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Introduction 
 

India is the second largest producer of the 

vegetables in the world. India produced 

146.55 million tonnes of vegetables from 8.49 

m ha of land with productivity of 17.26 

tonnes/ ha (Indian Horticulture Database, 

2011). Chilli is cultivated throughout the 

country. Chilli is cultivated in about 0.782 

million ha with annual production of 1.223 

million tonnes in India (Indian Horticulture 

Database, 2011). In recent years production of 

chilli has been declining mainly because 

different varieties of chilli are susceptible to 

many fungal and viral diseases. Among them, 

prominent are anthracnose and ripe rot caused 

by  Colletotricum spp., damping off and dry  

 

 

 

 
 

root rot by Rhizoctonia spp., damping off by 

Pythium spp., leaf curl by viruses etc. 

Rhizoctonia solani is one of the most 

destructive plant pathogens over the world 

and is capable of attacking a tremendous 

range of host plants causing seed decay, root 

rot, pre and post emergence damping off of 

the vegetables, cereals, fruits, ornamentals, 

and oil seed crops. Being pathogen of great 

diversity with wide host range and lack of 

sharp differentiation among its specialized 

strains Rhizoctonia solani poses great 

challenge to plant pathologists for its 

management. Biological control is regarded 

as an eco-friendly and non-poisonous which 
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In the present study, all the three selected varieties of chilli viz. G-4, NP-46 and 

Faridabad were susceptible to dry root-rot caused by Rhizoctonia solani. The different 

modes of application of Trichoderma harzianum were found effective to manage the 

dry root rot but most effective was found with dry seed treatment. The population 

density (cfu) of Rhizoctonia solani increased till 30 days after sowing (DAS) then it 

was stagnant and decreased up to 60 DAS while in case of Trichoderma harzianum 

the cfu increased up to 30 DAS and then gradually decreased up to 45 DAS and 

remained stagnant up to 60 DAS. The dry root rot was managed by Trichoderma 

harzianum to maximum extent up to 30 DAS after which the disease incidence 

increased, which may be ascribed to variations in the rhizosphere which may had 

adverse impact on further colonization by Trichoderma harzianum but however, it 

showed effectiveness up to 30 DAS. 
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does not lead to any hazardous effects on 

plants or human being. Bio-control is the 

reduction in the amount of inoculum or 

disease producing activity of pathogen 

accomplished by or through one or more 

organisms other than inoculum. Trichoderma 

harzianum Rifai has greater rhizosphere 

competence and parasitizes the pathogenic 

fungi. These grow tropically towards the 

target pathogen hyphae (Chet et al., 1979; 

Durral, 1968). There have been many reports 

of successful use of antagonistic fungi in 

controlling soil borne pathogenic fungi 

(Harman et al., 1981). The different species 

of Trichoderma are known to be antagonist to 

Rhizoctonia solani causing different diseases 

on various host range and successively 

manage the different diseases (Mathur et al., 

2002; Saxena and Saxena, 2002; Sharma and 

Gupta, 2003). 

 

Materials and Methods 

 

Isolation and identification of pathogen 

Rhizoctonia solani 

 

The suspected pathogen used in the 

experiment was isolated from the root and 

collar region of infected chilli plants showing 

characteristics symptoms. The infected roots 

were uprooted, washed and before culturing, 

infected parts were viewed under stereoscopic 

binocular microscope for examining 

ascertaining and the pathogen. Small pieces of 

infected plant parts were surface sterilized 

with HgCl2 (0.1%) and washed in three 

changes of sterilized distilled water and kept 

over the solidified PDA medium inside Petri 

dishes aseptically. These Petri-plates were 

then incubated at 25 ±2ºC. On 3
rd

 day a 

creamish growth was observed. From this 

colony, a portion from the periphery was 

taken and transferred to other Petri dishes 

having medium to get pure culture which was 

achieved by hyphal-tip method. The pathogen 

was identified as Rhizoctonia solani by its 

cultural characteristics, microscopic studies 

and referring the relevant monographs and 

literature. The Koch’s postulates were tested 

to confirm the pathogenicity of the fungus.  

