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Abstract
The efficacy of four fungal bioagents viz., Trichoderma hamatum, Trichoderma

harzianum, Trichoderma viride, Gliocladium virens and two bacterial bioagents namely 
Pseudomonas fluorescens and Bacillus subtilis were evaluated against the chickpea
vascular wilt pathogen, Fusarium oxysporum f.sp. ciceri in vitro condition using Dual 
Culture Technique. Among the fungal bioagents, T. harzianum produced the maximum 
inhibition zone of 17 mm compared to the minimum of 7 mm by T. hamatum. There was 
no significant difference between the inhibition zones produced by P. fluorescens and B. 
subtilis. Soil application of talc- based formulation of T. harzianum, P. fluorescens and G. 
virens effectively controlled the vascular wilt of chickpea under field condition.
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Introduction
Among various pulses crops, chickpea (Cicer arietinum L.) is considered as 

one of the oldest one cultivated both in Asia and Europe. Like many other crops, 
pulses, especially chickpea have also been reported to suffer sever yield losses due 
to various insect pests and diseases. Among different diseases, fungi especially, 
the wilt caused by species of Fusarium remains to be a challenging task in terms 
of management since it is soil- borne in nature (Agrios, 2000; Butler, 1918; Singh 
et al., 1986).

Various disease management methods have been implemented to combat and 
eradicate pathogenic fungi. These include cultural, regulatory, physical, chemical 
and biological methods. All these methods are effective only when employed well 
in advance as precautionary measure (Kata, 2000; Sharma, 1996). Once a disease 
has appeared, these methods become impractical / ineffective. In that situation, 
chemical control offers a good choice to grower to control the disease. Chemical 
pesticides have been in use since long and they provide quick, effective and 
economic management of plant diseases. However, in recent past, it has been 
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realised that use of chemicals in agriculture is not as beneficial as it was visualised. 
Chemicals pose serious health hazards to an applicator as well as to a consumer of 
the treated material. In addition to target organism, pesticides also kill various 
beneficial organisms. Their toxic forms persist in soil and contaminate the whole 
environment (Hayes & Laws, 1991). Increasing awareness of humankind toward 
the ecosystem and environment has made a marked shift from synthetic materials 
to bio- products. They are biodegradable, eco-friendly, relatively broad spectrum, 
no possibility of anthropogenic diseases and resistance problem in target organism
is eliminated. Effectiveness of various fungal (Hadar et al., 1979; Kim & Roh, 
1987; Lifshitz et al., 1986; Papavizas & Lewis, 1989; Tu, 1991) and bacterial
(Raguchander et al., 1998; Vidhyasekaran et al., 1997) bioagents against plant 
pathogens have been reported. Hence, a study was initiated to investigate the 
efficacy of certain fungal and bacterial biocontrol agents against F. oxysporum
f.sp. ciceri under laboratory and field conditions.

Material and Methods
The pathogen and bioagents used in the present study were obtained from the 

Division of Mycology and Plant pathology, IARI, New Delhi, India. One– week 
old culture of pathogen and bioagents maintained on PDA slants at 25 ± 2oC were 
used for the present study. Biological activity of these bioagents was determined 
by Dual Culture Technique (Dennis & Webster, 1971). In this method, both the 
pathogen and bioagents from periphery of 5 days old culture were inoculated on 
PDA in a single Petri plate at a distance of 1 cm apart. In case of bacterial 
bioagents instead of placing a mycelial disc as a fungal bioagents, they were 
streaked using a flam sterilized inoculation needle. Each treatment was replicated 
four times and incubated at 25 ± 2oC. Growth of both bioagents, pathogen and 
zone of inhibition as recorded after 7 days of inoculation.

Preparation of commercial formulation of bioagents

The commercial formulation of Trichoderma species and Gliocladium virens
was prepared as per the procedure described by Jeyarajan & Ramaksirhnan (1991). 
In this regard, the culture of pathogen and bioagents were prepared on PDA in 250
ml conical flasks. After inoculation, the flasks were incubated at 25 ± 2 oC. The 
mycelial mat of pathogen and bioagents were harvested after 7 days of inoculation 
and blended in a known volume of distilled water in an electric blender and finally 
using talc- powder as carrier. Talc-based formulation of Pseudomonas fluorescens
and Bacillus subtilis were prepared by method of Vidhyasekaran & Muthamilan 
(1995), in which the same process has been employed through growing the 
bacteria in nutrient broth and using talc as carrier.

Field efficacy of fungal and bacterial bioagents

A field trial was conducted in the sick plot at Soltanabad farm, Shiraz during 
February-May, 2007. Chickpea cultivar Kaboli was used. Talc- based formulation 
of the bioagent was incorporated in to the soil @ 2.5 Kg / ha at the time of 
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transplanting the seedling at 30 cm apart in a bed size of 5 m × 2 m. An untreated 
control was also maintained with three replications for each treatment. 
Observation on inhibition zone and wilt incidence were recorded and analyzed
statistically using One- way ANOVA followed by Duncan’s Multiple range test 
(Duncan, 1955).

