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INTRODUCTION

' Obtaining a good stand is one of the major problems of cotton 

production. The success or failure of a cotton crop may depend on the 

selection of the proper date of planting. If cottonseed is planted 

too early when soil temperatures are low, germination may be seriously 

retarded, and replanting may be necessary. If the planting date is 

delayed too long, yields may be greatly impaired because the effective 

growing season will be shortened.

Two of the major factors which determine the proper planting 

date are the variety of cottonseed to be planted and the soil 

temperature. The experiments reported in this thesis were designed to 

study these two factors in detail.

In this study an attempt was made to determine the cold 

tolerance and general growth habits at various temperatures of some of 

the important cotton varieties grown in Arizona. An experiment was 

also made to determine the effect of gibberellic acid on cottonseed 

germination at low temperatures.
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REVIEW OF LITERATURE

Cottonseed structure (6) is characterized by an anatropous ovule. 

The seed coat or hull develops from two integuments and makes up from 40 

to 50 percent of the weight of the whole cottonseed at maturity.

During the development of the cotton seedling from the embryo 

stage, the primary root "pushes" through the micropyle of the seed and 

grows without branching for several days. The arched hypocotyl 

elongates and finally "pushes" the cotyledons above ground. Once above 

ground, the epicotyl elongates and produces the first true leaves (5). 

Balls (1) reported a root growth of 6 cm. during the first few days 

when soil temperatures were relatively favorable for growth.

The physiology of seed germination (4, 24) may be thought of as 

three separate stages, namely: a. imbibition of water, b. cell

elongation, and c. increase in cell number.

Some of the factors which affect water absorption by seeds are 

as follows: a. permeability of seed coverings, b. semipermeable

membranes, c. temperature, and d. variety of seed (4). In some 

varieties of cotton a hard seed coat is the main limiting factor in 
water absorption (7).

During germination of cottonseed the rate of water intake is 

rapid at first but gradually declines and approaches zero as the tissues 

become saturated or as diffusion tendencies are "balanced" (4). Stiles
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(22) studied the water uptake of different parts of the cottonseed and 

found that the embryo imbibes the greatest initial amount of water 

during the first 24 hours.
Arndt (8) used 8-week-old plants of Gossypium hirsutum L. to

determine the effect of temperature on the absorption of water. When

plants were grown in sunlight, wilting was noted at solution
o otemperatures between 10 and 18.5 C. Exposure of roots of plants 

growing in solution or soil culture to a temperature of 60° G for 60 

minutes severely injured the roots and caused a marked reduction in the 

absorption of water. Arndt concluded that reduction in absorption 

capacity may have been due to an increase in the viscosity of the water 

at the low temperatures or a decrease in the permeability of root cells 

at the high temperature.

There are many factors which affect seed germination (3, 4). 

Some of these are maturity, dormancy, moisture content, seed size, 

disease, temperature effect and nonfertile seed.
Christidis and Harrison (3) reported that infertile seed is 

one of the factors responsible for a low percentage of germination.

In China, American varieties of cotton were found to contain 18.0 

percent infertile seed while Chinese cottons contained 10.2 percent.

Simpson (20) showed that freshly opened cotton bolls of Upland 

varieties contained about 43 percent of dormant seed. This dormancy 

was eliminated by drying and storing the seed for one month.

Excess moisture occurring under field or storage conditions,

can lower germination (3). Simpson and Stone (21) observed that 
freshly opened cotton bolls contained about 50 percent moisture while
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bolls suitable for picking contained about 28 percent. Data on the 
viability of seed taken from bolls exposed for varying lengths of time 

in the field showed that deterioration of the seed was correlated with 

rains or humid conditions. Such weather prevented the prompt drying of 

the seed cotton after the bolls began to open.
One of the most destructive diseases to cottonseed germination 

is Rhizoctonia or soreshin (1,2,25). The soil-borne organism, 

Rhizoctonia soloni Keuhn, tolerates cold and moist weather and attacks 

cotton seedlings more severely under conditions favorable to the fungus 

and unfavorable to the host.

Walker (25) experimented with germinating cottonseed and found

that the optimum temperature range for soreshin development was between
o o o17 C and 23 C. The maximum temperature for infection was 34 C.

