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ABSTRACT 

An evaluation was made of soil solarization to 

control Macrophomina phaseolina and Sclerotium rolfsii 

under the climatic conditions of the Sonoran Desert region 

of Arizona. Tarping of moist soil with clear polyethylene 

in the summer was most effective in raising soil tempera

tures, while tarping during the fall and spring were less 

efficient. In one summer trial, the maximum temperatures 

achieved were 7-8 C higher than control plots at 1, 15, and 

30 em depths. In none of the tests was the application of 

tarp effective in reducing ~. phaseolina populations to non

detectable levels. After a six-week summer solarization 

treatment, S. rolfsii was controlled at the lS-cm but not 

the 30-cm depth. During a fall treatment control of S. 

rolfsii was achieved only at the l-cm depth. After 

solarization, seeds of Euphorbia lathyris were planted in 

solarized and control plots. The incidence of M. 

phaseolina-associated mortality among- seedlings planted in 

solarized plots was always the same as the control plot with 

the highest disease incidence. The utility of this tech

nique may be limited by the heat tolerance of the target 

organisms. 

Studies of bacterial antagonists were initiated to 

determine their utility in enhancing pathogen control after 

viii 



the solarization treatment. Screening 43 bacterial 

isolates showed that seven of Pseudomonas fluorescens and 

one of Serratia marcescens exhibited some form of 

ix 

antagonism toward ~. phaseolina, ~. rolfsii and Verticillium 

dahliae in vitro. Antagcnism was manifested as a complete 

inhibition of fungal development or reduced hyphal develop

ment coupled with suppression of sclerotial development. 

The action of the antagonists was found to be fungitoxic or 

fungistatic rather than fungicidal. None of the four P. 

fluorescens isolates tested were effective in preventing M. 

phaseolina infection of ~. lathyris seedlings. The ability 

of these bacteria to prevent sclerotial formation while 

still permitting hyphal growth may be a useful technique for 

studyjng the two phases of the fungal life cycle separately. 



CHAPTER 1 

QUANTITATIVE RECOVERY OF MACROPHOMINA PHASEOLINA 
SCLEROTIA FROM SOIL 

Macrophomina phaseolina (Tassi) Goid. is a 

sclerotium-producing fungus that causes charcoal rot of 

corn, soybean, and other crops in arid and semiarid areas 

(Dhingra and Sinclair, 1978). Several techniques have been 

developed for recovering sclerotia from soil. One method 

(Watanabe, Smith, and Snyder, 1970) involves flotation 

recovery of sclerotia, which are then identified in culture; 

the procedure is cumbersome if many soil samples must be 

assayed. Other methods (McCain and Smith, 1972; Meyer, 

Sinclair, and Khare, 1973; Papavizas and Klag, 1975; 

Watanabe, 1972) involve the use of selective or semi-

selective media but were insufficiently sensitive when 

working with the loam field soil used in all subsequent 

field work. 

A selective technique was developed for the quantita-

tive isolation of ~. phaseolina sclerotia from soil. The 

effectiveness of this procedure was compared to those of 

McCain and Smith (1972), Meyer et al. (1973), and Papavizas 

and Klag (1975). 

1 
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Materials and Methods 

Isolation Medium 

The selective medium contained Difco potato-dextrose 

agar (39 g/L), Difco Bacto agar (10 g/L), chlor0~eb (Demosan 

65WP) (100 ~g a.i./m1), and streptomycin sulfate (250 ~g 

a.i./m1). The chemicals, dissolved in sterile, distilled 

water, were added after autoc1aving just before the medium 

was added to a soil slurry (described below). The final 

unadjusted pH of the medium was 6.0. The addition of 

streptomycin sulfate and chloroneb inhibits competitive 

growth by bacteria and Oomycetes, respectively. 

preparation of Soils 

A loam field soil with a pH of 7.25 (51.9% sand, 

33.0% silt, and 15.1% clay) was used for all reported tests. 

Air-dried soils were crushed through a 2-mrn sieve and then 

divided into samples of 1-25 g, depending on the expected 

population of sclerotia. If large numbers were expected 

(more than 50 sclerotia per gram), samples of 1-5 g were 

used; otherwise, 25-g samples were used. 

Each soil sample was mixed in 250 ml of 0.525% 

sodium hypochlorite in a blender three times for 30 sec at 

3-min intervals. The sodium hypochlorite was used to 

exclude soil bacteria and those fungi present as hyphae. 

This mixture was washed with distilled water through a 

45-~m sieve, and the residue was backwashed into a 250-ml 



flask for a final volume of 5-10 ml, or 40-50 ~l for soil 

samples of 1-5 g and 25 g, respectively. To a slurry, 

100 m1 of molten, cooled agar (50-55 C) medium was added. 

Chloroneb and streptomycin sulfate were then added from 

fresh (50 ~g a.i./ml, 5%) aqueous solutions such that their 

respective concentrations in the final mixture were 100 ~g 

a.i./m1 and 250 ~g a.i./ml respectively. The mixture was 

incubated at 31-32 C in the dark in five or six petri 

dishes. ~. phaseolina colonies were identified within 3-4 

days as a ring of fluffy white mycelium surrounding a 

central area with black sclerotia. 

Efficiency of the Medium 

3 

Sclerotia of ~. phaseolina were produced in liquid 

culture (Short and Wyllie, 1978). After 11 days, sclerotial 

mats were collected, dried, and gently ground with a mortar 

and pestle. The sclerotia were added to a loam field soil 

that had been passed through a 2-mn sieve, dried overnight 

at 75 C, and then cooled. After thorough mixing, dilutions 

of 1:10 and 1:100 (v/v) were made with autoclave-sterilized 

sand. Five subsamples of each dilution were assayed in each 

of two tests replicated five times. 

Naturally infested field soil and the same 

artificially infested soil were used to compare the 

sensitivity of the new medium for detecting ~. phaseolina 

with those of Papavizas and Klag (1975) and Meyer et ale 
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(1973). Five subsamp1es of each soil were assayed with each 

medium in each of two trials replicated five times. 

The efficiency of this medium was also tested by 

determining the vertical distribution of M. phaseolina 

sclerotia in naturally infested field soil. Samples were 

collected at three depths (0-15 cm, 16-30 crn, 31-60 cm) by 

scraping the exposed wall of a pit. Soil samples from each 

depth were thoroughly mixed and air-dried; five subsamples 

from each level were assayed. This experiment was repeated 

with soil similarly collected from a second pit excavated in 

the same field. 

Results and Discussion 

The number of sclerotia per gram of fresh, naturally 

infested field soil and per gram of the same soil air-dried 

for 1 or 8 days was 1.2 ± 0.29, 1.4 ± 0.25, and 1.2 ± 0.4, 

respectively, using our isolation media. Similar results 

were obtained in a second test. Because air-drying had no 

effect on the recovery of sclerotia, field soils collected 

subsequently were air-dried. 

In preliminary assays of field soil using the 

technique of McCain and Smith (1972), profuse growth of 

other fungi made detection of ~. phaseolina difficult, and 

this procedure was not tested further. Both artificially 

and naturally infested field soils were used to compare our 

medium (MP) with those of Papavizas and Rlag (1975) (PR) and 
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Meyer et al. (1973) (MSK) (Table 1). Both PK and MSK media 

were almost as effective as the MP medium in detecting ~. 

phaseolina sclerotia in artificially infested field soil. 

