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ABSTRACT: Application of fly ash with soil may act as a source of readily available micro and macro
nutrients to the plants and improve physico-chemical and biological properties of the soil. In contrast lateritic
soil is low fertile, deficient in available phosphorus and other nutrients to the plants. In the experiment
Capsicum annuum (chilli) were grown as test crops planted in lateritic soil and fly ash separately, and in the
combined mixture of them, with inoculation of the arbuscular mycorrhiza, Acaulospora delicata. Parameters
were compared for AM spore count, root colonization, growth and productivity of chilli in term of height, leaf
number, leaf area, root collar dimeter, number of flowers and fruits, fresh weight and dry weight. Among all
soil samples the growth of chilli showed maximum in combined mixture of lateritic soil and fly ash
inoculated with the AM. Also the combined treatment of AM inoculated lateritic soil and fly ash showed
better mycorrhization than others. Hence application of AM inoculated low fertile soil with fly ash may
present better productivity.
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INTRODUCTION

The lateritic soil is acidic and dry in nature with less fertility. The soil is deficient in basic essential
elements like, phosphorus, nitrogen, calcium, magnesium etc. Heavy leaching due to acidity resulting soil
infertility, and nutrients remain unavailable to the plant (Koley, 2000).

Fly ash is the residue being generated as byproduct from coal based thermal power stations, that its
huge depositions are problematize as air and water pollution. It is highly alkaline (Adriano et al., 1998). The
amorphous mixture contains several essential plant nutrients C, Ca, Cu, Fe, K, Mg, Na, Zn etc. (Pandey et al.,
1994; Singh et al., 1997; Tiwari et al., 2008). The amorphous, heterogeneous mixture improves soil properties
(Weinstein et al., 1989) and provides plant growth (Aitken and Bell, 1985; Sharma et al., 1990). Application of
fly ash may provide positive influence to the plants and increase the crop productivity.

Arbuscular mycorrhiza (AM) are the widely occurring, obligatory aerobic, non-pathogenic soil fungi
develops symbiotic relationship with the plant roots (Harley and Smith, 1983). They plays important roles to

enhance the water and nutrient uptake particularly phosphorus and nitrogen with other essential micronutrients
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by altering of some physiological processes in plants, improve plant growth and yield (Douds et al., 2005).

Application of AM maybe a substitute for chemical fertilizer particularly in this dry acidic soil. They can
improve the physical properties of fly ash by providing the aggregation of fly ash and increase the growth and
nutrient uptake of plants (Enkhtuya et al., 2005).

Arbuscular mycorrhizal fungi (AMF) have been used as bioremediation agents (Leyval and
Haselwander, 1997). Inoculation of AM fungi may promote the alleviation of heavy metal phytotoxicity, and
thus, reduction of toxic metals take place (Juwarkar and Jambhulkar, 2008). AM fungi have a key role to
accumulate the heavy metals from fly ash and able to suppress the uptake of toxic Al, Mn etc. (Chen et al.,
2007; Ning, 2000). AMF can be used as effective bio-inoculant for agricultural plants (Lakshman, 2009),
particularly in the infertile lateritic soil, combined with fly ash amendment, as the fly ash and AM both are

reclamation agent, if these three work together, may be more effective.

MATERIALS AND METHODS

The experiment was conducted with chilli (Capsicum annuum L.) planted in sterilized lateritic soil
collected from barren land was done in 22.30° N Latitude and 87.20° E Longitude in Midnapore subdivision of
West Bengal in pre-winter season. The primary soil characteristics were tested according to Jackson (1973),
having pH 5.5, electrical conductivity (EC) of 0.17 m mohs/cm? moisture content of 2.8 %, organic carbon
(OC) of 0.62 g kg™, total nitrogen (N) of 0.042 % and phosphate (P) of 0.031 %.

