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ABSTRACT

A study of plant growth analysis was made among two tetraploid 

cotton cultivars (Gossypium hirsutum, L. , 2n = 4X =* 52), ’Deltapine-ld’ 

(DPL-16) and superokra, and two hexaploid experimental lines (G_. hirsutum 

X G. sturtianum Willis, 2n = 6X = 78), 6X-13 and 6X-50, to compare the 

agronomic traits of hexaploid cotton with conventional cotton.

Under similar environmental conditions, tetraploids produced more

fruiting branches, bolls, and squares than the hexaploids. Mean crop '
■ - . ' ' *■ ■ • .

growth rate (CGR mean increase of plant material per unit time) was 

similar for the four cotton lines. The superokra tetraploid had a higher 

mean net assimilation rate (NAR -- mean increase of plant material per 

unit of assimilatory material per unit of time) than the other three 

lines, but a low mean leaf area ratio (IAR —  mean ratio of the assimila

tory material per unit of plant material present).

Although there was no significant difference between the tetra- 

ploids and hexaploids in average dry weight per plant, the tetraploids 

accumulated higher amounts of dry matter in the fruiting parts. This is 

an indication of the efficiency of these tetraploids in partitioning 

assimilates to the reproductive parts of the plant.

It was concluded that improvement in the hexaploids through 

breeding should be directed towards increasing dry matter supply to the



INTRODUCTION

Hexaploid cotton plants (2n = 6X = 78) were made by hybridizing 

an Australian wild cotton, Gossypium sturtianum Willis (2n = 2X = 26) with 

American cultivated cotton, a natural allotetraploid, Ĝ. hirsutum L. (2n = 

4X = 52), and doubling the chromosome number of the sterile interspecific 

hybrid with colchicine (Muramoto, 1969a, 1969b).

The release of three non-commercial stocks of hexaploid cotton,

AZ 6X-3 (selected from crosses made between Arizona Acala 44-10-1 X Gu 

sturtianum), AZ 6X-13 (selected from crosses made between Hopicala X j. 

sturtianum), and AZ 6X-50 (selected from crosses made between superokra 

X G. sturtianum), has increased interest among several researchers to 

study growth behavior of these experimental stocks since they appear to 

have better cold tolerance than most Upland or Pima cotton cultivars.

These lines have short, but very strong fibers, and have a diffused type 

of root system rather than the.normal tap root of the cultivated cotton 

(Muramoto, 1975).

During the past few years, studies have been made of the differ

ent morphological characters in attempts to gain better understanding of 

hexaploid plants. However, no attempts have been made to study their 

growth patterns to guide plant breeders towards selecting favorable plant 

characteristics that need to be modified to attain higher yields.

The objective of this study was to compare growth of two non- 

commerical stocks of hexaploid cotton (AZ 6X-13 and AZ 6X-50) with two
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tetraploid cultivars, 1Deltapine-16' (DPL-16) and superokra, through 

plant growth analysis. This study tests the hypothesis that the tetra

ploid cotton plants have many agronomical traits that surpass the hexa- 

ploid cotton plants.



REVIEW OF LITERATURE

Extensive physiological studies in cotton have been conducted in 

the last decades and cited in the literature to show the importance of 

the different growth parameters in increasing the economic yield of 

commercially cultivated, tetraploid cultivars. These studies have 

established a sound basis for further improvement in cotton production 

practices. A review of the previous literature indicated no physio

logical studies comparing the hexaploid (non-commercial stocks) cotton 

plants.

Plant Height

Plant height has been used sometimes as a criteria to show the 

trend of dry matter accumulation. Saxena (1963) found a positive corre

lation between dry matter accumulation, yield of seed cotton, and height 

in the ’216-F' cotton cultivar. He stated that differences in plant 

height and dry matter accumulation accounted for 83% of the variation in 

the yield of seed cotton. Differences in number of bolls per plant and 

weight of seed cotton per boll accounted for 86% of the variation in 

yield. Brown (1966) suggested that plants classified as tall plants have 

both longer and greater number of main stem nodes. Wendt (1971) found a 

positive relationship between log of plant height and log of transpira

tion in greenhouse-grown cotton from emergence through the boll stage of 

growth.
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Among cultivars with different leaf shapes arid colors, okra leaf 

has been associated with shorter plants compared with normal leaf plants 

(Karami and Weaver, 1972). Andries, Douglas, and Albritton (1971) 

reported that progressively shorter plants were produced as row width was 

decreased. They stated that one effect of the reduction in plant height 

was that bolls were produced near the top of plants. Anderson (1971) 

found that leaf area and dry weight were positively correlated with 

height at 21, 38, and 53 days after germination, and, as would be 

expected, relative leaf growth rate and relative plant growth rate were 

correlated with relative height growth rate.

Alves (1970) reported that the yield of four Upland cultivars of 

cotton grown in northeastern Brazil was positively correlated with plant 

height (r = 0.61 to 0.78). He stated that yields could be increased by 

improving vegetative growth by earlier sowing and use of fertilizers. 

