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ABSTRACT

This study is an attempt to determine at what time before 

anthesis temperature and humidity, in the Arizona environment, are 

exerting the most influence in the expression of anther sterility 

in a cytoplasmic male sterile line of cotton possessing Gossypium 

anomalum Tod. (B^) cytoplasm.
Open flowers on 460 A-line and 40 B-line plants were observed 

daily with each flower being assigned a sterility score from which a 

daily mean score was calculated for each line, 26,039 flowers were 

scored during the season. The daily maximum and minimum temperature 

and humidity recorded by a Freiz hygrothermograph were utilized in 

calculating correlation values.

Simple correlation values between mean daily sterility values 

and maximum and minimum temperature and humidity indicated that maxi

mum temperature 17 days before anthesis was exerting the most influence 

in the degree of anther sterility expressed at anthesis. Maximum and 

minimum humidity was found to be having the most influence at 19 days 

before anthesis.

Multiple correlation values indicated there existed an inter

action effect between maximum temperature and maximum humidity in the 

expression of anther sterility with the most significant interaction 

occurring between maximum temperature 17 days and maximum humidity 15 
days prior to anthesis.

viii



CHAPTER 1

INTRODUCTION

The external environment to which a growing plant is exposed 

has a direct influence on the growth and development of the plant.

Soil moisture is unquestionably one important environmental factor.

The absence of moisture becomes most immediately obvious and the effect 

is unquestionably detrimental to growth. No commercially cultivated 

crop can be expected to produce an abundant yield without an ample 

supply of soil moisture.

Two other important environmental factors that exert an in

fluence on growing plants are temperature and nutrients. Of these two 

factors, temperature is essential in the germination of a seed while 

nutrients and temperature share about equal importance in the growth 

of well established plants. Both temperature and nutrient supply effect 

a plant similarly in that normal growth of a plant is hindered if the 

temperature or supply of available nutrients is not optimum - either 

too low or too high.

Not only is the vegetative growth of a plant altered in re

sponse to varying environmental conditions but the reproductive mecha

nism of flowering and pollination is especially affected by any adverse 

conditions. Temperature and nutrients are known to affect the number 

of flowers produced by a plant and the number of flowers to be retained 

for the production of fruit (Hawkins, Matlock, and Hobart, 1933).
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Specifically the effect of temperature and humidity on pollen produc

tion and its dehiscence in a cytoplasmic male sterile line of Gossypium 

anomalum Tod. in the Arizona environment is an objective of this study.

With the development of several cytoplasmic male sterile lines 

by cotton cytogeneticists in recent years (Meyer and Meyer 1965), en

thusiasm among cotton growers to have a true hybrid in cotton just as 

in corn and sorghum has developed. Even though male sterility of several 

types has been known for several years, the puzzling problem to those 

studying cytoplasmic male sterility is to explain what is the mechanism 

and under what specific conditions it functions. The environmental 

conditions essential for the complete expression of the sterility are 

not recognized nor is it known whether environment does actually indeed 

affect expression of sterility. Originally, male sterility in cotton 

was observed to be genetically controlled by a single factor Ms^ gene 

and later other genes were isolated (Msg, Msg, Ms^, etc.). The use of 

this genetic male sterility as a means of practical hybrid seed produc

tion was abandoned due to the immense roguing problems - phenotype 

ratios of 3:1, fertile to sterile under selfing in the production rows 

or at best a 1:1 ratio using backcross to parental lines making the 

production economically infeasible. A potential breakthrough occurred 

when a male sterile considered to be controlled by a simple gene-cytoplasm 

interaction was isolated (Meyer 1963) that could be used as a possible 

source of male sterility and would have practical value. In recent 

years, environmental conditions have been observed to correlate with 

the expression of sterility until now the explanation of cytoplasmic



male sterility appears to be based on a gene-cytoplasm-environment 

interaction rather than the simple gene-cytoplasm interaction first 

considered.

The phenomena of male sterility in commercial crops can be 

based on genetic, physiological, biochemical, or mechanical. The ex

pression of the phenomena can be attributed to mechanisms causing (i) 

failure to produce any viable male gametes (genetic), (ii) failure to 

produce metabolic products necessary for viable pollen (physiological), 

(iii) destruction of the metabolic products produced by environmental 

conditions (such as temperature or humidity - that is heat or desic

cation) after the products have originally been produced (biochemical), 

and/or, (iv) failure of the pollen grains to be dehisced after their 

production (mechanical). The exact cause for the sterility observed 

in the sterile stock considered here has yet to be established but 

the obvious expression is based on the failure of the pollen to dehise 

from the anthers when the stigma is receptive, without regard to the 

viability of the pollen grain.

This study was undertaken in an attempt to:

1. Further establish the fact that temperature does influence 

the sterility mechanism.

2. Establish the time lag before anthesis occurs at which 

temperature is exerting its greatest influence in the 

expression of sterility in these stocks.

3. To determine whether humidity may have a role in the 

dehiscence of pollen grains.

3
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4. Through multiple correlations, to determine whether 

temperature is acting alone or in conjunction with 

humidity to cause sterility.



CHAPTER 2

REVIEW OF LITERATURE

Information in literature is meager concerning the effect of 

temperature as an environmental factor influencing the dehiscence of 
pollen from mature anthers in open cotton flowers. Most all studies 

relative to effects of temperature on the cotton plant have attempted 

to relate temperature with various other environmental factors and 

then to correlate the total effects of the environmental factors with 

the flowering pattern, number of flowers produced or physiological 

growth of the plant, Ewing (1918).

One of the earliest and most comprehensive studies of the 

effect of various environmental factors on flowering in Upland varieties 

of cotton was conducted by Ewing (1918), in which he attempted to show 

there existed a relationship between the flowering pattern throughout 

the growing season and the environmental conditions under which the 

plant grew. In his study, he did not report any environmental rela

tionships involving the flowering pattern, but did find a relationship 

between the three factors of (i) number of flowers produced, (ii) soil 

moisture, and (iii) minimum temperature. It would be expected that a 

correlation between these two environmental factors and flower number 
would exist and that the number of flowers produced would be influenced 

because the environmental factors exert a direct effect on the rate of 

growth of the cotton plant.
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The early initiation of floral development was found by Mauney 

(1966) to be considerably influenced by various temperatures. He estab

lished that high night temperatures delayed floral initiation while low 

night temperatures during early development of the plant lowered the 

first floral branch by one node and thus hastened the appearance of 

the first flower on the cotton plant.

