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Preface
Sustainable agriculture is a worldwide key word for the
agriculture in the 21st century, in which microorganisms
take a decisive role. They have very wide potentialities by
controlling soil-borne pathogens, stimulating plant
growth, increasing nutrients availability and accelerating
decomposition of organic materials, and are anticipated to
increase crop production as well as maintain sound
environments 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. Thus there is an urgent need to recycle all
available organics in a more efficient way and improve and
expand biofertilizer usage. Biological control agents
(BCAs), particularly fungal and bacterial agents, offer
considerable potential (generally unexploited) for insect,
disease and weed control.
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.
The field of microbial genomics has provided
opportunities for identification of novel genes. 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
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.
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, and post harvest
technology. It also seeks to strengthen research in the area
of microbial diversity, identification and genomics. It seeks
to strengthen infrastructure, research capacity and human
resources of ICAR institutions with respect to various
microbe-based applications.
Prof. D. K. Arora
Director, NBAIM
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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 nutrients availability
and accelerating decomposition of organic materials, and
are anticipated to increase crop production as well as
maintain sound environments 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 and low cost and eco-friendly way of
improving nutrient supply and improving 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, 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
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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 the 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 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. 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
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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.
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 and genomics. 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:
Ø

Ø

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.

agrowaste management and biodegradation for
sustainable crop production.
Ø

Harnessing microbial activities for bioremediation of
organic and inorganic environmental pollutants.

Ø

Management of abiotic stresses using
microorganisms.

Ø

Development of microbe mediated processes for
product development and value addition in
agriculture.

Ø

Diagnostic kits for the identification of important plant
pathogens, fish and animal pathogens.

Ø

Post harvest technology for the important fish species
of India.

Ø

Diversity of ruminanat microorganisms and their
utilization.

Ø

Unraveling microbial genomics for its utilization in
agriculture and industry.

Ø

Human resource development in microbe
conservation and utilization.

The network project have 6 components:
1.

Microbial diversity and identification

2.

Nutrient management, PGPR and Biocontrol

Ø

Characterization of plant growth promoting
rhizobacteria and to develop bioconsortium for
enhanced growth and yield of important crop plants.

3.

Microbial management of agrowaste management,
Bioremediation and Microbes in Post Harvest &
Processing

Ø

Formulation of microbe or microbe-based
preparations for biocontrol of phytopathogens, insect
pests and weeds.

4.

Microbial management of abiotic stress

5.

Microbial genomics

6.

Human resource development

Ø

Development of microbe-based technologies for
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subhumid (dry) eco-region
11. Moderately to gently sloping Chattisgarh/Mahanadi
basin, hot moist/dry subhumid transitional with deep
loamy to clayey red and yellow soils, medium awc lgp
150-180 days

AMAAS : An Introduction

12. Eastern plateau (Chhotanagpur) and eastern ghats, hot
subhumid eco-region
13. Eastern plain, hot subhumid (moist) eco-region

Theme 1 : Microbial Diversity and
Identification
General Objectives of the theme “Microbial Diversity
and Identification”
1.

Microbial diversity analysis from various
ecoregions/exotic environments.

2.

Identification of microorganisms using conventional
and molecular techniques

3.

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

Sub-Thematic Areas in the Microbial Diversity and
Identification Component

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.
16. Eastern Himalayas, wrm perhumid eco-region.
17. Northeastern hills (Purvanchal), warm per humid ecoregion.
18. Eastern coastal plain, hot subhumid to semi-arid ecoregion
19. Western ghats and coastal plain, hot humid-per
humid eco-region
20. Islands of Andaman-Nicobar and Lakshadweep, hot
humid to per humid island eco-region

Analysis of microbial diversity in terrestrial ecosystem

Sub Theme II: Microbial diversity in aquatic ecosystem

2.

Diversity in aquatic ecosystem

Objectives

3.

Diversity in fermented dairy products

1.

4.

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

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.

1.

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.

4.

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

5.

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

1.

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

6.

Deccan plateau, hot semi-arid eco-region

2.

7.

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

Molecular typing of new isolates/ available NCDC
cultures.

3.

8.

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

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

9.

Northern plain, hot subhumid (dry) eco-region

10. Central highlands (Malwa and Bundelkhand), hot
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Sub Theme III: Microbial diversity of dairy products
Objectives

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

3.

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

Theme 2 : Nutrient Management, PGPR, Antagonists,
Biocontrol Agent and Disease Management
General Objectives of the Sub Theme: Nutrient
Management

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.

To isolate and characterize antagonistic organisms
from diverse ago-climatic/cropping systems in India
for pest and disease management.

2.

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

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.

4.

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

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)

5.

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

3.

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

6.

To establish mass production facility for identified
bioagents.

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

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

5.

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

General Objectives of sub theme: Microbial
Management of Agro waste

6.

To make multiple-repositories of isolated strains of
microorganisms

1.

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

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

2.

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

1.

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.

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,

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.
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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 longterm field research on bioremediation technologies
can be conducted.

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
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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.

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
Overall Objective of structural genomics
Ø

Complete genome sequencing of Mesorhizobium ciceri
strain Ca181 with genome size of 8Mb.

Overall Objective of functional genomics
Ø

Theme 4 : Management of Abiotic Stress
General Objectives of the theme: Microbial
management of abiotic stress

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.

1.

Ø

Functional validation of selected alleles in microbes
and model plants.

Isolation of microorganisms from rhizotic zones of
cereal crops (wheat and millets) grown under stress
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Project Wise Significant Achievements
for the Year 2006-07
Theme - 1 : Microbial Diversity and Identification
Mapping, assessment of the geographical distribution and in vitro conservation of
agriculturally important microorganisms of the Western Ghats of India
PI : Dr. A. R. Alagawadi
Co PIs : Dr. P.U.Krishnaraj, Dr. K.S.Jagadeesh & Dr. R. Vasudeva
Department of Agril. Microbiology, UAS, Dharwad – 580 005
Objectives:
Ø

Isolation, enumeration, characterization, and
inventorization of AIMs along the Central Western
Ghats and identification of potential isolates.

Ø

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

Ø

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

Ø

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

Ø

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

Significant Achievements:
·

The entire study area i.e., Central Western Ghat region
has been divided into 12.5 km x 12.5 km grids using the
GIS tools.

·

50 soil samples, 102 root samples, 185 leaf samples, 23
decaying wood samples, 18 mushrooms, 14 leaf litter
samples and 7 termite mound samples were collected
from 46 grids based on land use pattern in the study
area and used for microbiological analysis.

·

A total of 487 agriculturally important
microorganisms consisting of 89 Azotobacter isolates,
36 Azospirillum, 67 Beijerinkia isolates, 50 phosphate
solubilizers (PSB 26 + PSF 24), 44 fluorescent
pseudomonads, 110 pink pigmented facultative

methylotrophs (PPFM), 5 cellulose degraders and 86
lignin degraders were obtained.
·

All Azotobacter isolates were able to fix nitrogen and
produce IAA and GA. The amount of nitrogen fixed by
the isolates ranged from 0.2 to 52.0 mg of N/g of
glucose utilized. The amounts of IAA and GA
produced were in the range of 152 to 616 µg and 16 to
116 µg/L broth medium respectively.

·

The amount of nitrogen fixed by the Azospirillum
isolates ranged from 7.2 to 11.3 mg of N/g of malate
utilized. The amounts of IAA and GA produced were
in the range of 528 to 1012 µg and 44 to 144 µg/L broth
medium respectively.

·

The amount of nitrogen fixed by the Beijerinckia
isolates ranged from 0.53 to13.90 mg of N/g of glucose
utilized.

·

The P-solubilizing ability of 26 bacterial and 24 fungal
isolates ranged from 5.40 - 13.74 % and 15.40 - 32.55%
respectively.

·

Many fluorescent pseudomonads were found to have
multiple beneficial traits. They produced both IAA
(108 to 700 µg/L broth) and GA (68 to 176 µg/L broth).
Seventeen of them also possessed P-solubilizing
ability (6.94 to 44.50% Pi release from TCP) and 30
were found to possess biocontrol ability against plant
pathogenic fungi, viz., Alternaria carthami, Fusarium
oxysporum f.sp. carthami, Sclerotium rolfsii and
Rhizoctonia bataticola. While 13 were inhibitory to all
four pathogens, 10 were inhibitory to three out of four
pathogens and 7 isolates inhibited 2 pathogens.
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Diversity analysis of microbes in extreme conditions
P.I. : Prof. D. K. Arora
Co P.I. : Dr A. K. Saxena, Dr. Rajeev Kaushik
National Bureau of Agriculturally Important Microorganisms, Mau, Uttar Pradesh
Objectives:

enrichment of Gram +ve bacteria

Ø

Microbial diversity analysis in extreme climates

Ø

Identification of osmolytes production by
extremophilic bacteria.

Ø

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

Ø

Molecular characterization of Extremophilic
bacteria

Significant Achievements:
· Water and sediment samples were collected from Rajgir
thermal springs, Nalanda, Bihar and bacteria, fungi and
actinomycetes were isolated.
· From eight water samples analyzed, it was observed that
population of Gram positive bacteria was maximum and
ranged between 5-20 x 103 cfu mL-1. The population of
actinomycetes (filamentous Gram positive bacteria)
ranged between 8 -28 X 102 cfu mL–1. Fungal population
was as low as 100 cfu mL-1.
· Some of the fungal isolates were identified as Penicillium,
Trichoderma spp, Fusarium spp, and Aspergillus niger. The
proportion of Gram +ve bacteria vs. Gram -ve bacteria
was calculated and it revealed that hot springs
differentially enrich Gram Positive bacteria. The wall
structure of Gram +ve bacteria and also other
modifications like the presence of endospore in few
genera must have contributed to the differential

· A total of 107 bacteria, 133 actinomycetes and 35 fungi
were isolated, purified and screened for temperature
tolerance. Off these isolates, 8 bacterial and 19
actinomycetes isolates could grow well at 55 0C or more.
Whereas none of the fungal isolates could grow beyond
37 oC.
· The selected thermophilic isolates were further screened
for the production of enzymes important in industry
(Proteases and amylases) and in biomass degradation
(cellulases, carboxymethyl cellulases and xylanases). Off
the 27 isolates screened, 20 were found to produce
amylases in a qualitative assay. Quantitative estimation
of enzyme activity in these bacteria revealed that isolate
21 could produce maximum amount of amylase
followed by isolate 61. Screening for enzyme proteases
with casein as the substrate revealed that 9 isolates could
produce the enzyme and gave clearing zones around the
colonies.
· Isolates were also screened for the production of
enzymes involved in decomposition of hemicellulosic
and cellulosic wastes. Of the 27 isolates screened,
cellulase and carboxy methyl cellulase was found in only
four isolates. Isolate number 73 showed the maximum
activity of cellulase whereas isolate 55 showed
maximum CMCase activity. Xylanase activity was
present in 22 isolates and ranged between 0.48 to 1.7 g
xylose g-1 protein.

Number of isolates

Temperature tolerance studies
140
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80
70
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40
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0

133
107

41
24

37°C

19
9

5

0

0

45°C
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Temperature

Bacteria

8

Actinomycetes

Fungi

Fig 1 Qualitative screening for Protease production
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Development of Diagnostic kit for the identification of Bacillus and fluorescent Pseudomonas
P.I. : Prof. D. K. Arora
Co P.I. : Dr A. K. Saxena, Dr. Rajeev Kaushik
National Bureau of Agriculturally Important Microorganisms, Mau, Uttar Pradesh
Objectives
Ø To isolate and characterize the soil microbes (Bacillus
and Pseudomonas)
Ø To develop rapid diagnostic kits for identification of
soil microbes.
Significant Achievements
· 16S rDNA was amplified from twenty seven strains
belonging to different Bacillus species. A strong
amplification band of about 1540 bp from each Bacillus
strain was obtained. Amplified restriction digestion of
rDNA analysis (ARDRA) from the twenty seven strains
showed limited variation among the strains (fig. 1).
Interestingly it was observed that a 265 bp band is common
to all the strains of Bacillus used in the present study.
In order to confirm this observation, the possible

·

M

1

2

3

4

5

6

7

8

9

10

11

12

13 14

cleavage sites of AluI in the complete rRNA gene sequences
available in the Gene Bank for many different species of
Bacillus, Bacillus- related genera and Bacillus- derived
genera were compared (Table 1).
Interestingly many species of Bacillus yielded 265 bp
fragment on digestion with AluI. This fragment was
present almost at the same location in different Bacillus
species and the exact location is shown in table 4. However,
none of the Bacillus- derived genera - Alicyclobacillus,
Brevibacillus, Geobacillus, Filobacillus, Paenibacillus or
Bacillus- related genera like Lactobacillus, Sporosarcina,
Arthrobacter showed the presence of 265 bp fragment when
digested with AluI. Bacillus cereus and Bacillus thuringeinsis,
two closely related species were separated from all other species
by the presence of two additional AluI sites within the 265 bp
fragment thereby yielding fragments of 186, 48 and 21 bp
(totaling to 265 bp).

15

16 17 18

19 20

21

22 23

24 25

26

27

M

Fig 1. Restriction patterns of PCR amplified fragement of 16S rDNA of Bacillus isolates digested with AluI M: 100 bp DNA
ladder, 1: B. Marscescens, 2: B. coagulans, 3: B. subtilis, 4: B. licheniformis, 5 & 6: B. circulans, 7: B. freudenreichii, 8: B. globigii, 9: B.
saccharolyticus, 10: B. subtilis, 11 & 12: B. sphaericus, 13: B. thuringiensis sup sp. finitimus, 14: B. thuringiensis sub sp.
entomocidus,15: B.thuringiensis sup sp. aizawai, 16: B. thuringiensis sub sp. galleriae, 17. B. cereus, 18: B. thuringiensis sup sp
israelensis, 19: Brevibacillus sp., 20: Bacillus macquariensis , 21: B. stearothermophilus, 22: B. pasteurii, 23: Aneurinibacillus
aneurinolyticus, 24: B. laterosporus, 25: B. pantothenticus, 26 & 27: B. oleronius.

S.No

1
2
3
4
5
6
7
8

Name

Bacillus sp. SD-B1
B. amyloliquefaciens CMB01
B. sonorensis NRRL B-23154
B. licheniformis GXN 151
B. licheniformis S2
B. megaterium
B. vallismortis
B. circulans

New Name

Accession
number
AB189316
AF489591
AF302118
AY2915821
AY052767
AJ880767
AB021198
AY043084

Total
Sequence
available
1443
1526
1410
1440
1547
1519
1530
1496

Presence of
265bp
fragment
+
+
+
+
+
+
+
+

Position of
265bp
fragment
1042-1306
1063-1327
1049-1313
1038-1302
1073-1337
1076-1340
1065-1329
1045-1309
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9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

B. cereus
B. malacitensis
B. cereus
B .halodurans
B. coagulans - IDSp
B. globisporous
B. stearothermophilus
B. halodenitrificans DSM 10037
B. clausii
Arthrobacter globiformis
Bacillus Sp. P1 4-7
Bacillus Sp.R11400
Gamma Proteobacteria N 4-7
Lactobacillus Sp. 459
Bacillus sp. M4(KU)
B. acidocaldarius
B. acidoterrestris
B. psychrosacchrolyticum
B. naganoensis
B. mojavensis
B .lentus
B. flexus
B. atropheus
B.thuringiensis
B. thermocloacae
B. pallidus
B. alcalophilus
B. psychrophilus
B. firmus
B. firmus
B. pumillus
B. myxolacticus
B. laevolacticus
B. fusiformis
B. thermoglucosidasius
B. subtilis
Brevibacillus sp. SSCT72

46
47

Brevibacillus sp. SSCT72

AJ853737
AY603656
BCE288157
AY960118
AF466695
X68415
AB021196
AY543169
AB201796
X80736
AJ297712
AJ438302
U89956
AY681135
AB193437
X60741
X60743
AB021195
AB021193
AB021191
AB021189
AB021185
AB021181
AF160221
Z26939
Z26930
X76436
X54968
AY833571
AJ717383
AB 211228
D16274
D16269
AY548956
AY608991
AB016721
AB210966

1552
1420
1340
1500
1512
1532
1523
1521
1510
1464
1451
1446
1574
1512
1223
1547
1542
1507
1540
1526
1535
1529
1515
1496
1527
1516
1505
1552
1579
1533
1503
1484
1484
1547
1562
1502
1491

-*
+
-*
+
+
+
-*
+
+
-

1102-1366
1044-1308
1045-1309
1061-1325
1066-1330
1050-1314
1053-1317
1065-1329
1049-1313
-

Bacillus sp. RF2-5

Filobacillus sp. RF2-5

AB191344

1491

-

-

B. terranovensis

Aneurinibacillus terranovensis

AJ715390

1552

-

-

Sporosarcina globispora
Geobacillus stearothermophilus
Virgibacillus halodenitrificans

Paenibacillus
Paenibacillus

Alicyclobacillus acidocaldarius
Alicyclobacillus acidoterrestris

Geobacillus pallidus
Sporosarcina psychrophilus

Geobacillus thermoglucosidasius

'+' indicate the presence of 265 bp fragment;
'-' indicate the absence of 265 bp fragment;
'*' indicate the presence of two additional AluI sites within the 265 bp seqence
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·

The presence of 265 bp fragment is linked to
identification of Bacillus as a genus was further
confirmed on analysis of strains that have been
derived from Bacillus or those that showed similarity
to derived genera but still are placed in Bacillus.

·

Based on our results we predict that all those species
that could not yield a 265 bp long nucleotide fragment
on digestion with AluI could be assigned to new
genera within the family Bacilliaceae.

·

Based on the results of the present investigation we
suggest a simple approach for identification of Bacillus
sp. per se and to classify them into different species:
PCR amplification of 16S rDNA; development of
ARDRA with AluI, look for the presence of 265 bp
band (or three bands of 186, 48 and 21 bp for B. cereus
and B. thuringeinsis) to identify genus Bacillus and also
can predict species to certain extent and sequencing of
265 bp fragment to identify the species of Bacillus.
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Development of diagnostic kits for fungal pathogens Macrophomina phaseolina and Fusarium
P.I.: Dr. D. K. Arora
Co P.I.: Dr. A. K. Saxena, Dr. A. K. Singh
National Bureau of Agriculturally Important Microorganisms, Mau, Uttar Pradesh
solubilizing and starch degrading activities were
done.

Objectives:
Ø
Ø

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

·

A total of 12 fungal isolates showed phosphate
solubilizing activities as detected in Pikovskaya's agar
medium.

Biochemical profiling of microbes

Ø

Optimization of PCR techniques for identification

Ø

Designing of DNA probes or species specific
primers

·

Out of these, 8 isolates were further selected as
potential phosphate solubilizers.

Ø

Validation of probes both in vitro and in vivo.

·

Besides, the fungal isolates were also screened for
fungal pathogens. PCR amplified products of ITS and
TEF RFLP Fusarium isolates was analyzed (fig. 1, 4, 2).

·

Different isolates of Fusarium were differentiated
based on the 28 S rDNA restriction with Taq I and
electrophoreses on 8 % PAGE revealed a unique
monomorphic banding pattern at about 700 bp was
observed in all the ten isolates of the F. oxysporium
.sp.ciceri but not in the F. udum.

·

This study revealed that rDNA of Fusarium sps
contains highly conserved ITS regions. Analysis of the
(28S) ITS 1/ P3 fragment by Restriction digestion using
Taq I yielded definitive results on PAGE to
differentiate between and within Fusarium oxysporium
sp.ciceri and F. udum for identification of the isolates
/pathotypes based on the ITS region of 28 S (fig 3,4 &
5).

Significant Achievements:
·

A total of 422 fungal isolates were obtained from the
samples that are collected from various regions of
Assam, West Bengal, Rajgir and Western U.P.

·

Source of samples are from soil, Litter, Mushroom,
Leaf, Roots, Insects, Fly ash, Latex, Water and
Earthworm excreta of agricultural land (rhizosphere
of plantation and agricultural crops) yielded 321, 07,
16, 3, 5, 1, 6, 12, 35 and 16 fungal isolates respectively.

·

Cultural characteristics of the isolated fungi were
studied and microscopic observations were made for
identification of these isolates.

·

Screening of the isolates for their phosphate

Fig 1: RFLP analysis of PCR amplified TEf with restriction endonuclease TaqI. M: Molecular marker 100bp
ladder, Lane 1-10 F. oxysporum ciceri and Lane 11-20 F. Udum.

Fig 2: Dendrogram showing relationship among isolates and Fusarium oxy.spciceri and F. udum based on RFLP
analysis TEF with restriction endonuclease Taq I on 12 % PAGE. Samples 1- 10 F.oxy.sp.ciceri showing as two groups , 1120 F.udum showing into three groups
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Fig 3: PCR amplification of 28 S rDNA gene using primer pair ITS-1 and P 3.
M: Molecular marker – 1kb ladder, Lane 1-10 F. oxysporum ciceri, Lane 11-20, F. udum

Fig 4: RFLP analysis of PCR amplified 28 S rDNA with restriction endonuclease TaqI. M: Molecular marker – 100bp ladder, Lane
1-10 F. oxysporum ciceri (700 bp fragment is specific for ciceri) and Lane 11-20 F. udum

Fig 5: Dendrogram showing relationship among isolates and Fusarium oxy.sp.ciceri and F. udum based on RFLP analysis 28 S rDNA with
restriction endonuclease Taq I. Samples 1- 10 F.oxy.sp.ciceri showing as two groups(group I– 1,3,4,5,7,7,10: group II- 2,6, and 8) , 11-20
F.udum showing into three groups(group I-11, 13, 14, 12, group II – 15, 20, 18, 19, 17 and group III as 16 )
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Diversity of Actinomycetes from Indogangetic Plains
P.I.: Dr. D. K. Arora
Co P.I.: Mr. Anurag Chaurasia
National Bureau of Agriculturally Important Microorganisms, Mau, Uttar Pradesh
Objectives:
Ø Isolation of actinomycetes from Indo-gangetic plains
Ø Molecular diversity analysis
Ø Identification of microorganisms using BIOLOG or
conventional biochemical methods

Resistance to copper was checked using 16, 40, and
80µg/L CuSO4 amended in growth medium. 85
isolates were able to grow at 16µg/L CuSO4, 28
isolates at 40µg/L and 20 isolates were able to grow up
to 80µg/L (Fig 2). The resistance to copper was
checked with a view to use these cultures in
bioremediation.

·

Significant Achievements:
· Using CaCO3 enrichment technique, 230 actinomycete
were isolated from the soil samples collectected from
northen Indo-Gangetic plains.
Thermotolerance Studies

Salinity tolerance

133

140
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100
80

Temperature 35ºC
Temperature 45ºC

70
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60
40
20
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No. of positive isolates
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1

10 6
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0
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34
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Fig 1. Temperature and salinity tolerance of actinomycetes isolates
·

90

25

20

Nainital

The isolates were screend for temperature and salt
tolerance and copper resistance. Among all the
isolates a total of 43 isolates were able to tolerate
up to 45°C whereas only 35 isolates were able to
tolerate up to 55°C (Fig 1). The ability of
actinomycete isolates to tolerate salt stress was
checked using NaCl ranging from 2%-8%. 25
isolates were able to tolerate up to 8% NaCl stress
(Fig 1)

·

4%

6%

8%

NaCl

Biochemical characterization was done using the
parameters like ammonia production, Protease
production, Antifungal activity against Macrophomina
phaseolina (Fig 3), Filter paperase activity, Carboxy
Methyl Cellulase activity, cellulase activity, xylanase
and protease activity (Fig 4).

85

80

Number of isolates

70
60
50
40
28

30

20

20

Fig 3. Antifungal activity of the actinomycete isolates
against Macrophomina phaseolina

10
0
16µg/L

40µg/L

80µg/L

Concentration

Fig 2. Resistance to copper of actinomycetes isolates

Fig 4 Screening of actinomycetes for protease activity.
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Exploration and Screening of Microbial Diversity of Western Ghats
P.I.: Dr. (Mrs.) D. Girija
Center for Plant Biotechnology & Molecular Biology,

Co P.I.: Dr. Sally K. Mathew (Plant Pathology), Dr. S. Surendragopal (Microbiology)
College of Horticulture, Kerala Agricultural University, Thrissur, Kerala
Objectives:
Ø

Isolation, enumeration, characterisation and
inventorization
of
AIMs (Nitrogen fixers, P
solubilizers, Trichoderma, VAM, PGPRs, fluorescent
pseudomonas, chitin decomposers, cellulose and
lignin degraders) along the Western Ghats in Kerala
States

Ø

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

Ø

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

Ø

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

Ø

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

obtained-one orange and the other violet coloured.
The latter was identified as Chromobacterium violaceum.
·

Seven isolates of Pseudomonas fluorescence were
obtained from different parts of the Western Ghats.
These were tested for antagonism to the plant
pathogen Ralstonia solanacearum by cross streaking
method. However, no antagonism was observed.

·

Thirteen isolates of Trichoderma were obtained from
different parts of the Western Ghats. Four Trichoderma
isolates (T8,T9, T12,T15) were identified as
Trichoderma viridae by National Centre Of Fungal
Taxonomy, New Delhi.

·

Bioassay of the efficiency of Trichoderma in
controlling plant pathogenic fungi: The isolates of
Trichoderma were inoculated in potato dextrose agar
plates along with culture discs of Pythium
aphanidermatum/ Phytophthora capsici.
Results
indicated that some of the isolates successfully
controlled growth of the pathogen in three ways: 1.
Production of metabolite to inhibit the pathogen, 2.
Hyperparasitism and 3. Lysis of the fungal pathogen.

Significant Achievements:
·

Soil sample collection: Sampling was carried out in
seven districts of Kerala (Table 1).

·

Pigmented bacteria: Two pigmented bacteria were
Table 1: Details of soil samples collected from different districts of Kerala

Sl. No.
1
2
3
4
5
6
7
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District
Kottayam
Malappuram
Idukki
Palghat
Trivandrum
Calicut
Ernakulam

No. of locations covered
2
5
3
3
1
3
3
Total

No. of soil samples analyzed
2
5
4
12
5
11
9
48
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Molecular Assessment of Microbial Diversity and Development of Location Specific
Biofertilizer for Soil Health Restoration and Enhanced Crop Production in Eastern U.P.
P.I.: Prof. L. C. Rai
Co P.I.: Dr. Shashi Pandey
Centre for Advance Study in Botany, Banaras Hindu University, Varanasi-221005
Objectives:
Ø

Collection of soil and cyanobacterial samples and
study of selected physicochemical properties of
soils from districts of Varanasi, Bhadohi,
Azamgarh, Chandauli, Jaunpur and Mirzapur of
eastern U. P. over a period of three years.

Ø

Isolation and purification of phosphorus
solubilizing and nitrogen fixing bacteria and
cyanobacteria respectively from the collected soil
samples.

Ø

Molecular characterization of isolated organisms,
sequencing of 16S rDNA, BLAST analysis of
sequence and submission to the database.

Ø

Assessment of microbial diversity from different
soil types and cyanobacterial assemblages
collected using PCR and DGGE. Deposition of
characterized / identified organisms to NBAIM or
other culture collections.

Ø

Formulation of location specific biofertilizer.
Preparation of consortia of “multi strain N2-fixing
inocula” consisting cyanobacteria and phosphate

solubilizing bacteria.
Ø

Field demonstration of formulated biofertlizer
(packets) and its distribution to farmers.

