BBRC

Bioscience Biotechnology
Biosci. Biotech. Res. Comm. 12(3): 688-697 (2019) Research Communications

Mycorrhizal Soil Development Using Sorghum bicolor for
Rhizospheric Bioremediation of Heavy Metals

Pankaj Kumar* and M. H. Fulekar

School of Environment and Sustainable Development, Central University of Gujarat, Gandhinagar, Gujarat,
382030, India

ABSTRACT

Mycorrhiza is a mutualistic relationship between microorganism and plant roots. The best communal relationship is
the vesicular-arbuscular, which creates fungus assemblies like arbuscules and vesicles in the cortex section of the plant
roots. The present research work was carried out to assess the potential of Sorghum bicolor for development of mycor-
rhizal soil. The soil-based mycorrhizal inoculum was developed by Sorghum as a host plant in the greenhouse for two
and a half months using pot culture technique. The physicochemical properties of soil like pH, electrical conductivity,
soil moisture, water holding capacity, organic carbon, organic matter, available phosphorus, potassium, nitrate, nitrite,
exchangeable ammonia were analyzed during the development of mycorrhizal soil. Bacterial and fungus populations
were evaluated in the rhizospheric soil samples. Along these lines, developing mycorrhizae prompt a progression of
changes in nutrients accessibility, microbial structure and enzymatic activities in the soil that may decide the result
of a phytoremediation effort. In the present research work, the developed mycorrhizal Soil may contribute to building
up a compelling mycorrhizosphere that can give nature to the improved degradation of toxins present in the soil. The
findings revealed that the inoculum might comprise a very high percentage of organic carbon and other nutrients. The
microbial populations were also increased with the progression of the study period.
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INTRODUCTION

Plants in natural environments have fluctuating degrees
of dependency on mycorrhizal associations, as inclined
by the accessibility of nutrients in the soil in which they
certainly occur (Hindumathi and Reddy 2011). Plants are
reliant on the mycorrhizal colonization to show extreme
progress at a specified level of soil productiveness is
known as Mycorrhizal dependence (Gerdermann 1975).
Development of phytoremediation procedures needs
a comprehensive consideration and supervision of the
composite communications in the mycorrhizosphere.
The main role of mycorrhizosphere organisms may have
been marginalized in intensive farming since bacterial
populations in conventional farming systems have been
improved due to tillage and great efforts of inorganic
manures (Abbasi et al., 2015). To enrich nutrient limits
and contaminant noxiousness benefit may be taken in
increasing and handling rhizosphere (Dubey and Fule-
kar 2011). Vesicular-arbuscular mycorrhiza fungi are
dynamic constituents of the environment for the conser-
vation of soil assembly and restoration of tainted lands
(Caravaca et al. 2005; Fulekar et al. 2017, Chen et al.
2018).

Vesicular-arbuscular mycorrhiza is well-known to
enhance soil nutrients thus enlightening the develop-
ment and healthiness of the plants. VAM has been des-
ignated for nutrient such as phosphorous which has
limited movement in the soil. It is perceived that VAM
populated plants accrue and engage more phospho-
rous compared to plants that are not colonized, grown
in soil that have low phosphorous (Azcén et al. 2003).
The Vesicular-arbuscular mycorrhiza colonized roots not
only enhanced the uptake of phosphorous but these also
help in the accumulation of macro and micronutrients
like copper, calcium, magnesium, iron (Allen et al. 2003).
Mycorrhizal interdependences not only profit to plant
progress but also to plant safety, particularly against
ecological strains. Insufficiency of important nutrients
specifically phosphorus, mainly limits crop develop-
ment and efficiency (Nagarathna et al. 2007). The co-
operative relation offers numerous welfares, compris-
ing higher uptake of poorly movable soil nutrients and
reduced vulnerability of roots to soil-borne pathogens
(Quilambo 2003). The plants, developed in rhizospheric
soil are extra viable and more tolerable to ecological
pressures than normal plants, possibly improving con-
taminant accessibility (Dubey and Fulekar 2011; Gaur
and Adholeya 2004).

