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ABSTRACT 

The present study on microbial diversity of Darjeeling Hills and their 

evaluation for utilization for improvement of crop health was carried out with an 

objective of isolation of microorganisms from rhizosphere of forests, agriculture 

fields as well as from riverine soils of major river basins of Darjeeling hills, their 

characterization and identification followed by screening for important characters 

like phosphate solubilization, chitin, cellulose and lignin degradation and 

utilization of potential isolates as bio control agents against fungal pathogens. 

The next phase was to evaluate the selected microorganism for plant growth 

promoting and disease suppressing activities and finally to analyze the molecular 

diversity of the selected isolates using relevant tools. In view of this object of 

study a review of literature has been presented which focuses on the current 

perspectives of Agriculturally Important Microorganisms (AIMs) in relation to 

plant health improvement with diverse mechanisms like soil phosphate 

mobilization and induction of resistance in host plant either directly or with the 

help of secondary metabolites.  

Accordingly suitable methods were employed to isolate, characterize and 

identify soil microorganisms. Field, pot and nursery experiments were carried out 

in randomized block designs in the experimental fields and glass house of 

Immuno-phytopathology Laboratory, Department of Botany, University of North 

Bengal. Statistical analyses were conducted whenever necessary.  

The results obtained on the basis of experiments conducted revealed that 

microbial population in soils ranged between 4x10
3
- 6x 10

4 
cfu in case of fungi 

and 5x10
6
cfu-6x10

6
cfu in case of bacteria. A total of 637 fungal isolates were 

obtained from the major forest, agricultural fields and river basins of Darjeeling 

hills. Out of the total collection, 205 isolates were obtained from forest, 373 from 

agricultural and 59 isolates were obtained from river basins. Similarly, a total of 

135 bacterial isolates were obtained from various sources. Among them 39 were 

obtained from forest soil, 73 from rhizosphere of agricultural crops and 23 from 

riverine soil. 
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On the basis of microscopical characterization and morphological studies it was 

found that the dominant fungal isolates belonged to the genera Absidia, 

Acremonium, Alternaria, Aspergillus, Byasiochlamus, Colletotrichum, 

Drechslera, Emericella,  Fusarium, Curvularia, Gonronella, Macrophomina,  

Noesertoria,  Paecilomyces, Penicellium,  Pseudoeutatum, Rhizoctonia, 

Rhizopus, Sclerotianum,  Sporotrichum, Syncephalastrum, Talaromyces, 

Thanetophorus and Trichoderma. Whereas the most common and abundant 

bacterial species were Bacillus sp., Micrococcus sp., Coryneform sp. 

Staphylococcus  sp. Serretiasp. Paenibacillus sp., Psedomonus sp., Enterobacter 

sp. well as Bukholderia sp.   

All the fungal and bacterial isolates were characterized for their agriculturally 

important properties in vitro. Out of a total of 637 fungal isolates 150 fungal 

isolates showed phosphate solubilizing activity as detected on Pikovskaya’s 

(PVK) agar medium. After screening on solid medium, their phosphate 

solubilizing potential was quantified in liquid medium, Among them,  isolates of 

Aspergillus niger (FS/L-04, RS/P-14, FS/L-40, FS/C-140), four isolates of  A. 

melleus (RHS/R 12, FS/L 13, FS/L 17, FS/L 18), three isolates of A. clavatus 

(RHS/P 38, RHS/P-114, RHS/T-99) and four isolates of Talaromuces flavus 

(RHS/P 50, RHS/P 51, RHS/P 54, RHS/P 120 were found to solubilize rock 

phosphate and tricalcium phosphate more efficiently than rest of the others. One 

of the interesting findings of the present study was isolation of one potential 

fulgal isolate Talaromyces flavus RHS/P-51/NAIMCC-F-01948, which has been 

reported as a potential phosphate solubilizers for the first time in this study.  

Among the bacterial isolates a total of 48 bacterial isolates were found to 

solubilize phosphate when screened on solid medium. For quantification of 

phosphate solubilization in liquid medium, all the isolates were grown in 

modified PKV broth medium supplemented with Rock phosphate and 

Tricalcium Phosphate. The results revealed that isolate Bacillus altitudinis 

BRHS/S-73 could solubilize maximum amount of rock and tricalcium 

phosphate followed by B. pumilus, BRHS/C-1, Enterobacter cloacae, BRHS/R-

71, Paenibacillus polymyxa BRHS/R-72, B. methylotrophicus BRHS/P-91, 

Burkholderia symbiont BRHS/P-92 and B. aerophilus BRHS/B-104. All these 
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potential isolates were found to produce IAA, siderophore, HCN as well as a 

considerable amount of ACC deaminase in vitro.  

Apart from the phosphate solubilizers, a large number of Trichoderma isolates 

were also obtained from various sources. A total of 26 isolates of T. harzianum 

10 isolates of T. viride, 13 isolates of  T. asperellum and 6 isolates of T. 

erinaceium were obtained from various sources and were tested for their ability 

to produce Chitinase in vitro.  The net exo and endo chtitinase activities of the 

isolates were determined specrtophotometrically. T. harzianum RHS/S-559 and 

RHS/S-560 obtained from the rhizosphere of Sechium edule, T. viride isolates, 

isolate RHS/G 251, T. asperellum and T. erinaceium RHS/Rd-551 showed 

maximum endo and exo chitinase activities. 

In vitro tests for cellulose activities of fungal isolates were conducted and results 

showed that, isolates of A. niger (FS/L-04, FS/L-40, FS/C-140, RS/P/14, FS/Td-

173 and RHS/T-198), A. melleus (FS/L-13, FS/L-17, FS/L-18, RHS/R-12 and 

RS/P-05), A. fumigates (FS/R-263), A. clavatus (RHS/P-38, RHS/T-99, and 

RHS/P-114), P. digitatum (RHS/T-455 and RHS/C-338), P. italicum (RHS/M-

403 and RHS/P-414), P. crysogenum (RHS/T-269), T. flavus (RHS/P-54, 

RHS/P-51, RHS/P-50 and RHS/P-120), T. harzianum (RHS/S-559 and RHS/S-

560), T. viride (RHS/B-245 and RHS/G-251), T. asperellum (RHS/S-561, 

RHS/Cd-601 and FS/L-188) and T. erinacium (RHS/T-626 and FS/Td-166) had 

comparatively higher exo and endo cellulase activities.   

Both the potential bacterial and fungal isolates were tested for their antagonistic 

effect against the fungal pathogens.  Isolates of T. harzianum (RHS/S-

559/NAIMCC-F-01968 and RHS/S-560/NAIMCC-F-01966), T. asperellum 

(RHS/S-561/NAIMCC-F-01967), T. erinaceium (RHS/T-474/NAIMCC-01960) 

and T. viride (FS/L-186) showed maximum inhibitory activities against S. rolfsii 

and T. cucumeris. The SEM micrographs revealed that the Trichoderma 

mycelium profusely parasitized the pathogen mycelium and inhibited its growth. 

On the later stage of growth the pathogen was completely overgrown by the 

antagonists. On the other hand, T. flavus which showed highest phosphate 

solubilizing abilities in vitro could inhibit mycelial growth and development of 

S. rolfsii in dual culture. Sclerotial germination of S. rolfsii with cell free culture 
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filtrates of T. flavus showed 90-95 % inhibition in comparison to control. 

Similarly among the bacterial isolates viz Bacillus pumilus, Enterobacter 

cloacae, Paenibacillus polymyxa, B. altitudinis, B. methylotrophicus, 

Burkholderia symbiont and B. aerophilus that showed positive result for all the 

tested PGP characteristics were tested for their antifungal activities against the 

fungal pathogens Sclerotium rolfsii, Thanatophorous cucumeris, Rhizoctonia 

solani and Macrophomina phaseolina. All these bacterial isolates were found to 

inhibit the test pathogens where the average inhibition percentage ranged from 

60- 80%.  

Most of the commonly occurring fugal isolates, potential PSFs as well as 

Trichoderma isolates have been deposited to the National Agriculturally 

Important Microorganisms Culture Collection (NAUMCC) centre of National 

Bureau of Agriculturally Important Microorganisms (NBAIM), ICAR and 

accession numbers have been provided to them. 

Another phase of study was the analysis of diversity among the beneficial group 

of microorganisms with the help of relevant tools. Among the total collection of 

phosphate solubilizers genetic relatedness among four isolates of Aspergillus 

niger (FS/L-04, RS/P-14, FS/L-40, FS/C-140), four isolates of A. melleus 

(RHS/R 12, FS/L 13, FS/L 17, FS/L 18), three isolates of  A. clavatus (RHS/P 

38, RHS/P-114, RHS/T-99) and four isolates of Talaromuces flavus (RHS/P 50, 

RHS/P 51, RHS/P 54, RHS/P 120) was carried out using decamer primers. Out 

of the 30 loci scored only 12 (40 %) were polymorphic. Highest level of 

polymorphism was recorded in primer OPD-5 (75.00 %) followed by OPB-2 

(62.50 %), OPD-6 (40.00 %) and AA-5 (26%). The degree of similarity between 

T. flavus and Aspergillus isolates ranged from 14.00 % to 22 % (Moderate 

dissimilar values). PCA of the similarity coefficient values further revealed that 

each group of phosphate solubilizers was grouped in separate clades. Among the 

Biocontrol agents, isolates T. harzianum (RHS/S- 559, RHS/S 560, RHS/M 501, 

RHS/M 511) and T. asperellum (RHS/S 561, RHS/M 512, RHS/M 517) were 

found to show maximum inhibitory effect against fungal pathogens in vitro. Out 

of the 17 loci scored only 10 (58.82 %) were polymorphic and the highest level 

of polymorphism was recorded in primer AA-05 (62.50 %) followed by AA-11 
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(55.55 %) and overall the degree of similarity between T. harzianum and T. 

asperellum isolates ranged from 28.00 % to 71.00 % (Moderate dissimilar 

values). Since all the bacterial isolates were identical in their function and 

biochemical analysis, genetic relatedness among all the 135 bacterial isolates 

were carried out using decamer primers. The average number of polymorphic 

bands produced by the primer OPD-05 was 7 and the highest degree of 

polymorphism recorded was 63.63 % followed by OPD-02 (57.10 %), AA-11 

(40.00%), OPD-06 (37.50 %), AA-05 (33.33%), OPA-04 (28.57 %). Similarly, 

Similarity co-efficient reveals that most of the bacterial isolates belonging to the 

same genera and species showed highest degree of similarity. Overall all the 

bacterial isolates were separated into four major clusters irrespective of their 

origin and biochemical similarities. PCA analysis of the similarity coefficient 

values revealed that all the bacterial isolates exhibited a wide degree of genetic 

diversity which has been represented with a number of dispersed points 

distributed in the plot area.  

A second level of genetic relatedness study was conducted to analyze a specific 

gene sequence of selected and closely related group of microorganisms to draw 

variations in their genetic makeup. This was achieved with sequence data from 

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

the ITS 1 region of the selected isolates were tested which was distinguished by 

Denature Gradient Gel Electrophoresis (DGGE).  The results supported the 

RAPD analysis up to a certain extent that there was a considerable amount of 

variability among the organisms even belonging the same genera. The DGGE 

analysis was also helpful to draw similarities between identified and 

unidentified isolates.   

On the basis of in vitro analysis a large number of potential PGPF, BCA and 

PGPR isolates were obtained. The identities of all the selected microorganisms 

were confirmed on the basis of rDNA sequences. The rDNA sequences were 

amplified using universal primer pairs (both fungal 18S rDNA and bacterial 16S 

rDNA), sequenced and submitted to NCBI-Genbank Database where an 

accession number for each gene sequence has been provided.  
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Among all the phosphate solubilizing fungal isolates, isolate RHS-P-51 was 

found to be an efficient phosphate solubilizer whose identity was confirmed as 

Talaromyces flavus, the accession number for isolate T. flavus RHS/P-51, 

provided by NCBI is GU324073. Similarly, identities of BCA isolates were 

confirmed as Trichoderma erinaceum (FS/L-20, FS/S-474 FS/S-475, FS/S-478) 

Trichoderma harzianum (RHS/S-559, RHS/S-560) and Trichoderma asperellum 

(RHS/S-561). The accession number for all these isolates, provided by NCBI 

are HM107419, GU187915, GU191829, HM117841, HQ334995, HQ334997 

and HQ334996 respectively. Among the selected potential PGPR isolates, 

isolate BRHS/C-1,  BRHS/P-22,  BRHS/R-71, BRHS/R-72, BRHS/S-73, 

BRHS/P-91, BRHS/P-92 and BRHS/B-104 were identified as Bacillus pumilus, 

Bacillus altitudinis, Enterobacter cloacae, Paenibacillus polymyxa, Bacillus 

altitudinis, Bacillus methylotrophicus, Burkholderia sp. and Bacillus aerophilus 

respectively. The NCBI Accession numbers for each isolate is JF836847, 

HQ849482, KC703974, KC703775, JF899300, JQ765577, JQ765578 and 

KC603894 respectively. 

Series of in vivo experiments were carried out next with the selected phosphate 

solubilizinf fungi, Biocontrol agents and PGPR isolates to determine their plant 

growth promoting activity in the field and potted conditions. On the basis of 

initial screening of fungal isolates for phosphate solubilization, A. niger FS/L-

04, A. melleus FS/L-17, A. clavatus RHS/P-38 and T. flavus RHS/P-51 were 

found to be most efficient phosphate solubilizers. Evaluation of these isolates 

for enhancement of growth of six different crop plants viz. Phaseolus vulgaris, 

Glycine max, Cicer arietinum, Vigna radiata, Pisum sativum and Oryza sativa 

in green house condition was carried out. These PSF isolates were applied to the 

soils after multiplying them in farm yard manure. Seeds were then shown in PSF 

amended soils which resulted in significant increase in growth, measured in 

terms of height, leaf number and dry biomass over similar increase in control. 

Effect of T. flavus amended was found to be significantly higher in all the tested 

crops in comparison to the other Aspergillus isolates. Enhancement of growth by 

these phosphate solubilizing fungal isolates was directly associated with the soil 

phosphate mobilization. The total residual phosphate in un-inoculated soil was 

found to be much higher than the soil amended with PSF isolates while root and 
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leaf phosphate contents significantly increased in plants grown in PSF amended 

soil comparison to control. 

Among the several isolates of PGPR obtained from different regions of 

Darjeeling hills, seven PGPR isolates, Bacillus pumilus, Enterobacter cloacae, 

Paenibacillus polymyxa, B. altitudinis, B. methylotrophicus, Burkholderia 

symbiont  and B. aerophilus  were selected for in vivo evaluation of their effects 

on growth different crop plants. In the first set of field trials, effect of PGPR on 

growth of Vigna radiata, Cicer arietinum, Glycine max, Triticum aestivum in 

field trials well as four varieties of tea (Camellia sinensis) (TV-9, TV-20, TV-25 

and TV-26) in nursery conditions was evaluated. Results revealed that Seed 

bacterization followed by application of the bacterial isolates as soil drench to 

the natural environment could enhance growth of all the tested crop plants. 

However, B. altitudinis followed by B. pumilus could enhance growth of all the 

tested crops more efficiently. Growth of tea seedlings grown under same 

environmental and physical conditions was enhanced to a greater extent when 

both the bacterial isolates were applied jointly. In both the cases the growth 

promotion was found to be correlated with total phosphate content and 

phosphatase activities of the soil.  

In second level of field studies the selected BCA and PGPR isolates were 

evaluated for their effect in reducing Sclerotial blight and root rot of different 

legumes and plantation crops. T. harzianum, T. asperellum were found to 

efficiently reduce scletorial blight incidence of Vigna radiata caused by 

Sclerotium rolfsii and root rot disease of Cicer arietinum caused by T. 

cucumeris when applied in the soil either singly or in combination with another 

efficient biocontrol fungus T. flavus. Similarly, the PGPR under investigation 

were also effective in suppressing sclerotial blight of Glycine max and Camellia 

sinensis caused by S. rolfsii grown in pot and nursery  conditions and root rots 

of Vigna radiata, Lycopersicon esculentum and Brassica juncea caused by 

Thanatephorus cucumeris in pot conditions. The reduction of disease by both 

BCA and PGPR isolates were found to be correlated with the enhancement of 

key defence enzymes- chitinase (CHT), β-1, 3-glucanase (GLU), Phenyl alanine 
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ammonia lyase (PAL) and Peroxidase (POX) which increased significantly 

specially in the presence of the pathogen.   

The overall result of the present study has shown that there is there is a huge 

microbial diversity in the soils of sub Himalayan regions of Darjeeling Hills. 

The occurrence of functionally diverse groups of phosphate solubilizers, chitin 

degraders, biocontrol agents, plant growth promoting rhizobacteria in all the 

tested soil types suggests presence of abundant Beneficial Microorganisms in 

the region. RAPD and DGGE based genetic relatedness analysis of these 

beneficial microorganisms suggested that they were not only functionally 

diverse but also showed significant variation in their genetic makeup. Bio-

priming of the seeds and seedlings prior to sowing and after germination proved 

to be effective in growth enhancement and to induce resistance against fungal 

root pathogens. Reduction of root diseases by both BCA and PGPR was 

associated with all the elements commonly known to be involved in the induced 

systemic resistance which were found to have been enhanced. Regarding the 

mechanism of action of the beneficial microorganisms, it seems probable that 

these organisms act through a combination of methods, it is assumed that on one 

hand these microorganisms secrete metabolites into the soil which in turn elicit 

responses in the host which was evident by differential expression of enzymes 

both in the roots and leaves of treated plants and on the other hand suppress 

pathogen population by antibiotics, HCN and siderophore secretion. 
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CHAPTER 1 

INTRODUCTION 
 

 Soil is known to be a complex microhabitat for two distinctive properties. 

Firstly, the microbial population in soil is very diverse and secondly soil is a 

structured, heterogeneous and discontinuous system, generally poor in nutrients and 

energy sources. The chemical, physical and biological characteristics of these 

microhabitats differ in both time and space. Diverse microorganisms are essential to 

a sustainable biosphere and the role of rhizosphere microbial populations for 

maintenance of root health, nutrient uptake and tolerance of environmental stress is 

now recognized (Zake et al., 2011). Microorganisms form a vital component of all 

known ecosystems of earth and represent the richest repertoire of molecular and 

chemical diversity in nature as they underline basic ecosystem processes. Soil 

microflora plays the most important role in the soil region of the higher plants. The 

variable microflora changes the soil fertility conditions to a specific plant and in turn 

is dependent on the exudates of the roots in the rhizosphere. Microorganisms in soil 

are critical to the maintenance of soil function in both natural and managed 

agricultural soils because of their involvement in such key processes as soil structure 

formation, decomposition of organic matter, toxin removal and the cycling of carbon, 

nitrogen, phosphorus, and sulphur. In addition, microorganisms play key roles in 

suppressing soil borne plant diseases, in promoting plant growth and changes in 

vegetation (Singh et al., 2011). Soil bacteria and fungi are the key players in various 

biochemical cycles (BGC) (Trevors, 1998) and are responsible for the cycling of 

organic compounds. They also influence above-ground ecosystems by contributing to 

plant nutrition (George et al., 1995) plant health (Smith and Goodman, 1999), soil 

structure (Wright and Upadhya, 1998) and soil fertility (Karthick et al, 2011).  

 The study of microbial diversity is also important to solve new and emerging 

disease problems and to advance biotechnology. New technologies, particularly in 

nucleic acid analysis, computer science, analytical chemistry, and habitat sampling 

and characterization place the study of microbial diversity on the cutting edge of 

science. It is important to study microbial diversity not only for basic scientific 
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research, but also to understand the link between diversity and community structure 

and function. Human influences such as pollution, agriculture and chemical 

applications could adversely affect microbial diversity, and perhaps also above and 

belowground ecosystem functioning. In addition, a healthy rhizosphere population 

can help plants deal with biotic and abiotic stresses such as pathogens, drought and 

soil contamination. The role of rhizospheric organisms in mineral phosphate 

solubilization was known as early as 1903 and the ability of rhizospheric 

microorganisms to promote growth by phosphate solubilization is also one of the 

most studied mechanisms involved in plant growth promotion (Misra et al., 2012).  

Important genera of mineral phosphate solubilizers include Bacillus and 

Pseudomonas (Singh, 2013) while Aspergillus and Penicillium form the important 

fungal genera (Nenwani et al.,2010).  In soil, phosphate-solubilizing bacteria 

constitute 1–50% and fungi 0.5%–0.1% of the total respective population. Generally, 

the phosphate-solubilizing bacteria outnumber phosphate-solubilizing fungi by 2–150 

times (Kucey, 1989). The high proportion of PSM is concentrated in the rhizosphere 

and is known to be more metabolically active than those isolated from sources other 

than the rhizosphere. Species of Aspergillus, Penicillium and yeast have been widely 

reported solubilizing various forms of inorganic phosphates (Whitelaw, 2000). Fungi 

have been reported to possess greater ability to solubilize insoluble phosphate than 

bacteria (Nahas, 1996).    

The use of biological fertilizers in recent times, is receiving attention mainly 

on account of increased global preference for natural “organic” products. Isolation of 

microorganisms, screening for desirable characters, selection of efficient strains, 

production of inoculum and preparation of carrier-based formulation are important 

steps in the use of this microbe based environment friendly and sustainable 

technology. When these cultures are introduced into the natural environment, their 

individual beneficial effects are greatly magnified in a synergistic fashion. A 

microbial inoculant containing many kinds of naturally occurring beneficial microbes 

called „Effective Microorganisms‟ has been used widely in nature and organic 

farming (Karthick et al, 2011). 
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Fig. 1. Few of the major forests of Darjeeling hills. 
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Our understanding of microbial diversity, and concomitantly of species composition, 

of microbial communities is hampered by the inability to classify microorganisms 

(Sherriff et al., 2007). Microbes are small and, in general, without conspicuous 

external characters to classify them morphologically. In addition, classification based 

on physiological or biochemical features is often not possible because an estimated 

percentage of 99% of all microorganisms in nature can not be isolated. So, to obtain a 

better understanding of the role of microbial diversity in ecosystem functioning, 

other techniques, which complement the traditional microbiological methods are 

necessary. Pace and co-workers (1986) were the first to realize that this phylogenetic 

framework of rRNA sequences could be used to design primers and probes. 

Therefore, approaches detecting the diversity of directly extracted signature 

molecules of microorganisms, such as fatty acids (Frostegård, et al., 1996) or DNA 

(Zhou et al., 1997), have been developed. DNA-based characterization techniques 

have the advantage that specific genes can be amplified from a community mixture 

or pure culture by PCR and that products of such amplifications can be further 

characterized, e.g., by subcloning and DNA sequencing.   Such data can be directly 

compared to DNA sequence databases and thus provide information about similarity 

to already-known genes (Ueda et al., 1995). Genetic fingerprinting techniques 

provide a pattern or profile of the community diversity based upon the physical 

separation of unique nucleic acid species (Madhavan et al., 2010). The methods are 

rapid and relatively easy to perform, but more importantly, they allow the 

simultaneous analysis of multiple samples, which makes it possible to compare the 

genetic diversity of microbial communities from different habitats or to study the 

behaviour of individual communities over time. Application of these in molecular 

biological techniques allows us to detect and enumerate microorganisms in their 

natural habitat and so to determine the structure, function and dynamics of selective 

microbial commuinities (Jeewon et al., 2013). Genetic fingerprinting techniques to 

study the diversity and dynamics of microbial communities can be divided into direct 

methods, whereby nucleic acids are extracted and directly analyzed, such as low-

molecular-weight (LMW) RNA profiling, or into indirect methods, whereby the 

molecular marker first has to be amplified, which is the case for denaturing gradient 

gel electrophoresis  
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Fig. 2. Major riverine soil sample collection sites of Darjeeling Hills. 
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(DGGE) or temperature gradient gel electrophoresis (TGGE), singlestranded- 

conformation polymorphism (SSCP), randomly amplified polymorphic DNA 

(RAPD) or DNA amplification fingerprinting (DAF), bisbenzimide- 

polyethyleneglycol (Bb- PEG) electrophoresis, restriction fragment length 

polymorphism (RFLP) or amplified ribosomal DNA restriction analysis (ARDRA), 

and terminal RFLP (T-RFLP) or fluorescent RFLP (Flu-RFLP).  Molecular analysis 

of genomic DNA of the organism is therefore useful for distinguishing the microbial 

strains better at intra-species level and these techniques provide valuable information 

on the magnitude of genetic variability within and between organisms of different 

species It has been suggested that molecular fingerprinting techniques are not only 

helpful in knowing un-cultured communities but also helps to track the populations 

of known organisms with the help of reference sequences (Sun et al., 2013).  

 Himalayan region represents a unique combination of plant and soil types that 

changes drastically with altitude (Kumar et al., 2011). We have till date a very poor 

record of the Beneficial Microorganisms of the Himalayas especially of the Eastern 

Himalayan region lying between the latitudes 26 o 40' - 29 o 30'N and longitudes 88 

o 5‟- 97o 5'E and covering a total area of 93,988 km2 comprising Arunachal Pradesh, 

Sikkim and Darjeeling hills of West Bengal with 83,743, 7,096 and 3,149 km2 of 

area respectively. ).  In this context the need for survey of efficient microorganisms 

from the Himalayan belt becomes necessary so as to use them more efficiently as 

“organic” products in this areas.  

 India is among the world‟s twelve mega-diversity countries and immensely 

rich in bio-resources. West Bengal represents a good slice of biodiversity of the 

nation and is commendably bestowed with at least five ecological zones representing 

not only a variety of ecosystems but also remarkable diversity in its biological 

resource arena. As such, avenues in tapping upon the state's biodiversity resources 

and associated knowledge are undoubtedly immense, in order to consequently 

promote biodiversity-based enterprises in the modern, as well as, traditional sectors, 

to develop biotechnology industries in the State and also to encourage local level 

value addition to biodiversity resource. Darjeeling Himalayan hill region is situated 

on the North-Western side of the state. This region belongs to the Eastern Himalaya 

range.  

 

http://en.wikipedia.org/wiki/Eastern_Himalaya
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Fig. 3. Agricultural crop fields of Darjeeling hills. 
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The whole of the Darjeeling district except the Siliguri division and a narrow part in 

the Northern part of Jalpaiguri district constitutes the region. It starts abruptly up 

from the Terai region. The deep gorge of Teesta has divided this mountainous region 

into two parts; the Singalila and Darjeeling Ranges run from north to south in the 

western part. The Singalila range is located along the border of Darjeeling and Nepal; 

it has four important peaks – Sandakphu, Phalut, Sabargam and Tangu. Isolation of 

microorganisms useful to improve the plant health from this region of varying altitude and 

vegetation will be a new attempt to explore the microbial mines of Darjeeling hills.                                                                                                                                                         

Keeping this in view, the following major objectives were undertaken to generate the 

possible information for utilization of microorganisms isolated from the different 

ecological regions of Darjeeling hills.  

 

 Isolation of microorganisms from rhizosphere soil of Darjeeling hills, their 

characterization and identification 

 Screening of isolates and characterization as phosphate solubilizers, chitin, 

cellulose and lignin degraders 

 Selection of the isolates for their utilization as biocontrol agents against 

fungal pathogens 

 Evaluation of the selected microorganism for plant growth promoting 

activities 

 Molecular diversity analysis of the selected isolates using relevant tools. 

 

 

 

 

 

  

 

 

http://en.wikipedia.org/wiki/Darjeeling_district
http://en.wikipedia.org/wiki/Siliguri
http://en.wikipedia.org/wiki/Jalpaiguri_district
http://en.wikipedia.org/wiki/Terai_region
http://en.wikipedia.org/wiki/Tista
http://en.wikipedia.org/wiki/Darjeeling_district
http://en.wikipedia.org/wiki/Nepal
http://en.wikipedia.org/wiki/Sandakfu
http://en.wikipedia.org/wiki/Falut
http://en.wikipedia.org/w/index.php?title=Sabargam&action=edit&redlink=1
http://en.wikipedia.org/w/index.php?title=Tangu&action=edit&redlink=1
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CHAPTER 2 

 LITERATURE REVIEW 
 

 Several earlier reviews have outlined the importance of soil microorganisms 

with respect to Agriculturally Important Microorganisms (AIMs) which are used in a 

variety of agro-ecosystems both under natural conditions and artificial inoculation for 

diverse application such as nutrient supply, biocontrol, bioremediation and 

rehabilitation of degraded lands (Wright and Upadhya, 1998; Smith and Goodman, 

1999; Yao et. al., 2002; Sharan and Nehra 2011; Bhattacharya and Jha, 2012; Souza 

et al., 2013). The review presented, has been compiled to focus on the importance of 

AIMs, their mode of action in promoting plant health as Phosphate solubilizers and 

Biocontrol Agents, the need of Monitoring these useful agents in the soil following 

inoculation and the modern day tools to understand their diversity and phylogeny.  

Rhizosphere Microflora  

Living organisms form three major domains: Bacteria and Archaea, collectively 

termed prokaryotes, and the Eucarya or eukaryotes. Prokaryotes are distinguished 

from eukaryotes by the absence of a unit membrane-bound nucleus and, usually, the 

lack of other cell organelles. Ribosomes in prokaryotes are smaller (70S) than in 

eukaryotes (80S) and no eukaryote is able to fix atmospheric N2. The endosymbiotic 

theory (Margulis, 1993) proposes that the mitochondria and chloroplasts of 

eukaryotic cells originated as symbiotic prokaryotic cells. The presence of bacterial, 

circular, covalently closed DNA and 70S ribosomes in mitochondria supports this 

theory. Despite the apparent, relative simplicity of prokaryotic cells, as a group they 

have the greater taxonomic and functional diversity. Globally, organic C in 

prokaryotes is equivalent to that in plants and they contain 10-fold more N. They also 

possess the most efficient dispersal and survival mechanisms. As a consequence, 

prokaryotes are of enormous importance in creating, maintaining, and functioning of 

the soil. Fungi bind soil together, both literally and figuratively, by their filamentous 

form, their exudates, and their trophic interactions with all other groups of soil 

organisms.   
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 It is well established that microbial life only occupies a minor volume of soil 

being localised in hot spots such as the rhizosphere soil (Nannipieri et al., 2003), 

where microflora has a  ontinuous access to a flow of low and high molecular weight 

organic substrates derived from roots. This flow, together with specific physical, 

chemical and biological factors, can markedly affect microbial activity and 

community structure of the rhizosphere soil (Brimecombe et al., 2001). For many 

years, soil microbiologists and microbial ecologists differentiated soil 

microorganisms as „beneficial‟ or „harmful‟ depending how they affect soil quality, 

crop growth and yield. Beneficial microorganisms are those that fix atmospheric N, 

decompose organic wastes and residues, detoxify pesticides, suppress plant diseases 

and soil-borne pathogens, enhance nutrient cycling and produce bioactive 

compounds such as vitamins, hormones and enzymes that stimulate plant growth. 

Soil harbours a phylogenetically diverse community of saprotrophic microorganisms 

whose physiological activities mediate the biogeochemical cycling of carbon (C) and 

nitrogen (N) at local, regional and global scales. These communities are structured by 

the physical environment as well as the availability of growth-limiting resources 

entering soil (i.e., organic compounds in plant detritus) (Zake et al., 2011). 

Agriculturally Important Microorganisms (AIMs)  

 The rhizosphere harbors an extremely complex microbial community 

including saprophytes, epiphytes, endophytes, pathogens and beneficial 

microorganisms. In natural systems, these microbial communities tend to live in 

relative harmony where all populations generally balance each other out in their quest 

for food and space (Be´ langer and Avis, 2002). In “artificial” systems, i.e. 

agriculture, there is a modification in this natural balance that can drastically alter the 

microbial community and can lead to loss of beneficial microbes and/or ingress of 

plant pathogens that may have a devastating effect on plant productivity. In these 

cases, the integration of beneficial microorganisms into production systems can 

somewhat shift the balance of the microbial communities toward a population 

structure more conducive to increased plant health and productivity. Such beneficial 

rhizosphere organisms are generally termed as Agriculturally Important 

Microorganisms (AIMs) and are classified into two broad groups based on their 

primary effects, i.e., their most well known beneficial effect on the plant:  
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(i) Microorganisms with direct effects on plant growth promotion [plant growth 

promoting microorganisms (PGPM)] and 

(ii) Biological control agents (BCA) that indirectly assist with plant productivity 

through the control of plant pathogens.  

In addition to their primary effects on plant productivity and health, respectively, 

recent work has shown that these beneficial microorganisms possess secondary, i.e., 

more recently discovered effects that may bestow them increased interest for plant 

growers (Vassilev et al., 2006; Van-Elsas et al., 2011). More specifically, PGPM 

have shown activities relating to biocontrol of soilborne pathogens. Conversely, BCA 

have demonstrated properties that directly promote plant growth (Chakraborty and 

Chakraborty, 2013).  Previous reviews of the role of micro-fauna in the rhizosphere 

have tended to concentrate on their contribution to gross flows of carbon and 

nitrogen (Zwart et al. 1994) or their role in disease suppression (Curl and Harper 

1990). The activity of microorganisms in soil is generally limited by carbon, but not 

in the rhizosphere where plants steadily supply microorganisms with easily available 

carbon. Consequently, a specialized microflora typically consisting of fast-growing 

bacteria results in increased levels of microbial biomass and activity around plant 

roots (Alphei et al. 1996). There is strong top-down control of these bacterial 

populations by the grazing pressure of microbivorous nematodes and protozoa 

(Wardle 2002). The release of carbon in the form of root exudates may account for 

up to 40 percent of the dry matter produced by plants (Lynch and Whipps 1990), 

even if the C-transfer to exudation was 10–20 percent of total net fixed carbon 

(Rovira 1991), other microbial symbionts such as mycorrhizae (Smith and Read 

1997) or N2-fixing microorganisms (Ryle et al. 1979). 

Indirect interactions of microfaunal grazing seem even more important than direct 

effects due to nutrient release (Bonkowski and Brandt 2002). Protozoa have, for 

example, been found to increase plant biomass independently of nutrient contents in 

the plant tissue (Alphei et al., 1996). Thus, in a laboratory experiment with a constant 

supply of excess nutrients, protozoa increased the biomass of spruce (Picea abies) 

seedlings up to 60 percent (Jentschke et al., 1995). Plants are not simply passive 

recipients of nutrients, but information from the environment affects their 
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belowground allocations such as root proliferation (Hodge et al., 1999), formation of 

symbiotic relationships (e.g. mycorrhizal fungi, Smith and Read 1997; or N2-fixing 

bacteria, Ryle et al., 1979), alteration in exudation rates (Wamberg et al., 2003), 

interactions with free-living bacteria (Mathesius et al., 2003), or production of 

secondary defence compounds against herbivores (Cipollini et al., 2003).  

Phosphate solubilizing microorganisms (PSMs) 

Phosphorus (P) is a major growth-limiting nutrient, and unlike the case for nitrogen, 

there is no large atmospheric source that can be made biologically available (Ezawa 

et al., 2002; Sharan and Nehra, 2011; Hrynkiemicz and Baum, 2011). Root 

development, stalk and stem strength, flower and seed formation, crop maturity and 

production, N-fixation in legumes, crop quality, and resistance to plant diseases are 

the attributes associated with phosphorus nutrition. Although microbial inoculants 

are in use for improving soil fertility during the last century, however, a meager work 

has been reported on P solubilization compared to nitrogen fixation. Soil P dynamics 

is characterized by physicochemical (sorption-desorption) and biological 

(immobilization-mineralization) processes. Large amount of P applied as fertilizer 

enters in to the immobile pools through precipitation reaction with highly reactive 

Al3+ and Fe3+ in acidic, and Ca2+ in calcareous or normal soils (Hao et al., 

2002).Efficiency of P fertilizer throughout the world is around 10 - 25 % (Isherword, 

1998), and concentration of bioavailable P in soil is very low reaching the level of 

1.0 mg kg–1 soil (Goldstein, 1994). Soil microorganisms play a key role in soil P 

dynamics and subsequent availability of  phosphate to plants (Richardson, 2001; 

Mishra et al., 2012; Pingale and Popat, 2013). 

Inorganic forms of P are solubilized by a group of heterotrophic microorganisms 

excreting organic acids that dissolve phosphatic minerals and/or chelate cationic 

partners of the P ions i.e. PO43- directly, releasing P into solution (He et al., 2002). 

Evidence of naturally occurring rhizospheric phosphorus solubilizing microorganism 

(PSM) dates back to 1903 (Khan et al., 2007). Bacteria are more effective in 

phosphorus solubilization than fungi (Alam et al., 2002). Among the whole microbial 

population in soil, PSB constitute 1 to 50 %, while phosphorus solubilizing fungi 

(PSF) are only 0.1 to 0.5 % in P solubilization potential (Chen et al., 2006). Number 
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of PSB among total PSM in north Iranian soil was around 88 % (Fallah, 2006). 

Microorganisms involved in phosphorus acquisition include mycorrhizal fungi and 

PSMs (Fankem et al., 2006). Among the soil bacterial communities, ectorhizospheric 

strains from Pseudomonas and Bacilli, and endosymbiotic rhizobia have been 

described as effective phosphate solubilizers (Igual et al., 2001). Strains from 

bacterial genera Pseudomonas, Bacillus, Rhizobium and Enterobacter along with 

Penicillium and Aspergillus fungi are the most powerful P solubilizers (Whitelaw, 

2000). Bacillus megaterium, B. circulans, B. subtilis, B. polymyxa, B. sircalmous, 

Pseudomonas striata, and Enterobacter could be referred as the most important 

strains (Kucey et al., 1989). A nemato fungus Arthrobotrys oligospora also has the 

ability to solubilize the phosphate rocks (Duponnois et al., 2006). 

Mechanisms of Phosphorus Solubilization 

Some bacterial species have mineralization and solubilization potential for organic 

and inorganic phosphorus, respectively (Khiari and Parent, 2005). Phosphorus 

solubilizing activity is determined by the ability of microbes to release metabolites 

such as organic acids, which through their hydroxyl and carboxyl groups chelate the 

cation bound to phosphate, the latter being converted to soluble forms (Sagoe et al., 

1998). Phosphate solubilization takes place through various microbial 

processes/mechanisms including organic acid production and proton extrusion 

(Nahas, 1996, Nenwani et al., 2010).  

A wide range of microbial P solubilization mechanisms exist in nature and much of 

the global cycling of insoluble organic and inorganic soil phosphates is attributed to 

bacteria and fungi (Banik and Dey, 1982). Phosphorus solubilization is carried out by 

a large number of saprophytic bacteria and fungi acting on sparingly soluble soil 

phosphates, mainly by chelation-mediated mechanisms (Whitelaw, 2000). Inorganic 

P is solubilized by the action of organic and inorganic acids secreted by PSB in 

which hydroxyl and carboxyl groups of acids chelate cations (Al, Fe, Ca) and 

decrease the pH in basic soils (Stevenson, 2005). The PSB dissolve the soil P through 

production of low molecular weight organic acids mainly gluconic and keto gluconic 

acids (Deubel et al., 2000), in addition to lowering the pH of rhizosphere. The pH of 

rhizosphere is lowered through biotical production of proton / bicarbonate release 

(anion / cation balance) and gaseous (O2/CO2) exchanges. Phosphorus solubilization 
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ability of PSB has direct correlation with pH of the medium. Release of root exudates 

such as organic ligands can also alter the concentration of P in the soil solution 

(Hinsinger, 2001). Organic acids produced by PSB solubilize insoluble phosphates 

by lowering the pH, chelation of cations and competing with phosphate for 

adsorption sites in the soil (Nahas, 1996). Inorganic acids e.g. hydrochloric acid can 

also solubilize phosphate but they are less effective compared to organic acids at the 

same pH (Kim et al., 1997, Nenwani et al., 2010; Singh et al., 2013). In certain cases 

phosphate solubilization is induced by phosphate starvation (Gyaneshwar et al., 

1999). 

Phosphorus mobilization by soil microorganisms 

Microorganisms directly affect the ability of plants to acquire P from soil through a 

number of structural or process-mediated mechanisms. These include (i) an increase 

in the surface area of roots by either an extension of existing root systems (eg, 

mycorrhizal associations) or by enhancement of root branching and root hair 

development (i.e. growth stimulation through  phytohormones), (ii) by displacement 

of sorption equilibria that results in increased net transfer of phosphate ions into soil 

solution or an increase in the mobility of organic forms of P and (iii) through 

stimulation of metabolic processes that are effective in directly solubilizing and 

mineralizing P from poorly available forms of inorganic and organic P.  These 

processes include the excretion of hydrogen ions, the release of organic acids, the 

production of siderophores and the production of phosphatase enzymes that are able 

to hydrolyse soil organic P (Fig. 3).  In particular, organic acids and associated 

protons are effective in solubilizing precipitated forms of soil P (eg, Fe- and Al-P in 

acid soils, Ca-P in alkaline soils), chelating metal ions that may be associated with 

complexed forms of P or may facilitate the release of adsorbed P through ligand 

exchange reactions (Jones, 1998). 

Solubilization of Ca-bound P 

Soil phosphates mainly the apatites and metabolites of phosphatic fertilizers are fixed 

in the form of calcium phosphates under alkaline conditions. Many of the calcium 

phosphates,including rock phosphate ores (fluoroapatite, francolite), are insoluble in 

soil with respect to the release of inorganic P (Pi) at rates necessary to support 
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agronomic levels of plant growth (Goldstein, 2000). Gerretsen (1948) first showed 

that pure cultures of soil bacteria could increase the P nutrition of plants through 

increased solubility of Ca-phosphates. Their solubility increases with a decrease of 

soil pH. Phosphate solubilization is the result of combined effect of pH decrease and 

organic acids production (Fankem et al., 2006). Microorganisms through secretion of 

different types of organic acids e.g. carboxylic acid and rhizospheric pH lowering 

mechanisms dissociate the bound forms of phosphate like Ca3(PO4)2. Nevertheless, 

buffering capacity of the medium reduce the effectiveness of PSB in releasing P from 

tricalcium phosphates (Stephen and Jisha, 2009). Acidification of the microbial cell 

surroundings releases P from apatite by proton substitution / excretion of H+ 

(accompanying greater absorption of cations than anions) or release of Ca2+ 

(Goldstein, 1994; Illmer and Schinner1995; Villegas and Fortin 2002). While, the 

reverse occurs when uptake of anions exceeds that of cations, with excretion of OH¯ 

/ HCO3  exceeding that of H+ (Tang and Rengel, 2003). Carboxylic anions produced 

by PSB, have high affinity to calcium, solubilize more phosphorus than acidification 

alone (Staunton and Leprince 1996). Complexing of cations is an important 

mechanism in P solubilization if the organic acid structure favors complexation (Fox 

et al., 1990). It is controlled by nutritional, physiological and growth conditions of 

the microbial culture (Reyes et al., 2007), but it is mostly due to the lowering of pH 

alone by organic acids or production of microbial metabolites (Abd-Alla, 1994). 

Organic anions and associated protons are effective in solubilizing precipitated forms 

of soil P (e.g. Fe - and Al - P in acid soils, Ca - P in alkaline soils), chelating metal 

ions that may be associated with complexed forms of P or may facilitate the release 

of adsorbed P through ligand exchange reactions (Jones, 1998). Calcium phosphate 

(Ca-P) release results from the combined effects of pH decrease and carboxylic acids 

synthesis, but proton release cannot be the single mechanism (Deubel et al., 2000). 

Solubilization of Al- / Fe-bound P 

Solubilization of Fe and Al occurs via proton release by PSB by decreasing the 

negative charge of adsorbing surfaces to facilitate the sorption of negatively charged 

P ions. Proton release can also decrease P sorption upon acidification which increases 

H2PO4− in relation to HPO4
-2

 having higher affinity to reactive soil surfaces 

(Whitelaw, 2000). Carboxylic acids mainly solubilize Al-P and Fe-P (Henri et al., 
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2008; Khan et al., 2007) through direct dissolution of mineral phosphate as a result 

of anion exchange of PO43- by acid anion, or by chelation of both Fe and Al ions 

associated with phosphate (Omar, 1998). It is through root colonizing pseudomonads 

with high-affinity iron uptake system based on the release of Fe3+- chelating 

molecules i.e. siderophores (Altomare, 1999). Moreover, carboxylic anions replace 

phosphate from sorption complexes by ligand exchange (Otani et al., 1996; 

Whitelaw, 2000) and chelate both Fe and Al ions associated with phosphate, 

releasing phosphate available for plant uptake after  transformation. Ability of 

organic acids to chelate metal cations is greatly influenced by its molecular structure, 

particularly by the number of carboxyl and hydroxyl groups. Type and position of the 

ligand in addition to acid strength determine its effectiveness in the solubilization 

process (Kpomblekou and Tabatabai, 1994). Phosphorus desorption potential of 

differentcarboxylic anions lowers with decrease in stability constants of Fe - or Al - 

organic acid complexes (log KAl or log KFe) in the order: citrate > oxalate > 

malonate / malate > tartrate >lactate > gluconate > acetate > formiate (Ryan et al. 

2001). 

Mineralization of organic P 

Mineralization of soil organic P (Po) plays an imperative role in phosphorus cycling 

of a farming system. Organic P may constitute 4-90 % of the total soil P. Almost half 

of the microorganisms in soil and plant roots possess P mineralization potential under 

the action of phosphatases (Cosgrove, 1967; Tarafdar et al., 1988). Alkaline and acid 

phosphatases use organic phosphate as a substrate to convert it into inorganic form. 

Principal mechanism for mineralization of soil organic P is the production of acid 

phosphatases (Hilda and Fraga, 2000). Release of organic anions, and production of 

siderophores and acid phosphatase by plant roots / microbes (Yadaf and Tarafdar, 

2001) or alkaline phosphatase (Tarafdar and Claasen, 1988) enzymes hydrolyze the 

soil organic P or split P from organic residues. The largest portion of extracellular 

soil phosphatases is derived from the microbial population (Dodor and Tabatabai, 

2003). Enterobacter agglomerans solubilizes hydroxyapatite and hydrolyze the 

organic P (Kim et al.,1998). Mixed cultures of PSMs (Bacillus, Streptomyces, 

Pseudomonas etc.) are most effective in mineralizing organic phosphate (Molla et 

al., 1984). 
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Effect of PSMs on Crop Production 

Phosphate rock minerals are often too insoluble to provide sufficient P for crop 

uptake. Use of PSMs can increase crop yields up to 70 percent. Combined 

inoculation of arbuscular mycorrhiza and PSB give better uptake of both native P 

from the soil and P coming from the phosphatic rock (Cabello et al., 2005; Pradhan 

and Shukla, 2005, Singhh et al., 2013, Chakraborty et al., 2013a). Higher crop yields 

result from solubilization of fixed soil P and applied phosphates by PSB (Zaidi, 

1999). Microorganisms with phosphate solubilizing potential increase the availability 

of soluble phosphate and enhance the plant growth by improving biological nitrogen 

fixation (Ponmurugan and Gopi, 2006). Pseudomonas spp. enhanced the number of 

nodules, dry weight of nodules, yield components, grain yield, nutrient availability 

and uptake in soybean crop (Son et al., 2006). Phosphate solubilizing bacteria 

enhanced the seedling length of Cicer arietinum (Sharma et al., 2007), while co-

inoculation of PSM and PGPR reduced P application by 50 % without affecting corn 

yield (Yazdani et al., 2009). Inoculation with PSB increased sugarcane yield by 12.6 

percent (Sundara et al., 2002). Sole application of bacteria increased the biological 

yield, while the application of the same bacteria along with mycorrhizae achieved the 

maximum grain weight (Mehrvarz et al., 2008). Single and dual inoculation along 

with P fertilizer was 30-40 % better than P fertilizer alone for improving grain yield 

of wheat, and dual inoculation without P fertilizer improved grain yield up to 20 % 

against sole P fertilization (Afzal and Bano, 2008). Mycorrhiza along with 

Pseudomonas putida increased leaf chlorophyll content in barley. Rhizospheric 

microorganisms can interact positively in promoting plant growth, as well as N and P 

uptake. Seed yield of green gram was enhanced by 24 % following triple inoculation 

of Bradyrhizobium + Glomus fasciculatum + Bacillus subtilis (Zaidi and Khan, 

2006). Growth and phosphorus content in two alpine Carex species increased by 

inoculation with Pseudomonas fortinii (Bartholdy et al., 2001). Integration of half 

dose of NP fertilizer with biofertilizer gives crop yield as with full rate of fertilizer; 

and through reduced use of fertilizers the production cost is minimized and the net 

return maximized (Jilani et al., 2007). 

Soil P precipitated as orthophosphate and adsorbed by Fe and Al oxides is likely to 

become bio-available by bacteria through their organic acid production and acid 
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phosphatase secretion. Although, high buffering capacity of soil reduces the 

effectiveness of PSB in releasing P from bound phosphates; however, enhancing 

microbial activity through P solubilizing inoculants may contribute considerably in 

plant P uptake. Phosphorus solubilizing bacteria mainly Bacillus, Pseudomonas and 

Enterobacter are very effective for increasing the plant available P in soil as well as 

the growth and yield of crops. So, exploitation of phosphate solubilizing 

microorganisms through biofertilization has enormous potential for making use of 

ever increasing fixed P in the soil, and natural reserves of phosphate rocks. 

 

Biological control agents (BCA) 

The term biological control and its abbreviated synonym biocontrol have been used 

in different fields of biology, most notably entomology and plant pathology. In plant 

pathology, the term applies to the use of microbial antagonists to suppress diseases as 

well as the use of host-specific pathogens to control weed populations (Cook, 1993). 

In both fields, the organism that suppresses the pest or pathogen is referred to as the 

Biological Control Agent (BCA). More broadly, the term biological control also has 

been applied to the use of the natural products extracted or fermented from various 

sources (Cook, 1993). These formulations may be very simple mixtures of natural 

ingredients with specific activities or complex mixtures with multiple effects on the 

host as well as the target pest or pathogen. While such inputs may mimic the 

activities of living organisms, non-living inputs should more properly be referred to 

as biopesticides or biofertilizers, depending on the primary benefit provided to the 

host plant (Cook, 1993)  Fungal plant pathogens are among the most important 

factors that cause serious losses to agricultural products every year. Biological 

control of plant diseases including fungal pathogens has been considered a viable 

alternative method to chemical control. In plant pathology, the term biocontrol 

applies to the use of microbial antagonists to suppress diseases. Throughout their 

lifecycle, plants and pathogens interact with a wide variety of organisms. These 

interactions can significantly affect plant health in various ways (Heydari and 

Pessarakli, 2010). 
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 Mechanisms of biological control  

Direct antagonism 

Since biological control is a result of many different types of interactions among 

microorganisms, scientists have concentrated on characterization of mechanisms 

occurring in different experimental situations (Audenaert et al., 2002; 1997 Ryu et 

al., 2004; Inch and Gilbert, 2011). In all cases, pathogens are antagonized by the 

presence and activities of other microorganisms that they encounter.  

Direct antagonism results from physical contact and/or a high-degree of selectivity 

for the pathogen by the mechanism(s) expressed by the biocontrol active 

microorganisms. In this type of interaction, Hyperparasitism by obligate parasites of 

a plant pathogen would be considered the most direct type of mechanism because the 

activities of no other organism would be required to exert a suppressive effect 

(Harman et al., 2004). In contrast, indirect antagonism is resulted from the activities 

that do not involve targeting a pathogen by a biocontrol active microorganism. 

Improvement and stimulation of plant host defense mechanism by non-pathogenic 

microorganisms is the most indirect form of antagonism (Silva et al., 2004). While 

many studies have concentrated on the establishment of the importance of specific 

mechanisms of biocontrol to particular pathosystems, all of the mechanisms 

described below are likely to be operating to some extent in all natural and managed 

ecosystems.  The most effective biocontrol active microorganisms studied appear to 

antagonize plant pathogens employing several modes of actions (Cook, 1993). 

For example, pseudomonads known to produce the antibiotic 2, 4-

diacetylphloroglucinol (DAPG) may also induce host defenses (Kloepper et al., 

1980; Lafontaine and Benhamou, 1996; Leeman et al., 1995; Maurhofer et al., 1994; 

Silva et al., 2004). Additionally, DAPG-producers bacterial antagonists can 

aggressively colonize roots, a trait that might further contribute to their ability to 

suppress pathogen activity in the rhizosphere of plant through competition for 

organic nutrients. However, the most important modes of actions of biocontrol active 

microorganisms are as follows: 

Mycoparasitism: In Hyperparasitism, the pathogen is directly attacked by a specific 

biocontrol agent (BCA) that kills it or its propagules. Four major groups of 

hyperparasites have generally been identified which include hypoviruses, facultative 
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parasites, obligate bacterial pathogens and predators. An example of hypoparasites is 

the virus that infects Cryphonectria parasitica, the fungal causal agent of chestnut 

blight, which causes hypovirulence, a reduction in pathogenicity of the pathogen. 

This phenomenon has resulted in the control of chestnut blight in many places 

(Milgroom and Cortesi, 2004). However, the interaction of virus, fungus, tree and 

environment determines the success or failure of hypovirulence. 

 In addition to hypoviruses several fungal hypoparasites have also been 

identified including those that attack sclerotia (e.g., Coniothyrium minitans) or others 

that attack fungal hyphae (e.g. Pythium oligandrum). In some cases, a single fungal 

pathogen can be attacked by multiple hyperparasites. For example, Acremonium 

alternatum, Acrodontium crateriforme, Ampelomyces quisqualis, Cladosporium 

oxysporum and Gliocladium virens are just a few of the fungi that have the capacity 

to parasitize powdery mildew pathogens (Milgroom and Cortesi, 2004).  In contrast 

to hyperparasitism, microbial predation is more general, non-specific and generally 

provides less predictable levels of disease control. Some biocontrol agents exhibit 

predatory behavior under nutrient-limited conditions. Such as Trichoderma, a fungal 

antagonist that produces a range of enzymes that are directed against cell walls of 

pathogenic fungi (Benhamou and Chet, 1997; McIntyre et al., 2004; Gajera et al., 

2013). 

Antibiosis: Many microbes produce and secrete one or more compounds with 

antibiotic activity (Islam et al., 2005). In a general definition antibiotics are microbial 

toxins that can, at low concentrations, poison or kill other microorganisms. It has 

been shown that some antibiotics produced by microorganisms are particularly 

effective against plant pathogens and the diseases they cause (Islam et al., 2005). In 

all cases, the antibiotics have been shown to be particularly effective at suppressing 

growth of the target pathogen in vitro and/or in situ conditions. An effective 

antibiotic must be produced in sufficient quantities (dose) near the pathogen. In situ 

production of antibiotics by several different biocontrol agents has been studied 

(Thomashow et al., 1990). While several procedures have been developed to 

ascertain when and where biocontrol agents may produce antibiotics detecting 

expression in the infection court is difficult because of the heterogenous distribution 
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of plant-associated microbes and the potential sites of infection (Thomashow et al., 

1990).   

 However, in some cases, the relative importance of antibiotic production by 

biocontrol bacteria has been demonstrated. For example, mutant strains incapable of 

producing phenazines (Thomashow and Weller, 1988) or phloroglucinols (Keel et 

al., 1989) have been shown to be equally capable of colonizing the rhizosphere, but 

much less capable of suppressing soil borne root diseases than the corresponding 

wild-type and complemented mutant strains. Many biocontrol strains have been 

shown to produce multiple antibiotics which can suppress one or more pathogens 

(Islam et al., 2005). The ability of production of several antibiotics probably results 

in suppression of diverse microbial competitors and plant pathogens. 

Metabolite production: Many biocontrol active microorganisms produce other 

metabolites that can interfere with pathogen growth and activities. Lytic enzymes are 

among these metabolites that can break down polymeric compounds, including 

chitin, proteins, cellulose, hemicelluloses,DNA as well as HCN and Siderophores 

(Anderson et al., 2004; Martinez-Viveros, 2010; Stals et al., 2010; Hartl et al., 2012). 

Studies have shown that some of these metabolites can sometimes directly result in 

the suppression of plant pathogens. For example, control of Sclerotium rolfsii by 

Serratia marcescens appeared to be mediated by chitinase expression. It seems more 

likely that antagonistic activities of these metabolites are indicative of the need to 

degrade complex polymers in order to obtain carbon nutrition. Microorganisms that 

show a preference in colonizing and suppression of plant pathogens might be 

classified as biocontrol agents. For example, Lysobacter and Myxobacteria that 

produce lytic enzymes have been shown to be effective against some plant 

pathogenic fungi (Bull et al., 2002). 

 Studies have shown that some products of lytic enzyme activity may have 

indirect efficacy against plant pathogens. For example, oligosaccharides derived from 

fungal cell walls have been shown to induce plant host defenses. It is believed that 

the effectiveness of the above compounds against plant pathogens is dependent on 

the composition and carbon and nitrogen sources of the soil and rhizosphere. For 

example, in post-harvest disease control, addition of chitosan which is a non-toxic 

and biodegradable polymer of beta-1, 4-glucosamine produced from chitin by 
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alkaline deacylation stimulated microbial degradation of pathogens (Benhamou, 

2004). Amendment of plant growth substratum with chitosan suppressed the root rot  

caused by Fusarium oxysporum f. sp. radicis-lycopersici in tomato (Lafontaine and 

Benhamou, 1996). 

 In addition to the above-mentioned metabolites, other microbial byproducts 

may also play important roles in plant disease biocontrol (Phillips et al., 2004). For 

example, Hydrogen cyanide (HCN) effectively blocks the cytochrome oxidase 

pathway and is highly toxic to all aerobic microorganisms at picomolar 

concentrations (Ramette et al., 2003; Kumar et al., 2012). The production of HCN by 

certain fluorescent pseudomonads is believed to be effective against plant pathogens. 

Results of some research studies in this regard have shown that P. fluorescens CHA0, 

an antagonistic bacterium, produces antibiotics including siderophores and HCN, but 

suppression of black rot of tobacco caused by Thielaviopsis basicola appeared to be 

due primarily to HCN production.  

Competition: The nutrient sources in the soil and rhizosphere are frequently not 

sufficient for microorganisms. For a successful colonization of phytosphere and 

rhizosphere a microbe must effectively compete for the available nutrients (Loper 

and Buyer, 1991). On plant surfaces, host-supplied nutrients include exudates, 

leachates, or senesced tissue. In addition to these, nutrients can also be obtained from 

waste products of other organisms such as insects and the soil. This is a general 

believe that competition between pathogens and non-pathogens for nutrient resources 

is an important issue in biocontrol. Ii is also believed that competition for nutrients is 

more critical for soil borne pathogens, including Fusarium and Pythium species that 

infect through mycelial contact than foliar pathogens that germinate directly on plant 

surfaces and infect through appressoria and infection pegs (Loper and Buyer, 1991). 

It has been shown that non-pathogenic plant-associated microrganisms generally 

protect the plant by rapid colonization and thereby exhausting the limited available 

substrates so that none are available for pathogens to grow. For example, effective 

catabolism of nutrients in the spermosphere has been identified as a mechanism 

contributing to the suppression of Pythium ultimum by Enterobacter cloacae ( 

Kageyama and Nelson, 2003). At the same time, these microbes produce metabolites 

that are effective in suppression of pathogens. These microbes colonize the sites 

where water and carbon-containing nutrients are most readily available, such as exit 
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points of secondary roots, damaged epidermal cells and nectaries and utilize the root 

mucilage. 

Competition for rare but essential micronutrients, such as iron, has also been shown 

to be important in biological disease control. Iron is extremely limited in the 

rhizosphere, depending on soil pH. In highly oxidized and aerated soil, iron is present 

in ferric form (Kageyama and Nelson, 2003; Shahraki et al., 2009), which is 

insoluble in water and the concentration may be extremely low. This very low 

concentration can not support the growth of microorganisms. To survive in such 

environment, organisms were found to secrete iron-binding ligands called 

Siderophores having high ability to obtain iron from the micro-organisms (Shahraki 

et al., 2009). Almost all microorganisms produce siderophores, of either the catechol 

type or hydroxamate type (Kageyama and Nelson, 2003). 

A direct correlation was established in vitro between siderophore synthesis in 

fluorescent pseudomonads and their capacity to inhibit germination of 

chlamydospores of F. oxysporum (Elad and Baker, 1985). It was shown that mutants 

incapable of producing some siderophores, such as pyoverdine, were reduced in their 

capacity to suppress different plant pathogens (Loper and Buyer, 1991). The 

increased efficiency in iron uptake of the commensal microorganisms is thought to 

be a critical factor in their root colonization ability which is a major factor in 

biocontrol performance of bacterial antagonists. 

Induced Systemic Resistance (ISR) 

 Plants actively respond to a variety of environmental stimulating factors, including 

gravity, light, temperature, physical stress, water and nutrient availability and 

chemicals produced by soil and plant associated microorganisms (Moyne et al., 

2000; Vallad and Goodman, 2004; Van Loon et al., 1998; Van Peer and Schippers, 

1992; Van Wees et al., 1997). Such stimuli can either induce or condition plant host 

defenses through biochemical changes that enhance resistance against subsequent 

infection by a variety of pathogens. Induction of host defenses can be local and/or 

systemic in nature, depending on the type, source and amount of stimulation agents 

(Audenaert et al., 2002; Vallad and Goodman, 2004; George et al., 2013). 

The first pathway called Systemic Acquired Resistance (SAR), is mediated by 

Salicylic Acid (SA), a chemical compound which is usually produced after pathogen 

infection and typically leads to the expression of Pathogenesis-related (PR) proteins 
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(Vallad and Goodman, 2004). These PR proteins include a variety of enzymes some 

of which may act directly to lyse invading cells, reinforce cell wall boundaries to 

resist infections, or induce localized cell death (Vallad and Goodman, 2004). 

 ISR is mediated by Jasmonic Acid (JA) and/or ethylene, which are produced 

following applications of some nonpathogenic rhizobacteria (Audenaert et al., 2002). 

Interestingly, the SA- and JA- dependent defense pathways can be mutually 

antagonistic and some bacterial pathogens take advantage of this to overcome the 

SAR. For example, pathogenic strains of Pseudomonas syringae produce coronatine, 

which is similar to JA, to overcome the SA-mediated pathway (Vallad and Goodman, 

2004). Since the various host-resistance pathways can be activated to variable 

degrees by different microorganisms and insect feeding, it is therefore possible that 

multiple stimuli are constantly being received and processed by the plant. Thus, the 

magnitude and duration of host defense induction will likely vary over time. Only if 

induction can be controlled, i.e., by overwhelming or synergistically interacting with 

endogenous signals, will host resistance be increased (Audenaert et al., 2002; De 

Meyer and Hofte, 1997). Some strains of root-colonizing microorganisms have been 

identified as potential elicitors of plant host defenses. For example, some biocontrol 

active strains of Pseudomonas sp. and Trichoderma sp. are known to strongly induce 

plant host defenses (Haas and Defago, 2005; Harman et al., 2004). In other instances, 

inoculation with Plant Growth Promoting Rhizobacteria (PGPR) have been shown to 

be effective in controlling multiple diseases caused by different fungal pathogens, 

including anthracnose (Colletotrichum lagenarium). A number of chemical elicitors 

of SAR and ISR such as salicylic acid, siderophore, lipopolysaccharides and 2, 3-

butanediol may be produced by the PGPR strains upon inoculation (Ryu et al., 2004). 

 A substantial number of microbial products have been reported to elicit host 

defenses, indicating that host defenses are likely stimulated continually during the 

plant‟s lifecycle (Ryu et al., 2004). These inducers include lipopolysaccharides and 

flagellin from Gram-negative bacteria; cold shock proteins of diverse bacteria; 

transglutaminase, elicitins and a-glucans in Oomycetes; invertase in yeast; chitin and 

ergosterol in all fungi; and xylanase in Trichoderma (Ryu et al., 2004). These 

findings indicate that plants would detect the composition of their plant-associated 

microbial communities and respond to changes in the quantity, quality and 

localization of many different signals. The importance of such interactions is 
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indicated by the fact that further induction of host resistance pathways, by chemical 

and microbiological inducers, is not always effective in improving plant health or 

productivity in the field (Vallad and Goodman, 2004). 

Plant immune responses triggered by beneficial microbes 

 Beneficial soil-borne microorganisms, such as plant growth promoting 

rhizobacteria and mycorrhizal fungi, can improve plant performance by inducing 

systemic defense responses that confer broad-spectrum resistance to plant pathogens 

and even insect herbivores. Different beneficial microbe-associated molecular 

patterns (MAMPs) are recognized by the plant, which results in a mild, but effective 

activation of the plant immune responses in systemic tissues. Evidence is 

accumulating that systemic resistance induced by different beneficials is regulated by 

similar jasmonate-dependent and ethylene-dependent signaling pathways and is 

associated with priming for enhanced defense (Van Wees et al 2008).  Plant roots 

become quickly colonized by a diverse microflora of soil-borne bacteria and fungi 

that may have either beneficial or deleterious effects on the plant. Classical examples 

of symbiotic microorganisms are mycorrhizal fungi that aid in the uptake of water 

and minerals, notably phosphate (Harrison, 2005), and Rhizobium bacteria that fix 

atmospheric nitrogen for the plant (Spaink, 2000). Several other types of beneficial 

soil-borne microbes, such as plant growth promoting rhizobacteria and fungi, can 

stimulate plant growth by suppressing plant diseases (Waller et al., 2005) or insect 

herbivory (Van Oosten et al., 2008). This biological control activity is exerted either 

directly through antagonism of soil-borne pathogens or indirectly by eliciting a plant-

mediated resistance response (Pozo et al., 2007; Liang et al., 2011; George et 

al.,2013)  

Resistance-inducing traits of beneficial microbes 

Microbial determinants that contribute to induced resistance as triggered by 

beneficial microbes are best studied for fluorescent Pseudomonas spp. In analogy to 

the Microbe-Associated Molecular Patterns (MAMPs) flagellin and 

lipopolysaccharides (LPS) of pathogenic Pseudomonas spp. (Nurnberger, 2004), it 

was found that these cell surface components of beneficial Pseudomonas spp. are 

potent inducers of the host immune response.  Purified flagellin and LPS of the 

nonpathogenic resistance-inducing strains Pseudomonas fluorescens WCS417 and 
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WCS374, and Pseudomonas putida WCS358 have differential resistance-inducing 

activities on Arabidopsis, tomato, and bean, suggesting host specificity in the 

recognition of these beneficial microbe derived MAMPs. Flagellin and LPS mutants 

of these rhizobacterial strains are nevertheless often as effective as the wild-type 

strains, suggesting that multiple MAMPs are involved in the activation of the plant‟s 

immune response (Bakker, 2007). 

 Under conditions of low iron availability, most aerobic and facultative 

anaerobic microorganisms, including fluorescent Pseudomonas spp., produce low 

molecular weight Fe3+-specific chelators, so-called siderophores. Competition for 

iron between fluorescent Pseudomonas spp. and plant pathogens is often considered 

to be the mode of action of these siderophores in disease suppression. However, a 

role for siderophores in the elicitation of resistance has been reported in several 

systems as well (Meziane et al., 2005). For instance, in tomato the P. putida WCS-

358 siderophore pseudobactin-358 triggers systemic resistance, but the 

pseudobactin358-mutant of this strain does not. In bean, however, this mutant is as 

effective as the wild-type strain, again indicating that induced systemic resistance 

(ISR) is activated by multiple MAMPs in this plant–microbe interaction. 

Interestingly, under low iron conditions several Pseudomonas spp. Also produce 

salicylic acid (SA), a signaling molecule that is known to play an important role in 

the regulation of pathogen-induced systemic acquired resistance (SAR) (Durrant and 

Dong 2004). Indeed, SA produced by the siderophore mutant KMPCH of P. 

aeruginosa 7NSK2 was demonstrated to induce disease resistance in tomato. 

However, in most cases, microbially produced SA does not contribute to enhanced 

defense, as it is directly channeled into the production of SA-containing siderophores 

(Mercado-Blanco and Bakker 2007). 

Induced defense signaling pathway 

It is probable that Microbe-Associated Molecular Patterns (MAMPs) of beneficial 

microbes and pathogens are recognized in a largely similar manner, ultimately 

resulting in an enhanced defensive capacity of the plant. However, in plant–

beneficial microbe interactions, MAMP-triggered immunity does not ward off the 

interacting beneficial as it remains accommodated by the plant. This suggests a high 
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degree of coordination and a continuous molecular dialog between the plant and the 

beneficial organism. The local and systemic defense responses that are triggered by 

beneficial and parasitic microorganisms are controlled by a signaling network in 

which the plant hormones SA, jasmonic acid (JA), and ethylene (ET) play important 

roles (Glazebrook 2007). There is ample evidence that SA, JA, and ET pathways 

crosscommunicate, allowing the plant to finely tune its defense response depending 

on the invader encountered (Koornneef  and Pieterse 2008). Well-studied examples 

of systemically induced resistance are SAR, which is triggered upon infection by 

necrosis-inducing pathogens and is dependent on SA signaling and ISR, which is 

triggered by beneficial rhizobacteria, such as P. fluorescens WCS417 and requires 

components of the JA and ET signaling pathway (Pieterse et al.,1998). Both 

pathogen induced SAR and P. fluorescens WCS417-triggered ISR are controlled by 

the transcriptional regulator NPR1 (Pieterse  and  Van Loon 2004). Because SAR is 

associated with NPR1-dependent PR gene expression and ISR is not, NPR1 must 

differentially regulate gene expression, depending on the signaling pathway that is 

activated upstream of it. Hence, the NPR1 protein is integrating and responding to 

different hormone-dependent defense pathways. Not only several other rhizobacterial 

strains but also some beneficial fungi have been shown to induce systemic resistance 

in a JA-dependent, ET-dependent, and/or NPR1-dependent manner (Ahn et al. 2007) 

while there are also some reports about dependency on SA signaling or requirement 

of both ISR and SAR c0mponents (Conn et al.,2008). 

Local immune responses triggered by beneficial microbes 

Only few plant–beneficial microbe interactions leading to enhanced systemic 

resistance have been studied for locally induced changes in plant gene expression or 

metabolism. In most cases only weak, transient, or strictly localized defense-

associated responses were elicited, which differs greatly from the massive induction 

of defense responses triggered during plant–pathogen interactions (Verhagen et al., 

2004)  Transcriptome analysis of Arabidopsis expressing WCS417-ISR revealed a 

set of 94 genes that were differentially expressed locally in the roots. Knockout 

mutant analysis of a subset of these WCS417- responsive genes showed that the 

transcription factor (TF) MYB72 is required in early signaling steps of ISR (Van der 

Ent et al., 2008). Arabidopsis myb72 mutants were incapable of mounting ISR 
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against both SA-controlled and JA-controlled pathogens, indicating that MYB72 is 

essential to establish broad-spectrum ISR. Over expression of MYB72 was not 

sufficient for the expression of ISR. Hence, MYB72 was assumed to act in concert 

with another signaling component. MYB72 interacted with the EIN3-like TF EIL3 in 

vitro, making EIL3 a potential candidate in this respect. The interaction with EIL3 

links MYB72 function to the ET response pathway involved in ISR, which was 

previously demonstrated to orchestrate ISR in the roots (Knoester et al 1999). 

Interestingly, resistance induced in Arabidopsis by the beneficial fungus 

Trichoderma asperellum T34 also appeared to be dependent on MYB72 suggesting 

that MYB72 functions as anode of convergence in induced defense triggered by soil 

borne beneficial microorganisms. 

Multiple functions of soil microbes 

Biochemical mechanisms and metabolites in P-solubilizing microorganisms related 

to their biocontrol activity Indole-3-acetic acid (IAA) and siderophores, which are 

among the most frequently studied metabolites with biocontrol functions, are found 

to be released by microorganisms that express P-solubilizing activity (Sharan and 

Nehra, 2011). Siderophores are low-molecular-weight, iron-chelating ligands 

synthesized by microorganisms (Winkelmann 1991). Most bacteria and fungi 

produce siderophores that differ according to their functional groups. Siderophore 

production helps a particular microorganism compete effectively against other 

organisms for available iron. This enhances the growth of the microorganism while 

limiting iron availability to the competing microorganisms restricts their growth. It is 

accepted that this mechanism suppresses pathogenic microorganisms (Crowley, 

2006). It was also shown that siderophores are beneficial to plants by solubilizing 

iron formerly unavailable to the plant (Prabhu et al. 1996). Similarly, auxins are 

thought to play a role in host– parasite interactions and particularly the plant-growth 

regulator IAA is involved in the interaction between a plant pathogen and its host 

(Hamill, 1993). Various authors have proposed mechanisms of biocontrol action of 

IAA, which resulted in two main hypotheses: a potential involvement of IAA 

together with glutathione S-transferases in defense-related plant reactions (Droog, 

1997) and an inhibition of spore germination and mycelium growth of different 

pathogenic fungi (Brown and Hamilton 1993).  
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Some of the fungi solubilize rock phosphate, presumably by releasing metal-

chelating metabolites (Vassilev et al., 2006), we can expect their application as 

biocontrol microorganisms with simultaneous P-solubilizing activity. P-solubilizing 

filamentous fungi are also well-known producers of lytic enzymes. Cell-wall-

degrading enzymes, such as β-1,3-glucanases, cellulases, proteases, and chitinases 

are known to be involved in the activity of some microorganisms against 

phytopathogenic fungi (Chakraborty and Chakraborty, 2013). 

One of the most studied approaches in solubilization of insoluble phosphates is the 

biological treatment of rock phosphates. In recent years, various techniques for rock 

phosphate solubilization have been proposed, with increasing emphasis on 

application of P-solubilizing microorganisms. The P-solubilizing activity is 

determined by the microbial biochemical ability to produce and release metabolites 

with metal-chelating functions. In a number of studies, it has been shown that agro-

industrial wastes can be efficiently used as substrates in solubilization of phosphate 

rocks. In fermentation conditions, P-solubilizing microorganisms were found to 

produce various enzymes, siderophores, and plant hormones. Further introduction of 

the resulting biotechnological products into soil-plant systems resulted in 

significantly higher plant growth, enhanced soil properties, and biological (including 

biocontrol) activity. Application of these bio-products in bioremediation of disturbed 

(heavy metal contaminated and desertified) soils is based on another important part 

of their multifunctional properties (Vassileva et al., 2010). 

Properties of Successful Microbial Inoculum 

The majority of soil microorganisms (95–99%) is known to be at least so far 

nonculturable (Torsvik and Øvreås 2002). However, the basic criterion for 

subsequent selection and later application of microbial inoculum useful for plant-

growth promotion is cultivability and fast multiplication of microorganisms. 

Information of critical factors influencing plant-microbe-pollutant interactions in 

soils could lead to an improved selection of microbial inoculum for a microbial-

assisted bioremediation. A fundamental condition for subsequent on-site applications 

of selected microorganisms is their safety for the environment and for humans. 

Therefore, before field applications, all selected microorganisms have to be precisely 

identified and toxicologically assessed. Very few different microbial taxa have been 
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tested so far for their capability to promote plant growth at disturbed and polluted 

soils and little is known on the microbial spectrum which might be especially 

relevant to promote plant species in disturbed soils. In general, numerous species of 

mycorrhizal fungi and soil bacteria which inhabit the rhizosphere can promote plant 

growth (Compant et al., 2005), e.g., by enzymatic nutrient mobilisation from organic 

matter (mostly P and N) and production of siderophores (Jing et al. 2007) and might 

be promising also for disturbed or polluted soils. They can contribute essentially to 

soil aggregation and nutrient availability which is often especially important for 

disturbed soils. Therefore, enzyme activities can be suitable selection criteria for 

microbial inoculums for plant growth promotion in disturbed soils. Microbial enzyme 

activities in the soil were predominantly measured as total potential activities rather 

than at the level of isolates within a community (e.g., Khan et al., 2007). However, 

investigations of single strains are necessary for the selection of potential inoculums 

(Hrynkiewicz et al., 2010b).  High cellulolytic and pectolytic activities of 

mycorrhizal fungi and rhizosphere bacteria allow the disintegration of living and 

dead plant tissue and consequently, can enable microorganisms to enter roots. High 

cellulolytic and pectolytic activities were detected among mycorrhizal fungi 

(Garbaye, 1994) and their helper bacteria (Duponnois and Plenchette, 2003). 

Therefore, also cellulolytic and pectolytic activities might be suitable selection 

criteria. Furthermore, lipolytic activities might be relevant for the selection of 

microorganisms especially for biodegradation, since they can improve not only the N 

supply of plants but also promote the biodegradation of organic pollutants (e.g., 

petroleum-derived wastes) in soils (Hrynkiewicz et al., 2010a, b). In rhizosphere 

microbial communities siderophore synthesis might be especially important for 

successful competition of rhizosphere microorganisms in disturbed soils with 

extremely low nutrient concentrations. Beside their direct effects on the iron supplyof 

plants, siderophores can contribute additionally to the suppression of pathogens in 

the rhizosphere through their withhold from iron supply .Furthermore, auxins are 

recognized as highly active plant growth stimulators, and indole-3-acetic acid (IAA) 

is a key substance (Woodward and Bartel, 2005). Indole-3-acetic acid (IAA) 

production is widespread among soil microorganism, mostly ectomycorrhizal fungi 

(Niemi and Scagel, 2007). Several authors revealed that fungal strains with high 
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IAA-synthesizing activity induce stronger growth of fine roots and significantly 

higher numbers of mycorrhizae compared to strains with low activity of IAA.  

 However, beside these criteria, the selection of suitable combinations of host 

plants and microbial inoculum is necessary. Specificity of combinations of 

mycorrhizal fungal and bacterial strains as well as host plants for the remediation of 

disturbed soils is rarely known. It is still in discussion if a specific fungal selection of 

particular bacterial strains exists and whether cooperation of these bacterial strains is 

restricted to given ectomycorrhizal fungi. In several previous published works 

(Zimmer et al., 2009) it was demonstrated that interactions of mycorrhizal fungi and 

bacteria can be significantly growth promoting even in situations when the 

microorganisms used as inoculum does not originate from the same host plant and 

site. Also several previous studies (Xavier and Germida, 2003) revealed a low 

specialization of bacterial strains to mycorrhizal fungi and their host plants. This 

feature of inoculum might assure a broader spectrum for practical applications of 

microbial inoculum. As a possible mechanism for  selection of fungus-associated 

bacterial strains by ectomycorrhizal fungi, de Boer et al. (2005) suggested exudation 

of soluble fungal storage sugars (usually treha- lose), polyols (e.g., annitol) or 

organic acids (in particular oxalic acid) which can increase the number of bacteria or 

exudation of inhibitory chemicals which select antibiotic-resistant bacteria.  

Rhizosphere colonization by AIMs 

Root exudates released into the soil environment from plants have been traditionally 

grouped into low- and high-molecular weight compounds. High-molecular weight 

compounds include polysaccharides, mucilage, and proteins. Plant mucilages are 

released from the root cap, the primary cell wall between epidermal and sloughed 

root cap, and epidermal cells (including root hairs). Lysates are released from roots 

during autolysis. Rhizospheric microorganisms also release microbial mucilages. 

Collectively, plant and microbial mucilages, microbial cells and their products 

together with associated organic and mineral matter are referred to as mucigel 

(Walker et al., 2003). Low-molecular organic compounds released by plant roots 

include ethylene, sugars, amino acids, vitamins, polysaccharides, and enzymes . The 

fact the nutritional resources influence population structure and play a role in niche 

colonization and competition.  
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Factors Affecting Root Colonization and Efficacy of AIMs 

 

Bacterial root colonization is primarily influenced by the presence of specific 

bacterial traits required for attachment and subsequent establishment; however, other 

abiotic and biotic factors play an important role in colonization. When an organism 

colonizes a root, the process must be confirmed with an array of external parameters 

including water content, temperature, pH, soil types (texture, organic matter, 

microaggregate stability, presence of key nutrients such as N, P, K, and Fe), 

composition of root exudates, and presence of other microorganisms. Plant species is 

another major determinant of overall microbial diversity (Dakora and Philipps, 

2002). The colonization of a fluorescent Pseudomonas strain in the potato 

rhizosphere was reported to be tenfold greater in a sandy loam soil than in clay loam 

soil. Root colonization of bacteria is negatively affected by predation (protozoa) and 

parasitism (bacteriophages). Inoculated bacteria must compete with natural 

inhabitants of the soil for nutrients. The biosynthesis of antagonistic compounds by 

rhizobacteria such as antibiotics could be affected by nutrient competition. 

Antibiotic secretion also plays an important role in the establishment of bacteria in 

the rhizosphere (De Weert and Bloemberg 2006). In vitro activities exhibited by 

various PGPR for biocontrol may not provide the identical results under field 

conditions. The failure of PGPR to produce the desired effects after seed/seedling 

inoculation is frequently associated with their inability to colonize plant roots. The 

process of root colonization is complex; several traits associated with survivability, 

tolerance, competition with indigenous rhizospheric microorganisms, and expression 

of root colonizing traits are important (Somers and Vanderleyden 2004). In many 

countries, harsh climatic conditions, population pressures, land constraints, and 

decline of traditional soil management practices have often reduced soil fertility. 

Such extreme effects will certainly alter soil‟s chemical, physical, and biological 

properties and therefore affect microbial colonization. Biocontrol agents may be 

affected by indigenous soil microbial communities and they may also influence the 

community into which they are introduced.Enhancement of introduced PGPR 

populations leading to enhanced suppression of soil borne pathogens.  

A single biocontrol agent is not active against all the pathogens that attack the host 

plant; a single biocontrol agent is effective against a single pathogen under laboratory 
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conditions. This may be the reason for the inconsistent performance of biocontrol 

agents introduced into the field. Naturally occurring biocontrol results from mixtures 

of agents, rather than from high populations of a single organism. Greater 

suppression and enhanced consistency against multiple cucumber pathogens were 

observed using strain mixtures of PGPR Incompatibility of the co-inoculants may 

sometimes arise and thus inhibit each other as well as the target pathogens.This is 

therefore an important prerequisite for successful development of strain mixtures. 

Even more important is that the inoculant strains may fail to survive and not colonize 

the root. Patterns of survival and effectiveness with growth phases of plants have not 

been clearly studied; nor have efforts to distinguish inoculated PGPR from 

indigenous microbial populations. Thus, various methods are in use to monitor 

inoculants strains, both genetically modified and non-modified (Ahmed, 2011). 

Monitoring of Microbial Inoculants 

Substantial range of monitoring methods has been developed for the detection and 

quantification of microorganisms for various purposes (Morris et al., 2002). 

Monitoring methods can be divided into three groups: microbiological, direct 

methods, and molecular methods. 

Microbiological Monitoring Methods 

These methods are culture-based classical methods and are commonly used to study 

and monitor soil microbes including those inoculated into the soil system for their 

survival and colonization on root surfaces as well as in bulk soil. The basic 

requirement for such methods is the availability of selective media for target 

organisms to differentiate from native microbes. It is at times difficult to differentiate 

inoculated organisms from native populations based on morphological characteristics 

(Lima et al., 2003). Many authors have used the spontaneous mutant of the parent 

strain resistant to antibiotics such as nalidixic acid and rifampicin in order to 

differentiate with indigenous bacterial population (Ahmad et al. 2006). However, 

resistance to antibiotics among indigenous populations which can grow on selective 

media should be first checked before inoculation. 
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Direct Monitoring  

Direct monitoring methods are based on the detection of a specific phenotypic 

characteristic of the biological agent, for example the emission of flourescence, to 

achieve its identification. Bioluminescence is a phenotypic characteristic that can be 

used to mark biological control/PGPR agents. This technique is based on the 

introduction of an exogenous reporter gene which encodes for enzymes or proteins 

responsible for bioluminescence. The most frequently described reporter genes are 

the lux gene from the bacterium Vibrio fischeri and gfp gene from the jellyfish 

Aequorea victoria. The quantification in direct monitoring is achieved by optical 

detection methods such as flourescence microscopy (epiflourescence microscopy), 

spectrofluorometry, or flow cytometry. Many authors using direct monitoring 

methods for biological control agents in environmental samples make use of gfp 

markers with flow cytometry (Lowder et al., 2000) and the gfp/lux dual marker with 

flow cytometry and spectrofluorometry to monitor P. flourescence (Unge et al., 

1999). Emphasis has been placed on the detection and enumeration of PGPR released 

in field inoculations as an essential requirement for the assessment of their survival in 

field conditions. Fluorescent-antibody and selective plating techniques have served 

as the conventional strategies for detection and isolation of bacteria in environmental 

samples (Herbert, 1990). 

Immunological techniques are useful for both quantification and in situ visualization 

of bacteria (Mahaffee et al., 1997). They are based on specific antibodies directed 

against bacterial antigens and can be successfully detected by enzyme-linked 

immunosorbent assay (ELISA) procedure (Tsuchiya et al., 1995: Chakraborty et al., 

2009), the immunoflourescence colony (IFC) staining approach is more informative 

since it combines quantification (enumeration of colonies marked with antibodies 

conjugated with fluorescein isothiocyanate) with visualization in planta. 

Immunomagnetic attraction (specific antibodies linked to iron oxide particles) is also 

used for quantification (enumeration of bacteria captured with a supermagnet) 

(Paulitz, 2000). Flourescence-labeled antibodies have been used with success for 

detection of root-colonizing Pseudomonasstrains by immunoflourescence 

microscopy (Troxler et al., 1997). 
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Molecular Monitoring Methods 

Recent developments in molecular detection techniques have greatly increased he 

ability to track microorganisms and engineered genetic markers in natural  

environments (Pickup 1991). Molecular biology techniques that allow the detection 

of microorganisms in soil include the use of DNA probes, polymerase chain reaction 

(Ruppel et al., 2006), use of selective markers such as antibiotic resistance genes, and 

the use of chromogenic markers such as b-galactosidase and b-glucuronidase. None 

of the techniques mentioned above provides in situ detection in soil, however. DNA 

hybridization requires extraction of cells and removal of humic material prior to 

DNA extraction (Ahmad et al., 2011). For monitoring of organisms after introduction 

into soil, a selective marker that does not interfere with the ability of the strain to 

survive and, in the case of microorganisms that interacts with plants, to promote plant 

growth, is needed. A general molecular approach to characterize and detect specific 

microorganism based on direct DNA isolation and molecular characterization is 

elaborated in the form of flow chart. 

Many workers have used genomic molecular markers to track the biocontrol strain 

(Broggini et al., 2005). This technique has drawbacks, as the native strain may also 

have similar molecular markers. To overcome this problem amplified fragment 

length polymorphism (AFLP), the amplification of repetitive sequence-based PCR 

(rep PCR), and random amplified polymorphic DNA (RAPD) are recommended. 

However, these techniques have been used primarily for eukaryotic organisms 

(Buhariwalla et al., 2005). AFLP, rep PCR, and RAPD have been used for 

fingerprinting microorganisms. However, when used for the detection of biological 

control agents they have a significant drawback; in spite of being specific for 

characterization of a microorganism, they require the isolation of the target strain 

prior to its detection. An improvement has been made to the above technique by 

developing sequence characterized amplified regions (SCARs). SCAR markers are 

obtained by the selection of a unique amplified fragment which differentiates the 

target strain from others (Chapon et al., 2003). 

Microorganisms introduced into the environment undergo a wide variety of processes 

following their introduction including growth, physiological adaptation, conversion 
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to nonculturable cells, physical spread, and gene transfer (Van Elsas et al., 1998). 

Hence, the application of single methods for microbial detection and for evaluation 

of their activity in the rhizosphere and risk involved is likely to provide only partial 

information. Both culture-based and culture-independent approaches have their own 

advantages and limitations. It is suggested that a polyphasic approach would be most 

practical for monitoring of microbial inoculant in rhizosphere/bulk soil. For robust 

assessment of the fate and effect of released microbial inoculants/ PGPR, it is 

therefore necessary to use a combination of techniques as the case may depend upon 

microbe-to-microbe and microbe-to-plant interactions and other environmental 

factors. Microscopy, cultivation-based and molecular-based techniques should be 

developed both for genetically modified and unmodified inoculants released into the 

rhizosphere or the larger environment. As our understanding of the complex 

environment of the rhizosphere, of the mechanisms of action of PGPR, and of the 

practical aspects of inoculant formulation and delivery increase, we can expect to see 

new PGPR products becoming available. The success of these products will depend 

on our ability to manage the rhizosphere to enhance survival and competitiveness of 

these beneficial microorganisms (Bowen and Rovira, 1999).  

Rhizosphere management will require consideration of soil and crop cultural 

practices as well as inoculant formulation and delivery. Genetic enhancement of 

PGPR strains to enhance colonization and effectiveness may involve addition of one 

or more traits associated with plant growth promotion. The use of multistrain inocula 

of PGPR with known functions is of interest as these formulations may increase 

consistency in the field. Alternatively, plant growth-promoting microorganisms with 

multifarious desirable traits and tolerance to environmental conditions are expected 

to provide improved results (Imran, 2009). They offer the potential to address 

multiple modes of action, multiple pathogens, and temporal or spatial variability. The 

application of molecular tools is enhancing our ability to understand and manage the 

rhizosphere and will lead to new products with improved effectiveness. However, 

multiple strain-based inoculants will require more careful monitoring for their 

survival, colonization, and effectiveness in the root zone. 
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Diversity analysis of AIMs 

An increasing interest has emerged with respect to the importance of microbial 

diversity in soil habitats. The extent of the diversity of microorganisms in soil is seen 

to be critical to the maintenance of soil health and quality, as a wide range of 

microorganisms is involved in important soil functions. Since, the first estimate of 

prokaryotic abundance in soil was published, researchers have attempted to assess 

the abundance and distribution of species and relate this information on community 

structure to ecosystem function. Present study has investigated the linkage of specific 

organisms to ecosystem function and an increasing interest has emerged with respect 

to the importance of microbial diversity in soil habitats. The two main drivers of soil 

microbial community structure, i.e., plant type and soil type, are thought to exert 

their function in a complex manner. Plant type and soil type both affects the 

microbial diversity and abundance of soil. It has bee reported that statistical analyses 

of the microbial counts indicated a significant correlation for bacteria (p<0.01) and 

no significant correlation, for fungi and actinomycetes, however, microbial 

enumeration indicated that bacteria were most numerous followed by actinomycetes 

and fungi, respectively (Meliani et al., 2012) 

 Traditional approaches to the study of microbial diversity have relied on 

laboratory cultivation of isolates from natural environments and identification by 

classical techniques, including analysis of morphology, physiological characteristics 

and biochemical properties. These approaches provide information on fine-scale 

diversity but suffer from bias, resulting from the media and cultivation conditions 

employed, and from the inability to grow and isolate significant proportions of 

natural communities in the laboratory. An alternative approach is the amplification of 

ribosomal RNA and functional genes from nucleic acids extracted directly from 

environmental samples, with subsequent analysis by „fingerprinting‟ methods or by 

sequencing and phylogenetic analysis. This approach avoids the need for laboratory 

cultivation and has providedmajor insights into species and functional diversity of 

bacterial and archaeal populations. 

 An alternative approach, which removes many of the above limitations, is the 

analysis of genes within environmental samples. These genes may be functional 

genes, i.e. those coding for proteins performing particular metabolic reactions of 

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=soil+type
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=soil+type
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relevance to ecosystem processes. However, most applications have analysed genes 

encoding the small subunit (SSU) of ribosomal RNA. Analysis of 16S rRNA genes is 

now widely used for analysis of bacterial populations, and analysis of 18SS rRNA 

genes and internal transcribed spacer (ITS) regions is increasingly being used to 

analyse fungal populations. Ribosomal rRNA genes are ideal for this purpose in that 

they possess regions with sequences conserved between all bacteria or fungi, 

facilitating alignment of sequences when making comparisons, while other regions 

exhibit different degrees of variation, enabling distinction between different groups. 

These differences provide the basis for a phylogenetic taxonomy and enable 

quantification of evolutionary differences between different groups. Discrimination 

of bacteria, using 16S rRNA gene sequences, is greater than that that for fungi, using 

18S rRNA sequences, but finer scale information may be obtained by analysis of ITS 

regions. The presence of regions of rDNA sequence with different degrees of 

conservation enables the identification of sequences that are common to all bacteria 

or fungi, or to specific phylogenetic groups, sometimes to the level of species. These 

sequences may then be used to design primers for the specific amplification, using 

the polymerase chain reaction (PCR), of rRNA genes belonging to particular groups 

or to design specific probes for these groups. These primer sequences provide the 

basis for analysis of species in natural populations. Two approaches may be adopted, 

the first based on PCR amplification of rRNA genes and the second involving in situ 

detection of rRNA within cells.  

Analysis of amplified genes 

The first stages in the analysis of rRNA genes in an environmental sample are cell 

lysis and extraction of DNA, after which DNA is purified to remove material 

inhibitory to subsequent enzymatic reactions. PCR amplification is then carried out, 

using primers specific to the microbial groups of interest. Amplification generates a 

population of rRNA genes, or gene fragments, of equal size, determined by the 

particular primers used. This population of gene fragments is considered to be 

representative of the natural microbial population. Most information, and fine scale 

discrimination between groups, is obtained by cloning the amplified rRNA genes and 

sequencing members of the clone library. Comparison of sequences with those in 

databases determines which phylogenetic groups are present and, in many cases, 



39 

 

enables more detailed identification. This approach is particularly useful for studies 

of bacteria, as 16S rRNA databases are nowextensive and comprehensive. They 

contain sequences of large numbers of laboratory cultures and also of clones obtained 

from a range of environments, which are not represented in laboratory cultures. 

