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Rhizosphere fungi, bacteria, and actimomycetes can have a profound effect on 

plant health. Rhizosphere colonization is important not only as the first step m 

pathogenesis of soil borne microorganisms, but also is crucial in the application of 

microorganisms for beneficial puposes; most significant among these applications are 

biofertilization, phytostimulations, biocontrol and phytoremediation (Lugtenberg et al., 

2001). The prospect of manipulating crop rhizosphere microbial populations by 

inoculation of beneficial bacteria to increase plant growth has shown considerable 

promise in laboratory and greenhouse studies, but responses have been variable in the 

field (Basnayake and Brich, 1995). Microorganisms contribute to the availability and 

mobilization of nutrients, production of growth regulators, phytotoxic substances or by 

suppression of pathogens and pollutants added to soil. Nearly 5-23% of all 

photosynthetically fixed carbon is being transferred to the rhizosphere through root 

exudates (Marschner, 1995);an increase in root exudation of organic solutes could affect 

the rate of phyto-siderophore release. In tum, rhizosphere microorganisms may interact 

symbiotically with roots to enhance the potential for metal uptake (Yang eta/., 2001). 

Although non chemical control of pests and diseases seems an attractive option in 

sustainable agricultural systems, its practical application is severely constrained by lack 

of reproducible results in comparison to the use of agrochemicals. The biotic and abiotic 

factors in the environment, which influence the efficiency of pathogen suppression, are 

not well understood. Nevertheless it is known that some soil become suppressive to 

fungal, bacterial and nematode pests when susceptible host plants are grown continuously 

for several years and there is evidence that this is due to the development of soil 

biological communities which inhibit pest survival or infection of the hosts. 

In the present study a large number of microorganisms were isolated from the forest soil, 

riverine soil and rhizosphere soil of different regions and heir molecular abnd functional 

diversity studied. 

The present study on qualitative and quantitative evaluation of various soil factors and 

fungal, bacterial and actinomycetes biomass with special reference to phosphate 

solubilizer, biocontrol agents indicated several interesting facts. As generally observed in 

our study, a high fungal population was known to be associated with high organic carbon 

content of the soil, acidic pH like agricultural soil, forest soil. Such contradictory results 

are probably due to the fact that the microbial population of the soil is influenced by 

various factors of the soil and just not only organic and inorganic nutrients in the soil. All 
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the soil samples found to be acidic to alkaline (pH 3.8 to 5.6) which indicated their 

suitability for plantation and agriculture. The biological population depends on the 

physical and chemical properties of the soil whereas these properties in turn, are 

continuously modified by the activities of biological population (Kennedy and Papendick, 

1995). The physical, chemical and biological properties of any soil are the indicators of 

the quality of that soil (Drinkwater et al., 2002}. Fungi are aerobic microorganisms found 

more in the upper layers of the soils. Quality and quantity of organic matter present in the 

soil controls the number of fungi in soil since the fungi are heterotrophic in nature. Fungi 

are dominant in acidic soils but are also present in alkaline soils. Composition of the 

fungal communities in soil is also affected by other factors like soil aeration, soil density, 

soil structure, salinity and also the water holding capacity of the soil. 

A total of 176 fungal isolates, 87 bacterial isolates and 60 isolates of actinomycetes were 

obtained from soil samples collected from Darjeeling, Jalpaiguri and Cooch Behar 

districts of North Bengal. Source of soil samples from forest, riverine and agricultural 

land (rhizosphere of plantation and agricultural crops) yielded 46, 26 and 104 fungal 

isolates respectively. Cultural characteristics of the isolated fungi were studied and 

microscopic observations were made for identification of these isolates. On the basis of 

their morphological characters it was found that most of the fungal isolates belonged to 

the genera Fusarium, Aspergillus, Curvztlaria, Penicillium, Alternaria, Scleorotia, 

Talaromyces, Paecilomyces, Sporotrichum, Acremonium, Drechslera, Rhizopus, 

Bipolaris, Rhizoctonia, Absidia, Emenicella, Noesertoria, Colletotrichum, Trichoderma 

and Macrophomina. 

