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Gaeumannomyces graminis var. tritici is the causal agent of take-all disease of wheat, the most 
important damaging root disease is very important in North, Central and Southwest Provinces 
of Iran and worldwide. Piriformospora indica and Sebacina vermifera, which are a newly 
discovered arbuscular mycorrhiza-like fungus. They are a facultative symbiont and unlike 
arbuscular mycorrhizal fungi, can be cultured in vitro. Trichoderma harzianum and T. viride 
are efficient biocontrol agent that is commercially produced to prevent development of several 
soilborne pathogenic fungi. Interactions between P. indica, S. vermifera, T. harzianum strain 
100, T. viride and soilborne fungi of Gaeumannomyces graminis var. tritici were investigated 
separately and in combination on PDA and Kafer medium. Opposing (Dual culture) cultures as 
well as colonization studies showed that the species of P. indica, S. vermifera, T100, T. viride 
with could produce a good zone of inhibition. Volatile metabolites test between Trichoderma 
species and Ggt inhibitory effects on growth Ggt mycilium. These fungal species are the most 
potent agents for the biocontrol of soilborn plant pathogen. 
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Introduction  

 

Take-all disease is an economically significant and damaging root disease 
of cereals and grasses worldwide. It is very important in temperate regions 
where wheat and grass culture is intensive (Bryan et al., 1995; Cook, 2003). 
Gaeumannomyces graminis (Sacc.) Arx & Olivier var tritici Walker, a 
soilborne ascomycete, is the causal agent of take-all disease of cereal and 
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grasses (Walker, 1972). Piriformospora indica (Verma et al., 1998) and 
Sebacina vermifera (Warcup and Talbot, 1967), (Basidiomycota, Sebacinales) 
are a root endophytic fungus with a broad host spectrum and a new plant 
growth promoter. P. indica and S. vermifera colonizes the cortex of roots of a 
wide variety of plant species and promotes their growth, and induces resistance 
against soilborn fungal pathogens in a manner similar to arbuscular 
mycorrhizal fungi. It is characterized by the formation of typical pyriform 
chlamydospore; The fungus are a member of Basidiomycota (Verma et al., 
1999; Blechert et al., 1999; Kumari et al., 2003; Pham et al., 2003; Singh et 
al., 2003a, b). Biological control of take-all disease has been investigated 
intensively, largely because of a lack of commercially available alternatives, 
especially in reduced-tillage cropping systems that aggravate the disease but 
are increasingly encouraged to promote soil conservation (Cook and Weller, 
1987). Trichoderma is a ubiquitous fungus found in air, soil, plant materials 
and other substrates. (Kligman, 1950) Trichoderma harzianum is an efficient 
biocontrol agent that is commercially produced to prevent development of 
several soilborn pathogenic fungi. Different mechanisms have been suggested 
as being responsible for their biocontrol activity, which include competition for 
space and nutrients, secretion of chitinolytic enzymes, mycoparasitism and 
production of inhibitory compounds (Haram et al., 1996; Zimand et al., 1996). 
One method of biocontrol of disease is using a mycorrhizal fungus (Dehne, 
1982; Singh et al., 2000; ST-Arnaud and Vajaronic, 2006; Khaosaad et al., 
2007) and Trichoderma species (Chet et al., 1997; Yedidia et al., 1999; 
Harman, 2004; Kucuk and Kivanc, 2003; Brozova, 2004). The aim of this 
study was biocontrol of take-all disease in vitro by using mycorrhizal-like 
fungus and Trichoderma species. 
 
Materials and methods 
 

Ggt cultures 
 

Three Ggt strains were used: T16, T12 and T47. Cultures were maintained 
at 25±1 °C on potato dextrose agar (PDA). 
 
Mycorrhizal cultures 
 

Piriformospora indica and S. vermifera were grown on aspergillus broth 
and agar medium (Pham et al., 2003) at 30 °C for 7 d also grown on PDA 
medium too.  
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Trichoderma cultures 
 

Trichoderma species were used: T. harzianum strain 100, T. viride. 
Cultures were maintained at 25±1 °C on PDA. 