Significant Achievements:
·

Collection of soil samples from experimental sites
situated in Azamgarh, Chandauli, Jaunpur,
Mirzapur, Sant Ravidas Nagar (Bhadohi) and
Varanasi of Uttar Pradesh and analysis of their
selected physio-chemical properties.

·

Isolation, purification and morphological
characterization of eight nitrogen fixing
cyanobacteria viz. Anabaena anomala, Anabaeana
doliolum, Anabaeana oryzae, Aulosira fertilissima,
Cylindrospermum muscicola, Hapalosiphon intricatus,
Nostoc muscorum and Tolypothrix tenuis

·

Three novel phosphate solubilizing bacteria have
been isolated.

·

Amplification of partial 16S rDNA sequence of
three cyanobacteria and three phosphate
solubilizing bacteria.

Photomicrograph of some of the cyanobacterial isolates of paddy
fields; i.e. [A] Nostoc muscorum, [B] Tolypothrix tenuis, [C]
Cylindrospermum muscicola, [D] Hapalosiphon intricatus, [E] Aulosira
fertilissima, [F] Anabaeana
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Agriculturally important microorganisms from soils of rice-based cropping
system from agro-ecological zones of east coast of India
P.I.: Dr. T. K. Adhya
Co P.I.: Dr. T. K. Dangar
Central Rice Research Institute, Cuttack – 753006, Orissa
Objectives:
Ø

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

Ø

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

· Among the different media used to check IAA
production, peptone broth (peptone + tryptophan)
exhibited the best results.

Ø

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

· Population density of fluorescent Pseudomonas sp. is
more in the non-rhizosphere soil than in the
rhizosphere soil.

Ø

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

Ø

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

· A total of 628 fluorescent Pseudomonas sp. were
isolated in pure cultures from alluvial soil of CRRI
farm and coastal saline soils of Kendrapada and
Jagatsinghpur districts of Orissa.

Significant achievements:
· Isolation of different physiological groups of bacteria
from flooded field planted to rice.
· A total of 524 bacteria were isolated in pure cultures by
using standard microbiological techniques
involving seven different isolation media.
· Out of 524 bacterial isolates, 141 isolates showed
positive reactions for IAA production.
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· Bacterial cultures isolated on TSY (1/1000 dilution)
medium exhibited better results (100% positive for
IAA production) than cultures isolated in other
media. However, a bacterial species isolated from
alluvial soil on LB medium produced highest
amount of IAA in pure culture.

· 20 most promising isolates of fluorescent Pseudomonas
sp. were further characterized and the fluorescent
pigment produced by the isolates was characterized
by UV-Vis spectrophotometry.
A total of 326 isolates of Bacillus thuringiensis were
isolated in pure culture and characterized for their
morphological and biochemical parameters. The isolates
were also tested for their salinity tolerance and a few
cultures were found to be active at NaCl concentration
ranging from 6-11%.

AMAAS - Annual Report 2006-07

Isolation and Characterization of economically important microbes from aquatic ecosystem
P.I.: Dr. T. C. Santiago
Co P.I.: Dr. Kalaimani N, Dr. Shankar V. Alavandi
Central Institute of Brackish Water Aquaculture (ICAR), Chennai
Objectives

Tirunelveli. Water samples were also collected from
sea, near Tuticorin harbour, from salt pan in
Tharuvaikulam and Pazhayakayal in Tuticorin,
Nagapattinam, Karaikal, Tarangambadi and
Velankanni, Tamil Nadu.

Ø

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

Ø

Identification of the microbes isolated from different
brackish water ecosystem.

Ø

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

·

A total of 492 isolates of microbes were isolated from
different geographic environments of brackish water
eco-system, which comprises 302 bacteria, 62
actinomycetes, 53 fungi and 19 yeast isolates.

Ø

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

·

Ø

To isolate economically important genes from the
isolated microbial stock.

Ø

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

For isolation of bacterial isolates, selective media such
as Thiosulphate citrate bile salt sucrose agar (TCBS),
MacConkey agar, Actinomycetes agar, Potato
dextrose agar were used. General purpose media such
as Zobell Marine agar and Trypticase soy agar with 1%
salt were used for the isolation of common microbes
from the brackish water system.

Ø

To establish a repository of these microbes with
bioactive potential for ex situ conservation of
microbial biodiversity and future biotechnological
applications.

·

A total 6 agarolytic isolates, 3 nuclease producing
bacteria, 13 sulfur metabolizing bacteria, 4
denitrifying bacteria, 10 protease producing bacteria,
15 lipase producing, 8 chitinase producing, 9 ligninase
producing, 7 cellulase producing, 6 chitosanase
producing, 6 high salt resistant bacteria, 10 isolates of
bioluminescent bacteria, 16 isolates of pigment
producing bacteria has been isolated.

·

One isolate of alga, which produces high quantity of βcarotene, was isolated and preserved for further
characterization.

Significant Achievements
·

Samples were collected from various brackish water
ecosystems of Adyar Estuary, Chennai, Backwater
samples along with soil were collected from
Muttukadu. Water and soil samples were taken from
the bar mouth of Aathangaraipalli, Koodangulam,
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Strengthening, authentication and exploitation of mushroom biodiversity at the
National Mushroom Repository for Human Welfare
P.I.: Dr. R. C. Upadhyay
National Research Center for Mushroom, Solan, H.P.
Objectives:
Ø

Collection of wild edible, non edible and wood rotting
mushroom species from different ecological regions of
India namely western Ghats of Karnataka, Northwest
Himalaya, Jharkhand, Aravali hills (Mount Abu,
Udaipur, Khairwada etc.) and Thar desert of
Rajasthan, Gir and Satpura forest of Gujrat and
Panchmarhi hills of Madhya Pradesh.

Ø

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

Ø

Identification of collected mushroom species
following traditional taxonomic anatomical methods
and molecular techniques using Random Amplified
Polymorphic DNA (RAPD) and Internally
Transcribed Spacer (ITS) regions of the ribosomal
DNA and isozyme analysis.

Ø

Artificial domestication of unexploited indigenous
wild edible mushroom species like Hericium, Tremella,
Macrolepiota, Agaricus, Pleurotus spp., Lepista and
Auricularia spp.

Ø

Conservation of dried mushroom specimens in the
Herbarium of NRCM Solan.

and the family they belong: Family TricholomataceaeMarasmius (3), Mycena (9), Oudemansiella (2),
Tricholoma (4), Laccaria (3), Lyophyllum (3), Clitocybe (4),
Lepista (3), Melanoleuca (3), Hohenbuehelia (2), Collybia
(5), Armillaria (2), Leucopaxillus (1); Family
Polyporaceae – Polyporus (8), Pleurotus (4), Lentinus
(3), Panus (1); Family Amanitaceae- Amanita (14),
Limacella (1); Family Pluteaceae- Pluteus (5), Volvariella
(2); Family Hygrophoraceae- Hygrophorus (8),
Camarophyllus (2); Family Agaricaceae- Agaricus (8),
Cholrophyllum (1), Lepiota (5), Macrolepiota (3),
Leucocoprinus (1); Family Coprinaceae- Psathyrella (3),
Paneolus (2); Family Bolbiteaceae- Descolea (3); Family
Strophariaceae Alnicola (1), Pleuroflammula (2),
Naematoloma (3), Pholiota (4), Stropharia (1); Family
Cortinariaceae- Cortinarius (7), Inocybe (9), Gymnopilus
(3), Hebeloma (3), Galerina (3); Family Crepidotaceae
Crepidotus (1); Family Entolomataceae- Entoloma (5);
Family Paxillaceae- Paxillus (3); Family
Gomphidiaceae- Gomphidius (1); Family BoletaceaeBoletus (8), Leccinum (2), Suillus (1), Strobilomyces (3);
Family Russulaceae- Lactarius (3), Russula (1); Order
Aphyllophorales and Gasteromycetales- Auricularia
(3), Hydnum (3), Ganoderma (5), Scleroderma (6), Lenzites
(2), Leotia (1), Schizophyllum (1), Albatrellus (1).
Ascomycete ; Morchella sp. and Cordyceps spp. (2).

Significant Achievements:
·
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To obtain the cultures of fleshy fungi, regular
excursion/survey trips were undertaken to various
localities and sub localities in the forests of Himachal
Pradesh, Uttarakhand and Rajasthan. Although
fungal forays were conducted throughout the year but
most of the collections were made in the rainy season
of each year because this period is most favorable for
the growth of fungus.

·

Total 315 collections of fleshy fungi were collected, but
only 151 cultures could be isolated. Remaining
specimens were mycorrhizic in nature and were
difficult to culture.

·

Of the total 315 collections 210 collections (majority of
which belongs to order Agaricales), have been
tentatively identified. The genera identified are listed
here along with no. of collection of that genus made

·

Some of these interesting genera were collected for the
1st time like Cordyceps and coremia forming white
Pleurotus spp. which are yet to be identified. Their
identification is pending due to lack of authentic
literature on these genera. Some of them may be new
fungus record for the world.

·

During mushroom collections, wild relatives of
commercial cultivated mushrooms genera such as
Agaricus, Pleurotus, Stropharia, Volvariella, Lentinus,
Hericium, Auricularia etc. have been obtained, which
have great potential in breeding programmes for
strain improvement of these important mushrooms.

Apart from this, wild germplasm of medicinally
important fungus like Ganoderma and Phellinus have
also been isolated.
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Exploring the microbial diversity in Western plains and Kachchh eco-region of
Gujarat for agricultural and industrial applications
PI: Dr. K. K. Pal
Co-PI: Dr. Rinku Dey
National Research Centre for Groundnut (ICAR), Junagadh, Gujarat
Objectives:
Ø

To study the microbial diversity in Western plain and
Kachchh ecoregion of Gujarat

Ø

To identify potential microbes for plant growth
promotion and other useful purposes

obtained from sea water collected from Jamnagar
District. Subsequently, 70 fungal cultures and 33
actinomycetes isolates were also obtained from the
rhizosphere soil samples collected in Kutch and
Junagadh districts.
·

All the bacterial isolates were characterized for the
production of IAA, siderophore, fluorescent pigment,
cellulase, chitinase, ligninases, ammonia, HCN and for
antifungal activities against soil-borne fungal
pathogens of groundnut viz., Aspergillus niger, A.
flavus and Sclerotium rolfsii.

·

Out of 379 bacterial isolates characterized so far only
eight isolates produced fluorescent pigments in both
KB and S1 media. Among these isolates, 204 isolates
(21 only against S. rolfsii, 135 against A. niger, 8 against
A. flavus, 25 against both A. niger and S. rolfsii, 10
against both A. niger and A. flavus, none against both A.
flavus and S. rolfsii and five against all three pathogens)
showed antifungal activities against soil-borne fungal
pathogens of groundnut viz., Aspergillus niger, A.
flavus and Sclerotium rolfsii.

·

Characterization of all the bacterial isolates revealed
that majority of the strains were Gram (+) and
produced ammonia from peptone. While only three
isolates (B346, B353 and B357) produced cellulase, 155
showed lignin decomposition potential, 13 showed
chitinase activity, and seven produced HCN. Only 12
isolates showed phosphate solubilization capacity
while 35 isolates produced IAA and only 10 were
having siderophore activity.

Significant Achievements:
·

·

A total of 40 rhizosphere soil samples were collected
from different places of Kachchh district of Gujarat
from different crops at different stages of crop
growth. The samples were processed for isolation of
different representative groups by plating out the
dilutions onto Nutrient Agar, TSA, King's medium B,
Nitrogen free medium and Pikovskaya's agar. In
total 379 morphologically distinct bacterial isolates
were obtained on different media used. Preliminary
estimates indicated that rhizosphere soil of Lucerne
gave the maximum bacterial population (3.66X108
cfu/g soil) and least population was obtained with
Green gram (1.62X108 cfu/g soil). Population of
pseudomonad like organisms was maximum in
cotton whereas this group was least in green gram. In
maize, maximum population of free-living nitrogen
fixers was obtained whereas maximum population of
phosphate solubilizers was obtained in soil collected
from tomato rhizosphere.
Subsequently, 8 samples were collected from
rhizosphere of groundnut and wheat in Junagadh
district of Gujarat and 53 different bacterial isolates
were obtained. Four bacterial isolates were also

Chitinase

Cellulase

Fluorescent
Pseudomonas

P-Solubilization

Fig. 1 : Different activity of bacterial isolates obtained and collected from Kutch Ecoregion and
Western plain of Gujarat
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Mapping of microbial diversity in the marine ecosystem in and around Mumbai
P.I.: Dr. C. S. Purushothaman
Co-PIs: Dr. P. K. Pandey and Dr. A. Vennila
Aquatic Environmental Management Division, Central Institute of Fisheries Education, Mumbai
Objective:
Ø

To analyze the bacterial diversity between closelyrelated bacterial species and strains with reference to
the salt-tolerant gene using various molecular
techniques

·

The cultures confirmed by further biochemical
analysis are as follows:
Aeromanas hydrophila,
Enterobacter cloacae, Bacillus pasteurii, Bacillus alvei,
Bacillus sphaericus and Pseudomonas stutzeri.

·

The cultures which are tentatively identified on the
basis of biochemical analysis include the following
species:
Bacillus badius, Bacillus larvae, Bacillus
lentimorbis, Bacillus circulans, Bacillus macerans and
Micrococcus luteus, Pseudomonas, Vibrio, Bacillus,
Micrococcus and Enterobacter.

·

58 cultures were tested for salt tolerance and of these
only three cultures showed growth at 5.0% and were
not able to grow at higher salt concentration, eight
cultures showed growth till 7.5% and were not able to
grow at 10.0% salt concentration. The remaining 47
cultures showed growth up to10.0% concentration of
salt.

Significant Achievements:
·

Results obtained so far were based on the biochemical
identification using Bergey's Manual of Systematic
Bacteriology and VITEK 2 Biomeriux Autoidentifier.
The following are the tentatively identified bacterial
isolates using VITEK 2 Biomeriux Autoidentifier:
Chromobacterium violaceum, Enterobacter cloacae,
Pantoea sp., Photobacterium damsela, Pseudomonas
stutzeri, Rhizobium radiobacter, Shewanella putrefaciens,
Sphingomonas paucimobilis, Acinetobacter lwoffii,
Aeromonas sp., Bacillus sp., Brevibacillus laterosporus,
Granulicatella elegans, Kocuria rosea, Mirococcus luteus,
Serratia plymuthica and Yersinia enterocolitica group.

Isolation and characterization of Flavobacterium species from
fish and Aquatic Environment
Dr. Gaurav Rathore
National Bureau of Fish Genetic Resources, Lucknow, U.P.
Objectives:
Ø

To isolate, identify and characterize Flavobacterium
from fish, sediment and water samples.

Ø

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

·

The morphological characters of the Flavobacterium sps
noted were shape, size, arrangement, etc. The shape
may be rod-like, filamentous, or short rod.
Considerable variations in shape and size leading to
club-like forms, swollen or giant forms were seen.

·

24 hours fresh bacterial cultures were used for motility
test using hanging drop technique. Bacteria showed
the motility like gliding, non motile or motile.

·

On the basis of biochemical characterization, a total of
59 isolated were identified as Flavobacterium species.

·

The genomic DNA was extracted from all (59 no.) the
identified isolates of Flavobacterium species.

·

The universal primers (Forward primer 5'AGAGTTTGATCCTGGCTCAG -3' and reverse
primer 5'- TACGGTTACCTTGTTACGACTT-3') were
used for the amplification of the 16S rDNA gene
fragment.

·

A total 100ng concentration of 16S rDNA amplified

Significant Achievements:
·
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A total 44 samples were processed including 32 fish, 6
sediments and 6 water samples were used for isolation
and identification of Flavobacterium sps. Several
modified media like Hsu-shotts, AOA, nutrient agar,
Shieh media were used for the presumptive isolation
of Flavobacterium spp. Shieh agar gave best results,
out of all the above media. Presumptive yellow or
pink colour pigmented dry/ mucous rhizoids
colonies were selected for the further identification
and characterization of bacteria.
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PCR product was used for the sequencing with the
single 16S rDNA 27F Forward primer: 5'AGAGTTTGATCCTGGCTCAG-3`. A total of ~500bp
of the 16SrDNA gene fragment was sequenced from
isolates. On basis of 16s rRNA sequencing a total of 6
isolates were confirmed as Flavobacterium sps and 16
isolates were confirmed as Chryseobacterium spp.
·

·

The 16S rDNA sequences were compared and aligned
with sequences deposited in the Genbank database
using the BLAST programme and Ribosomal
Database Project II (RDP II) for identification of
bacteria. The sequences were aligned in CLUSTALX
1.83. Pair-wise evolutionary distances were computed
using the Jukes and Cantor equation implemented in
the MEGA 3.1 program and a phylogenetic tree was
constructed by the neighbor-joining method program
package, available online. A total of eight 16S rDNA
sequences (Isolate F3, F4, S1, N1, F2-1-1, F2-3-6, FG1-4
and FG1-8) were used for construction of the
phylogenetic tree. A total of 100 bootstrapped values
were sampled to determine a measure of the support
for each node on the consensus tree. The last one
Aeromonas hydrophila 16S rDNA sequence was added
as out-group organism (Fig. 1).
The ~500 bp nucleotide of 16S rDNA sequences of
eight isolates of Flavobacterium and Chryseobacterium

spp were taken and 16 sequences were taken from
Genbank database with different accession number
for the construction of phylogeny tree. In our results,
isolates F3 and F4 belonged to the Flavobacterium sps,
as the isolates were located in the Flavobacterium sps
cluster. Isolate S1 is closely related with the
Chryseobacterium formosense strain (accession
AY315443) and all other isolates (N1, F2-1-1, F2-3-6,
FG1-4 and FG1-8) belong to the Chryseobacterium sps
cluster.
·

The restriction endonuclease Bsp1431 was predicted
to yield specific RFLP profile following digestion of
the PCR products. The 16S rDNA (PCR-RFLP)
digested bands ranged from 100-1000 bp.

·

Several primers were designed and used for
amplification of the ITS region. But amplification
could not obtained with existing primers. However,
we are trying to amplify the ITS region by designing of
new species-specific primers.

·

Result of box-PCR for bacterial genetic diversity was
done for 20 Flavobacterium spp isolates including the
three microbial type culture collection (MTCC,
IMTECH, Chandigarh). The DNA banding patterns of
all isolates between the ranged from the 100-3000 bps.
Isolates no. G5-2, G5-3 and G5-4 were very much
similar to the Flavobacterium spp MTCC isolate.

Fig. 1: Phylogenetic tree based on the 16S rDNA sequences (Isolate F3, F4, S1, N1, F2-1-1, F2-3-6, FG1-4 and FG1-8) and other
sequences from different accession number using neighbor-joining method and Jukes & Cantor algorithm. The number
indicates the bootstrap values of 100 and Aeromonas hydrophila strain used as out-group of the tree.
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Bacterial diversity analysis from different district/ ecological zones of Madhya Pradesh
P.I.: Dr. Kiran Singh
Department of Microbiology, Barkatullah University, Bhopal-462026.
Objectives:
Ø

Sample collection from different eco-zones of Madhya
Pradesh.
Ø Isolation of microorganisms and PCR based
characterization.
Ø Characterization of PCR based technique, namely,
ERIC, REP and BOX.
Ø Optimize the use of DNA probe for direct detection of
efficient microbial strains from plant parts and soil
Significant Achievements:
· From the collected sample only fourteen samples has
been analyzed for different physiochemical
parameter and microbial study.

·

Until now 350 strains have been isolated, out of which
10 culture appears to be phosphate solubilizer and 40
cultures appears to free living as well as symbiotic
nitrogen fixers, where as further isolation and
characterization of microbial strain is in progress. Out
of these 40 cultures, which are biochemical
characterized, are showing the properties of freeliving as well as symbiotic nitrogen fixers. Their
further characterization is in the progress. Analysis of
DNA as Tm value, %G+C etc, using isolated DNA
samples of confirmed strains is being done.

Exploration and Screening of Rainfed Ecosystem Microbial Diversity
P.I.: Dr. P. K. Sharma,
Co P.I.: Dr. R.Gera
Department of Microbiology, CCS HAU, Hisar, Haryana
Objectives:
Ø To study the soil microbial diversity of culturable and
unculturable bacteria under extreme environments
(temperature, moisture, nutrients and salt)
Ø To identify culturable and unculturable bacteria
dominating under different stress conditions and
identification of specific populations associated with
abiotic variables and functions
Ø To identify the management practices for conservation
of microbial diversity lost under extreme conditions
Significant Achievements:
· A survey of rainfed area of Haryana was conducted
and forty soil samples were collected from
rhizosphere of wheat, mustard and chickpea from
Hisar, Bhiwani, Mahendergarh and Rewari districts.
Soil samples were also collected from salt affected soils
from HAU farm.
·
Soil pH ranged from 7.2 to 8.3 while the soil EC was in
the range of 0.03 to 1.90 dSm-1. The organic C and total
N was in the range of 0.15 to 0.75 and 0.018-0.048%
respectively.
· Rhizosphere soil samples were serially diluted and
plated on LB, Soil extract agar, Jensen, Malate and
Pikovaskaya media. Spore forming nitrogen fixing
bacteria were isolated by boiling the soil dilution at
100 oC for 10 min and then plating the serial dilutions
on Jensen media. Total bacterial count on LB medium
was 3.6-5.3 x 107 CFU g-1 soil. Counts of nitrogen fixing
bacteria on Jensen medium and phosphate
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·

·

solubilizing bacteria on Pikovaskaya medium were in
the rage of 2.6 x 104 - 1.5 x 105 and 2.6 x 106 - 7.0 x 106 CFU
g-1 soil respectively. The count of spore forming
nitrogen fixing bacteria was 1.5-2.0 x 103. Microbial
count on soil extract agar was higher than LB medium
indicating that some growth factors present in soil are
not present in LB media. In all 42 different
morphotypes were obtained from mustard and wheat
rhizosphere.
Soil samples collected from salt affected soil (barren)
and rhizosphere of some weeds were treated in similar
manner as stated above. Total bacterial count on LB
medium was 1.3-6.0 x 107 CFU g-1 soil. Counts of
nitrogen fixing bacteria on Jensen medium and
phosphate solubilizing bacteria on Pikovaskaya
medium were in the range of 1-7.0 x 104 and 1.5-5.7 x
105 CFU g-1 soil respectively. In all 54 different
morphotypes were obtained from mustard and wheat
rhizosphere. These morphotypes differed in colony
shape size and colour.
All the isolates were characterized for colony
morphology, colony colour, colony margin, cell shape
and Gram's reaction. Gm+ rod, cocci and small rod
and filamentous bacteria were identified. Few spore
forming Gm+ bacteria were also observed. Gm- small
rods, cocci and spiral shaped bacteria were also
present. Salt affected soils were more diverse. Large
numbers of pigmented actinomycetes were identified
on LB media.
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·

·

Culture isolated from different soil samples were
purified as single colony isolates. The bacterial rDNA
was amplified using colony PCR method using 16S
rDNA primers (F27 5-GAG TTT GAT CMT GGC TCA
G-3) and 1378R (5-CGG TGT GTA CAA GGC CCG
GGA ACG-3) (Fig 1)..
All the bacterial clones which were not amplified
using colony PCR, were amplified from genomic
DNA. Genomic DNA was extracted using CTAB
method.

·
·

Soil community DNA was amplified using 16S rDNA
primers (Fig1).
The purified product was cloned in pUCMT vector
and transformed into E.coli DH5α. The clone with the
insert formed white colonies. The cloned gene in E.coli
was amplified using M13 primers. The amplified
products from clones are being analyzed by RFLP and
attempts are being made to identify different
phylotypes.

Fig 1: Colony PCR of different morphotypes, 2. RFLP analysis of 16S rDNA amplified by colony PCR, 3. Isolation of soil DNA, 4.
Amplification of soil community DNA using 16S r RNA gene primers.

Exploration and Screening of Microbial Diversity of Bihar and their Potential Application
P.I.: Dr. V. K. Shahi, Department of Genetics and Molecular Biology
Co P.I.: Dr.Daya Ram, Department of Microbiology, Dr. R.K.Pandey, Department of Soil Science,
R.A.U., Pusa, Samatipur-848125, Bihar
Objectives:
Ø Collection, identification and conservation of
agriculturally important
microbes from different
agro climatic zones of Bihar.
Ø Characterization of germplasm to ensure broadspectrum genetic variability.
Ø Evaluation of potential strains for their use and
development of technology for mass multiplication
Significant Achievements:
·

·

Altogether eight explorations were made up to march
2007 in 8 districts of Bihar and 314 different types of
samples were collected.
The analysis of rhizospheric soil from 5 districts
revealed occurrence of different group of fungi in all
crop samples. Similarly, mycorrhizal association with
litchi plant roots was observed in all litchi samples
collected from different districts. Besides mushroom
Trichoderma spp, Aspergillus flavus, A.niger, A. terreus,

Penicillium sp, and Coprinus spp were frequently
observed. In pulses Rhizobium spp were observed in all
samples. In other crops microorganism like
Azotobacter, PSB, Azospirillium, were predominantly
occurred. Association of Azospirillium was recorded in
abundance in most of the maize root samples collected
mainly from rice-maize, rice-maize-moong as fallow
(flooding)-maize-moong cropping rotations.
However Acetobacter was observed in Jowar and
sugarcane only. Most of the samples collected from
Banana and Jowar crop growing in calcareous soil,
showed abundance of Azospirillium. Azotobacter
chroccoccum were found in 80-90% and 30-40%
samples of the heavy textured and light textured soils
respectively. Besides, other species of Azotobacter were
also observed. Presence of these bacterium were
recorded in cropped land (Kharif-rabi's and Zaid)
flooded/ waterlogged in areas in kharif season ,Tal or
Diara lands also in the litchi, banana and papaya
plantations.

Table 1: Agro-climatic zones of Bihar.
North – West alluvial plains
Districts

West
Champaran,
East
Champaran,
Siwan,
Saran,
Sitamarhi, Shivhar, Muza ffarpur,
Vaishali,
Madhubani,
Dharbhanga,
Samastipur,
Gopalganj and Begusarai

Zones
North-East
Alluvial plains
Khagaria, Purnea,
Katihar, Saharsa,
Supaul,
Madhepura,
Araria, Kishanganj

South Bihar Alluvial plains East
Rohtas, Bhojpur, Buxer, Bhabhua,
Arwal, Patna, Nalanda, Nawada,
Jahanabad, Aurangabad, Gaya,
Munger,
Bhagalpur,
Banka,
Jamui, Lakhisarai, Sheikhpura,
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Exploration and Screening of Microbial Diversity in North-East India and
Its Potential Application in Agriculture
P.I.: Dr. Ratul Saikia
Co P.I.: Dr. T.C. Bora
Biotechnology Division, North East Institute of Science & Technology (CSIR), Jorhat, Assam
Objectives:
Ø

Collection of environmental sample (soil, water, plant,
decomposed matter etc) from different habitant of
North-Eastern States.

Ø

Isolation, purification and preservation of
microorganisms (Bacteria and Fungi).

Ø

Microbial data base development for future uses.

Ø

Screening of microbes for agricultural importance
(PGPR, Biocontrol etc).

Ø

Characterization potential isolates and diversity
analysis.

bacterial isolated were isolated from the soil of
Bomdila, Tipi and Bhalukpung area of Arunachal
Pradesh. In case of soil of Imphal and its nearby area,
21 nos. of fungal and 24 nos. of bacterial isolates were
isolated. From Sepahijala Wildlife Sanctuary of
Tripura 21 nos. and 37 nos. of fungal and bacterial
isolates were isolated. From Shillong, Cherapunjee,
Borapani and Nongpuh of Meghalaya 12 fungal, 38
bacterial and only 5 Actinomycetes isolates were
isolated.
·

Some of the isolated strains were characterized for
Amylase, Catalase, H2S, Urease, Oxidase activity and
Citrate utilization. Variations were observed among
all the isolates for these properties.