The abundance, diversity, and distribution of native population and inoculant 

strains in agricultural fields have been characterized using a variety of methods. 

Screening of rhizosphere micro flora for antagonism against pathogenic fungi in order to 

select suitable biocontrol agents has also been previously reported by a large number of 

workers. Kobayashi et at. (2000} isolated three bacteria showing antagonism to 

Rhizoctonia so/ani from the rhizosphere soil of different crops which they identified as 

B. pumilus. In the present study, Bacillus pumilus isolates were evaluated as phosphate 

solubilizer of which one strain (B/RHS/P 22} was found to be most effective against 

Fusarium oxysporum and Sclerotium rolfsii. 

Soil microbial communities are often difficult to fully characterize, mainly because of 

their immense phenotypic and genotypic diversity, heterogeneity, and crypticity. With 
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respect to the latter, bacterial populations in soil top layers can go up to more than 109 

cells per g soil (Torsvik, 2002), and most of these cells are generally unculturable. The 

fraction of the cells making up the soil microbial biomass that have been cultured and 

studied in any detail are negligible, often less than 5% (Borneman and Triplett, 1997; 

Torsvik et at., 1990). As direct DNA-based methods offer the possibility to assess the 

total microbial diversity present, thus by passing the limitations of cultivation-based 

studies, there has been a rapid development of cultivation-independent methods for 

analyzing the microbial communities in soil (Akkermans et at., 1995; Ovreas et at., 

1998). Traditionally, methods to analyze soil microorganisms have been based on 

cultivation and isolation (Van Elsas, 1998); a wide variety of culture media has therefore 

been designed to maximize the recovery of diverse microbial groups. A Biolog-based 

method for directly analyzing the potential activity of soil microbial communities, 

denoted community-level physiological profiling (CLPP), was introduced (Garland, 

1996). Unfortunately, as a result of biases favoring copiotrophic organisms, the resulting 

metabolic fingerprints are unlikely to represent accurately the in situ functional diversity 

in a natural microbial community (Smalla et at., 1998). Cultivation-based methods are 

limited in that only a small fraction of the microbial cells in soil are accessible to study, 

although a recent study claimed that this percentage can be raised substantially by using 

special cultivation techniques (Janssen et at., 2002). Scientific interest has long focused 

on the structure of microbial communities in the rhizosphere, assessed by cultivation

based studies. These studies have shown that the microbial diversity in the rhizosphere is 

often extensive and that there are distinct differences in bacterial community structures 

between bulk (nonrhizosphere) soil and rhizosphere soil. Recently, several studies on 

different plant species in different locations, using a range of cultivation-based and 

molecular methods, indicated that plant type is indeed a major factor influencing the 

structure of microbial communities. In specific cases, bacterial communities were shown 

also to be influenced by plant genotype, root zone, or plant age. 

Since phosphate solubilization is an important trait of soil microorganism for improving 

crop productivity, the present study isolates were further taken up for evaluation of 

phosphate solubilization potential in liquid medium, A. niger (RSIP 14) showed 

maximum solubilization when medium was amended with tricalcium phosphate, whereas 

isolate A. melleus (RHSIR 12, FSIL 13 and FSIL 17) showed maximum amount of 

phosphate solubilization when the medium was amended with rock phosphate, with an 
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average drop in the pH from 7 to 3.5 (Chakraborty eta/., 2008, 2010 a). Acid production 

and drop in the pH of the medium have been reported in the earlier studies (Abd Alia, 

