

degree of shade used. One would expect a greater change in plant height 
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Table 3. Photosynthetic Irradiance (PI)(400 and 700 nm) Measurements 
at the Top of the Canopy and near the Soil Surface of Cotton 
Plants under Shade and Nonshade Treatments, 1976. 

Casa Grande Overpass Farm 

28 July, 1130 to 1200 hours W/m2 

Shade Top 271.5 

Soil Surface 38.0 

Nonshade Top 498.5 

Soil Surface 60.0 

3 August, 1320 to 1350 hours 

Shade Top 286.5 

Soil Surface 41.0 

Nonshade Top 537.5 

Soil Surface 61.0 

Campbell Avenue Farm 

20 August, 1300 to 1330 hours 

Shade Top 271.0 

Soil Surface 39.0 

Nonshade Top 

Soil Surface 

532.5 

52.0 
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Table 4. Average Cotton Plant Height Taken at the End of the Shade 
Period, 1975 and 1976. 

Shade Treatments 
Period Unshaded Shade 

1975 cm cm 

Campbell Avenue Farm 1/ 

7/31 to 8/4 ' 95.4 a* 94.4 a 

8/6 to 8/11 116.4 a 111.6 a 

8/11 to 8/18 122.2 a 117.0 a 

8/18 to 8/22 111.8 a 108.0a 

8/24 to 8/28 114.0 a 111.2 a 

8/31 to 9/5 98.0 a 99.8 a 

1976 Casa Grande Overpass Farm J/ 

7/24 to 7/30 97.8 a 97.0 a 

7/30 to 8/5 98.7a 101.5a 

8/6 to 8/12 101.6a 104.2a 

1976 Campbell Avenue Farm 1/ 

8/14 to 8/20 101.8 a 102.7 a 

8/20 to 8/26 109.8 a 109.5 a 

*Values between the columns with a similar letter are not significantly 
different at the 5% level according to"Student's t" test. 

y Average of 25 and 20 plants in 1975 and 1976 respectively. 
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with shade treatments using high reduction of irradiance. The slightly 

shorter cotton plants on the last shade period in 1975 (Table 3) were 

due to uncontrollable water and or soil differences in that part of the 

experiment. 

Total Nonstructural 
Carbohydrate (TNC) in the Stem 

The average percent of TNC in stems during 1975 apd 1976 is 

given in Table 5. The data collected in 1975 suggest that 3 days of 

shading is about as effective in reducing TNC as 4, 5, 6, or 7 days. 

Dunlap (1943) reported that even 2 days of cloudiness in his research 

was sufficient to decrease carbohydrate content in the plant and increase 

shedding of young fruiting forms. Dunlap (1945) working with cotton 

under different shade levels, found similar results. Saleem (1975) 

found significant differences in carbohydrate content of cotton stems 

from three plant populations when the data were expressed on an organ 

basis. 

Stansell et al. (1973) reported that cloudiness even for a short 

time reduced irradiance and increased cotton leaf water potential and 

stem diameter in less than 10 minutes. This could be evidence of how 

fast plants can respond to a stress condition. Decrease in TNC in the 

stem under low illumination can be associated with a decrease in the 

efficiency of the photosynthetic system. The amount of photosynthesis 

of a sunflower leaf on a cloudy day was smaller than the sum total of 

respiration during the day, as found by Hiroi and Monsi (1964), Baker 

and Hesketh (1969), found that during fruit load.the total respiratory 
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Table 5. Percentage and Ratio of TNC on a Dry Weight Basis in Cotton 
Stems, 1975 and 1976. 

Treatments 
TNC 
Ratio: 

Shade 
Peri od Unshaded Shade 

Shaded 
Unshadec 

1975 days Campbell Avenue Farm 

7/18 to 7/21 (3) 12.28 a* 8.60 b 0.70 

7/31 to 8/4 (4) 17.50 a 14.06 b 0.80 

8/6 to 8/11 (5) 10.10 a 7.42 b 0.73 

8/11 to 8/18 (7) 11.94 a 8.38 b 0.70 

8/19 to 8/22 (3) 14.70 a 11.28 b 0.77 

8/24 to 8/28 (4) 12.30 a 8.02 b 0.65 

8/31 to 9/5 (5) 10.90 a 7.82 b 0.72 

1976 Casa Grande Overpass Farm 

7/24 to 7/30 (6) 7.17 a 5.67 b 0.79 

7/30 to 8/5 (6) 11.02 a 6.07 b 0.55 

8/6 to 8/12 (6) 8.92 a 7.00 b 0.78 

1976 Campbell Avenue Farm 

8/14 to 8/20 (6) 11.40 a 7.16 b 0.63 

8/20 to 8/26 (6) 10.97 a 7.73 b 0.70 

•Values between the columns with a similar letter are not significantly 
different at the 5% level according to "Student's t" test. 



demand in cotton become greater than available gross photosynthesis 

during cloudy days. 

