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Launching of Network project on 'Application of Microorganisms
in Agriculture and Allied Sectors' (AMAAS)
With a view to strengthen research work in the area
of agricultural microbiology ICAR gave a major
responsibility to NBAIM to develop a network project on
AMAAS involving various Institutes of ICAR, SAU's and
other Universities. The project was prepared and
submitted as a part of revised Xth plan EFC to ICAR and
finally approved for a period of one year with a total
budget outlay of Rs.1600.09 lakhs. The project is
operative at 63 centres all over the country. The project
was formally launched on September 27, 2006 at NBAIM
by Dr. Gautam Kalloo, DDG (CS &H), ICAR. It was
attended by more than 49 Principal Investigators of the
project.
RATIONALE OF THE NETWORK PROJECT
Microorganisms present in the soil play an
important role in nutrient solubilisation, mobilization
and recycling. They have very wide potentialities by
controlling soil-borne pathogens, stimulating plant
growth, increasing nutrient availability and accelerating
decomposition of organic materials, and are anticipated
to increase crop production as well as maintain sound
environments for crop production. Its resident microbial
flora chiefly determines the health of the soil. Despite the
many achievements of modern agriculture certain
cultural practices have actually enhanced the destructive
potential of disease. Almost 30% of the yield in
agriculture is lost because of combined effects of biotic
and abiotic stresses, with pathogenic fungi alone
responsible for a reduction of about 12% plant disease. A
wide spread application of chemical pesticides/
fungicides inundates the agro-ecosystem with toxic
compounds that affect the balance of natural food chain.
Soil and plant-associated environments harbor a wide
variety of microorganisms that play an integrated role in

plant growth and disease management. Biological
control of pathogens by application of specific
antagonistic microorganisms to seeds or planting
material has been studied intensively, however, only few
of these biocontrol agents have been effective some year
to year, and over a broad range of conditions very few are
successful. Few commercial preparations based on
Trichoderma, Pseudomonas, Bacillus are available in the
market for biocontrol of phytopathogens. The last
decade has witnessed a tremendous break-through in the
research efforts on biological control of plant diseases in
India especially by using species of Trichoderma and
Gliocladium. The future holds tremendous possibilities
for efficient use and manipulation of Trichoderma and
other biological agents for management of crop diseases
under varied agroclimatic conditions.
Till now very limited and isolated efforts were made
for tapping of microbial diversity, identification,
evaluation and preserving them for different
applications.
The AMAAS project aims at coordinated efforts
leading to exhaustive surveys, isolations, and
identification, molecular diversity, bioprospecting and
conserving the microbial diversity from various niches
for varied applications.
Microorganisms have the ability to rapidly adapt to
varied environmental conditions and utilize new
substances they encounter as their sole source of carbon
and energy. India is basically an agricultural country
where a variety of crops are grown throughout the year
that generates large quantities of agricultural wastes.
Agriculture residue can be put to use in different ways by
using microorganism that use it as substrate:
development of enriched compost, vermicompost;
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production of bioethanol and certain enzymes like
phytases, proteases, lipases and amylases. In India lot of
work has been done on agrowaste management and
ICAR also sponsored a 'All India Coordinated Research
project on Organic matter decomposition'. Technologies
like rapid composting employing cellulolytic and
lignolytic microorganisms, development of phosphoenriched compost from crop residues and leaf litter,
vermicompost , production of enzymes were developed
under this project. Therefore there is a need to develop
cost-effective, ecofriendly and appropriate technology to
maximize economic value of nutrients contained in
agrowastes for sustainable agriculture.
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.

