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Abstract Chickpea establishes symbiotic association with

Mesorhizobium to fulfill its nitrogen (N) requirement. Inte-

grating chickpea rhizosphere with potential native

mesorhizobia and other plant growth promoting microorgan-

isms can contribute multiple benefits to plants. The present

investigation was undertaken to study interactions among

Piriformospora indica (PI) with potential plant growth pro-

moting rhizobacteria (PGPR) viz. Pseudomonas argentinensis

(LPGPR1), Pseudomonas sp. (LPGPR2) along with national

check Pseudomons sp. (LK884) and Mesorhizobium cicer

(LGR33, MR) to examine the synergistic effect of consortium

for improving growth, symbiotic efficiency, nutrient acquisi-

tion and yield in two chickpea (Cicer arietinum L.) varieties

viz. desi PBG1 and kabuliBG1053. In-vitro, seed germination

with consortium MR+PI+LPGPR1 was the best compatible

treatment followed by MR+PI+LK884 and MR+PI+

LPGPR2. Significant improvement in the growth, symbiotic

parameters and grain yield was observed with MR+PI+

LPGPR1 and MR+PI+LK884 treatments. Significantly high

chlorophyll and leghaemoglobin content was recorded with

MR+PI+LPGPR1 (1.57 and 1.64 mg g−1 fresh weight of

leaves and 5.19 and 4.39 mg/g−1 fresh weight of nodules) in

desi PBG1 and kabuli BG1053 chickpea varieties, respective-

ly. At 90 DAS, MR+PI+LPGPR1 treatment significantly im-

proved nodule dry weight (ranged between 84.0 and 141.7 mg

plant−1) as compared to MR alone treatment (ranged between

62.3 and 123.3 mg plant−1). Data revealed significant increase

in total nitrogen (N) and phosphorus (P) content of shoot with

MR+PI+LPGPR1 by 1.2 and 1.5 fold, respectively over MR

alone treatment. On the basis of overall mean, MR+PI+

LPGPR1 significantly improved the yield by 8.2 % over

Mesorhizobium alone application. It seems from foregoing

study that tripartite combination of different micro-

organisms can be explored as biofertilizer for improvement

in chickpea productivity.
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Introduction

Engineering the rhizosphere with native and non-native agri-

culturally beneficial microorganisms can overcome the use of

chemical fertilizers in crop production in sustainable manner

(Antoun and Prevost 2006). Chickpea is an important

drought-tolerant food legume crop. India is the world leader

in chickpea production followed by Pakistan and Turkey. It

was grown in an area of 9.51 million hectares with production

of 8.83 million tonnes and average yield of 929 kg/ha during

rabi 2012–13 (Singh and Nadarajan 2013). Chickpea fixes

about 141 Kg/ha/year molecular nitrogen (N) by establishing

symbiotic association with bacteriumMesorhizobium of fam-

ily Rhizobiaceae (Singh 2007). Legume yield and N accumu-

lation are directly related to the magnitude and efficiency of

symbiotic N2 fixation (SNF) in root nodules. Mesorhizobium

strains vary naturally in their N2fixing capacity and adaptation

to prevailing environmental stresses (Maatallah et al. 2002).

Further, inoculation with selectedMesohizobium on chickpea

having beneficial effect on yield is well documented in litera-

ture (L’taief et al. 2007; Rhomdhane et al. 2009; Jida and

Aseefa 2012). Engineering the rhizosphere with other plant

growth promoting micro-organisms can be applied as techno-

logical advancement in increasing survival and establishment

of inoculated Mesorhizobium sp. in soil environment for
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improving SNF. Plant growth promoting rhizobacteria can

positively influence plant growth by direct mechanisms viz.

solubilization of nutrients, nitrogen fixation, production of

growth regulators, etc. or by indirect mechanisms viz. stimu-

lation of mycorrhizae, exclusion of pathogens or removal of

toxic substances (Bashan and de-Bashan 2010) .

