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Abstract: The uppermost layer of earth is called soil whereas the coal fly ash is byproduct generated by coal
combustion in thermal power plants. India has got rich deposits of coal in which Chhattisgarh and contributes
15% of total coal cover of the country. The easy availability of coal in very low cost makes it the most useable
and demandable fuel of the century. The agricultural soil and the coal fly ash have clear difference in their
physicochemical properties and can subside their mutual deficiencies together. The waste byproduct coal fly ash
has been recently recognized as a soil modifier. It has been investigated indifferent countries around the world
and confirmed that coal fly ash has ability to alter the physical properties of soil providing better soil quality and
yielding capacity due to its morphological and chemical features. Coal is the major source for energy
production in Chhattisgarh, India hence there is no chance to flip the coin; we have to bear the hazardous
byproducts with the valuable benefits of coal combustion. The only option left behind is to use this byproduct
judicially in profitable manner to subside its ill elects of dumping in soil which give rise to various problems
regarding soil health, environment quality and economics related to yield as the poor soil health results in less
crop production. This paper deals with the physcio-chemical properties of soil and coal fly ash and evaluates the
potential of coal fly ash as a soil conditioner with the approach to use a waste byproduct in a beneficial way for

modifying the Physico-chemical properties of soil and utilize it in form of secondary source of fertilizer.

Key words: byproduct, Coal combustion, coal fly ash, , secondary source of fertilizer, soil modifier.

Introduction: In recent decades the rise in population in many folds had raised the industrialization along
with need and demand of energy. The non -renewable resources for production of energy are decreasing at a
remarkable rate hence demand for alternative fuel has risen up, in the same concern fossil fuel coal due to its

availability on abundance ,long and easy storage, cost effective designate it as a fuel of the century. Thus, use
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of coal is an unavoidable deed the amount of coal burned will generate number of byproducts and residues in
return which can pollutes air, water and soil in one or the other way and require large area, men power and
energy for its proper management and safe disposal. The scientists had studied the structure, physical and
chemical properties of coal fly ash and found that it has potential to modify the physcio-chemical properties of
soil and can be used as soil modifier (Sikka and Kansal, 1995; Gangloff ez al. 2000; Kalra et al. 2000; Gupta et
al. 2006; Mishra et al. 2007). During combustion of coal all its constituent including macro and micro nutrients
get condensed in form of ash and make it rich in chemical cover. After investigations and series of experiments
many scientists reveled that coal fly ash in lower concentration could be beneficial for promoting growth and
quality of many crop plants and has sound potential to be used as a cheap source of soil conditioner (Ghuman et

al. 2006; Skousen et al. 2013; Gorai 2018).

