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and Bradyrhizobium japonicum in Vertisol with Two Soybean Cultivars

M.K. Meghvansi and S.K. Mahna

Department of Botany, Maharshi Dayanand Saraswati University, Ajmer 305009, Rajasthan, India

Abstract: A field experiment was conducted to evaluate the symbiotic potential of AM fungus, G. intraradices
alone and/or in combination with bradyrhizobial strains in two important soybean cultivars (JS335 and NRC 7).
It was found that dual inoculation of G. intraradices + B. japonicum was superior over single inoculation of
G. intraradices / B. japonicum in both the soybean cultivars and produced 21.20% and 16.94% higher seed
weight of plants of JS 335 and NRC 7 cultivars respectively when compared to control. Comparative data on
soil  phosphorus before and after field trial revealed significant increase over control after the inoculation of
G. intraradices. Dual inoculation of G. intraradices + B. japonicum caused highly significant increase in P
budget of rhizospheric soil compared to control. The response of cultivar JS 335 was found to be better in all
the inoculations. The present study suggests the suitability of G. intraradices and B. japonicum to be used
in combination for enhancing soybean yield and soil fertility in Haroti (Bundi) region of Rajasthan.

Key words: Symbiotic potential, Glomus intraradices, Bradyrhizobium japonicum, Vertisol, Soybean cultivars

INTRODUCTION with AM and nodule bacteria. Recent investigations [4, 5]

Nitrogen (N) and phosphorus (P), the major nutrients bradyrhizobial and AM fungal strains existed in different
required for plant growth are supplied by fertilizers or cultivar regions than assumed earlier. According to
manures. Leguminous crops have the capability of Antunes and Goss [6], it is essential to consider such
improving soil fertility by fixing atmospheric nitrogen into complexity by conducting research that takes a holistic
available form with the help of rhizobial species present in approach in assessing the effects of the tripartite
the root nodules. The arbuscular mycorrhiza (AM) fungi symbiosis on plant health and nutrition. In view of these,
are known to improve plant uptake of immobile nutrients selection of suitable combination of rhizobia and AMF
particularly P from high P-fixing soils and also from the having compatibility with different plant genotypes is
less soluble P sources [1]. The efforts are underway to very important. Earlier, we conducted an experiment to
investigate the influence of inoculation of more than one assess the comparative efficacy of three arbuscular
microbe for the improvement of plant health and overall mycorrhizal fungi (Glomus intraradices, Acaulospora
crop production. Since the legumes can host AMF and tuberculata and Gigaspora gigantea ) combined with
N -fixing bacteria at the same time, the tripartite symbiosis cultivar specific Bradyrhizobium japonicum in for2

of AMF-rhizobia-legume assumes more significance in soybean cultivars (JS 335, JS 71-05, NRC 2 and NRC 7)
terms of improving soil fertility and crop productivity. under  greenhouse  conditions   using   autoclaved
However, due to the obligate biotrophy of arbuscular alluvial soil and the results suggested that a strong
mycorrhizal fungi, the two symbioses are rarely studied selective synergistic relationship existed between AMF
together [2]. Moreover, the initiation and functioning of and B. japonicum [5]. However, the results obtained in
the tripartite symbiosis are complex and despite the greenhouse experiments do not necessarily reflect the
progress achieved in the last two decades there are still potential for plant growth promotion in the field as the
many unknowns. In the tripartite symbiosis (AM + nodule field environment is generally much stressful and the
bacteria + groundnut as a host plant species), there was conditions there are more complex than controlled
a significant genotype effect [3], indicating a genetic environment conditions. Thus, the verification of
variability in host capacity to sustain effective symbiosis symbiotic effectiveness and competitive ability of

indicated that a much larger genetic variability of
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selected microsymbionts under field conditions is split  plot  arrangements  using  two  soybean  cultivars
essential. The  present  paper  describes the effect of (JS 335 and NRC 7) in which G. intraradices was tested
single and or dual inoculation of two soybean cultivars alone and/or in combination with bradyrhizobial strains.
(JS 335 and NRC 7) with Glomus intraradices and For one treatment, 480 seeds were sown in four rows and
Bradyrhizobium japonicum under field conditions. row length was kept 3 meter with 35 cm distance between

