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ABSTRACT 

Cotton (Gossypium hirsutum L.) seeds that were field weathered 

and set late in the season were hand harvested at monthly intervals 

from October to January,, in order to evaluate the contribution of 

these two factors to the decline in quality of cotton planting seed 

associated to delayed harvests. Seeds were tested for field emergence, 

yield, and predictive vigor tests. 

In general, there were no significant differences among treat

ments in field evaluation, but a trend could be observed favoring 

seed groups harvested in October and November. 

The Weighted-ET-50 value related to total emergence and speed 

of emergence appear as the best field emergence parameter to be used 

in seed quality studies. It was significantly related to most predic

tive tests. 

All predictive tests, with exception of seed weight and some 

periods of seed respiration, had significant differences favoring 

the earlier harvested seed groups. Predictive tests were significant

ly correlated to each other indicating that they are all capable of 

detecting differences in seed quality that might not be readily observed 

in the field. 

Germination tests, and seed weight indicated an advantage of 

field weathered over immature seeds, while tests measuring seed cracks 

slightly favored the immature seeds. 

viii 



ix 

Seedling emerging within a week after planting produced 

around 100% more flowers, mature bolls and total lint than seed

lings emerging 2 weeks after planting. Since percentage boll 

retention was similar for both fast and slow emerging seedlings, 

we concluded that higher yields of fast emergers were primarily a 

result of a much higher flowering rate. 

The lack of difference in development and productivity between 

the fast and the slow emergers of the different seed groups indicate 

that a fast emerging seed develops into a productive plant regardless 

of the seed lot it came from. In this sense, differences in quality 

among seed lots are primarily related to the proportions of good and 

bad seeds present. 
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INTRODUCTION 

A poor stand may cause severe economic losses in modern 

cotton production. It can be caused by several factors such as 

soil crusting, too much or not enough soil moisture, inadequate 

planting techniques, and poor quality seeds. Of all factors, the 

quality of the planting seed is the factor most commonly associated 

with failure of obtaining a good stand. 

The deleterious effects of low quality seeds are not only 

associated with replanting operations, which increases farmers 

costs by delaying the schedule for optimum plant development which 

results in reduced yields. Some 75% of total economic losses 
I 

relating to poor quality seeds have been attributed to a decrease 

in field performance of seeds that emerged but did not develop 

into normal, productive plants. 

The problems of low quality seeds in cotton is intensified 

by factors such as indeterminate growth pattern of the plant; 

modern techniques of handling seeds through harvest, ginning, delint-

ing treating, and storage; and by the priority given to lint produc

tion over high quality seed production. 

70-80% of the bolls are generally opened before the first 

picking. Therefore, a cotton seed lot includes a mixture of seeds 

that have weathered in the field for varying periods of time, as well 

as by seeds that were set late in the season and matured under 

1 
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less-than-optimum conditions. Besides, mass handling of seeds after 

harvest sometimes can severely increase mechanical and physiological 

damages to seeds. 

A more systematic use of predictive vigor tests by the seed 

industry could aid in identifying low quality seeds for growers with 

more precision than the present guarantee of 80% or better standard 

germination. Seeds could be classified in different vigor levels, 

as determined by the results of predictive tests and sold for several 

combinations of seed quality-price levels. Since seed cost is a very 

small percentage of the total cost of cotton production, it is quite 

probable that growers would be willing to pay more for higher quality 

seeds. 

• The main objectives of these studies were: to estimate the 

effects of field weathering and late boll set on quality of cotton 

planting seed; to evaluate several predictive vigor tests for the 

capacity of screening seed lots of different qualities and predict 

field performance of seed lots; and to establish differences in 

development and productivity of fast emerging seed and slow emerging 

seeds. 



REVIEW OF LITERATURE 

"This is the seed, compact of God, 

wherein all mystery is enfolded." G. S. Gailbraith 

The Cotton Plant 

A mature cottonseed consists of an embryo protected by a 

seed coat. The embryo is made up of an epicotyl, hypocotil and 

radicle surrounded by two well developed cotyledons which contain 

glands that produce gossypol. The seed coat is made up of 6 layers 

of palisade cells ranging from 117 to 137 um in thickness (57). It 

has two openings, one in each extreme; the chalaza, through which 

water first penetrates the seed coat during imbibition and the micro-
t 

phyle through which the radicle emerges. 

The major chemical constituents of cotton seed are lipids 

and protein. Pope and Ware (67) in 1945 reported that the average 

chemical composition of 16 cottonseed varieties grown at 12 locations 

for 3 years was 22% oil and 23% protein on a free moisture basis. 

Thirty years later, Turner, Ramey and Worley (86) working with 4 

varieties at 17 locations found free moisture cottonseed to be made 

up of 19.5% oil and 21.5% protein. Lawhon, Carter, and Mattil (49) 

reported that kernel dry weight was 37.8% oil, 39.3% protein and 

1.2% gossypol. They also reported that major fatty acids components 

of cottonseed oil were Linoleic, palmitic and oleic, and major ami-

noacids Glutamic acid and arginine. 
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In Arizona, cotton seed is planted as soon as soil temperature 

reaches 12-16°C at planting depth for a few days (28). Seeds are 

usually planted 3 to 7 cm deep depending on soil texture. If planted 

after irrigation, seeds are covered with 5-7 cm of a soil cap to aid 

in conserving soil moisture (28). 

The first stage of cottonseed germination is uptake of water 

through the chalaza and hydration of nucellar tissue and radicle cap 

(61). The rate of water imbibition seems to be quite rapid; several 

researchers have found that full hydration is achieved in approxi

mately 5 hours (23, 29, 89). An adequate osmotic environment for 

metabolic activity is established in initial hours of imbibition by 

solubilization of small molecules, splitting of macromolecules or 

release of inorganic ions from cotyledonary tissues (61). Subcellular 

organization starts taking place, and leads to eventual mobilization 

of growth regulators and activation of enzymes (2). Most enzymatic 

activity at this time is related to the conversion of stored materials 

to structural components. Subsequent events includes an increase 

in respiration and initiation of protein and nucleic acid synthesis 

in the embryonic-axis. Within 24 hours after imbibition the seed 

coat sheds and the radicle emerges through the microphyle (61). 

At an optimum temperature of 28-31 C an arched hypocotyl 

bearing a pair of cotyledons merges aboveground around 6 days after 

imbibition. The tap root is usually some 25 cm long when emergence 

occurs (28). Approximately 6 days after emergence the first pair 

of true leaves are formed one nod:2 above photosynthetic cotyledons. 
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For the next month or so an upright vegetative growth takes place 

with formation of a new node approximately every 3 days. A vege

tative branch may appear anytime after the second node. It grows 

from a bud at a leaf axil and has the same growth pattern as .the main 

branch which is known as momopodial growth. A reproductive branch ari

ses from axillary buds, initially from main stem and later from vegeta

tive branches as well. A prophill, true leaf and flower bud (square) 

are formed, and the internode behind each node elongates. In the axil 

of the leaf formed with the first square a new reproductive bud is 

formed, originating new leaf, prophill and square. A repetition of 

this process produces several leaves, prophills and squares in a zig

zag pattern known as sympodial growth (28). 

This indeterminate growth pattern of cotton ensures continual 

development of new vegetative and reproductive branches for a long 

period of time. Squares, flowers, and bolls are formed from 2 to 4 

months during which environmental conditions change considerably. 

In Arizona, the first flower appears in early June, or some 55 to 65 

days after emergence, and continues until frost or defoliation (28). 

During the season, flower production of a cotton plant con

forms to a bell-shaped curve (50). In Arizona, flowering peak occurs 

in the second part of July with some 70 to 100 flowers per 10 m plot 

per week (80). It takes around 3 days between the opening of two 

flowers in two successive nodes of the same reproductive branch, 

and some 6 days between opening of flowers at same relative positions 

on two successive reproductive branches (28). Flower shedding increas

es considerably at each successive node on the same branch. 
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Mauney (54) reported that first flower position of sympodial branch 

matures around 55-60% of initiated squares, while the third flower 

position matures only 10% of initiates squares. He also reported 

that in Arizona from 1976-78, 90% of yields come from the two first 

positions of each sympodia. Taylor (80) observed a large variation 

in the percentage of flower retention, when flowers of 4 commercial 

varieties were tagged. The highest retention rate of 65-75% occured 

during the last week of June and the first week of July. 

The cotton flower is perfect, consisting of 90-100 pollen pro

ducing stamens, and a pistil which has an ovary with 4 or 5 carpels, 

and 8-10 ovules per carpels. If not aborted, a flower develops into 

a full-size boll in 21 days. This is a period of rapid fiber elonga

tion and it is called enlargement period (50). After this initial 
I 

3 weeks, fiber and boll growth slow down and the filling period starts 

when most of the dry weight of the boll is deposited. This is also 

the time of secondary fiber thickening with deposition of successive 

layer of cellulose inside the cell wall. Finally, during the matura

tion period, deposition of material ceases but physiological processes 

still take place (50). 

Mineral and oil accumulation in seeds decreases during initial 

2% weeks after anthesis and then increases steadily until the end of 

the filling period (50). Starch concentration peaks when mineral and 

oil concentrations are minimum; starch is deposited in integuments 

and endosperm, and its concentration decreases as it is utilized by 

the developing seed. Protein is accumulated during a 4 week period 
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and after that its concentration changes little. In general, there 

seem to be close associations between accumulation of materials in 

seed and environmental conditions (50). When boll opens, seed devel

opment ceases. The seed is mature, and the cotton plant's life cycle, 

that: started with a mature seed, is completed. 

Seed Vigor 

Physical and physiological characteristics are ultimately re

sponsible for seed vigor and quality. Those characteristics in turn 

are the result of the genetical make-up of parent plants, environmen

tal conditions during seed development and after seed reaches maturity, 

as well as most cultural and processing practices from planting to 

storage. 

I 
Seed vigor is a measure of the field performance of a seed lot. 

