
See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/233286458

Drought-tolerant plant growth promoting Bacillus spp.: effect on growth,

osmolytes, and antioxidant status of maize under drought stress

Article  in  Journal of Plant Interactions · March 2011

DOI: 10.1080/17429145.2010.535178

CITATIONS

193
READS

1,201

5 authors, including:

Some of the authors of this publication are also working on these related projects:

Dryland Research View project

high temperature and drought stress tolerance in crop plants under rainfed situations in semi-arid tropics View project

Sandhya Vardharajula

Agri Biotech Foundation

8 PUBLICATIONS   620 CITATIONS   

SEE PROFILE

Ali Skz

ABF, Hyderabad

31 PUBLICATIONS   1,750 CITATIONS   

SEE PROFILE

Minakshi Grover

Indian Agricultural Research Institute, New Delhi, India

42 PUBLICATIONS   1,545 CITATIONS   

SEE PROFILE

Gopal Reddy

Osmania University

118 PUBLICATIONS   3,315 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Gopal Reddy on 20 April 2015.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/233286458_Drought-tolerant_plant_growth_promoting_Bacillus_spp_effect_on_growth_osmolytes_and_antioxidant_status_of_maize_under_drought_stress?enrichId=rgreq-31130e8c49c75d0910abb27179de8a42-XXX&enrichSource=Y292ZXJQYWdlOzIzMzI4NjQ1ODtBUzoyMjAxNjYxNjkzMzc4NTdAMTQyOTUwMzExMzc2MA%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/233286458_Drought-tolerant_plant_growth_promoting_Bacillus_spp_effect_on_growth_osmolytes_and_antioxidant_status_of_maize_under_drought_stress?enrichId=rgreq-31130e8c49c75d0910abb27179de8a42-XXX&enrichSource=Y292ZXJQYWdlOzIzMzI4NjQ1ODtBUzoyMjAxNjYxNjkzMzc4NTdAMTQyOTUwMzExMzc2MA%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Dryland-Research?enrichId=rgreq-31130e8c49c75d0910abb27179de8a42-XXX&enrichSource=Y292ZXJQYWdlOzIzMzI4NjQ1ODtBUzoyMjAxNjYxNjkzMzc4NTdAMTQyOTUwMzExMzc2MA%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/high-temperature-and-drought-stress-tolerance-in-crop-plants-under-rainfed-situations-in-semi-arid-tropics?enrichId=rgreq-31130e8c49c75d0910abb27179de8a42-XXX&enrichSource=Y292ZXJQYWdlOzIzMzI4NjQ1ODtBUzoyMjAxNjYxNjkzMzc4NTdAMTQyOTUwMzExMzc2MA%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-31130e8c49c75d0910abb27179de8a42-XXX&enrichSource=Y292ZXJQYWdlOzIzMzI4NjQ1ODtBUzoyMjAxNjYxNjkzMzc4NTdAMTQyOTUwMzExMzc2MA%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Sandhya_Vardharajula3?enrichId=rgreq-31130e8c49c75d0910abb27179de8a42-XXX&enrichSource=Y292ZXJQYWdlOzIzMzI4NjQ1ODtBUzoyMjAxNjYxNjkzMzc4NTdAMTQyOTUwMzExMzc2MA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Sandhya_Vardharajula3?enrichId=rgreq-31130e8c49c75d0910abb27179de8a42-XXX&enrichSource=Y292ZXJQYWdlOzIzMzI4NjQ1ODtBUzoyMjAxNjYxNjkzMzc4NTdAMTQyOTUwMzExMzc2MA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Agri_Biotech_Foundation?enrichId=rgreq-31130e8c49c75d0910abb27179de8a42-XXX&enrichSource=Y292ZXJQYWdlOzIzMzI4NjQ1ODtBUzoyMjAxNjYxNjkzMzc4NTdAMTQyOTUwMzExMzc2MA%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Sandhya_Vardharajula3?enrichId=rgreq-31130e8c49c75d0910abb27179de8a42-XXX&enrichSource=Y292ZXJQYWdlOzIzMzI4NjQ1ODtBUzoyMjAxNjYxNjkzMzc4NTdAMTQyOTUwMzExMzc2MA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ali_Skz?enrichId=rgreq-31130e8c49c75d0910abb27179de8a42-XXX&enrichSource=Y292ZXJQYWdlOzIzMzI4NjQ1ODtBUzoyMjAxNjYxNjkzMzc4NTdAMTQyOTUwMzExMzc2MA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ali_Skz?enrichId=rgreq-31130e8c49c75d0910abb27179de8a42-XXX&enrichSource=Y292ZXJQYWdlOzIzMzI4NjQ1ODtBUzoyMjAxNjYxNjkzMzc4NTdAMTQyOTUwMzExMzc2MA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ali_Skz?enrichId=rgreq-31130e8c49c75d0910abb27179de8a42-XXX&enrichSource=Y292ZXJQYWdlOzIzMzI4NjQ1ODtBUzoyMjAxNjYxNjkzMzc4NTdAMTQyOTUwMzExMzc2MA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Minakshi_Grover?enrichId=rgreq-31130e8c49c75d0910abb27179de8a42-XXX&enrichSource=Y292ZXJQYWdlOzIzMzI4NjQ1ODtBUzoyMjAxNjYxNjkzMzc4NTdAMTQyOTUwMzExMzc2MA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Minakshi_Grover?enrichId=rgreq-31130e8c49c75d0910abb27179de8a42-XXX&enrichSource=Y292ZXJQYWdlOzIzMzI4NjQ1ODtBUzoyMjAxNjYxNjkzMzc4NTdAMTQyOTUwMzExMzc2MA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Minakshi_Grover?enrichId=rgreq-31130e8c49c75d0910abb27179de8a42-XXX&enrichSource=Y292ZXJQYWdlOzIzMzI4NjQ1ODtBUzoyMjAxNjYxNjkzMzc4NTdAMTQyOTUwMzExMzc2MA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Gopal_Reddy4?enrichId=rgreq-31130e8c49c75d0910abb27179de8a42-XXX&enrichSource=Y292ZXJQYWdlOzIzMzI4NjQ1ODtBUzoyMjAxNjYxNjkzMzc4NTdAMTQyOTUwMzExMzc2MA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Gopal_Reddy4?enrichId=rgreq-31130e8c49c75d0910abb27179de8a42-XXX&enrichSource=Y292ZXJQYWdlOzIzMzI4NjQ1ODtBUzoyMjAxNjYxNjkzMzc4NTdAMTQyOTUwMzExMzc2MA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Osmania_University?enrichId=rgreq-31130e8c49c75d0910abb27179de8a42-XXX&enrichSource=Y292ZXJQYWdlOzIzMzI4NjQ1ODtBUzoyMjAxNjYxNjkzMzc4NTdAMTQyOTUwMzExMzc2MA%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Gopal_Reddy4?enrichId=rgreq-31130e8c49c75d0910abb27179de8a42-XXX&enrichSource=Y292ZXJQYWdlOzIzMzI4NjQ1ODtBUzoyMjAxNjYxNjkzMzc4NTdAMTQyOTUwMzExMzc2MA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Gopal_Reddy4?enrichId=rgreq-31130e8c49c75d0910abb27179de8a42-XXX&enrichSource=Y292ZXJQYWdlOzIzMzI4NjQ1ODtBUzoyMjAxNjYxNjkzMzc4NTdAMTQyOTUwMzExMzc2MA%3D%3D&el=1_x_10&_esc=publicationCoverPdf


1 23

Indian Journal of
Microbiology
The Official Publication of the
Association of Microbiologists
of India
 
ISSN 0046-8991
Volume 50
Number 4
 
Indian J Microbiol (2011)
50:419-424
DOI 10.1007/
s12088-011-0083-8

Biological Control of Chickpea Collar
Rot by Co-inoculation of Antagonistic
Bacteria and Compatible Rhizobia



1 23

Your article is protected by copyright and all

rights are held exclusively by Association

of Microbiologists of India. This e-offprint is

for personal use only and shall not be self-

archived in electronic repositories. If you

wish to self-archive your work, please use the

accepted author’s version for posting to your

own website or your institution’s repository.