MATERIALS AND METHODS was vertisol with pH 8.2, EC 0.50 m.mhos.cm  and

Preparation of Am Fungal Inoculum: Individual AM
fungal spores showing hyphal connection were isolated Data Collection and Statistical Analysis: The data
from the air dried rhizospheric soil samples collected from pertaining to nodular and vegetative parameters along
soybean growing fields of Bundi region of Rajasthan, with shoot P were recorded after 45 days of sowing while
employing  wet  sieving  and   decantation   method  [7]. the data on per cent AMF colonization in roots, AMF
20 spores of G. intraradices were surface sterilized by spore population in rhizospheric soil and seed weight
immersing them in 2 % (w/v) chloramine T and 200 ppm were  recorded at crop maturation stage. Rhizospheric
streptomycin (Hi Media, India) for 15 minutes followed by soils from all treatments were also collected after the
successive washing in sterilized distilled water until experimentation for the purpose of estimation of available
sterlitant was removed. These spores were used to infect phosphorus. The data were statistically analysed by
Zea mays seedlings grown in earthern pots filled in with calculating ANOVA and LSD P = 0.05. 
sterilized substrate (soil and sand 1:1 v/v). The root
systems were checked microscopically for uniform RESULTS
colonization  by  the  AMF  at  different  time  intervals
(after 5 days). The root systems of well infected seedlings The data on effect of  inoculation  of  two  cultivars
along with the adhering soil were finely chopped and (JS 335 and NRC 7) with G. intraradices and B. japonicum
used as starter inoculum. The bulk inoculum was on nodulation and plant growth along with shoot P are
produced by infecting fresh seedlings raised in sterilized presented in Table 1. It is evident from the table that total
soil inoculated with 5% - 10% of starter inoculum as a number of nodules and nodule biomass of two soybean
layer approximately two inches below the soil level. This cultivars (JS 335 and NRC 7) receiving dual inoculation of
root-based inoculum of G. intraradices was stored in G. intraradices + Bradyrhizobium were significantly
sterilized polythene bags for use in the experimentation. enhanced. The single inoculation of Bradyrhizobium also

Inoculant Production of Bradyrhizobial Strains and Seed other hand, no significant difference in the nodular
Treatment: The inocula of two bradyrhizobial strains frequency of two soybean cultivars was observed after
(BJ335-1 and JN7-1) were produced using a mixture of the single inoculation of G. intraradices and the control
phosphorus free sterilized charcoal (pH, 6.8) and sand plants. Shoot height, shoot biomass, shoot P, percent
(3:1) as carrier. The sterilized carrier was inoculated with AMF infection (Fig. 1) and seed weight (Fig. 3) in roots of
exponentially growing bradyrhizobial cultures. Thereafter, two soybean cultivars as well as AMF spore population
the carrier inoculant having around 10  bacterial cells g (Fig.2) in rhizospheric soil were also potentiated after10 1

was applied to surface sterilized soybean seeds. As a single and or dual inoculations of G. intraradices and
sticker material, 10% sugar (jaggery) solution was used Bradyrhizobium. Dual inoculation of G. intraradices +
before sowing for proper seed pelleting [8]. The inoculant Bradyrhizobium yielded most significant (LSD P= 0.05)
in the sterilized plastic bags was stored at low temperature improvement   in   the   studied   parameters.   A maximum
and its purity along with number of viable cells per gram of  21.20%   and    16.94%    increase    over  control  in
had been checked periodically. seed weight  of  JS  335  and  NRC  7  cultivars

Field Trial: The experiment was performed at the G. intraradices + Bradyrhizobium. Individual  inoculation
Adaptive Trial Centre, Department of Agriculture, Govt. with G. intraradices also significantly improved shoot
of Rajasthan, Bundi in 15.20 X 11.00 meter area in a height, shoot biomass, shoot P and seed weight of both
complete  randomized  block  design  (three  blocks)  with the   soybean    cultivars   as   compared   to   the  control.

two adjacent rows. Taxonomically, the experimental soil
1

organic carbon 0.55%.

enhanced the nodular frequency significantly. On the

respectively  was   recorded   after   dual   inoculation  of
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Table 1: Influence  of  inoculation  of  Glomus  intraradices  and  Bradyrhizobium  japonicum  on  nodulation  and  growth  of  two  soybean  genotypes

under field conditions

cv. JS 335 cv. NRC 7

---------------------------------------------------------------------------- --------------------------------------------------------------------------------

