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ABSTRACT

Boll rots cause a major problem in the production 
of cotton wherever this crop is grown especially in hot 
humid areas. In Arizona, boll rot organisms cause yield 
losses at the rate of 1.1 to 1.8$ annually although in 
localized areas it may be as high as 75$ or even higher.
Thus the importance of boll rotting organisms should not 
be overlooked since cotton is the major cash crop in 
Arizona.

Attempts were made, using standardized laboratory 
techniques, to determine the boll rot organisms and to 
investigate the effectiveness of some chemicals in inhibit
ing the growth and sporulation of the causal agents. 
Isolations were made from obviously diseased as well as 
externally healthy looking bolls. The pathogenicity tests 
revealed the following to be involved in the boll rot com
plex in Arizona: Rhizopus arrhizus Fisch. (1 2), Aspergillus
niger v . Tiegh., Aspergillus flavus Ik. ex Fr., Penicillium 
sp., Fusarium roseum Ik. (3 9) and Trichothecium sp. Exper
iments using fungicides indicated that Captan at 1000 ppm 
active ingredient controls all the organisms isolated while 
Botran controlled only Aspergillus niger at the same
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concentration of 1000 ppm. Botran reduced growth of 
mycelia at lower concentrations than did Captan although 
it did not completely control many species of the organ
isms under study.



INTRODUCTION AND LITERATURE REVIEW

Cotton is the most important cash crop in Arizona. 
Any major loss suffered by this crop seriously affects the 
State's Gross Value of Agricultural Production. The 
actual annual loss caused by the rotting of cotton bolls 
is hard to estimate with complete accuracy. Different 
workers (1 4, 15, 16, 17, 32) at different times have 
estimated the National loss caused by boll rots to range 
from 1 to 50$ of the crop and sometimes even higher. In 
Arizona, from 5 years' observation (3 , 4 , 5 , 6, 7 , 1 4,
15, l6, 17, 18) the cotton production and disease losses 
due to boll rot organisms alone are given in Table 1 .

The term "boll rot" has been used to describe 
decays and disorders of the cotton boll as early as 1854  

by Wailes (4 l). Pinckard and Chilton (3 3) use the term to 
include all diseases and disorders of the fruit as defined 
botanically to include the peduncle, bracts, corolla and 
ovary, which develop into the capsule with its seed and 
lint. Cotton boll rots cause losses in a variety of 
ways. They cause losses by inducing a premature shedding 
of the boll or failure of the locks to open, thus seri
ously reducing the yield. They also cause losses by

1
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Table 1 . Production of cotton and losses due to boll rot 
diseases in Arizona

Year Yield/acre
Farm Value 
Thousand Dollars

Boll Rots
%

Boll Rot
LossesThousand
Dollars

1962 1112 172,293 1.10 1895

1963 1037 138,665 1.62 2240

1964 1020 118,900 1.66 2012
1965 1108 130,459 1.8l 2361

1966 966 69,701 0.69 480



staining and reducing the strength of the lint (8, 2 4, 26, 
35, 38) and by infecting the seed with disease-producing 
organisms which may later cause seedling blight (26).

The symptomology of boll rots includes a wide 
range of manifestations and the severity of their attack 
is controlled by a number of factors. Probably, the most 
important of these factors is the weather. Excessive 
rainfall and high humidity coupled with rank growth of 
cotton which has had heavy fertilizer applications favors 
the development of the rots (1 0). The author has checked 
some tightly packed floral parts and found them to contain 
a store of excess water from rain or dew. Presumably 
this water, when mixed with nectar, could provide an ideal 
medium for the germination of air-borne spores or those 
brought in by pollinating insects and thus possibly cause 
infection. Organisms may enter alone or with the aid of 
rain and dew if the valves of the boll are not tightly 
closed and sealed (1 3). The flowers that rot in early 
stages may remain adhered to the tips of the bolls and 
any micro organisms' present may grow saprophytically upon 
these dead floral parts until suitable conditions render 
penetration of the boll possible. In many cases, the lint 
in the affected locks fails to fluff (Pig. IB) and color 
varies from light gray to almost black and/or pinkish. 
Bolls infected with Aspergillus flavus usually show a

3
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Figure 1. Later stages of cotton boll decay

A - Rapidly decayed and dried up boll 
B - Affected locks that failed to fluff 
C - Healthy boll showing fluffed locks 
D - Slowly decayed and partially opened boll



greenish tinge and fluoresce under U.V. light (8). Some 
times, only a part of the base of the boll is affected 
and the remainder of the fibers fluff normally at matur
ity (Fig. 1C). Affected fibers are usually weak and 
brittle. Diseased locks (Fig. ID) remain unfluffed and 
are easily dislodged.

