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Abstract: Arbuscular mycorrhizal fungi (AMF) and bacteria can interact synergistically to stimulate plant
growth, despite abundant amount of phosphorus in parent material, the soil phosphorus availability is limited
for plant. This study investigated the interaction of phosphate solubilizing bacteria (PSB) and Arbuscular

mycorrhizal fungi (AMF) on two verities of Solanum lycopersicum L( Var,

NS 524 and NS 585). The

experimental design was split plot factorial with on a complete randomized block design. The treatments
included soil: sand (v/v 3:1) two levels of phosphate solubilizing micro-organisms. The growth parameters like
root length, fresh weight of root, dry weight of root, fresh weight of shoot, dry weight of shoot, percentage root
colonization, spore number and number of leaves, were significantly increased by inoculating with Glomus
fasciculatum, Pseudomonas fluorescens and Azotobacter chrococcum and enhanced tomato shoot and root

biomass.
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INTRODUCTION

In the last century, chemical fertilizers were
introduced and this made farmers to be happy of getting
increased yield in agriculture in the beginning. But
slowly chemical fertilizer started displaying their ill-
effects such as leaching, polluting water basins,
destroying microorganisms and friendly insects, making
the crop more susceptible to the attack of diseases,
reducing the soil fertility and thus causing irreparable
damage to the overall system. plant growth promoting
rhizobacteria (PGPR) are a group of bacteria that actively
colonize plant roots and increase plant growth and
yield [1,2,3]. Plant growth benefits due to the addition of
PGPR include increase in germination rates, root growth,
shoot and root weights [4], grain yield [5,6], chlorophyll
content [7] tolerance to drought, salt stress and delayed
leaf senescence [8]. PGPR increase the growth of a
number of important crops, with some strains inducing
systemic resistance to fungi, bacteria viruses and in some
cases nematodes [9,10]. In addition to these effects of
bacteria on AM fungi, the AM fungi themselves have
also been shown to have an impact on the composition
of bacterial communities [11]. The facts that, the dual

inoculation of AM and specific PGPR can enhance the
activity of AM during the symbiosis with the host
plant [12,13,14]. In addition to these effects of bacteria on
AM fungi, the AM fungi themselves have also been
shown to have an impact on the composition of bacterial
communities [11]. This impact may be relayed through the
plant root because mycorrhizal establishment has been
shown to change the chemical composition of root
exudates and these are often a source of nutrients to
associated bacteria in the mycorrhizosphere [15-21].
Finding the microorganisms very close to epidermis,
plants secrete signal molecules for protection against
invasion of the heterogeneous microbes in the root zone
and at this stage the differentiation takes place between
pathogenic, associative, symbiotic, or neutralistic
adaptation of microbes with the plant [22]. In this article,
we will focus on interactions between bacteria and AM
fungi with proven or potentially synergistic properties
that lead to stimulation of plant growth.

MATERIALS AND METHODS

Soil Plant Material and Bioinoculant Selection: The
collection of AM fungi, steam sterilization procedure of
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soil, collection of seeds, seed sterilization and pots used
for experiment, steam sterilized soil was filled to pots. The
Azotobacter  chroococcum (Ac) ACD 15 and
Pseudomonas fluorescens (Pf) WGUK 327 were collected
from microbiology laboratory, University of Agricultural
sciences Dharwad, India. Seeds were sown in pots and
after germination uniform seedlings were made one per
pot.

Inoculation of AM Fungi: The Glomus fasciculatum
(Thaxter) Gerdmann and Trappe emend. Walker & Koske.,
were mass multiplied in 35 cm diameter containing 8.5 kg
using sterilized sand: soil (1:1 v/v) mixture as the substrate
and (Sorghum vulgare L.) Jowar as the host. After
60 days of growth shoots of Jowar were chopped and
the inoculum containing spores, root bits was air dried
log of the mycorrhizal inoculum was applied to the
planting area at a depth of about 4 cm to the pots
(except non-inoculated control ) before sowing seeds.

Experimental Design: The experiment was completely
randomized with three replications of each treatment 3ml
of culture suspension containing 10" cells/ml of
Azotobacter chrococcum (Ac) ACD 15 and Pseudomonas
Sfluorescens (Pf) WGUK 327 in the form of slurry was
inoculated on the inoculum as AMF+Ac and AMF+Pf
and in triple inoculation AMF+Ac+Pf was inoculated. A
non-inoculated control without bio-inoculants was
maintained. The treatments were as follows NS 524 and
NS 585 varieties of Solanum lycopersicum L.

