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ABSTRACT 

Cotton (Gossypium hirsutum L.) is an indeterminate crop with 

vegetative and reproductive sinks competing for photo synthetic assimi

lates. To evaluate this relationship, three near-isogenic lines of 

'Stoneville 7 A' (normal, okra, and superokra), which varied in leaf area, 

were grown in irrigated basins under narrow-row culture at a population 

density of 10 plants/m2. Plants were evaluated during the 3rd and 5th 

weeks of flowering at three canopy levels (0-30, 30-55, and above 55 

cm) for carbon uptake, biomass partitioning, and specific leaf weight 

(SLW). Measurements of SLW were made at different canopy levels to 

determine its relationship to leaf photosynthetic activity. 

Differences in leaf area index (LAI) between leaf types were 

not significant on 28 July but were on 11 August when the LAI of normal, 

okra, and superokra leaf plants were 6.0, 4.7, and 3.9, respectively. 

Differences were most pronounced in the middle and top canopy levels. 

Rates of 1^C02 uptake above 55 cm were similar on a leaf dry 

weight basis for the three plant leaf types. At canopy levels below 55 

cm, the carbon uptake rates for superokra and okra leaf plants were 53 

and 39% greater than for normal leaf plants in the second sampling. Low 

LAIs in the mutant leaf types resulted in similar activity on a ground area 

basis. Although the near-isolines had similar carbon uptake in canopy 

levels below 55 cm, normal leaf plants had rates that were 23 and 69% 

greater than those of okra and superokra leaf plants above 55 cm. 
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No significant differences between plant types were noted for 

plant height, total dry weight, stem dry weight, or percentage of biomass 

partitioned to stems. Plants with reduced LAI partitioned more biomass 

to fruit and less to leaves and petioles than did plants with high LAI. 

During the 3rd week of flowering, normal leaf plants had 73% 

of the fruit dry weight and 40% of the photosynthetic activity occurring 

below 55 cm. Two weeks later, 71% of the fruit dry weight but only 19% 

of the photosynthetic activity was found below 55 cm. This low photo-

synthetic activity in the lower canopy levels may promote inefficient 

use of assimilates in cotton. The use of plant types with reduced LAI 

did not greatly alter this relationship between source and reproductive 

sink. 

Correlation coefficients between 54 observations of photosyn

thetic activity and SLW at 0600 or 1800 hours were significant (d.f. =53) 

and ranged between 0.73 and 0.83 depending upon sampling date and 

time of SLW measurement. These values were not altered by plant leaf 

type. 

This study indicates that plants with okra and superokra type 

leaves do not have increased total photosynthetic activity near develop

ing bolls as a result of greater light penetration into the canopy. Thus 

photosynthetic activity near reproductive sinks in cotton cannot be in

creased by reducing leaf area. Light penetration below upper leaves 

must be increased, while leaf area near developing bolls is maintained. 

This might be done by selecting for more vertical leaves in the upper por

tion of the canopy. 
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Specific leaf weight appears to be a rapid and simply performed 

morphological index of photo synthetic activity in different cotton leaves 

under fie Id conditions . 



INTRODUCTION 

Cotton (Gossypium hirsutum L.) is an important crop in the ir

rigated regions of Arizona and other regions of the United States. Early-

plant growth is devoted to vegetative structures, but later dry weight 

gain is due to both vegetative and reproductive increases. This simul

taneous increase in dry weight of reproductive and vegetative tissue is 

a characteristic of an indeterminate growth habit. 

Indeterminate growth in cotton results from vegetative growth 

at stem apexes, while reproductive growth occurs lower on the plant 

axis. Leaves subtending bolls within the cotton canopy are older and 

partially shaded by vegetative growth near the top of the plant. Because 

young leaves that nourish vegetative sinks are in a better light environ

ment than older leaves that feed developing bolls, an undesirable carbon 

source to reproductive sink relationship may exist. 

Research has been conducted to evaluate the carbon contribu

tion of different leaves near developing bolls. However, carbon ex

change rates (CER = nmol CO2 exchange/s/cm^) of leaves at various 

levels in the cotton canopy have not been compared. Since leaves vary 

in age and light environment, differences in CER throughout the crop 

canopy should be expected. High photo synthetic activity of leaves near 

the vegetative sink and low activity of leaves near developing bolls 

would encourage inefficient use of assimilates. 

Plants with okra and superokra leaves, characterized by reduc

tions in area per leaf and leaf area index (LAI = leaf area/ground area), 
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should intercept less light in the vegetative portions of the plant canopy 

than plants with normal leaves and allow greater light penetration to 

leaves adjacent to bolls. In theory, this should decrease vegetative 

growth and promote reproductive growth. 

Specific leaf weight (SLW = weight/area) has been reported to 

be positively associated with CER in alfalfa (Medicago sativa L.) and 

soybeans (Glycine max (L) Merr.). If SLW is an accurate index of CER 

of different leaves in a cotton canopy, it would facilitate evaluation of 

their activity. 

The objectives of this study were threefold: (1) compare CER of 

leaves at different canopy heights under narrow row field conditions in 

relation to developing boll load, (2) determine if cultivars with reduced 

LAI have a more favorable source to reproduction sink relationship than 

normal leaf plants , and (3) determine if SLW is related to CER of leaves 

at various heights in plant canopies. 



LITERATURE REVIEW 

More efficient use of assimilates for boll production in cotton 

plants is a goal of plant breeders and physiologists. Since cotton has 

an indeterminate growth habit, vegetative growth competes with bolls 

for assimilates. Upper young active leaves are near the vegetative sink 

and older, shaded leaves are near the reproductive sink. This relation

ship tends to promote inefficient use of assimilates. Thus total photo-

synthetic activity of the crop canopy may not relate closely to boll yield. 

Mutant leaf types with reduced leaf area per leaf and reduced LAI could 

exhibit less of the undesirable physiological and morphological charac

ters related to inefficient utilization of assimilates. 

Effect of Leaf Type on Physiological 
and Morphological Characters 

The okra leaf mutant, discovered more than a century ago, has 

been used mostly as a genetic marker (Brown and Cotton 1937). 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 link

age group II on chromosome 15 in genome D (Kohel, Lewis, and Rich

mond 1965). 

Mutant okra and superokra leaf plants are associated with re

duced LAI and area per leaf compared to normal leaf plants (Andries et 

al. 1969, 1970; Karami and Weaver 1972; Pegelow et al. in press). 

The effect of these leaf types on boll rot, plant height, boll size, 
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earliness, biomass partitioning, and yield has been previously reviewed 

(Kerby 1975). 

Okra and superokra leaf plants have greater light penetration in

to the canopy than normal leaf types due to less LAI (DeOliveira 1974). 

Light penetration into superokra leaf canopies was 1.5 to 5.8 times 

greater than in normal leaf canopies, depending upon height above 

ground. 

Because plants with okra and superokra type leaves have less 

leaf area and more light penetration into the canopy, CER per unit leaf 

area should be greater than for the normal leaf type. Thomson (1972) 

found superokra leaf plants produced significantly more seed cotton per 

weight of leaf tissue than normal leaf plants . Pegelow et al. (in press) 

reported that canopies of superokra leaves have an average CER 18% 

greater than normal leaf plants on a leaf area basis; however, when 

compared on a ground area basis, superokra canopies had a CER that 

was 27% lower than normal leaf canopies due to a 34%reduction in LAI. 

The CER of okra leaf plants responded in accordance with LAI, which 

was between the range of values reported for normal and superokra leaf 

plants. 

Okra and superokra leaf plants initiate more fruiting positions 

but abort more squares (prefloral buds) and bolls than normal leaf plants 

(Kerby and Buxton 1976). Number of bolls matured is often similar for 

the three leaf types. 

These mutant leaf plants required fewer days between first fruit

ing positions of successive sympodial (fruiting) branches along the main 

stem than normal leaf plants (Kerby and Buxton n.d.). They also require 
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fewer days for development of floral forms between successive fruiting 

positions along sympodial branches than normal plants. 

Assimilate Source and Sink Relationships 

Saleem and Buxton (1976) demonstrated that under narrow-row 

field conditions fruiting forms and vegetative growth both represent 

strong competing sinks for assimilates in cotton. A rapid increase in 

either reproductive or vegetative dry weight caused a decrease in total 

available carbohydrates (TAC) of stem tissue. Their work suggested 

that assimilates are inefficiently translocated down the main stem axis 

since TAC level in the central portion of the stem, which contained 48% 

of the boll load, was only 50% of that in the lower or upper stem por

tions . 

K. J. Brown (1968) conducted qualitative radioautographic 

studies of photosynthate production and movement in cotton plants. He 

determined that a boll can receive assimilates from bracts, the subtend

ing leaf, and leaves higher up on the same side of the main stem through 

several well-defined phloem strands. The boll wall had little apparent 

photosynthetic activity but could have been important in recycling CO2 

respired by the boll. 

Elmore (1973) in a greenhouse study determined that bracts 

were only 28% as efficient in carbon uptake as leaves on a dry weight 

basis or 20% as efficient on an area basis. Bolls were less than 1% as 

efficient as leaves in apparent photosynthesis on an area or weight basis. 

Translocation of ^C-assimilates was more rapid from leaves to bolls 

than from bracts to bolls. Crookston, O'Toole, and Ozbun (1974) found 
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that pods of soybeans are only 9% as efficient in carbon uptake on an 

area basis as leaves. 