Although cotton boll rots have been studied by 
several investigators (2 2, 2$, 27, 3 1> 3 3, 3 4, 3 5, 3 7), 
information on the boll rotting organisms in Arizona is 
very scanty. Some of the available information in the 
literature is from California and Midsouth States where 
the predominant boll rotting organisms are reported to 
differ (2 5, 3 3, 3 5)• In Arizona, Shapovalov (3 7) in 
1927 recognized Aspergillus niger v. Tiegh and Rhizopus 
nigricans Ehr. as the two most common pathogens of cot
ton bolls in the Southwest. There has been no work on 
boll rots in Arizona since then. The author’s findings 
confirm Shapovalov’s work (3 7) with an addition of 
Aspergillus flavus, Lk. ex Fr., Fusarium spp., Penicil- 
lium spp. and Trichothecium sp.



METHODS AND MATERIALS

During July, August and September of 1967, samples 
of diseased cotton bolls were collected at different 
stages of development mainly from Picacho and Yuma cotton 
growing areas of Arizona. These bolls, in different 
stages of rot and decay, were surface sterilized in the 
laboratory with 0 .1$ commercial clorox bleach (5.25$ 
sodium hypochlorite) for 1 -5 minutes depending on the 
intensity of decay. They were rinsed in sterile distilled 
water, opened and bits of tissue were taken from the 
staminal column or from an advancing margin of decaying 
tissue. Similar bits of tissue were also taken from the 
bracts, peduncle, corolla and from the interior of the 
base of the boll. Apparently healthy looking bolls were 
also treated in the same manner. These bits of tissue 
were plated on potato dextrose agar and peptone dextrose 
agar plus rose bengal and Chloromycetin presented in 
Table 2 . All the plates were maintained at room tempera
ture at 85°F. The cultures were examined after 18-24- 
hours and subcultures were made by cutting out a small 
piece of agar, including hyphal tips of the colony. 
Subsequently, the isolates, from their cultural charac
teristics produced in the artificial media, were identified
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Table 2 . The composition of the media used in isolation 
experiments

(b) Peptone Dextrose
Agar (+ rose bengal

(a) Potato Dextrose Agar _____and Chloromycetin)
Potatoes, infusion

from 200 gms Agar 2 0 .0 gms
Dextrose 20 gms KH2Po^ 1 .0 gms
Agar 15 gms MgSo^HgO 0.5 gms
Distilled water 1000 mis Dextrose 1 0 .0 gms

Distilled
water 1000.0 mis 

Rose
bengal 1:30,000 

Chloro
mycetin 30 mg/ml
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to genera. In most cases identifications were made 
directly from the original cultures.

Pathogenicity Tests

a) Preparation of bolls for inoculation
Apparently healthy but unopened green bolls were 

collected from the fields at Picacho. In the labora
tory, the bracts were cut from the bolls with a clean, 
sharp, sterile razor blade at the base because bolls with 
bracts are quickly attacked by decaying organisms render
ing artificial inoculation meaningless. The bolls were 
surface sterilized for 2 minutes in 10$ commercial clorox 
bleach (5.25$ sodium hypochlorite) and rinsed for 10 min
utes in water.

b) Preparation of inoculum
The isolates selected for pathogenicity tests are 

presented in Table 3 • All the selected isolates except 
Fusarium and Alternaria were grown on a special medium 
(21) containing sucrose 200 gms, magnesium sulfate 0.5 gm, 
potassium nitrate 3*0 gms, yeast extract 7.0 gms, and dis
tilled water 1000 mis. The cultures were grown in petri 
dishes for a period of seven days prior to inoculation. 
Fusarium and Alternaria were grown on potato dextrose agar 
because they did not sporulate readily on the special 
medium. All cultures were held at room temperature. At
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Table 3 • The isolates selected for pathogenicity tests *

