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In India, power is mostly generated by thermal power stations using coal as a
fuel (Khan and Khan 1996). Indian coal has high moisture and low sulphur
content due to which fly-ash produced is alkaline in nature. Fly-ash is
generated in huge quantity and nearly 70% of coal is converted into fly-ash
during combustion (Srivastava et al. 1995). The disposal of fly-ash is a great
problem and most of the ash generated is being dumped in nearby areas as fly-
ash landfills or dykes. Although, fly-ash contains many essential nutrients for
plant growth and establishment, due to volatilization of N in the form of oxides
during coal combustion and loss of P due to high solubility, it is deficient in N
and P content. Besides, fly-ash also contains high levels of many toxic metals
(Mehra et al. 1998; Gupta et al. 2002), which inhibits survival and growth,
thus subsequently leads to the death of the plant (Wong and Wong 1986).
Many plant species have been grown on fly-ash landfills, however, the
successes rate varies (Wong and Wong 1990; Cheung et al. 2000). Application
of various nitrogen fixing cynobacteria and leguminous trees inoculated with
Rhizobium have been used to enhanced N and P status and in reducing metal
toxicity of fly-ash landfills (Banerjee and Deb 1993; Rai et al. 2000, 2004).

Cicer arietinum L. (family, Leguminoceae), an important pulse crop in India, has
the ability to grow under nitrogen deficient conditions because of its symbiotic
association with Rhizobium which form nodules in the plant roots, and
binds free nitrogen from the air to meet the N requirement of the plant. C.
arietinum is an annual herbaceous plant with a life span of 4-5
months attaining a maximum height of 50 cm. Due to its vigorous growth and
uniform germination rates the plant is suitable for short term experiment in
laboratory and long term experiments in the field. The main aim of the
present study was to isolate fly-ash tolerant Rhizobium strain from C. arietinum
grown in fly-ash and inoculate it in C. arietinum seedlings raised in Jensen
nitrogen free medium and study the effect of fly-ash tolerant Rhizobium strain
on the metal uptake and growth performance of the plant.

MATERIAL AND METHODS

Unweathered fly-ash was collected from National Thermal Power Corporation,
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Unchahar, Raebareli, Uttar Pradesh (India). Metal analysis of fly-ash were done
by oven drying fly-ash samples. Fly-ash samples (1g) were digested with a
mixture of nitric, sulphuric, perchloric acids (3:1.5:1; v/v) at 100°C . Iron, copper,
zinc, cadmium and chromium contents in the diluted digests were quantified,
using Perkin Elmer- 2380 atomic absorption spectrophotometer. Electrical
conductivity and pH were determined using conductivity meter and pH meter,
respectively by diluting fly-ash with distilled water in 1:2 ratio. For determining
EC, fly-ash samples were air dried for 7 days (Piper 1942). Total organic carbon
was estimated by the method of Walkley and Black (1934); Total nitrogen was
estimated by Micro Kjeldahl digestion method (Nelson and Sommer, 1972); total
phosphorus by molybdenum blue method described by Allen et al. (1974).

Rhizobium (CA-1) was isolated on yeast extract mannitol agar (YEMA) medium
(Vincent 1970). The plants of C. arietinum growing in fly ash were carefully
uprooted, washed thoroughly and healthy nodules were detached from the roots.
Nodules were surface sterilized with sterile 5% H,O; (5 min), rinsed with sterile
distilled water and crushed in double distilled water. Serial dilutions (1:10 to
1:1000) of nodule extract were plated on YEMA plates and incubated for 10 d at
37+2°C. Large gummy colonies of bacteria that emerged within four or five d
were selected, isolated subsequently transferred on fresh nutrient plates and sub
cultured into yeast mannitol broth with continuous agitation.

For inoculation experiment, seeds of C. arietinum procured from Indian Institute of
Pulse Research, Kanpur and were surface sterilized with H,O, (5%) for 10 min then
rinsed five times with sterilized deionised water. Seeds were soaked over night in
sterile tap water, and then germinated on a filter paper. After germination seedlings
were transferred to 150 ml conical flask (1 each) containing 25 ml Jenson nitrogen
free medium (Roughley 1976). Fifteen days old seedlings were inoculated with either
1ml (2.6 X 10% cell mI™) or 2 ml (5.2X 10 ® cells mI™") of Rhizobium (CA-1) culture.
Inoculated seedlings were placed under control conditions (light/ dark cycle 14:10 h,
temperature 28+ 2°C, 115pmol?s™ illumination provided through day florescent tube
light) and observed for initiation of nodulation. After 7d of inoculation, nodulated
sapling were transferred to 15 cm diameter plastic pots (each pot containing 2 plants)
in triplicate containing 2 kg of fly-ash and were kept under natural conditions. The
plants were irrigated with tap water at regular interval avoiding leakage of water from
pots. Uninoculated plants grown and kept under similar conditions served as control.
Plants were harvested after 30 and 60 d after transplanting, and used for the
determination of growth parameters and metal uptake. Plants were blotted dry and
biomass of the entire plant were measured by single pan (Sartorious make) electronic
balance. Length of the shoot and entire plant was measured by vernier calipers and
nodule numbers per plant were counted manually with the help of a hand lens.
Chlorophyll content was estimated after extraction in chilled 80% acetone following
the method of Arnon (1949) and carotenoid content was determined by the method by
Duxbury and Yentsch (1956). Protein content in the leaf was estimated by the
procedure of Lowry et al. (1951) using bovine serum as a standard. Metal content
(Fe, Cu, Zn, Cd and Cr) in both root and shoot of the plant were determined in oven-
dried (80°C) samples by digesting them with a mixture of nitric and perchloric acid
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(3:1; v/v) at 100°C as described in case of fly-ash.

