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Biological control of Fusarium oxysporum {. sp. cumini
with Aspergillus versicolor
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Summary. A native heat-tolerant strain of Aspergillus versicolor (Vuill.) Tirab. highly antagonistic to Fusarium
oxysporum f. sp. cumini (Foc) was isolated from arid soils. In tests performed to ascertain its antagonistic activity
against Foc as compared to Trichoderma harzianum, a 99.2 and 96.4% reduction in Foc propagules was achieved in
A. versicolor and T. harzianum infested soil respectively. The reduction of Foc propagules in Foc and A. versicolor-
infested soil was also determined. In a liquid-culture test, even at a low concentration of 0.5 ml cell-free filtrate, A.
versicolor inhibited mycelial growth of Foc. Population changes of A. versicolor were examined at different soil mois-
ture gradients, where maximum survival and multiplication of A. versicolor was estimated at 50% of moisture hold-
ing capacity. In general, with increasing concentrations of A. versicolor inoculum, soil population densities of Foc
went down. Studies on thermal resistance showed that A. versicolor survived and multiplied even at 65°C. Soil
amended with A. versicolor alone, or with a combination of T. harzianum and Verbisina enceloides residues was
significantly better at reducing Foc than was non-amended control soil. Amarked increase in the root length of cumin
was observed in soil amended with A. versicolor or T. harzianum or both. The results suggest that A. versicolor has a
potential value for use against Fusarium in hot arid soils because it can survive under dry and high-temperature
conditions.
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Introduction

Cumin (Cuminum cyminum L.) is grown exten-
sively in arid and semi-arid regions of India dur-
ing the winter season under assured irrigation.
Besides India, it is also cultivated in Bulgaria,
Egypt, Argentina, Bangladesh and Pakistan (Gae-
tan and Madia, 1993; Omer et al., 1997).
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A wilt caused by Fusarium oxysporum f. sp.
cumini (Foc) is responsible for serious economic
losses to cumin (Lodha et al., 1986). Growers of-
ten abandon cumin cultivation altogether and
shift to other, less remunerative crops due to re-
peated infection of cumin with Foc in the same
piece of land (Lodha, 1995). Cruciferous residues
and oil-cake used as soil amendments have been
found effective in reducing Foc population densi-
ties in the soil, and wilt incidence on cumin (Ma-
war and Lodha, 2002). Cruciferous residues dur-
ing decomposition produce many biotoxic volatile
compounds in the soil (Brown et al., 1991). The
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biotoxic effects of these volatiles, particularly the
allyl-isothiocyanates (Mayton et al., 1996), at high
soil temperatures have been well demonstrated
(Lewis and Papavizas, 1971; Gamliel and Staple-
ton, 1993). However, the amount of pesticidal com-
pounds produced by volatiles during decomposi-
tion is often low, and may not be the only cause of
the reduction of Foc in the soil. Antagonists are
also likely to bring about lower levels of weak-
ened propagules. To investigate the role that an-
tagonists play as biocontrol agents of Foc, several
soil samples with or without residues were ana-
lysed to study the population dynamics of any
native antagonists. It was found that there was a
sudden upsurge in the population of Aspergillus
versicolor in naturally heated, residue-amended
soils, and that this control agent was highly an-
tagonistic to Foc in repeated tests. A. versicolor is
already known as a biological control agent (BCA)
against Macrophomina phaseolina (Bhattachar-
yaet al., 1985), Phymatotrichum omnivorum (Ken-
erley and Stack, 1987) and Puccinia helianthi (Pa-
til et al., 2000). However, its antagonistic poten-
tial against Fusarium has not yet been investi-
gated. Any BCA of Foc must have the capacity to
survive in a soil which remains warm and dry
during most part of the year.

It was therefore thought worthwhile to study
the biocontrol ability of A. versicolor against Foc
and the influence of bio-ecological factors on the
survival of the antagonist in arid soils.

