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ABSTRACT 

Growth performances of cottonseed (£. hirsutum L.) separated 

into six density groups and their progeny were evaluated under labora

tory and field conditions. The lowest density treatment had signifi

cantly lower performance than the other treatments in most of the 

laboratory tests, field stand establishment, and yield. However, due 

to reduced inter-plant competition, yield per plant of the lowest den

sity treatment was significantly higher than the other treatments. 

Initial respiration rates at 18 and 30°C and water imbibed at 18°C were 

significantly higher for the lowest density treatment. 

Correlations between the laboratory and field evaluations were 

generally positive and significant. The respiration rates of all 

treatments at 18°C were negatively correlated with the other tests. 

The standard germination test predicted field performances of the 

treatments better than the cold test. Performances of the progeny 

treatments were not the same as their parents, indicating that the 

parameters tested are not heritable characteristics. 

viii 



INTRODUCTION 

The successful production of cotton depends on obtaining a timely 

stand of uniform, healthy and vigorous plants. Obtaining such a stand 

depends on the quality of the planting seed (17, 33, 40). Seed quality 

may include various components. Niles (44) described cottonseed qual

ity as: 

"(1) Sound seed coat, free of cuts and physical damage. 
(2) Free from internal infection by seed-borne disease 
pathogens. (3) Properly processed to remove immature seeds, 
excess lint, foreign seeds and extraneous matters; uniform 
in size and preparation. (4) High germinability and emergence 
under a range of temperature conditions." 

Several researchers have reported that seed quality is one of the most 

important factors affecting the stand and productivity of crop plants. 

But unlike most other crops, there are chronic problems in obtaining 

quality cottonseed, especially in mechanized agriculture. Delouche 

(17) states that: "... the nature and extent of variability in qual

ity are more pronounced and erratic in cotton than in most other kinds 

of crops." The problem of obtaining quality cottonseed is partly attri

buted to the indeterminate growth pattern of the plant and partly to 

modern production practices. The indeterminate growth pattern leads to 

field weathering (exposure for a long period of time to temperature and 

moisture fluctuations prior to harvest) of opened bolls and late boll-

setting. When such bolls are subjected to modern chemical and mechanical 

operations (defoliation, mechanical picking, ginning, delinting, and 

1 
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processing), a considerable amount of seed deterioration has been re

ported to occur. Because of these problems, several researchers have 

been engaged in developing a method of evaluating and obtaining quality 

planting seed, based on some biochemical, physiological and physical 

tests of the seeds. 

Physical tests are tests conducted on seeds based on their size, 

weight, and density. In the past few years, seed density has been 

reported as the best means of quality prediction. However, little in

formation is available on the effects of seed density on growth and 

development of the cotton plant. The objectives of this study are: 

(1) To observe the difference in growth and yield performances of cotton 

plants grown from seeds of different density classifications, and to in

vestigate the reasons for the difference. (2) To determine what den

sities should be separated from a seedlot for maximum quality planting 

seed. (3) To investigate if some growth characteristics of cotton

seed divided into different density groups are transferred to their 

next generations. 



REVIEW OF LITERATURE 

Seed Quality vs. Cotton Growth and Development 

Little information is available as to the effects of seed quality 

on the growth and development of the cotton plant. Some researchers 

have indicated that uneven stand establishment and the subsequent prob

lems of cotton production are often caused by the variable performance 

of seeds. 

Wanjura et al. (58) demonstrated the desirability of rapid and 

uniform stand establishment of vigorously growing cotton seedlings. They 

reported that most of the yield was produced by those plants originating 

from seedlings which had emerged most quickly from the soil. Similar 

higher yield results were reported for fast emerging cotton seedlings by 

Hofmann (27) and Glat and Taylor (24). 

Working with filled and partially filled cotton seeds, Turner and 

Ferguson (57) observed a slower blooming rate, more insect attack and 

more shedding of squares, for the partially filled (low quality) seed. 

However after the insects were controlled, both bloom rate and boll 

retention were reported to be improved. There were no significant yield 

differences observed between the two seed groups, although higher mean 

values were found for the filled (high quality) seed. The authors be

lieved that the partially filled seeds were inferior to the completely 

filled seeds in obtaining and maintaining a stand of healthy plants. 

3 
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In a study of cottonseed divided into light, medium, and heavy 

weights, Peacock (47) observed taller plants from the medium and heavy 

classes during the earlier stages of seedling development. But 75 days 

after emergence, plants from the light seed class were found to be 

taller than plants from the other seed classes. However, there were no 

significant yield differences reported among the treatments. 

Low quality seed is generally known to have poor germination, 

slow emergence and result in inadequate stands (44). Taylor et al. 

(54) have reported a significant yield reduction due to lower stand 

established from low quality seed. Besides causing irregular stand es

tablishment and incurring extra costs for thinning or replanting, low 

quality seed has been shown to contribute to the development of seedling 

diseases (25). Moreover, Niles (44) indicated that a poor stand causes 

serious problems in mechanical thinning, weed control and harvesting. 

Second only to adverse weather conditions, poor quality planting seed 

is the chief cause of stand failure. 

Factors Affecting Seed Quality 

Cottonseed quality is mainly affected by two major factors; 

growth pattern of the plant and modern production practices. 

The Plant Growth Pattern 

The cotton plant has an indeterminate growth pattern. As long 

as a favorable growing environment is available, flowering and boll-

setting processes are continuous. At harvest, bolls of different ages 

are found on the same plant. There can be a difference of 40 to 50 
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days between the initial and late-set bolls (45). The difference becomes 

even greater when cotton growers wait for more bolls to open before 

starting harvesting. This situation leads not only to field weathering 

of the initially set bolls, but also to a variability of seed quality ob

tained from the bolls. 

Field Weathering. Field weathering causes seed deterioration 

prior to harvest due to the exposure of open bolls to temperature and 

moisture fluctuations. The degree of deterioration depends on length 

of exposure and environmental condition. Delouche (17) indicated that 

6 weeks exposure to moderately adverse field environment can result in 

as much deterioration as 1 or 2 weeks exposure to very adverse condi

tions. Presley et al. (51) reported that exposure to high moisture in 

the field or during storage causes activation of enzymes. These acti

vated enzymes cause hydrolysis of glycerides to glycerol and fatty acids. 

High free fatty acid levels have been reported as a sign of deteriora

tion of seed quality (37, 48, 49). 

Field weathering may favor the penetration of microorganisms 

into the seed. Roncadori et al. (51) reported that fungal invasion of 

cotton seeds prior to harvest increased with increased periods of field 

exposure and excessive rainfall conditions. Boll rot and seed deteriora

tion caused by frequent rainfall, high humidity and heavy dew during the 

boll opening period was investigated by Presley et al. (49). Such 

deterioration of the seed on the plant may result in low vigor of the 

seedlings. Buxton et al. (14) observed slow rates of seedling emer

gence, reduced heights of plants and reduced flower initiation resulting 
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from field weathered seeds. They also observed a negative correlation 

between cottonseed vigor and delayed harvest and ginning dates. Simi

larly, from a study conducted over 3 years, Hofmann (27) reported a 

significant reduction in field emergence when harvest was delayed by one 

month. 

Late Boll-Setting. Late boll-setting is another primary factor 

that causes deterioration in quality of cottonseed. This may be associ

ated with the late season environmental growing conditions. Green et al. 

(25) suggested that a late crop Is usually more affected by frost and 

low temperatures than early crops. Because of low night temperature 

during the development of the parent cotton crop, a reduction in seed 

size, seed germination, seed quality, seedling emergence, seedling 

growth and yield was reported (50). 

When late-maturing small bolls and field weathered bolls are 

harvested together with normally matured seed, there can be a wide 

range of variability in the seedlot obtained, frequently resulting in 

low vigor. Buxton et al. (14) observed lower overall growth perfor

mance of both late-maturing and field weathered seed, when compared 

with well matured and timely harvested seed. 

Modern Cotton Production Practices 

Beginning from the seedling stage, cotton is subjected to a 

series of chemical and mechanical operations. Defoliation, mechanical 

picking, ginning, delinting and processing operations provide ample 

opportunities for cottonseed to be injured ; a problem exentuated for 

field weathered and late-matured seeds. 
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Defoliation. Defoliation is necessary for mechanical harvesting 

and is generally done when 75-80 percent of the bolls are open (22). The 

time may be extended or shortened depending on regional production prac

tices or the need for increased lint yield. Shortening the boll opening 

period may lead to artificial maturity (more forced ripening of immature 

bolls by defoliation), while lengthening the period leads to increased 

field weathering and adverse environmental effects on the seed (17, 22). 

