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ABSTRACT  

Trichoderma viride is one of the most important biocontrol agents (BCAs) that have been used in agriculture 

across the globe. They provide systemic resistance to plants infested by various fungal phytopathogens. Biocontrol activity 

of Trichoderma based BCAs inheres in their ability to orchestrate various biochemical pathways in plants parasitized by 

fungi. Although studies delineating biocontrol activity of Trichoderma against fungal pathogens are documented, there is 

need for divulging the biochemical basis of disease resistance being induced by Trichoderma. Therefore, investigations 

pertaining to induction of such systemic resistance and associated biochemical responses is essential to understand the 

mechanism of biological control by Trichoderma viride. In this regard, current study was designed to understand the role 

of T. viride in inducing defense enzymes (Peroxidase, Polyphenol Oxidase and Phenyl Alanine ammonia Lyase) and total 

phenolic content in black gram exposed to pathogens Fusarium oxysporum and Alternaria alternata. It was found that the 

biocontrol agent, T. viride induced higher levels of defense enzymes in black gram during pathogenesis by F. oxysporum 

and A. alteranata. Therefore, it was concluded that plant defense enzymes play a vital role in mitigating pathogen-induced 

stress in legume, Vigna mungo during the biological control by T. viride. Outcomes of the study will be useful in 

formulating T. viride based BCA formulations to control wilt and blight diseases caused by fungal phytopathogens. 
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INTRODUCTION 

Application of biological control agents (BCA) is a promising and ecofriendly tool in improving current levels of 

agricultural production. It assists in reducing use of chemical pesticides thereby controlling release of their residues into 

environment. One of the most efficient ways to achieve this objective is to develop BCAs for disease control alone, or to 

integrate it with reduced doses of chemicals in the control of phytopathogens resulting in minimal impact of chemicals on 

the environment (Harman and Kubicek, 1998). To date, a number of BCAs have been registered and are available as 

commercial products, including strains belonging to bacterial genera such as Agrobacterium, Pseudomonas, Streptomyces 

and Bacillus, and fungal genera such as Gliocladium, Trichoderma, Ampelomyces, Candida and Coniothyrium. 

Fungus based BCAs have gained wide acceptance only next to bacteria, primarily because of their broader 

spectrum of activity in terms of disease control. Fungi of the genus Trichoderma gained prominent place in controlling soil 
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borne phytopathogens. Trichoderma is a secondary opportunistic invader, fast growing fungus, strong spore producer, 

source of cell wall degrading enzymes and an important antibiotic producer. Application of Trichoderma as BCA can bring 

substantial changes in plant metabolism to promote plant growth, increase nutrient availability, improve crop production 

and enhance disease resistance (Harman et al., 2004). Trichoderma utilizes mycoparasitism to mitigate phytopathogenesis 

(Harman and Kubicek, 1998) and antibiosis (Sivasithamparam and Ghisalberti, 1998). The efficacy of Trichoderma as 

BCA is believed to involve antibiotic production and secretion of hydrolytic enzymes (Vinale et al, 2008). Recent reports 

suggest that Trichoderma isolates can stimulate production of biochemical compounds of phenolic nature associated with 

the host defense. However, more knowledge about these biochemical responses induced by Trichoderma based BCAs is 

need of the hour to improve efficient formulation and promote their wide application in agriculture. 

Therefore current study was aimed at delineating biochemical mechanisms in support of systemic resistance 

caused by T. viride in legume, Vigna mungo infested by Fusarium oxysporum & Alternaria alternata. Biochemical 

responses in terms of defense enzymes such as polyphenol oxidase (PPO), peroxidase (PO) that catalyzes the formation of 

lignin, and phenylalanine ammonia-lyase (PAL) that is involved in phytoalexins and phenolic synthesis was assessed in 

legume Vigna mungo.  

MATERIALS AND METHODS 

Plant Material 

Seeds of Vigna mungo var LBG 623 were washed thoroughly with sterile distilled water and surface sterilized 

with 0.1% (w/v) HgCl2 for 10min and used in experiments. 

