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ABSTRACT 

Declining infestations and the cyclic appearance of 

Phymatotrichum root rot of cotton from season to season led to the 

suggestion that antagonistic microorganisms were the cause of this 

phenomenon. This study was concerned primarily with Actinomycetes spp., 

fluorescent Pseudomonads, Trichoderma spp., and other fungi. There was 

a continuous fluctuation in the population of Actinomycetes spp. and 

fluorescent pseudomonads on the surface of strands. Populations of 

these antagonistic organisms dropped as the viability of strands of 

P. omnivorum declined. Comparison of the rhizoplane microflora from 

infected and healthy roots showed no relationship between the popula

tions of Actinomycetes spp. and fluorescent Pseudomonads and the 

resistance of healthy roots to invasion by ~. omnivorum. Similarly, 

soil samples collected from areas with declining infestations and 

assayed for populations of Actinomycetes spp. and fluorescent 

Pseudomonads, revealed no differences in the populations of these 

antagonistic organisms. This indicates that the absence of the 

disease in areas with declining infestations is not due to the micro

organisms investigated in this study. Higher mortality rates of 

strands of P. omnivorum occurred when strands were exposed to 

Actinomycetes spp. and fluorescent Pseudomonads or to their metabolites. 

The hyphal deformation observed on strands from the field could not be 

reproduced in vitro. The same antagonistic microorganisms sprayed on 

cotton roots containing strands failed to reduce strand viability. 

vii 



CHAPTER 1 

INTRODUCTION 

Phymatotrichum root rot, caused by the fungus Phyrnatotrichum 

omnivorum is a destructive soil-borne disease native to the South

western United States and Central and Northern Mexico. The fungus 

parasitizes approximately 2300 species of cultivated and non

cultivated dicotyledonous plants (28). Monocotyledonous plants are 

believed to be immune (28). Over the past 50 years, extensive research 

has been conducted in order to control the disease (28). No practical 

methods for control exist to date (29). 

Variations in the incidence of the disease in certain areas 

where cotton is grown have been noted each year and detected by aerial 

infrared photographs and ground surveys. Earlier reports on the cyclic 

appearance and disappearance of the disease on cotton grown in mono

culture were documented by McNarama, Hooton, and Porter (19) who 

reported that the kill zones expanded in size and then broke up into 

small isolated spots within the original circle. In subsequent years 

the kill patterns enlarged. Similar observations on the disintegra

tions of large kill patterns into small scattered spots were reported 

by King and Loomis (12) at Sacaton, Arizona. Similar observations on 

disease development were noted in cotton at Marana, Arizona by use of a 

5-year study with aerial infrared photography from 1977 to 1982. This 

1 



cyclic variation in disease occurrence may indicate the existence of 

soil suppressive and conducive to cotton root rot development. 

Suppressive soils are defined as those soils in which disease 

does not occur even though the pathogen and susceptible host are 

2 

present (3), whereas conducive soils are defined as those soils in which 

the disease normally occurs (3). 

Over the past three decades, intensive research had been con

ducted to elucidate the phenomena of disease suppressiveness. In 1959, 

Henzies (20) in an attempt to control potato scab, reported that the 

disease was more severe in newly cultivated areas, but reduced in farms 

that had been under cultivation for many years. Newly cultivated or 

virgin soils could be given similar immunity by the addition of a small 

amount of soil from older farms. Because of this, Menzies (20) 

hypothesized that a biotic agent may be involved in soil suppressive

ness. Similar results were documented by other researchers, where 

diseases were controlled by transfer of suppressive soil to conducive 

soil under greenhouse conditions (8, 18, 20, 24, 26). Kloepper et al. 

(15) in their study attributed disease suppression to species of 

fluorescent Pseudomonads which colonize the roots of plants. Their 

findings suggested that an iron-binding compound produced by these 

bacteria, called siderophores, which complex iron making it less 

available to the native microflora and thus inhibiting their growth. 

These siderophores involved in disease suppressiveness are reviewed in 

detail by Schroth and Hancock (25). It appears that a biological agent 

is involved in soil suppression, since suppressiveness is transferable 

from one soil to another and can be destroyed by heat treatment (1, 8, 
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18, 23). It has thus been assumed that the induction of suppressiveness 

is associated with some form of biological control (3). 

Earlier work on P. omnivorum indicated that various soil amend-

ments such as crop residues or organic manures increased soil suppres-

siveness to P. omnivorum. It has been hypothesized that these amend-

ments act by increasing the low population of antagonistic microorganisms 

present in the soil, and that antibiotic effects are obtained through 

stimulation of these antagonistic microflora (7, 9, 13). In addition 

King, Hope, and Eaton (13) suggested that the evolution of ammonia and 

organic acids as a result of decomposition of organic materials may play 

a role. Similar in vitro studies showed that more sclerotia were -- -----

eliminated from soil containing organic material than sclerotia from 

unamended soil (21). This elimination of sclerotia of P. omnivorum 

from the soil has been attributed to antibiosis (9). Actinomycetes spp. 

are potential progenitors for this antibiosis. The quantitative produc-

tion of antibiotics by Streptomycetes spp. has been reported to differ 

depending on the nutritional status of the organism producing these 

antibiotics (4, 31). In at least one system, isolation of Streptomycetes 

spp. from the rhizoplane of the roots (31) and the availability of 

exudates released by the roots (22) indicate protection offered to the 

roots against invasion by pathogens. In 1946, Eaton and Rigler (11) 

showed in their study that corn plants grown in a sterile substrate were 

susceptible to infection by P. omnivorum. They related the immunity of 

corn to Phymatotrichum root rot to the root surface microflora. This 

statement was confirmed by the study of Black (6) in 1968. Present 

knowledge in this area is inadequate to explain the nature of antagonism 



by saprophytic micro flora in the rhizosphere soil or on the rhizoplane 

of the roots. 