·

In biochemicals and genetical analysis of fluorescent
pseudomonad isolated from 6 tea gardens of 3 district
of Assam viz. Behora and Numaligarh Tea Garden of
Golaghat district; Chenijan and Kakajan Tea Garden of
Jorhat district and Khowang and Barbaruah Tea
Garden of Dibrugarh district of Assam have been
show an enormous variations among the isolates.
Dendrogram produced mainly 4 groups and these
groups further produced sub-groups also (Fig. 1)

Significant Achievements:
·

Samples were collected from different locations in
North-Eastern Region of India. A total 40 fungal and
15 bacterial isolates were obtained from the soil
samples of Rani Reserve Forest, Guwahati, Assam.
From the soil samples of Kaziranga National Park, 70
fungal, 104 bacterial and 15 actinomycetes strains
were obtained. From the Gibbon Wild Life Sanctuary,
Jorhat District, Assam, there are 63 nos. of fungal, 37
nos. of bacterial and 18 nos. of Actinomycetes were
isolated. A total 21 fungal nos. of and 24 nos. of

C1

0.47

0.60

0.73

0.87

1.00

Coefficient

Fig.1: Dendrogram showing the genetic relationships among the 30 isolates of fluorescent
pseudomonad isolates derived from RAPD (pgs 4 primer) analysis.
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Collection, identification and characterization of microbial diversity of North Bengal
P.I.: Dr. B. N. Chakraborty
Co P.I.: Dr. U. Chakraborty, Dr. A. Saha
Immuno-Phytopathology Laboratory, Department of Botany, University of North Bengal, North Bengal

Objectives:
Ø

Ø
Ø

Isolation of fungi 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 and sequencing of SSU
rDNA for identification.

Significant Achievements:
·

A total of 354 fungal isolates were obtained from soil
samples collected from Darjeeling, Jalpaiguri and
Cooch Behar districts of North Bengal. Source of soil

samples from forest, riverine and agricultural land
(rhizosphere of plantation and agricultural crops)
yielded 117, 52 and 185 fungal isolates respectively.
·

Cultural characteristics of the isolated fungi were
studied and microscopic observations (fig. 1) were
made for identification of these isolates.

·

Screening of the isolates for their phosphate
solubilizing and cellulose degrading activities were
done. A total of 71 fungal isolates showed phosphate
solubilizing activities as detected in Pikovskaya's agar
medium. Out of these, 10 isolates were further selected
as potential phosphate solubilizers. These were
categorized on the basis of quantitative,
immunological and molecular studies.
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Biodiversity, characterization & conservation of cyanobacteria of Indo-Burma Biodiversity
hotspots (NE Zone of India) for harnessing of natural pigments
P.I.: Dr. O. N. Tiwari
Institute of Bioresources & Sustainable Development, Imphal, Manipur
Objectives:

Chlorogloeopsis(1) and Westiellops(1).

Ø

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

Ø

Cataloguing & Identification of potential strains for
natural pigments and biofertilizer.

Ø

·

Most of the isolated strains are being categorized to
utilized for pigment (Chl-a), phycobiliproteins
(phycocyanin, phycoerythrin, allo- phycocyanin,
carotenoids) ammonia excretion and carbohydrate
production.

·

Out of total 101 examined strains have been
biochemically characterized 23 strains screened and
identified for further investigation in details.

·

Identified and screened strains for phycobilins:
Phycoerythrin: Anabaena aphanizomenoides;
Carotenoids: Nostoc sp., Anabaena aphanizomenoides;
Phycocynins: Anabaena aphanizomenoides, Anabaena
fuellebornii; Allo-phycocyanin: Anabaena
aphanizomenoides, Anabaena fuellebornii

·

Identified and screened strains for chlorophyll-a:
Nostoc muscorum, Anabaena fertilissima,
Cylindrospermum doryphorum,Calothrix scytonemicola
and Anabaena oryzae

·

Identified and screened strains for excretion of
Ammonia: Anabaena fuellebornii, Anabaena
aphanizomenoides, Microcheate uberrima, Nostoc sp.,
Calothrix glaeocola

·

Identified and screened strains for polysaccharides
(Carbohydrates): Calothrix scytonemicola, Anabaena
aphanizomenoides, Anabaena circinalis, Anabaena
varibilis, Anabaena aphanizomenoides

Development of optimized protocol for enhanced
production of natural pigments.

Significant Achievements:
·

·

Total 200 strains of 24 genera have been isolated in
cultures from different habitats of Manipur in axenic
forms and they are being maintained in well defined
media in germplasm of cyanobacteria at IBSD,
Imphal.
Total 101 strains belonging to 17 genera of
cyanobacteria have been isolated from different
ecological habitats of entire Manipur state (Bishnupur
Imphal West, Imphal East Ukhrul district Senapati
district) and added to the pool of existing 99 axenic
strains of cyanobacteria in the germplasm of IBSD,
Imphal. The strains are Phormidium (12), Limnothrix
(14), Oscillatoria (7), Lyngbya (13), Pseudanabaena (1),
Spirulina (3), Plectonema (14), Nostoc (15),
Cylindospermum (2), Anabaena (6), Scytonema (2),
Aulosira (1), Tolypothrix (1), Calothrix (4),

Plate 1: Unicellular and colonial cyanobacterial
isolates of Manipur including Loktak Lake.

Plate 3: Heterocystous forms of
cyanobacteria of Nostocales from
Manipur including Loktak Lake.
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Plate 2: Non-heterocytous filamentous cyanobacteria
from Manipur including Loktak Lake

Plate 4: Heterocystous forms of
cyanobacteria of Nostocales from
Manipur including Loktak Lake.

Plate 5: Heterocystous forms of cyanobacteria
of Nostocales and Stigomatales from Manipur
including Loktak Lake
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Table: Physiological / Biochemical characterization
Name of strain

Physiological and Biochemical properties
Extra cellular ammonia released (µg/ml)

Carbohydrate (µg/ml)

Microcheate uberrima

69.3

12.0

Anabaena aphanizomenoides

77.1

31.0

Anabaena aphanizomenoides

35.7

37.5

Anabaena varibilis

18.6

33.0

Calothrix scytonemicola

44.7

65.0

Anabaena circinalis

52.2

36.0

Cylindrospermum doryphorum

55.5

16.4

Nostoc sp.

66.6

22.0

Anabaena fuellebornii

57.9

16.0

Anabaena fuellebornii

94.2

26.1

Calothrix sp.

12.6

9.3

Cylindrospermum doryphorum

17.4

19.9

Anabaena oryzae

23.4

13.5

Anabaena foveolarum

18.9

9.1

Anabaena circinalis v. crassa

13.8

21.0

Nostoc muscorum

21.3

7.0

Calothrix javanica

3.6

24.0

Calothrix geitonos

16.5

7.6

Calothrix glaeocola

60.9

9.0

Nostoc muscorum

16.2

16.8

Nostoc muscorum

35.1

7.0

Nostoc paemelioides

21.6

5.5

Anabaena fertilissima

21.3

14.2

Anabaena sp.

60.3

7.6

Cylindrospermum sp.

18.3

5.8

Anabaena sp.

46.5

14.0

Nostoc sp.

25.5

8.7

Nostoc sp.

23.7

19.0

Anabaena sp.

24.9

29.0

Anabaena sp

17.9

19.2

27

AMAAS - Annual Report 2006-07

Assessment of Molecular Diversity and Exploitation of Plant Growth Promoting Rhizobacteria
P.I.: Prof. Ashok Kumar
School of Biotechnology

Co P.I.: Prof. M.B.Tyagi, DR. R. P.Sinha CAS in Botany
Banaras Hindu University, Varanasi
Objectives:
Ø

Isolation of Bacteria from Northern Plains especially
from Rhizospheric soils

Ø

Characterization of Microorganisms for Nitrogen
fixation, P solubilization and growth promoting
substances

Ø

Molecular Diversity Analysis

Ø

16S rDNA amplification and sequencing for
identification

·

Out of 373 isolates, 291 isolates (78%) showed IAA
producing ability, the highest
percentage being
from the isolates of Chandauli district. The highest
value was 67 µg/mg dry weight by the isolate
MK11S6.

·

Among P solubilizer, 83 isolates (out of 373) showed
positive test. Among all the isolates, V1S7 from
Varanasi showed the highest level (45 µg/mg dry
weight). The
percentage of P solubilizers was
significantly lower (22.25%) in comparison to IAA
producers (78%).

·

Siderophore production was noted in 156 isolates out
of 373. Number of isolates with siderophore
production ability was lowest from Chandauli soil
samples. Among all the isolates, M2S10 a isolate from
Mirzapur soil had the highest level of siderophore
production.

·

With a view to obtain efficient isolate, screening was
made to select isolates showing a combination of
characters as stated above. Among 373 isolates, 38
isolates were found to have high level of IAA and
siderophore production and P solubilization ability.

·

Partial sequencing of 16S rDNA (436 bp) for
characterization and identification of ten efficient
isolates was done.

Significant achievements:
·

Soil samples were collected from rice/wheat fields of
seven districts of eastern UP namely Ballia,
Chandauli, Ghazipur, Jaunpur, Mau, Mirzapur and
Varanasi.

·

Altogether 373 diazotrophic bacterial isolates were
isolated from the soil samples by enrichment culture
technique following growth in JNFb- medium.

·

The colony forming unit (CFU/g.soil) was highest in
soil sample of Varanasi (9.10 x 107) where as the lowest
number was in the soil of Ghazipur (4.23 X 105).

·

In general 4-5 types of bacterial isolates were noted in
majority of the soil however there were variations
among isolates in soil samples of different districts.

Exploration of Plant Pathogenic and Antagonistic Microbial Resources Associated with
Vegetable and Spice crops of Andaman and Nicobar Islands
P.I. Dr. V. Jayakumar
Co P.I.: Dr. Kishan Kumar
Central Agricultural Research Institute, Port Blair, Andamans
Objectives:
To isolate and characterise phyllosphere and soil
borne plant pathogens associated with vegetable
crops and spices from coastal agro-ecosystems of
Andaman & Nicobar islands

Ø

Ø

To isolate and characterise antagonists (Pseudomonas
spp, Bacillus spp and Trichoderma spp) associated with
rhizosphere of spices and vegetable crops

Significant achievements:

Ø
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growth promoting properties

Ø

To evaluate in vitro the isolated antagonistic
microorganisms for their bio-control and plant

·

Molecular characterization and diversity analysis of
isolated plant pathogens and antagonistic
microorganisms

About 33 villages located in South Andaman and two
Islands viz., Neil and Havelock Islands were surveyed
for the collection of rhizosphere soil and infected leaf
and plant samples of vegetable crops and spices.
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·

A total of 261 Agriculturally Important
Microorganisms were isolated from the hot humid
coastal agro-eco system of Andaman & Nicobar
Islands and pure cultures are maintained at Central
Agricultural Research Institute, Port Blair

·

Among the total isolates about 194 rhizobacteria were
associated with vegetable crops and spices. Among
those 33 antagonists were partially characterized by
morphological and biochemical methods.

·

From the Rhizosphere soil 22 mycoparasitic fungi

(Trichoderma spp) were isolated and characterized.
·

Isolated and partially characterized 25 Ralstonia sp
associated with wilt of tomato, brinjal and chilly
crops and their pathogenicity was assessed in the
glass house condition.

·

A total of 20 fungal pathogens were isolated from
symptoms associated with vegetable crops and
spices cultivated in Andaman & Nicobar Islands.
Characterization and pathogenicity test of those
pathogens are initiated and is in progress.

Isolation and Characterization of Microorganism from Freshwater Ecosystem
P.I. Dr. N. K. Maiti
Co P.I.: Dr. Sriprakash Mohanty
Central Institute of Freshwater Aquaculture (ICAR), Bhubaneshwar, Orissa
Objectives:
Ø To assess the molecular diversity from freshwater
ecosystem by culture dependant molecular tools.
Ø To assess the functional diversity of microorganisms
isolated from freshwater ecosystem.
Ø To find out the correlation between phenotypic and
genomic characteristics.
Ø To evaluate the comparative efficacy of molecular tests
to study the diversity of microorganisms.
Significant Achievements:
·

·

·

Based on morphological and biochemical tests, of the
109 strains screened, 50 were found to be Edwardsiella.
Tarda (29 from sediment, 14 from water and 7 from fish
samples).
The PCR-RFLP of 16S r DNA genomic DNA from 23
isolates was carried out and a specific product of 1.5 Kb
was obtained in all the isolates including reference
strain.
The amplified PCR product was digested with Alu I,
Hae III and Msp I. Banding pattern obtained with Alu1
is presented in Fig 1. Hae III digestion produced three
common bands of molecular size 323, 180 and 158Kb
among the fish isolate but only the 158 Kb band was
found common in sediment, water and fish isolates.
RE profile obtained with other enzymes did not reveal
any common bands among the isolates from all
sources. Eight different profiles were obtained with
PCR products digested with Msp-I, six with Hae III and
seven with Alu I. Patterns of each enzyme were
combined together and each strain was assigned a
composite genotype. Based on this 11 genotypes were
obtained. Certain genotypes were exclusively isolated
from fish intestine. Likewise, genotypes AAB, BCA

·

and EDD were found in sediment and one isolates
belonged to ACD genotype was found exclusively in
water. Dendogram revealed that all the isolates were
placed into four clusters at 60% similarity level. Class1 cluster which included majority of sediment isolates
was largest and included 47% of the total isolates.
Reference strain and two water isolates were also
placed in this cluster. Maximum similarity of 45% was
found between two sediment isolates (S6 and S10).
Sediment isolate (S2) showed maximum similarity of
55% with reference strain. Cluster -11 included two
water isolates and one each fish and sediment isolates.
Maximum similarity (32%) was observed between F1
and W1. Cluster –111 comprised of seven fish isolates
of total eight isolates studied and representing 29% of
total isolates. Maximum similarity of 71% was found
between F5 and F4 and cluster -1V included two
sediment and one water isolate.
To assess the genetic relationship of the isolates, BOXPCR was carried out. Molecular typing by BOX-PCR
generated 2 to 6 amplification products ranging in size
from 289 to 1309 bp. Complex fingerprint pattern
were obtained for all the isolates studied. In general,
the banding pattern of the isolates from the same
source was not similar always. However two
amplification products of molecular size 504 & 630 bp
were found to be common in 80% or more isolates. In
any isolate no habitat specific band was observed.
Comparison of banding patterns obtained by BOXPCR revealed 32 genotypes. By using the cut off value
of 70% similarity, 9 clusters could be delineated
(designated B1 to B9) while 5 sediment isolates (S11,
S16, S21, S22, S25) and 1 each fish and water isolate (F3
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and W7) occupied a separate position in dendrogram.
Within B1 cluster, 9 water isolates, 4 fish isolates, 4
sediment isolates and reference strain clustered at
linkage level of 72%. Among the strain of B1 cluster
similarity ranged from 67 to 100%. B2 cluster
comprising of one fish and sediment isolate each,

clustered at linkage level of 74 %.Clusters B3 and B4
which predominantly comprised of sediment isolates
both clustered at linkage of level 76% and 80%
respectively. Among the isolates of these groups
similarity ranged from 75 to 100%. Clusters B5 to B9
clustered at linkage level of 78 to100%.

Fig. 1. 16SrDNA PCR- RFLP of E tarda

Fig. 2. BOX-PCR of E tarda isolates

Collection, identification and characterization of microbial diversity of Punjab
P.I.: Dr. (Mrs.) S. K. Gosal, Department of Microbiology
Co P.I.: Dr. M. Gangwar, Department of Microbiology, Dr. G.S. Saroa, Department of Soils,
Punjab Agricultural University, Ludhiana
Objectives:
Ø

To study the functional and taxonomical diversity for
nitrogen fixers, P-solubilizers and PGPRs in different
agroclimatic regions of Punjab for sustainable
agriculture

Ø

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

Significant Achievements:
·

From cultivated and uncultivated soils 104 were
collected from different agroclimatic regions of
Punjab. These were enumerated for various
microorganisms by using serial dilution spread plate
method.

·

Maximum bacterial count (52 x 108 g-1 soil) was
observed in Sub mountain undulating region
(Medium to heavy textured soils) and Western plain
region (Light to medium textured soils) in cultivated
soils. In uncultivated soils, maximum bacterial count
(80 x 108 g-1 soil) was observed in Central plain region
(Medium to heavy textured soils).

·
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soils and Light to medium textured soils).
·

Maximum Actinomycetes count (90 x 103 g-1 soil) was
observed in Central plain region (Light to medium
textured soils) in cultivated soils. The maximum
actinomycetes count in uncultivated soils (90 x 103 g-1
soil) in Undulating plain region (Medium to heavy
textured soils) and Western plain region (Light to
medium textured soils).

·

The maximum count of PGPRs (420 x 104 g-1 soil) was
observed in undulating plain region (Medium to
heavy textured soils) in cultivated soils. In
uncultivated soils, the maximum count (480 x 104 g-1
soil) was observed in Undulating plain region
(Medium to heavy textured soils).

·

Maximum count (70 x 103 g-1 soil) of Phosphorous
solubilizing fungi was observed in Undulating plain
region (Medium to heavy textured soils) in cultivated
soils. Whereas, in uncultivated soils, maximum count
(50 x 103 g-1 soil) was observed in Western plain region
(Light to medium textured soils).

·

Maximum count (80 x 103 g-1 soil) of Phosphorous
solubilizing bacteria was observed in Central plain
region (Light to medium textured soils) in cultivated
soils. In uncultivated soils, maximum count (70 x 103 g-1
soil) was observed in Undulating plain region
(Medium to heavy textured soils).

·

Maximum count of Nitrogen fixers (440 x 103 g-1 soil)

Maximum Fungal count (17 x 103 g-1 soil) was observed
in Central plain region (Light to medium textured
soils) in cultivated soils. In uncultivated soils,
maximum fungal count (15 x 103 g-1 soil) was observed
in Central plain region (Medium to heavy textured
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was observed in Sub mountain undulating region
(Medium to heavy textured soils) in cultivated soils.
In the uncultivated soils, maximum count (700 x 103 g1
soil) was observed in Undulating plain region (Light
to medium textured soils).
·

deamination and H2S production. Similarly, majority
of isolates exhibited citrate negative reaction, which
indicates non- utilization of citrate as sole carbon
source.
·

Biochemical characterization of 30 Nitrogen fixing
isolates was performed. The (N2-fixers) exhibited
positive reactions for lysine decarboxylase and
ornithine decarboxylase. However, they exhibited
negative reactions for Urease, Phenylalanine

Five sugar tests were performed by using Hi-assorted
biochemical kits. Regarding the sugar utilization
profile, majority of the isolates used glucose as
preferred carbon source. However, adonitol was not
utilized by any of the isolates.

Identification and Diversity of Lactobacillus spp. from Fermented Dairy Foods
P.I.: Dr. S. De
Co P.I.: Dr. Rameshwar Singh
Animal Biotechnology Center, NDRI, Karnal, Haryana
Objectives:
Ø

Lactobacillus diversity in Indian fermented dairy foods
(Milk, Dahi and fermented cereals).

Ø

Molecular typing of new isolates.

·

Biochemical characterization (Sugar fermentation),
predicted species of Lactobacillus (L. acidophilus, L.
rhamnosus, L. casei, L. plantarum, L. fermuntum, L.
bulgaricus, L. brevis, L. lactis, L. viridescens,).

·

The genomic DNA is isolated from all 240 isolates
without RNAse A (Figure 1) or with RNAse A (Figure
2).

·

Lactobacillus genus specific PCR primers were
designed to get a Lactobacillus specific 550 base pair
band. This primer set is also tested in other Gram
positive rods to rule out any false positive reaction.

Significant Achievements:
·

In total 6 samples were collected (5 samples from
Haryana, 1, sample from Uttar Pradesh) and 240
isolates of bacteria were obtained. Primary screening
for Lactobacillus was done using selective growth in
MRS media, Gram's reaction and catalase reaction.

Fig. 1: Electrophoteric profile of Genomic DNA isolated from
Lactobacillus isolates in 1% Agarose gel. (Genomic DNA
without Rnase A treatment.)

Fig. 3: PCR based genus specific screening of
Lactobacillus spp. Each lane indicates a positsve band
(~550 base pair) for genus Lactobacillus.

Fig. 2: Agarose gel electrophoresis of genomic DNA
isolated from 18 isolates of Lactobacilli. Genomic (DNA
with Rnase A treatment).

Fig. 4: PCR based genus specific screening of
Lactobacillus spp. Each lane indicates a positive band
(~550 base pair) for genus Lactobacillus.
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Fig.: Two more species specific primer set were also designed to
identify Lactobacillus casei and Lactobacillus rhamnosus.

Fig. 5: PCR based genus specific screening of Lactobacillus
spp. Each lane indicates a positive band (~550 base pair)
for genus Lactobacillus

Fig. 6: Species specific PCR for Lactobacillus bulgaricus. A
specific 1065 bp band is amplified in only six isolates.

Exploration and Screening of Fish Microbial Diversity
P.I: Dr. Imelda Joseph
Central Marine Fisheries Research Institute (CMFRI), Ernakulam, Kochi, Kerala
Objectives:
Ø
Ø
Ø
Ø

To screen bacterial groups from selected marine fishes
(from skin, gills and gut).
To identify the selected groups by physiological and
biochemical tests.
To identify microorganisms using ribosomal RNA
gene sequences.
To develop 16S group probes for assessing the
diversity of bacterial groups.

Significant Achievements:
· Fish samples (Siganus sp., Mugil cephalus and Chanos
chanos) were collected from Vizhinjam, (Trivandrum),
Fort Kochi and Narakkal, (Cochin), Kerala. Live fish
were aseptically transported to the laboratory and
anaesthetized by using clove oil within one hour and
the used for bacterial diversity studies. A cruise was
undertaken at Versova, Mumbai, to collect marine
fishes from their natural habitat for bacterial diversity
studies. Four species of marine fishes were collected
and brought live to the CIFE, Mumbai laboratory. The
fishes were Arius sp., Coilia sp., Anodontostoma sp. and
Johnius sp. After the initial inoculation, the plates were
transported aseptically to CMFRI, Cochin and further
purification was carried out.
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·

·

From marine fishes (Siganus sp., Mugil cephalus, Chanos
chanos, Arius sp., Coilia sp., Anodontostoma sp. and
Johnius sp.) about 65 pure bacterial strains were
isolated, purified and maintained. Eight bacterial
strains (natural flora) from M. cephalus and five from
Siganus sp were isolated and maintained. From milk
fish, Chanos chanos 13 pure isolates were obtained and
are being maintained. From Arius sp., 8 bacterial
strains were isolated, from Coilia sp. 10 strains, eleven
strains from Anodontostoma sp. and 10 isolates from
Johnius sp. were also isolated, purified and maintained
for identification.
The morphological, physiological and biochemical
details of the 13 bacterial strains isolated from Mugil
cephalus and Siganus sp. are given in Table (Mugil sp. &
Siganus sp.). The strains isolated from Mugil sp are
tentatively identified as MS I- Alcaligenes/
Flavobacterium; MSII- Aeromonas/Pseudomonas; MSIIIBacillus ; MS IV- Moraxella; MG I- Cytophaga; MV IAeromonas; MV II- Micrococcus; MV III- Aeromonas. The
strains isolated from Siganus sp are tentatively
identified as SS I- Flavobacterium/ Cytophaga SSIIFlavobacterium/ Cytophaga SG I- Bacillus SG IIPseudomonas SVI- Vibrio.
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Table: The morphological, physiological and biochemical details of the 13
bacterial strains isolated from Siganus sp.
Sl No.
1
2

NAME OF THE TEST
Gram’s stain
Cell shape

3

Density

4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

Elevation of colony
Raised
Margin
Entire
Configuration
circular
Pigments
nil
Hydrogensulphide production
MacConkey agar growth
Flourescence
Motitlity
+
Catalase
+
Oxidase
MR
+
VP
Indole
Citrate utilization
+
Oxidation fermentation
Oxidative
Nitrate reduction
+
Growth on 0% NaCl
+
Growth on 2% NaCl
+
Growth on 5% NaCl
+
Growth on 7% NaCl
+
Growth on 9% NaCl
+
Antibiotic sensitivity
+
Growth at pH 5.0
+
SS- Siganus
skin;
Siganus viscera
Growth
at pH
8.0SG- Siganus gills; SV- +
Growth at pH 9.0
Glucose fermentation

SS I
Rods with
endospore
Opaque

0+
+

SS II
Cocci in
chain
Opaque

SG I
+
Thick rods with
endospore
Opaque

SG II
Cocci in
chain
Opaque

Convex
Undulate
irregular
nil
+
Inert
+
+
+
+
+
+
+
+
+
+

Raised
Lobate
rhizoidal
nil
+
+
Oxidative
+
+
+
+
+
+
+
+
+

Raised
Lobate
rhizoidal
nil
+
+
+
+
inert
+
+
+
+
+
+
+
+
+

SV I
Small rods
semitransp
arent
Convex
Entire
circular
nil
+
+
+
oxidative
+
+
+
+
+
+
+
-

Conservation of beneficial fungi of Himalayan Ecosystem of Jammu Province
Dr. P. K. Raina
Division of Plant Pathology, Sher-e-Kashmir University of Agricultural Sciences and
Technology of Jammu, Jammu and Kashmir
Objectives:
Ø

Isolation of microorganisms (fungi- mushroom) from
western Himalayan ecosystem of Jammu Province.

Ø

Identification of micro-organisms using
conventional/biochemical methods.

Ø

Screening of the strains for disease suppression.

Significant Achievements:
·

Out of 28 soil samples collected from different
locations across western Himalayan ecosystem (Table
1), 23 pure isolates of Trichoderma species were
obtained. On the basis of morphological and
microscopic examination, 20 isolates were of
Trichoderma viride and 3 of Trichoderma harzianum. Out
of these 23 isolates, 3 fast growing isolates (Table 2)
were selected for interaction study against two soil
borne pathogen (Fusarium and Pythium).

·

Growth rate study: The growth rate study (Table-2 ) of
isolated Trichoderma species on PDA revealed that SJ-

T21 (Th) was the fast growing strain with growth rate of
1.20 mm/ h, followed by strains SJ-T3 (Tv) and SJ-T17
(Tv) with growth rate of 1.12mm/h and 1.02 mm/h,
respectively.
·

In vitro evaluation of bio-control agents belonging to
the species of Trichoderma were evaluated against two
soil borne pathogens viz. Fusarium and Pyhtium
species isolated from gladiolus and brinjal seedling,
respectively. The isolate SJ-T3 (Tv) inhibited the growth
of Fusarium upto 69.33% under dual culture study
followed by SJ-T21 (Th) and SJ-T17 (Tv) with 66.66% and
50.40% inhibition, respectively. Almost similar trend
was observed when these isolates were tested against
Pythium sp. isolated from the roots of brinjal seedling.
Here again isolate SJ-T3 (Tv) inhibited growth of
Pythium sp. up to 69.65% followed by SJ-T21 (Th) and SJT17 (Tv) with growth inhibition of 68.96 and 55.17%,
respectively.
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Table 1: Detail of villages/locations surveyed in Jammu region.