*  Noninoculated control
*  Glomus fasciculatum

« GftAc
«  GfHPf
e  Gf+Act+Pf

The plants were exposed to sunlight and were kept
free of weeds and irrigated properly. The plants were
harvested after 30, 60 and 90 days. After 90 days seeds
number and weight were recorded. The percentage of
mycorrhizal infection was evaluated microscopically
followed by clearing of roots in 10 % KOH neutralized in
2% HCL and stained with 0.05% trypan blue in
lactophenol according to the method described by [23]
and oot colonization was calculated as mentioned below.

L No of root bits colonization
Percent of root colonization (%) = - x100
Total number of root bits observed

The growth parameters like Shoot length, fresh
weight of shoot, dry weight of root, dry weight of
root, number of leaves, number of flowers and number
of fruits, shoot and dry weight were determined after
drying the plant samples in a hot air oven. The AM fungal
spores were counted in 50 g of soil by wet sieving and
decanting [24]. The phosphorus content in the shoots in
terms of percentage was
Vanadomolybdate phosphoric yellow colour method in

plant sample [25].

determined by the

Statistical Analysis: The data were statistically analyzed
using analysis of variance (ANOVA) with the help of the
SPSS software on computer. The mean values were
compared by Duncan’s multiple range tests at 0.05 level
of significance.

RESULTS

The mycorrhizal inoculation (Glomus fasciculatum)
with two plant growth promoting rhizobacteria
(Azotobacter chrococcum and Pseudomonas fluorescens)
increased significantly the height, shoot and root
biomass of NS 524 and NS 585 varieties (Table 1 and 2) as
compared to non mycorrhizal control plants. The positive
fungal effect on Solanum lycopersicum L., was modified
when Azotobacter chrococcum and Pseudomonas
fluorescens was added together with the fungus.

The effect

Pseudomonas fluorescens with mycorrhiza on NS 524

of Azotobacter chrococcum and
varieties of Solanum lycopersicum L., significantly
corresponds to better growth. After 30 days of plant
growth there was a significant increase in fresh(9.45g)
and dry weight of shoot(1.25g), root length(12.54cm),
fresh(1.85g) and dry weight of root(0.28g), number of
leaves(36.33), root colonization(69.3%), phosphorus
content (0.24%), number of spores(71.00), in root
inoculated with Glomus fasciculatum, Azotobacter
chrococcum and Pseudomonas fluorescens. There were
no significant records of number of fruits and flowers
during this stage. The plant growth after 60 days in the
triple inoculation with Glomus fasciculatum, Azotobacter
chrococcum and Pseudomonas fluorescens increased
significantly and recorded shoot length (78.29cm), fresh
(133.59g) and dry weight of shoot (16.43g), root length
(38.33g), fresh (6.19¢g) and dry weight of root(1.87g), even
in number of flowers(12.33), fruits (5.33), there were
significant increase inoculated with Glomus fasciculatum,
Azotobacter chrococcum and Pseudomonas fluorescens
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Table 1:

Showing effect of Glomus fasciculatum, on growth characteristics of Solanum lycopersicum L. var. NS 524 for 30, 60 and 90 days.SL-shoot length, FWS-fresh weight of shoot, DWS-Dry

weight of shoot,RL-Root length, FWR-Fresh weight of root, DWR-Dry weight of root, NL-Number of leaves,NF Number of flowers, NF- Number of fruits, PC-percent of root

colonization, SN-Spore number, SD-Stem diameter, P-uptake-Phosphorus

Treatments SL(cm) FWS(gm) DWS(gm) RL(cm) FWR(gm) DWR(gm) NL NEF, NF, PC(%) SN SD(cm) P uptake(%)
30 days

CN 8.35£0.18¢  3.37+£0.13d  0.1840.05¢ 6.36+0.25d  0.42+0.05d 0.03+0.05d 11.33+3.66¢c 0.00+£0.00e 0.00+0.00¢ 0.00+0.00¢  0.00+0.00e  1.00+0.05¢ 0.08+0.03d
Gf 16.2840.15b 7.38+0.11b  0.94+0.01b  9.30+0.18b 0.86+0.01b 0.08+0.03b 25.00+0.57b 0.00+£0.00d 0.00+0.00d 60.76+0.24b 74.62+0.09b 1.51+0.08b 0.13+0.03b
Gf+ Az 12.3540.18d 5.44+0.10c  0.34+0.01d 7.52+0.01c  0.65+0.0lc 0.05+0.33¢ 21.00£0.57b 0.00£0.00c 0.00+0.00c 45.68+0.12d 65.48+0.07d 0.96+0.03c¢ 0.12+0.00c
Gf+Pf 13.4340.22¢ 5.7840.19c  0.38+0.05c  7.83+0.01c 0.65+0.01c 0.07+0.03b 22.66+0.33b 0.00£0.00b 0.00+0.00b 58.63+0.06c 70.46+0.08c 1.54+0.01b 0.13+0.00b
Gf+Az+Pf 20.3740.19a 9.45+0.0la  1.25+0.05a 12.54+0.08a 1.85+0.05a 0.28+0.05a 36.33+0.33a 0.00+£0.00a 0.00+0.00a 70.35+0.19a 85.95+0.12a 1.85+0.05a 0.24+0.05a
60 days

