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Preface
Microbes in the soil play an important role in nutrient
solubilization, mobilization and recycling. They have very
wide potential as they control soil-borne pathogens,
stimulate plant growth, increase nutrient availability and
accelerate decomposition of organic materials, and are
anticipated to increase crop production as well as maintain
sound environment for crop production. The health of the
soil is chiefly determined by its resident microbial flora.
Sustainable agriculture involves successful management
of agricultural resources to satisfy changing human needs
while maintaining or enhancing the environmental quality
and conserving natural resources. Continuous decline in
soil organic matter levels due to continuous cropping
without recycling enough crop or animal residues, and
insufficient application of nutrients has led to serious
nutrient imbalances, impaired soil health and declining
factor productivity. Thus, there is an urgent need to recycle
all available organics in a more efficient way and improve
and expand biofertilizer usage.
Agricultural residues can be put to use in different ways by
using microorganism that use it as substrate: development
of enriched compost, vermicompost; production of
bioethanol and certain enzymes like phytases, proteases,
lipases and amylases. Therefore there is a need to develop
cost-effective, ecofriendly and appropriate technology to
maximize economic value of nutrients contained in
agrowastes for sustainable agriculture.
Although research has been focused on most areas and soil
types in the country, lesser attention has been paid to
extreme environments like arid, saline and acid soils.
Microorganisms present in the rhizosphere are reported to
alleviate the salinity stress by different mechanisms. Thus
it is necessary to develop a consortium of microorganisms
that can help plants to survive and yield more even under
saline conditions. Thus, emphasis has been given to
management of abiotic stress through microbial
inoculation.
The PGPR related research programme in India is
unorganized in several centers on several crops. There is
tremendous scope for working on a network mode in India
as the crops are varied and with diverse climate and soil
factors. Therefore, it was felt necessary to consolidate the

research efforts on PGPR for reduced use of chemical
fertilizers and plant protection chemicals. Apart from
applied research, the basic mechanisms involved in
rhizosphere competence, interaction among the microbial
communities and cropping systems needs to be
understood.
Despite the many achievements of modern agriculture
certain cultural practices have actually enhanced the
destructive potential of disease. Almost 30% of the yield in
agriculture is lost because of combined effects of biotic and
abiotic stresses with pathogenic fungi alone responsible for
a reduction of about 12% plant disease control, therefore,
now has become heavily dependent on pesticides to
combat wide variety of fungal diseases that threaten
agricultural crops.
The field of microbial genomics has moved away from the
primary initial focus on pathogen genomes to include the
sequencing of diverse prokaryotes that occupy a range of
environmental niches, and is responsible for an array of
environmental processes. Every genome that has been
sequenced to date has provided new insight into biological
processes, activities, and potential of these species that was
not evident before the availability of the genome sequence.
The genomes and cDNA libraries inclusive of large size
inserts and random fragments, gene constructs including
isolated and cloned gene sequences, promoter regions,
transgenes etc. are valuable resources that need to be
exploited through functional and comparative genomics
approach for gene discovery and transgenic product
development. Hence, collection and maintenance of these
genomic resources at a central place would play a vital role
in bioscience research and education by enormous
reduction in the cost of research.
The ongoing ICAR network project on 'Application of
Microorganisms in Agriculture and Allied Sectors' seek to
initiate and strengthen the R&D efforts on various microbe
based technologies that can be utilized to increase crop
production, utilize agrowaste, manage abiotic stress,
biocontrol of important insect pests and post harvest
technology. It also seeks to strengthen research in the area
of microbial diversity, identification and genomics. It seeks
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to strengthen infrastructure, research capacity and human
resources of ICAR institutions with respect to various
microbe-based applications. The project was operative at
67 centres throughout the country in Xth Plan with an
overall outlay of 1600.09 Lakhs in the first year of its
implementation. In XIth Plan new projects were included
operating at no. of centers. Along with new projects a new
theme “Microbial Genomic Resource Repository” was also
included to the existing six thematic areas: Microbial
diversity and identification, Nutrient management, Plant
growth promoting rhizobacteria (PGPR), Antagonists,
Biocontrol agents and Disease management, Microbial
Management of Agrowaste, Bioremediation and Microbes
in Post Harvest and Processing, Microbial management of
abiotic stress, Microbial genomics and Human resource
development. The third annual progress report from April
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2008 to March 2009 is a compilation of significant
achievements during this period. The progress report for
each center is compiled theme wise. I thank all the Principal
Investigators of the project for their contribution to bring
out the progress report in time. I would like to thank Dr.
Mangala Rai (Secretary, DARE and Director General,
ICAR), Dr. S. P. Tiwari, DDG (CS) and Dr T. P Rajendran,
ADG (PP) for their valuable guidance in giving meaningful
shape to this network project. The funding provided by the
ICAR is duly acknowledged.

Prof. D. K. Arora
Director, NBAIM &
National Co-ordinator, AMAAS
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Executive Summary
Sustainable agriculture is a worldwide key word for
the agriculture in the 21 s t century, in which
microorganisms in soil take a decisive role. They have very
wide potentialities by controlling soil-borne pathogens,
stimulating plant growth, increasing nutrient availability
and accelerating decomposition of organic materials, and
are anticipated to increase crop production as well as
maintain sound environment for crop production.
Community structure of microorganisms is also important
to take into account for sustainable agriculture. Microbial
diversity, microbial load, presence of indicator
microorganisms are useful index to study soil health.
Environmental stresses such as the application of
agrochemicals practiced in agriculture are evaluated from
the decrease in microbial diversity and the structural
change of microbial communities. Microorganisms
present in the rhizosphere are reported to alleviate the
salinity or drought stress by different mechanisms.
The continuous decline in soil organic matter levels
due to continuous cropping without recycling enough crop
or animal residues, and insufficient application of
nutrients has led to serious nutrient imbalances, impaired
soil health and declining factor productivity. There is
currently a gap of nearly 10 million tones of nutrients
between amount taken out by crops and what is added
through fertilizers and manures. Thus, there is an urgent
need to recycle all available organics in a more efficient
way and improve and expand biofertilizer usage. These are
the only feasible, low cost and eco-friendly way of
improving nutrient supply and soil health in the short and
medium run. The Indian Council of Agricultural Research
(ICAR) launched projects like 'Biological Nitrogen
Fixation', 'Network project on Biofertilizers' and 'All
Indian Coordinated Research Project for Pulses and
Soybean' to continuously encourage the use of
biofertilizers in the country and to develop superior
innoculant strains for various crops. In the process, strains
of Rhizobium, Azospirillum, Azotobacter, phosphate
solubilising microorganisms and AM mycorrhiza were
developed. Carrier based inoculants are commercially
supplied through various ICAR Institutes and State
Agricultural Universities (SAUs). Bureau of Indian
Standards (BIS) specifications are also available for
Rhizobium and Azotobacter. The current production of about

12,000 tones of biofertlizers is impressive as are the transfer
of technology efforts in some states but there is an urgent
need to transfer the technology into hitherto neglected
areas particularly in north and eastern India. Biological
control agents (BCAs), particularly fungal and bacterial
agents, offered considerable potential (generally
unexploited) for insect, disease and weed control. There
are a number of biological agents commercially available
for use in crop protection, most notably products based
upon Bacillus thuringiensis and considerable progress has
been made in the development of fungal BCAs in the last
decade. Now there is a need to search for broader spectrum
biopesticides with improvements in the associated
production, formulation and application technologies.
Post harvest sector is focused on ensuring enhanced
value of food and agricultural products in developing
countries through the application of cost-efficient and
environmentally-sound post-harvest techniques,
particularly those which contribute to reducing losses and
to increasing the efficiency of “post-production system” as
well as ensuring a fully-integrated approach to postproduction management, with close links to value addition
of food by microorganisms to promote agro-industries.
Microorganisms are endowed with the ability to
degrade and/or detoxify chemical substances such as
petroleum products, xenobiotics including PAHs and
PCBs, pesticides, heavy metals and are thus utilized in
bioremediation and cleaning environmental pollution.
Their ability to withstand biotic and abiotic stresses
successfully as compared to plants has made them an
excellent source for various genes that can be used to
develop transgenic crop plants. The enormous functional
diversity across the country needs to be deciphered and
utilized to interweave microbes in agriculture and allied
sectors. It was, hence felt necessary to explore, preserve,
conserve and utilize unique microbial flora of our country
through a centrally funded project for fulfilling the
emerging food and nutritional needs, clean environment
and improved soil health for sustainable production.
The field of microbial genomics has moved away from
the primary initial focus on pathogens genomes to include
the sequencing of diverse prokaryotes that occupy a range
of environmental niches, and are responsible for an array
of environmental processes. Every genome that has been
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sequenced to date has provided new insight into biological
processes, activities, and potential of these species that was
not evident before the availability of the genome sequence.
Most significantly, tremendous success of genome
sequencing has allowed us to pursue other avenues where
we can now derive genomic information from the
multitudes of uncultivable prokaryotic species and
complex microbial populations that exist in nature. The
identification of new genes from indigenous microbes will
help in development of transgenic crops tolerant to abiotic
and biotic stress.
Increased efforts through biotechnological
intervention to effect genetic enhancement have
necessitated the provision of genes, promoters, markers,
libraries in the form of plain DNA sequences. If such is a
need for provision of DNA material for molecular genetic
research, then Genomic Resources Banks have their
reasons for existence. A common repository enables
researchers to access genomic resources generated at any
other laboratory to facilitate efficient use of these resources
in agricultural research. The resources in question include
(i) BAC, YAC, PAC clone set from sequencing projects; (ii)
a collection of vectors contributed by researchers; (iii)
promoter DNA-fragments fused to the reporter genes; (iv)
RFLP probes for various bacteria; (v) cDNA libraries; (vi)
EST libraries; (vii) expression plasmids including binary
vectors; (viii) cloned DNA from microbes. These may also
include resources procured from external sources through
mutually agreed benefit sharing mechanisms. The
Microbial Genomic Resource Repository is created to
assemble, manage as well as generate the basic resources to
meet the requirements of anticipatory transgenic research
programmes in microbes.
The proposed ICAR network project on 'Application
of Microorganisms in Agriculture and Allied Sectors' seek
to initiate and strengthen the R&D efforts on various
microbe based technologies that can be utilized to increase
crop production, utilize agrowaste, manage abiotic stress,
biocontrol of important insect pests, diagnostics of
important groups of microbes and post harvest
technology. It also seeks to strengthen research in the area
of microbial diversity, identification, genomics and
conservation of genomic resources. It seeks to strengthen
infrastructure, research capacity and human resources of
ICAR institutions with respect to various microbe-based
applications.
The major objectives of the Network project are :
·

·
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Deciphering the structural and functional diversity of
agriculturally important microorganisms and to
develop “microbial map” of the country
Improving nutrient use efficiency through microbial
interventions for sustainable crop production and

maintenance of soil health
· Characterization of plant growth promoting
rhizobacteria and to develop bioconsortium for
enhanced growth and yield of important crop plants
· Formulation of microbe or microbe-based
preparations for biocontrol of phytopathogens, insect
pests and weeds
· Development of microbe-based technologies for
agrowaste management and biodegradation for
sustainable crop production
· Harnessing microbial activities for bioremediation of
organic and inorganic environmental pollutants
· Management of abiotic stresses using microorganisms
· Development of microbe mediated processes for
product development and value addition in
agriculture
· Diagnostic kits for the identification of important plant
pathogens, fish and animal pathogens
· Post harvest technology for the important fish species
of India
· Diversity of ruminanat microorganisms and their
utilization
· Unraveling microbial genomics for its utilization in
agriculture and industry
· Collection of DNA materials from microorganisms
and other relevant organisms which result from the
various molecular genetics and genomics research
programmes
· Acquisition of gene constructs from various sources
· Value addition to the genomic resources
· Characterization, validation and conservation of
microbial genomic resources
· Production/multiplication and quality control for
distribution
· Exchange of the genomic resources under a material
transfer agreement (MTA)
· Development of a user friendly web-based
information system for microbial genomic resources
· Human resource development in microbe
conservation and utilization
The network project has 7 components :
1. Microbial diversity and identification
2. Nutrient management, PGPR and Biocontrol
3. Agrowaste management, Bioremediation and
Microbes in Post Harvest & Processing
4. Microbial management of abiotic stress
5. Microbial genomics
6. Microbial Genomic Resource Repository
7. Human resource development
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loamy to clayey red and yellow soils, medium awc lgp
150-180 days
12. Eastern plateau (Chhotanagpur) and eastern ghats, hot
subhumid eco-region
13. Eastern plain, hot subhumid (moist) eco-region

AMAAS : Themes

14. Western Himalaya, warm subhumid (to humid with
inclusion of perhumid) eco-region
15. Assam and Bengal plain, hot subhumid to humid
(inclusion of perhumid) eco-region

Theme 1 : Microbial Diversity and Identification

16. Eastern Himalayas, wrm perhumid eco-region

General Objectives of the theme “Microbial Diversity
and Identification”

17. Northeastern hills (Purvanchal), warm per humid ecoregion

1.

Microbial diversity analysis from various
ecoregions/exotic environments

18. Eastern coastal plain, hot subhumid to semi-arid ecoregion

2.

Identification of microorganisms using conventional
and molecular techniques

19. Western ghats and coastal plain, hot humid-per humid
eco-region

3.

Application of some important microbes in
agriculture and allied sectors for enhancing food
productivity

20. Islands of Andaman-Nicobar and Lakshadweep, hot
humid to per humid island eco-region

Sub-Thematic Areas in the Microbial Diversity and
Identification Component
1.

Analysis of microbial diversity in terrestrial ecosystem

2.

Diversity in aquatic ecosystem

3.

Diversity in fermented dairy products

4.

Diagnostic kits for plant pathogens, soil microbes, fish
microbes and animal microbes

Sub Theme II: Microbial diversity in aquatic ecosystem
Objectives
1.

To study the culturable microbial diversity of aquatic
animals from different aquaculture systems

2.

To screen, characterize, identify microorganisms from
diverse aquatic environments such as seas, high
altitude lakes and other water bodies with properties
such as salinity tolerance, cold tolerance,
decomposition of resistant organic material, as a
source of novel genes and compounds

3.

To isolate, characterize and document microbes for
bioremediation of pesticides, heavy metal
contamination and organic load in aquatic
environment

Sub Theme I: Microbial diversity in terrestrial ecosystem
Objectives
1.

Western Himalayas, cold arid-eco-region

2.

Western plain, Kachchh and part of Kathiawar
peninsula, hot arid eco-region

3.

Karnataka plateau (Rayalaseema as inclusion), hot arid
with deep loamy and clayey mixed red and black soils,
low to medium awc and lgp 60-90 days

Sub Theme III: Microbial diversity of dairy products
Objectives

4.

Northern plain and central highlands including
Aravallis, hot semi-arid eco-region

1.

Microbial diversity in Indian fermented dairy foods
(Dahi, lassi, Shrikhand, Misthi, Dahi and Cheese)

5.

Central highlands (Malwa), Gujrat plain and
Kathiawar peninsuala, semi-arid eco region

2.

Molecular typing of new isolates/ available NCDC
cultures

6.

Deccan plateau, hot semi-arid eco-region

3.

7.

Deccan plateau (Telangana) and eastern ghats, hot
semi-arid eco-region

Screening of microorganisms for novel
probiotic/functional properties and their application

8.

Eastern ghats and Tamil Nadu uplands and deccan
(Karnataka) plateau, hot semi-arid eco-region

9.

Northern plain, hot subhumid (dry) eco-region

10. Central highlands (Malwa and Bundelkhand), hot
subhumid (dry) eco-region
11. Moderately to gently sloping Chattisgarh/Mahanadi
basin, hot moist/dry subhumid transitional with deep

Sub Theme IV: Diagnostic kits for plant pathogens and soil
microbes
Objectives
1.

To isolate, characterize, evaluate plant pathogens
(Phytophthora, Fusarium) soil microbes (Bacillus) ,
animal microbes and fish microbes

2.

To study the genetic diversity of microbes obtained
from different crops
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3.

To develop rapid diagnostic kits for plant pathogens,
soil, animal and fish microbes

2.

To screen potential isolates against major soil/
seed/air borne plant pathogens, nematodes and insect
pests of important crops

Theme 2 : Nutrient Management, PGPR,
Antagonists, Biocontrol Agents and Disease
Management

3.

To identify strains with broad host range or specific to
a group of plant pathogens and insect pests and
develop improved strains by molecular interventions.

General Objectives of the Sub Theme: Nutrient
Management

4.

To study of different mechanisms like biochemical and
molecular interaction between promising antagonists
against pathogens/pests

5.

To develop formulations suitable for various delivery
systems and their evaluation against target pests

6.

To establish mass production facility for identified
bioagents

1.

To study the culturable microbial diversity of soils
from different agro-ecological sub-regions,
production systems and land use practices, including
in stressed ecosystems

2.

To characterize the isolated microorganisms for their
nutrient mobilization (N, P, Micronutrients)

3.

To evaluate the establishment of strains, particularly
in mixed cropping systems and select strains for
multiple crops and geographical locations

Theme 3: Microbial Management of Agrowaste,
Bioremediation, Microbes in Post Harvest and
Processing

4.

To standardize methods for mass multiplication and
identify appropriate delivery systems and improve
the formulations, quality, shelf life of the above bioagents with superior delivery systems

General Objectives of sub theme: Microbial
Management of Agrowaste
1.

Isolation, identification and characterization of
microorganisms from various selected agro, industrial
and urban wastes

5.

To carry out multi-location testing for evaluation of
the promising formulations

2.

6.

To make multiple-repositories of isolated strains of
microorganisms

Development of microbial consortia for rapid
degradation and effective utilization of selected waste

3.

Production of value added products like bio-fuels,
enzymes and mushroom using selected agro, urban
and industrial wastes

4.

To assess the impact of organic waste application in
agriculture on shifts in soil microbial community
structure and functions in relation to soil
physiochemical properties

General Objectives of the Sub Theme: Plant Growth
Promoting Rhizobacteria
1.

To isolate, characterize, evaluate and utilize
rhizobacteria and their primary and secondary
metabolites specific for growth promotion and
pathogen suppression.

2.

To assess the ecological plasticity of strains
particularly in mixed cropping systems and
identification of strains for multiple crops and
geographical locations

3.

To study the rhizobacteria mediated induced systemic
resistance in crop and adopting this for crop
management

4.

To study the mechanism of rhizobacteria induced
growth promotion in crop plants

5.

To develop bioconsortium of geographically,
phenotypically and genotypically distinct
rhizobacterial strains and standardize methods for
mass multiplication and develop appropriate delivery
systems

General Objectives of the Sub Theme: Antagonists,
Biocontrol Agent and Disease Management
1.
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To isolate and characterize antagonistic organisms
from diverse ago-climatic/cropping systems in India
for pest and disease management

General Objectives of sub theme: Bioremediation
1.

Develop an understanding of the structural and
functional diversity analysis of microbial
communities and their dynamics in response to
normal environmental variation and novel
anthropogenic stresses

2.

Determine the biochemical mechanisms, including
enzymatic pathways, involved in aerobic and
anaerobic degradation of pollutants

3.

Expand understanding of microbial genetics as a basis
for enhancing the capabilities of microorganisms to
degrade pollutants

4.

Conduct microcosm/mesocosm studies of new
bioremediation techniques to determine in a costeffective manner whether they are likely to work in the
field, and establish dedicated sites where long-term
field research on bioremediation technologies can be
conducted
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5.

Develop, test, and evaluate innovative
biotechnologies, such as biosensors, for monitoring
bioremediation in situ; models for the biological
processes at work in bioremediation and reliable,
uniform methods for assessing the efficacy of
bioremediation technologies; establish a culture
collection for bioremediation purposes

General objectives of sub theme: Microbes in Post
Harvest & Processing
1.

Development of fermented products from fruits,
vegetables and cereals

2.

Value addition of pulses, millets and Horticultural
produces through microbial fermentation

3.

Biopreservation of vegetables for extension of shelf life
and control of spoilage in processed products

4.

Assessment of microbial contamination and safety of
agricultural produce

Theme 4 : Management of Abiotic Stress

Overall objective of functional genomics
Ø

Isolation of genes and their alleles for abiotic and biotic
stress tolerance from isolates of Pseudomonas
flourescens, Arthrobacter globiformis, Marine bacteria
and through metagenomes

Ø

Sequence determination of the isolated genes

Ø

Functional validation of selected alleles in microbes
and model plants

Theme 6 : Microbial Genomic Resource Repository
Mandate of MGRR Network will be as follows
1.

To coordinate assemblage, conservation, quality
control and validation of the microbial genomic
resources to facilitate their optimal exploitation and
utilization

2.

To act as a single window system for import and
exchange of microbial genomic resources and facilitate
protection of related IPR issues

3.

To conduct and promote basic, strategic, applied and
anticipatory research for development and
management of microbial genomic resources

General objectives of the theme: Microbial Management
of Abiotic Stress
1.

Isolation of microorganisms from rhizotic zones of
cereal crops (wheat and millets) grown under stress
conditions of salt, drought and extreme temperatures

2.

Selection of bacteria capable of growing under stress
conditions of salt, drought and extreme temperatures

3.

Evaluation of the selected organisms in the
rhizosphere of wheat and millets (phytotron studies)

4.

Biochemical characterization of selected
microorganisms

5.

Development of consortium of microorganisms that
can alleviate the effect of drought, salinity and extreme
temperature

6.

Field evaluation of consortium of microorganisms for
improvement of wheat, rice and millets under stress
conditions

Theme 5 : Microbial Genomics
Sub themes in Microbial Genomics
1.

Structural Genomics

2.

Functional Genomics

Sub theme: Structural Genomics
Genome analysis of the nitrogen-fixing symbiotic
bacterium Mesorhizobium ciceri

The major objectives of the proposed MGRR Network
1.

Collection of DNA materials from microorganisms
and other relevant organisms which result from the
various molecular genetics and genomics research
programmes

2.

Acquisition of gene constructs from various sources

3.

Value addition to the genomic resources

4.

Characterization, validation and conservation of
microbial genomic resources

5.

Production/multiplication and quality control for
distribution

6.

Exchange of the genomic resources under a material
transfer agreement (MTA)

7.

Development of a user friendly web-based
information system for microbial genomic resources.

8.

Human resource development

Theme 7 : Human Resource Development
Objectives
·

To train scientists/researchers/technicians/ farmers
for the exploration and application of microorganism
in agriculture

Overall objective of structural genomics
Ø

Complete genome sequencing of Mesorhizobium ciceri
strain Ca181 with genome size of 8Mb
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Project Wise Significant Achievements for the Year 2008-09

Theme 1 : Microbial Diversity and Identification
Diagnostic Kit for the Identification of Soil Microbe (Bacillus and Pseudomonas)
PI : D. K. Arora
Co-PI : A. K. Saxena
National Bureau of Agriculturally Important Microorganisms, Mau
Rationale :

Significant Achievements :

The genus Bacillus is a large, heterogeneous group of
Gram positive, aerobic, endospore forming, rod shaped
bacteria. Several approaches based on phenotypic or
genotypic characters have been proposed to classify
Bacillus sp. (Priest et al, 1988; Ash et al 1991). Further
characterization at the genotypic and phenotypic levels of
selected Bacillus species have led to the creation of several
new genera like Alicyclobacillus, Paenibacillus, Brevibacillus,
Virgibacillus, Geobacillus, Filobacillus, Jeotgalibacillus,
Aneurinibacillus, Gracibacillus and Marinibacillus. There are
more than 200 species of Bacillus and it is difficult to
identify the species of Bacillus on morphological, cultural
and biochemical methods. Diagnostics based on molecular
techniques could be employed to distinguish Bacillus
species and Bacillus derived genera.

·

In the last annual report, it was reported that
amplification of 220 bp region of 16S rDNA with
nested primer pair followed by sequencing could help
in the identification of Bacillus species and Bacillus
derived genera.

·

This small hypervariable region contains all the
information for delineation of the species.

·

To prove the hypothesis further, complete 16S rDNA
and 220 bp fragment were amplified from 20 different
species of Bacillus. All the sequences were BLAST
searched and identical identity of the species was
obtained from either complete or partial sequencing.

·

Another approach was also used to design the probe
for identification of genus Bacillus. An oligonucleotide
50 mer probe for identification of genus Bacillus was
designed from the internal conserved regions of 16S
rDNA following alignment of 16s rDNA sequences of
Bacillus, Bacillus derived genera and Bacillus related
genera. The probe is non-radioactively labeled and is
in the process of validation for its sensitivity and
specificity.

Objectives :
·

To isolate and characterize the soil microbes (Bacillus
and Pseudomonas)

·

To develop rapid diagnostic kits for identification of
soil microbes

Conclusion :

Fig.: Alignment of 16S rDNA sequences of Bacillus, Bacillus
derived genera and Bacillus related genera
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For the identification of Bacillus species and Bacillus
derived genera, complete 16S rDNA and 220 bp fragments
were amplified from 20 different species of Bacillus. All the
sequences were BLAST searched and authentic identity of
the species was obtained. An oligonucleotide 50 mer probe
for the identification of genus Bacillus was also designed
from the internal conserved regions of 16S rDNA. The
process is being validated for sensitivity and specificity.
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Development of Diagnostic Kits for Fungal Pathogens Macrophomina phaseolina and Fusarium
PI : D. K. Arora
Co PI : Alok Kumar Srivastava
National Bureau of Agriculturally Important Microorganisms, Mau
Rationale :
Earlier we have reported the designing of specific
primers and probe targeting the rDNA cluster for the
identification and detection of M. phaseolina. Even though
primers showed greater specificity, hybridization assay
using DNA probe was not always sensitive. Further more,
like post PCR analysis, Dot-blot technique is very time
consuming and exhibit cross-reactivity. Diagnostic PCR
has been greatly improved by the introduction of real time
PCR technology based on fluorescence detection and
quantification during PCR amplification. In particular,
real-time PCR based assays have the advantages of speed,
accuracy, and sensitivity over other methods. Modern
qPCR technology employs either non-specific fluorogenic
DNA-binding dyes, such as SYBR Green, or sequencespecific, fluorogenic hybridization probes, such as
TaqMan detection chemistry. These techniques used for
quantification and detection of a range of plant pathogens
both under laboratory and field conditions. Specific
Sequence Characterized Amplified Region (SCAR)
primers have also been used to monitor biocontrol fungal
strains released in field. Although this approach requires
more time and experience compared to the amplification of
conserved genes (i.e. rDNAs, β-tubulin, elicitin, translation
elongation factor, HSP genes etc), it provides specific target
sequences that can detect the target organisms in complex
biological environments.
Objectives :
·

Collection of strains, races and species of plant
pathogens (Macrophomina, Fusarium)

·

Biochemical profiling of microbes

·

Optimization of PCR techniques for identification

·

Designing of DNA probes or species specific primers

·

Validation of probes both in vitro and in vivo

TaqMan assay (MpTqK) were designed.
·

The TaqMan probes contained the reporter dye 6-FAM
linked to the 5'-terminal nucleotide and the quencher
dye TAMRA conjugated to the 3' end. Both the
chemistries were extremely specific and producing
accurate quantification calculated by comparing with
CFUs.

·

No cross hybridization and no increasing fluorescent
signal exceeding the baseline threshold was observed
with tested microbes, except when M. phaseolina DNA
was used as template. Limit of detection
(LOD)/lowest detection concentration of the TaqMan
assay for M. phaseolina DNA in Soil-4 (10 fg) were
measured. Limit of Quantification (LOQ) of
M. phaseolina DNA in sclerotial suspension was
calculated as 1 ng, was equivalent to 2X10 4 CFU per g
soil-1. This is the first report which demonstrated the
application of a species specific real-time qPCR assay
useful for the detection of M. pahseolina population in
soil.

·

Standard curve plot represents cycle threshold (CT)
versus log of DNA concentration, represents
standards derived from serially diluted (1:10) SCAR
plasmid DNA of M. phaseolina. A. represents absolute
quantification of serially diluted sclerotial DNA in
corresponding with CFU (20 ug/2 X 10 4 g Soil -1).B.
Minimum concentration or Limit of Detection of target
DNA in Soil Sample (S-4). C. Represents relative
quantification of genomicDNA of M. phaseolina (1 ng)

Significant Achievements :
A. Diagnostic Tools for Macrophomina phaseolina
·

Real-time PCR assay was developed to evaluate and
quantify M. phaseolina abundance in soil, field, plant
and food materials.

·

Two different reporter technologies such as TaqMan,
and SYBR Green were used. The qPCR assays targeted
on ~1 kb SCAR fragment of M. phaseolina. Using two
sets of primers specific for SYBR green (MpSyK) and
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Conclusion :
In conclusion, the present study led to the
development and application of a species specific real-time
quantitative PCR method, with specificity, sensitivity and
rapid features. The assay was useful for the evaluation of
pathogen population level in the soil. With this assay it can
also possible to estimate the vegetative population of M.
phaseolina from direct extraction of soil DNA without
culturing. The developed method could, therefore,
provide tools for rapid and reliable detection of M.
phaseolina in the diseased plants as well as in field tests, in
the view of the monitoring of seed-borne spreading of
pathogen in the environment.
B. Diagnostic Tools for Fusarium udum
·

Species specific PCR primers and probe were
developed from HF-3 gene for identification and
quantification of Fusarium udum from cultured
preparations by using RT- SYBR Green approach.

·

Both SYBR Green assay and dot blot could detect and
quantify the pathogen from different microbial
genome samples. DIG-labeled DNA dot-blot
hybridization of the probe detected HF-3 amplified
product only. Primer pair HFUSK and HFUSR1 was
proved to be specific targeting a 200-bp fragment.

·

RT-PCR SYBR Green assay, that specifically amplifies
F. udum with 96% of PCR amplification efficiency,
enabled specific detection of this pathogen without
cross detecting the populations of Fusarium spp. and
other representative test microbes. The single melting
curve at 84.17 indicates the specificity of these primers
for all F. udum isolates tested.

·

By using the comparative standard graph the
unknown amount was found to be 0.001 to 0.00009
ng/uL with a CT range of 18-25. In comparison to dotblot hybridization, real-time PCR easier and faster to
perform and also proved to have superior sensitivity.

Dot blot hybridization: Hybridization of oligonucleotide
probe HFUSP with H3 amplified products from

representative strains of Fusaria. Lane representing A1 and
A2 are positive controls, A3 to C4 are testing microbes.
Conclusion :
The assay used here was shown to be sensitive and
specific for the quantification of target pathogen
specifically when compared to dot blot hybridization.
SYBR Green could detect as low as 0.19 pg/ul DNA when
compared to 10 ng/ul for dot blot assay. These primers and
probe could be exploited for monitoring of F. udum from
cultured isolates. This is the first report on development of
species specific primers and probe for the identification
and detection of F. udum. Further work is in progress to
develop Taqman assay for rapid detection of F. udum under
field conditions.
Publication
·

Bandamaravuri Kishore Babu, Sukumar Mesapogu
and Dilip K Arora 2009. SCAR derived, Quantitative
Real-Time PCR assay for enumeration of
phytopathogenic fungi Macrophomina phaseolina.
(Communicated AEM)

·

Sukumar Mesapogu, Bandamaravuri Kishore Babu
and Dilip K Arora 2009. SYBR Green based RT-PCR
assay for Rapid Detection and Quantification of
Fusarium udum by using Species specific primers and
probe. (Communicated Journal of Molecular Plant
Pathology)

Fig . Testing of specific primers HFUSF and HFUSR1: PCR amplification of F.udum giving 200 bp in lane 1-3. Lane 4 to 20
showing no amplified product with different test microbes tested. M represents 100 bp ladder.
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Diversity Analysis of Microbes in Extreme Conditions
PI : D. K. Arora
Co PI : A. K. Saxena, Rajeev Kaushik, Alok Kumar Srivastava and Sudheer Kumar
National Bureau of Agriculturally Important Microorganisms, Mau
Rationale :

Diversity analysis of fungi in Pulikat lake, Chennai

Life in extreme environment has been studied intensively
focusing attention on the diversity of the organisms and
molecular and regulatory mechanisms involved. The
products obtainable from extremophiles such as proteins,
enzymes (Extremozymes) and compatible solutes are of
great interest to biotechnology. This field of research has
also attracted attention because its impact on the possible
existence of life on other planets.

·

Above 50 fungal isolates were isolated and purified
purified from the samples of pulikat lake. Based on
morphological characteristics isolates were grouped.

·

The samples were evaluated for the fungi cfu g-1 soil to
quantify the culturable population. Some of the
isolates were screened on biochemical parameters
such as- HCN production, phosphate solublization, 40
isolates were evaluated for salt tolerance up to 15% of
NaCl. Out of which 16 isolates were showing salt
tolerance up to 15% of NaCl.

Objectives :
·

Microbial diversity analysis in extreme climates
Identification of osmolytes production by
extremophilic bacteria

·

To look for production of enzymes (Amylase,
Cellulase, CMCase,FPase, Xylanase & Protease) in
thermophilic bacteria

·

Molecular characterization of Extremophilic bacteria

Diversity analysis of fungi from extreme regions of
Assam
·

30 isolates isolated from extreme region of Assam
were evaluated for their biodegradative potential by
increased synthesis of hydrolytic enzymes such as
cellulases and xylanases. Five isolates showing
enhanced enzymatic production exhibited the activity
above 55 oC. Provisionally they are characterized as
species of Chaetomium, Humicola, Penicillium and
Aspergillus.

·

More than two hundred diverse fungal isolates were
isolated that mainly includes species of Trichoderma,
Fusarium, Penicillium, Aspergillus, Phythium,
Phytophthora, Helminthosporoim, Colletotrichum,
Curvularia, Alternaria, Rhizoctonia etc.

·

Some of these fungi are characterized for phosphate
solubilization, sidrophore production, HCN
production and cellulolytic enzyme production.

Significant Achievements :
Diversity analysis of bacteria in Pulikat lake, Chennai
·

Aerobic, alkaliphilic bacteria were isolated and
characterized from water and sediment samples
collected from Pulikat salt lake, India, having pH 7.5.
The total number of microorganisms in the sediment
and water samples was found to be 102 – 105 cfu g−1 and
102 – 103 cfu ml−1, respectively.

·

Of the 51 morphotypes selected, 8 could grow at 20%
while 4 at 25% NaCl concentration.

·

16SrDNA PCR-RFLP analysis with AluI identified 29
clusters among 51 isolates (Fig 1).

·

The representative isolates were identified through
sequencing as Bacillus halophilus, Micrococcus sp.,
Uncultured firmicutes, Halomonas sp., Virgibacillus sp.,
Bacillus sp.,Bacillus megaterium, Bacillus subtilis, Bacillus
pumilus, Halomonas aquamarina and Halomonas pacifica.

Diversity analysis of bacteria and fungi isolated from
Leh region
·

In soil samples collected from Leh, the bacterial count
ranged from 1.5 to 4.2 x 104 g-1 or ml-1 whereas the
fungal count was low.

·

A total of 80 bacteria were picked that were able to
grow at 40C. All bacterial isolates showed production
of copious amount of exopolysaccharide.

Fig 1: 16S rDNA PCR-RFLP analysis with Alu1 of bacterial isolates from Pulikat lake
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·

Among the isolates, 6 bacteria and 8 fungi were found
to be psychrotolerant and could not grow beyond
150C.

·

16S rDNA-RFLP analysis with Hae III and Hha I
revealed greater diversity among the isolates (Fig2, 3).

·

Combined dendrogram based on RFLP analysis
revealed the existence of 20 clusters among the
isolates. The bacteria are in the process of
identification.

·

Molecular analysis of ITS region followed by
sequencing led to the identification of fungal species.
Novel psychrotolerant species of fungi viz. Thelobacter
sp., Asordina sibutii, Geomyces sp., Penicillium sp.,
Ulocladium consortiale and Ulocladium sp. were
identified.

Fig 3 : 16S rDNA PCR-RFLP analysis with Hha I of
bacterial isolates from Leh region

Identification of alkali- thermotolerant bacteria isolated
from Manikaran thermal spring
·

Three promising alkali- thermotolerant xylanase
producing isolates were sequenced and the sequences
were deposited in the GenBank. DNA sequencing and
phylogenetic analysis revealed that all the isolates
obtained from Manikaran thermal springs showed 97
to 100% similarity with the sequences within the
GenBank. The closest Phylogenetic neighbours
according to the 16S rRNA gene sequence data for the
three isolates H-7, H-9, and R-9 were Paenibacillus
ehimensis, Bacillus cereus, B. subtilis, respectively.

·

Sequences Submitted: 16S rDNA sequences of
identified bacteria were submitted to Gen Bank with
the accession numbers: EU 661710 (P. ehimensis), EU
661711 (B. cereus) and EU 66172 (B. subtilis).

Fig 2 : 16S rDNA PCR-RFLP analysis with Hae III of
bacterial isolates from Leh region

Identification and characterization of bacterial isolates
obtained from Sambhar Salt lake (Rajasthan)
·

·

·
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Water and sediment samples collected from Sambhar
lake showed population count ranging from 3 – 78 x
104 g-1 soil. Forty three and 59 morphotypes were
selected from samples processed with enrichment (in
media with 20% NaCl) or without enrichment
respectively. Of the 43 isolates, 11 were found to grow
at 20% NaCl and at pH of 12. However from 59 isolates
obtained without enrichment, only 2 could grow at
20% NaCl concentration.
The molecular diversity clustered the bacteria into 29
groups and the sequencing of 16S rDNA led to the
identification of novel strains.
PCR amplification of 16S rDNA was carried out and
sequenced. Novel strains of bacteria identified from
Sambhar lake are Halomonas sp., Marinobacter
alkaliphilus, Marinobacter hydrocarbonoelasticus,
Halomonas variabilis, Alteromonadales bacterium,
Nitrinicola lacisaponensis, Bacillus thuringiensis,
Chromohalobacter salexigens, Marinobacter aquaeolei,
Ochrobactrum sp., Micrococcus sp., Tsukamurella sp.,
Bacillus horikoshi and Micrococcus luteus.

Diversity analysis of actinomycetes
·

A total of 162 isolates were collected from different
extreme environments on different media like Starch
casein agar, Actinomycetes isolation agar, soil extract
agar, and various ISP media. Isolates were
characterized by different morphological, cultural
characteristics, cell wall analysis (DAP and whole cell
sugar pattern analysis) and sugar utilization pattern.

·

Thermotolerance study of all isolates showed that 162,
45 and 15 isolates showed growth at 35°C, 45°C and
55°C respectively, while salinity tolerant result showed
that 160, 132, 14 and 5 isolates showed growth at 2, 4, 6
and 8% NaCl respectively.

·

Ability of isolates to degrade cellulose, hemicellulose
and xylan was assayed and 14, 8, 8 and 9 number of
isolates were found capable to show xylanase,
cellulase, CMCase and FPase activities respectively. A
total 8 and 6 isolates were able to produce protease and
amylase.

Conclusions :
·

Isolation and identification of microbes from extreme
environments could have biotechnological
implications. Microbes that grow at high NaCl
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concentration (25%), pH of 12, temperature as low as
40 oC have been identified.

Abstracts/ Conference
·

Singh Dharmesh, Shachi Vardhan, Rinku Singh, Ram
Nageena Singh, Bhim Pratap Singh, Rajeev Kaushik,
A.K. Saxena and D.K. Arora. 2008. Predominance of
Opportunist Human pathogens in Rajgir thermal
springs, India. Annual AMI Conference held at New
Delhi, Nov. 18-20, 2008.

·

Tiwari Rameshwar, Shweta Tiwari, Pratibha Singh,
Harmesh Sahay, Rajeev Kaushik, A. K. Saxena and D.
K. Arora. 2008. Biochemical and Molecular
Characterization of salt tolerant bacteria from
Sambhar lake. Annual AMI Conference held at New
Delhi, Nov. 18-20, 2008.

Research Papers
·

·

Singh, A.K., B.M.Tripathi, Harmesh Sahay, R.N.
Singh, Rajeev Kaushik, A.K. Saxena and D.K. Arora.
2008. Biochemical and Molecular characterization of
thermo- alkali tolerant xylanase producing bacteria
from thermal springs of Manikaran. Indian J.
Microbiol. (in press).
Singh Dharmesh, Shachi Vardhan, Rinku Singh, Ram
Nageena Singh, Bhim Pratap Singh, Rajeev Kaushik,
A.K. Saxena and D.K. Arora. 2008. Predominance of
opportunist human pathogens in Rajgir thermal
springs, India. J Medical Microbiology
(Communicated)

Diversity of Actinomycetes from Indogangetic Plains
PI : D. K. Arora
Co PI : Mahesh Yandigeri
National Bureau of Agriculturally Important Microorganisms, Mau
Rationale :
The actinomycetes are gram positive bacteria which
have a characteristically high G+C content in their DNA
(>55%). They are phenotypically diverse and are found in
most natural environments. Many species produce a wide
variety of secondary metabolites, including antihelminthic
compounds, antitumour agents, and the majority of
known antibiotics, which have been exploited by their use
in medicine and agriculture. In soil, they are involved in
the decomposition and mineralization cycles with the
production of extracellular enzymes. Actinomycetes can
be found almost in any substrate, although they prefer
alkaline and neutral conditions in order to grow. Indo
Gangetic Plains (IGP) is the major crop production belt of
the country and is known to have rich biodiversity of flora
and fauna. Hence, this project has been formulated to
isolate, utilize and conserve actinomycetes diversity of IGP
in order to exploit the actinomycetes for agricultural
productivity and human welfare.

BIOLOG microbial identification system and
conventional biochemical methods
Significant Achievements :
·

Survey was carried out in the Lucknow, Allahabad,
Kanpur and Central Punjab regions for collection of
soil samples using different media, 95 morphotypes of
actinomycetes were purified and are preserved in
slants and glycerol stocks.

·

The isolates were characterized morphologically by
using parameters like aerial mycelium color, substrate
mycelium and color of soluble pigments and
physiologically characterized by means of
temperature and salt tolerance. A total 40 isolates were
able to tolerate up to 55°C, 28 isolates were able to
tolerate 8% NaCl concentration.

·

Functional characterization was done for plant growth
promotion with regards to ammonia production,
biodegradation activities like filter paper assay,
carboxy-methyl cellulose (CMC)assay, xylanase
assay, cyanogenesis (HCN production), antifungal
activity and production of enzymes.

·

Out of 200 isolates tested, 58 isolates were positive for
production of cyanide and 178 isolates were capable to
produce ammonia.

·

Biodegradation study showed that 18, 12, 12 and 13

Objectives :
·

Isolation, characterization and identification of
actinomycetes from Indo-gangetic plains

·

Molecular analysis of actinomycetes diversity in Indogangetic plains

·

Functional characterization of isolated strains using

13
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isolates were able to degrade cellulose, hemicellulose
(xylananse), carboxymethylcellulose (CMCase) and
filter paper (FPase) respectively.
·

Molecular diversity of 23 isolates was carried out by
phylogenetic analysis using universal primers of 16S
rDNA and metabolic gene 'Nitrile hydratase' followed
by restriction analysis with MboI by using NeighbourJoining algorithm. An amplicon of ~1200 bp was
obtained with 16S rDNA amplification and 1200 bp
amplicon was obtained with nitrile hydratase gene
amplification. The amplicons were digested with MboI
for the restriction analysis and clustering.

Conclusion :
Actinomycetes isolates obtained from different
regions under Indo-gangetic plains were found diverse in
morphological and biochemical characteristics. Based on
our earlier reports it was observed that Dehradun and
Lucknow regions have more diversity in actinomycetes
population over other regions surveyed. Cultivated lands
of central Punjab region have least variation in diversity of
actinomyctes. PCR RFLP of 16S rDNA formed 6 clusters
and nitrile hydratase gene showed 9 clusters at >70%
similarity. This huge database of actinomycetes from
Indogangetic region could act as key for identification of
the actinomycetes.

Isolation, Identification and Molecular Assessment of Microbial Diversity from Selected
Districts of Indo-Gangetic Plain
PI : L. C. Rai
Molecular Biology Section, Department of Botany, Banaras Hindu University, Varanasi
Rationale :
Cyanobacteria have been attracting attention of the
scientific community due to their evolutionary significance
and nitrogen fixing ability. The importance of these
organisms increases in areas with paddy as the staple diet,
as they are significant contributors to the nitrogen
economy of the rice fields. This prokaryotic group is also
known to help in preventing soil erosion and maintaining
the water holding capacity of the soil. However, both
biodiversity conservation and the taxonomy of these
important microbes still need to be worked out. The
rationale behind this project is to explore the
cyanobacterial diversity using 16S rRNA gene as a
molecular marker and to conserve them. The paddy fields
of Indo-Gangetic plain spanning Eastern UP and Bihar are
being targeted for sample collection, cyanobacterial
diversity assessment and soil analysis is also carried out.
Further the importance of the phosphate solubilizing
bacteria lies in the fact that they are able to solubilize locked
phosphorus of agricultural soils. It is supported by more
crop yield of good quality, when PSBs were used as
biofertilizer in comparison to uninoculated soils. It is well
known that microbes colonizing a particular soil are not
able to function as efficiently in the soils of different
physico-chemical properties. Notwithstanding above,
there is no information available on the occurrence and
diversity of phosphate solubilizing bacteria in paddy fields
of Eastern U.P., India while rice is a staple crop worldwide.
The major thrust of this study is the isolation and
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characterization of phosphate solubilizing bacteria. This
will help in the development of biofertilizers for sustained
agricultural productivity.
Objectives :
·

Survey and Collection of soil and cyanobacterial
samples from selected districts of Indo-Gangetic plain
like Chandauli, Mirzapur, Varanasi, Allahabad,
Ghazipur, Balia, Arrah and Patna over different time
frames and study of selected physico-chemical
properties of these soil samples

·

Isolation, purification and molecular characterization
of nitrogen fixing cyanobacteria and P-solubilizing
bacteria from the collected samples

·

Assessment of biodiversity of N2-fixing cyanobacteria
and P-solubilizing bacteria from different soil types
using molecular techniques

·

Deposition of characterized/identified organisms to
NBAIM

Significant Achievements :
·

Collection of soil sample and cyanobacterial mats from
rice fields of different districts of Indo-Gangetic plane
covering UP and Bihar such as Varanasi, Mirzapur,
Chandauli, Allahabad, Balia, Ghazipur, Arrah and
Patna and analysis of their selected physio-chemical
properties.

·

Isolation, purification and morphological
characterization of seven nitrogen fixing
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cyanobacteria viz. Nostoc spongiaeforme LCR10, Nostoc
species LCR21, Anabaena constricta LCR2, Nostoc linckia
LCR11, Nostoc ellipsosporum LCR14, Nostoc carneum
LCR19, Nostoc punctiforme LCR15.
·

Amplification of partial 16S rDNA sequence of these 7
nitrogen fixing cyanobacteria and their 16S rDNA
based molecular phylogenetic analysis was carried
out.

·

A total of 33 phosphate solubilizing bacteria were
isolated and purified from different soils samples.

·

The above isolates have also been identified by partial
16S rRNA gene sequencing. The isolates were
identified as Acinetobacter calcoaceticus, Bacterium BQ
N2 PS, Bacillus subtilis, Bacillus sp., Curtobacterium sp.,
Pasteurella pneumotropica, Bacillus megaterium, Bacillus
pumilus, Pseudomonas sp., Bacillus licheniformis,
Staphylococcus arlettae and Enterobacter sp.

been submitted in the NCBI GenBank. A total of 33
phosphate solubilizing bacteria were isolated from soil
samples. Out of these, fourteen were characterized using
morphological, biochemical and molecular methods. Their
16S rDNA sequences have been submitted in the NCBI
GenBank. From the study so far, it can be concluded that
cyanobacteria e.g. Nostoc, Anabaena, Aulosira etc were
dominant microflora of paddy fields whereas Enterobacter
and Bacillus sp. were dominating phosphate solubilizers.
As most of the isolates from different soils showed
maximum similarity to these organisms, thus indicating
their wide distribution.
Papers published from AMAAS work
·

Mishra, S., Bhargava, P., Rai, R., Mishra, Y., Zotta, T.,
Parente, E., Rai, L.C. (2009) Protein fingerprinting may
serve as a complementary tool for the phylogenetic
classification of heterocystous (Nostoc, Anabaena,
Cylindrospermum, Aulosira and Tolypothrix)
Cyanobacteria. The Internet Journal of Microbiology
(In Press).

·

Srivastava, A.K., Bhargava, P., Kumar, A., Neilan, B.A.
and. Rai, L.C (2009) Polyphasic characterization and
effect of salinity on cyanobacterial diversity in the rice
fields of Eastern Uttar Pradesh, India. Saline Systems
(Accepted).

Conclusion :
The soil and cyanobacterial samples were collected
from different villages of Indo-Gangetic plain spanning
Eastern Uttar Pradesh and Bihar during last three years.
Total twenty one cyanobacteria were isolated and
characterized at morphological as well as at molecular
level. The 16S rDNA sequences of the above isolates have
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Mapping, Assessment of the Geographical Distribution and in vitro Conservation of
Agriculturally Important Microorganisms of the Western Ghats of India
PI : A. R. Alagawadi
Co PIs : P. U. Krishnaraj, K. S. Jagadeesh, R. Vasudeva
Department of Agricultural Microbiology UAS, Dharwad
Rationale :

Significant Achievements :

The Western Ghats of India is one of the unique
biological regions of the world. Its varied climate and
diverse topography create a wide array of habitats that
support unique sets of plant, animal and microbial species.
It is an area of great conservation concern because this
unique ecosystem is threatened by human encroachment,
forest fragmentation, loss of natural habitats converted to
rubber, tea and coffee plantations, mining, hydroelectric
projects, livestock grazing, and other land uses.

·

During the year 2008-09, 85 grids (Altitude: 4 – 986m;
Latitude: 13.01o – 15.02o N; Longitude: 74o 28' – 75o 44' E)
in the central Western Ghats were covered for
sampling with an achievement of almost 100% of the
targeted area for the year.

·

The samples collected and used for isolation of AIMs
include, 85 composite soil samples, 246 root samples of
106 plant species, 83 leaf samples, 24 leaf litter samples,
47 decaying wood samples, 28 mushroom samples,
and 45 termite mound samples.

·

The total number of isolates obtained from these
samples is 992 including 240 Azotobacter, 144
Azospirillum, 143 Beijerinckia, 213 phospahte
solubilizing bacteria, 113 lignin degraders, 80
fluorescent pseudomonads and 59 pink pigmented
facultative methylotrophs.