The effects of chemical defoliation may be severe on seed of 

late maturing bolls. Albert (1) showed that germination of seeds from 

28 to 35-day-old bolls was affected by defoliants more than seed from 

older bolls. Similarly, Ovcharov (46) reported that defoliation of 

cotton during the beginning of boll opening period reduced the weight 

and oil contents of the seed and reduced its quality. Oil content of 

seed from 20 to 30-day-old bolls was found to be less than obtained from 

seed of matured bolls. 

Minton et al. (41) reported reduced germination for seeds har

vested from plants that set fruit following premature defoliation, and 

late season irrigation. The authors suggested that delayed germination 

caused by premature plant kill or defoliation may cause problems of 

stand establishment especially under adverse field conditions. 

Mechanical Harvesting. Mechanical harvesting may cause consid

erable physical damage to the seed (22, 49). Bishoni and Delouche (9) 

reported that hand picked and laboratory ginned seed were of better qual

ity than the mechanically harvested and commercially processed seed. 

Douglas et al. (18) indicated that smaller seeded varieties and less 

dense stands were less susceptible to mechanical harvester damage. A 



8 

review made by Gelmond (22) showed that such damage is variable depend

ing upon varieties, seed moisture content, relative humidity and the 

type and adjustment of the harvesting machine. Spindle-picker harvest

ing is reported to cause significant physical damage to cottonseed (44). 

Ginning and Delinting. Noggle (45) stated that even if there are 

no visible breaks in the seed coat, the embryonic tissue may be injured 

during ginning. He further suggested that since uniform seed germina

tion requires an intact seed coat, any injury or weakness to the seed 

coat will impair the germination processes. It is likely for ginning 

and mechanical delinting processes to cause scratches or cracks in the 

seed coat (22). Niles (44) reported that high speed gins caused signif

icantly more damage than low speed gins. 

Acid delinting was developed as a control measure for seed-

borne bacterial blight disease of cotton (10). Acid delinting kills 

harmful organisms, facilitates germination and permits seed to flow 

easily through planters (10). However, acid delinted seed are found to 

be easily injured during cleaning, disinfecting and sowing under unfav

orable environmental conditions (22). 

The problem associated with obtaining quality cottonseed is in

tensified under modern cotton production practices. At present, the 

problem seems to be unavoidable. Therefore, a reliable technique of 

predicting seed quality needs to be developed in order to evaluate and 

select a quality planting seed. 
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Prediction of Quality Cotton Planting Seed 

Before a grower plants a field, adequate information about seed 

quality is very helpful. Such information are provided by vigor tests 

conducted across ranges of environments similar to those found under 

field conditions (38). Seed vigor is defined as ". . . the properties 

of seeds which determine the potential for rapid uniform emergence and 

development of normal seedlings under a wide range of field conditions." 

(3) According to McDonalds, Jr. (38), vigor tests are divided into three 

categories. These are biochemical, physiological and physical tests. 

Biochemical Tests 

Respiration, tetrazolium (TZ) and seed leachate tests are among 

the biochemical processes most used to evaluate cottonseed quality. 

Respiration. Respiration is the prime energy source for germi

nation and early seedling growth. Vigorous seed which germinate and 

grow rapidly depend on respiration (38, 61). A study done on cottonseed 

germination (9) indicated a strong correlation between respiration and 

field seedling establishment (r = .988). However, respiration rates do 

not always correlate to field performance especially during the early 

hours of imbibition. A study by Woodstock and Combs (62) and Woodstock 

and Justice (63) indicated that respiration rates measured during the 

first 18 hours of germination detected injury due to gama-radiation in 

corn. Similarly, Woodstock and Pollock (64) reported higher initial 

rates of respiration in germinating lima beans affected by chilling 

injury. 
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Hofmann (27) reported a negative correlation between respira

tion and emergence of the field weathered and late-set seeds. He com

mented that the high rate of respiration for the low quality seeds could 

be due to the loss of seed coat integrity caused by field weathering and 

late season maturation and the subsequent increase in 0^ and CO^ ex

change especially before radicle penetration through the seed coat. 

Kyame et al. (36) reported that in immature cottonseed, the enzyme 

systems had not reached the state of inactivity that characterizes 

mature seed. For this reason, immature seed respired at a higher rate 

than mature seed. 

Glat (23) reported low respiration rates for mature and imma

ture cottonseed during initial hours of water imbibition. After 24 

hours of imbibition, however, he found that early harvested mature seed 

had higher rates of respiration. He reported that this later respira

tion rate was positively and significantly correlated with standard and 

cold germination tests. 

Tetrazolium Test. The tetrazolium test (TZ) is a chemical 

test in which a colorless solution of 2 3 5, tri-phenyl tetrazolium 

chloride is used to evaluate cottonseed quality (49). When cotton 

embryos are soaked in the solution for several hours, living tissue 

stains red-pink; aged, damaged or diseased tissues develop various red 

mottled color patterns; and dead tissues do not stain (6, 49). Tetra

zolium reacts with enzymes, and because there are no living enzymes 

found in the dead tissues, no reaction occurs when subjected to the 

chemical (45). Metzer (39), working with artificially deteriorated 
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seeds, reported a highly significant correlation between the TZ test 

and both standard germination and rate of emergence tests. But Noggle 

(45) and Baskin (6) concluded that it is difficult to use the TZ as a 

measure of seed quality because the interpretations of the results are 

difficult and time consuming. 

Seed Leachate Test. Because of injuries to the seed coat, or 

internal membranes, certain organic and inorganic materials which could 

have been used in support of the growing seedlings are leached out of 

seeds during imbibition. The nature of these injuries could be chemical, 

mechanical or physiological (49). The quality of a cottonseed lot is 

evaluated by measuring the electric conductivity of the seed leachate 

after a certain time of imbibition. More injury to the seed coat 

results in more leakage of the nutrients and higher electric conductiv

ity in the leachate solution (5). The exudate may also act as a sub

strate for infectious bacterial and fungal growth (45). 

Krieg and Bartee (33) reported that in lower density cottonseed, 

a higher percentage of carbohydrate and calcium was leached out during 

imbibition. Glat (23) reported higher electric conductivity for leach

ate solutions from both field weathered and immature seeds than from 

early harvested mature cottonseed. 

Physiological Tests 

Standard germination, cold germination, rate of germination 

and accelerated aging techniques are among physiological tests commonly 

used to evaluate cottonseed vigor. 
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Germination Test. Germination tests are among the most impor

tant indicators of seed quality. Germination is defined by AOSA (3) as: 

" . . .  t h e  e m e r g e n c e  a n d  d e v e l o p m e n t  f r o m  t h e  s e e d  e m b r y o  
of those essential structures which for the kind of seed 
in question are indicative of the ability to produce a 
normal plant under favorable conditions." 

Standard and cold germination procedures are the most widely accepted 

germination tests. In the standard germination test, cottonseed are 

germinated at a constant temperature of 30°C and germination is counted 

after 4 and 12 days (3). In the cold test, the seed are germinated at 

18°C and only one count is made after 6 days (5). The standard germi

nation test is a good indicator of seed quality only under favorable 

environments that are rarely realized in field conditions. Other 

methods are required to evaluate planting seed quality for adverse 

field conditions (5). The cold germination test was developed to pre

dicted seed performance under cool soil plantings. 

In a study of cottonseed quality, Bishoni et al. (9) compared 

accelerated aging, respiration, cold and the standard germination tests 

with field seedling establishment. They reported that both accelerated 

aging and the cold test correlated with field seedling establishment 

better than the respiration and the standard germination tests. Corre

lation between the standard germination test and field seedling estab

lishment was significantly lower than the other tests. This was in 

agreement with Hofmann (27) and Glat (23) who reported that the cold 

germination test was more closely related to field emergence than the 

standard germination test. 
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Rate of germination. The rate of germination is another method 

of predicting seed quality. The first count in the standard germination 

test was once used as a measure of rate of germination (38). Different 

techniques of determining rate of germination were reported by different 

researchers. Tucker and Wright (55) developed a "regression index" 

where the estimated number of days required for 50% germination (ET-50) 

was calculated. The definition of this index is: 

I = (N/2-a)/b 

where: 

I = estimated days to 50% germination 

N = total number of seeds to germinate 

a = intercept; and b = slope 

The ET-50 and another predictive method called percent transfer 

(ratio of plant axis weight to total weight of seedlings) were used by 

Buxton et al. (12). Buxton et al. (12) concluded that both methods 

would not aid in predicting potential for cottonseed emergence. They 

suggested that ET-50 may aid in making early decisions of whether to 

replant or not. Some researchers recently have shown that the ET-50 

measurement is well correlated with field performance of cottonseed 

(15, 23, 27, 52). 