In studying the effect of environmental changes on boll-shedding 

in Gossypium herbaceum L., Lloyd (1920) concluded that temperature was 

a limiting factor in flower production. Lloyd found that temperature 

is directly related to transpiration and in turn both were directly 

related to boll-shedding. He observed that when temperatures above 

32°C occurred that boll-shedding could be expected to follow. This 

study was only concerned with the retention of the boll after fertilization 

had been accomplished.

Very few studies have been reported on the direct effect of 

temperature or other environmental factors on the dehiscence of pollen 

from mature anthers in open flowers. Smith (1932), in examining the 

relation of temperature to anthesis in the tomato, found the highest 

correlation (value of +.49) between maximum day temperature and anthesis 

to occur three days before flowering. Also, he obtained the highest 

correlation (value of +.68) between maximum day temperature and blossom 

drop three days before flowering, thus indicating some factors were 

affecting the flower prior to its opening. Smith indicated that these 

factors might be low humidity, hot dry wind, and high temperature which 

in combination were causing a desiccation effect within the stigma and 
ovaries of the flower.



Low night temperatures and high humidity was found by Lambeth 
(1950) to be the most influential factors in effecting pod set in Lima 

beans. At a temperature of 17°C, the bean flowers were open from 12-18 

hours with dehiscence of the anthers occurring sometime within that 

period after the flowers opened. At 22°C the flowers were only open 

from 3-5 hours with the dehised pollen drying much faster and thus 

reducing the period of viability of the pollen or to effect cross 

pollination in the production of a hybrid. The initiation of dehis

cence of cotton anthers was found by Ewing (1918) to be delayed as 

much as 2 to 3 hours on a cool morning.

The development in recent years of cytoplasmic male sterile 

stocks and recognition of their potential use in the production of 

hybrid cotton has focused attention to pollen shedding from mature 

anthers in the cotton plant. In 1948, Vesta G. Meyer (1963) and James 

R. Meyer initiated a cytoplasmic male sterile cotton breeding program 

by making interspecific crosses between (Gossypium anomolum Tod. x 

Gossypium thurberi Waura and Peyr.) x Gossypium hirsutum L. (B^ 

cytoplasm). They also made similar crosses involving (Gossypium 

arboreum L. x Gossypium thurberi) x Gossypium hirsutum (Ag cytoplasm). 

These interspecific crosses were made in an effort to study several 

genetic characters but only the environmental effects on the pro

duction of pollen in the cytoplasmic male sterile stock will be 

discussed further. From these two cytoplasms, plants were obtained 

which exhibited partial anther sterility. After several backcross 

generations and two generations of selfing, a line was developed that 

was observed to be almost completely male sterile. At first, this

7
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male sterility was believed to be due to a simple gene-cytoplasm 

interaction only; however, with a relative cool growing season 

that occurred in Mississippi in 1963, anther fertility (dehiscence 

of pollen) increased and it was evident that there existed a gene- 

cytoplasm-environment interaction to possibly account for some of 

the anther sterility.

Sarvella (1966) in using male sterile plants attempted to 

develop a correlation between certain environmental factors and the 

time in the ontogeny of pollen production at which each factor was 

most affecting expression of sterility. Except for wind velocity, 

she found a change from positive to negative correlations for all 

factors occurred 2 to 3 weeks before anthesis. The highest corre

lations with wind velocity and anther sterility (based on a flower 

sterility scoring system) were found to be 1 and 23 days before 

anthesis. The high correlation value for the day immediately prior 

to anthesis was postulated to be due to a desiccation effect on the 

anther causing the pollen to dehise easier;^however, the 23 day effect 

must have been in some manner related to the differentiation of the 

flower primordia or the conditions related to initiation. Highest 

positive correlations between flower sterility scores and minimum and 

maximum temperature were found to occur 17-20 days before anthesis 

which is about the time of meiosis.

Moyer (1969), in trying to pinpoint the time at which tempera

ture exerted its greatest influence on anther sterility, found the 

highest negative correlation (based on percent sterile anthers within 

a flower) at 15-16 days before anthesis. An explanation for the
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correlation values obtained by Sarvella to be positive and by Meyer 

to be negative was due to the criterion followed in recording sterility. 

The difference in the two time lag intervals (15-16 vs 17-20 days) as 

recorded in the two studies could, according to Meyer, be attributed 

to the temperature being lower in Sarvella*s experiment which had the 

effect of delaying meiosis.
Meyer further concluded relative to the two cytoplasms studied, 

that if the maximum temperature stayed below 27°C, the A-line (male 

sterile) plants became fertile and if the temperature was much above 

38°C, the B-line plants begin to exhibit sterility but never become 

completely sterile. These studies give support to the hypothesis 

that male sterility in cytoplasm stocks are the result of a gene- 

cytoplasm-environment interaction and that this relationship must be 

understood if practical use can be made of this particular source of 

male sterility in commercial production of hybrid cotton seed.



CHAPTER 3

MATERIAL AND METHODS 

Genetic Background

Plant material used in this study included A and B lines of 

cotton plants possessing G. anoma1urn cytoplasm. The G. anomalum 

stock was developed by Meyer (1963), by hybridizing G. anomalum x G. 

thurberi and doubling the chromosome number of the resulting hybrid 

(using the colchicine technique) to increase the chromosome complement 
to 2n = 26. The species hybrid was repeatedly backcrossed to G. 

hirsutum. The hirsutum parental stock used was designated as 

'Deltapine M-8' which originated as a colchicine doubled haploid plant, 

(Sarvella and Stojanovic 1968). This stock was used since it is as 

near a homozygous stock as was available to provide a stable genetic 

basis on which to develop a backcross program. Thus, the A-line, so 

designated as cytoplasm, actually is a line derived from 'Deltapine 

M-8' that evidently possesses a complement of genes which function in 

this particular cytoplasm such that the flowers exhibit male sterility. 

The B-line (fertile maintainer) originated from the same source as 

the A-line but was selected for its fertility and they are essentially 

isogenic. The A-line plants, referred to as cytoplasmic male steriles, 

produced the flowers from which the degree of sterility measured in 

this study was calculated. The isogenic B-line plants were male fertile 

and, although initially not intended for use in this study, were added

10



about mid-season when they too exhibited partial sterility under 

abnormally high temperatures.