Grimes (1969) and Bhardwaj and Simlote (1968) obtained similar results 

and concluded, that yield was correlated with plant height.

Baker and Myhre (1968) reported that the relationship between 

cotton plant height and leaf area index (LAI), during the growing season, 

was linear with little scatter in four stands that they studied (normal 

and okra leafed ’Rex' in 20- and 40-inch rows) except for normal leafed 

cotton in 40-inch rows. The relationship was linear in this stand up to 

a height of 72 cm when abscission of lower leaves began to match the rate 

of new leaf elaboration. The rate of vertical growth was similar in all 

stands up to 80 cm. However, rates of leaf area development differed 

markedly, resulting in different ratios of stem to leaf tissue. The okra
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stands had grown taller than the normal leaf stands before a given LAI 

was acquired.

"Number of Bolls per Plant 

A positive correlation was reported between yield of seed cotton 

and number of bolls by Saxena (1963). Grimes (1969) obtained similar 

results and postulated that yield was correlated most highly with the 

number of flowers and bolls produced. Bhardwaj and Simlote (1968) found 

that yield per plant was highly correlated with number of bolls per plant 

and seed index (weight of 100 seeds), Singh et al. (1968) found that . 

boll number, boll weight, and number of loculi gave high correlations 

with yield and quality characters. They confirmed previous results and 

postulated that yield was strongly associated with number of bolls. 

Kamalanathan (1967) reported that number of bolls per plant made the 

highest contribution to lint yield, followed by number of seeds per boll 

and lint index (weight of lint per 100 seed). He concluded that the

combined influence of these three characteristics accounted for 65% of

the variation in lint yield. '

Ashley, Doss, and Bennett (1965) reported that boll set continued 

to increase late in the season as long as LAI was at or above 5.0. When

LAI fell below 5.0 late in the season, the number of bolls was not

increased further.

While comparing leaf types, okra leaf was found to have signifi

cantly higher photosynthetic efficiency per unit leaf area in the canopy, 

number of green bolls, number of squares and flowers, harvest index, and 

final seed cotton yield compared with the other leaf types (Karami, 1972).
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Kerby and Buxton (1976) noted that M-8 superokra leaf and 

’Stoneville 7A* okra leaf cotton produced 93 and 111% more fruiting posi

tions than 'Deltapine-16' normal leaf but aborted 180 and 207% more 

bolls. When isogenic lines of 'Stoneville 7A’ were used, they obtained 

similar results; the okra and superokra leaf isolines produced 8 and 26% 

more fruiting positions, but aborted 33 and 72% more bolls than did the 

normal leaf isolines.

Leaf Area '

Solar radiation interception and rate of dry matter production in 

soybeans. Glycine max (L.) Merr., increased with increasing leaf area 

development, reached a maximum, and remained constant with additional 

LAI (Shibles and Weber, 1965). Rate of dry matter production was 

linearly related to radiation interception. Since rate of dry matter 

production did not decline at LAIs greater than those required for full 

solar radiation interception (i.e., since soybeans did not show an 

optimum LAI), it was concluded that the lower shaded leaves of the soy

bean canopy are not "parasitic" upon the productive portion of the canopy 

and do not detract from net production of photosynthate by the soybean 

community. Wolf, Carson, and Brown (1972) reported similar results and 

pointed out the importance of this unit of measure (i.e., LAI) in rela

tion to interception of light for maximum growth.

Differences in rate of leaf area development were measurable and 

associated with differences in rates of dry matter production among 

cottons and other species in work by Muramoto, Hesketh, and El-Sharkawy 

(1965). Ashley et al. (1965) concluded that the relationship between LAI



and fruiting that they observed indicated that flower bud initiation and 

growth of young fruit on the cotton plant were dependent on concurrent 

vegetative growth.

Brown (1966), working with three strains of cotton ('UKA67/17/86', 

'UKA121/17/174', and 'UKAG2.1/17/904'), stated that the major part of 

crop growth rate (CGR —  rate of increase in dry weight per unit time) 

can be accounted for by high leaf area duration. He also noted that leaf 

area of 'UKA67/17/861 was greater than that of either of the other two 

strains, and not only was dry weight of the leaves greater, but the 

leaves were thinner, as shown by the greater specific leaf area (ratio of 

leaf area to leaf dry weight).

Andries et al.•(1969a, 1969b) reported that the okra leaf shape 

caused a reduction in total leaf area, and that okra leaf plants had only 

59% as much total leaf surface as normal leaf plants. They suggested 

that the okra leaf shape characteristic may tolerate high plant popula

tion without causing reduction in yield. Karami and Weaver (1972) found 

that the low leaf area of okra leaf was associated with shorter plants 

compared with the normal leaf type.

