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ABSTRACT 

Prolonged cool, humid conditions on the High Plains of Texas 

cause disease symptoms in cotton similar to Ascochyta blight (Ascochyta 

gossypii Sydow). Different sizes of lesions with dark pycnidia in the 

centers develop on cotton leaves and purpling is sometimes exhibited on 

the edges of these lesions. This research was designed to determine 

what is causing these disease symptoms being observed on the High 

Plains of Texas. Lesions from field samples were cultured and Phoma 

spp. and Alternaria spp. were predominantly isolated whereas A. gossypii 

was never isolated. Cultivars inoculated with Phoma spp. and incubated 

under greenhouse conditions developed very few lesions. This can 

possibly be explained by fluctuating temperatures not allowing optimum 

fungal growth. Cultivars were also exposed to four inoculation treatments 

consisting of Phoma spp., Alternaria spp., a combination of the two fungi, 

and a control (uninoculated). They were incubated in a Stultz Scientific 

Seed Germinator to maintain a constant temperature with a high relative 

humidity. These cultivars experienced a rapid browning process which 

began on the edges of leaves and continued until defoliation occurred. 

There were no significant differences between inoculation treatments 

which suggests either the environmental conditions to which the plants 

were exposed or insects transferring fungi from plant to plant were 

causing the rapid browning process. Cultivars were also inoculated with 

A. gossypii to determine if this fungus was causing the lesions seen in the 

field and allowing Phoma spp. and Alternaria spp. to become established 

as a source of secondary infection. These cultivars were incubated in the 
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same seed germinator after it had been sterilized and all of the control 

plants were screened before the inoculated plants to prevent insects from 

causing contamination. Again, a rapid browning process occurred with 

both inoculated and uninoculated cultivars and there were no significant 

differences between these two inoculation treatments. This supports the 

hypothesis that the rapid browning process is probably caused by 

environmental conditions and not by fungi. Disease symptoms similar to 

those being observed in the field have yet to appear under controlled 

conditions. Further research involving fluctuating environments and 

possibly more fungal inoculations are needed to determine the actual 

cause of the disease symptoms being observed on the High Plains of 

Texas. 
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CHAPTER I 

INTRODUCTION 

Ascochyta blight (Ascochyta gossypii Sydow) in cotton has been 

reported in the United States since 1915 and was first reported in Texas in 

1951 (4). This disease occurs in all cotton states from Virginia westward 

to the 40-inch rainfall line in eastern Texas and Oklahoma and has been 

reported to be prevalent in central Texas and as far west as Lubbock, 

Texas. Losses caused by A. gossypii result from stunted growth and loss 

of cotton stands. Plants three to eight weeks of age are most susceptible 

to Ascochyta blight (25). Around 42,500 bales of cotton were lost due to A. 

gossypii in the United States from 1985 to 1989. Texas can account for 

approximately 24,000 of these bales (5,6,7, 13, 14). 

Ascochyta blight has been reported in many field crops including 

peas, faba beans, okra, lentils, and cotton (4, 10, 17,18,21 ,28,29). The 

disease is a major problem in chickpeas in West Asia, North Africa, South 

and East Europe, Northern Pakistan, and Northwest India 

(21 ,22,23,24,27). Most of the symptoms of Ascochyta blight appear on 

field crops after damaging winds, hail, or hard rain is followed by a period 

of cool, damp weather. The most distinguishing symptom of this disease 

is round purplish lesions on the stems, leaves, or fruits of plants exposed 

to these epiphytotic conditions ( 4,1 0,18,21 ,24,28,29). 

The objective of this research was to determine if A. gossypii was 

causing the disease symptoms being observed on the High Plains of 

Texas. If A. gossypii is the causal pathogen, this research should provide 

techniques for isolating the fungus and develop a method for inoculating 
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and screening cotton cultivars for resistance to Ascochyta blight. If A. 

gossypii is not the causal pathogen, this research should lead to new 

ideas for further research to identify the causes of the disease symptoms 

similar to Ascochyta blight being observed on the High Plains of Texas. 
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CHAPTER II 

REVIEW OF LITERATURE 

Ascochyta gossypii is a member of the order Sphaeropsidales in 

the class Hyphomycetes (26). This fungus produces parenchymatous 

pycnidia 80-1 OOJ.Lm in diameter with asexual, uniseptate, hyaline spores 

(conidia) 2.5-4 X 8-10J.Lm in size (3,9,11). Some Ascochyta spp. can be 

confused with those of Phoma and Phyllosticta. Ascochyta spp. have 

pycnidia which show annellidic ontogeny and produce conidia that are 

always two-celled. Phoma spp. have pycnidia which show phialidic 

ontogeny and the conidia are primarily aseptate, although secondary 

septation may occur. Phyllosticta spp. have aseptate conidia with an 

apical appendage (15). 