1994; Whitelaw, 2000), however no significant relationship could be established in terms 

of phosphate solubilization and drop in the pH of the liquid medium. In a similar study a 

total of 70 fungal isolates obtained from different sources showed phosphate solubilizing 

activities as detected in Pikovskaya' s agar medium showing halo zones after 4-5 days of 

incubation in a study carried out by Pradhan and Sukla (2005). The phosphate 

solubilization potential of Aspergillus isolates was determined in three different liquid 

medium where PVK medium showed maximum phosphate solubilization. Some 

researchers have suggested that of the medium increasing P concentration in the 

phosphate solubilizing fungus containing medium was related to metabolities, which 

should correlate with the pH (Illmer and Schinner, 1992). Many studies have showed the 

ineffectiveness of rock phosphate use due to low solubility of its P content. Phosphate 

solubilizing fungus (PSF) has demonstrated the utilization of these poorly soluble 

phosphate source and PSFs were used as bioactivators of poorly soluble rock phosphate 

(Didiek et al., 2000). 

There are previous reports that leaf area index of plants are affected by the availability of 

the nutrients in the soil. Increased content of soluble phosphate in the soil due to the 

activity ofPSF increases the leaf area of these plants. Nodulation ofleguminous plants is 

directly affected by the availability of the nutrients in the soil (Zaidi and Khan, 2006). 

Increased content of soluble phosphate content in the soil due to the activity of PSF 

accelerates the rate of nodulation formation on these plants. Results of the present study 

also indicated that the number of nodules was found to be more in case of the plants 

treated with the three isolates of A niger. Average number of nodules in the roots of 

these plants is also an indicator of the role of PSF in improving the plant health status of 

the soybean plants. 

In a study carried out to determine the role of dual PSF on the growth of soybean, it was 

found that when inoculated with FYM were in soil mixed with rock phosphate significant 

increase in the growth in terms of plant height, number of leaves and dry weight of shoot 

and root were noted (Bora et al., 2003) .. In another study it was reported that A. niger was 

one of the most efficient phosphatase producing fungi among many PSFs screened for 

efficiency for phosphatase production and it was observed that the reduction of the pH of 
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the medium was maximum with the A. niger isolate which efficiently hydrolyzed 

different compounds (mono- and hexa-) of organic phosphorous (Tarafdar eta/., 2003). 

It is apparent from the results of the present study as well as studies by a large number of 

previous workers that PGPR and PSFs have the ability to promote growth in plants, 

which in many cases is associated with pathogen suppression in soil (Chanway et a/., 

2000; Castillo et a/., 2002). PGPR and PSFs secrete one or more metabolites in the soil 

which then elicits the observed response in the host. Thus, these microorganisms or their 

products have the ability to elicit responses at molecular level which would include 

activation of a number of metabolic pathways in the host, the end product of which is 

finally expressed as increased growth of plants or reduced disease. Induced Systemic 

Resistance (ISR) is effective against different types of pathogens but differs from 

Systemic Acquired Resistance (SAR) in that the inducing PGPR does not cause visible 

symptoms on the host plant (Loo et a/., 1998). Pieterse et a/. (2002) confirmed that to 

protect themselves from the disease, plants have evolved sophisticated defense 

mechanisms in which the signal molecules salicylic acid, jasmonic acid and ethylene 

often play crucial roles. The phenomenon of SAR suggests that there is a signal that 

originates at the site of elicitor (biotic or abiotic) application and moves throughout the 

plant. The activation of SAR turns the compatible plant-pathogen interaction into an 

incompatible (Uknes et a/., 1992) one. This resistance was correlated with the 

accumulation of pathogenesis related (PR) proteins, generally assumed to be markers of 

defense response added by (Ward eta/., 1991). 

The major components analyzed in leaves in present study were defense enzymes, In all 

tested varieties defense related enzymes viz. chitinase (CHT), ~-1,3- glucanase (GLU), 

peroxidase (PO) and amylase increased significantly, especially in presence of the 

pathogen. In a similar study, one isolates of B. pumilus (B/RHS/P-22) and Streptomyces 

gresious (AIRHSIPO 26) were reported to be best plant growth promoters and biocontrol 

agents downy mildew disease in pearl millet (Niranjana eta/., 2003). They also reported 

increased activities of PAL, PO and ~-I, 3- glucanase (GLU), but not of (Cill) activity. 

