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ABSTRACT 

        Fly ash is the fine residue produced when coal is burnt in thermal power stations. The macro and micro 

nutrients present in coal get generally concentrated in the fly ash. Application of these CCP’s (coal combustion 

products) mixed with composted organic materials onto soil can improve the soil’s physico-chemical conditions and 

provide essential nutrients for better crop growth. Present study was conducted to evaluate the fly ash potential as a 

soil amendment for growth and yield of garden pea (Pisum sativum L.).  Field experiments have been designed to 

study in depth the application of fly ash, organic manure like farmyard manure (FYM), biocompost (SOM) and 

chemical fertilizer (CF) in different combinations. Two pea cultivars Arkel and PSM were used in the study. The 

crop was raised as per appropriate agronomical practices. Different growth and yield parameters under different 

treatments were observed and recorded up to 90 DAS. Combined application of FA and CF with either FYM or SOM 

helped in improving the measured growth parameters as compared to FA alone and control. Application of organic 

material in conjunction with CF helped in improving nutrient supplying capacity of the soil which was further 

increased when FA was added as a soil amendment. Under adequate supply of nutrients, the observed growth 

parameters were enhanced. The positive outcome of the results of the present investigation is expected to encourage 

large scale use of fly ash in agriculture with an added advantage of 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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Due to increasing urbanization and 

industrialization day by day the energy 

requirements goes on increasing. To overcome 

those energy demands coal based thermal power 

plants producing a huge amount of fly ash by coal 

combustion.  About 120 coal based thermal power 

stations in India are producing about 112 million 

tonne fly ash per year. With the increasing demand 

of power and coal being the major source of 

energy, more and more thermal power stations are 

expected to be commissioned / augment their 

capacities in near future. As per the estimates, fly 

ash generation is expected to increase to 225 

million tonne by 2017 (Kumar et al. 2005). Regular 

and periodic augmentation of fly ash reserve keeps 

on policy makers busy to plan for more and more 

area for disposal at the cost of finite land resources 

and techno-economically feasible and eco-friendly 

ways of utilization (Singh et al. 2011). Moreover, 

one can never afford to leave associated 

environmental problems unattended. The physical 

and chemical properties of a particular fly ash are 

dependent on the composition of the parent coal, 

conditions during coal combustion, efficiency of 

emission control devices and practices used during 

storage and handling (Adriano et al. 1980). Fly ash 

is rich in several micro and macro plant nutrients. 

Now a days, Fly Ash Utilization Programme 

(FAUP) in varying agro-climatic conditions and 

different soil-crop combinations supported with 

laboratory investigations have shown significant 

increase in yields of edible parts as well as biomass 

without any adverse impact on soil health (Kumar 

et al. 2005).The present investigation was 

therefore, conducted to study the effect of different 

sources of fertilizers applied in an integrated 

manner on crop productivity, restoration on soil 

fertility and minimization of environmental 

hazards. 

 

MATERIALS AND METHODS 

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. 

Two cultivars of pea (Pisum sativum L.) viz. 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. Fly ash @ 10 t/ ha, FYM @ 603 Kg/ 

ha and SOM @ 350 Kg/ ha was applied. Total eight 

treatment combinations used in this study were: 

Control (without any application), CF 

(recommended dose), FA (fly ash alone), CF+FA, 

CF+BC, CF+FYM, CF+FA+BC and 

CF+FA+FYM. Experimental plots (2m× 2m) were 
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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 ha-1 through these materials and 

chemical fertilizers was maintained for all the 

treatments except fly ash and control plots. 

Different growth and yield parameters viz. plant 

height, root length, no. of leaves/ plant, no. of 

branches/ plant, no. of pods/ plant, no. of seeds/ 

pod, pod length, biological yield, days to 50% 

flowering, days to maturity, seed yield/ plant, 100 

seed weight, harvest index %, NPP (Net Primary 

Productivity), response coefficient, chlorophyll 

content were recorded on different intervals. The 

treated soils in which these plants are planted were 

analyzed for different physico- chemical 

parameters. 

 

 

 

RESULTS AND DISCUSSION 

It was observed that integrated use of 

organic materials favorably improved the soil 

physico- chemical parameters which in turn 

advantageous for   the growth and yield parameters 

of two pea cultivars.  The number of branches, 

number of leaves, root length, plant height, dry 

matter production and net primary productivity 

were influenced by the treatments and an increase 

was recorded up to 90 DAS (Table 1). Similar 

positive response was observed when FA in 

combination with organic materials was used for 

cultivation of pea by some earlier workers (Deepa 

and Poonkodi 2004; Garg et al. 2005; Ram et al. 