Benedict and Kohel (1975) tied back upper branches of space-

planted cotton plants to give maximum illumination to fruiting branches 

bearing developing bolls. Their work showed bracts were only 5 to 10% 

as important as subtending leaves in supplying -assimilates to bolls. 

This supports earlier work of Ashley (1972) where leaves subtending 

bolls were concluded to be the most important leaves in supplying as

similates . Approximately 90% of the ^C-assimilates produced within a 

fruiting branch remained in that branch. 

Greenhouse studies, space planting, and other treatments that 

artificially increase light penetration to lower leaves, as was the case 

in previous studies, may not accurately describe the capacity of differ

ent leaves under normal field conditions to supply assimilates to devel

oping bolls. Horrocks, Kerby, and Buxton (n.d.) exposed leaves near 

bolls of narrow row cotton to ^C02 and measured their capacity to sup

ply l^C-assimilates to a developing boll. The results indicate that at 

least three leaves are important to boll nutrition under closed-canopy 

conditions: the leaf subtending the boll, the subtending leaf one posi

tion farther along the sympodial, and the leaf subtending the sympodial 

branch. In normal leaf cotton these leaves supplied 41, 37, and 22%, 

respectively, of the l^C-assimilates to the boil at the first position of 

a fruiting branch. The leaf subtending the boll was somewhat less im

portant and the leaf subtending the sympodial branch was more important 

in supplying assimilates to the boll in a superokra leaf near-isoline. 
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A dynamic relationship exists between the source of fixed 

carbon and its sink within the plant. Vegetative sinks decline and re

productive sinks increase with maturity in determinate type crops. 

Reduction of sink strength decreases the activity of source leaves (Moss 

1962). Sink strength is generally inversely proportional to the distance 

from the source (Thrower 1962; Major and Charnetski 1S76). Direction 

of 14C -assimilate export from leaves in corn (Zea mays L.) changes with 

maturity (Tripathy, Eastin, and Schrader 1972; Palmer, Heichel, and 

Musgrave 1973). Early transport is downward from lower leaves through 

the stem to the root, but with ear formation, export is upward to the ear. 

Source-to-sink relationships become more complex in plants 

with an indeterminate growth habit because both vegetative and repro

ductive sinks compete for assimilates from the source, which makes 

location of the source in relation to the reproductive sink even more im

portant in these crops. Sabbe and Cathey (1969) applied exogenous -^C-

sucrose to various parts of cotton plants at different stages of develop

ment. Prior to boll initiation, the label moved downward from fruiting 

branches to roots. After boll initiation, the root was no longer a major 

sink and bolls in a vertical line with the treated leaf received the label. 

Elmore and Hacskaylo (1973) reported that direction of 14q_ 

assimilate movement changed with physiological development of cotton. 

Earlier in plant development, when the oldest fruiting forms were at an-

thesis, 50% of the label exported from the leaf at the node of the first 

sympodial branch moved acropetally. Later, when plants had fruits ap

proaching maturity, 88% of the label exported from recently expanded 

upper leaves moved basipetally. 
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More work evaluating the effect of source and sink size, as in

fluenced by stage of development, has been reported for soybeans than 

for cotton. Both crops are indeterminate in growth habit and should have 

similar source-to-sink relationships, but more work should be conducted 

for cotton to verify that the response is similar. 

Movement of ^C-assimilate from young, expanded, trifoliate 

soybean leaves before pod filling is toward upper meristematic zones in 

a nonspecific manner (Blomquist and Kust 1971). At pod filling, phyllo-

taxical movement is from leaves to the pod on the same side of the stem. 

Early in soybean development, ^C-assimilate accumulates in roots, 

nodules, stem, and leaves but is later found primarily in seed (Hume 

and Criswell 1973). 

Johnston and Pendleton (1968) selectively defoliated the small 

soybean cultivar 'Amsoy' by removing leaves at the top, middle, or bot

tom of the plant. The row spacing was 1 m, and treatments were imposed 

when the pods began to develop. The top, middle, and bottom of the 

canopy contained 20, 65, and 14% of the LAI, respectively. Defoliation 

at the three plant heights resulted in a reduction of average seed yield 

of 17, 22, and 4%, respectively. Removal of the lower leaves only 

slightly reduced the yield of lower pods and had no effect at other 

heights. Removal of middle leaves resulted in yield reductions of 14, 

26, and 28% at the top, middle , and bottom of the plant. Removal of the 

top leaves resulted in a 31% yield reduction at the top of the plant but 

had no effect on lower levels. Thus bottom leaves do not appear to sup

ply assimilates to pods. Middle leaves suppy assimilates to pods at all 

plant heights. Either upper leaves supply assimilates only to upper pods 
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or defoliation increases light penetration to lower leaves sufficiently to 

compensate for assimilate loss from upper leaves. 

Reduction of vegetative development late in the season should 

enhance the yield of an indeterminate crop by increasing assimilates 

available for the reproductive sink. Growth regulators, such as 2,3,5-

triiodobenzoic acid (TIBA), reduce vegetative growth in alfalfa, cotton, 

and soybeans (Hale 1971; Freytag and Coleman 1973; Hume, Tanner, 

and Criswell 1972; Tanner and Ahmed 1974), but yield increases have 

been modest and subject to environmental modifications. Makki (1976) 

mechanically removed the vegetative apices of cotton plants at different 

stages of maturity and determined the effect on lint yield. Early apex 

removal decreased yield 15%, while removal after plants had developed 

bolls increased yield 14%. 

Carbon Exchange Rate as Modified 
by Environment 

An accumulation of assimilates reduces the activity of source 

leaves (Moss 1962). Increasing demand on source leaves of soybeans 

by shading other photo synthetic structures resulted in a tenfold decrease 

in starch concentration and a threefold increase in sucrose concentration 

in the source leaves as compared to concentrations in control plants 

(Thome and Koller 1974). The result was a curvilinear increase with 

time after shading in the CER of the source leaf, with a maximum rate 

achieved after 8 days. Nafziger and Koller. (1976) preconditioned soy

bean plants in a 16-hour photoperiod with 30 klux at either 50, 300, or 

2,000jul/l CO2 for 12.5 hours and then transferred the plants to 300 

jul/1 CO2 for CER evaluation. Plants preconditioned in low CO2 had a 
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73% increase in CER, a sixfold decrease in starch accumulation, and a 

reduced mesophyll resistance compared to plants preconditioned in high 

C02- Upmeyer and Koller (1973) reported that the CER of unifoliate soy

bean leaves remained constant up to 10 hours after an illumination of 50 

klux began, but declined to only 85% of the initial value with 6 addition

al hours of illumination. The decline in CER was accompanied by an 

increase in starch concentration and mesophyll resistance. 

Liu, Wallace, and Ozbun (1973) noted that two cultivars of 

beans (Phaseolus vulgaris L.) with different CERs of 23 and 31% also 

differed in rate of export of assimilate by the leaves. Labeling studies 

showed that the cultivar with the higher CER had the more rapid phloem 

loading and exported 60% of the label after 8 hours, while the cultivar 

with the lower CER exported only 38% of the label within the same time 

period. Positive correlations between CER and rate of translocation 

have been reported by Hofstra and Nelson (1969) and Stephenson, 

Brown, and Ashley (1976) both between and within species with Cg and 

C4 carboxylation pathways. Stephenson et al. found the correlation to 

be only 0.59 and concluded that factors other than translocation rate 

must affect CER. 

Illumination below light saturation levels for photosynthesis 

obviously affect CER. Sakamoto and Shaw (1967) defined effective LAI 

as the LAI that intercepts 90% of the solar irradiation. If light is inter

cepted by upper leaves and does not penetrate to lower leaves, actual 

LAI will vary greatly from effective LAI. In soybeans, 77 to 98% of the 

LAI was effective early, but at canopy closure only 41 to 67% of the LAI 

was effective. Clegg et al. (1974) reported that while the upper half of 
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the canopy of sorghum (Sorghum bicolor L.) contained only 38% of the 

leaf area, it intercepted 70 to 80% of the photosynthetically active radi

ation. Thus much of the LAI is exposed to low irradiance and may con

tribute little to canopy CER. This conclusion suggests that increasing 

light penetration into the canopy could increase total CER. Sheehy and 

Cooper (1973) noted a positive correlation between crop growth rate and 

depth of light penetration into canopies of six species of temperate for

age grasses. 

Elmore (1966) found that under field conditions the 30-day-old 

leaves of cotton had CER values that were less than 50% of those of 

young, fully expanded leaves. Nagarajah (1976) reported that CER of 

older leaves in cotton canopies declined sharply between the 5th and 9th 

week after planting. The decline in CER could be partially offset by 

treatments that improve the light environment of lower leaves. Contro

versy exists in the literature concerning which factor has the greater 

effect in reducing CER, leaf age or acclimation to low irradiance. 

Crookston et al. (1975) observed some physiological and mor

phological changes that occur when bean plants are shaded. Shading 

reduced leaf number, leaflet area, leaf thickness, and number of sto-

mates per unit leaf area and increased mesophyll resistance by 98% and 

stomatal resistance by 48%. Leaves from control plants had large starch 

grains but few grana, while shaded leaves had small starch grains and 

numerous grana. When plants were grown at 3.2 klux, CER was reduced 

38%, RuDP carboxylase activity 72%, malic dehydrogenase activity 70%, 

and glycolate oxidase activity 69% compared to plants grown at 22.0 
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klux. Thus shading appears to alter enzymatic activities (both photo-

synthetic and respiratory) as well as to induce structural changes. 

