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Preface

The All India Network Project on Biofertilizers was initiated by the Indian Council of Agricultural

Research in 2004 and then renamed asAll India Network Project Soil Biodiversity-Biofertilizers in

2007. The mandate of the project is to enhance the productivity, improve soil health and supplement

a part of the chemical fertilizer needs of crops through exploiting the soil biodiversity for use as

biofertilizers in diverse cropping systems and agro-ecological zones in India. Improving

biofertilizer technology is a priority and there are continuous efforts to extend the biofertilizer

applications to disadvantaged areas, including tribal areas and north-eastern hills region. Increasing

land degradation and diminishing factor productivity has firmly focused the need for soil health

improvement. The UN declaration of the year 2015 as the International Year of Soils was a

recognition of the urgent need to redouble our efforts on improvement of soil health. The UN

declaration of the year 2016 as the International Year of Pulses is fortuitous since legume crops

improve soil health, fix atmospheric nitrogen and improve soil organic matter all of which lead to

improved soil health. The focus of the All India Network Project Soil Biodiversity-Biofertilizers

and the intensive efforts over last five years on development of genomic tools for soil health

assessment, exploration of the genetic diversity of rhizobia to ensure most efficient nodulation and

nitrogen fixation by legumes, improvement of soil health and nutrient use efficiency through

biofertilizers, improved liquid biofertilizer technology and the dissemination of the technology

among tribal farmers leading to livelihood improvement are some of the indicators of the outcome

of the project and the successful realization of the mandate of the project during the 12th plan.

I am grateful to Dr. A. K. Sikka, Deputy Director General (NRM), ICAR, New Delhi for his advice

on various aspects of the project and to Dr. S.K.Chaudhari, Assistant Director General (Soils),

ICAR for his ready help at all stages. I am grateful to Dr. A.K. Patra, Director, IISS, Bhopal for

providing the facilities for coordinating the research programmes of the project. I most sincerely

thank all the scientists and other staff associated with the project at various universities/Institutes for

conducting the researches as per the mandate, for their cooperation in all ways, submitting regular

reports and their heads of departments and other administrators for facilitating the smooth conduct

of work. I am grateful to Dr. K.Aparna, SRF, IISS, Bhopal for help in finalizing the report for

publication.

Bhopal

D. L. N. Rao
Project Coordinator

AINP on SB-BF
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Research Highlights

Microbial Diversity for Biofertilizers

More than 2k isolations of rhizobia of 20 major legumes made all over India including 700 from

hyper-arid and arid regions of Rajasthan and Haryana; acid soils of Jharkhand, ’Taal’ lands of Bihar,

soils of Uttarakhand. More than 300+ strains sequenced for 16S rRNA gene. In groundnut,

nodulating bacteria other than identified.

In Vertisols of central India, population of soybean rhizobia rebounded after monsoon by 13 fold in

soybean based crop rotations but only by 1.7 fold in cereal rotations. Regular application of farm

yard manure improved the soybean rhizobial numbers by 1.5 fold over chemically fertilized site

and 2.5 fold over unfertilized. Slow-growers (genetic homology to )

fixed more nitrogen (+15%) than fast growers with homology to ( )

. The proportion of slow-growers was lower in soybean based rotations (38%) as

compared to cereal based rotations (64%).

Rhizobia of arid soils were characterized for stress tolerance and PGPR attributes. High

temperature and drought tolerant isolates screened. Inoculation significantly improved the yields of

cluster bean, mungbean and pigeonpea under rain-fed conditions. Rhizobia of arid soils showed

high genetic diversity.

In lowland rice in Bihar, endophytic rhizobia in ’Desraiya’ rice found to have very high genetic

homology to rhizobia of the stem and root nodules of the aquatic legume sp.

Metagenomic analysis showed ‘Desariya’ rice roots to be rich reservoir of bacterial species (>2k

genotypes) belonging to 29 phyla including archaea. The relative abundance of methanogens was

about half of that of the methylotrophs.

Several isolates of pigeon pea, chickpea and soybean in acid soils analyzed by

proteomic tools, which showed unique protein differences amongst acid-soil tolerant isolates.

Several genes implicated in imparting adaptation to soil acidity identified.

Potassium solubilizing bacteria isolated from rhizosphere of crops in NEH region identified by 16S

rRNAgene sequencing as and spp.

DAPG-producing fluorescent pseudomonads reduced the incidence of collar and stem rot and

improved groundnut pod yields in multi-location field trials

Nucleus seed inoculum of VA-mycorrhiza was improved by fortifying the carrier with nutrients

resulting in halving the rate of biofertilizer application rate required for rice.

Formulations of actinomycetes (strains A10 and A17) along with PGPR (P3, P10 and P25)

significantly improved the yields of wheat and that of soybean and chickpea (with

added) in Vertisols of Madhya Pradesh.

isolates significantly improved the yields of soybean, rice, maize, chickpea and wheat

in Vertisols of Madhya Pradesh.

Conjoint application of PGPR ( spp.) and AMF consortia improved the seedling growth of

sweet cherry. Application of PGPR gave highly significant yield improvements in tomato and

capsicum in Himachal Pradesh.

Rhizobium

Bradyrhizobium japonicum

Rhizobium Agrobacterium

radiobacter

Aeschynomene

Rhizobium

Bacillus cereus, Klebsiella variicola Klebsiella

Rhizobium

Arthrobacter

Bacillus

.
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Bacillus licheniformis

Frankia Casuarina equisetifolia Alnus nitida

Azospirillum Azotobacter

Bacillus, Streptomyces Pseudomonas

Arthrobacter Bradyrhizobium

cbbL

Pontibacter ummariensis Luteimonas tolerans

Tessaracoccus flavus

Pseudomonas

Pseudomonas

Trichoderma viride Pseudomonas striata

Azolla

applied by drenching of apple plant basin with liquid inoculum gave

impressive yield increase at five locations in Himachal Pradesh.

strains were isolated from root nodules of and and

characterized.

Integration of biofertilizers with organic manures and chemical fertilizers in INM package gave

best performance for crops inAlfisols of Odisha. Seed coating of green gram seeds with gum acacia

or sago as sticker improved the yields in acid soil.

Application of biofertilizer consortia ( , and PSB) as seed treatment in Jute

decreased the nitrogenous and phosphatic fertilizer requirement by 50% inAssam.

Metagenomic analysis showed that in organically farmed soils there was higher proportion of

copiotrophic bacteria. Keystone bacterial species like

and were relatively higher. The microbial activity in terms of

respiration, transcription and translation was greater in organic farming soil.

In long term integrated nutrient management in Alfisol, soils under INM showed significantly

higher copies of 16S rRNA gene than those from control, chemically or organically fertilized soils.

There was no difference in abundance of Rubisco gene Form I- photosynthetic and

chemoautotrophic carbon-fixing gene in soil. However there was significantly higher abundance

of chitinase gene in organic amendment soils (OM and INM) than chemically fertilized soils and

unfertilized control.

Novel eubacterial isolates sp. nov., sp. nov.,

sp. nov., discovered from an HCH (hexa-chloro cyclohexane) dump site and

characterized. sp. RL from same site was sequenced and its gene repertoire was

compared with that of 17 reference ecotypes of . Pan-genome analyses of these

strains indicated astoundingly diverse metabolic strategies.

Post-sowing application of liquid biofertilizers in black gram compensated for yields when farmers

miss application of soild biofertilizers at sowing. Liquid biofertilizers enhanced the nodulation and

growth of pigeonpea even under severe rainfall deficit.

Potassium solubilizing bacteria improved sorghum yields inAndhra Pradesh and also saved 25% K

fertilizer.

Mixed microbial consortium for rapid decomposition of agricultural wastes within 2 months

released to farmers ofAndhra Pradesh.

Among zinc solubilizing microbial isolates, and gave

best performance in improving yields of soybean, groundnut and cotton, nutrient uptake and soil

available zinc in Vertisols of Maharashtra.

Application of microbially enriched compost improved the yields and quality of hot chilli in north-

east India. Organic package of practices for rice based on enriched compost and application

Soil Genomics for Soil HealthAssessment

Improvement of BiofertilizerTechnology

Diversification of Biofertilizers Usage and Extension

, ,

with biofertilizers was demonstrated in KVK’s inAssam.

In ’taal’ lands of Bihar, and application on seeds and post-planting

cyanobacteria inoculation significantly improved the yields of direct seeded rice. Co-inoculation of

and improved the yields of lentil and urdbean. Bio-nutrient package consisting

of cyanobacteria, and enriched mycostraw gave significant

improvements in rice yields in both resource rich and resource poor farmers.

60 field demonstrations were carried out on soybean, maize, wheat, chickpea, pea, lentil and rice in

tribal farmers’ fields in Mandla, Chhindwara, Jabalpur, Dindori, and Balaghat districts of Madhya

Pradesh with the application of recommended dose of fertilizers along with biofertilizers leading to

significant yield gains over farmers’ practice.

210 field demonstrations on biofertilizers were carried out among tribal farmers in Kalahandi and

Rayagada districts in the state of Odisha growing vegetables, pulses, cereals, oilseeds and fibre

crops. There was significant economic benefit with farmers earning Rs.20/- per rupee investment

on compost, biofertilizer and lime. The TSP programme besides generating additional income, also

helped in generating year round employment for neighbours and thus checking migration of

labourers out of the state. Creation of vermicompost pits out of the TSP fund helped preparation of

good quality compost throughout the year, kept the rural environment clean and hygienic and

helped save at least 25 per cent of the cost incurred on costly chemical fertilizers.

Aconsortium of biofertilizers consisting of , and

Plant Growth Promoting Rhizobacteria (PGPR Mix I) were supplied to 125 farmers in ten tribal

settlements in Wayanad, Kerala for ginger, pepper and vegetable cultivation. In Attapady, Palghat,

Kerala PGPR Mix I was distributed to 600 farmers engaged in the cultivation of vegetables, pulses,

banana, sorghum, groundnut, ragi etc. Over 400 farmers and 50 extension officers were trained on

biofertilizer usage at both places.

Liquid biofertilizers have become popular and farmers in Andhra Pradesh are saving 20-25% of

chemical fertilizers and reporting 10-15 % additional yields in their crops. The demand for liquid

biofertilizers by the farmers with drip irrigation facility for the crops like cotton, turmeric,

sugarcane, sweet orange and pomegranate has increased in Maharashtra.

Using the microbial strains of AINP on Soil Biodiversity and Biofertilizers, formulations of

biofertilizers worth of Rs. 381.7 lakhs were produced at ANGRAU, JNKVV, and MAU

representing 77% return on investment in the project during 2014-16.

Azospirillum Bacillus

Rhizobium Bacillus

Azospirillum Pseudomonas

Azospirillum lipoferum Azotobacter chroococcum
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I Introduction.

Mandate

Objectives

ThrustAreas for XII Plan

Budget:

To enhance the productivity, soil and crop quality and supplement a part of the chemical

fertilizer needs of crops through exploiting the soil biodiversity extant, for Biofertilizers in

diverse cropping systems and agro-ecological zones in India, improve Biofertilizer

technology and extend the Biofertilizer applications to disadvantaged areas.

1. To exploit the microbial diversity in various agro-ecologies for biofertilizer

applications in diversified systems.

2. To study the impact of soil management practices on microbial functions and soil

health.

3. To improve biofertilizer technology to ensure high quality and improved delivery.

4. To diversify biofertilizer research and application in drylands, degraded soils and

tribal areas.

Genetic Diversity of Rhizobia

Soil Genomics for Soil HealthAssessment

Microbial Diversity and Biofertilizers in Eastern India

Diversification of Biofertilizer Usage

Rs. 185.0 lakhs  (2014-15)

Rs. 309.6 lakhs  (2015-16)

•

•

•

•
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III. ResearchAchievements

1. Microbial diversity exploration in various agro-ecologies for biofertilizer applications

in diverse cropping systems

Diversity of groundnut rhizobia (DGR)

1.1. Genetic Diversity of Rhizobia of Pulses and Oilseeds

Studies on the genetic diversity of rhizobia nodulating 20 major legumes in India are under

progress. More than 2000 isolations of rhizobia nodulating groundnut, Chickpea, Pigeon pea,

Cowpea, Soybean, Black gram, Mungbean, Pea, Lentil, Faba bean, Moth bean, Cluster bean,

Lucerne, Berseem, Horse gram, , Methi etc., have been made from the major growing

zones and soil types in Andhra Pradesh, Madhya Pradesh, Gujarat, Rajasthan, Haryana, Uttar

Pradesh and Jharkhand. The rhizobia characterized and authenticated by nodulation testing. 16S

rRNA gene of 216 nodulating isolates of different crops has been sequenced (~1000 bp).

Sequencing of 115 more isolates is under progress.

Initial results of 16S rRNA gene sequence of groundnut nodulating bacteria indicated that besides

traditional rhizobial genera, others like , ,

etc. are also found to be nodulating and fixing nitrogen in groundnut (Fig 1). It is likely that due to

horizontal and vertical flow of nodulation and nitrogen fixing genes in nature, new genera and

species of groundnut rhizobacteria became nodulating and nitrogen fixing. The results are being

confirmed further.

