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ABSTRACT 

Leaf area development of cotton (Goss.ypium hirsutum L.) plants 

can have a marked effect on vegetative growth in the early phase of 

development. Three near-isogenic lines of 'Stoneville 7A1 (normal, okra, 

and superokra) were used to assess the effect of reduced leaf area on 

growth rate, assimilation efficiency, and dry matter partitioning among 

the different plant parts. As the leaves of the near-isogenic lines 

differ in shape and size, the internal structure of leaves and petioles 

was also investigated. 

The near-isogenic lines were planted widely spaced to eliminate 

interplant competition and assess potential growth rates at The Univer

sity of Arizona Campbell Avenue Experiment Farm in Tucson, Arizona, in 

1975 and 1976. The emphasis of the investigation was limited to the 

early phase of development as little research has been done in this 

phase and later phases of development of the near-isogenic lines have 

been investigated. 

Initial size, as represented by cotyledon area and cotyledon 

weight, was similar among the three near-isogenic lines. Dry matter 

accumulation diverged as the seasons progressed with the normal leaf 

type generally having a higher growth rate than okra and superokra 

leaf types. Assimilation efficiency, as manifested in NAR and apparent 

photosynthetic rates, was similar among the near-isogenic lines. Thus 
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variation in assimilation efficiency and initial size can be eliminated 

as variable factors in the growth rate. 

The three near-isogenic lines differed in rate of leaf area 

expansion. The normal leaf type had higher leaf area per plant and 

a higher relative leaf area growth rate than the superokra leaf type, 

with the okra leaf type intermediate in position. 

Partitioning of dry matter into plant parts also varied among 

the three near-isogenic lines. The normal leaf type showed higher dry 

matter partitioning into leaf area expansion than okra and superokra leaf 

types. This led to the divergence in leaf area per plant among the near-

isogenic lines. The normal leaf type also partitioned more dry matter 

into leaf weight increase than okra and superokra leaf types, but this 

was of less magnitude than partitioning of dry matter into leaf area 

expansion. 

The internal structure of leaves was similar for the three near-

isogenic lines. There were no significant differences in leaf thickness, 

palisade length, and spongy mesophyll thickness among the leaf types. 

The ratio of vascular tissue area to leaf area was significantly dif

ferent among the leaf types in 1975 but similar in 1976. Superokra leaf 

type had higher vascular tissue area to leaf area ratio in 1975 than nor

mal and okra leaf types which indicates more available vascular tissue 

per unit leaf area for movement of material in and out of the leaves. 

This study indicates that leaf area development, and dry matter 

partitioning are important factors that need be considered in adaptation 

of okra and superokra leaf types for commercial use. High associations 



between plant height and leaf area, 

that plant height can be used as an 

seedling stage. 

x 

plant height and dry weight indicates 

index to estimate growth rate at the 



CHAPTER 1 

INTRODUCTION 

Cotton (Gossypium hirsutum L.) plants with okra or superokra 

leaves have several characteristics, such as earliness and a high 

harvest index, that are desirable in narrow-row production systems. 

In addition Andries et al. (1970) reported that superokra leaf plants, 

as a result of an open canopy, allow more aeration and solar radiation 

penetration into the canopy resulting in a less humid micro-environment 

which decreased the incidence of boll-rot diseases. The okra leaf char

acter may also be important in standard rows where humidity and boll-rot 

are high. 

Okra and superokra leaves differ from normal leaves in shape 

and size. Research has been conducted on the effect of leaf types on 

fruiting behavior, COg assimilation efficiency, and solar radiation 

interception (Kerby and Buxton, 1976; Pegelow et al., 1977; De Oliveira, 

1974). These investigations have been limited to the late phase of 

growth of the near-isogenic lines. Little information has been reported 

about the effect of these leaf types on early vegetative growth. 

Cotton plants produce dry matter in two phases, vegetative and 

reproductive (Hearn, 1969). Vegetative growth in the early stage of 

development will probably affect later reproductive growth. Rate of 

dry matter production in the early phase can be affected by environment, 

1 



2 

morphology, and physiological processes, and in most cases a combination 

of these factors. Identification of factors contributing to growth rate 

differences in cotton may help clarify some of the variation observed in 

reproductive behavior. This knowledge can be of aid in improvement of 

cotton cultivars. 

The objectives of this study were twofold: (1) to investigate 

the effect of reduced leaf size on early growth of cotton as related to 

rate of dry matter production, assimilation efficiency, leaf area devel

opment, and dry matter partitioning, and (2) investigate variation in 

anatomy of leaves and petioles of cotton with different leaf types. 



CHAPTER 2 

LITERATURE REVIEW 

Growth of plants during the early phase of development is 

frequently exponential. Early growth can have a great effect on later 

phases of development including reproductive development. Seedling 

growth rates among species differ (Blackman, V. H., 1919); some of the 

factors contributing to these differences include rate of leaf area 

development, internal structure, and physiological processes. 

Cotton Leaf Types 

The mutant okra leaf character in cotton has been known for more 

than a century, but its use has been mainly limited to that of a genetic 

marker (Brown and Cotton, 1937). Stephens (1945) reported that mutant 

okra and superokra leaves are governed by a single multiple allelic 

series with okra (L°) and superokra (Ls) partially dominant to normal 

leaf (L). Kohel, Lewis, and Richmond (1965) placed the locus for the 

okra allelic series in linkage group II on chromosome 15 in genome D. 

The okra leaf types normally have less leaf area per plant and 

a lower leaf area index (LAI) than normal leaf types (Jones and Andries, 

1967; Karami and Weaver, 1972; Pegelow et al., 1977). Andries et al. 

(1970) reported that the superokra leaf type has only 59% as much leaf 

area as the normal leaf type. 

3 
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The reduction in size of okra leaf types creates an open canopy 

with high penetration of solar radiation to the lower leaves. De 01i-

veira (1974) reported that depending upon height above ground of the 

reading, the okra leaf types had 1.5 to 5.8 times greater irradiance 

penetration into plant canopies than the normal leaf type. The okra 

leaf characters are associated with short plants (Thomson, 1971; Karami 

and Weaver, 1972). The effect of okra leaf types on boll rot, boll 

size, earliness, and yield has been previously reviewed (Ibrahim, 1974). 

Controversial results have been reported in the literature about the 

effect of okra leaf gene on yield (Jones and Andries, 1967; Thomson, 

1971; Andries et al., 1969; Andries et al., 1970). The superokra leaf 

type was observed to bloom earlier than the normal leaf type (Karami 

and Weaver, 1972; Jones and Andries, 1967). 

Karami and Weaver (1972) reported that okra leaf lines have 

both lower leaf and stem dry weights than normal leaf lines. In this 

study the okra leaf lines had a 15% greater harvest index indicating 

more favorable dry matter partitioning. Karami (1972) hypothesized that 

the high efficiency of okra leaf types might be due to a better alloca

tion of assimilates to fruiting parts. 

The okra leaf types differ in fruiting pattern from normal leaf 

types. Although they initiate more fruiting positions than normal leaf 

plants, they also abort more squares (prefloral buds) and bolls (Kerby 

and Buxton, 1976). These differences were directly related to reduction 

in leaf area. Ibrahim (1974) reported a negative correlation between 
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stem carbohydrate content per fruiting position and shedding of fruit

ing forms among superokra, okra, and normal near-isogenic lines. 

The shape and size of okra leaves has been postulated to have 

a bearing on assimilation efficiency. An increase in carbon dioxide 

exchange rate (CER) per unit leaf area of okra leaf over normal leaf 

was predicted in a model developed by Buxton and Stapleton (1970). 

This was closely related to a predicted reduction in leaf boundary layer 

resistance. Baker and Myhre (1968), however, found no correlation 

between thinner boundary layers associated with deeply lobed okra leaves 

and enhancement of CER. In addition Elmore, Hesketh, and Muramoto 

(1967) reported no significant differences between CER of superokra 

leaf plants and broad leaf plants. 