The objectives of this study were: 

4 

1. To detect microorganisms on the surface of strands of P. 

omnivorum which might be potential candidates for biological 

control, and to correlate the population of these microorganisms 

with the viability of strands during the season. 

2. To explore the nature of suppressiveness in areas with declining 

disease incidence, and obtain data that might lead to the 

development of biological control practices. 

3. To compare the rhizoplane microflora on roots of infected and 

healthy roots of cotton in close proximity to each other, in 

order to explore the possibility that the nature of resistance 

in these healthy roots resides in their rhizoplane microflora. 

4. To determine whether the population of the rhizosphere microflora 

fluctuates during the growing season. 



CHAPTER 2 

MATERIALS AND HETHODS 

General Procedures 

All studies were conducted at two locations at Harana, Arizona 

during the period 1980-1983. These locations are referred to as (a) 

the University Experimental Farm, and (b) Pete Hershberger Farm. Both 

areas have a long history of cotton monoculture with serious losses 

caused by Phyrnatotrichum root rot. The soils in both locations are 

characterized as Gila silt loam with low organic matter, < 0.9%, and 

alkaline pH ranging from 8.3-8.5. All studies were made utilizing 

cotton variety (Gossypium hirsutum Var. Delta Pine-55). In this area, 

cotton is normally planted in the middle of April and harvested in 

November and December. Phyrnatotrichum root rot first appears during 

the latter part of July and disease incidence is highest during August 

and early September. 

A standard dilution plate technique described by Tuite (30) 

was used to count fluorescent Pseudomonads, Actinomycete spp., 

Trichoderma spp., and other fungi on strands of f. omnivorum, the 

rhizoplane of roots and rhizosphere soils. Actinomycete spp. were 

assayed on Soil Extract Agar (10), fluorescent Pseudomonads on King's 

B medium, and Trichoderma spp. on a semi-selective medium described by 

Hartin (17). Other fungi were counted on Potato Dextrose Agar (PDA) 

amended with streptomycin sulfate. All plates were incubated at room 

5 
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temperature (25-30°C) and read after 48 hrs for fluorescent Pseudomonads, 

and after 4-5 days for Actinomycete spp., Trichoderma spp. and other 

fungi. 

Microorganisms Associated with Strands of 
Phymatotrichum omnivorum (Shear) Duggar 

Since strands of P. omnivorum had previously been shown by 

Alderman and Hine (2) to decrease in viability when collected from July 

to October, this study was initiated to determine if decreased viability 

was caused by specific microorganisms associated with the strands. 

Roots of cotton plants (Gossypium hirsutum var. Delta Pine-55) showing 

symptoms of Phymatotrichum root rot were collected at ten day intervals 

from July 23, 1982 to November 15, 1982 from the two described locations 

at Marana, Arizona. On each sampling date, a total of ten roots were 

collected randomly from each location. The infected roots with the 

soil surrounding them were gently lifted from the ground to avoid 

damage to the roots, and placed immediately in labeled plastic bags, 

kept moist and transported under ice to the laboratory, where the 

samples were stored at 4°C and later examined within two days for 

strands and micro flora on the mycosphere of the strands. From each 

root a subsamp1e of twenty strands were removed from a segment 15-30 cm 

in length under a dissecting scope and transferred aseptically to a 

sterile vial containing 5 m1 of sterile distilled water. The vials 

were shaken on a vortex mixer for approximately one minute to wash off 

the micro flora adhering to the surface of the strands. The strands were 

then removed aseptically, blotted on sterile filter paper and plated on 
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water agar containing 100 ppm streptomycin sulfate to determine 

viability. Observations on the viability of the strands were made 

after 24 hrs. After removal of the strands, the remaining suspension 

was used for the enumeration of microorganisms associated with strands. 

Samples diluted to 1:10,000 were plated on appropriate media for 

assessment of the populations of Actinomycete spp. and fluorescent 

Pseudomonads. Dilution samples (1:100) were plated for enumeration 

of populations of Trichoderma spp. and other fungi. In each case, 

0.2 ml of the dilution was transferred to the medium and spread 

uniformly with a sterile glass rod. The length and diameter of the 

strands were measured with an occular micrometer on the light 

microscope and the results were expressed as number of organisms per 

2 
mm surface area of the strands. 

Rhizosphere and Rhizoplane Studies 

Soil samples were collected concurrently with the collection of 

infected and healthy cotton roots from the same locations indicated 

above. The sampling dates and intervals had been stated earlier. At 

each sampling, the roots were dug, lifted gently with the surrounding 

soil, and placed in labeled plastic bags and shaken thoroughly to dis-

lodge the soil adhering to the surface of the roots. These roots were 

saved for assessment of microflora on the rhizoplane of the roots and 

compared with the population of micro flora on the rhizoplane of healthy 

roots. A total of twenty roots was collected from each of the diseased 

and non-diseased areas. The soil and the root samples were transported 

under ice to the laboratory, where they were stored at 4°C until 



assayed. Each soil sample was assayed individually. The soil sample 

was mixed thoroughly. 

In order to determine the soil moisture content of rhizosphere 

soil, 20 gm of each of the five randomly selected samples were placed 

in a tarred aluminum can and dried in the oven for 24 hrs at 104°C. 

