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Abstract 

The experiment was conducted to know the effect of Fly ash, Phospho-gypsum and chemical fertilizers 

on Growth parameters,  Yield attributes, Yield and Nutrient Uptake of wheat (Triticum aestivum L.) in 

Inceptisol of Varanasi district (U.P.) during the year 2014-15 and 2015-16 at the Agriculture Research 

Farm, Institute of Agriculture Science, Banaras Hindu University, Varanasi (India). The influence of fly 

ash (FA) and Phosphogypsum (PG) with fertilizers applied in soil that improved the yield and nutrient 

uptake of wheat. The results showed that 15 t FA ha-1 and 2 t PG ha-1 with 75% Recommended dose of 

fertilizers significantly increased grain yield and yield attributes viz; Number of tillers m-1, Plant height, 

and Chlorophyll content of wheat. The maximum N, P, K, Ca, Mg and S uptake in seed and straw of 

wheat were observed significantly superior with application of  treatment i.e. 75% RDF + 15 t FA ha-1 + 

2 t PG ha-1. 
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Introduction 

Fly ash is a resultant waste produced in thermal power plant from the combustion of coal for 

energy purpose, is a major concern. Recently, more than 175 million tons of fly ash is 

generated annually in India  thermal power plants and it is expected about 300 million tons of 

fly ash will be generated in the near future (Pani et al., 2015) [10]. The FA is a rich source of 

macronutrients including P, K, Ca, Mg and S and micronutrients also present in various 

amount Fe, Mn, Zn, Cu, Co, B and Mo. Coal fly ash major constituent are CaO, MgO, SiO2 

and Fe-Mn oxides. Coal fly ash because of this alkaline pH, available macro and micro 

nutrients, increases soil pH and also concentrations of essential macro and micro-nutrients in 

the soil (Adriano and Weber, 2001) [1] and water holding capacity also increased. 

Phosphogypsum (PG) is a waste by-product which generated during fertilizer production from 

phosphate rock by the use of wet acid method, which currently accounts for more than 90% of 

phosphoric acid production. In India about 11 million tons of PG is generated from fertilizer 

industry per year which create a serious problem at the plant site (Nayak et al. 2013; Parreira 

et al., 2003) [11]. 

Instead of dumping of these waste material, the utilization of fly ash and phosphogypsum can 

be both economically viable and environment friendly (Mohan et al., 2012). Great emphasis is 

given to the ways and means of utilizing fly ash and phosphogypsum in various fields. The 

application of fly ash and phosphogypsum in agriculture to produce various crops provides a 

attainability replacement for safe disposal of fly ash to improve the soil domain and enhance 

the productivity of crops. The disposal of fly ash and phospho-gypsum by ordinary methods 

leads to fertility loss of productive land and being made impure of ground water. Therefore it 

is necessary for management of suitable method for disposal of fly ash and phospho-gypsum 

waste in an eco-friendly approach becomes indispensable to achieve maximum benefit from its 

diverse nature, because fly ash and phosphogypsum contains available essential macro and 

micronutrients in large quantities. The application of fly ash and phosphogypsum with organic 

manure and chemical fertilizers can be used for increased productivity of crops and also help 

in improving soil physico-chemical properties and enriching its fertility status.  

 

Methods and Material 

A field experiment was conducted at Agriculture Research farm, Institute of Agricultural 

Sciences, Banaras Hindu University, Varanasi (India) in three replications with RBD during 

the year 2014-2015 and 2015-2016. The experiment included the following factors (a) Dose of 

coal fly ash (2.5, 5, 10 and 15 t ha-1), (b) Dose of Phosphogypsum (0.5, 1, 1.5 and 2 t ha-1) with  
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chemical fertilizers. 5t FYM ha-1 was also applied in each 

treatment except control. The test crop was wheat (Triticum 

aestivum) cv. HUW-234. The application of fertilizers for 

wheat was 120:60:60 N: P2O5: K2O kg ha-1. The plough layer 

0-15 cm of soil fly ash and phospho-gypsum were 

characterized for various parameters. The soil of experiment 

field was slightly alkaline in reaction (pH 7.8), organic carbon 

(0.33%), available N 197.40 kg ha-1, available P 23.80 kg ha-1 

and available K 166.4 kg ha-1. 

Fly ash (FA) from the Singrauli Super Thermal Power 

Station, Shakti Nagar, Sonebhadra, Uttar Pradesh was 

collected for the experiment. The fly ash having pH (8.2), EC 

(0.58 dS m-1) and organic carbon (0.12%). Phosphogypsum 

used in the experiment was having pH 4.28, EC (2.82 dS m-1), 

organic carbon (0.62%). The plant growth parameters viz; 

plant height, number of tillers m-1 and yield attributes at 

different growth stage were recorded. Grain and straw yield of 

wheat after harvest were obtained from the plot area. Nutrient 

content and uptake of N, P, K, Ca, Mg and S by seed and 

straw of wheat were estimated. 