Brown, Cooper, and Blaser (1966) removed new leaves as they 

appeared above lower leaves in alfalfa plants so irradiation of lower 

leaves would not be decreased. The CER of 4-week-old leaves was 

only 50% of that of recently expanded upper leaves . Beuerlein and 

Pendleton (1971) space planted soybeans and removed all new branches. 

They found no difference in CER between upper and lower leaves when 

upper branches were removed as they developed. 

Johnston et al. (19 69) grew soybeans under field conditions 

with supplemental light. Fluorescent lamps were placed 13 cm from the 

rows at heights of 23, 46, and 69 cm above ground. As plant height 

reached lamp height, the lamps were turned on during the day (0630 to 

1830 hours). Supplemental light increased CER 50 and 258% in the middle 

and bottom heights, respectively, compared to control plants. The CER 

of middle and bottom layers of control plants in a natural environment 

was only 60 and 13% of the rate of top leaves, which was 20.2 mg 

C02/dmVhr, while CER for middle and bottom leaves with supplemen

tal light can be calculated from the reported data to be 18.2 and 9.4 mg 

C02/dm2/hr. The CER of middle leaves is thus comparable to that of 

top leaves, and the CER of bottom leaves is less than 50% of the CER 

of top leaves. It appears from these data that much of the effect of aging 

of soybean leaves can be avoided during the early weeks of growth by 

ample irradiation; however, a point is reached at which CER decreases 

with leaf age even if leaves are optimally exposed to irradiation. 
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Specific Leaf Weight as Modified 
by Environment 

Many of the factors that influence CER also similarly affect 

specific leaf weight (SLW). Bowes, Ogren, and Hageman (1972) grew 

soybeans in growth chambers under illumination equal to 30, 50, 70, 

and 100% of full sunlight and in the field. They reported that SLW, 

light saturation point, and RuDP carboxylase activity increased as il

lumination increased. Wolf and Blaser (1971) observed that the high 

SLW and CER found in upper leaves in alfalfa canopies were markedly 

reduced in the lower leaves. They (1972) also reported that the reduc

tion in SLW and CER is not as marked in older leaves of space-planted 

alfalfa plants as in those grown under normal planting densities . SLW 

increased in new leaves until they were fully expanded and then de

creased as the irradiance of the environment declined. 

A reduction in SLW was also observed in the lower portions of 

the culm of barley (Hordeum vulgare L.) with a decline in irradiance 

(Frey and Moss 1976). If new branches are removed from space-planted 

soybean plants to maintain maximum exposure of lower leaves to light, 

the SLW of the lower leaves was approximately three times greater than 

in normal canopies (Beuerlein and Pendleton 1971). 

Pearce and Lee (1969) grew alfalfa plants under low and high 

illumination. One week after leaf unfolding, 50% of the plants were 

given the opposite illumination treatment for 3 weeks, then 50% of these 

plants were returned to the original conditions. Changes in SLW and 

CER reflected the light environment. The final treatment had the major 

influence, although there was some effect from the initial environment. 
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An increase in illumination from 0.9 to 42 klux caused a three

fold increase in leaf thickness in "creeping Charlie" (Plectranthus 

parviflorus Henckel) plants (Nobel, Zaragoza, and Smith 1975). The 

ratio of mesophyll area to leaf area increased from 11 to 50 with in

creased illumination and CER increased fourfold. Cooper and Quails 

(1967) noted a decline in mesophyll cell volume in shaded leaves of 

alfalfa and birdsfoot trefoil (Lotus corniculatus L.). The shaded leaves 

had more chlorophyll per leaf dry weight but less chlorophyll per leaf 

area than nonshaded leaves. 

DiMarco et al. (1976) observed that both SLW and free amino 

acids show diurnal variation in the flag leaves of wheat (Triticum vul-

gare L.). Minimum values were observed near midnight and maximum 

values in the late afternoon (1500). Presumably the afternoon increases 

in SLW reflect an accumulation of photosynthetic assimilates that were 

not translocated out of the leaf. 

Specific Leaf Weight as an Index 
of Carbon Exchange Rate 

Measurement of SLW is rapid and requires only simple equip

ment whereas determination of CER is more complex and requires sophis

ticated instruments . If the relationship between SLW and CER is close , 

SLW could be readily used to evaluate relative CER for leaves in the plant 

canopy. 

Pearce et al. (1969) measured the CER and SLW of 13 alfalfa 

clones grown in two light environments; SLW ranged from 190 to 530 

mg/dm^ and CER from 20 to 50 mg C02/dm2/hr. They reported a positive 

correlation (r = 0.79) between SLW and CER, which agreed with the 
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the results of Delaney and Dobrenz (1974a). Changes in SLW are thus 

apparently associated with changes in CER and are due both to genetics 

and environment. 

Dornhoff and Shibles 1970, 1976) report a positive correlation 

between CER and SLW for soybean. Although Dornhoff and Shibles (1970) 

found that the CER of soybean leaves increased at the onset of pod fill

ing under greenhouse conditions, Shibles, Anderson, and Gibson (1975) 

pointed out that this is not a general phenomenon. 

Carbon Exchange Rate and Yield 

Ability to predict yield, based on CER of single leaves has been 

disappointing. If a positive relationship exists between CER and yield, 

it would be logical to find it in forage crops where vegetative growth 

represents yield and partitioning of biomass to fruit is of no concern. 

The relationship may be less defined for crops with an indeterminate 

growth habit where the economic yield may be poorly related to total 

biomass. Extrapolation from leaf CER under controlled environment to 

yield under field conditions has been unsatisfactory for most crops 

(Nelson, Asay, and Horst 1975). 

Delaney and Dobrenz (1974b) and Foutz, Wilhelm, and Dobrenz 

(1976) found no correlation between alfalfa yield and the CER for leaf 

area but did find high correlations if the CER for leaf area was multiplied 

by LAI to give a CER for plant area. Irvine (1975) reported similar re

sults in sugarcane (Saccharum officinarum) 

Factors that increase CER often increase yield. For example, 

Guinn (1974) noted that treatments that increase CER reduce abortion of 
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fruiting forms in cotton. Conversely, treatments that reduce CER in

crease fruit abortion. Cooper and Brun (1967) increased seed yield of 

soybeans from 40 to 57% by increasing CO2 from 350 to 1,350 jul/1. 

Johnston et al. (1969) increased CER and yield in soybeans under field 

conditions with supplemental light to lower leaves. 

Hardman and Brun (1971) increased CO2 concentration from 

ambient to 1,200 p.1/1 for 5 weeks at three stages of soybean develop

ment. If supplied at pod filling, the increase of CO2 level increased 

yield but had no effect if supplied at flowering or during vegetative 

growth. Thus CER may be the most limiting factor to yield in soybean 

during pod filling. This may be true of many other crops and may par

tially explain the apparent lack of relationship between CER and yield. 

Better relationships may be shown to exist between CER and yield if the 

leaves that supply assimilates to economically important sinks are mea

sured when reproductive growth is active. 



MATERIALS AND METHODS 

Experimental Procedures 

Seed of three near-isogenic lines of Upland cotton differing in 

leaf type (normal, okra, and superokra) were obtained from J. E. Jones, 

Department of Agronomy, Louisiana State University. Commercial 'Stone-

ville 7A' was the normal leaf near-isoline and recurrent parent in six 

backcrosses to 'La Okra 2' to produce the okra leaf near-isoline and in 

six backcrosses to 'La Superokra Leaf 2' to produce the superokra leaf 

near-isoline. Self-pollinated seed were increased in Arizona in 1973 

and 1974. Experiments were conducted at the University of Arizona 

Campbell Avenue Experimental Farm in Tucson, Arizona. The planting 

date was delayed until 3 May 1975 to insure favorable temperatures for 

germination and emergence because of limited seed. 

Plants were grown in irrigated basins in north-south rows 51 

cm apart and hand thinned in June to approximately 20 cm between plants 

within rows (10 plants/m^). Field plots were four rows wide and approxi

mately 20 m long. All observations were from the two center rows. 

Dimethyl tetrachloroterephthalate (Dacthal or DCPA) was ap

plied as a preemergent herbicide at the rate of 14.5 kg active ingredient 

per hectare. In addition, cultivation and hand weeding were practiced as 

required. Nitrogen was applied pre-plant at 84 kg N/ha. Other cultural 

practices were similar to those for standard cotton production. No in

secticides were applied and insect damage was minimal. 

17 
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The soil is a coarse-loamy member of the Gila Series. Accord

ing to the Comprehensive Soil Classification, the soil is typic torriflu-

vent (an alluvial soil). 

The experimental design was a randomized block with six rep

lications in a split-plot arrangement with leaf type the whole plot. Plant 

height was treated as a subplot and consisted of three intevals (less 

than 30 cm, 30-55 cm, and greater than 55 cm). Data were collected 

during two sampling periods, which were approximately 2 weeks apart. 

Blomass Partitioning 

Four adjacent plants within a single row were harvested at the 

soil line 28 July and 11 August. Plant height was noted, then biomass 

was partitioned into leaves, stems, petioles, and fruit within the three 

plant-height intervals. All plant tissue was dried in a forced-air oven at 

70 C. Before drying, leaf area of 16 leaves (4 leaves per plant) was de

termined for each height interval with a photosensitive automatic area 

meter (Type AAM-5, Hayashi Denko Co., Ltd., Tokyo, Japan). Subsam-

ples were dried and a leaf area-to-weight ratio calculated. This ratio 

was used to determine the leaf area from leaf weight of each canopy in

terval. 

