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ABSTRACT

Wilt (Fusarium oxysporum f. sp. ciceris), dry root rot (Rhizoctonia bataticola) and collar rot (Sclerotium rolfsii) 
are the major soil-borne diseases of chickpea (Cicer arietinum) prevalent across the country and causing substantial 
yield losses. Field experiments were conducted at eight different hot spot locations of these diseases belonging to six 
states namely, New Delhi (Delhi), Indore, Sehore and Jabalpur (Madhya Pradesh), Badnapur (Maharashtra), Junagadh 
(Gujarat), Samba (Jammu and Kashmir) and Durgapura (Rajasthan) to evaluate and validate the performance of Pusa 
5SD (a novel seed dressing formulation developed from Trichoderma harzianum) alone and in combination with 
fungicide along with recommended fungicidal seed treatment against wilt and root rots of chickpea under AICRP-
Chickpea during 2010 to 2013 crop seasons. Seed treatment with Pusa 5SD (T. harzianum) alone and in combination 
with Vitavax power (carboxin + thiram) proved to be effective for the management of wilt and root rots at different 
locations. A combination of seed treatment with Pusa 5SD and Vitavax power (carboxin + thiram) provided the lowest 
disease incidence (12.2%) along with the highest grain yield (1053.3 kg/ha). Cardendazim (Bavistin) + Tetra methyl 
thiuram disulphide (thiram) and Vitavax power also reduced the diseases incidence (13.0%) and enhanced the grain 
yield (998.2 kg/ha) of chickpea. The bio-formulation Pusa 5SD showed effectiveness across the locations and varieties 
against wilt, dry root rot and collar rot of chickpea.
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Chickpea (Cicer arietinum L.) is one of the most 
important pulse crops of Indian subcontinent and ranks third 
in the world. It is one of the first grain legumes domesticated 
by humans. Biotic factors are the major cause of low yield 
of chickpea. Among the biotic factors, diseases namely, wilt 

(Fusarium oxysporum f. sp. ciceris (Padwick) Matuo and K. 
Sato); dry root-rot (Rhizoctonia bataticola (Taub.) Butler) 
and collar rot (Sclerotium rolfsii Sacc.) are considered the 
main cause for its low productivity. These diseases are 
widely distributed in all chickpea growing areas of the world 
including India (Dubey et al. 2015). The losses caused by 
wilt varied according to the stages of the crop affected, i.e. 
at seedling stage causes 77-94% while at flowering or late 
wilting causes 24-65% yield loss (Haware and Nene 1980). 
In India, an extensive survey were conducted in the major 
chickpea growing states and the incidence of wilt varied from 
14.1 to 32% (Dubey et al. 2010) whereas, the incidence of 
dry root-rot ranged from 5-35% (Anonymous 2010). The 
collar rot of chickpea reduced production in warmer and 
high soil moisture area of Madhya Pradesh, Uttar Pradesh 
and Rajasthan (Dubey and Singh 2016).

Presently there is worldwide concern on the use of 
bio-agents in combination with reduced doses of chemical 
fungicide for sustainable agriculture (Someya et al. 2007, 
Dubey et al. 2015). Cultural methods of disease management 
are not sufficiently effective for the pathogens like Fusarium, 
Rhizoctonia and Sclerotium due to their longer saprophytic 
survival capability. Cultivation of resistant cultivars is 
one of the most potential and cost efficient strategies for 
management of these diseases. However, the availability of 
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recorded at 20 day intervals up to the maturity of the crop 
and incidence of the diseases were calculated based on the 
total number of plants wilted/dried. Grain yield per plot 
was recorded after the harvesting of the crop.

For statistical analysis, the data recorded in percentages 
were transformed into angular values before the analysis. 
The data pertaining to all the observations were subjected 
to ANOVA using the SAS Software (SAS Institute, version 
9.1, Cary, NC, USA). The data were analyzed as per the 
procedure of a randomized block design for the test of 
significance. The mean data of three years data are presented 
in the paper. Fisher’s protected least significant differences 
(LSD) was computed only when ANOVA showed significant 
differences for any particular effect.