F Formulation of microbe or microbe-based
preparations for biocontrol of phytopathogens,
insect pests and weeds.
F Development of microbe-based technologies for
agrowaste management and biodegradation for
sustainable crop production.
F Harnessing microbial activities for bioremediation
of organic and inorganic environmental
pollutants.
F Management of abiotic stresses using
microorganisms.
F Development of microbe-mediated processes for
product development and value addition in
agriculture.
F Unraveling microbial genomics for its utilization
in agriculture and industry.
F Development of technologies for rapid microbial
diagnostics.
F Human resource development in microbe
conservation and utilization.
Following are the major groups of cultures available at the
Culture Collection of NBAIM
Source
Plant

Bacteria Fungi Actinomycetes Yeast
93

1212

225

641

The network project has 6 major components:

Soil

1 Microbial Diversity and Identification
2 Nutrient Management, PGPR and Biocontrol
3 Agrowaste Management , Bioremediation and
Post Harvest Processing
4 Microbial Management of Abiotic Stress
5 Microbial Genomics
6 Human Resource Development

Insect

21

Air flora

18

The overall objectives of the project are:
F Deciphering the structural and functional
diversity of agriculturally important
microorganisms and to develop microbial map of
the country.
F Improving nutrient use efficiency through
microbial interventions for sustainable crop
production and maintenance of soil health.
F Characterization of plant growth promoting
rhizobacteria and to develop bioconsortium for
enhanced growth and yield of important crop
plants.
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Any other
Total

76

185

394

2077

36

10

36

10

II. RESEARCH ACHIEVEMENTS
EXPLORATION AND COLLECTION OF AIMS
Five surveys were carried out to collect soil, plant and
water samples for analysis of microbial diversity in these
areas. The states covered were Uttar Pradesh, Bihar, West
Bengal and Assam.
To analyse the microbial diversity of Indo Gangetic
Plains, survey was conducted between Yamuna nagar,
Saharanpur and Meerut covering many villages in these
districts. The soil samples were collected from the
rhizosphere of major crops of the region, that is,
sugarcane, rice, urd, bajra, sorghum, mustard and few
vegetable crops. Soil and water samples were collected
from the hot water springs of Rajgir (Gaya, Bihar) for
isolation of microbes growing under extreme conditions.
Soil samples were also collected from forest areas
(Kaziranga) of Assam.
Survey of farmer's field irrigated with distillery and
paper mill effluent for long-term was conducted in the
Western Uttar Pradesh and Uttranchal. The farmers field
in the nearby areas of Simbhaoli sugar mills, Simbhaoli,
Daurala Sugar Works, Daurala, Jubilient Organosys,
Gajraula, Rampur distilleries, Rampur and Century
paper mills, Lal Kuan were selected for collection of soil
and effluent samples. The soil samples were drawn from
rhizospheric and non-rhizospheric regions of different
crops such as rice, green gram and sugarcane.
To analyse the unique microbial diversity of
mangrove forests, a survey was conducted in the region
of Sunderbans.

collected from Indo-Gangetic plains using King's B
medium. The plates showing fluorescent colonies under
UV light were isolated and purified. Interestingly only
four soil samples showed the presence of fluorescent
Pseudomonas and total of five isolates were obtained.
From the samples collected from Rajgir, a total of 30
isolates were obtained at three different temperatures of
incubation. Genomic DNA was isolated from all the
isolates along with 25 reference strains of different
species of Bacillus collected from NBAIM culture
collection. PCR amplification of 16S rDNA was carried
out and all the isolates and reference strains yielded a
single amplicon of 1.6Kb (Fig. 1). The 16S r DNA PCR
products of Bacillus isolates were digested with two
tetracutter restriction endonucleases - Msp1 and Alu1
(Figs. 2, 3). Lot of variations were found among the
isolates. The amplification of 16S-23S IGS gene sequence
revealed large variation in the product size also among
different isolates of Bacillus and ranged between 1500 to
2000bp (Fig. 4).
Isolation of Bacillus species and fluorescent Pseudomonas from
soil samples collected from regions adjoining Dehradun (IndoGangetic Plains)