Some researchers have determined the rate of emergence by 

tagging the emerging seedlings. Wanjura et al. (58) tagged cotton 

seedlings that emerged within 5, 8, and 12 days after planting and 

reported the corresponding average survival of plants of 87, 70, and 

30%, respectively. They also obtained better yield from the early 
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emerged seedlings. Similarly Hofmann and Taylor (28) reported signif

icantly higher yield from fast emerging seedlings. Glat and Taylor 

(24) reported that "Fast emerging plants not only produced a much 

higher number of flowers each week but also started flowering earlier 

and reached cut-out at a later date." They observed 15-20% more yield 

from fast emerged plants. 

Accelerated Aging. The accelerated aging technique was dev

eloped to evaluate storability of seed lots. However, some researchers 

have used this technique as a vigor testing method (5). Wanjura et al. 

(58) exposed cottonseed to 100% relative humidity at 50°C for 0, 48 

and 72 hours and reported the corresponding germination percentage of 

85, 65 and 62%, respectively. Similarly Bishoni and Delouche (8) deter

iorated cottonseeds by subjecting them to 40°C for 0 to 20 days. The 

field performance of these groups indicated that the low vigor seeds 

(those exposed for a longer time) emerged poorly, grew more slowly and 

produced fewer total bolls when compared to the higher vigor seeds. 

The higher vigor seeds yielded 10 and 18% more seed cotton than the 

medium and low vigor seeds, respectively. 

Physical Tests 

Physical tests are studies conducted on seed based on their size, 

weight and density. Such studies are generally quick, inexpensive, con

ducted on a large scale, and often show a high positive correlation 

with vigor (38). 

Seed Size. Greater seed size may enhance seedling growth of 

some crop seed because of the presence of larger storage reserves. 



Results with soybean (11) showed greater emergence percentage, greater 

leaf area, and significantly higher yields associated with large seed 

size. For cottonseed however, there seems to be little correlation be

tween seed size and seedling vigor. Wilkes and Corley (60) sized seeds 

of several cotton varieties according to diameter increments of 1/64 

inch and evaluated the growth performances of the different size groups. 

In both laboratory and field evaluations, the highest germination and 

emergence percentage was obtained from seed of the intermediate classes. 

Yield results also followed the same trend. Similar results were re

ported by Porterfield and Smith (48). A study done in Egypt (19) in

dicated no significant difference in some physiological growth 

measurements of plants grown from seeds of Giza Cotton Cultivar divi

ded into different size groups. The yields were 863.6, 882.4, and 

916.2 kg ha * from small, unsorted and large seeds, respectively. 

There was also no significant difference observed in quality of lint. 

Seed Weight. Several researchers believe that heavier seed 

has the highest germination and more seedling vigor than lighter seed. 

To improve quality of a seedlot, Chester (15) recommended removal of 

cottonseed which floated in water. The percent gemination and emer

gence for the "sinkers" was found to be twice that of the "floaters". 

A similar study by Arndt (2) showed that the percentage of "floaters" 

was influenced by cultivar. Wilkes et al. (60) reported an increase 

of germination from 80% to 90% by removing light seed. Under both 

laboratory and field conditions, heavier cottonseed was found to have 

better germination, emergence and final plant development (35, 59). 
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Noggle (45) suggests that "With more food reserves in the cotyledon, or 

with more reserves in the axes, heavier seeds germinate more quickly 

and may, perhaps, be better able to withstand environmental stress dur

ing germination." In comparisons made between cottonseed weight and 

cottonseed density as an indication of seed quality, several researchers 

have reported in favor of the seed densities. 

Seed Density. A study conducted by Tupper et al. (56) on seed 

of Stoneville 213 and Lankart 57 separated by length, weight, diameter, 

volume, and density, indicated that seed density was consistently and 

significantly the best when correlated with germination and growth 

responses than the other physical characteristics. Seed density showed 

a strong influence on earliness as measured by blooming rate and first 

picking weight (57). Based on this data, the authors suggested that: 

". . . seed selection equipment should be designed to select the 

highest density cottonseed for planting purposes." This idea was sup

ported by other researchers who worked with seed density. Ferguson and 

Turner (21) and Turner and Ferguson (57) worked on filled and unfilled 

cottonseed. They sorted seed with a flotation technique and divided the 

seed according to the degree of filling using x-ray photography. In 

overall analysis, completely filled seeds (100%) were found to be sup

erior to partially filled seeds in emergence, seedling survival, and 

early plant growth. Seed fullness was related to seed density. Turner 

and Ferguson (57) found field emergence of 51.8% for filled seeds and 

34.8% for partially filled seeds. Plants developed from full seed 

proved to be superior at every stage of plant development. 
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Working with seed of 10 cotton cultivars, each divided into 4 

different density groups, Bartee and King (4) made a compositional anal

ysis of organic (lipid, carbohydrate, and protein) and inorganic elem

ents (K, Ca, Mg, and P) content of seeds. Both the organic and inorganic 

contents increased as seed density increased. The concentrations of 

lipid, carbohydrate and protein were the predominant differences among 

the density groups. This report was later confirmed by a study made in 

Israel (20). Krieg and Bartee (33) evaluated the influence of seed den

sity on various aspects of germination and emergence and reported that 

as both seed weight and seed density increased, germination percentage 

also increased. Seed density correlated with germination and emergence 

better than seed weight (r = 0.94 vs. r = 0.85). Rate of emergence, 

total emergence and seedling survival were more related to seed density 

than to seed weight. The authors believed that the superior perfor

mances of higher density seeds was due to extra energy generated through 

the higher organic content and concluded that: "... Seed separation 

for improvement in quality should be based on density rather than on 

other seed properties." 

While most studies have been reported in favor of higher density 

groups, recent studies indicate that medium density seeds are better than 

higher density seeds in certain growth measurements (32, 37, 40). 

In laboratory evaluation of density-classified cottonseeds, King 

and Lamkin (32) reported optimal early germination performance was ob-

-3 
tained with seeds of densities between 1.04 and 1.08 gm cm . The most 

dense seed exhibited a low germination percentage and vigor. Similarly 

Minton and Supak (40) dealt with seeds of two cotton cultivars each of 



which were separated into 4 density groups, and found that medium den

sity seeds were superior to the other density groups in terms of germi

nation, emergence, disease incidence and lint yield. The performance of 

the highest density was no better than the control. 

Hess (26) after 3-years of progeny selection for high density 

seeds, reported reduced seed size, reduced seed weight and reduced 

fiber length for the two varieties under test. But lint yield, lint 

percentage, and fiber micronaire increased with increased density. 

Krieg and Carroll (34) demonstrated that seed weight and seed density 

influenced seedling growth rates only at optimum temperatures. They 

determined that at low temperatures, radicle growth rates were initially 

related to lipid metabolism but later (after 6 days) associated with 

non-lipid metabolism. 

A study conducted by Leffler and Williams (37) on cottonseed 

-3 -3 densities ranging from 1.00 gm cm to 1.10 gm cm indicated that the 

germination percentage, and dry weight analysis of seedlings grown in a 

germinator, growth chamber, and green-house, increased up to the third 

-3 (1.06 gm cm ) density class and then decreased for the higher den

sities. Calculation of oil'.protein ratio of the seeds also followed 

the same trend. The authors presented the oil:protein ratio as: 

". . . the only measured seed compositional parameter that paralleled 

the seedling growth response to seed density classification." They 

reported that germination percentage and seedling emergence for the 

third class density were significantly higher than those of the other 

density classes. In conclusion they suggested that "... selection of 

cottonseed on the basis of density should therefore be done so that 
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the small volume, light weight, but high density seeds are eliminated 

with the low density seeds." 

The objectives of this study are (1) To observe the differences 

in growth and yield performances of cotton plants grown from seeds of 

different density classifications, and to investigate the reason for 

the difference. (2) To determine what densities should be separated 

from a seedlot for maximum quality planting seed. (3) To investigate if 

some growth characteristics of cottonseed divided into different density 

groups are transferred to their next generations. 



MATERIALS AND METHODS 

Treatments 

Seed of Deltapine 90 cotton (Gossypium hirsutum L.) harvested in 

1982 were divided into 6 density groups using a gravity seed separation 

table. The treatments were: (1) uncut, (2) lowest density, (3) second 

lowest, (4) second highest. (5) highest density and (6) control. The 

uncut group was a sample of seed before it was separated into groups 

and the control was commercial quality planting seed. These treatments 

were evaluated under laboratory and field conditions. 

Field Evaluations 

The 1982 seed were planted at University of Arizona Marana and 

Safford Agricultural Centers on 4 and 12 April 1983, respectively. 