RESULTS AND DISCUSSION
Wilt, dry root rot and collar rot are the major yield 

limiting factors of chickpea across the world. In India, 
annually 8-10% produce is lost due to diseases in chickpea 
(Vishwadhar and Chaudhary 2001). Chemical control of 
these soil borne diseases is barely effective. Use of bio-
agents is the best strategy for these diseases. The bio-agent 
has limitation for area and pathogen specificity. A seed 
dressing bio-formulation Pusa 5SD was developed from the 
potential isolates of T. harzianum (Dubey 1998, Kumar and 
Dubey 2001, Dubey 2002, 2003; Dubey et al. 2007, 2009) 
and evaluated against wilt (Dubey et al. 2013, 2015) and 
dry root rot (Dubey et al. 2011) at IARI, New Delhi. But 
the efficacy of Pusa 5SD has not been evaluated against the 
diseases at different locations across the country which is 
a prerequisite for wide scale adoptability, registration and 
commercial production of any bio-formulation. 

The results of present study (Table 1) indicated that 
except dry root rot incidence recorded at Jabalpur, all the 
treatments were found significantly superior over the control 
in respect of reducing the disease incidence at all the centers. 
At Jabalpur, the dry root rot incidence recorded in carboxin 
treated plot was statistically similar with that of the control. 
The plots sown with the seeds treated with a combination 
of Trichoderma harzianum based seed dressing formulation 
Pusa 5SD and Vitavax power (carboxin + thiram) provided 
the lowest wilt incidence at New Delhi, Indore, Samba and 
Junagadh with statistically superior from other treatments 
at the first three centers. At Badnapur, the seeds treated 
with T. harzianum based seed dressing formulation Pusa 
5SD provided the lowest wilt incidence followed by Pusa 
5SD + Vitavax power (carboxin + thiram), Bavistin + 
Thiram and Vitavax power alone with statistically similar 
wilt incidences. At Sehore, the wilt incidences recorded 
in all the treatments were statistically similar, whereas at 
Jabalpur, the lowest wilt was in Bavistin + Thiram followed 
by Vitavax, Pusa 5SD + Vitavax power and Pusa 5SD alone 
with statistically similar performance. The lowest dry root 
rot incidence recorded in the plots sown with the seeds 
treated with Bavistin + Thiram followed by Pusa 5SD + 
Vitavax power were statistical similar. Bavistin + Thiram 
and Pusa 5SD treated seeds provided statistically similar 

durable resistant varieties due to high level of variability in 
the pathogens is the major bottleneck. Under such conditions, 
use of biological agents for management of the diseases 
proved promising. Trichoderma species are considered as 
efficient bio-agents due to their effectiveness against various 
plant pathogens (Harman et al. 2004). Trichoderma species 
have been evaluated against the wilt (Dubey et al. 2007), 
dry root rot (Dubey et al. 2011) and collar rot (Lahre et 
al. 2012) of chickpea under field conditions. Trichoderma 
harzianum was found to be most effective in reducing the 
mycelia growth and sclerotial formation of R. batoticola 
(Khan and Gupta 1998). A novel bio-formulation Pusa 5SD 
developed from a potential strain of T. harzianum (Dubey 
et al. 2009) was effective against wilt (Dubey et al. 2007, 
2013, 2015) and dry root-rot of chickpea (Dubey et al. 2011). 
The Indian patent for the product (Pusa 5SD) is under the 
process (2032/DEL/2008). 

The present study was aimed to determine or validate 
the efficacy of Pusa 5SD alone and along with reduced 
dose of fungicide for the management of root diseases of 
chickpea in different ecological zones belonging to six states 
of India under AICRP-chickpea programme.

