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Abstract 

Chickpea (Cicer arietinum L.) is one of the major pulses in human diet for essential source of 

inexpensive protein. Wilt disease is one of the major constraints in production of chickpea caused by 

Fusarium oxysporum f. sp. ciceri is widespread in chickpea growing areas resulting in considerable 

economic losses. The experiment was conducted use of bioagents against chick pea wilt under In-vitro 

and green house (pot culture) conditions. Under Dual culture bioagents Trichoderma viride, Bacillus 

subtilis and Pseudomonas fluorescen are shown significant results.While in pot culture observations to be 

recorded at different combinations of bioagents on Growth parameters, physiological parameters and 

disease severity on Fusarium oxysporum f.sp. ciceri. 
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Introduction 

Chickpea (Cicer arietinum) is one of the most important food legumes grown worldwide, 

especially in dry areas of the Indian subcontinent (Saxena, 1990) [19]. This disease has been 

reported from 33 countries of the world causing 10-15% yield losses annually depending upon 

the environment condition (Nene et al., 1996). Sometimes under favorable conditions, there is 

a total loss of crop and yield (Haware and Nene, 1980, Navas-Cortés et al., 2000) [6, 15]. 

Fusarium can infect at all stages of plant growth with more incidences in flowering and pod 

filling stage. Wilt symptoms appeared in field within three to four week after sowing, if the 

variety is susceptible (Haware, 1990). Pathogen is seed-borne and soil, saprophytic fungus 

optional in absence of its host, and it can survive on plant debris in soil for 6 years (Haware et 

al., 1978) [7]. 

The most effective method for the management of disease is using resistant varieties, while 

new races of the pathogen seem to overcome resistant genes. Moreover, chemical control is 

not good enough; therefore biological control is a substitute to chemical control against this 

disease (Anjajah et al., 2003) [2]. Use of biological control agents, for example plant growth 

promoting rhizobacteria (PGPR) can be a suitable methodology in control of disease (Schmidt 

et al., 2004) [20]. Plant growth promoting rhizobacteria (PGPR), such as Bacillus and 

Pseudomonas strains, are the significant root colonizers (Manikanda et al., 2010; Joseph et al., 

2007) [13, 9], and can trigger plant defenses. Bacillus and Pseudomonas strains have significant 

potential in control of chickpea wilt disease (Anjajah et al., 2003; Landa et al., 1997) [2, 11]. 

Pseudomonas fluorescens has reformed the field of biological control of soil-borne pathogenic 

fungi (Burr et al., 1998). That bacterium produces phenazin (Toohy et al., 1965) [22], 

pyrolnintrin (Burkhead and Geoghegan, 1994), siderophores (Sakthivel et al., 1986) [17] and 

phloroglucinol (Howell and Stipanovic, 1980) [8], which can be involved in the suppression of 

the wilt fungus (Fridlender et al., 1993) [4]. Several microorganisms such as the Burkholderia, 

Bacillus, Pseudomonas, and Trichoderma were isolated and found to increase the yield and 

disease control of phytopathogen under field conditions (Wani et al., 2007; Hariprasad and 

Niranjana, 2009) [25, 5]. These tetrainoculants (Bacillus, Pseudomonas, Burkholderia and 

Trichoderma) have shown significant growth attributes yield and phytopathogen growth 

inhibition and may be used as efficient bio fertilizer and bio-control agent for chickpea 

production (Verma et al., 2014) [23]. Bacillus subtillis and Trichoderma harzianum effectively 

suppress the Fusarium wilt and increasing the protein content and β-1, 3-glucanase enzyme 

activity which contributed to induce the systemic resistance (Moradi et al., 2012) [14]. To 

overcome all this situations combinations of bioagents like Trichoderma viride, Bacillus 

subtilis and Pseudomonas fluorescens. 
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Method and Material 

Experimental site 

Experiments of the present investigation were conducted in 

net house of AICRP on Chickpea, Department of plant 

breeding and genetics, JNKVV Jabalpur (M. P.) India. 