CN 51.18+0.09¢ 48.93+0.0le 3.57+0.13¢ 18.00£0.57d 3.06+0.0le 1.44+0.02c¢ 65.33+0.33¢ 3.33+0.33c¢ 1.66+0.33¢c 0.00+0.00¢  0.00+0.00e 1.96+0.03d 0.09+0.03d
Gf 66.26+0.15¢c 80.31+0.02b  12.48+0.02b 25.33+0.33b 5.37+0.01b 1.77+0.08b 85.33+0.33b 4.33+0.33c 4.66+0.33a 63.18+0.10b 64.66+0.33b 3.50+0.06b 0.16+0.03b
Gf+ Az 62.42+0.22d 53.38+0.26d 4.91+0.04d 22.33+0.33c 4.82+0.0lc 1.44+0.0lc 78.00+0.57d 6.66+0.33b 3.33+0.33b 56.24+0.12d 50.33+0.33d 2.96+0.06¢ 0.13+0.03¢c
Gf+Pf 72.36+0.18b 77.65+0.07c¢  11.07+0.05¢ 22.00+0.57c 4.38+0.05d 1.43+0.01c 81.00+0.57c 12.33+0.33a 4.66+0.33a 59.28+0.14c 57.66+0.33¢ 3.00+0.03c 0.14+0.03¢c
Gf+Az+Pf 78.29+0.14a 133.59+0.18a 16.43+0.04a 38.33+0.33a 6.19+0.05a 1.87+0.08a 91.66+0.88a 12.33+0.66a 5.33+0.33a 78.32+0.16a 88.66+0.33a 3.85+0.02a 0.29+0.01a
90 days

CN 58.32+0.21e 49.24+0.08¢ 9.27+0.14e 20.33£0.33e¢ 7.44+0.02¢ 1.86+0.0le 78.66+0.33¢ 2.66+0.33¢ 3.66+0.33d 0.00+0.00e  0.00+0.00e 2.61+0.08d 0.11+0.03e
Gf 76.46+£0.24b 92.50+0.07b  16.81+0.03b 41.00£0.57b 12.59+0.05b 3.27+0.08b 95.00+0.57b 4.33+0.33b  6.66+0.33b 73.47+0.25b 75.23+0.13b 3.53+0.01b 0.20+£0.05b
Gf+ Az 62.41+£0.21d 65.774£0.01d  10.23+0.10d 35.33+0.33d 10.56+0.11d 2.83+0.01d 81.33+0.33d 4.66+0.33  5.33+0.33¢c 60.23+0.13d 63.42+0.22d 3.00+0.06d 0.15+0.03d
Gf+Pf 64.47+0.24c 82.53+0.23¢  13.55+£0.01c 38.66+0.33¢c 11.414+0.16¢c 2.96+0.08c 84.66+0.33c 3.66+0.33b 2.66+0.33d 65.53+0.26c 70.51+0.26¢ 3.13+0.07¢ 0.17+0.03¢
Gf+Az+Pf 89.15+0.15a 112.48+0.20a 19.77+0.10a 44.66+0.33a 15.9440.02a 7.75+0.0la 113.00+0.57a 5.66+0.33a 10.00+0.57a 90.39+0.21a 103.33+0.17 4.47+0.24a 0.38+0.03a

CN-Control, Gf-Glomus fasciculatum; Glomus fasciculatum+ Azotobacter chrococcum + Pseudomonas fluorescens. Mean values followed by the same letter are not significantly different at

P=0.05. Mean + Standard error.

Table 2: Showing effect of Glomus fasciculatum, on growth characteristics, root colonization, spore number of Solanum lycopersicum L. var. NS 585 for 30, 60 and 90 days. SL-shoot length,
FWS-fresh weight of shoot, DWS-Dry weight of shoot,RL-Root length, FWR-Fresh weight of root, DWR-Dry weight of root, NL-Number of leaves,NF ,Numberof flowers, NF- Number
of fruits, PC-percent of root colonization, SN-Spore number, SD-Stem diameter, P-uptake-Phosphorus

Treatments SL(cm) FWS(gm) DWS(gm) RL(cm) FWR(gm) DWR(gm) NL NF,, NF, PC(%) SN SD(cm) P uptake (%)
30 days