Fungal Suspension 

Biocontrol agent, Trichoderma viride (NCIM 1053), and two virulent cultures of Fusarium oxysporum          

(NCIM 1072) and Alternaria alternata (NCIM 718) causing wilt and blight in legumes were obtained from National 

Collection of Industrial Microorganisms (NCIM), NCL, Pune, India. These fungi were cultured at 28±2°C in potato 

dextrose agar (PDA) medium. The cultures were maintained on PDA medium at 40C till their use in further experiments. 

Inoculum of T. viride, F. oxysporum and A. alternata were prepared by blending 2-week old PDA grown cultures with 

sterile distilled water by straining the suspension through cheese cloth. 

Biocontrol Assay 

Legume seeds (LBG 623) were surface sterilized with 0.2% mercuric chloride solution for 5 min. They were 

washed thoroughly with sterile distilled water to remove traces of HgCl2. Pots (15×10cm) were filled with optimum weight 

of sterilized loamy clay soil. Seeds of Vigna mungo (LBG 623) pre-treated with Trichoderma spore suspension               

(106 conidia/ml) for 1h were sown (one seed per polythene bag) and the experiments were conducted in five replicates.                 

The seeds without pretreatment with Trichoderma were labeled as ‘C’; seed treated with Trichoderma were labeled as ‘T’.        

In a separate set of experiments, F. oxysporum (106conidia/ml) and A. alternata (106 conidia/ml) spores were used to treat 

one week old plants and observations were recorded daily. Control and treated plants (C & T) exposed to Fusarium were 

labeled as ‘C+PI’, ‘T+PI’, and Alternaria were labeled as ‘C+PII’, ‘T+PII’. Pots were maintained in a greenhouse at 

28±20C. All the pots were irrigated with water at one-day intervals. Leaves of these plants were used in estimating various 

biochemical parameters as described below. 
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BIOCHEMICAL ESTIMATION 

Sample Preparation 

0.5g leaf was homogenized with 2ml of 0.1M sodium phosphate buffer (pH 6.5) at 4°C. The homogenate was 

centrifuged at 10,000 rpm for 2min and the supernatant is used as an enzyme source for estimating plant defense               

enzymes-Peroxidase (PO), Polyphenol oxidase (PPO), Phenylalanine ammonia lyase (PAL) and total phenols (TP). 

DEFENSE ENZYMES 

Peroxidase (PO) 

Peroxidase activity was assayed by measuring the oxidation of guaiacol in the presence of hydrogen peroxide into 

water at 470nm as described by Hammer Schmidt et al. (1982). Activity was expressed as the increase in absorbance at 

470nm in min-1mg-1 of protein. 

Polyphenol Oxidase (PPO) 

Polyphenol oxidase (PPO) activity was determined as per the procedure given by Mayer et al. (1965). Oxidation 

of the substrate catechol to yellow color benzoquinone was measured at 495nm. The activity was expressed as change in 

absorbance at 495nm in min-1mg-1 of protein. 

Phenylalanine Ammonia Lyase (PAL) 

Phenylalanine ammonia lyase (PAL) activity was carried out as per the method described by Ross and Senderoff 

(1992). The enzyme activity was expressed as µ moles of cinnamic acid in min-1 mg-1 of protein. 

Total Phenols 

Total phenolic content of leaf extracts was determined using to the Folin-Ciocalteu method of Singleton et al. 

(1999). Reaction of phenols with phosphomolybdic acid in the presence of Folin-Ciocalteau reagent in alkaline medium 

was measured at 695nm. 

Statistical Analysis 

A minimum of three plants were evaluated for each replicate. The results were calculated taking control as 100% 

to find increase or decrease in activities of enzymes. The data was analyzed by one-way analysis of variance (ANOVA). 

The treatment means were compared by F-values with level of significance P<0.05. 