Source of Plant Material

In December 1967, the Plant Breeding Department of the 

University of Arizona received from Dr. Vesta G. Meyer* a small 

sample of A and B-line seed possessing the B^ (G. anomalum) cytoplasm. 

During the 1968 growing season, these seeds were grown in a plot at 

the University of Arizona Campbell Avenue Farm. Of the seed planted, 

ten A-line plants produced flowers which were hand pollinated with 

pollen from the B-line plants. Seed harvested from each plant thus 

constituted a family and was assigned a family number. Even though 

the A and B lines were theoretically near homozygous, identification 

by progenitor origin was made to ascertain if further genotypic seg

regation for male sterility within the succeeding population would 

occur.

During the 1969 growing season and because the supply of seed 

was limited, the plants were started in peat cups in the greenhouse to 

produce a seed increase. Each family consisted of a various number of 

plants with each plant being designated as a sub-family and further 

identified with a sub-family number. When the plants were well estab

lished, they were transplanted to an isolated field 1 1/2 miles from 

any other cotton at the University of Arizona River Road Farm. To 

insure pollination of these sterile A-line plants they were planted

11
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in alternating rows with the fertile B-line plants. The seed harvested 

from each of these sub-family plants thus constituted the plant material 

used in this experiment. Hand pollinations were avoided so as to keep 

seed production as near comparable to field production as possible; 

therefore, the emphasis on isolation and cross pollination.

Again, because the supply of seed was limited and to insure 
against a failure to get a stand in the field, the plants were started 

in the greenhouse before transplanting to the field. Twenty-four seed 

of each sub-family were planted individually in peat pots identified 

by sub-family number. These plantings in the greenhouse were made on 

April 15 and 16, 1970 (See Figure 1).

After the plants were well established, 20 of the healthiest 

plants of each sub-family were transplanted to the River Road Farm 

on May 7 and 9, 1970. Figure 2 shows a diagram and explanation of 

the pattern followed for the field planting (Figure 3) which was 

designed to insure cross-pollination in production of seed. The 

soil in the area is uniform in texture such that this variable would 

thus minimize the variation in the response of plants due to location 

and cultivation needs.

Prior to blooming, two plants in each sub-family row were 

selected, at random, to be observed and checked as later described 

for pollen dehiscence based on a scoring system. A total of 460 

plants were selected and each marked with a five foot citrus stake 

which served as a means of locating each plant and to which was 

attached a tag for recording flower scores.
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Figure 1. Arrangement of greenhouse planting depicting method of 
individual plant identification.



Figure 2. Diagram of the field planting pattern with B-line male fertile plants (designated as 'o')

borders with plants spaced 18 inches apart down a row were necessary. The 230 subfamilies 
were planted in numerical order with the lowest number in the first row of the first plot 
and the highest number in the last row of the 23rd plot. Each subfamily row was identified 
by placing a stake bearing the identification number between the second B-line plant and the 
first A-line plant of each row.

M
4>
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Figure 3. Pattern of field planting showing arrangement of B-line 
plants to insure pollination.
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Sterility Scoring System

Flowers were scored by a modified version of the Justus- 

Leinweber (1960) scoring system. A definition of each of the five 

sterility classes are as follows:

1. "0" - denoted a flower with no visible pollen on the 

anthers

2. "I" - flowers with less than 25% of the anthers showing 

pollen

3. "2" - 25 to 75% of the anthers displaying pollen

4. "3" - more than 75% but not all of the anthers displaying 

pollen

5. "4" - no more than 2 or 3 anthers not showing pollen

Beginning with the appearance of the first bloom on June 21,

each plant was checked 5 times a week, Monday through Friday, (except 

when the field was being irrigated) for open flowers. Each flower 

on the plant was scrutinized through a magnifying glass and its 

sterility score determined. After each flower had been rated, the 

total number of flowers receiving the same score were recorded for 

the day in the proper space provided on the tag. Figure 4 depicts 

the design of the tag used.

Heather Data

A Friez hygrothermograph for recording daily temperatures and 

humidity was set adjacent to the field approximately ten feet from 

the first row on June 6, 1970. Prior to field installation, the 

hygrothermograph had been calibrated for temperature and humidity 

in the Cotton Fiber Laboratory at The University of Arizona where
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Figure 4. Diagram of the tag on which daily individual plant flower 
scores were recorded. Tags were collected and replaced 
with new ones on the first and 16th of each month.
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standard conditions of 21°C temperature and relative humidity of 65% 

are maintained. Only the maximum and minimum daily readings of 

temperature and humidity, not the mean value, were used in the corre

lation analysis. The daily readings were used with the expectation 

that the actual diurnal readings would more accurately pin point 

environmental effects than would mean values for either factor.

Analysis of Data

The flower sterility scores for all 460 plants (including 

all families) were combined for each day and a daily mean sterility 

score was calculated. Identity of individual families was also 
maintained for comparative purposes to ascertain if sterility 
differences were exhibited between and within families. A total 

of 38 mean flower sterility scores were thus obtained for the total 

population representing the 38 days in*which flower sterility was 

checked. The maximum and minimum daily temperatures and humidity 

values as recorded by the hygrothermograph were used in the calculation 

of correlation values.

Simple correlation values between sterility means and 

maximum temperature were calculated using the following formula 

as defined by Steel and Torrie (1960):

E(xy) - E(x)(y)
r = ■ ■■ ■ n ■ , —

\l [e (x2) - E(x)2j ^E(y2) - E(y)2 J
Where y = sterility means

x = daily maximum temperatures 

n = number of observations
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A correlation value was calculated assuming a 13 day lag time 

between temperature and expression of sterility in a flower. Likewise, 

correlations were developed assuming a 15 - 17 - 19 - 21 - 23 day lag 

time. A total of six simple correlations were computed between maxi

mum temperature and mean flower sterility scores. Thus, the correla

tion values would indicate on which day prior to the scoring day, there 

existed the highest relationship between maximum temperature and steril 

ity or fertility of the flower. The more optimum the correlation value 

the more likely that temperature on that particular day had affected 

pollen dehiscence as observed. Likewise, simple correlations were 

calculated between flower sterility means and minimum temperature and 

with maximum and minimum humidity values for a total of 24 simple 
correlation values to indicate effects of these factors on flower 

sterility.