You may further deposit the accepted author’s

version on a funder’s repository at a funder’s

request, provided it is not made publicly

available until 12 months after publication.



ORIGINAL ARTICLE

Biological Control of Chickpea Collar Rot by Co-inoculation
of Antagonistic Bacteria and Compatible Rhizobia

B. Hameeda • G. Harini • O. P. Rupela •

J. V. D. K. Kumar Rao • Gopal Reddy

Received: 30 December 2008 / Accepted: 19 June 2009 / Published online: 25 January 2011

� Association of Microbiologists of India 2011

Abstract Two hundred and seven bacteria were iso-

lated from composts and macrofauna and screened for

plant growth promoting and antagonistic traits. Seven of

the 207 isolates showed antagonistic activity against

Sclerotium rolfsii in plate culture. Inhibition of S. rolfsii

by the bacterial isolates ranged between 61 and 84%.

Two of the seven isolates were Bacillus sp. and rest

belonged to Pseudomonas sp. Two isolates, Pseudomo-

nas sp. CDB 35 and Pseudomonas sp. BWB 21 was

compatible with chickpea Rhizobium sp. IC 59 and IC 76

in plate culture conditions. Increase in plant biomass (dry

weight) ranged between 18 and 30% on application of

these bacteria by seed coating and seed priming methods.

However, by seed-priming there was an increase in plant

biomass by 5–7% compared to seed coating. Number of

nodules and the nodule weight was similar by both seed

coating and seed priming methods. Disease incidence

was reduced up to 47% in treatments where captan

(fungicide) or antagonistic Pseudomonas sp. CDB 35

was applied. Increase in shoot weight was 36% by seed

coating with Rhizobium sp. IC 59 and Pseudomonas sp.

CDB 35 when compared to captan application. Whereas

by seed priming with IC 59 and CDB 35 increased shoot

weight by 3 and 39% increase in nodulation was

observed.

Keywords Seed priming � Rhizobium � Antagonistic

bacteria � Pseudomonas � Sclerotium rolfsii

Chickpea (Cicer arietinum L.) is an important legume crop

in the semi arid tropical countries and its production is

second to cereals. Among the biotic factors contributing

towards low production of chickpea, the collar rot disease

caused by Sclerotium rolfsii Sacc., is a major cause for

55–95% mortality of chickpea seedlings. There are no

substantial levels of host plant resistance for collar rot in

chickpea but the disease can be minimized by fungicides

and appropriate crop rotation [1, 2]. However environ-

mental concerns of usage of chemicals have led to the

alternatives such as the use of bacteria as biofertilizers and

biopesticides for sustainable agriculture. Several mecha-

nisms has been suggested by which bacteria can promote

plant growth including phytohormone production, nitrogen

fixation, stimulation of nutrient uptake and biocontrol of

pathogenic fungi [1]. Beneficial microorganisms, including

antagonistic bacteria and fungi, applied as seed treatment

provide unique benefits for crop protection.

Seed priming is now a widely used method to help

accelerate germination and improve seedling uniformity in

many crop and ornamental plants [2]. There are four

technologies to achieve priming, i.e., osmoconditioning or

osmopriming, solid-matrix priming, hydropriming and

drum priming [3]. This simple procedure of seed priming—

soaking seeds in water followed by air-drying before

sowing is possible in a range of tropical and subtropical

crops [4]. It is observed that by priming seeds for 8 h

before sowing has been particularly effective in yields of

legumes like chickpea (C. arietinum) and mungbean

(Vigna radiata) were substantially increased. Seed treat-

ment with Pseudomonas fluorescens decreased tomato
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damping off [5]. Priming also significantly reduced the

damage caused by collar rot (S. rolfsi) in Bangladesh in

two contrasting seasons [6]. In bio-priming, the inoculum

applied as antagonist is in close proximity to the sites of

pathogen entry into the seed and the emerging seedling. In

such application, much less antagonist inoculum is needed

than for soil treatment, which will reduce crop production

costs [7]. In the present study, we report the coinoculation

of antagonistic bacteria and compatible Rhizobium for

control of chickpea collar rot under glasshouse conditions.