Finally, if sufficiently large numbers of clones are sequenced, estimates may be 

obtained of the relative abundance of different groups. More rapid analysis is 

achieved using fingerprinting techniques. The most commonly used technique in 16S 

rRNA studies has been denaturing gradient gel electrophoresis (DGGE) ( Muyzer et 

al., 1998), which separates products of the same size, but different sequence, by 

chemical denaturation. Following staining of gels, banding patterns may be used to 

compare communities, or to compare the same community following perturbations, 

and band intensitiesmay be used for semi-quantification of relative abundance 

(McCaig et al., 1999, 2001). In addition, bands may be excised and genes amplified 

and sequenced for fine scale analysis. A similar approach is adopted in 

temperaturegradient gel electrophoresis (TGGE), where denaturation results from 

high temperatures (Felske et al., 1998). A number of fingerprinting techniques 

involve restriction analysis of PCR products, including terminal restriction length 

polymorphism (tRFLP, Liu et al., 1997) and amplified ribosomal DNA restriction 

analysis (ARDRA) (Øverås and Torsvik, 1998). In some cases, database information 

may be used to predict the banding patterns generated using these techniques by 

particular rRNA gene sequences, providing some information on the identity of 

organisms present. PCR-based methods, such as competitive PCR (Jansson and 

Leser, 1996) and real-time PCR (Heid et al., 1996) are also used to quantify gene 

copies, and hence cell number or biomass. Taking into account the aforementioned 

intricacies of a typical habitat, Warmink and Van Elsas, (2008).  

Controlling the Soil Microflora for Optimum Crop Production and Protection 

 The idea of controlling and manipulating the soil microflora through the use 

of inoculants organic amendments and cultural and management practices to create a 

more favorable soil microbiological environment for optimum crop production and 

protection is not new. For almost a century, microbiologists have known that organic 

wastes and residues, including animal manures, crop residues, green manures, 



40 

 

municipal wastes (both raw and composted), contain their own indigenous 

populations of microorganisms often with broad physiological capabilities. 

It is also known that when such organic wastes and residues are applied to soils many 

of these introduced microorganisms can function as biocontrol agents by controlling 

or suppressing soil-borne plant pathogens through their competitive and antagonistic 

activities.   

 For, many years microbiologists have tried to culture beneficial 

microorganisms for use as soil inoculants to overcome the harmful effects of 

phytopathogenic organisms, including bacteria, fungi and nematodes. Such attempts 

have usually involved single applications of pure cultures of microorganisms which 

have been largely unsuccessful for several reasons. First, it is necessary to thoroughly 

understand the individual growth and survival characteristics of each particular 

beneficial microorganism, including their nutritional and environmental 

requirements. Second, we must understand their ecological relationships and 

interactions with other microorganisms, including their ability to coexist in mixed 

cultures and after application to soils. 

 There are other problems and constraints that have been major obstacles to 

controlling the microflora of agricultural soils. First and foremost is the large number 

of types of microorganisms that are present at any one time, their wide range of 

physiological capabilities, and the dramatic fluctuations in their populations that can 

result from man‟s cultural and management practices applied to a particular farming 

system. The diversity of the total soil microflora depends on the nature of the soil 

environment and those factors which affect the growth and activity of each individual 

organism including temperature, light, aeration, nutrients, organic matter, pH and 

water. While there are many microorganisms that respond positively to these factors, 

or a combination thereof, there are many that do not. Microbiologists have actually 

studied relatively few of the microorganisms that exist in most agricultural soil, 

mainly because we don't know how to culture them; i.e., we know very little about 

their growth, nutritional, and ecological requirements. 

It is noteworthy that most of the microorganisms encountered in any 

particular soil are harmless to plants with only a relatively few that function as plant 

pathogens or potential pathogens. Harmful microorganisms become dominant if 

conditions develop that are favorable to their growth, activity and reproduction. 
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Under such conditions, soil-borne pathogens (e.g., fungal pathogens) can rapidly 

increase their populations with devastating effects on the crop. If these conditions 

change, the pathogen population declines just as rapidly to its original state. 

Conventional farming systems that tend toward the consecutive planting of the same 

crop (i.e., monoculture) necessitate the heavy use of chemical fertilizers and 

pesticides. This, in turn, generally increases the probability that harmful, disease-

producing, plant pathogenic microorganisms will become more dominant in 

agricultural soils (Higa, 1995; Parr and Hornick, 1994). Chemical-based 

conventional farming methods are not unlike symptomatic therapy. Examples of this 

are applying fertilizers when crops show symptoms of nutrient-deficiencies, and 

applying pesticides whenever crops are attacked by insects and diseases. In efforts to 

control the soil microflora some scientists feel that the introduction of beneficial 

microorganisms should follow a symptomatic approach. However, the actual soil 

conditions that prevail at any point in time may be most unfavorable to the growth 

and establishment of laboratory-cultured, beneficial microorganisms. To facilitate 

their establishment, it may require that the farmer make certain changes in his 

cultural and management practices to induce conditions that will (a) allow the growth 

and survival of the inoculated microorganisms and (b) suppress the growth and 

activity of the indigenous plant pathogenic microorganisms. Vegetable cultivars are 

often selected on their ability to grow and produce over a wide range of temperatures. 

Under cool, temperate conditions there are generally few pest and disease problems. 

However, with the onset of hot weather, there is a concomitant increase in the 

incidence of diseases and insects making it rather difficult to obtain acceptable yields 

without applying pesticides  

 

New Dimensions for Sustainable Agriculture 

 Many microbiologists believe that the total number of soil microorganisms 

can be increased by applying organic amendments to the soil. This is generally true 

because most soil microorganisms are heterotrophic, i.e., they require complex 

organic molecules of carbon and nitrogen for metabolism and biosynthesis. Whether 

the regular addition of organic wastes and residues will greatly increase the number 

of beneficial soil microorganisms in a short period of time is questionable.  
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 The probability that a particular beneficial microorganism will become 

predominant, even with organic farming or nature farming methods, will depend on 

the ecosystem and environmental conditions. It can take several hundred years for 

various species of higher and lower plants to interact and develop into a definable 

and stable ecosystem. Even if the population of a specific microorganism is increased 

through cultural and management practices, whether it will be beneficial to plants is 

another question. Thus, the likelihood of a beneficial, plant-associated 

microorganism becoming predominant under conservation-based farming systems is 

virtually impossible to predict. Moreover, it is very unlikely that the population of 

useful anaerobic microorganisms, which usually comprise only a small part of the 

soil microflora, would increase significantly even under natural farming conditions 

(Chakraborty and Chakraborty, 2013). 

This information then emphasizes the need to develop methods for isolating and 

selecting different microorganisms for their beneficial effects on soils and plants. The 

ultimate goal is to select microorganisms that are physiologically and ecologically 

compatible with each other and that can be introduced as mixed cultures into soil 

where their beneficial effects can be realized. 

 

 

 

 

 

 

 



43 

 

CHAPTER 3 

 MATERIALS AND METHOD 
 

3.1. Griding of study area 

North Bengal has a total area of 21763.0 sq km stretching from  24
0
40‟28‟‟ N to 

27
0
13‟ N Latitudes and 87

0
45‟50‟‟ to 89

0
54‟35‟‟ E Longitudes. The entire area 

comprises of six districts and three important ecological zones. 

3.1.1. Darjeeling hill region  

Darjeeling district is situated within the state of West Bengal. Kalimpong, Kurseong 

and Siliguri, are the sub-divisional headquarters of the district. The Hill areas of 

Darjeeling District are located within the lesser and Sub - Himalayan belts of the 

Eastern Himalayas. The area is bounded by the Sikkim Himalaya in the north, the 

Bhutan Himalaya in the east and Nepal Himalaya in the west. The southern foothill 

belt is demarcated by a highly dissipated platform of terrace deposits extending along 

the east west axis. The inner belt is defined by a ridgeline stretching from the 

Darjeeling Hill to the west and Kalimpong Hill to the east, overlooking the southerly 

flowing Tista valley in between. Prominent rivulets contributing to the Rammam - 

Rangit basin dissipate the northern slope of Darjeeling Hills. Geographically, the 

district can be divided into two broad divisions, the hills and the plains. The hilly 

region of the district are the three hill subdivisions of Darjeeling, Kurseong and 

Kalimpong. The foothills of Darjeeling Himalayas, which comes under the Siliguri 

subdivision, is known as the Terai. The major rivers flowing through here are- Teesta 

River , Mahananda River, the Great Rangit, Mechi, Balason, Lish, Gish, Chel, 

Ramman, Murti and Jaldhaka river.  The Darjeeling hill area is formed of 

comparatively recent rock structure that has a direct bearing on landslides. Soils of 

Darjeeling hill areas are extremely varied, depending on elevation, degree of slope, 

vegetative cover and geolithology. As regards the geology of the land, Darjeeling 

Hill area represents a unique geo- environmental perception. It is primarily composed 

of erosional landforms produced by southerly flowing streams, which have exposed a 

full cross section of different tectonic units. The form units are, however 

http://en.wikipedia.org/wiki/Kalimpong
http://en.wikipedia.org/wiki/Kurseong
http://en.wikipedia.org/wiki/Siliguri
http://en.wikipedia.org/wiki/Terai
http://www.indianetzone.com/14/teesta_river.htm
http://www.indianetzone.com/14/teesta_river.htm
http://www.indianetzone.com/14/teesta_river.htm
http://www.indianetzone.com/14/mahananda_river.htm
http://www.indianetzone.com/14/jaldhaka_river.htm
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approximately the same throughout the hill area, having more or less uniform 

lithology, structure, climate, soil and vegetative covers. The contact between 

different groups of rocks is represented by thrusts, dipping at high angles towards 

north. There is various land formations found across the length of the Darjeeling 

Himalayas. These include Raised terraces, the Siwaliks, the Damuda series, Daling 

series and Darjeeling Gneiss. The soils of Darjeeling Hill area have developed 

depending upon the underlying geological structure. But, in general the soils have 

been developed by both fluvial action and lithological disintegration. The soils that 

have developed in the Kalimpong area are predominantly reddish in color. 

Occasional dark soils are found due to extensive existence of phyllitic and schists. 

Soils in the highlands stretching from the west to the east of the district along most of 

the interfluvial areas are mainly mixed sandy loam and loamy, while those on the 

southern slopes of Mirik and Kurseong are mainly clayey loam and reddish in color. 

Sandy soils are mainly found in the east of the river Tista. The basic soil types are 

yellow soils, red brown soils and brown forest soils. Red soil and yellow soil have 

developed on gneiss while brown on schists and shales. Coarse pale yellow to red 

brown soils are found on the Siwaliks while clayey dark soils are developed on 

Daling series. On the Darjeeling gneiss, very coarse-grained (50 percent -80 percent) 

particles are found. All the soils are definitely acidic in nature with the tendency to 

increase slightly in depth in most cases indicating the absence of bases. Gross 

cultivated in Darjeeling district is aroung 63, 786 ha. Important cash crops include 

Orange, Ginger and Cardamom. Apart from these Tea is on of the most important 

plantation crop of this region. There are 87 tea gardens spread across the Darjeeling 

hill which covers roughly 19,000 hectares of the total land area. The major portions 

of the forests are today found at elevations of 2000 meters and above. The area 

located in between 1000–2000 meters is cleared either for tea plantation or 

cultivation.  The four major forest types according to altitudinal variation found in 

Darjeeling Hill Areas are: Tropical moist deciduous forest (300-1000mts);Tropical 

evergreen lower montane forest (1000-2000mts.) ;Tropical evergreen upper montane 

forest (2000-3000mts.) ;Temperate forest (3000-3500mts.) ;Sub temperate forest 

(above 3500mts.).About 30% of the forest covers found in the lower hills are 

deciduous. Evergreen forest constitutes only about 6% of the total forest coverage. 

Shora robusta remains the most prominent species of Tropical moist deciduous forest 

http://www.indianetzone.com/24/red_soil.htm
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along with heavy under growth. In the slopes on southern portion of the Tista and the 

Great Rangit valley and in the Goke forests, this type is found. These species cannot 

thrive in areas of lower precipitation. Tropical lower montane evergreen forests are 

found on steep higher slopes, where drainage condition is good; Dhupi (Cryptomaria 

Japonica) is a known variety. The impact of man on this variety is very conspicuous. 

Tropical upper montane evergreen forests are found in the areas where high humidity 

along with dense fogs and less sunlight is available. Undergrowth is dense and 

contains Nettles, Raspberries, Ferms and bamboos. On the steep ridges, 

Rhododendrons and bamboos are abundant. 

3.2. Soil samp ling strategy  

3.2.1. Sampling protocol 

Each ecological zone (Terai and Dooars) of North Bengal have been divided into 

agriculturally dependent riverine and forest areas according to land use types. One of 

the most important steps in soil sampling is to collect the sample that represents that 

area, which means that the sample should be representative. Hence during sampling 

each zone has been divided into non-uniform random sampling units according to the 

type of vegetation they represent. While sampling the following points were taken 

into consideration: 

(a) Use of proper sampling tools. (b) Avoiding unusual areas for sampling. (c) 

Dividing the areas for random sampling. (d) Taking composite sample from each 

area and (e) Taking proper records of the samples.  

3.2.2. Grid sampling in non uniform ecological zones 

Many sampling units were not uniform and varied both horizontally and vertically 

along the landscapes therefore the eco zones were broken into grids with shorter 

distances between the sampling points. This allows the development of precise 

sampling maps for further analysis. Since the sampling region falls under varying 

altitudes while determining the grid, one of the important things that have been 

considered was the altitude of the sampling unit areas. 
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            Fig. 4.  Map of Darjeeling district showing four main subdivisions 

 

3.3. Isolation of microorganisms from soil  

The following plating techniques were adopted for isolation of microorganisms from 

the collected soil samples 

3.3.1. Soil dilution technique 

Warcup‟s soil plate method (1955) for isolating microorganisms from the 

rhizosphere was followed with a few modifications. This is one of the most popular 
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methods for isolation and enumeration of soil borne actinomycetes, bacteria and 

fungi. It favors fungi that sporulates profusely or exist primarily as spores. 

3.3.2. Direct soil plating  

The process of Thomas and Parkinson (1965) has been adopted with modifications to 

isolate the fungi. Fungi that don‟t sporulate and exist as mycelium in soil seldom are 

isolated by the soil plating method. Soil (5-15 mg) was placed on a sterile culture 

plate and spread evenly; then 10-15 ml of molten agar medium was added. Finally 

soil particles were dispersed evenly with swirling motion. 

3.3.3. Soil washing technique 

Microorganisms not readily isolated from the soil plating technique were obtained 

from this technique of Watson (1960) where 1 g (air dried equivalent) of soil sample 

and 200 ml of sterile water were taken in a 500 ml flask, agitated with a blender and 

allowed to stand for 1-2 minutes, water was poured off and the process was repeated 

for 30-40 times further agitating by hand. After the final washing step the soil 

dilution plate method was followed. 

 

3.4. Composition of Solid media 

(A) For isolation of PGPR 

Nutrient agar medium (NA)      

Peptone - 5gm,  

Sodium Chloride      5gm,  

Yeast extract            1.5 gm,  

Beef extract             1.5g,  

Agar                         20g,  

Water                       1L  

King’s B (KB) 

Peptone             20.0 g,  

K2HPO4           1.5g, 

MgSO4.7H20  1.5 g 

Glycerol          15 ml 

Distilled H20-   1L,  

pH                    7.4 ± 0.2 

 

(B) For isolation of Trichoderma species: 

Special Nutrient Agar (SNA) (Samuels et al. 1998) 

KH2PO4  1.0g 

MgSO4.7H2O   0.5g 
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KCl          0.2g 

KNO3                                       0.5g 

Glucose  0.2g 

Sucrose  1.0g  

Agar      20.0g 

Distilled water  1000ml 

After sterilization, medium was supplemented with 300µg ml
-
1L Oxytetracycline. 

 

Trichoderma Selective Medium C (TSMC) (Elad et al., 1981) 

MgSO4(7H2O)    0.2g 

KH2PO4  0.9g 

KCl        0.14g 

NH4NO3         1.0g 

Anhydrous Glucose   3.0g 

Rose Bengal        0.15g 

Agar                          20.0g   

Distilled water   950 ml  

After autoclaving, 50 mL of anti microbial agents (Chloramphenicol 0.25g; 

Quintozone 0.2g; Captan 0.2g and Metalaxyl 1.6g) was added.  

Cellulose Agar Medium (Kuling et al., 2000)  

Cellulose powder        30.0g               

NaNO3              3.0g    

(NH4)SO4                              1.0g    

KH2PO4                    1.0g    

(NH4)2HPO4        0.5g    

MgSO4.7H2O      0.5g   

MnSO4.6H2O      0.02g 

Bacto yeast extract 0.3g 

FeSO4.7H2O  0.1g 

CoCl2.6H2O  0.02g 

KCl   0.5g 

Agar              18.0g 

pH (before autoclaving) 6.5 

After sterilization, supplemented with 300µg ml
-
1L Oxytetracycline. 

(C) For identification purpose: 

Malt Extract Agar (MEA) 

Malt extract   20.0g 

Agar   20.0g 
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Water                1000ml 

Oatmeal Agar (OA) 

Oatmeal  200g (blended in 600ml water, heated to 40-45
o
 C) 

Agar   20.0g (melted in 400ml water) 

Both were mixed up, filtered and then autoclaved for 90 min and supplemented with 

300µg ml
-
1L Oxytetracycline. 

Cornmeal Dextrose Agar (CMD) 

Cornmeal  40.0g 

Dextrose    20.0g 

Water   1000ml 

Filtered before autoclaving for 15min. 

Difco cornmeal-dextrose agar 2% (w/v) supplemented with 300µg ml
-
1L 

Oxytetracycline. 

(D) For maintenance of cultures: 

Potato Dextrose Agar (PDA) 

Potato      200g 

Dextrose  30.0g 

Agar   20.0g 

Water   1000ml    

pH         6.5  

After sterilization, PDA was supplemented with 300µg ml
-
1L Oxytetracycline 

(E) Richards agar (RA):                  

KNO3    1.0g  

KH2PO4   50g  

MgSO4. 7H2 O  0.25g  

FeCl3     0.002g  

Sucrose   3.0g  

Agar    2.0g  

Distilled H20   100ml  

(F) Carrot juice agar (CJA):         

Grated carrot    20.0g 

Agar     2.0g  

Distilled water  100 ml   

(G) Czapek dox agar (CDA):         

NaNo3   0.20g  

KHPO4   0.10g  

MgSo4.7H20   0.05g  

KCl    0.05g   

FeSo4.7H20   0.05g 

Sucrose   3.0g  

Agar    3.0g 
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Distilled water 100ml                                                

(H) Potato sucrose agar (PSA):                                                       

Peeled potato   40.0g  

Sucrose   2.0g   

Agar    2.0g  

Distilled water 100ml                        

(I) Malt extract peptone agar (MPA):    

Malt extract  20.0g  

Peptone  1.0g 

Dextrose  20.0g  

Agar   20.0g 

Distilled water 1L                                        

(J) Yeast extract dextrose agar (YDA):    

Yeast extract   7.50g  

Dextrose   20.0g 

Agar    15.0g 

Distilled water 1L                                        

(K) Flentze’s soil extract agar (FSEA): 

Soil extract  1L  

Sucrose  1.0g 

KH2PO4   0.20g   

Dried yeast  0.10g 

Agar   25.0g       

 

3.5. Morphological and Microscopical Characterization of isolates 

3.5.1. Assessment of mycelial growth.  

Mycelial growth of the fungal cultures was assessed in both on solid media and 

liquid media to know their culture characteristic. 

3.5.1.1. Solid media  

To assess the growth of fungal culture in solid media, the fungus was first grown on 

petri dishes, each containing 20ml of PDA followed by incubation for 7 days at 30ºC. 

Agar blocks (6mm diameter) containing the mycelium was cut with sterile cork borer 

from the actively growing region of mycelial mat and transferred to each Petri dish 

containing 20ml of different sterilized solid media. The colony diameter was studied 

at regular interval of time. 
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3.5.1.2. Liquid media 

 

To assess the mycelial growth in liquid media the fungus was first grown on 

petriplates, each containing 20ml of PDA and incubated for 5-8 days at 30 ºC. The 

mycelial block (5mm) from the actively growing region of the fungus in the 

petriplate was cut with sterilized cork borer and transferred to Ehrlenmeyer flask 

(250ml) containing 50 ml of sterilized liquid media Potato dextrose broth (PDB), 

Richards medium and Nutrient broth (NB) and incubated for 6 - 8 days with constant 

stirring at room temperature. After incubation the mycelia were harvested through 

muslin cloth, collected in aluminium foil cup of known weight and dried at 60ºC for 

96 hour, cooled in desiccators and weighed. 

3.5.2. Assessment of bacterial growth 

For assessment of bacterial growth in liquid medium for 1ml of bacterial suspension 

was inoculated into the Nutrient broth medium (Peptone - 5.0g, Beef extract - 3.0g, 

NaCl - 5.0g, Yeast extract - 3.6g, Water - 1000ml, pH – 7.4 ± 0.2) and allowed to 

grow for 48h. following growth, absorbance was noted in a colorimeter at 600nm. 

Absorbance was converted into cfu/ml from a standard where known concentration 

of bacterial suspension was used. The cfu values were counted to log whenever 

needed.   

3.5.3. Microscopical characterization 

3.5.3.1. Bright field study of fungal spores and mycelia 

The isolated fungi were allowed to grow in Petriplates (7cm dia.) containing sterile 

PDA medium for 7 days, then nature of mycelia growth, rate of growth and time of 

sporulation were observed. For identification, spore suspension was prepared from 

individual culture. Drops of spore suspensions were placed on clean, grease free 

glass slides, mounted with lacto phenol- cotton blue, covered with cover slip and 

sealed with wax. The slides were then observed under the microscope following 

which spore characteristics were determined and size of spores measured. 

3.5.3.2. SEM studies of fungal isolates 

Selected microorganisms were examined under scanning electron microscopy 

(SEM).  Samples were prepared according to a modification of the method described 

by King and Brown (1983). Test isolates were grown on PDA plates for l0 days in 

daylight at room temperature. Small pieces of the agar (less than 1 cm), with aerial 

sporulating culture attached, were excised from each plate and transferred to the 
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interior surface of a dry glass Petri dish lid. Efforts were made not to disturb the 

attached culture. Steps that involved exposing the samples to the atmosphere were 

performed quickly to minimise air-drying artifacts. The specimen dishes were then 

placed in vapour diffusion dehydration (VDD) assembly, and a vacuum was drawn. 

All samples were left in the VDD assembly where a maximum level of dehydration 

was achieved. The vacuum was released slowly and the specimen dish was removed 

from the desiccator. Each sample was placed within a separate aluminium “disc cup" 

(20 mm diam x 5 mm deep). Each sample was lifted from the bottom of the specimen 

dish with fine forceps and was positioned upright in a disc cup. The samples were 

then dried. All dried samples were mounted on double-sided tape affixed to SEM 

specimen mounts and were subsequently sputter-coated with gold. Gold coated 

samples were examined with a Philips 505 scanning electron microscope operating at 

9.5-r5 Kev. 

3.5.3.3. SEM studies of bacterial isolates 

For scanning electron microscopy of the bacterial cells, 2 days old culture grown in 

nutrient broth medium were centrifuged at 3000 rpm. The pellet were collected and 

washed with 0.1 M phosphate buffer saline then the samples were prefixed in 2.5 % 

glutaraldehyde in 0.1 M phosphate buffer pH 6.8 under vacuum followed by 

dehydrolysis of the sample by different ethanol volumes starting; 30%, 50%, 70%, 

80%, 90% and 100% and for each ethanol volume incubated for 10 minutes. After 

stepwise dehydration in graded alcohol, the samples were critical point dried in CO2 

(CPD 030; BAL TEC, Vaduz, Liechtenstein), mounted onto the sample stubs and 

were coated with 20 nm silver-palladium alloy in a mini sputter coater ( SC7620) and 

examined in a JEOL JSM 5200 Scanning Electron Microscope (Tokyo Japan). 

 

3.6. Biochemical characterization of bacterial isolates 

3.6.1. Gram reaction  

Gram reaction was carried out as outlined by Buchanan and Gibbson (1974). Smears 

of test organisms prepared from 24h old culture (on nutrient agar slant) with sterile 

distilled water were made in the centre of clean grease-free slides. The smears were 

air dried, and heat fixed. The smear was then flooded with crystal violet (crystal 

violet – 2.0g, 95% alcohol- 20ml, ammonium oxalate 1% W/V, aqueous solution – 

80ml) stain for 1 min, washed with tap water for 5 sec, flooded with Burke‟s iodine 
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solution (Iodine 1.0g, KI- 2.0g, distilled water 100ml ) and allowed to react for 1 

min. Slides were washed for 5 sec in 95% ethanol which was poured drop by drop by 

holding the slides in slanting position till the smears becomes decolorised, rinsed 

with water and dried. The smears were finally counter stained with safranin (2.5 w/v 

safranin in 95% ethanol- 10ml, distilled water -100ml) for at least thirty seconds, 

rinsed with water and dried. The gram character and morphological characters were 

determined under oil-immersion objectives. 

3.6.2. Catalase 

Bacterial culture (24 hour old) was flooded with 0.5 ml 10% H2O2 solution and gas 

bubbles production indicated the positive reaction. 

3.6.3. Urea digestion 

Streaks were made on the slants containing urea medium and incubated at 37º C for 

2-7 days. The change in colour of the medium indicates the presence of urease. 

3.6.4. H2S production 

Slants containing SIM agar inoculated with the test bacteria and incubated for 48h at 

37
o
C. Darkening along the line of the slants indicated the production of H2S by the 

organisms.  

3.7. In vitro characterization of plant growth promoting activities 

3.7.1 Phosphate solubilizing activity  

3.7.1.1. Screening for primary phosphate solubilizing activity on PKV medium 

Preliminary screening for phosphate solubilization was done by a plate assay method 

using Pikovskaya (PVK) agar medium (Pikovskaya 1948) supplemented with 

Tricalcium phosphate (TCP) and pH of the medium was adjusted to 7.0 before 

autoclaving. One gram soil sample was suspended in 9ml sterile distilled water in a 

tube for serial dilutions, and 1ml aliquots were transferred to PVK medium. The 

plates were incubated at 28±2ºC for 7 days with continuous observation for colony 

diameter. Transparent (halo) zones of clearing around the colonies of 

microorganisms indicate phosphate solubilization and each colony was carefully 

transferred, identified and further used for quantitative determination of phosphate 

solubilization. 

3.7.1.2. Quantitative measurement of phosphate solubilization 

Evaluation of phosphate solublizing activity of both the fungal  and bacterial isolates 

were done by growing the isolates in the two sets of Pikovakaya‟s liquid medium 
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amended with 0.5% tricalcium phosphate and 0.5 % rock phosphate separately over a 

period of 10 days at 28
0
C with constant shaking at 100 rpm in a rotary incubator. 

Quantitative estimation of phosphate is done following amonium molybdate ascorbic 

acid method as described by Kundsen and Beegle (1988). Amount of phosphate 

utilized or solubilized by the isolates were expressed as mg/L phosphate utilized by 

deducting the amount of residual total phosphate from the initial amount of 

phosphate source added to the modified Pikovakaya‟s liquid medium (yeast extract, 

0.50 g/L, dextrose, 10.0 g/L, calcium phosphate/rock phosphate, 5.0 g/L, ammonium 

phosphate, 0.50 g/L, potassium chloride, 0.20 g/L, magnesium sulphate, 0.10 g/L, 

manganese sulphate, 0.0001g/L, ferrous sulphate, 0.0001 g/L, pH, 6.5)amended with 

0.5 % tricalcium phosphate and 0.5 % rock phosphate. Liquid medium (50 ml) was 

inoculated with 5 % v/v of the spore suspension prepared from the 7 days old culture 

grown on PDA slants and incubated at room temperature for 4 days with routine 

shaking at 100 rpm. The initial pH of the medium was recorded with a pH meter 

fitted with electrode. The mycelia were harvested after 10 days of incubation by 

filtering and the change in the pH of the culture filtrate was recorded after 

centrifuging the medium at 5000 x g for 5 min. on a table centrifuge. 

Phosphate measurement in the medium was estimated by ammonium molybdate-

ascorbic acid method where, 2ml of the aliquot of the soil extract was mixed with 

8ml of the colorimeter working solution containing 60 g/L ammonium 

paramolybdate, 1.455 g antimony potassium tartarate, 700ml/L conc. sulfuric acid 

and 132 ml/L of ascorbic acid and mixed thoroughly and incubated for 20 min. till 

the colour developed. Percent transmittance of the solution was taken on a 

colorimeter with the wavelength set at 882 nm. 

3.7.2. IAA production 

3.7.2.1. Qualitative test for IAA production 

10 ml of Davis Mingoli‟s broth supplemented with 0.1% tryptophan was inoculated 

with the isolate and incubated anaerobically at 37º C for 7 days. The culture was 

centrifuged at 10000 rpm for 15 min and supernatant was taken for analysis. 

The supernatant was layered carefully with 2 ml of Ehrlich- Bobme (P-

dimethylaminobenzaldehyde 10g, concentrated HCL 100ml) reagent on the surface, 

allowed to stand for a few minutes and observed for the formation of a ring at the 

supernatant- reagent interface indicating the production of indole.  
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3.7.2.2. Quantitative test for IAA production 

For detection and quantification of IAA, the selected bacterial cells were grown for 

24 h to 48 h in high C/N ratio medium. Tryptophane (0.1 mM) was added in order to 

enhance acetic acid (IAA) production by the bacteria (Prinsen et al. 1993). 

Production of IAA in culture supernatant was assayed by Pillet-Chollet method as 

described by Dobbelaere et al. (1999). For the reaction, 1 ml of reagent, consisting of 

12 g FeCl
3 per litre in 7.9 M H

2
SO

4
 was added to 1 ml of sample supernatant, mixed 

well, and kept in the dark for 30 min at room temperature. Absorbance was measured 

at 530 nm. The amount of IAA produced was calculated with the help of a standard 

curve. 

3.7.3. Siderophore production 

The bacterial isolates were characterized for siderophore production following the 

method of Schwyn and Neiland, (1987) using blue indicator dye, chrome azurol S 

(CAS). For preparing CAS agar, 60.5 mg CAS was dissolved in 50 ml water and 

mixed with 10 ml iron (III) solution (1 mM FeCl3.6H2O in 10 mM HCl) and volume 

made up to 1L. With constant stirring this solution was added to 72.9 mg hexa-

decytrimethyl ammonium bromide (HDTMA), dissolved in 40 ml water. The 

resultant dark blue liquid was autoclaved. The dye solution was mixed into the 

medium along the glass wall with enough agitation to achieve mixing without the 

generation of foam, and poured into sterile petriplates (20 ml per plate). The plates 

were inoculated with the bacteria and incubated for 10-15 days till any change in the 

color of the medium was observed. 

3.7.4. HCN production 

Production of hydrocyanic acid was determined using the procedure described by 

Reddy et al. (2008) with slight modification. The selected bacterial isolates were 

grown at room temperature (37ºC) on a rotary shaker in nutrient broth (NB) media. 

Filter paper (Whatman no.1) was cut into uniform strips of 10 cm long and 0.5 cm 

wide saturated with alkaline picrate solution and placed in side the conical flasks in a 

hanging position. After incubation at 37ºC for 48 hr, the sodium picrate present in the 

filter paper was reduced to reddish compound in proportion to the amount of 

hydrocyanic acid evolved. The color was eluted by placing the filter paper in a clean 
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test tube containing 10 ml distilled water and the absorbance was measured at 625 

nm.  

3.7.5. Chitinase production 

3.7.5.1. Detection in modified Chitinase detection agar 

For detecting the chitinolytic behavior of the bacteria chitinase detection agar (CDA) 

plates were prepared by mixing 1.0% (w/v) colloidal chitin with 15 g of agar in a 

medium consisted of (Na
2
HPO

4
 6.0 g, KH

2
PO

4 3.0 g, NaCl 0.5 g, NH
4
Cl 1.0 g, yeast 

extract 0.05g and distilled water 1 L; pH  6.5). 

The CDA plate was spot inoculated with organism followed by incubation at 30°C 

for 7-10 days. Colonies showing zones of clearance against the creamy background 

were regarded as chitinase producing strains (Kamil et al. 2007). 

The colloidal chitin was prepared by following the method described by  Mathivanan 

et al. (1997), 5 g of chitin powder was slowly added to 60 ml of concentrated HCl 

and left at 4°C overnight with vigorous stirring. The mixture was added to 2 L of ice 

cold 95 % ethanol with rapid stirring and kept overnight at 25°C. The precipitation 

formed was collected by centrifugation at 7000 rpm for 20 min at 4°C and washed 

with sterile distilled water until the colloidal solution became neutral (pH 7). The 

prepared colloidal chitin solution (5 %) was stored at 4°C until further use. 

3.7.5.2. Quantification of Chitinase activity  

Spore suspension (1.0 x 10
6
 spores per mL of culture medium of biocontrol agent 

were grown in 150 mL flasks containing 20 mL of unbuffered mineral synthetic 

medium (MSM) supplemented with dried mycelium as the sole carbon source (5 g L
–

1
). The cultures were grown at 30°C for 5 days without shaking. Culture filtrates 

were centrifuged at 4°C for 10 min at 5000 x g and the clear supernatants were either 

immediately tested for enzyme activity or stored at –20 °C until assayed. 

Chitinase activity was assayed using the colorimetric method described by Molano et 

al. (1977) with minor modifications (Ulhoa, 1992). The assay mixture contained 1 

mL of 0.5 % pure chitin (suspended in 50 mM acetate buffer pH=5.2) and 1 mL of 

enzyme solution. The reaction mixture was incubated for 12 h at 37 °C with shaking 

and was stopped by centrifugation (5000 g/min) for 10 min and the addition of 1 mL 

of dinitrosalicylate   (DNS) reagent (Miller, 1959). 
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3.7.6. Protease production 

Protease activity was detected on 3% (wt/vol) powdered milk-agar plates according 

to Walsh et al. (1995). 

3.7.7. Starch hydrolysis 

Detection of starch hydrolysis was detected by streaking the isolate on sterilized 

starch agar plate (NA + 0.1% soluble starch) and incubating for five days at 37º C. 

The plates were flooded with Lugol‟s iodine solution. The clear zone underneath and 

around the growth indicates the starch hydrolysis.  

3.8. Screening for cellulase production 

Microorganism showing cellulase activities were screened in the medium containing 

only cellulose as the carbon source. Both exo and endo cellulase activities were 

determined as the amount of glucose released from the substrate. The amount of 

glucose released by exocellulase activity of the microorganism during the growth 

period was measured following the DNS method of Miller (1972). To determine 

endo and exo β-1, 4 glucanase activity and the amount of glucose released in the 

medium corresponding to the amount of substrate utilized combined assay was 

conducted using filter paper assay (FPA) method of Miller (1972). 

3.8.1. Assay of endocellulase activity 

The amount of glucose released by endocellulase activity of fungal hyphae during 

their growth using cellulose as C source was measured following the DNS method of 

Miller (1972) where the culture filtrate was collected from the fermentation media by 

centrifugation. Culture filtrate (1 ml) was taken in a test tube and equalized with 2ml 

of distilled water. To the prepared culture filtrate, 3 ml of DNS reagent was added. 

The contents in the test tubes are heated in a boiling water bath for 5 min. After 

heating, the contents were allowed to cool at room temperature. At the time of 

cooling, 1 ml of freshly prepared 40% sodium potassium tartarate solution was 

added. After cooling, the absorbances were recorded at 510 nm in a U.V.  vis 

spectrophotometer. The amount of reducing sugar was determined using a standard 

graph. 

3.8.2. Assay of both exo and endocellulase activity 

A combined assay for endo and exo cellulose activity in culture filtrate is carried out 

by FPA (Filter Paper Assay). The substrate used is Whatman No. 1 filter paper which 

was homogenized in 0.2 M sodium acetate buffer, pH 5.5 (5 mg in 20 ml buffer). 0.5 
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ml of culture filtrate was added to 2ml of substrate. The mixture was incubated at 

35°C for one hour, 2 ml of DNS reagent was added and reaction was terminated. 

Then it was heated in a boiling water bath for 5 min following which 1 ml of 

potassium sodium tartarate (40%) was added to the warm tubes. The tubes were 

allowed to cool and the absorbance was recorded at 540 nm in a U.V. vis 

spectrophotometer. 

3.9. Casein hydrolysis 

 The mild agar was streaked with the bacteria and was incubated at 37º C and 

observed for the clear zone around the streaks. 

3.10. In vitro testing for antagonism to fungal pathogens  

3.10.1. Inhibition of mycelial growth in solid medium 

For in vitro evaluation of antagonistic activity of both PGPR and fungal isolates, the 

following fungal pathogens viz., Sclerotium rolfsii, Thanatophorous cucumeris, 

Rhizoctonia solani and Macrophomina phaseolina. were used. The fungal pathogens 

were obtained from Immuno-Phytopathology Laboratory, Department of Botany, 

N.B.U. and were maintained with regular sub culturing in PDA for subsequent tests. 

Isolated microorganisms were tested for their in vitro antifungal activity against plant 

pathogens by dual inoculation technique. In case of fungal isolates, both the test 

organisms and the pathogens were grown separately in the petriplates and inocula 

were cut from the growing region and placed in fresh sterile PDA plates. In each 

plate, inoculum block of the isolate and of the test pathogen were placed 4 cm apart 

on the agar medium. The culture plates were seeded with the potential antagonist and 

the test pathogen at a distance determined by their growth rate (Klingstrom and 

Johansson, 1973). Interactions were observed at different intervals from 4th day 

onwards. For each test three replicates were used. 

Whereas in case of PGPR isolates, the bacteria were streaked on one side of the Petri 

plate containing Potato Dextrose Agar (PDA) medium and 5mm fungal pathogen 

block was placed at the other side of the plate at a distance of 5 cm, incubated for 2-7 

days at 28º±2ºC and inhibition zone towards the fungal colony in individual plate 

was measured. Results were expressed as mean of percentage of inhibition of the 

growth of the pathogen in presence of the bacterial isolate. For each test three 

replicate plates were used. 

 



59 

 

3.10.2. Sclerotia germination bioassay 

For assessing the effect of active principle from cell free culture filtrate of BCA and 

PGPR on sclerotial germination of Sclerotium rolfsii, the mature sclerotia were 

scrapped off from the culture grown on PDA medium. Sclerotia were then soaked in 

cell free culture filtrate for 1h and placed on sterile black filter paper which were also 

aseptically soaked in the culture filtrate for at least 30 min. The black filter paper was 

then placed in a sterile Petri plates. Sclerotia soaked in distilled water and 

uninoculated sterile PDB served as control. On each soaked filter paper 50 sclerotia 

were placed with at least three replicates. These were allowed to germinate for 2-4 

days after which percent germination was determined. 

3.11. Immunological studies 

3.11.1. Preparation of fungal and bacterial antigen 

Fungalmycelial and Bacterial cell protein were prepared following the method as 

outlined by Chakarborty and Saha (1994). In case of fungal isolates, mycelial mats 

were harvested from 5-7 days old culture, washed with 0.2% NaCl and again 

rewashed with sterile distilled water. Washed mycelia were crushed with sea sand 

using a chilled mortar and pestle and homogenized with cold 0.05 M sodium 

phosphate buffer (pH 7.2) supplemented with 0.85% NaCl, 10 mM sodium 

metabisulphite and 0.5 mM MgCl2 in ice bath. The homogenate mixture was kept for 

2h or overnight at 4ºC and then centrifuged at 10.000rpm for 30 min at 4ºC to 

eliminate cell debris. The supernatant was collected and stored in -20ºC and used as 

antigen for the preparation of antiserum. 

Prior to injection quantity Total Soluble Protein was measured and these was also 

analyzed by 12 % SDS-PAGE. 

3.11.2. Estimation of protein content 

Soluble proteins were estimated following the method as described by Lowry et al., 

(1951). To 1ml of protein sample 5ml of alkaline reagent (1ml of 1% CuSO4 and 

1ml of 2% sodium potassium tartarate, added to 100ml of 2% Na2 CO3 in 0.1 

NaOH) was added. This was incubated for 15 minutes at room temperature and then 

0.5ml of 1N Folin Ciocalteau reagent was added and again incubated for further 15 

minutes following which optical density was measured at 720 nm. Quantity of 

protein was estimated from the standard curve made with bovine serum albumin 

(BSA). 



60 

 

3.11.3. SDS-PAGE analysis of soluble proteins 

Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) was 

performed for detailed analysis of protein profile following the method of Laemmli 

(1970). 

3.11.3.1. Preparation of stock solution 

Following stock solutions were prepared. 

A. Acrylamide and N’N’ – methylene bis acrylamide 

A stock solution containing 29% acrylamide and 1% bis-acrylamide was prepared in 

warm water, as both of them are slowly dominated to acrylic and bis acrylic acid by 

alkali and light. The pH of the solution was kept below 7.0 and the stock solution 

was then filtered through Whatman No. 1 filter paper and kept in brown bottle, stored 

at 4ºC and used within one month. 

B. Sodium Dodecyl Sulphate (SDS)  

A 10% stock solution of SDS was prepared in warm water and stored at room 

temperature. 

C. Tris Buffer 

i) 1.5M Tris buffer was prepared for resolving gel. The pH of the buffer was adjusted 

to 8.8 with concentrated HCl and stored at 4ºC for further use. 

ii) 1.0 M Tris buffer was prepared for use in the stacking and loading buffer. The pH 

of this buffer was adjusted to 6.8 with conc. HCl and stored at 4ºC for use. 

D. Ammonium Persulphate (APS) 

Fresh 10% APS solution was prepared with distilled water each time before use. 

E. Tris- Glycine electrophoresis buffer 

Tris running buffer consists of 25mM Tris base, 250mM Glycine (pH 8.3) and 0.1% 

SDS. A 1X solution was made by dissolving 3.02 g Tris base, 18.8 g Glycine and 10 

ml of 10% SDS in 1L distilled water. 

F. SDS gel loading buffer  

This buffer contains 50 mM Tris –HCl (pH 6.8), 10 mM ß- mercaptoethanol, 2% 

SDS, 0.1% bromophenol blue, 10% glycerol. A 1x solution was prepared by 

dissolving 0.5ml of 1M Tris buffer (pH 6.8), 0.5ml of 14.4 M ß- mercaptoethanol, 2 

ml of 10% SDS, 10 mg bromophenol blue, 1ml glycerol in 6.8 ml of distilled water 
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3.11.3.2. Preparation of gel 

Mini slab gel was prepared for analysis of proteins patterns through SDS-PAGE. For 

gel preparation, two glass plates (8 cmx10 cm) were washed with dehydrated alcohol 

and dried to remove any traces of grease. Then 1.5 mm thick spacers were placed 

between the glass plates at the two edges and the three sides of the glass plates were 

sealed with gel sealing tape or wax, clipped tightly to prevent any leakage and kept in 

the gel casting unit. Resolving and stacking gels were prepared by mixing 

compounds in the following order and poured by pipette leaving sufficient space for 

comb in the stacking gel (comb +1cm).  After pouring the resolving gel solution, it 

was immediately over layered with isobutanol and kept for polymerization for 1h.  

After polymerization of the resolving gel was complete, overlay was poured off and 

washed with water to remove any unpolymerized acrylamide. Stacking gel solution 

was poured over the resolving gel and the comb was inserted immediately and over 

layered with water. Finally the gel was kept for polymerization for 30-45 minutes. 

After polymerization of the stacking gel the comb was removed and the wells were 

washed thoroughly. The gel was then finally mounted in the electrophoresis 

apparatus. Tris–Glycine buffer was added sufficiently in both upper and lower 

reservoir. Any bubble trapped at the bottom of the gel, was removed carefully with a 

bent syringe. 

 

 

Name of the 

compound                

Resolving gel  5% Stacking gel 

(ml)  10% (ml) 12%(ml) 

Distilled water     2.95 2.45 2.10 

30% acrylamide          2.50 3.00 0.10 

Tris* 1.90 1.90 0.38 

10%SDS 0.075 0.070 0.030 

10%APS 0.075 0.070 0.030 

TEMED** 0.003 0.003 0.003 

*For 1.5 M tris pH 8.8 in resolving gel and for 1M Tris pH 6.8 in stacking gel 

** N, N, N‟, N‟ –Tetramethyl ethylene diamine.      
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3.11.3.3. Sample preparation  

Sample (50μl) was prepared by mixing the protein extract (35 μl) with 1xSDS gel 

loading buffer (16 µl) in cyclomixer. All the samples were floated in a boiling water 

bath for 3 minutes to denature the proteins. After boiling, the sample was loaded in a 

predetermined order into the bottom of the well with T-100 micropipette syringe. 

Along with the protein samples, a marker protein consisting of a mixture of six 

proteins ranging from high to low molecular mass (Phosphorylase b-97, 4000: 

Biovine Serum Albumin-68,000; Albumin-43,000; Carbolic Anhydrase-29.000; 

Soybean Trypsin inhibitor-20,000; Lysozyme-14,300) was similarly treated as the 

other samples and loaded in a separate well. 

3.11.3.4. Electrophoresis  

Electrophoresis was performed at 18mA current for a period of two to three hours or 

until the dye reached the bottom of the gel. 

3.11.3.5. Fixing and staining 

After completion of electrophoresis, the gel was removed carefully from the glass 

plates and the stacking gel was cut off from the resolving gel and finally fixed in 

glacial acetic acid: methanol: water (10:20:70) for overnight.  

The staining solution was prepared by dissolving 250mg of Coomassie brilliant blue 

(Sigma R 250) in 45 ml of methanol. When the stain was completely dissolved, 45ml 

of water and 10ml of glacial acetic acid were added. The prepared stain was filtered 

through Whatman No.1 filter paper. 

The gel was removed from the fixer and stained in this stain solution for 4 hours at 

37ºC with constant shaking at low speed. After staining the gel was finally destained 

with destaining solution containing methanol, water and acetic acid (4.5:4.5:1) at 

37ºC with constant shaking until the background become clear.  

3.11.4. Raising of polyclonal antibodies  

3.11.4.1. Rabbits and their maintenance  

Polyclonal antibodies were prepared against fungal antigens in New Zealand white 

male rabbits approximately 2kg of body weight. Before immunization, the body 

weights of rabbits were recorded and observed for at least one week inside the cages. 

Rabbits were maintained in Antisera Reserves for plant Pathogens, Immuno-

Phytopathology Laboratory, Department of Botany, NBU.  They were regularly fed 

with green grass, soaked gram, green vegetables and carrots etc. twice a day. After 
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each bleeding they were given saline water for three consecutive days and kept in 

proper hygienic conditions. 

3.11.4.2. Immunization  

Before immunization, normal sera were collected from each rabbits. For developing 

antisera, intramuscularly injections of 1ml antigen(protein extracted) mixed with 1ml 

of Freund‟s complete adjuvant (Genei) were given into each rabbit 7 days after pre- 

immunization bleeding and repeating the doses at 7 days intervals for consecutive 

week followed by Freund‟s incomplete adjuvant (Genei) at 7 days intervals upto 12-

14 consecutive weeks as required. Methods of Alba and Devay (1985) and 

Chakraborty and Saha (1994) were followed for immunization. 

3.11.4.3. Bleeding  

Bleeding was performed by marginal ear vein puncture, three days after the first six 

injections, and then every fourth injection. In order to handle the rabbits during 

bleeding, they were placed on their back on a wooden board fixed at an angle of 60º, 

and the rabbits were held tight so that it could not move during the bleeding. The 

hairs from the upper side of the ear was removed with the help of a razor and 

disinfected with alcohol. The ear vein was irritated by the application of xylene and 

an incision was made with the help of a sharp sterile blade and 5-10 ml of blood 

samples were collected in sterile graduated glass tube. The blood samples were 

incubated at 37ºC for 1hr for clotting. After clotting, the colt was loosened with a 

sterile needle. Finally, the serum was classified by centrifugation. (2000g for 10 

minute at room temperature) and distributed in 1 ml vials and stored at -20ºC as 

crude antisera. The serum was used for double diffusion analysis, dot 

immunobinding assay and indirect immunofluorescence study. 

3.11.5. Purification of IgG  

3.11.5.1. Precipitation 

IgG was purified as described by Clausen (1988). Crude antiserum (2ml) was diluted 

with two volume of distilled water and an equal volume of  ammonium sulphate was 

taken and adjusted to pH to 6.8, the mixture was stirred for 16h at 20º C in magnetic 

stirrer. The precipitate thus formed was collected by Centrifugation at 12,000 rpm for 

1h at 22ºC.  Supernatant was discarded and pellet was used for further steps.  
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3.11.5.2. Column preparation 

Eight gram of DEAE cellulose (Sigma Co. USA) was suspended in distilled water for 

overnight. The water was poured off and the DEAE cellulose was suspended in 

0.005M phosphate buffer (pH 8.0) and the washing was repeated for 5 times. The gel 

was then suspended in 0.02 M phosphate buffer, (pH 8.0) and was transferred to a 

column (2.6 cm in diameter and 30cm height) and allowed to settle for 2h. After the 

column material had settled 25ml of buffer (0.02M sodium phosphate, pH 8.0) 

washing was given to the column material. 

3.11.5.3. Fraction collection 

At the top of the column, 2ml of ammonium sulphate precipitate was applied and the 

elution was performed at a constant pH and a molarity continuously changing from 

0.02 m to 0,03 M. the initial elution buffer (1) was 0.02 M sodium phosphate (pH 8.0 

). The buffer was applied in the flask on which rubber connection from its bottom 

was supplying column. Another connection above the surface of buffer (1) was 

connected to another flask with buffer (2). The buffer (2) had also connection to the 

open air. During the draining of buffer (1) to column buffer (2) was soaked into 

buffer (1) thereby producing a continuous raise in morality. Ultimately, 40 fractions 

each of 5ml were collected and the optical density values were recorded at 280nm 

using UV-Vis spectrophotometer (DIGISPEC-200GL). 

3.11.6. Immunodiffusion test 

3.11.6.1. Preparation of agarose slides 

The glass slides (6cm x 6cm) were degreased using ethanol 90%v/v: diethyl ether 

(1:1v/v) and ether, then dried in hot air oven. After drying the plates were sterilized 

inside the petriplate each containing one plate. Conical flask with Tris-Barbiturate 

buffer (pH 8.6) is placed in boiling water bath. Agar/ agarose (0.9%) was boiled over 

water bath to dissolve the agar at 90 º C for next 15 min. Then pinch of 0.1% (w/v) 

sodium azide was added and mixed well. For the preparation of agarose gel, the 

molten agarose is poured (6 to 10 ml) on the grease free sterilized slide with the help 

of a sterile pipette in laminar air flow chamber and allow it to solidify, after 

solidification cut 3-7 wells (6mm diameter) with sterilized cork borer distance of 1.5 

to 2cm away from central well and 2.0 to 2.5 cm from well to well. 
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3.11.6.2. Diffusion 

Agar gel double diffusion tests were carried out using antigen and antiserum 

following the meyhod of Ouchterlony (1976). Antigen plus undiluted Antisera 

appropriately diluted were poured into wells with sterile 60-8- micropipette 

(50µl/well
-1

) antisera in middle. Slides were kept in moist chamber at 25C for 72h. 

Precipitations reaction was observed in the agar gel only in cases where common 

antigen was present. 

3.11.6.3. Washing, staining and drying of slides 

After immunodiffusion, the slides were initially washed with sterile distilled water 

and then with aqueous NaCl solution (0.9% NaCl and 1% NaN3) for 72 h with 6 

hourly changes to remove unreacted antigens and antisera widely dispersed in the 

agarose gel. Then the slides were stained with Coomassie brilliant blue (R250, 

Sigma: 0.25g Coomassie blue, 45ml methanol, 45ml distilled water and 10ml glacial 

acetic acid) for 10 min at room temperature. After staining, the slides were washed in 

destaining solution (methanol: distilled water: acetic acid in 45:45:10 ratios) with 

changes until background become clear.  Finally slides were washed with distilled 

water and dried in hot air oven for 3 h at 50 º C 

3.11.7. Immunoblotting 

3.11.7.1. Dot immunobinding assay (DIBA) 

Dot immunobinding assay was performed following the method suggested by Lange 

et al. (1989) with modifications. Following buffers were used for dot immunobinding 

assay. 

a. Carbonate –bicarbonate (0.05 M, pH 9.6) coating buffer. 

b. Tris buffer saline (10mM 0h 7.4) with 0.9% NaCl and 0.5% Tween 20 for 

washing. 

c. Blocking solutions 10% (w/v) skim milk powder (casein hydrolysate, SLR) in 

TBST (0.05 M Tris-HCl, 0.5 M NaCl ) 5% v/v Tween 20 , pH 10.3. 

d. Alkaline phosphatase buffer ( 100 mM tris HCl, 100 mM NaCl, 5mM MgCl2 

Nitrocellulose membrane (Millipore, 7cm x10cm, Lot No. H5SMO 5255, pore size 

0.45μm, Millipore corporation, Bedford) was first cut carefully into the required size 

and fix between the template with filter paper at the bottom. 0.5M carbonate- 

bicarbonate buffer (pH 9.6), 4µl, was loaded in each well and allowed to dry for 30 

min at room temperature. Load 5µl (antigen) test sample on to NCM and allow it to 
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dry for 30 minute at room temperature. Template was removed and blocking of NCM 

was done with 19% non fat dry milk (casein hydrolysate, SRL) prepared in TBST for 

30-60 minutes on a shaker, respective polyclonal antibody (IgG 1:500) prepared 

against that antigen was added directly in the blocking solution and further incubated 

at 4 ºC for overnight. The membrane was then washed gently in running tap water for 

three minutes, thrice followed by washing in TBST (pH 7.4), (Wakemen and White, 

1996). The membrane was then incubated in alkaline phosphatase conjugated goat 

antirabbit IgG (diluted 1:10,000 in alkaline phosphatase) for 2h at 37ºC. The 

membrane was washed as before. 10 ml of NBT/BCIP substrate (Genei) was added 

next and color development was stopped by washing the NCM with distilled water 

and color development was categorized with the intensity of dots. 

3.11.7.2. Western Blotting 

Western Blotting has been performed following the method of  Wakeham and White 

(1996). The following buffers were used for Western blotting. 

Stock solutions 

(i) All the stock solutions and buffers used in SDS-Gel preparation for 

Western blotting were as mentioned earlier in SDS-Gel electrophoresis.  

(ii) Transfer buffer (Towbin buffer) : 

(25mM Tris, 192mM glycine 20% reagent grade Methanol, pH 8.3). 

Tris-3.03g, Glycine  -14.4g, 200 ml Methonal ( adjusted to 1L, with dist. 

Water). 

(iii) Phosphate buffer Saline, PBS, (0.15M, pH 7.2) 

Preparation was as mentioned in ELISA. 

(iv) Blocking solution 

Casein hydrolysate -5% in PBS,  Sodium azide  -0.02%,  Tween-20 - 

0.02%. 

(v) Washing buffers : Washing buffer -1 : PBS: Washing buffer -2 : (50mM 

Tris-HCl, 150mM NaCl, pH 7.5). Tris-6.07 gm; NaCl – 8.78gm; made 

upto 1 lit with distilled water. 

(vi) Alkaline phosphatase buffer : (100mM NaCl, 5mM MgCl2 , Tris-HCl, 

pH9.5) Tris-12.14gm; NaCl, 5.84gm; MgCl2 -1.015gm; made upto 1lit 

with double distilled water. 
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(vii) Substrate: NBT: 5mg NBT in 1ooµl of 70% N,N-dimethyl formamide 

BCIP: 2.5mg BCIP in 50µl of 100% N, N-dimethyl formamide. Substrate 

solution was prepared by adding 66µl NBT and 33µl BCIP in 10ml 

alkaline phosphatase buffer. 

(viii) Enzyme. ( Alkaline phosphatage tagged with antirabbit goat IgG ) 

Alkaline phosphatase buffer; enzyme (1;10,000). 

(ix) Stop solution 0.5M EDTA solution in PBS, pH 8.0) EDTA sodium salt-

0.0372 gm in 200µl distilled water, added in 50ml of PBS. 

3.11.7.2.1. Extraction and estimation of protein: 

Protein extraction and estimation was done as described earlier. 

3.11.7.2.2. SDS PAGE of protein 

SDS-PAGE was carried out as mentioned earlier. 

3.11.7.2.3. Blot transfer process 

After the gel run, the SDS-PAGE gel was transferred to pre-chilled (Towbin) buffer 

and equilibrated for 1h.  The nitrocellulose membrane (BIO-RAD, 0.45 µm) and the 

filter paper (BIO-RAD, 2mm thickness) were cut to gel size, wearing gloves, and 

soaked in Towbin buffer for 15min. The transfer process was done in Trans-Blot SD 

Semi-Dry Transfer cell (Bio-RAD) through BIO-RAD power pack. The presoaked 

filter paper was placed on the platinum anode of the Semi-dry cell. And  the pre-

wetted membrane was placed on top of the filter paper and air bubbles were rolled 

out. The equilibrated gel was carefully placed on the membrane and air bubbles were 

rolled out with a glass rod. Finally another presoaked filter paper was placed on the 

top of gel and air bubbles were removed. The cathode was carefully placed on the 

sandwich and pressed. The blot unit was run for 45 min at a constant volt (15V). 

After the run the membrane was removed and dried on a clean piece of 3mm filter 

paper for 1 h. and proceeded for immunological probing. 

3.11.7.2.4. Immunoprobing 

After drying the NCM for at least 1h, blocking of the unbound sites of NCM was 

done by 5% non fat dried milk in a heat sealable plastic bag and incubated for 90 

min. with gentle shaking on a platform shaker at room temperature. Subsequently the 

membrane was incubated with antibody (IgG) solution (blocking solution : PBS [1:1, 

v/v + IgG, diluted as 1:100 or as per require ment]. The bag was sealed leaving space 
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for few air bubbles and incubated at 4˚C overnight. All the processes were done with 

gentle shaking. Next day the membrane was washed thrice in 250 ml PBS (washing 

buffer -1). Final washing was done in 200ml washing buffer -2 to remove azide and 

phosphate from the membrane before enzyme coupled reactions. The enzyme, 

alkaline phosphatase tagged withantirabbit goat IgG (Sigma Chemicals) diluted 

(1:10,000) in alkaline phosphatase buffer, was added and incubated for 1h. at room 

temperature. After enzyme reaction, membrane was washed for 3 times in washing 

buffer-2.Then 10ml substrate was added and the reaction was monitored carefully. 

When bands were observed upto the desired intensity, the membrane was transferred 

to tray of 50ml stop solution. 

3.11.8. Fluorescence antibody staining and microscopy 

Indirect fluorescence staining of fungal mycelia was done using FITC labeled goat 

antirabbit IgG following the method of Chakraborty and Saha (1994). Fungal 

mycelia were grown in liquid Richards‟s medium as described earlier. After four 

days of inoculation young mycelia were taken out from flask and taken in Eppendorf 

tube and was washed with PBS (pH 7.2) by centrifugation at slow speed. Then 

mycelia was treated with normal sera or antisera diluted (1:50) in PBS and incubated 

for 1 hour at RT. The mycelia washed thrice with PBS- Tween pH 7.2 as mentioned 

above and treated with Goat antirabbit IgG conjugated with fluorescein 

isothiocyanate (FITC-conjugate) (Sigma chemicals) diluted 1:40 with PBS (pH 7.2) 

and incubated in dark for 45 minute at room temperature. After incubation mycelia 

was washed thrice in PBS and mounted in 10% glycerol. A cover slip was placed and 

sealed. The slides were observed and photograph under both phase contrast and UV 

fluorescence condition using Leica Leitz Biomed microscopy with fluorescence 

optics equipped in (UV) filter set 1-3. 

3.11.9. Immunolocalization of Chitinase enzymes by Indirect 

immunofluorescence staining of leaf, stem and root tissues 

Localization of Chitinase enzyme expression in the leaf, stem and root tissues of 

different test crops were conducted following the method of Chakraborty and Saha, 

1994. Cross section of healthy, infected and treated roots were cut and immersed in 

PBS, ph7.2. These section were treated with primary antibody raised against 

Chitnasse enzyme which was diluted (1:50) in PBS and incubated for 1 hour at RT. 

After incubation, section were washed thrice with PBS- Tween pH7.2 for 15 minute 
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and transferred to 40µl of diluted (1:40) goat antirabbit IgG conjugated with 

fluorescence (FITC).The sections were incubated for 30 minutes in dark. After that 

sections were washed thrice with PBS- Tween as mentioned above and then mounted 

on a grease free slide with 10%glycerol. Fluroescence of the tissue sections were 

observed using Leica Leitz Biomed Microscope with fluorescence optics equipped 

with UV- filter set I-3 and photograph was taken.  

3.12. In vivo studies for plant growth promotion by PSF and PGPR 

3.12.1. Mass multiplication and inoculation  

3.12.1.1. Mass multiplication of PSF 

PSF and BCA isolates were grown separately in the PDA medium for sporulation 

over a period of 4-5 days after which harvested spore mass (10
6 

spores / ml) was 

suspended in sterile distilled water. For mass multiplication of the PSF, well 

decomposed FYM heaps were used whereas sand maize meal was used for BCAs. 

Spore suspension (100 ml) was used to inoculate 5 Kg of FYM. The FYM was first 

moistened slightly to optimize the PSF growth and kept in polythene bags in shade 

for 10 days. The mixture was regularly raked every third day during the total of this 

10 days period.  

 Mass culture of fungal pathogens were prepared in sterilized sand maize meal 

media, in which washed and sterilized sand:water:maize meal ratio of (9:1.5:1; 

w:w:v) was  taken in autoclavable plastic bag and conical flasks (150g) was sterilized 

at 20 lb for 20 minutes method followed by  Biswas and Sen (2000) which was 

inoculated with mycelial bits of pathogen taken from the margin of actively growing 

culture and incubated at 28ºC+ 2ºC for 15-20 days. The two weeks old cultures were 

used for inoculating the soil. The rhizosphere of each of potted plants was inoculated 

with 100g of pathogen inoculum prepared in sand maize meal media. Regular 

watering of the plants was done to assure the successful establishment of the 

pathogen.  

3.12.2. Mass multiplication of PGPR isolates 

In case of PGPR isolates, the bacterial isolates were cultured in nutrient broth 

medium with shaking at 30
o 

C at 120 rpm for 48 h. At the end of the log phase, 

bacterial cultures were centrifuged at 3000 rpm for 5 min and the supernatant was 

discarded. Pellet was scraped into sterile distilled water. The aqueous suspensions 

were diluted as necessary to maintain the bacterial concentration at 10
6 

cells/ml.  This 
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suspension was utilized for seed bacterization of test crops and for direct application 

in pot and field condition. 

3.12.2.1 Application of bacteria 

3.12.2.2. Soil drench 

The bacteria were grown in NB for 48 h at 28ºC and centrifuged at 2000 rpm for 15 

minute. The pellet obtained was suspended in sterile distilled water. The optical 

density of the suspension was adjusted using UV-VIS spectrophotometer following 

method to obtain a final density of 3 X10
6
cfu ml

-1 
. 

 The bacterial suspension was applied to the pots and rhizosphere of plants in the 

field conditions. Applications were done @ 0f 100 ml per pot at regular interval.   

3.12.2.3. Foliar spray
 

The bacterial pellet suspended in sterile distilled water at a concentration of 3x10
6 

cfu 

ml
-1

 after the addition of a few drops of Tween -20 was sprayed until run off on the 

foliar part of the test crop plants. The spraying was done forth nightly till the new 

shoots started appearing. The growth parameters such as number of leaves, branches 

and height were observed. 

3.12.2.4. Seed bacterization 

Seeds of test plants were surface sterilized with sodium hypochlorite and rinsed in 

distilled water after which seeds were dried under sterile air stream. Bacterial 

suspension containing 3x10
6
 cfu ml

-1
 was taken in 500 ml glass beakers. The seeds 

were soaked in bacterial suspension using 0.2% sterilized carboxymethyl cellulose as 

an adhesive. The seeds soaked in sterile distilled water served as control.  Bacterized 

seeds were sown in fields in rows supplemented with 0.05% (wt/ wt) Rock phosphate 

((RP-140; P=18.8%)) and allowed to germinate. Growth promotions were evaluated 

after 15 d in terms of increase in root and shoot length and increase in root and shoot 

biomass in comparison to control. Each treatment was carried out in three 

replications with at least 50 plants in each replicate under same physical and 

environmental conditions.  

3.12.3. Assessment of plant growth promotion by PSF and PGPR  

 

The experiment was conducted on different types of crop plants which included; 

legumes (Cicer aeritenium, Glycine max, Vigna radiata, Pisum sativum and 

Phaseolous vulgaris) Cereals (Triricum aestivum and Oryza sativa) as well as a 
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plantation crop (Camelia sinensis), under greenhouse condition as well as field 

conditions to assess the efficacy of selected fungal and bacterial isolates to promote 

plant growth. The growth promotion was assessed in seedling by comparing the 

increase in height, number of leaves, root length, shoot length, root shoot fresh and 

dry biomass as well as yield of the treated plants to the untreated control plants under 

the same environmental and physical condition (temperature 35-30ºC; R.H. 60-80%; 

16h photoperiod). The experiments consisted of at least five replicates in each 

treatment incompletely randomized design. 

In case of some of the crops whose seed were bacterized or treated, the plant growth 

promoting activity were also assessed based on the seedling vigour index, seed 

germination percentage, root and shoot length of individual seedling to work out the 

vigour index using the formula suggested by Baki and Anderson (1973). Vigour 

Index = (mean shoot length = root length) x % germination. The experiment was 

carried out in three replicates with 30 seeds in each plate.  

 

3.12.4. Assessment of soil phosphate mobilization by PSF and PGPR isolates 

3.12.4.1. Modified Morgan Extraction for Phosphorous from soil 

Approximately 4cm of air dried, sieved soil of 10 g root or leaf tissue oven dried was 

put into 50ml extraction flasks. For colourless filtrate, 1cm
3
 of activated carbon 

(charcoal) was added to each flask. 20 ml of the modified morgan extractant (add 

28.74 ml glacial acetic acid as added to a 40L carboxy containing approximately 20L 

distilled water. And 1825 ml concentrated NH4OH was added to each flask. Diluted 

to 40 L with distilled water and mixed well. The pH of the solution was maintained at 

4.8± 0.05 by adding concentrated NH4OH or acetic acid to each flask. It was shaken 

at 180 oscillations per minute for 15 minutes on reciprocating shaker and finally 

filtrate was filtered through a medium porosity filter paper. (Ref………) 

3.12.4.2. Estimation of Total phosphate content in soil and plant tissues 

Quantitative estimation of phosphate was carried out following ammonium 

molybdate-ascorbic acid method as described by Knudsen and Beegle as described 

earlier. 
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3.13. In vivo studies of disease suppression by PGPR and BCA 

 3.13.1. Disease assessment with BCA 

 Inoculum of Biocontrol agents was prepared by inoculating wheat bran 

(sterilized) with 5 mm disc of the fungus and incubating at 28 ºC for 10 days. To 

each pot containing the pathogen (Thanatophorous cucumeris and Sclerotium rolfsii) 

infested or control soil (2000 g), 10 g of the wheat bran colonized by the biocontrol 

agent was mixed to give a concentration of 10
5 

cfu / g of soil as described by 

Chakraborty et al. (2006).  

In order to determine the effects of biocontrol agents (BCA) on disease reduction, 

four treatments were taken in each case: 1- Untreated control, 2-Inoculated with 

pathogen, 3- Inoculation with BCA isolates and 4-Inoculation with both BCA isolate 

and fungal pathogen. Disease assessment was done after 15 days of inoculation. 

 The rhizosphere of plants pre- treated with the antagonists or without 

treatment was inoculated with pathogen. In pre- treated plants, pathogen inoculation 

was done 3 days after application of antagonist.  The inoculated plants were 

examined after 15 days.  

Disease intensity was assessed on the basis of above ground and under ground 

symptoms. (Roots, colour, rotting, leaves withering, shoot tip withering, defoliation 

etc.). Percentage of disease incidence was calculated by dividing the number of 

diseased plants by total number of plants and then multiplying by hundred while 

disease intensity was calculated by using 0-6 scale as adopted by Mathew and Gupta 

(1996).  

   0 = No symptoms; 

   1 = Small roots turn rotten lesion appeared at the collar region; 

   2 = Middle leaves start wilting and 10-20% of root turn brown; 

   3 = Leaves wilted and 20-40% roots become dry with browning of shoot; 

   4 = Extensive rotting at the collar region of roots, 60-70% of roots and leaves 

wilted, browning of shoot over 60%; 

   5 = 80% roots affected while the root along with the leaves withered and shoot 

becomes brown more than 80% 

   6 = Whole plants die, since 100% roots were dried. 
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 13.13.2. Disease assessment with PGPR 

Ability of PGPR isolates to suppress root diseases of different test crops caused by 

Thanatophorous cucumeris and Sclerotium rolfsii were tested in glass house 

condition in potted plants with 5 plants per pot with three replicates for each 

treatment. Inoculation of the rhizosphere of test crops with the pathogen and disease 

assessment was done following the method of Chakraborty et al. (2006). For co-

inoculations, the PGPR strains to be tested were first applied to the rhizosphere of 15 

d old plants as aqueous suspension (10
8
 cells/ml) prior to pathogen inoculation and 

after three days, plants were inoculated with pathogen. The experiment included four 

treatments: 1- Healthy;  2-Treated with Bacterium but Un-inoculated with the 

pathogen; 3- Untreated but inoculated with pathogen ; 4- treated inoculated. 

 Disease assessment was done after 5, 10, 15, 20, 25 and 30 days of inoculation. 

Disease index was recorded based on the score 0-6, depending on both underground 

and above ground symptoms as follows: Root rot index: 0 – no symptoms; 1 – roots 

and collar region turn brownish and start rotting; 2 – leaves start withering and 20–

30% of roots turn brown; 3 – leaves withered and 50% of the roots affected; 4 – 

shoot tips also starts withering; 60–70% roots affected; 5 – whole plants starts 

withering ; 6–Whole plant die, with upper withered leaves still remaining attached; 

roots fully rotted. 

 

13.13.3. Calculation of biocontrol efficacy (BE %) and Disease index (DE %) 

For calculating biocontrol efficacy (BE) of both the BCAs and PGPR the disease 

index was recorded based on the score 0-6, depending on both underground and 

above ground symptoms.  

Disease Incidence and Biocontrol efficiency was calculated as described by Xue et 

al., (2013) using the following formula: 

Disease incidence (DI)  

= [Σ (The number of plants in this index × Disease index)/ (Total number of plants  

            investigated × highest disease   index]×100 % 

Biocontrol efficacy (BE)  

= [(Disease incidence of control – disease incidence of bacteria treated plants)/   
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        Disease incidence of control] x 100 % 

3.14. Assay of defense enzyme activities enhanced after application of BCA and 

PGPR 

3.14.1. β-1, 3-glucanase (β-GLU, EC 3.2.1.38) 

Estimation of β-1, 3-glucanase activity was done by following the laminarin 

dinitrosalicylate method described by Pan et al. (1991). The crude enzyme extract of 

62.5 µl was added to 62.5 µl of laminarin (4 %) and then incubated at 40°C for 10 

min. The reaction was stopped by adding 375 µl of dinitrosalicylic reagent and 

heating for 5 min on a boiling water bath. The resulting colored solution was diluted 

with 4.5 ml of water, vortexed and absorbance was recorded at 500 nm. The blank 

was the crude enzyme preparation mixed with laminarin with zero time incubation. 

The enzyme activity was expressed as µg glucose released min-1 g-1 fresh tissue. 

3.14.2. Chitinase (CHT, EC 3.2.1.14) 

 Chitinase activity was measured according to the method described by Boller and 

Mauch (1988). Assay mixture consisted of 10µl of 1M Na-acetate buffer (pH4), 0.4 

ml enzyme solution and 0.1 ml colloidal chitin. Colloidal chitin was prepared as per 

the method of Roberts and Selitrennikoff (1988). Incubation was done for 2 hrs at 

37°C and centrifuged at 10,000 r.p.m for 3 min. 0.3 ml supernatant, 30µl of 1M K-

PO4 buffer (pH7.1) and 20µl Helicase (3%) were mixed and allowed to incubate for 1 

h at 37°C. 70µl of 1M Na-borate buffer (pH9.8) was added to the reaction mixture. 

The mixture was again incubated in a boiling water bath for 3 min and rapidly cooled 

in ice water bath. 2 ml DMAB (2% di methyl amino benzaldehyde in 20% HCl) was 

finally added and incubated for 20 min at 37°C.The amount of GlcNAc released was 

measured spectrophotometrically at 585 nm using a standard curve and activity 

expressed as μg GlcNAc released /min/ g fresh wt. tissue. 

3.14.3. Phenyl alanine ammonia Lyase (PAL EC 4.3.1.5) 

 Extraction of PAL (E.C. 4.3.1.5) was done by following the method described by 

Chakraborty et al. (1993) with modifications. 1gm root and leaf sample was crushed in 

0.1M sodium borate buffer pH 8.8 (5ml/gm) with 2mM of ß mercaptoethanol in ice cold 

temperature. The slurry was Centrifuge in 15000 rpm for 20 minutes at 4ºC. Supernatant 

was collected and after recording its volume, was immediately used for assay or stored 

at-20ºC.  
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Phenylalanine ammonia lyase activity in the supernatant was determined by measuring 

the production of cinnamic acid from L-phenylalanine spectrophotometrically. The 

reaction mixture contained 0.3 ml of 300µM sodium borate (pH 8.8), 0.3 ml of 30 µM L- 

phenylalanine and 0.5ml of supernatant in a total volume of 3ml. Following incubation 

for 1 h at 40 ºC the absorbance at 290nm was read against a blank without the enzyme in 

the assay mixture. The enzyme activity was expressed as µg cinnamic acid produced in 1 

min g -1 fresh weight of tissues. 

 

3.14.4. Peroxidase (POX, EC1.11.1.7) 

The reaction mixture contained 1 ml of 0.2M Na-phosphate buffer (pH5.4), 1.7 ml 

dH2O, 100µl crude enzyme, 100 µl O-dianisidine (5mg/ml methanol) and 0.1 ml of 

4mM H2O2. O-dianisidine was used as substrate and activity was assayed 

spectrophotometrically at 465 nm by monitoring the oxidation of O-dianisidine in 

presence of H2O2 (Chakraborty et al., 1993). Specific activity expressed as the 

increase in Δ A 465/g tissue/min. 

3.14.5. Acid and Alkaline phosphatase (EC 3.1.3.2 & EC 3.1.3.1) 

About 2 g portions of each soil sample was used for enzyme extraction and assays. 

The activities of enzymes were expressed according to method of Tominaga and 

Takeshi (1974) with modifications. For acid phosphatase assay, soil samples were 

extracted in 5 ml of 50 mM sodium acetate buffer (pH 5.0) using a chilled mortar and 

pestle which was then transferred into a tube and solution was shaken well. 1 ml of 5 

mM p-nitrophenyl phosphate solution was added to the tube. All the tubes along with 

control were allowed to incubate at 37
o
C for 1 h. After incubation, 2 ml of solution 

was transferred into centrifuge tubes. Centrifugation was performed at 3000 rpm for 

2 min at 4°C. Finally the supernatant was transferred into clean cuvettes and the 

reaction was terminated by addition of 4.0 ml of 100 mM NaOH. The amount of p-

nitrophenol liberated was determined from the absorbance at 400 nm. Enzyme 

activity was expressed as mmol p-nitrophenol liberated/sec/g of soil. The procedure 

for the assay of alkaline phosphatase was similar to acid phosphatase except that for 

enzyme extraction and incubation 100 mM sodium bicarbonate buffer (pH 10.0) was 

used.   
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3.14.6. Estimation of phenols contents 

3.14.6.1. Extraction of phenol contents from leaves and roots  

Phenols was extracted from the fresh leaves following the method of Mahadeven and 

Sridar (1982).1 g of fresh root/leaf cut into small pieces put in boiling alcohol in a 

water bath for 5-10 minutes (4ml alcohol /gm tissue). After 15 minutes of boiling it 

was cooled and crushed in mortar and pestle thoroughly at room temperature. The 

extract was passed through two layers of cheese cloth and then filtered through 

Whatmann No.1 filter paper. Final volume was adjusted with 80% ethanol. The 

whole experiment was done in dark to prevent light induced degradation of phenol. 

3.14.6.2. Estimation of Total phenol 

Total phenol content was estimated by Folin Ciocalteau„s reagent, following the 

method of Mahadevan and Sridhar (1982). To 1ml of test solution with 10
-2

 and 10
-1

 

dilution (leaf and root) plus 1ml of 1N folin –ciocalteau reagent (1:1) followed by  

2ml of 20% sodium carbonate solution  (Na2Co3 ) is taken in test tube, mix well and 

boil in water bath for exactly 1minute. After cooling, dilute upto 25ml by adding 

distilled water. Absorbance of the blue colored solution was measured in a systronic 

photometric colorimeter Modle 101 at 650 nm. Quantity of total phenol was 

estimated using caffeic acid as standard. 

3.15. Isolation of genomic DNA 

Isolation of fungal genomic DNA was done by growing the fungi for 3-4 days. For 

bacteria, the growth was taken for 24 hr. Liquid nitrogen was used for crushing the 

cell mass for both cases. 

3.15.1. Preparation of genomic DNA extraction buffer 

The following buffers for DNA extraction were prepared by mixing appropriate 

amount of desired chemicals with distilled water and adjusted the desired pH. 

Lysis Buffer  

50 mM Tris, pH 8.0  

100 mM EDTA  

100mM NaCl 

1% SDS 

Genomic DNA Buffer 

10 mM Tris, pH 8.0 

0.1 mM EDTA 

20%SDS 

CTAB Buffer 
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2% CTAB  

1.5% PVP K 30 

1.4 mM Nacl 

20 mM EDTA 

100mM Tris HCL pH 8.0 

0.1% B-mercaptoethanol 

 

3.15.2. Extraction of Fungal Genomic DNA  

Isolation of fungal genomic DNA was carried out as outlined by Ma et al. 2001. The 

mycelia (3-4 days old) were incubated with lysis buffer containing 250 mM Tris-HCl 

(pH 8.0), 50 mM EDTA (pH8.0), 100 mM NaCl and 2% SDS, for 1 hr at 60
0
C 

followed by centrifugation at 12,000 rpm for 15 min., whereas genomic DNA was 

extracted from isolates of bacteria and actinomycetes using CTAB buffer. The 

supernatant was then extracted with equal volume of water saturated phenol and 

further centrifuged at 12,000 rpm for 10 min; the aqueous phase was further 

extracted with equal volume of phenol:chloroform:isoamyl alcohol (25:24:1) and 

centrifuged at 12,000 rpm for 15 min; the aqueous phase was then transferred in a 

fresh tube and the DNA was precipitated with chilled ethanol (100%). DNA was 

pelleted by centrifuging at 12000 rpm for 15 min, washed in 70% ethanol and air 

dried. . Finally the pellets were air dried and suspended in 1X TE buffer and stored at 

4
0
C until further use.  

3.15.3. Extraction of Bacterial Genomic DNA 

Isolation of genomic DNA from bacterial DNA was performed by growing the 

bacterium in 25 ml nutrient broth medium at 30
0
C on a shaker. The broth culture was 

centrifuged at 6000 rpm for 5 min. Pellets were collected and suspended in 0.4 ml of 

1X TE buffer (10mM Tris-HCl, pH 8.0 and 1mM EDTA pH 8.0). The suspension 

was centrifuged again and the pellet was collected and re-suspended in SET buffer ( 

20mM Tris-HCL, 75mM NaCl, 25mM EDTA, pH-8.0) 10µl of Lysozyme was added  

and incubated for 30-60 min at 37
0
C. Next after this initial incubation 10% SDS and 

10 µl of Proteinase-K was added and incubated at 55
0
C for 60 min. Next 0.3 vol. of 

5M NaCl and equal volume of phenol: chloroform: isoamyl alcohol (25:24:1) was 

added and incubated at room temperature with gentle extraction for 30 min. The 

suspention was then centrifuged at 5000 rpm for 15 min. in a cooling centrifuge, the 

aqueous phase was removed to a fresh tube. To the clear aqueous phase 0.1 vol of 

3M sodium acetate (pH 4.8) was wdded followed by addition of 1 vol of chilled 
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absolute ethanol and incubated in room temperature for 30 min with gentle 

extraction. Next the extraction was centrifuged at 10000 rpm for 15 min in a cooling 

centrifuge and the supernatant was discarded carefully. The pellet was washed in 

70% ethanol and centrifuged at 10000 rpm for 10 min in a cooling centrifuge. Finally 

the pellets were air dried and suspended in 1X TE buffer and stored at 4
0
C until 

further use. 

3.15.4. Purification of genomic DNA 

The extraction of total genomic DNA from the isolated microorganisms as per the 

above procedure was followed by RNAase treatment. Genomic DNA was 

resuspended in 100 μl 1 X TE buffer and incubated at 37
o
C for 30 min with RNAse 

(60μg). After incubation the sample was re-extracted with PCI (Phenol: Chloroform: 

Isoamylalcohol 25:24:1) solution and RNA free DNA was precipitated with chilled 

ethanol as described earlier. The quality and quantity of DNA was analyzed both 

spectrophotometrically and in 0.8% agarose gel. The DNA from all isolates produced 

clear sharp bands, indicating good quality of DNA.  

3.15.5. Spectrophotometric quantification of Genomic DNA 

The pure sample is (without significant amounts of contaminants such as a proteins, 

phenol, agarose, or other nucleic acids), can use spec to measure amount of UV 

irradiation absorbed by the bases.  For quantitating DNA or RNA, readings should be 

taken at wavelengths of 260 nm and 280 nm. The reading at 260 nm allows 

calculation of the concentration of nucleic acid in the sample.  

1 O.D. at 260 nm for double-stranded DNA = 50 ng/ul of dsDNA  

1 O.D. at 260 nm for single-stranded DNA = 20-33 ng/ul of ssDNA  

1 O.D. at 260 nm for RNA molecules = 40 ng/ul of RNA  

The reading at 280 nm gives the amount of protein in the sample.  

Pure preparations of DNA and RNA have OD
260

/OD
280 

values of 1.8 to 2.0, 

respectively. If there is contamination with protein or phenol, this ratio will be 

significantly less than the values given above, and accurate quantitation of the 

amount of nucleic acid will not be possible.  

3.15.6. Agarose gel electrophoresis to check DNA quality 

Gel electrophoresis is an important molecular biology tool. Gel electrophoresis 

enables us to study DNA. It can be used to determine the sequence of nitrogen bases, 

the size of an insertion or deletion, or the presence of a point mutation; it can also be 
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used to distinguish between variable sized alleles at a single locus and to assess the 

quality and quantity of DNA present in a sample. 

3.15.7. Preparation of DNA samples for electrophoresis 

Preparing an agarose gel involves melting a specified amount (0.8%) of agarose in 

1X TBE buffer, cooling the solution, and pouring it into the gel casting tray with 

ethidium bromide. Gels solidify in 15-20 minutes.  

3.15.8. Run gel electrophoresis for DNA fraction 

The electrical lead of the gel tank was attached firmly and applied electric supply at 

constant current 90 mA and voltage 75 volt (BioRAD Power Pac 3000) at least for 90 

minutes. The DNA migrated from cathode to anode. Run was continued until the 

bromophenol blue had migrated an appropriate distance through the gel. Then 

electric current was turned off and gel was removed from the tank and examined on 

UV transilluminator and photographed for analysis.  

3.16. RAPD PCR analysis 

RAPD analysis of the genomic DNA was conducted using 10 bp long decamerprimer 

as described by Caetano-Annoles et al., 1991. 

For RAPD, random primers were selected (Table-1). Genomic DNA was randomly 

amplified by mixing the template DNA (50 ng), with the polymerase reaction buffer, 

dNTP mix, primers and Taq polymerase. Polymerase Chain Reaction was performed 

in a total volume of 100 μl, containing 78 μl deionized water, 10 μl 10 X Taq pol 

buffer, 1 μl of 1 U Taq polymerase enzyme, 6 μl 2 mM dNTPs, 1.5 μl of 100  

decamer primer and 1 μl of 50 ng template DNA. 

After PCP amplification, PCR product (20 μl) was mixed with loading buffer (8 1) 

containing 0.25 % bromophenol blue, 40 %  w/v sucrose in water, and then loaded in 

2% Agarose gel with 0.1% ethidium bromide for examination by horizontal 

electrophoresis. 

3.16.1. Amplification conditions for RAPD analysis 

Temperature profile, 94
o
C for 4 min followed by 35cycles of denaturation at 94

o
C for 

1 min, annealing at 36
o
C for 1 min and extension at 70

o
C for 90 s and the final 

extension at 72
o
C for 7 min in a Primus 96 advanced gradient Thermocycler. 

3.16.2. RAPD- PCR primers  

The following primers are used in the study.  
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3.16.3. Analysis of RAPD band patterns 

RAPD band patterns were initially assessed by eye and then the image of the gel 

electrophoresis was documented through Bio-Profil Bio-1D gel documentation 

system and analysis software. 

3.16.4. Scoring of individual bands and construction of dendrogram 

The RAPD patterns of each isolate was evaluated, assigning character state “1” to 

indicate the presence of band in the gel and “0” for its absence in the gel. Thus a data 

matrix was created which was used to calculate the Jaccard similarity coefficient for 

each pair wise comparison. All reproducible polymorphic bands were scored and 

analyzed following UPGMA cluster analysis protocol and computed in silico into 

similarity matrix using NTSYSpc-Numerical Taxonomy System Biostastiscs, version 

2.11W, (Rohlf, 1993). The SIMQUAL program was used to calculate the Jaccard‟s 

coefficients. The result generated in this analysis was then used to generate 

dendograms using the SHAN clustering programme, selecting the unweighted pair-

group methods with arithmetic average (UPGMA) algorithm in NTSYSpc. The 

isolates were then group isolates with identical band patterns for a given primer. A 

two (2-D) and three dimensional (3-D) principal component analysis was constructed 

to group the individuals and test the relationship using EIGEN progamme (NTSYS-

PC). 

3.17. ITS PCR analysis 

All isolates of BCA, PGPR as well as one of the pathogen T. cucumeris were taken 

up for ITS-PCR amplification and was carried out according to the method of 

Stafford et al., (2005).  Genomic DNA was amplified by mixing the template DNA 

(50 ng), with the polymerase reaction buffer, dNTP mix, primers and Taq 

polymerase. Polymerase Chain Reaction was performed in a total volume of 100 μl, 

containing 78 μl deionized water, 10 μl 10 X Taq pol buffer, 1 μl of 1 U Taq 

polymerase enzyme, 6 μl 2 mM dNTPs, 1.5 μl of 100 mM reverse and forward 

primers and 1 μl of 50 ng template DNA. PCR was programmed with an initial 

denaturing at 94
o
C for 5 min. followed by 30 cycles of denaturation at 94 

o
C for 30 

sec, annealing at 59
o
C for 30 sec and extension at 70

o
C for 2 min and the final 

extension at 72 
o
C for 7 min in a Primus 96 advanced gradient Thermocycler. PCR 

product (20 μl) was mixed with loading buffer (8 1) containing 0.25% bromophenol 
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blue, 40 %  w/v sucrose in water, and then loaded in 2% Agarose gel with 0.1 % 

ethidium bromide for examination with horizontal electrophoresis.   

3.17.1. ITS-PCR primers 

3.17.2. Amplification conditions 

Temperature profile, 94
o
C for 5 min. followed by 30 cycles of denaturation at 94

o
C 

for 30 sec, annealing at 58
o
C (for fungal isolates) 59

 o
C (for bacterial isolates) and  

for 30 sec and extension at 70
o
C for 2 min and the final extension at 72

o
C for 7 min 

in a Primus 96 advanced gradient Thermocycler.  

3.17.3. Sequencing of rDNA gene 

The rDNA was used for sequencing purpose. DNA sequencing was done bi-

directionally using the ITS primer pairs by Genei Bangalore. A chromatogram was 

generated which provided the sequence informations.  

3.18. BLAST of Sequence 

The DNA sequences were analyzed using the alignment software of BLAST 

algorithm (http://ingene2.upm.edu.my/Blast, Altschul et al., 1990) for the different 

characteristic of DNA sequence for the identification of microorganism Identification 

of microorganism was done on the basis of homology of sequence 

(http://ncbi.nlm.nih.gov/blast). 

3. 19. Submission of rDNA gene to NCBI genbank 

The rDNA sequences were deposited to NCBI GenBank through BankIt sequence 

submission tool and approved as the ITS sequence after complete annotation and 

given accession numbers. 

3.20. Multiple sequence alignment and Phylogenetic analysis 

The sequenced PCR product was aligned with ex-type strain sequences from NCBI 

Gene Bank and established fungal taxonomy for identification. Sequences were 

aligned following the Clustal Walgorithm
 
(Thompson et al., 1994), included in the 

Megalign module (DNASTAR Inc.).Multiple alignment parameters used were gap 

penalty = 10 and gap length penalty = 10. Both of these values are aimed to prevent 

 

 

 

 

 

http://ingene2.upm.edu.my/Blast
http://ncbi.nlm.nih.gov/blast


82 

 

 

lengthy or excessive numbers of gaps. The default parameters were used for the 

pairwise alignment. The use of Clustal W determines that, once a gap is inserted, it 

can only be removed by editing. Therefore, final alignment adjustments were made 

manually in order to remove artificial gaps. Phylogenetic analyses were completed 

using the MEGA package (version 4.01; Institute of Molecular Evolutionary 

Genetics, University Park, PA). Neither gaps (due to insertion-deletion events) nor 

Table 1. RAPD and universal ITS primers 

Seq 

Name 

   Primer Seq 5’-3’ Mer TM % GC 

RAPD primers 

AA-04 CAGGCCCTTC 10 38.2 70 

OPA-4 AATCGGGCTG 10 39.3 60 

A-11 AGGGGTCTTG 10 31.8 76 

A-5 AGGGGTCTTG 10 36,8 73 

OPD6 GGGGTCTTGA 10 32.8 83 

OPA1 CAGGCCCTTC  10 38.2 70 

ITS-Primers pairs 

Talatomyces flavus and Thanatophorous cucumeris 

T/ITS-1 TCTGTAGGTGAACCTGCGG  19 63.9 57 

T/ITS-4 TCCTCCGCTTATTGATATGC  20 61.5 45 

Trichoderma isolates 

T/ITS 1 TCTGTAGGTGAACCTGCGG  19 63.9 57 

T/ITS4 TCCTCCGCTTATTGATATGC  20 61.5 45 

Bacterial 16S rDNA Universal primers 

 16Srrna  AGAGTRTGATCMTYGCTWA* 19 54.5 42 

16S rrna  CGYTAMCTTWTTACGRCT 18 58.5 40 

* Degenerate universal primer for 16Sr RNA gene  
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equivocal sites were considered phylogenetically informative. Hence, complete 

deletion prevented the use of any of these sites in further analyses. Phylogenetic 

inference was performed by the UPGMA method (Sneath and Sokal, 1973). 

Bootstrap tests with 1,000 replications were conducted to examine the reliability of 

the interior branches and the validity of the trees obtained. There were a total of 138 

positions in the final dataset. Phylogenetic analyses were conducted in MEGA 4 as 

described by Tamura et. al., 2007. 

3.21. Analysis of rDNA region for DNA molecular weight, nucleotide frequency 

and ORF. 

Combinations and percentage of occurrence of different nucleotide in the entire 

sequence was calculated using the bioinformatics algorithm from the website-

www.ualberta.ca/~stothard/ javascript/dna_stats.html. The DNA Molecular weight of 

rDNA sequences was calculated with the help of DNA weight calculator 

(www.ualberta.ca/~stothard/javascript/dna_mw.html). Similarly number of ORFs in 

the given sequence was calculated with the help of online bioinformatics tool from-

www.ualberta.ca/~stothard/javascript/orf_find.html and  

www.star.mit.edu/orf/runapp_html.html. 

3.22. Denaturing Gradient Gel Electrophoresis (DGGE) 

3.22.1. PCR amplification of gnomic DNA of the isolates for DGGE analysis 

Denaturing Gradient Gel electrophoresiswas performed according to the method of 

(Zhao et al., 2006). 18S/16S DNA (200 bp with GC clamp) was amplified with the 

forward primer containing GC clamp at 5‟ end (F352T: 5‟- CGC CCG CCG CGC 

GCG GCG GGC GGG GCG GGG GCA CGG GGG GAC TCC TAC GGG TGG C- 

3‟ and 519r: 5‟-ACC GCG GCT GCT GGC AC- 3‟) in 25 μl of reaction mixture 

containing 1×PCR buffer, 2.5mM MgCl2 (Bangalore Genei, India), 100 ng of the 

template DNA, 25.0 pmol each of the forward and reverse primers, 250 μM each of 

dNTPs, and 1 U of Taq DNA polymerase (Bangalore Genei, India). The touchdown 

PCR program was performed which consisted of an initial denaturation at 95
o
C for 5 

min, followed by 6 cycles of 95
o
C for 1 min, 65

o
C for 1 min, and 72

o
C for 1 min, in 

which the annealing temperature was reduced by 0.5
o
C/cycle from the preceding 

cycle, and then 24 cycles of 95
o
C. Perpendicular 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 

http://www.ualberta.ca/~stothard/%20javascript/dna_stats.html
http://www.ualberta.ca/~stothard/javascript/dna_mw.html
http://www.ualberta.ca/~stothard/javascript/orf_find.html
http://star.mit.edu/orf/runapp_html.html
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several times so as to optimize suitable concentration and finally 20 to 60% 

denaturant was found optimal for the best result. 

3.22.2. Denature Gradient Gel Electrophoresis of the PCR products 

3.22.2.1. Reagents and solutions required for DGGE analysis  

40% Acrylamide:bisacryl-amide (37.5:1)  

50 x DGGE/TAE buffer solution 

 Trizma-Base:    484.4 grams 

Sodium-Acetate:   272.0 grams 

trisodium EDTA   37.2 grams 

H20     2 liters 

pH 7.40 adjusted with about 230 ml of glacial acetic acid. 