Assimilation efficiency on a canopy basis was similar for okra 

and normal leaf types in a regression model developed by Baker and 

Myhre (1968). In work reported by Pegelow et al. (1977), a superokra 

leaf canopy had greater CER on a leaf area basis than a normal leaf 

canopy. When compared on ground area basis, however, the superokra leaf 

type had a 27% lower CER. Rates of ^COg uptake by the okra leaf types 

and a normal leaf type were measured at different canopy levels by 

Kerby (1976). Similar rates of carbon uptake per unit of ground area 

were obtained with the three leaf types in canopy levels below 55 cm. 

Normal leaf plants had greater rates above 55 cm than okra and super

okra leaf plants. As most of the fruiting load was located in the lower 

portion of the canopy, okra and superokra plants did not increase total 

photosynthetic activity near developing bolls as a result of a more open 

canopy. 
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Analysis of Growth Rate 

The economic yield of crop plants is dependent on the rate of 

dry matter production and the fashion in which the dry matter is par

titioned among the various plant parts. The study of plant growth using 

mathematical functions is known as "growth analysis" (Watson, 1952). 

Evaluation of plant yield in terms of growth analysis was attempted by 

Balls and Holton (1915) while studying cotton physiology in Egypt. 

Crowther (1934) used growth analysis equations to study cotton response 

to nitrogen application in the Sudan Gezira. Radford (1967) has more 

recently reviewed and revised growth analysis formulae. Wallace, Ozbun, 

and Munger (1972) examined the potential of growth analysis as a tool 

in crop breeding programs. 

V. H. Blackman (1919) showed the application of the "compound 

interest law" to study the increase in dry weight during the early phase 

of growth of annual plants. He noted that the weight reached by a plant 

at a given point in time could be represented by the mathematical rela

tionship: 

W = W ert 

o 

Where WQ is the initial weight, r the relative growth rate which 

represents the efficiency of the plant as a producer of new material, 

and W is the weight of the plant at time t. The relative growth rate 

(named "efficiency index" by V. H. Blackman can be obtained by 

r = 1 dw 
W dt 



Increase in dry weight by a plant depends on the initial size 

(seed or seedling size), the average rate at which the plant utilizes 

the already present dry matter to build new material, and the duration 

of the growing period. 

Relative growth rate is dry matter accumulation per unit dry 

weight per unit time. It can be divided into its components, net 

assimilation rate (NAR), i.e., the assimilation per unit leaf area, and 

leaf area ratio (LAR), i.e., plant leaf area per plant dry weight. Dif

ferences in r between plants can be due to variation in NAR or variation 

in LAR. Species and varieties differ as to which component of r assumes 

more importance in causing differences. 

Heath and Gregory (1938) reported that the mean net assimilation 

rate (NAR) during early growth is similar for all species. This led 

Gregory (1950) to conclude that little can be gained by using NAR as a 

tool in selection or breeding of crop plants. Contrary evidence to the 

concept of "NAR constancy," however, has been presented. Watson (1947) 

and Blackman and Wilson (1951) showed differences in NAR among species 

and cultivars growing under similar conditions. Morley (1958) found dif

ferences in NAR among five cultivars of subterranean clover (Trifolium 

subterraneum L.) which was the main factor causing variation of r. 

Eagles (1967) reported that variation in r between a Portuguese and Nor

wegian population of Dactyl is qlomerata L. was mainly associated with 

variation in NAR but not LAR. Wilson and Cooper (1969) found that differ

ences in r among rye (Lolium perenne L.) grass populations were based on 

differences in NAR rather than LAR. 
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Other workers, however, have reported that variation in LAR is 

more important than variation in NAR for determining differences in r. 

Tsunoda (1959) studied the growth differences among several summer vege

table crops and found that plants having a high LAR tended to have high 

plant weight. Differences in r among three strains of bluebell (Scilla 

non-scripta L.) were found mainly due to variation in LAR (Blackman and 

Rutter, 1950). Shibles and Macdonald (1962) studied differences in 

growth rates of birdsfoot trefoil (Lotus corniculatus L.) and found var

iations in assimilation to be of minor importance. MacColl and Cooper 

(1967) reported that differences in r among populations of L. perenne 

and Festuca arundinacea L. were mainly due to differences in LAR. Wal

lace and Munger (1965) studied the growth rates of six dry bean 

(Phaseolus vulgaris L.) cultivars and found that 'Michelite1 had the 

highest r which was associated with a high LAR. This led to the conclu

sion that LAR might be largely responsible for differences in growth 

rates. 

Leaf area ratio is the product of leaf weight ratio (leaf weight/ 

plant weight) and specific leaf area (leaf area/leaf weight). Cole 

(1975) reported that in sugarbeet (Beta vulgaris L.) cultivars specific 

leaf weight (SLW), which is the reciprocal of specific leaf area, 

decreased as leaves expanded in area. In this study sugarbeet leaves 

initiated late in the season had higher SLW than leaves initiated early. 

Tsunoda (1959) reported that specific leaf area (SLA) was the main fac

tor accounting for differences in growth among cultivars of soybean 

(Glycine max L. Merr.) and sweet potatoes (Ipomoea batatas L.). Murata 
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(1961) observed a negative correlation between SLA and CER in rice 

(Oryza sativa L.) Delaney and Dobrenz (1974) found that SLW was posi

tively correlated with CER of alfalfa (Medicago sativa L.) plants. 

Wolf and Blaser (1971) suggested the use of SLW as a selection tool in 

plant breeding to increase yield. Barnes et al. (1969) found that SLW 

and leaf area per plant were independently inherited. This would allow 

selection of plants of high leaf area without a sacrifice in SLW. 

Leaf Area Development 

Leaf area development assumes an important role as a measure of 

productivity because photosynthesis is the source of most dry matter 

production. The importance of variation in leaf area was first reported 

by Watson (1947). Economic yields are usually measured in terms of 

ground area and hence Watson developed the term leaf area index (LAI), 

i.e., the area of leaf surface (one surface) in a stand per unit ground 

area. Factors such as availability of water, nutrients, solar radiation, 

and temperature affect LAI. With increasing LAI, the amount of solar 

radiation intercepted and dry matter produced in soybeans were increased 

until a plateau LAI was reached in a study by Shibles and Webber (1965). 

Anderson (1971) reported in a study of growth characters of 

cotton that leaf area was the most sensitive measure of differences 

among cultivars. A linear relationship between LAI and plant height was 

observed in cotton (Baker and Myhre, 1968). Ashley, Doss, and Bennett 

(1963) found a high correlation between leaf area and leaf dry weight, 

leaf area and plant height, plant height and total plant dry weight, and 

leaf area and fruiting in cotton. The correlation between plant height 



and total dry weight led to a suggestion of the use of plant height as 

an index of growth rate in place of dry weight measurements because it 

is a nondestructive technique. Duncan and Hesketh (1968) reported that 

in 22 races of maize (Zea mays L.) the rate of increase in leaf area was 

directly related to dry weight increases. They argued that because the 

rate of apparent photosynthesis was similar while leaf area growth rate 

varied, the product of leaf area and apparent photosynthetic rates may 

have led to growth rate variation among the cultivars. They concluded 

that vegetative dry weight was more dependent on rate of leaf area expan

sion than on the apparent rate of photosynthesis per unit leaf area. 

Differences in rate of dry matter production among cottons and other 

species were associated with differences in leaf area development in a 

study by Muramoto, Hesketh, and El-Sharkawy (1965). These authors con

cluded that rate of leaf area development is the most important variable 

in determining growth rates. 