Numerous research studies showed that persistent
organic pollutants like PAH, aromatic hydrocarbons
and hexachloro cyclohexane may be converting into
less poisonous form, in the mycorrhizosphere (Huang et
al. 2006; Sainz et al. 2006; Volante et al. 2005). Subse-
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quently, the expansion of the rhizosphere by immuni-
zation of mycorrhiza has shown leniency to poisonous
mixtures and also transforms the quality and richness
rhizo-microbial communities accountable for biodeg-
radation of polluted soil. The profits of the symbiotic
relationship between plants and AMF are accredited to
the more quantity of soil explored by the fungal hyphae,
which delivers maximum water and nutrients fascina-
tion by the plant, moreover the removal and immobi-
lization of heavy metals by fungal tissues (Wang et al.
2017).

Although the potential of AM fungi for the protec-
tion of plant is generally acknowledged, it should be
noted that in some cases, mycorrhizal crops have no
benefits from AM, or may even exhibit reduced growth
and fitness (Chen et al. 2018; Jacott et al. 2017). Sor-
ghum bicolor has been cultured in sub-Saharan Africa
and South Asia for over 5000 years and highly receptive
to AM fungi, for the growth of plants, in low-fertility
soil (Cobb et al. 2016). Some microbes have been used
in relationship with plants to lighten the stress insti-
gated by metal contamination( Leal et al. 2016). Arbus-
cular Mycorrhizal Fungi form effective cooperation with
many plants and helps in progress and conferring bet-
ter lenience to ecological strains, including heavy metal
contamination (Ogar et al. 2015; Rajkumar et al. 2012;
Wang et al. 2017 Chen et al. 2018).

For rhizospheric bioremediation studies, development
of a cost-effective technique for the bulk invention of
mycorrhizal inoculum is of extreme significance. Since
the above-mentioned facts, current research work was
carried out to develop and evaluate the potential of soil-
based mycorrhizal inoculum for effective rhizosphere
bioremediation of hazardous compound and to study the
influence of mycorrhiza on soil physicochemical param-
eters during the development of mycorrhizosphere.

MATERIAL AND METHODS

Host Plant and Testing: The experiment was conducted
in the greenhouse of the School of Environment and
Sustainable Development, Central University of Guja-
rat, Gandhinagar, Gujarat. Sorghum bicolor commonly
called as Sorghum a fibrous root grass which is widely
used for culturing the mycorrhiza was chosen as a host
plant in the current study for the development of mycor-
rhizal soil at laboratory scale. The sorghum seeds were
procured from Department of Seed Technology, Indian
Grassland and Fodder Research Institute, Jhansi, Uttar
Pradesh. Prior to their use in the experiment, the seeds
were surface-sterilized for 5 mins with 0.1 percent HgCl,
and consequently washed numerous times with distilled
water to equivocate fungus infection. The washed seeds
were kept in the petri dishes holding wet filter paper

Bioscience BIOTECHNOLOGY RESEARCH COMMUNICATIONS

689

MYCORRHIZAL SOIL DEVELOPMENT USING SORGHUM BICOLOR



and incubated for a period of three days in the dark.
The germinated seeds were used for the development of
mycorrhizal soil.

Collection of Soil for Experiment: The experimental
soil used for the development of mycorrhizal soil was
collected from the bank of Sabarmati River, Gandhina-
gar, Gujarat from a depth of 0-15 cm. The soil was then
dehydrated and screened using 2 mm sieve. The soil was
mixed strongly for 20 mins in deionized water and phys-
icochemical parameters viz. pH, EC, moisture, organic
carbon, water holding capacity, organic matter, avail-
able phosphorus, potassium, nitrate, nitrite, exchange-
able ammonia were analyzed using standard procedures.