Plantings were made in a randomized complete block design with 6 repli

cations at Marana and 5 replications at Safford. Plot sizes at both 

locations consisted of two rows each approximately 11.0 m long and 1.0 m 

apart. The seeds were planted at both locations with a tractor mounted 

four row precision cone planter. The treatments were planted at the 

rates of 6.7, 13.4 and 20.1 kg ha ̂  at Marana and 10.1, 20.2 and 30.3 

kg ha ̂  at Safford. More seed were planted at Safford because of its 

higher altitude of nearly 900 m compared with Marana which is at less 

than 600 m, its cool soil temperature during the time of planting that 

usually result in low stand establishment, and its short growing season. 

20 
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The soil type at Marana was a silty clay loam and at Safford 

a sandy clay loam. Stands established at both locations were counted 

about one month after planting. 

Physiological Studies 

Measurements of photosynthesis, transpiration, leaf temperature, 

ambient temperature and temperature differential (ambient temperature 

minus leaf temperature) were made at Marana during the late vegetative 

growth stages (25 August and 3 September 1983). The photosynthesis 

data were taken from young fully expanded leaves on the 4th node of two 

sample plants per plot. Muramoto et al. (42) reported that such leaves 

had the highest photosynthetic rate when compared with younger and 

older leaves of the same plant. Apparent photosynthesis was measured 

using the methods of Sullivan et al. (53). The measurements were 

taken under full sun light conditions by enclosing the leaves in a 

small plexiglass (2.3 £,). Air inside the chamber was circulated by a 

small battery driven fan. 

Samples of CĈ  were drawn from the chamber by two syringes. 

The first syringe was pulled soon after the chamber was sealed and 

the other after 30 seconds. The leaves were then removed from the 

plant and placed in an ice chest and taken to a laboratory. In the 

laboratory, the difference in gas content between the two syringes 

were determined with a model 865 Beckman Infrared Gas analyser as 

described by Clegg et al. (16). Leaf areas were measured by a leaf 

area analyser and then the leaves were oven dried at 75°C for 24 hours 
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(until weight remained constant) for dry weight measurement. Apparent 

photosynthesis on a leaf area basis and on a leaf dry weight basis 

were calculated using the methods of Muramoto et al. (A3). 

Transpiration (ug cm s ), leaf temperature (°C), ambient tem

perature (°C) and diffusive resistance (s cm ̂ ) were determined with a 

LiCor model LI 1600 steady state porometer described by Beardsell et al. 

(7). The porometer measurements were made on the same or neighboring 

plants used for taking the photosynthesis data. 

Harvesting and Seed Processing 

At the end of the season, plots at Safford were machine har

vested for yield evaluations. The Marana field was not harvested be

cause of excessive rain damage and flooding which occurred late in the 

season. However, to obtain seeds for the investigation of the trans

ference of growth characteristics from the original treatments (1982 

seeds) to the subsequent generation (1983 seeds), plants in each plot 

were hand harvested at Marana from approximately 2 m of a row. The 

seedcotton was ginned in Phoenix at the Cotton Research Center, and the 

seed were acid delinted. In the delinting process, the seed were 

placed in an acid resistant plastic seive bowl, immersed in concen

trated H2SO4, stirred until the color of the seed turned shiny black 

and then rinsed for about 5 min and dried. All seeds which floated 

were removed. Therefore, another group of 6 seed density treatments 

were obtained and evaluated under some of the laboratory tests des

cribed below. 
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Laboratory Evaluations 

In the laboratory studies, respiration of germinating seeds, cold 

and standard germination tests, seed density, seed index and seed coat 

strength tests were made. Except for the respiration test, all the 

laboratory tests were made on the 1982 and 1983 seed treatments. Res

piration was measured only for the parent (1982) seed. 

Seed Density and Seed Index 

Both seed density and seed index of the treatments were deter

mined in the same process. Six replications of 100 seed from each 

treatment were weighed on an analytical balance. The seed were then 

transferred to a 100 ml graduated cylinder that was filled with 50 ml 

water. Densities of the seed were determined by dividing the weight of 

the seed by the volume of water displaced. Seed index values (g (100 

seed-1)) were also determined by averaging the six replications of the 

100 seed weights. 

Seed Coat Strength 

Seed coat strength was measured with an instrument developed by 

Dr. R. G. McDaniel at the University of Arizona. Thirty seed with no 

visible injury to their coats were selected from each treatment and 

tested. The force required to crack the seed coat was measured with a 

Dillon force gauge. 

Respiration Test 

Respiration of germinating seeds was measured at 18 and 30°C 

after 4, 8, 24 and 32 hours of imbibition. There were eight time and 
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temperature combinations for which the respiration measurements were made. 

Each treatment had 50 seed and was replicated 6 times in a randomized 

complete block design. The seed were weighed on an analytical balance 

and placed in sterile, 85 x 15 mm plastic petridishes lined with two 11.0 

cm Whatman #1 filter papers. Eighteen ml distilled water was added to 

every dish. The dishes were then covered and placed in a germinator for 

an incubation of a given time at each temperature. At the end of the 

incubation period, the dishes were removed from the germinator. Immed

iately after decanting drops of water and removing the covers, the dishes 

were placed in an air tight glass chamber which was connected by plastic 

tubing to model 865 Beckman Infrared Gas Analyser (Fig. 1) . A pump 

circulated gases through the system at a known flow rate.  ̂flowed 

through the reference cell of the Gas Analyser at the same flow rate as 

the sample gas passing through the sample cell. The sensitivity of the 

Gas Analyser was determined using standard gases of 349 ppm and 309 ppm 

co2. 

The chamber was sealed with clay to avoid leakage of gases each 

time a petri-dish was placed into it. The tube connections were checked 

for any gas leakage. Afterwards, rate of CO2 evolution (the difference 

in CO2 concentration between the reference and the sample cells) was 

recorded for the period of 2-3 min. At the end of this recording, the 

sample seed were removed from the chamber, immediately weighed to 

determine the amount of water absorbed, and placed in a 75°C drying 

oven for 24 hours for dry weight measurement. Then, respiration of the 

seed (ppm CO2 min ̂  g dry wt were calculated. 
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Germination Tests 

Both the standard and cold germination tests were conducted in 

a randomized complete block design with 6 replications. Fifty seed of 

each treatment were spread on two standard (37.5 x 25.0 cm) paper towels 

moistened with distilled water on a tray. The seed were then covered 

with a third moistened towel, rolled and placed upright in a plastic 

bucket (2 I) with the micropiles of the seed orienting towards the bottom 

of the towels. The buckets were filled with approximately 500 ml of dis

tilled water and placed in a germinator with a constant temperature of 

30°C for the standard germination test (3), and 18°C for the cold test 

(5). Germination counts were made after 4 and 12 days for the standard 

test and after 6 days for the cold test. Any seed with a radicle that 

was 2 cm or longer was counted as having germinated. 



RESULTS AND DISCUSSION 

Field Evaluations 

Physiological Studies 

Values for apparent photosynthesis on a leaf area and leaf dry 

weight basis, transpiration, ambient temperature, leaf temperature, 

temperature differential (ambient temperature minus leaf temperature) and 

diffusive resistance are presented in Table 1. In all parameters meas

ured, the difference observed among the treatments were nonsignificant. 

Apparent photosynthesis on a leaf area basis was approximately half of 

apparent photosynthesis on a leaf dry weight basis. The ranges were 

-2 -1 -1 -1 
from 40.62 to 52.71 mg CĈ  dm hr and from 73.9 to 100.7 mg CÔ  g hr 

In all of the treatments, ambient temperatures were higher than 

plant leaf temperatures. This indicated that the plants were well 

watered. Hsiao (29) reported that water stressed plants had higher leaf 

temperature than the ambient temperature, higher diffusive resistance and 

low rates of transpiration and photosynthesis. 

Stand Establishment and Yield 

Percent stand established at Marana was better than at Safford 

(Table 2). At both locations, stands from the lowest density treatment 

were significantly lower than those of the higher densities at all the 

planting rates. The highest density treatment had significantly higher 

stands at the highest planting rates (20.1 kg ha ̂  at Marana and 
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Table 1. Mean values of physiological measurements made 1983 on cotton plants grown from seeds 
of different density classifications. 

Photosynthesis 

Leaf 
Leaf 
dry 

Leaf area 
basis 

Dry weight 
basis 

Trans-
piration Temperatures (°C) Diffusive 

Treat
ments 

area 
(dm ) 

weight 
(g) 

(mg C02 
dm~2hr~l) 

(mg CO2 
ĝ hr"1) 

(ug cm"2 

s"1) Ambient Leaf 
Diffe
rential 

resistance 
(s cm--'-) 

Uncut 90.031 .506 40.62 76.04 28.214 33.50 32.08 1.42 .578 

Lowest 
density 106.41 .598 45.16 83.28 28.504 33.77 32.24 1.54 .558 

Second 
lowest 95.14 .520 52.71 100.70 28.905 33.48 31.97 1.51 .539 

Second 
highest 103.40 .630 42.52 73.90 27.833 33.58 32.04 1.54 .561 

Highest 
density 88.91 .480 47.26 92.29 29.000 33.81 32.04 1.74 .539 

Control 89.60 .532 43.77 86.38 28.199 33.87 32.25 1.62 .560 

1/Values within the same column are not significantly different from one another according to 
the Analysis of Variance F test at the 0.05 level. 