The interrelationships between relative leaf area growth rate 

(R^) and CER as they affected absolute growth rate in soybean cultivars 

have been reported in a study by Kaplan and Koller (1977). They found 

that R^ was more important than CER as a factor in GR variation. Rela

tive leaf area growth rate (R^) was used by Radin and Sell (1975) to 

evaluate the effect of nitrate and ammonium nitrogen on the growth of 

cotton plants in the greenhouse. Both sources of nitrogen increased R^ 

when used alone with no synergistic enhancement of growth shown by com

binations of ammonium and nitrate fertilizers. Jackson (1963) stated 

that the absolute growth rate of a plant at any time is the product of 
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net assimilation rate and the amount of leaf area present. Nitrogenous 

fertilizers increased of cotton (£. barbadense L.) plants but not the 

mean net assimilation rate. He concluded that the increase in was 

mainly due to a larger proportion of assimilate going into leaf expansion 

than to the various parts of the axis. Potter and Jones (1977) reported 

that partitioning of photosynthate into new leaf area was an important 

component of growth rate variation among nine plant species grown in 

growth chambers under three temperature regimes. They concluded that 

high partitioning of daily weight gain into new leaf area improves the 

competitive ability of any species. 

Anatomy as Related to 
Physiological Characters 

The study of plant anatomy has aided in understanding many 

physiological processes. Anatomical features often correlate with mor

phological features (Heimsch, Rabideau, and Whaley, 1950). Differences 

in anatomy of leaves and stems of Gossypium have been utilized in 

taxonomic studies (Webber, 1938). 

Little work has been done on the relationship between anatomy 

of the cotton plant and physiological characters. Webber (1938) did an 

extensive study of the anatomy of species of Gossypium. He found that 

many species had dimorphic leaves and that palisade parenchyma underlined 

the upper epidermis in American cottons and hybrids between American and 

Asiatic cottons. Palisade cells of plants grown in the field varied in 

length from 30 y to 220 y. The longest cells were in the upper layer 

when lower palisade layers were present. 



12 

Asici (1973) found that growth regulators applied to cotton, 

G. hirsutum, affected the arrangement of palisade and spongy parenchyma 

cells. Leaves treated with 2,3,5-triodobenzoic acid (TIBA) had unusual 

elongation and arrangement of palisade cells, larger intercellular 

spaces, and more thickened leaf lamina than control plants. Morey, 

Quisenberry, and Roark (1974) studied the comparative anatomy of primi

tive and commercial stocks of £. hirsutum. They reported that leaves 

formed when the plants were 6-month old had thicker lamina, taller and 

wider palisade cells than leaves from 2-month old plants. Gausman et 

al. (1971) found that cotton leaves become thicker with leaf maturation. 

An average leaf thickness of 250 u was reported for field grown plants. 

Anatomical studies have been done in relation to photosynthesis 

and translocation. Dornhoff (1971) found that in soybean leaves simple 

and genetic correlation coefficients showed a strong relationship 

between leaf thickness and photosynthesis. He concluded that leaf thick

ness can be used as a selection index for leaf photosynthesis. Photo

synthesis was also positively related to SLW and cellular volume of 

soybean leaf tissue layers but was poorly related to cell diameter in a 

study by Dornhoff and Shibles (1976). They concluded that characteris

tics such as intercellular space, and cell surfaces may regulate CER 

in soybean leaves. 

Wilson and Cooper (1967) studied the rate of COg assimilation 

in relation to leaf anatomy of Lolium. The rate of photosynthesis at 

saturating irradiance levels depended on thickness of leaves and size 

of mesophyll cells. A positive relationship was found between palisade 



tissue thickness and photosynthesis in alfalfa genotypes by Delaney and 

Dobrenz (1974). Other researchers had reported negative correlations 

between leaf thickness and photosynthesis (El-Sharkawy and Hesketh, 

1965). In the later study species with small diameters of palisade cells 

had greater CER than those with larger diameter palisade cells. 

A close relationship was found between phloem cross sectional 

area in peduncles of wheat (Triticum aestivum L.) genotypes and trans

location to the developing grains (Evans et al., 1970). Gallaher, 

Ashley, and Brown (1975) reported that plants have a higher transloca

tion rate with a larger cross sectional area of phloem than C2 plants. 

Fisher (1970) in a computer model studied the kinetics of translocation 

in relation to anatomy of leaves. He predicted that size and shape of 

the leaf would have important effects on the kinetics of translocated 

assimilates. In studies of translocation rates of two maize inbreds 

and their hybrid, structural features of stems and roots were related 

to differences in absorption and distribution of radioactive phosphorous 

by Heimsch, Rabideau, and Whaley (1950). A larger xylem diameter was 

found in the hybrid than the parental lines. 

Recent studies have shown that water-use efficiency is associated 

with anatomical characteristics (Dobrenz et al., 1969). Blue panicgrass 

(Panicum antidotale Retz.) clones with more vascular bundles in the 

leaves were more efficient in water use than clones with fewer vascular 

bundles. Dobrenz, Cole, and Massengale (1971) found that leaf thickness 

and palisade cell density were negatively correlated with water require

ment of five alfalfa cultivars. 



CHAPTER 3 

MATERIALS AND METHODS 

Field Arrangement 

Seeds of three near-isogenic lines, okra, superokra, and 

normal, of 'Stoneville 7A1 cotton, Gossypium hirsutum L., were planted 

on 3 May 1975, and 2 May 1976, at Campbell Avenue Farm, University of 

Arizona, Tucson. The genetic material was obtained from J. E. Jones, 

Department of Agronomy, Louisiana State University. 'LaOkra 2' and 

'LaSuperokra 2' were used in a backcross program as donor parents and 

the commercial cultivar Stoneville 7A as the recurrent parent. The 

near-isogenic lines were developed after six backcrosses. 

Plants were grown in beds 102-cm apart and thinned in June to 

about 1 m between plants within rows. The plants were widely spaced 

to eliminate competition among plants which allows an assessment of 

potential growth rates with no interference from intraplant competition. 

The soil of the experiment site was a coarse-loamy member of 

the Gila series. According to the comprehensive soil classification, 

the soil is Typic Torrifluvent. Herbicides, Treflan (a_,a^ji,trifluro-2, 

6-dinitro-N,N.-dipropyl-p-toluidine) and Caparol (2,4-bis(isopropylamino)-

6-(methyl thio)-s_-triazine) were discked into the soil pre-emergence at 

rates of 0.6 liter/ha and 1.4 kg/ha, respectively. In addition the plots 

were hand weeded as needed. Nitrogen was applied preplant in 1975 at the 
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rate of 84 kg/ha. In 1976 animal manure was applied and plowed under 

at the rate of 34 tons/ha. 

The experimental design was a randomized block with four repli

cations in 1975 and six replications in 1976. For growth analysis evalu

ation, a split-plot in time was used, with leaf type as the whole plot 

and time of sampling as the subplot. Data were collected during four 

sampling periods in 1975 and six periods in 1976 with a 1-week interval 

between the sampling dates. The beginning of sampling was 42 and 14 

days after planting in 1975 and 1976, respectively. 

Growth Analysis Procedures 

Four plants were harvested from each plot at each sampling date. 

Plant height was determined and the plants were divided into leaves, 

petioles, and stems. Leaf area of a random subsample of 16 leaves 

(four leaves per plant) was determined for each plot with an automatic 

leaf area meter (Type AAM-S, Hayashi Denko Co., Ltd., Tokyo, Japan). 

The subsamples were dried and leaf area-to-weight ratio calculated. 

This ratio was used to determine total leaf area from dry weight of 

leaves of each plot. All plant biomass was dried in a forced-air oven 

at 70°C and weighed. 

Formulae used to calculate growth parameters were as described 

by Radford (1967): 

Wp-W, InA^-lnA, 2 
Mean net assimilation rate (NAR)= —* r—r , g/dm /week 

2 1 2 1 

Ao-A-, InWp-lnW, 2 

Mean leaf area ratio (LAR) ° 1nA2-lnA1 ' /g 
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W, 2 

Specific leaf weight (SLW) = -j=- , g/dm 

WL Leaf weight ratio (LWR) = ^- , g/g 

Where Wp Wg and Ap Ag are total dry weights and leaf areas 

at times tj and t2» is weight of leaves per plant, and Wp is total 

dry weight per plant. 