Results and Discussion
The data presented in Table 1 indicated that all the six bioagents inhibited the 

growth of F. oxysporum f.sp. ciceri after 7 days of inoculation. T. harzianum
exhibited the maximum biocontrol activity causing an inhibition zone of 17 mm 
followed by G. virens, T. viride and T. hamatum causing 14, 10 and 7 mm 
inhibition zones, respectively. In vitro condition, among the three species of 
Trichoderma, the maximum effect was noticed by T. harzianum, while T. 
hamatum showed the minimum biocontrol activity against chickpea vascular wilt 
pathogen. However, differences among these species in terms of inhibitory effect 
were statistically highly significant (Table 1). The inhibitory effect of T. hamatum
recorded half of an inhibition zone causing by G. virens. The effect of two 
bacterial bioagents P. fluorescens recorded an inhibition zone of 13 mm as against 
12 mm by B. subtilis, which were statistically insignificant. The inhibitory effect 
of these fungi against F. oxysporum f.sp. ciceri was probably due to competition 
and/or antibiosis. The biocontrol activity of these bioagents observed in the 
present study is similar to the finding of Hadar et al. (1979), Mathew & Gupta 
(1998) and Rajappan & Ramaraj (1999), who reported effective inhibition of 
Rhizoctonia solani and Fusarium moniliforme. On the other hand, Kim & Roh 
(1987) also observed the same biocontrol activity of T. harzianum, T. viride and G. 
virens against R. solani. Benhamou & Chet (1993) were also reported the same 
efficacy of T. harzianum against R. solani.

Table 1- In vitro efficacy of bioagents against Fusarium oxysporum f.sp. ciceri

Bioagents Growth (mm)
Inhibition zone 

(mm) †

Bioagents Pathogen
Trichoderma hamatum 65 18 7 e

Trichoderma harzianum 58 15 17 a

Trichoderma viride 63 17 10 d

Gliocladium virens 66 10 14 b

Pseudomonas fluorescens 12 63 13 c

Bacillus subtilis 34 44 12 c

Pathogen alone - 90 -
† Different alphabets in column represent insignificant difference at p< 0.05 employing DMRT.
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Table 2- Field evaluation of bioagents against Fusarium 
oxysporum f.sp. ciceri on chickpea
Bioagents Percent Wilt Incidence †

Trichoderma hamatum 15 b

Trichoderma harzianum 5 d

Trichoderma viride 14 b

Gliocladium virens 7 c

Pseudomonas fluorescens 6 c

Bacillus subtilis 18 b

Pathogen alone 33 a

†Different alphabets in column represent insignificant 
difference at p< 0.05 employing DMRT

Under filed condition, T. harzianum recorded the lowest wilt incidence of 5
percent, while B. subtilis showed the greatest wilt incidence of 18 percent (Table 
2). Among the three species of Trichoderma under field condition, T. harzianum
showed the minimum wilt incidence compared to the T. hamatum and T. viride. 
The effect of two bacterial bioagents P. fluorescens and B. subtilis recorded wilt 
incidence of 6 and 18 percent, respectively. However, differences between these 
two bioagents were noticed statistically highly significant. On the other hand, the 
effect of biocontrol activity of T. hamatum, T. viride and B. subtilis were 
statistically insignificant in terms of wilt incidence (Table 2). The effect of
biocontrol activity of these bioagents against chickpea vascular wilt pathogen in 
the present study is similar to the finding of Chet & Baker (1981) and Chand et al. 
(1991). Coley-Smith et al. (1991) also reported that bottom-rot disease of lettuce 
was suppressed by T. harzianum and T. viride in vivo condition. Vidhyasekaran et 
al. (1997) obtained effective control of pigeon pea wilt caused by F. udum using 
talc- based formulation of P. fluorescens. Raguchander et al. (1998) reported that 
seed pelting with B. subtilis effectively controlled soybean root- rot caused by 
Macrophomina phaseolina and increased the grain yield.

The present study clearly indicates the efficacy of T. harzianum, G. virens and 
P. fluorescens against F. oxysporum f.sp. ciceri can be exploited under field 
condition to manage the disease.
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  چکیده

ــده   ــرل کنن ــارچ کنت ــار ق ــر چه ,Trichoderma hamatum اث Trichoderma harzianum,

Trichoderma viride, Gliocladium virens     ــده ــرل کنن ــاکتري کنت  Pseudomonasو دو ب

fluorescens   وBacillus subtilis  ایرانی نخود آونديقارچ عامل بیماري پژمردگی  روي )Fusarium 

oxysporum f.sp. ciceri (هـاي کنتـرل   چدر بـین قار . ط آزمایشگاهی مورد بررسی قرار گرفتیدر شرا

  T. hamatumمیلیمتـر توسـط   7اهش در مقایسه بـا  میلیمتر حداکثر ک 17با T. harzianum ،ندهکن

کنترل کنندگی / از لحاظ آماري میزان کاهندگی . کمترین کاهش در رشد عامل بیماري گزارش گردید

رشد قارچ عامل بیماري پژمردگی نخود در بین دو باکتري مورد استفاده در آزمـایش تفـاوت معنـاداري    

  P. fluorescensبـاکتري   و  G. virens و  T. harzianumهاي چط مزرعه قاریدر شرا. مشاهده نگردید

که به فرم ماده افزودنی پودر تالک استفاده گردیدند کاهش قابل توجه اي از لحـاظ بیمـاري پژمردگـی    

  .ایجاد کردندنخود در مقایسه با تیمار شاهد 

 اثر بازدارندگی ،بیماري پژمردگی  ،نخود ،کنترل بیولوژیکی :کلیدي هاي واژه