For the assessment of rhizosphere microflora, 10 gm of soil 

(oven dried basis) were placed in 90 ml of sterile distilled water to 

bring the initial dilution 1:10 (w/v). The contents were shaken to 

evenly suspend the soil particles and dilution series were prepared. 
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The roots were cut into lengths of about 10 cm and placed in a 

French square bottle with 20 ml of sterile distilled water. The lids 

were screwed tightly on the bottle and it was shaken for one minute to 

wash off the adhering micro flora on the surface of the roots. The 

rhizosphere micro flora and the micro flora from the rhizoplane of the 

roots were enumerated by plating 0.2 ml aliquots of 1:1,000,000 dilution 

on the appropriate media for bacteria and Actinomycetes spp. and 

1:10,000 dilution for Trichoderma spp. and other fungi. The length and 

the diameter of the roots were recorded, and the surface area of the 

roots were calculated (5) as follows: 

Where: S Surface area 

h Length or height of the root 

Rl Large radius 

R2 Small radius 



Using this information, the number of organisms/mm
2 

of the 

rhizoplane of the roots were calculated after the plate count was made. 

Populations of Antagonistic Microorganisms in 
Suppressive and Conducive Soils 

With the aid of a series of aerial infrared photographs of 

cotton fields taken each season at Marana, a peculiar pattern of 

distribution of the disease was detected. A field was selected for 

sampling where the disease appeared in a circle, and the fungus P. 

9 

omnivorum invaded and killed plants only at the periphery of the circle. 

Few plants with disease symptoms appeared inside the circle. In the 

center of the circle, the fungus resumed its pathogenic activities and a 

kill pattern was noted. This unique phenomenon described in this text 

and shown in Fig. 1, will be referred to as the "Bull's Eye Circle." 

This study was conducted at the Pete Hershberger location. 

The sampling procedure involved the collection of samples from 

various locations in the field as described above. The first sample 

(Sl) was collected from under healthy plants outside the Bull's Eye 

Circle, but close to the diseased plants. The second sample (S2) was 

collected from the periphery of the circle where the rows of the diseased 

plants were adjacent to the outside rows of healthy plants, The third 

soil sample (S3) was collected from the last row of diseased plants. 

The fourth soil sample (S4) was collected from the first row of healthy 

plants inside the circle. The fifth sample (S5) was collected from 

inside the circle where all the plants were healthy. The sixth soil 

sample (S6) was collected from under healthy plants surrounding the kill 

pattern at the center of the circle. The seventh sample (S7) was 



Fig. 1. 

(D ) 1 2 3 4 5 6 7 8 

82 

-rows of diseased 
cotton plants. . . 

L. Healthy row adjacent to the 
last row of diseased plants. 

10 

(A) Aerial infrared photograph showing disease distribution 
Severe infestations at the periphery of the circle. (B) 
Declining infestations in the interior of the Bull's Eye 
Circle. (C) Site of soil sample collection. (D) Locations of 
soil samples collected in area C. 
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collected from under diseased plants surrounding the kill pattern. The 

eighth sample (S8) was collected from the center of the kill pattern. 

The ninth sample (S9) and the tenth sample (SlO) were collected from 

outside the Bull's Eye Circle at a distance of approximately 20 ft and 

40 ft, respectively. Five subsamples were collected for each sample 

and each subsample was assayed individually. At each sampling, the 

roots were dug with a spade, placed gently in the labeled plastic bag 

and shaken thoroughly to dislodge the soil adhering to the surface of 

the roots, and the roots were then discarded. Ten gm of soil (oven 

dried basis) was diluted to 1:10 (w/v) in distilled water. A dilution 

series was prepared and 0.2 ml of 1:1,000,000 dilution sample was 

transferred to the appropriate medium for Actinomycetes spp. and 

fluorescent Pseudomonads, and 1:10,000 dilution sample for fungi. All 

the plates were incubated at 30°C, and results read after 48 hrs for 

fluorescent Pseudomonads and 4-5 days for Actinomycetes spp. and fungi. 

Antagonistic Activities of Fluorescent Pseudomonads and 
Actinomycetes spp. to P. omnivorum 

All isolates of Actinomycetes spp. and fluorescent Pseudomonads 

were isolated from the mycosphere of strands of ~. omnivorum, and 

maintained on soil extract agar and King's B medium, respectively. 

Initial tests to evaluate the antagonistic activities of both the 

Actinomycetes spp. and fluorescent Pseudomonads involved the transfer 

of antagonistic organisms to selective media and standard techniques 

were utilized to determine activity against P. omnivorum. 
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In order to determine if antagonism to living strands on roots 

could be detected and to mimic natural conditions found in soil, 

infected roots of cotton plants (Gossypium hirsutw~ var. Delta Pine-55) 

were collected from Marana, Arizona and transported under ice to the 

laboratory. In the laboratory, the roots containing strands were 

placed horizontally in plastic boxes. Petri dishes containing sterile 

water were placed beneath the roots to maintain moisture and avoid 

desiccation of the strands on the roots. In one treatment the roots 

were sprayed with 6.4 x 10
15 

cells/ml suspension of Actinomycetes spp. 

Another treatment involved spraying the roots with 9.5 x 10
18 

cells/ml 

suspension of fluorescent Pseudomonads. Sterile distilled water was 

used as a control for both the treatments. After spraying, the roots 

were covered with a thin layer of sterile soil and incubated for 48 hr~ 

at 30°C. Strand viability was determined by removing strands from the 

surface of the roots under the dissecting scope, rinsing in sterile 

water, blotting and plating them on water agar containing 100 ppm 

streptomycin sulfate. Initial viability of the strands was determined 

prior to initiation of this test by removing strands from five roots 

selected randomly from the root samples and plating them on water agar 

plus streptomycin. 

In another study, the sensitivity of strands of f. omnivorum to 

fluorescent Pseudomonads, and the fluorescent pigment produced by this 

bacterium was tested. Another test in the same study involved the 

effect of Actinomycetes spp. and the antibiotic produced by Actinomycetes 

spp. on strand viability. This interaction of antagonistic organisms 

with the strands of P. omnivorum was studied in liquid culture. 