Vigor is affected by deteriorative processes that take place from 

the time seed reaches maturity to time of planting. Delouche (26) 

suggests that membrane degradation and loss of permeability control 

are some of the first consequences of seed deterioration. Andrews 

( 3) states that reduction in enzyme activities, quick exhaustion of 

food reserve, protein coagulation in the embryo, and degeneration 

of cell organelles are associated with seed deterioration. Lypolisis, 

the break down of triglycerides to fatty acids has also been shown 

to be part of degenerative processes (38). Seed deterioration is 

increased by decreasing respiration rate and biosynthesis, and lowered 

transfer of dry matter to the embryonic axis. At this point a 
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reduction in germination and early seedling growth can be observed 

in the field. Often this initial slow growth continues through the 

plant's life and is observed as slow vegetative growth, delayed and 

decreased flowering, late maturity and lower yields. At extreme 

deterioration, seed will fail to germinate even under ideal conditions. 

Delouche (26) recalls that seed lots are made up of highly vigorous 

seeds as well as those not capable of germination, with all "vigor 

gradiations" in between. In this sense, differences between good 

and poor quality seed is mostly quantitative. 

It is important to establish differences that exist between 

a seed capable of germination and a vigorous seed. C. Scott (74), 

a cotton grower in Arizona, observed that 70% of his harvested cotton 

came from around 30% of the plants. Delouche (26) indicates that 
« 

up to 75% of all losses attributed to low quality seed are related 

to reduced resistance to environmental stresses and decreased seedling 

growth rate. Thus, seed vigor and deterioration are not only measured 

by the capacity of germination, but rather focuses on "...losses in 

field peformance that occurs before germinative capacity is lost" (26). 

Seed vigor may be thought of from different facets. In the 

field, seed vigor is related to rapidity and uniformity of emergence, 

capacity to emerge from cold, wet,pathogenic, crusted soi^ seedling 

vigor, plant development, and high yields. In the laboratory, on the 

other hand, seed vigor is more related to higher biosynthetic rafes, 

minimum leaking of organic and inorganic material, higher mitochondria 

efficiency and ATP production (24, 26, 58, 61). 
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There have been several attempts to bring all these facets 

into formal definition of seed vigor. Isely (44) was one of the 

first researchers to try defining seed vigor as "the sum of all attri

butes which favor stand establishment under unfavorable conditions". 

Delouche and Caldwell (27) revised this definition and stated that 

"Seed vigor is the sum of all attributes which favor stand establish

ment in the field". Woodstock (91) proposed that "vigor is that con

dition of active good health and natural vigor seeds possess when 

planted under a wide variety of environmental conditions." Perry (64) 

extended the concept of vigor by saying that "seed vigor is a physio

logical property determined by the genotype and modified by the en

vironment which govern the ability of a seed to produce a seedling 

rapidly in soil and the extent to which seed tolerates a range of 

environmental factors. The influence of seed vigor may persist through 

the life of the plant and affect yield". 

Genetical Factors Affecting Seed Vigor 

The contribution of genetics to seedling vigor is illustrated 

by the greater seedling vigor of hybrid and poliploid seeds compared 

to inbred or diploids of the same species (24). McDaniel (55) has 

shown that hybrid barley (Hordeum vulgare L.) seeds germiante and 

grow faster and have higher respiratory rates than either parents. He 

thinks this difference is due to superefficient mitochondria and 

and extractive enzyme system provided by favorable recombination of 

nuclear material. 
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Buxton and Sprengler (15) observed a genetic variability in 

cotton for tolerance to low temperature during germination. El-Zik 

and Bird (32) reported that the potential of establishing stand was 

genetically controlled, and that this factor could be improved through 

breeding. A hard seed coat, which is desired to reduce field deter

ioration and mechanical damages, has been shown by several researches 

to be genetically controlled (21, 25). 

Environmental Factors Affecting Seed Vigor 

The effects of environment on seed vigor can be divided in 

two parts: The environmental conditions during flower and seed devel

opment which centers on differences between production environments 

and bolls developing at different parts of the season; and the envir-
I 

onmental conditions after seed is physiologically mature, which focus 

mainly on field weathering processes. 

Environmental effects during seed development 

Walter and Jensen (88) working with dormant and non-dormant 

alfalfa (Medicago sativa L.) varieties grown in controlled conditions 

found that seeds produced under 6 to 21° C were heavier and had a 

higher percentage of hard seed than those produced at 16 to 32 °C. 

They reported that seedling vigor of the dormant variety increased 

when produced under cool temperatures and low soil moisture. 

Peakock and Hawkins (63) analyzed the relationship between 

environmental conditions, seedling vigor and yields of two upland cotton 

varieties grown at 9 locations across the U.S. for two years. They 
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found a negative relationship (r = -.540) between September minimum 

temperature and seedling vigor and yields; and a positive relation

ship (r = .532) between August rainfall and seedling vigor. They 

concluded that higher temperatures and lower rainfall were associated 

with lower yields and poorer seedling vigor. 

Gipson and Ray (35) reported a significant relationship 

between rate of boll development and seed maturation with night temper

ature. Quisenberry and Gipson (70) worked with thermostatically con

trolled growth chanbers placed over plants at night and concluded that 

seeds produced at 11 C were lighter, and had lower germination per

centages, slower rate of field mmergence and lower yields than plants 

subjected to 17 or 21 C at night. 

The effects of environmental conditions during seed development 
( 

on seed quality is especially important with cotton, because it pro

duces flowers, bolls and seeds during an extended period that includes 

marked changes in climatic conditions. The old practice of saving 

seeds from first open bolls is clearly associated with the decreasing 

quality of seeds from late-set bolls (74). 

Lefler, Merideth and Chandler (51) found that late-set seeds 

had a 31% decrease in final stand and 28% decrease in yields compared 

to earlier maturing seeds. Buxton, Patterson, and Taylor (13) observed 

a negative relationship between time of seed maturity and seed vigor 

Lefler (50) reported late-season seeds to be lighter and to have 

higher oil to protein ratio. It has been widely observed that late 

maturing seeds are usually smaller and lighter than seeds formed 

earlier (13, 33, 39). 
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Hoffman (39) collected field weathered and immature seeds in 

monthly intervals from October to January. He found that for each 

month of harvest immature seeds had a slower emergence rate, lower 

final stand, and lower yields than seeds weathered in the field. 

Environmental effects after seed maturity - field weathering 

The indeterminate flowering pattern of Cotton results in bolls 

opening over an extended period. Thus, seeds are exposed to varying 

weathering conditions for prolonged periods. This fact became more 

critical after the introduction of mechanical harvesters, since a con

siderable percentage of bolls must be opened before a picker enters 

the field. Almost 50 years ago , Simpson and Stone (76) observed 

that cotton seed harvested before exposure to rain would be of higher 

quality than those left longer in the field. 

Buxton, et al. (13) found that late harvested seeds had 

reduced rate of emergence, plant height, and flower productivity. 

Ray and Minton (71) observed that the harmful effects of delayed har

vest on seed quality tended to be accentuated in years of higher preci

pitation. 

Tekroni, Egli and Phillips (82) working with soybeans (Gly

cine max.) seeds found mean air temperature and daily precipitation 

after seed maturity to be highly significantly related to a decline in 

seed vigor. Hoffman (39) found that the longer seeds were left in 

the field after maturity the lower were their germination values, final 

stand and yields. 
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There is a constant association between deterioration and 

weathered seeds with microorganisms especially in areas of higher 

humidity. The most commonly observed microorganisms are field fungi 

such as Alternaria, Fusarium and Aspergilus Niger and bacterias 

such as Pseudosomonas and Xanthomonas (38). Halloin (38) suggests 

that microorganisms could play major roles in lyoplisis and other 

seed deterioration processes. However, as Delouche and Calwell (29) 

have observed almost 20 years ago, deteriorated, low vigorous seeds 

are simply more susceptible to adverse environmental conditions, 

which includes microorganism infestation. Therefore, this associa

tion between deteriorated seeds and microroganisms could be conse

quence rather than cause of deterioration. 

Cultural Factors Affecting Seed Vigor 
< 

Most cultural practices have some effect on the quality of the 

germinating seeds. Some,such as fertilization, row spacing and plant

ing density, affect seed quality indirectly by affecting the growth 

and development of parent plants. Others, such as harvesting, ginning 

and delinting, handling and storage, have direct effects on the seeds. 

Effects on parent plants 

Levels of nutrients in soil have varying affects on different 

crops seeds. Fox and Albrecht (34) found that wheat (Triticum vulgare) 

grown with high levels of nitrogen and moderate amounts of phos

phorous produced seeds with increased seedling vigor. Schweitzer and 

Reis (73)reported that foliar application of nitrogen to wheat 

during seed development increased protein content, seed size, 
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Seedling vigor and yields.of the resulting crop. Snyder 

(79) and Baresford and Jackson (9), on the other hand, found 

increasing application of nitrogen to sugar beets (Beta vulgaris), 

during seed development to be ineffective and some cases detrimental 

to seed quality. 

Caldwell (17) working with cotton in Mississippi found that 

the highest quality seeds were produced in fields fertilized with 

no more than 67 Kg/Ha of nitrogen. Copeland (24) concluded that 

even though the soil fertility level must have some effect on seed 

quality "... their effects varies among species and is highly depen

dent on the stage of growth and environmental condition." Results 

of Calwell studies (17) indicated that narrow row spacing and high 

planting density were associated with low quality seeds. He also ob

served that highest quality seeds were produced in the middle of the 

plants. The author believes that early formed seed, in the lower part 

of the plant, develops under less-than-ideal conditions, and are 

exposed to field weathering for long periods. On the other hand, seeds 

on the top of the canopy are set late in the season and thus have 

lower quality. Leffler (50) concludes that contrary to popular belief, 

the ideal methods for production of high quality seeds might be dif

ferent from standard production practices. He suggests that there 

should be specific areas of the country, such as California and Ari

zona, where specialized operations are designed for production of high 

quality cotton planting seed. 
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Direct Effects on Seeds/Seedlot 

Timing of harvest is a very critical factor in the production 

of high quality seed lots. The normal harvest practices usually re

sult in a mixture of seeds that have been weathered in the field for 

different periods of time, as well as late set immature seeds. Three 

years of research conducted by the USDA (87) concluded that whenever 

harvest was delayed for only one pick "... seeds were of consistently 

low quality." 

Cultural practices also affect cotton seed quality by causing 

mechanical damages, chemical injuries and physiological deterioration 

during harvest, ginning and delinting, handling, transporting, stor

ing, and conditioning. Delouche (25) points out that mechanical dam

age to seed coat can have severe negative effects on seed quality such 

as total loss of germination, seedling abnormalities, reduced sto

rage life, decreased seed vigor and emergence, loss of organic 

materials through" leaching, and increased pathogenic infestations. 