Separation and isolation of indigenous AM propagules from the native ecosystem was done by
following the wet sieving and decanting technique (Gerderman and Nicolson, 1963). Spores of single species
were separated morphologically using a LABOMED CSM2 microscope, and surface sterilized by 200 ug ml™
streptomycin and 2% Chloramine-T solution (w/v) (Mosse, 1973).

The pure culture of each inoculum was cultured in sterilized sand: soil mixture. The soil: sand (1:1,
v/v) mixture was sterilized by oven drying at 85° C (Sylvia, 1994). Pure cultures were done in funnels and mass
cultures in surface-sterilized earthen pots, grown in an automated growth chamber with sorghum plants. The
mass cultures were maintained up to 90 days in the growth chamber.

The successful mass culture of the indigenous AM inocula was identified morphologically by
following Schenk and Prez (1990) and the INVAM web photo guide (2018) and confirmed as Acaulospora
delicata.

Fly ash was collected from ash deposited area with vegetation in Kolaghat Thermal power station,
Kolaghat, Purba Medinipur, West Bengal. The experiment was designed in a randomized block with eight
treatments and three replicates consisted with two control, Lateritic Soil (LS) and, Fly Ash (FA), the combined
mixture in 1:1 ratio of Lateritic Soil + Fly Ash (LS + FA), Lateritic Soil + AM, Acaulospora delicata (LS +
AM), Fly Ash + AM (FA + AM), and Lateritic Soil + Fly Ash + AM (LS + FA + AM).
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Surface sterilized seeds of chilli were germinated in aseptic conditions and seeded with a 10 cm gap

from each other. Moderate watering was done every day. After germination, the healthy chilli seedlings were
transferred with different treatments and grown for 90 days in polythene bags (18 X 24 cm).

Parameters were measured in terms of shoot height, leaf number per plant, leaf area, the total number
of flower and pod appeared per plant, plant fresh and dry weight.

Rhizospheric soil samples were tested for the AM spore population by wet sieving and decanting
technique (Gerderman and Nicolson, 1963). Plant root samples were treated with 10% KOH and stained with

tryphan blue (Phillips and Hayman, 1970) to study the colonization percentage by the formula,

Number of root pieces colonized

Root colonization % = ( )X 100

Total number of root pieces observed
Statistical analysis of data was done by using IBM SPSS 20.

RESULTS AND DISCUSSION

The effect of AM inoculation increased measured growth parameters from the early stage. After 30
days of the plantation (dap), LS + FA + AM showed maximum height followed by FA + AM and LS + AM
(Figure 1). Root colonization was also found maximum in LS + AM followed by LS + FA + AMand FA + AM
(Figure 2). The control LS performed the poorest among all the treatments, and others were more effective than
control, and the similar observation was reflected in the rest of the period of the experiment.

In 60 dap, the height was maximum in LS + FA + AM followed by FA + AM and LS + AM (Figure 1).
The Mycelium infection % was increased in LS + FA + AM treatment, followed by LS + AM, FA + AM and
FA (Figure 2). Root colonisation in LS + AM and FA + AM was found same.

In 90 dap, LS + FA + AM was also found best in all treatments. The maximum plant height was
observed in LS + FA + AM followed by FA + AM, LS + AM and LS + FA (Table 1). The shoot height of
C.annuum grown in LS + FA was 19.55%, and in LS + AM was 15.08% better than LS. While, shoot height in
LS + FA and FA + AM were found 8.62% and 28.42% more than the FA. In LS + FA + AM, shoot height was
increased 77.65% than LS, and 61.42% than the FA. In the final observation, LS + FA + AM worked better.
Other fly ash applied treatments i.e., FA + AM, LS + FA and FA performed poorer than LS + FA + AM; where
no AM inoculated treatments i.e., LS + FA and FA were slightly better than LS (at p<0.05). The rest of the other
co-parameters were also found maximum in LS + FA + AM. The total fruit number was found maximum in LS
+ FA + AM followed by FA + AM, LS + AM and FA. The total fresh yield per plant was also found maximum
in LS + FA + AM with same pattern. The fresh yield in LS + FA was increased 49.55% more, and in LS + AM,
increased 124.77% more than in LS. The same was found with 94.85% increment in FA + AM than the FA. But,
the final yield was declined in LS + FA, 3.42% less than FA. While, the fresh yield was increased 3.52 times
and 2.27 times more in LS + FA + AM than LS (252.21% increment) and FA (127.42% increment) respectively.
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A similar result was observed in the total dry yield per plant. Mycorrhizal colonization and spore number were

