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Abstract: The aim of the present study was to investigate the effect of dual
inoculation of arbuscular mycorrhiza fungi (Glomus fasciculatum), and cultivar specific
Bradyrhizobium japonnicum on the shoot height, dry matter, arbuscular mycorrhiza
fungal colonization, chlorophyll, nutrient contents and yield of soybean variety NRC
37 (Ahilya 4). The results revealed an overall increase in shoot height, dry matter,
arbuscular mycorrhiza fungal infection, chlorophyll, nitrogen and phosphorus
contents and yield in the arbuscular mycorrhiza fungal mediated plants than
uninoculated ones. Maximum increases were recorded in dually inoculated plants
with arbuscular mycorrhiza fungi (AM Fungi) and cultivar specific Bradyrhizobium
Jjaponnicum (CSBJ). The combined application of AM Fungi and CSBJ were also
remarkably increased the all parameters tested on soybean. The dual inoculation
with microsymbionts revealed synergistic effect on soybean. The results suggest that
dual inoculation of AM Fungi and CSBJ have the potential to enhance the growth,
nutrient contents and yield of soybean.

Keywords: Glomus fasciculatum; Bradyrhizobium japonnicum; Chlorophyll; Nitrogen;
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1. Introduction

Alluvial soil has the highest productivity with respect to other soils. The alluvial soil found in
India, particularly in the Indo-Gangetic plain. The Gangetic plains of India are one of the most
intensively cultivated plains of the world. Alluvial soil is one of the best soils, requiring the least
water due to its high porosity. The consistency of alluvial soil ranges from drift sand and rich,
loamy soil to silt clays. India is one of the richest countries in the world in terms of alluvial soil
(nearly 43%), which covers more than 46% of its total land area (Alka et al., 2017). The morpho-
logical, physical, chemical, and mineralogical properties of alluvial soils depend greatly on the
characteristics of the alluvial parent material in which the soils formed. According to several
studies, organic materials improve soil chemical, physical and biological properties and thereby
contribute to the maintenance of overall soil fertility and productivity (Topoliantz, Ponge, &
Ballof, 2005). Soil microbial communities are extremely diverse, and the relation between their
diversity and function influences soil stability, productivity and resilience; on the other hand,
organic matter, water activity, soil fertility, physical and chemical properties influence micro-
bial biomass in soils (Tomich et al., 2011). The alluvial soil is generally covered by grasses and
forests, as well as a number of crops grown, such as rice, wheat, sugarcane, tobacco, maize,
cotton, soybean, jute, oilseeds, fruits, vegetables, etc.
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The rhizosphere of plants is residence to a huge diversity of microbial species, many of which
interact naturalistically with plant roots. There has been significant interest recently in exploit-
ing their beneficial microorganisms for the purpose of more sustainable for crop production
and soil health. Rhizospheric microorganisms play an important role in sustaining soil health
and long-term productivity by performing major soil functions such as decomposition of organic
matter, nutrient cycling and formation of soil aggregate. The recognized benefits of plants inoc-
ulation with beneficial microorganisms include reduced pathogen infection, improved fertiliz-
ers use efficiency and resistance to a biotic stress such as salinity (Yaung, et al., 2009; Kim et
al., 2011; ) (Chen et al., 2011; Prasad et al., 2019). Most of the legumes possess two types of
microbial symbionts namely mycorrhizal fungi and nitrogen fixing bacteria (BNF) thereby estab-
lishing triple association, capable of supplying nitrogen (N) and Phosphorous (P) contents to the
plants (Silveira and Cardoso, 2004; Prasad et al., 2005; Meghvansi et al., 2008; (Prasad et al.,
2005) ; (Meghvanshi et al., 2008; Prasad et al., 2019; K. Prasad, Meghavansi, Harwani, Mahna, &
Werner, 2005). Both the AM Fungi and Bradyrhizobium japonnicum (B)) act as biofertilizers and
have the unique ability to convert nutritionally important elements unavailable form in soil to
available form through biological process (Hedge et al., 1999; Vessey, 2003; ; Meghavanshi et
al., 2010; Prasad, 2011; Prasad, 2015; Prasad, 2017; Prasad, 2020) (Meghvanshi et al., 2008).