Bacillus sp.
Pseudomonas

ISOLATION, CHARACTERIZATION AND
DOCUMENTATION OF AIMs
Assessment of genotypic diversity of Bacillus,
Bacillus-derived genera and fluorescent Pseudomonas
in Indo-Gangetic Plains
Isolation of Bacillus species was carried out from the
soil samples collected from the northern Indo-Gangetic
plains (near Dehradun) following enrichment technique.
One gram of soil sample was added to 10 mL. of nutrient
broth and heated in a hot water bath at 800C for 15
minutes in triplicates. The broths were incubated at
different temperatures- 300, 370 and 550C to isolate
mesophilic and thermophilic species of Bacillus. The
isolates obtained from different locations and at different
temperatures are shown in table. A total of 74 isolates
were obtained and were purified on Nutrient agar
medium amended with methyl red. Fluorescent
Pseudomonas was also isolated from the soil samples

Fig 1. Amplification of 16S rDNA gene sequence from
few isolates of Bacillus sp.
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Mau, Varanasi, Balia and Gorakhpur. All the isolates
were screened for salt tolerance at graded concentrations
of NaCl. Of the 130 isolates, about 42 isolates were able to
tolerate NaCl stress of 8% or more (Fig. 5).
Fig. 2 : Restriction patterns of PCR amplified fragement of 16S
rDNA of Bacillus isolates digested with Msp1 M: Molecular Marker
100 bp ladder, 1-59 Bacillus isolates

Fig. 3 : Restriction patterns of PCR amplified fragement of 16S
rDNA of Bacillus isolates digested with Alu1 M: Molecular Marker
100 bp ladder, 1-36 Bacillus isolates

Fig. 5 : Survivability of bacterial isolates under salt stress

Fig. 4 : Amplification of 16S- 23S IGS rDNA sequence from few
isolates of Bacillus sp.

MICROBIAL MANAGEMENT OF SALT STRESS
In India about 10 million ha of arable land is salt
affected. The high concentrations of salt in the soil have a
detrimental effect on crops and microorganisms.
Microorganisms have been implicated in alleviating the
effects of abiotic stress by different mechanisms,
Predominant are alteration in the availability of nutrients
so as to maintain Na:K ratio in the plant, production of
antioxidants to prevent injury to the plant because of salt
stress and production of growth promoting substances.
In addition, bacterial exo-polysaccharides have been
implicated in providing protection from environmental
stresses and host defenses. Wheat is one of the major
cereal crops of India. Yield losses of wheat in moderately
saline areas average 65%. Some wheat cultivars and land
races are considered moderately tolerant to high salinity,
they are still less salt-tolerant than many wild Triticeae
species, especially those in the genus Thinopyrum. Thus
an attempt was made to alleviate the effect of salt stress
by inoculating wheat crop with rhizobacteria to improve
its growth and yield in saline soils. The microorganisms
and wheat cultivars were initially screened for salt
tolerance.
CHARACTERIZATION OF SALT TOLERANT
BACTERIA
A total of 130 bacteria were isolated from the
rhizosphere of wheat growing in the salt affected soils of
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Screening of wheat varieties for salt tolerance: Five
varieties of wheat (RAJ-3077, PBW-373, PBW-343, UP2382, K-7903) were screened for tolerance to salt on plain
agar augmented with different concentrations of NaCl
(0.5,1.0 and 1.5%). Percent germination of seeds was
recorded every 24h upto 72 h. 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%(Fig. 6). This variety
was selected for further plant-microbe interaction
experiment.

Fig. 6 : Seed viability of wheat after 72 hours.

Plant Growth Promoting Attributes of Salt Tolerant
Bacteria
IAA PRODUCTION
Bacterial strains tolerant to 8% or more NaCl were
analysed 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.

GENETIC DIVERSITY OF MACROPHOMINA
PHASEOLINA

Phosphate solubilization
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
screened, 6 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 6%.
ASSESSING THE IMPACT OF INDUSTRIAL
EFFLUENT APPLICATION ON SHIFTS IN SOIL
STRUCTURAL AND FUNCTIONAL MICROBIAL
DIVERSITY.

