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ABSTRACT: Trichoderma viride was isolated from soil and its spore suspensions were irradiated in 
different dose of γ-radiation (0-400 Gy) for induced mutation. Dose of 250 Gy γ-radiation approximately 
results in 43.4% The inhibition of spore germination and this dose selected for optimum dose of induced 
mutation in Trichoderma. The T. viride mutants were selected based on potential growth on selective 
medium and their morphological characteristics and antagonistic activity against pathogenic fungi of 
Macrophomina phaseolina have been evaluated. The results showed that γ-radiation could change the 
morphological characteristics like: colonies shape, color, sporulation and mycelia growth rate. 
Trichoderma mutants of T. v M6, T. v M13 and T. v M21 maintained higher ability to restrict M. phaseolina. 
The study clearly showed the possibility of improving the antagonistic capability of Trichoderma for 
biological control of plant diseases through mutation with γ-radiation. 
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INTRODUCTION 
 

 Charcoal rot is one of the factors limiting the cultivation of Sesame and soybean, oilseed crops widely grown in 
different parts of the world. Macrophomina phaseolina (Tassi) Goid. a soil- and seed-borne fungus causes charcoal 
rot. The fungus can infect the root and lower stem of more than 500 plant families and has a wide geographic 
distribution (Elad , 1986, Etebarian, 2006). Charcoal rot is an important soil-borne disease and favors by hot and dry 
weather or when unfavorable environmental conditions impose stress on plant.( Elad , 1986, Etebarian, 2006). 
 Different strategies for disease control include cultural control, physical control, integrated control, resistant crop 
varieties, biological control, chemical control and modification of plants with genes (isolated from distant sources) 
that confer resistance. Of this major control method is the use of chemical pesticides (Adekunle , 2001). However, 
greater use of these pesticides may contaminate the food or accumulate in the soil and ground water and so be 
introduced into the food chain. However, non chemical approaches do not exist or they are less effective. Therefore, 
biological control shows greater potential for disease control because it offers safe and cost effective alternative to 
fungicides (Adekunle , 2001). Different bio-control agents can be used for the control of diseases. 
 Species of Trichoderma are primarily studied for Their ability to control plant disease through antagonism, 
rhizosphere competence, enzyme production, induction of defense response in plants, metabolism of germination 
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stimulants and beneficial growth of The host following root colonization (Weindling 1932); 0Weindling 1939); 
(Weindling 1937); (Elad 1983); 0; 0 1996); (Bailey and Lumsden 1998); 0Howell 2003). Also, some studies suggest 
that The parasitic function is consequence of a synergy of action between survival polysaccharide lyases which 
attach The fungal cell wall and one or more antibiotics which have, as yet, an unidentified mode of action 0Dean 
1998). Recently, The role of extracellular enzymes has been well documented by several researchers e.g., proteolytic 
enzymes (Kredics 2005); (Pozo 2004); β-1,3-glucanolytic system (Kubicek 2004); 0De la Cruz and Llobell 1999); 
(Vázquez-Garcidueñas ., 1998) and chitinase 0 ; (Zeilinger ., 1999) . The complex group of extracellular enzymes 
has been reported to be a key factor in pathogen cell wall lysis during myco parasitism. The ubiquity of chitin as the 
structural polymer present in many fungal cell walls (such as Rhizoctonia solani) indicates the importance of 
chitinolytic enzymes as a component of the portfolio of “virulence” factors in a fungus such as Terichoderma 
harzianum. The objectives of this work were to select fungal antagonists from T. viride and its γ-radiation mutants to 
control M. phaseolina. Induced mutation is one common measures to restrain The genetic construction of 
microorganisms (Whippsl and Lumsden 1991). Induced mutagenesis using γ-radiation proved to be effective in 
enhancing exo-chitinase production and achieving biological efficiencies in T. viride. Radiation treatments of 
biological materials have been applied to various processes, such as the sterilization of medical supplies. Sometimes, 
irradiation cannot killed organisms completely but it may results in cell damage (SmiTv and Pillai 2004), and directly 
harm The chromosal DNA of living cell (Barkai-Golan 2001). The damaging of nuclear DNA may cause the 
mutagenesis and some genetic materials of fungi probably mutate to be higher or low biological activity trough two 
different mechanisms. First, it splits covalent bonds in target proteins by direct photon energy; second, via water 
radiolysis, it indirectly produces reactive oxygen species (ROS) responsible for the majority of the protein damage. 
Therefore, in this study T. viride was isolated from the soil sample and treated with different dose of γ-radiation for 
investigating the possible enhancement of bio-control activity in T. viride gainst M. phaseolina by induced mutation 
of γ- radiation. 
 