Materials and Methods

Characterization of Bacteria for Antagonistic Activity

Two hundred and seven bacteria isolated from different

composts (24 from farm waste compost, 55 from rice straw

compost and 50 from vermicompost) and 78 from macro-

fauna (earthworms, centipedes, slugs and snails) were

characterized for different traits such as phosphate solubi-

lization, IAA, ACC deaminase, phytase, siderophore and

HCN production. All the isolates were screened for antag-

onistic activity against soil-borne plant pathogenic fungi,

S. rolfsii, Macrophomina phaseolina, Fusarium solanii and

Fusarium oxysporum by dual plate method [8]. Seven of the

207 isolates inhibited S. rolfsii on Kings B medium in petri

dishes. Per cent inhibition of fungi (growth reduction over

control) was calculated by the following equation:

I =
100 C� Tð Þ

C

where I is the % inhibition of mycelial growth, C the radial

growth of fungus in control plate (mm), and T is the radial

growth of fungus on the plate inoculated with bacteria

(mm). All the seven were tested for their interaction with

two different Rhizobium strains (IC 59 and IC 76).

Compatibility of Plant Growth Promoting Bacteria

with Rhizobium Strains

Two rhizobial strains, IC 59 and IC 76 were obtained from

the microbial culture collection at ICRISAT [9] and grown

on yeast extract mannitol agar (YEMA) [10]. Rhizobia

were streaked horizontally on YEMA medium in 10 cm

diameter plate and antagonistic bacteria were streaked

perpendicular to the rhizobium on either side of the plate 2

cm away from Rhizobium [11]. Rhizobia were inoculated

24 h prior to the inoculation of antagonistic bacteria

because of their slow growth. The plates were incubated

further for 96 h and ‘‘interaction distance’’ (towards

Rhizobium), ‘‘spreading capacity’’ (away from Rhizobium)

of antagonistic bacteria was measured.

Interaction of Rhizobium IC 59 and Antagonistic

Pseudomonas sp. CDB 35 in Glasshouse Conditions

Based on the compatibility of Pseudomonas sp. CDB 35

with Rhizobium IC 59 in plate culture, they were evalu-

ated in glasshouse conditions using chickpea (ICCV2) as

host plant. Bacterial inoculation was done by seed coating

and seed priming methods. For seed coating, peat

(Biocare Technology Pvt. Ltd, Australia) based inoculum

of Rhizobium sp. IC 59 (108–109 CFU g-1 peat), antag-

onistic Pseudomonas sp. CDB 35 (108–109 CFU g-1 peat)

and 1% carboxymethylcellulose (CMC) was used as

adhesive and the seeds were air-dried before sowing. For

seed priming, 200 g of chickpea seeds were soaked in

200 ml of water for 5–6 h along with peat-based inoculum

of Rhizobium sp. IC 59 and Pseudomonas sp. CDB 35,

1% CMC as adhesive and air-dried before sowing. Five

seeds were sown in 15 cm diameter plastic pots using

unsterilized soil of BR1D field at International Crops

Research Institute for the Semi-Arid Tropics (ICRISAT)

as potting mix. Thinning was done to three plants per pot

on fifth day of emergence. Plants were irrigated once

every 2 days with 50 ml deionized water. Temperature in

the glasshouse ranged from 18 to 24�C during the

experiment period. The treatments were arranged in a

randomized complete block design with three replications

and repeated twice. Harvesting was done 45 days after

sowing (DAS) and the parameters measured were plant

biomass (dry weight), number of nodules, nodule weight

and nitrogenase activity was measured by method of

Hardy et al. [12].

Efficacy of Antagonistic Bacteria against Collar Rot

Disease Caused by S. rolfsii

Antagonistic Pseudomonas sp. CDB 35 was tested against

collar rot disease caused by S. rolfsii in glasshouse con-

ditions using chickpea (ICCV 2) as host. Soil from a

collar rot sick plot at ICRISAT infested with S. rolfsii

having population of about 10 9 10-2 CFU g-1 soil was

used for this experiment. The soil mix consisted of RP as

the P source, as Pseudomonas sp. CDB 35 was known to

solubilize P from our previous study [13]. Inoculation

of Rhizobium IC 59 and antagonistic bacterial isolate

Pseudomonas sp. CDB 35 was done as mentioned above.