Code number Name of fungus
2b Rhizopus sp.
1A Aspergillus niger
3 Aspergillus flavus
2 unt l66 Penicillium sp.
Ran 4b Fusarium sp.
2 unt 20b Pullularia sp.
unt 27b^ Cephalosporium sp.
unt 27b2 Cephalosporium sp.
Yh 10 Trichothecium sp.
3 unt 2
*0 Aspergillus ochraceous
3H Aspergillus ochraceous
2 unt 10 Alternaria sp.
*N Aspergillus niger
*p Aspergillus flavus

* Kindly supplied by Dr. H. E. Bloss (Asst. Pro
fessor, Plant Pathology Department, University of Arizona) 
for comparison with the author's isolates.
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the time of inoculation, each isolate in the petri dish 
was poured and homogenized in the waring blender for 2-3 
minutes until all the spores were in uniform suspension.
The aqueous suspension was passed through a cheese cloth 
to eliminate large mycelial fragments. Then, using a 
plastic disposable syringe, 1/2 ml of the inoculum, con
taining fungal spores, was injected into the pre-surface 
sterilized green bolls via 2 punctures. Each puncture 
was about 4mm deep and located approximately 15mm from 
the valval sutures. Each treatment consisted of 8 bolls 
which were placed in a circular covered plastic dish 
(Fig. 2 ). The bottom of the plastic chamber was covered 
with 2 moist paper towels to maintain a high humidity.
After 3 days incubation at 28c, the inoculated bolls were 
evaluated for degree of rotting.

Fungicidal Tests

a) Preparation of the Fungicide Suspensions and Their 
Mixtures

The fungicides under study were Botran 75W (2 ,6- 
dichloro-4 nitroaniline) obtained from Dr. Henry Chavez of 
the Upjohn Company and Captan 50W (N-trichloromethythic 
tetrahydrophthalimide) made by California Chemical Company, 
Ortho Division. The two fungicides are only slightly sol
uble in water and hence the prepared mixtures are better
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with 2 wet paper towels to maintain high humidity
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referred to as suspensions rather than solutions (36). A 
maximum dose of 1000 ppm of the active ingredient of each 
compound was used in evaluating the activity of the single 
fungicide. The stock solutions were prepared at a strength 
of 3000 ppm, 2500 ppm, 500 ppm, 250 ppm, 50 ppm, and 25 
ppm which, by taking 20 mis of each stock fungicidal sus
pension and adding it to 80 mis of the basal medium gave 
the desired concentration of 1000 ppm, 500 ppm, 100 ppm,
50 ppm, 10 ppm, and 5 ppm, respectively. Each suspension 
was prepared in a 250 ml Erlenmeyer flask and kept in 
continuous motion by means of the magnetic mixer. A water 
blank was used as a control for each fungicide mixture.

b) Fungicides in Association
The activity of two or more fungicides in asso

ciation may produce a final effect which is entirely dif
ferent in different cases. In most cases, the effective
ness of a mixture of fungicides does not correspond to the 
additive effects of the single substances because it may 
sometimes be superior or inferior to it. This is what is 
referred to as synergism. Three types of synergisms are 
recognized: (a) additive action or theoretical activity
(20, 28) is produced when the association of two or more 
fungicides leads to a joint action which is equal to the 
arithmetical sum of the actions singly exerted by the 
tested fungicides. (b) Synergism of potentiation (36) is
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produced when the association of two or more fungicides 
leads to a joint action that is superior to the arithmet
ical sum of the actions exercised by the single fungi
cides. (c) Synergism of degradation or antagonism (3 6) 
is produced when the joint action of the mixture of fungi
cides is below the arithmetical sum of the actions 
expressed by the single fungicides. Studies on possible 
synergism of Botran and Captan were designed with the 
understanding that the cotton boll rotting organisms 
co-exist in the "boll rot complex." Aqueous suspensions 
of the two fungicides were prepared at 100 ppm from the 
stock solutions. The mixtures were prepared (in ppm) as 
Captan: 100-75-50-2 5 -0 and Botran 0-2 5-50-7 5-1 00, that is
to say by regressive doses of one and progressive doses of 
the other, at constant sum and in the ratio of 4/0, 3/1, 
2/2, 1/3, and p/4 .