MATERIALS AND METHODS 
 

Isolation and identification of Trichoderma harzianum 
 Trichoderma viride was isolated from soil samples collected from different parts of agricultural field (Khorasan 
state, Iran) by serial dilution on Trichoderma selective medium (Papavizas and Lumsden 1982). To prevent bacterial 
growth, the culture medium was amended with 50 mg.l-1 ampicillin, 15 mg.l-1 tetracycline and 30 mg.l-1spectomycin. 
The T. viride was subsequently maintained on potato dextrose agar (PDA) prepared according to manufacturer’s 
instructions. 
 
 Determination of optimum dose of γ-radiation for induced mutation 
 After isolation and identification of T. viride, washed spore suspensions were prepared from seven-day-old slant 
cultures in sterile saline solution (9 g.l-1NaCl in distilled water) and irradiated in a cobalt-60 γ- irradiator at a dose rate 
of 0.23 Gy/sec in, Agricultural, Medical and Industrial Research School, Nuclear Science and Technology Research, 
Alborz, Iran. The applied dose levels were 0, 50, 150, 200, 250, 300, 350 and 400 Gy (in triplicate). Dosimeter was 
performed with Fickle reference standard dosimeter system (Gamma-cell Issledovatel, PX-30), and after irradiation 
process, The spore suspensions were cultured on PDA medium and incubated for 72 h at 28 ˚C. Determination of 
optimum dose of γ-radiation for on induced mutation was selected based on approximately 40-50 % inhibition of 
spore germination on PDA medium 0Ahari Mostafavi ., 2012). 
 
Isolation of T. viride mutants 
 The different mutants of T. viride obtained from optimum dose of γ-radiation were selected based on their fast 
growth on selective medium (0.5 % colloidal chitin agar, CCA) after 2 day incubation at 28 ˚C. Mycelia disc of each 
mutant and its parent were inoculated on potato dextrose agar (PDA) and mycelia growth and morphology were 
observed after 1-3 days incubation at 28 ˚C. Colloidal chitin agar (CCA) selective medium containing (g.l-1): colloidal 
chitin, 5.0; sucrose, 1.0; NaNO3, 2.0; K2HPO4, 1.0; KCl, 0.5; MgSO4, 0.5; FeSO4, 0.01; agar, 15 and distilled water 
1000 ml at pH 6.5 0. 
 
Antagonistic activity of T. viride and its mutants against M. phaseolina in dual culture 
 The antagonistic activity of T. viride against M.phaseolina was determined by dual culture technique. Mycelia 
discs (5 mm diameter) were cut out from actively growing pure cultures of both strains (mutants or parent culture of 
T. viride and M.phaseolina) on PDA at 28 ˚C for 3 day and placed at The opposite sides, 25 mm apart, of 100 mm 
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petri plates containing PDA. The plates were incubated at 28 ˚C in dark and mycelia growth of T. viride strains 
(antagonists) and M.phaseolina (pathogen) was measured after 3 days at intervals of 24 h and percent inhibition of 
mycelia growth of the pathogen was calculated. The valuation of inhibition by mutants or parent culture of T. viride is 
estimated by calculating the percentage inhibition of mycelia growth by the following formula: 
I%=(1-Cn/Co)×100 
 
 (Cn is the average diameter of colonies of pathogen in the presence of the antagonist and Co is the average 
diameter of colonies of control) 
 
Statistical analysis 
 The treatments were performed using a completely randomized design and all experiments were carried out at 
least in triplicate. The experimental data were subjected to analysis of variance (ANOVA) followed by a Duncan’s 
test. Significance was defined at p<0.05. The SPSS (developer 13) program was used for all statistical analysis 
 

RESULTS AND DISCUSSION 
 

Isolation and identification of T. viride and its mutants 
 The soil samples for this study came from different parts of agricultural field (Khorasan state, Iran). After isolation 
and identification of T. viride from the soil samples, washed spore suspensions of T. viride irradiated at different dose 
(0-450 Gy) of The γ- radiation. Then, spore suspensions were cultured on PDA medium. The effects of γ-radiation 
on spore germination of T. viride are given in Table 1. Determination of optimum dose of γ-radiation for induced 
mutation was selected based of approximately 40-50 % inhibition of spore germination on PDA medium. A decrease 
in spore germination was observed with increasing dose of γ- radiation, indicating mutation and changes in biological 
activity of T. viride. The treatment of γ-radiation on spore germination of T. viride was shown that dose of above 450 
Gy completely killed, whereas The dose of 250 Gy could not completely killed T. viride and approximately result in 
40-50% inhibition of spore germination on PDA medium. This dose of γ-radiation was applied for induced mutation. 
Complete inhibition of fungal growth has been reported that it results by γ- ray destroy DNA structure of cells and 
cells cannot continue Their function (Smith and Pillai 2004), while incomplete inhibition may result from a little injury 
of cells 0Aubrey 2002). 
 