Multiple correlation values were also calculated using the same 

lag time intervals to relate flower sterility means with maximum or 

minimum temperature and maximum or minimum humidity values. The 

formula used in this procedure is as follows and was obtained from 

Steel and Torrie (1960):

(X - rjpa - r^.i) 1 21 - < 12
Where: r;
For: y

i

And: r.
1 = maximum temperature

2y2.i = partial correlat 
the formula:

ry2.1 - r.ylr12
v (1 ~ ryl)(l - r12)
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Where: y = sterility mean

2 = maximum humidity

Likewise correlations other than in the example can be 

described from the other legend designations coded as:

3 = minimum temperature

4 = minimum humidity

Multiple correlation values were also calculated using minimum 

temperature and minimum humidity in all possible combinations for a 

total of 144 values.

Pollen Grain Germination

An attempt was made to germinate pollen grains collected from 

dehised and non-dehised anthers to determine if a difference in the 

viability of the pollen existed.

Three or four flowers were collected from each of approximately 

ten A-line and B-line plants soon after opening in the morning but before 

the dehised pollen dried or desiccated to the point that germination of 

the pollen grains would normally be hindered. All flowers collected 

from a single plant were placed in a small paper bag and taken to the 

Cotton Fiber Laboratory at the University of Arizona where the pollen 

grains were prepared for germination. The germination procedure follow

ed was that described by Miravalle (1965) and given in detail in Table 1.
Dehised pollen from all flowers collected from a single plant 

were combined for the germination tests. Pollen dissected from non- 

dehised anthers was also germinated and comparisons of the resulting 

percentages were made to determine if a germinability difference existed
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Table 1. Cotton Pollen Germination Procedure

1. Collected pollen was arranged in a small pile (not scattered) near 

one edge of a microscope slide.

2. Fold filter paper in half and place in petri dish (15cm).

3. Scatter on the filter paper 50 mg of ACENAPTHENE.

4. Add 1.5 ml of distilled H2O to acenapthene on filter paper.
5. Place slide in petri dish and against filter paper so pollen pile 

is near paper, (moist surface in contact with slide only - not the 

pollen)

6. Cover petri dish and allow to germinate for 24 hours at 25°C in 
657. relative humidity atmosphere. Light conditions not specified.

7. After germination, add 1-2 drops of LACTOPHENOL (12 below) to 

slide and stir pollen gently in lactophenol (Lactophenol disperses 

the pollen) solution.

8. Add stain immediately.

9. Stain: 150 mg Safranin 0 and 20 mg Analine Blue dissolved in

25 ml of Hot 45% acetic acid.

10. Add cover-slip and observe.

11. Lactophenol - (equal parts by weight of phenol crystals, lactic 

acid, glycerin, and distilled water).
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between normally dehised pollen grains and pollen grains dissected from 

non-dehised anther sacs. The germination test results would thus only 

determine whether the pollen grains could be germinated and not their 

actual viability as far as fertilizing an ovule.



CHAPTER 4

RESULTS AND DISCUSSION

Temperature and humidity, as observed in this study, exhibited 

a marked influence on the degree of fertility in so far as it is related 

to dehiscence of anthers in the cytoplasmic male sterile stocks 
studied. The stamina1 column of the fertile flowers would appear fuzzy 

whereas the sterile flowers would have clean appearing stamina1 columns. 

The floral appearance is then related to the number of pollen grains 

dehisced. There, likewise, appeared variations in the number of dehising 

anthers in flowers of the male fertile B-line plants in response to the 

changes in the environmental conditions.

Flower Characteristics and Observations 

The flower scoring system used in this study is based on the 

presence or absence of mature pollen grains on the outer surface of the 

anthers. The number of pollen grains appearing on any one anther varied 

widely even among anthers within the same flower. Whether these pollen 

grains are functional to the extent that they could germinate and ferti

lize on ovule is not known. The intent of this study was not to deter

mine the viability of the dehisced anthers nor the amount of observable 

pollen grains necessary to effect fertilization necessary in the setting 
of a boll.

23
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The sterility classes used in this study have been defined in 

materials and methods. Figure 5 shows a flower which was rated 'O' and 

in which no visible pollen grains appear on the surface of the anthers. 

Figure 6 shows a flower which would be rated '1* possessing three anthers 

with visibly dehisced pollen grains on the lower portion of the flower. 

This flower would still be considered sterile because only a minute 

amount of pollen was produced. It is doubtful that a boll could be 

set in a flower receiving this rating, not only because of the small 

amount of pollen produced, but also because of the location of the 

pollen being below the stigma. Throughout the growing season, in 

almost all flowers possessing only a few anthers dehising pollen (as 

Figure 6), pollen bearing anthers were located near the base of the 

flower.

• Figure 7 shows a B-line flower 17 days following a maximum 

day time temperature of 46°C. All of the anthers are deformed and 

none of the anthers contain pollen. This deformity in a normal pollen 

bearing plant following an extremely high temperature period indicated 

there probably is a temperature or a temperature-humidity combination 

effect in which pollen can be damaged or destroyed in some stage in 

the developmental process.

Each selected plant was checked daily Monday through Friday 

(except when the field was being irrigated or an accurate sterility 

rating could not be assessed due to rain) with each flower being

observed and a sterility score assigned and recorded. Throughout a
\

nine week period a total of 38 daily observations were made for a total
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Figure 7* Male fertile flower with all anthers malformed
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of 26,039 flowers with an average of 57 flowers per plant or 1.5 flowers 

per plant per day. The total number of flowers produced by individual 

plants in any one day varied from zero to 12 flowers. The most flowers 

to be rated in a single day was 1606 or 3.5 flowers per plant and occur

red on July 29 which was about mid-season.
The total number of flowers assigned to each of the five steril

ity classes for each week are shown in Table 2. The total for the fifth 

week is somewhat misleading because observations were made only on two 

days due to inclement weather. All other weekly totals are based on 

either four or five day observations. Of the total number of flowers 

scored on A-line plants, 14,979 or 58% were rated 'O' while 42% of the 

flowers were assigned to one of the four remaining classes. Actually, 

the division between sterility and fertility probably is in about class 

3, and the number of fertiles is continually small.

The weekly mean sterility scores begin with an increase in 

fertility from the first to the second week followed by a sudden drop 

to a low value of .14 for the third week. This increasing fertility 

pattern for two weeks followed by a sudden drop occurred three times 

in the nine week period. An explanation for this cyclic pattern can 

be made on the basis that variations in the temperature and humidity 

occurred during these particular flowering periods.