Logarithmic plot of leaf area, leaf weight, and total dry weight 

per plant against time was done and the slope of the regression lines 

represented an estimate of relative leaf area growth rate (R^) in 

? -2 1 -1 -1 dm dm day , relative leaf weight growth rate (R^) in g g day , and 

relative growth rate (r) in g g~^ day""', respectively. 

Formulae used to calculate dry matter partitioning were described 

by Potter and Jones (1977): 

R A e" ^ 2 -1 
Leaf area partition coefficient (LAP) = ^ °Y,J^ , ^-i 

rWQe g day" 

R L e\^ -1 
Leaf weight partition coefficient (LWP) = ^ 0 .— , ^ ^ 

rWQe g day" 

Where R^, R^, and r are relative leaf area growth rate, relative 

leaf weight growth rate, and relative growth rate, respectively. AQ, 

Lq, and WQ are extrapolated leaf area, leaf weight, and total'dry weight 

on day of emergence, respectively; t is time in days. 

Apparent Photosynthesis Measurement 

Apparent photosynthetic rates were measured on 16 July 1975 

and 10 August 1976. The delay in 1976 was caused by problems related 
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to electric power failure. An air sealed chamber, a modification of the 

chamber developed by Wolf et al. (1969), was used to measure single leaf 

photosynthesis. The chamber was built of plexiglass with dimensions of 

18 x 23 x 5 cm. The design allowed insertion of a single leaf into the 

chamber without injury to the petiole. A coiled copper tubing, sur

rounded with ice water, was used to cool the air in 1976 to offset exces

sive heating of the air passing over the leaf. 

Carbon exchange rates (CER) of leaves within the chamber were 

monitored by comparing the COg content of air before and after passing 

through the chamber. Air was drawn through a stove pipe 7.5 cm in 

diameter from a 3-m height. This was done to increase uniformity of 

COg of air passing through the chamber. Air samples were passed through 

high-density nylon tubing to the differential infrared gas analyzer 

(IRGA, Beckman Model 865-25) located in an air conditioned instrument 

trailer. In the trailer air passed through Drierite (CaSO^), a cotton 

filter, a rotometer, and one of the cells of the IRGA. Standard mix

tures of CO2 in N (approximately 280 and 370 ul/liter) were used to cali

brate the IRGA. Measurements of photosynthesis were taken during a 

stable 5-min period when solar radiation was in the range 1.0 to 1.4 
p 

cal/cm /min (measured by an Eppley pyranometer on the roof of the instru

ment trailer). The fourth or fifth leaf from the last unrolled leaf on 

the mainstem was measured on two different plants in each plot. The 

chamber was mounted on a tripod which allowed orientation of the leaves 

to minimize shading. Measurements were taken between 1000 and 1300 hours 

to ensure optimum solar radiation and avoid wilting in the afternoon. 
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Histology Procedures 

Leaves and petioles were sampled for anatomical evaluation on 

7 July 1975, and 29 June 1976. Leaves sampled in 1975 were either the 

6th, 7th, or 8th leaf from the last unrolled leaf. In 1976 the fourth 

leaf was sampled to decrease phenotypic variability which can be associ

ated with position of leaf on the plant (Levitt, 1972). Area of leaves 

was determined with an automatic leaf area meter and then a 1 x 1 cm 

section of tissue, subsampled near the center of the blade spaced 0.5 cm 

on each side of the mid-rib, was taken from each leaf for histological 

examination. A 0.5-cm sample was taken from the petiole at the junction 

with the leaf blade. 

Leaf and petiole tissues were killed and fixed in FAA (formalin 

acetic acid alcohol mixture) and dehydrated with a TBA (tertiary butyl 

alcohol) series (Johansen, 1940). Dehydrated tissue was embedded in 

parafin and sectioned with a rotary microtome. Leaf and petiole cross 

sections were stained with safranin and fast green. Permanent slides 

were prepared and examined with an ordinary light microscope. 

Photomicrographs were taken with a polaroid camera for each 

slide. A photomicrograph of the slide rule micrometer was also taken 

to adjust the measurements for magnification. The following measurements 

were taken from each leaf section: palisade length (y), thickness of 

spongy parachyma (u), and leaf lamina thickness (m). Area of vascular 
0 0 0 

bundle (mm ), phloem area (mm ), and xylem area (mm ) were obtained from 

petiole sections. This was accomplished by tracing the tissue area and 

then measuring the area with the automatic leaf area meter. The ratio 



of vascular bundle area, xylem area, and phloem area to leaf area in 

2 2 mm /dm was calculated. 



CHAPTER 4 

RESULTS AND DISCUSSION 

Growth Rates 

The total dry weight (or leaf area) of a plant at the end of 

an experimental growth period depends upon (1) the size of the seedling 

at the start of the period (initial size), (2) the average rate at 

which the plant makes use of the already present material to build new 

material (relative growth rate), and (3) the duration of the growth 

period (Blackman, 1919). Table 1 shows no significant differences in 

cotyledon area, cotyledon weight, and specific cotyledon weight among 

the three near-isogenic lines. This indicates that initial size 

(represented by cotyledon area and weight) was similar and can be 

eliminated as a factor causing differences in dry weights of the leaf 

types. 

The increase in dry weight with time generally followed an 

exponential growth pattern which is typical of early plant growth (Figs. 

1 and 2). Hearn (1969) observed exponential growth in cotton plants up 

to 60 days after emergence. Gregory (1921) also reported that the growth 

of cucumber (Cucumis sativus L.) was approximately exponential in the 

early stages of growth. 

Total dry weight per plant was similar for the three near-

isogenic lines during early sampling dates. As the season progressed, 

differences among the near-isogenic lines generally increased in 



Table 1. Initial size of normal, okra, and superokra leaf 
cotton plants after emergence in 1976. 

Cotyledon Cotyledon Specific 

Leaf type area pi ant"^ weight pi ant" ̂ cotyledon weight 

dm^ 9 g/dm' 

Normal 0.17 a* 0.13 a 0.79 a 

Okra 0.18 a 0.13 a 0.79 a 

Superokra 0.18 a 0.14 a 0.76 a 

*Means within a column followed by the same letter are not significantly different at the 
0.05 level of probability according to the Student-Newman-Keuls'Test. 

ro 
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1 Superokra Petioles 

2 Okra Leaves 40 

3 Normal Stem 

30 

20 

10 

63 42 49 56 

Days after planting 

Dry weight accumulation for normal, okra, and superokra 
leaf cotton plants in 1975 growing season. 



20 Petioles Superokra 

Leaves Okra 

15 Stem Normal 

10 

5 

0 

35 42 49 28 21 14 

Days after planting 

. Dry weight accumulation for normal, okra, and superokra leaf cotton 
plants in 1976 growing season. 



magnitude with the normal leaf type achieving higher total dry weight 

than the okra and superokra leaf types. These differences were signif

icant by 63 and 49 days after planting in 1975 and 1976, respectively, 

Thomson (1971) found that superokra leaf M8 and normal leaf M8 had 

similar dry matter accumulation until 70 days after sowing whereupon 

the normal leaf had significantly greater dry matter. Higher dry weight 

of normal leaf plants at later harvest dates indicates a high relative 

growth rate. 

The logarithmic plot of total dry weight with time is shown in 

Fig. 3. The slopes of the lines represent an estimate of relative growth 

rates. Although not significantly different, normal leaf plants tended 

to have a higher relative growth rate (r) than superokra leaf plants 

during both years. 