Table 2. Stand establishment at Marana and Safford, Arizona and lint cotton yield at Safford for 
different planting rates from seeds of different density classifications harvested in 
1982. 

Planting SAFl-ORI) 

Treatments 
Kates 
Kg ha 1 % Stand 

MAKANA 

Plants ha ̂  ! i Stand Plants ha"1 
Lint Yield 
(kg ha-1) 

Uncut lx* 49.0 21,959 fg** 32.3 21,691 gh 696.13 ghi 
2x 54.0 49,162 d 30.0 40,334 ef 859.80 gh 
3x 53.3 71,615 bed 31.6 63,638 be 1035.80 abc 

Lowest lx 28.8 12,907 g 14.4 9,680 h 574.30 k 
Density 2x 25.8 23,169 fg 14.0 18,822 gh 651.29 j 

3x 25.1 33,701 f 11.6 23,304 g 807.11 i 

Second lx 68.0 30,474 fg 42.5 28,592 fg 820.56 hi 
Lowest 2x 60.1 53,868 e 35.8 48,131 de 976.38 de 

3x 53.2 71,570 bed 36.3 73,228 ab 950.60 ef 

Second lx 63.8 28,592 fg 37.9 25,455 g 820.56 hi 
Highest 2x 67.8 60,814 de 30.4 40,871 ef 950.60 ef 

3x 52.3 70,270 bed 28.2 56,826 cd 1022.34 be 

Highest lx 68.7 30,788 fg 49.9 35,522 fg 865.40 g 
Density 2x 72.8 65,206 cde 46.3 62,293 be 1002.16 bed Density 

3x 71.4 95,994 a 41.2 82,998 a 1054.85 ab 

Control lx 64.3 28,816 fg 43.6 29,309 fg 832.89 ghi* 
2x 68.5 61,397 de 37.1 49,924 de 930.42 f 
3x 64.3 86,404 ab 31.9 64,355 be 1068.30 a 

**Values within the same column are not significantly different from other values followed by the same 
letter according to the Student-Newman-Keul test at the 0.05 level. 



30.3 kg ha * at Safford). It was followed by the control at Marana, and 

the second lowest density treatment at Safford. 

Lint yield of the highest density, uncut and control treatments 

were significantly higher than the other treatments at the planting rate 

of 30.3 kg ha At the 10.1 and 20.2 kg ha ̂  planting rates, the low

est density treatment had significantly lower yields than all the other 

treatments. But at the 30.3 kg ha ̂  planting rate, the lowest density 

group yield was comparable to those of the higher densities. These 

results indicate that low quality seed could be planted in a higher rate 

to compensate for poor emergence. Taylor et al. (54) reported that, 

". . . low quality cotton seed (low seed density) will not affect yield 

if an adequate stand is obtained." 

Stand counts and lint yields per hectare at Safford are presented 

in Table 3. The highest density treatment had a significantly higher 

stand and yield than the other treatments. The lowest density treatment 

had the lowest stand and lowest lint yield per hectare. However, seed 

cotton yield per plant for thelowest density treatment was significantly 

higher than the other treatments (Table 3). This could probably be be

cause of less competition and greater photosynthesis per plant which 

resulted in larger plants with more potential fruiting points and thus, 

greater yield. However, photosynthesis data did not confirm this result. 

The reason for this discrepancy could be that the photosynthesis data 

were taken from single young fully expanded leaves which might not be 

representative of the whole plant population. Therefore, the signifi

cantly higher yield per plant of the lowest density treatment did not 
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Table 3. Plants established and yield of cotton for the three planting 
rates of different density seed groups at Safford, Arizona 
in 1983. 

Treatments 

Plants 
per 

Hectare 

Yield 
Seed Cotton 

(g plant"1) (kg ha 1) 

Lint 

(kg ha"1) 

Uncut 41,902 c* 79.5 b 2838.25 c 865.40 c 

Lowest 
Density 17,254 d 128.4 a 2073.25 d 644.57 d 

Second 
Lowest 49,969 b 66.8 b 2862.67 b 918.09 b 

Second 
Highest 41,051 c 77.5 b 2939.99 b 930.42 b 

Highest 
Density 59,604 a 58.2 b 3049.85 a 976.38 a 

Control 48,505 b 67.4 b 2948.12 ab 943.84 ab 

Mean 42,888 79.6 2785.36 879.78 

C.V. (%) 19 11 15 15 

*Means within the same column are not significantly different from other 
means followed by the same letter according to the Student-Newman-Keul 
test at the 0.05 level. 
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compensate for its low stand. Yield per hectare appears to be more in

fluenced by the crop stand than the yield per plant. 

Laboratory Evaluations 

Seed Density and Seed Index 

Results of the seed density and seed index measurements are 

presented (Table 4). For the original (1982) seed treatments, seed den

sity values increased along with an increase in seed index. The highest 

density treatment had significantly higher seed index and higher density 

values. As expected, the lowest density treatment had significantly 

lower density and lower seed index values. The ranges of seed density 

and seed index measurements were 0.87 to 1.05 g cc and 7.34 to 8.75 g, 

respectively. Densities of the second highest and second lowest density 

treatments were not significantly different. 

The 1983 seed treatments, seed harvested from the original treat

ments, had significantly higher seed index values for the uncut, second 

lowest, second highest and the highest density groups. But unlike that 

of the parent treatments, higher seed index values were not accompanied 

by higher density values. The density values of the 1983 seed were not 

significantly different from each other (Table 4). The ranges of seed 

density and seed index for the treatments were 1.05 to 1.08 g cc ̂  and 

7.85 to 8.08 g, respectively. 

Seed Coat Strength 

Test of seed coat strength was made with the assumption that 

well dried, matured and timely harvested quality seed would have stronger 
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Table 4. Seed density and seed index values for 1982 and 1983 
treatments. 

1982 Seeds 1983 Seeds 
Seed Index Density , Seed Index Density 

Treatments (g 100 seeds ) (g cc ) (g 100 seeds ) (g cc ~1) 

Uncut 8.10 c* 0.91 be 8.01 ab 1.05 a 

Lowest 
Density 7.34 d 0.87 c 7.85 b 1.05 a 

Second 
Lowest 8.49 b 0.97 b 7.93 ab 1.06 a 

Second 
Highest 8.51 b 0.96 b 8.08 ab 1.08 a 

Highest 
Density 8.75 a 1.05 a 8.01 ab 1.05 a 

Control 8.61 ab 0.97 b 7.91 b 1.06 a 

Mean 8.30 0.9 t 7.97 1.06 

C.V. (%) 0.67 16.61 1.29 2.50 

*Values within the same column are not 
followed by the same letter according 
at the 0.05 level. 

significantly different from others 
to the Student-Newman-Keul test 



seed coats which would require more force to break. However, this method 

is not accurate under conditions of high humidity and high seed moisture 

content (R. G. McDaniel, personal communication). These factors are found 

to decrease the resistance of the seed coat to cracking. With these 

points in mind, the seed coat strength of both the 1982 and 1983 seed 

treatments were evaluated (Table 5). For the 1982 seed, the force re

quired to crack the seed coats of the lowest density class was found to 

be significantly lower than the force needed for the higher density 

classes. The second lowest, second highest, highest, and control treat

ments required more force than the uncut and lowest density treatments. 

There were no significant differences observed for seed coat 

strength among the 1983 seed treatments. The mean force required to 

crack the seed coats of the 1983 treatments was higher than the force 

required for the 1982 treatments, 139 vs. 104 Newtons, respectively 

(Table 5). 

Respiration Test 

Respiration rates of cottonseed measured at 18 and 30°C after 4, 

8, 24 and 32 hours of imbibition are presented in Table 6. Respiration 

of the lowest density treatment was significantly higher than those of 

the other treatments at 18°C after 4 and 8 hours of imbibition, and at 

30°C after 4 hours of imbibition. There were no significant differences 

in respiration for the remaining imbibition time and temperature com

binations. The mean respiration of the treatments across the 4 imbibition 

times was not significantly different at both temperatures. However, the 
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Table 5. Seed coat strengths for 1982 and 1983 treatments. 