Succinate broth was utilized to study the effect of fluorescent 

Pseudomonads on the strands, and soil extract broth was used where the 

Actinomycetes spp. were involved. A 6.4 x 1015 cells/ml suspension of 

13 

Actinomycetes spp. was transferred aseptically to the soil extract broth 

and incubated at 30 ± 2°C to allow growth of the organism and production 

of antibiotic substances. Similar procedures. were applied for 

18 
fluorescent Pseudomonads except that a 9.5 x 10 cells/ml suspension 

was used. After 48 hrs, ten tubes containing the soil extract broth 

in which Actinomycetes spp. was growing were poured into a sterile con-

tainer and filtered with a millipore filter (Millipore Corporation, 

Bedford, Massachusetts 01730) and then passed through a 0.45 ~m membrane 

filter. The final filtrate containing the antibiotic was assayed for 

biological activity against strands of P. omnivorum. A slightly 

modified technique was employed to purify the fluorescent pigment 

produced by fluorescent Pseudomonads in succinate broth medium. The 

succinate broth with the bacteria was centrifuged at 7710 G for 20 

minutes. The supernatant was decanted to a sterile container and the 

pellets containing the bacterial cells were discarded. The supernatant 

was passed through a 0.45 ~m membrane filter and the partially purified 

fluorescent pigment obtained was utilized. Soil extract broth and 

sterile distilled water served as separate controls for Actinomycetes 

spp. and succinate broth and sterile distilled water for fluorescent 

Pseudomonads. Twenty strands removed from the roots of cotton plants 

were introduced into each tube, incubated at 30°C for 24 hrs. The 

viability of strands of P. omnivorum after incubation was determined by 

plating them on water agar containing 100 ppm streptomycin sulfate. In 
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order to eliminate the possibility of involvement of other organis~s in 

the death of strands, the above procedure was repeated using strands 

produced in pure culture. 

In order to produce sterile strands in the laboratory for 

further studies on antagonism, sorghum seeds were soaked in water for 

24 hours. After the soaking period, the water was drained and the 

moist seeds were placed in 150 x 20 mID petri plates, spread to form a 

layer approximately 1.5 em thick. The petri plates with the seeds were 

autoclaved for one hour at l20 De (15 lbs/sq in) on two consecutive days. 

After the final autoclaving, plugs of PDA on which P. omnivorum was 

growing were transferred to autoclaved seeds. The plates were sealed 

with masking tape and incubated at 30 o e. After 7 days, the colonized 

sorghum seeds were cut into blocks approximately 2 em x 2 em x 1.5 ern, 

and separated for 2-3 days to allow colonization of the cut surface. 

The blocks of colonized sorghum seeds were then aseptically placed on 

the surface of autoclaved soil and incubated at 30 De. Strands were 

removed from the surface of the soil after 10-14 days and were utilized 

for further studies on antagonism. The procedure described for 

studying the interaction of antagonistic organisms with strands of P. 

omnivorum removed from infected cotton roots in liquid culture was 

applied in this study. 

The occurrence of the strands in soil and on cotton roots at 

both the perimeter of the circle and inside the circle was studied in 

three fields (Table 3, p. 32). Strands were extracted by vigorously 

suspending 20 grn of soil in 200 ml of water, then repeatedly decanting 

the suspension onto a 100 mesh sieve. The extraction was repeated three 
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times to assure complete removal of the propogules. Strands were washed 

from the sieve into petri dishes, and were hand picked under the 

dissecting scope and plated on water agar amended with 100 ppm 

streptomycin sulfate to determine viability. Occurrence of the strands 

on roots was studied by removing the strands from the roots and 

viability of the strands was determined by the procedure described. 



CHAPTER 3 

RESULTS 

Microorganisms Associated with Strands of P. omnivorum 

Figures 2A and 3A illustrate the relationship of collection 

dates and strand viability. The viability of strands of P. omnivorum 

was highest with the onset of the disease at both the University 

Experimental Farm and Pete Hershberger Farm, and continued in a 

similar range until August 20, 1982. Thereafter, there was a gradual 

decline in the viability of the strands, being 2.75% at the University 

Experimental Farm and 1.25% at the Hershberger Farm on November 15, 

1982. This gradual decline in the viability of strands during the 

season is confirmed by Alderman and Hine's (2) study. The highest 

population of Actinomycete spp. at the University Experimental Farm 

was detected on August 30, 1982, when the viability of the strands was 

81.5% (Fig. 2B). This rise in population of Actinomycete spp. 

coincides with the population of Actinomycete spp. in the rhizosphere 

soil sampled on the same date (Fig. 9, p. 27). 

On most of the study period, the population of Actinomycete spp. 

showed an inverse relationship with the population of fluorescent 

Pseudomonads. At the Hershberger Farm, the population of Actinomycete 

spp. was higher than the population of fluorescent Pseudomonads 

throughout the study period (Fig. 3B). Because of this relationship 

between the Actinomycete spp. and fluorescent Pseudomonads at the 

16 
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strands of P. omnivorum during the growing season (B) at University Experimental Farm. 
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University Experimental Farm and Hershberger Farm, seven species of 

Actinomycete spp. which were isolated from the strands (Fig. 4) were 

challenged against fluorescent Pseudomonads on King's B medium. 

Inhibition zones were observed with six of the seven Actinomycete 

species (Table 1). Pigment production was inhibited more than cell 

growth (Table 1).- Figures 2 and 3 illustrate that there was a 

constant change in the population of microorganisms during the season. 