Assimilation Efficiency 

Mean net assimilation rate (NAR), the change in weight per unit 

leaf area per unit time, is a component of relative growth rate and an 

index of assimilation efficiency. Mean net assimilation rate was similar 

for the three leaf types with no consistent differences between the years 

(Table 2). Variation among the sampling dates was large. The lack of 

significant difference in NAR suggests, that the near-isogenic lines have 

similar assimilation efficiency on a unit leaf area basis and variation 

in NAR can be eliminated as a factor causing difference in dry weights 

among the near-isogenic lines. 
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3.0 

2 . 0  

1 .0  

1975 

Normal y=-l.41+0.113x 
Okra y=-l.55+0.113x 
Superokra y=-l.22+0.098x 

14 28 42 56 70 

2.0 r-

1 . 0  

0 . 0  

-1.0 

1976 

Normal y=-l.49+0.127x 
Okra y=-l.41+0.118x 
Superokra y=-l.36+0.117x 

14 28 42 

Days after planting 

56 70 

3. Logarithmic plot of dry weight accumulation for normal, okra and 
superokra leaf cotton plants. 

(y=log dry weight (g), x=time (days).) 
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Table 2. Average NAR of normal, okra, and superokra leaf 
cotton plants during two growing seasons. 

Sampling Leaf Type 

Period Normal Okra Superokra Average 

2 g/dm /week 

1975 

14 June-21 June 0.98 a* 0.89 a 0.82 a 0.89 q 

21 June-28 June 0.79 a 0.97 a 1.08 a 0.95 q 

2 June-5 July 0.87 a 0.92 a 0.66 a 0.82 q 

Average .88 .93 

1976 

.85 

16 May-23 May 0.80 a 0.74 a 0.80 a 0.77 q 

23 May-30 May 0.88 a 0.95 a 1.01 a 0.95 q 

30 May-6 June 1.06 a 0.82 a 0.90 a 0.93 q 

6 June-13 June 0.91 a 1.15 a 0.93 a 0.99 q 

13 June-20 June 0.90 a 0.70 a 1.11 a 0.90 q 

Average .91 .87 .95 

*Values followed by the same letter in a year and letter series are not 
significantly different at the 5% level according to the Student-Newman-
Keuls' Test. 
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Additional support for this conclusion is shown by the photo-

synthetic rates. Apparent photosynthetic rates on 16 July 1975 were 

- 1  - 2  1.88, 2.12, and 2.06 n mol s cm for normal, okra, and superokra 

leaf types, respectively. Apparent photosynthetic rates of 0.76, 0.72, 

- 1  - 2  and 0.66 n mol s cm were obtained on 10 August 1976 for normal, 

okra, and superokra leaf types, respectively. Differences among the 

near-isogenic lines were not significant during either year. Elmore, 

Hesketh, and Muramoto (1967) also reported that CER of superokra and 

broadleaf lines were similar. Baker and Myhre (1968) reached a similar 

conclusion and stated that the thinner boundary layer associated with 

the superokra lobed leaf was not an advantage in enhancement of COg 

exchange rates. 

Photosynthetic rates measured in August 1976 were much lower 

than the rates reported for July 1975. The 1975 values are in agreement 

with those frequently reported in the literature (Elmore, Hesketh, and 

Muramoto, 1967; Baker and Myhre, 1968; El-Sharkawy and Hesketh, 1965). 

The plants on which the 1976 measurements were taken had heavy boll 

loads; a.consequence of wide spacing and late sampling. Bassett, Ander

son, and Werkhoven (1970) hypothesized that cotton cultivars with heavy 

boll loads may have low apparent photosynthetic rates. This was attribut

ed in part to low nitrogen levels in the leaves imposed by high boll 

demand (Tucker and Tucker, 1968). Crowther (1934) found that the boll 

load exerts a detrimental effect on root growth, thus interrupting the 

nitrogen reserves of leaves into bolls. Maskell and Mason (1930) 

reported that developing bolls are an accumulation center for nitroge

nous materials and that removal of flower buds and bolls results in 



increased nitrogen in leaves. Murneek (1926) found similar results in 

tomato (L.ycopersicon esculentum L.) plants. Garcia and Hanway (1976) 

implicated P, K, and S in addition to N as factors limiting photosyn

thesis during pod filling in soybean cultivars. They found that foliar 

application of these nutrients increased yield. Elmore, Hesketh, and 

Muramoto (1967) observed low photosynthetic values of cotton leaves in 

August; they postulated that leaf aging, as a result of carbohydrate 

conversion into fruit development, might have led to their low values. 

Leaf Area Expansion 

Leaf area per plant among the leaf types was similar early in 

the season, but as the season progressed the divergence in leaf area 

became clear (Table 3). The normal leaf type had significantly greater 

leaf area than okra and superokra leaf types 63 and 49 days after plant

ing in the 1975 and 1976 seasons, respectively. Several investigators 

have reported that the okra and superokra leaf types have less leaf 

area per plant than normal leaf types (Jones and Andries, 1967; Karami 

and Weaver, 1972; Pegelow et al., 1977). 

The logarithmic plot of leaf area per plant with time for the 

three near-isogenic lines is shown in Fig. 4. The slope of the curve 

is an estimate of relative leaf area growth rate (R^)- The normal and 

okra leaf types had significantly higher than superokra leaf type in 

both years. This shows the divergence in leaf area per plant among the 

near-isogenic lines as the season progressed. 

Relative leaf area growth rate is an important factor causing 

differences in dry weight among the three near-isogenic lines as will 
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Table 3. Leaf-area per plant of normal, okra, and superokra 
leaf cotton plants in 1975 and 1976. 

Days After Leaf Type 

Planting Normal Okra Superokra Average 

dm2 

1975 

42 3.7 d* 3.1 d 3.0 d 3.3 s 

49 7.8 d 5.3 d 5.8 d 6.3 s 

56 20.0 cd 16.3 cd 14.0 cd 16.8 r 

63 46.3 a 35.7 b 

1976 

24.8 c 35.6 q 

14 0.2 f 0.2 f 0.2 f 0.2 u 

21 0.4 f 0.4 f 0.5 f 0.4 tu 

28 1.1 f 1.1 f 1.1 f 1.1 t 

35 2.8 f 2.4 f 2.2 f 2.5 s 

42 6.6 de 6.8 d 4.9 e 6.1 r 

49 16.1 a 12.9 b 10.8 c 13.3 q 

*Values followed by the same letter in a year and letter series are not 
significantly different at the 5% level according to the Student-Newman-
Keuls' Test. 
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1975 
Normal y=-l.65+0.121x 
Okra y=-l.73+0.121x 
Superokra y=-l.39+0.089x 

14 28 42 56 70 

2.0 r  

-1.0 

1976 

Normal y=-l.48+0.128x 
Okra y=-l.41+0.119x 
Superokra y=-l.31+0.11 Ox 

I 

14 28 42 

Days after planting 

56 70 

4. Logarithmic plot of leaf area development for normal, okra, and 
superokra leaf cotton plants. 

(y = log leaf area (dm^), x = time (days).) 
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be discussed in more detail later. Faster expansion of leaves contri

butes to a high r (Blackman and Black, 1959). Elmore, Hesketh, and 

Muramoto (1967) in a survey of rates of leaf growth of £. hirsutum 

cultivars found that a superokra leaf type had a 20% lower than a 

broad leaf Deltapine cultivar. McNaughton (1974) reported variation 

in net productivity, as dry biomass production rates, among broad-

leaved cattail (T.ypha latifolia L.) populations from different environ

ments. He concluded that since there was no variation in assimilation 

properties of the populations different net productivities could be 

attributed to variation in rate of leaf area expansion. Dry matter 

accumulation with time was highly correlated with the rate of leaf area 

expansion for soybean plants in a study by Kira, Ogawa, and Sakazaki 

(1953). Duncan and Hesketh (1968) reported that vegetative dry weight 

growth in 22 races of maize was more dependent on the rate of leaf 

expansion than apparent photosynthetic rate per unit leaf area. Mura

moto, Hesketh, and El-Sharkawy (1965) observed that the hybrid between 

'Deltapine smooth leaf1 and 'Pima S-2' cultivars attained higher dry 

matter over time than either parent. Differences in rates of dry matter 

production between the hybrid and its parents were associated with 

differences in rate of leaf area development. 