Ascochyta blight is also known as wet-weather blight because 

symptoms occur in association with periods of prolonged wet, cool 

weather (4,8). Ascochyta gossypii infects leaves, stems, and fruits of 

cotton. Cotton flowers are not attacked, but lint can be destroyed and may 

be discolored grey with pycnidia in half open bolls (15). Foliage of annual 

and perennial plants are attacked primarily by means of conidia which 

reproduce in infected areas and spread to other plants by means of wind, 

water, and insects (1 ). Wounds are the primary site of infection. Direct 

penetration may occur, but the mode of infection has yet to be 

documented (15). Pritchard, Rowe, and Rossall (20) suggest that faba 

bean leaves are differentially susceptible to Ascochyta fabae infection 

according to position and age, stating that lesions first appear on the 

youngest uppermost leaves. Ascochyta gossypii development may be so 
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rapid that leaf lesions may be visible within 36 hours after inoculation. The 

entire pathological cycle may be completed within 5-6 days under 

favorable conditions (9). 

Early infection caused by A. gossypii is indicated by lesions on the 

cotyledons and true leaves. These lesions may enlarge, coalesce and 

lead to defoliation. If epiphytotic conditions persist, larger plants may 

become infected causing stem cankers which are generally less 

damaging than leaf lesions but can sometimes girdle the stems, causing 

them to lodge and die (8, 15). 

Ascochyta gossypii overwinters as conidia or mycelium in infected 

plant debris, in infected seeds, and in the soil (1 ). Kaiser, Stanwood, and 

Hannan (17) reported that Ascochyta fabae f.sp. lentis survived in infected 

lentil seeds at temperatures of 20, 5, -18, -and -196°C (liquid nitrogen) 

for four years. Lentil seeds infected with A. fabae f. sp. lentis lose viability 

more quickly than healthy seeds. The optimum in vitro temperature for A. 

gossypii growth is 20-25°C (15). 

Numerous other fungi, such as Alternaria tenuis, A. macrospora, 

Helminthosporium gossypii, Myrothecium roridum, and Cerocospora 

gossypii also infect cotton causing lesions similar to those caused by 

Ascochyta gossypii . The lesion centers produced by these fungi vary 

from light ash-grey to brown and the borders are red brown to purple 

brown. The exact color and size of lesions are dependent upon the 

specific pathogen, cultivar, age of tissue, and environmental conditions. 

Symptoms from all of these fungi are very similar which makes it difficult to 

consistently make an accurate diagnosis without isolating and confirming 

the causal pathogen (1, 19). 
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Several methods have been used to control Ascochyta blight in 

cotton and other crops. Some of these include fungicidal sprays, 

disinfectants on seeds, disease-free seed, destruction of contaminated 

debris, and crop rotation (1 ,8, 19). Cessation of rainfall and a few days of 

sunshine can also retard the disease. Some of these methods can be 

costly and time consuming or even ineffective under severe conditions; 

hence, the most effective and economical method to control Ascochyta 

blight is through resistant cultivars (1 ,4,8,24). 

Evaluating cultivars for resistance not only requires inoculating 

plants with Ascochyta gossypii but maintaining the plants in an 

environment favorable for fungal growth. The optimum condition for 

fungal development requires the temperature to be maintained between 

20-25°C with a high relative humidity (24,27,28). Van Breukelen (28) 

conducted an Ascochyta fabae screening test with faba beans to 

determine which conditions would provide adequate infection when 

screening for resistance. Both young plants (second true leaf fully 

expanded) and older plants (six leaves present) were inoculated with a 1 

ml spore suspension containing 6 X 1 o5 and 12 X 1 o5 spores per mi. The 

plants were placed in two growth chambers with temperature (15 and 

20°C) as the variable. Several methods were studied to maintain high 

humidity and the best method discovered was to place the pots in a seed 

tray and cover them with transparent plastic which was quick, easy, and 

allowed spraying with water without the plants rotting. With this technique 

Van Breukelen presented the following conclusions: 

1. Wetting inoculated, uncovered plants once a day for a few days 
was sufficient for development of lesions. 
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2. Delaying covering the plants with transparent plastic for 24 
hours after inoculation gave reasonable numbers of lesions. 

3. Covering plants with plastic for one, two, and three days gave 
increasingly more lesions. 

4. Covering the plants with plastic for 11 days almost doubled the 
number of les1ons compared to a three day period. 

5. Maintaining high humidity for three days after inoculation 
proved to give good discrimination of lesions within 14 days 
(even though susceptible varieties were not killed, the resistant 
varieties showed some lesions). 

6. Increasing the concentration of inoculum tenfold resulted in 
doubling the number of lesions per leaf. 

7. Increasing the inoculum dose from 0.5 ml to 1 ml per plant 
doubled the number of lesions, but increasing the dose from 1 
ml to 2 ml showed little or no increase in lesion numbers. 

8. Symptoms of Ascochyta blight developed earlier at 20°C then at 
15°C, but the final number of lesions was not significantly 
different. 