It also facilitates injuries to sensitive parts of the embryo during 

acid delinting and other chemical applications. Delouche (25) con

cludes that the problem of damaged seeds has increased with the advent 

of modern technology, such as high powered pickers, high speed gins, 

and increased chemical treatments, and that 10-15% damaged seeds are 

common figures in the quality control reports of major seed companies. 

Seed Vigor and Field Performance 

Researchers recognize that seeds of different vigor levels 

have different field performance capacities, and other factors being 

constant, more vigorous seeds will usually perform better in the field. 
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Field performance of seedlots can be estimated by speed and/or 

uniformity of emergence, total amount of emerging seedlipgs, seedling 

growth, development and productivity. 

Wanjura (90) tagged all cotton seedlings that emerged within 

5, 8 and 12 days after planting. He observed that the average survi

ving stand of the earliest emerging seedlings was 87%, those emerging 

at 8 days were 70%, and the last to emerge had only 30% emergence. He 

also reported that yields of seedlings emerging within 8 and 12 

days after planting were 46% and 29%, respectively, of yields of ear

liest emerging seedlings. He concluded that time of emergence is 

the best estimator of field performance. 

Pinthus and Kimel (66) studied the effect of speed of germina

tion on the development and seed yields of soybeans. They found that 
I 

fast germinating seedlings (4, 5 days after planting) had greater fol

iage develoment, greater dry matter accumulation, and higher seed 

yileds than slower emergers (6, 7, 8 day). On the average, fast emer

ging seedlings yielded 22% more than later emergers. 

Hofman (39) tagged cotton seedlings that emerged within a 

week after planting and those emerging after two weeks. He found 

yields of fast emergers to be 25% higher than those of slow emerging 

seedlings. 

Several formulas have been proposed to measure speed of 

emergence in the field. Maguire (53) suggested that rate of emergence 

could be obtained by the sumation of the number of seedlings emerged 

divided by number of days. Tucker and Wright (83) proposed a term 
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called "Regression Index" which was defined as I = (N/2 - A)/B where 

I = estimated time for 50% emergence; N = total number of germinated 

seedlings; A = x-intercept; B = slope o£ the curve. The estimated 

time for emergence of 50% of final stand (ET-50) is another parameter 

used to measure speed of emergence of seedlots. Successive counts 

made during the emergence period are used in a statistical 

process to determine time of 50% emergence. Buxton, Taylor and 

Patterson (14), Sarmadnia (72) and Hofmann (39) reported good cor

relations between ET-50 values and seed vigor and yields. By divid

ing the ET-50 value by the number of seedlings corresponding to 50% 

emergence, a new parameter, Weighted ET-50 can be obtained (40, 59). 

This parameter measures both speed of': emergence and total number of 

emerged seedlings, and seems to be a promising method to evaluate seeds 
I 

performance in the field. Other parameters indicative of field per

formance are final stand, percent emergence and general plant growth 

and productivity. 

Bishnoi and Delouche (10) subjected Stoneville 213 seeds to 

13% moisutre from 0 to 20 days at 40 C for aging, and obtained 3 dis

tinct levels of seed vigor. They observed that the lowest quality 

seeds (those aged for the longest time) emerged poorly, grew slow and 

produced the least number of bolls. Plots of highly vigorous seeds 

yielded 10% more medium vigor plots, and 18% more than low vigor seeds, 

at equal seedling rates and equally thinned stands. 

Douglas, Flores, and Andrews (30) aged seed by subjecting 

them to 40 C and 90% relative humidity. They reported that plots 
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with a large proportion of aged seed had reduced emergence, low 

flower productivity and poorer boll retention than unaged seed. 

This same method of mixing Lee 68 soybean seed of high and low qual

ity seeds at different rates was used by Popinigis, Delouche and 

Andrews (68). They confirmed the fact that plots with higher pro

portion of high quality seeds produced more racemes, more pods and 

higher yileds than those containing more low quality seeds. 

We can conclude from these results that seed vigor is depen

dent on an array of factors, some of which can be controlled by 

man. It has been shown that differenes in seed vigor have a profound 

effect on field performance of seed lots; those effects are not limi

ted to the emergence period but extend all the way through vegetative 

growth, flower productivity and yields. The next obvious question 

is: "How can we determine,the relative vigor of seed lots prior to 

planting in the field? This is the basic role of predictive tests, 

which will be discussed next. 

• Predictive Vigor Tests 

The objective of vigor tests is to predict the potential 

field performance of a seed lot before planting it in the field. 

A good vigor test should be uncomplicated, rapid, related to field 

performance, objective and reproducable (60). Although several tests 

have been shown to provide meaningful information about the quality 

of seed lots, none of them are officially used to any large extent 

by the seed industry. The only test that has been universally used 

by industries is the Standard Germiantion Test. Baskin (8) suggested 
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that vigor tests should be used by the seed industry to "grade" seed-

lots by vigor levels so that farmers could have several seed quality/ 

price combinations to choose from. Many Arizona farmers have stated 

that they would pay substantially more for higher quality seeds, if 

they were available (74). 

Farmers and the seed industry are reluctant to accept vigor 

tests because of several problems. Some of them are: 1) lack of 

standardization between laboratories; 2) each test measures a limited 

number of factors affecting seed vigor whereas field performance is 

determined by a multitude of factors; 3) seedlots may present spe

cific problems that are picked up by one test and not by others; 4) 

seed respond differently in the field to different stress conditions, 

and it is difficult to predict which stress may be encountered in. the 
« 

field; 5) some tests may be useful for some crops but not for others; 

6) there is a lack of basic knowledge of the interaction of factors 

affecting seed vigor and how those factors affect field performance; 

7) the seed industry believe the use of seed vigor tests would pen-

alyze them and favor farmers. 

Predictive seed vigor tests can be divided in 3 groups. Germi

nation tests which measures the responses on seed during germination 

to different test conditions; Physical tests which measure any physical 

characteristics of seeds; and Biochemical tests which estimate vigor 

by the rate of metabolic activities during and immediately following 

germination. 
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Germination Tests 

The most widely used predictive test is the Standard A.O.S.A. 

Germination Test (5). It consists of counting 50 or 100 seeds into 

moist rolled paper towelling, and placing them upright in a germinator 

with a temperature cycle of 20-30 C for 16 and 8 hours, respectively. 

Counts of germinated seed are made after 4 and 12 days and any seed 

in which the radicle has broken the seed coat is counted as germinated. 

Despite being easy to perform and quite reproducable, the standard 

germination test often present inconsistent results and has been 

genrerally considered a poor predictor of field performance (26, 36, 

39, 76). The biggest problem with the standard germination test is 

that it measures germination under optimum conditions of humidity and 

temperature, which are seldom encountered in the field. It also does 
« 

not make any distinction between a rapid emerging vigorous seedling 

and a weak seedling that requires a longer time to germinate and may 

never survive in the field. As Delouches (26) stated very properly 

"The Standard Germination Test is an insensitive and misleading . mea

sure of seed quality because it focuses primarily on the final albeit 

most disastrous consequence of deterioration and does not take in 

account the very substantial loss in performance potential that can 

and does occur before germinative capacity is lost." 

The Cold Germination Test is a modification of the Standard 

Germination Test (4). The seed are prepared essentially in the same 

manner as in the Standard Germination Test except that chamber tempera

ture is set up at a constant 18 C and only one count is made after 
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6 days. Despite being more similar to actual field conditions than 

the standard germination test, its relationship with field performance 

seems to be inconsistent. Hofmann (39) and Glat (36) reported that 

the cold germination test is more closely correlated to field emer

gence than the standard germination test. Buxton, et al. (14) and 

Sarmandnia (72), on the otherhand found the cold germination test to 

be a weaker predictor of field performance than the standard germina

tion test. The general consensus of most researchers is that even 

though there is a definite trend for seed lots with a higher germina

tion in the laboratory to have higher emergence rates in the field, 

these two germination tests will not always predict field performance 

of seedlots. 

A Cold Soil Gemnination Test is often used with corn (Zea 

mays 'L.) and soybeans. Seeds are subjected to cold stress in wet, 

non-sterilized soil and then allowed to germinate in warmer conditions. 

This test is closer to field conditions because pathogenic infection 

and soil crusting are added to cold temperature stress. Johnson 

and Wax (46) compared a series of predictive tests with field perfor

mance. They found that Cold Soil Test to be the best indicator of 

seed vigor for soybeans, with highly significant correlations with 

final stand, percent emergence, and seed yields. Temperature, rather 

than diseases, seems to be the most crucial factor limiting cotton 

seed germination (81). Cold stress can be applied without use of 

soil, which makes the test easier to reproduce. Therefore, the cold 

soil test has not been used with cotton seed. 

The Accelerated Aging Technique is a germination test 
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designed to evalute storab-ility of seed lots. Seeds are subjected 

to 100% humidity and 40 C for 38-72 hours followed by normal standard 

germination procedures (16, 26). Although this technique is not 

identical to normal aging, it is a good predictor of quality deter

ioration during storage. However, the use of this technique to pre

dict quality of seed lots has also presented contradictory results. 

Johnson and Wax (46) found no relationship between accelerated aging 

and field performance of soybean seeds, but Bishnoi and Delouche 

(10) reported accelerated aging test to be correlated to field emer

gence of cotton and a good predictive vigor test. 

Physical Tests 

The use of vigor tests which measure physical characteris

tics 'such as weight, size, density, and cracks are desirable because 

they are generally quick, inexpensive, easy to perform, and in most 

cases,non-destructive. 

The easiest physical characteristic to measure is seed 

weight. It is often expressed as Seed Index which is the weight in 

grams of 100 seeds. Krieg and Carrol (48) and Noggle (61) indicate 

that seed weight is related to food reserve available for the develop

ing embryo. Miller (60) and Noggle (61) agree that the major influ

ence of seed weight is on vigor, weight, and size of seedling. McDan-

iel (55) reported barley seed weight to be correlated to seedling 

fresh weight, seedling mitochondrial protein and mitochondrial activity. 