 

Isolation and identification of bio-control 

agent Trichoderma harzianum 
 

The healthy chilli plants were brought to the 

laboratory by gently uprooting them without 

disturbing the root system in paper bag. The 

soil adhering to the root system was removed 

with the help of brush and by gentle tapping. 

One gram of such soil was suspended in 9 ml 

of sterilized distilled water and shaken 

thoroughly. One ml suspension was 

transferred from this to 9 ml of sterile water in 

a test tube to get 1: 10 dilutions. Serial 

dilutions were made by transferring one ml of 

suspension to subsequent tubes to get dilution 

of 1xl0
-4

. One ml of the desired soil 

suspension was transferred to six sterilized 

Petri dishes and then poured with potato 

dextrose agar (PDA) and incubated at 25±2ºC 

for 3-4 days. The identification of 

Trichoderma harzianum was done by 

comparing the morphological and cultural 

characteristics described in the relevant 

literature (Rifai, 1969). Later it was purified 

and sub-cultured on potato dextrose agar 

slants with labels. 

 

In vitro evaluation of Trichoderma 

harzianum against Rhizoctonia solani 

 

To test the antagonistic ability of 

Trichoderma harzianum, dual culture 

technique (Marton and Stroybeg, 1955) was 

adopted. Culture discs (5 mm) each of the 

fungal antagonist and the pathogen were 

taken from the margin of the actively growing 

cultures and transferred to petri plates 

containing PDA medium on opposite sides 

approximately at one cm away from the wall 

of the plate. A control having the test 

pathogen only was also kept for comparison. 
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The Petri-plates were subsequently incubated 

at 25 ±1
0
C till the control plate was 

completely covered by Rhizoctonia solani 

colonies. Each treatment was replicated 

thrice. Colony diameter of the test fungus as 

well as the antagonist up to the zone of 

inhibition was recorded and percent growth 

inhibition of the test pathogen over control 

was calculated using the following formula 

Antagonistic effect = {(A-B)/A} x l00 

 

Where, 

A= Diameter of mycelial growth of 

Rhizoctonia solani in control. 

B= Diameter of mycelial growth of 

Rhizoctonia solani in treatment plates. 

 

In vivo evaluation of Trichoderma 

harzianum against Rhizoctonia solani 

 

In vivo evaluation was done in pot 

experiments under glass house conditions. 

Trial was taken in glass house of Department 

of Plant Protection, SHIATS. The experiment 

was laid in 3X4 factorial RBD with six 

replications. Three varieties of chilli viz., G-4, 

NP46, Faridabad were sown with treatments. 

Treatments were, T1= Dry seed treatment, T2= 

Slurry seed treatment, T3= Soil drenching, 

T0= Normal seeds without any treatment, for 

all three varieties. Treated seeds and control 

were sown in pot containing sterilized soil 

with Rhizoctonia solani inoculum. 

Observations were recorded on population 

density of pathogen and antagonists during a 

period of time. 

 

Results and Discussion 

 

In vitro efficacy of Trichoderma harzianum 

against Rhizoctonia solani 

 

Dual culture technique was adopted for 

assessing the inhibition of growth of 

Rhizoctonia solani. The percent inhibition in 

growth of Rhizoctonia solani by Trichoderma 

harzianum was 38.14% over the control. The 

inhibitory effect of Trichoderma harzianum 

against Rhizoctonia solani was probably due 

to competition and/ or antibiosis. 

 

In vivo efficacy of Trichoderma harzianum 

against Rhizoctonia solani 

 

Population density of Rhizoctonia solani in 

the rhizosphere 

 

Observations recorded on 15 days after 

sowing (DAS) (Table 1) revealed that colony 

forming units (cfu) of pathogen were 

maximum in the control (7.08) and minimum 

in dry seed treatment (2.47); however dry 

seed treatment was significantly superior to 

both the slurry seed treatment and soil 

drenching. Among varieties maximum cfu 

was on NP-46 and Faridabad (4.14) but 

statistically all were non-significant from one 

another. Among variety x treatment 

maximum cfu was in control of G-4 (7.16) 

and minimum was in dry seed treatment of G-

4 (2.33), however all treatment combinations 

were statistically non-significant. On 30 DAS, 

maximum cfu was found in variety Faridabad 

(4.93) and minimum was in G-4 (4.72) but all 

treatments were statistically non-significant. 