Sesbania

Enterobacter cloacae Pantoea dispersa Ochrobactrum

Diversity of Soybean Rhizobia in Cropping Systems of Central India (JNKVV, IISS)

Soybean has the highest share of biological nitrogen fixation among cultivated legumes. During

early years of the introduction of soybean cultivation in India, the effects of inoculation with slow

growing soybean rhizobia were impressive but declined with time due to the naturalization of the

introduced strains. Soybean rhizobia are pre-dominantly slow growing but fast growing strains that

evolved from natural populations have been reported globally including from several locations in

India. The symbiotic effectivity of three slow and three fast-growing rhizobial strains isolated from

Vertisols of Central India was evaluated on soybean var. 9752 in sterilized sand microcosms in a

green-house. At 40 days growth, there was variation in nodulation parameters and growth of

soybean with both types of rhizobia but overall, the slow growers were superior to fast growers with

respect to nodule number (56%), nodule dry matter (25%), shoot dry matter (11%) and total

nitrogen uptake (22%) (Table 1). The slow-growers (genetic homology to

) fixed ~25% more nitrogen than fast growers with homology to

( ) . The results have very important implications for strain selection

during biofertilizer production to maximize biological nitrogen fixation.
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Ensuring adequate populations of effective rhizobia in plough layers is essential to ensure optimum

nodulation in legumes. To precisely guide the inoculation needs and responses the relative

preponderance of slow and fast growing rhizobia in various agro-ecologies was studied in soybean

and cereal based cropping systems in Central India. Population of rhizobia was greater in kharif

than rabi, particularly at maximum vegetative growth stage of crops. The presence of the host

legume stimulated the rhizobial population by 25 fold (average MPN 1262 cells g soil in soybean
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rotations. In winter the lowest numbers at sowing were 15 and 98 cells g soil in cereal and soybean

rotation soils. On an average there were 1428 rhizobial cells g soil in winter at sowing and did not

improve further at maximum vegetative growth stage (1343 cells g ) in crop rhizosphere following

soybean. In rotations following cereals the numbers at sowing averaged 24 cells g soil and

improved 4.9 fold at vegetative stage in crop rhizosphere. Annual application of farm yard manure

in a 40 year long term experimental site in soybean-wheat rotation improved the rhizobial numbers

on an average by 1.5 fold over chemical fertilized site and 2.5 fold over unfertilized. Increased crop

growth by chemical fertilizers also stimulated rhizobial populations by 1.9 fold over unfertilized

soybean-wheat cropping. The proportion of slow-growing soybean bradyrhizobia was lower in

soybean based rotations (38%) as compared to cereal based rotations (64%) showing that continued

soybean growth leads to higher diversities of rhizobia of the fast growing types. Application of

farm yard manure in the long term in soybean-wheat rotation did not change the proportion of slow

growers. The slow growers were consistently symbiotically superior and produced greater dry

matter and nodule mass (+12%) and biologically fixed nitrogen (+17%) than the fast-growers.

Strategies to promote biological nitrogen fixation by soybean should thus include breaking

continuous soybean cropping cycles and selecting slow growers as inoculants.

Rhizobia were isolated from ~100 soil samples from hyper-arid zone of Rajasthan; sandy soils with

pH 7.0 to 9.3; organic carbon and EC varied from 0.15 to 0.45% and 0.02 to 0.45 dS m respectively.

The most probable number (MPN) counts of rhizobia varied from 170 1000 cells g soil for

different legumes. On the basis of temperature (40 & 45 C) and drought (30 & 40% PEG) tolerance

of 202 isolates of mungbean, clusterbean and mothbean, 58 were selected. The isolates obtained

from Bikaner and Jaisalmer districts were found to be more stress tolerant as compared to isolates

from Churu and Barmer districts. Most of these isolates were P-solubilizers and their solubilization

index (P-SI) varied from 1.07 to 5.25. Some of these isolates were good ammonia excretors (36%);

however, only 3% produced high amounts of Indole acetic acid (IAA) (> 20 µg ml ). The

bacteriocin production and ACC deaminase activity was also limited to only few isolates. These

isolates also showed variable amount of nitrogenase activity in terms of acetylene reduction assay

(ARA). The nitrogenase activity of clusterbean rhizobia was on higher side as compared to rhizobia
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OFig 1. Phylogenetic tree of groundnut rhizobia of Saurashtra, Gujarat.

based cropping sequences as compared to 50 cells g in cereal-based sequences). Lowest

populations in summer were as low as 9 and 33 cells g soil in cereal and soybean rotation soils.

Averaged over two years there were 206 rhizobial cells g soil in summer at sowing and re-bounded

after rainy season at maximum vegetative growth stage to 2743 cells g soil (by 13.3 fold) in

soybean based rotations. Similarly there were 36 rhizobial cells g at sowing and re-bounded after

rainy season at maximum vegetative growth stage to 61 cells g soil (by 1.7 fold) in cereal based
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Slow-growers:

R16
17 65 1.69 1.30 29.1

25.0

R33 25 90 1.81 1.49 34.8 30.7

R34 32 96 1.75 1.44 32.9 28.8

Mean 25 84 1.75 1.41 32.3 28.2

Fast-growers: R8 12 49 1.44 1.15 23.4 19.3

R11 21 83 1.58 1.32 27.3 23.2

R22 16 70 1.7 1.26 28.4 24.3

Mean 16 67 1.57 1.24 26.4 22.3

Control - - 1.02 0.31 4.1 -

LSD p=0.05 4.2 8.2 0.09 0.08 2.95 2.95

Table 1. Nodulation and nitrogen fixation by slow and fast growing soybean rhizobia
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Fig  2. General view of experiments on inoculation of rhizobial isolates of clusterbean (a) at CCS HAU,

RRS Bawal and pigeon pea (b) at Hisar farm.

1.3 Genetic diversity of Rhizobia of leguminous crops in arid zone soils of Rajasthan

(MPUAT)

About 60% of the Rajasthan state falls under hot arid desert region. The diversity of effective

nodulating strains of rhizobia from different agroecological regions of the state was explored for

selection of efficient, stress tolerant rhizobial strains with multiple plant growth promoting

activities that can be deployed for inoculation of legumes to improve crop productivity and soil

fertility. About 400 rhizobial stains were isolated, purified and preserved from different areas of

Rajasthan from clusterbean (5 no. strains), green gram (12), soybean (36), black gram (19),

cowpea (14), groundnut (37), chickpea (112), methi (52), berseem (16), lucerne (25), pigeonpea

(3), pea (25) and sunnhemp (41).

The rhizobial cultures obtained from chick pea, methi and groundnut were screened for plant

growth promoting traits and for tolerance to high temperature, salt, pH and drought (using

polyethylene glycol). Among 51 strains from chickpea, 30 could grow at 40°C and 17 at 45°C.

Among 38 strains from Methi, 24 could grow at 40°C and only 6 strains could grow at 45°C. Six

strains from Chickpea, 3 strains from Methi and 5 strains from groundnut also showed growth at

30% PEG. Four strains (SBD-213, SBD-224, SBD-225 and SBD-235) from groundnut also

exhibited growth at 40% PEG. Out of 51 strains of chickpea, 9 strains (SBD- 61, SBD-63, SBD-65,

SBD-69, SBD-72, SBD-74, SBD-85, SBD-89, and SBD-103) were found to nodulate under

controlled conditions. Out of 30 strains of groundnut, 14 strains (SBD-210, SBD-211, SBD-13,

SBD-214, SBD-215, SBD-222, SBD-223, SBD-227, SBD-228, SBD-230, SBD-232, SBD-233,

SBD-234 and SBD-235) were found to nodulate under controlled conditions. This showed

the presence of a number of non-nodulating endophytes inside root nodules.

The 30 rhizobial strains of groundnut isolated from Udaipur, Jaipur, Ajmer, Dausa, Nagaur and

Bhilwara regions were characterized for PGPR activities. All of them produced ammonia and

siderophores, 9 were phosphate solubilizers (PSI ranging from 2.1 to 2.8) and 16 were IAA

producers. 38 rhizobial strains from root nodules of Sunhemp were collected from Ajmer regions

and characterized; 22 strains were positive for ammonia production. Of 52 rhizobial cultures from

root nodules of cluster bean, green gram, soybean, cowpea, black gram and groundnut, 13 were

ammonia producers, 14 were phosphate solubilizers, 21 were moderate to high IAA producers and

17 were siderophore producing strains.

in vitro

in vitro

of mungbean and mothbean. Promising rhizobial isolates were tested for nodulation efficiency and

plant growth promotion under stress and non-stressed conditions using Leonard jar assemblies (for

testing temperature tolerance) and pots (for drought tolerance using 100, 50 and 25% of field

capacity moisture). Most of the isolates of all crops performed better than the respective

reference/commercial strains at high temperature (39-45 C) and drought (50-25% FC). The

isolates MuJs52b and MuJs72a for mungbean, ClBk 43b, ClJs74b and ClJs87a for clusterbean and

MoCh 17b, MoBr 96a and MoBr 99b for mothbean performed better at high temperature (45 C soil

temperature) and high drought (25% FC) conditions in terms of nodulation efficiency and plant

growth parameters as compared to their respective reference strains and uninoculated control.

Genetic diversity and molecular characterization of these isolates on the basis of 16S rRNA gene

sequencing is under progress.

Sixteen out of 130 mungbean rhizobial isolates, obtained from South-West Haryana and Rajasthan

state were found to have multi-trait characters like P-solubilization, IAA production, nitrogenase

activity, ammonia excretion, ACC utilization, and siderophore and bacteriocin production. Two

mungbean rhizobial isolates, MR54 and MH8b2, isolated from Rewari and Hisar districts,

respectively were selected as more efficient isolates than commercial strain, 703 on the basis of

nodulation efficiency and plant growth parameters, when inoculated either individually or in co-

inoculation with PSB in pots.

Abiotic stress tolerant clusterbean, mungbean and pigeon pea rhizobia obtained from arid and semi-

arid zones were tested for their efficacy under rain-fed conditions at CCS HAU farms and RRS,

Bawal (Fig 2). Most of these isolates showed significant increase in nodulation efficiency and seed

yield as compared to uninoculated control and commercial strain. Out of 8 promising clusterbean

rhizobia, six isolates (GB14c, GB32a, GB32c, GH1a, GH2b and GM16b,) showed significant

increase in seed yield of clusterbean variety HG2-20, which varied from 1.35 - 1.47 Mg ha as

compared to control (1.2 Mg ha ) at recommended dose of fertilizer and commercial strain GSS

(1.29 Mg ha ). Likewise 10 pigeon pea and 5 multi-trait mungbean rhizobia were also checked for

their efficacy in pigeon pea variety Paras and mungbean variety MH 421 with application of

recommended doses of fertilizers in micro and drought plots at CCS HAU farm. All these isolates

showed better nodulation efficiency and plant growth. The isolates MR63, MB17a and MR54 were

selected as promising multi-trait mungbean rhizobia, which showed 9.1, 7.5 and 4.8% increase in

seed yield as compared to control (517 kg ha ). The inoculation of the isolate MR63 resulted in

highest seed (564 kg ha ) and straw (1490 kg ha ) yield. In case of pigeon pea, the isolate PPM37D,

PPM33B, PPB25Aand PPH10B were selected as most efficient isolates, which resulted in 7.1, 5.9,

5.4 and 4.7% increase in seed yield, respectively as compared to control. Inoculation of these

isolates also resulted in increased N and Puptake after harvest of crop.
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Fig  2. General view of experiments on inoculation of rhizobial isolates of clusterbean (a) at CCS HAU,

RRS Bawal and pigeon pea (b) at Hisar farm.
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(MPUAT)
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Rajasthan from clusterbean (5 no. strains), green gram (12), soybean (36), black gram (19),

cowpea (14), groundnut (37), chickpea (112), methi (52), berseem (16), lucerne (25), pigeonpea

(3), pea (25) and sunnhemp (41).

The rhizobial cultures obtained from chick pea, methi and groundnut were screened for plant

growth promoting traits and for tolerance to high temperature, salt, pH and drought (using

polyethylene glycol). Among 51 strains from chickpea, 30 could grow at 40°C and 17 at 45°C.

Among 38 strains from Methi, 24 could grow at 40°C and only 6 strains could grow at 45°C. Six

strains from Chickpea, 3 strains from Methi and 5 strains from groundnut also showed growth at

30% PEG. Four strains (SBD-213, SBD-224, SBD-225 and SBD-235) from groundnut also

exhibited growth at 40% PEG. Out of 51 strains of chickpea, 9 strains (SBD- 61, SBD-63, SBD-65,

SBD-69, SBD-72, SBD-74, SBD-85, SBD-89, and SBD-103) were found to nodulate under

controlled conditions. Out of 30 strains of groundnut, 14 strains (SBD-210, SBD-211, SBD-13,

SBD-214, SBD-215, SBD-222, SBD-223, SBD-227, SBD-228, SBD-230, SBD-232, SBD-233,

SBD-234 and SBD-235) were found to nodulate under controlled conditions. This showed

the presence of a number of non-nodulating endophytes inside root nodules.

