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A review of literature has been presented focusing on the isolation and 

characterization of agriculturally important microorganisms (fungi, bacteria and 

~ actinomycetes ), evaluation of plant growth promotion activity by phosphate solubilizing 

microorganisms and disease control by biological agents and their diversity analysis. 
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Materials used and methods followed have been presented in Materials and Methods. 

Brief description of sampling area from forest soil, riverine soil and rhizosphere soil of 

different crops of Terai-Dooars regions has been provided. For the sampling of soil 

samples proper sampling tools were used, unusual areas for sampling was avoided, 

sampling area was properly divided and recorded by GPS tools and proper records like 

soil pH, Texture of the samples were taken. 

Microorganisms (fungi, bacteria and actinomycetes) were isolated from soil sample of 

forest, riverine beds and rhizosphere of different crops using various selective medium 

and isolation soil plating technique. Microbial population determined in soils, ranged 

between 5x103
- 15x 104cfu in case of fungi and 10x106cfu-30x106cfu in case ofbacteria 

and actinomycetes. On the basis of their morphological characters it was found that most 

of the fungal isolates belonged to the genera Fusarium, Aspergillus, Curvularia, 

Penicillium, Alternaria, Sclerotia, Talaromyces, Paecilomyces, Sporotrichum, 

Acremonium, Drechslera, Rhizopus, Bipolaris, Rhizoctonia, Absidia, Emenicella, 

Noesertoria, Colletotrichum, Trichoderma and Macrophomina. 

Bacterial identification was performed on the basis of morphological and biochemical 

studies following Bergey's Manual of Systematic Bacteriology. Isolates were 

characterized for H2S production, phosphate solubilization, starch hydrolysis, casein 

hydrolysis, chitin degrading, siderophore production, catalase production, protease 

production, urease production, cellulase production and indole production. Out of 87 

bacterial isolates 75 showed gram positive reaction and rest negative. Thirty bacterial 

isolates showed phosphate solubilizing activity, 45 were siderophore producers, all 

isolates showed positive result in catalase tests and 45 bacterial isolates were cellulase 

producers. The bacterial genera like Micrococcus sp., Bacillus sp., Coryneform sp. and 

Staphylococcus sp. were more abundant. 

Identification of actinomycetes was performed on the basis of morphological and 

biochemical tests. Isolates were characterized for H2S production, phosphate 

solubilization, starch hydrolysis, casein hydrolysis, chitin degrading, siderophore 
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production, catalase production, urease production, cellulase production and indole 

production. Ten actinomycetes isolates showed phosphate solubilizing activity, 24 

showed chitin degrading activity and 24 isolates showed cellulase production. Eight 

isolates produced indole. Generally Streptomyces griseorubens and Streptomyces griseus 

occurred profusely in the soil. 

Fungal isolates were screened for phosphate solubilizing activity in Pikovskaya's agar 

medium. A total of 70 fungal isolates showed phosphate solubilizing activity. Among 

them Aspergillus niger showed maximum phosphate solubilization on PVK medium 

while A. clavatus showed minimum. These isolates were further evaluated for their 

phosphate solubilizing ability using two types of inorganic phosphates-tricalcium and 

rock phosphate in liquid medium. Isolate A. niger (RSIP 14) showed maximum 

solubilization of phosphorous while isolate A. melleus showed minimum of phosphorous 

solubilization when medium was supplemented with tricalcium phosphate. 

One of the potential bacterial isolate Bacillus pumi/us (BIRHS/P22) obtained from paddy 

rhizosphere and Streptomyces griseus ( AIRHS/P026) isolated from potato rhizosphere 

showed phosphate solubilization, starch hydrolysis, protease and chitinase activities in 

preliminary screening experiments in in vitro conditions and was also found to inhibit 

fungal pathogens Sclerotium rolfsii and Rhizoctonia so/ani. On the basis of these positive 

activities the isolates were evaluated for the growth of Vigna radiata and Cicer arietinum 

both in vitro and in vivo conditions. Since plant growth promotion could also be due to 

induction of biochemical responses within the host, experiments were conducted to assess 

the effect of B. pumilus and S. griseus on biochemical components of Vigna radiata and 

Cicer arietinum. Biochemical tests like peroxidase, J3-l, 3- glucanase and chitinase 

activities were conducted following standard protocols and methods in both in vivo and in 

vitro conditions. Significant results were obtained. 

Trichoderma harzianum, T. viride, Aspergillus niger, A. melleus, A. clavatus, and A. 

fumigatus were grown in solid medium (PDA) and tested for their antagonistic activity 

against certain phytopathogens - Rhizoctonia so/ani, Sclerotium rolfsii and Fusarium 

oxysporum by dual pairing tests. Aspergillus group of fungi showed antagonistic activity 

moderately. Aspergillus niger had overgrown against phytopathogen. Trichoderma viride 

isolates successfully inhibited the pathogens. The group of T. harzianum isolates like 
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RHS/AC 480, AG/S476 showed highly antagonistic activity against Rhizoctonia so/ani, 

Sclerotium rolfsii and Fusarium oxysporum. 