Piriformospora indica, a novel endophyte of Sebacinaceae

family is an axenically cultivable fungus (Varma et al. 2001)

which mimics the capabilities of typical Arbuscular-

Mycorrhizal fungi (AMF). P.indica colonizes roots of wide

variety of plant species and promotes their growth in a manner

similar to mycorrhizal fungi (Shahollari et al. 2005). It mobi-

lizes the insoluble phosphates and translocates phosphorus to

the host in an energy dependent process with active involve-

ment of acid phosphatases (Varma et al. 1999). P.indica colo-

nization also has reminiscent effect on the buildup of micro-

bial community structure in the rhizosphere. It enhances the

seed production and stimulates active ingredients in plants

allowing them to grow under adverse conditions (Bagde

et al. 2010). Co-inoculation of P.indica with PGPR (Pseudo-

monas striata) had synergistic effect on its population build up

and plant dry biomass with respect to single inoculation in

chickpea (Meena et al. 2010). There had been reports in soy-

bean where co-inoculation of AMF and Rhizobium increased

N content, dry weight of plant and grain yield (Bhagyaraj and

Verma 1995). Very limited information exists on interactions

among P.indica, Pseudomonas sp. and Mesorhizobium cicer

in chickpea rhizosphere. Multipartite interactions of

diazotrophs, PGPR and AM or AM like fungi with host plants

might synergistically improve the SNF and plant productivity

in chickpea. The study was therefore planned with the objec-

tive to elucidate tripartite interactions of P.indica, PGPR and

Mesorhizobium cicer on compatibility alongwith growth, nu-

trient acquisition, SNF and yield in chickpea.

Materials and methods

Chemicals and instruments

All the chemicals used in the present study were of analytical

grade, obtained fromM/S SRL, E–merk, CDH and Qualigens,

Hi- media, India. Electronic balance (Axis), orbital incubator

shaker (Mac), UV-Visible spectrophotometer (Techcomp),

digital pH meter (Elico), cold centrifuge (Remi), magnetic

strirrer (SESW), autoclave (NSW India), laminar flow

(NSW India) and distillation (Mac) were used.

Procurement of micro-organisms

RecommendedMesorhizobium cicer (LGR-33), native strains

of PGPR :-Pseudomonas argentinensis (LPGPR1) and Pseu-

domonas sp. (LPGPR2) were procured from Pulse

Microbiology laboratory, Department of Plant Breeding and

Genetics, Punjab Agricultural University (PAU), Ludhiana

and reference strain of PGPR Pseudomons sp.(LK884) was

procured from GB Pant University of Agricultural and Tech-

nology, Uttarakhand. Mesorhizobium and Pseudomonas spp.

were sub-cultured on YEMA and King’s B media, respective-

ly. Fungus Piriformospora indicawas procured from Dr. S. S.

Dudeja, Department of Microbiology, Chaudhary Charan

Singh Haryana Agricultural University (CCSHAU), Hisar un-

der AICRP-Chickpea Project and was sub-cultured on Potato

dextrose agar (PDA) medium. All the cultures were stored at

4 °C for further use.

Procurement of seeds of chickpea

Seeds of chickpea desi PBG1and kabuli BG1053 varieties

were procured from the Pulses Section, Department of Plant

Breeding and Genetics, PAU, Ludhiana.

Assessment of compatibility of the tripartite combination

for seed germination in chickpea

Prior to the field experiment compatibility of the tripartite

mixture of Mesorhizobium cicer (LGR33, MR),

Piriformospora indica (PI) and different Pseudomonas spp.

was examined by seedling assay at Pulse Microbiology Lab-

oratory, Department of Plant Breeding and Genetics, Punjab

Agricultural University, Ludhiana. A total of 6 microbial in-

oculant treatments were maintained viz. Mesorhizobium cicer

(LGR33) (MR); P.indica (PI); MR+PI+LPGPR1; MR+PI+

LPGPR2 and MR+PI+LK884 and un-inoculated Control.