Seedlings may be attacked and killed before or after emergence.

Arndt (9) conducted a study of the growth relations of cotton

roots and hypocotyls at various temperatures. In his experiment

seedlings were grown in culture solutions in test tubes at controlled
o o o o o o o o

temperatures of 18 , 21 , 24 , 27 , 30 , 33 , 36 , and 39 C. The 

optimum temperature for prompt germination was apparently within the

range of 33° - 36° C. Primary roots attained a mean length of 50 mm.
o o omore rapidly at 27 C than at any other temperature; 33 and 36 C

seemed to be equally favorable for early hypocotyl elongation.
oSecondary roots seemed to grow best at 30 C but were most numerous 

oat 27 C. In a seven-day period, dry weight and organic matter 

decreased and ash content increased at all temperatures. Organic matter
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o owas most efficiently consumed at 30 and 33 C.

Galligar (14) studied temperature effects upon the growth of 

excised cotton root tips. The following is a summary of part of this 

work.
Av. growth in mm. Av. number of

°c after 14 days lateral roots

10 4 0.00

15 3 0.62

20 33 9.00

25 88 30.00

35 5 0.00

The apparent optimum of 25 C for the growth of cotton roots was also 
noted by Went (26).

Several investigators (11, 17) have reported different minimum

temperatures for germination of cottonseed which may be due to the

varieties tested. Loden and Wilson (16) tested 40 varieties of Gossypium
ohirsutua L. in flats at 17 C and found that some varieties required five

times as long to reach 80 percent germination than others.

Camp and Walker (11) germinated cottonseed in sterilized soil
o oand noted that no germination took place at 40 C or above. At 38.7 C,

however, good germination was obtained. Some germination was recorded
o o oat 14.5 and 15 C, but at temperatures below 14 C no germination was

obtained.

Ludwig (17) germinated a number of varieties of cottonseed at 

12 , 15°, and 25° to 30° C on moist filter paper. A few of the varieties 

germinated at 12° C, but most of them failed to germinate at this low
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temperature. Many varieties, however, were able to retain their 
viability for as long as two months under these adverse temperatures. 

Pima seed (specific variety not given) from Arizona was one of the few 

varieties that germinated well at 12° C.

Neal and Strommen (19) have succeeded in producing corn hybrids 

with much greater cold tolerance than that exhibited by other strains 

of corn. In addition to varietal differences, they observed several 

factors which retard germination at low temperatures, namely: a. 

immature seed, b. aged seed, c. seed exposed to frost, and d. mechani

cally injured seed.

Balls (1) studied the growth rate of roots of germinating

cottonseed at various temperatures. This study showed that growth was

accelerated by a rise in temperature to a point where toxic substances

accumulated in the tissues and acted against this acceleration.
oTissue temperatures which exceeded 38 C reduced the subsequent growth

orate to a marked extent. Prolonged exposures above 35 C were also 
harmful.

The temperature recommended for most laboratory seed germina

tion tests is an alternating temperature of 16 hours at 20° C and 8 
ohours at 30 C (7). Harrington (15) points out that many seed 

germinate just as well at constant temperatures, but some seed such as 
bermuda grass seed require a favorable alternation of temperature.

Toole and Drummond (23) studied laboratory methods of testing 

seed germination. They found cottonseed of three classes as follows:

1. Samples containing a large percent of highly germinable
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seed.

2. Samples containing many dead or weak seeds that always 

failed to produce healthy seedlings.

3. Samples containing many sensitive seed which are viable but 
have a tendency to succumb under unfavorable conditions for 

germination.
A comparison between field and laboratory germination showed that 

sensitive seed samples germinated better in the field, but were not as 

viable as the strong samples.

Brian and others (10) made a physiological comparison of 

gibberellic acid (GA) with some auxins and found similarities and 

differences between the two. Both stimulated shoot cell extension, but 

here their similarity seemed to end. Indoleacetic acid (IAA) inhibited 

growth at high concentrations, prevented petiole abscission, and 

stimulated initiation of roots on stem cuttings, but GA produced none 

of these effects. GA seemed to be specific for cell extension in shoot 
tissues.