Lemaeva (1971) reported that some enzymes such as ATPase, acid 

and alkali phosphatase were reduced in all organs, especially in roots 

of cotton plants under shade stress. He reported that synthesis of 

assimilates and their translocation were directly correlated with 

enzymatic activity. The effects of shading were most pronounced when 

the stress was applied during flowering and boll-formation stages accord' 

ing to Lemaeva, Khallyeva, and Yurchenko (1972), and Bowes, Ogren, and 

Hageman (1972). Lemaeva et al. (1972) also reported that uptake of 

nutrients and water by roots decreased under shade stress. Eaton and 

Joham (1944) said that low TNC content during heavy fruiting load was 

the main reason for decline in mineral uptake by roots. Gossett (1974), 

and Ashour, Barakat, and Nour (1975), also showed that mineral and water 

uptake were reduced when plants were shaded. 

Shade Stress and Boll Development 

Total nonstructural carbohydrate (TNC) percentages of cotton 

bolls of different ages from shaded and unshaded plants at the CGOF 

and the CAF, during 1976 are shown in Tables 6 and 7, respectively. 

Total nonstructural carbohydrate (TNC) percentages of bolls were not 

determined for the 1975 harvests because most of the samples were lost 

due to accidental overheating which carmelyzed the samples. 

Data from the CGOF (Table 6) indicated that shading tended to 

lower TNC percentages but the differences were significant only in one 



Table 6. Effect of Shade Stress on the Percentage of TNC in Cotton 
Bolls at Different Ages at the CGOF, 1976. 

Shade Periods 
Boll 

Treatment Age 24-30 July 31 July - 5 Aug 6-12 Aug 

Days 

Shade 0-1 9.85 a* 10.37 a 8.37 a « 
Nonshade 0-1 12.07 a 11.72 a 9.52 a 

Shade 2-3 7.88 a 11.45 a 8.55 a 

Nonshade 2-3 10.63 a 10.98 a 9.27 a 

Shade 4-5 7.95 a 12.25 b 8.85 a 

Nonshade 4-5 12.75 a 17.32 a 11.12 a 

Shade 6-7 10.62 a 10.12 a 16.10 a 

Nonshade 6-7 12.30 a 11.50 a 17.82 a 

Shade 8-9 7.88 a 13.50 a 21.70 a 

Nonshade 8-9 13.28 a 14.00 a 21.48 a 

•Values within columns comparing shade and nonshade treatments at one 
shade period with bolls of the same age with similar letters are not 
significantly different at the 5% level according to "Student's t" test. 



Table 7. Effect of Shade Stress on the Percentage of TNC in Cotton 
Bolls of Different Ages at the CAF, 1976. 

Shade Periods 
Boll 

Treatments Age 14-20 Aug 20-26 Aug 

Days 

Shade 0-1 6.90 a* 5.25 b # 
Nonshade 0-1 8.15 a 7.65 a 

Shade 2-3 7.14 a 7.52 a 

Nonshade 2-3 8.02 a 7.60 a 

Shade 4-5 8.50 b 8.82 b 

Nonshade 4-5 9.50 a 10.77 a 

Shade 6-7 15.08 a 9.37 b 

Nonshade 6-7 17.60 a 14.72 a 

Shade 8-9 22.55 a 14.32 b 

Nonshade 8-9 23.90 a 16.75 a 

•Values within columns comparing shade and nonshade treatments with 
bolls of the same age with similar letters are not significantly 
different at the 5% level according to "Student's t" test. 



case. The data obtained at CAF (Table 7) also showed that shading 

tended to reduce TNC values of bolls but again differences were not 

significant in all comparisons. 

Eaton and Ergle (1954) reported that carbohydrate percentage 

of bolls shaded for 14 days were similar to nonshaded bolls. They 

found that stem carbohydrate of plants under shade was only 69% of 
« 

nonshaded plants. Guinn (1976) analyzed 45-day-old bolls from moisture 

stressed plants and found about the same content of fructose, glucose, 

and sucrose as bolls from control plants. Brown (1973a) reported that 

during the flowering phase assimilates move towards regions of greatest 

sink activity, that is, toward the lower sympodia with most bolls. 

Cotton fruits are obviously strong sinks for carbohydrates. Shading had 

a greater effect on reduction of TNC in the stem (Table 5) than in bolls 

(Tables 6 and 7). Eaton and Ergle (1953) reported that when bolls are 

10 days old they are beyond the stage of shedding and they also start 

utilizing carbohydrates for oil synthesis in the seed and in cellulose, 

for cell elongation and secondary thickening of the walls of lint cells. 