Photosvnthetic Irradiation 

Photosynthetic irradiation (PI = radiant energy between 400 and 

700 nm) was measured near solar noon on 21 August when clear skies 

prevailed. The PI ranged from 540 to 560 W/m^ above the canopy. Per

centage of PI reaching the soil surface was obtained from readings of two 

sensors, one at the soil surface and the other above the crop canopy. 
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The sensors and meter were similar to those described by Biggs et al. 

(1971). Five readings were averaged for each field plot. 

Specific Leaf Weight 

Fully expanded upper leaves and leaves from 45 and 25 cm 

above the ground were harvested as representative of the top, middle, 

and bottom height intervals, respectively. Two replications were sam

pled at 0600 (AM SLW) and 1800 hours (PM SLW) on each of 3 days (29, 

30, and 31 July for the first sampling date and on 13, 14, and 15 August 

for the second sampling date). Diurnal increase in leaf weight was de

termined by subtracting AM SLW from PM SLW. Fifty 0.3049-cm2 leaf 

discs were collected with a paper punch from four leaves within each 

plant height and dried at 70 C for 24 hours. Care was taken to avoid 

main leaf veins. SLW was determined by dividing the dry weight (in mg) 

of the 50 leaf discs by their total area of 0.1525 dm^. 

Determination of Uptake 

A chamber was constructed of 0.64-cm-thick sheets of Plexi

glas, with inside dimensions of 54.6-cm length by 61.0-cm width by 

106.7-cm height. This was large enough to enclose three plants. A 

clear Plexiglas skylight was used as a dome for the chamber. A double 

thickness of Plexiglas around the top and bottom of the chamber walls 

added strength and facilitated the bonding of foam rubber stripping. The 

dome was held in place by two binder clips per side, which compressed 

the foam rubber to create an air seal. 

Plywood floors with foam rubber strips along the inside edge 

were placed against each side of a row of plants, creating a level 
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surface to support the chamber with a foam rubber air seal around the 

base of each plant. 

A "squirrel-cage" mixing fan was installed inside the chamber 

at a height of 20 cm. The mixing fan was mounted on a 5-cm wood spac

er, which held a 10-ml beaker near the air intake of the fan. A hole was 

drilled through the chamber wall of sufficient diameter to allow injection 

of the radioactively labeled solution through a hypodermic needle. 

All labeling experiments were conducted between 1000 and 1400 

hours when solar radiation was greater than 700 W/m2. At the first sam

pling date, plants were approximately 75 cm tall and were in the 3rd week 

of flowering. The second sampling was conducted in the 5th week of 

flowering when the plants were approximately 90 cm tall. 

The radioactive source was Na2^C03 (sp. act. 0.15 mCi/mg) 

dissolved in 50 ml of 0.02 N NaOH to yield a solution containing 0.1 

mCi/ml. One milliliter of this solution was introduced into a vial in

side the chamber with a hypodermic syringe. After the dome was at

tached, 14C02 was generated by injecting an excess of 0.1 N HCIO2 

into the vial containing the labeled solution with a different syringe. 

A short pulse-labeling period of 2.5 min was used to avoid heat 

buildup in the chamber. Temperature was found to increase less than 2 C 

by 3 min, but longer pulse-labeling periods resulted in vapor condensa

tion on chamber walls accompanied by rapid temperature increases. After 

the pulse-labeling period, the chamber was removed and four representa

tive leaves were immediately harvested from the center plant within the 

three plant height intervals, placed in perforated vials, and stored in 

dry ice. Subsampling was from the same heights used for the SLW 



determinations. To determine rate of 14C-assimilate translocation from 

the leaves, a second set of leaf samples was harvested 5 hours later. 

Frozen samples were lyophilized (freeze-dried), ground to fineness with 

mortar and pestle, and stored at room temperature for assay. 

For radioactivity assay, approximately 50 mg of leaf tissue 

were homogenized in 1 ml of water. Triplicate 0.1-ml aliquots were 

placed in separate polypropylene vials, dried at 60 C, bleached with 

0.3 ml of 20% H2O2 at 60 C for approximately 4 hours to reduce quench

ing and cooled before adding 10 ml of scintillation liquid (2 liters of 

toluene, 16.5 gPPO, 0.3 gPOPOP, and 1 liter of Triton X-100). The 

solution was again cooled before being counted for 10 min in a Packard 

TriCarb Model liquid scintillation spectrometer. Counting efficiency for 

each replication was determined by adding a known quantity of the 

label to sample aliquots. Observed counts per minute were divided by 

the efficiency factor to obtain disintegrations per minute (dpm). 



RESULTS AND DISCUSSIONS 

Prior to discussing photo synthetic activity a description of 

plant height and leaf area index (LAI) would help clarify subsequent 

discussion. 

Plant Height and Leaf Area Index 

Okra leaf plants were taller than the normal or superokra leaf 

plants (85, 74, and 79 cm, respectively) on 28 July. Two weeks later 

the corresponding heights were 100, 96, and 90 cm but differences were 

not significant. 

Canopy height intervals of 0 to 30 cm, 30 to 55 cm, and above 

55 cm will be referred to as bottom, middle, and top canopy levels, re

spectively (HI, H2, and H3 on figures). Averaged over leaf type, the 

middle interval had more LAI than either the bottom or top intervals at 

both sampling periods, with the top having more LAI than the bottom at 

the last sampling (Table 1). Significant differences in LAI according to 

leaf type were not apparent until the second sampling when ranking of 

normal =» okra =» superokra was obtained. The leaf type-times-height 

interaction was significant by 11 August, with normal leaf plants having 

greater LAI in the middle and top canopy levels than superokra leaf plants 

(Fig. 1). 

Uptake of ^CQ2 

Averaged over leaf type, leaves in the bottom and middle of the 

canopy were 26 and 39% as efficient in ^C02 uptake per dry weight as 

22 
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Table 1. Leaf area index of normal, okra, and superokra leaf cotton 
plants at three canopy levels on two sampling dates 

Leaf Type 
Height 

Interval Normal Okra Superokra Mean 

• cm 

28 Tulv 

above 55 1.18 b* 1.26 ab 0.85 b 1.10 q 

30-55 1.67 ab 1.80 a 1.27 ab 1.58 p 

0-30 1.41 ab 1.41 ab 0.96 b 1.26 q 

Total 4.26 x 4.47 x 3.06 x 

11 Aug. 

above 55 2.09 b 1.73 be 1.26 c 1.69 q 

30-55 2.60a 1.84 be 1.46c 1.97 p 

0-30 1.33 c 1.12 c 1.22 c 1.22 r 

Total 6.03 x 4.68 y 3 .93 z 

*Values within a date and consecutive letter series followed by the 
same letter are not significantly different at the 0.05 level of probability 
according to the Student-Newman-Keuls' multiple-range test. 
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O NORMAL 
• OKRA 
A SUPEROKRA 

JULY 28 AUGUST 11 

Fig. 1. Leaf area index at two dates as a function of leaf type and can
opy height interval (HI = 0 to 30 cm; H2 = 30 to 55 cm; H3 = above 
55 cm) 



leaves in the top on 29 July (Table 2). Two weeks later the bottom and 

middle leaves were 22 and 27% as efficient as top leaves. On 29 July 

the middle leaves had significantly greater CO2 uptake than bottom 

leaves but significantly less than the top leaves. Although the trends 

were similar on 13 August, middle leaves did not differ significantly 

from bottom leaves. 

On 11 August, the oldest leaves in the bottom of the canopy 

were approximately 80 days old. Elmore (1966) found that the CER of 

30-day-old leaves was only 50% of that of young, fully expanded leaves 

under canopy conditions. Further leaf aging and shading by upper leaves 

created conditions allowing senescence of some leaves in the lower lev 

els of the canopy by 11 August. 

Leaf type-times-height interactions for the two periods were 

not significant, and there were no significant differences between leaf 

types in main effects of dpm/mg leaf dry weight (Fig. 2). Middle leaves 

of okra and superokra plants tended to have greater activity than middle 

leaves of normal leaf plants. These differences ranged from 27 to 70% 

but were not statistically significant. 

When the product of activity per leaf and amount of leaf tissue 

in each canopy level was averaged over leaf type, bottom and middle 

levels had only 28 and 51% as many dpm/dm^ ground area as the top 

level on 29 July (Table 3). The relative importance of bottom and middle 

leaves decreased to 10 and 22% of the importance of top leaves 2 weeks 

later. 