Induction of defense related enzymes by P. flurescens in black pepper and Phytopthora 

capsici pathosystem was reported by (Paul and Sharma, 2003). They obtained increased 

level of PO, PAL, PPO and Catalase in leaves apart from root of treated plants indicating 

the systemic protection offered to black pepper by PGPR strains. Peroxidase and 

polyphenol oxidase are important components of the defense mechanism of plants against 

pathogens. Chakraborty et a/. (20 I Od) reported that Serratia marcescens (TRS-1 ), as 
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aqueous suspensions, promoted growth in tea seedlings as evidenced by increase in 

height, emergence of new leaves and branches, as well as increase in leaf biomass. 

Survival of S. marcescens in soil after application was determined by ELISA and Dot

Blot using P Ab raised against the bacterium. S. marcescens solubilized phosphate in vitro 

and in vivo. Following application of the bacterium, soil P content decreased, root and 

leaf phosphate increased, and soil phosphatase activities were also enhanced. In another 

study, survival of Pseudomonas sp. SF4c and Pseudomonas sp. SF1 Ob (two plant-growth

promoting bacteria isolated from wheat rhizosphere) was investigated in microcosms. 

Spontaneous rifampicin resistant mutants derived from these strains (showing both 

growth rate and viability comparable to the wild-strains) were used to monitor the strains 

in bulk soil and wheat rhizosphere. Studies were carried out for 60 days in pots containing 

non-sterile fertilized or non-fertilized soil. The number of viable cells of both mutant 

strains declined during the first days but then became established in the wheat rhizosphere 

at an appropriate cell density in both kinds of soil. Survival of the strains was better in the 

rhizosphere than in the bulk soil. Finally, the antagonism of Pseudomonas spp. against 

phytopatogenic fungi was evaluated in vitro. Both strains inhibited the mycelial growth 

(or the resistance structures) of some of the phytopathogenic fungi tested, though 

variation in this antagonism was observed in different media. This inhibition could be due 

to the production of extracellular enzymes, hydrogen cyanide or siderophores, signifying 

that these microorganisms might be applied in agriculture to minimize the utilization of 

chemical pesticides and fertilizers (Fischer et a/., 2000). Treatment with Ochrobactrum 

anthropi decreased brown root rot of tea, caused by Phellinus noxius (Chakraborty eta/., 

\ 2009). Multifold increase in activities of chitinase, ~-1,3-glucanase, peroxidase and 

phenylalanine ammonia lyase in tea plants was observed on application of 0. anthropi to 

soil followed by inoculation with Phellinus noxius. A concomitant increase in 

accumulation of phenolics was also obtained. Further, Chakraborty et a/. (20 I Od ) also 

reported that Serratia marcescens (TRS 1) showed antagonism to a number of fungal 

pathogens in vitro. It also reduced brown root rot of tea caused by Fornes /amaoensis. 

Significant increase in phenolics, as well as peroxidise, chitinase, ~-1,3-glucanase and 

phenylalanine ammonia-lyase, were observed in tea plants on application of S. 

marcescens alone or followed by F. lamaoensis. Ochrobactrum anthropi TRS-2, isolated 

from tea rhizosphere could solubilize phosphate, produce siderophore and IAA in vitro 

and also exhibited antifungal activity against six test pathogens. Application of an 

aqueous suspension of 0. anthropi to the rhizosphere of nursery grown tea seedlings of 
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five varieties oftea (TV-18, T-17, HV-39, S-449, UP-3 and) led to enhanced growth of 

the treated plants, as evidenced by increase in height, in the number of shoots and number 

of leaves per shoot (Chakraborty eta!., 2009). 

Among the various isolates obtained from soil in this study, most efficient phosphorus 

solubilizers are species of Aspergillus. The strains with maximum phosphate solubilizing 

activities also showed good plant growth promoting activity. Such microorganisms could 

be used in the field as efficient biofertilizers. 