 

Preparation of Denaturants 

100% Denaturant: 

Urea       42.0 grams 

38.5% Acrylamide (makes a 6.5% gel)  16.9 ml 

50x DGGE/TAE     2.0 ml 

Formamide      40.0 ml 

Filled up to 100 ml with distilled H2O.  

0% Denaturant 

38.5% Acrylamide     16.9 ml 

50x DGGE/TAE     2.0 ml 

  Ammonium Persulphate    10% (w/v) 

 TEMED      20µl 

 

3.21.2.2. Creating the gel sandwich (DCode System BioRad) 

Large glass-plates were cleaned with soap and a soft sponge and rinsed with tap 

water. After drying, they were cleaned again with 96% ethanol. Both 1mm spacers 

were also cleaned with 96% ethanol and placed on the large glass plates. The clamps 

were screwed to the sides of the sandwich, in order to be sure that the spacers, 2 

glass-plates and especially the glass plates were aligned at the bottom side of the 

sandwich and placed in the holder. The clamps were unscrewed and the alignment 

card slid between the glass plates to align the spacers. The clamps were screwed and 

the alignment of the glass-plates was checked. Then the sandwich was placed on top 

of the rubber gasket and the handles pressed down. 
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3.22.2.3. Preparing the gel 

One tube of APS 10% per gel was prepared. The tubing needle was replaced with a 

new one, the screw between the compartments was opened and the compartments 

rinsed with water using pump at a uniform speed. The system was completely 

drained and flushed with compressed air. The gel solutions were prepared as 

required.  Stacking gel was also prepared according to following table. 

 

UF solution  [UF](%)  [Acrylamid/Bis] 

(%) 

Volume UF 

solution 

(ml) 

Volume APS 

10% (μl) 

Volume TEMED 

(μl) 

 

Low  30-45  6  13  78  6 

High     60 6 13 78 6 

 

APS and TEMED was added to the low and high solutions according to table, stirred 

gently by hand and proceeded immediately for pouring the high concentration 

solution in the compartment closest to the outlet of the gradient mixer and the low 

concentration solution in the other compartment by the delivery system. The whole 

system was kept for polymerization. 

3.22.2.4. Running a gel 

Fresh 0.5x TAE buffer was added to the buffer tank to the mark “Fill”. The DCode™ 

Universal Mutation Detection System (Bio-Rad) was switched on at least 60 minutes 

before electrophoresis, so that the buffer can heat up to 60°C.  After 2-3 hours of 

polymerization, the comb was removed carefully and the bottom of the sandwich was 

rinsed with tap water to remove non-polymerized gel .The sandwich was set in the 

sandwich-holder. A dummy sandwich was also set at the other side to get a closed 

upper buffer compartment. (A dummy consists of a large and small glass plate stuck 

together with no spacers in between). The DCode™ was then switched off and the lid 

taken off after 1 minute. The sandwich holder was slided into the buffer tank, with 

the red dot of the cathode at the right side. The DCode™ pump and the stirrer 

underneath the tank were switched on (300 rpm) until samples were loaded. 

3.22.2.5. Staining of gels and photography 

Before taking DGGE units out from the tank, the run - evaporated H2O was replaced 

up to the marked level. Carefully the DGGE unit was dismantled. The ethidium 

bromide stain was added into a tray with 50XTAE buffer and the gel was stained for 
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5 minutes and distained with running buffer. The gel was photograph under UV 

transilluminator. 

3.22.2.6. Data analysis.  

3.22.2.6.1. Scoring of individual bands 

Two methods of scoring bands were assessed. The first method involved scoring 

bands using the computer programme BioProfil 1D and the second method was to 

score the number of shared bands (i.e. bands of equal size) on a gel by eye. For both 

methods, photographs of the gels were scanned into a computer and saved as 

graphics files.   

3.22.2.6.2. UPGMA analysis of the DGGE bands  

Variability among the different groups of isolates were detected on the basis of the 

banding pattern obtained on denature gradient gel.  All reproducible polymorphic 

bands were scored and analyzed following UPGMA cluster analysis protocol and 

computed in silico into similarity matrix using NTSYSpc (Numerical Taxonomy 

System Biostastiscs, version 2.11W) as in case of RAPD analysis. However, a more 

complex analysis involved cladistic analysis of data and reconstruction of the 

phylogenetic tree. A two (2-D) and three dimensional (3-D) principal component 

analysis was constructed to provide another means and test the relationship among 

different tested groups using EIGEN progamme (NTSYS-PC). 
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CHAPTER 4 

RESULTS 
_________________________________________________________________ 

 

4.1 Isolation and identification of microorganism from forest soil, riverine 

soil and agricultural fields  

Soil samples were collected from the three subdivisions of Darjeeling District i.e. 

Kalimpong, Kurseong and Mirik which includes the area between 24
0
40‘28‘‘ N 

to 27
0
13‘ N Latitudes and 87

0
45‘50‘‘ to 89

0
54‘35‘‘ E Longitudes. Source of soil 

samples include forests, river basins and agricultural fields. Geographically, the 

district can be divided into two broad divisions, the hills and the plains. The hilly 

regions of the district are the three hill subdivisions of Darjeeling, Kurseong and 

Kalimpong. The foothill of Darjeeling Himalayas, which comes under the 

Siliguri subdivision, is known as the Terai. The major rivers flowing through here 

are- Teesta River , Mahananda River, the Great Rangit, Mechi, Balason, Reli and 

Jaldhaka rivers. There are 87 tea gardens spread across the Darjeeling hill which 

covers roughly 19,000 hectares of the total land area. The major portions of the 

forests are today found at elevations of 2000 meters and above. The area located 

in between 1000–2000 meters is cleared either for tea plantation or cultivation.  

The four major forest types according to altitudinal variation found in Darjeeling 

Hill Areas are: Tropical moist deciduous forest (300-1000 m);Tropical evergreen 

lower montane forest (1000-2000 m.);Tropical evergreen upper montane forest 

(2000-3000 m.);     Temperate forest (3000-3500 m.);Sub temperate forest (above 

3500 m.).About 30% of the forest covers found in the lower hills are deciduous.  

Soil samples collected from the different regions of Darjeeling hill were coded 

accordingly and analyzed for fungal and microbial populations. The samples 

collected from forest were coded as Sukna forest (FS/S), Lohagarh forest (FS/L), 

Tindharey (FS/Tn), Ghyabari forest(FS/G), Rongli Rongek (FS/Rr), Maneydara 

forest (FS/Md), Sandakhpu forest(FS/S), Rimbhik Forest (FS/R), Thorpu Forest 

(FS/T), Tagdha Forest (FS/Td), Rambi Saal Forest (FS/R), Lamahata (FS/L), 

Cinchona Forest (FS/C), Mongpong Forest (FS/M), Pedong (FS/P), Rishyup 

Valley (FS/Ry), Lava (FS/Lv). Similarly soil samples collected from agricultural 

http://en.wikipedia.org/wiki/Terai
http://www.indianetzone.com/14/teesta_river.htm
http://www.indianetzone.com/14/mahananda_river.htm
http://www.indianetzone.com/14/jaldhaka_river.htm
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fields from all the sub divisions of Darjeeling district were also coded 

accordingly as Tea (RHS/T), Cryptomeria japonica (RHS/C), Orange (RHS/O), Paddy 

(RHS/P), Bamboo (RHS/B), Soyabean (RHS/Sb), Squash (RHS/S), Brassica juncea 

(RHS/Br), Cardamom(Amomum subulatum) (RHS/Cr), Rhododemdron (RHS/R), 

Amliso (Thysaenolena latifolia) (RHS/Am) and Alnus nepalensis (RHS/A). Soil 

samples were also collected randomly from the main river basins and coded 

accordingly. These were Teesta (RS/T), Balasan (RS/B), Rangit (RS/R), Reli 

(RS/Rl) as well as from Mirik lake (RS/M) (Fig.s 1-3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. Satellite Image of Darjeeling districrt pointing out the main subdivisions (A), GIS 

route map of the study area obtained with the help of Gramin navigator of GPS tool (B). 
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 Fig. 6. GIS locations of major forests, agricultural land and river beds of Darjeeling regions. 
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Table 2. GIS locations of the sampling sites 

Type of soil 

sample 

Soil 

Sample 

Code 

Geographica

l Location 

GIS location of sampling Elev 

(m) 

Texture Soil 

pH 

KURSEONG SUBDIVISION (FOREST SOIL) 
Sukna forest 

(FS/S) 
FS/SI Sukna 26°41'06.71" N 88°20'58.36" E 126 Clay 4.38 

FS/SII Sukna 26°41'08.33" N 88°20'54.16" E 126 Clay 4.38 

FS/SIII Sukna 26°41'11.21" N 88°16'55.36" E 126 Clay 4.38 

FS/SIV Sukna 26°42'14.72" N 87°22'48.36" E 126 Clay 4.38 

FS/SV Sukna 26°42'44.56" N 87°22'33.30" E 126 Clay 4.38 

Lohagarh 

Forest (FS/L) 
FS/LI Lohagarh 26°48'19.82" N 88°11'51.07" E 396 Clay 5.15 

FS/LII Lohagarh 26°48'15.56" N 88°11'12.30" E 396 Clay 5.15 

FS/LIII Lohagarh 26°48'22.10" N 88°11'10.16" E 396 Clay 5.15 

FS/LIV Lohagarh 26°48'19.82" N 88°11'51.07" E 396 Clay 5.15 

FS/LV Lohagarh 26°48'40.60" N 88°11'33.15" E 396 Clay 5.15 

Tindharey 

(FS/Tn) 

FS/Tn I Kurseong 26°41'06.71" N 88°20'58.38" E 126 Clay 4.08 

FS/Tn II Kurseong 26°41'55.12" N 88°17'48.27" E 126 Clay 4.08 

FS/Tn III Kurseong 26°42'16.41" N 88°19'50.44" E 126 Clay 4.08 

FS/Tn IV Kurseong 26°42'04.66" N 88°19'22.73" E 126 Clay 4.08 

Ghyabari 

Forest 

(FS/G) 

FS/G I Kurseong 26°51'15.27" N 88°46'41.54" E 1300 Clay 4.16 

FS/G II Kurseong 26°51'20.43" N 88°46'22.76" E 1300 Clay 4.16 

FS/G III Kurseong 26°51'13.10" N 88°46'52.13" E 1300 Clay 4.16 

FS/G IV Kurseong 26°51'22.09" N 88°46'15.24" E 1300 Clay 4.16 

FS/G V Kurseong 26°51'37.18" N 88°46'62.03" E 1300 Clay 4.16 

DARJEELING SUBDIVISION (FOREST SOIL) 

Rongli Rongek 

Forest 

FS/Rr I Ronglirongek 27°01'42.51" N 88°21'27.85" E 1382 Clay 4.75 

FS/Rr II Ronglirongek 27°01'47.44" N 88°21'21.50" E 1382 Clay 4.75 

FS/Rr III Ronglirongek 27°01'38.02" N 88°21'13.22" E 1382 Clay 4.75 

FS/Rr IV Ronglirongek 27°01'42.51" N 88°21'27.85" E 1382 Clay 4.75 

FS/Rr V Ronglirongek 27°01'76.14" N 88°21'44.09" E 1382 Clay 4.75 

Maney Dara 

Forest 

FS/Md I Rimbik 27°37'15.47" N 88°06'38.27" E 2150 Clay 4.28 

FS/Md II Rimbik 27°37'20.05" N 88°06'22.14" E 2150 Clay 4.28 

FS/Md III Rimbik 27°37'26.10" N 88°06'27.20" E 2150 Clay 4.28 

FS/Md IV Rimbik 27°37'18.07" N 88°06'33.10" E 2150 Clay 4.28 

Sandakhpu FS/S I Sandakphu 27°06'21.10" N 88°00'05.60" E 3487 Clay 4.55 

FS/S II Sandakphu 27°06'11.06" N 88°00'11.16" E 3487 Clay 4.55 

FS/S III Sandakphu 27°06'25.20" N 88°00'17.40" E 3487 Clay 4.55 

Rimbhik 

Forest 

FS/R I Rimbik 27°07'05.57" N 88°06'30.21" E 1970 Clay 4.38 

FS/R II Rimbik 27°07'08.27" N 88°06'32.11" E 1970 Clay 4.38 

FS/R III Rimbik 27°07'05.57" N 88°06'30.21" E 1970 Clay 3.38 

FS/R IV Rimbik 27°07'11.43" N 88°06'10.18" E 1970 Clay 3.38 

FS/R V Rimbik 27°07'15.10" N 88°06'22.10" E 1970 Clay 3.38 

FS/R VI Rimbik 27°07'21.55" N 88°06'33.28" E 1970 Clay 3.38 

Thorpu Forest 

(FS/Th) 

FS/T I Thorpu 26°53'57.34" N 88°10'07.57" E 1527 Clay 4.26 

FS/T II Thorpu 26°53'57.40" N 88°10'10.25" E 1527 Clay 4.26 

FS/T III Thorpu 26°53'57.45" N 88°10'13.80" E 1527 Clay 4.55 

FS/T IV Thorpu 26°53'58.20" N 88°10'22.70" E 1527 Clay 4.55 

FS/T V Thorpu 26°53'58.18" N 88°10'22.57" E 1527 Clay 4.55 

Tagdah Forest 

(FS/Td) 

FS/Td I Tagdha 27°02'15.25" N 88°21'37.19" E 1476 Clay 4.55 

FS/Td II Tagdha 27°02'20.04" N 88°21'44.20" E 1476 Clay 4.35 

FS/Td III Tagdha 27°07'37.43" N 88°22'48.23" E 1476 Clay 4.35 

FS/Td IV Tagdha 27°07'15.16" N 88°22'48.27" E 1476 Clay 4.35 

Rambi Saal 

Forest 

(FS/R) 

FS/R I Rambi 26°57'59.42" N 88°25'43.29" E 285 Sandy 5.36 

FS/R II Rambi 26°57'63.12" N 88°25'46.73" E 285 Sandy 5.36 

FS/R III Rambi 26°57'77.22" N 88°25'48.05" E 285 Sandy 5.36 

FS/R IV Rambi 26°57'83.15" N 88°25'63.88" E 285 Sandy 5.36 

Contd……….  
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 Type of 

soil sample 

Soil Sample 

Code 

Geographi

cal 

Location 

GIS location of sampling Elev 

(m) 

Texture Soil 

pH 

KALIMPONG SUBDIVISION (FOREST SOIL) 

Lamahata 

(FS/L) 

FS/L I Kalimpong 27°03'36.55" N 88°28'11.88" E 1046 Clay 4.68 

FS/L II Kalimpong 27°03'36.44" N 88°28'86.72" E 1046 Clay 4.68 

FS/L III Kalimpong 27°03'37.20" N 88°28'12.43" E 1046 Clay 4.68 

FS/L IV Kalimpong 27°03'37.31" N 88°28'12.05" E 1046 Clay 4.68 

Cinchona 

Forest 

(FS/C) 

FS/CI Mongpong 26°58'25.39" N 88°22'12.19" E 1102 Clay 4.11 

FS/C II Mongpong 26°58'25.14" N 88°22'12.04" E 1102 Clay 4.10 

FS/C III Mongpong 26°58'27.30" N 88°22'11.38" E 1102 Clay 4.10 

FS/C IV Mongpong 26°58'27.44" N 88°22'11.76" E 1102 Clay 4.10 

FS/C V Mongpong 26°58'24.22" N 88°22'10.72" E 1102 Clay 4.11 

Mongpong 

Forest 

(FS/M) 

FS/M I Mongpong 26°58'26.95" N 88°22'02.58" E 1127 Clay 4.08 

FS/M II Mongpong 26°58'21.90" N 88°22'00.55" E 1127 Clay 4.08 

FS/M III Mongpong 26°58'21.42" N 88°22'00.18" E 1127 Clay 4.08 

FS/M IV Mongpong 26°58'27.27" N 88°22'00.15" E 1127 Clay 4.08 

FS/M V Mongpong 26°58'26.95" N 88°22'00.28" E 1127 Clay 4.08 

FS/M VI Mongpong 26°58'26.56" N 88°22'02.58" E 1127 Clay 4.08 

Pedong 

(FS/P) 

FS/P I Pedong 27°01'11.59" N 88°34'20.96" E 1522 Clay 5.18 

FS/P II Pedong 27°01'13.77" N 88°34'26.33" E 1522 Clay 5.18 

FS/P III Pedong 27°01'22.60" N 88°34'25.06" E 1522 Clay 5.18 

FS/P IV Pedong 27°01'11.42" N 88°34'10.62" E 1522 Clay 5.18 

Rishyup 

Valley 

(FS/Ry) 

FS/Rv I Kalimpong 27°06'42.45" N 88°38'28.48" E 1733 Clay 5.42 

FS/Rv II Kalimpong 27°06'42.40" N 88°38'28.12" E 1733 Clay 5.42 

FS/Rv III Kalimpong 27°06'30.15" N 88°38'25.21" E 1733 Clay 5.42 

FS/Rv IV Kalimpong 27°06'30.57" N 88°38'25.67" E 1733 Clay 5.42 

Lava 

(FS/Lv) 

FS/Lv I Kalimpong 27°04'48.78" N 88°38'24.27" E 1680 Clay 5.16 

FS/Lv II Kalimpong 27°04'52.33" N 88°38'45.30" E 1680 Clay 5.16 

FS/Lv III Kalimpong 27°04'27.15" N 88°38'14.03" E 1680 Clay 5.16 

RHIZOSPHERE SOIL SAMPLE 

 

 

 

Camellia 

sinensis 

(Tea) 

(RHS/T) 

RHS/T I Ghyabari 26°51'15.27" N 88°46'41.54" E 1300 Clay 4.36 

RHS/T II Ghyabari 26°51'15.22" N 88°46'32.12" E 1300 Clay 4.36 

RHS/T III Ghyabari 26°51'22.17" N 88°46'41.27" E 1300 Clay 4.36 

RHS/T IV Ghyabari 26°51'22.08" N 88°46'41.43" E 1300 Clay 4.36 

RHS/T V Saureni 26°51'53.61" N 88°11'48.17" E 1363 Clay 4.50 

RHS/T VI Saureni 26°51'53.70" N 88°11'48.21" E 1363 Clay 4.50 

RHS/T VII Saureni 26°51'54.33" N 88°11'41.06" E 1363 Clay 4.50 

RHS/T VIII Singmari 27°46'11.32" N 88°43'22.17" E 2010 Clay 4.60 

RHS/T IX Singmari 27°46'11.24" N 88°43'22.02" E 2010 Clay 4.60 

RHS/T X Singmari 27°46'13.22" N 88°43'10.43" E 2010 Clay 4.60 

RHS/T XI Singmari 27°46'13.14" N 88°43'20.47" E 2010 Clay 4.60 

RHS/T VIII Darjeeling 27°02'10.25" N 88°15'45.45" E 2118 Clay 4.18 

RHS/T IX Darjeeling 27°02'10.63" N 88°15'45.11" E 2118 Clay 4.18 

RHS/T X Singmari 27°46'11.52" N 88°43'22.43" E 2010 Clay 4.60 

RHS/T XI Singmari 27°46'11.32" N 88°43'22.17" E 2010 Clay 4.60 

RHS/T VIII Darjeeling 27°02'10.25" N 88°15'45.45" E 2118 Clay 4.18 

RHS/T IX Darjeeling 27°02'10.22" N 88°15'45.36" E 2118 Clay 4.18 

RHS/T X Darjeeling 27°02'17.25" N 88°15'20.10" E 2118 Clay 4.18 

RHS/T XII Darjeeling 27°02'17.15" N 88°15'20.63" E 2118 Clay 4.18 

RHS/T XIII Darjeeling 27°02'22.40" N 88°15'77.46" E 2118 Clay 4.18 

RHS/T XI Thorpu 26°53'57.34" N 88°10'07.57" E 1527 Clay 4.57 

RHS/T XII Thorpu 26°53'57.14" N 88°10'07.50" E 1527 Clay 4.57 

RHS/T XIII Thorpu 26°53'57.88" N 88°10'07.37" E 1527 Clay 4.57 

RHS/T XIV Rongli 27°01'42.51" N 88°21'27.85" E 1382 Clay 4.57 

RHS/T XV Rongli 27°01'42.66" N 88°21'27.73" E 1382 Clay 4.78 

RHS/T XVI Rongli 27°01'42.37" N 88°21'27.05" E 1382 Clay 4.78 

Contd………… 
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Type of soil 

sample 

Soil Sample 

Code 

Geographic

al Location 

GIS location of sampling Eleva 

(m) 

Texture Soil 

pH 

Cryptomeria 

japonica 

(RHS/C) 

RHS/C I Mirik 26°53'10.12" N 88°11'15.11" E 1606 Clay 4.78 

RHS/C II Mirik 26°53'10.85" N 88°11'15.61" E 1606 Clay 5.15 

RHS/C III Mirik 26°53'11.44" N 88°11'14.10" E 1606 Clay 5.15 

Citrus 

reticulata 

(RHS/O) 

RHS/O I Mirik 26°53'11.25" N 88°11'14.76" E 1606 Clay 5.36 

RHS/O II Mirik 26°53'14.88" N 88°11'10.18" E 1606 Clay 5.36 

RHS/O III Mirik 26°53'14.55" N 88°11'10.84" E 1606 Clay 5.36 

Oryza sativa 

(Paddy) 

(RHS/P) 

RHS/P I Bijanbari 27°04'01.78" N 88°11'22.98" E 820 Clay 4.38 

RHS/P II Bijanbari 27°04'01.40" N 88°11'22.83" E 820 Clay 4.38 

RHS/P III Bijanbari 27°04'01.63" N 88°11'22.12" E 820 Clay 4.38 

RHS/P IV Kalimpong 27°03'21.42" N 88°24'24.01" E 1043 Clay 4.38 

RHS/P V Kalimpong 27°03'24.44" N 88°24'24.16" E 1043 Clay 4.38 

RHS/P VI Kalimpong 27°03'21.16" N 88°24'24.83" E 1043 Clay 4.38 

Dendrocalamus 

latiflorus 

(Bamboo) 

(RHS/B) 

RHS/B I Ghyabari 26°51'15.27" N 88°46'41.54" E 1300 Clay 5.15 

RHS/B II Ghybaria 26°51'15.33" N 88°46'41.22" E 1300 Clay 5.15 

RHS/B III Ghyabari 26°51'22.12" N 88°46'11.36" E 1300 Clay 5.20 

RHS/B IV Kalimpong 27°03'21.42" N 88°24'24.01" E 1043 Clay 5.22 

RHS/B V Kalimpong 27°03'21.44" N 88°24'24.18" E 1043 Clay 5.22 

RHS/B VI Kalimpong 27°03'22.83" N 88°24'23.14" E 1043 Clay 5.22 

RHS/B VII Saureni 26°51'53.61" N 88°11'48.17" E 1363 Clay 4.50 

RHS/B VIII Saureni 26°51'53.66" N 88°11'48.10" E 1363 Clay 4.50 

RHS/B IX Saureni 26°51'68.14" N 88°11'22.20" E 1363 Clay 4.50 

Glycine max 

(Soybean) 

(RHS/Sb) 

RHS/Sb I Bijanbari 27°04'01.78" N 88°11'22.98" E 820 Clay 5.15 

RHS/Sb II Bijanbari 27°04'01.27" N 88°11'22.73" E 820 Clay 5.46 

RHS/Sb III Bijanbari 27°04'01.36" N 88°11'22.18" E 820 Clay 5.46 

Sechium edule 

(Squash) 

(RHS/S) 

RHS/S I Mirik 26°51'53.61" N 88°11'48.17" E 1363 Clay 4.46 

RHS/S II Mirik 26°51'53.70" N 88°11'48.18" E 1363 Clay 4.46 

RHS/S III Mirik 26°51'53.05" N 88°11'48.88" E 1363 Clay 4.46 

RHS/S IV Pedong 27°01'11.59" N 88°34'20.96" E 1522 Clay 5.38 

RHS/S V Pedong 27°01'11.47" N 88°34'20.77" E 1522 Clay 5.38 

RHS/S VI Pedong 27°01'11.13" N 88°34'20.40" E 1522 Clay 5.38 

Brassica juncea 

(RHS/Br) 

RHS/Br I Kalimpong 27°03'36.55" N 88°28'11.88" E 1012 Clay 5.26 

RHS/Br II Kalimpong 27°03'36.43" N 88°28'11.12" E 1012 Clay 5.26 

RHS/Br III Kalimpong 27°03'36.20" N 88°28'11.43" E 1012 Clay 5.26 

Amomum 

subulatum 

(Cardamom) 

(RHS/Cr) 

RHS/Cr I Mirik 26°53'10.85" N 88°11'15.61" E 1606 Clay 4.46 

RHS/Cr II Mirik 26°53'10.44" N 88°11'15.43" E 1606 Clay 4.46 

RHS/Cr III Mirik 26°53'10.85" N 88°11'15.61" E 1606 Clay 4.46 

RHS/Cr IV Mirik 26°53'10.85" N 88°11'15.61" E 1606 Clay 4.46 

RHS/Cr V Mirik 26°53'10.85" N 88°11'15.61" E 1606 Clay 4.46 

Rhododemdron 

(RHS/R) 

RHS/R I Rimbik 27°07'05.57" N 88°06'30.21" E 1970 Clay 4.25 

RHS/R II Rimbik 27°07'05.57" N 88°06'30.21" E 1970 Clay 4.25 

RHS/R III Rimbik 27°07'05.57" N 88°06'30.21" E 1970 Clay 4.25 

RHS/R IV Rimbik 27°07'05.57" N 88°06'30.21" E 1970 Clay 4.25 

RHS/R V Maneydara 27°03'25.41" N 88°01'30.23" E 2812 Clay 4.25 

RHS/R VI Maneydara 27°03'25.41" N 88°01'30.23" E 2812 Clay 4.25 

Thysaenolena 

latifolia 

RHS/Th I Pedong 27°01'11.59" N 88°34'20.96" E 1522 Clay 5.20 

RHS/Th II Pedong 27°01'11.62" N 88°34'20.18" E 1522 Clay 5.20 

RHS/ThIII Pedong 27°01'11.44" N 88°34'20.23" E 1522 Clay 5.20 

Alnus 

nepalensis 

(RHS/A) 

RHS/A I Lava 27°04'48.78" N 88°38'24.27" E 1680 Clay 4.66 

RHS/A II Lava 27°04'48.60" N 88°38'24.37" E 1680 Clay 4.66 

RHS/A III Lava 27°04'48.55" N 88°38'24.21" E 1680 Clay 4.66 

RHS/A IV Lava 27°04'48.10" N 88°38'24.86" E 1680 Clay 4.66 

 Contd………….. 

 

 



93 
 

Type of 

soil 

sample 

Soil 

Sample 

Code 

Geographi

cal 

Location  

GIS location of sampling Elev 

(m) 

Texture Soil 

pH 

Teesta 

River 

RS/T I Teesta 27°03'19.14" N 88°25'31.48" E 1655 Sandy 5.16 

RS/T II Teesta 27°03'22.80" N 88°25'11.30" E 1655 Sandy 5.30 

RS/T III Teesta 27°03'27.11" N 88°25'40.15" E 1655 Sandy 5.22 

RS/T IV Teesta 27°03'13.38" N 88°25'33.88" E 1655 Sandy 5.16 

RS/T V Teesta 27°03'17.27" N 88°25'12.20" E 1655 Sandy 4.83 

Balasan RS/B I Balasan 26°56'10.59" N 88°13'05.57" E 805 Sandy 5.45 

RS/B II Balasan 26°56'11.88" N 88°13'13.63" E 805 Sandy 5.25 

RS/B III Balasan 26°56'18.59" N 88°13'08.22" E 805 Sandy 5.15 

RS/B IV Balasan 26°56'23.17" N 88°13'11.46" E 805 Sandy 5.15 

RS/B V Balasan 26°56'10.59" N 88°13'05.57" E 805 Sandy 5.45 

Rangit RS/R I Malli 27°07'40.60" N 88°17'06.63" E 309 Sandy 5.45 

RS/R II Malli 27°07'40.63" N 88°17'06.12" E 309 Sandy 5.24 

RS/R III Malli 27°07'40.40" N 88°17'06.57" E 309 Sandy 5.30 

RS/R IV Malli 27°07'40.12" N 88°17'06.27" E 309 Sandy 5.46 

RS/R V Malli 27°07'40.18" N 88°17'06.33" E 309 Sandy 5.12 

Reli RS/Re I Kalompong 27°03'03.21" N 88°31'45.27" E 581 Sandy 4.88 

RS/Re II Kalimpong 27°03'03.21" N 88°46'45.17" E 581 Sandy 4.25 

RS/Re III Kalimpong 27°03'03.21" N 88°58'45.44" E 581 Sandy 5.32 

RS/Re 

IV 

Kalimpong 27°03'03.21" N 88°61'45.73" E 581 Sandy 5.12 

Mirik 

Lake 

RS/Mr I Mirik 26°53'10.85" N 88°11'15.61" E 1606 Sandy 4.88 

RS/Mr II Mirik 26°53'10.44" N 88°11'15.03" E 1606 Sandy 4.50 

RS/Mr 

III 

Mirik 26°53'10.21" N 88°11'15.19" E 1606 Sandy 4.55 

RS/Mr 

IV 

Mirik 26°53'10.30" N 88°11'15.43" E 1606 Sandy 4.16 

 

Soil samples were collected at 10-15 cm depth with the help of proper sampling 

tools and stored in polythene bags and kept in cold until further analysis. The 

samplings were divided into ununiform zone and ramdom sampling patterns were 

followed according to the type of vegetation they represent. Unusual areas for 

sampling were avoided. Sampling area was properly divided and recorded by 

GPS tools (Garmin) (Fig. 5 & 6) and  proper records like soil pH, texture of the 

samples were taken (Table 2). The plating techniques were adopted for isolation 

of microorganisms (soil borne bacteria and fungi) from the collected soil samples 

using Warcup‘s soil plating method.Direct soil plating technique was adopted to 

isolate the fungi that don‘t sporulate and exist as mycelium in soil seldom, where 

as soil washing technique was used to obtain microorganisms that not readily 

isolated from the soil plating technique. 
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In case of isolation of fungi 10
3
-10

5
 serial dilution were made and 10

4
-10

7 

dilution were used for isolatation of bacteria.  Different media like Potato 

dextrose agar (PDA), Potato sucrose agar (PSA), Richard‘s Agar (RA), Carrot 

juice agar (CJA) Czapek-Dox agar (CDA), Flentze‘s soil agar (FSEA), Malt 

extract peptone dextrose agar (MPDA), Yeast extract- dextrose agar (YDA), 

Special Nutrient Agar (SNA), Trichoderma Selective Medium C (TSMC), 

Cellulose Agar Medium, Malt Extract Agar (MEA), Oatmeal Agar (OA), 

Cornmeal Dextrose Agar (CMD), Nutrient agar (NA). Optimum temperature 

28
0
C for incubation of fungi and 37

0
C for bacteria were maintained. The number 

of fungi and bacteria formed colonies on the Fig.s were counted and the 

microbial populations obtained from different rhizosphere, forest soil and riverine 

soil were determined. Microbial population determined in soils, ranged between 

4x10
3
- 6x 10

4 
cfu in case of fungi and 5x10

6
cfu-6x10

6
cfu in case of bacteria. In 

case of forest soil samples, highest fungal population was recorded in soil 

samples collected from Sukna forest whereas lowest was in Sandakphu forest. 

Similarly, highest bacterial population was recorded in case of soil samples 

obtained from Lohagarh forest, whereas the lowest was from Sandaphu soil 

sample. In case of Rhizosphere soil samples, highest fungal population was found 

in the soil obtained from the rhizosphere of Amomum subulatum (Cardamom) and 

the lowest was found in rhizosphere soil sample of Rhododendron growing in 

higher altitude regions of Darjeeling district. Similarly highest bacterial 

population recorded in Rhizosphere soil sample of Camellia sinensis and lowest 

in Rhododendron. In case of microbial populations in soils obtained from the 

river beds of major rivers of Darjeeling district, highest fungal population was 

recorded in the soil sample obtained from Reli river Kalimpong and lowest in 

Rangit river, the highest bacterial population was also found in Reli river soil 

samples and the lowest in soil samples obtained from Balasan River bed from 

Mundakothi (Table 3. Fig. 7).  
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Table 3. Fungal and bacterial population in the forest, rhizosphere and riverrine 

soil samples collected from different regions of Darjeeling District 

Type of soil 

sample 

Soil 

Sample 

Code 

Fungal 

Population 

(cfu x 10
4
/g) 

Mean Bacterial 

Population          

(cfu x 10
6
/g) 

Mean 

Kurseong Subdivision 

Sukna Forest 

(FS/S) 

FS/SI 6.24 6.628 4.57 4.36 

FS/SII 6.15 4.23 

FS/SIII 6.33 4.15 

FS/SIV 7.14 4.43 

FS/SV 7.28 4.44 

Lohagarh Forest 

(FS/L) 

FS/LI 5.43 5.97 5.33 4.82 

FS/LII 5.68 5.22 

FS/LIII 6.33 5.12 

FS/LIV 6.15 4.12 

FS/LV 6.26 4.33 

Tindharey 

(FS/Tn) 

FS/Tn I 6.17 6.22 5.77 5.40 

FS/Tn II 6.33 5.12 

FS/Tn III 6.27 5.28 

FS/Tn IV 6.14 5.46 

Ghyabari Forest 

(FS/G) 

FS/G I 6.15 5.94 5.11 4.80 

FS/G II 6.33 4.33 

FS/G III 5.88 5.22 

FS/G IV 5.43 4.15 

FS/G V 5.72 5.23 

Rongli Rongek 

Forest  (FS/Rr) 

FS/Rr I 5.43 5.42 5.33 4.33 

FS/Rr II 5.25 5.13 

FS/Rr III 5.88 4.76 

FS/Rr IV 5.12 4.65 

FS/Rr V 5.34 4.33 

Maney Dara 

Forest             

(FS/Md) 

FS/Md I 5.27 5.23 5.16 5.37 

FS/Md II 5.20  5.43 

FS/Md III 5.32  5.76 

FS/Md IV 5.14  5.15 

Sandakhpu 

(FS/S) 

FS/S I 5.16 4.71 3.22 3.17 

FS/S II 4.22  3.16 

FS/S III 4.76  3.13 

Rimbhik Forest 

(FS/R) 

FS/R I 5.26 5.23 4.22 4.21 

FS/R II 5.40  4.12 

FS/R III 5.15  4.65 

FS/R IV 5.22  4.25 
Contd………….. 
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Type of soil 

sample 

Soil 

Sample 

Code 

Fungal 

Population            

(cfu x 10
4
/g) 

Mean Bacterial 

Population          

(cfu x 10
6
/g) 

Mean 

Darjeeling Subdivision 

Thorpu Forest 

(FS/T) 

FS/T I 6.18 6.26 5.15 5.46 

FS/T II 6.17 5.37 

FS/T III 6.25 5.11 

FS/T IV 6.44 5.82 

Tagdha Forest 

(FS/Td) 

FS/Td I 5.14 5.21 4.32 3.96 

FS/Td II 5.12 4.36 

FS/Td III 5.26 3.12 

FS/Td IV 5.35 3.15 

Rambi Saal 

Forest 

(FS/R) 

FS/R I 5.43 5.76 4.22 4.15 

FS/R II 5.22 4.23 

FS/R III 6.23 4.02 

FS/R IV 6.16 4.15 

Kalimpong Sub Division 

Lamahata 

(FS/L) 

FS/L I 6.10 6.43 5.15 4.83 

FS/L II 6.36 4.73 

FS/L III 6.44 4.28 

FS/L IV 6.82 5.16 

Cinchona 

Forest (FS/C) 

FS/CI 5.43 5.90 4.22 4.33 

FS/C II 5.86 4.73 

FS/C III 5.77 4.15 

FS/C IV 6.54 4.26 

FS/C V 6.33 4.33 

Mongpong 

Forest (FS/M) 

FS/M I 6.82 6.40 4.13 4.88 

FS/M II 6.15 4.22 

FS/M III 6.33 4.65 

FS/M IV 6.45 4.18 

FS/M V 6.54 4.88 

FS/M VI 6.13 4.26 

Pedong 

(FS/P) 

FS/P I 5.73 5.80 4.27 4.29 

FS/P II 6.12 4.11 

FS/P III 5.87 4.73 

FS/P IV 5.50 4.08 

Rishyup 

Valley 

(FS/Ry) 

FS/Rv I 6.73 6.50 4.13 4.38 

FS/Rv II 6.17 4.82 

FS/Rv III 6.29 4.36 

FS/Rv IV 6.83 4.22 

Lava 

(FS/Lv) 

FS/Lv I 5.33 5.44 4.73  

4.59 

 

 

FS/Lv II 5.73 4.18 

FS/Lv III 5.27 4.88 

Contd….. 
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Type of soil 

sample 

Soil Sample 

Code 

Fungal 

Population  

(cfu x 

10
4
/g) 

Mean Bacterial 

Population          

(cfu x 10
6
/g) 

Mean 

RHIZOSPHERE SOIL SAMPLES 

Camellia sinensis 

(Tea) 

(RHS/T) 

RHS/T I 6.32 5.81 4.73 5.53 

RHS/T II 5.45 5.12 

RHS/T III 6.15 6.15 

RHS/T IV 6.78 4.27 

RHS/T V 5.33 4.25 

RHS/T VI 5.15 5.15 

RHS/T VII 5.73 5.64 

RHS/T VIII 6.14 6.27 

RHS/T IX 4.58 6.34 

RHS/T X 5.33 5.42 

RHS/T XI 6.27 5.28 

RHS/T XII 6.83 6.22 

RHS/T XIII 6.15 4.18 

RHS/T XIV 5.28 4.15 

RHS/T XV 5.76 5.39 

RHS/T XVI 5.43 5.82 

RHS/T XVII 6.36 6.18 

RHS/T XVIII 4.72 5.32 

RHS/T IX 4.74 6.37 

RHS/T XX 6.82 6.73 

RHS/T XXI 6.17 6.28 

RHS/T XXII 6.40 6.43 
Cryptomeria 

japonica (RHS/C) 
RHS/C I 6.22 6.21 5.26 4.79 

RHS/C II 6.27 4.74 

RHS/C III 6.15 4.39 
Citrus reticulata 

(RHS/O) 
RHS/O I 5.76 5.39 4.22 4.23 

RHS/O II 5.15 4.16 

RHS/O III 5.27 4.33 
Oryza sativa 

(Paddy) 

(RHS/P) 

RHS/P I 6.17 6.13 4.27 4.47 

RHS/P II 5.18 4.32 

RHS/P III 6.76 4.33 

RHS/P IV 6.43 4.72 

RHS/P V 5.82 4.82 

RHS/P VI 6.44 4.36 
Dendrocalamus 

latiflorus 

(Bamboo) 

(RHS/B) 

RHS/B I 5.83 5.46 4.18  4.17  

RHS/B II 5.18 4.27   

RHS/B III 5.73 4.03  

RHS/B IV 5.11 4.24  

RHS/B V 5.20 4.21  

RHS/B VI 5.76 4.18  
Contd…… 
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Type of soil 

sample 

Soil Sample 

Code 

Fungal 

Population 

(cfu x 10
4
/g) 

Mean Bacterial 

Population          

(cfu x 10
6
/g) 

Mean 

Dendrocalam

us latiflorus 

(Bamboo) 

(RHS/B) 

RHS/B VII 5.27 5.47 4.33 4.44 

RHS/B VIII 5.43 4.74 

RHS/B IX 5.73 4.27 

Glycine max 

(Soybean) 

(RHS/Sb) 

RHS/Sb I 6.13 6.51 5.18 5.03 

RHS/Sb II 6.36 4.33 

RHS/Sb III 6.82 4.88 
Sechium 

edule 

(Squash) 

(RHS/S) 

RHS/S I 6.72 6.42 5.33 4.89 

RHS/S II 6.15 5.15 

RHS/S III 6.44 5.73 

RHS/S IV 6.13 4.73 

RHS/S V 6.24 4.12 

RHS/S VI 6.82 4.33 
Brassica 

juncea 

(RHS/Br) 

RHS/Br I 5.72 5.43 5.87 5.10 

RHS/Br II 5.43 5.23 

RHS/Br III 5.15 4.22 
Amomum 

subulatum 

(Cardamom) 

(RHS/Cr) 

RHS/Cr I 6.18 6.45 4.78 5.26 

RHS/Cr II 6.88 5.33 

RHS/Cr III 6.42 5.28 

RHS/Cr IV 6.45 5.17 

RHS/Cr V 6.32  5.33  
Rhododemdr

on 

(RHS/R) 

RHS/R I 5.33 4.90 3.22 3.39 

RHS/R II 4.26 3.74 

RHS/R III 5.15 3.21 

RHS/R IV 5.22 3.16 

RHS/R V 4.28 3.42 

RHS/R VI 5.18 3.62 
Thysaenolena 

latifolia 

(Amliso) 

RHS/A I 6.33 6.25 4.23 4.37 

RHS/A II 6.25 4.73 

RHS/A III 6.18 4.15 

Alnus 

nepalensis 

(RHS/A) 

RHS/A I 6.28 6.22 4.27 4.34 

RHS/A II 6.82 4.33 

RHS/A III 5.88 4.65 

RHS/A IV 5.93 4.13 

 

 

 

 

 

 



99 
 

Type of 

soil 

sample 

Soil 

Sample 

Code 

Fungal 

Population 

(cfu x 10
4
/g) 

Mean Bacterial 

Population          

(cfu x 10
6
/g) 

Mean 

Teesta 

River 

(RS/T) 

RS/T I 4.73 4.39 3.24 3.39 

RS/T II 4.13 3.73 

RS/T III 4.56 3.11 

RS/T IV 4.21 3.27 

RS/T V 4.33 3.64 

Balasan 

(RS/B) 

RS/B I 4.27 4.72 3.75 3.34 

RS/B II 4.16 3.16 

RS/B III 5.13 3.43 

RS/B IV 5.22 3.22 

RS/B V 4.83 3.16 

Rangit 

(RS/R) 

RS/R I 4.37 4.46 3.74 3.69 

RS/R II 4.28 3.82 

RS/R III 4.76 3.68 

RS/R IV 4.28 3.55 

RS/R V 4.63 3.68 

Reli 

(RS/Re) 

RS/Re I 5.16 5.25 4.82 4.62 

RS/Re II 5.22 4.74 

RS/Re III 5.28 4.15 

RS/Re IV 5.37 4.77 

Mirik 

Lake 

(RS/Re) 

RS/Mr I 5.18 4.59 3.14 3.37 

RS/Mr II 4.33 3.28 

RS/Mr III 4.62 3.33 

RS/Mr IV 4.24 3.74 

 

4.1.1. Fungal Isolates  

4.1.1.1. Growth studies in solid medium 

Pure cultures of fungal isolates obtained from various sources were maintained in 

PDA slants. The morphology and growth pattern on solid medium were studied 

for 4-6 days at 28
0
C on PDA medium. Nature of mycelial growth, rate of growth 

and time of sporulation were noted. Unique radial growth pattern were observed 

each group of fungal isolates which have been categorized as isolates obtained 

from forest soil (Fig. 8), agricultural soil (Fig. 9) and Riverrine soil (Fig. 10).  

 

 4.1.1.2. Microscopic observation  

Microscopic observations of spores and mycelia of the fungal isolates were made 

and photographs were taken with the help of Ocular-attached stereo digital 

camera. Microscopical observations in terms of spore type, size, attachments, 

spore ornamentation as well as mycelial type have been presented in detail in 

Table 4; Fig. 11. Most of the commonly occurring fungal isolates have been 
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identified on the basis of growth patterns and microscopic observations. It was 

found that most of the fungal isolates belonged to the genera A total of 637 

fungal isolates were obtained from soil samples collected from different regions 

of Darjeeling district of North Bengal. The dominant fungal isolates belonged to 

the genera Absidia, Acremonium, Alternaria, Aspergillus, Byasiochlamus, 

Colletotrichum, Drechslera, Emericella,  Fusarium, Curvularia, Gonronella, 

Macrophomina,  Noesertoria,  Paecilomyces, Penicellium,  Pseudoeutatum, 

Rhizoctonia, Rhizopus, Sclerotianum,  Sporotrichum, Syncephalastrum, 

Talaromyces, Thanetophorus and Trichoderma . Similarly alarge number of 

Trichoderma islates were also obtained which were initially identified on the 

basisof their Microscopic characters as T. harzianum, T. asperellum, T. 

erinaceum and T. viride (Fig. 12).  

4.1.1.3. Deposition of common fungal isolates to the National Agriculturally 

Important Culture Collection (NAIMCC) 

Commonly occurring fungal isolates were initially identified on the basis of their 

morphological characters by National Centre of Fungal Taxonomy, New Delhi 

and respective NCFT identification code have been provided to them. These 

cultures were finally deposited to the National Agriculturally Important Microbial 

Culture Collection (NAIMCC) of National Bureau of Agriculturally Important 

Microorganisms (NBAIM), Maunath Bhnjan, UP,  and their accession numbers 

have been provided in Table 5.  

4.1.2. Bacterial isolates 

A total of 135 bacterial isolates were obtained from various sources. Among them 

39 were obtained from forest soil, 73 from rhizosphere of agricultural crops and 

23 from riverine soil. The source and GIS location of the soil samples was 

recorded and coded according to their respective locations (Table 6).  

4.1.2.1 Biochemical characterization of bacterial isolates 

All the bacterial isolates obtained from various sources were initially categorized 

as Gram +ve and Gram –ve isolates. Their morphology (Fig. 13), pigmentation 

and basic biochemical characterizations like H2S production, phosphate 

solubilization, starch hydrolysis, casein hydrolysis, chitin degrading, siderophore 

production, catalase production, protese production, urase production, cellulase 

production and  indolae production were characterized. The detail results have 

been presented in Table 7. Result revealed that out of 135 bacterial isolates, 109 
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were gram positive whereas 26 were gram negative. Most of the isolates showed 

a positive result for catalase activity. The most common and abundant bacterial 

species were Bacillus sp., Micrococcus sp., Coryneform sp. Staphylococcus  sp. 

Serretiasp. Paenibacillus sp., Psedomonus sp., Enterobacter sp. well as 

Bukholderia sp.   

 

Fig. 7. Fungal and Bacterial population in three different soil types of Darjeeling 

Hills-Forest soil,Agricultural soil, and Riverine soil. Fungal population (A,C 

&E), Bacterial population (B,D &F). 
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Table 4. Morphology and Microscopical Characters of fungal isolates obtained from 

various sources 

Isolate Organisms 

identified 

(No. of 

Isolates) 

 

Morphology and Microscopical Character 

 RHS/P-47, 

RHS/P-48, 

RHS/P-412 

 

Absidia 

cylindrospora 

(3) 

 

 

Colonies:. The rapid growing, flat, woolly to 

cottony, and olive gray colonies mature within 4 day. 

Mycelia: Hyaline, aseptate 

Rhizoid: Rhizoids are rarely observed. When 

present, the sporangiophores arise on stolons from 

points between the rhizoids, but not opposite the 

rhizoids  

Sporangiophores : are branched and arise in groups 

of 2-5 at the internodes. They often produce arches. 

Sporangiophores carry pyriform, relatively small (20-

120 µm in diameter) sporangia. A septum is usually 

present just below the sporangium in the 

sporangiophore. The sporangiophore widens to 

produce the funnel-shaped apophysis beneath the 

sporangium  
RHS/T-08, 

RHS/T-10 

Acremonium 

fusidioides  

(2) 

 

 

Colonies: Colonies reaching 8-12 mm diam in ten 

days at 20°C on PDA, ochraceous-brown, powdery; 

Mycelia: Hyaline, aseptate, white. 

Conidia: Conidia catenulate, of two kinds: (a) 

predominantly slightly pigmented, fusiform with 

truncate ends, 6.4 x 2.1 µm, (b) globose, hyaline, 

slightly warty, 3.4-4.7 µm diam. 

 

RHS/T-534 

Alternaria 

alternate 

(1) 

Colonies: Colonies grow rapidly and reaches a diam 

of 5- 15 cm following incubation at 25°C for 7 days 

on PDA. The colony is flat, downy to woolly and is 

covered by grayish, short, aerial hyphae 

Mycelia: Hyaline, septate, brown hyphae when 

mature Conidia:. The end of the conidium nearest 

the conidiophore is round while it tapers towards the 

apex. This gives the typical beak or club-like 

appearance of the conidia 

Conidiophore: Conidiophores are also septate and 

brown in color, occasionally producing a zigzag 

appearance. They bear simple or branched large 

conidia (7-10 x 23-34 µm) which have both 

transverse and longitudinal septations. These conidia 

may be observed singly or in acropetal chains and 

may produce germ tubes. They are ovoid to 

obclavate, darkly pigmented, muriform, smooth or 

roughened. 

Contd…… 
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Isolate  Organisms 

identified 

(No. of 

Isolates) 

 

Morphology and Microscopical Character 

FS/L-04, FS/L-40, 

FS/C-140, FS/C143, 

FS/Td-165, FS/Td-173, 

FS/S-177, FS/Rr-140, 

FS/S-112, FS/S-113, 

FS/R-262, FS/Tn-57, 

FS/Tn-58, RHS/P-37, 

FS/G-101, FS/L-105, 

FS/L-106, FS/L-107, 

FS/L -117, FS/L-281, 

FS/S-282, FS/S-283, 

FS/Md-284, FS/Md-

286, FS/Md-287, 

FS/Md-365, FS/Md-

366, RHS/P-200, 

RHS/A-82, RHS/T-198, 

RHS/T- 272,  RHS/T-

421, RHS/T-422, 

RHS/T-580, RHS/S-

518, RHS/S-530, 

RHS/M-401, RHS/G-

296, RHS/G-297, 

RHS/S-518, RHS/S-

530, RHS/Br-570, 

RHS/Cd-610, RHS/R-

548, RHS/A-30, 

RHS/A-33, RHS/P-45, 

RHS/P-48, RHS/D-280, 

RHS/T-581, RS/B-160, 

RS/P/14, RS/Md-288, 

RS/T-137, RS/B-164, 

RS/Re-231, RS/Re-235 

A. niger 

(57) 

Colonies: Colonies growing fast and reaching up to 5-

6 cm in 3-4 days on PDA medium and typically black 

powdery on MEA and PDA at 24-28°C.   

Mycelia: Hyaline, aseptate 

Conidia: Conidia in large radiating heads. Conidia 

brown, ornamented with warts and ridges, 

subspherical, 3.5-5.0 µm diam. Conidiophores arising 

from long, broad, thick walled mostly brownish, 

sometimes branched foot cells.  

Conidiophore: Consisting of a dense felt of 

conidiophores. Conidiophore stipes smooth-walled, 

hyaline. Vesicles subspherical, 50-100 µm diam. 

FS/Rv-330, FS/Rv-323, 

RHS/P-38, RHS/P -56, 

RHS/P -54, RHS/P-114, 

RHS/T-99, RHS/T-190, 

RHS/T-383, RHS/T-

386, RHS/Cd-603, 

RHS/A-77, RS/B-163 

 

 

A.  clavatus  

(13) 

Colonies: Colonies on Czapek and malt agar usually 

spreading, occasionally floccose, blue-green, mycelium 

white, inconspicuous. 

Mycelia: Hyaline, aseptate 

Conidia: Conidia smooth walled, conidial heads 

clavate, usually splitting into several divergent 

columns.  

Conidiophore: Conidiophores very long, 500-900 µm 

long, smooth-walled, hyaline to slightly brown near 

vesicle. Vesicle clavate, 15-75 µm diam. Phialide 7-10 

x 2-3,5 µm; metulae absent. Conidia smooth-walled, 

ellipsoidal, 3-4,5 x 2,5-3,5 µm diam. 
Contd………. 
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Isolate  

Organisms 

identified 

(No. of 

Isolates) 

 

Morphology and Microscopical Character 

FS/L-42, FS/L-13, 

FS/L-17, FS/L-18, 

FS/G-226, FS/S-64, 

FS/L-41, FS/S -63, 

FS/S-24, FS/S-278, 

RHS/T-449, RHS/T-

450, RHS/T-274, 

RHS/T-275, RHS/T-

402, RHS/T-331, 

RHS/T-332, RHS/S-

303, RHS/Cd-606, 

RHS/R-549, 

RHS/Am-34, 

RHS/R-12, RHS/P-

201, RHS/P-202, 

RHS/P-205, RS/R-

115, RS/T-182, 

RS/T-183, RS/P -61, 

RS/P-05, RS/T-236, 

RS/M-368. 

A. melleus 

(32) 

Colonies: Fast growing reaching up to 2.5-4-5 

cm diamin 4-5 days on PDA. Creamy buff to 

pinkish cinnamon at first but later becoming 

ochraceous due to presence of the sclerotia.  

Mycelia: Hyaline, aseptate 

Conidia: Conidia globose to subglobose, 

smooth walled or irregularly roughened, 2.8-

3.5 µm diam. 

Conidiophore: Conidiophore usually 0.5-2 

µm tall,  but rarely 3 µm  tall. thickwalled, 

pigmented and conspicuously roughened. The 

rodlet pattern of the conidia is observed. 

FS/Lv-354, FS/P-

214, FS/P-215, FS/S-

457, FS/S-459, 

RHS/T-453, RHS/T-

389, RHS/G-299, 

RHS/Br-579, 

RHS/A-79, RS/T-59, 

RS/P-60 

A. nidulans 

(12) 

Colonies: Colonies growing rapidly, green, 

cream-buff or honey-yellow; reverse dark 

purplish. 

Mycelia: Hyaline, aseptate 

Conidia: Conidia spherical, rugulose, 

subhyaline, green in mass, 3-4 m diam. 

Conidial heads short, columnar, up to 80 m 

long  

Conidiophore: Conidiophore stipes brownish, 

60-130 x 2.5-3.0 m. Vesicles hemispherical, 

8-10 m diam. 

 

 

 

RHS/T554, RHS/S-

306, RHS/S-307, 

RHS/P-36, RHS/P-

203, RHZ/P-204, 

RHS/Cd-346 

 

 

A. parasiticus 

(7) 

Colonies:. Colonies on Czapek agar at 25°C 

attaining a diameter of 2.5-3.5 cm within 7 

days, usually consisting of a dense felt of 

green conidiophores 

Mycelia: Hyaline, aseptate 

Conidia: Conidia globose, 3.5-5.5 µm in 

diam, yellow-green, conspicuously rough-

walled. Conidial heads green, radiate 

Conidiophore: Conidiophores mostly 300-700 

µm long, hyaline, rough-walled. Vesicles 

subglobose, 20-35 µm in diam. Phialides 

usually borne directly on the vesicle, 7-9 x 3-4 

µm, hyaline to pale green. 

Contd………. 
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Fig. 8. Radial growth pattern of fungal isolates on PDA medium isolated from 

different forest soils of Darjeeling hills. 
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Isolate 

Organisms 

identified 

(No. of 

Isolates) 

Morphology and Microscopical 

Character 

RHS/P-220, RS/T-190, 

RS/286, FS/L-104, 

FS/M-67, FS/P-217, 

FS/R-522, FS/La-352, 

353, FS/L-6, FS/T-62, 

FS/Td-170, RHS/T-11, 

RHS/T-427, RHS/T-

70, RHS/T-71, RHS/T-

431, RHS/T-

433RHS/C-316, 

RHS/P-122, RHS/P-

123, RHS/B-224, 

RHS/B-247, RHS/Cd-

21, RHS/Cd-350, 

RS/T-134, RS/B-15, 

RS/R-227, RS/R-228, 

RS/M-377 

Aspergillus 

flavus 

(29) 

Colonies: Colonies on Czapek and PDA 

usually spreading, yellow green, reverse 

colourless to dark red brown, occasionally 

dominated by hard sclerotia, white at first, 

becoming red brown to almost black with 

age, 400-700 µm diam. Mycelia: hyaline, 

aseptate 

Conidia: Conidial heads typically radiate, 

splitting into several poorly defined 

columns, rarely exceeding 500-600 µm 

diam., mostly 300-400 µm. columnar up to 

300-400 µm. 

Conidiophore: Conidiophores thick-

walled, hyaline, coarsely roughened, 

usually less than 1 µm long, 10-20 µm 

diam.Vesicles elongated when young, 

becoming subglobose to globose, 25-45 µm 

diam.; both metulae and phialides present. 

FS/R-263, FS/R-264, 

RHS/P-209, RHS/B-

220, RHS/T-531, 

RHS/P-43, RHS/T-585, 

RHS/T-586, RHS/T-

588,  

 

A.  fumigatus  

(9) 

Colonies: Colonies fast growing reaching 

up to 1-2.5 cm diam in 4-5 days on PDA at 

24-26°C. Dark blue-green, consisting of a 

dense felt of powdery conidiophores, 

intermingled with aerial hyphae. 

Mycelia: hyaline, aseptate 

Conidia: Conidia verrucose, (sub) 

spherical, 2.5-3.0 µm diam Conidial heads 

columnar; conidiogenous cells uniseriate.  

Conidiophore: Pigmented conidiophores 

stipes smooth-walled, often green in the 

upper part. Vesicles subclavate, 20-30 µm 

wide. 

 

 

 

RHS/P-500, RHS/P-

507, RHS/P-126, 

RHS/P-127, RHS/B-

248, RHS/Br-635 , 

RHS/T-8RHS/Tl-35, 

RHS/Tl-617, RHS/M-

449 

 

 

 

A. oryzae 

(11) 

 Colonies:. Colonies growing rapidly, pale 

greenish-yellow, olive-yellow or with 

different shades of green, typically with dull 

brown shades with age. 

Mycelia: hyaline, aseptate 

Conidia: Conidial heads radiate to loosely 

columnar, 150-300 μm diam. Conidia 

(sub)spherical to ovoidal, 4.5-8.0 (-10.0) x 

4.5-7.0 μm, smooth-walled to roughened, 

greenish to brownish. 

Conidiophore: Conidiophore stipes 

hyaline, up to 4-5 mm in length.  

Contd……… 
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Isolate 

Organisms 

identified 

(No. of 

Isolates) 

Morphology and Microscopical Character 

FS/C-141, FS/M-219, 

FS/R-318, FS/G-96, 

FS/G-96, FS/Td-170, 

FS/Td-171 

A. vesicolor 

(7) 

Colonies:. Colonies reaching 2-3 cm diam on 

CzA and 4-5 cm diam on MEA in two weeks 

at 25°C; variable in colour, light yellowish, 

pink to flesh-coloured, ochre or orange 

yellow to yellowish green. 

Mycelia: Hyaline, aseptate 

Conidia: Conidia globose, echinulate, mostly 

2-3 µm diam 

Conidiophore: Conidiophores colourless or 

yellowish, smooth-walled, to 500-700 µm 

long; vesicles elongate with metulae and 

phialides. 

 

RHS/T-273, RHS/T-

593, RHS/T-10 

A. ustus  

(3) 

Colonies: Colonies on potato dextrose agar at 

25°C are white to yellow to drab gray to 

brown, but never green. Spreading broadly. 

Mycelia: Aseptate and hyaline 

Conidia: Conidial heads are radiate to 

loosely columnar and biseriate and irregularly 

elongate. 

Conidiophore: Conidiophores 30-350 µm, 

smooth-walled, and brown. Vesicles are 

globose to subglobose, 7-16 µm in diameter. 

Metulae and phialides cover the upper portion 

of the vesicle. Conidia are globose, 3-4.5 µm, 

with very rough walls. 

 

RHS/P-46, RHS/P- 210 

Drechslera 

sp. 

(2) 

Colonies: Grey, brown or blackish brown, 

often hairy, sometimes velvety. Reaching to a 

diam of 4-5 cm in 7 days on PDA. 

Mycelia: Hyaline, aseptate mycelium mostly 

immersed. Setae and hyphopodia absent. 

Conidia: Conidia solitary, also sometimes 

catenate or forming secondary conidiophores, 

acropleurogenous, simple, straight or curved, 

clavate, cylindrical rounded at the ends, 

ellipsoidal, fusiform or obclavate. 

Conidiophore: macronematous, 

mononematous, straight, often geniculate, 

unbranched or in a few species loosely 

branched, brown. Conidiogenous cells 

polytretic, integrated, terminal, frequently 

becoming intercalary, sympodial, cylindrical, 

cicatrized. 

Contd……….. 
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Isolate 

Organisms 

identified 

(No. of Isolates) 

Morphology and Microscopical 

Character 

RHS/P-107 Byssochlamus 

nivius 

(1) 

Colonies: Colonies (OA) extremely 

variable, effuse, whitish to greysh, with 

pinkish patches; reverse dark brown with 

vinaceous stains. Generallyproducing 

intraepidermal acervuli. With a dense layer 

of with subulate or cylindrical hyaline 

phylides.  

 Mycelia: hyaline, aseptate 

Conidia:Conidia straight, cylindrical, 

obtuse at the apex, 9-24 x3.0-4.5 μm.  

 

RHS/T-267, RHS/T-

260 

Colletotrichum 

gloeosporioides  

(2) 

Colonies: Colonies (OA) extremely 

variable, effuse, grey to brown, with pinkish 

patches; reverse dark brown with vinaceous 

stains. Generally producing intraepidermal 

acervuli. With a dense layer of with subulate 

or cylindrical hyaline phylides.  

 Mycelia: hyaline, aseptate 

Conidia:Conidia straight, cylindrical, 

obtuse at the apex, 9-24 x3.0-4.5 μm.  

Appressoria: 6-20 x4-12 µm, clavate or 

irregular. 
 

RHS/T-582, RHS/T-

462 

 

Curvularia lunata  

(2) 

Colonies: Colonies (PDA) expanding, 

black, hairy 

Mycelia: Hyaline, aseptate. 

Conidia: Conidia olive brownCurved 

ellipsoidal, 3- septate,rounded at the apex  

slightly acuminate at the base, the middle 

septum below the centre and the third cell 

strongly curved, 20-30x 9-15µm. 

Conidiophore: Conidiophore erect, 

pigmented, geniculated from sympodial 

elongations, 3-10 

septate. 

 

 

RHS/M-509, RHS/C-

316, RHS/S-425 

 

Emenicella  

nidulans 

(3) 

Colonies: Growing rapidly, green, cream-

buff or honey-yellow; reverse dark purplish. 

Reaches upto 4-6 cm in dia in 7 days of 

growth on PDA and MEA 

Mycelia: Hyaline, aseptate 

Conidia: Conidial heads short, columnar, 

up to 80 μm long. 

Conidiophore: Conidiophore stipes 

brownish, 60-130 x 2.5-3.0 μm. Vesicles 

hemispherical, 8-10 μm diam. 

Conidiogenous cells biseriate, 5.9 x 2-3 μm. 

Metulae 5.6 x 2.3 μm. Conidia spherical, 

rugulose, subhyaline, green in mass, 3-4 μm 

diam. 

Contd…… 
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Isolate  

Organisms 

identified 

(No. of 

Isolates) 

Morphology and Microscopical Character 

 

RHS/G-

28, 

RHS/Cd-

346 

 

Fusarium sp. 

(2) 

Colonies: Growing rapidly, with white to cream-

coloured aerial mycelium. Colony reaching up to 4-5 

cm diam in 7 days of growth on OMA 

Mycelia: hyaline, aseptate 

Conidia: Microconidia usually abundant, produced on 

elongate, sometimes verticillate conidiophores, 8-16 × 

2.0-4.5 μm. Chlamydospores frequent, singly or in 

pairs, terminal or intercalary, smooth- or rough-

walled, 6-10 μm diam 

 

RHS/M-

497, 

RS/M-

380 

Gonronella 

butleri 

(2) 

Colonies: Colonies slow growing, stolons and 

rhizoids poorly differentiated, whitish and sometimes. 

Mycelia: Hyaline, aseptate 

Sporangiophores: Erect and mostly branched, 

Sporangia globose, columella reduced, supported by a 

conspicuous apophysis. 

Spore: Oval mostly flattened on one side, 2.2-4.5 x 

1.6- 2.5 µm. 

 

RHS/G-

253, 

RHS/Cd- 

347 

Macrophomina 

phaseolina  

(2) 

Colonies:. Pycnidia dark brown, solitary or gregarious 

on leaves and stems, immersed, becoming erumpent, 

100-200 µm diam 

Mycelia: hyaline, aseptate 

Conidia:. Conidia hyaline, ellipsoid to obovoid, 14-30 

x 5-10 µm 

Conidiophore: Conidiophores (phialides) hyaline, 

short obpyriform to cylindrical, 5-13 x 4-6 µm. 

 

RHS/S-

293 

Phialomyces 

veroiti 

(1) 

Colonies:. Colonies effuse, at first yellow, later greyish 

olive. 

Mycelia: Mycelium partly superficial, partly immersed. 

Stroma none 

Conidia:. Conidia catenate, dry, semi-endogenous or 

acrogenous, simple, broadly ellipsoidal to limoniform, 

golden brown, verrucose, usually with a small, hyaline 

papilla or connective at cach end, 0-septate 

Conidiophore: macronematous, mononematous, 

unbranched or branched at the apex, stipe and branch or 

branches each bearing terminally a small number of 

phialides; stipe straight or flexuous, hyaline or pale straw 

coloured, smooth. Conidiogenous cells monophialidic, 

discrete, determinate, lageniform. 

Contd…… 
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Fig. 9. Radial growth pattern of fungal isolates on PDA medium isolated from 

Rhizosphere siol of different crops of Darjeeling hills. 
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Isolate 

Organisms 

identified 

(No. of 

Isolates) 

Morphology and Microscopical Character 

 

Fs/s-108 

 

Noesertoria  

fischeri  

(1) 

Colonies:. Colony white to cream coloured 

cleistothecia, exudate clear texture velutinous 

Mycelia: Hyaline, aseptate 

Conidia:. conidia sparse and grey green 

Ascospore: Ascospores with two longtitudinal 

thin Ascospores are spherical, conidial heads 

spherical to ellipsoidal. 
 

FS/S-109, 

FS/Rv-317, 

FS/La-185, 

RHS/R-555, 

RHS/T-455, 

RHS/T-590, 

RHS/C-338, 

RS/T-285, 

FS/Lv-355, 

FS/S-67, FS/S-

459, RHS/R-

555, RHS/T-

437,  

 

 

Penicillium 

digitatum 

(13) 

Colonies:Olive green, slow growing, reaching 

upto 1-1.5 cm diam in 10 days of growth on 

PDA at 25°. Mostly greenish brown, reverse 

uncoloured or dull tan.  Mycelia: Hyaline, 

aseptate 

Conidia: Large cylindrical conidia divergently 

branched penicilli with a broadly truncate base 

and eenly rounded tip, smooth walled, 

ellipsoidal to cylindrical and 3. 5-5.5 x 2.8-6 μm. 

Conidiophore: Terverticillate, appressed 

elements, born from subsurface or aerial hyphae. 

 
RHS/T-594, 

RHS/M-403, 

RHS/P-414, 

RHS/R-555 

 

Penicillium  

italicum 

(4) 

  

Colonies: Colonies grow restrictedly, reaching 

2.0-2.5 cm diam in 10-14 days at 25° on CzA. 

Grey greenish, reverse pale grey to yellow 

brown.  

Mycelia: hyaline, aseptate 

Conidiophores: Usually loosely synnematous 

particularly in the colony margins, smooth 

walled, two-staged branched with appressed 

penicilli.  

Philidies cylindrical, slender with a short but 

distinct neck.  

Conidia: Smooth-walled, ellipsoidal to 

cylindrical, 3.5-5 x 2.2-3.5 µm 

 

RHS/P-121, 

RHS/P-122 

 

 

Pseudeurotium 

zonatum 

Colonies: Colonies slow growing reaching up to 

2.5-3.0 cm diam in 10-14 days at 25° on  OMA. 

First whitish, floccose and becomes grey with 

the development of ascomata.  

Ascomata: Globose, glabrous, 100-230 µm 

diam, wall composed of angular iso-diametric or 

elongate cell in surface view, mostly 4-8 µm 

diam. 

Asci: Globose, pyriform to ellipsoidal, 7-9 x 6.5 

µm, becomes olive brown when mature.  

Contd………. 
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Isolate  

Organisms 

identified 

(No. of 

Isolates) 

 

Morphology and Microscopical Character 

 
FS/L-265,FS/G-97, 

RHS/T-269, RHS/T-271, 

RHS/C-312,  RS/Re-230, 

 

 

Penicillium  

chrysogenum 

(6) 

 

Colonies: Thin spreading colonies reaching 

2.0-4 cm diam in 10-14 days at 25° on CzA. 

Valvety, grass green to bluish green colony, 

reverse pale to bright yellow. 

Mycelia: hyaline, aseptate 

Conidiophores: Two to three staged 

branched at rather wide angles. 

Conidia: Smooth walled, ellipsoidal, 3.0-4 x 

2.8-3.5 µm diam or globose to sub globose. 

 

 

 

 

 

FS/L-01, FS/L-02 

 

 

 

 

Rhizopus 

stolonifer 

Colonies: Very fast growing and expanding, 

up to 1 cm high, whitish to greyish-brown, 

stolon hyaline to brown.   

Mycelia: Hyaline, aseptate 

Sporangiophore: Singly or in tufts, brown, 1-

2 mm high, 18 μm wide, mostly unbranched, 

sometimes with brownish swellings up to 20-

25 μm diam. Rhizoids abundantly branched, 

up to 250 μm long, brownish. Sporangia 

spherical, 50-250 μm diam, brownish-grey to 

black; columella comprising 50-70% of 

sporangium, black, mostly 100-200 μm diam 

columella sub gloobose to oval pale brown 

70-120 μm diam. Sporangiospores greyish-

green, angular, subspherical to ellipsoidal, 

longitudinally striate, 6-8 x 4.5-5.0 μm 

Chlamydospore: Absent in stolon and scarce 

in submerged hyphae. Single or in chains, 

spherical to ovoidal, 10-35 μm diam, hyaline, 

smooth-walled. Zygospores, dark, spherical, 

150-200 μm, Suspensors unequal, spherical 

and conical sometimes gloobose. 

Heterothallic. 

RHS/T-308  

Syncephalastru

m racemosum 

Colonies: Colonies fast growing reaching to a 

diameter of  2-5-4 cm. dark grey in colour. 

Reverse dark brown to dark grey.    

Mycelia: hyaline, aseptate 

Sporangiophores: Erect, ascending and 

stolon like with adventitious rhizoids, 

racemosely branched. Septa below the 

vesicles when mature. The terminal head of 

the sporingiosphores contain gloobose 

merosporangia (10-40 µm diam) containing 3-

18 spores.   

Contd…… 
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Isolate  

Organisms 

identified 

(No. of 

Isolates) 

 

Morphology and Microscopical Character 

 

 

RHS/G-302 

Rhizoctonia 

solani  

Colonies: Colonies fast growing reaching up to 

4.5-5.5 cm diam after 10-14 days of growth on 

MEA at 25°. Fruitbody loosely adnate, 

hypochnoid to pellicular, usually whitish or 

cream-coloured. 

Mycelia: Hyaline, septate 

Conidia:. Basidia short-cylindrical, 20 x 12 µm, 

normally with four, rather stout and 8-10 µm long 

sterigmata. 

Spore: Spores ellipsoid, thin-walled, smooth, 

hyaline, 8-12 x 5-6 µm but varying in size, 

adaxial side mostly convex or straight, producing 

secondary spores although not seen in all 

specimens, inamyloid, indextrinoid, 

acyanophilous. 

 

 

 

RHS/P-46 

Rhizoctonia 

oryzae 

 Colonies: Expanding, up to 1 cm high, whitish to 

greyish-brown on MEA at 30°C.  

Mycelia: Hyaline, aseptate 

Sporangiophore: Singly or in tufts, brown, 1-2 

mm high, 18 μm wide, mostly unbranched, 

sometimes with brownish swellings up to 50 μm 

diam. Rhizoids sparingly branched, up to 250 μm 

long, brownish. Sporangia spherical, 50-250 μm 

diam, brownish-grey to black. greyish-green, 

angular, subspherical to ellipsoidal, longitudinally 

striate, 6-8 x 4.5-5.0 μm 

Chlamydospore: Single or in chains, spherical to 

ovoidal, 10-35 μm diam, hyaline, smooth-walled. 

Zygospores. Zygospores red to brown, spherical 

or laterally flattened, 60-140 μm, with flat 

projections. Suspensors unequal, spherical and 

conical. Heterothallic 

RHS/V-466 Thanetophorus 

cucumeris 

Colonies: Colonies fast growing, reaching 6-10 

cm diam within 3-4 days at 25°Con PDA.At first 

colourless, rapidly become brown.  

Mycelia: Sub-hyaline to pale brown, septated, 

thick walled, cell 100-225 µm long constricted 

near the septa. 

Sclerotia: Developing from irregular 

agglomerations of uniform moniliform hyphae, 

irregular in outline and about 1 mm diam, 

confluent to conspicuous to crusts, often in zones 

near the margin, brown.   

Contd…… 
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Isolate code 

Organisms 

identified 

(No. of 

Isolates) 

 

Morphology and Microscopical 

Character 

 

RHS/P-49 

Sporotrichum  

pruinosum 

Colonies: Colonies slow growing, distinct 

greyish or pinkish blue colour, reverse dark 

brown to grayish.  

Mycelia: hyaline, aseptate 

Conidia: Blastoconidia from unbranched 

conidiophores ellipsoidal to ovoid 

pyriform or nearly cylindrical, 5.8 x 3.5 

µm. Chlamydospores terminal or 

intercalary, hyaline, (sub)globose to 

broadly ellipsoidal or more rarely 

pyriform, 11- 60 µm diam with granular 

contents and thick walls (up to 4.5 µm). 

Arthroconidia hyaline, cylindrical or rather 

irregular, often with granular contents, 

thin-walled, but sometimes   thick-walled 

and more ellipsoidal. 

Conidiophore: Conidiophores simple or 

typically branched. Branching racemose, 

each branch forming a terminal 

blastoconidium. Blastoconidia from 

branched conidiophores hyaline, 

subglobose to ellipsoidal or ovoidal, 10 x 

8.5 µm. 

 

 
RHS/P-50, 

RHS/P-51, 

RHS/P-54, 

RHS/P-120 

 

 

Talaromyces 

flavus 

 

Colonies: Colonies spreading broadly, 

reaching 7-8 cm diam in 7-14 days at 25°C 

on MEA. Ascomata forming a yellowish 

layer, reverse orange to orange brown. 

Ascomata: 200-700 µm diam, confluent, 

ripening within two weeks. The initials 

consists of long vermiform ascogonia, 100-

240 x 3.5-4.5 µm,with slender entwining 

antheridia.  

Ascospores: Yellow, broadly ellipsoidal, 

spiny, 3.5-5.0 x 2.5-3.2 µm.  

Conidiophores: Rarely formed, 

sometimes forming grayish green sectors.  

 

 

 

Contd…… 
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Fig. 10. Radial growth pattern of fungal isolates on PDA medium isolated from 

different Riverrine soils of Darjeeling hills. 
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Isolate code 

Organisms 

identified 

(No. of 

Isolates) 

 

Morphology and Microscopical Character 

 

 

 

 
FS/Td-166, 

FS/Td-168, 

RHS/T-439, 

RHS/T-626, 

RHS/Rd-551 

 

 

 

T. erinacium 

Colonies: Fast growing, reaching up to 9-12 cm diam 

in 5-7 days at 25°C on PDA. Colony pale geen to 

olive green in colour.  

Conidiophore: Conidial structure shows that 

phialides are regularly branched and shows 

pyramidal arrangement. Each phialide is broadened at 

the base and tapers at the tip consisting smooth 

rounded conidia is cluster. The branching of the 

conidiophores are irregular and are distantly apart 

from each other.   

Phialides Typically arising in whorls of 2-3 at the 

tips of short branches, cylindrical sometimes with an 

elongated neck, straight, 5.0-10.5 μm long, 1.5-2.0 

μm wide at the base, arisingfrom a cell 2.0-3.0 μm 

wide.  

Conidia: Conidia in whorls, ellipsoidal, smooth, 

34.5μm X 3μm in diameter. 

 

FS/L-186, 

FS/R-256, 

FS/R-426, 

RHS/T-584, 

RHS/B-245, 

RHS/G-251, 

RHS/Rd-547, 

RHS/Am-624, 

FS/L 116,  

 

 

T. viride 

Colonies: Fast growing, reaching up to 8-9 cm diam 

in 5-7 days at 25°C on PDA. Colony pale geen to 

olive green in colour.  

Conidiophore: Typically Pyramidally branched 

comprising a fertile central axis or the central axis 

100-150 μm long sometimes lateral branches at 

widely-spaced intervals when near the tip of the 

conidiophore and arising at closer intervals when 

more distant from the tip; phialides arising singly 

from the main axis or in whorls ot 2-3 at the tips of 

lateral branches or at the tip of the conidiophore. The 

central axis 2.2-3.2μm wide. 

Phialides Typically arising singly directly from the 

main axis or at the tip of a short lateral branch or in 

whorls of 2-3 at the tips of short branches, cylindrical 

to somewhat swollen in the middle and sometimes 

with an elongated neck, straight, hooked or sinuous, 

7.0-11.5 μm long, 1.8-2.5 μm wide at the base, 

arisingfrom a cell 2.2-3.2 μm wide.  

Conidia: Globose, distinctly roughened, confluent to 

discrete, 3.5-4.5 µm diam.  

 

Contd…… 
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Isolate code Organisms 

identified 

(No. of 

Isolates) 

Morphology and Microscopical 

Character 

 
FS/C- 149, 

FS/M- 367, 

FS/L-358, FS/S-

476, FS/G-96, 

FS/Rr-74, 

FS/Md-289, 

FS/R-542, 

FS/Th-485, 

FS/R-640, FS/R-

641, RHS/T-438, 

RHS/T-600, 

RHS/Cd-606, 

RHS-Am-623, 

RHS/P-572, 

RHS/S-559, 

RHS/S-560, 

RHS/Br-633 

 

 

 

Trichoderma 

harziamnum 

Colonies: Fast growing, dark green, 

reaching upto 9 cm diam. In 5 days in 25° 

on PDA.  

Conidiophores:  Typically with paired 

branches forming over 150 μm of the length 

of terminal branches. Cells supporting the 

phialides equivalent in width to, or at most 

only slightly wider than, the base of 

phialides arising from them. 

Phialides: 6.5-6.7 μm long, 2.5-3.5μm 

wide at the widest point 1.6-2.5 μm at the 

base; supporting cell 2.4-3.6 μm;  

Terminal phialides in a whorl or solitary, 

typically cylindrical or at least not 

conspicuously swollen in the middle and 

longer than the subterminal phialides. 

Conidia: subglobose to ovoidal, 3.5 to  4.0 

μm long, smooth, green. 

 

 
FS/L-118, FS/M- 

363, FS/L-188, 

FS/Sd-478, 

FS/R-439, 

FS/Th-488, 

RHS/T-341, 

RHS/S-561, 

RHS/Br-

634,RHS/Cd-

601, RHS/Cd-

604, FS/Tn-39 

 

 

 

 

T. asperellum 

Colonies: Fast growing, light green, 

reaching upto 9-11 cm diam in 5 days in 

25° on PDA.  

Conidiophores:  Conidiophores or 

phialides are fertile along their length and 

appear as plumes, regularly branched, with 

lateral branches being more or less 

uniformly spaced and paired, the longest 

branches occurring the farthest from the tip. 

Phialides form at the tips of branches in 

verticillate or 'cruciate whorls,' Phialides 

are straight and tend to be slightly wider in 

the middle than at the base.  

Phialides: 5.5-6.6 μm long, 2.0-2.5μm 

wide at the widest point 1.5-2.0 μm at the 

base; supporting cell 2.0-2.8 μm;   

Conidia: Conidia are more ovoidal and 

round and warty. Warts are slightly more 

irregular and pyramidal and are unevenly 

dispersed and parts of individual conidia 

are smooth 1.5 X 2 µm in diameter   
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Table 5. NAIMCC accession numbers of common fungal isolates of Darjeeling hills 

Name of the Culture Code NCFT 

Id.No. 

NAIMCC acc.no. 

Absidia cylindrospora RHS/P 47 NCFT-3782 NAIMCC-F-02913 

Alternaria alternata  FS/S 534 NCFT- 4414 NAIMCC-F-02900 

Aspergillus flavus RHS/P 419 NCFT-4005 NAIMCC-F-02889 

Aspergillus flavus  FS/L 201 NCFT-3787 NAIMCC-F-02905 

Aspergillus fumigatus FS/R 557 NCFT-4146 NAIMCC-F-02909 

Aspergillus fumigatus RHS/M 498 NCFT-3997 NAIMCC-F-02891 

Aspergillus niger RHS/M 492 NCFT-3994 NAIMCC-F-02890 

Aspergillus oryzae RHS/M 449 NCFT-4001 NAIMCC-F-02914 

Aspergillus parasitcus FS/R 554 NCFT-4147 NAIMCC-F-02910 

Aspergillus versicolor RHS/M 506 NCFT-4002 NAIMCC-F-02911 

Byssochlamus nivus RHS/P107 NCFT-3783 NAIMCC-F-02885 

Curvularia lunata RHS/T 556 NCFT-4149 NAIMCC-F-02904 

Emericella nidulans RHS/M 509 NCFT-4007 NAIMCC-F-02892 

Fusarium pallidoroseum FS/S 538 NCFT-4150 NAIMCC-F-02896 

Gonronella butlerii RHS/M 497 NCFT-3996 NAIMCC-F-02894 

Neosartoria fischeri FS/S 108 NCFT-3791 NAIMCC-F-02895 

Paecilomyces varioti RHS/P 293 NCFT-4145 NAIMCC-F-02887 

Penicillium digitatum RHS/P 555 NCFT-4163 NAIMCC-F-02888 

Penicillum chrysogenum RHS/J 97 NCFT-4153 NAIMCC-F-02906 

Penicillum digitatum RS/D 285 NCFT-4143 NAIMCC-F-02908 

Penicillum italicum FS/M 536 NCFT-4151 NAIMCC-F-02907 

Pseudoerotium zonatum RHS/P 120 NCFT-3785 NAIMCC-F-02886 

Sporotricum pruinosum RHS/M 496 NCFT- 3784 NAIMCC-F-02893 

Syncephalustrum racemosus RHS/B 301 NCFT-4148 NAIMCC-F-02912 

Thanatophorus cucumeris RHS/V566 NCFT-4005 NAIMCC-F-02903 
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Fig. 11. Light Microscopic characters of the mycelia and spore structures of the 

most common fungal isolates obtained from forest, agricultural and rivrrine soils 

of Darjeeling district. 
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Fig. 12. Microscopis characters of different Trichoderma isolates; T. asperellum-

RHS/S-561 (A-F); T. erinaceum-FS/L-20 ( G-I); T. viride (J-K); T. harzianum-

RHS/S-559 (M-O). 
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Table 6. GIS position and location of the sampling area of source of bacterial isolates 

Type of soil 

sample 

Bacterial code Geographical 

Location 

GIS location of sampling Elevation 

(m) 

Sukna forest 

(BFS/S) 
BFS/S I Sukna 26°41'06.71" N 88°20'58.36" E 126 

BFS/S II Sukna 26°41'08.33" N 88°20'54.16" E 126 

BFS/S III Sukna 26°41'11.21" N 88°16'55.36" E 126 

BFS/S IV Sukna 26°42'14.72" N 87°22'48.36" E 126 

BFS/S V Sukna 26°42'44.56" N 87°22'33.30" E 126 

Lohagarh 

Forest 

(BFS/L) 

BFS/L I Lohagarh 26°48'19.82" N 88°11'51.07" E 396 

BFS/L II Lohagarh 26°48'15.56" N 88°11'12.30" E 396 

BFS/L III Lohagarh 26°48'22.10" N 88°11'10.16" E 396 

BFS/L IV Lohagarh 26°48'19.82" N 88°11'51.07" E 396 

BFS/L V Lohagarh 26°48'40.60" N 88°11'33.15" E 396 

Tindharey 

(BFS/Tn) 

BFS I Kurseong 26°41'06.71" N 88°20'58.38" E 126 

BFS II Kurseong 26°41'55.12" N 88°17'48.27" E 126 

BFS III Kurseong 26°42'16.41" N 88°19'50.44" E 126 

BFS IV Kurseong 26°42'04.66" N 88°19'22.73" E 126 

Ghyabari 

Forest 

(BFS/G) 

BFS/G I Kurseong 26°51'15.27" N 88°46'41.54" E 1300 

BFS/G II Kurseong 26°51'20.43" N 88°46'22.76" E 1300 

BFS/G III Kurseong 26°51'13.10" N 88°46'52.13" E 1300 

BFS/G IV Kurseong 26°51'22.09" N 88°46'15.24" E 1300 

BFS/G V Kurseong 26°51'37.18" N 88°46'62.03" E 1300 

Rongli 

Rongek 

Forest 

(BFS/Rr) 

BFS/Rr I Ronglirongek 27°01'42.51" N 88°21'27.85" E 1382 

BFS/Rr II Ronglirongek 27°01'47.44" N 88°21'21.50" E 1382 

BFS/Rr III Ronglirongek 27°01'38.02" N 88°21'13.22" E 1382 

BFS/Rr IV Ronglirongek 27°01'42.51" N 88°21'27.85" E 1382 

BFS/Rr V Ronglirongek 27°01'76.14" N 88°21'44.09" E 1382 

Maney Dara 

Forest 

(BFS/Md) 

BFS/Md I Rimbik 27°37'15.47" N 88°06'38.27" E 2150 

BFS/Md II Rimbik 27°37'20.05" N 88°06'22.14" E 2150 

BFS/Md III Rimbik 27°37'26.10" N 88°06'27.20" E 2150 

BFS/Md IV Rimbik 27°37'18.07" N 88°06'33.10" E 2150 

Sandakhpu 

(BFS/Sd) 

BFS/Sd I Sandakphu 27°06'21.10" N 88°00'05.60" E 3487 

BFS/Sd II Sandakphu 27°06'11.06" N 88°00'11.16" E 3487 

BFS/Sd III Sandakphu 27°06'25.20" N 88°00'17.40" E 3487 

Rimbhik 

Forest 

(BFS/R) 

BFS/R I Rimbik 27°07'05.57" N 88°06'30.21" E 1970 

BFS/R II Rimbik 27°07'08.27" N 88°06'32.11" E 1970 

BFS/R III Rimbik 27°07'05.57" N 88°06'30.21" E 1970 

BFS/R IV Rimbik 27°07'11.43" N 88°06'10.18" E 1970 

BFS/R V Rimbik 27°07'15.10" N 88°06'22.10" E 1970 

BFS/R VI Rimbik 27°07'21.55" N 88°06'33.28" E 1970 
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Fig. 13. Growth pattern of different bacterial isolates on NA medium obtained 

from rhizosphere soil of different hosts from Darjeeling hills. 

 

 



123 
 

 

Type of soil 

sample 

Bacterial 

isolate code 

Geographical 

Location 

GIS location of sampling 

Thorpu Forest   

(BFS/T) 

BFS/T I Thorpu 26°53'57.34" N 88°10'07.57" E 

BFS/T II Thorpu 26°53'57.40" N 88°10'10.25" E 

BFS/T III Thorpu 26°53'57.45" N 88°10'13.80" E 

BFS/T IV Thorpu 26°53'58.20" N 88°10'22.70" E 

BFS/T V Thorpu 26°53'58.18" N 88°10'22.57" E 

Tagdha Forest  

(BFS/Td) 

BFS/Td I Tagdha 27°02'15.25" N 88°21'37.19" E 

BFS/Td II Tagdha 27°02'20.04" N 88°21'44.20" E 

BFS/Td III Tagdha 27°07'37.43" N 88°22'48.23" E 

BFS/Td IV Tagdha 27°07'15.16" N 88°22'48.27" E 

Rambi Saal 

Forest 

(BFS/R) 

BFS/R I Rambi 26°57'59.42" N 88°25'43.29" E 

BFS/R II Rambi 26°57'63.12" N 88°25'46.73" E 

BFS/R III Rambi 26°57'77.22" N 88°25'48.05" E 

BFS/R IV Rambi 26°57'83.15" N 88°25'63.88" E 

Lamahata 

 (BFS/L) 

BFS/L I Kalimpong 27°03'36.55" N 88°28'11.88" E 

BFS/L II Kalimpong 27°03'36.44" N 88°28'86.72" E 

BFS/L III Kalimpong 27°03'37.20" N 88°28'12.43" E 

BFS/L IV Kalimpong 27°03'37.31" N 88°28'12.05" E 

Cinchona 

Forest (BFS/C) 

BFS/C I Mongpong 26°58'25.39" N 88°22'12.19" E 

BFS/C II Mongpong 26°58'25.14" N 88°22'12.04" E 

BFS/C III Mongpong 26°58'27.30" N 88°22'11.38" E 

BFS/C IV Mongpong 26°58'27.44" N 88°22'11.76" E 

BFS/C V Mongpong 26°58'24.22" N 88°22'10.72" E 

Mongpong 

Forest 

(BFS/M) 

BFS/M I Mongpong 26°58'26.95" N 88°22'02.58" E 

BFS/M II Mongpong 26°58'21.90" N 88°22'00.55" E 

BFS/M III Mongpong 26°58'21.42" N 88°22'00.18" E 

BFS/M IV Mongpong 26°58'27.27" N 88°22'00.15" E 

BFS/M V Mongpong 26°58'26.95" N 88°22'00.28" E 

BFS/M VI Mongpong 26°58'26.56" N 88°22'02.58" E 

Pedong 

(BFS/P) 

BFS/P I Pedong 27°01'11.59" N 88°34'20.96" E 

BFS/P II Pedong 27°01'13.77" N 88°34'26.33" E 

BFS/P III Pedong 27°01'22.60" N 88°34'25.06" E 

BFS/P IV Pedong 27°01'11.42" N 88°34'10.62" E 

Rishyup Valley 

(BFS/Ry) 

BFS/Ry I Kalimpong 27°06'42.45" N 88°38'28.48" E 

BFS/Ry II Kalimpong 27°06'42.40" N 88°38'28.12" E 

BFS/Ry III Kalimpong 27°06'30.15" N 88°38'25.21" E 

BFS/Ry IV Kalimpong 27°06'30.57" N 88°38'25.67" E 

Lava 

(BFS/Lv) 

BFS/Lv I Kalimpong 27°04'48.78" N 88°38'24.27" E 

BFS/Lv II Kalimpong 27°04'52.33" N 88°38'45.30" E 

BFS/Lv III Kalimpong 27°04'27.15" N 88°38'14.03" E 
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Type of soil 

sample 

Soil Sample 

Code 

Geographical 

Location 

GIS location of sampling 

Camellia 

sinensis 

(Tea) 

(BRHS/T) 

BRHS/T I Ghyabari 26°51'15.27" N 88°46'41.54" E 
BRHS/T II Ghyabari 26°51'15.22" N 88°46'32.12" E 
BRHS/T III Ghyabari 26°51'22.17" N 88°46'41.27" E 
BRHS/T IV Ghyabari 26°51'22.08" N 88°46'41.43" E 
BRHS/T V Saureni 26°51'53.61" N 88°11'48.17" E 
BRHS/T VI Saureni 26°51'53.70" N 88°11'48.21" E 
BRHS/T VII Saureni 26°51'54.33" N 88°11'41.06" E 
BRHS/T VIII Singmari 27°46'11.32" N 88°43'22.17" E 
BRHS/T IX Singmari 27°46'11.24" N 88°43'22.02" E 
BRHS/T X Singmari 27°46'13.22" N 88°43'10.43" E 
BRHS/T XI Singmari 27°46'13.14" N 88°43'20.47" E 
BRHS/T XII Darjeeling 27°02'10.25" N 88°15'45.45" E 
BRHS/T XIII Darjeeling 27°02'10.63" N 88°15'45.11" E 
BRHS/T XIV Singmari 27°46'11.52" N 88°43'22.43" E 
BRHS/T XV Singmari 27°46'11.32" N 88°43'22.17" E 
BRHS/T XVI Darjeeling 27°02'10.25" N 88°15'45.45" E 
BRHS/T XVII Darjeeling 27°02'10.22" N 88°15'45.36" E 
BRHS/T XVIII Darjeeling 27°02'17.25" N 88°15'20.10" E 
BRHS/T XIX Darjeeling 27°02'17.15" N 88°15'20.63" E 
BRHS/T XX Darjeeling 27°02'22.40" N 88°15'77.46" E 
BRHS/T XXI Thorpu 26°53'57.34" N 88°10'07.57" E 
BRHS/T XXII Thorpu 26°53'57.14" N 88°10'07.50" E 
BRHS/T XXIII Thorpu 26°53'57.88" N 88°10'07.37" E 
BRHS/T XXIV Rongli  27°01'42.51" N 88°21'27.85" E 
BRHS/T XXV Rongli 27°01'42.66" N 88°21'27.73" E 
BRHS/T XXVI Rongli 27°01'42.37" N 88°21'27.05" E 

Cryptomeria 

japonica 

(BRHS/C) 

BRHS/C I Mirik 26°53'10.12" N 88°11'15.11" E 
BRHS/C II Mirik 26°53'10.85" N 88°11'15.61" E 
BRHS/C III Mirik 26°53'11.44" N 88°11'14.10" E 

Citrus 

reticulate 

 (BRHS/O) 

BRHS/O I Mirik 26°53'11.25" N 88°11'14.76" E 
BRHS/O II Mirik 26°53'14.88" N 88°11'10.18" E 
BRHS/O III Mirik 26°53'14.55" N 88°11'10.84" E 

Oryza sativa 

(Paddy) 

(BRHS/P) 

BRHS/P I Bijanbari 27°04'01.78" N 88°11'22.98" E 
BRHS/P II Bijanbari 27°04'01.40" N 88°11'22.83" E 
BRHS/P III Bijanbari 27°04'01.63" N 88°11'22.12" E 
BRHS/P IV Kalimpong 27°03'21.42" N 88°24'24.01" E 

BRHS/P V Kalimpong 27°03'24.44" N 88°24'24.16" E 

BRHS/P VI Kalimpong 27°03'21.16" N 88°24'24.83" E 

 

Contd….. 

