
 

   

Introduction  

Sheath blight of rice caused by Rhizoctonia 

solani Kühn is one of the most important dis-

eases in all the rice growing areas of the 

world (Tamilvanan & Kandhari 2009; Naeimi 

et al. 2010; Prasad & Kumar 2011) causing 

considerable yield loss, 25-50% from Philip-

pines and Vietnam, 20-50% from Japan and 

5.2-70% from India (Naidu 1992). Roy (1993) 

recorded loss in grain yield ranging from 10-

36% in Assam. The disease has become one 

of the major constraints for rice cultivation in 

West Bengal, particularly in the northern part. 

The pathogen can survive for a long period in 

soil, rice stubbles and seeds (Roy 1993). The 

pathogen has a very wide host range, and 

strong sources of resistance in rice against this 

disease have yet to be found out (Singh et al. 

2002; Anonymous 2006). The disease has 

been more alarming due to intensive cultiva-

tion of modern high yielding varieties with 

use of high dose of nitrogenous fertilizer. All 

popular varieties cultivated in this zone have 

been found susceptible to this pathogen.  
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A B S T R A C T 

Five Trichoderma spp. were isolated from the old alluvial zone of North Bengal and their biocontrol activity were 

tested in dual culture and found effective against soil-borne plant pathogens, namely, Fusarium oxysporum f. sp. 

ciceri (Padw.) Matuo. and Rhizoctonia solani Kühn. Efficacy in plant growth promoting activity of all the isolates 

was also tested on cauliflower (Brassica oleracea var botrytis L.), chilli (Capsicum frutescens L.) and tomato 

(Lycopersicon esculentum Mill.) with culture filtrate of biocontrol agents and found both positive and negative 

effect on seed germination, plant growth and vigour. Maximum increase in germination by 13.64% (chilli), shoot 

length by 59.69% (tomato), root length by 84.51% (cauliflower) and biomass by 46.55% (cauliflower) were ob-

tained by the isolate B16 followed by B14 and B13.  However, the isolate, B18 showed negative result with maxi-

mum reduction in germination by 25.56% (cauliflower), shoot length by 67.06% (cauliflower), root length by 

88.50% (cauliflower) and biomass by 34.91% (chilli). Whereas, in the field experiment with talc based bioformula-

tion (3x108 cfu), all Trichoderma isolates, particularly the isolates, B18 and B16, were found effective to increase 

yield (12.50% to 23.14%) and reduce rice sheath blight disease incidence (46.32% to 70.54%) over check plot sig-

nificantly. Again, the efficacy of the biocontrol agents was significantly greater in the block with green manured 

than the block without green manured. Application of hexaconazol 5% EC@ 2.0 ml litre-1 and carbendazim 50% 

WP @ 1.0 ml litre-1 also reduced the sheath blight disease incidence by 53.25% and 56.86% over the check plot 

respectively. It was interesting to observe that all biocontrol agents were found effective significantly than the fun-

gicides. Therefore, the fungal biocontrol agents, particularly, B18 and B16 could be used as biofungicide as well as 

biofertilizer for the management of sheath blight of rice. 
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Chemical pesticides have proved unsafe for 

humans, animals, fishes and other non-target 

beneficial organisms, with toxic residues and 

its by-products to contaminate the environ-

ment (Anon 2006; Tamilvanan & Kandhari 

2009; Naeimi et al. 2010; Prasad & Kumar 

2011).  Thus, use of pesticides is posing a big 

threat to social as well as economic and envi-

ronmental issues and thus will continue to be 

the target of public pressures worldwide.  Re-

sistance to conventional pesticides is one of 

the three most important challenges facing the 

future agriculture, besides pollution and soil 

erosion.  At least 200 plant pathogens are 

known to exhibit fungicide resistance (Dover 

& Croft 1984; Carlton 1988).  In fact, all the 

current popularly used fungicide group viz. 