c) Standardization of inocula
All six fungi used in this experiment were cul

tured on potato dextrose agar in petri dishes incubated at 
28°C for seven days (1, 2, 28, 30) except for the slower 
growing Trichothecium sp. which was allowed to grow for 13 

days. A trial run, without fungicides, was initially 
carried out to determine the number of days when each 
fungus attains its maximum mycelial weight. Thus for
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the fungicidal experiments, each fungus was harvested at a 
period when it was supposed to have achieved its maximum 
weight.

d) Shake culture
Glucose yeast medium was used for this experiment 

and it contained: dextrose 10 gms, yeast 2 gins, micro
elements 2 mis and distilled water 1000 mis. The medium 
was sterilized at 15 lbs. pressure, and 245°F, for 15 min
utes. The fungicidal suspensions were not sterilized but 
utmost care was taken to sterilize all equipment used and 
to prepare the mixtures and inocula under sterile condi
tions. Twenty mis of each stock fungicide suspension were 
added to 80 mis of glucose yeast medium in each 250 ml 
Erlenmeyer flask to give the required final concentrations 
of 1000 ppm, 500, 100, 50, 10, and 5 ppm of each fungi
cide. Each series of fungicides was prepared in duplicate 
Then using a cork borer (7 mm diameter) small blocks of 
the fungus were cut and asceptically distributed in the 
flasks containing the fungicides interspersed in the glu
cose yeast medium. Two controls consisting of sterile dis 
tilled water plus the medium were prepared for each fungi
cide. The loaded flasks were cotton plugged and trans
ferred to a shaking machine. Each fungus was incubated at 
280° for an appropriate number of days computed from the 
pilot experiment. Evaluation of the experimental results



was done by measuring the weight of the mycelium in grams 
for each set of fungicidal concentrations.

e) Colony diameter
Potato dextrose agar was used as the basal medium. 

Eighty ml aliquots of the fluid medium were measured into 
250 ml Erlenmeyer flasks by means of a measuring cylinder. 
These flasks, containing the medium, were autoclaved at 
15 lbs. pressure, 248°F, for 15 minutes. They were then 
allowed to cool but before the jelling of the medium, 20 
ml of each fungicidal concentration were added to each 
aliquot and agitated repeatedly to disperse the fungicides 
evenly throughout the medium. After mixing, 25 ml of the 
medium were poured into sterile petri dishes. The fungi
cides in association were prepared in the same way using 
the stock fungicidal suspensions prepared initially. The 
inocula for the plates were prepared by cutting blocks 
of 7-days culture by means of a sterile cork borer and by 
asceptically transferring these blocks onto the media in 
the petri dishes. Rhizopus arrhizus (12) was incubated 
for 24 hours, Aspergillus niger for 4 days, Aspergillus 
flavus for 4 days, Trichothecium sp. for 7 days, Fusarium 
roseum (3 9) for 4 days and Penicillium sp. for 7 days.
All these organisms were incubated at 28°C. The average 
diameter in mm of the reverse of the colony (1 1) was the 
measurement recorded. The averages were computed from two

15
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measurements of duplicate colonies at right angles to 
each other. Penicillium produced irregularly scattered 
colonies all over the plate making colony diameter measure
ment impossible.



RESULTS

From the cultural characteristics observed on 
the artificial media, the organisms obtained from the 
diseased as well as apparently healthy cotton bolls were 
keyed to the following genera: Alternaria, Aspergillus,
Cephalosporium, Fusarium, Penicillium, Rhizopus, Tricho- 
thecium, and Pullularia.