Growth as a Function of 
Leaf Area Development 

Leaves are the most active photosynthetic organs in crop plants 

and hence are the main site of dry matter production. This led Ashley, 

Doss, and Bennett (1963) to point out the importance of efforts to study 

leaf area development as a factor toward increasing cotton plant yield. 



The association between leaf area and total dry weight per plant 

for normal, okra, and superokra leaf types is shown in Fig. 5. The 

relationship is linear with correlation coefficients being significant 

among the three near-isogenic lines. The superokra and okra leaf types 

had significantly higher coefficients than the normal leaf type. Thus 

the superokra leaf type had higher total dry weight per unit leaf area 

than normal and okra leaf types. This probably occurs because super

okra leaf plants partition less biomass to roots than normal leaf or okra 

leaf plants. 

Brouwer (1962) found that plants in their exponential phase of 

growth develop a functional equilibrium between the size and activity of 

root and shoot systems. In a study of temperature effects on root to 

shoot ratio of clover (Trifolium repens, L.), Davidson (1969) developed 

the following function: 

Massroot X sPec"ifl'c activityroot « Mass
shoot X sPecific act1v1^shoot 

He further indicated that photosynthate is partitioned in inverse pro

portion to the activity of roots and shoots to maintain the balance. 

Maggs (1964) reported that young apple (Maius domestica, L.) trees with 

reduced leaf area distributed a higher portion of dry matter to the 

shoot while the roots were penalized. He concluded that the stem formed 

the major sink with a tendency to reduce the root function. In a study 

by Chandler (1919) pruned apple trees with greatly reduced leaf surface 

developed a higher shoot to root ratio than unpruned trees. He postu

lated that reducing the leaf surface of pruned trees led to the major 
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Fig. 5. Relationship between leaf area and dry weight for normal, okra, and superokra 
leaf cotton plants. 
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use of carbohydrates in top growth with less carbohydrates moving to 

the roots in sufficient amount for their growth. Fordham (1972) 

reported that pruning tea (Camellia sinensis, L.) plants was accom

panied by the cessation of root growth caused by a decreased supply of 

assimilates to the roots. 

The relationships between leaf area and leaf dry weight per 

plant, and leaf area and stem dry weight per plant were also linear 

(Figs. 6 and 7). Significant correlation coefficients were obtained 

for the three leaf types in both cases. The slopes of the lines in 

Fig. 6 were not significantly different among the near-isogenic lines 

whereas in Fig. 7 the superokra and okra leaf types had significantly 

higher slopes than normal leaf type. The superokra leaf type had higher 

stem weight and leaf weight per unit leaf area than normal and okra 

leaf types. There is more divergence in stem weight per unit leaf area 

than leaf weight per unit area among the near-isogenic lines. This 

shows that most of the differences among leaf types in total dry weight 

at a given leaf area (Fig. 5) were due to differences in stem dry weight 

per unit leaf area rather than leaf weight per unit leaf area. 

The relationships between leaf dry weight and total dry weight 

per plant, and leaf dry weight and stem dry weight were also linear. 

Correlation coefficients were significant in both cases (Figs. 8 and 9). 

Regression coefficients were not significantly different among the 

near-isogenic lines in either association. Although the superokra 

leaf type showed higher dry matter accumulation per unit leaf weight 

than its near-isogenic lines, the impact of leaf weight on dry matter 

variation was not as great as that of leaf area. In a study of nine 
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species using growth analysis technique Potter and Jones (1977) con

cluded that investment of dry matter production into leaf weight was 

not an important factor in high growth rates. 

Dry Matter Partitioning 

Elmore, Hesketh, and Muramoto (1967) observed that growth of 

plants can be separated into two processes: (1) accumulation of photo-

synthate, and (2) utilization of photosynthate into various plant parts. 

High correlations between growth rates and leaf area expansion were 

obtained in their study and have been reported by other research workers 

(Delaney and Dobrenz, 1974; Hanson, 1971; Muramoto, Hesketh, and El-

Sharkawy, 1965; Duncan and Hesketh, 1968). This stresses the importance 

of dry matter partitioning into new leaf growth for high growth rates. 

Potter and Jones (1977) developed the terms leaf area partition 

coefficient (LAP) and leaf weight partition coefficient (LWP) as esti

mates of dry matter partiioning rates into leaf area expansion and leaf 

weight increase, respectively. The analysis of investment of daily dry 

matter increase into leaf area expansion can lead to establishment of 

a cause-effect relationship between leaf area and vegetative growth. 

They showed that the product of LAP and NAR equals R^; hence NAR is 

related to R^ physiologically. Leaf area partition coefficient accounts 

for the partitioning of dry matter as related to leaf area expansion. 

Leaf area ratio (LAR) is also an index of dry matter partitioning between 

leaves and other plant parts. Leaf area partition coefficient, however, 

seems to be a better estimate of dry matter partitioning than LAR as 

the former is the change in LAR with time. 



Although not significantly different, the normal and okra leaf 

types had a trend of higher r than superokra leaf type in both seasons 

as was discussed earlier (Fig. 3) and Table 4. The normal and okra 

leaf types had significantly higher R^ than superokra leaf type in 

1975 and 1976 (Fig. 4 and Table 4). Relative leaf weight growth rate 

(R|_) was not significantly different among the three near-isogenic lines 

during either season. The normal leaf type showed a trend of higher 

R^ than the superokra leaf types in 1975 and both okra and superokra 

leaf types in 1976. The normal and okra leaf types had significantly 

higher LAP than superokra leaf type in 1975. The normal leaf type had 

significantly higher LAP than superokra leaf type in 1976 with the okra 

leaf type intermediate in value. Leaf weight partition coefficient (LWP) 

was not significant among the three near-isogenic lines in 1975 or 1976. 

The high LAP of normal and okra leaf types indicates that these 

near-isogenic lines partition more dry matter into leaf area expansion 

than the superokra leaf type. As NAR was similar for the three leaf 

types, the variation in LAP accounts for the variation in R^ among the 

leaf types. The lack of significant differences in LWP among the three 

near-isogenic lines is in agreement with Potter and Jones (1977) con

clusion that the investment of dry matter produced into leaf weight 

increase is not an important factor in growth rate variation. Shibles 

and MacDonald (1962), in a study of growth rates of birdsfoot trefoil 

cultivars 'Viking' and 'Empire,' found that the higher growth rate of 

Viking was correlated with a higher photosynthetic leaf area expansion 



Table 4. Relative growth rate (r), relative leaf area growth rate (Ra), relative leaf weight 
growth rate (Ri)> leaf area partition coefficient (LAP), ana leaf weight partition 
coefficient (LWP) for normal, okra, and superokra leaf cotton plants in 1975 and 1976. 

Leaf r RL LAP LWP 

Type 1975 1976 1975 1976 1975 1976 1975 1976 1975 1976 
-1 -1 2 -2 -1 -1 -1 2 -1 -1 

gg day dm dm day —gg day .dm day q day 
g day"1 g day"1 

Normal 0.113 a* 0.127 a 0.121 a 0.128 a 0.103 a 0.163 a 0.834 a 0.984 a 0.690 a 0.481 a 

Okra 0.113 a 0.118 a 0.121 a 0.119 a 0.102 a 0.150 a 0.802 a 0.960 ab 0.690 a 0.527 a 

Superokra 0.098 a 0.117 a 0.089 b 0.110 b 0.085 a 0.114 a 0.693 b 0.875 b 0.667 a 0.391 a 

*.Veans within a column followed by the same letter are not significantly different at the 0.05 level 
of probability. 
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rate. They considered that variation in leaf area expansion was a con

sequence of more partitioning of photosynthate into leaf area in Viking 

than Empire. 