·

Forty six fluorescent pseudomonads were tentatively
identified as Pseudomonas fluorescence and 28 as
Pseudomonas aeruginosa and the identity of 8 isolates
could not be established. Out of 147 PSB isolates, 58
belonged to Pseudomonas, 22 to Acetobacter, 12 to
Gluconobacter, 11 to Bacillus, 7 to Flavomonas, 4 each to
Xanthomonas and Escherichia, 3 each to Agromonas,
Aminobacter, Alcaligenes, Flavobacterium, Rhizobacter,
Serratia and Xanthobacter, 2 each to Acenitobacter,
Azomonas and Rhizomonas, and one each belonged to
Enterobacter and Phenylobacterium.

·

Azotobacter isolates fixed 10.92 to 39.20 mg N,
Azospirillum isolates fixed 4.06 to 14.28 mg and
Beijerinckia isolates fixed 2.3 to 9.43 mg N/g carbon
source utilized.

·

Out of 328 isolates (113 Azospirillum, 86 Azotobacter, 68
PSB and 61 fluorescent pseudomonads) tested for IAA
and GA production, 237 (84 Azospirillum, 46
Azotobacter, 57 PSB and 50 fluorescent pseudomonads)
were found to produce both IAA and GA. The
amounts of IAA and GA produced by the AIMs
ranged from 220 to 772 μg and 42 to 176 μg/L broth,
respectively.

·

163 PSB isolates were examined for their ability to
solubilize TCP. They showed TCP solubilization in the
range of 4.1 – 23.5%. Out of 67 fluorescent
pseudomonads 44 showed TCP solubilization.

Microorganisms are essential to the health and
functioning of ecosystems and the whole environment
through, among others, mineralization and recycling of
important elements, photosynthesis, proper conditioning
and fertility of the soil, pest and vector control, and
detoxification of pollutants. The role they play in nature to
maintain the dynamic equilibrium and integrity of the
biosphere is of such magnitude that the continued
existence of biological life itself is crucially dependent on
the sustained microbe-mediated transformation of matter
in terrestrial and aquatic ecosystems.
The present project is aimed at the first ever-systematic
attempt towards fine scale quantitative assessment of the
microbial resources, mapping the distribution of key
indicator genera and documenting the population level
and functional diversity of the agriculturally important
microbes along the Western Ghats.
Objectives :
·
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Isolation, enumeration, characterization, and
inventorization of AIMs (N2 fixers, P-solubilizers,
VAM, PGPRs, fluorescent pseudomonads, chitin
decomposers, cellulose and lignin degraders) along
the Western Ghats and identification of potential
isolates

·

Assessing the geographical distribution and
developing thematic maps for the above groups of
organisms

·

Assessing the functional potentials of each group of
organisms for use in agriculture and the molecular
diversity of a key selected species

·

Setting up the culture bank of the potential isolates
under each group and deposit with the NBAIM

·

Setting up the Western Ghats region specific data base
on the population and diversity of AIMs
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·

The inhibitory activity of 60 fluorescent
pseudomonads against five fungal plant pathogens
viz., Alternaria carthami, Fusarium oxysporum f. sp.
carthami, Sclerotium rolfsii , Rhizoctonia bataticola and
Pyricularia oryzae was also tested under in vitro
conditions. Out of 60 isolates 6 isolates inhibited all 5
pathogens; 4 isolates inhibited 4 pathogens; another 4
isolates inhibited 3 pathogens; 9 isolates inhibited 2
pathogens.

degraders. The isolates were chraterized for their plant
growth promoting traits and identified by biochemical
methods upto genera level. The promising isolates
obtained so far include 17 Azotobacter, 19 Azospirillum, 13
PSB and 15 fluorescent pseudomonads which showed
multiple beneficial traits. Majority of these promising
isolates come from altitudes ranging from 300 – 600 m.
During 2009-10 it is planned to cover about 100 grids for
sampling in the remaining area of central Western Ghats
for isolation of AIMs.

Fig.: Grids covered (with blue dots) for sampling in central Western Ghats during 2008-09 for isolation of AIMs
(Altitude: 4 – 986m; Latitude: 13.01o – 15.02o N; Longitude: 74o 28' – 75o 44' E)

Conclusion :

Seminar's, symposia and conferences attended

Out of 380 grids so far 179 grids have been covered for
sampling in the central Western Ghat region. 2069 AIMs
have been isolated from 1177 samples of soil, roots, leaves,
decaying wood, mushrooms, leaf litter and termite
mounds. The isolates have been preserved at – 85o C after
purification. The isolated AIMs include 438 Azotobacter,
231 Azospirillum, 210 Beijerinckia, 416 PSM, 164 fluorescent
pseudomonads, 210 PPFMs, and 326 lignin /cellulose

·

Alagawadi, A. R., P.U. Krishnaraj, C. K. Doddagoudar,
M.G. Mudenoor, B.C. Meenakshi and Chaitra
Doddamani, 2009, Inhibitory activity of fluorescent
pseudomonads of Western Ghats against multiple
pathogens. Paper submitted to the 2nd Biopesticide
International Conference (BIOCICON-2009) to be held
at Palayamkottai (TN) from 26 to 28 Nov. 2009.
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Diversity of Agriculturally Important Microorganisms in the Western Ghats of Kerala
PI : D. Girija
Co PI : Sally K. Mathew, K. Surendra Gopal
Kerala Agricultural University P.O., Thrissur, Kerala
Rationale :
Western Ghat region is one of the hot spots of
biodiversity. Diversity has been well documented in the
case of plants and small animals. However, the microbial
diversity has not been systematically assessed. Large
amount of diversity of agriculturally important
microorganisms (AIM's) is expected in this region because
of the undisturbed nature. Using advanced molecular tools
the identification of AIM's is essential. The project will
finally help the nation to assess the diversity of
agriculturally important microorganisms and to conserve
this diversity.

the grids. Nitrogen fixers belonged to four generaAzotobacter, Azomonas, Beijerinckia and Derxia.
Population of Azotobacter was found to be maximum in
almost all the grids, irrespective of the elevation.
Among the cellulose degrading bacteria, Bacillus was
predominant (maximum was 2 x103), followed by
Pseudomonas.
·

A total of seventy six bacterial isolates and twenty five
P solubilising fungi were purified, 62 bacterial and
fourteen fungi are identified in genus level and further
studies are in progress. All the isolates were
qualitatively screened for P solubilising ability by spot
inoculation method and then amount of P solubilised
was quantitatively estimated. Among bacteria, a
Pseudomonas isolate recorded maximum P
solubilization (72mg/ 100ml in 15days). P-solubilising
Gram negative bacterium P43 inhibited Pythium
aphanidermatum causing soft rot of ginger. Ten
Phosphate solubilising bacteria grew in N free media,
eight isolates produced IAA, three isolates formed
siderophore and one Bacillus sp. inhibited the growth
of Ralstonia solanacearum and Pythium aphanidermatum.

·

A total of 131 isolates were purified on Jensen's
nitrogen free agar and identified in genus level by
Biochemical methods. Further characterization and
identification are in progress.

·

A total of forty six isolates of Trichoderma were
obtained from Kasaragod, Kannur, Thrissur and
Idukki, districts. Four isolates of actinomycetes- Act1,
Act2, Act3 and Act4 inhibited growth of Ralstonia
solanacearum in vitro and solubilized inorganic P also.
A total of 39 Pseudomonas fluorescens were obtained.
PF-5, Pf-9, Pf-10 and Pf-13 exhibited anti fungal
activity on Pythium aphanidermatum and Pf-1, Pf-2, Pf3, Pf-10 and Pf-13showed antibacterial activity on
Ralstonia solanacearum.

·

Twelve pigmented bacteria were isolated, two
identified as Chromobacterium violaceum and Serratia
marcesens by biochemical and molecular methods.
Violacein pigment from C. violaceum was extracted in
different solvents, peak absorbance noticed and
stability at various levels of pH and temperature
examined. Peak absorbance of violet pigment was at
530nm. It was highly stable from a pH of 3.0 to 14.0 and
temperature of 1000C.

·

Molecular diversity of 14 isolates of P. fluorescens from

Objectives :
·

Isolation, enumeration & characterization of
Agriculturally Important Microorganisms (AIMs) like
N2-fixers, P-solubilizers, fluorescent Pseudomonads,
Trichoderma, cellulose & lignin degraders) along the
Western Ghats in Kerala

·

Assess geographical distribution and develop
thematic maps for AIMs

·

Assess functional potentials of each group of
organisms for use in agriculture

·

Set up culture bank of potential isolates & deposit with
the NBAIM

·

Set up database on the population and diversity of
AIMs in the Western Ghats

Significant Achievements :
·

·
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Samples were collected from 32 Grids of Western
Ghats of Kerala viz. districts Kasaragod, Kannur,
Thrissur and Idukki coming under ranges 48, 49 and
58. All grids of the Kasaragod district (Kasaragod and
Kanjangad ranges), Kannur district (Taliparamba,
Kannavam, Kottiyur and Aralam ranges), Thrissur
district (Pattikad and Peechi) and Idukki district
(Periyar Tiger reserve) were surveyed. Soil, roots of
herbaceous plants and decaying woody materials
were collected for the isolation different groups of
Agriculturally Important Microorganisms (AIMs). A
total of 247 samples were collected during this period.
Among the P-solubilizing bacteria, Bacillus was found
to be most predominant (maximum of 4.3x105 cfu/g
soil), followed by Pseudomonas. Among P-solubilizing
fungi, Penicillium was found more predominant (to the
tune of 104 cfu/ g soil), followed by Aspergillus, in all

AMAAS - Annual Report 2007-08
other isolates were included in a single sub cluster.
·

Fourteen P. fluorescens isolates, ten Trichoderma and
two pigmented bacteria were deposited in the NBAIM
culture collection.

·

The 16S rRNA sequence of Chromobacterium violaceum
has been deposited in the NCBI Gene bank database
(accession number EU781633).

Conclusion :

Fig 1. Location of sampling on map

grids coming in Malappuram district were identified
by Rep-PCR. Pf-1 and Pf-2 gave identical banding
patterns with all the primer sets with a similarity
coefficient of one. The least genetic similarity
coefficient value was 0.4 observed between Pf-5 and
Pf-12. The dendrogram consisted of two major
clusters. In the other major cluster, except Pf-7, all the

Over a period of three years surveys were carried out
in different locations (grids) of the Western Ghats. Soil,
herbaceous plants and decaying wood were collected from
the Western Ghats under different districts viz.
Ernakulam, Trivandrum, Wynad and Kannur and
Thrissur, Kasaragod, Idukki, Malappuram districts of
Kerala, covering per the grids. Enumeration of
Agriculturally Important Microorganisms in these
samples revealed that the population of Azotobacter was the
highest among the nitrogen fixers. Bacillus was
predominant among P-solubilizers. A collection of 217 Nfixers (65 Azotobacter,36 Beijerinckia, 17 Derxia, 6 Azomonas,
and 7 Klebsiella) 197 P-solubilizers (26 Bacillus, 14
Pseudomonas, 12 Micrococus, 10 Acinetobacter, 7 Penicillium
and 7 Aspergillus), 67 pseudomonas fluorescens, 54
Trichoderma, 21 cellulose degraders (6 Bacillus, 5
Pseudomonas) and 12 Pigmented Bacteria, 4 antagonistic P
solubilising The AIMs isolated from various grids were
identified and characterized based on conventional
cultural and biochemical characters and also molecular
characters.
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Agriculturally Important Microorganisms from Soils of Rice-based Cropping System from
Agro-ecological Zones of East Coast of India
PI : T. K. Adhya
Co PI : T. K. Dangar
Crop Production Division, Central Rice Research Institute, Cuttack
Rationale :

Objectives :

Studying microbial community structures in soil
systems is virtually very difficult. Several cultivation
studies to characterize bacterial inhabitants of rice paddy
soils have been performed. However, it is not clear how
successful such studies have been in characterizing
bacterial communities. It has been estimated that the
portion of microbial diversity that has been obtained in
pure culture by conventional plating methods, amounts to
only 0.1 to 1% of the total diversity. Similarly, attempts to
cultivate the bacteria in soils typically yield culturable cell
numbers that are less than 5% (usually less than 1%) of the
total microscopically countable cell numbers. It is easier to
deal with enrichment cultures selected for fast-growing
bacteria with high growth yields and also for the bacteria
that are best adapted to the growth medium used for
cultivation. Unfortunately, this presents a skewed picture
of the microbial diversity as that from the naturally
existing. Such inadequacies have favored the use of
cultivation-independent molecular approaches to
investigate the microbial diversity in natural ecosystems.
Efforts have been made to combine both molecular and
cultivation techniques to investigate the numerically
dominant members of the bacterial community in anoxic
rice soils. Thus, while use of different analytical techniques
is still in the initial evaluation and assessment stage for
defining the microbial diversity of flooded rice soils, it is
becoming increasingly clear that a combinational
approach using traditional cultivation techniques,
biochemical approaches and molecular applications will
help in unraveling the complexity of microbial dynamics
and succession of flooded rice soils.

·

Isolation, characterization, identification and
inventorization of agriculturally important
microorganisms in pure culture from soils of different
agro-ecological zones of east coast of India

·

Explore and quantify the microbial diversity in soils
and crop rhizosphere in rice-based cropping system
by cultivation-based, proteogram and total DNA
finger-printing analyses

·

Phylotyping of the isolated microbial species and
investigation on the molecular diversity through soil
(metagenomic) DNA analysis

·

Study the structural dynamicity of the microbial
community in the rice ecosystem by analysis of
diversity indices

·

Characterization of functional diversity with reference
to growth promoting hormone and toxin production

Significant Achievements :
·

Isolation of rhizospheric and non-rhizospheric
bacteria from coastal saline rice field of West Bengal
and Orissa was carried out at different locations.

·

Several bacteria are isolated from both rhizospheric
and non-rhizospheric soil of rice from different
location of coastal West Bengal, by using the following
culture media viz. (i) TSY (Tryptone soya yeast extract
agar), (ii) TSY/1000 (1/1000 dilution of TSY), (iii)
Jensen's agar, (iv) CSGP, (v) Luria Bertoni agar, (vi)
Nutrient Agar and (vii) SEM. Different functional
groups of bacteria were isolated and tested for plant
growth promotory activities including IAA

Sampling locations

Sundarban (West Bengal) Soil
S. No.
Locality
Namkhana
1
Dhunchi
2
Kakdweep 1
3
Kakdweep 2
4
Ramganga
5
Susunia
6
Ganjam (Orissa) soil
Humma
1
Chilika
2
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GPS location
21º 45’ 364” N / 88º 14’ 028” E
21º 42’ 108” N / 88º 25’ 911” E
21º 40’ 640” N / 88º 34’ 981” E
21º 44’ 343” N / 88º 37’ 332” E
21º 47’ 819” N / 88º 22’ 189” E
21º 43’ 496” N / 88º 18’ 147” E
19º 24’ 799” N / 85º 04’ 157” E
19º 46’ 30” N / 85º 12’ 899” E
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production and fluorescent pseudomonads in pure
culture.
·

About 230 isolates were phenotypically identified as
Pseudomonas fluorescens. One isolates was halotolerant.
Among them 4, 14 and 13 isolates tolerated 12, 9 and 68% NaCl, respectively. Fourteen isolates could
solubilize insoluble tricalcium phosphate.

·

Universal eubacterial primers 27f and 1492r amplified
2.88 kbp fragments of all of the Pseudomonas isolates
(Fig.1). Pseudomonas specific 16S rDNA primers
amplified a fragment of 3 kbp sizes of the genomic
DNA of the isolates (Fig. 2). ARDRA pattern of the fD1
and rD2 primer amplified EcoRI, BamHI, HindIII, PstI
and AluI restrictions were not similar among the
restriction profiles of those enzymes and the patterns
of the same enzyme digests (Fig. 3). BamHI has no site
on the amplified fraction. Phenazine primers (PHZ-up
and PHZ-low) amplified genome fragments of the
Pseudomonas isolates were about 988 bp size (Fig. 4).
The PHZ1 and PHZ2 primer amplified 2-4 fractions of
different isolates and size ranged between 0.45-4.5
kbp, except for the isolate 332 (Fig. 5). The fragments

were not similar for all isolates (Fig. 5).
·

Eubacterial 27f and 1492r primer used to amplify and
all the isolates are showing amplification (Fig. 6). All
17 Bt produced 1 fraction of about 3kbp size which
proved that the isolates belong to eubacterial group.
CJl-1 and CJI-2 used to amplify Cry1 gene and 6
bacteria shown amplification (Fig. 7). The amplicons
were 2.1-2.4 kbp sizes. Amplification of the cry gene
proved that they would be effective against the
lepidopteran insects. The cry10Aa1 and cry10Aa2
used to amplify cry10 gene and 16 bacteria amplified
1-14 having 1-5 prominent bands of 2-3 kbp sizes (Fig.
8). The results proved that the isolates could be
exploited against different dipteran pests.

·

cry3Aa1 and cry3Aa2 used to amplify Cry3 gene 15
bacteria shown amplification out of which 6 bacteria
has distinct 1-5 bands of 2.5-3.5 kbp sizes (Fig. 9). The
results indicate that the 6 isolates woul be effective
against the coleopteran insects. cry1Ac1 and cry1Ac2
used to amplify cry1 gene and 9 bacteria shown
amplification of 1-2 bands (Fig. 10, 11). Three bacteria
produced distinct bands of about 4-5 kbp sizes. The

Fig. 1 : PCR amplification fragments of Eub 27F &
1492r primers

Fig. 2 : Pseudomonas specific 16S rDNS
primer amplified fraction.

Fig. 3 : Ardra pattern of EcoRI digested amplified 16S rDNA

Fig. 4 : PCR amplified PHZ-up and PHZ-low primers

Fig. 5 : PCR amplified PHZ 1 and PHZ 2 primer
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Fig. 6. Eubacterial primer amplification.

Fig. 7. cry1amplification.

Fig. 8. cry10 amplification.

Fig. 9. cry3 amplification.

Fig. 10. cry1Ac1 amplification.

Fig. 11. cry1amplification.

Fig. 12. cry1Abc amplification.

Fig. 13. cry1I amplification.

Fig. 14. cyt amplification.

Fig. 15. cryV amplification.

results showed that these isolates although belong to
generic group of cry family (Fig. 2) but belong to one
subgroup and effective against the specific
lepidopteran insects.
·
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CJ4 and CJ5 used to amplify cry1Abc gene and 2
bacteria shown amplification of about 2.2 kbp sizes
(Fig. 12) which grouped them into one Cry subgroup
and differentiated from other Cry1 toxin producing Bt
isolates. Their activity spectra would be different from
the remainder Bt isolates. V(-) and V(+) used to
amplify cry1I gene and a 3 kbp amplicons was

amplified from 5 bacteria (Fig. 13) which differentiated
them from the other isolates in subgroup level. Their
activity spectra would expected to be different from
other Bt isolates. gral-cyt(d) and gral-cyt(r) used to
amplify cyt1 gene and 7 bacteria had amplicon of 2.42.8 kbp sizes (Fig. 14) which indicated that they would
be effective against the dipteran pests. gral-nem(d)
and gral-nem(r) used to amplify cryV gene and 1
bacteria shown amplification of 1kbp size fragment
(Fig. 15). The isolate would be effective against the
nematode pests.
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Conclusion :

Papers published

Studies conducted indicated a wide divergence in the
microbial population in the coastal saline paddy of West
Bengal and Orissa. The fungal population was extremely
low as the soils were mostly flooded for paddy cultivation.
Out of a total of 230 isolates of Pseudomonas sp. almost all
had phenazine primer (PHZ-up and PHZ-low) amplified
genome fragments of the Pseudomonas isolates of about 988
bp size. Further species identity is in progress. A total 39
numbers of isolates having ACC deaminase activity have
been isolated from the thirteen soil samples from different
coastal areas. The effect of these isolates on the root and
shoot growth of paddy seedlings in sand culture and the
chlorophyll content was investigated.

·

During the current year soils from Andhra coast will
be collected and studied for their culturable microbial
diversity. Also the bacterial cultures with ACC deaminase
activity will be identified using molecular techniques.
Other plant growth promoting parameters will also be
studied.

Dangar TK, Babu YK, Das J (Accepted). Population
dynamics of soil microbes and diversity of Bacillus
thuringiensis in agricultural and botanic garden soils of
India. African J. Biotechnol. In press.

Seminar's, symposia and conferences attended
·

Das J, Dangar TK, Adhya TK 2008. Diversity of
Pseudomonas sp. in flooded rice soils. 49th Annual conf
AMI. Int. Symp. Microbial Biotechnology: diversity,
genomics and metagenomics, 18-20 November, Delhi
University, North Campus, Abs. no. MD97, p. 67.

·

Dangar TK, Mohanty S, Das J 2008. Microbial
dynamics and halotolerant Bacillus sp. of coastal rice
field soils. 49th Annual conf. AMI. Int. Symp. Microbial
Biotechnology: diversity, genomics and
metagenomics, 18-20 November, Delhi University,
North Campus, Abs. no. AM496, pp. 328-329.
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Microbial Diversity Analysis from Different Brackish Water System of East Coast of India
PI : T. C. Santiago
Co PI : N. Kalaimani, Shankar V. Alavandi
Central Institute of Brakishwater Aquaculture, Chennai
Rationale :
Brackish water ecosystem is one of the ecosystems
which abound in microbial diversity. It harbors a diverse
microbial world, having diverse biological properties of its
own. No systematic approach has been made so far to
collect and identify the genetic diversity of these organisms
from this milieu. This project aims at addressing this issue
by collecting the microbes from different brackish water
ecosystems such as mangroves, estuaries, salt pans,
aquaculture environment and sundarban areas of the
country. This project will help in generating data on the
genetic molecular properties of these microbes and
identifying their biodiversity. This project will also help to
identify microbes with novel properties for example
bioremediation of polluted environment, probiotic
properties to control pathogenic bacteria etc. It is also
envisaged that this project will help in identifying various
novel metabolites exhibiting antibiotic and anti cancer
properties which are of significance in human health.
Novel genes such as salt tolerant genes, drought resistant
genes which are of great significance to agriculture can be
isolated. This project will help in cataloguing the bacteria
with their genetic and molecular properties which will
protect the microbial biodiversity from bio piracy.

Significant achievements:
·

Samples were collected from various brackish water
ecosystems.

·

Different samples like water, sand, sediments, plant
roots etc were collected from 18 major spots of east and
west coast of brackish water ecosystem. A total of 805
isolates of microbes were isolated from different
geographic environments of brackish water ecosystem, which comprises 657 bacteria, 65
actinomycetes, 55 fungi, 21 yeast isolates and 7Archae
bacterium has been isolated.

·

The halophilic bacterium Bacillus spp was isolated
from brackish water environment. It is an aerobic, rodshaped, motile, and endospore-forming Grampositive bacterium. Based on 16S rRNA data analysis
it was classified as Bacillus spp. This organism is able to
grow in medium containing 30% NaCl concentration.

·

The Xylanase enzyme activity was studied in four
isolates in detail. The optimum production was
standardised at varying temperature, pH, different
carbon and nitrogen sources for vibrio hepatarius,
Marinomicrobium koreense, Photobacterium rosenbergii,
and Alteromonas hispanica. Effect of different carbon
(oat spelt xylan, xylose, glucose, starch, Rice bran), and
nitrogen sources (organic nitrogen and inorganic
nitrogen sources including (NH4)2 SO4, NH4Cl, NaNo3,
and urea), at 0.1 % (w/v) level was added to assess the
xylanase production in four isolates. Among these oat
spelt xylan and xylose were good carbon sources
which had positive effective on the production of
xylanase.

·

Alkaline protease production was characterized based
on various parameters like temperature, pH, and
substrate for Halobacillus sps, Halomonas salina, and
Halobacillus trueperi.

·

The pectinase enzyme activity was assessed and
characterized based on temperature, pH and various
carbon and nitrogen sources for Alteromonas hispanica,
Clavibacter michiganesis, and Streptomyces chugwhensis.

·

The cellulase enzyme activity was characterized based
on temperature, pH, and different carbon and nitrogen
sources for Streptomyces thermocarboxydes, Streptomyces
pseudogriseolus, and Streptomyces albogriseolus.

·

Phosphate solubilising ability of brackish water

Objectives:
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·

To isolate bacteria, actinomycetes and fungi from
different brackish water system of east coast of India

·

Identification of the microbes isolated from different
brackish water ecosystem

·

To screen the economically important microbes,
bioactive microbes with special reference to
antagonistic activity/ useful metabolites, from the
microbial stock

·

To evaluate and optimize the production parameters
of the economically important microbes

·

To isolate economically important genes from the
isolated microbial stock

·

To standardize the expression of the economically
important genes using different vector systems

·

To establish a repository of these microbes with
bioactive potential for ex situ conservation of
microbial biodiversity and future biotechnological
applications
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bacterial and fungal isolates were screened and
identified. The estimation of phosphate solubilization
has been studied using standard protocol. The
molecular identification of these fungi using ITS
primers has been standardised and three fungal
isolates were identified - Aspergillus sydowii,
Aureobasidium pullulans and Phialemonium curvatum using ITS primers.
·

A total of 15 Actinomycetes from glycerol stock has
been identified based on 16S rRNA gene. The
identified actinomyces namely Streptomyces sps,
Streptomyces chugwhensis, Streptomyces pseudogriseolus,
Streptomyces thermocarboxyedes, Streptomyces
Pseudogriseolus, Stretomyces sps, and Streptomyces
albogriseolus produces bioactive compounds against
bacterial and fungal spp.

·

Box, ERIC,REP,(GTG)5, RAPD and RFLP primers has
been used and analyzed using finger printing software
to the study of genotypic variation among the species
of Vibrio alginolyticus and Halomonas salina. The study
indicated the presence of two major groups of
Halomonas salina in brackishwater ecosystem.

·

A total of 48 identified bacterial isolates and 2
archaebacterial isolates were deposited to NBAIM.

Table 1. Location of sampling

S.No.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.

Samples Collected Spot
Kakda wip
Diamond harbour
Balasore
Vishakapatinam
Kakainada
Ongole
Yanam
Vijayavada
Machilipatinam
Nellore
Chennai
Muttukadu
Mahapallipuram
Sirkali
Nagapatinam
Valankani
Ernakulam
Mumbai

State
West Bengal
West Bangal
Orissa
Andhra pradesh
Andhra pradesh
Andhra pradesh
Andhra pradesh
Andhra pradesh
Andhra pradesh
Andhra pradesh
Tamil Nadu
Tamil Nadu
Tamil Nadu
Tamil Nadu
Tamil Nadu
Tamil Nadu
Kerala
Maharastra

Conclusion :
The present study shows, Vibro sp. were dominating
among 18 major sampling areas. The second dominating
organisms were Bacillus and Halomonas sp.
Enterobacteriacea family were predominating in the areas
where the human activities were high. In the present study
an attempt was made to use alternate phylogenetic
markers like gyrase B gene which was found to be as good
as 16s rDNA. The gyrase primers used in current study
have the ability to amplify various brackish water bacterial
isolates. Genes like DNA J and Rec A were used to identify
the Vibro species which gives good results. Present study
revealed that Box, ERIC, REP (GTG)5 and RAPD primers
can be used as an effective alternate tools to study the
genetic difference among same species. Current study
clearly indicates the presence of economically and
agriculturally important enzymes (xylanase, pectinase,
alkaline protease and cellulose) producing microbes
belonging to various groups. The enzymes are useful both
in feed and paper industries.

Fig 1. PCR Amplification of gyrB genes of marine bacterial isolates

Fig 2. Box-PCR Fingerprinting Analysis of Halomonas salina using
Biorad fingerprinting software 2- Version3
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Isolation of Microorganisms from Eermented Dairy Foods and Sequencing of
16S rDNA for Strain Identification
PI : Dinesh Kumar
NBAGR, Karnal.
Rationale :
Camel plays an important role in the human diet in many
hot and arid countries, as camel milk has been consumed
from centuries, but camel products are not so common
(Mehaia 1993). Camel milk tasting slightly more salty than
cows' milk, but with three times more vitamin C and up to
10 times the iron content, camel's milk is touted as a
powerful tonic against many diseases and as an
aphrodisiac. The indigenous populations from long back
believed that raw camel milk is safe and even has
therapeutic virtues. Such empirical observation was
scientifically substantiated by demonstrating the stronger
antimicrobial activity of camel's milk as compared to that
of other animal species and its ability to inhibit Grampositive and Gram-negative pathogens of concern to food
safety (Barbour et al. 1984). However, the manufacture of
camel milk products, such as ice cream (Abu-lehia et al.
1989), butter (Farah et al. 1989) and fermented camel milk
products (Farah et al. 1990), have been tried.
Making cheese is a way to preserve milk and create the
potential for trading, and camel cheese has other
advantages as well as it is high in vitamins, low in
cholesterol and low in lactose, making it suitable for people
who are allergic to other dairy products (Saima et al. 2003),
thus camel cheese of great interest. There is no studies or

attempt to isolate and characterize the microbes from
camel cheese in this country thus this was aimed.
Objectives :

·

To isolate microorganisms from fermented dairy
foods of camel

·

To characterize microorganisms on
technological and taxonomic parameters

·

To sequence 16S rDNA for species identification

Significant Achievements :
·

The location of Bikaner sample collection site
was in the desert districts of north western
Rajasthan. The city of camels is situated at an
elevation of 238 meters above sea level. The
geographical location was longitude 710 54' & 740
12' E, latitude 270 11' & 290 3' N.

·

Camel Cheese samples were collected from local
area with help of National Research Centre on
Camel, Bikaner, in sterile sample containers and
sterile sampling bags, and were stored in cool
pack bag to maintain low temperature during
transportation of samples, and were preserved at
– 20 o C in lab.

Fig 1 : Gram positive bacillus (a) long rods , (b) tiny rods , (c) small rods.

Fig 6: - 2.5 % Agarose gel electrophoresis showing lane M – 100bp ladder,
lane 1 to 8 PCR products of 250 bp for lactobacillus +ve amplification.
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M 1 2 3 4 5

6 7 8 9 10 11 12 13 14 15 16 17 18 19

337 bp
Fig 7: - 2.5 % Agarose gel electrophoresis showing lane M – 100bp Ladder, lane 1 to 19 PCR products, lane2,
4, 6,13,14,15,16,17,19 are + ve for lactobacillus fermentum giving product of 337bp

M 1 2 3 4 5

6 7 8 9 10 11 12 13 14 15 16 17 18 19

1065 bp

Fig 8: - 2.5 % Agarose gel electrophoresis showing lane M – 100bp Ladder, lane 1 to 19 PCR products, lane
1, 4, 5, 7, 8, 13 are + ve for lactobacillus delbrueckii giving product of 1065 bp.
M

1

2

3

4

5

6

7

8

9

10

11

750 bp

Fig 9: - Agarose gel (2.5 %) electrophoresis showing lane M – 100bp ladder, lane 1 to
11 PCR products of 750 bp for 16 S r –DNA sequencing.

·

Genomic DNA was isolated and purified from the
overnight culture of the isolates in liquid broth by
using standard DNA isolation method with some
modification.

·

Genus specific PCR was done for detection of
lactobacillus with primers (Forward: - 5'
CTCAAAACTAAACAAAGTTTC 3', Reverse: - 5'
CTTGTACACACCGCCCGTCA 3', Annealing
temperature: - 52oC PCR product size: - 250 bp)

·

Species specific PCR for species identification of the
isolates was done with the primers (Forward: - 5'
AAT ACC GCA TTA CAA CTT TG 3', Reverse: - 5'
GGT TAA ATA CCG TCA ACG TA 3', Annealing
temperature: - 50 oC, Product size: - 337 bp.)

·

DNA sequencing of 16S rRNA gene sequence was
performed.

Conclusion:
The Lactobacilli were found to proliferate in Camel
cheese made from camel milk obtained from Bikaner, area
of Rajasthan. The biochemical characterization, especially
sugar fermentation pattern was used as a phenotypic
method for species determination of the Lactobacillus
isolates. The three species of isolates as assigned on the
basis of biochemical characterization were confirmed by
species specific PCR using primers reported in the
literature i.e. L. delbrueckii, L. fermentum &, L. plantarum. L.
delbrueckii was found to be most prevalent in Cheese
sample B and L. fermentum was also found to be prevalent
in sample 2 followed by L. plantarum.
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Strengthening, Authentication and Exploitation of Mushroom Biodiversity at the
National Mushroom Repository for Human Welfare
PI : R. C. Upadhyay
National Research Center for Mashroom, Sonal, H.P.
Rationale :

Objectives :

India with a varied agro climate is endowed with a rich
fungal flora occurring in the hills, plains, deserts and costal
ecosystem of our country. Most of the earlier work on
Indian fungi have been concentrated on microfungi,
particularly those causing plant diseases. On fleshy fungi
whatever work has been done by earlier mycologists laid
their emphasis only on taxonomic aspects. In the changed
scenario when the fleshy fungi are being exploited for
commercial cultivation, extraction of pharmaceuticals,
antibiotics, bioremediation and extraction of enzymes for
industries and applications of mycorrhizic fungi for
afforestation, it has become very much essential to make a
concerted and coordinated efforts at the National level to
properly collect, identify, culture and conserve these fast
depleting national wealth not only in the form of dead
herbarium specimens but as living cultures in a national
repository, where they may be scientifically catalogued,
classified, characterized using modern molecular methods
like RFLP, ITS and isozymes. These fungi will be conserved
for long durations and attempts will be made for artificial
domestication of unexploited mushrooms species.

·

Collection of wild mushrooms from Himachal
Pradesh, Uttarakhand and South Rajasthan

·

To obtain mycelial cultures from the collected
specimens and culture conservation in the Gene Bank
of NRCM, Solan and at NBAIM, Mau

·

Complete description and Identification of the
specimens using traditional taxonomic methods

·

Identification of collected mushroom species also by
using molecular techniques like, RFLP and Internally
Transcribed Spacer (ITS) regions of the ribosomal
DNA

·

Molecular identification and cultivation of Hericium
spp

·

Artificial domestication of unexploited indigenous
wild edible mushroom species like Hericium, Agaricus
and Pleurotus spp

·

To identify important mushroom metabolites

There are various potential areas in India where
endemic mushrooms grow during rainy seasons like
North-East and North-West Himalayas from JammuKashmir to Sikkim and Manipur, Mount Abu and Thar
Desert (Rajasthan) Gir and Saputara forest of Gujrat,
evergreen forest of Western Ghats mainly Kerala and
Karnataka and costal areas of Orissa.
No much information is available in literature on wild
mushroom flora of some of these areas. Even the earlier
attempts by various workers to collect wild mushroom
flora of Himachal Pradesh, Karnataka, Tamil Nadu and
Kerala was of only academic interest and not much efforts
were made to conserve the mushroom biodiversity.
The wealth of fleshy fungi collected and conserved
under the project will not only help to preserve and
conserve the vast fungal biodiversity of our country but
will also make available to researcher, industrialists and
farmers for diversification of newer mushroom species for
cultivation, extraction of pharmaceuticals and antibiotics,
waste recycling and applications in establishing forest
seedlings in barren areas.
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Significant Achievements :

·

A total number of 219 wild mushrooms have been
collected from the forest of Himachal Pradesh,
Uttarakhand, Punjab, Haryana, Delhi and Aravali hills
of Rajasthan. All the specimens have been preserved in
the Herbarium of NRCM, Solan.

·

All the specimens were examined for their
macroscopic features in the field along with their field
photographs.

·

Identified some collection upto species level i.e.
Cantharellus appalachinesis, C. cibarius, Tricholoma
ponderosus, T. auranticum, Lepiota sordida, Pleurotus
djamore var. cyathiformis, Ganoderma lucidum, Grifola
frondosa, Descolea flavo annulata, Stropharia rugoso
annulata, S. coronilla, Amanita subglobosa, Amanita
umbrinolutea, A. hemibapha var.ochracea, A. hunanensis,
A. hemibapha subsp. hemibapha and Coprinus comatus.

·

Out of 219 collections 202 collections have been
identified up to genus level. There were 3 specimens
belonging to Ascomycetous and rest basidiomycetous
fungi. Among basidiomycete 172 specimens belongs
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to order Agaricales, 2 Boletales, 2 Gasteromycetes and
23 genera of order Aphyllophorales. Rest of the
collections (17) are still under examination for their
proper identification. Agaricus (10), Albatrellus (1),
Amanita (9), Armillaria (3), Auricularia (6),
Chlorophyllum (4), Cantharellus (5), Clitocybe (4),
Coltricia (1), Collybia (1), Coprinus (2), Cortinarius (15),
Crepidotus (1), Descolia (5), Gomphus (3), Grifola (2),
Gymnopilus (3), Hebeloma (3), Hericium (1), Hygrocybe
(2), Hohenbuhelia (1), Inocybe (9), Kuehneromyces (1),
Laccaria (8), Lactarius (2), Lentinus (3), Lepiota (6), Lepista
(3), Leucoagaricus (1), Leucocoprinus (2), Lyophyllum (1),
Marasmius (2), Mycena (1), Melanogaster (1),
Nematoloma (8), Oudmansiella (2), Pholiota (4),
Phaeocollybia (2), Phaeomarasmius (1), Pleurotus (6),
Podaxis pistillarius (1), Phyllotopsis (1), Psathyrella (2),
Rhodocybe (1), Russula (1), Stropharia (4), Strobilomyces
(1), Sparaciss crispa (1), Trametes (2), Tricholoma (10),
Volvariella (1) and Xerula (2). During this research work
wild relatives of commercially cultivated mushroom
genera such as Agaricus, Pleurotus, Stropharia,
Volvariella, Lentinus, Hericium, Auricularia, Sparassis
etc. have been obtained, which have great potential in
breeding programs for strain improvement of these
important mushrooms and their domestication for
large scale production.

·

Grifola frondosa was collected and cultured. This is one
of the important medicinal mushroom and
commercially cultivated.

·

A total number of 90 tissue cultures (till date) from
wild specimens have been preserved in the Gene Bank
of NRCM in liquid paraffin and kept at 4C.

·

Hericium is one of the important medicinal mushroom
and mainly cultivated on steam sterilized
supplemented saw dust. Two indigenous species of
Hericium collected from wild were brought in to
culture and attempted for their domestication.

Mycelium of all the three species could colonize wheat
straw and they produce successful fruiting on wheat
straw. Hericium erineceum has been reported to contain
anti-dementia substances such as stimulators of never
growth factor and inhibitors of cytotoxicity of
amyloid.

·

Three new taxa of section Vaginatae viz. Amanita
hunanensis, A. hemibapha subsp. ochracea and A.
hemibapha subsp. hemibapha, were identified.

Conclusion :
The project is aimed at collecting, identifying and
conserving higher fungi from different ecological regions
of India. Some of these fungi have a commercial value
because they can be cultivated and are sold in the local
markets. At present mushroom growers in developing
countries need reliable cultures and spawn to inoculate the
substrates for growing mushrooms. The availability of
well managed (national or local) germplasm collections is
of great importance, both commercially and socially. There
is a growing need to diversify mushrooms portfolio of
edible mushrooms. There may be same species useful for
medicinal and industrial applications in extracting new
bioactive molecules and for synthesis or degradation of
complex chemical compounds. The project helped to find
indigenous Hericium species, which can be cultivated on
wheat straw.
Papers published from AMAAS work
·

Upadhyay, R.C., Kaur, Amanjeet Deepika Kumari,
K.C. Semwal and Gulati, A. 2008. New records and
taxonomy of Agaricales from north western
Himalaya. Journ. of Mycol. and Plant Pathol.38(1):158163.

Seminar's, symposia and conferences attended
·

Deepika Kumari, R.C. Upadhyay and M.S. Reddy
2009. Some new species of Cantharellaceae from India,
Mycological society of India, Conference, 29th to 30th
January 2009, Chennai, India.
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Exploring Bacterial Diversity in Kutch Eco-region of Gujarat for Agricultural
and Industrial Applications
PI : K. K. Pal
Co PI : R. Dey
National Research Centre for Groundnut, Junagadh, Gujarat
Rationale :
The emerging issues of salinity, high temperature and
degradation of soil quality warrant management strategies
to preserve microbial diversity and to exploit the existing
diversity for enhancing crop productivity. The Kutch
ecoregion of Gujarat remains a source of novel organisms
and genes thereof of agricultural, industrial,
pharmaceutical and therapeutic usage for the
microbiologists to explore due to prevalence of diverse
harsh environmental conditions like extreme
temperatures, salinity, and drought. Great diversity is also
observed in the soil types and the crops grown in the area.
Hypersaline environment can be observed in
hundreds of square kilometers in the Kutch eco-region.
Majority of these are crystallizers with salt concentrations
near to saturation point (4.5-5.5 M). Only extreme
halophiles can survive under such conditions, the diversity
of which is relatively unexplored.

·

Identification of potent salt tolerant strains of bacteria
suitable for groundnut cultivation in salt affected
areas of Kutch eco-region

·

To study the diversity of representative groups of salt
tolerant bacteria obtained from salt affected areas and
salterns of Kutch eco-region

·

Exploring source of novel gene(s), if any, of
agricultural and industrial importance from diverse
extremophiles with special emphasis on biocontrol,
salt tolerance, bioactive peptides, industrial enzymes,
etc

·

Mapping, cataloguing, and preservation of isolated
and identified bacteria in National Repository

Significant Achievements :

·

To analyse the bacterial diversity in the Kutch
ecoregion of Gujarat, survey was conducted during
the year 2008-2009 and samples were collected for
isolation of bacteria from rhizopshere soil of different
crops as well as from man made salt pans. A total of 45
samples (rhizosphere soil: 18; groundnut plant
samples: 18; saline water/muddy soil: 9) were
collected from 15 locations. The samples were
processed for determination of pH and EC. Whereas
EC varied from 0.6 dSm-1 to 4.6 dS-1 in the rhizosphere
soils collected during rabi-summer season, it was
between 0.52 dSm-1 to 0.90 dSm-1 in kharif season. The
level of salinity varied significantly from location to
location. The pH of the rhizopshere samples varied
from 6.70 to 8.84 across locations. The salinity of the
water collected from salterns and other sources was
also measured. The EC varied from 20.0 dSm-1 to 96.2
dSm-1. The population of different groups of bacteria in
the rhizosphere soil samples of groundnut,
determined on specific media, varied from 5.4 X104
cfu/g soil to 4.6X105 cfu/g soil and 1.5X103 cfu/g to
5X104 cfu/g soil, respectively, for free living nitrogen
fixers and phosphate solubilizing bacteria.

·

A total of 459 bacterial isolates were obtained from
rhizosphere soil samples and saline water samples
including 28 bacilli, 35 pseudomonads, three nif+nod+
rhizobial isolates and 28 PSB. All the bacterial isolates
were characterized and results demonstrated that 47
produced chitinase, 45 produced cellulase, six

A large part of the area is drought affected with an
average rainfall of around 300 mm and thus desert like
conditions prevail there. Groundnut is grown in these
areas with irrigation. As irrigation is done with saline
water, after few years of cultivation, the land becomes unfit
for cultivation due to increase in salinity. Thus,
management of salinity is of urgent need besides
identification of organisms tolerant to salinity for
using/exploiting them to harness the essential nutrients
for raising crops, particularly groundnut, in these areas.
Thus, Kutch ecoregion is a hot spot of diverse
microbial population, especially the extremophiles, which
is relatively unexplored. Therefore, studying the microbial
diversity in this ecoregion for exploiting their use in
agricultural, industrial, and pharmaceutical industries is of
utmost importance. The present project aims at exhaustive
surveys, isolations, identifications, molecular diversity,
bioprospecting and conserving the microbial diversity
from various niches for multiple societal benefits. Besides,
the project will envisage in identifying future strategies in
developing efficient biofertilizer packages for existing
crops of Kutch ecoregion.
Objectives :

·
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Survey, isolation and characterisation of important
bacteria from salt affected areas and salterns of Kutch
eco-region of Gujarat
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cyanogenic fluorescent pseudomonads, 135 produced
ammonia, 28 solubilized tri-calcium phosphate in vitro
and 85 were free living nitrogen fixers. Thirty five
having multiple plant growth promoting traits were
also obtained.

·

The salt tolerance levels of the isolated bacilli obtained
earlier were determined. Out of 55 bacilli
characterized so far, six, forty, six, two, and one
isolates of bacilli showed tolerance upto 5%, 10%, 15%,
20% and 23% of NaCl, respectively in solid medium.
Interestingly, three bacilli were cultivated successfully
in liquid saturated NaCl medium.

·

Besides, 24 extreme halophilic archaea were also
obtained from salterns which were successfully
cultivated in saturated NaCl condition using
improvised techniques.

·

·

Nine different fluorescent pseudomonad strains
(Pseudomonas fluorescens biovar G isolate BHU I,
Pseudomonas aeruginosa BM6, Pseudomonas maculicola
isolate S1(6), Pseudomonas aeruginosa ACC7,
Pseudomonas aeruginosa 57, Pseudomonas fluorescens
biovar III isolate 226, Pseudomonas fluorescens biovar III
isolate 232, Pseudomonas putida biovar A isolate330
and Pseudomonas putida biovar A isolate 357) were
analysed for RAPD profiles for polymorphism, DNA
fingerprinting and diversity analyses using OPERON
RAPD primer kitA (Fig. 1).
Five fluorescent pseudomonads (Pseudomonas
aeruginosa 57, Pseudomonas fluorescens biovar III isolate
226, Pseudomonas fluorescens biovar III isolate 232,
Pseudomonas putida biovar A isolate330 and
Pseudomonas putida biovar A isolate 357), identified
employing Biolog method have been deposited to
NBAIM, Mau along with RAPD profile.

Fig.: Colony morphology of selected
actinomycetes isolates.

Conclusion :
The study so far revealed the presence of multiple
plant growth-promoting fluorescent pseudomonads in the
rhizosphere of groundnut grown in high salinity
conditions in Kutch eco region of Gujarat. The bacilli and
the archeae, which were successfully cultivated at
saturated NaCl condition, could be the source for
prospecting of novel genes for osmo-tolerance. Many of the
isolates showed promise for production of chitinases,
cellulases, proteases and antifungal antibiotics which have
industrial applications. The RAPD profile, generated using
operon RAPD primer Kit A, indicated that though some of
the isolates were phenotypically and biochemically
similar, all of them are genotypically different.
Papers published from AMAAS work
·

Pal, K. K., Dalsania, T. L., Manesh, Thomas, M.,
Gondaliya, S., Ghorai, S. and Dey, R. (2008).
Biochemical and Molecular Characterization of Some
Salt Tolerant Plant Growth Promoting Groundnut
Rhizobacteria. 49th Annual Conference of AMI,
University of Delhi, Nov. 18-20, Abstr. p. 367

·

K. K. Pal, Gondaliya, S., Thomas, M., Ghorai, S. and
Dey, R. (2009). Quest for salt tolerant strains of PGPR
and rhizobia for improving groundnut yield under
salinity stress. International Conference on Grain
Legumes, IIPR, Kanpur, February 14-16, Absrt. p. 326

Seminar's, symposia and conferences attended
·

Dr. K. K. Pal attended the 49th Annual Conference of
AMI held at University of Delhi from 18th -20th
November, 2008.

·

Shri Manesh Thomas, SRF, attended the 49th Annual
Conference of AMI held at University of Delhi from
18th -20th November, 2008.

·

Miss Sucheta Ghorai, SRF, attended the International
Conference on Grain Legumes held at IIPR, Kanpur
from 14th – 16th February, 2009.

Fig.: RAPD profile of Pseudomonas fluroscence biovar III isola te 232
generated using Operon RAPD Primer Kit A (OPA 1 to OPA 20).
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Isolation and Characterization of Flavobacterium Species from Fish and Aquatic Environment
PI : Gaurav Rathore
National Bureau of Fish Genetic Resources (NBFGR), Lucknow
Rationale :
Bacterial diversity screening is an active area of
research as it provides inexhaustible data, which can be
used for the purpose of developing products for the
pharmaceutical, agricultural, chemical processing and
industrial markets. Knowledge on the biodiversity of
crucial aquatic ecological areas would yield a better
understanding of their community composition, spatial
relationship among organisms, nature of the operating
biochemical cycles and the mechanism of the existing
energy balance. These would provide a framework for the
conservation and sustainable development of ecosystems.
Till date very limited and isolated efforts were made to
tapping of microbial diversity and identification of aquatic
environment.
Flavobacterium spp is an important genus that is widely
distributed in soil and freshwater habitats where they
decompose organic matter. Several species are pathogenic
to freshwater fish (F. columnare, F. psychrophilum, F.
branchiophilum) or isolated from diseased freshwater fish
(F. johnsonie, F. hydatis, F. succinicans). Members of
Flavobacterium are important producers of extracellular
proteases as virulence factors and several enzymes that
hydrolyse casein and gelatin. They also have the ability to
degrade polysaccarides such as starch, pectin, chitin,
laminarin, alginate, xylan, carboxy methyl cellulose and
are also agarolytic. Some species can degrade complex acid
polysaccharides such as chondroitin sulphate and
hyaluronic acid. Therefore, isolation and characterization
of Flavobacterium spp is important for fish disease diagnosis
and health management. The aim of this study was to
isolate and characterize the Flavobacterium spp and other
related yellow pigmented bacteria from fish, sediment and
pond water sample. All these samples were directly
associated to each other and would provide information
for prevention of fish diseases and help in health
management. These species can be utilized for other
applications in agriculture and allied sector.

through fingerprinting techniques
·

Significant Achievements :
·

Fish and water samples were collected from various
districts of Uttar Pradesh for isolation of
Flavobacterium and other important bacteria during
April 08 to March 09. Additionally, fish samples were
also collected from Patlikhul (Manali) and Shimla in
Himachal Pradesh for isolation of cold tolerant
bacteria.

·

On the basis of primary biochemical tests, a total of 66
isolates were selected for further screening by
Flavobacterium specific primer designed by us. Thirtyfive isolates gave a positive amplification of ~750 bp
fragment. These isolates have been further
characterized for molecular identification of
Flavobacterium species on the basis 16s rDNA
sequencing. The results of 16s rRNA sequencing
showed 29 isolates with a sequence similarity ranging
from 96-98% to Flavobacterium species. The confirmed
isolates of Flavobacterium species were further
characterized for different biochemical tests. Eight
isolates were positive for flexirubin production, 5
isolates were positive for Congo red absorption assay
(extracellular galactosamine glycan production) and 8
were positive for Chondroitinase production
(Figure.2b). Nine isolates were also tolerant upto 1%
NaCl. In addition to genus Flavobacterium, One isolate
6RS3 has been identified as Pseudochrobactrum
asaccharolyticum belonging to family Brucellaceae. The
other isolates (3RSA & 3RSB) belonged to genus
Lysobacter spp.