2006; Gupta et al. 2007; Aggrawal et al. 2009; 

Yunusa et al. 2009; Jala and Goyal 2010; Tejasvi 

and Kumar 2011). Fly ash amendment showed 

most beneficial effects on the accumulation of chl. 

a,b and total chlorophyll at 60 DAS (Figs. 1& 2).
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Figure 1. Effect of different fertilization sources on chlorophyll (mg/gm f.w.) of 

Arkel cultivar at 60 DAS 
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Figure 2. Effect of different fertilization sources on chlorophyll (mg/gm f.w.) 

of PSM cultivar at 60 DAS 

Chl a Chl b Total chl

 
Similar observations also have been made by Gupta 

et al. 2004; Patil and Chaudhari 2004; Singh and 

Gupta 2005; Yunusa et al. 2008; Nalawade et al. 

2009. In the present study, days to 50% flowering 

and days to maturity gets reduced for two pea 

cultivars in fly ash amended soil as compared to 

control. Similar observations were made by Kumar 

et al. (1998). It is evident from data that there was 

sufficient increase in the number of pods per plant, 

seeds per pod, size of pods and 100 seed weight in 

all supplements as compared to FA alone or control 

(Table 1). The increase was more significant when 

either FYM or SOM was applied with CF and FA. 

These results are in conformity with those of 

Sajwan et al. 1995; Kruger and Surridge 2009; 

Karmaker et al. 2009. There was significant 

increase in NPP in all soil amendments as 

compared to control. In fly ash amended soil, an 

increase of 38.88 % and 54.76 % in NPP was 

recorded over control in Arkel and PSM, cultivars 

respectively. The maximum increase in NPP was 

observed in combined application of organic 

materials, CF and FA (Table 1). A significant 

increase in dry matter accumulation was recorded 

in all soil amendments as compared to control 

(Table 1). In fly ash amended soil, an increase of 

30.04 % and 47.05 % was recorded over control in 

Arkel and PSM cultivars, respectively. The 

maximum phytomass was registered in combined 

application of organic materials, CF and FA where 

the increase in biological yield was 18.75 % and 

26.20 % over the chemical fertilizers used alone in 

Arkel and PSM cultivars of pea, respectively. In fly 

ash amended soil, only a marginal increase in 

harvest index over control was recorded. But the 

increase was significant when organic materials 

were applied with CF and FA (Table 1).  

Table 1. Effect of different fertilization sources on growth, yield attributes, yield and harvest index of Arkel and PSM 

cultivars of Pisum sativum L. at 90 DAS 
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Fertilization 

Sources  
 

Arkel 

C 13.7

0 

59.4

0 

4.20 7.80 55.00 100.0

0 

9.3

0 

6.60 6.1

0 

18.0

52 

10.

24 

18.07 56.6

0 

0.

1

8

0 

CF 14.2

0 

94.5

0 

5.10 14.5

0 

53.00 99.00 13.

40 

7.00 6.5

0 

20.4

16 

17.

78 

27.23 65.2

0 

0.

2

7
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FA 13.9

0 

93.0

0 

4.80 12.1

0 

51.00 94.00 11.

60 

6.60 6.3

0 

19.3

84 

14.

16 

23.50 60.2

0 

0.

2

5

0 

CF+FA 14.2

0 

94.8

0 

5.60 15.1

0 

52.00 94.00 14.

00 

7.20 6.8

0 

20.6

18 

19.

62 

28.15 69.6

0 

0.

2

9

9 

CF+BC 14.3

0 

97.5

0 

5.50 15.4

0 

53.00 99.00 14.

20 

7.20 6.7

0 

20.7

40 

19.

73 

28.46 69.3

0 

0.

2

8

7 

CF+FYM 14.2

0 

97.1

0 

5.40 14.7

0 

55.00 98.00 14.

00 

7.20 6.7

0 

20.6

55 

19.

37 

28.05 69.0

0 

0.

2

8

6 

CF+FA+B

C 

14.4

0 

103.

00 

5.90 18.6

0 

53.00 93.00 15.

30 

7.50 7.0

0 

22.2

46 

23.

82 

32.42 73.4

0 

0.

3

4

8 

CF+FA+F

YM 

14.3

0 

102.

60 

6.00 19.3

0 

51.00 94.00 15.

10 

7.50 7.0

0 

22.1

54 

23.

41 

32.28 7.50 0.

3

4

3 

CD at 5 % N.S

. 

3.80

5 

0.433 1.15

4 

2.100 2.663 0.9

72 

0.37

1 

N.S

. 

0.59

5 

0.2

95 

1.999 0.69

4 

0.

0

1

9 

PSM 

C 14.4

0 

76.5

0 

5.50 9.70 52.00 97.00 9.2

0 

5.90 5.5

0 

17.8

42 

9.0

2 

16.305 55.3

0 

0.

1

6

8 

CF 15.3

0 

94.2

0 

6.40 15.3

0 

52.00 97.00 14.