Leaf area ratio (LAR), the area of leaves per plant divided by 

the total plant dry weight, is a component of relative growth rate and 

an index of dry matter partitioning between leaves and the rest of the 

plant (except that roots were not considered in this study). In both 

1975 and 1976, LAR was similar early but then diverged (Fig. 10). The 

normal leaf type had significantly higher LAR than the superokra leaf 

type for the periods 56 and 63 days and 42 to 49 days after planting in 

the 1975 and 1976 seasons, respectively; with the okra leaf type inter

mediate in position. The general difference in LAR, which was maintained 

as both seasons progressed, indicates that the normal leaf type invested 

a higher proportion of new dry matter into leaf area expansion than 

okra and superokra leaf types. Low partitioning of dry matter into 

leaf area development by superokra leaf plants eventually leads to the 

development of strap-shaped leaves as the climax leaf forms later in 

the season. 

Specific leaf weight, the reciprocal of specific leaf area and 

a component of LAR, is shown in Fig. 11. Although not significantly 

different, the superokra leaf type generally had a higher SLW than the 

normal and okra leaf types. This contributes somewhat to the low LAR 

of superokra leaf type. Figure 12 shows the leaf weight ratio (LWR), 

which is also a component of LAR. Although not significantly different, 

the normal leaf type had a trend of higher LWR than okra and superokra 
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Fig. 10.  Mean leaf area ratio of normal, okra, and superokra leaf 
cotton plants in 1975 and 1976. 
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Fig. 11. Specific leaf weight for normal, okra, and superokra leaf 
cotton plants in 1975 and 1976. 
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leaf types in 1975 and 1976. Thus the normal leaf type partition more 

dry matter into leaf weight beside leaf area expansion; thus variation 

in LAR contributes to variation in dry matter accumulation among the 

near-isogenic lines and is influenced by LWR. 

Plant Height 

The three near-isogenic lines did not significantly differ in 

plant height at any of the harvests (Table 5). The relationship between 

plant height and leaf area per plant followed a quadratic fit as shown 

in Fig. 13. The quadratic relationship between plant height and dry 

weight per plant is shown in Fig. 14. The normal leaf plants had higher 

leaf area and dry weight per plant at a given height than okra and super-

okra leaf plants. 

The high association between plant height and leaf area per 

plant, and plant height and dry weight per plant shows that plant height 

can be used during the seedling stage before interplant competition as 

an index to estimate leaf area and plant weight. Anderson (1971) 

observed a positive correlation between leaf area and plant height, 

and dry weight and plant height of cotton plants until 53 days after 

sowing. Significant correlations were also obtained by Ashley, Doss, 

and Bennett (1963) between leaf area and plant height, and total dry 

weight and plant height for cotton plants. They concluded that plant 

height can be used as an index of dry matter increase with time. 

Similar results were obtained for the relationships between 

plant height and stem dry weight, and plant height and leaf dry weight 
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Table 5. Average plant height for normal, okra, and superokra 
leaf cotton plants in 1975 and 1976. 

Days After Leaf Types 

Planting Normal Okra Superokra Average 

- cm • 

1975 

42 16.2 c* 16.1 c 17.6 c 16.7 s 

49 23.5 c 23.7 c 24.7 c 24.0 s 

56 32.1 b 32.1 b 35.5 b 33.2 r 

63 46.7 a 4
*
 

C
O

 

a 45.8 

1976 

a 46.6 q 

14 5.8 e 6.7 e 6.9 e 6.4 u 

21 8.4 e 9.5 e 9.3 e 9.1 u 

28 12.7 d 14.3 d 13.9 d 13.6 t 

35 18.3 c 18.8 c 20.2 c 19.1 s 

42 24.7 b 27.0 b 25.2 b 25.6 r 

49 32.5 a 35.0 a 36.0 a 34.5 q 

*Values followed by the same letter in a year and letter series are not 
significantly different at the 5% level according to the Student-Newman-
Keuls' Test. 



CM 
E *U 

(tJ 
CL 

<D 
Q. 
ra 0) 
S-fO 

(O 
Q> 

60 

45 

30 

15 

Normal y=3.39+-0.63x+00.033x2,R2=0.92 

Okra y=2.00+-0.37x+0.022x2,R2=0.98 

Superokra y=l.53+-0.25x+0.016x ,R =0.96 

10 30 40 

Plant height (cm) 

Fig. 13. Relationship between plant height and leaf area per plant for normal, okra, and 
superokra leaf cotton plants. 

p 
(y = leaf area per plant (dm ), x = plant height (cm). Open symbols represent 
1975 and closed 1976. A—A normal, o—o okra, andd-»-d superokra.) -p» 

CO 



y=2.66+-0.52x+0.03x ,R =0.98 

y=2.79+-0.47x+0.025x2,R2=0.94 

Superokra y=l.60+-0.28x+0.017x2,R2=0.97 

Normal 60 

Okra 

45 
CT> 

4-> 

/ • 
30 a. 

15 

0 

Plant height (cm) 

Fig. 14. Relationship between plant height and total dry weight for normal, okra, and 
superokra leaf cotton plants. 

(y = dry weight per plant (g), x = plant height (cm). Open symbols represent 
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(Figs. 15 and 16). The normal leaf type had higher stem dry weight and 

leaf dry weight at a given height than the okra and superokra leaf 

types. 

The results of this part of the study show that normal leaf 

plants have faster leaf area expansion than okra and superokra leaf 

plants. The high and LAP of normal leaf plants contributes to the 

high growth rate as the season advances. Slow growth rate of the okra 

leaf types may favor early development of reproductive tissue by sup

pressing apical dominance (Kerby and Buxton, 1976). Further research 

is needed to give insight into the effect of plant leaf area and apical 

dominance on fruiting in cotton. This study indicates that any further 

improvements to adapt the okra leaf types for commercial use should take 

into account the rate of leaf area expansion. Hanson (1971) in a selec

tion program for differential productivity among maize plants found that 

the principal correlated response to selection was leaf area and not 

apparent photosynthetic rates. 

Comparative Anatomy 

Plant anatomy studies have greatly aided in understanding 

physiological processes in plants such as photosynthesis, translocation, 

transpiration, and water absorption. The purpose of this part of the 

study was to investigate possible variations in anatomy of leaves and 

petioles of the three near-isogenic lines. 

Average lamina thickness, palisade length, and mesophyl paren

chyma thickness for the three leaf types are presented in Table 6. 



40 Normal y=2.03+-0.34x+0.014x ,R =0.98 

Okra y=l.93+-0.30x+0.012xc,R =0.95 

Superokra y=l.56+-0.25x+0.010x ,R =0.97 

30 

20 

10 

0 

Plant height (cm) 

15. Relationship between plant height and stem dry weight for normal, okra, and 
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Table 6. Leaf anatomy of normal, okra, and superokra leaf 
cotton plants in 1975 and 1976. 

Leaf lamina Mesophyl parenchyma 
thickness Palisade length thickness 

Leaf types 1975 1976 1975 1976 1975 1976 

Normal 224 a* 293 a 112 a 138 a 112 a 155 a 

Okra 233 a 269 a 115a 136 a 118a 134 a 

Superokra 242 a 285 a 128 a 130 a Ilia 154 a 

Average 233 282 118 135 114 148 

*Means within a column followed by the same letter are not significantly 
different at the 0.05 level of probability according to the Student-
Newman-Keuls' Test. 



No significant differences in these anatomical features were found 

among the leaf types in either 1975 or 1976. Cultivars witn high 

LAR may have thinner leaves than cultivars of lower LAR (Leopold and 

Kriedemann, 1975). This was not the case in this study where variation 

in LAR was not reflected in leaf thickness. 