·

For analyzing the genetic variation and species
identification among different Flavobacterium isolates
rep-PCR (Repetitive Extragenic Palindromic) was
performed using REP1 and REP2 primers. Results
show that rep-PCR is clearly able to differentiate
species of Flavobacterium and can be used for
genotyping.

·

A probe was designed from the highly conserved
sequences adjacent to the 3' end of the 16S rRNA
region. Probe was designed to be complementary to
conserved region near the 3` end of 16S ribosomal
operon based on a computer alignment of ribosomal
RNA sequences available through Genbank.

Objectives :
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·

To isolate and characterize Flavobacterium species and
related microbes by conventional methods from
diverse aquatic ecosystem

·

To assess the diversity of Flavobacterium species and
related microbes by molecular methods

·

To develop sensitive and rapid method for detection of
Flavobacterium species by PCR

·

To identify and discriminate the Flavobacterium species

To design and evaluate the use of DNA probe for
direct detection of Flavobacterium species from various
aquatic ecosystems
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Available 16S rRNA sequences (100 no.) of the
Flavobacterium sp and other important genus of
Flavobacteriaceae family were aligned by CLUSTALW.
A unique segment consisting of thirty-nine bases of
conserved region of Flavobacterium sp was selected for
designing of probe. The probe was commercially
synthesized and labeled with Biotin at the 5' end. The
optimal concentration of probe was found to be 35
pg/ml in the hybridization solution for minimum
detection of signals for genomic DNA of
Flavobacterium sp. Preliminary results have shown that
the probe hybridized with all test Flavobacterium
isolates (10 no.).
Conclusion :
Our results show that there exists a lot of diversity
among yellow-pigmented bacteria isolated from fish and
water samples. So we performed a polyphasic approach
for the isolation and characterization of Flavobacterium.
Tested isolates showed production of different enzymes,
which can be industrially exploited. Our ISR based primers

were successfully employed for rapid and sensitive
screening of Flavobacterium species from aquatic
environment. Phylogenetic tree based on 16s rDNA
analysis revealed that our reported isolates clustered with
different reference strains of Flavobacterium species. Out of
the total 29 confirmed isolates of Flavobacterium, isolates
eight isolates were closely related to F. micromati, five to F.
hercynium, five to F. columnare, four to F. johnsoniae and
remaining seven clustered with other species of
Flavobacterium. Still, there exists immense possibility of
identifying new species among the yellow-pigmented
bacteria isolated from aquatic environment. Rep-PCR is
clearly able to differentiate species of Flavobacterium and
can be used as a tool for genotyping. A diagnostic probe
has been designed from the highly conserved sequences
adjacent to the 3' end of the 16S rRNA region and has been
used for detection of Flavobacterium species. DNA
fingerprinting coupled with molecular hybridization is
powerful tool for detection and characterization of various
Flavobacterium isolates. Further testing of probe specificity
is under progress.
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Bacterial Diversity Analysis from Different District/ Ecological Zones of Madhya Pradesh
PI : Kiran Singh
Division of Microbiology, Barkatullah University, Bhopal
Objectives :
·

Sample collection from different eco-zones of Madhya
Pradesh

·

Isolation of microorganisms and PCR based
characterization

·

Characterization of PCR based technique, namely,
ERIC, REP and BOX

·

Optimize the use of DNA probe for direct detection of
efficient microbial strains from plant parts and soil

Significant Achievements :
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IAA , production of hydrogen cyanide, production of
ammonia production of siderphore etc was studied
Conclusion :
Among the total 50 bacterial soil isolates 35 bacterial
culture showed phosphate solubilizing properties, 20
isolates of Pseudomonas sp and 30 isolates of Bacillus sp. are
confirmed. Apart from these 80 cultures showed free living
as well as symbiotic nitrogen fixing property. Out of those
56 cultures, which are biochemical characterized,
confirmed the properties of free-living bacterial cells of
Azotobacter. Bacterial strains isolated from root nodule are
being confirmed as Rhizobium species and are being
confirmed for nodulation test. Nodulation frequency with
nitrogen fixation capabilities is confirmed using Gas
Chromatography for N2-ase ac activity. Bacterial strains
that were efficient nodule former are used for pot culture
study.Residual nitrogen in pot experiment is estimated,
which in turn support subsequent crop growth to
determine fertility of soil. Plant growth promoting
properties like production of IAA, production of hydrogen
cyanide, production of ammonia and production of
siderphore was studied

·

350 bacterial strains from agricultural field have been
isolated, among these isolates 20 isolates of
Pseudomonas sp were obtained and fluorescent
pigment produced by the isolates was characterized
by UV Visual spectrophotometry; 30 isolates of
Bacillus sp has been identified whereas, 80 cultures
showed free living as well as symbiotic nitrogen fixing
property under laboratory conditions. Out of those 56
cultures, which are biochemically characterized,
confirmed the properties of free-living bacterial cells
of Azotobacter.

·

Bacterial strains that were efficient nodule former are
used for pot culture study

·

·

Residual nitrogen in pot experiment is estimated,
which in turn support subsequent crop growth to
determine fertility of soil.

International Conference on “Current Trends In
Biotechnology & Implication In Agriculture”
February, 19-21,2009-S. V.P.University- Meerut (U.P.)

·

·

Phosphate solubilizing strains of Pseudomonas sp. and
Bacillus sp are screened by growing them on
Pikovskaya's medium. and amount of phosphorus
utilized by bacterial strains was quantitatively
estimated.

49th Annual Symposium on “Microbial boitechnology:
Diversity, genomics and metagenomics” (November
18-20,2008) Organized by Department of Zoology,
North Campus, Department of Microbiology of South
Campus University of Delhi, India

·

·

Plant growth promoting properties like production of

National seminar on “Recent Advances in
Environmental Sciences” University Gwalior (M.P.)

Seminar's, symposia and conferences attended
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Diversity of Diazotrophic Bacteria in Arid Zone Soil under Extreme Environments
PI : Rajesh Gera
Co PI : Kamlesh Kukreja
Department of Microbiology, CCSHAU, Hisar, Haryana
Rationale :

Significant Achievements :

Soil bacterial communities and the soil processes mediated
by bacteria are critical for ecosytem functioning and
productivity in arid lands. There is an urgent need to
integrate the soil bacterial community into our
understanding of ecosystem interactions at a scale relevant
to the whole-plant, between-plant, and ecosystem levels.
Nitrogen and water are the two most limiting resources in
arid under rainfed ecosystem. Soil bacteria are responsible
for all nitrogen fixation in the soil, and they play essential
roles in nitrogen cycling in soil crusts and plant
rhizospheres Nitrogen is the limiting nutrient for crop
growth in most developing countries. Exploitation of
biological N2 Fixation offers a unique opportunity to
harness nitrogen from the air. The promotion of low-input
agriculture over the last decades has sparked a great
interest in soil microorganisms, able to increase soil fertility
or to stimulate plant nutrition and/or health. Knowledge
of the diazotrophic community structure and population
dynamics responsible for nitrogen fixation is important for
agricultural applications as well as for understanding the
ecosystem processes. The microorganisms associated with
arid zone cropping systems are well adapted to stress
conditions. Introduction of microorganisms which are not
adapted these stress conditions fail to establish and do not
survive giving little benefits to host. Study on microbial
diversity in different cropping system will identify the new
genotypes suitable for different host, soil type,
management practices and cropping system. This will help
to develop better bio-inoculants for arid zone crops.

·

A total of 126 soil samples were collected from
different arid and semi arid zones of Haryana as
shown in map to study the diversity of diazotrops
under extreme environment. Major cropping pattern
in different districts of Haryana along with climatic
conditions are shown in Table.

·

Ninety new rhizobial isolates have been isolated from
nodules of different leguminous crops of the arid zone.
These include Sesbania, berseem, mungbean, cowpea,
mothbean, pigeonpea and guar. These isolates have
been tested for the presence of nod gene and hence
authenticated as rhizobia. Representative phylotypes
have been identified for different crop rhizobia based
upon RFLP analysis of the nodC gene.

·

Combined analysis of the rhizobial isolates from
different crops gave a representative picture of the
nodC restriction patterns. All the rhizobial isolates had
earlier shown high similarity in the nodC gene with
most of them showing 80% similarity. While berseem
isolates formed a single phylotype, isolates from
mothbean showed 100% similarity to few mung
isolates and cowpea isolate C11. Isolates from guar G1
and G2 showed 100% similarity to mung isolate M10,
M17 and M1, M2, M3, M5, respectively. The strain Rz1,
Mezorhizobium from chickpea was more closely
located with 50% similarity to berseem isolates cluster.

·

All the 33 rhizobial isolates giving positive nodC
results were consequently also subjected to 16S rDNA
restriction analysis in order to get a better
understanding of phylogenetic relationships among
the different rhizobia. The amplified product of all
isolates was subjected to RFLP using two restriction
enzymes, namely, MspI and HhaI. The results are
depicted in the form of a dendrogram. High
polymorphism revealed two major clusters being
formed at 56% similarity. All the isolates of berseem,
cowpea and mungbean grouped together in one major
cluster. However, the isolate M16 formed a separate
group with guar isolate (G1) with 65% similarity from
the rest of the mungbean nodules isolates. It is thus
concluded from this study that rhizobial isolates from
different host plants share similar nodC genes but
harbour heterogeneous 16S rDNA backgrounds.

Objectives :
·

To study the soil microbial diversity of nitrogen fixing
bacteria under extreme environments (high
temperature, low moisture, low nutrients and high salt
concentration)

·

To characterize the isolates for agriculturally useful
traits like nitrogen fixation, growth hormone
production and as fungal antagonists

·

To characterize the symbiotic nitrogen fixers for
nodulation and nitrogen fixation properties

·

To identify the specific populations associated with
abiotic variables and functions
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Genomic DNA of 40 isolates of Sesbania was amplified
using 16S rRNA primers and product of nearly 1460 bp
was obtained.

·

From the previous culture collection, molecular
characterization of four isolates, J30, J40, J45 and J48
isolated from rain fed area on Jensen media was
carried out. Three of these isolates (J30, J40, J45) were
found to have similarity to Bacillus subtilis and one of
them, J48, has been identified as Sinorhizobium meliloti
on the basis of partial 16S rRNA sequences. These
cultures have been deposited to NBAIM centre along
with detailed discription.

·

Five isolates M2, M16, Mo1, C17 and B5 of Mungbean,
Mothbean, cowpea and Barseem from each
representative group were identified as
Bradyrhizobium yuanmingense, Rhizobium sp./
Bradyrhizobium sp./B.liaoningense, Bradyrhizobium sp.,
Mesorhizobium loti/ Bradyrhizobium sp. and Rhizobium
leguminosarum on the basis of partial nodC gene
sequencing using both forward and reverse nodC
primers. These cultures are ready for submission to
NBAIM centre after further characterization.

Conclusion :
In all 89 new morphotypes have been added to the
already existing culture collection from 30 different soil
samples analyzed. On the basis of nodC and 16S rDNA
restriction analysis of 90 new rhizobial isolates from
Sesbania, berseem, mungbean, cowpea, mothbean,
pigeonpea and guar giving positive nodC,
it was
concluded that rhizobial isolates from different host plants
share similar nodC genes but harbour heterogeneous 16S
rDNA backgrounds. Isolates from Sesbania nodules
showed wide diversity among themselves and only half of
the isolates showed 100% similarity to each other and were
distributed into five sub-groups. Three isolates (J30, J40,
J45) have been identified as Bacillus subtilis and one isolate,
J48 has been identified as Sinorhizobium isolated from rain
fed area. Five isolates M2, M16, Mo1, C17 and B5 of Mung,
Mothbean, cowpea and Barseem are identified as
Bradyrhizobium yuanmingense, Rhizobium sp./
Bradyrhizobium sp./B.liaoningense, Bradyrhizobium sp.,
Mesorhizobium loti/ Bradyrhizobium sp. and Rhizobium
leguminosarum on the basis of partial nodC gene sequencing
using both forward and reverse nodC primers. Less
explored rhizobia have been isolated from 106 soil samples
collected from different districts of Haryana by using trap
plants of lucerne, alfalfa and Vicia faba in pots.
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Diversity in Fungal Antagonists and Entomopathogens of Uttarakhand
PI : J. Kumar
Co PI : N. W. Zaidi
College of Agriculture, G.B. Pant University of Agriculture & Technology, Pantnagar, Uttarakhand
Rationale :
State of Uttarakhand has been declared as organic
state and thus is in the process of promoting organic
farming especially in the hill region. GBPUAT, Pantnagar
has already initiated research programmes in this direction
in 12 districts of the State. However, availability of strains
of biopesticides suited for different agro climatic
conditions is proving to be major impediment for the
management of nutrients and diseases and pests under
organic cultivation in hills. Even residue decomposition at
higher altitude is a serious problem. Most of the strains
available at Pantnagar or elsewhere are better suited for
tropical and subtropical climate. However, there is
impending need to search for strains that are adapted to
low soil and environmental temperature, acidic soil, etc.
for use as biopesticide and/or biofertilizer including
compost decomposer.

pathogens and ISR activity against Rhizoctonia solani,
the causal agent of sheath blight of rice.
·

The antagonistic potential and ISR activity of the 30
isolates of Trichoderma spp. was further studied under
glass house conditions against Rhizoctonia solani, the
rice sheath blight. All isolates checked lesion length
significantly as a result of R. solani infection when
compared to control under glass house conditions.
Isolate PB-23 was the most effective isolate in
inhibiting the pathogen infection as it restricted the
lesion length to 12.3 mm lesion length. This was
followed by PB 22 recording 14.6 mm and PB 18
recording 16.1 mm lesion lengths. The minimum
reduction in lesion length was obtained with PB6
(lesion length 31.3 mm) when compared to cheek (34.0
mm). Nevertheless, all the 30 isolates recorded
significant reduction in the disease when compared to
check. Most effective isolate giving least per cent
disease index (PDI) was PB 22 (21.6%) followed by PB
21 (22.2%) where as least effective isolate was PB 6
(31.6% PDI).

·

Plant growth promotion activity of the 30 Trichoderma
isolates was studied against tomato under glass house
conditions. Except seven isolates (i.e. PB 3, 9, 13, 19, 24,
25 & 26) all isolates were found to enhance root growth
when compared to check.

·

Study of genetic diversity in Beauveria bassiana has
already been done through RAPD-PCR using 10
RAPD primers. Genetic diversity of a set of eight
isolates was further assessed based on ISSR (16
primers). Percentage polymorphism revealed by ISSR
was (98.25%). Maximum similarity coefficient was
found between Multiplex isolate and Bt-2 isolate
(0.81), which indicated the relatedness of the two
isolates. In all, 203 bands were detected using 16 ISSR
primers, of which 199 were polymorphic.

Objectives :
·

Isolation of fungal antagonists from different agroclimatic conditions of Uttarakhand

·

Characterization of fungal antagonists for their
cultural and morphological characteristics,
mycoparasitic ability (both hyphal and sclerotial
colonization) against different fungal pathogens, antinematode activity, plant growth promotion, induced
systemic resistance, compost colonization,
phosphorus solubilization and molecular
characteristics

·

Isolation of entomopathogenic fungi from different
insects and agro-climatic conditions of Uttaranchal

·

Characterization of entomopathogens for their
cultural, morphological and molecular characteristics,
virulence against different insects and compost
colonization ability

·

Compatibility (both in vitro and in vivo) among
different fungal antagonists and entomopathogens

·

Field evaluation of selected strains of fungal
antagonists and entomopathogens

Significant Achievements :
·

A total of 30 isolates (PB1 to PB-30) of fungal
antagonist Trichoderma, obtained from different agroclimatic conditions of Uttarakhand were characterized
for their cultural and morphological characteristics,
mycoparasitic ability against different fungal

Conclusion:
There exists a repository of 46 well characterized
strains of Trichoderma, fingerprints of which have also been
generated. Another set of 30 isolates of Trichoderma have
been tested for various characters that can make them
potential antagonists. Out of these some of the isolates
have been found to be very promising. During 2008-09, an
extensive collection of soil samples from different farming
situations in the hill region of the state led to the generation
of 99 isolates of Trichoderma that have already been
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identified and morphologically characterized.
Subsequently, this collection would be subjected to
assessment of genetic variability, screening for antagonism
and field testing.

Seminar's, symposia and conferences attended

Papers published out of AMAAS work

·

Attended Third Uttarakhand State Science and
Technology Congress from 10-11 November, 2008
held at IIT Roorkee, Uttarakhand.

·

Attended a national training on Novel and Innovative
Biochemical and Molecular Tools for Characterization
of Agriculturally important Microorganisms from
January 12 to February 1, 2009 at NBAIM, Mau.

·

Attended training on Mass Production Technology of
Biological Control Agents at NCIPM, New Delhi from
28 February, 2009 to 09 March 2009.

·

·

§
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A. K. Gupta, C.P. Singh and U. S. Singh (2008) Study of
pathogenecity of different isolates of Beauveria bassiana
against Bihar hairy caterpillar, Spilarctia obliqua
(Pantnagar Journal of Research) Accepted.
K. K. Sharma and U. S. Singh (2008) Determination of
antifungal and plant growth promotary activity of the
rhizospheric isolat es of Tr ic hode r ma from
Uttarakhand. In: Third Uttarakhand State Science and
Technology Congress 10-11 November, 2008 pp. 34.
K. Gupta, C.P. Singh, N. W. Zaidi, J. Kumar and U. S.
Singh (2008) Growth and sporulation of Beauveria

bassiana (Balsamo) Vuillemin on different broth media.
In, Third Uttarakhand State Science and Technology
Congress 10-11 November, 2008 pp35.
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Exploration and Screening of Microbial Diversity of Bihar and their Potential Application
PI : V. K. Shahi
Co PI : Dayaram, Subodh Kumar Sinha
RAU, Pusa, Bihar
Rationale :
The diversity status of micro organisms may be
defined in terms of variations in morphological,
physiological and genetic characteristics apart from
habitat diversity. Microbial diversity is fundamental to
maintenance and conservation of genetic resources. As we
explore into different environments, the richness of
microbial diversity becomes more evident, and it becomes
imperative to estimate, record, and conserve the microbial
diversity. This will not only reveal the structural and
functional diversity of microorganisms and develop
microbial map of the region but also help to use genetic
resources of the microbial world for sustainable
agriculture.
Objectives :
·

Collection, identification and conservation of
agriculturally important microbes from different
agro-climatic zone of Bihar

·

Characterization of germplasm to ensure broadspectrum genetic variability

·

Evaluation of potential strains for their use and
development of technology for mass multiplication

Significant achievements :
·

A total of six explorations in 10 districts of Bihar Viz.
Madhepura, Saharsa, Supaul, Araria, Nalanda, Patna,
Samastipur, East Champaran, Begusarai and Khagaria
were conducted and soil, water and plant samples
were collected.

·

Out of 734 isolates, 198 isolates belongs to Azotobacter,
83 to Rhizobium, 56 to PSB, 31 to Azospirillum, 13 to
Gluconacetobacter and 200 to Fungi were selected for
characterization

·

District wise distributional range of various
microorganisms viz. Azotobacter, Rhizobium, PSB and
Fungi were in order of: Nalanda > Samastipur > East
Champaran > Khagaria > Begusarai> Patna >
Madhepura > Saharsa. The range of these organisms
were 4739-258.16, 31.88-197.52, 7.93-147.52, 13.96146.29, 12.18-143.84, 12.56-141.66, 0.0-23.91 and 0.018.66 in Nalanda, Samastipur, East Champaran,
Khagaria, Begusarai, Patna, Madhepura and Saharsa
districts respectively. The number of C.F.U of
Rhizobium g-1 soil varies from 39.21-145.93, 56.87-219.9,
26.44-129.16, 24.63-106.25, 23.55-129.44, 6.34-29.65,
5.95-28.88 and 37.67-89.18 in Nalanda, Patna,
Begausarai, Khagaria, Samastipur, Madhepura,
Saharsa and East Champaran districts respectively.
Similar trend was observed for other microorganisms.

Conclusion :
Six explorations were conducted during the year in
different agro-climatic zone of Bihar to collect
agriculturally important microbes. Two explorations were
made in the flood affected districts of Kosi region. A total of
384 soil, water and plant samples were collected. Variation
was observed in the distributional pattern of various
microorganisms in different agro climatic regions. 734
isolates of various microorganisms have been isolated.
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Exploration and Screening of Bacterial Diversity in North-East India and
its Potential Application in Biocontrol
PI : Ratul Saikia
Co PI : T. C. Bora
Biotechnology Division, North East Institute of Science & Technology (CSIR), Jorhat, Assam
Rationale :
North–Eastern India is the best known for its rich
biodiversity and its un-tapped bioresources has been
identified as the Indo-Burma Mega Hot Spot by
Conservation International. Microbial diversity in this
region includes a vast array of organisms that are
importance for many purposes like agriculture (PGPR,
biocontrol of disease and pests etc), nutrient management,
industry etc. Therefore, existence of agriculturally and
industrially potential microbial strains with diverse
genetic resources cannot be ruled out. It is well recognized
that the diversity of microbial communities in NorthEastern region remains unexplored and uncharacterized.
Very little has been done on exploration of these vast
genetic resources, not only to enrich the national gene pool,
but also to explore it for gainful purposes in the field of
industrial, agricultural and pharmaceutical sectors.
Therefore, exploitation of vast potentialities of rare,
endemic and untapped microflora of this region is much
promising and very important also. Moreover, this area is
yet to be explored. Due to richness of microbial diversity,
the microbes are identified as vital resources for extraction
of newer and important molecules of agricultural utility
and also for expression of new gene. Therefore, a systemic
exploration, exploitation, characterization and
conservation of culturable and unculturable microbial
diversity in NE India will open up a new opportunity to
explore the vast potentialities of endemic microflora of this
hot zone (NE region) and also to preserve as a precious
asset of rare genetic resources of the country.

district (it is situated between 26.0º to 27.1º latitudes
and 93.0º to 94.18º longitudes), Gibbon Wildlife
Sanctuary (lies between 26.40 - 26.45 degree north
latitude and 94.20 - 94.25 degree East longitude) of
Jorhat district, Assam and Kaziranga National Park
(locates between latitudes 26°30' N and 26°45' N, and
longitudes 93°08' E to 93°36' E within two districts the
Kaliabor subdivision of Nagaon district and the
Bokakhat subdivision of Golaghat district) and few tea
gardens in Upper Assam. We also collected samples
from Tawang (roughly locates around latitude 27 º 45'
N and longitude 90º 15' E at the northwest extremity of
Arunachal Pradesh) and its nearby area of Arunalchal
Pradesh.
·

During this year, we isolated about 200 hundred
bacterial isolates, more than 50 nos. of Streptomyces
spp. and 30 nos. Pseudomonas spp. (fluorescent
pseudomonads).

·

These bacteria, fluorescent pseudomonads and
Streptomyces spp. were identified to genus level.

·

Amplification of 16S rDNA have already been done
for fluorescent pseudomonads, it will be sent for
sequencing to identify species level.

·

Some of the bacterial isolates and all the Streptomyces
isolates and Pseudomonas isolates were screened for
biocontrol activity against few plant pathogens
(Fusarium oxysporum f. sp. ciceri and Rhizoctonia solani)
and few pathogenic bacteria. Most of the isolates of
Streptomyces spp. and Pseudomonas spp. had showed
antagonistic activity against fungal pathogens and
gram positive bacteria (Bacillus subtilis and
Staphylococcus aureus), however, these isolates did not
show antagonistic activity against gram negative
bacteria which were tested in this study.

·

In our earlier study biocontrol potential of bacterium,
Brevibacillus laterosporus BPM3 which was isolated
from mud of a natural hot water spring was reported.
We observed the effect of temperature on growth of
this strain, and used a temperature range from 15 0C to
55 0C, it was observed that maximum growth was
occurred at 30 0 C; any increase or decrease from this
temperature, growth was also decreased. No growth
was observed at 55 0C or above.

·

Different carbon sources (glucose, dextrose, starch,

Objectives :
·

Collection of environmental samples (soil, water,
plant, decomposed matter etc) from different habitant
of North-East States of India

·

Isolation, purification and preservation of bacteria

·

Bacterial data base development for future uses

·

Screening of bacterial isolates for biocontrol etc

·

Characterization of potential isolates and diversity
analysis

Significant Achievements :
·
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During the year 2008-09, soil and water samples were
collected from some specific sites of Nambor Reserve
Forest (including natural hot water spring), Golaghat
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lactose, mannitol, sucrose, glycerol) and nitrogen
sources (beef extract, yeast extract, peptone,
(NH4)2SO4, NH4Cl, respectively) were used; the
maximum growth was recorded in the starch,
followed by dextrose and lowest growth was observed
in sucrose.
·

·

·

Out of five nitrogen sources, peptone was the best for
maximum growth followed by beef extract and yeast
extract.
We extracted and purified bioactive molecules from
the biocontrol potential, B. laterosporus BPM3. One
TLC fraction (R f value 0.22) showed strong
antimicrobial activity was partially characterized by
UV-spectrophotometer, IR-spectroscopy, NMR (60
MHz and 300 MHz (both Carbon & Hydrogen NMR).
IR-Analysis: The bands at 2958, 2924 and 2853 cm-1
indicates C-H stretching as in alkane; the band 3410.2
cm-1 indicates either NH or –OH groups; the band
1670.8cm-1 indicates the presence of α, ß-unsaturated
cyclic (may be six ring) or cyclic carbonyl group and

band at 1452.6 or 1386.6 cm-1 for the presence of a
dimethyl group (CH3)2C<
·

In NMR (60 MHz, CDCl3 as solvent), ∂ 0.78-1.18 (m)
and 1.69-2.31(m) indicates the presence of –CH2 groups
(saturated);

∂

1.20-1.26(S) indicates the presence of

methyl group.
·

In 13C NMR (300MHz), the peak at 30.09 also indicates
the presence of methyl group.

Conclusion :
Already, we have collected samples from different
forest area of Assam, Manipur, Arunachal Pradesh and
Tripura, and isolated a large number of bacteria. However,
we observed that except fluorescent pseudomonads and
Streptomyces spp., only a few bacterial isolates showed
antagonistic activity against pathogens. Most of the
photographs of bacterial isolates are kept in digitally. We
have stored only the bacterial isolates which showed
antagonistic activity.
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Collection, Identification and Characterization of Microbial Diversity of North Bengal
PI : B. N. Chakraborty
Co PI : U. Chakraborty
Department of Botany, University of North Bengal, Siliguri
Rationale :

Significant Achievements :

Microbial diversity provides a huge reservoir of resources,
which are essential to a sustainable biosphere.
Microorganisms have yielded important biological
materials useful to humans such as antibiotics, drugs,
enzymes, herbicides and growth promoters. Microbes are
able to recycle nutrients, produce and consume gases that
affect global climate, destroy pollutants, treat our wastes
and they can be used for biological control of plant and
animal pests. Despite the acknowledged value of
microorganisms, our knowledge of their diversity and
many of their key roles in sustaining global life support
systems is still very scarce. Exploration, evaluation and
exploitation of microbial diversity are essential for
scientific, industrial and agricultural development. In
India it is even more relevant due to our enormous wealth
of available biodiversity. The vast microbial diversity of
the natural world, combined with ingenious methods to
access the diversity, can provide us with a bountiful source
of new and valuable products. Therefore, continued
research is needed to describe and protect the unexplored
resources for the preservation of natural ecosystems and
the future benefit of mankind. India has a very enviable
biodiversity. However, work on microbial diversity has
been limited and almost little or no work has been done on
the microbial diversity of the North-Eastern Region. Since
this region encompasses some areas which are still now
virgin and unexplored and lies in the High Altitudes
experiencing extremes of weather, stress tolerant
microorganisms would be expected to be found growing in
these regions. Hence a detailed study including mapping
of microbial diversity in the diverse regions of North East
region is very essential and needs to be incorporated in the
study of overall microbial diversity of India.

·

Immunological formats based on PAb raised against a
new PSF isolate - Talaromyces flavus obtained from
paddy rhizosphere (ITCC7069) showing in vitro
antagonistic activity against fungal pathogens were
developed for direct screening from soil using
immunodiffusion and dot immunobinding assay.

·

Potential isolates of Talaromyces flavus, Aspergillus
niger, Streptomyces sp. and Glomus fasciculatum
showing highest phosphate solubilization property in
vitro were evaluated on the growth of cereals and pulse
crops. PSF isolates were mass multiplied separately
and their effect on the growth of Oryza sativa, Glycine
max, Phaseolus vulgaris and Vigna radiata were
determined. Maximum plant growth 15days
following application with T. flavus was evident in rice
and bean plants followed by application with A. niger.

·

Sclerotium rolfsii isolated from naturally infected plant
of Phaseolus vulgaris causing collar rot disease when
tested in vitro separately against each of twenty five
isolates of Trichoderma sp. [T. harzianum and T. viride]
and twenty one isolates of Streptomyces sp., [S. griseus
and S. griseolus], marked inhibitions in dual culture
were evident with selected isolates of T. viride , T.
harzianum S. griseus and S. griseolus.

·

PCR amplification of nineteen selected isolates of
Trichoderma harzianum and T. viride which showed
antagonistic reactions against phytopathogens
(Fusarium graminearum, Fomes lamaoensis, Sphaerostilbe
repens, Sclerotium rolfsii, Rhizoctonia solani and
Macrophomina phaseolina ) using ITS specific universal
p r i m e r
p a i r s
H C H I T S
F 1 5'GCGGAAGGATCATTACTGAG 3' and HCHITS F25' GGGTATCCCTACCTG ATCCG 3' yielded 600 bp
product.

·

RAPD-PCR was performed using random primers
like A-5 5'-AGGGGTCTTG-3'; OPA1: 5'
CAGGCCCTTC 3'; A-4 5' AAT CGG GCT G 3' and AA11 5' AGA CGG CTC C 3'and all reproducible
polymorphic bands were scored and analysed
following UPGMA cluster analysis protocol and
computed into similarity matrix using NTSYS
(Numerical Taxonomy System Biostastiscs) computer
programe. Perusal of the dendrogram revealed that
similarity coefficient ranged from 0.67 to 0.95.

Objective :
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·

Isolation of microorganisms (fungi, bacteria and
actinomycetes) from soil (forest, agricultural and
riverine) and plant roots of six districts of North
Bengal (Darjeeling, Jalpaiguri, Cooch Behar, Uttar
Dinajpur, Dakshin Dinajpur and Malda)

·

Screening of the isolates for their utilization as
bioprotector and biofertilizer

·

Extraction of Genomic DNA, molecular diversity
analysis, PCR-RFLP analysis of SSU rDNA for
identification
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·

Genetic diversity among the isolates of phosphate
solubilizing fungi [Aspergillus niger, A. melleus, A.
clavatus and T. flavus] using three RAPD primers OPD5 (5' TGAGCGGACA 3'); OPD-6 (5' TGCTCTGCCC 3')
and OPD-3 (5' GATCCCCCTG3') were analysed
following UPGMA cluster analysis on the basis of the
data obtained in three variable random primers which
showed two groups at 45 % similarity.

·

Among thirty two isolates of actinomycetes obtained
from agriculture dependent soils of potato, mango and
tea covering districts of Jalpaiguri, Malda and
Darjeeling using SCN medium, twenty one isolates
have shown phosphate solubilizing activity on
Pikovskaya's agar medium.

·

Among ten isolates of Non-Streptomyces
Actinomycetes tested in vitro against fungal
pathogens, three isolates (ARHSMN03, ARHSMN07,
ARHSMN09) showed antagonistic reaction against
Fusarium graminearum, Fusarium oxysporum, Sclerotium
rolfsii, Rhizoctonia solani and Macrophomina phaseolina.

·

Genomic DNA of 23 actinomycetes isolates were
prepared and their 16S
rDNA was amplified using
universal primers. The primers were used to amplify
nearly full-length 16S rDNA sequences yielded 1.5kb
product.

·

Twenty two isolates of phosphate solubilizing bacteria
were obtained from rhizosphere soil of Cryptomeria,
Mangifera, and tea covering districts of Uttar Dinajpur
and Darjeeling. Genomic DNA of 13 bacterial isolates
were isolated and their diversity were analysed by
using UPGMA cluster analysis on the basis of the data
obtained in variable random primers which showed
two groups at 53 % similarity.

spores were also recovered from the soil samples and
identification of all these microorganisms were done. Some
of the selected agriculturally important identified fungi
and actinomycetes have been deposited for registration.
Immunological formats were developed for screening of
biocontrol agents and phosphate solubilizing fungi
directly from soil. Analysis of diversity of selected PSFs,
BCAs, bacteria and actinomycetes with different RAPD
markers as well as PCR amplified products of ITS region of
genomic DNA have been obtained by specific primer for
identification of microorganisms. Further isolation of
microorganisms from forest soil samples and screening for
their ability to degrade cellulose, evaluation for further
production of specific enzymes by microorganisms from
different agro-ecological zones covering the districts of
North Bengal will be done. PCR based identification and
analysis of the diversity of culturable microorganisms by
isolation of genomic DNA and amplification of ITS regions
of rDNA followed by Restriction Fragment Length
Polymorphism (RFLP) of the amplified rDNA fragment
will be continued along with primer designing with the
help of bioinformatics for identification of
microorganisms. Green house and field trials with selected
agriculturally important microorganisms as identified for
their utilization as plant growth promoters and
bioprotector will be continued.
Papers published from AMAAS work
·

Chakraborty, B.N., Chakraborty, U., Saha, A., Dey,
P.L. and Sunar, K. (2008) Searching for phosphate
solubilizing fungal isolates from soil. NBU Journal of
Plant Sciences 2: 30-38.

·

Chakraborty, B.N., Chakraborty, U., Saha, A., Dey,
P.L. and Sunar, K. (2008) Screening of phosphate
solubilizing Aspergilli isolates from soils of North
Bengal and their effects on soybean Journal of Mycology
and Plant Pathology, 38(2): 227-233.

·

Chakraborty, B.N. and Sunar, K. (2009) Arbuscular
mycorrhizal fungal association in rhizosphere of Hevea
brasiliensis NBU Journal of Plant Sciences 3: 67-70.

Conclusion :
Among 478 fungal isolates obtained from soil samples
collected from six districts of North Bengal and succeed for
various activities, 91 isolates were phosphate solubilizer,
25 isolates antifungal and 30 isolates cellulose degraders.
Apart from these, 32 isolates of Actinomycetes and 22
bacterial isolates have also been screened and categorized
as phosphate solubilizers, plant growth promoters and
antimicrobial agents. Nine different types of glomalean

Seminar's, symposia and conferences attended:
·

Prof. B. N. Chakraborty attended National
symposium on “Advances in Biotechnology for plant
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protection” organised by the Department of Studies in
applied Botany and Biotechnology, University of
Mysore, November 17-19, 2008 and chaired session III:
Biochemical and molecular events in host pathogen
interactions.
·

Prof. B. N. Chakraborty delivered key note address on
“Microbial resources of North Bengal: their Molecular
Detection, recognition and importance in Agricultural
Biotechnology” in the National seminar on “Exploitation
of Biological resources and application of Eco-friendly
cultural practices for sustainable crop production”
organised by the Department of Botany, Siliguri
College, during February 21-22, 2009.

·

Chakraborty, B.N, Chakraborty, U., Saha, A, Sunar, K
and Dey, P.L. (2008) Diversity of phosphate
solubilizing fungi isolated from soils of North Bengal.
National symposium on “Advances in Biotechnology for
plant protection” Department of Studies in applied
Botany and Biotechnology, University of Mysore,
p.99, November 17-19, 2008.

·

Chakraborty, B.N, Chakraborty, U., Saha, A, Dey, P.L
and Sunar, K. (2009) Genetic Differentiation of
Trichoderma harzianum and Trichoderma viride based on
RAPD DNA markers. National symposium on
“Sustainable utilization of Plant and Microbial Resources”
DRS Department of Botany, University of North
Bengal, p.12, February 28-March 01, 2009.

·

Chakraborty, B.N, Ray, P. and Dey, P.L. (2009)
Screening for antifungal and phosphate solubilizing
activity among the actinomycetes isolates. National
symposium on “Sustainable utilization of Plant and
Microbial Resources” Department of Botany, University
of North Bengal, p.19, February 28- March, 2009.

Papers presented
·
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Chakraborty, B.N, Chakraborty, U., Saha, A, Dey, P.L
and Sunar, K. (2008) Molecular detection of
Trichoderma isolates and their evaluation against
fungal pathogens. National Symposium on “New
Biology in Agriculture” organized by Punjab
University, Chandigarh, p. 103, November 7-8, 2008.
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Biodiversity, Characterization & Conservation of Cyanobacteria of Indo-Burma Biodiversity
Hotspots (NE Zone of India) for Harnessing of Value Added Products
PI : O. N. Tiwari
Co PI : Sunil S. Thorat
IBSD, Imphal
Rationale :
North East region (Indo-Burma biodiversity hot spot)
falls in bio-geographic tri-junction of the Indian, The
Himalayan and Oriental landmass. As such, apart from
high endemic and speciation process, debate of habitat
destruction in this region is alarmingly high. Being one of
the most important hot spots in the world, the region is an
active centre of evolution of many new and novel gene
pools. Extensive research on different fundamental and
applied aspects of cyanobacteria have demonstrated that
the algal biomass can be used for diverse applications from
biofertilizer to animal feed, environmental role as bioindicators of pollution and waste water treatment,
production of vitamins/fine chemicals, fats, oil,
hydrocarbons, enzymes, use in pharmaceutical
preparations and source of energy. In many cases the
whole algal biomass can be utilized and certain valuable
constituents can be extracted including metabolites and
enzymes that have varied applications. The project is
aimed to evaluate the cyanobacterial diversity from
different ecosystem of North-Eastern regions of India for
value added products particularly for natural pigments
and biofertilizer purpose.

maintained as unialgal in the IBSD germplasm
·

Eighty five (85) cyanobacterial strains have been
identified up to species level and its cultural and
morphological studies have been recorded.

·

Sixty six (66) isolates have been investigated for Chl-a,
Carotenoid and phycobiliproteins (phycocyanin,
phycoerythrin and allo-phycoerythrin)

·

Out of Sixty six (66) isolates studied, the following
have been selected for extensive characterization on
the basis of better performance during screening
process: For chl-a: Phormidium sp. (IBSD-376, 3.6
µl/ml), Oscillatoria sp. (IBSD-378, 3.2 µl/ml) and
Plectonema sp. (IBSD-399, 3.1µl/ml); For carotenoid:
Oscillatoria sp. (IBSD-378, 9.3 µl/ml), Phormidium sp
(IBSD-376, 7.9 µl/ml, and Anabaena sp (IBSD-163,5.6
µl/ml); For phycocyanin: Lyngbya sp. (IBSD-375, 26.0
µl/ml), Anabaena sp. (IBSD-318, 20.0 µl/ml) and
Anabaena sp.(IBSD-394, 15.0 µl/ml); For
phycoerythrin: Anabaena sp (IBSD-163, 21.7 µl/ml),
Microcheate sp.(IBSD-161, 9.6 µl/ml), and Lyngbya
sp.(IBSD-345,4.5 µl/ml). For allophycocyanin:
Limnothrix sp. (IBSD-337, 8.0 µl/ml), Lyngbya
sp.(IBSD- 310, 8.0 µl/ml) and Lyngbya sp. (IBSD-345,
8.0 µl/ml)

·

Aphanothece sp. (1), Anabaena sp. (1), Phormidium sp. (1)
and Plectonema sp. (1) have been isolated from the
rhizosphere of the orchid collected from the Mizoram.

Objectives :
·

Survey and isolation of cyanobacteria from different
ecological habitats of NE region of India (Manipur,
Meghalaya, Tripura, Nagaland, Mizoram, Arunachal
Pradesh, Assam)

·

Cataloguing and Identification of potential strains for
natural pigments and biofertilizer

·

Development of optimized protocol for enhanced
production of natural pigments

Significant Achievements :
·

Ninety five (95) cyanobacterial strains belonging to 12
genera of cyanobacteria have been isolated from
different ecological habitats of Manipur, Tripura,
Assam, Sikkim and Nagaland states of NE region of
India and added to the pool of existing 310
cyanobacterial strains of cyanobacteria available in the
germplasm of IBSD, Imphal. The strains are
Aphanothece (02), Phormidium (27), Limnothrix (02),
Oscillatoria (12), Lyngbya (18), Plectonema (09), Nostoc
(06), Anabaena (14), Pseudanabaena (01), Microcheate
(02), Westiellopsis (01) and Nostochopsis (01) are being

Conclusion :
The entire NE-Region of India (Manipur, Nagaland ,
Assam, Arunachal Pradesh, Sikkim, Mizoram, Tripura and
Meghalaya) have been covered for collection of algal and
soil samples from different habitats like water bodies,
barren soil, garden soil, forest area and also from orchid.
During the biochemical studies, non-heterocystous forms
are found to be contained high chl-a, phycocyanin, allophycocyanin and carotenoid compared to heterocystous
forms. However, a heterocystous form contains high
phycoerythrin compared to non-heterocystous forms.
Selected potential strains like Phormidium sp. (IBSD-376,
chl-a= 3.6 µl/ml), Lyngbya sp. (IBSD-375, PC=26.0 µl/ml),
Anabaena sp. (IBSD-163, PE=21.7 µl/ml), Limnothrix sp.
(IBSD-337, APC=8.0 µl/ml) and Oscillatoria sp. (IBSD-378,
Carotenoid=9.3 µl/ml) can be further studied for
commercial exploitation.

45

AMAAS - Annual Report 2008-09
Full paper published
·

S., Deepa Devi, Koijam, Laxmipriya, Singh, Avijeet,
Tiwari, O.N. and Singh, M.R.K. (2008): Cultural
studies and partial characterization of acid tolerant
cyanobactetia of germplasm of IBSD, Imphal,
Manipur. Nat. Jour. of Life Sciences, 5 (2), 169-181.

·

Tiwari, O. N., Koijam, Laxmipriya, S., Deepa Devi,
Oinam, Gunapati, Singh, Avijeet and Singh, M.R.K.
(2009): Bio-physical characterization of two
nostocalean cyanobacterial isolates of rice fields of
Manipur, India. Biosci. Biotech. Res. Comm. Vol (1) No.
(2) Dec.2008, 151-158-100.

·
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Koijam, Laxmipriya, Singh, Avijeet, S.Deepa Devi,
Tiwari, O.N. and Singh, M.R.K. (2009): Cultural and
partial studies for phycobiliproteins and pigment of
acid tolerant cyanobacteria of Manipur (NE region of
India) having acidic properties. Nat.
Jour. of Life
Sciences (in press).

Abstract published and paper presented
·

Deepa Devi, S., Laxmipriya Koijam, O. Avijeet Singh ,
O. N. Tiwari and Rohinikumar Singh (2008): Partial
Characterization for total soluble proteins in
cyanobacteria of NE region of India, National
conference on: Current Trends in Algal biodiversity
and biotechnology, organized by Centre for advanced
studies in Botany, University of Madras, Guindy
Campus, Chennai. Pp - 5.

·

K. Laxmipriya, O. Avijeet Singh, S. Deepa, O. N.
Tiwari and M. Rohinikumar Singh (2009):
Cyanobacterial Diversity in North east Region of India
and Partial character- ization, National Symposium
on: Phycology in India: Basic to Applied, organized by
Punjabi University, Patiala: pp-21.

·

49th Annual conference of AMI held at Delhi
University, Delhi, 18th -20th, Nov. 08 (participated)

·

Indian Science Congress 95th session at Andhra
University, Vishakhapatnam, 3rd -7th, Jan. 2008
(participated)
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Exploitation of Plant Growth Promoting Rhizobacteria for Sustainable Agriculture
PI : Ashok Kumar
Co PI : M. B. Tyagi, R. P. Sinha
School of Biotechnology, BHU, Varanasi
Rationale :
Indian agriculture is totally dependent on the use of
synthetic chemical fertilizers including pesticides and
herbicides. The demand of chemical fertilizer in crop
production has increased tremendously due to release of
several high yielding varieties of crop plants. The use of
chemical fertilizers has resulted not only in the
deterioration of soil health but added heavy financial load
to the marginal farmers in procuring the chemical
fertilizers on which their agriculture is based. Thus search
and development of suitable PGPR as biofertilizer are
needed to enhance the socio-economic status of poor
farmers.
During the last few years several rhizospheric bacteria
endowed with a wide range of beneficial characters such as
plant growth promotion (PGP), MPS, siderophore
production and involved in disease control have been
isolated. With the development of newer techniques,
importantly rRNA sequencing, RAPD, FISH (fluorescence
in situ hybridization), DGGE (denaturing gradient gel
electrophoresis), and TGGE (temperature gradient gel
electrophoresis), it has now been possible to characterize
and reveal genetic diversity among rhizospheric bacteria.
There is a need to trap and conserve microbial diversity
from naturally occurring environments. The countries that
can trap these microbial resources are going to be at a
technological advantage. In India little, if any, work has
been done on analysis of microbial diversity in naturally
occurring environments including different soil types.
Henceforth it would be interesting to screen and identify
the novel microbes present in various soils especially in the
rhizospheric zones. Such an effort shall allow to construct
bacterial road map for soils of different region of our
country. It is expected that results generated shall be useful
in understanding bacterial diversity as well as collection
and identification of certain novel bacteria might prove
very useful for agricultural crops. This proposal deals with
microbial diversity analysis and identification of useful
bacteria prevalent in rhizospheric zones of soils of
Northern plain.

promoting ability such as N2 fixation, ammonia
excretion, IAA and siderophore production and P
solubilization
·

Molecular diversity analysis employing various
molecular biological techniques

·

16S rDNA amplification and sequencing for
identification of selected isolates

·

Selection of most efficient strain having combination
of all the beneficial characters for use as PGPR

Significant Achievements :
·

Sampling of rhizospheric soil and isolation of bacteria
from all the 12 districts including Azamgarh and
Sonebhadra (Robertsganj) have been completed.
Based on morphological and physiological characters,
altogether 198 isolates have been characterized as
distinct isolates.

·

Out of 198 isolates, 145 (73.23%) showed IAA
production, 50 (25.2%) P solubilization and 71 (35.8%)
siderophore production.

·

A simple and rapid plate assay method has been
developed for the screening of IAA production from a
large number of isolates. Quantitative estimation
could be also made by measurement of absorbance in
an ELISA reader.

·

ACC deaminase activity was tested in isolates of four
districts, the activity was present in 5 isolates of
Azamgarh, 4 from Varanasi, 3 from Mau and 1 from
Jaunpur. Level of activity was in the range of 28.15 to
294 nmol α-ketobutyrate/mg protein/h. Highest
activity was noted in the isolate MK11S6 of Mau.

·

16S rDNA was amplified from all the 198 isolates and
ARDRA was done with Alu1 and Rsa1 which revealed
distinct molecular diversity among various isolates.

·

Full length sequencing of 16S rDNA from 3 isolates has
been done and the isolates namely, C3S5, JP1S1A and
VA8S1 have been identified as Sphingomonas sp.
(Accession No. FJ 012066), Enterobacter cloacae
(DQ089673) and Agrobacterium sp. (EU155127)
respectively.

·

For DGGE analysis, we have used amplified 16S rDNA
from the identified bacterial isolates to generate
identification marker. Diversity analysis by DGGE has
been tested among isolates of all the 12 districts.
Typical DGGE profile of 19 isolates of Varanasi district

Objectives :
·

Screening and isolation of diazotrophic bacteria from
Northern Plain especially from rhizospheric soils

·

Assessment of metabolic diversity among various
rhizospheric diazotrophic bacteria for plant growth
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showing distinct diversity.
·

nifH (390bp) has been amplified and sequenced from
60 isolates. Several isolates failed to show
amplification which seems to be due to the use of
inappropriate primer. This indirectly suggests the
presence of variable nifH sequence in different isolates.

Fig. : Phylogenetic tree based on ARDRA profile of 25 isolates of
Jaunpur district. 1.5 Kb 16S rDNA was digested with Alu1. Equal
amount of digested fragments was loaded in each well.

IAA production from a large number of samples. Test of
molecular diversity based on ARDRA of all the 198 isolates
was performed which revealed distinct banding pattern
and phylogenetic trees constructed placed these isolates in
different groups. Results of ARDRA were confirmed by
performing DGGE of 16S rDNA using 16S rDNA of
standard (identified bacteria) as marker. Results showed
excellent banding pattern in unidentified isolates.
Differences and tentative identification of unknown
isolates could be easily made by matching the intense band
of GC-clamped 16S rDNA appearing for the known
bacterial species. Based on morphological and biochemical
characters and partial sequencing of 16S rDNA, 20 isolates
have been tentatively identified and accession number has
been obtained. Additionally full length sequencing of
1.5kb 16S-rDNA of three isolates (C3S5, JP1S1A and
VA8S1) has been done and these have been identified as
Sphingomonas sp. (FJ 012066), Enterobacter cloacae
(DQ089673) and Agrobacterium sp. (EU155127)
respectively. Agrobacterium sp. (EU155127) has shown
excellent plant growth promoting effects on rice variety
Saryu-52 suggesting that this isolate may be exploited as an
agriculturally important bacterium. Further study shall be
made on assessment of molecular diversity employing
PCR-based assays and amplification of nifH, ipdc and mps
genes. We have a plan to do 16S rDNA sequencing of 10
PGP efficient isolates for identification purpose.
Seminar's, symposium and conferences attended

Fig.: DGGE of 16S rDNA from 19 isolates of Varanasi district:
Lane 1-19: 1;VB4S7A, 2; VB7S4, 3;VA7S7, 4;VB5S10, 5; VB4S6,
6;VB1S2, 7; V1S6, 8;VB3S1, 9;VA8S1, 10;VA1S6A, 11;VB5S5,
12;VB7S5, 13;VA2S3, 14; VA7S1, 15; VA3S1, 16;VA1S2, 17; VB1S5,
18; VB5S7, and 19;VA4S7

·

Participated in National Workshop on “Molecular and
Serological Detection of Plant Viruses”organized by
NBAIM, Mau (Feb.26 to March 1, 2008).