Experimental Design: A greenhouse experiment was
carried out for the development of mycorrhizal soil
using pot culture technique under the controlled envi-
ronmental condition with the help of inoculum (VAM)
in the form of a combination of soil, spores, root frag-
ments, acquired from Department of Microbiology,
Indian Agricultural Research Institute, New Delhi.The
greenhouse experiment was performed in 3 kg capabil-
ity pots perforated at the base. The mixture of collected
soil, sand and starter mycorrhizal inoculum (3:1:1) used
for the experiment to offer uniformity and permeability
to the soil. After that twenty-five, external sanitized sor-
ghum seeds were sown in each pot and their progression
was observed for two and a half months. The Hogland
solution was provided to the plants to keep free from
phosphorous. Around 10 ml of Hogland solution was
delivered per pot. The pots were kept in a greenhouse
with natural sunlight at temperatures of 27-28°C dur-
ing the day and 24-26°C during the night. The growth
of mycorrhiza (mycorrhizal properties) was dignified for
physicochemical changes happening in soil by collect-
ing the rhizospheric soil and roots at the regular inter-
vals of 15 days for the entire period of 75 days. The
soil was dehydrated at 105°C for water holding capacity
determination. The spore count (per 100 gm. soil) and %
colonization by mycorrhizal fungi was also carried out.
Sorghum being a fibrous root grass found to grow well
for the period of 2'2 months in greenhouse condition
and delivered an enormous network of fine roots.

Soil Sampling and Analysis: The soil samples from the
set up were collected at a regular interval of 15 days in
order to determine soil physicochemical properties. The
samples were collected in triplicate and preserved in the
plastic bags, labelled and analyzed for following param-
eters: the estimation of pH was (1:2.5 w/v) by digitalized
pH meter (Woermann 1973), Electrical conductivity was
calculated (1:2.5 w/v) by conductivity meter. Organic
carbon and Organic matter were also calculated (Osuji
and Adesiyan 2005) with particular reference to total-
organic-carbon (TOC), Available Phosphorus was meas-

ured (Kovar et al. 2009). Soil moisture, water holding
capacity, nitrate, and potassium were also analyzed as
per the standard methods.

Description of Bacterial and Fungal Population: The
classification for the microbial population started within
5-6 hours of soil collection using serial dilution tech-
nique or plate count method (Yee et al. 1998). 1gm of
collected soil samples was mixed with 10 mL of sterile
water. Once the dilution is completed, the sample was
then supplied onto petri plates having an agar growth
medium with added nutrients. Afterward, an aliquot of
0.1 mL of dilutions was spread onto agar plates from
the suitable dilution tubes and incubated at 37°C. The
microbial population was calculated after twenty-four
hours. The fungus population was calculated after 48 to
72 hours (Kumar and Fulekar 2018).

no of colonies x dilution factor
CFU/ml =

Volume of culture plate

Root Colonization: 1 gm. of root segments were cau-
tiously rinsed with distilled water and divided into 1cm
long sections. The fragments of root were cleaned with
10 percent potassium hydroxide (KOH) at 90°C for 15
to 30 min and rinsed with distilled water, before acidi-
fication through 2 percent Hydrochloric acid (HCI) for
10 min. the roots were stained with 0.01 percent acidic
magenta dye (Kormanik et al. 1980).

Statistical Analysis: The physicochemical characteriza-
tions of every sample were calculated in triplicates and
the obtained values were described as Mean+SD. Corre-
lation factor was determined to ascertain the affiliation
between physicochemical properties.