Bhatt (1974) concluded that a plant type with normal monopodial 

and sympodial branches had a higher LAI than a short-branch cultivar with 

only two leaves per node (a sympodial leaf and a main stem leaf), but 

that leaves of the short-branch cultivar expanded more quickly. He fur

ther. reported that LAI was not correlated with yield; since more sunlight 

penetrated to lower nodes of the short-branch type, it appeared that a 

smaller but effective leaf area may make for greater plant efficiency.
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Kenneth (1974), working with cotton, obtained correlation coeffi

cients of 0.99 and 0.98 for leaf area and shoot dry weight on data taken 

between 20 and 130 days, respectively, after emergence.

Watson (1958) reported that field crops such as kale (Brassica 

oleracea L. cul. ’acephala B.C.1) and sugar beets (Beta vulgaris L.) 

increase in rate of dry matter production with increasing LAI to an 

optimal level and then decrease with further increases in LAI. Similar 

results had been reported, by Watson and French (1962). They postulated 

that CGR decreased when LAI was large because of increased mutual shading 

of leaves and decreased net assimilation rate (NAR increase of plant 

material per unit of assimilatory material per unit of time). Watson 

(1952) reported that the extent to which dry matter production could be 

increased by increase in leaf area depends upon the extent NAR is 

affected by increase in LAI. With sufficient increase in LAI, NAR will 

decrease because of mutual shading of lower leaves. He also suggested 

that it would be necessary to increase LAI considerably beyond the 

highest values usually obtained (about 4) before serious reduction in NAR 

occurred.

Pegelow et al. (1976), studying canopy photosynthesis and tran

spiration as affected by three cotton leaf types (normal leaf, okra leaf, 

and superokra leaf), found that normal leaf plants had the highest LAI 

and COg exchange rate (CER) per unit ground area, while superokra leaf 

cotton generally had the lowest values. They noted that when CER was 

expressed on a unit leaf area basis, using the respective values of LAI 

and apparent photosynthesis for each plot, the means were not



significantly different. There was, however, a trend for superokra leaf 

plants to have higher rates per unit leaf area than normal leaf types. 

Data on canopy transpiration suggested that the lowest LAIs were suffi

cient for near maximal rates of transpiration. Additional LAI of normal 

leaf plants added little to water loss by transpiration. They concluded 

that the superokra leaf type, which represented a high degree of reduc

tion in leaf size and LAI, resulted in distinctly lowered CER, with no 

concomitant lessening of canopy transpiration rates compared to normal 

leaf plants.

Muramoto (1975) reported that the hexaploid plants are glabrous 

with bluish-green leaves ranging from normal in AZ 6X-3 and AZ 6X-T3 to 

deeply lobed in AZ 6X-50.

Dry Matter Production

The total amount of dry matter accumulated by the plant during 

its lifetime is a function of its photosynthetic and respiratory activity 

the economic yield of dry matter will depend on how the products of 

photosynthesis are distributed within the plant. There is large ineffi

ciency in these processes and any practice which increases the proportion 

of assimilates going to the required sinks will be of practical 

importance (Tollervey, 1970).

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

lower percentage of total dry weight in stalks and leaves than normal 

leaf lines. Okra leaf lines had a 15% higher harvest index than normal 

leaf lines, which represents a better distribution of dry matter to 

economic yield. Similar results were obtained by Thomson (1972), who
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noted no significant lint or seed cotton yield differences between a nor

mal leaf cultivar and its near isogenic superokra leaf counterpart. The 

superokra leaf gene, however, caused earlier maturity and decreased pro

duction of leaf and stem tissue. The superokra leaf was more efficient, 

with a greater production of seed cotton per unit of leaf tissue than for 

the normal leaf. He further reported that the superokra leaf led to 

increased difficulty of weed control in conventional one-meter, cotton 

row culture, but it appeared a desirable factor to transfer to cultivars 

bred for narrow-row, high-population cotton.

Karami (1972) postulated that the reason for the high efficiency

of okra leaf type may be related to its ability to distribute more

assimilate to fruiting parts, less vegetative growth, and greater verti

cal orientation of leaves compared with normal leaf cotton. He added 

that this type of leaf allows greater penetration of solar radiation to 

lower leaves, which results in higher percentage of the leaves being 

exposed to a light flux density that will allow near maximum photosyn

thetic efficiency. Similar results were obtained by De Oliveira (1974), 

who found that okra and superokra leaf plants had similar maturity and 

that both are earlier than normal leaf plants. The okra leaf types had 

more uniform irradiance distribution throughout their canopies than nor

mal leaf plants.

Hearn (1969) reported that when the rate of dry weight increase 

of the bolls equalled crop growth rate bolls were shed, which prevented

the size of the sink from increasing beyond the ability of the plant to 

supply it with assimilates. He postulated that environment, genotype.
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and agronomic practice affect yield according to whether they increase or 

decrease the extent to which the sink Size and the supply of assimilates 

are.out of phase.