·

Participated in National Conference on “Emphasizing
Recent Advances in Oilseed Production and
Industrialization with Special Reference to RapeseedMustard” organized by Department of Mycology and
Plant Pathology, Institute of Agricultural Sciences,
Banaras Hindu University, Varansi-221005
(November 21-23, 2008).

·

Participated in a National Workshop- cum – Training
on “Bioinformatics Applications in Agricultural
Research” organized by Indian Agricultural Research
Institute (IARI), New Delhi (Feb 25-27, 2008).

Conclusion :
Studies made so far have resulted in the isolation
of 198 distinct bacterial isolates from rhizospheric soils of
UP (9 districts) and Bihar (3 districts). Majority of the
isolates were found IAA producers (72-74%) but P
solubilization and siderophore production were restricted
to 25.2 to 35.8% isolates. A simple and rapid method based
on agar-plate assay for the screening of IAA production
has been developed which might be useful for screening of
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Towards Development of Efficient Cyanobacterial Biofertiliser for Sustainable Rice
Production: Associative Nitrogen Fixation and Biotrophic Nitrogen Transfer
PI : A. N. Rai
Co PI : Jyotirmoy Bhattacharya
Mizoram University, P.B. No. 190, Aizawl, Mizoram
Rationale :
The importance of cyanobacteria in Nitrogeneconomy of rice paddies was first suggested by PK De in
1939. Through the pioneering efforts of RN Singh (BHU)
and GS Venkataraman (IARI), today it is accepted that
diazotrophic cyanobacteria do have considerable potential
as nitrogen biofertilizers, particularly for rice paddies.
However, current cyanobacterial biofertilizer technology
suffers from some serious inherent drawbacks.
Distribution of inocula as cultures has a high mortality
rate. Farmers lack specialized facilities, hence the inocula
should be in a form that can withstand adverse climatic
conditions. Akinetes (spores) would be preferable for this
purpose. While phosphate limitation leads to akinete
formation the process requires several weeks since
cyanobacteria store large amounts of phosphate reserves.
A quicker method is needed to induce profuse sporulation
in cyanobacteria.
The cyanobacteria release fixed-nitrogen into the soil
after death and decay. Such nitrogen release is not targeted
to rice plants only. In contrast, cyanobacteria in natural
symbioses release nitrogen directly to the host plant
biotrophically. There is a need to select diazotrophic
cyanobacterial strains that are competent to associate with
rice, carry out associative nitrogen fixation and release
fixed nitrogen to the plant directly and biotrophically. A
simple and rapid method for application of associationforming cyanobacteria also need to be developed for this
purpose. Application of agrochemicals such as herbicides
and pesticides adversely affect cyanobacterial growth and
nitrogen-fixation, and thereby the benefit to rice crop as
Biofertilizer. There is a need to assess impact of such
herbicides/pesticides on associative nitrogen-fixation and
select strains resistant to herbicides/pesticides used.
Combined-N represses nitrogen-fixation by
cyanobacteria and thereby limit their utility as Nitrogen
Biofertilizer. In contrast, nitrogen-fixation by
cyanobacteria in natural symbioses is not repressed by
combined-nitrogen. Selection of strains that can fix
nitrogen in presence of combined nitrogen and/or an
approach that involves associative nitrogen-fixation
would remedy this problem.
Objectives :
·

Isolation, culture and maintenance of diazotrophic
cyanobacteria from natural symbioses and from roots

and submerged shoots of rice plants
·

Assessment of various cyanobacterial strains' relative
ability to associate with roots and submerged shoots of
seedlings of different varieties of rice

·

Development of DNA fingerprints of diazotrophic
cyanobacteria that associate with rice plants

·

Assessment of associative nitrogen-fixation and
impact of combined-nitrogen, herbicides/pesticides,
light/darkness on associative nitrogen fixation (in
laboratory and in field)

·

Development of a simple and rapid protocol for
application of selected cyanobacteria (compatible for
associative nitrogen-fixation) to rice seedlings
utilizing the time window available between the
uprooting of seedlings and their transplantation

·

Development of a method for induction of quick and
profuse sporulation in selected cyanobacterial strains

·

Isolation/selection of herbicide/pesticide resistant
strains those are compatible for forming associations

·

Biotrophic release of fixed-nitrogen and its transfer
during nitrogen fixation from associated
cyanobacteria to rice plants (extent and amount)

Significant achievements:
·

Numerous (28) Nostoc isolates from rice paddies and
natural symbioses were isolated from in and around
Shillong (Meghalaya) and screened for their ability to
associate with one variety of rice plant obtained from
ICAR Institute, Barapani, Shillong. The results are
reported for the cyanobacterial strains that
successfully colonized the roots of rice plants.

·

Genetic fingerprints for Nostoc isolates that
successfully colonized the root surfaces of rice plants
were obtained as this may aid in tracking of individual
strains in the field.

·

Herbicide-sensitivity pattern was characterized for all
the strains that successfully colonized the root surfaces
of rice plants.

Conclusion:
The diazotrophic cyanobacteria, mostly the species of
Nostoc that had been isolated from rice paddies and from
natural symbioses were characterized with regard to their
colonization ability with roots of rice plants. Four
cyanobacterial species namely Nostoc sp. R66, R65, 8AP

49

AMAAS - Annual Report 2008-09
and 5AP were the most efficient colonizers of rice roots.
DNA banding patterns were different for all the isolates
suggesting that they are different species.
Growth/survival of the isolates in presence of herbicides,

like DCMU or Paraquat, suggested them to be highly
sensitive and therefore there is a need to manipulate their
tolerance level against such herbicides for better
performance in the field conditions.

Collection, Mapping, Assessment of the Geographical Distribution and in vitro Conservation
of Agriculturally Important Microorganisms of the Western Ghats (Central region)
PI : D. Radhakrishna
Co PI : B. C. Mallesha
UAS, Bangalore
Rationale :
Western Ghats of the central range covering the
districts of Hassan, Kodagu, will be covered by super
imposing the 6 km grid for sample collection; Microbial
sample collection categorized into three types: forest floor
Soil samples. Rhizosphere samples of specific plants,
fungal flora on decaying wood. From these samples
microorganisms isolated using specific media; Dilution
plate method for rhizosphere soils. Direct plate method of
isolation; Enrichment method for specific bacteria and
fungi; Molecular diversity analyses; Isolation, purification
& functional characterization of AIMs. The research work
on microbial diversity and identification of Western Ghats
has been carried out in the forest area of Kodagu from six
different forest types. A total of 175 samples were collected
and each soil sample is analyzed for the population density
of bacteria, fungi, actinomycetes, cellulose degraders,
phosphate solubiliser, nitrogen fixers, Trichoderma and
Pseudomonads. The mechanisms that are regulating the
diversity of species and traits of microorganisms are solid
surface, strongly fluctuating moist condition, variable and
often limiting levels of organic and inorganic substances
and interaction with the soil microorganisms including the
influence of plant roots.
Objectives :
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·

Collection, isolation, enumeration, characterization
and inventorization of AIMs
(N2 fixers, Psolubilizers, VAM, PGPRs, fluorescent
pseudomonad's, chitin decomposers, cellulose and
lignin degraders) along the central regions of Western
Ghats in Karnataka)

·

Assess the functional potentials of each group of
organisms for use in agriculture

·

Assess the geographical distribution and developing
thematic maps for the above groups of organisms

·

Set up the culture bank of the potential isolates under
each group and deposit with the NBAIM

·

Set up the Western Ghats region specific database on
the population and diversity of AIMs

Significant Achievements :
·

Western Ghats of the central range covering the
districts of Hassan, Kodagu, are covered by super
imposing the 6 km grid for sample collection; This year
a total of 175 samples from Kodagu were collected and
each soil sample is analyzed for the population density

·

Microbial sample collection categorized into three
types: forest floor Soil samples. Rhizosphere samples
of Specific plants, fungal flora on decaying wood.

·

Soil samples collected from Western Ghats of Hassan
forest region recorded a population density of
microorganisms in the range of 104 cfu g-1 to 105 cfu g-1
as influenced by organic carbon.

·

Phosphate solubilizing bacteria were predominant
followed by nitrogen fixing bacterial population.
Fungi isolated from decaying wood belonged to
basidiomycete. They failed to produce fruiting bodies
in invitro. Cell free extracts of these fungi showed plant
growth promoting activity.

·

Highest laccase activity was observed in culture
filtrate of Phanerochaete chrysosporium (4.42U/ml)
followed by BW1 (3.37 U/ml), CW2 (2.30 U/ml), MW2
(2.3 U/ml), MW1 (2.17 U/ml), BW2 and CW1 (2.05
U/ml) and the activity of the enzyme was lowest in
culture filtrate of Pleurotus florida.

·

Specific activity of laccase produced by white rot
fungal isolates ranged between 0.5 U/mg to 1.24
U/mg. Higher specific activity was observed by
Phanerochaete chrysosporium (1.24 U/mg) followed by
BW1 (1.09 U/mg), BW2 and MW2 (0.97 U/mg), lowest
in Pleurotus florida (0.5 U/mg).
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Microbial diversity of the Kodagu forest area
·

Phosphate solubilizing bacteria was at higher
proportion than fungi and very high density of
nitrogen fixers were recorded. Population of cellulose
degrading bacteria and fungi were high.

·

Evergreen forests showed high population density of
bacteria compared to fungi. Nitrogen fixing bacteria
and phosphate solubilizing bacteria were at higher
level than in other forest types.

Conclusion :
Phosphate solubilizing bacteria dominated over

nitrogen fixing bacterial population. Basidiomycetous
fungi failed to produce fruiting bodies in invitro. Cell free
extracts of these fungi showed plant growth promoting
activity.Significant population density variation recorded
under different forest conditions including plantations.
Lignin degrading fungi were tested for effective
decomposition and maintained for further activity.
Bacterial and fungal isolates showed very effective
antibacterial and anti fungal activities. Many of the
Pseudomonad's were having plant growth promoting
activity. The important isolates are to be tried for efficacy
under green house conditions.

Isolation and Characterization of Microorganisms from Freshwater Ecosystems
PI : N. K. Maiti
Co PI : S. Mohanty
Central Institute of Freshwater Aquaculture, Bhubaneshwar, Orissa
Rationale :
The unit of biodiversity is the species, which may be
defined as “a group of related organisms that is
distinguished from similar groups by a constellation of
significant genotypic, phenotypic and ecological
characteristics.” The living organisms which are
components of the Earth's biodiversity can be harnessed, to
produce or modify products or undertake specific tasks or
processes that are commonly beneficial to human society,
or generate useful substances.
Today, a variety of microorganisms are used in
different industrial applications as producers of
antibiotics, enzymes, food colorings, flavorings, organic
acids and vitamins. The discovery of a new potential
industrial application of a microorganism depends to a
large extent upon the discovery of new types of
microorganisms and their metabolites. Therefore, by
focusing on the isolation and screening of new and rare
bacteria and fungi the possibilities of discovering new
products can be increased. Antibiotics and microbial
enzymes are very important products of microorganisms.
Most commercial antibiotics are produced either by fungi
or by bacteria. Also, the microbial enzymes are mainly
focused on production processes in the food industry, on
production of washing powders and detergents, and
applications in the textile manufacture. Also, many other
important applications include organic synthesis, medical
diagnostics and research activities. Various enzymes

produced by the microorganisms are lipases, proteases, αamylases, ligninases, cellulases, hemicellulases, etc., find a
wide scale application in different aspects of industrial
microbiology.
Freshwater ecosystems represent a unique ecosystem
and may harbour novel microbial flora. Microorganisms
present in soil play an important role in nutrient
solubilization, mobilization and recycling. They have wide
potentialities by controlling soil-borne pathogens,
increasing nutrients availability and accelerating
decomposition of organic materials, and are anticipated to
increase fish production as well as maintain sound
environments for fish production. Microorganisms have
the ability to rapidly adapt to varied environmental
conditions and utilize new substances they encounter as
their sole source of carbon and energy. The aim of the
project is to understand microbial diversity in natural
habitat.
Objectives :
·

To assess the microbial diversity from freshwater
ecosystem

·

To assess the functional diversity of microorganisms
isolated from freshwater ecosystem

·

To find out the correlation between phenotypic and
genomic characteristics

·

To evaluate the comparative efficacy of molecular tests
to study the diversity of microorganisms
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Significant Achievements :

genotype was replaced by 658bp in DCC genotype.

·

BOX PCR and PCR-RFLP of 16S rDNA was carried out
from the 41 cellulolytic bacteria.

·

In BOX PCR amplification profile four common band
of molecular size 794, 690, 612 and 489 was obtained.

·

A specific product of 1.5 kb was obtained in 16s rDNA
PCR. The amplified PCR product was digested with
Alu I, Hae III and Msp I. 16s PCR product digested with
AluI showed common bands of 184bp, Hae III 435, 294
and 123 bp and Msp I 422, 220 ,132 bp molecular size in
all the isolates.

·

Around 17 different isolates were 16s rDNA
sequenced from each composite genotype including 8
from AAA genotype, 7 from DCC genotype and 2 from
BAB genotype.

·

Dendrogram constructed from PCR-RFLP 16s rDNA
data showed three different clusters where cluster-I
(15 strains) comprises all AAA genotype (Bacillus
subtilis) isolates. Cluster-II (14 strains) and cluster-III
(11 strains) includes BAB (Bacillus pumilis) and DCC

Fig.: Agarose gel electrophoresis of of AluI (A), HaeIII (B), MspI (C) digested PCR product. Lane 1, size
marker (100 bp ladder), lanes 2-11 cellulolytic isolates.

Fig: BOX PCR profile of the isolates

·
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Composite genotyping showed four different profiles
where in AluI digestion a common band of 265bp
molecular size was found in all the isolates expect DCC
genotype. All DCC genotype showed three different
bands of 632, 430, 242bp molecular size. In Hae III
restriction digestion pattern there was no difference
between AAA and BAB genotypes, where as DCC
genotype showed a specific band of 565bp molecular
size. In MspI restriction digestion there was a distinct
banding pattern difference in between the AAA and
BAB genotypes. BAB genotype lacks a band of 154bp
molecular size where the band was present in other
isolates. In AAA genotype and DCC genotype all
bands were same expect a band of a 581bp in AAA

(Bacillus cereus) genotypes respectively.
·

Five water (3) and sediment (2) samples from different
areas were observed for total plate count and
quantification of different functional types
(quantifying total bacterial load producing different
enzymes) viz. amylase, cellulase, lipase, gelatinase,
lecithinase, caseienase, chitinase, pectinase and
phosphate solubilization. The bacterial load resistant
to heavy metals (Zn, As, Co, Cd, Ni, Pb,) and pesticide
(Methyl Parathion) were quantified as well.

·

Quantitative assay for Ammonia, Nitrate, Nitrite and
Phosphorous from different samples was
standardized.
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·

From 50 water and sediment samples, 49 isolates were
obtained out of which 13 isolates oxidizes both
ammonia and nitrite and rest 36 isolates are found to
be only ammonia oxidizers.

·

Morphological characteristics, Gram staining
properties, Biochemical properties, Extracellular
enzymes, Pesticide resistance (Methyl Parathion) and
Heavy metal resistance (Zn, As, Cd, Ni, Pb, Co) pattern
of these 49 isolates were studied.

·

Two isolates revealing pearl shape under microscope
and another orange pigment producing bacillus, were
subjected for 16s rDNA sequencing

Conclusion :
BOX PCR was found to less discminatory for
differentiation of bacillus spp. compared to 16s rDNA

PCR-RFLP. PCR-RFLP of 16s rDNA could be successfully
applied to access the genetic relationship of Bacillus of
different species level and this technique along with
biochemical characteristics paved a simple way to identify
cellulase producing Bacillus up to species level. The pearl
shaped bacterial isolates were found to be potent ammonia
oxidizers and could be candidates for bioremediation of
ammonia and nitrite in freshwater culture systems. The
bacterial isolates from freshwater systems, seem to be
possessing wide range of functional traits.
Papers published from AMAAS work
N. K. Maiti, Arunika Mandal, S. Mohanty, R.N.
Mandal, (2009). Phenotypic and genetic characterization of
Edwardsiella tarda isolated from pond sediments.
Comparative Immunology, Microbiology and Infectious
Diseases 32, 1–8.

Diversity Analysis of Diazotrophic Bacteria from Wheat Cropping System of
Different Agroclimatic Zones of Punjab
PI : S. K. Gosal
Co PI : G. S. Saroa, Yogesh Vikal
Punjab Agricultural University, Ludhiana.
Rationale:
Prokaryotic N fixation is responsible for the cycling of
approximately 176 million tons of N/year globally. The
excessive use of agrochemicals in agriculture led to
decrease in natural microflora of soil, which calls for
augmentation of diazotrophs for sustainable agriculture as
well as conservation of soil microbial diversity. A
significant reduction in the use of nitrogen fertilizers could
be achieved if BNF leads to nitrogen availability to crop
plants. A wide spread application of these diazotrophs
which may also act as PGPRs and thus as potential
biofertilizers is the need of sustanianble agriculture.
However several abiotic and biotic factors particularly
climatic conditions largely affect the microbial diversity.
Punjab, being sub-tropical region comprising different
agro-climatic zones such as Sub-mountain undulating
region, Undulating plain region, Central plain region,
Western plain region, Western region and Flood plain
region would exhibit microbial diversity. Variation in
different climates as temperature (0-460C), drought, flood,
different cropping systems, different kinds of soils, etc.
affects the microbial diversity. Further because of intensive
agriculture in Punjab and excessive use of agrochemicals
such as chemical fertilizers and pesticides also affect soil
microbial diversity. It is expected that there will be a huge

diversity among agriculturally important diazotrophs,
which will be studied in this project. Deciphering the soil
microbial diversity would allow discovery of new
microorganisms that would act as efficient diazotrophs
and PGPRs that will be better suited for their exploitation
under Punjab conditions. Therefore, potential
indigenous/region specific diazotrophic isolates could be
obtained for sustainable agriculture.
Objectives:
·

To study the taxonomical and functional diversity for
diazotrophs in different agroclimatic regions of
Punjab for sustainable agriculture

·

Conservation of microbial diversity for their
commercial/genetical exploitation in future

Significant Achievements:
·

Enormous diazotrophic diversity (total of seventy new
isolates with varied cultural diversity) was observed
on eight different nitrogen free media and cfu g-1 of the
soil samples was enumerated, which ranged from 105 106 cfu g-1 on different media. Punjab soils are deficient
in organic carbon resulting in reduced total microbial
flora. Soils with high ammonical-N (110 mg kg-1) and
nitate-N (90 mg kg-1) inhibited the diazotrophic
population but some samples with high OC (0.80%)
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Fig.: Restriction patterns of PCR amplified fragments of 16S rDNA digested with Hae III (1-8), Taq I (1a- 8a) and Rsa I (1b- 8b).

were found to have promising diazotrophic count. In
addition to these factors pH and EC also play potent
role in establishment of diazotrophic population.
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·

Cultural diversity varied from transparent to
translucent opaque, milky white to creamy, yellow,
pink/orange coloured colonies. All colonies were
mucoid, round with smooth margins, protruded dome
shaped and a few were spreading type.

·

Majority isolates were gram negative, motile cells
exhibiting cell shapes varying from cocci, rods to
spirilli. All isolates were positive for the
metachromatic granules but none of these exhibited
the presence of the capsule or endospore.

·

Physiological profile of majority isolates showed
positive reaction for lysine and ornithine
decarboxylase activity and none exhibited positive
test for phenylalanine deamination and H 2 S
production. Among the five sugars tested arabinose
was the most preferred sugar however adonitol was
least preferred.

·

Isolates exhibited positive test for Indole acetic acid
production (Figure 2) indicating variable amounts of
IAA present (10-36 g ml-1). Phenotypically, 13 strains
were identified as Azospirillum spp, 11 were found to
grow under acidic conditions (5.1-5.5). One
Azospirillium spp that can grow at pH 5.1 was found to
be promising IAA producer (32g/ml).Two isolates
were able to grow up to pH 8.5.

·

The diazotrophic potential of the isolates at the
molecular level was ascertained by performing nif H
analysis. Out of total sixty isolates, thirty-two isolates
were found to be positive for nif H using two different
nif H primers (nif H 1 and nif H 2). RFLP analysis of the

16S rDNA using three different restriction enzymes
viz., Rsa I, Hae III and Taq I showed different DNA
fingerprinting profiles for various diazotrophic
isolates thereby deciphering their diversity at the
molecular level. The dendrogram showed diversity
among various isolates obtained from different agro
climatic regions of Punjab. Eight isolates were
clustered into three groups. Group I comprises of three
isolates (169N, 173N and 180N) and all three isolates
are 100% identical i.e genetically similar so they may
be one type of isolate. Group II comprises of four
isolate and genetically quite different from group I and
group III. Isolates of group II are 70% identical. The
isolate 181b is forming a separate lineage showing that
it is quite diverse from other isolates. The amplified
16S rDNA fragment of eight different isolates has been
given for sequencing.
Conclusions:
The diazotrophic count was found to be negatively
correlated with the soil nitrogen while positively
correlated with soil organic carbon content. Majority
isolates exhibited plant growth promoting activity by
production of indole acetic acid in vitro. Isolates showed
specific bands after amplification with specific nifH
primers thereby showing the positive diazotrophic action.
The morphological and cultural diversity also resembled
diversity at the molecular level as exhibited by the
formation of different groups as analyzed by the NTSYS
software using UPGMA program.
Seminar's, symposia and conferences attended
National Symposium on New Biology in Agriculture
held at Punjab University, Chandigarh.7-8th Nov.2008.
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Microbial Diversity and Identification : Fish Microbes
PI : Imelda Joseph
Central Marine Fisheries Research Institute, Ernakulam, Kochi, Kerala.
Rationale :
Prokaryotic microorganisms compromise a large portion
of the organic biomass of the world's ocean and play an
important role in essential biogeochemical cycles and food
webs in this ecosystem. In particular surface colonization
by microorganisms is ubiquitous in marine systems with a
large proportion of microbes occurring as complex
communities. Often the negative impacts of
microorganisms on humanity occur at surfaces- be it the
surfaces of seafood (fish, oysters etc.) or fouling of ships'
hulls. However, despite their importance, comparatively
little is known about the phylogenetic composition of this
complex microbial population and the functional roles of
their members. Living surfaces are ideal system in which to
explore colonization by microorganisms because
eukaryotes are subject to a constant bombardment from the
millions of microbial cells typically found in a millilitre of
seawater. Alternatively, disease-causing microbes might
already be present on fishes and their surroundings. So a
survey and analysis of the microorganisms (bacteria)
associated with marine fish give an indication of the
environmental condition (water quality), feed availability,
productivity etc, or presence of pathogens, which may
cause havoc to the system or to the consumers. Also many
associated bacterial strains find wide application in
agriculture and allied sectors based on their biochemical/
physiological characteristics.
Objectives :
·

To screen bacterial groups from selected marine fishes

·

To identify the selected groups by physiological and
biochemical tests

·

To identify microorganisms using ribosomal RNA
gene sequences

Significant Achievements :
·

Of the 15 bacterial strains from Anadontostoma
chacunda, six isolates from skin, three from gills, and
six from viscera were identified up to generic level.
Acinetobacter, Bacillus, Aeromonas, Vibrio and
Staphylococcus spp. were the skin isolates. While, gills
harbored Bacillus and Aeromonas spp. and visceral
isolates included Bacillus, Lactobacillus and Aeromonas
spp.

·

Of the 26 isolates from Coilia sp., 18 bacterial strains
were isolated from the skin, which included Bacillus,
Pseudomonas, Micrococcus and Vibrio spp., two strains

of Bacillus sp from gills and from the viscera 6 isolates
including Bacillus, Micrococcus and Lactobacillus spp.
were characterized.
·

A Gram-positive, endospore-forming, rod-shaped
bacterial strain, isolated from Lutjanus sp. was
subsequently characterized taxonomically using a
polyphasic approach. Phylogenetic analyses based on
16S rRNA gene sequences showed that the strain is
affiliated phylogenetically to the genus Sporosarcina.
On the basis of phylogenetic analysis the isolate
represent the species Sporosarcina saromensis. The
closest homolog found was Bacillus sp. (Gene Bank
Accession Number: AB243864).

·

A mesophilic, halotolerant, Gram negative rod shaped
bacteria isolated from viscera of trigger fish was
phylogenetically characterized based on 16S rRNA
gene sequences and it was shown that the strain is
affiliated phylogenetically to the genus Halomonas,
and the strain is identified as Halomonas aquamarina.
These are bacteria capable of growth on media with
17% total salts. (Gene Bank Accession Number:
EU440965).

Conclusion :
77 bacterial strains were isolated from seven marine fishes
during the year 2008-09. Since the bacterial strains isolated
from fish include different groups, the identified and
partially identified ones could be screened for their
application for production of metabolites or for its own
characteristic traits like pigmentation, salinity, pH and
temperature tolerances. Study on fish microbes have not
been done so far in India and it will help in mapping of the
strains which are inherent to different marine species of
different locations and later for mapping of pathogens or
benevolent strains.
Papers published from AMAAS work
·

Imelda-Joseph, Hena-Vijayan and RemyaSivanandan, 2008. Bacterial community associated
with selected marine cultivable finfishes. Paper
presented in the BIOCAM 2008, International
Conference on Biodiversity Conservation and
Management, Theme: Ecosystems and Sustainable
Development, February 3-6, 2008, Cochin. Abstract
No.75, Book of Abstracts, pp 51.

·

Imelda-Joseph, Hena-Vijayan and Tijo Varghese`,
2008. Bacterial community associated with finfishes
Arius sp. and Johnius sp collected from Mumbai coast.
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Presented in the 8th Indian Fisheries forum held at
CIFRI, Barrackpore from 22-26 November, 2008.
Seminars, symposia and conferences attended
·
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BIOCAM 2008, International Conference on Biodiversity

Conservation and Management, Theme: Ecosystems and
Sustainable Development, February 3-6, 2008, Cochin.
·

8th Indian Fisheries forum held at CIFRI, Barrackpore
from 22-26 November, 2008.
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Theme 2 : Nutrient Management, PGPR and Biocontrol
Improving Yield and Nutrient Uptake of Selected Crops through Microbial Inoculants in
Vertisols of Central India
PI : D. L. N. Rao
Co PI : S. S. Manna
Indian Institute of Soil Science, Nabi Bagh, Bhopal
Rationale :
Research on microorganisms in vertisols, that have
improved nutrient cycling and plant growth promoting
ability, and are able to proliferate under low nutrient
conditions, withstand thermal, moisture and osmotic
stresses are meager. Soybean is the major crop but average
grain yields of farmers are only 1 t/ha. Rhizobial
populations are low and there is no information on the
competitiveness of inoculant strains. Thus, there is an
enormous scope for developing effective, competitive and
`hardy' microbial consortia for improving nutrient
availability and yield of crops under farmers field
situations in central India, particularly in Madhya Pradesh.

promising PGPR's (16% of the isolates). A data base of
their physiological and biochemical attributes has
been prepared.
·

Initially 6 out of the 403 bacterial isolates (on 8 different
media) studied were found to be obligate oligotrophs
(1.5 %) and 9 obligate copiotrophs (2.2%). 96% isolates
were facultative in their mode of nutrition. Upon
storage (one year) at 4°C, the obligate copio- and
oligotrophs became facultative and grew on nutrient
rich media (nutrient agar) as well as diluted media
(1/100 and 1/1000) and on ultra-pure agar.

·

To ascertain their degree of oligotrophy, 10 isolates
which grew on ultra-pure agar (7 original obligate
copiotrophs and 3 original obligate oligotrophs) were
inoculated in double distilled water (DDW- EC
5.2µS/cm) and incubated for four months. To check
any possible nutrient transfer from the original
nutrient agar grown inoculum, 0.1 ml of one month old
cultures in DDW were re-inoculated in fresh DDW
and grown for one month. Such successive re-transfers
into DDW were repeated at the end of 2nd and 3rd month
also. The isolates could be maintained in viable state
upto 4 months (105-106 cells/ml). The study is still in
progress.

·

A new media formulated with mannitol, glycerol and
0.5% yeast extract gave more sensitive detection of
HCN as compared to YEMA, King's or Nutrient agar
medium.

·

The intrinsic antibiotic resistance (IAR) pattern of 32
nod+ rhizobial isolates of soybean isolated from 20
districts of various geographical region of M.P.
towards 18 antibiotics was evaluated. All the nod+
soybean rhizobia were largely resistant to Nalidixic
acid, Trimethoprim, Vancomycin, Novobiocin and
Polymyxin-B.
Dendrogram of the IAR pattern

Objectives :
·

To study the culturable microbial diversity of vertisols
for selection of promising plant growth promoting
rhizobacterial strains for soybean, chickpea and wheat

·

To develop the best consortia of rhizosphere
competent and compatible strains of N fixers, P
solubilizers, PGPR and PGP-B for inoculation of above
crops

·

To study the microbial interactions in the crop
rhizosphere in relation to CNP transformations and
bio-availability of nutrients

·

To test the best performing combination of inoculants
for soybean, chickpea and wheat in farmers fields

·

To make multiple-repositories of the elite strains of
microorganisms

Significant Achievements :
·

Of the 510 bacterial isolates initially obtained from the
rhizosphere of soybean, chickpea, wheat in vertisols of
Madhya Pradesh and from vermicompost and
vermicast samples screened for PGPR 81 attributes in
vitro and in vivo on soybean, wheat and chickpea, as
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showed a lot of diversity and soybean rhizobia
clustered into 6 distinct groups at 75% level of
similarity. The standard strains of B. japonicum USDA
110 (S49) and B. elkanii USDA 31 (S51) and 22 soybean
isolates formed a major cluster (Group 1) which
account for 65 % of the total isolates.
Conclusions :
·

was a good HCN producer.
·

Incorporation of yeast extract improved HCN
detection.

·

Soil bacterial isolates could be maintained in viable
state in distilled water upto 4 months.

·

Intrinsic antibiotic resistance was sufficiently
discriminatory for ascertaining diversity of soybean
rhizobia.

PGP activity was exhibited by 16 % of the bacterial
isolates (81 out of 510) from vertisols. Only one strain

Exploration, Collection and Characterization of some Agriculturally Important Biocontrol
Agents Suitable for Disease Managemnet
PI : D. K. Arora
Co PI : Alok Kumar Srivastava, Sudheer Kumar
National Bureau of Agriculturally Important Microorganisms, Mau
Rationale :

Significant Achievements :

Soil-borne pathogenic microorganisms affecting plant
health are the main and constant menace to food
production worldwide. Over the past few decades,
agricultural production has increased and farmers rely on
chemical pesticides as a relatively dependable method of
protecting plants against soil-borne pathogens. However,
increasing use of chemical pesticides causes several
negative effects on the environments as well as on human
health. Plant growth promoting rhizobacteria (PGPR) and
some fungi that can be found in the rhizosphere, at root
surfaces and in association with roots, which can improve
plant growth directly and or indirectly. So keeping in view
the above constrains, the present study was designed to
screen certain rhizospheric bacterial and fungal isolates to
manage soil borne plant disease and for their multiple
plant growth promoting activities.

·

Twenty three isolates of Trichoderma obtained from
Uttarakhand soil sample were evaluated for
antagonistic potential by direct confrontation assay
and well diffusion method against Fusarium melonis, F.
cucumeranum and F. lycopersici. Out of 23 Trichoderma
isolates, 10 isolates showed more than 40% of the
inhibition in all the assay and were selected for
molecular characterization.

·

The total genomic DNA was extracted from the
isolates and PCR amplification using primers ITS-1
and ITS-4 yielded a fragment of 670 bp lengths in all
the 10 isolates of Trichoderma. This 670 bp fragment
was subjected to restriction digestion by terta cutter
and hexacutter restriction endonuclease to generate
restriction patterns.

·

Ribosomal-DNA-ITS sequences generated by PCR
were digested separately with AluI, MspI, HaeIII,
HpaII, TaqI, and RsaI and digested fragments were
separated by 3% agarose gel electrophoresis
containing ethidium bromide (10 mg/ml) and
photographed under ultraviolet light. Hae III,
restriction endonuclease produced a good
polymorphism, which could distinguish Trichoderma
species. The dendogram at 70 % similarity coefficient
clearly separate all the species of Trichoderma. Hind III
also provide 60% of similarity coefficient. Other
restriction endonuclease were excluded as these failed
to provide scorable patterns.

Objectives :
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·

To isolate and characterize antagonistic organisms
from diverse agro climatic/cropping system for
disease management

·

To screen potential isolates by using different
antibiosis assays against major soil borne plant
pathogens like Macrophomina and Fusarium oxysporum
f. sp. ciceri

·

To develop formulations by using mass multiplication
technique suitable for various delivery systems and
their evolution against target diseases
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Fig. Production of exo-chitinase and pot experiment showing biocontrol activity

·

·

Total genomic DNA of the isolates was subjected to
RAPD analysis with 13 oligonucleotide primers. The
amplification pattern revealed a significant level of
polymorphism. All primers produced multiple DNA
products ranging in size from 0.40 to 2.5 kb. The
primers produced up to 9 products per isolate. RAPD
generated fingerprints OPV 14 was used to estimate
relationships among 10 isolates; a similarity matrix
was constructed by analyzing a total of 8 fragments.
The matrix was used to construct dendrogram based
on UPGMA algorithm and shows a major division
into four clusters at 60% similarity coefficient value.
The isolates were further characterized for the
proteases and exochitinases production as one of the
important biocontrol traits. Maximum chitinase
production (6.5 µg /ml) was observed in Trichoderma
16 followed by isolate T-4 (5.7 µg /ml), whereas,
maximum protease production (0.313 mg/ml) was

recorded in isolate T-4.
Conclusions :
Twenty three Trichoderma strains were isolated (TSM
media) from Uttarakhand region and out of them, 10 were
found promising for their antagonistic potentials against
Fusarium melonis, F. cucumeranum and F. lycopersici. These
isolates were further characterized for lytic enzyme and
plant growth promoting traits in vitro. On the basis of in
vitro proformance finally four Trichoderma strains were
selected for their evaluations in green house experiments.
Trichoderma isolate UK-16 produced maximum amount
of chitinase over other isolates and hence chosen for
optimization studies by response surface methodology.
Trichoderma isolate UK-16 was identified as Trichoderma
asperullum by sequencing of ITS region of rDNA. This
isolate will be mass multiplied and formulated in suitable
carrier for field experiment.
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Application of AIMs for Nutrient Management & Plant Growth Promotion in Rainfed Agro-ecosystems
PI : B. Venkateswarlu
Co PI : Suseelendra Desai, Minakshi Grover
Central Research Institute for Dryland Agriculture, Hyderabad
Rationale :
The project is significant for rainfed agriculture as
majority farmers growing rainfed crops use very little
external nutrients in view of the poor socio economic base.
The potential of microorganisms to fill this gap has not
been adequately researched in the past. Through a well
defined and focused technical programme which
harnesses the immense biodiversity of AIMS in rainfed
agro ecosystem, evaluates them and develops products
based on consortium of useful organisms, this critical gap
can be bridged. These products not only contribute to
enhanced nutrient availability and reduce cost of
production for the farmers, but also can give a fillip to
certified organic farming in rainfed areas which is growing
rapidly as microbial products are key inputs in organic
production of crops, horticulture, agro-forestry and live
stock farming.
Objectives :
·

To study the culturable microbial diversity of soils
from different agro-ecological sub regions, production
systems and land use practices, including stressed
ecosystems

·

To characterize the isolated microorganisms for their
nutrient mobilization (N, P micronutrients)

·

To evaluate the establishment of isolates, particularly
in mixed cropping systems and select isolates for
multiple crops and geographical locations

·

To standardize methods for mass multiplication and
identify appropriate delivery systems and improve
the formulations, quality, shelf life of the above bioagents with superior delivery systems

·

To carry out multi-location testing for evaluation of
the promising formulations

·

To make multiple-repositories of isolated isolates of
microorganisms

Significant Achievements :
·
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Pseudomonas strains P62, P17 were found tolerant of
higher drought stress (-1.8 MPa) while P42 and P43
strains tolerated 22X102 dS/m salt concentration.

·

B43 isolated from rhizosphere of pearl millet showed
maximum P- solubilization with 26% efficiency.

·

Out of 75 strains of Pseudomonas, 28 strains showed
higher solubilization of both sources of zinc in vitro.

·

Out of 24 strains of Azospirillum, AS12 and AS13 were

found to be promising plant growth promoters of
sorghum in all aspects.
·

Three strains of Pseudomonas viz. P17, P22, P23 and P1,
P17, P28 were found to be the best strains for PGP of
sorghum and pigeonpea, respectively.

·

Three strains of Bacillus viz. B87, B22, B39 and B105,
B38 and B93 were found to be the best strains for PGP
of sorghum and pigeonpea respectively.

·

P17 strain of Pseudomonas spp. which promoted the
growth of both sorghum and pigeonpea in all respects
was tolerant of drought (40% PEG or –1.8 MPa).

·

P22 stain of Pseudomonas spp. which promoted growth
of sorghum was tolerant of salinity (14X102 dS/m).

·

Pseudomonas strain P28 a plant growth promoter of
pigeonpea was tolerant of high temperature (50oC)
with more viable cell counts.

·

Pseudomonas isolates P10 and P13 when co-inoculated
along with AM fungi significantly improved the
sorghum seedlings growth.

Conclusion :
In conclusion, we have identified some strains of
Pseudomonas which were able to tolerate higher abiotic
stresses. Pseudomonas strains with plant growth promoting
potential also possessed abiotic stress tolerance, which can
be effectively employed as bio-fertilizers in rainfed agroecosystems. All the Pseudomonas strains, which were
studied, possessed macro- and micro-nutrients
solubilization and mobilization potential which proves
that these strains are useful for integrated plant nutrient
supply (IPNS) in rainfed areas. In addition, co-inoculation
of some strains of Pseudomonas (P10 and P13) with Glomus
fasciculatum (AMF) proved to be better for plant growth
promotion of sorghum. The project will lead to the
development of microbial consortia in a stable formulation
with PGPR and nutrient mobilization capabilities for
rainfed sorghum and redgram.
Seminars, Symposia and Conferences Attended
·

Presented a poster entitled “Screening of Pseudomonas
spp. from Rainfed Agro-Eco Systems for their
Phosphate Solubilization Potential” at International
Congress on Bioprocesses in Food Industries and 5th
Annual Convention of Biotech Research Society, India
organized by Department of Microbiology, Osmania
University during 6-8th Nov, 2008.
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·

Presented a poster entitled “Plant Growth Promotion
of Sorghum and Pigeonpea by Bacillus spp. from
Rainfed Agro-Ecosystems” at International Congress
on Bioprocesses in Food Industries and 5th Annual
Convention of Biotech Research Society, India
organized by Department of Microbiology, Osmania
University during 6-8th Nov, 2008.

·

Presented a poster entitled “Seed Bacterization with
Plant Growth Promoting and Abiotic Stress Tolerant
Pseudomonas spp. Enhances Growth of Pigeonpea

Seedlings” at International Symposium on Microbial
Biotechnology: Diversity, Genomics & Metagenomics
and 49th Annual Conference of Association of
Microbiologists of India organized by Department of
Zoology & Microbiology, Delhi University, New Delhi
during 18-20th Nov, 2008.

Development of a Cold Tolerant Phosphate Solubilizing Bacterial (PSB) Inoculant
PI : G. Selvakumar
Co PI : Pankaj Mishra
Vivekananda Parvatiya Krishi Anusandhan Sansthan, Almora, Uttarakhand
Rationale :
Phosphorus is an essential plant nutrient making up
0.2% of the plant dry weight. But insoluble phosphates that
are not available to the plant or microorganisms comprise
nearly 95 to 99 percent of the total phosphates in the soil.
Hence biologically mediated solubilization of the insoluble
phosphates holds the key to meeting the P nutrition of
crops. The soils of hilly regions of Uttarakhand state are
generally acidic in reaction with low native P and high
phosphorus fixing capacity, leading to low productivity of
major crops. During winters snowfall is quite common in
the upper reaches of and the ground remains frozen for
varying periods. Due to this the soil temperature also dips
and averages from 2 to 10oC depending on the location.
Such extremities of temperature are deleterious to the
survival and functioning of most introduced mesophilic
microorganisms. Most of the PSB inoculants that have been
developed so far are from the plains where such
extremities of temperature (atmospheric and soil) do not
exist. Therefore it is imperative to develop a PSB inoculant
that would suit the environmental conditions prevailing in
the hills with major focus on cold tolerance, since this
largely determines the survival and function of the
inoculant.

efficient PSB culture(s) and carrier material
·

To evaluate the performance of the PSB inoculant with
graded levels of P fertilization in select winter crops

·

To conduct large scale field demonstrations with the
developed bio- inoculant and commercialize the
developed technology

Significant Achievements :
·

The culture conditions were optimized for the mass
culture of fourteen elite cold tolerant bacterial strains.
For enhanced recovery of the cell biomass, two media
that are generally recommended for the mass
production of PSBs viz., Pikovaskaya and Kings B
were subject to modification. Replacement of glucose
with 0.5 % glycerol as the sole carbon source in
Pikovaskaya medium was found to marginally
improve the viable cell yields (109 to 1011 cfu/ml)
compared to the regular Pikovaskaya medium (107 to
109 cfu/ml).

·

Irrespective of the media used for mass multipliation
an inoculum level of 5% was found to be optimal for
realization of higher cell yields of the elite cold tolerant
bacterial isolates

·

Polymorphic profiles using randmly amplified
primers were found to be superior to those obtained by
rep-PCR profiles, for SCAR marker development

·

To develop comprehensive biomarkers for the quality
control and field detection of the elite PSB strains

SCAR markers were developed for five elite strains by
utilizing the sequences derived from randomly
amplified polymorphic profiles

·

To evaluate various locally available low cost organic
raw material for use as a carrier material for the PSB
inoculant, and identify a suitable combination of

The strain Pseudomonas poae RT5RP2(Gen 50 Pol 50) was
found superior in colonizing the rhizosphere of
wheat (50x10 3 cfu/g of oven dry soil) at 15 DAS.

·

The strain Pseudomonas sp strain RT6RP (Gen 1 Pol 50)

Objectives :
·

·
·

To isolate PSB cultures from the rhizosphere of various
hill crops and screen them under in vitro cold
conditions (4 and 15 oC) for their P solubilizing ability
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Table 1. Details of strains deposited and accession numbers received

Sl. No.
1
2
3
4
5

Strain Designation
Pseudomonas sp. CT4RH2(2)
Pseudomonas sp. NM4RP1
Pseudomonas sp. PB2RP1(2)
Pseudomonas sp. PB2RP2
Pseudomonas sp. PB1RP3

Gen Bank Accession No.
FJ 643472
FJ 643470
FJ 643471
FJ 643473
FJ 643474

Unique Feature
Cold tolerant PSB isolate
Cold tolerant PSB isolate
Cold tolerant PSB isolate
Cold tolerant PSB isolate
Cold tolerant PSB isolate

Fig.: PCR amplification profile of the elite strains with (a) BOX primer (b)
ERIC primer (c) ERIC 2 PCR (d) RAPD primer Rba2

was found superior in colonizing the rhizosphere of
lentil (44x103 cfu/g of oven dry soil) at 15 DAS.
·

Papers published from AMAAS work :
·

Selvakumar, G., Piyush Joshi, Sehar Nazim, P.K.
Mishra, J.K. Bisht and H. S. Gupta.2009. Phosphate
solubilization and growth promotion by Pseudomonas
fragi CS11RH1 (MTCC 8984) a psychrotolerant
bacterium isolated from a high altitude Himalayan
rhizosphere. Biologia, 64(2): 239-245.

·

Selvakumar, G., P. Joshi, Sehar Nazim, P.K. Mishra, S.
Kundu and H.S.Gupta.2009. Exiguobacterium
acetylicum strain 1P (MTCC 8707) a novel bacterial
antagonist from the North Western Indian Himalayas.
World Journal of Microbiology and Biotechnology,
25:131- 136.

·

Selvakumar, G., S. Kundu, Piyush Joshi, Sehar Nazim,
A.D.Gupta and H.S.Gupta.2009.Growth promotion of
wheat seedlings by Exiguobacterium acetylicum 1P
(MTCC 8707) a cold tolerant bacterial strain from the
Uttarakhand Himalayas. Indian Journal of
Microbiology (In Press).

·

Selvakumar, G., A.D. Gupta, S. Kundu and H. S.
Gupta.2009. Cold Tolerance Mechanisms in
Microorganisms and its Agricultural Importance. In:
Agriculturally Important Microorganisms (Vol.1).
(Eds) G.G. Khachatourians, D.K. Arora, T.P.
Rajendran and A.K. Srivastava., Academic World
International, Bhopal, pp; 73-93.

Five isolates were identified by sequencing of the 16S
rRNA gene and accession numbers were received for
the gene sequences from the Gen Bank, NCBI, USA.

Conclusion :
Based on P solubilizing ability at 15 and 4OC C,
fourteen cold tolerant phosphate solubilizing bacterial
isolates were selected for further intensive study. The
isolates were identified by sequencing the 16S rRNA gene.
The isolates included some hitherto lesser reported species
viz., Pseudomonas fragi, and P. lurida and P. poae. All the
isolates were able to release P from Udaipur rock
phosphate which is a widely used source of phosphatic
fertilizer in India. Antibiotic resistance markers have been
identified for individual strains, and the utility of these
markers in rhizospheric competence studies has been
proved. Besides SCAR markers have been developed for
five strains. The culture conditions have been standardized
for the mass production of the isolates. It is further
proposed to take up extensive field trials during the period
2009-10, under mid and high hill conditions of
Uttarakhand state. Besides, extensive efforts will be taken
up for the popularization of the formulations amongst the
hill farmers.
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Seminar's, symposia and conferences attended
·

·

Selvakumar G, Piyush Joshi, P.K.Mishra, J.K.Bisht and
H.S.Gupta 2008.Pseudomonas fragi a novel
psychrotolerant phosphate solubilizing bacterium
from Uttarakhand. Paper presented at the 3rd
Uttarakhand State Science and Technology Congress
that was held at IIT Roorkee 10-11th November 2008.

Selvakumar G, Piyush Joshi, P.K.Mishra, J.K.Bisht and
H.S.Gupta 2009. Pseudomonas lurida (MTCC 9245) a
novel cold tolerant phosphate solubilizing bacterium
from the Uttarakhand Himalayas. 48th Annual
Conference of AMI, New Delhi, Nov 2008(Abstr).

Isolation, Identification, Evaluation and Exploitation of PGPR for Spices
PI : M. Anandraj
Co PI : R. Dinesh, N. K. Leela, A. Kumar
Indian Institute of Spice Research, Calicut, Kerala.
Rationale :

Significant Achievements :

Black pepper and ginger are affected by several
diseases caused by fungi, bacteria and virus. Foot rot
disease caused by Phytophthora capsici leads to major crop
losses in black pepper. Bacterial wilt caused by Rasltonia
solanacearum and soft rot by Pythium spp. are the major
diseases in ginger. Being soil borne, chemical control
methods are expensive and often ineffective. Disease
management through biological means offers an excellent
opportunity. The plant growth promoting rhizobacteria
(PGPR) are able to enhance growth in many plants by
production of phytohormones such as indole-3-acetic acid
(IAA), cytokinenes, and other plant growth-promoting
substances, and also can enhanced the mobilization of
nutritional elements such as phosphorus, potassium, zinc
and silica. The production of antimicrobial substances,
primary and secondary metabolites such as
Diacetylphloroglucinol (DAPG), Pyrolnitrin, Pyoluteorin,
Chitinase and HCN etc, will be helpful to suppress the
pathogens in soil. The aim of present study is to isolate and
identify the organisms with useful traits and evaluate their
potential for crop management.

·

Isolations were made from the black pepper and
ginger rhizosphere soil collected from Kodagu district
of Karnataka. Twenty-four rhizobacterial stains from
black pepper and 31 from ginger were added to the
existing 50 and 69 rhizobacterial isolates, respectively.
The total collection one hundred and seventy four
isolates were stored at – 80oC in IISR repository and are
being evaluated for various traits.

·

One hundred and seventy-four isolates were tested in
vitro for beneficial traits, namely mobilization of
phosphate, potassium, zinc, silica and ammonia
production. These isolates were also tested for growth
promotion trait, indole acetic acid (IAA) production.
Out of the 174 strains tested, 72 isolates were positive
for both IAA and phosphate solubilization (41%) and
ammonia production was observed in 124 isolates
(71%). Out of 174 isolates only 35 were found to be
potassium mobilizers (20%), 26 were zinc mobilizers
(15%) and nine were silica (5%) mobilizer.

·

One hundred and seventy-four isolates were tested for
the production of primary and secondary metabolites.
Among the 174 strains tested eight of the black pepper
and seven of the ginger rhizobacteria produced
hydrogen cyanide. Ten isolates were short-listed
based on the in vitro test for antagonism against
Phytophthora, Pythium and Fusarium. These isolates
were tested for Phenazine -1- carboxylic acid (PCA).
Only two isolates of black pepper BRB 5 and BRB 28
was positive. The primers were synthesized and tested
for the detection of Diacetylphloroglucinol (DAPG),
Pyrolnitrin, Pyoluteorin, and Chitinase, and none of
the short-listed isolates were positive.

·

One hundred and seventy-four isolates were screened
for in vitro antagonism against three plant pathogenic

Objectives :
·

Isolation, characterization, evaluation of microbes for
Nutrition mobilization, Growth promotion and
biological control

·

Screening isolates for the desirable characters

·

Studies on compatibility and ecological fitness and
development of consortium

·

Studies on rhizobacteria mediated induced systemic
resistance

·

Studies on mechanism of rhizobacteria mediated
growth promotion in crop plants
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Table 1. Details of sequence deposited with NCBI
Isolate Number
BRB 28
BRB 49
GRB 35
GRB 36
GRB 68

Source
Black pepper
Black pepper
Ginger
Ginger
Ginger

Identity
Pseudomonas aeruginosa
Serratia marcescens
Bacillus amylolequifaciens
Klebsiella sp.
Serratia marcescens

fungi namely Phytophthora, Pythium, and Fusarium.
·
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The six isolates of ginger were evaluated for biocontrol
and growth promotion in greenhouse with ten
treatments. Among the isolates screened GRB 35 was
found to reduce symptom expression due to Ralstonia
solanacearum in pot culture and also it enhanced the
growth of plants compared to control.