Force (Newtons) required to crack the seed coat 
Treatments 1982 Seeds 1983 Seeds 

Uncut 95.50 b1 142.67 a 

Lowest 
Density 73.00 c 130.50 a 

Second 
Lowest 117.50 a 139.13 a 

Second 
Highest 114.67 a 148.16 a 

Highest 
Density 114.50 a 136.00 a 

Control 110.17 a 138.83 a 

Mean 104.22 139.22 

C.V. (%) 24.54 21.83 

Values within the same column are not significantly different from 
other values followed by the same letter according to the Student-
Newman -Keul test at the 0.05 level. 
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numerical value of the mean respiration of the lowest density treatment 

was the highest at 18°C and the lowest at 30°C (Table 6). This could be 

related to the significantly more water absorbed by the treatment at 

this temperature (Fig. 2). 

The highest respiration rate of the lowest density seed group 

during the initial periods of imbibition could be due to the nature of 

the seeds found in this group. A higher percentage of immature, field 

weathered and injured seeds characterized by low weight are more likely 

to be found in the lowest density group than in the other groups. In 

such seeds, the natural restriction of water and gas movement could be 

impaired. This could lead to more absorption of water and oxygen, more 

hydrolysis of reserve food and subsequently higher rates of imbibition. 

Hofmann (27) and Glat (23) reported higher initial rates of 

respiration for cottonseeds harvested from field weathered and late-set 

bolls. Woodstock and Grabe (61) noted that a rapid increase in respira

tion was associated with a rupture of maize seed coats and fungal growth. 

In this study, more fungal growth was observed in the lower density treat

ment during the latter periods of imbibition, a period when the respira

tion rate of this seed group was lower than the other treatments. 

In all treatments, respiration rates declined after 32 hours of 

imbibition at 18°C and 24 hours of imbibition at 30°C. Such a respira

tion decline in the middle of germination processes could be due to a 

shift in the metabolic activities, also known as "a lag period". Jann 

and Amen (30) suggested that the seed embryo exhausts the available 

respiratory substrate during the initial periods of imbibition prior to 



Table 6. Respiration after 4, 8, 24 and 32 hours of imbibition at 18 and 30°C for different densit
ies of cottonseed harvested in 1982. 

ppm CÔ  min ̂  g dry wt ̂  

Hours at 18°C Hours at 30°C 
Treatments 4 8 24 32 Mean 4 8 24 32 Mean 

Uncut 2.16 b* 3.39 b 5.21 a 4.20 a 3.74 a 2.83 b 7.14 a 6.07 a 10.94 a 6.75 a 

Lowest 
Density 

4.07 a 4.05 a 4.46 a 4.01 a 4.15 a 4.50 a 5.98 a 4.53 b 9.02 b 5.76 a 

Second 
Lowest 

2.02 b 3.28 b 5.26 a 4.32 a 3.72 a 2.67 b 7.12 a 5.53 ab 10.08 a 6.35 a 

Second 
Highest 

1.58 b 3.19 b 4.69 a 3.92 a 3.34 a 2.69 b 6.93 a 5.58 ab 10.25 a 6.36 a 

Highest 
Density 

1.55 b 2.83 b 5.26 a 4.11 a 3.44 a 2.28 b 7.32 a 5.19 ab 10.59 a 6.35 a 

Control 1.96 b 3.13 b 4.62 a 4.39 a 3.52 a 2.29 b 6.88 a 5.84 a 10.41 a 6.36 a 

Mean 2.22 3.31 4.92 4.19 3.65 2.88 6.89 5.46 10.05 6.32 

C.V.(%) 28.35 14.17 9.51 13.04 19.37 14.97 17.07 13.71 12.85 19.16 

*Values within the same column are not significantly different from others followed by the same letter 
according to the Student-Newman-Keul tests at the 0.05 level. 
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the availability of hexose from gluconeogenesis. They reported that "a 

lag period" generally occurs after 12 hours of imbibition with a differ

ence existing among different species. However, our results indicated 

that the occurrence of the lag period may also differ with different 

temperatures (32 hours at 18°C and 24 hours at 30°C). 

The average amount of water imbibed during the respiration periods 

was determined (Fig. 2). At both 18 and 30°C the lowest density had 

absorbed more water than the higher density groups, and this was signif

icant at 18°C. The highest mean respiration rate of the lowest density 

group at 18°C (Table 6) could be due to the significantly more water ab

sorbed at this temperature. Such inverse relationships between water 

uptake and cottonseed density were also reported by Krieg and Bartee (33) 

and Leffler and Williams (37). 

Germination Test 

Results of the standard and cool germination tests for the 1982 

and 1983 seed density treatments are presented (Table 7). At 18°C, 

germinations of the seeds ranged from 28.7 to 67.3% for the 1982 seed 

and from 6.0 to 17.0% for the 1983 seed. The low germination of the 

1983 seed could be due to a deterioration of the seed caused by excessive 

rain which occurred late in the season. Secondly, the germination test 

was conducted immediately after harvesting and delinting of the seed. 

Thus, there could have been a post harvest dormancy of the seed. In 

the standard test, most of the 1983 seed did not germinate until after 

12 days of imbibition (Table 7). This result may be evidence for post 

harvest dormancy. 
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Table 7. Standard (30°C) and cold (18°C) germination percentages of 
cottonseed harvested in 1982 and 1983 as affected by 
density classification. 

1982 Seeds 1983 Seeds 

Standard test 
Cold 
test 
6 days 

Standard test 
Cold 
test 
6 days Treatments A dayŝ " 12 days 

Cold 
test 
6 days A days 12 days 

Cold 
test 
6 days 

Uncut 71.0 b2 79.6 c A2.0 b A1.0 b 72.7 a 6.0 a 

Lowest 
Density 57.3 c 66.0 d 28.7 c 57.7 a 80.3 a 8.7 a 

Second 
Lowest 8A.0 a 90.3 ab 61.3 a A5.3 b 7A.0 a 10.7 a 

Second 
Highest 79.0 a 8A.7 be 57.0 a 60.3 a 82.3 a 15.3 a 

Highest 
Density 86.0 a 93.0 a 67.3 a 62.0 a 81.7 a 17.0 a 

Control 83.0 a 89.3 ab 66.7 a AA.3 b 71.0 a 11.7 a 

Mean 76.7 83.8 26.92 51.8 77.0 11.6 

C.V. (%) 9.03 5.16 12.83 9.1A 8.76 9.07 

"̂Days after the start of germination when germination counts were made. 

Values within the same column are not significantly different from others 
followed by the same letter according to the Student-Newman-Keul test at 
the 0.05 level. 
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The range of germination in the standard test was 66.0 to 93.0% 

for the 1982 seed and 71.0 to 82.3% for the 1983 seed. The wide range 

of germination for the 1982 seed revealed the wide variability of the 

treatments. At both 18 and 30°C, the lowest density seed group had sig

nificantly lower germination percentage than the other treatments. 

Germination of the highest density treatment was higher than the others 

at both temperatures. But it was not significantly different from those 

of the second highest, second lowest and control. This result agrees 

with earlier reports (33, 56) in which higher germination percentages 

were found for higher density cottonseed. 

The germination pattern of the 1982 seed treatment was not 

repeated in the 1983 treatments (Table 7). At 18 and 30°C, the range 

of germination for the 1983 seed was narrow and there was no significant 

difference observed among the treatments. From these data, it can be 

concluded that germination performances of cottonseeds of different 

density groups are probably not transferred to their progeny. 

Correlations 

Significant positive correlations were found between photosyn

thesis on a leaf area basis, photosynthesis on a dry weight basis and 

transpiration (Table 8). Leaf temperature, ambient temperature and 

temperature differential were also positively and significantly corre

lated. Diffusive resistance was negatively correlated with transpiration, 

photosynthesis on a leaf area basis and dry weight basis, with the sig

nificance level of r = -.785*, -.891** and -.856*, respectively. 



Table 8. Correlation coefficients of physiological measurements of cotton plants grown at 
Marana, Arizona in 1983 from six seed density treatments harvested in 1982. 

Variables 
Leaf dry 
weight 

Photo
synthesis 
on a leaf 
area basis 

Photo
synthesis 
on a dry 
wt basis 

Trans
piration 

Ambient 
tempera
ture 

Leaf 
tempera
ture 

Tempera
ture dif
ferential 

Diffusive 
resis
tance 

Leaf area .926** -.274 -.459 -.582 -.077 -.464 -.337 -.338 

Leaf dry 
weight — -.289 -.541 -.651 -.055 .197 .273 .269 

Photosynthesis 
on a leaf 
area basis _ .939** .798* -.113 -.422 .261 -.891** 

Photosynthesis 
on a leaf dry 
weight basis _ .870** .079 -.259 .387 -.856* 

Transpiration — .109 -.251 .433 -.785* 

Ambient 
temperature — .771* .767* -.186 

Leaf tempera
ture — .183 .342 

Temperature 
differential 
(Ambient-Leaf 
temperature) 

— -.643 

*, ** are significant at 0.05 and 0.01 level, respectively 
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Correlation coefficients for the relationships among the labora

tory and field results of the 1982 treatments are presented in Table 9. 