benzimidazoles, phenylamides, morpholines, 

dicarboximides conilinopyrimidenes and pyr-

roles have a high inherent risk for resistance, 

and have lost substantial market share due to 

resistance, particularly benzimidazoles and 

dicarboximides (Urech 1997).  The impetus 

for developing biocontrol agents has been the 

public perception of pesticide toxicity in the 

environment (Steyaert et al. 2003). In this 

context, biocontrol of plant pathogens using 

mycoparasite attracted wide spread attention 

in recent year with many commercial biofun-

gicides available worldwide. Soil application 

of neem cake, foliar spray with leaf extract of 

Ocimum sanctum, cow dung etc are other 

methods to reduce incidence of the sheath 

blight of rice and its severity (Anonymous, 

2006). Application of Trichoderma has also 

been found to effective and was reported to 

reduce disease incidence by 10-70% 

(Anonymous 2006; Tamilvanan & Kandhari 

2009; Naeimi et al. 2010; Prasad & Kumar 

2011). Biological control of plant pathogens 

using microorganisms has been investigated 

intensively because of lack of alternative 

management (Mishra et al. 2011). It has been 

found that the efficacy of biocontrol agent 

isolated from local or same agro climatic zone 

is found more effective than originated from 

other zone (Naeimi et al. 2010). Keeping this 

in view, a field experiment was conducted to 

find out the efficacy and field performance of 

some indigenous isolates of Trichoderma spp. 

against sheath blight of rice.  

Materials and Methods 

Several Trichoderma spp. were isolated from 

the agro ecological zone of Old alluvial Zone 

of the Northern part of West Bengal. Among 

them, five biocontrol agents (isolates No. B1, 

B13, B14, B16 and B18) were identified after 

screening through dual culture test against 

two destructive and widespread soil-borne 

pathogens, F. oxysporum f. sp. ciceri (Padw.) 

Matuo. and R. solani. For observation the in-

teraction between Trichoderma isolate B1 and 

pathogen was observed under microscope us-

ing following technique. Sterilized molten 

potato dextrose agar (PDA) medium was 

poured in a sterilized Petri plate containing 

two glass microscope slides placed side by 

side in such a way that the depth of the me-

dium on the slides was approximately 1.0 

mm. Trichoderma sp. B1 and the pathogen 

were inoculated on either side of each slide 

and the plates were incubated at 28±10C for 7 

days. The slides were taken out and the me-
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dium was discarded from both the sides keep-

ing the interaction zone intact and then, lacto-

phenol blue was poured on it for observation 

under microscope. The culture filtrate was 

prepared by culturing the five isolates sepa-

rately in 250 ml conical flask containing 25 

ml potato dextrose broth (PDB) and incubated 

at 28±10C for 21days. The broth was filtered 

by using Whatman filter paper (No.42) and 

the filtrate of each isolate was used for the 

further experiment. The efficacy of Tricho-

derma isolates on germination and growth of 

crop plant, viz., cauliflower (Brassica ol-

eracea var botrytis L.), chilli (Capsicum fru-

tescens L.) and tomato (Lycopersicon esculen-

tum Mill.) was carried in Petriplate with fol-

lowing procedure. Two Whatman filter papers 

(No.42) were kept in each Petri plate, steril-

ized and wetted by pouring 2ml culture fil-

trate of Trichoderma isolates. Twenty five 

seeds were kept on the soaked filter papers in 

each Petri plate, replicated thrice for each iso-

late and incubated at 28±10C for 5 days.  

For field study, a talc based bioformulation of 

Trichoderma spp. consisting 10% carboxy 

methyl cellulose (CMC) was prepared with 

3x108 cfu to use in field. The field experiment 

was conducted in kharif season in the year 

2009 at Regional Research Station (Old Allu-

vial Zone), Uttar Banga Krishi Viswavidya-

laya, Majhian, Patiram, Dakshin Dinajpur, 

WB, India. The experimental field was made 

rice sheath blight disease sick by artificial in-

oculation consecutively over more than three 

year with R. solani. The field was designed as 

split plot with 3 replications where each repli-

cation is divided into two blocks. Out of two 

blocks in each replication, one block was 

green manured with dhaincha [Sesbania acu-

leata (Willd.) Pers.] in situ and the other 

block was kept fallow from beginning of the 

experiment. The plot size was 16m x 5m and 

transplanted rice seedling spacing was 20cm x 

15cm. The germinated seed and seedling of 

rice (cv. Swarna) were treated with the biofor-

mulation of Trichoderma spp. @ 5 g litre-1 of 

water by dipping and spraying, respectively. 

For soil application, bioformulation @ 7.5 kg 

ha-1 was mixed in soil at the time of final land 

preparation. Two commonly used fungicides, 

namely, hexaconazol 5% EC @ 2.0ml litre-1 

and carbendazim 50% WP @ 1.0 mllitre-1 

were taken as chemical control along with 

another check plot without any treatment. The 

fungicides were applied as seed treatment and 

also seedling treatment as spray in the nursery 

plot 7 days before transplanting. Two sprays 

with fungicides were given in the main field, 

first at 21 days after transplanting (DAT) and 

second at 42 DAT. All the plots were given 

uniform fertilizer dose @ 30:40:40 NPK kg 

ha-1 at the time of final land preparation and 

@ 30 N kg ha-1 after 42 DAT. Data for per-

centage of disease incidence were taken as 

number of infected tiller over healthy tiller. 