On August 11, 1982, the examination of strands for viability 

revealed distortion, swelling and lysis of the hyphae emanating from 

the germinating strands. This phenomenon was repeatedly noted on water 

agar (Figs. 5 and 6). In the laboratory, attempts to reproduce this 

phenomenon were unsuccessful. However, the strands exposed to the 

Actinomycete spp. growing in soil extract broth failed to germinate 

(Table 6, p. 37). Six of the seven isolates of Actinomycete spp. were 

shown to be inhibitory to P. omnivorum (Table 2). The distortion of 

hyphae was repeatedly noted during the season and was accompanied with 

higher populations of Actinomycete spp. which suggests that Actinomycete 

spp. are involved in the distortion and perhaps the lysis of the 

germinating strands. Trichoderma spp. were rarely isolated from the 

mycosphere of the strands. Among the fungi, Cephalosporium spp. was 

frequently isolated and observed growing on the surface of the 

strands (Fig. 7). Inoculation of the strands by dipping them in a 

10 
spore suspension of Cephalosporium spp. (2.5 x 10 spores/ml) revealed 

no difference in viability. 

The data presented in Figs. 2 and 3 were statistically analyzed 

with a two-way analysis of variance between dates and locations. 



20 

Fig. 4. Seven isolates of Actinomycetes spp. isolated from strands of 
P. omnivorum and from soil and roots (growing on soil 
;xtract agar). 



Table 1. Effect of Actinomycete spp. on growth and pigment production 
by a fluorescent Pseudomonads spp. 

Zone of inhibitionb 

(mm) 

21 

Isolates of
a 

Actinomycete spp. Bacterial growthC 
P · d' d ~gment pro uct~on 

1 2.25 10.0 

2 4.0 12.5 

3 3.0 12.0 

4 5.5 13.25 

5 0.0 0.0 

6 3.0 5.75 

7 2.5 8.62 

aAll Actinomycete spp. were isolated from strands of P. omnivorum. 

bThe zone of inhibition was determined by atomizing a bacterial 
suspension of a fluorescent Pseudomonads containing 2.9 x 1017 cfu/ml 
of suspension on King's B medium previously streaked with the 
indicated isolates of Actinomycete spp. 

cRefers to inhibition of Pseudomonads growth by Actinomycete spp. 

dRefers to the zones in the test plates where fluorescent pigments were 
not produced. Readings were taken utilizing UV light. 

Each value reported above is the mean of five replicates. 



22 

Fig. 5. Deformation of hyphae from germinating strands of f. omnivorum 
on water agar -- Note Actinomycete spp. population on strand. 

Fig. 6. Normal hyphae from germinating strands of P. omnivorum. 



Table 2. Effect of seven isolates of Actinomycetes spp. on mycelial growth of Phyrnatotrichum 
omnivorurn on soil extract agar. 

Inhibition of P. omnivorum by Actinomycetes spp. 

Isolatea Isolate Isolate Isolate Isolate Isolate Isolate 
ffl 112 113 114 115 116 117 

Zones of inhibition 
6.3b (in rnrn) 0.0 3.0 11. 37 15.9 3.75 9.3 

aThe seven isolates of Actinomycete spp. were isolated from strands of P. omnivorum. 

bInhibition zones were determined by transferring a plug of PDA containing ~. omnivorum to soil 
extract agar media which was previously seeded with the isolates of Actinomycetes. The plug 
was placed in the center of the plate equidistant from the Actinomycete spp. and incubated at 
30 ± 2°e. Readings were taken after 7 days. 

Each value reported above is the mean of five replicates. 

N 
LV 



Fig. 7. Cephalosporium spp. growing on the surface of strands of P. 
omnivorum on water-agar. 

24 



25 

Significant differences were observed at P = 0.05 level for dates, 

locations and the interactions between dates and locations. The data 

were log-transformed and significance was determined using the student

Newman-Keul's test. In Figs. 2 and 3 the significance between treat

ments is indicated by alphabetical letters. Means followed by the same 

letter are not significantly different. 

Rhizosphere and Rhizoplane Studies 

The population of Actinomycete spp. and fluorescent Pseudomonads 

spp. in this study showed an inverse relationship. Because of this 

relationship, fluorescent Pseudomonads was challenged against all the 

seven isolates of Actinomycete spp. on King's B medium. The zone of 

inhibition was determined by atomizing a bacterial suspension containing 

2.9 x 1017 cfu/m1 on King's B medium previously streaked with the 

indicated isolates of Actinomycete spp. Six of the seven isolates of 

Actinomycete spp. were inhibitory to fluorescent Pseudomonads. This 

variation in the activity of Actinomycete spp. perhaps explains much of 

the departure from the observed inverse relationship between populations 

of Actinomycete spp. and fluorescent Pseudomonads in early sampling 

periods. 

An interesting observation in this study is that the variation 

in the populations of microorganisms apparently occurs synchronously 

throughout the study period. This is seen by comparing the graphs of 

the two locations (Figs. 8 and 9). Whether this similar pattern in 

both the locations was due to the soil temperature, or nutritional 

status at the microsites or some other environmental factor is unknown. 
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Fig. 9. Population of microorganisms from rhizosphere soil of infected 
roots from University Experimental Farm -- Each soil sample was 
replicated three times. Each value reported is the mean 
population obtained by combining the results of five soil 
samples. Vertical bars indicate standard deviation. 
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The total fungal population was lower compared to the populations of 

Actinomycete spp. and fluorescent Pseudomonads during most of the study 

period. The highest population of Actinomycete spp. was detected on 

August 30, 1982, 5.27 x 108 cfu/gm (oven dried) soil at the University 

Experimental Farm and 1.65 x 108 cfu/gm (oven dried) soil at the 

Hershberger Farm. Similarly, the highest population of fluorescent 

8 Pseudomonads was found on August 11, 1982, 1.63 x 10 cfu/gm (oven 

dried) soil and 1.65 x 108 cfu/gm (oven dried) soil in both the 

Hershberger and the University Experimental Farm, respectively. 

