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Abstract 

Antagonistic effect of Aspergillus flavus, 

Cladosporium herbarum, Penicillium expansum 

and Trichoderma viride against Colletotrichum 

lindemuthianum isolated from infected pods of 

eight French bean (Phaseolus vulgaris L.) varieties 

was studied in in vitro conditions by conducting 

dual culture and inverted plate techniques. In dual 

culture technique, T. viride and A. flavus revealed 

the highest percentage of inhibition on the mycelial 

growth of the pathogen, exhibiting 81% inhibition, 

and in inverted plate technique, 79% inhibition and 

70% inhibition respectively.  P. expansum showed 

an inhibitory percentage of 62% in dual culture and 

a low inhibition of 27% in inverted plate. The least 

effective antagonist was found to be Cladosporium 

herbarum which exhibited a percentage of 

inhibition of 38%in dual culture and 20% in 

inverted plate. T. viride and A. flavus were found to 

exhibit the maximum potentiality to suppress the 

mycelial growth of the pathogen and can be further 

exploited for controlling the disease at a 

commercial scale. 
Keywords: Antagonistic fungi, Colletotrichum 

lindemuthianum, French bean, In vitro conditions  

1. Introduction 

French bean or common bean (Phaseolus vulgaris 

L.) is an important leguminous crop which among 

major food legumes, is third in importance, has 

broadest genetic base and is grown and consumed 

in almost every part of the world (Broughton et al., 

2003). Annually, a large quantity of the crop is 

being lost or spoiled due to fungal infection both in 

terms of quality as well as quantity. Bean 

anthracnose is a major disease of French beans, 

caused by the fungus Colletotrichum 

lindemuthianum, which results in serious crop loss 

in many parts of the world. The infected seeds are 

the most important means of dissemination of this 

pathogen, hence its worldwide distribution 

(Mudawi et al., 2009). The crop is vulnerable to the 

attack of the pathogen at all the stages, from 

seedling to maturity, depending on the prevalence 

of favourable environmental conditions that are 

essential for the initiation and further development 

of the disease (Padder et al., 2011). The high 

variability of C. lindemuthianum has resulted in 

continuous breakdown of resistance in commercial 

cultivars which has complicated the use of host 

resistance genes (Kelly et al., 1994; Melotto et al., 

2000) and has made it difficult to develop or design 

effective anthracnose control strategies.  

The use of microbial biocontrol agents have been 

considered a more natural and environmentally 

acceptable alternative approach to the existing 

chemical treatment methods for controlling fungal 

diseases in plants because it is ecofriendly in nature 

and safe to use in agricultural system to increase 

crop productivity since the action of such microbes 

is highly specific and cost effective. Several fungal 

species, such as species of Alternaria, Aspergilluis, 

Cladosporium, Coniothyrium, Curvularia, 

Gilocladium, Fusarium, Metarhizium, Penicillium, 

Phoma, Phytophthora and Trichoderma were found 

to be effective biocontrol agents (Feng, 2008). 

These biocontrol agents produce growth inhibitory 

substances called  toxins or phytoxins or antibiotics 

as well as biologically active volatile substances 

which inhibit the growth of other fungi (Aktar et 

al., 2014; Campbell, 1989).World’s leading plant 

pathologists have been examining the use of 

antagonistic microorganisms and natural fungicides 

for plant protection that’s safe, economical, and 
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effective (Chincholkar et al., 2004). In view of this, 

the present investigation is proposed to study the 

biological control of Colletotrichum 

lindemuthianum, the causal organism of 

anthracnose disease of French bean (Phaseolus 

vulgaris L.) and to generate important data for 

controlling the menace of fungal attack. 

2. Materials and Methods 

For the present investigation,  infected pods of 

eight varieties of French bean  namely, Phyrngop, 

Manipur, Naga Local, FB 19, FB 61, FB62, 

Director-1 and Director-3  were collected from Ri 

Bhoi District (ICAR, Umiam), Meghalaya. The 

collected pods were stored in storage bags under 

laboratory conditions. For isolation of the fungal 

pathogen (C. lindemuthianum) [Table 1] from the 

different varieties of French bean, potato dextrose 

agar medium was used and pure cultures of the 

isolates were maintained for further studies. The 

fungal species selected as antagonistic fungi against 

C. lindemuthianum are Trichoderma viride, 

Aspergillus flavus, Penicilium expansum and 

Cladosporium herbarum.  