 

 

 



125 
 

  

Type of soil 

sample 

Soil Sample 

Code 

Geographical 

Location 

GIS location of sampling 

Dendrocalamu

s latiflorus 

(Bamboo) 

(BRHS/B) 

BRHS/B I Ghyabari 26°51'15.27" N 88°46'41.54" E 
BRHS/B II Ghybaria 26°51'15.33" N 88°46'41.22" E 
BRHS/B III Ghyabari 26°51'22.12" N 88°46'11.36" E 
BRHS/B IV Kalimpong 27°03'21.42" N 88°24'24.01" E 

BRHS/B V Kalimpong 27°03'21.44" N 88°24'24.18" E 

BRHS/B VI Kalimpong 27°03'22.83" N 88°24'23.14" E 

BRHS/B VII Saureni 26°51'53.61" N 88°11'48.17" E 
BRHS/B VIII Saureni 26°51'53.66" N 88°11'48.10" E 
BRHS/B IX Saureni 26°51'68.14" N 88°11'22.20" E 

Glycine max 

(Soybean) 

(BRHS/Sb) 

BRHS/Sb I Bijanbari 27°04'01.78" N 88°11'22.98" E 
BRHS/Sb II Bijanbari 27°04'01.27" N 88°11'22.73" E 
BRHS/Sb III Bijanbari 27°04'01.36" N 88°11'22.18" E 

Sechium edule 

(Squash) 

(BRHS/S) 

BRHS/S I Mirik 26°51'53.61" N 88°11'48.17" E 
BRHS/S II Mirik 26°51'53.70" N 88°11'48.18" E 
BRHS/S III Mirik 26°51'53.05" N 88°11'48.88" E 
BRHS/S IV Pedong 27°01'11.59" N 88°34'20.96" E 
BRHS/S V Pedong 27°01'11.47" N 88°34'20.77" E 
BRHS/S VIII Pedong 27°01'11.13" N 88°34'20.40" E 

Brassica 

juncea 

(BRHS/Br) 

BRHS/Br I Kalimpong 27°03'36.55" N 88°28'11.88" E 

BRHS/Br II Kalimpong 27°03'36.43" N 88°28'11.12" E 

BRHS/Br III Kalimpong 27°03'36.20" N 88°28'11.43" E 

Amomum 

subulatum 

(Cardamom) 

(BRHS/Cr) 

 BRHS/Cr I Mirik 26°53'10.85" N 88°11'15.61" E 
BRHS/Cr II Mirik 26°53'10.44" N 88°11'15.43" E 
BRHS/Cr III Mirik 26°53'10.85" N 88°11'15.61" E 
BRHS/Cr IV Mirik 26°53'10.85" N 88°11'15.61" E 
BRHS/Cr V Mirik 26°53'10.85" N 88°11'15.61" E 

Rhododemdro

n 

(BRHS/R) 

BRHS/R I Rimbik 27°07'05.57" N 88°06'30.21" E 
BRHS/R II Rimbik 27°07'05.57" N 88°06'30.21" E 
BRHS/R III Rimbik 27°07'05.57" N 88°06'30.21" E 
BRHS/R IV Rimbik 27°07'05.57" N 88°06'30.21" E 
BRHS/R V Maneydara 27°03'25.41" N 88°01'30.23" E 
BRHS/R VI Maneydara  27°03'25.41" N 88°01'30.23" E 

Amliso 

(Thysaenolena 

latifolia) 

(BRHS/Tl) 

BRHS/Tl I Pedong 27°01'11.59" N 88°34'20.96" E 
BRHS/Tl II Pedong 27°01'11.62" N 88°34'20.18" E 
BRHS/Tl III Pedong 27°01'11.44" N 88°34'20.23" E 

Alnus 

nepalensis 

(BRHS/A) 

BRHS/A I Lava 27°04'48.78" N 88°38'24.27" E 
BRHS/A II Lava 27°04'48.60" N 88°38'24.37" E 
BRHS/A III Lava 27°04'48.55" N 88°38'24.21" E 
BRHS/A IV Lava 27°04'48.10" N 88°38'24.86" E 
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Type of soil 

sample 

Bacterial isolate  

Code 

Geographica

l Location  

GIS location of sampling 

Teesta River 

(BRS/T) 

BRS/T I Teesta 27°03'19.14" N 88°25'31.48" E 

BRS/T II Teesta 27°03'22.80" N 88°25'11.30" E 

BRS/T III Teesta 27°03'27.11" N 88°25'40.15" E 

BRS/T IV Teesta 27°03'13.38" N 88°25'33.88" E 

BRS/T V Teesta 27°03'17.27" N 88°25'12.20" E 

Balasan 

(BRS/B) 

BRS/B I Balasan 26°56'10.59" N 88°13'05.57" E 

BRS/B II Balasan 26°56'11.88" N 88°13'13.63" E 

BRS/B III Balasan 26°56'18.59" N 88°13'08.22" E 

BRS/B IV Balasan 26°56'23.17" N 88°13'11.46" E 

BRS/B V Balasan 26°56'10.59" N 88°13'05.57" E 

Rangit 

(BRS/R) 

BRS/R I Malli 27°07'40.60" N 88°17'06.63" E 

BRS/R II Malli 27°07'40.63" N 88°17'06.12" E 

BRS/R  III Malli 27°07'40.40" N 88°17'06.57" E 

BRS/R  IV Malli 27°07'40.12" N 88°17'06.27" E 

BRS/R V Malli 27°07'40.18" N 88°17'06.33" E 

Reli 

(BRS/Re) 

BRS/Re I Kalompong 27°03'03.21" N 88°31'45.27" E 

BRS/Re II Kalimpong 27°03'03.21" N 88°46'45.17" E 

BRS/Re III Kalimpong 27°03'03.21" N 88°58'45.44" E 

BRS/Re IV Kalimpong 27°03'03.21" N 88°61'45.73" E 

Mirik Lake  

(BRS/M) 

BRS/M I Mirik 26°53'10.85" N 88°11'15.61" E 

BRS/M II Mirik 26°53'10.44" N 88°11'15.03" E 

BRS/M III Mirik 26°53'10.21" N 88°11'15.19" E 

BRS/M IV Mirik 26°53'10.30" N 88°11'15.43" E 
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Table 7. Morphological and biochemical characterization of bacterial isolates 
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BRHS/C-1 Rd W + + - + - + + + + + - + - Bacillus pumilus 

BRHS/C -2 Rd W + + - + - + + + + + - + - Bacillus pumilus. 

BRHS/C -3 Sp R - + - - - - + - + - + - - Staphylococcus  sp. 

BRHS/C -4 Rd W + + - - - + + + + + - + - Bacillus sp. 

BRHS/C -5 Rd W + + - + - + + + + + - + - Bacillus sp. 

BRHS/C -6 Sp  R - - - + - - + + + - + + - Staphylococcus sp. 

BRHS/C -7 Sp Y - + - - + + - - + + - - - Micrococcus sp. 

BRHS/M-8 Sp Y - + - - + + - - + + - - - Micrococcus sp. 

BRHS/M -9 Sp Y - + - - + + - - + + - - - Micrococcus sp. 

BRHS/M -10 Sp Y - + - + + + - - + + - - - Micrococcus sp. 

BRHS/M -11 Rd W + + - - - + + + + + - + - Bacillus subtilis 

BRHS/M -12 Rd W + + - - - + + + + + - + - Bacillus subtilis 

BRHS/M -13 Rd W + + - - - + + + + + - + - Bacillus subtilis 

BRHS/M -14 Sp R - + - - - - + + - - + + - Staphylococcus  sp. 

BRHS/M -15 Rd W + + - - - + + + + + - + - Bacillus cereus 

BRHS/M -16 Rd W + + - - - + + + + + - + - Bacillus cereus 

BRHS/M -17 Rd W + + - + - + + + + + - + - Bacillus cereus 

BRHS/M -18 Rd R - - - + - + + + + + - - - Serratia sp. 

BRHS/M -19 Rd R - - - + - + + + + + - - - Serratia sp.  

BRHS/M -20 Rd W + + - - - + + + + + - + - Bacillus sp. 

BRHS/M -21 Rd W + + - + + + + + + + - + - Bacillus altitudinis 

BRHS/P-22 Rd W + + - + + + + + + + - + - Bacillus altitudinis 

BRHS/P -23 Rd W + + - - - + + + + + - + - Bacillus sp. 

BRHS/P -24 Rd W + + - - - + + + + + - + - Bacillus cereus 

BRHS/P -25 Rd W + + - + - + + + + + - + - Bacillus cereus 

BFS/M-26 Rd W + + - + - + + + + + - + - Bacillus cereus 

BFS/M-27 Rd W + + - - - + + + + + - + - Bacillus cereus 

BFS/M-28 Rd W + + - + - + + + + + - + - Bacillus cereus 

BFS/M-29 Sp W - + - - + + - - + + - - - Micrococcus sp. 

BFS/M-30 Sp R - + - + - - + + - - + + - Staphylococcus  sp. 

BFS/S- 31 Rd W + + - - + + + + + + - + - Bacillus cereus 

BFS/S-32 Rd W + + - - + + + + + + - + - Bacillus cereus 

BFS/S-33 Rd W + + - - + + + + + + - + - Bacillus cereus 

BFS/S-34 Rd W + - - + + + + + + + - + - Psudomonas  sp 

BFS/S-35 Rd W + - - + + + + + + + - + - Psudomonas  sp. 

BFS/S-36 Sp R - + - - - - + + - - + + - Staphylococcus  sp. 

BRS/Mr-37 Sp Y - + - + + + - - + + - - - Coryneform sp. 

BRS/Mr-38 Sp Y - + - + + + - - + + - - - Coryneform sp. 

BRS/Mr-39 Rd W + - - + + + + + + + - + - Psudomonas sp. 

BRS/Mr-40 Rd W + - - + + + + + + + - + - Psudomonas sp. 

BRS/Mr-41 Sp Y - + - - + + - - + + - - - Aerococcus  sp. 

BRS/Mr-42 Sp R - + - + + + - - + + - - - Serratia sp. 

BRS/Mr-43 Sp R - + - - + + - - + + - - - Serratia sp. 

BRS/Mr-44 Rd W + - - - + + + + + + - + - Psudomonas sp. 

BRS/Mr-45 Sp R - + - - - - + + - - + + - Staphylococcus  sp. 

R=Red; Y=Yellow; W=White; Rd=Rod; Sp=Spherical; += Acrivity present; +=Activity absent 
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BFS/Md-46 Rd W + + - + - + + + + + - + - Bacillus sp. 

BFS/Md-47 Rd W + + - - - + + + + + - + - Bacillus sp. 

BFS/Md-48 Rd W + + - - - + + + + + - + - Bacillus sp. 

BFS/Md-49 Sp R - + - - - - + - + - + - - Staphylococcus  sp. 

BFS/Md-50 Sp R - + - - - - + - + - + - - Staphylococcus  sp. 

BFS/Md-51 Sp R - + - - - - + - + - + - - Staphylococcus  sp. 

BFS/Md-52 Sp Y - + - - + + - - + + - - - Micrococcus sp. 

BFS/Md-53 Sp Y - + - - + + - - + + - - - Micrococcus sp. 

BFS/Md-54 Rd W + + - - - + + + + + - + - Bacillus sp. 

BFS/Md-55 Rd W + + - + - + + + + + - + - Bacillus sp. 

BFS/Md-56 Rd W + + - + - + + + + + - + - Bacillus sp. 

BFS/Md-57 Rd W + - - - + + + + + + - + - Psudomonas sp. 

BRS/T-58 Rd W + - - + + + + + + + - + - Psudomonas sp. 

BRS/T-59 Rd W + - - - + + + + + + - + - Psudomonas sp. 

BRS/T-60 Sp Y - + - + + + - - + + - - - Coryneform sp. 

BRS/T-61 Sp Y - + - - + + - - + + - - - Coryneform sp. 

BRS/T-62 Sp R - + - - - - + - + - + - - Staphylococcus  sp. 

BRHS/R-63 Sp Y - + - - + + - - + + - - - Micrococcus sp. 

BRHS/R-64 Sp Y - + - - + + - - + + - - - Micrococcus sp. 

BRHS/R-65 Rd W + + - - - + + + + + - + - Bacillus cereus 

BRHS/R-66 Rd W + + - - - + + + + + - + - Bacillus cereus 

BRHS/R-67 Rd W + + - - - + + + + + - + - Bacillus cereus 

BRHS/R-68 Rd W + + - - - + + + + + - + - Bacillus subtilis 

BRHS/R-69 Rd W + + - - - + + + + + - + - Bacillus subtilis 

BRHS/R-70 Rd W + - - - + + + + + + - + - Psudomonas 

BRHS/R-71 Rd W - - - + + + + - - + - - - Enterobacter cloacae 

BRHS/R-72 Rd W + + - + + + + + + + + + - Paenibacillus polymyxa 

BRHS/S-73 Rd W + + - + + + + + + + - + - Bacillus altitudinis 

BRHS/S-74 Rd W - - - + + + + - - + - - - Enterobacter  sp. 

BRHS/S-75 Rd W - - - + + + + - - + - - - Enterobacter  sp. 

BRHS/S-76 Rd W + + - - - + + + + + - + - Bacillus subtilis 

BRHS/S-77 Rd W + + - + - + + + + + - + - Bacillus subtilis 

BRHS/S-78 Rd W + + - - - + + + + + - + - Bacillus cereus 

BRHS/S-79 Rd W + - - + + + + + + + - + - Psudomonas sp. 

BRHS/S-80 Rd W + - - + + + + + + + - + - Psudomonas sp. 

BRHS/S-81 Rd W + - - + + + + + + + - + - Psudomonas sp. 

BRHS/S-82 Rd W + + - + - + + + + + - + - Bacillus sp. 

BRHS/S-83 Rd W + + - + - + + + + + - + - Bacillus sp. 

BRHS/S-84 Sp Y - + - + + + - - + + - - - Aerococcus  sp. 

BRHS/S-85 Sp Y - + - - + + - - + + - - - Aerococcus  sp. 

BRHS/S-86 Sp Y - + - + + + - - + + - - - Micrococcus sp. 

BRHS/S-87 Rd W + + - - - + + + + + - + - Bacillus cereus 

BRHS/S-88 Rd W + + - - - + + + + + - + - Bacillus cereus 

BRHS/S-89 Rd W + + - - - + + + + + - + - Bacillus cereus 

BRHS/P-90 Sp R - + - + - - + - + - + - - Staphylococcus  sp. 

R=Red; Y=Yellow; W=White; Rd=Rod; Sp=Spherical; += Acrivity present; +=Activity absent 

Contd………….. 
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BRHS/P-91 Rd W + + - + - + + + + + - + - B. methylotrophicus 

BRHS/P-92 Rd     +          Bukholdaria symbiont 

FS/T-93 Sp Y - + - - + + - - + + - - - Micrococcus sp. 

FS/T-93 Sp Y - + - - + + - - + + - - - Micrococcus sp. 

FS/T-94 Rd W + + - - - + + + + + - + - Bacillus sp. 

FS/T-95 Rd W + + - - - + + + + + - + - Bacillus sp. 

FS/T-96 Sp Y - + - - + + - - + + - - - Aerococcus  sp. 

FS/T-97 Sp Y - + - - + + - - + + - - - Aerococcus  sp. 

BRHS/B-98 Rd W + - - + + + + + + + - + - Psudomonas sp. 

BRHS/B-99 Rd W + - - + + + + + + + - + - Psudomonas sp. 

BRHS/B-100 Sp Y - + - - + + - - + + - - - Coryneform sp. 

BRHS/B-101 Sp Y - + - - + + - - + + - - - Coryneform sp. 

BRHS/B-102 Rd W + + - - - + + + + + - + - Bacillus sp. 

BRHS/B-103 Rd W + + - - - + + + + + - + - Bacillus sp. 

BRHS/B-104 Rd W + + - + - + + + + + - + - Bacillus aerophilus 

BRHS/B-105 Rd W + + - - - + + + + + - + - Bacillus subtilis 

BRHS/B-106 Rd W + + - - - + + + + + - + - Bacillus subtilis 

BRHS/B-107 Rd W + + - - - + + + + + - + - Bacillus subtilis 

BRHS/Cd-108 Sp R - + - - - - + - + - + - - Staphylococcus  sp. 

BRHS/Cd-109 Sp R - + - - - - + - + - + - - Staphylococcus  sp. 

BRHS/Cd-110 Rd R - - - - - + + + + + - - - Serratia sp. 

BRHS/Cd-111 Rd R - - - - - + + + + + - - - Serratia sp. 

BRHS/Cd-112 Rd W - - - - + + + - - + - - - Enterobacter  sp. 

BRHS/Cd-113 Rd W + + - - - + + + + + - + - Bacillus sp. 

BRHS/Cd-114 Rd W + + - - - + + + + + - + - Bacillus sp. 

BRHS/Cd-115 Rd W + + - - - + + + + + - + - Bacillus sp. 

BRHS/Cd-116 Rd W + + - - - + + + + + - + - Bacillus sp. 

BRHS/Cd-117 Sp Y - + - - + + - - + + - - - Aerococcus  sp. 

BRS/R-118 Sp Y - + - - + + - - + + - - - Aerococcus  sp. 

BRS/R-119 Rd W + - - + + + + + + + - + - Psudomonas sp. 

BRS/R-120 Rd W + - - - + + + + + + - + - Psudomonas sp. 

BRS/R-121 Rd W + - - + + + + + + + - + - Psudomonas sp. 

BRS/R-122 Rd W + + - - - + + + + + - + - Bacillus subtilis 

BRS/R-123 Rd W + + - - - + + + + + - + - Bacillus subtilis 

BRS/R-124 Rd W + + - - - + + + + + - + - Bacillus subtilis 

BRS/R-125 Sp Y - + - - + + - - + + - - - Micrococcus sp. 

BFS/C-126 Sp Y - + - - + + - - + + - - - Micrococcus sp. 

BFS/C-127 Sp Y - + - - + + - - + + - - - Micrococcus sp. 

BFS/C-128 Sp Y - + - - + + - - + + - - - Micrococcus sp. 

BFS/C-129 Rd W + + - - - + + + + + - + - Bacillus sp. 

BFS/C-130 Rd W + + - - - + + + + + - + - Bacillus sp. 

BFS/C-131 Rd W + + - - - + + + + + - + - Bacillus sp. 

BFS/C-132 Rd W + + - - - + + + + + - + - Bacillus sp. 

BFS/C-133 Rd W + - - + + + + + + + - + - Psudomonas sp. 

BFS/C-134 Rd W + + - - - + + + + + - + - Bacillus cereus 

BFS/C-135 Rd W + + - - - + + + + + - + - Bacillus cereus 

R=Red; Y=Yellow; W=White; Rd=Rod; Sp=Spherical; += Acrivity present; +=Activity absent 
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4.2. In vitro screening of fungal isolates  

4.2.1. Phosphate solubilization  

4.2.1.1. In solid medium 

A total of 637 fungal isolates were obtained from the major forest, agricultural 

fields and river basins of Darjeeling hills. Out of the total collection, 205 isolates 

were obtained from forest, 373 from agricultural and 59 isolates were obtained 

from river basins. All the fungal isolates were initially screened for their ability to 

solubilize insoluble phosphate in vitro in Pikovskaya‘s (PVK) agar medium. 

Formation of halo zones around the fungal colony indicated a positive result for 

phosphate solubilization. After this initial screening in solid medium, a total of 

150 fungal isolates showed phosphate solubilizing activity. The efficacy of each 

phosphate solubilizing isolate has been recorded in terms of the diameter of halo 

zone formed around the fungal colony after 4 and 7 days of growth at 25±2°C 

(Table 8). 

4.2.1.2. In liquid medium 

Once a positive result was obtained on PVK solid medium, the phosphate 

solubilizing fungal isolates (PSF) were quantified for their ability to solubilize 

two insoluble phosphates (Tricalcium phosphate and Rock phosphate) in 

modified PVk broth medium. The initial total P- content of bothe the TCP and RP 

were 920 and 592 mg/L. The amount of Total phosphate solubilized by individual 

isolates has been presented in Table 9, The initial pH of the culture medium was 

7. A drop in the pH of the culture filtrate was also recorded after 7 days of 

incubation. Among the total collection of phosphate solubilizers, four isolates of 

Aspergillus niger (FS/L-04, RS/P-14, FS/L-40, FS/C-140), four isolates of  A. 

melleus (RHS/R 12, FS/L 13, FS/L 17, FS/L 18), three isolates of A. clavatus 

(RHS/P 38, RHS/P-114, RHS/T-99) and four isolates of Talaromuces flavus 

(RHS/P 50, RHS/P 51, RHS/P 54, RHS/P 120 were found to solubilize rock 

phosphate and tricalcium phosphate more efficiently than rest of the others.               

T. flavus (RHS/P-51) was found to be most efficient phosphate where it could 

solubilize maximum of 870 mg/L of Tricalcium phosphate and 392 mg/L of Rock 

phosphate in vitro. Potential PSF isolates were deposited to the National 

Agriculturally Important Microbial Culture Collection (NAIMCC) of National 

Bureau of Agriculturally Important Microorganisms (NBAIM), Maunath Bhnjan, 

UP,  and their accession numbers have been provided in Table 10.  
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Table 8. Screening of Phosphate solubilization in solid PVK medium by fungal isolates 

 Isolate Diameter of the halo 

zone (cm)  

 Isolate Diameter of the halo 

zone (cm) 

  4 d 7 d   4 d 7 d 

A. niger FS/L-04 0.41±0.05 0.76±0.06 A. niger RHS/M-401 0.31±0.02 0.67±0.04 

FS/L-40 0.41±0.04 0.75±0.05 RHS/G-296 0.34±0.02 0.65±0.06 

FS/C-140 0.40±0.03 0.72±0.05 RHS/G-297 0.27±0.02 0.54±0.08 

FS/C143 0.25±0.02 0.58±0.03 RHS/S-518 0.33±0.08 0.62±0.07 

FS/Td-165 0.42±0.05 0.70±0.06 RHS/S-531 0.34±0.07 0.65±0.02 

FS/Td-173 0.30±0.06 0.62±0.03 RHS/Br-570 0.37±0.03 0.68±0.03 

FS/S-177 0.33±0.04 0.64±0.04 RHS/Cd-610 0.43±0.08 0.73±0.06 

FS/R-344 0.33±0.04 0.62±0.02 RHS/R-548 0.40±0.07 0.72±0.08 

FS/S-112 0.37±0.03 0.67±0.07 RHS/A-30 0.32±0.08 0.68±0.01 

FS/S-113 0.35±0.05 0.67±0.03 RHS/A-33 0.41±0.03 0.70±0.08 

FS/R-262 0.30±0.04 0.64±0.04 RHS/P-45 0.38±0.06 0.68±0.03 

FS/Tn-57 0.32±0.02 0.63±0.07 RHS/P-48 0.37±0.02 0.65±0.06 

FS/Tn-58 0.33±0.05 0.62±0.03 RHS/D-280 0.37±0.04 0.66±0.05 

RHS/P-37 0.37±0.04 0.68±0.05 RHS/T-581 0.35±0.05 0.65±0.08 

FS/G-101 0.36±0.04 0.66±0.05 RS/B-160 0.36±0.08 0.67±0.02 

FS/L-105 0.37±0.05 0.70±0.02 RS/P/14 0.40±0.04 0.74±0.03 

FS/L-106 0.42±0.05 0.62±0.06 RS/Md-288 0.40±0.01 0.71±0.05 

FS/L-103 0.40±0.05 0.65±0.04 RS/T-137 0.33±0.03 0.60±0.06 

FS/L -117 0.43±0.04 0.63±0.05 RS/B-164 0.42±0.05 0.72±0.03 

FS/L-281 0.30±0.03 0.60±0.06 RS/Re-231 0.28±0.06 0.58±0.08 

FS/S-282 0.32±0.03 0.60±0.03 RS/Re-235 0.28±0.01 0.54±0.00 

FS/S-283 0.37±0.05 0.61±0.02 A. 

melleus 

FS/L-42 0.22±0.014 0.57±0.02 

FS/Md-284 0.42±0.05 0.63±0.06 FS/L-13 0.30±0.015 0.58±0.05 

FS/Md-286 0.44±0.05 0.62±0.02 FS/L-17 0.30±0.026 0.57±0.02 

FS/Md-287 0.38±0.05 0.64±0.03 FS/L-18 0.32±0.024 0.53±0.04 

FS/Md-365 0.27±0.05 0.62±0.02 FS/G-226 0.37±0.022 0.55±0.03 

FS/Md-366 0.23±0.05 0.63±0.07 FS/S-64 0.32±0.025 0.52±0.03 

RHS/P-200 0.36±0.05 0.60±0.02 FS/L-41 0.21±0.028 0.55±0.03 

RHS/A-82 0.33±0.05 0.68±0.03 FS/S -63 0.25±0.015 0.51±0.02 

RHS/T-198 0.37±0.05 0.63±0.07 FS/S-24 0.25±0.014 0.54±0.03 

RHS/T-272 0.43±0.05 0.65±0.05 FS/S-278 0.24±0.024 0.56±0.03 

RHS/T-421 0.43±0.05 0.58±0.02 RHS/T-449 0.27±0.015 0.53±0.02 

RHS/T-422 0.40±0.05 0.68±0.06 RHS/T-450 0.30±0.022 0.52±0.03 

RHS/T-580 0.38±0.05 0.64±0.08 RHS/T-274 0.33±0.028 0.55±0.04 

RHS/S-518 0.43±0.05 0.63±0.07 RHS/T-275 0.37±0.017 0.58±0.04 

RHS/S-492 0.32±0.05 0.64±0.02 RHS/T-402 0.37±0.014 0.56±0.04 

 FS=Forest soil;RHS=Rhizosphere of soil; RS= Riverrine soil; Values mean of three 

replicate sets; ±= SE 

Contd…………. 

 

 

 

 



132 
 

 

 Isolate Diameter of the halo 

zone (cm) 

 Isolate Diameter of the halo 

zone (cm)  

  4 d 7 d   4 d 7 d 

A. 

melleus 

RHS/T-331 0.28±0.05 0.55±0.02 A. nidulans FS/Lv-354 0.12±0.07 0.36±0.010 

RHS/T-332 0.33±0.02 0.53±0.03 FS/P-214 0.22±0.02 0.42±0.015 

RHS/S-303 0.27±0.03 0.42±0.01 FS/P-215 0.18±0.04 0.38±0.011 

RHS/Cd-606 0.30±0.02 0.46±0.02 FS/S-457 0.24±0.04 0.53±0.022 

RHS/R-549 0.33±0.02 0.63±0.04 FS/S-459 0.22±0.06 0.54±0.020 

RHS/Am-34 0.27±0.02 0.52±0.03 RHS/T-453 0.27±0.03 0.56±0.018 

RHS/R-12 0.30±0.08 0.58±0.02 RHS/T-389 0.25±0.07 0.43±0.014 

RHS/P-201 0.20±0.01 0.53±0.01 RHS/G-299 0.33±0.08 0.47±0.023 

RHS/P-202 0.21±0.01 0.50±0.01 RHS/Br-579 0.25±0.03 0.44±0.018 

RHS/P-205 0.27±0.01 0.54±0.02 RHS/A-79 0.22±0.06 0.53±0.022 

RS/R-115 0.25±0.01 0.53±0.01 RS/T-59 0.18±0.04 0.48±0.016 

RS/T-182 0.22±0.01 0.40±0.02 RS/P-60 0.17±0.02 0.43±0.018 

RS/T-183 0.30±0.01 0.55±0.02 P. digitatum 

  

FS/S-109 0.35±0.02 0.56±0.023 

RS/P -61 0.27±0.01 0.41±0.02 FS/Rv-317 0.28±0.07 0.60±0.020 

RS/P-05 0.22±0.01 0.42±0.01 FS/La-185 0.32±0.04 0.58±0.024 

RS/T-236 0.20±0.01 0.40±0.01 RHS/R-515 0.36±0.07 0.68±0.026 

RS/M-368 0.23±0.02 0.43±0.02 RHS/T-455 0.34±0.01 0.57±0.028 

A. 

fumigatu

s 

FS/R-263 0.22±0.01 0.44±0.01 RHS/T-590 0.25±0.08 0.63±0.022 

FS/R-264 0.23±0.01 0.51±0.01 RHS/C-338 0.32±0.02 0.66±0.018 

RHS/P-209 0.27±0.01 0.50±0.02 RS/T-285 0.30±0.01 0.61±0.017 

RHS/B-220 0.22±0.01 0.43±0.01 FS/Lv-355 0.27±0.06 0.58±0.023 

RHS/T-531 0.27±0.01 0.41±0.02 FS/S-67 0.33±0.07 0.62±0.026 

RHS/P-43 0.27±0.01 0.47±0.02 FS/S-459 0.38±0.08 0.64±0.021 

RHS/T-585 0.24±0.02 0.52±0.03 RHS/R-505 0.35±0.06 0.63±0.025 

RHS/T-586 0.18±0.01 0.34±0.01 RHS/T-437 0.27±0.05 0.47±0.018 

RHS/T-588 0.20±0.01 0.22±0.01 P. italicum RHS/T-594 0.32±0.05 0.54±0.026 

A. 

clavatus 

FS/Rv-323 0.20±0.01 0.61±0.02 RHS/M-403 0.26±0.01 0.56±0.024 

FS/Rv-330 0.23±0.01 0.63±0.02 RHS/P-414 0.22±0.03 0.43±0.028 

RHS/P-38 0.20±0.01 0.69±0.02 RHS/R-555 0.29±0.08 0.56±0.026 

RHS/P -56 0.26±0.01 0.52±0.02 P.  
crysogenum 

FS/L-265 0.33±0.04 0.57±0.02 

RHS/P -54 0.20±0.01 0.62±0.01 FS/G-97 0.34±0.01 0.65±0.04 

RHS/P-114 0.25±0.01 0.53±0.01 RHS/T-269 0.32±0.06 0.62±0.02 

RHS/T-99 0.30±0.01 0.62±0.02 RHS/T-271 0.23±0.03 0.60±0.05 

RHS/T-190 0.22±0.02 0.64±0.02 RHS/C-312 0.31±0.01 0.64±0.02 

RHS/T-383 0.23±0.01 0.54±0.02  RS/Re-230 0.26±0.08 0.63±0.02 

RHS/T-386 0.22±0.01 0.60±0.01 T. flavus RHS/P-50 0.45±0.04 0.75±0.02 

RHS/Cd-603 0.25±0.01 0.55±0.01 RHS/P-51 0.46±0.02 0.82±0.02 

RHS/A-77 0.24±0.01 0.47±0.01 RHS/P-54 0.38±0.08 0.80±0.02 

RS/B-163 0.27±0.01 0.45±0.02 RHS/P-120 0.40±0.02 0.75±0.02 

FS=Forest soil;RHS=Rhizosphere of soil; RS= Riverrine soil; Values mean of three 

replicate sets; ±= SE 
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Fig. 14. Phosphate solubilizing properties of fungal isolates on Pikovskaya Agar 

showing characteristic halo zone formation around the colonies. 
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Table 9. In vitro quantification of phosphate solubilization by fungal isolates in modified 

PVK broth 

 Isolate Phosphate 

solubilized (µg/ml) 

 Isolate Phosphate 

solubilized (µg/ml) 

  TCP* RP**   TCP* RP** 

A. 

niger 

FS/L-04 856±10.58 366±8.76 A. 

niger 

RHS/M-401 812±12.15 312±5.43 

FS/L-40 847±11.41  370±8.22 RHS/G-296 823±14.22 334±6.07 

FS/C-140 824±09.06 344±7.25 RHS/G-297 816±12.56 362±6.13 

FS/C143 711±08.03 345±9.15 RHS/S-518 804±13.52 365±7.44 

FS/Td-165 734±08.86 346±8.92 RHS/S-531 822±17.12 321±3.21 

FS/Td-173 830±10.75 352±6.76 RHS/Br-570 736±09.24 316±3.27 

FS/S-177 802±11.91 343±6.85 RHS/Cd-610 788±08.33 288±6.42 

FS/R-344 843±11.03 341±7.31 RHS/R-548 831±11.63 286±5.32 

FS/S-112 842±09.92 367±8.38 RHS/A-30 846±10.43 376±5.16 

FS/S-113 842±12.76 354±5.09 RHS/A-33 812±11.23 338±4.73 

FS/R-262 848±12.85 363±6.92 RHS/P-45 811±11.78 318±6.42 

FS/Tn-57 795±11.31 350±6.30 RHS/P-48 727±08.78 327±6.33 

FS/Tn-58 852±10.99 360±7.38 RHS/D-280 835±09.43 315±7.23 

RHS/P-37 830±13.57 350±7.09 RHS/T-581 836±09.22 363±6.21 

FS/G-101 809±10.38 352±8.92 RS/B-160 815±11.45 342±4.82 

FS/L-105 802±10.09 354±8.30 RS/P/14 852±12.67 360±5.34 

FS/L-106 807±13.15 345±8.92 RS/Md-288 782±10.43 319±6.33 

FS/L-103 849±12.92 374±9.76 RS/T-137 746±07.54 311±6.15 

FS/L -117 807±09.76 349±9.85 RS/B-164 733±07.62 313±5.82 

FS/L-281 813±13.85 344±8.31 RS/Re-231 822±08.12 327±6.31 

FS/S-282 807±11.31 355±1.99 RS/Re-235 846±10.44 362±7.18 

FS/S-283 842±08.99 287±7.57 A. 

melleus 

FS/L-42 730±11.98 260±8.91 

FS/Md-284 841±11.57 342±7.38 FS/L-13 717±11.82 281±8.03 

FS/Md-286 837±10.38 360±8.09 FS/L-17 720±11.82 279±9.55 

FS/Md-287 806±08.09 336±7.92 FS/L-18 724±13.07 276±6.55 

FS/Md-365 807±08.92 362±8.55 FS/G-226 710±11.70 252±7.92 

FS/Md-366 817±10.30 355±6.55 FS/S-64 712±11.86 211±6.76 

RHS/P-200 838±09.54 345±5.57 FS/L-41 733±12.36 214±5.85 

RHS/A-82 838±08.92 350±9.38 FS/S -63 729±11.54 232±5.31 

RHS/T-198 841±12.38 346±9.92 FS/S-24 720±12.51 238±5.42 

RHS/T-272 816±10.38 334±6.92 FS/S-278 709±13.17 239±5.57 

RHS/T-421 840±10.09 375±6.76 RHS/T-449 716±10.43 225±3.21 

RHS/T-422 804±11.09 336±8.31 RHS/T-450 701±11.25 272±4.76 

RHS/T-580 807±11.32 340±7.99 RHS/T-274 704±12.64 274±4.22 

RHS/S-518 713±10.05 210±6.43 RHS/T-275 733±07.43 213±3.16 

RHS/S-492 764±12.47 312±5.21 RHS/T-402 725±11.33 234±3.81 

FS=Forest soil; RHS=Rhizosphere of soil; RS= Riverrine soil;*Tricalcium phosphate; ** 

Rock Phosphate; Values are mean of three replicate experiments.±= Standard Error. 

 

Contd………… 
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  Isolate Phosphate 

solubilized (µg/ml) 

 Isolate Phosphate 

solubilized (µg/ml) 

  TCP* RP**   TCP* RP** 

A. 

melleus 

RHS/T-331 713±07.13 212±4.32 A. 

nidulans 

FS/Lv-354 413±06.44 213±6.73 

RHS/T-332 733±06.44 265±6.12 FS/P-214 426±07.23 176±6.22 

RHS/S-303 710±11.09 285±5.76 FS/P-215 433±05.33 138±6.43 

RHS/Cd-

606 

716±10.92 242±5.85 FS/S-457 421±07.16 214±5.87 

RHS/R-549 729±11.30 250±5.31 FS/S-459 427±07.37 225±4.32 

RHS/Am-34 712±10.92 240±6.38 RHS/T-453 473±05.38 275±5.54 

RHS/R-12 736±14.24 238±7.38 RHS/T-389 512±07.32 282±4.33 

RHS/P-201 810±09.25 309±6.91 RHS/G-299 412±06.44 274±4.86 

RHS/P-202 750±09.91 317±6.03 RHS/Br-579 422±05.32 289±4.17 

RHS/P-205 727±11.27 243±6.20 RHS/A-79 465±07.16 321±5.27 

RS/R-115 724±08.25 270±6.55 RS/T-59 430±08.86 320±5.92 

RS/T-182 712±08.13 217±4.76 RS/P-60 410±10.36 343±5.76 

RS/T-183 718±11.24 237±3.21 P. 

digitatum 

  

FS/S-109 808±08.55 310±5.19 

RS/P -61 688±11.07 265±4.83 FS/Rv-317 802±08.55 255±5.57 

RS/P-05 683±12.36 248±5.11 FS/La-185 715±08.17 326±4.34 

RS/T-236 714±09.14 261±4.32 RHS/R-515 816±09.44 312±5.22 

RS/M-368 726±07.36 217±4.89 RHS/T-455 815±10.43 317±4.32 

A. 

fumigatus 

FS/R-263 687±12.51 251±4.85 RHS/T-590 788±10.86 308±4.76 

FS/R-264 537±11.54 214±5.31 RHS/C-338 765±11.77 314±5.19 

RHS/P-209 538±10.17 235±5.90 RS/T-285 739±11.92 310±6.85 

RHS/B-220 519±10.14 288±5.57 FS/Lv-355 678±10.67 275±4.53 

RHS/T-531 543±04.27 278±4.33 FS/S-67 632±09.38 271±5.97 

RHS/P-43 542±05.73 213±4.86 FS/S-459 674±09.10 311±4.18 

RHS/T-585 582±07.88 226±4.73 RHS/R-505 716±09.44 212±5.22 

RHS/T-586 514±07.15 224±5.12 RHS/T-437 633±10.43 316±4.15 

RHS/T-588 533±06.43 211±6.23 P. 

italicum 

RHS/T-594 712±10.2 327±5.78 

A. 

clavatus 

FS/Rv-323 799±08.24 288±4.23 RHS/M-403 746±11.74 289±5.91 

FS/Rv-330 783±06.75 252±4.81 RHS/P-414 728±09.54 315±4.73 

RHS/P-38 714±10.32 247±5.76 RHS/R-555 711±09.32 313±4.14 

RHS/P -56 832±13.91 341±5.99 P.  

crysogen

um 

FS/L-265 642±08.32 275±4.87 

RHS/P -54 825±13.03 270±6.57 FS/G-97 615±10.28 243±3.22 

RHS/P-114 727±11.55 351±5.38 RHS/T-269 622±11.43 214±3.77 

RHS/T-99 804±11.55 312±6.09 RHS/T-271 627±10.23 261±3.18 

RHS/T-190 829±12.12 340±5.92 RHS/C-312 583±10.46 228±4.55 

RHS/T-383 812±12.76 350±6.55  RS/Re-230 574±09.34 263±4.14 

RHS/T-386 762±10.32 312±5.50 T. flavus RHS/P-50 862±12.85 368±5.50 

RHS/Cd-

603 

783±12.46 283±5.21 RHS/P-51 870±11.55 392±6.09 

RHS/A-77 811±11.44 316±6.83 RHS/P-54 859±12.12 348±6.92 

RS/B-163 803±13.72 327±6.09 RHS/P-120 862±12.76 350±5.55 

FS=Forest soil;RHS=Rhizosphere of soil; RS= Riverrine soil;*Tricalcium phosphate; ** 

Rock Phosphate; Values are mean of three replicate experiments.±= Standard Error. 
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4.2.2. Exo and Endo Chitinase activities 

A total of 55 Trichoderma isolates were obtained from different sources both on 

PDA and Trichoderma Selective Medium (TSM) and were initially identified on 

the basis of their morphological and microscopical characters. On the basis of 

microscopical characters they were identified as Trichoderma harzianum, T. 

viride, T. asperelluma and T. erinaceum. A total of 26 isolates of T. harzianum 10 

isolates of T. viride, 13 isolates of  T. asperellum and 6 isolates of T. erinaceium 

obtained from various sources were tested for their ability to produce Chitinase in 

vitro. The net exo and endo chtitinase activities of the isolates were determined 

spectrophotometrically and expressed as g N-Acetyl glucosamine released/ ml 

culture filtrate/h (Endo) and g N-Acetyl glucosamine released/ g mycelium /h (Exo). 

The detail results of the analysis presented in Table 11,  reveals that all the isolates 

showed a significant amount of both Exo and Endo Chitinase activities.  Among the T. 

harzianum isolates, two isolates designated as RHS/S-559 and RHS/S-560 obtained from 

the rhizosphere of Sechium edule showed maximum amount of both endo and exo 

Chitinase activities. Whereas among the T. viride isolates, isolate RHS/G 251 showed 

maximum activities. Similarly among the T. asperellum isolates, one isolate designated 

as RHS/S-561 showed maximum activities and among the T. erinaceium isolates, isolate 

RHS/Rd-551 showed maximum endo and exo chitinase activities.  

4.2.3. Net Exo-Cellulase activities 

All the fungal isolates which showed positive results for phosphate solubilization 

and chitinase production were tested exo and endo-cellulase activities. The 

amount of glucose released by endocellulase activity of fungal hyphae during 

their growth using cellulose as C source was measured and expressed as net exo-

cellulase activity of the isolate (µg/ml/hr.). Net exo-cellulase activities of all the 

tested isolated hae been presented in Table. 12 Among the tested fungal isolates,  

isolates of A. niger (FS/L-04, FS/L-40, FS/C-140, RS/P/14, FS/Td-173 and RHS/T-

198), A. melleus (FS/L-13, FS/L-17, FS/L-18, RHS/R-12 and RS/P-05), A. fumigates 

(FS/R-263), A. clavatus (RHS/P-38, RHS/T-99, and RHS/P-114), P. digitatum (RHS/T-

455 and RHS/C-338), P. italicum (RHS/M-403 and RHS/P-414), P. crysogenum 

(RHS/T-269), T. flavus (RHS/P-54, RHS/P-51, RHS/P-50 and RHS/P-120), T. 

harzianum (RHS/S-559 and RHS/S-560), T. viride (RHS/B-245 and RHS/G-251 T. 

asperellum (RHS/S-561, RHS/Cd-601 and FS/L-188) and T. erinacium (RHS/T-626 and 

FS/Td-166) showed comparatively higher exo and endo cellulose activities.  
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Table 10. Chitinase activities of different isolates of Trichoderma obtained from 

different sources of Darjeeling Hills 

Isolate Chitinase activity Isolate Chitinase activity 
 Exo Endo  Exo Endo 

T. harzianum   T.viride   

FS/C- 149 4.33±0.16 21.27±0.86 RHS/B-245 3.04±0.18 16.55±0.72 

FS/M- 367 4.26±0.28 23.41±0.66 RHS/G-251 3.63±0.16 17.82±0.68 

FS/L-358 3.27±0.22 18.37±0.63 RHS/Rd-547 2.82±0.24 16.80±0.83 

FS/S-476 4.18±0.23 20.40±0.68 RHS/Am624 2.75±0.20 18.58±0.65 

FS/G-96 4.33±0.17 19.44±0.65 FS/L 116 2.44±0.25 22.73±0.80 

FS/Rr-74 4.16±0.21 18.16±0.74 FS/L-118 3.15±0.22 21.68±0.75 

FS/Md-289 3.73±0.22 22.43±0.66 T. asperellum 

FS/R-542 3.61±0.18 24.76±0.72 FS/M- 363 3.74±0.17 18.44±0.74 

FS/Th-485 3.82±0.23 23.81±0.73 FS/L-188 3.16±0.26 22.72±0.83 

FS/R-640 3.27±0.18 23.11±0.63 FS/Sd-478 3.77±0.23 20.43±0.74 

FS/R-641 4.31±0.16 24.52±0.67 FS/R-439 4.06±0.17 19.88±0.84 

RHS/T-438 4.25±0.24 18.38±0.74 FS/Th-488 3.11±0.15 22.33±0.76 

RHS/T-600 4.47±0.22 25.41±0.77 RHS/T-341 3.22±0.27 23.76±0.77 

RHS/Cd-606 4.29±0.26 24.14±0.62 RHS/S-561 4.18±0.16 24.63±0.83 

RHS-Am-623 4.18±0.16 21.73±0.80 RHS/Br-634 3.22±0.20 20.11±0.68 

RHS/P-572 4.24±0.23 25.88±0.82 RHS/Cd-601 3.73±0.26 21.12±0.72 

RHS/S-559 4.76±0.16 25.63±0.71 RHS/Cd-604 2.76±0.17 24.10±0.78 

RHS/S-560 4.83±0.25 26.77±0.65 FS/Tn-39 3.76±0.24 23.12±0.68 

RHS/Br-633 4.12±0.22 22.42±0.69 T. erinacium 

T. viride FS/Td-166 3.14±0.21 21.33±0.73 

FS/L-186 3.17±0.13 17.24±0.83 FS/Td-168 3.27±0.20 20.36±0.66 

FS/R-256 3.22±0.17 17.87±0.81 RHS/T-439 4.08±0.16 22.83±0.76 

FS/R-426 3.50±0.18 16.55±0.76 RHS/T-626 4.11±0.25 23.28±0.83 

RHS/T-584 3.16±0.22 18.20±0.84 RHS/Rd-551 4.15±0.22 25.43±0.63 

* Chitinase activity expressed as g N-Acetyl glucosamine released/ ml culture filtrate/h 

(Endo) and g N-Acetyl glucosamine released/ g mycelium /h (Exo) FS=Forest 

soil;RHS=Rhizosphere of soil; RS= Riverrine soil; Values are mean of three replicate 

experiments.±= Standard Error. 

 

Table 11. Potential PSF isolates deposicted to NAIMCC 

Phosphate solubilizing Fungi Code NAIMCC acc.no. 

Aspergillus  clavatus RHS/P 38 NAIMCC-F-01947 

Aspergillus  melleus RS/P 05 NAIMCC-F-01942 

Aspergillus  melleus FS/L-13 NAIMCC-F-01943 

Aspergillus melleus FS/L-17 NAIMCC-F-01944 

Aspergillus melleus FS/L-18 NAIMCC-F-01945 

Aspergillus niger FS/L-04 NAIMCC-F-01939 

Aspergillu niger FS/P-14 NAIMCC-F-01941 

Aspergillus niger FS/L040 NAIMCC-F-01946 

Talaromyces flavus RHS/P 51 NAIMCC-F-01948 
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Table 12. Evaluation of net exocellulase activity of the fungal isolates 

Organism  Isolate Exo and endo 

cellulase activity 

(µg reducing sugar 

produced/ml/h) 

Amount reducing 

sugar due to 

Endocellulase 

activity (µg/ml) 

Net exo- 

cellulase 

activity 

(µg/ml/h) 

T. harzianum FS/C- 149 16.33±0.21 9.66±0.12 6.67±0.23 

 FS/M- 367 14.26±0.16 8.28±0.18 5.98±0.25 

 FS/L-358 15.11±0.22 7.33±0.18 7.78±0.21 

 FS/S-476 14.13±0.31 7.15±0.11 6.98±0.19 

 FS/G-96 14.53±0.36 6.34±0.13 8.19±0.15 

 FS/Rr-74 16.20±0.28 8.22±0.18 7.98±0.24 

 FS/Md-289 18.43±0.27 9.76±0.17 8.67±0.26 

 FS/R-542 16.83±0.19 8.41±0.11 8.42±0.16 

 FS/Th-485 14.20±0.22 8.33±0.19 5.87±0.19 

 FS/R-640 15.34±0.39 7.44±0.16 7.90±0.22 

 FS/R-641 17.42±0.34 9.12±0.12 8.30±0.20 

 RHS/T-438 17.10±0.27 8.73±0.13 8.37±0.13 

 RHS/T-600 16.18±0.25 7.86±0.18 8.32±0.19 

 RHS/Cd-606 16.65±0.21 7.13±0.23 9.52±0.14 

 RHS-Am-623 15.82±0.36 8.11±0.22 7.71±0.21 

 RHS/P-572 15.43±0.32 7.21±0.12 8.22±0.25 

 RHS/S-559 16.73±0.26 9.13±0.11 7.60±0.22 

 RHS/S-560 14.58±0.22 9.44±0.19 5.14±0.14 

 RHS/Br-633 17.42±0.20 9.76±0.13 7.66±0.23 

T. viride FS/L-186 16.32±0.18 7.45±0.15 8.87±0.16 

 FS/R-256 16.73±0.25 9.16±0.21 7.57±0.25 

 FS/R-426 14.36±0.36 7.33±0.22 7.03±0.21 

 RHS/T-584 14.56±0.24 7.18±0.16 7.38±0.24 

 RHS/B-245 17.42±0.17 8.10±0.24 9.32±0.18 

 RHS/G-251 17.36±0.35 8.44±0.15 8.92±0.14 

 RHS/Rd-547 14.88±0.30 9.16±0.18 5.72±0.22 

 RHS/Am-624 13.22±0.27 6.54±0.23 6.68±0.24 

 FS/L 116 13.68±0.27 6.21±0.21 7.47±0.18 

T. asperellum FS/L-118 14.73±0.36 8.16±0.12 6.57±0.12 

 FS/M- 363 15.44±0.24 7.21±0.16 8.23±0.14 

 FS/L-188 16.33±0.19 7.83±0.19 8.50±0.23 

 FS/Sd-478 15.32±0.19 9.54±0.20 5.78±0.12 

 FS/R-439 15.81±0.26 9.21±0.24 6.60±0.11 

 FS/Th-488 15.43±0.33 7.16±0.11 8.27±0.25 

 RHS/T-341 13.20±0.37 6.30±0.16 6.90±0.20 

 RHS/S-561 16.77±0.20 7.56±0.13 9.21±0.15 

 RHS/Br-634 16.21±0.24 7.83±0.23 8.38±0.18 

 RHS/Cd-601 14.55±0.26 6.43±0.22 8.12±0.16 

 RHS/Cd-604 16.57±0.32 8.32±0.15 8.25±0.11 

 FS/Tn-39 16.54±0.33 8.84±0.18 7.70±0.18 

Contd………… 
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Organism  Isolate Exo and endo 

cellulase activity 

(µg reducing 

sugar 

produced/ml/h) 

Amount reducing 

sugar due to 

Endocellulase 

activity (µg/ml) 

Net exo- 

cellulase 

activity 

(µg/ml/h) 

T. erinacium FS/Td-166 12.34±0.55 7.88±0.17 4.46±0.13 

 FS/Td-168 11.44±0.43 6.32±0.22 5.12±0.15 

 RHS/T-439 12.62±0.41 7.18±0.26 5.44±0.11 

 RHS/T-626 13.55±0.38 7.43±0.15 6.12±0.20 

 RHS/Rd-551 11.83±0.35 6.32±0.18 5.51±0.22 

A. niger FS/L04 28.45±0.63 9.56±0.27 18.89±0.58 

 FS/L-40 26.13±0.74 8.73±0.11 17.40±0.33 

 FS/C-140 27.40±0.60 9.22±0.16 18.18±0.26 

 FS/C143 23.76±0.57 6.16±0.25 17.60±0.38 

 FS/Td-165 25.33±0.33 7.22±0.22 18.11±0.41 

 FS/Td-173 27.43±0.61 9.16±0.16 18.27±0.46 

 FS/S-177 22.34±0.69 6.15±0.18 16.19±0.21 

 FS/Rr-140 21.73±0.78 8.12±0.20 13.61±0.52 

 FS/S-112 18.42±0.39 6.63±0.13 09.79±0.33 

 FS/S-113 18.36±0.43 7.10±0.16 11.26±0.36 

 FS/R-262 25.84±0.61 7.36±0.15 18.48±0.28 

 FS/Tn-57 17.86±0.55 6.48±0.28 11.38±0.43 

 FS/Tn-58 26.44±0.72 6.15±0.24 20.29±0.52 

 RHS/P-37 23.62±0.60 9.32±0.16 14.30±0.39 

 FS/G-101 16.75±0.75 7.14±0.13 09.61±0.27 

 FS/L-105 18.33±0.68 6.13±0.11 12.20±0.40 

 FS/L-106 22.45±0.65 6.92±0.21 15.53±0.59 

 FS/L-107 21.83±0.50 7.16±0.25 14.67±0.51 

 FS/L -117 26.55±0.52 8.12±0.20 18.43±0.44 

 FS/L-281 18.16±0.73 6.41±0.16 11.75±0.42 

 FS/S-282 17.84±0.66 6.28±0.25 11.56±0.30 

 FS/S-283 20.55±0.71 7.10±0.21 13.45±0.52 

 FS/Md-284 27.30±0.43 8.12±0.15 19.18±0.55 

 FS/Md-286 21.33±0.48 7.46±0.19 13.87±0.36 

 FS/Md-287 20.16±0.41 6.33±0.26 11.96±0.35 

 FS/Md-365 18.27±0.77 7.15±0.24 11.12±0.24 

 FS/Md-366 18.40±0.43 6.16±0.20 12.24±0.46 

 RHS/P-200 22.36±0.73 9.82±0.16 12.54±0.58 

 RHS/A-82 20.93±0.66 8.20±0.18 12.73±0.53 

 RHS/T-198 26.44±0.62 7.55±0.23 18.89±0.49 

 RHS/T- 272 24.29±0.59 7.16±0.24 17.13±0.36 

 RHS/T-421 18.33±0.70 6.47±0.15 11.86±0.31 

 RHS/T-422 20.76±0.68 6.17±0.13 14.59±0.43 

 RHS/T-580 18.37±0.53 7.15±0.20 11.22±0.50 

Contd………… 
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Organism  Isolate Exo and endo 

cellulase activity 

(µg reducing 

sugar 

produced/ml/h) 

Amount reducing 

sugar due to 

Endocellulase 

activity (µg/ml) 

Net exo- 

cellulase 

activity 

(µg/ml/h) 

A. niger RHS/S-518 23.44±0.78 7.83±0.26 15.61±0.43 

 RHS/S-530 24.32±0.63 9.11±0.33 15.21±0.47 

 RHS/M-401 18.75±0.77 6.76±0.24 11.99±0.56 

 RHS/G-296 23.17±0.62 8.23±0.26 14.94±0.55 

 RHS/G-297 24.43±0.83 8.19±0.32 16.24±0.42 

 RHS/S-518 16.73±0.66 5.33±0.38 11.40±0.36 

 RHS/S-530 22.15±0.72 7.61±0.42 14.54±0.35 

 RHS/Br-570 21.37±0.59 6.18±0.36 15.19±0.40 

 RHS/Cd-610 17.40±0.54 7.33±0.30 10.07±0.48 

 RHS/R-548 21.43±0.55 6.28±0.20 15.15±0.55 

 RHS/A-30 21.82±0.63 8.25±0.25 13.57±0.43 

 RHS/A-33 20.77±0.68 8.36±0.37 12.41±0.42 

 RHS/P-45 24.63±0.77 8.12±0.34 16.51±0.50 

 RHS/P-48 25.36±0.58 9.15±0.47 16.21±0.33 

 RHS/D-280 18.54±0.53 5.32±0.43 13.22±0.36 

 RHS/T-581 20.29±0.64 6.36±0.40 13.93±0.42 

 RS/B-160 22.18±0.60 7.10±0.38 15.08±0.30 

 RS/P/14 17.45±0.51 6.22±0.39 11.23±0.38 

 RS/Md-288 24.71±0.74 8.28±0.22 16.43±0.41 

 RS/T-137 25.44±0.70 9.15±0.26 16.29±0.28 

 RS/B-164 20.18±0.48 5.77±0.36 14.41±0.51 

 RS/Re-231 21.46±0.69 6.11±0.28 15.35±0.43 

  RS/Re-235 20.74±0.55 7.76±0.44 12.98±0.37 

A. melleus FS/L-42 15.43±0.52 5.48±0.29 09.95±0.42 

 FS/L-13 16.77±0.70 6.10±0.33 10.67±0.48 

 FS/L-17 24.35±0.63 7.38±0.39 16.97±0.52 

 FS/L-18 23.73±0.62 7.62±0.30 16.11±0.46 

 FS/G-226 17.88±0.46 6.91±0.34 10.97±0.35 

 FS/S-64 15.60±0.50 5.83±0.26 09.77±0.36 

 FS/L-41 21.76±0.63 6.22±0.34 15.54±0.44 

 FS/S -63 15.82±0.66 5.13±0.26 10.69±0.38 

 FS/S-24 18.16±0.71 5.44±0.37 12.72±0.33 

 FS/S-278 17.16±0.52 6.25±0.32 10.91±0.50 

 RHS/T-449 17.50±0.43 6.13±0.28 11.37±0.47 

 RHS/T-450 16.32±0.46 5.13±0.20 11.19±0.38 

 RHS/T-274 25.18±0.58 8.80±0.38 16.38±0.36 

 RHS/T-275 22.37±0.52 9.81±0.33 12.56±0.41 

 RHS/T-402 20.59±0.63 7.16±0.35 13.43±0.30 

Contd…………. 
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Organism  Isolate Exo and endo 

cellulase activity 

(µg reducing 

sugar 

produced/ml/h) 

Amount reducing 

sugar due to 

Endocellulase 

activity (µg/ml) 

Net exo- 

cellulase 

activity 

(µg/ml/h) 

A. melleus RHS/T-331 17.36±0.53 5.43±0.23 11.93±0.53 

 RHS/T-332 15.42±0.43 7.22±0.20 08.20±0.44 

 RHS/S-303 20.44±0.55 8.36±0.34 12.08±0.58 

 RHS/Cd606 14.32±0.43 5.66±0.25 08.66±0.43 

 RHS/R-549 15.78±0.64 5.42±0.32 10.36±0.56 

 RHS/Am-34 16.73±0.42 5.16±0.21 11.57±0.48 

 RHS/R-12 26.78±0.52 8.31±0.27 18.47±0.41 

 RHS/P-201 20.14±0.44 7.16±0.32 12.98±0.56 

 RHS/P-202 18.33±0.63 6.38±0.33 11.95±0.55 

 RHS/P-205 16.54±0.56 5.63±0.21 10.91±0.30 

 RS/R-115 16.11±0.62 5.32±0.26 10.79±0.41 

 RS/T-182 17.44±0.66 7.15±0.22 10.29±0.33 

 RS/T-183 21.27±0.54 8.73±0.32 12.54±0.47 

 RS/P -61 18.39±0.44 7.32±0.28 11.07±0.43 

 RS/P-05 25.44±0.42 7.57±0.44 17.78±0.68 

 RS/T-236 16.73±0.52 5.41±0.27 11.32±0.54 

 RS/M-368 15.82±0.32 5.88±0.22 09.94±0.43 

A. fumigatus FS/R-263 17.45±0.33 5.23±0.43 12.22±0.37 

 FS/R-264 13.46±0.36 5.16±0.36 08.30±0.33 

 RHS/P-209 15.78±0.42 7.43±0.24 08.35±0.27 

 RHS/B-220 14.28±0.37 6.82±0.42 07.46±0.22 

 RHS/P-43 13.91±0.55 5.67±0.26 08.24±0.34 

 RHS/T-585 16.25±0.42 6.17±0.28 10.08±0.44 

 RHS/T-586 16.10±0.38 7.91±0.21 08.19±0.47 

 RHS/T-588 14.33±0.45 5.21±0.25 09.12±0.27 

 RHS/T-531 17.81±0.40 6.33±0.28 11.48±0.44 

A. clavatus RHS/P-114 13.27±0.51 5.11±0.33 08.16±0.28 

 FS/Rv-323 21.37±0.33 7.21±0.33 14.16±0.36 

 FS/Rv-330 23.41±0.73 6.56±0.35 16.85±0.57 

 RHS/T-99 18.72±0.30 6.10±0.26 12.62±0.54 

 RHS/T-190 17.38±0.43 6.33±0.27 11.05±0.36 

 RHS/P -56 18.52±0.63 7.32±0.38 11.20±0.47 

 RHS/P -54 23.56±0.88 7.18±0.43 16.38±0.36 

 RHS/P-38 26.32±0.63 8.54±0.33 17.78±0.47 

 RHS/T-383 21.22±0.74 6.43±0.27 14.79±0.50 

 RHS/T-386 22.57±0.65 5.80±0.20 16.77±0.54 

 RHS/Cd-

601 

18.36±0.62 5.16±0.36 13.20±0.44 

 RHS/A-77 20.11±0.60 7.83±0.30 14.28±0.58 

 RS/B-163 21.59±0.58 8.32±0.28 13.27±0.42 

Contd……… 
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Organism  Isolate Exo and endo 

cellulase activity 

(µg reducing 

sugar 

produced/ml/h) 

Amount reducing 

sugar due to 

Endocellulase 

activity (µg/ml) 

Net exo- 

cellulase 

activity 

(µg/ml/h) 

A. nidulans FS/Lv-354 12.46±0.36 5.33±0.12 7.13±0.33 

 FS/P-214 14.21±0.32 6.24±0.18 7.97±0.26 

 FS/P-215 10.56±0.37 4.33±0.22 6.23±0.22 

 FS/S-457 12.16±0.44 5.12±0.12 7.04±0.37 

 FS/S-459 12.38±0.45 6.13±0.24 6.25±0.31 

 RHS/T-453 14.53±0.30 5.21±0.26 9.32±0.38 

 RHS/T-389 14.27±0.27 5.18±0.21 9.09±0.20 

 RHS/G-299 11.34±0.23 4.33±0.35 7.01±0.24 

 RHS/Br-579 10.26±0.21 4.73±0.27 5.53±0.31 

 RHS/A-79 10.93±0.26 5.44±0.25 5.49±0.35 

 RS/T-59 14.66±0.37 7.16±0.18 7.50±0.26 

 RS/P-60 11.32±0.31 4.72±0.15 6.60±0.35 

P. digitatum FS/S-109 15.27±0.36 7.16±0.22 8.11±0.26 

 FS/Rv-317 16.43±0.22 8.54±0.28 7.89±0.37 

 FS/La-185 16.73±0.27 7.11±0.35 9.62±0.25 

 RHS/R-515 13.28±0.51 5.73±0.33 7.55±0.26 

 RHS/T-455 17.14±0.57 8.21±0.28 8.93±0.18 

 RHS/T-590 15.20±0.30 6.37±0.17 8.83±0.17 

 RHS/C-338 17.44±0.46 8.10±0.25 9.34±0.33 

 RS/T-285 13.26±0.53 4.18±0.20 9.08±0.34 

 FS/Lv-355 12.44±0.48 4.73±0.22 7.71±0.26 

  FS/S-67 16.73±0.33 6.11±0.35 10.62±0.46 

 FS/S-459 14.56±0.42 5.26±0.30 09.30±0.36 

 RHS/R-505 15.63±0.47 5.18±0.21 10.45±0.32 

 RHS/T-437 14.30±0.37 3.16±0.18 11.14±0.36 

P. italicum RHS/T-594 16.50±0.47 5.11±0.32 11.39±0.42 

 RHS/M-403 18.32±0.52 7.12±0.27 11.20±0.36 

 RHS/P-414 18.16±0.55 6.80±0.20 11.36±0.22 

 RHS/R-555 15.33±0.41 5.42±0.26 09.91±0.18 

P.  FS/L-265 17.21±0.46 5.43±0.37 11.78±0.26 

crysogenum FS/G-97 18.37±0.32 6.32±0.32 12.02±0.20 

 RHS/T-269 19.43±0.37 7.32±0.25 12.11±0.26 

 RHS/T-271 17.48±0.42 6.71±0.26 10.77±0.22 

 RHS/C-312 15.13±0.48 4.28±0.22 10.85±0.18 

  RS/Re-230 16.44±0.50 5.43±0.31 11.01±0.24 

T. flavus RHS/P-50 24.73±0.56 8.36±0.36 16.37±0.33 

 RHS/P-51 28.21±0.53 7.12±0.20 21.09±0.38 

 RHS/P-54 27.28±0.65 8.44±0.26 18.84±0.30 

 RHS/P-120 22.46±0.44 6.02±0.21 16.44±0.28 

FS=Forest soil;RHS=Rhizosphere of soil; RS= Riverrine soil;*Tricalcium phosphate; ** Rock 

Phosphate; Values are mean of three replicate experiments.±= Standard Error. 
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4.3. Antagonistic activity of the fungal isolates against selected pthytopathogens 

4.3.1. Antagonistic effect of Talaromyces flavus RHS/P-51 

4.3.1.1. Inhibition in solid medium  

One isolate designated as RHS/P-51 obtained from Paddy rhizosphere which showed 

phosphate solubilizing activity in vitro was tested for its efficiency in inhibiting a 

number of fungal pathogens.  The interactions in the inhibition in percentage were 

recorded and enlisted in Results revealed that T.flavus RHS/P-51 could successfully 

inhibit the pathogens like S. rolfsii, T.cucumeris, R. solani and M. phaseolina where 

the inhibition percentage ranged from 79.86 to 86.86 % (Table 13; Fig. 15 A-F). 

4.3.1.2. Inhibition by culture filtrate 

Effect of T. flavus RHS/P-51in solid medium was successfully tested in dual Fig. 

culture. The effect of culture filtrate in inhibiting one of the most notorious root 

pathogen S. rolfsii in terms of inhibition of germination of sclerotia was tested. 

Sclerotial germination of S. rolfsii with cell free culture filtrates of T. flavus showed 

90-95 % inhibition in comparison to control (Fig. 15 G-I). 

 

Table 13. Inhibition of phytopathogenic test fungi by T. flavus RHS/P-51 in vitro 

Interacting Microorganisms Diameter of fungal colony 

after 7 days growth(cm) 

% of 

Inhibition 

Sclerotium rolfsii  8.73 - 

S. rolfsii + T. flavus RHS/P-51 1.15 86.82 

Thanatephorus cucumeris 8.76 - 

T. cucumeris + T. flavus RHS/P-51 1.38 84.24 

Rhizoctonia solani 7.45 - 

R. solani + T. flavus RHS/P-51 1.50 79.86 

Macrophomina phaseolina  8.26 - 

M. phaseolina + T. flavus RHS/P-51 1.65 80.00 
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Fig. 15. Inhibition of root pathogens Talaromyces flavus (RHS/P-51), Macrophomina 

phaseolina (A), Thanetophorus cucumeris (B) and Sclerotium rolfsii (C); In hibition of 

M. phaseolina, T. cucumeris and S. rolfsii in dual plate culture assay (D-F) and 

inhibition of sclerotia of S. rolfsii by culture filtrate of T. flavus in Sclerotia germination 

bioassay (G-I); Control (G) Inhibition by culture filtrate (Crude) (H) and diluted (1:1) 

(I). 

4.3.2. Antagonistic effect of Trichoderma isolates  

 4.3.2.1. Inhibition in solid medium 

A total of twenty six T. harzianum isolates, ten T. viride isolates, thirteen T. 

asperellum isolates and five T. erinacium isolates were obtained from different 

sources of Darjeeling hills. All these isolates were initially tested for their 

antagonistic effects against the fungal plant pathogens (S. rolfsii and T. cucumeris) in 

vitro (Fig. 16). For each of the antagonistic test fungal isolates, 5 mm agar disc taken 

from 5 days old culture and placed at the periphery of the 90 mm culture Fig.s. Then 
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same size of another agar disc of selected phytopathogens was similarly placed at the 

periphery but on the opposing end of the same Perti dish. The percent inhibition in 

the radial colony growth was calculated by the following formula:   

Per cent inhibition = C – T/ C ×100 

Where, C = Radial growth in control set; T = Radial growth in treated set. 

Their interactions in the inhibition in percentage were recorded and enlisted in 

Table14; Fig. 16. The overall interactions showed that the isolates of T. harzianum 

were more efficient in inhibiting the tested fungal pathogens in vitro. However, 

among the T. harzianum isolates, isolate RHS/S-559 and RHS/S-560 showed 

maximum inhibitory activities similarly among the T. asperellum isolates, RHS/S-

561showed maximum inhibitory effects. Among the T. erinaceium isolates the 

maximum inhibitory effect was recorded in case of RHS/T-439 and among the T. 

viride isolates, FS/L-186 showed maximum inhibitory activities. 

Interactions of the antagonists and fungal pathogens were also studied with the help 

of scaning electron microscopy. The SEM micrographs revealed that the 

Trichoderma mycelium profusely parasitizes the pathogen mycelium and inhibits is 

growth. On the later stage of growth the pathogen is completely overgrown by the 

antagonists (Fig. 17). 

4.3.2.2. Inhibition by culture filtrate 

Growth of test pathogens in culture filtrate of antagonists was determined with the 

help of culture filtrate assay. The mycelial weight of fungal pathogens grown in 

culture filtrate of antagonists was compared with that of control sets and percent 

inhibition was determined. Results presented in Table 15 shows that the mycelial 

growth of S. rolfsii was reduced by 75 % when grown in culture filtrate of T. 

harzianum RHS/S-560 whereas the mycelial growth of T. cucumeris was reduced by 

72% by T. harzianum RHS/S-559. Similarly mycelial growth of S. rolfsii was 

reduced by 69 % and the mycelial weight of T. cucumeris was reduced by 66 % when 

grown in the culture filtrate of T. asperellum RHS/S-561. Mycelial weight of S. 

rolfsii and T. cucumeris was also reduced by 67%  when grown in the culture filtrate 

of T. viride FS/L-116 and RHS/G-251. The mycelial weight of both the pathogens 

was also reduced by 67% when grown in culture filtrate of T. erinaceium RHS/T- 

626.  
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Table 14. Inhibition of pthytopathogens by Trichoderma isolates 

Isolate Colony Diam. (mm) Colony Diam. (mm) 

Trichoderma 

harzianum 

T. sp Sr Inhibition 

% 

T. sp Tc Inhibition 

% 

FS/C- 147 64 21 67.18 62 27 56.45 

FS/C- 149 62 18 70.96 64 26 59.37 

FS/M- 367 65 15 76.92 60 26 56.66 

FS/L-358 65 17 73.84 58 23 60.34 

FS/S-476 61 22 63.93 55 18 67.27 

FS/S-477 60 24 60.00 54 20 61.81 

FS/G-94 63 15 76.19 53 22 58.49 

FS/G-96 60 20 66.66 61 24 60.65 

FS/Rr-74 66 23 65.15 63 18 71.42 

FS/Md-289 58 23 60.34 56 20 64.28 

FS/R-542 61 17 72.13 55 22 60.00 

FS/Th-485 62 25 59.67 58 22 65.45 

FS/Th-490 60 23 61.66 60 25 58.33 

FS/R-640 66 18 72.72 61 17 72.13 

FS/R-641 63 16 74.60 63 27 57.14 

RHS/T-438 60 18 70.00 60 22 63.33 

RHS/T-600 64 23 64.06 62 24 61.29 

RHS/Cd-606 63 20 68.25 55 20 63.63 

RHS/T-424 62 17 72.58 57 23 59.64 

RHS-Am623 61 20 67.21 63 27 57.14 

RHS/P-572 60 26 56.66 57 20 64.91 

RHS/B-243 63 24 61.90 64 21 67.18 

RHS/G-249 57 18 68.42 61 22 63.93 

RHS/S-559 68 13 80.88 67 15 77.61 

RHS/S-560 65 12 81.53 64 13 79.68 

RHS/Br-633 62 21 66.12 65 24 63.07 

Trichoderma asperellum 

FS/L-118 53 18 66.03 62 24 61.29 

FS/M- 363 55 22 60.00 65 18 72.30 

FS/L-188 57 24 57.89 68 25 63.23 

FS/Sd-478 52 25 51.92 58 20 51.72 

FS/R-439 56 17 69.64 62 23 62.90 

FS/Th-488 55 18 67.27 63 25 60.31 

RHS/T-341 58 17 70.68 64 20 68.75 

RHS/S-561 63 13 79.36 61 25 59.01 

RHS/Br-634 58 18 68.96 58 26 55.17 

RHS/Cd-601 62 14 77.41 63 25 60.31 

RHS/Cd-604 60 23 61.66 58 20 65.51 

FS/Tn-39 58 22 62.06 55 23 58.18 

T.sp=Trichoderma spp; Sr= Sclerotium rolfsii; Tc=Thanatephorus cucumeris 

 

Contd……… 
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Isolate Colony Diam. (mm)  Colony Diam. (mm) 

Trichoderma 

viride 

T.sp Sr Inhibition 

% 

T.sp Tc Inhibition 

% 

FS/L-186 55 22 66.03 57 17 70.17 

FS/R-256 58 21 63.79 62 18 70.96 

FS/R-426 53 22 58.49 58 22 62.06 

RHS/T-584 57 25 56.14 60 24 60.00 

RHS/B-245 55 26 52.72 56 18 67.85 

RHS/G-251 54 22 59.25 61 16 73.77 

RHS/Rd-547 51 21 58.82 56 21 62.50 

RHS/Am624 52 18 65.38 58 18 68.96 

FS/L 116 55 20 63.63 63 20 68.25 

Trichoderma erinacium 

FS/Td-166 53 18 66.03 58 18 68.96 

FS/Td-168 56 22 60.71 62 25 59.67 

RHS/T-439 54 17 68.51 60 24 60.00 

RHS/T-626 50 21 58.00 56 20 64.28 

RHS/Rd-551 55 18 67.27 61 24 60.65 

T. sp=Trichoderma spp.; Sr=Sclerotium rolfsii; Tc=Thanatephorus 

cucumeris 

 

 

Table 15. Inhibition of mycelial growth of S. rolfsii and T. cucumeris by 

culture filtrate of Trichoderma isolates 

Isolate Sclerotium rolfsii Thanetophorus cucumeris  

 Mycelial dry 

weight (g) 

Inhibition 

% 

Mycelial dry 

weight (g) 

Inhibition 

% 

Trichoderma harzianum 

Control 1.23 - 1.43 - 

FS/C- 147 0.44 64.22 0.52 63.63 

FS/C- 149 0.45 63.41 0.66 53.84 

FS/M- 367 0.38 69.10 0.61 57.34 

FS/L-358 0.54 56.09 0.63 55.94 

FS/S-476 0.46 62.60 0.67 53.14 

FS/S-477 0.51 57.77 0.55 61.53 

FS/G-94 0.52 57.72 0.51 64.33 

FS/G-96 0.55 55.28 0.64 55.24 

FS/Rr-74 0.48 60.97 0.65 54.54 

FS/Md-289 0.43 65.04 0.63 55.94 

FS/R-542 0.42 65.85 0.56 60.83 

FS/Th-485 0.57 53.65 0.45 68.53 

FS/Th-490 0.46 62.60 0.48 66.43 

FS/R-640 0.44 64.22 0.66 53.84 

FS/R-641 0.50 59.34 0.63 55.94 

Cont……… 
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Isolate Sclerotium rolfsii  Thanetophorus cucumeris 

 Mycelial dry 

weight (g) 

Inhibition 

% 

Mycelial dry 

weight (g) 

Inhibition 

% 

RHS-Am-623 0.47 61.78 0.48 66.43 

RHS/P-572 0.56 54.47 0.63 55.94 

RHS/B-243 0.54 56.09 0.66 53.84 

RHS/G-249 0.41 66.66 0.67 53.14 

RHS/S-559 0.33 73.17 0.40 72.02 

RHS/S-560 0.30 75.60 0.42 70.62 

RHS/Br-633 0.40 67.47 0.63 55.94 

Trichoderma asperellum 

Control 1.26 - 1.50 - 

FS/L-118 0.62 50.79 0.62 58.66 

FS/M- 363 0.60 52.38 0.68 54.66 

FS/L-188 0.58 53.96 0.60 60.00 

FS/Sd-478 0.55 56.34 0.66 56.00 

FS/R-439 0.50 60.31 0.57 62.00 

FS/Th-488 0.57 54.76 0.55 63.33 

RHS/T-341 0.53 57.93 0.63 58.00 

RHS/S-561 0.38 69.84 0.51 66.00 

RHS/Br-634 0.62 50.79 0.68 54.66 

RHS/Cd-601 0.42 66.66 0.60 60.00 

RHS/Cd-604 0.44 65.07 0.59 60.66 

FS/Tn-39 0.50 60.31 0.65 56.66 

 

 

4.3.3. Deposition of potential biocontrol agents to the National Agriculturally 

Important Culture Collection (NAIMCC) 

The most potential Trichoderma isolates which were initially identified on the basis 

of their morphological and microscopical character were deposited to the National 

Agriculturally Important Microbial Culture Collection (NAIMCC) of National 

Bureau of Agriculturally Important Microorganisms (NBAIM), Maunath Bhnjan, 

UP,  and their accession numbers have been provided in Table 16.  
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Fig. 16. Inhibition of S. rolfsii and T. cucumeris in dual plate culture assay by 

Trichoderma isolates. 
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Fig. 17.  Scaning Electrom Micrograph of fungal hyphae showing interactions 

between antagonists and fungal pathogens. Control S. rolfsii (A); S. rolfsii and               

T. harzianum (C); Control T. cucumeris (B); T. cucumeris and T. harzianum (D). Red 

arrows indicate  antagonists mycelium supercoiling around the mycelium of fungal 

pathogens and white arrows indicate pathogen mycelium. 

 

 

Table 16. Potential BCA isolates deposicted to NAIMCC 

Isolates  Code NAIMCC acc.no. 

Trichoderma erinaceum  FS/L-20 NAIMCC-F-01949 

Trichoderma erinaceum  FS/S-474 NAIMCC-F-01960 

Trichoderma erinaceum  FS/S-475 NAIMCC-F-01953 

Trichoderma erinaceum  FS/S-478 NAIMCC-F-01954 

Trichoderma harzianum  RHS/S 560 NAIMCC-F-01966 

Trichoderma asperellum  RHS/S 561 NAIMCC-F-01967 

Trichoderma asperellum  RHS/S 559 NAIMCC-F-01968 
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4.4. In vitro screening of Bacterial isolates for plant growth promoting activities  

4.4.1. Phosphate solubilization, HCN, Siderophore, IAA and ACC deaminase 

production 

 A total of 135 bacterial isolates were obtained from various sources of 

Darjeeling hills. All these isolates were primarily screened for phosphate solubilizing 

activity in PVK solid medium where the formation of halo zone around the bacterial 

colony indicated their activity (Fig. 18). Similarly all the phosphate solubilizing 

isolates were screened for Siderophore and HCN production. The results of this 

preliminary screening presented in Table 17 shows that 48 isolates solubilized 

phosphate, 27 isolates showed positive teats for Siderophore production and nine 

isolates produced HCN. Finally eight bacterial isolates (BRHS/C-1; BRHS/P-22; 

BRHS/R-71; BRHS/R-72; BRHS/S-7; BRHS/P-91; BRHS/P-92 and BRHS/B-104) 

which showed positive results for the most important PGPR characters like 

phosphate solubilization, Siderophore and HCN production were selected for further 

evaluation (Fig. 19). 

4.4.2. Phosphate solubilization, IAA production and ACC deaminase activities 

in liquid medium 

A total of 48 bacterial isolates were found to solubilize phosphate when screened on 

solid medium . All these isolates were then subjected to three main PGPR tests 

conducted in liquid broth medium. For quantification of phosphate solubilization in 

liquid medium, all the isolates were grown in modified PKV broth medium 

supplemented with Rock phosphate and Tricalcium Phosphate. The results revealed 

that isolate BRHS/S-73 could solubilize maximum amount of rock and tricalcium 

phosphate followed by BRHS/C-1, BRHS/R-71, BRHS/R-72, BRHS/P-91, BRHS/P-

92 and BRHS/B-104 (Fig. 20). All these isolates were also found to produce IAA and 

ACC deaminase (Table 17).  

4.4.3. Antagonism against fungal pathogens  

All the seven bacterial isolates that showed positive result for all the tested PGPR 

characteristics were tested for their antifungal activities against the fungal pathogens 

Sclerotium rolfsii, Thanatophorous cucumeris, Rhizoctonia solani and 

Macrophomina phaseolina. Their interactions and percent inhibition has been 

presented in Table 18; Fig. 21. 

 

 



152 
 

 

 

 

 

Fig. 18. Evaluation of Phosphate solubilization by bacterial isolates on PKV solid 

medium. 
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Fig. 19. Characterization of bacterial isolates for PGPR activities in vitro. 

Siderophore production (A-F); Starch hydrolysis (G-L); Chitinase production (M-R);  

HCN production (S-U); Protease production (V-X). 
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Table 17. Quantification of Phosphate solubilizing, IAA production and ACC deaminase production of bacterial isolates in modified liquid broth medium 

 

Isolate 

ACC 

Deaminase* 

IAA 

(mg/L) 

Phosphate solubilized 

(µg/ml) 

 

Isolate 

ACC 

Deaminase* 

IAA 

(mg/L) 

Phosphate solubilized 

(µg/ml) 

TCP** RP*** TCP** RP*** 

BRHS/C-1 20.60 24.55±2.4 765.66±11.5 434.33±10.8 BRS/T-58 - - 481.55±12.3 329.68±12.6 

BRHS/C-2 - 16.22±1.4 612.44±09.4 212.37±07.4 BRS/T-60 - - 375.25±12.7 298.55±14.4 

BRHS/C-5 - - 429.66±10.8 317.33±10.4 BRHS/R-71 12.22 10.42±1.1 355.12±12.8 287.36±11.2 

BRHS/C-6 - - 404.66±11.0 278.33±08.4 BRHS/R-72 16.42 8.43±1.7 370.55±11.3 278.55±11.3 

BRHS/M-10 - - 416.44±12.4 308.42±07.4 BRHS/S-73 40.63 31.47±3.7 837.33±9.4 411.67±4.7 

BRHS/M-17 - 18.43±1.3 630.33±12.6 383.33±12.5 BRHS/S-74 - - 601.46±7.8 328.33±8.5 

BRHS/M-18 - 12.66±1.1 655.66±13.8 354.66±12.6 BRHS/S-75 - - 421.32±6.5 213.53±9.9 

BRHS/M-19 - - 428.22±11.6 310.44±12.5 BRHS/S-79 - - 518.25±4.6 283.16±5.3 

BRHS/M -21 - - 513.88±10.5 203.44±10.4 BRHS/S-80 - - 602.18±4.3 349.24±9.0 

BRHS/P-22 20.20 24.22±1.5 506.29±11.4 316.98±10.8 BRHS/S-81 - 16.3±1.3 657.68±5.9 308.32±7.5 

BRHS/P-25 - 16.43±1.5 605.66±12.9 426.33±13.3 BRHS/S-82 - - 322.72±8.4 121.81±06.3 

BFS/M-26 - 18.22±1.2 488.55±13.0 297.66±12.4 BRHS/S-83 - - 259.33±6.8 125.47±04.1 

BFS/M-28 - 11.43±1.1 346.33±12.1 290.33±12.8 BRHS/S-84 - - 513.44±5.2 172.74±08.6 

BFS/M-29 - - 422.33±17.5 279.66±11.6 BRHS/S-86 - 18.27±3.2 518.25±4.7 283.16±05.3 

BFS/S-34 - - 362.66±17.8 272.33±10.7 BRHS/S-89 - 9.27±0.3 563.12±6.8 218.18±05.8 

BFS/S-35 - - 474.33±14.9 269.66±11.2 BRHS/S-90 - 14.35±1.4 606.66±5.2 324.27±07.4 

BRS/Mr-37 - - 440.58±15.3 280.33±13.4 BRHS/P-91 15.83 13.44±1.5 702.36±11.8 384.56±07.4 

BRS/Mr-38 - - 363.66±11.4 298.33±14.8 BRHS/P-92 18.62 - 714.66±12.4 345.75±08.9 

BRS/Mr-39 - - 518.22±11.3 281.55±13.7 BRHS/B-98 - - 511.28±11.6 212.44±06. 

BRS/Mr-40 - - 445.78±10.4 235.88±11.5 BRHS/B-99 - - 487.0±10.1 215.43±08.6 

BRS/Mr-42 - 7.82±1.2 368.67±11.5 272.45±14.3 BRHS/B-104 17.14 23.44±1.5 782.33±11.4 387.65±07.6 

BFS/Md-46 - 12.44±1.6 345.23±10.7 248.55±14.8 BRS/R-119 - 10.46±1.7 564.20±10.5 213.45±08.3 

BFS/Md-55 - - 312.85±13.8 326.22±13.3 BRS/R-121 - - 463.22±10.4 255.15±06.5 

BFS/Md-56 - - 452.77±11.5 348.55±12.7 BFS/C-133 - - 212.43±10.1 352.18±08.2 

*ACC deaminase activity expressed as -α-ketobutyrate/ mg/h, **TCP=Tricalcium Phosphate (Total P-920 mg/L) ***RP=Rock Phosphate (Total 

P-592 mg/L); -= Activity not detected; Data average of three replicate experiments ±= SE 
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Fig. 20. In vitro antifungal activities of PGPR isolates tested against S. rolfsii and                 

T. cucumeris. 
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Table 18.  In vitro pairing of  bacterial isolates with phyto- pathogens for evaluations of  

antifungal activities 

 

Interacting microorganisms 

Diameter of fungal 

colony after 7 days 

growth(cm) 

% of 

Inhibition 

Sclerotium rolfsii 8.40±0.14 - 

S. rolfsii + B. pumilus (BRHS/C-1) 1.35±0.13 83.92±1.82 

S. rolfsii +E. cloacae (BRHS/R-71) 2.43±0.25 71.07±1.44 
S. rolfsii +P. ploymyxa (BRHS/R-72) 2.46±0.22 70.71±1.27 
S. rolfsii + B. altitudinis (BRHS/S-73) 1.80±0.12 78.50±1.40 
S. rolfsii +B. methylothophicus (BRHS/P-91) 2.25±0.11 73.21±1.18 
S. rolfsii +Bukholderia sp. (BRHS/P-92) 2.10±0.14 75.00±1.62 

S. rolfsii +B. aerophilus (BRHS/B-104) 2.00±0.12 76.19±1.14 

Thanatephorus cucumeris 8.60±0.12 - 

T. cucumeris +  B. pumilus (BRHS/C-1) 1.90±0.15 77.90±1.16 
T. cucumeris + E. cloacae (BRHS/R-71) 2.56±0.09 70.23±1.24 
T. cucumeris + P. ploymyxa (BRHS/R-72) 2.33±0.11 72.90±1.22 
T. cucumeris + B. altitudinis (BRHS/S-73) 2.10±0.08 75.50±1.40 

T. cucumeris + B. methylothophicus (BRHS/P-91) 2.77±0.15 67.79±1.63 
T. cucumeris + Bukholderia sp. (BRHS/P-92) 2.25±0.18 73.83±1.44 
T. cucumeris + B. aerophilus (BRHS/B-104) 2.50±0.15 70.93±1.26 

Rhizoctonia solani 8.50±0.11 - 

R. solani +  B. pumilus (BRHS/C-1) 1.73±0.13 79.64±1.33 

R. solani + E. cloacae (BRHS/R-71) 3.4±0.22 60.00±1.43 
R. solani + P. ploymyxa (BRHS/R-72) 3.12±0.18 63.29±1.16 

R. solani + B. altitudinis (BRHS/S-73) 2.80±0.13 67.05±1.40 
R. solani + B. methylothophicus (BRHS/P-91) 3.10±0.20 63.52±1.25 

R. solani + Bukholderia sp. (BRHS/P-92) 2.95±0.16 65.29±1.30 
R. solani + B. aerophilus (BRHS/B-104) 3.16±0.17 62.82±1.28 
Macrophomina phaseolina 8.6±0.08 - 

M. phaseolina +  B. pumilus (BRHS/C-1) 1.83±0.15 78.72±1.88 
M. phaseolina + E. cloacae (BRHS/R-71) 2.44±0.17 71.62±1.82 

M. phaseolina + P. ploymyxa (BRHS/R-72) 2.50±0.14 70.93±1.45 
M. phaseolina + B. altitudinis (BRHS/S-73) 2.20±0.08 74.40±1.30 
M. phaseolina + B. methylothophicus (BRHS/P-91) 2.62±0.18 69.53±1.38 

M. phaseolina + Bukholderia sp. (BRHS/P-92) 2.33±0.13 72.90±1.74 
M. phaseolina + B. aerophilus (BRHS/B-104) 2.25±0.11 73.83±1.84 
Values are mean of three replicate experiments.±= Standard Error. 

 

 

4.5. Morphological and Scanning Electronic Microscopic studies 

 For morphological and scanning electron microscopic studies of the fungal 

isolates 7 -10 days sporulated cultures were used to study the spore type, size and 

ornamentation. The scanning microscopic studies of one of the most potential 

phosphate solubilizing and biocontrol isolate, Talaromyces flavus (RHS/P-51) was 

conducted. The SEM studies of dominant biocontrol agents like Trichoderma 
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harzianum, T. asperellum, T. viride and   T. erinaceum were conducted apart from 

this, SEM studies of some potential PGPR like Bacillus pumilus, B. altitudinis, 

Paenibacillus polymyxa and Enterobacter cloacae were conducted to study the 

morphological variation among the PGPR isolates.   

4.5.1. PSF isolates 

Among the most phosphate solubilizing fungal isolate obtained from different 

sources, one isolate T. flavus RHS/P-51was selected as potential PGPF. In order to 

identify this isolate on the basis of morphological characters, scanning electron 

microscopic studies were conducted. Scanning electron microscopic observation of 

the ascospores of T. flavus revealed that they are ellipsoid, 4-5 µm in length and 

spinulose.  Spines were irregularly disposed on the surface which gives the 

ascospores a warty appearance (Fig. 21). Spiny wall character of ascospores is 

reported to be one of the identifying characters for identification for Talaromyces 

flavus.   

4.5.2. BCA isolates 

Scaning electron microscopic studies of the most dominant Trichoderma isolates 

were conducted to study the structural variations among them. The most dominant 

Trichoderma isolates includes, T. harzianum, T. asperellum, T. erinaceum and T. 

viride. 

The Scanning Electron Micrographic description of the isolates are as follows:  

Trichoderma harzianum: Scanning Electron Microscopic examination of the 

conidial structure of T. harzianum (RHS/S-561) revealed that the conidia were borne 

on branched phialides. Phialides are broad at the and slightly tappers at the apical 

portion bearing conidia in cluster. 6.5-6.7 μm long, 2.5-3.5μm wide at the widest 

point 1.6-2.5 μm at the base; supporting cell 2.4-3.6 μm. Conidia globose to sub 

globose in shape with a diameter 3.5 X 4.0 µm in diameter. Conidial surface smooth 

(Fig. 22 A & B). 

Trichoderma asperellum: Scanning Electron Microscopic examination of the 

conidial structure of T. asperellum (RHS/S-559) revealed that Conidiophores or 

phialides are fertile along their length and appear as plumes, regularly branched, with 

lateral branches being more or less uniformly spaced and paired, the longest branches 

occurring the farthest from the tip. Phialides form at the tips of branches in 

verticillate or 'cruciate whorls,' Phialides are straight and tend to be slightly wider in 

the middle than at the base. Conidia are more ovoidal and round and warty. Warts are 
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slightly more irregular and pyramidal and are unevenly dispersed and parts of 

individual conidia are smooth 1.5 X 2 µm in diameter (Fig. 22C&D). 

Trichoderma erinaceum: Scanning Electron Microscopic examination of the 

conidial structure of T. erinaceum (RHS/ 475) revealed that the phialides are 

regularly branched and shows pyramidal arrangement. Each phialide is broadened at 

the base and tapers at the tip consisting smooth rounded conidia is cluster. The 

branching of the phialides are irregular and are distantly apart from each other.  

Conidia in whorls, ellipsoidal, smooth, 34.5μm X 3μm in diameter (Fig. 22 E & F). 

Trichoderma viride: Scanning Electron Microscopic examination of the conidial 

structure of T. viride (RHS/ 478) revealed that the phialides that protrude from the 

main hyphae tend to be fertile only at the tip and are only sparingly produced along 

the main axis, branch irregularly, with lateral branches formed at regular intervals 

along the main axis or infrequently paired. Phialides form singly or in cruciate 

whorls. Phialides are straight, markedly sinuous or hooked and are almost 

cylindrical. Conidia roughly ornamented, oval, broadly rounded warts which are 

evenly distributed. The conidia average 4.1 x 3.4 μm in diameter (Fig. 22G&H). 

4.5.3. PGPR isolates 

Scanning electron microscopic characters of the most common bacterial isolates have 

been presented in Table 19, Fig. 23. Bacilli isolates ( B. pumilus and B. altitudinis, B. 

cereus) were characteristically rod shaped whereas E. cloacae was rod shaped but but 

were smaller in length than the Bacilli isolates. Another isolate (BRHS/C-6) was 

round shaped and quite larger in shape.  