Different methods have been used to measure disease severity 

caused by Ascochyta spp. Singh and Reddy (23,24) scored varieties of 

chickpeas twice during the growing season: when the susceptible check 

variety was completely killed and when the chickpeas reached the 

podding stage. A scale of 1-9 was used to rate the percentage of infection 

on each plant and was recorded as shown in Table 1. Ratings of 1-5 are 

considered resistant with 6-9 being susceptible. Tewari and Pandey (27) 

also used a 1-9 scale to rate disease severity in chickpeas; however, they 

differentiate ratings of 1-3 as resistant and 4-9 as susceptible. 

Rastogi and Saini (21 ,22) used another scale for rating disease 

severity caused by Ascochyta pinodella in peas. This method rates 
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Table 1. Disease severity scale with nine rankings as described by Singh 
and Reddy (23, 24). 

Rating Disease Incidence 0/o Infection 

1 Immune No infection 
2 Highly resistant 1-5 
3 Resistant 6-10 
4 Moderately resistant 11-15 
5 Tolerant 16-40 
6 Moderately susceptible 41-50 
7 Mod. sus.- susceptible 51-75 
8 Susceptible 76-100 
9 Highly susceptible Plants killed 
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percent of plants infected rather than percentage of the plant infected. A 

scale of 1-5 is used as shown in Table 2. With this scoring method, 

varieties were considered resistant less than 15°/o of the plants were 

infected and susceptible if more than 15°/o of the plants were infected. 

When evaluating plants for resistance, isolating the causal 

organism on artificial media is necessary for subsequent inoculum 

production and diagnosing disease symptoms in the field. Alam and 

Strange (2) used a method for isolating Ascochyta rabiei from infected 

chickpeas that has exhibited an approximate 90°/o success rate. This 

method involves sterilizing infected pods, stems, or leaflets in a five 

percent sodium hypochlorite solution for one minute and letting dry on 

sterile filter paper. The plant fragments are then plated onto a two percent 

water agar medium and incubated at 20°C for five to seven days. Fungal 

colonies growing from these fragments are subcultured onto chickpea 

seed agar and incubated for one to two weeks which results in fungal 

colonies with pycnidia. Kaiser and Hannan (18) also used a similar 

method for isolating Ascochyta lentis from lentils. The differences in this 

method include using only a 0.25°/o sodium hypochlorite solution and 

subcultures were transferred to potato-dextrose agar slants and stored at 

4 oc in the dark. 

Spore suspensions for inoculation in resistance testing can be 

prepared after developing a pure culture of A. gossypii. Flooding the 

surface of 14-21 day old cultures with sterile distilled water and scraping 

with a glass rake will produce conidial suspensions. Mycelial debris can 

be removed by filtering through two layers of sterile muslin. The 

concentration can be adjusted to 1 o6 spores per ml with the aid of a 
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Table 2. Disease severity scale with five rankings as described by 
Rastogi and Sa1ni (21, 22). 

Rating Disease Incidence 0/o Infected Plants 

1 Resistant 0-5.0 
2 Moderately resistant 5.1-15.0 
3 Moderately susceptible 15.1-30.0 
4 Susceptible 30.1-45.0 
5 Highly susceptible 45.1 & greater 
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hemacytometer (20). Spore suspensions from slants can be prepared by 

adding distilled water and agitating with a sterile loop which should result 

in a spore suspension uncontaminated by mycelium (2, 18). 
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CHAPTER Ill 

MATERIALS AND METHODS 

Plant samples with leaf lesions resembling Ascochyta blight were 

collected from cotton fields on the High Plains of Texas during 1989 -

1991 growing seasons. Lesions with pycnidia growing in the centers were 

excised from the plants and sterilized for one minute in a 0.525°/o sodium 

hypochlorite solution and let dry on sterile filter paper. These lesions were 

then plated onto either potato-dextrose agar or V-8 juice agar and 

incubated at 20-23°C (room temperature) to isolate A. gossypii. 

Another method used to isolate A.gossypii from samples was 

described by Elliot (12) and Zak (30). Whole leaves were surface 

sterilized in a 0.525°/o sodium hypochlorite solution for one minute and let 

dry on sterile filter paper. The leaves were then placed into a moisture 

chamber and incubated at 20-23°C until pycnidia formed. 

A freeze-dried culture of Ascochyta gossypii was ordered from the 

American Type Culture Collection in Rockville, Maryland. The freeze

dried culture was revived by adding five ml of sterile distilled water to the 

culture and allowing it to soak for 30 minutes. The liquid suspension was 

transferred onto potato-dextrose and V-8 juice agar and cultured at 20-

230C. 

Field isolates grown on potato-dextrose and V-8 juice agar were 

compared to the pure cultures of A. gossypii grown on the same agar. 