Hofmann (39) Buxton, et al. (13) and Evenson (33) have observed that 

seeds maturing late in season are of lower quality and usually lighter 
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than seeds maturing earlier. 

A number of researchers think that seed density is the best 

physical parameter indicative of seed vigor. Bartee and Krieg (6) 

separated cotton seeds into density groups with a pneumatic separa

tor; they found seed density to be significantly related to percent 

germination in the laboratory, field emergence, radicle elongation, 

seed weight and concentrations of K, Na, Ca, Zn, Mg, and P. Noggle 

(61) and Turner and Ferguson (85) found seed density to be closely 

associated to speed of germination in the laboratory and speed of 

emergence in the field. This relation is confirmed by Phaneedranath 

and Baughan (65) who found seeds of higher specific gravity to have 

higher percent emergence and higher values in the first count of the 

standard germination test. 
< 

Carrol and Krieg (19) working with seed groups of working 

densities, at two temperature regimes of 20-30 C and 15-25 C, 

reported that seed density was significantly related to percent ger

mination and rate of emergence at both temperatures. However, seed 

density was related to seedling growth only at warmer temperatures. 

In general, the vast majority of studies in this area indicate seed 

weight and seed density are significantly related to field perfor

mance, even though this relationship may be masked by other factors. 

However, there are more controversies in studies relating seed vigor 

to seed size. 

Hopper and Overhold (42) tested soybean seeds of 4 different 

sizes for germination in paper towel and emergence from soil mixture. 
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They found very small seeds to have significantly lower germination 

than larger seeds, while emergence from soil mixture favored small 

seeds over the very small, medium, and large seeds. 

Noggle (61) could not find any significant relationship be

tween seed length and diameter with cotton seed vigor. Smith (77) 

also reported a lack of correlation between seed size and vigor in 

alfalfa. 

A very important physical characteristic of cottonseed is 

the numbers of cracks and hairline fractures present in the seed coats. 

Cracked seeds often give rise to abnormal seedlings, pathogenic 

infestations and acid burning during delinting (25). The amounts of 

cracks and fractures in a cotton seed lot can be quite significant . 

McDaniel (59) stated that, "It is not uncommon for hairline and 
I 

other virutally invisible seed cracks to run as high as 30-50% in a 

cotton seed lot." Seeds with a greater amount of cracks tend to 

lose more soluble compounds and electrolytes in a water solution. 

This observation gave rise to the development of instruments and 

tests designed to measure the amount of cracks in a seed lot. Most 

of these techniques measure the amountt of leachate loss from seeds 

in solutions. 

The Seed Analyser Model ASA-610 was developed by Agroscien-

ces Inc. for this purpose (11, 75). This instrument measures the 

electroconductivity of exudate solutions of 100 individual seeds. 

It also provides an estimation of the Standard Germination Test 
\ 

by comparing the electric conductivity of the leachate with an 
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empirically determined value. The higher the electric conductivity 

of the leachate solution, the lower the germination. A highly signi

ficant correlation (r = .83**) was found between actual standard 

germination test and values from the Seed Analyser when 62 soybean 

seedlots were tested. When 24 cotton.seed lots were evaluated, this 

correlation was even higher (r = .96**) (11). 

McDaniel (56, 57, 58) developed a "quick" test for measuring 

seed cracks which is based on the same principle of the Seed Analyser. 

Here, the rate of leaching of soluble sugars, amino acids and salts 

through cracks in the seed coat is accelerated by placing seeds in 

hot water at 60 C for one and a half hours . A drop (s) of leachate 

can then be read in sugar refractometer or any electric conductivity 

meter. A "good" seed lot will have a reading of .6 - .8% or even 
I 

higher. McDaniel (56) has observed that seed lots with 20-30% 

cracks (estimates by visual inspection) will have a refractometer 

reading of .4 to .5%. He reported that a correlation of r =_=. 92% was 

found between percent cracks and refractometer reading with 12 Pima 

cotton seed lots. McDaniel (56) also reported significant negative 

relation (r =-.61*) between quick test results and field emergence 

of those seed lots. 

Biochemical Tests 

Those tests have been designed to measure seed metabolism or 

in a more general sense, the "physiological status of seeds". Al

though these tests can often provide significant information on the 

physiological quality of seeds, they are usually more difficult to 
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perform and often require specialized equipment and technicians. 

The Tetrazolium test, extensively used to determine seed 

viability may also be used to estimate seed vigor. This test is based 

on staining patterns that are formed on live seed tissue when 

atoms released by Hydrogenase enzyme combine with tetrazolium form

ing a water soluble red pigment Formazan (60). More vigorous seeds 

have higher Hydrogenase activity which is reflected in higher colora

tion of seeds in essential parts of the embryo. Kittock and Lew 

(47) reported a correlation value of r = .91** between Tetrazolium 

reading with a colorimeter of wheat seeds and field emergence. The 

main problem of using the Tetrazolium test as a vigor test is that 

proper interpretation of color patterns require an experienced tech

nician. 
t 

Another vigor test which is based on the activity of a speci

fic enzyme is the Glutamic Acid Decarboxilase Activity (GADA) test. 

This enzyme converts glutamic acid to y-aminobutyric acid + CO^, and 

is highly active in vigorous seeds. Grabe (37) reported that GADA 

values predicted differences in yields of corn seeds that had similar 

standard and cold germination test values. However, there have also 

been reports of extremely high GADA readings in artificially aged 

beans (45). Other researchers reported that the GADA test failed 

to detect differences between soybean seeds of known different quali

ty (31). 

Free fatty acid content of seeds have been reported to be 

negatively related to seed vigor (25, 41). It is generally observed 
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that seeds with more than 3% free fatty acid in extracted oil were 

incapable of germinating (41). Delouche (25) cautions against the 

use of free fatty acids levels as an estimation of seed vigor by 

pointing out that a few deteriorated seeds can produce an excessive

ly large amount of free fatty acid in an extraction even if the maj

ority of the seeds are of high quality. He also indicated that 

seed lots with free fatty acid content belottf .5% may have poor ger

mination. 

Lewis (52) thinks that the concentration of certain speci

fic free fatty acids in the extraction is more important than total 

amount of free fatty acid. Bartkowsky (7) reported a correlation 

coefficient of r = .97** between the ratio of unsaturated to satura

ted free fatty acids in dormant seeds and field performance of 5 

Pima cotton lines. Other reported biochemical tests for seed vigor 

include concentration of protein in seed and seedling (24) ; rate 

of glucose metabolism in germinating seedlings (1); and amount of 

DNA replication after 34 hours of germination of seedlings that have 

been previously subjected to cold stress (22). 

Rapid germination and vigorous seedling growth is closely 

dependent on energy supplied by respiratory activity of seeds. 

Therefore, rates of respiration and other measurements associated 

with the production and maintenance of high energy levels in seed/ 

seedling must be closely related to seed vigor. Thorneberry and 

Smith (82) found a high relationship between germination and rate of 

respiration 18 hours after imbibition. Contrell, Hodges and Kein (18) 
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reported a correlation coefficient of r = .93** between corn ker

nel respiration rate 24 hours after imbibition and seedling vigor. 

Woodstock and Grave (92) observed a highly significant relationship 

between 0 evolution 4 hours after imbibition and root and shoot 
2 

length of 3, 4, 5 day old seedlings. They also reported a stimu

lation of seedling growth when seeds were subjected to 100% 0^ atmos

phere. These results lead them to conclude that respiration was 

probably a limiting factor of synthetic processes required for 

seedling growth. Respiration at 18 hours after imbibition has also 

been reported to detect gamma radiation injury in corn seeds, chil

ling injury of lima beans and deteriorated barley and sorghum seeds 

(93). 

Rate of respiration as an indicator of seed vigor, should be 

used with caution. According to results of Miller (60) and Copeland 

(24) damaged seeds often have a higher respiration rate in the ini

tial hours after imbibition. This is probably due to cracks in seed 

coat which provide a faster diffusion of 0^ and water to respira

tory sites. Ibanez (43) found an increased respiratory rate of Cocoa 

(Theobroma Cocao) seeds that have been chilling injured. He thinks 

that cool temperatures resulted in a faster diffusion of O^and water by 

causing alterations in membrane structure. There have also been a 

few reports on the lack of a significant relationship between rate 

of respiration and seedling growth or other seed vigor characteristics 

(39, 69). 
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The levels of ATP are closely associated to respiratory 

activity and energy charge in imbibed or dry seeds. Ching (20) 

reported levels of ATP in Rape (Brassica napus L.) seed 4 hours 

after imbibition to be highly significantly correlated with seed 

weight (r = .96**)4 days old seedling length (r = .90**), seed

ling dry weight (r = .90**), and seedling fresh weight (r = .97 Aft) 

Ching suggests that ATP level should be used as an indicator of 

seed vigor. 

Obendori and Marcus (62) observed ATP content of isolated 

wheat embryo increased 10 fold during first hours of germination. 

They also reported an increase in adenylate energy in the initial 

6 hours of imbibition. The data on seed respiration and ATP levels 

in seeds and their positive relationship with seed vigor confirm 
« 

the findings of McDaniel (55) that quantity and biochemical competence 

of mitochondria are the main factors responsible for seed vigor. 

The purpose of this present study is to determine the detri

mental effects of field weathering and maturity on the quality of 

cotton planting seeds; to evaluate a series of germination, physi

cal and biochemical tests as predictors of seed quality; and to cor

relate these laboratory results with field performance of seeds. 



MATERIALS AND METHODS 

The Seed Lots 

Seven seed lots were used for this experiment. They were 

obtained in such a way that the effects of delayed harvest, and the 

relative contributions of field weathering and late maturity could 

be evaluated. All seeds were hand harvested from replicated plots 

of Deltapine 70 grown with standard production practices in Eloy, 

Arizona. 

The first seed lot was hand harvested in October 1 and the 

remaining plots were prepared for the collection of field weathered 

and immature seeds. In the plots designed for field weathered 
« 

seeds all immature bolls were stripped off the plant to ensure that 

only bolls maturing before October 1 would be harvested. The plots 

where immature seeds were to be collected were prepared stimilarly 

except that all opened bolls were removed so that all seeds collected 

would come from bolls opening after October 1. Successive hand 

harvests were then made from all plots on November 2, December 2, and 

January 2. All seed cotton was ginned and seeds acid delinted. 