Characterization of Soil: The soil was obtained from
Sabarmati river basin for experimental purpose and ana-
lyzed for physicochemical analysis. The collected soil
was sandy loamy in nature. The pH was found with an
average value of 7.83+0.08. Electrical conductivity was
found with an average value of 0.36+0.03mS/cm. Soil
moisture content with an average value of 12.09+1.08%.
The mean water holding capacity of the soil was found
59.25+1.15%. Organic carbon with an average value of
0.36+0.02% and the mean value of organic matter was
0.61+0.03%. Available phosphorus was found with an
average value of 0.97+0.04mg/kg Potassium was found
with an average concentration of 19.20+0.28mg/kg. The
calcium was very high in the collected soil with an aver-
age value of 11817+2.65ppm and magnesium was found
with an average value of 1270.17+2.75ppm. Nitrate was
found with a mean value of 12.62+0.37ppm. Table 1 is
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Table 1. Physicochemical Properties of Collected

Soil (Sandy loamy)

Physicochemical Properties Mean+SD
pH 7.83+0.08
EC (mS/cm) 0.36+0.03
Soil moisture (%) 12.09+1.08
Water Holding Capacity (%) 59.25+1.15
Organic Carbon (%) 0.36+0.02
Organic Matter (%) 0.61+0.03
Awailable Phosphorus (mg/kg) 0.97+0.04
Potassium (mg/kg) 19.20+0.28
Sulphate (mg/kg) 5.08+0.15
Calcium (ppm) 11817.00+2.65
Magnesium (ppm) 1270.17+2.75
Nitrates (ppm) 12.62+0.37
VAM colonization (%) Nil

Spore count (per 100gm soil) Nil

showing the physicochemical characterization of soil
collected for experimental purpose.

Physicochemical Categorization of Mycorrhizal Inoc-
ulum: The mycorrhizal inoculum was acquired from
the Department of Microbiology, Indian Agricultural
Research Institute, New Delhi and characterized for dif-
ferent parameters (Table 2). The pH was found with an
average value of 8.23+0.09. Electrical conductivity was
found with an average value of 1.34+0.10mS/cm. Soil
moisture content with an average value of 31.20+0.930%.
Water holding capacity of the soil was found 41.33+1
.26%. Organic carbon with an average value of 0.61+
0.02%. Organic matter was found 1.05+0.03%. Avail-
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Table 2. Characterization of Mycorrhizal Inoculum
Physicochemical parameters Mean+SD
pH 8.23+0.09
EC (mS/cm) 1.3440.10
Soil moisture (%) 31.20+0.93
Water Holding Capacity (%) 41.33+1.26
Organic Carbon (%) 0.61+0.02
Organic Matter (%) 1.05+0.03
Available Phosphorus (mg/kg) 1.24+0.04
Potassium (mg/kg) 20.37+0.14
Nitrate (mg/kg) 7.41+0.14
Nitrite (mg/kg) 1.91+0.03
Exchangeable Ammonia (mg/kg) 35.65+0.30
VAM colonization (%) 76

Spore count (per 100gm soil) 450

able phosphorus was found with an average value of
1.24+0.04mg/kg. Potassium was found with an aver-
age concentration of 20.37+0.14mg/kg. Nitrate, Nitrite
and Exchangeable ammonia were found with an aver-
age value of 7.41+0.14mg/kg and 1.91+0.03mg/kg and
35.65+0.30mg/kg respectively.

Mycorrhizal soil - Development and Characterization:
Mycorrhizal soil has been developed and classified for
different physicochemical properties at regular interval
of 15 days (Table 3). The pots were kept in the green-
house for the development of mycorrhizal soil (Figure 7).

