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Abstract 
 

During the present studies, Trichoderma species viz., T. harzianum, T. polysporum, T. 
pseudokoningii and Gliocladium virens were used for seed pelleting to prevent seed rot, damping-
off, root rot of sunflower and mungbean caused by Sclerotium rolfsii. Conidial suspensions of 
microbial antagonists prepared either in water or 10% sugar solution effectively suppressed root 
colonization by S. rolfsii and significantly enhanced plant growth as compared to control. Growth 
promoted by microbial antagonist was more evident in soil when S. rolfsii was not present.  
 
Introduction  
 
 More than 500 species of cultivated and wild plants are attacked by the soil-borne 
pathogenic fungus Sclerotium rolfsii Sacc., in tropical and subtropical regions of the world 
(Aycock, 1966; Punja, 1985; Punja & Grogan, 1983; Harlton et al., 1995; Mukerjee & 
Raghu, 1997; Cilliers et al., 2000). Diseases caused by S. rolfsii continue to receive 
considerable attention with regard to the development of biological control strategies 
(Tjamos et al., 1992). The application of fungi as biological control agents, especially 
Trichoderma spp., and Gliocladium spp., to control S. rolfsii has been attempted in the 
green house (Henis, 1984; Papavizas & Lewis, 1989; Punja, 1985). T. harzianum reduced 
root rot of sugar beets (Ciccarese et al., 1992), stem rot of ground nut (Cilliers et al., 2000, 
damping-off and stem rot of cowpea (Adandonon, 2000; Kossou et al., 2001), root rot of 
beans and tomatoes (Elad et al., 1980), basal stem rot and wilt of sunflower (Okoli et al., 
1991) caused by S. rolfsii and increased the yield. Application of an isolate of G. virens in 
association with solarization reduced southern blight of tomatoes (Ristaino et al., 1991). 
The present report describes the effect of seed pelleting with three species of Trichoderma 
viz., T. harzianum, T. pseudokoningii, T. polysporum and G. virens on growth of mungbean 
and sunflower and colonization of roots by S. rolfsii.  
 
Materials and Methods  
 
a. Seed pelleting: T. harzianum, T. pseudokoningii, T. polysporum and G. virens grown 
on PSA plates were used for pelleting mungbean and sunflower seeds. Conidial 
suspension of Trichoderma spp., and G. virens were prepared by adding 10 ml sterilized 
water to a 7 days old culture of biocontrol agents in a 9cm diam., Petri plate, and rubbing 
the surface with the help of a sterilized spatula. Three ml of conidial suspension was 
added to 10 g of seeds in polyethylene bags. The bags were shaken well to provide a 
uniform coating. In another set, 10% sugar solution was used to make conidial 
suspension. 
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Table 1. Spore load of biocontrol agents on mungbean and sunflower seeds. 

Antagonists Host plant Conidia in 
sterilized water 

Conidia in 10% 
sugar 

T. harzianum 
T. pseudokoningii 
T. polysporum 
G. virens 

 
 

Mungbean 

8.75x108 

7.99x108 

8.17x108 

8.73x108 

8.93x108 

8.90x108 

8.69x108 

8.0x108 
T. harzianum 
T. pseudokoningii 
T. polysporum 
G. virens 

 
 

Sunflower 

9.30x108 

9.12x108 

8.97x108 

8.99x108 

9.27x108 

9.57x108 

8.83x108 

8.93x108 

 
b. Spore-load per seed: Five seeds were added in a test tube containing 10 ml sterilized 
0.1% water agar. The test tube was shaken well to separate conidia from seeds to get a 
standard suspension. A 1/10 dilution from the standard was made by transferring 1ml 
conidial suspension to another test tube containing 9 ml sterilized 0.1% water agar. This 
process was repeated to get 1/100, 1/1000, 1/10,000, 1/100,000 and 1/1000,000 dilutions. 
One ml from each dilution was transferred separately into Petri plates containing PSA 
amended with rose bengal (@ 0.1g L-1), penicillin (100,000 units L-1) and streptomycin 
(0.2 g L-1). There were three replicates for each treatment. The Petri plates were 
incubated at room temperature for three days and the lowest dilution that showed 
separates growth of colonies of the antagonists was used to count the colonies. The 
number of colonies per plate was multiplied with the dilution factor and then divided by 5 
to determine the spore-load per seed. 
 