Table 1: C. lindemuthianum isolated from infected  

pods of eight varieties of French bean 

Varieties Pathogen strains 

Phyrngop DS 1 

Manipur DS 2 

Naga Local DS 3 

FB 19 DS 4 

FB 61 DS 5 

FB 62 DS 6 

Director 1 DS 7 

Director 3 DS 8 

 

 

2.1 Evaluation of antagonistic fungi against C. 

lindemuthianum 

The colony interaction between the pathogen and 

the antagonistic fungi was evaluated by following 

dual culture technique by Skidmore and Dickinson 

(1976). The cultures were incubated at 23ºC for 7 

days, after which, the linear growth of the pathogen 

and each antagonist from the centre of the disc 

towards the centre of the plate was recorded. 

Percentage of inhibition of antagonists on the 

growth of pathogen was calculated by using the 

formula of Vincent (1947).  

                                      R1 – R2 

Percentage of inhibition (%) =                   x 100 

                                       R1 

where, R1= Radius of control plate, R2 = Radius of 

test plate 

2.2 Evaluation of volatile metabolites 

produced by antagonistic fungi 

The effect of volatile metabolites produced by 

antagonistic fungi on the growth of pathogen was 

evaluated by following the inverted plate technique 

by Dennis and Webster (1971a) [Plate 1]. 

Petriplates without antagonists served as control. 

For each treatment the colony size of the pathogen 

was recorded. Percentage of inhibition was 

calculated by using the above given formula. 

 

 

 

 

 

 

 

 

All experiments were performed in triplicate. To 

evaluate the significant variation (p < 0.05) 

between pathogen strains and between antagonistic 

fungi in both the techniques, ANOVA analysis was 

done with the SPSS statistics software. 

3. Results 

3.1 Effect of the antagonistic fungi on the 

radial growth of the pathogen  

 

 
 
The colony interaction between T. viride and the 

pathogen (C. lindemuthianum) exhibited maximum 

percentage of inhibition on the mycelial growth of 

the pathogen [Table 2], [Fig.1]. Among the 

Pathogen +  
T. viride 

Pathogen + 

A. flavus 
Pathogen + 

P. expansum 

Pathogen + 
 C. herbarum 

Control  

Plate 1: Inverted Plate Method 
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pathogen strains, the interaction between T. viride 

and DS 1 displayed the highest percentage of 

inhibition of 81% trailed by DS 3 (80%). The 

lowest percentage of inhibition was recorded in DS 

5 (76%). The inhibition zone and intermingled zone 

were found to be absent in all the interactions 

[Plate 2].  

 
Table 2: Effect of the antagonistic fungi on the radial growth of the pathogen (C. lindemuthianum) in dual culture method 

Parameters Biocontrol agents 
Pathogen strains 

DS 1 DS 2 DS 3 DS 4 DS 5 DS 6 DS 7 DS 8 

Radial 

growth  

(cm) 

T. viride 
R1 3.4 3.5 3.3 3.4 3.35 3.6 3.3 3.4 

R2 0.7 0.8 0.7 0.8 0.7 0.8 0.8 0.7 

A. flavus 
R1 3.4 3.5 3.3 3.4 3.35 3.6 3.3 3.4 

R2 1 0.7 1.1 0.9 1 1.3 0.7 1.3 

P. expansum 
R1 3.4 3.5 3.3 3.4 3.35 3.6 3.3 3.4 

R2 2.3 2.1 1.9 2.6 1.7 2.3 1.3 1.4 

C. herbarum 
R1 3.4 3.5 3.3 3.4 3.35 3.6 3.3 3.4 

R2 2.5 2.4 2.4 2.1 2.3 2.4 2.2 2.3 

% of 

inhibition 

T. viride 81 79 80 79 76 79 77 79 

A. flavus 71 81 68 72 63 75 80 62 

P. expansum 32 40 42 51 31 30 62 59 

C. herbarum 28 31 28 34 28 27 34 32 

Inhibition 

zone (cm) 