However, the MSK medium was not sensitive enough to detect 

the low population encountered in naturally infested field 

soil. Growth of other organi~ms was minimal on all media 

when artificially infested soil was sampled. However, with 

naturally infested field soil, growth of other organisms on 

the PK medium was so great that recognition of ~. phaseolina 

colonies was very difficult; such growth was not a problem 

with the MP or MSK media. At least 6 days were required 

before ~. phaseolina colonies were detectable on PK and MSK 

media, while only 3-4 days were required for detection on 

MP medium. 

Additional tests were conducted to determine the 

sensitivity of the MP medium. In the first, an artificially 

infested field soil was found to contain 138.6 ± 11.2 

sclerotia/g. When this soil was diluted 1:10 and 1:100 

with sterile sand, 13.3 ± 1.9 and 1.1 ± 0.2 sclerotia/g were 

detected. Similar results were obtained when this test was 

repeated. In the second test, the vertical distribution of 

sclerotia in naturally infested field soil at 0-15 cm, 16-

30 em, and 31-60 em depths was found to be 0.75 ± 0.72, 

0.62 ± 0.08, and 0.07 ± 0.07 per gram respectively. Similar 

results were obtained in the second test. 



Table 1. Comparison of selective media for isolating 
sclerotia of Macrophomina phaseolina from 
artificially and naturally infested soils. 

Soil 

Artificially 

Infested 

Naturally 

Infested 

Medium a 

MP 

PK 

MSK 

MP 

PK 

MSK 

Sclerotia per gram b Contamination 

141.2 + 15.8 None 

124.4 + 16.6 Light 

124.4 ± 36.9 None 

0.3 ± 0.1 None 

0.4 ± 0.8 Heavy 

0 None 

6 

c 

aMP = Difco potato-dextrose agar (39 giL), Difco Bacto agar 
(10 giL), chloroneb (100 ~g a.i./ml), and streptomycin 
sulfate (250 ~g a.i./ml). PK = the medium of Papavizas 
and Klag (1975). MSK = the medium of Meyer et al. (1973). 

bMean and standard deviation of five replicates per 
treatment. 

CLight = three to five colonies less than 5 mm in diameter. 
Heavy = five or more colonies at least 5 rom in diameter. 



The selective medium is also suitable for isolating 

M. phaseolina from infected plants. Surface sterilized 

(30 sec in 0.525% sodium hypochlorite) stem and root 

sections of Euphorbia lathyris L. were placed in petri 

dishes containing solidified medium. After incubation for 

3-4 days at 32-33 C, colonies characteristic of ~. 

phaseolina were readily observed. The medium remained 

suitable for selective isolation after being stored for 

4 months at 12 C. 

Because of the small number of antimicrobial 

chemicals used in MP (PK and MSK both have five), the 

sensitivity of the medium, the rapid growth on it by ~. 

phaseolina, and its shelf life, the MP medium appears 

useful for isolating M. phaseolina. 

7 



CHAPTER 2 

EFFECTS OF SOIL SOLARIZATION ON MACROPHOMINA PHASEOLINA 
AND SCLEROTIUM ROLFSI! 

Soil solarization (solar pasteurization) involves 

the covering of moist soil with clear, polyethylene tarp to 

increase soil temperatures to levels lethal to soil-borne 

pests. The pioneering work with this method by Katan et ale 

(1975, 1976) in Israel demonstrated control of 

Verticillium dahliae K1eb. and Fusarium oxysporum Schlecht: 

Fries f. sp. lycopersici (Sacc.) Snyder & Hansen by the 

application of a 30 ~m tarp for 2 wk. Control of V. dahliae 

persisted for 160 days. A treatment period of 31 days 

(Grinstein, Orion, et al., 1979) was sufficient to control 

V. dahliae to depths of 30 cm, reduce Pratylenchus thornei 

Shere & Allen populations by 80-100%, and control most weeds. 

Partial control of pyrenochaeta terrestris (Hansen) Gorenz, 

Walker & Larsen (Katan et al., 1980) and Sclerotium rolfsii 

Sacco (Grinstein, Katan, et al., 1979) also occurred. Some 

of these workers further noted neutral to stimulatory 

effects of the solarization treatment on populations of the 

beneficial organisms Rhizobium sp. and Trichoderma sp. 

(Elad, Katan, and Chet, 1980; Grinstein, Katan, et al., 

1979). Katan et ale (1981) reported the duration of the 

solarization effect as 3 yr for Fusarium and Verticillium 

8 
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wilts of cotton and 2 yr for pink root rot of onion. 

S 1 · . h b b d' - NH+ K+ , o ar1zat10n as een 0 serve to 1ncrease N0 3 , 4' 

C ++ a , 

Katan, 

Mg++, and Cl-, in soil but not to change pH (Chen and 

1980). 

In California, an 83-100% reduction in populations 

of V. dahliae, Rhizoctonia solani Kuhn, and Thielaviopsis 

basicola (Berk. & Br.) Ferraris to a depth of 30 cm in 

cotton fields was effected by a 4 wk solarization treatment 

(Pullman, 1979; Pullman et al., 1979, 1981). A partial or 

complete elimination of seven genera of plant parasitic 

nematodes from soil following 4-6 wk solarization also was 

shown (Stapleton and DeVay, 1982). Further work in 

California by Ashworth (1981) and Ashworth and Gaona (1982) 

demonstrated the efficacy of solarization in established 

pistachio nut groves to control Verticillium wilt. 

Solarization also has reported efficacy for the 

control of Sclerotium oryzae Catt. (Usmani and Ghaffar, 

1982), onion and garlic bulb mite (Gerson, Yathom, and 

Katan, 1981), Didymella lycopersici Kleb. in wooden tomato 

supports (Besri, 1982), and weeds (Horowitz, Regev, and 

Gevelberg, 1979). 

Macrophomina phaseolina (Tassi) Goid., the causal 

agent of charcoal rot of sorghum, corn, bean and other 

hosts (Dhingra and Sinclair, 1978), has been reported in 

both native and cultivated soils in Arizona (Young and 

Alcorn, 1982a). Recent studies in both Australia and 



California have indicated that soil solarization is not 

effective in controlling ~. phaseo1ina in forest soils 

(McCain, Bega, and Jenkinson, 1982; Old, 1981). 

10 

The objectives of the present study were to deter

mine the increases in temperature possible with solarization 

in the Sonoran desert region of Arizona and to assess the 

efficacy of solarization in reducing soil populations of 

~. phaseolina and ~. rolfsii in Arizona. After solariza

tion, Euphorbia lathyris L., a plant with hydrocarbon-rich 

latex (Sachs et al., 1981) and one that is highly 

susceptible to ~. phaseolina (Young and Alcorn, 1982b), was 

planted in treated and non-treated plots to determine dif

ferences in M. phaseolina-associated mortality. 

Materials and Methods 

All solarization work was conducted at the 

University of Arizona's Campbell Ave. Farm, Tucson, AZ. 

The field soil was of the loam type (51.9% sand, 33.0% silt, 

15.1% clay) with a pH of 7.25. 

Thermal Death Range 

The in vitro thermal death point of ~. phaseolina, 

S. rolfsii, and y. dahliae (our isolate DX-2, a cotton 

defoliating strain) was determined at 40, 45, 50, and 55 C. 

~. phaseolina and ~. rolfsii were grown on PDA (potato 

dextrose agar) (Difco potato dextrose agar, 39 giL, Difco 

Bacto agar, 5 giL) for 7 and 14 days, respectively. 
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Twenty-eight-day-old cultures of y. dahliae grown on Czapek 

agar (Bacto Czapek solution agar, 49 gIL, Difco Bacto agar, 

5 gIL), were used. In each test, three plates of the test 

fungus were placed in a controlled temperature incubator 

for a specified period of time. Subsequently, ten 6-rnm 

plugs were removed from each plate and placed on PDA or 

Czapek agar, as appropriate for the fungus. Fungal survival 

after treatment was measured as the average percentage of 

plugs with viable hyphae. All tests were repeated at least 

once. 