 

Table 19: Scanning electron Micrographic characteristics of the bacterial isolates 

Isolate Cell shape Cell-Wall Cell length X 

Bredth/ diameter 

Bacillus pumilus 

(BRHS/C-1) 

Rod Smooth 2.50 X 1.10 µm 

Serratia spp. (BRHS/C-

6) 

Oval Smooth 4.50 X 1.12 µm 

Bacillus cereus 

(BRHS/M-17) 

Rod Smooth 2.20 X 1.50  µm 

Enterobacter cloacae  

(BRHS/R-71) 

Rod Smooth 1.50 X 0.75  µm 

Paenibacillus polymyxa 

(BRHS/R-72) 

Rod Smooth 2.20 X 1.15  µm 

Bacillus altitudinis 

(BRHS/S-73) 

Rod Smooth 2.75 X 1.10  µm 
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Fig.. 21. Scaning Electron Micrograph of ascospores of Talaromyces flavus (RHS/P-

51). Oval Ascus [29 X] (A); Magnified view of the ascus showing thick warty outer 

wall [ x 500 X] (B);  Ascospores in cluster showing spiny ornamentation on the outer 

wall [10000-12000 X] (C&D); Single ascospores showing spiny outgrowths on the 

surface 2-5 µm in size (E&F). 
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Fig. 22. Scanning electron micrograph of conidiophores and conidia of different 

Trichoderma isolates. T. harzianum (RHS/S-559) (A&B); T. asperellum (RHS/S-

561) (C&D); T. erinaceum (RHS/475) (E&F); T. viride (RHS/ 478) (G&H). 
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Fig. 23. Scaning Electron Micrograph of bacterial isolates obtained from various 

sources. Bacillus pumilus (BRHS/C-1) (A&D); Staphylococcus sp. (BRHS/C-6) 

(B&E); B. cereus (BRHS/M-17) (C&F); Enterobacter cloacae (BRHS/R-71) (G&J);  

Paenibacillus polymyxa (BRHS/R-72) (H&K); B. altitudinis (BRHS/S-73) (I&L). 
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4.6. Genomic DNA analysis (Agarose gel and Spectrophotometric) for PCR  

4.6.1. PSF isolates  

Among the total collection of phosphate solubilizers, four isolates of Aspergillus 

niger (FS/L-04, RS/P-14, FS/L-40, FS/C-140), four isolates of  A. melleus (RHS/R 

12, FS/L 13, FS/L 17, FS/L 18), three isolates of  A. clavatus (RHS/P 38, RHS/P-

114, RHS/T-99) and four isolates of Talaromuces flavus (RHS/P 50, RHS/P 51, 

RHS/P 54, RHS/P 120) were found to solubilize rock phosphate and tricalcium 

phosphate more efficiently than rest of the others. Genetic diversity among these 

phosphate solubilizers were assessed using RAPD markers for whih genomic DNA 

from them were isolated and quantified both with the help of agaroge gel 

electrophorosis as well as spectrophotometric analysis.  

 When DNA quality of PSF isolates were evaluated by 0.8% agarose gel 

electrophoresis it was visualized as a clear sharp band. The size of DNA of each 

isolates were ranging from 1.5-1.8 Kb when compared with the wide range molecular 

weight marker loaded parallel in the adjoining lane. (Fig. 24, A).  

The purity of genomic DNA samples of all fifteen PSF isolates was determined by 

the ratio of absorbance at A260 and A280. The results of the spectrophotometricanalysis 

have been presented in in Table 20 .   

4.6.2. BCA isolates 

Among the total collection of Biocontrol isolates obtained from Darjeeling hill 

region, T. harzianum (RHS/S 560, RHS/S 561, RHS/M 501, RHS/M 511, ) T. 

asperellum (RHS/S 559, RHS/M 512, RHS/M 517) showed highest inhibition against 

the tehese isolatsted fungal pathogens. When the DNA quality of these Trichoderma 

isolates were evaluated by 0.8% agarose gel electrophoresis it was visualized as a 

clear sharp band. The size of DNA of each isolates were ranging from 1.5-1.8 Kb 

when compared with the wide range molecular weight marker loaded parallel in the 

adjoining lane. (Fig. 24, B). The purity of genomic DNA samples of all fifteen PSF 

isolates was determined by the ratio of absorbance at A260 and A280. The results of the 

spectrophotometricanalysis have been presented in in Table 20.   
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Table 20. Spectrophotometrical A260/A280 ratio of  genomic DNAof PSF anf 

BCA isolates 

Organism Isolate nos. A 260 A 280 A260/A280 

Aspergillus niger FS/L-04 0.227 0.134 1.694 

 RS/P-14 0.216 0.112 1.928 

 FS/L-40 0.195 0.098 1.989 

 FS/C-140 0.213 0.114 1.868 

Aspergillus melleus RHS/R 12 0.183 0.105 1.742 

 FS/L 13 0.231 0.116 1.991 

 FS/L 17 0.216 0.097 2.226 

 FS/L 18 0.173 0.093 1.860 

A. clavatus RHS/P 38 0.240 0.124 1.935 

 RHS/P-114 0.216 0.118 1.830 

 RHS/T-99 0.195 0.106 1.839 

Talaromuces flavus RHS/P 50 0.216 0.110 1.963 

 RHS/P 51 0.285 0.152 1.875 

 RHS/P 54 0.244 0.126 1.936 

 RHS/P 120 0.253 0.127 1.992 

Trichoderma harzianum RHS/S 559 0.185 0.097 1.907 

 RHS/S 560 0.228 0.125 1.824 

 RHS/M 501 0.249 0.152 1.638 

 RHS/M 511 0.188 0.102 1.843 

Trichoderma asperellum RHS/S 561 0.217 0.116 1.870 

 RHS/M 512 0.184 0.098 1.877 

 RHS/M-517 0.192 0.114 1.684 

 

4.6.3. Bacterial isolates 

Genomic DNA of all the 135 bacterial isolates were isolated for analysis. The 

Genomic DNA was then purified and re-suspended in 1X TAE buffer until further 

use. Agarose gel electrophoresiss of the Genomic DNA revealed that they were free 

of RNA and ranged between 1.2-1.8 Kb when compared with the wide range 

molecular weight marker loaded parallel in the adjoining lane. (Fig. 25). The purity 

of genomic DNA samples of all fifteen PSF isolates was determined by the ratio of 

absorbance at A260 and A280. The results of the spectrophotometricanalysis have been 

presented in in Table 21.   

 

 

 

 

 



164 
 

 

Fig. 24. Agarose gel electrophoresis of Genomic DNA of fungal isolates. (A) PSF 

isolates lane 1. Wide range Molecular weight marker. 2- Aspergillus niger FS/L-04 

3- A. niger RS/P14, 4- A. niger FS/L-40, 5- A. niger FS/C-140; 6- A. melleus RHS/R 

12, 7- A. melleus FS/L 13, 8- A.melleus FS/L 17, 9-A. melleus FS/L 18; 10-A. 

clavatus RHS/P 38,11-A. clavatus RHS/P-114, 12-A. clavatus RHS/T-99; 13-

Talaromyces flavus RHS/P 50,14-T. flavus RHS/P 51, 15-T. flavus RHS/P 54 and 16-

T. flavus RHS/P 120. (B) Trichoderma isolates. Lane 1-wide range DNA marker, 

Lane 2&3:  T. harzianum (RHS/S 560) , 4&5- T. harzianum (RHS/S 561) ,6&7- T. 

asperellum (RHS/S 559) , 8&9-T. harzianum (RHS/M 501) , 10&11-- T. harzianum 

(RHS/M 511), 13&13- T. asperellum (RHS/M 512) , 14&15- T. asperellum (RHS/M 

517). 
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Fig. 25. Agarose Gel electrophoresis Genomic DNA of all the 135 Bacterial isolates 

obtained from various sources. 
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Table 21. Spectrophotometrical A260/A280 ratio of Bacterial genomic DNA 

Isolate A260 A280 A260/280 Isolate A260 A280 A260/280 

BRHS/C-1 0.224 0.115 1.947 BFS/Md-46 0.194 0.103 1.883 

BRHS/C -2 0.212 0.119 1.781 BFS/Md-47 0.223 0.116 1.922 

BRHS/C -3 0.183 0.098 1.867 BFS/Md-48 0.214 0.121 1.768 

BRHS/C -4 0.192 0.095 2.021 BFS/Md-49 0.244 0.128 1.906 

BRHS/C -5 0.197 0.112 1.758 BFS/Md-50 0.188 0.122 1.540 

BRHS/C -6 0.188 0.103 1.825 BFS/Md-51 0.194 0.133 1.458 

BRHS/C -7 0.212 0.114 1.859 BFS/Md-52 0.197 0.108 1.824 

BRHS/M-8 0.227 0.125 1.816 BFS/Md-53 0.221 0.114 1.938 

BRHS/M -9 0.216 0.116 1.836 BFS/Md-54 0.243 0.124 1.959 

BRHS/M -10 0.256 0.138 1.855 BFS/Md-55 0.254 0.132 1.924 

BRHS/M -11 0.224 0.134 1.671 BFS/Md-56 0.193 0.102 1.892 

BRHS/M -12 0.198 0.105 1.885 BFS/Md-57 0.182 0.095 1.915 

BRHS/M -13 0.195 0.102 1.911 BRS/T-58 0.204 0.11 1.854 

BRHS/M -14 0.187 0.123 1.52 BRS/T-59 0.265 0.115 2.304 

BRHS/M -15 0.225 0.116 1.939 BRS/T-60 0.272 0.138 1.971 

BRHS/M -16 0.216 0.115 1.878 BRS/T-61 0.263 0.143 1.839 

BRHS/M -17 0.189 0.095 1.989 BRS/T-62 0.232 0.134 1.731 

BRHS/M -18 0.244 0.143 1.706 BRHS/R-63 0.197 0.114 1.728 

BRHS/M -19 0.256 0.125 2.048 BRHS/R-64 0.198 0.114 1.736 

BRHS/M -20 0.21 0.124 1.693 BRHS/R-65 0.231 0.133 1.736 

BRHS/M -21 0.204 0.107 1.906 BRHS/R-66 0.268 0.138 1.942 

BRHS/P-22 0.188 0.095 1.978 BRHS/R-67 0.21 0.113 1.858 

BRHS/P -23 0.195 0.114 1.710 BRHS/R-68 0.253 0.134 1.888 

BRHS/P -24 0.226 0.125 1.808 BRHS/R-69 0.194 0.117 1.658 

BRHS/P -25 0.224 0.113 1.982 BRHS/R-70 0.188 0.11 1.709 

BFS/M-26 0.218 0.124 1.758 BRHS/R-71 0.219 0.133 1.646 

BFS/M-27 0.232 0.117 1.982 BRHS/R-72 0.224 0.124 1.806 

BFS/M-28 0.199 0.103 1.932 BRHS/S-73 0.243 0.125 1.944 

BFS/M-29 0.194 0.11 1.763 BRHS/S-74 0.211 0.126 1.674 

BFS/M-30 0.198 0.112 1.767 BRHS/S-75 0.238 0.122 1.950 

BFS/S- 31 0.195 0.108 1.805 BRHS/S-76 0.183 0.114 1.605 

BFS/S-32 0.262 0.137 1.912 BRHS/S-77 0.199 0.116 1.715 

BFS/S-33 0.264 0.141 1.872 BRHS/S-78 0.232 0.121 1.917 

BFS/S-34 0.241 0.142 1.697 BRHS/S-79 0.211 0.128 1.648 

BFS/S-35 0.195 0.113 1.725 BRHS/S-80 0.239 0.124 1.927 

BFS/S-36 0.193 0.11 1.754 BRHS/S-81 0.198 0.103 1.922 

BRS/Mr-37 0.274 0.138 1.985 BRHS/S-82 0.197 0.104 1.894 

BRS/Mr-38 0.21 0.132 1.590 BRHS/S-83 0.216 0.155 1.393 

BRS/Mr-39 0.207 0.124 1.669 BRHS/S-84 0.254 0.136 1.867 

BRS/Mr-40 0.185 0.097 1.907 BRHS/S-85 0.211 0.128 1.648 

BRS/Mr-41 0.18 0.095 1.894 BRHS/S-86 0.234 0.129 1.813 

BRS/Mr-42 0.227 0.115 1.973 BRHS/S-87 0.217 0.152 1.427 

BRS/Mr-43 0.265 0.143 1.853 BRHS/S-88 0.264 0.118 2.237 

BRS/Mr-44 0.231 0.135 1.711 BRHS/S-89 0.199 0.107 1.859 

BRS/Mr-45 0.209 0.118 1.771 BRHS/P-90 0.194 0.098 1.979 

Contd…………….. 
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Isolate A260 A280 A260/280 Isolate A260 A280 A260/280 

BRHS/P-91 0.198 0.104 1.903 BRHS/Cd-114 0.193 0.104 1.855 

BRHS/P-92 0.211 0.114 1.850 BRHS/Cd-115 0.197 0.11 1.790 

FS/T-93 0.243 0.125 1.944 BRHS/Cd-116 0.215 0.117 1.837 

FS/T-94 0.187 0.094 1.989 BRHS/Cd-117 0.223 0.122 1.827 

FS/T-95 0.216 0.118 1.830 BRS/R-118 0.227 0.126 1.801 

FS/T-96 0.224 0.125 1.792 BRS/R-119 0.238 0.131 1.816 

FS/T-97 0.265 0.139 1.906 BRS/R-120 0.183 0.095 1.926 

BRHS/B-98 0.218 0.132 1.651 BRS/R-121 0.218 0.116 1.879 

BRHS/B-99 0.193 0.114 1.692 BRS/R-122 0.197 0.114 1.728 

BRHS/B-100 0.182 0.094 1.936 BRS/R-123 0.207 0.118 1.754 

BRHS/B-101 0.194 0.094 2.063 BRS/R-124 0.241 0.142 1.697 

BRHS/B-102 0.215 0.127 1.692 BRS/R-125 0.182 0.111 1.639 

BRHS/B-103 0.263 0.138 1.905 BFS/C-126 0.194 0.114 1.701 

BRHS/B-104 0.197 0.114 1.728 BFS/C-127 0.263 0.148 1.777 

BRHS/B-105 0.208 0.119 1.747 BFS/C-128 0.245 0.135 1.814 

BRHS/B-106 0.193 0.105 1.838 BFS/C-129 0.233 0.136 1.713 

BRHS/B-107 0.237 0.143 1.657 BFS/C-130 0.217 0.116 1.870 

BRHS/Cd-108 0.262 0.137 1.912 BFS/C-131 0.192 0.097 1.979 

BRHS/Cd-109 0.195 0.163 1.196 BFS/C-132 0.187 0.104 1.798 

BRHS/Cd-110 0.188 0.112 1.678 BFS/C-133 0.183 0.117 1.564 

BRHS/Cd-111 0.265 0.156 1.698 BFS/C-134 0.267 0.145 1.841 

BRHS/Cd-112 0.255 0.133 1.917 BFS/C-135 0.254 0.133 1.909 

BRHS/Cd-113 0.243 0.142 1.711     

        

 

4.7. Random Amplified Polymorphic DNA (RAPD) based genetic diversity 

analysis 

4.7.1. RAPD based diversity analysis of PSF isolates 

Genetic relatedness among the phosphate solubilizing isolates Aspergillus niger 

(FS/L-04, RS/P-14, FS/L-40, FS/C-140), A. melleus (RHS/R 12, FS/L 13, FS/L 17, 

FS/L 18), A. clavatus (RHS/P 38, RHS/P-114, RHS/T-99) and Talaromuces flavus 

(RHS/P 50, RHS/P 51, RHS/P 54, RHS/P 120) was assessed using random deca mer 

primers. Initially for optimization of DNA concentrations, 5 ng, 10 ng, 15 ng and 20 

ng per 25 µl reaction mixture were used. Among these tested concentrations, 20 ng 

/25 µl reaction mixtures gave the best amplification. Lower or higher concentrations 

either reduced amplification of produced smearing, respectively. Therefore, in all the 

subsequent experiments 20 ng temFig. DNA concentration was constantly used.  

Altogether 6 random decamer (10 bp) oligonucleotide sequences (primers) were 

initially screened for determining polymorphism among the PSF isolates to generate 

reproducible polymorphisms. All amplified products with the primers had shown 

polymorphic and distinguishable banding patterns. RAPD profiles showed that 

primer OPD- 5 scored highest bands which ranged between 100bp to 2000bp (Table 

22, Fig. 26). 
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Table 22. Total number of polymorphic bands produced by different primers (PSF) 

Primer  
No. of RAPD products (bands) 

Total bands Polymorphic bands % polymorphism 

OPA-4 8 2 25.00 

AA-11 7 3 42.85 

AA-05 9 4 44.45 

OPD-06 5 2 40.00 

OPD-02 8 4 50.00 

OPD-05 8 5 62.50 

 

4.7.1.1. Analysis of polymorphism  

Out of the 30 loci scored only 12 (40 %) were polymorphic. The size of the bands 

varied from 200 to 3000 bp. However, the primers differed in their capacity to detect 

polymorphism. Highest level of polymorphism was recorded in primer OPD-5 (75.00 

%) followed by OPB-2 (62.50 %), OPD-6 (40.00 %) and AA-5 (26%) (Table 23).  

4.7.1.2. Analysis of Gnentic Similarity values 

The analysis of Similarity co-efficient reveals that few of the isolates showed highest 

degree of similarity. The highest degree of similarity between A. niger isolates 

(FS/L-04, RS/P-14 and FS/L-40) was found to be as high as75 % and that between T. 

flavus isolates (RHS/P-50 and RHS/P-51 was also found to be as high as 75 %. (i.e., 

moderately low degree of dissimilarity value). On the other hand, A. niger and A. 

melleus isolates showed low similarity value of 09.90%, (i.e., moderately high degree 

of dissimilarity value). The degree of similarity between T. flavus and Aspergillus 

isolates ranged from 14.00 % to 22 % (Moderate dissimilar values). The over all 

result of the data computed in 1/0 matrix showed that the similarity coefficient 

among the A. niger groups ranged from 0.75-1, between A. niger group and A. 

melleus group it ranges from 0.09-1, between A. niger group and A. clavatus group it 

ranged from 0.30 to 1 and between A. niger group and T. flavus group it ranged 

between 0.16-1. (Table 24). 

4.7.1.3. Dendrogram Construction, PCA analysis, 2D and 3D plot 

A dendrogram was constructed on the basis of shared fragments which shows 

broadly four major clusters. Cluster-I was linked to Cluster-II with low similarity 
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coefficient of about 39%.  Cluster-II was linked to Cluster- III with a similarity 

coefficient of about 22% and cluster-III was linked with Cluster- IV with a similarity 

coefficient of about 19 %. Cluster-I contains A. niger isolates Cluster- II contains A. 

clavatus isolates, Cluster- III contains A. melleus isolates and Cluster IV contains T. 

flavus isolates. Similarly the two dimensional and three dimensional plots of 

similarity coefficient were constructed with the help of NTSYS PC software which 

further showed the degree of similarities among different clusters and the 

representative organisms in each cluster (Fig. 27, A-C). 

 

Table 23. Determination of polymorphisms based on the RAPD banding patterns 

 Primers Total % 

Polymorphism AA-5 OPD-5 OPD-6 OPB-2 

Total No. of 

RAPD products 

9 8 5 8 30 - 

Total No. of 

polymorphic 

bands 

2 (25.00) 6 (75.00) 2 (40.00) 5 (62.50) 12 40.00 

A. niger AA-5 OPD-5 OPD-6 OPB-2 Total % 

Polymorphism 

FS/L-04 2 2 1 2 7 23 

RS/P-14 2 2 1 2 7 23 

FS/L-40 1 2 1 2 6 20 

FS/C-140 1 1 1 2 5 16 

A. melleus       

RHS/R-12 2 2 2 2 8 26 

FS/L-13 2 2 2 3 9 30 

FS/L-17 2 3 2 3 10 33 

FS/L-18 4 3 2 3 12 40 

A. clavatus       

RHS/P-38 2 1 1 2 6 20 

RHS/P-114 2 1 1 2 6 20 

RHS/T-99 3 1 1 2 7 23 

T. flaus       

RHS/P- 50 1 3 2 1 7 23 

RHS/P- 51 1 3 2 1 7 23 

RHS/P- 54 1 2 2 1 6 20 

RHS/P-120 1 2 2 1 6 20 
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Table 24. Genetic similarity matrix, obtained as the result of Simqual analysis of the RAPD bands 

       FS/L-04         RS/P-14    FS/L-40     FS/C-140   RHS/R-12    FS/L-13     FS/L-17     FS/L-18   RHS/P-38     RHS/P-99   RHS/T-114    RHS/P-50    RHS/P-51    RHS/P-54    RHS/P-120  

 FS/L-04      1.0000000 

 RS/P-14      1.0000000  1.0000000 

 FS/L-40      0.7500000  0.7500000  1.0000000 

FS/C-140      0.7500000  0.7500000  1.0000000  1.0000000 

RHS/R-12      0.1000000  0.1000000  0.0909091  0.0909091  1.0000000 

 FS/L-13     0.1000000  0.1000000  0.0909091  0.0909091  1.0000000  1.0000000 

 FS/L-17     0.1000000  0.1000000  0.0909091  0.0909091  1.0000000  1.0000000  1.0000000 

 FS/L-18     0.1000000  0.1000000  0.0909091  0.0909091  1.0000000  1.0000000  1.0000000 1.0000000 

RHS/P-38     0.3333333  0.3333333  0.5000000  0.5000000  0.3000000  0.3000000  0.3000000 0.3000000  1.0000000 

RHS/P-99     0.3333333  0.3333333  0.5000000  0.5000000  0.3000000  0.3000000  0.3000000 0.3000000  1.0000000  1.0000000 

RHS/T-114   0.3333333  0.3333333  0.5000000  0.5000000  0.3000000  0.3000000  0.3000000 0.3000000  1.0000000  1.0000000  1.0000000 

RHS/P-50     0.1666667  0.1666667  0.3333333  0.3333333  0.2000000  0.2000000  0.2000000 0.2000000  0.2857143  0.2857143  0.2857143  1.0000000 

RHS/P-51     0.1666667  0.1666667  0.3333333  0.3333333  0.2000000  0.2000000  0.2000000 0.2000000  0.2857143  0.2857143  0.2857143  1.0000000  1.0000000 

RHS/P-54     0.2000000  0.2000000  0.1666667  0.1666667  0.2222222  0.2222222  0.2222222 0.2222222  0.1428571  0.1428571  0.1428571  0.7500000  0.7500000  1.0000000 

RHS/P-120  0.2000000  0.2000000  0.1666667  0.1666667  0.2222222  0.2222222  0.2222222 0.2222222  0.1428571  0.1428571  0.1428571  0.7500000  0.7500000  1.0000000 1.0000000  

" SIMQUAL; coeff=J; " by Cols, +=   1.00000, -=   0.00000: 3 15L 15  0 
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Fig. 26. RAPD amplified products of the fungal isolates. Lane-1, DNA wide range 

molecular marker.2 Aspergillus niger (FS/L 04).3, Aspergillus niger (RS/P 14),4, 

Aspergillus niger (FS/L40).5, Aspergillus niger  (FS/C-140 ).6, Aspergillus melleus 

(RHS/R 12).7, Aspergillus melleus ( FS/L 13),8, Aspergillus melleus ( FS/L 17).9, 

Aspergillus melleus ( FS/L 18), 10, Aspergillus clavatus (RHS/P 38), 11, Aspergillus 

clavatus  (RHS/P-114 ). 12, Aspergillus clavatus (RHS/T-99).13, Talaromyces flavus 

(RHS/P 50).14 Talaromuces flavus (RHS/P 51).15, Talaromyces flavus (RHS/P 

54).and16, Talaromuces flavus (RHS/P 120). 
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Fig. 27. (A-C). Genetic relatedness analysis among the phosphate solubilizing fungal 

isoaltes obtained on the basis of RAPD banding patterns. A- Dendogram showing 

different fungal groups in different clades (A); Two dimensional and three 

dimensional plots of the similarity cofficient calculated on the basisof presence or 

aabsence of bands using NTSYS- PC software. (B&C). 
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4.7.2. RAPD based diversity analysis of BCA isolates 

Among the Biocontrol agents, isolates of Trichoderma were screened ro their 

antagonistic effects against the fungal pathogens, among them T. harzianum (RHS/S- 

559, RHS/S 560, RHS/M 501, RHS/M 511) and T. asperellum (RHS/S 561, RHS/M 

512, RHS/M 517) isolates showed maximum inhibitory effects against fungal 

pathogens. DNA concentrations were optimized in the similar manner as in the case 

of PSF isolates where in all the subsequent experiments 20 ng temFig. DNA 

concentration was constantly used.Altogether 6 random decamer (10 bp) 

oligonucleotide sequences (primers) were initially screened for determining 

polymorphism among the BCA isolates to generate reproducible polymorphisms. 

However, only two primers AA-5 and AA-11 showed maximum polymorphisms 

which ranged between 300bp to 3000bp (Table 25, Fig. 28). 

4.7.2.1. Analysis of polymorphism 

Out of the 17 loci scored only 10 (58.82 %) were polymorphic. The size of the bands 

varied from 300 to 3000 bp. However, the primers differed in their capacity to detect 

polymorphism. Highest level of polymorphism was recorded in primer AA-05 (62.50 

%) followed by AA-11 (55.55 %) (Table 26).  

 

Table 25. Total number of polymorphic bands produced by different primers 

Primer  
No. of RAPD products (bands) 

Total bands Polymorphic bands % polymorphism 

OPA-4 7 2 28.57 

AA-11 9 5 55.55 

AA-05 8 5 62.50 

OPD-06 7 2 28.57 

OPD-02 7 2 28.57 

OPD-05 7 2 28.57 

 

4.7.2.2. Analysis of Gnentic Similarity values 

The Similarity co-efficient reveals that few of the isolates belonging to the same 

genera and species showed highest degree of similarity. The highest degree of 
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similarity between T. harzianum isolates (RHS/S- 559, RHS/S 560, RHS/M 501) was 

found to be as high as85 % and that between T. asperellum  (RHS/S 561, RHS/M 

512, RHS/M 517) was also found to be as high as 75 %. (i.e., moderately low degree 

of dissimilarity value). On the other hand,the similarity coefficient between T. 

harzianum and T. asperellum isolates was 71 %.  The degree of similarity between T. 

harzianum and T. asperellum isolates ranged from 28.00 % to 71.00 % (Moderate 

dissimilar values) (Table 27). 

4.7.2.3. Dendrogram Construction, PCA analysis, 2D and 3D plot 

A dendrogram was constructed on the basis of shared fragments which show broadly 

two major clusters. Cluster-I was linked to Cluster-II with low similarity coefficient 

of about 29 %. The Dendrogram also shows that the clustering matches exactly with 

respective group of organisms. Cluster-I contains T. harzianum isolates while 

Cluster- II contains T. asperellum isolates. Ttwo dimensional and three dimensional 

plots of similarity coefficient within the same groups showed that amont the T. 

harzianum isolates isolate RHS/S-559 and RHS/S-560 have the highest similarity co-

efficient values of 45.33 % (Highest dissimilarity values) and thet within the T. 

asperellum isolates, isolate RHS/M 512 and RHS/M-517 have maximum similarity 

coefficient values of 73 % (Maximum dissimilarity values) (Fig. 29 , A-C). 

4.7.3. RAPD based diversity analysis of Bacterial isolates. 

Genetic relatedness of all the 135 bacterial isolates obtained from various 

geographical regions of Darjeeling hills were studied with the help of RAPD formats. 

Bacterial DNA concentrations were also optimized in the similar manner as in the 

case of PSF and BCA isolates where in all the subsequent experiments 20 ng temFig. 

DNA concentration was constantly used. Altogether 6 random decamer (10 bp) 

oligonucleotide sequences (primers) were initially screened for determining 

polymorphism among the bacterial isolates to generate reproducible polymorphisms, 

only one primers OPD-05 showed maximum polymorphisms (63.63 %) among the 

bacterial isolates, the reproducible RAPD products were electrophoresed and 

documented, the bands size which ranged between 300bp to 3000bp (Table 25, Fig. 

30, 31 & 32). 
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Table 27.Determination of polymorphisms based on the RAPD banding patterns obtained with the help of two decamer primers 

Primers Total No. of 

RAPD 

products 

Total No. of 

polymorphic 

bands 

No. of polymorphic PCR products 

Trichoderma harzianum Trichoderma asperellum 

RHS/S-

559 

RHS/S-

560 

RHS/M

-501 

RHS/

M-511 

RHS/S-

561 

RHS/M-

512 

RHS/M-

517 

AA-5 8 5 (62.50) 3 3 3 4 3 3 4 

AA-11 9 5 (55.55) 2 2 2 2 2 2 3 

Total 17 10 5 5 5 6 5 5 7 

% Polymorphism 17 58.82 29.41 29.41 29.41 35.29 29.41 29.41 41.17 

Table 26.  Genetic similarity matrix, obtained as the result of Simqual analysis of the RAPD bands 

  

RHS/S-559    

 

RHS/S-560    

 

RHS/S-561   

 

RHS/M-501    

 

RHS/M- 511   

 

RHS/M-512   

 

RHS/M-517 

 

RHS/S-559    

 

1.0000000 
      

RHS/S-560    0.7142857     1.0000000      

RHS/S-561    0.2857143     0.2857143 1.0000000     

RHS/M-501   0.8571429     0.8571429 0.4285714     1.0000000    

RHS/M- 511   0.7142857     0.7142857 0.2857143     0.8571429       1.0000000   

RHS/M-512   0.5000000     0.2857143 0.5000000     0.4285714       0.2857143      1.0000000  

RHS/M-517   0.4285714     0.4285714 0.7500000     0.5714286       0.4285714      0.7500000     1.0000000 
" SIMQUAL; coeff=J; " by Cols, +=   1.00000, -=   0.00000: 3 15L 15 
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Fig. 28.  RAPD analysis  of Trichoderma  sp. isolates. 1  Lane M : Low range DNA marker, 

Lane 1&8:  T.harzianum (RHS/S 559) ,  Lane 2&9:  T. harzianum (RHS/S 560) ,  Lane 

3&10:  T. asperellum (RHS/S 561) , Lane 4&11:  T. harzianum (RHS/M 501) ,  Lane 5&12:  

T. harzianum (RHS/M 511) , Lane 6&13:  T. asperellum (RHS/M 512) , Lane 7&14:  T. 

asperellum (RHS/M 517) with RAPD primer AA-11 and AA -05 respectively.  

 

4.7.3.1. Analysis of polymorphism of Bacterial isolates 

The average number ob polymorphic bands produced by the primer OPD-05 was 7 

and the highest degree of polymorphism recorded was 63.63 % followed by OPD-02 

(57.10 %), AA-11 (40.00%), OPD-06 (37.50 %), AA-05 (33.33%), OPA-04 (28.57 

%) (Table 28).  

4.7.3.2. Analysis of Gnentic Similarity values among Bacterial isolates 

The genetic similarity, analysis of Similarity co-efficient reveals that most of the 

bacterial isolates belonging to the same genera and species showed highest degree of 

similarity. The similarity co-efficient was maximum in case of isolates obtained from 

the same geographic locations. 
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Fig. 29. (A-C). Genetic relatedness analysis among the Trichoderma harzianum and  

T. asperellum isoaltes obtained on the basis of RAPD banding patterns. Dendogram 

showing different fungal groups in different clades (A);  Two dimensional and three 

dimensional plots of the similarity cofficient calculated on the basisof presence or 

aabsence of bands using NTSYS- PC software (B&C).  
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Table 28. Total number of polymorphic bands produced by different primers  

Primer  
No. of RAPD products (bands) 

Total bands Polymorphic bands % polymorphism 

OPA-4 7 2 28.57 

AA-11 5 2 40.00 

AA-05 6 2 33.33 

OPD-06 8 3 37.50 

OPD-02 7 4 57.10 

OPD-05 11 7 63.63 

 

4.7.3.3. Dendrogram Construction, PCA analysis, 2D and 3D plot 

A dendrogram was constructed on the basis of the RAPD banding patterns obtained 

with the Primer OPD-05. The Phenogram thus obtained broadly shows four major 

clusters. Each cluster contained the isolates which showed highest similarity co-

efficient among themselves. Cluster-I was linked to Cluster-II with low similarity 

coefficient of about 25%.  Cluster-II was linked to Cluster- III with a similarity 

coefficient of about 15% and cluster-III was linked with Cluster- IV with a similarity 

coefficient of about 27%. The Dendrogram also shows that the clustering matches 

exactly with respective group of organisms (Fig. 33). Similarly the two dimensional 

and three dimensional plots of similarity coefficient were constructed with the help 

of NTSYS PC software which further showed the degree of similarities among 

different clusters and the representative organisms in each cluster. However, on the 

basis of the data obtained on the basis of principal component analysis (2D and 3D 

plots) it was clear the all the bacterial isolates exhibited a wide degree of genetic 

diversity which has been represented with a number of dispersed points throught the 

plot area  (Fig. 34). 
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Fig. 30. RAPD analysis of bacterial isolates obtained from various sources. Lanes (M- Wide range molecular weight marker; 1-45- bacterial 

isolates BRHS/C-1, BRHS/C -2,BRHS/C -3, BRHS/C -4,BRHS/C -5,BRHS/C -6,BRHS/C -7,BRHS/M-8,BRHS/M -9,BRHS/M -10,BRHS/M -

11, BRHS/M -12, BRHS/M -13,BRHS/M -14,BRHS/M -15,BRHS/M -16,BRHS/M -17,BRHS/M -18,BRHS/M -19,BRHS/M -20, BRHS/M -

21,BRHS/P-22,BRHS/P-23,BRHS/P -24,BRHS/P -25,BFS/M-26,BFS/M-27,BFS/M-28,BFS/M-29,BFS/M-30, BFS/S-31,BFS/S-32,BFS/S-

33,BFS/S-34,BFS/S-35,BFS/S-36,BRS/Mr37,BRS/Mr-38,BRS/Mr-39,BRS/Mr-40,BRS/Mr-41,BRS/Mr-42,BRS/Mr-43, BRS/Mr-44 and 

BRS/Mr-45 respectively.  
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Fig.  31. RAPD analysis of bacterial isolates obtained from various sources. Lanes (M- Wide range molecular weight marker; 46-90- bacterial 

isolates BFS/Md-46,BFS/Md-47,BFS/Md-48,BFS/Md-49,BFS/Md-50,BFS/Md-51,BFS/Md-52,BFS/Md-53,BFS/Md-54,BFS/Md-55,BFS/Md-

56,BFS/Md-57,BRS/T-58,BRS/T-59,BRS/T-60,BRS/T-61,BRS/T-62,BRHS/R-63,BRHS/R-64,BRHS/R-65,BRHS/R-66,BRHS/R-67,BRHS/R-

68,BRHS/R 69,BRHS/R-70,BRHS/R-71,BRHS/R-72,BRHS/S-73,BRHS/S-74, BRHS/S-75,BRHS/S-76,BRHS/S-77,BRHS/S-78,BRHS/S-

79,BRHS/S-80,BRHS/S-81,BRHS/S-82,BRHS/S-83,BRHS/S-84,BRHS/S-85,BRHS/S-86,BRHS/S-87,BRHS/S-88,BRHS/S-89,BRHS/P-90) 

respectively.  
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Fig. 

32. 

RAPD analysis of bacterial isolates obtained from various sources Lanes (M- Wide range molecular weight marker; 96—135- bacterial isolates 

BRHS/P-91,BRHS/P-92,FS/T-93,FS/T-93,FS/T-94,FS/T-95,FS/T-96,FS/T-97,BRHS/B-98,BRHS/B- 99,BRHS/B-100,BRHS/B-101,BRHS/B-

102,BRHS/B-103,BRHS/B-104,BRHS/B-105,BRHS/B-106,BRHS/B-107,BRHS/Cd108, BRHS/Cd-109, BRHS/Cd-110, BRHS/Cd-111, 

BRHS/Cd-112,BRHS/Cd-113,BRHS/Cd-114,BRHS/Cd-115,BRHS/Cd116, BRHS/Cd-117, BRS/R-118, BRS/R-119, BRS/R-120, BRS/R-

121,BRS/R-122,BRS/R-123,BRS/R-124,BRS/R-125,BFS/C-126,BFS/C-127,BFS/C-128,BFS/C-129,BFS/C-130,BFS/C-131,BFS/C-132,BFS/C-

133,BFS/C-134,BFS/C-135respectively. 
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Fig. 33. Dendograshowing different bacterial groups in different clades obtained 

while analyzing genetic relatedness analysis among the bacterial isoaltes based on 

RAPD markers. 

Cluster I 

Cluster 

II 

Cluster III 

Cluster IV 
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Fig. 34. Two dimensional (A) and three dimensional plots (B) of the similarity 

cofficient calculated on the basis of presence or absence of bands using NTSYS- PC 

software. 

 

A 

B 
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4.8. Denature Gradient Gel Electrophoresis (DGGE) markers based diversity 

analysis 

Analysis of genetic diversity among a\different groups of closely related organisms 

was evaluated on the basis of the the sequence difference between their conserved 

sequence for this the ITS (18S rRNA gene sequences of fungal genome and 16S 

rDNA gene sequence of bacterial genome) were amplified using a special set of 

primers, forward primer containing GC clamp at 5‘ end (F352T: 5‘- CGC CCG CCG 

CGC GCG GCG GGC GGG GCG GGG GCA CGG GGG GAC TCC TAC GGG 

TGG C- 3‘ and 519r: 5‘-ACC GCG GCT GCT GGC AC- 3‘. The amplified products 

were then electrophoresed in a perpendicular DGGE performed with ―The Decode 

Universal Mutation Detection System‖ (Bio-Rad Laboratories, USA). A series of 

gradient ranging from 0-100 %; 0-50 %; 10-80 %; 20-60%  was utilized for 

optimizing a suitable concentration for analyzing the amplicons.  

4.8.1. DGGE based diversity analysis of PSF isolates  

Denature Gradient Gel electrophoretic analysis of phosphate solubilizing isolates 

Aspergillus niger (FS/L-04, RS/P-14, FS/L-40, FS/C-140), A. melleus (RHS/R 12, 

FS/L 13, FS/L 17, FS/L 18), A. clavatus (RHS/P 38, RHS/P-114, RHS/T-99) and 

Talaromuces flavus (RHS/P 50, RHS/P 51, RHS/P 54, RHS/P 120) was assessed 

using GC-fung primers as mentioned above. The uniform PCR products of size 300 

bp was obtained. The DGGE electrophoresis yielded a unique and uniform banding 

pattern of each groiup of organisms.  In case of 0-100 % denaturant, no masjor 

difference among the PFS isolates were obtained, however varaitions in the banding 

patterns were observed when the denaturing gradient was 20-60%, run time 8 hours 

in 100 V (Fig. 35). All the bands in obtained were scored individuallay in the form of 

0/1 matrix and analysed in NTSYS-PC software.  

4.8.1.1. Analysis of polymorphism ands genetic similarity values 

The Similarity co-efficient conducted using NTSYS-PC software reveals that isolates 

belonging to the same genera and species showed highest degree of similarity.  

The highest degree of similarity among A. niger isolates (FS/L-04, RS/P-14 and 

FS/L-40) was found to be as high  75 % and that among T. flavus isolates (RHS/P-50 

and RHS/P-51) was also found to be as high as 75 %. (i.e., moderately low degree of 

dissimilarity value). On the other hand, A. niger and A. melleus isolates showed low 

similarity value of 33%, (i.e., moderately high degree of dissimilarity value). The 
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degree of similarity between T. flavus and Aspergillus isolates ranged from 16% -

60% (Moderate dissimilar values). The DGGE analaysis of the PSF isolates also 

revealed that there is a significant difference between the isolates obtained from 

different geographical regions. The degree of similarity between A. niger isolates 

obtained from forest soil (FS/L-04, FS/L-40, FS/C-140) and from riverrrine soil 

(RS/P-14) was 16 % (high dissimilarity values) similarly among the A. melleus 

isolates since they were obtained from similar soil samples i.e. forest soil, the degree 

of similarity between them was found to be as high as 75 %. Whereas the degree of 

similarity among the A. clavatus isolates and T. flavus isolates was found to be 75 5 

and 100 % respectievely. However among different group the degree of similarity 

was found to be much lesser (Table 29).   

4.8.1.2. Dendrogram Construction, PCA analysis, 2D and 3D plot 

The Dendrogram was constructed by the UPGMA analysis based on the presence and 

absence of the bands in DGGE which shows four major clusters. Cluster I 

represented A. niger, cluster II represented T. flavus group, cluster III represented A. 

melleus group and cluster IV represented A. clavatus group. The similarity co-

efficient ranged from 0.22 to 1. Similarly the two dimensional and three dimensional 

plots of similarity coefficient were constructed with the help of NTSYS PC software. 

The 2 dimensional and three dimensional plots showed that there is a significant 

variation between the groups though the similarity co efficient is not less than 0.22 

(Fig. 36). 

 4.8.2. DGGE based diversity analysis of BCA isolates 

Denature Gradient Gel electrophoretic analysis of biocontrol isolates Trichoderma 

harzianum (RHS/S-559, RHS/S-560, RHS/M-501 and RHS/M-511), T. asperellum 

(RHS/S-561, RHS/M-512, RHS/M-517) was assessed using GC-fung primers as 

mentioned above. The uniform PCR products of size 250 bp was obtained. The 

DGGE electrophoresis yielded a unique and uniform banding pattern of each groiup 

of organisms.  In case of 0-100 % denaturant, no masjor difference among the BCA 

isolates were obtained, however varaitions in the banding patterns were observed 

when the denaturing gradient was 0-50%, run time 8 hours in 100 V (Fig. 37). All the 

bands in obtained were scored individuallay in the form of 0/1 matrix and analysed in 

NTSYS-PC software.  



186 
 

Table 29. Genetic similarity matrix, obtained as the result of Simqual analysis of the DGGE bands 

              FS/L-04    RS/P-14  FS/L-40  FS/C-140  RHS/R-12 FS/L-13 FS/L-17 FS/L-18  RHS/P-38 RHS/P-114  RHS/T-99  RHS/P-50  RHS/P-51  RHS/P-51  RHS/P-120 

  FS/L-04            1.0000000 

   RS/P-14            1.0000000  1.0000000 

   FS/L-40            0.7500000  0.7500000  1.0000000 

  FS/C-140             1.0000000  1.0000000  0.7500000  1.0000000 

  RHS/R-12            0 .1666667  0.1666667  0.0000000  0.1666667  1.0000000 

  FS/L-13             0. 1428571  0.1428571  0.0000000  0.1428571  0.7500000  1.0000000   

  FS/L-17             0.0000000  0.0000000  0.0000000  0.0000000  0.5000000  0.7500000  1.0000000  

  FS/L-18                 0.1 428571 0. 1428571 0.0000000 0.1428571 0.7500000 1.0000000 0.7500000 1.0000000 

  RHS/P-38             0.3333333 0.3333333 0.1666667 0. 3333333 0.4000000 0.6000000 0.4000000 0.6000000 1.0000000 

  RHS/P-114           0.3333333  0.3333333  0.1666667  0.3333333  0.4000000  0.6000000  0.4000000  0.6000000  1.0000000  1. 0000000 

  RHS/T-99             0.1666667  0.1666667  0.2000000  0.1666667  0.2000000  0.4000000  0.5000000  0.4000000  0.7500000  0.7500000  1.0000000 

  RHS/P-50              0.4000000  0.4000000  0.2000000  0.4000000  0.2000000  0.4000000  0.2000000  0.4000000  0.4000000  0.4000000  0.2000000  1.0000000 

  RHS/P-51              0.4000000  0.4000000  0.2000000  0.4000000  0.2000000  0.4000000  0.2000000  0.4000000  0.4000000  0.4000000  0.2000000  1.0000000 1.0000000    

 RHS/P-51              0.6000000  0.6000000  0.4000000  0.6000000  0.1666667  0.3333333  0.1666667   0.3333333  0.3333333  0.3333333  0.1666667  0.7500000  0.7500000  1.0000000   

 RHS/P-120            0.6000000  0.6000000  0.4000000  0.6000000  0.1666667  0.3333333 0.1666667   0.3333333  0.3333333  0.3333333  0.1666667  0.7500000  0.7500000  1.0000000  1.0000000   

" SIMQUAL: input=D:\DGGE Analysis\PSF-DGGE\PSF-DGGE-1.NTS, coeff=J " by Cols, +=   1.00000, -=   0.00000 



187 
 

Fig. 35. Denature gradient gel electrophoresis of the ITS-PCR amplified products of  

PSF isolates A. niger (FS/L-04, RS/P-14, FS/L-40, FS/C-140), A. melleus (RHS/R 

12, FS/L 13, FS/L 17, FS/L 18), A. clavatus (RHS/P 38, RHS/P-114, RHS/T-99) and 

T. flavus (RHS/P 50, RHS/P 51, RHS/P 54, RHS/P 120).ITS-PCR products -300 bp 

(A); DGGE analysis- gradient 0-100 %, 12 hrs run, 100 V (B); Gradient 10-80%, 8 

hrs run, 100 V; (D) gradient 20-60%, 8 hrs run, 100V (C).  
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Fig. 36. Analysis of genetic relatedness among the PSF isolates based on DGGE 

banding pattern.Dendrogram obtained based on the basis of UPGMA analysis 

showing four major clusters, coefficient ranges from 0.22-1 (A); two and three 

dimensional plots of the UGMA analysis showing four distinct groups of organisms 

placed in their respective clades (B & C). 
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4.8.2.1. Analysis of polymorphism and genetic similarity value 

The Similarity co-efficient conducted using NTSYS-PC software reveals that isolates 

belonging to the same genera and species showed highest degree of similarity.  

The highest degree of similarity among the T. harzianum (RHS/S-559, RHS/S-560, 

RHS/M-501 and RHS/M-51) was found to be as high  80 % and that among the T. 

asperellum isolates (RHS/S-561, RHS/M-512, RHS/M-517) it was 66% (i.e., 

moderately low degree of dissimilarity value). On the other hand the degree of 

similarity between T. harzianum and T. asperellum isolates was 66 %. The DGGE 

analysis of the BCA isolates also revealed that there is a significant difference 

between the isolates obtained from different geographical regions. The degree of 

similarity between T. harzianum (RHS/S-559, RHS/S-560) and T. harzianaum 

(RHS/M-501, RHS/M-511) was 28 % (moderate dissimilarity values) (Table 30). 

 

Table 30. Genetic similarity matrix, obtained as the result of Simqual analysis of the 

DGGE bands of BCA isolates 

 

RHS/S-559  RHS/S-560 RHS/M-501 RHS/M-511 RHS/M-561 RHS/M-512 RHS/M-

517 

RHS/S-559 0.8000000   

RHS/S-560 0.6000000   1.0000000 

RHS/M-501 0.8000000   0.6000000  1.0000000   

RHS/M-511 0.4285714   0.2857143  0.5000000   1.0000000 

RHS/M-561 0.5000000   0.4285714  0.5000000   0.2857143   1.0000000 

RHS/M-512 0.5000000   0.5000000  0.5000000   0.6666667   0.6666667   1.0000000 

RHS/M-517 0.6666667   0.5000000  0.5000000   0.5000000   0.6666667   0.6666667   1.0000000 

"SIMQUAL: input=D:\DGGE Analysis\BCA-DGGE\Bacteria DGGE-1.NTS, coeff=J 

 

4.8.2.2. Dendrogram Construction, PCA analysis, 2D and 3D plot 

The Dendrogram was constructed by the UPGMA analysis based on the presence and 

absence of the bands in DGGE which shows two major clusters. Cluster I represented            

T. harzianum, cluster II represented T. asperellum group, the similarity co-efficient 

ranged from 0.45 to 1. Similarly the two dimensional and three dimensional plots of 

similarity coefficient were constructed with the help of NTSYS PC software. The 2 

dimensional and three dimensional plots showed that there is a significant variation 

between the groups though the similarity co efficient is not less than 0.45 (Fig. 38).   
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Fig. 37. Denature gradient gel electrophoresis of the ITS-PCR amplified products of BCA isolates T. harzianum (RHS/S-559, RHS/S-560, 

RHS/M-501 and RHS/M-511) and T. asperellum (RHS/S-561, RHS/M-512, RHS/M-517). ITS-PCR products -300 bp (A); DGGE analysis- 

gradient 0-100 %, 12 hrs run, 100 V (B); Gradient 10-80%, 8 hrs run, 100 V; (D) gradient 20-60%, 8 hrs run, 100V (B).



191 
 

 

 

 

Fig. 38. Analysis of genetic relatedness among the BCA isolates based on DGGE 

banding pattern. Dendrogram obtained based on the basis of UPGMA analysis 

showing four major clusters, coefficient ranges from 0.45-1 (A); Two and three 

dimensional plots of the UGMA analysis showing four distinct groups of organisms 

placed in their respective clades (B&C). 
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4.8.3. DGGE based diversity analysis of Bacterial isolates 

A total of 15 bacterial isolates were obtained from different soil samples obtained 

from Darjeeling Hill regions. On the basis of in vitro test for plant growth promoting 

activities, seven potential isolates were chosen for further evaluation of their 

beneficial characters. These seven isolates were morphologically dissimilar and were 

obtained from different geographical locations. They were initially identified on the 

basis of 16S DNA gene sequence analysis. these isolates were Bacillus pumilus 

(BRHS/C-1), B. altitudinis (BRHS/P-22), Enterobacter cloacae (BRHS/R-71), 

Paenibacillus polymyxa (BRHS/R-72), B. altitudinis (BRHS/S-73), B. 

methylotrophicus (BRHS/P-9), Bukholderia symbiont (BRHS/P-92) and B. 

aerophilus (BRHS/B-104). Analyses of genetic relatedness among these PGPR 

isolates were conducted on the basis of the differences in their conserved sequences. 

For this 16S rDNA sequences were amplified using specific primers (F352T: 5‘- 

CGC CCG CCG CGC GCG GCG GGC GGG GCG GGG GCA CGG GGG GAC 

TCC TAC GGG TGG C- 3‘ and 519 r: 5‘-ACC GCG GCT GCT GGC AC- 3‘).The 

DGGE electrophoresis yielded a unique and uniform banding pattern of each 

bacterial isolate.  In case of 0-100 % denaturant, no masjor difference among the 

bacterial isolates was noticed, however varaitions in the banding patterns were 

observed when the denaturing gradient was 20-60%, run time 8 hours in 100 V (Fig. 

39). All the bands in obtained were scored individuallay in the form of 0/1 matrix 

and analysed in NTSYS-PC software. 

4.8.3.1. Analysis of polymorphism and genetic similarity value 

The Similarity co-efficient conducted using NTSYS-PC software reveals that isolates 

belonging to the same genera and species showed highest degree of similarity. The 

analysis of similarity co-efficient values revealed that the individual bacterial isolates 

were unique in their conserved sequences. The degree of similarity among the 

Bacillus isolates (Bacillus pumilus BRHS/C-1, B. altitudinis BRHS/P-22, B. 

methylotrophicus BRHS/P-9, B. aerophilus  BRHS/B-104) is 60%. The degree of 

similarity between Bacillus isolates and  Enterobacter cloacae (BRHS/R-71), is 42 

%,  Paenibacillus polymyxa (BRHS/R-72) is 33 %, and Bukholderia symbiont 

(BRHS/P-92) is 20%. The DGGE analysis of the PGPR isolates also revealed that 

there is a significant difference between the isolates obtained from different 

geographical regions (Table 31 ). 
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Table 31. Genetic similarity matrix, obtained as the result of Simqual analysis of the 

DGGE bands of PGPR isolates 

  BRHS/C-1 BRHS/P-22 BRHS/R-71 BRHS/R-72 BRHS/S-73 BRHS/P-91 BRHS/P-92 

BRHS/B-104 

BRHS/C-1 1.0000000 

BRHS/P-22  0.6000000  1.0000000   

BRHS/R-71  0.4285714  0.4285714  1.0000000 

BRHS/R-72  0.4000000  0.4000000  0.5000000  1.0000000   

BRHS/S-73  0.6000000  1.0000000  0.4285714  0.4000000  1.0000000 

BRHS/P-91 0.6000000  0.3333333  0.4285714  0.1666667  0.3333333  1.0000000 

BRHS/P-92  0.2000000  0.2000000  0.3333333  0.2500000  0.2000000  0.2000000  1.0000000 

BRHS/B-104 0.4000000  0.4000000  0.2857143  0.0000000  0.4000000  0.7500000  0.2500000   1.0000000 

"SIMQUAL: input=D:\DGGE Analysis\Bacteria DGGE\Bacteria DGGE-1.NTS, coeff=J 

 

4.8.3.2. Dendrogram Construction, PCA analysis, 2D and 3D plot  

The Dendrogram was constructed by the UPGMA analysis based on the presence and 

absence of the bands in DGGE. The Dendrogram clearly shows that each individual 

isolates were separated however showed similarity with each other. The bacilli 

isolates were grouped in one single cluster and showed a similarity co-efficient of 

0.62 among themselves. The overall similarity co-efficient ranged from 0.23 to 1. 

Similarly the two dimensional and three dimensional plots of similarity coefficient 

were constructed with the help of NTSYS PC software. The 2 dimensional and three 

dimensional plots showed that there is a significant variation between the groups 

though the similarity co efficient is not less than 0.19 (Fig. 40).   
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Fig. 39. Denature gradient gel electrophoresis of the ITS-PCR amplified products of 

PGPR isolates Bacillus pumilus (BRHS/C-1), B. altitudinis (BRHS/P-22), 

Enterobacter cloacae (BRHS/R-71), Paenibacillus polymyxa (BRHS/R-72), B. 

altitudinis (BRHS/S-73), B. methylotrophicus (BRHS/P-9), Bukholderia symbiont 

(BRHS/P-92) and B. aerophilus (BRHS/B-104). ITS-PCR products -250 bp (A); 

DGGE analysis- gradient 0-100 %, 12 hrs run, 100 V (B); Gradient 10-80%, 8 hrs 

run, 100 V; (D) gradient 20-60%, 8 hrs run, 100V (C). 
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Fig. 40. Analysis of genetic relatedness among the PGPR isolates based on DGGE 

banding pattern. Dendrogram obtained based on the basis of UPGMA analysis 

showing four major clusters, coefficient ranges from 0.23-1 (A); Two and three 

dimensional plots of the UGMA analysis showing different isolates in different 

clades (B&C). 
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4.8.4. DGGE analysis of BCA isolates with reference to the known identified 

strains. 

In a separate experiment an attempt was made to use the DGGE technique to 

compare the genetic make up of unknown samples isolated from different sources. 

For this once the denaturant concentration was standardized, the unknown samples 

were then analyzed with reference to the known ones. Different biocontrol isolates, 

RHS/ T-594, RHS/T-600 RHS/C-601, RHS/C-604, RHS/C-606, RHS/T- 626, 

RHS/P-572, RHS/A-481, RHS/A-482, RHS/A-483, FS/R-640, FS/R-641 obtained 

from different geographical locations of North Bengal were analyzed for their genetic 

relatedness based on their conserved sequences. A Uniform PCR product of 200 bp 

was obtained with the help of DGGE primer. The PCR product was subjected to 20-

60 % denature gradient electrophoresis, run time 8h, 100 V, where a distinct banding 

pattern was obtained for each isolate (Fig. 41).  

4.8.4.1. Analysis of polymorphism and genetic similarity value 

The analysis of genetic similarity among the Trichoderma isolates was conducted on 

the basis of the reference strains. Isolates which were morphologically similar with 

the reference cultures showed highest degree of similarity. The degree of similarity 

between the reference strain T. harzianum RHS/S-559 and RHS/T-594, RHS/T-600, 

RHS/C-601, RHS/C-606, RHS/T-626, RHS/P-572, RHS/A-481, RHS/A-482, 

RHS/A-483 and FS/R-641 id 80 % (Less dissimilarity coefficient) whereas the 

degree of similarity between the reference strain T. asperellum RHS/S 561 and 

RHS/C-604 and FS/R-640 is 83 %. (Table 32). 

4.8.4.2. Dendrogram Construction, PCA analysis, 2D and 3D plot 

The Dendrogram was constructed by the UPGMA analysis based on the presence and 

absence of the bands in DGGE. The Dendrogram clearly shows that each individual 

isolates were separated however showed similarity with each other. The T. 

harzianum isolates were grouped in one single cluster and showed a similarity co-

efficient of 0.80 among themselves whereas, T. asperellum isolates were grouped in 

another cluster and showed a similarit co-efficient of 0.85 among themselves. The 

overall similarity co-efficient ranged from 0.53 to 1. Similarly the two dimensional 

and three dimensional plots of similarity coefficient were constructed with the help 

of NTSYS PC software. The 2 dimensional and three dimensional plots showed that 

there is a significant variation between the groups though the similarity coefficient is 

not less than 0.15. (Fig. 42).   
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Table 32. Genetic similarity matrix, obtained as the result of Simqual analysis of the DGGE bands of Trichoderma isolates 

                 FS/L-20 RHS/S-559 RHS/S-561  RHS/T-594 RHS/T-600 RHS/C-601 RHS/C-604 RHS/C-606 RHS/T-626 RHS/P-572 RHS/A-481 RHS/A-482 RHS/A-483 FS/R-640 FS/R-641 

FS/L-20                  1.0000000 

RHS/S-559             0.7500000  1.0000000 

RHS/S-561            0.2857143   0.4285714  1.0000000 

 RHS/T-594           0.6000000  0.8000000  0.5714286  1.0000000 

RHS/T-600            0.6000000  0.8000000  0.5714286  0.6666667  1.0000000 

RHS/C-601            0.5000000  0.6666667  0.7142857  0.8333333  0.5714286  1.0000000 

RHS/C-604            0.3333333  0.5000000  0.8333333  0.6666667  0.4285714  0.8333333  1.0000000 

 RHS/C-606           0.7500000  1.0000000  0.4285714  0.8000000  0.8000000  0.6666667  0.5000000   1.0000000 

 RHS/T-626           0.6000000  0.8000000  0.5714286  0.6666667  1.0000000  0.5714286  0.4285714   0.8000000  1.0000000 

RHS/P-572            0.6000000  0.8000000  0.5714286  1.0000000  0.6666667  0.8333333  0.6666667   0.8000000  0.6666667  1.0000000 

RHS/A-481           0.7500000  1.0000000  0.4285714  0.8000000  0.8000000  0.6666667  0.5000000   1.0000000  0.8000000  0.8000000  1.0000000 

RHS/A-482           0.6000000  0.8000000  0.5714286  0.6666667  0.6666667  0.8333333  0.6666667   0.8000000  0.6666667  0.6666667  0.8000000  1.0000000 

RHS/A-483          0.6000000  0.8000000  0.5714286  0.6666667  0.6666667  0.8333333  0.6666667   0.8000000  0.6666667  0.6666667  0.8000000  1.0000000  1.0000000 

FS/R-640            0.2857143  0.4285714  1.0000000  0.5714286  0.5714286  0.7142857  0.8333333   0.4285714  0.5714286  0.5714286  0.4285714  0.5714286  0.5714286  1.0000000 

FS/R-641            0.6000000  0.8000000  0.5714286  0.6666667  1.0000000  0.5714286  0.4285714   0.8000000  1.0000000  0.6666667  0.8000000  0.6666667  0.6666667  0.5714286   1.0000000 

" SIMQUAL: input=D:\DGGE Analysis\ Coeff=J; " by Cols, +=   1.00000, -=   0.00000; 3 15L 15  0 ;
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Fig. 41. Denature gradient gel electrophoresis of the ITS-PCR amplified products of 

Trichoderma isolates. Lane 1-T. erinaceum (FS/L-20); 2-T. harzianum (RHS/S-559); 

3-T. asperellum (RHS/S-561); 4- RHS/ T-594; 5-RHS/T-600; 6-RHS/C-601;7-

RHS/C-604; 8-RHS/C-606;9-RHS/T- 626;10-RHS/P-572; 11- RHS/A-481;12-

RHS/A-482; 13-RHS/A-483;14-FS/R-640;15-FS/R-641; 16-Mixed PCR 

product.Gradient 20-60%, 8 hrs run, 100V.  

 

 

 

 

 

 

 



199 
 

 

Figue 42. Analysis of genetic relatedness among the BCA isolates based on DGGE 

banding pattern. Dendrogram obtained based on the basis of UPGMA analysis 

showing three major clusters, coefficient ranges from 0.53-1 (A); Two and three 

dimensional plots of the UGMA analysis showing different isolates in different 

clades (B&C). 
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4.9. 18S rDNA sequence and phylogenetic analysis for identification of fungal 

isolates 

 

The identities of all the fungal isolates (PSF, BCA and the pathogen) were confirmed 

with the help of analysis of rDNA sequences. The 18S rDNA sequences of all the 

potential isolates were amplified with the help of universal primers and sequenced. 

The sequenced products were then analyzed for conforming their identities and 

phylogenetic placements. The respective rDNA sequences have been deposited in 

NCBI gen bank database and an accession number have been provided.  

4.9.1. Pathogen (Thanatephorus cucumeris/ NAIMCC-F-02903)   

In this present investigation two important phyto-pathogens, Sclerotium rolfsii and 

Thanatephorus cucumeris were taken up for in vivo studies. S. rolfsii was obtained 

from the culture collection of Immuno-phytopathology Laboratory, Department of 

Botany, University of North Bengal whereas another pathogen, T. cucumeris was 

isolated from the stem of severely infected Vigna radiata growing in the 

experimental field. The isolate was designated as RHS/V-566. Initial morphological 

and microscopical characterization of the isolates was carried out and further 

identification of this pathogen was confirmed with the help of 18S rDNA sequence. 

ITS region of rDNA was amplified using ITS-1 and ITS-4 primers. A uniform 

product of size of 450 bp was obtained which was analyzed with the help of 1% 

Agarose gel electrophoresis and was sequenced. The obtained sequence was further 

used to query against NCBI Genbank sequences through BLAST. The analysis 

revealed isolate RHS/V-566 to have 99% homology with Thanatephorus cucumeris. 

The sequences were approved as 18S rRNA gene sequence by NCBI after complete 

annotation (base pair after annotation= 1,400).  The accession number for isolate T. 

cucumeris RHS/V-566, provided by NCBI is JN248540. (Fig. 43) 

4.9.1.1. Multiple sequence alignment and Phylogenetic analysis 

 

Multiple sequence alignment of the sequences showing maximum identity score (96-

99 %) along with the sequence of R. solani was conducted to determine sequence 

homology using CLUSTAL-W software. The results of multiple sequence alignment 

shows a close match between the bases of the closely related species and also some 

variable regions which can be utilized for constructing strain specific primers for 

other studies (Table 33; Fig. 44 ). For phylogenetic analysis, 18S rDNA sequence of 

T. cucumeris RHS/V-566 was compared with ex-type sequences of the representative 
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species of the genus. The optimal tree with the sum of branch length = 0.53411025 is 

shown. The percentage of replicate trees in which the associated taxa clustered 

together in the bootstrap test (1000 replicates) are shown next to the branches. The 

tree is drawn to scale, with branch lengths in the same units as those of the 

evolutionary distances used to infer the phylogenetic tree. The evolutionary distances 

were computed using Maximum Composite Likelihood method and are in the units 

of the number of base substitutions per site. Codon positions included were 1
st
 + 2

nd
 

+3
rd

 + noncoding. All positions containing gaps and missing data were eliminated 

from the dataset (Complete deletion option). There were a total of 276 positions in 

the final dataset.  The strain (RHS/V-566) was found to be clustered with the other T. 

cucumeris strains thus confirming its identity. The Eupenicellium sequences was 

distantly related which was used as an out group (Fig. 45). 

  

4.9.1.2. Analysis of Nucleotide frequency, ORF and DNA molecular weight of 

rDNA sequences 

Combinations and percentage of occurrence of different nucleotide in the entire 

sequences were calculated using the bioinformatics algorithm from the website 

http://www.ualberta.ca/~stothard/ javascript/dna_stats.html. The sequence of DNA 

fragments of ITS region for 650 residue sequence "T. cucumeris-RHS/V-566ITS4" 

starting with "TTGTAGCTGG" is presented in the Table 34. The guanine ‗G‘ 

content of the sequence is maximum (18.00 %) with highest repetition of 40. 

Combinations like GC were also at the level 43.00 % which occurred at least 43 

times in the entire sequence. The DNA Molecular Weight DNA residue sequence 

"560_ITS4" starting "TTGTAGCTGG " is   200285.29 Da. 

A total of 2 open reading frames (ORF) for the designated sequence was calculated 

with the help of ORF finder available from 

http://www.ualberta.ca/~stothard/javascript/orf_find.html  for residue sequence of T. 

cucumeris RHS/V-566 starting at " TTGTAGCTGG "  

 

 

 

http://www.ualberta.ca/~stothard/javascript/dna_stats.html
http://www.ualberta.ca/~stothard/javascript/orf_find.html
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Fig. 43.  Chromatogram and sequence deposit of ITS region of Thanatephorus 

cucumeris RHS/V-566/NAIMCC-F-02903. 
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Table 33: Nucleotide sequence alignments of the parts of the rDNA repeats encoding 

ITS region of different isolates of T. cucumeris used for analysis with ex-type strain 

sequence 

------------------------------------------------------------------------------------------------------- 
!Title T. cucumeris;!Format, DataType=Nucleotide CodeTable=Standard, NSeqs=7 

NSites=765 

   Identical=. Missing=? Indel=-; !Domain=Data property=Coding CodonStart=1; 

#JN248540-T._cucumeris-RHS/V-566 -- --- --- --- --- --- --- --- --- --- --- ---  [48] 

#JF946728-_T._cucumeris         --- --- --A ACA AGG TTT CCG TAG GTG AAC CTG CGG  [48] 

#JF946722-_T._cucumeris         AAA GTC GTA ACA AGG TTT CGG TAG GTG AAC CTG CGG  [48] 

#JF946733-T._cucumeris          AAA GTT GTA ACA AGG TTT CCG TAG GTG AAC CTG GGG  [48] 

#JF946721-T._cucumeris          --- --- --- --- --- --- --- --- --- --- --- ---  [48] 

#EU244840-T._cucumeris          --- --- --- --- --- --- --- --- --- --- --- ---  [48] 

#JF701791-_R._solani            AAA AAT GTA ACA AGG TTT CCG TAG GTG AAC CTG CGG  [48] 

#JN248540-T._cucumeris-RHS/V-566TG GGG GCA TGT GCA CAC CTT TC- --- -TC TTT CAT  [144] 

#JF946728-_T._cucumeris         -T TA. ... ... ... ... ..C ..- --- -.. ... ...  [144] 

#JF946722-_T._cucumeris         -T T.. ... ... ... ... ..A ..- --- -.. ... ...  [144] 

#JF946733-T._cucumeris          .. ... ... ... ... ... ... ..- --- -.. ... ...  [144] 

#JF946721-T._cucumeris          .T T.. ..G ... ... ... ... C.- --- -.. ... ...  [144] 

#EU244840-T._cucumeris          .T ..A ... ... ... ... ... .TG CTC T.T ... T.A  [144] 

#JF701791-_R._solani            .T T.. ... ... ... ... ... C.- --- -.. ... ...  [144] 

#JN248540-T._cucumeris-RHS/V-566AA CTT TAT TGG ACC TAC TCT CCT TGG ACT T-C TGT  [240] 

#JF946728-_T._cucumeris         T. A.A A.A .AA TAA ..A GTC A.. GAA C.C .T. ...  [240] 

#JF946722-_T._cucumeris         -- --- -.A GAA CAA .TG GT- G.. G.A C.C .-. ...  [240] 

#JF946733-T._cucumeris          .. ... ... ... ... ... ... .T. ... ... .-. ...  [240] 

#JF946721-T._cucumeris          C. A.A C.A A.. CAA ..G GT. AT. G.A C.C .-. ...  [240] 

#EU244840-T._cucumeris          .. AA. G.A ..A .TG GGA A.C ..A ACC C.C CT. ...  [240] 

#JF701791-_R._solani            C. A.A C.A A.. CAA ..G GT. AT. G.A C.C .-. ...  [240] 

#JN248540-T._cucumeris-RHS/V-566AT ATA AAC TCA ATT TAT TTT AAA ATG AAT GTA ATG  [288] 

#JF946728-_T._cucumeris         .. ... C.. ... ... ... ... -.. ... ... ... ...  [288] 

#JF946722-_T._cucumeris         .. ... ... ... ... ... ..A G.. ... ... ... ...  [288] 

#JF946733-T._cucumeris          .. ... ... ... ... ... ... ... ... ... ... ...  [288] 

#JF946721-T._cucumeris          .. ... ..A ..C ... ... ... ... .C. ... ... ...  [288] 

#EU244840-T._cucumeris          .. ... ... C.. ... ... C.. ... ... ... ... ...  [288] 

#JF701791-_R._solani            .. ... ..A ... ... ... ... ... .C. ... ... ...  [288] 

#JN248540-T._cucumeris-RHS/V-566AA CGC AGC GAA ATG CGA TAA GTA ATG TGA ATT GCA  [384] 

#JF946728-_T._cucumeris         .. ... ... ... ... ... ... ... ... ... ... ...  [384] 

#JF946722-_T._cucumeris         .. ... ... ... ... ... ... ... ... ... ... ...  [384] 

#JF946733-T._cucumeris          .. ... ... ... ... ... ... ... ... ... ... ...  [384] 

#JF946721-T._cucumeris          .. ... ..G .G. ... ... ... ... ... ... ... ..G  [384] 

#EU244840-T._cucumeris          .. ... ... ... ... ... ... ... ... ... ... ...  [384] 

#JF701791-_R._solani            .. ... ... ... ... ... ... ... ... ... ... ...  [384] 

#JN248540-T._cucumeris-RHS/V-566T GCT CCT CTT TGT GCA TTA ACT GGA TCT CAA TGT  [576] 

#JF946728-_T._cucumeris         . ... ... ... ... .T. ... G.. ... ... ..G ...  [576] 

#JF946722-_T._cucumeris         . ... ... ... ... T.. ... G.. ... ... ..G ...  [576] 

#JF946733-T._cucumeris          . ... ... ... ... ... ... G.. ... ... ..G ...  [576] 

#JF946721-T._cucumeris          . ... ... ... ... ... ... G.. ... ... ..G ...  [576] 

#EU244840-T._cucumeris          . ... ... ... ... T.. ... G.. ... ... ..G ...  [576] 

#JF701791-_R._solani            . ... ... ... ... ... ... G.. ... ... ..G ...  [576] 

#JN248540-T._cucumeris-RHS/V-566  TCA ACG TGA TAA ATT ATC TAT CGC TGA GGA CAC  [624] 

#JF946728-_T._cucumeris           ... G.. ... ... ... ... ... ... ... ... ...  [624] 

#JF946722-_T._cucumeris           ... G.. ... ... G.. ... ... ... ... ... ...  [624] 

#JF946733-T._cucumeris            ... G.. ... ... G.. ... ... ... ... ... ...  [624] 

#JF946721-T._cucumeris            ..G G.. ... ... ... ... ... ... ... ... ...  [624] 

#EU244840-T._cucumeris            ..G G.. ... ... ... ... ... ... ... A.. ...  [624] 

#JF701791-_R._solani              ..G G.. ... ... ... ... ... ... ... ... ...  [624] 

#JN248540-T._cucumeris-RHS/V-566  AGG ACT ACC -GC TGA ACT TAA GCA TAT CAT AAA  [765] 

#JF946728-_T._cucumeris           --- C-- --- -CT --- --- --- C-- --- --- ---  [765] 

#JF946722-_T._cucumeris           --- G-- --- --- --- --- --- C-- --- --- ---  [765] 

#JF946733-T._cucumeris            ... ... ... C.. ... .-- -G- T-- -T- -GG C--  [765] 

#JF946721-T._cucumeris            ... T.. ... C.. ... ... .-- --- --- --- G--  [765] 

#EU244840-T._cucumeris            --- --- --- --- --- --- --- --- A-- --- TT-  [765] 

#JF701791-_R._solani              CAA GA. ... C.A .C. CTA --- --- -C- --- C--  [765] 

;end 

 

-------------------------------------------------------------------------------------------- 

dimensions ntax=10 nchar=462; format missing=? gap=- matchchar=. datatype=nucleotide interleave=yes; 

matrix 
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Fig. 44: Multiple sequence alignment of T. cucumeris RHS/V-566/ NAIMCC-F-

02903 with ex-type strain sequences obtained from NCBI genbank database. 

Different colours shows different bases. Difference in the conserved regions are 

indicated by different colours. 
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 JF946733.1| Thanatephorus cucumeris

 JF946728.1| Thanatephorus cucumeris

 JF946725.1| Thanatephorus cucumeris

 JF946722.1| Thanatephorus cucumeris

 JF946721.1| Thanatephorus cucumeris

 JF701792.1| Rhizoctonia solani

 JF946720.1| Thanatephorus cucumeris

 JF946734.1| Thanatephorus cucumeris

 JF946730.1| Thanatephorus cucumeris

 JF946727.1| Thanatephorus cucumeris

 JF946731.1| Thanatephorus cucumeris

 JF946732.1| Thanatephorus cucumeris

 Thanatephorus cucumeris isolate- RHS/V

 JF701791.1| Rhizoctonia solani

 FR670341.1| Thanatephorus cucumeris

 FJ004324.1| Eupenicillium cinnamopurpure

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 45. The phylogenetic analyses of T. cucumeris / NAIMCC-F-02903 based on 

18S rDNA sequences with the ex- type strains conducted using the UPGMA method 

of MEGA4.1 software. Eupenicellium 18S DNA sequences have been used as an out 

group.  

 

 

Table 34. Nucleotide combinations and frequencies of different combinations 

of ITS sequences of T. cucumeris RHS/V-566, NAIMCC-F02912 

Pattern Times found Percentage Pattern 
Times 

found 
Percentage 

G 117 18.00 AC 40 6.16 

A 187 28.77 TG 57 8.78 

T 208 32.00 TA 42 6.47 

C 138 21.23 TT 62 9.55 

GG 27 4.16 TC 47 7.24 

GA 34 5.24 CG 13 2.00 

GT 28 4.31 CA 43 6.63 

GC 28 4.31 CT 59 9.09 

AG 20 3.08 CC 23 3.54 

AA 68 10.48 G,C 255 39.23 

AT 58 8.94 A,T 395 60.77 

                                                      

 

 

Open Reading Frame of Thanatephorus cucumeris isolate RHS/V566 GenBank: 

JN248540.1 
------------------------------------------------------------------------------------------------------- ------------------- 

Results for 650 residue sequence "T. cucumeris-RHS/V-566/NAIMCC-F-02903, 

starting "TTGTAGCTGG" 

>ORF number 1 in reading frame 1 on the direct strand extends from base 79 to base 

264. 
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GACAGATGTTTTCTAGGAGGGAAGGAACTTTATTGGACCTACTCTCCTTG

GACTTCTGTCTACTTAATCTATATAAACTCAATTTATTTTAAAATGAATGT

AATGGATGTAACACATCTAATACTAAGTTTCAACAACGGATCTCTTGGCT

CTCGCATCGATGAAAAACGCAGCGAAATGCGATAA 

 

>Translation of ORF number 1 in reading frame 1 on the direct strand. 

DRCFLGGKELYWTYSPWTSVYLIYINSIYFKMNVMDVTHLILSFNNGSLGSRI

DEKRSEM 

R* 

>ORF number 2 in reading frame 1 on the direct strand extends from base 388 to 

base 525. 

CTCAATTGGTTCTGCTTTGGTATTGGAGGTCTATTGCAGCTTCACACCTGC

TCCTCTTTGTGCATTAACTGGATCTCAATGTTATGCTTGGTTCCACTCAAC

GTGATAAATTATCTATCGCTGAGGACACCCTGTTAA 

 

>Translation of ORF number 2 in reading frame 1 on the direct strand. 

LNWFCFGIGGLLQLHTCSSLCINWISMLCLVPLNVINYLSLRTPC* 

 

 

 

 4.9.2. Phosphate Solubilizing Fungus-PSF, (Talaromyces flavus RHS/P-52, 

NAIMCC-F01948) 

Among all the phosphate solubilizing isolate RHS-P-51 which was initially identified 

on the basis of morphological characters as Talaromyces flavus, was found to be the 

most potential PSF isolate. The identity of this isolate was further confirmed with 

help of 18S rDNA sequences with the help of universal primers. 

 A uniform product of size of 800 bp was obtained which was analyzed with the help 

of 1% Agarose gel electrophoresis and was sequenced. The obtained sequence was 

further used to query against NCBI Genbank sequences through BLAST. The 

analysis revealed isolate RHS/P-51 to have 100% homology with Talaromyces 

flavus. The sequences were approved as 18S rRNA gene sequence by NCBI after 

complete annotation (base pair after annotation= 1,230). The accession number for 

isolate T. flavus RHS/P-51, provided by NCBI is GU324073 (Fig. 46). 

4.9.2.1. Multiple sequence alignment and Phylogenetic analysis 

A multiple sequence alignment of ITS gene sequences of T. flavus (RHS/P-51) with 

the sequences of other strains obtained from NCBI Genbank database showing 

maximum homology with our strain was conducted using CLUSTAL-W algorithm 

which is a general purpose multiple sequence alignment program for DNA  of 

MEGA-4.1 software. The result reveals that there were quite a number of gaps that 

were introduced in the multiple sequence alignment within the region that were 
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closely related and similar sequence indicated the relationship among the isolates. 

Analysis of the same regions of conserved sequences also highlighted the portions of 

this sequence which was not identical to that of the other related sepecies. This 

difference in the sequences will provide an important information for developing 

strain specific primers which have been highlighted in the alignment result  (Table 

35; Fig. 47). 

 The 18S DNA sequence based phylogenetic analysis of T. flavus (RHS/P-51) 

was conducted with other ex-type strains presented in Table 36, obtained from 

NCBI-Genbank database as well as with the most commonly reported phosphate 

solubilizing isolates of other regions. The evolutionary history was inferred using the 

Neighbour joining (NJ) method. The optimal tree with the sum of branch length = 

1.16899756 has been shown. The phylogenetic tree shows that T. flavus is closely 

related to A. niger group whereas distantly related to A. clavatus group. The 

percentage of replicate trees in which the associated taxa clustered together in the 

bootstrap test (1000 replicates) has been shown next to the branches. The tree is 

drawn to scale, with branch lengths in the same units as those of the evolutionary 

distances used to infer the phylogenetic tree. All positions containing gaps and 

missing data were eliminated from the dataset (Complete deletion option) (Fig. 48). 

4.9.2.2. Analysis of Nucleotide frequency, ORF and DNA molecular weight of 

rDNA sequences 

Combinations and percentage of occurrence of different nucleotide in the entire 

sequences were also calculated. The sequence of DNA fragments of ITS region for 

565 residue sequence "Talaromyces flavus strain RHS/P-51- GU324073" starting 

with "TTGTTTTAAC" revealed that the guanine ‗C‘ content of the sequence is 

maximum (29.20 %) with highest repetition of 165 (Table 37). Whereas DNA 

Molecular weight results for 565 residue sequence starting "TTGTTTTAAC" is 

173567.12 Da. A total of 2 open reading frames for the designated sequence were 

calculated for 565 residue sequence "Talaromyces flavus strain RHS/P 51- 

GU324073" starting with "TTGTTTTAAC" (Fig. 49). 
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Fig. 46. Chromatogram and sequence deposit of ITS region of Talaromyces flavus 

RHS/P-51/ NAIMCC-F01948. 
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Table 35.  Nucleotide sequence alignments of the parts of the rDNA repeats 

encoding ITS region of different isolates of T. flavus used for analysis with ex-type 

strain sequence 
Title T. flavus;!Format, DataType=Nucleotide CodeTable=Standard, NSeqs=7 NSites=765 

   Identical=. Missing=? Indel=-; !Domain=Data property=Coding CodonStart=1; 

 

gi|284192449|gb|GU324073.1|_Tala GTGAGTGTGCGGTCACGGCTATCTCACCCTTTTCTCTCT [114] 

gi|254681489|gb|FJ537107.1|_Tala CC.....A.G.CC.G....C.C...C...CC..G....C [114] 

gi|158138922|gb|EU021596.1|_Tala CC.....C.G.CC.G....C.C...C.A.CC..G..... [114] 

gi|218938080|gb|FJ487931.1|_Tala CC.....C.G.CC.G....C.C...C.A.CC..G..... [114] 

gi|305380912|gb|GU396595.1|_Tala CC.....C.G.CC.G....C.C...C.A.CC..G..... [114] 

gi|305380913|gb|GU396596.1|_Tala CC.....C.G.CC.G....C.C...C.A.CC..G..... [114] 

gi|639442|gb|U18354.1|TFU18354_T CC.....C.G.CC.G....C.C...C.A.CC..G..... [114] 

gi|119369878|gb|EF123253.1|_Tala ..TG.A.G.GCC..G....C.C...C.A.CC..G..... [114] 

gi|308055650|gb|HQ191279.1|_Tala AG.....G.G..C.G....C.C...C.A.CC..G..... [114] 

gi|42741971|gb|AY532420.1|_Talar CC.....C.G.CCTG....C.C...C.A.CC..G..... [114] 

gi|284192449|gb|GU324073.1|_Tala TCCCCGGGGGACTCCGTCCCCGGACCCGCGCCCGCCGAA [197] 

gi|254681489|gb|FJ537107.1|_Tala ..G.........AT.........G..............G [197] 

gi|158138922|gb|EU021596.1|_Tala ..G.........GT....T....G............... [197] 

gi|218938080|gb|FJ487931.1|_Tala ..G.........GT.........GT.............. [197] 

gi|305380912|gb|GU396595.1|_Tala ..G.........G..........G............... [197] 

gi|305380913|gb|GU396596.1|_Tala ..G.........G..........G............... [197] 

gi|639442|gb|U18354.1|TFU18354_T ..G.........AT.........G............... [197] 

gi|119369878|gb|EF123253.1|_Tala ..G.........G..........G............... [197] 

gi|308055650|gb|HQ191279.1|_Tala ..G.........GT.........G............... [197] 

gi|42741971|gb|AY532420.1|_Talar ..G.........G..........G............... [197] 

gi|284192449|gb|GU324073.1|_Tala CAATCAAACTTGTCTTAACTTTCAACATTACATCTCTTC [275] 

gi|254681489|gb|FJ537107.1|_Tala AT..G...A.....AA...........A.GG.......G [275] 

gi|158138922|gb|EU021596.1|_Tala .T..G...A.....AA...........A.GG.......G [275] 

gi|218938080|gb|FJ487931.1|_Tala .C..G...A.....AA...........A.GG.......G [275] 

gi|305380912|gb|GU396595.1|_Tala .T..G...A.....AA...........A.GG.......G [275] 

gi|305380913|gb|GU396596.1|_Tala .T..G...A.....AA...........A.GG.......G [275] 

gi|639442|gb|U18354.1|TFU18354_T TT..G...A.....AA...........A.GG.......G [275] 

gi|119369878|gb|EF123253.1|_Tala .T..G...A.....AA...........A.GG.......G [275] 

gi|308055650|gb|HQ191279.1|_Tala .T..G...A.....AA...........A.GG.......G [275] 

gi|42741971|gb|AY532420.1|_Talar .T..G...A.....AA...........A.GG.......G [275] 

gi|284192449|gb|GU324073.1|_Tala TAATGTACATTGAAATTTTGAATTTTCTCATCTTAATCT [357] 

gi|254681489|gb|FJ537107.1|_Tala ......GA....G....C.....CA..GA.....TGAAC [357] 

gi|158138922|gb|EU021596.1|_Tala ......GA....G....C.....CA..GA.....TGAAC [357] 

gi|218938080|gb|FJ487931.1|_Tala ......GA....G....C.....CA..GA.....TGAAC [357] 

gi|305380912|gb|GU396595.1|_Tala ......GA....G....C.....CA..GA.....TGAAC [357] 

gi|305380913|gb|GU396596.1|_Tala ......GA....G....C.....CA..GA.....TGAAC [357] 

gi|639442|gb|U18354.1|TFU18354_T ......GA....G....C.....CA..GA.....TGAAC [357] 

gi|119369878|gb|EF123253.1|_Tala ......GA....G....C.....CA..GA.....TGAAC [357] 

gi|308055650|gb|HQ191279.1|_Tala ......GA....G....C.....CA..GA.....TGAAC [357] 

gi|42741971|gb|AY532420.1|_Talar ......GA....G....C.....CA..GA.....TGAAC [357] 

gi|284192449|gb|GU324073.1|_Tala CCGAGAGACATTTTTGTCATCATTCACGCTTTGTGTGTT [436] 

gi|254681489|gb|FJ537107.1|_Tala .....C.T.....C..C.C...AG....GC......... [436] 

gi|158138922|gb|EU021596.1|_Tala .....C.T.....C..C.C...AG....GC......... [436] 

gi|218938080|gb|FJ487931.1|_Tala .....C.T.....C..C.C...AG....GC......... [436] 

gi|305380912|gb|GU396595.1|_Tala .....C.T.....C..C.C...AG....GC......... [436] 

gi|305380913|gb|GU396596.1|_Tala .....C.T.....C..C.C...AG....GC......... [436] 

gi|639442|gb|U18354.1|TFU18354_T .....C.T.....C..C.C...AG....GC......... [436] 

gi|119369878|gb|EF123253.1|_Tala .....C.T.....C..C.C...AG....GC......... [436] 

gi|308055650|gb|HQ191279.1|_Tala .....C.T.....C..C.C...AG....GC......... [436] 

gi|42741971|gb|AY532420.1|_Talar .....C.T.....C..C.C...AG....GC......... [436] 

gi|284192449|gb|GU324073.1|_Tala CCACCTCCCTCTGGTCCTCGAACGTGCGTGCCTCTGTCA [514] 

gi|254681489|gb|FJ537107.1|_Tala .G..G...G............G...AT.G.G........ [514] 

gi|158138922|gb|EU021596.1|_Tala .G..GC..G............G...AT.G.G........ [514] 

gi|218938080|gb|FJ487931.1|_Tala .G..G...G............G...AT.G.G........ [514] 

gi|305380912|gb|GU396595.1|_Tala .G..G...G............G...AT.G.G........ [514] 

gi|305380913|gb|GU396596.1|_Tala .G..G...G............G...AT.G.G........ [514] 

gi|639442|gb|U18354.1|TFU18354_T .G..G...G............G...AT.G.G........ [514] 

gi|119369878|gb|EF123253.1|_Tala .G..G...G............G...AT.G.G........ [514] 

gi|308055650|gb|HQ191279.1|_Tala .G..G...G............G...AT.G.G........ [514] 

gi|42741971|gb|AY532420.1|_Talar .G..G...G............G...AT.G.G........ [514] 

;end 

-------------------------------------------------------------------------------------------- 

dimensions ntax=10 nchar=462; format missing=? gap=- matchchar=. datatype=nucleotide interleave=yes; 

matrix 
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Fig. 47. Multiple sequence alignment of T. flavus RHS/P-51/ NAIMCC-F-01948 

with ex-type strain sequences obtained from NCBI genbank database. Different 

colours shows different bases. Difference in the conserved regions are indicated by 

different colours. 
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Table 36. Genbank Accession numbers and geographic location of the Ex- 

Type strains of Talaromyces flavus that showed homology with isolate 

RHS/P-51 for identification. 

Country of 

Origin 

Strain No GeneBank 

accession no 

Country of 

origin 

Strain No GeneBank 

accession no 

Australia - M83262 USA S-16 AY532419 

Austria WB-239 AFY55513 USA S-18 AY532418 

Canada - U18354 USA S-24  AY532417 

China SW- 0092 FJ537107 USA S-26  AY532416 

China JMUPMD-3 HQ191279 USA 
S-29  AY532415 

China - EF123253 USA 
S-2 AY532414 

China -  EF123253 USA 
S-30  AY532413 

China ZJ4-B FJ487931 USA 
S-31  AY532412 

China 
XSD-46 EU273527 

USA 
TF1M  AY532411 

China 
Hn-50-1 EU287814 

USA 
W-1 AY532410 

China 
Jx-18-3 EU287815 

USA 
S-18  AY532409 

France LCP 2892 GU396596 USA W-4 AY532408 

France LCP 3067 GU396595 USA 
W-5 AY532407 

India RHS/P 51 GU324073 USA W-13 AY532406 

Japan CBS-310.38 AB176618 USA W-21 AY532405 

USA S-12 AY532420 USA W-22 AY532404 
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 Aspergillus clavatus DBOF46(JQ724407)

 Aspergillus clavatus-ATHUM-5032(EU982014

 Aspergillus clavatus-ATCC 58869(AY373847

 Aspergillus clavatus-ATCC-9192(AY373846)

 Aspergillus clavatus-DBOF6(JQ724367)

 Aspergillus clavatus-DBOF101(JQ724462)

 Aspergillus clavatus-DG-A2(HQ285547)

 Aspergillus clavatus-HF6(GU183170)

 Aspergillus clavatus-TA30(HQ392482)

 Aspergillus clavatus-CASMB(AB176611)

 Aspergillus melleus-CBS-112786(FJ491567)

 Aspergillus melleus-CBS 112788(FJ491578)

 Aspergillus melleus(FM986318)

 Aspergillus melleus (FM986321)

 Aspergillus melleus-NRRL 5103(EF661425)

 Aspergillus melleus-IMI-257368(AF203797)

 Aspergillus melleus IMI-235600(AF203796)

 Aspergillus melleus-MP-3(HQ449676)

 Aspergillus melleus(FM986320)

 Aspergillus melleus NRRL-35105(EF661426)

 Aspergillus niger(JX046922)

 Aspergillus niger (HQ891666)

 Aspergillus niger- ATCC 64028(AF454120)

 Aspergillus niger-BE-2 (JQ867187)

 Aspergillus niger-(AF138904)

 Aspergillus niger-WHAT2(JQ929762)

 Aspergillus niger-Cc 101(JQ910154)

 Aspergillus niger-ATCC-1015 (AF454118)

 Aspergillus niger (AF138904)

 Aspergillus niger-A85A(JQ781837)

 Talaromyces flavus-NRRL 2098(EU021596)

 Talaromyces flavus-CBS 310(AB176618)

 Talaromyces flavus S12(AY532420)

 Talaromyces flavus-W5(AY532407)

 Talaromyces flavus-qw12(JN602366)

 Talaromyces flavus-TF1M (AY532411)

 Talaromyces flavus-W34(AY532402)

 Talaromyces flavus-W1(AY532410)

 Talaromyces flavus-JMUPMD-3(HQ191279)

 Talaromyces flavus RHS/P-51(GU324073)

 Trichoderma harzianum-RHS/S-560(HQ334995

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 48. Phylogenetic placement of Talaromyces flavus (RHS/P-51)/ NAIMCC-F-

01948 among the members of other phosphate soluibilizing fungi based on 16S 

rRNA gene.There were a total of 112 positions in the final dataset. Trichoderma 

harzianum was used as an out group. 
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Open Reading Frame of Talaromyces flavus strain RHS/P 51- 

GU324073/NAIMCC-F-01948" 
------------------------------------------------------------------------------------------------------- -------------------- 

 Results for 650 residue sequence "T.  flavus-RHS/P-51" starting  

"TTGTTTTAAC " 

 

ORF number 1 in reading frame 1 on the direct strand extends from base 10 to base 

156. 

CGTGAGTGTGCGGTCCTCACGGCTACATCTCACCCTTGTTCTCTCTACCCT

CGTGTTGCTTTGGCGGGCCCACCGGCCGCCACCTGGTCCCCGGGGGACTC

ACGTCCCCGGACCCCGCGCCCGCCGAAGCTCTCTTTGAACCCTGA 

Translation of ORF number 1 in reading frame 1 on the direct strand. 

RECAVLTATSHPCSLYPRVSFGGPTGRHLVPGGLTSPDPAPAEALFEP* 

ORF number 2 in reading frame 1 on the direct strand extends from base 382 to base 

492. 

TCCCCCCCGGGACCTGGCCTAAAGGCAGCCTCCACCTCCCTCTGGTCCTC

GAACGTGCGTGCCTCTGTCACTCGGTGGCCACGGAGGGGCGGCGATAGC

TCACCGCCATAA 

Translation of ORF number 2 in reading frame 1 on the direct strand. 

SPPGPGLKAASTSLWSSNVRASVTRWPRRGGDSSPP*  

------------------------------------------------------------------------------------------------------- 

Table 37. DNA Stats results for 565 residue sequence "Talaromyces flavus 

strain RHS/P-51- GU324073" starting "TTGTTTTAAC" 

Pattern Times found Percentage Pattern Times found Percentage 

G 124 21.95 AC 31 5.50 

A 117 20.71 TG 36 6.38 

T 159 28.14 TA 24 4.26 

C 165 29.20 TT 48 8.51 

GG 39 6.91 TC 51 9.04 

GA 26 4.61 CG 32 5.67 

GT 31 5.50 CA 31 5.50 

GC 28 4.96 CT 47 8.33 

AG 17 3.01 CC 55 9.75 

AA 36 6.38 G,C 289 51.15 

AT 32 5.67 A,T 276 48.85 
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Fig. 49.Open Reading Frame (ORF) analysis of ribosomal gene sequence for 565 

residue sequence "Talaromyces flavus strain RHS/P 51/NAIMCC-F-01948" starting 

"TTGTTTTAAC" obtained with the help of ORF finder. 
 

 

4.9.3. BCA-Trichoderma harzianum, Trichoderma asperellum and Trichoderma 

erinaceum 

Among all the biocontrol isolates, isolates, FS/L-20, SF/S-474, FS/S-475,FS/S-478, 

RHS/S-559, RHS/S-560 and RHS/S-561 showed highest amount of antagonistic 

activities against the fungal pathogens. The identity of all these BCA isolate were 

further confirmed with help of 18S rDNA sequences amplified with the help of 

universal primers.A uniform product of size for each isolate was obtained was 

analyzed with the help of 1% Agarose gel electrophoresis and was sequenced. The 

obtained sequence was further used to query against NCBI Genbank sequences 
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through BLAST. The analysis revealed isolates were identified on the basis of 100% 

homology with the reference sequence when analyzed by BLAST. The sequences 

were approved as 18S rRNA gene sequence by NCBI after complete annotation (base 

pair after annotation= 1,230) 

The Accession number for all the selected isolates along with their identities is 

presented in 

table  38. 