Effect of Shade Stress on Dry Weight of Bolls 

Dry weight (DM) of the bolls of different ages at the CGOF and 

the CAF, during 1976 is presented in Tables 8 and 9. Dry weight of bolls 

was not used for the 1975 harvest because most of the samples were lost 

due to overheating which carmelyzed the samples. 

Statistical analysis of the data indicated no differences between 

DW of bolls under shade treatments as compared with the checks at the 
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Table 8. Effect of Shade Stress on the Dry Weight of Cotton Bolls 
at the CGOF, 1976. 

Treatment 
Boll 
Age 24-30 Jul.v 

Shade Periods 

31 July - 5 Auq 6-12 Auq 

days 

0-1 Shade 
days 

0-1 0.155 a* 
g/Doii 

0.160 a 0.155 a 

Nonshade 0-1 0,168 a 0.168 a 0.168 a 

Shade 2-3 0.225 a 0.200 a 0.210 a 

Nonshade 2-3 0.253 a 0.248 a 0.238 a 

Shade 4-5 0.313 a 0.328 a 0.323 b 

Nonshade 4-5 0.313 a 0.355 a 0.433 a 

Shade 6-7 0.258 a 0.323 a 0.475 a 

Nonshade 6-7 0.420 a 0.425 a 0.493 a 

Shade . 8-9 0.618 a 0.773 a 0.575 a 

Nonshade 8-9 0.725 a ' 0.658 a 0.835 a 

•Values within columns comparing shade and nonshade treatments with bolls 
of the same age with similar letters are not significantly different at 
the 5% level according to "Student's t" test. 
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Table 9. Effect of Shade Stress on the Dry Weight of Cotton Bolls 
at the CAF, 1976. 

Shade Periods 
Boll " 

Treatment Age 14-20 Aug. 20-26 Aug. 

days " g/bol 1-
Shade 0-1 0.205 b* 0.240 b 

Nonshade 0-1 0.233 a 0.275 a 

Shade 2-3 0.265 a 0.340 a 

Nonshade 2-3 0.290 a 0.340 a 

Shade 4-5 0.400 a 0.420 a 

Nonshade 4-5 0.393 a 0.470 a 

Shade 6-7 0.515 a 0.653 a 

Nonshade *6-7 0.598 a 0.718 a 

Shade 8-9 1.310 a 1.013 a 

Nonshade 8-9 1.368 a 1.255 a 

•Values within columns comparing shade and nonshade treatments with bolls 
of the same age with similar letters are not significantly different at 
the 5% level according to "Student's t" test. 



CGOF (Table 8) with one exception. Bolls 0 to 1 day old at each of the 

shade periods at the CAF (Table 9) were significantly smaller when grown 

under shade but not at the CGOF (Table 8). There is no simple explana

tions for these differences between locations for bolls of similar age 

in this study. Crookston et al. (1975), however, reported that young 

fruiting forms are more susceptible to shade stress than old ones. They 
t 

pointed out that the activity of all measured enzymes was reduced by 

70% under shade conditions. 

Effect of Shade Stress on Different 
Parameters of Cotton Fruiting Forms 

Percentage Shed as Square Potential 

Data for 1976 are presented in Table 10. There were no signifi

cant differences between treatments for any of the five shade periods. 
• 

The squares shed at the CGOF were more than twice as high as at the CAF. 

This may have been a result of a verticiIlium wilt (VerticiIlium albo-

atrum, Reinke & Berth), disease outbreak which became serious in this 

experiment. This disease which is known to affect the vascular system 

of cotton would be expected to reduce the amount of photosynthate 

available for flower and boll production as reported by Siqueira (1963) 

and Kenaga (1974). The interactions between the disease problem, photo

synthate, and translocation, possibly explain the reasons for the high 

percentage shed as square potential at the:CG0F. Plants at the CAF Were 

younger and more vigorous than at the CGOF without disease-symptoms. 
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Table 10. Percentage of Cotton Fruiting Forms Shed as Square 
Potential, 1976. 