The coal fly ash was considered as a waste but now it is catching the eye of scientists all over the
world. Its disposal was the most problematic question of the century. Scientists and environmentalist are
searching every possible aspect to reduce the burden of waste byproduct generated from coal combustion the
coal fly ash. On earth, 70-75% of total coal combustion byproduct is coal fly ash hence the search was started to
use this byproduct in all possible ways. The suggested use of fly ash includes construction of road, as liming
material, use in combination with cement but when fly ash was examined morphologically and its properties
were investigated it was found that it has immense capacity to change the physical properties of soil. It was
found that coal fly ash has many macro and micro nutrients with its unique structure which can permanently
change the physical properties of soil including its texture. The coal fly ash can alter the physical properties of
soil like bulk density, particle density,porosity, moisture retention capacity and water holding capacity of soil in
a beneficial way for soil health and growth of crop plants (Gangloff et al. 2000; Dzantor et al. 2013; Pradhan
2017). It can be used as soil modifier for reclamation of soil. Still the use of coal fly ash is not up to the speed
needed in comparison to other developed countries like China, America, Germany and France. In India the
industrialization has been increased in tremendous speed in last decades to make nation self -sufficient,
establishing the concept of make in India. As the number of industries increases in the country the power
demand also increases along with the industrialization and urbanization as the parallel consequences of
development. Thermal power plants are the life line of the country to fulfil the increased demand of energy
which is result of rise in population and industries in the country, these thermal power plants are based on coal
combustion for production of energy which are generating coal combustion byproducts in an exceptionally large
quantity requiring huge land area and ponds for its management. The safe disposal of coal fly ash had risen as a
question of the decade. Some appropriate measures are immediately needed for its safe disposal and means of its
utilization for sustainable management of this waste (Singh et al. 2010). In recent researches it has been noted
that coal fly ash has soil amending, nutrient enriching and capabilities for reducing deficiencies of soil. Addition
of coal fly ash increases the content of P, K,Ca, B, Mg, Zn, carbonated, bicarbonates and sulphates (Khan et al.
1996; Yunusa et al. 2006). Fly ash provides vital nutrients and minerals to crops so it can be used as potential
fertilizer (Tiwari et al. 2016). Fly ash has ability to change the pH, electrical conductivity and chemical
constitution of soil (Gupta et al. 2002; Skousen et al. 2013; Tejasvi 2017). This study was aimed to evaluate the
potential of coal fly as amendment agent and to investigate its effect on physical and chemical properties of soil

to and establish its use in form of a soil modifier.
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MATERIALS AND METHODS:

Collection of samples

i. Collection and preparation of soil: The top most layer of soil from the agricultural fields of Raipur,
Chhattisgarh up to depth of 25 cm was taken and filled in the collecting pots for the proposed investigations.
The soil was air dried for two days in sunlight during the day time and in the shade during night, then sieved

through the 2 mm sieve and packed in polythene bags for proposed investigations.

ii. Collection and preparation of coal fly ash: The coal fly ash for the investigation in this study was collected
from ACC cement factory of Jamul, Durg district of Chhattisgarh. The fly ash collected was air dried for 2 days
and passed through the 2 mm sieve and packed in separate air tight zip bags to prevent moisture absorbance.

In present investigation nine treatments of experimental soil with control were designed. The details constituents

of each treatment have been described as follows:

C =100% soil (Control)

T = 5% Fly ash + 95% Soil
T, = 10% Fly ash + 90% Soil
T3 = 15% Fly ash + 85% Soil
T4 =20% Fly ash + 80% Soil
Ts = 25% Fly ash + 75% Soil
Te = 50% Fly ash + 50% Soil
T7 =75% Fly ash + 25% Soil
Tg = 100% Fly ash

Then in the soil of these treatments the physical and chemical properties of the soil were determined for the

selected parameters.

i. Texture: Texture of soil was measured by the total percentage of sand, silt and clay particles present in it.
Particle size distribution of fly ash treated soil samples were assessed by following the method of Misra et al.

(1970). Soil textures were determined by following soil texture triangle proposed by Palmer and Troeh (1977).

ii. Bulk density and particle density: Bulk density is the measure of oven dried mass per unit volume of soil
with air spaces preserved with them. While particle density is the measure of oven dried mass per unit volume
of soil without any air spaces in it and the values were expressed in g cm -.Bulk density and particle density of

soil sample in all treatments were determined respectively by following the method of Black and Hartge (1986).

iii. Porosity (%) and soil solids (% ): Porosity is the measure of number of pores in the total volume of soil,
while soil solid is the total percentage of soil particles present in the total volume of soil. Porosity (%) and soil
solids (%) were calculated in soil samples of all the treatments by following the methodology of Misra et al.

