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Abstract : There are several sources to generate power like thermal power, nuclear power, tidal power, hydro power and 
power from fossil fuel and other non conventional sources. Due to large coal reserves in India energy generation through 
thermal mode is most common. Indian coal is high in ash content (35- 45 %). Present generation of fly ash from coal 
combustion in TPPS is about 160 MT/year in our country. Management of fly ash is a serious problem worldwide. The 
present study is an attempt for finding the eco- friendly solution of the problem through fly ash soil amendment technology 
(FASAT). Field experiments were designed by using fly ash (FA), organic manure like farmyard manure (FYM), 
biocompost (SOM) and chemical fertilizer (CF) in different combinations. Four pea cultivars Azad P1, E6, Arkel and PSM 

were used in the study. Biochemical parameters (conc. of chl a, b and total chl) were estimated at 60 DAS by using fresh 
leaves. There was an increase in photosynthetic pigments in all treatments as compared to control. The increase was 
discernible under integrated nutrient supply system. The positive outcome of the results of the present investigation is 
expected to encourage use of fly ash in agriculture and thus decreasing environmental pollution. However, the changes in 
soil environment caused by fly ash incorporation need to be investigated on long term basis. 
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INTRODUCTION 

 

 

oal is the predominant source of global energy; 

it contributes to about 38% of the total energy 

production. In India about 70% of the total energy 

requirement is met from the combustion of 

pulverized coal in thermal power plants (TPPS). This 

practice will continue for a long time into the future 

in view of the enormous coal reserves in India, 

estimated to be 287.0 × 109 t (CIL, 2007). Present 
generation of fly ash from coal combustion in TPPS 

is about 160 MT/year and it is expected to increase to 

300 MT/ year by 2016- 2017 (Ram et al., 2011). 

Collectively, conventional coal combustion ash (fly 

ash and bottom ash) and clean coal combustion by-

products (flu gas desulfurization sludges and 

fluidized bed combustion ash) are referred to as coal 

combustion by-products (CCB). Safe disposal of the 

large quantities of CCBs produced by coal burning 

power plants poses a significant environmental 

problem and costs millions of dollars. Most of the 

ash presently produced by power plants is land filled 
or stored in disposal ponds, although some is utilized 

industrially. Land filling is not a desirable solution to 

the disposal problem because of space limitations 

and the rising cost of development for modern 

landfills. The potential of fly ash as a resource 

material in agriculture is due to its specific physical 

properties like its texture, water holding capacity, 

bulk density, pH and presence of macro and 

micronutrients essential for plant growth (Ray et al., 

2012; Tejasvi and Kumar, 2012). The use of coal ash 

as soil additives or soil amendments to enhance 
establishment and growth of vegetation on coal 

mined lands as well as agricultural soils has been 

extensively studied by several earlier workers but 

biochemical aspects have received little attention. 

Therefore, present study was designed to evaluate the 

effect of different fertilization sources on 

photosynthetic pigments of pea cultivars. 

 

MATERIAL AND METHOD 

 

Fly ash was collected from National Capital Power 

Station, Dadri located in Gautam Budh Nagar 
District of Western Uttar Pradesh (India). Field 

experiments were carried out at a farmer’s field (near 

Meerut) with sandy loam soil. Four cultivars of pea 

(Pisum sativum L.) viz. Azad P1, E6, Arkel and PSM 

were used as test crop. Fly ash, organic manure like 

farmyard manure (FYM), biocompost (Simbhaoli 

Organic Manure, SOM) and chemical fertilizers (CF) 

were used in different combinations. Total eight 

treatment combinations used in this study were: (i) 

Control (without any application), (ii) CF 

(recommended dose), (iii) FA (fly ash alone), (iv) 

CF+FA, (v) CF+BC, (vi) CF+FYM, (vii) 
CF+FA+BC and (viii) CF+FA+FYM. Experimental 

plots (2m × 2m) were prepared using above 

treatment combinations and replicated thrice in 

randomized block design (RBD). A uniform nutrient 

level of 20 Kg N, 40 Kg P and 60 Kg K ha-1 through 

these materials and chemical fertilizers was 

maintained for all the treatments except fly ash and 

control plots. Photosynthetic pigments – chl. a, chl. b 

and total chlorophyll were determined at 60 DAS. 

Fresh leaves were taken for biochemical estimation 

of photosynthetic pigments. Chl a, b and total 
chlorophyll were determined according to Arnon 

(1949). The pigment content was expressed in mg/g 

fresh weight.  
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RESULT AND DISCUSSION 

 

There was increase in photosynthetic pigments in all 

treatments as compared to control (Table 1). The 

increase was discernible when either FYM or SOM 

was applied with CF and FA. There was a marginal 
increase in chlorophyll a in FA amended soil. It was 

3.1 % in Azad P1, 0.5 % in E6 and Arkel and 0.2 % in 

PSM cultivar as compared to control. However, 

increase was significant when FA was supplemented 

with CF. The increase was 6.6 % in Azad P1, 1.0 % 

in E6, 1.7 % in Arkel and 2.2 % in PSM over control. 

Addition of organic material with CF and FA further 

increased the pigments. These figures were 8.3 %, 

1.75 %, 3.4 % and 3.86 % respectively for all the 

cultivars.  

