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ABSTRACT: Seven isolates of Trichoderma spp. were evaluated as bio-agents against chilli 
wilt caused by Fusarium solani in the laboratory as well as pot culture experiments. Among the 
Trichoderma isolates, T. viride PDBCTV I0 recorded 100.00 per cent inhibition of linear growth of 
F. solani under dual culture on potato dextrose agar regardless of whether the Trichoderma spp. 
were seeded at all same time, one day prior, or two days prior inoculation (DPI) with the pathogen. 
T. harzianum PDBCTH I0 recorded 100.00 percent inhibition only in the 2 DPI treatments. The 
antagonists were applied in three different ways with or without carrier for optimization of 
delivery system. Seven days prior application (DPA) of bio agents favored maximum proliferation 
of propagules of antagonist in the soil followed by simultaneous application of antagonist and  
test pathogen and 1east number of propagu1es of antagonists were recorded in application through 
seed treatment. Under pot conditions, T. harzianum PDBCTH 10 and T. viride (Indigenous) 
recorded maximum number of propagules in soil. Further, it reduced F. solani propagules 
up to 100.00 per cent at 60 days after application (DAA), indicating number of test pathogen  
came down to essentially ‘0’. However, T. viride PDBCTV I0, T. viride PDBCTC 23, T. viride 
PDBCTV 24, Trieco (T. viride) and T. harzianum PDBCTH 8 also reduced F. solani population 
from 10.61 x 103 cfu g-1 of soil to less than 2 x 103 cfu g-1 in 7 DPA treatment at 60 DAA.

KEY WORDS: Application methods, bio agents, dual culture, formulation, Fusarium solani, 
Trichoderma, wilt.

INTRODUCTION

Although chemical control remains highly effective 
against plant diseases, developing countries with a low 
gross national product cannot utilize these products 
without placing an economic strain on national budget. 
There is also an intensified world wide concern about 
environmental pollution due to escalated use of hazardous 
pesticides. Furthermore, the development of resistance in 
pathogens against chemicals will force further restriction 
on the use of chemicals in sustainable control. 

A multitude of microbes has been implicated as 
biocontrol agents of plant pathogens sometimes with 
excellent documentation. Antagonistic effect of rhizosphere 
on bottle gourd (Gaikwad, 1982) and a few of the studies 
on suppressive effect of some soils on muskmelon wilt 
(Alabouvette et al., 1984; Sivan and Chet, 1986; Sharma, 
1989) and watermelon wilt (Naik, 1990) demonstrate 
encouraging trends towards biological control. In recent 

years, the incidence of Fusarium wilt of chilli has increased 
in irrigated black cotton soil (Devika Rani et al. 2007). In 
the absence of resistant varieties, growers are left with few 
alternatives. Hence, studies were carried out to determine 
if effective bio-control agents for the wilt of chilli can be 
found and to evaluate different application methods so that 
bio-control techniques could be a useful component in 
the present day IDM program. Antagonists obtained from 
different sources were screened in vitro using dual culture 
with F. Solani and in vivo with pot culture experiments to 
test their efficacy against F. solani.

MATERIALS AND METHODS

Bio agents obtained indigenously and from the 
Project Directorate of Biological Control (PDBC), Hebbal, 
Bangalore was evaluated for their efficacy both in vitro 
using dual culture technique and in vivo using pot culture 
against F. solani. The mechanism of biocontrol was studied 
for selecting efficient bio agents.
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Dual culture test

Seven isolates of Trichoderma (Table 1) were 
evaluated for their efficacy through dual culture technique. 
Trichoderma isolates and the test fungus were placed side 
by side on a single Petri dish containing solidified potato 
dextrose agar (PDA). Three treatments viz., simultaneous 
placement of pathogen and bio agents, one day prior to 
inoculation (DPI) of bio-agent and two DPI of bio-agents 
were tested. There were three replications for each isolate 
with one control that consisted of the pathogen or bio-agent. 

Table 1. Source and identity of bio agents used against 
F. solani

S. N. Bio-agents Source

    1. Trichoderma viride 
PDBCHTV 24 PDBC, Bangalore

    2. T. viride PDBCHTV 23 PDBC, Bangalore

    3. T. harzianum PDBCTH 8 PDBC, Bangalore

    4. T. harzianum PDBCTH 10 PDBC, Bangalore

    5. T. viride  PDBCTV 10 PDBC, Bangalore

    6. T. viride (Indigenous) Biocontrol unit, 
Raichur

    7. Trieco (T. viride) Ecosense labs (I) 
Pvt. Ltd., Mumbai

They were incubated for 6-7 days. The diameter of the 
colony of both bio-agent and the pathogen was measured 
in two directions and the average was calculated. Per cent 
inhibition of growth of the test pathogen was calculated by 
using the formula (Naik and Sen, 1994). 