Correlation Matrix: It is determined from the Table 4
that significant positive association between the pairs
of some physicochemical properties of rhizospheric soil
followed as-soil moisture with water holding capacity

Table 3. Variations in different properties of rhizospheric soil during mycorrhizal development
Physicochemical parameters 15 Days 30 Days 45 Days 60 Days 75 Days
Mean+SD Mean+SD | Mean+SD Mean+SD Mean+SD
pH 8.21+0.02 8.40+0.02 8.26+0.06 8.22+0.07 8.10+0.07
EC (mS/cm) 1.89+0.02 1.80+0.01 2.53+0.04 3.01+0.09 2.40+0.22
Soil moisture (%) 31.67+0.45 41.50+0.60 43.81+0.25 45.92+0.33 46.88+1.49
Water Holding Capacity (%) 34.87+0.35 40.50+1.00 | 42.46+0.54 40.70+0.44 41.63+0.38
Organic Carbon (%) 0.39+0.02 0.35+0.02 0.55+0.02 0.46+0.02 0.58+0.07
Organic Matter (%) 0.67+0.03 0.59+0.04 0.94+0.04 0.78+0.03 0.87+0.02
Awailable Phosphorus (mg/kg) 0.95+0.02 0.88+0.09 0.95+0.02 0.97+0.05 1.38+0.47
Potassium (mg/kg) 8.79+0.04 7.48+0.07 10.83+0.14 9.98+0.14 11.11+0.76
Nitrate (mg/kg) 14.43+0.46 9.40+0.16 11.66+0.41 13.42+0.39 14.63+0.51
Nitrite (mg/kg) 8.58+0.30 6.04+0.06 7.84+0.25 9.36+0.45 10.65+0.39
Exchangeable Ammonia (mg/kg) 12.33+0.34 11.20+0.32 15.56+0.36 16.80+0.22 17.55+0.33
VAM colonization (%) 14 29 34 59 76
Spore count (per 100gm soil) 75 190 260 380 560
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(r = 0.93), organic carbon with organic matter (r = 0.95),
with potassium (r = 0.97), organic matter with potassium
(r = 0.96), potassium with exchangeable ammonia (r =
0.92), nitrate with nitrite (r = 0.91), and VAM coloni-

Table 4. Pearson’s correlation coefficient (r) among physicochemical factors of rhizospheric soil during

mycorrhizal development

A B C D E F G H I J K L M
A 1
B -0.41 1
C -0.17 0.68 1
D 0.05 0.52 0.93 1
E -0.70 0.58 0.61 0.59 1
F -0.57 0.66 0.56 0.59 095 |1
G -0.81 0.21 0.46 0.28 0.72 0.48 1
H -0.77 0.70 0.56 0.49 0.97 | 096 |065 |1
I -0.94 0.32 -0.11 -0.36 | 0.45 0.35 | 0.61 |0.57 1
J -0.97 0.55 0.31 0.04 0.68 0.55 | 0.81 |0.76 0.91 1
K -0.74 0.85 0.73 0.56 0.87 0.82 0.68 | 0.92 0.56 | 0.82 1
L -0.59 0.64 0.85 0.62 0.67 0.51 0.79 | 0.66 037 |0.72 |0.86 |1
M -0.60 0.60 0.86 0.67 0.74 | 0.58 [0.83 [0.71 0.35 | 0.71 0.86 [0.99 |1

A - pH, B - Electrical conductivity, C - Soil moisture , D - Water holding capacity, E - Organic carbon, F - Organic matter, G -
Available phosphorus, H - Potassium, I - Nitrate, J - Nitrite, K - Exchangeable Ammonia, L - VAM colonization, M - Spore count.

upH mEC
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FIGURE 1. Variation in pH and EC during myc-

orrhizal development
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FIGURE 2. Variation in Soil moisture and Water
holding capacity during mycorrhizal develop-

ment

zation is highly positively correlated with spore count
(r=0.99).

Morphological Characteristics of Plant: The morpho-
logical properties of the Sorghum plant were also evalu-

= Organic Carbon (%) = Organic Matter (%a)
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FIGURE 3. Variation in Organic carbon and Organic
matter during mycorrhizal development
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FIGURE 4. Variation in Available phosphorus, Potas-
sium, Nitrate, Nitrite, and Exchangable ammonia during
mycorrhizal Development
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FIGURE 5. VAM Colonization in the soil during
mycorrhizal development
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FIGURE 6. Spore Formation in the soil during mycor-
rhizal development

ated; root length and shoot length were measured at
every 15 days during the development of mycorrhizal
soil (Table 5).