Among treatments least cfu was present in 

soil drenching (2.50) and maximum was in 

control (11.6); however all treatments were 

statistically non-significant from each other 

but were significant over the control in 

reducing the population density of 

Rhizoctonia solani. While in variety x 

treatment combinations, least cfu was in soil 

drenching of G-4 (2.41) and maximum was in 

dry seed treatment of Faridabad (2.83) but all 

the treatments were statistically non-

significant from one another, but were 

significantly superior over the control in 

managing the dry root-rot disease. On 45 

DAS, maximum cfu was in variety G-4 (4.33) 

and minimum was in NP-46 (4.27) but they 

were statistically non-significant from each 
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other. Where as in treatment, maximum cfu 

was found in control (11.77) and all the 

treatments were found significantly superior 

over the control in managing the disease but 

statistically all the treatments were non-

significant from one another. And in 

treatment x variety interaction, minimum cfu 

was counted in dry seed treatment of G-4 

(1.50); however statistically all treatment 

combinations were non-significant from one 

another but significantly superior over the 

control. On 60 DAS, minimum cfu of 

pathogen was counted in variety Faridabad 

(4.12) and among treatments soil drenching 

(1.47). Treatments were found non-significant 

from one another but significantly superior 

over the control. Among variety x treatment 

combination, least was with soil drenching of 

G-4; however statistically all treatment 

combinations were non-significant from one 

another but significantly superior over the 

control in managing disease. 

 

Population density of Trichoderma 

harzianum in the rhizosphere 

 

Observations recorded on 15 DAS (Table 2) 

revealed that maximum cfu of antagonist was 

in variety NP-46 (3.52) and minimum was in 

G-4 (3.31) but all of them were non-

significant statistically, while among 

treatments maximum cfu was counted in dry 

seed treatment (7.13); but both were 

statistically non-significant. Among 

combinations maximum was counted in dry 

seed treatment of NP-46 (7.33) and minimum 

was in soil drenching of G-4 (6.00); however 

all the treatment combinations were 

statistically non-significant from each other. 

On 30 DAS, maximum cfu was found in 

variety NP-46 (4.67) and minimum in G-4 

(3.50), here variety G-4 was significantly 

inferior to the other two varieties. Among 

treatments maximum cfu was in dry seed 

treatment (7.2) and minimum in soil 

drenching (4.94), here soil drenching was 

significantly inferior to above both 

treatments. Whereas, among treatment 

combination maximum cfu was in dry seed 

treatment of G-4 (7.25) and minimum in soil 

drenching of Faridabad (4.83); however all 

were non-significant statistically. On 45 DAS, 

maximum cfu was in variety NP-46 (5.14) 

and minimum in Faridabad (4.68), here 

variety NP-46 was found superior to above 

two varieties, while among treatments 

maximum cfu was observed with dry seed 

treatment (7.4) and minimum with soil 

drenching (5.13) and statistically all 

treatments were significant from each other. 

Among variety x treatment combinations, 

maximum cfu was in dry seed treatment of G-

4 (8.08) and minimum in soil drenching of G-

4 (5.08) but statistically all were non-

significant from each other.  

 

Table.1 Population density (cfu x 104/g soil) of Rhizoctonia solani in rhizosphere of different 

varieties of chilli in different treatments after 15, 30, 45, 60 DAS 

 
 Control  Dry seed treatment Slurry seed 

treatment 

Soil drenching Mean  

Variety 15 30 45 60 15 30 45 60 15 30 45 60 15 30 45 60 15 30 45 60 

G-4 7.16 11.5 11.8 11.2 2.33 2.50 1.50 1.75 3.33 2.50 2.16 1.66 3.50 2.41 1.83 1.33 4.08 4.72 4.33 3.97 

NP-46 7.08 11.6 11.5 10.8 2.40 2.50 1.83 1.91 3.50 2.75 1.83 1.83 3.58 2.58 1.91 1.58 4.14 4.87 4.27 4.04 

Faridabad 7.00 11.8 12.0 11.5 2.66 2.83 1.50 1.66 3.25 2.58 1.75 1.83 3.66 2.50 2.00 1.50 4.14 4.93 4.31 4.12 