 
Dual culture tests 
 

Interactions between antagonistic fungi and pathogenic fungi were 
determined by the method described by Kucuk and Kivanc (2003), with slight 
modifications. This study was carried out in four phases: In the first phase, 5 
mm mycelial discs of P. indica and S. vermifera were placed on one side of 
PDA plates and incubated at 28 ± 1 ºC for 3-4 days before placing 5 mm discs 
of Ggt mycelium taken from the margins of 4 days old cultures on the other 
side of the plates. The colonies were examined for a zone of inhibition between 
the Ggt mycelium and P. indica and S. vermifera. 

In the second phase, 5 mm mycelial discs of P. indica and S. vermifera 
were placed on one side of a petri dish containing PDA and Kafer, while 5 mm 
mycelial disks of Ggt were placed on the opposite side of the plate and 
incubated at 28± 1°C.  

In the third phase, 5 mm mycelial discs of T. viride and T100 were placed 
on one side of a petri dish containing PDA, while 5 mm mycelial discs of Ggt 
were placed on the opposite side of the plate and incubated at 28± 1°C.  

In the fourth phase 5 mm mycelial discs of P. indica and S. vermifera 
were placed on one side of a petri dish containing PDA, while 5 mm mycelial 
discs of T. viride and T100 were placed on the opposite side of the plate and 5 
mm mycelial discs of Ggt were placed on the center of the plate in opposite 
side antagonistic fungi. The overgrowth of colonies of the test fungi by the 
antagonist was determined. 

 
Volatile metabolites  
 

The effect of volatile metabolites produced by the antagonistic fungi 
following the method described by Dennis and Webster (1971) and Goyal et al. 
(1994) with slight modifications. 5 mm mycelial discs Ggt were placed on the 
center of the petri dish containing PDA after 4 day, when some mycelium 
growth, the bottom petri dish (Ggt) was removed and placed on another plate 
containing PDA and 5 mm mycelial discs of Trichoderma spp. and taped 
together by adhesive tape. In the control, Ggt petri dish were removed and 
placed over another PDA petri dish without Trichoderma spp. All of the plates 
were incubated at 25 ± 1 ºC for 7 days and percent inhibition was recorded 
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daily (every 24 hours) by comparing growth of Ggt mycelium controls with 
treatment growth using the following equation (Vincent, 1947): 

 
Colony growth rate in plates (control) - colony growth rates in each treatment  Percentage inhibition = Colony growth rates in plates (control) ×100 

 
Comparision of antagonistic fungi in colonization of Ggt mycelium 
 

This study was carried out in sex phases using method described by 
Mohammadi Goltapeh and Danesh (2006), with slight modifications. In the 
first phase 5 mm discs of P. indica and S. vermifera were placed on PDA plates 
and incubated at 28 ± 1 ºC for 3-4 days before placing 5 mm discs of Ggt 
mycelium taken from 4 days old cultures on center of the plates. In the second 
phase, 5 mm discs of Ggt mycelium were placed on PDA plates and incubated 
at 26 ± 1 ºC for 3-4 days before placing 5 mm discs of P. indica and S. 
vermifera mycelium taken from 4 days old cultures on center of the plates. In 
the third phase, 5 mm discs of Ggt mycelium were placed on PDA plates and 
incubated at 26 ± 1 ºC for 10-12 days before placing 5 mm discs of P. indica 
and S. vermifera mycelium on center of the petri dish. In the fourth phase, 5 
mm discs of T. viride and T100 were placed on center of petri dish containing 
PDA and concordant 5 mm discs of Ggt mycelium were placed on. In the fifth 
phase, 5 mm discs of Ggt mycelium were placed on PDA plates and incubated 
at 26 ± 1 ºC for 3-4 days before placing 5 mm discs of T. viride and T100 
mycelium taken from 4 day old cultures on center of the plates. In the sixth 
phase, 5 mm discs of Ggt mycelium were placed on PDA plates and and 
incubated at 26 ± 1 ºC for 10-12 day before placing 5 mm discs of T. viride and 
T100 mycelium on center of the petri dish. 