Accumulation of defense enzymes such as PAL, PPO, PO, in Phaseolus vulgaris plants 

following inoculation with S. rolfsii were determined. PPO usually accumulated 

following inoculation of plants. Among all the stress related enzymes, the role of 

peroxidese has been most thoroughly worked out. PO is a metallo- enzyme containing 

porphyrin bound iron. The enzyme acts on a wide range of substrates including phenols, 

aromatic amines, amino acids and inorganic compounds. These are ubiquitous to plants 

and are characterized by a large number of isozymes. The induction of PO activity by 

pathogens and methyljasmonate and existence of multiple molecular forms ofperoxidase 

in tea has also been reported (Sharma and Chakraborty, 2004). Previous reports indicate 

that oxidative enzymes such as PPO and PO as well as those involved in phenolic 

biosnthesis such as PAL are involved in defense reaction in plants. Bhattacharya and 

Ward (1987) reported that PAL activity in soybean was enhanced in the resistance 

response of soybean hypocotyls to Phytophthora megasperma. Considering that PAL is a 

key enzyme in the biosynthesis, not only of phytoalexins, but also of phenolics 

compounds have been associated with resistance responses in various host plants, it may 

be suggested that activity of PAL could be useful indicators of the activation of defense 

enzymes. 

Nineteen isolates were obtained usmg the Trichoderma selective medium from the 

rhizosphere soil, forest soil and agricultural field which were identified as Trichoderma 

viride and Trichoderma harzianum. Assay of both endo and exo chitinase activities of the 

different isolates of T. harzianum and T. viride revealed that RHS/ AC480 had maximum 

activity while FS/C-90 had minimum. Results of in vitro pairing tests of Trichoderma 

isolates with S. rolfsii for antagonistic activity were recorded at different intervals from 

4th day onwards. Both T. harzianum and T. viride inhibited growth of S. rolfsii. Among 

the isolates, RHS/ AC480 was the most antagonistic. It seems therefore, that the isolate 

producing highest chitinase activity also exhibited maximum antagonistic activity. These 
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observations, together with the fact that chitin, p 1,3-glucan and protein are the main 

structural components of most fungal cell walls, confirms the suggestion that hydrolytic 

1-, enzymes produced by some Trichoderma spp. play an important role in destruction of 

plant pathogens (Chet and Baker, 1981). Trichoderma spp. (especially T. harzianum and 

T. viride) exhibit considerable variability among strains with respect to their biocontrol 

activity and host range (Sivan and Chet, 1992). 

,. 

The overall results of the present study have shown that phosphate solubilizing 

microorganisms isolated from forest soil, riverine soil and rhizosphere soil could induce 

plant growth promotion and disease reduction in tea as well as in other crops. Different 

species of Bacillus, Trichoderma and Aspergilius are now widely used in other crops as 

plant growth promoters as well as biocontrol agents (BCA). Development of better 

formulations to ensure survival and activity in the field and compatibility with chemical 

and biological seed treatments is another area of focus; approaches include optimization 

of growth conditions prior to formulation and development of improved carries and 

application technology. Mulaw eta/. (2010) reported the southwestern highlands forests 

of Ethiopia are the origin of the coffee plant Coffea arabica. The production of coffee in 

this area is affected by tracheomycosis caused by a soil-born fungus Gibbere/la 

xylarioides. The use of endemic antagonistic strains of mycoparasitic Trichoderma 

species would be a nature conserving means to combat this disease. Authors used 

molecular methods to reveal that the community of Trichoderma in the rhizosphere of C. 

arabica in its native forests is highly diverse and includes many putatively endemic 

species. Among others, the putative new species were particularly efficient to inhibit 

growth of G. xylarioides. polymorphism and clone library sequencing of 16S ribosomal 

RNA (rRNA) gene fragments. 

In order to determine whether the applied microorganisms are sustainable in the soil, 

immunological techniques such as Dot- blot, Western blot etc. are used in detection. In 

the present study, antibodies raised against antigens from mycelia ofT. harzianum were 

tested by the various immunological testes and show positive result. 