Superokra leaf plants tended to have less carbon uptake on a 

ground area basis than okra or normal leaf plants (Table 3). This is in 
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Table 2. Uptake of 14qq2 on a leaf dry weight basis of normal, okra, 
and superokra leaf cotton plants at three canopy levels on two 
sampling dates 

Leaf Type 
Height 

Interval Normal Okra Superokra Mean 

cm dpm/mg 

29 Tulv 

above 55 136.2 a 155.2 a 146.3 a 145.6 p 

30-55 47.3 b 65.0 b 60.2 b 47.5 q 

0-30 35.5c 37.7 c 40.2 be 37.8 r 

Mean 73.0 x 85.9 x 82.2 x 

13 Auq. 

above 55 179.7 a 168.7 a 174.8 a 174.4 p 

30-55 31.5 b 54.0 b 53.3 b 46.3 q 

0-30 33.7 b 36.5 b 46.3 b 38.8 q 

Mean 81.6 x 86.4 x 91.6 x 

*Values within a date and consecutive letter series followed by the 
same letter are not significantly different at the 0.05 level of probability 
according to the Student-Newman-Keuls1 multiple-range test. 
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Fig. 2. Uptake of 1^C02 on a leaf dry weight basis at two dates as a 
function of leaf type and canopy height interval (HI = 0 to 30 cm; 
H2 = 30 to 55 cm; H3 = above 55 cm) 
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Table 3. Uptake of ^CC>2 on a ground area basis of normal, okra, and 
superokra leaf cotton plants at three canopy levels on two sampling 
dates 

Leaf Type 
Height 

Interval Normal Okra Superokra Mean 

cm cm 

29 Tulv 

above 55 84.1 b* 110.4 a 57.5 c 84.0 p 

30-55 36.4 c 56.6c 35.1 cd 42.7 q 

0-30 20.3 d 25.6 d 23.8 d 23.2 r 

Total 140.8 xy 192.6 x 

13 Aug. 

116.4 y 

above 55 262.8 a 212.9 b 155.1 c 210.3 p 

30-55 44.1 d 51.5 d 45.3 d 46.9 q 

0-30 19.9 d 18.7 d 23.1 d 20.6 r 

Total 326.8 x 283.1 x 223.5 x 

*Values within a date and consecutive letter series followed by the 
same letter are not significantly different at the 0.05 level of probability 
according to the Student-Newman-Keuls' multiple-range test. 



agreement with results reported by Pegelo.w et al. (in press). The leaf 

type-times-height interaction was significant on both dates. Activity on 

a ground area basis differed little for leaf types in the middle and bottom 

levels of the canopy (Fig. 3). Superokra leaf plants had less activity 

than okra or normal leaf plants in the top level of the canopy on both 

dates. Okra leaf plants had more activity on a ground area basis than 

normal leaf plants on 29 July; however, 2 weeks later this ranking was 

unexpectedly reversed. The reversal was consistent across replications 

with the same trend for leaf, stem, petiole, total dry weight, and plant 

height. Okra leaf plants apparently developed more vegetative tissue 

than normal leaf plants early but developed at a slow rate while normal 

leaf plants continued to increase vegetatively between the two sampling 

dates. An adequate explanation for these observations is not apparent. 

Figure 4 illustrates the location of the ^C-labeled carbon 

source by leaf type and plant height for the two sampling dates on a 

ground area basis. Lower leaves are least important as sources and top 

leaves are most important. The sampling date-times-height interaction 

was significant, which indicated low and middle leaves became less im

portant as sources as the season progressed with upper leaves represent

ing a larger proportion of the total C02~fixing tissue. 

The leaf type-times-plant height interaction for the percentage 

of total label incorporated by each height was significant on 13 August 

with a similar trend on 29 July. In general, leaf types with reduced leaf 

area had a greater percentage of total carbon uptake in the lower portions 

of the canopy and less at the top compared to the normal leaf type, al

though the total dprn/dm^ on a ground area basis was similar in the 
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Fig. 3. Uptake of 14C02 on a ground area basis at two dates as a func
tion of leaf type and canopy height interval (HI = 0 to 30 cm; H2 = 
30 to 55 cm; H3 = above 55 cm) 
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Fig. 4. Percentage of total dpm by leaf type and canopy height interval 
(HI = 0 to 30 cm; H2 = 30 to 55 cm; H3 = above 55 cm) 



bottom and middle canopy levels for the three leaf types (Table 3 and 

Fig. 3). 

The dpm/dm2 leaf area is given in Table 4. Activity expressed 

on a leaf area basis was similar to activity expressed on a leaf weight 

basis (Table 2) and therefore will not be discussed. 

Photosynthetic irradiation was measured near solar noon on 21 

August. In superokra leaf plants, 14.0% of the PI reached the ground, 

which was significantly greater than the 9.7 and 8.7% noted for okra or 

normal plants, respectively. Increased light penetration to lower leaves 

of soybeans (Johnston et al. 1969; Beuerlein and Pendleton 1971), beans 

(Crookston et al. 1975), and alfalfa (Brown et al. 1966) increased CER 

of these leaves. The tendency for superokra leaf plants to have greater 

dpm on a leaf area or weight basis than normal leaf plants in the bottom 

and middle portions of the plant canopy can be accounted for by the in

creased light penetration. Because superokra leaf plants have reduced 

LAI, the increased activity per leaf area or weight, results in similar 

dpm on a ground area basis in the bottom and middle portions of the 

canopy compared to normal leaf plants. Okra leaf plants were intermed-

diate in LAI and dpm on a leaf area and weight basis to normal and super

okra leaf plants, resulting in similar dpm on a ground area basis as 

normal and superokra leaf plants in the bottom and middle levels of the 

canopy. 

Translocation and Respiratory Losses 
of Assimilates 

The dpm/mg leaf dry weight remaining in the leaf 5 hours after 

labeling is given in Table 5. Trends were similar to those discussed for 
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Table 4. Uptake of ^C02 on a leaf area basis of normal, okra, and 
superokra leaf cotton plants at three canopy levels on two sampling 
dates 

Leaf Type 
Height 
Interval Normal Okra Superokra Mean 

cm dpm, in thousands/dm2 

29 Tulv 

above 55 73.9 b* 90.1 a 85.7 ab 83.2 p 

30-55 22.9 c 32.3 c 31.1 c 28.7 q 

0-30 14.5 c 19.8 c 25.2c 19.8 r 

Mean 37.0 x 47.4 x 47.3 x 

13 Aug. 

above 55 124.7 a 120.8 a 124.0 a 123.2 p 

30-55 16.1 b 29.9 b 31.2 b 25.7 q 

0-30 12.7 b 16.1 b 19.1 b 16.0 r 

Mean 51.2 x 55.6 x 58.1 x 

*Values within a date and consecutive letter series followed by the 
same letter are not significantly different at the 0.05 level of probability 
according to the Student-Newman-Keuls' multiple-range test. 
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Table 5. Labeled carbon remaining 5 hours after ^C02 exposure for 
normal, okra, and superokra leaf cotton plants at three canopy 
levels on two sampling dates 

Height 
Interva1 

Leaf Type 
Height 
Interva1 Normal Okra Superokra Mean 

cm cm 

29 Tulv 

above 55 60.5 a* 60.7 a 57.7 a 59.6 p 

30-55 21.7 b 19.8 b 24.7 b 22.1 q 

0-30 19.7 b 18.8 b 21. s b 19.9 q 

Mean 28.3 x 36.6 x 

13 Aua. 

32 .9 x 

above 55 71.2 a 72.5 a 71.8 a 71.8 p 

30-55 16.7 b 20.0 b 23.8 b 20.2 q 

0-30 23.8 b 17.3 b 23.3 b 22.2 q 

Mean 37.2 x 36.6 x 40.3 x 

*Values within a date and consecutive letter series followed by the 
same letter are not significantly different at the 0.05 level of probability 
according to the Student-Newman-Keuls1 multiple-range test. 
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Table 2, except nearly 50% of the radioactivity had disappeared (trans

located or respired). Benedict and Kohel (1975) found that in cotton over 

80% of the water-soluble ^C-assimilates were removed from source 

leaves within 6 hours of labeling but export of starch fractions was much 

slower. 

The percentage of -assimilates remaining in leaves after 5 

hours is given in Table 6. The bottom canopy level had a greater per

centage of label remaining after 5 hours on both dates than the middle 

or top levels. Leaves of the bottom and middle levels showed modest 

increases between the two sampling dates. In view of the previously 

discussed data showing bottom and middle leaves to be much less effi

cient in CO2 uptake on a leaf weight basis, an increase in the percent

age of label remaining after 5 hours indicates that lower leaves have 

reduced respiration and/or do not export assimilates as fast as upper 

leaves. Wolf and Blaser (1971) reported much lower respiration rates in 

lower alfalfa leaves than in upper leaves. 

There was a nonsignificant trend for okra and superokra leaf 

plants to have less label remaining in their leaves than normal leaf 

plants. No research has been reported on potential differences in rates 

of translocation of assimilates out of cotton leaves that vary in leaf size. 

If the phloem cross-sectional area in the petiole is similar for the leaf 

types, the larger normal leaves would probably not translocate assimi

lates from the leaves at the same rate as the smaller superokra leaves. 

The observation that label disappears from upper leaves and 

smaller leaves at a more rapid rate than from lower leaves or larger 

leaves is worthy of further research to determine potential causes. 
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Table 6. Percentage of labeled assimilates remaining in leaf tissue of 
normal, okra, and superokra leaf cotton plants at three canopy 
levels 5 hours after exposure to 14cc>2 on two sampling dates 

Leaf Type 
Height 
Interval Normal Okra Superokra Mean 

cm % 

29 Tulv 

above 55 46.7 a* 40.8 ab 42.3 a 43.3 q 

30-55 51.5 a 32.7 b 42.2 a 42.1 q 

0-30 59.7 a 56.8a 53.5a 56.7 p 

Mean 52.6 x 43.4 x 46.0 x 

13 Aug. 

above 55 43.7 b 42.2 b 41.8 b 42.6 q 

30-55 54.2 ab 44.5 b 46.7 b 48.8 q 

0-30 77.3 a 48.3 b 59.0 a 61.6 p 

Mean 58.4 x 45.0 x 49.2 x 

*Values within a date and consecutive letter series followed by the 
same letter are not significantly different at the 0.05 level of probability 
according to the Student-Newman-Keuls1 multiple-range test. 
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Biomass Partitioning 

Averaged over leaf type, bottom and middle levels of the plant 

canopy contain more dry weight than the top level on 29 July, but by 11 

August the dry weight in each portion of the canopy was more evenly 

distributed (Table 7). Leaf types did not differ significantly in total 

biomass, although superokra leaf plants had less total dry weight above 

55 cm than okra and normal leaf plants during the last sampling. 