Materials and methods

All experiments were conducted at the Central
Arid Zone Research Institute, Jodhpur, India. A
loamy sandy soil was used for the tests (85% sand,
8.9% clay, 5.5% silt), with 0.031% nitrogen, 0.25%
organic carbon, 7 ug g* Olsen P and 8.1 pH.

Fungal cultures and inoculum preparation

A virulent strain of Foc was isolated from the
roots of naturally infected cumin plants. Mycelial
discs (5-mm) from 7-day-old cultures of the patho-
gen were inoculated in 250-ml Erlenmeyer flasks
containing 50-ml Armstrong medium (Booth, 1971)
and incubated at 30+2°C. After 15 days, the con-
tents of the flasks, consisting mainly of mycelium
and microconidia, were filtered through filter pa-
per and then added to 3 kg field soil. The soil was
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thoroughly mixed and allowed to dry till only
chlamydospores remained.

Aspergillus versicolor and T. harzianum isolat-
ed from native soil of the region were grown sepa-
rately in potato dextrose broth (PDB). Fungal mats
were harvested after 7 days on filter paper and
blended for 30 sec in 200-ml of sterile distilled
water, before use in the experiments. Each suspen-
sion had x10' and x10° cfu ml™ of A. versicolor
and T. harzianum respectively.

In-vitro test

Antagonism of A. versicolor against Foc was
repeatedly confirmed by the dual-culture method.
One 5-mm disc of Foc per Petri dish was cut from
culture actively growing on potato dextrose agar
(PDA) and placed on the periphery of Petri dishes
(9 ecm) containing PDA. Opposite to this disc, on
the other side of the Petri dish, a 5-mm disc of A.
versicolor was placed. Six Petri dishes were inocu-
lated each time and kept in the dark at 30+1°C.
Observations were recorded from day 3 to day 7
after inoculation.

In a separate experiment, the antagonistic ac-
tivity of A. versicolor was compared with that of 7.
harzianum. Equal amounts (5 ml) of A. versicolor
and T. harzianum were separately mixed in 100 g
of Foc-infested soil and kept in polyethylene bags.
Three bags were taken as three replicates for each
treatment. Moisture was provided in all the bags
to bring the soil to field capacity (10.4% w:w). One
gram of soil was withdrawn from each bag to de-
termine the initial population of Foc propagules.
All the soil samples were incubated at 30+1°C. Af-
ter 30 days, 1 g of soil was withdrawn from each
replication of all the three treatments, air-dried
and processed to determine the quantity of viable
Foc propagules.

Effect of cell-free filtrate

A laboratory experiment was performed to as-
certain whether A. versicolor released any metab-
olites toxic to Foc in culture, and to compare it with
T. harzianum in this respect. Both BCAs were sep-
arately cultured in 250-ml Erlenmeyer flasks con-
taining 50-ml of PDB for 7 days. Fungal mats were
harvested on a G-5 filter. The spore-free filtrates
were inoculated separately at 0.5, 1, 2 and 3 ml in
100-ml flasks containing 30-ml Richard’s liquid
medium. One 5-mm disc of Foc was inoculated in
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each flask. Three flasks were kept as three repli-
cations for each concentration of filtrate. In the
control flasks, only Foc discs were inoculated. Af-
ter 10 days of growth dry mycelial weights were
recorded after drying in an oven at 60°C for 48 h.

A separate laboratory experiment examined
whether the amount of metabolites increased with
the duration of culture of A. versicolor and T. har-
zianum. Both BCAs were cultured separately on
PDB for 4, 8, 12 and 16 days each time in 3 flasks.
A 2-ml spore-free filtrate at each culture duration
was inoculated separately in 100-ml flasks contain-
ing 30-ml Richard’s liquid medium. One 5-mm disc
of Foc was inoculated in each flask. Three flasks
were kept as three replications for culture dura-
tion. In the control flasks, only Foc discs were in-
oculated. After 10 days of culture dry mycelial
weight was recorded after drying in an oven at 60°C
for 40 h.