There was a significant increase in chlorophyll b in 

all soil types except FA alone. A marginal increase in 
chlorophyll b was noted in FA over control. Under 

combined application of organic materials, CF and 

FA, 5.4 %, 4.2 %, 8.5 % and 4.75 % increase in 

chlorophyll b was recorded over control in Azad P1, 

E6, Arkel and PSM cultivars, respectively.            

Total chlorophyll recorded an increase over control 

in all treatments except FA alone. Under combined 

application of organic materials, CF and FA, 7.15 %, 

2.65 %, 5.15 % and 5.4 % increase in total 

chlorophyll was observed in Azad P1, E6, Arkel and 

PSM cultivars respectively. However, increase in FA 

alone over control was marginal. 

Unlike germination and initial seedling establishment 

that mostly depend on seed storage reserves, further 

plant growth depends on photosynthesis and 

anabolism (Yunusa et al., 2009). Subsequent plant 
growth is, therefore, expected to be affected by any 

changes in the concentration of photosynthetic 

pigments induced by fly ash. The fly ash used in the 

present study, however, had mostly beneficial effects 

on the accumulation of chlorophylls a, b and total 

chlorophyll. Similar observations have been made by 

other workers (Mishra et al., 2007; Nalawade et al., 

2009; Yunusa et al., 2009). Singh et al. (2010) also 

reported improvements in plant leaf pigments 

(chlorophylls and carotenoids) and protein of seeds in 

cow pea, being maximum at 40% fly ash amendment 

level.   Robab et al. (2010) observed that increased 
pigment concentration by fly ash amendment resulted 

in elevated photosynthetic activity thereby improving 

growth and biomass of Solanum nigrum L. Yunusa et 

al. (2008) found that relative chlorophyll 

concentration was reduced only when canola was 

supplied with more than 125 mg ha-1 of the gray ash. 

In the present study, mostly benign response of 

photosynthetic pigments to fly ash treatments and 

also the stability in their concentrations (Chl. a/b 

ratio 1.51-1.92) suggests absence of significant metal 

stress. Detrimental effects of fly ash on. 

 

Table 1. Effect of different modes of fertilization sources on photosynthetic pigments of Azad P1, E6, Arkel and 

PSM cultivars of Pisum sativum L. at 60 DAS  

Fertilization 

Sources 

Azad P1  E6 Arkel PSM 

Chl a  Chl b  
Total 

Chl  
Chl a Chl b 

Total 

Chl 
Chl a Chl b 

Total 

Chl 
Chl a Chl b 

Total 

Chl 

C 1.418 0.940 2.358 1.582 0.821 2.403 1.473 0.773 2.246 1.396 0.743 2.139 

CF 1.486 0.974 2.460 1.594 0.844 2.438 1.489 0.786 2.275 1.418 0.762 2.180 

FA 1.462 0.963 2.425 1.591 0.827 2.418 1.481 0.778 2.259 1.399 0.757 2.156 

CF+FA 1.513 0.979 2.492 1.599 0.854 2.453 1.499 0.794 2.293 1.427 0.772 2.199 

CF+BC 1.498 0.977 2.475 1.598 0.849 2.447 1.497 0.789 2.286 1.423 0.768 2.191 

CF+FYM 1.497 0.981 2.478 1.599 0.853 2.452 1.495 0.791 2.286 1.429 0.771 2.200 

CF+FA+BC 1.534 0.987 2.521 1.608 0.855 2.463 1.513 0.832 2.345 1.461 0.776 2.237 

CF+FA+FYM 1.539 0.995 2.534 1.613 0.857 2.470 1.534 0.846 2.380 1.485 0.781 2.266 

 

chlorophyll concentrations in rice (Pandey and  

Kumari, 2006) and Zea mays (Tuna and Girgin, 

2005) have been reported. However, in the present 

study, the beneficial effect of FA was found to 

increase further in combination with FYM/SOM. FA 

combined with either garden soil (GS) or press mud 

(PM) increased the amount of photosynthetic 

pigments (Gupta et al., 2007).  

Our results differ in some important ways with those 

of Mishra et al. (2007) on rice. They reported increase 

in the concentrations of chl a, b and carotenoids in 

plants grown on fly ash amended soil. They also 
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reported increase in the ratios of chlorophyll a/b and of 

carotenoid/total pigment concentrations by up to a 

factor of 3.0. The present findings are in conformity 

with those of Yunusa et al. (2009). In the present 

study, it has been observed that chlorophyll a/b ratios 

are relatively stable (1.51-1.92) irrespective of the 
treatments. Yunusa et al. (2009) also observed a 

relatively stable chl a/b ratio (0.97-1.01) irrespective 

of ash amendments. This was possibly because the ash 

had sufficient amount of soluble Ca and Mg and low 

concentration of heavy metals. Cations, especially Ca, 

complex with heavy metals thereby reducing their 

availability to plants or they may block the heavy 

metal binding sites on the thylakoids membrane (Issa 

et al., 1995). It is evident from the data that fly ash 

used in this study enhanced photosynthetic pigment 

concentration which in turn results better growth of 

test pea cultivars when applied under prescribed limits 
but the high salinity of ash would limit its potential for 

routine use in agriculture as fertilizer on large scale. 
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