The growing importance of many Trichoderma strains has made their identification and 

distinction from other Trichoderma isolates crucial. This is particularly true in relation to 

the commercialization of strains where the distinction of these strains from all other 

Trichoderma strains is essential for the purpose of patenting. Of equal importance, is the 

need for consistency in the naming of Trichodema strains between laboratories. This is 
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especiaily significant when compiling the information available on a given species to 

produce a species specific profile, e.g. Ghisalberti & Sivasirhamparam (1991) compiled 

metabolite production profiles for a number of species using results from several 

laboratories. Studies such as these are important in determining the level of diversity 

present within the genus and, thus, resolving the best way in which to characterize 

individual isolates. Dennis & Webster (1971) assessed the reliability of morphological 

characters and three alternative techniques and their ability to resolve individuals of the 

genus Trichoderma. Prior to the initiation of their work, three other techniques had 

already been investigated in relation to the characterisation of this genus. These 

techniques included the construction of strain specific metabolite production profiles 

(Dennis & Webster 1971 a,b; Taylor 1986; Ghisalberti & Sivasithamparam, 1991), the use 

of specific antisera assays (Barak et a/., 1985a, b). All three techniques successfuily 

differentiated between strains of the same species-aggregates as defined by the taxonomic 

key ofRifai (1969). However, these techniques shared the disadvantage that results were 

often affected by differences in colony growth conditions and the age of the colony at the 

time of assessment. The of the genus Trichoderma is concerned, it appears that the new 

revised key of Bissett ( 1984, 1991 a, b, c, 1992) is now the most widely accepted key for 

characterizing individuals of the genus Trichoderma based on morphological and cultural 

characteristics. However, the results of this study suggest that the use of these biological 

characteristics alone was insufficient for the delineation of the genus Trichoderma to the 

most informative level. Results from both this study and several related studies, have 

demonstrated that a number of biochemical and molecular techniques can provide easily 

obtained and repeatable characters which will differentiate between strains of 

Trichoderma at a number of different levels. A number of these characters have also been 

successfully used to estimate phylogenetic relationships within the genus Trichoderma, at 

both the species and strain level of variation. However, to date, only a relatively smaii 

sample of isolates from the genus Trichoderma have been tested using these techniques 

and there has been little coordination in relation to the species and strains investigated 

between such studies. The versatility of such a key could be further enhanced by storing 

the information in a data base. New information could be added to the data base as it 

came to hand, thus, building up a complete profile for each strain (i.e. metabolite profiles 

and commerciaily exploitable activities). In addition, any new strains, with say unique 

RAPD profiles or ITS 1 sequence, could also be added to the data base and their profiles 

developed. This would provide an up to date profile of the members of the genus 
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Trichoderma which could be accessed by researcher's world wide for comparison with 

other strains. Furthermore, as the profiles of individual type species and strains developed 

patterns may emerge leading to a better understanding of the level of diversity within the 

genus and the intergeneric relationships of its members. 

The selected isolates of BCA showed three different lineages at sixty one percent 

similarity level (61%). During the past few years, numerous publications demonstrated 

the utility of RAPD markers for the analysis of the genetic diversity among species and 

within fungi populations and plant populations. In studies conducted with the toxin 

producing Aspergillus strains, it was found that A. flavus and A. parasiticus did not show 

any relationship between RAPD-based band profile and toxin production. Results of the 

present study suggest that these random RAPD markers can be used for identification of 

phosphate solubilizers. The variation obtained in terms of their genetic make-up gives an 

idea of improving the marker based selection of this beneficial group of organisms. 

The genetic relatedness among isolates of eight Trichoderma viride and eleven isolates of 

Trichoderma harzianum were analyzed by six random primers OPA-l, OPD-6, OPA-4, 

A-5, AA-04 and AA-11 to generate reproducible polymorphisms. All amplified products 

with the primers had shown polymorphic and distinguishable banding patterns which 

indicate the genetic diversity of Trichoderma isolates. A total of 73 reproducible and 

scorable polymorphic bands ranging from approximately 1 OObp to 2000bp were 

generated with six primers among the nineteen Trichoderma isolates. RAPD profiles 

showed that primer A-5 scored highest bands which ranged between IOObp to 2000bp. 