Soil moisture

Population changes in A. versicolor were moni-
tored for 120 days in soils at different moisture
gradients. Blended suspensions of A. versicolor
were added to 1.2 kg soil. Infested soil was divided
into four lots of 300 g each. Soil moisture gradi-
ents of 30, 50, 70 and 100% of moisture holding
capacity (MHC) were separately maintained by
adding the requisite amounts of water to each lot.
The soil of each lot was then further divided into
three portions and kept in 8 X4" polyethylene bags.
The bags were punctured 10-12 times to allow ex-
change of gases and were then tied and incubated
at 30+1°C. Loss of soil moisture was compensated
by adding 1-2 ml sterile water at frequent inter-
vals. After thoroughly shaking for 20 s, soil sam-
ples were withdrawn from each bag at 30 day in-
tervals and air-dried for 24 h to determine the pop-
ulation density of A. versicolor.

Effect of population density of A. versicolor

Aliquots of 2, 4 and 6 ml of 7-day-old A. versi-
color (X10¥ c¢fu ml?) suspensions, were added to 5,
3 and 1 ml of sterile water respectively, and each
suspension was added separately to lots of 100 g of
Foc-infested soil. Foc-infested soil without A. ver-
sicolor served as control, but here 7-ml of sterile
water was added to ensure the same soil moisture
level (70% of MHC). A 5-g sample was immediate-
ly withdrawn from each lot, air-dried and processed

for the estimation of the initial population of A.
versicolor and Foc. Lots were kept in punctured
polyethylene bags, thoroughly shaken and incubat-
ed at 30+1°C. Three bags served as three replica-
tions of each treatment. Population changes of A.
versicolor were recorded at 30-day intervals by
withdrawing a 10-g sample from each bag. After
120 days, viable propagules of Foc were determined
and the percent reduction was calculated.

Time-temperature relationship

Five-gram lots of A. versicolor-infested soil were
placed aseptically in several 10-ml culture tubes
having plastic screw caps. In half the tubes, 0.5 ml
sterilized water was added to adjust the soil water
content to 10.4% (w:w); the remaining culture tubes
contained only infested dry soil. All the tubes were
capped and kept in an aluminium test tube stand,
which was partially immersed in a thermostati-
cally controlled water bath so that the water level
remained above the soil surface level in the tubes.
Two tubes each were maintained at 50°C (30, 45,
60, 75, and 90 min); at 55°C (15, 30, 45, 60, and 75
min); at 60°C (6, 9, 12, 15, and 18 min); at 62°C (4,
8 and 12 sec); and at 65°C (4, 8 and 12 sec). How-
ever, at this last temperature only dry soil sam-
ples were tested. The controls were kept at 37+2°C.
Soil withdrawn from the culture tubes for the spec-
ified exposure time at each temperature was proc-
essed to determine the number of viable colony
forming units (cfus) of A. versicolor on Martin Rose-
bengal agar.

Combination of bio-control agents and residues

The effect of A. versicolor, T. harzianum and
residues of Verbisina enceloides (Cav.) Benth. &
Hook. on the survival of Foc propagules and on the
root and shoot length and weight of cumin seed-
lings was studied separately and in all combina-
tions. This part of the experiment comprised 6
treatments: 1. V. enceloides residues (0.5%); 2. A.
versicolor; 3. T. harzianum; 4. A. versicolor + T.
harzianum; 5. A. versicolor + T. harzianum + V.
enceloides; and 6. unamended control, arranged in
a completely randomized design. Five 23 cm earth-
en pots each filled with 5 kg Foc-infested soil served
as five replications. A 2 g initial sample was with-
drawn from each pot, bulked to form one sample
for each treatment and processed to determine the
initial Foc population. Blended suspensions of A.
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versicolor or T. harzianum were mixed separately
in 1 kg soil and uniformly mixed in pots for treat-
ments 2, 3, 4 and 5 as required. Ground-up resi-
dues of V. enceloides were worked into the soil of
treatments 1 and 5. Ten cumin seeds were sown
on November 27, 2001 in each pot. Pots were irri-
gated frequently and 5 seedlings from each pot were
gently uprooted after 15 days of growth and root
and shoot lengths measured. The fresh weight of
the roots and shoots was also recorded after cut-
ting seedlings at the root-shoot junction. The final
population of Foc was determined and the percent
reduction calculated.