Seeds were allowed to dry in air and ten seeds were sown

in 21 cm diameter plastic pots for each treatment. Thin-

ning was done to five plants per pot on fifth day of

emergence. The treatments were control (infested with

S. rolfsii), fungicide (Captan: 0.3%), Rhizobium sp. IC 59,

Pseudomonas sp. CDB 35 with seed priming and seed

coating methods. Treatments were arranged in a ran-

domized complete block design with five replications and
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harvested at 45 DAS. Disease incidence (based on

germination percent and survival of plants till the har-

vesting period) and plant growth parameters such as shoot

and root weight, number of nodules and nodule weight

were recorded.

Statistical Analysis

Glasshouse experiments were arranged in completely ran-

domized block design with three replications in each

treatment and repeated twice. The data were subjected to

analysis of variance using Genstat 6.1 statistical package

(Lawes Agricultural Trust, Rothamsted, UK). Mean values

in each treatment were compared using least significant

differences at 5% probability (P = 0.05).

Results and Discussion

Compatibility of Antagonistic Bacteria with Rhizobium

(Plate Culture Conditions)

Seven isolates showed antagonistic activity against

S. rolfsii and highest inhibition was by Pseudomonas sp.

CDB 35 (84%) followed by Bacillus licheniformis EB 13

and Pseudomonas sp. CDB 36 (81%). Least activity was

shown by Pseudomonas sp. BWB 40 (61%) (Fig. 1). All

the seven strains studied for antagonistic activity were

tested for their interaction with the rhizobial strains IC 59

and IC 76 of chickpea. Growth towards the Rhizobium sp.

was measured as interacting distance and growth away

from Rhizobium sp. was measured as spreading capacity. It

was observed that two strains, CDB 35 and BWB 21

showed maximum interaction with the tested rhizobial

strains, followed by EB 13, CDB 36, CDB 47, BWB 36 and

BWB 40 (Table 1). However, there was no apparent sign of

suppression of rhizobia by any of the antagonistic bacteria

that were studied.

Effect of Rhizobium sp. and Antagonistic Bacteria

on Growth of Chickpea

The antagonistic bacterium Pseudomonas sp. CDB 35 was

compatible with the Rhizobium sp. IC 59 and IC 76 in plate

culture. Rhizobium sp. IC 59 (that nodulates chickpea) was

selected and evaluated along with antagonistic bacteria to

see their dual effect of plant growth and biological control

activity under glasshouse conditions with chickpea as host

plant (Table 2). Increase in plant biomass (dry weight) of

chickpea by seed coating was 20% with Rhizobium sp. IC

59 alone and 30% with Rhizobium sp. IC 59 and Pseudo-

monas sp. CDB 35. Whereas by seed priming method, the

increase in plant biomass was 18% with Rhizobium sp. IC

59 alone and 29% with Rhizobium sp. IC 59 and Pseudo-

monas sp. CDB 35. The nodule number, nodule weight and

nitrogenase activity increased 2–3 times when Rhizobium

and antagonistic bacteria were applied. It was observed that

inoculation by seed priming method increased the plant

biomass by 5–7% compared to seed priming (Table 2).

Nitrogenase activity was highest in treatment with CDB 35

and Rhizobium by seed priming method.

Efficacy of Pseudomonas sp. CDB 35 against Collar

Rot (S. rolfsii) Disease of Chickpea

Antagonistic Pseudomonas sp. CDB 35 was evaluated

against collar rot disease caused by S. rolfsii in glasshouse

conditions by seed biopriming and seed coating methods

and compared with fungicide captan. It was observed that

inoculant applied by seed priming method was better than

seed coating method. Disease incidence observed was

similar with captan and CDB 35 application. Increase in

shoot weight was around 31% on inoculation with Rhizo-

bium sp. IC 59 and Pseudomonas sp. CDB 35 by seed

coating when compared to fungicide captan application

(Table 3). Where as, inoculation with IC 59 and CDB 35

by seed priming method showed increase in shoot weight

by 3% when compared with captan application. It was

observed that highest number of nodules were present

where inoculation was done with Rhizobium sp. IC 59 and

Pseudomonas sp. CDB 35 by seed priming method.