Healthy seeds of desi PBG1 and kabuli BG1053 chickpea

varieties were selected, washed with running tap water and

sterilized with 70 % alcohol for 1 min followed by 0.1 %

HgCl2 for 3 min and rinsed thoroughly with six changes of

sterilized water (Vincent 1970). Surface sterilized seeds were

imbibed for 25 min in suspension of each of the above treat-

ments. In co-inoculation treatments, Mesorhizobium cicer,

P.indica and different PGPR strains were applied to chickpea

seeds in ratio of 1:1:1. Treated seeds were allowed to germi-

nate in Petridish containing 0.7 % water agar and three repli-

cations were maintained for each treatment. The plates were

incubated at 28 °C for 9 days in the dark.

Evaluation of tripartite interactions among P.indica

with PGPR and Mesorhizobium for improved growth,

symbiotic efficiency, nutrient acquisition and yield

in chickpea under field conditions

Field experiment was conducted in Rabi season (2011–12)

with two varieties of chickpea viz. desi (PBG1) and kabuli

(BG1053) at Pulses Research Farm, Department of Plant

Breeding and Genetics, Punjab Agricultural University,
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Ludhiana. Both varieties were treated with six microbial inoc-

ulant formulations in combination of single and multiple in-

oculants alongwith un-inoculated control. Each treatment had

three replications. Experiment was designed in factorial ran-

domized block design (FRBD) with 36 plots and 8 rows hav-

ing row to row distance of 30 cm and plant to plant distance

about 10 cm with net plot size 5.4 sq.m. Chickpea seeds of

desi (PBG1) and kabuli (BG1053) varieties were sown at the

rate of 18–20 kg/acre and 35–37 kg/acre, respectively. All the

agronomic practices were followed for raising chickpea crop.

The pooled mean of maximum and minimum temperatures

during crop growth period was 23.9 and 9.3 °C, respectively.

Experimental soil was loamy sand having pH (8.2) with low

organic carbon (0.12 %) and available N (92.0 kg/acre),

medium available P (18.4 kg/acre) and high available K

(105 kg/acre).

Seed inoculation

Chickpea seeds of desi PBG1and kabuli BG1053 varieties

were inoculated with recommended cultures ofMesohizobium

cicer (LGR33), different PGPR spp. (LK884, LPGPR1 and

LPGPR2) alongwith P.indica as per treatment. Charcoal based

cultures of different microorganisms (1×109 bacterial cells/g

of carrier) were mixed withminimum amount of water to form

thick slurry. The slurry was mixed with dry seeds (20 g and

40 g/Kg desi and kabuli chickpea seeds, respectively). In sin-

gle and multiple inoculant treatments, Mesorhizobium cicer,

different PGPR strains and P.indica were applied to chickpea

seeds in equal proportions. Before sowing, inoculated seeds

were air dried at room temperature under shade and sown

within 2 h.

Observations

Emergence count was observed at 10 days after sowing

(DAS). Observations for plant height, dry weight of shoot,

number and dry weight of nodules were recorded at both veg-

etative and flowering stage (60 and 90 DAS, respectively).

Leghaemoglobin content, total N and P uptake of shoot were

recorded at 90 DAS. Chlorophyll content was recorded at 90

and 120 DAS and grain yield was recorded at the harvesting

stage of crop.

Growth parameters

Data on emergence count was determined by recording num-

ber of emerged seedlings per meter row length from central

row of each plot after leaving two border rows on each side.

Three randomly selected plants from each plot were uprooted

and height of shoots was measured from the base in cm after

removing roots. Shoots of three randomly selected uprooted

plants from each plot were sun dried and then oven dried at

60 °C for 2 days. Dry weight of shoot was recorded in g.

Chlorophyll content of leaves were estimated as per method

of Witham et al. (1971) at 645 and 663 nm wavelength.

Endophyte dependency

Endophyte dependency (ED) was recorded at 90 DAS. To

determine the ED of chickpea, the formula given by

Gerdemann (1975) was used:

ED ¼ ðDryweightof inoculatedplants
.