·

Based on the green house experiments, six short-listed
isolates of ginger (GRB 25, GRB 35, GRB 36, GRB 57,
GRB 58 and GRB 68) were evaluated for biocontrol and
growth promotion in a field experiment at IISR
experimental farm, Peruvannamuzhi. The isolate GRB
35 was found to enhance the growth characters such as
germination percentage, plant height and number of
tillers.

·

Four strains from black pepper and six from ginger
were short-listed based on in vitro biocontrol assay.
The short-listed strains were identified using
phenotypic and biochemical characters. The identity
of eight of these isolates was confirmed by molecular
characterization using 16s rDNA sequencing. The
black pepper strains belonged to Pseudomonas

Acc. No.
FJ493536
FJ493537
FJ493538
FJ493539
FJ493540

aeruginosa and Serratia marcescens. The ginger strains
belonged to Burkholderia pyrrocinia, Bacillus
amylolequifaciens, Serratia marcescens and Klebsiella sp.
Sequences of the five identified isolates were
deposited with National Centre for Biotechnology
Information databases (Table 1).
Conclusion :
One hundred and seventy four rhozobacteria were
isolated from black pepper and ginger. The isolates were
tested for nutrient traits namely mobilization of
phosphate, potassium, zinc, silica, ammonia and IAA
production. The biocontrol traits like DAPG, PCA,
pyrolnitrin, pyoluteorin, and chitinase were also tested.
Ten isolates were short-listed based on nutrient
mobilization and fifteen isolates for biocontrol traits. Shortlisted isolates were evaluated in green house and in field
and both the experiment is being repeated for the second
year. The short-listed isolates were identified by
phenotypic, biochemical and molecular characterization.
They belong to Pseudomonas aeruginosa, Serratia marcescens,
Bacillus amylolequifaciens and Klebsiella sp.
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Development and Application of PGPR Formulations for Growth Improvement and
Disease Suppression in Coconut and Cacao
PI : George V. Thomas
Co PI : Alka Gupta, Murali Gopal, R. Chandra Mohanan
Central Plantation Crops Research Institute, Kudlu P.O., Kasaragod, Kerala.
Rationale :
The PGPR associations, diversity and their impact on
the growth and productivity need to be understood to
develop effective biofertilizer formulations for field
application. It is imperative to identify a single organism
or a group of organisms (consortia) with broad spectrum of
activities including plant growth promotion and disease
suppression in view of the magnitude of biotic stress faced
by the crops in real field situations. In-depth studies on
PGPRs with respect to their role in nutrient management,
survival bio-control potential and persistence are needed
for exploiting them in the perennial based cropping
systems. Synergistic growth effects could be derived by the
combined inoculation of function specific bacteria
including PGPRs, diazotrophs and P-mobilisers.
Biofertilizer inoculants when combined with organic
inputs can deliver additional benefits in terms of higher
rate of survival and persistence of bioinoculants in soil.
Root (wilt) disease of coconut is a major constraint affecting
the productivity of coconut in Kerala, the premier coconut
growing state in the country. Leaf rot disease appears
super imposed on root (wilt) diseased palms. Application
of PGPR assumes greater significance in the biological
control of this disease.
The overall rationale and significance of the project
therefore aims at harnessing the potential of agriculturally
important microorganisms available in plenty in the
coconut and cacao cropping systems for improving the
crop production capacity of these important plantation
crops in an ecologically sustainable manner acceptable to
the farmers through the development of low cost ecotechnology.

against stem bleeding disease of coconut caused by
Thielaviopsis paradoxa and Phytophthora diseases of
coconut and cocoa
·

Significant Achievements :
·

All the 519 bacterial strains isolated from cocoa
rhizoshere were screened for antibiotic, chitinase and
ACC deaminase production. Out of 519 isolates tested,
88 produced antibiotics, 90 showed chitinase
production, 395 could grow on minimal medium
containing ACC as sole source of nitrogen.

·

18% of the total isolates showed antagonism against
Phytophthora palmivora on Carrot Dextrose Agar
(CDA). More isolates of Bacillus spp. (89 out of 359)
were found to be antagonistic against P. palmivora than
fluorescent pseudomonads (6 out of 160).

·

104 isolates from cocoa (selected based on plant
growth promoting traits) were tested on cowpea seeds
for determining their effect on seedling growth in vitro
in growth chamber (seedling bioassay). A total of 88
isolates showed increases in growth parameters;
among these, 58 isolates increased total seedling
length. One of the fluorescent pseudomonad from
Kidu, Karnataka (KDF7) showed maximum of 100%
increase in seedling length.

·

88 isolates which increased the growth parameters of
cow pea seedlings in seedling bioassay were selected
for greenhouse studies. 33 isolates showed increases in
all the three parameters i.e., seedling length, fresh
weight and dry weight. More than 50% of the
endophytic bacilli showed significant increase in all
growth parameters.

·

A total of 512 isolates from rhizosphere and roots of
coconut were subjected to characterization for plant
growth promoting traits. From this study, 137 isolates
were short listed for determining their effect on
seedling growth of paddy in vitro in growth chamber
(seedling bioassay).

·

A total of 85 isolates showed increases in growth
parameters; among these 57 isolates increased total
seedling length, 18 showed increases only in shoot
length and 10 increased root length only. Fluorescent
pseudomonad from Chengannur (ChSF 180), Kerala

Objectives :
·

To characterize PGPRs (rhizosphere soil dwelling and
endophytic) associated with coconut and cocoa grown
in different agro-climatic conditions

·

To screen and select efficient rhizobacterial strains
possessing beneficial traits like production of IAA,
HCN, nitrogen fixation and phosphate solubilization

·

Development of mass multiplication techniques and
consortia formulations of compatible microorganisms

·

To evaluate the selected strains for growth promotion
of coconut and cocoa seedlings

·

To evaluate the biocontrol potential of the PGPR

To develop the PGPR based biofertilizer technology
with appropriate quality control measures
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showed maximum of 48% increase in paddy seedling
length. Serratia sp. isolated from coconut rhizosphere
of Kidu, Karnataka showed a significant increase
(59%) in root length over control.
·

85 isolates which performed well in in vitro seedling
bioassay were tested on paddy seeds in greenhouse.
Out of 85, 31 isolates increased all three parameters i.e.,
seedling length (SL), fresh weight (FW) and dry
weight (DW) of paddy seedlings. The seedlings
inoculated with fluorescent pseudomonads (17 out of
18) showed a significant increase in dry weight (50%200%) compared to uninoculated seedlings. All the
coconut rhizosphere Bacillus spp. (35 isolates) tested
increased the total length of seedlings.

fungal pathogens of coconut. Accepted for
presentation during the 'First Asian PGPR Congress
For sustainable Agriculture' at ANGRAU,
Rajendranagar, Hyderabad during 21-24 June 2009.
·

Priya George, Alka Gupta, Murali Gopal, Litty
Thomas and George V. Thomas. 2009. Screening of
fluorescent pseudomonads from rhizosphere of
coconut (Cocos nucifera L.) for plant growth promoting
traits. Accepted for presentation during the 'First
Asian PGPR Congress For sustainable Agriculture' at
ANGRAU, Rajendranagar, Hyderabad during 21-24
June 2009.

·

Litty Thomas, Alka Gupta, Murali Gopal, Priya
George and George V. Thomas. 2009. Isolation and
functional characterization of potential plant growth
promoting fluorescent pseudomonads from the cocoa
roots and rhizosphere. Accepted for presentation
during the 'First Asian PGPR Congress For sustainable
Agriculture' at ANGRAU, Rajendranagar, Hyderabad
during 21-24 June 2009.

·

Litty Thomas, Alka Gupta, Murali Gopal, R.
ChandraMohanan, Priya George and George V.
Thomas. 2009. Evaluation of bacilli and fluorescent
pseudomonads isolated from the rhizosphere and
roots of Theobroma cacao L. for biological control of
Phytophthora palmivora. Accepted for presentation
during the 'First Asian PGPR Congress For sustainable
Agriculture' at ANGRAU, Rajendranagar, Hyderabad
during 21-24 June 2009.

Conclusion :
Efficient isolates for coconut and cocoa could be
successfully selected from a large collection of 1031 isolates
through different screening strategies. The efficient ones
are being tested for growth promotion of coconut and
cocoa under field conditions. Further research would be
concentrated on development of consortia for plant
growth promotion specific to coconut and cocoa.
Papers published from AMAAS work
·
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Priya George, Alka Gupta, Murali Gopal, R.
ChandraMohanan, Litty Thomas and George V.
Thomas. 2009. In vitro antagonism studies of
rhizospheric fluorescent pseudomonads of coconut
against Ganoderma sp. and Thielaviopsis paradoxa,
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Microbial Control of Insect Pests
PI : B. Ramanujam
Co PI : S. Sriram
Project Directorate of Biological Control, Bangalore
Rationale :
The chemical insecticide sprays are not cost effective in the
control of sucking pests of vegetables like, whiteflies,
aphids, thrips which cause extensive damage to the crops.
The chemical insecticides also eliminate the beneficial
parasites and predators from these cropping systems. For
control of sucking insects, entomopathogenic fungi are the
most appropriate microbial bioagents as they infect the
insects directly by contact and do not require ingestion for
infection. Several commercial formulation based on
Beauveria bassiana, Metarhizium anisopliae, Verticillium
lecanii and Paecilomyces fumosoroseus have been developed
against different sucking pests in other countries. Mass
production techniques of these fungi are much simpler,
easier and cheaper. The project proposes to develop an
alternate safe biological control method using
entomopathogenic fungi for the management of sucking
pests affecting vegetables. The project also envisage a good
collection of germplasm of entomofungal pathogens,
which can be used for establishing a repository and
development of data bases of strains of entomopathogenic
fungi. Mass production technologies will be developed for
the promising entomopathogenic strains of sucking pests.

2c, 3h, 3f, 4, 7, 8, 10 12, 13, 15, 16) were conducted on
cotton mealy bugs (Phenacoccus solenopsis). The results
indicate that twelve isolates caused 11.67-45.0 %
nymphal mortality. However, mycosis was observed
only with ten isolates viz., Vl-2c, Vl-3f, Vl-3h, Vl-7, Vl8, Vl-10 Vl-12, Vl-13 Vl-15 and Vl-16 isolates (3.3321.66% mycosis). The highest mycosis of 21.66% was
observed with Vl-13 isolate followed by 20.68%
mycosis with Vl-7 isolate.
·

Total 32 isolates of B. bassiana, 16 isolates of M.
anisopliae and 19 isolates of V. were characterized for
colony morphology, growth rate, spore production
and spore size on SDYA medium and biomass and
spore and pigment production on SDYB were
recorded.

·

The colony morphology varied from creamish flat
colonies with less aerial mycelium to cottony white
colonies with abundant aerial mycelium. Reddish
brown pigmentation was observed on reverse side of
the plates of Bb-6 and Bb-8 isolates. Similarly
yellowish brown pigmentation was observed on
reverse side of plates of Bb-23 and Bb-29. The spore
size ranged from 3.01-5.43μm maximum with Bb-26
and minimum with Bb-32 isolate.

·

Seventy five isolates of entomofungal cultures isolated
from insects and soils from different locations were
deposited at NBAIM culture Repository. These
include 32 isolates of Beauveria bassiana, 16 isolates of
Metarhizium anisopliae, 14 isolates of Verticillum lecanii,
8 isolates of Nomuraea rileyi. 2 isolates of Cladosporium
oxysporum and one isolate each of Paecilomyces
fumosoroseus, Paecilomyces variotii and Fusarium
pallidoroseum

Objectives :
·

Germplasm collection of entomogenous fungi from
insect hosts for control of sucking pests of vegetable
crops

·

Screening and identification of potential isolates of
entomogenous fungi against sucking pests of
vegetable crops (laboratory bioassay, glass house
studies)

·

Molecular characterization of promising isolates of
entomogenous fungi

·

Development of efficient Mass production and
Formulation techniques including oil-based
formulations of promising isolates of entomogenous
fungi

Significant Achievements :
·

Twenty nine isolates of entomopathogenic fungi
belonging to Beauveria bassiana (14), Metarhizium
ansiopliae (4), Verticillium lecanii (6), Nomuraea rileyi (3)
and Paecilomyces fumosoroseus (1) and Paecilomyce
variotii (1) were isolated from different insect hosts and
soils during 2008-09.

·

Bioassay studies with twelve isolates of V. lecanii (Vl-1,

Conclusion :
·

Under this project, 75 isolates of entomofungal
cultures were isolated from insects and soils from
different locations and evaluated against sucking
pests like, Aphis craccivora, Scirtothrips dorsalis, Bemisia
tabaci, Thrips tabaci and Myzus persicae. Bb4 and Bb-12
isolates of B. bassiana and Ma-3 and Ma-11 isolates of
M. anisopliae against A. craccivora (85.8-88.8%
mortality), Bb-12 isolate of B. bassiana and Vl-2b isolate
of V. lecanii for S. dorsalis (75.4%and 78.8%
mortality).Vl-10 isolate of V. lecanii against B. tabaci
(78.9%), Vl-8 and Vl-2c isolates of V. lecanii against M.
persicae (90.2 and 89.6%) and Ma-4 isolate against T.
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tabaci, (58.4%) were identified as promising
candidates.
·

Phenotypic characterization of these isolates (32
isolates of B. bassiana, 16 isolates of M. anisopliae and 19
isolates of V. lecanii) showed considerable variations
among these isolates with regard to colony
morphology, growth rate, spore production and spore
size.

Papers published from AMAAS work
·
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B. Ramanujam. 2008. Isolation, identification and
evaluation of biocontrol agents. In: Plant Pathogens
and their Biocontrol agents Diagnostics and
Characterization (Eds.S.J. Eapen, A.Kumar and M.

Anandaraj). Indian Institute of Spices Research,
Calicut, Kerala. pp. 207-224.
·

Ali Derakhshan, R.J. Rabindra and B. Ramanujam.
2008. Effect of Storage Conditions of Formulations on
Viability of Verticillium lecanii (Zimmerman) Viegas
and its Virulence to Brevicoryne brassicae (L.) Journal of
Biological Sciences, 8(2): 495-501.

·

Ali Derakhshan, R.J. Rabindra, B. Ramanujam and
Mehdi Rahimi. 2008. Evaluation of Different Media
and Methods of Cultivation on the Production and
Viability of Entomopathogenic Fungus, Verticillium
lecanii (Zimm.) Viegas. Pakistan Journal of Biological
Sciences, 11(11):1506-1509.
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Developing PGPR Consortia for Enhanced Crop and Soil Productivity of
Rice-Wheat Cropping System
PI : Lata
Co PI : Radha Prasanna
Indian Agricultural Research Institute (IARI), New Delhi
Rationale :

Significant achievements :

Rice and wheat represent the staple food for millions in our
country and the ecological significance
of
microorganisms is well known, since centuries, as the
inherent source of sustained fertility of these soils. Despite
the availability of a number of publications on the role of
different microorganisms in rice/wheat fields, no focused
approaches towards understanding the interactions of the
microorganism (native and inoculated) with the
rice/wheat roots or other flora/fauna in the rhizosphere
have been undertaken, for improving the efficiency of
inoculants. In nature, rice and wheat are infected by several
diseases and the intensity of these diseases has shown to
increase with the increase in fertilizer use and adoption of
modern high yielding varieties. A better understanding of
the plant-microbe interactions in this ecological niche will
go a long way in improving the efficiency of these nonpolluting inputs as biofertilizers. In recent years,
cyanobacteria have been recognized as valuable partners
in plant growth promoting associations, besides their
emerging importance as biocontrol agents. Cyanobacterial
growth in rice fields is known to play a critical role in the
sustenance of fertility of this ecosystem, and recent
publications reveal their significance in wheat crop. A
growing and renewed interest in organic farming, use of
indigenous native technologies and environmental
friendly supplements in agriculture will necessarily lead to
the increased demand for microbial inoculants. The
present proposal; envisages evaluating the less explored
facets of microorganisms, i.e. tapping their potential as
valuable sources of metabolites and enhancing their
significant role of interactions of various prokaryotes, not
just as diazotrophs but from a wider perspective as
valuable partners in enhancing crop yields through
development of plant growth promoting associations or as
biocontrol agents for the sustainability of the rice-wheat
cropping system.

·

Pot based evaluation of a set of three cyanobacterial
(CW1, CW2, CW3 for wheat crop and CR1, CR2, CR3
for rice crop) and three bacterial strains (PW1, PW2,
PW3 for wheat crop and PR1, PR2, PR3 for rice crop)
inoculated alone and in combination (involving a total
of 51 treatments including chemical fertilizer controls)
revealed the superiority of these strains in enhancing
plant growth and soil fertility parameters in wheat and
rice crop.

·

Treatments involving a combination of all six strains
exhibited higher total biomass of wheat and rice
plants, followed closely by inoculation of PW1+PW3
and CW3 along with basal application of 1/3 N+P+K.
Bacterial strain PW1 in combination with CW1 and
CW3 as well as CW2+CW3 also showed significant
enhancement in plant biomass of wheat crop(Fig.1)
and in rice crop inoculation of PR1+PR3 exhibited
higher total biomass with basal application of 1/3
N+P+K. Bacterial and cyanobacterial combination of
strain PR1+CR1 and PR3+CR1+CR2 also enhanced in
plant biomass of rice crop.

·

In order to analyse the interactions among the six
PGPRs, laboratory experiment were conducted by
cross streaking on agar media, followed by
germination assay using different combination of the
selected PGPRs.

·

On the basis of the results generated from wheat (Rabi
2008) and Rice (Kharif 2008) Pot based evaluation of a
set of three cyanobacterial (CW1, CW2, CW3 for wheat
crop and CR1, CR2, CR3 for rice crop) and three
bacterial strains (PW1, PW2, PW3 for wheat crop and
PR1, PR2, PR3 for rice crop) inoculated alone and in
combination (involving a total of 15 treatments
including chemical fertilizer controls) for wheat crop
is under progress. Microbial parameters assessed at 60
DAT reveals good microbial activity in the
rhizosphere of wheat crop in the treatments inoculated
with PGPR/cyanobacterial strains.

Objectives :
·

To isolate and screen bacteria/cyanobacteria from the
rhizosphere soil samples of rice and wheat crop

·

To evaluate the effect of the selected set of strains on
crop yields and soil fertility

·

To develop a PGPR consortia for rice and wheat crop

Conclusion :
Pot based evaluation of a set of three cyanobacterial
(C1, C2 and C3) and three bacterial strains (P1,P2 and P3)
inoculated alone and in combination ( involving a total of
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51 treatments including chemical fertilizer controls)
revealed the superiority of these strains in enhancing plant
growth and soil fertility parameters in wheat and rice
crop. Further evaluation of selected treatments exhibiting
significantly higher values for microbiological and plant
growth yield parameters in wheat revealing the potential
of the PGPR in combinations.This study illustrated the
positive and dynamic interactions among bacterial and
cyanobacterial strains and their promise in integrated
nutrient management of wheat and rice crop.
Publication/Abstracts in conference
·

Radha Prasanna, Monica Joshi, Vishal Gupta, Vidhi
Chaudhary & Lata (2008.) Dissecting the traits of Plant

growth promoting Cyanobacteria using Biochemical
and Molecular tools. In : 12th International Symposium
on Microbial Ecology –ISME 12 Microbial Diversity
–Sustaining the Blue
Planet.August 17 th -22 nd
,Cairns,Australia (Poster Presentation).
·

Monica Joshi, Anuj Rana, Radha Prasanna, Lata.
(2008). Integrated Use of Bacterial andCyanobacterial
Strains for Enhancing Soil Fertility and Yield in Wheat
Crop. In: 49th Annual International Conference of
Association of Microbiologists of India on “Microbial
Biotechnology: Diversity, Genomics and
Metagenomics”University of Delhi, New delhi, India,
November 18-21 (Poster Presentation).

Structural and Functional Dynamics of the Microbial Isolates in Biogeochemical
Cycling of C, N, P and S in Rice Ecosystem
PI : T. K. Adhya
Co PI : P. Bhattacharyya
Central Rice Research Institute, Cuttack
Rationale :
Rice, which plays a pivotal role in the food and
nutritional security of India, is preferentially grown under
submerged conditions due to positive response to modern
agricultural practices and better yield than in upland soils.
The predominantly anaerobic flooded soil conditions
bring about alterations in soil microbial colonization from
aerobic conditions of an upland soil to microaerophilic and
facultative anaerobic microflora. These microorganisms in
the rice rhizosphere play an important role in the
biogeochemical cycling of several elements involving both
oxidation and reduction reactions. Thus cycling of C, N, P,
S, Fe and Zn is greatly influenced in the rice rhizosphere
thereby affecting the nutrient turnover for the growing rice
crop. Cycling of methane through production

(methanogenesis) and its oxidation (methanotrophy),
cycling of nitrogen through nitrification and
denitrification, and cycling of sulfur through its reduction
and reoxidation are important microbially mediated
transformation in rice rhizosphere. Role of
microorganisms in providing mineral nutrients and
transforming organic nutrients into plant-available forms
could be critical, especially in low fertility ecosystem of
tropical rice soils. Apart from influencing and regulating
the rate of organic matter decomposition, they are
inherently involved in N-transformation reactions
including N2-fixation and N-loss, oxidation-reduction
processes, precipitation and mobilization of Fe, clay
mineral transformation and alterations in surface charge
characteristics as well as aggregation in rice soils. These

Fig. 1. Methane oxidation potential of several methanotrophic bacterial isolates
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C-3 (Isolated from CRRI soil)

C-22 (Isolated from CRRI soil)

C-24 (Isolated from CRRI soil)

CA-1 (Isolated from Canning soil)

E-1 (Isolated from Ersama soil)

E-2 (Isolated from Ersama soil)

Fig. 2. Phase contrast microphotographs of select methanotrophs in pure culture

key soil processes affect and redeem nutrient supply to rice
roots, normalize the rhizosphere chemistry and plant
growth. Such interlinked biological functions explain the
dynamic interplay of microbial populations at community
levels. This further underlines the regulatory role played
by microbial communities and signifies the interactive
credentials of independent microbial groups in deriving
the nutritional status for the benefit of the plant.

microbial isolates in the biogeochemical cycling of C,
N, P and S and integrate them in the nutritional
management of rice ecosystem
·

Confirm efficacy of isolated microorganisms for
nutrient acquisition and maintenance of sustainability
under rice cultivation

·

Standardize methods of mass multiplication,
improved formulations and delivery systems
particularly for rice cultivation

Objectives :
·

Isolate agriculturally important microorganisms from
rice soils varying widely in physico-chemical
properties

·

Explore and quantify the microbial diversity in rice
soils by cultivation-based, proteogram and total DNA
finger-printing analyses

·

Characterize the functional diversity analysis of the

Significant Achievements :
·

Selected methanotrophic cultures isolated from
various locations of coastal Orissa and West Bengal
were purified in pure cultures and their
methanotrophic potential were quantified in mineral
salts medium fortified with 5% methane as the sole
source of carbon and energy. Methane oxidation
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Scale bars figure 1-14=10µm

Fig. 3. Dominant algae species in flooded rice soils of CRRI, Cuttack (1. Cylindrospernum, 2. Oscillatoria, 3. Anabaena constreta, 4. A.
torulosa, 5. Anabaena sp., 6. Spirulina, 7. Nitzia microspora, 8. Pinnularia, 9, 12, 13, 14. Diatoms, 10. Arthrospira, 11. Eudorina colony

potential expressed as T1/2 (d) values are presented in
Fig.1. Methane oxidation potential varied from as low
as 33.3 d in the methanotrophic isolate E-2 isolated
from Ersama (Orissa) soil to as high as 91.2 d in the
isolate T-2 from Talchua (Orissa)
·
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Pure isolates of select methanotrophic microbial
cultures were studied under phase contrast
microscope to characterize their morphological
features. A total of 6 isolates including three from

CRRI soil, one from Canning soil and two from Ersama
soil were studied (Fig. 2). Excepting C-24 which is a
cocci, all the other cultures are short rods. Only culture
E-1 included long rods.
·

Growth of selected methanotrophic microorganisms
were tested in methane or methanol as several
methanotrophs also grows in methanol. The isolates
were grown in NMS (Nitrate Mineral Salt) medium in
an atmosphere of air: methane (1:1, vol/vol) or
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·

·

·

methanol.

Conclusion :

The nitrification kinetics of the heterotrophic
ammonium oxidizing bacterial cultures that were
isolated earlier, were quantified in a medium
containing 1% peptone and 5000ppm of (NH4)2SO4.
Transformation kinetics of both ammonium to nitrite
and nitrate were followed up. For the quantification of
ammonium to nitrite the bacterial isolates were grown
in an atmosphere of air and acetylene, the latter
inhibiting the conversion of nitrite to nitrate thus
facilitating the quantification of amount of nitrite
formed.

The present study included research on the diversity
and dynamics of C, N and P-cycling microorganisms with
special reference to methanotrophs, nitrifiers, Psolubilizing microorganisms and algae. Studies indicate
wide diversity in the methanotrophic microorganisms and
their substrate utilization efficiency. An intensive study of
the diversity and functional analysis of the nitrifiers would
help in quantifying their contribution in the cycling of
nitrous oxide vis-à-vis N-economy of the flooded rice soils.

The diversity of culturable algal species was studied in
a field experiment at different levels of fertilizer. Soil
samples from the field plots planted to rice under the
different treatments were collected at various growth
stages viz. maximum tillering, panicle initiation and
maturity. Serial dilutions in sterile distilled water were
plated on Chu-10 medium. While control (no N) plots
exhibited a wide diversity in the algal flora including
green algae, blue-green algae and diatoms, they were
mostly replaced with blue-green algal species with N
application. This shift was evident ev at the lowest
amount of N application at 40 kg N.ha-1 (Fig. 3).
Five isolates of P-solubilizing bacteria from coastal
saline soils of Sunderbans (West Bengal) were tested
for their IAA-production potential. All the cultures
produced appreciable amounts of IAA with the
amount varying from 15.2 mmol to 31.2 mmol.

Seminars, symposia and conferences attended
·

Patra, M. and Adhya, T.K. (2008) Diversity of
methanotrophic bacterial population in coastal saline
soils of Orissa. In Proceedings 49th Annual Conference,
Association of Microbiologists of India, Delhi
University, Delhi, India.

·

Samantray, B., Dash, R.N. and Adhya, T.K. (2008) Pmobilization in flooded soils planted to rice by Psolubilizing microorganisms from coastal saline soils.
In Proceedings 49th Annual Conference, Association of
Microbiologists of India, Delhi University, Delhi,
India.

·

Datta, A. and Adhya, T.K. (2008) Potent organic
nitrification inhibitors for tropical irrigated rice
ecosystem. In Proceedings 49th Annual Conference,
Association of Microbiologists of India, Delhi
University, Delhi, India.
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Nutrient Dynamics and Carbon Sequestration in Plant Mycorrhizal Systems
PI : K. S. Subramanian
Co PI : M. Thangaraju
Tamil Nadu Agricultural University, Coimbatore.
Rationale :

Significant achievements :

Indian soils are highly diverse and exposed to a wide
array of crops, agro-climatic conditions and nutrient
deficiencies. Among the essential nutrients required by
crops, zinc is considered the most critical micronutrient
causing yield reduction to the tune of 10 to 50% depending
on the severity and stage of occurrence. The magnitude of
Zn deficiency is high in calcareous soils of arid and semi
arid tropical regions where major portion of added Zn gets
fixed. Despite the fact that importance of Zn nutrition is
well known, it is very difficult to ameliorate Zn deficiency
in crops due to the extremely low use efficiency of less than
1% by crops and the remaining 99% get fixed in the soil.
Indeed, majority of arable lands have high total Zn but the
bioavailability is too low, suggesting that there is a need to
adopt strategies to transform the unavailable form to
available form of Zn. One of the biological means to
mitigate Zn deficiency is by exploiting naturally occurring
mycorrhizal symbiosis. In addition to Zn, mycorrhizas are
known to promote nutrition and drought tolerance.
Arbuscular mycorrhizal (AM) fungi are known to improve
the availability of nutrients especially phosphorus which
moves to the root surface by diffusion. In addition to P
nutrition, mycorrhizal symbiosis enhances absorption of
relatively immobile micronutrients such as Zn, B and Cu.
However, it is unclear whether mycorrhizal colonization is
beneficial at varying intensities of Zn deficiencies. During
the period under report (2008-09), three projects had been
completed namely response of maize-cowpea cropping
sequence to mycorrhizal inoculation, mycorrhiza-boron
interaction in tomato and response of aerobic rice to
mycorrhizal colonization.

·

Two set of field experiments were conducted in order
to determine the effect of mycorrhizal colonization on
Zn nutrition in maize at low and high levels of P or
FYM in a maize-cowpea cropping system. The
response to inoculum applied to the preceding crop of
maize was studied in the succeeding cow to assess the
longevity of inoculum potential. Soil inoculated with
arbuscular mycorrhizal (AM) fungus increased
significantly the acid phosphatase and dehydrogenase
activities when compared to uninoculated control but
the response was more pronounced in P60 than P30.
This clearly indicated that AM inoculation enhanced
the soil enzyme activity which serves as an indicator of
healthy soil.

·

Maize yield and growth of succeeding crop cowpea
was significantly influenced by AM addition. In this
project, we also studied the Zn and P fractionation
pattern in mycorrizal and non-mycorrhizal soils. The
data revealed that the residual (tightly bound) fraction
get reduced by 5% while increased organically bound
Zn by 4% that may be related to the enhanced C which
assists in complexation with Zn. The decrease in
crystalline oxide and residual Zn fractions by AM
inoculation might be due to the mobilization of Zn
from these fractions to other forms as a result of
dissolution by microbial and enzyme activities.
Similarly, AM fungus inoculation altered the P
fraction in soil. Mycorrhizal colonization slightly
increased the Ca-P which is closely associated with the
available status.

·

Hyphal transport of 65Zn was studied using an elegant
rhizobox system in order to relate to the host plant Zn
nutrition. The contribution of hyphae based on the
specific activity of 65Zn in plants ranged from 30-50%
suggesting that the external mycelium could
contribute to the tune of 40% towards the Zn nutrition
of host plant.

·

Mycorrhizal colonization is widely known to promote
drought tolerance of host plant. In this experiment,
direct sown rice was exposed to submerged, semi-dry,
dry and aerobic systems of cultivation in the presence
or absence of AM inoculation. During the drought
cycle, the leaf relative water content (RWC) was

Objectives :
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·

To study the zinc dynamics in maize – cowpea
cropping system

·

To assess the hyphal contribution of Zn using tracer
technique

·

To examine the mycorrhiza – boron interaction in
tomato rhizosphere

·

Plant water relations in aerobic rice

·

Carbon sequestration pattern in maize-mycorrhizal
maize system under long-term gradients
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measured regularly. The data indicated that
mycorrhizal plants maintained significantly higher
RWC close to 80-85% and the control plants had 4045% at the end of 2 weeks of prolonged drought. The
drought tolerance of mycorrhizal plants closely
coincided with proline content. Proline content of
mycorrhizal plants were 25-50% lower than nonmycorrhizal plants regardless of intensities of drought
stress suggesting that symbiosis lessened the impacts
of drought stress. Mycorrhiza aided drought tolerance
increased the grain yield of about 29 percent when
compared to uninoculated control.
Conclusion :
·

·

·

Mycorrhizal inoculation in field grown hybrid maize
improved the productivity by 10-15% which is closely
associated with enhanced Zn nutritional status. The
effect of mycorrhizal inoculation has reflected in
succeeding cowpea as well. The host plant Zn
nutritional status was due to hyphal transport of Zn,
acidification of rhizosphere, favourable soil
biochemical changes besides production of antioxidants. Radiotracer studies using rhizobox
experiment has revealed that the external mycelium of
mycorrhizal fungus transport and contribute up to
40% to the host plant Zn
Our field studies in tomato has shown that inoculation
of mycorrhizal fungus (Glomus intraradices) in tomato
nursery @ 100g per m2 improved the B nutrition and
increased the fruit yield to the tune of 30% and ascorbic
acid content of fruits.
It has been clearly demonstrated that seed inoculation
of mycorrhiza @ 10% of seed rate has produced rice
seedlings capable of withstanding drought stress
conditions. The response to mycorrhizal inoculation
increased with increasing intensities of drought stress.
The increased productivity of mycorrhizal treatments
is closely related the maintenance of leaf relative water
content coinciding with reduced proline content.

Papers published :
·

Subramanian, K.S., C.Bharathi and R.A.Jegan. 2008.
Response of maize to mycorrhizal colonization at
varying levels of zinc and phosphorus. Biol. Fertil.
Soils. 45: 133-144.

·

Subramanian, K.S., Tenshia, J.S., Jayalakshmi, K.,
Bharathi,C and Jegan, R.A. (2007) Responses of Maize
to Mycorrhizal Colonization under varying Intensities
of Zinc Stress. In: Biochemistry of Trace Elements:
Environmental Protection, Remediation and Human
Health. Edited by Zhu, Y., Lepp, N. and Naidu, R.
Tsinghua University Press, Beijing, 528-529.

·

Subramanian, K.S. and Virgine Tenshia, 2007.
Bioresource management for biofuel crops. In:
Renewable Energy Sources Through Biofuel Crops.
Paper presented at the CAS Training Program of
Department of Agronomy, Tamil Nadu Agricultural
University, Coimbatore, pp 182-189.

Seminars symposia and conferences attended :
·

6th Global Knowledge Millenium Summit 2009 Biotech
Nanotech for Sustainable Agriculture, New Delhi,
Feb., 13-14, 2009.

·

Roundtable Conference in Bhopal, Jan., 23, 2009.

·

Nanotechnology Applications in Agriculture, Cornell
University, Nov. 17, 2008 to Dec. 27, 2009.

·

National Training on High Resolution Imaging in
Agricultural Research, PAU, Ludhiana, Jan. 9-23, 2008.

·

Designing Curriculum for Arising Contexts, NAARM,
Hyderabad, Mar, 16-19, 2007.

·

Ninth International Conference on Biogeocycling of
Trace Elements (ICOBTE) , Beijing, China, Aug. 14-22,
2007.

·

National Training Program on DNA Sequencing and
Microbial identification, NBAIM, Mau,Uttar Pradesh,
Aug. 1-7, 2008.
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Isolation, Identification, Evaluation and Exploitation of Microorganisms for Management of
Important Plant Pathogens having PGPR Potential for Vegetable Crops
PI : T. K. Bag
Co PI : M. Loganathan
Indian Institute of Vegetable Research (ICAR), Varanasi.
Rationale :
Increased production of vegetables through growth
promotion and disease management with the help of
beneficial microbial organisms and restoration of soil
health and Sustainable crop production with more
ecological balance.

·

26 isolates showed their potential for siderophore
production on CAS (chrome azurol-S) agar medium.

·

In qualitative as well as quantitative colorimetric assay
23 rhizobacterial isolates showed their potentiality for
phosphate solubilization. In which, 6 isolates showed
higher potential, 8 isolates showed moderate potential
and 9 isolates showed less potential for phosphate
solubilization.

·

Based on the growth promotion studies, 31 isolates
were selected and tested in vitro for their efficacy of
mycelial inhibition of Sclerotium rolfsi, Fusarium
oxysporum f sp. lycopersici, Alternaria solani and
Colletotricum sp. Among them, 4 isolates (viz., Chilli
1, Chilli 2, Chilli 5 and BSD) showed > 70 % inhibitory
potential. In the PGPR isolates Chilli 1 and Chilli 2
showed maximum inhibitory action against all the
pathogens tested.

Objectives:
·

Exploitation of rhizospheric microorganisms for
disease suppression and growth promotion

Significant Achievements :
·

Total of 142 bacterial isolates were isolated from
different vegetable crop rhizospheres. All the cultures
were identified based on colony morphology and
stored on slants and 70% glycerol for short term use
and long term storage, respectively.

·

These isolates were tested for their growth promoting
ability on cowpea using standard roll towel method.
82 isolates were recorded positive response and of
which 31 were expressed significantly higher growth.

·

A batch of 50 rhizobacterial isolates collected during
the first quarter of 2008 were tested for their ability to
produce IAA and Siderophore production, and
phosphate solublization using standard protocols out
of these, 18 isolates showed positive results for IAA
and among them, four isolates (T1-7, C8a, T2-6 and C2a)
expressed significantly higher production potential of
IAA.

Fig.: Effect of PGPR isolate chilli 1 and chilli 2 on mycelial
inhibition of S. rolfsi
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Conclusion :
Among 142 PGPR isolates, 31 isolates showed growth
promotion effect on cowpea. In dual culture studies, two
isolates viz., Chilli 1 and Chilli 2 were identified as
potential inhibitor of Sclerotium rolfsi, Fusarium oxysporum f
sp. lycopersici, Alternaria solani and Colletotricum sp.
pathogens. Based on morphological characterization these
two isolates were identified as Pseudomonas sp. and further
confirmation with PCR amplification through Pseudomonas
primers is in progress. Effect of these two isolates on
disease reduction and molecular biology of disease
resistance under green house conditions is in progress.

Fig. :Effect of PGPR isolate chilli 1 and chilli 2 on mycelial
inhibition of F.oxysporum. f sp lycopersici
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Application of PGPRs, Biofertilizers and Biocontrol Agents for Disease Management and
Sustainable Production of Tuber Crops
PI : R. S. Misra
Co PI : Susan John K., M. L. Jeeva
Central Tuber Crops Research Institute, Sreekariyam, Thiruvananthapuram
Rationale :
The present project envisages creating an inventory of
the microbial diversity and to find out the highly potent
microbial strains for nutrient use efficiency, bio-control
and for metabolites of industrial use with a view to find its
application under field condition for use as a component of
INM for biological nutrition and as potent bio-control
agents for use as a component of IDM besides being useful
for the industry. For this collection and identification of the
most efficient fungal and bacterial strains suited to tuber
crops (cassava, sweet potato and Amorphophallus) for
different agro ecological regions for different utilizations
are needed. So we have to evaluate the microbes under
laboratory and controlled conditions for nutrient use
efficiency, bio control ability, growth promotion and
metabolites of industrial use. To evaluate the
microorganisms for the above purpose screening and
assessment have to be done. For application of the efficient
strains to utilize them, large scale mass production
techniques have to be standardized. With this rationale, the
following objectives have been formulated for this year

using pilot plant fermenter and VAM fungi in pot
culture
·

Significant achievements :
·

Survey, collection and analysis of soil samples from
the high biodiversity areas of Kerala, Tamil Nadu and
Andhra Pradesh for different microbes led to the
isolation of around 534 microorganisms (352 bacteria,
98 fungi, 75 actinomycetes and 9 EPN bacteria : (this
includes 11 bacteria and 18 fungi newly obtained in
addition to the earlier isolates). Survey and isolation is
still continuing.

·

Out of 98 fungal isolates 55 were P solublizers, 11 were
cellulose decomposers, 13 produced protease enzyme
and 4 were starch hydrolyzers and 4 fungal isolates
produced solvent extractable pigments.

·

Nine bacteria isolated from EPN's, showed microbial
properties and were gram – ve possessing gelatin
liquefaction, indole production, citrate utilization
ability. Two out of the nine elaborated hydroximate
type of siderophore, two were P solublizers and seven
were starch hydrolyzers

·

Among the nine actinomycetes, four were found
producing catacholate type of siderophore in the
succinate medium, 50 were starch hydrolysers, 21
were P solublizers and six pigment producers.

·

Dominant AM fungal isolates were Glomus sp,
Gigaspora sp. Aculospora sp. and Sclerocystis sp.
Percentage of colonization was to the tune of 10-100%.
More than one AM fungi was observed in the host root
system.

·

Out of 98 fungal isolates, 19 were identified as
Trichoderma sp., screened for their antagonistic
potential against Phytophthora colocasiae, P.palmivora
and Sclerotium rolfsii by dual culture technique. The
most effective Trichoderma isolate (TCF 26) is being
mass multiplied and is under pot culture and field
trials at CTCRI and farmer's field in Salem (Tamil
Nadu) and Guntur (A.P.).

·

194 bacterial cultures showed N fixing ability, out of

Objectives :
·

To collect and maintain microbes from the rhizosphere
of different tuber crops and also from high microbial
diversity areas

·

Evaluation of P and N efficiency of the selected strains
for sweet potato (individually and in combination
with different levels of the recommended doses of
fertilizers of the crop)

·

Screening against known soil borne plant pathogens of
tuber crops like Phytophthora palmivora, P. colocasiae,
Sclerotium rolfsii etc. under laboratory and glass house
conditions

·

Assessing the microbes for industrial use like
cellulase, chitinase, protease, amylase and pigment
producing ability and starch hydrolysing capacity

·

To develop suitable consortium containing bio-control
agents, PGPR's, biofertilizers and VAM fungi and to
study their competitive survival ability and shelf-life
of the consortium

·

Standardisation of media and fermentation protocol
for mass production of bio-control agents (T. viride, T.
harzianum, P. fluorescens, Aspergillus niger etc), PGPR's,
biofertilizers (Azospirillum, Phosphobacterium etc.),

Field evaluation of biofertilizers and biocontrol agents
(individually and in combination) against soil borne
diseases of Cassava and Amorphophallus for
sustainable production
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which 116 have been quantified for their Nitrogen
fixing efficacy. Molecular characterization revealed
that the most effective N fixer is Alcaligens fecalis.
·

Two potential strains having phosphate solubilization
efficacy to the tune of 150 and 112.5 ppm were
formulated into biofertilizers which is being tried for
cassava at Salem and sweet potato at CTCRI. These
were identified as Enterobacter sp., and Pantoea
agglomerans.

·

All the 534 isolates were tested for the production of
certain enzymes viz., cellulase, protease, pectinase,
urease and amylase. Among these, there were 240
cellulase producers, 229 protease producers, 114
pectinase producers, 54 urease producers and 212
amylase producers.

·

Eight of the isolates were found to produce
siderophore.

·

Field trial of sweet potato with Phosphate solubilizers
in the second season is over. Rhizosphere soil from this
field is being analysed for Phosphate solubilizer count,
as well as phosphorous concentration and tuber and
vine are also being analysed for phosphorous content.
Tuber yield was found highest with package of
recommended practices in combination with PSB-1
(T5) (24.92 t ha-1) which was at par with application of
1/4th recommended dose of P and full dose of N and K
along with PSB-1 (19.88 t ha-1) (T7). The treatment T7
was at par with all treatments in tuber yield except T3,
T4, T6 and T12 where PSB-1alone, PSB-2 alone, PSB-2
along with POP and absolute control were the
treatments.

·
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In the case of vine yield T7 recorded the highest
biomass yield of 28.08 t ha-1 which was at par with T5
(26.25 t ha-1). The root shoot ratio (3.47) and harvest
index (0.775) were highest for T8 where ¼
recommended dose of P was applied along with
PSB-2.

Conclusion :
Survey and isolation of diverse microorganisms for
nutrient management, plant growth promotion and
biocontrol is in progress. Out of the total isolated 534 micro
organisms, screening is done to identify the most effective
N-fixer, P solubilizer and biocontrol agent and these are
tested under different pot and field conditions. Based on
those results, the most effective ones are identified by
molecular characterisation. More emphasise will now be
given to isolation and evaluation of K solubilzers, its pot
and field trials and identification of the most potent one.
Papers published
·

R. Poornima, Priya Nair, R.S. Misra and M.L. Jeeva.
2008. Antagonistic Effect of Trichoderma against soil
borne plant pathogens. Proc: National Congress on
Organic Farming in Horticultural Crops with Special
Reference to Plantation Crops, 15-18 October 2008,
Central Plantation Crops Research Institute,
Kasargod, pp 164

·

Priya Nair, R. Poornima, R.S. Misra and Susan John K..
2008. Potential Phosphate Solubilizing Bacteria from
Various Soils of Kerala. Proc: National Congress on
Organic Farming in Horticultural Crops with Special
Reference to Plantation Crops, 15-18 October 2008,
Central Plantation Crops Research Institute,
Kasargod, pp 126

·

Neetha Soma John, K. Susan John, R.S. Misra., Priya
Nair and R. Poornima. Molecular identification of a
new isolate of nitrogen fixing bacteria and its
evaluation in sweet potato Proc: Kerala Science
Congress, 28-31 January 2009.

Seminar's, symposia and conferences attended
National Congress on Organic Farming in
Horticultural Crops with Special Reference to Plantation
Crops, 15-18 October 2008, Central Plantation Crops
Research Institute, Kasargod
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Plant Growth Promoting Rhizobacteria (PGPR) for Chickpea and Pigeonpea
PI : K. Swarnalakshmi
Co PI : Mohan Singh, R. G. Chaudhary
Indian Institute of Pulses Research, Kanpur.
Rationale :
Soil health and quality deterioration due to modern
agriculture has become a constraint for improving yields
and productivity of crops. Application of agrochemicals to
meet nutrients demands, and intensive tillage operations
for raising yields of newly developed nutrient responsive
varieties have resulted into physical and chemical
degradation of soil and deterioration of soil health.
Continuous cultivation of same crop or similar crop
rotations on it with greater dependence on chemicals has
been reported to make soil sick due to the reduction in
microbial biodiversity. This calls for the development of
appropriate & cost effective technology for improving soil
health through management of diseases, improvement in
nutrient uptake efficiency and increase in their availability
using microorganisms that are native to the soil.
PGPRs are microorganisms that colonize
rhizosphere/rhizoplane and produce certain bioactive
molecules such as antibiotics, antifungal compounds,
siderophores, and growth hormones etc. and also
sometime induce systemic resistance against number of
pathogens. Large numbers of commercial preparations of
such microorganisms have been developed successfully
for different crops. PGPRs for pulses have also been
reported yet this technology has not been perfected for
wide scale adoption. Field responses to inoculation with
PGPRs and Rhizobium produce highly variable increase in
crop yields ranging from 0-40%. The uncertainty about
beneficial responses to inoculation stem out from the
limited the understanding of interaction(s) between
PGPRs, Rhizobium, host, phytopathogens and soils. As a
result, it is very difficult to develop and recommend this
technology to the farmers for adoption under varied
conditions. Multi-strains inocula are proving more
beneficial in rice and reported to produce field responses
with greater degree of confidence.
However, this
approach needs to be evaluated in more number of crops
and on wider scale.

on chick pea and pigeon pea
Significant Achievements :
·

Out of 162 PGPR strains, 17 elite strains were selected
(17 for pigeon pea and 15 for chickpea) for their growth
promoting effect.

·

Selected PGPR strains were subjected for intrinsic
antibiotic profile using different antibiotics
(Ampicillin, Chloromphenicol, Gentamycin,
Kannamycin, Streptomycin ciprofloxacin,
Erythromycin, Penicillin G, Spectinomycin,
Tetracyclin, Vancomycin). The results showed that all
the strains which showed PGP activity belongs to
different groups. All 17 strains showed compatibility
under in vitro conditions.

·

Seven PGPR (Pseudomonas) strains showing
antagonostic potential against Fusarium udum and
Fusarium ciceri (Race 1, Race 2, Race 3, Race 4 & Race 5)
were selected.

·

Antibiotic profile for the antagonist was studied using
different antibiotics (Ampicillin, Amphotericin,
Kanamycin, Gentamycin, Chloramphenicol,
Neomycin, Ciproflaxacin and Rifampicin). Antibiotic
markers (Str250, Chl50 & Rif50) were developed (mutant
strains) for future study of root colonization.

·

All selected strains were revalidated and reconfirmed
for their growth promoting activity in pigeon pea
using plant bioassay in pot culture.

·

Five PPGPR strains were tested for their growth
promoting activity in different varieties Viz UPAS 120,
Narendhar, Bahar and Kudarat of pigeon pea. Out of
four varieties tested, all the strains performed best in
UPAS 120 and % increase over control varied from 27
to 47 %.

·

Four different soils containing different fertility level
(Organic carbon content ranging from 0.382 to 1.02)
were used for this study. Ten strains were tested on
variety UPAS 120 under unsterile conditions. Soil with
high organic carbon content showed 85 - 137 %
increase over control. This study showed soil organic
carbon content has positive influence on performance
of PGPR.

·

Field studies were conducted to evaluate the efficiency
of selected PGPR strains on chickpea under different
soil fertility level during rabi 2008-09. 15 PGPR strains
(Azotobacter, Pseudomonas and PSB) subjected for field

Objectives:
·

Screening of microorganisms having potential to
improve nutrient use efficiency, disease suppression,
growth and yield of pigeon pea and chick pea

·

Developing consortium of PGPR for chick pea and
pigeon pea

·

Evaluating the field performance of PGPR consortium
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evaluation in soil with different level of organic carbon
and mineral N. The observations (shoot wt, root wt, N
and P uptake) were recorded at different crop growth
stages. Significant enhancement in nutrient uptake (N
and P) was observed at 60 DAS under both fertility
level. N uptake ranged from 67.36 to 155.8 mg / g plant
where as P uptake varied from 16.06 – 52.06 mg /g
plant. Biomass increase at harvest stage ranged from
3.65 % to 24.85 % under soil having OC 0.2% where as
soil with OC of 0.12% showed 7.84 to 14.71% increase
over control. However, only 5 out 15 strains showed
yield enhancement.

types of soil with different organic carbon levels. PGPR
strains stimulate plant growth and nutrient uptake in
pigeonpea and chickpea but growth response depends
upon soil fertility status. This probably is the reason for
highly variable responses normally reported from field
studies.
Paper published from AMAAS work
·

Conclusion :
Out of 162 PGPR strains, 17 elite strains were studied
for intrinsic antibiotic resistance and antagonistic potential
against major soil borne pathogens of pigeonpea and
chickpea. Selected strains were also evaluated for growth
promotion in pigeonpea andchickpea under different
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Swarnalakshmi, K, Mohan Singh, Shruti Bhadauria
and Archana Mishra. 2009. Genotype and soil
dependent variations in growth response of pigeon
pea to inoculation with Plant Growth Promoting
Rhizobacteria. Poster presented at international
conference on 'Grain legumes: quality Improvement,
value Addition and Trade' IIPR Kanpur, India.