Soil Solarization 

Five field trials of soil solarization were con

ducted between March, 1981 and October, 1982. Five plots 

(2.5 m x 6.1 m) were used for each trial. Three solarized 

plots ("tarped") were pre-irrigated to saturation 1 day 

prior to placement of the 51 ~m, clear polyethylene tarp: 

after placement of the tarp all edges were buried. A fourth 

area was pre-irrigated in the same manner as the solarized 

plots, but no tarp was applied. This served as a "wet

control" plot. A second control plot was neither pre

irrigated nor tarped ("dry-control"). For each trial, one 

tarp was removed every 2 wk giving treatment periods of 2, 

4, or 6 wk. 

Temperatures (± 1 C) were recorded every 2 hr at 

depths of 1, 15, and 30 em in the tarp-6 wk, wet-control, 



and dry-control plots. 

12 

(No temperature data were available 

for trial 3 due to equipment failure.) From these data, the 

duration of temperatures above various arbitrarily chosen 

threshold temperatures was measured in degree-hours using a 

polar compensating planimeter. The daily maximum tempera

tures for each plot and depth were plotted in a histogram 

and the clusters containing approximately the upper 85% of 

the maxima are reported. 

Pathogen Population Measurement 

In trials 1-4, the native population of ~. 

phaseolina was measured before and after solarization. 

Prior to tarping, five 3.2 x 30.5-cm soil cores were taken 

on a diagonal transect through the combined tarped plots and 

each of the two control plots (15 cores total). In trials 3 

and 4 each core was divided into two depth classes, 0-15 cm 

and 16-30 cm. The five cores from each plot type and depth 

class were bulked and five 25-g samples were assayed 

(Chapter 1) for ~. phaseolina from each of the three or six 

composite samples. Each time one tarp was removed, five 

soil cores were collected on the diagonal in that plot and 

five each from the two control plots. The cores for each 

plot were composited and sampled as described. 

In trials 2 and 4, the effect of solarization on 

buried ~. phaseolina inoculum was determined. Using a 

field-soil isolate, sclerotia were produced by the method of 
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Short and Wyllie (1978), modified by growing the sclerotial 

mats 8 days, instead of 2-3 wk. The sclerotia were mixed 

with field soil, then five l-g samples of the mixture were 

assayed for ~. phaseolina to establish the initial popula

tion. Aliquots of 25 ml of the soil mixture were wrapped in 

10 x 10 cm weighing paper, then in small swatches of nylon 

hosiery. Five such packets were wrapped together in nylon 

windowscreen bags to aid recovery. One pit was dug in each 

of the three tarped plots: three pits were dug in each 

control plot. One bag, containing five packets, was buried 

at depths of 1, 15, and 30 cm in each of the nine pits. 

Every 2 wk, after one of the tarps was removed, the three 

nylon bags from one pit in each plot type were recovered. 

A single l-g sample from each packet was assayed for M. 

phaseolina. 

The effect of solarization on buried sclerotia of S. 

rolfsii was also determined in trials 4 and 5. Groups of 30 

sclerotia produced on PDA were wrapped in small swatches of 

nylon hosiery, five packets with sclerotia were then wrapped 

in nylon windowscreen. This inoculum was buried as described 

for ~. phaseolina. Upon retrieval, the number of sclerotia 

in each packet was noted. After surface sterilization (1-2 

min in 0.525% NaClO) 15 sclerotia from each packet were 

placed on PDA amended with streptomycin sulfate (200 ~g 

a.i./ml final concentration) after autoclaving. The plates 



were incubated for 4 days at 29 C and the percentage 

germination recorded. 

Planting After Solarization 

Because of its susceptibility to ~. phaseolina 
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(Young and Alcorn, 1982b), ~. lathyris was planted after 

solarization in trials 1, 2, and 3, to determine the 

influence of solarization on emergence and on infection by 

~. phaseolina. Five 2.5 m rows (60 cm apart) were each 

planted with 100 seed, 8-10 cm deep, in each of the five 

plot types (three tarp and two control). All plots were 

watered by flooding immediately after planting, then every 

2-3 wk as needed. Because~. lathyris seedlings were more 

easily established in the fall than during the summer, trial 

2 was not planted until October, 1981. All dead plants were 

examined microscopically for the presence of ~. phaseolina 

sclerotia. When sclerotia were absent, 3-5 mm root sections 

(surface sterilized 2 min, 0.525% NaCIO) were placed on 

selective medium (Chapter 1) anu incubated 6 days at 32-34 C 

to determine the presence of ~. phaseolina. After harvest, 

soils from all five plots were assayed again for the pathogen 

as described above. 

All statistical analyses were done with the Analysis 

of Variance technique. Duncan's multiple range test was 

then used to separate means. 
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Results 

Thermal Death Range 

The times required to kill ~. phaseolina, ~. 

rolfsii and y. dahliae at various temperatures are shown in 

Table 2. M. phaseolina was the most heat resistant of the 

three fungi. V. dahliae was slightly more sensitive to heat 

at 50 C and 55 ethan S. rolfsii. 

Table 2. The in vitro thermal death ranges for l-1acrophomina 
phaseolina (MP), Sclerotium rolfsii (SR), and 
Vert~c~ll~um dahliae (VD). 

Tine required for death (hr)a 

Temperature (C) MP SR VD 

40 602+ 72+ 72+ 

45 72+ 12 12+ 

50 48 4-6 3 

55 24 3 2 

aThe symbol U+U indicates the noted time was insufficient to 
kill the fungus, thus requiring more time for death at this 
temperature. All values are the result of three replicates 
and at least two tests. 

Soil Solarization 

The five field trials of soil solarization were 

conducted in April, June, and September, 1981 and in June 

and September, 1982 (Table 3). The highest maximum tempera-

tUre range~ were achieved during the two June studies 



Table 3. Maximum temperature and rainfall data for soil solarization trials. 

Plot 

Tarp 

Control 
wet 

Control 
dry 

Depth 
(cm) 

1 
15 
30 

1 
15 
30 

1 
15 
30 

Air Temp. (C)bc 

Rainfall (mm) 

1 

40-53(84) 
27-42 (90) 
25-37(83) 

30-44(85) 
21-32 (85) 
18-28 (85) 

17-30(100) 

25-34(83) 

21c 

aTrial 1 = 3/21-5/1/81; 2 
8/23-10/4/82. 

Maximum soil temperatures (C)b 

2 

49-63(82) 
42-49(83) 
37-46(88) 

52-63(92) 
31-41(83) 
30-38(92) 

37-42(85) 

35-42 (86) 

22d 

Tria1a 

3 

30-39(91) 

13d 

4 

49-58(89) 
38-50(89) 
35-45(92) 

39-50(86) 
30-43(86) 
26-40(89) 

46-59(95) 
33-45(100) 
28-37 (100) 

33-41(95) 

8
d 

5 

38-54(85) 
30-45(94) 
30-40(91) 

35-53(85) 
28-41(82) 
27-38(91) 

34-44(82) 
29-42(91) 
27-39(91) 

31-40(82) 

86d 

5/28-7/8/81; 3 8/30-10/11/81; 4 5/28-7/9/82; 5 = 

bThe parenthetical value 
in the indicated range. 
these ranges. 

is the percentage of 42 days with a maximum temperature 
The days not included had temperature maxima lower than 

cC1imatic measurements as recorded by the National Oceanic and Atmospheric 
Administration, Tucson International Airport. 

dRainfall measurements made at the field location. 