Pathogenicity Tests

In pathogenicity tests, species belonging to the 
genera Alternaria, Cephalosporium and Pullularia were not 
pathogenic to the cotton bolls. Those organisms that 
proved pathogenic are described in the following para
graphs and their effect on the bolls shown in Figs. 3 , 4 , 
and 5 •

Rhizopus arrhizus (Fig. 3A)
This fungus has been referred to as the "black 

bread mold" and in connection with boll decay, it has been 
called smut (3 7). In the field, the rot caused by this 
fungus is mostly associated with insect damage (29) par
ticularly that of the pink bollworm. In pathogenicity 
tests, bolls inoculated with Rhizopus became dull greyish

17
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Figure 3• Pathogenicity of Rhizopus arrhizus and 
Aspergillus niger

A - Rhizopus arrhizus 
B - Aspergillus niger 
C - Check
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Figure 4. Pathogenicity of Fusarium roseum and 
Aspergillus flavus

A - Fusarium roseum 
B - Aspergillus flavus 
C - Check



Figure 5. Pathogenicity of Trichothecium sp. and 
Penicillium sp.

A - Trichothecium sp .
B - Penicillium sp.
C - Check
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initially and later blackish. In 3 days there was com
plete decay of the exterior and interior tissues of all 
the bolls and they were all covered with a felty whitish 
creeping mycelium. No other organism tested rotted the 
bolls at such a rapid rate.

Aspergillus niger
Like the Rhizopus rot of bolls, the Aspergillus 

niger decay has also been referred to as "smut" because 
of the fungal spores which form on the surface of the 
affected boll (Fig. 3B). The symptoms of this disease 
have been clearly described by Shapovalov (3 7)• In the 
laboratory, young lesions of bolls inoculated with this 
fungus became slightly pinkish initially and later the 
central area turned tan brownish leaving the outer margin 
pinkish. In 5 days complete rot of all bolls occurred 
and surface sporulation was abundant (Fig. 3B).

Fusarium roseum
This fungus caused rather a rapid rot being only 

slightly less virulent than Aspergillus niger. The 
lesions were pink-brownish at first, then later the cen
tral area turned brown leaving the margin brightly 
colored. In 5 days all the bolls were covered by a mass 
of rose colored mycelium (Fig. 4 a ), the internal tissue 
being completely deteriorated.
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Aspergillus flavus

Bolls inoculated with this isolate decayed moder
ately slowly but the internal lint was heavily stained. 
Surface sporulation occurred in 5 days (Pig. 4 b ) but decay 
of the entire boll required 7 days.

Trichothecium sp. (Fig. 5A)
The lesions on inoculated bolls turned somewhat 

dark brownish to black. The interior and exterior tissues 
rot at more or less equal rates. Masses of pinkish spores 
first appeared along the sutures and in 7 days the whole 
surfaces of the bolls were covered with sporulating 
mycelium.

Penicillium sp.
Deterioration of the external tissue of bolls 

inoculated with this fungus was very slow and was char
acterized by blackening of the entire boll before sporu
lation occurred on the surface (Fig. 5B). All the bolls 
were rotted in 7 days. Decay of internal tissues was 
likewise slow and involved but a small amount of the lint.

The results of the fungicides using shake cultures 
are presented in Tables 4 and 5 -



Table 4 . The effect of single fungicides of Botran and Captan at different con
centrations on the weight of mycelium of different isolates under study

Concentration (ppm) and mycelial weight (grams)
Fungus Chemical 0 5 10 50 100 500 1000
Rhizopus Botran 0 .2 6 4 4 0.1505 0 .1 409 0 .1 3 9 3 0.1149 0.0987 0 .0 3H

Captan 0 .2 5 9 4 0.2162 0.2197 0.2126 0.1490 0.0368 -

A. niger Botran 0 .2 9 3 8 0 .2 1 1 4 0.1459 0.0709 - - -
Captan 0 .2 9 7 1 0.2740 0.2577 0.1620 - - -

A. flavus Botran O.2885 0.2811 0.2368 0.1621 0.0939 0.0509 0.0219
Captan O.289O 0.2805 0.2762 0.2370 0.1872 - -

Fusarium Botran 0 .2 7 4 0 0 .1 7 3 7 0.1332 0.1104 0.0730 0.0509 0 .0 3 7 7

Captan 0 .2 7 7 1 0 .2 1 3 4 0.2095 0.0166 - - -
Trichothecium Botran 0 .2 6 3 5 0.1878 0.1300 0.1296 0.1117 - -

