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The biocontrol measures against pathogens are widely recognized as a step towards organic agriculture. In the 

present study, nine species of endophytic fungi and four plant pathogenic fungi were tested against 

antagonistic activity of a root endophyte, Trichoderma viride. Out of nine endophytic fungi, eight were 

inhibited. The inhibitory effect was maximum against Alternaria sp. and Pythium sp. The minimum zone was 

noticed against Nigrospora sp. after 14 days of incubation. It showed no inhibitory effect against an isolate of 

Aspergillus sp. and overgrew it after 9 days of incubation. T. viride showed antagonistic activity against all 

the four plant pathogenic fungi. The antagonistic zone was highest against Colletotrichum capsici and lowest 

was observed in Alternaria solani after 14 days of incubation. The study suggests the potential of an 

endophytic strain of fungus and it may be used in biocontrol programmes of plant diseases in the region.  
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1. INTRODUCTION 
 

The use of chemicals for the control of the disease is not 
economically feasible. With repeated use of these chemicals 

leave harmful residues and can lead to the development of 
resistance in pathogens [1]. Hence, interest has been developed 

for safer non chemical methods to control disease that is effective 
and causes less risk to human health and environment [2]. 

Fungicides replacement with bio-control agents is an alternative 
means to control the plant pathogens, produce safety food and 

reduce the environment pollution [3].   Trichoderma species are 
one of the most important bio-control agents and most frequently 

isolated from soil and root zone of plants [4]. Trichoderma strains 
are antagonistic to some plant pathogenic fungi because they 

have the ability to suppress the diseases [5]. Trichoderma uses 
several mechanisms such as antibiosis, myco-parasitism and 

competition for nutrients and space, and is also able to promote 
growth and development of plant and induce the defense response 

of plants [6]. Several Trichoderma species have been extensively 
studied for their potential to control diseases in several crops [4].  

Recently, several  species   of   endophytic   fungi   belonging   to 
       . 
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Trichoderma species has been isolated [7]. Antagonistic activity of 
endophytic fungi, Trichoderma viride was tested towards Diplodia 

corticola [8]. Therefore, the aim of our study is to determine in 
vitro inhibitory effect of the root endophytic fungi, Trichoderma 

viride against some endophytic fungal species isolated from 
invasive plants and also to test antagonistic activity against some 

plant pathogenic fungi. 

 

2. MATERIALS AND METHODS 
 

2.1. Isolation of endophytic fungi 

Aspergillus sp., Cladosporium sp., Curvularia sp., 
Fusarium sp., Penicillium sp., and Trichocladium sp. were isolated 

from the roots of Tridax procumbens, Ageratum conyzoides, 
Blumea laciniata, Crassocephalum crepidioides, Eclipta prostrate 

and Synedrella nodiflora, respectively. Nigrospora sp. and 
Pythium sp. were isolated from the roots of Vernonia cinerea. T. 

viride and Alternaria sp., were recovered from the roots of 
Spilanthes paniculata from Suryamaninagar, Tripura in Northeast 

India. Roots were cut into several small segments (0.5 cm) and 
surface-sterilization was done by immersing sequentially in 70 % 

ethanol for 2 min, 0.5 % sodium hypochlorite (NaOCl) for 3 min 
and then rinsing thoroughly with sterile distilled water. The 

surface-sterilized roots were then air-dried under laminar air flow 
chamber. 
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Using a sterile needle, the tissues were gently teased and 

the root (0.5 cm in length) were cut with sterile blade and plated 

on Malt Extract Agar (MEA) media amended with streptomycin 

(100 µg/ml). The plates were sealed with parafilm and incubated 

in a BOD incubator at 25°C±2 for one to three weeks. The hyphae 

growing out from the plated segments were immediately 

transferred into MEA, purified and maintained. The fungal isolates 

were identified on the basis of culture characteristics and 

morphology of conidia, and hyphal pattern by using available 

standard descriptions, photographs and illustrations [9, 10, 11]. 