Buxton and Stapleton (1970) reported that a model comparing nor

mal and okra leaf types predicted that during a hot, humid day the okra 

leaf should be cooler, have a higher photosynthetic rate, and a similar 

transpiration rate. They added that this comparison was on a single leaf 

basis, and because of a greater vertical orientation okra leaf should 

show an even greater advantage over the normal leaf type on a canopy 

basis,



MATERIALS AND METHODS

Plant Materials

Two tetraploid cotton cultivars (G. hirsutum L.)> DPL-16 and 

superokra, and two hexaploid experimental lines, 6X-13 and 6X-50 (G_. 

hirsutum X G_, sturtianum) , were planted on May 1, 1975, in north-south 

rows 100 cm apart, at The University of Arizona Campbell Avenue Farm in 

Tucson, Arizona. Plants were hand-thinned on June 19 to populations of 

approximately 65,000 plants/ha (26,000 plants/acre). A complete ran

domized block design was used and the experiment was replicated four
2times. The plot size was four rows each of 10.5 meters long (42 m ).

Herbicidesj Treflan (a_,a,a,-trifluord-2,6-dinitro-N_,N-dipropyl- 

p-toluidine) and Caparol (2,4-bis(isopropylamino)-6-(methylthio)-S- 

triazine),. were applied pre-emergence at the rate of 0 .6 liter/ha and. 1.4 

kg/ha for Treflan and Caparol, respectively, and incorporated by discing. 

The plots were also hand-weeded as needed. Urea, at the rate of 112 

kg/ha, was applied pre-plant in all plots. Plants developed normally 

with little incidence of disease but some insect damage occurred during 

the two-leaf stage. Irrigations were applied when plants showed symptoms 

of mild water stress.

Plant Sampling Methods 

Samples for leaf area/p1ant and dry matter determinations were 

taken on three dates: July 22, August 5, and August 19. Four consecu

tive plants were chosen at random from the two central rows in each plot

12
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and the following measurements were made: plant height, number of bolls,

and dry weight of bolls and squares. Stems, petioles, and leaves.

An Automatic Leaf Area Meter, type AAM-5*,. was utilized for deter- 

mination of leaf area. Ten leaves were randomly subsampled from differ

ent heights of one plant representative of those in each plot. Subsampled 

leaves were measured for area, oven dried, and the leaf area to leaf 

weight ratio (A/WL) determined. The dry weight of the remaining leaves 

was also determined. A value for total leaf area was estimated by

multiplying A/WL by the total leaf weight of four plants sampled.

LAI was calculated by dividing the total leaf area by the ground 

area covered (Wolf et al., 1972).

Mean relative growth rate (RGR) was.calculated as the mean

increase in plant material per unit material present per unit time 

(Radford, 1967):

   In ML - In W_
RGR = — 1 ': ■ g/100 g/day ,

2 *1

and mean crop growth rate (CGR) was calculated as the mean increase of 

plant material per unit of time (Radford, 1967):

  w2 - w
CGR = S/m /day .

2 -1

Mean net assimilation rate (NAR) was calculated as the mean increase of 

plant material per unit of assimilatory material per unit of time 

(Radford, 1967):

1. Hayashi Denko Co., Ltd., Tokyo, Japan.



14
  W - W In A? - In Av  ■■
NAR = j -  %- • ---  — • ■ 1 g/m /day .

2 1 2 “  1

Mean leaf ratio (LAR) was calculated as the mean ratio of the assimila-

tory material per unit of plant material present (Radford, 1967):

   A. - A (In W - In W )
. LAR = ^ z 'W2 - Wx (In A2 - In A p  dm /g *



RESULTS AND DISCUSSION

Plant Height

The four genotypes showed significant differences during the 

first two sample dates, July 22 and August 5 (Table 1). The tetraploids 

were taller early in the season than the hexaploids, which may be due to 

the fact that they have longer main stem internodes, as well as a greater 

number of main stem nodes. Brown (1966) observed that strain 

'UKA67/17/76' of cotton (G. hirsutum L.) was taller than either 

1UKA121/17/174f Or ,UKA62.1/17/904' strains as a result of both longer 

main stem internodes and greater number of main stem nodes. Muramoto 

(1975) postulated that hexaploids have strong stalks with short inter

nodes. Early growth of hexaploids had been discussed by Muramoto, 

Hesketh, and Baker (1971), who concluded that hexaploids are less 

vigorous early in the season than the other cottons because of slower 

emergence and smaller leaves.

During the last sampling date, the four genotypes showed no sig

nificant differences in plant height. These results indicate that the 

hexaploids continue to grow late in the season, while the tetraploids 

were slow in growth. This is probably due to strong competition from the 

heavy fruit load in tetraploids. The rapid increase in plant height of 

the hexaploids in August suggests less competition from the fruit load.

15



Table 1. Average plant height, above ground at three 
sampling dates. -- Height is in cm.

Sampling dates
Genotypes 22 July 5 August 19 August

DPL-16 71 a* 92 a 94 a

Superokra 70 a 87 ab 92 a

6X-13 56 b .74 c 90 a

6X-50 62 b 78 be , 91 a

G.V. (%) 6.2 5.4 9.4

*Means followed by the same letter with date are not
different at the 5% level in the Student-Newman^Keuls'
Range Test.