 

 

Table. 38. NCBI accession numbers of Identified Trichoderma isolated 

Isolate No Identified as GenBank 

Acc. Number 

% homology with 

reference sequence 

FS/L-20 Trichoderma erinaceum HM107419 100% 

SF/S-474 Trichoderma erinaceum GU187915 100% 

FS/S-475 Trichoderma erinaceum GU191829 100% 

FS/S-478 Trichoderma erinaceum HM117841 100% 

RHS/S-559 Trichoderma harzianum HQ334997 100% 

RHS/S-560 Trichoderma harzianum HQ334995 100% 

RHS/S-561 Trichoderma asperellum HQ334996 100% 

 

 

4.9.3.1. Multiple sequence alignment 

4.9.3.1.1. Trichoderma harzianum isolates 

 The gene rDNA sequences have been deposited in NCBI Genbank database 

with complete annotation and has been approved as rDNA sequences (Fig. 50,51). A 

multiple sequence alignment of these ITS gene sequences of the selected 

Trichoderma harzianum isolates (RHS/S-559 and RHS/S-560) were conducted with 

the sequences of ex-type strains obtained from NCBI Genbank database showing 

maximum homology with our isolates CLUSTAL-W algorithm which is a general 

purpose multiple sequence alignment program for DNA  of MEGA-4.1 software. The 

result reveals that 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 the relationship among the isolates. Analysis of the same regions 

of conserved sequences also highlighted the portions of this sequence which was not 

identical to that of the other related sepecies. This difference in the sequences will 

provide an important information for developing strain specific primers which have 

been highlighted in the alignment result  (Table 39, Fig. 52). 
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 4.9.3.1.2. Trichoderma asperellum isolates  

The rDNA sequence of the most potential T. asperellum isolate RHS/S-561 was 

approved as ITS sequence and has been deporited to NCBI Genbank database (Fig. 

53), A multiple sequence alignment of ITS gene sequences of Trichoderma 

asperellum isolates (RHS/S-561) was conducted with the sequences of ex-type 

strains obtained from NCBI Genbank database showing maximum homology with 

our isolates CLUSTAL-W algorithm which is a general purpose multiple sequence 

alignment program for DNA  of MEGA-4.1 software. The result reveals that 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 the 

relationship among the isolates. Analysis of the same regions of conserved sequences 

also highlighted the portions of this sequence which was not identical to that of the 

other related sepecies. This difference in the sequences will provide an important 

information for developing strain specific primers which have been highlighted in the 

alignment result  (Table 40, Fig. 54). 

4.9.3.1.3. Trichoderma erinaceum isolates 

  

The 18S rDNA sequences of all the potential T. erinaceum were approved as ITS 

sequences and have been deposited in the NCBI genbank database (Fig. 55-58). A 

multiple sequence alignment of ITS gene sequences of all the selected Trichoderma 

erinaceum isolates (FS/L-20, FS/S-474,FS/S-475 and FS/S-478) were conducted 

with the sequences of ex-type strains obtained from NCBI Genbank database 

showing maximum homology with our isolates CLUSTAL-W of MEGA-4.1 

software. The result reveals that 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 the relationship among the isolates. Analysis 

of the same regions of conserved sequences also highlighted the portions of this 

sequence which was not identical to that of the other related sepecies. This difference 

in the sequences will provide an important information for developing strain specific 

primers which have been highlighted in the alignment result  (Table 41, Fig. 59). 
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Fig. 50. Chromatogram and sequence deposit of ITS region of Trichoderma 

harzianum RHS/S-559/NAIMCC F-01968. 
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Fig. 51. Chromatogram and sequence deposit of ITS region of Trichoderma 

harzianum RHS/S-560/NAIMCC-F-01966. 
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Table 39. Nucleotide sequence alignments of the parts of the rDNA repeats encoding 

ITS region of different isolates of T. harzianum used for analysis with ex-type strain 

sequence 
------------------------------------------------------------------------------------- 

!Title Phylogenetic Analysis;!Format; DataType=Nucleotide CodeTable=Standard; 

NSeqs=10; Domain=Data property=Coding CodonStart=1; 

#HQ34996_H._lixii_RHS/S-559         - --- --- --- --- --- --- --- --- --- ---  [ 90] 

#HQ334995_Hypocrea_lixii_RHS/S_560  - --- --- --- --- --- -GT GAC GTT ACC AAA  [ 90] 

#HQ334993_Hypocrea_lixii_RHS/M_501  - --- --- --- --- --- --G AAC GTT ACC AAA  [ 90] 

#GQ995194_Hypocrea_lixii_RHS/M511   - --- --- --- --- --- --- --- --- --- ---  [ 90] 

#GU564471_Hypocrea_lixii_RHS/T460   C CCC AAA ACC CCA CTA TTT CAG AAC CCA AGT  [ 90] 

#AB563725_H._lixii                  A ACT CCC AAA CCC AAT GTG AAC GTT ACC AAA  [ 90] 

#EF568084_T._harzianum              A ACT CCC AAA CCC AAT GTG AAC GTT ACC AAA  [ 90] 

#AF194009_T._harzianum              A ACT CCC AAA CCC AAT GTG AAC GTT ACC AAA  [ 90] 

#AF194008_T._harzianum              A ACT CCC AAA CCC AAT GTG AAC GTT ACC AAA  [ 90] 

#U78881_T._harzianum                A ACT CCC AAA CCC AAT GTG AAC GTT ACC AAA  [ 90] 

#HQ34996_H._lixii_RHS/S-559         - --- --- --- --- --- GGG ATG GAG G-- -CC  [135] 

#HQ334995_Hypocrea_lixii_RHS/S_560  G GGT CAC -GC CCC GGG T.C G.C .CA .CC C.G  [135] 

#HQ334993_Hypocrea_lixii_RHS/M_501  G GGT CAC -GC CCC GGG T.C G.C .CA .CC C.G  [135] 

#GQ995194_Hypocrea_lixii_RHS/M511   - --- --- --- --- --- --- --- --- --- ---  [135] 

#GU564471_Hypocrea_lixii_RHS/T460   A TTT CTT CCC CCG CGG ... T.. .GC AAC C..  [135] 

#AB563725_H._lixii                  G GAT CTC TGC CCC GGG T.C G.C .CA .CC C.G  [135] 

#EF568084_T._harzianum              G GAT CTC TGC CCC GGG T.C G.C .CA .CC C.G  [135] 

#AF194009_T._harzianum              G GAT CTC TGC CCC GGG T.C G.C .CA .CC C.G  [135] 

#AF194008_T._harzianum              G GAT CTC TGC CCC GGG T.C G.C .CA .CC C.G  [135] 

#U78881_T._harzianum                G GAT CTC TGC CCC GGG T.C G.C .CA .CC C.G  [135] 

#HQ34996_H._lixii_RHS/S-559         G TCT TTG --- --- --- --- -TA GGT GAC CCT  [225] 

#HQ334995_Hypocrea_lixii_RHS/S_560  C GTA ..T --- --- --- --- --- CT. ACA G..  [225] 

#HQ334993_Hypocrea_lixii_RHS/M_501  C GTA ..T --- --- --- --- --- CT. ACA G..  [225] 

#GQ995194_Hypocrea_lixii_RHS/M511   - --- --- --- --- --- --- --- --- --- ---  [225] 

#GU564471_Hypocrea_lixii_RHS/T460   T AA. G.. A-- --- --- -GC A.T .T. .G. ..C  [225] 

#AB563725_H._lixii                  T .T. ..T TAT AAT CTG AGC C.T CTC .G. G.C  [225] 

#EF568084_T._harzianum              T .T. ..T TAT AAT CTG AGC C.T CTC .G. G.C  [225] 

#AF194009_T._harzianum              T .T. ..T TAT AAT CTG AGC C.T CTC .G. G.C  [225] 

#AF194008_T._harzianum              T .T. ..T TAT AAT CTG AGC C.T CTC .G. G.C  [225] 

#U78881_T._harzianum                T .T. ..T -AT AAT CTG AGC C.T CTC .G. G.C  [225] 

#HQ34996_H._lixii_RHS/S-559         C GGA GGT TTA GAG ATG AAT AAA AAC TTT GAC  [270] 

#HQ34996_H._lixii_RHS/S-559            CAC TGA ATT TGC AAT CAC ATT TCT TAT CGC  [360] 

#HQ334995_Hypocrea_lixii_RHS/S_560     A.T .C. G.G AAT C.. .GA ..C .T. G.A ...  [360] 

#HQ334993_Hypocrea_lixii_RHS/M_501     A.T .C. G.G AAT C.. .GA ..C .T. G.A ...  [360] 

#GQ995194_Hypocrea_lixii_RHS/M511      --- --- --- --- --- --- --- --- --- ---  [360] 

#GU564471_Hypocrea_lixii_RHS/T460      A.T .C. G.G AAT C.. .GA ..C .T. G.A ...  [360] 

#AB563725_H._lixii                     A.T .C. G.G AAT C.. .GA ..C .T. G.A ...  [360] 

#EF568084_T._harzianum                 A.T .C. G.G AAT C.. .GA ..C .T. G.A ...  [360] 

#AF194009_T._harzianum                 A.T .C. G.G AAT C.. .GA ..C .T. G.A ...  [360] 

#AF194008_T._harzianum                 A.T .C. G.G AAT C.. .GA ..C .T. G.A ...  [360] 

#U78881_T._harzianum                   A.T .C. G.G AAT C.. .GA ..C .T. G.A ...  [360] 

#HQ34996_H._lixii_RHS/S-559          CGG ATC AGG TAG GAA TAC CC- -GC GAA CCA  [630] 

#HQ334995_Hypocrea_lixii_RHS/S_560   ... ... ... ... ... ... ..- GCT ... .TT  [630] 

#HQ334993_Hypocrea_lixii_RHS/M_501   ... ... .C. ..C ... ... ..C GCT ... .TT  [630] 

#GQ995194_Hypocrea_lixii_RHS/M511    ... ... ... ... ... ... ..- -.. ... ..T  [630] 

#GU564471_Hypocrea_lixii_RHS/T460    ... ... ... ... ... ... ..- -.. ... .T.  [630] 

#AB563725_H._lixii                   ... ... ... ... ... ... ..- GCT ... .TT  [630] 

#EF568084_T._harzianum               ... ... ... ... ... ... ..- GCT ... .TT  [630] 

#AF194009_T._harzianum               ... ... ... ... ... ... ..- GCT ... .TT  [630] 

#AF194008_T._harzianum               ... ... ... ... ... ... ..- GCT ... .TT  [630] 

#U78881_T._harzianum                 ... ... ... ... ... ... ..- GCT ... .TT  [630] 

#HQ34996_H._lixii_RHS/S-559         GT- --- --- --- --- --- --- --- - [655] 

#HQ334995_Hypocrea_lixii_RHS/S_560  AA- GCA TAT CAA TAA GCG GAG GAG A [655] 

#HQ334993_Hypocrea_lixii_RHS/M_501  AAA GCA TAT CAA TAA ACG --- --- - [655] 

#GQ995194_Hypocrea_lixii_RHS/M511   A.- --- --- --- --- --- --- --- - [655] 

#GU564471_Hypocrea_lixii_RHS/T460   CCT T-- --- --- --- --- --- --- - [655] 

#AB563725_H._lixii                  AA- GCA TAT CT- --- --- --- --- - [655] 

#EF568084_T._harzianum              AA- GCA TAT --- --- --- --- --- - [655] 

#AF194009_T._harzianum              AA- GCA TAT CAA TAA GCG --- --- - [655] 

#AF194008_T._harzianum              AA- GCA TAT CAA TAA GCG --- --- - [655] 

#U78881_T._harzianum                AA- GCA TAT G-- --- --- --- --- - [655] 

; end; 

_____________________________________________________________________________________

________ 

dimensions nchar= 177;format missing= gap=- matchchar=.datatype=nucleotide 

interleave=yes;matrix 

 



220 
 

Fig.. 52. Multiple sequence alignment of T. harzianum isolates with ex-type strain 

sequences obtained from NCBI genbank database. Different colours shows different 

bases. Difference in the conserved regions are indicated by different colours. 
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Fig. 53. Chromatogram and sequence deposit of ITS region of Trichoderma 

asperellum RHS/S-561/NAIMCC-F-01967. 
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Table 40. Nucleotide sequence alignments of the parts of the rDNA repeats encoding 

ITS region of different isolates of T. asperellum used for analysis with ex-type strain 

sequence 
------------------------------------------------------------------------------------- 

Title T. asperellum alignemts; begin taxa; dimensions ntax= 7;tax labels  

begin characters; 

Domain=Data property=Coding  

Codon Start=1;- 

HQ265418_Trichoderma_asperellum_AACTGTTGCCTCGGCGGGGTCACGCCCCGGGTGCGTCCCAGCCCC [141] 

HQ334994_Trichoderma_asperellum_.TT..................................G....... [141] 

HQ334996_Trichoderma_asperellum_..A..................................G....... [141] 

FN396553_Trichoderma_asperellum.....CC...............................G....... [141] 

AJ230669_Trichoderma_asperellum.....CC...............................G....... [141] 

AJ230680_Trichoderma_asperellumT....T................................G....... [141] 

AJ230668_Trichoderma_asperellum......................................G....... [141] 

 

HQ265418_Trichoderma_asperellum_ GCCCGCCGGAGGAACCAACCCAACTCTTTCTGTAATCCCCTCGC [195] 

HQ334994_Trichoderma_asperellum_.....................A.............G......... [195] 

HQ334996_Trichoderma_asperellum_.....................A.............G......... [195] 

FN396553_Trichoderma_asperellum......................A.............G......... [195] 

AJ230669_Trichoderma_asperellum......................A.............G......... [195] 

AJ230680_Trichoderma_asperellum......................A.............G......... [195] 

AJ230668_Trichoderma_asperellum......................A.............G......... [195] 

 

HQ265418_Trichoderma_asperellum_TCTTACAGCTCTGAACAAAAATCAAATGAATCAAACTTTCACAAC [254] 

HQ334994_Trichoderma_asperellum_ .............G.......T...................... [254] 

HQ334996_Trichoderma_asperellum_ .............G.......T......G....T.G..T..... [254] 

FN396553_Trichoderma_asperellum  .............G.......T...........C....T..... [254] 

AJ230669_Trichoderma_asperellum  .............G.......T...........C.......... [254] 

AJ230680_Trichoderma_asperellum  .............G.......T...........T.......... [254] 

AJ230668_Trichoderma_asperellum  .............G.......T................A..... [254] 

HQ265418_Trichoderma_asperellum_ GGATACTTGGTTCAG [270] 

HQ334994_Trichoderma_asperellum_ ....C.A....A.T. [270] 

HQ334996_Trichoderma_asperellum_ ....C.A....A.T. [270] 

FN396553_richoderma_asperellum   ....C.A....C.T. [270] 

AJ230669_Trichoderma_asperellum  ....C.A....G.T. [270] 

AJ230680_Trichoderma_asperellum  ....C.C....G.T. [270] 

AJ230668_Trichoderma_asperellum  ....C.CC.....T. [270] 

;end; 

___________________________________________________________________________________ 

dimensions nchar= 177;format missing= gap=- matchchar=.datatype=nucleotide 

interleave=yes;matrix 
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Fig.. 54. Multiple sequence alignment of T. asperellum isolates with ex-type strain 

sequences obtained from NCBI genbank database. Different colours shows different 

bases. Difference in the conserved regions are indicated by different colours. 
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Fig. 55. Chromatogram and sequence deposit of ITS region of Trichoderma 

erinaceum FS/L-20/NAIMCC-F-01949. 
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Fig. 56. Chromatogram and sequence deposit of ITS region of Trichoderma 

erinaceum FS/S-474/NAIMCC-F-01960. 
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Fig. 57. Chromatogram and sequence deposit of ITS region of Trichoderma 

erinaceum FS/S- 475/NAIMCC-F-01953. 
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Fig. 58. Chromatogram and sequence deposit of ITS region of Trichoderma 

erinaceum FS/S- 478/NAIMCC-F-01954. 
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Table 41. Nucleotide sequence alignments of the parts of the rDNA repeats encoding ITS 

region of different isolates of T. erinecium used for analysis with ex-type strain sequence 

------------------------------------------------------------------------------------------------- 
!Title Phylogenetic Analysis;!Format; DataType=Nucleotide CodeTable=Standard; 

NSeqs=10; Domain=Data property=Coding CodonStart=1; 

 

#HM107419_T._erinaceum_FS/L20   - --- --- --- --- --- --- --- --- --- --- ---  [  45] 

#GU187915_T._erinaceum_FS/S-474 - --- --- --- --- --- --- --- --- --- --- ---  [  45] 

#GU191829_T._erinaceum_FS/S-475 - --- --- --- --- --- --- --- --- --- --- ---  [  45] 

#HM117841_T._erinaceum_FS/S478  - --- --- --- --- --- --- --- --- --- --- ---  [  45] 

#DQ083009_T._erinaceum          - --- --- --- --- --- --- --- --- --- --- ---  [  45] 

#GQ249874_T._erinaceum_102/08   - --- --- --- --- --- --- --- --- --- --- ---  [  45] 

#AY570797_T._erinaceum          A GGG TAA GCC GTA CTT CGC CTC GAT TTC CCC AAT  [  45] 

#HM107419_T._erinaceum_FS/L20   - --- --- --- --- --- --- --- --- --- --- ---  [  90] 

#GU187915_T._erinaceum_FS/S-474 - --- --- --- --- --- --- --- --- --- --- ---  [  90] 

#GU191829_T._erinaceum_FS/S-475 - --- --- --- --- --- --- --- --- --- --- ---  [  90] 

#HM117841_T._erinaceum_FS/S478  - --- --- --- --- --- --- --- --- --- --- ---  [  90] 

#DQ083009_T._erinaceum          - --- --- --- --- --- --- --- --- --- --- ---  [  90] 

#GQ249874_T._erinaceum_102/08   - --- --- --- --- --- --- --- --- --- --- ---  [  90] 

#AY570797_T._erinaceum          C GGG GGG GGC GCG TAG GGG TTT ATC TGG TGT GCG  [  90] 

#HM107419_T._erinaceum_FS/L20   T ACT G-- TAG ACC CCT CGC GGA CGT TAT T-T CTT  [ 270] 

#GU187915_T._erinaceum_FS/S-474 - ... .-- --- --T AT. TCG ..G .CG G.A .-. .CG  [ 270] 

#GU191829_T._erinaceum_FS/S-475 . ... .-- ... T.. ... ... ... T.. ... .-. ...  [ 270] 

#HM117841_T._erinaceum_FS/S478  G .TC .AT C.. G.. ..C .CG CCG .C. ..A .-. T..  [ 270] 

#DQ083009_T._erinaceum          . ... .-- ... T.. ... ... ... ... ... .-. ...  [ 270] 

#GQ249874_T._erinaceum_102/08   . ... .-- ... T.. ... ... ... ... ... .-. ...  [ 270] 

#AY570797_T._erinaceum          A CAC .TC .TC TT. G.C ... ..G .TC C.G GG. AGC  [ 270] 

#HM107419_T._erinaceum_FS/L20   G TTC TGG CAT CGA TGA -AG AAC GCA GCG AAA TGC  [ 360] 

#GU187915_T._erinaceum_FS/S-474 . ... ... ... ... ... G.A ... C.. A.. ... ...  [ 360] 

#GU191829_T._erinaceum_FS/S-475 A ... ... ... ... ... -.. ... ... ... ... ...  [ 360] 

#HM117841_T._erinaceum_FS/S478  . GA. A.A ... .CC CCC -CA ..A TTG .G. GGG GC.  [ 360] 

#DQ083009_T._erinaceum          . ... ... ... ... ... -.. ... ... ... ... ...  [ 360] 

#GQ249874_T._erinaceum_102/08   . ... ... ... ... ... -.. ... ... ... ... ...  [ 360] 

#AY570797_T._erinaceum          C ACG AAT T.C TTT ..C GGA ..A T-- ... ..C ..G  [ 360] 

#HM107419_T._erinaceum_FS/L20   - GCG CCC GCC AGT ATT CT- GGC GGG CAT GCC TGT  [ 450] 

#GU187915_T._erinaceum_FS/S-474 T .G. ... ... C.A ... .G- .C. ... ATG ..T G.A  [ 450] 

#GU191829_T._erinaceum_FS/S-475 - ... ... ... ... ... ..- ... ... ... ... ...  [ 450] 

#HM117841_T._erinaceum_FS/S478  - C.. T.T T.. C.C ... TC- ..G ... .T. TT. .T.  [ 450] 

#DQ083009_T._erinaceum          - ... ... ... ... ... ..- ... ... ... ... ...  [ 450] 

#GQ249874_T._erinaceum_102/08   - ... ... ... ... ... ..- ... ... ... ... ...  [ 450] 

#AY570797_T._erinaceum          G .GC ..G ... ..G G.C .AA ... .A. .TC CAG G..  [ 450] 

#HM107419_T._erinaceum_FS/L20   --- --- --- --- --- --- --- --- --- --- ---  [867] 

#GU187915_T._erinaceum_FS/S-474 --- --- --- --- --- --- --- --- --- --- ---  [867] 

#GU191829_T._erinaceum_FS/S-475 --- --- --- --- --- --- --- --- --- --- ---  [867] 

#HM117841_T._erinaceum_FS/S478  --- --- --- --- --- --- --- --- --- --- ---  [867] 

#DQ083009_T._erinaceum          --- --- --- --- --- --- --- --- --- --- ---  [867] 

#GQ249874_T._erinaceum_102/08   --- --- --- --- --- --- --- --- --- --- ---  [867] 

#AY570797_T._erinaceum          GGT TGA TTC TGC CAG TAG TCA TAT GCT TGT CTC  [867] 

; 

end; 

_____________________________________________________________________________________ 

dimensions nchar= 177;format missing= gap=- matchchar=.datatype=nucleotide 

interleave=yes;matrix 
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Fig. 59. Multiple sequence alignment of T. erinaceum isolates with ex-type strain 

sequences obtained from NCBI genbank database. Different colours shows different 

bases. Difference in the conserved regions are indicated by different colours. 
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4.9.3.2. Phylogenetic analysis of Trichoderma isolates 

The 18S DNA sequence based phylogenetic analysis of T. harzianum, T. asperellum 

and T.erinaceum isolate was conducted with other ex-type strains btained from 

NCBI-Genbank database which showed maximum homology (98-100 %) with the 

respective query sequences. The evolutionary history was inferred using the UPGMA 

method. The optimal tree with the sum of branch length = 5.65716586 is shown. The 

tree is drawn to scale, with branch lengths in the same units as those of the 

evolutionary distances used to infer the phylogenetic tree. The evolutionary distances 

were computed using the Maximum Composite Likelihood method and are in the 

units of the number of base substitutions per site. The analysis involved 72 

nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All 

positions containing gaps and missing data were eliminated. There were a total of 99 

positions in the final dataset. Evolutionary analyses were conducted in MEGA 5.2.  

The phylogenetic tree represented in Figur 60,  shows that there is a geographical 

variation among the isolates. The isolates belonging to the same geographical zone 

were clustered in the same clade. Over all 18S rDNA sequences shows that isolates 

of T. harzianum (Telomorph-Hypocrea lixii) is closely related to T. erinaceum which 

is indicatedby their relatie position in the thylogenitic tree. Whereas T. asperellum 

isolates showed comparatievely lesser affinity with T. harzianum isolates. Though T. 

viride was used as an out group for this analysis they remained dispersed showing 

more or less affinities with all the three groups of Trichoderma spp. The analysis has 

bee presented as a linear tree (NJ-tree) (Fig. 61) which shows the branch length 

(Phylogenetic distances) between individual isolates based on 18S rDNA sequences 

whereas the phylogenetic tree represented in circular (UPGMA-Tree) form describes 

the relative diversification of all the individual isolates across the clades (Fig. 62).  
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Fig. 60. Neighbour joining analysis based Phylogenetic placement of T. harzianum, 

T. asperellum and T. erinaceum isolates baced on the basis of 18S rDNA gene 

sequences. Sum of branch length = 5.65716586 is shown There were a total of 99 

positions in the final dataset (Linear form). 

 HQ334995 H. lixii RHS/S 560

 KC479810 T. asperellum

 AM888377 T. asperellum

 GU198307 T. asperellum

 AB779660 T. asperellum

 HM545079 T. asperellum

 HM246517 T. asperellum

 HQ334996 T. asperellum RHS/S 561

 GQ265954 T. asperellum

 KC479816 T. asperellum

 KC479814 T. asperellum

 KC479813 T. asperellum

 HQ334994 T. asperellum RHS/M 517

 FN396553 T. asperellum

 KC479817 T. asperellum

 KC479819 T. asperellum

 KC479818 T. asperellum

 FN396552 T. asperellum

 HQ833358 T. viride

 EU021220 T. asperellum

 HQ334993 H. lixii RHS/M 501

 KC479815 T. asperellum

 KC479809 T. asperellum

 KC479812 T. asperellum

 HM107419 T. erinaceum FS/L20

 U78879 T. harzianum

 HQ833357 T. viride

 HQ833348 T. viride

 DQ083009 T. erinaceum

 HM534657 T. viride

 GQ249874 T. erinaceum

 HQ833350 T. viride

 GU191829 T. erinaceum FS/S-475

 HQ265418 T. asperellum RHS/M 512

 U78877 T. harzianum

 AF345950 T. harzianum

 AF359404 T. harzianum

 AF345949 T. harzianum

 AF359260 T. harzianum

 U78878 T. harzianum

 GQ995194 H. lixii RHS/M-511

 U78880 T. harzianum

 GU187914 H. lixii FS/C-90

 GU564470 H. lixii Ag/S-479

 AB249675 H. lixii

 AY154948 T. harzianum

 AY027783 T. harzianum

 HM107421 H. lixii FS/S-474

 AY154949 T. harzianum

 AY027784 T. harzianum

 AF443928 T. harzianum

 HM107420 H. lixii FS/S455

 AF443914 T. harzianum

 EF568084 T. harzianum

 AF443922 T. harzianum

 AF443913 T. harzianum

 U78881 T. harzianum

 AF443929 T. harzianum

 AF278792 T. harzianum

 F443925 T. harzianum

 AF443912 T. harzianum

 AF278793 T. harzianum

 AF359258 T. harzianum

 AF359256 T. harzianum

 GU564469-H. lixii AG/S471

 GU564471 H. lixii RHS/T460

 HM117840 H. lixii FS/S477

 GQ454925 H. lixiiAG/S476

 HQ334995 H. lixii RHS/S-559

 GU187915 T. erinaceum FS/S-474

 HM117841 T. erinaceum FS/S478

 AY570797 T. erinaceum
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Fig. 61. UPGMA analysis based Phylogenetic placement of T. harzianum, T. 
asperellum and T. erinaceum isolates on the basis of 18S rDNA gene sequences. Sum 
of branch length = 6.22388686 is shown There were a total of 99 positions in the 
final dataset (Circular form). 
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4.9.3.3. Analysis of Nucleotide frequency.  

4.9.3.3.1. Trichoderma harzianum and T. asperellum isolates 

Combinations and percentage of occurrence of different nucleotide in the entire 

sequences were calculated using the bioinformatics algorithm from the website 

http://www.ualberta.ca/~stothard/ javascript/dna_stats.html. The sequence of DNA 

fragments of ITS region for all the T. harzianum isolates (RHS/S-559 and RHS/S-

560) and T. asperellum isolate (RHS/S-561) is presented in Table. 42. The guanine 

‗G‘ content of the sequence of both the T. harzianum isolates was found to be 25 % 

with a highest repetations of141. Combinations like GC were also at the level 7.00-

7.80 %. WHereas T. asperellum hat G % of 25.74 and G, C% of 55.56.  

 

Table 42. DNA stats results for 18S rDNA nucleotide frequencies of different 

isolates of T. harzianum and T. asperellum 

 

Pattern 
T. harzianum 

RHS/S 559 

T.  harzianum 

RHS/S 560 

T. asperellum  

RHS/S-561 
Times 

found 

Percentage Times 

found 

Percentage Times 

found 

Percentage 

G 141 25.68 141 25.82 139 25.74 

A 131 23.86 129 23.63 130 24.07 

T 112 20.40 108 19.78 110 20.37 

C 165 30.05 168 30.77 161 29.81 

GG 40 7.30 40 7.34 39 7.24 

GA 30 5.47 32 5.87 30 5.57 

GT 29 5.29 26 4.77 26 4.82 

GC 41 7.48 43 7.89 43 7.98 

AG 22 4.01 24 4.40 23 4.27 

AA 48 8.76 45 8.26 47 8.72 

AT 27 4.93 27 4.95 28 5.19 

AC 34 6.20 32 5.87 32 5.94 

TG 29 5.29 27 4.95 28 5.19 

TA 14 2.55 15 2.75 15 2.78 

TT 28 5.11 26 4.77 27 5.01 

TC 41 7.48 40 7.34 40 7.42 

CG 49 8.94 49 8.99 49 9.09 

CA 39 7.12 37 6.79 37 6.86 

CT 28 5.11 29 5.32 29 5.38 

CC 49 8.94 53 9.72 46 8.53 

G,C 306 55.74 309 56.59 300 55.56 

A,T 243 44.26 237 43.41 240 44.44 

 

 

http://www.ualberta.ca/~stothard/javascript/dna_stats.html
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4.9.3.3.2. Trichoderma erinaceum isolates 

Combinations and percentage of occurrence of different nucleotide in the entire 

sequences were calculated using the bioinformatics algorithm from the website 

http://www.ualberta.ca/~stothard/ javascript/dna_stats.html. The sequence of DNA 

fragments of ITS region for all the T. erinaceum isolates (FS/L-20, FS/S-474, FS/S-475 

and FS/S-478) is presented in Table 43. The guanine ‗G‘ content of the sequence was 

found to be highest in case of isolate FS/S-474 (28.11%) with highest repetations of 

122. Combinations like GC were also at the level 4.00-20 % in all the isolates.  

Table. 43. DNA stats results for 18S rDNA nucleotide frequencies of different isolates 

of T. erinaceum 

 

Pattern 
T. erinaceum 

FS/L-20 

T. erinaceum 

FS/S-474 

T. erinaceum 

FS/S-475 

T. erinaceum 

FS/S-478  
Times 

found 

Percentage Times 

found 

Percentage Times 

found 

Percentage Times 

found 

Percentage 

G 140 25.41 122 28.11 111 19.01 10 20.00 

A 134 24.32 108 24.88 240 41.10 10 20.00 

T 111 20.15 100 23.04 98 16.78 10 20.00 

C 166 30.13 104 23.96 135 23.12 10 20.00 

GG 40 7.27 40 9.24 30 5.15 10 20.00 

GA 32 5.82 37 8.55 32 5.49 8 16.33 

GT 25 4.55 19 4.39 22 3.77 2 4.08 

GC 42 7.64 25 5.77 27 4.63 10 20.00 

AG 23 4.18 42 9.70 26 4.46 10 20.00 

AA 50 9.09 26 6.00 147 25.21 8 16.33 

AT 26 4.73 21 4.85 34 5.83 8 16.33 

AC 35 6.36 0 0.00 32 5.49 2 4.08 

TG 29 5.27 29 6.70 23 3.95 2 4.08 

TA 14 2.55 10 2.31 21 3.60 8 16.33 

TT 26 4.73 37 8.55 25 4.29 2 4.08 

TC 42 7.64 24 5.54 29 4.97 2 4.08 

CG 48 8.73 34 7.85 32 5.49 8 16.33 

CA 38 6.91 18 4.16 39 6.69 1 2.04 

CT 33 6.00 18 4.16 17 2.92 8 16.33 

CC 47 8.55 34 7.85 47 8.06 8 16.33 

G,C 306 55.54 226 52.07 246 42.12 20 40.00 

A,T 245 44.46 208 47.93 338 57.88 20 40.00 

 

4.9.3.4. Analysis of DNA molecular weight of rDNA sequences 

The DNA Molecular Weight DNA residue of all the isolates was calculated with the 

help of online DNA molecular weight calculator 

http://www.ualberta.ca/~stothard/javascript/dna_mw.html. The molecular weight of 

DNA of T. harzianum isolates ranged from 16.00 to 59.00 KDa, similarly in case of 

http://www.ualberta.ca/~stothard/javascript/dna_stats.html
http://www.ualberta.ca/~stothard/javascript/dna_mw.html
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T. erinaceum the DNA molecular weight ranged from 15.50 to 18.00 KDa and in 

case of T. asperellum isolates, the DNA molecular weight ranged from 16.50 to 

70.00 KDa (Table 44). 

Table 44. DNA molecular weight of different Trichoderma isolates calculated on the 

basisof 18S rDNA sequences 

Isolate Strain Gen Bank 

Acc.No 

Starting 

sequence 

DNA mol 

weight (Da) 

T. harzianum RHS/S-559 HQ334997 GTTTCGTAGG 168275.55 

RHS/S-560 HQ334995 GTGACGTTAC 169251.23 

T. erinaceum FS/L20 HM107419 TTTCAACTCT 169846.63 

FS/S-474 GU187915 ATAGGTTCAG 180580.62 

FS/S-475 GU191829 AAGGAACCGA 163442.62 

FS/S-478 HM117841 GGGGGGGACG 155686.26 

T. asperellum RHS/S-561 HQ334996 ACGTTACCAA 166514.48 

 

4.9.3.5. Analysis of Open Reading Frame (ORF) of rDNA gene sequences 

Open Reading Frames (ORF) for the designated sequence was calculated with the 

help of ORF finder available from 

http://www.ualberta.ca/~stothard/javascript/orf_find.html. The detail description of 

individual isolates has been given as under: 

1. NCBI Acc. No. HQ334997, Trichoderma harzianum RHS/S-559/NAIMCC-F-

01968 

Results for 549 residue sequence " T. harzianum- RHS/S 559" starting 

"GTTTCGTAGG" 

>ORF number 1 in reading frame 1 on the direct strand extends from base 64 to 

base 162. 

ACGTTACCAAACTGTTGCCTCGGCGGGGTCACGCCCCGGGTGCGTCGCAG

CCCCGGAACCAGGCGCCCGCCGGAGGAACCAACCAAACTCTTTCTGTAG 

 

>Translation of ORF number 1 in reading frame 1 on the direct strand. 

TLPNCCLGGVTPRVRRSPGTRRPPEEPTKLFL* 

 

>ORF number 2 in reading frame 1 on the direct strand extends from base 163 to 

base 255. 

TCCCCTCGCGGACGTATTTCTTACAGCTCTGAGCAAAAATTCAAAATGAA

TCAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGA 

 

>Translation of ORF number 2 in reading frame 1 on the direct strand. 

SPRGRISYSSEQKFKMNQNFQQRISWFWHR* 

 

http://www.ualberta.ca/~stothard/javascript/orf_find.html


236 
 

>ORF number 3 in reading frame 1 on the direct strand extends from base 304 to 

base 543. 

ATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCA

TGCCTGTCCGAGCGTCATTTCAACCCTCGAACCCCTCCGGGGGATCGGCG

TTGGGGATCGGGACCCCTCACACGGGTGCCGGCCCCGAAATACAGTGGC

GGTCTCGCCGCAGCCTCTCCTGCGCAGTAGTTTGCACAACTCGCACCGGG 

 

>Translation of ORF number 3 in reading frame 1 on the direct strand. 

IIESLNAHCARQYSGGHACPSVISTLEPLRGIGVGDRDPSHGCRPRNTVAVSP

QPLLRSSLHNSHRERGASTSVKHPTI* 

 

2.NCBI ACC.No. HQ34994;  Trichoderma harzianum RHS/S-560/ NAIMCC-F-

01966 

Results for 546 residue sequence " T. harzianum- RHS/S 560" starting 

"GTGACGTTAC" 

>ORF number 1 in reading frame 1 on the direct strand extends from base 1 to base 

102. 

GTGACGTTACCAAACTGTTGCCTCGGCGGGGTCACGCCCCGGGTGCGTCG

CAGCCCCGGAACCAGGCGCCCGCCGGAGGAACCAACCAAACTCTTTCTG 

 

>Translation of ORF number 1 in reading frame 1 on the direct strand. 

VTLPNCCLGGVTPRVRRSPGTRRPPEEPTKLFL* 

 

>ORF number 2 in reading frame 1 on the direct strand extends from base 103 to 

base 195. 

TCCCCTCGCGGACGTATTTCTTACAGCTCTGAGCAAAAATTCAAAATGAA

TCAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGA 

 

>Translation of ORF number 2 in reading frame 1 on the direct strand. 

SPRGRISYSSEQKFKMNQNFQQRISWFWHR* 

 

>ORF number 3 in reading frame 1 on the direct strand extends from base 244 to 

base 483. 

ATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCA

TGCCTGTCCGAGCGTCATTTCAACCCTCGAACCCCTCCGGGGGATCGGCG

TTGGGGATCGGGACCCCTCACACGGGTGCCGGCCCCGAAATACAGTGGC

GGTCTCGCCGCAGCCTCTCCTGCGCAGTAGTTTGCACAACTCGCACCGGG

AGCGCGGCGCGTCCACGTCCGTAAAACACCCAACTTTCTGA 

 

>Translation of ORF number 3 in reading frame 1 on the direct strand. 

IIESLNAHCARQYSGGHACPSVISTLEPLRGIGVGDRDPSHGCRPRNTVAVSP

QPLLRSSLHNSHRERGASTSVKHPTF* 
 

3. NCBI Acc. No. GUHM107419; Trichoderma erinaceum-FS/L-20/ NAIMCC-F-

01949 

Results for 551 residue sequence "T. erinaceum FS/L-20" starting "TTTCAACTCT" 

>ORF number 1 in reading frame 1 on the direct strand extends from base 1 to base 

219. 
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TTTCAACTCTCAAACCCCAATGTGAACCATACTAAACTCTTGCCTCGGCG

GGGTCACGCCCCGGGTGCGTCGCAGCCCCGGAACCAGGCGCACGCCGGA

GGGACCAACCAAACTCTTTACTGTAGACCCCTCGCGGACGTTATTTCTTA

CAGCTCTGAGCAAAAATTCAAAATGAATCAAAACTTTCAACAACGGATCT 

 

>Translation of ORF number 1 in reading frame 1 on the direct strand. 

FQLSNPNVNHTKLLPRRGHAPGASQPRNQAHAGGTNQTLYCRPLADVISYSS

EQKFKMNQNFQQRISWFWHR* 

 

>ORF number 2 in reading frame 1 on the direct strand extends from base 268 to 

base 492. 

ATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCA

TGCCTGTCCGAGTGTCATTTCAACCCTCGAACCCCTCCGGGGGGTCGGCG

TTGGGGATCGGGAACCCCTCAGACGGGAACCCGGCCCCGAAATACAGTG

GCGGTCTCGCCGCAGCCTCTCCTGCGCAGTAGTTTGCACAACTCGCACCG 

 

>Translation of ORF number 2 in reading frame 1 on the direct strand. 

IIESLNAHCARQYSGGHACPSVISTLEPLRGVGVGDREPLRREPGPEIQWRSR

RSLSCAVVCTTRTGSAARPRP* 

 

4. NCBI Acc. No. GU187915; Trichoderma erinaceum FS/S-474/ NAIMCC-F-

01960 

Results for 434 residue sequence " T. erinaceum FS/S-474 " starting 

"ATAGGTTCAG" 

>ORF number 1 in reading frame 1 on the direct strand extends from base 28 to 

base 261. 

TCCGAGGTCACATTTCAGAAGTTGGGTGTTTTACGGACGTGGACGCGCCG

CGCTCCCGGTGCGAGTTGTGCAAACTACTGCGCAGGAGAGGCTGCGGCG

AGACCGCCACTGTATTTCGGGGCCGGAATTCCGTCTGAGGGGTTCCCGAT

CTCCAAATCCGACCCACCTTTCGCTGCGGATCTCTTGGTTCTGGCATCGAT 

 

>Translation of ORF number 1 in reading frame 1 on the direct strand. 

SEVTFQKLGVLRTWTRRAPGASCANYCAGEAAARPPLYFGAGIPSEGFPISKS

DPPFAADLLVLASMRKPNEMRKIM* 

 

>ORF number 2 in reading frame 1 on the direct strand extends from base 295 to 

base 432. 

CGCACATTTGGGCCCGCCCGAATTCGGCCGGGATGGCTGGAACCAAGAG

ATTTTTTAACCAAAGATCTGATTCGGGGTGAATTTTGGACCCACCCGAAA 

 

>Translation of ORF number 2 in reading frame 1 on the direct strand. 

RTFGPARIRPGWLEPRDFLTKDLIRGEFWTHPKKIRPARGKRRGFG 

 

5. NCBI Acc. No. GU191829; Trichoderma erinaceum FS/S-475/ NAIMCC-F-

01953 

Results for 584 residue sequence "T. erinaceum- FS/S-475" starting 

"AAGGAACCGA" 

>ORF number 1 in reading frame 1 on the direct strand extends from base 1 to base 

222. 
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AAGGAACCGATCATTCCCGAGTTTACAGTCCCAACCCATGTGAACCATAC

CAAACTGTTGCCTCGGCGGGGTCACGCCCCGGGTGCGTCGCAGCCCCGGA

ACCAGGCGCCCGCCGGAGGGACCAACCAAACTCTTTACTGTAGTCCCCTC

GCGGATGTTATTTCTTACAGCTCTGAGCAAAAATCCAAAATGAATCAAAA 

 

>Translation of ORF number 1 in reading frame 1 on the direct strand. 

KEPIIPEFTVPTHVNHTKLLPRRGHAPGASQPRNQAPAGGTNQTLYCSPLADV

ISYSSEQKSKMNQNVQQRIS* 

 

>ORF number 2 in reading frame 1 on the direct strand extends from base 238 to 

base 462. 

AGAACGCAGCGAAATGCGATAAGTAATGTGAATTACAGAATTCAGTGGA

TCATCGAATCTTTGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCAT

GCCTGTCCAAGCGTCATTTCAACCCTCGAACCCCTCCAGGGGGTCGGCGT

GGGAAAAACAAAAAAAAAAAAAAAGCCCACAAAAAAAAATAAAAAAAA 

 

>Translation of ORF number 2 in reading frame 1 on the direct strand. 

RTQRNAISNVNYRIQWIIESLNAHCARQYSGGHACPSVISTLEPLQGVGVGKT

KKKKKPTKKNKKKLEETKQKK* 

 

6. NCBI Acc. No. HM117841; Trichoderma erinaceum-FS/S 478 

Results for 505 residue sequence "Trichoderma erinaceum isolate FS/S478 "starting 

"GGGGGGGACG" 

>ORF number 1 in reading frame 1 on the direct strand extends from base 1 to base 

99. 

GGGGGGGACGCCCCTGCTTTCTTTGAGACTCGGAAAACCATCTTCACCCT

TGGGGGACCCATCGTTCGATCGATCGATCAGGCCCCCCCGCCGCCTTAA 

 

>Translation of ORF number 1 in reading frame 1 on the direct strand. 

GGDAPAFFETRKTIFTLGGPIVRSIDQAPPPP* 

 

>ORF number 2 in reading frame 1 on the direct strand extends from base 100 to 

base 459. 

TTTTTGGGGGGTTGCCCCAACATTCCCCCCGGAAGGGGTCTGGGGTCAAA

AATTTCTTTGGGACAGACATCCCCCCCAAAATTGGGGGGGGCCCACATGG

TGTGTTACAAAGTTTGGATGCTTCAATTATTTGTTCAATCCCCCCGTCTTC

CCGCATTTCGGGGGGCTTTTCTTTGGGACGGGCTCCTAGACCTCCGAACC

CCTCCGGGGGGTCGGCGTTGGGGATCGGGAACCCCTCAGACGGGATCCC 

 

>Translation of ORF number 2 in reading frame 1 on the direct strand. 

FLGGCPNIPPGRGLGSKISLGQTSPPKLGGAHMVCYKVWMLQLFVQSPRLPA

FRGAFLWDGLLDLRTPPGGRRWGSGTPQTGSQPRNTVAVSPQPLLRSSLHNS

HRERGASTCRKTPNF* 

 

7. NCBI Acc. No. HQ334996; Trichoderma asperellum-RHS/S-561/ NAIMCC-F-

01967 

 

Results for 540 residue sequence " T. asperellum-RHS/S 561" starting 

"ACGTTACCAA" 
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>ORF number 1 in reading frame 1 on the direct strand extends from base 1 to base 

99. 

ACGTTACCAAACTGTTGCCTCGGCGGGGTCACGCCCCGGGTGCGTCGCAG

CCCCGGAACCAGGCGCCCGCCGGAGGAACCAACCAAACTCTTTCTGTAG 

 

>Translation of ORF number 1 in reading frame 1 on the direct strand. 

TLPNCCLGGVTPRVRRSPGTRRPPEEPTKLFL* 

 

>ORF number 2 in reading frame 1 on the direct strand extends from base 100 to 

base 192. 

TCCCCTCGCGGACGTATTTCTTACAGCTCTGAGCAAAAATTCAAAATGAA

TCAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGA 

 

>Translation of ORF number 2 in reading frame 1 on the direct strand. 

SPRGRISYSSEQKFKMNQNFQQRISWFWHR* 

 

>ORF number 3 in reading frame 1 on the direct strand extends from base 241 to 

base 480. 

ATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGTATTCTGGCGGGCA

TGCCTGTCCGAGCGTCATTTCAACCCTCGAACCCCTCCGGGGGATCGGCG

TTGGGGATCGGGACCCCTCACACGGGTGCCGGCCCCGAAATACAGTGGC 

 

>Translation of ORF number 3 in reading frame 1 on the direct strand. 

IIESLNAHCARQYSGGHACPSVISTLEPLRGIGVGDRDPSHGCRPRNTVAVSP

QPLLRSSLHNSHRERGASTSVKHPTF* 

 

4.10. 16S rDNA sequence analysis for identification of PGPR isolates 

From the total collection of 135 bacterial isolates, at least 48 isolates were found to 

solubilize phosphate however only eight bacterial isolates viz BRHS/C-1, BRHS/P-

22, BRHS/R-71, BRHS/R-72, BRHS/S-73, BRHS/P-91, BRHS/P-92 and BRHS/B-

104 were found to be most promising PGPR isolates based on their in vitro 

characterization. All these isolates were initially characterized on the basis of their 

morphological and biochemical characterizations. However the identities of each 

individual PGPR isolate was confirmed on the basis of16S rDNA sequences. The ITS 

region of the bacterial isolates were amplified with the help of universal primer pair. 

After direct sequencing of the PCR product 16S rRNA gene sequence of 

approximately 800 to 1,400 base pairs were obtained. The obtained sequence was 

further used to query against NCBI Genbank sequences through BLAST. The 

analysis revealed isolate BRHS/C-1 had 99 % similarity with Bacillus pumilus, 

BRHS/P-22 showed 98% with Bacillus altitudinis, BRHS/R-71 showed 98 % 

similarity with Enterobacter cloacae, BRHS/R-72 had 99 % similarity with 

Paenibacillus polymyxa, BRHS/S-73 had 99% homology with Bacillus 
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altitudinis,BRHS/P-91 had 99 % similarity with Bacillus methylotrophicus, BRHS/P-

92 had 99 % similarity with Burkholderia sp. and BRHS/B-104 had 99 % similarity 

with Bacillus aerophylus. The sequences were approved as 16S rRNA gene sequence 

by NCBI after complete annotation (base pair after annotation= 1,321) The NCBI 

Accession numbers for each isolate has been provided in Table 45. 

 

Table 45. NCBI Genbank Accession number of PGPR isolates 

Sl.No Isolate Identified as NCBI 

GenBank 

Acc. No. 

Homology with 

the query 

sequence 

1 BRHS/C-1 Bacillus pumilus JF836847 99 % 

2 BRHS/P-22 Bacillus altitudinis HQ849482 98% 

3 BRHS/R-71 Enterobacter cloacae KC703974 98% 

4 BRHS/R-72 Paenibacillus polymyxa KC703775 99% 

5 BRHS/S-73 Bacillus altitudinis JF899300 99% 

6 BRHS/P-91 Bacillus methylotrophicus JQ765577 99% 

7 BRHS/P-92 Burkholderia sp. JQ765578 99% 

8 BRHS/B-104 Bacillus aerophylus KC603894 99% 

 
 

4.10.1. 16S rDNA sequencing, Multiple sequence alignment and phylogenetic 

analysis1` 

4.10.1.1. Bacillus isolates 

 The 16S rDNA sequences of all the Bacilli isolates were approved as ITS 

sequences and have been deposited in NCBI Genbank database (Fig. 62-66). A 

multiple sequence alignment of ITS gene sequences of all the selected Bacilli isolates 

(B. pumilus, B. altitudinis, B. methylotrophicus, B. aerophilus) were conducted. The 

result reveals that 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 the relationship among the isolates. The difference in this highly 

conserved regions are shown in different colours (Fig. 67). The text delineated 

version of the same alignment presented in Table 46 provides the information to 

design specific primers for detection and identification. 
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4.10.1.2.  Enterobacter cloacae 

16S rDNA sequence of E. cloacae has been approved as ITS sequence and has been 

deposited in NCBI Genbank database (Fig. 68). A multiple sequence alignment of 

16S rDNA sequences of Enterbacter cloacae (BRHS/R-71) were conducted with the 

sequences of ex-type strains obtained from NCBI Genbank database showing 

maximum homology with CLUSTAL-W algorithm. Analysis of the same regions of 

conserved sequences also highlighted the portions of this sequence which was not 

identical to that of the other related sepecies. This difference in the sequences will 

provide an important information for developing strain specific primers which have 

been highlighted in the alignment result  (Table 47, Fig. 69). 

4.10.1.3. Paenibacillus polymyxa  

16S rDNA sequence of P. polymyxa has been approved as ITS sequence and has 

been deposited in NCBI Genbank Database (Fig. 70). A multiple sequence alignment 

of 16S rDNA sequences of Paenibacillus polymyxa (BRHS/R-72) were conducted 

with the sequences of ex-type strains obtained from NCBI Genbank database 

showing maximum homology with CLUSTAL-W algorithm. Analysis of the same 

regions of conserved sequences also highlighted the portions of this sequence which 

was not identical to that of the other related sepecies. This difference in the 

sequences will provide an important information for developing strain specific 

primers which have been highlighted in the alignment result  (Table 48; Fig. 71). 

4.10.1.4. Burkholderia symbionts 

16S rDNA sequence of Burkholderia sp. has been approved as ITS sequence and has 

been deposited in NCBI Genbank Database (Fig. 72). A multiple sequence alignment 

of 16S rDNA sequences were conducted with the sequences of ex-type strains 

obtained from NCBI Genbank database showing maximum homology with 

CLUSTAL-W algorithm. The result reveals that 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 the relationship among the isolates. 

This difference in the sequences will provide an important information for 

developing strain specific primers which have been highlighted in the alignment 

result  (Table 49, Fig. 73). 
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Fig. 62.  Chromatogram and sequence deposit of ITS region of Bacillus pumilus 

BRHS/C-1. 
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Fig. 63. Chromatogram and sequence deposit of ITS region of Bacillus altitudinis 

BRHS/P-22. 
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Fig. 64. Chromatogram and sequence deposit of ITS region of Bacillus altitudinis 

BRHS/S-73. 
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Fig. 65. Chromatogram and sequence deposit of ITS region of Bacillus 

methylotrophicus BRHS/P-91. 
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Fig. 66. Chromatogram and sequence deposit of ITS region of Bacillus aerophilus 

BRHS/B-104. 
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Table 46. Nucleotide sequence alignments of the parts of the 16S rDNA repeats 

encoding ITS region of different Bacilii isolates 
------------------------------------------------------------------------------------- 

!Title Phylogenetic Analysis;!Format   DataType=Nucleotide CodeTable=Standard 

    

#JF836847_Bacillus_pumilus-BRHS/C-1           CGG ACG GGT GAG TAA CAC GTG GGT  [  99] 

#HQ849482_Bacillus_altitudinis_BRHS/P-22      .C. G.. C.. AC. ... ... .A. .C.  [  99] 

#JF899300_Bacillus_altitudinis-BRHS/S-73      .C. T.. A.. AA. ... A.. .A. .A.  [  99] 

#JQ765577_Bacillus_methylotrophicus_BRHS/P-91 .TC C.. A.. AC. ... ... .A. ..A  [  99] 

#KC603894_Bacillus_aerophilus-BRHS/B-104      .TA C.. T.. CT. ... ... .A. ..C  [  99] 

#JF836847_Bacillus_pumilus-BRHS/C-1           AGG ATG AAA GAC GGT TTC GGC TGT  [ 198] 

#HQ849482_Bacillus_altitudinis_BRHS/P-22      ... ... ... ... ... ... ... ...  [ 198] 

#JF899300_Bacillus_altitudinis-BRHS/S-73      ... ... ... ... ... ... ... ...  [ 198] 

#JQ765577_Bacillus_methylotrophicus_BRHS/P-91 GAC ..A ... .GT ..C ... ... .AC  [ 198] 

#KC603894_Bacillus_aerophilus-BRHS/B-104      ... ... ... ... ... ... ... ...  [ 198] 

#JF836847_Bacillus_pumilus-BRHS/C-1           AGC AAC GCC GCG TGA GTG ATG AAG  [ 396] 

#HQ849482_Bacillus_altitudinis_BRHS/P-22      ... ... ... ... .A. ... ... ...  [ 396] 

#JF899300_Bacillus_altitudinis-BRHS/S-73      ... ... ... ... .A. ... ... ...  [ 396] 

#JQ765577_Bacillus_methylotrophicus_BRHS/P-91 ... ... ... ... .T. ... ... ...  [ 396] 

#KC603894_Bacillus_aerophilus-BRHS/B-104      ... ... ... ... ... ... ... ...  [ 396] 

#JF836847_Bacillus_pumilus-BRHS/C-1           AAC CAG AAA GCC ACG GCT AAC TAC  [ 495] 

#HQ849482_Bacillus_altitudinis_BRHS/P-22      ... ..A ... ... ... ... ... ...  [ 495] 

#JF899300_Bacillus_altitudinis-BRHS/S-73      ... ... ... ... ... ... ... ...  [ 495] 

#JQ765577_Bacillus_methylotrophicus_BRHS/P-91 ... ... ... ... ... ... ... ...  [ 495] 

#KC603894_Bacillus_aerophilus-BRHS/B-104      ... ... ... ... ... ... ... ...  [ 495] 

#JF836847_Bacillus_pumilus-BRHS/C-1           CGG TTT -CT TAA GTC TGA TGT GAA  [ 594] 

#HQ849482_Bacillus_altitudinis_BRHS/P-22      ... ... T.. ... ... ... ... ...  [ 594] 

#JF899300_Bacillus_altitudinis-BRHS/S-73      ... ... -.. ... ... ... ... ...  [ 594] 

#JQ765577_Bacillus_methylotrophicus_BRHS/P-91 ... ... -.. ... .T. ... ... ...  [ 594] 

#KC603894_Bacillus_aerophilus-BRHS/B-104      ... ... -.. ... .T. ... ... ...  [ 594] 

#JF836847_Bacillus_pumilus-BRHS/C-1           GGG GAG CGA ACA GGA TTA GAT ACC  [ 792] 

#HQ849482_Bacillus_altitudinis_BRHS/P-22      ... ... ... ... ... ... ... ...  [ 792] 

#JF899300_Bacillus_altitudinis-BRHS/S-73      ... ... ... ... ... ... ... ...  [ 792] 

#JQ765577_Bacillus_methylotrophicus_BRHS/P-91 ... ... ... ..C ... ... ... ...  [ 792] 

#KC603894_Bacillus_aerophilus-BRHS/B-104      ... ... ... ..C ... ... ... ...  [ 792] 

#JF836847_Bacillus_pumilus-BRHS/C-1           TAA GCA CTC CGC CTG GGG AGT ACG  [ 891] 

#HQ849482_Bacillus_altitudinis_BRHS/P-22      ... ... ... ... ... ... ... ...  [ 891] 

#JF899300_Bacillus_altitudinis-BRHS/S-73      ... ... .A. ... ... ... ... ...  [ 891] 

#JQ765577_Bacillus_methylotrophicus_BRHS/P-91 C.. ... .A. ... ... ... ... ...  [ 891] 

#KC603894_Bacillus_aerophilus-BRHS/B-104      C.. ... .A. ..G ... ... ... ...  [ 891] 

#JF836847_Bacillus_pumilus-BRHS/C-1           AAA CCG GAG GAA GGT GGG GAT GAC  [1188] 

#HQ849482_Bacillus_altitudinis_BRHS/P-22      T.. ... ..A ... ... ... ... ...  [1188] 

#JF899300_Bacillus_altitudinis-BRHS/S-73      T.. ... ..A ... ... .C. ... ...  [1188] 

#JQ765577_Bacillus_methylotrophicus_BRHS/P-91 C.. ... ..A ... ... ... ... ...  [1188] 

#KC603894_Bacillus_aerophilus-BRHS/B-104      G.. ... ..T ... ... .A. ... ...  [1188] 

#JF836847_Bacillus_pumilus-BRHS/C-1           CGC GG- TGA ATA CGT TCC CGG GCC  [1386] 

#HQ849482_Bacillus_altitudinis_BRHS/P-22      ... ..G ... ... ... ... ... ...  [1386] 

#JF899300_Bacillus_altitudinis-BRHS/S-73      ... ..- ... ... ... ... -A. ..T  [1386] 

#JQ765577_Bacillus_methylotrophicus_BRHS/P-91 ... ..- ... ... ... ... ... ...  [1386] 

#KC603894_Bacillus_aerophilus-BRHS/B-104      --- --- --- --- --- --- --- ---  [1386] 

#JF836847_Bacillus_pumilus-BRHS/C-1           A GTC GTA ACA AGG TAG CCG TAT CG [1514] 

#HQ849482_Bacillus_altitudinis_BRHS/P-22      - -A- A-- --G T-- -C- --- -A- C- [1514] 

#JF899300_Bacillus_altitudinis-BRHS/S-73      - -A- -C- --G --- -C- --- --- G- [1514] 

#JQ765577_Bacillus_methylotrophicus_BRHS/P-91 - -C- -G- C-T C-- -C- --- -T- A- [1514] 

#KC603894_Bacillus_aerophilus-BRHS/B-104      - -G- AC- --T C-- -A- --- -T- T- [1514] 

End; 

------------------------------------------------------------------------------------- 

NSeqs=5 NSites=1514   Identical=. Missing=? Indel=-; !Domain=Data property=Coding 

CodonStart=1 
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Fig. 67. Multiple sequence alignment of Bacillii isolates. Different colours shows 

different bases. Difference in the conserved regions are indicated by different 

colours. 
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Fig. 68. Chromatogram and sequence deposit of ITS region of Enterobacter cloacae 

BRHS/R-71. 
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Table 47. Nucleotide sequence alignments of the parts of the 16S rDNA repeats 

encoding ITS region of different Enterobacter isolates 

------------------------------------------------------------------------------------------------------- 
!Title Phylogenetic Analysis;!Format   DataType=Nucleotide CodeTable=Standard 

 

#KC703974_Enterobacter_cloacae_BRHS/R-71  --- --- --- --- --- --- --- --- ---  [  45] 

#AJ276652_Enterobacter_cloacae            --- --- --- --- --- --- --- --- ---  [  45] 

#HF674994_Enterobacter_cloacae            --- --- --- --- --- --- --- --- ---  [  45] 

#ESU39556_Enterobactee_cloacae            CTC AGA TTG AAC GCT GGC GGC AGG CCT  [  45] 

#AJ508302_Enterobacter_cloacae            --- --- --- --- --- GGC GGC AGG CCT  [  45] 

#AM947037_Enterobacter_cloacae            CTC AGA TTG AAC GCT GGC GGC AGG CCT  [  45] 

#AM947038_Enterobacter_cloacae            CTC AGA TTG AAC GCT GGC GGC AGG CCT  [  45] 

#AM947039_Enterobacter_cloacae            CTC AGA TTG AAC GCT GGC GGC AGG CCT  [  45] 

#AM947040_Eterobacter_cloacae             CTC AGA TTG AAC GCT GGC GGC AGG CCT  [  45] 

#AB680426_Enterobacter_cloacae            --- --A TTG AAC GCT GGC GGC AGG CCT  [  45] 

#KC703974_Enterobacter_cloacae_BRHS/R-71  GAT GGA TTA AG- -AG CTT GCT -CT TAT  [  90] 

#AJ276652_Enterobacter_cloacae            --- --- --- --- --- --- --- --- ---  [  90] 

#HF674994_Enterobacter_cloacae            --- --- --- --- --- --- --- --- ---  [  90] 

#ESU39556_Enterobactee_cloacae            .G. A.C AC. GAG -.. ... ... -.. CGG  [  90] 

#AJ508302_Enterobacter_cloacae            .G. AAC AGG .AG C.R Y.. ... G.. .CG  [  90] 

#AM947037_Enterobacter_cloacae            .G. AAC AGG .AG C.. ... ... G.. .YG  [  90] 

#AM947038_Enterobacter_cloacae            .G. AAC AGG .AG C.. ... ... G.. .YG  [  90] 

#AM947039_Enterobacter_cloacae            .G. AAC AGG .AG C.. ... ... G.. .TG  [  90] 

#AM947040_Eterobacter_cloacae             .G. AAC AGG .AG C.. ... ... G.. .TG  [  90] 

#AB680426_Enterobacter_cloacae            .G. A.C AC. GAG AG- -C. TGC T.. CGG  [  90] 

#KC703974_Enterobacter_cloacae_BRHS/R-71  --T AAG TTG GGC ACT CTA AGG TGA CTG  [1170] 

#AJ276652_Enterobacter_cloacae            --- --- --- --- --- --- --- --- ---  [1170] 

#HF674994_Enterobacter_cloacae            --- --- --- --- --- --- --- --- ---  [1170] 

#ESU39556_Enterobactee_cloacae            -TC CG. CC. ..A ... .A. ... A.. ..A  [1170] 

#AJ508302_Enterobacter_cloacae            AT. .G. CC. ..A ... .A. ... A.. ...  [1170 

#AM947037_Enterobacter_cloacae            --- --- --- --- --- --- --- --- ---  [1170] 

#AM947038_Enterobacter_cloacae            --- --- --- --- --- --- --- --- ---  [1170] 

#AM947039_Enterobacter_cloacae            --- --- --- --- --- --- --- --- ---  [1170] 

#AM947040_Eterobacter_cloacae             --- --- --- --- --- --- --- --- ---  [1170] 

#AB680426_Enterobacter_cloacae            -TC CG. CC. ..A ... .A. ... A.. ...  [1170] 

#KC703974_Enterobacter_cloacae_BRHS/R-71  AAG GTG GGG ATG ACG TCA AAT CAT CAT  [1215] 

#AJ276652_Enterobacter_cloacae            --- --- --- --- --- --- --- --- ---  [1215] 

#HF674994_Enterobacter_cloacae            --- --- --- --- --- --- --- --- ---  [1215] 

#ESU39556_Enterobactee_cloacae            ... ... ... ... ... ... .G. ... ...  [1215] 

#AJ508302_Enterobacter_cloacae            ... ... ... ... ... ... .G. ... ...  [1215] 

#AM947037_Enterobacter_cloacae            --- --- --- --- --- --- --- --- ---  [1215] 

#AM947038_Enterobacter_cloacae            --- --- --- --- --- --- --- --- ---  [1215] 

#AM947039_Enterobacter_cloacae            --- --- --- --- --- --- --- --- ---  [1215] 

#AM947040_Eterobacter_cloacae             --- --- --- --- --- --- --- --- ---  [1215] 

#AB680426_Enterobacter_cloacae            ... ... ... ... ... ... .G. ... ...  [1215] 

#KC703974_Enterobacter_cloacae_BRHS/R-71  --- --- --- --- --- --- --- --- ---  [1350] 

#AJ276652_Enterobacter_cloacae            --- --- --- --- --- --- --- --- ---  [1350] 

#HF674994_Enterobacter_cloacae            --- --- --- --- --- --- --- --- ---  [1350] 

#ESU39556_Enterobactee_cloacae            CTG CAA CTC GAC TCC ATG AAG TCG GAA  [1350] 

#AJ508302_Enterobacter_cloacae            CTG CAA CTC GAC TCC ATG AAG TCG GAA  [1350] 

#AM947037_Enterobacter_cloacae            --- --- --- --- --- --- --- --- ---  [1350] 

#AM947038_Enterobacter_cloacae            --- --- --- --- --- --- --- --- ---  [1350] 

#AM947039_Enterobacter_cloacae            --- --- --- --- --- --- --- --- ---  [1350] 

#AM947040_Eterobacter_cloacae             --- --- --- --- --- --- --- --- ---  [1350] 

#AB680426_Enterobacter_cloacae            CTG CAA CTC GAC TCC ATG AAG TCG GAA  [1350] 

#AB680426_Enterobacter_cloacae            CAG AAT GCT ACG GTG AAT ACG TTC CCG  [1395] 

#KC703974_Enterobacter_cloacae_BRHS/R-71 -- --- --- --- --- --- --- - [1522] 

#AJ276652_Enterobacter_cloacae           -- --- --- --- --- --- --- - [1522] 

#HF674994_Enterobacter_cloacae           -- --- --- --- --- --- --- - [1522] 

#ESU39556_Enterobactee_cloacae           GA GTC GTA ACA AGG TAA CCG T [1522] 

#AJ508302_Enterobacter_cloacae           -- --- --- --- --- --- --- - [1522] 

#AM947037_Enterobacter_cloacae           -- --- --- --- --- --- --- - [1522] 

#AM947038_Enterobacter_cloacae           -- --- --- --- --- --- --- - [1522] 

#AM947039_Enterobacter_cloacae           -- --- --- --- --- --- --- - [1522] 

#AM947040_Eterobacter_cloacae            -- --- --- --- --- --- --- - [1522] 

#AB680426_Enterobacter_cloacae           GA G-- --- --- --- --- --- - [1522] 

------------------------------------------------------------------------------------------------------- 
NSeqs=5 NSites=1514   Identical=. Missing=? Indel=-; !Domain=Data property=Coding 

CodonStart=1 
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Fig. 69. Multiple sequence alignment of Enterobacter cloacae with other ex-type 

strain sequences obtained from Genbank database. Different colours shows different 

bases. Difference in the conserved regions are indicated by different colours. 
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Fig. 70. Chromatogram and sequence deposit of ITS region of Paenibacillus plymyxa 

BRHS/R-72. 
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Table 48. Nucleotide sequence alignments of the parts of the 16S rDNA repeats 

encoding ITS region of different Paenibacillus isolates 

------------------------------------------------------------------------------------------------------- 
!Title Phylogenetic Analysis;!Format   DataType=Nucleotide CodeTable=Standard 

 

#JC8240_Paenibacillus_polymyxa             -- --- --- --- --- -TC GAG CGG A--  [  45] 

#HE981792_Paenibacillus_polymyxa           CC TAA TAC ATG CAA G.. ... ... GGT  [  45] 

#KC703975_Paenibacillus_polymyxa_BRHS/R-72 CC TAA TAC ATG CAA G.. ... ... GGT  [  45] 

#KC389912_Paenibacillus_polymyxa           CC TAA TAC ATG CAA G.. ... ... GGT  [  45] 

#HE981790_Paenibacillus_polymyxa           CC TAA TAC ATG CAA G.. ... ... GGT  [  45] 

#NRP44328_Paenibacillus_polymyxa           CC TAA TAC ATG CAA G.. ... ... GGT  [  45] 

#HE981787_Paenibacillus_polymyxa           CC TAA TAC ATG CAA G.. ... ... GGT  [  45] 

#HE981786_Paenibacillus_polymyxa           CC TAA TAC ATG CAA G.. ... ... GGT  [  45] 

#EU781785_Paenibacillus_polymyxa           CC TAA TAC ATG CAA G.. ... ... GGT  [  45] 

#JC8240_Paenibacillus_polymyxa             CT GTA AGA CTG GGA TAA CTC CGG GAA  [ 135] 

#HE981792_Paenibacillus_polymyxa           .C AC. ... .A. ... ... ..A .C. ...  [ 135] 

#KC703975_Paenibacillus_polymyxa_BRHS/R-72 .C AC. ... .A. ... ... ..A .C. ...  [ 135] 

#KC389912_Paenibacillus_polymyxa           .C AC. ... .A. ... ... ..A .C. ...  [ 135] 

#HE981790_Paenibacillus_polymyxa           .C AC. ... .A. ... ... ..A .C. ...  [ 135] 

#NRP44328_Paenibacillus_polymyxa           .C AC. ... .A. ... ... ..A .C. ...  [ 135] 

#HE981787_Paenibacillus_polymyxa           .C AC. ... .A. ... ... ..A .C. ...  [ 135] 

#HE981786_Paenibacillus_polymyxa           .C AC. ... .A. ... ... ..A .C. ...  [ 135] 

#EU781785_Paenibacillus_polymyxa           .C AC. ... .A. ... ... ..A .C. ...  [ 135] 

#JC8240_Paenibacillus_polymyxa             AG TTC CTT GAA CCG CAT GGT TCA AGG  [ 180] 

#HE981792_Paenibacillus_polymyxa           .C A.. ... TTC .T. ... ..G AG. ...  [ 180] 

#KC703975_Paenibacillus_polymyxa_BRHS/R-72 .C A.. ... TTC .T. ... ..G AG. ...  [ 180] 

#KC389912_Paenibacillus_polymyxa           .C A.. ... TTC .T. ... ..G AG. ...  [ 180] 

#HE981790_Paenibacillus_polymyxa           .C A.. ... TTC .T. ... ..G AG. ...  [ 180] 

#NRP44328_Paenibacillus_polymyxa           .C A.. ... TTC .T. ... ..G AG. ...  [ 180] 

#HE981787_Paenibacillus_polymyxa           .C A.. ... TTC .T. ... ..G AG. ...  [ 180] 

#HE981786_Paenibacillus_polymyxa           .C A.. ... TTC .T. ... ..G AG. ...  [ 180] 

#EU781785_Paenibacillus_polymyxa           .C A.. ... TTC .T. ... ..G AG. ...  [ 180] 

#JC8240_Paenibacillus_polymyxa             GT CAC TTA CAG ATG GAC CCG CGG CGC  [ 225] 

#HE981792_Paenibacillus_polymyxa           .. ... ..G TG. ... .G. .T. ... ...  [ 225] 

#KC703975_Paenibacillus_polymyxa_BRHS/R-72 .. ... ..G TG. ... .G. .T. ... ...  [ 225] 

#KC389912_Paenibacillus_polymyxa           .. ... ..G TG. ... .G. .T. ... ...  [ 225] 

#HE981790_Paenibacillus_polymyxa           .. ... ..G TG. ... .G. .T. ... ...  [ 225] 

#NRP44328_Paenibacillus_polymyxa           .. ... ..G TG. ... .G. .T. ... ...  [ 225] 

#HE981787_Paenibacillus_polymyxa           .. ... ..G TG. ... .G. .T. ... ...  [ 225] 

#HE981786_Paenibacillus_polymyxa           .. ... ..G TG. ... .G. .T. ... ...  [ 225] 

#EU781785_Paenibacillus_polymyxa           .. ... ..G TG. ... .G. .T. ... ...  [ 225] 

#JC8240_Paenibacillus_polymyxa             AA TAC GTA GGT GGC AAG CGT TGT CCG  [ 540] 

#HE981792_Paenibacillus_polymyxa           .. ... ... ..G ... ... ... ... ...  [ 540] 

#KC703975_Paenibacillus_polymyxa_BRHS/R-72 .. ... ... ..G ... ... ... ... ...  [ 540] 

#KC389912_Paenibacillus_polymyxa           .. ... ... ..G ... ... ... ... ...  [ 540] 

#HE981790_Paenibacillus_polymyxa           .. ... ... ..G ... ... ... ... ...  [ 540] 

#NRP44328_Paenibacillus_polymyxa           .. ... ... ..G ... ... ... ... ...  [ 540] 

#HE981787_Paenibacillus_polymyxa           .. ... ... ..G ... ... ... ... ...  [ 540] 

#HE981786_Paenibacillus_polymyxa           .. ... ... ..G ... ... ... ... ...  [ 540] 

#EU781785_Paenibacillus_polymyxa           .. ... ... ..G ... ... ... ... ...  [ 540] 

#JC8240_Paenibacillus_polymyxa             TG AGG AGC GAA AGC GTG GGG AGC GAA  [ 765] 

#HE981792_Paenibacillus_polymyxa           .. ... C.. ... ... ... ... ... A..  [ 765] 

#KC703975_Paenibacillus_polymyxa_BRHS/R-72 .. ... C.. ... ... ... ... ... A..  [ 765] 

#KC389912_Paenibacillus_polymyxa           .. ... C.. ... ... ... ... ... A..  [ 765] 

#HE981790_Paenibacillus_polymyxa           .. ... C.. ... ... ... ... ... A..  [ 765] 

#NRP44328_Paenibacillus_polymyxa           .. ... C.. ... ... ... ... ... A..  [ 765] 

#HE981787_Paenibacillus_polymyxa           .. ... C.. ... ... ... ... ... A..  [ 765] 

#HE981786_Paenibacillus_polymyxa           .. ... C.. ... ... ... ... ... A..  [ 765] 

#EU781785_Paenibacillus_polymyxa           .. ... C.. ... ... ... ... ... A..  [ 765] 

#JC8240_Paenibacillus_polymyxa             - --- --- --- --- -- [1478] 

#HE981792_Paenibacillus_polymyxa           T AGA TGA TTG GGG TG [1478] 

#KC703975_Paenibacillus_polymyxa_BRHS/R-72 T AGA TGA TTG GGG TG [1478] 

#KC389912_Paenibacillus_polymyxa           T AGA TGA TTG GGG TG [1478] 

#HE981790_Paenibacillus_polymyxa           T AGA TGA TTG GGG TG [1478] 

#NRP44328_Paenibacillus_polymyxa           T AGA TGA TTG GGG TG [1478] 

#HE981787_Paenibacillus_polymyxa           T AGA TGA TTG GGG TG [1478] 

#HE981786_Paenibacillus_polymyxa           T AGA TGA TTG GGG TG [1478] 

#EU781785_Paenibacillus_polymyxa           T AGA TGA TTG GGG TG [1478] 

-------------------------------------------------------------------------------------------------------
NSeqs=5 NSites=1514   Identical=. Missing=? Indel=-; !Domain=Data property=Coding 

CodonStart=1 
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Fig. 71. Multiple sequence alignment of Paenibacillus polymyxa  with other ex-type 

strain sequences obtained from Genbank database. Different colours shows different 

bases. Difference in the conserved regions are indicated by different colours. 
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4.10.2. Phylogenetic analysis of PGPR isolates based on 16S rDNA sequences. 
 

Phylogenetic placements of PGPR isolates was carried out with the other 

representatives of members of Bacillus spp. as well as with ex type sequences 

obtained from gen bank database that showed maximum homologies in case of non 

bacilli isolates.  The phylogenetic tree obtained with UPGMA method shows the 

optimal tree with the sum of branch length = 7.99112791. The percentage of replicate 

trees in which the associated taxa clustered together in the bootstrap test (5000 

replicates) are shown next to the branches. The evolutionary distances were 

computed using the Maximum Composite Likelihood method  and are in the units of 

the number of base substitutions per site. Codon positions included were 

1st+2nd+3rd+Noncoding. All positions containing gaps and missing data were 

eliminated. There were a total of 26 positions in the final dataset. Evolutionary 

analyses were conducted in MEGA5.Two types of phylogenetic tree have been 

obtained, the linear tree (NJ-Tree) which shows relationship among all the tested  

isolates (Fig. 74) and the radial (UPGMA) representation of the same tree which 

gives us their relative diversification positions across the clades. Burkholderia 

symbionts and Enterobacter cloacae were placed outside the Bacilli clade (Fig. 75). 

4.10.3.  Analysis of and Nucleotide frequency and DNA molecular weight of 16S 

rDNA sequences of PGPR isolates 

Combinations and percentage of occurrence of different nucleotide in the entire 

sequences were calculated using the bioinformatics algorithm from the website 

http://www.ualberta.ca/~stothard/ javascript/dna_stats.html. The sequence of 16S 

rDNA fragments of ITS region for all the PGPR isolates belonging to Bacillus spp. is 

presented in Table 50 & 48. The ―GC‖ content was the highest in case of isolate B. 

methylotrophicus (107 times), similarly combinations like ―CG‖ was also found 

highest in this isolate (103 times). Analysis of nucleotide sequences was also carried 

out among the non bacilli isolates as well. The ―GC‖ content in Burkholderia 

symbionts (BRHS/P-92) was found to be comparatively higher than the other two 

PGPR isolates. The results also revealed that there is a considerable amount of 

variations in the nucleotide pattern of all the PGPR isolates. Similarly, molecular 

weight of 16S rNDA sequences deposited in NCBI genbank of all the PGPR isolates 

were calculated and have been presented in Table 51. 

 

http://www.ualberta.ca/~stothard/javascript/dna_stats.html
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Fig. 72. Chromatogram and sequence deposit of ITS region of Burkholderia sp. 

BRHS/P-92. 
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Table 49. Nucleotide sequence alignments of the parts of the 16S rDNA repeats 

encoding ITS region of different isolates of PGPR 
------------------------------------------------------------------------------------- 

!Title Phylogenetic Analysis;!Format; DataType=Nucleotide CodeTable=Standard; 

NSeqs=15; NSites=1466;Identical=. Missing=? Indel=-;!Domain=Data property=Coding 

CodonStart=1 

 

#JQ765578_Burkholderia_symbiont_BRHS/P92  TGG CGA ACG GGT GAG TAA TAC ATC GGA  [  99] 

#AB558211_Burkholderia_sp                 ... ... ... ... ... ... ... ... ...  [  99] 

#AB558210_Burkholderia_sp.               .... ... ... ... ... ... ... ... ...  [  99] 

#AB558209_Burkholderia_symbiont          .... ... ... ... ... ... ... ... ...  [  99] 

#EU665363_Burkholderia_symbiont          .... ... ... ... ... ... ... ... ...  [  99] 

#AB665362_Burkholderia_symbiont          .... ... ... ... ... ... ... ... ...  [  99] 

#AB558209_Burkholderia_sp.               .... ... ... ... ... ... ... ... ...  [  99] 

#EU548332_Burkholderia_symbiont          .... ... ... ... ... ... ... ... ...  [  99] 

#AB665361_Burkholderia_symbiont          A. GC. ..C ... ..G ... .AC .-. ... .  [  99] 

#KC665360_Burkholderia_symbiont          A. GC. ..C ... ..G ... .AC .-. ... .  [  99] 

#JQ765578_Burkholderia_symbiont_BRHS/P92 GGAG GAC GAC CAG CCA CAC TGG GAC TGA  [ 297] 

#AB558211_Burkholderia_sp                .... ... ... ... ... ... ... ... ...  [ 297] 

#AB558210_Burkholderia_sp.               .... ... ... ... ... ... ... ... ...  [ 297] 

#AB558209_Burkholderia_symbiont          .... ... ... ... ... ... ... ... ...  [ 297] 

#EU665363_Burkholderia_symbiont          .... ... ... ... ... ... ... ... ...  [ 297] 

#AB665362_Burkholderia_symbiont          .... ... ... ... ... ... ... ... ...  [ 297] 

#AB558209_Burkholderia_sp.               .... ... ... ... ... ... ... ... ...  [ 297] 

#EU548332_Burkholderia_symbiont          .... ... ... ... ... ... ... ... ...  [ 297] 

#AB665361_Burkholderia_symbiont          .... ... ... ... ... ... ... ... ...  [ 297] 

#KC665360_Burkholderia_symbiont          .... ... ... ... ... ... ... ... ...  [ 297] 

#JQ765578_Burkholderia_symbiont_BRHS/P92 GTAA GCA CCG GCT AAC TAC GTG CCA GCA  [ 495] 

#AB558211_Burkholderia_sp                .... ... ... ... ... ... ... ... ...  [ 495] 

#AB558210_Burkholderia_sp.               . .CA TCG ... ... ... ..T G.T G. ...  [ 495] 

#AB558209_Burkholderia_symbiont          .. ... ... ... ... ... ... ... . ...  [ 495] 

#EU665363_Burkholderia_symbiont          .. ... ... ... ... ... ... ... . CAT  [ 495] 

#AB665362_Burkholderia_symbiont          .. ... ... ... ... ... ... ... ... .  [ 495] 

#AB558209_Burkholderia_sp.               .. ... ... ... ... ... ... ... ... .  [ 495] 

#EU548332_Burkholderia_symbiont          .. ... ... ... ... ... ... ... ... .  [ 495] 

#AB665361_Burkholderia_symbiont          .... ... ... ... ... ... ... ... ...  [ 495] 

#KC665360_Burkholderia_symbiont          .... ... ... ... ... ... ... ... ...  [ 495] 

#JQ765578_Burkholderia_symbiont_BRHS/P92 G GTT AAG TCC CGC AAC GAG CGC AAC CCT  1089] 

#AB558211_Burkholderia_sp                . ... ... ... ... ... ... ... ... ...  1089] 

#AB558210_Burkholderia_sp.               . ... ... ... ... ... ... ... ... ...  1089] 

#AB558209_Burkholderia_symbiont          . ... ... ... ... ... ... ... ... ...  1089] 

#EU665363_Burkholderia_symbiont          . ... ... ... ... ... ... ... ... ...  1089] 

#AB665362_Burkholderia_symbiont          . ... ... ... ... ... ... ... ... ...  1089] 

#AB558209_Burkholderia_sp.               . ... ... ... ... ... ... ... ... ...  1089] 

#EU548332_Burkholderia_symbiont          . ... ... ... ... ... ... ... ... ...  1089] 

#AB665361_Burkholderia_symbiont          . ... ... ... ... ... ... ... ... ...  1089] 

#KC665360_Burkholderia_symbiont          . ... ... ... ... ... ... ... ... ...  1089] 

#JQ765578_Burkholderia_symbiont_BRHS/P92 ACG GGT TGG ATT TCC AGG --- --- --- -- 1466] 

#AB558211_Burkholderia_sp                ... .-. G.. ... CAT GAC TGG GGT G-- -- 1466] 

#AB558210_Burkholderia_sp.               ... .-. G.. ... CAT GAC TGG GGT G-- -- 1466] 

#AB558209_Burkholderia_symbiont          ... .-. G.. ... CAT GAC TGG GGT G-- -- 1466] 

#EU665363_Burkholderia_symbiont          ... --- --- --- --- --- --- --- --- -- 1466] 

#AB665362_Burkholderia_symbiont          ... .-. G.. ... CAT GAC TGG GGT GAA GT 1466] 

#AB558209_Burkholderia_sp.               ... .-. G.. ... CAT GAC TGG GGT G-- -- 1466] 

#EU548332_Burkholderia_symbiont          ... .-. G.. ... CAT GAC TGG GGT GAA GT 1466] 

#AB665361_Burkholderia_symbiont          ... .-. G.. ... CAT GAC TGG GGT GAA GT 1466] 

#KC665360_Burkholderia_symbiont          ... .-. G.. ... CAT GAC TGG GGT GAA GT 1466] 

End;// 

------------------------------------------------------------------------------------------------------- 
NSeqs=5 NSites=1514   Identical=. Missing=? Indel=-; !Domain=Data property=Coding 

CodonStart=1 
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Fig. 73. Multiple sequence alignment of Burkholderia symbiont with other ex-type 

strain sequences obtained from Genbank database. Different colours shows different 

bases. Difference in the conserved regions are indicated by different colours. 
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Fig. 74. Neighbour Joining analysis based Phylogenetic placement of PGPR isolates 

on the basis of 16S rDNA gene sequences. Sum of branch length = 7.99112791 is 

shown There were a total of 99 positions in the final dataset (Linear form). 
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Fig. 75. UPGMA analysis based Phylogenetic placement of PGPR isolates on the 
basis of 16S rDNA gene sequences. Sum of branch length = 6.2258873 is shown 
There were a total of 99 positions in the final dataset (radial form).  
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Table 50.  Nucleotide combinations and frequencies of different combinations of 16S rDNA sequences of PGPR isolates belonging to 

Bacilli group 
 Bacillus pumilus 

BRHS/C-1 

Bacillus altitudinis 

BRHS/P-22 

Bacillus altitudinis 

BRHS/S-73 

Bacillus 

methylotrophicus 

BRHS/P-91 

Bacillus aerophylus 

BRHS/B-104 

Pattern Times 

found 

Percentage Times 

found 

Percentage Times 

found 

Percentage Times 

found 

Percentage Times 

found 

Percentage 

G 424 31.15 419 30.99 414 31.34 463 31.89 395 31.45 

A 333 24.47 341 25.22 330 24.98 361 24.86 317 25.24 

T 278 20.43 273 20.19 270 20.44 283 19.49 254 20.22 

C 326 23.95 319 23.59 307 23.24 345 23.76 290 23.09 

GG 128 9.41 135 9.99 125 9.47 149 10.27 119 9.48 

GA 111 8.16 103 7.62 103 7.80 113 7.79 103 8.21 

GT 91 6.69 88 6.51 93 7.05 98 6.75 86 6.85 

GC 94 6.91 93 6.88 93 7.05 103 7.10 86 6.85 

AG 99 7.28 97 7.18 103 7.80 110 7.58 99 7.89 

AA 95 6.99 107 7.92 92 6.97 103 7.10 91 7.25 

AT 52 3.82 50 3.70 50 3.79 54 3.72 44 3.51 

AC 87 6.40 86 6.37 85 6.44 93 6.41 83 6.61 

TG 99 7.28 96 7.11 98 7.42 101 6.96 93 7.41 

TA 58 4.26 56 4.15 57 4.32 62 4.27 52 4.14 

TT 61 4.49 62 4.59 56 4.24 57 3.93 54 4.30 

TC 60 4.41 59 4.37 58 4.39 63 4.34 55 4.38 

CG 97 7.13 91 6.74 88 6.67 102 7.03 83 6.61 

CA 69 5.07 75 5.55 77 5.83 83 5.72 71 5.66 

CT 74 5.44 73 5.40 71 5.38 74 5.10 70 5.58 

CC 85 6.25 80 5.92 71 5.38 86 5.93 66 5.26 

G,C 750 55.11 738 54.59 721 54.58 808 55.65 685 54.54 

A,T 611 44.89 614 45.41 600 45.42 644 44.35 571 45.46 
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Table 51. Nucleotide combinations and frequencies of different combinations of 

16S rDNA sequences of PGPR isolates (Non-Bacilli) 

 Enterobacter cloacae 

BRHS/R-71 

Paenibacillus 

polymyxa 

BRHS/R-72 

Burkholderia 

symbionts 

BRHS/P-92 

Pattern Times 

found 

Percentage Times 

found 

Percentage Times 

found 

Percentage 

G 391 31.03 408 31.51 467 32.34 

A 327 25.95 327 25.25 359 24.86 

T 264 20.95 261 20.15 282 19.53 

C 278 22.06 299 23.09 336 23.27 

GG 117 9.29 123 9.51 158 10.95 

GA 101 8.02 108 8.35 110 7.62 

GT 84 6.67 87 6.72 95 6.58 

GC 88 6.99 90 6.96 103 7.14 

AG 97 7.70 104 8.04 102 7.07 

AA 99 7.86 93 7.19 103 7.14 

AT 53 4.21 45 3.48 64 4.44 

AC 78 6.20 84 6.49 90 6.24 

TG 94 7.47 95 7.34 105 7.28 

TA 60 4.77 54 4.17 65 4.50 

TT 59 4.69 55 4.25 55 3.81 

TC 51 4.05 57 4.40 57 3.95 

CG 82 6.51 86 6.65 102 7.07 

CA 67 5.32 72 5.56 80 5.54 

CT 68 5.40 73 5.64 68 4.71 

CC 61 4.85 68 5.26 86 5.96 

G,C 669 53.10 707 54.59 803 55.61 

A,T 591 46.90 588 45.41 641 44.39 

 

 

Table 52. DNA molecular weight of different Trichoderma isolates calculated on the 

basisof 18S rDNA sequences 

Isolate Strain Gen Bank 

Acc.No 

Starting 

sequence 

DNA mol 

weight (Da) 

B. pumilus BRHS/C-1 JF836847 GAAAAGGGGG 422741.26 

B. altitudinis BRHS/P-22 HQ849482 CTCCCGGGAA 420055.63 

E. cloacae BRHS/R-71 KC703974 GCAGTCGAGC 391858.63 

P. polymyxa BRHS/R-72 KC703775 TCGAGCGGAC 402615.38 

B. altitudinis BRHS/S-73 JF899300 AGGGTATGGT 410581.51 

B. methylotrophicus BRHS/P-91 JQ765577 GGGGGGGCGG 451365.75 

Burkholderia sp. BRHS/P-92 JQ765578 ACTGTGGGGG 449149.35 

B. aerophylus BRHS/B-104 KC603894 GTTAGCGGCG 390471.53 
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4.10.4. Analysis of Open Reading Frame (ORF) of 16S rDNA gene sequences of 

PGPR isolates 

Open Reading Frames (ORF) for the designated 16S rDNA sequences of all the 

PGPR isolates were  calculated with the help of ORF finder available from 

http://www.ualberta.ca/~stothard/javascript/orf_find.html. The detail description of 

individual isolates has been given as under: 

1. NCBI Acc. No. JF836847; Bacillus pumilus -BRHS/C1  

 Results for 1361 residue sequence "JF836847" starting "GAAAAGGGGG" 

>ORF number 1 in reading frame 1 on the direct strand extends from base 295 to 

base 399. 

GGAATCTTCCGCAATGGAGAAAGTCTGACGGAGCAACGCCGCGTGAGTG

ATGAAGGTTTTCGGATCGTAAGCTCTGTTGTTAGGGAAGAACAAGTGCGA 

 

>Translation of ORF number 1 in reading frame 1 on the direct strand. 

GIFRNGESLTEQRRVSDEGFRIVSSVVREEQVRE* 

 

>ORF number 2 in reading frame 1 on the direct strand extends from base 532 to 

base 630. 

TGTGAAAGCCCCCGGCTCTACCGGGGAGGGTCATTGGAAACGGGAAACT

TGAGTGCAGAAGAGGAGAGTGGAATTCCACGTGTAGCGGTGAATGCGTA 

 

>Translation of ORF number 2 in reading frame 1 on the direct strand. 

CESPRLYRGGSLETGNLSAEEESGIPRVAVNA* 

 

>ORF number 3 in reading frame 1 on the direct strand extends from base 883 to 

base 1038. 

TCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAACCC

TAGGATAGGGCTTTCCCTTCGGGGACAGAGTGACAGGTGGTGCATGGTTG

TCGTCGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAAC 

 

>Translation of ORF number 3 in reading frame 1 on the direct strand. 

SKQREEPYQVLTSSDNPRIGLSLRGQSDRWCMVVVARVVRCWVKSRNERNP

* 

 

>ORF number 4 in reading frame 1 on the direct strand extends from base 1258 to 

base 1359. 

AATCGCGAACAGCATGCCGCGGTGATTACGTTCCGGGCCTGTCCCACGCC

GTACACCCGAAAGTTTGTACCCCGAGTCGGTAGTGACCTTTTGACTCCCC 

 

>Translation of ORF number 4 in reading frame 1 on the direct strand. 

NREQHAAVITFRACPTPYTRKFVPRVGSDLLTPP 

http://www.ualberta.ca/~stothard/javascript/orf_find.html
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2. NCBI Acc. No. HQ849482.1; Bacillus altitudinis-BRHS/P-22   

Results for 1352 residue sequence "HQ849482 " starting  "CTCCCGGGAA" 

 

>ORF number 1 in reading frame 1 on the direct strand extends from base 250 to 

base 369. 

GACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAA

TGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCG

GATCGTAAAGCTCTGTTGTTAG 

>Translation of ORF number 1 in reading frame 1 on the direct strand. 

DTAQTPTGGSSRESSAMDESLTEQRRVSDEGFRIVKLCC* 

>ORF number 2 in reading frame 1 on the direct strand extends from base 370 to 

base 

525.GGAAGAACAAGTGCAAGAGTAACTGCTTGCACCTTGACGGTACCTAA

CCAAAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGG

GGGGCAAGCGTTGTCCGGAATTATTGGGGCGGTAAAGGGGCTCGCAGGC

GGTTTTCTTAA 

>Translation of ORF number 2 in reading frame 1 on the direct 

strand.GRTSARVTACTLTVPNQKATANYVPAAAVIRRGASVVRNYWGGKGA

RRFS* 

>ORF number 3 in reading frame 1 on the direct strand extends from base 532 to 

base 

768.TGTGAAAGCCCCCCGGCTTCAACCGGGGGAGGGGCCATTGGAAAACT

GGGAAACCTTGAGTGCAAAAGAAGGAGAGTGGAATTTCCACGTGTACGG

GTGAAATTGCGTAAAGATGTGGAAGGAACACCAGTGGCGAAGGCGACTC

TCTGGTCTGTAACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGG

ATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAA 

>Translation of ORF number 3 in reading frame 1 on the direct 

strand.CESPPASTGGGAIGKLGNLECKRRRVEFPRVRVKLRKDVEGTPVAKAT

LWSVTDAEERKRGERTGLDTLVVHAVNDEC* 

>ORF number 4 in reading frame 1 on the direct strand extends from base 814 to 

base 984. 

GCACTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTG

ACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACG

CGAAGAACCTTACCAGGTCTTGACATCCTCTGACAACCCTAGAGATAGGG 

>Translation of ORF number 4 in reading frame 1 on the direct 

strand.ALRLGSTVARLKLKGIDGGPHKRWSMWFNSKQREEPYQVLTSSDNPR

DRAFPSGTE* 
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 3. NCBI Acc. No. JF899300; Bacillus altitudinis-BRHS/S73  

Results for 1321 residue sequence " JF899300" starting "AGGGTATGGT" 

>ORF number 1 in reading frame 1 on the direct strand extends from base 520 to 

base 666. 
TGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGAAAC

TTGAGTGCAGAAGAGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCG

TAGAGATGTGGAGGAACACCAGTGGCGAAGGCGACTCTCTGGTCTGTAA 

>Translation of ORF number 1 in reading frame 1 on the direct strand. 
CESPRLNRGGSLETGKLECRRGEWNSTCSGEMRRDVEEHQWRRRLSGL 

>ORF number 2 in reading frame 1 on the direct strand extends from base 913 to 

base 1011. 
CATCCTCTGACAACCCTAGAGATAGGGCTTTCCCTTCGGGGACAGAGTGA

CAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAA 

>Translation of ORF number 2 in reading frame 1 on the direct strand. 
HPLTTLEIGLSLRGQSDRWCMVVVSSCREMLG* 

>ORF number 3 in reading frame 1 on the direct strand extends from base 1075 to 

base 1248. 
CTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAATCATCATG

CCCCTTATGACCTGGGCTACACACGTGCTACAATGGACAGAACAAAGGG

CTGCGAGACCGCAAGGTTTAGCCAATCCCACAAATCTGTTCTCAGTTCGG 

>Translation of ORF number 3 in reading frame 1 on the direct 

strand.LPVTNRRKVGMTSNHHAPYDLGYTRATMDRTKGCETARFSQSHKSV

LSSDRSLHSTA* 

>ORF number 4 in reading frame 1 on the direct strand extends from base 1256 to 

base 1314. 
CCAATCCCACAAATCTGTTCTCAGTTCGGATCGCAGTCTGCAACTCGACT

GCGTGAAGCTGGAATCGCTAGTAATCGCGGATCAGCATGCCGCGGGTGA 

>Translation of ORF number 6 in reading frame 1 on the direct strand. 
PIPQICSQFGSQSATRLREAGIASNRGSACRG* 

4. NCBI Genbank Acc. No. JQ765577; Bacillus methylotrophicus-BRHS/P-91   

Results for 1452 residue sequence " JQ765577" starting "GGGGGGGCGG" 

>ORF number 1 in reading frame 1 on the direct strand extends from base 115 to 

base 222. 
CTCCGGGAAACCGGGGCTAATACCGGATGGTTGTCTGAACCGCATGGTTC

AGACATAAAAGGTGGCTTCGGCTACCACTTACAGATGGACCCGCGGCGC 

>Translation of ORF number 1 in reading frame 1 on the direct strand. 
LRETGANTGWLSEPHGSDIKGGFGYHLQMDPRRIS* 
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>ORF number 2 in reading frame 1 on the direct strand extends from base 235 to 

base 360. 

CGGCTCACCAAGGCGACGATGCGTAGCCGACCTGAGAGGGTGATCGGCC

ACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGG 

 

>Translation of ORF number 2 in reading frame 1 on the direct strand. 

RLTKATMRSRPERVIGHTGTETRPRLLREAAVGNLPQWTKV* 

 

>ORF number 3 in reading frame 1 on the direct strand extends from base 442 to 

base 579. 

GGCGGCACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGC

CAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGG

GCGTAAAGGGCTCGCAGGCGGTTTCTTAAGTCTGATGTGA 

 

>Translation of ORF number 3 in reading frame 1 on the direct strand. 

GGTLTVPNQKATANYVPAAAVIRRWQALSGIIGRKGLAGGFLSLM* 

 

>ORF number 4 in reading frame 1 on the direct strand extends from base 796 to 

base 897. 

GTGCTAAGTGTTAGGGGGTTTCCGCCCCTTAGTGCTGCAGCTAACGCATT

AAGCACTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAAT 

 

>Translation of ORF number 4 in reading frame 1 on the direct strand. 

VLSVRGFPPLSAAANALSTPPGEYGRKTETQRN* 

 

>ORF number 5 in reading frame 1 on the direct strand extends from base 994 to 

base 1092. 

GACGTCCCCTTCGGGGGCAGAGTGACAGGTGGTGCATGGTTGTCGTCAGC

TCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGA 

 

>Translation of ORF number 5 in reading frame 1 on the direct strand. 

DVPFGGRVTGGAWLSSARVVRCWVKSRNERNP* 

 

5. NCBI Genbank Acc No; KC603894; Bacillus aerophilus-BRHS/B-104  

Results for 1256 residue sequence " KC603894" starting "GTTAGCGGCG" 

>ORF number 1 in reading frame 1 on the direct strand extends from base 487 to 

base 666. 

AGGGCTCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCCGGCTCAAC

CGGGGAGGGTCATTGGAAACTGGGAAACTTGAGTGCAGAAGAGGAGAGT

GGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCA 

>Translation of ORF number 1 in reading frame 1 on the direct strand. 

RARRRFLKSDVKAPGSTGEGHWKLGNLSAEEESGIPRVAVKCVEMWRNTSG

EGDSLV* 

>ORF number 2 in reading frame 1 on the direct strand extends from base 736 to 

base 837. 

GTGCTAAGTGTTAGGGGGTTTCCGCCCCTTAGTGCTGCAGCTAACGCATT

AAGCACTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAAT  
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>Translation of ORF number 2 in reading frame 1 on the direct strand. 

VLSVRGFPPLSAAANALSTPPGEYGRKTETQRN* 

>ORF number 3 in reading frame 1 on the direct strand extends from base 934 to 

base 1032. 

GGCTTTCCCTTCGGGGACAGAGTGACAGGTGGTGCATGGTTGTCGTCAGC

TCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGA 

>Translation of ORF number 3 in reading frame 1 on the direct strand. 

GFPFGDRVTGGAWLSSARVVRCWVKSRNERNP* 

>ORF number 4 in reading frame 1 on the direct strand extends from base 1105 to 

base 1245. 

CGTCAAATCATCATGCCCCTTATGACCTGGGCTACACACGTGCTACAATG

GACAGAACAAAGGGCTGCGAGACCGCAAGGTTTAGCCAATCCCACAAAT 

>Translation of ORF number 4 in reading frame 1 on the direct strand. 

RQIIMPLMTWATHVLQWTEQRAARPQGLANPTNLFSVRIAVCNSTA* 

6. NCBI Acc. No. JQ765578; Burkholderia sp.-BRHS/P-92  

Results for 1444 residue sequence " JQ765578" starting "ACTGTGGGGG" 

>ORF number 1 in reading frame 1 on the direct strand extends from base 1 to base 

105. 

ACTGTGGGGGCATTCCTTTTAACATGCAAGTCGAACGGCAGCACGGGGG

CAACCCTGGTGGCGAGTGGCGAACGGGTGAGTAATACATCGGAACGTGT 

>Translation of ORF number 1 in reading frame 1 on the direct strand. 

TVGAFLLTCKSNGSTGATLVASGERVSNTSERVL* 

>ORF number 2 in reading frame 1 on the direct strand extends from base 289 to 

base 429. 

GACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATTTTGGACAA

TGGGGGCAACCCTGATCCAGCAATGCCGCGTGTGTGAAGAAGGCCTTCG

GGTTGTAAAGCACTTTTGTCCGGAAAGAAAACTTCGTCCCTAA 

>Translation of ORF number 2 in reading frame 1 on the direct strand. 

DTAQTPTGGSSGEFWTMGATLIQQCRVCEEGLRVVKHFCPERKLRP* 

>ORF number 3 in reading frame 1 on the direct strand extends from base 463 to 

base 570. 

GCACCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCGAG

CGTTAATCGGAATTACTGGGCGTAAAGCGTGCGCAGGCGGTCTGTTAAGA 

>Translation of ORF number 3 in reading frame 1 on the direct strand. 

APANYVPAAAVIRRVRALIGITGRKACAGGLLRPM* 

>ORF number 4 in reading frame 1 on the direct strand extends from base 586 to 

base 717. 

CCTGGGAACTGCATTGGTGACTGGCAGGCTTTGAGTGTGGCAGAGGGAG

GTAGAATTCCACGTGTAGCAGTGAAATGCGTAGAGATGTGGAGGAATAC

CGATGGCGAAGGCAGCCTCCTGGGCCAACACTGA 
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>Translation of ORF number 4 in reading frame 1 on the direct strand. 

PGNCIGDWQALSVAEGGRIPRVAVKCVEMWRNTDGEGSLLGQH* 

>ORF number 5 in reading frame 1 on the direct strand extends from base 718 to 

base 816. 

CGCTCATGCACGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTA

GTCCACGCCCTAAACGATGTCAACTAGTTGTTGGGGATTCATTTCCTTAG 

>Translation of ORF number 5 in reading frame 1 on the direct strand. 

RSCTKAWGANRIRYPGSPRPKRCQLVVGDSFP* 

7.  NCBI Gen Bank Acc. No: KC703974; Enterobacter cloacae -BRHS/R-71  

Results for 1260 residue sequence " KC703974" starting "GCAGTCGAGC" 

>ORF number 1 in reading frame 1 on the direct strand extends from base 214 to 

base 339. 
CGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCC

ACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGG

GAATCTTCCGCAATGGACGAAAGTCTGA 

>Translation of ORF number 1 in reading frame 1 on the direct strand. 
RLTKATMRSRPERVIGHTGTETRPRLLREAAVGNLPQWTKV* 

>ORF number 2 in reading frame 1 on the direct strand extends from base 421 to 

base 558. 
GCTGGCACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCC

AGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTATCCGGAATTATTGGG

CGTAAAGCGCGCGCAGGTGGTTTCTTAAGTCTGATGTGA 

>Translation of ORF number 2 in reading frame 1 on the direct strand. 
AGTLTVPNQKATANYVPAAAVIRRWQALSGIIGRKARAGGFLSLM* 

>ORF number 3 in reading frame 1 on the direct strand extends from base 655 to 

base 780. 
AGATATGGAGGAACACCAGTGGCGAAGGCGACTTTCTGGTCTGTAACTG

ACACTGAGGCGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGT

AGTCCACGCCGTAAACGATGAGTGCTAA 

>Translation of ORF number 3 in reading frame 1 on the direct strand. 
RYGGTPVAKATFWSVTDTEARKRGEQTGLDTLVVHAVNDEC* 

>ORF number 4 in reading frame 1 on the direct strand extends from base 826 to 

base 996. 
GCACTCCGCCTGGGGAGTACGGCCGCAAGGCTGAAACTCAAAGGAATTG

ACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACG

CGAAGAACCTTACCAGGTCTTGACATCCTCTGAAAACCCTAGAGATAGGG

CTTCTCCTTCGGGAGCAGAGTGA 

>Translation of ORF number 4 in reading frame 1 on the direct strand. 
ALRLGSTAARLKLKGIDGGPHKRWSMWFNSKQREEPYQVLTSSENPRDRAS

PSGE* 
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8. NCBI Gen Bank Acc. No. KC703975; Paenibacillus polymyxa- BRHS/R-72  

Results for 1295 residue sequence " KC703975 " starting "TCGAGCGGAC"  

>ORF number 1 in reading frame 1 on the direct strand extends from base 271 to 

base 390. 
GACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAA

TGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCG

GATCGTAAAGCTCTGTTGTTAG 

>Translation of ORF number 1 in reading frame 1 on the direct strand. 
DTAQTPTGGSSRESSAMDESLTEQRRVSDEGFRIVKLCC* 

>ORF number 2 in reading frame 1 on the direct strand extends from base 391 to 

base 552. 
GGAAGAACAAGTGCAAGAGTAACTGCTTGCACCTTGACGGTACCTAACC

AGAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGG

CAAGCGTTGTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTT 

>Translation of ORF number 2 in reading frame 1 on the direct strand. 
GRTSARVTACTLTVPNQKATANYVPAAAVIRRWQALSGIIGRKGLAGGFLSL

M* 

>ORF number 3 in reading frame 1 on the direct strand extends from base 649 to 

base 774. 
AGATGTGGAGGAACACCAGTGGCGAAGGCGACTCTCTGGTCTGTAACTG

ACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGT

AGTCCACGCCGTAAACGATGAGTGCTAA 

>Translation of ORF number 3 in reading frame 1 on the direct strand. 
RCGGTPVAKATLWSVTDAEERKRGERTGLDTLVVHAVNDEC* 

>ORF number 4 in reading frame 1 on the direct strand extends from base 820 to 

base 990. 
GCACTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTG

ACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACG

CGAAGAACCTTACCAGGTCTTGACATCCTCTGACAACCCTAGAGATAGGG 

>Translation of ORF number 4 in reading frame 1 on the direct strand. 
ALRLGSTVARLKLKGIDGGPHKRWSMWFNSKQREEPYQVLTSSDNPRDRAF

PSGTE* 

>ORF number 5 in reading frame 1 on the direct strand extends from base 1027 to 

base 1161. 

GATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGATCTTAGTTGCCA

GCATTCAGTTGGGCACTCTAAGGTGACTGCCGGTGACAAACCGGAGGAA

GGTGGGGATGACGTCAAATCATCATGCCCCTTATGA 

>Translation of ORF number 5 in reading frame 1 on the direct strand. 

DVGLSPATSATLDLSCQHSVGHSKVTAGDKPEEGGDDVKSSCPL* 
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4.11. Immunological characterization of T. flavus (PSF) T. harzianum (BCA) 

and T. cucumeris (Pathogen) 

Immunological formats of one potential PFS isolate Talaromyces flavus RHS/P-51, 

BCA isolate Trichoderma harzianum RHS/S-559 and the pathogen Thanatephorus 

cucumeris RHS/-566 was standardized for easy detection.  

4.11.1. Soluble protein   

Initialiy Total soluble protein of Talaromyces flaus RHS/P-51, Trichoderma 

harzianum (RHS/S-559, RHS/S-560, RHS/T-460) T. asperellum (RHS/S-560)  T. 

erinaceum (FS/L-20, FS/S-474, FS/S-475) and Thanatephorus cucumeris RHS/-566 

was quantified and then analysed by SDS-PAGE. The total soluble protein content of 

T. flavus was 236.45 µg/g fresh weight. Similarly protein content of all the three 

isolates  of T. harzianum was 246.52, 212.33 and 273.44 µg/g respectievely and the 

protein content of the T. asperellum isolates was 246.42 and 233.58 whereas the 

protein content of T. erinaceum isolates was 217.44 and 216.45 the total protein 

content of the pathogen T. cucumeris was 274.18 µg/g fresh weight. Total soluble 

protein were further analysed by SDS-PAGE (Fig. 76). Mycelial protein of  T. flavus 

exhibited an average of 18 bands with the molecular weight ranging from 14.36 to 

188.73 kda. Similarly isolates of T. harzianum exhibited an aerage of 13 bands in 

SDS-PAGE and ranged from 12.23 to 103.37 kda. Isolates of T. asperellum exhibited 

an average of 12 bands reaging from 18.17.to 126.40 kda, isolates of T. ericenum 

exhibited an average of 14 bands which ranged from 12.14 to 117.63. Whereas in 

case of the pathogen T. cucumeris a total of 14 bands were found to resolve in the 

SDS-PAGE gel which ranged from 14.44 to 103.28 kda (Table 53). 

4.11.2. Serological Assays of Talafomyces flavus RHS/P-51 

Polyclonal antibodies (PAbs) were raised in rabbit against mycelial proteins as 

described previously and these were used in various immunological formats. The 

effectiveness of the purified antigen of T. flavus (RHS/P-51) in raising PAbs was 

checked by homologous cross reaction following agar gel double diffusion tests. The 

precipitin reaction was done with PAb raised against mycelial protein yielded sharp 

bands which was stained blue. (Fig. 77 A). Total soluble proteins of T. flavus was 

extracted and was used as homologous antigen source, similarly for heterologus 

bonding fresh antigen from Aspergillus niger, A. melleus, A. clavatus and 

T.harzianum.  Dot immunobinding assayes performed using all these antigen 
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preparation with PAb of T. flavus. Antigens were carefully spotted on nitrocellulose 

paper and probed with Ab of T. flavus. Results have been presented in Fig. 77 C and 

Table 54. Western blot analyses using polyclonal antibody of T. flavus RHS/P-51 

revealed that all the PAbs collected at four different intervals and coded as 1
st
, 2

nd
, 3

rd
 

and 4
th

 bleed could show different levels of homologous reactions with the antigen of 

T. flavus. In case of first bleed a total of 8 bands were observed ranging from 42 to 

100 kDa. In case of second bleed there were a total of 11 bands ranging from 43 to 

100 kDa whereas there were a total of 10 bands in the third bleed ranging from 48 to 

100 kDa. Lastly, when fourth bleed was used then a total of thirteen bands were 

observed ranging from 14 to 100 kDa (Fig. 77 D, Table 55) 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 76. SDS-PAGE profiles of fungal. Talaromyces flaus RHS/P-51 (A); 

Trichoderma harzianum (RHS/S-559, RHS/S-560, RHS/T-460) T. asperellum 

(RHS/S-560, RHS/M-512) T. erinaceum (FS/L-20 & FS/S-474) (B); Thanatephorus 

cucumeris RHS/-566 (C).  
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Table 53.  SDS-PAGE analysis of  total soluble proteins of T. flavus, T. harzianum,  T. 

asperellum, T. erinaceum and T. cucumeris   

 

Isolates 

 

Code 

Protein 

content 

(µg/gm) 

 

Molecular weight  (kDa) 

 

Talaromyces 

flavus 

 

RHS/P-51 

 

236.45 

14.36, 22.43, 27.88, 33.16, 44.15, 45.51, 

53.77, 58.82, 62.47, 68.24, 75.15, 83.13, 

97.32, 105.27, 140.22, 145.76, 174.25, 

188.73 (18) 

 

 

 

Trichoderma 

harzianum 

 

RHS/S-559 

 

246.52 

12.23, 16.96, 17.18, 18.33, 19.35, 25.22, 

28.11, 41.45, 59.34, 73.28, 86.15, 92.12, 

103.20 (13) 

 

RHS/S-560 

 

212.33 

12.73, 16.24, 17.42, 18.24, 19.15, 25.44, 

28.18, 41.43, 59.37, 73.43, 86.17, 92.25, 

103.17 (13) 

RHS/T-460 273.44 12.33, 16.16, 17.22, 18.18, 19.42, 25.32, 

28.73, 41.12, 59.22, 73.47, 86.21, 92.37, 

103.37 (13)  

 

 

Trichoderma 

asperellum 

RHS/S- 561 246.42 18.17, 19.77, 25.26, 28.20, 41.44, 59.38, 

73.18, 86.55, 92.42, 103.18, 

116.43,126.44 (12) 

RHS/M-512 233.58 18.33, 19.43, 25.16, 28.10, 41.23, 59.71, 

73.23, 86.44, 92.16, 103.15, 

116.16,126.40 (12) 

 

 

Trichoderma 

erinaceum 

FS/L-20 217.44 12.44, 16.30, 17.15, 18.21, 19.12, 25.40, 

28.34, 41.42, 59.62, 73.87, 86.15, 92.13, 

103.44,117,82 (14) 

FS/S-474 216.45 12.14, 13.26, 14.55, 18.18, 19.34, 25.48, 

28.27, 41.26, 59.25, 73.17, 86.16, 92.36, 

103.26,117.63 (14) 

 

Thanatephorus 

cucumeris 

 

RHS/V-566 

 

274.18 

14.44, 16.30, 17.15, 18.21, 19.12, 41.42, 

44.43, 46.73, 59.62, 62.11, 73.87, 86.15, 

92.13, 103.28 (14) 
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Figue 77. Serological assays of T. flavus. Agar gel double diffusion tests of 

homologus antigen of T.flavus and  polyclonal antibody raised against  T. flavus (A). 

SDS PAGE electrophoresis of T. flavus antigen. Dot immuno binding assay of 

homologus antigen of T. flavus and other heterologous antigens and probed with 

antibody raised against T. flavus (C).Western Blot analysis of T. flavus antigens 

probed with homologous antibody (D). 
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Table 54. Scoring of dots obtained with DIBA of               

T. flavus and other heterologous antigens 

Isolates Colour intensity
a
 

Using mycelial PAb 

(4
th

  bleed) 

Talaromyces flavus (RHS/P-51) ++++ 

Aspergillus niger ++ 

Aspergillus melleus + 

Aspergillus clavatus + 

Trichoderma herzianum + 

a Fast red colour intensity : + + + + = Deep purple; + + light 

purple;   + Faint purple, Antigen concentration 100 µg/ml, 

antibody concentration 40µg/ ml. 

  

Table 55. Analysis of molecular weights of bands obtained in western blot analysis 

of  T. flavus antigen and probed with its homologous antibody 

1
st
 bleed 

Molecular weight  

(kDa) 

2
nd

 bleed 

Molecular weight  

(kDa) 

3
rd

 bleed 

Molecular 

weight  (kDa) 

4
th

 bleed Molecular 

weight  (kDa) 

42, 74, 78,76, 80, 

83, 94, 100 

(8) 

43, 50, 54, 60, 75, 

76, 83, 90, 94, 98, 

100 (11) 

48,60,65, 76,80, 

83, 90, 94, 98, 

100 

(10) 

43, 50, 54, 60, 65, 76, 

80, 83, 90, 94, 98, 

100 

(13) 

 

4.11.3. Serological assay of Trichoderma harzianum RHS/S-559 

 Total soluble proteins of the  BCA isolates, T. harzianum (RHS/S-559 and 

RHS/S-560) were extracted and was used as homologous antigen source. Initially 

The effectiveness of the purified antigen of T. harzianum (RHS/S-559) in raising 

PAbs was checked by homologous cross reaction following agar gel double diffusion 

tests. The precipitin reaction was done with PAb raised against mycelial protein 

yielded sharp bands which was stained blue (Fig. 81 E).  DOT immunobinding assay 
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was performed usingfresh antigen from  T. harzianum, T. asperellum and T. 

erinaceum. Dot immunobinding assayes performed using all these antigen 

preparation with PAb of T. harzianum. Antigens were carefully spotted on 

nitrocellulose paper and probed with Ab of T. harzianum Results have been 

presented in Fig. 81, A and Table 56. Clear and intense color reactions were observed 

in case of homologous antigen (Th). Antigens of T. asperellum and  T. erinaceum 

showed lesser color intensities.   

 

Table 56. Scoring of dots obtained with DIBA of               

T. harzianum and other heterologous antigens 

Isolates Code Colour intensity
a
 

Using mycelial PAb 

(4
th

  bleed) 

 

T. harzianum 

RHS/S-559 ++++ 

 RHS/S-560 +++ 

RHS/T-460 +++ 

 

T. asperellum 

RHS/S-561 + 

RHS/M-512 + 

RHS/M-517 + 

 

T. erinaceum 

FS/L-20 ± 

FS/S-474 ± 

FS/S-475 ± 

a Fast red colour intensity : + + + + = Deep purple; += light 

purple;  + Faint purple, Antigen concentration 100 µg/ml, 

antibody concentration 40µg/ ml. 

 

Western blot analyses using polyclonal antibody of T. harzianum RHS/S-559 

revealed that all the PAbs collected at three different intervals and coded as 1
st
, 2

nd
 

and 3
rd

 bleed could show different levels of homologous reactions with the antigen of 

T. harzianum.  In case of first bleed a total of 5 bands were observed ranging from 65 

to 100 kDa. In case of second bleed there were a total of 4 bands ranging from 44 to 

93 kDa whereas there were a total of 9 bands in the third bleed ranging from 40 to 93 

kDa (Fig. 78 C ;Table 57).  In an another set of experiment, fresh antigens of T. 

harzianum (RHS/S-559, RHS/S-560 and RHS/T-460)    T.  asperellum (RHS/S-561 
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and RHS/M-512) and T. erinaceum (FS/L-20 and FS/S-474) were probed with PAbs 

of T. harzianum (3
rd

 bleed) to verify the specificity of the antibody. The results 

presented in Table 58 and Fig. 78, D shows that In case of T. harzianum an average 

of 9 bands ranging from 40- 93 kDa were observed, whereas in case of T. asperellum 

antigens and average of 8 bands ranging from 40- 83 kDa was obtained and in case 

of T. erinaceum an average of 7 bands ranging from 40-83 kDa were obtained.  

 

Table 57. Analysis of molecular weights of bands obtained in western blot 

analysis of T. harzianum antigen and probed with its homologous antibody 

1
st
 bleed 

Molecular weight  

(kDa) 

2
nd

 bleed 

Molecular weight  (kDa) 

3
rd

 bleed  

Molecular weight  (kDa) 

65, 70, 83, 97, 100 

(5) 

44, 70, 83, 93 (4) 40, 44, 58, 62, 63, 65, 70, 

83, 93 (9) 

 

Table 58. Analysis of molecular weights of bands obtained in western blot 

analysis of T. harzianum, T. asperellum and T. erinaceum antigens and probed 

with PAb of T. harzianum (3
rd

 bleed) 

Isolate Code Molecular weight (kDa) 

 

T. harzianum 

RHS/S-559 40, 44, 58, 62, 63, 65, 70, 83, 93 (9) 

RHS/S-560 40, 44, 58, 62, 63, 65, 70, 83, 93 (9) 

 

T. asperellum 

RHS/T-460 40, 44, 58, 62, 63, 65, 70, 83, 93 (9) 

RHS/S-561 40, 44, 58, 62, 63, 65, 70, 83 (8) 

 

T.erinaceum 

RHS/M-512 40, 44, 58, 62, 63, 65, 70, 83 (8) 

FS/L-20 40, 44, 58, 62, 65, 70, 83 (7) 

FS/S-474 40, 44, 58, 62, 65, 70, 83 (7) 

 

4.11.4.Serological assays of Thanatephorus cucumeris RHS/V-566 

Initially The effectiveness of the purified antigen of T. cucumeris in raising PAbs 

was checked by homologous cross reaction following agar gel double diffusion tests. 

The precipitin reaction was done with PAb raised against mycelial protein yielded 

sharp bands which was stained blue (Fig. 79 A).    
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Fig. 78. Serological assays of Trichoderma harzianum RHS/S-559. Dot immuno 

binding assay (A); Western blot analysis with homologous antigen and antibodies of 

T. harzianum (C); Western blot analysis of T. harzianum, T. asperellum and T. 

erinaceum isolates probed with PAbs of T harzianum (D), Double immune diffusion 

test of T. harzianum.  
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Total soluble proteins of T. cucumeris  was extracted and was used as homologous 

antigen source, similarly for heterologus binding fresh antigen from Rhizoctonia 

solani, Sclerotium rolfsii and Talaromyces flavus were used. Dot immunobinding 

assayes performed using all these antigen preparation with PAb of T. cucumeris. 

Antigens were carefully spotted on nitrocellulose paper and probed with Ab of T. 

harzianum Results have been presented in Fig. 79 C and Table 59. Clear and intense 

color reactions were observed in case of homologous antigen (Tc). In case of R. 

solani antigens, the colour intensity was comparatively lower than T. cucumeris. 

However, antigens of S. rolfsii and T. flavus showed lesser color intensities. 

 Western blot analyses using polyclonal antibody of T. cucumeris RHS/V-566 

revealed that all the PAbs collected at three different intervals and coded as 1
st
, 2

nd
 

and 3
rd

 bleed could show different levels of homologous reactions with the antigen of 

T. cucumeris.  In case of first bleed a total of 7 bands were observed ranging from 60 

to 94 kDa. In case of second bleed there were a total of 9 bands ranging from 60 to 

98 kDa were obtained whereas there were a total of 11 bands in the third bleed 

ranging from 40 to 91 kDa (Fig. 79 D, Table 60).   

Table 59 Scoring of dots obtained with DIBA of               T. 

cucumeris and other heterogonous antigens 

Isolate Colour intensity
a 

Using 

mycelial PAb 

(4
th

  bleed) 

Thanatephorus cucumeris ++++ 

Rhizoctonia solani ++ 

Sclerotium rolfsii + 

Talaromyces flavus + 
a Fast red colour intensity : + + + + = Deep purple; ++= 

light purple;  + Faint purple, Antigen concentration 100 

µg/ml, antibody concentration 40µg/ ml. 

 

Table 60. Analysis of molecular weights of bands obtained in western blot analysis 

of T. cucumeris antigen and probed with its homologous antibody 

1
st
 bleed 

Molecular weight  

(kDa) 

2
nd

 bleed 

Molecular weight  (kDa) 

3
rd

 bleed  

Molecular weight  (kDa) 

60,  70, 74, 80, 85, 91, 

94 

60, 70, 74, 80, 85, 91, 94, 

98 

40, 43, 54, 60, 70, 74, 80, 

85, 91 
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Fig. 79. Serological assays of Thanatephorus cucumeris RHS/V-566. Agar gel 

double diffusion test (A), Dot immuno binding assay (B); SDS-PAGE analysis of 

antigen of T. cucumeris. Western blot analysis with homologous antigen and 

antibodies of T. cucumeris (D). 
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4.11.5. Indirect immunoflorescence 

Indirect immune fluorescence of hyphae and spores of T. harzianum RHS/S-559 was 

conducted with homologus polyclonal antibody. The fungul mycelium and the spores 

along with phialides treated with PAbs and labeled with FITS showed apple green 

fluorescence (Fig. 80).  Similarly the mycelium of T. cucumeris treated with its 

homologus PAbs showed apple green fluorescence. Mycelia of both fungal isolates 

neither showed auto-fluorescence nor they showed any fluorescence when treated 

with normal serum followed by FITC (Fig. 81). Treatment of mycelia of T. 

cucumeris with homologous antiserum followed by FITC also showed apple green 

flourescencethat was more intense on young hyphal tips apart from this the 

intercalary chlymodospores also showed bright apple green fluorescence.  

 

 

 

Fig. 80. Indirect immuno-fluorescence of hyphae and chlymadospores of                         

T. cucumeris treated with homologous PAbs and reacted with FITC conjugate IgG. 
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Fig. 81. Indirect immuno-fluorescence of hyphae and phialides of Trichoderma 

harziamnum treated with homologous PAbs and reacted with FITC conjugate IgG. 
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4.12. Effect of selected PSF on plant growth  

On the basis of initial screening of fungal isolates for phosphate solubilization, A. 

niger FS/L-04, A. melleus FS/L-17, A. clavatus RHS/P-38 and T. flavus RHS/P-51 

were found to be most efficient phosphate solubilizers. Evaluation of these isolates 

for enhancement of growth of six different crop plants viz. Phaseolus vulgaris, 

Glycine max, Cicer arietinum, Vigna radiata, Pisum sativum and Oryza sativa in 

green house condition was done in terms of root shoot dry weight, height and number 

of leaves over similar increase in control. Results revealed that T. flavus could 

enhance growth of all the tested crops more efficiently than the Aspergillus isolates. 

Differences among the different tested crops were not significant indicating that all 

tested crops responded to the PSF isolates. The overall results showed that these 

isolates had significant positive effect on the growth of all the tested crops in pot 

condition evaluated in terms of height of theplants, number of leaves per plant and 

root and shoot dry weight. The maximum effect of the PSF isolates was noticed in 

Glycine max (Fig. 82 & Fig. 83). 

4.12.1. Effect of amendment of soil with PSF isolates on phosphate mobilization 

4.12.1.1. Soil, root and leaf phosphate contents 

 All the PSF isolates could solubilize phosphate in vitro as evident by the appearance 

of halo zone around the colony in PVK medium. The phosphate solubilizing potential 

was quantified in modified Pikovskaya broth supplemented with tricalcium 

phosphate and rock phosphate. The potential of these isolates were further tested in 

the pot conditions where they were amended in the soil. The total residual phosphate 

in un-inoculated soil was found to be much higher than the soil amended with PSF 

isolates while root and leaf phosphate contents significantly increased in plants 

grown in PSF amended soil comparison to control. The total soil phosphate content 

was reduced byalmost 50% by T. flavus compared to other PSF isolates. Similarly, 

the total phosphate content of the roots and leaves was also higher in all the crops 

treated with T. flavus. Among the test crops, soil phosphate content of Glycine max 

was reduced to a greater extent, however root and leaf phosphate content was found 

to be maximum in case of Pisum sativum. In all the cases the difference between the 

treated and control was found to be significant at the level P=0.5 when tested with 

students‘t’ test. (Fig. 84). 
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4.12.1.2. Acid and alkaline phosphatase content 

Enhancement of total phosphate content was found to be correlated with the 

enhancement of alkaline and acid phosphatase activities of the rhizosphere soil 

amended with PSF isolates. The alkaline phosphatase activities of the un-amended 

soil was found to lie between the range of 15to 21 µg p-nitrophenyl/ g/h, however 

this activity increased significantly in the amended soil where the highest activity 

was found to be exhibited with the soil amended with T. flavus (38-48 µg p-

nitrophenyl/ g/h). The acid phosphatase activity if the un-amended soil found to be 

ranging between 60-82 µg p-nitrophenyl/ g/h, which increased to a maximum of 154-

172 µg p-nitrophenyl/ g/h in T. flavus amended soils. Though the difference between 

the control and treated sets in case of each crop was significant (P=0.05), no any 

significant differences among the different tested crops were noted (Table 61). 

 

Table 61. Alkaline and acid phosphatase content of soil treated with PSF isolates 

 Alkaline phosphatase (µg p-nitrophenyl/g/h) 

Crop Non Amended A. niger A. melleus A. clavatus T. flavus 

V.radiata 15.44 

±1.735 

38.54 

±1.256 

31.25 

±1.448 

32.35 

±1.118 

48.50 

±2.663 

P.sativum 17.65 

±0.980 

31.33 

±2.44 

35.35 

±2.78 

30.35 

±1.15 

48.25 

±2.113 

G.max 14.86 

±1.033 

25.76 

±2.76 

20.74 

±1.18 

22.12 

±1.167 

35.43 

±2.893 

C. 

arietinum 

11.18 

±1.166 

23.52 

±1.18 

18.35 

±1.15 

20.37 

±1.226 

30.18 

±2.163 

P. vulgaris 12.36 

±0.933 

27.50 

±2.09 

18.95 

±1.11 

25.44 

±1.030 

33.26 

±1.227 

O.sativa 

21.23 

±1.116 

32.33 

±2.55 

28.75 

±2.48 

29.45 

±1.270 

46.45 

±1.770 

 Acid phosphatase (µg p-nitrophenyl/ g/h) 

Crop Non Amended A. niger A. melleus A. clavatus T. flavus 

V.radiata 72.49 

±6.334 

155.37 

c9.433 

133.22 

±5.767 

155.35 

±8.336 

178.55 

±8.263 

P.sativum 60.14 

±8.445 

135.35 

±8.176 

125.25 

±6.882 

145.55 

±7.335 

163.25 

±6.443 

G.max 68.45 

±7.828 

87.16 

±8.225 

80.15 

±6.103 

95.33 

±5.824 

114.65 

±7.658 

C. 

arietinum 

65.18 

±7.166 

92.82 

±8.162 

83.49 

±7.165 

88.15 

±8.117 

128.17 

±7.412 

P. vulgaris 72.78 

±6.376 

114.10 

±7.335 

94.45 

±7.238 

98.36 

±6.174 

128.82 

±6.335 

O.sativa 

82.30 

±8.442 

122.25 

±6.721 

106.25 

±6.473 

135.66 

±9.212 

172.35 

±8.191 

Data of three replicate experiments and ±=SE.                
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Fig. 82. Effect of PFS isolates (A. niger, A. melleus, A. clavatua and T. flavus) on 

growth of crop plants in pot conditions.  



285 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 83. Effect of  PSF isolates on growth of different crops in green house condition 

measured in terms of average height (A); Mean leaves number per plant (B) and Root 

and shoot dry weight (C).   
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Fig. 84. Effect of PSF on total phosphate contents. Soil (A); Root (B) and Leaves 

(C). 
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4.13. Evaluation of selected PGPR isolates on plant growth promotion  

Among the several isolates of PGPR obtained from different regions of North Bengal 

seven PGPR isolates, Bacillus pumilus BRHS/C-1, Enterobacter cloacae BRHS/R-

71, Paenibacillus polymyxa BRHS/R-72, B. altitudinis BRHS/S-73, B. 

methylotrophicus BRHS/P-91, Burkholderia symbiont BRHS/P-92 and B. aerophilus 

BRHS/B-104 were selected for in vivo evaluation of their effects on growth of 

different crop plants. 

4.13.1. Growth promotion of Cicer arietinum, Vigna radiata, Glycine max and 

Triticum aestivum in field conditions 

For the first set of experiment of field evaluation of PGPR isolates on plant growth 

promotion, potential PGPR isolates viz. Bacillus pumilus BRHS/C-1, Enterobacter 

cloacae BRHS/R-71, Paenibacillus polymyxa BRHS/R-72, B. altitudinis BRHS/S-73 

and B. methylotrophicus BRHS/P-91 were selected to evaluate their effect in growth 

of Vigna radiata, Cicer arietinum, Glycine max and Triticum aestivum in field 

condition in comparison to control sets. Evaluation of their effect on overall growth 

and development of the test crops were computed in terms of shoot length, root 

length and shoot and root fresh weight. Results revealed that B. altitudinis BRHS/S-

73 could enhance growth of all the tested crops more efficiently followed by B. 

pumilus BRHS/C-1 than the other PGPR isolates. Differences among the different 

tested crops were not significant indicating that all tested crops responded to the 

PGPR isolates (Fig. 85, 86, 87, 88 & 89). 

4.13.2. Effect of application of PGPR isolates on phosphate mobilization 

4.13.2.1. Soil, root and leaf phosphate contents 

The total residual phosphate in un-inoculated soil was found to be much higher than 

the soil amended with PGPR isolates while root and leaf phosphate contents 

significantly increased in comparison to control. The total soil phosphate was found 

to be reduced to a greater extent in the all the soil treated with B. altitudinis BRHS/S-

73. Similarly the reduction in the soil content was found to be correlated with the 

increase in root and leaf phosphates. Overall, B. altitudinis and B. pumilus were 

found to influence growth of the test plants. In all the cases the difference between 

the treated and control was found to be significant at the level P=0.5 when tested 

with students‘t’ test (Fig. 90). 
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4.13.2.2. Acid and alkaline phosphatase content 

Enhancement of total phosphate content was found to be correlated with the 

enhancement of alkaline and acid phosphatase activities of the rhizosphere soil 

amended with PGPR isolates. The alkaline phosphatase activities of the un-amended 

soil was found to lie between the range of  0.039 to 0.075 µg p-nitrophenyl/ g/h, 

however the activity increased significantly in the amended soil where the highest 

activity was found to be exhibited with the soil amended with B. altitudinis (0.21-

0.28 µg p-nitrophenyl/ g/h). The acid phosphatase activity in the un-amended soil 

found to be ranging between 0.027 to 0.044 µg p-nitrophenyl/ g/h, which increased to 

a maximum of 0.15-0.19 µg p-nitrophenyl/ g/h in B. altitudinis amended soils 

followed by B. pumilus amended soil. Though the difference between the control and 

treated sets in case of each crop was significant (P=0.05), no any significant 

differences among the different tested crops were noted (Table 62). 

 

 

Table 62. Effect of PGPR on Alkaline and Acid phosphatase activities of rhizosphere soil 

Alkaline phosphatase activity (µg-paranitrophenyl/g/h) 

Crop Control B. pumilus 

B. 

altitudinis 

B. 

methylotrophicus 

P. 

polymyxa 

E. 

cloacae 

V. radiata 0.045 

±0.003 

0.18 

±0.003 

0.21 

±0.007 

0.15 

±0.008 

0.12 

±0.008 

0.11 

±0.003 

C. arietinum 0.051 

±0.003 

0.20 

±0.004 

0.26 

±0.005 

0.18 

±0.005 

0.15 

±0.007 

0.16 

±0.007 

G. max 0.039 

±0.003 

0.17 

±0.004 

0.22 

±0.004 

0.11 

±0.006 

0.15 

±0.006 

0.13 

±0.007 

T. aestivum 0.075 

±0.008 

0.24 

±0.008 

0.28 

±0.005 

0.22 

±0.006 

0.18 

±0.003 

0.17 

±0.003 

Acid phosphatase activity (µg-paranitrophenyl/g/h) 

Crop Control 

B. 

pumilus B. altitudinis 
B. 

methylotrophicus 

P. 

polymyxa 

E. 

cloacae 

V. radiata 0.033 

±0.008 

0.089 

±0.008 

0.15 

±0.006 

0.077 

±0.004 

0.063 

±0.004 

0.077 

±0.003 

C.arietinum 0.044 

±0.006 

0.15 

±0.007 

0.18 

±0.008 

0.097 

±0.007 

0.095 

±0.006 

0.088 

±0.006 

G. max 0.027 

±0.004 

0.13 

±0.006 

0.17 

±0.005 

0.12 

±0.003 

0.098 

±0.003 

0.087 

±0.005 

T. aestivum 0.037 

±0.006 

0.15 

±0.008 

0.19 

±0.008 

0.098 

±0.007 

0.088 

±0.005 

0.093 

±0.005 

Values are average of three replicate experiments. ±=SE 
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Fig. 85. Evaluation of growth promotion of Vigna radiata by selected PGPR isolates 

in field condition. 
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Fig. 86. Evaluation of growth promotion of Cicer arietinum by selected PGPR 

isolates in field condition. 
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Fig. 87. Evaluation of growth promotion of Triticum aestivum by selected PGPR 

isolates in field condition. 
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Fig. 88. Evaluation of growth promotion of Glycine max by  selected PGPR isolates 

in field condition. 
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Fig. 89. Evaluation of growth promotion of V. radiata, C. aeritinum, G. max and             

T. aestivum by PGPR isolates in field conditions. Average shoot height (A); Average 

root length (B) and Root and Shoot fresh weight (C).  
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Fig. 90. Effect of PGPR application on total phosphate content. Soil (A), root (B) and 

leaves (C) of test plants grown in field conditions. 
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4.13.3. Growth promotion of Tea saplings by B. pumilus BRHS/C-1 and                      

B. altitudinis BRHS/S-73 

B. altitudinis BRHS/S-71 and B. pumilus BRHS/C-1 were found to be most efficient 

plant growth promoters in field conditions. Both these efficient PGPR isolates were 

further tested for their effect in enhancing the growth of four different varieties of tea 

sapling (TV-9, TV-20, TV-25 and TV-26) in nursery conditions were they were 

applied to the rhizosphere of six month old tea plants in nursery conditions at a 

regular interval of 15 days for one month. Growth promotion of different varieties by 

individual bacterium was noted as compared to untreated control in terms of  increase 

in height, leaf fresh and dry mass. Results revealed an increase in all the parameters 

by single as well as dual application of bacteria. The overall result revels that the 

growth of tea seedlings grown under same environmental and physical conditions 

was enhanced to a greater extent when both the bacterial isolates were applied jointly 

(1:1) (Fig. 91 & 92). Statistical analysis (ANOVA) revealed that increases in all three 

parameters were significantly enhanced by the treatments. Initial differences among 

the plants selected for the study were not significant. 

4.13.4. Effects of B. pumilus and B. altitudinis P content 

4.13.4.1. Soil, root and leaf phosphate contents 

Both the PGPR isolates could solubilize phosphate in vitro as evident by the 

appearance of halo zone around the colony in PVK medium. All these selected PGPR 

isolates could also solubilize maximum amount of tricalcium and rock phosphate. 

The total residual phosphate in un-inoculated soil was found to be much higher than 

the soil amended with PGPR isolates while root and leaf phosphate contents 

significantly increased in comparison to control.  The overall result revels that the 

soil P content decreased following application of B. pumilus and B. altitudinis singly 

or jointly in treated nursery grown tea plants in comparison to control. Changes in 

phosphate contents following the treatments were statistically significant (Fig. 93). 

Increase in root and leaf phosphate contents was observed following the application 

of bacteria in all the four varieties of tea seedlings. Maximum phosphate content was 

obtained in the leaf tissues. However total P content of both the roots and the leaves 

of the tea seedlings were found to be higher in those plants which were jointly treated 

with both the bacteria.  
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Fig. 91. Effect of B. pumilus and B. altitudinis on the growth of four tea varieties in 

nursery conditions. 

 

4.13.4.2. Acid and alkaline phosphatase content 

Enhancement of total phosphate content was found to be correlated with the 

enhancement of alkaline and acid phosphatase activities of the rhizosphere soil 

amended with both B. pumilus and B. altitudinis. Alkaline phosphatase activities was 

found to be much lesser than the acidic phosphatase activities in all the tea varieties. 

Over all result revealed that the activities of both acid and alkaline phosphatase 

activities were enhanced greatly when both the isolates were applied jointly (Table 

63). The difference between the control and treated sets in case of each crop was 

significant (P=0.05), no any significant differences among the different tested crops 

were noted. Statistical analysis (ANOVA) revealed that increases in both the acid and 

alkaline phosphate were significantly enhanced by the treatments. Initial differences 

among the plants selected for the study were not significant (Table 63 a & b). 
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Fig. 92.Evaluation of growth promotion of tea saplings by B. pumilus BRHS/C-1 and 

B. altitudinis BRHS/S-73 grown in nursery conditions. Average height (A), leaf fresh 

weight (B) and dry weight (C). 
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Fig. 93. Evaluation of Total P-content of soil (A), root (B) and leaves (C) of tea 

saplings following treatment by B. pumilus and B. altitudinis. 
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Table 63. Acidic and alkaline phosphatase activities of the soil following 

application of the B. pumilus and B. altitudinis 

                                                                  Phosphatase activities (µg p-

nitrophenyl/g/h) 

Tea 

Varieties 

Treatments Acid Phosphatase Alkaline phosphatase 

TV-9 Control 62.36±3.66 17.44±2.16 

 B. pumilus  87.45±4.36 28.35±2.18 

 B. altitudinis 83.46±4.42 22.35±1.22 

 B. p + B. a 93.76±3.06 37.48±1.06 

TV-20 Control 60.82±3.26 15.36±1.14 

 B. pumilus  85.32±6.32 27.89±1.22 

 B. altitudinis 80.56±4.84 22.33±2.17 

 B. p + B. a 92.88±4.10 32.74±1.18 

TV-25 Control 60.44±4.12 18.97±2.15 

 B. pumilus 73.21±3.44 25.12±2.23 

 B. altitudinis 76.46±3.23 28.36±2.26 

 B. p + B. a 87.45±4.08 36.28±1.32 

TV-26 Control 58.26±3.12 14.36±2.18 

 B. pumilus 75.46±4.28 28.55±2.14 

 B. altitudinis 78.34±4.16 31.75±2.28 

 B. p + B. a 93.25±5.15 35.82± 

CD(P=0.05) (Treatments)            16.229                    5.426 

 (Varieties)            14.303                    3.770 

Values are average three replicate sets (10 plants each) ±= Standard Error.  

 

 

Table 63 a. ANOVA of the data presented in table 63 (Acid Phosphatase activity) 

Source of Variation SS df MS F 

Rows 134.01985 3 44.67328333 5.166907518 

Columns 2028.6021 3 676.2007 78.20930587 

Error 77.81435 9 8.646038889 

 Total 2240.4363 15 

   

Table 63 b. ANOVA of the data presented in table 63 (Alkaline Phosphatase 

activity) 

Source of Variation SS df MS F 

Rows 21.61736875 3 7.205789583 0.84915792 

Columns 731.3327188 3 243.7775729 28.72768547 

Error 76.37225625 9 8.48580625 

 Total 829.3223438 15 

   

 

 

 



300 

 

4.14. Effect of BCA isolates on inhibiting root diseases 

Evaluation of effect of biocontrol agents (BCA) in suppressing root diseases in pot 

conditions of selected legumes was carried out. Talaromyces flavus (RHS/P-51), 

Trichoderma harzianum (RHS/S-559) and T. asperellum (RHS/S-561) were found to 

be most efficient pathogen inhibitors in vitro, experiments were further conducted to 

determine whether these could also control diseases caused by Sclerotium rolfsii and 

Thanatephorus cucumeris.  

4.14.1. Influence of T. flavus and T. harzianum on Sclerotial blight of Vigna 

radiata 

4.14.1.1. Disease development 

Effect of the two biocontrol agents on development of sclerotial blight of Vigna 

radiata, caused by S. rolfsii was determined (Fig. 94). Seedlings of Vigna radiata 

were inoculated and disease assessment was done after 5, 10, 15, 20, 25 and 30 days 

of inoculation with S. rolfsii recorded in terms of disease index of the plants 

challenged by the pathogen. It was observed that application of these BCA as soil 

amendments was effective in reducing sclerotial blight incidence when applied prior 

to artificial inoculation of the pathogen. T. harzianum was found to control disease 

development more efficiently than T. flavus when applied singly. However, the 

severity of the disease was much lesser (1.25) when the soil was jointly amended 

with both  T. harzianum and T. flavus (Table 64, Fig. 95A). 

4.14.1.2. Disease incidence (DE %) and biocontrol efficacy (BE %) 

The disease severity in V. radiata inoculated with only S. rolfsii increased with time, 

reaching a maximum of 73.33% at the end of 30 d. In contrast, when the soil was pre 

treated with  T. harzianum and T. flavus, the maximum disease severity was only 20 

and 23 % respectively which were much reduced when applied jointly (8%). 

Biocontrol efficacy of both T. harzianum and T. flavus under green house condition 

after 30 d of pathogen challenge was found to be 50 and 45%.  Regardless of the 

values expressed, the biocontrol efficacy (BE %) was found to be as high as 83.33% 

when both T. harzianum and T. flavus were applied jointly (Fig. 95B). 
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Fig. 94. Sclerotial blignt development of Vigna radiata in presence and absence of     

T. harzianum and T. flavus in pot conditions. 

 

Fig. 95. Sclerotial blight development in the roots of Vigna radiata in presence and 

absence of T. harzianum and T. flavus in pot conditions measured in terms of disease 

index upto 30 days of pathogen inoculation (A); Disease incidence and biocontrol 

efficacy of T. harzianum and T. flavus in inhibiting Sclerotial blight disease of V. 

radiata (B). 
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Table 64. Sclerotial blignt development in the roots of Vigna radiata in presence 

and absence of T. harzianum and T. flavus in pot conditions 

Days                        

after                

inoculation 

Untreated 

Inoculated              

(S. rolfsii) 

T. harzianum           

+                          

S.rolfsii 

T. flavus               

+                         

S.rolfsii 

T. 

harzianum +                           

T. flavus +             

S.rolfsii 

5 0.75 0.15 0.15 0.15 

10 1.15 0.25 0.30 0.25 

15 1.50 0.75 1.15 0.30 

20 2.15 1.15 1.25 0.50 

25 2.75 1.25 1.50 1.15 

30 3.45 1.50 1.75 1.25 

Disease index- 0 – no symptoms; 1 – roots and collar region turn brownish and 

start rotting; 2 – leaves start withering and 20–30% of roots turn brown; 3 – 

leaves withered and 50% of the roots affected; 4 – Extensive rotting of the collar 

region of the root 60-70% root and leaves withered; 5- 80%of the root effected 

80-85% of the shoot and leaves withered; 6-whole plants die, with upper 

withered leaves still remaining attached; roots fully rotted. 

 

4.14.1.3. Biochemical changes  

Application of T. harzianum and T. flavus to soil was found to affect the biochemical 

responses of plants. Disease establishment is also known to cause biochemical 

changes in the host. Hence, in another series of experiments, biochemical responses 

of Vigna radiata following application of biocontrol agents and challenge inoculated 

with the pathogen- Sclerotium rolfsii were determined. The reduction in disease 

incidence of V. radiata by pretreatment of soil by T. harzianum and T. flavus was 

noted and the conference of resistance towards the fungal pathogen was evaluated in 

terms of enhancement of key defense related enzymes- POX, PAL, CHT and GLU in 

roots of Vigna radiata after 2, 4, 6, 8 days of pathogen challenge. The results showed 

that the activities of POX, PAL, and GLU were significantly higher after six days of 

pathogen challenge which started declining after eight days of pathogen challenge. In 

contrary peroxidase activity was significantly higher even after eight days of 

pathogen challenge. Among all the treatments the plants which were grown in soil 

jointly treated with T. harzianum and T. flavus showed significantly higher defense 

enzyme activities than those treated singly (Fig. 96).  
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Fig. 96. Defense enzyme activities in the roots of Vigna radiata following 

inoculation with S. rolfsii and treatment with T. harzianum and T. flavus. Chitinase 

(A), β-1,3 Glucanase (B), Phenylalanine ammonia lyase(C) and peroxidase (D).  

 

4.14.2. Influence of T. flavus, T. harzianum and T. asperellum on root rot of Cicer 

aeritinum caused by Thanatephorus cucumeris  

4.14.2.1. Disease development 

Effect of the three biocontrol agents (T. flaus, T. harzianum and T. asperellum) on 

development of root rot caused by T. cucmeris was determined (Fig. 98). Seedlings 

of Cicer aeritinum were inoculated and disease assessment was done after 5, 10, 15, 

20, 25 and 30 days of inoculation with T. cucumeris recorded in terms of disease 

index of the plants challenged by the pathogen as well as total seedling survival 

percentage calculated at the end of 30 days. It was observed that application of these 

BCA as soil amendments was effective in reducing root rot incidence when applied 

prior to artificial inoculation of the pathogen. The disease severity in C. aeritinum 

inoculated with only T. cucumeris increased with time, reaching a maximum of 6 at 
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the end of 30 days. In contrast, when the seeds were pre treated with BCA followed 

by soil treatment the disease severity was significantly reduced. Among all the three 

BCA isolates,  T. harzianum was found to control disease more efficiently than T. 

flavus and T. asperellum when applied singly. However, the severity of the disease 

was much lesser (1.25) when the soil was jointly amended with T. harzianum, T. 

flavus and T. asperellum (Table 65, Fig. 97 A). 

4.14.2.2. Disease incidence (DE %) and biocontrol efficacy (BE %) 

The disease severity in C. arietinum inoculated with only T. cucumeris increased 

with time, reaching a maximum of 85.45% at the end of 30 d. In contrast, when the 

soil was pre treated with T. harzianum, T. flavus and T. asperellum the maximum 

disease severity was only 10, 12 and 16% respectively which were much reduced 

when applied jointly (4.16%). Biocontrol efficacy of T. harzianum, T. flavus and T. 

asperellum under green house condition after 30 d of pathogen challenge was found 

to be 58, 55 and 54%.  Biocontrol efficacy (BE %) was found to be as high as 

85.45% when all the three BCA isolates were applied jointly (Fig. 97B). 

4.14.2.3. Biochemical changes  

Application of T. harzianum, T. flavus and T. asperellum to soil was found to affect 

the biochemical responses of plants. Disease establishment is also known to cause 

biochemical changes in the host. Hence, in another series of experiments, 

biochemical responses of both the roots and leaves of C. arietinum following 

application of biocontrol agents and challenge inoculated with the pathogen- 

Thanatephorus cucumeris were determined. The conference of resistance towards the 

fungal pathogen was evaluated in terms of enhancement of key defense related 

enzymes- POX, PAL, CHT and GLU in both the roots and leaves of Cicer arietinum 

after pathogen challenge. The results showed that the activities of POX, PAL, and 

GLU were significantly higher in plants treated with BCA isolates followed by 

pathogen challenge. In contrary peroxidase activity was found to be higher in the 

leaves than the roots. Among all the treatments the plants which were grown in soil 

jointly treated with T. harzianum, T. flavus and T. asperellum showed significantly 

higher defense enzyme activities than those treated singly (Table 66). 
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Fig. 97. Seedling survival percentage (A), Disease index (B) of Cicer arietinum and 

Biocontrol efficacy % of BCA isoltes following inoculation with T. cucumeris. 

 

 

Table 65. Percent survival of C. aeritinum seedlings in presence and absence of T. 

harzianum, T. flavus and T. asperellum in pot conditions 

 

Seedling Survival % 

Treatments Days after inoculation 

 

5d 10d 15d 20d 25d 30d 

Untreated healthy  100 98.45 98.00 98.00 98.00 98.00 

Thanatephorus cucumeris (T. c) 94.6 82.3 31.6 23.00 12.34 4.20 

T. h + T. c 92.5 76.3 75.6 74.3 72.55 70.55 

T. a + T. c 93.55 78.5 77.55 75.6 72.3 71.3 

T.f + T. c 92.55 81.5 80.43 76.60 75.35 74.32 

T. h + T. f + T.c 93.45 83.5 81.25 81.42 81.33 80.25 

T. a+ T. f + T.c 92.35 81.25 80.25 79.55 78.25 77.75 

T. .h + T. a+ T. c 92.35 82.44 80.12 77.46 75.42 74.23 

T. h + T. a + T. f +T.c 93.25 91.55 88.25 86.25 85.55 84.75 
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Fig. 98. Sclerotial blight development in Cicer arietinum in presence and absence of 

T. harzianum, T. flavus and T. asperellum in pot conditions. 
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Table 66. Defense enzyme activities in the shoots and roots of Cicer arietinum following 

inoculation with T. cucumeris and treatment with T. harzianum, T. flavus and T. 

asperellum 

Treatments 

CHT 

(mg GlcNAc/ g tissue/ 

min) 

GLU 

(µg glucose/ g tissue/ 

min) 

 

Shoot Root Shoot Root 

Untreated healthy 15.50±1.2 12.35±0.8 08.85±0.7 11.25±0.5 

Thanatephorus cucumeris(T. c) 22.25±1.5 18.75±1.4 12.56±0.8 14.35±0.4 

Trichderma harzianum (T. h) 35.52±1.6 24.35±1.7 18.56±0.9 22.35±0.8 

Trichoderma asperellum(T.a) 28.25±1.5 20.76±1.4 15.56±0.9 18.36±0.7 

Talaromyces flavus (T. f) 40.35±1.3 35.25±2.3 16.35±0.8 25.35±0.7 

T. h + T. c 65.5±1.7 45.25±2.4 28.43±0.7 27.75±0.6 

T. a + T. c 55.25±1.1 45.50±2.4 25.24±0.8 22.43±0.3 

T.f + T. c 75.12±2.5 57.36±3.1 36.35±0.7 48.75±0.6 

T. h + T. f + T.c 87.50±2.5 73.20±2.7 56.58±-.9 73.26±0.8 

T. a+ T. f + T.c 88.23±2.2 75.50±3.4 48.33±0.4 83.45±0.7 

T. .h + T. a+ T. c 86.54±3.3 72.43±2.1 55.34±0.7 87.42±0.8 

T. h + T. a + T. f +T.c 103.18±3.4 92.45±3.7 73.26±0.8 112.34±0.8 

Treatments 

PAL (µg cinnamic acid/g 

tissue / min)  

POX 

(∆OD/ g tissue/ min) 

 Shoot Shoot Root 

Untreated healthy 82.43±3.4 112.42±5.7 112.35±2.6 55.35±3.2 

Thanatephorus cucumeris(T. c) 95.74±3.2 132.53±6.8 212.35±3.8 58.55±3.3 

Trichderma harzianum (T. h) 158.44±5.7 184.35±7.2 213.50±3.5 82.34±3.2 

Trichoderma asperellum(T.a) 165.36±6.4 195.55±7.1 211.25±4.8 73.54±5.1 

Talaromyces flavus (T. f) 193.25±6.3 211.45±6.4 282.35±5.8 95.52±5.2 

T. h + T. c 187.55±6.2 235.35±5.1 274.25±3.6 112.50±5.8 

T. a + T. c 146.45±7.1 213.45±6.2 288.96±2.8 98.35±3.3 

T.f + T. c 206.44±7.1 226.45±6.8 324.44±4.8 124.50±4.4 

T. h + T. f + T.c 203.47±8.3 243.55±7.1 468.75±3.9 118.35±5.7 

T. a+ T. f + T.c 213.14±7.1 277.14±6.4 413.55±3.9 156.75±6.6 

T. .h + T. a+ T. c 220.12±8.3 264.35±6.3 422.43±4.8 126.42±4.8 

T. h + T. a + T. f +T.c 315.76±7.4 383.45±6.4 495.53±5.8 183.25±6.8 

Values are average of three replicate experiments; ±= Standard Error 
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4.15. Effect of PGPR isolates on inhibiting root diseases 

Evaluation of effect of plant growth promoting isolates (PGPR) in suppressing root 

diseases in pot conditions of selected legumes and plantation crop were carried out. 

Bacillus pumilus (BRHS/C-1), Paenibacillus polymyxa (BRHS/R-71), Enterobacter 

cloacae (BRHS/R-72), B. altitudinis (BRHS/S-73), B. methylotrophicus BRHS/P-91, 

Burkholderia symbiont (BRHS/P-92) and B. aerophilus (BRHS/B-104) were found 

to be most efficient pathogen inhibitors in vitro, experiments were further conducted 

to determine whether these could also control collar rot  diseases caused by 

Sclerotium rolfsii and  root rot disease caused by Thanatephorus cucumeris in 

legumes and tea seedlings in pot and nursery conditions. 

4.15.1. Root rot disease caused by Thanatephorus cucumeris 

4.15.1.1. Inhibition of Root rot of Glycine max by Bacillus pumilus, Paenibacillus 

polymyxa, Enterobacter cloacae and B. altitudinis  

4.15.1.1.1. Disease development  

Effect of the four PGPR isolates Bacillus pumilus (BRHS/C-1), Paenibacillus 

polymyxa (BRHS/R-71), Enterobacter cloacae (BRHS/R-71) and B. altitudinis 

(BRHS/S-73), in development of root rot disease of Glycine max was determined 

(Fig. 99). Seedlings of Glycine max were inoculated and disease assessment was 

done after 5, 10, 15, 20, 25 and 30 days of inoculation with T. cucumeris recorded in 

terms of disease index of the plants challenged by the pathogen. It was observed that 

application of these PGPR isolates as soil drench prior were effective in reducing 

root rot incidence when applied prior to artificial inoculation of the pathogen. The 

disease severity in Glycine max increased with time, reaching a maximum of 6 at the 

end of 30 days. In contrast, when the seeds were pre treated with PGPR isolates 

followed by soil treatment the disease severity was significantly reduced. Among all 

the bacterial isolates tested, B. altitudinis was found to be most effective followed by 

B. pumilus. The disease development between the treated and the control untreated 

pots were significant however it was not significant among different treatments.  

(Table 67, Fig. 100A). 

 

 



309 

 

 

 

 

 

Fig. 99. Root rot development in Glycine max in presence and absence of PGPR 

isolates in pot conditions. 
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4.15.1.1.2. Disease incidence (DE %) and biocontrol efficacy (BE %) 

The disease severity in G. max inoculated with only T. cucumeris increased with 

time, reaching a maximum of 90% at the end of 30 d. In contrast, when the soil was 

pre treated wit  PGPR isolates the maximum disease severity was only 12.5 % %. 

The lowest severity was noticed when isolate B. altitudinis was added prior to 

pathogen inoculation (5.75 %). Biocontrol efficacy of B. pumilus, P. polymyxa, E. 

cloacae and B. altitudinis was calculated and has been presented in Fig. 100 B,            

B. altitudinis was found to have the highest BE% (70.83 %). 

 

Table 67. Root rot development in the roots of Glycine max in presence and absence of 

PGPR isolates in pot conditions 

Days after 

inoculation 
T. cucumeris 

T. cucumeris 

+                       

B. pumilus 

T. cucumeris 

+                      

P. polymyxa 

T. cucumeris 

+ 

 E. cloacae 

T. cucumeris 

+                        

B. altitudinis 

5 d 1.15 0.25 0.50 1.00 0.20 

10 d 1.50 0.50 1.15 1.25 0.35 

15 d 2.75 0.75 1.25 1.50 0.50 

20 d 4.25 1.15 1.50 1.75 0.75 

25 d 5.50 1.25 1.75 2.00 1.15 

30 d 6.00 1.75 2.00 2.15 1.50 

Disease index- 0 – no symptoms; 1 – roots and collar region turn brownish and start rotting; 

2 – leaves start withering and 20–30% of roots turn brown; 3 – leaves withered and 50% of 

the roots affected; 4 – Extensive rotting of the collar region of the root 60-70% root and 

leaves withered; 5- 80%of the root effected 80-85% of the shoot and leaves withered; 6-

whole plants die, with upper withered leaves still remaining attached; roots fully rotted 

 

4.15.1.1.3. Biochemical changes  

Application of PGPR isolates to soil was found to affect the biochemical responses of 

plants, biochemical responses of Glycine max following application of biocontrol 

agents and challenge inoculated with the pathogen- Thanatephorus cucumeris were 

determined. The reduction in root rot incidence of G. max by pretreatment of soil by 

PGPR isolates were noted and the conference of resistance towards the fungal 

pathogen was evaluated in terms of enhancement of key defense related enzymes- 

POX, PAL, CHT and GLU both in the roots and leaves after 12, 24 and 36 h of 

bacterial application to the rhizosphere. The results showed that the activities of 

CHT, GLU and PAL were significantly higher in the leaves than the roots of the 

plant treated with PGPR isolates prior to pathogen challenge. Contrary to the 



311 

 

activities of defense enzymes activities in the leaves, POX activity was found to be 

significantly higher in roots than the leaves even after 36 h of pathogen challenge. 

Over all B. altitudinis followed by B. pumilus was found to induce resistance against 

T. cucumeris more effectively than the other two PGPR isolates (Fig. 104). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 100. Development of root rot disease of Glycine max in presence and absence of 

PGPR isolates in pot conditions measured in terms of disease index upto 30 days of 

pathogen inoculation (A); Disease incidence and biocontrol efficacy of PGPR 

isolates in inhibiting root rot disease of Glycine max (B). 
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Fig. 101. Defense enzyme activities in the roots and leaves of Glycine max following 

treatment with PGPR isolates and pathogen challenge Chitinase (A), β-1,3 Glucanase 

(B), Phenylalanine ammonia lyase(C) and peroxidase (D). 

 

4.15.1.1.4. Tissue and cellular location of chitinase enzyme by FITC 

labeling 

Apart from the enzymatic assessment of the defense enzymes through 

spectrophotometric analysis, an attempt was also made to conduct fluorescent 

immunocytochemical studies to locate the sites of chitinase (CHT) enzyme 

expression following treatment with bacterial isolate and pathogen inoculation within 

the tissue. B. altitudinis was found to elicit chitinase enzyme expression more 
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efficiently than rest of the other isolates, therefore leave, stem and root sections of B. 

altitudinis treated plants were selected for this study. Plant sections treated with 

homologous antisera (PAb-CHT) and then reacted with FITC developed bright apple 

green fluorescence that was distributed throughout the leaf, stem and root tissues. Of 

much significance was the strong reaction of PAb-CHT towards the epidermis and 

within the vascular bundle of the plants treated with the bacterium which was evident 

by much brighter fluorescence than the adjoining tissues. Fluorescence of very low 

intensity was observed in case of control plants (Fig. 102).  

 

4.15.1.2. Inhibition of root rot of Lycopercicon esculentum by Bacillus 

methylotrophicus, Burkholderia symbionts and Bacillus aerophilus  

4.15.1.2.1. Disease development and Disease incidence (DE %) and biocontrol 

efficacy (BE %) 

Effect of the three PGPR isolates B. methylotrophicus BRHS/P-91, Burkholderia 

symbionts (BRHS/P-92) and Bacillus aerophilus (BRHS/B-104) on development of 

root rot disease of Lycopercicon esculentum caused by Thanatephorus cucumeris in 

pot conditions was determined (Fig. 103). Seedlings of Lycopersicon esculentum 

were inoculated and disease assessment was done after 5, 10, 15, 20, 25 and 30 days 

of inoculation with T. cucumeris recorded in terms of disease index of the plants 

challenged by the pathogen. It was observed that application of these PGPR isolates 

as soil drench prior were effective in reducing root rot incidence when applied prior 

to artificial inoculation of the pathogen. The disease severity in increased with time, 

reaching a maximum of 6 at the end of 30 days. In contrast, when the seeds were pre 

treated with PGPR isolates followed by soil treatment the disease severity was 

significantly reduced. Among all the bacterial isolates tested, B. aerophilus BRHS/B-

104 was found to be most effective when applied singly. However the combined 

effect of all the isolates was much more effective when all the three isolates were 

applied jointly. Biocontrol efficacy of B. methylotrophicus, Burkholderia symbiont 

and B. aerophilus were calculated and has been presented in Table 68 & Fig. 104A.  

Bacillus aerophilus BRHS/B-104 was foundto have the highest BE% of 66.50 when 

applied singly. Whereas the biocontrol efficacy of all the isolates in joint application 

was found to be 97.15 % (Fig. 104 B). 
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Fig. 102. FITC Labeling of stem, leaf and root tissues of Glycine max with PAb of 

Chitinase enzyme after treatment with B. altitudinis BRHS/S-73. TS of midrib (A-C); 

TS of leaf lamina (D-F); TS of stem showing vascular regions (G&H); TS of root  

showing centrally located xylem, phloem tissues and cortex (I-K); TS of stem of 

untreated control plant (L). 
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Table 68.Root rot development in the roots of Lycopersicon esculentum in 

presence and absence of PGPR isolates in pot conditions 

Treatemtns 5d 10d 15d 20d 25d 30d 

T. c 1.50 2.50 3.75 4.50 5.50 6.00 

B. m + Tc 1.15 1.5 1.50 1.75 1.75 2.00 

B. s+ Tc 1.15 1.25 1.50 1.50 1.50 1.75 

B. a + Tc 1.15 1.15 1.15 1.25 1.25 1.50 

B. m+B.s+Tc 0.50 0.50 0.75 1.00 1.15 1.15 

B.m+B.a +Tc 0.50 0.50 0.75 1.15 1.25 1.25 

B.a + B. s+ Tc 0.50 0.50 0.50 0.75 1.15 1.15 

B. m+ B. s + B.a + Tc 0.25 0.25 0.50 0.50 1.00 1.00 

T.c= Thanatephorus cucumeris, B. m= Bacillus methylotrophicus, B. s= 

Burkholderia symbiont, B.a= Bacillus aerophilus. 

Disease index- 0 – no symptoms; 1 – roots and collar region turn brownish and 

start rotting; 2 – leaves start withering and 20–30% of roots turn brown; 3 – 

leaves withered and 50% of the roots affected; 4 – Extensive rotting of the collar 

region of the root 60-70% root and leaves withered; 5- 80%of the root effected 

80-85% of the shoot and leaves withered; 6-whole plants die, with upper 

withered leaves still remaining attached; roots fully rotted 

 

4.15.1.2.3. Biochemical changes  

Application of PGPR isolates to soil was found to affect the biochemical responses of 

plants, biochemical responses of Tomato seedlings following application of 

biocontrol agents and challenge inoculated with the pathogen- Thanatephorus 

cucumeris were determined. The reduction in root rot incidence of L. esculentum by 

pretreatment of soil by PGPR isolates were noted and the conference of resistance 

towards the fungal pathogen was evaluated in terms of enhancement of key defense 

related enzymes both in the roots and leaves after 12, 24 and 36 h of bacterial 

application to the rhizosphere. The results showed that the activities of CHT, GLU 

and PAL were significantly higher in the leaves than the roots of the plant treated 

with PGPR isolates prior to pathogen challenge. Contrary to the activities of defense 

enzymes activities in the leaves, PAL activity was found to be significantly higher in 

roots than the leaves even after 36 h of pathogen challenge. Over all B. aerophilus 

followed by Burkholderia symbiont was found to induce resistance against T. 

cucumeris more effectively when applied singly. However the activities of all the 

tested defense enzymes were found to be maximum when all the three PGPR isolates 

were applied jointly (Fig. 105). 
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Fig. 103. Root rot development in Lycopersicon esculentum in presence and absence 

of PGPR isolates in pot conditions. 
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Fig. 104.  Development of root rot disease of Lycopercicon esculentum in presence 

and absence of PGPR isolates in pot conditions measured in terms of disease index 

upto 30 days of pathogen inoculation (A); Disease incidence and biocontrol efficacy 

of PGPR isolates in inhibiting root rot disease of L .esculentum (B). 
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Fig. 105. Defense enzyme activities in the roots and leaves of Lycopersicon 

esculentum following treatment with PGPR isolates and pathogen challenge 

Chitinase (A), β-1,3 Glucanase (B), Phenylalanine ammonia lyase (C) and peroxidase 

(D). 
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4.15.1.3. Inhibition of root rot of Brassica juncea by PGPR isolates 

4.15.1.3.1. Disease development   

Effect of the seven PGPR isolates Bacillus pumilus, Paenibacillus polymyxa, 

Enterobacter cloacae, Bacillus altitudinis, Bacillus methylotrophicus, Burkholderia 

symbiont and Bacillus aerophilus on development of root rot disease of Brassica 

juncea caused by Thanatephorus cucumeris in pot conditions was determined. 

Seedlings of B. juncea were inoculated and disease assessment was done after 2, 4, 6, 

8, 10, 12 and 14 days of inoculation with T. cucumeris recorded in terms of disease 

index of the plants challenged by the pathogen. It was observed that application of 

these PGPR isolates as soil drench prior were effective in reducing root rot incidence 

when applied prior to artificial inoculation of the pathogen. The disease severity in 

increased with time, reaching a maximum of 6 at the end of 14 days. In contrast, 

when the seeds were pre treated with PGPR isolates followed by soil treatment the 

disease severity was significantly reduced. Among all the bacterial isolates tested, B. 

pumilus, B. altitudinis and B. aerophilus was found to be most effective when 

applied singly. The disease development between the treated and the control 

untreated pots were significant however it was not significant among different 

treatments (Table 69, Fig. 106 A). 

4.15.1.3.2. Disease incidence (DE %) and biocontrol efficacy (BE %) 

The disease severity in B. juncea inoculated with only T. cucumeris increased with 

time, reaching a maximum of 86% at the end of 14 d. In contrast, when the soil was 

pre treated with PGPR isolates the maximum disease severity was only 20%. The 

lowest severity was noticed when isolate B. aerophilus was added prior to pathogen 

inoculation (5.00 %) followed by B. altitudinis (6.66%) and B. pumilus (7.66%). 

Biocontrol efficacy of all the tested PGPR isolates were calculated and has been 

presented in Fig. 106 B, B. aerophilus was found to have the highest BE% (66.16 %). 
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Fig. 106. Development of root rot disease of B. juncea in presence and absence of 

PGPR isolates in pot conditions measured in terms of disease index up to 30 days of 

pathogen inoculation (A); Disease incidence and biocontrol efficacy of PGPR 

isolates in inhibiting root rot disease of B. juncea (B). 
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Table 69. Root rot development in the roots of Brassica juncea  in presence and 

absence of PGPR isolates in pot conditions 

TREATMENTS 
 Days after Inoculaton 

2d 4d 6d 8d 10d 12d 14d 

Thanatephorus cucumeris 2.00 2.25 3.00 3.15 3.50 5.00 6.00 

T. cucumeris + Bacillus pumilus 0.25 0.50 0.50 0.75 0.75 1.00 1.15 

T. cucumeris + Paenibacillus polymyxa 0.25 0.50 0.50 0.75 1.15 1.25 1.30 

T. cucumeris + Enterobacter cloacae 0.25 0.75 1.00 1.00 1.15 1.45 1.50 

T. cucumeris + Bacillus altitudinis 0.15 0.50 0.50 0.75 0.75 1.00 1.00 

T. cucumeris + B. methylotrophicus 0.25 0.75 0.85 1.00 1.15 1.25 1.50 

T. cucumeris + Burkholderia symbiont 0.25 0.50 0.50 0.75 1.15 1.50 1.75 

T. cucumeris + Bacillus aerophilus 0.15 0.25 0.35 0.45 0.50 0.50 0.75 

Disease index- 0 – no symptoms; 1 – roots and collar region turn brownish and start 

rotting; 2 – leaves start withering and 20–30% of roots turn brown; 3 – leaves 

withered and 50% of the roots affected; 4 – Extensive rotting of the collar region of 

the root 60-70% root and leaves withered; 5- 80%of the root effected 80-85% of the 

shoot and leaves withered; 6-whole plants die, with upper withered leaves still 

remaining attached; roots fully rotted. 

 

 

4.15.1.3.3. Biochemical changes  

Application of PGPR isolates to soil was found to affect the biochemical responses of 

plants, biochemical responses of B. juncea seedlings following application of 

biocontrol agents and challenge inoculated with the pathogen- Thanatephorus 

cucumeris were determined. The reduction in root rot incidence by pretreatment of 

soil by PGPR isolates were noted and the conference of resistance towards the fungal 

pathogen was evaluated in terms of enhancement of key defense related enzymes- 

CHT, GLU, PAL and POX in the seedlings after 12, 24 and 36 h of bacterial 

application to the rhizosphere. The results showed that the activities of all the teste 

enzymes was higher in plants treated with PGPR isolates prior to pathogen challenge. 

Over all B. aerophilus followed by B. pumilus and B. altitudinis was found to induce 

resistance against T. cucumeris more effectively when applied singly (Fig. 107). 
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Fig. 107. Defense enzyme activities in the roots and leaves of B. juncea  following 

treatment with PGPR isolates and pathogen challenge Chitinase (A), β-1,3 Glucanase 

(C), Phenylalanine ammonia lyase (B) and peroxidase (D). 
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4.15.2. Sclerotial blight disease caused by Sclerotium rolfsii 

4.15.2.1. Inhibition of Sclerotial rot of Glycine max by Bacillus pumilus and B. 

altitudinis  

4.15.2.1.1. Disease development  

Effect of the two PGPR isolates Bacillus pumilus (BRHS/C-1) and B. altitudinis 

(BRHS/S-73) in development of sclerotial blight disease of Glycine max caused by 

Sclerotium rolfsii was determined (Fig. 108). Seedlings of Glycine max were 

inoculated and disease assessment was done after 5, 10, 15, 20, 25 and 30 days of 

inoculation with S. rolfsii recorded in terms of disease index of the plants challenged 

by the pathogen. It was observed that application of these both B. pumilus and B. 

altitudinis both singly and in combination as soil drench prior were effective in 

reducing root rot incidence when applied prior to artificial inoculation of the 

pathogen. The disease severity in Glycine max increased with time, reaching a 

maximum of 6 at the end of 30 days. In contrast, when the seeds were pre treated 

with PGPR isolates followed by soil treatment the disease severity was significantly 

reduced. Among all the bacterial isolates teste,  B. altitudinis (BRHS/S-73) was 

found to be most effective. However the disease severity was much reduced when 

both the isolates were applied jointly. The disease development between the treated 

and the control untreated pots were significant however it was not significant among 

different treatments (Table 70, Fig. 109A). 

4.15.2.1.2. Disease incidence (DE %) and biocontrol efficacy (BE %) 

The disease severity in G. max inoculated with only S. rolfsii increased with time, 

reaching a maximum of 85% at the end of 30 d. In contrast, when the soil was pre 

treated with PGPR isolates the maximum disease severity was only 14.28 % in case 

of B. altitudinis in single combination and 8% when applied jointly. Biocontrol 

efficacy of B. pumilus and B. altitudinis was calculated and has been presented in 

Fig. 109B.  
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Table 67. Sclerotial blight development in the roots of Glycine max in presence 

and absence of PGPR isolates in pot conditions 

Days after 

inoculation 
S. rolfsii 

B. 

pumilus 

+ 

S. rolfsii 

B. altitudinis 

+ 

S. rolfsii 

B. pumilus +                          

B. altitudinis 

+ 

S. rolfsii 

5d 1.15 0.25 0.25 0.15 

10d 1.25 0.5 0.5 0.25 

15d 2.25 0.75 0.5 0.5 

20d 3.5 1 0.75 0.75 

25d 4.5 1.15 1.15 1 

30d 6 1.5 1.25 1.15 

Disease index- 0 – no symptoms; 1 – roots and collar region turn brownish and 

start rotting; 2 – leaves start withering and 20–30% of roots turn brown; 3 – leaves 

withered and 50% of the roots affected; 4 – Extensive rotting of the collar region 

of the root 60-70% root and leaves withered; 5- 80%of the root effected 80-85% of 

the shoot and leaves withered; 6-whole plants die, with upper withered leaves still 

remaining attached; roots fully rotted 

 

 

4.15.2.1.3. Biochemical changes  

Application of PGPR isolates to soil was found to affect the biochemical responses of 

plants, biochemical responses of Glycine max following application of biocontrol 

agents and challenge inoculated with the pathogen- Sclerotium rolfsii were 

determined. The reduction in root rot incidence of G. max by pretreatment of soil by 

PGPR isolates were noted and the conference of resistance towards the fungal 

pathogen was evaluated in terms of enhancement of key defense related enzymes- 

POX, PAL, CHT and GLU both in the roots and leaves after 12, 24 and 36 h of 

bacterial application to the rhizosphere. The results showed that the activities of CHT 

and GLU and were significantly higher in the leaves than the roots of the plant 

treated with PGPR isolates prior to pathogen challenge. Contrary to the activities of 

defense enzymes activities in the leaves, PAL and POX activity was found to be 

significantly higher in roots than the leaves even after 36 h of pathogen challenge. 

Over all B. altitudinis followed was found to induce resistance against S. rolfsii more 

effectively than B. pumilus however the defense enzyme activities was much more 

enhanced when both the isolates were applied jointly (Fig. 110). 
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Fig. 108. Sclerotial blight development in Glycine max in presence and absence of 

PGPR isolates in pot conditions. 
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Fig. 109. Development of root rot disease of G. max  in presence and absence of 

PGPR isolates in pot conditions measured in terms of disease index upto 30 days of 

pathogen inoculation (A); Disease incidence and biocontrol efficacy of B. pumilus 

and B. altitudinis isolates in inhibiting Sclerotial blignt disease of G. max (B). 
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Fig. 110. Defense enzyme activities in the roots and leaves of Glycine max following 

treatment with PGPR isolates and pathogen challenge. β-1,3 Glucanase (A), 

Chitinase (B), Phenylalanine ammonia lyase (C) and peroxidase (D). 

 

4.15.1.4. Tissue and cellular location of chitinase enzyme by FITC labeling 

Apart from the enzymatic assessment of the defense enzymes through 

spectrophotometric analysis, an attempt was also made to conduct fluorescent 

immunocytochemical studies to locate the sites of chitinase (CHT) enzyme 

expression following treatment with bacterial isolate and pathogen inoculation within 

the tissue. B. altitudinis was found to elicit chitinase enzyme expression more 

efficiently than rest of the other isolates, therefore leave, stem and root sections of B. 

altitudinis treated plants were selected for this study. Plant sections treated with 

homologous antisera (PAb-CHT) and then reacted with FITC developed bright apple 

green fluorescence that was distributed towards the epidermis and within the vascular 

bundle of the plants treated with the bacterium which was evident by much brighter 

fluorescence than the adjoining tissues. Fluorescence of very low intensity was 

observed in case of control plants (Fig. 111). 
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Fig. 111. FITC Labeling of stem, leaf and root tissues of Glycine max with PAb of 

Chitinase enzyme after treatment with B. altitudinis BRHS/S-73. TS of midrib (A-C); 

TS of leaf lamina (D-F); TS of stem showing vascular regions (G&H); TS of root  

showing centrally located xylem, phloem tissues and cortex (I-K); TS of stem of 

untreated control plant (L). 
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4.15.2.2. Inhibition of Sclerotial rot of Vigna radiata by PGPR isolates  

4.15.2.2.1. Disease development  

Effect of the two PGPR isolates Bacillus pumilus, Paenibacillus polymyxa, 

Enterobacter cloacae, B. altitudinis,  B. methylotrophicus and Burkholderia symbiont 

in development of scleraotial blight disease of Vigna radiata caused by Sclerotium 

rolfsii was determined (Fig. 112). Seedlings of Vigna radiata were inoculated and 

disease assessment was done after 5, 10, 15, 20, 25 and 30 days of inoculation with S. 

rolfsii recorded in terms of disease index of the plants challenged by the pathogen. It 

was observed that application of all the PGPR isolates as soil drench prior to 

pathogen challenge were effective in reducing Sclerotial blight incidence. The 

disease severity in Vigna radiata increased with time, reaching a maximum of 6 at 

the end of 30 days. In contrast, when the seeds were pre treated with PGPR isolates 

followed by soil treatment the disease severity was significantly reduced. Among all 

the bacterial isolates tested, B. altitudinis (BRHS/S-73) followed by B. pumilus 

(BRHS/C-1) was found to be most effective. The disease development between the 

treated and the control untreated pots were significant however it was not significant 

among different treatments (Table 71, Fig. 113A). 

 

4.15.2.1.2. Disease incidence (DE %) and biocontrol efficacy (BE %) 

The disease severity in V. radiata inoculated with only S. rolfsii increased with time, 

reaching a maximum of 83.45% at the end of 30 d. In contrast, when the soil was pre 

treated with PGPR isolates the maximum disease severity was reduced to only 8.53 

% in case of B. altitudinis. Biocontrol efficacy (BE%) of all the PGPR isolates were 

calculated and has been presented in Fig. 113 B. The results revealed that isolate B. 

altitudinis had highest biocontrol efficacy of 72.18 % followed by B. pumilus which 

showed a biocontrol efficacy of 63.88 % in controlling Sclerotial blight disease of 

Vigna radiata.  
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Table 71. Sclerotial blight development in the roots of Vigna radiata in presence 

and absence of PGPR isolates in pot conditions 

Treatments 
Days after inoculation 

5d 10d 15d 20d 25d 30d 

S. rolfsii 1.45 2.5 3.75 4.15 5.5 6 

B. pumilus+ S. r 1 1.5 1.75 2.15 2.5 2.75 

P. polymyxa+ S. r 1.15 1.5 2 .2.25 2.75 3 

E. cloacae+ S. r 1.15 1.75 2.15 2.3 2.45 2.75 

B. altitudinis+ S. r 1 1.25 1.5 1.75 2 2 

B. methylotrophicus+ S. r 1.25 1.35 1.5 2.25 2.5 2.5 

Burkholderia symbiont + S. r 1.25 1.35 1.75 2 2.15 2.5 

Disease index- 0 – no symptoms; 1 – roots and collar region turn brownish and 

start rotting; 2 – leaves start withering and 20–30% of roots turn brown; 3 – 

leaves withered and 50% of the roots affected; 4 – Extensive rotting of the collar 

region of the root 60-70% root and leaves withered; 5- 80%of the root effected 

80-85% of the shoot and leaves withered; 6-whole plants die, with upper 

withered leaves still remaining attached; roots fully rotted 

 

 

4.15.2.2.3. Biochemical changes  

Application of PGPR isolates to soil was found to affect the biochemical responses of 

plants, biochemical responses of Vigna radiata following application of biocontrol 

agents and challenge inoculated with the pathogen- Sclerotium rolfsii were 

determined. The reduction in Sclerotial blight incidence of V. radiata by pretreatment 

of soil by PGPR isolates were noted and the conference of resistance towards the 

fungal pathogen was evaluated in terms of enhancement of key defense related 

enzymes- POX, PAL, CHT and GLU both in the roots and leaves after 12, 24 and 36 

h of bacterial application to the rhizosphere. The results showed that the activity of 

GLU and PAL were significantly higher in the leaves than the roots of the plant 

treated with PGPR isolates prior to pathogen challenge. Contrary to the activities of 

defense enzymes activities in the leaves, CHT and POX activity was found to be 

significantly higher in roots than the leaves even after 36 h of pathogen challenge. 

Over all B. altitudinis followed by B. pumilus was found to induce resistance against 

S. rolfsii more effectively than the other PGPR isolates (Fig. 114 & 115). 
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Fig. 112. Sclerotial blight development in Vigna radiata in presence and absence of 

PGPR isolates in pot conditions. 
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Fig. 113. Development of Sclerotial blight disease of V. radiata  in presence and 

absence of PGPR isolates in pot conditions measured in terms of disease index upto 

30 days of pathogen inoculation (A); Disease incidence and biocontrol efficacy of 

PGPR isolates in inhibiting Sclerotial blight disease of V. radiata (B). 
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Fig. 114. Defense enzyme activities in the roots and leaves of Vigna radiata 

following treatment with PGPR isolates and pathogen challenge. β-1,3 Glucanase 

(A), Chitinase (B). 
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Fig. 115. Defense enzyme activities in the roots and leaves of Vigna radiata 

following treatment with PGPR isolates and pathogen challenge Phenylalanine lyase 

(A), Peroxidase (B). 
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4.15.1.4. Tissue and cellular location of chitinase enzyme by FITC labeling 

Apart from the enzymatic assessment of the defense enzymes through 

spectrophotometric analysis, an attempt was also made to conduct fluorescent 

immunocytochemical studies to locate the sites of chitinase (CHT) enzyme 

expression following treatment with bacterial isolate and pathogen inoculation within 

the tissue of V. radiata. B. altitudinis was found to elicit chitinase enzyme expression 

more efficiently than rest of the other isolates, therefore leave, stem and root sections 

of B. altitudinis treated plants were selected for this study. Plant sections treated with 

homologous antisera (PAb-CHT) and then reacted with FITC developed bright apple 

green fluorescence that was distributed throughout the leaf, stem and root tissues 

towards the epidermis and within the vascular bundle of the plants treated with the 

bacterium. Fluorescence of very low intensity was observed in case of control plants 

(Fig. 116). 

4.15.2.3. Inhibition of Sclerotial rot of Camellia sinensis by PGPR isolates  

4.15.2.3.1. Disease development  

Effect of the two PGPR isolates Bacillus pumilus (BRHS/C-1) and B. altitudinis 

(BRHS/S-73), in development of scleraotial blight disease offour varieties of  

Camellia sinensis caused by Sclerotium rolfsii in nursery conditions was determined. 

Seedlings of camellia sinensis were inoculated and disease assessment was done after 

5, 10, 15, 20, 25 and 30 days of inoculation with S. rolfsii recorded in terms of 

disease index of the plants challenged by the pathogen. It was observed that 

application of both the PGPR isolates as soil drench prior to pathogen challenge were 

effective in reducing Sclerotial blight incidence. The disease severity in the tea 

seedlings increased with time, reaching a maximum of 5.75 at the end of 30 days. In 

contrast, when the seeds were pre treated with PGPR isolates followed by soil 

treatment the disease severity was significantly reduced. All the varieties responded 

differently towards the application of bacteria. Among all the bacterial isolates tested, 

B. altitudinis (BRHS/S-73) was found to be most effective in reducing Sclerotial 

blight disease however, the effect was much more greater when the isolates were 

applied jointly. The disease development between the treated and the control 

untreated plots were significant however it was not significant among different 

treatments (Table 72, Fig. 117A&B, 118). 
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Fig. 116. FITC Labeling of stem, leaf and root tissues of Vigna radiata with PAb of 

Chitinase enzyme after treatment with B. altitudinis BRHS/S-73 and pathogen 

challenge. TS of leaf (A-D); TS of stem showing vascular regions (E-F); TS of root  

showing centrally located xylem, phloem tissues and cortex (G); TS of leaf of 

untreated control plant (H). 
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4.15.2.3.2. Disease incidence (DE %) and biocontrol efficacy (BE %) 

The disease severity in C. sinensis inoculated with only S. rolfsii increased with time, 

reaching a maximum of 84.46 in case of TV-9, 83.12 in case of TV-20 and an 

average of 76 % in case of TV-25 and TV-26 at the end of 30 d. In contrast, when the 

soil was pre treated with PGPR isolates the maximum disease severity was reduced 

to only 11.36 in case of B. pumilus and 14.26 in case of B. altitudinis treated tea 

seedlings. The DI % was reduced to a minimum of 4.33 % when both the isolates 

were applied jointly. Biocontrol efficacy (BE%) of both the PGPR isolates in 

reducing Sclerotial blight incidence of tea seedlings were calculated and has been 

presented in Fig. 117B. The results revealed that isolate B. pumilus had highest 

biocontrol efficacy of 69.26 % when applied singly and 80. 45 % when applied in 

combination with B. altitudinis.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 117. Development of Sclerotial blight disease of C. sinensis  in presence and 

absence of PGPR isolates in pot conditions measured in terms of disease index upto 

30 days of pathogen inoculation (A); Disease incidence and biocontrol efficacy of 

PGPR isolates in inhibiting Sclerotial blignt disease of C. sinensis (B). 
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Fig. 118. Sclerotial blight development in Camellia sinensis in presence and absence 

of PGPR isolates in nursery conditions. 
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Table 72. Disease Index of Sclerotial blight incidence of tea seedling following 

bacterial treatment and pathogen challenge 

Variety Treatments Days after inoculation 

  5d 10d 15d 20d 25d 30d 

 

TV-9 UI ( S. rolfsii) 

1.15 

±0.06 

2.16 

±0.08 

2.52 

±0.04 

3.15 

±0.17 

4.45 

±0.23 

5.63 

±0.45 

 B. pumilus + Sr 

0.51 

±0.03 

0.52 

±0.02 

1.16 

±0.07 

1.23 

±0.06 

1.35 

±0.08 

2.15 

±0.05 

 B. altitudinis + Sr 

0.52 

±0.04 

0.55 

±0.02 

1.25 

±0.03 

1.75 

±0.05 

1.86 

±0.06 

2.10 

±0.07 

 B. p + B. a+ Sr 

0.25 

±0.03 

0.58 

±0.04 

0.78 

±0.07 

1.15 

±0.08 

1.28 

±0.06 

1.25 

±0.08 

TV-20 UI ( S. rolfsii) 

1.13 

±0.08 

2.53 

±0.06 

3.45 

±0.33 

3.75 

±0.13 

4.50 

±0.15 

5.75 

±0.76 

 B. pumilus + Sr 

0.50 

±0.02 

0.52 

±0.05 

0.75 

±0.02 

1.15 

±0.07 

1.45 

±0.06 

1.75 

±0.04 

 B. altitudinis + Sr 

0.50 

±0.06 

0.58 

±0.03 

0.75 

±0.06 

1.00 

±0.05 

1.15 

±0.04 

2.15 

±0.06 

 B. p + B. a+ Sr 

0.26 

±0.01 

0.63 

±0.03 

0.72 

±0.04 

0.75 

±0.04 

0.88 

±0.03 

1.15 

±0.08 

TV-25 UI ( S. rolfsii) 

1.16 

±0.07 

2.75 

±0.08 

3.25 

±0.16 

3.75 

±0.13 

4.75 

±0.11 

5.75 

±0.54 

 B. pumilus + Sr 

0.54 

±0.02 

0.60 

±0.04 

0.75 

±0.04 

1.15 

±0.05 

1.75 

±0.07 

2.15 

±0.06 

 B. altitudinis+ Sr 

0.50 

±0.01 

0.52 

±0.03 

0.75 

±0.03 

1.25 

±0.04 

1.55 

±0.08 

2.35 

±0.07 

 B. p+ B. a + Sr 

0.35 

±0.03 

0.46 

±0.01 

0.55 

±0.03 

0.76 

±0.03 

1.15 

±0.07 

1.28 

±0.08 

TV-26 UI ( S. rolfsii) 

1.23 

±0.07 

2.33 

±0.11 

2.50 

±0.13 

3.46 

±0.18 

4.75 

±0.16 

5.56 

±0.32 

 B. pumilus + Sr 

0.53 

±0.04 

0.75 

±0.02 

1.16 

±0.05 

1.25 

±0.06 

1.50 

±0.07 

2.00 

±0.07 

 B. altitudinis + Sr 

0.52 

±0.03 

0.63 

±0.03 

0.75 

±0.04 

1.15 

±0.05 

1.75 

±0.07 

2.15 

±0.05 

 B. p + B. a+ Sr 

0.35 

±0.01 

0.46 

±0.03 

0.78 

±0.03 

1.18 

±0.07 

1.27 

±0.06 

1.38 

±0.06 

 

Disease index- 0 – no symptoms; 1 – roots and collar region turn brownish and 

start rotting; 2 – leaves start withering and 20–30% of roots turn brown; 3 – leaves 

withered and 50% of the roots affected; 4 – Extensive rotting of the collar region 

of the root 60-70% root and leaves withered; 5- 80%of the root effected 80-85% 

of the shoot and leaves withered; 6-whole plants die, with upper withered leaves 

still remaining attached; roots fully rotted 
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4.15.2.2.3. Biochemical changes  

Application of PGPR isolates to soil was found to affect the biochemical responses of 

plants, biochemical responses of Camellia sinensis following application of B. 

pumilus and B. altitudinis and challenge inoculated with the pathogen- Sclerotium 

rolfsii were determined. The reduction in Sclerotial blight incidence of C. sinensis by 

pretreatment of soil by PGPR isolates were noted and the conference of resistance 

towards the fungal pathogen was evaluated in terms of enhancement of key defense 

related enzymes- POX, PAL, CHT and GLU both in the roots and leaves after 5 days 

of bacterial application and pathogen challenge to the rhizosphere.  It was observed 

that there was significant (P=0.01) enhancement of defense enzymes particularly 

after the pathogen challenge (Fig. 119). The defense enzyme activities were higher in 

the leaves than the roots. Apart from this total phenol content in the roots were also 

evaluated, which showed that there was a significant enhancement (P=0.01) in the 

total content of the roots and leaves were higher in those plants which were pre 

treated with the PGPR isolates and pathogen challenge compared to the untreated 

control plants (Table 73). 