Negative and significant correlations were found between respiration of 

germinating seed and most parameters measured. Such a negative corre

lation was reported between respiration rate of field weathered and 

late-set cottonseed and their field emergence (27). Respiration of the 

treatments at 30°C was positively correlated with all of the tests con

ducted and this was significant in most cases. A highly significant 

correlation coefficient of r = .977 was found between lint yield and 

respiration rate at 30°C. These results showed that respiration rate at 

a warmer temperature better predicted quality of the seed than respira

tion rate at a colder temperature. 

Standard and cold germination tests were positively and signif

icantly correlated with yield, with a better correlation existing be

tween the standard than the cold germination test and the yield (Table 

9). Similarly, stand counts at both Marana and Safford correlated with 

the standard test better than the cold test. This is in agreement with 

earlier studies made by Sarmadnia (50) and Buxton et al. (12). They 

reported that field performance of cotton was better predicted by the 

standard test than the cold test. Despite the better correlation ob

served between the standard germination test and field stand established, 

field stand establishment of the treatments were much more exaggerated 

by the standard germination test than the cold test (Fig. 3). Percent 

stand at both Marana and Safford locations was closer to the cold germi

nation percentage than to the standard germination percentage. 



Table 9. Correlation coefficients of laboratory and field results across 6 density classifica
tions of the 1982 cottonseed treatments. 

Variables 

Respi
ration 
at 30°C 

Germi
nation 
at 18°C 

Germi
nation 
at 30°C 

Stand 
count 

(Marana) 

Stand 
count 

(Safford) 

Lint 
yield 

(kg ha *) 

Seed 
density 
(g cc-1) 

Seed 
index 
(g 100 
seeds 1) 

Seed 
crack 
test 

Respiration 
at 18°C -.847* -.833* -.817* -.909* -.797 -.909* -.769 -.911* -.868* 

Respiration 
at 30°C — .803* .876* .921* .875* .977*** .670 .910* .895* 

Germination 
at 18°C — .973** .954** .925** .874* .896* .970** .934** 

Germination 
at 30°C — .975*** .979*** .928** . 905* .981*** .956** 

Stand count 
at Marana — .969** .976*** .888* .995*** .941** 

Stand count 
at Safford — .936** .924** .957** .899* 

Lint yield 
(kg ha"1) — .797 .962** .917* 

Seed density 
(g cc"1) — .887* .824* 

Seed index 
(g 100 seeds -1) — .965** 

**f *** are significant at 0.05, 0.01, and 0.001, respectively. 
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Figure 3. Relationships between laboratory germination tests 
and field stand establishment. 



Seed density and seed index were significantly correlated with 

most of the laboratory and field tests (Table 9). However, seed index 

appeared to be better correlated with the germination and respiration 

tests at both 18 and 30°C, seed coat strength test, field stand estab

lished and yield. The seed coat strength test was positively and signif

icantly correlated with most of the laboratory and field evaluations made 

in this experiment. In general, there seems to be a strong association 

among the laboratory and field evaluations (Table 9). 



SUMMARY AND CONCLUSIONS 

Under both laboratory and field conditions, the highest density 

treatment showed better performance than the other treatments. Signif

icantly higher values in seed coat strength, germination percentage at 

18 and 30°C and stand count at Safford were found for the second lowest 

density treatment than for the second highest density treatment. No 

significant difference was observed among all treatments in apparent 

photosynthesis, transpiration, ambient temperature, leaf temperature, 

temperature differential and diffusive resistance. Across all treatments, 

respiration rates at 18°C were negatively correlated with all the other 

tests. Correlations of respiration rates at 30°C and the other labor

atory and field tests were positive with different levels of signifi

cance (p = .05, .01 and .001). Although both comparisons were 

significant, the standard germination test correlated with field stand 

establishment and yield better than the cold germination test. 

The lowest density treatment had significantly lower seed den

sity, seed index, seed coat strength and germination percentage at 18 

and 30°C. The lowest density treatment also had the lowest field stand 

establishment and yield on a hectare basis. Yield per plant of the 

lowest density treatment was significantly higher than the other treat

ments, and this appears to be due to reduced competition. At 18 and 

30°C, respiration rate of the lowest density treatment was significantly 

higher than the others during the initial periods of imbibition. This 

was related to the greater amount of water imbibed by the seed, 

47 
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indicating that the lowest density treatment had seed coats that were 

cracked, injured or not matured enough to maintain normal flow of water 

and gases into the seed. Therefore, it seems reasonable to conclude 

that quality of cotton planting seed can be Improved by removing the 

lowest density seed group from a given seedlot. For the seed source 

tested in this experiment, the lowest density class consisted of 25% of 

the total seedlot. 

Based on results obtained from seed density, seed index, seed 

coat strength test and germination tests at 18 and 30°C, there appeared 

to be no similarity between the 1982 and 1983 treatments. Therefore, 

it can be concluded that the parameters tested are probably not herit

able characteristics. This is in agreement with Johannsen's "pure line 

theory" in which no significant difference was found in the progeny 

selections of bean seeds originated from seeds of different size 

classifications (31). 

The conclusions are based on only one season's data. Further 

study is required to investigate the relationships between cottonseed 

density and cottonseed quality. 



1, 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11, 

12, 

LITERATURE CITED 

Albert, W. B. 1963. The effects of recommended herbicides and de
foliation practices upon cottonseed germiation. Proc. Cotton 
Defoliation Physiol. Conf. 17: 24-30. 

Arndt, C. H. 1945. Viability and infection of light and heavy 
cottonseeds. Phytopathology. 35: 747-753. 

Association of Official Seed Analysts. 1981. Rules for testing seed. 
J. Seed Technology. 6: 1-25. 

Bartee, S. N., and D. R. Krieg. 1974. Cottonseed density: Associated 
physical and chemical properties of ten cultivars. Agron. J. 
66: 433-435. 

Baskin, C. C. 1979. Germination test is not enough. Proc. Beltwide 
Cotton Prod. Mech. Conf. P. 53-54. 

. 1981. Tetrazolium evaluation of cottonseed. Proc. 
Beltwide Cotton Prod. Res. Conf. P. 312. 

Beardsell, M. F., P. G. Jarvis, and B. Davidson. 1972. A null-
balance diffusion porometer suitable for use with leaves of many 
shapes. J. Appl. Ecol. 9: 677-690. 

Bishoni, U. R., and J. C. Delouche. 1975. Cottonseed quality and 
its relation to performance in laboratory and field tests. 
Agron. Abstract. P. 90. 

, and . 1980. Relationship of vigor tests 
and seed lots to cotton seedling establishment. Seed Sci. and 
Tech. 8: 341-346. 

Brown, J. G., and F. Gibson. 1925. A machine for treating cottonseed 
with sulfuric acid. Univ. of Ariz. Coll. of Agric. Exp. Stn. Bull. 
105. 

Burris, J. S., 0. T. Edge, and A. H. Wahab. 1973. Effects of Seed 
Size and Seedling Performance in Soybeans. Crop Sci. 13: 207-210. 

Buxton, D. R., P. J. Melick, L. L. Patterson, and E. J. Pegelow Jr. 
1977. Relations among cottonseed vigor and emergence. Agron. J. 
69: 677-681. 

49 



13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

50 

Buxton, D. R., B. B. Taylor, and L. L. Patterson. 1977. Pima 
Cottonseed quality is related to harvest and gin date. Univ. 
of Ariz. Coll. of Agric. Cotton Report Series. P-40. P. 
13-14. 

Buxton, D. R., L. L. Patterson, and B. B. Taylor. 1978. Cotton
seed vigor related to harvest and ginning date. Agron. J. 
70: (2) 539-542. 

Chester, K. S. 1938. Gravity grading, a method for reducing seed-
borne disease in cotton. Phytopathology. 28: 745-749. 

Clegg, M. D., C. Y. Sulvan, and J. D. Eastin. 1978. A sensitive 
technique for the rapid measurement of carbon dioxide concen
trations. Plant Physiol. 62: 924-926. 

Delouche, J. C. 1969. Planting seed quality. Proc. Beltwide 
Cotton Prod. Res. Conf. P. 16-18. 

Douglas, A. G., 0. L. Brooks, and C. E. Perry. 1967. Influence of 
mechanical harvest damage on cottonseed germination and seed
ling vigor. Proc. Beltwide Cotton Prod. Res. Conf. P. 129-134. 

El-Gawad, A. A. A., A. E. El-Tabbakh, M. T. Fayed, and S. I. S. 
Abozahra. 1982. The insignificant importance of the effect 
of seed size on photosynthetic efficiency and cotton yield. 
Cotton and Tropical Fiber Crops Abstract. P. 13. 