Number of Bolls per Plant

The four genotypes showed significant differences in bolls pet 

plant, with the tetraploids surpassing the hexaploids (Table 2). The 

hexaploids were less efficient than the tetraploids in producing bolls 

throughout the season. Although early generations, F^, and Fg of 

hexaploid hybrids (G. hirsutum L. X sturtianum Willis) had restored 

some degree of fertility (Da Silva, 1971), additional explanations have 

been proposed. For example, studies such as that of Brown and Menzel 

(1952), in which low female fertility was a problem in reducing boll set 

in hexaploid hybrids, indicate that this low female fertility is due 

to a general unfavorable physiological condition of the whole plant, 

rather to specific factors affecting reproduction only. The low boll set 

in hexaploids could have resulted from being late in maturity, presumably 

due to their genetic background. Observations by Low, Heskethj and 

Muramoto (1969) indicated that earliness in cotton is affected by geno

type and, to a varying extent, by components of the climatic environment, 

temperature being of special significance.

Means of bolls within the tetraploids were not significantly 

different, but indicate a trend toward higher fruit production in the 

superokra leaf plants. This is in agreement with the findings of Karami 

and Weaver (1972), Thomson (1972), and De Oliveira (1974), who found that 

superokra has greater efficiency for fruit production than normal leaf 

plants, due to its uniform irradiance distribution and lower percentage 

biomass in stalks and leaves. After the last sampling period, visual 

Observations showed superiority of DPL-16 over superokra in fruit



Table 2. Average bolls per plant at three sampling 
dates.

Sampling dates
Genotypes 22 July 5 August 19 August

DPL-16 2.0 a* 15 a 33 a

Superokra 2.0 a . 19 a 43 a

6X-13 0.0 b 1 b 5 b

6X-50 0.0 b 2 b 2 b

C.V. {%). 29.9 20.7 19.6

*Means followed by the same letter with date are not
different at the 5% level in the Student-Newman-Keuls?
Range Test.
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production. This suggests that boll retention in superokra leaf plants 

was low due to the high abortion which was associated with the general 

reduction in LAI, resulting in reduced carbohydrate reduction per 

fruiting position (Kerby and Buxton, 1976).

Dry Weight of Bolls and Squares 

As shown in Table 3, significant differences in weight of bolls 

and squares were observed at each sampling date, with the tetraploids 

surpassing the hexaploids. However, there was no significant difference 

in weight of bolls and squares between the tetraploid genotypes, although 

there was a trend toward higher weight for superokra over DPL-16. The 

trend is in general agreement with number of bolls data in Table 2, again 

indicating that tetraploids are more efficient than the hexaploids in 

partitioning assimilates into fruiting forms.

The result suggests that the early fruit development in tetra

ploids caused a strong sink which had a marked effect on the redistribu

tion of assimilates, since fruits develop at the expense of vegetative 

growth. In the hexaploid plants, the developing green leaves and the 

rest of the plant, in absence of boll set due to lateness in maturity, 

serve as a sink; not only for their own photosynthate, but also for 

photosynthates produced in older leaves.

Dry Weight of Petioles 

The four genotypes showed no significant differences in dry 

weight of petioles (Table 4) at the first sampling date. On August 5 and



Table 3. Average dry weight of bolls and squares per
plant at three sampling dates. -- Weight is in
gm.

Sampling dates
Genotypes 22 July 5 August 19 August

DPL-16 6 a* 26 a 73 a

Superokra 9 a 33 a 84 a

6X-13 l b 2 b 16 b

6X-50 1 b 5 b . 12 b

C.V. (%) 6.5 15.3 15.9

*Means followed by the same letter with date are not
different at the 5% level in the Student-Newman-Keuls’
Range Test.



table 4. Average dry weight of petioles per plant at
three sampling dates. -- Weight is in gm.

Genotypes
Sampling dates

22 July 5 August 19 August

DPL-16 7 a* 15 a 20 a

Superokra 5 a 9 b 13 b

6X-13 6 a 13 a 24 a

6X-50 6 a 12 a 20 a

c .v .  c % ) 14.7 17.6 13.1

*Means followed by the same letter with date are not
different at the 5% level in the Student-Newman-Keuls’
Range Test.
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August 19, differences among the genotypes were significant with super

okra attaining the lowest weight. Superokra apparently produces smaller 

petioles than the other genotypes because of the reduced leaf surface it 

nourishes. This indicates that the dry weight of petioles is dependent 

on leaf area development.

\ - .

Dry Weight of Leaves

As shown in Table 5, the four genotypes showed no Significant 

difference in dry weight of leaves at the first sampling date, but there 

was a trend for superokra to have the least dry weight o f  leaves, and 

6X-50 to be intermediate. This indicates the presence of smaller, but 

more numerous leaves in the canopies of superokra leaf plants. This is 

in agreement with the findings of Pegelow et al. (1976), who found that 

okra and superokra leaf plants tended to have more leaves per unit ground 

area than did plants with normal leaves.