(1970).

iv. Water holding capacity (WHC): Water holding capacity of soil is defined as the amount of water, which
the soil can hold. Water holding capacity was estimated by following the method of Pandeya et al. (1968).
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Chemical characteristics coal fly ash ameliorated soil samples: The chemical properties of experimental soil
from different coal fly ash treatments were analyzed including the hydrogen ion concentration (pH), electrical

conductivity and total dissolved salts.

i. Hydrogen ion concentration (pH): Hydrogen ion concentration is the measure of its acidity, which is
measured in terms of pH having range of 0-14. A neutral solution has a pH 7.0, an acidic solution has pH less
than 7.0 and an alkaline solution has pH greater than 7.0. Hydrogen ion concentration was estimated by the
methods given by American Public Health Association (APHA), American Water Works Association (AWWA)
and Water Environment Federation (WEF), (1992). Hydrogen ion concentration (pH) of soil samples of various
treatments were determined by using digital pH meter after standardization of instrument with a buffer solution

of 7.2 pH.

ii. Electrical conductivity: Electrical conductivity of soil is the measure of the amount of salts in soil. It is the
ability is of soil to conduct electric current. Electrical conductivity of soil samples from all the treatments and
control wereestimated by using conductivity meter by the methods prescribed by American Public Health
Association (APHA), American Water Works Association (AWWA) and Water Environment Federation

(WEF), (1992) and the results obtained were expressed in mS cm .

iii. Total dissolved salts: Total dissolved salts in soil comprises of all-inorganic salts and small amount of
organic matter present in liquid, molecular, ionized or small granular suspended form when soil is dissolved in
water. Total dissolved salts in soil sample of all the treatments were determined by using digital salinity meter
and was expressed in mg kg !, it was estimated by following the methods prescribed by American Public Health
Association (APHA), American Water Works Association (AWWA) and Water Environment Federation
(WEF), (1992).

Results & Discussion: The comparison of physico-chemical properties of coal fly ash and agriculture soil
is done and following results are obtained. In physical characteristics of soil like texture, bulk density, particle
density, porosity, soil solids and water holding capacity of soil and coal fly ash were analyzed. The soil used in
experiment was found to be sandy loam texture class with 54.5% sand, 32.3% silt and 13.2% clay and coal fly
ash was found to consist of silty clay texture class with 51.9% silt, 30.8% clay and 17.3% sand. Bulk density of
soil was determined 1.49 g cm™ and for coal fly ash 1.14 g cm™. The particle density was observed 2.74 g cm™
in soil and 2.42 g cm™ in coal fly ash. The porosity was observed 45.62% in soil and 52.89 % in coal fly ash.
Soil solids (%) were observed 54.37 in soil and 47.10 in coal fly ash. The water holding capacity of soil was
estimated 37.12% and of coal fly ash was 58.48%. (Table 1; Figure 1land 2). Similar results were obtained by
Vijayan and Behera (1999); Gupta et al. (2002); Sharma et al., (2002); Mishra et al. (2007); Shrivastava(2008);
Surbhi (2017).
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Table 1: Physico-chemical characteristics of soil and coal fly ash.

S. No. Physico-chemical characteristics Soil Coal fly ash
1 Texture Sandy loam Silty clay
2 Bulk density (g cm™) 1.49 1.14
3 Particle density (g cm™) 2.74 2.42
4 Porosity (%) 45.62 52.89
5 Solids (%) 54.37 47.10
6 Water holding capacity (%) 37.12 58.48
7 Hydrogen ion concentration (pH) 7.31 5.52
8 Electrical conductivity (mS cm') 0.26 0.49
9 Total dissolved salts (mg kg™) 272.8 398.3

g ¢m -3

= Coal fly ash

%

Porosity (%) Solids (%) ‘Water holding
capacity (%)

Figure: 2 Porosity, solids and water holding capacity of soil and coal fly ash
Chemical characteristics of soil and coal fly ash: Chemical characteristics of soil and coal fly ash viz.
hydrogen ion concentration (pH), electrical conductivity, total dissolved salts were analyzed. The pH of soil and
coal fly ash was determined7.31 and 5.52 respectively. 026 mS cm™! electrical conductivity was determined in

soil and 0.49mS cm'in coal fly ash. Total dissolved salts were estimated 272.80 mg kg™ in soil and 398.30 mg
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kg! in coal fly ash. (Table 1; Figure 3). These results were in accordance with results founded by Sharma et al.,