Averaged over leaf types, the order for stem dry weight was 

bottom =• middle => top on both sampling dates (Table 8). Leaf types did 

not vary significantly in the total amount of stem tissue, although the 

okra leaf type had more stem weight in the bottom and middle canopy 

levels on 28 July than the other two leaf types. 

Stem dry weight represented a much larger percentage of total 

dry weight in the bottom canopy level than in the middle and top inter

vals (Table 9). Okra leaf plants had a larger percentage of total biomass 

as stems than normal leaf plants on 28 July, but no significant differ

ences were found 2 weeks later between the plant leaf types. 

Data for petiole dry weight, petiole weight as percentage of 

total dry weight are given in Tables 10, 11, 12, and 13, respectively. 

Leaf and petiole weight had similar trends. The most weight occurred in 

bottom and middle levels of the plant canopy on 28 July, but by 11 August 

the middle and top levels represented the largest accumulation of leaf 

and petiole weight. 

Normal leaf plants tended to have more petiole and leaf weight 

than okra and superokra leaf plants, especially in the upper portions of 

the plant. Differences became more evident when leaf and petiole weights 
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Table 7. Total dry weight of normal, okra, and superokra leaf cotton 
plants at three canopy levels on two sampling dates 

Leaf Type 
Height 
Interval Normal Okra Superokra Mean 

cm g/m2 

28 Tulv 

above 55 94 d* 127 c 90 d 104 r 

30-55 151 be 193 ab 153 be 166 q 

0-30 166 b 213 a 182 ab 187 p 

Total 411 x 532 x 425 x 

11 Auq. 

above 55 263 a 249 a 209 b 240 q 

30-55 316 a 282 a 258 a 285 p 

0-30 263 a 254 a 258 a 259 pc 

Total 842 x 785 x 726 x 

*Values within a date and consecutive letter series followed by.the 
same letter are not significantly different at the 0.05 level of probability 
according to the Student-Newman-Keuls' multiple-range test. 
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Table 8. Stem dry weight of normal, okra, and superokra leaf cotton 
plants at three canopy levels on two sampling dates 

Leaf Type 
Height 
Interval Normal Okra Superokra Mean 

cm rr / rr\ 2  cm y /  i n  

28 Tulv 

above 55 17.0 f 31.6 e 21.9 ef 23.5 r 

30-55 48.0 d  68.3 c 55.5 d  57.3 q 

0-30 90.9 b 118.8 a 92.7 b 100.8 p  

Total 155.9 X  218.7 x 170.1 X  

11 Auq. 

above 55 59.9 c 64.5 c 53.8 c 59.4 r 

30-55 107.1 b 103.3 b 93.1 b 101.2 q 

0-30 166.7 a 152.5 a 147.4 a 155.5 p  

Total 333.7 X  320.3 x 294.3 X  

*Values within a date and consecutive letter series followed by the 
same letter are not significantly different at the 0.05 level of probability 
according to the Student-Newman-Keuls1 multiple-range test. 
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Table 9. Percentage of total dry weight in stems of normal, okra, and 
superokra leaf cotton plants at three canopy levels on two sampling 
dates 

Leaf Type 
Height 
Interval Normal Okra Superokra Mean 

cm % 

28 Tulv 

above 55 17.5 d* 24.3 c 23.1 c 21.6 r 

30-50 31.9 b 35.7 b 36.2 b 34.6 q 

0-30 54.8 a 56.0 a 51.3 a 54.0 p 

Mean 34.7 y 38.6 x 36.9 xy 

11 Auq. 

above 55 22.5 d 25.6 d 25.4 d 24.5 r 

30-55 35.8 c 36.7 c 57.7 b 61.5 p 

Mean 41.4 x 41.0 x 39.7 x 

*Values within a date and consecutive letter series followed by the 
same letter are not significantly different at the 0.05 level of probability 
according to the Student -Newman-Keuls' multiple-range test. 
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Table 10. Petiole dry weight of normal, okra, and superokra leaf cotton 
plants at three canopy levels on two sampling dates 

Height 
Interval 

Leaf Type 
Height 
Interval Normal Okra Superokra Mean 

cm g/m^ cm 

28 Tulv 

g/m^ 

above 55 9.6 b* 10.2 b 5.8c 8.5 q 

30-55 15.3 ab 17.4 a 11.2 b 14.6 p 

0-30 12.1b 15.9 ab 11.9 b 12.9 p 

Total 36.9 x 42.4 x 

11 Aug. 

28.9 x 

above 55 36.3a 23.8 a 14.1 b 21.4 p 

30-55 29.1 a 22.3 a 15.2 b 22.2 p 

0-30 11.9 b 11.5 b 11.1 b 11.5 q 

Total 76.2 x 57.6 xy 40.3 y 

*Values within a date and consecutive letter series followed by the 
same letter are not significantly different at the 0.05 level of probability 
according to the Student-Newman-Keuls' multiple-range test. 
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Table 11. Percentage of dry weight in petioles of normal, okra, and 
superokra leaf cotton plants at three canopy levels on two sampling 
dates 

Leaf Type 
Height 
Interval Normal Okra Superokra Mean 

cm O/ cm 

28 Tulv 

above 55 10.0 a* 7.9 b 6.4 b 8.1 p 

30-55 10.2 a 8.8 ab 7.3 b 8.8 p 

0-30 7.3 b 7.0 b 6.6 b 6.9 q 

Mean 9.2 x 7.9 y 

11 Aug. 

6.8 z 

above 55 10.1 a 9.8a 6.9 be 8.9 p 

30-55 9.7 a 7.8 b 5.8 c 7.8 q 

0-30 4.4 c 4.6 c 4.3 c 4.4 r 

Mean 8.0 x 7.4 x 5.6 y 

*Values within a date and consecutive letter series followed by the 
same letter are not significantly different at the 0.05 level of probability 
according to the Student-Newman-Keuls1 multiple-range test. 
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Table 12. Leaf dry weight of normal, okra, and superokra leaf cotton 
plants at three canopy levels on two sampling dates 

Leaf Type 
Height 
Interval Normal Okra Superokra Mean 

cm n /m2 cm y/ ill 

28 Tulv 

above 55 63.4 b* 72.6 a 47.0 b 61.0 q 

30-55 79.3 a 88.5 a 63.7 b 77.1 P 

0-30 59.7 b 68.4 ab 57.6 b 61.9 q 

Total 202.4 x 229.5 x 168.3 X 

11 Aua. 

above 55 145. 0 a 122.0 ab 88.3 b 118.4 p 

30-55 132.2 a 101.4 b 84.9 b 106.2 p 

0-30 52.6 c 47.9 c 52.4 c 51.0 q 

Total 329.8 x 271.3 x 225.6 X 

*Values within a date and consecutive letter series followed by the 
same letter are not significantly different at the 0.05 level of probability 
according to the Student-Newman-Keuls1 multiple-range test. 
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Table 13. Percentage of dry weight in leaves of normal, okra, and 
superokra leaf cotton plants at three canopy levels on two sampling 
dates 

Leaf Type 
Height 
Interval Normal Okra Superokra Mean 

cm 0/ cm 

28 Tulv 

above 55 68.3 a* 58.1 b 54.1 b 60.2 p 

30-55 53.2 b 45.9 c 41.4 c 46.8 q 

0-30 36.2 d 32.3 d 31.9 d 33.4 r 

Mean 52.5 x 45.4 y 

11 Aug. 

42.5 z 

above 55 55.5 a 49.6 b 43.4 c 49.5 p 

30-55 43.7 c 35.6 d 33.1 d 37.5 q 

0-30 19.2 e 19.0 e 20.3 e 19.5 r 

Mean 39.5 x 34.8 y 32.2 y 

*Values within a date and consecutive letter series followed by the 
same letter are not significantly different at the 0.05 level of probability 
according to the Student-Newman-Keuls1 multiple-range test. 



were expressed as a percentage of total dry weight. The leaf type-times-

height interaction was significant by 11 August for petiole and leaf dry 

weight and percentage of total dry weight in leaves and petioles. 

Averaged over leaf type , the middle interval of the plant had 

more dry weight in fruiting structures than the top or bottom intervals 

at both sampling dates (Table 14). Okra and superokra leaf types had 

more fruit dry weight on 28 July than normal leaf plants. This was ex

pected since okra and superokra leaf plants set and mature fruit earlier 

than normal leaf plants (Jones and Andries 1967; Andries et al. 1969; 

Andries, Douglas, and Albritton 1971; Karami and Weaver 1972; Thomson 

1972). Leaf type differences in fruit dry weight on 11 August followed 

the same trend but were not significant. 

The bottom level of the plant had a smaller percentage of dry 

weight in fruit than the middle or top on both dates (Table 15). Ranking 

in percentage of total biomass partitioned into fruit was superokra => 

okra => normal. 