Dure and Jensen (12) studied the influence of GA and IAA on 

cotton embryos (Gossypium hirsutum L.) cultured_in vitro. The cell

division of cotton embryos with fresh weights of 64 mg. was stimulated
-5 -5to a great extent by 10 molar GA, but growth was inhibited by 10

molar IAA.



MATERIALS AND METHODS

A study of cottonseed germination at various temperatures was 

conducted in 1957 and 1958 at the University of Arizona. The study 

consisted of four experiments as follows: 1. the effect of temperature 

on the sprouting of four cotton varieties, 2. the effect of temperature 

on secondary root development of four varieties, 3. the determination 

of seedling growth and the corresponding loss of seedling dry weight of 

four varieties grown at various temperatures, and 4. the effect of 

gibberellic acid on the growth of Acala 44 (A-44) cotton seedlings. 

Cottonseed germination was defined as the sprouting and development of 

essential seedling structures (mainly secondary roots) which are 

indicative of the ability to produce a "normal" plant under favorable 

conditions.

Two varieties of Gossypium hirsutum L. (A-44 and 1517-C) and 

two varieties of Gossypium barbadense L. (Pima S-l and Pima 32) were 

used in this study. A-44, a short staple variety developed by Dr. E. H. 

Pressley at the University of Arizona, is the main variety grown in 

Arizona. 1517-C, another short staple Acala variety, was developed in 

New Mexico and is the recommended variety for the high-elevation cotton

growing areas of Arizona. This variety has a reputation for rapid 

germination. Pima S-l, which was developed in Arizona by Dr. W. E. Bryan, 

has replaced Pima 32 as the recommended long staple variety. Both of

these varieties were used in this study because of their reputation for
8



9

rapid germination at low temperatures.
All of the seed used in this study were two years old except 

Pima 32 which was four years old.

For this study, five germinators were constructed so a wide 

range of temperatures could be utilized simultaneously. Ordinary home 

refrigerators were altered for use as cold germination chambers, and 

insulated boxes of old refrigerators were altered for use as warm 

germination chambers.

The germination chambers which were to be operated at the 

colder temperatures were altered by installing a coupling head 

thermoswitch control with contacts which close on a temperature rise 

(Fig. 1A). A relay (Fig. IB) was interposed between the motor and the 

thermoswitch unit to prevent damage to the thermoswitch by the high 

inrush of current required to start the refrigerator motor. The 

resulting temperature control was accurate to within ̂  0.5° F. A 
continuous running 1/70 h.p. motor and fan was installed inside both 

germinators to be operated at cold temperatures to reduce temperature 

stratification. The fan was placed so that air could be blown directly 

across the exposed freezer coils (Fig. LA). This type of installation 

eliminated the need for a hole through the box for the motor shaft, and 

the heat from the motor allowed good temperature control even when room 

temperature was lower than that desired for germination.

The warm germination chambers were constructed by installing a 
coupling head thermoswitch control with contacts which open on a 

temperature rise. This thermoswitch was connected directly to the heat



Fig. 1.- A refrigerator box used for germination at cold temperatures. 
The thermoswitch unit (right side) and the motor and fan for air 
circulation (upper left) are shown in the open chamber (A). The 
relay unit interposed between the refrigerator motor and the 
thermoswitch is shown in B. In A, note the rolled towels used for 
cottonseed germination, and the shallow pan of water at the bottom 
to maintain humidity.



g. 2.- A refrigerator box used for germination at warm 
temperatures. The three heater elements are shown at 
the top of the chamber. The fan blade is shown in the 
upper left corner with the thermoswitch located near 
the middle of the right side of the chamber.
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source which was supplied by three 276-watt hair dryer elements wired in

series (Fig. 2). The resulting temperature control was accurate to 
+ owithin _ 0.5 F. A motor was installed on the outside wall of each warm 

germinator with the motor shaft running through the wall for the fan 

blade. The motor was not placed inside the germinators because the heat 

generated by the motor would have raised the temperature inside the 

chamber above the desired level.
A hygrothermograph was used to calibrate the germinators to the 

desired temperature. The relative humidity inside the germination 

chambers was kept at approximately 95 percent by keeping a shallow pan of 

water in each chamber (figures 1A and 2).
The substrate used for this study was special paper toweling 

which is commonly used by seed germination laboratories. When a seed 

test was prepared for germination, 50 seed were placed on two prewet 
towels and covered with a third prewet towel. The towels were then 

rolled and placed in a vertical position in the germinators (figures 1A 
and 2) .