.... 
0\ 
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(trials 2 and 4). The actual maximum temperatures achieved 

in the June tests at 15 cm and 30 cm in the tarped plots 

were 4-8 C higher than at comparable depths in either of the 

two control plots, even though the maximum temperature 

ranges overlapped. The maximum temperature ranges in the 

early fall (trialS) were generally slightly lower than the 

summer trials, while those during the spring test (trial 1) 

were much lower than in the other trials. 

Because of the time-periods required to kill the 

three fungi in the laboratory (Table 2), the duration of 

the temperatures in the field above arbitrary levels 

(thresholds) of 30, 40, 45, and 50 C were determined 

(Table 4). For each plot and depth, the range of degree

hours is reported for the 15 days with the maximum degree

hours. One degree-hour (D-H) is defined as the maintenance 

of a temperature 1 degree above the threshold te~perature 

for 1 hr. (Thus, a measurement of 4 D-H could be 1 hr at a 

temperature 4 degrees above the threshold or 4 hr at a 

temperature 1 degree above the threshold.) Temperatures 

were generally highest and the D-H above the threshold 

greatest in the early summer treatments (trials 2 and 4) at 

every depth. With few exceptions, the highest maximum 

temperature always was achieved under the tarps. The 

exceptions occurred at the l-crn depth in the trial 2 wet

control plot. 
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Table 4. Degree-hours above threshold temperatures during 
soil solarization. 

Degree-hours exceeding threshold (C)a 
Depth 

Plots (em) 30 40 45 50 

Trial 1b 

Tarp 1 110-200 30-74 4-32 0-8 
15 22-114 0-6 0 0 
30 0-94 0 0 0 

Control 1 40-94 0-10 0 0 
wet 15 0-2 0 0 0 

30 0 0 0 0 

Control 15 0 0 0 0 
dry 

Trial 2 

Tarp 1 294-360 92-120 40-60 8-22 
15 262-360 48-106 4-20 0 
30 218-296 8-50 0 0 

Control 1 238-318 120-184 72-136 32-82 
wet 15 94-158 0-4 0 0 

30 66-134 0 0 0 

Control 15 122-168 0-6 0 0 
dry 

Trial 4 

Tarp 1 240-304 92-136 46-80 14-40 
15 188-254 18-50 0-5 0 
30 160-224 0-10 0 0 

Control 1 114-208 22-64 2-24 0-2 
wet 15 64-128 0-2 0 0 

30 36-82 0-1 0 0 

Control 1 76-244 68-118 32-72 6-32 
dry 15 68-100 0-8 0 0 

30 14-42 0 0 0 

Trial 5b 

Tarp 1 60-218 2-72 0-38 0-10 
15 32-174 0-20 0-1 0 
30 18-140 0 0 0 
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Table 4.--Continued 

Degree-hours exceeding threshold (C)a 
Depth 

Plots (cm) 30 40 45 50 

Control 1 72-218 8-58 0-26 0-4 
wet 15 20-122 0-1 0 0 

30 4-124 0 0 0 

Control 1 28-108 0-14 0 0 
dry 15 12-90 0-1 0 0 

30 2-82 0 0 0 

aEach range includes the 15 days with the maximum D-H above 
the threshold temperature. 

bTrial 1 = 3/21-5/1/81: 2 = 5/28-7/8/81: 4 = 5/28-7/9/82: 
5 = 8/23-10/4/82. 
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The effect of solarization on the naturally estab

lished population of ~. phaseolina was examined in field 

trials 1-4 (Table S). In no case was the population of ~. 

phaseolina reduced to non-detectable levels as a result of 

tarp application. With the exception of the 4-wk tarp 

period in trial 3, in no instance did tarping significantly 

reduce sclerotial populations below that of the controls. 

In trial 1, no significant population differences were 

detected between any plots or over the duration of the 

experiment. In the first summer treatment (trial 2), the 

only statistical difference between plots was due to the 

inability to detect ~. Ehaseolina in the wet-control plot 

during week 4. In trial 2, irrespective of treatments the 

sclerotial population was significantly reduced by at least 

the end of the 6-wk test period. In contract, in trial 3, 

the sclerotial populations were significantly higher at the 

end of the 6-wk test period in both the tarped plot (16-30 

cm) and the dry-control plot (0-15 em). During the second 

summer treatment (trial 4), the sclerotial population 

significantly increased in the tarped plot (16-30 cm) and 

in the dry-control plot (16-30 cm) over the duration of the 

experiment. 

Since the natural population of ~. phaseolina in the 

field was low, field soil artificially infested with a high 

sclerotial population was also subjected to the solarization 

treatment in order to assess more accurately treatment 



Table 5. Effects of soil solarization on naturally established populations of 
Macrophomina phaseolina. 

Plots 

Tarp 

Control 
wet 

Control 
dry 

Tarp 
removed 
after 
(wk) 

Oc 
2 
4 
6 

0 
2 
4 
6 

0 
2 
4 
6 

1 

0-30 cm 

.16a d 

.36a 

.1Ba 

.17a 

.28a 

.54a 

.13a 

.22a 

l.03a 
.17a 
.37a 
.30a 

M. phaseolina population (sclerotia/g soil)a 

Trialsb 

2 3 4 

0-30 cm 0-15 cm 16-30 cm 0-15 cm 16-30 em 

.27a NO
e

* .12a .OBa .05a 
.2Ba .23a .20ab .19a .21b 
.10ab* .17a* .06ab* .38b .23b 
.02b .30a .19b .19a .16b 

.34a .22a .26a .1Ba .07a 

.20b .23a .1Oa .1Ba .27a 
NO .3Ba .22a .1Ba .l7a 
.0Bc .37a .l7a .29a .l9a 

.24a .16a .13a .10a .OBa 

.25a .l4a .10a .24a .l7ab 

.0Bb* .26ab* .14a* .25a .22b 

.01b .39b .1Ba .19a .2Bb 

a Each listed value is the mean of five replications from a composite of five 
samples. 

bTrial 1 = 3/21-5/1/Bl; 2 ; 5/28-7/8/Bl; 3 ; 8/30-10/11/81; 4 ; 5/2B-7/9/B2. 

cWeek 0 is the initial population prior to treatment. 

dFor each column and plot type, means followed by the same letter are not statis
tically different at P < .05. For each column, means in the tarped plot followed 
by "*" are statistically different from the unstarred means in the control plots 
for the corresponding week (P < .05). 

eND; Non-detectable. 
N .... 
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effects on population dynamics (Table 6). In both trials 2 

and 4 thepopulation of ~. phaseolina was never reduced to 

non-detectable levels as a result of tarping. During field 

trial 2, the sclerotial population significantly decreased 

within each treatment and depth-class over the course of 

the experiment. By the end of 6 wk, the populations in the 

tarp and wet-control plots were statistically indistin

guishable, while the populations in the dry-control plots 

were significantly greater. There was no consistent 

variation in ~. phaseolina populations x depth during trials 

2 and 4. During trial 4, original populations significantly 

decreased in all plots and at all depths by the end of the 

6 wk. In contrast to trial 2, at the end of trial 4, within 

each of the three depth classes, the populations of ~. 

phaseolina were statistically the same in the tarp plot as 

in the control plots. 

The effect of soil solarization on the viability of 

buried, precounted S. rolfsii sclerotia was examined during 

field trials 4 and 5 (Table 7). Application of the tarp 

during the early summer (trial 4) resulted in complete loss 

of sclerotial viability at I and 15 cm by 6 wk. Although 

recovery of sclerotia in the tarped plot was reduced at 30 cm 

by 6 wk, many sclerotia recovered were still viable. The 

application of the tarp during the early fall (trialS) 

resulted in complete loss of sclerotial viability only at 

the l-cm depth. 