Villages/ locations
surveyed
Marh
Udheywalla
R.S.Pura
Jatti
Muthi
Dhiansar
Aithma
Kathua

Type of land
Irrigated
Irrigated
Irrigated
Irrigated
Irrigated
Dry Land
Dry Land
Irrigated

No. of soil/mushroom
sample collected
3
2
4
4
5
3
3
4

Crops grown
Cabbage, Cauliflower
Cucumber
Gladiolus, Marigold, Wheat
Tomato, Brinjal
Tomato, Brinjal, Capsicum
Chickpea
No crop
Paddy

Table 2: Growth of resident Trichoderma species isolated from soil sample on Potato Dextrose Agar Medium.

Trichoderma species
Trichoderma viride
Trichoderma viride
Trichoderma harzianum

Isolate code
SJ-T3 (Tv)
SJ-T17 (Tv)
SJ-T21 (Th)

Growth rate (mm/h at 25± 2 0C)
1.12
1.02
1.20

Table3: Percent inhibition of Fusarium and Pythium sp. after 7 days of inoculation with Trichoderma species
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Bio-control agents

Isolated
code

Trichoderma viride
Trichodertma viride
Trichoderma harzianum

SJ-T3 (Tv)
SJ-T17(Tv)
SJ-T21(Th)

Fusarium sp.
Growth
Inhibition (%)
(mm)
23.00
69.33
37.00
50.40
20.00
66.66

Pythium sp.
Growth
Inhibition
(mm)
(%)
22.00
69.65
32.00
55.17
22.50
68.96
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Theme 2 : Nutrient Management, PGPR, Antagonists,
Biocontrol Agent and Disease Management
Improving yields and nutrient uptake of selected crops through
microbial inoculants in Vertisols of Central India
P.I.: Dr. D. L. N. Rao
Co P.I.: Dr. S. S. Manna
Indian Institute of Soil Science, Nabi Bagh, Bhopal-462 038, M.P.
Objectives:
Ø

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

Ø

To select the most effective strains, develop the best
consortium/ formulation and test it in farmers fields.

Ø

To make multiple-repositories of the elite strains of
microorganisms.

total of 573 microbial isolates have thus been obtained
from rhizosphere of soybean, chickpea, wheat and
from vermicompost and vermicast samples.
·

Off the 389 isolates made from rhizosphere soil
samples of soybean, chickpea and wheat, about 38
were actinomycetes, 125 were pseudomonads, 38
isolates could be tentatively classified as Arthrobacter
being protease positive on specific media, 44
diazotrophs, 70 phosphorous solubilizers and 12 were
nutritionally exacting species.

·

Off the 121 isolates made from vermicomposts and
vermicasts, about 24 were pseudomonads, 22 isolates
could be tentatively classified as Arthrobacter being
protease positive on specific media, 8 diazotrophs, 10
phosphorous solubilizers and 9 were nutritionally
exacting species.

·

Specific bacterial groups ranged from 105-106 cfu/g soil
in rhizosphere of soybean (at Geelakhedi) and
chickpea (at Sehore). Counts of specific bacterial
groups in vermicompost and vermicast also ranged
from 105-106 cfu/g.

·

Of the 38 bacterial isolates tentatively designated as
Arthrobacter based on growth specific media, only 3
isolates were designated as true Arthrobacter spp. on
the basis of protease activity. This represented about
8% of the isolates.

·

Of the 70 isolates on Pikovskaya's agar, only 6 isolates
were designated as true P-solubilizers based on apatite
solubilization; they formed colonies with only 3-5 mm
zone. This represented about 8% of the isolates. These
isolates need to be tested further on NBRI and other
media since yeast extract addition in Pikovskaya's
medium inhibits the extent of zone formation.

·

The isolates obtained on minimal media were also
streaked on standard media and vice-versa to verify

Significant Achievements:
·

Seven Rhizobium isolates were obtained from soybean
nodules cultivated in kharif season, 2007 at IISS Bhopal
and village Geelakhedi, Dist. Rajgarh. All these
isolates were fast growing. During rabi season 2007, a
total of 56 Rhizobium isolates were isolated from
Bhopal, Geelakhedi, Sehore, Jabalpur and
Narsinghpur and the low land chickpea belt of M.P. in
Narsinghpur District (Village Kalmeta) where the
areas are completely submerged in monsoon and the
legumes are grown on residual moisture. From the
rhizobial germplasm collection made during soybean
nodulation surveys in Madhya Pradesh conducted by
the AINP on Biofertilizers during 2002-07, 32
Rhizobium strains have been included in the present
study for screening along with the fresh isolates
obtained currently.

·

A total of 43, 44 & 137 isolates in standard and 31, 103
isolates in minimal (1/10) media were made from
soybean, chickpea, wheat, respectively.

·

In vermicompost 45 and 23 isolates were obtained in
standard and minimal media respectively. In
vermicast 32 and 21 isolates were obtained in standard
and minimal media respectively. Thus a total of 301
isolates in standard and 209 in minimal media were
made. Taken together with the 63 rhizobial isolates, a
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the true\ facultative nature of nutrition of the isolates.
A total of 7 out of 236 isolates were found to be obligate
oligotrophs (these will be further studied at higher
dilutions to determine the degree of oligotrophy) and
14 found to be obligate copiotrophs in soybean and
chickpea rhizospheres, vermicast and vermicompost.
Thus only 3% of the isolates showed `obligate
oligotrophy' or `obligate copiotrophy'. Nearly 90% of
the isolates were facultative in the mode of nutrition.
·

same (27 ± 1 morphotypes). However the individual
variations in generic and specific diversity at different
levels of irrigation would be characterized in further
studies.
·

Culturable microbial diversity in wheat rhizosphere
under 3 different conditions of irrigation (Rainfed,
Limited Irrigation and Irrigated conditions) and
varieties (5 no.) as assessed by the morphotypes
recovered in 8 different culture media was almost the

Excessively high muco-polysaccharide production
was observed in two isolates recovered on
Pseudomonas agar (in standard media) from wheat
rhizosphere soil sample collected from Indore under
rainfed conditions and from irrigated conditions in
Bhopal. Zone formation was observed in Ashby's
Mannitol agar by one of the isolates in standard media
from Geelakhedi wheat rhizospheric soil sample. This
isolate will be further characterized for poly-functions
like N fixation, P solubilization and PGPR activity.

Microbial Control of Plant Diseases caused by soil born pathogens like
Macrophomina phaseolina, and Fusarium spp.
P.I.: Prof. Dilip K. Arora
Co P.I.: Dr. A. K. Singh
National Bureau of Agriculturally Important Microorganisms, Mau, Uttar Pradesh
Objectives:
Ø

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

Ø

To Screen potential isolates by using different
antibiosis assays against major Soil and seed borne
plant pathogens like Macrophomina and Fusarium
oxysporum forme species ciceri.

Ø

Ø

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

In total 260 isolates of different fungi were isolated and
purified from these regions by dilution plate
technique using different kinds of media like Baths,
PDA, Sabourads, Malt Extract Agar and Soil Extract
Agar.

·

Screening of antagonistic activity of 260 fungal isolates
were made against soil borne pathogens like
Macrophomina phaseolina, Fusarium udum, F. oxysporum
f sp. ciceri, Sclerotium rolfsii, by using dual culture
plate technique. Results are shown in table 1.

·

Screening of antagonistic activity of actinomycetes (80),
Pseudomonas fluorescens (54) and Bacillus spp. (84) were also
carried out against Fusarium oxysporum f. species. Ciceri and
M. phaseolina by using dual culture method. The results are
shown in table 2.

·

Antagonistic activity against Fusarium oxysporum f. species.
Ciceri and M. phaseolina using secondary metabolite
produced from Bacillus and Pseudomonas fluorescence showed
that only 1 isolate each of Bacillus and Pseudomonas
fluorescence could produce secondary metabolite that can
inhibit the growth of selected pathogens.

To develop formulations by using mass
multiplication technique suitable for various delivery
systems and their evolution against target diseases.

Significant Achievements:
·

·

Soil and plant samples were collected from Assam
(Kaziranga national biodiversity park and Jorhat
district), Uttaranchal, West Bengal (Sunderban
mangrove forest areas) and Western Uttar Pradesh.

Table 1. Screening of fungal isolates for antagonistic activities against some soil-borne plant pathogens by
dual culture plate method
S. No

1
2
3
4
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Place

Assam
Uttarachal
West Bengal
Uttar Pradesh
Total

Fungal
isolate
Screened
50
77
43
90
260

No. of fungal isolates showed antagonistic activities against plant
pathogens
M. phaseolina
F. udum
S. rolfsii
F. Solani
F.oxysporum ciceri
4
8
4
6
22

7
6
6
8
27

1
2
1
2
6

4
5
4
6
19

4
5
4
5
18
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Table 2. Screening of different bacterial and actinomycetes isolates for antagonistic activities against two plant pathogens

S.No

Bacterial isolates

1
2
3
Total

Actinomycetes spp. (80)
Bacillus spp (54)
Pseudomonas fluorescence (84)
218

Screened against plant pathogens
Macrophomina phaseolina
Fusarium.oxsporum f.sp. ciceri
28
25
12
12
07
11
47
48

Fig. Antagonistic activity using
secondary metabolite

Application of AIMS for nutrient management and plant growth promotion in
rainfed agro ecosystem
P.I.: Dr. B. Venkateswarlu
Co P.I.: Dr.S.Desai
Division of Crop Sciences, Central Research Institute for Dryland Agriculture, Hyderabad
Objectives:
Ø

To isolate AIMS involved in nutrient management
and plant growth promotion from different agro
ecological sub regions and production systems from
rainfed regions.

Ø

To characterize the isolated organisms for their
nutrient mobilization and growth promotion ability.

Ø

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

Ø

To standardize methods of mass multiplication,
improved formulations and delivery systems
particularly for rainfed conditions.

Ø

To carry out multi location testing and evaluation of
formulations.

Azospirillum spp.
·

All the Pseudomonas (42) and Bacillus (80) strains were
screened for their ability to tolerate abiotic stresses like
high temperature (50o C), salinity (1.2 M i.e., 7% NaCl),
drought (PEG 6000, 32%) and oligotrophy (minimal
salts medium, ~99% diluted). Out of the 42 isolates of
Pseudomonas screened for high temperature tolerance,
6 isolates (P8, P12, P14, P15, P20 an P21) were found to
tolerate 50o C. Similarly, 12 isolates of Bacillus GASRB1,
GASRB14, GASRB15, HASR27, HASR29, HARR35,
JoVBu41, JuVSR51, JuVSR55, JuVSN61, NGCH15 &
VLB16 could grow at 50o C.
Two isolates of
Pseudomonas (P8 and P37) and 11 of Bacillus (GASRB5,
GASRB6, GASRB8, GASRB9, GASRB11, GASRB12,
ASRB14, HASR24, HASR31, HARR36 & HVGnR65)
were able to grow at 7% NaCl (1.2 M). With regard to
drought tolerance, two strains of Pseudomonas (P6 and
P30) were able to grow at 32% PEG 6000 (-12 bars).
Seven strains of Pseudomonas (P7, P11, P12, P16, P34,
P37 & P39) were able to grow under oligotrophic
conditions (1% mineral salts medium).
The
oligotrophic and drought response study of Bacillus
strains is under progress. In case of Bradyrhizobium and
Azospirilum, more number of isolates are to be added
to the collection before characterizing them.

·

Out of the 8 strains of Pseudomonas evaluated, 5 strains
(P5, P20, P21, P22 and P23) showed more than 50%

Significant Achievements:
·

The sampling of soil was done from 16 locations of the
rainfed ecosystem covering arid, semi arid and sub
humid regions.

·

In total, 80 Bacillus and 42 Pseudomonas, 10
Bradyrhizobium and 12 Azospirillum strains were
isolated from the soil samples using King's B medium
for fluorescent pseudomonads, Nutrient Agar
medium for Bacillus spp., YEMA medium for
Rhizobium spp. and
'N' free BTB medium for
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increase in seedling dry weight of sorghum seedlings
as compared to uninoculated control . In case of red
gram however, only one strain (P22) showed growth
increment of 50% or more. In case of Bacillus, only one
strain (HARR39) recorded more than 50% dry weight
increment in sorghum seedlings, but large number of
strains (8) caused growth increment between 25-50%.
In case of Pseudomonas, highest increase in seedling
dry weight was recorded with strain P9 with of
redgram and P23 with of sorghum. In case of Bacillus,
highest seedling biomass was recorded in HARR39

followed by HARR40 and HASR24.
·

Nine strains of Pseudomonas were tested for
phosphorus solubilisation efficiency on Pikovskays
medium (with TCP). Strain P38 showed 59.45%
solubilisation followed by P29 55.45%, P34 was next in
order. The disease in pH corresponded with the
solubilisation efficiency. Strain P38 originated from
the rhizosphere soil of oats in a saline soil at Hisar,
while P29 originated from the rhizotic zone of
fingermillet at Gunegal in Ranga Reddy district of A.P.

Fig. 2 : PGPR activity of 8 Pseudomonas isolates on Sorghum and Redgram seedlings in paper cups.

Fig. 3: PGPR activity of Bacillus strains on Sorghum seedlings in paper cups.
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Development of a Cold Tolerant Phosphate Solubilizing Bacterial (PSB) Inoculant
P.I.: Dr. G. Selvakumar
Co P.I.: Dr. Pankaj Mishra
Vivekananda Parvatiya Krishi Anusandhan Sansthan (ICAR), Almora, Uttarakhand
Objectives :
Ø To isolate PSB cultures from the rhizosphere of
various hill crops and screen them under invitro cold
conditions (4 and 15OC) for their P solubilizing ability
Ø To develop comprehensive biomarkers for the
qualitycontrol and field detection of the elite PSB
strains
Ø 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
efficient PSB culture(s) and carrier material
Ø To evaluate the performance of the PSB inoculant with
graded levels of P fertilization in select winter crops
Ø To conduct large scale field demonstrations with the
developed bio- inoculant and commercialize the
developed technology
Significant Achievements:
· Cold tolerant putative PSB cultures were isolated from
the rhizosphere and rhizoplane of soils at altitudes
ranging from 1700-3900 m amsl, covering the districts
of Almora, Nainital, Pithoragarh, Chamoli and
Rudrapriyag in the Kumaon and Gharwal region of
the N.W.Himalayas. ( Table 1)
· The P solubilizing potential of twenty promising cold
tolerant bacterial isolates is presented in Table 2. From
the table it can be inferred that the P solubilization
potential of the isolates incubated at 15OC ranged from
(106.7-175.62 ppm of P2O5 in a 7 day incubation
period). The highest P solubilization potential was
observed in the isolate Serratia marcescens strain SRM
which was able to solubilize 175.62 ppm of P2O5 in
seven days.

Fig 1. Neighbour joining tree showing the phylogenetic
relationship between Pantoea dispersa 1A and other representative
eubacterial genera. The bar represents 0.02 substitutions per site,
bootstrap values (n=1000) are displayed at the nodes.

·

·

·

·

·

The promising P solubilizers were also screened for
IAA, HCN and Siderophore production. It was
observed that most isolates were able to produce
appreciable amounts of IAA at 15 oC (Table 3), besides
producing HCN and siderophores. Siderophore
production sees to be more widely distributed among
the isolates, when compared to HCN production
(Table 3).
The biochemical characterization and sugar
utilization pattern of the twenty promising isolates
revealed huge diversity in the biochemical
characteristics and the sugar utilization pattern
among the isolates. Most of the isolates were unable to
utilize starch, which indicated the absence of spore
forming bacteria among the elite isolates.
The phylogenetic tree (Fig. 1) constructed using 16S
rRNA gene sequences of other related members of the
family Enterobacteriaceae revealed that the isolate
Pantoea dispersa 1A formed a close cluster with Pantoea
stewartii and Erwinia sp, while it was quite distinct
from Pantoea agglomerans.
The phylogenetic analysis (Fig. 2) revealed that the
isolate Serratia marcescens strain SRM formed a close
cluster with the insect pathogenic bacteria
Xenorhabdus nematophila and the type strain of Serratia
marcescens, whereas it was distant from other
members of the family Enterobacteriaceae such as
Erwinia sp. and Pantoea sp.
The phylogenetic analysis revealed that the isolate
Exiguobacterium acetylicum strain 1P formed a close
cluster with a glacial ice bacterium and a marine
sediment bacterium, and it was quite distinct from the
type stain of Exiguobacterium acetylicum.

Fig 2. Neighbor joining tree showing phylogenetic relationship
between Serratia marcescens
strain SRM (MTCC 8708) and
various representative eubacterial genera. The bar represents 0.02
substitutions per site.Values displayed at the nodes (n =1000)
indicate bootstrap values.
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Table 1: Details of isolation of the cold tolerant bacteria with putative phosphate solubilizing activity.
S.
No.

District

1.
2.
3.
4.
5.

Almora
Nainital
Pithoragarh
Chamoli
Rudraprayag

Number of
locations

Altitude
(m amsl)

Number of
isolates from
rhizosphere

Number of
isolates from
rhizoplane

Total
Number of
isolates

Eight
Four
Six
Three
Five

2000-2300
2343-2528
2100-2758
2100-2300
2800-3900

60
55
32
25
30

73
65
40
30
40
TOTAL

133
120
72
55
70
450

Table 2: P solubilizing potential of 20 promising cold tolerant bacterial isolates at 15 oC.
S.No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Isolate
N12 RP2
M3RP1
CT3RP1
NS12RH2
SRM
NG10RP1
M4RH1
NS12RP1
NS(RP)2
N4 (2)
CS11RP1
NS RP3 (2)
AJ1RP2
M2RP1
M2RP2
M3RP2
1A
2A
1P
2P

District from where isolated
Nainital
Pithoragarh
Chamoli
Nainital
Almora
Nainital
Pithoragarh
Nainital
Nainital
Nainital
Chamoli
Nainital
Almora
Pithoragarh
Pithoragarh
Pithoragarh
Almora
Almora
Almora
Almora

Altitude
m (amsl)

P solubilized
(ppm of P2 O5)*

2211
2560
2200
2211
2300
2211
2560
2211
2211
2211
2200
2211
2300
2560
2560
2560
2170
2181
2181
2181

158.4
164.8
138.7
157.8
175.2
148.5
134.2
146.2
158.4
168.3
144.6
156.8
168.0
143.4
149.0
166.4
131.6
106.7
156.9
134.6

Table 3: Other PGP features of elite cold tolerant P solubilizing bacterial isolates
Strains
N12 RP2
M3RP1
CT3RP1
NS12RH2
SRM
NG10RP1
M4RH1
NS12RP1
NS(RP)2
N4 (2)
CS11RP1
NS RP3 (2)
AJ1RP2
M2RP1
M2RP2
M3RP2
1A
2A
1P
2P
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IAA Production (µg ml -1)
15 oC
30 oC
21.6
6.7
5.2
14.1
11.1
8.9
5.2
10.4
16.3
2.9
9.6
8.9
17.8
7.4
17.8
16.3
14.1
9.6
14.9
14.9

33.5
34.5
21.6
21.6
20.1
15.6
18.6
14.1
20.8
13.4
14.1
20.1
36.5
12.6
20.8
19.3
19.3
13.4
17.1
16.3

Siderophore Production
15 oC
30 oC
+
+
+
+++
+
+
+

+
+
+
+
+
+
+
+
+
+
+

HCN Production
15 oC
30 oC
+
+
++
+
+
+
+++
+
+++
+
+++
+
-

++
+
++
+
+++
+
+++
+
+
+++
++
+++
+++
++
+
+
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Development and application of PGPR formulations for growth improvement and
disease suppression in coconut and cocoa
P.I.: Dr. G. V. Thomas
Co P.I.: Dr. Murali Gopal, Dr. Alka Gupta
CPCRI, Kasargod, Kerala
potential plant growth promoting rhizobacteria.
Populations of PGPR in rhizosphere soil and
endorhizosphere of coconut palms and cocoa were
enumerated from different locations and
representative PGPRs were isolated using selective
media. From each place, rhizosphere/root samples
were collected from minimum of 6 coconut palms / 6
cocoa trees.

Objectives:
Ø

To characterize PGPR's (rhizosphere soil dwelling and
endophytic) associated with coconut and cocoa grown
in different agro-climatic conditions using multiphase techniques involving microbiological,
biochemical and molecular protocols.

Ø

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

Ø

Development of mass multiplication techniques and
consortia formulations of compatible microorganisms.

Ø

To evaluate the selected strains for growth
promotion of coconut and ccocoa in green house
studies with seedlings.

Ø

To evaluate the biocontrol potential of the PGPR
against stem bleeding disease of coconut caused by
Thielaviopsis paradoxa and Phytophthora diseases of
coconut and cocoa in green house environment.

Ø

To develop the PGPR based biofertilizer technology
with appropriate quality control measures.

Significant Achievements:
·

Rhizosphere soil and root samples were collected from
different southern states of India for isolation of

·

A total of 154 fluorescent pseudomonads and 286
Bacillus spp. isolates were obtained from rhizosphere
soils and endorhizosphere of coconut grown in
different locations. The number of fluorescent
pseudomonads and Bacillus spp. obtained from cocoa
was 58 and 148, respectively. Besides these, 53 isolates
belonging to genera other than Bacillus spp. and
fluorescent pseudomonads were also isolated from
cocoa and coconut rhizosphere soils and
endorhizosphere.

·

The results indicate that coconut rhizosphere from
Karnataka had highest PGPRs with morphological
variations and lowest was in coconut sampled from
Tamil Nadu.

·

Similarly, cocoa rhizosphere from Karnataka had
highest variations in PGPRs and lowest was in samples
from Tamil Nadu.

Fig. : Distribution of beneficial traits of PGPR isolated from rhizosphere of coconut in Kerala
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Isolation, identification, evaluation and exploitation of PGPR for Spices
P.I.: Dr. M. Anandraj
Co-P.I.: Dr R. Dinesh, Dr. N .K. Leela, Dr. A. Kumar
Indian Institute of Spice research, Calicut, Kerala
Objectives:
Ø Isolation, characterization, evaluation of microbes for
Nutrition mobilization, Growth promotion and
biological control
Ø Screening of isolates for the desirable characters
Ø Studies on compatibility and ecological fitness and
development of consortium
Ø Studies on rhizobacteria mediated induced systemic
resistance
Ø Studies on mechanism of rhizobacteria mediated
growth promotion in spice crops.

·

·

·

Significant Achievements:
· Twenty-one rhizobacteria have been isolated from

black pepper (9) and ginger (12).
These isolates were characterized based on colony
morphology, Gram's reaction and formation of spores.
They were tentatively identified as Bacillus spp. (6
strains), Pseudomonas spp. (10 strains) and
unidentified (5 strains).
In vitro screening of these isolates was done. BRB 5
showed more than 50% inhibition against Phytophthora
capsici, Pythium, and Fusarium. BRB 4 and GRB 1 were
inhibiting P. capsici and Fusarium.
Twenty-one rhizobacterial isolates were studied for
their growth promotion characters and hydrolytic
enzymes; GRB 11 was positive for all the characters
except P-solubilization.

Microbial Control of Insect Pests
P.I.: Dr. B. Ramanujam
Co P.I.: Dr. S. Sriram
Project Directorate of Biological Control, Bangalore
Objectives
Ø

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

Ø

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

Ø

Molecular characterization of promising isolates of
entomogenous fungi

Ø

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

Ø

Field evaluation/ Commercial glasshouse testing of
promising isolates of entomogenous fungi against
sucking

Significant Achievements:
·
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Nine isolates of Beauveria bassiana, Metarhizium
anisopliae, Verticillium lecanii, Nomuraea rileyi,
Paecilomyces sp. and Aspergillus spp. have been
collected from Holotrichia serrata, Chilo partellus,

Agrotis ipsilon, Helicoverpa armigera and Aphis
craccivora from Hokote, Hessaraghatta, Adugudi,
Rajankunte (Karnataka), Palampur (Himachal
Pradesh), Guwahati (Assam), Aurangabad
(Maharastra) and Ambajipet (AP) and added to the
germplasm collection of entomofungal pathogens at
PDBC.
·

Ninety-five isolate of entomopathogenic fungi
collected from different insects hosts from different
locations in are being maintained for screening
against the sucking pests of vegetable. Of which, 17
isolates belong to Beauveria bassiana, 1 isolate to B.
brongniartii, 11 isolates to Metarhizium anisopliae, 22
isolates belong to Verticillium lecanii and 44 isolates
belong to Nomuraea rileyi.

·

Bioassay studies with 50 fungal isolates belonging to
B. bassiana (17 isolates), M. anisopliae (11 isolates) and
V. lecanii (22 isolates) were conducted on Aphis
craccivora, Scirtothrips dorsalis and Bemisia tabaci.

·

The percent mycosis observed in A. craccivora due to
different isolates of entomopathogenic fungi are given
in Table-1. Among the isolates of B. bassiana, Bb4, Bb-7
and Bb-12 caused highest percent mycosis of A.
craccivora (88.4, 88.4 and 87.2%,
respectively).
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Among M. anisopliae isolates, Ma-3, Ma-4, Ma-5, Ma-6,
Ma-9, Ma-10, Ma-11 isolates caused 85.8- 88.8%
mycosis. Vl-10 isolate of V. lecanii caused 78.5%
mycosis of A. craccivora.
·

·

The percent mycosis observed in S. dorsalis due to
different isolates of entomopathogenic fungi are given
in Table-1. Among the isolates of B. bassiana, Bb-11,
and Bb-12 caused highest percent mycosis of S. dorsalis
(70.2 and 75.4% respectively). Among M. anisopliae
isolates,, Ma-8 and Ma-9 isolates caused 66.1 and
66.8% mycosis respectively. Vl-2b isolate of V. lecanii
caused 78.8% mycosis of S. dorsalis.

·

Mycosis on mealy bugs was observed only in case of
Vl-8 isolate to an extent of 30%. The other isolates did
not show any mycosis.

·

The PCR products of 22 isolates of Verticellium lecani
contained a single band of 560 bp (Fig. 1)

·

The endonuclease restriction enzyme draII
distinguished the isolates into two species belonging
to V. lecanii and V. fungicola by recognizing unique ITS
RFLP patterns (Fig. 2).

·

The dendrogram produced from the sequences of ITS
region of r DNA indicated that V. lecanii and V.
fungicola were clustered as separate groups. Within V.
fungicola group and V. lecanii group, two molecular
subgroups were also evident (Fig. 3). It is interesting to

The percent mycosis observed in B. tabaci due to
different isolates of entomopathogenic fungi are given
in Table-1. Among the isolates of B. bassiana, Bb-1, Bb2, Bb-7, Bb-9 and Bb-12 caused 70.2-73.4% mycosis of B.

Isolate
Vl-1
Vl-4
Vl-6
Vl-7
Vl-8

(%) mortality of mealy bugs
0.0
65.0
45.0
40.0
50.0

tabaci. Among M. anisopliae isolates, Ma-11 isolate
caused 65.9 % mycosis. Vl-10 isolate of V. lecanii
caused 78.9% mycosis of B. tabaci.
·

were obtained.

Infectivity of 5 isolates of Verticillium lecanii on
grapevine Mealy bug (Maconellicoccus hirsutus) was
tested on laboratory reared mealy bugs on pumpkin at
spore dose of 107 spores/ml. The following results

(%) mycosis of mealy bugs
0.0
0.0
0.0
0.0
30.0
note that both species were found to infect coffee green
scale and citrus green scale.
·

None of the restriction enzymes tested , MspI, RsaI,
Alu-I, Hinf-I, dra-II did not give any polymorphism.
The phylogenetic analysis based on sequenced data of
ITS region rDNA indicated two genetically distant
groups in the 11 isolates of M. anisopliae .