Analytical data quality of metals was ensured through repeated analysis (n=6) of
EPA quality control samples in water and the results were found to be within =+
3.05 % of certified values. For plants, recoveries of metal from the plant tissue
were found to be more than 98% as determined by digesting 3 samples each from
an untreated plant with known amount of metal. The blanks were run in triplicate
to check the precision of the method with each set of samples.

A two-way and one-way analysis of variance (ANOVA) in complete randomized
block designed involving two treatments and two durations was performed to
confirm the validity of data (Gomez and Gomez 1984).

RESULTS AND DISCUSSION

Physico-chemical analysis of the fly-ash used in the experiment showed high pH and low
nitrogen and available phosphorus content (Table 1) and was enriched with high
concentration of metals viz., Fe, Cu, Zn, Cd and Cr. For studying the effect of Rhizobium
inoculation on metal accumulation potential of the plant, inoculated plants with two
inoculum size (2.6x10% and 5.2x10® cell mI™") of fly-ash tolerant Rhizobium strain (CA-1)
were allowed to grow on raw fly-ash for 60 d. The plants were harvested and
accumulation of metals were studied in root and shoot parts of both the varieties. The data
presented in Figures 1 a & b show the accumulation of Fe, Zn, Cu, Cr and Cd by C.
arietinum var. CSG-8962 and C-235 after 60 d of growth. The plant showed maximum
accumulation of Fe followed by Cu, Zn, Cr and Cd. The accumulation of metal (Cu, Zn,
Cr and Cd) were more in shoot than the root part of the plants, however, inoculation of
Rhizobium enhanced accumulation of these metal into the plant tissue, which was more
pronounced in shoot than the root part of the plant. The accumulation of Fe was more in
root part of both the varieties in uninoculated control plants. However, the inoculum size
has a great effect on accumulation of these metals as high metal accumulation was found
in the plant inoculated with 2 ml Rhizobium culture. These findings may be significant
while using the plant for metal decontamination of fly-ash landfills.

The data presented in Figures 2 a & b show the effect of Rhizobium inoculation on
root-shoot growth and biomass yield of both varieties of the plants grown on 100%
fly-ash. Result showed that Rhizobium inoculation increased plant growth at both the
durations (30 and 60 d), however, the inoculation of 2 ml culture resulted into more
increased growth of root and shoot resulting into more biomass than 1 ml inoculated
plants. These parameters were approximately 1.5 times more than the uninoculated
plants. The response of Rhizobium inoculation in both the varieties were similar. By
inoculation of Rhizobium, a significant improvement was found with regards to root-
shoot growth and biomass yield in both the varieties in comparison to the plants
growing in 100% fly-ash. The effect of Rhizobium inoculation on nodule number of
C. arietinum var. CSG-8962 and var. C-235 after different days of growth on 100%
fly-ash showed that inoculation of plants with 2 ml of Rhizobium resulted in higher
numbers of nodule in both the varieties.

The effect of Rhizobium inoculation on photosynthetic pigment of C. arietinum var.
CSG-8962 and var. C-235 at different growth period is shown in Figures 2 ¢ & d.
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Table 1. Physico-chemical properties of fly-ash used in the study.

Parameters Fly-ash
pH 9.61+0.42
Electrical conductivity (dSm™) 7.6+0.38
Cation exchange capacity [meq (100 g)'] 1.3£0.11
Total nitrogen (%) 0.0+0.00
Total phosphorus (%) 0.0£0.00
Organic carbon (%) 1.240.05
Metals (ng g dw)
Fe 41504207
Zn 82.0+4.12
Cu 58.6+2.83
Cr 40.3+£1.98
Cd 42.342.13

Values are mean +SD (n=3)

Data revealed significant enhancement in the contents of chlorophylls and carotenoids
in both varieties at different treatment durations after Rhizobium inoculation. In this
case also, inoculation of plant with 2 ml of Rhizobium culture resulted into more
synthesis of photosynthetic' pigments in comparison to 1 ml inoculated and
uninoculated plant. These results are suggestive of increased tolerance in the plant
due to the presence of Rhizobium. Both the varieties of the plant exhibited maximum
protein content in the plant inoculated with 2 ml of fly-ash tolerant Rhizobium culture
(CA-1). However, there was no significant difference between these two varieties
without Rhizobium inoculation.