Dryweightof uninoculatedplantsÞ*100

Symbiotic parameters, nutrient acquisition and grain

yield

Nodulation parameters (number and dry weight of nodules)

were recorded by taking average of nodules carefully detached

from three randomly uprooted plants. The detached nodules

were oven dried at 60 °C for 2 days and the dry weight of

nodules per plant was recorded in mg. Leghaemoglobin

content was assayed according to Wilson and Reisenauer

(1963) by reading absorbance of clear nodular tissue extract

using Drabkin’s solution at 540 nm. Determination of total

nitrogen content of shoot was carried out by Kjeldahl’s

technique of McKenzie and Wallace (1954) with slight mod-

ification. Estimation of total phosphorous content of shoot in

straw was carried out by digestion of straw using triacid mix-

ture (HNO3: HClO4: H2SO4) (v/v) (Jackson 1973). Grain

yield from each plot (g/plot) was recorded and the final grain

yield was expressed in kg/ha.

Statistical analysis

The data was analyzed using Analysis of Variance (ANOVA).

Further mean separation of treatment effects was accom-

plished using Tukey's Honestly Significant Difference Test.

All the data analysis was carried out using SAS software

(Slaughter and Delwiche 2010).

Results and discussion

Legume roots are colonized by numerous rhizospheric micro-

organisms and these organisms have definite influence on the

survival and nodulation ability of seed inoculated rhizobia.

Rhizospheric microorganisms may not only influence the in-

oculated rhizobia adversely through saprophytic competition,

but also help them in survival through synergism with in-

creased nodulation and N2 fixation. Prior to field evaluation

of tripartite interactions among P.indica with PGPR and
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Mesorhizobium cicer, in-vitro compatibility studies were con-

ducted for seed germination for improved growth, symbiotic

efficiency, nutrient acquisition and yield in chickpea under

field conditions.

Assessment of compatibility of the tripartite combination

for seed germination in chickpea

In the present study, compatibility of the tripartite combination

was studied in–vitro for seed germination by agar plate assay

method. It was found that germination was enhanced in all the

mutiple inoculations as compared to the MR alone as well as

un-inoculated control treatment (Plate 1). In-vitro derived

shoots developed single thick and firm roots in multiple inoc-

ulated treatments. Data was supported with our previous study

on the dry weight basis of fungal pellicle in single and multi-

ple inoculant treatments (Mansotra P. 2012). Maximum dry

weight of fungal pellicle was observed in the consortium of

MR+PI+LPGPR1 (0.605 g) followed by MR+PI+LK884

(0.591 g) and MR+PI+LPGPR2 (0.578 g) as compared to

the P. indica alone (0.515 g).

Growth parameters

Maximum seed emergence was observed in multiple inocu-

lant treatments (5.1–10.0 %) over the MR alone treatment. All

the treatments revealed significant improvement in emergence

count over the un-inoculated control (Fig. 1). All the treat-

ments showed non-significant difference for plant height as

compared to un-inoculated control at 60 and 90 DAS (Fig. 2).

However, significant improvement in dry weight of the shoot

was noticed with multiple inoculants viz. MR+PI+LPGPR1

(31.2 %) and MR+PI+LK884 (26.1 %) over the MR alone

treatment at 90 DAS.

Plate 1 Compatibility ofP.indica

with Mesorhizobium cicer along

with Pseudomonas argentinensis

(LPGPR1) a. MR+PI+LPGPR1
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Fig 1 Synergistic effect of

different multiple inoculations on

emergence count
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It appears that synergistic effect of LPGPR1 might be

due to release of IAA and further P.indica contributed in

enhanced seed germination and plant height. Our results

for improvement in seed germination are well in line with

earlier findings in chickpea (Ponmurugan and Gopi 2006;

Martinez-Viveroz et al. 2010 and Sharma et al. 2007) and

cowpea (Lima et al. 2011). In earlier study, it was investi-

gated that Mesorhizobium cicer and LPGPR1 used in the

present study are known to produce IAA (Kaur and Sharma

2013). These results are further corroborated with the find-

ings of Meena et al. (2010) on co-inoculation of the endo-

phytic fungus Piriformospora indica with Pseudomonas

striata positively affected population dynamics and plant

growth in chickpea.