Proximity of Source and Reproductive Sink 

The data in Table 16 are computed from data in Tables 3 and 14 

and are presented for ease of comparing percentage of dry weight in fruit 

with carbon uptake on a ground area basis for each height interval. Av

eraged over leaf type, the top of the plant contained 27.5% of the fruit 

dry weight and produced 55.6% of the assimilates at the first sampling 

date. At the second sampling date the top accounted for 29.9% of the 

fruit but produced 75.7% of the assimilates. 



Table 14. Fruit dry weight of normal, okra, and superokra leaf cotton 
plants at three canopy levels on two sampling dates 

Leaf Type 
Height 
Interval Normal Okra Superokra Mean 

cm g/m2 

28 Tulv 

above 55 4.3 b* 12.3 ab 15.1 ab 10.6 g 

30-ff 8.4 b 18.5 ab 23.0 a 16.7 p 

0-30 3.1b 10.9 ab 19.6 a 11.2 q 

Total 15.8 y 41.7 x 57.6 a 

11 Aug. 

above 55 32.1 a 38.6 a 52.7 a 41.1 q 

30-55 47.3 a 54.8 a 65.3 a 55.8 p 

0-30 32.3 a 42.7 a 47.5 a 40.8 q 

Total 111.7 x 136.1 x 165.5 x 

*Values within a date and consecutive letter series followed by the 
same letter are not significantly different at the 0.05 level of probability 
according to the Student -Newman-Neuls' multiple-range test. 
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Table 15. Percentage of dry weight in fruit of normal, okra, and super-
okra leaf cotton plants at three canopy levels on two sampling dates 

Leaf Type 
Height 
Interval Normal Okra Superokra Mean 

cm C '/ cm 

28 Tuly 

Above 55 4.3 c* 9.8 b 16.4 a 10.2 p 

30-35 4.8 c 9.7 b 15.1 a 9.9 p 

0-30 1.8 c 5.1 c 10.4 b 5.8 q 

Mean 3.6 z 8.2 y 14.0 x 

11 Auq. 

above 55 12.0 b 15.4 b 24.4 a 17.3 pq 

30-55 14.4 b 19.3 ab 25.3a 19.6 p 

0-30 10.5 b 15.6b 17.7 ab 14.6 q 

Mean 12.3 z 16.8 y 22.5 x 

*Values within a date and consecutive letter series followed by the 
same letter are not significantly different at the 0.05 level of probability 
according to the Student-Newman-Keuls' multiple-range test. 
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Table 16. Percentage of fruit dry weight of total weight compared to per
centage of carbon uptake of total uptake on a ground area basis at 
three canopy levels for normal, okra, and superokra leaf cotton 
plants on two sampling dates 

Leaf Type 
Height 
Interval Normal Okra Superokra 

cm % fruit % dpm % fruit % dpm % fruit % dprr 

Sampling one 

above 55 27.3 58.8 29.5 57.8 26.1 50.2 

30-55 53.3 25.2 44.4 28.8 40.0 29.2 

0-30 19.4 15.0 26.0 13.5 34.0 20.2 

Sampling two 

above 55 28.7 81.2 28.4 77.2 31.8 68.7 

30-55 42.3 13.0 40.2 16.2 39.5 20.8 

0-30 28.9 5.7 31.4 6.3 28.7 10.7 
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A comparison of the increase in fruit dry weight between sam

pling dates can be made for plant leaf types and canopy height intervals 

from the data in Table 14. Averaged over leaf type, fruit dry weight in

creased 270, 230, and 290% in the bottom, middle, and top canopy 

levels, respectively, between sampling dates (Table 17). Averaged over 

height intervals, fruit dry weight of normal leaf plants increased 600% 

but only 230 and 190% for okra and superokra leaf plants, respectively. 

This larger percentage of increase in fruit dry weight for normal leaf 

plants relates to the lower fruit dry weight on 28 July compared to okra 

and superokra leaf plants (Table 14). 

Warren-Wilson (1972) defined sink strength on the basis of ab

solute growth rate. Averaged over leaf type, fruit dry weight increased 

2.1, 2.8, and 2.0 g /day/m^ in the bottom, middle, and top canopy 

levels, respectively, between sampling dates (Table 18). Summed over 

height intervals, the increase in fruit dry weight was 7.7 g /day/m2 for 

superokra leaf plants and 6.8 and 6.9 g/day/m^ for okra and normal 

leaf plants. 

The relative increase in dry weight of leaves, stem, and peti

oles between sampling dates (computed from data in Tables 7 and 14) is 

presented in Table 19. Averaged over plant leaf, the Increase in dry 

weight was 130% for the top canopy level compared to 70 and 40% for 

the middle and bottom levels. Averaged over height intervals, the in

crease in dry weight for normal leaf plants was 110% compared to 50% 

for okra leaf plants and 70% for superokra leaf plants. 

Averaged over leaf type and height intervals, reproductive dry 

weight increased 260% between sampling dates, while vegetative growth 
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Table 17. Fruit dry weight at the second sampling date expressed as a 
ratio of dry weight at the first sampling date 

Leaf Type 
Height 
Interval Normal Okra Superokra Mean 

cm 

above 55 7.4 3.1 3.5 3.9 

30-55 5.6 3.0 2.8 3.3 

0-30 10.5 3.9 2.4 3.7 

Mean 7.0 3.3 2.9 3.6 

Table 18. Absolute growth rate of fruit of normal, okra, and superokra 
leaf cotton plants at three canopy levels 

Leaf Type 
Height 
Interval Normal Okra Superokra Mean 

cm g/day/m2 

above 55 2.0 1.9 2.7 2.2 

30-55 2.8 2.6 3.0 2.8 

0-30 2.1 2.3 2.0 2.1 

Total 6.9 6.8 7.7 7.1 

/ 
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Table 19. Dry weight of vegetative components (stem, leaves, and peti
oles) at the second sampling date expressed as a ratio of dry weight 
at the first sampling date 

Leaf Type 
Height 
Interval Normal Okra Superokra Mean 

cm 

above 55 2.6""' 1.8 2.1 2.2 

30-55 1.9 1.3 1.5 1.5 

0-30 1.4 1.1 1.3 1.2 

Mean 1.9 1.3 1.5 1.6 

increased only 70% during the same time interval. These data show that 

reproductive structures increased substantially in dry weight between 

the two sampling dates at all three height intervals. In the first sam

pling, all height intervals contained active reproductive sinks, but it is 

possible that by the second sampling date the fruit in the bottom interval 

were nearing maturity and may not have been as strong as sinks. 

The data in Table 16 illustrate that CO2 uptake occurs at the 

top of the plant, while fruit weight accumulates lower on the axis. This 

condition may promote inefficient use of assimilates in cotton. Since 

both vegetative and preproductive structures are potential sinks for as

similates (Saleem and Buxton 1976) and assimilates may not be translo

cated efficiently from top to lower levels of stems (Saleem and Buxton 

1976; Ashley 1972), an unfavorable distribution of assimilates may oc

cur. The vegetative sink is contiguous to most of the assimilate 
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production at the top of the plant and would be favored since the ability 

of a sink to obtain assimilates is inversely proportional to the distance 

from the source (Thrower 1962; Major and Charnetski 1976). 

Okra and superokra leaf types had a reduced dpm/dm2 ground 

area and percentage of carbon fixed in upper levels of the canopy com

pared to normal leaf plants (Tables 3 and 17). These mutant leaf types 

allow greater light penetration into the canopy, which results in slightly 

increased CO2 uptake on a leaf area basis at lower canopy levels com

pared to normal leaf plants, but a reduction of leaf area did not enhance 

CO2 uptake on a ground area basis more for one leaf type than for an

other. At first, it would appear that there is no benefit in carbon source — 

sink relations for plants with reduced leaf area because there is no in

crease in carbon uptake near the boll. Nevertheless, the fact that CO2 

uptake in the top of the plant contiguous with the vegetative sink is re

duced by low leaf area suggests that okra and superokra leaf plants 

should have less vegetative growth than normal leaf plants. This obser

vation has been reported for okra leaf plants by Karami and Weaver (1972) 

and for superokra leaf plants by Thomson (1972). 

Effect of Plant Leaf Type and Canopy Height 
on Specific Leaf Weight 

Specific leaf weight was measured at 0600 (AM SLW) and 1800 

hours (PM SLW). The data are presented in Tables 20 and 21 and in 

Figs. 5 and 6. Diurnal changes in SLW between 0600 and 1800 were 

smaller in the bottom and middle levels of the canopy than in the top 

level. For example, during the second sampling, leaves in the bottom 

level increased in weight only an average of 3 mg/dm^ during the day 
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Table 20. Specific leaf weight at 0600 hours for normal, okra, and super-
okra leaf cotton plants at three canopy levels on two sampling 
periods 

Leaf Type 
Height 
Interval Normal Okra Superokra Mean 

cm mg/dm2. 