Observations revealed that some cotton plants growing near 

diseased plants remained healthy. This study was initiated to explore 

if the nature of resistance in healthy plants was related to the 

rhizoplane microflora. The study conducted in 1982 showed no relation-

ship between the populations of microorganisms and the resistance of 

cotton roots to P. omnivorum. At the Hershberger Farm, the population 

of Actinomycete spp. on the rhizoplane of healthy roots was higher on 

most of the sampling dates (Fig. 10). Roots assayed on July 23, and 

October 25, 1982 showed higher populations of Actinomycete spp. on 

diseased roots (Fig. 10). Conflicting results were seen for root 

samples collected from the University Experimental Farm and assayed 

during the same dates described above. There was constant fluctuation 

in the population of Actinomycete spp. on healthy or diseased roots 

(Fig. 11). Similarly, the fluorescent Pseudomonads isolated from the 

rhizoplane of healthy and diseased roots at the University Experimental 

Farm and Hershberger Farm showed continuous change in the populations. 

It appears that factors other than microbes investigated in this study 
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Fig. 10. Populations of Actinomycete spp. (A) and fluorescent 
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cotton roots collected from the Hershberger Farm. 
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Fig. 11. Populations of Actinomycete spp. (A) and fluorescent 
Pseudomonads (B) on the rhizoplane of healthy and diseased 
cotton roots collected from the University Experimental Farm. 
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may be contributing to resistance. Similar variations in the popula-

tion of fungi were noted on both the healthy and diseased root at both 

locations. Most of the fungi isolated from these roots are not 

antagonists and apparently are not related to resistance. Data on 

fungal population have been accumulated periodically along with the 

other microorganisms but have not been included in Figs. 10 and 11. All 

the data for the two locations were separately analyzed by two-way 

analysis of variance between healthy and diseased roots and dates. 

Significant differences were observed at P = 0.05 level for 

Actinomycetes spp. and fungal population between healthy and diseased 

roots at both the locations. No significant differences were observed 

for the population of fluorescent Pseudomonads at P = 0.05. Signifi-

cance was determined using the Student-Newman-Keul's test at P = 0.05. 

Means followed by the same letters are not significantly different. 

Population of Antagonistic Microorganisms in 
Suppressive and Conducive Soils 

This study was initiated to investigate the occurrence of 

strands of P. omnivorum at both the areas with declining infestations 

and areas with severe infestations. Three farms showing the phenomenon 

similar to those described for the Bull's Eye Circle were selected for 

this study (Figs. 3 and 4). Larger total strand length (TSL) and viable 

strand length (VSL) were recovered from areas with severe infestations 

(Table 3). These observations were true for all the three fields. 

Similarly, larger TSL and VSL were recovered from the surface of the 

roots collected from areas with severe infestations, indicating that 

these strands are more active in areas with severe infestations, 



Table 3. Occurrence of Phyrnatotrichum omnivorum strands in infested field soils. 

Field A Field B Field C 

Inside X Periphery Y Inside Periphery Inside Periphery 
Sampling 

TSLa VSLO Dates TSL VSL TSL VSL TSL VSL TSL VSL TSL VSL 

July 11-16, 
1981 2620.8 0 1078U.2 6770.2 23.2 0 0 0 184.7 96.8 1256.4 1009.6 

July 23, 
1981 4336.8 1450.8 6864 4695.6 148.2 0 218.4 154.3 

July 31, 
1981 0 0 7165.4 6137.2 0 0 4485 3775.2 0 0 4524 4009.2 

August 17, 
1981 3946.8 3510.0 9617.4 9001. 2 1883 1669.2 3837.6 3564.6 2714.4 2098.2 9009 8104.2 

~otal strand length in ~m. Strands per sample were quantified by taking the sum of the lengths of total strands in a 
sample. 

bViable strand length in ~m. Strands were quantified by taking the sum of the lengths of viable strands in a sample. 

X ~ Areas with declining infestations. 

Y - Areas with severe infestations. 

Field A - Pete Hershberger Field where the Bu1l's Eye Circle is located. 

Field B = Another field belonging to Pete Hershberger where the spread of the disease is similar to Bull's Eye Circle. 

Field C = Harold Rehyer Field with similar disease pattern described above. 

W 
N 
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compared to the areas with declining infestations (Table 4). This 

study was extended to determine if the suppression of the disease in 

areas with declining infestations was due to antagonistic microorganisms 

in these soils. This study was conducted at Hershberger Farm where the 

Bull's Eye Circle is located. The population of microorganisms 

isolated from the soil samples collected from various sites at the 

Bull's Eye Circle is summarized in Table 5. These findings indicate 

that the suppression of the disease in areas with declining infestations 

are not of microbial nature. This is supported by the fact that the 

population of microorganisms isolated from areas with severe infesta-

tion was higher than the population of microorganisms from areas with 

declining infestations. This is true for Actinomycetes spp., 

fluorescent Pseudomonads and total fungi. The data were analyzed by 

one-way analysis of variance, and significant differences were observed 

at P = 0.05 level for soil samples assayed on October 25, 1982 for 

Actinomycetes spp. and on November 5, 1982 and November 30, 1982 for 

fluorescent Pseudomonads populations. 

Antagonistic Activities of Actinomycete spp. and 

Fluorescent Pseudomonads to P. omnivorum 

Initial viability of the strands prior to these tests were 

89.33%. This value is the mean obtained by combining the results of 

five replicates. The exposure of these strands to Actinomycetes spp. 

and fluorescent;- Pseudomonads in the liquid media showed definite 

antagonistic activity by both the antagonistic organisms. The mortality 

rate of the strands was higher in both the treatments described above 



Table 4. Occurrence of P. omnivorum strands on roots collected from naturally infested fields. 