Table1. Effect of different doses of γ-radiation on spore germination (%) of T. viride cultured in PDA at 28 ˚C and 12 h 
incubation time 

 
Dose of radiation (Gy) Spore germination (%) 

0 84.5a 
50 81.1b 
150 73.9c 
200 59.7d 
250 43.4e 
300 15.5f 
350 11.9g 
400 9.7g 

450 0.0h 

 
a-h: Different superscript small letters within a row denote significant differences (p<0.05, p<0.05, Duncan's multiple range test 

Duncan’s test) in each irradiation dose 

 
 Tauxe (Tauxe 2001) reported that the high energy rays of irradiation directly damage the DNA of living 
organisms, inducing cross-linkages and other changes that make an organism unable to grow or reproduce. When 
these rays interact with water molecules in an organism, they generate transient free radicals that can cause 
additional indirect damage to DNA. Moreover, other factors may involve to the sensitivity or tolerance of fungi on γ- 
ray. Sommer . (Sommer ., 1946) mentioned that multi cellular spore or bi-cellular spores are more tolerant to γ-
radiation than The unicellular spore. Thus, this may be one reason that unicellular spore of T. viride showed more 
the sensitive to γ- radiation. Moreover, the number or density of spore in the inoculum exposed to radiation may 
affect the radiation dose required for the inactivation of microorganism. Increased spore density in The inoculum 
generally need to elevate radiation dose (Barkai-Golan 1992). Changes or non-changes of bio-control activity of T. 
viride after irradiated treatment may depend on level of tolerance and the doses of ray. For example, The study of 
Gherbawy (Gherbawy  1998) showed that the lowest dose of γ-radiation (1 MCi for 10 min) enhanced virulence of 
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Aspergillus niger by producing more poly-galacturonase, cellulose and protease, while The higher doses (1 MCi for 
20 min and 30 min) were inhibitory to the growth of fungi.  
 After The treatment of γ-radiation (250 Gy), to identify chitinase producers, the isolates were tested for Their 
ability to grow on chitin as a carbon source and different mutants of T. viride were selected based on Their fast growth 
on this medium. Of The 186 isolates, 20 hydrolyzed colloidal chitin isolates were selected after 48 hours of growth 
on synthetic CCA medium. The rate of mycelia growth after 48 h incubation at 28 ̊ C on CCA medium in 20 hydrolyzed 
colloidal chitin isolates are given in Table 2. A significant different at level of p<0.05 in mycelia growth was observed 
between 20 selected isolates. These results suggested that chitinolytic enzymes may be secreted by the strains into 
culture medium. 
 
Table2. The rate of mycelia growth of Trichoderma viride isolates (wild type and mutants) after 1-3 days incubation at 28 ˚C on 

CCA and PDA media 

 
 The selected colonies were re-sub cultured on a PDA medium and examined after 1-3 days of incubation at 28 
˚C for mycelia growth and morphological differences. Two types of colonies could be identified, one was green in 
color and the other was light green with yellow center; however, such difference disappeared by growing both on 
CCA medium (Table 2). Radial growth and sporulation of the selected mutants after subjecting the spores of the wild 
type (T. viride) to the γ-radiation were estimated (Table 2 & 3). The γ -radiation mutants showed higher growth and 
better sporulation than their wild type strain (T. viride), where, γ-induced mutants T. v M8 and T. v M14 showed the 
highest growth respectively comparing with their wild type. Meanwhile, T. v M15 showed the lowest growth. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 Mycelia growth on CCA (cm/day) Mycelia growth on PDA 
(cm/day) 