Table 6. Effects of soil solarization on known populations of Macrochomina 
phaseolina. 

M. phaseolina population (sclerotia/q sOil)a 

Trialsb 

Tarp 
removed 2 4 
after 

Plots (wk) lcm 15 cm 30 em 1 em 15 em 30 cm 

<Original MP pop.)e l46.6a 146.6a l46.6a 253.3a 253.3a 253.3a 

Tarp 2 5l.4b* l22.6ab l36.6a l82.6b* l68.0b* 152.4b* 
4 54.0b* l55.8b 104.2b l73.4b 89.8e* l49.8b 
6 l5.6c* l6.8c* 1.4c* 146.6b l59.3b l32.3b 

Control 2 137.4a 149.0a 146.0a 130.6b 104.8b 160.6b* 
wet 4 115.6b 104.0b l19.6a 170.8b l68.4c l28.8b 

6 1.4c* 1. 2c* 16.6b* 146.6b l63.6c 134.0b· 

Control 2 143.8ac l42.8a 131. 6ab 222.6a 225.2ab* 2l2.0b 
dry 4 110.4b 110.4b l23.6b 16~~. 4b 171. 6bc l52.6c 

6 ll3.8bc 84.8c 73.8c 151. 4b ll9.0c l20.Bc 

a Each listed value is the mean of 5 replicates. Within ~cch column and plot, 
including the initial population, means followed by the !:ame letter are not 
statistically different at P < .05. For each column, means in the tarped plots 
followed by "*" are statistically different from the unstarred means in the 
control plots for the corresponding week (P < .05). 

bTrial 2 = 5/28-7/8/81; 4 = 5/28-7/9/82. 

c The initial M. phaseolina population was the same for each plot type. 

N 
W 



Table 7. Viability and recovery of Sclerotium rolfsii sclerotia subjected to 
soil solarization treatment. 

% Viability (% recovery) ab 

Trialsc 

Tarp 
removed 4 5 
after 

Plot (wk) 1 cm 15 cm 30 cm 1 cm 15 cm 

Tarp 2 Oa*(89)a 68a(83)a* 19a*(88)a* Oa*(96)a 99a(lOO)a 
4 (}a*(96)a Ob*(lOO)b l7a*(93)a Oa*(97)a 99a(97)a 
6 Oa*(85)a Ob*(48)c* 6lb*(37)b* Oa*(77)a 10Oa(97)a 

control 2 100a(99)a 58a(67)a - (O)a lOOa(lOO)a 100a(99)a 
wet 4 83a(98)a 3la(95)b l7a*(96)b 97a(9l)a 97a(98)a 

6 36b(94)a 64a(90)b 58b*(5l)c* 95a(97)a 56b(99)a 

Control 2 96a(98)a 96a(98)a* 65a(100)a* 100a(97)a lOOa(97)a 
dry 4 100a(97)a 20b(98)a 60a(96)a 93a(9l)a 99a(95)a 

6 99a(lOO)a 7la(96)a 95a(94)a 10Oa(97)a 85a(99)a 

a The first value is the percentage of 15 sclerotia that germinated. The 
parenthetical value is the percentage of the original 30 sclerotia recovered. 
Values are the means of five replications. 

bFor each column, and plot type the tarp plot viability means followed by "*" are 
statistically different at P < .05 from the unstarred control viability means 
for the corresponding week. Within column and plot, means followed by the same 
letter are not statistically different at P < .05. The same scheme is followed 
for the recovery data. 

cTrial 4 = 5/28-7/9/82; 5 = 8/28-10/4/82. 

N .. 
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Planting After Solarization 

Following trials land 2 there was a significant 

increase in emergence of ~. lathyris seedlings in tarped 

plots (Table 8). In trial 3 tarping significantly decreased 

emergence in comparison with the wet-control. In trial 1, 

the 2-wk tarp plot had significantly less mortality than 

the other plots. In contrast, there was no difference in 

mortality among the plots planted after trial 2. In trial 

3, mortality was greatest in the 6-wk tarp plot and least 

in the dry-control plot. In trial 2, the tarped and wet

control plots had significantly more mortality associated 

with M. phaseolina than the dry-control. In contrast, 

during trial 3, the wet-control plot had significantly less 

M. phaseolina associated mortality than the other four plots. 

For all trials, the tarp had disintegrated by the 

end of 6 wk. 

Discussion 

Early summer solarization treatments were the most 

effective for raising soil temperatures under the climatic 

conditions in Southern Arizona. Solarization in the fall 

(trial 5) was nearly as effective in raising soil tempera

tures as summer treatments (trials 2 and 4), while early 

spring trial temperatures were substantially lower (Table 

3). The maximum soil temperatures achieved in summer trials 

2 and 4 under the tarp were nearly the same as those 
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Table 8. Populations of Macrophomina phaseolina in soil and 
their relationship to emergence and survival of 
Euphorbia lathyris following solarization treat
ments. 

Tarp 
Control Control 

Treatment 2 wk 4 wk 6 wk wet dry 

Trial la 

MP-initialbg 0.38a 0.27a 0.17a 0.22a 0.30a 
HP-post harc¥estcg 0.36a 0.20a 0.16a 0.26a 0.18a 
% Emer~ence 9 19a 44b 29a 27a 26a 
% Dead 9 54a 29b 52a 54a 47a 
% MP Deathfg l5a 25a 2la l4a l4a 

Trial 2a 

r-1P-ini tial bg 0.02a 0.08a O.Ola 
MP-post har~estcg LIla 2.76b 2.36bc 1.64ac 0.24d 
% Emer~ence 9 93a 92a 88a 91a 69b 
% Dead 9 9Sa 92a 93a 92a 91a 
% MP Deathfg 99a 97a 92a 98a 42b 

Trial 3a 

MP-initialbg 0.30a 0.37a 0.39a 
MP-post har~estcg 2.58a 0.84b 0.77b 0.4lb 2.46a 
% Emer~ence 9 47a 45a 5la 6Sb S8ab 
% Dead 9 8lac 7lab 89c 80ac S8b 
% MP deathfg 97a 89a 91a 70b 86a 

aplanting dates were 5/6/81, 10/10/81, and 10/13/81 for 
trials 1, 2, and 3 respectively. Harvest dates were 
11/1/81 for tria) 1 and 9/9/82 for trials 2 and 3. 

b~. phaseolina populations prior to planting (sclerotia/g). 
Values are means of five replications. 

c~. phaseolina populations after harvesting ~. lathyris 
(sclerotia/g). values are means of five replications. 

dEach value is the mean of emergence from 100 seeds/row, 
5 rows/plot. 

e% Dead = the percentage of emerged plants which died. 
Values are the means of % dead for each of five rows/plot. 

f, MP death = the percentage of dead plants with M. 
phaseolina sclerotia or from which the f~ngus wai isolated. 
Values are means of % mortality for each of five rows/plot. 

9For each row of the table, means followed by~e same letter 
are not statistically different at P < .05. 



reported by Katan and co-workers in Israel (Elad et al., 

1980~ Grinstein, Katan, et al., I979~ Grinstein, Orion, 
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et al., 1979; Katan et al., 1980), 9-14 C higher than those 

reported in Pakistan (Vsmani and Ghaffar, 1982) and 

Australia (Old, 1981), and 2-4 C lower than those reported 

in California (Pullman et al., 1981). Grinstein, Katan, 

et al. (1979) demonstrated control of S. rolfsii to a depth 

of 20 cm while achieving temperature maxima similar to those 

reported here. The data in Table 7, indicating eradication 

of S. rolfsii at 15 cm but not at 30 cm, corroborate the 

findings of previous investigators, and suggest that the 

maximum depth to which solarization is effective for 

controlling ~. rolfsii is between 20 and 30 cm. 