(2002); Shrivastava (2008); Szponder and Trybalski (2011); Skousen et al. (2013); Tejasvi (2017); Gorai

(2018).
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Figure 3: Hydrogen ion concentration, electrical conductivity and total dissolved solids of soil and coal fly

ash
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Physical characteristics of soil and coal fly ash:

Results for alteration in physical properties of soil: The results obtained by the analysis of soil of various
treatments and coal fly ash reveled that coal fly ash can alter the physical and chemical properties of soil in a

beneficial way for soil wellbeing along with its nutrient and structural modification.

i. Texture: Sandy loam texture of soil was observed in Control (C) and Treatment T to Tsof soil sample, Silty
sand texture was found in Ts and Silty clay texture was obtained in Ts, T7, Tg treatments of soil. A gradual
change in texture of soil from sandy loam (Control to Treatment Ty) to silty clay (Ts to Tg) was observed (Table
2). This was similar to findings of Fail and Wochok (1977), Aitken et al.(1984), Summer et al.(1998) and
Mishra et al.(2005).

Table 2: Texture of coal fly ash ameliorated soil.

S. No. Treat-ments Fly ash % Sand (%) Silt (%) Clay (%) Textural class
1 C 0 62.1 26.2 11.7 Sandy loam
2 T 5 58.2 29.3 12.5 Sandy loam
3 T, 10 53.4 32.5 14.1 Sandy loam
4 T3 15 49.6 34.2 16.2 Sandy loam
5 Ts 20 42.4 38.4 19.2 Sandy loam
6 Ts 25 36.2 40.7 23.1 Silty sand
7 T 50 26.1 45.2 28.7 Silty clay
8 T; 75 18.4 49.1 31.5 Silty clay
9 Ts 100 11.1 53.3 34.6 Silty clay

ii. Bulk density and particle density: The bulk density decreased with increasing coal fly ash amount in the
soil. Maximum bulk density was determined in C soil (1.53 g cm™) and minimum in Ts (1.05 g cm™). Rest of the
ameliorated soil recorded an intermediate value (Table 3; Figure 4). The results are in accordance with findings

of Adriano et al. (1980), Kene et al. (1991) and Gupta et al. (2002).

The particle density decreased with increasing coal fly ash amount in the soil. Maximum particle
density was observed in C soil (2.94 g cm?) and minimum was found in Ts (2.22 g cm™). Rest of the
ameliorated soil recorded an intermediate value (Table 3; Figure 4). Similar findings were obtained by

Prabhaker et al. (2004)
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Figure 4: Bulk density and particle density of coal fly ash ameliorated soil.

iii. Porosity (%) and soil solids (%): Porosity was found to increase with increasing amount of coal fly ash in
the soil. The maximum porosity was determined in Ts (52.70%) and minimum was obtained in C(47.95%) soil.
Rest of the ameliorated soil recorded an intermediate value (Table 3, Figure 5). These results are in accordance

with Kene ef al. (1991) and Vijayan and Behera (1999).

Soil solids (%) decreased with increasing amount of coal fly ash in soil. Highest percentage of soil
solids was observed in C (52.04%) and lowest was found in Ts (47.29%). Rest of the ameliorated soil recorded
an intermediate value (Table 3, Figure 5). Similar findings were obtained by Adriano and Weber (2001) and
Gupta et al. (2002).

Table 3: Physical characteristics of coal fly ash ameliorated soil.