Strains 24 h 48 h 24 h 48 h 72 h 
T. viride 0.45de 0.55c 0.95e 1.05ij 1.18jk 
T. v M1 0.45de 0.58c 1.00e 1.08ij 1.22kl 
T. v M2 0.25abc 0.90g 0.90e 0.80gh 1.12ij 
T. v M3 0.50ef 0.85fg 0.50ab 0.60c 0.77bc 
T. v M4 0.15a 0.58c 0.55bc 0.78fgh 0.95fg 
T. v M5 0.25abc 0.60c 0.65cd 0.78fgh 0.85de 
T. v M6 0.65g 0.78def 0.40a 0.25a 1.17jk 
T. v M7 0.45de 0.43b 1.15f 1.03i 1.20k 
T. v M8 0.35cd 0.58c 1.20f 1.20k5 1.28lm 
T. v M9 0.20ab 0.45b 0.70d 0.73efg 0.75b 
T. v M10 0.60fg 0.78def 0.55bc 0.65cde 1.00gh 
T. v M11 0.20ab 0.10a 0.70d 0.63cd 0.77bc 
T. v M12 0.30bc 0.83efg 0.65cd 0.83h 1.02gh 
T. v M13 0.20ab 0.43b 0.55bc 0.63cd 0.83cde 
T. v M14 1.05h 0.58c 1.25f 1.20k 1.33m 
T. v M15 0.20ab 0.10a 0.55bc 0.48b 0.52a 
T. v M16 0.25abc 0.60c 1.00e 1.13jk 1.32m 
T. v M17 0.60fg 0.70d 0.50ab 0.65cde 0.78bcd 
T. v M18 0.50ef 0.58c 0.75d 0.73efg 1.05hi 
T. v M19 0.45de 0.50bc 0.75d 0.70def 0.88ef05 
T. v M20 0.45de 0.73de 0.75d 0.78fgh 0.88ef 
a-n: Different subscript small letters within a column denote significant differences (p<0.05, Duncan's multiple range test Duncan’s test) 
between T. viride isolates (wild type and mutants). 
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Table3. The morphological characteristics of Trichoderma viride isolate (wild type and mutants) after 1-3 days incubation at 28 

˚C on PDA media 
 

Spore (cfu×106) colony Color  Shape Sporulation (h) Strain 

0.575 Green light Flat 4 T. viride 
5.42 Green Flat 6 Tv M1 
11.26 Dark Green Flat 6 Tv M2 
7.29 Dark Green Flat 6 Tv M3 
4.25 Green light Flat 6 Tv M4 
6.96 Green Flat 5 Tv M5 
10.65 Dark Green Flat 4 Tv M6 
6.09 Green Petal 5 Tv M7 
5.67 Green Flat 7 Tv M8 
1.60 Green light Flat 7 Tv M9 
4.71 Green light Petal 5 Tv M10 
15.60 Dark Green Petal 4 Tv M11 
1.17 Green light Flat 7 Tv M12 
17.57 Dark Green Petal 7 Tv M13 
7.14 Dark Green Petal 4 Tv M14 
9.64 Dark Green Flat 7 Tv M15 
5 Green Flat 7 Tv M16 
10.32 Dark Green Flat 7 Tv M17 
13.79 Dark Green Flat 6 Tv M18 
9.85 Dark Green Flat 6 Tv M19 
8.04 Dark Green Flat 7 Tv M20 

 
Dual cultures 
 Fungi used as antagonists in biological control of other micro-organisms have been suggested to inhibit growth 
by three mechanisms: parasitism (deriving nutrients from The host); competition (for space and nutrients), and 
antibiosis (production of an inhibitory metabolite or antibiotic 0Whippsl and Lumsden 1991). 
 In This study, parasitism and antibiosis were mechanisms macroscopically observed to be adopted by T. viride 
against M.phaseolina. T. viride suppressed the growth of this strain through the overgrowth at all replications 
(Figure1). The first contact between T. viride and M.phaseolina at 28 °C was observed after three days of inoculation. 
In the Fig. 1 it can be seen the colonies of T. viride or its mutants, which aerial mycelium are yellowish, greenish and 
whitish in color and in some conditions formed concentric rings grew over the white colonies of M.phaseolina. The 
growth inhibition percentage of M.phaseolina on PDA medium after 72 incubation at 28 ˚C is given in Fig. 1.  
 
 
 
 
  
 
 
 
 
 

 
Figure1. Evaluation of T. viride isolates (wild type and mutants) against M.phaseolina using dual culture 

 
 The results of antagonism between mutants or parent culture of T. viride and M.phaseolina, showed a significant 
difference in growth inhibition percentage of fungi colonies of M.phaseolina. However, the isolates Tv M6, Tv M13 
and Tv M21 showed excellent antagonistic activity against M.phaseolina, respectively. In dual culture a clear zone 
of inhibition was observed exhibiting antibiosis between pathogen and antagonist.  
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Figure 1. Growth inhibition percent of M, phaseolina against antagonist fungus mutant and wild type of T.viride 