c. Effect of seed pelleting on pathogenecity and root colonization: Ten un-pelleted 
(control) and pelleted seeds were sown in pots containing 180 g soil. Pots had an artificial 
infestation of S. rolfsii @ 1 sclerotium g-1 soil. Soil moisture was adjusted to 50% MHC 
and amount of soil moisture lost was re-adjusted after each 24 hours. There were 3 
replicates for each treatment. Pots were randomized on a green house bench and plants 
were uprooted after 30 days growth to assess plant growth, pre-emergence and post-
emergence damping-off and colonization of roots by the pathogen. The data on root 
colonization were converted into root colonization index (RCI) according the a 0-5 scale 
of Shahzad & Ghaffar (1992) where 0=0, 1=1-10, 2=11-25, 3= 26-50, 4=51-75 and 5 
showed 76-100% root colonization. 
 
Results and Discussion 
 
Seed pelleting & spore load: Use of water or sugar solution for the preparation of 
conidial suspension showed no significant difference in number of conidia per seed in 
both the host plants (Table 1). However, the number of conidia per seed of sunflower was 
higher as compared to mungbean. It could be attributed to the larges size of the sunflower 
seed. Comparatively better growth in plants when seeds were coated with conidial 
suspension in sugar solution supports the results of Adekunle et al., (2001, 2006) who 
evaluated two formulations of different Trichoderma species as seed treatment in cowpea 
against Macrophomina phaseolina and observed that all species of Trichoderma 
performed well when seeds were coated with them in the presence of starch. El-
Mohamedy et al., (2006) also found that incorporation of sugar cane bagasse @ 10% 
(w/w) in bio-priming seed treatment and soil treatment with Trichoderma showed a high 
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effect in reducing root rot incidence caused by Fusarium solani, Rhizoctonia solani and 
M. phaseolina. It might be possible that addition of sugar plays a dual role, on one hand it 
provides proper nutrition for germination of conidia of biocontrol agent present on seed 
surface and on the other hand, it works as a sticky agent and increases the c.f.u. per seed. 
Lu et al., (2004) also used 10% (w/v) aqueous suspension of the adhesive Pelgel for seed 
coating with biocontrol strains of T. atroviride on cucumber seeds to control Pythium 
ultimum.  
 
Effect of seed pelleting on root colonization: Highest root colonization in sunflower and 
mungbean by S. rolfsii was observed in soil artificially infested with sclerotia of S. rolfsii 
where no biocontrol agent was used for seed pelleting. Pre- and post-emergence damping-
off and stem rotting were also observed. All four biocontrol agents greatly suppressed the 
infection of S. rolfsii and significantly low RCI for sunflower were recorded in plants 
inoculated with biocontrol agents as compared to non-inoculated plants. Among the four 
biological control agents, T. harzianum was more effective in reducing the disease 
incidence followed by T. pseudokoningii, G. virens and T. polysporum (Fig. 1). Pelleting of 
seeds with microbial antagonists with sugar solution slightly increased the efficacy of these 
biological control agents (Fig. 1). Pre- and post-emergence damping-off also reduced 
significantly where microbial antagonists were used for seed pelleting.   

The use of microorganisms as biocontrol agents has provided a very promising 
alternative and less hazardous method for the control of plant pathogens. Franken et al., 
(2002) observed that Trichoderma spp., colonize plant roots prior to stimulation of plant 
growth and provide protection against invasion of infectious foreign organisms. In the 
present study, Trichoderma spp., and G. virens significantly suppressed the infection of S. 
rolfsii on mungbean and sunflower, which is in accordance with the findings of Mukerjee & 
Raghu (1997) who observed that Trichoderma spp., and G. virens were highly effective in 
suppressing S. rolfsii on ginger rhizomes and on several vegetables in storage. Similarly, 
Chakrabortys & Bhawmik (1985) found T. viride and T. harzianum highly effective in the 
control of sunflower collar rot caused by S. rolfsii. T. harzianum has also provided effective 
biocontrol agent of many diseases caused by S. rolfsii on different host crops such as collar 
rot and seedling death of lentil (Agrawal et al., 1977), bulbs infection in Iris (Chet et al., 
1983), ground nut and tomatoes (Elad et al., 1982), damping-off of beans (Henis, 1984) and 
damping-off and stem rot of cowpea plants (Adandonon et al., 2004).  
 