Estimation of Plant’s Biomass: The total biomass of the
plant was evaluated by the addition of root dry weight
and shoot dry weight (Table 6).

Microbial Status: Mycorrhiza is well-known to collaborate
and regulate the bacterial populations and their richness in
the soil (Pilon-Smits 2005). Thus the present research work
includes the assessment of biotic factors along with phys-
icochemical properties of the soil. The microbial popula-
tion was evaluated at five intervals (Table 7).

FIGURE 7. Development of mycorrhizal soil in pot cul-
ture in Green House using Sorghum Species
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Table 5. Characteristics (Root Length and Shoot Length)
of Plant
Root Length (cm) Shoot Length (cm)
Days Mean+SD Mean+SD
15 DAS 3.20 + 0.24 8.92 + 0.96
30 DAS 4.80 + 0.22 17.37 + 0.66
45 DAS 5.77 + 0.31 25 + 0.41
60 DAS 9.20 + 1.75 30.50 + 1.08
75 DAS 12.50 + 0.82 37.97 + 1.23

The current study mainly focuses on mycorrhizal soil
development using Sorghum bicolor under the controlled
condition of the greenhouse. The physical and chemi-
cal properties of soil were also analyzed throughout
the progression of mycorrhiza at every 15 days and the
results revealed that developed mycorrhizal soil is hav-
ing enhanced pH, organic carbon and other properties
than in the soil collected for the experiment and found
to be increasing (Table 3). The pH of the soil remained
in the range of 8.2 to 8.1 during the experiment of total
two and a half months, while the EC was increasing
throughout the experiment (Table 3). The colonization of
mycorrhiza is encouraged in well-aired soil so the mois-
ture of the soil was increasing from 31.67% to 46.88%.
The soil collected for the experiment was detected to
be low in organic carbon 0.36%, which increased dur-
ing the experiment and ranged from 0.39% to 0.580%.
Phosphorus was also observed increasing from 0.95% to
1.38%. It is a critical soil nutrient that AM fungi acquire
and transfer to host plants (Cobb et al. 2018). Nitrate
and nitrite content did not vary significantly. Increase
in carbon during the study as may be contributing to
the enhanced progress and fitness of the plants. Vesic-
ular-arbuscular mycorrhiza is sensitive to the moisture
of the soil and optimum moisture is essential for vesic-
ular-arbuscular mycorrhiza sporulation (Redhead 1975).
The response of vesicular-arbuscular mycorrhiza fungi
to soil pH might reliant on the strains and species uni-
fying the native vesicular-arbuscular mycorrhiza flora
(Robson 1989). The early research studies reported that
Glomus species needs alkaline to neutral soil for their
predominance (Mosse et al. 1981). The role of nitrogen is

Table: 6 Dry Biomass (Root, Shoot and Total Biomass) of
the Plant

Root Dry Shoot Dry Total Plant
Days Weight (gm.) | Weight (gm.) | Biomass (gm.)
15 DAS | 0.025 + 0.0029 | 0.884 + 0.0006 | 0.909 + 0.0008
30 DAS | 0.054 + 0.0016 1.184 + 0.0095 | 1.238 + 0.0095
45 DAS | 0.097 + 0.0009 | 1.943 + 0.0113 | 2.040 + 0.0113
60 DAS | 0.1117+ 0.0090 | 2.56 + 0.0370 2.657 + 0.0923
75 DAS | 0.226 + 0.0045 | 3.15 + 0.0364 3.379 + 0.0392
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Table 7. Microbial Counts during the Development of Mycorrhizal Soil

Microorganism 15 Days | 30 Days |45 Days | 60 Days | 75 Days
Bacterial Count 2.9 X 10° 3.7 X 10° | 4.9 X 10° 5.6 X 10° | 6.8 X 10°
Fungal count 1.6 X 10* 1.9 X 10* 2.1 X 10* 2.6 X 10* | 2.8 X 10*

very important in inducing the formation of mycorrhiza
and functions through stimulating or suppressing the
colonization of root and production of spores by arbus-
cular mycorrhiza fungi (Sylvia and Neal 1990).