On pooled mean basis significantly high chlorophyll con-

tent in multiple inoculation with MR+PI+LPGPR1

(1.61 mg g−1 fresh weight of leaves) followed by MR+PI+

LK884 (1.51 mg g−1 fresh weight of leaves) and MR+PI+

PGPR2 (1.45 mg g−1 fresh weight of leaves) (Table 1) at 90

DAS was recorded with both varieties. Whereas, decrease in

chlorophyll content was observed towards the crop maturity

(120 DAS) in all the treatments. Our observations are well

correlated with Ray and Valsalakumar (2010) who has report-

ed that dual application of the AMF and the Rhizobium en-

hanced chlorophyll content in green gram.

Endophytic Dependency (ED) is used as an index to com-

pare receptivity of different plant species to individual endo-

phytes or in combination. Multiple inoculation and MR alone

treatments showed positive growth response over the uninoc-

ulated control (Fig. 3). Infective potential of both the native

mycorrhiza as well as inoculated P.indica present in legume

rhizosphere might have improved ED in MR alone treatment
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Fig 2 Synergistic effect of

different multiple inoculations on
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Table 1 Synergistic effect of different tripartite inoculations on dry

weight of shoot and chlorophyll content in chickpea. Data are average

value of three plants and following the analysis of variance (ANOVA)

procedure, differences between desi PBG1 and kabuli BG1053 chickpea

varieties, among different treatments and between varieties and treat-

ments were determined using Critical difference (CD) at 5% percent level

of significance

Treatments Dry weight of shoot/plant (g) Chlorophyll content (mg/g fresh weight of leaves)

PBG 1 BG1053 Mean PBG 1 BG1053 Mean

Control 2.60 (3.83) 2.70 (3.42) 2.65 (3.63) 1.05 (0.653) 1.09 (0.687) 1.07 (0.670)

MR 2.85 (3.98) 3.05 (4.08) 2.95 (4.03) 1.23 (0.732) 1.33 (0.738) 1.28 (0.735)

PI 2.74 (3.90) 2.85 (3.97) 2.79 (3.94) 1.35 (0.764) 1.38 (0.748) 1.37 (0.756)

MR+PI+LPGPR1 3.56 (4.77) 3.84 (5.82) 3.70 (5.29) 1.57 (0.834) 1.64 (0.836) 1.61 (0.835)

MR+PI+LPGPR2 3.11 (4.57) 3.67 (5.09) 3.39 (4.83) 1.42 (0.775) 1.47 (0.755) 1.45 (0.780)

MR+PI+LK884 3.04 (4.58) 3.29 (5.52) 3.17 (5.05) 1.48 (0.796) 1.53 (0.799) 1.51 (0.798)

Mean 2.99 (4.27) 3.26 (4.65) 3.13 (4.46) 1.35 (0.759 1.41 (0.766) 1.38 (0.762)

CD 5 % Variety (V): NS Treatment (T): NS (1.01) V×T: NS Variety (V): 0.05 (0.006) Treatment (T): 0.09 (0.01) V×T: 0.13 (0.015)

*Data for dry weight of shoot/plant represents values at 60 DAS and that depicted in parenthesis for 90 DAS

Data for chlorophyll content represents values at 60 DAS and that depicted in parenthesis at 120 DAS

DAS denotes days after sowing
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as compared to un-inoculated control. Further, MR+PI+

LPGPR1 (121.1 and 142.5 %) recorded highest ED followed

by MR+PI+LK884 (116.7 and 135.4 %) and MR+PI+

LPGPR2 (116.2 and 125.7 %) in desi and kabuli chickpea,

respectively. Similarly, high mycorrhizal dependence of

Acacia spp. was also evidenced by Belay et al. (2013) for

higher shoot and root dry weight compared to non-

inoculated seedlings. Further, Vyas et al. (2008) reported en-

hanced ED with P.indica in swingle.