Field isolates grown on leaves were compared to healthy leaves 

inoculated with A. gossypii. Healthy leaves were sterilized by either 

soaking them in a 0.525°/o sodium hypochlorite solution for two minutes 

11 



and let dry on sterile filter paper or by autoclaving the leaves at 121 oc with 

18 pounds of pressure for 15 minutes. Sterilized leaves were inoculated 

by transferring pycnidia from pure cultures of A. gossypii to the leaves. 

The leaves were placed into a moisture chamber and incubated at 20-

23oc until pycnidia formed. Comparisons of pycnidia were made with a 

dissecting scope and comparisons of conidia were made with a 

compound light microscope. 

Preliminary Experiment Inoculating Forty-Five Cultivars 
With Phoma spp. 

Forty-five cotton cultivars (Table 3) were planted in temperature 

control baths in a randomized complete block design with four blocks and 

maintained under greenhouse conditions. Six hills with two seeds per hill 

of each cultivar were planted in Baccto potting soil in each block with 2 

inch X 2 inch spacings to maintain at least six plants per cultivar. A Phoma 

spp. spore suspension was made by placing infected plant debris into a 

moisture chamber for three days to give the pycnidia a chance to release 

spores. After three days, the infected plant debris was rinsed with distilled 

water to suspend the spores and a hemacytometer was used to 

determine the spore concentration. Foliage of cultivars were scraped with 

needles to develop wounds for easier infection. Cultivars were inoculated 

with one ml Phoma spp. spore suspension per plant on two separate 

occasions. The first inoculation had a spore concentration of 4.2 X 1 o5 

spores per ml and plants were inoculated in the cotyledonary stage. The 

second inoculation had a spore concentration of 3.1 X 1 o6 spores per ml 

and plants were inoculated when they had one to two true leaves. The 

two spore concentrations were different because the spore suspensions 
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Table 3. Identification of forty-five cultivars used in the preliminary 
experiment inoculated with Phoma spp. 

I.D. Cultivar I.D. Cultivar I.D. Cultivar 

1. Acala A-78-1 00 16. Coker320 31. Holland 1919 
2. Acala 1517-75 17. Coker 130 32. Holland 4002 
3. Acala B-510 18. Coker 310 33. Lankart LX 571 
4. Acala 1517 E-2 19. Cencot 34. Paymaster HS 26 
5. Acala 1517 SR 2 20. Des 119 35. Paymaster 145 
6. Acala Prema 21. DC81 36. Paymaster 505 
7. All T ex 85041 22. DC 81-A 37. McNair 235 
8. All T ex 85034 23. DC827 38. NX-1 
9. All Tex E-2 24. DC886 39. Pima S 6 

10. All T ex Quickie 25. Dunn 1047 40. Ranger 88 53 
11. All Tex WM 569 26. Deltapi ne 90 41. RangerTM 62 
12. All Tex WM 571 27. Deltapi ne 50 42. Tamcot CA8SC 
13. 81ightmaster A-5 28. GSC25 43. Tamcot CD3H 
14. Bronco 655 M 29. GSC 71+ 44. Tamcot SP 21 S 
15. Bronco 978 30. G & P 71+ 45. Acala SJC 1 
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were made on separate occasions and one set of plant debris released 

more spores than the other. The volume of the spore suspension was 

determined by allowing one ml suspension for each plant and was 

distributed as evenly as possible over the wounded plants with the use of 

a plastic spray bottle. After the first inoculation the cultivars were covered 

with transparent plastic to maintain a high relative humidity. The plants 

remained covered with plastic until 15 days after the second inoculation. 

The temperature baths were set to keep the soil temperature between 20-

250C. Plants were scored by visual appraisal on a 1-5 scale (Table 4) 20 

days after the second inoculation. 

Preliminary Experiment Comparing Four Inoculation 
Treatments Among Four Cultivars 

A second preliminary experiment was conducted to compare four 

fungal inoculations among four cultivars. This experiment used a 

completely randomized split-plot design. Each of the four cultivars (Table 

5) were planted in four 12 oz styrofoam cups filled with Baccto potting soil. 

One cup of each cultivar was used for each inoculation treatment with 

three plants in each cup. Pure cultures of Phoma spp. and Alternaria spp. 

were grown on potato-carrot agar. Cultures 15-20 days old were flooded 

with sterile distilled water and a sterile inoculating loop was used to 

scratch the surface of fungal colonies to suspend fungal spores and a 

hemacytometer was used to determine the spore concentration. Spore 

suspensions with 1 o5 spores per ml of Phoma spp., Alternaria spp., a 

mixture of Phoma spp. and Alternaria spp., and a control were used for the 

four inoculations. The volume of the spore suspensions was determined 

by allowing one ml suspension for each plant. Cultivars 15 days of age 
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Table 4. Disease severity scale used in the preliminary experiment 
inoculated with Phoma spp. 

