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ABSTRACT

Field experiments were conducted for 2 years to determine the 
effect of leaf type and plant population on rate of fruiting development 
in cotton (Gossypium hirsutum L.). Three leaf types (normal, okra, and 
superokra), characterized by reduced leaf area, were grown at densities 
ranging between 10 and 20 plants/m . Okra- and superokra-leaf types 
produced 93 and 111%, and 8 and 26% more fruiting positions but shed 180 
and 207%, and 33 and 72% more bolls than the normal-leaf type the 1st 
and 2nd years, respectively. Okra- and superokra-leaf types shed 100 
and 11Q% more squares respectively than normal-leaf type the 1st year 
while the superokra-leaf type shed 18% more squares than normal and 
okra-leaf types the 2nd year. The number of bolls retained by the 
three-leaf types was similar the 1st year, however, superokra- and okra- 
leaf types developed 15 and 10% fewer bolls respectively than normal- 
leaf type the 2nd year. Plant population did not influence the number 
of bolls developed on a ground area basis either year, okra-leaf types 
and plants from high populations produced more fruiting positions, shed 
more squares and bolls, but developed a similar number of bolls to the 
normal-leaf type and plants from low populations.



INTRODUCTION

Cotton (Gossypium hirsutum L.) is an important fiber crop in the 
United States and especially in the irrigated regions of Arizona. Re
cent shortages of petroleum products and associated price increases have 
made cotton fiber production even more important because much less 
stored energy is required to produce cotton fiber than synthetic fibers.

The increased cost for petroleum products have made pumping of 
•water for irrigation and mechanical operations more expensive. A new 
concept of growing cotton in rows closer together than conventional, in 
conjunction with high plant populations, is known as narrow-row, short- 
season cotton production. This practice in Arizona has shown potential 
because it has allowed an earlier harvest which requires fewer irriga
tions, fewer mechanical operations, minimizes late-seasbn insect damage, 
and facilitates land preparation for the following crop.

Recently, plants with okra-type leaves (okra- and superokra) 
have been shown to also be associated with earliness in cotton. Okra- 
and superokra-leaf types are characterized by deep lobing of the leaves 
and reduced leaf area per leaf. Increased earliness of the okra-leaf 
types make them desirable for the narrow-row, short-season cotton pro
duction concept. In addition, during high rainfall and high humidity, 
okra-leaf types have had reduced losses from boll rot.

Cotton plants with okra-leaf types produce more flowers and have 
a higher floral abortion rate. Energy that is utilized in the produc
tion of young aborted fruiting forms represent wasted carbohydrates.



Hesketh, Baker, and Duncan (1971) indicated that substantial carbohy
drates are invested in squares (undeveloped flowers) by the time anthe- 
sis occurs.

The objectives of this study were to study cotton plants with 
three different leaf types (normal, okra, and superokra) grown under 
narrow-row field conditions at two plant populations to characterize 
differences in rate of fruiting position development, degree of square 
and boll shedding, and boll retention.



LITERATURE REVIEW

It naturally follows that for seed and lint to be harvested from 
cotton plants, bolls must be produced. If bolls and squares are shed, 
or if few fruiting positions are developed, capacity for lint production 
is reduced. Environmental factors (humidity, temperature, photoperiod, 
GOg concentration, and precipitation), cultural practices (fertility, 
irrigation, and plant spacing), and plant characters (boll load,, leaf 
area, cultivar, and photosynthetic capacity) all affect flowering.capac
ity, shedding rates, and ultimate yield obtained.

Effect of Environmental and Cultural 
Practices on Fruitfulness

In this discussion fruitfulness is defined as the production of 
fruiting forms (squares) and will also be referred to as fruiting rate 
or fruiting capacity. Some workers have considered only those fruiting 
forms that reach anthesis. To distinguish fruiting forms reaching an- 
thesis, flowering rate or.flowering capacity will be used in place of 
fruiting rate or fruiting capacity.

Periods of low solar radiation such as cloudiness result in re
duced fruiting capacity and increased vegetative growth (Dunlap 1945). 
High humidity has been associated with reduced fruiting capacity; how
ever, high humidity generally occurs in conjunction with cloudy weather, 
which reduces irradiation, and under field conditions it may be diffi
cult to determine which parameter actually has the greater effect.
Guinn (1972c) grew cotton plants under controlled conditions of
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illumination and humidity and demonstrated that high humidity resulted 
in low fruiting rates. z

Cultural practices such as irrigation, fertility, and plant 
spacing are important in determining the rate of flower production. As 
soil moisture decreased, the number of flowers produced also decreased 
(Bruce and Romkens 1965). Although yield was not affected, Ashley et 
al. (1974) demonstrated that an ammonium source of nitrogen resulted in 
a more rapid flowering rate than a nitrate source.

Night temperatures influence fruitfulness. Controlled night 
temperatures between 13 and 19°C were generally associated with an in
creased flowering rate, and better fruit set than lower or warmer tem
peratures (Gipson and Joham 1968). In a subsequent study, the optimum 
night temperature was approximately 20°C. Cooler, or warmer tempera
tures resulted in an increased number of vegetative branches, and a re
duced number of fruiting branches (Gipson 1974).

Wide spacing between plants within a row reduced the flowering s 
rate when expressed per unit ground area (Ehlig 1969). Increasing plant 
population to populations higher than normal for commercial production 
has resulted in fewer bolls per plant (Johnson 1969; Burch 1970; El-Zik, 
Cato, and Merkle 1971; Buxton, Briggs, and Patterson 1973) . This does 
not imply that the number of bolls per unit ground area is reduced since 
there are more plants to develop bolls. In fact, with proper management 
the number of bolls per unit ground area may be increased.

When plants were grown 10 and 40-cm apart with 1 m between rows, 
the percent of bolls retained per unit ground area and weight of the 
individual bolls were not affected although the number of bolls and
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number of flowers per unit ground area were reduced by wide spacings 
(Marani, Ephrat, and Dor 1974).

Effect of Leaf Type on Crop Response 
Hie okra leaf mutant has been known for well over a century, but

in the past has only been used as a genetic marker (Brown and Cotton
z - •

1937). The mutant okra and superokra leaves are controlled by a single 
multiple allelic series, with superokra (Ls) and okra (L°) partially 
dominant to normal (L) leaf (Stephens 1945). The locus of the okra 
allelic series is in linkage group II on chromosome 15 in genome D 
(Kohel, Lewis, and Richmond 1965).

A major advantage of okra- and superokra-leaf types over normal- 
leaf types results from lower levels of boll rot (Jones and Andries 
1967; Andries et al. 1969 and 1970; Karami and Weaver 1972). DeOliveira 
(1974) reported extinction coefficients of solar radiation penetration 
into plant canopies were similar for normal-, okra-, and superokra-leaf 
types suggesting similar leaf angles. Okra- and superokra-leaf types> 
however, had less leaf area which allowed greater irradiance penetration 
into the canopy. Other workers have also reported that okra- and 
syperokra-leaf plants have less leaf area than normal-leaf plants 
(Andries et al. 1969 and 1970; Karami and Weaver 1972). Johnson and 
Addicott (1967) indicated that the amount of leaf area is very important 
in determining the number of bolls retained by cotton plants.

Since okra- and superokra-leaf plants both have less leaf area 
than normal-leaf plants, and as a result more irradiance penetration, 
weed control becomes more difficult (Thomson 1972).



Mature okra- and superokra-leaf plants are normally shorter than 
normal-leaf plants (Karami and Weaver 1972; Thomson 1972)„ Okra-leaf 
plants produce bolls of similar size as normal-leaf plants (Jones and 
Andries 1967; Andries et al. 1969; Andries, Douglas, and Albritton 
1971). Some studies have shown superokra-leaf plants to have bolls of 
similar size as normal-leaf plants (Andries et al. 1970), while Andries 
et al. (1971) found bolls from superokra-leaf plants to be smaller.