RESULTS 

To evaluate biochemical basis of systemic resistance induced by Trichoderma against pathogens Alternaria and 

Fusarium, the possible role of defense enzymes, viz., PO, PPO, PAL and TP were assessed in Vigna mungo. The results 

revealed that T.viride induced higher levels of defense enzymes in black gram treated with T. viride. Plants infested with 

pathogen alone showed decreased defense enzymes activity. The results are presented below 

Peroxidase 

Peroxidase activity was found to be increased in plants infested with Fusarium (28%) and Alternaria (27%). 

There was no significant difference in the activity of peroxidase between T. viride pretreated plants and their corresponding 

controls infested with Fusarium (27%) and Alternaria (26%).  
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The decrease in peroxidase activity (5%) was found in plants treated with only T. viride. A significant difference 

in peroxidase activity was not found in plants infested with Fusarium and Alternaria [Figure 1 (A)].  

Polyphenol Oxidase 

Polyphenol oxidase activity was high in all plants pretreated with T. viride alone (57%) and T. viride pretreated 

pathogen infested with Fusarium (66%) and Alternaria (61%) when compared to their corresponding controls                  

[Figure 1 (B)]. 

Total Phenols 

Total phenols are accumulated in high concentrations in plants pretreated with T. viride alone (150%) and                     

T. viride pretreated pathogen infested with Fusarium (113%) and Alternaria (81%) when compared to their corresponding 

controls. All plants pretreated with Trichoderma alone showed more accumulation of total phenol than controls and plants 

infested with pathogens [Figure 1 (C)]. 

Phenylalanine Ammonia Lyase 

Phenylalanine ammonia lyase activity was found to be high in plants pretreated with T. viride alone (97%) and               

T. viride pretreated pathogen infested with Fusarium (101%) and Alternaria (115%) when compared to their corresponding 

controls. All plants pretreated with Trichoderma infested with Alternaria showed highest activity of PAL [Figure 1 (D)]. 

 

Figure 1 Role of T.viride in Inducing Defense Enzymes and Total Phenols in Vigna mungo Infested with Fusarium 

oxysporum and Alternaria alternata. (A) Peroxidase Activity (B) Polyphenol Oxidase Activity (C) Total Phenols and 

(D) Phenylalanine Ammonia Lyase Activity (Plant Treatments on y Coordinate: C+PI= Control Plant Infested with 

Fusarium, C+PII= Control Plant Infested with Alternaria, T= Plants Treated with T.viride, T+PI= Plants Treated 

with T.viride and Infested with Fusarium, T+PII= Plants Treated with T.viride and Infested with Alternaria). All 

Results are Significant at P≤0.05 

A
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DISCUSSIONS 

Plants are equipped with well-organized and coordinated defense network of biochemical reactions, which are 

inducible in response to appropriate stimuli/ signals (Jones and Dangl, 2006). Inducing innate biochemical defense 

mechanisms in plants by treating them with BCAs such as fungi are thought to be novel plant protection strategies in 

agriculture (Van Loon et al., 2008; Kashyap and Dhiman, 2009). Fungi belonging to Trichoderma are the well-known 

BCAs which reduce disease incidence in plants infested by fungal phytopathogens (Howell, 2003; Freeman et al., 2004; 

Harman et al., 2004; Ashrafizadeh et al., 2005; Dubey et al., 2007; Vinale et al., 2008; Jyotsana et al., 2008; Shoresh et al., 

2010). There are several mechanisms involved in Trichoderma antagonism, like antibiosis- whereby the antagonistic 

fungus produces antibiotics, competes for nutrients and mycoparasitism, whereas Trichoderma directly attacks the plant 

pathogen by excreting lytic enzymes such as chitinases, β-1, 3 glucanases and proteases (Almeida et al., 2007; 

Radjacommare et al., 2010). Recent reports suggested that Trichoderma isolates might stimulate the production of 

biochemical compounds of phenolic nature associated with the host defense (Kavino et al., 2008; Radjacommare et al., 