Score Disease Incidence 0/o Plants Infected 

1 Resistant 1-20 
2 Moderately Resistant 21-40 
3 Moderately Susceptible 41-60 
4 Susceptible 61-80 
5 Highly Susceptible 80-100 
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Table 5. Identification of four cultivars exposed to four inoculation 
treatments. 

1.0. 

A 
B 
c 
D 

16 

Cultivar 

GSC 71+ 
Paymaster HS 26 
Tamcot CD3H 
Lankart LX 571 



were wounded by making a tear on existing leaves. The spore 

suspension was distributed as evenly as possible over the wounded 

plants with the use of a plastic spray bottle. The control group was 

wounded in the same manner but was not inoculated. After the cultivars 

were inoculated they were placed in a Stultz Scientific seed germinator to 

maintain a constant temperature of 20-23°C and a 1 00°/o relative humidity. 

After 25 days of incubation the cultivars were scored by visual appraisal 

on a 1-9 scale (Table 1) as described by Singh and Reddy (23,24). After 

this experiment was completed the seed germinator was sterilized by 

draining the water and running alcohol through the system for three 

hours. The alcohol was drained and the germinator remained unused for 

at least one week. This was done to prevent spores from contaminating 

future experiments. 

Primary Experiment Inoculating Eight Cultivars 
With Ascochyta gossypii 

The final experiment was designed to compare the reactions of 

eight cultivars (Table 6) inoculated with Ascochyta gossypii and to 

compare the reaction of the same cultivars exposed to prolonged cool, 

humid conditions (controls). The experimental design was a completely 

randomized split-plot with four replications. Each of the eight cultivars was 

planted in four 12 ounce styrofoam cups filled with Baccto potting soil with 

three plants per cup for each rep and grown in the greenhouse for 20 

days. This test contained four control reps and four inoculated reps. All of 

the control reps were analyzed first to prevent spores from transfering 

from inoculated reps to control reps. 
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Table 6. Identification of eight cultivars inoculated and uninoculated with 
Ascochyta gossypii . 

I. D. Cultivar 

1 Paymaster HS 26 
2 Deltapine 90 
3 Paymaster 147 
4 Ranger 88 53 
5 Tamcot CD3H 
6 GSC 71+ 
7 Acala 1517-75 
8 Coker 312 
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For the inoculated reps, a new freeze-dried culture of Ascochyta 

gossypii was ordered from the American Type Culture Collection. The 

freeze-dried culture was revived by adding five ml of sterile distilled water 

to the culture and allowing it to soak for 3a minutes. The liquid suspension 

was transferr~d onto malt extract agar with antibiotics added to prevent 

bacterial contamination. Cultures were grown on malt extract agar then 

subcultured onto V-8 juice agar and grown for 2a days. Spore 

suspensions were made from subcultures by flooding the dishes with 

sterile distilled water and scraping the pycnidial colonies with a sterile 

inoculation loop. Suspensions were adjusted to 1 aS spores per ml with 

the aid of a hemacytometer and plants were inoculated with one ml spore 

suspension per plant. The volume of the spore suspension was 

determined by allowing one ml suspension for each plant and was 

distributed as evenly as possible over the plants with the use of a plastic 

spray bottle. 

A Stultz Scientific seed germinator was used to maintain the 

temperature at 2a-2soc with a high relative humidity. All 2a day old plants 

in every rep were wounded by making a tear on the cotyledons just before 

placing them into the seed germinator. Inoculations were made after 

wounding the plants and before placing them into the seed germinator. 

The first two inoculated reps were inoculated with 2.6 X 1 as spores per ml 

while the third and fourth reps were inoculated with 1.S X 1 aS spores per 

mi. The two spore suspensions were developed seven days apart with 

each suspension being developed from different subcultures. This was 

the reason different spore concentrations were used. All reps were kept in 

the seed germinator for seven days then transferred to a water coated 
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container covered with plastic to maintain a high relative humidity and 

were maintained by a window at room temperature (20-23°C) for another 

seven days. After 14 days of incubation individual plants in all reps were 

scored by visual appraisal on a 1-9 scale as described by Singh and 

Reddy (23,24). 
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CHAPTER IV 

RESULTS AND DISCUSSION 

Ascochyta gossypii grown on potato-dextrose and V-8 juice agar 

produced brown to dark brown pycnidia in as early as seven days. The 

pycnidia would elongate through the agar before releasing conidia. The 

conidia were oval and had small air-vacuoles on each end of individual 

spores. As the cultures grew older, the air-vacuoles appeared to grow 

larger in size until they connected in the middle forming a septum. 

After a period of prolonged cool, damp weather on the High Plains 

of Texas, samples of leaf lesions were gathered from cotton plants. 

These lesions varied in size, color, and location on the plants. The size of 

lesions varied from small spots to spots covering the entire leaf. Lesions 

varied from white, ash-grey, to brown in color. Some leaves exhibited 

purpling on the edge of lesions, some leaves turned purple, and some 

leaves formed lesions with no purpling. Most lesions were found on 

leaves mainly on the lower portions of plants but it was not uncommon to 

find lesions on the middle and top portions of plants. 