Mycorrhizal classification carried out by assessing
the colonization of vesicular-arbuscular mycorrhiza (Fig
5) and counting of spore formation at every 15 days
(Fig 6). The colonization of host plant’s roots was flour-
ished by the 15" day. The establishment of the roots
by vesicular-arbuscular mycorrhiza heightened from
14% to 76% from 15" day to 75" day. The coloniza-
tion was clearly found to be more in the last week and
amplified by the end of the experiment. Mickan et al.,
(2016) reported similar results of amplified colonization
for subterranean clover (Trifolium subterraneum) grown
in water-limited agricultural soils. The most significant
period of the existence of vesicular-arbuscular mycor-
rhiza is spores formation. Its morphological attributes
help distinguishing proof and order of VAM into discrete
genera (Quilambo 2003).

The findings of the current study have clearly showed
that the spore formation was expanded with time
(Fig 6). It is clear from our findings that the colonization
of root indicated a positive relationship with the number
of spores formed in mycorrhizal soil and expected that
proliferation in root settlement caused a rise in spore
formation throughout the mycorrhiza development.
Successive spore formation and colonization of roots
may be dependent on the edaphic factors, host plant and
microbial population (Fulekar et al. 2017; Khalil et al.
1992).

Conversely, certain investigators described that no
substantial association between the density of spores
and colonization of VAM (Li et al. 2007). Usually, the
spore accessibility affects the colonization of AMF
(Muthukumar et al. 2003). The relationships between the
mycorrhiza and a bacterial associate may affect other
members of the mycorrhizosphere community.

The presence of a significant positive correlation
between spore density and root colonization can be
ascribed that greater spore density is associated with the
rate and magnitude of mycorrhizal development (Table
4). The current research work is in agreement with the
earlier findings of Wu et al (2006). The insignificant cor-
relation was noted between spore density and other soil
properties like pH, electrical conductivity, organic car-
bon indicating that these factors had no effect or may
poorly reflect spore population density (Hindumathi and

Reddy 2011). Various studies have assessed the effect
of organic matter on arbuscular mycorrhizae (Gaur
and Adholeya 2002; Gryndler et al. 2002) with differ-
ent results indicating their variable responses on plants
and fungi. However, root colonization was significantly
negatively correlated with soil pH. The present study
suggests that the colonization of roots is prejudiced by
soil edaphic features like nutrient status, pH, electrical
conductivity, organic carbon and host cultivar vulnera-
bility. Mycorrhizal dependency is a constitutive property
of plant species. Rapid colonization of roots during the
early stages of the host plant is an essential requirement
for good host plant response to mycorrhiza (Hindumathi
and Reddy 2011).

Viable plate counts: Microbial population and bio-
chemical processes linked with roots may be affected
by arbuscular mycorrhiza fungi colonized roots. Micro-
bial population in the soil can be modified by interact-
ing mycorrhizae, so the bacterial and fungi population
was evaluated throughout the mycorrhizal soil inoculum
growth. Bacterial CFU enlarged along the period and
found 2.9 X 10° at 15" day, 3.7 X 10° at 30" day, 4.9
X 10° at 45™ day, 5.6 X 10° at 60™ day and 6.8 X 10° at
the 75™ day (Table 7). The bacterial species found during
the development of mycorrhizal soil are Streptococcus
spp., Bacillus spp., Pseudomonas spp., Alcaligenes spp.
(Table 8). The fungal population was observed with the
marginal proliferation 1.6 X 10* at 15" day, 1.9 X10* at
30" day, 2.1 X 10* at 45™ day, 2.6 X 10* at 60" day and
2.8 X 10* at the 75" day (Table 7). The recognized fungal
species were Aspergillus niger, Rhizopus spp., Aspergil-
lus flavus Mucor spp. (Table 8).