INDOSTAT software was used for statistical 

calculation. 

Results and Discussion 

During screening for biocontrol activity in 

dual culture tests, all the isolates showed hy-

per parasite over the pathogens (Fig 1& 2).  
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Under light microscope, it was noticed that at 

the interaction zone the hyphae of Tricho-

derma isolate B1 coiled around the hyphae of 

pathogen, R. solani (Fig 3a). Crystalline struc-

tures at the interaction zone were also noticed 

in dual culture plate of isolate B1 and F. ox-

ysporum f. sp. ciceri and hyphae of the patho-

gen were vacuolated and coagulated (Fig 3b). 

The phenomenon of hyphal contact, coiling, 

penetration and lysis of hypha of host patho-

gen is a common phenomenon (Heydari & 

Pessarakli 2010) and reported by several 

workers in Trichoderma (Steyaert et al. 2003; 

Almeida et al. 2007). Coiling capacity is an 

important attribute for effective biocontrol 

(Almeida et al. 2007). Crystalline structures 

were observed at the interaction zone under 

scanning electron microscope (Mondal 1998).  

Patibanda (1995) reported larger irregular par-

ticles at the interaction zone of A. nigerAN27 

and F. oxysporum f. sp. melonis and assumed 

that the particles were produced by the for-

mer. Toxin has been noted in interactions in-

volving Trichoderma spp. and causing vacu-

olization and coagulation in the host hyphae 

(Dennis &Webster 1971). 

Plant vigour is an important factor for yield 

and resistance of crop plants (Corsini et al. 

1989). Fungi and bacteria have been reported 

to increase crop vigour besides disease reduc-

tion (Ebenezar et al. 1996; Kumar & Bezba-

ruah 1996). In this experiment, all the isolates 

had both positive and negative effect on seed 

germination, plant growth and vigour tested 

with culture filtrate of the biocontrol isolates 

(Table 1, 2 & 3). In this context, positive re-

sults on germination and plant growth were 

showed by four biocontrol isolates, namely, 

B1, B13, B14 and B16. Among them, B16 

isolate showed better results on germination, 

shoot length, root length and biomass fol-

lowed by B14 and B13. Maximum increase in 

germination by 13.64% (chilli), shoot length 

by 59.69% (tomato), root length by 84.51% 

(cauliflower) and biomass by 46.55% 

(cauliflower) were obtained with the isolate 

B16.  However, the isolate, B18 showed nega-

tive result with maximum reduction in germi-

nation by 25.56% (cauliflower), shoot length 

by 67.06% (cauliflower), root length by 

88.50% (cauliflower) and biomass by 34.91% 

(chilli). In this regard, a general characteristic 

of any growth regulator that promotes plant 

growth inhibits or retards at higher concentra-

tion (Thimann 1972). So, it may be assumed 

that as result of containing higher concentra-

tion of secondary metabolite(s) in culture fil-

trate of B18 was the cause of inhibition of 

seed germination and plant growth.  

In the field experiment, all the bioformula-

tions of Trichoderma isolates were found ef-

fective to increase yield (12.50% to 23.14%) 

significantly over check plots and the isolate, 

Trichoderma sp. B18 was given the highest 

yield (Table 4). Again, the efficacy of the bio-

control agents was significantly greater in the 

block green manured with  dhaincha than the 

block without green manured as green manure 

enhance the activity and multiplication rate of 

Trichoderma. The rice sheath blight disease 

incidence caused by R. solani was signifi-

cantly reduced with 46.32% to 70.54% on ap-

The Journal of Plant Protection Sciences, 4(2) : 16-24, December, 2012  



 

 20 

plication of bioagent and two fungicides 

(hexaconazol 5% EC and carbendazim 50% 

WP) comparing with the check plot. In gen-

eral, Trichoderma species are ubiquitous 

fungi in the soil and have an antagonistic ac-

tivity against several soil-borne plant patho-

gens including R. solani (Naeimi et al. 2010). 