CN 9.08+0.04¢  9.1540.0le  0.65+0.03¢  1.22+£0.01d 0.95+0.0le 0.12+0.02d 23.33+0.33¢ 0.00+£0.00¢ 0.00+0.00e 0.00+£0.00c  0.00+0.00¢  1.11+0.05 0.03+0..05d
Gf 30.40+0.20c 8.37+0.05¢  0.84+0.05b 13.29+0.18b 0.93+0.08b 0.12+0.05b 42.66+0.33b 0.00+0.00d 0.00+0.00d 58.81+3.41b 68.00+0.57b 2.53+0.01b 0.08+0.03b
Gft Az 28.30+£0.15d 2.86+0.01d  0.12+0.08d 10.24+0.12d 0.64+0.05d 0.08+0.03¢ 22.00+0.33d 0.00+£0.00c 0.00+0.00c 58.35+0.18b 58.33+0.33d 3.00+0.05a  0.14+0.03c
Gf+Pf 32.21+0.14b 10.54+0.02b 0.71+0.05¢  12.27+0.13¢ 0.86+0.01¢ 0.1140.05b 35.00+0.57¢ 0.00+0.00b 0.00+0.00b  60.43+0.24b 60.33+0.33¢ 2.55+0.02b  0.11+0.03b
Gf+Az+Pf 35.20+0.14a 13.06+0.02a 1.22+0.0l1a 15.244+0.13a 1.07+0.05a 0.28+0.03a 45.33+0.33a 0.00+0.00a 0.00+0.00a 78.36+0.18a 78.33+0.33a 3.10+0.05a 0.15+0.03a
60 days

CN 69.09+0.06e  69.09+0.06e 5.71+0.02¢ 22.18+0.11e 4.16+0.05¢ 0.774+0.08¢ 72.33+0.33¢ 5.66+0.33¢c 1.66+0.33d 0.00+0.00e 0.00+0.00e  2.02+0.03¢  0.01+0.05¢
Gf 83.46+0.05b 83.46+0.05b 9.59+0.03b 42.23+0.16b 5.86+0.01b 1.5440.08b 92.33+0.33b 7.60+0.33b 3.33+0.33¢  69.34+0.17b 74.66+0.33¢ 3.09+0.04b  0.18+0.03c
Gft Az 70.74+0.09d 70.74+0.09d 6.38+0.05d 25.24+0.13d 4.95+0.01d 1.16+0.01d 81.00+0.57d 6.66+0.33bc 3.00+0.00c 55.37+0.19d 70.66+0.33d 3.17+0.04b 0.15+0.03d
Gf+Pf 72.76+£0.08¢c 72.76+£0.08c 7.25+0.02c 35.40+0.22¢ 5.56+0.01c 1.4240.05¢ 84.66+0.33¢ 7.33+£0.33b 4.33+0.33b  65.42+0.22¢ 78.33+0.33b 3.23+£0.03b  0.20+0.03b
Gf+Az+Pf 92.54+0.02a 92.54+0.02a 11.55+0.01a 49.47+0.25a 10.254+0.01a 2.56+0.01a 103.66+0.20a 10.00+0.57a 5.66+0.33a 91.40+0.21a 99.00+0.57a 3.68+0.14a 0.22+0.05a
90 days

CN 49.2440.08¢  49.24+0.08¢ 9.27+0.14e  20.33+£0.33e 7.44+0.02¢ 1.86+0.01¢ 78.66+0.33¢ 2.66+0.33¢ 3.66+0.33d 0.00+£0.00e 0.00£0.00e  2.61+0.08d 0.12+0.03d
Gf 92.504+0.07b  92.50+0.07b 16.81+0.03b 41.00+0.57b 12.59+0.05b 3.27+0.08b 95.00+0.57b 4.33+0.33b  6.66+0.33b  73.47+0.25b 75.23+0.13b 3.53+0.01b  0.28+0.03b
Gf+ Az 65.77+0.01d  65.77+0.01d 10.23+0.10d 35.33+0.33d 10.56+0.11d 2.8340.01d 81.33+0.33d 5.66+0.33a 5.33+0.33¢  60.23+0.13d 63.42+0.22d 3.00+0.06cd 0.23+0.06¢
Gf+Pf 82.53+0.23¢ 82.53+0.23¢c 13.55+001c 38.66+0.33¢ 11.41+0.16¢ 2.96+0.08¢c 84.66+0.33¢ 3.66+0.33bc 2.66+0.33d 65.53+0.26¢ 70.51+0.26¢ 3.13+£0.07c¢  0.24+0.03¢c
Gf+Az+Pf 112.48+0.20a 112.4840.20a 19.77+0.10a 44.66+0.33a 15.94+0.02a 7.75+0.01a 113.00+0.57a 4.33+0.33b 10.00£0.57a 90.39+0.21a 103.33+0.17a 4.47+0.24a  0.42+0.08a

CN-Control, Gf-Glomus fasciculatum; Glomus fasciculatum+ Azotobacter chrococcum + Pseudomonas fluorescens.Mean values followed by the same letter are not significantly different at