Plant growth: Artificial infestation of soil with S. rolfsii resulted in reducted plant weight 
and shoot length of sunflower and mungbean as compared to that in control. Seed pelleting 
with conidia of microbial antagonists either in water or sugar solution resulted in 
significantly greater plant height in soil amended with sclerotia of S. rolfsii as compared to 
control where no microbial antagonists were applied (Fig. 2). Maximum plant length was 
recorded in plants where seeds were pelleted with T. harzianum followed by T. 
pseudokoningii, T. polysporum and G. virens in both the test crops (Fig. 2). However, the 
difference between the efficacy of microbial antagonist was not significant except in case of 
plant weight in mungbean where T. harzianum was significantly more effective (p<0.05) as 
compared to other antagonists used.  Use of sugar solution for seed pelleting with microbial 
antagonists showed significant better growth as compared to conidial suspension in water 
but the difference was not significant. Use of microbial antagonists in non-infested soil 
showed significant increase in growth as compared to that in infested soil. Even in non-
infested soil, use of microbial antagonists showed significant increase in plant growth as 
compared to plants where no antagonists were used.  
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Fig. 1. Effect of S. rolfsii and biocontrol agents on root colonization of mungbean and sunflower. 
 
A= control (having no biocontrol agent), B= G. virens without sugar solution, C= G. virens with 
sugar solution, D= T. polysporum without sugar solution, E= T. polysporum with sugar solution, F= 
T. pseudokoningii without sugar solution, G= T. pseudokoningii with sugar solution, H= T. 
harzianum without sugar solution, I= T. harzianum with sugar solution, Sr= soil infested with S. 
rolfsii, No Sr= soil not infested with S. rolfsii. 
 

Several microbes including Trichoderma species are well known to show positive 
growth promoting substances. In the present study, enhancement of plant growth with 
microbial antagonists were in accordance with Harman et al., (2004) who concluded that 
biocontrol agents are effective as a seed treatment since that colonize roots, increase root 
mass, health and consequently frequently provide yield increases. Kleifeld & Chet (1992) 
reported that T. harzianum applied to pathogen-free soil induced an increase in 
emergence of seedlings, plant height, leaf area and dry weight.  Similarly, Arora et al., 
(1992) observed that root colonization by Trichoderma frequently enhances root growth 
and development, crop productivity, resistance to abiotic stresses and the uptake and use 
of nutrients. Baker et al., (1986) observed that radish growth was increased in raw soil by 
application of T. harzianum. There are several other reports where Trichoderma spp., 
effectively increased the plant growth, weight and root mass (Chang et al., 1986; Cole & 
Zvenyika, 1986; Sivan et al., 1984; Paulitz et al., 1985; Ahmed & Baker, 1987; 
Papavizas, 1985; Kumar et al., 2007) that support the results of the present investigation. 
Use of microbial antagonists as seed treatment for better crop productivity even in 
absence of any disease could, therefore, be suggested. 
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Fig. 2. Effect of S. rolfsii and biocontrol agents on plant growth of mungbean and sunflower. 
 
A= control (having no biocontrol agent), B= G. virens w/o sugar solution, C= G. virens with sugar 
solution, D= T. polysporum without sugar solution, E= T. polysporum with sugar solution, F= T. 
pseudokoningii without sugar solution, G= T. pseudokoningii with sugar solution, H= T. harzianum 
without sugar solution, I= T. harzianum with sugar solution, Sr= soil infested with S. rolfsii, No Sr= 
soil not infested with S. rolfsii. 