Seed source: Chickpea: JG 62. 

 

Bio-inoculants source 

The bio-inoculants Trichoderma viride, Bacillus subtilis and 

Pseudomonas fluorescens were obtained from Microbes 

Research and Production Center, JNKVV, Jabalpur (M.P.). 

 

Consortia with fungal and bacterial antagonists 

A total of eight treatments combinations were designed to 

study the plant health of chickpea in net house condition. 

Treatments were T1- Treated control, T2- Trichoderma 

viride,T3- Bacillus subtilis, T4- Pseudomonas fluorescens, 

T5- Trichoderma viride + Pseudomonas fluorescens, T6- 

Trichoderma viride + Bacillus subtilis, T7- Trichoderma 

viride + Bacillus subtilis + Pseudomonas fluorescens,T8- 

Untreated control. 

 

Pathogenicity test and mass multiplication of Fusarium 

oxysporum sp. ciceri 

Pathogenicity test was conducted by soil infestation method. 

The bags containing chickpea straw were autoclaved at 15 psi 

for 20 min. The pathogen was mass multiplied on sterilized 

chickpea straw in 500 gm bags. Then the bags were 

inoculated with 4 discs of 5.0 mm diameter mycelial growth 

of three days old culture of Fusarium oxysporum f.sp. ciceri 

grown on PDA plate. The bags were incubated at 28 ± 2°C for 

seven days. Then the inoculum was mixed with sterilized soil 

@ 10 g kg-1 soil and filled in the pots (30 cm diameter). The 

seeds of chickpea were sown simultaneously with pathogen 

inoculation @ 7 seeds per pot and an un-inoculated control 

was maintained. The plants were observed for wilt symptoms. 

Each treatment replicated three times (Nene.1980) [6] 

 

Dual culture technique 

To test the efficacy of antagonistic fungus, twenty ml of 

sterilized melted PDA was plated in Petri plates (9 cm) and 

allowed to solidify. Mycelial discs measuring five mm 

diameter from three day old cultures of both fungal antagonist 

and the test pathogen were placed at equidistant on sterile 

Petri plate containing PDA medium. To test the efficacy of 

antagonistic bacterium 4 cm line was streaked at one side of 

the plate. On the opposite side to the antagonist, mycelial disc 

measuring five mm diameter from four day old culture of test 

pathogen was placed on sterile Petri plate containing PDA 

medium. The petri plates with pathogen inoculated at one end 

alone, served as control. The petri plates were then incubated 

at 28 ± 2 ºC. Four replications were maintained in each 

treatment. Growth of antagonists, pathogen and zone of 

inhibition were measured after recording full growth of the 

pathogen in control plate. Per cent inhibition of mycelial 

growth over control was calculated by using the formula 

given by Vincent (1947) [24]. 

Per cent inhibition of growth of the pathogens was calculated 

by using the following formula. 

 

 
 

Effect of bio-inoculants on growth parameters 

Data on germination percentage was recorded after 10 days 

and at the time of maturity plant height (cms), dry weight and 

fresh weight (g/plant) was calculated the vigor index mass 

and vigor index percentage as follows (Abdul Baki and 

Anderson 1973) [1] 

 

Vigour index (%) = Germination × Seedling length on the 

day of final count. 

 

Vigour index mass = Germination percentage × seedling dry 

weight. 

 

Pre and post-emergence 

Germination percentage and pre and post emergence mortality 

will be recorded up to 90 days. Percent mortality will be 

calculated by using the following formula; 

 

 
 

Plant height, fresh and dry weight 

Observations were recorded at the time of maturity. Mature 

plants were carefully uprooted for measuring the height, fresh 

weight and dry weight. After measuring length and fresh 

weight, the seedling were placed between blotting paper and 

kept at 45 ºC for 2 - 3 days in an oven for drying. The dry 

weight was recorded in an electronic balance. 