The 30 rhizobial strains of groundnut isolated from Udaipur, Jaipur, Ajmer, Dausa, Nagaur and

Bhilwara regions were characterized for PGPR activities. All of them produced ammonia and

siderophores, 9 were phosphate solubilizers (PSI ranging from 2.1 to 2.8) and 16 were IAA

producers. 38 rhizobial strains from root nodules of Sunhemp were collected from Ajmer regions

and characterized; 22 strains were positive for ammonia production. Of 52 rhizobial cultures from

root nodules of cluster bean, green gram, soybean, cowpea, black gram and groundnut, 13 were

ammonia producers, 14 were phosphate solubilizers, 21 were moderate to high IAA producers and

17 were siderophore producing strains.
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of mungbean and mothbean. Promising rhizobial isolates were tested for nodulation efficiency and

plant growth promotion under stress and non-stressed conditions using Leonard jar assemblies (for

testing temperature tolerance) and pots (for drought tolerance using 100, 50 and 25% of field

capacity moisture). Most of the isolates of all crops performed better than the respective
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Fig 4. ARDRA pattern of 16S rRNA gene sequences and dendrogram depicting clustering of rhizobial
isolates of Methi (33 isolates).

Isolation of Azotobacter, PSB, KMB and ZSM from arid zone soils

(RAU)

Rice microbiome

Atotal of 90 soil samples were collected from rhizosphere of various crops grown in kharif and rabi

season across various parts of Rajasthan during 2015-16 and isolations were made for

(49 strains), K solubilizing bacteria (25 no., Phosphate solubilizing bacteria (14 no.) and zinc

solubilizing bacteria (39 no.).

In ‘chaur’ lands of Bihar the aquatic root/stem nodulating legume (Fig 5) grows

spontaneously in close proximity to submerged rice. The water submergence varies from 0.3 to

1.5m and rice produces numerous nodal roots. Since the two plants have grown in association for

long, rhizobia and other endo-symbionts may be occurring in ‘Desariya’ rice that could be

contributing to nitrogen fixation and growth promotion. Investigations were made to characterize

the rice microbiome using metagenomic approach at some sites never fertilized with chemical

fertilizers.

Azotobacter

Aeschynomene

1.4. Rhiziobial diversity in ‘Taal areas’ and rice growing areas in north Bihar

Fig  5. Root and stem nodules of the aquatic legume Aeschynomene indica

The rhizobial cultures obtained from chickpea (48), methi (33) and groundnut (30) were subject to

molecular analysis. The genomic DNAwas isolated from these rhizobial strains and tested for D

and H gene amplification for authentication of rhizobia. Amplification of 16S rRNA gene with

27F and 1378R primers and ARDRA was performed using the digest of 16S rRNA amplicons with

I, I, I and III. Dendrogram of groundnut strains obtained by UPGMA method

differentiated the 30 strains into 2 major clusters and 4 minor clusters with a coefficient ranging

from 0.22 to 0.93 (Fig 3). Chickpea strains showed significant molecular diversity and the

dendrogram obtained differentiated 48 strains into 2 major clusters and six minor clusters,

respectively with a coefficient ranging from 0.15 to 0.95 (Fig 3). Dendrogram obtained from Methi

strains differentiated the 33 strains into 6 major clusters with a coefficient ranging from 0.31 to 0.85

(Fig 4). According to Jaccard’s similarity coefficient, genetic similarity among different rhizobial

strains of chickpea, methi and groundnut isolated from the Rajasthan revealed very high genetic

diversity.

nod

nif

Alu Taq Hinf Hae

Fig 3. ARDRA pattern of 16S rRNA gene sequences and dendrogram depicting clustering of rhizobial
isolates of groundnut (Top-30 isolates) and chickpea (Bottom-48 isolates).
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species belonging to 29 phyla and 44 types of different archaeal species belonging to the phylum

crenarchaeota and euryarchaeota. Distribution of putative endophytes, based on rRNA genes

indicated that members of proteobacteria dominated the endophytic community (44%), followed

by Firmicutes (18%), Actinobacteria (17%), Bacteriodetes (7%), Cyanobacteria (2.5%) and

Archaea (2%). Within the phylum Proteobacteria, predominant endophytes were

groups (23), (22), (10), (9), (25) and

(28). Similarly the phylum Firmicutes was dominated by (63) and

(41), Bacteriodetes by (22) and (14), Actinobacteria by

(39), Cyanobacteria by (6) and Archaea by methanogens (24). Among

proteobacteria, maximum number of genera (105) were recorded in gammaproteobacteria

followed by alphaproteobacteria having 90 genera (Fig 7). Such microbial profiling of rice will

facilitate the manipulation of the ecosystem to engineer the rhizosphere to improve the benefits

from microbiota for agronomic and ecological benefits.

Rice cultivation is the major source of global methane emissions due to anaerobic conditions.

Microbes producing CH were represented by 24 different species of 12 genera and CH utilising

microbes were represented by 44 different species of 13 genera. The relative abundance of

methanogens was thus almost half to that of the methylotrophs. The complete complement of

microorganisms involved in methane cycling were thus present in rice microbiome and it is

hypothesized that microbes producing or using CH might form consortia within the rice root

system.

Rhizobium

Sphingomonas Azospirillum Burkholderia Pseudomonas

Desulfovibrio Clostridium

Bacillus Prevotella Flavobacterium

Streptomyces Nostoc

4 4

4

Fig 7. Relative proportion of eubacterial and archaeal phyla in ‘Desariya’ rice root microbiome.

Rhizobial diversity in Tal land

The ’Tal’ lands of Bihar are shaped like a saucer and are spread over almost 8 districts, Patna,

Nalanda, Munger, Lakhisarai, Shaikhpura, Bhagalpur, Begusarai and Khagaria. Ganga and other

rivers of the plateau area of Bihar have their inlet into the Tal land area of about 13,000 sq. km. The

Tal land gets filled up with rainwater and floodwater and remains submerged till the last week of

September and early October. Thereafter the water begins receding from the second week of

October and crops are grown only during the Rabi season. The soils are heavy clay, poor in organic

Plants were collected from a lowland rice field at Baurgauw (Hasanpur) in Samastipur district,

Bihar. DNA was isolated from sterilized roots by modified CTAB method and purified on 1%

agarose gel. The genomic DNAwas used to amplify the 16S rRNAgene (Fig 6) using 8F and 805R

primers which was then sequenced to identify the endophytic bacteria from the NCBI data base.

Fig 6. 16S rRNAgene amplicon (~650bps) on 1% agarose gel (left), amplification of v3-v4 region (right).

The 16S rRNA gene of some root and stem nodule endophytes had 99% and 100%

similarity to sp. IRBG 230. Due to overlap of sequences, four sets of primers were

used to target the 16S rRNA (ITS region), and V3-V4 region in order to

detect the bradyrhizobia in Desariya rice roots. No bands were detected with or gene specific

primer but the bands were quite distinct with v3-v4 region specific primer in primary PCR (Fig 6).

However, the band was also detected with 16S rRNA (ITS) region which was quite distinct only

after secondary PCR The PCR product of v3-v4 region specific amplification was subjected to

Sanger sequencing. Blast results in NCBI data base are shown in Table 2.

Aeschynomene

Bradyrhizobium

Bradyrhizobium fix, nif

nif fix

Table  2. BlastN result of amplified v3-v4 region of 16S rRNA gene

.

Sample Names
Sequence

length
BlastN hit Homology

Aeschynomene

root nodule
299bp

Bradyrhizobium sp. WBOS16 16S

ribosomal RNA gene, partial

sequence

97%

Desariya rice root

in Aeschynomene

ecosystem DR1

216bp

Uncultured Bradyrhizobium sp. clone

VPK5W1u01 16S ribosomal RNA

gene, partial sequence

97%

Desariya rice root

DR2
516bp

Oryza sativa japonica Group cDNA,

clone: J090063J18, full insert

sequence

98%

A clonal library of 16S rRNA gene of ’desariya’ rice rhizospheric roots was constructed (96 clones)

and sequenced. Information on putative Archaeal/Bacterial endophytes of desariya rice from

Desariya rice " ecosystem through metagenome analysis revealed that desariya rice

roots are a rich reservoir of microbial community. They showed 2168 types of different bacterial

Aeschynomene

10 11
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About 30 rhizobial isolates were obtained from nodules of French bean grown in the above soils.

Similarly 25 rhizobial isolates have also been obtained from the nodules of vegetable pea collected

from the farmers’ field of District Udhamsingh Nagar and Nainital. The chracterization of the

isolates is under progress.

The basic tenet of inoculation is to improve symbiotic nitrogen fixation in legumes but

could also be utilized to control various soil-borne plant pathogenic fungi. Fungal pathogens of the

genera and are reported to be controlled by

, and . Earlier ten rhizobial

isolates specific to chickpea were reported to be antagonistic against ,

and . Among them isolate number

A13 was found to be most efficient against all the four pathogenic fungi followed by isolates A15

andA10.

All the chickpea- strains exhibiting antifungal activity were screened for production of

ammonia, HCN, siderophore and antibiotics. Only two isolates specific to chickpea A3 and A16

were found positive for ammonia production.Among all the isolates only CR18 was found positive

for HCN production whereas none of the isolates showed production of siderophores. Isolate A-13

was able to solubilise phosphate. Isolates A10, A13, A15, CR18 and CR24 were found positive for

IAA production. Among them A15 showed highest IAA production (48 µg mL ) followed by A13,

CR24 and CR9. In a pot experiment on inoculation of chickpea, isolates A10 and A3

yielded maximum root and shoot biomass respectively (Table 5) whereas inoculation of CR9

recorded highest nodule number and weight. MaximumARAvalue was recorded for treatment with

isolateA3 (Table 5).

1.6 Developing Rhizobium inoculant with dual purpose of nitrogen fixation and

antagonism against fungal pathogens

Rhizobium

(IARI)

Table 5. Growth and nodulation parameters of chickpea as influenced by

inoculation

Rhizobium

Fusarium, Rhizoctonia Macrophomina Rhizobium

leguminosarum Sinorhizobium meliloti Bradyrhizobium japonicum

Fusarium oxysporum

Sclerotium rolfsii, Botrytis cinerea Macrophomina phaseolina

Rhizobium

Rhizobium

-1

matter and of the nearly 1.5 lakh ha cultivable area, in majority (75%) of the area, pulses like gram

and lentil are grown and this area is therefore considered the pulse basket of Bihar. Forty eight

isolates were isolated from lentil, pea, lathyrus, chickpea, and bakla; of these thirty nine

were fast growers. Utilization of carbon sources by the strains was studied to understand the

differences among rhizobia. After screening for nodulation efficiency, twenty three strains of

were characterized and preserved for production of biofertilizers.

Nodulation of French bean and vegetable pea was evaluated in soils of Uttarakhand drawn from

seven districts located at altitudes ranging from 500-4000m above MSL. The nodulation status was

ascertained by growing the surface sterilized seeds of respective crop for 45 days in thermocol

(polystyrene) containers filled with soils in net house. In French bean, 40% of the soils showed

nodulation (Table 3) whereas it was 35% in vegetable pea (Table 4). There was no nodulation of

French bean in soils of district Nainital and no nodulation of vegetable pea in soils of district

Pithoragarh. However 25-75% and 17-75% of soils from other districts supported the nodulation in

French bean and vegetable pea respectively. Meager number of nodules was formed in majority of

the soils except few soils of the District Kotdwar in case of French bean and Bageshwar in vegetable

pea.

Rhizobium

Rhizobium

1.5. Rhizobial diversity and applications for Hill Legumes (GBPUAT)

Table  3. Status of natural nodulation in French bean grown in soils of different districts of
Uttarakhand

District
Soil

samples

Nodulation

positive
No nodulation

% of soil samples

showing nodulation

Kotdwar (500-1700 m) 21 12 9 57

Bageshwar (950-1300m) 12 4 8 25

Almora (1000-1500 m) 12 3 9 25

Nainital (1500-2000m) 6 0 6 0

Pithoragarh (1500-2000m) 10 3 7 30

Dehradun (>2000m; Chakrata) 4 3 1 75

Chamoli (3500-4000 m) 4 3 1 75

Total 69 21 41 41

Table 4. Status of natural nodulation in vegetable pea grown in soils of different districts of

Uttarakhand

District Soil

samples

Nodulation

positive

No

nodulation

% of soil samples

showing nodulation

Kotdwar (500-1700 m) 21 8 13 38

Bageshwar (950-1300m) 12 7 5 58

Almora (1000-1500 m) 12 2 10 17

Nainital (1500-2000m) 6 2 4 33

Pithoragarh (1500-2000m) 10 0 10 0

Dehradun (>2000m; Chakrata) 4 2 2 50

Chamoli (3500-4000 m) 4 3 1 75

Total 69 24 45 35

Treatment Dry weight (g plant
-1

) Nodule

no. plant
-1

ARA (µM ethylene

produced h
-1

g fw
-1

nodule)

Root Shoot Nodule

Control 0.22 1.38 0.00 0

A3 0.35 1.96 0.19 11 2.36

A10 0.37 1.86 0.22 14 2.14

A13 0.28 1.46 0.13 08 1.16

A15 0.26 1.52 0.16 12 1.21

A16 0.31 1.74 0.18 11 0.98

CR9 0.30 1.76 0.26 16 1.56

CR14 0.30 1.69 0.24 09 1.66

CR18 0.28 1.64 0.16 10 0.98

CR20 0.33 1.67 0.22 12 1.23

CR24 0.35 1.82 0.21 14 2.05

LSD

(p=0.05)

0.07 0.22 0.06 03 0.44
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Table 6. Pigeonpea isolates from acidic soils of Jharkhand

Isolate ID District Soil pH GenBank Acc. No.