Captan 0 .2 6 5 4 0 .2 6 3 5 0.2350 0 .0 2 4 6 - - -
Penicillium Botran 0.3002 0 .2 4 3 2 012239 0.2003 0 .1 7 9 7 0 .0 8 7 7 0 .0 6 9 3

Captan 0 .3 0 5 7 0 .3 0 3 2 0.3026 0.1095 0.0810 - -



24

Table 5 * The effect of Botran and Captan in combination at 
different concentrations on the weight of mycelium of dif
ferent isolates under study ......

Concentration (ppm and mycelial weight (grams)
Botran
Captan

Rhizopus 
A. niger 
A. flavus 
Fusarium 
Trichothecium

0 
100 25

75
50
50

75
25

100 
0

0 .1 5 9 3 0 .1453 0 .1 2 4 2

0 .1 3 0 6 0 .1 0 4 3 0 .0 3 4 2

0.2662 0 .2 4 3 0 0.1201
- 0 .0 7 9 4 0.1053

0 .0 3 7 3 0.1052 0 .1l8l
0 .1 5 5 2 O.1659 0.1862Penicillium
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The results of the fungicide tests using colony 

diameter as a measure of inhibition are presented in 
Tables 6 and 7 and Figures 6 and J.

Table 6. The effect of single fungicides of Botran and 
Captan at different concentrations on the colony diameter 
of different isolates under study .......

Concentrations (ppm) and colony 
diameters (mm) ......... ..  .

Fungus Chemical 0 5 10 50 100 500 1000
Rhizopus Botran 62 49 46 4o 33 12 2

Captan 62 53 51 27 17 0 0
A. niger Botran 62 15 5 5 4 1 1

Captan 63 34 34 19 5 4 2

A. flavus Botran 62 36 30 25 23 14 10
Captan 63 6o 56 27 23 2 0

Fusarium Botran 62 36 17 16 15 10 6
Captan 63 59 54 19 4 0 0

Trichothecium Botran 63 18 18 12 10 4 2

Captan 64 56 4o 16 8 5 0

PeniciIlium: Not measured because colonies scattered all
over the plate (Fig. 7)•
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Table 7. The effect of Botran and Captan in combination 
at different concentrations on the colony diameter of dif
ferent isolates under study

Concentrations (ppm) and colony diameters (mm)
Botran 0 25 50 75 100Captan 100 75 50 25 0

Rhizopus 16 26 19 29 34
A. niger 10 4 3 5 4
A. flavus 23 24 23 31 24
Fusarium 4 10 12 14 15
Trichothecium 8 7 7 9 9
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Concentration (ppm) and colony diameters

Figure 6. The effect of single fungicides of Botran 
and Captan at different concentrations on the 
colony diameters of different isolates under study

A - Rhizopus arrhizus, B - Aspergillus niger 
C - Aspergillus flavus

a - Botran, b - Captan



Figure 7. The effect of single fungicides of Botran 
and Captan at different concentrations on the 
colony diameters of different isolates, additional

A - Fusarium roseum, B - Trichothecium sp., 
C - Penicillium sp.

a - Botran, b Captan



DISCUSSION

The results of this study indicate that the pri
mary cotton boll rotting organisms in Arizona are Rhizopus 
arrhizus, Aspergillus niger, Aspergillus flavus, Fusarium 
roseum, Penicillium sp., and Trichothecium sp. All these 
organisms have been reported in the literature to be asso
ciated with the "boll rot complex" (33, 40). In isolation 
studies, Rhizopus spps occurred more frequently than any 
other fungus and consequently it is the author's opinion 
that this organism is the most important cause of boll 
rots in Arizona. These genera of fungi are primarily 
wound parasites (9, 13, 22, 23) except Rhizopus spp. 
which Halisky (26) observed to have rotted cotton bolls in 
the field in absence of any visible insect damage to the 
boll. It is logical, therefore, to postulate that con
trol of insect pests of cotton bolls markedly reduces the 
incidence of cotton boll rots.