2010). The activity of defense-related enzymes can substantiate the host resistance against plant pathogens. Increase in 

activity and accumulation of these enzymes also depends on the plant genotype, physiological conditions and the type of 

pathogen. Synthesis of defense chemicals against pathogens is triggered by a series of morphological and biochemical 

changes initiated by specific strains of fungi (Siva Prasad et al., 2013). Therefore, Treatment of legume seeds of V. mungo 

with T. viride spores induced PO, PPO & PAL and total phenolic contents in plants infested with Fusarium and Alternaria.  

PO is a useful marker of plant development, physiology, infection and stress (Welinder, 1992). Interestingly, 

increased peroxidase activity in leaf extracts of black gram infested with pathogens might be due to its utilization in cell 

wall lignification. Increased activity of PO contributes to disease resistance in infected plants (Vidhyasekaran, 1997). 

Therefore, induction of PO by T. viride in black gram during wilt and blight can be considered as one of the marker of 

disease resistance during fungal phytopathogenesis in legumes. Our results corroborate with earlier studies                     

(Van Wees et al., 2008; Nawar and Kuti, 2003; Hassan et al, 2007) which delineated the induction of PO in plants infected 

by pathogens or insects, resulting in faster and stronger resistance against them. 

Current study showed induction of PPO by T. viride in legume leaves during wilt and blight. Increased PPO 

activity contributed to disease resistance due to its property to oxidize phenolic compounds to more toxic quinines which 

invade pathogenic micro-organisms (Vinale et al, 2008). It substantiated the role of PPO in disease resistance during fungal 

phytopathogenesis. Our results are in affirmation with the study that reported a gradual increase in polyphenol content in 

red pepper (Sriram et al., 2009) and Tomato (Nawrocka et al., 2011) treated with Trichoderma. 

T. viride activated PAL enzyme activity in legume leaves. Induction of PAL might have led to increased levels of 

signaling molecule salicylic acid in the leaves thereby contributing to disease resistance (Harman et al, 2004). In our study, 

increase in the level of PAL in the treated leaves of legume is in agreement with earlier reports                           

(Yedidia et al. 2003; Verma et al. 2007). T. viride treatment might have prevented the fungal invasion, and thus, the 

activity maintained at higher levels during the experimental period.  

It was observed that resistant plants contain more phenols or produce polyphenols more rapidly than susceptible 

ones. A multifold increase in phenol content was observed in T. viride treated legumes plants along with pathogen 

inoculation compared with the infected control plants. Accumulation of phenols might be due to excess production of H2O2 

in infected plants through increased respiration (Farkas and Kiraly, 1962) or due to the activation of                                   
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hexose-monophosphate shunt pathway, acetate pathway and release of bound phenols by hydrolytic enzymes                            

(Goodman et al., 1967). These biochemical reactions might have mediated antimicrobial activity followed by increased 

esterification of phenylpropanoids of the cell wall (Mandal and Mitra 2007). Similarly, synthesis of high amount of 

phenols by Trichoderma viride, compared to controls, suggests their role in inducing resistance against wilt and blight in 

legumes. Trichoderma viride might have elicited the production of sensing molecules in legume during disease resistance 

against wilt and blight. In the current study, enhanced phenol content had strong influence on induction of PO and PPO and 

PAL content in legumes. 

CONCLUSIONS 

In conclusion, current study contributes to biochemical characterization of induced resistance by Trichoderma 

viride against Fusarium and Alternaria in Vigna mungo. Outcomes of the study are useful in understanding the role of 

plant defense enzymes in developing systemic disease resistance in legumes by Trichoderma viride. Our results 

demonstrate the role of Trichoderma viride as BCA in eliciting a series of defense responses such as accumulation of 

phenols, induction of (PO, PPO and PAL) enzymes involved in phenylpropanoid pathway, deposition of lignin against 

Fusarium and Alternaria. In this regard, it is recommended to use Trichoderma viride based BCA as a promising alternate 

to chemical fungicides to minimize the adverse impact on the environment and ensuring plant disease management.  