Mean 7.08 11.6 11.7 11.2 2.47 2.61 1.60 1.77 3.36 2.61 1.90 1.77 3.58 2.50 1.91 1.47 
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Table.2 Population density (cfu x 104/g soil) of Trichoderma harzianum in rhizosphere of 

different varieties of chilli in different treatments after 15, 30, 45, 60 DAS 

 
 Dry seed treatment Slurry seed 

treatment 

Soil drenching Mean  

Variety  15 30 45 60 15 30 45 60 15 30 45 60 15 30 45 60 

G-4 7.25 7.25 8.08 7.00 6.00 6.25 5.75 6.91 0 5.00 5.08 6.83 3.31 3.50 4.70 5.18 

NP-46 7.33 7.25 7.83 7.08 6.75 6.83 7.66 6.91 0 4.83 5.08 6.83 3.52 4.67 5.14 4.85 

Faridabad 6.83 7.16 6.41 6.75 6.83 5.76 7.08 6.58 0 5.00 5.25 4.91 3.41 4.47 4.68 4.64 

Mean 7.13 7.20 7.40 6.94 6.50 6.22 6.83 6.80 0 4.94 5.13 5.72 

    
 

 

 

Table.3 Percent incidences of dry root- rot in different varieties of chilli in different treatments 

after 15, 30, 45, 60 DAS 

 
 Control  Dry seed treatment Slurry seed 

treatment 

Soil drenching Mean  

Variety  15 30 45 60 15 30 45 60 15 30 45 60 15 30 45 60 15 30 45 60 

G-4 42.0 53.5 63.1 67.3 6.83 6.16 11.3 12.4 15.2 6.30 11.4 12.4 25.7 12.9 22.8 25.7 22.4 19.7 27.2 30.2 

NP-46 39.2 52.7 60.0 63.5 7.50 6.88 12.3 14.1 16.3 3.75 11.8 13.6 33.0 10.3 18.2 19.7 24.0 18.4 25.6 27.7 

Faridabad 38.2 23.5 63.7 66.2 8.60 7.05 12.1 13.8 16.8 8.73 14.5 16.5 40.8 16.7 21.4 21.5 26.1 21.5 27.9 29.5 

Mean 39.8 53.3 62.7 65.7 7.60 6.73 11.9 13.4 16.1 6.24 12.6 15.2 33.2 13.3 20.8 22.3 

    
 

 

 

Table.4 Variability parameters of different observations taken 

 
Observations  SEm± F- ratio 

(variety) 

CD 

(0.05) 

F- ratio 

(treatment) 

CD 

(0.05) 

F- ratio 

(interaction) 

CD 

(0.05) 

Population density of 

Rhizoctonia solani 

    

15 DAS 0.44 0.05            0.44 127.68             0.50 0.18                  0.88 

30 DAS 0.39 0.60            0.39 815.00             0.45 0.185                0.78 

45 DAS 0.38 0.054          0.38 1000.13           0.44 0.68                  0.77 

60 DAS 0.476 0.18            0.47 596.86             0.55 0.38                  0.95 

Population density of 

Trichoderma harzianum 

    

15 DAS 1.72 0.029          1.73 31.58               1.99 0.053                3.45 

30 DAS 0.43 0.49            0.43 333.00             0.49 0.63                  0.86 

45 DAS 0.419 2.92            0.41 390.00             0.48 5.79                  0.83 

60 DAS 0.415 4.54            0.41 377.33             0.48 2.57                  0.83 

Percent incidences of dry 

root- rot disease 

    

15 DAS 2.938 3.14            2.74 153.58             3.39 3.72                  5.88 

30 DAS 4.327 1.025          4.33 162.03             5.00 0.26                  8.67 

45 DAS 3.605 0.87            3.61 264.43             4.17 0.36                  7.22 

60 DAS 3.129 1.33            3.13 373.00             3.62 0.65                  6.27 
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On 60 DAS, maximum cfu was counted in 

variety G-4 (5.18) and minimum in Faridabad 

(4.64), here population density of T. 

harzianum on the varieties G-4 and NP-46 

were statistically significant over the variety 

Faridabad. Whereas, among treatments 

maximum was found in dry seed treatment 

(6.94) and minimum in soil drenching (5.72); 

however all the treatments were non-

significant from one another. Among 

interaction maximum cfu was counted in dry 

seed treatment of NP-46 (7.08) and minimum 

in soil drenching of Faridabad (4.91); 

however all the treatment combinations were 

statistically non-significant from each other 

except soil drenching on Faridabad, which 

was statistically inferior to other treatment 

combinations (Table 4). 