It was also observed that the all biocontrol 

agents were found significantly effective than 

the fungicides. The Trichoderma spp. B18 

and B16 were performed better in disease re-

duction. This result is consistent with the ob-

servation of Tamilvanan & Kandhari (2009), 

Naeimi et al. (2010), Prasad & Kumar (2011) 

who all found that Trichoderma spp. was an 

effective biocontrol agent in controlling rice 

sheath blight. Therefore, in this context, it can 

be concluded that all the fungal biocontrol 

agents, particularly, Trichoderma isolates B18 

and B16, were found significantly effective in 

field and could be used as biofungicides and 

biofertilizer for the management of sheath 

blight of rice and to increase yield. 
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Treatment 
Germination 

(%) 

Change 

over 

control 

Shoot 

length 

(cm) 

Change 

over  

control 

Root 

length 

(cm) 

Change  

over  

control 

Biomass 

(gm) 

Change  

over  

control 

Trichoderma sp. B1 
98.89 

(9.94)a -1.11 1.27e -25.29 1.28e -43.36 12.46e -11.44 

Trichoderma sp. B13 
92.22 

(9.60)b -7.78 1.56d -8.24 2.59c 14.60 15.08c 7.18 

Trichoderma sp. B14 
100.00 

(10.00)a 0.00 2.06b 21.18 3.33b 47.35 19.10b 35.75 

Trichoderma sp. B16 
98.89 

(9.94)a -1.11 2.19a 28.82 4.17a 84.51 20.62a 46.55 

Trichoderma sp. B18 
74.44 

(8.63)c -25.56 0.56f -67.06 0.26f -88.50 9.59f -31.84 

Control 
100.00 

(10.00)a - 1.70c - 2.26d - 14.07d - 

CV (%) 0.65  1.92 0.62 1.55 

CD (95%) 0.11  0.05 0.03 0.43 

S.E.Diff. 0.02 0.01 0.19 0.05  

Table 1. 

Efficacy of Trichoderma isolates on seed germination and plant growth of cauliflower 

Data in the parenthesis are the square root transformation for statistical calculation. Data are the average of three replications. 

Values followed by the same letter do not differ significantly (P = 0.05). 
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Fig 1. Interaction between biocontrol agent Trichoderma spp. and pathogen, Rhizoctonia solani (RS) in dual cul-

ture plate incubated at 28±10C for 7 days: (A) Trichoderma isolate B1 x RS, (B) Trichoderma isolate B13 x RS, 

(C) Trichoderma isolate B14 x RS, (D) Trichoderma isolate B16 x RS  and (E) Trichoderma isolate B18 x RS, 

where dual culture plates are in the middle one and control plates of pathogen and biocontrol agent are at left and 

right side, respectively.    

 

Fig 2. Interaction between biocontrol agent, Trichoderma spp. and pathogen, Fusarium oxysporum ciceri (FO) in 

dual culture plate incubated at 28±10C for 7 days: (A) Trichoderma isolate B1 x FO, (B) Trichoderma isolate B13 

x FO, (C) Trichoderma isolate B14 x FO, (D) Trichoderma isolate B16 x FO  and (E) Trichoderma isolate B18 x 

FO, where dual culture plates are in the middle one and control plates of pathogen and biocontrol agent are at right 

and left side, respectively.    

 
Fig 1 

 
Fig 2 
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Fig 3. Observation of interaction between biocontrol agent, Trichoderma isolates B1 and pathogens in dual culture 

plate under light microscope: (Fig 3a) Hyphal coiling of Trichoderma isolates B1 on hyphae Rhizoctonia solani 

(RS). (Fig 3b) Formation of crystalline structures at interaction zone of isolate B1 and Fusarium oxysporum ciceri 

and hyphae of the pathogen were vacuolated and coagulated. 

 

Table 2. 

Efficacy of Trichoderma isolates on seed germination and plant growth of chilli 

 

Data in the parenthesis are the square root transformation. Data are the average of three replications. Values followed by the 

same letter do not differ significantly (P = 0.05). 

Treatment 
Germination 

(%) 

Change 

over  

control 

Shoot 

length 

(cm) 

Change 

over  

control 

Root 

length 

(cm) 

Change 

over 

control 

Biomass 

(gm) 

Change over 

control 

Trichoderma sp. B1 
92.38 

(9.61)b 10.23 1.90e -6.86 1.63c 23.48 14.70e -0.54 

Trichoderma sp. B13 
86.67 

(9.31)c 3.41 2.38c 16.67 1.49d 12.88 15.33c 3.72 

Trichoderma sp. B14 
93.33 

(9.66)ab 11.36 3.13a 53.43 2.21a 67.42 19.78a 33.83 

Trichoderma sp. B16 
95.24 

(9.76)a 13.64 2.65b 29.90 1.71b 29.55 16.40b 10.96 

Trichoderma sp. B18 
92.38b 

(9.61) 
10.23 1.59f -22.06 1.15f -12.88 9.62f -34.91 

Control 
83.81 

(9.15)d - 2.04d - 1.32e - 14.78d - 

CV (%) 0.75  2.82 1.61 0.22 

CD (95%) 0.13  0.12 0.05 0.06 

S.E.Diff. 0.05 0.02 0.03 0.06  

Fig. 3a         Fig. 3b 
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Table 3. 