Relationships among the isolates was evaluated by cluster analysis of the data based on 

the similarity matrix. The Dendogram was generated by unweighted pair-group methods 

with arithmetic mean (UPGMA) using BIO Profil ID image software for each primer 

and NTSYSpc software. Based on the results obtained all the nineteen isolates can be 

grouped into two main clusters. T. viride cluster is also sub grouped into five, first 

subgroup with four isolates and second one with seven isolates of two sub clusters. The 

cluster ofT. harzianum could be divided into four different clusters containing different 

isolates (Chakraborty et a!., 2010 b). These results are in agreement with those of 

Muthumeenakshi (1994) Latha et a!. (2002), and Venkateswarlu (2008) who studied 

genetic variability among the isolates of Trichoderma by RAPD using random primers. 

Use of more RAPD primers belonging to different operon series would further generate 
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more polymorphisms among the isolates. However, the present study may be useful in 

linking a specific amplified RAPD fragment to its antagonistic activity, and would help in 

developing Sequence Characterized Amplified Region (SCAR) marker linked to a 

potential antagonist Trichoderma isolate. 

Internal transcribed spacer (ITS) regions have been used successfully to generate specific 

primers capable of differentiating closely related fungal species (Bryan et al., 1995). The. 

ribosomal RNA genes (rDNA) possess characteristics that are suitable for the 

identification of fungal isolates at the species level. These rDNA are highly stable and 

exhibit a mosaic of conserved and diverse regions within the genome (Hibbett, 1992), 

They also occur in multiple copies with up to 200 copies per haploid genome (Bruns et 

al., 1991; Yao et al., 1992) arranged in tandem repeats with each repeat consisting of the 

18S small subunit (SSU), the 5.8S, and the 28S large subunit (LSU) genes. Therefore we 

focused on the ITS regions of ribosomal genes for the construction of primers that can be 

used to identify Trichoderma spp. In the broader context, taxon-selective amplification of 

ITS regions is likely to become a common approach in molecular identification 

strategies. ITS region of rDNA was amplified using genus specific ITS-I and ITS4 

primers. Amplified products of size in the range of 600bp were produced by the primers. 

The results are in accordance with Mukherjee (2002) who studied the identification and 

genetic variability of the Trichoderma isolates. These results are in accordance with 

several workers viz. Muthumeenakshi (1994), Ospiana (1999), Lieck-Feedt (1999) and 

Venkateswarlu (2008) who observed the amplified rDNA fragment of approximately 500 

to600 bp by ITS-PCR in Trichoderma. The ITS-PCR has helped to detect polymorphism 

at ITS region ofrDNA among the Trichoderma isolates. 

After direct sequencing of the PCR products, a total of 13 isolates of Trichoderma PCR 

products produced sequences that could be aligned and showed satisfactory homology 

with ex-type strain (THV A) of T. harzianum sequences from the NCBI Genbank data 

base. The priming site of the ITS 1 and ITS 4 primers were determined in order to confirm 

that the sequences obtained corresponded to the actual ITS 4 region. A multiple sequence 

alignment was carried out that included the ITS 1 region, including gaps and the complete 

sequences align. There were quite a number of gaps that were introduced in the multiple 

sequence alignment within the ITS 4 region that were closely related and similar 

sequence indicated. These Trichoderma isolates were used in the pair wise and multiple 

sequence alignment. From the sequence alignment, variations were observed between 
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T.harzianum isolates. In conclusion, above results strongly indicated a "Trichoderma 

aggregate species" with similar "DNA-based sequence", which could be accommodated 

with similar forms as referred in the species identifying concept. Seven Trichoderma 

isolates comprise the largest group and similar gene sequence with respect to 

phylogenetic analyses and have been assigned to T. harzianum. For proper identification 

of the isolates all the PCR products were sequenced following direct sequencing of the 

PCR products. of sequences were obtained that could be aligned and showed satisfactory 

homology with ex-type strains of Trichoderma sequences from the NCB! Genbank data 

base as analysed by BLAST. 