Parameters Control GI BJ GI+BJ Control GI BJ GI+BJ

Total no. of nodules. Plant 18.55 ±1.66 18.67 ±1.40 25.44 ±2.05 27.44 ±1.69 9.57 ±0.62 9.00 ±0.79 14.42 ±0.93 16.20 ±0.831 c c b a c c b a

Nodule biomass. Plant 0.158 ±0.011 0.166 ±0.009 0.232 ±0.017 0.269 ±0.021 0.117 ±0.008 0.103 ±0.017 0.130 ±0.015 0.180 ±0.0121 c c b a c c b a

Shoot height. Plant 22.22 ±1.59 28.66 ±1.47 23.77 ±1.32 33.66 ±2.09 12.67 ±0.94 15.67 ±1.54 14.00 ±1.48 18.67 ±1.381 b a b a c b b a

Shoot biomass. Plant 7.53 ±0.63 9.96 ±0.79 9.80 ±0.85 13.11 ±0.96 5.32 ±0.65 7.42 ±0.72 7.00 ±0.78 10.48 ±0.831 c b b a c b b a

Shoot P (%) 0.251 0.319 0.296 0.388 0.265 0.34 0.282 0.372

Values are mean of 15 plants;  ± Standard error; Values without common letter differ significantly at LSD P <0.05

GI- Glomus intraradices; BJ- Bradyrhizobium japonicum

Fig. 1: Influence of inoculation of Glomus intraradices Fig. 3: Influence of inoculation of Glomus intraradices
and Bradyrhizobium japonicum on root and Bradyrhizobium japonicum on seed yield of
colonization in two soybean genotypes under two soybean genotypes under field conditions
field  conditions    (GI-    Glomus  intraradices; (GI- Glomus intraradices; BJ- Bradyrhizobium
BJ- Bradyrhizobium japonicum) japonicum). Columns without common letter differ

Fig. 2: AMF spore density in rhizospheric soil of two
soybean genotypes treated with Glomus Fig. 4: Influence of inoculation of Glomus intraradices
intraradices and Bradyrhizobium japonicum and Bradyrhizobium japonicum on phosphorus
under field conditions (GI- Glomus intraradices; budget of soil collected from rhizosphere of two
BJ- Bradyrhizobium japonicum) soybean genotypes under field conditions (GI-

Individual inoculation with Bradyrhizobium significantly japonicum). Columns without common letter differ
improved nodular frequency, shoot biomass and seed significantly (within treatments) at LSD P <0.05
weight  of  both  the  soybean  cultivars, in comparison
with   the    control.   In   addition,   dual   inoculation  of considerable increase in P budget in both the cultivars
G. intraradices and  Bradyrhizobium  yielded significant receiving  individual  inoculation   of   G.  intraradices
improvement   in   P   budget  of  soil.  Also,  there  was  a (Fig. 4).

significantly (within treatments) at LSD P <0.05

Glomus intraradices; BJ- Bradyrhizobium
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DISCUSSION and Trappe emend. Walker and Koske, Lambert and

Overall comparison of the results of the present soybean [Glycine max (L.) Merr.] shoots was
study with those of an experiment conducted earliar [5] approximately  60%   greater  in  mycorrhizal  plants than
revealed that results of the greenhouse experiment are in nonmycorrhizal plants.
very much parallel to those observed in the field trial. It The present study demonstrated that the dual
was clearly evident from the results that AMF and inoculation  of  soybean  plants  with  G.  intraradices
Bradyrhizobium  individually  and  or in combination and Bradyrhizobium japonicum increased growth,
were having enough potential to improve the soybean nodulation parameters, phosphorus content and seed
cultivars because significant impending effects on yield. Therefore, the use of this combination of microbes
growth, productivity and nutrient status of the plants is  more  appropriate  for  enhancement of soybean yield
were  observed.  Moreover,  dual  inoculation of AMF as well as soil fertility.
with Bradyrhizobium could increase the shoot growth,
nodulation,  seed  yield and phosphorus concentrations ACKNOWLEDGMENT
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