 
 Chet . 0Chet and Baker 1981) reported that Trichoderma species are common inhabitant of rhizosphere and 
contribute to control of many soil borne plant diseases caused by fungi. T. viride were reported by several workers 
as The best antagonists for growth inhibition of several soil and seed born plant pathogens (Dubey 2002). While one 
mechanism predominates, this does not exclude the possibility that one or both of the other two mechanisms may 
also play a role in the antagonistic behavior of T. viride. Most fungi attacked by T. viride have cell walls That contain 
chitin as a structural back-bone and laminarin (ß-1,3-glucan) as a filling material. Laminarin is a polymer of D-glucose 
in a ß-1,3 configuration, arranged as helical coils, from which minor polymers of ß-1,6-D glucose branch. Fungal cell 
walls contain more Than 60% laminarin 0Cohen-Kupiec ., 1999). The fact that T. viride penetrated the host mycelium 
and grew extensively within of M.phaseolina suggested cell wall-degrading enzymes, chitinases and ß-1, 3 
glucanases, were produced. Moreover, it could be that other metabolites produced by T. viride and its isolate mutants 
might also have an important role. Furthermore, Pates . (Pates  ., 1999) found that The strain of T. viride has an 
important activity to secrete enzymes for end to attack or remove mycotoxines synthesized by the pathogens. The 
finding that some aggressive T. viride used as bio-control agents are capable of producing either antibiotics or 
extracellular enzymes, or both, has provided crucial information in understanding The events associated with 
parasitism 0Cherif and Benhamou 1990). A large number of antibiotics (e.g. peptides, cyclic-polypeptides) are 
produced by Trichoderma species, some of which have been characterized 0Graeme-Cook and Faull 
1991); 0Ghisalberti and Sivasithamparam 1991): Trichodermin has been isolated from culture fluid of a strain of T. 
viride 0Godtfredsen and Vangedal 1965), and gliotoxin from a T. viride strain effective against a Pythium sp. (Whippsl 
and Lumsden 1991). Antibiosis mediated by volatile substances has received considerably less attention than 
antibiosis. Doi and Mori (Doi ., 1994) showed that volatiles from Trichoderma spp. were able to arrest the hyphal 
growth of different fungal pathogens on agar plates. Those authors reported that T. viride produced volatiles which 
had potential to inhibit the hyphal growth of Lentinus lepidus and Coriolus versicolor. To date, only alkyl-pyrones 
have been identified as volatile metabolites produced by T. viride (Fravel 1988). In addition to antibiotic production, 
T. viride is known to be prolific producers of polysaccharide lyases, proteases and lipases, all of which may be 
involved in host cell degradation 0. 
 In summary, the observations of this study provide evidence that antibiosis by elaboration of volatile compounds 
and/or extracellular enzymes and the possible production of antibiotic metabolites may contribute to the observed 
inhibitory effects on M.phaseolina when co-cultured with Trichoderma viride or its selected mutants. 
 
Conclusions 
 The antagonistic properties of Trichoderma spp. and their ability to reduce the growth of other soil borne 
pathogenic fungi have been described by several authors i.e. Abo-Ellil . (1998). The ability of these antagonistic to 
attack the pathogenic fungi at different stages of their development has led to the concept that they could be powerful 
bio-control agents. The role of enzymes in bio-control can often be assigned to mechanisms, parasitism and 
antibiosis. In particular, cell wall degrading enzymes such as chitinases, β-1,3-glucanases, proteases and cellulases. 
Not only these features are important of myco parasites for colonization of their host fungi, but also may exhibit 
considerable antifungal on their own activity. One of enzymes mechanisms, antibiosis, relies on the recognition, 
binding and enzymatic disruption of the host-fungus cell wall (Elad ., 1983); (Harman ., 1993). Increase of production 
of chitinase 0 Limon ., 1999) and cellulase 0 Gadgil ., 1995); (Wadhwa ., 1997) could be achieved by mutants of 
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Trichoderma significant levels of toxic metabolites also were ascertained in Trichoderma mutants, which may be 
associated with increasing in rhizosphere competence with other micro flora and pathogen 0 Cotes ., 1996); 0 Limon 
., 1999). The tested γ-radiation induced mutants were higher in their potential of bio-control activity than their parental 
wild type strain (T. viride). Also, T. viride and its isolate mutants exert an effect synergistic, competition and myco 
parasitism, over M.phaseolina. The authors suggest that T.v M6, T. v M13 and T. v M21 could be a good bio-control 
agent of M.phaseolina. The study clearly shows the possibility of improving the antagonistic microorganisms for 
biological control of plant diseases through mutation with γ-radiation.  
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