FOUZIA YAQUB & SALEEM SHAHZAD 952

References 
 
Adandonon, A. 2000. Damping-off of cowpea in Benin and South Africa. M.Sc. Thesis. University 

of Pretoria, Pretoria, South Africa. 
Adandonon, A., T.A.S. Aveling and M. Tamo. 2004. Occurrence and distribution of cowpea 

damping-off and stem rot and associated fungi in Benin. J. Agri. Sci., 142:561–566. 
Adekunle, T., K.F. Cardwell, D.A. Florini and T. Ikotun. 2001. Seed treatment with Trichoderma 

species for control of damping-off of cowpea caused by Macrophomina phaseolina. Biocontr. 
Sci. Technol., 11: 449-457. 

Adekunle, A.T., T. Ikotun, D.A. Florini and K.F. Cardwell. 2006. Field evaluation of selected 
formulations of Trichoderma species as seed treatment to control damping-off of cowpea 
caused by Macrophomina phaseolina. African Journal of Biotechnology, 5(5): 419-424. 

Agrawal, S.C., M.N. Khare and P.S. Agrawal. 1977. Biological control of Sclerotium rolfsii 
causing collar rot of lentil. Indian Phytopathology, 30: 176-179.  

Ahmed, J.S. and R. Baker. 1987. Rizosphere competence of Trichoderma harzianum. 
Phytopathology, 77: 362-385 

Arora, D.K., R.P. Elander and K.G. Mukerji. 1992. Handbook of applied mycology. Fungal 
Biotechnology, 4: Marcel Dekker, New York.  

Aycock, A. 1966. Stem rot and other diseases caused by Sclerotium rolfsii. North Carolina Agric. 
Exp. Station Tech Bull., 174: 202 pp. 

Baker, R., T. Paulitz, M.H. Windham and Y. Elad. 1986. Enhancement of growth of ornamentals 
by a biological control agent. Colo. Gnh. Grow Assoc. Res. Bull., 431: 1. 

Chakrabortys, S. and T.P. Bhawmik. 1985. Chemical and biological control of Sclerotium rolfsii. 
Pesticides, 19(2): 31-33. 

Chang, Y.C, R. Baker, O. Kleifeld and I. Chet. 1986. Increased growth of plants in presence of 
biological control agent Trichoderma harzianum. Plant Disease, 70: 145-148. 

Chet, I., I. Elad, A. Kalfon, Y. Hadar and J. Katan. 1983. Integrated control of soilborne and bulb 
borne pathogens in Iris. Phytoparasitica, 10: 229-236. 

Ciccarese, F., S. Frisullo, M. Amenduni and M. Cirulli. 1992. Biological control of Sclerotium 
rolfsii root rot of sugar beet with Trichoderma harzianum. (Eds.): E.C. Tjamos, G.C. 
Papavizas and R.J. Cook. pp. 243-248. Plenum Press New York.  

Cilliers, A.J., L. Herselman and Z.A. Pretoius. 2000. Genetic variability within and among mycelial 
compatibility groups of Sclerotium rolfsii in South Africa. Phytopathology, 90: 1026-1031. 

Cole, J.S. and Z. Zvenyika. 1986. Integrating Trichoderma harzianum and triadimenol for the 
control of tobacco sore shin in Zimbabwe. Bull. Inf. Coresta, 68. 

Elad, Y., I. Chet and J. Andkatan. 1980. Trichoderma harzianum: A biocontrol agent effect against 
Sclerotium rolfsii and Rhizoctonia solani. Phytopathology, 70: 119-121. 

Elad, Y., Y. Hadar, I. Chet and Y. Henis. 1982. Prevention with Trichoderma harzianum Rifai 
aggr, of reinfestation by Sclerotium rolfsii Sacc., and Rhizoctonia solani Kuhn of soil 
fumigated with methyl bromide and improvement in disease control in tomato and peanuts. 
Crop Prot., 1: 199-211. 

El-Mohamedy, R.S.R., M.A. Abd Alla and R.I. Badiaa. 2006. Soil amendment and seed bio-
priming treatments as alternative fungicides for controlling root rot diseases on cowpea plants 
in Nobaria Province. Research Journal of Agriculture and Biological Sciences, 2(6): 391-398. 

Franken, P., G. Khun and V. Gianinazzi-Pearson. 2002. Development and molecular biology of 
arbuscular mycorrhizal fungi. pp. 325-348. In: Molecular biology of fungal development. 
(Ed.): H.D. Osiewacz. Marcel Dekker, New York.  