S.No. | Treat- Fly ash BD* PD* Porosity (%) | Solids (%) |WHC* (%)
ments (%) (g cm?) (g em?)
1 C 0 1.53 2.94 47.95 52.04 38.10
2 T, 5 1.45 2.82 48.58 51.41 41.51
3 T2 10 1.39 2.74 49.27 50.72 48.67
4 T3 15 1.34 2.66 49.62 50.37 49.99
5 Ty 20 1.27 2.56 50.39 49.60 53.16
6 Ts 25 1.22 2.47 50.60 49.31 56.42
7 T 50 1.18 2.41 51.03 48.96 58.79
8 T, 75 1.12 2.33 51.93 48.06 60.12
9 Ts 100 1.05 2.22 52.70 47.29 61.52

* BD= Bulk density; PD = Particle density; WHC= Water holding capacity

iv. Water holding capacity: The capacity of soil to hold water increased with increasing amount of coal fly ash
in soil. Highest value of water holding capacity was determined for Ts (61.52%) and lowest value was found in

Cof soil (38.10%). Rest of the ameliorated soil recorded an intermediate value (Table 3; Figure 5). Similar
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investigations and results were obtained by Campbell et al. (1983), Singh and Kumar (1997), Mishra et al.
(2007) and Surbhi (2017).

H Porosity (%) ®Solids (%) = Water holding capcity (%)

C T1 T2 T3 T4 TS T6 T7 T8

Coal fly ash treatment for soil amelioration
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Figure 5: Porosity, solids and water holding capacity of coal fly ash ameliorated soil.
Results for alteration in chemical properties of soil

In present study Chemical characteristics of soil was analyzed for parameters like hydrogen ion concentration

(pH), electrical conductivity and total dissolved salts in coal fly ash ameliorated soil.

i. Hydrogen ion concentration (pH) : The pH of samples ranged from 7.31 to 5.52. pH showed a decreasing
trend with coal fly ash incorporation (Table 4; Figure 6). These results are in accordance with the results

obtained by Pathan et al. (2003); Shrivastava (2008).

ii. Electrical conductivity: Electrical conductivity exhibited an increased trend with increasing fly ash content
in soil. Minimum electrical conductivity was determined for C (0.26mS cm™) and maximum for treatment Ts
(0.49mS cm™) (Table 4; Figure 7). Similar results are obtained by Elseewi e al.(1978); Kalra er al.(2000);
Gupta et al.(2002).

iii. Total dissolved salts: The values varied from272.8 mg kg! to 398.3mg kg! Total Dissolved Salts were
found to increase with increasing amount of fly ash in the soil. The maximum value was observed in treatment
Ts (398.3 mg kg'!) and minimum in control C soil (272.8mg kg!) (Table 4; Figure 8). Similar results were
obtained in study done by Mishra and Shukla et al. (1986); Sarangi et al. (2001).

Table 4:Chemical characteristics of coal fly ash ameliorated soil.

S. No. Treatments Fly ash % pH* EC* TDS*
(mS em) (mg kg!)

1 C 0 7.31 0.26 272.8

2 Ty 5 7.19 0.28 278.1

3 T, 10 6.81 0.31 283.5

4 T3 15 6.75 0.34 294.2
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5 T4 20 6.64 0.36 308.4
6 Ts 25 6.51 0.39 313.2
7 Ts 50 6.37 041 345.5
8 T; 75 5.98 0.44 366.9
9 Ts 100 5.52 0.49 398.3

* pH= Hydrogen ion concentration; EC= Electrical conductivity; TDS = Total dissolved solids.
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Figure 6: Hydrogen ion concentration of coal fly ash ameliorated soil.
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Figure 7: Electrical conductivity of coal fly ash ameliorated soil.
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Figure 8: Total dissolved salts of coal fly ash ameliorated soil.