 
Results and discussion 
 

Experimental results suggest that the possibility of using mycorrhizal-like 
fungus P. indica; S. vermifera and Trichoderma spp. to control root disease of 
wheat (take-all disease by Ggt). Piriformospora indica, S. vermifera and 
Trichoderma species in opposing culture and colonization culture test 
inhibition of growth T12, T16 and T47 isolates of Ggt as well as volatile 
metabolites of Trichoderma species could inhibit growth and activity of the 
Ggt isolates. Hyphal investigation showed that P. indica, S. vermifera and 
Trichoderma spesies could coiled around Ggt mycelium and penetrate inter 
their hyphae and inhibition of activity, growth and progressive growth in 
mycelium. 

Trichoderma Pers. ex Fr., a genus has gained immense importance since 
last few decades due to its biological control ability against several plant 
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pathogens (Agrios, 1997). The filamentous fungus T. harzianum and T. viride 
are one of the most potent agents for the biocontrol of soilborn plant pathogens 
(Cook and Vesth, 1991). Kucuk and Kivanc (2004) demonstrated Trichoderma 
species inhibition the growth of soilborn plant pathogens include 
Gaeumannomyces graminis var. tritici, Fusarium culmorum and F. 
moniliforme by volatile metabolites in vitro and all isolates of T. harzianum 
grew considerably faster on PDA than did the pathogens, in the same 
conditions of culture. Trichoderma species are known to produce a number of 
antibiotics, such as trichodermin, trichodermol, harzianum-A and harzianolide 
(Simon et al., 1988; Schirmbock et al., 1994; Dennis and Webester, 1971). 
Shalini and Kotasthane (2007) showed that all strains including T. harzianum, 
T. viride and T. aureoviride were inhibited the growth of Rhizoctonia solani. 
Our study also demonstrated the effect of Trichoderma volatile metabolites 
have high potential to control the Ggt and could inhibit the growth of Ggt 
mycelium. Antifungal activity of tested strains of T. harzianum and T. viride 
on pathogens Ggt in vitro shown in Table 1 and Fig.1. Opposing cultures test 
of P. indica; S. vermifera and Trichoderma species with Ggt mycelium 
produced a good zone of inhibition around the Ggt mycelium  
(Fig. 2). Our result in agreement with Mohammadi Goltapeh and Danesh 
(2006) their showed that the coiling and penetration hyphae of Trichoderma 
species around Agaricus bisporus mycelial. Also hyphae of P. indica; S. 
vermifera and Trichoderma species coiled around the Ggt mycelium, as well as 
penetrating them in the same way (Fig. 3). Colonization of Ggt mycelium with 
P. indica, S. vermifera, T-100 and T. viride to inhibit their growth. 
Antagonistic and mycorrhizal-like fungia are the most potent agents for 
biocontrol of root plant`s pathogens (Ghisaleberti et al., 1990; Lorito et al., 
1994; Singh and Faull, 1990; Varma and Schuepp, 1995). 

 
Table 1. Effect of volatile metabolites produced by T. harzianum and T. viride 
on Ggt mycelia growth (mm).*  
 

Trichoderma Take - all 
T-100 T.viride 

T 47 13.67 10 
T 16 14 14.33 
T 12 13 12.67 

*(mean represent in the fourth day) 
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Fig.1. Antifungal activity of tested strains of T-100 and T. viride on pathogens on Ggt 
mycelia growth in seven days (A, B) respectively.  

 

 
 
Fig. 2. Opposing culture of root endophytic fungus and Trichoderma species. (A; B; C 
and D) interaction between P. indica, S. vermifera with isolate Ggt that produced a 
good zone of inhibition (E; F; G and H) interaction between Trichoderma species and 
isolate of Ggt showing zone of inhibit. 
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