Although the survival rate of both the varieties of C. arietinum in different treatment
was similar, the growth and metal accumulation potential was increased by inoculating
plant with fly-ash tolerant Rhizobium strain (CA-1). The increase in metal accumulation
potential of C. arietinum after Rhizobium inoculation may be accounted for more
accumulation of metals by Rhizobium present in the root nodules of the plants and
creation of favorable rhizospheric zone to facilitate metal uptake by the plant.

The two inoculum sizes used in the present study showed significant variation with
regards to growth potential and metal accumulation of the plant. Giller et al. (1989)
also reported that inoculums of an effective strain of R. legominosarum biovar trifolii
into soils at metal rich site (Woburn) resulted in the loss of N, fixation in clover over
92-month period, unless large densities of cells were inoculated. However, the
nodules formed by plants grown in fly-ash were found effective as they were able to
form nodules in saplings grown in Jensen nitrogen free medium. Obbard and Jones
(1993) also found that rhizobial populations of metal contaminated sites were able to
form an effective symbiosis with Trifolium repens when grown on the soil in the
laboratory. In the present study, the accumulation of metals was enhanced in shoot
part of the plant showing more translocation of metals from root to shoot, this
findings may be significant while considering use of this plant for phytoremediation
of fly-ash landfills. The plants inoculated with Rhizobium seem to be more tolerant
than the uninoculated plant, which may be due to increased N, fixation. Plant
inoculated with Rhizobium shows more growth than the uninoculated plant. Similar
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Figures 1 a & b. Metal accumulation (ug g dw) by C arietinum var. CSG-8962 and
C-235 innoculated with or without 1 and 2 ml of Rhizobium culture. ANOVA ; P <
0.01

results have been reported in case of Cassia surattensis inoculated with Rhizobium,
which proved to be successful candidate in vegetating fly-ash lagoons (Vajpayee et
al. 2000). Growth promotion of canola and lettuce by application of R.
leguminosarum under stress conditions was also reported by Noel et al (1996).
However, failure of nodulation by Rhizobium has also been reported due to high pH
and metal enrichment of fly-ash (Cheung et al. 2000). Additions of fly-ash to soil
decreased CO, evolution from the soil bacteria (Wong and Wong 1986; Pichtel and
Hayes 1990) and nitrification in the soil (Cervelli et al. 1986). Pichtel and Hayes
(1990) indicated that application of unweathered alkaline fly-ash to soil partially
inhibited microbial activity. The adverse effects of alkaline fly-ash on microbial
respiration and nitrification activity were attributed to high alkalinity (Cervelli et al.
1986; Wong and Wong 1986). The addition of fly-ash to soils could inhibit the
development of a functional microbial community. Waterlogged soil causes oxygen
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Figures 2 a-d. Effect of Rhizobium on growth performance, photosynthetic pigments

(mg g fw) and protein contents (mg g"' fw) of C. arietinum at different durations.
ANOVA ; P<0.01

deficiency, which is a limiting factor for the survival of Rhizobium (Barnet et al.
1985). Nitrogenase enzyme synthesis by Rhizobium for N,-fixation needs oxygen for
oxidative phosphorylation within Rhizobium cells (Vance 1991). The high silt content
of lagoon ash results in a greater tendency to cement the soil. Poor aeration and water
logging may cause inadequate oxygen supply for Rhizobium strains, which
eventually result in nodulation fluxes. Less numbers of nodule were found due to fly-
ash application into soil and saw dust in case of C. aretinum (Gupta 2002). Toxic
metals, therefore, inhibit the growth of Rhizobium (Chaudri et al. 1993; Obbard and
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Jones 1993). Zhang et al (1998) found that the ECsy values for Zn (effective
concentration to reduce the activity by 50%) are 115.6 mg 1" for nodulation, 38.6 mg
1" for N,-fixation, 638.9 mg I'' for the growth of Rhizobium strain AA9108 and 18.3
mg I"! for Acacia auriculiformis, respectively.

It could be concluded from the present study that C. arietinum is an ideal crop plant for
revegetating amended fly-ash landfills deficient in nitrogen, however, inoculation of
fly-ash tolerant Rhizobium strain may prove to be more beneficial in such rehabilitation
programs.
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