Cotton growers have become more interested in harvesting cotton 
early to reduce late-insect and pest problems, and to facilitate land 
preparation for the following crop. Okra- and superokra-leaf plants 
are adapted to shorter growing seasons because of increased earliness 
compared to normal-leaf plants (Jones and Andries 1967; Andries et al. 
1969 and 1970; Karami and Weaver 1972; Thomson 1972; DeOliveira 1974).

Karami and Weaver (1972) reported okra leaf reduces the number 
of vegetative branches per plant and results in a greater harvest index 
compared to normal leaves. Thomson (1972) also noted superokra leaf 
resulted in a suppression of vegetative growth, and stimulated reproduc
tive growth. These findings were verified by DeOliveira (1974) who 
noted that both okra- and superokra-leaf plants partitioned a larger 
percentage of biomass to reproductive tissue than did normal-leaf 
plants.

The biggest factor determining the photosynthetic rate per leaf 
area is the amount of irradiance received. Because plants with okra- 
type leaves normally have less leaf area, the irradiance environment in 
the canopy is improved and it is not surprising that for the average 
leaf area, the photosynthetic rate is higher than for normal leaves.



Baker and Myhre (1969) found that net carbon uptake on a ground 
area basis of okra-leaf plants in the field planted in 1 m rows was 
similar to that of normal-leaf plants. Pegelow (1974) measured net car
bon uptake on a ground area basis by cotton canopies planted in 50 cm 
rows and also found normal- and okra-leaf plants to have similar rates 
which were significantly greater (27%) than net carbon; uptake of plants 
with superokra leaves. Net carbon uptake of superokra-leaf plants per 
unit leaf area in the field was 18% greater than that of normal- and 
okra-leaf plants. The leaf area index of superokra-leaf plants was 34% 
less than that of normal- or okra-leaf plants. Thomson (1972) found 
superokra-leaf plants produced significantly more seed cotton per weight 
of leaf tissue than normal-leaf plants. This suggested a higher photo
synthetic rate per unit leaf area for superokra-leaf plants than normal- 
leaf plants. Based on a computer simulation, Buxton and Stapleton 
(1970) predicted that okra-leaf plants should have a greater photosyn
thetic rate per unit leaf area than normal-leaf plants. This prediction 
was based primarily on the smaller boundary layer resistance of the 
okra-leaf plants. DeOliveira (1974) found that okra and superokra 
leaves both had greater weight per unit leaf area than normal leaves.
In alfalfa, photosynthetic rate per unit leaf area of individual leaves 
has been shown to be positively correlated with leaf weight per unit 
leaf area (Delaney and Dobrenz 1974). Irradiance level received by the 
leaf is the primary factor controlling photosynthetic rate. Because of 
less leaf area superokra-leaf plants have a higher percentage of their 
total leaf area in a favorable irradiance environment. The effects of



leaf weight per area, and boundary layer resistance are probably of . : 
less importance.

Results of the effect of leaf type on yield of seed cotton are 
mixed. In Louisiana where the humidity is predominately high, Andries 
et al. (1969) reported okra-leaf plants yielded more than normal-leaf 
plants when grown in hills 30 cm apart with conventional row spacing.
The authors indicated that higher losses due to boll rot may have con
tributed to the yield differential. Jones and Andries (1967) reported 
okra- and normal-leaf plants had similar seed cotton yields in rows 102 
cm apart. In Georgia, Karami and Weaver (1972) also noted okra-leaf 
plants yielded more seed cotton than normal-leaf plants when grown in 
rows 1-m apart and at spacings of .90 and 45 cm between plants within 
rows.

Thomson (1972) found no differences in yield in Australia be
tween superokra- and normal-leaf types with row spacings of 0.5- and 
1-m and nitrogen rates of 0, 180, and 360 kg N/ha.

Andries et al. (1971) recorded yields of the three leaf types 
grown in three row spacings with a constant within row spacing. Normal- 
leaf plants yielded the most and superokra-leaf plants the least, with 
okra-leaf plants being intermediate. There were no interactions between 
leaf types and plant spacings reported.

It appears from the diversity of findings that predicting yield 
based on leaf type will be difficult. Cultural practices and environ
mental conditions vary from experiment to experiment. If environmental 
conditions and cultural practices involved are known, selection of a 
leaf type that would perform best should be possible. If boll rot is



not a problem, a long growing season is available, and the row spacing 
wide, normal-leaf plants should be desirable. If boll rot is a problem, 
and control of soil moisture by irrigation is not possible, and plants 
are to be grown in narrow rows with a short-growing season, okra- and 
superokra-leaf plants grown in high populations should result in supe- 
rior yields to normal-leaf plants.

Effect of Cultural Practices on Fruiting 
and Plant Development

Close spacing resulted in increased shedding of fruiting forms 
(Dunlap 1945). Guinn (1972b) noted that increased shedding associated 
with close spacing resulted from self-shading which reduced photosyn- 
thate production per plant. When supplemental irradiance was added to 
closely spaced plants, shedding rates were much lower.

Varying row spacing, and plant population has resulted in vari
able effects on lint yield. Burch (1970) grew cotton in Louisiana at 
spacings of 2, 5, 10, and 30 cm between plants within conventionally 
spaced rows and reported yields decreased with decreased distance be
tween plants. Peacock, Reid, and Hawkins (1971) planted cotton in 25- 
and 102-cm rows with 5 cm between plants within rows and concluded there 
was no advantage to narrow rows. Johnson (1969) germinated seed in 2 
liter cartons in the greenhouse, transplanted the young plants to 38 
liter containers and grew them outside the greenhouse at plant popula- 
tions of 2.7, 6.2, and 9.9 plants/m . Plant spacing was 61 by 61 cm,
16 by 102 cm, and 32 by 32 cm for the three plant populations, respec
tively. There were no differences among the plant populations in yield.
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Many researchers, however, have reported increased yields by 

using narrow rows in conjunction with high plant populations. Andries 
et al. (1971) in Louisiana, report rows 51 cm apart resulted in superior 
yields when compared to 25- or 102-cm rows at 7.5, 15, or 30 plants/m . 
The three plant populations were grown in rows 102, 51, and 25 cm apart, 
respectively. In five experiments with 'Deltapine 16’ in Arizona, 
cotton grown two rows per 100-cm bed yielded 8% more than plants in one 
row per 100-cm bed using a short-growing season (Briggs, Buxton, and 
Patterson 1974). Two rows per bed also resulted in a significant in
crease in yield over one row per bed with both 75- and 100-cm rows in a 
3-year study by Buxton et al. (1973).

Increased plant density resulted in greater interception of 
solar radiation early in the season when plants were young and was asso
ciated with high dry matter production per unit ground area (Peebles, 
DenHartog, and Pressley 1956; Brashears, Hudspeth, and Kirk 1968;
Johnson 1969). Increasing plant population is expected to increase 
early yield because only a small part of incident solar radiation is 
normally intercepted. With a greater number of plants appropriately 
spaced, more tissue is available to intercept irradiation. The advan
tage of high plant population, however, can be lost if increased compe
tition late in the season offsets gains from early plant-canopy cover 
(Hughes 1963; Brashears et al. 1968; Buxton, Briggs, and Patterson 1972; 
Fisher and Stith 1972). When interplant competition exceeds the gain 
obtained by early canopy cover; yields may be reduced indicating an op
timal response to plant population for lint and seed yield (Bridge, 
Meredith, and Chism 1973).
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Differences in optimal row spacing and plant population as re

ported in the literature are to be expected because cultivars, growing 
conditions, and length of the growing season were often different. In 
the arid West where irrigation can be used to control plant growth', 
high-plant populations with narrow-row spacings may have great utility 
in cotton production. In the rainbelt optimal yields may result from 
low populations and wide plant spacings. If the crop is grown in a 
short-growing season, high-plant populations with narrow rows may be 
advantageous. Likewise early maturing cultivars should be adapted to . .. 
the narrow-row culture.