ACKNOWLDGEMENTS 

CS and NNRR are thankful to the GITAM University, Visakhapatnam, India for providing the facility and 

support. PSG and BS thank Department of Biotechnology, Government of India for Rapid Grant for Young Investigators 

and Junior Research Fellowship respectively, under Project No. BT/PR6592/GBD/27/446/2012.  

REFERENCES 

1. Almeida, F. B. R., Cerqueira, F. M., Silva, R. N., Ulhoa, C. J and Lima, A. L. (2007). Mycoparasitism studies of 

Trichoderma harzianum strains against Rhizoctoniasolani: evaluation of coiling and hydrolytic enzyme 

production. Biotechnology Letters, 29, 1189–1193 

2. Ashrafizadeh, A., Etebarian, H.R., Zamanizadeh, HR (2005). Evaluation of Trichoderma isolates for biocontrol of 

Fusarium wilt of melon. Iranian Journal of Phytopathology, 41, 39-57 

3. Chet, I. (1987). Trichoderma - application, mode of action, and potential as a biological control agent of soil 

borne plant pathogenic fungi. In: Chet, I. (ed.) Innovative Approaches to Plant Disease Control New York: John 

Wiley Publications, pp. 137-160. 

4. Dubey, S.C., Suresh, M.S. (2007). Evaluation of Trichoderma species against Fusarium oxysporum f. sp. ciceris 

for integrated management of chickpea wilt. Biological Control, 40, 118-127 

5. Farkas, G.L., and Kiraly, Z. (1962). Role of phenolic compounds in the physiology of plant disease resistance. 

Phytopathology, 44,105-150 

6. Freeman, S., Minz, D., Kolesnik, I., Barbul, O., Zreibil, A., Maymon, M., Nitzani, Y., Kirshner, B., Rav-David, 

D., Bilu, A., Dag, A., Shafir, S., Elad, Y. (2004). Trichoderma biocontrol of Colletotrichum acutatum and Botrytis 

cinerea, and survival in strawberry. European Journal of Plant Pathology, 110, 361- 370 



Induction of Defense Enzymes and Phenolic Content by Trichoderma viride in Vigna mungo              37 
Infested with Fusarium oxysporum and Alternaria alternata                                                                                                                                             

 
www.tjprc.org                                                                                                                                                editor@tjprc.org 

7. Goodman, R. N., Kiraly, E., & Zaitlin, M. (1967). The biochemistry and physiology of infectious plant diseases. 

Princeton, NJ: D. VanNosti and Co. 

8. Hammerschmidt, R., Nuckles, E. M. and Kuc, J. (1982). Association of enhanced peroxidase activity with 

induced systemic resistance of cucumber to Colletotrichum lagenarium. Physiology and Plant Pathology, 20,             

73-82 

9. Harman, G. E. and Kubicek, C. P. (1998). Trichoderma and Gliocladium, Enzymes, Biological Control and 

Commercial Applications, Vol. 2. Taylor & Francis, London, pp. 393 

10. Harman, G. E., Petzoldt, R., Comis, A. and Chen, J. (2004). Interactions between Trichoderma harzianum strain 

T22 and maize inbred line molt and effects of these interaction on diseases caused by Pythium ultimum and 

Colletotrichum graminicola. Phytopathology, 94, 147-153 

11. Harman, Gary E. Charles R. Howell, Ada Viterbo, Ilan Chet and MatteoLorito, (2004). Trichoderma                        

Species - Opportunistic, Avirulent Plant Symbionts. Nature Reviews Micro Biology, 2, 43-56 

12. Hassan, E. M. Maggie, Saieda, S. Abd El-Rahman, I. H. El-Abbasi and M. S. Mikhail (2007). Changes in 

peroxidase activity due to resistance induced against faba bean chocolate spot disease. Egyptian Journal of 