Seminar's, symposia and conference attended
·

International conference on 'Grain legumes: quality
Improvement, value Addition and Trade' during Feb
14th -16th, 2009 held at IIPR Kanpur, India.
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Development of Suitable Formulations of Potential Bioagents for Management of Important
Diseases and Pests of Sunflower, Safflower and Castor
PI : R. D. Prasad
Co PI : M. A. Raoof, M. Santha Lakshmi Prasad, P. S. Vimala Devi
Directorate of Oilseeds Research, Rajendranagar, Hyderabad
Objectives :
·

Screening of fungal and bacterial biological control
agents in vitro and in vivo against Botrytis ricini,
Alternaria helianthi, Macrophomina phaseolina,
Sclerotium rolfsii, Rhizoctonia solani and selection of
potential agents with good biocontrol traits

·

Development of formulations of consortia of potential
agents for foliar application against selected diseases
of castor, sunflower and safflower and Bt plus
Beauveria bassiana against H. armigera and S. litura
larvae

·

Studying shelf life, persistence, phylloplane and
rhizosphere competence of potential formulations

·

Field-testing of the formulations against Botrytis gray
rot in castor, Alternaria blight in sunflower and H.
armigera and S. litura on sunflower crop for
determination of the effective field dose, persistence
and safety to parasites/predators

·

To generate data and registration of potential agents
for field use

·

Screened all possible double combinations of the
selected biocontrol agents against selected plant
pathogens under green house conditions. Trichoderma
viride N13 X Trichoderma viride 5 was effective against
Botrytis grey rot with 100% reduction over control.
Trichoderma sp 12 X T. viride 5 and T. viride 2 X T.
harzianum S12 were found equally effective against
both Alternaria leaf blight and Sclerotium collar rot of
sunflower.

·

Field evaluation of combined formulations of B.
thuringiensis and B. bassiana, showed that
combinations of 100% Bt + 100% Bb and 100% Bt + 75%
Bb were effective against H. armigera.

·

Three Trichoderma spp. and three bacterial isolates
were evaluated against Alternaria leaf blight of
sunflower and Botrytis grey rot of castor and selected
the elite candidates. T. harzianum 10 and P. fluorescens 1
were observed to be effective against both the
pathogens with maximum reduction over pathogen
check. Persistence level of biocontrol agents (talc based
powder formulations) on the capsules of castor and
the phylloplane of sunflower was examined at weekly
intervals and found that T. harzianum S12, T. harzianum
10 and P. fluorescens 1 sustained with high density upto
two weeks.

·

Combination formulations (mineral oil based) of
Bacillus thuringiensis and Beauveria bassiana of different
concentrations against Helicoverpa armigera were
studied at field conditions. The combinations viz.,
100% Bt + 100% Bb and 100% Bt + 75% Bb reduced
100% larval population, which was followed by 100%
Bt + 50% Bb and 75 % Bt and 100% Bb with 93.8%
reduction over control. Reduction in larval population
by the combined formulation of bioagents was found
effective and superior over the commercial
bioinsecticides and chemical insecticide.

·

Viability of biocontrol agents in their formulation was
assessed at monthly intervals by employing simple
serial dilution and plating method. No remarkable
decline in the viability of both B. thuringiensis and B.
bassiana even at 15 months after storage in HDPE
bottles at 250C was observed. The bioagents also
retained high level of aggressiveness against H.
armigera even at 15 months of storage. Trichoderma spp.
and bacterial isolates in their powder formulations

Significant Achievements :
·

·

Assessed the efficiency of biocontrol agents against
selected plant pathogens and examined their
persistence level under field conditions and it was
found that Trichoderma harzianum 10 and Pseudomonas
fluorescens 1 were found to be effective against
Alternaria leaf blight sunflower and Botrytis grey rot of
castor under field conditions.
Examined the viability (shelf life analysis) of
biocontrol agents in powder and oil based
formulations and assessed the rhizosphere
competency of selected Trichoderma spp. and bacterial
antagonists in pot culture experiments. combinations
of 100% Bt + 100% Bb and 100% Bt + 75% Bb bioagents
maintained high level of viability even at 15 months of
storage and retained the aggressiveness in the entire
storage period. Trichoderma spp. and bacterial isolates
in their powder formulations also maintained the
appreciable concentrations at the end of 8 months of
storage. Rhizosphere competency of the selected
Trichoderma spp. isolates and bacterial antagonists in
powder formulations were found equally competent
with no significant difference among the selected
isolates.
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Table: Viability of Trichoderma sp. in talc based powder formulation stored at room temperature (30±20C) and at 40C in HDPE bags.

1
2
3
4
5

1st Day
2nd month
4th month
6th month
8th month

Viable count (cfu/g) of Trichoderma spp.
Trichoderma harzianum 10
Trichoderma viride 3
Trichoderma harzianum S12
4 0C
30±2 0C
4 0C
30±2 0C
4 0C
30±2 0C
8.47
8.47
8.90
8.90
8.60
8.60
8.12
7.73
8.28
8.11
8.30
7.78
7.88
7.30
7.61
7.65
7.98
7.85
7.67
7.15
7.33
7.05
7.79
7.63
7.38
6.95
7.10
6.90
7.59
7.43

Mean – denotes mean value of 3 replications and logarithmic values have been presented

also maintained the appreciable concentrations at the
end of 8 months of storage. However, no significant
difference was observed in viability count among the
isolates. A vegetable oil based Trichoderma formulation
has been developed and standardized for three
isolates and generated the shelf life assessment data
for two months.
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·

Rhizosphere competency of selected Trichoderma spp.
isolates and bacterial antagonists was examined under
greenhouse conditions by serial dilution and plating of
rhizosphere soil. Among, Trichoderma spp. isolates
viz., T. viride 3 and T. harzianum 10 were on par,
however no significant difference was figured in
competency with T. harzianum S12. Similarly, P.
fluorescens 1 and B. subtilis 1 were found equally
competent with no significant difference with B.
megaterium 1.

·

Trichoderma and bacterial isolates that were selected
from the previous experimental green house trails
were further screened as double mixtures of non
formulated spore suspensions against Botrytis grey
rot of castor, Alternaria leaf blight and Sclerotium
collar rot of sunflower.

·

The consortia of Trichoderma sp S4 X Trichoderma sp 12,
T. viride 33 X T. viride 3 and T. viride N13 X T. viride 5
were found effective against Botrytis grey rot of castor
with 100% reduction over control. The consortia,
Trichoderma sp S4 X Trichoderma sp 12 was found
consistently effective in the second trail and also found
on par with chemical fungicide. Whereas, against the
Alternaria leaf blight the consortia such as T. viride 2 X
T. harzianum 12 and Trichoderma sp 12 X T. viride 5
were found effective with 100% reduction over
control. And against Sclerotium collar rot, a total of 18
consortia were found effective with 100% reduction
over control out of which two consortia such as

Trichoderma sp 12 X T. viride 5 and T. viride 2 X T.
harzianum 12 were also found effective against
Alternaria leaf blight.
Conclusion :
Trichoderma harzianum 10 and Pseudomonas fluorescens
1 were found to be effective against Alternaria leaf blight
sunflower and Botrytis grey rot of castor under field
conditions. These two isolates have also shown higher
persistence level in field conditions, rhizosphere
competency in pot culture experiments and long shelf life
in powder formulations. These potential candidates will be
formulated into talc based powder formulations and oil
formulations and evaluated for biocontrol efficacy and
persistence level in field conditions. These two
combinations will be again evaluated in field conditions to
get the consistent results. Three consortia of Trichoderma
spp. such as Trichoderma sp S4 X Trichoderma sp 12,
Trichoderma viride 33X Trichoderma viride 3 and Trichoderma
viride N13X Trichoderma viride 5 were found effective
against Botrytis grey rot of castor. However, Trichoderma sp
S4 and Trichoderma viride 3 were found to be not amenable
for mass production. Therefore the consortia, Trichoderma
viride N13 X Trichoderma viride 5 could be considered for
further studies. Likewise, Trichoderma sp 12 X T. viride 5 and
T. viride 2 X T. harzianum S12 were found equally effective
against Alternaria leaf blight and Sclerotium collar rot of
sunflower. These potential consortia of Trichoderma spp.
isolates will be formulated and evaluated for biocontrol
efficacy in field conditions. Field evaluation of combined
formulations of B. thuringiensis and B. bassiana, showed
that combinations of 100% Bt + 100% Bb and 100% Bt + 75%
Bb were effective against H. armigera. Both the bioagents
maintained high level of viability even at 15 months of
storage and retained the aggressiveness in the entire
storage period.
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Theme 3 : Agrowaste Management, Bioremediation and PHT
Bioremediation of Polycyclic Aromatic Hydrocarbons (PAH) through Microbial Consortia
PI : Lata
Co PI : Shashi Bala Singh, Anju Arora
Division of Microbiology, IARI, New Delhi
Rationale :
Many xenobiotic compounds like halogenated
aliphatic aromatic compounds and polycyclic non
halogenated pesticides are used worldwide to control
agricultural and medical pests. All these compounds are of
particular concern because of the deleterious effects of
many of these compounds on different biota and their
recalcitrant behaviour on the environment. Consequently
they persist in the environment because they are not
susceptible to the normal rate of biological transformation.
Polycyclic aromatic hydrocarbons are the widely
distributed environmental contaminants in the soil.
Soil Pseudomonads are being reported to possess
genes coding for Catechol-2,3-dioxygenases (C-230), a
group of key enzymes in the degradative pathway of the
aromatic compounds. Likewise, white rot fungi (WRF)
degrade a variety of organic compounds that are not
readily degraded by other organisms. This has been
attributed to low substrate specificity of their lignin
degrading enzymes (Phenol oxidases and lignin
peroxidases). WRF are being used for bioremediation of
soil in either land farming or composting technologies.
Survival of WRF in soil depends upon presence of carbon
and nitrogen sources. Therefore, soil may be amended
with legume residue/ green manure to make the
conditions for survival of consortia of WRF and
pseudomonads. Therefore, the purpose of this project is to
develop a consortium of WRF and bacteria and practical
methods for bioremediation of contaminated soil.
Objectives:
·

Isolation and Characterization of PAH degrading
microorganisms from soil

·

Screening of microorganisms for their PAH degrading
potentialities

·

Evaluation of selected microorganisms for in situ
decomposition of PAH

·

Development of practical method for application of
consortia to degrade PAH in soil

Significant Achievements :
·

Fifteen bacterial isolates having PAH degradation
potential were identified, on the basis of 16S rDNA
sequencing, as members of genera: Serratia,
Acinetobacter, Bacillus, Alcaligenes, Stenotrophomonas,
Alcaligens, Brevibacterium and Lysinibacillus and the
sequences were submitted at NCBI GenBank.

·

Results of HPLC analysis confirm the PAH
degradation potential of Serratia marcescens L-11 at
three different concentrations (10ppm, 50 ppm and 100
ppm).

·

Percent degradation of PAH compounds
(Phenanthrene, Anthracene and Pyrene) by Serratia
marcescens L11 was found to be 78.2 %, 69.5% and
41.6% respectively.

·

Eight different strains of potential PAH degrading
fungal isolates have been identified as members of
Neosartoria fischeri, Aspergillus fumigatus, A. flavus, A.
niger, A. oryzae, Cunninghamella echinulata, Cochliobolus
specifer and Phanerochaete chrysosporium.

·

Fungal isolate, P. chrysosporiumVV18 recorded highest
radial growth after 72 hrs on PDA plates containing
50ppm PAH Mixture.

Conclusion:
Of the 70 bacterial isolates only 15 could take PAH
compounds as sole C source (Pyrene, Anthracene,
Phenanthrene and Fluorene). Selected bacterial isolates
gave positive results for the qualitative assay of two
catechol dioxygenase enzymes. Serratia marcescens L-11
and Stenotrophomonas maltophilia PAH-14 produced
highest quantity of both 1,2-Catechol dioxygenase as well
as 2,3- Catechol dioxygenase enzymes and were found to
have maximum bacterial adhesion capacity and could
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Phenanthrene

Anthracene

·

Pandey A.K., Chaudhary, P., Singh,S.B., Arora, A., and
Lata (2008). Bioremediation of polycyclic aromatic
hydrocarbons (PAH) by bacteria isolated from
contaminated refinery soil. Paper presented in 49th
Annual Conference of AMI held at University of Delhi,
India from Nov. 18-20, 2008. p. 189. [Poster].

·

Chaudhary, P., Pandey A.K., Singh,S.B., Chaudhry, S.,
Arora, A., and Lata (2008). Phenotypic diversity of
microbes in oil contaminated soils near Mathura
refinery. Paper presented in 49th Annual Conference
of AMI held at University of Delhi, India from Nov. 1820, 2008. p. 189-190. [Poster].
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Fig.: Radial Growth of selected fungal isolates after 72 hrs. on
PDA plates containing 50ppm PAH Mixture

produce higher amount of biosurfactants as compared to
the other tested bacterial isolates. PAH degradation
potential of Serratia marcescens L-11 at three different
concentrations (10ppm, 50 ppm and 100 ppm) was
determined and Percent degradation of PAH compounds
(Phenanthrene, Anthracene and Pyrene) by this isolate was
found to be 78.2 %, 69.5% and 41.6% respectively.
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Papers published from AMAAS work
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Control

Seminar's, symposia and conferences attended
Attended and presented poster paper in 49th Annual
Conference of AMI held at University of Delhi, India
from Nov. 18-20, 2008. p. 189-190.
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Genotyping and Isolation of Sphingomonads from HCN Contaminated Agricultural Soil
and their Application in Bioremediation
PI : Rup Lal
Department of Zoology, University of Delhi, Delhi
Objectives :
·

Identify heavily contaminated agricultural sites with
HCH isomers

·

Enrichment of soil samples for the isolation of
sphingomonads that degrade HCH or other pollutant

·

T-RFLP genotyping of soils for presence of
sphingomonads

·

PCR amplification and cloning of degradative genes

·

Microcosm/mesocosm studies to determine efficacy
in the field

Salient Achievements :
·

Highly contaminated agricultural field has been
discovered. The HCH contaminated agricultural
fields have been discovered in Ummari village near
Lucknow. These fields are located in close proximity to
the dump site. Residual analysis of soil samples
suggests both high level and low level of HCH
contamination.

·

Many bacterial strains have been isolated from
these contaminated soils. Some of these bacterial
strains degrade HCH and they mostly belong to
sphingomonads group. Taxonomy of these isolated
strains has been carried out

·

To know the degradation potential of the
indigenous bacterial population natural attenuation
experiments were carried out at Department of
Zoology for the period of one year. These experiments
include the biostimulation approach for
decontamination of HCH contaminated soil. Soil from
HCH dumpsite was collected and stored in different

Fig.: Polar lipid profile of (a) Sphingobium lactosutens DS20T and (b)
Sphingobium abikonense NBRC 16140T after separation by two
dimensional TLC. PME, phosphatidylmonomethylethanolamine;
PE, phosphatidylethanolamine; PG, phosphatidyl glycerol; PDE,
phosphatidyldimethylethanolamine; DPG,
diphosphatidylglycerol; SGL, Sphingoglycolipids; PC,
Phospatidylcholine; PL, unidentified polar lipid.

Fig. Electropherogram generated from ABI Prism 3100 genetic
analyzer showing the variations in the pattern of T-RFs among
different soil samples and indicating variations in the structure of
community.

pits. The indigenous bacterial population was
biostimulated by addition of molasses, ammonium
phosphates and providing them with optimum
moisture condition. During this period change in the
community structure with respect to HCH
degradation was analysed using T-RFLP.
Paper published :
·

Singh, A. and Lal, R. 2008. A novel
hexachlorocyclohexane degrading bacterium
Sphingobium ummariense sp. nov. isolated from HCH
contaminated soil. Int. J. Syst. Evol. Microbiol. 59:162166

·

Verma, M., Kumar, M., Dadhwal, M., Kaur, J., and Lal,
R. 2008. Devosia albogilva sp. nov. and Devosia crocina
sp. nov., isolated from hexachlorocyclohexane (HCH)
dump site. Int. J. Syst. Evol. Microbiol. 59:795-799

·

Kumari, H., Gupta, S.K., Jindal, S., Katoch, P. and Lal,
R. 2008. Description of Sphingobium lactosutens sp.
nov., isolated from a hexachlorocyclohexane dump
site and Sphingobium abikonense sp. nov. isolated from
oil contaminated soil. Int. J. Syst. Evol. Microbiol.
(Accepted).

·

Dadhwal, M., Jit, S., Kumari, H., and Lal, R. 2009
Sphingobium chinhatense sp. nov., IP26 T a
Hexachlorocyclohexane (HCH) degrading bacterium
isolated from HCH dumpsite. Int. J. Syst. Evol.
Microbiol. (Accepted).
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Assessing Structural and Functional Shifts in Soil Microbial Communities of Paper Mill Effluent
Contaminated Soils and Utilization of Dominant Microflora for Crop Growth Promotion in these Soils
PI : Rajeev Kaushik
Co PI : A. K. Saxena
National Bureau of Agriculturally Important Microorganisms, Mau
for amylase production (67.27 – 168.23 IU ml-1min-1)
and 7 (3 from WIF and 4 from EIF) were positive for
protease production (90.85 – 173.40 IU ml-1min-1).

Objectiv e:
·

To asses the functional and structural shift in
culturable soil microbial population as a result of long
term irrigation of pulp and paper mill effluent

·

Diversity analysis of unculturable microflora in pulp
and paper mill effluent contaminated soils

·

Characterization and utilization of selected microbial
isolates for plant growth promotion in effluent
degraded soil

·

Of the 45 isolates, 7 isolates from EIF and 8 from WIF
produced IAA ranging from 55.50 to 627.10 µg mg-1
protein and 24.08 to 638.36 µg mg-1 protein
respectively. The variation among isolates for IAA
production was statistically significant. In contrast,
none of the isolate from EIF could solubilize inorganic
P; however, 8 isolates of WIF produced halo zones on
Pikovaskaya medium indicating solubilization of
inorganic P. Ten isolates from EIF and 13 from WIF
produced orange halo zones indicating production of
siderophore

·

Restriction digestion of 16S rRNA gene using three
endonucleases (Dde I, Mbo I and Taq I) yielded seven
to eight distinct restriction patterns for each enzymes.
About two to eight restricted fragments of varying
sizes were found in each of the restriction patterns.
Cluster analysis of combined 16S rDNA restriction
patterns based on Jaccard's similarity index grouped
all the 45 isolates under four distinct groups: I, II, III,
and IV. Based on 16S rDNA sequencing the selected
isolates were identified as Steptomyces
thermocarboxydus, Streptomyces macrosporeus,
Streptomyces humidus, Streptomyces flavoviridis,
Streptomyces sp, Kitasatospora sp, Sreptomyces variabilis,
Sreptomyces matensis, Sreptomyces pseudogriseus,
Streptomyces xylophagus, Sreptomyces althioticus.

·

To quantify the diversity, the data were subjected to
statistical analysis of diversity indices. Among two
different fields studied, EIF recorded maximum
actinomycetes diversity (H′=1.539) where as
comparatively WIF has lower diversity (H′=1.362).
Margalef index of richness and evenness of
community structure (Pielou index) were higher in
WIF (R=0.635; E=1.315) in comparison to EIF
(R=0.608; E=1.164).

Significant Achievements :
·
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Total microbial count of the pulp and paper mill
effluent irrigated fields (EIF) over control field (WIF)
reveled that there was significant reduction in the
population of gram negative bacteria, free living
nitrogen fixers and fungi in effluent irrigated soils.

·

Total fluorescent Pseudomonads did not show any
significant change in the population count.

·

Using specific media for xylan and cellulose
utilization, significant increase in population of xylan
and cellulose degraders was observed in effluent
irrigated soil over the control soil. Similar trend was
observed in case of population of mercury tolerant
bacteria.

·

Among Gram positive bacteria, actinomycetes
population showed more dominance. Based on
morphological studies, 45 actinomycetes isolates were
selected for further characterization.

·

Significant variation was observed among the isolates
(obtained from WIF and EIF soil samples) for
quantitative production of xylanase, cellulase,
amylase and protease. Of the 45 isolates, 16 (8 each
from WIF and EIF soil samples) were positive for
xylanase production (ranging from 45.08 – 283.69 IU
ml-1min-1), 14 (8 from WIF and 6 from EIF) were
positive for cellulase production (24.70 – 74.58 IU ml1
min-1), 12 (5 from WIF and 7 from EIF) were positive
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Fig : Enzymatic activity of the selected actinomycetes isolates obtained from pulp and paper mill effluent irrigated soil

Mbo

Dde

Taq
Fig : RE pattern of 16S rDNA digested with three restriction endonucleases. M; 100bp DNA ladder, C: isolates from
Control field, E: isolates from effluent contaminated field
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Conclusion :

Streptomyces xylophagus, Sreptomyces althioticus.

Irrigation of the agricultural fileds with pulp and
paper mill effluent resulted in shfit in culturable soil
microbial diversity. Significant reduction in plant growth
prmoting microorganisms was observed over control field.
Over the period of time effluent irrigated soils have
become enriched with lignocellulosic residues of the
effluent and it has resulted in build up of actinomycets
puplation. RFLP analysis using three RE's grouped
selected 45 actinomycetes isolates into six distinct groups.
Diversity indices were calculated using results of RFLP
and biochemical parameters. Based on indices EIF
recorded maximum actinomycetes diversity over WIF.
Based on 16S rDNA sequencing the selected isolates were
identified as Steptomyces thermocarboxydus, Streptomyces
macrosporeus, Streptomyces humidus, Streptomyces
flavoviridis, Streptomyces sp, Kitasatospora sp, Sreptomyces
variabilis, Sreptomyces matensis, Sreptomyces pseudogriseus,

Papers published
Kaushik, R., Tripathi, B. M., Saxena, A. K., Singh, R. N.
and Arora, D. K. (2009). Comparative actinomycetes
ecology among pulp and paper mill effluent treated and
untreated soils. (Cummunicated)
Papers Presented in seminar/symposia
Tripathi Binu Mani, Rajeev Kaushik, A. K. Saxena,
Ram Nageena Singh and D.K. Arora. 2008. Functional and
structural shifts in soil microbial population as a result of
pulp and paper mill effluent. Annual AMI Conference held
at New Delhi, Nov. 18-20, 2008.
Yadav Subhash, Binu Mani Tripathi, Ram Nageena
Singh, Rajeev Kaushik, A. K. Saxena and D. K. Arora. 2008.
Culturable diversity of Bacillus sp in soils irrigated with
pulp and paper mill effluent. Annual AMI Conference held
at New Delhi, Nov. 18-20, 2008.
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Refinement in Indoor Compost Technology for White Button Mushroom using Thermophilic Organisms
PI : B. Vijay
National Research Center on Mushrooms, Solan, HP
Rationale :

Significant Achievements :

Cereal straw, which is abundantly available in our country,
is the basic raw material for the compost production of
white button mushroom. Our yields levels of mushrooms
are the lowest in the world and main reason attributed to
this is the poor quality of compost used for the cultivation.
The present project envisages its improvements through
thermophilic microorganisms for increased yields.
Compost prepared either by Long method of composting
(LMC) or by short method of composting (SMC) involves
traditional outdoor composting, which causes
environmental problems. Need is therefore felt to control
the composting process in such a manner so that there is a
least possibility of environmental pollution and at the same
time to monitor the whole composting procedure specially
the aeration and temperature in such a way that an end
product most suitable for the growth of mushroom
mycelium is obtained with a clean procedure in shortest
possible time specially with the help of thermophilic
organisms.

·

Five thermophilic bacteria viz. Bacillus licheniformis,
Bacillus cereus, Bacillus coagulans, Listeria monocytogenes
and Paenibacillus polymyxa were isolated from compost
samples collected from different locations. Further
thermophilic fungi viz.Scytalidium thermophilum,
Humicola insolens, H. grisea and Thermomyces
lanuginosuus were also isolated from these samples.

·

Ten different thermophilic fungi namely S.
thermophilum, H. insolens, H. grisea, Sporotrichum
thermophile, T. lanuginosus, Thermoascus aurantiacus,
Paeciliomyces variotii, Humicola fuscoatra, Gilmannalia
humicola and Talaromyces dupontii were screened to
assess their cellulose degradation potential. Highest
cellulase activity was shown by S. thermophile followed
by S. thermophilum.

·

Total cellulases, endoglucanase, exoglucanase and ßglucosidase were analyzed for S.thermophilum over a
temperature range of 40 – 60 °C at different pH range
from 5- 9. The pH and temperature optima for
endoglucanase activity were 6.5 and 45 °C
respectively.

·

Effect of supplementation of wheat straw based liquid
medium with various forms and levels of nitrogen on
production of cellulases by S. thermophilum was
studied. The fungus produced significant activities of
extra cellular endo glucanase (EG) and exo glucanase
(ExG) on unsupplemented wheat straw medium.

·

Seven isolates of S. thermophilum and H.insolens
respectively and six isolates of H. grisea were screened
for xylanase production. Among all these isolates, H.
insolens (I-9) followed by, H. gresea (G-4) produced the
highest activity of this enzyme on 12th day of
incubation. However, S. thermophilum (X-10) showed
maximum activity on 6th day.

·

Growth of four thermophilic fungi namely S.
thermophilum, H. insolens, H. gresea and T. aurantiacus
were evaluated on different C: N ratios in liquid
medium. Best growth of S.thermophilum and H. insolens
was observed at 24:1 C: N ratio, while H. grisea and T.
aurantiacus preferred 15 and 30:1 ratio respectively for
their maximum growth.

·

Effect of culture filtrates of three different
thermophilic fungi i.e. S. thermophilum (X-21), H.
insolens (I-11) and H. grisea (G-4) were tested on five

Present project envisages the exploitation of different
thermophilic organisms towards refinement in
environment friendly indoor composting procedure
where compost will be prepared in 7-10 days time as
against 16-28 days presently taken in LMC and SMC.
Further improvements in the present day composting
procedures (long and short method) by their inoculations
with potent stains of thermophilic organisms are also
envisaged for increased yields of this mushroom.
Objectives :
·

To conduct surveys at compost units in different
corners of India for the isolation of thermophilic
organisms for their screening towards their potential
in converting agro wastes into white button
mushroom compost

·

Molecular characterization, physiological and
enzymatic studies on different thermophilic
organisms

·

Refinement in environmental friendly indoor, long
and short method composts using above strains of
thermophilic organisms

·

Development of microbial inoculation technology
package for bulk production of different composts for
commercial purpose
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Conclusion :
·

Based on isolations from compost samples collected
across the country and study conducted on succession
and population dynamics of thermophilic fungi in
short method compost, Scytalidium thermophilum,
Humicola insolens and Humicola grisea were identified
as the potent agents in converting agricultural
residues into white button mushroom compost. Of the
three, S. thermophilum was identified as the most
important fungi as far as conditioning of compost and
mushroom nutrition is concerned as after kill it
showed 98 % dominance. Molecular characterization
of these fungi revealed the presence 7, 8 and 6 different
strains respectively in India.

·

Compost was successfully prepared under in vitro
conditions using above fungi in 10 days time which
shows that composting period can be shortened by
inoculating the compounding mixture with S.
thermophilum, H.insolens, and H. grisea at the time of
stacking in three kinds of composts presently in vogue
in the country. In an another study it was revealed that
if natural thermophilic flora present in the
compounding mixture is properly managed than
compost can be prepared in 10 days time in bulk
chamber escaping phase–I conditions altogether.
Protocol for such composting procedure will be
perfected in the coming years and a battery of
thermophilic organisms will be explored in
production of productive white button mushroom
compost in shortest possible time.

Fig.: Showing thermophilic fungi isolated from
A. bisporus compost

competitors of A. bisporus (Verticillium fungicola,
Cladobotryum dendroides, Trichoderma viride,
Papulospora byssina and Mycogone perniciosa) . Highest
reduction in growth with different culture filtrates was
observed with H. insolens in case of P. byssina followed
by M. pernicosa.
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·

Production of compost for A. bisporus was tried under
in vitro conditions using best strains of S.thermophilum
(X-21), H. insolens (I-9) and H. grisea (G-4). Such
composts were prepared in 10 days time using four
formulations. Good quality compost could be
produced with two formulations based on wheat
straw, cottonseed meal, wheat bran, urea and gypsum
(F-2) and wheat straw, wheat bran, urea and gypsum
(F-3) as evident by colour, ammonia and good spawn
run.

·

Natural thermophilic flora present in the
compounding mixture was explored for the
production of environment friendly indoor compost.
In this case, composting mixture after its thorough
wetting was directly filled in the Phase II tunnel,
escaping Phase I conditions altogether. Compost was
subjected to pre- pasteurization conditioning,
pasteurization and post pasteurization conditioning.
Entire operation lasted for 10 days and compost was
spawned afterwards. Experiment was a partial success
as no spawn run was observed in 30 % of the bags. Rest
of the bags yielded at par with traditional compost.

Papers published from AMAAS work
·

Sharma, Nitika, Jaya Rawat, Ashutosh pathak and B.
Vijay.2008. Effect of different nitrogen sources on the
cellulases production by Scytalidium thermophilum.
Indian Journal of Mushrooms. (Accepted).

·

Vijay, B., Poonam Singh, Nitika Sharma and Ashutosh
Pathak.2008. Studies on thermophilic fungi of Agaricus
bisporus compost. Indian Journal of Mushrooms.
(Accepted).
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Optimization of Parameters for Utilization of Paddy Straw, Kinnow Pulp and Pea Pods for
Production of Cellulases, Ethanol and Feed Supplements
PI : H. S. Oberoi
Co PI : Vinod Kumar Bhargav
Central Institute of Post Harvest Engineering and Technology, Ludhiana
Rationale :

Significant Achievements :

Paddy yields a significant amount of biomass in the
form of paddy straw, which due to non availability of the
infrastructure or bioprocessing technologies in India is
burnt in the fields after crop harvest resulting in loss of
biomass and environmental pollution. Since, paddy straw
contains cellulose and hemicellulose in significant
quantity, it has a good potential for production of both
cellulase and ethanol. Cellulase is indispensable for
cellulosic ethanol production and contributes significantly
to its production cost. Cellulase is a complex enzyme of
different components which show a lot of diversity
depending upon the microorganism used for its
production. The commercially available cellulase is
expensive since different components such as cellulase, βglucosidase, xylanase etc are added separately for efficient
hydrolysis of lignocellulosic material, thereby increasing
the production cost. Thus, production of consortium of all
components in one cocktail with high specific activity will
help in improving the process economics.

·

Kinnow waste after steam pressure treatment was
subjected to vacuum filteration. Fermentation of
filterate alone using Saccharomyces cerevisiae cells
adapted to galactose medium produced 30% more
ethanol and biomass in comparison to S. cerevisiae cells
not adapted to galactose medium. Similarly,
Simultaneous Saccharification and Fermentation (SSF)
of the hydrolysate using cellulase and pectinase at
2IU/g and 50 IU/g respectively and galactose adapted
S. cerevisiae cells at 1x 109 cells/ml resulted in 12%
higher ethanol, compared to the cells not adapted to
galactose medium. The ethanol concentration and
product yield of 26.4g/l and 0.26g/g respectively in a
total time of 9h indicates a good commercial potential
for the process.

·

Adaptation of Candida tropicalis repeatedly to the acid
treated rice straw filterate resulted in ethanol
production of 5 gL-1 from total sugar concentration of
15 gL-1 obtained by acid hydrolysis of rice straw using
2% sulphuric acid (w/v) at 121 oC, 15 psi for 30 min.

·

Evaluation of mixed cultures of Trichoderma reesei RC30 and Asperigillus niger (isolate being characterized) at
spore concentration of 1x107 spores ml-1 on different
agricultural residues such as kinnow waste (kw), pea
pods (pp) and paddy straw (ps) resulted in maximum.
The study revealed that all the enzyme activities were
found to be optimal using pea pods as substrate.
CMCase, β-glucosidase and xylanase activity on pea
pods using mixed cultures were found to be 2.47
IU/ml, 0.69 IU/ml and 56 IU/ml respectively.

·

Three novel isolates of Trichoderma and Aspergillus
isolated from different habitats producing significant
cellulase activity are being identified and
characterized.

Simlarly, development of a cost effective process for
utilization of fruit and vergitable waste such as kinnow
waste and pea pods is imperative for management of the
huge quantum of biomass available in the form of crop
residues. Production of cellulolytic enzymes using such
substrates and use of the fermented residue as feed
supplement would add value to the residue thus
generating interest among farmers for better residue
management, by getting extra remuneration by sale of
residues too and entrepreneurs for setting up commercial
units in rural areas.
Objectives :
·

Development of microbial consortium for cellulose
degradation, hexose and pentose fermentation

·

Optimization of operating parameters such as
pelletization, substrate and inoculum composition,
pH, temperature, aeration etc for cellulase and ethanol
production

·

Optimization of downstream processing parameters
for recovery and purification of cellulase and ethanol

·

Evaluation of residues after fermentation for
suitability as feed supplements

Conclusion:
Initial work on use of agricultural residues for
cellulase production using mixed cultures have shown
some promise in terms of enhanced cellulase activity as
compared to use of independent cultures. A cost effective
process for ethanol production from kinnow waste at
shake flask level has been developed with a significant
product yield and volumetric ethanol productivity. The
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Fig.: Sugar consumption and ethanol production pattern for
S. cerevisiae grown in YM and PYGAL medium
during fermentation of filterate

process would be tried in a lab scale fermenter and then in a
batch type 30 l fermenter to establish its commercial
feasibility. Adaptation of Candida tropicalis to the acid
treated rice straw filterate has shown promise as xylose
and arabinose in the filterate were not only assimilated but
also fermented to ethanol.

92

Fig.: Enzyme Activity (FPase) of mixed cultures
(Trichoderma reesei RC-30 and Asperigillus niger) on
kinnow waste (KW), pea pods (PP) and paddy straw (PS)

Papers published from AMAAS work
Oberoi HS, Chavan Y, Bansal S, Dhillon GS (2008)
Production of cellulases through solid state fermentation
using kinnow pulp as a major substrate. Food Bioprocess
Technol. doi:10.1007/s11947-008-0092-8
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Bioremediation of Commonly used Pesticides in Tropical Rice Ecosystem.
PI : T. K. Adhya
Co PI : T. K. Dangar
Central Rice Research Institute, Cuttack
Rationale :

Objectives :

Environmental pollution caused by the release of wide
range of compounds as a consequence of industrial and
agricultural progress has now assumed serious
proportions. Bioremediation, a biodegradation process in
which sites contaminated with xenobiotics are cleaned up
by means of bacterial bio-geochemical processes,
preferably in situ, exploits the ability of microorganisms to
reduce the concentration and/or toxicity of a large number
of pollutants. Bioremediation relies on encouraging
biological processes to minimize an unwanted
environmental impact usually being the removal of a
target contaminant from the biosphere. Microbial diversity
offers an immense field of environment-friendly options
for mineralization of contaminants or their transformation
into less harmful non-hazardous compounds. Exploring
the range of microbial biodiversity is the key to developing
effective and environment friendly “green technologies”.
Bioremediation is one such process that exploits the
catabolic abilities of microorganisms to degrade harmful
and toxic xenobiotics. In view of the potential role of
microorganism to derive biochemical process in a more
energy conserving manner, it is possible to develop
bioremediation process that are in harmony with nature
resulting in huge social and economic benefit in ensuring
the sustainability of the ecosystem.

·

Develop an understanding of the structural and
functional diversity analysis of microbial
communities and their dynamics in response to
anthropogenic stress including xenobiotic application

·

Determine the biochemical mechanisms including
enzymatic pathways involved in aerobic and
anaerobic degradation of pesticides

·

Expand understanding of microbial genetics as a basis
for enhancing the capabilities of microorganisms to
degrade polluting xenobiotic

·

Conduct microcosm/mesocosm studies of new
bioremediation techniques to determine in a costeffective manner whether they are likely to work in the
field, and establish dedicated sites where long-term
field research on bioremediation technologies can be
conducted

·

Develop, test and evaluate models for assessing
efficacy of bioremediation technologies

Ch-13

Significant Achivements:
Several chlorpyrifos-degrading bacteria were isolated
from various rice soils of Cuttack, Ranital and Hazaribagh.
At least six potent chlorpyrifos-degrading bacteria were
isolated in pure culture and their degradation potential
vis-à-vis growth was quantified.

Ch-23

Fig. 1. Degradation of chlorpyrifos vis-à-vis cell growth in a pure culture of bacteria Ch-13 and Ch-23 isolated from Cuttack soil
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Table 1. Degradation of different HCH isomers by a bacterial isolate from rice field soil of Cuttack

Days of
incubation
0
3
5
7
10

·

94

Α-HCH
Control
Inocu
7.46 ±
8.00 ±
0.2
0.8
6.06 ±
6.47 ±
1.0
0.6
7.57 ±
6.74 ±
0.3
0.1
7.47 ±
7.87 ±
0.1
0.4
4.21 ±
4.96 ±
0.3
0.5

µg HCH-isomer recovered
γ-HCH
b-HCH
Control
.Inocu
Control
.Inocu
5.80± 1.0 5.18± 1.2 6.45± 0.2
6.9± 0.3

δ-HCH
Control
.Inocu
8.23± 0.1 8.51± 0.6

4.51± 0.2

2.26± 0.3

7.1± 0.5

7.38± 0.1

8.00± 1.9

7.76± 0.5

4.36± 0.0

0.49± 0.1

6.32± 0.1

6.63± 0.3

8.15± 1.4

6.24± 0.3

4.29± 0.1

0.26± 0.0

6.28± 0.2

6.14± 0.6

8.20± 2.0

7.46± 0.5

3.97± 3.2

0.16± 0.1

3.89± 0.6

4.0± 0.2

6.05± 0.5

6.79± 1.7

Isolate nos. CH-23 and Hzb-2 were further identified
through 16S rDNA analysis for assigning the
phylotype. The culture CH-23 was found to be most
similar to Labrys monachus (T):VKM-B1479 (NCBI
accession no. AJ535707 and included in class
alphaproteobacteria and family Methylocystaceae.

·

Culture Hzb-2 was found to be most similar to
Inquilinus sp. RB35 (NCBI accession no. AY043373)
belonging to alphaproteobacteria class and
Rhodospirillaceae family.

·

Microbial degradation of HCH isomers: Several
microbial strains were isolated in pure culture from
flooded rice soil from Cuttack. A promising isolate
degraded only β-isomer of HCH and not any other
isomers (Table 1).

·

The isolate degraded b-HCH releasing chloride in a
stoichiometric amount and used the compound as sole
source of carbon and energy.

·

The nucleotide sequence of linA2 has been submitted
to GenBank whose accession no. is "FJ608814
Sphingomonas paucimobilis LinA2 (linA2) gene,
complete cds”

Conclusions :
The present study indicated wide diversity among the
chlorpyrifos-degrading microorganisms isolated from rice
soils of Cuttack, Hazaribagh and Ranital. Although two
bacterial isolates have been identified through 16S rDNA
sequencing technique and assigned phylotype belonging
to genera Labrys sp. and Inquilinus sp. efforts are on to
further characterize other chloropyrifos-degrading
bacteria and select the most effective one for developing
bioremediation potential. Also, the isolates will be
characterized from molecular angle for the presence of 'opd'
gene and cloning of the gene. The β-HCH degrading
bacteria present an interesting vista of HCH degradation
and will be analyzed for the presence of linA, linB and linC
gene sequences.
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Development of Bacterial Consortia for Bio-processing Agricultural Wastes and
Bioremediation of Aquaculture Effluents
PI : C. S. Purushothaman
Co PI : P.K. Pandey and A.Vennila
Central Institute of Fishries Education, Mumbai
Rationale :
Lignocelluloses are among the most abundant
renewable organic matter on the earth, and their utilization
could allow self-sustainable processes and products.
Lignocelluloses consist of lignin, hemicelluloses and
celluloses. Bioconversion of lignocellulosic wastes could
make a significant contribution to the production of fish
through aquaculture. Serious concerns are raised by the
environmentalists about pollution and environmental
degradation from aquaculture effluents. This project aims
at remediating the effluents, which harm the environment
through ammonia, oxides of nitrogen, hydrogen sulphide,
sulphur, methane and various organic residues. A
bacterial consortium would be more effective than one or
two bacterial strains to treat the waste having varying
compositions produced under different aquaculture
systems. This project aims at developing a bacterial
consortium capable of decomposing lignocellulosic agrowaste and to use it as a cheap input in aquaculture as also to
develop bacterial consortia to bio-remediate toxic
materials from aquaculture farms. The project also aims at
reducing the recalcitrant organic matter content in the
environment, reducing the problem of pollution and
environmental degradation, reducing the load of chemical
fertilizers, maintaining the sustainability in aquaculture
production, and providing scope for the reclamation and
use of land that has been rendered unfit for profitable use.
In short, it would make aquaculture a sustainable and
environment friendly activity.
Objectives :
·

To develop bacterial consortia capable of
decomposing lignocellulosic agro-waste

·

To develop bacterial consortia to bio-remediate toxic
materials from aquaculture farms

Significant Achievements:
·

Soil and water samples from Madh Island boat repair
yard were collected as the area is rich in wood waste
and therefore, in bacteria that decompose such
recalcitrant waste material. Total plate count was done
on nutrient agar to have an idea of the total bacterial

load. Plate count was also done on Monreal and Reese
medium with lignin or cellulose as the sole carbon
source individually to isolate the bacteria that produce
cellulose and ligninase.
·

These isolates were further used for xylanase and
cellulase assays. The substrates used were (1) pure
cellulose, (2) oat spelt xylan and (3) cotton boll residue.
Both the assays were done by the DNSA method for
estimating reducing sugars. Isolate 6 gave the
maximum cellulase activity of 56.6 µg/ml/min when
pure cellulose was used as the sole carbon source.
Xylanase activity with pure xylan varied from 170
µg/ml/min (Isolate 7) to 300 µg/ml/min (Isolate 6)
with Isolate 1 giving a value of 286 µg/ml/min.
However, the cellulase activities of the isolates were
between 10.0 µg/ml/min (isolates 1 and 7) and 16.6
µg/ml/min (isolates 6 and 8) when the substrate was
cotton boll residue. With cotton boll residue as the
substrate, the xylanase activity also got reduced:
Isolate 1 – 45.0 µg/ml/min, Isolate 6 – 43.3
µg/ml/min, Isolate 7 – 43.0 µg/ml/min and Isolate 8 –
56.6 µg/ml/min.

·

For preliminary consortium studies, four isolates were
inoculated overnight in Monreal and Reese medium
with cellulose and oat spelt xylan. All the four cultures
were individually grown overnight in the medium
with one of the two substrates by inoculating 1 ml of all
the four cultures in fresh medium with the substrate.

Conclusion :
The assays done clearly indicate that the cultures are
able to degrade pure xylan more than pure cellulose. Even
with a complex carbon source such as cotton bolls, the
xylanase activity is higher than that of cellulose.This shows
that the cultures are capable of degrading recalcitrant
agrowaste such as cotton bolls. The crude consortium did
not give higher cellulase or xylanase activity as compared
to the individual isolates.To establish the reason behind
this, detailed analysis will have to be carried out since the
consortium dynamics are unknown at present. The isolate
compatibility will be studied with the help of DGGE.
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Microbial Bioremediation of Wastewater for Heavy Metals
PI : P. K. Joshi
Co PI : K. Lal
Central Soil Salinity Research Institute, Zarifa farm, Karnal
Rationale :
Use of wastewater in agriculture has increased in
recent years due to inherent treatment capacity of soil and
high contents of major and micronutrients in it. However,
wastewater, particularly from industries contain high
concentration of heavy metals which enter into human
beings and animals through food chain. Physico-chemical
methods such as reverse osmosis, solvent extraction, lime
coagulation ion exchange and chemical precipitation for
removal of heavy metals from wastewater are very
expensive and these do not remove heavy metals from
wastewater up to desired limits. Therefore, it is desirable to
remove these heavy metals from wastewater through low
cost technology before its use in agriculture. Biomass of
microbes acts as adsorbent to remove heavy metals from
wastewater. The ability to remove heavy metals from
wastewater varies greatly among microbes. This needs to
be exploited for removal of heavy metals from wastewater
through efficient microbes.

·

Thirty fungal isolates and six fungi i.e. A niger,
A.terreus, P.chrysosporium, A.awamori, T.
longibrachiatum and T.viride were screened for
tolerance to heavy metals on potato dextrose agar
containing 25, 50 and 75 ppm concentration of Pb, Cd
and Ni. Six fungi (A.niger, A.terreus, P.chrysosporium,
A. awamori, T. longibrachiatum and fungal isolate FS7)
were able to tolerate all the three heavy metals.
Tolerance of T. longibrachiatum to Pb, Cd and Ni at 25,
50 and 75 ppm.

·

Six fungi (A.niger, A.terreus, P.chrysosporium, A.
awamori, T. longibrachiatum and fungal isolate FS7)
were further screened for removal of Pb, Cd and Ni
from potato dextrose broth containing 20, 40 and 60
ppm concentration of these heavy metals. Maximum
removal of Pb, Cd and Ni was observed by T.
longibrachiatum (9.63 mg/g), fungal isolate FS7 (18.59
mg/g) and A. terreus (3.88 mg/g) at 60 ppm
concentration respectively. The growth of A. terreus, T.
longibrachiatum and fungal isolate FS7 at 20, 40 and 60
ppm is depicted in Fig. 2.

·

Two bacteria (Bacillus cereus and Bacillus sp.) and two
bacterial isolates (BS18 and Ni16) were screened for
removal of Pb, Cd and Ni from nutrient broth
containing 20, 40 and 60 ppm concentration of these
heavy metals. Maximum removal of Pb, Cd and Ni
was observed by Bacillus cereus (16.66 mg/g), Bacillus
sp. (49.95 mg/g) and Bacillus sp. (2.51 mg/g) at 60 ppm
concentration respectively. These bacterial cultures
showed their potential to remove these heavy metals
from liquids.

·

Two fungi (Aspergillus flavus, A.nidulans) and one
fungal isolate Ni36 adsorbed 90 to 98 percent heavy
metals from aqueous solution containing 10 ppm each
of Pb, Cd, Cr and Ni.

·

Samples of Industrial wastewater, sewage and sludge
were collected from Karnal, Panipat, IMT, Manesar at
Gurgaon, Faridabad, Yamunanagar, Chandigrah and
Hisar and analyzed for dissolved and total Cd, Pb and
Ni. Results indicated maximum concentration of
dissolved Ni in electroplating effluent site 1 of Karnal
(69.74 ppm) followed by electroplating effluent site 2
at Karnal (50.2 ppm), electroplating effluent,
Faridabad (40.050), industrial effluent at Hisar (31.57
ppm). Similarly, there was higher concentration of
dissolved Pb (3.805 ppm) and Cd (0.976 ppm) in

Objectives :
·

Isolation of microbes from sites polluted with heavy
metals

·

Screening of microbes for tolerance to heavy metals

·

Monitoring of polluted sites for heavy metals

·

Microbial removal of heavy metals from wastewater
under laboratory conditions

·

Removal of heavy metals from wastewater through
immobilized efficient microbes

·

Development of technology for removal of heavy
metals from wastewater through efficient microbes

·

Characterization of efficient microbes through
biochemical tests and molecular techniques

·

Field testing of efficient microbes for removal of heavy
metals from wastewater

Significant Achievements:
·
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Thirty one fungal isolates isolated from sewage and
sludge samples of Karnal, Panipat, and Sonepat and
four fungi (Aspergillus flavus, A. awamorii, Trichoderma
viride. Phanerochaete chyrsosporium) were screened for
removal of chromium from potato dextrose broth
containing 50 ppm of heavy metal. There was more
uptake of Cr by fungal isolates FS13 (3.79 mg/g) and
FS30 (3.23 mg/g).
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·

·

electroplating effluent, Faridabad. However,
maximum concentration of total Ni (683.5 ppm) was
observed in sludge of Yamunanagar followed by
sludge of Karnal (217.150 ppm). With regard to total
concentration of Pb, there was maximum
concentration (335.350 ppm) in sludge of
Yamunanagar followed by sludge of Karnal (221.350
ppm) and Panipat (207.750 ppm). The maximum total
concentration of Cd was observed in sludge of Hisar
(11.900 ppm) followed by Panipat (11.600 ppm).

fungal isolates were identified for bioremediation of
wastewater for heavy metals. Some of the efficient bacterial
and fungal isolates removed substantial amount of heavy
metals from liquids under laboratory conditions.
Industrial wastewater contained more dissolved heavy
metals like Pb, Cd and Ni. Sludge from industrial
wastewater contained more total heavy metals. Further
studies on immobilization of efficient microbes for
removal of heavy metals from wastewater will be taken up
in future.

Two efficient bacterial isolates for bioremediation of
heavy metals BS 11 and BS 14 were identified as
Bacillus cereus and Bacillus sp. by sequencing of 16S r
RNA.

Papers published

One fungal isolate F3 got identified as Aspergillus
terreus by sequencing of 5.8S rDNA and 28S rDNA.

Seminars, symposia and conferences attended

Conclusion :
Fungal and bacterial isolates isolated from sites
contaminated with heavy metals were screened for their
tolerance and removal from liquid media under laboratory
conditions. A few fungal and bacterial isolates were found
tolerant to heavy metals like Pb, Cd, Ni and Cr up to 60
ppm and removed substantial amount of these heavy
metals from liquid media. Two efficient bacteria and five

·

Joshi, P.K.; Raman Kumar and Sonu
Maheshwari.2008. Bioremediation of wastewater.
ICAR News. 14:21-22.

Attended 49th annual conference of AMI and
International symposium on Microbial Biotechnology:
Diversity, Genomics and Metagenomics from November
18-20, 2008 at University of Delhi and presented the
following paper: Joshi, P.K.; Anand Swarup; Raman
Kumar and Sonu Maheshwari.2008. Bioaccumulation and
biosorption of lead from wastewater by different fungi.
International symposium on Microbial Biotechnology:
Diversity, Genomics and Metagenomics from November
18-20, 2008 at University of Delhi, Delhi. Abstract. pp.-147.
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Bioremediation of Effluents from Shrimp Farms
PI : S. V. Alavandi
Co PI : T.C. Santiago, N. Kalaimani
CIBA, Chennai and Dr. K. K. Vijayan, Head, MBTD, CMFRI, Cochin.
Rationale :

Significant Achievements :

The Indian shrimp aquaculture sector has grown
exponentially over the last 15 years in most of the maritime
states. The sector has been facing problems due to disease,
resulting reduced productivity, partially because of lack of
proper understanding of the nutrient management and
aquaculture ecosystem dynamics. The accumulation of
unutilized artificial feeds and their residues in the
aquaculture ponds often trigger proliferation of
heterotrophic microbes in the pond ecosystem, leading to
production of toxic metabolites such as ammonia, nitrite
and sulfides. So far, from India, only one study has been
reported on the occurrence of bacteria involved in
ammonia, nitrite and sulfur oxidation in aquaculture
ponds.

