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Abstract: Bacterial and fungal bioagents were isolated from soil sample collected from rhizosphere of healthy chickpea 
plant in a wilt affected field. In dual culture studies among 11 fungal isolates CPF-1was found most effective with 88.60 per 
cent of inhibition and among the 24 bacterial isolates, CPB-10 showed 87.34 per cent inhibition of mycelia growth of 
Fusarium oxysporum f. sp. ciceris. By studying morphological and cultural characters CPF-1 was identified as Trichoderma 
viridae and CPB-10 as Pseudomonas fluorescence. Among different fungicides evaluated mancozeb was found compatible 

with both CPB-10 and CPF-1. CPB-10 and CPF-1 were also found compatible among themselves.The potential bacterial 
bioagent (CPB-10) and potential fungal bioagent (CPF-1), compatible fungicide mancozeb (0.2%), neem cake, 
vermicompost and farm yard manure was selected for integrated management of Fusarium oxysporum f. sp. ciceris under 
pot culture. Among the fifteen treatments imposed, treatment T12 (soil application of biocontrol agents + soil application of  
neem cake) was found to be superior as it recorded the least PDI of 20.46 per cent, Maximum shoot length (24.60 cm), 
Maximum root length (8.82cm), maximum shoot dry weight (0.30 g) and Maximum root dry weight (0.09g).  
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INTRODUCTION 

 

hickpea (Cicer arietinum L.) is one of the major 

grain legume pulse crops of India. In India it is 

grown over 10.22 million ha with an annual 

production and productivity of 9.53 million tonnes 

and 967 kg ha-1. In Andhra Pradesh, it is grown over 

an area of 5.86 million ha with an annual production 

and productivity of 8.43 million tonnes and 1298 kg 

ha-1 respectively (Indiastat.com. 2013-2014).  

Although chickpea is predominantly consumed as a 
pulse, dry chickpea is also used in preparing a variety 

of snack foods, sweets and condiments and green 

fresh chickpeas are commonly consumed as a 

vegetable. Chickpea also maintain soil fertility 

through biological nitrogen fixation in soil and thus 

play a vital role in enhancing sustainable agriculture. 

Many diseases occur at different growth stages in 

chickpea, among them wilt caused by Fusarium 

oxysporum f. sp. ciceris is one of the important 

diseases with yield loss over 60 per cent (Singh et 

al., 2007). Fusarium oxysporum f. sp. ciceris is soil 

borne plant pathogen and is difficult to manage the 

disease by application of fungicides. Moreover, the 

chemical control is costly and leads to residual effect. 

In the present study integration of chemical 

fungicides with bacterial and fungal biocontrol 

agents, along with organic manures viz., neem cake, 

vermicompost and farm yard manure were 

contemplated. 

 

MATERIAL AND METHOD 

 
The present investigation was carried out in the 

department of Plant Pathology, S.V. Agricultural 

College, Tirupati, which is located at 13.65 º N, 

79.42º E and 874 mts. (2820 ft) above sea level and it 

lies at the foot of the Seshachalam hills.  

The efficacy of potential biocontrol agents, 

compatible fungicide, farm yard manure, neem cake 

and vermicompost were evaluated under glass house 

conditions against the pathogen on popularly 

cultivated chickpea variety JG-11 by imposing the 

following treatments: 

 

Treatment No. Treatment 

T1 Seed treatment with potential fungal biocontrol agent @ 10g kg-1 

T2 Seed treatment with potential bacterial biocontrol agent @ 10g kg-1 

T3 Seed treatment with both potential fungal and bacterial antagonists 

T4 Seed treatment with fungicide @ 2-4 g/kg seed 

T5 Soil application of fungal biocontrol agent* 

T6 Soil application of bacterial biocontrol agent* 

T7 T5 + T6 

T8 Seed treatment with T4 + T5 + T6 

T9 Soil application of Neem cake @12.5 q ha-1 

T10 Soil application of FYM @5t/ha 

T11 Soil application of  Vermicompost @5 q ha-1 
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T12 Soil application of potential fungal and bacterial biocontrol agents + T9 

T13 Soil application of potential fungal and bacterial biocontrol agents + T10 

T14 Soil application of potential fungal and bacterial biocontrol agents + T11 

T15 Treated control 

 

Variety: JG-11; Design: CRD; Replications: 3 

* The potential fungicidal tolerant antagonists in talc based formulation will be multiplied on FYM, and 100 g 

of FYM/pot (25 cm diameter) will be applied before sowing. 