 

2.2. Plant pathogenic fungi 

For the analysis of the antagonistic activity of T. viride 

against plant pathogenic fungi four pathogenic fungi were brought 

from IMTECH, Chandigarh, India namely Alternaria solani 

(MTCC-2101), Colletotrichum capsici (MTCC-2071), Fusarium 

solani (MTCC-10130) and Pythium aphanidermatum (MTCC-

10247). 

 

2.3. Antagonistic activity by dual-culture method  

The antagonistic effect of the isolated strain of T. viride 

against different endophytic fungi viz., Alternaria sp., Aspergillus 

sp., Cladosporium sp., Curvularia sp., Fusarium sp., Nigrospora 

sp., Penicillium sp., Pythium sp. and Trichocladium sp. were 

evaluated using the dual-culture technique  [12]. The same activity 

was examined against four pathogenic fungi. In this method, 2 mm 

size discs of culture of T. viride (5 days old culture) and the same 

size of another agar disc containing tested fungi were placed 

opposite to each other and close to the periphery of 90 mm 

petriplates containing MEA. For control, T. viride was placed in a 

similar manner on MEA petri plates. All pairing were carried out 

in three replicates and incubated at 25°C±2 for 14 days. The 

endophyte was considered to possess inhibitory effect if some 

endophytes and pathogens were not able to overgrow the hyphae 

of T. viride or if further growth of the pathogen ceased. After 7 

and 14 days of incubation, the area between the two colonies at the 

interaction point was measured. After the desired incubation time, 

the growth of colonies of the tested fungi and antagonist was 

examined and photographed. 

 

3. RESULTS  
 

Nine different species of fungi namely Alternaria sp., 

Aspergillus sp., Cladosporium sp., Curvularia sp., Fusarium sp., 

Nigrospora sp., Penicillium sp., Pythium sp. and Trichocladium 

sp., isolated from different invasive plants were tested against the 

antagonist activity of an isolated root endophyte T. viride. The 

inhibitory activity of T. viride showed it effects against all the 

fungal species except Aspergillus sp. (Table 1). 

In dual culture plates, zone was observed between the 

two colonies after 7 day and 14
th
 day of incubation, and the clear 

zone size varied among the antagonist and the fungi (Fig. 1). 

Although, the antagonists showed no inhibition zone with 

Aspergillius sp. and overgrew it by 100% after 9 days of 

incubation (Fig. 1 i). The inhibition zone was maximum against 

Alternaria sp. and Pythium sp. The minimum zone was noticed 

against Nigrospora sp. after 14 days of incubation (Table 1). 

 

 
Fig. 1: Inhibitory effect of Trichoderma viride [Tv] against endophytic fungi. 

(a) Alternaria sp. [A] (b) Penicillium sp. [P] (c) Cladosporium sp. [C] (d) 

Fusarium sp. [F] (e) Nigrospora sp. [N] (f). Pythium sp. [Py] (g) 

Trichocladium sp. [T]   (h) Curvularia sp. [Cu] and (i) Aspergillus sp. [Asp]. 

 

Table 1 Inhibition zone against different endophytic fungi by a root endophyte 

Trichoderma viride. 

Endophytic Fungi After 7 days (mm) After 14 days (mm) 

Alternaria sp. 22.0±0.44 8.3±0.08 

Aspergillus sp. 35.0±0.70 - 

Cladosporium sp. 29.0±0.80 5.0±0.17 

Curvularia sp. 25.0±0.28 6.3±0.33 

Fusarium sp. 22.0±0.39 5.6±0.18 

Nigrospora sp. 17.0±0.39 4.6±0.08 

Penicillium sp. 29.0±0.40 5.7±0.22 

Pythium sp. 17.0±0.46 8.3±0.06 

Trichocladium sp. 19.0±0.51 7.3±0.12 

Means of three replicates; ±SE 

 

 

T. viride showed antagonistic activity against all the plant 

pathogenic fungi (Fig. 2) Alternaria solani, Colletotrichum 

capsici, Fusarium solani and Pythium aphanidermatum. The 

inhibition zone between two colonies is presented in Table 2. The 

inhibition zone was highest against C. capsici and lowest zone was 

observed in A. solani after 14 days of incubation. 