Mycorrhizal fungi interact with a wide range of microbes in the root rhizosphere, and in the
bulk soil. These interactions may be inhibitory or stimulatory; some are clearly competitive and
others may be mutualistic. Through, AM Fungi are not capable to fixing atmospheric nitrogen;
they are known to increase N fixation and positively interact with N, fixers (Bagyaraj and Menge,
1978; Bethlenfalvay, 1992; Barea et al., 1992; Prasad et al., 2005; Prasad et al., 2006; Meghavan-
shi et al., 2010; Nicholas et al., 2021) (Bagyaraj & Menge, 1978; Barea et al., 1992; Nicholas et
al., 2021; K. Prasad et al., 2005). Combined inoculation of phosphate solubilising microorgan-
isms and AMF have shown better N and P uptake and improved crop yields in nutrient deficient
soils (Singh, Kapoor, & Wange, 1991).

Soybean (Glycine max (L.) Merrill.) is the most widely grown worldwide as cash crop and
has a high potential as a source of protein and oil, and it also enhances soil fertility for other
crops by modifying the soil nitrogen budget. Soybean, commonly known as Soya, a protein
rich pulse/oil crop has growing demand in Asia, especially in India because it can provide high
quality protein in Indian diet. The plant has got immense medicinal value and is also used as
fodder for cattle. There is need to enhance its productivity to meet the demand of growing pop-
ulation. The increase in soybean cultivation in India is likely to improve the rural economy and
socio-economic status of the Indian farmers. Association of soybean with AM Fungi increases
the uptake of nutrients particularly phosphorus (; Prasad, 2017) (Gavito, Schweiger, & Jakob-
sen, 2003; Xavier & Germida, 2003), zinc (Chen et al.,, 2011) Chen et al., 2003) and nitrogen as
well as increasing crop production (Raverkar and Tilak, 2002). The association of bradyrhizobial
strains with the roots of soybean plants also improves soil health and nitrogen fixation thus
further increasing crop production (Jaarsveld et al., 2002; Prasad et al., 2006; Meghavanshi et
al., 2010; Prasad, 2011). Recent investigations have brought to light instances where biological
activities are markedly enhanced in two or three membered associations of organisms. Syner-
gistic effects of AM Fungi and BJ have a high potential to improve the nutrients supply of soy-
bean including phosphorus and soil quality (Tilak, Saxena, Sadasivam, Adholeya, & Singh, 1995).
However, published studies (Shalaby and Hann, 2000; Taiwa and Adegbite, 2001; Meghavanshi
et al.,, 2010; Prasad, 2011; Prasad et al., 2019) (Prasad et al., 2019; Shalaby & Hanna, 2000) indi-
cate that a much larger genetic variability of bradyrhizobia and AMF strains exists in different
cultivar regions than was assumed previously. Researches in the past few decades on various
aspects of root symbionts have shown that dual interaction of AM fungi and CSBJ has improved
the growth, nodulation and yield (Gill and Singh, 2008; Talaat and Abdallah, 2008; Meghavan-
shi, et al., 2008) and also nutrient status (Chakrabarty et al., 2007), Meghavanshi et al., 2008;
Meghavanshi et al., 2010) in legumes. In the light of these views, an attempt has been made
in the present study, to investigate the effect of dual inoculation of AM Fungi (Glomus fascicula-
tum) and CSBJ in growth, mycorrhizal colonization in root, chlorophyll, nitrogen and phosphorus
contents and yield of soybean under greenhouse conditions.
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2. Materials and Methods
2.1. Procurement of Seeds

Soybean seeds of cultivar NRC 37 (Ahilya 4) were collected from Soybean Research Centre (NRC),
Indore (Madhya Pradesh), India. These cultivars are commonly grown in central India.

2.1.1. Preparation of Inoculum
2.1.2. AM Fungi (Glomus fasciculatum) Inoculum Preparation

Individual AMF spores showing hyphal connection were isolated by the wet sieving and decant-
ing method (Gerdemann & Nicolson, 1963) from the air-dried rhizosphere soil samples collected
from Jabalpur region of Madhya Pradesh. Characterization of individual AMF spores was car-
ried out after being subjected to morphogenetic and micrometric analysis based on their color,
diameter, shape, wall layers, surface content, hyphal color, hyphal width and hyphal attachment
with the wall. Identification was done at species level (Glomus fasiculatum) with the help of rele-
vant literature (Morton and Benny, 1990; ; Prasad and Rajak, 1999; Wu et al., 2002) (Schenck &
Perez, 1990). Isolated AMF spores were purified and maintained in pot culture on Zea mays cv.
Shakti under greenhouse conditions. For inoculum preparation of the AMF, surface sterilized
seeds of Zea mays cv. Shakti and sterilized substrate (soil and sand 1:1 V/V) were used. The
pure inoculum was produced by single spore cultivation. The substrate containing spores and
root pieces served as a stock culture of AMF inoculum. The treatment was replicated ten times
(one seed maintained in each pot).