 

Mass multiplication of Fusarium oxysporum f. sp. 

ciceris 
The test pathogen Fusarium oxysporum f. sp. ciceris 

was mass multiplied on sterilized sorghum seeds for 

pot culture studies. For this, 100g of sorghum seeds 

were washed thoroughly in tap water and soaked in 

water for overnight in 250 ml conical flask with 

addition of 20 ml of 4 per cent dextrose. After 

removing the water, the flasks with soaked sorghum 

seeds were autoclaved for 20 min at 15 p.s.i and 

inoculated with 2-3 discs of size 5 mm diameter from 

4 days old culture of test pathogen and incubated at 

25  2oC After seven days the inoculum was mixed 
with sterilized soil in pots @100 g kg-1. 

 

Preparation of talc based formulation of potential 

bacterial isolate and fungal isolate  

The talc based formulation of potential bacterial and 

fungal biocontrol agent was prepared by following 

the method as described by Vidhyasekharan and 

Muthamilan (1995). A loopful of potential 

antagonistic bacteria was inoculated into Nutrient 

broth and incubated in a rotary shaker at 150 rpm for 

48 hours at room temperature (28  2oC). pH was 
adjusted to 7.0 by adding CaCo3 at the rate of 15 g 

per kilogram of talc. 10 g of carboxy methyl 

cellulose (CMC) was added to 1 kg of talc powder, 

mixed well and the mixture was autoclaved for 30 

min. at 121C for 2 successive days. 400 ml of the 
bacterial suspension containing 1x108 cfu/ml was 

mixed under aseptic conditions and unified. After 

drying to 35 per cent moisture content overnight 

under aseptic conditions, the mixture was packed in 

polypropylene bags and sealed.  

Talc based formulation of fungal antagonist was 

prepared as follows: potato dextrose broth was 

inoculated with 2 to 3 discs of four days old culture 

of potential Trichoderma spp. in conical flasks and 

incubated at  

25 ± 2ºC for seven days. Then Trichoderma culture 

biomass along with medium was mixed with talc 
powder in the ratio of 1:2 (1 litre of Trichoderma 

culture biomass and 2 kg of talc powder). After 

thorough mixing the talc formulation was shade dried 

for 3-4 days under aseptic conditions and to that 

stickering agent carboxy methyl cellulose (CMC) 

was added @ 15g per kg and the mixture was 

unified. The mixture was packed in polypropylene 

bags, sealed and stored at cool dry conditions. 

 

 

Seed treatment 

Chickpea seeds were treated with talc based 
formulation of potential biocontrol agent @ 10g per 

kg of seed and the seeds were used for sowing. For 

treatment with fungicide, the chickpea seeds were 

treated with compatible and effective fungicide @ 2-

4 g/kg seed and sown in the pathogen infested soil in 

the pots. For treatment with both potential biocontrol 

agent and fungicide, at first seeds were treated with 

biocontrol agent followed by compatible fungicide. 

 

Soil application 

The potential biocontrol agent was multiplied in Farm 
Yard Manure (FYM) and 100 g of FYM/pot was applied 

before sowing. For application of fungicide to the soil, 

soil was drenched with 0.2 per cent fungicide (mancozeb) 

solution @ 250 ml per pot as reported by Ayyub (2001). 

 

Observations 

i. Percentage of disease incidence (PDI) 

                   Number of diseased plants 

      PDI =                                                   X 100 

                    Total number of plants 

ii. Shoot and root length 

The average shoot and root length of the plants was 
recorded. 

iii. Dry weight of shoots and roots 

The samples were allowed to dry at 60ºC temperature 

in hot air oven for 24 hours and the dry weights of 

shoots and roots were recorded.  