Temperature and humidity, either acting alone or in combination 

with each other, were observed to have varied effects on the expression 

of sterility in the A-line plants during the season. The first noticeable 

effect was observed at the beginning of the third week when the sterility



Table 2. Flower sterility ratings as weekly totals and means for the period in which 
flowers were observed in an A-line population. Tucson, Arizona 1970.

Sterility
scores

Number of flowers rated during weekly 
June 21, 1970

intervals beginning

i 2 3 4 5 6 7 8 9 Total

0 109 351 2494 3790 1221 4396 1749 486 383 14,979

1 49 338 364 1334 875 1165 1789 1181 749 7,844

2 2 41 13 44 186 179 610 484 245 1,806

3 0 7 6 10 41 51 513 329 130 1,087

4 0 2 1 2 16 31 134 124 13 323

Weekly
Means .33 .61 .14 .28 .61 .31 1.06 1.39 1.11 .61
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scores were found to be very low. The similarity of sterility response 

of the 8 families in this study are shown in Figure 8. A check of male 

fertile B-line plants also revealed the presence of partially sterile 

flowers. A further check of the maximum daily temperatures prior to 

this time (Figure 9) revealed that 17 days prior was the first day of 

the growing season on which the temperature was above 41°C. The daily 
maximum temperatures reached 41°C for eight consecutive days which 

accounted for the low weekly sterility ratings. These observations 

are in keeping with those found by Meyer (1969), in which she concluded 

that any time the temperature exceeds 38°C the B-line plants become 

partially sterile. When the temperatures dropped following a rain and 

the maximum temperatures remained below 38°C, the degree of fertility 

began to increase in both the A and B lines. Whether this is the direct 

result of a lowering of the temperature, or a rise in the humidity, or 

a combination of the two factors is not known; but an interaction can 

be hypothesized.

Another intriguing variation to be observed in the flower 

sterility scores occurs between flowers on the same plant. Flowers 

at or near the top of the plant or on branches around which air could 

move freely were observed to be sterile with a rating of 'O' or 'l'. 

Flowers on the same plant, but near the ground or under heavy foliage, 

were observed to be almost completely fertile. Plants were observed 
to have top flowers rated 'O' while the flowers on the bottom rated 

*41 on the same day. Since no effort was made to determine the 

temperature and humidity in the microclimate of the plant, no accurate 

statement can be made concerning this variation; however, a hypothesis
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Sterility Sterility
Score Score

AugustAugust

August August

August August

August August
Figure 8. Mean sterility values of each of the eight male sterile 

families utilized in the study.
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Hn Temperature

June August
. Maximum and minimum daily temperatures for June 10 to August 15, 1970, as recorded 

by a Freiz hygrothemograph located adjacent to the field, Tucson, Arizona.
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can be made that the humidity around the lower flowers was much higher 

due to the ground being wet from irrigation and the temperature was 

lower because of the heavy foliage and transpiration, and the two 

factors in combination or that the high humidity alone accounted for 

the increased fertility. Which factor is exerting the most influence 

is indistinguishable, as the effects on the individual plant would be 

the same as those observed where similar temperature and humidity 

combinations affected the entire population. A microclimate effect 

obviously occurs for individual plants.

The third variation in the flower sterility ratings observed 

occurred, not as a result of temperature and humidity, but as a result 

of soil moisture stress. As plants were stressed to a point of wilting, 

the degree of fertility of the flowers in both the A and B-line plants 

were observed to decrease. These observations are similar to those 
found by Sarvella (1966).

Variations in flower fertility ratings of the male fertile B-line 

plants were observed and found to be distributed into five fertility 

rating classes. A total of 1744 flowers were rated on 40 plants in 

this study for an average of 44 flowers per plant or 1.6 flowers per 

plant per day. Observations were made over a 7 week period for a total 

of 28 daily mean sterility scores. Table 3 gives the weekly sterility 

means and the total number of flowers observed for each of the seven 
weeks.

The first weekly mean score, as well as individual sterility 

class totals, reflects the effect of the period, 17 days previously,



Table 3. Flower fertility ratings as weekly totals and means for the periods in which 
flowers were observed in a B-line population. Tucson, Arizona 1970.

Sterility
Scores

Number of flowers rated during weekly intervals beginning
July 5, 1970

1 2 3 4 5 6 7 Total

0 8 19 5 19 6 0 1 58

1 23 15 3 30 17 8 11 107

2 38 37 7 43 10 2 4 141

3 67 88 12 58 54 18 17 314

4 64 309 147 264 194 99 44 1121

Weekly
means 2.78 3.04 3.68 3.25 3.47 3.64 3.19 3.34
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in which maximum daily temperatures reached above 41°C each day for 8 

consecutive days. The remaining six weekly mean values do not differ 

significantly, indicating less sensitivity of male fertile plants to 

fluctuations in environment.

Anthers produced on these B-line plants varied in their manner 

of showing sterility. Some flowers, in showing sterility, produced 

mature anthers, but failed to dehise pollen grains; whereas, in others, 

the expression of sterility was reflected in malformed anthers contain

ing no pollen grains. Malformed anthers were observed to occur most 

frequently approximately 17 days following a period in which the daily 

maximum temperatures were above 41°C. This observation indicates that 

maximum temperature above 41°C is a very important factor affecting the 

production of pollen grains, in that the high temperature completely 
destroys the pollen. Malformed anthers were observed in the A-line 

male sterile plants, but in a very limited number. The difference in 

expression of sterility in the two lines indicates there exists in the 

fertile B-line plants some factor (of either genetic or physiological 

origin) which is destroyed at very high temperatures. In the sterile 

A-line plants, this factor is either absent or able to withstand the 

high temperatures; but some process occurs to cause the anthers not 

to dehise the pollen at anthesis.

Effects of Temperature on Pollen Dehiscence

Previous attempts to determine the effects of temperature on the 

fertility of the B^ cytoplasmic male sterile stocks have been in areas 

of the United States where the maximum temperatures are seldom above



35

38°C. Maximum temperatures lower than 32°C are in the range where there 

is a tendency for sterile plants to show partial fertility. In this 

study, the prevailing maximum temperatures were well above 32°C to the 

extent that the sterile A-line plants should exhibit near 100% anther 

sterility at all times and even the fertile B-line plants, at times, 

exhibit partial sterility.