2.1.3. Bradyrhizobium Inoculant Preparation and Seed Treatment

The CSBJ isolates were obtained from root nodules of NRC 37 soybean variety sampling from
Jabalpur, Madhya Pradesh. Healthy, pinkish, well formed, unbroken nodules were collected
from the roots of NRC 37. The nodules were surface sterilized for 3 minutes in 0.1% mercuric
chloride and washed repeatedly with sterile water. Individual nodules were crushed with ster-
ile glass rods in a small aliquot of sterile water and milky fluid was streaked on to sterile 20
E medium (Vincent, 1970; Werner, Wilcockson, & Zimmermann, 1975). The plates were incu-
bated at 28°C for 6-8 days. Colonies were selected and streaked on 20E plate for purity and
pure culture of isolated bacteria was subjected to morphological and biochemical (growth on
Hofers alkaline medium, growth on Glucose peptone agar) test for characterization as described
by Subbarao (1999) A mixture of phosphorus free sterilized charcoal (pH, 6.8) and sand (3:1)
were used as carrier for inoculant production. Sterilized carrier was inoculated with exponen-
tially growing bradyrhizobial cultures. Carrier inoculant having around 10'° bacterial cells g+
was applied to surface sterilized healthy soybean seeds before sowing by using 10% sugar (jag-
gery) solution (Subbarao, 1999)as a sticker material for proper seed pelleting. Seeds without
bacterial treatment served as controls. The treatment was replicated ten times.

2.1.4. Earthenware Pot Preparation and Inoculation

Air dried and sieved autoclaved alluvial soil collected from a non-legume cultivated field was
used to fill in earthenware pots (10 kg pot-1). A total of 5g of mycorrhizal inoculum (containing
40 spore’s g~ ') of AMF was placed in each pot at a depth of 2 cm below the seed sowing level
and was covered with soil. Thus, each pot received 200 AMF spores. There were 4 treatment
combinations for soybean (control i.e.,, no AMF or CSBJ, single AMF, single treatment of CSBJ,
dual treatments of AMF + CSBJ). There were ten replicates of each treatment. The experiment
was laid out in randomized complete block (RCB) design. Plants were watered every day as per
requirement. Plants in pots were grown for 100 days in a greenhouse (temperature of 27-35°C,
relative humidity of 70-80%) under natural illumination and were watered as needed. A set of
plants was harvested after 45 days to determine the frequency of root nodules, chlorophyll con-
tent and later after100 days the remaining plants with fruits were uprooted and data pertaining
to shoot height, shoot dry matter, seed weight and, shoot N and P content and intensity of AMF
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colonization were recorded.

Estimation of AMF Colonization in Root

Freshly collected roots were washed in water, cleaned with 10% KOH, acidified with 1N HCl
and stained in 0.05% Trypan blue (Phillips & Hayman, 1970). Quantification of AMF root colo-
nization was carried out using the slide method (Giovannetti and Mosse, 1980).

2.1.5. Determination of Chlorophyll contents in Leaves

Three replicates at random from each treatment were selected for determination of chlorophyll
content in leaves. Chlorophyll content of leaves was determined after 60 days of inoculation of
plants. Chlorophyll contents were separated and estimated following the method as described
by (Sadasivan & Manickam, 1996). Chlorophyll was extracted in 80% acetone and total chloro-
phyll contents were calculated with the formula:

[Total chlorophyll content mg g~ = 20.2 (A 645) + 8.02(A 663) V/1000*W]

Where, A = Absorbance at specific wave length; V = Final volume of chlorophyll content in
80% acetone; W = Fresh weight of the tissue extract.