In order to select cellulase producing fungi, the fungal isolates were grown in medium 

containing only cellulose as carbon source and those which could grow in such media 

were selected. Exo and endocellulase activities of such fungi were further assayed. The 

isolates of Aspergillus melleus, A. niger, A. clavatus and A. fumigatus showed moderate 

cellulase activities while isolates of Trichoderma showed good celluase activities 

Light microscopic and scanning electron microscopic studies of nineteen Trichoderma 

isolates were carried out. Assay of both endo and exo chitinase activities of the different 

isolates of T. harzianum and T. viride was carried out. The isolates of T. viride and T. 

harzianum were deposited to National Agriculturally Important Microbial Culture 

Collection (NAIMCC) to get the accession number. Antibodies raised against antigens 

from mycelia ofT. harzianum were tested by the various immunological tests and showed 

positive result. 

Reduction of scleorotial blight incidence of Phaseolus vulgaris by eight Trichoderma 

harzianum isolates were tested in potted conditions. Experiments were conducted to 

assess the effect of T. harzianum (Ag/S476) and T. harzianum (RHS/AC480) on 

biochemical components of Phaseo/us vulgaris. Biochemical tests like peroxidase, 13-1, 3-

glucanase and chitinase activities were conducted following standard protocols and 

methods in in vivo conditions. 

RAPD analyses of ten potential phosphate solubilizing fungi were conducted by using 

decamer primer. UPGMA cluster analysis was carried out following similarity coefficient 

matrix of reproducible bands using PC software NTSYSPc software. Cluster consisting 

of two isolates of A. clavatus, two isolates of A. melleus and two isolates of A. niger 

showed another sub group at 50 percent similarity. The selected isolates showed three 

different lineages at sixty one percent similarity level (61 %) 

The genetic relatedness among thirty phosphate solubilizing bacterial isolates were 

analysed by random primers to generate reproducible polymorphisms. All amplified 

products with the primers had shown polymorphic and distinguishable banding patterns 
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which indicate the genetic diversity of isolates. RAPD profiles showed that primer All 

scored highest bands. Relationships among the isolates were evaluated by cluster analysis 

of the data based on the similarity matrix. The dendogram was generated by unweighted 

pair- group methods with arithmetric mean (UPGMA) using NTSYSpc software. 

Similarity co-efficient ranged from 0.65-1.00. Based on the results obtained all nine 

isolates can be grouped into 8 main clusters. 

PCR RAPD among actinomycetes isolates was carried out by three random primers 

(OPAl, OPA4) to generate reproducible polymorphisms. All amplified products with the 

primers had shown polymorphic and distinguishable banding patterns which indicate the 

genetic diversity of isolates. RAPD profiles showed that primer OP A4 scored highest 

bands (12). Relationships among the isolates were evaluated by cluster analysis of the 

data based on the similarity matrix. The dendogram was generated by unweighted pair

group methods with arithmetric mean (UPGMA) using NTSYSpc software. Similarity co

efficient ranged from 0.65-1.00. Based on the results obtained all isolates can be grouped 

into 4 main clusters. 

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

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 lOObp 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 lD image software for each primer and 

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

into two main clusters. One cluster represents T. viride and other T harzianum. Again the 

T. viride cluster is also subgrouped into two. First subgroup with four isolates and 

second one is with seven isolates of two sub clusters. The cluster of T harzianum divided 

into two different clusters contains four different isolates. 
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All nineteen isolates of Trichoderma were taken up for ITS-PCR amplification. 

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

In the present investigation PCR products of Trichoderma harzianum were sequenced 

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

through BLASTn program which indicated that the sequences (604, 611, 608, 479, 605, 

521, 254 bp) contains the genetic information of internal transcribed spacer region of 

rDNA gene of Trichodenna harzianum (Accession no. GU187914, HM107420, 

HM107421, HM117840, GQ454925.1, GU564469, GU564470). 

Further analysis of the ITS sequences of seven isolates of Trichoderma harzianum 

obtained from Terai-Dooars regions were conducted using online Bioinformatic tools. On 

the first approach all the conserved regions of ISS r DNA sequences of these isolates 

were analyzed using the bioinformatics tool BioEdit. A multiple sequence alignment was 

carried out that included the ITS 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 region that were closely related and similar sequence indicated 

whether the isolates were closely rela~ed. Further, hundred ex -type sequences of 

potential biocontrol agent Trichoderma harzianum obtained from NCB! Gene bank 

database were aligned with these seven sequences for their phylogenetic placemat and a 

phenogram was developed using UPGMA method by Mega4 software. Next 

combinations and percentage of occurrence of different nucleotide in the entire sequences 

were calculated using the bioinformatics algorithm from the website 

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

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

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

analysis. The primer pair NS 1 and GCFung, was used. DGGE was performed with "The 

Decode Universal Mutation Detection System" (Bio-Rad Laboratories, USA). A uniform 

gradient gel of 0% to 100% denaturant was prepared which was changed several times so 

as to optimize a suitable concentration and finally 20 to 60% denaturant was found 

optimal for the best result in 110V for 6h. The isolates of Trichodenna harzianum was 

further confirmed by DGGE. 