Withholding water is a common practice to reduce excessive vege
tative growth. Dunlap (1945) observed that when moisture stress was for 
less than 2 days, shedding of fruiting forms was not increased but if 
the stress was allowed for a longer period of time, increased shedding 
occurred. Grimes, Miller, and Dickens (1970) stressed plants during 3 
stages of development; a mild early stress before flowering had no ef
fect, while a midseason stress reduced yield and increased square shed
ding. When plants were stressed late in the season, yield and flowering 
rates were reduced and boll shedding was increased.

In work by McMichael, Jordan, and Powell (1973), a decrease in 
soil moisture from -10 bars to -24 bars was associated with a linear 
increase in boll shedding within 3 days after rewatering. Young bolls 
were the most sensitive, while bolls older than 14 days did not shed 
even after severe stress.

Even though frequent irrigations in arid environments may result 
in enhanced square formation, they are generally accompanied by
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increased square abortion, and may not produce more bolls than plants 
on an intermediate irrigation schedule (Stockton, Doneen, and Walhood 
1961; Bruce and Romkens 1965). Plants grown with infrequent irrigations 
often have the lowest shedding percentage of squares, but also may have 
fewer flowers and bolls develop.

Effect of Environment on Shedding
Increasing CC^ levels results in high photosynthate production 

and low shedding of fruiting forms (Guinn 1972a, 1973, and 1974). Con
versely, when plants are subjected to treatments which reduce assimi
lates retained in plants (high night temperature or low illumination 
during the day), shedding of fruiting forms is increased over control 
plants.

High temperatures are associated with high shedding and low 
weight of remaining bolls (Dunlap 1945). Warm nights appear to be more 
important in high shedding of fruiting forms than warm days (Guinn 
1973). Powell (1969) noted when the night temperature in a controlled 
environment was greater than 290C, viable pollen was not produced. When 
temperatures at night were warmer than 32°C, fruit was not set even when 
pollinated with viable pollen.

Extremes in humidity resulted in poor fruit set. Anthers failed 
to dehisce at relative humidities of 25 or 90% when plants were placed 
in a controlled environment with a maximum temperature of 38 °C in the 
afternoon and a low of 26°C in the early morning (Hoffman and Rawlins 
1970); however, normal dehiscence occurred at intermediate humidities. 
Guinn (1972c) varied relative humidity and reported high shedding rates
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for cotton plants grown in a growth chamber with 75 to 85% relative 
humidity even though illumination was held constant. Under natural con
ditions, high humidity is usually accompanied by cloudy weather result
ing in reduced illumination. Under field conditions, Ehlig and LeMert 
(1973) stated that increased shedding which occurred when temperature 
and humidity were high was only coincidental. Ehlig (1969) stated that 
the real reason for increased shedding was due to a heavy boll load on 
the plants.

Powell (1969) did not find increased fruit set or boll develop
ment by increasing the length of the photoperiod. Guinn (1974), how
ever, observed that an increase in photoperiod, or irradiance intensity 
in a controlled environment resulted in reduced shedding of fruiting 
forms. When the irradiance level was reduced, young bolls began to shed 
before squares started to shed. Dunlap (1945) also reported that 
periods of low irradiation in the field increased shedding. Maximum 
shedding occurred 2 to 4 days after irradiation was reduced by cloudy 
weather. Goodman (1955) found that cultivars with a large developing 
boll load were more severely affected by cloudy weather than those with 
few bolls.

Early in the season when boll retention is high, shedding of 
fruiting forms is critical because of the large number of fruiting forms 
involved. Late in the season, however, it was of less importance if an 
adequate early boll set occurred (Dale 1962). Johnson and Addicott 
(1967) noted that late in the season when shedding was high, the number 
of seed per boll was much higher than early in the season when shedding



14
was low suggesting bolls with large numbers of seeds had.an increased 
ability to compete for available carbohydrates.

Mechanism of Shedding 
In the past, 2 major theories have been advanced to describe the 

cause of shedding. The first theory, known as the nutritional theory, 
attests shedding results from an inability of plants to supply fruiting 
forms with assimilates. The second theory indicates that shedding is 
due to an imbalance of endogenous growth regulators in plants and fruit
ing forms and is known as the growth regulator theory.

Following complete leaf removal, almost all young bolls abort 
presumably because of a carbohydrate deficiency (Mason 1922). Hawkins, 
Matlock, and Hobart (1933) noted that shedding was regulated by the 
amount of food available for developing young bolls. Ibrahim (1974) 
found a negative correlation between the number of fruiting positions 
shed, and the amount of non-structural carbohydrates available per 
fruiting position.

A stress which results in reduced photosynthesis or high respi
ration usually results in increased shedding. Duncan, Baker, and 
Hesketh (1971) conducted a computer simulation of cotton growth and 
yield to test the validity of the nutritional theory, and concluded most 
fruit in cotton were shed from a lack of carbohydrates.

In an effort to test the nutritional theory, Eaton and Ergle 
(1953) sprayed the upper leaf of cotton plants with either 20% sucrose, 
1% urea, or both in combination. Treatments with urea increased shed
ding while the 20% sucrose treatment had no effect. Even though
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nutritional status of the plants differed, the relative fruitfulness 
(the number of bolls per 100 g fresh weight of stems) was similar for 
all treatments. The authors concluded the number of bolls a cotton 
plant could support was not determined by carbohydrate or nitrogen con
centrations , but by levels of growth regulators such as auxins. Eaton 
and Ergle (1954) in a subsequent paper reported that low levels of ir
radiation were associated with high levels of anti-auxins, which in 
turn resulted in increased rates of shedding. An increase of the anti
auxin resulted in a decrease of the auxin concentration, which acceler
ated abscission of leaves and fruit in cotton. In other research, 
cotton cultivars which have high shedding rates were found to have high 
levels of the growth inhibiting anti-auxin (Bhardwaj 1968) . Cams 
(1966) determined that the anti-auxin was IAA oxidase.

Concentration of abscisic acid (ABA) in plants has also been 
correlated with rates of abortion of young cotton fruits (Davis and 
Addicott 1972). ABA levels increased until the 10th day, in bolls that 
were not abscised, then decreased. Late in the season when shedding 
rates were high, ABA levels of young bolls were twice those found in 
bolls developed early in the season.

In recent years researchers have attempted to integrate both 
theories to explain shedding of fruiting forms. Guinn (1973) trans- 

* ferred plants with developing fruiting forms to environments with low 
illumination and noted increased shedding rates after 4 to 5 days.
Sugar, starch, and lipid soluble phosphate levels were all reduced while 
evolution of ethylene increased. Thus, low irradiance resulted in low 
levels of photosynthates which triggered increased ethylene production.
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The ethylene evolution was thought to ultimately be the cause of in
creased shedding. Morgan, Jordan and Davenport (1973) stressed flower
ing cotton plants for water in the greenhouse and applied ethylene, 
auxin transport inhibitors, and both in combination. The auxin trans
port inhibitors alone had no significant effect on abscission in either 
well watered or stressed plants. Auxin transport inhibitors in combina
tion with ethylene gave only a modest increase in abscission over the 
treatment where ethylene was applied alone. The increase in abscission 
by application of ethylene compared to the control for well watered 
plants was of greater magnitude than when applied to stressed plants; 
therefore, either stressed plants had higher levels of endogenous 
ethylene, less auxin was produced, or the auxin transport was inter
fered with in comparison to well watered plants. These authors suggest 
that many responses observed in previous experiments that have been 
credited to anti-auxins really may have been responding to increased 
endogenous ethylene evolution.