 
Table 2 Antagonistic zone against different plant pathogenic fungi by a root 

endophyte Trichoderma viride. 

Pathogenic fungi After 7 days (mm) After 14 days (mm) 

Alternaria solani 17.0± 0.08 4.0± 0.05 

Fusarium solani 20.0± 0.05 5.6± 0.17 

Pythium aphanidermatum 19.3± 0.20 7.0± 0.15 

Colletotrichum capsici 18.6± 0.18 7.3± 0.12 

Means of three replicates; ±SE 
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Fig. 2: Antagonistic effect of Trichoderma viride [Tv] against plant pathogenic 

fungi. (a) Fusarium solani [Fs] (b) Alternaria solani [As] (c) Colletotricum 

capsici [Cc] and (d) Pythium aphanidermatum [Pa]. 

 

4. DISCUSSION 
 

Microorganisms are now used to control pathogens and 

pests to protect the important plants for human. Trichoderma spp. 

have been investigated as potential biocontrol agents because of 

their ability to reduce the incidence of disease caused by plant 

pathogenic fungi, particularly many common soil borne pathogens 

[13]. This is the first study of in vitro antagonism of an endophytic 

fungal strain, T. viride on endophytes and on pathogenic fungi viz., 

A. solani, C. capsici, F. solani  and P. aphanidermatum. In the 

present study, the inhibitory effect of Trichoderma sp. on 

endophytes may be attributed to possibility of competition with 

other endophytes to colonize the root tissues of plants. 

Antagonistic activity of endophytic fungi, T. viride towards D. 

corticola was found to be maximum [8]. Naik et al. [14] reported 

antagonistic application of three endophytes from rice. Inhibitory 

effect of endophytes was studied on root rot pathogen, 

Heterobasidion parviporum [15]. In vitro and in vivo assays were 

carried out to test the efficacy of T. viride antagonist in controlling 

Fusarium circinatum causing pitch canker in Pinus [16]. 

The endophytic fungi T. viride showed antagonistic 

activity against all the fungi except Aspergillus but hyphae of T. 

viride overgrew on pathogen mycelium. The result may be 

attributed to the study of Mukherjee and Raghu [17] where it was 

found that no correlation exists between the ability of Trichoderma 

to produce antifungal antibiosis, and to control the disease. El-

Katatny et al. [18] also found that T. harzianum exhibited no 

inhibition zone against Rhizopus sp. which is in accord with our 

study. 

Fajola and Alasoadura [19] also observed antagonistic 

activity of T. harzianum on P. aphanidermatum which is in 

agreement with our study. C. capsici was also inhibited by 

Trichoderma sp. as it was also reported earlier [20]. Ganie et al. 

[21] reported Trichoderma spp. have shown inhibition activity on 

A. solani which is in accord with our study. In the present study, 

Trichoderma sp. showed antagonistic effect against F. solani 

which is in agreement with the study of Naglot et al. [22]  who 

showed that Trichoderma spp. inhibited F. solani. Trichoderma 

harzianum was found to suppressed wilt pathogen, Fusarium 

oxysporum as reported earlier [23]. 

Trichoderma strain shows antagonistic effect to some 

phytopathogenic fungi by the ability to suppress the diseases [5].  

Trichoderma species also produces lytic enzymes which increase 

its antagonist action by acting in a synergistic way [24]. The 

antagonistic action of Trichoderma species against 

phytopathogenic fungi either by the secretion of cell wall 

hydrolytic enzymes or by the production of antibiotics [25]. These 

enzymes diffuses into cells and dissolves cell fragments of host 

cells and these cell fragments in turn induce the production of 

further enzymes and trigger a cascade of physiological changes, 

stimulating rapid and directed growth of Trichoderma species 

[26].  

 

5. CONCLUSION 
 

Examination of the antagonistic potential strain of root 

endophyte, T. viride is the initial step in utilizing the isolate for 

inhibitory application in laboratory conditions and it is found to be 

promising. This may find application in biocontrol programmes of 

plants used in agriculture and forestry in the region.  
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