One of the major problems encountered in this study was the 

spread of saprophytic fungi during germination. The fungus which was 

most severe was a Nucor sp. which was apparently seed borne. To control 

the disease, the seed were soaked in a 0.1% mercuric chloride solution 

for 30 minutes before placing them in a towel. By observing each test 

and removing diseased seed at least every three days, the disease was 
further controlled.

Experiment I was a study to determine sprouting of four cotton
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varieties grown at various temperatures. A seed was considered sprouted
when the radicle emerged from the seed for a length of at least 2 mm.

The treatments in this experiment consisted of temperatures of 54°, 57°, 
o o o o o o o  o o o o

60 , 62 , 66 , 72 , 76 , 84 , 92 , 100 , 108 , 116 , and 120 F. The

sprouting percentage was recorded after 7 and 14 days growth at each of
othese temperatures - except at the higher temperatures. Above 66 F

sprouting was completed in 7 days. Any seed which failed to sprout after 
o o14 days at 54 F were moved to a 70 F germinator for 5 days to complete

osprouting. Daily sprouting counts were also made at 62 F for the 14-day 
period.

Experiment II was a study to determine the effect of temperature

on the development of secondary roots for each of the four varieties. A

seedling with several lateral roots of approximately 2 mm. in length was

considered to have developed secondary roots. The treatments in this
o o oexperiment consisted of temperatures of 64 , 66 , alternations of 66 and

o o o o o o o o  o o
68 , 68 , 70 , 72 , 76 , 84 , 92 , 96 , 100 , and 104 F. Seedlings with

the required root development were counted after 7 and 14 days growth
oexcept at the high temperatures. Above 76 F secondary root development

had reached the required growth by 7 days.

Experiment III was designed to compare the loss of dry weight
o o oand the length of growth between the four varieties at 60 , 66 , and 72 

F. Dry weights of the seed were obtained by drying seed samples of each 

variety. Seedlings and seed coats were dried after 14 days of growth at 

each temperature, and the difference between this weight and the dry 

weight of the seed was considered the loss in dry weight. Weights were
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measured on a torsion balance to the nearest 0.01 gram. Measurements of 

growth were obtained by measuring 15 seedlings from each towel using the 

average of these measurements to form one replication of the five 
replications used. Measurements were of the distance from the cotyle

donary node to the tip of the root and were recorded to the nearest 

millimeter. The position of each seedling to be measured was marked at 

the beginning of the experiment, so the same seedlings could be measured 

at both 7 and 14 days after germination.

The dry weight data from experiment III were analyzed 

statistically as a 3 x 4 factorial experiment. The basic analysis is 

given in appendix A. The measurement data were analyzed both as a 3 x 4 

factorial experiment with only the 14 day measurements and as a 2 x 3 x 4 

factorial experiment with both 7 and 14 day measurements. The basic 

analyses are given in appendix A and B respectively.

Experiment IV was designed to compare the growth of seedlings 

of A-44 treated with five gibberellic acid (GA) concentrations of 0, 25, 

50, 75, and 100 ppm. The treatments consisted of saturating filter paper 

in petri dishes with the different GA solutions and allowing the cotton 
seed to imbibe these solutions for 18 hours at room temperature (about 75° 

F). After 18 hours the seed were rolled in paper towels and placed in 
the germinator at a constant temperature of 57° F. Measurements were 

made of growth at both 7 and 14 days in the same manner as was done in 
experiment III.

The data from experiment IV were analyzed as a 2 x 5 factorial 

experiment with both 7 and 14 day measurements. The basic analysis is
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given in appendix C.

Five replications were used to test each variety at a desired 

temperature in all experiments except experiment IV. In experiment IV 

three replications were used. Duncan's multiple range test (57. level)-

was used to compare treatment means in experiments III and IV.