Shade treatments 
Period Unshaded Shade 

Casa Grande Overpass Farm 

7/24 to 7/30 56.2 a* 48.3 a 

7/30 to 8/5 49.3 a 48.4 a 

8/6 to 8/11 47.2 a 49.6 a 

Campbell Avenue Farm 

8/14 to 8/20 21.3 a 18.4 a 

8/20 to 8/26 26.2 a 22.0 a 

•Values within each shade period with similar letters are not 
significantly different at the 5% level, according to "Student's 
t" test. 
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Number of Flowers 

Number of flowers as a function of shade treatments during 1975 

and 1976 are shown in Table 11. Analyses of the data indicated that 

there were no differences between the number of flowers under the differ

ent shade treatments used in these experiments. The great reduction in 

the number of flowers shown during 31 August to 5 September, 1975 in 

both treatments (Table 11), was due to field location. Plots during this 

shade period were located at the tail end of the field and limited water 

generally reduced overall plant size. Sorour and Abdel Rassoul (1974) 

reported that cotton plants under 50% shade during 21 days- lost about 

half of their fruiting forms. Baker (1976) found similar results when 

cotton was grown under high plant population and cloudy weather condi

tions. All the data reported above were obtained under a long stress 

period, however, Dunlap (1945) reported that even 2 days of shade stress 

was enough to reduce the number of fruiting forms. 

Number of Bolls 

Average number of bolls produced in 1975 and 1976 for the shade 

periods are presented in Table 12. Shading did not affect boll number 

in both 1975 and 1976 at the CAF. 

At the CGOF in 1976, the number of bolls under shade treatment 

was significantly lower than the unshaded check. This difference was 

probably influenced by the fungus infection as explained previously. 

It was observed at the CGOF that many diseased leaves abscissed pre

maturely, which reduced the photosynthetic system. This may explain 



Table 11. Number of Flowers for Five Cotton Plants 1975 and 1976. 

Treatments 
Shade 
Peri od Unshaded Shade 

1975 Campbell Avenue Farm 

8/11 to 8/18 206 a* 205 a 

8/19 to 8/22 • 210 a 196 a 

8/23 to 8/28 208 a 213 a 

8/31 to 9/5 99 a 111 a 

1976 Casa Grande Overpass Farm 

7/24 to 7/30 182 a 236 a 

7/30 to 8/5 220 a 207 a 

8/6 to 8/12 268 a 250 a 

1976 Campbell Avenue Farm 

8/14 to 8/20 319 a 338 a 

8/20 to 8/26 282 a 283 a 

•Values within each shade period with similar letters are not 
significantly different at the 5% level, according to "Student's 
t" test. 



Table 12. Average Number of Bolls per Five Cotton Plants, 
1975 and 1976. 

Treatments 
Shade 
Period Unshaded • Shade 

1975 Campbell Avenue Farm 

7/18 to 7/21 82.6 a* 72.2 a 

7/31 to 8/4 96.2 a 90.4 a 

8/6 to 8/11 106.4 a 105.4 a 

8/11 to 8/18 106.6 a 90.8 a 

8/19 to 8/22 68.6 a 73.8 a 

8/24 to 8/28 69.0 a 68.8 a 

8/31 to 9/5 29.8 a 36.4 a 

1976 Casa Grande Overpass Farm 

7/24 to 7/30 140.8 a 112.8 b 

7/31 to 8/5 133.8 a 91.3 b 

8/6 to 8/12 142.0 a 115.3 b 

1976 Campbell Avenue Farm 

8/14 to 8/20 117.5 a 119.5 a 

8/20 to 8/26 127.3 a 102.8 a 

•Values within each shade period with similar letters are not 
significantly different at the 5% level, according to "Student's 
t" test. 



the low TNC in stems (Table 5) and significant boll reduction (Table 12) 

under shade at the C60F. Millerd and Scott (1962) pointed out that most 

infectious diseases increase respiration in plants. Kenaga (1974) report

ed that as a result of infection, oxygen uptake was increased and an 

enhanced activity of respiratory enzymes was observed. He also pointed 

out that vascular disease decreases translocation of photosynthate 
# 

because the parasites can induce the formation of callus. Growth there

fore is reduced and the hormonal balance of the plant is changed. 

Dunlap (1945), using 4 day shade treatments found no difference 

in number of bolls produced per plant in both treatments, shade and non-

shade. High plant populations density showed no statistical differences 

in number of bolls when compared with low population on an area base, 

as reported by Marani, Ephrat, and Dor (1974). 

Percent Boll Potential 

Data from 1975 were not complete enough for calculation of this 

parameter and only 1976 data are presented in Table 13. Percent boll 

potential for a given shade period was significantly different only at 

the CGOF for the first two sampling dates. A possible explanation for 

these differences could be the interacting responses of fruiting 

behavior as a result of changes caused by Verticillium disease. 

Percent Boll Set 

This parameter was calculated for both years and is presented 

in Table 14. Only data from four of the shade periods was used in 1975 



Table 13. Percentage Boll Potential in Cotton, 1976. 