Fig.1: PCR amplification of ITS region of r DNA of
Verticillium isolates

Fig.2: Restriction digestion patterns of ITS region of r DNA of
Verticillium isolates as generated by Dra II

Fig.3: Internal transcribed spacer (ITS) region of r DNA based
phylogenetic tree of Verticillium species

Fig.4: Extraction of DNA from B. bassiana and N. rileyi isolate

43

AMAAS - Annual Report 2006-07

Structural and functional dynamics of the microbial isolates in biogeochemical
cycling of C, N, P and S in rice ecosystem
P.I. Dr. T. K. Adhya
Central Rice Research Institute, Cuttack – 753006, Orissa
Objectives:
Ø

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

Ø

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

Ø

Characterize the functional diversity analysis of the
microbial isolates in the biogeochemical cycling of C,
N, P and S and integrate them in the nutritional
management of rice ecosystem.

Ø

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

Ø

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

·

Native N2O production potential of six rice soils of
Orissa was quantified. There was wide variability in
N2O production among the soils.

·

Six heterotrophic nitrifiers were further studied to
quantify N2O production potential in pure cultures.
Isolation of genomic DNA from the pure cultures has
been standardized for further molecular analysis of the
bacteria.

·

Denitrifying enzyme activity (DEA) of a flooded
alluvial soil amended with rice straw and urea-N was
quantified. Application of rice straw increased DEA
activity which was related to the level of rice straw
added. Addition of urea-N further stimulated the
activity.

·

A total of 513 P-solubilizing bacteria were isolated in
pure culture following the formation of hallow/clear
zones in Pikovskaya's medium.

·

Among the various isolates, 79 isolates, obtained from
normal and coastal saline soils, were tested for their Psolubilization potential using tricalcium phosphate as
the insoluble P-source. Results indicate wide
variability in P-solubilization potential of the bacterial
isolates.

·

Twenty selected P-solubilizing bacteria exhibiting
higher P-solubilization potential were further
characterized for their abilities under different
incubation temperature as well as pH. Selected
bacterial cultures isolated from rice rhizosphere and
non-rhizosphere soil exhibited P-solubilizing optima
both at acidic (pH 6.0) and alkaline (pH 8.0) ranges.

Significant achievements:
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·

A total of 76 hetertrophs, 78 heterotrophic nitrifiers, 8
denitrifiers, 14 oligotrophs and 6 Azospirillum isolates
were obtained in pure culture.

·

Methane oxidation potential of 10 soils from ricebased cropping system of Orissa was measured.
Methane oxidation potential expressed at t1/2 (d) varied
from 6.16 to 37.46. Four pure cultures of
methanotrophs with particulate methane
monooxygenase (pMMO) were isolated for further
molecular analysis.
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Developing PGPR consortia for enhanced crop and soil productivity of
rice-wheat cropping system
P.I.: Dr. B. D. Kaushik
Co P.I.: Dr Lata; Dr. Radha Prasanna
Division of Microbiology, IARI, New Delhi – 110012
Objectives:
Ø To isolate and screen bacteria/cyanobacteria from the
rhizosphere soil samples of rice and wheat crop
Ø To evaluate the effect of the selected set of strains on
crop yields and soil fertility
Ø To develop PGPR consortia for rice and wheat crop

·

·

Significant Achievements:
·
Pot culture and micro plot experiments carried out
with rice and wheat (Kharif and Rabi 2006-07)
revealed the plant growth promoting potential of the
integrated use of cyanobacterial consortia and

Inoculants (i.e. Azospirillum as seedling dip and
Azotobacter as seed treatment)
Significant enhancement in terms of the soil
microbiological and nutritional parameters was
observed as a result of the integrated use.
Promising bacterial, cyanobacterial and fungal
isolates have been identified from the screening
experiments for further evaluation in interactive
biochemical studies under controlled and greenhouse
conditions, as a prelude to their use as inoculants in
field level experiments.

Promoting Zinc Nutrition in Maize using Mycorrhizal Symbiosis
PI : Dr. K. S. Subramanian, Department of Soil Science & Agriculture Chemistry
Co PI : Dr. M. Thangaraju, Department of Microbiology
Tamilnadu Agricultural University, Coimbatore
Objectives:
Ø To examine the response of maize to mycorrhizal
inoculation under varying intensities of Zn and P
stress conditions
Ø To determine the fractions of P with Zn in mycorrhizal
and non- mycorrhizal soil to assess the preferential
absorption of Zn by the AM fungus.
Ø To determine soil biochemical changes in inoculated
and non-inoculated systems
Significant Achievements:
· In experimental soil the initial pH and EC were 7.25
and 0.14 dSm-1 respectively, with low N (204 kg/ha),
low P (5.21 kg/ha), high K (398 kg/ha) and organic
carbon (0.20%). The DTPA extractable Fe, Mn, Zn and
Cu were 6.3, 12.8, 0.6 and 1.0 ppm, respectively.
Twenty five numbers of VAM spores were found in
100g of initial soil. The different zinc fractions (mg kg-1)
found in soil were water soluble +
exchangeable
(0.73), organically bound (1.42), MnO2 bound (2.76),
amorphous oxide bound (1.28), crystalline oxide
bound (1.2), residual fraction (16.78). Likewise
different P fractions (mg kg-1) were soluble and loosely
bound P (7.6), Al-P (15.2), Fe-P (16.8), reductant
soluble P (32.81) and Ca-P (38.41).
· Inoculation of Glomus intraradices increased the
percentage of colonization at both stages even at
higher levels of Zn application. In contrast, the higher

·

·

·

level P (60 Kg/ha) caused the slight inhibitory effect on
colonization. Inoculated plants had colonization
percentage of 30-60 percent, while in the noninoculated plants it was only 20-30 percent.
The mycorrhizal spore count in inoculated soil ranged
from spore 45-50 /100 g soil at the same time as the
non-inoculated soil carried only 10.-20 spores.
Increasing level of Zn supply showed no detrimental
effect on viable mycorrhizal spores.
The results showed that mycorrhizal inoculation did
not influence the plant height, No of leaves and leaf
area index. But the P application significantly
increased the values of leaf area index regardless of Zn
levels. The influence of AM colonization on shoot dry
mass was not observable at 55 DAS. Whereas there
was a prominent response acquired by mycorrhizal
inoculation combined with incremental levels of P and
Zn supply.
The mycorrhizal inoculation had constructive
influence on the root architecture under high levels of
phosphorus and zinc. The results have shown that all
the three root parameters were higher in mycorrhizal
than non-mycorrhizal plants regardless of Zn or P
levels. The mycorrhizal response was more observable
under P60 than P30. The root dry weight was appreciably
increased in both mycorrhizal and non-mycorrhizal
plants with increase in zinc addition at high
phosphorus supply. Similarly, root CEC was more in
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·

·

·

·

mycorrhizal treated plants at 75 DAS than 55DAS,
which coincides with vigorous colonization at later
stages.
Application of different levels of P and Zn had a
remarkable increase in chlorophyll concentration.
Significantly higher chlorophyll concentrations were
recorded in mycorrhizal plants than non- mycorrhizal
plants.
The results explained that the suppressive action of Zn
deficient stress on the activity of peroxidase (POX),
polyphenol oxidase (PPO) and IAA oxidase through
the accumulation of reactive oxygen species and H2O2
in plants got reduced by mycorrhizal colonization
favours the survival of mycorrhizal maize plant in Zn
deficient soils. The AM inoculated maize plants
exhibited higher total phenol content and acid
phosphatase activity with the increment of P and Zn
dose than the uninoculated plants.
The data indicated that mycorrhizal plants retained
higher soluble proteins than non-mycorrhizal plants
suggesting that AM symbiosis induced the host plants
to produce specific proteins that may have a role in
protective mechanism. Tryptophan content in grain
was found to be higher in AM inoculated than
uninoculated maize plants. The high response to
incremental level of Zn was outstandingly expressed
more in inoculated than uninoculated conditions.
Plants which received mycorrhizal inoculum
accumulated more of Zn and P in both roots and
shoots. P concentrations of roots were higher than
those of shoots. Zinc addition slightly increased shoot
and root P concentrations in mycorrhizal and
decreased in non-mycorrhizal plants. Zinc
concentrations in roots and shoots of maize were
increased significantly with an increase in zinc
addition in both systems, except in shoots of
mycorrhizal plants at 55DAS. The concentrations of

Fig 1.: Inoculation of Glomus
intraradices in pot culture
experiment
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·

·

·

·

zinc in roots of maize were higher than of shoots. Zinc
concentration in non-mycorrhizal shoots and roots of
maize was decreased with addition of P. This reflects
the antagonistic relationship between P and Zn. As a
consequence of increased P and Zn content and higher
dry matter accumulation, the uptake by mycorrhizal
plants was higher than non inoculated plants.
Grains of mycorrhizal inoculum treated plants
recorded significantly high P and Zn contents.
Application of P at 60 and Zn at 5kg ha-1 favoured the
nutrient accumulation in grains. Mycorrhizal
symbiosis accompanying incremental levels of P and
Zn favoured the increased grain dry mass production.
The data indicated that soil enzymes like
dehydrogenase and acid phosphatase activities and
soil biomass carbon were higher in AM inoculated soil
than uninoculated soil.
The soil nutrient status was favourably modified as an
available form by AM inoculums with the increased
levels of P and Zn. The Olsen's P and DTPA-Zn content
in the mycorrhizal soil were distinctly higher than non
mycorrhizal soil, which clearly indicated that the P
level up to 60 kg ha-1 has no significant negative impact
on the function of mycorrhiza. The tremendous
increase in DTPA-Zn content and very slight
difference in organic carbon was recorded in
mycorrhizal soil when compared to non-mycorrhizal
soil.
In both the stages of sampling, water soluble and
organically bound zinc increased in their proportion in
mycorrhizal inoculated soil, whereas residual Zn and
crystalline oxides Zn were decreased in uninoculated
while comparing to inoculated conditions. It is
understandable that mycorrhizal inoculated plants
were capable of utilizing the residual zinc, which is
commonly unavailable to plants.

Fig 2.: Zn fractions in uninoculated & AM inoculated soil
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Harnessing Agricultural Beneficial Microorganisms for production and
protection of Sorghum and Rice
P.I.: Dr. O. P. Rupela
International Crops Research Institute for the Semi-Arid Tropics, Patancheru 502 324, Andhra Pradesh
Objectives:
Ø

To identify and evaluate beneficial microorganisms in
relevant crop husbandry system(s) involving
sorghum and rice.

Ø

Laboratory evaluation of traditional knowledge
products/protocols involving agriculturally
beneficial microorganisms.

Ø

To support efforts of NRCS in laboratory evaluation of
agriculturally beneficial microorganisms

population and diversity of bacteria, fungi,
actinomycetes, siderophore producers, Pseudomonas
fluorescens and Azotobacter like bacteria).
·

Microorganisms on rhizosphere of six different crops: Of
the six different crops used in the study indicated
above, highest total bacterial population was noted in
the root rhizosphere of Habiscus (7.9 log10 cfu g-1 soil),
fungal population was high in tomato (4.8 log10 cfu g-1
soil), population of total actinomycetes was similar in
methi, tomato, rice (6.0 log10 cfu g-1 soil), population of
siderophore producers was high in tomato (6.0 log10
cfu g-1 soil), population of Pseudomonas fluorescens was
high in chickpea (5.7 log10 cfu g-1 soil) and population
of nitrogen fixers were high in Habiscus (6.8 log10 cfu g1
soil) compared to the other treatments used in the
study. But all these differences were statistically nonsignificant except for the population of actinomycetes
which was significantly different across the
treatments. Thirty five to 44 isolates were picked-up
from these studies to represent cultural diversity on a
given medium and host plant and these totaled to 236
for the six crops. One hundred and seventy one of the
236 had at least one of the four agriculturally
beneficial traits and were preserved for further
studies.

·

Population of different types of microorganisms like
total bacteria, fungi, actinomycetes, plant growth
promoters, Pseudomonas fluorescens and ability to
grow on N-free medium (=N2-fixers) was similar
across the four different crop husbandry systems that
were part of an ongoing long-term field experiment.
Of the 288 isolates picked up, forty isolates showed
promise of having at least two of the above-mentioned
agriculturally beneficial traits but none of the bacterial
isolates could suppress the growth of M. phaseolina.
Promising isolates were purified and preserved in
20% glycerol for further studies.

·

Plants inoculated with Azotobacter (HT-54) were used
as reference and plants without inoculation served as
control. Five out of nine isolates significantly
increased root length of sorghum (SRI 151, SRI 156,
SRI 360, SRB 2 and SRB 3) grown in paper towels.
Maximum increase was seen in SRI 151 (46%), SRI 156
(45%) and SRI 360 (43%) compared to uninoculated
control. No significant increase in shoot length was

Significant Achievements:
·

·

Over 1200 isolates from the different soil samples from
fields growing rice using two contrasting methods of
rice cultivation, 350 were evaluated for four
agriculturally beneficial traits i.e. P- solubilization,
high temperature tolerance, spore formation and
antagonism against Mcrophomina phaseolina. Out of
these, 156 isolates were noted as promising, with 147
(94%) having ability to grow at 40 °C. Forty-eight
isolates of the 156 (31%) showed the zone of pH
reduction indicated by a red zone around the isolate
on rock-P medium and were preserved as potential Psolubilizers. Only 8% of the 156 isolates had
antagonistic ability against M. phaseolina. Thirteen of
156 (8%) isolates had the ability to form spores.
Further studies will be needed to learn if some of the
spore-formers are Bacillus thuringiensis.
The biomass is spread above soil surface, 30 cm high
and having over 20 layers each of the soaked leaves
and surface soil plus sand, placed alternately. Mixture
of six different crops representing diverse tastes
(acidic, sweet, bitter etc.) legumes, grasses are sown on
surface layer. In this study, instead of mixing each
type of seed was sown in separate rows. The six crops
used in this study were chickpea, sorghum, edible
habiscus, trigonella, tomato and rice. Watering with
Amritpaani (a cowdung ferment) was done to ensure
soil wetness. Plant of all diverse crops/tastes grew
well which were detopped by nipping growth and
leaving the green mass as part of heap. Detopping was
done at 21, 42 days. At 63rd day, plants were uprooted
and left on the surface till they were dried and the
contents were mixed, heaped and composted for 30
days. At 93rd day compost samples were collected and
processed for microbiological properties (total
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recorded in any of the nine isolates. Significant
increase in shoot dry mass was noted only in SRI 156
even though increase was noted in other three and
ranged from 8% in SRB 3 to 20% in SRI 156. SRI 178 and
SRB 3 recorded the maximum increase in root dry
mass and the differences were statistically significant.
SRI360 showed increase over control for all growth
parameters that were studied. SRI151 recorded the
maximum root length (46%). It showed increase in all
growth parameters studied except for root dry mass.
SRI 156 also showed increase in shoot length (4%), root
length (45%) and shoot dry mass (20%) and was a
promising isolate.
·

shoot length over that of control. Increase in root
length was recorded in seven out of the nine isolates
but the differences were significant for only one isolate
(SRI 158).
·

The same nine isolates were also evaluated for ability
to promote growth of rice using paper towel method.
Two out of nine isolates (SRI 158, SRI 360) increased

All isolates had more shoot dry mass over the control
and the increase ranged from 10% in SRI 178 to 61% in
SRI 158. Increase in the isolates SRI 158 (61%), SRI 360
(56%) and SRI 151 (48%) were among the top 3 and the
difference were statistically significant. None of the
isolates recorded increase in root dry mass. SRI 158
recorded the maximum shoot dry wt (61%), root
length (46%), shoot length (19%) and showed increase
in all growth parameters studied. SRI 360 and SRI 151
also showed increase in shoot length (19%, 5%), root
length (5%, 28%), shoot dry wt (56%, 48%),
respectively.

Isolation, identification, evaluation and exploitation of microorganisms for management of
important pathogen and having PGPR potential for vegetable crops
P.I.: Dr. K. K. Pandey
Indiant Institute of Vegetable research, Varanasi, UP
Objectives:
Ø

Selection of isolates efficient for IAA production,
siderophores production, and disease suppression.

Ø

Green house evaluation of growth response.

Ø

Development of consortium of PGPR for vegetable
crops.

Ø

In vitro evaluation of consortia for compatibility.

Significant Achievements:
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·

Bacterial isolates were isolated & purified from the
vegetable crops such as tomato, brinjal, and chilli
which have to be identified.

·

Out of 26 isolates A3, T3, Pf-2, Pf-3, T2, C2, Pf-S, Bs-D,
T1 were effective in production IAA. The maximum

OD value was 0.845 was recorded with BsD isolate
followed by As (0.718)
·

Disease suppression potential for pathogen like
Sclerotium rolfsii, Rhizoctonia solani and Fusarium
oxysporum fsp. lycopersici was shown by Pf-D, S-2, S-3,
Bs-C. Siderophore production was shown by isolates
such as Pf-C, B2, S2, T1, T2, T3, Pf-D.

·

Bacterial isolate T-3 was best in increasing root and
shoot length of cow pea. This was also best in
increasing total biomass of cow pea which may be
considered best isolate as PGPR. Other bacterial
isolate as S2, Bs-C, T2, P2 were also effective in
increasing root, shoot length and total biomass
production on wet basis. However, no significant
result was obtained with tomato.
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Plant growth promoting rhizobacteria (pgpr) for chickpea and pigeonpea
P.I.: Dr. K. Swarnalakshmi
Co P.I.: Dr. Mohan Singh & Dr. R.G.Chaudhary
Indian Institute of Pulses Research, Kanpur
Objectives:
Ø Screening of microorganisms having potential to
improve nutrient use efficiency, disease suppression,
growth and yield of pigeon pea and chick pea.
Ø Developing consortium of PGPR for chick pea and
pigeon pea.
Ø Evaluating the field performance of PGPR consortium
on chick pea and pigeon pea.
Significant Achievements:
· Strains of Azotobacter (16 strains), Pseudomonas sp (18
strains) and Bacillus (17 strains) were isolated from
endorhizosphere of different varieties of pigeon pea
using enrichment technique.
· Isolated strains were subjected to various biochemical
characterization viz HCN production, siderophore

·

production and ammonia production which plays
indirect role on plant growth promotion by
suppressing pathogenic microorganism in the vicinity
of rhizosphere. It was observed that 9 out of 16
Azotobacter strains were HCN positive, 11 out of 16
showed siderophore production and all Azotobacter
strains were positive for ammonia production.
Similarly out of 18 Pseudomonas strains tested, 14
strains showed positive for ammonia production and
13 strains showed positive for siderophore
production.
Among the tested Azotobacter strains, A7 strain
improved chickpea growth with maximum increase of
52% within 4 weeks of plant growth (Fig1). Out of 15
PSb strains tested, PSB 24 and 27 accumulated
significantly greater biomass.

Fig: Effect of Azotobacter on growth of chickpea
Table: Preliminary screening by seed bioassay.
Azotobacter strains
Con
A1
A3
A4
A5
A6
A7
A9a
A9b
A10a
A10b
A12
A13a
A13b
A17a
A17b

Root length (mm)
32.13
38.55
42.80
44.00
44.74
47.50
43.30
37.75
40.90
42.95
48.55
40.70
37.65
36.90
43.55
43.20

Pseudomonas strains
con
P1
P2
P3
P4
P5
P6
P7
P8
P9
P10
P11
P14
P15
P18

Root length (mm)
37.63
37.50
41.67
47.25
45.13
39.17
41.17
40.58
27.83
39.75
43.79
35.50
47.96
35.00
44.33
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Development of suitable formulations of potential bioagents for management of
important diseases of Sunflower, Safflower and Castor
P.I.: Dr. R. D. Prasad
Co P.I.: Dr. M. A. Raoof, Dr. M. Santha Lakshmi Prasad
Directorate of Oilseeds Research, Rajendranagar, Hyderabad – 500 030
Objectives:
Ø

Isolation and identification of fungal and bacterial
biological control agents from castor, sunflower and
safflower rhizosphere, phylloplane and endosphere.

Ø

Screening and characterization of bioagents in vitro
and in vivo against Macrophomina, Sclerotium, Botrytis
ricini and Alternaria helianthi and selection of potential
agents with good biocontrol traits.

Ø

Development of formulations of consortia of potential
agents for seed and foliar application, field screening
of against selected diseases of castor, sunflower and
safflower.

were found highly efficient with no diseases (Fig. 1).
These isolates are currently under re-screening. The
studies on effect of consortia of effective isolates on
grey rot are under progress.
·

Hundred bacterial and fungal bioagents comprising
species of Trichoderma, Gliocladium, Bacillus,
Pseudomonas were evaluated against Alternaria leaf
blight under pot culture conditions. About 14
bioagents recorded low leaf spot incidence.
Trichoderma sp. Ts 12 and Ts 4 were very efficient and
recroded lowest leaf spot incidence (33.3%). The
Trichoderma isolate Ts 10 treatment showed 35.5% leaf
spot incidence and 37.7% disease incidence recorded
with bacteria B1 (Psuedomonas fluorescens). Bacillus
megaterium B2 and B. circulans B 4 treatments also
showed less leaf spot incidence. In control plants the
leaf spot incidence was 67.4% (Table 2). Bioagent
treated plants showed vigorous growth and more
vigour index compared to control. Root and shoot
length and dry weight of plants were more in bioagent
treated plants than control. Further studies using
consortia of biocontrol agents are under progress.

·

Ten potential isolates of Trichoderma were screened in
vitro against Macrophomina phaseolina the incitant of
root rot in Safflower and castor and have shown
inhibition ranging from 30-70%. Many Trichoderma
isolates have over grown on Macrophomina phaseolina
showing their mycoparasitic ability. 103 bacterial
cultures were screened in vitro against Macrophomina
phaseolina and only 9 isolates of unidentified bacteria
were found effective. These bioagents are being
evaluated further by germination towel tests and pot
tests.

Significant achievements:
·

·

Seventy Trichoderma isolates and 100 bacterial isolates
were screened against Botrytis gray rot of castor by
detached spike technique in the greenhouse. Spikes of
castor (Var. DCS 9) were kept in 150ml of conical flask
containing 2% sucrose solution. Spikes were sprayed
with suspension of biocontrol agents. Trichoderma
species inoculum was adjusted to 2 x 107 cfu/ml and
bacteria maintained at 108 cfu/ml. The inoculum of
Botrytis was sprayed 24 hrs after bioagent treatment.
Treated spikes were transferred to glasshouse with
misting devices in which temperature maintained at
25 ± 20C and relative humidity at about 90%.
Observations on disease incidence were recorded up
to fifth day after inoculation of the pathogen.
Out of 70 Trichoderma isolates tried, 10 isolates were
found efficient with less than 40% disease incidence
(Table 1) and among bacteria two isolates were
promising with less than 20% disease incidence.
Among Trichoderma species T. viride 2 and T. viride 4

Table 1: Efficacy of Trichoderma species against gray rot on detached spikes of castor.
Bioagents
T. viride 1
T. viride 2
T. viride 9
T. viride 4
T. viride 12
T. viride 14
T. viride 22
T. koningii 1
T. polysporum
T. harzianum 1
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Disease incidence (%)
5.0
0.0
2.0
0.0
14.8
36.5
17.5
4.5
12.0
17.0

Disease reduction over control (%)
94.6
100.0
57.2
100.0
75.0
38.5
67.2
95.1
87.1
81.7
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Table 2: Promising biocontrol agents against Alternaria leaf blightof sunflower under greenhouse conditions

Bioagent

PDI(Percent Disease index)

Vigor index

Dry Weight

Trichoderma sp. (Ts 12)

33.3

7230

160

Trichoderma sp. (Ts 4)

33.8

7140

150

Trichoderma sp. (T10)

35.5

6870

50

Pseudomonas fluorescens (B1)

37.7

8360

40

Trichoderma viride (Tv 3)

38.9

9830

45

Trichoderma sp. (T6)

38.9

5730

20

Bacillus megaterium (B2)

39.9

7530

30

B. circulans (B4)

39.9

7360

30

Trichoderma sp. (Ts 7)

41.0

7140

115

Trichoderma harzianum (Th 3)

42.1

8100

35

Trichoderma viride (Tv 4)

42.2

9130

40

Trichoderma sp. (Ts 9)

43.3

8990

140

Trichoderma sp. (Ts 3)

44.4

7300

123

Trichoderma sp. (Ts 8)

44.4

8990

140

Control

67.4

5460

55

Fig. 1: Trichoderma sprayed spikes showing very less disease
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Developing a mycoherbicide-based biological control strategy for Cyperus rotundus
P.I.: Dr. P. Sreerama Kumar
Project Directorate of Biological Control, Bangalore
Objectives:
Ø To select a mycoherbicidal candidate(s) for purple
nutsedge.
Ø To determine the potential of the candidate
organism(s) in unformulated and formulated forms
in semi-field and field situations.
Ø To accommodate the method into the existing weed
management programme based on the trials.
Significant Achievements:
· The biology of the weed was studied in the field as well
as in the greenhouse to understand the right stage for
targeting with a mycoherbicide. Preliminary studies
indicated that since seed is not the major source of
propagation, the vegetative phase should be the most
ideal target for a mycoherbicide.
· The basic data on the mycoherbicidal potential of five
isolated fungi were generated with regard to the

·

·

·

Gliocladium, Rhizopus, Mucor, sclerotia-producing
fungi, were found to dominate the mycoflora of the
rhizospheric soil samples.
Several pathogenic and non-pathogenic bacteria
including species of Bacillus, Pseudomonas, Serratia, etc.
were consistently present in the rhizospheric soil
samples as colonies were found on the NA plates.
The results indicated that agar-degrading bacteria
were capable of producing certain extra cellular
enzymes, possibly agarase for the utilization of agar as
sole source of carbon. The TWA plates containing the
samples from Maharashtra and Punjab did not give
out any bacterial colonies. Thus indicating the absence
of extra cellular agarase producing rhizobacteria in
those samples.
Various effects of the inoculated rhizobacteria on C.
rotundus seedling growth in sterile growth medium
were observed in the greenhouse experiment (Tables 1

Table 1: Effect of five strains of PGSR on the fresh and dry weights of C. rotundus in the greenhouse (Higher concentration)
Treatment
PGSR1
PGSR2
PGSR3
PGSR4
PGSR5
Control
SEM
CD (P = 0.05)
CD (P = 0.01)

Fresh weight
(mg)
291.50
369.25
457.00
295.50
123.75
685.00
72.39
218.13
301.66

Reduction over control
(%)
57.45
46.09
33.28
56.93
82.04
-

Dry weight
(mg)
183.50
207.50
294.25
144.50
85.25
413.75
48.50
146.14
202.10

Reduction over control
(%)
55.68
49.85
28.88
65.08
79.39
-

Table 2: Effect of five strains of PGSR on the fresh and dry weights of C. rotundus in the greenhouse (Lower concentration).
Treatment
PGSR1
PGSR2
PGSR3
PGSR4
PGSR5
Control
SEM
CD (P = 0.05)
CD (P = 0.01)