Field Trials 

The seven seed lots representing a control, 3 weathered and 

3 immature seed sources were counted into packs and planted for field 

emergence evaluations at the University of Arizona Cotton Research 

Center in Phoenix oQ_April 3, 1981; at the University of Arizona 

30 
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Marana Experimental Farm on April 5, 1981; and at the University 

of Arizona Experimental Farm in Safford on April 5, 1981. Random

ized complete block designs with 8 replications of 1 meter single 

rows were used in all sites. Planting density was 100 seeds/6.3 m 

plots. 

Precision cone planter boxes with a four row commercial trac

tor mounted planter were used for planting. A 10 cm soil cap was 

placed over seed rows to conserve moisture, and removed after ini

tial germination. Standard cotton cultural practices were used for 

fertilization, irrigation, and weed and insect control. Minimum and 

maximum soil temperatures at seed depth were recorded at the 3 loca

tions for 1 month following planting. 

Emergence counts were made every 2-3 days during the entire 

emergence period. From those counts, 3 emergence parameters were 

obtained (Fig. 1). The Final Stand, which is the number of seedlings 

alive in each treatment plot at the end of the emergence period; The 

ET-50; - emergence time to 50% of final stand - provides information 

about the relative speed of emergence of each seed source. This 

value is obtained by fitting a least square cubic curve to the suc

cessive counts and the values in days corresponding to emergence of 

50% of final stand is determined with the aid of an interactive com

puter technique; The Weighted ET-50 is determined by dividing the 

ET-50 value of each plot by the number of seedlings corresponding to 

50% of final stand; this parameter is an indication of both total 

emergence and speed of emergence. 
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A separate field was planted at the Marana Station for yields. 

Each seed group was planted at 3 densities: 55, 115, and 230 seeds/ 

6.3 -.iii plot. These rates correspond to approximately 37,500, 75,000, 

and 150,000 plants/Ha assuming 60% emergence. A split plot design 

with 6 replications was used, with seed groups as main plots and 

densities as subplots.• Each plot consisted of 4 rows each 6.3m 

long. The two center rows of each plot were machine harvested for 

yield evaluations. Same cultural practices were used for this test 

as for the emergence field trials. 

In the field planted for emergence counts at the Marana Sta

tion, a separate study was conducted to evaluate differences in flower 

productivity and final yields between fast and slow emerging seed

lings . All seedlings that emerged within a week after planting 
I 

were tagged. Those seedlings emerging two weeks after planting were 

differentially marked. At the end of the emergence period, 3 fast and 

3 slow emergers in each plot were chosen for flower mapping. Thinning 

around those "chosen seedlings" ensure that each seedling was under 

the same competitive effect. From mid June to the end of August this 

field was checked 2-3 times weekly and all 1 to 2 day old flowers were 

counted and tagged. Different color tags were used each week so that 

subsequent production data could be related to segments of the season. 

At the end of the season, those bolls with tags attached were hand har

vested for evaluation. 
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Predictive Tests 

Six predictive tests that estimate field performance were 

conducted: 

1) The Seed Index was determined by weighing 16 replication 

of 100 seeds. 

2) The Standard AOSA Germination Test consisted of 8 replica

tions of 50 seeds rolled in sterile paper towels and placed upright 

in a dark germination chamber with sufficient water to keep seed 

constantly moist without restricting aeration. Chamber temperature 

cycled between 20-30 C for 16 and 8 hours, respectively. Counts wer 

made on the fourth and twelfth days and any seed with a radicle pene

trating the seed coat was counted as germinated (5). 

3) Cold germination was also performed as described by the 
t 

A.O.S.A. (4); preparations were similar to the standard germination 

test except that the chamber temperature was at constant 18 C and 

only one count was made after 6 days. Seedlings with a radicle 2 cm 

or logger were counted as germinated. 

4) A leachate "quick" testdesigned by McDaniel (50,58) to 

estimate the amount of cracks in seeds was performed. Three repli

cations of 50 seeds each were placed in test tubes with 10 ml of 

water at 60 C for 1% hours. Tubes were shaken every 30 minutes and 

at the end of the 90 minutes period, they were transferred to an ice 

bath to interrupt the leaching process. Seed leachates were then 

decanted and two drops of each replication were read on a Bausch and 

Lomb sugar refractome ter. The observed readings are related to amount 
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of light deviated by organic and inorganic compounds in solutions. 

A higher reading corresponds to a higher amount of cracks. The 

electric conductivity of the leachate solution which is another 

way to measure amount of organic compounds leached were read on a 

Markson Electric Conductivity Meter. Before the actual performance 

of the test, a standard curve was generated by mixing different 

proportions of artificially cracked seeds with presumably intact 

seeds (Fig. 2). Mixings were in the proportions of 0%, 10%, 30%, 

and 50% cracked seeds. This does not include any possible non-vis-

ible crack that may be present in the intact seeds. 

5) The Seed Analyser Model ASA-610 developed by Agrosci-

ences Inc. was also evaluated as method to measure the amount of 

cracks in seed lots. This instrument consists of a plastic soak

ing tray with 100 separated cells, a multielectrode head with 100 

pairs of specially designed electrodes, and the Analyser which is 

connected to the multielectrode head and contains printing and dis

play devices. One seed is placed in each cell of the soaking tray, 

and the cells are filled with distilled water. Seeds are allowed 

to soak for 18 hours at room temperature. After soaking, the multi

electrode head and a small electric current of .25 volts is applied 

to each pair of electrodes. The current passes through the solutions 

containing the seeds and results are printed on a paper tape in the 

seed analyser. To obtain a prediction of the standard germination test 

an empirically determined conductivity value, which for cotton seed 

is 55 microAmps is set in the analyser. Values greater than 55 
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Figure 2. Standard curve for refractometer reading of the 
Leachate "quick" test. Curve was prepared by 
measuring seed groups containing 0, 10, 30 and 
50% artificially cracked seed 
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microAmps are associated with seed that don't germinate in the stan

dard germination test. Four replications of 100 seeds each were 

used in this test. 

6) Seed respiration was measured by CO2 evolution in a 

Beckman Infrared Gas Analyser. Three replications of 25 seeds were 

placed in a petri dish over 2 filter paper (9 cm) and 18 ml of water 

was added. All replications were kept in a germination chamber at 

27 C. Respiration was measured at 4, 8, 12, 24, 28, 32, 36 and 48 

hours following imbibition. Measurements were made by removing 

the lid from each petri dish and placing the dish in an air tight 

chamber connected to the Infrared Gas Analyser. Carbon dioxide 

evolution was recorded for 2 to 3 minutes; rates of respiration were 

expressed as ppm CO^/hour.seed and ppm C02/hour- gram seed weight. 
( 

Standard analysis ofvariance with Student-Newman Keul's 

Method for mean separation were used. Correlation values were obtained 

by the use of Pearson's Correlations Method. 
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RESULTS AND DISCUSSION 

Field Trials 

Soil temperatures at Phoenix, Marana, and Safford Experi

mental Stations were very favorable for cottonseed germination 

(Table 1). Average soil temperatures for Phoenix, Marana, and Saf

ford were 25 C, 23 C, and 17.5 C, respectively. These values are 

considerably higher than the 18 C reported as the lower limit for 

cottonseed germination (28). These relatively warm temperatures 

during emergence may have masked the differences in field performance 

of seed sources since they allow weak and vigorous seedlings to 

emerge and develop at similar rates. 

Final stands were higher in Phoenix and Marana than in Saf-
I 

ford whereas ET-50 and Weighted-ET-50 were higher in Safford than 

at the other two locations (Table 2). The average final stand for 

the three locations ranged from 56.3% for weathered seeds harvested 

in November to 43.8% for immature seeds collected in December. 

Buxton, et al (14) reported final stands ranging from 54.6% for 

seeds harvested in October to 43.1% for immature seeds collected in 

December. Hofmann (39) found average final stands for Phoenix and 

Marana to range from 77.8% for October harvested seeds to 65.6% 

for immature seeds collected in January. These considerably higher 

average values reported by Hofmann were probably due to the fact 

that his field evaluations did not include the experimental station 
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Table 1. Maximum and Minimum Daily Soil Temperatures (°C) At 
Seed Depth at Marana, Phoenix, and Safford Experimental 
Stations For 3 Weeks Following Planting 

Days After Phoenix Marana Safford 
Planting Max. Min. Max. Min. Max. Min 

1 30, .5 15, .0 22 .0 14, .0 25, .0 7, .5 

2 30, .0 15, .5 17 .5 11, .0 15, .5 3, .5 

3 33, .0 15, .5 21 .0 13, .0 19, .5 1, .0 

4 33, .5 15, .5 25 .0 15 .0 26, .0 3, .0 

5 30, .5 14, .5 30 .0 12, .0 28. ,5 6, .5 

6 28, .0 20, .0 30 .0 15, .0 30, .0 7, .0 

7 23, .0 17, .0 '30 .0 15, .0 38, .0 4, .5 

8 34, .0 17, .5 30 .0 16'. .0 30. ,0 4. .0 

9 33, .5 22, .0 31 .0 17, .0 30. .0 4, .5 

•10 34, .0 20. ,0 30 .5 16. .0 29. ,0 5. ,5 

11 34, .0 20, ,0 30 .0 15, .0 25. ,5 13. .0 

12 33. .0 22. ,0 31 .0 20. .0 29. ,5 9. ,5 

13 25. .5 17. ,0 30 .0 20, .0 33. ,0 10. ,5 

14 27. ,0 14. ,0 30 .0 20. .0 24. ,0 15. ,0 

15 30. ,5 15. ,5 32 .0 21. .5 27. ,5 9. ,5 

16 33. ,5 17. ,0 33 .0 21, .0 30. ,0 11. ,0 

17 30. ,5 17. ,0 32 .0 19. .5 29. ,0 14. ,5 

18 33. ,5 19. ,0 32 .0 17, .5 26. .5 7. ,0 

19 35. ,5 19. i5 31 .0 17, ,0 28. ,5 5. ,5 

20 36. ,5 20. ,0 30 .0 17. .5 29. ,0 7. .0 

21 33. 5 25. ,0 32, .0 17. ,5 30. ,5 5. ,5 

X 25° C 23° C 17 .5° I n 



Table 2. Average Final Stand, ET-50 and Weighted-ET-50 for Field Weathered and Immature Seeds 
Harvested ih Successive Months from October to January Planted at Phoenix, Marana, 
and Safford Experimental Stations During Spring of 1981 