Meyer (1969) found that A-line plants produced almost 100% 

sterile anthers if maximum daily temperatures were above 32°C and when 

the temperatures were above 38°C the B-line plants began to produce 

sterile anthers. As shown in Figure 9, the maximum daily temperatures 

throughout this study, with the exception of two days, were above the 

temperature (32°C) necessary for the production of 100% sterile anthers 

in the A-line plants. The temperature variations which occurred during 

the period of time involved in this study were ideal for relating the 

effects of temperatures on pollen fertility and its dehiscence.

Because the temperatures (above 32°C) in this study were in the 

range where 100% anther sterility should be expressed in the sterile 

A-line plants and the fertile B-line plants should have occasional partial 

sterility, the A and B lines would be expected to vary similarly. This 

hypothesis is verified as shown in Figure 10 where the two curves do vary 

similarly in that as fertility increases in the A-line it simultaneously 

increases in the B-line but to a different degree. As an explanation 

for interpreting the curves in Figure 10, the B-line plants were initially 

not intended to be observed for sterility but 40 plants were added on 

July 7 when the fertile plants exhibited partial sterility with many 

flowers equally as sterile as the sterile A-line flowers. The high



Sterility
Score

B-line
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June August
Figure 10. Mean daily flower sterility scores for the 460 male sterile A-line plants based

on an average of 57 flowers per plant and 40 male fertile B-line plants based on
an average of 44 flowers per plant. U)O'
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maximum temperatures that prevailed throughout the blooming period 

prevented the B-line plants from attaining maximum daily mean fertility 

ratings (4) and the mean sterility scores for the A-line plants remained 

exceptionally low (near 1.0 or below except for a brief period).

To attempt to determine at what time before anthesis the maximum 

daily temperatures were exerting the most influence on the expression of 

sterility, simple correlations between mean flower scores at dehiscence 

and maximum temperatures on various days prior to anthesis, (referred 

to as time lags hereafter) were calculated. Six values as shown in 

Table 4, were calculated between maximum temperatures and daily mean 

sterility values of the A-line plants. The highest negative correlation 

value calculated was -.63 for a 17 day time lag prior to anthesis which 

is in accordance with the correlations obtained by Meyer (1969).

Figure 11 shows the inverse relationship between maximum tem

peratures 17 day time lag before anthesis and the mean daily flower 

sterility scores for both the A and B-line plants. A close relationship 

is observed, in that, as the temperature varies from low to high, the 

degree of fertility varies in a reverse order in both lines; that is, as 

the maximum temperatures increase, the fertility mean values decrease. 

One important characteristic to be noted in Figure 11, is the mean 

sterility values that were observed when the maximum temperatures were 

above 41°C (105°F). June 19 was the first day on which the maximum 

daily temperature exceeded 41°C and was followed by eight consecutive 

days on which the daily maximum temperatures exceeded 41°C with 

fertility decreasing (sterility increased) in both the A-line and the B-
line
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Table 4. Correlation values for each of four environmental factors 
and pollen dehiscence. Tucson, Arizona 1970.

Days prior Correlation values
to

anthesis Mx Temp Min Temp Mx Humdt Min Humdt

13

15

17

19

21
23

-.23

-.34

-.63

-.50

-.33

-.19

.71

.81

.24

.37

.41

.51

.53

.56

.61

.69

.57

.50

.33

.32

.58

.70

.52

.51
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Figure 11. Inverse relationship between maximum temperature 17 days before anthesis and
mean daily flower sterility scores of male sterile A-line and male fertile
B-line plants. w
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Based on the highest correlation value of -.63, which indicated 

the greatest effect by maximum temperatures on the expression of sterility 

occurs with a 17 day time lag prior to anthesis, there should appear a 

definite change in sterility in both plant lines on July 7. This change 

was observed to occur as the B-line plants were noticed to be partially 

sterile, but no noticeable change was observed in the A-line plants 

because of their existing low daily mean sterility values.

No correlation values were calculated utilizing the B-line mean 

sterility values but in Figure 10 it will be noticed that the B-line 

mean sterility values vary proportionally to those of the A-line plants; 

and it is assumed that any correlation values involving the B-line 

means would, therefore, be similar to those of the A-line values.

Again in Figure 11, as the maximum daily temperatures decreased 

from the high of 46°C to a low of 31°C, the degree of fertility in both 

lines is seen to increase. Later, as the temperatures again increased, 

the fertility values decrease but never reaching the low sterility values 

as observed in the first low period. The second period of low sterility 

values were on July 31, or 17 days following a period of six consecutive 

days beginning on July 12 in which the maximum temperatures were above 
41°C.

These two mean sterility low points occurring simultaneously in 

both lines and approximately 17 days following a period in which the 

maximum temperatures exceeded 41°C, tend to indicate that temperatures 

above 41°C are affecting the expression of sterility at anthesis. These 

data are in agreement with those of Sarvella (1966) indicating temperature 

is affecting the meiotic process which occurs approximately 17 days prior



to anthesis, or in causing some meiotic process to occur which results 

in failure of the anthers to dehise pollen at anthesis.

Minimum temperatures throughout the growing season were between 

18°C and 27°C except for the first ten days of the season when they were 

relatively low. It was not anticipated that the minimum temperatures 

would exert as great an influence on the expression of sterility as the 

maximum temperature; however, the highest correlation value of .81 

calculated in the study was between A-line mean flower sterility scores 

and minimum temperatures that occurred 15 days prior to anthesis.

In Figure 12 the inverse relationship between mean flower 

sterility scores and minimum daily temperatures is depicted. The 

two low mean flower sterility scores are again of interest as they 

correspond with the high minimum temperatures based on a 15 day time 

lag interval. ^

When the minimum temperatures were near 27°C> the mean sterility 

values are seen to be at their lowest. Whether this correlation value 

is true is not known, but a possible explanation for the high correlation 

value and a similar variation between the values in Figure 12, is the 
carryover effect of the maximum temperatures. The highest minimum 

temperatures are seen to occur simultaneously with the highest maximum 

temperatures, thus making it impossible to separate the effects of the 

two temperature levels.

Effects of Humidity on Pollen Dehiscence 

The effect of high and low relative humidity on the dehiscence 

of pollen from mature anthers at anthesis of cotton flowers has been

41
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Figure 12. Inverse relationship between minimum temperature 15 days before anthesis
and mean daily flower sterility scores of male sterile A-line and male
fertile B-line plants. N3
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studied by Hoffman and Rawlins (1970). They found that at either 

constantly low (25%) or high (90%) relative humidity the anthers 

failed to dehise pollen, thus causing the flower to appear sterile.