2.1.6. Chemical Analysis of Soil and Estimation of Shoot Nitrogen and Phosphorus

Soil used for filling the pots was analyzed before experimentation for pH (1:4; w/v; soil suspen-
sion), EC (soil suspension, 1:4, W/V), organic carbon (Walkley and Black, 1934), available nitro-
gen (Jackson, 1973) and phosphorous (Olsen et al., 1954). Shoot N and P were determined
by the Kjeldahl method and ammonium molybdate vandate method respectively, as described
by (Jackson, 1973).

2.1.7. Statistical Analysis

Observations on growth yield and chemical properties in shoot were analyzed using SPSS (SPSS
Inc. version 17.0). Results were subjected to one way analysis of variance and the significant dif-
ference was determined according to Duncan’s Multiple Range Test at significant level of P<0.05.

3. Results and Discussion
3.1. Soil Characteristics

Selected properties of soil were: Light brown; alluvial; sandy loam; pH, 8.1; EC, 0.56 dSm~*; OC,
0.17%; available N, 62.91 mg kg~* and Olsen P, 16.00 mg kg™'.

3.2. Nodular Frequency

Variability in nodular frequency in NRC 37 soybean cultivar grown under greenhouse conditions
in alluvial soil containing population of CSBJ with AMF was verified which indicated differences
in symbiotic potential. Significantly higher values of nodular frequency were observed in the
dual treatments with the value of 43.66 as compared to single inoculation with CSBJ with the
value of 33.33 (Figure 1).

3.3. Shoot Height and Shoot Dry Matter

Statistical differences among treatments were also observed for parameters of soybean. Shoot
height and dry matter of cv. NRC 37 significantly increased after single and dual inoculations with
AMF and CSBJ. Maximum shoot height and shoot dry matter were noticed in dual inoculation
(AMF + CSBJ) followed AMF, CSBJ and control (Table 1). Dual inoculation led to improvements
in shoot height (81.29%) and dry matter (120.54%) as compared to control (Table 1). The effect
of G. fasciculatum and CSBJ in enhancing shoot height and dry matter of soybean was most
significant (P < 0.05) amongst all treatments (Table 1). SubbaRao et al. (1985) reported that
synergistic effect of vesicular arbuscular mycorrhiza and Azospirillum brasilense significantly
increased growth of barley in pots conditions.
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3.4. AMF Colonization in Root

Significantly (P <0.05) higher values of AMF root colonization was observed in the dual inoculated
(AMF + CSBJ) with the value of 77.66% as compared to single inoculation (AMF) with the value of
64.66% (Figure 2).

3.5. Chlorophyll Content

The effects of individual inoculation with both Glomus fasciculatum and CSBJ and their combined
inoculation on the chlorophyll content of cv. NRC 37 are presented in the figure 3. The results
presented in the figure 3 revealed that chlorophyll contents in the treated plants were higher
than those in control. G. fasciculatum markedly improved the chlorophyll contents in the leaves
of cv. NRC 37. However, maximum chlorophyll contents were recorded in the plants dually
inoculated with G. fasciculatum and CSBJ. AM fungi have been shown to improve the chlorophyll
contents on the leaves of many plants (Zuccarni, 2007). It is evident from the results of the
present study that the efficacy of AM fungi was influenced by co-inoculation with CSBJ. Increase
in the chlorophyll contents due to dual inoculation of AM fungi and Bradyrhizobium might be
attributed to increased rate of photosynthesis and transpiration or due to increased growth
(Krishna and Bagyaraj, 1984) (K. Prasad et al., 2005). Krishna and Bagyaraj, (1984) reported
that increase in chlorophyll content in the inoculated plants might be due to presence of large
number of chloroplast bundle sheath in the leaves. Dual inoculation of AM fungi and CSBJ signif-
icantly increased chlorophyll contents in Vigna unguiculata (L.) (Rajasekaran & Nagarajan, 2005).
These findings are supported by the findings of our present study.