Low levels of carbohydrates or nitrogen increases abscission. 
Nutrient deficient young bolls have lower auxin levels, and were not as 
competitive for assimilates, and abscission followed (Addicott 1968).
It seems reasonable that nutritional levels do influence the concentra
tion of growth regulators and that together they are a cause-and-effect 
mechanism regulating shedding rates.



MATERIALS AND METHODS

Experimental Procedures
Research for this study was conducted at The University of 

Arizona Campbell Avenue Experimental Farm in Tucson, Arizona during the 
growing seasons of 1973 and 1974. Three lines of Gossypium hirsutum 
L. which differed in leaf type-; 'Deltapine 161 (normal leaf), ’Stone- 
ville 7A* (okra leaf), and 'Deltapine MS' (superokra leaf) were planted 
on April 23, 1973. In 1974, seed for 3 near-isogenic lines of Stone- 
ville 7A differing in leaf type were obtained from Dr. J. E. Jones, 
Department of Agronomy, Louisiana State University, and were planted on 
April 22. The superokra-leaf isoline was obtained by 6 backcrosses of 
commercial Stoneville 7A (the recurrent parent) to La Superokra Leaf 2 
(the donor parent). The near isogenic line for okra leaf involved 6 
backcrosses of the same recurrent parent to La Okra 2 (the donor 
parent).

The plants were grown in irrigated basins in north-south rows 
51-cm apart and hand-thinned in June to populations of approximately 11 
and 18 plants/m^ in 1973, and 10 and 20 plants/m^ in 1974.

A randomized block design in a split-plot arrangement was used 
during each year with leaf type as the whole plot and population as the 
subplot. There were 4 replications in 1973, and 5 in 1974. Observa
tion plots were single rows 51-cm apart and 160-cm long. Treatments 
were separated by at least 2 buffer rows.

17
f
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Pre-emergence herbicides, Treflan (trifluralin) and Caporal 

(premetryne), were applied in 1973, and Dacthal (DCPA) was applied in 
1974. In addition, hand-weeding was practiced both years as needed. 
Nitrogen was applied pre-plant at a rate of 84 kg N/ha in both years.
The previous crop was alfalfa, and the 1974 planting was on the same 
site. Slight moisture stresses were imposed by withholding irrigations 
as needed to control excessive vegetative growth. Other cultural treat
ments were similar to standard cotton production practices except that 
no insecticides were applied. Some insect damage occurred to the young 
plants and developing bolls in 1973 while damage in 1974 was slight.

The soil is a coarse-loamy member of the Gila Series. According 
to the Comprehensive Soil Classification, the soil is a typic torriflu- 
vent (an alluvial soil).

Flower Tagging Methods
Flower tagging was done daily from initial flowering (July 1 in 

1973 and June 27 in 1974) until flowering was negligible late in the 
season (August 17 in 1973 and August 23 in 1974). Tags with the date of 
anthesis were attached below the pedicel to sympodial branches.

Two weeks after the last day of tagging, plants were diagrammed 
using a modified technique of Munro and Farbrother (1969). All tagged 
bolls on the plants were included in counts of fruiting forms that de
veloped into bolls. Projected dates of anthesis were assigned to fruit
ing positions that were shed as squares by extrapolating from the 
neighboring fruiting position with tagged dates of anthesis. The number 
of fruiting forms aborted as squares was determined by subtracting the
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number of flowers tagged for a given day from the total number of fruit
ing positions that reached anthesis or that were projected to have 
reached anthesis in the case of fruiting positions shed as squares.

In 1973, upper sympodial branches on the plants (where all 
fruiting positions had been shed as squares) were included even though 
some error may have been introduced in estimating the date floral buds 
would have reached anthesis if abscission had not occurred. In 1974 
fruiting positions developed on sympodial branches higher than the last 
sympodial branch with a dated tag were excluded.

Nine plants per subplot in each replication were tagged in the 
low population in 1973 and 15 plants were tagged in the high population. 
In 1974 8 and 16 plants were used for the 2 populations, respectively.

Boll Growth Measurements 
On July 16, and July 19, 1973, flowers in yield rows of 2 basins 

were tagged. At weekly intervals bolls were harvested, pedicels and 
bracts were removed, and the bolls were dried at 50°C for 48 hours, 
then at 80°C for 24 hours. Bolls more than 24 days old were cut to 
facilitate drying and placed in individual bags. Damaged bolls were 
excluded from sampling. Because of high levels of bollworm [Heliothis 
zea (Boddie)] damage, sample sizes of undamaged bolls were small (5 to 
15 bolls/sample).

Flowers were again tagged for growth measurements on July 9, 
1974. Bolls were harvested July 22, and August 13, 1974 and placed in 
individual bags for drying as in 1973; however, the sample sizes were 
much larger (75 to 100 bolls/sample).



RESULTS AND DISCUSSION

Seasonal Effects 
Data for all subsequent tables and figures are presented as of 

the day of anthesis for the number and percent of bolls shed, and the 
number and percent of bolls developed. Data presented for square shed
ding are the projected dates the fruiting forms would have reached an
thesis if they had not shed. The number of fruiting positions developed 
per day are the sum of squares shed that were projected to reach anthe
sis on the date under consideration plus the number of positions that 
reached anthesis that day. The analysis of variance was conducted on a 
daily basis, and 5-day means were computed after data analysis in all 
figures dealing with the number of fruiting events while all figures 
involving percent of fruiting events represent data that was averaged 
over 5-day intervals prior to the analysis of variance.

The number of fruiting positions, developed per day during the 
season averaged over leaf type and plant population increased steadily 
from initial flowering until the last week of July in 1974 and the 
second week of August in 1973, then declined rapidly (Figure 1). These 
data were collected and analysed on a daily basis, but for graphical 
illustrations, data points represent 5-day averages. In 1973 an average 
of 76% more fruiting positions developed per day than in 1974. As pre
viously discussed, in 1973 fruiting positions on sympodial branches, 
above the last sympodial having tagged flowers, that were shed as 
squares were counted if they were projected to reach anthesis by the

20
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last day of tagging. This practice may have introduced some error in 
estimating the dates that these fruiting positions would have reached 
anthesis if they had not aborted. In 1974, all fruiting positions on 
the last sympodial branch to have one or more tags were included, but 
those on higher branches were not. This'difference in procedure in
flated late-season position counts in 1973 compared to 1974. In addi
tion plants were tagged for 48 days in 1973 and for 58 days in 1974 and, 
thus, tagging in 1973 was restricted more to the peak part of the fruit
ing period than in 1974. These factors contributed to the higher aver
age fruiting position development when expressed on a daily basis, 
however, much of the difference between the 2 years is real as can be 
seen in Figure 1. At the time of peak rate of fruiting position devel
opment in late July and early August, the average number of positions, 
developed was more than 50% higher in 1973 than in 1974.

The amount of square shedding was low early in the season, then 
increased to a peak near the end of July at about the time of peak 
fruiting position development (Figure 1). High rates of square shedding 
began to occur earlier in the season in 1973 than in 1974. The number 
of squares shed averaged per day was 72% higher in 1973 than in 1974. 
Some of the difference was related to the method in which data were col
lected as has already been discussed.