Lesions cultured on potato-dextrose and V-8 juice agar produced 

numerous fungi; however, Phoma spp. and Alternaria spp. were the 

predominant fungi cultured. Both of these fungi are considered to be 

sources of secondary infection but are capable of producing leaf lesions. 

The Phoma spp. was more interesting than the Alternaria spp. because of 

its similarities to A. gossypii. The Phoma spp. developed brown to dark 

brown pycnidia in as early as seven days. The shape of the Phoma spp. 

pycnidia differentiates this fungus from A. gossypii. The Phoma spp. 
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pycnidia grew inside and on top of the agar and were "tear-drop" shaped 

with conidia being released from an ostiole located in the middle of the 

pycnidia. The conidia were oval and had larger air-vacuoles than A. 

gossypii, but these air-vacuoles did not grow larger in size as the cultures 

grew older. Leaves with lesions cultured in moisture chambers also 

produced numerous fungi with Phoma spp. and Alternaria spp. being the 

most common fungi. Phoma spp. produced pycnidia within lesions in 

about seven days. Pycnidia from Phoma spp. were twice as large as 

pycnidia from A. gossypii grown on leaves inoculated from A. gossypii 

cultures. 

None of the lesions cultured during 1989 to 1991 produced A. 

gossypii. The Phoma spp. from field samples resembled A. gossypii 

when cultured and could be easily confused with A. gossypii. The fact that 

A. gossypii was not isolated from field samples suggest this fungus may 

not be the causal pathogen. Phoma spp. and Alternaria spp. consistently 

appearing from field sample cultures suggests one or both of these fungi 

may be causing the lesions or there may be another factor causing the 

lesions and the Phoma spp. and Alternaria spp. are a source of secondary 

infection. 

Preliminary Experiment Inoculating Forty-Five Cultivars 
With Phoma spp. 

None of the 45 cultivars inoculated with Phoma spp. were severely 

infected by the Phoma spp., but there were significant differences in 

disease severity scores among cultivars (Table 7 and Figure 1 ). Stunted 

growth was observed in most of the cultivars but very few leaf lesions 

developed. The lesions that did develop were brown in color and no 
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Table 7. ANOVA for disease severity scores in the preliminary 
experiment inoculated with Phoma spp. (P>.05).1 

Source 

Block 

Cultivar 

Error 

DF 

3 
44 

123 

ss 

0.7925 
12.0004 
20.8599 

F value 

1.56 

1.61 

0.2031 
0.0221 * 

1 All dependent variables are consistent with respect to the presence 
or absence of missing values. However, only 171 observations 
were used in this analysis because of absent values and type Ill 
sums of squares were used in determining significant differences. 
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Figure 1. Rows and columns of forty-five cultivars (Table 3) inoculated with 
Phoma spp. that are significantly different (P>.05)1 

1 Shaded areas signify the corresponding cultivars in that row and 
column are significantly different (P>.05). 
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purpling was observed on the edge of the lesions or elsewhere on the leaf. 

Some lesions did develop Phoma spp. pycnidia in the centers. 

Two explanations are offered to help explain the differences among 

cultivars. The first is different emergence rates among cultivars could 

allow some cultivars to be less vigorous and become more susceptible to 

Ph om a spp. Secondly, some cultivars are more susceptible to thrips, 

aphids, and other insects which could cause some lesions allowing 

subsequent invasion by Phoma spp. 

The highest disease severity mean score was 2.3 which is 

considered to be moderately resistant which implies the Phoma spp. did 

not severely infect cotton cultivars (Table 8). This could mean the Phoma 

spp. isolated from diseased plants in the field may be from a source of 

secondary infection. lrwine, Burge, and McElwee's (16) experiment with 

curl-tip disease in bracken suggested that Ascochyta pteridis appeared to 

infect undamaged plants under humid conditions causing lesions and 

may have led to subsequent infection by Phoma aquilina. The moderately 

resistant mean score could also be explained by the fluctuating 

temperatures in the greenhouse which allowed a minimum amount of 

time for optimum fungal growth. 

Preliminary Experiment Comparing Four Inoculation 
Treatments Among Four Cultivars 

Another fungus which consistently appeared in lesions from plants 

showing blight symptoms was Alternaria spp. A second preliminary 

experiment was set up to compare four inoculation treatments. The 

results for this experiment are only valid for the cultivars used in the 

experiment. Significant differences occurred among cultivars but not 
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Table 8. Disease severity score means of forty-five cultivars inoculated 
with Phoma spp. 