 

Disease severity index 

Determination of disease severity index: The disease 

severity index was calculated as described by Bhattacharya et 

al., (1985) [3] disease severity index (D.I.) were calculated as 

follows: 

 

 
 

Where - 

(Hn) = Number of healthy plants 

(Sn) = Number of slightly infected plants 

(Hn*) = Number of heavily infected plants 

(Dn) = Number of dead plants (Kumar et al., 2007) [10] 

 

Result and Discussion 

 
Table 1: Evaluation of bioagents against Fusarium oxysporum f.sp. ciceri in-vitro condition(Dual culture) 

 

Treatments Bioagents Mean Colony Diameter (mm) Percent Growth Inhibition 

T1 Trichoderma viride 36.88 59.03 

T2 Pseudomonas fluorescens 40.23 55.31 

T3 Bacillus subtilis 46.60 48.22 

T4 Control 90.00 0 

 SEm+   
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Table 2: Effect of Bio-inoculant and their combinations on Fusarium wilt (Fusarium oxysporum f.sp. ciceri)on growth parameters 

 

Treatment Combinations Germination % Pre-emergence mortality Post emergence moratality Total moratality 

T1 Treated control 61.90* 38.10 71.67 80.95 

T2 T. viride 85.71 14.29 16.67 28.57 

T3 B. subtilis 76.19 23.81 25.00 42.86 

T4 P. fluorescens 80.95 19.05 17.78 33.33 

T5 T. viride + P. fluorescens 90.48 9.52 10.32 19.05 

T6 T. viride + B. subtilis 90.48 9.52 15.87 23.81 

T7 
T. viride + B. subtilis 

+ P. fluorescens 
95.24 4.76 9.52 14.29 

T8 Untreated Control 76.19 23.81 25.56 42.86 

 
SEm+ 2.527 1.997 1.739 1.967 

C. D. 7.642 6.039 5.258 5.949 

 
Table 3: Effect of Bio-inoculants and their combinations on Fusarium wilt disease and Physiological parameters 

 

Treatments Treatment combination 
Av. Plant height (cm) Fresh weight 

(g/plant) 

Dry weight 

(g/plant) 

Vigour 

Index (%) 

Vigour Index 

Mass Shoot Root 

T1 Treated control 37.00* 7.90 2.28 0.45 2779.31 27.86 

T 2 T. viride 46.13 10.13 2.72 0.78 4822.04 66.85 

T 3 B. subtilis 41.80 9.00 2.62 0.68 3870.45 51.81 

T 4 P. fluorescens 43.63 9.43 2.65 0.73 4295.21 59.09 

T 5 T. viride + P. fluorescens 50.60 11.60 2.90 0.90 5627.86 81.43 

T 6 T. viride + B. subtilis 49.00 10.87 2.75 0.83 5417.04 75.10 

T 7 T. viride + B. subtilis + P. fluorescens 53.10 12.57 3.10 1.05 6254.41 100.00 

T 8 Untreated control 40.20 8.33 2.37 0.63 3697.50 48.00 

SEm+ 0.504 0.400 0.07 0.028 - - 

CD 1.523 1.211 0.21 0.085 - - 

*Avg. of three replication 

 
Table 4: Disease severity index of Fusarium wilt 

 

Treatments Treatment Combination Fusarium wilt 

T1 Treated control 74.63* 

T2 T. viride 15.60 

T3 B. subtilis 23.45 

T4 P. fluorescens 20.36 

T5 T. viride + P. fluorescens 9.08 

T6 T. viride + B. subtilis 13.75 

T7 T. viride + B. subtilis + P. fluorescens 6.87 

T8 Untreated control 7.03 

SEm+ 3.061 

CD 9.254 

*Avg. of three replication 

 

Evaluation of bio-agents against Fusarium oxysporum f.sp. 

Ciceri in-vitro condition (Dual culture) Table 1 

The bioagents viz., Trichoderma viride, Pseudomonas 

fluorescens and Bacillus subtilis were evaluated by dual 

culture technique for their antagonistic effect against 

Fusarium oxysporum f.sp. ciceri under in-vitro conditions. 