Shade 
Period 

7/24 to 7/30 

7/30 to 8/5 

8/6 to 8/12 

8/14 to 8/20 

8/20 to 8/26 

Treatments 

Unshaded Shade 

Casa Grande Overpass Farm 

32.8 a* 25.0 b 

31.0 a 22.7 b 

27.7 a 23.2 a 

Campbell Avenue Farm 

29.2 a 28.6 a 

33.6 a 28.2 a 

*Values within each shade period with similar letters are not 
significantly different at the 5% level, according to "Student's 
t" test. 



Table 14. Percentage of Boll Set in Cotton, 1975 and 1976. 

Treatments 
Shade 
Periods Unshaded Shade 

1975 Campbell Avenue Farm 

8/12 to 8/18 51.8 a* 45.0 a 

8/19 to 8/22 * 32.8 a 37.4 a 

8/23 to 8/28 32.7 a 32.7 a 

8/31 to 9/5 29.8 a 31.5 a 

1976 Casa Grande Overpass Farm 

7/24 to 7/30 74.6 a 50.4 b 

7/30 to 8/5 62.1 a 44.5 b 

8/6 to 8/12 52.7 a 46.9 a 

1976 Campbell Avenue Farm 

8/14 to 8/20 37.1 a 35.4 a 

8/20 to 8/26 46.2 a 36.6 a 

*Values within each shade period with similar letters are not 
significantly different at the 5% level, according to "Student's 
t" test. 
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because of improper data collection used in the early sampling dates. 

The data from 1975 and 1976 at the CAF shows no significant differences 

between treatments. At the CGOF, shaded plants for the first two shade 

periods presented a lower percentage of boll set than the unshaded 

checks. The high percentage boll set, even under the shaded treatment 

at the CGOF, is not indicative of normal cotton fruiting behavior. This 
* 

abnormal response is apparently related with the high percentage shed 

as square potential (Table 9) possibly caused by the verticiIlium disease 

which resulted in less flowers, but higher percentage boll set. 

Correlation of Stem TNC 
and Fruiting Characteristic 

Correlation coefficients for stem TNC obtained from 1976 data 

between number of bolls, percentage bolls per flower, percentage boll 

potential, and percentage squares shed, are presented in Table 15. The 

percentage boll potential at the CGOF had a significant correlation of 

.397. This positive correlation indicated that high TNC content in the 

stem was directly related with high percent boll potential. At the CAF 

in 1976 a significant correlation was found for stem TNC and percentage 

shed as squares. These results suggest that TNC of the stems even though 

sometimes significantly lower under shade stress (Table 5) could not 

be used to predict a number of cotton fruiting parameters as tested in 

these studies. The verticillium problem as previously discussed and 

the relatively small sample size may also have affected the results of 

these experiments. 



Table 15. Correlation Coefficients between Stem TNC and Fruiting 
Characteristics, 1976. 

Variations Location 

Casa Grande Overpass Farm Campbell Avenue Farm 

Number of bolls 

Percentage bolls/flower 

Percentage boll potential 

Percentage shed as square 
potential 

.340 

.272 

.397* 

-.110 

.127 

.312 

.247 

.396* 

•Significant at the 5% level. 



Correlations between Boll TNC 
and Stem TNC, Squares Shed, and Bolls Shed 

Correlations coefficients obtained from data at the CGOF and 

the CAF in 1976 between TNC content of different age bolls to stem 

TNC, total number of squares shed and total number of bolls shed are 

presented in Table 16. 

The data'presents positive correlations for boll TNC and stem 

TNC at both locations but it was not consistent for bolls of all ages. 

Bolls from Groups 3 and 4 were significantly correlated at both loca

tions. Sharma and Mathur (1969) pointed out that the increase or de

crease in number of flower buds and bolls was correlated to a 

corresponding increase or decrease in mineral nutrients and reducing 

sugar content in leaves and stems. Likewise, Guinn (1972b) found that 

closed spaced plants showed significantly lower sugar content in leaves 

and lower weight of bolls as compared with regular spaced plants. 

The squares shed correlations were not significant at both loca

tions. There were significant correlations for boll TNC and bolls shed 

at both locations but they were not consistent for bolls of all ages. 

The reasons for the negative and positive significant correlations at 

the CAF are not explainable. Possibly larger sample size and more 

replications in these studies would have given more consistent results 

which would be in closer agreement with the nutritional theory presented 

by Mason (1922) and confirmed later by Dunlap (1945), Sharma and Mathur 

(1969), Guinn (1973), Guinn (1974), and Ibrahim (1974). 



Table 16. Correlation Coefficients between Boll TNC and Stem TNC, Squares Shed, 
and Bolls Shed, 1976. 

Location 

Casa Grande Overpass Farm Campbell Avenue Farm 

Factors " . 