 Efficacy of Trichoderma isolates on seed germination and plant growth of tomato 

 

Data in the parenthesis are the square root transformation. Data are the average of three replications. Values followed by the 

same letter do not differ significantly (P = 0.05). 

Table 4. 

 Effect of Trichoderma isolates on sheath blight disease and yield of rice (cv. Swarna) 

Treatment 
Germination 

(%) 

Change  

over  

control 

Shoot length 

(cm) 

Change  

over  

control 

Root 

length 

(cm) 

Change 

over  

control 

Biomass 

(gm) 

Change  

over  

control 

Trichoderma sp. B1 
100.00 

(10.00)a 0.00 3.82b -1.29 1.74c -2.79 18.52c 1.20 

Trichoderma sp. B13 
100.00 

(10.00)a 0.00 4.57a 18.09 1.84a 2.79 19.04b 4.04 

Trichoderma sp. B14 
98.10 

(9.90)b -1.90 2.54d -34.37 0.51e -71.51 16.48e -9.95 

Trichoderma sp. B16 
100.00 

(10.00)a 0.00 6.18a 59.69 1.84a 2.79 25.19a 37.65 

Trichoderma sp. B18 
100.00 

(10.00)a 0.00 3.48c -10.08 1.39d -22.35 16.37e -10.55 

Control 
100.00 

(10.00)a - 3.87b - 1.79b - 18.30d - 

CV (%) 0.33  0.80 1.66 0.54 

CD (95%) 0.06  0.06 0.05 0.19 

S.E.Diff. 0.03 0.02 0.08 0.03  

Treatment  

Block-I: without 

Dhaincha (B1)  

Block-II: with 

Dhaincha (B2) 

Block-I: without 

Dhaincha (B1) 

Block-II: with Dhaincha 

(B2) 
1Disease  

incidence (%) 

2Disease  

reduction (%) 

1Disease  

incidence (%) 

2Disease  

reduction (%) 

1Yield  

(kg ha-1) 

2Increase  

(%) 

1Yield  

(kgha-1) 

2Yield  

increase (%) 

Trichoderma sp. B1 
11.17 

(3.34) 
60.30 

6.03 

(2.46) 
70.54 5633.33 14.19 6683.33 14.57 

Trichoderma sp. B13 
13.43 

(3.66) 
52.25 

7.33 

(2.71) 
64.19 5550.00 12.50 6783.33 16.29 

Trichoderma sp. B14 
12.37 

(3.52) 
56.04 

6.77 

(2.60) 
66.93 5600.00 13.51 7116.67 22.00 

Trichoderma sp. B16 
8.97 

(2.99) 
68.12 

4.53 

(2.13) 
77.87 5766.67 16.89 6850.00 17.43 

Trichoderma sp. B18 
8.03 

(2.83) 
71.44 

3.33 

(1.82) 
83.73 6033.33 22.30 7183.33 23.14 

Hexaconazol 5EC  

@ 2.0 ml litre-1 
14.33 

(3.78) 
49.05 

9.57 

(3.09) 
53.25 5350.00 8.45 6016.67 3.14 

Carbendazim 50WP 

@ 1.0 ml litre-1 
15.10 

(3.88) 
46.32 

8.83 

(2.97) 
56.86 5533.33 12.16 6083.33 4.29 

Check 
28.13 

(5.31) 
- 

20.47 

(4.52) 
- 4933.33 - 5833.33 - 

 Main plot Sub plot Main plot Sub plot Interaction Interaction  

   B x T T x B   B x T T x B 

CD (95%) 0.18 0.17 0.24 0.27 310.13 456.33 645.35 660.06 

SE Diff. 0.04 0.08 0.17 0.12 72.08 222.77 315.05 303.39 

Data in the parenthesis are the square root transformation. 1Data are the average of three replications. 2Data in percentage were 

calculated over the data of check plot. 
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