In none of the field experiments was the application 

of tarp effective in controlling ~. phaseolina in agricul

tural soil (Tables 5, 6). These data confirm previously 

published reports (McCain et al., 1982; Old, 1981) that 

solarization did not control ~. phaseolina in forest soils. 

The low natural population of ~. phaseolina did not vary in 

any consistent way with respect to time, depth~ or treat

ment, although residual populations were always sufficient 

to incite a 15-99% loss in ~. lathyris plantings (Table 8). 

Using artificially established ~. phaseolina popula

tions, a significant decrease in sclerotia 1 populations in 

tarp and control plots was observed in trials 2 and 4 at 

depths of 1, 15, and 30 cm. During trial 2, the populations 
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in the tarp and wet-control plots were reduced significantly 

below the dry-control plot, suggesting the influence of 

moisture on population decline. No such differences were 

observed during trial 4. Des?ite the reduction, the 

residual artificial populations in the tarped plot (1.4-

16.8 and 132.2-159.2 sclerotia/g in trials 2 and 4 

respectively) were within the range reported for agricul

tural soil wherein susceptible plants became infected 

(Papavizas and Klag, 1975; Short, Wyllie, and Bristow, 

1980; Watanabe, 1972; Young and Alcorn, 1982a). 

By comparing time required to kill ~. phaseolina, 

S. rolfsii, and ~. dahliae in laboratory tests, ~. 

phaseolina was found to be the most heat-tolerant fungus 

(Table 2). The thermal death ranges for ~. phaseolina and 

v. dahliae were much broader than published results with 

hot water dip treatments (Bega and Smith, 1962; Nelson and 

Wilhelm, 1958). However, our laboratory data regarding 

v. dahliae are similar to those reported by Ashworth et al. 

(1982) at temperatures of 40 and 44 C. pullman, DeVay, and 

Garber (1981) reported death of V. dahliae after 0.5 hr at 

50 C, while our data indicate survival for 3 hr in a 

similar test. Pullman et al. (19Bl) further noted that at 

a given temperature an agar culture of ~. dahliae would 

survive longer than the fungal propagules in soil. 

The laboratory tests indicate that 4-6 hr are 

required to kill S. rolfsii at 50 C (Table 2). During 
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field trials 4 and 5, this temperature duration was achieved 

only at l-cm depths in the tarped plots, the dry-control 

plot of trial 4 and in the wet-control plot of trial 5 

(Table 4). S. rolfsii was eliminated only in the tarp plots 

at 1- and 15-cm depths in trial 4 and at 1 cm in trial 5 

(Table 7). ~lthough temperature was clearly a factor in 

control, other factor(s) presumably contributed to the death 

of S. rolfsii at 15 cm in trial 4. Similar comparisons 

between laboratory temperature studies and field tempera

ture durations can be made for ~. phaseolina. The 48 hr at 

50 C required in the laboratory for the death of M. 

phaseolina was never achieved in any tarped plot at any 

depth. This duration was only attained during trial 2 at 

l-cm depth in the wet-control plot; however, complete 

eradication bf the fungus still did not occur. These 

comparisons again suggest that the reduction in population 

achieved by soil solarization is more than just a function 

of temperature. 

Apart from cost factors, the practicality of soil 

solarization is dependent upon the heat tolerance of the 

target soil-borne plant pathogen(s) and whether or not 

possible residual inoculum levels are sufficient to cause 

disease. (Under Arizona climatic conditions, it is further 

limited by the disintegration of the polyethylene tarp 

after 6 wk.) The incidence of ~. phaseolina-associated 

mortality in tarped plots was always closest to the greatest 



mortality in the two control plot. (Table 8). It i. also 

possible that under certain conditions, soil solarization 

could eliminate a sufficient proportion of the 80il

microf19ra competitive to ~. phaseolina to result in a 

significant increase in the incidence of disease. Thus, 

the successful application of solarization also requires 

the full exploration of the area to be treated for non

target, temperature-tolerant pathogens, as H. phaseolina, 

which could be enhanced by this treatment. 

30 



CHAPTER 3 

EFFECTS OF BACTERIAL ANTAGONISTS ON THREE 
SCLEROTIUM-PRODUCING FUNGI 

Many studies have implicated various fungi and 

bacteria as in vitro and/or in vivo antagonists of 

Macrophomina phaseolina (Tassi) Goid., Sclerotium rolfsii 

Sacc., and Verticillium dahliae Kleb. Norton (1954) showed 

that Thielaviopsis terricola (Gilman & Abbott) Emmons and 

Trichoderma lignorum (Tode) Harz. wer~ antagonistic to ~. 

phaseolina in non-sterile soil. Jackson (l965) demonstrated 

the ~. phaseolina infection of peanut kernels could be 

reduced by the application of Aspergillus flavus Link:Fries. 

Dhingra and Khare (l973) reported one soil isolate of 

Aspergillus aculeatus Iizuka was effective in inhibiting M. 

phaseolina growth in a soil column. Trichoderma lignorum 

was found to parasitize and prevent mycelial development of 

!. rolfsii (Cooper, 1961). When the application of 

Trichoderma harzianum Rifai was supplemented with the 

herbicide Dinitramine, a 57.3% reduction of Southern blight 

of peanut was observed (Grinstein, Elad, et al., 1979). 

Catani and Peterson (l967) demonstrated antagonism of 

Aspergillus flavus, T. lignorum and Gliocladium roseum 

(Link) Thorn. toward V. dahliae. 

31 
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Several isolates of the rhizosphere-inhabiting 

bacterium Pseudomonas fluorescens (Flugge) Migula have been 

found to promote plant growth when applied to potato seed 

pieces, sugar beet and radish seeds (Burr, Schroth, and 

Suslow, 1978; Suslow et al., 1979). Work of Kloepper and 

Schroth (1981) demonstrated that the enhancement of plant 

growth did not occur in sterile soil from which they 

concluded that the bacterial action was indirect, possibly 

involving"interactions with native root microflora. Misaghi 

et al. (1981) reported the production of a fluorescent 

pigment by the bacterium which was implicated in the 

antagonism phenomenon. 

It was initially thought that one or more 

antagonistic microorganisms could be introduced into soil 

following solarization to enhance control. Several studies 

of antagonistic bacteria were initiated to identify isolates 

which could be so utilized. In preliminary tests, 42 

isolates of P. fluorescens and one of Serratia marcescens 

Bizio were tested for in vitro antagonism toward ~. 

phaseolina. Seven P. fluorescens isolates and S. marcescens 

antagonistic toward ~. phaseolina were further tested for 

antagonism toward V. dahliae and S. rolfsii. Several studies 

were conducted to elucidate the effects of antagonists on 

sclerotium formation and possible mechanisms of antagonism. 

Finally, the use of antagonists to prevent infection of 

Euphorbia lathyris L. by M. phaseolina was examined. 
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Materials and Methods 

M. phaseolina and ~. rolfsii were maintained on PDA 

and v. dahliae was maintained on Czapek agar (Chapter 2). 