Fresh weight
(mg)
263.00
167.25
347.75
254.50
215.50
689.25
93.45
281.60
NS

Reduction over control
(%)
61.84
75.73
49.55
63.08
68.73
-

Dry weight
(mg)
177.00
86.00
201.50
161.00
83.50
367.00
55.52
167.29
NS

Reduction over control
(%)
51.77
76.57
45.09
56.13
77.25
-

Note: NS = Not significant

·
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disease progress and damage caused in C. rotundus,
both in the laboratory and under greenhouse
conditions. M. phaseolina, S. rolfsii and an unidentified
tuber pathogen were found to cause both tuber
infection as well as disease in the developing roots.
Formation of new seedlings from the infected tubers
was also curtailed by these soil-borne pathogens. Two
foliar pathogenic fungal isolates were found to be
capable of causing damage to young leaves of C.
rotundus.
Several regular soil-borne saprophytic, parasitic and
antagonistic fungal genera were retrieved on RBSA.
Species of Aspergillus, Penicillium, Trichoderma,

& 2). All the five rhizobacterial isolates (PGSR1,
PGSR2, PGSR3, PGSR4 and PGSR5) significantly
reduced the seedling growth compared to the
uninoculated (control) treatment at both high and low
concentration. Continuous observations indicated
that all these candidate bacteria could bring about
debilitation in the plants. DRB specifically inhibit
plant growth by the production of phytotoxins,
PGSR3 isolate was found to produce HCN, the
phytotoxic chemical.Other isolates may also have
produced other toxins such as indole acetic acid,
indole acetaldehyde, certain antibiotics and organic
acids (e.g., HCN) that are capable of inhibiting the
plant growth have been detected by several workers.
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Theme 3: Microbial Management of Agrowaste,
Bioremediation, Microbes in Post Harvest and Processing
Microbial shifts in soils contaminated with pulp and paper mill effluent
P.I. Dr. Rajeev Kaushik
co P.I.: Dr. A. K. Saxena
National Bureau of Agriculturally Important Microorganisms, Mau, U.P.
Objectives:
Ø Isolation of microorganisms from agricultural soils
irrigated/contaminated with wastewater of medium
and large scale paper mills.
Ø To assess the functional and structural shift in soil
microbial population as a result of long term irrigation
or dumping of paper mill effluent on the agricultural
lands
Ø Screening of the isolates from selected sites showing
major shifts in soil functional and structural microbial
communities for their ability to produce plant growth
promoting attributes.
Ø Characterization of the isolates obtained from selected
contaminated sites for their ability to produce
enzymes that can be used in paper mills for effluent
treatment at different physiological and nutrient
conditions.
Ø Optimization of process parameters for the large scale
production of these enzymes in economic way.
Significant Achievements:
·
Survey of the farmer's fields, which are being irrigated
with distillery and paper mill effluent for over 20 years
in succession was carried out. Survey was carried out
in the districts of Uttar Pradesh (viz. Gazhiabad,
Meerut, Jyotiba Phule Nagar and Rampur) and
Uttranchal (Udham Singh Nagar) (Fig. 1.). The
agricultural fields irrigated by different industries
were surveyed for collection of soil and plant samples
(Viz. Daurala Sugar Works, Daurala, Meerut;
Simbhaoli Distilleries, Simbhaoli, Gazhiabad; Jubilant
Organosys, Gajraula, Jyotiba Phule Nagar; Rampur
distillery, Rampur and Century Paper mills, Lalkuan,
Udham Singh Nagar).
· For collecting soil samples, the fields were selected in
the identified regions, where effluent is being used for
irrigation since last 20 years. For the sampling of soil
and plants three fields were selected (i) Control field
where effluent irrigation was not done at all and is

·

·

·

·

being irrigated only with fresh water, (ii) Diluted
effluent irrigated field (DEIF) and (iii) Concentrated
effluent irrigated field (CEIF). Soil samples were
collected from rhizosphere, and non-rhizospheric
regions of the crops growing in the region.
In total 192 bacterial isolates were isolated from the
rhizospheric, non-rhizospheric and endorhizospheric
regions of the soil and plant samples. The media used
were methyl red agar, crystal violet agar, King's B,
Jensens N free media and Actinomycetes isolation
agar. The isolates were tested for their ability to utilize
cellulose and xylan as sole C source and it was
observed that, off the 192 isolates, 95, 112 and 49
isolates showed cellulase, xylanase and CMCase
activity respectively.
Change in soil microbial community structure was
observed due to excessive use of effluent for long
term. In non-rhizospheric soil samples, significant
reduction in microbial population was observed in
samples from DEIF and CEIF over control field
samples in all the media used, except Methyl Red
(MR) Agar (specific for Gram positive bacteria) where
significant increase was observed. Similar response
was observed in case of rhizospheric soil, however,
the MR media showed statistically at par total
microbial count (Table 1). Endorhizosphere
colonizing of bacteria was only observed in control
field and in effluent treated field no colonization was
observed except that of samples from CEIF showed
only 2 x 105 bacteria population in Jensen's media
(Table 1).
From the soil samples of paper mill effluent irrigated
soils, 32 bacterial isolates capable of growing at 45-65
o
C and pH 9-11 were isolated showing xylanase
activity. The isolates are preserved for further studies.
In order assess the changes that has occurred in
cellulase and xylanse activity of total soil microflora
due to effluent irrigation, soil was incubated with
cellulose and xylan and formation of reducing sugars
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·

were estimated. Variation in total soil microbial
functional activity for cellulase and xylanse was
observed in the soil samples irrigated with diluted
and concentrated effluent over control field samples.
Soil irrigated with paper mill effluent showed
significantly higher cellulase and xylanse activity over
soil irrigated with distillery effluent. In both the cases
significantly higher production of reducing sugars
was observed in effluent irrigated soils over control.
Variation was also observed with time of incubation.
Maximum production of reducing sugar was
observed at 48 hrs of incubation and as the time
increased, reduction in the amount of reducing sugar
was observed in the medium. This could be due to the

·

utilization of simpler sugars which have been formed
during the course of incubation rather than utilizing
cellulose and xylan.
Upon comparing the results with the control field, it
can be concluded that, by the utilization of effluent in
succession for over 20 years, changes in soil functional
and structural properties have occurred. The change
in soil microbes carbohydrate utilization pattern
reveled that shift has been occurred from
autochthonous plant growth promoting rhizobacteria
to allochthonous complex structural polysaccharide
utilizing microbes. Hence, in years to come the
productivity of such lands may decrease if measures
are not taken to improve the soil microbial C:N ratio,
which is an indicator of soil fertility.

Table 1: Variation observed in total microbial count (x105 gm-1 soil) of fields irrigated with paper mill effluent for 20 years in
succession in different concentrations over control by using different types of semi-selective media.
Media Types

Non-Rhizospheric Soil
Rhizospheric Soil
Endo-Rhizospheric Count
CF*
DEIF
CEIF
CF
DEIF
CEIF
CF
DEIF
CEIF
Jensens Media
5
6
2
15
8
18
0
0
2
CV Agar
70
15
4
37
19
4
0
0
0
MR Agar
23
65
12
56
15
56
0
0
0
PDA
0
0
2
0
0
0
0
0
0
KB Agar
108
0
5
150
26
67
24
0
0
*CF: Control Field; DEIF: Diluted Effluent Irrigated Field; CEIF: Concentrated Effluent Irrigated Field

Fig. 1: Geographical location of sampling area in Northern region of Indo Gangetic Plains
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Fig. 2: Soil microbial cellulase activity of soil irrigated
with distillery effluent

Fig. 3: Soil microbial cellulase activity of soil
irrigated with paper mill effluent

Fig. 4: Soil microbial xylanse activity of soil irrigated
with distillery effluent

Fig. 5: Soil microbial xylanse activity of soil irrigated
with paper mill effluent
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Bioremediation of Polycyclic aromatic hydrocarbons (PAH) through microbial consortia
P.I.: Dr. Lata
Division of Microbiology

Co P.I.: Ms. Anju Arora, CCUBGA, Dr. Shashi Bala Singh, Division of Agricultural Chemicals
Indian Agricultural Research Institute, New Delhi – 110012
Objectives:

·

Ø

Isolation and characterization of PAH degrading
Microorganisms from soil.

These bacteria were able to use 2, 3 & 4 ring PAH
compounds as sole C-source.

·

Ø

Screening of microorganisms for their PAH degrading
potentialities.

Among the 15 bacterial isolates, five were found
capable of utilizing all the five PAH compounds tested.

·

As per biochemical and functional tests undertaken,
the bacterial isolates were found to possess following
different metabolic capabilities:

·

Among all bacterial isolates, PAH-11 was able to
produce maximum no. of extracellular enzymes as
detected on API-ZYM strips.

·

None of the isolates could utilize Lactose, Melibiose,
Sucrose, L-Arabinose, Inuline, Sodium gluconate,
Salicin, Glucosamine, Dulcitol, Inositol, Sorbitol

·

PAH-7 could utilize maximum number of
carbohydrates (eight carbohydrates) showing positive
colour reaction for Galactose, Raffinose, Trehalose,
Methyl D- glucosidase, Xylose, Maltose, Fructose and
Dextrose.

Ø

Evaluation of selected microorganisms for in situ
decomposition of PAH.

Ø

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

Significant Achievements:
·

A total of 66 bacterial cultures were isolated from four
contaminated soil samples. Fifteen bacterial strains
were selected having the capability to utilize a mixture
of PAH (Anthracene, Phenanthrene, Fluorene,
Naphthalene and Pyrene), upto a concentration of 100
ppm.

Development of bacterial consortia for bio-processing agricultural wastes and
bioremediation of aquaculture effluents
P.I.: Dr. C. S. Purushothaman
Co-PI: Dr. A. Vennila, Dr. P. K. Pandey
Aquatic Environmental Management Division,
Central Institute of Fisheries Education, Mumbai
Objectives:
Ø

To develop bacterial consortia capable of
decomposing lignocellulosic agro-waste

Ø

To develop bacterial consortia to bioremediate toxic
materials from aquaculture farms

and were chosen for quantitative estimation of
cellulase activity by Nelson-Somogyi method and
DNSA method for sugar estimation.
·

The 25 isolates are also being identified
simultaneously according to the conventional
biochemical identification as per Bergey's Manual of
Systematic Bacteriology.

·

The cellulase activity of 25 isolates was estimated
using DNSA method.

·

Few of the cultures were identified using Biomerieux
Vitek-2 Bacterial Identification System as Bacillus spp.
and Serratia spp.

Significant Achievements:
·

A total of 80 isolates were obtained initially.

·

Cellulase activity of all the isolates was estimated
qualitatively using Congo red dye-CMC method.

·

A total of 25 isolates exhibited good cellulase activity
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Genotyping and Isolation of Sphingomonads from HCH Contaminated Agricultural
Soils and their Application in Bioremediation
P.I.: Dr. Rup Lal
Department of Zoology, University of Delhi, Delhi
Objectives :
Ø

Identify heavily contaminated agricultural sites with
HCH isomers.

Ø

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

Ø

T-RFLP genotyping of soils for presence of
sphingomonads.

Ø

PCR amplification and cloning of degradative genes.

Ø

Microcosm/mesocosm studies to determine efficacy
in the field

B90A that took nearly 5 h for complete depletion of
these isomers. Strains UM2 and RL3 were, however,
slow degraders as compared to rest of the isolated
strains.
·

Two HCH degrading strains IP26 and RL3 are
classified on the basis of 16S rRNA gene sequences and
constructed phylogenetic tree (Fig 1a & 1b).

·

All strains produced acid by assimilation of glucose,
galactose, arabinose and xylose but no acid production
from inositol, adonitol, lactose and mannose and none
of them degrade xanthine, hypoxanthine and gelatin
(Table 2). All strains were oxidase- and catalasepositive, but gave negative nitrate reductase test.
Strain IP26T, Sphingobium francense Sp+ MTCC 6363T,
Sphingobium japonicum UT26 MTCC 6362T and
Sphingobium indicum B90A MTCC 6364T showed
sensitivity to discs containing erythromycin (15 µg ml1
), kanamycin (30 µg ml-1 ), tetracycline (30 µg ml-1) and
were resistant to ampicilline (10 µg ml-1).

·

DNA-DNA hybridization: The DNA-DNA
hybridization value of strain IP26T with Sphingobium
francense Sp+ MTCC 6363T, Sphingobium japonicum
UT26 MTCC 6362T and Sphingobium indicum B90A
MTCC 6364T were 55%, 56% and 54.5%, respectively
(Table 3). Nearly similar values were obtained when
probe of Sphingobium francense Sp+ MTCC 6363T,
Sphingobium japonicum UT26 MTCC 6362T and
Sphingobium indicum B90A MTCC 6364T were used for
hybridization

Significant Achievements:
·

On analysis of HCH residues from different soil
samples, it was found that agricultural soils of
adjoining area of HCH manufacturing unit and open
dump site are highly contaminated. The HCH levels
varied between 2 to 4200 µg/g of soil.

·

Out of 24 isolated strains only 7 strains have HCHdegrading capabilities (Table 1). The HCH degrading
ability of 7 selected strains was compared along with
previously reported HCH degraders Sphingobium
japonicum UT26, Sphingobium indicum B90A and
Sphingobium fransence Sp+. The rate of degradation of
α- and γ- isomers of HCH was found to be faster than βand δ-HCH such that all the isolated strains degraded
both α- and γ- isomers just within 30 min of incubation.
Strains UM1, F2, HDIP04, IP26 and HDU05 degraded
all the added β- and δ-HCH within 90 min. as
compared to previously studied Sphingobium indicum

Fig. 1(a): Phylogenetic tree based on complete 16S rRNA gene
sequences showing the relationship among the strain IP26T and other
Sphingobium species.
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Fig. 1(b): Phylogenetic tree based on complete 16S rRNA gene
sequences showing the relationship among the strain RL-3T and other
Sphingobium species.
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Table 1: HCH-degrading strains and their HCH-degrading potentials.
HCH-Degrading Strains

a+++
++
++
++
++
++
+++
+
+
++

UM1
RL3
UM2
F2
IP26
HDIP04
HDU05
Sp+
UT26
B90A

HCH-degrading potential
gdb+++
+++
+++
++
++
++
++
++
+
++
+++
+++
+
+++
+++
++
+++
+++
++
+++
+++
W
+
+
W
+
+
++
++
++

+: indicates positive response/presence of particular gene; ++: strongly positive
response; +++: very strongly positive response; w: weak response

Table 2: Physiological characteristics of the strain IP26T and RL-3T from other phylogenetically related members of the genus Sphingobium.
A, Strain IP26T; B, RL-3T ; C, Sphingobium indicum B90A MTCC 6364T; D, Sphingobium francense Sp+ MTCC 6363T; E, Sphingobium japonicum
UT26 MTCC 6362T.
Characteristics
Colour
Degradation of
Ø
β- HCH
Ø
δ- HCH
Ø
γ- HCH
Ø
α- HCH
Production of soluble pigment on:
Nutrient agar medium
LB medium
Acid Production from:
Cellobiose
Fructose
Ribose
Sucrose
Trehalose
Assimilation of:
Inositol
Adonitol
Lactose
Mannose
Degradation of:
Aesculin
Tween-80
Tween-20

A
Yellow

B
Yellow

C
Yellow

D
Yellow

E
Yellow

++
++
+
+

+
+
+
+

+
+
+
+

W
+
+
+

w
+
+
+

-

-

+
+

-

-

+
+
++

nd
nd
nd
nd
nd

+
+
+

+
+
W
+

+
w
+
w

+
+
+
+

nd
nd
nd

-

+
W
+
+

-

+
-

+
-

+

+
+

+
+
++

++ : positive strong, + : positive, - : negative, w : weak, nd: not done
Table 3: DNA–DNA hybridization of strain IP26 with phylogenetically closed members of genus Sphingobium. Taxa are identified as A,
Strain IP26T; B, Sphingobium indicum B90A MTCC 6364T; C, Sphingobium japonicum UT26 MTCC 6362T; D, Sphingobium francense Sp+ MTCC
6363T.
TEST STRAINS
A
B
C
D

PROBES*
A
100%
54.5%
56%
55%

B
35%
100%
19%
48%

C
53.8%
41%
100%
37.8%

D
42%
51%
56%
100%

*, Probe DNAs of strain A, Strain IP26T; B, Sphingobium indicum B90A MTCC 6364T; C, Sphingobium japonicum
UT26 MTCC 6362T; D, Sphingobium francense Sp+ MTCC 6363T.
Values are mean of four replicates

Table 4: DNA–DNA hybridization of strain RL-3 with phylogenetically closed members of genus Sphingobium.
Probes ?
RL3
S.cloacae
S.fuliginis

RL3
100 + 11
6.44 +6.39
7.71 + 26.5

Hybridization values (%)
S.cloacae
10.86 +43
100 +11.38
7.51 +12.51

S.fuliginis
7.47 +34.1
4.13 +30.23
100 +22.9
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Refinement in indoor compost technology for white button mushroom using
thermophilic organisms
P.I.: Dr. B. Vijay
Co P.I.: Dr. R.P. Tewari
National Research Center on Mushrooms, Solan, HP
Objectives:
Ø

Aspergillus fumigatus, Mucor pussilus,Mycelia steriala
Penicillium sp., Gilmaniella sp.,Paecelomyces variotii,
Humicola fuscoatra, Cunninghamella sp, Rhizopus sp.,
Sporotrichum thermophile and unidentified sp.

To conduct surveys in different corners of India for the
isolation of fungal and bacterial strains for their
screening towards their potential in converting agro
wastes in to white button mushroom compost

·

Ø

Physiological and enzymes studies on the isolated
organisms.

Colony forming units ranging from 0.0X104 to 63.6 x104
were obtained from different samples.

·

Ø

Molecular characterization of the important
organisms.

Ø

Production of environment friendly indoor compost
using potent strains both by Anglo Dutch (cold
process) and INRA method (hot process).

Many a compost samples including from Haryana
showed nil population of these fungi, whereas >
50x104 cfu were obtained from the samples collected
from Ranchi, Ludhiana and Haryana.

·

Succession and population dynamics of thermophilic
fungi in A. bisporus compost prepared by short method
of composting was studied. These fungi were isolated
at 42 oC, 47 oC and at 52 oC from the actively fermented
compost prepared with a mixture of wheat straw,
chicken manure and other additives at 0 day, 4th day, 6th
day, 8th day, 10th day (fill) and at 17th day (end of phase
2) of composting.

·

A total of 11 different fungi including S. thermophilum,
H.insolens, H. grisea, T. lanuginosus , C. thermophile, A.
fumigatus, M. pusillus , Cunninghamella sp., Rhizopus sp.
Penicillum sp. and one mycelia steriala were isolated
at its various stages of preparation. Least numbers of
fungal count (cfu) of above fungi was observed at 0
day (3.1 cfu) and thereafter cfu increased sharply to
9.11 on 4th day and after that it stabilized to 7 +/- 0.2 in
later period of phase one. It increased sharply at 17th
day at termination of composting and was 11.32
(maximum) at this stage.

Ø

Development of microbial inoculation technology
package for bulk production of indoor compost for
commercial purpose.

Significant Achievements:
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·

Large numbers of mesophilic fungi including:
Aspergillus fumigatus, Penicillium spp. Mucor sp.,
Fusarium accuminatum, Rhizopus sp., Trichoderma viride,
Botrytis sp., Chaetomium olivaceum, Verticillum sp.,
Mycogone perniciosa, and Papulaspora bysinna were
isolated from different compost samples collected
from various parts of the country with different
climatic conditions

·

Sixteen thermophilic fungi including different strains
were also isolated from these samples which included
Scytalidium thermophilum, Humicola insolens, H. grisa,
Thermomyces lanuginosus, Chaetomium thermophile,
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Optimization of bioethanol production parameters using paddy straw and kinnow waste
P.I. Dr. Harinder Singh Oberoi
Co P.I.: Dr.D.S. Uppal
Central Institute of Post Harvest Engineering and Technology, Ludhiana
Objectives:
Ø To carry out the proximate compositional analysis of
paddy straw and kinnow waste and to isolate and
screen cellulosic degrading microflora based on
enzyme assays
Ø To develop a consortium of microorganisms for
degradation of lignocellulosics and fermentation of
hexose and pentose sugars
Ø Optimization of hydrolysis treatments, substrate
composition, operating parameters like pH,
temperature etc for ethanol production and
concentration of ethanol through distillation,
dehydration and filteration
Significant Achievements:
· Proximate compositional analysis of paddy straw and
kinnow waste shows that paddy straw contains
appreciable quantities of cellulosic and hemicellulosic
fractions which have the potential of getting converted
into fermentable sugars and subsequently ethanol
production. However, silica and lignin are major
obstacles in enzymatic saccharification of paddy
straw. On the other hand, kinnow waste contains good
amount of sugars required for initial growth of the
organisms and biomass build up which is required for
fermentation subsequently. Kinnow waste is also rich
in minerals which aid in growth of the organisms and
play an impotant role in enzyme induction as well.
Thus in a way both these residues complement each
other in terms of nutritive value or proximate
composition. Thus, both the residues when combined
in a proper ratio will serve as an ideal substrate for
supporting growth of saccharification and
fermentation organisms and bioconversions.
· The maximum ethanol (Table 1) from pentose sugars
was produced after 48 h of incubation for all the
procured strains and after 48 h there was a fall in
ethanol production. Although substantial difference
could not be observed among the strains selected for
the study, Pitchia stipitis NCIM 3497, Pachysolen
tannophilus NCIM 3054 and Pitchia stipitis NCIM 3507
produced 8-15% more ethanol compared to other
strains. Therefore, only the above strains were
considered for use in ethanol production from the
above residues. However, we are working on
evaluating the above strains in terms of glucose
fermentation too as the literature available suggests
that certain strains belonging to genera like Pichia,
Pachysolen and Candida are able to ferment both xylose
and glucose to a certain limited extent.

·

·

·

·

MTCC 178 produced maximum ethanol in just 36 h
(Figure 1) whereas the other strains produced
maximum ethanol after 42h, morever S. cerevisiae
produced maximum ethanol in less time and has been
thus selected for fermentation of hexose sugars.
32 strains comprising of fungi, bacteria and
actinomycetes have been screened for cellulase
production using crystalline cellulose (1%) (Table 2).
Out of the 33 strains, 11 strains are for the isolates
which have been isolated by us from different
environments such as decaying vegetable wastes,
paddy straw and soil. These isolates have been
confirmed at the genera level by microscopic
examination and colony characteristics on the agar
medium. The strains such as Aspergillus sp HO –2 and
Trichoderma sp HO –6 which produced considerable
activity are being sent to MTCC for identification and
accessioning. If needed, genome sequencing of such
cultures will also be done. Amongst the cultures
procured from National Depositories, Trichoderma
reesei QM 9414, T. reesei RC 30, Trametes hirsutum
NCIM 1201, Bacillus sp MTCC 297 and Aspergillus
fumigatus NCIM 902 produced enzymes in higher
quantities as compared to other strains. Although, it is
not possible to find out one single strain which could
produce all the components of cellulases in higher
quantities, it is still felt that these strains produced
considerable enzyme activities. We are looking at
developing consortium of individual cultures
producing higher activity with respect to each
component by screening their combinations in
different proportions.
The rate of production of reducing sugars and xylose
declined when the acid was used at higher
concentrations (more than 5%). Besides, furfurals were
also formed in larger quantities and even after
activated charcoal treatment, these could not be
reduced considerably. Therefore it is important to
optimize the acid concentration at not more than 2.5%
which resulted in effective release of sugars with
limited production of furfurals and such furfurals
could be brought down using the simple activated
charcoal treatment. Morever, acid is corrosive in
nature and a concentration beyond 2.5% could
damage the bioreactors in a long run. Most of the
available literature suggests use of acid to the tune of
0.5 – 2.5% only.
Although the alkali concentration played an
important role in improving the solubilization of
cellulosic and hemicellulosic fractions of paddy straw,
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·

the increase in hydrolysis time from 15 – 45 minutes
did not play a significant role in improving the
efficiency of the treatment. Thus treatment of paddy
straw with 2.0% alkali (w/v) at 15 psi for 15 minutes is
sufficient for getting a good yield of glucans and
xylans which can be saccharified to glucose and xylose
respectively using enzymatic saccharification.
Increase in hydrolysis treatment time results in energy
loss with no appreciable difference in the yields. It is
also clear from the Tables that besides lignin some part
of cellulose and hemicellulose is also lost during the
alkali hydrolysis treatment.
Soaked Aqueous Ammonia (SAA) process is effective

in removal of lignin but is not very efficient in
solubilization of the cellulosic and hemicellulosic
fractions as is indicated by the treatment irrespective
of the concentration used. Although, a single
treatment could not be reckoned as the most ideal
treatment, but it is felt that mild acid hydrolysis could
be a better alternative as considerable amount of
fermentable sugars are released in the liquor which
can be directly fermented into ethanol using the
activated charcoal treatment and the remaining
hydrolysate after neutralization could be subjected to
enzymatic saccharification and subsequent
fermentation into ethanol.

Fig.1: Screening of hexose fermenting yeast strains on medium containing glucose

Table 1: Ethanol production by pentose sugar fermenting strains at different time intervals

Isolates
Pachysolen tannophilus MTCC 1077
Candida intermedia MTCC 1404
Pichia jadinii MTCC- 2660
Pachysolen tannophilus NCIM-3445
Pichia stipitis
NCIM-3497
Candida shehatae NCIM-3500
Pachysolen tannophilus NCIM-3503
Pachysolen tannophilus NCIM-3504
Pichia stipitis
NCIM-3507
Pachysolen tannophilus NCIM-3508

60

12 h
0.24
0.22
0.25
0.25
0.27
0.22
0.21
0.26
0.27
0.25

24 h
0.50
0.48
0.51
0.52
0.55
0.5
0.49
0.56
0.58
0.51

Ethanol produced (%)
36 h
48 h
0.95
1.32
0.92
1.31
0.98
1.34
1.01
1.35
1.05
1.45
1.02
1.30
0.95
1.32
1.03
1.45
1.05
1.47
1.0
1.38

60 h
1.28
1.27
1.29
1.31
1.41
1.24
1.27
1.39
1.42
1.32
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Table 2: Screening of isolates for cellulase activity
S.No.

Isolate

FPU/ml

CMCase/ml

Cellobiase/ml

1.

Trichoderma ressei QM-9414

1.04

3.24

0.74

2.

Trichoderma ressei RC-30

0.96

3.75

0.88

3.

Aspergillus fumigatus NCIM 902

0.78

2.89

0.32

4.

Fusarium solani MTCC 1756

0.14

0.24

0.24

5.

Trametes hirsuta NCIM 1207

0.29

0.22

0.06

6.

Trichoderma ressei NCIM-992

0.24

0.15

0.05

7.

Trichoderma viridae NCIM-992

0.36

0.18

0.04

8.

Trichoderma ressei NCIM-1052

0.08

0.18

0.04

9.

Fusarium sp. NCIM 1075

0.35

0.26

0.09

10.

Trichoderma viridae NCIM 1221

0.21

0.14

0.11

11.

Fusarium oxysporum MTCC 1755

0.41

0.16

0.15

12.

Cellulomonas bibula NCIM 2333

0.44

0.23

0.09

13.

Cellulomonas gelida NCIM 2433

0.55

0.21

0.25

14.

Bacillus apporohoes NCIM 2234

0.55

0.24

0.21

15.

Cellulomonas uda NCIM 2353

0.14

0.45

0.03

0.31

0.54

0.15

0.68

0.89

0.54

16.

17.

Cytophaga hutchinsonii

NCIM

2388
Streptomyces albaduncus MTCC
1764

18.

Trametes hirsutum NCIM 1201

0.94

1.57

0.88

19.

Neurospora crassa NCIM 1021

0.18

0.25

0.13

20.

Bacillus sp MTCC 297

0.67

0.95

0.05

21.

Cellulomonas uda NCIM 2353

0.24

0.15

0.08

22.