MATERIALS AND METHODS
Field experiments were conducted during winter season 

of 2010-11, 2011-12 and 2012-13 in randomized block 
design (RBD) with six treatment in three replications in 
the fields infested with F. oxysporum f. sp. ciceris at seven 
locations, R. bataticola at two locations and Sclerotium rolfsii 
at one location. Across the eight locations belonging to six 
states of India, the treatment were evaluated against wilt, dry 
root and collar rots at Jabalpur (Madhya Pradesh), against 
wilt at New Delhi (Delhi), Indore and Sehore (Madhya 
Pradesh), Badnapur (Maharashtra), Junagadh (Gujarat) and 
Samba (Jammu and Kashmir) and against dry root-rot at 
Durgapura (Rajasthan) depending on the hot spot locations 
for these diseases.

The treatment consisted of Pusa 5SD (T. harzianum), 
Vitavax power (carboxin + thiram), Pusa 5SD + Vitavax 
power, Vitavax (carboxin), carbendazim (Bavistin) + 
Tetramethyl thiuram disulphide (TMTD - thiram) and 
control (untreated seeds). The local and popular cultivars 
namely, JG74 at Sehore and Jabalpur, JG62 at New Delhi, 
L550 at Durgapur, GG1 at Junagarh, GNG469 at Samba, 
JG130 at Indore and BDN- 9-3 at Badnapur were sown 
at 30 × 10 cm spacing in 3 × 1.8 m2 plot size for each 
replication of a treatment. Pusa 5SD (108 cfu/g) was used at 
4 g/kg of seed. The fungicides Vitavax, Vitavax power and 
the mixture of Bavistin + Thiram (1:1 ratio) were used at  
2 g/kg of seed. However, the Vitavax power was used at  
1 g/kg of seed when combined with bio-formulation Pusa 
5SD. Seeds were treated with various treatments prior 
to sowing. Depending on the sowing times at different 
locations, the crop was sown during November and 
harvested during March in each year of experimentations. 
Seed germination was counted at 15 days after sowing. 
Wilt, dry root-rot and collar rot at respected locations were 
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seed dressing formulation Pusa 5SD and Vitavax power 
(carboxin + thiram) reduced 60.1% disease incidence and 
increased 74.4% grain yield. 

The seeds treated with a combination of T. harzianum 
based seed dressing formulation Pusa 5SD and Vitavax 
power (carboxin + thiram) provided the highest mean grain 
yield followed by Bavistin + Thiram and the grain yield 
recorded in these two treatments were statistically similar. 
The next treatment in order of superiority was Vitavax 
power followed by Pusa 5SD with statistically similar grain 
yield (Table 2). The seeds treated with Pusa 5SD + Vitavax 
power provided the highest grain yield at New Delhi, Indore, 
Badnapur, Samba and Junagadh, whereas at other centers, 
the grain yield recorded in this treatment was statistically 
similar with those treatments provided the highest grain 
yield. At Sehore, the highest and statistically similar grain 
yield was recorded in Vitavax power, Bavistin + Thiram, 
Vitavax and Pusa 5SD + Vitavax power. At Jabalpur and 
Durgapura, Bavistin + Thiram provided the highest grain 
yield followed by Pusa 5SD + Vitavax power and they were 
statistically similar only at Durgapura. 

Trichoderma species are well recognized for the 
management of plant diseases and for their ability to increase 
the plant growth and yield (Dubey et al. 2007, 2011, 2013, 
2015). The combination of commercial formulations of 
Bacillus subtilis and T. harzianum effectively controlled 
the wilt in chickpea but their individual effect did not differ 
significantly (Moradi et al. 2012). A combination of soil 
application of T. harzianum based Pusa biopellet 10G and 
seed treatment with Pusa 5SD + carboxin was found to be 
the best by providing the highest seed germination, shoot 

dry root rot incidence at Jabalpur. Collar rot was observed 
only at Jabalpur and all the treatments provided statistically 
similar collar rot incidence and they were significantly 
superior over the control. 