Rhizobium sp.2(2) BAU Jamtara 5.5 KF309195

Rhizobium sp.35BAU Deoghar 4.5 KF309203

Rhizobium sp.351BAU Deoghar 4.5 KF309204

Detailed analysis at proteomic level of various isolates was done by #Two-Dimensional

Gel Electrophoresis (2-DE)$ followed by MALDI-TOF-TOF (Peptide-Mass Fingerprinting) to

characterize several important #unique$ protein differences amongst acid-tolerant

isolates from pigeonpea. Analysis of 14 (Fourteen) #unique$ protein spots identified the genes

implicated in the acid-soil tolerance (Appendix 1). Analysis of 10 (Ten) #unique$ protein

differences characterized from acid-tolerant samples from Vertisols for isolates in

soybean (Fig 8) and chickpea revealed identity of the genes implicated in wide dimension of varied

functions (Appendix 1). MALDI-TOF-MS is an important tool for protein identification, because

of its high throughput, sensitivity, and high mass accuracy. The analysis of #Candidate Proteins$ by

#Mass pectrophotometry (MS)$ followed by #Peptide Mass Fingerprinting$ analysis revealed

corresponding genes to be involved in various pathways of the cellular metabolism. The analysis

has elucidated identities of the corresponding genes with respect to the #Signature Proteins$

implicated in the adaptation of the isolates to various acidic soil pH regimes. The #Proteome Maps$

generated in the analysis pin-point to the genes which may be contributing towards imparting

selective acid soil tolerance amongst various isolates analysed.

Rhizobium

Rhizobium

vs Rhizobium

Rhizobium

S

Fig 8. 2-D gel electrophoresis profiles of isolates of soybean from Vertisols of Madhya Pradesh
and Jharkhand. The circled protein spots depict, # $, not present in either of the corresponding
samples analysed.

Rhizobium
unique spots

1.8. Molecular characterization of Potassium Solubilizing Bacteria (AAU)

Twelve bacterial isolates were screened from the rhizospheres of banana, rice and hot chilli based

on clear zone formation on Aleksandrov agar medium (mica @ 0.5 %). The solubilization

by the isolates resulted in significant release of K (9.1-27.1 µg mL ) at 45 d of incubation due to

decrease in pH (initial 7.0 to 4.6-5.3). Five isolates KSBB KSBB , KSBB , KSBC and KSBC

in vitro
-1

3, 8 9 5 6

sp.,)

In a field trial at IARI farm the performance of the ten rhizobial strains was evaluated on chickpea

along with reference strain F75. After 45 days, all the isolates showed increased shoot, root, nodule

fresh and dry weight except isolate CR9 as compared to control. Isolate A13 showed highest shoot

biomass followed by A15 and CR24, whereas isolate CR24 showed highest root biomass followed

by A13 and A15. Isolates A3, A13, A15 and CR24 were statistically at par and recorded higher

nodule biomass as compared to other treatments. Inoculation of A 13 resulted in highest grain yield

(1017 kg ha ) followed by CR24 (963 kg ha ). Based on the field performance, two rhizobial

isolatesA13 and CR24 were selected for further evaluation.

based biofilms using as fungal matrix were developed and tested

using isolatesA13 and CR 24. In a pot experiment chickpea (var. JG- 62) seeds were inoculated with

selected or based biofilms. Plants were challenged with two doses (15 g and

30g pot ) of virulent pathogen (Wilt complex: f. sp. ,

and ).Among the treatments, single inoculation of isolate CR 24 performed

the best and recorded highest root and shoot biomass as compared to other treatments. Control

treatment challenged with pathogen but not inoculated with or based

biofilms showed stunted growth but wilt symptoms were not observed. HPLC analysis of shoot

extracts showed that concentration of glucose and xylose was higher in inoculation treatments as

compared to control. Rhizobial isolate CR24 showed higher accumulation although when fungal

dose was increased, isolate A13 showed best antifungal activity. Plants not challenged with

pathogen showed least accumulation of sugars. Both the isolates and their biofilms

showed higher accumulation of organic acids like malic, succinic, formic and propionic acid in

shoots as compared to uninoculated control. In general, biofilm of isolate A 13 resulted in higher

accumulation of malic acid, succinic acid and propionic acid. However, for isolate CR 24,

inoculation of biofilmed formulation led to decrease accumulation of acids as compared to only

inoculation. Interesting results were obtained for accumulation of formic acid. At both

the doses of pathogen, the control treatment showed negligible accumulation of formic acid.

However at lower dose of pathogen (15g pot ), inoculation of or its biofilm showed

significantly higher concentration of formic acid as compared to its accumulation at higher dose of

pathogen (30 g pot ). At higher dose of pathogen, formic acid was accumulated only in treatments

inoculated with A 13 and its biofilm indicating its role in induction of resistance to

pathogen. Peroxidase enzyme activity also showed variations among the treatments. For both

isolates, the biofilm formulations showed higher activity of peroxidase as compared to single

inoculation of . CR 24 and its biofilm recorded higher activity as compared to A 13 and

its biofilm. Role of defense enzymes is well known as protection mechanism against pathogens.

Rhizobia have been reported to induce systemic resistance in host plants and provide protection

against various phytopathogens. Increased activity of peroxidase in inoculated plants as compared

to uninoculated plants may be the result of induced systemic resistance by rhizobial isolates.

A total of 116 strains of rhizobia have been characterized from acid soils of Jharkhand nodulating

pigeonpea, groundnut, black gram, soybean, cowpea, mung, pea, chickpea, french bean, broad

bean, berseem and lentil respectively. Using 16S rRNA analysis, novel strains of of

pigeon pea tolerant to acidic soil pH regimes were identified (Table 6).
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biomass followed by A15 and CR24, whereas isolate CR24 showed highest root biomass followed
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nodule biomass as compared to other treatments. Inoculation of A 13 resulted in highest grain yield

(1017 kg ha ) followed by CR24 (963 kg ha ). Based on the field performance, two rhizobial

isolatesA13 and CR24 were selected for further evaluation.
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selected or based biofilms. Plants were challenged with two doses (15 g and

30g pot ) of virulent pathogen (Wilt complex: f. sp. ,

and ).Among the treatments, single inoculation of isolate CR 24 performed

the best and recorded highest root and shoot biomass as compared to other treatments. Control

treatment challenged with pathogen but not inoculated with or based

biofilms showed stunted growth but wilt symptoms were not observed. HPLC analysis of shoot

extracts showed that concentration of glucose and xylose was higher in inoculation treatments as

compared to control. Rhizobial isolate CR24 showed higher accumulation although when fungal

dose was increased, isolate A13 showed best antifungal activity. Plants not challenged with

pathogen showed least accumulation of sugars. Both the isolates and their biofilms

showed higher accumulation of organic acids like malic, succinic, formic and propionic acid in

shoots as compared to uninoculated control. In general, biofilm of isolate A 13 resulted in higher

accumulation of malic acid, succinic acid and propionic acid. However, for isolate CR 24,

inoculation of biofilmed formulation led to decrease accumulation of acids as compared to only

inoculation. Interesting results were obtained for accumulation of formic acid. At both

the doses of pathogen, the control treatment showed negligible accumulation of formic acid.

However at lower dose of pathogen (15g pot ), inoculation of or its biofilm showed

significantly higher concentration of formic acid as compared to its accumulation at higher dose of

pathogen (30 g pot ). At higher dose of pathogen, formic acid was accumulated only in treatments

inoculated with A 13 and its biofilm indicating its role in induction of resistance to

pathogen. Peroxidase enzyme activity also showed variations among the treatments. For both

isolates, the biofilm formulations showed higher activity of peroxidase as compared to single

inoculation of . CR 24 and its biofilm recorded higher activity as compared to A 13 and

its biofilm. Role of defense enzymes is well known as protection mechanism against pathogens.

Rhizobia have been reported to induce systemic resistance in host plants and provide protection

against various phytopathogens. Increased activity of peroxidase in inoculated plants as compared

to uninoculated plants may be the result of induced systemic resistance by rhizobial isolates.

A total of 116 strains of rhizobia have been characterized from acid soils of Jharkhand nodulating

pigeonpea, groundnut, black gram, soybean, cowpea, mung, pea, chickpea, french bean, broad

bean, berseem and lentil respectively. Using 16S rRNA analysis, novel strains of of

pigeon pea tolerant to acidic soil pH regimes were identified (Table 6).
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Treatments % Seedling mortality

Kharif 2014 Kharif 2015

Control 6.7 9.3

Pathogen (P) 82.2 73.2

P+DAPG2 28.9 29.3

P+DAPG3 30.1 28.9

P+DAPG4 24.5 24.3

P+DAPG7 31.3 38.1

P+FP20 26.8 36.8

P+FP46 28.3 37.2

P+FP86 29.2 24.5

P+FP93 30.2 28.7

P+FP94 25.7 22.8

P+FP121 28.6 29.6

P+FP133 27.4 32.5

P+FP82 23.1 21.3

The yield data (normalized data) showed pod yield of groundnut, cultivar GG20 was enhanced by

10 to 16% during kharif 2014 (Table 10) and 13-22% during kharif 2015. These DAPG-producing

fluorescent pseudomonads have also been evaluated at different AICRP (G) centres throughout the

country.

DAPG-producing fluorescent pseudomonads, identified under AINP-Biofertilizer programme,

were evaluated through AICRP(G) centres during kharif 2014 at Shirgaon, Junagadh (JAU),

Jagtial, Jalgaon, Chintamani, Tirupati, Bhubaneshwar and Mohanpur. Not considering trials with

low or very low control yields, increase in pod yield ranged from 20-40% averaging 30%. Besides,

the incidence of collar and stem rot was also reduced appreciably.

Development of suppressive soils

Table 9. Effect of application of DAPG-producing fluorescent pseudomonads on the

mortality of groundnut seedlings due to infection of

To make soils naturally suppressive to soil-borne fungal pathogens like causing

stem rot in groundnut, DAPG-producing fluorescent pseudomonads, highly antagonistic to

, were applied and evaluated with the susceptible cultivar GG20 during kharif 2014 and 2015

(Table 9). The application of the DAPG-producing fluorescent pseudomonads suppressed the

seedling mortality of groundnut, cultivar GG20 from 70-80% in pathogen control to 20-40% in

treatments inoculated with different DAPG-producing fluorescent pseudomonads.

FP82 was the best in both the seasons in suppressing the incidence of the stem rot of groundnut

caused by .

Sclerotium rolfsii

S.

rolfsii

P. fluorescens

S. rolfsii

Sclerotium rolfsii

16 17

obtained from banana and chilli rhizospheres were subjected to quantitative estimation of NH OAc-

K release from soil. The results illustrated the release of NH OAc-K, in between 17.1-42.0 mg kg

after 50 d of incubation in soil by the selected isolates. Identification of the isolates was done by 16S

rRNA(1500bp) gene sequencing as (KSBB3, KSBB ) and (KSBB ,

KSBC and KSBC ) (Table 7)

4

4

8 9

5 6

-1

Bacillus cereus Klebsiella spp.

Table 7. Identification of the selected isolates by 16S rRNAgene sequencing

Isolates Identification(BLAST) Similarity (%)

KSBB3 Bacillus cereus strain NAPCC-1 99

KSBB8 Bacillus cereus strain BRL-02-31 99

KSBB9 Klebsiella variicola strain kms0422 98

KSBC5 Klebsiella sp 2009110 98

KSBC6 Klebsiella sp 96

1.9. Evaluation of Fluorescent Pseudomonads for Disease Suppression in Groundnut (DGR)

Effect on growth and yield of groundnut

Table 8. Evaluation of the effect of application of DAPG-producing fluorescent

pseudomonads on the growth and yield of groundnut

DAPG-producing fluorescent pseudomonads having multiple plant growth promoting traits

(production of IAA and siderophore; P-solubilization, ammonification and ACC deaminase

activity) besides suppressing soil-borne fungal pathogens like , and were

selected after initial screening in pots for field trial for evaluating their effect on the growth and

yield of groundnut cv. TG37A with recommended doses of fertilizers. Inoculation of DAPG-

producing fluorescent pseudomonads improved plant growth and biomass in most of the cases over

uninoculated control at harvest. Application of FP98 significantly improved the pod

and haulm yield over uninoculated control across seasons of summer 2014 & 2015 and kharif 2014

(Table 8). In case of haulm yield, significant improvement was achieved with the application of

DAPG1 and FP98 over seasons and over uninoculated control (Table 8).

Inoculation resulted in enhanced pod yield by 13-17% during summer 2015 and 15% during

summer 2014. During kharif 2014 inoculation enhanced pod yield by 10%. These DAPG-

producing fluorescent pseudomonads are being evaluated inAICRP-G centres.