In the present investigation PCR products of Trichoderma harzianum were sequenced 

bidirectionally through the BigDye terminator technology (applied biosystem, at 

Bangalore Genei, Bangalore India). The sequence information was then analysed through 

BLSATn program which indicated that the sequences (604, 611, 608, 479, 605, 521, 254 

bp) contains the genetic information of internal transcribe spacer region of rDNA gene of 

Thrichoderma harzianum (Accession no. GU187914, HM107420, HM107421, 

HM117840, GQ454925.1, GU564469, GU564470) (Chakraborty eta!., 2010 c). 

When the three alternative techniques were assessed in combination with morphological 

data, all three could differentiate isolates within these morphologically defined groups. 

That is, morphologically identical isolates possessed differences in their nucleotide 

sequence, produced different RAPD band patterns. As with the results of this study, other 

similar studies also found ITS I sequence data, and RAPD data metabolite production 

data capable of distinguishing between morphologically identical isolates of Trichoderma 

(Ghisalberti and Sivasithamparam, 1991; Fujimori and Okuda, 1994; Muthumeenakshi et 

al., 1994). However, these studies did not investigate the possibility of producing a 

hierarchical classification system based on characters generated from a number of 

different techniques. The results of the study indicate four main levels of variation may be 

achievable using the characters investigated herein. The RAPD PCR technique provided 

the greatest resolution of isolates, permitting the distinction of 19 isolates of 

Trichoderma. We have demonstrated that the analysis of aligned rDNA sequences is a 

reliable clustering strategy for identification purposes in a variety of taxonomic groups 

and systemic levels. While this approach was previously applied in analyzing complete 

genome data, it is also applicable in analyzing much shorter DNA sequences from a 

single gene, which is going to be the fundamental block in the massive rDNA database. 
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This analysis could have other applications in DNA barcoding besides in cluster analysis. 

The determination of frequencies of DNA strings would enable easy identification of 

':;. taxon-specific strings that can be used as taxonspecific probes in DNA chip for species 

identification In conclusion, above results indicated that the Trichoderma harzianum 

under study could be identified very easily on the basis of available similar "r DNA

based sequence" from the available database . 

A second level of variation was achieved with both morphological characters and 

sequence data from the ITS 1 region of the ribosomal gene complex. In general, sequence 

data from the ITS 1 region of the seven isolates tested were able to distinguish by DGGE 

analysis. Because DGGE is ·a suitable method that can be applied in future studies to 

estimate fungal diversity, but it has several drawbacks. The primer pair NS 1 and GCFung, 

as described by May eta/. (2001) amplifies less than 400 nucleotides and it appears to be 

specific to ascomycetes. In addition, the region 134 amplified and sequenced (partial 18S 

rDNA gene) is rather conserved and therefore not appropriate to properly identify taxa at 

the genus or species level. Further studies should consider primers that are more universal 

(for fungi) and that give better phylogenetic resolution at generic or species level. 

Although DGGE is a significant advancement for ecological research, attention must also 

be given to the sources of bias with this technique. These include differential 

amplification, the variation in different copy numbers, and difficulty in detection of minor 

species (Muyzer, 1999). In addition, the concentration of the DGGE gel and running time 

for electrophoresis should always be adjusted based on the GC content of the target DNA, 

these procedures will eventually maximize the band separation on DGGE gel, and ensure 

that all related soil Trichoderma species have been Liu et a/. (2008) suggested that the 

combination of soil dilution plating, DGGE and DNA sequence analysis are effective 

approaches to facilitate extensive examinations of the propagule numbers of 

Trichoderma, to reliably identify Trichoderma species in soils with different management 

practices. 