In present study all the values for different Physico-chemical characteristics showed remarkable
variation in agricultural soil and coal fly ash because the coal fly ash has higher mineralogical and elemental
concentration in comparison to pure soil. Fly ash consist of all essential macro and micro nutrients which are
required for proper soil health and plant growth, the presence of these nutrients is the reason behind the
difference in constituents of both soil and coal fly ash along with the fine texture of coal fly ash contributing for
difference in values of various estimated parameters. Coal fly ash application in form of soil conditioner in
agricultural soil decreases characteristics like bulk density, particle density and soil solids% while increases
characteristics like porosity and water holding capacity. Similarly decreases pH, increase electrical conductivity
and concentration of total dissolved salts, this changes in properties of soil elevates soil quality and yielding
capacity also enhance growth and productivity of crop plants .Similar findings were made by Mishra et al.
(2007); Shrivastava (2008); Skousen et al. (2013); Bisoiet al. (2017); Dash and Sahoo (2017); Surbhi (2017);
Tejasvi (2017).

Coal fly has unique texture with large surface area and hollow structure it comprises fine particles,
hence if applied in sufficient quantity it changes soil texture because fly ash replaces the bigger soil particle of
soil so small size particles gets accumulated in voids which is responsible for good water holding capacity. Coal
fly ash has higher concentration of minerals and required elements in comparison to soil which are needed for
proper growth of plants. As coal fly ash is comprised of fine particles it can shift the pore size distribution thus
porosity increases with increasing amount of fly ash in the soil, it was due to presence of clay particles and
change in pore size due to addition of fly ash. Decrease in soil solid was observed as porosity is inversely
proportional to soil solids. It decreases bulk density because bulk density is the measures of pore space and is
affected by texture of soil and with increasing texture to clay, bulk density decreases porous soil always has
lesser bulk density and particle density which was proved to be beneficial for the growth of various plants
similar findings were made by Rai er al. (2004), Mishra et al. (2005), Tejasvi (2017) and Dash and Sahoo
(2017).
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In this study the values of pH of soil decreased and values for electrical conductivity and total
dissolved salts were found to increase with increased concentration of coal fly ash thus pH shows negative
correlation while electrical conductivity and total dissolved salts shows strong positive correlation with coal fly
ash treatments. The ash produced by burning of bituminous coal is mostly acidic while sub-bituminous is
alkaline with lower concentration of S and higher content of Ca and Mg than the bituminous coal as investigated
by Fulekar et al. (1983).The electrical conductivity showed increase in values on addition of coal fly ash
because fly ash has large quantity of soluble major and minor inorganic constituents which reflect binding of
metal ions with soil particles as coal fly ash is mainly consisting of oxides of Si, Al, Fe, and Ca with trace
elements these minerals constitutes are responsible for altering the chemical properties of soil which ae proved
to be beneficial for growth of various crop plants. Mishra ez al. (2007); Shrivastava (2008); Dash et al. (2015);
Pradhan (2017).

Conclusion: The present study suggests that the physical characteristics of soil and coal fly ash including
texture, bulk density, particle density, porosity, soil solids and water holding capacity of soil and chemical
characteristics of soil and coal fly ash like hydrogen ion concentration (pH), electrical conductivity, total
dissolved salts showed remarkable variation in values. The coal fly ash can be used to enhance and elevates the

soil properties when used as soil conditioner providing benefits to farmers.

Fly ash when used in appropriate quantity according to the type and texture of soil selected can help in
improvisation of soil physical properties including texture, water holding capacity, bulk density, particle density,
porosity and soil solids as have beneficial effect on physical properties of soil it can be used as soil modifier for
elevation of soil properties and soil quality. The use of coal fly ash as a soil amendment agent will also reduce

the problem of fly ash disposal and will provide cheap soil modifier to farmers.

The present study revealed that the coal fly ash has the capability to improve the nutrient status of soil
and can alter the pH, electric conductivity and concentration of total dissolved salts in soil, making it rich in
various nutrients and more suitable for crop cultivation providing economic benefits to farmers .Thus the waste
is no more designated as a waste but it has become a product of concern as can be used as soil amendment agent

and secondary fertilizer to elevate the soil chemical characteristics.
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