Group 
Boll 
Age 

Stan 
TNC 

Squares 
Shed 

Bolls 
Shed 

Stan 
TNC 

Squares 
Shed 

Bolls 
Shed 

days days r 

1. 0-1 .338 -.195 .113 .518* .188 .166 

2. 2-3 .288 -.323 .373* .278 .036 -.580* 

3. 4-5 .402* -.096 -.073 .558* -.141 -.346* 

4. 6-7 .363* .230 .193 .496* .089 .259 

5. 8-9 .293 .316 .169 .208 .095 .465* 

•Significant at the 5% level. 
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Correlations between Boll DM and 
Stem TNC, Squares Shed, and Bolls Shed 

Table 17 presents correlation coefficients between boll DW and 

stem TNC, squares shed, and bolls shed in 1976. The results of these 

correlations were like those in Table 16 where there were significant 

correlations but they were not consistent for bolls of all ages with 

any of the parameters tested. 

i 



Table 17. Correlation Coefficients between Boll DW and Stem TNC, Squares Shed, and 
Bolls Shed, 1976. 

Location 

Casa Grande Overpass Farm Campbell Avenue Farm 

Factors 

Group 
Bolls 
Age 

Stem 
TNC 

Squares 
Shed 

Bolls 
Shed 

Stem 
TNC 

Squares 
Shed 

Bolls 
Shed 

days days 

1. 0-1 .354* -.059 .001 .572* .052 -.432* 

2. 2-3 .526* .090 .252 .152 .062 -.677* 

3. 4-5 .431* -.019 .075 .181 .012 -.099 

4. 6-7 .269 .190 .139 .272 -.156 -.580* 

5. 8-9 .023 -.193 .418* .237 .364 .303 

*Significant at the 5% level. 



CHAPTER 5 

SUMMARY AND CONCLUSIONS 

This study was conducted at The University of Arizona Farms, in 

Tucson, Arizona,, during 1975 and 1976. The cotton plants were grown in 

102 cm rows at a population of approximately 100,000 plants per hectare 

with a shade and control treatment. Shade was provided by a Saran shade 

cloth allowing about 50% sunlight to penetrate. Treated plants were 

shaded for 3 to 7 days at seven different periods during the flowering 

season in 1975 at the CAF and shaded for 6 days during three periods in 

1976 at the CGOF and at two periods at the CAF. Measurements were taken 

to determine the effect of shade stress on TNC in the stems and 0-to 

grday^-old bolls and dry weight of bolls and to determine the relation

ship between TNC in the stems and bolls with cotton fruiting behavior 

at different times during the flowering season. 

Flowers at anthesis were tagged daily before, during, and after 

the shading treatment. At the end of the shading period, five plants 

were harvested and the following data were collected: (1) plant height, 

(2) number of flowers, (3) number of bolls, (4) stem TNC, (5) TNC of 

0-to 9-day-old bolls (1976 only), and (6) dry weight of bolls (1976 

only). Two weeks after sampling, five of the remaining tagged plants 

were mapped to quantitatively indicate the flowering and fruiting 

pattern. 

52 
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Plant height was not affected by the shade treatments in both 

years. Irradiance at the top of the canopy under shade averaged 275 
2 W/m for three dates which is considered to be high irradiance. Out-

o 
side the shade it was an average of 520 W/m . Minimum microclimate 

temperature was similar under the shade and nonshade treatments. Maxi

mum microclimate temperature was about 1.5 C cooler under the shade 

treatment compared with nonshade. 

Total nonstructural carbohydrate (TNC) in stems under the shade 

treatment was significantly reduced in both years even when the shade 

was applied for only 3 days. The reduction in TNC when plants were 

under shade stress averaged about 30%. 

The TNC and dry weight (DW) of the bolls followed the same 

trend as TNC in the stem but no significant differences were found with 

few exceptions. It is evident that cotton fruits are strong sinks for 

photosynthates even in the early period of fruiting development. 

Percentage shed as square potential and number of flowers were 

not significantly different between treatments in all shade periods at 

both locations. The percentage shed as square potential was higher at 

the CGOF compared to the CAF possibly as a result of Verticillium wilt. 

For all the fruiting characteristics studied no significant 

differences were found at the CAF in 1975 and 1976. The number of bolls 

were significantly different between treatments at the CGOF for all three 

shade periods. Percentage boll potential and percentage boll set were 

significantly different between treatments only for the first two shade 

periods at the CGOF. 
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There were some consistent results obtained from this study 

which are useful in understanding some of the physiological relation

ships of shading on TNC level of the cotton plant and its fruiting 

behavior. 