Sampling 
Dates 

July 11-16, 
1981 

July 23, 
1981 

July 31, 
1981 

August 17, 
1981 

Field A Field B 

Inside X Periphery Y Inside Periphery 

TSLa VSLb TSL VSL TSL VSL TSL VSL 

No strands were found on all roots f~om both areas sampled. 

o o 11335.6 1058l. 6 o o 10353.7 9854.4 

o o 163930.9 85902.3 o o 18564.4 14057.9 

2901. 3 2756.2 129381.1 121124.3 o o 15856.3 13978.4 

Field C 

Inside Periphery 

TSL VSL TSL VSL 

o o 18614.7 17801. 2 

o o 146969.1 136007.5 

11125.5 10383.2 11442.7 15820.2 

~ota1 strand length in ~m. Strands per sample were quantified by taking the sum of the lengths of total strands in a sample. 
bViable strund length in ~m. Strands were quantified by taking the sum of the lengths of viable strands in a sample. 

X - Areas with declining infestations. 

Y - Areas with severe infestations. 

Field A = Pete Hershberger Field where the Bull's Eye Circle is located. 

Field B = Another field belonging to Pete Hershberger where the spread of the disease is similar to Bull'n Eye Circle. 

Field C = Harold Rehyer Field with similar disease pattern described above. 

VJ 
.p-



Table 5. Population of microorganisms sampled from various sites at the "BullIs Eye Circle" at 
Hershberger Field. 

Actinomyc~te spp. 
XI0 

Fluorescent Pgeudomonads 
XlO 

Total !ungi 
XI0 

Samples X Oct 25, Nov 5, Nov IS, Nov 30, Oct 25, Nov 5, Nov IS, Nov 3D, Oct 25, Nov 5, Nov IS, Nov 3D, 
(Treatments) '82 '82 '82 '82 '82 '82 '82 '82 '82 '82 '82 '82 

Sample I 35.41a 8.75a 33.31a 39.66a 1. 24a 5.82ab 20.81a 7.65ab 17.91a 11.22a 19.15a 34.98a 

Sample II 7.08b 18.31a 21. 65a 30.66a 2.08a 0.83ab 22.07a 6.65b 13.32a 36.15a 54.15a 33.98a 

Sample III 9.58ab 7.9a 1O.4a 18.98a 0.41a 13.73a 27.07a 53.98ab 10.41a 9.15a 18.73a 22.66a 

Sample IV l7.9lab 19.15a l7.06a 37.45a O.Oa 1.24ab 38.73a 7.90ab 3.74a l2.47a 37.88a 72.07a 

Sample V 28.33a 32.07a 43.32a 0.41ab 22.48a 70.66ab l8.3la 34.56a 40.99a 

~ample VI 10.65a 24.98a 22.32a O.Ob 13.32a 24.64ab l4.56a 19.15a 34.99a 

Sample VII 27.9a 25.82a 23.99a 0.41ab 281. 56a 31. 99ab 14.97a 43.73a 38.98a 

Sample VIII l5.4a 27.98a 22.88a 23.98ab 24.65a 39.3la 

Sample IX 35.31a 14.32ab 36.32a 

Sample X 27.99a 51. 33a 29.95a 

Data were log transformed and significance determined using Student-Newman-Keul's test (P 0.05) . 

Means with same letter are not significantly different (P 0.05). 

Each value reported above is the mean of four replicates. 

X = The soil samples were collected from various sites at the Bull's Eye Circle and described in Materials and Methods. 

w 
V1 



36 

(Table 6). Higher mortality rates of the strands were also reported 

where strands were exposed to the metabolites of the antagonistic 

organisms. The viability of the strands in the treatment where 

succinate broth served as a control was lower, too. Moreover, the 

change in color of the media indicated the production of fluorescent 

pigment. This phenomenon was not observed in treatments where sterile 

strands were used (Table 6). This is explained by the fact that the 

fluorescent Pseudomonads were present on the strands which were removed 

from the infected cotton roots. 

A drastic change in the pH of the media was recorded during the 

interaction of antagonistic organisms with the strands of P. omnivorum. 

There was a drop in the pH of the medium in the presence of 

Actinomycetes spp. and the reverse was true in the presence of 

fluorescent Pseudomonads. Similar effects of antagonistic organisms on 

the strands were noted when culturally produced strands were utilized, 

indicating that these antagonistic organisms are essentially responsible 

for the death of the strands. 

The differences between the treatments is supported by one-way 

analysis of variance, where significant differences were observed at the 

P = 0.05 level. Deformation of the strands, similar to those observed 

in the field did not occur in this study. This is not surprising 

because the strands did not germinate, and moreover, a certain popula

tion of Actinomycete spp. perhaps lower than the population used in 

vitro earlier, allows the strands to germinate, but the growing hyphae, 

emanating from the strands are deformed. Apparently, the factor 

responsible for hyphal degeneration causes strand death. 



Table 6. Biological activity of antagonistic microorganisms and their metabolites against strands 
of P. omnivorum. 

Viability 
of strands 

(%) from 
Treatments the field 

I. Actinomycete sp. m lS.69c 

II. Filtrate
n 

2S.53c 

III. Control (SEB)o 63.94b 

IV. Fluorescent 
PseudomonadsP 4.2ld 

V. Pigmentq 2.0d 

VI. Control (SB)r 8.0d 

VII. Control (water) 8S.79a 

pH 

Initial Final 

6.9 4.78 

4.9 4.47 

6.9 4.71 

6.8 8.9 

8.24 9.1 

6.8 8.4 

6.7 6.6 

Viability of 
sterile strands 

(%) 

20.6bc 

23.09bc 

74.48a 

S.4Scd 

1.82d 

28.S4b 

88.74a 

Viability of 
strands attached 
to the roots (%) 

74.SSa 

66.62a 

71. 96a 

Data were arc sin transformed and significance determined using Student-Newman-Keul's (P 0.05). 
Means followed by the same letter(s) are not significantly different. 