P=0.05. Mean + Standard error

compared to other treatments. The root colonization
recorded (78.32%), spore number (88.66) in 50g of soil and
phosphorus content (0.29%) in root inoculated with
Glomus fasciculatum, Azotobacter chrococcum and
fluorescens than dual inoculation and
single inoculation. After 90 day, the plants growth
responded in the similar trend inoculated with Glomus
and

Pseudomonas

fasciculatum, Azotobacter chrococcum
Pseudomonas fluorescens and the recorded values are,
shoot length (89.15cm), fresh (112.48¢g) and dry weight of
shoot (19.77g), root length (44.66 cm), fresh (15.94) and
dry weight of root (7.75g) and number of leaves (113.00)
were recorded significantly in the inoculated, Glomus

fasciculatum, Azotobacter chrococcum and

Pseudomonas  fluorescens (Table 1). The triple
inoculation resulted largest increase in number of fruits
(10.00), root colonization(90.39%), spore number(103.33)
in 50 g of soil, phosphorus content in root (0.38%). In dual
inoculation of Glomus fasciculatum and Pseudomonas
fluorescens, resulted highest when compared with Glomus
fasciculatum and Azotobacter chrococcum. There was no
significant record of flowers during this stage. The dry
weight of root and phosphorous uptake (Fig. 2 a, c).

The inoculation of Glomus fasciculatum,
Azotobacter chrococcum and Pseudomonas fluorescens
on NS 585 varieties of Solanum Iycopersicum L.,
significantly increased the extent of AM colonization
of the root system (Fig. 3 b). After 30 days responded
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Fig. 1: Showing symbiotic response of Non inoculated control, Glomus fasciculatum, Gf+Ac, Gf+Pf, Gf+Ac+Pf on plant
growth of Solanum lycopersicum L., varieties NS 528 and NS 585

1. NS 524 variety
A. Noninoculated control

B. Glomus fasciculatum (Thaxter) Gerdmann and Trappe emend. Walker & Koske

C. Gf+Ac
D. Gf+Pf
E. Gf+Ac+Pf

2. NS 585 variety
A. Noninoculated control

B. Glomus fasciculatum (Thaxter) Gerdmann and Trappe emend. Walker & Koske

C. Gf+Ac
D. Gf+Pf
E. Gf+Ac+Pf

significantly on fresh(13.06g), dry weight of shoot(1.22g),
root length(15.24cm), fresh(1.07g), dry weight of
root(0.28), number ofleaves(45.33), stem diameter(3.10cm),
root colonization(78.36%), phosphorus content(0.20%) in
root was recorded highest inoculated with Glomus

chrococcum and
than dual and single
inoculation. There were no significant records in number
of flower and fruits (Table 2).

fasciculatum, Azotobacter

Pseudomonas  fluorescens

After 60 days the inoculation of Glomus
fasciculatum, chrococcum and
Pseudomonas  fluorescens responded positively on
shoot length(85.29 cm), fresh (92.54g) and dry weight
of shoot (11.55g), root length(49.47cm), fresh (10.25g)
and dry weight of root(2.56g) was recorded
significantly. Root colonization (91.40%) and phosphorus
content in root (0.20%) were observed in the inoculated
Glomus fasciculatum, Azotobacter

Azotobacter

chrococcum and
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Fig. 2: Showing effect of Glomus fasciculatum, Azotobacter chrococcum and  Pseudomonas fluorescens on(a) dry
weight of root (b) percent of root colonization and (c) Phosphorus uptake in Solanum lycopersicum L., (var NS

524)

Pseudomonas fluorescens. The number of leaves(103.06),
flowers(10.00) and fruits(5.66), stem diameter(3.68cm) and
spore number(99.00) were highest inoculated with
Glomus fasciculatum, Azotobacter chrococcum and
Pseudomonas fluorescens compared to single and dual
inoculation. After 90 days of plant growth, triple
inoculation of Glomus fasciculatum, Azotobacter

chrococcum and Pseudomonas fluorescens induced an
increase in shoot length(89.15 cm), fresh (112.48g) and dry
weight of root(19.77) than dual and single inoculations.
The number of leaves (118.00), fruits(12.00), flowers(4.33),
spore number(103.33) in 50g soil and root
colonization(90.39%), phosphorus content in root(0.42%)
and stem diameter(4.47cm). In comparison within dual
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Fig. 3: Showing effect of Glomus fasciculatum, Azotobacter chrococcum and Pseudomonas fluorescens on (a) Dry
weight of root (b) Percent of root colonization and (¢) Phosphorus uptake in Solanum lycopersicum L., (Var NS

585)

inoculation Glomus fasciculatum with Pseudomonas
fluorescens resulted higher than Glomus fasciculatum and
Azotobacter chrococcum and there is increase in single
inoculated Glomus fasciculatum treatment, the dry weight
of root, phosphorous uptake and root colonization