The number of bolls shed was low early in the season, increased 
to a peak near midseason in 1974 and later in the season in 1973, then 
declined (Figure 1). The changes in boll shedding follow closely those 
for total fruiting position development, suggesting a high degree of 
association between the number of fruiting positions produced and the
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number of bolls shed. In 1973, 40% more bolls were shed per day than in 
1974. Part of this difference reflects the fact that the tagging period 
was 10 days shorter in 1973 than in 1974. Late in the season which was 
considered to a greater extent in 1974 than in 1973 few fruiting posi
tions developed and therefore few bolls shed.

In 1974, most bolls retained were developed from floral buds 
that reached anthesis before the end of July and during August very few 
new bolls were set (Figure 1). In 1973, peak boll set was achieved 
later in the season and more bolls were set during August with a sharp 
increase at the end of the tagging period. The number of bolls retained 
during the tagging period of the 2 years was very similar with 1973 
having 1% fewer bolls than 1974.

The percentage of fruiting positions shed as squares, shed as 
bolls, or that developed bolls during the season was averaged for 5-day 
periods prior to data analysis. Significant differences occurred during 
the season for all factors and are presented in Figure 2. In 1973, a 
larger percentage of the fruiting positions were shed as squares early 
in the season than in 1974 with approximately 50% of the fruiting posi
tions shedding as squares late in the season. The percent of fruiting 
positions that were shed as bolls was less than 10% early in the season, 
reaching rates of 40 to 50% by late season. During the first 2 weeks of 
flowering in 197.4, 70 to 80% of the fruiting positions developed bolls. 
The percentage steadily declined until the fifth week; after August 1st 
only about 10% of the fruiting positions developed bolls. The percent
age of the fruiting positions developing bolls was not as high in 1973
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as in 1974 early in the season nor did it decline as rapidly later in 
the season.

When averaged for the season, means computed by averaging 5-day 
periods are not weighted. For example, early and late in the season 
when the number of fruiting positions developed is small, each 5-day 
period carries equal weight in computing the mean as values computed for 
midseason. When the total number of squares shed, bolls shed, or bolls 
developed during the season are divided by the number of fruiting posi
tions developed during the season, a weighted mean is obtained. The 
percent of squares shed, bolls shed, or bolls developed computed by 
these two methods for both years is given in Table 1.

Development of Fruiting Positions
The number of fruiting positions developed in cotton is strongly 

influenced by leaf type, and to a lesser degree by plant population 
(Table 2). In 1973, superokra- and okra-leaf types produced signifi
cantly more fruiting positions than normal-leaf plants. Averaged over 
plant population superokra-leaf plants produced significantly more 
fruiting positions than okra-leaf plants, and okra-leaf plants signifi
cantly out produced normal-leaf plants in 1974. Although Andries et al. 
(1969 and 1970) only looked at the number of flowers produced, they 
found both okra- and superokra-leaf plants produced more flowers per , 
day than normal-leaf plants.

The number of fruiting positions developed by normal-leaf plants 
was similar for the 2 years while the okra-leaf plants was much higher 
in 1973 than 1974.
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Table 1. Comparison of percentage of fruiting positions shed as

squares, bolls, or developed bolls by two methods of computing 
seasonal mean averaged over leaf type and plant population.

Method of Computation
Percent 
Shed as 
Squares

Percent 
Shed as 
Bolls

Percent
Developing

Bolls

1973
5-Day Interval 
Weighted Mean

49
47

34
31

. 18 
32

5-Day Interval 
Weighted Mean

1974
32
32

43
36

26
33
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2Table 2. Average number of fruiting positions developed/m /day for the 

three leaf types and two plant populations.

Population
(Plants/m2)

Leaf Type*
MeanNormal Okra Superokra

1973
11.2 6.73 b 13.10 a 14.60 a 11.48 q
18.5 8.14 b 15.52 a 16.76 a 13.47 p
Mean 7.43 y 14,31 x 15.68 x

1974
10.0 6.27 b 6.78 b 7.10 b 6.72 p
20.0 6.43 b 6.91 b 8.88 a 7.41 p
Mean 6.35 z 6.85 y 7.99 x

Values within a consecutive letter series are not significantly differ
ent at the 0.05 level of probability according to the
Student-Newman-Kuels.' Multiple-Range test.
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There is an association between leaf area index (LAI) and the 

number of fruiting positions produced. High LAI tended to be associated 
with a low rate of fruiting position development. In 1973, okra- and 
superokra-leaf types had about twice as many fruiting positions as 
normal-leaf plants, but had only about 60% as much LAI (DeOliveira 
1974). ' In 1974, okra-leaf plants had an LAI that was similar to normal- 
leaf plants and produced 8% more fruiting positions while superokra-leaf 
plants had only two-thirds as much leaf area but produced 26% more 
fruiting positions than normal leaf plants (Pegelow, 1974).

Averaged over leaf type the high plant population in 1973 had 
significantly more fruiting positions than the low plant population.
The trend was similar in 1974 although the difference was not signifi- 
cant. Since the high population has more plants/m it is not surprising 
that it has more fruiting positions.

The date x genotype interaction was significant in both years 
(Figure 3). The number of fruiting positions developed by plants of 
the three leaf types early each season was similar. In 1974, little 
difference was observed among the contrasting leaf types late in the 
season. The superokra-leaf plants produced more fruiting positions in 
1974 from the second week of flowering until late in the season. The 
okra-leaf type was similar to the normal-leaf type until midseason. In 
1973, the number of fruiting positions developed by the okra- and 
superokra-leaf types was similar throughout the season, both developing 
more fruiting positions than normal-leaf plants from the middle of July 
through the remainder of the tagging period.
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The date x plant population interaction was also significant 

in 1973 and 1974 and is illustrated in Figure 4. The high plant popu
lation developed more fruiting positions early in the season in both 
years. By midseason in 1974, both plant populations were developing 
about the same number of fruiting positions. The high plant population 
continued to produce more fruiting positions than the low plant popula
tion for about 2 weeks longer in 1973 than in 1974.

Square Abortion •
The average number of squares shed per day during the 2 seasons 

is presented in Table 3. Genotype differences were significant in 1973 
with okra- and superokra-leaf plants shedding 100 and 110% more squares, 
respectively, than normal-leaf plants. The superokra-leaf type shed 18% 
more squares than normal- and okra- leaf plants in 1974, although differ
ences were not significant. Normal- and okra-leaf plants were similar 
in square shedding rates in 1974 in contrast with results of 1973.

In 1973 normal-leaf plants had a larger LAI than okra-leaf
’V

plants. As has already been pointed out, reducing the LAI appears to 
increase the number of fruiting positions developed. When more fruiting 
positions are developed, more squares are shed. Since in 1973 okra- and 
superokra leaf plants had a low LAI, and produced more fruiting posi
tions than normal-leaf plants, it follows that they should shed more 
squares than the normal-leaf plants,

The okra- and superokra-leaf types were phenotypically similar 
in 1973. The 1974 leaf types were near-isogenic and the okra-leaf 
plants were intermediate to normal- and superokra-leaf plants in visual
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2Table 3. Average number of squares shed/m /day for the three leaf types 

and two plant populations.

Population
(Plants/m2)

Leaf Type*
Normal Okra Superokra Mean

11.2 3.17 b
1973 
6.48 a 6.68 a 5.44 q

18.5 4.08 b 7.71 a 8.23 a 6.67 p
Mean 3.62 y 7.09 x 7.46 x

10.0 1.99 a
1974 
2.00 a 1.99 a 1.99 q

20.0 2.29 a 2.23 a 2.85 a 2.46 p
Mean 2.14 x 2.11 x 2.42 x

Values within a consecutive letter series are not significantly differ
ent at the 0.05 level of probability according to the
Student-Newman-Kuels' Multiple-Range test.
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appearance. However, Pegelow (1974) in a related study with adjacent 
plants found the okra- and normal-leaf plants to have an LAI of 5.24 and 
5.30 respectively, both significantly greater than superokra with an LAI 
of 3.50. The similar LAI of okra- and normal-leaf plants may explain 
the similar square shedding rates observed in 1974.