The TNC studies indicate that shade has a consistent effect on 

plant metabolism reducing the level of assimilates in the stems. The 

TNC level of the bolls increases with age particularly between the 4th 

and 9th days and shows a consistent trend for less TNC under shade treat

ments for bolls of all ages. 

Correlations between TNC in the stems and several fruiting 

characteristics in 1976 were not similar at both locations. This indi

cates that TNC of the stems could not be used to predict a number of 

fruiting parameters as tested in these studies. 

Positive significant correlations were obtained between boll 

TNC and stem TNC at both locations in 1976 but not for bolls of all 

ages. The squares shed correlations with boll TNC were not significant 

at both locations. The reasons for both positive and negative signifi

cant correlations between boll TNC and bolls shed were unexplainable. 

There were significant correlations between boll DW and stem 

TNC and bolls shed but they were not consistent for bolls of all ages. 

It would be interesting to study the effect of TNC level and 

growth regulators on cotton fruiting forms at different light intensities 

during the first 10 days after anthesis. The proper hormone balance dur

ing this critical period could decrease shedding of fruiting forms and 

possibly increase yield of cotton per unit area. 



APPENDIX A 

A RAPID TECHNIQUE FOR TOTAL 
NONSTRUCTURAL CARBOHYDRATE ANALYSIS 

The details of the technique used for total nonstructural 
« 

carbohydrate (TNC) analysis and some comparisons with the method of 

Smith (1969) are presented below. 

6lassware and Materials Required 

Some of the sizes of glassware are unspecified because of 

variations in sample sizes that will be analyzed. 

1. Two volumetric flasks (one for buffer and one for Na bisulfite). 

2. One graduated cylinder (for preparation of Teles' reagent). 

3. Culture tube, screw cap, 16 x 100 mm (Kimble 45066)J 

4. Blood sugar tube, Folin, graduated at 12.5 and 25 ml J 

5. Three glass beakers for dispensing buffer, enzyme, and Teles' 

reagent. 

6. Wash bottle, conventional polyethylene. 

7. S & S, No. B-2 Weighing papers, size 5 cm x 5 cm. 

8. Rubber stopper, solid, no. 1J 

9. One Transfer Pipetting System, MACRO-SET, Oxford, adjustable 

from 1 to 5 ml. with slim tips. 

1. For every set of samples four are required for standards 
and two for blanks. 
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10. Serological test tube racks, Kolmer #69518, holes 16 mm, 

or equivalent. 

11. Test tube support, holes 20 mm for Folin blood sugar tubes. 

It is assumed that'the laboratory will have normal basic 

facilities such as an autoclave, analytical balance, centri

fuge, water bath, etc. The use of a flow-through 10 mm 

cuvette for colorimeter improves precision and rapidity. 

Chemicals (Analytical Grade) 

Glacial acetic acid, phenol (loose crystals), picric acid, 

sodium acetate, sodium bisulfite, sodium hydroxide. 

Enzyme (MYLASE 100)2 

Prepare a 0.3% (w/v) enzyme solution (0.3 g enzyme in 100 ml 

distilled water) just before starting digestion. Keep the enzyme solu 

tion under constant mixing while dispensing to the culture tubes. 

Teles' Reagent 

Sol. A: 1% (w/v) Phenol 

Sol. B: 5% (w/v) Sodium hydroxide 

Sol. C: IX (w/v) Picric acid 

Sol. D: ]% (w/v) Sodium bisulfite (high quality analytical) 

2. Trademark, Wallerstrin Company, 6301 Lincoln Avenue, 
Morton Grove, Illinois, 60053, U.S.A. 



Working Reagent Solution. (To be prepared a maximum of 2 days 

before use). Add in the following order, mixing between additions: one 

volume of phenol (Sol. A), two volumes of NaOH (Sol. B), two volumes 

of picric acid (Sol. C), and one volume of fresh sodium bisulfite 

(Sol. D). Solutions A, B, and.C, prepared as stated, should be stable 

for at least a month. The bisulfite solution has a shelf life of only 
t 

2 days. Keep the working reagent solution in a well-stoppered, colored 

bottle. 

Buffer Solution: 0.2 M Acetic Acid. Transfer 12.0 ml glacial 

acetic acid to a 1,000 ml volumetric flask and dilute to volume with 

distilled water. 

0.2 M Sodium Acetate. Dissolve 16.408 g of anhydrous sodium 

acetate in 700 to 800 ml distilled water, transfer to a 1000 ml volu

metric flask and dilute to volume. 

Stock Buffer Solution. Mix three volumes of 0.2 M sodium 

acetate with two volumes of 0.2 M acetic acid. The pH should be 4.90 

(theoretically 4.92). Store in a well-stoppered, colored bottle under 

refrigeration. 