(Fig. 3).
DISCUSSION

The results of the study [26] showed that seed
priming with Plant Growth Promoting Rhizobacteria

affected grain yield, plant height, number flowers,
number of grains per ear significantly. Numerous
other studies have shown a substantial increase in
dry matter accumulation and seed yield following
inoculation with PGPR [27, 28, 29]. [30] reported that in
all their treatments, shootand fruit potassium increased
when PGPR and Arbuscular Mycorrhiza Fungi (AMF)
were used together. The influence of PGPR on dry
matter accumulation and chick pea (C. arietinum L.)
yield under field conditions has been thoroughly studied
[31]. Synergistic effects of plant growth-promoting

2059



World Appl. Sci. J., 32 (10): 2054-2062, 2014

rhizobacteria andRhizobiumon nodulation and nitrogen
fixation by pigeonpea (Cajanus cajan) were also observed
[32]. The PGPR promote the growth of the plant and
increase the root surface area or the general root
architecture [33, 34]. An increase in chlorophyll content
due to inoculation with AM fungi has been reported
previously [35, 36]. The present study shows that
co-inoculation of bacterial strains with AM fungi can
enhance the plant growth
effect of co-inoculation on nutrient uptake could increase
the volume of root and overall growth of the plant.
Tomato plants also attributed to good uptake of

significantly. The beneficial

phosphorous. Bacteria may also support the AMF
symbiosis by increasing bio-available phosphate. In soil
with low P Dbioavailability, free-living phosphate-
solubilising bacteria may release phosphate ions from
sparingly soluble inorganic and organic P compounds in
soil [37]. While mycorrhizal
colonization resulting in improved nutrient (P) uptake by
cereals under mixed cropping of ‘cereals - non-legumes’

enhancement  of

or ‘cereal - cereal’ combinations like rice (Oryza sativa L.)
Finger millet (Eleusine coracana L. Gaertn) [38] was
attributed to higher root density per volume of soil
favoring the spread of the symbiotic fungi [39]. The
positive effect of PGPR and AMF bio-inoculants on wheat
growth, observed in previous greenhouse experiments
[40], was confirmed in the field. The bioinoculations had
a significant effect on grain quality, for instance the
phosphorus content that doubled in the bioinoculated
plants. In our study, there were several cases in which
AMF and PGPR coinoculations supported each other in
terms of the improvement of plant growth and nutrient
uptake, particularly phosphorus uptake, which also
supports by [41,42]. For maximizing the better growth and
vigour of Eugenia bacterta and Terminalia bellerica
seedlings at nursery level, combined application of PSB,
VAM and Rock phosphate is recommended to healthy
timber seedlings [43].

ACKNOWLEDGEMENT

Author’s are indebted to UGC for financial assistance
under the scheme RFSMS fellowship.

REFERENCES
1. Subba Rao, N.S., 1999. Soil Microbiology (Fourth

Edition of Soil Microorganisms and Plant Growth).
Science Publishers, Inc. USA.

2.

10.

11.

12.

2060

Heidari, M., S.M. Mosavinik, A. Golpayegani,
Ruiz-Lozano, J.M.C. Collados and J.M. Barea, 2011.
Plant growth promoting rhizobacteria (PGPR) effect
on physiological parameters and mineral uptake in
basil (Ociumum basilicm L.) under water stress.
ARPN J. Agricultural and Biological Sci., 6: 6-11.
Wu, S.C., Z.H. Cao, Z.G. Li, K.C. Cheung and
M.H. Wong, 2005. Effects of biofertilizer containing
N-fixer, P and K solubilizers and AM fungi on maize
growth: a greenhouse trial. Geoderma, 125: 155-166.
Yeole, R.D. and H.C. Dube, 1997. Increased plant
growth and yield through seed bacterization. Ind.
Phytopathol., 50(3): 316-319.

Hoffmann-Hergarten, S., M. Gulati and R.A. Sikora,
1998. Yield response and biological control of
Meloidogyne incognita on lettuce and tomato with
rhizobacteria. Z. Pflkrankh Pflschutz, 105(4): 349-358.
Polyanskaya, L.M., O.T. Vedina, L.V. Lyask and
D.G. Zvyagintev, 2000. The growth promoting effect
of Beijerinckia mobilis and Clostridium sp. culture on
some agricultural crops. Microbiology, 71: 109-115.
Singh, S.K., Y.L. Nene and M.V. Reddy, 2003.
Influence of crop
phaseolina populations in
74: 812-814.

Lucy, M., E. Reed and B.R. Glick, 2004. Applications
of free living plant growth promoting rhizobacteria.
Antonie Vanleewenhoek, 86(1): 11-25.