Averaged over leaf types the high population had significantly 
more fruiting positions shed as squares than the low population in both 
1973 and 1974 (Table 3). The difference was 23% in 1973 and 25% in 
1974.

Mien the number of squares shed was expressed as a percent of 
the total number of fruiting positions and averaged for 5-day periods 
prior to data analysis, there were no significant differences among 
genotypes or plant populations (Table 4).

The date x genotype interaction was significant for the number 
of fruiting positions shed as squares in both years (Figure 5). In 
1973, okra- and superokra-leaf types had much higher rates of square 
shedding than normal-leaf plants. This is undoubtedly related to the 
reduced LAI of okra- and superokra-leaf types compared to normal-leaf 
type. Okra- and superokra-leaf types were similar throughout the sea
son, both shedding more squares early in the season than normal-leaf 
plants. The okra- and superokra-leaf plants reached peak square shed
ding later in the season than normal-leaf plants. The rate of square 
shedding was nearly double for okra- and superokra-leaf plants compared 
to normal-leaf plants. In 1974, differences in square shedding rates 
did not become apparent until after the fourth week of flowering when 
superokra isolines were higher than okra and normal isolines. Again,
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Table 4. Percentage of fruiting positions- shed as squares averaged for 

the season for the three leaf types and two plant populations.

Population
(Plants/m2)

Leaf Type*
MeanNormal Okra Superokra

1973
11.2 43.0 a 46.9 a 47.6 a 45.8 p
18.5 46.6 a 50.2 a 48.7 a 48.5 p
Mean 44.8 x 48.6 x 48.1 x

1974
10.0 30.1 a 30.4 a 28.2 a 29.6 p
20.0 35.1 a 31.7 a 33.6 a 33.5 p
Mean 32.6 x 31.1 x 30.9 x

*Values within a consecutive letter series are not significantly differ
ent at the 0.05 level of probability according to the
Student-Newman-Kuels’ Multiple-Range test.
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normal-leaf plants reached maximum square shedding earlier in the season 
than okra- and superokra-leaf plants. The isolines had similar square 
shedding rates during the last 2 weeks of the tagging study. .

The date x population interaction for square shedding was sig
nificant in 1973 but not in 1974 (Figure 6). The high population in 
1974 had a higher rate of shedding throughout the season in contrast to 
1973 where the high population shed more squares from early to mid
season, but rates were similar late in the season.

When the number of squares shed was expressed as a percentage of 
the fruiting positions developed and averaged for 5-day periods prior to 
data analysis the date x population interaction was not significant in 
either year. The date x genotype interaction was significant in 1973 
but not in 1974. The only differences in 1973 occurred during the first 
and last week of flowering. During these 2 weeks, percent square shed
ding was higher for okra- and superokra-leaf types than for the normal- 
leaf type. These differences are not important since at this time few 
fruiting positions are produced and differences of a few squares shed 
could result in a large percentage change.

Boll Abortion
The number of bolls aborted during the season was strongly in

fluenced by leaf type. Genotype differences were significant in both 
1973 and 1974 (Table 5). In 1973, okra- and superokra-leaf types shed 
significantly more bolls (180 and 207%, respectively) than normal-leaf 
plants. Increased boll shedding by okra- and superokra-leaf plants 
compared to normal leaf plants appears to be coupled to development of
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2Table 5. Average number of bolls shed/m /day for the three leaf types 

and two plant populations.

Population
(Plants/m^)

Leaf Type*
MeanNormal Okra Superokra

1973
11.2 1.65 c 4.45 b 5.40 ab 3.79 q
18.5 2.11 c 5.81 a 5.99 a 4.63 p
Mean 1.88 y 5.13 x 5.70 x

1974
10.0 2.26 c 2.95 be 3.53 ab 2.91 p
20.0 2.17 c 2.93 be 4.21 a 3.10 p
Mean 2.21 z 2.94 y 3.87 x

Values within a consecutive letter series are not significantly differ
ent at the 0.05 level of probability according to the
Student-Newman-hue Is' Multiple-Range test.
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more fruiting positions, and lower LAI of okra- and superokra-leaf 
plants.

The okra-leaf type in 1974 was significantly different from 
normal- or superokra-leaf types, shedding 33% more bolls than normal- 
leaf plants and 23% fewer than superokra-leaf plants. Superokra-leaf 
plants shed 72% more bolls than normal-leaf plants in 1974. The LAI 
and the number of squares shed by okra- and normal-leaf plants were 
similar in 1974, but okra-leaf plants produced 8% more fruiting posi
tions than normal-leaf plants, therefore it was not surprising to note 
that okra-leaf plants shed more bolls than normal-leaf plants.
Superokra-leaf plants had an LAI much smaller than normal-leaf plants, 
and produced many more fruiting positions, therefore, much higher rates 
of boll abortion are to be expected.

In 1973 averaged over leaf types, the high plant population shed 
significantly more bolls (23%) than the low population (Table 5). Al
though the order of population means were the same in 1974 as in 1973, 
differences were small (4%) and insignificant.

Some workers (Dunlap .1945; Guinn 1972b) reported that close 
spacing of cotton plants increased shedding of young bolls. Guinn 
(1972b) noted that increased shedding resulted from greater shading of 
young bolls within the plant canopy. Other work (Marani et al. 1974) 
failed to show any relationship of row spacing or plant population on 
boll shedding in cotton when grown in rows 1-m -apart and within-row 
plant spacings of 10 to 12 an or 40 an.

The 1973 data supports the observation that close plant spacing 
(high population) results in high rates of boll abortion, which is in
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agreement with the conclusions of Dunlap (1945), and Guinn (1972b).
This rate of boll abortion was not confirmed by the 1974 data, which 
appears to be in agreement with the observations of Marani et al. (1974) 
that plant density does not affect the rate of boll abortion.

The date x genotype interaction for the number of fruiting posi
tions shed as bolls was significant in both years and is illustrated in 
Figure 7. In 1973, okra- and superokra-leaf plants were similar and 
shed significantly more fruiting positions as,bolls after the first 2 
weeks of flowering than normal-leaf plants. Normal-leaf plants in 1973 
shed an unusually low number of bolls during midseason. By referring 
to Figure 5 one can note that midseason corresponds to the time of maxi
mum shedding of squares. The low boll shedding period of normal-leaf 
plants in 1973 does not represent a period of high boll retention, but 
instead represents a period where most fruiting forms were shed as 
squares and never reached anthesis. In 1974, superokra-leaf plants 
shed more bolls than the other leaf types starting early in the season, 
and maintained a rate higher than the normal-leaf plants until near the 
end of the season. Okra- and normal-leaf types had similar boll shed
ding rates until mid-July after which okra-leaf plants shed more bolls 
than normal-leaf plants.

The date x population interaction for the number of fruiting 
positions shed as bolls was not significant in 1973 but was in 1974 
(Figure 8). In both years, the high plant population had higher rates 
of boll shedding early in the season than the low plant population. 
Competition between plants occurs earlier in the season as plant density 
increases. These observations support the conclusions of Guinn (1972b)



12

10

8

6

4

2

8

6

4

2

41

Normal
Okra
Superokra

1974

July August 
2imber of fruiting positions shed as bolls/m by genotypes 

reraged over population.



10

9

8

7
6

5

4

3

2

1

7

6

5

4

3

2

1

42
2 .   11.2 Plants/m in 1973 .