Symbiotic parameters and nutrient acquisition

Nodulation is an important trait for effective SNF in legumi-

nous plants. At 60 DAS, multiple inoculation registered sig-

nificantly high number of nodules per plant with MR+PI+

LPGPR1 andMR+PI+LK884 treatments as compared toMR

alone in desi PBG1 and kabuli BG1053, respectively. At 90

DAS significantly high number of nodules were recordedwith

MR+PI+LPGPR1 by 15.7 % over MR alone treatment

(Table 2). Further, all the multiple inoculations with different

PGPR enhanced nodule dry weight significantly over

Mesorhizobium cicer alone treatment at 60 DAS (Table 2).

Whereas, at 90 DAS, MR+PI+LPGPR1 treatment signifi-

cantly improved nodule biomass by 14.9 % over the

Mesorhizobium cicer alone treatment as compared to other

multiple inoculation treatments. This enhancement in effec-

tive nodulation could be due to higher metabolism in P.indica

inoculated plants which have enabled them to provide greater

amounts of carbohydrates to the rhizobia. Our findings are

well corroborated with previous literature (Mishra et al.

2010; Rokhzadi and Toashih 2011; Verma et al. 2012) where

PGPR are known to enhance ability of native rhizobia for

higher nodulation in chickpea. Mobilization of phosphates
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from soil by native AMF and inoculated P. indica also might

have benefited in development of efficient nodules in

chickpea. Our results are in congruence with findings of

Nautiyal et al. (2010) who also demonstrated consortia of

P.indica and PGPR enhanced the nodulation ability by native

rhizobia in chickpea. On the contrary, Tavasolee et al. (2011)

reported that PGPR as bacterial strains have lowered nodule

fresh mass due to competition for photosynthetic matter be-

tween bacteria and fungi in chickpea.

There was significant improvement in leghaemoglobin

content with multiple inoculations of MR, P.indica with

LPGPR1 and LK884 as compared to MR alone treatment

while it differed non-significantly with LPGPR2 (Fig. 4).

Higher nodulation and N2 fixation increased the

occupancy of effective nodules which might have

increased the leghaemoglobin content. Similarly a

positive correlation between leghaemoglobin content and

nitrogen fixation was reported by Kunal and Sharma

(2012) in chickpea due to MR inoculation in chickpea.

Further, increased P nutrition in AMF associated legumes

(Artursson et al. 2006) is one of the reasons for increased

nodulation in such plants. AMF are known to increase the

amount of N availability of legumes by stimulating nod-

ule development (Varennes and Goss 2007) with good

amount of leghaemoglobin content in the present investi-

gation. P. indica is considered as potent phosphate

solublizer (Varma et al. 2001) which might have contrib-

uted in enhancement of effective nodulation and

leghaemoglobin content through improved N uptake in

chickpea. LPGPR1 is known to produce siderophores

(Kaur and Sharma 2013) which might have enhanced

leghaemoglobin content through facilitated uptake of iron

which is a key constituent of leghaemoglobin protein.

P.indica mimics the functional activities of AMF and also

reported to stimulate N uptake metabolism through

increased colonization in Arabidopsis roots (Sherameti

et al. 2008).