Determination of viable propagules

Soil samples were air-dried and ground to pass
through a 2-mm sieve for quantitative estima-
tion of microbes. The population of Foc and A.
versicolor was determined by a serial dilution
technique on modified peptone-PCNB medium
(Papavizas, 1967), and on Martin Rose-bengal
agar respectively.

Field demonstration

On a farmer’s field with a heavy incidence of
wilt, one demonstration was undertaken in the
Institute’s Village Linkage Programme (IVLP). A
1-kg bioformulation of A. versicolor prepared in talc
and termed ‘Maru sena 2’ was mixed with 10 kg
farmyard manure and worked into a 1600 m? field
at 20 cm soil depth. An equal area was kept un-
treated as a control. Wilt incidence was recorded
in 8 1X1 m squares in February.

Statistical analysis

All data were subjected to analysis of variance
(ANOVA) and the treatment means compared with
LSD (P=0.05) (Snedecor and Cochran, 1967).

Results

Inhibition tests

In the dual-culture tests, mycelial growth of Foc
was almost completely inhibited by several colo-
nies of A. versicolor within 3—4 days of inoculation.
In the following 3 days, mycelium of A. versicolor
overgrew Foc so completely that whitish Foc growth
was no longer visible. In another set of Petri plates,
whitish Foc mycelium was visible only during the
initial stage, but then a dense hyphal growth of A.
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versicolor overgrew and completely hyperparasit-
ized the Foc mycelial mat.

In Foc- and A. versicolor-infested soil, an initial
Foc population of 4.2X10* cfu g"* drastically declined
to 2.810° cfu g soil after 15 days of incubation (a
93.3% reduction). In Foc- and T. harzianum-infest-
ed soil, 1.1X10* cfu g* soil of viable propagules of
Foc (73.8%) were counted after 15 days under simi-
lar conditions. This decline continued, so that after
30 days only 0.3X10° and 1.5x10° c¢fu g™ soil of Foc
were estimated in A. versicolor and T. harzianum-
infested soils respectively.

Effect of cell-free filtrate

In the liquid culture test, a cell-free filtrate even
at alow concentration of 0.5 ml of A. versicolor and
T. harzianum inhibited 29 and 13% mycelial growth
of Foc, respectively. This reduction increased with
increasing concentration of both BCAs. However,
the percent reduction in Foc was much higher with
the filtrate of A. versicolor than with the filtrate of
T. harzianum, so much so that at a 3-ml concen-
tration of A. versicolor no mycelial growth of Foc
was visible.

In a separate liquid test, the effect of filtrate
age of A. versicolor and T. harzianum on the myce-
lial growth of Foc was evaluated. The reduction of
Foc mycelium was significantly greater with 8-day-
old than with 4-day-old cell-free filtrates of both
BCAs (Table 1), but a further increase in the age
of filtrate did not lead to any further significant
reduction in Foc growth. However, the reduction
was higher with A. versicolor than with T. har-
zianum filtrate.

Effect of soil moisture

There was a sudden upsurge in the population
of A. versicolor at all moisture gradients after 30
days of incubation, the maximum increase being
in soil at 70% MHC (Table 2). However, the A. ver-
sicolor population then declined at 60 days in all
moisture gradients except at 50% MHC, where
there was a further 2-fold increase. At 90 and 120
days populations fluctuated only marginally. Max-
imum survival and multiplication of A. versicolor
was recorded at 50% MHC.