Working Buffer Solution. (0.02 M acetate buffer). To 1 volume 

of stock buffer solution add 9 volumes of distilled water and shake to 

mix. This dilution should be carried out using a pipette and a volu

metric flask. Prepare a new working buffer solution immediately before 

each analysis. 



Digestion and Extraction. Reference blanks and standards con

taining 5 to 25 mg glucose/culture tube are prepared each day analyses 

are made and these are digested and treated identically to that of the 

plant samples. Place a 100 mg sample (ground to pass a 60 mesh sieve) 

or standard glucose or blank solutions in a culture tube. Add 2 ml of 

0.02 M acetate buffer, cap the tubes loosely, and immediately autoclave 
O 

for 15 to 20 minutes at 1.05 kg/cm (15 PSI). This treatment serves to 

inactivate microorganisms and plant enzymes and it also facilitates 

future enzyme-substrate contact. Cool to room temperature by immersing 

in tap water and add exactly 4 ml of 0.3% enzyme solution. Cap tightly 

and incubate for 20 to 24 hours^ at 38 to 40 C in a slowly shaking water 

bath, or swirl gently several times during incubation if no agitator is 

available. Remove after incubation, add exactly 4 ml distilled water, 

shake the tube vigorously 25 to 30 times to extract reducing sugars and 

centrifuge for 5 minutes at 2,500 to 3,000 rpm (100 to 1,300 RCF).® 

Let tubes stand for a minimum of 5 and a maximum of 60 minutes after 

centrifugation to allow sediments to further settle. The final liquid 

volume should be 10 ml. 

3. Sample size and dilution varies according to carbohydrate 
content and colorimeter capabilities. A 100 mg sample is suitable for 
materials that contain 2 to 308 total nonstructural carbohydrate (TNC) 
when analyses are made using a 10 mm cuvette 1n a Spectronic-20, B & L 
spectrophotometer. 

4. When using a shaking water bath, the results were constant 
after 8 hours of incubation in the case of materials analyzed in this 
report. This time may vary for different plant materials. 

5. RCF (relative centrifuge force) = 1.2X10"® r n^, where 
r = radius in cm and n = rpm. 
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Colorimetry. Transfer a 1.0 ml aliquot of the supernatant 

liquid to a Folin blood sugar tube. Add 2.5 ml of Teles' reagent and 

stopper tightly with a dry rubber stopper. Immerse the bottom of the 

tube 4 to 6 cm in a violently boiling water bath for exactly 6 minutes. * 

Cool immediately in cold tap water for a minimum of 5 minutes. Up to 

this point there is no need to remove the tubes from the rack. Complete 

the volume to the 12.5 or 25 ml mark depending on the TNC content. Read 

the percent transmittance spectrophotometrically at 520 nm in a 10 mm 

cuvette (Abs = 2 - log T). Example: 25% T, ABS = 2 - log 25 = 

2 - 1.398 = 0.602. This should be done in case the colorimeter in use 

does not have a linear-log scale. The color is stable at room tempera

ture for at least 12 hours. 

Standards. Standard solutions were enzymatically treated with 

MYLASE 100 in a manner identical to that used for plant samples using 

5 to 25 mg glucose/culture tube. A standard glucose solution can be 

prepared and aliquots stored in the freezer may be used. Since the 

enzyme preparation contains invertase, sucrose may also be used but 

samples should be checked against glucose as a standard. 

Calculations. 

% TNC = absorbance of sample x weight of standard glucose 1QQ 
absorbance of glucose x weight of sample 

Comparisons of Results Using the New 
Method with the Procedure Used b.y Smith (1969) 

After the technique was refined, direct comparisons were made 

between results obtained using the author's new procedure and that of 



Smith (1969)(Table A-l). Analyses were made using 5 replicate shaded 

(even numbers) and 5 replicate nonshade (odd number^)' group of plants. 

Tissues.in each group of 5 plants were lyophilized, pooled and ground, 

and each group was analyzed 5 times. 

Table A-l. Comparison of % TNC in Cotton Stems by the Author's and 
Smith's Procedure. 

Methods 

Sample No. Author's Smi th' s 

1 11.3a* 11.2s 

2 8.2a 8.2a 

3 11.5a 12.la 

4 8.4a 8.6a 

5 11.3a 12. Oa 

6 00
 

• o
 

8.2a 

7 11.8a 12.5a 

8 8.5a 9.4a 

9 12. Oa 12.la 

10 8.6a 8.5a 

Average3 9.96a 10.37a 

•Values between columns with similar letter are not significantly 
different at the 1% level according to "Student's t" test. 
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