Final Stand " ET-50 Weighted-ET-50 
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October 61.oa 55. la 46. la 54. oa 7.86ab 6 . 15a 15 • 00a 9.67a .259ab . 331a . 968a .5193 

Weathered 

November 64. la 57. 5a 47.3a 56. 3a 6.81a 5 . 88a 14 . 65a 9.iia .2173 .226a 1 . 803a .74 6a 

December 54.8a 49. 9a 42.7a 49. I3 8.43ab 5 . 99a 13 . 87a 9.43a .313ab . 261a . 692a .42ia 

January 51.7a 52. 4a 28.3a 44. 
a 
1 8.86b 6 • 46a 17 .02a 11.78a .34lab .259a 5 . 814a 2.138a 

Immature 

December 53.8a 52. 4a 35.4a 47. 2a 7.02ab 6 .07a 13 .56a 8.88a 
ab 

.278 .257s .963a 
a 

.499 

January 47.7a 48. 7 a 35. Ia 43. 8a 7.70ab 6 • 39a 17 .04a 10.37a .353ab • 315a 4 .27a 1.6463 

48.5a 56. 5a 27.2a 44. oa 8.44ab 5 .83a 15 . 69a 9.95a . 375b .211a 9 . 33a 3.305a 

Means followed by the same letter within a column are not significantly different at the .05 level 
according to the Student-Newman-Keul's Test. 
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in Safford. The cooler temperatures observed there would have 

lowered his average final stand to values closer to those reported 

by Buxton et al (14) and by us. 

The lowerst average ET-50 value was 8.88 for immature seeds 

harvested in November and the highest value was 11.78 for weathered 

seeds collected in January. Average ET-50 value for Safford was 

15.30 while for Phoenix and Marana they were 7.86 and 6.11, respec

tively. Buxton et al (13) found average ET-50 value of 15.72 

and Hofmann (39) reported an average ET-50 value of 8.07. Weighted-

ET-50 values averaged .305 in Phoenix, .265 in Marana and 3.405 in 

Safford. The average Weighted-ET-50 values ranged from .422 for 

weathered seeds harvested in December to 3.305 for immature seeds 

collected in January. 

' Differences in average field emergence parameters among 

locations were undoubtedly results of differences in soil tempera

tures during emergence period. In Safford, where average soil temper-

atrue during emergence was only 17 C the final stands were lower and 

ET-50 and Weighted-ET-50 were higher than in Phoenix and Marana 

where soil temperatures were considerably higher. This inverse rela

tionship between soil temperature and rate of seedling emergence have 

been reported by several other researchers (23, 24, 48, 61). 

The November weathered seed at Phoenix had significantly lower 

ET-50 and Weighted-ET-50 values than weathered seed harvested in Janu

ary or immature seed harvested in January, respectively. Athough not 

significant, a similar trend was observed for each of the three field 
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emergence parameters at Phoenix and Safford favoring seed groups 

harvested in October and November over those harvested in December 

and January. Those .observations confirm the reports of Hofmann (39), 

Buxton, et al (13, 14) and USDA (87) concerning the higher quality 

of earlier harvested seeds. Field weathered seeds had higher final 

stand values than immature seeds but ET-50 and Weighted-ET-50 were 

slightly advantageous for immature seeds. 

Field emergence values in Marana did not follow the trend 

observed in the other two locations. Temperature at this location 

was warm but similar to those in Phoenix. Therefore, it is possible 

that some factor besides soil temperature was overriding the effects 

of seed quality. This fact is supported by the lack of significant 

differences in yield at this location (Table 3). Although seeds har-
( 

vested in October and December produced the greatest yields, dif

ferences were too small for positive conclusions. At all planting 

densities, there were no more than a 10% difference between highest 

and lowest seed groups yields. The highest yields were 3321.4 kg/ha 

for weathered seeds harvested in December planted at 230 seeds/row. 

The lowest was 2776.9 kg/ha for immature seeds harvested in November plan

ted at a rate of 55 seeds/row. Data show that a decrease in yield per 

plant that is usually associated with increasing planting densities 

were compensated by a higher overall yield per plot at higher planting 

densities. Average yileds at 115 and 230 seeds/row were 3076.4 kg/ha 

and 3130.8 kg/ha, respectively. These values were significantly 

higher than the 2913.0 kg/ha for 55 seeds/row. 
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Table 3. Average Seed Cotton Yields (Kg/Ha) of Field Weathered 
and Immature Seeds Harvested in Successive Months from 
October to January at 3 Planting Densities - 55,115 and 
230 seeds/6.3 m at Marana Experiment Station in April, 
1981 

55 seeds/row 115 seeds/row 230 seeds/row 

October 2940.2* 3239.6 3212.4 

Weathered 

November 2913.0 2913.0 2885.7 

December 3076.3 3148.0 3321.4 

January 2994.6 2994.6 2967.4 

Immature 

November 2776.9 2994.6 2076.3 

December 2885.7 3266.9 2366.8 

January 

X 

2804.1 

2912.9a 

3103.5 

3076.3b 

2103.5 

3130.8 

A 
There were no significant differences among treatments at any 
planting rate. 

** Average values followed by the sameletter are not significantly 
different at the .05 level according to Student-Newman Keul's 
Test 
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Results of field trials indicate that the effects of seed 

quality on crop performance, and the rate of seedling emergence 

are closely associated to environmental conditions during emergence 

and early seedling growth. Also, large differences in field 

performance between seed lots should not be expected in the absence 

of stress conditions. 

Predictive Tests 

Both the cold and standard germination test values were higher 

for the earlier harvested seed groups (Table 4). However, the range 

in the standard germination test was only 9% indicating that,based on 

this test, there are not great differences in quality between seed 

sources. Hofmann (39) reported a range of only7.5% between highest 
< 

and lowest standard germination test values. These data point out 

the weakness of the standard germination test as an indicator of 

seed quality. 

Seeds harvested in October had a cold germination value of 

92% compared.to66%observed for immature seeds from the January har

vest date. The results of the cold germination test are higher than 

most reports in the literature (36, 39, 72). Hofmann (39), for exam

ple, found a highest cold germination value of only 60% for seeds 

harvested in October. For both the cold and the standard germination 

test earlier harvested and field weathered seeds had as high or higher 

values than immature seeds harvested later. These observations are 

in agreement with several other reports (13, 14, 36, 39). 
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Table 4. Mean values of Cold Germination Test, Standard Germina
tion Test, and Seed Index of Field Weathered and Imma
ture Seeds Harvested at Successive Months from October to 
January 

Cold 
Germination 
(%) 

Standard 
Germination 

(%) 

Seed 
Index 

October 92 96a 8.2a 

Weathered 

November 89ab 95a 8.1a 

December 86bc 95a 7.9b 

January 81° 90b 8.3a 

Immature 

November 89ab 95a 7.3C 
1 

December 86bC 94a 7.7b 

January 66d 88b 6.8d 

*Means followed by the same letter within a column are not significant
ly different at the .05 level according to Student-Newman-Keul's Test 
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The seed index was not related to time of harvest, but 

rather, to time of seed maturity (Table 4). Field weathered seeds 

had an average seed index of 8.1 while the average of immature seeds 

was only 7.2. Evenson (33), Buxton et al (13) and Hofmann (39) 

also observed that immature seeds developed under less than optiumum 

conditions were.significantly_lighter than seeds maturing earlier. 

Results of tests measuring amounts of cracked seeds with 

the seed analyser and leachate "quick" test, are presented in Table 

5. The percent germination predicted by the seed analyser ranked the 

seed sources similarly to i:the actual standard germination test. 

The values ranged from 99% for seed harvested in October to 80% 

for immature seeds collected in January. The range of the standard 

germination was from 96% to 88% for the same seed groups, respectively. 

« 
The average electric conductivity of seed leachate was 31.4 mAmps 

which is a value associated to viable, moderately-damaged seeds (75). 

However, there was a difference of 40 between the lowest value 

for October harvested seed and the highest value of immature seeds col

lected in Janaury. These data indicate that although the absolute 

level of cracked seeds was not very high, significant differences 

existed between seed groups. In general, the means separation for 

the seed analyser evaluations were very similar to each other and to 

the germination tests; however, the seed analyser results were slightly 

more favorable to immature seeds compared to weathered seeds. 

The results of the leachate "quick" test confirm the findings 

from the seed analyser. For both the refractometer reading and 
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Table 5. Results of Seed Analyser and Leachate "Quick" Test For 
Field Weathered and Immature Seeds Harvested At Succes
sive Months from October to January 

Seed Analyser Leachate "quick" Test 

Predicted Ave. Electric Refractometer Electric 
Germination Conductivity Reading Conductivity 

(%) (microamps) (%) . (microamp.s) 

October 
a* 

99 25.2 .46a 1.6 

Weathered 

November 93b 34.7 .77 b 4.1' 

December 95ab 29.8 . 73b 2.91 

January 92b 34.2 .86b 3.5' 

Immature 

Novertber 
a 

99 25.8 .52a 2.51 

December 95 ab 28.1 .50a 2.41 

January 80 c 42.5 1.20c 5.3' 

Means followed by the same letter within a column are not signifi
cantly different at the .05 level according to Student-Newman-Keul's 
Test 
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electric conductivity reading, October harvested seeds and immature 

seeds collected in November and December had significantly lower 

values than field weathered and January seeds. A refractometer read

ing for October harvested seeds of .46% corresponded to 0 cracks, 

while the 1.20% reading of the immature seeds harvested in Janaury 

corresponds to a little more than 30% cracked seeds (Figure 2). 

McDaniel (58) found that a reading of .40% for Pima seeds, which 

cracks easier because of lack of fuzzy fibers, represented approxi

mately 25% cracked seeds. However, the change in percent cracks and 

Quick test values of Pima seeds and the changes observed in these 

tests were very similar, indicating that the rate of change in leach-

ate concentrations due to cracks are constant for different types of 

seeds. 
t 

The lowest respiratory rate observed was 6.1 ppmC^/seed.hr . 

for the immature seeds from November measured 4 hours after imbibi

tion, and the highest rate was 30. yppmC^/seed.Hr for weathered seeds 

harvested inJJecember at 12 hours following imbibition (Table 6). 