3.6. Shoot Nutrient Parameters

Statistical analysis (P<0.05) revealed that soybean receiving single and dual treatments of AMF
and CSBJ usually had significantly higher levels of shoot N compared to the control (Figure 4).
The results clearly indicated that inoculation of the plants with both G. fasciculatum and CSB}J
increased the nitrogen and phosphorus contents of soybean cv. NRC 37. There was overall
increase in nitrogen and phosphorus contents in the treated plants as compared to control.
However, maximum nitrogen and phosphorus contents were recorded in the plants dually inoc-
ulated with G. fasciculatum and CSBJ. Inoculation of legumes with CSBJ increase the nodulation
of legumes causing more nitrogen fixation and making it available for the plants and therefore, it
is used as an alternative for urea to minimize the cost of produce (Lynch et al., 1991). Moreover,
it also increases rhizospheric microflora viz. acid producers and phosphate solubilizers causing
more available phosphorus (Lipman and Conybeare, 1936). CSBJ inoculation has been shown
to improve the nitrogen and phosphorus contents of legumes (Abd-Alla and Onar, 2000; (Megh-
vanshi et al., 2008; M. K. Meghvanshi, Prasad, & Mahna, 2010) which supported the results of
our present findings (Figure 5). One of the most significant effects of mycorrhizal inoculation
on the host plant is the increase in phosphorus uptake (Bai et al., 2008) due to enhanced capac-
ity to absorb more phosphorus from the soil which is otherwise unavailable to the plants. AM
fungi supported nitrogen fixation by providing legumes with phosphorus and other immobile
nutrients which are essential for nitrogen fixation (Clark and Zeto, 2000). (Tavasolee et al.,2011)
suggested that effective AM fungi can enhance the performance of rhizobial infection and vice
versa which was also evident during our present investigation. The results of the present study
indicated that combined inoculation of G. fasciculatum and CSBJ had a synergistic effect resulting
in the improvement of nitrogen and phosphorus. Many reports are available on the increased
nitrogen and phosphorus contents of legumes due to dual inoculation of AM fungi and Bradyrhi-
zobium which are supported by the findings of our present study (K. Prasad et al., 2005).

AMEF- Glomus fasciculatum; CSBJ- cultivar specific Bradyrhizobium japonicum; +£SE-Std error;
Values in a column followed by the same letter are not significantly different at P<0.05 according
to DMRT
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Figure 1. Nodular frequency of soybean inoculated with cultivar specific Bradyrhizobium japon-
icum (CSB)) alone and combined with AMF; a, b ...values indicate significant different at p< 0.05
according to DMRT

AMF Colonizat
| [ ] w g
o © o

=)
|

. b

£

c60 -

2

: J
AMF

1

AMFMCSEI

Figure 2. AMF colonization (%) of soybean inoculated with cultivar specificBradyrhizobium japon-
icum (CSBJ) alone and combined with AMF; a, b ...values indicate significant different at P< 0.05
according to DMRT
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Figure 3. Chlorophyll Content (mg/g) of soybean inoculated with cultivar specific Bradyrhizobium
Jjaponicum (CSBJ) alone and combined with AMF; a, b ...values indicate significant different at P<
0.05 according to DMRT
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Figure 4. Shoot nitrogen (%) of soybean cultivar inoculated with cultivar specific Bradyrhizobium
Jjaponicum (CSBJ) alone and combined with AMF; a, b ...values indicate significant different at P<
0.05 according to DMRT

Page 13 of 16



Kamal Prasad, Journal of Innovation in Applied Research (2021), 4: 02

https://doi.org/JIAR.4.1.2021.7-16

Table 1. Effect of AM fungi and CSBJ on growth and yield of soybean cultivars (NRC 37) under

greenhouse conditions.

Treat- Shoot Height (cm Shoot Dry Matter (g Seed Weight (g
ments plant™') plant™') plant™')
Control 38.33741.57 2.587+0.03 1.56%40.06
AMF 62.86°+1.69 4.854+0.36 2.58°+0.04
CSBJ 54.08°+0.95 3.93°+0.20 2.40°£0.04
AMF+CSB] 69.49°+0.64 5.69°+0.09 3.21%+0.05
4 -
a
3.5 - b
c
3 -
w
—
2.5 -
g d
g 2
e
© 15 -
g1
o =
7]
1 -
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ﬂ I T T
Control AMF Cs5B) AMF+CSB)

Figure 5. Shoot phosphorus (%) of soybean inoculated with cultivar specific Bradyrhizobium japon-
icum (CSB)) alone and combined with AMF; a, b ...values indicate significant different at P< 0.05
according to DMRT

4. CONCLUSION

Dual inoculation of G. fasciculatum and CSBJ increased shoot growth, dry biomass, AMF root
colonization, chlorophyll, nitrogen and phosphorus contents and quality seed yield of soybean
variety NRC 37 indicating that their combination may have a potential role to enhance the pro-
ductivity of the crop.
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