T. viride − − − − − − − − 

A. flavus − − − − − − − − 

P. expansum 0.6 0.5 0.4 0.4 0.8 0.3 0.5 0.5 

C. herbarum 0.4 0.2 0.2 0.2 0.2 0.1 0.3 0.4 

Inter-

mingled 

zone (cm) 

T. viride − − − − − − − − 

A. flavus 2.5 2 − − 1.5 − − 1 

P. expansum − − − − − − − − 

C. herbarum − − − − − − − − 

          N.B.: ‘-’ = absent 

 

 
 

Fig. 1 Inhibitory effect (%) of the antagonistic fungi against the 

pathogen strains from the French bean varieties 

 

The inhibitory effect of A. flavus on the pathogen 

came second to that of T. viride. The percentage of 

inhibition was found to be highest in DS 2 (81%) 

trailed by DS 7 (80%) and the lowest was observed 

in DS 8 (62%). The interaction between A. flavus 

and the pathogen did not indicate any inhibition 

zone in all the strains, however, the intermingled 

zone ranging from 1-2.5 cm was observed in some 

of the strains [Plate 3]. 

 

 

 

 

 

 

 

 

The percentage of inhibition of P. expansum was 

found to be lower than that of T. viride and A. 

flavus. The interaction between P. expansum and 

the pathogen was observed to be the highest in DS 

7 (62%) and lowest in DS 6 (30%). The interaction 

between P. expansum and the pathogen showed no 

intermingled zone, whereas, zone of inhibition 
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DS 7 
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ranging from 0.3-0.8 cm was observed in all the 

strains [Plate 4].   

 

 

C. herbarum exhibited the lowest percentage of 

inhibition on the pathogen. The highest percentage 

of inhibition was recorded in the interaction 

between C. herbarum and DS 4 as well as DS 7 

(34%) and the lowest in DS 6 (27%). All of the 

interactions lacked the intermingled zone, whereas, 

the inhibition zone was observed in all the 

interactions ranging from 0.1-0.4cm [Plate 5]. 

 

 

 

 

 

 

 

3.2 Effect of volatile metabolites produced by 

antagonistic fungi 

The volatile metabolites produced by T. viride 

caused a significant inhibition on the mycelial 

growth of DS 8 (79.31%) and the percentage of 

inhibition was recorded to be the lowest in DS 6 

(43.44%) [Fig.2], [Plates 6-13]. The highest 

mycelial growth inhibition of volatile metabolites 

produced by A. flavus was also observed in DS 8 

(70.55%) and lowest in DS 7 (25.47%). In P. 

expansum, the highest growth inhibition was 

observed in DS 1 (26.61%) and the lowest was also 

recorded in DS 7 (11.59%). The volatile 

metabolites produced by C. herbarum exhibited the 

highest mycelial growth inhibition in DS 1 

(19.48%), while, the lowest inhibitory effect was 

observed in DS 7 (10.28%).  

 
Fig. 2 Inhibitory effect (%) of the volatile metabolites against 

the pathogen strains from the French bean varieties 

 

3.3 Statistical analysis 

The two-way analysis of variance (ANOVA) of the 

colony interaction between the antagonistic fungi 

and the pathogen, showed a significant variation 

(p<0.05) of 4.21 x 10
-5

 between the pathogen 

strains and 1.83 x 10
-37

 between the antagonists 

[Table 3.]. In the ANOVA analysis of the effect of 

volatile metabolites produced by the antagonistic 

fungi, a significant variation (p<0.05) of 8.10 x 10
-

12
 between the pathogen strains and a significant 

variation (p<0.05) of 2.22 x 10
-38

 between 

antagonists was observed. 