found positively co-related with height, leaf number, leaf area and fruit number (p<0.05). AM root colonization
and total spore population were found maximum in LS + FA + AM throughout the experiment. Fresh weight and
dry weight of total yield were also found directly correlated with plant height and mycorrhization (p<0.05).

From the experiment it was found that the root colonisation percentage as well as mycorrhizal
infectivity class was maximum in AM inoculated and lateritic soil with fly ash amendment. Also the spore
number and the fresh weight was maximum into that treatment. AM inoculated and lateritic soil with fly ash
amendment also showed better to induce productivity more than the others treatments. Thus AM root
colonisation shows the positive influence into that treatment. This preliminary pot study indicates that can be
improved by colonization of the plant roots by mycorrhizal fungi.

In all the AM applied treatments, Mycelium infection % and spore formation occurred. This indicates
that mycorrhization took place in a normal way within those treatments. In lateritic soil the AM propagules are
low and the mycorrhizal application increased the growth and yield (Ghosh and Verma, 2006). The dry lateritic
soil is deficient in phosphorus as well as nitrogen and other essential less mobile nutrients because of slow
nutrient cycling (Koley, 2000). AM are more active in nutrient-poor dry soils, plants depended more on
mycorrhizae for nutrients and moisture in this condition (Brundrett, 2009). Acaulospora delicata are the
dominant species present in lateritic environment, promoting active participation in mycorrhization with test
plant (Samanta and Verma, 2006; Ghosh and Verma, 2011). Active mycorrhization in the plants alters some
physiological processes and increases water and nutrient uptake which enhances crop growth and yield (Douds
et al., 2005). Fly ash addition into the lateritic soil, may be decreased the bulk density and increases the water
holding capacity (Black 1965). The AMF are able to bind the fine particles in fly ash, and also can arrest the
movement of heavy metals, and uptake the phosphorus and other important micronutrients (Adholeya, 2000).

By aggregating the particles present in fly ash, AM fungi enhance the nutrient uptake and induce the
growth of plants and (Wu et al., 2009). Fly ash contains many essential plant nutrients (Plank et al., 1975; Singh
et al., 1997). In LS + FA + AM, fly ash increased the plant growth as well as mycorrhizal root colonisation,
increased tolerance of mycorrhizal plants to toxic heavy metal ions in the fly ash mixed lateritic soil. AM fungi
reduce the metal effect in host plant by binding of the metals to the fungal mycelium and immobilize them in
rhizosphere or roots (Chen et al. 2001). According to Srivastava and Chhonkar (2000), fly ash can be used as an
alternative to lime source in acidic soil to reduce nutrient immobilization due to acidity. Thus the macro and

micro-nutrient enriched fly ash can be used as a nutrient resource for plants particularly in infertile acidic soil
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(Sheela and Sundaram, 2003). Hence the mycorrhizal inoculation with the reclamation of lateritic soil by fly ash

may induce better productivity and reduced the application of chemical fertilizers as well as metal detoxification

of environment.

CONCLUSION

Application of indigenous AM, Acaulospora delicata along with fly ash reclamation facilitated plants
with better growth and enhanced the yield of green chilies grown in infertile dry and acid lateritic soil. This
application may benefit in agriculture practice particularly in less nutrient soil, which can reduce the cost in

comparison to chemical fertilizers.
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Table 1. Growth, Productivity and Mycorrhization status of Chilli at 90 d.a.p
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Figure. Graphical representation of comparative parameters during the experiment
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