Significant differences between treatments were observed at 4, 8, and 

12 hours on a gram of seed weight basis, and at 4 and 8 hours on a 

seed basis. Seeds collected in December and January respire at higher 

rates during the initial 12 hours of imbibition. Those seeds also 

had higher corresponding cracked seeds values; indeed, respiration at 

4 hours after imbibition was significantly correlated to the electric 

conductivity of leachate measured by the seed analyser (r • .67*) and 

to the refractometer reading of the leachate "quick" test (r - .72*) 



49 

Table 6. Rates of Respiration of Field Weathered and Immature Seed 
Harvested at Successive Months from October to January 
Expressed as ppmCC^/Seed.hour (6.a) and ppmCOj/gram seed 
weight.Hour (6b). Measurements were made 4, 8, 12, 24, 
28, 32, 36 and 48 Hours After Imbibition. 

Table 6a. Hours after Imbibition 

4 8 12 24 28 32 36 48 

October 7.4bc 12, ,0 21. lb 22.4a 17.3a 19.4a 20.9a 14.8a 

Weathered 
November 7.4bc 13. ,0 19.9b 22.4a 17.8a 20.9a 23.7a 19.6a 

December 10.7a 27. ,0 30.7a 
a 

19.9 
a 

19.9 19.4a 20.4a 18.9a 

January 10.5a 19. ,4 25.5ab 19.6a 20.4a 20.9a 22.7a 21.9a 

Immature 
November 6.1° 13. ,0 29.6b 23.5a 21.4a 18.9a 19. la 20.4a 

December 9.2ab 16. 3 24.0b 23.2a 19.9a 
a 

20.6 18.6a 18.4a 

January 
( 

11.7a 16. 8 28.8b 17.43 13.8a 14.8a 15.5a 15.5a 

Table 6 .b 

October 90.6b* 145. 5b 257.6b 273.13 211.I3 237.4a 253.6a 129.5a 

Weathered 
November 90.2bc 157. 8b 241.5b 271.4a 216.6a 253.4a 286.6a 238.9a 

December 128.lah 322. 8a 437.8a 237.6a 237.4a 231.93 243.8a 225.6a 

January 122.3abc 225. 8ab 
. . ab 
297.1 228.9a 237.7a 243.6a 264.4 

a 
255.6 

Immature 
November 77. lc 163. 7b 372.6ab 295.1 272.7a 237.8a 241.2a 257.0a 

December 121.6abc 214. 6ab 313.6ab 305.6a 243.la 272.7a 243.I3 
a 

239.7 

January 

* 

160.5a 231. 2ab 396.lab 238.9a 203.9a 203.93 213.7a 
a 

213.7 

Means followed by the same letter within each column are not signifi
cantly different at the .05 level according to the Student-Neuman-Keul's 
Test 
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(Table 7). However, after 24 hours of imbibition seeds harvested 

in October and November had the highest respiration rates. Those 

seeds also had higher germination tests values and field emergence 

parameters. Rate of respiration at 24 hours after imbibition is sig

nificantly correlated to cold and standard germination tests, and" per

cent germination predicted by the seed analyser (r = .85**, r .= .85** 

and r = .83**, respectively). Respiration at 24 hours was also nega

tively significantly related to Weighted-ET-50 (r =-.71*), to respi

ration at 4 hours ( r =-.88**), and to all tests measuring amounts 

of cracked seeds (Table 7 and 8). From these data the following pic

ture of cottonseed respiration can be drawn (figure 3): At the ini

tial hours of imbibition cracks in the seed coat allowed 

a faster diffusion of water and 0„ to respiratory sites. Consequently, 
. ^ 

seeds with higher amounts of cracks respired at higher rates initially 

and continued to increase rates up to 12 hours after imbibition. 

However, from 24 hours on, after imbibition is mostly completed, 

radicle has broken the seed coat and metabolic activity is at a peak 

higher quality seeds with less amounts of cracks respire at the highest 

rates. In general, the rates of respiration of seeds harvested in 

Octoberand November were initially very low and increased slowly 

but steadily to a peak of 23ppmC02/seed.Hr at 24 hours. From then on, 

respiration of those seeds groups stabilized at around 20 ppm CO^/seed. 

Hr. On the other hand, the rate of respiration of seeds harvested in 

December and Janaury increased abruptly to a peak of 30 ppm C^/seed.Hr 

at 12 hours following imbibition before decreasing to around 
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Figure 3. Changes in pattern of seed respiration with time for 
an early harvested seed lot (November), a late harvested 
seedlot (January) and the average of the seven seed 
groups 



Table 7. Pearson's Correlation Coefficients Among Predictive Vigor Tests of Field Weathered 
and Immature Seeds Harvested at Successive Months from October to January 

Seed I.enrliate 
Analyser Test Sued Respiration (ppmCO /seed, • lloui 

Cerm . _ " 2 

Test X 
• rrodict. Hlrct. Klect. 

Seed Cold Std. C.orm. Conduct. Ue f r. Conduc. 4 8 12 24 28 32 
Tndex (2) (7.) < % )  (mAmns) (%) (H0IIMS) IIRS IIKS IIRS IlliS HRS IIKS 

Germ. Cold (%) .65 

Test 
Std.(2) .42 .93 

Predict. 

Seed Analyser Germ C-) .56 .95*0 .87** 
• 

X Electr. 
Conduct. -.40 -.86** -.84** -.95** 

•CmAmos) 

Refract. (%) -.45 -.89** -.87** -.93** 

Leachate -

Test lvlectr. -.48 -.81* -.76* -.87** .97  f t *  .95 

Conduct. 

(MOIIMS) 

41IRS 
i 

-.20 -.77 -.76* -.72* .67* .72 .56 

8IIKS .05 -.23 -.31 -.13 ,16 .29 .14 .71 

121IRS -.42 -.27 -.17 -.09 .04 .23 .09 .45 .79* 
Seed 

24IIUS .32 .85** .85** .83** -.81* • -.90** -.72* -.88** -.53 -.43 

Resplr.ition • 
2 Gil KS .39 .fi5 . 79* .79* -.68* • -.64 -.60 .39 .18 .19 .58 

(ppmCO /sccd.hr) 
2 32IIKS .83** .77* .73* .73* -.54 -.63 -.53 -.40 -.01 -.36 .63 .72* 

36IIUS .88** .66 .52 .52 -.26 -.31 -.25 .36 

c
 

<
7
 1 1 .35 .4/i .83* 

481IRS .27 .25 .31 .31 -.07 -.06 .04 .11 .24 .14 

C
O

 

.">9 



:Table 8. Pearson's Correlation Coefficients Between Average Field Emergence Parameters 
and Predictive Vigor Tests for Field Weathered and Immature Seeds Harvested 
at Successive Months from October to January 

Germ. Seed Leachate Seed Respiration (ppmCO /Seed.Hour) 
Tests Analyser Test 

Predict. 
l'ield Emergence Cold Std. Germ. Conduct. Refract. Conduct. 
Parameters Tndex (%) (%) (MOHMS) (7.1 (MOHMS)" 4HS 8HS .. 12HS 24HS 28HS 32HS 36HS 48HS 

Pinal Stand .48 .62 .66 .381 -.271 -.321 -.231 -.56 1 u>
 

-.41 .39 -.101 . .31 .60 -.19 

F.T-50 .32 -.34 . -.60 -.251 .261 .251 .121 .55 .25 -.131 -. .38 .07 .20 .11 .27 

Weighted ET-50 -.47 -.93** -.94** -.89** .81* .78* .72* .70* .06 -.021 -. .71* .57 -.56 .54 -.16 
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15 ppm CC^/seed.Hr. These results confirm the reports of several 

investigators (18, 82, 92, 93) concerning the overall higher res

piratory rates of higher quality seeds. Our data also substantiate 

the observations of other researchers (24, 39, 43, 69) that cracks 

in the seed-coat can lead to higher respiratory rates, especially in 

the initial hours following imbibition. The average change in seed 

respiration with time observed here differs from the reports of Wood

stock and Grabe (92). They found that seed respiration in corn 

increased cnsiderably only in the first four hours after imbibition 

or after 24 hours of imbibition, with an extended lag phase in 

between; our results, on the otherhand, indicate that a lag phase 

occurs on cottonseed respiration only after 24 hours of imbibition. 

Hofmann (39) also observed very little increase in seed respiration 
( 

after 24 hours of imbibition at 18 C and 30 C. 

Correlations 

Very few significant differences were observed when average 

yields at three planting densities were correlated with field emergence 

parameters and predictive vigor tests (Table 9). The only significant 

correlations observed were between yields of the low planting rate 

(55 seeds/row) and respiration at 8 hours (r = .64*) and seed index 

(r - .73*) and between yields of the medium planting rate (115 seeds/ 

row) and respiration rate at 48 hours after imbibition (r « .67*). We 

do not believe these results indicate that those tests are especially 

good yield predictors. Rather, we believe these correlations are 



Table 9. Pearson's Correlation Coefficients Between Yields at 3 Planting Densities 
(55, 115 and 230 seeds/6.3 m rows) and Field Emergence Parameters and 
Predictive Vigor Tests of Field Weathered and Immature Seeds Harvested 
in Successive Months from October to January. 

Field Emerg-Param. 

Germina
tion Seed Leachate 

Tests Analys er Test 

X 

Respiration (ppmCO /seed.Hour) 

Electro 2 

Pred.Elect. Refr. Meter 
Weighted Seed Cold Std. Cerm.Conduc. Read. Read. 

Planting Rates F.Stand ET-50 Et-50 Index (%) (%) (%) (mAmps) (%) (HOHMS) 4HS 8HS 12HS 24HS 28HS 32HS 36HS 48 HS 

55 Seeds .211 .31 -.31 .73* .28 .21 .23 -.14 -.09 -.23 .34 64* -.06 -.18 .26 .49 .56 .19 

115 Seeds -.04 .03 -.11 .04 .10 .23 .16 -.40 -.35 r. 54 .18 .20 .05 .00 -.13 -.15 -.36 -.67* 

230 Seeds -.20 -.11 -.19 -.13 .09 .28 .21 -.43 -.35 1 o
 

.22 .44 .36 .03 .08 -.15 -.46 -.44 

Average -.03 .09 -.23 .23 .17 .29 .23 -.39 -.32 -.51 .32 .54 .15 -.06 -.06 .00 -.14 -.40 
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consequence of coincidence in the performance of the seed groups. 