Zone of inhibition (mm) was recorded and the per cent 

inhibition was calculated. The results are presented in (Table 

1). Data presented in Table 1 shows that in a biological 

control against F. oxysporum f.sp. ciceri, in vitro trials, 

indicated that all the bioagents evaluated significantly 

inhibited the growth of the pathogen and per cent inhibition 

ranged from 48.22 to 59.03 per cent. The fungal bioagent 

shows maximum inhibition of 59.03 per cent growth was 

recorded in Trichoderma viride.Data also revealed that In 

case of bacterial bioagents, Pseudomonas fluorescens 

inhibited fungal growth to the extent of 55.31 per cent, which 

was succeeded by Bacillus subtilis with 48.22 per cent. 

Among the bioagents evaluated, fungal bioagents were found 

more effective in inhibiting the growth of pathogen compared 

to bacterial bioagents. Mane and Yadav (2015) [12] found the 

bioagent Trichoderma sp arrested the highest mycelia growth 

of against Fusarium oxysporum f. sp. ciceri (71.36%) 

followed by by Aspergillus niger (57.04%), Aspergillus flavus 

(54.82%), Bacillus sp. (53.83%). 

 

Effect of Bio-inoculant and their combinations on 

Fusarium oxysporum f.sp. ciceri (Growth parameters) 

Table 2 

Germination percentage 

Data presented in Table 2. Indicated that germination 

percentage among treatment ranged from 76.19 to 95.24%. 

All the treatment had higher germination percentage as 

compared to T1 (Treated control). Among the treatments 

minimum germination per cent 76.19% was observed in T3 

(Bacillus subtilis) followed by 80.95% in T4 (Pseudomonas 

fluorescens), 85.71% in T2 (Trichoderma viride), 90.48% in 

T5 (Trichoderma viride + Pseudomonas fluorescens) and T6 

(Trichoderma viride + Bacillus subtilis) highest germination 

per cent 95.24% was recorded in T7 (Trichoderma viride + 

Bacillus subtilis + Pseudomonas fluorescens) 

 

Pre-emergence mortality 

All the treatments had significantly reduced the pre-

emergence as compared to T1 (Treated control). Maximum 

pre-emergence mortality 23.81% was recorded in T3 (Bacillus 
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subtilis) followed by 19.05% in T4 (Pseudomonas 

fluorescens), 14.29% in T2 (Trichoderma viride), 9.52% in T5 

(Trichoderma viride + Pseudomonas fluorescens) and T6 

(Trichoderma viride + Bacillus subtilis) minimum pre-

emergence mortality was recorded in T7 (Trichoderma viride 

+ Bacillus subtilis + Pseudomonas fluorescens). 

 

Post-emergence mortality 

Disease intensity, at flowering stage, among treatment varied 

from 9.52 to 25.00% as compared T1 (Treated control) post 

emergence was 71.67%. Maximum PDI of 25.00 and 17.78% 

per cent was observed in T3 (Bacillus subtilis) and T4 

(Pseudomonas fluorescens) respectively. Minimum PDI of 

9.52% was recorded in T7 (Trichoderma viride + Bacillus 

subtilis + Pseudomonas fluorescens). 

 

Total mortality (%) 

Total mortality per cent among treatments ranged from 14.29 

to 42.86% as compared to T1 (treated control) total mortality 

was 80.95%. Maximum mortality of 42.86% was observed in 

T3 (Bacillus subtilis) and minimum mortality 14.29% was 

recorded in T7 (Trichoderma viride + Bacillus subtilis + 

Pseudomonas fluorescens). Singh et al. (2013) found that a 

combined application of Pseudomonas fluorescens, 

Trichoderma harzianum and Mesorhizobium enhanced 

seedling vigour as well as phenol contents in roots and leaves 

there by reduced the infection by root rot fungus Sclerotium 

rolfsi. 