In the fungicide tests, some variations were 
obtained between the shake culture and the colony diam
eter methods at identical fungicidal concentration. These 
variations in results obtained for the same fungicides at 
identical concentrations but using different methods is 
due to the fact that in the shake culture method, the
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fungus is exposed to a uniform contact of the fungicide in 
all directions, thereby achieving better fungicidal action 
on the organism. In the agar plate, however, only the sub
merged hyphae will be in contact with the fungicide leav
ing the aerial hyphae far removed from the fungicidal 
action. Another discrepancy was encountered when using 
fungicides in association. One method showed synergism 
at a particular fungicide ratio but revealed an antagonism 
when using a different method. Such discrepancies are 
reported to occur (36), but very little is known about the 
mode of action of fungicides in association to account for 
these discrepancies, most workers just verify the syner
gistic effects without explaning their mode of action.

Results of the fungicide tests of the shake culture 
experiments (Pig. 9) show that Captan, at 1000 ppm active 
ingredient, controls the growth of all the organisms and 
at 500 ppm, it controls all except Rhizopus arrhizus. 
However, at the same concentration of 500 ppm in the agar 
plate method (Fig. 8) Captan controlled only Rhizopus 
arrhizus and Fusarium roseum. There was complete control 
of Aspergillus niger and Trichothecium sp. by Botran at 
1000 ppm active ingredient in the shake culture while it 
did not control any fungus at the same concentration in 
the agar plate method. At lower concentrations of 5 and 
10 ppm, Botran was more active than Captan in suppressing
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the growths of Aspergillus niger, Aspergillus flavus, 
Fusarium roseum, Trichothecium sp. and PeniciIlium spp.
The action of Botran on the Rhizopus isolated identified 
by Butler, E. E. (12) as Rhizopus arrhizus Fisch is in 
agreement with Halisky's results (26) who found Botran 
unable to control this fungus at 1000 ppm. No effort was 
made to identify all the Rhizopus isolates collected but 
the existence of other strains of this fungus, in Arizona, 
capable of rotting the cotton boll cannot be ruled out.

At the high concentration of 100 ppm active ingre
dient of the fungicides, Captan was more toxic to most 
fungi than Botran and, therefore, the antifungal action of 
the fungicides in association, at this dose, could for the 
most part, be attributed to Captan. In the agar plate 
method, at the ratio 50/50 (50 ppm of Botran and 50 ppm of 
Captan), the results indicated synergism against Aspergillus 
niger and Trichothecium sp. This synergism was, however.
not revealed in the shake culture method.



SUMMARY

This study was undertaken to identify the boll rot 
organisms in Arizona and to investigate the effectiveness 
of certain chemicals and control measures in inhibiting the 
growth of the causal organisms.

The results of these studies may be summarized as
follows:

1. The fungi associated with cotton boll rots in
Arizona are: Rhizopus arrhizus, Aspergillus
flavus, Fusarium roseum, Penicillium spp., 
and Trichothecium sp. Due to the high fre
quency with which Rhizopus spp. were encoun
tered, they are considered to be the most 
important cotton boll rot organisms in the 
State.

2. Cultural practices advocated to reduce the 
severity of boll rot would involve (a) control 
of insect pests since most of the organisms 
reported in this study are primarily wound para
sites and (b) management practices to be under
taken early in the season to avoid the produc
tion of rank overgrown plants which result in 
reduced light and high humidity around the
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base of the cotton plant. These conditions 
encourage a microflora capable of destroying 
the entire bottom crop of bolls. To achieve 
this end, the grower has to exercise a con
trolled use of fertilizers and irrigation 
schedules and/or follow skip-row plantings 
which helps in providing better aeration and 
less favorable conditions for these boll rot
ting organisms. Spraying defoliant on the 
lower leaves as high as the bolls are mature 
will also let in more light and air into the 
vertical channels between rows of rank cotton.

3• Chemical control using Botran and Captan show 
some promise in suppressing the growth of 
these pathogens although they were unable to 
completely control them.

4. Biological control using microflora that grow 
in identical environmental conditions as the 
boll rot organisms is another possibility. 
Initial work on this aspect has been started 
by Delgado and Pinckard (19).
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