Correlation coefficients between field emergence parame

ters and predictive vigor tests are shown in Table'8. The ET-50 

values were not correlated to any predictive tests. This result 

was expected because none of the tests directly measure speed of 

emergence of seeds which is the only aspect of seed vigor measured 

by the ET-50 values. 

The final stand was not correlated to any predictive test. 

The highest correlation of r = .66 was with the standard germination 

test, significant at the 94% level. This correlation value is pro

bably a result of the warm temperatures observed during emergence. 

In this sense the standard germination test appears as a good predic

tor of total emergence in the field when cold stress does not occur. 
I 

The Weighted-ET-50 value was significantly related to 

almost every predictive test. Correlation value of r = .81*, r = .78* 

r = .73*, and r = .70* were observed between Weighted-ET-50 and ave

rage electric conductivity of the seed analyser, refractometer and 

electric conductivity readings of the leachate "quick" test and res

piration at 4 hours after imbibition respectively. Weighted-ET-50 

was also negatively significantly related to cold germination test 

(r = -.93**), standard germination test (r = -.94**), percent ger

mination predicted by the seed analyser (r =-.89**) and rate of 

respiration at 24 hours (r =-.71*). These results indicate that the 

Weighted-ET-50 is clearly the best field emergence parameter evaluated. 

It combines the capacity of seed to emerge and speed of emergence 
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in one value and appears as a promising field emergence parameter 

to be used in seed quality studies. 

Correlation values between predictive tests are shown on 

Table 7. Seed index was only correlated to rate of respiration at 

32 and 36 hours after imbibition (r = .83** and r = .88**, respec-

tvely). Seed weight is an indicator of food reserve and thus, res

piratory subtract. Therefore, it is logical that seed index 

should be closely related to rate of respiration. However,the reason(s) 

this relationship was highly significant only at two periods is not 

very clear. We believe considerable more studies should be carried 

on in this area before more conclusive observations can be formulated. 

The cold germiantion test, standard germination test, percent 

germination given by the Seed Analyser and respiration at 24 hours 

were 'all significantly correlated to each other and negatively signifi

cantly related to electric conductivity of the Seed Analyser, both 

readings of the leachate quick test and rate of respiration at 4 hours-

These last 4 parameters, in turn, were highly significantly related 

to each other. These results suggest that all predictive tests, 

with the exception of seed index and certain periods of respiration, 

are capable of detecting differences in quality levels between seed 

groups. These data also demonstrate the close association that exists 

between cracked seeds and low quality seed lots. 

The high correlation coefficient (r = .87**) between standard 

germination and percent germination predicted by the seed analyser 

indicate that this instrument is capable of providing a good rapid 

estimate of the 12-day standard germination test. 
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The highest correlation coefficient of r = .974A* was observed 

between the average electric conductivity of the seed analyser and 

the electric meter readings of the leachate quick test. This obser

vation demonstrates that both the seed analyser and the leachate 

quick test are equally capable of determining amounts of cracked 

seeds in a seed lot. The leachate quick test, however, takes approx

imately 2 to 3 hours to perform while the seed analyser takes at 

least 24 hours. 

Productivity of fast and slow emerging seedlings 

The number of flowers produced during the season, number of 

mature bolls and total seed cotton yields of 8 to 12 replications of 

fast and slow emerging seedling of each seed group is presented in 

Table 10. Fast emerging seedlings produced an average of 27 flowers 

per plant of which 12 developed into mature bolls. Slow emerging 

seedlings, on the other hand, produced only 13 flowers during the 

season, of which 6 developed into mature bolls. Yields of fast 

emerging seedlings were 100% higher than the 46% increase reported 

by Wanjura (90) or the 27% increase observed by Hofmann (39). Since 

percentage boll retention were similar for fast and slow emergers 

we can conclude that the large differences observed in yields were 

primarily determined by a much higher flower productivity of fast 

emerging seedlings. This higher flowering rate in turn, must have 

been caused by a rapid and vigorous vegetative development providing 

for the formation of many more flowering points. 

Flower productivity per week and accumulated flower production 
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Table 10. Number of Flowers, Mature Bolls and Total Seed Cotton Yields 
(Kg/Ha) Produced by Fast and Slow Emerging Seedlings of 
Field Weathered and Immature Seeds Harvested in Successive 
Months From October to January. Field Evaluation at Mara-
na Experimental Farm in Summer of 1981. 

Flowers Produced No. of Mature Total Yields 
Per Season Bolls (Kg/Ha) 
Fast Slow Fast Slow Fast Slow 

Weathered 

October 
JL, 

27.6" 13.0 11.4 5.8 43.5 19.4 

November 24.7 9.1 11.2 5.0 44.6 19.2 

December 27.1 13.1 11.5 6.7 45.9 24.6 

January 30.4 14.0 13.8 6.6 47.7 22.4 

Immature 

November 23.1 16.1 11.4 7.7 42.2 31.7 

December 32.1 14.4 14.7 7.4 52.3 27.8 

January 24.1 9.8 14.7 2.9 40.6 9.9 

X 27.0 12.8 12.2 6.0 45.2 22.1 

There were highly significant differences among fast and slow emerging 
seedlings for number of flowers produced, number of bolls and total 
yields. There were no significant differences between the fast or 
slow emerging seedlings among the different seed groups. 
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of fast and slow emerging seedlings are shown in Figure 4 and 5, 

respectively. Fast emergers started flowering earlier, produced more 

flowers each week and reached cut-out later. This can be graphically 

observed by the differences in flowering rates presented in Figures 

A and 5. Fast emerges started flowering the last week of June 

and maintained a high flowering rate until the first week of August. 

Slow emergers on the other hand maintained a high flowering rate 

for only two weeks in July. 

It is interesting to observe that there were no differences 

in flower production, number of mature bolls, and total yields among 

the fast or slow emerging seedlings of the different seed groups. 

This fact indicates that the quality of fast emerging seed is inde

pendent of the quality of other seeds in a seed lot. Conversely, a 
I 

slow emerging seed generally produces an unproductive plant, even 

if originated from a high quality seed lot. 

We conclude that the major difference between a high and low 

quality seed lot is in the proportions of weak and vigorous seeds 

present in the seed lot. A low quality seed lot simply has a greater 

percentage of poor performing and slow emerging seedlings. 



61 

7 

6 

FAST EMERGERS 

5 SLOW EMERGERS 

4 

3 

-J 
UL 2 

1 

16 23 30 8 17 24 31 7 28 

JUNE JULY AUGUST 
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SUMMARY AND CONCLUSIONS 

Field weathered and immature seeds were harvested in 

monthly intervals from October to January to evaluate the contri

butions of these factors to the decline in seed vigor that is 

often associated with normal seed production practices. 

Seeds were tested for field emergence and yields; several 

predictive vigor tests were performed and correlated to field trials 

and to each other. 

Little differences were observed in field emergence parame

ters although a trend could be observed favoring seed harvested in 

October and November over those harvested in December and January. 

Of the three field emergence parameters evaluated the weighted-ET-50 

which is a value related to total emergence and speed of emergence, 

was the only significantly correlated to most predictive tests. 

As such, it appears as a better field emergence parameters to be used 

in seed quality studies than its components, final stand at ET-50. 

Yields at each planting density had a range of about 10%, 

with no significant differences among the seed groups. The two higher 

platning densities, however, produced significantly higher yields than 

the low planting rates. 

All predictive tests with the exception of seed index and 

certain periods of respiration showed significant differences favor

ing the earlier harvested seed groups. Germination tests were 



64 

advantageous to field weathered seeds while tests measuring amounts 

of cracks in seed coat favored the immature seeds. 

Germination'tests, and the prediction of germination with 

the seed analyser were highly significantly related to each other and 

negatively related to electric conductivity of the seed analyser 

and the leachate "quick" test values. Those test measuring amounts 

of cracks in the seed coat in turn were highly significantly cor

related to each other. 

These data confirm our hypothesis that earlier harvested 

seeds are of better quality and that both field weathering and imma

ture seeds contribute to decrease in quality of late harvested cot

ton planting seeds. It also became evident that cracked seeds lower 

the quality of seed lots, or conversely, it points out the close asso

ciation that exist between low quality seeds and high amounts of cracks 

in the seed coat. It was also shown that most predictive tests are 

sensitive enough to pick up differences in quality between seed 

groups, even if such differences were not observed in the field. 

Rates of seed respiration at 4 hours after imbibition was 

significantly negatively correlated to germination tests and signi

ficantly correlated to tests indicative of cracks in the seed coat. 

On the other hand, respiraion at 24 hours after imbibition was signi

ficantly related to germination tests and negatively significantly 

related to cracked seeds tests. The rate of respiration at those 

two periods were highly significantly negatively related to each 

other (r =-.88**). From these observations, the following general 

pattern of cotton seed respiration can be pictured: In the first hours 
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after imbibition cracks in the seed coat provide a faster diffusion 

path for water and 0^ to respiratory sites. Therefore, seeds with 

higher amounts of cracks have a higher initial respiration rate. 

However, at around 24 hours after imbibition, when radicle is getting 

ready to break the seed coat and metabolic activity is at a peak 

there is a relationship between seed quality and rate of seed respi

ration . This indicates that at "full speed" higher quality seeds 

respires at higher rates. This trend has been reported by several 

other researchers. 

Fast emerging seedlings had an average of 100% more flowers, 

mature bolls and total yields than slow emergers. Since percent 

boll retention was similar for fast and slow emergers we conclude that 
I 

differences in yields were caused primarily by a much higher flower 

productivity of fast emerging seedlings. Indeed, those plants 

started flowering earlier, had a higher flowering rate during the 

entire season, and reached cut-out later. 

There were no differences in productivity between fast or 

slow emerging seedlings of the different seed groups. This suggests 

that a fast emerging seed will produce a productive plant indepen

dently of th quality of the seed lot it came from. In this sense, 

differences between high and low quality seed lots are primarily 

quantitative, based on the proportions of fast and slow emerging 

seedlings in the seed lots. 
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