 

Effect of Trichoderma harzianum on the 

incidence of dry root rot disease 

 

During the first observation at 15 DAS (Table 

3), minimum incidence of disease was 

recorded in variety G-4 (22.4%) and 

maximum was in Faridabad (26.12%) and the 

variety G-4 was significantly superior over 

other two varieties. Among treatments, 

minimum was in dry seed treatment (7.6%) 

and maximum was in control (39.77%) and 

statistically all the treatments were significant 

from one another and were also significant 

over the control. Among treatment 

combinations, minimum disease incidence 

was with dry seed treatment of G-4 (6.83%) 

and maximum in control of G-4 (42.66%), 

however, all combinations were not 

significant with each other. During 

observation on 30 DAS, minimum incidence 

of disease was recorded in variety NP-46 

(18.45%) and maximum was in Faridabad 

(21.83%) but they were all statistically non-

significant from one another. And among 

treatments, minimum was in slurry seed 

treatment (6.24%) and maximum was in 

control (53.28%). Here, soil drenching was 

statistically inferior to other two methods but 

all were statistically significant over the 

control. Among treatment combination, 

minimum disease incidence was with slurry 

seed treatment of NP-46 (3.75%) and 

maximum in control of G-4 (53.5%). 

Observation on 45 DAS, minimum incidence 

of disease was recorded in variety NP-46 

(25.57%) and maximum was in Faridabad 

(27.91%) but they all were statistically at par 

with one another. Among treatments, 

minimum was in dry seed treatment (11.89%) 

and maximum was in control (62.26%); 

however slurry seed treatment and dry seed 

treatment were found statistically at par but 

all three treatments were found significantly 

superior over the control. Among treatment 

combinations, minimum disease incidence 

was with dry seed treatment of G-4 (11.26%) 

and maximum in control of Faridabad 

(63.73%), however all combinations were 

statistically non-significant from each other 

but significant over control. Observation on 

60 DAS, minimum incidence of disease was 

recorded in variety G-4 (27.71%) and 

maximum was in NP-46 (30.16%) but all 

were statistically non-significant from one 

another. Among treatments, minimum was in 

dry seed treatment (13.41%) and maximum 

was in control (65.69%). Treatments were 

however, statistically significant over control 

and the dry seed and slurry seed treatments 

were found at par statistically. Among 

treatment combinations, minimum disease 

incidence was with dry seed treatment of G-4 

(12.4%) and maximum in control of G-4 

(67.35%); however, all treatment 

combinations were found statistically non-

significant from one another but they were 

significant over control of each variety. In this 

study, all the three varieties used viz. G-4, 

NP- 46 and Faridabad were found susceptible 

to dry root-rot. All the treatments used in the 

present experiments were found effective to 

varying extent but prominent was dry seed 

treatment with Trichoderma harzianum on 
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different varieties of chilli. The studies on 

population density (cfu) of Rhizoctonia solani 

revealed that population increased till 30 DAS 

then decreased up to 60 DAS while in case of 

Trichoderma harzianum the population 

increased up to 30 DAS and stagnant up to 60 

DAS. The incidence of dry root-rot was 

recorded and found that the disease was 

managed by Trichoderma harzianum to 

maximum extent from 15 DAS to 30 DAS 

after which the disease increased. This may 

be due to the fact that population of 

Trichoderma harzianum also increased up to 

30 DAS and thus managed the disease but 

after that there was not much appreciable 

increase in the population of Trichoderma 

harzianum which resulted on increase in the 

incidence of dry root-rot later after 30 DAS. 
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