Aspergillus sp HO -1

0.21

0.45

0.01

23.

Aspergillus sp HO - 2

1.07

1.56

0.28

24.

Aspergillus sp HO-3

0.34

0.89

0.31

25.

Aspergillus niger HO -4

0.09

0.24

0.01

26.

Aspergillus sp HO -5

0.07

0.21

0.01

27.

Trichoderma sp HO -6

0.99

1.58

0.26

28.

Trichoderma sp HO -7

0.73

1.06

0.35

29.

Trichoderma sp HO -8

0.21

0.56

0.14

30.

Trichoderma sp HO -9

0.53

0.78

0.22

31.

Fusarium sp HO -10

0.46

0.54

0.12

32.

Streptomyces sp HO - 11

0.74

0.93

0.34
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Bioremediation of commonly used pesticides in tropical rice ecosystem
P.I.: Dr. T. K. Adhya
Central Rice Research Institute, Cuttack, Orissa
Objectives:
Ø

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

Ø

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

Ø

Ø

Ø

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.

·

Both the p-nitrophenol degrading bacteria degraded pnitrophenol as the sole source of carbon and energy
releasing stoichiometric amount of nitrite. The onitrophenol degrading bacteria, however, further
oxidized nitrite to nitrate suggesting the bacterial
isolate to be a heterotrophic nitrifier.

·

Protocol for isolation of metagenomic DNA was
standardized and used to isolate soil DNA from an
alluvial soil retreated with different isomers of
hexachlorocyclohexane.

·

The soil DNA was subjected to PCR using universal
eubacterial primer. DGGE analysis of the PCR
products from different treatments indicated wide
diversity in the DNA suggesting differences in the
enriched microflora.

·

Several microbial isolates capable of degrading the
organochlorine fungicide vinclozolin were isolated in
pure culture from flooded alluvial soil retreated with
vinclozolin.

·

A novel Bacillus sp. capable of degrading vinclozolin
was identified using 16s rDNA sequencing. The
related gene sequence has been deposited in the NCBI
under accession no. EF581379.

·

The Bacillus sp. used vinclozolin as the sole source of
carbon and energy and produced two unknown
metabolites in addition to the already reported
metabolite 3,5-dichloroaniline.

·

A colorimetric assay method using phenol red as the
indicator was developed and refined to indicate
degradation of organochlorine pesticides in pure
cultures of microorganisms. The method could help in
selecting potent degrading bacterial isolates while
avoiding the GC analysis.

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

Significant Achievements:
·

·
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Two novel p-nitrophenol degrading Bacillus sp. and
one o-nitrophenol degrading Bacillus sp. were isolated
from flooded rice soils retreated with respective
isomers of nitrophenol.
Based on 16s rDNA sequence analysis, the bacteria
were identified as three novel species of Bacillus sp.
which were grouped in a common clad with type
strains of B. mycoides and B. thuringiensis. Further
characterization including FAME analysis, polar lipid
identification and colony hybridization with type
strains are being attempted to ascertain the exact
taxonomic position of the bacteria.
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Bioremediation of effluents from shrimp farms
P.I.: Dr. S. V. Alavandi
Co P.I.: Dr. T.C. Santiago; Dr. N. Kalaimani
Central Institute of Brackishwater Aquaculture, Chennai
Objectives:
Ø Characterization of efficient bacterial strains involved
in nitrogen and sulfur cycles in brackishwater ponds
of shrimp farming. Biochemical and physiological
fingerprinting of promising consortia.
Ø

Formulation of microbes / development of microbial
consortia.

Ø

DGGE analysis for genetic stability of biomass,
formulation and in vivo evaluation of putative
probionts.

Significant Achievements:
·

Fifty-five samples from shrimp culture ponds were
collected and processed for chemotrophic ammonia
oxidizing bacteria (AOB) and sulfur oxidizing
bacteria (SOB).

Fig. 1: Amplification of amoA gene of ammonia oxidizing
bacteria isolated from shrimp culture ponds

·

A quantitative estimate of AOB and SOB in the pond
sediment samples during the shrimp culture period
was also obtained.

·

Fifteen AOB and thirty eight SOB were isolated using
enrichment media and physiologically characterized.
The AOB were assigned to Nitrosovibrio spp,
Nitrosospira spp and other genera, and the SOB were
assigned to Thiobacillus spp based on their cultural
characteristics (Isolation of these bacteria is significant
considering their extremely slow growing and
chemoautotrophic nature).

·

Three isolates of AOB harbored amoA gene and three
isolates of SOB harbored soxB gene. Three SOB could
be grouped under Marinobacter and Halothiobacillus
hydrothermalis based on PCR for SoxB gene. (Fig. 1&2)

·

Five isolates of AOB showed promising potential for
oxidation of ammonia in vitro.

Fig. 2: Amplification of soxB gene of sulfur oxidizing bacteria
isolated from shrimp culture ponds
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Microbial and shelf life studies during canning of vegetables
P.I.: Dr. Sudhir Singh
Indian Institute of Vegetable Research, Varanasi
Objectives:
Ø

Standardization of blanching treatment in vegetables.

Ø

Optimization of the heat treatment for destruction of
most heat resistant microorganisms.

Ø

Shelf stability of heat treated vegetables during storage

microbial load and consequently increase in the Dvalue. The heat treatment of onion bulb steeped at pH
2 for 1 day resulted in the reduction of microbial load
from 96.8 – 98.5%. The D value increased from 1.35 to
3.87 after heat treatment at 100 oC for 5 -15 min after
steeping of onion bulb for 1 day at pH 2.0.
Furthermore, the microbial count was decreased to
96.8% after heat treatment at 100 oC for 5 -15 min after
steeping of onion bulb for 1 day at pH 3.0.

Significant Achievements:
·
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Hot water blanching treatment of cucumber slices (4.5
-5.0 cm X 0.5 cm) at 80 - 100 oC for 12-15 min caused
inactivation of catalase enzyme. However, peroxidase
enzyme was inactivated in cucumber slices after hot
water treatment at 80 oC for 15 min followed by
dipping into 0.2% KMS for 10 min. Catalase enzyme in
onion slices was inactivated at hot water treatment at
80 oC for 105 sec followed by dipping into 0.2% KMS
solution. However, higher heat treatment of 90 and
100 oC caused inactivation of catalase enzyme at 45 and
105 sec, respectively. The peroxidase enzyme in onion
slices was inactivated at 80–100 oC for 5-15 min by hot
water treatment followed by dipping into 0.2% KMS
solution.

·

There has been significant reduction in microbial
count upon steeping of onion bulb in acetic acid for 1 to
3 days of steeping at 20 oC. It was evident that steeping
of onion bulb at pH 1 for 1 day at 20 oC in acetic acid
resulted in reduction of microbial load to 98.59%.
However, judges felt very sour taste to the onion bulbs
steeped at pH 1 for 1 day at 20 oC. The microbial count
in onion bulbs steeped at pH 2 for 1 - 7 days was
decreased from 45.9 – 96.8% with increase the steeping
period. Judges preferred onion bulb samples steeped
at pH 2 -3 with acceptable taste.

·

The effect of heat treatment in steeped onion bulb for 1
day at 100 oC for 5 -15 min had significant reduction in

·

The microbial count during steeping of onion bulb for
1-10 days along with level of preservative from 100 –
300 ppm significantly reduced the microbial count.
There has been reduction in microbial count with
increase the steeping period from 1-10 at pH 2 and 3. It
was observed that steeping of onion bulb with acetic
acid for 5 days at pH 2.0 along with 300 ppm of sodium
benzoate reduced the microbial count to 98.58%.
However, The steeping of onion bulb with 500 ppm
sodium benzoate for 1 day at pH 3 reduced the
microbial count to 90.58%.

·

The effect of different level of heat treatment at 100 oC
for 3 and 5 min along with the level of sodium
benzoate preservative with steeping time from 1 to 10
days had significant effect on reduction in the
microbial load. Minimum (90.58%) microbial
reduction occurred in onion bulb samples at pH 2.0
after steeping for 1 day with 100 ppm of sodium
benzoate along with heat treatment at 100 oC for 3 min.
However, maximum (99.86%) microbial reduction
occurred after steeping for 10 days at pH 2.0 after
treating with 500 ppm level of sodium benzoate and
heat treatment at 100 oC for 5 min. D value also
increased with increase the level of preservative and
heat treatment.
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Fermented products from fruits vegetables
P.I.: Dr. S. Gunasekaran
Co P.I.: Dr. R. Murugesan
Department of Agricultural Microbiology, TNAU, Coimbatore
Objectives:
Ø

Evaluation of strains for fermentation and
optimization of fermentation parameters for fruits(
grapes, apple and papaya)

Ø

Production of wine and vinegar from microbial
fermentation of rice

Ø

Selection of microbes for production of natural colors

Ø

Extraction of natural colors

Ø

Development of fermentation process for quality
evaluation

temperature, at 28 ± 1˚C. Even at 4 ˚ C the culture
which was isolated from pine apple (TNAU-PG1)
grown well. TNAU- GR3, TNAU-P1 and TNAU-OR1
showed good growth under 40 ˚C.
·

Among the four carbon sources (dextrose, sucrose,
xylose and galactose) dextrose was effectively utilized
by all the cultures. Among the four nitrogen sources
ammonium chloride was effectively utilized by
TNAU-P1 and TNAU-PG1 cultures.

·

Fruit wastes were characterized based on pH,
moisture content, total carbohydrate and reducing
sugar, the results are presented in the Table 2. The
results showed all the fruit wastes are acidic in nature,
pH varied from 4.0 to 5.5 and the moisture content
varied from 85 to 92%. In the case of total carbohydrate
content grape fruit waste showed higher carbohydrate
content of 5.5% followed by apple 4.5%, pome 3.25%
and orange 3.0%. The reducing sugar was found to be
high in the case of grape (2.52 mg /ml) followed by
pome ( 2.50 mg/ml) and apple (2.25 mg/ml).

·

The saccharification process was very poor in all the
treatments in unhulled rice compared to hulled rice.
Compared to cold-water soaking, hot water soaking
had better starch conversion in both the hulled and
unhulled rice. Steaming after soaking performed
better conversion of starch into glucose compared to
soaking / steaming alone. The results indicated that
there was a significant variation in conversion of
starch with different treatments.
Among the
treatments, T6 (rice samples soaked in hot water for 4
hrs + steaming) recorded the highest starch
conversion of 15.8%, 9.6% and 16.% in A. oryzae, R.
oryzae and A. oryzae + R. oryzae inoculation
respectively. The combined inoculation of A. oryzae +
R. oryzae registered higher values of starch conversion
compared to their individual inoculation irrespective
of treatments in all treatment schedules and days of
inoculations. Maximum starch conversion was
recorded in combination with T6 and combined
inoculation of A. oryzae and R. oryzae irrespective of
days after inoculation.

·

The saccharification process was the highest in the
treatment T6 in which the rice was treated with hot
water soaking 4 h + steaming. The combined
inoculation of A. oryzae and R. oryzae with hot water
soaking + steaming had recorded the highest

Significant Achievements:
·

·

·

The yeast cultures were isolated by standard method
and the results are presented in Table 1 and Plate 1.
The results revealed that orange fruit showed
maximum number of yeast population (120X104 cfu ml
-1
) followed by pine apple (60.4 X 104 cfu ml -1),
pomegranate (54.2 X104 cfu ml -1), papaya (46.8 X104 cfu
ml -1) and grapes (45.6 X104 cfu ml -1). The Lactobacillus
population also varied between the fruits 29.5 x 106 to
62.3 x 106 cfu ml-1. Maximum population of fungi was
noticed in papaya (24.2 x 10 3 cfu ml-1 and minimum
was noticed in orange fruit (9.2 x 103 cfu ml-1). Totally 6
isolates of yeast from grapes, 2 from orange, 3 from
papaya, 2 from pome and 2 from pine apple were
obtained. Similarly effective cultures of Lactobacillus (2
from grape, 1 from papaya and 2 from pine apple)
were also obtained. Based on the fermentative ability
(initiation of fermentation, flocculation capacity,
osmotic tolerance, fermentation vigour etc.,) the yeast
cultures were screened and five cultures obtained. The
isolates were named according to the fruits of isolation
(TNAU-P1, TNAU – PG1, TNAU-OR1, TNAU-GR3
and TNAU-PA1).
The growth of yeast isolates under different pH
condition was studied. All the isolates grown well
under neutral pH except TNAU-OR1 which grew well
under acidic pH. All the isolates could grow well
under normal temperature of 28 ± 1˚C. The culture
which was isolated from pine apple (TNAU-PG1)
grown well. TNAU- GR3, TNAU-P1 and TNAU-OR1
showed good growth under 40˚ C.
The growth of yeast isolates under different
temperature was studied. The results revealed that all
the isolates could grow well under the normal
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conversion of starch. Without inoculation of
microorganisms the conversion of starch to glucose
was minimum. In general, hot water soaking +
steaming with inoculation of A. oryzae and R. oryzae
increased the rate of conversion of starch irrespective
of rice varieties.
·

·

The maximum alcohol recovery (12.8 percent) was
noticed in combined inoculation of Aspergillus oryzae +
Rhizopus oryzae + S. cerevisiae (YMs) on 30th day of
inoculation (Table 3). The changes in chemical
composition of rice wine during fermentation was
determined. The pH and specific gravity of the wine
was static through out the period of study, where as
the acidity level decreased with increase of
fermentation period.
Among the five pigment producing fungi isolated,
three isolates could produce extracellular pigment.
Among the three fungi, two fungi were characterized
as Fusarium sp (TNAU- PF1) and Penicillum sp (TNAU
-PP1). The unidentified culture was named asTNAUPF2.The growth and pigmentation of these fungal
cultures was studied in ten different media. The
sabouraud agar (SDA) supported the growth and
pigmentation of TNAU-PF2, TNAU- PF1 produce
maximum pigment in potato dextrose agar and TNAU
- PP1 had better pigmentation in nutrient agar.

·

TNAU-PF2 had better pigment and mycelial growth
in fructose, peptone, pH 8.0, temperature 30˚C,
inoculum's age of 5days, agitation of 200 rpm and the
C/N ratio of 1:1 ratio. Fusarium sp. (TNAU-PF1)
recorded maximum pigmentation in xylose, pH 6.0,
temperature 25˚C, inoculums age of 4 days and
agitation of 200 rpm. The Penicillium sp (TNAU-PP1)
soluble starch, peptone pH 9.0, temperature 30˚C,
inoculum age of 4 days agitation of 200rpm and the
C/N ratio of 1:1 ratio. The solvents like methanol,
ethanol, acetone, propanol extracted high amount of
pigments. All the cultures have very good
antibacterial activity (Plate 1).

·

The suitability of solvents for pigment extraction was
determined. The solvents like methanol, ethanol,
acetone, propanol extracted high amount of pigments,
followed by acetonitrile and water. Dichloroethane,
petroleum ether and etheylacetate are not suitable for
pigment extraction.

·

Solid substrate fermentation: The effect of rice, cumbu,
sorghum, wheat and cassava starch did not support
pigment production but mycelial growth occured in
all three fungal cultures. Among different solid
substrate tested Fusarium sp(TNAU PF1) produce
pigment in rice grains (250 mg l1) followed by red
gram (70 mg l1).

Plate 1: Antibiotic potential of
pigment producing fungi against E.coli

Plate 2: Pigment production of Fusarium sp grown in
Solid fermentation (rice)

Table 1: Isolation of yeast, Lactobacillus and fungi from fruits
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Fruit wastes

Yeast
(cfuX104)

Lactobacillus
(cfuX106)

Fungi
(cfuX103)

Effective yeast
isolates selected

Grapes
Orange
Papaya
Pomegranate
Pine apple

45.6
120
46.8
54.2
60.4

32.4
41.2
62.3
50.2
29.5

15.6
9.2
24.2
13.2
21.4

6
2
3
2
2

Effective
Lactobacillus
isolates selected
2
1
2
-
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Table 2: Fruit waste characters
Sample
Orange
Pome
Grape
Apple

pH
5.5
4.0
4.5
4.5

Moisture percentage
92.0
90.0
89.0
85.0

Total carbohydrate (%)
3.00
3.25
5.50
4.50

Reducing sugar (mg ml -1)
1.25
2.50
2.52
2.25

Table 3: Studies on the changes in biochemical properties of rice wine during
fermentation inoculated with microbial consortia*
Days of
fermentation
Initial
5
10
15
20
25
30
35

Acidity
(g of acetic acid 100 ml -1)
0.19
0.15
0.13
0.11
0.09
0.03
0.02
0.02

pH

Specific gravity

4.02
4.23
4.56
4.68
4.81
4.84
4.87
4.88

0.9982
0.9903
0.9814
0.9810
0.9721
0.9704
0.9683

Alcohol
content (%)
2.0
4.9
6.8
8.2
9.6
12.8
12.0

*Aspergillus oryzae + Rhizopus oryzae + Saccharomyces cerevisiae (YMs)

Table 4: Effect of solid substrate for pigment production of fungal cultures
S.No

Solid substrate

1
2
3
4
5
6
7
8

Rice grain
Wheat
Sorghum
Cassava substrate
Red gram
Soybean
Orange peel
Jack fruit seed

TNAU-PF2
Growth
Pigment
(mg L-l)
++
++
+
+
+++
+
++
++
-

TNAU-PF1
Growth
Pigment
(mg L-l)
++
250
++
+
+
+
70
+
++
++
-

TNAU-PP1
Growth
Pigment
(mg L-l)
++
++
+
+
ND
ND
+
ND
ND
ND
ND

ND: Not deducted; -: No growth/pigmentation; +: Poor growth/pigmentation; ++: Medium
growth/pigmentation; +++: good growth/pigmentation
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Utilization of Fruit Processing Waste for Obtaining Value Added
Products through Fermentation
P.I.: Dr. (Mrs.) Neelima Garg
Division of Post-harvest Management, Central Institute for Subtropical Horticulture, Lucknow
Objectives :
Ø

Evaluate the potential use of mango processing waste
(peel and kernel) for production of pectinases,
cellulases and amylases.

·

These cultures are being screened for pectinase,
cellulase and amylase, activities.

Ø

Screening of micro organisms and optimisation of
fermentation conditions.

·

Ø

Molecular characterization of potent microbial
isolates.

Ø

Strain improvement using molecular tools for higher
production of enzymes.

Ø

Large scale production of desired end product and to
work out the economic feasibility.

Ø

Screening of processed products for microbial load
and quality.

A spoilage fungus was isolated from bael squash
which was identified by MTCC, Chandigarh as
Aspergillus flavus. This fungus was also isolated from
bael pulp which suggested that the source is poor
quality raw material and ineffective processing
conditions which could not spoil this spoilage fungus.
Study of sugar and acid tolerance and preservative
resistance of this fungus reflected that it could grow at
50OC and 1% acidity. However it was found to be
preservative sensitive and could not grow in the
presence of 100ppm SO2.

·

High increase in acidity of one year old stored mango
pulp was observed. However, no spoilage
microorganisms could be isolated from these samples
which suggests that the cause of increase in acidity is
enzymatic or chemical reaction and not microbial.

·

Aola laddu and burfi were prepared by processing lab.
After 2 months of storage, no osmophilic spoilage
microorganism could be isolated in aonla laddu.
However from aonla burfi, one osmophilic fungus
was isolated.

·

Aonla juice samples were given different heat
treatments (80 or 95 OC) along with preservative
(Potassium meta bisulphite or Sodium meta
bisulphite. Heating the juice at 95 OC with either of the
preservative was found effective in controlling
microbial growth.

Significant achievements:
·
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as citrus peel, mango peel, farm yard manure,
degrading wood, cotton, paper etc.

Mango peel and kernel was obtained from processing
lab of the Institute, solar dried and powdered for
further experiments. The biochemical analysis of
mango peel and kernel showed that peel contained
pectin ( 12% on dry weight basis) and fibre ( 8% on dry
wt. basis). It can be used for production of pectinases
and cellulases through microbial fermentation.
Similarly, mango kernel was found to be rich in starch
(approximately 54% on dry weight basis) and may
serve as a potential substrate for amylase production.

·

Seven amylolytic microorganisms have been isolated
from degrading starch rich substrates.

·

Twenty six cellulolytic microorganisms have been
isolated from degrading cellulose rich substrates such
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Theme 4 : Microbial Management of Abiotic Stress
Microbial management of salt and drought stress of the soil
under Rice-Wheat cropping System
P.I.: Dr. A.K. Saxena
Co P.I.: Dr. Rajeev Kaushik
National Bureau of Agriculturally Important Microorganisms, Mau, Uttar Pradesh
Objectives:
Ø

Isolation of microorganisms from rhizotic zones of
cereal crop (wheat) grown under salt stress. Selection
of salt tolerant bacteria.

Ø

Biochemical characterization of selected
microorganisms.

Ø

Evaluation of selected micro-organisms in the
rhizosphere of cereal crop (wheat) (Green house
studies).

Ø

Development of consortium of microorganisms that
can alleviate the effect of salinity and improve the
growth and yield of cereal crop (wheat).

Ø

Field evaluation of consortium of microorganisms for
improvement of wheat growth and yield.

screened, 11 were able to solubilize phosphorus with
varying efficiency. However with the increase in the
salt concentration from 2 to 8% there was a drastic
decline in the P- solubilization activity and only three
isolates could solubilize P upto NaCl concentration of
8%.
·

Quantitative assay of soluble P was carried with TCP
as the insoluble source of P. The results were different
from the qualitative assay. Isolate 5, 44 and 48 were
found to solubilize P upto 8% NaCl and interestingly
for most of the strains solubilization was more at
higher salt concentration.

·

Five varieties of wheat (RAJ-3077, PBW-373, PBW-343,
UP-2382, K-7903) were screened for tolerance to salt on
plain agar augmented with different concentrations of
NaCl (0.5%, 1.0%, 1.5%). The increase in salt
concentration not only adversely affected the
percentage germination of the seeds of wheat but also
delayed their germination. Only one variety of wheat
(K-7903) showed tolerance to NaCl stress upto 1.5%.

·

In green house experiment with sand as the sterile
rooting medium, artificial salinity was created using
NaCl to achieve the ECe of 4.5 dS m-1. Wheat cultivar
K-7903 was selected for the study, as it was tolerant to
salinity. After germination the cups were inoculated
with the bacterial inoculants. A total of 25 isolates that
showed good IAA production and P-solubilization
and were tolerant to salt were selected for the
inoculation studies. The plants were harvested after 40
days and the fresh and dry weight of root and shoot
was recorded. Inoculation of isolates like 3, 18, 47 and
121 had a beneficial effect on growth of wheat and can
help in alleviating the effect of salinity.

Significant Achievements:
·

From different soil samples collected from salt affected
soils in the district of Varanasi, Mau, Balia and
Gorakhpur , 130 salt tolerant bacteria were isolated
mainly from wheat crop. Off these 130 isolates 42
isolates were able to tolerate NaCl stress of 8% or
more.

·

Bacterial strains tolerant to 8% or more NaCl were
analyzed for their ability to produce IAA both in
presence and absence of salt stress. Of the 42 isolates
screened, 24 bacteria were found to produce IAA in
the absence of salt stress. Isolate N12 showed the
maximum production of IAA (11.87µg/ml). However
in the presence of 2 and 4% NaCl, in general there was
a decline in the production of IAA by different strains.

·

Salt tolerant isolates were also screened for their
ability to solubilize tricalcium phosphate both in
presence and absence of salt stress. Of the 42 isolates
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P-Solubilization at Different Salt Concentration
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Fig 1. Quantitative estimation of P-solubilization by salt tolerant bacteria at different salt concentration.

Isolation, inventorization and field assessment of agriculturally important
microorganisms in the stress ecosystems of Karnataka
P.I.: Dr. A. R. Alagawadi
Co P.I.: P.U.Krishnaraj, K.S.Jagadeesh & S.G. Patil
Department of Agril. Microbiology, UAS, Dharwad – 580 005
Objectives:
Ø 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
Ø Assessing the functional potential of each group of
organisms for use in agriculture
Ø Setting up the culture bank of the potential isolates
under each group and deposit them with the NBAIM
Ø Field testing of potentially efficient isolates/consortia
of isolates (based on lab/green house studies

·

·
Significant Achievements:
· Soil, root, leaf and decaying residue samples were
collected from 105 problematic soils in the North and
North Eastern districts of Karnataka and used for
isolation of AIMs. The pH and EC of soil samples
ranged from 4.87 to 10.46 and 0.12 – 85.79 dS-m
respectively.
· Totally 370 organisms belonging to different
functional groups viz., Azotobacter (157), Azospirillum
(47), phosphate solubilizers (77), fluorescent
pseudomonads (53), PPFMs (18) and lignin degraders
(18) have been isolated and preserved.
· Most of the Azotobacter isolates in nutrient agar
medium, were able to grow at 5 % NaCl, 33 isolates at
7.5 %, 14 at 10 %, 11 at 17.5 % and 6 isolates at 20 %
NaCl. However in Norris N-free agar medium, 74
isolates were able to grow at 5% NaCl, 15 at 7.5%, 6 at
10 %, 2 at 12.5 %, 1 at 15 % and none at 20 % NaCl.
· Among Azotobacter isolates, S63 (1)R continued to fix
N2 even up to 15 % NaCl, S75(1)R up to 12.5 % NaCl
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·

·

·

and other two isolates up to 10 % NaCl although at low
levels. Similar trends were observed with IAA and GA
production by these isolates. The proline production
by these isolates was maximum at 10 % NaCl.
Among fluorescent pseudomonads, 39 isolates were
able to grow at 5 % NaCl, 17 at 7.5 %, 12 at 10 %, 8 at 12.5
%, 7 at 15 %, 4 at 17.5 % and 3 isolates at 20 % NaCl in
nutrient agar. However, in King's B agar, 44 isolates
were able to grow at 5% NaCl, 28 isolates at 7.5%, 15 at
10 %, 11 at 12.5 %, 10 at 15 %, 6 isolates at 17.5 % and
none at 20 % NaCl. Most isolates did not show
fluorescence in King's B agar even at 5 % NaCl.
Among the fluorescent pseudomonads, DR12bR
showed higher IAA and GA at 7.5 - 10 % NaCl,
whereas S57E at 12.5 - 15 % NaCl and DR10R 17.5 - 20
% NaCl in Nutrient broth medium. Isolate S100E
showed maximum IAA production in King's B broth
at all the salt concentrations studied.
Fluorescent pseudomonas isolates DR10R and
DR12bR produced maximum proline at 10 % NaCl
whereas S57E showed higher proline at 15 % NaCl in
Nutrient broth. However in King's B broth, isolates
showed higher proline production only up to 7.5 %
NaCl.
P-solubilizing bacterial isolates tolerated salt stress
better in Nutrient agar than in Pikovskaya's agar. The
isolates showed higher TCP solubilization at 5% NaCl
but was decreased drastically at 7.5% NaCl. PSB
isolates showed higher proline production at 10 %
NaCl in Nutrient broth and at 7.5 % NaCl in
Pikovskaya's broth.
31 P-solubilizing fungi isolated from problematic soils
released Pi from TCP in the range of 9.77 to 30.65 %.
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Development of microorganism consortium to alleviate abiotic stresses like
drought, high temperature and salinity in millets
P.I.: Dr. B. Venkateswarlu
Co P.I.: Dr.S.K.Yadav
Division of Crop Sciences, Central Research Institute for Dryland Agriculture, Hyderabad
Objectives:
Ø

To isolate microorganisms from rhizotic zones of
millets grown under stress conditions of salt, drought
and extreme temperatures

Ø

Biochemical characterizations and testing of these
organisms for their response to drought, high
temperature and salt stress under in vitro conditions.