Cultivar Mean Cultivar Mean Cultivar Mean 

Acala 1517 E-2 1.0 Acala 1517-75 1.4 NX-1 1.6 
All Tex WM 571 1.0 Acala B-510 1.4 Ranger TM62 1.6 
All T ex 85034 1.1 Holland 1919 1.4 Pima PS 6 1.7 
Tamcot SP21 S 1.1 Tamcot CD3H 1.4 Bronco 655M 1.7 
Paymaster 505 1.2 Dunn 1047 1.4 Paymaster 145 1.7 
Ranger 8853 1.3 Tamcot CABSC 1.5 Cencot 1.8 
All T ex 85041 1.3 Acala 1517SR2 1.5 DC827 1.8 
GSC25 1.3 All Tex WM569 1.5 AcalaSJC 1 1.8 
G & P 74+ 1.3 GSC 71+ 1.5 Bronco 978 1.8 
Deltapi ne 90 1.3 Coker320 1.6 DC81A 1.8 
Acala A-78-1 00 1.3 Lankart LX571 1.6 All Tex E2 1.9 
All Tex Quickie 1.3 Coker 310 1.6 Coker 130 1.9 
Des 119 1.3 DC886 1.6 Bit. Mst.A5 2.0 
Acala Prema 1.4 Holland 4002 1.6 Paymaster HS 26 2.1 
Deltapine 50 1.4 DC81 1.6 McNair 235 2.3 

26 



between inoculations (Table 9). Again, cultivar differences could be due 

to different susceptibilities to thrips, aphids, and other insects which 

dampen the performance of cotton. Also, differing emergence rates give 

the earlier cultivars an advantage possibly making them more tolerant to 

adverse conditions. 

Plants were scored on a 1-9 scale (Table 1) as described by Singh 

and Reddy (23,24 ). There was a much higher disease severity score 

ranging from tolerant to highly susceptible (Figure 2) in this experiment 

than was observed in the first experiment, but lesions still did not develop. 

Leaves turned brown on the edges and continue to brown until defoliation 

occurred. The higher disease severity could be due to the combination of 

fungi being present under conditions more favorable for fungal growth 

than for plant growth. 

The interaction between inoculations and cultivars was borderline 

and could be considered significantly different (Table 9). This would 

mean the cultivars responded differently to certain inoculation treatments; 

however, there were no significant differences between inoculation 

treatments. This makes it impossible to determine which inoculation 

treatment affected each cultivar. This means the controls were infected 

the same as the inoculated plants which in turn suggests either fungi were 

transferred from plant to plant inside the seed germinator or the 

environmental conditions under which the plants were incubated caused 

the higher disease severity score. 

The lack of lesion development implies the Phoma and Alternaria 

may not be causing the symptoms being observed in the field. Again, the 

fact that the control group was not significantly different from the 
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Table 9. ANOVA for disease severity scores of four cultivars exposed to 
four inoculation treatments (P>.05).1 

Source DF ss F Value P>.05 

Inoculation 3 9.3958 1.12 0.3961 
Error Ea 8 22.3333 
Cultivar 3 19.2292 3.23 0.0403 * 
Interaction 9 40.3542 2.26 0.0539 
Error Eb 24 47.6667 

1 Anova does not represent a population; only the varieties used can 
be compared because of lack of variety repetition within each 
inoculation treatment. 
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inoculated groups can suggest one of two things (Figure 2). One, the 

prolonged exposure to epiphytotic conditions caused the plants to 

become necrotic; or two, aphids and thrips could be transferring fungi 

from plant to plant inside the germinator. 

Primary Experiment Inoculating Eight Cultjyars 
With Ascochyta gossvpii 

The results from the two preliminary experiments paved the design 

for the final experiment. The comparison between reps inoculated with A. 

gossypii and control reps assisted in determining if a physiological 

reaction to environmental conditions could be causing the disease 

symptoms being observed in the field. Plants were scored by visual 

appraisal on a 1-9 scale (Table 1) as described by Singh and Reddy 

(23,24) and showed no significant differences between control and 

inoculated reps (Table 1 0). The control and inoculated reps had a 

moderately susceptible to susceptible mean score (Table 11 ). 

No significant differences between inoculation treatments (Figure 

3) suggests cultivars could be exhibiting a physiological reaction to the 

prolonged cool, humid conditions since the possibility of spore 

contamination between inoculation treatments was eliminated by running 

all of the control treatments first. Even though there were no significant 

differences between inoculation treatments, the control treatment did 

have a lower mean score than the inoculated treatment (Figure 3 and 

Table 11 ). This implies A.gossypii could be having some effect on the 

performance of the cultivars. Pycnidia loaded with spores were observed 

on severely infected plant debris which also suggests A. gossypii could 

have caused some of the plants fatal reactions. However, not all severely 
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Table 10. ANOVA for disease severity scores of eight cultivars inoculated 
and uninoculated with Ascochyta gossypii (P>.05). 

Source OF ss F Value P>.05 

Inoculation 1 27.0725 2.37 0.1744 

Error Ea 6 68.4709 
Cultivar 7 8.9014 2.05 0.0713 

Interaction 7 6.5280 1.50 0.1932 

Error Eb 42 26.0869 
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Table 11. Disease severity mean score for inoculated and uninoculated 
reps in the primary experiment using Ascochyta gossypii. 