 

Statistical analysis 
Wherever necessary, the data was statistically 

analyzed (Gomez and Gomez, 1984). Completely 

Randomized Design (CRD) was used for pot culture 

experiment, dual culture technique, poisoned food 
technique and the treatments were compared at P ≤ 

0.05. 

 

RESULT AND DISCUSSION 

 

Per cent disease incidence  
From the data (Table: 1) it is evident that all the 

treatments were significantly superior over control in 

reducing the per cent disease incidence. Maximum 

reduction was observed in treatment T12 (soil 

application with potential biocontrol agents + soil 

application of neem cake) in which PDI of 20.46 per 
cent was recorded when compared to treatment T15 

inoculated control (92.89%). 
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Effect of different treatments on plant growth 

parameters 

Shoot length 

Maximum shoot length (24.60 cm) was recorded in 

treatment T12 (soil application with potential 

biocontrol agents + soil application of neem cake) 

followed by T14 (soil application with potential 

biocontrol agents + soil application of FYM) and T13 

(soil application with potential biocontrol agents + 

soil application of vermicompost). It is evident from 

the data that least plant height (17.50 cm) was 

recorded in inoculated control (T15). 

It is evident from results that treatment T12 stimulated 

the plant growth and development when compared to 

other treatments. 

 

Root length  

Maximum root length was recorded in treatment T12 

(8.82cm) followed by treatment T14 (8.56 cm) and 

T13 (8.42 cm). The data revealed that least root length 

(5.60 cm) was recorded in inoculated control (T15). 

  

Dry weight of shoot and root 
The maximum shoot dry weight was recorded in 

treatment T12 (0.30 g) followed by treatment T13 (0.24 

g) and T14 (0.23 g). It is evident from the data that the 

least shoot weight (0.19 g) was recorded in 

inoculated control (T15). 
Maximum root dry weight (0.09g) was recorded in 

treatment T12, T14 and T13 and least (0.06 g) was 

recorded in inoculated control (T15). 

 

CONCLUSION  

 

From the above results it is evident that treatment T12. 

Thus overall, the efficacy of treatment T12 (soil 

application with potential biocontrol agents + soil 

application of neem cake) was found to be superior 

which recorded least PDI when compared to other 

treatments. 
Least PDI, maximum shoot length, maximum root 

length and maximum shoot and root dry weight were 

recorded in T12 due to the combined effect of 

bacterial, fungal biocontrol agent and neem cake. 

Efficacy of treatments imposed in integrated disease 

management on percent incidence of wilt of chickpea 

in pot culture 

 

Treatment No. 
*Per cent disease 

incidence 

Shoot length 

(cm) 

Root length 

(cm) 

Dry weight (g) 

Shoot Root 

T1 
80.43 

(63.72) 
20.96 6.66 0.14 0.07 

T2 
80.25 

(63.58) 
20.85 6.52 0.12 0.07 

T3 
60.14 

(50.83) 
21.68 6.89 0.16 0.07 

T4 
70.86 

(57.29) 
21.89 6.97 0.18 0.07 

T5 
80.45 

(63.72) 
20.65 6.52 0.15 0.07 

T6 
90.26 

(71.76) 
20.57 6.36 0.17 0.07 

T7 
70.76 

(57.23) 
21.98 7.02 0.19 0.07 

T8 
60.12 

(50.83) 
22.54 7.29 0.20 0.08 

T9 
60.53 

(51.06) 
22.84 7.59 0.22 0.08 

T10 
60.43 

(51.00) 
22.65 7.34 0.21 0.08 
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T11 
70.68 

(57.17) 
22.48 7.36 0.20 0.08 

T12 
20.46 

(26.85) 
24.60 8.82 0.30 0.09 

T13 
40.88 

(39.70) 
23.25 8.42 0.23 0.09 

T14 
50.68 

(45.34) 
23.49 8.56 0.24 0.09 

T15 
92.89 

(74.44) 
17.50 5.60 0.11 0.06 

S.Em (±) 2.040 2.281 0.760 0.058 0.014 

C.D (0.05) 5.921 1.326 1.206 0.020 0.000 

*Mean of three replications 

Figures in parenthesis are angular transformed values 
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