·

Nitrifying and denitrifying biofilms were constructed
on few biodegradable and non-biodegradable
materials using efficient chemolithotrophic and
aerobic denitrifying bacteria and analyzed using
Scanning Electron Microscopy (SEM). In vitro activity
of biofilms constructed on Aquamats for ammonia
oxidation was carried out and found to be efficient.
These nitrifying-denitrifying biofilms could be used in
biofilters and bioreactors for bioremediation of
aquaculture wastes.

·

Anaerobic (batch) bioreactors have been designed for
enrichment of anammox bacteria. Presently 5 deep
core sediment samples are being enriched for
anammox bacteria and would be periodically
monitored using anammox specific PCR-denaturing
gradient gel electrophoresis (DGGE) analysis.

·

Eight well characterized isolates of aerobic
denitrifying bacteria are ready for deposition to
NBAIM. Bacteria involved in nitrogen and sulfur
cycles were isolated from shrimp culture ponds.

·

Beggiatoa sp. is one of the largest, filamentous gliding
Gram-negative bacterium capable of oxidizing
hydrogen sulfide and other reduced sulfur
compounds efficiently. Presently 12 samples have
been enriched using standard methods for Beggiatoa
sp. using 6 different media.

The microbes involved in ammonia, nitrite and sulfur
oxidation, majority being autotrophic in nature, are
extremely slow growing. The proposed study will help in
understanding the cultivable and uncultivable microbial
flora involved in two important biogeochemical cycles,
viz., nitrogen and sulfur, and specifically, those involved in
the oxidation of ammonia and hydrogen sulfide. The
approach to harness naturally occurring ammonia
oxidizing bacteria (AOB) and Sulfur oxidizing bacteria
(SOB) recovered from brackishwater aquaculture ponds
for developing immobilized microbial mats and their
application in bioreactors / biofilters has not been explored
so far in India. The proposed study provides scope for
exploration of mass production of these extremely slow
growing bacteria, which is a challenging task. Depending
on the success in mass production protocols, formulation
protocols would be taken up for in situ bioremediation.
Because of these issues, development of immobilized
microbial mats or incorporation of AOB and SOB in
bioreactors / biofilters would be a suitable alternative for
experimental-scale and small-scale field-level evaluation
in brackish water aquaculture systems. In view of the
practical challenges owing primarily to the extended
generation time of the target bacteria and engineering
suitable bioreactors / biofilters for use in bioremediation,
the proposed project assumes significance.
Objectives:
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·

To develop bioremediation tool for ammonia and
nitrite mitigation in shrimp hatchery

·

To develop bioremediation tool for ammonia, nitrite
and sulfide mitigation in shrimp grow-out ponds

Conclusion :
·

Under this project, different environmentally
important groups of bacteria viz. chemolithotrophic
nitrifiers, aerobic denitrifiers, heterotrophic nitrifiers,
chemolithotrophic and heterotrophic sulfur oxidizers
have been isolated and characterized for their
efficiency to oxidize ammonia, nitrite and sulfide. The
activities of these isolates have been tested in vitro.
Efficient isolates could be used for developing
microbial consortia for in situ and ex situ
bioremediation of aquaculture wastes.

·

Biofilms have been constructed and the colonization
potential on different substrates have been evaluated
using scanning electron microscopy (SEM) and the
activities in vitro have been tested using standard
methods. Experiments carried out with these
constructed nitrifying-denitrifying biofilms showed
that they could be used in bioreactors/recirculation
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Fig.: SEM pictures showing aerobic denitrifying bacteria (Marinobacter sp.) attached to
Alginate coated cover slips just after 18 hours of incubation

Fig.: Supercoiled ball of Beggiatoa sp. (grown in the presence of
sulfide) showing elemental sulfur inclusions and
typical etch on agar surface

Fig.: Patterns of concentric circles formed by
Beggiatoa sp. on agar surface

system as inocula for ammonia, nitrite and sulfide
removal.
·

Experiments carried out indicated the presence of
Beggiatoa sp. in shrimp culture ponds, they could be
applied for sulfide removal after successful
enrichment.

·

Anaerobic enrichment has been initiated to enrich
anammox bacteria; successful enrichment would lead

to the development of anammox reactors which are
highly energy efficient.
·

Since different groups of bacteria involved in nitrogen
and sulfur cycles are available, an eco-friendly
multistage bioreactor comprising all these bacteria can
also be designed. Such bioreactors would significantly
help in bioremediation of effluents from aquaculture
ecosystem.
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Assessment of Nisin Production in Selected Strains of LAB and Market Acceptability
PI : Sudhir Singh
Co PI : Mathura Rai, Major Singh
IIVR, Jakhini (Shahanshahpur) Varanasi
Rationale :
The application of various chemical preservatives has
become a common feature in processed fruits and
vegetables, dairy products, bakery and confectionery
products for extending the shelf-life. However, these
chemicals cause serious health hazards to the consumers.
Furthermore, consumers are demanding natural and fresh
foods with no chemical additives. The increasing demand
of the convenience type of foods has stimulated interest in
finding natural and safe preservative. The use of bio
preservatives is gaining popularity to reduce the health
hazards associated with chemical additives. The use of bio
preservatives seems to be more effective in controlling the
large group of food spoilage microorganisms. Nisin, an
effective GRAS bio preservative is produced by certain
strains of Lactococcus lactis. It is used for extending the shelf
life of food products along with increasing the flavour and
texture of dairy products.
The species Lactococcus lactis is sub-divided into L.
lactis ssp. lactis, L. lactis ssp. cremoris and L. lactis ssp. biovar.
diacetylactis. L. lactis ssp. cremoris and L. lactis ssp. lactis are
used for lactic acid production in cheese manufacture. L.
lactis ssp. lactis biovar. diacetylactis is used to provide flavor
in cottage cheese, cultured sour cream and cultured butter
milk Therefore, the aim of the present study is to isolate
more strains of L. lactis from milk, dahi, cheddar cheese and
other natural sources in order to isolate the strains of
Lactococcus lactis and to assess the potential of nisin
production.
Objectives :
·

Isolation, characterization and purification of nisin
producing culture

·

Suitable concentration levels and drying of nisin
producing culture

·

Testing the utility of nisin producing culture in
vegetables

Significant achievements:
·
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A total of 34 lactic acid bacteria were isolated, purified
and characterized from different sources such as cow
milk, buffalo milk, goat milk, cheddar cheese, poultry
beet, cow dung, buffalo's hair and open environment
of cow herd. Out of which, 05 isolates of LAB were
isolated from buffalo's hair, 16 from cows' milk, 02
from cow dung, 03 from open environment of cow
herd, 02 from buffaloes' milk, 02 from goats' milk and

04 from poultry beet.
·

11 strains of Lactococcus lactis ssp. lactis were
characterized phenotypically and identified at
molecular level.

·

The isolated strains of Lactococcus lactis ssp. lactis were
confirmed by PCR amplification of gad B gene. Nisin
activity of identified strains of Lactococcus lactis ssp.
lactis was in the range of 400-1200 AU/ml.

1

2 3 4 5

6 7 8

9 10 11

Fig.: PCR amplification of Lactococcus lactis gad B.

Lane 1 & 11
Lane 2
Lane 3 – 09
Lane 10

=
=
=
=

100 bp DNA ladder
Negative control
Identified L. lactis
Positive control
(L. lactis ssp.lactis NCDC 094)

Conclusion :
Cows' milk samples were the best suitable source for
Lactococcus lactis ssp. lactis.The isolation, identification and
characterization of strains is required from diverse sources.
The efficacy of Lactococcus lactis is desired for extending the
shelf life of tomato processed products.
Papers published
Khemariya Priti, Singh Sudhir, Singh Santosh Kumar,
Rai Mathura.: Phenotypic characterization and subspeciesspecific PCR of nisin producing strains of Lactococcus lactis.
Journal of Food Science and Technology (Press).
Seminar's, symposia and conferences attended:
1.

Singh, Sudhir; Khemariya, Priti and Mathura Rai 2007.
Isolation and characterization of nisin producing
cultures. Poster presented in International Conference
on Traditional Dairy Foods at National Dairy Research
Institute, Karnal, 14-17 November.

1.

Khemariya, P; Singh, S and Rai, M. 2008. Effect of
antibiotics on the inhibition of the growth pattern of
Lactococcal strains. Poster presented Dairy Industry
Conference 19_21 February, BHU, Varanasi.
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Fermented Products from Fruits, Vegetables and Cereals
PI : S. Gunasekaran
Co PI : R. Murugesan, K. Vijila, S. Karthikeyan
Department of Agriculture Microbiology, TNAU, Coimbatore
Rationale :
Food products are designed for taste, appearance, cost
and convenience of the consumer. Nowadays, consumers
are increasingly interested in the health benefits of foods
and have begun to look beyond the basic nutritional
benefits of food to the disease prevention and also the
presence of health enhancing compounds. This increasing
consumer awareness in combination with advances in
various scientific domains provides unique opportunities
for companies to come up with a number of concepts in
functional food development of the nutraceutical category.
Value addition of these products could enhance the market
potential and also nutritive value of these produces.
At present most of alcoholic beverages consumed in
the country are distilled liquors which are devoid of any
nutrition. Wines prepared using agricultural produces and
fruits provide a nutritive and medicinal value. Such
Industries plays an important role here too by stabilizing
the price and providing remunerative prices to the farmers.
These processing industries can convert even the wastes
from agricultural sector into value added product and thus
stabilizes the economy.

also studied. All the cultures recorded maximum
inhibition against bacterial and fungal pathogens. The
antioxidant properties were confirmed by DNA
protection assay. The cultures were treated with
ferrous chloride, stannous chloride, hydrogen
peroxide and exposed to the ultraviolet rays. The
documented gel results indicated that Thermomyces
pigments have protected the plasmid DNA (pUC18)
from all the chemical and physical treatments. DNA
shearing was very minimum and in some of the
treatments no shearing was observed.
·

HPLC analysis was carried out using Shimadzu LCSA with UV-Vis-206 diode array multiple wavelength
detectors. Separation was achieved isocractically on a
C-18 column (250×4 mm i.d), 5μm packing, at a 1
ml/minute flow rate. Acetone: acetonitrile (60:40 v/v)
was used as the eluent. In GC-MS, the compound was
identified as β-citronellol

·

Fermented corn, banana, soybean and jaggery were
used as substrates and collectively ninety five isolates
of lactic acid bacteria (71) and fungi (24) were
obtained. The isolates belonged to the genera
Aspergillus, Penicillium and Fusarium. Ninety five
isolates along with six standard strains viz., Aspergillus
oryzae (MTCC 3107), Lactobacillus plantarum,
(MTCC1325), Lactobacillus acidophilu (MTCC 447),
Lactobacillus lactis (RMB2), Leuconostoc mesenteroides
(MTCC 881) and Lactobacillus lactis (SLAB1) were
screened based on their hydrolyzing and
transfructosylating ability on sucrose. Of the hundred
and one isolates screened, the fungal isolates AFJ3,
AFR7, AFR9, FFS18 and Aspergillus oryzae (MTCC
3107) exhibited significant extra cellular
transfructosylation activity determined in terms of
amount of glucose released from sucrose.

·

The isolate AFJ3 and Aspergillus oryzae (MTCC 3107)
exhibited higher fructosyltransferase enzyme activity
than the other isolates. All the fractions of ammonium
sulphate exhibited activity. The end products formed
by the catalytic action of crude enzyme extract on
sucrose were analyzed by thin layer chromatography
and high performance liquid chromatography for all
the five isolates. Detectable quantity of
fructooligosaccharides was synthesized only for the
isolate AFJ3. The isolate formed two kinds of
fructooligosaccharides ie., the kestose (GF2) and

Objectives :
·

Selection of microbial cultures with high potential for
bio colorants, enzymes, nutraceuticals from fruits,
vegetables and cereals

·

Exploitation of microorganisms for food preservation
and nutrient fortification

·

Selection of microbial cultures for wine production
from cereals and fruits

Significant Achievements :
·

·

Antioxidant properties of Pigment Producing
Microorganisms : The antioxidant properties of the
fungal pigments were analysed using enzymatic
(Catalase, peroxidase) and non enzymatic methods
(Total antioxidant, total phenol and DPPH). Among
the six cultures, Thermomyces recorded maximum
amount of antioxidants( phenol 246µg/g, total
antioxidant 820µg/g, Catalase 1.247 to 4.78 units/ml,
peroxidase 0.176 to 0.394 units/ml and Free radical
Scavenging Ability
47.74%).The other fungal
pigments also have recorded considerable amount of
antioxidant activities.
Antimicrobial activity of the fungal pigments were
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nystose (GF3).
·

The apple, sapota, papaya, water melon and grape
wine were prepared and the alcohol percentage was
recorded in the range of 4-5%, the spice wine recorded
6 % of alcohol and 255 mg/100 ml of reducing sugars
during analysis. Protocol for rice wine was developed.

·

Among the six different fruit and agrowastes used as
sole substrate for cellulase enzyme production, orange
peel exhibited higher enzyme activity in fungal
isolates. Among the fungal isolates isolated
(Aspergillus, Penicillum and Fusarium ) from the fruits
(citrus, orange) the Endo-β-1,4 glucanase enzyme
activity (CMCase), Exo-β-1,4 glucanase (FP ase)
enzyme activity and β- glucosidase (cellobiase)
enzyme activity respectively Penicillum sp recorded
1.923 unit/ml, 1.601 unit/ml, 0.980 unit/ml followed
by the standard isolate Aspergillus niger (MTCC-1344)
which recorded 1.697 unit/ml, 1.456 unit/ml, 0.974
unit/ml.

fructosyltransferase enzyme. The isolate formed two
kinds of fructooligosaccharides ie., the kestose (GF2)
and nystose (GF3). Protocol for the rice wine was
developed experiments were carried to replace the
conventional method of inoculation with Aspergillus
oryzae / Rhizopus oryzae with enzymes of amylase for
preventing the spores in the wine samples during
storage.
Papers published from AMAAS work
·

Seminars, symposia and conferences attended
·

R. Poorniammal and S. Gunasekaran. 2009.
Antioxidant Properties of Thermomyces sp. Paper
presented at the National Conference on Sustaining
the food and Nutritional security through processing
and preservation of foods, Annamalai University,
Annamalai Nagar March 18h and 19th, 2009 (Abs). p 66.

·

Gnanasambandam, A.V and S.Gunasekaran, 2009.
Spices Wine - A Novel Health Drink. Paper presented
at the National Conference on Sustaining the food and
nutritional security through processing and
preservation of foods, Annamalai University,
Annamalai Nagar March 18h and 19th, 2009 (Abs). p 45.

Conclusion :
·
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Thermomyces fungal pigment extract had exhibited
significant invitro antioxidant properties,
antimicrobial activities against several pathogens and
have protected the plasmid DNA from all the chemical
and physical treatments. Hence this can be a potential
source of natural antioxidant. The fungal isolate AFJ3
and Aspergillus oryzae MTCC 3107 exhibited higher

Gunasekaran, S and R.Poorniammal, 2008.
Optimization of fermentation conditions for red
pigment production from Penicillium sp. under
submerged cultivation. African Journal of
Biotechnology Vol. 7 (12): 1894-1898.

AMAAS - Annual Report 2008-09

Utilization of Fruit Processing Waste for Obtaining Value Added Products through Fermentation
PI : Neelima Garg
Co PI : M.Muthukumar
Central Institute for Subtropical Horticulture, Lucknow
Rationale :
Pectinases, cellulases and amylases are widely used in
fruit processing industry for juice clarification and
increasing juice yield from pulp. In India, most of the
enzymes used by the food processing industry are
imported. Hence, an immediate need exists to produce
these enzymes in our country itself. In India, mango is one
of the major fruits processed and approx. 40-50% of solid
waste is generated in the form of peel and stones. Mango
peel is a good source of pectin and fibre. On the other hand,
kernel is riche in starch. However, this peel and kernel are
not utilised for any specific purpose. The objective of the
present project is production of pectinases and cellulases
using mango peel and amylases using mango kernel as
substrate. After enzyme extraction the fungus enriched
leftover could be used as protein enriched animal feed
supplement thus reducing the environmental pollution
problem to a considerable extent.

dialyzed against the same buffer. The concentrated
enzyme (pectinase) was eluted through DEAECellulose column (1.1X40 cm) which was preequilibrated with 50mM Acetate buffer (pH5.5)
against 0M-1M NaCl gradient prepared in 50mM
Acetate buffer (pH5.5). The flow rate was maintained
at 3min/ml and fractions of 1ml were collected.
Protein concentration and enzyme activity in all the
fractions were determined. 66 fold purification was
achieved with 159.74% recovery.
·

Among the carbohydrates tested, cellulobiose (13.98
U/mg) was found to be the best for cellulase
production followed by cotton (11.33 U/mg) and
carboxy methyl cellulose (10.67 U/mg).

·

After fermentation, the culture filtrate was
precipitated using ammonium sulphate at 90%
saturation. After centrifugation at 14000g the pellets
were dissolved in 50mM Acetate buffer (pH5) and
dialyzed against the same buffer. The concentrated
enzyme (cellulase) was eluted through Agarose
column (1.5X26 cm) which was pre- equilibrated with
50mM Acetate buffer (pH5) then washed with the
same buffer. The flow rate was maintained at 1ml/min
and fractions of 1.5 ml were collected. Protein
concentration and enzyme activity in all the fractions
were determined. Purification to the extent of 28.24
fold was achieved with 1.99% recovery.

·

After fermentation the culture filtrate was precipitated
by acetone precipitation method. After centrifugation
at 14000g pellets were dissolved in 50mM Acetate
buffer (pH5). The concentrated enzyme (amylase) was
eluted through DEAE- Cellulose column (1.1X40 cm)

Objectives
·

Screening of microorganisms for production of
pectinases, cellulases and amylases using mango peel
and kernel as substrates respectively

·

Optimisation of enzyme production conditions

·

Purification and characterization of enzymes
produced

·

Strain improvement for higher production of enzymes

·

Large-scale production of desired end product and to
work out the economic feasibility

·

Value addition of mango processing waste for enzyme
production through fermentation

Table: Summary of amylase purification by Fusarium sp. using mango kernel as substrate

Purification step
Culture Filtrate
Acetone Precipitation
DEAE- Cellulose Column

Total
Vol (ml)
300
85.5
81

Total
Activity (U)
5.04
6.92
8.65

Significant achievements:
·

Optimized conditions were followed to get crude
culture filtrate containing pectinase. Proteins were
precipitated by salting out process using ammonium
sulphate at 70% saturation. The precipitate was
centrifuged at 14000g and the pellet obtained was
dissolved in 50mM Acetate buffer of 5.5 pH and

Total
Protein (mg)
1891.37
42.1
34.13

Specific
Activity
0.0026
0.1642
0.2535

Fold
Purification
NA
61.69
95.21

Recovery
(%)
100
137.32
171.62

which was pre-equilibrated with 50mM Acetate buffer
(pH5) then washed with the same buffer. The flow rate
was maintained at 1ml/min and fractions of 1.5 ml
were collected. Protein concentration and enzyme
activity in all the fractions were determined. 95 fold
purification was obtained with 171.62% recovery.
Conclusion:
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Highest pectinase production (0.099 mM/ml/min)
was observed by Aspergillus fumigatus. The conditions for
fermentative production of polygalacturonase
standardized. Among the 32 amylolytic cultures, after
primary and secondary screening isolate no. S-4, identified
as Fusarium sp. showed maximum amylase production
using mango kernel as substrate Among the 46 cellulolytic
cultures highest cellulase production (0.010256
μM/ml/min) was observed by Bacillus sp.
Seminars, symposia and conferences attended
·
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Neelima Garg, Mohammad Ashfaque and Devendra
Kumar.2008. Production of α-amylase using mango

kernel as carbon source by different amylolytic
microbial isolates. Paper presented at 3rd Ind. Hort.
Congress held at OUAT, Bhubaneshwar from 6-9
Nov.2008.pp.395
·

Neelima Garg, Devendra Kumar and Mohammad
Ashfaque.2008. Production and characterization of
extracellular cellulases from a cellulolytic Bacillus sp
using mango peel as substrate. Paper presented at
National Conference on Eco- friendly approaches in
sustainable agriculture and Horticulture Production
held at Amity University, Lucknow from 28-30
November 2008. pp.184
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Theme 4 : Microbial Management of Abiotic Stress
Development of Microbial Consortium for Alleviation of Salt Stress for Growth and Yield of Wheat
PI : A.K. Saxena
Co PI : Rajeev Kaushik
National Bureau of Agriculturally Important Microorganisms, Mau
Rationale :

Objectives :

In India, about 10 million ha of arable land is salt
affected. The high concentrations of salt in the soil have a
detrimental effect on crops and microorganisms.
Microorganisms have been implicated in alleviating the
effects of abiotic stress by different mechanisms. They can
alter the availability of nutrients so as to maintain Na:K
ratio in the plant. They are also involved in production of
antioxidants to prevent injury to the plant because of salt
stress. They can alleviate salt stress by production of
growth promoting substances. Bacterial exopolysaccharides have been implicated in providing
protection from environmental stresses and host defenses
Yield losses of wheat in moderately saline areas average
65%. Thus an attempt was made to alleviate the effect of
salt stress by inoculating wheat crop with rhizobacteria to
improve its growth and yield in saline soils. The
microorganisms and wheat cultivars were initially
screened for salt tolerance. A total of 130 bacteria were
isolated from the rhizosphere of wheat growing in the salt
affected soils and screened for salt tolerance at graded
concentrations of NaCl. Of the 130 isolates, about 42
isolates were able to tolerate NaCl stress of 8% while only
two isolates showed tolerance to 12 % NaCl.

·

Isolation of microorganisms from rhizotic zones of
cereal crop (wheat) grown under salt stress

·

Selection of salt tolerant bacteria

·

Biochemical characterization of selected
microorganisms

·

Evaluation of selected micro-organisms in the
rhizosphere of cereal crop (wheat) (Green house
studies)

·

Development of consortium of microorganisms that
can alleviate the effect of salinity and improve the
growth and yield of cereal crop (wheat)

·

Field evaluation of consortium of microorganisms for
improvement of wheat growth and yield

Significant Achievements :
Nine strains that performed well as single inoculant in
the field were tested for compatibility with each other so as
to develop the microbial consortium. Of the nine strains,
isolate 13 was inhibitory to most of the other strains;
isolates 8 and 47 were most sensitive, while 5, 8 and 18 were
compatible with all isolates. Based on the results eight
different consortia were prepared and field evaluated.

Table 1: Influence of consortia on nutritional parameter of wheat

Treatment

Proline (mg mg-1)

RS (mg mg-1)

TSS (mg mg-1)

60 DAS

60 DAS

60 DAS

90 DAS

90 DAS

90 DAS

T1

1.39

2.06

199.04

165.28

230.48

171.42

T2

1.14

1.30

210.30

153.96

222.11

164.02

T3

1.42

1.44

209.27

150.69

222.92

187.85

T4

1.05

0.89

195.99

151.64

210.82

175.36

T5

2.34

2.03

158.13

150.29

183.77

163.93

T6

1.28

1.35

219.89

176.70

259.53

207.82

T7

1.50

1.66

183.34

174.38

276.16

178.47

T8

2.53

2.74

256.15

211.88

294.37

236.87

T9

0.88

1.41

145.53

117.32

156.04

120.24
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·

more nitrogen percent at 60 DAS as compared with
control T9 (1.85% N) (Table 2).

Plants inoculated with microbial consortia showed
significantly high proline accumulation as compared
to uninoculated control. Concentrations of proline
increased for all treatments from 60 to 90 DAS.
Treatment T8 [a consortium of Bacillus pumilus (isolate
121), Bacillus aquimaris (isolate 8) and Bacillus
sporothermodurans (isolate 5)] showed maximum
amount of proline at 60 DAS (2.53 g mg-1) and at 90
DAS (2.74g mg-1) (Table 1).
Reducing sugars and total soluble sugars content for
all treatments was higher at 60DAS as compared to 90
DAS. Again treatment T8 showed maximum amount
of reducing sugar as well as total soluble sugars (Table
1).

·

The % Na in the plant shoots also decreased from
60DAS to 90 DAS. Inoculation with microbial
consortium did not have a significant influence on the
accumulation of Na. Among all the treatments, T1 [a
consortium of B. pumilus (isolate 121), B. pumilus
(isolate 3) and Bacillus cereus (isolate 24)] showed slight
reduction in Na content as compared to the control at
60 DAS (Table 2).

·

The grain yield and biomass yield, in general, was
significantly influenced due to inoculation of
microbial consortium. Maximum grain yield of wheat
was achieved in treatment T3 (3085 kg ha-1) [a
consortium of B. pumilus (isolate 121), Pseudomonas
mendocina (isolate 40) and Arthrobacter sp. (isolate 18),
closely followed by T8 (3057 kg ha-1) (Table 3).

The percent accumulation of N, P, K and Na decreased
with the age of the plant and was more at 60 DAS as
compared to 90 DAS. Treatment T8 (3.18% N) showed

Table 2: Influence of consortium on mineral content of wheat (cv. K7903)

Treatment
T1
T2
T3
T4
T5
T6
T7
T8
T9

N%
60 DAS
2.08
2.50
2.64
2.59
2.64
2.71
2.59
3.18
1.85
Table 3:

Treatment
T1, (121+3+24)
T2, (8+3+24)
T3, (121+40+18)
T4, (8+40+24)
T5, (121+8+3)
T6, (121+44+3)
T7, (8+44+3)
T8, (121+8+5)
Control

P%
90 DAS
0.92
0.99
1.07
1.04
1.33
1.00
0.99
0.92
0.91

60 DAS
1.19
1.38
1.29
1.13
1.42
1.34
1.49
1.73
1.28

60 DAS
1.25
1.40
1.54
1.34
1.46
1.41
1.31
1.32
1.31

Na %
90 DAS
0.81
0.76
0.80
0.81
0.72
0.88
0.77
0.89
0.74

60 DAS
1.20
1.35
1.39
1.29
1.40
1.38
1.28
1.29
1.27

90 DAS
0.79
0.84
0.83
0.75
0.76
0.88
0.80
0.74
0.91

Influence of rhizobacteria on grain and biomass yield of wheat (cv. K7903) under
saline conditions (field experiment, average of three replicates)

Grain yield (kg ha-1)
2401.91
2388.57
3085.71
2973.33
2855.24
2476.19
2628.57
3057.14
1746.67

Conclusion
A consortium of B. pumilus (isolate 121), Pseudomonas
mendocina (isolate 40) and Arthrobacter sp. (isolate 18) gave
the highest yield of wheat crop. The isolates comprising the
consortium have the ability to solubilize phosphorus and
produce IAA. The results showed that microbes could be
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K%
90 DAS
0.84
0.89
0.72
0.73
0.76
0.78
0.83
1.16
0.68

Total biomass (kg ha-1)
7333.33
6647.62
8571.43
7800.00
7238.10
9152.38
7714.29
8476.19
6533.33

utilized to alleviate the effect of salt stress for growth and
yield of wheat crop.
Publication
Upadhayay S. K., Tiwari S., Tiwari R., Kaushik R.,
Saxena A.K., Arora D.K. 2008. Utilization of salt tolerant
PGPR for improving the productivity of wheat crop under
saline conditions. Folia Microbiologia (Communicated).
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Isolation, Inventorization and Field Assessment of AIMs in the Stress Ecosystems of Karnataka
PI : A. R. Alagawadi
Co PI : P. U. Krishnaraj, K. S. Jagadeesh & S. G. Patil
UAS, Dharwad
Rationale :

Significant Achievements :

Nearly 53 % of the geographical area in India faces
problems of water logging, salinity, alkalinity, ravines etc.
Besides, there has been a high rise in the frequency of
occurrence of droughts in recent years. With increased area
being brought under irrigation, more land area is
becoming stressed with water logging and excess salts. Soil
salinity has reduced crop yields to the tune of 50% and
consequently cropping has been abandoned in many areas.
Currently efforts are being made to develop highly salttolerant crops. Salt tolerance in plants is a complex
phenomenon that involves morphological and
developmental changes as well as physiological and
biochemical processes. Increasing salt concentrations may
have a detrimental effect on soil microbial populations.
However, microbes are the most versatile living organisms
that are known to live even in most extreme environments.
Isolation of microorganisms from saline soils, waterlogged
soils, drought prone areas and using them in developing
consortia for inoculating to the crops grown in problem
soils is important. Further, such stress tolerant
microorganisms could serve as gene pool for modification
of crops in the long run. However, no systematic attempts
in the past have been made towards quantitative
assessment of t he microb ial resources, t heir
inventorization, and assessment of the population level as
well as functional diversity of the agriculturally important
microbes in the problematic soils of Karnataka. It was in
this context that work was initiated in the project on
“Isolation, inventorization and field assessment of AIMs in
the stress ecosystems of Karnataka” under the theme
'Microbial management of Abiotc stress' of the network
project 'Application of Microorganisms in Agriculture and
Allied Sectors' funded by NBAIM (ICAR), Mau, UP.

·

64 salt tolerant PSB isolates were identified tentatively
up to genus level based on biochemical
characterization. 22 of them belonged to the genus
Pseudomonas, 7 to Gluconobacter, 6 each to Aminobacter
and Acetobacter, 4 each to Escherichia and Xanthobacter,
3 each to Flavomonas and Rhizomonas, 2 each to
Agromonas, Flavobacterium, Rhizomonas, and
Xanthomonas, and one isolate belonged to the genus
Alcaligenes.

·

Similarly, out of 61 salt tolerant fluorescent
pseudomonads, 16 isolates were tentatively identified
as Pseudomonas fluorescence, Pseudomonas aureofaciens,
three as Pseudomonas aeruginosa, two as Pseudomonas
putida and the identity of the remaining isolates could
not be established.

·

115 Azospirillum isolates were examined for salt
tolerance under N2 fixing conditions. While three
isolates (ASAZOX ES145, ASAZOX ES148 and
ASAZOXI ES173) tolerated up to 10 % NaCl, 18
tolerated 8 % NaCl, 86 isolates up to 6 % NaCl added to
the semi-solid N-free malate medium.

·

Six Azospirillum isolates showing tolerance to 8 – 10 %
NaCl were further examined for N2 fixation under salt
stress. The amount of N2 fixed by the isolates ranged
from 0.06 – 0.11 mg and 0.07 – 0.09 mg/mg protein at
8% and 10% NaCl respectively, as compared to 0.11 to
0.12 mg/mg protein in control medium.

·

These six Azospirillum isolates showed an increase in
the intracellular sodium to potassium (Na: K) ratio and
total sugar content with increase in the salt
concentration. The Na/K ratio at 8% NaCl ranged
from 0.223 – 0.277 whereas that at 10 % NaCl ranged
from 0.265 – 0.272 as compared to 0.114 – 0.175 in
control medium. The sugar content at 8 and 10 % NaCl
ranged from 51.0 – 87.3 µg and 49.7 – 63.5 µg/mg
protein respectively as compared to 25.7 – 38.9 µg/mg
protein in control medium.

·

Six Azotobacter isolates tolerating 10-15% NaCl
concentrations also showed higher Na/K ratio (0.29 –
0.48) and total sugar content (67.8 – 116.1 µg/mg
protein) in the presence of added NaCl.

·

The inhibitory activity of 61 salt tolerant fluorescent
pseudomonads against five fungal plant pathogens
viz., Alternaria carthami, Fusarium oxysporum f. sp.
carthami, Sclerotium rolfsii, Rhizoctonia bataticola and

Objectives:
·

Isolation, enumeration, characterization and
inventorization of AIMs (N2 fixers, P-solubilizers,
PGPRs, fluorescent pseudomonads, cellulose and
lignin degraders) from saline/salt affected soils, water
logged areas and dry tracts of Karnataka

·

Assessing the functional potential of each group of
organisms for use in agriculture

·

Setting up the culture bank of the potential isolates
under each group and deposit them with the NBAIM

·

Field testing of potentially efficient isolates/consortia
of isolates
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Pyricularia oryzae was tested under in vitro conditions.
Out of 61, only one isolate (ASFPVS94 (2) E) was found
to inhibit the growth of the all the five pathogens
tested.
·

·

The impact of selected salt tolerant Azotobacter,
Azospirillum, PSB and fluorescent pseudomonads on
seed germination and growth of wheat (cv. DWR 2006)
plants at EC levels of 0.37, 2.32, 4.08, 5.38, 7.21 and 7.55
dS/m and that of sunflower (cv. KBSH-1) at EC levels
of 0.37, 2.0, 4.0, 6.0, 8.0 and 10.0 dS/m was studied in
the environmental growth chamber/green house:
Five Azotobacter, 3 Azospirillum, 5 each of P-solubilizers
and fluorescent pseudomonads improved the seed
germination, growth and dry matter content of wheat
plants significantly up to an EC of 7.21dSm-1. In
sunflower experiment, S37R of Azotobacter, S78 of
Azospirillum, S124E of PSB, WL9S of PSF and DR10R of
fluorescent pseudomonad performed significantly
better over other strains although all the inoculated
strains showed increased seed germination, plant
height and dry matter content over uninoculated
control at all EC levels studied.

up to 15% NaCl, 1 at 12.5%, 4 up to 10% and the
remaining isolates tolerated 5-7.5% NaCl. Out of 86
salt tolerant Azospirillum isolates, 3 tolerated 10% NaCl
and remaining from 5 to 8%NaCl. Out 55 salt tolerant
PSB isolates, 6 tolerated 15% NaCl, 17 at 12.5% and 32
up to 10% NaCl. Among 61 salt tolerant fluorescent
pseudomonads, 6 tolerated 17.5% NaCl, 4 up to 15%, 2
up to 12.5% and the remaining tolerated 7.5 – 10%
NaCl. All the salt tolerant isolates were preserved at 85o C after purification.
·

High salt tolerating AIMs were further screened for
their functional properties. All Azotobacter isolates
showed higher N2 fixation and IAA and GA
production at 5% NaCl but were drastically reduced
with increase in salt concentration. Similar trends were
observed with other functional groups of AIMs viz.,
azospirillum, PSB and fluorescent pseudomonads.
Hoverver, the latter two groups tolerated higher salt
concentrations.

·

The salt tolerant isolates produced higher amounts of
praline and sugar content at higher salt
concentrations. The other mechanism of salt tolerance
in the isolates was Na/K ratio which was found to
increase with increase in salt concentration.

·

The work plan for 2009-10 includes quick screening of
the salt tolerant isolates belonging to different
functional groups and their consortia for their
performance in different crop plants under salt stress
in pot culture. Identification of potential isolates under
each group through molecular and BIOLOG
identification system. Field evaluation of the best
performing isolates and their consortia for crop
growth and yield in saline/salt affected soils.

Conclusion :
·

Collected 321 samples of soil, roots, leaves and
decaying matter from 182 sites facing problems of
salinity, salt, water logging and arid conditions for
isolation of AIMs.

·

Totally 768 isolates of AIMs consisting of 253
Azotobacter, 115 Azospirillum, 133 PSB, 90 PSF, 128
fluorescent pseudomonads, 21 PPFM and 28 lignin
degrading fungi were isolated from salt affected soils,
waterlogged soils and arid soils of Karnataka. All the
isolates were screened for salt tolerance.

·

Out of 87 salt tolerant Azotobacter isolates, 1 tolerated

108

AMAAS - Annual Report 2008-09

Development of Microorganism Consortium to Alleviate Abiotic Stresses like Drought,
High Temperature and Salinity in Millets
PI : B. Venkateswarlu
Co PI : Minakshi Grover, S. K. Yadav
Division of Crop Sciences, CRIDA, Hyderabad
Rationale

Objectives :

Most of the crops and cropping systems grown in
rainfed areas suffer from abiotic stress like heat, drought
and salinity with significant yield declines. The effects of
global climate change, such as high temperatures, elevated
levels of CO2 and other greenhouse gases may further
aggaravate the problem posing a threat to global food
security. Evolving efficient low cost methods for stress
management, which can be easily adopted by small
farmers, is a major challenge. Soil and water conservation
methods and plant breeding were helpful in the past to
overcome abiotic stresses to some extent. However, there is
a need to develop biological methods like use of beneficial
microorganisms for the management of abiotic stress. The
biodiversity of AIMS is high in the stressed ecosystems.
Many species of microorganisms adapt to saline and
drought conditions by intracellular accumulation of low
molecular weight organic solutes called as osmolytes
(Csonka, 1991), which stabilize proteins and cell
membranes. Under water stress most of the rhizobacteria
utilize K+, glutamate, trehalose, proline, glycine beatine,
proline betaine and ectoine to modulate their cytoplasmic
osmolarity. As a response to sudden increase in
temperatures, microorganisms induce synthesis of heat
shock proteins (HSPs). HSPs consist of chaperons (such as
GroEL, DnaK, DnaJ, GroES,ClpB, ClpA, ClpX, small heat
shock proteins (HSPs) and Proteases).

·

To isolate microorganisms from rhizotic zones of
sorghum and millets grown under stress conditions of
salt, drought and extreme temperatures

·

Biochemical characterizations and testing of these
organisms for their response to drought, high
temperature and salt stress under in vitro conditions

·

Evaluation of promising strains on sorghum and
millet crops (pearl millet and finger millet) in pot
culture conditions

·

Development of consortium of microorganisms and
field evaluation for improvement of growth and yield
of sorghum, millets and other cereal crops under the
above mentioned stresses

Besides developing mechanisms for adaptations to
abiotic stress, microorganisms also impart some degree of
tolerance to plants towards abiotic stresses like drought
(Timmusk and, Wagner, 1999), chilling injury (Ait Barka et
al., 2006), salinity (Han and Lee, 2005), metal toxicity (Dell'
Amico et al., 2008) and high temperature (Redman et al.,
2002) through their activities in the root zone. This opens
up a new and emerging application of microorganisms.
Hence, to exploit the stress tolerant rhizobacteria for
agricultural benefits, the present project was proposed to
utilize the high biodiversity of AIMS available in rainfed
agro ecosystem for management of biotic stresses in plants
through a systematic approach of screening,
characterization, green house experiments, field
evaluation and product development based on single and
consortium of microorganisms.

Significant Achievements :
·

Inoculation of selected thermo-tolerant bacterial
strains (P1, P4, P6, P71, P29, P65, P46) helped in better
survival and growth of seedlings (sorghum and
pearlmillet) at elevated temperature. Uninoculated
seedlings died completely within 4-5 days whereas
inoculated seedlings could survive up to 15-20 days
after exposure to elevated temperature (ET). SDSPAGE of sorghum leaf proteins revealed presence of
four high molecular weight proteins (30-100 KDa) in
leaves of inoculated sorghum seedlings exposed to ET.
Further, inoculation reduced the membrane injury in
leaves of sorghum seedlings exposed to ET.

·

Strain P6 was found to be the best in terms of imparting
protection to the seedlings to heat stress. It could
successfully colonize the rhizosphere and
endorhizosphere of sorghum seedlings. After 15 days
of inoculation, the population of fluorescent
Pseudomonads in rhizosphere and endorhizosphere
was 4x109 and 2x103cfu of per g soil/root respectively.

·

Inoculation of EPS producing Pseudomonas and
Bacillus strains could protect sorghum, sunflower and
maize seedlings from drought stress effect as indicated
by significant increase in total root and shoot length
and dry biomass of the seedlings. Inoculated
rhizobacteria formed a biofilm on the surface of roots
as well as on soil aggregates thus protecting the roots
from surrounding harsh environment.
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Effect of Pseudomonas strain P6 inoculation on growth
and yield of sorghum plants under drought stress
conditions in un-sterile soil. Effect of selected
Pseudomonas strain P6 inoculation on growth and yield
of sorghum plants under drought stress conditions in
un-sterile soil was evaluated. As compared to the
uninoculated treatment, inoculated treatments
showed higher accumulation of osmoprotectants
(proline, aminoacids, carbohydrates) both under
control as well as drought stress conditions. However
the concentration of osmoprotectants was maximum
in inoculated plants exposed to drought stress and
minimum in uninoculated plants under control
conditions.
Bacterial consortium for alleviation of heat stress in
sorghum: A consortium was prepared using
compatible strains of Bacillus and Pseudomonas sp. by
raising the cultures individually and mixing them in
equal ratio in talc based formulation containing 1010
cfu/g. Seed inoculation of sorghum with bacterial
consortium could protect the seedlings from heat
stress for a longer period and showed higher plant
biomass and root and shoot length as compared to
control treatment (without inoculation) and
treatments with individual bacterial strain.
It was observed that consortium was best in IAA
production and P-solubilization as compared to
individual strains both under ambient and elevated
temperatures. However under elevated temperature a
decrease in IAA-production and P-solubilization was
observed. Production of HCN was maximum in strain
Pseudomonas P6 under ambient and elevated
temperatures.

·

Strains P4, P6, P7 and P46 were identified as P. stutzeri,
Pseudomonas sp., P. syringae and P.putida on the basis of
16S rDNA sequence analysis.

·

Effect of five mycorrhizal strains G. fasciculatum, G.
mosseae, Sclerocystis sp, G. rubiforme, Entrophospora sp.
in protecting sorghum seedlings from drought stress
was evaluated. All the strains could induce drought
tolerance in sorghum as indicated by survivability,
biochemical parameters (carbohydrates, chlorophylls,
prolines, amino acids, RWC, MII and GRSP),
antioxidative enzymes (Super oxide Dismutase,
Malondialdehyde, Catalase, Guiacol peroxidase,
Glutathione reductase, Nitrate reductase, PALase and
Acid Phosphatase) as compared to the uninoculated
control but the strain Entrophospora sp was best among
all the strains.

Conclusion :
·

A direct correlation between amount of EPS produced
and level of stress applied was observed indicating
that EPS is produced as a stress response by the
microorganisms. Inoculation of EPS producing stress
tolerant microorganisms also improved the soil
aggregate structure probably due to biofilm formation
on the soil aggregates.

·

Higher accumulation of osmoprotectants (proline,
aminoacids, carbohydrates) was observed in the
inoculated seedlings under stress conditions

·

Bacterial inoculation improved biochemical status of
the plants in terms of chlorophyll, total sugars, starch,
proline, protein and amino acid contents. Membrane
injury was reduced in inoculated treatments.

·

Strains P6 was found to be best inoculant under
drought and heat stress in sorghum and was able to
colonize root surface and endorhizosphere of
sorghum.

·

Strains B17 and P45 were found to be superior in maize
and sunflower under drought stress and could form
biofilm on root surface and soil aggregates.

·

A consortium of the selected compatible strains when
tested as seed inoculant in sorghum seedlings under
heat stress was better as compared to uninoculated
control and inoculant with individual bacterial strain.

·

Mycorrhizal inoculation was found promising in
managing drought stress in sorghum. Among the five
strains tested, Entrophospora sp. was found to be the
best in alleviating drought stress effects in sorghum
seedlings.

Papers published from AMAAS work :
·

Sandhya V., Ali Sk. Z., Minakshi Grover, N. Kishore
and B. Venkateswarlu (2009). Pseudomonas sp. strain
P45 protects sunflowers seedlings from drought stress
through improved soil structure. Journal of Oilseed
Research. 26:600-601

·

Ali Sk.Z., Sandhya V., Minakshi Grover, N. Kishore, B.
Venkateswarlu Pseudomonas sp. Strain P6 Enhances
Tolerance of Sorghum Seedlings to Elevated
Temperatures. Communicated to Biol. Fert. Soil.
(Under revision).

·

V. Sandhya. Sk. Z. Ali. Minakshi Grover. Gopal
Reddya. B. Venkateswarlu. Alleviation of drought
stress effects in sunflower seedlings by an EPS
producing Pseudomonas sp. strain P45.
Communicated to Plant and Soil.
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Review Article
·

Venkateswarlu B., Desai S. and Prasad Y.G.
Agriculturally Important Microorganisms for
Stressed Ecosystems: Challenges in Technology
Development and Application (2008). Agriculturally
Important Microorganisms Vol. 1. G.G. Khachatourians,
D.K. Arora, T.P. Rajendran, A.K. Srivastava (Eds.).
Academic World, Bhopal U.P. pp 225-246.

Mitigating Elevated Temperature Effects on Plants
Through Microorganisms. Presented at 3 r d
International Congress on Bioprocesses in Food
Industries and 5th Convention of the biotech Research
society India organized by Dept. of Microbiology,
Osmania University, Hyderabad, November 6-8th,
2008.
·

Sk. Z. Ali, V. Sandhya, Minakshi Grover, L.
Venkateswar Rao and B. Venkateswarlu (2008).
Evaluation of Thermo Tolerant Pseudomonas for
Enhancing Temperature Tolerance in Chick-pea.
Presented at 49th Annual Conference on Association of
microbiologists of India organized by IIT University of
Delhi, during November 18-20, 2008.

·

V. Sandhya, Sk, Z, Ali, Minakshi Grover, Gopal Reddy
and B. Venkateswarlu (2008). Colonization of
Sunflower roots by EPS producing Pseudomonas
Providing Protection under Drought stress. Presented
at 49 th Annual Conference on Association of
microbiologists of India organized by University of
Delhi, during November 18-20, 2008.

·

Sandhya V., Ali Sk. Z., Minakshi Grover, N. Kishore
and B. Venkateswarlu (2009). Pseudomonas sp. strain
P45 protects sunflowers seedlings from drought stress
through improved soil structure. Presented at
National Symposium on 'Vegetable oils Scenario:
Approaches to Meet the Growing Demands' held at
dor, Hyderabad during January 29-31, 2009.

Seminars, symposia and conferences attended
(national/international) with respect to AMAAS work:
Papers presented in Conferences:
·

·

·

Sk. Z. Ali and B. Venkateswarlu (2007). Seed
inoculation with Pseudomonas enhances temperature
and drought tolerance in sorghum seedlings.
Presented at 48th Annual Conference on Association of
microbiologists of India organized by IIT madras
during December 18-21,2007.
Sk. Z. Ali and B. Venkateswarlu (2008). Alleviation of
Elevated Temperature Effects on Sorghum Seedlings
through Inoculation with Pseudomonas putid.”
Presented at the International Symposium on
Agrometeorology and Food Security organized by
Central Research Institute for Dryland Agriculture,
Hyderabad during February 18-21, 2008.
Sk. Z. Ali, V. Sandhya, Minakshi Grover, L.
Venkateswar Rao and B. Venkateswarlu (2008).
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Development of a Bacterial Consortium to Alleviate Cold Stress
PI : Pankaj Mishra
Co PI : G. Selvakumar
V.P.K.A.S., (ICAR), Almora-263601, Uttarakhand
Rationale :

Significant Achievements :

The hill and mountain agro-ecosystems are
characterized by difficult terrain; inadequate
infrastructure, fragile ecosystem and a society entrenched
in traditions. Despite the low population density, hill
farmers face difficulty in producing crops to meet their
needs due to scattered land holdings, severe topsoil
erosion and low input application due to various factors.
Therefore, by default hill agriculture largely remains a low
external input based production system. The hill and
mountain agro-ecosystem of Uttarakhand and Garhwal
state is subject to extreme winters (during rabi season),
during which the frost and snowfall are quite common. In
the upper reaches of the state, the ground remains frozen
for varying periods of time, subjecting the various rabi
crops to intense cold stress, thereby reducing the
productivity of crops. The effects of cold stress on crops can
be reduced to a great extent by utilizing plant growth
promoting microbial inoculants that retain their
functionality at cold temperature conditions and thereby
offset the deleterious effects of cold stress on plants.
Alternatively selection of bacteria with low ice nucleating
activity, for phyllosphere colonization would help in
overcoming frost induced damages, which has been
largely attributed to ice nucleating bacterial inhabitants of
the leaf surface. Since such an approach has not been
carried out earlier and most microbial inoculants that have
been developed so far are from the plain regions of the
nation where such harsh extremities of temperature are
non-existent. Hence this study aims at developing bacterial
consortia that would alleviate cold stress on crop plants
when applied in the rhizospheric and phyllospheric
regions of crop plants.

·

TLC analysis of the cold tolerant bacterial lysates
indicated the presence of glycerol as the major
cryoprotectant in majority of cold tolerant bacterial
isolates except NPRs3, NARs1, PPERs23, PCRs4 and
PBRs7 at 4 & 28ºC. Some isolates produced small
quantities of trehalose, glucose and mannitol. None of
the isolates produced Poly Hydroxy Butyrate (PHB).

·

Exoploysaccharide production was significantly
pronounced under stress conditions in majority of
cold tolerant bacterial isolates. Five cold tolerant
bacterial isolates (NPRp15, NARs1, PCRs4, PGERs17,
and NPRs3) produced higher EPS (100
µg/ml–125µg/ml) at 4ºC.

·

Under in vitro conditions, glycerol was found to be
superior to the other carbon sources for the enhanced
exopolysaccharide production at 4ºC.

·

All the twelve isolates showed the presence of a ~160
base-pair major cold shock protein gene (cspA) coding
for a cold inducible protein which is responsible for
cold adaptation in cold tolerant (psychrotrophic)
bacterial isolates.

·

Elite cold tolerant bacterial isolates possessed type III
class ice nucleation activity (log ice nuclei per cfu)
(ranged from -6 to -12) at -10ºC. The cold tolerant
bacterial culture PGRs1 (broth culture, cell suspension
& culture filtrate) showed minimum ice nucleation
activity (-11.6) followed by PBRs5 (-11.3) and PBRs7
(-11.1) at -10ºC.

·

Rhizospheric inoculation of the elite isolates resulated
in increase in Chl a, Chl b, total chlorophyll,
physiologically available iron, anthocynin, total
phenolics, free proline and starch contents of 45 day
old wheat (VL 804) seedlings.

·

Four elite isolates were deposited at NBAIM, Mau and
GenBank accession numbers were obtained for all the
deposited isolates.