 

Table 3. Two-way analysis of variance (ANOVA) of colony 

interaction and effect of volatile metabolites between pathogen 

strains and antagonistic fungi (p<0.05) 

Parameters 
Colony interaction 

Effect of volatile 

metabolites 

F-ratio p level F-ratio p level 

Pathogen 

strains 
5.645 4.21 x 10-5 15.736 8.10x10-12 

Antagonistic 

fungi 
296.351 1.83x10-37 317.994 2.22x10-38 

Pathogen 

strains x 

Antagonistic 

fungi 

4.46 1.88x10-6 3.44 7.33x10-5 

 

The Tukey’s Post Hoc Test that was performed 

between the antagonists [Table 3.1], revealed 

significant variation (p=<0.05) between all the 

antagonists in both the techniques. 
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Table 3.1 Tukey’s Post Hoc Test of colony interaction and effect 

of volatile metabolites between antagonistic fungi (p<0.05) 

Biocontrol agents 

p level 

Colony 

interaction 

Effect of volatile 

metabolites 

T. viride x A. flavus 0.001 1.53x10-11 

T. viride x P. expansum 5.82x10-13 5.82x10-13 

T. viride x C. herbarum 5.82x10-3 5.82x10-13 

A. flavus x P. expansum 5.82x10-13 5.82x10-13 

A. flavus x C. herbarum 5.82x10-13 5.82x10-13 

P. expansum x C. herbarum 8.54x10-7 0.024 

 

The variation between the pathogen strains was 

also determined by Tukey’s Post Hoc Test, for both 

the techniques. In the colony interaction, a 

significant variation (p<0.05) was observed 

between DS 4 and DS 5. DS 7 showed significant 

variaion (p<0.05) with DS 1, DS 3, DS 5 and DS 6 

[Table 3.2]. In the effect of volatile metabolites, a 

significant variation (p<0.05) was observed 

between DS 1 and DS 6, DS 7, DS 8. DS 2 also 

showed a significant variation (p<0.05) with DS 6 

and DS 7. A significant variation (p<0.05) was 

recorded
 
between DS 3 and DS 8. DS 4 revealed a 

significant variation (p<0.05) with DS 7 and DS 8. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

P. expansum 

T. viride A. flavus 

Control 

C. herbarum 
Plate 6: Effect of the volatile 

metabolites against the pathogen 

strain DS 1 

T. viride A. flavus 

 Control 

C. herbarum P. expansum 

Plate 7: Effect of the volatile 

metabolites against the pathogen 

strain DS 2 

T. viride A. flavus 

Control 

C. herbarum P. expansum 
Plate 8: Effect of the volatile 

metabolites against the pathogen 

strain DS 3 

T. viride A. flavus 

 Control 

C. herbarum P. expansum 

Plate 9: Effect of the volatile 

metabolites against the pathogen 

strain DS 4 

 T. viride A. flavus 

 Control 

P. expansum C. herbarum 

Plate 11: Effect of the volatile 

metabolites against the pathogen 

strain DS 6 

T. viride A. flavus 

Control 

C. herbarum P. expansum 

Plate 10: Effect of the volatile 

metabolites against the pathogen 

strain DS 5 

T. viride A. flavus 

Control 

P. expansum C. herbarum 

Plate 12: Effect of the volatile 

metabolites against the pathogen 

strain DS 7 

T. viride 

Control 

A. flavus 

P. expansum C. herbarum 
Plate 13: Effect of the volatile 

metabolites against the pathogen 

strain DS 8 
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Table 3.2: Tukey’s Post Hoc Test of colony interaction between pathogen  

strains (p<0.05) 

Pathogen strains DS 2 DS 3 DS 4 DS 5 DS 6 DS 7 DS 8 

DS 1 NS NS NS NS NS 9.23x10-4 NS 

DS 2 
 

NS NS NS NS NS NS 

DS 3 
  

NS NS NS 0.038 NS 

DS 4 
   

0.025 NS NS NS 

DS 5 
    

NS 1.73x10-5 NS 

DS 6 
     

0.002 NS 

DS 7 
      

NS 

                          NS = Not significant

 

Table 3.3: Tukey’s Post Hoc Test of effect of volatile metabolites between pathogen strains (p<0.05) 