10.0 Plants/m^ in 1974 /'
   18.5 Plants/m2 in 1973 V

20.0 Plants/m2 in 1974 j l\\
1973

i 1------ 1-------1------ 1------ r i r

1974

1 ' 15“
July

"24 1 3 ' 13 ' 22"
August

iber of fruiting positions shed as bolls/m by populations 
;raged over genotype.



43
that increasing the plant population increases boll shedding because of 
self-shading which results in reduced photosynthate per plant.

When the number of bolls shed per day.was expressed as a per
centage of the number of fruiting positions developed per day and aver
aged for 5-day intervals, no significant difference between the 2 plant 
populations was observed in either year although a trend existed for 
higher shedding with the high population (Table 6). When averaged over 
plant populations in 1974, okra- and superokra-leaf types shed a signif
icantly higher percentage of bolls than the normal-leaf type. The trend 
was similar in 1973 but differences were not significant.

When the number of bolls shed was expressed as a percentage of 
the number of fruiting positions developed and averaged over 5-day 
periods, no significant date x population interaction was noted either 
year. The date x genotype interaction was significant in 1973 but not 
in 1974. Shedding rates were similar for all leaf types over time in 
1973 except for the last week of July and the first week of August when 
okra- and superokra-leaf types shed a greater percentage of their bolls.

- Boll Retention
The mean number of bolls developed and retained per day. were 

similar for the high and low plant population in both 1973 and 1974 
(Table 7).

The effect of leaf type on the number of bolls retained was in
consistent during the 2 years (Table 7). Averaged over population in 
1973, okra- and superokra-leaf types retained 8 and 31% more bolls, re
spectively, than normal-leaf plants but differences were not
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Table 6. Percentage of fruiting positions shed as bolls averaged for

the season for the three leaf types and two plant populations,

Population
(Plants/m2)

Leaf Type*
Normal Okra Superokra Mean

11.2 27.4 b
1973 
32.1 ab 31.9 ab 30.5 p

18.5 27.8 b 34.7 a 32.8 ab 31.8 p
Mean 27.6 x 33.4 x 32.4 x

10.0 31.0 b
1974 
36.0 ab 37.4 ab 34.8 p

20.0 31.5 b 37.2 ab 40.0 a 36.2 p
Mean 31.2 y 36.6 x 38.7 x

Values within a consecutive letter series are not significantly differ
ent at the 0.05 level of probability according to the
Student-Newman-Kuels1 Miltiple-Range test.
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2Table 7. Average number of bolls retained/m /day for the three leaf 

types and two plant populations.

Population
(Plants/m2)

Leaf Type*
MeanNormal Okra Superokra

1973
11.2 1.91 a 2.17 a 2.52 a 2.20 p
18.5 . 1.95 a 2.01 a 2.54 a 2.17 p
Mean 1.93 x 2.09 x 2.53 x

1974
10.0 2.02 a 1.84 a 1.58 a 1.81 p
20.0 1.98 a 1.75 a 1.83 a 1.85 p
Mean 2.00 x 1.79 xy 1.70 y

')
*Values within a consecutive letter series are not significantly differ
ent at the 0.05 level of probability according to the
Student-Newman-Kuels’ Multiple-Range test.
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significant. In 1974, okra- and superokra-leaf plants developed 10 and 
15% fewer bolls, respectively, than normal-leaf plants. The superokra- 
leaf type was significantly lower than normal-leaf type.,

The date x genotype interaction was significant in 1973 but not 
in 1974 (Figure 9). In 1973, okra- and superokra-leaf types retained 
more bolls after the second week of flowering until midseason. This 
indicates the harvest of okra- and superokra-leaf plants could occur 
earlier in the growing season than for normal-leaf plants. This is con
sistent with the observations of Jones and Andries (1967) and Andries et 
al. (1969) who noted okra-leaf plants to have earlier maturity than 
normal-leaf plants. Also, Andries et al. (1970) and Thomson (1972) re
ported superokra-leaf plants to have earlier maturity than normal-leaf 
plants.

The date x population interaction was not significant during 
either year.

The cumulative number of bolls retained by the three leaf types 
during both seasons averaged over plant populations is shown in Figure 
10. In 1974, the number of bolls retained was similar for all leaf 
types until the latter part of July. Normal-leaf plants had more bolls 
at the end of the season, but most of the increase over okra-leafed 
plants occurred late in the season. All leaf types developed a similar 
number of bolls until mid-July in 1973 at which time okra- and 
superokra-leaf plants developed more bolls than normal-leaf plants until 
about the end of July when superokra-leaf plants set more bolls than the 
okra-leaf plants. All leaf types in 1973 developed few bolls during the
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last 2 weeks of the tagging study with the exception of the last 2 days 
when new bolls were developed with all leaf types.

When the number of bolls retained was expressed as a percentage 
of the total number of fruiting positions and averaged for 5-day inter
vals and over leaf types, the low population retained a greater percent
age of fruiting forms as bolls than the high population (Table 8). This 
supports the conclusions of Guinn (1974) that high plant populations 
have more mutual shading which results in reduced photosynthates for the 
developing bolls. Boll retention is not as great for high plant popula
tions as with low plant populations where more irradiation penetrates 
the crop canopy and more photosynthates are available for developing 
bolls. The higher percentage boll retention by the low population was 
associated with fewer fruiting positions being developed, therefore, 
numbers of bolls retained by the 2 populations were not different.

In 1973, okra- and superokra-leaf plants retained a signifi
cantly smaller percentage of fruiting positions as bolls than the 
normal-leaf plants (Table 8). The order of genotype means was the Same 
in 1974 but differences were not significant. Little or no work has 
been reported previously on the effect of plant leaf type on boll reten
tion. The number of fruiting positions developed, and LAI appear to be 
major factors in determining boll retention. In 1973, okra- and 
superokra- leaf plants had a lower LAI, and more fruiting positions than 
normal-leaf plants. Under these conditions it is not surprising okra- 
and superokra-leaf types developed a smaller percentage of the fruiting 
positions as bolls. In 1974, the number of fruiting positions developed
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Table 8. Average percentage of fruiting positions developing bolls for 

the three leaf types and two plant populations.

Population 
(Plants/m^)

Leaf Type*
MeanNormal Okra Superokra

1973
11.2 29.6 a 21.0 b 20.7 b 23.7 p
18.5 25.6 a 15.0 b 18.2 b 19.6 q
Mean 27.6 x , 18.0 y 19.4 y

1974
10.0 38.9 a 33.7 b 34 .3 b 35.7 p
20.0 33.0 b 30.8 be 26.5 c 30.1 q
Mean 36.0 x 32.2 x 30.4 x

Values within a consecutive letter series are not significantly differ
ent at the 0.05 level of probability according to the
Student-Newman-Kuels* Multiple-Range test.



■51
and the range in LAI were not as great, therefore differences in percent 
boll retention were not significant.

The date x population interaction for the percentage of fruiting 
positions that retained bolls was not significant in either year. The 
date x genotype interaction was significant in 1973 but not in 1974 al
though the trend was similar.' From the last week in July through the 
remainder of the tagging study, normal-leaf plants retained a greater 
percentage of the fruiting positions as bolls than did okra- or 
superokra-leaf types during both years.

Yield Considerations
Seed cotton yield is determined not only by the number of bolls 

retained, but also by boll size. Boll weight at different times for the 
three leaf types is reported in Table 9. The data for 1973 are more 
variable because of the small number of bolls sampled. When boll dry 
weight for 46 and 53 days was averaged, Stoneville 7A okra and Deltapine 
M8 superokra plants had bolls that were 1 and 5% lighter, respectively, 
than Deltapine 16 normal leaf. This is in agreement with previous work 
by Buxton and Briggs (1972) where seed cotton per boll from Stoneville 
7A okra in one experiment was 101% of Deltapine 16 normal leaf, and 
averaged for 8 experiments, Deltapine M8 superokra was 95% of Deltapine 
16 normal leaf.