A. niger A. flavus S. rolfsii

P. fluorescens

P.

putida P. fluorescens

Trt. Pod yield (kg ha
-1

) Haulm yield (kg ha
-1

) Shelling out-turn (%)

Kharif

2014

Summer

2014

Summer

2015

Kharif

2014

Summer

2014

Summer

2015

Kharif

2014

Summer

2014

Summer

2015
Control 2957 1915 1824 3699 5240 4107 67.8 59.3 64.2

DAPG1 3237 1929 2059 4088 5965 4621 70.4 59.8 68.2
DAPG2 3039 1879 1939 4063 5068 4415 67.6 63.4 63.9

DAPG3 2829 1872 1690 3974 6510 4179 68.4 60.4 62.5
DAPG4 3275 1784 2137 4228 5678 4505 70.5 64.2 67.7

DAPG5 3030 1918 1768 3695 5040 4076 68.7 57.3 61.6

DAPG6 3026 2213 2110 4207 6948 4361 66.5 62.3 67.3
FP98 3283 2198 2109 4102 6618 4406 69.9 61.8 68.2

LSD

(p=0.05) 187 186 200 299 513 246 2.4 2.4 2.2
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Fig 10. Differential effects of moisture stress on rice (cv. Kalinga III) at vegetative state (35-45 DAE)

inoculated with some fungal entophytes (E-1 to E-6).

density in NI from 1 spore/g substrate to 2, 3, 4 & 5 spores g . After 30 days of inoculation of

sorghum plants, a progressive and proportionate increase was seen in spore and infective propagule

population with increase in initial spore inoculation dose (Fig 9). These improved inocula will be

tested in field.

-1

Characterization of non-symbiotic fungal endophytes

Ten non-symbiotic fungal endophytes were isolated following standard protocol, from rice roots

collected from various upland sites of Jharkhand. Out of the 10, six were screened in glass house for

their ability to impart moisture stress tolerance to direct seeded upland rice (cv. Kalinga III). Based

on morphological features the three endophytes were identified as sp. (E-1),

sp. (E-2) and sp. (E-3). Soil moisture in the experimental pots was

maintained at 25% of WHC of the soil until 35 days after germination (DAE) after which moisture

stress was imposed by withdrawing watering (in treatments with stress). Dry matter production was

measured at 45 DAE. Treatments without endophyte inoculation and without moisture stress were

maintained in each set. Under moisture stress, average soil moisture at 45 DAE was 12.2% as

compared to that of 18.1% in no-stress treatments. While all the stress (moisture) treatments led to

reduction in dry matter production, the extent of reduction were less when inoculated with E-1, E-2,

E-3 and E-6 over control (no-inoculation) with least reduction in E-3 ( sp.) followed by E-

1 ( sp.) (Fig 10).

Aspergillus

Trichoderma Fusarium

Fusarium

Aspergillus

1.11. Development of Actinomycetes Formulations and Testing on Field Crops (IISS,

JNKVV)

Liquid based formulation of 17 isolates of actinomycetes of IISS, Bhopal were tested on soybean in

kharif 2014 and wheat during rabi 2014-15 and consortia of best performing actinomycetes isolates

with and PGPR on chickpea during rabi 2014-15. Two controls fertilized

uninoculated control (FUI) and unfertilized uninoculated control (UFUI), were included for

comparison.

Rhizobium viz.,

18 19

0.00

2.00

4.00

6.00

8.00

10.00

12.00

14.00

1 spore/g 2 spores/g 3 sporse/g 4 spores/g 5 spores/g

F
in

a
l
A

M
F

p
o
p

u
la

ti
o
n

te

Spore population after 30 days (#/g ) IP populatio after 30 days (#/g)

Initial inoculation dose of AMF spore to NI substra

Fig 9. Progressive increase in final population (AMF) with increased nucleus inoculum dose.

1.10. Development of multifunctional microbial inoculum for upland rice based cropping

system (CRURRS)

Improving nucleus inoculum of nativeAM fungal consortium

Work in previous few years showed that mass inoculum (MI) ofAM fungal consortium produced by

multiplying nucleus inoculum (NI) developed on substrate mixture of vermiculite: soil: FYM in the

ratio of 75:25:5 fortified with Hoagland solution @ 10 ml/100 g/week (for 4 weeks) substantially

improved the efficacy of MI in terms of reducing the effective dose of application by half (from 1 t

ha to 0.5 t ha ). Further attempts were made to improve efficacy of MI by increasing AMF spore
-1 -1

Treatments
Haulm yield Pod yield (kg/ha)

Shelling out-turn

(%)

Hundred Kernel

Mass (g)

Kharif

2014

Kharif

2015

Kharif

2014

Kharif

2015

Kharif

2014

Kharif

2015

Kharif

2014

Kharif

2015

Control 3855 5499 2512 2397 63.7 66.00 41.36 48.77

Pathogen (P) 3753 5480 2574 2191 64.8 66.80 42.17 49.07

P+DAPG2 4145 6099 2650 2307 63.6 65.20 41.97 48.77

P+DAPG3 3964 6096 2428 2343 64.8 68.03 43.39 50.83

P+DAPG4 4111 6236 2405 2739 66.4 67.60 43.56 49.33

P+DAPG7 4208 5654 2579 2921 66.6 69.60 43.39 51.60

P+FP20 4286 5344 2635 2737 67.5 67.67 43.49 52.83

P+FP46 4448 5401 2861 2564 66.1 66.70 44.61 49.57

P+FP86 4352 6386 2817 2622 67.2 68.10 44.92 52.57

P+FP93 4136 5780 2899 2594 62.2 67.93 42.45 49.33

P+FP94 4142 6497 2710 2756 64.4 66.10 40.97 49.50

P+FP121 3866 6265 2876 2703 65.9 66.97 42.33 51.43

P+FP133 3993 5874 2909 2750 66.6 67.37 39.13 49.93

P+FP82 4201 5776 2755 2604 65.2 68.63 43.49 50.83

LSD

(p=0.05)
331 427 239 294 2.64 2.13 2.15 NS

Table 10. Enhancement in yield of groundnut GG-20 by DAPG-producing fluorescent
pseudomonads
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Fig 10. Differential effects of moisture stress on rice (cv. Kalinga III) at vegetative state (35-45 DAE)

inoculated with some fungal entophytes (E-1 to E-6).

density in NI from 1 spore/g substrate to 2, 3, 4 & 5 spores g . After 30 days of inoculation of

sorghum plants, a progressive and proportionate increase was seen in spore and infective propagule

population with increase in initial spore inoculation dose (Fig 9). These improved inocula will be

tested in field.

-1

Characterization of non-symbiotic fungal endophytes

Ten non-symbiotic fungal endophytes were isolated following standard protocol, from rice roots

collected from various upland sites of Jharkhand. Out of the 10, six were screened in glass house for

their ability to impart moisture stress tolerance to direct seeded upland rice (cv. Kalinga III). Based

on morphological features the three endophytes were identified as sp. (E-1),

sp. (E-2) and sp. (E-3). Soil moisture in the experimental pots was

maintained at 25% of WHC of the soil until 35 days after germination (DAE) after which moisture

stress was imposed by withdrawing watering (in treatments with stress). Dry matter production was

measured at 45 DAE. Treatments without endophyte inoculation and without moisture stress were

maintained in each set. Under moisture stress, average soil moisture at 45 DAE was 12.2% as
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reduction in dry matter production, the extent of reduction were less when inoculated with E-1, E-2,
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1 ( sp.) (Fig 10).

Aspergillus
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Fusarium

Aspergillus

1.11. Development of Actinomycetes Formulations and Testing on Field Crops (IISS,

JNKVV)

Liquid based formulation of 17 isolates of actinomycetes of IISS, Bhopal were tested on soybean in

kharif 2014 and wheat during rabi 2014-15 and consortia of best performing actinomycetes isolates

with and PGPR on chickpea during rabi 2014-15. Two controls fertilized

uninoculated control (FUI) and unfertilized uninoculated control (UFUI), were included for

comparison.
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Fig 9. Progressive increase in final population (AMF) with increased nucleus inoculum dose.

1.10. Development of multifunctional microbial inoculum for upland rice based cropping

system (CRURRS)

Improving nucleus inoculum of nativeAM fungal consortium
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-1 -1

Treatments
Haulm yield Pod yield (kg/ha)

Shelling out-turn

(%)

Hundred Kernel

Mass (g)

Kharif

2014

Kharif

2015

Kharif

2014

Kharif

2015

Kharif

2014

Kharif

2015

Kharif

2014

Kharif

2015
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P+DAPG3 3964 6096 2428 2343 64.8 68.03 43.39 50.83

P+DAPG4 4111 6236 2405 2739 66.4 67.60 43.56 49.33

P+DAPG7 4208 5654 2579 2921 66.6 69.60 43.39 51.60

P+FP20 4286 5344 2635 2737 67.5 67.67 43.49 52.83

P+FP46 4448 5401 2861 2564 66.1 66.70 44.61 49.57

P+FP86 4352 6386 2817 2622 67.2 68.10 44.92 52.57

P+FP93 4136 5780 2899 2594 62.2 67.93 42.45 49.33

P+FP94 4142 6497 2710 2756 64.4 66.10 40.97 49.50

P+FP121 3866 6265 2876 2703 65.9 66.97 42.33 51.43

P+FP133 3993 5874 2909 2750 66.6 67.37 39.13 49.93

P+FP82 4201 5776 2755 2604 65.2 68.63 43.49 50.83

LSD

(p=0.05)
331 427 239 294 2.64 2.13 2.15 NS

Table 10. Enhancement in yield of groundnut GG-20 by DAPG-producing fluorescent
pseudomonads



Treatment

plantNodulation
-1

Yield (kg ha
-1

) Total nutrient uptake (kg ha
-1

)

No.
Dry

wt.(g)
Grain Straw N P K

F+Act.A 20 0.46 984 1531 78 5.4 49

F+Act.B 22 0.46 989 1583 79 5.5 52

F+Act.A+F+Act.B 22 0.54 995 1632 83 5.9 56

F+CRP 27 0.57 1000 1648 86 6.1 57

F+CRP+Act.A 29 0.62 1039 1838 92 7.1 65

F+CRP+Act.B 30 0.64 1122 1968 101 7.8 69

F+CRP+Act.A+Act.B 32 0.71 1194 2207 111 9.0 81

FUI 18 0.46 972 1342 73 4.8 44

UFUI 16 0.39 716 1246 53 3.4 36

LSD (p=0.05) 4 0.22 431 491 26 1.9 15

CV (%) 10.1 24.7 26.1 17.9 18.5 18.7 16.1

Fig 11. Evaluation of Liquid Formulation based Consortia on wheat and chickpea in field.

20 21

Soybean

Table 11. Evaluation of actinomycetes isolates on soybean yield and NPK uptake in Vertisol

In Kharif 2014, of the 17 isolates, 13 were able to increase the grain yield significantly over FUI.

Isolate A10 was most efficient in improving nodulation and yield. Average increase in grain and

straw yield was 41% and 56% respectively over FUI. Uptake of N, P and K by the crop was

enhanced by 86.8, 5.4 and 50.9 kg ha (Table 11).
-1

Nodulation plant
-1

Yield (kg ha
-1
)

Total nutrient uptake by

crop (kg ha
-1
)

No. Dry wt.(g) Grain Straw N P K

17 isolates range 26-45 0.19-0.27 1444-2528 2781-4983 151-277 8.8-15.9 88-161

Mean 37 0.22 2003 3951 203 12.5 125

FUI 30 0.16 1417 2521 116 7.1 74

UFUI 25 0.14 1194 2332 97 5.7 63

LSD (p=0.05) 13.68 0.10 413.40 1311.88 58.02 2.54 34.36

CV (%) 22.8 27.8 13.0 21.0 18.3 13.0 17.5

Wheat

Table 12. Evaluation of actinomycetes isolates on wheat yield and NPK uptake in Vertisol

In rabi 2014-15 on wheat (Fig 11), isolate A10 and A4 isolates increased the grain and straw yields

significantly over FUI. Average increase in grain and straw yield by all the isolates was 22% and

17% higher over FUI (Table 12). Uptake of N, Pand K by the crop was enhanced by 50, 14 and 50 kg

ha . IsolateA10 was found best among all isolates in increasing NPK uptake.
-1

Yield (kg ha
-1

) Total nutrient uptake by crop (kg ha
-1

)

Grain Straw N P K

Mean of 17 isolates 4827 6856 119 49 109

Range 4067-5095 5984-7012 96-143 41-59 94-127
FUI 3961 5878 69 35 77

UFUI 2822 4739 47 25 59

LSD (p=0.05) 916 916 34.40 9.66 19.21

CV% 12.4 8.7 19.2 13.0 11.5

Chickpea

In rabi 2014-15 (Fig 11), the best consortium of Rhizobia and PGPR ( and PGPR)

+Actinomycetes A (A10) + Actinomycetes B (A17) along with recommended dose of NPK gave

maximum response over FUI in terms of nodulation; grain and straw yield which increased by 77%

and 125% respectively (Table 13).