Pathogen 

strains 
DS 2 DS 3 DS 4 DS 5 DS 6 DS 7 DS 8 

DS 1 NS NS NS NS 3.01x10-4 7.86x10-5 0.027 

DS 2 
 

NS NS NS 3.55x10-5 8.70x10-6 NS 

DS 3 
  

NS NS NS NS 4.60x10-6 

DS 4 
   

NS NS 0.028 7.53x10-5 

DS 5 
    

0.015 0.005 6.21x10-4 

DS 6 
     

NS 5.57x10-10 

DS 7 
      

1.26x10-10 

                    NS = Not significant 

DS 5 showed a significant variation (p<0.05) with 

DS 6, DS 7 and DS 8. A significant variation 

(p<0.05) between DS 8 and DS 6, DS 7 was also 

observed [Table 3.3]. The variation between the 

other pathogen strains was found to be 

insignificant. 

4. Discussion 

The antagonistic effect of the selected antagonistic 

fungi viz, T. viride, A.flavus, P. expansum and C. 

herbarum against the pathogen under in vitro 

conditions was evident by the inhibiton of the 

mycelial growth of the pathogen.  Trichoderma 

species produces antibiotics, such as trichodermin, 

trichodermol A and harzianolide which are 

responsible for the inhibition of most fungal 

phytopathogens (Nawar, 2007). Trichoderma, 

Aspergillus and Penicillium species are also known 

to secrete other inhibitory substances such as 

viridian, gliovirin, geodin, terricin, terric acid, 

aspergillic acid, dermadin etc. (Mondal et al., 2000; 

Vey et al., 2001; Yan et al., 2006). The species of 

the genus Cladosporium are known to produce 

various biologically active compounds and 

metabolites (Hosoe et al., 2001; Jadulco et al., 

2002) which have antifungal properties. 

Among the four antagonists, T. viride exhibited the 

strongest inhibition on the mycelial growth of the 

pathogen followed by A.flavus. The maximum 

potentiality of T. viride to suppress the growth of 

the pathogen maybe attributed to the capability of 

T. viride in producing strong antibiotics. In inverted 

plate technique, T. viride also showed the highest 

mycelial growth inhibition. This result is in 

agreement with Mortuza (1997) who reported T. 

viride as a better antagonist in producing harmful 

toxic metabolites that caused a significant reduction 

in mycelial growth of C. musea. Kaur et al. (2006) 

reported that volatile metabolites from T. viride 

caused significant reduction in mycelial growth of 

C. capsici. A. flavus exhibited an inhibitory effect 

of 81% and 70.55% in dual culture and inverted 

plate respectively. This is in conformity with the 

findings of Bosah and co-workers (2010) who 

reported that Aspergillus species inhibited the 

growth of pathogenic fungi Sclerotium rolfsii with 

inhibition of 73.12 to 88.35%. Soltani and 

Hosseyni (2015) reported Aspergillus species as 

endophytes with antifungal activity and produce 

several metabolites such as phenolic and bioactive 

flavonoid compounds that inhibit the growth of 

other pathogenic fungi. 
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P. expansum and C. herbarum exhibited a 

comparatively weaker inhibitory effect. The degree 

of effectiveness varies according to the nature, 

quality, and quantity of antibiotics or inhibitory 

substances secreted by the antagonists (Kubicek et 

al., 2001; Singh, 2006). Penicillium species are 

well known for producing mycotoxins (Palumbo et 

al., 2008) and production of these toxins might 

have enabled the antagonist fungi to inhibit the 

growth of the pathogen. Hossain et al. (2007) 

reported that a number of Penicillium species are 

antagonistic to plant pathogens with a mechanism 

of action based on the induction of resistance and 

the establishment of mycoparasitic interactions 

(Sempere and Santamarina, 2008).  

5. Conclusions 

The present study revealed that, in both the 

techniques conducted for the in vitro biocontrol of 

C. lindemuthianum, T. viride and A. flavus had the 

strongest inhibitory effect on the growth of the 

pathogen, while, P. expansum and C. herbarum 

showed a weaker inhibitory effect on the pathogen. 

This suggests that T. viride and A. flavus produce 

and contain volatile compounds, antibiotics and 

inhibitory substances causing drastic reduction on 

the mycelial growth of the pathogen which can 

therefore be helpful in disease reduction by 

checking the survival and spread of the pathogen. 
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