29, 30, and 31 Tuly 

above 55 527 a* 484 a 489 a 499 p 

30-55 379 b 418 b 407 b 402 q 

0-30 369 b 419 b 402 b 397 q 

Mean 425 X 440 x 433 x 

13, 14, and 15 Auq. 

above 55 635 a 634 a 613 a 627 p 

30-55 353 c 398 b 418 b 390 q 

0-30 302 c 322 c 394 be 339 r 

Mean 430 y 451 xy 474 x 

*Values within a date and consecutive letter series followed by the 
same letter are not significantly different at the 0.05 level of probability 
according to the Student-Newman-Keuls' multiple-range test. 
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Table 21. Specific leaf weight at 1800 hours for normal, okra, and super-
okra leaf cotton plants at three canopy levels on two sampling 
periods 

Leaf Type 
Height 
Interval Normal Okra Superokra Mean 

cm mg/dm^ 

29, 30, and 31 Tulv 

above 55 594 a* 581 a 565 a 580 p 

30-55 360 b 417 b 421 b 399 q 

0-30 388 b 400 b 425 b 404 q 

Mean 447 X 466 x 470 x 

13, 14, and 15 Auq. 

above 55 746 a 713 a 695 a 718 p 

30-55 372 c 430 b 457 b 420 q 

0-30 297 d 356 c 373 c 342 r 

Mean 472 X 499 x 508 x 

*Values within a date and consecutive letter series followed by the 
same letter are not significantly different at the 0.05 level of probability 
according to the Student -Newman-Keuls' multiple-range test. 



55 

6 00 

4 00 

O NORMAL 
•  OKRA 
A SUPEROKRA 

2 0 0 

JULY 2 9-31 AUGUST 13-15 

H1 H2 H 3  H1 H 2  H 3  

Fig. 5. Specific leaf weight at 0600 hours for normal, okra, and super-
okra leaf cotton plants at three canopy intervals (HI = 0 to 30 cm; 
H2 = 30 to 55 cm; H3 = above 55 cm) 
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Fig. 6. Specific leaf weight at 1800 hours for normal, okra, and super-
okra leaf cotton plants at three canopy height interval (HI = 0 to 30 
cm; H2 = 30 to 55 cm; H3 = above 55 cm) 



while top leaves increased in weight an average of 92 mg/dm2. Older, 

more shaded leaves in the bottom level of the canopy had a lower SLW 

(AM or PM) compared to younger, more irradiated leaves at the top level, 

This comparison is in agreement with the reported effects of age and 

light environment on SLW for a variety of plant species (Pearce and Lee 

1969; Bowes et aL1972); Wolf and Blaser 1972; Nobel et al. 1975; Di-

Marco et al. 1976; Frey and Moss 1976). The sampling date-times-

height interaction was significant, with bottom and middle level leaves 

having lower SLW at the second sampling period than at the first. 

There was generally an inverse relationship between LAI and 

SLW and plants with low LAI had high SLW while plants with high LAI 

had low SLW. Averaged over heights, differences in SLW for leaf type 

were significant only for the AM SLW of the second sampling period. No 

significant differences between AM and PM SLW were evident within sam 

pling periods for top leaves. Differences were observed in the bottom 

and middle levels, with AM and PM SLW being generally greater for 

okra and superokra leaf plants than for normal leaf plants. These trends 

are supported by the significant leaf type-times-height interaction noted 

at the second sampling date for both AM and PM SLW. 

Correlation between Specific Leaf Weight 
and Carbon Uptake 

Significant correlations between photosynthetic activity and 

SLW were obtained in both sampling periods (Table 22). Diurnal changes 

in SLW did not show the same degree of correlation as either AM or PM 

SLW. This was primarily due to the large coefficient of variation (CV) as 

sociated with diurnal changes in SLW. The diurnal change in SLW had a 
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Table 22. Correlations between carbon uptake on a leaf dry weight basis 
and SLW, with 54 observations (six replications, three leaf types, 
and three plant height intervals) on two samplings 

Factor 

PM-AM SLW AM SLW PM SLW 

Sampling one 0.29* 0.73** 0.74** 

Sampling two 0.48** 0.83** 0.83** 

*, ** Significant at the 0.05 and 0.01 levels, respectively. 

Table 23. Correlations between carbon uptake on a leaf dry weight basis 
and SLW for the three leaf types, with 18 observations (six replica
tions and three height intervals) on two samplings 

Leaf Type 

Factor 

PM-AM SLW AM SLW PM SLW 

Normal 

Okra 

Superokra 

Sampling one 

0.30 0.85** 0.77** 

0.40 0.72** 0.78** 

0.15 0.62* 0.71** 

Normal 

Okra 

Superokra 

Sampling two 

0.69** 0.94** 0.93** 

0.34 0.77** 0.77** 

0.49* 0.83** 0.84** 

*, ** Significant at the 0.05 and 0.01 levels, respectively. 
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CV of 173% compared to a CV of only 10% for AM or PM SLW. The large 

CV for diurnal changes in SLW is the result of at least two factors: (1) 

the mean has a small numerical value and (2) the standard deviation is 

large because of the experimental error associated with both AM and PM 

SLW values. 

The correlation coefficients were higher for all factors in the 

second period than in the first (Tables 22 and 23). This was related to a 

greater range in SLW values for height intervals in the second period 

than in the first (Fig. 5 and 6). 

Correlations between photosynthetic activity and diurnal 

changes in SLW were not significant at the first sampling date if only 

one leaf type was considered at a time (Table 23). At the second sam

pling date, when the range in SLW had increased, a significant correla

tion between carbon uptake and SLW was observed for normal and super-

okra leaf plants but not for okra leaf plants. The correlation coefficients 

were again higher for AM or PM SLW than for diurnal changes in SLW. 

A positive correlation between photosynthetic activity and SLW 

has been previously reported in alfalfa by Pearce et al. (1969) and De-

laney and Dobrenz (1974a) and in soybeans by Dornhoff and Shibles 

(1970, 1976). 

These studies indicate that AM or PM SLW could be a rapid, 

simple, and inexpensive means for predicting photosynthetic activity of 

cotton leaves that vary in age and irradiance environment in the canopy. 



SUMMARY AND CONCLUSIONS 

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

superokra), which differed in leaf area, were grown in narrow-row cul

ture at a plant density of 10 plants/m^ at the University of Arizona 

Campbell Avenue Experiment Farm in Tucson, Arizona, in 1975, Plants 

were sampled twice, during the 3rd and 5th weeks of flowering, and ob

served for leaf area, dry matter partitioning, carbon uptake, and SLW at 

three plant height intervals. These observations were taken to determine 

the effect of leaf area on carbohydrate partitioning, to locate the carbon 

source with respect to the reproductive sink, and to evaluate the poten

tial of measuring SLW to predict leaf photosynthetic activity in cotton 

canopies. 

Significant differences in leaf area of the near-isogenic lines 

were apparent by the 5th week of flowering when normal, okra, and 

superokra leaf plants had an LAI of 6.0, 4.7, and 3.0, respectively. 

Differences in LAI were more pronounced in upper levels of the canopy. 

Plants with reduced leaf area intercepted less light and tended 

to have a greater carbon uptake on a leaf weight basis below 55 cm but 

due to reduced LAI, had similar carbon uptake per unit ground area be

low 55 cm as plants with a greater LAI. The plant leaf types did not vary 

in carbon uptake on a leaf weight basis above 55 cm, but okra and super

okra leaf plants had only 81 and 59% as much activity as normal leaf 

plants on a ground area basis, due to leaf area differences. Thus plants 

with greater LAI had greater total carbon uptake per dm^ ground area 
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than plants with reduced LAI, but these differences became apparent 

only above 55 cm. 

Plant leaf type had little effect on plant height, stem dry 

weight, total dry weight, or percentage of total dry weight represented 

by stems. Plants with high LAI tended to have greater stem and petiole 

dry weight but less fruit dry weight than plants with reduced LAI. Plants 

with greater leaf area clearly partitioned a greater percentage of total 

dry weight into leaves and petioles and less into fruit than plants with 

reduced leaf area. 

Use of assimilates is apparently inefficient in cotton. Much of 

the developing fruit load is located in the lower portions of the canopy, 

while most of the photo synthetic activity is near the top of the plant. 

This spatial separation between source and reproductive sink becomes 

greater as the growing season advances. Plants with reduced leaf area 

have less assimilates produced in the top of the plant and similar 

amounts of assimilates produced near developing bolls compared to 

plants with large LAI. 

These studies indicate that plants with okra and superokra type 

leaves do not increase total photo synthetic activity near developing 

bolls. The mutant leaf types do partition a greater percentage of photo-

synthates to reproductive structures than the normal leaf type. Thus 

increase in photo synthetic activity near reproductive sinks in cotton 

cannot be increased by reducing leaf area. Light penetration beyond 

upper leaves must be increased, but leaf area near developing bolls 

should be maintained. 
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The upper leaves of cotton plants should be vertically oriented, 

but the subtending leaves should be large and horizontally oriented to 

intercept maximum irradiance (Buxton 1975). Selection for cotton plants 

with a more determinate growth habit or the use of growth regulators to 

decrease vegetative growth after flowering may offer other possibilities 

for improving source-to-reproductive sink relationships in cotton. 

Plants with a low LAI had a higher SLW in the middle and bottom 

canopy levels than plants with a high LAI. Correlation coefficients be

tween photosynthetic activity and SLW were significant, ranging between 

0.73 and 0.83 depending on time of SLW measurement and sampling date. 

Plant leaf type had little influence on these values. 

Use of SLW can be a rapid, simple, and inexpensive means of 

evaluating photosynthetic activity of cotton leaves at different levels of 

the canopy, irrespective of plant leaf type. 

The unique contributions of this study are: (1) it describes 

photosynthetic activity of leaves within different canopies levels for 

cotton grown under narrow-row culture, (2) it describes the location of 

the carbon source in relation to the reproductive sink, (3) it evaluates 

the potential for mutant leaf cotton plants to increase the source near 

the reproductive sinks, and (4) it demonstrates a relationship between 

photosynthetic activity and SLW in cotton. 
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