Rhizobium

Table 13. Effect of liquid formulation based consortia on Chickpea yield and NPK uptake in

Vertisol

Treatment Nodulation plant
-1

Yield (kg ha-1) (kg ha-1)Total nutrient uptake by crop

No. DW (mg) Grain Straw N P K

F+Act. A 15 37 861 1141 35 5.3 13.9

F+Act. B 13 35 833 1247 36 5.6 14.3

F+Act. A + Act. B 17 34 1011 1671 49 7.6 18.5

F+CRP 14 30 911 1475 41 6.8 17.2

F+CRP + Act. A 14 51 1261 2098 64 10.2 24.3

F+CRP + Act. B 15 55 1317 2374 71 11.0 27.0

F+CRP + Act. A+Act. B 18 55 1400 2477 79 12.6 28.8

FUI 13 29 789 1103 32 4.6 12.6

UFUI 12 26 661 1068 27 3.9 10.6

LSD (p=0.05) 6.0 2 422 218 17 3.2 4.6

CV (%) 25.1 33.2 25.5 8.1 21.1 25.5 14.9

Table 14. Effect of liquid formulation based consortia on soybean yield and NPK uptake in

Vertisol
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Soybean

In kharif 2015, the best consortium of Rhizobia and PGPR ( and PGPR)

+Actinomycetes A (A10) + Actinomycetes B (A17) along with recommended dose of NPK gave

maximum response over FUI in terms of nodulation (nodule mass increased by 54%) and grain

yield (+23%) and NPK uptake (Table 14).

Rhizobium

1.12. Diversity of Arthrobacter in Vertisols and testing on field crops (IISS, JNKVV)

Table 15. Microbial abundance (CFU – SEm) in the rhizospheric samples of different

sampling sites

spp. are major representatives of the cultural fraction of soil bacteria. To explore them

for providing better ecosystem services as well as for use as inoculants in agriculture they were

isolated from various soils (Fig 12) under different cropping systems at peak vegetative stage in

kharif and rabi season. were enumerated on medium with addition of

methyl red (150 µg ml ), NaCl (2%) and cycloheximide (0.01%). Data in Table 15 shows the

numbers of various microbial groups in rabi season.

Arthrobacter

Arthrobacter Arthrobacter
-1

Site Bacteria

(×10
6
)

Fungi

(× 10
3
)

Actinomycetes

(×10
6
)

Arthrobacter

(×10
5
)

Geelakhedi 28.0 – 4.4 5.7 – 2.1 17.1 – 0.5 0.77 – 0.2

Jabalpur 43.7 – 3.8 16.3 – 4.9 21.2 – 7.2 22.0 – 2.8

Chhindwara 20.3 – 3.1 9.7 – 1.5 17.8 – 2.3 1.2 – 0.5
Bhopal 27.3 – 3.8 5 – 3.5 25.0 – 3.7 29.7 – 2.3

Based on colony morphology, growth rate, pigmentation, polysaccharide production etc., diversity

of isolates (Fig 12) followed the trend of Chickpea (Jabalpur) Chickpea (Bhopal) >

maize (Chhindwara) > soybean (Geelakhedi) soybean (Bhopal) > Wheat (Chhindwara) = Wheat

(Geelakhedi) > Rice (Jabalpur) (50, 50, 30, 20, 20, 12, 12 and 5 morpho-types respectively). Atotal

of 200 isolates were screened for growth promotion of maize seedlings and PGPR characteristics

like indole acetic acid production, siderophore production and phosphate solubilization. The

characteristics of 13 effective strains and one ineffective strain are listed in Table 16 below. These

fourteen strains have been shortlisted for sequencing of 16S rRNAgene.

Arthrobacter >

>

Fig 12. Cultural diversity of spp. in different cropping system. A- Maize (Chhindwara), B-

Soybean (Geelakhedi), C- Soybean (Bhopal), D- Rice (Jabalpur).

Arthrobacter

Table  16. PGPR attributes of 14 strainsArthrobacter

Rhizosphere Place pH

Organic

Carbon
(%)

PGPR Attributes

PO4

solubil
ization

Siderop

hore
product

ion

IAA
(µg/ml)

Vigor
index

% Increase

of vigor
index

AR1 Chickpea Bhopal 7.5 0.59 ++ ++ 10.1 4700 51.6

AR2 Soybean Geelakhedi,
Rajgarh

7.5 0.81 - +++ 11.8 4730 52.3

AR3 Chickpea Jabalpur 5.6 0.94 + + 0.4 5230 68.7

AR4 Soybean Geelakhedi,
Rajgarh

7.5 0.81 - - 10.6 5940 91.6

AR5 Soybean Bhopal 7.4 0.59 - +++ 1.7 5490 77.1

AR6 Soybean Bhopal 7.4 0.59 - - 7.8 5740 85.2
AR7 Wheat Chhindwara 7.1 0.86 - + 4.7 5540 78.7

AR8 Wheat Geelakhedi,

Rajgarh

8.0 0.85 - ++ 3.7 5440 75.5

AR9 Maize Chhindwara 7.7 0.76 - - 5.9 5481 76.8

AR10 Rice Jabalpur 6.6 1.21 - - 2.0 4650 50.0

AR11 Chickpea Bhopal 7.5 0.59 - - 0.6 4710 51.9
AR12 Soybean Bhopal 7.4 0.59 - NA NA 1140 -63.2

AR13 Soybean Geelakhedi,

Rajgarh

7.5 0.81 - - 1.6 4740 52.9

AR14 Soybean Bhopal 7.4 0.59 - - 6.5 5880 89.7
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Fig 13. Effect of co-inoculation (PGPR andAMF consortia) and chemical fertilizers (75% RDF) on growth
of sweet cherry
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Evaluation of Liquid formulations of

Table 17. Effect of inoculation on yield and nutrient uptake by rice in Vertisol

Arthrobacter

Arthrobacter

Thirteen isolates of liquid based formulations of IISS, Bhopal were tested on rice,

maize and soybean in Vertisols during kharif 2015 at JNKVV, Jabalpur. Two controls fertilized

uninoculated control (FUI) and unfertilized uninoculated controls (UFUI) were also included.

All the isolates of increased the grain yield of rice over FUI (Table 17); the isolates

AR6, AR8 and AR10 gave 28, 27 and 26% higher grain yield. All isolates improved N, P and K

uptake. Five isolates -AR6,AR8,AR10,AR5 andAR1 gave higher nutrient uptake.

Arthrobacter

viz.,

Arthrobacter

Yield (kg ha
-1

) Total uptake of nutrient by crop (kg ha
-1

)

Grain Straw N P K

Range of 13

isolates
4067-5151 4704-6284 96-140 24-38 60-89

Mean 4650 5582 119 32 75

FUI 4000 4805 93 23 59

UFUI 3833 4582 82 22 50
LSD (p=0.05) 971 1434 28 9 22

CV% 12.9 15.9 15.1 17.2 18.5

All isolates increased the grain yield of maize (Table 18) but only AR3, AR4, AR6,

AR7, AR10, AR11 and AR12 were found significantly better giving about 32% yield increase.

Most isolates increased total uptake of N, P and K. Most significant results were obtained with

AR10,AR3 andAR12 which gave increased NPK uptake averaging 40% over the respective FUI.

Arthrobacter

Table 18. Effect of inoculation on yield and nutrient uptake by maize in VertisolArthrobacter

Isolate No. Yield (kg ha
-1

) Total uptake of nutrient by crop (kg ha
-1

)

Grain Stover N P K

Range of 13

isolates

2116-

3043

7923-

10991

108-156 30-45 81-121

Mean 2500 9712 132 38 102

FUI 2108 8943 111 31 88
UFUI 1211 4722 58 15 46

LSD
(p=0.05)

229 1622 20 4 16

CV% 5.8 10.5 9.4 7.6 10.2

In soybean, most of the strains could not increase nodule number or nodule mass significantly.

Three isolates of AR2, AR4 and AR7 gave significant increase soybean grain yield by 27, 26 and

24%, respectively over FUI (1301 kg ha ). All isolates of increased total NPK uptake

(Table 19), of these AR2, AR4 and AR7 significantly increased nutrient uptake by the crop, N

uptake by 35-70%, Puptake by 18% and K uptake by 40-45% over FUI.

-1
Arthrobacter

Table 19. Effect of inoculation on nodulation, yield and nutrient uptake by

soybean in Vertisol

Arthrobacter

Nodulation plant
-1

Yield (kg ha
-1
)

Total uptake of nutrient

by crop (kg ha
-1

)

No. Dry wt.(g) Grain Straw N P K

Range of 13

isolates
19-28 0-17-0.22 1301-1658 5234-6842 193-286 12-19 81-142

Mean 22 0.20 1461 5967 220 14 109

FUI 21 0.17 1301 5211 165 11 87
UFUI 17 0.14 1012 3787 107 7 47
LSD (p=0.05) 6 0.06 236 1694 46 4 29

CV% 17.1 18.8 10 17.7 13.3 17.3 17.2

1.13. Development of biofertilizer technologies for temperate fruits, vegetables and medicinal

plants (YSPUHF)

Sweet Cherry

Table 20. Effect of co-inoculation of PGPR and AMF consortia on growth of sweet cherry at

six months

An improved method of raising nursery plantlets in nethouse consisting of conjoint application of

PGPR ( spp.) andAMF consortia (AMF-II+P7) at 75 % NPshowed a significant increase in

shoot and root length and total biomass production over conventional method (Table 20 and Fig 13).

Bacillus

Treatments
Shoot Length (cm) Root Length (cm) Plant biomass (g/plant)

Uninoculated 44.8 19.7 23.6

100 % RDF 52.6 25.3 33.6

75% NP + Bacillus spp. 60.6 32.7 48.7

75% P + AMF II 58.5 35.8 46.7

75% NP + Bacillus spp.

+ AMF II
83.4 39.1 62.5

LSD (p = 0.05) 4.2 2.7 0.7



Fig 13. Effect of co-inoculation (PGPR andAMF consortia) and chemical fertilizers (75% RDF) on growth
of sweet cherry
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Evaluation of Liquid formulations of

Table 17. Effect of inoculation on yield and nutrient uptake by rice in Vertisol

Arthrobacter

Arthrobacter
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Arthrobacter

viz.,

Arthrobacter

Yield (kg ha
-1

) Total uptake of nutrient by crop (kg ha
-1

)

Grain Straw N P K

Range of 13

isolates
4067-5151 4704-6284 96-140 24-38 60-89

Mean 4650 5582 119 32 75

FUI 4000 4805 93 23 59

UFUI 3833 4582 82 22 50
LSD (p=0.05) 971 1434 28 9 22

CV% 12.9 15.9 15.1 17.2 18.5

All isolates increased the grain yield of maize (Table 18) but only AR3, AR4, AR6,
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Arthrobacter

Table 18. Effect of inoculation on yield and nutrient uptake by maize in VertisolArthrobacter

Isolate No. Yield (kg ha
-1

) Total uptake of nutrient by crop (kg ha
-1

)

Grain Stover N P K

Range of 13

isolates

2116-

3043

7923-

10991

108-156 30-45 81-121

Mean 2500 9712 132 38 102

FUI 2108 8943 111 31 88
UFUI 1211 4722 58 15 46

LSD
(p=0.05)

229 1622 20 4 16

CV% 5.8 10.5 9.4 7.6 10.2

In soybean, most of the strains could not increase nodule number or nodule mass significantly.

Three isolates of AR2, AR4 and AR7 gave significant increase soybean grain yield by 27, 26 and

24%, respectively over FUI (1301 kg ha ). All isolates of increased total NPK uptake
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uptake by 35-70%, Puptake by 18% and K uptake by 40-45% over FUI.

-1
Arthrobacter
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soybean in Vertisol
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Nodulation plant
-1

Yield (kg ha
-1
)
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by crop (kg ha
-1

)

No. Dry wt.(g) Grain Straw N P K

Range of 13

isolates
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An improved method of raising nursery plantlets in nethouse consisting of conjoint application of

PGPR ( spp.) andAMF consortia (AMF-II+P7) at 75 % NPshowed a significant increase in

shoot and root length and total biomass production over conventional method (Table 20 and Fig 13).
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LSD (p = 0.05) 4.2 2.7 0.7



Apple

The effect of inoculation (by drenching of apple plant basin with one litre of

liquid formulation diluted to five liters) was demonstrated in the fields at three different locations of

Shimla district (Fig 15). Increased yields of apple ranging from 30 to 50% were obtained at all the

five locations over uninoculated control (Table 22).

Bacillus licheniformis

Isolation of spp.Frankia

Root nodules of and collected from Solan (Kunihar, Nalagarh

and Nauni) and Kullu (Patlikuhl, Manali and Bajaura) in H.P. were used for isolation of

spp. on different medium viz., DPM- Defined Propionate Minimal Medium, Qmod Agar medium,

BAP medium and solid P medium. After incubation for 3-4 weeks, 24 isolates showing typical

starfish shape colonies and no turbidity in liquid medium (Fig 16) were purified and screened for

growth on N-free medium. All the isolates were positive for P-solubilization and nitrogen fixation

but only five isolates showed HCN production (Fig 17).

Casuarina equisetifolia Alnus nitida

Frankia

Fig 16. Culture plate of on DPM medium (Left); Morphology of after staining with trypan
blue in lactophenol (Middle); Growth in liquid medium (Right).

Frankia Frankia

26 27

Tomato

Six indigenous isolates of spp. with multipurpose PGP traits were screened under field

conditions. The isolate T1 gave highest increase in plant biomass (100%), fruit number

(55%) and fruit yield (70 %) over uninoculated control (Fig 14).

Bacillus

B. subtilis

Fig 14. Increase in plant growth parameters and tomato yield over uninoculated control.

Capsicum

Table 21. Effect of inoculating PGPR on the growth and yield of capsicum in field

The application of indigenous PGPR and chemical fertilizers gave significant increases in plant

biomass and fruit yield. At 80% RDF application, and

gave 18-19 Mg fruit yield ha . Overall the isolates gave about 30% increase in fruit

yield over 100% RDF besides saving of 20% N and Pchemical fertilizers (Table 21).