4.15.2.2.4. Tissue and cellular location of chitinase enzyme by FITC labeling 

Apart from the enzymatic assessment of the defense enzymes through 

spectrophotometric analysis, an attempt was also made to conduct fluorescent 

immunocytochemical studies to locate the sites of chitinase (CHT) enzyme 

expression following treatment with bacterial isolate and pathogen inoculation within 

the tissue of C. sinensis. Leaf tissue of one of the tea varieties (TV-20) which 

responded to bacterial challenge better than the other varieties, was used for this 

study. Plant sections treated with homologous antisera (PAb-CHT) and then reacted 

with FITC developed bright apple green fluorescence that was distributed throughout 

the epidermis, mesophyll tissues as well as the vascular tissues. Of much significance 

was the strong reaction of PAb-CHT towards the epidermis and within the vascular 

bundle of the plants treated with both the bacterial isolates which were evident by 

much brighter fluorescence than the adjoining tissues. Fluorescence of very low 

intensity was observed in case of control plants (Fig. 120). 
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Table 73. Changes in the Total Phenol content of the roots and leaves of tea seedlings 

following PGPR application and pathogen challenge   

Treatment 
Total Phenol (Root) mg/g tissue 

TV-9 TV- 20 TV-25 TV-26 

Untreated Healthy 6.33±0.73 4.58±0.88 5.32±1.77 6.15±0.43 

S. rolfsii 7.23±0.88 6.27±0.76 7.88±1.16 8.12±0.45 

B. pumilus 8.26±0.46 7.45±1.16 9.16±1.43 9.35±0.33 

B. aaltitudinis 7.88±0.73 8.43±0.93 8.83±0.95 9.76±0.37 

B. p + S.r 10.32±0.76 10.15±0.94 10.74±0.93 10.82±0.32 

B. a +S .r 10.43±0.75 10.26±0.75 10.3±1.43 10.21±0.39 

Bp+Ba+Sr 12.76±0.88 13.46±0.73 11.82±1.33 12.46±0.47 

Treatment 
Total Phenol (Leaves) mg/g tissue 

TV-9 TV- 20 TV-25 TV-26 

Untreated Healthy 0.56±0.077 0.43±0.063 0.57±0.055 0.52±0.044 

S. rolfsii 0.88±0.082 1.14±0.078 0.96±0.038 0.98±0.045 

B. pumilus 1.27±0.046 1.28±0.077 1.33±0.072 1.34±0.057 

B. aaltitudinis 1.20±0.083 1.25±0.082 1.26±0.083 1.28±0.043 

B. p + S.r 1.54±0.055 1.46±0.074 1.33±0.074 1.38±0.043 

B. a +S .r 1.48±0.046 1.33±0.077 1.28±0.082 1.34±0.022 

Bp+Ba+Sr 1.73±0.058 1.83±0.062 1.82±0.062 1.76±0.036 

Values are average of three replicate experiments; ±= Standard Error 

 

 

Table 73a ANOVA of the data presented in Table 73, Total Phenol content(Roots)  

Source of Variation SS df MS F 

Rows 126.1798 6 21.02996 53.56029 

Columns 2.860039 3 0.953346 2.428037 

Error 7.067536 18 0.392641 

 Total 136.1073 27 

   

Table 73b. ANOVA of the data presented in Table 73, Total Phenol content(Leaves)  

Source of Variation SS df MS F 

Rows 3.723386 6 0.620564 104.2965 

Columns 0.002325 3 0.000775 0.130252 

Error 0.1071 18 0.00595 

 Total 3.832811 27 
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Fig. 119. Defense enzyme activities in the roots and leaves of C. sinensis following 

treatment with PGPR isolates and pathogen challenge β-1,3 Glucanase (A&B), 

Chitinase (B&C), Phenylalanine ammonial lyase (D&E) and Peroxidase (F & G). 
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Fig. 120. FITC Labeling of leaf tissues of Camellia sinensis (TV-20) with PAb of 

Chitinase enzyme after treatment with B. altitudinis BRHS/S-73 and B. pumilus and 

pathogen challenge. TS of leaf treated with B. pumilus (A-F), TS of leaf treated with 

B. altitudinis (G-K); TS of leaf of untreated control plant (L). 
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4.16. Testing for survivability of pathogens S. rolfsii and T. cucumeris using 

Immunological formats 

The survivability of the pathogen in the rhizosphere soil of test crops both in potted 

soils and nursery soils were determined immunologically using PAbs raised against 

the pathogens T. cucumeris and S. rolfsii.  Dot immune binding assay (DIBA) and 

Enzyme linked immune sorbent assay (ELISA) were conducted after 30 days of 

pathogen inoculation and treatmentwith either. Fungal biocontrol agent or PGPR 

isololates.  

 

Table  74. ELISA and DIBA values of rhizosphere soil antigens inoculated with 

the pathogen and BCA and PGPR isolates with PAb of Sclerotium rolfsii 

Antigens from 

rhizosphere of  

Treatment ELISA 

A405 values* 

DIBA 

Colour intensity 

of dots ** 

 

Vigna radiata 

S. rolfsii 1.733±0.042 +++ 

T. harzianum + S. rolfsii 0.336±0.053 + 

T. flavus + S. rolfsii 0.383±0.066 + 

T. h + T. f + S. r 0.244±0.036 + 

 

Glucine max 

S. rolfsii 1.887±0.055 +++ 

B. pumilus + S. rolfsii 0.316±0.038 + 

B. altitudinis + S. rolfsii 0.362±0.02 + 

B. p + B. a + S. r 0.211±0.027 - 

 

 

Vigna radiata 

Sclerotium rolfsii 1.884±0.063 +++ 

B. pumilus + S. rolfsii 0.322±0.021 + 

P. polymyxa+ S. rolfsii 0.277±0.033 + 

E. cloacae+ S. rolfsii 0.383±0.036 + 

B. altitudinis+ S. rolfsii  0.236±0.028 + 

B. methylotrophicus+ S. r 0.388±0.026 + 

Burkholderia symbiont + 

S. r 

0.317±0.033 - 

*Average of three replicates; Antigen concentration- 100 µg/ml; PAb dilution             

1: 100: Alkaline phosphatase dilution 1:10,000; Substrate NBT/BCIP 

**+= Light purple; +++ Purple; +++ = deep purple. 

Difference between ELISA values of healthy uninoculated and treated are 

significant at P=0.01as determined by Student’s t test in all cases 
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Table 75. ELISA and DIBA values of rhizosphere soil antigens 

inoculated with the pathogen and PGPR with PAb of S. rolfsii 

Antigens 

from 

rhizosphere 

of  

Treatment ELISA 

A405 values* 

DIBA 

Colour 

intensity of 

dots ** 

 

TV-9 

 

Healthy 

 

0.246±0.063 

 

+ 

 S. rolfsii 1.820±0.043 +++ 

 B. pumilus + S. r 0.214±0.082 + 

 B. altitudinis + S. r 0.242±0.064 ++ 

 B. p + B. a + S .r 0.115±0.028 + 

TV-20 Healthy 0.353±0.043 + 

 S. rolfsii 1.760±0.072 +++ 

 B. pumilus + S. r 0.178±0.055 + 

 B. altitudinis + S. r 0.165±0.073 + 

 B. p + B. a + S .r 0.103±0.033 + 

TV-25 Healthy 0.162±0.042 + 

 S. rolfsii 1.640±0.072 +++ 

 B. pumilus+ S. r 0.260±0.041 ++ 

 B. altitudinis+ S. r 0.276±0.083 ++ 

 B. p + B. a + S .r 0.110±0.043 + 

TV-26 Healthy 0.242±0.032 + 

 S. rolfsii 1.650±0.056 +++ 

 B. pumilus+ S. r 0.182±0.042 + 

 B. altitudinis+ S. r 0.216±0.060 + 

 B. p + B. a + S .r 0.106±0.036 + 

 

*Average of three replicates; Antigen concentration- 100 µg/ml 

PAb dilution 1: 100: Alkaline phosphatase dilution 1:10,000; 

Substrate NBT/BCIP 

**+= Light purple; +++ Purple; +++ = deep purple. 

Difference between ELISA values of healthy uninoculated and 

treated are significant at P=0.01as determined by Student’s t test 

in all cases 
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Table 76. ELISA and DIBA values of rhizosphere soil antigens inoculated with 

the pathogen and BCA and PGPR isolates with PAb of Thanatephorus cucumeris 

Antigens from 

rhizosphere of  

Treatment ELISA 

A405 values* 

DIBA 

Colour intensity 

of dots ** 

 

Glycine max T. cucumeris 

 

1.883±0.077 

 

+++ 

T. cucumeris+ B. pumilus 0.376±0.058 + 

T. cucumeris + P. polymyxa 0.312±0.047 + 

T. cucumeris + E. cloacae 0.487±0.048 + 

T. cucumeris + B. altitudinis 0.411±0.055 + 

Lycopersicon 

esculentum 

T. cucumeris 1.766±0.083 +++ 

B. methylotrophicus + Tc 0.337±0.037 + 

Burkholderia symbiont+ Tc 0.382±0.042 + 

Bacillus altitudinis + Tc 0.344±0.048 + 

B. m+B.s+Tc 0.318±0.055 + 

B.m+B.a +Tc 0.326±0.037 + 

B.a + B. s+ Tc 0.324±0.028 + 

B. m+ B. s + B.a + Tc 0.310±0.022 - 

Brassica juncea Thanatephorus cucumeris 1.785 ±0.086 +++ 

Bacillus pumilus+ T. c 0.224±0.058 + 

Paenibacillus + T. c polymyxa 0.232±0.055 + 

 Enterobacter cloacae + T. c 0.487±0.067 + 

Bacillus altitudinis+ T. c 0.311±0.066 + 

B. methylotrophicus+ T. c 0.353±0.054 + 

Burkholderia symbiont + T. c 0.482±0.057 + 

Bacillus aerophilus + T. c 0.316±0.048 + 

*Average of three replicates; Antigen concentration- 100 µg/ml PAb dilution 1: 

100: Alkaline phosphatase dilution 1:10,000; Substrate NBT/BCIP 

**+= Light purple; +++ Purple; +++ = deep purple. 

Difference between ELISA values of healthy uninoculated and treated are 

significant at P=0.01as determined by Student’s t test in all cases 
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4.16.1. Testing for survivability of Sclerotium rolfsii in soils treated with 

Biocontrol fungal isolates and PGPR. 

Survivability of Sclerotium rolfsii in the soil pretreated with fungal biocontrol agents                      

T. harzianum and Talaromyces flavus obtained from the rhizosphere of Vigna radiata 

was tested with the help of DIBA and ELISA formats with the PAbs of S. rolfsii. 

Results presented in Table 74, shows that soils infested with pathogen without any 

biococontrol agent pretreatment showed maximum intensity of the dots and higher 

ELISA values. Though there was a significant reduction (P=0.01) of pathogen where  

T. harzianum and T. flavus were applied singly, the ELISA values of the soil 

pretreated by both T. harzianum and T. flavus jointly was minimum. The rhizosphere 

soil of Glycine max and Vigna radiata pretreated with PGPR isolates also showed 

reduction in. pathogen population significantly (Table 74).  

 Similarly, the survivability of the pathogen in the rhizosphere soil of tea 

seedlings in untreated and treated soils was determined immunologically using PAbs 

raised against S. rolfsii. DIBA and ELISA were conducted after 30d of pathogen 

inoculation. Results revealed that application of both the PGPRs in the rhizosphere 

significantly reduced the pathogen population in the rhizosphere soil of all the tested 

tea varieties (Table 75). 

4.16.2. Testing for survivability of Thanatephorus cucumeris in soils treated with 

Biocontrol fungal isolates and PGPR. 

Survivability of Thanatephorus cucumeris in the soil pretreated with different 

bacterial PGPR agents and inoculated in the rhizosphere soil of Glycine max, 

Lycopercicon esculentum and Brassica juncea was tested with the help of DIBA and 

ELISA formats with PAbs of T. cucumeris. Results presented in Table 76, shows that 

soils infested with pathogen without any PGPR isolate pretreatment showed 

maximum intensity of the dots and higher ELISA values. Though there was a 

significant reduction (P=0.01) of pathogen when the PGPR isolates were applied 

singly, the ELISA values of the soil jointly pretreated by PGPR was minimum (Table 

76).  
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 DISCUSSION 
 

Soil is a dynamic, living matrix that is an essential part of the terrestrial 

ecosystem and it is considered a storehouse of microbial activity. Soil 

microorganisms play an important role in soil processes that determine plant 

productivity. Diverse microorganisms are essential to a sustainable biosphere. 

Role of rhizosphere microbial populations for maintenance of root health, 

nutrient uptake and tolerance of environmental stress is now recognized. For 

much of the last century, microbiologists have been aware that we know the 

nature and identity of only a tiny fraction of the inhabitants of the microscopic 

landscape. While most people are very familiar with the diversity of life in the 

plant and animal kingdoms, few actually realize the vast amounts of variability 

present in the microbial populations.The current inventory of the world‘s 

biodiversity is very incomplete and that of viruses, microorganisms and 

invertebrates is especially deficient. Scientists have identified about 1.7 million 

living species on our planet. Studies indicate that the 5,000 identified species of 

prokaryotes represent only 1 to 10% of all microbial species and therefore we 

have only a small idea of our true microbial diversity (Stanley, 2002). 

Soil microflora plays the most important role in the soil region of the 

higher plants. Microorganisms in soil are critical to the maintenance of soil 

function in both natural and managed agricultural soils because of their 

involvement in such key processes as soil structure formation; decomposition of 

organic matter; toxin removal; and the cycling of carbon, nitrogen, phosphorus, 

and sulphur. In addition, microorganisms play key roles in suppressing soil borne 

plant diseases, in promoting plant growth, and changes in vegetation. 

 In this connection Agriculturally Important Microorganisms (AIMs) are 

used in a variety of agro-ecosystems both under natural comditions and artifical 

inoculation for diverse application such as nutrient supply, biocontrol, 

bioremediation and rehabilitation of degraded lands (Vessey 2003). Soil bacteria 

and fungi play pivotal roles in various biochemical cycles (BGC) and are 

responsible for the cycling of organic compounds. Soil microorganisms also 

influence above-ground ecosystems by contributing to plant nutrition, plant 

health, soil structure and soil fertility. 
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The use of biological fertilizers in recent times, is receiving attention 

mainly on account of increased global preference for natural ―organic‖ products. 

Isolation of microorganisms, screening for desirable characters, selection of 

efficient strains, production of inoculum and preparation of carrier-based 

formulation are important steps in the use of this microbe based environment 

friendly and sustainable technology (Harish 2009).A microbial inoculant 

containing many kinds of naturally occurring beneficial microbes called 

‗Effective Microorganisms‘ has been used widely in nature and organic farming 

(Karthick et al, 2011).Biofertilizer and biopesticide containing efficient 

microorganisms, improve plant growth in many ways compared to synthetic 

fertilizers, insecticides and pesticides by way of enhancing crop growth and thus 

help in sustainability of environment and crop productivity (Bhattacharya and 

Jha, 2012). Thus the technique is environment friendly and ensures safe and 

healthy agricultural products. Microbial populations are instrumental to 

fundamental processes that drive stability and productivity of agro-ecosystems 

(Singh et al., 2011).  

 Keeping in view the recent developments made so far in the field of 

studying soil microflora for utilization in crop improvement in eco-friendly 

farming practices, the present study was undertaken to explore the microbial 

diversity (fungi and bacteria) of Darjeeling Hill region and to characterize them 

for agriculturally important traits and finally workout the possibility of utilizing 

them for improving crop health. The initial survey of different geographical 

regions which includes- forest, agricultural lands and riverine soil for microbial 

diversity analysis showed that they varied greatly from place to place and from 

one soil type to another. Forest and agricultural soils were generally acidic where 

the pH ranged from 4.0-5.5, whereas riverine soils showed slight increase in the 

pH which ranged from 5.6 to 6.6 and therefore both the fungal and bacterial 

populations in all the soil types varied accordingly. The average fungal 

population in the forest soil was 5.5 cfu x 10
4
/g and the average bacterial 

population was 4.5 cfu x 10
6
/g, the average fungal population in agricultural soil 

was 6.0 x 10
4
/g and average bacterial population was 5.5 cfu x 10

6
/g whereas the 

average fungal population in the riverine soil was found to be 4.0 cfu x 10
6
/g and 

the average bacterial population was 3.5 cfu x 10
6
/g. Differences in microbial 

populations is most probably due to the variation in biological and chemical 
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properties of soils of various regions. The physical, chemical and biological 

properties of any soil are the indicators of the quality of that soil as well as 

decides the nature of microbial populations it holds (Drinkwater et al., 2002). The 

fungal population on the other hand is thought to dominate over other microbial 

population in certain soil types due to their wide distribution and capability to 

adopt in all type of environments (Zervakis et al., 2002). Himalayan region 

represents a unique combination of plant and soil types that change drastically 

with altitude (Kumar et al., 2011), In our study we noted that there was a 

considerable amount of difference among the microbial populations of the areas 

located in lower altitudes and higher altitudes. Fungi which are aerobic 

microorganisms found more in the upper layers of the soils were also found to be 

dominant in places like Sandakphu, Maney Dara Forest and Rimbhik Forest 

where the altitude is above 2000 m amsl. Diversity in microbial population is 

thought to be due to the quality and quantity of organic matter present in the soil 

as well as by other factors like soil aeration, soil density, soil structure, salinity 

and also the water holding capacity of the soil (Venturella et al., 1997) 

 A total of 357 fungal isolates were obtained from soil samples collected 

from different forests, agricultural and riverrine soils of Darjeeling district of 

North Bengal. The cultural characteristics of these fungal isolates were studied. 

The dominant fungal isolates belonged to the genera Absidia, Acremonium, 

Alternaria, Aspergillus, Byasiochlamus, Colletotrichum, Drechslera, Emericella,  

Fusarium, Curvularia, Gonronella, Macrophomina,  Noesertoria,  Paecilomyces, 

Penicellium,  Pseudoeutatum, Rhizoctonia, Rhizopus, Sclerotianum,  

Sporotrichum, Syncephalastrum, Talaromyces, Thanetophorus and Trichoderma. 

In case of bacteria, a total of 135 bacterial isolates were obtained from various 

regions of Darjeeling hills. Bacterial identification was performed on the basis of 

morphological, physiological and biochemical tests. Result revealed that out of 

135 bacterial isolates, 109 were gram positive whereas 26 were gram negative. A 

total of 52 bacterial isolates showed phosphate solubilizing activity. Bacterial 

isolates were also found to produce HCN and IAA. Most of the isolates showed a 

positive result for catalase activity. The most common and abundant bacterial 

species were Bacillus sp., Micrococcus sp., Coryneform sp. Staphylococcus  sp. 

Serretiasp. Paenibacillus sp., Psedomonus sp., Enterobacter sp. well as 

Bukholderia sp. The bacterial population only represents the culturable 
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population. Soil microbial communities are often difficult to fully characterize, 

mainly because of their immense phenotypic and genotypic diversity, 

heterogeneity, and crypticity. Bacterial populations in soil top layers can go up to 

more than 109 cells per g soil and most of these cells are generally unculturable 

(Torsvik et al., 1996).  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% (Torsvik et al., 1990).  

 The next phase of this study was to characterize both fungal and bacterial 

isolates for their agriculturally important properties.  With more and more 

emphasis on organic farming, efforts are on to isolate and identify beneficial 

microbes, and hence, plant growth promoting microorganisms (PGPMs) are 

finding increasing applications today as biofertilizers and bioprotectors (Vessey 

2003). Several mechanisms have been postulated to explain how the PGPM 

stimulates plant growth which may either be direct and/or indirect (Laslo et al., 

2012). Direct mechanisms include production of plant growth hormones that can 

enhance various stages of plant growth (Zahir et al., 2009), mineral phosphate 

solubilization (El-Tarabily et al., 2008), nitrogen fixation (Bashan and de-

Bashan, 2010) and stimulation of ion uptake (Mantelin et al., 2004). The fact that 

certain soil microbes are capable of dissolving relatively insoluble phosphatic 

compounds has opened the possibility of inducing microbial solubilization of 

phosphates in the soil (Bojinova and others 1997).The ability of rhizospheric 

microorganisms to promote growth by phosphate solubilization is also one of the 

most studied mechanisms involved in plant growth promotion (Misra and others 

2012).  

 In this study in vitro screening of fungal isolates for phosphate 

solubilization was carried out and their phosphate solubilizing ability quantified. 

four isolates of Aspergillus niger (FS/L-04, RS/P-14, FS/L-40, FS/C-140), four 

isolates of  A. melleus (RHS/R 12, FS/L 13, FS/L 17, FS/L 18), three isolates of 

A. clavatus (RHS/P 38, RHS/P-114, RHS/T-99) and four isolates of Talaromuces 

flavus (RHS/P 50, RHS/P 51, RHS/P 54, RHS/P 120 were found to show 

maximum phosphate solubilization in solid medium. These isolates were also 

found to solubilize rock phosphate and tricalcium phosphate more efficiently than 

rest of the others when tested in liquid medium. Along with phosphate 

solubilization, a drop in the pH of the culture medium was also noted. There have 
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been earlier reports that Aspergillii and Penicellium are potential phosphate 

solubilizers and can enhance plant growth (Pradhan and Sukla, 2005; 

Chakraborty et al., 2008, 2010a). Several reports are available on the ability of 

soil fungi to solubilize inorganic phosphates (Whitelaw, 2000; Pingale et. al. 

2013). Among the bacterial isolates a total of 48 were found to solubilize 

phosphate when screened on solid medium. All these isolates were then subjected 

to three main PGPR tests conducted in liquid broth medium. For quantification of 

phosphate solubilization in liquid medium, all the isolates were grown in 

modified PKV broth medium supplemented with Rock phosphate and Tricalcium 

Phosphate. The results revealed that isolate Bacillus altitudinis BRHS/S-73 could 

solubilize maximum amount of rock and tricalcium phosphate followed by B. 

pumilus, BRHS/C-1, Enterobacter cloacae, BRHS/R-71, Paenibacillus polymyxa 

BRHS/R-72, B. methylotrophicus BRHS/P-91, Burkholderia symbiont BRHS/P-

92 and B. aerophilus BRHS/B-104. Bacterial phosphate solubilization was also 

associated with the lowering of the pH of the liquid medium. The results obtained 

in our present study is in accordance to the work conducted by Nenwani et al. 

(2010) where they have reported that soil fungi not only solubilized phosphate 

but also lowered the pH of the growth medium. In a previous study conducted on 

phosphate solubilization it was observed by Lugtenberg et al. (2002) that the 

principal mechanism for mineral phosphate solubilization is the production of 

organic acids, and acid phosphatases play a major role in the mineralization of 

organic phosphorus in soil. It is generally accepted that the major mechanism of 

mineral phosphate solubilization is the action of organic acids synthesized by soil 

microorganisms. Production of organic acids results in acidification of the 

microbial cell and its surroundings.  

 Many bacterial, fungal, yeast, and actinomycetes species capable of 

solubilizing sparingly soluble phosphorus in pure culture have been isolated and 

studied (Abd-Alla, 1994; Whitelaw, 2000). Among the bacterial genera 

Pseudomonas, Azospirillum, Bacillus, Rhizobium, Burkholderia, Arthrobacter, 

Alcaligenes, Serratia, Enterobacter, Acinetobacter, Flavobacterium and Erwinia 

are reported to be most efficient phosphate solubilizers. In this present study, 

Talaromyces flavus has been reported as a potential phosphate solubilizer for the 

first time (Chakraborty et al., 2012). This fungal isolate obtained from Paddy 

rhizosphere was also found to solubilize maximum amount of rock and tricalcium 
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phosphate than Aspergillus isolates. Among the bacterial isolates, though there 

have been many reports of potential PGPR like B. altitudinis, B. 

methylotrophicus, B. aerophilus and Burkholderia symbiont from other parts of 

the world, their occurrence in the Darjeeling hill soil has been reported for the 

first time.  

 The present study highlights the diversity of fungal and bacterial 

phosphate solubilizers present in Sub-Himalayan regions of Darjeeling Hills. 

Though this region is known world wide for its rich floral and faunal 

biodiversity, a very less work has been carried out in terms of microbial diversity 

has been carried out. However, Pandey et al., (2008) in their studies have 

reported that they were able to successfully characterize twenty one fungal 

species belonging to the genus Penicillum, from the Himalayan region, among 

them P. oxalicum showed maximum phosphate solubilization after day 21 of 

incubation. The increase in solubilization coincided with decrease in pH of the 

broth and that many of these species showed wide range of tolerance for 

temperature, pH and salt concentration. Similarly, potential bacterial isolates like 

Tetrathiobacter sp, Bacillus sp., as well as fluorescent pseudomonads isolated 

from Himalayan soils have been reported to solubilize phosphate efficiently in 

vitro (Gulati et al., 2012; Singh et al., 2013).  

 Another agriculturally important trait of fungal isolates which was studied 

was the chitinase and cellulase activities. In this study apart from the phosphate 

solubilizers, a large number of Trichoderma isolates were also obtained from 

various sources. A total of 26 isolates of T. harzianum, 10 of T. viride, 13 of T. 

asperellum and 6 of T. erinaceium were obtained from various sources and were 

tested for their ability to produce chitinase in vitro. The net exo and endo 

chtitinase activities of the isolates were determined specrtophotometrically. 

Among the T. harzianum isolates, two isolates designated as RHS/S-559 and 

RHS/S-560 obtained from the rhizosphere of Sechium edule showed maximum 

amount of both endo and exo chitinase activities; whereas among the T. viride 

isolates, isolate RHS/G 251 showed maximum activities. Similarly among the T. 

asperellum isolates, one isolate designated as RHS/S-561 showed maximum 

activities and among the T. erinaceium isolates, isolate RHS/Rd-551 showed 

maximum endo and exo chitinase activities. The microorganisms produce 

chitinases in higher amounts than animals and plants, generally as inducible 
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extracelullar that are of the two types, endochitinases and exochitinases. The 

microorganisms able to degrade chitin are widely distributed in nature. Due to its 

insolubility, size, molecular complexity and heterogeneous composition, chitin is 

not degraded inside the cell, but the microorganisms secrete enzymes with 

different specificity, to transform or hydrolyse chitin (Funkhouser and Aronson 

2007). Filamentous fungi have many different chitinases belonging to Glycoside 

hydrolases (GH) family 18 (Seidl 2008). The structural scaffold of the fungal cell 

is composed of chitin and β-(1,3) glucan (Latgé 2007). Fungal chitinases are 

therefore not only involved in exogenous chitin decomposition but also in fungal 

cell wall degradation and remodeling. The variability of fungal GH family 18 

proteins makes them ideal candidates for the development of enzymes acting on 

chitinous carbohydrates used in biotechnology. Besides chitinases, GH family 18 

in fungi also contains non-chitinolytic enzymes such as endo- β-N-

acetylglucosaminidases which can be used for protein deglycosylation (Stals et 

al., 2010). Most fungal chitinases that were characterized so far are involved in 

autolysis in various fungi (Aspergillus nidulans ChiB, A. fumigatus ChiB1, 

Penicillium chrysogenum PcChiB1, T. atroviride Ech42, T. harzianum Chit42 

and T. virens Cht42/Tv-Ech1). However, the contribution of these different 

chitinases to autolysis interestingly is strongly variable among the different fungi 

(Shin et al., 2009; Kamerewerd et al., 2011). T. atroviride Ech42 is involved in 

autolysis as well as in mycoparasitism (Gruber and Seidl-Seiboth 2011). These 

data suggest that the same chitinases can participate in self- and non-self cell wall 

degradation. It was suggested that the accessibility of chitin within the fungal cell 

wall could be a major determinant in these processes (Hartl et al., 2012). Among 

the fungi it is reported to be present in Trichoderma, Penicillium, Lecanicillium, 

Neurospora, Mucor, Beauveria, Lycoperdon, Aspergillus, Myrothecium, 

Conidiobolus, Metharhizium, Stachybotrys and Agaricus. (De la Cruz, 1992; St. 

Leger, 1998; Matsumoto et al., 2004). Further, mycoparasitic activity of many of 

the reported biocontrol agents is related with the production of cell wall 

degrading enzymes (CWDE), such as β-1,3-glucanases, proteases and chitinases 

(Narayanan et al., 2013). However, majority of known mycoparasite chitinase 

enzymes are from Trichoderma harzianum, Trichoderma atroviride, and 

Trichoderma virens and are commercially used as a source of these proteins. 

Additional interest in these enzymes is stimulated by the fact that chitinolytic 
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strains of Trichoderma are among the most effective agents of biological control 

of plant diseases (Harman et al., 1993; Vinale et al., 2009; Karlsson et al., 2010). 

 The antifungal activity of some compounds produced by fungi is due to 

their ability to affect function or the structure of the fungal cell of the pathogens. 

Such compounds include enzymes, antibiotics and proteins. Cell wall- 

degradating enzymes such as chitinases, -1,3-glucanases, proteases and cellulases 

are involved in the antagonistic activity of biocontrol agents against 

phytopathogenic fungi (De Marco et al., 2000). Therefore in this study, apart 

from chitinase activities of Trichoderma isolates, net-exo-cellulase activities of 

the fungal isolates were tested. Among the tested fungal isolates,  isolates of A. 

niger (FS/L-04, FS/L-40, FS/C-140, RS/P/14, FS/Td-173 and RHS/T-198), A. 

melleus (FS/L-13, FS/L-17, FS/L-18, RHS/R-12 and RS/P-05), A. fumigates 

(FS/R-263), A. clavatus (RHS/P-38, RHS/T-99, and RHS/P-114), P. digitatum 

(RHS/T-455 and RHS/C-338), P. italicum (RHS/M-403 and RHS/P-414), P. 

crysogenum (RHS/T-269), T. flavus (RHS/P-54, RHS/P-51, RHS/P-50 and 

RHS/P-120), T. harzianum (RHS/S-559 and RHS/S-560), T. viride (RHS/B-245 

and RHS/G-251), T. asperellum (RHS/S-561, RHS/Cd-601 and FS/L-188) and T. 

erinacium (RHS/T-626 and FS/Td-166) showed comparatively higher exo and 

endo cellulose activities.  Reports on chitinases, glucanases, cellulase, ribosome-

inactivating proteins, permatins and protease and the relative importance of any 

of these systems in the antagonistic process as antifungal agents are well 

documented (Duo-Chuan et al., 2005; Veenekar et al., 2001). High levels of 

cellulase produced by Trichoderm harzianum  and Talaromyces flavus have been 

reported by Haggag et al., (2006), where they have found that protease produced 

by Trichoderma harzianum and Talaromyces flavus grown in the presence of 

casein was highly effective in controlling brown spot disease caused by Botrytis 

fabae on faba bean. They have also reported that T. flavus exhibited high levels 

of extracellular protease activity compared with T. harzianum. Results obtained 

in this study also show a higher exo cellulase activity T. flavus than other tested 

isolates. The fungus species of Talaromyces flavus has been described as a 

biological control agent against several fungal pathogens including Sclerotium 

rolfsii, and Verticillium dahliae (Madi et al., 1997) and the agents of anthracnose 

and powdery mildew (Nozawa et al., 2004), and the action of fungal hydrolytic 

enzymes has been considered as the main mechanism involved in the antagonistic 
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process (Madi et al., 1997, Duo-Chuan, et al., 2005). Talaromyces flavus, a 

microorganism remarkable for its secondary metabolites with unique biological 

activities, enzymes applicable in the synthesis of saccharides, preparation of 

chiral building blocks or biotransformations, and for its application in pest 

biocontrol will certainly be a subject of interest for biotechnology and fungal 

based technology (Proska., 2010).  

 B. pumilus, B. altitudinis, B. methylotrophicus, B. aerophilus, 

Enterobacter cloacae, Paenibacillus polymyxa and Burkholderia symbiont were 

found to produce considerable amount of ACC deaminase in vitro. PGPMs have 

also been shown to directly stimulate plant growth through the activity of 1-

aminocyclopropane-1-carboxylic acid (ACC) deaminase that limits the plant 

ethylene levels and enhances growth. The enzyme is known to hydrolyze an 

important intermediate biosynthetic precursor of ethylene, 1-aminocyclopropane-

1-carboxylic acid (ACC) to ammonia and α-ketobutyrate (Laslo and others 2012). 

Lowering of ethylene levels by ACC deaminase activity thus reduces the 

inhibitory effect of ethylene on root elongation and promotes plant growth (Glick 

and others 1998).  ACC deaminase has been widely reported in numerous 

microbial species of gram negative bacteria (Babalola et al., 2003) gram positive 

bacteria (Ghosh et al., 2003) rhizobia (Uchiumi et al., 2004), endophytes (Pandey 

et al., 2005) and fungi (Jia et al., 1999). There are several reports, which support 

the hypothesis that ACC deaminase rhizobacteria have antagonistic effects 

against microbial pathogens. Rasche et al., (2006) reported that ACC deaminase 

bacteria were also capable of antagonizing at least one of the two potato 

pathogens Ralstonia solanacearum and Rhizoctonia solani. It is also very likely 

that ACC deaminase bacteria, apart from directly antagonizing pathogens, 

support the plant‘s resistance against pathogen attack. 

 On the other hand in the present study, isolates like B. pumilus, B. 

altitudinis, B. methylotrophicus, B. aerophilus, Enterobacter cloacae, 

Paenibacillus polymyxa and Burkholderia symbiont were also found to produce 

higher amount of IAA when grown in Tryptophan amended nutrient broth 

medium. Among the direct mechanisms, production of phytohormones most 

importantly auxins (IAA), by soil microorganisms is considered as one of the best 

traits for plant growth promoting (PGP) activities which directly effects root 

elongation and growth (Spaepen and Vanderleyden, 2011) and microorganisms 
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closely associated with the rhizosphere or rhizoplane of the crop plants have been 

found to produce higher amount of IAA than those not associated with the host 

plants (Spaepen et al., 2007). IAA is responsible for the division, expansion and 

differentiation of plant cells and tissues and stimulates root elongation. The 

ability to synthesize IAA has been detected in many rhizobacteria as well as in 

pathogenic, symbiotic and free living bacterial species (Tsavkelova et al. 2006). 

At present, auxin synthesizing rhizobacteria are the most well-studied 

phytohormone producers (Spaepen and Vanderleyden, 2011). Among PGPR 

species, Azospirillum is one of the best studied IAA producers (Dobbelaere et al. 

1999). Other IAA producing bacteria belonging to Aeromonas (Halda-Alija, 

2003), Azotobacter (Ahmad et al., 2008), Bacillus (Swain  et al., 2007; 

Chakraborty et al. 2010c, 2013), Burkholderia (Halda-Alija, 2003), Enterobacter 

(Shoebitz et al., 2009), Pseudomonas (Hariprasad and Niranjana 2009), 

Rhizobium (Ghosh et al. 2008) and Cyanobacteria (Prasanna et al., 2010; 

Boopathi et al., 2013).  

 Out of a total of 135 bacterial isolates, obtained from various sources of 

Darjeeling hills, 48 isolates showed phosphate solubilizing abilities. Similarly all 

the phosphate solubilizing isolates were screened for Siderophore and HCN 

production. The results of this preliminary screening presented showed that out of 

these 48isolates, 27 isolates showed positive teats for siderophore production and 

nine isolates produced HCN. Finally eight bacterial isolates (BRHS/C-1; 

BRHS/P-22; BRHS/R-71; BRHS/R-72; BRHS/S-7; BRHS/P-91; BRHS/P-92 and 

BRHS/B-104) which showed positive results for the all the PGP characters like 

phosphate solubilization, siderophore and HCN production were selected for 

further evaluation.  Some rhizobacteria are capable of producing HCN 

(Rezzonico et al., 2007). HCN is a volatile, secondary metabolite that suppresses 

the development of microorganisms and that also affects negatively the growth 

and development of plants.  HCN is a powerful inhibitor of many metal enzymes, 

especially copper containing cytochrome C oxidases. HCN is formed from 

glycine through the action of HCN synthetase enzyme, which is associated with 

the plasma membrane of certain rhizobacteria (Blumer and Haas 2000). To date 

many different bacterial genera have shown to be capable of producing HCN, 

including species of Alcaligenes, Aeromonas, Bacillus, Pseudomonas and 

Rhizobium (Devi et al., 2007; Ahmad et al., 2008; Kumar et al., 2012; Kadyan et 
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al. (2013). Various studies attribute a disease protective effect to HCN, e.g. in the 

suppression of ―root-knot‖ and black rot in tomato and tobacco root caused by the 

nematodes Meloidogyne javanica and Thielaviopsis basicota, respectively 

(Siddiqui et al., 2006). However, there are investigations reporting harmful 

effects on plants, inhibition of energy metabolism of potato root cells (Bakker 

and Schippers 1987), and reduced root growth in lettuce (Alström and Burns 

1989). Likewise, HCN produced by Pseudomonas in the rhizosphere inhibits the 

primary growth of roots in Arabidopsis due to the suppression of an auxin 

responsive gene (Rudrappa et al. 2008; Martínez-Viveros, 2010).  

 Siderophores are low molecular weight compounds that are produced and 

utilized by bacteria and fungi as iron (Fe) chelating agents. These compounds are 

produced by various types of bacteria in response to iron deficiency which 

normally occurs in neutral to alkaline pH soils, due to low iron solubility at 

elevated pH (Sharma and Johri 2003). Iron is essential for cellular growth and 

metabolism, such that Fe acquisition through siderophore production plays an 

essential role in determining the competitive fitness of bacteria to colonize plant 

roots and to compete for iron with other microorganisms in the rhizosphere 

(Crowley 2006). Siderophore producing PGPR can prevent the proliferation of 

pathogenic microorganisms by sequestering Fe
3+

 in the area around the root 

(Siddiqui 2006). Fe depletion in the rhizosphere does not affect the plant, as the 

low Fe concentrations occur at microsites of high microbial activity during 

establishment of the pathogen. Many plants can use various bacterial 

siderophores as iron sources, although the total concentrations are probably too 

low to contribute substantially to plant iron uptake. Plants also utilize their own 

mechanisms to acquire iron; dicots via a root membrane reductase protein that 

converts insoluble Fe
3+

 into the more soluble Fe
2+

 ion, or in the case of monocots 

by production of phytosiderophores (Crowley 2006). Various studies have 

isolated siderophore producing bacteria belonging to the Pseudomonas (Boopathi 

and Rao 1999), Serratia (Kuffner et al. 2008; Chakraborty et al. 2010c), 

Streptomyces (Kuffner et al. 2008)  Bacillus sp. (Chakraborty et al. 2006) and 

Ochrobactrum anthropi (Chakraborty et al. 2009)   which could promote growth 

of crop plants and suppress disease. Thus it is clear that all these direct 

mechanisms exhibited by different fungal and bacterial isolates in this study are 
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agriculturally important traits on the basis of which these microorganisms were 

selected for all other experiments.   

 A total of twenty six T. harzianum isolates, ten T. viride isolates, thirteen 

T. asperellum isolates and five T. erinacium isolates were obtained from different 

sources of Darjeeling hills. All these isolates were initially tested for their 

antagonistic effects against the fungal plant pathogens (S. rolfsii and T. 

cucumeris) in vitro .A potential phosphate solubilizer, Talaromyces flavus 

obtained from the rhizosphere of paddy was also taken up for in vitro antifungal 

analysis. Isolates of T. harzianum (RHS/S-559 and RHS/S-560), T. asperellum 

(RHS/S-561), T. erinaceium (RHS/T-439) and T. viride (FS/L-186) showed 

maximum inhibitory activities. Interactions of the antagonists and fungal 

pathogens were also studied with the help of scanning electron microscopy. The 

SEM micrographs revealed that the Trichoderma mycelium profusely parasitizes 

the pathogen mycelium and inhibits is growth. At later stage of growth, the 

pathogen is completely overgrown by the antagonists. On the other hand, T. 

flavus could inhibit mycelial growth and development of S. rolfsii in dual culture. 

Sclerotial germination of S. rolfsii with cell free culture filtrates of T. flavus 

showed 90-95 % inhibition in comparison to control. Similarly among the 

bacterial isolates, Bacillus pumilus, Enterobacter cloacae, Paenibacillus 

polymyxa, B. altitudinis, B. methylotrophicus, Burkholderia symbiont and B. 

aerophilus that showed positive result for all the tested PGP characteristics were 

tested for their antifungal activities against the fungal pathogens Sclerotium 

rolfsii, Thanatophorous cucumeris, Rhizoctonia solani and Macrophomina 

phaseolina. All these bacterial isolates were found to inhibit the test pathogens 

where the average inhibition percentage renged from 60- 80%.  

 Species of the fungal genus Trichoderma are typically soil dwellers, 

existing as anamorphs belonging to the sub-division Deuteromycotina (fungi 

imperfecti) (Hawksworth, et al., 1983) and are fast growing fungi which are 

commonly found in a variety of soil types, such as, agricultural, prairie, forest, 

salt marsh and desert soils in all climatic zones (Domsch et al., 1980). 

Trichoderma species constituted up to 3% of the total fungal propagules in a wide 

range of forest soils (Brewer et al. 1971) and has been extensively studied as 

biological control agents against soil borne plant pathogenic fungi (Chet and 

Inbar, 1994). The genus Trichoderma has six important species; Trichoderma 
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harzianum, T. koningii, T. longibrachiatum, T. pseudokoningii, T. viren and T. 

viride. (Gajera et al., 2013). Apart from these, two other species, T. asperellum 

and T. citrinoviride have been proposed (Kuhls et al., 1999). 

 One of the most studied interaction between Trichoderma spp. and fungal 

pathogens is Mycoparasitism, it is a process of direct attack of one fungus on 

another. It is a very complex process that involves sequential events, including 

recognition, attack and subsequent penetration and killing of the host. 

Trichoderma sp. may exert direct bio-control by parasitizing a range of fungi, 

detecting other fungi and growing towards them. The remote sensing is partially 

due to the sequential expression of pathogenesis related proteins, mostly 

chitinases, glucanases and proteases (Harman et al., 2004). Mycoparasitism 

involves morphological changes, such as coiling and formation of appressorium 

like structures, which serve to penetrate the host and contain high concentrations 

of osmotic solutes such as glycerol (McIntyre et al., 2004). Trichoderma attaches 

to the pathogen with cell wall carbohydrates that bind to pathogen lectins. Once 

Trichoderma is attached, it coils around the pathogen and forms the appressoria. 

The following step consists of the production of pathogenesis related enzymes 

and peptaibols (Howell et al., 2003) which facilitate both the entry of 

Trichoderma hyphae into the lumen of the parasitized fungus and the assimilation 

of the cell wall content. These changes were evident in this study where SEM 

studies revealed that the pathogen cell walls were ruptured followed by extensive 

colonization by Trichoderma harzianum.  Inch and Gilbert,( 2011) studied the 

chronological events associated with the interaction between a strain of 

Trichoderma harzianum T472, with known biological control activity against 

perithecial production of Gibberella zeae, with scanning electron microscopy to 

investigate the mechanisms of control. They observed that the cells of the outer 

wall of these perithecia were abnormal in appearance and unevenly distributed 

across the surface grown on straw treated with Trichoderma. Immature perithecia 

were colonized by T. harzianum approximately 15 d after inoculation (dai) with 

the biocontrol agent and pathogen. Few perithecia were colonized at later stages. 

The affected perithecia collapsed 21 dai, compared to the perithecia in the control 

samples that began to collapse 28 dai. Abundant mycelium of T. harzianum was 

seen on the perithecia of treated samples.  
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 Talaromyces flavus (RHS/P-51, NAIMCC-F-01948) was found to inhibit 

a number of root pathogens in vitro. T. flavus is the most common species of its 

genus with a worldwide distribution and is commonly isolated from soil and 

organic substrates in warmer regions (Domsch et al., 1993). Several strains of T. 

flavus have been reported from soil and termite mounds in Trat, Sakon Nakhon, 

Bangkok and Mae Hong Son which were isolated using the heat and alcohol 

treatment methods (Manoch, 2004).  This fungus is sometimes reported as 

Penicillium vermiculatum, belongs to the family Trichocomaceae of the 

Ascomycota and is an anamorph of Penicillium dangeardii. Strains of T. flavus 

can produce novel bioactive compounds, such as actofunicone, deoxy- funicone 

and vermistatin, which reinforce the anti Candida albicans activity of miconazole 

(Arai et al., 2002). T. flavus has been reported as biological control agent against 

several plant pathogenic fungi, such as Verticillium dahliae, causing wilt of 

eggplant in Israel (Madi et al., 1997), Sclerotinia sclerotiorum, causing white 

mold of dry bean in Canada (McLaren et al., 1986) and Sclerotium rolfsii, 

causing stem rot of bean in Israel (Fravel, 1996) and Vigna radiata (Chakraborty 

et al., 2012).The mechanisms for biocontrol included mycoparasitism (McLaren 

et al., 1986; Fahima et al., 1992; Madi et al., 1997), antibiosis (Stosz et al., 1996) 

and competition (Marois et al.,1984,). 

Apart from fungal antagonists, bacterial isolates which showed positive results in 

all the tested PGP traits could also inhibit a large number of fungal pathogens in 

vitro. Some common examples of PGPR genera exhibiting plant growth 

promoting activity are: Pseudomonas, Azospirillum, Azotobacter, Bacillus, 

Burkholdaria, Enterobacter, Rhizobium, Erwinia, Mycobacterium, 

Mesorhizobium, Flavobacterium, etc. (Singh, 2013;Chakraborty et al., 2013; 

Bhattacharya and Jha, 2012). The potential PGPR isolates  obtained in this study 

are Bacillus spp, Paenibacillus polymyxa, Enterobacter cloacae as well as 

Burkholderia spp. PGPR belonging to the genus Bacillus is recognized as one of 

the most effective biological control agent because of their properties like 

pathogens inhibition (Schisler et al., 2004; Sid et al., 2003; Abbasi et al., 2011; 

Kadyan et al., 2013), production of antibiotics such as bacitracin, polymyxin, and 

gramicidin, (Li et al., 2009), competition to occupy an ecological niche and 

metabolize root exudates on pathogens affecting their growth (Doornbos et al., 

2012). Species of Bacillus and Paenibacillus is well documented and PGPR 
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members of the genus Bacillus can provide a solution to the formulation problem 

encountered during the development of BCAs to be used as commercial products, 

due to their ability to form heat and desiccation-resistant spores (Kloepper et al. 

2004; Pathak and Keharia, 2013). On the other hand, species of Enterobacter are 

generally reported as endosymbionts but are also found to occur freely (Dutta and 

Podile, 2010). Fatty acid methyl ester (FAME) profiling and BOX PCR analysis 

of the rhizosphere soil DNA of few cereal crops have revealed that the 

Enterobacteriaceae are the most diverse growth promoting population of Gram-

negative bacteria associated with rice seeds, among which Pantoea spp. and 

Enterobacter spp. are dominating populations (Cottyn et al., 2001). In 

accordance with their degree of association with the plant root cells, PGPR can 

be classified into extracellular plant growth promoting rhizobacteria (ePGPR) and 

intracellular plant growth promoting rhizobacteria (iPGPR) (Martinez-Viveros et 

al. 2010). The ePGPR may exist in the rhizosphere, on the rhizoplane or in the 

spaces between the cells of root cortex; on the other hand, iPGPRs locates 

generally inside the specialized nodular structures of root cells. The bacterial 

genera such as Agrobacterium, Arthrobacter, Azotobacter, Azospirillum, 

Bacillus, Burkholderia, Caulobacter, Chromobacterium Erwinia, 

Flavobacterium, Micrococcous, Pseudomonas and Serratia belongs to ePGPR 

(Gray and Smith 2005). The iPGPR includes the endophytes and Frankia species 

both of which can symbiotically fix atmospheric N2 with the higher plants 

(Verma et al., 2010).  

It is therefore apparent from all these reports that there is an existence of diverse 

group of beneficial microorganisms in the soil which has also been observed in 

this present study.   

 On the basis of preliminary studies, morphological and functional 

diversity among both fungal and bacterial isolates were observed. This diversity 

was unique for certain species and locations. However in order to study the 

diversity among the beneficial group of fungal and bacterial isolates at molecular 

level the most common DNA based technique- Random Amplified Polymorphic 

DNA (RAPD) was utilized. RAPD is a method developed by Williams et al., 

(1990)
 
involves simultaneous amplification of several anonymous loci in the 

genome using primers of arbitrary sequence has been used for genetic, taxonomic 

and ecological studies of several fungi.   Among the total collection of 
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phosphate solubilizers genetic relatedness among four isolates of Aspergillus 

niger (FS/L-04, RS/P-14, FS/L-40, FS/C-140), four isolates of A. melleus 

(RHS/R 12, FS/L 13, FS/L 17, FS/L 18), three isolates of  A. clavatus (RHS/P 38, 

RHS/P-114, RHS/T-99) and four isolates of Talaromuces flavus (RHS/P 50, 

RHS/P 51, RHS/P 54, RHS/P 120) was carried out using decamer primers. Out of 

the 30 loci scored only 12 (40 %) were polymorphic. However, the primers 

differed in their capacity to detect polymorphism. Highest level of polymorphism 

was recorded in primer OPD-5 (75.00 %) followed by OPB-2 (62.50 %), OPD-6 

(40.00 %) and AA-5 (26%). Though all these isolates were functionally similar, 

the degree of similarity between T. flavus and Aspergillus isolates ranged from 

14.00 % to 22 % (Moderate dissimilar values). PCA of the similarity coefficient 

values further revealed that each group of phosphate solubilizers were grouped in 

separate clades. Among the Biocontrol agents, isolates T. harzianum (RHS/S- 

559, RHS/S 560, RHS/M 501, RHS/M 511) and T. asperellum (RHS/S 561, 

RHS/M 512, RHS/M 517) were found to show maximum inhibitory effect 

against fungal pathogens in vitro. Analysis of genetic relatedness on the basis of 

RAPD analysis revealed that  out of the 17 loci scored only 10 (58.82 %) were 

polymorphic. However, the primers differed in their capacity to detect 

polymorphism. Highest level of polymorphism was recorded in primer AA-05 

(62.50 %) followed by AA-11 (55.55 %) and overall the degree of similarity 

between T. harzianum and T. asperellum isolates ranged from 28.00 % to 71.00 

% (Moderate dissimilar values). Since all the bacterial isolates were identical in 

their function and biochemical analysis, genetic relatedness among all the 135 

bacterial isolates were carried out using decamer primers. The average number of 

polymorphic bands produced by the primer OPD-05 was 7 and the highest degree 

of polymorphism recorded was 63.63 % followed by OPD-02 (57.10 %), AA-11 

(40.00%), OPD-06 (37.50 %), AA-05 (33.33%), OPA-04 (28.57 %). Similarly, 

Similarity co-efficient reveals that most of the bacterial isolates belonging to the 

same genera and species showed highest degree of similarity. Overall all the 

bacterial isolates were separated into four major cluster irrespective of their 

origin and biochemical similarities. PCA analysisof the similarity coefficient 

values revealed that all the bacterial isolates exhibited a wide degree of genetic 

diversity which has been represented with a number of dispersed points 

distributed in the plot area.  
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Random amplification of genomic DNA for analysis of genetic diversity across a 

wide group of organisms is a useful and rapid technique to understand the genetic 

relatedness among the organisms which will be further helpful for more complex 

analysis (Muthumeenakshi, 1994). Latha et al. (2002), and Venkateswarlu (2008) 

who studied genetic variability among the isolates of Trichoderma by RAPD 

using random primers were able to detect considerable amount of genetic 

variation even among isolates of same locations and RAPD primers belonging to 

different operon series further generated 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 

isolates.  Chakraborty et al., 2010, 2011a and 2011b have successfully shown that 

RAPD markers can be successfully used to study variation among fungal isolates 

across several groups and regions. Various phenotypic and genotypic 

methodologies are being used to identify and characterize bacteria. Although 

phenotypic methods play a significant role in identification but the molecular 

methods are more reliable and authenticated for identification and to study 

genetic diversity of bacterial isolates. Major molecular techniques include PCR 

(Polymerase chain reaction), RAPD (randomly amplified polymorphic DNA), 

RFLP (restriction fragment length polymorphism), AFLP (amplified fragment 

length polymorphism), SSR (single sequence repeats) and 16S-rRNA gene 

sequencing. RAPD is the most reliable, rapid and practical method (Mehmood et 

al., 2008) and is used in studying genetic variations among many organisms 

(Madhavan et al., 2010). Shweta et al., 2013 have demonstrated that Aspergillus 

isolates which were functionally different were also identical in their genetic 

makeup when analyzed with the help of RAPD markers.  

RAPD analysis was successfully used in developing genotype fingerprints of 

nineteen Trichoderma isolates namely T. harzianum (five strains), T. 

pseudokoningii, (one strain), T. koningii, (one strain) and the other unidentified 

species (Magdy et al.,2012).  

 A second level of study was conducted to analyze a specific gene 

sequence of selected and closely related group of microorganisms to draw 

variations in their genetic makeup. This was achieved with sequence data from 

the ITS 1 region of the ribosomal gene complex. In general, sequence data from 
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the ITS 1 region of the selected isolates were tested which was distinguished by 

Denature Gradient Gel Electrophoresis (DGGE).  In the 1980s, denaturing 

gradient gel electrophoresis (DGGE) was developed by Fischer and Lerman, and 

this technology was used as a method of detecting mutations in the microbial 

DNA (Fischer and Lerman, 1983). Muyzer et al., (1993) used DGGE to study the 

structure of the microbial community and proved its advantages in probing the 

genetic diversity of the natural microbial community and community difference. 

Ten years later, DGGE was widely used in various fields of microbial molecular 

ecology (Sanchez et al., 2007; Yu et al., 2010). DGGE has also been used as a 

powerful technique for the identification of dominant microbial species in various 

environmental samples (Zhao et al., 2006; Mavragani et al., 2011). By the 

analysis of the bands migrating separately on the DGGE gels, polymerase chain 

reaction denaturing gradient gel electrophoresis (PCR-DGGE) has succeeded in 

obtaining phylogenetic information about the microorganisms. Liu et al. (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. Vendan et al., 2012, while 

conducting their studies on the shifts in the PCR-DGGE profiles of bacterial 

communities associated with the rhizosphere soil of ginseng at varying age levels 

have suggested that DGGE profiles can be used to detect low levels of similarity 

values even among the members of the same genus. In a similar study, Rytkonen 

et al., (2011) have demonstrated that PCR-DGGE method can be used to detect 

multiple species of Phytopthora directly in infected plant tissues by using 

Phytopthora specific primers and have suggested that very closely related species 

can be detected using this technique.  On the other hand Sun et al., (2013) have 

suggested that PCR-DGGE technique is not only helpful in knowing un-cultured 

communities but also helps to track the populations of known organisms with the 

help of reference sequences. They further suggested that microbial communities 

of ecological samples other than soils can also be effectively monitored. All these 

studies support the findings of this study where PCR-DGGE was successfully 

used to distinguish between different groups of functionally similar 

microorganisms. The technique which depends on slight variation of the similar 
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gene sequences was useful enough to determine genetic diversity of even closely 

related fungal and bacterial isolates.  

 The next phase of investigation was the analysis of rDNA sequences of 

selected, pathogen, PSF, BCA and PGPR isolates for identification and 

phylogenetic placements. For in vitro antagonistic studies and for in vivo disease 

suppression studies, one very notorious fungal pathogen, Thanatephorus 

cucumeris was isolated from naturally infected Vigna radiata seedlings. The 

pathogenicity of the obtained fungal pathogen was confirmed through Koch‘s 

postulate and used for further studies; the pathogen was coded as RHS/V-566. 

The identity of this pathogen was confirmed with the help of 18S rDNA 

sequences obtained by ITS-PCR amplification of genomic DNA with the help of 

Universal primers. After direct sequencing of the ITS-PCR amplicons, the 

sequences were queried against the ex-type sequences of NCBI-GEnbank 

database through BLAST algorithm.  The analysis revealed isolate RHS/V-566/ 

NAIMCC-F-02903 to have 99% homology with Thanatephorus cucumeris. The 

sequences were approved as 18S rRNA gene sequence by NCBI after complete 

annotation (base pair after annotation= 1,400). The accession number for isolate 

T. cucumeris provided by NCBI is JN248540. Multiple sequence alignment of the 

sequences showing maximum identity score (96-99 %) along with the sequence 

of R. solani was conducted to determine sequence homology using CLUSTAL-W 

software. Similarly, among all the phosphate solubilizing fungal isolates, isolate 

RHS-P-51/NAIMCC-F-01948, which was initially identified on the basis of 

morphological characters as Talaromyces flavus, was found to be the most 

potential PSF and its identity was also confirmed on the basis of 18S rDNA 

sequences. The obtained sequence (8000 bp) was further used to query against 

NCBI Genbank sequences through BLAST. The analysis revealed isolate RHS/P-

51 to have 100% homology with Talaromyces flavus. The sequences were 

approved as 18S rRNA gene sequence by NCBI after complete annotation (base 

pair after annotation= 1,230). The accession number for isolate T. flavus provided 

by NCBI is GU324073. Multiple sequence alignments and phylogenetic analysis 

of T. flavus was conducted based on the 18S rDNA sequences of some commonly 

occurring phosphate solubilizers (A. niger, A. melleus and A. clavatus) obtained 

from NCBI Genbank database. The phylogenetic tree shows that T. flavus is 

closely related to A. niger group whereas distantly related to A. clavatus group. In 
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case of Trichoderma isolates, isolates, FS/L-20, SF/S-474, FS/S-475, FS/S-478, 

RHS/T-460, RHS/S-559, RHS/S-560 and RHS/S-561 showed highest amount of 

antagonistic activities against the fungal pathogens. The identity of all these BCA 

isolate were also confirmed with help of 18S rDNA sequences amplified with the 

help of Trichoderma specific universal primers. The BLAST analysis of the 

individual gene sequences confirmed the identities of these isolates as, 

Trichoderma erinaceum (FS/L-20 (NAIMCC-01949), FS/S-474 (NAIMCC-F-

01960), FS/S-475 (NAIMCC-F-01953), FS/S-478(NAIMCC-F-01954) 

Trichoderma harzianum (RHS/S-559 (NAIMCC-F-01968), RHS/S-

560(NAIMCC-F-01966) and Trichoderma asperellum (RHS/S-561(NAIMCC-F-

01967). The accession number for all these isolates, provided by NCBI are 

HM107419, GU187915, GU191829, HM117841, HQ334995, HQ334997, 

HQ334995 and HQ334996 for T. erinaceum, T. harzianum and T. asperellum 

isolates respectively. The 18S DNA sequence based phylogenetic analysis of T. 

harzianum, T. asperellum and T.erinaceum isolate was conducted with other ex-

type strains btained from NCBI-Genbank database which showed maximum 

homology (98-100 %) with the respective query sequences. The phylogenetic tree 

showed that there is a geographical variation among the isolates. The isolates 

belonging to the same geographical zone were clustered in the same clade. Over 

all 18S rDNA sequences show that isolates of T. harzianum (Telomorph-

Hypocrea lixii) is closely related to                        T. erinaceum which is 

indicated by their position in the phylogenetic tree, whereas                T. 

asperellum isolates showed comparatively lesser affinity with T. harzianum 

isolates. Though T. viride was used as an out group for this analysis they 

remained dispersed showing more or less affinities with all the three groups of 

Trichoderma spp. Among the PGPR isolates, from the total collection of 135 

bacteria, at least 48 isolates were found to solubilize phosphate however only 

eight bacterial isolates viz BRHS/C-1, BRHS/P-22, BRHS/R-71, BRHS/R-72, 

BRHS/S-73, BRHS/P-91, BRHS/P-92 and BRHS/B-104 were found to be the 

best PGPR with promising PGP traits in vitro. In case of bacterial isolates, 16S 

rDNA specific primers were used. The ITS region of the bacterial isolates were 

amplified with the help of universal primer pair. After direct sequencing of the 

PCR product 16S rRNA gene sequence of approximately 800 to 1,400 base pairs 

were obtained. The obtained sequence was further used to query against NCBI 
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Genbank sequences through BLAST. The analysis revealed isolate BRHS/C-1 

had 99 % similarity with Bacillus pumilus, BRHS/P-22 showed 98% with 

Bacillus altitudinis, BRHS/R-71 showed 98 % similarity with Enterobacter 

cloacae, BRHS/R-72 had 99 % similarity with Paenibacillus polymyxa, BRHS/S-

73 had 99% homology with Bacillus altitudinis,BRHS/P-91 had 99 % similarity 

with Bacillus methylotrophicus, BRHS/P-92 had 99 % similarity with 

Burkholderia sp. and BRHS/B-104 had 99 % similarity with Bacillus aerophylus. 

The sequences were approved as 16S rRNA gene sequence by NCBI after 

complete annotation. The NCBI Accession numbers for each isolate is JF836847, 

HQ849482, KC703974, KC703775, JF899300, JQ765577, JQ765578 and 

KC603894 respectively.  

 Methods commonly used in taxonomy can be utilized to differentiate 

between organisms from such communities, but they require cultivation of 

purified isolates from environmental samples (Mahaffee and Kloepper, 1997). 

Therefore, approaches detecting the diversity of directly extracted signature 

molecules of microorganisms, such as fatty acids (Frostegård, etal., 1996) or 

DNA (Zhou et al., 1997), have been developed. DNA-based characterization 

techniques have the advantage that specific genes can be amplified from a 

community mixture or pure culture by PCR and that products of such 

amplifications can be further characterized, e.g., by subcloning and DNA 

sequencing.   Such data can be directly compared to DNA sequence databases 

and thus provide information about similarity to already-known genes (Ueda et 

al., 1995). Molecular methods have recently been introduced into fungal 

taxonomy for distinction between teleomorphs (Samuels et al., 2002). These 

techniques have been proven to be valuable tools in fungal taxonomy and their 

application has led to the reconsideration of several genera (Sherriff et al., 2007). 

Taylor, et al., (1999), demonstrated that molecular techniques indicating 

interrelations among species combined with phenotypic characters, can lead to a 

reliable taxonomy that is reflective of phylogenetic relationships. Internal 

transcribed spacer sequences of ribosomal DNA (rDNA) analysis and universally 

primed polymerase chain reaction have been used to categorize the isolates of 

biocontrol agents (Rameshkumar et al., 2012). Jeewon et al., 2013, in their 

studies related to the identification and phylogenetic characterization of 

endophytic and saprobic fungi from a medicinal plant- Antidesma 
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madagascariense have reportedthe presence of Aspergillus, Guignardia, 

Fusarium, Penicillium, Pestalotiopsis, and Trichoderma for the first time in the 

leaves of Antidesma madagascariense, the identities of the fungal isolates were 

confirmed with the help of 18S rDNA sequences. Phylogenetic analyses revealed 

that fungi recovered belong to 5 different fungal lineages (Hypocreaceae, 

Trichocomaceae, Nectriaceae, Xylariaceae, and Botryosphaeriaceae). DNA data 

from the ITS regions were reliable in classification of all recovered isolates up to 

genus level. They were able to successfully show the reliability of ITS sequence 

data for possible identification and discovering of evolutionary scenarios among 

isolates that do not sporulate under cultural conditions.  

 rDNA sequences were further analyzed to compare nucleotide 

frequencies, DNA molecular weights, and number of open reading frames (ORF) 

of individual sequences. Number of ORFs varied in different groups and 

individual organisms. The nucleotide combinations like-G, A, T, C, GG, GA, GT, 

GC, AG, AA, AT, AC, TG, TA, TT, TC, CG, CA, CT, CC [G,C] and [A,T] of all 

the individual PSF, BCA and PGPR isolates were determined. Chakraborty et al., 

2011a, 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, the present study shows that 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. This analysis 

could have other applications in DNA barcoding besides cluster analysis. The 

determination of frequencies of DNA strings would enable easy identification of 

taxon-specific strings that can be used as taxon specific probes in DNA chip for 

species identification. 

 Series of in vivo experiments were carried out next with the selected 

phosphate solubilizing fungi, Biocontrol agents and PGPR isolates to determine 

their plant growth promoting activity in the field and potted conditions. On the 

basis of initial screening of fungal isolates for phosphate solubilization, A. niger 

FS/L-04, A. melleus FS/L-17, A. clavatus RHS/P-38 and T. flavus RHS/P-51 

were found to be most efficient phosphate solubilizers. Evaluation of these 

isolates for enhancement of growth of six different crop plants viz. Phaseolus 

vulgaris, Glycine max, Cicer arietinum, Vigna radiata, Pisum sativum and Oryza 
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sativa in green house condition was carried out. These PFS isolates were applied 

separately to the soils after multiplying them in farm yard manure. Seeds were 

then sown in PSF amended soils which resulted in significant increase in growth, 

measured in terms of height, leaf number and dry biomass over similar increase 

in control. Effect of T. flavus amendment was found to be significantly higher in 

all the tested crops in comparison to the other Aspergillus isolates. Enhancement 

of growth by these phosphate solubilizing fungal isolates was directly associated 

with the soil phosphate mobilization. All the PSF isolates could solubilize 

phosphate in vitro as evident by the appearance of halo zone around the colony in 

PVK medium. The potential of these isolates were further tested in the pot 

conditions where they were amended in the soil. The total residual phosphate in 

un-inoculated soil was found to be much higher than the soil amended with PSF 

isolates while root and leaf phosphate contents significantly increased in plants 

grown in PSF amended soil comparison to control. The total soil phosphate 

content was reduced by almost 50% by   T. flavus compared to other PSF isolates. 

Similarly, the total phosphate content of the roots and leaves was also higher in 

all the crops treated with T. flavus. Among the test crops, soil phosphate content 

of Glycine max was reduced to a greater extent, however root and leaf phosphate 

content was found to be maximum in case of Pisum sativum. In all the cases the 

difference between the treated and control was found to be significant at the level 

P=0.5 when tested with students‗t‘ test.  As phosphate solubilization is a prime 

process for plant growth, the importance of phosphate solubilizing 

microorganisms is well recognized (Velazquez and Rodriguez-Barrueco 2007).  

Earlier studies with other isolates have shown them to possess plant growth 

promoting and or biocontrol activities. Though records of phosphate solubilizing 

isolates from the Indian Himalayan soil are very few, the available literatures in 

recent times have suggested that Aspergillus and Penicillium in particular, 

survive and dominate in acidic and low-temperature areas of the Indian 

Himalayan region (Pandey et al., 2008). Rinu and Pandey (2010) in their study 

have isolated pH and cold tolerant species of Aspergillus from the Himalayan soil 

and have studied their growth requirements and tricalcium phosphate 

solubilization at different temperatures and have found that Aspergillii from 

different locations could efficiently solubilize phosphate at different 

temperatures. The results obtained in our present study is in accordance to the 
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work conducted by Nenwani et al., (2010) where they have reported that soil 

fungi not only solubilized phosphate but also enhanced phosphate uptake in 

plants grown in nursery condition.There have been earlier reports that Aspergillii 

are potential phosphate solubilizers and can enhance plant growth (Chakraborty 

et al., 2008). Apart from Aspergillus and Penicillium isolates which are the most 

common phosphate solubilizers in the soil, Talaromyces flavus has also been 

reported as a potential phosphate solubilizer by (Chakraborty et al., 2012) for the 

first time.  Talaromyces flavus (Klocker) Stolk and Samson is one of the most 

important species of antagonistic fungi. This ascomycete is frequently isolated 

from soil, although it may also occur on organic materials undergoing 

decomposition (Domsch et al., 1980). The organic soluble metabolites of this 

fungus include D-glucono-1,4-lacton; 5-hydroxymethylfurfural; 4,6-dihydroxy-5-

methylphthalimide; methyl 4-carboxy-5-hydroxyphethalal dehydrate; hexaketide; 

7- hydroxy-2,5-dimethylchromone; 3-hydroxymethyl-6,8-dimethoxycoumarin; 

altenusin, desmethyldehydroaltenusin, talaroflavone, deoxytalaroflavone, 2-

methylsorbic acid, sorbic acid, bromomethylsorbic acid, and bromosorbic acid 

(Ayer and Racok 1990; Wakelin and others 2004). Some of above-mentioned 

metabolites (2-methylsorbic acid, sorbic acid, bromomethylsorbic acid, and 

bromosorbic acid) play a fundamental role in the biogeochemical cycling of 

phosphorus (P) in natural and agricultural ecosystems (Wakelin et al., 2004). 

Pandya and Saraf (2010) have found that T. flavus after inoculation to the soil in 

the cotton and potato fields of Iran could mobilize nutrients, help mineralization 

and facilitated nutrientsand water. Naraghi et al, (2012) have shown that 

antagonistic fungus Talaromyces flavus enhances growth of cotton and potato 

when a combined method of seed treatment and direct application to the soil was 

followed in their split-plot trial experiments. Measured parameters were root 

length, crown length, plant height, plant fresh weight, and plant dry weight. The 

type of growth promotion may be similar to that produced by the addition of 

Trichoderma spp. which has been found to enhance the growth of various plants 

(Contreras- Cornejo et al., 2009; Hajieghrari et al., 2010; Masunaka et al., 2011). 

There is overwhelming evidence in the literature indicating that plant growth-

promoting fungi (PGPF) can be a true success story in sustainable agriculture 

(Sudha et al., 2011). In fact, through their numerous direct and indirect modes of 
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action, PGPF can allow a significant reduction in the use of pesticides and 

chemical fertilizers.  

 Among the several isolates of PGPR obtained from different regions of 

Darjeeling hills, seven PGPR isolates, Bacillus pumilus BRHS/C-1, Enterobacter 

cloacae BRHS/R-71, Paenibacillus polymyxa BRHS/R-72, B. altitudinis 

BRHS/S-73, B. methylotrophicus BRHS/P-91, Burkholderia symbiont BRHS/P-

92 and B. aerophilus BRHS/B-104 were selected for in vivo evaluation of their 

effects on growth differsnt crop plants. In the first set of field trials, effect of 

PGPR on growth of Vigna radiata, Cicer arietinum, Glycine max and Triticum 

aestivum was evaluated. All the crops were grown at different intervals according 

to their growing season in complete randomized block design. Evaluation of their 

effect on overall growth and development of the test crops were computed in 

terms of shoot length, root length and shoot and root fresh weight. Results 

revealed that seed bacterization followed by application of the bacterial isolates 

as soil drench to the natural environment could enhance growth of all the tested 

crop plants. However, B. altitudinis BRHS/S-73 followed by B. pumilus 

BRHS/C-1 could enhance growth of all the tested crops more efficiently. In the 

second set of trials, B. altitudinis BRHS/S-71 and B. pumilus BRHS/C-1 were 

further tested for their effect in enhancing the growth of four different varieties of 

tea seedling (TV-9, TV-20, TV-25 and TV-26) in nursery conditions where they 

were applied to the rhizosphere of six month old tea plants in nursery conditions 

at a regular interval of 15 days for one month. Growth promotion of different 

varieties by individual bacterium was noted as compared to untreated control in 

terms of increase in height, leaf fresh and dry mass. Results revealed an increase 

in all the parameters by single as well as dual application of bacteria. The overall 

result reveals that the growth of tea seedlings grown under same environmental 

and physical conditions was enhanced to a greater extent when both the bacterial 

isolates were applied jointly. In both the cases the growth promotion was found 

to be correlated with total phosphate content and phosphatase activities of the 

soil.  Different strains of Bacillus have been reported to be potential PGPR. The  

recognition of plant growth-promoting rhizobacteria (PGPR) as potentially useful 

for stimulating plant growth and increasing crop yields has evolved over the past 

several years to where today researchers are able to repeatedly use them 

successfully in field experiments (Saharan and Nehra, 2011).  Enhancement of 
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plant growth by root-colonizing species of Bacillus and Paenibacillus is well 

documented and PGPR members of the genus Bacillus can provide a solution to 

the formulation problem encountered during the development of BCAs to be used 

as commercial products, due to their ability to form heat and desiccation-resistant 

spores (Kloepper et al., 2004). 

 B. altitudinis was first isolated by Shivaji and his co-workers while 

analyzing air samples for microbial populations from high altitude (Shivaji et al., 

2006) PGPR activity of B. altitudinis has been recently reported by other authors 

where the bacterium not only enhanced growth but also suppressed root 

pathogens(Gopalakrishnan et al., 2010; Jin et al., 2012) Reports of bacterial 

inoculants being able to increase plant growth, speed up seed germination, 

improve seedling emergence, responses to external stress factors, protect plants 

from disease and root growth pattern have also been reported in earlier studies by 

Rinu and Pandey (2009). Plant growth promotion in tea, Camellia sinensis by 

Bacillus megaterium, B. pumilus, Ochrobactrum anthropi and Serratia 

marcescens has been reported by Chakraborty et al. (2004, 2006, 2009, 2013).  

Ranjan et al., (2013) in their study conducted to isolate potential PSB from Indian 

soil have reported Pseudomonas aeruginosa, Micrococcus sp., Enterobater sp. 

and Bacillus pumilus to be most efficient phosphate solubilizers. These isolates 

proved to be successful inoculum in promoting growth of different rice cultivars 

grown in water stress conditions. Similarly, Souza et al., (2013) have 

demonstrated that inoculation with isolates AC32  Herbaspirillum sp.), AG15 

(Burkholderia sp.), CA21 (Pseudacidovorax sp.), and UR51 (Azospirillum sp.) 

alone without ant fertilization could achieve similar growth of rice crops achieved 

by full fertilization and these strains were used for formulation new 

bioinoculants.  

 Interestingly, the total phosphate content of the PSF and PSB treated soils 

were significantly reduced while root and leaf phosphate contents of all the test 

crops showed an increase in comparison to control untreated plots. The results are 

in conformity with those of other workers who have reported the ability of 

rhizospheric microorganisms to promote growth and have suggested phosphate 

solubilization to be one of the mechanisms envolved in plant growth promotion 

(Misra et al., 2012). Some PGPR biofertilizers also influence the availability of 

phosphate by secreting phosphatases for mineralization of organic phosphates 
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(Bünemann, 2008). Phosphate is often the limiting nutrient for microbial and 

plant growth in soil, phosphatases remove the phosphate from organic 

compounds and convert it in soluble form available to the plants. Increase in both 

acid and alkaline phosphatase activities in bacterial treated rhizosphere soil in our 

study indicated that microbial phosphatases were involved in solubilization of 

insoluble phosphate in the soil. To this end the results clearly confirms that all the 

fungal and bacterial isolates tested in this study have the ability of efficiently 

mobilize phosphate in the soil. 

 Apart from phosphate solubilizers, a large number of Biocontrol agents 

(BCA) were also obtained from various sources which included Trichoderma 

harzianum, T. asperellum and T. erinaceum. Another phosphate soluibilizing 

fungus T, flavus was also found to inhibit a number of phytopathogens in vitro. In 

the present investigation, T. harzianum, T. asperellum were found to efficiently 

reduce scletorial blight incidence of Vigna radiata caused by Sclerotium rolfsii 

and root rot disease of Cicer arietinum caused by T. cucumeris when applied in 

the soil either singly or in combination with another efficient biocontrol fungus T. 

flavus. Reduction of disease incidence was found to be correlated with the 

enhancement of defense enzyme activities tested after application of biocontrol 

agents and pathogen challenge. The direct effects of Trichoderma spp. on plants 

are remarkable and are found to be efficient inducers of systemic and localized 

resistance in plants Woo et al., 2006. Another mechanism proposed to explain 

biocontrol activity by Trichoderma species is that of induction of resistance in the 

host plant. This concept is supported by the work of Yedidia et al. (1999), who 

demonstrated that inoculating roots of 7-day-old cucumber seedlings in an aseptic 

hydroponic system with T. harzianum (T-203) spores initiated plant defense 

responses in both the roots and leaves of treated plants. Increased enzyme 

activities were observed in both roots and leaves. Later, Harman (2006) showed 

that inoculation of plants with T. harzianum induced an array of pathogenesis-

related proteins, including a number of hydrolytic enzymes. Successful bio-

control agents like Trichoderma use several of them mechanisms for disease 

control. Both indirect and direct mechanisms may act coordinately and their 

importance in the bio-control process depends on the Trichoderma strain, the 

antagonized fungus, the crop plant, and the environmental conditions including 

nutrient availability, pH, temperature and iron concentration. Activation of each 
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mechanism implies the production of specific compounds and metabolites such 

as plant growth factors, pathogenesis related lytic enzymes, siderophores, 

antibiotics, and carbon and nitrogen permeases. These metabolites can be either 

overproduced or combined with appropriate bio-control strains in order to obtain 

new formulations for use in more efficient control of plant diseases (Gajera et al., 

2013). On the other hand Talaromyces flavus is one of the most important species 

of antagonistic fungi. This ascomycete is frequently isolated from soil, although it 

may also occur on organic materials undergoing decomposition (Domsch et al., 

1980). T. flavus is a biological control agent that has been used in biological 

control of important soil-borne pathogens such as Verticillium dahliae, V. albo-

atrum, Rhizoctonia solani, and Sclerotinia sclerotiorum (Marois et al., 1984; 

Naraghi et al., 2010, 2012). In our earlier investigation we have shown that T. 

flavus, apart from efficiently solubilizing phosphate could successfully reduce 

sclerotial blight incidence of Mung bean seedlings. (Chakraborty et al., 2012). 

However, utilization of T. flavus and T. harzianum jointly in reduction of disease 

has been demonstrated for the first time.  

 Similarly, the PGPR under investigation was also effective in suppressing 

sclerotial blight of Glycine max caused by S. rolfsii grown in pot conditions. Its 

efficiency was also found to be correlated with the enhancement of key defence 

enzymes- chitinase (CHT), β-1, 3-glucanase (GLU), Phenyl alanine ammonia 

lyase (PAL) and Peroxidase (POX) which increased significantly specially in the 

presence of the pathogen.  Increase in these key defense enzymes during plant 

growth promotion and disease suppression of tea was reported in the earlier 

studies by Chakraborty et al. (2004 a, b, 2006, 2009, 2013) where PGPR like 

Bacillus megaterium, B. pumilus, Ochrobactrum anthropi and Serratia 

marcescens were successfully utilized to overcome several root diseases of tea. 

Our results are in agreement with the earlier reports where enhancement of 

defense enzymes like has been shown to be key mechanisms in suppressing root 

diseases and induction of resistance by bacterial isolates (Chen et al., 2010; Liang 

et al., 2011; Attia et al., 2011; George et al.2013). Induction of systemic 

resistance by both BCA and PGPR is suggestive of the fact that the plant 

becomes more resistant to a future pathogen attack. This long lasting, broad 

spectrum resistance, called induced systemic resistance (ISR) (Van Peer et al., 

1991), is phenotypically similar to SAR, but molecular events leading to its 
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induction are different. ISR has been shown to operate by activating gene 

encoding defense enzymes -peroxidase, chitinase, phenylalanine ammonia-lyase, 

β-1,3-glucanase and others, involved in synthesis of phytoalexin (M‘Piga et al., 

1997).  

 

 The overall result of the present study has shown that there is there is a 

huge microbial diversity in the soils of sub Himalayan soils of Darjeeling Hills. 

The occurrence of functionally diverse groups of phosphate solubilizers, chitin 

degraders, biocontrol agents, plant growth promoting rhizobacteria in all the 

tested soil types suggests presence abundant Benefecial Microrganisms in the 

region. RAPD and DGGE based genetic relatedness analysis of these beneficial 

microorganisms suggested that they were not only functionally diverse but also 

showed significant variation in their genetic make up. ITS sequences employed in 

identification of important and selected microorganisms proved to be a reliable 

tool and can be utilized in future for identifying closely related organisms. 

Multiple sequence alignment of the conserved sequences was useful for drawing 

strain specific differences which is helpful for designing strain or group specific 

primers. In vivo applications of specific fungi like T. flavus, A. niger, A. melleus 

and A. clavatus to enhance plant growth have shown good potential to develop 

efficient bioinoculants. Potential PGPR like B. pumilus, Enterobacter cloacae, P. 

polymyxa, B. altitudinis, B. methylotrophicus, Burkholderis spp. and B. 

aerophilus were found to be efficient plant growth promoters in field as well as in 

nursery seedlings. Both the PSF and PSB were found to efficiently mobilize sol 

phosphate when applied to soil. The enhanced soil phosphatase activities of 

treated soils further suggested that microbial phosphatases were involved in 

solubilizing insoluble phosphatase in the soil. Apart from this, potential 

biocontrol agents like Trichoderma harzianum, T. asperellum, and Talaromyces 

flavus showed high degree of biocontrol efficacy in controlling root diseases of 

potted legumes. Their effect was found to be enhanced when applied jointly. 

Similarly potential PHPR as listed could also suppress root diseases of a wide 

range of vegetable crops, cereals, legumes as well as plantation crops in pot and 

nursery conditions. Biopriming of the seeds and seedlings prior to sowing and 

after germination proved to be effective in growth enhancement and to induce 

resistance against fungal root pathogens. Reduction of root diseases by both BCA 
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and PGPR was associated with all the elements commonly known to be involved 

in the induced systemic resistance which were found to have been enhanced. 

Regarding the mechanism of action of the beneficial microorganisms, it seems 

probable that these organisms act through a combination of methods. Though it is 

difficult to predict the actual happening in the soil environment, it is assumed that 

on one hand these microorganisms secrete metabolites into the soil which in turn 

elicit responses in the host which was evident by differential expression of 

enzymes both in the roots and leaves of treated plants and on the other hand 

suppress pathogen population by antibiotics, HCN and Siderophore secretion. 

Among the PSF isolates Talaromyces flavus RHS/P-51 has been shown to 

possess dual attributes of phosphate solubilization and biocontrol efficacy for the 

first time in this study. Although PGPRs like B. altitudinis, B. aerophilus, 

Enterobacter cloacae, B. methylotrophicus and Burkholderia spp. hae been 

repored from other parts of India and abroad, in this study they have been 

reported for the first time to be isolated from high altitude regions of Darjeeling 

Hills. Beneficial microorganisms investigated in this study could be used in 

suitable formulations commercially which would enhance the use of biological 

products to replace or supplement chemical use is the need of the hour.  
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CONCLUSION 
 
 Soil microflora plays the most important role in the soil region of the 

higher plants. The variable microfloras changes the soil fertility conditions of a 

specific plant and are critical to the maintenance of soil function in both natural 

and managed agricultural soils because of their involvement in such key 

processes as soil structure formation; decomposition of organic matter; toxin 

removal; and the cycling of carbon, nitrogen, phosphorus, and sulphur. In 

addition, microorganisms play key roles in suppressing soil borne plant diseases, 

in promoting plant growth, and changes in vegetation. To this end the present 

study was carried out to analyze soil microbial diversity of Darjeeling Hills 

which included forests, agricultural rhizosphere soil and riverine soils followed 

by evaluation of potential plant growth promoting fungus (PGPF), Biocontrol 

agents (BCA) and Plant growth promoting Rhizobacteria (PGPR) for utilization 

for improvement of different legumes, cereals, vegetable crops as well as chief 

plantation crop-tea grown in this region. The overall findings of this study have 

been concluded as under: 

 Microbial population in soils ranged between 4x10
3
- 6x 10

4 
cfu in case of fungi 

and 5x10
6
cfu-6x10

6
cfu in case of bacteria. A total of 637 fungal isolates were 

obtained from the major forest, agricultural fields and river basins of Darjeeling 

hills. Out of the total collection, 205 isolates were obtained from forest, 373 

from agricultural and 59 isolates were obtained from river basins. Similarly, a 

total of 135 bacterial isolates were obtained from various sources. Among them 

39 were obtained from forest soil, 73 from rhizosphere of agricultural crops and 

23 from riverine soil. 

 Dominant fungal isolates belonged to the genera Absidia, Acremonium, 

Alternaria, Aspergillus, Byasiochlamus, Colletotrichum, Drechslera, 

Emericella,  Fusarium, Curvularia, Gonronella, Macrophomina,  Noesertoria,  

Paecilomyces, Penicellium,  Pseudoeutatum, Rhizoctonia, Rhizopus, 

Sclerotianum,  Sporotrichum, Syncephalastrum, Talaromyces, Thanetophorus 

and Trichoderma.  
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 The most common and abundant bacterial species were Bacillus sp., Micrococcus 

sp., Coryneform sp. Staphylococcus  sp. Serretia sp. Paenibacillus sp., 

Pseudomonus sp., Enterobacter sp. well as Bukholderia sp.    

 Isolates of Aspergillus niger (FS/L-04, RS/P-14, FS/L-40, FS/C-140), four 

isolates of  A. melleus (RHS/R 12, FS/L 13, FS/L 17, FS/L 18), three isolates of 

A. clavatus (RHS/P 38, RHS/P-114, RHS/T-99) and four isolates of 

Talaromuces flavus (RHS/P 50, RHS/P 51, RHS/P 54, RHS/P 120 were found to 

solubilize rock phosphate and tricalcium phosphate more efficiently than rest of 

the others and were designated as potential plant growth promoting fungus 

(PGPF) 

 One of the interesting findings of the present study was isolation of one potential 

funlgal isolate Talaromyces flavus RHS/P-51/ NAIMCC-F-01948, which is 

reported as a potential phosphate solubilizers for the first time in this study. This 

fungal isolate not only solubilized phosphate efficiently in vitro but also 

inhibited a number of root pathogens to a greater extent.  

 Isolate B. pumilus, BRHS/C-1, Bacillus altitudinis BRHS/S-73 & BRHS/P-22 , 

Enterobacter cloacae, BRHS/R-71, Paenibacillus polymyxa BRHS/R-72, B. 

methylotrophicus BRHS/P-91, Burkholderia symbiont BRHS/P-92 and B. 

aerophilus BRHS/B-104 were found to possess all the tested plant growth 

promoting traits like phosphate solubilization, IAA, siderophore, HCN and ACC 

deaminase production. Apart from this these potential bacterial isolates could 

inhibit root pathogens upto 80%. They were designated as potential plant growth 

promoting rhizpbacteria (PGPR) isolates.  

 Among the PGPR isolates B. altitudinis, B. aerophillus, Burkholderia spp. and 

Enterobcter cloacae though there are reports from the other parts of the world to 

be potential PGPRs, they have been isolated and characterized for the first time 

from soils of  Sub-Himalayan regions of Darjeeling hills. 

 A total of 26 isolates of Trichoderma harzianum 10 isolates of T. viride, 13 

isolates of  T. asperellum and 6 isolates of T. erinaceium were obtained from 

various sources and were tested for their ability to produce Chitinase in vitro. T. 

harzianum RHS/S-559/ /NAIMCC-F-01968 and RHS/S-560//NAIMCC-F-

01967, T. viride isolates, isolate RHS/G 251, T. asperellum and T. erinaceum 

RHS/Rd-551 showed maximum endo and exo chitinase activities. All these 

potential Trichoderma isolates were designated as BCA isolates. Potential PSF 
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and BCA as well as commonly occurring fungal isolates have been deposited to 

National Agriculturally Important Culture Collection (NAIMCC) of NBAIM. 

 Diversity among all the PGPF, PGPR and BCA isolates were carried out using 

RAPD markers and DGGE formats. The analysis of genetic relatedness using 

random decamer primers revealed a significant amount of genetic variation 

among the tested organisms. Similarly DGGE analysis of the conserved 

sequences could detect genetic variation even among closely related isolates. 

This technique was useful in detecting similarities among the functionally 

similar group of isolates as well as to find out the similarities between 

unidentified organisms with reference to a known one.  

 ITS-PCR technique was successfully used to confirm the identities of all the 

potential PGPF, PBCA and PGPR isolates using universal primers. The 

sequences have been deposited to NCBI Genbank database and accession 

number for each isolate has been provided. The potential isolates and their NCBI 

Acc. numbers are: T. flavus RHS/P-51 (GU324073), Trichoderma erinaceum 

(HM107419, GU187915, GU191829, HM117841), T. harzianum (HQ334995, 

HQ334997), T. asperellum (HQ334996), B. pumilus BRHS/C-1 (JF836847), B. 

altitudinis BRHS/P-22 & BRHS/S-73 (HQ849482 & JF899300) Enterobacter 

cloacae BRHS/R-71 (KC703974), Paenibacillus polymyxa BRHS/R-72 

(KC703775), Bacillus methylotrophicus-BRHS/P-91 (JQ765577), Burkholderia 

spp. BRHS/P-92 (JQ765578) and B. aerophilus BRHS/B-104 (KC603894) 

 All the PGPF, BCA and PGPR isolates were tested for their effect on 

enhancement of growth and resistance against root diseases of few important 

legumes (Vigna radiata, Cicer arietinum, Glycine max, Pisum sativum and 

Phaseolus vulgaris) Cereals (Triticum aestivum and Oriza sativum) vegetable 

crops ( Lycopersicon esculentum and Brassica juncea) and plantation crop 

(Camellia sinensis). Among the PGPF isolates T. flavus was found to enhance 

the growth of tested crops more efficiently than the others and was accompanied 

by high soil phosphatase activities. Among the PGPR isolates B. pumilus and B. 

altitudinis were most effective in enhancing growth in the field conditions. Both 

BCA and PGPR isolates successfully reduced Sclerotial blight and root rot 

incidence of the test crops. which was accompanied with enhanced activities of 

key defense enzymes like β-1,3 Glucanase, Chitinase, Phenylalanine ammonia 

lyase and Peroxidase and enhanced levels of phenolics.  Bio-priming of the 
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seeds and seedlings prior to sowing and after germination proved to be effective 

in growth enhancement and to induce resistance against fungal root pathogens. 

Reduction of root diseases by both BCA and PGPR was associated with all the 

elements commonly known to be involved in the induced systemic resistance 

which were found to have been enhanced. 
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10. Di methyl amino benzaldehyde 

11. Di sodium hydrogen phosphate 

12. Diethyl aminoethyl cellulose 

13. Dinitro salicylic acid 

14. Ethylene diamine tetra acetic acid 

15. Ferric chloride 

16. Fluorescein isothiocyanate 

17. Helicase (3%) 

18. Hexa-decytrimethyl ammonium bromide 

19. Hydrochloric acid 
20. Hydrocyanic acid 

21. Hydrogen peroxide 

22. Indole acetic acid 

23. Magnesium chloride 

24. N,N,N',N'-Tetramethylethylenediamine 

25. N-acetyl glucosamine 

26. Nitro blue tetrazolium/ (5-bromo-4-chloro-1H-indol-3-yl) dihydrogen phosphate 

substrate 

27. O-dianisidine (5 mg/ml methanol) 

28. p- nitrophenyl phosphate 

29. Phosphate buffer saline- Tween  

30. Poly vinyl- pyrollidone 

31. Potassium chloride 

32. Potassium dihydrogen phosphate 

33. Sodium azide 

34. Sodium carbonate 

35. Sodium chloride 

36. Sodium dodecyl sulphate 

37. Sodium Hydroxide 

38. Sodium molybdate 

39. Sodium nitrite 

40. Sulphuric acid 
41. Tri-calcium phosphate 

42. Tris Acetic Acid and EDTA buffer 

43. Tris hydrochloric acid 

44. Tris-EDTA buffer 

45. Water saturated phenol: Chloroform: Isoamyl alcohol 

46. 0.05(M) sodium phosphate buffer (pH 6.8) 

47. 0.1(M) sodium acetate buffer (pH 5.0) 
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48. 0.2M Na-phosphate buffer (pH 5.4) 

49. 0.3mM borate buffer (pH 8.0) 

50. 1 M K-PO4 buffer (pH 7.1) 

51. 1-amino-cyclopropane-1-carboxylic acid hydrochloride 

52. 1M Na-acetate buffer (pH 4) 

53. Sodium borate buffer (pH 8.8) 

54. 2 mM β- mercaptoethanol 

55. 1 M Na-borate buffer (pH 9.8) 

56. 2% L-phenylalanine 

57. 2,4-Diacetylphloroglucinol 

58. 4 mM H2O2. 

59. 4% laminarin 

  

 