Effect of different concentrations of A. versicolor

The initial (0 days) cfus of A. versicolor so ob-
tained in the soil was not proportional to the con-
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Table 1. Effect of cell-free culture filtrates of Aspergillus versicolor and Trichoderma harzianum on mycelial growth

of Fusarium oxysporum f. sp. cumini (Foc)

Treatment Age of the culture Dry mycelial weight Reducfcion (%) in
(days) of Foc (mg) mycelial growth
A. versicolor 4 358 33.2
8 245 54.3
12 243 54.6
16 241 55.0
T harzianum 4 311 41.9
8 298 44 .4
12 293 45.3
16 288 46.2
Unamended control 536 0.0

Table 2. Effect of soil moisture gradient on the population of Aspergillus versicolor (X10® g soil)?.

Soil moisture gradient

Sampling time (days)

(% of MHC) 30 60 90 120
30 42 18 9.4 2.1
50 3.6 7.3 7.7 6.8
70 7.1 3.4 4.0 3.6
100 55 35 49 42

LSD (P=0.05): treatment -2.7; interval -2.4; treatment X interval - 5.5.

2 Initial population of A. versicolor was 1.5x10% g soil.

centration of the aliquots added. When 2 and 4 ml
of a 7-day-old suspension of A. versicolor were
worked into the soil, the population of the antago-
nist increased for the first 60 days, then declined
in the next 60 days; on the whole it remained 60.5—
61.9% higher than the original counts (Table 3).
However, an initial A. versicolor concentration in
the 6-ml treatment (2.4 107 g! soil) increased ap-
proximately 2.5-fold in 120 days. Amending the soil
with different concentrations of A. versicolor sig-
nificantly reduced Foc propagules after 30 days of
incubation. This reduction increased with increas-
ing concentration of A. versicolor in the suspen-
sion. Thus, amending 100 g soil with a suspension
of the 6-ml concentration of A. versicolor brought
about a 93.1% reduction in viable propagules of Foc
(Table 3).

Time-temperature relationship

Aspergillus versicolor survived and multiplied
even at 65°C (Fig. 1). An initial count of 6.3x10*
cfu g soil of A. versicolor increased manifold over
time at 50-55°C under moist conditions. There
was a positive correlation between the duration
of the experiment and the population of A. versi-
color. At 60°C, however there was a sharp decline
in viable propagules of A. versicolor in the first 6
min of exposure, but this was followed by a grad-
ual increase under both moist and dry conditions
(Fig. 1). After 18 min of exposure, counts of A.
versicolor were double and triple the initial count.
Similarly, at 62°C, the population of A. versicolor
declined for the first 4 sec, under both moist and
dry conditions, but then increased again: after 12
sec, the counts were higher than at the start, es-
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Table 3. Effect of culture concentrations on survival of Aspergillus versicolor (X107 g soil) and Fusarium oxyspo-
rum f. sp. cumini (Foc) (X 10% g1 soil)® in soil after 120 days.

Sampling time (days)

Treatment A. versicolor Foc
0 30 60 90 120 120
2 ml A. versicolor + 5 ml sterile water 1.8 4.2 4.2 3.2 2.9 4.0 (75.0)°
4 ml A. versicolor + 3 ml sterile water 2.1 6.1 6.2 4.7 3.4 2.1 (86.8)
6 ml A. versicolor + 1 ml sterile water 2.4 5.0 5.4 6.7 5.8 1.1(93.1)
Unamended control 13.4 (16.2)
LSD (P=0.05): treatment -0.28; interval -0.32; treatment X interval -0.56 6.1

2 Initial population of Foc was 1.6X10* g soil.
> Reduction (%) in the No. of Foc propagules.
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Fig. 1. Time-temperature relationship for survival of Aspergillus versicolor in wet and dry soil at 50, 55, 60, 62

and 65°C.

pecially under dry conditions. At 65°C, where the
test was run only under dry conditions, popula-
tions of A. versicolor also increased at 12 sec, af-
ter having declined initially.