The genetic diversity of soil-borne populations of
Macrophomina phaseolina was assessed using the RAPD
primer- OPA-13. This primer was selected from
among twenty 10-mer primers of arbitrary nucleotide
sequences tested for amplification of genomic DNA of
Mp. Primer OPA-13 produced reproducible RAPD
profile with good polymorphism (Fig. 7). UPGMA
analysis of RAPD data showed that the isolates
collected from geographically distinct regions could
be broadly classified into 9 groups. Intra-regional
variation between isolates was less apparent.
However the variation based on geo-Diversity was
higher in Mp isolates. A total of 18 polymorphic bands
were scored, and polymorphism was found among 25
isolates examined. Hence primer OPA-13 can be used
as a marker for differentiation of Mp isolates based on
geo-diversity.

Three different soil samples from control field
(CF), diluted effluent irrigated field (DEIF) and
concentrated effluent irrigated field (CEIF) were
analyzed for total microbial count using different
i
med a. The soil and plant samples collected from
farmer's field irrigated with paper mill effluent of
century paper mill, Lal kuan, Uttranchal for more than
20 years in succession showed significant variation in
total microbial counts. In non-rhizospheric soil
samples, significant reduction in microbial population
was observed 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.
Endorhizosphere colonizing bacteria in rice roots
grew only on King's B media in the samples obtained
from control field. In effluent treated field no
colonization was observed except that for samples
from CEIF showed only 2 x 105 bacterial population in
Jensen's media.

Fig. 7 : RAPD profiles of different isolates of Macrophomina phaseolina
obtained with primer OPA 13. M= Marker ( 1 Kb marker, Fermentas).
Lanes 1 to 25 are different isolates of M. phaseolina.

Fig.:
Dendrogram obtained from 25 isolates of Macrophomina
phaseolina with UPGMA on Jaccard's coefficient. Branches are labled by
isolate numbers. The line below the dendrogram represents the
similarity index.
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Validation of species-specific primers and probe for
rapid detection of Macrophomina phaseolina
In the last Newsletter we reported the designing of
two primers MpKFI and MpKRI from the specific
nucleotide areas for specific detection of M. phaseolina.
In addition an oligonucleotide probe MpKH1 (19 mer)
was also designed from the conserved region, adjacent
to 5.8 S gene shown in the region 3 (Fig. 8).

Fig. 8 : Internal transcribed spacer 1
Internal transcribed spacer 2

The parameters such as the percentage of G+C
content, absence of self-complementarity in
oligonucleotides and of complimentarity between the
primers were analyzed using program Gene Runner
(Hastings Software, USA). The designed primers yielded
single amplified product of 350 bp with all the isolates of
M. phaseolina tested. The specificity of the primers was
tested on representative species from basidiomycetes,
zygomycetes, mastigomycetes, ascomycetes,
deuteromycetes and some common soil-borne microbes.
The primer pair was found to be specific for M. phaseolina
as none of the other soil microbes tested could yield any
amplification product under identical conditions of
amplification (Fig. 9).

Fig. 9 : PCR amplification with specific Primers (MpKFI and
MpKRI): Lane c1and c2 are positive controls amplified from M.
phaseolina, lane 1 to12 are different test microbes. M represents 1 kb
ladder.

The oligonucleotide probe MpKH1
was nonradioactively labeled by using DIG-DNA Labeling and
Detection Kit. The conditions were optimized for
hybridization of DIG-labelled oligonucleotide probe.
Detectable hybridization signal was obtained with an
oligonucleotide probe at 1 pmol ml-1, pre-hybridization,
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hybridization and washing steps performed at 55° C, 15
hrs time for hybridization and 50 to 100 ng L-1 of target
DNA. Probe MpKH1 selectively hybridized with two
strains of M. phaseolina but failed to do so with all
representative strains of different groups of fungi
(Fig. 10). This could be further exploited for ecological
monitoring of M. phaseolina in complex habitats. This is
the first report on development of specific primers and
probe for the identification and detection of M.
phaseolina. At present work is in progress to ascertain the
utility of molecular probe for rapid detection of M.
phaseolina under field conditions.