1/ Duncan, D. B. Multiple range and multiple F tests. 
Biometrics 11:1-42. 1955.



EXPERIMENTAL RESULTS

Experiment I. Sprouting of cottonseed grown at various temperatures.

The percentage of seed sprouting of four cotton varieties grown

for 14 days at various temperatures is given in table 1. In general all

varieties sprouted well (84 percent or more) when grown at temperatures 
o o .from 66 to 108 F with a reduction in sprouting above or below this

range. 1517-C was the best sprouting variety over the wide range of

temperatures followed by Pima S-l, A-44 and Pima 32. Pima 32 showed the

sharpest decline in sprouting at both the high and low temperatures. No

sprouting took place with any variety at either of the extreme
o otemperatures of 54 or 120 F.

oMany viable seed were still left after 14 days growth at 54 F. 

Table 2 shows the varietal response when these seed were allowed to grow 

5 days at 70° F. Sprouting percentages for all varieties were reduced, 

but Pima S-l had the largest percentage of viable seed.

The sprouting percentages in table 3 represent the means for 

all varieties at each temperature. A comparison of sprouting after 7 and

14 days growth was made to determine the rate of sprouting. Sprouting
o o owas rapid from 66 to 108 F, being completed in 7 days. Below 66 F,

osprouting declined sharply until at 57 F practically no sprouting was 

noted after 7 days growth while a rather high sprouting percentage was 

noted after 14 days growth.

16



Table 1.

Percentage of sprouting of four cotton varieties grown
for 14 days at various temperatures^'

Variety Temperature ° F
54 57 60 62 66 72 76 84 92 100 108 116 120

Pima S-l 0 83 92 92 96 95 97 94 94 96 96 62 0
Pima 32 0 36 74 74 34 89 88 92 90 86 86 16 0

Acala 44 0 74 88 85 91 90 95 91 91 93 87 74 0

1517-C 0 94 96 98 99 99 98 99 99 99 98 78 0

1/ Averages of 5 replications of 50 seed each.

Table 2.

Percentage of sprouting of four cotton varieties grown 
for 14 days at 54° and 5 days at 70 F J*'

Variety Percent
Pima S - l .................................................... 85
Pima 32     40
Acala 4 4 --------------------------------------     77
1517-C 75

1/ Averages of 5 replications of 50 seed each.



Table 3.

Average sprouting rate of four cotton varieties grown at
various temperatures -1'

TemperatureDays in

Percent

1/ Averages of 5 replications of 50 seed for each variety.

Table 4.

Average percentage of sprouting ofQfour cogton varieties grown 
at temperatures from 57 to 116 F

Days in 
germinator

Variety
Pima
S-l

Pima
32

Acala
44

1517-C

7 76 62 72 86
14 90 74 88 96

1/ Averages of 5 replications of 50 seed for each temperature. 
2/ Temperatures between 57° and 116° F as in table 3.
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The sprouting percentages in table 4 represent the means of all 
o otemperatures from 57 to 116 F for each variety. Varietal differences 

were well established after 7 days growth and these differences were not 

changed after 14 days growth.
o

The daily sprouting rate for each variety grown at 62 F is 

given in table 5. 1517-C was the most rapid sprouting variety, reaching

95 percent sprouting two days earlier than any other variety.

Experiment II. Secondary root development at various temperatures.

The percentage of seed which sprouted and developed roots after

14 days growth at various temperatures is given in table 6. In general,

all varieties developed secondary roots well (84 percent or more ) at

temperatures of 72° to 96° F. 1517-C showed the best secondary root
development of any variety at the lower temperatures with Pima S-l being

the best variety at the higher temperatures. Each variety showed very
olittle secondary root development at 66 F, but daily alternations from 

o o66 to 68 F considerably increased secondary root development.

The percentages in table 7 represent the means for all varieties 
grown at the various temperatures. A comparison of secondary root 
development after 7 and 14 days growth was made to determine the rate of 

secondary root development. Secondary root development was rapid from
O O Q84 to 96 F, being completed in 7 days. Below 76 F, secondary root

development declined sharply until there was none after 7 days growth 
oat 72 F.