Combination of bio-control agents with residues
Aspergillus versicolor in the soil alone or in com-
bination with 7. harzianum and/or V. enceloides
residues was significantly better at reducing the
Foc population than was the unamended control
soil (Table 4). The maximum reduction in Foc was
achieved when both BCAs were combined with V.
enceloides residues. The reduction in Foc prop-
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agules was significantly greater in A. versicolor-
amended soil, but a combination of both BCAs was
significantly better than one BCA applied alone.
Both A. versicolor and T. harzianum and their com-
bined application significantly increased cumin
root length, and the combined use of both BCA’s
plus V. enceloides markedly increased shoot length
and weight (Table 4).

Field demonstration

Wilt incidence was significantly lower in the A.
versicolor-amended field (14.2%) than in the una-
mended control field (33.3%).
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Table 4. Effect of Aspergillus versicolor, Trichoderma harzianum and V. enceloides residues on growth of cumin and
survival of Fusarium oxysporum f. sp. cumini (Foc) propagules.

Length (cm) Weight (mg) Reduction (%)
Treatment in Foc
Root Shoot Root Shoot propagules
V. enceloides 1.4 7.1 6.0 32.3 82.9
A. versicolor 2.3 6.9 2.0 34.0 87.1
T. harzianum 2.3 6.4 3.0 25.4 82.4
A. versicolor + T. harzianum 2.1 6.8 4.0 70.3 92.1
V. enceloides + A. versicolor + T. harzianum 1.6 8.6 4.0 78.5 96.3
Unamended control 1.3 6.5 2.0 21.5 46.3
LSD (P=0.05) 0.2 0.1 1.8 5.8 8.1

Discussion

Aspergillus versicolor isolated from heated (nat-
urally or solarized) cruciferous residue-amended
soils of this region, parasitized Foc in laboratory
tests and reduced the Foc population density in
such soil.

In the analysis of antagonists from heated cru-
ciferous-amended soil, a high number of colonies
of Bacillus firmus, an antagonistic bacterium, and
A. versicolor were always found on Czapek’s dox
and PDA respectively. The specific antagonism of
B. firmus against Macrophomina phaseolina has
recently been investigated (Lodha et al., 2000;
Mawar and Lodha, 2002). The hyperparasitism of
A. versicolor over Foc was comparable to that of 7.
harzianum. A significant reduction in Foc prop-
agules in soil containing A. versicolor is an indica-
tion that mycoparasitism has occurred in that soil.
Facultative mycoparasites such as species of Tri-
choderma have frequently been reported in the
sclerotia of many pathogens including Phymato-
tricum omnivorum, Rhizoctonia sp., Sclerotinia sp.,
Sclerotium sp. and Verticillium dahliae (Gladders
and Coley-Smith, 1980; Zazzerini and Tosi, 1985;
Howell, 1987; Kenerley and Stack, 1987; Keineth
et al., 1991; Van den Boogert and Saat, 1991). A
similar phenomenon may well have been operat-
ing with A. versicolor, though this remains to be
established. A. versicolor has also been reported
as an antagonist against M. phaseolina (Bhatta-
charyaet al., 1985) and it inhibits the germination
of uredospores of Puccinia helianthi (Patil et al.,
2000). A. versicolor is further known to produce
the antibiotic mycoversilin (Samanta et al., 1983).

Certain compounds released from crucifers dur-
ing hydrolysis at high soil temperatures could stim-
ulate the multiplication and activity of A. versi-
color. Soil amendments that stimulate antagonists
have been reported (Mitchell and Alexander, 1961;
Weinhold et al., 1969). Nutrients from decomposed
residues, and certain compounds such as ethylene,
ammonia, acetone, ethanol, methanol, formalde-
hyde, acetaldehyde, etc. were reported to stimu-
late the germination of micro-organisms (Harman
etal.,1980). Many of these and related compounds
were isolated from heated cruciferous residues and
characterized by Gamiliel and Stapleton (1993). An
increase in the populations of certain species of
Aspergillus and Penicillium in soil amended with
cruciferous residues was also reported by Rami-
rez-Villapadua and Munnecke (1988).