Multiple inoculations recorded significantly high total N

and P content of shoot as compared to MR alone in both

varieties of chickpea (Table 2). Significantly high N content

was recorded in MR+PI+LPGPR1 (1.79 % and 1.85 %)

followed byMR+PI+LK884 (1.77 % and 1.80 %) and

MR+PI+LPGPR2 (1.73 % and 1.74 %) in desi PBG1 and

kabuli BG1053, respectively over MR alone treatment. Im-

provement in total N content is well in line with previous

findings in chickpea (Nautiyal et al. 2010) and soybean

(Lima et al. 2011) where different bio–inoculant combinations

as P.indica+PGPR, AMF+Azospirillum and Bradyrhizobium

sp.+Glomus etunicatum, respectively. Higher P content was

observed in P. indica alone treatment as compared to

Mesorhizobium cicer alone. It can be due to the potency of

P. indica for efficient phosphate solublization and

mobilization. Improvement of P content in P. indica

treatments in present study was well documented with

earlier findings of Malla et al. (2004) who reported that

P. indica contained substantial amounts of an acid phospha-

tase which had the potential to solubilize phosphate in

the soil and delivered it to the host plant. Moreover,

PGPR might contribute to soil phosphate pool available

for extraradical hyphae of AM like fungi to pass on to

the plant, especially in soils with low P bioavailability.

In congruence with this, significantly high P content

was recorded in MR+PI+LPGPR1 treatment (0.218

and 0.216 %) followed by MR+PI+LK884 (0.203 and

0.205 %) and MR+PI+LPGPR2 (0.191 and 0.195 %) in

desi PBG1and in kabuli BG1053 chickpea varieties, re-

spectively. The investigation has been found coherent

between the results of Nautiyal et al. (2010) who report-

ed that consortia of P. indica and PGPR along with

native chickpea rhizobia increased the P content.

L
e
g
h
a
e
m

o
g
lo

b
in

 c
o
n
te

n
t 
(m

g
/g

 f
re

s
h
  
w

e
ig

h
t 
o
f 

n
o
d
u
le

s

1.79

3.151.94

2.52

3.38

PBG1

4.39
2.72

Treatments

BG1053

3.26

5.19

3.35

3.84

4.84

Fig 4 Synergistic effect of

different multiple inoculations on

leghaemoglobin content

Physiol Mol Biol Plants (July–September 2015) 21(3):385–393 391



Grain yield

On the basis of overall mean, increase in yield due to mul-

tiple inoculations was in the range of 1–8.2 % over MR

alone application. Significant increase in grain yield was

recorded with MR+PI+LPGPR1 (2450 and 2486 kg/ha)

over the MR alone treatment (2254 and 2308 kg/ha) in desi

PBG1 and kabuli BG1053, respectively (Fig. 5). This might

have improved colonization niches through root prolifera-

tion to introduced Mesorhizobium in the rhizosphere of

chickpea by reflecting better nodulation and yield (Kunal

and Sharma 2012). Further increase in dual and multiple

inoculations can be due to IAA production and phosphate

solubilization activity by the PGPR. Increased root growth

results in improved acquisition of water and nutrients as a

result of symbiotic interaction with P. indica. The efficient

root colonization by P.indica leading to greater absorption

of water and nutrients enhanced its effectiveness on chick-

pea alongwith enhanced P and K nutrition (Vyas et al.

2008). Higher phosphate contents in plants inoculated with

P.indica (Meena et al. 2010) and enhanced photosynthetic

rates of the colonized plants might have contributed in yield

improvement in chickpea (Achatz et al. 2010). Similar study

revealed that the co-inoculation of Rhizobium and AM fun-

gus improved plant vigour and nutrient uptake and dramat-

ically increased the yield of green gram (Ray and

Valsalakumar 2010).

Compatibility studies on Mesorhizobiumsp. cicer and

P. indica with different PGPR (Pseudomonas sp.) in-vitro as

well as in-vivo resulted in improved growth, symbiotic param-

eters, nutrient acquisition and grain yield in chickpea. Tripar-

tite combination of inoculants MR+PI+LPGPR1 significant-

ly improved all the above mentioned parameters followed by

MR+PI+LK884 and MR+PI+LPGPR2. It seems from fore-

going study that tripartite combination can be explored as

biofertilizer for improved productivity in chickpea. However,

extensive and more detailed mechanisms should be searched

before bioaugmentation of multiple microbial inoculants as

biofertilizer for enhanced plant growth promotion and sustain-

able productivity in chickpea.
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