In 1974, when near-isogenic lines of Stoneville 7A differing in 
leaf type were used, the differences were of larger magnitude and in the 
opposite direction with bolls from superokra- and okra-leaf plants being 
larger respectively than bolls from normal-leaf plants (Table 9). On
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Table 9. Mean boll dry weight (g ± S.D.) for bolls 

for the three leaf types.
of different ages

Boll Age 
(Days)

Leaf Type
Normal . Okra Superokra

1973
3 . .09 ± .02 .09 + .03 .10 > .03
6 .16 ± .06 .16 ± .08 .22 ± .07
10 .71 ± .17 .67 + .24 .69 + .19
13 1.32 ± .52 1.05 + .28 1.06 + .19
17 2.08 ± .49 1.43 + .87 1.94 + .34
20 2.98 ± .70 3.16 ± .61 2.75 ± .42
24 2.63 + .73 2.00 ± .78 2.59 + .55
27 3.22 ± .64 3.30 ± .75 3.23 ± .76
31 3.18 ± .81 4.14 + 1.15 3.35 + .87
34 4.29 ± .73 4.90 ± 1.20 3.95 ± .98
38 4.31 ± 1.09 4.70 ± 1.31 4.16 ± 1.38
41 4.12 ± .38 4.98 ± .70 4.82 ± .84
46 5.64 ± 1.38 6.22 ± 2.36 5.34 ± 1.94
53 - 6.60 ± .79 5.85 ± 1.45 6.34 ±. 1.34

13
35

1974
.96 ± .22 .96 ± .22

3.40 ± .89 3.77 ± 1.15
.85 ± .21

3.88 ± 1.02
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day 35, bolls of the okra- and superokra-leaf plants were 11 and 14% 
larger than bolls from the normal-leaf plants. The former leaf types 
had 10 and 15% fewer bolls than the normal-leaf type in 1974 (Table 6); 
thus, little difference in yield among the leaf types should be expected 
based on the 1974 data. In 1973 the okra- and superokra-leaf plants re
tained 8 and 31% more bolls, respectively, than the normal leaf plants. 
Yield differences of this magnitude in favor of the okra leaf types have 
not been reported.

Buxton and Briggs (1972) in narrow-row, high population studies 
observed lint yields to be similar for Deltapine M8 superokra and Delta- 
pine 16 plants in 8 experiments in Arizona, and for Stoneville 7A okra 
plants to be similar in lint yields to Deltapine 16 plants in one ex
periment. In conventional row spacings, Jones and Andries (1967), due 
to a low incidence of boll rot, reported okra-leaf plants to have lint 
yields equal to normal-leaf plants while Andries et al. (1969) reported 
okra-leaf type lint yields to be 9% greater than yields of normal-leaf 
plants when incidence of boll rot was moderate to severe. Karami and 
Weaver (1972) found okra-leaf plants to have superior lint yield to 
normal-leaf plants when grown 1 m between rows and at spacings of 90 and 
45 cm between plants in the row. Andries et al. (1970) reported 
superokra-leaf types to yield 6% less than normal-leaf plants even when 
boll rot losses were high, and plants were grown in rows 102- to 107-cm 
apart with 3 to 4 plants per 30-cm in the rows; however, Thomson (1972) 
found superokra-leaf plants to be equivalent in lint yield to normal- 
leaf plants when grown at row spacings of .5 and 1 m, and at nitrogen 
levels of 0, 180, and 360 kg N/ha. Andries et al. (1971) found
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normal-leaf plants to yield more lint than okra-leaf plants, and okra- 
leaf plants to yield more lint than superokra-leaf plants. The authors 
indicated normal-leaf plants probably yielded more lint due to the fact 
they were harvested late in the season. Since okra- and superokra-leaf 
plants matured bolls earlier in the season some yield was lost because 
seed cotton falls to the ground before harvesting operations.

/



SUMMARY AND CONCLUSIONS

Cotton plants with three different leaf types (normal, okra, and. 
superokra) were grown under field conditions at Tucson, Arizona in 1973 
and 1974. In 1973 the leaf types represented different genetic back
grounds (normal by Deltapine 16, okra by Stoneville Ik, and superokra by 
Deltapine M8) while in 1974 the leaf types were near-isogenic lines of 
Stoneville 7A. The three leaf types were grown at plant populations of 
11.2 and 18.5 plants/m^ in 1973 and 10.0 and20.0plants/m^ in 1974 to 
evaluate the effect of leaf types and plant population on fruiting in 
cotton.

Averaged over the two population densities okra- and superokra- 
leaf plants produced more fruiting positions (93 and 111% in 1973 and 8 
and 26% in 1974 respectively) than normal-leaf plants. The high plant 
population in 1973 and 1974, averaged over the three leaf types, pro
duced 17 and 10% more fruiting positions respectively than the low plant 
population. These findings suggest that the okra-leaf types have a 
greater tendency to initiate reproductive tissue than normal-leaf 
plants. A possible hypothesis to explain this observed phenomenon is 
that okra-leaf types have a slower growth rate due to reduced photosyn
thetic capacity per plant than normal-leaf plants. Since cotton is in
determinate in growth habit, a slow growth rate would favor development 
of reproductive tissue by suppressing the expression of apical dominance 
because of a low rate of auxin production in the stem apex. Further

55
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research should be conducted to evaluate the effect of plant leaf type 
on growth rate and development of apical dominance.

The okra- and superokra-leaf types shed 100 and 110% more 
squares respectively in 1973 than normal-leaf types, and the superokra- . 
leaf type shed 18% more squares in 1974 than the okra- and normal-leaf 
types. The high plant population shed 23 and 25% more squares in 1973 
and 1974 respectively than the low plant population. There were no 
significant differences among leaf types and plant population for per
cent of fruiting positions shed as squares indicating that the number 
of squares shed by okra-leaf types and plants from high populations are 
due primarily to the higher number of fruiting positions developed com
pared to normal-leaf type and low plant populations.

Okra- and superokra-leaf plants shed 180 and 207% more young 
bolls in 1973 and 33 and 72% more in 1974 respectively than normal-leaf 
plants. Okra- and superokra-leaf plants also shed a higher percentage 
of fruiting positions as bolls than normal-leaf plants. Okra- and 
superokra-leaf plants have more young fruit competing for the available 
assimilates, and as a result each young boll has less carbohydrate 
available for growth and development which probably results in higher 
shedding rates.

A smaller percentage of the fruiting positions developed bolls 
with okra- and superokra-leaf types than the normal-leaf type, although 
the number developed during the season was similar. The high plant 
population also resulted in plants with a smaller percentage of fruiting 
positions as bolls than the low plant population. Again, plants from 
both populations developed similar numbers of bolls.
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Okra-leaf types produced more fruiting positions during mid

season than the normal-leaf type, while plants from high populations 
produced more fruiting positions early in the season than low plant 
populations. During midseason plants from high populations and okra- 
leaf types shed more squares and bolls than the low plant populations 
and normal-leaf type. Late season differences between leaf types and 
populations were very small..

Data Obtained from this experiment characterized the effects of 
plant population and leaf type on the fruiting habit of cotton and sup
port the following conclusions: high plant populations and okra-leaf
types produce more fruiting positions than low plant populations and 
normal leaf type. More of the fruiting positions are shed as squares 
or bolls by high plant populations and okra-leaf types than the low 
plant population and normal-leaf type. The number of bolls matured is 
not strongly influenced by plant population or leaf type.
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