Reddy, M.S., CM. Ryu, S. Zhang, Z. Yan, D.S.
Kenney, R. Rodriguez-Kabana and J.W. Kloepper,
2000. Approaches for enhancing PGPR-mediated ISR
on various vegetable transplant plugs. Proc 5" Int
PGPR Workshop. Cordoba, Argentina, Oct 29-Nov 3.
Kloepper, J.W., M.S. Reddy, R. Rodriguez Kabana,
D.S. Kenney, N. Kokalis-Burelle, N. Martinezochoa,
C.S. Vavrina, 2004. Application for rhizobacteria in
transplant production and yield enhancement. Acta
Hort, 631: 217-229.

Artursson, V., R.D. Finlay and J.K. Jansson, 2005.
Combined bromodeoxyuridine immunocapture and
terminal restriction fragment length polymorphism
analysis highlights differences in the active soil
bacterial metagenome due to Glomus mosseae
inoculation or plant species. Environ. Microbiol.
7: 1952-1966.

Artursson, V., R.D. Jansson, J.K, 2006. Interactions
between arbuscular mycorrhizal fungi and bacteria
and their potential for stimulating plant growth.
Environ. Microbiol., 8: 1-10.

system on Macrophomina

soil. Plant Diseases,



13.

14.

15.

16.

17.

18.

19.

20.

21.

World Appl. Sci. J., 32 (10): 2054-2062, 2014

Richardson, A., J.M. Barea, A. McNeill and C. Prigent
Combaret, 2009. Acquisition of phosphorus and
nitrogen in the rhizosphere and plant growth

promotion by  microorganisms.  Plant Soil,
321:305-339.
Linderman, R.G., 1997. Vesicular-arbuscular

mycorrhizal (VAM) fungi. In The Mycota. Caroll,
G.C. and Tudzynski, P. (eds). Berlin, Germany:
Springer-Verlag, pp: 117-128.

Harley, JL. and S.R. Smith, 1983. Mycorrhizal
Symbiosis. New York, USA: Academic Press.

Linderman, R.G., 1992. Vesicular-arbuscular
mycorrhizae and soil microbial interactions. In
Mycorrhizae in Sustainable Agriculture.

Bethlenfalvay, G.J. and Linderman, R.G. (eds).
Madison, WI, USA: American Society for
Agronomy, pp: 45-70.

Azcon-Aguilar, C. and B. Bago, 1994. Physiological
characteristics of the host plant promoting an
undisturbed functioning of the mycorrhizal
symbiosis. In Impact of Arbuscular Mycorrhizas on
Sustainable Agriculture and Natural Ecosystems.
Gianinazzi, S. and Schiiepp, H. (eds). Basel,
Switzerland: ALS, Birkhduser-Verlag, pp: 47-60.
Smith, S.E., V. Gianinazzi-Pearson, R. Koide and
JW.G. Cairney, 1994. Nutrient transport in
mycorrhizas: structure, physiology and
consequences for efficiency of the symbiosis. In
Management of Mycorrhizas in Agriculture,
Horticulture and Forestry. Robson, A.D.,
Abbott, L.K. and Malajczuk, N. (eds). Dordrecht,
the Netherlands: Kluwer Academic Publishers,
pp: 103-113.

Barea, J.M., 1997. Mycorrhiza-bacteria interactions on
plant growth promotion. In Plant Growth Promoting
Rhizobacteria. Ogoshi, A., Kobayashi, K., Homma, Y.,
Kodama, F., Kondo, N. and Akino, S. (eds). Paris,
France: OECD Press, pp: 150-158.

Gryndler, M., 2000. Interactions of arbuscular
mycorrhizal fungi with other soil organisms. In: Y.
Kapulnik and D.D. Douds, Jr (Ed) Arbuscular
Mycorrhizas: Physiology and Function (pp: 239-262).
Kluwer Academic Publishers, Dordrecht, The
Netherlands.

Linderman, R.G., 2000. Effects of mycorrhizas on
plant tolerance to diseases. In Arbuscular
Mycorrhizas: Physiology and Function. Y. Kapulnik
and D.D.J. Douds, (eds). Dordrecht, the Netherlands:
Kluwer Academic Publishers, pp: 345-365.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

2061

Phillips, J.M. and D.S. Hayman, 1970. Improved
procedures for clearing roots and staining parasitic
and vesicular—arbuscular mycorrhizal fungi for rapid
assessment of infection. Transactions British
Mycological Society, 55: 158-161.

Gerdemann, J.W. and T.H. Nicolson, 1963. Spores of
mycorrhizal endogene species extracted from the soil
by wet sieving and decanting. Trans. Br. Mycol.
Soc., 46: 235-244.

Jackson, M.L., 1973. Soil chemical analysis.Prentice
Hall of India (P) Ltd., New Delhi.