In this study bacteria isolated from composts and mac-

rofauna inhibited collar rot pathogen S. rolfsii (Fig. 1).

Previous study indicated that bacteria inhabiting composts

inhibited plant pathogenic fungi such as S. rolfsii, F. oxy-

sporum, Pythium aphanidermatum and M. phaseolina [14].

All the seven antagonistic bacterial isolates studied here

were compatible with Rhizobium of chickpea in plate cul-

ture (Table 1). In the previous study it was observed that

bacterial isolates from termitaria soil and composts showed

commensal behaviour towards groundnut rhizobia, under in

vitro conditions [4]. Pseudomonas sp. CDB 35 inoculated

81
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Fig. 1 Inhibition (%) of growth of S. rolfsii in presence of

antagonistic bacteria (B. licheniformis EB 13, B. licheniformis CDB

47, Pseudomonas sp. CDB 35, Pseudomonas sp. CDB 36, Pseudo-
monas sp. BWB 21, Pseudomonas sp. BWB 36, Pseudomonas sp.

BWB 40) on Kings B medium
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along with Rhizobium showed growth promotion of chick-

pea in pots having unsterilized soil (Table 2). The plants

inoculated by seed priming method showed significant

difference in biomass (dry matter) and nitrogenase activity

of chickpea than seed coating method (Table 2). The

increase in nitrogenase activity was highest in inoculation

of Rhizobium sp. IC 59 and Pseudomonas sp. CDB 35 by

seed priming. In earlier studies of on-farm participatory

trials in Western India by ICRISAT, it was observed that

seed priming increased yields of chickpea, maize, wheat

and upland rice [15]. Seed priming is also done to alleviate

stress conditions for in vitro tissue-propagated plants [16].

Co-inoculation of fluorescent Pseudomonas and Rhizobium

improved plant growth of Pisum sativum [17]. Siderophores

produced by Pseudomonas could increase the level of fla-

vonoid-like compounds in the root which in turn increased

total plant nitrogen in chickpea [18]. It is also known that

plant root flavonoids are inducers of nodulation gene (nod

genes) expression in Rhizobium. It was observed in our

studies that Pseudomonas sp. CDB 35 showed siderophore

production and inhibited the soil-borne plant pathogenic

fungi [19].

In this study Pseudomonas sp. CDB 35 suppressed

S. rolfsii and decreased disease incidence (Table 3). Seed

bio-priming with Rhizobium and antagonistic bacteria

showed enhancement in growth of chickpea and reduced

Table 1 Interaction between antagonistic bacteria and Rhizobium on YEMA medium

Isolates Source Spreading capacity (mm) (growth of

antagonistic bacteria away from Rhizobia)

Interaction distance (mm) (growth of

antagonistic bacteria towards Rhizobia)

IC 59 IC 76 Mean IC 59 IC 76 Mean

B. licheniformis EB 13 Earth worm body 11 11 10 8 8 8

Pseudomonas sp. CDB 35 Rice straw compost 23 19 20 26 25 26

Pseudomonas sp. CDB 36 Rice straw compost 11 10 11 8 4 6

B. licheniformis CDB 47 Rice straw compost 4 4 4 4 5 5

Pseudomonas sp. BWB 21 Vermicompost 19 19 17 24 27 26

Pseudomonas sp. BWB 36 Vermicompost 6 6 6 5 4 5

Pseudomonas sp. BWB 40 Vemicompost 7 7 6 5 5 5

Mean 12 11 11 11 11 11

LSD (P = 0.05) 1.4

CV% 3

IC (Strain number given for Rhizobium isolates from ICRISAT)

Table 2 Effect of dual inoculation of Rhizobium IC 59 and Pseudomonas sp. CDB 35 on growth, nodulation and nitrogenase activity of

chickpea (ICCV 2)

Treatments Plant biomass

(dry weight (mg)