Objectives :
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·

To isolate cold tolerant bacteria from the rhizosphere
of various hill crops and screen them under in vitro
cold conditions for their PGPR activity

·

To develop comprehensive biomarkers for the quality
control and field detection of the elite PGPR isolates

·

To develop a consortium of elite bacterial isolates to
alleviate the effect of cold stress

·

To evaluate the performance of consortium on selected
Rabi crops under pot culture conditions

Conclusion:
·

Twelve elite cold tolerant isolates having multiple
PGP activities at 4º and 15ºC have been selected from a
collection of 447 cold tolerant bacterial isolates.
Multiple antibiotic resistance markers were identified
for individual elite isolates. This will facilitate the
detection of these isolates when released into the
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rhizosphere/ phyllosphere/ phylloplane. Ten elite
isolates were identified based on their 16S rRNA
sequences viz., Pseudomonas sp strain PPERs23,
Pseudomonas sp strain PGERs17, Pseudomonas sp
strain PCRs4, Pseudomonas sp strain NARs9,
Pseudomonas putida PGRs4, Pseudomonas sp strain
NARs1, Pseudomonas lurida NPRp15, Pseudomonas
putida PBRs5, Pseudomonas lurida NPRs3 and
Pseudomonas fluorescens PPRs4. The elite bacterial
cultures were deposited at NBAIM, Mau and GenBank
accession numbers were obtained for all the deposited
isolates. Enhanced chlorophyll, anthocynin, free
proline, total phenolics, starch content and a decrease
in Na+/ K+ ratio and electrolyte leakage was also
observed in wheat plants inoculated with the cold
tolerant isolates, which is critical to the plant's ability
to tolerate stress conditions. At -10ºC, all the isolates
showed very low ice nucleation activity in the range of
-6 to -12 log ice nuclei per cfu. It is further proposed to
determine the cold alleviation potential of these
isolates in conjunction with other Rabi crops and
standardize the consortium production technology of
these isolates.

Papers published from AMAAS work
·

Pankaj K. Mishra, Smita Mishra, Govindan
Selvakumar, Shekhar C. Bisht, Jaideep K. Bisht,
Samaresh Kundu, Hari Shankar Gupta (December
2008). Characterisation of a psychrotolerant plant
growth promoting Pseudomonas sp. strain PGERs17
(MTCC 9000) isolated from North Western Indian
Himalayas. Annals of Microbiology, 58(4): 1-8.

Seminar's, symposia and conferences attended
·

Dr.Pankaj K.Mishra, PI was awarded the Young
Scientist Award for the best poter presentation duting
the 3rd Uttarakhand State Science and Technology
Congress at IIT, Roorkee, Uttarakhand, 10-11th Nov,
2008

·

Pankaj K. Mishra, Shekhar C. Bisht, Smita Mishra, G
Selvakumar, J. K. Bisht & H. S. Gupta (2008). Effect of
seed priming with cold tolerant plant growth
promoting Pseudomonas sp. strain PGERs17 on iron
acquisition and nutrient uptake of pea (Pisum sativum
L.). Paper presented at the 3rd Uttarakhand State
Science and Technology Congress that was held at IIT
Roorkee 10-11th November 2008. (p 18, Abstr).
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Theme 5 : Microbial Genomics
Complete Genome Sequencing of Mesorhizobium ciceri Ca 181
PI : A.K. Saxena
Co PI : D.K. Arora, Rajeev Kaushik
National Bureau of Agriculturally Important Microorganisms, Mau
Rational :
Since the first complete microbial genome was
published in 1995, more than 100 microbial genomes have
been completely sequenced and published, and another
300 microbial genome-sequencing projects are estimated to
be in progress worldwide. The significance of the
information that has been derived from these complete
individual genomes cannot be underestimated. The field
of microbial genomics has moved away from the primary
initial focus on pathogens genomes to include the
sequencing of diverse prokaryotes that occupy a range of
environmental niches, and which are responsible for an
array of environmental processes. Every genome that has
been sequenced to date has provided new insight into
biological processes, activities, and potential of these
species that was not evident before the availability of the
genome sequence. Sequence databases and comparative
tools are now more easily accessible and allow for
successful comparisons of different genomes, the
identification of metabolic pathways and the analysis of
transporter profiles across various species.
Most
significantly, the tremendous success of genome
sequencing has allowed us to pursue other avenues where
we can now derive genomic information from the
multitudes of uncultivable prokaryotic species and
1
2
3
4
5
6
7
8
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complex microbial populations that exist in nature.
Mesorhizobium ciceri 181 was selected for complete
genome sequencing as it is an efficient nitrogen fixer,
shows good nodulation competitiveness and performed
well at different locations in All India Coordinated trials.
Objective :
·

Complete Genome sequencing of Mesorhizobium ciceri
strain Ca181

Significant Achievements :
Plasmid isolation and Sequencing of Plasmid
Clones: 576 clones have been sequenced till now through
forward and reverse sequencing. 1152 sequences have
been compared with other organisms through blast
analysis. Maximum matches were with the Mesorhizobium
loti, Sinorhizobium meliloti, Bradyrhizobium and
Sinorhizobium medicae. Around 400 sequences found to be
unique.
Sequence assembly and annotation: The genome
sequence assembly was done by using software DNA Star
(SeqMan NGen Pro v1.2). Total 12 (6 forward and 6
reverse) sequenced plates were used for the assembly of
the Bacterial genome. In the genome assembly the
electropherogram sequenced data reads were used whose
range of read length is 350-800 bases. After the assembly,

Number of plates used in the assembly
Total number of reads used in the assembly
Total number of contigs
Number of contigs which do not align
Reads above 1 Kb
Reads below 1 Kb
Largest contig contain
Range of read legnth

6
1152 (F,R)
185
8
4
170
6 reads (1316 b)
350-800
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Genes identified in the Genome

Succinoglycan biosynthesis
regulator
Cytochrome-c oxidase
Pilus assembly protein,CpaD
o-acetylserine
alanyl tRNA synthase
cystein synthase
D-Alanine aminotransferase
Haloacid dehydrogenase
GDP- mannose 46- dehydratase
AsmA protein
Phosphoenolpyruvate-protein
phosphotransferase
30S ribosomal protein S11
DNA-directed RNA polymerase
alpha subunit

6-pyruvoil tetrahybridopterin
synthetase
Dehydrofolate reductase
Isocitrate lyase protein
Histidine kinase
glutathione-dependent
formaldehyde-activating GFA
ABC transporter
Thymedylate synthase
ATP dependent C1p like protein
Ribulose 1,5-bisphosphate
Cystein desulfurase
Nifs like aminotransferase
Fumarate hydratase

total 185 contigs were formed and 8 singletons were left,
the largest contig size is 1316 bp which was formed by the
alignment of 6 reads. In the assembly there were 4 contigs
above 1 Kb and 170 contigs with size below 1 Kb. Out of the
4 contigs one had maximum match with Mesorhizobium loti,
one with one with Sinorhizobium meliloti and two contigs

Ferrodoxin iron-sulphur binding
protein
Seryl-tRNA synthetase
Xylose ABC transporter
Transposases protein
Phenylalanin-tRNA lipase beta
chain
Phosphoheptose isomerase
Molybdopterin oxidoreductase
choline sulfatase
urease accessory protein G
Ribonucleoprotein
Nitrogen reguration protein
Uroporephyrin decarboxylase

did not match with available database.
Conclusion :
The study is incomplete to draw conclusions. However the
identification of few sequences with unknown function
could be interesting to further work on.
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Structural Genomics of Mesorhizobium ciceri Ca 181
PI : N. K. Singh
Co PI : Aqbal Singh
National Research Center on Plant Biotechnology, IARI, New Delhi
Rationale:
Studies on whole genome sequences give us a
complete genomic blueprint for an organism so that it is
possible to examine how all parts operate cooperatively to
influence the activities and behavior of an entire organisma complete understanding of the biology of an organism.
Similarly complete genome sequencing of this
microorganism
will enable us to dissect the nitrogen
fixation process at the molecular level at every stage from
bacterial recognition of the plant, nodulation, infection to
finally atmospheric nitrogen assimilation so as to
manipulate the genes involved for increasing crop
productivity. Isolated genes after functional validation
will be used to enhance effectiveness of nitrogen fixation of
indigenous rhizobial strains. This project will yield useful
information on total number of protein and rRNA coding
genes, gene phylogenies, biology and diversity of these
important nitrogen fixing microorganisms, in comparison
to other rhizobia, endophytes as well as other microbes.
Further experimental validation of assignment of
functions to the various genes identified in this project will
lead to discovery of many genes of agricultural
importance. Using the knowledge of different gene
sequences and their function it may be possible to use them
for development of transgenics with enhanced biological
nitrogen fixing ability.

·

The Mesorhizobium ciceri strainCa181 was tested on
Hoffer's medium along with negative control
Mesorhizobium ciceri TAL620 and positive control
Agrobacterium. After incubation Agrobacterium was
able to grow whereas M. ciceri Ca181 and
Mesorhizobium ciceri TAL 620 did not grow. This shows
that M. ciceri Ca181 may be a Rhizobium.

·

PCR amplification for 16S rDNA of M. ciceri Ca181 was
done using the primer pair (f
5'AGAGTTTGATCCTGGCTAG and r 5'
AAGGAGGTGATCCAGCCGCA) (Edwards et al.
1989). The amplified 1.5 Kb fragment was purified and
sequenced. The BLAST analysis showed top match
with Mesorhizobium once again confirming that the
strain was a Mesorhizobium.

·

Nodulation experiments were set up for M. ciceri
Ca181 along with positive control M. ciceri TAL620
and negative control E coli on Chickpea var BG256.The
plants were taken out after45 days to check the
nodules. Nodulation was observed in both M. ciceri
Ca181 and M. ciceri TAL 620 confirming that the
Mesorhizobium ciceri Ca181 is able to nodulate
Chickpea.

·

Different concentrations of sodium chloride (NaCl)
ranging from 0.1% to 8% were prepared in Yeast
Mannitol Broth to check the tolerance of M. ciceri
Ca181 under salinity. It was found that M. ciceri Ca181
is able to grow at 4% of salt concentration.

·

Mesorhizobium ciceri Ca181 was tested for phosphate
solubilization along with M. ciceri TAL 620. It was
found that M. ciceri Ca181 has less phosphate
solubilizing capacity than M. ciceri TAL 620.

·

Mesorhizobium ciceri Ca181 was tested for ammonia
production along with M. ciceri TAL 620. It was found
that both M. ciceri Ca181 and M. ciceri TAL 620 are
unable to produce ammonia.

·

Antibiotic sensitivity of M. ciceri Ca181 was checked
against various antibiotics at different concentration.
It was found that M. ciceri Ca181 is resistant to
phosphomycin and nalidixic acid but sensitive to
neomycin, kanamycin, Streptomycin, gentamycin and
spectinomycin.

·

Genomic DNA from Mesorhizobium ciceri Ca181 was
isolated, nebulised and after size selection, 2-4kb DNA
was eluted from gel. After polishing (fig 2.2), this DNA

Objectives :
·

Complete genome sequencing of Mesorhizobium ciceri
strain Ca181

·

To utilize the sequence data for isolation/
identification of novel genes imparting
competetiveness to Ca181

·

To search for homologues/orthologues for nod and nif
genes and their regulatory sequences, in other strains
of rhizobia

Significant Achievements:
·
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The Mesorhizobium ciceri strainCa181 was tested on
Ketolactose medium along with negative controls
Mesorhizobium ciceriTAL620 and positive control
Agrobacterium. After incubation when the plates were
flooded with Benedict's reagent Mesorhizobium ciceri
TAL620 and Mesorhizobium ciceri Ca181 did not form
yellow cuprous oxide ring while A. tumefaciens
showed yellow colour, indicating that the particular
strain may be a Rhizobium.
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Fig.: 16S r DNA amplification of Mesorhizobium ciceri Ca181 .Lane 1 ; lambda Eco R 1/ Hind III digest, Lane 2 : 1.5
Kb 16S rDNA fragment
Fig.: chickpea plants showing nodules formed by M.ciceri Ca181
Fig.: Lane 1: λ Eco R1+Hind III Marker, Lane 2: Nebulized DNA
Fig.: Lane 1: λ Eco R1+Hind III Marker, Lane 2: Polished DNA
Fig. : Plasmid DNA of randomly picked clones for quantification; Lane 1& 20 (upper & lower lane): Plasmid
DNA of pUC19; Lanes 2-19 (Upper and lower lanes): Plasmid DNA of randomly picked clones

was used for library construction in plasmid vector
pUC19 (2.97kb). The insert size was checked from
randomly picked clones by plasmid DNA isolation.
The plasmid DNA was sequenced and it was found to
be matching with that of Mesorhizobium.

20X coverage of a 8Mb genome (8000 reactions, 4Mb
sequence)
·

Sequence assembly using Phred, Phrap and Consed
software and generation of sequence contigs

·

Identification of large insert cosmid clones spanning
the gaps between contigs

·

Complete sequencing of clones spanning the gaps by
transposon insertion technique and alternate
chemistry for gap closure

·

Annotation of all the genes in the complete genome
and submission of sequence to the International data
bank

·

Analysis of gene functions by creating a population of
insertion mutant lines.

Conclusion :
·

Biochemical and molecular tests confirm that the
strain which is provided is Mesorhizobium ciceri.It has
been processed for whole genome sequencing and
results are awaited. Construction of large insert
cosmid clones is being done.

Future proposed work
·

End sequencing of 4000 large insert cosmid clones for
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Genome Analysis of the Nitrogen-fixing Symbiotic Bacterium Mesorhizobium ciceri
PI : K.V. Bhat
Co PI : A.B. Gaikwad, Mukesh Kumar Rana, Rakesh Singh, Sunil Archak
NBPGR, Pusa Campus, New Delhi
Objective :
·

Complete Genome sequencing of Mesorhizobium ciceri
strain Ca181

Significant Achievements :
·

A fresh isolate of Mesorhizobium cicerae Ca181
authenticated by NBAIM Mau was obtained in
August. The bacterial broth obtained from NBAIM
was inoculated in Yeast Extract Mannitol Broth and
allowed to grow for 36-48 hrs at 280C. Bacterial DNA
was isolated manually by the phenol chloroform
method (Fig1.). 16SrDNA primers were used to
amplify the DNA. An amplicon of 1500bp was
visualized on a 1%agarose gel (Fig 2). The PCR

Fig1: Genomic DNA of M.cicerae solated using the
phenol chloroform method

product was purified AXYPREP-PCR cleanup kit and
sequenced for strain confirmation.
·

The purified culture was used for standardization of
total DNA isolation using DNeasy Kit of Quiagen. The
culture was multiplied in three batches of 250ml
broths. DNA from each batch was isolated and
purified separately. The three samples of isolated
DNA along with one sample of DNA procured from
NBAIM, MAU were used independently for
amplification of 16s ribosomal DNA sequences
(Figure 2). The PCR product was sequenced and
results of the comparison of the sequences with the 16s
rDNA sequences in database is presented in the table
below:

Fig 2: 16SrDNA amplified from genomic DNA of M cicerae

Table 1. BLAST result indicating similarity of sequences of the
Mesorhizobium ciceri isolate no. ca 181 to other closest strains.

Sequences producing significant alignments:
ref|NC_002678.2| Mesorhizobium loti MAFF303099, complete genome
ref|NZ_AAPJ01000010.1| Aurantimonas sp. SI85 -9A1 109945100407...
ref|NZ_AAPJ01000003.1| Aurantimonas sp. SI85 -9A1 109945100407...
ref|NZ_AAPJ01000004.1| Aurantimonas sp. SI85 -9A1 109945100407...
ref|NC_009636.1| Sinorhizobium medicae WSM419, complete genome
ref|NC_003047.1| Sinorhizobium meliloti 1021, complete genome
ref|NC_008254.1| Mesorhizobium sp. BNC1, complete genome
ref|NC_003063.2| Agrobacterium tumefaciens str. C58 chromosom...
ref|NC_003062.2| Agrobacterium tumefaciens str. C58 chromosom...
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(Bits)
872
800
795
795
795
789
784
778
778

Value
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
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·

·

The results indicate that the isolate is pure and is closer
to Mesorhizobium loti as per expectations since species
level differences is less than 5% as apparent by the
cladogram.
The CLUSTALW generated NJ tree (Figure 3) indicates
authenticity of the culture and shows that the strain
isolated is the closest to the 16s rDNA sequences of
Mesorhizobium ciceri in NCBI database. This DNA was

used for shotgun cloning and sequencing.
·

Assembly of short contigs based on 10x sequencing
into large consensus sequences resulted in 150 large
contigs of sizes ranging from 6150 to 175000 bases
(Table below). The quality values of the base reads
were 60 for more than 99.97% of the bases and for the
rest the values were 40 indicating high reliability of the
sequence reads.

Summary of genomic sequencing results for Mesorhizobium ciceri isolate no. ca 181:

1.
2.
3.
4.
5.
6.
7.

Total number of contigs sequenced
Average length of contigs
Total number of large contigs sequenced
Average length of a large contig
Total length of genome
Average quality score for bases
Total genome coverage

6300
1025 bases
150
6150 -175000 bases
6.432 MB
40 to 60
99 %
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Genomic Studies of Uncultured N2 Fixing Communities from Uttarakhand
PI : Reeta Goel
Department of Microbiology, GBPUAT, Pantnagar
Rationale :
Since it is established that only less than 3% microbial
population are culturable, it is the need of this hour to
unrevealed the hidden treasures-troves of nature by some
alternative approaches. In this view, proposed objectives
will not only facilitate the cha.racterisation but expression
and conservation of desired gene(s) in suitable host.
Further more, this will provide the systematic
documentations of Uttarakhand microbial wealth which
can be explored for socioeconomic upliftment and
sustainable crop productivity by local inhabitant.

·

More than 60 Csp clones were characterized out of four
regions. However, 12 clones have shown more than
90% sequence homology with Csp gene(s) of
Pseudomonas fluorescens, Psychrobacter cryohalolentis K5
and Shewanella sp. MR-4, respectively (Table 1).

·

Amino acid sequence analysis annotated the presence
of conserved aromatic and basic amino acids and RNA
binding motif of cold shock domain (Fig.1).

·

Analysis & quantification of 16SrRNA genes from
Glacier, Badrinaath, Pithoragarh, Ranichauri,
Chamoli and Pantnagar soil samples of Uttarakhand
(Fig.2) followed by DGGE analysis .

·

Pithoragarh has highest concentration of 16S rDNA
(8.56 ng) followed by Pantnagar (6.07 ng), Chamoli
(5.23 ng) and Glacier (4.89 ng), respectively. However,
Ranichauri (2.83 ng) and Badrinath (1.91 ng) samples
showed the least concentration of 16S rDNA,
respectively.

Objectives :
·

Identification of targets/isolates from different
agroclimatic regions

·

Metagenomics for csp and nif

·

Isolation of full-length nitrogen fixing genes from a
large number of isolates

·

Characterization of the above genes by sequencing

·

·

Sequence alignment and identification of different
alternate forms of the above mentioned target genes

These soil samples exhibited dominance of phylum
proteobacteria especially nitrogen fixing genera.

·

The majority of the nitrogen fixing community
belongs to Azoarcus, Mesorhizobium, Azorhizobium,
Mycobacterium, Nostoc and Clostridium species. Few
uncommon soil bacterial genera are also observed
such as Parvibaculum, Exiguobacterium, Stigmatella and
Sphingopyxis (Table 2).

·

Characterization of nifH community and diversity of
central Himalayas Region of India.

Significant achievements :
·

Exploration of csp genes from temperate and glacier
soils of Indian Himalayas and in-silico analysis of
encoding proteins.

·

Metagenomic Csp library was constructed by csp
specific universal primers using Soil DNA collected
from four different agro climatic regions of
Uttarakhand.

Table 1: In-silico homology search analysis of csp recombinants clones
Clone
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CB11
CB12
CB13
CG2
CG7
CG16

GeneBank
accession no.
EU795008
EU882829
EU882830
EU882837
EU882836
EU882835

CR1
CR12
CR16

EU877948
EU795009
EU882832

CP4
CP10
CP13

EU882833
EU882834
EU882831

Most similar organisms (accession no.)

Functions assigned

Score

E value

Pseudomonas fluorescens (AY952927)
Shewanella violacea (AB022716)
Pseudomonas fluorescens (AY952927)
Pseudomonas fluorescens PfO-1 (CP000094)
Pseudomonas fluorescens PfO-1 (CP000094)
Synechococcus sp. RCC307 (CT978603)

Cold shock protein
Cold shock protein G
Cold shock protein
Cold shock protein
Cold shock protein
Chromosomal replication
initiator protein
Cold shock protein
Cold shock protein
Cold shock protein

35.0
64.8
36.7
92
35.8
32.5

0.35
5e-10
0.11
3e-18
0.24
2.0

Identity
(%)
84
56
84
100
63
78

109
92.0
32.5

1e-23
3e-18
2.0

100
100
59

Cold shock protein
Cold shock protein
Cold shock protein

33.3
31.6
30.8

1.4
4.4
6.6

90
60
59

Pseudomonas fluorescens PfO-1 (CP000094)
Pseudomonas fluorescens Pf-5 (CP000076)
Leuconostoc mesenteroides subsp.
mesenteroides
ATCC 8293 (CP000414)
Pseudomonas fluorescens (AY952927)
Pseudomonas fluorescens (AY952927)
Psychrobacter cryohalolentis K5 (CP000323)
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Table 2: BLAST homology (assembled genomes) among 16S rDNA clones of Uttarakhand Himalayan soil.
Climate

Subalpine

Temperate

Subtropical

Tarai

Clone
BE1
BE3
BE10
GE2
GE3
GE6
GE7
GE1
GE4
EP1
EP2
EP3
EP5
EP6
EP7
EP8
EP9
EP13
PT3
PT5
RE1
RE8
RE10
RE11
RE12
RE13
CE2
CE8
CE9
CE10
CE11
CE12
CE13
CE14
PE2
PE3
PE5
PE6

Conclusion :
·

In total 66 gene sequences including eubacterial
specific region, nif, and csp gene(s) are in public
domain through NCBI database.

·

Metagenomic csp library highlighted the prevalence
of csp genes in Uttarakhand Himalayan region.

·

Acidithiobacillus
Arthrobacter
Xanthomonas
Sphingopyxis
Sphingopyxis
Microscilla
Flavobacterium
Syntrophus
Sphingopyxis
Exiguobacterium
Rhodococcus
Acidobacteria
Arthrobacter
Arthrobacter
Geobacter
Janibacter
No significant homology
Parvibaculum
Geobacter
Flavobacterium
Azoarcus
Mesorhizobium
Mycobacterium
Rubrobacter
Azorhizobium
Sphingomonas
Coxiella
Nostoc
Sphingopyxis

Prema Latha, K.; Soni, R.; Khan, M.; Marla, S.S. and
Goel, R. 2009. Exploration of csp gene(s) from
temperate and glacier soils of Indian Himalaya and insilico analysis of encoding proteins. Current
Microbiology. 58 (4): 343-348.

Homology (%)
99
95
84
100
99
96
97
83
94
83
98
94
96
98
87
89
85
97
90
97
93
99
99
83
98
92
81
87
82
94
90
86
91
98
90
90
99

Seminar's, symposia and conferences
·

The PI participated at the Brain Storming Session on
“Agricultural Sustainability through Microbial
Biotechnology: Novel and Innovative Concept” held
on 11th Nov., 2008 at NASC Complex, New Delhi.

·

The PI co-chaired the Bio-Engineering session during
the International Society Biotechnology Conference
(ISBT, 28-30 Dec., 2008), sponsored by DST at Sikkim
Manipal Institute of Technology, Sikkim, India.

·

The PI delivered a lecture during a 5 day (6-10 Feb.,
2009) workshop on “Microbial Fermentation and
Bioinoculants Preparation for Organic Farming”,
sponsored by DST at Gurukul Kangri University,
Haridwar, India.

A combined triphasic approach using qPCR, DGGE,
and SSU rRNA gene sequencing can provide a
complete picture of bacterial diversity.

Publications:
·

Genus
Bacillus
Exiguobacterium
Stigmatella
Pseudomonas
Mesorhizobium
Janthinobacterium
Bacillus
Mycobacterium
Clostridium
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Functional Genomic Analysis of Plant Growth Promoting Rhizobacteria (PGPR)
Fluorescent Pseudomonads
PI : P. Gunasekaran
Co PI : K. Manoharan
Department of genetics, School of Biological Sciences, Madurai Kamaraj University, Madurai
Rationale :
Efficient plant growth promoting bacteria should
survive in the rhizosphere, make use of nutrients exuded
by the plant root, proliferate, efficiently colonize the entire
root system and also compete with indigenous
rhizospheric microorganisms. Though the potential plant
growth promoting rhizobacteria identified through
current laboratory screening methods perform well under
the laboratory conditions, they do not exhibit expected
level of performance at the field condition. Inadequate
performance of the PGPR strains in field experiments has
often been correlated to poor root colonization. Therefore
understanding the molecular interactions between PGPR
and the host plant during colonization and growth
promotion becomes necessary. Transposon mutagenesis of
an efficient colonizer and screening for efficient and
defective colonizers would help in identification of traits
essential and limiting the root colonization. Gene
expression profiling during root colonization of efficient
root colonizers using IVET, cDNA subtraction and
microarray experiments would provide complete profile
of gene expression during root colonization. Identification
of the genes and traits involved in the processes of root
colonization and plant growth promotion using above
techniques would give a more detailed insight into
plant–bacterial interactions and lead to development of
efficient PGPR strains.
Objectives :
·

Selection and characterization of PGPR fluorescent
Pseudomonads. Genome wide comparison of the
PGPR fluorescent Pseudomonads isolated from
different ecological niche

·

Gene expression profiling of the PGPR fluorescent
Pseudomonads growing in the rice rhizosphere and
root environments

·

Identification of novel genes using in vivo expression
technology (IVET)

·

Characterization of bacterial genes that are
upregulated / downregulated during the rhizosphere
colonization

Significant Achivements:
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·

Transposon mutant library of Pseudomonas putida (S11)
of size 3900 was constructed and screened for
tolerance and sensitivity to 8-Hydroxyquinoline

·

Tn5 insertion site in 8HQ mutants were mapped by
Genome walking PCR, Inverse PCR and Rescue

cloning.
·

Hydroponic cultivation system for gnotobiotic growth
of rice was optimized.

·

A sensitive root colonization assay to screen for
efficient and defective root colonizing bacteria under
gnotobiotic conditions (Hydroponics and sea sand
system) was used (Fig 1).

·

Root colonization pattern analysis of 8HQ tolerant and
sensitive mutants alone or in competition with the
wild type strain is underway using the developed root
colonization assay.

·

A system for studying soil survival kinetics of PGPR
strains was optimized and used (Fig 2).

Conclusion :
Aggressive rhizosphere colonization and longer
survival in a complex soil environment are desirable
characteristics of PGPR strains for prolonged delivery of its
beneficial activities to host crops. Iron is one micronutrient
required for most forms of life. Pseudomonads have
evolved efficient regulatory pathways for iron acquisition
and depleting its availability to other rhizosphere residents
as a means of its survival. We used
transposon
mutagenesis to understand the genetic traits influencing
iron acquisition in fluorescent pseudomonads and their
possible role in root colonization and soil survival. In 8HQ
screening iron starvation sensitive and tolerant mutants
were obtained. Identification of transposon insertion site
was done either by using genome walking PCR, Inverse
PCR or Rescue cloning. Systems for studying root
colonization pattern under gnotobiotic conditions and soil
survival ability of PGPR were optimized and
characterization of 8HQ mutants for above traits either
alone or in competition with wild type (S11) is in progress.
Understanding such traits influencing iron uptake
mechanisms in competitive rhizospheric and soil
environment would provide new insights into genetic
factors influencing root colonization and soil survival of
PGPR strains.
Seminars, symposia and conferences attended:
Presented a Poster titled “Screening and genetic
analysis of Tn5 induced mutant library of Pseudomonas
putida (S11) for factors associated with root colonization” at
an international conference ICBF 2008 organized by The
Biotech Research Society of India [BRSI] and Osmania
University at Hyderabad.
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Mining for Genes Involved in Production of Fungicidal Compounds in Anabaena Strains
PI : Radha Prasanna
Division of Microbiology, IARI, New Delhi
Co PI : N. K. Singh
NRCPB, IARI, New Delhi
Rationale :

Significant Achievements :

Cyanobacteria, with their relatively short generation
time, capability of being easily handled and cultured under
controlled conditions, and metabolic flexibility, play
diverse and significant roles in the sustainability of the
environment, and represent a favourite workhorse for
deeper understanding of several metabolic processes.
Extensive reviews exist on the role of cyanobacteria in rice
fields, their geographic and regional distribution, but very
few attempts have been made to analyze the production of
active compounds, especially those showing plant growth
promoting or biocidal activity.

·

A set of 35 Anabaena strains were screened for the
presence of gene (s) involved in the production of
cyanotoxins, fungicidal compounds/enzymes using
PCR based profiles. 32 strains showed amplification
with primers directed towards cyanotoxin gene (s) –
mcy A, nda and hep, while in 31 strains, the presence of
gene (s) related to fungicidal compounds (Phenazine,
Phenyl Acetic Acid, 2-amino benzoic acid (using
conserved partial cds) was observed. Interestingly,
only eighteen strains (which had also shown
significantly higher enzymatic activity) exhibited
amplification with primers directed towards
hydrolytic enzymes (Chitinase IS and Endo 1, 3-betaglucanase).

·

Phylogenetic analyses of a set of 18 Anabaena strains
were undertaken. The amplification products using
cyanobacterial specific primers (14 sets) of the partial
sequences obtained are being sequenced and analyzed
for their interrelationships with available sequences of
Anabaena/Nostoc in databases.

·

The 19.8 kb operon [involved in the production of
fungicidal compound(s) and inclusive of 11 genes] in
Pseudomonas sp. was analyzed in terms of similarity
with available sequenced genome(s) of Anabaena. Six
genes showed more than 90% similarity and were
widely distributed (having multiple copy number) in
the NRPS and PKS region, while five genes showed
similarity with unknown protein(s) in the database of
cyanobacteria. The 38.84 kb operon of iturin
compound (itu A, itu B, itu C and itu D) of Bacillus
amyloliquefaciens showed significant similarities in the
NRPS region of Anabaena genome.

·

Partial cds (301 bp) of RP9 showed 85% homology with
glycoside hydrolase domain 3 protein (involved in
Chitinase activity) on amplification using primers
directed towards chitosanase genes of Candida albicans.
The 663 bp (FJ624111 & FJ624112) sequences obtained
by employing specific primers for chitosanase (choA)
derived from Mitsuaria chitosanitabida 3001 strain in
both RP8 and RP9, showed 100% similarity with
glycoside hydrolase family 3 domain like protein(s).
Computational analysis revealed significant
alignments of the chitosanase gene and the

Bioactive compounds produced by cyanobacteria
(allelochemicals) show diverse range of biological
activities and affect many biochemical processes within the
cell. Such chemicals are likely to be involved in regulation
of natural populations and can be potentially useful as
biochemical tools or serve as herbicidal and biocidal
agents. Anabaena is an important cyanobacterial genus,
widely distributed in diverse habitats and reported as a
rich source of bioactive compounds, such as microcystins,
anatoxins, laxaphycins etc.. Many such compounds also
exhibit fungicidal and herbicidal/ weedicidal properties
and have been implicated in allelopathic interactions in
water and soil. However, no reports exist on the use of
members of this genus as biocontrol agents in agriculture.
Therefore, the present project envisages mining for genes
responsible for fungicidal activity in a set of Anabaena
strains, through isolation of genes involved; their
sequencing, followed by understanding of the mode of
action, gene expression analyses and proteomics, which
can provide an in-depth characterization of the bioactive
compound(s).
Objectives:
·

PCR based analyses and molecular characterization of
homologous/ heterologous genes responsible in
fungicidal activity

·

Phylogenetic and diversity analyses of the Anabaena
strains using primers based on 16SrRNA and ITS
region

·

Sequencing and characterization of selected clones
/constructs

·

Validation of functionality of gene
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Fig. : Effect of metabolites of Anabaena iyengarii on Pythium aphanidermatum (a, control; b, 4 weeks old culture filtrate)
and Anabaena sphaerica on Macrophomina phaseolina (c, control; d, ethyl acetate extract)

Fig.: PCR products of two Anabaena strains (RPAN8 and RPAN9) after amplification with primers directed
towards chitosanase gene of Candida albicans (2a) and amplification with primers directed towards
(a)condensation domain (b) NMT domain (c) chi IS gene and (d) choA (2b).

corresponding sequence in RP8 and RP9. Partial cds of
RP8 (Anabaena laxa) and RP9 (Anabaena iyengarii) for
highly conserved condensation domain (297 bp) and
N-methyl transferase domain (1410 bp) of mcyA gene
have been identified and submitted to the Gen Bank
with Accession No. (FJ607652- FJ607655).
Conclusion :
·

·
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Tremendous diversity was observed in terms of
fungicidal potential among the set of Anabaena strains
analyzed. The cyanobacterial metabolites brought
about severe abnormalities in the hyphal structureranging from curling, clearing of hyphae to complete
disintegration of the mycelial mass. Enzyme activity
based analyses and amplification using degenerate
and specific primers directed towards known
cyanotoxins, hydrolytic enzymes and known
fungicidal metabolites revealed that the fungicidal
activity of the Anabaena strains may be due to
cyanotoxins, chitosanase/chitinase enzymes or NRPS
or related to iturin/phenazine like compounds or their
combination.
Based on the information generated through
microscopic analyses, PCR based screening and use of
computational (bioinformatic) tools, future work is
proposed towards identifying full length sequences of
fungicidal compound(s)/enzymes and validation of
their functionality. The phylogenetic relationships

among the selected set of Anabaena strains for their
reliable identification and relatedness with other
metabolite(s) producing cyanobacterial genera would
also be completed. Construction of genomic library of
selected strains would also be undertaken as a prelude
to functional and sequence specific screening for
production of fungicidal compounds/enzymes.
Papers Published from project work
·

Radha Prasanna, Anjuli Sood, Pranita Jaiswal, Saswati
Nayak, Vishal Gupta, Vidhi Chaudhary, Monica Joshi
and Chitra Natarajan (2009). Rediscovering
cyanobacteria as valuable sources of bioactive
compounds. Applied Biochemistry and Microbiology
(Accepted for publication).

·

Radha Prasanna , Lata, Ravindramani Tripathi, Vishal
Gupta, Vidhi Chaudhary, Sheetal Middha, Monica
Joshi, Radhika Ancha and B. D. Kaushik (2008).
Evaluation of fungicidal activity of extracellular
filtrates of cyanobacteria - possible role of hydrolytic
enzymes. Journal of Basic Microbiology 48: 186-194.

Seminar's, symposia and conferences attended:
International
·

Radha Prasanna, Monica Joshi, Vishal Gupta, Vidhi
Chaudhary and Lata (2008). Dissecting the traits of
Plant Growth Promoting Cyanobacteria using
biochemical and molecular tools. In: 12th International
Symposium on Microbial Ecology – ISME 12 Microbial
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Diversity – Sustaining the Blue Planet. August 17th22nd, Cairns, Australia. [Poster Presentation].

Biotechnology: Diversity, Genomics and Metagenomics.
November 18th-20th 2008, University of Delhi, Delhi.
[Poster Presentation]

National
·

Vidhi Chaudhary, Vishal Gupta, Chitra N. and
Radha Prasanna (2008). Morphological,
ultrastructural and biochemical facets of
antagonistic mechanism of cyanobacterial
metabolites towards Pythium species. In:
International Symposium on Microbial

·

Vishal Gupta, Chitra, N., Vidhi Chaudhary, Radha
Prasanna and Jitender Sharma (2009). Biochemical and
molecular analyses of modulation of fungicidal
activity of Anabaena strains by light /dark
environment. In: National Symposium on Phycology in
India”, Department of Botany, Punjabi University,
Patiala, February 12-13th, 2009. [Poster Presentation].

125

AMAAS - Annual Report 2008-09

Theme 6 : Human Resource Development
PI : D. K. Arora
National Bureau of Agriculturally Important Microorganism, Mau
Objectives :
·

To train scientists/researchers/technicians/ farmers
for the exploration and application of microorganism
in agriculture

Significant Achievements :
·

In the year 2008-09 following two trainings organized:

·

“DNA Sequencing and microbial identification” from 1st -7th
September, 2008

·

“Microbial Chemical Taxonomy: Polyphasic Approach
from 19th - 29th September, 2008

Introduction to National Training on 'DNA Sequencing
and Microbial Identification”
The major challenge faced by the microbial
taxonomists is the identification of microbes isolated from
different environments. There are many genera that have
not been reported till 1990s. However with the advent of
modern molecular techniques the taxonomy of the
microbes has got a face lift. Traditional methods of
identification include gram staining (for bacteria),
morphological characteristics and a variety of phenotypic
characteristics. Phenotypic methods typically incorporate
reactions to different chemicals or different biochemical
markers. The use of cellular fatty acid (FA) composition to
identify the genus and species has been popular for several
years. Genotypic methods have been shown to be more
accurate and precise than traditional biochemical and
phenotypic methods. The Riboprinter is fundamentally an
automated Southern Blot apparatus using labeled ssDNA
probe from the 16sRNA codon. The resulting pattern is
then used to identify the unknown microorganism. If the
initial banding pattern is inconclusive, then the restriction
endonuclease can be changed to provide an extraordinary
level of strain discrimination. Another genotypic
identification system is based on sequencing of rDNA.
The term DNA sequencing encompasses biochemical
methods for determining the order of the nucleotide bases,
adenine, guanine, cytosine, and thymine, in a DNA
oligonucleotide. The sequence of DNA constitutes the
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heritable genetic information in nuclei, plasmids,
mitochondria, and chloroplasts that forms the basis for the
developmental programs of all living organisms.
Determining the DNA sequence is therefore useful in basic
research studying fundamental biological processes, as
well as in applied fields such as diagnostic or forensic
research. The advent of DNA sequencing has significantly
accelerated biological research and discovery. The rapid
speed of sequencing attained with modern DNA
sequencing technology has been instrumental in the largescale sequencing of the human genome, in the Human
Genome Project. Related projects, often by scientific
collaboration across continents, have generated the
complete DNA sequences of many animal, plant, and
microbial genomes. The chain-terminator method
developed by Sanger is more efficient, and thus rapidly
became the method of choice. This method uses fewer toxic
chemicals and lower amounts of radioactivity. The key
principle of the Sanger method was the use of
dideoxynucleotides triphosphates (ddNTPs) as DNA
chain terminators. An alternative to primer labelling is
labelling of the chain terminators, a method commonly
called 'dye-terminator sequencing'. The major advantage
of this method is that the sequencing can be performed in a
single reaction, rather than four reactions as in the labelledprimer method. This method is attractive because of its
greater expediency and speed and is now the mainstay in
automated sequencing with computer-controlled
sequence analyzers.
DNA sequencing of genes especially the ribosomal
RNA genes has contributed significantly towards
identification of microbes upto species level. Wooese gave
the system of classification of bacteria based on the
sequence of rRNA genes. In addition to ribosomal genes,
several other house keeping and metabolic genes have
been employed for the identification of microorganisms.
The major objectives of the training were:
·

Isolation of genomic DNA from different groups of
microbes.
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·

PCR amplification of 16S rDNA from select bacteria
and actinomycetes; and ITS or 28S rDNA from fungi.

·

Microbial identification based on gene sequencing:
16S rDNA-based microbial identification for bacteria
and actinomycetes and 28S rDNA-based microbial
identification for fungi and yeasts.

·

Compilation of forward and reverse DNA sequencing
into a consensus sequence

·

Sample comparisons by means of a phylogenetic tree
and sample comparison to GenBank, an international
DNA sequence database.

·

Bioinformatic tools used in microbial sequencing
analysis.

Introduction to National Training on 'Microbial
Chemical Taxonomy: Polyphasic Approach”
Microorganisms are ubiquitous and fantastically
diverse, both genetically and phenotypically. The level of
genetic diversity in microbes is greater than that of animals
and plants. Based on variable distinctions among
microorganisms (even those that cannot be grown in the
laboratory), the number of microbial species could easily
reach into the billions. Microbial taxonomy is the branch of
science that organizes same group of microbes be it
bacteria, fungi or actinomycetes, nicely into clusters.
However, microbial taxonomy is a complex study that will
continue to evolve as techniques to classify
microorganisms become more sophisticated and available.
In this event, microbial taxonomy may have to embrace
multiple approaches to classification.
Classification methods based on proteins, carbohydrates,
polyols and lipids may be of great value at different
taxonomic levels, and can often be automated. Some
characteristics, such as secondary-metabolite profiles may
be species-specific. Based on chemotaxonomical data and
nucleic acid based molecular methods could play decisive
role in the elucidation of the phylogenic relationships and
classification at different levels.
Taxonomic characterization using biochemical methods
alone does not solve the purpose; hence, a polyphasic
approach to taxonomy is needed to obtain natural
classification. For this, simplified identification schemes
based on a combination of morphological, biochemical,
serological and molecular is proposed worldwide. Few

microbiological laboratories have routine access to
advance chromatographs or spectrometers, and therefore
most microbiologists prefer mainly identification keys
based on morphological characters for routine
identification. Monophaisc approach of classification
suffers from several lacunae as they could not distinguish
closely related species and predict phylogenetic lineage.
The many advanced techniques such as 16S rDNA
sequencing, chemical microbial identification system
using different C source utilization pattern, protein
profiling, fatty acid methyl ester (FAME) profiling,
serological analysis, chromatographic and spectrometric
methods, combined with multivariate statistics could
provide more logical basis of taxonomic characterization.
Useful rapid methods for identification can be developed
based on these advances in technology. Furthermore,
understanding about biosynthetic pathways and their
genetic regulation and the ecological/functional relevance
of the chemical compounds will also be important in the
microbial chemotaxonomy of the future.
This training programme was organized with the aim of
directing attention toward the challenges that one faces in
the field of microbial taxonomy. It is an attempt to bring
scientists engaged in the different aspects of microbial
taxonomy on one platform to share their expertise about
current and foreseeable challenges in microbial taxonomy.
Therefore, this training programme was designed to
include both lectures and practicals in the area of
numerical, chemical, serological and molecular techniques
which are used for taxonomic characterization of
agriculturally important microorganisms.
The major objectives of the training were
·

Identification and characterization of agriculturally
important microorganisms (AIM's) based on
molecular techniques

·

Biochemical characterization and identification of
AIM's based on Carbon Utilization Pattern (BIOLOG)

·

Serological/Immunological differentiation among
microbes

·

Protein profiling/FAME and its use in microbial
identification.

·

Bioinformatics tools used for microbial identification
and classification
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General Conclusions
Summary :

and aquatic environment; 20 Pseudomonas and 20
Bacillus, 90 rhizobial isolates from arid zone soils; 30
isolates of Trichoderma from Uttarakhand; 198 isolates
of Azotobacter, 83 Rhizobium and 56 PSB from Bihar; 50
Streptomyces and 30 Pseudomonas from North-East
India; Talaromyces flavus, Aspergillus niger, Streptomyces
sp. and Glomus fasciculatum with high phosphate
solubilizing activity from North Bengal; 90
cyanobacterial strains belonging to 12 genera from
Manipur, Tripura, Assam, Sikkim and Nagaland
states. Among 142 PGPR isolates, 31 isolates showed
growth promotion effect on cowpea.

Significant research and development activities
performed under the Project “Application of
Microorganisms in Agriculture and Allied Sectors
(AMAAS)” during 2008-09 has led to a number of salient
achievements that are as under.
·

·
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Design of oligonucleotide 50 mer probe for
identification of the genus Bacillus and development of
species-specific real-time quantitative PCR method for
the evaluation of pathogen population level in the soil
was developed. The probe is non-radioactively
labeled and is in the process of validation for its
sensitivity and specificity. Development and
application of a species-specific real-time quantitative
PCR method, with specificity, sensitivity and rapid
features was performed. The assay was useful for the
evaluation of pathogen population level in the soil,
with this assay it can also possible to estimate the
vegetative population of M. phaseolina from direct
extraction of soil DNA without culturing. The
developed method could, therefore, provide tools for
rapid and reliable detection of M. phaseolina in the
diseased plants as well as in field tests, in the view of
the monitoring of seed-borne spreading of pathogen in
the environment.
Diversity analysis of microbes in different agroclimatic conditions has led to the isolation of 50 fungal
isolates from Pulicate Lake; 200 isolates of
actinomycetes from Lucknow, Kanpur, Allahabad and
central Punjab regions; 33 phosphate solubilizing
bacteria from Indo-gangetic plains; 240 Azotobacter,
144 Azospirillum, 143 Beijerinkia, 213 phosphate
solubilizing bacteria, 113 lignin degraders, 80
fluorescent Pseudomonads and 59 facultative
methylotrophs from Western Ghats; 230 isolates of
Pseudomonas fluorescens from coastal saline rice fields
of West Bengal; 65 actinomycetes, 55 fungi, 21 yeasts
and 7 Archae bacterium from brakish water system of
East Coast; 219 wild mushrooms from Himachal
Pradesh, Urrarakhand and South Rajasthan; 28 bacilli
and 35 Pseudomonads from Kutch eco-region of
Gujrat; 29 isolates of Flavobacterium species from fish

·

Screening for plant growth promoting organisms has
resulted in distinct Indole acetic acid (IAA) producer
bacteria in 9 districts of Uttar Pradesh and 3 of Bihar;
Nostoc (28 isolates) from rice ecosystem as natural
symbionts from Shilong (Meghalaya) and phosphate
solubilizers and laccase producing fungus from
Western Ghats; potential strains of Trichoderma
showing exo-chitinase and protease activities;
Pseudomonas strains with macro- and micro-nutrient
mobilization and solubilization capacity; cold tolerant
phosphate solubilizing bacterial inoculants; primary
and secondary metabolite producing rhizobacteria
from spices; 88 antibiotic and 90 chitinase producing
bacterial strains associated with coconut and cacao; 75
entomofungal isolates from insects and soils and
PGPR consortia using cyanobacteria and bacteria
isolates. Positive and dynamic interactions were
reported among bacterial and cyanobacterial strains
with their promise in integrated nutrient management
of wheat and rice crop. Similarly inoculation of
mycorrhizal fungus (Glomus intraradices) in tomato
nursery @ 100g per m2 improved the B nutrition and
increased the fruit yield to the tune of 30% and ascorbic
acid content of fruits. Seed inoculation of mycorrhiza
@ 10% of seed rate has produced rice seedlings capable
of withstanding drought stress conditions.
Mycorrhizal inoculation responded well with the
increasing intensities of drought stress and was closely
related the maintenance of leaf relative water content
coinciding with reduced proline content. Trichoderma
harzianum and Pseudomonas fluorescens were found to
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be effective against Alternaria leaf blight of sunflower
and Botrytis grey rot of castor under field conditions.
They have shown higher persistence level in field
conditions, rhizosphere competency in pot culture
experiments and long shelf life in powder
formulations.
·

Significant enhancement in the production of wheat
crop under abiotic stress have been achieved by the
use of a consortium of Bacillus pumilus, Pseudomonas
mendocina) and Arthrobacter sp. Similar results were
obtained in cases of hybrid maize using mycorrhizal
inoculation; in sweet potato using phosphate
solubilizers; and in vegetables, chickpea and
pigeonpea using PGPRs. Likewise Trichoderma
formulations were developed at varying levels for the
management of diseases and pests of sunflower,
safflower and castor. A number of isolates (115) of
Azospirillum were screened for salt tolerance under N2
fixing conditions. Out of this three isolates tolerated
up to 10 % NaCl, 18 tolerated 8 % NaCl, 86 isolates up
to 6 % NaCl added to the semi-solid N-free malate
medium. A direct correlation between amount of EPS
produced and level of stress applied was observed
indicating that EPS is produced as a stress response by
the microorganisms. Higher accumulation of
osmoprotectants (proline, amino acids,
carbohydrates) was observed in the inoculated
seedlings under stress conditions. Twelve elite cold
tolerant isolates having multiple PGP activities at 4º
and 15ºC selected from a collection of 447 cold tolerant
bacterial isolates have resulted in multiple antibiotic
resistance markers for individual elite isolates. Ten
elite isolates were identified based on their 16S rRNA
sequences viz., Pseudomonas sp strain PPERs23,
Pseudomonas sp strain PGERs17, Pseudomonas sp
strain PCRs4, Pseudomonas sp strain NARs9,
Pseudomonas putida PGRs4, Pseudomonas sp strain
NARs1, Pseudomonas lurida NPRp15, Pseudomonas
putida PBRs5, Pseudomonas lurida NPRs3 and
Pseudomonas fluorescens PPRs4. Microbes that grow at

high NaCl concentration (25%), pH of 12, temperature
as low as 40 oC have been identified.
·

Research on the diversity and dynamics of C, N and Pcycling microorganisms with special reference to
methanotrophs, nitrifiers, P-solubilizing
microorganisms and algae indicated wide diversity in
the methanotrophic microorganisms and their
substrate utilization efficiency.

·

Work related to agrowaste management revealed
bioremediation of polycyclic aromatic hydrocarbons
by Serratia, Alkaligenes, Acenetobacter, Bacillus etc.; shift
in population dynamics in pulp and paper mill
effluents in comparison to the normal soils; refinement
in indoor compost technology for mushroom using
thermophillic fungi; utilization of paddy straw,
kinnow pulp and pea pods for ethanol and cellulose
production using Trichoderma, Aspergillus, Candida
etc.; isolation of chlorpyriphos-degrading bacteria
from Cuttack, Ranital and Hazaribagh;
bioremediation of aquaculture effluents for xylanase
and cellulase and heavy metals (Pb, Cd, Ni) by the
isolates of Aspergillus, Trichoderma and Phanerochaete;
assessment of nisin production and antioxidant
properties of Thermomyce.

·

Under complete genome sequencing program of
Mesorhizobium ciceri Ca 181, 400 unique sequences
were characterized and the organism was confirmed
on the basis of biochemical and molecular tests.
Functional genomics of PGPR Pseudomonads
revealed transposon mutant library of Pseudomonas
putida (S11) of size 3900 that has been screened for
tolerance and sensitivity to 8-hydroxyquinoline. Gene
mining for production of fungicidal principals in
Anabaena sp. is underway.

·

Human Resource Development program at National
Bureau of Agriculturally Important Microorganisms
resulted in a 21 day long National Training on
“Microbial Chemical Taxonomy: Polyphasic
Approach”.
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