Harlton, C.E., C.A. Levesque and Z.K. Punja. 1995. Genetic diversity in Sclerotium [Athelia] 
rolfsii and related species. Phytopathology, 85: 1269-1281. 

Harman, G.E., C.R. Howell, A. Viterbo, I. Chet and M. Lorito. 2004. Trichoderma species-
opportunistic, avirulent plant symbionts. Nature Reviews, 2: 43-56. 

Henis, Y. 1984. Interactions between Sclerotium rolfsii and Trichoderma spp., relationship between 
antagonism and disease control. Soil Biol. Biochem., 16: 391-395. 



EFFECT OF TRICHODERMA AND GLIOCLADIUM ON S. ROLFSII  953

Kleifeld, O. and I. Chet. 1992. Trichoderma harzianum-interaction with plants and effect on growth 
response. Plant and Soil, 144:  267-272. 

Kossou, D.K., G. Ghehounou, A. Ahanched, B. Ahohuendo, Y. Bouraima and A. Van Huis. 2001. 
Indigenous cowpea production and protection practices in Benin. Insect Science and its 
application, 21: 123-132. 

Kumar, S., M.C. Arya and R. Singh. 2007. Efficiency of Pseudomonas fluorescence and 
Trichoderma harzianum as bio-enhancers in tomato at high altitude in central Himalayas. 
Indian J. Crop Sciences, 2(1): 79-82. 

Lu, Z.R., R. Tombolini, S. Woo, S. Zeilinger, M. Lorito and J. K. Jansson. 2004. In vivo study of 
Trichoderma-pathogen-plant interactions, using constitutive and inducible green fluorescent 
protein reporter systems. Applied and Environmental Microbiology, 70: 3073-3081. 

Mukherjee, P.K. and K. Raghu. 1997. Effect of temperature on antagonistic and biocontrol 
potential of Trichoderma sp., on Sclerotium rolfsii. Mycopathologia, 139: 151-155. 

Okoli, C.A.N.O., I.D. Erinle, S.M. Misari, M.A.T. Poswal and A.M. Emechebe. 1991. Basal stem 
rot and wilt of sunflower in Nigeria caused by Sclerotium rolfsii. Plant Dis., 75: 750. 

Papavizas, G.C. 1985. Trichoderma and Gliocladium; biology, ecology and potential for 
biocontrol. Annual Review of Phytopathology, 23: 23-54. 

Papavizas, G.C. and J.A. Lewis. 1989. Effect of Gliocladium and Trichoderma on damping-off and 
blight of snap bean caused by Sclerotium rolfsii. Plant Pathol., 38: 277-286. 

Paulitz, T., M. Windham and R. Baker. 1985. Enhanced plant growth induced by Trichoderma 
amendments. Phytopathology, 75: 1302. 

Punja, Z.K. 1985. The biology, ecology, and control of Sclerotium rolfsii. Annu. Rev. Phytopathol., 
23: 97-127. 

Punja, Z.K. and R.G. Grogan. 1983. Hyphal interactions and antagonism among field isolates and 
single-basidiospore strains of Athelia (Sclerotium) rolfsii. Phytopathology, 73: 1279-1284. 

Ristaino, J.B., K.B. Perry and R.D. Lumsden. 1991. Effect of solarization and Gliocladium virens 
on sclerotia of Sclerotium rolfsii, soil microbiota, and the incidence of southern blight of 
tomato. Phytopathology, 81: 1117-1124. 

Shahzad, S. and A. Ghaffar. 1992. Root rot and root knot disease complex of mung bean and its 
biological control. pp. 249-256. In: Status of Plant Pathology in Pakistan. Proc. National 
Symp., (Eds.): A. Ghaffar & S. Shahzad. Department of Botany, University of Karachi, 
Karachi-75270, Pakistan.  

Sivan, A., Y. Elad and I. Chet. 1984. Biological control effects of a new isolate of Trichoderma 
harzianum on Pythium aphanidermotum. Phytopathology, 74: 498-501. 

Tjamos, E.C., G.C. Papavizas and R.J. Cook. 1992. Biological control of plant diseases, progress 
and challenges for the future. Plenum Press, New York. 

 
(Received for publication 10 November 2006) 

 