Each value reported above is the mean of five replicates. 

mThe most antagonistic Actinomycete sp. (isolated from the strands) was grown for 48 hrs in soil 
extract broth prior to introduction of the strands. 

nStrands were introduced into filtered soil extract broth as described in Treatment I. 
°Strands were introduced into only soil extract broth. 
PAn isolate fluorescent Pseudomonads was grown for 48 hrs in succinate broth prior to introduction 
of the strands. 

qStrands were introduced into filtered succinate broth described in Treatment IV. 
rStrands were introduced into only succinate broth. W 

-....J 
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The same antagonistic organisms when sprayed on roots with the 

strands attached to them failed to demonstrate any antagonism to the 

strands. The viability of the strands in all the treatments were within 

the range of the results reported for the control (water) (Table 6). 

The one-way analysis of variance revealed no significant differences at 

P = 0.05 level between the treatments. It is suggested that antagonists 

usually occupy sites which were already occupied on the strands of P. 

omnivorum. So, by adding more antagonists, the inhibition of P. 

omnivorum was not increased. 



CHAPTER 4 

DISCUSSION 

This study indicated that the population of Actinomycete spp. 

and fluorescent Pseudomonads on strands of P. omnivorum dropped as the 

viability of the strands declined (Fig. 2 and 3). The population of 

Actinomycete spp. on strands was higher than the population of 

fluorescent Pseudomonads throughout the study period at the Pete 

Hershberger Farm. The same was true for most of the sampling dates at 

the University Experimental Farm. The reverse was noted for the 

population of fluorescent Pseudomonads on the rhizoplane of the roots. 

This indicates that the Actinomycete spp. grow relatively well on viable 

strands of P. omnivorum as compared to the soil and roots, whereas the 

fluorescent Pseudomonads are apparently successful only on the 

rhizoplane of the roots. 

The total fungi isolated from the strands were not antagonistic 

to the strands, and consequently do not contribute to strand death. 

This is evidenced by the observations that fungal populations were low 

when strand viability was high and only increased during November after 

strand viability declined. Among the commonly isolated fungi from 

strands were: Cephalosporium spp., Fusarium spp., Penicillium spp., 

Aspergillus spp., Rhizopus spp., and Alternaria spp. Cephalosporium 

spp. were the most commonly isolated fungi from the strands. Laboratory 

studies indicated that Cephalosporium spp. were not antagonistic or 

39 
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caused death of the strands. Trichoderma spp. were ipolated rarely 

from soil, roots, or strands. The reason for the failure of isrolation 

of Trichoderma spp. on the selective medium (17) may be that thE~ soils 

at Marana are alkaline with pH ranging from 8.3-8.5. Trichoderma spp. 

have been reported to establish and grow well only in acidic soils (16). 

The seven isolates of Actinomycete spp. varied in their I 

antagonistic activity against P. omnivorum. This study enumerating 

Actinomycete spp. population levels did not differentiate between these 

isolates. Therefore, it is suggested that certain antagonistic' 

isolates of Actinomycete spp. increased as the viability of thelstrands 

declined. The antagonistic isolates of Actinomycete spp. may show 

promise in establishing a biological control program. It is necessary 

to know the conditions under which populations of these active species 

of Actinomycetes increase. In the future, if these conditions are 

known, it may be possible to increase populations of these active 

species of Actinomycetes. 

A swelling and distortion of hyphae emerging from germinating 

strands was observed and repeatedly noted throughout this study. These 

deformed hyphae when transferred aseptically to PDA, failed to grow. 

Attempts to reproduce hyphal deformation in vitro were unsuccessful. 

This failure was due to strand death prior to germination. Germination 

probably failed because, in culture, the Actinomycete. populatio~s could 

not be maintained at sufficiently low levels to mimic the natural 

mycosphere population. The mode of action of Actinomycete Spp.1 causing 
, ' 

hyphal degeneration is unknown. Formation of swellings on the germ 

tube and bulbuous areas on the mycelium of Pericularia sasakii has been 
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reported to be caused by polyoxins (23), antifungal compounds produced 

by Streptomyces cacaoi. This described swelling and distortion has been 

similarly observed on the strands of P. omnivorum. Kinsky (14) working 

with Neurospora crassa reported that leakage of protoplasmic contents is 

induced by the antifungal polyene compounds produced by Streptomyces 

spp. This was confirmed by Shockman and Lampen (27) who observed that 

polyene acts on the protoplast of ~. crassa to cause leakage. This 

part of the discussion is not intended to review the research conducted 

on the mode of action of antibiotics, but rather cite certain examples 

relevant to those we observed in this study. 

Comparison of microflora on the healthy and diseased roots and 

the study on the areas with declining infestations (Bull's Eye Circle) 

indicated that the absence of the disease is not due to the population 

of microorganisms investigated in this study at the rhizoplane of the 

roots or the rhizosphere soil in the disease free areas. This is 

apparent from the results that the population of Actinomycete spp. and 

fluorescent Pseudomonads fluctuated constantly regardless of the nature 

of the roots. In the Bull's Eye Circle, higher populations of 

Actinomycetes spp. and fluorescent Pseudomonads were detected from areas 

with severe infestations. This apparently suggests that the 

suppressiveness of the disease in areas with declining infestations or 

on the rhizoplane of the healthy roots is not due to the microbes 

investigated in this study. Perhaps, there may be some other system 

operating in the soil, which protects the roots against invasion of 

P. omnivorum. 
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The viability of strands collected from root segments 15-30 cm 

deep decreased from July to November. Strands on roots at lower depths 

(30-45 cm), however, might retain their viability and therefore bQcome 

infective propagules the following season (2). 
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