Treatment 

Inoculated 

Control 

Disease incidence 

Moderately Susceptible 
to Susceptible 
Moderately Susceptible 

32 

Score Mean 

7.9753 

6.6745 
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infected plants developed pycnidia which implies there may be a factor 

other than A. gossypii causing the necrotic effects. 

Disease symptoms were similar to those observed in the second 

experiment with the leaves turning brown on the edges and continuing to 

brown until defoliation occurred. Again, similar symptoms appeared 

without the development of lesions similar to those seen in the field which 

implies Ascochyta gossypii may not be causing the symptoms observed in 

the field. 

There were no significant differences among cultivars throughout 

the experiment (Table 1 0), but the significance level was borderline. If 

cultivars were considered significantly different, this could again be 

explained by different emergence rates and insect tolerance levels 

among cultivars. A non significant difference between cultivars shows a 

different result than seen in the two preliminary experiments. The 

difference between this experiment and the first preliminary experiment 

could be due to the fact this experiment was conducted in a more 

controlled environment allowing longer adverse conditions. The different 

result between this experiment and the second preliminary experiment 

could be because this experiment had more cultivar replications which 

increases the power of the test. 

All cultivars in all of the reps experienced a quick wilting, browning, 

and drying period when they were rotated from the seed germinator to the 

water coated container. This suggests the humidity shock the plants 

experienced could be causing disease symptoms. This humidity shock is 

normally uncommon for plants to experience but could be possible when 

a prolonged wet period is followed by a clear, windy day. 

34 



CHAPTERV 

CONCLUSIONS 

The first experiment suggested Phoma spp. did not severely affect 

the cotton cultivars studied. This could be because the experiment was 

conducted under greenhouse conditions in which temperature 

fluctuations allowed more optimum conditions for plant growth than for 

fungal growth. The experiments that followed were conducted inside a 

seed germinator so the temperature could be held constant while 

maintaining a high relative humidity. Disease severity ratings of both the 

control cultivars and cultivars inoculated with Phoma spp., Alternaria spp., 

and Ascochyta gossypii increased using the seed germinator. A lower 

light intensity could explain the higher ratings since the seed germinator 

was kept indoors; however, light intensity was not tested. Humidity shock 

could be another explanation for the higher ratings, especially since 

cultivars experienced an even greater browning and wilting phase when 

they were transferred from the seed germinator to a water coated 

container. 

The second experiment showed cultivars inoculated with Phoma 

spp. and Alternaria spp. reacted the same as the control cultivars. A 

higher disease severity score was also observed . This could be due to 

insects transferring fungi from plant to plant inside the seed germinator 

coupled with plants being exposed to an environment more favorable for 

fungal growth. The plants did not develop lesions but did undergo 

necrosis. 
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In the third experiment, all of the control reps were run before the 

inoculated reps to prevent spore contamination between inoculation 

treatments. Again a high disease severity score was observed as in the 

second experiment. Also, the control and inoculated reps reacted the 

same. This suggests the prolonged cool, humid conditions the plants 

underwent could be causing the necrotic effects instead of the Phoma 

spp., Alternaria spp., and A. gossypii inoculations . The necrotic effects 

the plants experienced in the seed germinator were not the same as the 

symptoms being observed in the fields of the High Plains of Texas. 

However, with the use of a growth chamber, the temperature and 

humidity levels could be fluctuated and possibly give rise to lesions as 

seen in the first experiment. 

A disadvantage to this research was the lack of a susceptible check 

cultivar to determine the presence of disease symptoms. Of course, it is 

necessary to identify the causal pathogens or elements which are causing 

the disease symptoms before a susceptible check cultivar can be 

identified. Some helpful research could include comparing A. gossypii to 

other strains of Ascochyta spp. such as A. rabiei which causes Ascochyta 

blight in chickpeas. Inoculating chickpeas and cotton with both A. gossypii 

and A. rabiei would help determine: 

1. If Ascochyta spp. has any effect on cotton cultivars. 

2. If the culture of A. gossypii ordered from the American Type Culture 

Collection is actually Ascochyta spp. 

3. If the ordered culture of A. gossypii is losing its pathogenicity, and 
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4. If a known susceptible chickpea cultivar could be used as a 

susceptible check cultivar while screening cotton cultivars for 

resistance to A. gossypii. 

The disease symptoms similar to Ascochyta blight being observed 

in the field have yet to appear under controlled conditions. Cultivars did 

not develop the expected symptoms of purpling leaves and development 

of lesions, but had leaves turn brown from the outside edge inward until 

defoliated. Further research involving different environmental factors 

such as fluctuating temperature and humidity levels along with A.gossypii 

inoculation could lead to the development of the disease symptoms being 

observed on the High Plains of Texas. 
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