The percentages in table 8 represent the means for all 
o otemperatures from 66 to 100 F for each variety. After 7 days of growth



Table 5.

Rate of sprouting of four cotton varieties grown for 
14 days at 62° F I'

Variety 1 Days in terminator
3 4 5 6 7 8 9 10 11 12 13 14

2/Percent — '

Pima S-1 0 0 12 39 65 75 85 92 96 97 98 100

Pima 32 0 7 11 17 26 40 57 67 82 94 99 100

Acala 44 0 2 7 22 41 55 70 78 86 92 97 100

1517-C 0 11 35 68 86 93 95 98 99 100 100 100

1/ Averages of 5 replications of 50 seed each.

2/ Percentages based on the average number sprouted after 14 days growth.

s



Table 6.

Percentage of seedlings developing secondary roots for four cotton 
varieties grown for 14 days at various temperatures — '

Variety Temperature U F
64 66 66-68 ^  66-68 it'68 70 72 76 84 92 96 100 104

Pima S-l 0 13 15 67 81 96 96 98 96 98 98 19 0

Pima 32 0 5 11 11 44 57 84 89 89 87 84 14 0

Acala 44 0 5 17 33 64 78 84 92 84 87 87 0 0
1517-C 0 23 55 86 87 98 96 98 98 98 94 0 0

1/ Percentages based on the average number of seeds sprouting at each treatment.

2/ Averages of 5 replications of 50 seed each.
o o3/ Daily alternation - 20 hours at 66 and 4 hours at 68 F.

4/ Daily alternation - 16 hours at 66° and 8 hours at 68° F.



Table 7.

Rate of secondary root development of four .cotton varieties
grown at various temperatures

TemperatureDays in
germinator

Percent-'

\! Averages of 5 replications of 50 seed for each variety.
j2/ Percentages based on the average number of seeds sprouting at each treatment.

Table 8.
Percentage of secondary root development of four cotton varieties 

rrrnxjn at temneratures from 66° to 100° F

Days in 
germinator

Variety
Pima
S-l

Pima
32

Acala
44

1517-C

7 41 37 55 41
14 72 56 60 78

1/ Averages of 5 replications of 50 seed at each temperature. 
2/ Percentages based on the average number of seeds 

sprouting at each treatment.
3/ Temperatures between 66° and 100° F as in table 6. M
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varietal differences were not apparent, but after 14 days growth 

differences were quite pronounced.

Experiment III. Seedling growth and loss of seedling dry weight at 
various temperatures.

Seedling growth after 14 days at various temperatures is shown
o oin table 9. When grown at 60 and 72 F, seedling growth of 1517-C and

Pima S-l was significantly greater than the growth of the other two 
ovarieties. At 66 F, 1517-C made the greatest growth, but no significant

difference was noted between the intermediate growth of Pima S-l and 
o oA-44. At 66 and 72 F, seedling growth of Pima 32 was significantly

olower than the growth of the other varieties. At 60 F no significant

difference was noted between the growth of A-44 and Pima 32.

The loss of dry weight for the seedlings on which the above

growth data were obtained is presented in table 10. Loss of seedling

dry weight increased as temperature increased, but this increase was
odifferent for each variety. At 60 F, loss of seedling dry weight of

Pima 32 was significantly greater than any of the other three varieties, 
oAt 72 F, no significant difference was noted between the loss of dry 

weights of Pima 32, 1517-C and A-44. Pima S-l did not lose dry weight 

as rapidly as the other varieties when temperature increased.

To more clearly determine the growth response of varieties at 
various temperatures, measurements were made after 7 and 14 days. The 

results are presented in tables 11 and 12.

The growth measurements in table 11.represent the means of all 

temperatures for each variety. 1517-C made the greatest growth at both
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Tabic 9.

Seedling growth of four cotton varieties grown 
14 days at three temperatures —

Temperature
Variety

Pima
S-l

Pima
32

Acala
44

1517-C

Millimeters
60 36 15 18 32

66 74 51 68 93

72 175 140 159 186

3 x V 73*375
= 1.66

J./ Averages of 5 replications of 15 seedlings each.

Table 10.