Differences among the genotypes were significant on August 5 and 

August 19. The dry weight of leaves of 6X-50 was less than either DPL-16 

or '6X-13, which supports the observation of Muramoto (1975) that hexa- 

ploid plants have leaves ranging from normal in Arizona 6X-13 to deeply 

lobed in Arizona 6X-50. Superokra has been reported to have a lower 

percentage of dry weight in leaves than normal leaf lines (Karami and 

Weaver, 1972).

Leaf Area Index (LAI)

As shown in Table 6, the four genotypes showed no significant 

difference during the first sampling date in LAI.



Table 5. Average, dry weight of leaves per plant at three
sampling dates. -- Weight is in gm.

* Sampling dates
Genotypes 22 July 5 August 19 August

DPL-16 00CM 63 a 86 a

Superokra 20 a 49 b 62 b

6X-13 27 a 57 ab 93 a

6X-50 25 a 52 ab 91 a

C.V. (%) 17.8 15.9 11.5

*Means followed by the same letter with date are not
different at the 5% level in the Sttident.-Newman-Keuls1
Range Test.



Table 6. Leaf area index (LAI) determination at three sampling
dates.

Genotypes
Sampling dates

22 July 5 August 19 August Average

DPL-16 2.7 a* 5.8 a 3.7 a 4.1 a

Superokra 1.7 a 2.5 c 1.8 b 2.0 b

6X-13- 1 2.7 a 4.7 ab 4.8 a 4.1 a

6X-50 2.7 a 3.7 be 4.2 a 3.5 a

q.v. (%) 21.4 15.4 17.8 20.6

*Means followed by the same letter with date are not different 
at the 5% level in the Student-Newman-Keuls1 Range Test.
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Hie four genotypes showed significant differences in LAX during 

the second and third sampling dates. By the second sampling date, the 

genotypes obtained a gradient in LAIs with DPL-16 highest, 6X-13 and 

6X-50 intermediate, and superokra lowest. However, at the last sampling 

date, 6X-13, 6X^50, and DPL-16 were equal, but all were significantly 

greater than superokra, indicating a sharp drop in LAIs of the tetra- 

ploids, while LAIs of hexaploids continued to increase.

The increase in LAI of the hexaploid leaf types late in the 

season suggests less competition from the small fruit load due to late

ness . Leaf drop due to strong competition from the heavy fruit load may 

explain the decrease in LAI of the tetraploid leaf type plants.

Dry Weight of Stems

The genotypes showed no significant differences on the first

sampling date in.dry weight of stems per plant (Table 7). However, dif-
\ferences among genotypes during the second and last sampling dates were 

significant. Superokra tended to have the least dry weight of stems.

This is consistent with the findings of Karami and Weaver (1972), and 

Thomson (1972), who found that superokra leaf gene caused a decreased 

production of leaf and stem tissue. These data, in conjunction with LAI 

values in Table 6, suggest that dry matter accumulation in stems is 

dependent on the concurrent leaf area development. Kenneth (1974) pre

sented evidence and found positive correlation coefficients of 0.99 and 

0.98 between leaf area and shoot dry weight for data taken 20 and 130 

days after emergence.



Table 7. Average dry weight of stems per plant at three
sampling dates. —  Weight is in gin.

Sampling dates
Genotypes 22 July 5 August 19 August

PPL-16 21 a* 65 a 73 ab .

Superokra 20 a 45 b 68 b

6X-13 18 a 49 ab 85 a

6X-50 19 a . 47 b 84 a

C.V. (%) 19.4 17.1 17.3

*Means followed by the same letter with date are not
different at the 5% level in the Student-Newman-Kenls’
Range Test.
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It is evident that the rate of dry matter accumulation in stems 

of hexaploids beyond August 5 is higher than that in the tetraploids.

The trend is similar to the dry weight of leaves data in Table 5. This 

similarity indicates the tendency of hexaploids to have high vegetative 

growth before a heavy fruit load is established.

Total Dry Weight per Plant 

As shown in Table 8, the four genotypes showed no significant 

difference in total dry weight per plant at the first sampling date, but 

there was a trend for tetraploids to have higher weights than the hexa

ploids. Differences among the genotypes were significant on the second 

and third sampling dates, with DPL-16 having the highest weight. Between 

August 5 and 19, the rate of increase of dry weight in DPL-16 was low, 

probably because of leaf drop during this period. The tremendous 

increase in dry weight of hexaploids during this period was due to the 

increase in leaf area of these genotypes.

The result is in general agreement with the LAI data in Table 6, 

suggesting that differences in rate of leaf area development are 

associated with differences in rates of dry matter production among these 

genotypes.

Partitioning of Dry Matter 

Figure 1 shows the efficiency of these four genotypes in parti

tioning dry matter into various vegetative and fruiting parts. Although 

there were no significant differences among the genotypes in total dry 

matter accumulated at the first sampling date., the hexaploids partitioned



Table 8. Total dry weight per plant at three sampling
dates. Weight is in gm.