Multiplication of F. solani for soil application

The fungus was grown on sterile sorghum grain 
medium at 28 ± 1°C for three weeks. The medium was 
prepared by soaking the surface sterilized sorghum grains 
for over night with 2 per cent sucrose solution and water 
drained off. Grains (200g) were autoclaved half an hour 
for three consecutive days. The sterilized sorghum grains 
were seeded with an agar plug colonized by F. solani 
and incubated for three weeks. The inoculum was added 
to the sterilized soil 10% [W/W basis] to make soil sick. 
The inoculum from such mixture was enumerated and 
expressed as colony forming units per gram (CFUs g-1) of 
soil.

Application of Trichoderma spp. to Fusarium infested 
soil

Simultaneous application (SA)

The mixture of Trichoderma and Fusarium were 
incorporated in plastic pots of 10cm diameter, containing 

sterilized soil simultaneously. The same procedure was 
followed for different isolates and incubated for three 
days. Soil moisture of 50 per cent water holding capacity 
was maintained in pots by watering regularly.

Seven day prior application (DPA) of bio-agent

In another study, Trichoderma isolates grown on FYM 
were applied to sterilized soil seven DPA with Fusarium 
for each isolate of Trichoderma. F. solani was then added 
to the same pots mixed thoroughly and incubated for three 
days. Soil moisture of 50 per cent water holding capacity 
was maintained by watering regularly.

iii) Application through seed treatment (ST)

Trichoderma isolates grown on PDA were flooded 
with sterile water to prepare spore suspensions. Spore 
concentrations were adjusted to 5-6 x 108 conidia ml-1

. 
Chilli seeds were surface sterilized with HgCl2 (0.1%) 
soaked in bio-agent spore suspension for two hours then 
air dried. Twenty five seeds were sown in each pot (10cm 
diameter) containing the infested soil described above. 
The pots sown with seeds soaked in sterile water served 
as control.  The number of colony forming units (cfu) of 
both Trichoderma and F. solani per gm of soil sample were 
counted on respective specific media at 15 days interval up 
to 60 days. 

Enumeration of antagonist and pathogen

Population densities of Trichoderma spp. and F. solani 
from the sampled soils were assessed on Trichoderma 
selective medium with captan (TSMC) (Elad et al., 
1981) and Fusarium selective medium (FSM) (Nash and 
Snyder, 1962) respectively at 15 days interval up to 60 
days after application (DAA) and per cent reduction in 
colony forming units of F. solani due to introduction of 
Trichoderma spp. was recorded. It was possible to monitor 
the respective population of pathogen and bio-agent only 
up to 60 days since it was a pot culture experiment.

RESULTS AND DISCUSSION

Dual culture test

All the Trichoderma isolates that were tested showed 
considerable growth inhibition of F. solani.  Among the 
Trichoderma isolates, T. viride PDBCTV I0 caused 100.00 
per cent inhibition of radial growth of F. solani in dual 
culture at all the inoculation periods at the end of 6th 
day, T. harzianum PDBCTH I0 recorded 100.00 percent 
inhibition only in 2 DPI at the end of 6th day of observation. 
Maximum of 100.00 per cent inhibition was observed in  
T. viride PDBCTV 10 followed by T. harzianum PDBCTH 
10 (82.90 %), T. viride (Indigenous) (64.45 %) and T. viride 
PDBCHTV 24 (62.65 %) respectively. Lowest reduction 
(< 60%) was observed in three isolates [T. viride PDBCTV 
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23, and Trieco (T. viride)]. (Fig 1 and 2). Maximum linear 
growth inhibition of F. solani was recorded at 2 DPI by 
Trichoderma isolates tested.

The biocontrol mechanism might be due to 
competition, over growth and inhibition of growth of  
F. solani. There might be some antibiotic present in these 
antagonists responsible for exercising such adverse effect 
on germination of conidia of F. solani. Such mechanisms 
have been described by previous workers (Cook and Baker 
1983; Mohamad Charif and Benhamou, 1990; Naik et al., 
2000; Howell, 2003 and Devika Rani, 2006). Antibiosis, 
competition and mycoparasitism have been noted to be 
effective mechanisms in Trichoderma plant pathogen 
interactions (Sen, 2000; Harman et al., 2004; Druzhinina 
et al., 2006 and Singh, 2006). The fast growth observed 
in the present study may explain the competitive ability 
of such species against pathogenic F. solani. In addition, 
they are observed to be early colonizers of substrates 
and known to reduce the activity of other fungi simply 
by substrate occupation and depletion. Several possible 
microbial interactions have been observed that stimulate, 
inhibit, mutual intermingling, over growing of micro flora 
iso1ate and over growing of test pathogen or inhibition at a 
distance have been documented (Sharma, 1989; Naik and 
Sen, 1994; Harman et al., 2004).

Efficacy of Trichoderma isolates and methods of its application against Fusarium solani

Soil inoculation test

Effective delivery of antagonists has been a major 
challenge in the implementation of biocontrol as a 
management strategy. Several techniques have been tested 
for delivery of antagonists such as direct application 
through liquid broths (Kerr, 1980 and Marois et al., 1982), 
use of organic matter like saw dust (Duda and Sierota, 
1987 and Naik, 1990) use of vermiculture or pyraz clays 
(Fravel et al., 1983), seed soaking (Siven and Chet, 1986) 
and root dippings (Yuen et al., 1983). Seven DPA of 
bioagent favoured maximum proliferation of number of 
propagules of antagonist in the soil column followed by 
soil application of antagonist and test pathogen and 1east 
number of propagu1es of antagonists were recorded in 
application through seed treatment method.