Decrease in dry weight of the seedlings of four cotton varieties 
gro'wn for 14 days at three temperatures and in darkness — '

, Variety
Temperature Pima

S-l
Pima
32

Acala
44

1517-C

60 .15 .23
Grams

.10 .13
66 .49 .60 .51 .57
72 .66 oCO .81 .78

S x =^/003 =
5

mCM

1/ Averages of 5 replications of 50 seedlings each.
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Table 11.

Average seedling growth of four cotton varieties 
grown at all temperatures JL/

Days in Variety
germinator Pima

S-l
Pima
32

Acala
44

1517-C

Millimeters
7 27 16 21 37

14 95 68 82 104

S X V 4b21 = 1.66

1/ Averages of 5 replications of 15 seedlings for each 
temperature.

Table 12.

Average seedling growth of four cotton varieties 
grown at three temperatures JL/

TemperatureDays in
germinator

Millimeters

165

41.21

1/ Averages of 5 replications of 15 seedlings for each variety.



26

7 and 14 days followed by Pima S-l, A-44 and Pima 32, respectively. 

Significant differences were noted between the growth of each variety.

The growth measurements in table 12 represent the means for 

all varieties at each temperature. In general, seedling growth 

^increased as temperature increased at both 7 and 14 day periods;

however, no significant difference was noted between growth at 66° and
o '72 F after a 7 day period.

Experiment IV. Gibberellic acid treatment.

The effect of gibberellic acid (GA) on seedling growth after 

7 and 14 days at 57° F is shown in table 13. GA treatments had no 

significant effect on seedling growth during the first 7 days; however, 

by 14 days seedling growth of GA treated seeds was significantly greater 

than growth of untreated seed. Seedling growth of seed treated with 

100 ppm of GA was significantly greater than growth of seed treated

with other concentrations of GA.
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Table 13.
Seedling growth at 57° F of Acala 44 cottonseed treated 
with various concentrations of gibberellic acid —

Days in Concentrations - parts per million
germinator 0 25 50 75 100

Millimeters
7 8 8 8 7 9
14 12

S -  =73.05

15

= 1.01

16 17 21

1/ Averages of 3 replications of 15 seedlings each.
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DISCUSSION

Soil temperatures in the seedbed zone of the soil have rather 

wide fluctuations (table 14) which are difficult to duplicate under 

laboratory conditions. Most of the temperatures used in these studies 

were constant temperatures and are only considered indications of what 

might be expected under field conditions.

Table 14.

Average soil temperatures (6 inch depth) taken at Tucson,
Arizona during 1943-='

Temperature ° F - 24 hour extremesMonth Low High

Jan. 38 47
Feb. 40 49
March 43 56
April 55 68
May 64 80
June 75 91

This study has shown a difference between the optimum
o otemperature range for sprouting (66 to 108 F) and the optimum range
o ofor secondary root development (72 to 86 F) when all varieties were 

considered. However, 1517-C_ and Pima S-l sprouted well at 57° F and

1/ Fletcher, J. E. Unpublished Data, Department of 
Agricultural Chemistry and Soils, University of Arizona.
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had fairly good secondary root development at 68° F (tables 1 and 6).

The minimum temperature for sprouting was found to be between

54° and 57° F, which was similar to the minimum temperature reported

by Ludwig (17). The maximum temperature for sprouting was found to be 
o 6between 116 and 120 F, but considerable heat injury was observed

owhen cotton seedlings were grown at 100 F or above. One of the first 

symptoms of heat injury was a malformation consisting of a collapse of 

cells in a short segment of the hypocotyl. This same type of injury 
was also noted when red kidney beans were exposed to extremely high 
temperatures before germination (19).

The results of experiment III indicated that varieties, such 

as Pima 32, that grew the least in length had the greatest loss of dry 

weight. All seedlings were grown in the dark, so dry weights were not 

affected by photosynthesis. This unexpected dry weight and growth 

relationship was probably due to metabolism inefficiency, but a 

comparison between seedling elongation and loss of dry weight may be 

invalid for some varieties.