Phytopathology, 35(1), 35 – 48 

13. Howell, C. R. (2003). Mechanisms employed by Trichoderma species in the biological control of plant diseases: 

the history and evolution of current concepts. Plant Disease, 87, 4–10 

14. Howell, C.R. (1998). The role of antibiosis in biocontrol. In: Harman GE, Kubicek CP(eds) Trichoderma & 

Gliocladium, vol. 2.Taylor & Francis, Padstow, pp 173-184 

15. John Christopher, D., SuthinRaj, T., UshaRani,. S., and Udhayakumar, R. (2010). Role of defense enzymes 

activity in tomato as induced by Trichoderma virens against Fusarium wilt caused by Fusarium oxysporum f sp. 

lycopersici. Journal of Biopesticides 3(1), 158 - 162 

16. Jones, J. D., and Dangl, J.L. (2006). The plant immune system. Nature, 444, 323-329 

17. Jyotsana, Srivastava, A., Singh, R. P., Srivastava, A. K., Saxena, A. K and Arora, D. K. (2008). Growth 

promotion and charcoal rot management in chickpea by Trichodermaharzianum. Journal of Plant Protection 

Research, 48, 557–568 

18. Kashyap, P. L., and Dhiman, J. S. (2009). Induction of resistance in cauliflower against Alternaria blight using 

potassium and phosphonic salts. The Asian and Australasian Journal of Plant Science and Biotechnology, 3,                

66–70 

19. Kavino, M., Harish, S., Kumar, N., Saravanakumar, D and Samiyappan, R. (2008). Induction of systemic 

resistance in banana (Musa spp.) against Banana bunchy top virus (BBTV) by combining chitin with                         

root-colonizing Pseudomonas fluorescens strain CHAO. European Journal of Plant Pathology, 120, 353–362 

20. Mandal, S. and Mitra, A. (2007). Reinforcement of cell wall in roots of Lycopersicon esculentum through 

induction of phenolic compounds and lignin by elicitors. Physiological and Molecular Plant Pathology, 71,                

201–209 



38                                                                                                                   CH. Surekha, NRR Neelapu, B. Siva Prasad & P. Sankar Ganesh 

 
Impact Factor (JCC): 4.3594                                                                                        Index Copernicus Value (ICV): 3.0 

21. Manoj Kumar Solanki, Nidhi Singh, Rajesh Kumar Singh, Pratiksha Singh, Alok K. Srivastava, Sudheer Kumar 

Prem L. Kashyap and Dilip K. Arora. (2011). Plant defense activation and management of tomato root rot by a 

chitin-fortified Trichoderma/Hypocrea formulation. Phytoparasitica, 39, 471–481 

22. Mayer, A. M., Harel, E. and Shaul, R. B. (1965). Assay of catechol oxidase a critical comparison of methods. 

Phytochemistry, 5, 783-789 

23. Nawar, H. F. and Kuti, J. D. (2003). Wyerone acid phytoalexin synthesis and peroxidase activity as markers for 

resistance of broad bean to chocolate spot disease. Phytopathology, 151, 564 – 570 

24. Nawrocka, J., Snochowska, M., Gajewska, E., Pietrowska, E., Szczech, M., and Małolepsza, U. (2011). 

Activation of defense responses in cucumber and tomato plants by selected polish Trichoderma strains. Vegetable 