Direct application of antagonists through FYM as a 
carrier either seven day prior or simultaneously resulted in 
build up of maximum number of antagonistic population. 
Hence, both the 7 DPA and simultaneously applied (SA) 
treatments recorded maximum number of propagules of 
bioagent. farm yard manure might provide extra nutrition 
for the growth of antagonist. Multiplication of antagonist 
has been reported to be efficient on organics (Siven and 
Chet, 1986; Duda and Sierota, 1987; Naik 1990, Mandhare 

Fig 1. 	Effect of different inoculation periods of bioagents A (Trichoderma PDBCTH 10), B (T. viride PDBCTV 10), 
C [Trieco (T. viride) and D (T. viride PDBCTV 24) on inhibition of F. solani
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Fig 2. 	Effect of different inoculation periods of bioagents E (T. viride PDBCTV 23), F (T. harzianum PDBCTH 8), 
G [T. viride (indigenous)] on inhibition of F. solani growth
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and Suryawanshi, 2005). While the number of propagules 
of antagonists increased, there was a proportionate 
reduction in propagules of test pathogen. 

Among the antagonists tested under pot conditions,  
T. harzianum PDBCTH 10 and T. viride (indigenous) 
recorded maximum number of propagules in soil column. 
Further, it reduced the test pathogen (F. solani) up to 100.00 
per cent at 60 DAA. That means at 60 DAA the number 
of F. solani came down to essentially ‘0’, which was a 
remarkable reduction in population of pathogen. However, 
T. viride PDBCTV I0, T. viride PDBCTV 23, T. viride 
PDBCTV 24, Trieco (T. viride) and T. harzianum PDBCTH 
8 also reduced soil densities of F. solani population from 
10.61 x 103 cfu g-1 of soil to less than 2 x 103 cfu g-1 of soil 
in 7 DPA treatment at 60 DAA, indicating reduction up 
to 80 per cent of pathogenic population (Fig 3 and 4). We 
found that fast multiplication of antagonists was maximum 
in FYM and maximum reduction in the propagules of  
F. solani was highest in 7 DPA of bio-agent followed by 
soil application. The lowest reduction in propagules was 
recorded when seeds were inoculated with the antagonists. 
Of all the bio-agents tested, soil application of antagonists 
applied with FYM was found to be superior to that seed 
application of antagonists. Antagonists proliferated up to 
60 days was enough for bringing down the test pathogen 
population to significantly low level.

Soil application through FYM as a carrier provides 
the maximum reduction of test pathogen. This may be 
due to the maximum multiplication of bioagent on carrier 
that favoured its competitive mechanism of biocontrol. 
Seed inoculation with the antagonist also recorded 
good inhibition of test pathogen when it was used alone 

(Mandhare and Suryawanshi, 2005) by seed soaking and 
dry seed coating of T. harzianum against Rhizoctonia 
solani (Hwang and Benson, 2002), F. oxysporum f. sp. 
vasinfectum in cotton, F. oxysporum f. sp. melonis in 
melon (Sivan and Chet, 1986). Effect of Trichoderma 
against Fusarium and Sclerotium rolfsii (Monaco et al. 
1991), as well as T. viride and Gliocladium virens against 
F. oxysporum f. sp. ciceri (Jha and Singh, 2000) have been 
documented successfully.

Application of antagonists through FYM and seed 
inoculation resulted in reduction in the propagules of test 
pathogen to a maximum extent. T. harzianum PDBCTH l0 
when applied through FYM seven days in advance reduced 
the F. solani propagules from 8.10 X 103 cfu g-1 of soil just 
at 15 DAA and a conspicuous reduction of 10.63 X 103 cfu 
g-1 of soil to zero level was witnessed at 60 DAA. T. viride 
(Indigenous) also recorded almost similar result. 

Considering the increase in bioagent population and 
the reduction in population of F. solani densities, FYM as 
a carrier for all Trichoderma isolates was adjudged as the 
best method for formulation and delivery of antagonists to 
infested soil to suppress the pathogen population.

Hence, biological control through the use of 
Trichoderma antagonists has been found to be potential in 
destruction of F. solani inoculum causing wilt of chilli. In 
the absence of resistant cultivars, use of such potential bio 
agents would go a long way in mitigating Fusarium wilt 
thus favoring sustained chilli production in infested fields. 
The biocontrol technology is eco-friendly and free from 
environmental hazards since it avoids soil application of 
chemical to manage such soil borne disease.
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Efficacy of Trichoderma isolates and methods of its application against Fusarium solani

Fig 3. Effect of different application methods of bioagents A (Trichoderma PDBCTH 10), B (T. viride PDBCTV 
10), C [Trieco (T. viride)] and D (T. viride PDBCTV 24) on soil propagules of F. solani (7DPA: 7 days prior 
application of bioagents; SA: Simultaneous application of bioagents and Fusarium; ST: Seed treatment with 
bioagent)
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