Ferguson, D., and J. H. Turner. 1971. Influence of filled and un
filled cotton seed on emergence and vigor. Crop Sci. 11: 
713-715. 

Gajbe, M. V., V. G. Musande, and S. B. Varade. 1977. Interaction 
between some physical and chemical characteristics of seed in 
twenty-two cotton cultivars. Seed Sci. and Tech. 5: 539-544. 

Gelmond, H. 1979. A review of factors affecting seed quality 
distinctive to cotton seed production. Seed Sci. and Tech. 
7: 39-46. 

Glat, D. 1982. The effects of field weathering and late-set bolls 
on the quality of cotton planting seed, and effectiveness of 
predictive laboratory tests. MS Thesis, Univ. of Ariz., 
Tucson, Arizona. 

Glat, D., and B. B. Taylor. 1982. Flower productivity of fast and 
slow emerging plants. Univ. of Ariz. Coll. of Agric. Cotton 
Res. Report Series. P-56. P. 89-91. 



25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

51 

Green, J. A., and E. B. Minton. 1980. Influence of mechanical 
damage and fungicide seed treatments on germination and stand 
with cotton seed. Crop Sci. 20: 235-238. 

Hess, D. C. 1977. Selection for increased seed density in cotton. 
Proc. Beltwide Cotton Prod. Res. Conf. P. 84-86. 

Hofmann, W. C. 1980. Effects of delayed harvest on quality of 
cotton planting seed. MS Thesis, Univ. of Ariz., Tucson, 
Arizona. 

Hofmann, W. C., and B. B. Taylor. 1980. Planting seed quality and 
effects of a late harvest. Univ. of Ariz., Coll. of Agric. 
Cotton Res. Report Series. P-49, P. 51-54. 

Hsiao, T. C. 1973. Plant response to water stress. Ann. Rev. 
Plant Physiol. 24: 519-570. 

Jann, R. C., and R. D. Amen. 1977. What is germination? P. 7-25. 
In A. A. Khan (ed.) The physiology and biochemistry of seed 
dormancy and germination. North-Holland Biochemical Press, 
Amsterdam. 

Johannsen, W., Ueber Erblichkeit in Populationen und in Reinen 
Leinen. Jena: Gustave Fisher, 1903. 

King, E. E., and G. E. Lamkin. 1979. Uniform quality cottonseed 
for laboratory and field use. Proc. Beltwide Cotton Prod. 
Res. Conf. P. 32. 

Krieg, D. R., and S. N. Bartee. 1975. Cotton seed density: 
Associated germination and seedling emergence properties. 
Agron. J. 67: 343-347. 

Krieg, D. R., and J. D. Carroll. 1978. Cotton seedling metabolism 
as influenced by germination temperature, cultivar and seed 
physical properties. Agron. J. 70: 21-25. 

Kunze, 0. R., L. H. Wilkers, and G. A. Niles. 1969. Field emergence 
and growth responses related to the physical characteristics of 
cottonseed. Amer. Soc. Agri. Eng. Trans. 12: 608-610. 

Kyame, L., and A. M. Altshul. 1946. Comparison of respiration, 
free fatty acid formation and change in the spectrum of the 
seed during storage of cottonseed. Plant Physiol. 21: 550-
561. 

Leffler, H. R., and R. D. Williams. 1983. Seed density classifica
tion influences germination and seedling growth of cotton. 
Crop Sci. 23: 161-165. 



38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

52 

McDonalds, Jr., M. B. 1975. A review and evaluation of seed vigor 
tests. Proc. Assoc. Offi. Seed Analysts. 65: 118-123. 

Metzer, R. B. 1961. The relationships of tetrazolium strain 
ratings and certain growth tests of cottonseed. Proc. Assoc. 
Offi. Seed Analysts. 51: 99-105. 

Minton, E. B., and J. R. Supak. 1980. Effects of seed density on 
stand, verticillium wilt and seed and fiber characters of 
cotton. Crop Sci. 20: 345-347. 

Minton, E. B., D. F. Wanjura, and J. D. Bilbro. 1979. Effects of 
premature defoliation and plant kill on germination of cotton
seed. Agron. J. 71: 659-661. 

Muramoto, H., and C. D. Elmore. 1967. Leaf growth, leaf aging and 
leaf photosynthetic rates of cotton plants. Proc. Beltwide 
Cotton Prod. Res. Conf. P. 161-165. 

Muramoto, H., J. D. Hesketh, and C. D. Elmore. 1976. A technique 
for measuring photosynthetic rates of leaves in field. 
Department of Plant Breeding. Report #3 on Photosynthesis. 
Univ. of Ariz., Tucson, Arizona. 

Niles, G. A. 1967. Cotton seed quality. Proc. Beltwide Cotton 
Prod. Res. Conf. P. 177-180. 

Noggel, G. R. 1973. Cotton seed quality. Cotton Grow. Rev. 50: 
43-60. 

Ovcharov, K. E. 1977. Effects of the conditions of seed formation. 
P. 6-53. In K. E. Ovcharov (ed.) Physiological basis of seed 
germination. Amerind Publishing Co., New Delhi. 

Peacock, H. A., J. T. Reid, and B. S. Hawkins. 1971. Cotton 
(G. hirsutum L.) yield, stand and bolls per plant as influenced 
by seed class and row width. Crop Sci. 11: 743-746. 

Porterfield, J., and E. M. Smith. Characteristics and field per
formances of mechanically graded acid delinted cottonseed. 
Okla. Exp. Sta. Tech. Bull. T-60, 24 P. 

Presley, J. T., M. N. Christiansen, and H. R. Cams. 1967. Patho
logical and physiological aspects of seed quality. Proc. 
Beltwide Cotton Prod. Res. Conf. P. 189-192. 

Quisenberry, J. E., and J. R. Gibson. 1974. Growth and produc
tivity of cotton grown from seed produced under four night tem
peratures. Crop Sci. 14: 300-302. 



53 

51. Rcmcadori, R. W., S. M. McCaster, and J. L. Crawford. 1971. In
fluence of fungi on cottonseed deterioration prior to harvest. 
Phytopathology 61: 1326-1328. 

52. Sarmadnia, G. H. 1978. Effects of seed quality on yield of Pima 
cotton. MS Thesis, Univ. of Ariz., Tucson, Arizona. 

53. Sullivan, C. Y., M. D. Clegg, and J. M. Bennett. 1976. A new 
portable method for measuring photosynthesis. Agron. Abstract. 
P. 77. 

54. Taylor, B. B., D. L. Kittock, W. C. Hofmann, J. E. Malcuit, and 
T. Hitz. 1984. Seedling emergence studies on Upland cotton 
in Arizona in 1983. Univ. of Ariz. Coll. of Agric. Cotton 
Report Series. P-61, P. 65-75. 

55. Tuker, H., and L. H. Wright. 1965. Estimating rapidity of germina
tion. Crop Sci. 5: 398-399. 

56. Tupper, G. R., 0. R. Kunze, and H. Wilkers. 1971. Am. Soci. Agric. 
Eng. Trans. 14: 890-893. 

57. Turner, J. H., and D. Ferguson. 1972. Field performance of cotton 
grown from filled and partially filled seeds. Crop Sci. 12: 
868-871. 

58. Wanjura, D. F., E. B. Hudspeth Jr., and J. D. Bilbiro Jr. 1969. 
Emergence time, seed quality and planting depth effects on 
yield and survival of cotton (G. hirsutum L.). Agron. J. 61: 
63-65. 

59. Wilkes, L. H. 1969. Physiological properties of seed and environ
mental factors affecting emergence. Proc. Beltwide Cotton Prod. 
Res. Conf. P. 15-16. 

60. Wilkes, L. H., and T. E. Corley. 1968. Planting and cultivation. 
In Advances in production and utilization of cotton: Principles 
and practices, by F. C. Elliot, M. Hoover, and W. K. Porter Jr. 
P. 117-149. 

61. Woodstock, L. W., and D. F. Grabe. 1967. Relationships between 
seed respiration during imbibition and subsequent seedling 
growth in Zea mays L. Plant Physiol. 42: 1071-1076. 

62. Woodstock, L. W., and M. F. Combs. 1965. Effects of gama-
irradiation of corn seed on the respiration and growth of the 
seedlings. Am. J. of Botany. 52: 563-569. 



54 

63. Woodstock, L. W., and 0. L. Justice. 1967. Radiation-induced 
changes in respiration of corn wheat, sorghum, and radish 
seeds during initial stages of germination in relation to 
subsequent seedling growth. Radiation Botany 7: 129-136. 

64. Woodstock, L. W., and B. M. Pollock. 1965. Physiological pre
determination: Imbibition, respiration, and growth of lima 
bean seeds. Science 150: 1031-1032. 