40 

7.00 6.5

0 

19.0

86 

17.

86 

28.055 63.6

0 

0.

2

8

9 

FA 14.9

0 

90.1

0 

6.00 13.2

0 

49.00 92.00 13.

00 

6.60 6.0

0 

18.6

42 

14.

54 

23.970 60.6

0 

0.

2

6

0 

CF+FA 16.2

0 

96.3

0 

6.70 21.4

0 

50.00 91.00 15.

00 

7.20 6.7

0 

20.0

08 

20.

10 

28.285 71.0

0 

0.

3

1

0 

CF+BC 15.7

0 

97.5

0 

6.70 19.1

0 

51.00 96.00 15.

80 

7.10 6.6

0 

19.7

25 

19.

91 

28.650 69.4

0 

0.

2

9

8 

CF+FYM 15.9

0 

96.7

0 

6.90 18.6

0 

52.00 96.00 15.

10 

7.00 6.6

0 

19.6

88 

19.

62 

28.455 68.9

0 

0.

2

9

6 

CF+FA+B

C 

16.5

0 

103.

40 

7.40 23.7

0 

51.00 91.00 17.

40 

7.30 7.0

0 

22.9

56 

27.

96 

35.895 77.8

0 

0.

3
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9

4 

CF+FA+F

YM 

16.9

0 

104.

60 

7.80 24.2

0 

49.00 92.00 17.

60 

7.36 6.9

0 

22.1

43 

26.

89 

34.914 77.0

0 

0.

3

7

9 

CD at 5 % 0.97

8 

3.42

9 

0.559 1.06

3 

2.327 2.989 0.6

95 

0.39

8 

0.6

78 

0.65

0 

0.4

82 

1.661 0.75

6 

0.

0

3

4 

 

 

The increase recorded in harvest index 

was 28.4-29.7 % and 39.2-40.7 % in Arkel, PSM 

cultivars, respectively. The data on harvest index 

indicate that fly ash cannot replace chemical 

fertilizers but when supplemented with CF, it 

proved beneficial. The maximum harvest index was 

obtained in integrated nutrition supply system. 

     The physico- chemical properties of soil were 

improved when chemical fertilizer was 

supplemented with FA and FYM or SOM. Such 

integrated application decreased bulk density and 

increased organic carbon and pH of soil. Available 

nutrient content also gets increased under 

integrated nutrient supply system (Table 2). 

Table 2. Effect of different modes of fertilization sources on physico-chemical properties of soil 

 

Characters 

BD pH Organic 

carbon 

(%) 

Nitrogen 

(Kg/ha) 

Phosphorus (kg/ha) Potassium 

(kg/ha) 

 

Fertilization 

Sources 

C 1.34 6.7 0.29 146.10 30.90 128.10 

CF 1.32 6.8 0.27 174.40 41.20 168.30 

FA 0.98 7.0 0.35 162.20 33.40 147.40 

CF+FA 1.28 6.9 0.32 180.00 44.50 170.60 

CF+BC 1.27 6.8 0.39 183.40 46.10 172.40 

CF+FYM 1.25 6.7 0.38 185.20 45.80 173.50 

CF+FA+BC 1.21 7.0 0.43 194.70 61.80 178.20 
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CF+FA+FYM 1.20 7.0 0.42 196.50 60.20 178.80 

 

 

Similar findings were also made by Mittra 

et al. 2003; Yeledhalli et al. 2008; Tejasvi and 

Kumar 2012. Truter et al. (2001) also observed 

beneficial effect of SLASH (Fly ash + sewage 

sludge + lime) on plant growth and reported an 

increment of 200 % in maize, 240 % in triticale and 

215 % in sorghum @ 10 % SLASH content in the 

soil. Sewage sludge application in the soil at the 

same rate increased dry matter production by 239 

%, 370 % and 170 % in maize, triticale and 

sorghum, respectively. Better growth performance 

of FA in combination with organic materials has 

also been reported (Deepa and Poonkodi 2004; 

Garg et al. 2005; Ram et al. 2006; Gupta et al. 

2007; Ahmad 2017).  

     The results obtained from present investigation 

have shown that fly ash in combination with 

organic manures works as an excellent soil 

conditioner and helps to a great extent to improve 

the productivity of the soil through fly ash soil 

amendment technology (FASAT) on sustainable 

basis. Nonetheless, new knowledge needs to be 

generated to further minimize soil and groundwater 

contamination and identify ways to efficiently 

exploit the fly ash as a soil ameliorating agent for 

waste land reclamation and biomass production. 

Also, Long term investigations should be carried 

out in different agro-climatic zones to assess the 

temporal effect of fly ash incorporation on 

physical, chemical and biological properties of the 

different soils along with careful monitoring of 

heavy metals and toxic levels of nutrients.  
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