Fig. 10. Dot blot hybridization of oligonucleotide probe MpKH1 with
rDNA amplification product from representative strains of different
microbial groups. (A1 and A2 M. phaseolina; A3 to D3 represent isolates
from different fungal groups; D4 and D5 are common soil bacteria; D6
and D7 are Actinomycetes)

DIVERSITY ANALYSIS OF MICROBES IN
EXTREME CONDITIONS
Water and sediment samples collected from Rajgiri
thermal springs were analysed for the isolation of
bacteria, fungi and actinomycetes.
Bacterial Diversity
Different media employed for isolation were King's
B, Nutrient agar with Methyl red, Nutrient agar with
crystal violet, Modified Jensen's agar and N free malate
semi solid medium. The total bacterial counts in 8
different samples analysed is presented in table 2. Large
variations were observed in the colony morphology of
different isolates. All the 131 isolates were incubated at
different temperatures of 30, 37, 45 and 550C. Of the 131
isolates screened, 41 isolates were able to grow at a
temperature of 450C or more. These isolates were further
screened for the production of enzymes important in
industry (proteases and amylases) and in biomass
degradation (cellulases, carboxymethyl cellulases and
xylanases). Of the 41 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. Screening for enyme proteases with casein as
the substrate revealed that 9 isolates could produce the
enzyme and gave clearing zones around the colonies.

Cellulase activity was found in only four isolates and
isolate 73 showed the maximum activity of cellulase.
Fungal Diversity
Fungal diversity was analysed by plating the water
samples on different media like Potato Dextrose agar,
Malt Extract Agar, Trichoderma Specific Medium (TSM),
Sabourad Agar, Oat Meal, Czapex Dox Agar. The
population of fungi in the water samples from thermal
springs was found to be very low indicating their
susceptibility to higher temperature. The isolated fungi
were tested for their ability to tolerate different
incubation temperature 30, 37, 45 and 550C. However
none of the isolates could grow beyond 370C. Some of the
fungal isolates were identified as species of Penicillium,
Trichoderma, Fusarium and Aspergillus niger.

Kisan Mela
As a part of extension activity, 'KISAN MELA' was
jointly organized by DSR and NBAIM, Mau on
18.11.2006. Chief Guest of Mela was Dr. Gautam Kalloo,
DDG (CS&H), Indian Council of Agricultural Research,
New Delhi. Mela was attended by more than 2500
farmers from near by villages. Apart from activities like
transfer of technology, knowledge dissemination and
guest talks, the farmers were distributed with carrier
based culture of Mesorhizobium ciceri for chickpea under
the name 'RhizoNBAIM' and capsule/ powder based
formulation of Trichoderma under the name
TrichoNBAIM for suppression of root rot diseases.

Actinomycetes Diversity
Isolation of actinomycetes was carried out on
Actinomycetes isolation agar and GYMA media. A total
of 133 isolates were obtained from 8 water samples. Lot
of variations were observed among the isolates with
regards to pigment production, colour of the substrate
mycelium, spores and colony morphology. These
isolates were tested for temperature tolerance and only
19 were able to grow at 550C.

Dr. Gautam Kallo, DDG (CS&H) Chairing the Kisan Mela

Conservation, Maintenance and Utilization of AIMs
The number of holdings in the long term repository
of NBAIM culture collection is 2517 .
HUMAN RESOURCE DEVELOPMENT
A three day training programme on "Mushroom
Cultivation' was jointly organized by NBAIM, Mau and
NRC Mushroom, Solan from July 22-24, 2006. It was
attended by over 100 farmers from villages near by the
NBAIM. The training programme included both lectures
and demonstration on the various techniques to cultivate
mushrooms.