Sampling dates
Genotypes 22 July 5 August 19 August

DPL-16 60 a* 168 a 251 a

Superokra 54 a 135 b 227 ab

6X-13 51 a 121 b 218 ab

6X-50 51 a 116 b 207 b

C.V. (%) 17.3 13.4 14.8

*Means followed by the same letter with date are not
different at the 5% level in the Student-Newman-Kenls'
Range Test.
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Figure 1. Partitioning of dry matter into various plant parts at three 
sampling dates.
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dry matter mostly into vegetative parts (petioles, leaves, and stems), 

while the tetraploids partitioned dry matter into fruiting forms (10 and 

17% for DPL-16 and superokra, respectively).

On the second sampling date, DPL-16 had significantly higher 

amounts of total dry matter produced than the other genotypes. At this 

time, although the hexaploids had partitioned some dry matter into 

fruiting forms, the percentages were still very low (2 and 4% for 6X-13 

and 6X-50, respectively) compared to those in the tetraploids (15 and 24% 

for DPL-16 and superokra, respectively).

The four genotypes showed significant differences by the third 

sampling date in total dry weight accumulated. On a partitioning basis, 

the tetraploids continued to accumulate high amounts of dry matter into 

fruiting forms (29 and 37% for DPL-16 and superokra, respectively). On 

the other hand, the hexaploids continued to accumulate more dry matter 

into vegetative parts with small amounts to fruiting forms (7 and 6% for 

6X-13 and 6X-50, respectively).

The results show that the hexaploids are less efficient in partis 

tioning products of photosynthesis into harvestable sinks (economic 

yield). It is probable that lateness in boll set is the main factor 

leading to this large inefficiency. Any improvement which can increase 

the proportion of dry matter going to the harvestable sinks will be of 

practical importance.

Mean Leaf Area Ratio (LAR)

Significant differences in LAR among genotypes were noted during 

the sampling periods (Tab1e 9). The hexaploids tended to have the
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Table 9. Mean leaf area ratio (LAR) for two periods. -- LAI is in 
■ dm^/g.

Sampling periods
Genotypes July 22 - August 5 August 5 ? August 19 Average

DPL-16 0.56 a* 0.34 a 0.45 m

Superokra . 0.34 b 0.18 b 0.26 n

6X-13 0 .69 a 0.42 a 0.56 m

6X-50 0.58 a 0.37 a 0.48 m

C.V. (%) 34.9 33.8 33.5

*Means followed by the same letter with period are not different at the
5% level in the Student-Newman-Keuls' Range Test.
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highest LAR late in the season, similar to DPL-16, and superokra was 

significantly lower. A downward trend during the second period is evi

dent in LAR for all genotypes, suggesting a changing distribution of dry 

weight between leaf growth and growth of the rest of the plant as plants 

aged. This is in agreement with the findings of Blackman and Wilson 

(1951), and Wallace and Manger (1965), who found a marked change in LAR 

as the season progressed. Kotter, Nyquist, and Chorush (1970) reported 

similar results and found that dry matter accumulation in the soybean 

community was more rapid in non-leaf than in leaf tissue. This resulted 

in decreasing LAR as the season progressed.

High LAR in hexaploids is an indication of high vegetative 

growth. This is associated with a small proportion of dry matter produc

tion being diverted to fruit load.-

Mean Net Assimilation Rate (NAR)

As shown in Table 10, the four genotypes showed significant dif

ferences in NAR during the sampling periods. Superokra had significantly 

higher NAR than the other genotypes. In conjunction with LAI data in 

Table 6, this suggests that NAR is appreciably less at higher LAI than at 

low LAI, probably due to the decreasing quantity of light flux density to 

lower leaves because of mutual shading. This agrees with the findings of 

Watson (1952), who found that, with sufficient increase in LAI, NAR will 

decrease because of mutual shading of lower leaves. Buttery (1970) 

reported similar results and found that NAR for maize and soybean was 

less at LAI equal to 4 than at LAI equal to 1.



33

Table 10. Mean net assimilation rate (NAR) for two periods, —
NAR is in gm/m2/day.

Sampling periods
Genotypes July 22 - August 5 August 5 - August 19 Average

DPL-16 12.6 a* 9.0 a 10.8 m

Superokra 19.3 b ' 21.6 b 20.5 n

6X-13 9.8 a . 9.6 a 9.7 m

6X-50 11.1 a ' 9.9 a 10.5 m

C.V. (%) 30.6 • 42.2 35.6

*Means followed by the same letter with period are not different
at the 5% level in the Student-Newman-Keuls’ Range Test,
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High NAR in superokra is an indication of high efficiency per 

unit of leaf area. This is associated with a large proportion of dry 

matter being diverted to fruit load.