Bacillus amyloliquefaciens Pseudomonas

aeruginosa
-1

Seabuckthorn ( )Hippophae rhamnoides

A total of 106 P-solubilizing isolates were obtained from two locations from Lahaul & Spiti district

of Himachal Pradesh of which fourteen bacterial isolates were selected for further testing based on

P-solubilization, siderophore production and IAAproduction.

Treatment
Plant height

(cm)

Plant biomass

(kg ha
-1

)

Number of

fruits (plant
-1

)

Yield/plant

(t ha
-1

)

100% RDF 66.0 2864.8 8.4 12.6

80% RDF 58.3 2411.6 6.6 9.5

80% RDF + Pseudomonas
aeruginosa

68.4 3266.4 9.5 18.1

80% RDF + Bacillus
amyloliquefaciens

70.2 3427.7 9.8 19.1

80% RDF + Bacillus spp. 62.5 3067.7 8.7 15.3

80% RDF + Bacillus spp. 63.4 3028.7 8.5 14.8
80% RD + Bacillus spp.

- Ref. strain

65.8 3036.4 8.3 14.2

LSD  (p = 0.05) 3.8 264.3 0.6 2.1
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Fig 15. An overview of Apple orchards inoculated with Bacillus licheniformis.

Table 22.Effect of inoculating on growth and yield of apple at different

locations (2015-16) in farmers’ fields

Bacillus licheniformis

Treatments Apple yield (kg tree
-1

)

Matiana (Sabloab) Thanedar (Shatla) Kotkhai (Kyari)

Uninoculated Control 85 60 59

Bacillus licheniformis 112 (33) 90 (50) 84 (43)

*Figures in parenthesis are percent increase over control



Apple

The effect of inoculation (by drenching of apple plant basin with one litre of

liquid formulation diluted to five liters) was demonstrated in the fields at three different locations of

Shimla district (Fig 15). Increased yields of apple ranging from 30 to 50% were obtained at all the

five locations over uninoculated control (Table 22).

Bacillus licheniformis

Isolation of spp.Frankia

Root nodules of and collected from Solan (Kunihar, Nalagarh

and Nauni) and Kullu (Patlikuhl, Manali and Bajaura) in H.P. were used for isolation of

spp. on different medium viz., DPM- Defined Propionate Minimal Medium, Qmod Agar medium,

BAP medium and solid P medium. After incubation for 3-4 weeks, 24 isolates showing typical

starfish shape colonies and no turbidity in liquid medium (Fig 16) were purified and screened for

growth on N-free medium. All the isolates were positive for P-solubilization and nitrogen fixation

but only five isolates showed HCN production (Fig 17).

Casuarina equisetifolia Alnus nitida

Frankia

Fig 16. Culture plate of on DPM medium (Left); Morphology of after staining with trypan
blue in lactophenol (Middle); Growth in liquid medium (Right).

Frankia Frankia

26 27

Tomato

Six indigenous isolates of spp. with multipurpose PGP traits were screened under field

conditions. The isolate T1 gave highest increase in plant biomass (100%), fruit number

(55%) and fruit yield (70 %) over uninoculated control (Fig 14).

Bacillus

B. subtilis

Fig 14. Increase in plant growth parameters and tomato yield over uninoculated control.

Capsicum

Table 21. Effect of inoculating PGPR on the growth and yield of capsicum in field

The application of indigenous PGPR and chemical fertilizers gave significant increases in plant

biomass and fruit yield. At 80% RDF application, and

gave 18-19 Mg fruit yield ha . Overall the isolates gave about 30% increase in fruit

yield over 100% RDF besides saving of 20% N and Pchemical fertilizers (Table 21).

Bacillus amyloliquefaciens Pseudomonas

aeruginosa
-1

Seabuckthorn ( )Hippophae rhamnoides

A total of 106 P-solubilizing isolates were obtained from two locations from Lahaul & Spiti district

of Himachal Pradesh of which fourteen bacterial isolates were selected for further testing based on

P-solubilization, siderophore production and IAAproduction.

Treatment
Plant height

(cm)

Plant biomass

(kg ha
-1

)

Number of

fruits (plant
-1

)

Yield/plant

(t ha
-1

)

100% RDF 66.0 2864.8 8.4 12.6

80% RDF 58.3 2411.6 6.6 9.5

80% RDF + Pseudomonas
aeruginosa

68.4 3266.4 9.5 18.1

80% RDF + Bacillus
amyloliquefaciens

70.2 3427.7 9.8 19.1

80% RDF + Bacillus spp. 62.5 3067.7 8.7 15.3

80% RDF + Bacillus spp. 63.4 3028.7 8.5 14.8
80% RD + Bacillus spp.

- Ref. strain

65.8 3036.4 8.3 14.2

LSD  (p = 0.05) 3.8 264.3 0.6 2.1

0

20

40

60

80

100

120

CKTR

B.

licheniformis

CKA1

B. safensis

A10

B. pumilus

MK5 PM9

In
c

re
a

s
e

 o
v

e
r

c
o

n
tr

o
l
(%

)

Root length Shoot length Fruit yield

Fig 15. An overview of Apple orchards inoculated with Bacillus licheniformis.

Table 22.Effect of inoculating on growth and yield of apple at different

locations (2015-16) in farmers’ fields

Bacillus licheniformis

Treatments Apple yield (kg tree
-1

)

Matiana (Sabloab) Thanedar (Shatla) Kotkhai (Kyari)

Uninoculated Control 85 60 59

Bacillus licheniformis 112 (33) 90 (50) 84 (43)

*Figures in parenthesis are percent increase over control
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Fig 17.
.

Screening of for Plant growth promoting traits: P-solubilization; Nitrogen fixation and
HCN production

Frankia

1.14. Biofertilizers for Tropical Vegetables inAcid Soils (OUAT)

Long term Biofertilization Experiment

Table 23. Nutrients added (kg ha ) to five different crops grown in sequence

In a long term experiment on using biofertilizers in acid alfisols started during 2010, green

gram, maize, cabbage, cowpea and ragi were grown in sequence (11th to 15th crop) in fixed plots

with 10 treatments of fertilizers applied (Table 23) as per soil test dose (STD), FYM,

Vermicompost, Lime, and Biofertilizers. The residues of each crop (after harvest of economic

produce) were incorporated . The source of organics was FYM or VC, applied @ 5 and 2.5 t

ha respectively. The biofertilizers for pulses (or pulse- vegetable) was applied as seed

inoculation and for cereals and vegetables were diazotrophs ( and

phosphorus solubilizing microorganisms (PSM) applied in 1:1:1 ratio @ 4 kg each ha inoculated

to pre-limed (5 %) vermicompost or FYM in 1:25 ratio, incubated for 7 days at 30 per cent moisture,

applied on the day of sowing or planting of crops. Lime was applied as paper mill sludge @ 0.1 LR

for maize and ragi and @ 0.2 LR for green gram, cowpea and cabbage at the time of sowing of seeds

in the rhizosphere and one day before planting of cabbage seedlings

kharif

in situ

Rhizobium

Azotobacter, Azospirillum

-1

-1

-1

.

Crop

Inorganic Organic (FYM/VC) Total

N P K S N P K S N P K S

Green gram 20 13 30 20 20 10 15 7 40 23 45 27

Maize 150 22 60 33 25 12 20 7 175 34 80 40

Cabbage 156 18 40 20 25 12 20 7 185 30 60 27
Cowpea 40 18 40 20 25 12 20 7 65 30 60 27

Ragi 52 15 32 10 15 7.5 11 4.5 67 22.5 43 14.5

There was less production of economic produce with fertilizers alone as compared to STD +

Organics which followed the order: ragi (10 %) < maize (13 %) < green gram (33 %) < cabbage (55

%) < cowpea (59 %). Integrating BFs application with STD + organics increased the economic

produces ranging from 10 to 14 per cent. Ameliorating acid soils with lime application further

increased the produce/yield ranging from 20-27 % (Table 24).

Table 24. Productivity of crops (Mg ha ) under the influence of long term INM with

Biofertilizers

-1

INM practices Green gram Maize Cabbage Cowpea Ragi

Absolute control 0.32 1.60 1.30 0.11 1.14

BFs 0.42 2.90 1.70 0.12 1.37

Half STD + BF 0.54 5.83 5.40 0.18 1.79

STD 0.54(-33) 5.47(-13) 18.60(-57) 0.26(-59) 2.16(-10)

STD + organics 0.80 6.30 43.5 0.63 2.40

STD +Organics + BF 0.89(12) 7.00(11) 48.1(11) 0.72(14) 2.64(10)

STD +Organics + L + BF 0.96(20) 7.60(20) 52.6(21) 0.80(27) 2.88(20)

LSD (p=0.05) 0.037 0.30 1.8 0.03 0.12

*Data in the parenthesis indicate per cent decrease or increase compared over STD + organics

The crops generated biomass ranging from 2 Mg ha to 47 Mg ha (Table 25). Omitting organics

addition with STD as package of practice resulted in loss of biomass in all crops except for ragi.

However, integration of BFs with lime significantly increased biomass.

-1 -1

Table 25. Crop residue generated and incorporated under the influence of long term INM

practice with Biofertilizers

INM practices
Crop residues (Mg ha

-1
)

Green gram Maize Cabbage Cowpea Ragi

Absolute control 2.07 2.10 8.2 13.8 2.91

BFs 2.58 2.14 11.1 14.8 2.72

Half STD + BF 2.81 8.35 12.5 17.3 2.88
STD 1.64(-34) 4.24(-21) 13.3(-52) 26.5(-32) 3.73(2)

STD + organics 2.47 5.35 27.8 39.0 3.65

STD +Organics + BF 2.58(5) 5.55(4) 29.1(5) 42.8(10) 3.86(6)

STD +Organics + L + BF 2.66(8) 6.51(22) 30.1(8) 46.8(20) 4.00(10)

LSD (p=0.05) 0.19 0.75 2.4 3.4 0.38

The residue recycling of five crops resulted in nutrient cycling (total of five crops) of N ranging

from 20 to 60 kg ha , P from 5.2 to 16.5 kg ha , K from 21 to 55 kg ha and S from 2.4 to 8.7 kg ha

per crop (Table 26).

-1 -1 -1 -1

Table 26. Nutrients recycled (average per crop) due to incorporation of crop residues

INM practices
Nutrients cycled (average) per crop (kg ha

-1
)

N P K S Ca Mg

Absolute control 20 5.2 21 2.4 18.9 7.5

BFs 28 5.9 27 3.7 21.5 10.3

Half STD + BF 36 7.8 34 4.4 27.0 12.3

STD 39 9.3 32 4.7 27.0 12.0

STD + organics 54 13.5 45 6.7 41.0 16.4

STD +Organics + BF 57 15.2 49 7.4 45.0 17.6

STD +Organics + L + BF 60 16.5 55 8.7 48.0 19.6

LSD (P=0.05) 7 1.0 5 0.8 4.3 1.7
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Table 23. Nutrients added (kg ha ) to five different crops grown in sequence
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with 10 treatments of fertilizers applied (Table 23) as per soil test dose (STD), FYM,

Vermicompost, Lime, and Biofertilizers. The residues of each crop (after harvest of economic

produce) were incorporated . The source of organics was FYM or VC, applied @ 5 and 2.5 t
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phosphorus solubilizing microorganisms (PSM) applied in 1:1:1 ratio @ 4 kg each ha inoculated

to pre-limed (5 %) vermicompost or FYM in 1:25 ratio, incubated for 7 days at 30 per cent moisture,

applied on the day of sowing or planting of crops. Lime was applied as paper mill sludge @ 0.1 LR

for maize and ragi and @ 0.2 LR for green gram, cowpea and cabbage at the time of sowing of seeds

in the rhizosphere and one day before planting of cabbage seedlings
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.
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Organics which followed the order: ragi (10 %) < maize (13 %) < green gram (33 %) < cabbage (55

%) < cowpea (59 %). Integrating BFs application with STD + organics increased the economic

produces ranging from 10 to 14 per cent. Ameliorating acid soils with lime application further

increased the produce/yield ranging from 20-27 % (Table 24).
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The crops generated biomass ranging from 2 Mg ha to 47 Mg ha (Table 25). Omitting organics

addition with STD as package of practice resulted in loss of biomass in all crops except for ragi.

However, integration of BFs with lime significantly increased biomass.
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Table 25. Crop residue generated and incorporated under the influence of long term INM

practice with Biofertilizers

INM practices
Crop residues (Mg ha
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Green gram Maize Cabbage Cowpea Ragi
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The residue recycling of five crops resulted in nutrient cycling (total of five crops) of N ranging

from 20 to 60 kg ha , P from 5.2 to 16.5 kg ha , K from 21 to 55 kg ha and S from 2.4 to 8.7 kg ha

per crop (Table 26).
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Table 26. Nutrients recycled (average per crop) due to incorporation of crop residues

INM practices
Nutrients cycled (average) per crop (kg ha

-1
)

N P K S Ca Mg

Absolute control 20 5.2 21 2.4 18.9 7.5

BFs 28 5.9 27 3.7 21.5 10.3

Half STD + BF 36 7.8 34 4.4 27.0 12.3

STD 39 9.3 32 4.7 27.0 12.0

STD + organics 54 13.5 45 6.7 41.0 16.4

STD +Organics + BF 57 15.2 49 7.4 45.0 17.6
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Integrated management of nutrients in five different crops resulted in recovery on an average for N,

P, K and S from 28 to 67 per cent, 19 to 49 per cent, 49 to 107 per cent and 13.8 to 39.2 per cent

respectively. Combining organics with STD had more influence on recovery of nutrients than BFs

and soil amelioration measures. However, combination of three (organics, BFs and liming) had

significant influence on recovery of added nutrients (Fig 18).
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Fig 18. Apparent nutrient recoveries under the influence of different long term INM practices.