Crops Research Bulletin, 75, 105–116 

25. Radjacommare, R., Venkatesan, S. and Samiyappan, R. (2010). Biological control of phytopathogenic fungi of 

vanilla through lytic action of Trichoderma species and Pseudomonas fluorescens. Archives of Phytopathology 

and Plant Protection, 43, 1–17 

26. Ross, W. W. and Senderoff, R. R. 1992. Phenylanineammonialyase from loblolly pine; purification of the enzyme 

and isolation of complementary DNA clones. Plant physiology, 98, 380-386 

27. Shoresh, M., Harman, G.E., and Mastouri, F.(2010). Induced systemic resistance and plant responses to fungal 

biocontrol agents. Annual Review of Phytopathology, 48, 1-23 

28. CH. Surekha, NRR Neelapu, G. Kamala, B. Siva Prasad, P. Sankar Ganesh (2013). Efficacy of Trichoderma 

viride to induce disease resistance and antioxidant responses in legume Vigna Mungo infested by Fusarium 

oxysporum and Alternaria alternata. International Journal of Agricultural Science and Research. 3(2), 285-294 

29. Sivasithamparam K. and Ghisalberti, E.L. (1998). Secondary metabolism in Trichoderma and Gliocladium. In: 

Basic Biology, Taxonomy, and Genetics, Vol. 1, (C.P. Kubicek, G.E. Harman, ed.), Taylor & Francis, Inc., 

London, UK, pp. 287  

30. Sriram, S., Manasa, S.B., Savitha, M.J. (2009). Potential use of elicitors from Trichoderma in induced systemic 

resistance for the management of Phytophthora capsici in red pepper. Biological Control, 23, 449–456 

31. Van Loon, L.C., Bakker, P.A.H.M., Van der Heijdt, W.H.W., Wendehenne, D., and Pugin, A. (2008). Early 

responses of tobacco suspension cells to rhizobacterial elicitors of induced systemic resistance. Molecular                

Plant-Microbe Interactions, 21, 1609-1621. 

32. Van Wees, S.C.M., Van der Ent, S., and Pieterse, C.M.J. (2008). Plant immune responses triggered by beneficial 

microbes. Current Opinion in Plant Biology, 11, 443–448 

33. Verma, M., Brar, S.K., Tyagi, R.D., Surampalli, R.Y. and Valéro, J.R. (2007). Antagonistic 

fungi, Trichoderma spp.: panoply of biological control. Biochemical Engineering, 37, 1–20 

34. Vernon L. Singleton, Rudolf Orthofer, and Rosa M. Lamuela-Raventos. (1999). Analysis of Total Phenols and 

other oxidation substrates and Antioxidants By Means of Folin-Ciocalteu Reagent; Methods in Enzymology.            

Vol. 299 



Induction of Defense Enzymes and Phenolic Content by Trichoderma viride in Vigna mungo              39 
Infested with Fusarium oxysporum and Alternaria alternata                                                                                                                                             

 
www.tjprc.org                                                                                                                                                editor@tjprc.org 

35. Vidhyasekaran, P. (1997). Fungal pathogenesis in plants and crops: In: Marcel, Dekker, editors.                       

Molecular Biology and Host defense Mechanisms. New York, pp. 67-73.  

36. Vinale, F., Sivasithamparam, K., Ghisalberti, E.L., Marra, R., Woo, S.L., and Wafaa, M. Haggag and S.A.                 

Abo-Sedera.(2005). Characteristics of Three Trichoderma Species in Peanut Haulms Compost Involved in 

Biocontrol of Cumin Wilt Disease, International Journal of Agriculture & Biology.                                                   

1560–8530/2005/07–2–222–229 

37. Vinale, F., Sivasithamparam, K., Ghisalberti, E.L., Marra, R., Woo, S.L. and Lorito, M. (2008).                        

Trichoderma–plant–pathogen interactions. Soil Biology and Biochemistry, 40, 1–10 

38. Welinder, K.G. (1992). Superfamily of plant, fungal and bacterial peroxidases. Current Opinion in Structural 

Biology, 2, 388–393 

39. Yedidia, I., Shoresh, M., Kerem, Z., Benhamou, N., Kapulnik, Y. and Chet, I. (2003). Concomitant induction of 

systemic resistance to Pseudomonas syringae pv. lachrymans in Cucumber by Trichoderma asperellum (T-203) 

and accumulation of phytoalexins. Applied and Environmental Microbiology, 69, 7343–7353