Sharifi, R.S., K. Khavazi and A. Gholipouri, 2011.
Effect of seed priming with plant growth promoting
Rhizobacteria (PGPR) on dry matter accumulation and
yield of maize (Zea mays L.) hybrids. International
Research Journal of Biochemistry and Bioinformatics,
1(3): 076-083.

Perveen, S., M.S. Khan and A. Zaidi, 2002. Effect of
rhizospheric microorganisms on growth and yield of
greengram (Phaseolus radiatus L.). Ind. J. Agric. Sci.,
72:421-423.

Wani, P.A., M.S. Khan and A. Zaidi, 2007.
Synergistic effects of the inoculation with nitrogen
fixing and phosphate-solubilizing rhizobacteria on
the performance of field grown chickpea. J. Plant
Nutr. Soil Sci., 170: 283-287.

Mishra, M., U. Kumar, P.K. Mishra and V. Prakash,
2010. Efficiency of Plant Growth Promoting
Rhizobacteria for the Enhancement of Cicer
arietinum L. Growth and Germination under Salinity.
Advances in Biological Research, 4(2): 92-96.
Ordookhani, K., K. Khavazi, A. Moezzi and F. Rejali,
2010. Influence of PGPR and AMF on antioxidant
activity, lycopene and potassium contents in tomato.
African Journal of Agricultural Res., 5(10): 1108-1116.
Rokhzadi, A., A. Asgazadeh, F. Darvish, G. Nour-
Mohammed and E. Majidi, 2008. Influence of plant
growth promoting rhizobacteria on dry matter
accumulation and yield of chick pea (Cicer
arietinium L.) under filed conditions. American-
Eurasian J. Agric. Environ. Sci., 3: 253-257.

Tilak, K.V. and N. Ranganayaki, 2006. Synergistic
effects of plant-growth promoting rhizobacteria and
Rhizobium on nodulation and nitrogen fixation by
pigeon pea (Cajanus cajan). Eur. J. Soil Sci., 57: 67-71.
Biswas, J.C., J.K. Ladha and F.B. Dazzo, 2000.
Rhizobia improves
and growth of lowland rice. Soil Sci. Soc. Am. J.,
64: 1644-1650.

inoculation nutrient uptake



34.

35.

36.

37.

38.

39.

World Appl. Sci. J., 32 (10): 2054-2062, 2014

Lucy, M., E. Reed and B.R. Glick, 2004. Application of
free living plant growth-promoting rhizobacteria.
Antonie van Leeuwenhoek, 86: 1-25.

Boby, V.U., A.N. Balakrishna and D.J. Bagyaraj, 2008.
Interaction betweenGlomus mosseaeand soil yeasts
on growth and nutrition of cowpea. Microbiol. Res.,
163: 693-700.

Feng, G., F.S. Zhang, X.L. Li, C.Y. Tian, C. Tang and
Z. Rengel, 2002. Improved tolerance of maize plants
to salt stress by arbuscular mycorrhiza is related to
higher accumulation of soluble sugars in roots.
Mycorrhiza, 12: 185-190.

Kucey, R.M. and E.A. Paul, 1982. Carbon flow,
photosynthesis and N2 fixation in mycorrhizal and
nodulated faba beans (Vicia faba. L.). Soil Biol.
Biochem., 14: 407-412.

Maiti, D., M. Variar and R.K. Singh, 2011. Rice based
crop rotation for enhancing native arbuscular
mycorrhizal (AM) activity to improve phosphorus
nutrition of upland rice (Oryza sativa L.). Biol and
Fert of Soils.

Strzemska, J., 1975. Occurrence and intensity of
mycorrhizae in cultivated plants. Academic Press,
London.

40.

41.

42.

43.

44,

2062

Gaur, R., N. Shani, B.N. Kawaljeet, Johri, P. Rossi and
M. Aragno, 2004. Diacetylphloroglucinol-producing
pseudomonads do not influence AM fungi in wheat
rhizosphere. Current Science, 86: 453-457.

Nehl, D.B., S.J. Allen and J.F. Brown, 1996.
Deleterious rhizosphere bacteria: an integrating
perspective. Appl. Soil Ecol., 5: 1-20.

Kremer, R.J., 2006. Deleterious rhizobacteria, In: S.S.
Gnanamanickam, ed. Plant-Association Bacteria.
Springer, Netherlands. Martinezochoa, pp: 335-357.
Vavrina, C.S., 2004. Application for rhizobacteria in
transplant production and yield enhancement. Acta
Hort, 631: 217-229.

Lakshman, H.C., 2003. Effect of phosphate
solubiliging bacteria and vesicular mycorrhizal fungi
with and without rock phosphate on four forest tree
seedlings. Proceedings of first national symposium
on mineral phosphate solubilization. pp:65.
November 14-16, 2002. USA, Dharwad.