Number of

nodules

Nodule weight

(mg)

Nitrogenase activity

lM of C2H4 plant-1 h-1

Control* ? SC 529 7 15 1.3

Control ? SP 741 7 15 1.5

Control ? RP ? SC 721 (0) 14 26 3.4

Control ? RP ? SP 769 (0) 14 37 3.9

IC 59 ? RP ? SC 867 (20)a 19 35 3.9

IC 59 ? RP ? SP 907 (18)a 20 34 4.4

IC 59 ? CDB 35 ? RP ? SC 939 (30)a 25 45 4.8

IC 59 ? CDB 35 ? RP ? SP 989 (29)a 28 51 4.9

Mean 808 17 32 3.5

LSD 8.5 216 12.4 3.45

CV% 30 16 22 40

Values in parentheses are per cent increase over control by the respective treatments SC/SP

Control* where only sterilized peat was applied without any bacterial inoculum, IC strain name of rhizobia used in the study, SC seed coating,

SP seed priming, RP rock phosphate
a Means are significantly different by SC and SP method at P = 0.05 when compared by LSD
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the collar rot disease. Seed bio-priming is reported to

induce resistance against downy mildew and enhance

growth of pearl millet [20]. Fungicide and biocontrol

bacterium, P. fluorescens, in combination reduced the

incidence of collar rot of chickpea [21]. Previous studies

revealed that seed treatment by bio-priming resulted in

enhanced germination, increased microbial population

which inhibit the pathogen propagules on seeds thereby

protecting the plant [22].

Seed priming is an effective method for resource poor

farmers to increase the yields in a range of tropical and

subtropical crops. However, since no negative effects of

seed priming are observed, this low-cost technology can be

adopted by resource-poor farmers to mitigate the effects of

suboptimal management or adverse physical conditions.
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for improving pea production by co-inoculation with fluorescent

Pseudomonas and Rhizobium. Plant Soil 229:25–34

18. Parmer N, Dadarwal KR (1999) Stimulation of nitrogen fixation

and induction of flavonoid like compounds by rhizobacteria.

J Appl Microbiol 86:36–44

19. Hameeda B, Rupela OP, Reddy G (2006) Evaluation of bacterial

isolates from composts and macrofauna for their biocontrol

activity against soil-borne plant pathogenic fungi. Indian J

Microbiol 46:389–396

20. Niranjan SR, Shetty NP, Shetty HS (2004) Seed bio-priming with

Pseudomonas fluorescens isolates enhances growth of pearl

millet plants and induces resistance against downy mildew. Int J

Pest Manag 50:41–48

21. Singh SD, Girish AG, Rupela OP, Gopalakrishnan S, Anitha K,

Rao PJM (2003) Synergism between Pseudomonas fluorescens
Migula and Thiram for the control of collar rot of chickpea. Ind J

Plant Prot 31:40–42

22. van Dijk K, Nelson EB (1998) Inactivation of seed exudate

stimulants of Pythium ultimum sporangium germination by bio-

control strains of Enterobacter cloacae and other seed associated

bacteria. Soil Biol Biochem 30:183–192

424 Indian J Microbiol (Oct–Dec 2010) 50(4):419–424

123

Author's personal copy

View publication statsView publication stats

https://www.researchgate.net/publication/233286458

	Biological Control of Chickpea Collar Rot by Co-inoculation of Antagonistic Bacteria and Compatible Rhizobia
	Abstract
	Materials and Methods
	Characterization of Bacteria for Antagonistic Activity
	Compatibility of Plant Growth Promoting Bacteria with Rhizobium Strains
	Interaction of Rhizobium IC 59 and Antagonistic Pseudomonas sp. CDB 35 in Glasshouse Conditions
	Efficacy of Antagonistic Bacteria against Collar Rot Disease Caused by S. rolfsii
	Statistical Analysis

	Results and Discussion
	Effect of Rhizobium sp. and Antagonistic Bacteria on Growth of Chickpea
	Efficacy of Pseudomonas sp. CDB 35 against Collar Rot (S. rolfsii) Disease of Chickpea

	Acknowledgment
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