In preliminary studies, a 6-mrn plug of ~. phaseolina was 

placed at one edge of a pH-PDA plate (PDA adjusted to a pH 

of B.O with 1 N NaOH before autoclaving) and one streak of 

the challenge bdcterium from a water suspension was made 

across the center of the plate. The plate was incubated at 

34 C for 4-6 days in the dark until mycelial growth of the 

unchallenged control covered the plate. Forty-three 

bacterial isolates were tested in this manner, each with 

three replicates. The eight isolates selected from the 

preliminary screening for additional testing were subse

quently maintained on nutrient agar (Difco nutrient agar, 

23 giL; Difco Bacto agar, 5 giL). Standard taxonomic tests 

were used to confirm identities of the bacteria. In subse

quent trials separate pH-PDA plates were flooded with an 

aqueous suspension of the antagonists and then incubated 

for 2 days at 28-30 C. A 6-mrn plug of the test fungus was 

placed in the center of the bacterial lawn on the plate 

after which, the plates were incubated at 34-35 C for M. 

phaseolina and at room temperature for V. dahliae and S. 

rolfsii. Three replicates were used for each combination of 

eight bacteria and three fungi; three plates inoculated with 

test fungus alone served as controls. The presence and 

density of sclerotia were noted on qualitative scales. 
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Sclerotium formation for ~. phaseolina and y. dahliae was 

rated on a four-level scale: N if no sclerotia were visible~ 

L if sclerotia were sparse, giving the culture a light gray 

appearance~ N if sclerotium formation was moderate giving 

the culture a dark gray appearance; and S if sclerotial 

formation was as profuse as the unchallenged control. For 

~. phaseolina, two arbitrary colony diameter measurements 

were taken after 2, 4, and 6 days, while colony diameter 

measurements were made for y. dahliae after 5, 12, and 20 

days. For S. rolfsii the sclerotia formed on each plate 

were counted after 20 days. All tests were repeated at 

least once. 

Microscopic observations were also made on the 

diameters of sclerotia and on sclerotial abundance when the 

fungi were grown in the presence and absence of challenge 

bacteria. For M. phaseolina, the total sclerotia in 10 

microscope fields (lOX objective, 15X ocular) and 10 

sclerotial dia~eters (~m) were noted daily after inoculation 

with the fungus. For~. rolfsii, diameters (mm) of 10 

arbitrarily chosen sclerotia were measured every third day 

for 21 days after inoculation with the fungus. For V. 

dah1iae the portion (~m) of a 1000 ~m transect covered by 

microsclerotia in 12 microscope fields (lOX) was determined 

every third day for 21 days after inoculation with the 

fungus. This test was repeated once. 
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Two studies were conducted to elucidate the 

mechanism of antagonism. In the first test, nutrient broth 

(Difco Bacto nutrient broth, 8 giL) cultures of the 

antagonists were filtered through 0.22 ~m Millipore filters 

following refrigerated centrifugation of the culture at 

5000 rpm for 10 min. The filtrate was aseptically collected 

and incubated 2 days at 28 C to check for contamination. 

The filtrate was added to two wells (6-mro diam., 0.15ccmin. 

vol.) on opposite sides of a pH-PDA plate and one 6-mm plug 

of the test fungus was placed between the wells. Three 

plates were used for each fungal and bacterial combination; 

plates with wells filled with filtered nutrient broth served 

as controls. Where~. phaseolina was the test fungus, the 

plates were checked after 2, 4, and 6 days incubation at 

34 C for hyphal growth and sclerotial development. For S. 

rolfsii and V. dahliae the plates were examined after 5, 10, 

15, and 20 days incubation at room temperature. The second 

study concerned the distinction between the fungitoxic, 

fungistatic and fungicidal nature of the antagonistic rela

tionship. Bacterial lawns were established for isolates 

A003, A013, and A02l but PDP (pH-PDA amended with 10 giL 

peptone) was used. A 6-rnrn plug of ~. phaseolina was placed 

in the center of each plate and incubated 3 days at 34 C. 

Three plates were used for each treatment and PDP plates 

inoculated only with the fungus served as controls. If 

there was reduced fungal growth compared to the control, the 
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antagonist was considered fungitoxic. If there was no 

growth, the original fungal inoculum was removed, briefly 

washed in sterile distilled water, placed on a fresh plate 

of selective medium (Chapter 1), and incubated 3 days nore 

at 34 C. If fungal growth was then observed, the antagonism 

was considered fungistatic; and if no growth occurred, the 

antagonism was rated as fungicidal. These tests were 

repeated at least twice. 

Two greenhouse studies were initiated to determine 

the ability of antagonists (A003, A013, A021, A026) to 

prevent ~. phaseolina infection of ~. lathyris. Greenhouse 

potting soil was infested (49.: ± 4.7, Test 1; 43.7 ± 8.6 

sclerotia/g Test 2) with artificially produced sclerotia 

(Chapter 2). Roots of ~. lathyris seedlings were dipped in 

a nutrient broth suspension of the antagonist, then three 

seedlings were planted in each pot. Seedlings dipped in 

sterile nutrient broth served as the first set of controls. 

Seedlings dipped in antagonist suspensions, but planted in 

non-infested soil were a second set of controls. Seedlings 

dipped in sterile nutrient broth and planted in non

infested soil were the final set of controls. All plants 

were grown in a greenhouse at or above 30 C. In the first 

test, five pots (three seedlings each) were used for each of 

the treatments. In the second test, a randomized complete 

block design with four replications was used, where each 
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block had the same constituents as the first test. All dead 

seedlings were examined for the presence of M. phaseolina 

sclerotia. 

Finally, the ability of antagonist A02l to reduce 

sclerotium formation by ~. phaseolina while still permitting 

hyphal growth was utilized to determine the relative 

sensitivities of hyphae and sclerotia to the 7 min bleach 

exposure descr~ in Chapter 1. A bacterial lawn was 

established on 10 pH-PDA plates as previously described. 

After 2 days, these plates plus 10 fresh pH-PDA plates 

without A021 were inoculated with a 6-~m plug of M. 

phaseolina and incubated for 3 days at 34-35 C. Five plates 

containing the fungus + A02l and five plates with the fungus 

alone were then flooded for 7 min with fresh 0.525% NaClO. 

Five small inoculum blocks from each of 20 plates were 

transferred to fresh pH-PDA plates, incubated for 3 days at 

34-35 C and checked for hyphal growth. This experiment was 

repeated once. 

Results and Discussion 

Of the 43 antagonistic isolates originally screened 

against M. phaseolina only the eight listed in Table 9 were 

used in subsequent studies. In the original screening tests 

only isolate ADO) produced a zone of inhibition between the 

bacterial streak and the advancing margin of the 

Macrophomina colony. When the colony margin reached the 
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Table 9. Identities and sources of antagonistic bacteria. 

Isolate Identity Source a Substrata 

AOO3 Pseudomonas fluorescens Shafter, CA 

A013 Serratia marcescens Marana, AZ lettuce 

A017 P. fluorescens Marana, AZ 

A02l P. fluorescens Marana, AZ lettuce 

A023 P. fluorescens Yuma, AZ 

A026 P. fluorescens Marana, AZ 

A030 P. fluorescens Scottsdale, AZ 

A033 P. fluorescens Marana, AZ 

a or • T. V. Suslow of Advanced Genetic Sciences, Inc., 
Barkeley, CA supplied isolate A003. Dr. I. J. Misaghi of 
the Department of Plant Pathology, The University of 
Arizona, Tucson, supplied the other seven isolates. The 
identities were established on the basis of standard 
taxonomic tests. 

streak of A013 and A023, hyphal growth ceased. The other 

five bacteria were selected for their various antagonistic 

effects on M. phaseolina. 

The data from tests wherein fungal inocula were 

placed on previously established bacterial lawns are 

summarized in Table 10. Isolate A003 inhibited all growth 

by ~. phaseolina. Isolates A02l and A026 nearly eliminated 

sclerotial formation while still permitting reduced hyphal 

growth by this fungus. Isolates A003 and A013 inhibited all 

growth by V. dahliae, while A02l, A023, A030, and A033 
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Table 10. The effects of bacterial antagonists on linear 
growth and sclerotial formation by Macrophomina 
phaseolina (MP), Sclerotium rolfsii (SR), and 
Vert3.ciiiium dahliae (VD). 