The maximum and minimum humidity that occurred throughout this study 

varied, but generally were within the range in which Hoffman and 

Rawlins observed anther sterility.

Daily humidity values which occurred during the growing season 

are shown in Figure 13. The maximum humidity values are highly vari

able as they reflect the periods in which there were rain, while the 

minimum humidity values are relatively constant, which probably 

modified the high day time temperatures.

Six simple correlation values were calculated between the 

A-line daily mean flower sterility scores and maximum and minimum 

humidities to determine how many days prior to anthesis each humidity 

level was exerting the most influence on the expression of sterility. 

Table 4, shows the calculated values for each of the six intervals.

The highest correlation values for both levels of humidity were found 

to be at 19 days prior to anthesis and they differed by only .01. The 

fact that there is such a small difference between the two correlation 

values tends to indicate that each is influencing the expression of 

sterility approximately the same.

The relationship between maximum humidity 19 days before 

anthesis, and mean daily flower sterility scores for the A and B-line 

plants, is shown in Figure 14. Variations in mean sterility values 

are seen to occur simultaneously with a change in humidity. Low 

maximum humidity values are observed to correspond with low mean



100
Humidity

%

80

60

40

20

15 25 5 15 25 5 15
June July August

Figure 13. Maximum and minimum daily humidity values for June 10 to August 15, 1970, as 
recorded by a Freiz hygrothermograph adjacent to the field, Tucson, Arizona, 
1970.



Figure 14. Relationship between maximum humidity 19 days before anthesis and mean daily flower
sterility scores of male sterile A-line and male fertile B-line plants.
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sterility scores while high fertility scores correspond to high humidity 

values; that is, as humidity increases the fertility increases. The 

expression of sterility at anthesis as a direct effect of maximum 

humidity alone is doubtful; however, it is almost certain that maximum 

humidity and maximum temperatures are acting in combination.

The relationship between minimum humidity 19 days prior to 

anthesis and mean daily flower sterility scores for the A and B-line 
plants is given in Figure 15. No visible relationships in variations 

between minimum temperatures and sterility values for either the A or 

B-line can be observed except for a brief period when the minimum 

humidity is above 30%.

Combined Effects of Temperature and Humidity

The single effects of maximum or minimum temperature and maximum 

or minimum humidity on the expression of anther sterility have been 

discussed with particular reference to correlation values in determining 

what is the time lag before anthesis when each factor affects sterility.

Each factor was found to have its highest correlation value at 

approximately the time during which meiosis occurred (Sarvella 1966) 

indicating that the process responsible for the expression of sterility 

is either activated or deactivated by the environmental factor during 
meiosis.

Based on the simple correlation values, maximum temperature 17 

days prior to anthesis explains 39.7% of the sterility; maximum humidity 

19 days prior to anthesis explains 47.6% of the sterility. Both factors 

acting independently are explaining 87.3% of the sterility in the A-line
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Figure 15. Relationship between minimum humidity 19 days before anthesis and mean 

daily flower sterility scores of male sterile A-line and male fertile 
B-line plants. •P*
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plants; however, when the two are acting in combination, based on 

multiple correlation values as shown in Table 5, 61.63% of the sterility 

is explained.

When temperature and humidity are acting in combination, based 

on multiple correlation values obtained, it can be observed that the 

maximum values are exerting more influence than the minimum values.

Maximum temperatures 19 days prior to anthesis, in combination with 

maximum humidity 13, 15, and 17 days prior to anthesis, explain a higher 

percentage of the total expression of sterility. From these three mul

tiple correlations, it appears that maximum temperatures 19 days prior 

to anthesis are exerting the greatest influence on the expression of 

sterility. The reason for this 19 day time lag in multiple correlations 

as compared to the 17 day time lag found in simple correlations is no 

doubt due to the interactions of temperature and humidity.

The expression of sterility in the A-line plants is almost certain 

to be the result of an interaction between maximum temperature and maximum 

humidity with a 19 day lag time being the most critical temperature affec

tive period; however, the effect of maximum humidity appears as though 

it may be accumulative. The effect of maximum humidity 13 days prior to 

anthesis, in combination with maximum temperatures 19 days prior to 

anthesis, accounts for the second largest.percentage of sterility or 

63.55%. Maximum humidity 17 days prior to anthesis and maximum temperature 

19 days prior to anthesis explain 61.69% of the sterility; thus, the 

maximum humidity seems to be accumulating on the 13th day, reaching a 

peak on the 15th day and decreasing thereafter.
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Table 5. The effect of maximum temperature, maximum humidity, and 
their interaction on anther sterility at different time 
lag intervals expressed as percent. Tucson, Arizona 1970.

Anther sterility vs: Percent

Maximum Temperature (19) x Maximum Humidity (15) 66.84 

Maximum Temperature (19) x Maximum Humidity (13) 63.55 

Maximum Temperature (19) x Maximum Humidity (17) 61.69 
Maximum Temperature (17) x Maximum Humidity (19) 61.63
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In Table 5, the last two multiple correlation values cited 

are of interest because they differ by only ♦06% and are the products 

of reciprocal maximum temperature and maximum humidity values. Maximum 

temperatures 19 days and maximum humidity 17 days prior to anthesis 

explain 61.697. of the sterility, while maximum temperature 17 days 

and maximum humidity 19 days prior to anthesis, explain 61.637. of 

the sterility. A possible explanation for this occurrence is that 

maximum temperature 17 days prior to anthesis explains more of the 

sterility based on simple correlation whereas maximum temperature 

19 days prior to anthesis show an interactive effect. There appears 

an interaction between maximum temperature and maximum humidity such 

that the maximum humidity 19 days prior to anthesis should, in multiple 

correlations, explain less of the sterility than the maximum humidity 

17 days prior to anthesis.

Pollen Germination Results

The high temperatures experienced in July and August and the 

resulting change in sterility scores stimulated the question as to 

whether pollen grains were actually destroyed by the heat. Using the 

procedure described in Materials and Methods, an attempt to germinate 

pollen grains was made on August 4, 1970. This investigation was not 

originally planned as a part of this study, but was deemed necessary 

after the observance of pollen grains on dehised anthers of the A-line 

plants. The hypothesis developed concerned whether the pollen grains 

were functional or non-functional. The fact that a single pollen grain 

would germinate still does not answer the question as to whether it is
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capable of fertilizing an ovary, or whether a population even larger 

than might exist in a sterile flower scored two or even three is 

necessary to set a boll. The effect of temperature and humidity on 

pollen grain development may possibly not be affecting the pollen grain 

directly to the extent that its ability to germinate is impaired but 

may be causing a disturbance to the chromosome complement such that 

fertilization cannot be accomplished following pollination. Only an 

attempt to germinate the pollen grains and not to answer the hypothetical 

questions was the objective of this part of this study.