Over all, considering all three diseases and the centers 
together, Pusa 5SD + Vitavax power provided the lowest 
disease incidence followed by Bavistin + Thiram, Vitavax 
power, Pusa 5SD and Vitavax with statistically similar 
performances. Thus, it is clear that the combined application 
of Pusa 5SD and fungicide Vitavax power showed superiority 
over any one treatment alone due to combined effect of bio-
agent and fungicide and differences in their mode of action at 
the site of application. The pathogen were weakened by the 
chemical and are therefore, better controlled by Trichoderma 
(Dubey et al. 2007). The present findings are supported by 
the observations made by Jyotsna et al. (2008) and Dubey 
et al. (2011) that application of T. harzianum suppressed the 
disease caused by R. bataticola in chickpea. Trichoderma 
viride and Pseudomonas fluorescens proved potential 
against dry root rot of chickpea and soil application of bio-
agent enriched farm yard manure (FYM) along with seed 
treated with the bio-control agent proved highly effective in 
managing the disease (Manjunatha et al. 2013). Pandey et 
al. (2017) reported that seed biopriming and soil application 
of Trichoderma enriched FYM significantly reduced the 
wilt and dry root rot incidence in the range of 46-78% and 
increased the grain yield by 13-27% in chickpea. Seed 
biopriming with T. viride or T. harzianum alone reduced 
wilt and root rot incidence by 45-60%, and increased the 
yield of chickpea by 10-20%. In the present findings, the 
seed treatment with a combination of T. harzianum based 

Table 1	 Effect of different seed treatments on diseases (wilt and root rots) of chickpea at different locations in India (mean of 2010-
11, 2011-12 and 2012-13)

Treatment Dose
(g/kg 
seed)

Disease incidence (%) at different places Mean
Wilt Dry root rot Collar rot

New Delhi Indore Badnapur Sehore Jabalpur Samba Junagadh Durgapura Jabalpur Jabalpur
Pusa SD 
(Trichoderma
harzianum)

4 9.7bc 10.8c 4.2a 23.7a 33.7ab 16.8c 3.5ab 33.9b 9.1a 6.3a 15.2a

Vitavax power
(carboxin + thiram)

2 9.2b 7.2bc 6.4ab 17.3a 37.1b 13.0b 3.7bc 29.6b 20.4bc 3.7a 14.8a

Pusa SD
(Trichoderma
harzianum) + 
Vitavax power
(carboxin + thiram) 

4+1 6.3a 4.6a 5.1a 19.2a 31.2ab 9.2a 3.4a 21.5a 17.0b 4.8a 12.2a

Vitavax (carboxin) 2 14.1d 17.0d 8.3b 24.0a 25.9ab 15.9bc 3.9c 30.4b 24.2cd 6.9 a 17.1a

Bavistin
(carbendazim)
+ thiram (TMTD) 

1+1 11.1c 10.6c 5.3a 26.9a 21.8a 15.4bc 3.9c 19.7a 9.7a 5.8 a 13.0a

Control
(untreated seeds)

19.2e 24.4e 18.6c 37.8b 44.6c 42.1d 8.5d 62.2c 28.2d 20.5b 30.6b

The values within a column with different letters are significantly different at 5% level by using Fisher’s least significance difference 
test.
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and root lengths grain yield and the lowest wilt (Dubey et 
al. 2013) and dry root rot (Dubey et al. 2011) incidence in 
chickpea. Seed treatment with Pusa 5SD (T. harzianum) 
along with bacterial bio-agent and Vitavax power proved 
effective in reducing wilt and increasing grain yield of 
chickpea at Delhi conditions (Dubey et al. 2015), but through 
this findings its efficacy has been validated across the county 
not only against wilt but also against dry root rot and collar 
rot. The present study, clearly indicated that application of 
Pusa 5SD (T. harzianum) alone and in combination with 
Vitavax power reduced the root diseases and enhanced the 
grain yield of chickpea at different locations and hence it 
may be recommended for the management of the diseases 
across the country. 
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