Average colony diameter (rom) 
(Sclerotium formation) a 

Antagonists MPb VDb SRc 

AOO3 0 (N) 0 (N) 77 (10) a 

A013 24 (S) 0 (N) 85 (174) a 

A017 70 (M) 10 (N) 85 (101) a 

A02l 32 (L) 41 (L) 85 (134) a 

A023 85 (M) 42 (M) 85 (78) a 

A026 44 (L) 32 (L) 85 (0) a 

A030 85 (M) 28 (L) 85 (101) a 

A033 35 (M) 38 (L) 85 (0) a 

Control 85 (S) 55 (S) 85 (451) b 

a Each diameter is the mean of six replicates. 

bN = no visible sclerotia: L = few sclerotia formed, culture 
light gray: M = moderate sclerotium formation, culture 
dark gray; S = sclerotium formation not visibly different 
than control, culture black. Designations are based on 
three observations. Measurements were made 6 and 20 days 
after inoculation with MP and VD, respectively. 

cThe parenthetical number is the average number of sclerotia 
formed by three replicates. Parenthetical values followed 
by the same letter are not statistically different at 
P < .01. Measurements were made 20 days after inoculation. 



nearly eliminated sclerotium formation. Although none of 

the isolates inhibited all growth of ~. rolfsii, isolates 

A026 and AO)3 eliminated all sclerotial formation. Where 

challenged cultures of ~. rolfsii did produce sclerotia, 

their number was significantly lower than that of the 

unchallenged control. nIl tests were repeated at least 

once with similar results. 
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Additional tests were conducted with fungal inoculum 

grown on a lawn of challenge bacteria in order to make 

microscopic observations on the effects of antagonism on 

sclerotium diameter and density (Table 11). For M. 

phaseolina, antagonist AOO) again completely inhibited 

hyphal growth. Sclerotial numbers were significantly 

reduced by contact with all other antagonists, while six of 

the seven other isolates also caused significant reductions 

in sclerotial diameters. Two isolates, A013 and A026, 

delayed the onset of sclerotium formation compared to delays 

caused by five isolates for S. rolfsii and v. dahliae. 

Sclerotial numbers were significantly reduced for v. dahliae 

when challenged by five of the antagonists. Isolate A030 

prevented the formaticn of true microsclerotia by y. dahliae: 

however, many thickened, hyaline, and distorted cells were 

observed. 

In the test (involving plates with wells) to 

determine if the fungal growth anomalies resulted from a 

bacterial-produced diffusible chemical, in no case did the 
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Table 11. Effects of bacterial antaqonists on densities 
and/or diameters of sclerotia formed by 
Macrophomina phaseolina (MP), Sclerotium rolfsii 
(SR), and Verticillium dahliae (VO). 

Isolate so 

Control 59a 

A003 NG 

A013 l3b 

A017 6cd 

A021 8c 

A023 5cd 

A026 2cd 

A030 l6b 

A033 4cd 

Diam 
( ~m) 

102a 

47d 

70bc 

67c 

69bc 

59cd 

77bc 

87a 

Delay 
(days) 

3 

0 

0 

0 

2 

0 

0 

Oiam 
(mm) 

1.l8a 

0.97b 

O.9lb 

1.00b 

0.91b 

0.96b 

noned 

1. 2a 

none 

Delay 
(days) 

9 

6 

SD 

868a 

noned 

172b 

Delay 
(days) 

9 

6 none 

3 

3 

58c 

28c 

3 

6 

24c 9 

o none 

48c 6 

aMeasurements taken 6 days after inoculation. SD = 
sclerotium density = the average number of sclerotia in a 
10 X microscope field for 10 replicates. Diam = the average 
diameter of 10 sclerotia. Delay = the number of days the 
onset of sclerotium formation was delayed compared to the 
control. For each column means followed by the same letter 
are not statistically different at P < .05. NG = no growth. 

bMeasurements taken 21 days after inoc~lation. DiaM = the 
average diameter of 10 sclerotia. 

cMeasurements taken 21 days after inoculation. SD = 
sclerotium density = the portion (~m) of a 1000 ~m transect 
covered by microsclerotia when viewed at 10 X with a 15 X 
ocular. Each value is the mean of 12 replicates. The 
means followed by the same letter are not statistically 
different at P < .05. 

dNone = no scler~tia formed. 
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culture filtrates evoke any of the responses of antagonism 

previously described. These results suggest several 

possible interpretations. It is possible that no anti

biotic was involved in any of these antagonistic relation

ships. It is also possible that a chemical(s) was involved, 

but was non-detectable by the procedure u~ed. In the test 

to determine whether the antagonism of these isolates was 

fungitoxic, fungistatic, or fungicidal, isolate A02l caused 

a reduction in hyphal growth by M. phaseolina indicating a 

fungitoxic reaction. No fungal growth was observed in the 

presence of A003 and A013. When blocks of agar with the 

hyphae were removed, briefly washed in sterile distilled 

water, and placed on fresh medium, hyphae grew from one of 

the five blocks from AD03 and from all five blocks from ADI) 

plates, indicating fungistatic rather than fungicidal 

antagonism. 

Despite their efficacy in the laboratory tests, none 

of the four antagonists prevented M. phaseolina from 

infecting ~. lathyris (Table 12). 

In the studies to determine the relative sensitivity 

of hyphae and sclerotia to the 0.525% NaCIO treatment used 

in soil assays for ~. phaseolina (Chapter 1), hyphal growth 

was obtained from cultures containing hyphae and sclerotia 

treated with NaClO. When cultures containing hyphae only 

(as a consequence of growth in the presence of bacterial 

isolate A02l) were treated with NaClO, hyphal growth could 
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Table 12. Effect of bacterial antagonists in reducing 
mortality of Euphorbia lathyris by Macrophomina 
phaseolina. 

Mortality 

Treatmenta Test lb Test 2c 

Broth Alone 0/15 Oa 

A003 Alone 0/15 Oa 
A013 Alone 0/15 Oa 
A02l Alone 0/15 Oa 
A026 Alone 0/15 Oa 

MP + A003 2/15 2.8b 
MP + A013 6/15 3.0b 
MP + A02l 6/15 3.sb 
MP + A026 3/15 J.8b 

MP + Broth 8/15 2.Sb 

aRoots of E. lathyris were dipped in suspensions of the 
respective bacteria then planted into pasteurized soil or 
soil infested with ~. phaseolina (49.1 ± 4.7, Test li 43.7 
± 8.6 sclerotia/g, Test 2). 

bTest 1 results are expressed as the number of plants killed 
by ~. phaseolina over the total number of plants in the 
treatment. 

cTest 2 results are expressed as the average number of 
plants killed by ~. phaseo1ina. All means summarize four 
replicates. All means followed by the same letter are not 
statistically different at P ~ .05. 
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not be detected from any of the subsequent transfers. These 

results suggest that hyphae are unlikely to survive bleach 

treatment. Thus, it seems probable that soil assays 

involving the test described in Chapter 1 truly measure 

sclerotial survival rather than total propagule survival. 

The antagonists used in these experiments are quite 

effective in inhibiting sclerotium formation for each of the 

three fungi tested. Although this ability does not seem to 

have much potential for protecting host plants against 

infection, there does seem to be potential for using such 

antagonism as a laboratory technique for studying the 

mechanisms triggering sclerotial formation. 
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