Mean Relative Growth Rate (RGR)

As shown in Table 11, no significant differences among genotypes 

in RGR were noted in either sampling period. However, there was a trend 

for the tetraploids (despite the low LAR values) to have higher RGR at 

the first sampling period than hexaploids*

The RGR of all genotypes decreased as the season progressed. The 

decrease in RGR of hexaploid and superokra genotypes were not sharp as in 

DPL-16. This is clearly the result of high NAR values in superokra and 

of the relatively high leaf elaboration in hexaploids. These results are 

consistent with those of Buttery (1970), who found a decline in RGR as 

plants grow older. He stated that the decline was due to the increase in 

LAI, which resulted in a reduced quantity of light flux density to lower 

leaves. Scaife (1973), working with six lettuce (Lactuca sativa L.) 

cultivars, noted that competition and self-shading reduce RGR progres

sively towards maturity of these cultivars.

Mean Crop Growth Rate (CGR)

As shown in Table 12, the four genotypes displayed significant 

difference during the period July 22 through August 5. DPL-16 had sig

nificantly higher CGR than superokra and the hexaploids. This in con

junction with the LAI data in Table 6, when DPL-16 had higher LAI than 

the other genotypes, indicating that a maximum CGR occurs when a
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Table 11. Mean relative growth rate (RGR) for two periods 
is in gm/100 gm/day.

. -- RGR

Sampling periods
Genotypes July 22 - August 5 August 5 - August 19 Average

DPL-16 7.3 a* 2.9 a 5.1 m

Superokra 6.5 a 4.1 a 5 . 3 m

6X-13 5.5 a 4.2 a 4.8 m

6X-50 5.9 a 4,1 a 5.0 m

C.V. (%) 23.9 33.2 26.1

*Means followed by the same letter with period are not different
at the 5% level in the Student^Newman-Keuls’ Range Test.
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Table 12. Mean crop growth rate (CGR) for two periods. —  CGR is
in g/m2/day.

..Sampling periods ;
Genotypes July 22 - August 5 . August 5 * August 19 Average

DPL-16 52 a* 40 a 46 m

Superokra 39 b 44 a 42 m

6X-13 34 b 46 a 40 m

6X-50 31 b 44 a 37 m

C.V. (%) 37.3 32.1 36.4

*Meaiis followed by the same letter with period are not different
at the 5% level in the Student-Newman-Keuls’ Range Test.
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considerable amount of photosynthetic tissue is accumulating and the LAI 

is near the maximum value.

During the second period, August 5 through 19, the genotypes 

showed no significant difference, but there was a trend for the hexa- 

ploids and superokra to have the higher CGR, and DPL-16 the lowest value. 

It is evident that the increased CGR in hexaploids was due to the 

increase in LAI since NAR is stabilized. However, DPL-16 had a lower CGR . 

because of a decreased LAI due to leaf drop. Despite the decrease in 

LAI, the increased CGR in superokra resulted because of an increase in 

NAR. Studies by Wolf and Carson (1973) indicated that a high NAR is 

often associated with low LAI. They stated that a maximum CGR (and, 

hence, a maximum crop efficiency) was associated with high LAI where NAR 

was low, which is in agreement with these results.



SUMMARY AND CONCLUSION

Four cotton genotypes —  DPL-16, superokra, 6X-13, and 6X-50 —  

were grown under field conditions at a common plant population in Tucson, 

Arizona. Plant height, leaf area per plant, dry matter of vegetative 

parts, mean relative growth rate (RGR), mean crop growth rate (CGR), mean 

net assimilation rate (NAR), and mean leaf area ratio (LAR) were deter

mined. Samples were taken at three dates: July 22, August 5, and

August 19.

The tetraploids were taller early in the season than the hexa- 

ploids. However, hexaploids continued to grow late in the season because 

of less competition from the small fruit load. Beyond August 5, a sharp 

drop in leaf area development was evident in tetraploids, while an 

increase occurred in hexaploids.

The hexaploids grow more vegetatively and accumulated higher 

amounts of dry matter in vegetative parts than the tetraploids throughout 

the sampling dates. This is an indication of low boll set, due to late

ness in maturity. In contrast, tetraploids had shown greater efficiency 

in partitioning higher amounts of dry matter in fruiting parts. This is 

reflected in the higher boll number and higher dry weight of bolls and 

squares throughout the sampling dates.

RGR did not significantly differ among the four genotypes during 

the sampling periods, but tended to be highest for the tetraploid geno

types at the first sampling period. CGR was significantly higher for

38



39

DPL-16 at the first sampling period than the other genotypes. However, 

it was not significantly different among genotypes at the second sampling 

period..

. Superokra tended to have significantly higher MAR during the 

sampling periods than the other genotypes. This is associated with a 

large proportion of dry matter being diverted to fruit load.

LAR measurements showed that hexaploids and DPL-16 had signifi

cantly higher values than superokra. However, due to lateness, high LAR 

in the hexaploids was associated with small proportion of dry matter 

production being diverted to fruit load.

The study indicated that tetraploid cotton plants had many 

agronomical traits that surpass the hexaploid cotton plants. This study 

also suggested that any improvement in hexaploids through breeding 

should be directed towards earliness and increasing the dry matter supply 

to the reproductive parts.
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