 

Effect of Bio-inoculants and their combinations on 

Fusarium wilt disease and Physiological parameters 

(Table 3) 

Plant height (shoot and root) 

Data presented in Table 4 at the time of maturity showed that 

shoot and root height was significantly increased in all the 

treatments except T1 (Treated control) which was 37.00 cm 

and 7.90 cm respectively. Maximum shoot height 53.10 cm, 

50.60 cm, 49.00 cm, 46.13 cm, 43.63 cm and 41.80 cm were 

recorded in T7 (Trichoderma viride + Bacillus subtilis + 

Pseudomonas fluorescens), T5 (Trichoderma viride + 

Pseudomonas fluorescens), T6 (Trichoderma viride + Bacillus 

subtilis), T2 (Trichoderma viride), T4 (Pseudomonas 

fluorescens) and T3 (Bacillus subtilis) respectively. Maximum 

root height 12.57 cm, 11.60 cm, 10.87 cm, 10.13 cm, 9.43 cm 

and 9.00 cm were recorded in T7 (Trichoderma viride + 

Bacillus subtilis + Pseudomonas fluorescens), T5 

(Trichoderma viride + Pseudomonas fluorescens), T6 

(Trichoderma viride + Bacillus subtilis), T2 (Trichoderma 

viride), T4 (Pseudomonas fluorescens) and T3 (Bacillus 

subtilis) respectively. 

 

Fresh weight 

Data presented in Table 3, at the time of maturity showed that 

fresh weight was significantly higher in all the treatments as 

compared to T1 (Treated control) which was 2.28 g. Higher 

fresh weight 3.10 g, 2.90 g, 2.75 g, 2.72 g, 2.65 g and 2.62 g 

were recorded in T7 (Trichoderma viride + Bacillus subtilis + 

Pseudomonas fluorescens), T5 (Trichoderma viride + 

Pseudomonas fluorescens), T6 (Trichoderma viride + Bacillus 

subtilis), T2 (Trichoderma viride), T4 (Pseudomonas 

fluorescens) and T3 (Bacillus subtilis) respectively. 

 

Dry weight 

Data presented in Table 4 at the time of maturity showed that 

dry weight was significantly higher in all the treatments as 

compared to T1 (Treated control) which was 0.45 g.Higher 

dry weight 1.05 g, 0.90 g, 0.83 g, 0.78 g, 0.73 g and 0.68 g 

were recorded in T7 (Trichoderma viride + Bacillus subtilis + 

Pseudomonas fluorescens), T5 (Trichoderma viride + 

Pseudomonas fluorescens), T6 (Trichoderma viride + Bacillus 

subtilis), T2 (Trichoderma viride),T4 (Pseudomonas 

fluorescens) and T3 (Bacillus subtilis) respectively. 

 

Vigour Index (%) 

Data presented in the indicated that Vigour index (%) 

recorded at the time of maturity sowing indicated that all the 

treatments had higher vigour index % as compared to T1 

(treated control). At the time of maturity, it varied from 

3697.50 to 3870.45 as compared to 2779.31 in T1 (Treated 

control). Maximum Vigour index % of 6254.41 and 5627.86 

was recorded in T7 (Trichoderma viride + Bacillus subtilis + 

Pseudomonas fluorescens) and T5 (Trichoderma viride + 

Pseudomonas fluorescens) respectively. Minimum 3870.45 

and 4295.21 was observed in T3 (Bacillus subtilis) and T4 

(Pseudomonas fluorescens) respectively. 

 

Vigour Index Mass 

Vigour index mass of all the treatments had increased as 

compared to T1 (Untreated control). Maximum of 100 and 

81.43 was recorded in T7 (Trichoderma viride + Bacillus 

subtilis + Pseudomonas fluorescens) and T5 (Trichoderma 

viride + Pseudomonas fluorescens) respectively. Minimum 

51.81 and 59.09 was observed in T3 (Bacillus subtilis) and T4 

(Pseudomonas fluorescens) respectively. 
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