Initial soil reaction (pH) was 5.14. Except in absolute control and STD + organics + lime + BFs

treated soils, the pH decreased drastically in STD. In absolute control the pH remained in the range

of 5.05 to 5.25. In limed treatment the soil pH increased and ranged from 5.37 to 5.95 (Fig 19)
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The initial organic carbon content was 2.7 kg soil. Irrespective of the INM practices, the organic

carbon content in soil increased, maximum being in STD + organics + Lime + BF treatment

(ranging from 5.7 to 6.2 g kg ) (Fig 20).

-1

-1

Fig 20. Change in organic carbon status over the years of different INM practices.

The monetary advantage generated out of four inputs like fertilizers (STD), organics (FYM/VC),

BFs and lime for each crop indicated that for crops like cabbage and green gram, the organics

contributed more than fertilizers (Table 27). The BFs component was third important contributor

for economic benefits except for ragi where it was contributing only Rs.4200 ha .
-1

Table 27. Monetary advantages generated out of inputs used in different crops under the

influence of INM practices using BFs

Inputs
Monetary advantage generated (Rs. ha

-1
)

Green gram Maize Cabbage Cowpea Ragi

Fertilizers (STD) 10800 50310 84500 14500 31200

Organics 13000 9360 124500 11000 6600

BFs 3750 9360 23000 1500 4200

Lime 2700 8190 22500 900 10200

Encapsulation of green gram seed with lime in acid soil

Table 28. Influence of lime coating of green gram seed on yield and nutrient recovery in acid

soil

Field experiment on encapsulation of green gram seed with lime using gum acacia or sago as sticker

brought significant increase in seed yield by 17 and 28 per cent respectively over the seed yield of

674 kg ha due to side dressing with lime @ 02 LR. Such a practice increased nodular N, extra N

gain and apparent recovery of P, K and S considerably (Table 28).
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Treatments
Seed

yield

(kg ha
-1

)

Nodular
N (%)

Extra N

gain

(kg ha
-1

)

APR
(%)

AKR
(%)

ASR
(%)

STD + FYM+ lime (soil) + Rhizobium (R) 674 2.13 26 26 32 7

STD + FYM+ lime (seed) + Rhizobium (R) 787 2.39 35 44 52 10

R + Lime (seed) + FYM + STD 866 2.59 48 52 69 11

LSD (p = 0.05) 100 0.21 - - - -

1.15. Native diazotrophs for spices (KAU, Thrissur)

Novel nitrogen fixing bacteria obtained from the rhizosphere of black pepper from Wayanad-

and were evaluated at four locations on black pepper (Fig 21) and

ginger along with (reference culture of KAU). Farmer’s practice (FP)

served as control. Biofertilizers were applied as soil application or mixed with FYM/ compost in

August-September. Application of all the biofertilizers gave significantly higher number of lateral

shoots and spikes per unit area as also spike length (except ) in black pepper. However

there was no significant difference in number of berries per spike, pedicel length, per plant yield,

1000 berry weight and 1000 berry volume due to application of biofertilizers. All the bio-fertilizers

were superior to control (FP) with respect to plant growth parameters like number of tillers and

plant height in ginger but not the number of leaves.

Microbacterium Paenibacillus

Azospirillum lipoferum

Azospirillum
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Integrated management of nutrients in five different crops resulted in recovery on an average for N,

P, K and S from 28 to 67 per cent, 19 to 49 per cent, 49 to 107 per cent and 13.8 to 39.2 per cent

respectively. Combining organics with STD had more influence on recovery of nutrients than BFs

and soil amelioration measures. However, combination of three (organics, BFs and liming) had

significant influence on recovery of added nutrients (Fig 18).
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Fig 18. Apparent nutrient recoveries under the influence of different long term INM practices.

Initial soil reaction (pH) was 5.14. Except in absolute control and STD + organics + lime + BFs

treated soils, the pH decreased drastically in STD. In absolute control the pH remained in the range

of 5.05 to 5.25. In limed treatment the soil pH increased and ranged from 5.37 to 5.95 (Fig 19)
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The initial organic carbon content was 2.7 kg soil. Irrespective of the INM practices, the organic

carbon content in soil increased, maximum being in STD + organics + Lime + BF treatment

(ranging from 5.7 to 6.2 g kg ) (Fig 20).
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Fig 20. Change in organic carbon status over the years of different INM practices.

The monetary advantage generated out of four inputs like fertilizers (STD), organics (FYM/VC),

BFs and lime for each crop indicated that for crops like cabbage and green gram, the organics

contributed more than fertilizers (Table 27). The BFs component was third important contributor

for economic benefits except for ragi where it was contributing only Rs.4200 ha .
-1

Table 27. Monetary advantages generated out of inputs used in different crops under the

influence of INM practices using BFs

Inputs
Monetary advantage generated (Rs. ha

-1
)

Green gram Maize Cabbage Cowpea Ragi

Fertilizers (STD) 10800 50310 84500 14500 31200

Organics 13000 9360 124500 11000 6600

BFs 3750 9360 23000 1500 4200

Lime 2700 8190 22500 900 10200

Encapsulation of green gram seed with lime in acid soil

Table 28. Influence of lime coating of green gram seed on yield and nutrient recovery in acid

soil

Field experiment on encapsulation of green gram seed with lime using gum acacia or sago as sticker

brought significant increase in seed yield by 17 and 28 per cent respectively over the seed yield of

674 kg ha due to side dressing with lime @ 02 LR. Such a practice increased nodular N, extra N

gain and apparent recovery of P, K and S considerably (Table 28).
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1.15. Native diazotrophs for spices (KAU, Thrissur)

Novel nitrogen fixing bacteria obtained from the rhizosphere of black pepper from Wayanad-

and were evaluated at four locations on black pepper (Fig 21) and

ginger along with (reference culture of KAU). Farmer’s practice (FP)

served as control. Biofertilizers were applied as soil application or mixed with FYM/ compost in

August-September. Application of all the biofertilizers gave significantly higher number of lateral

shoots and spikes per unit area as also spike length (except ) in black pepper. However

there was no significant difference in number of berries per spike, pedicel length, per plant yield,

1000 berry weight and 1000 berry volume due to application of biofertilizers. All the bio-fertilizers

were superior to control (FP) with respect to plant growth parameters like number of tillers and

plant height in ginger but not the number of leaves.
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1.16. Development of Biofertilizers for Fibre Crops (AAU)

The application of biofertilizer consortia ( , and PSB) as component of

INM for three years in Jute resulted the higher yield of fibre (Table 30). The pooled analysis of three

years result showed that INM treatment consisted of 50% NP(15 and 13 kg ha ) and 100% K (25kg

ha ) with biofertilizer consortia ( , and PSB) as seed treatment produced

highest (2760 kg ha ) fibre yield which was comparable with the 100% chemical fertilizers (2660

kg ha ) (Fig 23, Table 30). In the experiment it was observed that reduction of N&P fertilizer to

50% could significantly improve the soil enzyme activity.

Azospirillum Azotobacter

Azospirillum Azotobacter
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Fig 21. Field evaluation of novel nitrogen fixing biofertilizers on black pepper in Wayanad.

Rhizosphere soil samples were collected from different crops including cowpea, arecanut, chilli and

black pepper from Wayanad area in Kerala. A total of 4 isolates of 12 isolates of

(Fig 22) and 8 of were obtained

Azospirillum,

Azotobacter Rhizobium .

Fig 22. Azotobacter from Wayanad (a) pigment production on Ashby’s agar, (b) older cells forming cysts.

Of the 8 cowpea nodule bacteria isolates, RH-2, RH-3, RH-5, RH-6 and RH-7 induced nodule

formation in cowpea seedlings. The 16S rRNAgene sequencing revealed that RH-3, RH-5 and RH-

7 belonged to genus (Table 29).Rhizobium

Table  29. Details of rhizobia isolated from Wayanad, Kerala

Isolate NCBI accessions showing maximum homology Identity

%Accession no. Name

RH-1 HM798684.1 Uncultured Rhizobiales clone 96

RH-3 EU794283.1 Uncultured Rhizobium sp. clone EMP N5 77

RH-5 KF870446.1 Rhizobium sp. LS-079 94
RH-6 KJ424423.1 Uncultured bacterium clone 10C1-66 95

RH-7 KF870446.1 Rhizobium sp.LS-079 95
RH-8 KJ424423.1 Uncultured bacterium clone 10C1-66 95

Fig 23. Jute crop showing favourable growth with bioinoculation in Assam.

Table 30. Fibre yield of jute under integrated nutrient management

Treatments Fibre yield

(kg ha
-1

)

MBC

(µg g
-1

)

FDA

( µg
fluorescein

g
-1

hr
-1

)

DHA

(µgTPF g
-1

24hr
-1
)

PHM

(µg p-
nitrophenol

g
-1

hr
-1

)

Absolute Control 2270 702 8.2 42.5 54.7

RD of NPK 2660 832 10.9 61.9 64.3

25% RD of with 100% K+

Biofertilizer consortia

2450 818 10.4 69.1 87.1

50% RD of NP with 100% K
+ Biofertilizer consortia

2760 830 11.4 81.1 93.2

Biofertilizer consortia 2710 812 10.5 60.5 78.5
LSD (p=0.05) 350 21 1.3 8.8 12

RD of NPK (30:25:25); MBC: Microbial biomass carbon; DHA: Dehydrogenase;
PHM: phosphomonoesterase; FDA: Fluorescein diacetate
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Functional diversity

Metabolic activity of soil microbes can also be identified by transcription and translation process.
Both organic and inorganic farm soil had more genes involved in transcription (RNA polymerase),
but the relative abundance was significantly more in organic farm soil (Fig 26). More number of
genes responsible for DNA repair and replication of Archeal DNA indicate that the pesticides and
fertilizers could cause damage to microbial DNA in inorganic soil. On the other hand, significantly
large number of genes for plasmid replication in organic farm soil is an indicative of highly active
bacteria.

Fig 26.Relative proportion of genes (%) involved in RNA metabolism in organic and inorganic soil.

Eubacterial diversity in soils amended with different organic manures

The soil bacterial diversity associated with rhizospheric soil of maize applied with different organic
fertilizers (FYM, Vermicompost, Poultry manure and Sheep manure) was investigated by PCR-
DGGE and compared with recommended dose of inorganic fertilizers (RDF) and no nutrient
control. The DGGE fingerprint data was converted to numerical value and the bacterial diversity
was calculated by Shannon diversity index.Among the organic farming components, FYM applied
soil showed highest bacterial diversity (2.35) which is similar to RDF (2.32) and no nutrient control
(2.22) (Fig 27). The bacterial diversity in soil applied with other components of organic farming
[Vermicompost (2.02), Poultry manure (2.02) and Sheep manure (2.07)] was similar but less than
RDF and no nutrient control (Fig 27).

Fig 27.Shannon diversity index of the bacterial species present in rhizospheric soil at various growth stages
of maize applied with organic manures/inorganic fertilizers.
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2. Impact Assessment of Soil Management Practices on Microbial Functions and Soil
Health using GenomicTools

(UAS)

Structural diversity

2.1. Analysis of structural and functional diversity of microorganisms in organic farming
practices

The dominant bacterial species, protein coding genes and their relative proportion in rhizosphere
soil of organically and inorganically grown (with agrochemicals) soybean (seven year old
experiment) was studied by whole metagenome shotgun sequencing. The DNAof rhizosphere soil
extracted at different growth stages of soybean was pooled at equimolar ratio and sequenced by
semiconductor sequencing technology of Ion Torrent personal genome platform. The Q20
sequence reads generated by Torrent server were phylogenetically and functionally classified by
M5NR and subsystem based classification (MG-RAST) respectively.The statistical significance in
the number of reads between organic and conventional soil was calculated by Fisher's exact test
using statistical analysis of metagenomic profile (STAMP). The relative proportion of

and are high in organic soil (Fig 24) while
are very high in inorganic soil.

Alpha-
proteobacteria Actinobacteria Gammaproteobacteria

Fig 24. Relative proportion (%) of bacterial phyla in rhizosphere soil of organic and inorganic soybean.

Values followed by ** are significantly more at p 0.01 by Fisher's exact test.!

Presence/absence of indicator species (beneficial/pathogenic) is another approach to define soil
health. Significantly large proportion of bacteria known for beneficial role were observed in
organic farm soil (Fig 25). The relative proportion of

and improved significantly in organic soils showing that
organic farming not only improves nutrient status of soil but also improves its capacity to protect
plants from pathogens.

Streptomyces, Rubrobacter, Pseudomonas
Rhodopseudomonas Methylobacterium

Fig 25.Relative proportion (%) of microbial genera in rhizosphere soil of organic and inorganic soybean.