The fact that mycelial growth of Foc was re-
duced in the presence of a cell-free filtrate of A.
versicolor, and that this reduction became more
marked as the concentration of the cell-free fil-
trate increased, was a clear sign that A. versicolor
released into the culture substances with an anti-
biotic activity. This was confirmed when it was
found that the older cell free-filtrates (up to 8 days
old) reduced Foc mycelium growth more than did
fresh filtrates. The fact that filtrates older than 8
days did not further reduce growth of Foc signifi-
cantly, indicated that A. versicolor released its sub-
stances within this period. Bhattacharya et al.
(1985) also reported that A. versicolor in a glucose-
peptone broth was most effective in the first 10
days. Apart from releasing antibiotic substances,
A. versicolor also produces volatile metabolites such
as various hydrocarbons, alcohols, ketones, ethers,
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esters and sulphur-containing compounds (Sunses-
son et al., 1995). The most commonly produced
substances are 2-methyl-1-propanol, 2-methyl-1-
butanol, 3-methyl-1-butanol, 3-methylfuran and
dimethyl sulphide (Keller et al., 1997). Sulphur-
containing compounds such as dimethyl sulphide
and dimethyl disulphide, both toxic to soil-borne
pathogens, have also been reported from decom-
posing cruciferous residues (Lewis and Papavizas,
1970; 1971). Thus, apart from its hyperparasitic
action, a suppressive effect of A. versicolor through
the release of volatile metabolites into the soil can-
not be ruled out.

The good survival and multiplication of A. ver-
sicolor at low soil moisture and high soil tempera-
tures is an indication that it is well adapted to dry
sandy soils, where the temperature often goes up
to 50—-60°C during the hot summer months. Cho-
1il (1981) also reported the survival of A. versicolor
at 60°C and postulated a mechanism by which this
fungus could survive at such a high temperature.
Heat-shock proteins (HSPs) play a crucial role in
tolerance to heat (Freeman et al., 1989). Inulinase,
an enzyme having thermal stability at 65°C, is pro-
duced in high quantities by A. versicolor and might
be one such protein responsible for heat-tolerance
(Kochhar et al., 1998). The dramatic increases in
A. versicolor counts at 62 and 65°C after an initial
decline could be attributed to the cumulative ef-
fect of heating that concurrently created a vacu-
um in the soil and increased the availability of the
nutrients, which may have encouraged the surviv-
ing heat-tolerant propagules to multiply rapidly.
The prevalence of A. versicolor in house dust, a
nearly dry carrier, has also been reported by Pas-
anen et al., (1997). The increasing survival and
multiplication of A. versicolor with increasing con-
centration and a proportionate reduction in Foc
propagules as recorded in the present study is a
further sign of the suitability of A. versicolor as a
BCA against Fusarium in arid soils, where hot dry
spells are frequent.

When considering any mixture or consortium
of strains for use in bio-control, it is important that
no member of a mixture should inhibit any of the
others. The greater reduction in the viability of Foc
propagules found in the present study when both
BCAs, with or without V. enceloides residues, were
used against them, indicated that the BCAs had a
synergistic action, improving the effectiveness of
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on-farm wastes against Foc. V. enceloides is an ob-
noxious weed in arid regions, which has shown
anti-fungal properties in laboratory and field tests
(Israel, 2002). A binary system of Serratia marce-
scens and Streptomyces anulatus was effective in
controlling tomato wilt caused by Fusarium oxyspo-
rum f. sp. lycopersici (Toyoda et al., 1993). Simi-
larly, Pythium nunn and T. harzianum in combi-
nation reduced Pythium damping-off in cucumber
(Paulitz et al., 1990). However, further studies are
required to better understand the interaction of the
two BCAs tested in the present study before any
final conclusion can be reached. The plant-growth
promoting nature of A. versicolor was demonstrat-
ed in pot experiments, where it was equally effec-
tive as T. harzianum. Field experiments are in
progress to confirm this aspect of A. versicolor as a
BCA.

Our studies demonstrated that A. versicolor is
a potential native BCA against Foc, the most im-
portant root pathogen in the Indian arid region.
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