Ø

Evaluation of promising strains on millet crops (pearl
millet and finger millet) in pot culture conditions.

Ø

Development of consortium of microorganisms and
field evaluation for improvement of growth and yield
of millets under the above mentioned stresses.

while none of the strains grew even upto 72 h beyond
this limit. Of the three strains of Bacillus tested, B7
showed better growth at lower temperatures (upto
400C) while at 500C B4 recorded highest growth. These
results indicated that both in Pseudomonas and Bacillus
response of isolates vary depending on the
temperature and salt concentrations.
·

The paper chromatographic separation of the
hydrolysate was done for P4. All the four strains
produced copious amount of EPS as detected by
negative staining. The EPS production enhanced
significantly under stress conditions in all the strains.
The increase in the total EPS was much higher with
salt stress (7% NaCl) as compared to temperature
stress (50 0C).

Significant Achievements:
·

The soil samples were plated on selective media for
isolation of florescent Pseudomonads, Bacillus,
Bradyrhizobium and Azospirillum. Isolated microbial
strains were further screened for tolerance to salt and
temperature stresses.

·

The products from salt and temprature stressed
organisms were similar (Raffinose, Mannose, one
undetected spot). Raffinose was common both under
control and stressed cells while, Mannose was
detected in the EPS of only stressed grown cells.

·

Thirteen isolates of Pseudomonas (12 + 1 check) and ten
of Bacillus were tested for their survival ability at
different levels of salt and temperature stress. Up to
1.0 M NaCl, most of the Pseudomonas strains could
grow, but beyond that only four could survive upto
1.2 M and none beyond. However, in case of Bacillus
most of the strains survived upto 0.8 M and two
strains could survive upto 1.6 M also. With regard to
temperature, there was a gradual decrease in the
number of strains survived, with increasing
temperatures and at 50oC two strains of Pseudomonas
and three strains of Bacillus survived out of 13 and 10
tested, respectively.

·

In P4, mannitol was the major osmoprotectant
detected both under salt and temperature stress.
Mannitol was not detected in the lysate from control
cells. In case of amino acids in all the three strains,
Glutamic acid was the major osmoprotectant under
salt stress. The analysis of other compounds in
temperature stress cells is under progress.

·

Effect on plant growth under high temperature: Paper cup
seedling experiments with sorghum revealed that
seed bacterization with stress tolerant strains (P6,P7)
of Pseudomonas helps the plants survive upto 50o C for
2 weeks while control plants died. Treated seedlings
produced significantly higher root and shoot length
and seedling biomass. Viable counts of crushed roots
showed significantly higher number of Pseudomonads
in the rhizoplane/endorhizosphere, while in control
plants very few cells could be detected. There was a
clear evidence of stress tolerant Pseudomonas helping
sorghum seedlings grow successfully under elevated
temperatures. The electron micrographs of the
inoculated roots with the best strains are being
prepared for further evidence. Similar experiments
are under progress with pearlmillet and fingermillet.

·

Pseudomonas strain P1 showed higher growth upto
0.8M of NaCl but at 1.0 and 1.2 M strain P4 grew better.
In case of Bacillus, however, strain B1 showed better
growth at all the NaCl levels. Interestingly Bacillus
could grow up to 2.0M, whereas all strains of
Pseudomonas failed to grow beyond this limit.

·

Of the four strains of Pseudomonas tested for tolerance
at elevated temperatures, P4 showed higher growth at
47 to 500C followed by P7. Only scanty growth was
detected beyond 500C, that too, in liquid medium
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Fig.1: No. of isolates of Pseudomonas (out of 13) and Bacillus (out of 10) survived at different levels of NaCl (right) and temperature (left).

Fig 2: Salt stress response of Pseudomonas (left) and Bacillus (right) isolates

Fig 3: Thermo tolerance of Pseudomonas (left) and Bacillus (right).
1 = Raffinose,
2 = Mannose,
3 = EPS( 7% NaCl),
4 = Mannitol,
5 = EPS(500C)
6 = (EPS) Control,
7 = Rhamnnose,
8 = Sucrose,
9 = Arabinose
Fig.4: Detection of EPS (left) and total EPS production by 4 strains of
Pseudomonas in response to salt and temperature stress

1= Sucrose, 2= Control, 3, 4 =cell lysate (NaCl stress. 5,
6 =cell lysate (Temperature stress) 7= Trehalose,
8=Glycerol, 9= Mannitol

Fig.5: Paper chromatographic separation of EPS
hydrolysate from strain P4 of Pseudomonas.

1=Glutamicacid, 2=P1, 3=P6,4=P7

Fig.6: Detection of sugars (strain P4) and amino acids (strains P1, P6, P7) from lysate of control and
stressed cells of Pseudomonas by thin layer chromotograph.
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Fig.7: Effect of seed treatment with stress tolerant Pseudomonas strains on growth and survival of sorghum seedlings at elevated temperatures of 50o C.

Development of a bacterial consortium to alleviate cold stress
P.I.: Dr. Pankaj Kumar Mishra
Co P.I.: Dr. G. Selvakumar
Vivekananda Parvatiya Krishi Anusandhan Sansthan (ICAR), Almora, Uttarakhand
Objectives:
Ø To isolate cold tolerant bacteria from the rhizosphere
of various hill crops and screen them under invitro cold
conditions for their PGPR activity
Ø To develop comprehensive biomarkers for the quality
control and field detection of the elite PGPR isolates
Ø To develop a consortium of elite bacterial isolates to
alleviate the effect of cold stress
Ø To evaluate the performance of consortium on selected
rabi crops under pot culture conditions.

·

Significant Achievements:
· Isolation of cold tolerant bacteria: Cold tolerant bacteria
were isolated from rhizosphere, rhizoplane,
endorhizosphere and phylloplane of the crop plants
growing at high altitude ranging from 1800- 3500 m
amsl, covering the Kumaon & Garhwal region of the N.
W. Himalayas (Table 1). Isolation was carried out

·

strictly at 4ºC and the colonies that emerged on
nutrient media (King's B, Nutrient Agar full strength
and half strength) were enumerated. The isolated
colonies were then purified on nutrient agar & King' B
and maintained in slants and 60% glycerol stocks
stored at -80ºC.
Characterization of PGP activities: The isolates were
screened in vitro at 15ºC for their PGP activities viz.,
IAA, phosphate solubilization, ammonia production,
siderophore and HCN production (Table 2). The
median quantitative value is being taken as the cut off
value for the screening & 46 isolates have been selected
for the further screening at 4ºC. Finally twelve isolates
have been promoted for further studies.
Production of fluorescence and exopolysaccharide: Off the
447 isolates obtained from rhizosphere, rhizoplane,
endorhizosphere and phyllosphere, 119 and 50
produced EPS and fluorescence at low temperature.

Table 1: Distribution of cold tolerant bacteria isolated from different parts of plants
District

Almora
Nainital
Pithoragarh
Chamoli
Rudrapryag

No. of locations

Eight
Four
Six
Two
Three

Altitude
(m amsl)

2000-2300
2343-2528
2100-2758
1800-2200
3000-3800

Total Number
of isolates

Number of isolates
RS*
78
72
65
11
14
240

RP*
07
38
29
12
06
92

ERS*
04
21
31
09
05
70

PP*
08
11
12
08
06
45

97
142
137
40
31
447

*RS: Rhziosphere; RP: Rhizoplane; ERS: Endorhizosphere; PP: Phylloplane

Table 2: PGP activities of the selected twelve isolates at 15ºC & 4ºC
Isolates/
Temperature
NPRs3
NPRp15
NARs1
NARs9
PPERs23
PGRs1
PGRs4
PGERs17
PCRs4
PBRs5
PBRs7
PPRs4

PSB
15 ºC
+++
+++
+++
++
+++
++
+++
+++
+++
+++

4 ºC
++
++
+
++
++
+++
+++
+++

Ammonia
15 ºC
4 ºC
+++
+
++
++
+++
++
+++
+
++
++
+++
+
+++
+
++
+
+++
+
+++
+
++
+
+++
++

PGP Activities
HCN
15 ºC
4 ºC
+++
+++
+
+
+
+
+
+
++
-

Siderophore
15 ºC
4 ºC
+++
++
+++
++
++
++
++
++
+++
++
+
+
+++
++
++
+
+++
++
+
+
+++
+
++
+

IAA
15 ºC
4 ºC
+++
+
++
+
+++
+
+++
+
+
+
+++
+
+++
+
++
+
+++
+
+++
+
++
+
+++
+
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Theme 5 : Microbial Genomics
Genomic Studies of Uncultivated N2-fixing Communities from Uttarakhand
P.I.: Dr. Reeta Goel
Departmnet of Microbiology, G. B. Pant University of Agriculture and Technology, Pantnagar, Uttarakhand
Objective:
Ø

cloning of amplicons in TA cloning kit was achieved.

Identification of targets/isolates from different
agroclimatic regions.

·

Total 8 clones are selected, four each from Bhawali and
Pithoragarh soil.

·

All clones are sequenced, aligned characterized and
submitted to NCBI gene bank (Table 1).

Ø

Metagenomics for csp and nif.

Ø

Isolation of full-length nitrogen fixing genes from a
large number of isolates.

Ø

Characterization of the above genes by sequencing.

Ø

Sequence alignment and identification of different
alternate forms of the above mentioned target genes.

Table 1: Gene Sequence and their respective
accession numbers.

Sl. No.
1
2
3
4
5
6
7
8

Significant Achievements:
·

DNA extraction from soil samples taken from Bhawali
and Ranichauri regions of Uttarakhand.

·

PCR amplification of the v3 region of 16s rRNA gene
using universal eubacterial primers. Subsequently

Gene Sequence
Bacillus sp. (S1)
Bacillus sp. (S2)
Bacillus sp. (S3)
Bacillus sp. (S4)
Pseudomonas stutzeri (S5)
Pseudomonas stutzeri (S6)
Pseudomonas stutzeri (S7)
Pseudomonas stutzeri (S8)

Accession No.
DQ517500
EF092429
EF092430
EF092431
DQ517501
EF092432
EF092433
EF092434

Functional Genomic Analysis of Plant Growth Promoting Rhizobacteria (PGPR)
Fluorescent Pseudomonads
P.I.: Dr. P. Gunasekaran
Co P.I.: Dr. K. Manoharan
School of Biological Sciences, Madurai Kamaraj University, Madurai, Tamil Nadu
Objectives:
Ø
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Selection and characterization of PGPR fluorescent
Pseudomonads. Genome wide comparison of the
PGPR fluorescent Pseudomonads isolated from
different ecological niche.

Ø

Gene expression profiling of the PGPR fluorescent
Pseudomonads growing in the rice rhizosphere and
root environments.

Ø

Identification of novel genes using in vivo expression
technology (IVET).

Ø

Characterization of bacterial genes that are

upregulated / downregulated during the rhizosphere
colonization.
Significant achievements
·

Around 150 bacterial isolates from the rhizosphere of
rice (R) and sugarcane (S) that exhibited characteristic
fluorescence were selected.

·

All the isolates were characterized for the functional
properties of PGPR namely indole-3-acetic acid
production (IAA), denitrification and phosphate
solubilization.
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·

Twenty four isolates were selected for the further
investigation based on PGPR properties. (12 isolates
from sugar cane rhizosphere and 12 isolates from rice
rhizosphere)

·

16S rRNA sequencing was made to identify the strains
(Table 1). RFLP analysis using Hae III showed variation
among the Pseudomonas strains (Fig. 1).

·

PCR primers were designed for amplification of nuo
operon (nuo M and nuo N) of NADH dehydrogenase I.

Fig.1: ARDRA analysis of PGPR fluorescent Pseudomonas isolated
from rice and sugarcane rhizosphere using Hae III

·

2.7 kb amplicon was observed for twenty one strains
and no amplification was observed for S22, R5 and
R20.

·

RFLP analysis using Alu I (Fig. 2) for eigheen strains
showed variation in strains R10, R21 and S11.
Remaining strains showed same pattern of bands
upon digestion with Alu I. The strains which showed
variation belong to Pseudomonas putida group (R10,
R21 & S11).

Fig 2: RFLP analysis of nuo MN domain of NADH dehydrogenase
I gene of PGPR fluorescent Pseudomonas isolated from rice and
sugarcane rhizosphere using Alu I

Table 1: Strains isolated from rice and sugarcane rhizosphere and identified by 16S rRNA sequencing.
No
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Strain name
Pseudomonas plecoglossicida
Pseudomonas plecoglossicida
Pseudomonas plecoglossicida
Pseudomonas plecoglossicida
Pseudomonas plecoglossicida
Pseudomonas plecoglossicida
Pseudomonas plecoglossicida
Pseudomonas mosselii
Pseudomonas libanensis
Pseudomonas libanensis
Pseudomonas aeruginosa
Pseudomonas aeruginosa
Pseudomonas plecoglossicida
Pseudomonas plecoglossicida
Pseudomonas plecoglossicida
Pseudomonas plecoglossicida
Pseudomonas plecoglossicida
Pseudomonas plecoglossicida
Pseudomonas plecoglossicida
Pseudomonas fluorescens
Pseudomonas fluorescens
Pseudomonas libanensis
Pseudomonas libanensis
Aeromonas hydrophila

Strain No.
R2
R4
R5
R19
R20
R21
R24
R10
R6
R9
R11
R13
S7
S9
S11
S13
S18
S19
S22
S2
S16
S1
S17
S23

Accession
No.
DQ140381
DQ140383
DQ071558
DQ095883
DQ095888
DQ095884
DQ095886
DQ073452
DQ071559
DQ073451
DQ073453
DQ095878
DQ095896
DQ095898
DQ095899
DQ095901
DQ095906
DQ095907
DQ095910
DQ095891
DQ095904
DQ095890
DQ095905
DQ095911
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Structural Genomics of Mesorhizobium ciceri Ca 181)
P.I.: Dr. N. K. Singh
Co P.I.: Dr. T. R. Sharma, Dr. Jasdeep
National research Center on Plant Biotechnology, IARI, New Delhi
Objective:
Ø

Genome sequencing of Mesorhizobium ciceri strain Ca
181 (genome size 8Mb).

Majority of samples matched with Xanthomonas
·

Since the majority of plasmid clones sequenced
matched with Xanthomonas it became obligatory to
repurify the culture and confirm that it is M. ciceri.
Hence, culture was repurified by repeated streaking
three to four times. The purified culture as well as the
original culture received from Hissar was further
authenticated by nodulation test as well as sequence
alignment of 16S rDNA.

·

Nodulation ability of Mesorhizobium ciceri Ca 181 was
studied (in two sets of experiments) and the nodule
number after 45 days of planting was recorded (Table
4a & 4b). The formation of nodules on chickpea roots
confirmed that purified culture of Ca181 is
Mesorhizobium ciceri.

·

The 16S rDNA of Ca181 was amplified using universal
primers. The amplified 1.5kb fragment was purified
and sequenced. The sequence was found to be
matching with the sequence of Mesorhizobium ciceri. A
fresh library of Ca181has been prepared.

·

Genomic DNA from purified Ca181 was isolated (fig
5), nebulised (fig 5) and after size selection, 2-4kb DNA
was eluted from gel. After poilishing, this DNA was
used for library construction in plasmid vector pUC19
(2.97kb) (fig. 6). The insert size was checked from
randomly picked clones by plasmid DNA isolation
(fig 7).

·

Two plates with 192 clones have been sequenced.
Sequencing results revealed that 31 clone sequences
matched with Rhizobium species and 109 clone
sequences matched with Agrobacterium tumefaciens
which is a closely related species of Rhizobium
(Table5).

Significant Achievements:
·

·

General characteristics of the culture M. ciceri Ca
181was studied and the culture was found to be able to
tolerate NaCl concentration of 7% and was resistant to
antibiotics Ampicillin (50g/ml) and Naldixic acid
(30g/ml). (Table 1, 2). The strain grew with
transparent, round colonies on YEMA medium with
congo red and gave negative growth response on
citrate utilization test which are characteristic features
of Mesorhizobium ciceri. The doubling time of the
culture was calculated to be 60.2 minutes.

·

Eckhardt's method of direct plasmid isolation was
carried out and plasmid DNA of approximately 24kb
size was isolated. Alkaline lysis method also revealed
the presence of plasmid in M. ciceri Ca181.

·

Protocol for total DNA isolation was standardized
using Wizard
Genomic DNA Purification Kit
(Promega) Kit and DNeasy kit (Qiagen) (fig 1 . Isolated
DNA was further nebulised (fig 2) followed by end
repairing (fig 3) which was then used for constructing
the small insert library in pUC19.

·
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Culture of Mesorhizobium ciceri Ca181 was obtained
from CCS- HAU, Hissar and purified by single colony
isolation and repeated streaking on Yeast extract
Mannitol Agar medium. The purified culture was
used for further studies and glycerol stock of the same
maintained at –80 0C.

Ninety six clones from this library have been
sequenced. Out of these 54 samples were of good
quality and the rest were failed samples (Table 3).
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Table 1: Effect of different antibiotics on the growth of the Mesorhizobium ciceri Ca181(Minimum Inhibitory Concentration)
Antibiotic

Growth response

Concentration (mg/ml)

1.

Ampicillin

2.

Gentamycin

3.
4.

Naldixic acid
Streptomycin

5.

Rifamycin

6.

Tetracycline

7.
8.
9.

Penicillin
Neomycin
Kanamycin

10.

Chloramphenicol

10
25
10
30
50
30
10
25
2
5
30
10
30
10
30
5
30
10
25
50

+
+
+
+
-

Table 2: Effect of different NaCl concentrations on the growth of the Mesorhizobium ciceri Ca 181
Sl. No

NaCl Concentration (%)

1
2
3
4
5
6
7
8
9

Table 3: Matches of sequences of clones
in library with different microbes

Name of the organism
Xanthomonas
Agrobacterium tumefaciens
Pseudomonas
Bordatella
Mycobacterium

Growth response

0.5
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0

+
+
+
+
+
+
+
+
-

Table 4a: Nodulation test of Ca181(experiment set I)

Number of
samples
20
6
1
1
1

Strain

Average nodule# / plant

Ca181 S
Ca181A
+ve control
-ve control

11
16
32
0

*Ca181S: Original stab culture as received from Hissar before
purification was designated as Ca181 S. Ca181A: Purified culture from
the Ca181 S designated as Ca181 A

Table 4b: Nodulation test of Ca181 (experiment set II)
Strain
M. ciceri Ca181
+ve control (M. ciceri TAL620)
Fix-mutant of M. ciceri TAL620
-ve control (E.coli S17)

Average nodule / plant
19
16
10
0

Nodule color
pink
pink
white
NA

Nodule size
Large
Large
small
NA
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Fig-1

Fig-2

Fig-3

Fig-4

Fig-5

Fig 1: lane A: Genomic DNA Mesorhizobium ciceri Ca181A lane B: λ
Hind III marker
Fig 2: Gel electrophoresis of nebulized genomic DNA of M.ciceri Ca
181A; Lane A: λ Hind III marker, Lane B: Nebulized DNA of Ca
181A
Fig 3: Gel electrophoresis of End repaired polished DNA of Ca 181A of
M.ciceri; Lane M: λ Eco R1-HindIII Marker; Lane 1: pUC19 DNA;
Lane 2: End repaired polished DNA of Ca 181

Fig-6

- Fig 7

Fig 4, 5 and 6: M: λ Eco R1-HindIII Marker, 1: Genomic DNA of Ca181,
2: Nebulised DNA of Ca181, 3: Plasmid DNA of vector pUC19,
4: Eluted insert DNA (2-4kb) of Ca181
Fig. 7: Quantification of clones DNA for sequencing; Lane M: λ Eco R1HindIII Marker, Lane 1 (upper lane) & lane 13 (lower lane):
Plasmid DNA of pUC19, Lanes 2-13 Upper and lower lanes):
Plasmid DNA of 24 randomly picked clones.

Table 5: Matches of sequences of clones in library with different microbes
Name of the organism
Agrobacterium tumefaciens
Rhizobium sp.
Sinorhizobium meliloti
Mesorhizobium loti
Rhodobacter sphaeroides
Rhodopseudomonas palustris
Brucella sp.
Streptococcus pyogenes
Paracoccus denitificans
Microcebus murins
Silicibacter pomeroyi

Number of samples
31
27
7
3
4
2
3
8
2
3
1

Name of the organism
Agrobacterium tumefaciens
Mesorhizobium sp.BNC1
Sinorhizobium meliloti
Rhizobium etlibCFN 42
Mesorhizobium loti
Rhodobacter sphaeroides
Brucella sp.
Zebrafish
Paracoccus denitificans

Number of samples
78
4
3
10
2
2
3
4
1

Mining for genes involved in production of fungicidal compounds in Anabaena strains
P.I.: Dr. B. D. Kaushik
Co P.I.: Dr. Radha Prasanna
Division of Microbiology, IARI, New Delhi
Objectives:
Ø To utilize PCR based techniques and sequencing tools
to identify genes involved in the production of the
fungicidal compound(s) in a selected set of Anabaena
strains
Ø To sequence the gene(s) involved in the production of
the fungicidal compound(s)
Ø To validate the fungicidal effect of the gene by
transformation of nontoxic strain
Significant Achievements:
· Screening of available collection of Anabaena strains
(80 strains) from diverse ecologies of India for
algicidal activity (as an index of biocidal activity)
completed.
· A set of 35 Anabaena strains showing algicidal activity
has been selected for further evaluation of fungicidal
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activity.
Twenty six Anabaena strains have shown fungicidal
activity against one or more selected phytopathogenic
fungi (Fusarium moniliformis, F. solani and
Macrophomina phaseolina) in disc diffusion assays
First time report on Cyanobacterial strains exhibiting
activity of hydrolytic enzymes.
Among the 35 Anabaena strains, four strains exhibited
significantly high levels of chitinase activity, while
FPase and xylanase activity was detected in a number
of strains The presence of selected nodularin and
hepatotoxin genes was shown in some strains of
Anabaena using specific primers for these genes.
Partial purification of culture filtrates using organic
solvents was carried out for all the Anabaena strains as
a prelude to analyses through HPLC.
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Theme 6 : Human Resource Development
Human Resource Development
P.I.: Dr. D. K. Arora
NBAIM, Mau
Objectives:
Ø To train scientists/researchers/technicians/ farmers
for the exploration and application of microorganism
in agriculture
Significant Achievements:
· In the year 2005-06 following two trainingswere
organized:
(A) Microbial diversity analysis of Extremophiles
(B) Microbial community analysis through
Metagenomics
(A) Microbial diversity analysis of Extremophiles:
Introduction:
· The extreme environment represents a unique habitat
for microorganisms, as well as for higher life forms.
This habitat is characterized by special conditions,
which are influenced by a number of factors, including
salinity, relatively low nutrient levels in the hot spots,
specific extreme food chains, low temperatures and
high depth pressures or the natural sulphur chemistry
of sediments. In all these habitats a whole range of
microbial processes are only yet partially understood
and many of the organisms which are responsible for
these processes still remain unknown. Extreme
sediments are areas of particularly intense and diverse
metabolic processes, as the majority of particulate
matter from the surrounding water ends up here.
· The microbial diversity in extreme environment is
proving a valuable source of novel bioactive
compounds with antibacterial, antiviral, and
anticancer properties. The link between
biotechnology and biodiversity is another key reason
for cataloguing and conserving extreme microbial
biodiversity. Both free-living bacteria and bacteria
that are symbionts of extreme invertebrates are likely
to be a good source of useful bioactive compounds.
· Among the other extreme microorganisms,
actinomycetes (filamentous bacteria) gain special
importance, as they are the most potent source for

production of antibiotics and other bioactive
secondary metabolites. Diversity of extreme
actinomycetes is very much limited around the world.
Only few institutes in the world working in this field,
as this type of research are more laborious and there
are difficulties in isolating and identifying the
actinomycetes. Actinomycetes have provided many
important bioactive compounds of high commercial
value and continue to be routinely screened for new
bioactive compounds. Seventy percent of the world's
antibiotics originate from terrestrial actinomycetes.
Till today, actinomycetes produce the highest
chemical diversity regarding novel structures
secondary metabolites, about 61% in total of all
bioactive microbial metabolites were isolated from
actinomycetes (48% from the genus Streptomyces and
13% from the rare actinomycetes). Therefore, scientists
should make use of the experimental possibilities that
are opening up today to undertake a quantitative
assessment of extreme microbial biodiversity on all
taxonomic and organizational levels, and develop
scientifically sound foundations for conservation
concepts. Ideally, extreme microbial biodiversity must
be assessed quantitatively on all organizational and
taxonomic levels, while including every individual - if
we want to be able to accurately describe the origin,
spatial distribution and decline of biodiversity, and to
understand its causes. In research the transition to
quantitative descriptions always signifies a quantum
leap in knowledge - nothing less can be expected for
the phenomenon of biodiversity.
Objectives of the training:
· Characterization ofisolated extremopiles from exotic
zones, extreme environments, hot springs and dunes.
§ Characterization of microorganisms with adequate
functions
§ Biochemical and molecular characterization of the
isolates.
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(B) M i c r o b i a l c o m m u n i t y
Metagenomics:

analysis through

Introduction:
Soil ecosystems are highly complex, containing a
tremendous amount of species. Indigenous microbial
populations in soil are of fundamental importance for
ecosystem functioning, through determining nutrient
cycling, organic matter decomposition and energy
flow. Despite all attempts to measure fluxes and gross
microbial pools, the soil and its microbiota still remain
a black box. Most soil microorganisms are still
unknown, while very few have been isolated, cultured
and identified, and directly related to their function in
agroecosystems. Although new culture media have
been recently developed to maximize the recovery of
diverse microbial groups from soils, the comparison
between direct microscopic counts and plate counts
indicates that as less than 0.1% of agricultural soil
microorganisms are culturable. The Metagenomic
approach, based on characterization of soil-extracted
nucleic acids, offer great potential for investigating the
vast portion of soil bacterial communities, which is not
culturable. Of the various genetic approaches used to
estimate the microbial composition and diversity, the
PCR amplification of conserved and variable regions
of 16S rRNA gene may give either a rough overview of
taxonomically distant groups or a deeper insight into
selected eco-physiological groups. Amplified DNA
can be cloned into vectors, sequenced and analyzed
for similarity to other known sequences in publicdomain databases, or resolved by denaturing gradient
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(DGGE) or temperature gradient (TGGE) gel
electrophoresis and nondenaturing gel
electrophoresis. Although DGGE/TGGE represents a
rapid and suitable technique for resolving PCRamplified products from complex microbial
communities, the major limit of the technique is that in
soil ecosystems the number of different genomes is so
high that the complexity of rDNA fragments can
exceed the resolving power of denaturing gels. Since
no single method is available, at present, to describe
the total community, a combined approach offers the
opportunity to correlate information, and to overcome
and minimize drawbacks arising from culturedependent and independent methods. The extraction
of large amounts of DNA and RNA from soil and the
accurate taxonomic and functional characterization of
these can increase our knowledge of the composition
of soil microflora, of pathogenicity, of trophic
interactions between soil microorganisms and of the
production of bioactive molecules by soil
microorganisms.
Objectives of the training:
· Different approaches to isolate quality DNA from Soil.
· Characterization of Soil Microbial Communities
through analysis of total soil DNA
· Culture independent approaches-Comparative
analysis
· Bioinformatics tools for community analysis
· Characterization of novel genes using Metagenomics
PCR based molecular characterization of microbes
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