The thought that predicated this objective to germinate pollen 

grains was that (i) if grains from normal flowers could be germinated 

and those from male sterile flowers with sterility scores other than 0 

could not, something must be affecting sterile flowers more than just 

interference with dehiscence, (ii) If pollen from male sterile flowers 

with other than 0 rating would germinate, then the flowers would produce 

bolls unless insufficient numbers of grains reached the ovary to affect 

fertilization or somewhere in the fertilization process the genetic 

system failed to function normally. By germinating pollen grains, 

comparisons could be made between flowers possessing different genetic 

organization and whether the sterility scaling that was used could be 

related to actual production of selfed seed.

Four scources of pollen grains were used in the study, (i) pollen 

grains from flowers of commercial varieties of cotton grown at the Marana 

Experiment Station and the University of Arizona Campbell Avenue Farm,

(ii) pollen grains from fertile B-line flowers, (iii) pollen grains 

taken from the surface of dehised anthers of A-line flowers with sterility



score other than 0, and (iv) pollen grains removed from non-dehised 

anthers of A-line flowers.

The results of the germination percentages are given in Table 

6. Except on August 13 when the B-line ranked third, the commercial 

varieties had high germination percentages. The B-line is a normal 

fertile variety but never released for commercial use. There appears 

to be a difference in the genetic stocks in their response to maximum 

temperatures as only those recorded were acceptable on the days shown. 

The A-line germination percentages were much lower than the fertile 

varieties or lines for any germination trial. The difference between 
the A-line dehised and A-line non-dehised percentages shows the non- 

dehised pollen grain germination percentages exceed those of the dehised 

pollen grains, indicating that exposure to the environment does affect 

the germination of pollen grains. This study still does not answer 

the question as to whether the A-line flowers produced enough germin- 

able pollen grains to set a boll.

52
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Table 6. Summary of the germination percentages for three commercial 
varieties; the mean germination percentages for B-line and 
A-line pollen grains from the cytoplasm; and the maximum 
temperature 17 days and maximum humidity 19 days prior to 
the day of germination percentage calculations as recorded, 
Tucson, Arizona 1970.

August 5 August 7 August 13
Variety 7. Variety 7. Variety 7.

Deltapine 71.0 Hopicala 61.0 Deltapine 41.4

Deltapine 44.5 Paymaster Dwarf 51.5 Coker 310 36.4

Paymaster 909 32.0 Deltapine 46.5 Paymaster 909 23.9
B-line 17.7 B-line 12.2 B-line 31.2

A-line
(dehised)

4.5 A-line
(dehised)

20.3 A-line
(dehised)

5.8

A-line 3.5 A-line - A-line 17.1
(non-dehised) (non-dehised) (non-dchised)

Maximum
Temperature

37° Maximum
Temperature

29° Maximum
Temperature

38°

Maximum
Humidity

647. Maximum
Humidity

987. Maximum
Humidity

907.



CHAPTER 5

SUMMARY AND CONCLUSIONS 

Summary

This study was undertaken to rationalize the effect of temperature 

and humidity on the expression of anther sterility in a male sterile line 

of cotton possessing G. anomalum cytoplasm in the Arizona environment.

The two lines utilized (male sterile A-line and fertile counterpart 

B-line) were developed in the Mississippi Delta with the temperature and 

humidity effects on the expression of sterility in that area having been 

determined. Since the maximum and mean temperatures in the Mississippi 

Delta are lower and the maximum humidity is higher than in the Tucson, 

Arizona environment, the primary objective of this study was to determine 

if there was a change in the correlation between the environmental factors 

and the expression of sterility between the two areas in the United States.

During the third week of this study there appeared a definite 

relationship between the environmental factors and the degree of fertility 

in both lines as evidenced by decreased fertility in the A-line and the 

appearance of partial sterility in the fertile B-line plants when temper

atures attained were higher than previously recorded for the environment 
where these stocks had been grown.

Simple correlation values were calculated and the time before 

anthesis at which maximum and minimum temperature and maximum and

54



55

minimum humidities were exerting the most influence on the expression 

of anther sterility were determined. Maximum temperature was found 

to be exerting the most influence on anther sterility 17 days prior 
to anthesis which compares favorably to the findings of Sarvella (1966). 

The minimum temperature effect on anther sterility was determined to 

be occurring 15 days prior to anthesis which also compares favorably to 

the time lag observed by Meyer (1969). Maximum and minimum humidity 

were found to be having the most influence on anther sterility 19 days 

prior to anthesis with both correlation values being near the same.

Multiple correlation values indicated that maximum temperature 

19 days and maximum humidity 13 to 17 days prior to anthesis were inter

acting to account for approximately 2/3 of the total sterility expression, 

thus indicating humidity is playing an important role in the expression 

of anther sterility at anthesis.'

A preliminary attempt to germinate pollen grains also suggests 

that the A-line is particularly responsive to temperature as compared 

to fertile pollen producing varieties.

Conclusions

If a restorer line (R-line) can be found that will produce, when 
paired with an A-line, a heterotic effect in an population for some 

desirable character, then there is no reason why hybrid cotton seed 

production in the Arizona environment is not possible or feasible. The 

consistently high mean temperature and low relative humidity interact to 

maintain the male sterile characteristic originating from the cytoplasm 

and transferred to G. hirsutum by backcrossing at such a level that selfed
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seed would be insignificant in the F% population. Competition between 

vigorous plants and any selfed A-line plants that might appear would 

reduce the effect of poor fiber properties of the present B-line until 

it would be negligible. The hybrid cotton gives the breeder the oppor

tunity to "tailor make" and F^ to fit a specific need since increases 

in yield are not necessarily the only criterion of evaluation. Earliness, 

disease resistance, insect tolerance, agronomic characteristics, etc. may 

be the deciding factor for the ultimate end use of the concept of male 

sterility to produce a hybrid variety. This particular study specifies 

an area for commercial use of a cytogenetic creation.
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