Delegates/ Farmers during Kisan Mela

BOOKS PUBLISHED
Applied Mycology & Biotechnology of series :
F Vol. 5: Genes & Genomics (2005). Elsevier Science,
U.K. (Edited by Dilip K. Arora)
F Vol 6: Bioinformatics (2006). Elsevier Science, U.K.
(Edited by Dilip K. Arora)

LONG TERM TRAINING
Three to six months training to 3 M.Sc students is being
provided at NBAIM on various microbiological and
molecular techniques.
Inaugural function of Mushroom Cultivation training

NEWS LETTER

7

Training on 'Microbial Diversity Analysis of
Extremophiles' was organized as part of HRD activity of
project “Application of Microorganisms in Agriculture
and Allied Sectors” from Novemeber 26-30, 2006.

Inaugural function of the training

Delegates/ trainees

VIII. Staff Joined

Dr. Mahesh Yandigeri
Scientist

Pilloo Meena
Driver (T-1)

Ashish Singh
SS Grade - I

Devendra Fuloria
Junior Clerk

Sudesh Kumar
Junior Clerk

Anchal Srivastava
Technical Grade -I

Amit Rai
Technical Grade -I

Pratap Singh
SS Grade -I

Ajay Vishwakarma
SS Grade -I

COMPILED BY:

Dr. R. C. Tripathi
Dr. A. K. Singh
Dr. A. B. Dash
Dr. A. K. Saxena

Dr. Rajeev Kaushik
Sh. Anurag Chaurasia
Dr. Mahesh Yandigeri
Sh. T. N. Vidyadharan

Distinguished Visitors
Dr. Mangala Rai, Secretary (DARE) and Director General,
Indian Council of Agricultural Research; Dr. Gautam
Kalloo, Deputy Director General (CS&H), Indian Council of
Agricultural Research; Dr. T. P. Rajendran, Assistant
Director General (PP), ICAR; Dr. Dasho Sangay Thinle,
Honourable Secretary, Ministry of Agriculture, Bhutan; Dr.
Ugyen Tshewang, Program Director, National Biodiversity
Centre, Bhutan; Dr. S. P. S. Ahlawat, Director, National
Bureau of Animal Genetic Resources, Karnal; Dr. K.
Ramasamy, Director, Plant Research Centre, TNAU,
Coimbatore; Dr. B. L. Jalali, Former Director of Research,
HAU Campus, Haryana; Dr. M. S. Basu, Director, NRC for
Groundnut; Dr. V. Krishnamurthy, Director, CTRI; Dr.
George V. Thomas, Act. Director, IIHR, Bangalore; Dr. H. S.
Sen, Director, CRIJAF; Dr. R. J. Rabindra, Project Director,
PDBC Bangalore; Mr. Mukesh Meshram, Ex DM, Mau; Mr.
P. Guruprasad, DM, Mau; Dr. A. C. Gaur, Former Professor
and Head, Division of Microbiology, IARI, Delhi; Dr.
Vishwadhar, Head, Crop Protection, Indian Institute of
Pulses Research, Kanpur; Prof. L. C. Rai, CAS in Botany,
BHU; Dr. A. K. Rai, Coordinator, Botany Department, BHU;
Dr. T. K. Adhya, Central Rice Research Institute, Cuttack;
Dr. Ashok Kumar, Coordinator, School of Biotechnology,
BHU; Dr. K. V. Bhat, NRC for DNA Fingerprinting, New
Delhi; Dr. B. D. Kaushik, Head, Division of Microbiology,
IARI, New Delhi; Dr. Vishwas Chavan, NCL, Pune; Dr.
Sudershan Kumar, NBRI, Lucknow; Dr. O. P. Rupela,
ICRISAT; Dr. P.W. Ramteke, Director of Research, AAIDeemed University, Allahbad; Dr. L. R. Kashyap, NRCPB,
New Delhi; Dr. R. H. Balasubramanya, Head, Biochemical
Processing Division, CIRCOT, Mumbai; Prof. A. K.
Kashyap, HoD, Botany, BHU; Prof. A. N. Rai, Vice
Chancellor, Central University, Mizoram, Dr. Vandana
Dwivedi, Joint Advisor, Planning Commission, New Delhi;
Mr. Uttam Singh, Planning Commission, New Delhi.
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