Planting dates vary from year to year, but sowing should take

place as soon as soil temperatures permit. If the planting date is

delayed too long, yields may be greatly impaired because the effective
growing season will be shortened. Conversely, if cottonseed is
planted too early when soil temperatures are low, germination may be

seriously retarded, and replanting may be necessary. Low soil tempera-
o otures (between 62.6 and 73.4 F) are also very conducive to soreshin 

development (1, 2, 25).

Univ. of Arizona Library
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Secondary root development within a short period (14 days or
less) is probably a good indication of normal seedling development (7) .

Ideally, then, soil temperature at the time of planting should be around

72° F for most varieties. However, Arizona cotton growers usually plant

about the first of April (locations below 2500 feet) and good stands are

obtained when soil temperatures are probably too cold for secondary root

development (table 14). Cottonseed are usually planted at a depth of

1 1/2 to 2 inches (3.8 to 5.1 centimeters). The data in table 9 show

that seedlings would probably grow enough to emerge from the seed bed at
O oa soil temperature of 66 F but would not, emerge at 60 F. Soil 

temperatures are usually determined at a 6-inch depth which is about 

where seed are planted after the top part of the seed bed has been 
harrowed.

The germination results indicate considerable variation between 

varieties especially at the lower temperatures. 1517-C and Pima S-l 

were clearly the best germinating varieties, and Pima 32 was the poorest 

germinating variety. A-44 germinated much better than Pima 32 but 

lacked the cold tolerance of 1517-C and Pima S-l. The poor germination 

of Pima 32 may have been due to the age of the seed.

Gibberellic acid (GA) has promoted phenomenal growth in some 

plants. Cotton seedlings from GA treated seed also showed an increase 

in growth when grown for 14 days at 57° F, but this added growth response 

was small compared to the growth needed for seedling emergence. One of 

the striking characteristics of seedlings from GA treated seed was the 

expanded cotyledons. Most of the cotyledons from treated seed expanded
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enough to shed the seed coat after 14 days of growth while seed coats 

were still intact on cotyledons from untreated seed.



SUMMARY

The influence of temperature on seed germination of four 

cotton varieties was studied at the University of Arizona in 1957 and 

1958. Both sprouting and subsequent secondary root development were 

included in the germination study.
o oThe minimum temperature for sprouting was between 54 and 57

o oF, and the maximum temperature was between 116 and 120 F for all

varieties. In general, all varieties sprouted well (84 percent or more)
o owhen grown at temperatures of 66 to 108 F.

The minimum temperature for secondary root development was 
o obetween 64 and 66 F for all varieties, and the maximum temperature

owas approximately 100 F for most varieties. In general, all varieties

developed secondary roots well (84 percent or more) when grown at
o otemperatures of 72 to 96 F.

To emerge from the seed bed, cotton seedlings must usually 

grow 1 1/2 to 2 inches (3.8 to 5.1 centimeters) . This study has shown 

that such growth is possible at 66° but not at 60° F.

Loss of seedling dry weight was found to be a poor indicator 

of seedling growth. Varieties making the least growth had the greatest 

loss of dry weight.

1517-C and Pima S-l were clearly the best germinating varieties

at all temperatures, and Pima 32 was the poorest germinating variety.

Acala 44 was intermediate and lacked the cold tolerance of 1517-C and
32
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Pima S-l.

Seedlings of Acala 44 seed treated with 100 ppm of
ogibberellic acid grew more rapidly at 57 F than seedlings from 

untreated seed; however, this added growth response was small compared 

to the growth needed for seedling emergence.
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APPENDIX A

The basic analysis of variance for experiment III (14 day data)

Source of variation

Varieties

Temperatures

Varieties x Temperatures
Error

Total

Degrees of freedom 

3 

2 
6 

48 

59
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APPENDIX B

The basic analysis of variance for experiment III (7 and 14 day data)

Source of variation
Temperatures

Varieties

Days

Temperatures x Varieties

Temperatures x Days

Varieties x Days

Temperatures x Varieties x Days

Error

Total

Degrees of freedom 

2 
3 

1 
6 
2 
3 

6
96

119
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APPENDIX C

Source of variation Degrees of freedom

4 

1 
4 

20 
29

The basic analysis of variance for experiment IV.

Concentrations

Days
Concentrations x Days

Error

Total

38