Role of AMF for Rhizosphere Bioremediation of Heavy
Metal Contaminated Soils: During the last decades,
the potential of plants has been explored to reduce the
heavy metal pollution in soils and AM fungi might pos-
sibly play a vital role in such approaches (Chen et al.
2018). Several laboratory studies have been carried out

Table 8. Microbial Species Obtained during
Mycorrhizal Soil Development

Bacterial Genera Fungal Genera

Streptococcus spp. Aspergillus niger

Bacillus spp. Rhizopus spp.

Pseudomonas spp. Aspergillus flavus

Alcaligenes spp. Mucor spp.
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to explore the potential of AM in bioremediation of the
soil, however, only few field studies have addressed the
applicability of this approach to large scale conditions
(Chibuike 2013).

Microorganisms present in the soil play a very impor-
tant role in the mobilization of metal ions, thus alter-
ing their accessibility to plants. Vesicular-arbuscular
Mycorrhizal Fungi are usually present in soil and form
a significant functional factor of the soil-plant system
including anxious soils. Arbuscular Mycorrhizal Fungi
might be exaggerated by metal toxicity, but it is revealed
that plants developing in soils polluted with metals are
populated by Arbuscular Mycorrhizal Fungi (Mathur et
al. 2007). Many reports concerning this have quantified
spores and estimated root colonization in situ. Others
have gone further and described metal tolerant AMF
in heavy metal polluted soils (Weissenhorn and Ley-
val 1995). The mycorrhizal fungi can also affect plant
tolerance to heavy metals by altering the antioxidant
enzyme activities. Azcon et al. (2010) studied the effects
of autochthonous microbes on the antioxidant activities
of plants developing in a heavy metal contaminated soil.
They found that AMF inoculation expressively improved
catalase, ascorbate peroxidase, or glutathione reductase
activities and helped plants to limit oxidative damage to
biomolecules in response to metal stress (Rajkumar et al.
2012). These fungi have the capability of metal chela-
tion, which is provided by organic constituents occur at
the edge of the plasma membrane and the separation of
poisonous components in vesicles and spores, function-
ing as a tool that delivers plant lenience to heavy metal
(Cornejo et al. 2013).

The rhizoremediation process exploits on the distinc-
tive potentials of flora and the possibilities for trans-
formation of contaminants in the rhizosphere. Hence,
scientists are aiming at the rhizospheric zone as of
upgraded degradation and plant-microbe communica-
tions (Korade and Fulekar 2009; Olson et al. 2003). The
utilization of Vesicular-arbuscular mycorrhizal fungi
as a clean and cost-effective management strategy
may help in the better growth of plants and also in the
removal of heavy metal polluted soil.

CONCLUSION

The developed mycorrhizal soil in the current study
was further efficiently utilized in greenhouse experi-
ment conducted for the rhizosphere bioremediation of
heavy metals. Therefore inoculum was found to have
an advantageous relationship of microscopic organisms
with root zone in the rhizosphere; consequently subsi-
dizing essentially to the foundation of compelling rhizo-
sphere that can deliver the environment for the exist-
ence and development of microbes just as an increment

Pankaj Kumar and M. H. Fulekar

in natural carbon which additional supports to improve
deprivation of pollutants in the soil. Arbuscular mycor-
rhizal fungi endorse many features of plant life, in spe-
cific better nutrition, enhanced growth, stress tolerance,
and disease resistance. The results also concluded that
mycorrhizosphere relations can enhance the growth and
health of plants and soil quality. By limited efforts, a
fruitful rhizoremediation system could be more useful to
many other clean-up technologies.
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