The petiole vascular bundle and xylem cross sectional areas 

were similar for the three near-isogenic lines in both 1975 and 1976 

(Table 7). Significant differences were found in phloem area during 

the 2 years but the results were inconsistent. The okra leaf type had 

a higher phloem area than the normal leaf type; with superokra inter

mediate in position in 1975. In 1976 the normal leaf type had a higher 

phloem area than the superokra leaf type. Variation in phloem cross 

sectional area among the leaf types and between the years may be due 

to sampling of leaves from different positions in the plant. The leaves 

sampled in 1976 were young and might not have fully expanded. Allsopp 

(1967) stated that successive leaves of the developing shoot showed dif

ferences in morphology and anatomy. He reported that there is a differ

ence in number and size of cells from leaf to leaf as a response to the 

position of the leaves on the shoot. He reported that this was even 

more pronounced in hetermorphic plants like Passiflora caerulea L. 

Table 8 shows the vascular bundle area, the phloem area, and 

the xylem area of the petiole when adjusted for leaf area. Average 

2 area of leaves sampled in 1975 was 1.60, 0.80, and 0.42 dm for normal, 

okra, and superokra leaf types, respectively. In 1976 average areas of 

0.63, 0.65, and 0.40 dm were measured for normal, okra, and superokra 



Table 7. Petiole vascular tissue cross sectional area of normal, 
okra, and superokra leaf cotton plants in 1975 and 1976. 

Vascular bundle area Phloem area Xylem area 

Leaf type 1975 1976 1975 1976 1975 1976 

—2 mm 

Normal 1.14a* 1.31a 0.38b 0.49a 0.75a 0.82a 

Okra 1.27 a 1.23 a 0.56 a 0.39 ab 0.71 a 0.83 a 

Superokra 1.12 a 1.03 a 0.45 ab 0.36 a 0.67 a 0.68 a 

Average 1.28 1.19 0.47 0.41 0.71 0.77 

*Means within a column followed by the same letter are not signifi
cantly different at the 0.05 level of probability according to the 
Student-Newman-Keuls' Test. 
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Table 8. Ratio of petiole vascular tissue area to leaf area of normal, 
okra, and superokra leaf cotton plants in 1975 and 1976. 

Vascular bundle area Phloem area Xylem area 
/leaf area /leaf area /leaf area 

Leaf type 1975 1976 1975 1976 1975 1976 

2 2 — 'mm /dm — 

Normal 0.75b* 2.24a 0.26c 0.83a 0.49b 1.40a 

Okra 1.90 ab 1.92a 0.70b 0.63a 1.20 ab 1.29a 

Superokra 3.39 a 2.30 a 1.11 a 0.80 a 2.28 a 1.50 a 

Average 2.02 2.15 0.69 0.75 1.32 1.40 

*Means within a column followed by the same letter are not significantly 
different at the 0.05 level of probability according to the Student-
Newman-Keuls' Test. 
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leaf types, respectively. As the near-isogenic lines differ in leaf 

size, the adjustment for leaf area was done to allow a comparison of 

the amount of vascular area available to serve a unit leaf area. 

2 2 The ratio of vascular bundle area per leaf area (mm /dm ) 

was significantly different among the leaf types in 1975. No signifi

cant differences were shown in 1976. In 1975 superokra leaf plants 

had a significantly higher ratio than normal leaf plants. The ratio 

of xylem area and phloem area to leaf area followed a similar trend. 

Fisher (1970) studied the kinetics of ^C-translocation of soybean 

plants in a computer model. He concluded that leaf size and shape inter

act to affect the velocity of translocation. Kerby (1976) found a trend 

for okra and superokra leaf plants to have less radioactive label remain-

14 ing in their leaves 5 hours after exposure to COg than normal leaf 

plants; an indication of higher translocation ability. He postulated 

that the normal leaf plants, with larger leaves, might not translocate 

assimilates from the leaves at the same rate as the smaller superokra 

leaves if phloem cross sectional area was similar for both leaf types. 

The results of this part of the study show that the anatomical 

features of leaves and petioles of the near-isogenic lines are similar. 

The difference in shape and size of leaf among the three near-isogenic 

lines is not reflected in internal structure. Further combined studies 

of translocation rates and leaf types anatomy need to be done. 



CHAPTER 5 

SUMMARY AMD CONCLUSION 

Three near-isogenic lines of Stoneville 7A (normal, okra, and 

superokra) which differed in leaf size and shape were grown widely 

spaced at The University of Arizona Campbell Avenue Experimental Farm 

in Tucson, Arizona in 1975 and 1976. Plants were sampled, at 4 dates 

in 1975 and 6 dates in 1976, during the early phase of growth to deter

mine the effect of reduced leaf area on growth rate, assimilation 

efficiency, and dry matter partioning. Plants were also sampled to 

compare the internal structure of leaves and petioles of the three 

near-isogenic lines. 

The initial size was similar for the three leaf types as mani

fested by similar cotyledon area and weight. As the seasons advanced, 

the rate of dry matter accumulation diverged among the three near-

isogenic lines. The normal leaf type had significantly higher total 

dry weight per plant, and leaf weight per plant than okra and superokra 

leaf typ.es by 63 days and 49 days after planting in 1975 and 1976, 

respectively. This indicated that the normal leaf type had higher 

growth rate than its two near-isogenic lines. The mean relative growth 

rate was not significantly different among the three leaf types, but 

the normal and okra leaf types tended to have a higher rate than the 

superokra leaf type. 
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Assimilation efficiency on unit leaf area was similar for the 

three leaf types. There were no significant differences in NAR and 

apparent photosynthetic rates among the three near-isogenic lines. 

This eliminated variation in assimilation efficiency as a factor in 

growth rate variation. 

Leaf area per plant was similar early in the seasons but diverged 

with time. The normal leaf type had significantly higher leaf area per 

plant than okra and superokra leaf types by 63 and 49 days after plant

ing in 1975 and 1976, respectively. There was a significant correlation 

between leaf area and total dry weight for the three leaf types. The 

superokra leaf type had higher dry weight at a given leaf area than nor

mal and okra leaf types. This suggests that superokra leaf plants have 

a higher shoot to root ratio than its two near-isogenic lines. Correla

tion between leaf area and leaf weight per plant, leaf area and stem dry 

weight per plant were also significant for the three leaf types. The 

superokra leaf type had higher leaf weight and stem dry weight at a 

given leaf area than normal and okra leaf types. This further indicates 

that superokra leaf type may partition less biomass to the root. 

The normal and okra leaf types partition more dry matter into 

leaf area expansion than superokra leaf type. This was shown in higher 

LAP of normal and okra leaf types than superokra leaf type. As NAR 

was similar among the near-isogenic lines, the normal and okra leaf 

types had higher R^ than superokra leaf type. The partitioning of dry 

matter into leaf weight increase was shown to be a non-significant fac

tor in growth rate variation. 
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Early in the season LAR was similar among the three leaf types 

but then diverged and the difference was maintained as the seasons 

advanced. The normal leaf type had higher LAR than okra and superokra 

leaf types by 56 to 63 days and 42 to 49 days after planting in the 

1975 and 1976 seasons, respectively. Superokra and okra leaf types had 

a trend of higher SLW and lower LWR than normal leaf type which may have 

contributed to the lower LAR of the former near-isogenic lines. High 

LAR of normal leaf type is an indication of more dry matter partitioning 

into leaf area development and leaf weight increase. The high associa

tion between plant height and leaf area, plant height and dry weight 

suggests that plant height, which is a non-destructive technique, can 

be used as an estimate of plant leaf area and dry weight during the 

seedling stage. 

There were no significant differences in leaf thickness, palisade 

length, and spongy mesophyl thickness among the three near-isogenic 

lines. Superokra leaf type had significantly higher vascular bundle 

cross sectional area to leaf area than normal leaf type in 1975; okra 

leaf type was intermediate in position. There were no significant dif

ferences in these parameters among the leaf types in 1976. 

The results of this study indicate that leaf area expansion 

is an important factor that need be.considered in any further improve

ment of okra and superokra leaf types. Variation in dry matter parti

tioning also should be taken into account when adapting the okra leaf 

types for commercial use. 
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