 

Results and discussion 

Effect on crop growth and yield of wheat crop 

The data on the effect of fly ash, phosphogypsum and 

chemical fertilizers treatment on the growth, yield attributes 

and yield of wheat (Triticum aestivum) cv. HUW-234 are 

presented in Table 1. The data related to yield and yield 

parameters as influenced by different treatments indicated that 

there was significant influence of FA, PG and chemical 

fertilizers on various growth parameters of wheat. The grain 

and straw yield were ranges from 37.39 to 54.73 q ha-1 and 

55.79 to 79.56 q ha-1, respectively.  The highest grain yield 

(54.73 q ha-1) and straw yield (79.56 q ha-1), test weight 

(40.13%) were recorded in T15 (75% RDF + 15t FA ha-1 + 2t 

PG ha-1). Significant difference was also observed in yield 

attributes viz. Plant height, Number of tillers m-1 and 

Chlorophyll content. The treatment T15 was observed 

significantly superior to T1 (control) and T3 (75% RDF), T8 

(75% RDF + 0.5t PG ha-1), T9 (75% RDF + 1.0t PG ha-1), T10 

(75% RDF + 1.5t PG ha-1) and T11 (75% RDF + 2t PG ha-1) 

among the phosphogypsum with chemical fertilizer. But the 

treatment T2 (100% RDF), T4 (75% RDF + 2.5t FA ha-1), T5 

(75% RDF + 5t FA ha-1), T6 (75% RDF + 10t FA ha-1), T7 

(75% RDF + 2.5 t FA ha-1) showed statistically at par during 

both the year and in pooled mean, respectively. The 

maximum plant height (91.40 cm) and Number of tillers m-1 

(89.38) at harvest and chlorophyll content (37.04, SPAD 

value at 60 DAS), harvest index (40.13%) were recorded in 

T15 (75% RDF + 15t FA ha-1 + 2t PG ha-1). The nutrient 

availability from fly ash, phosphogypsum and chemical 

fertilizers was slowly and adequately to plant during entire 

growth period. Similar finding were also reported by the 

many workers Khan et al. (2008) [6], Aggarwal et al. (2009) 
[2], Tripathi et al. (2009) [14], Rehman et al. (2010) [13] and 

Masto et al. (2013) [8]. 

 

Effect on Nutrient uptake 

The data pertaining to the effect of fly ash and 

phosphogypsum with chemical fertilizers treatment on the 

nutrient uptake of seed and straw of wheat are presented in 

Table 2. The application of fly ash, phosphogypsum and 

chemical fertilizers were significantly influenced the nitrogen 

uptake in seed of wheat crop during both the years and pooled 

analysis. The N uptake in seed and straw was varied between 

54.51 to 88.00 and 23.71 to 39.86 kg/ha during the pooled 

mean analysis, respectively. The maximum nitrogen uptake in 

seed and straw 88.00 kg/ha and 39.86 kg/ha were observed 

with application of treatment T15 (75% RDF + 15 t FA ha-1 + 

2 t PG ha-1), which were increased by 54.51 kg/ha over 

control (T1) during both the years 2014-15, 2015-16 and in 

pooled mean analysis. A similar result was also finding by 

Jeena and Manorama (2007) [5] and Pani et al. (2015) [10]. 

The uptake of P, K, Ca, Mg and S by wheat seed were varied 

between 6.73 to 17.48, 13.44 to 25.36, 15.89 to 28.27, 6.06 to 

10.40 and 28.19 to 46.35 kg ha-1 during the pooled mean 

analysis, respectively. The maximum P, K, Ca, Mg and S 

uptake in seed 17.48, 25.36, 28.27, 10.40 and 46.35 kg ha-1 

were observed significantly superior with application of  

treatment T15 (75% RDF + 15 t FA ha-1 + 2 t PG ha-1) over T1 

(control), T3 (75% RDF), T4 (75% RDF + 2.5 t FA ha-1), T5 

(75% RDF + 5 t FA ha-1),  T6 (75% RDF + 10 t FA ha-1), T7 

(75% RDF + 2.5 t FA ha-1),  T8 (75% RDF + 0.5 t PG ha-1), T9 

(75% RDF +  1.0 t PG ha-1), T10 (75% RDF +  1.5 t PG ha-1), 

T11 (75% RDF +  2 t PG ha-1). However, T15 statistically at 

par with the treatment T2 (100% RDF), T12 (75% RDF + 2.5 t 

FA ha-1 +0.5 t PG ha-1), T13 (75% RDF + 5 t FA ha-1 + 1 t PG 

ha-1) and T14 (75% RDF + 10 t FA ha-1 + 1.5 t PG ha-1) at 

harvest of the crop during the pooled analysis of the year 

2014-15, 2015-16. It is apparent from the data (Table 2) 

revealed that the P, K, Ca, Mg and S uptake by straw of wheat 

crop were found ranged from 5.02 to 13.05, 71.61 to 113.22, 

6.30 to 10.98, 4.02 to 7.56 and 31.58 kg ha-1 during the 

pooled mean analysis, respectively. The maximum P, K, Ca, 

Mg and S uptake in straw 13.05, 113.22, 10.98, 7.56 and 

31.58 were also observed with application of treatment T15 

(75% RDF + 15 t FA ha-1 + 2 t PG ha-1) during both the years 

and in pooled mean analysis. Similar results were reported by 

Tsadilas et al. (2009a) [15] Tripathi et al. (2009) [14] and Das et 

al. (2013) founded that application of fly ash, phosphogypsum 

and chemical fertilizers were significantly increased the 

nutrient uptake in seed and straw of wheat. The result was 

further confirmed by Mahmoud et al. (2017) [7] and 

Rakhimova et al. (2017) [12]. 

 
Table 1: Effect of fly ash, phosphogypsum and chemical fertilizers on growth, yield attributes and yield of wheat of wheat crop (pooled mean) 

 

Treatments 
Plant height 

(cm) 

Number of tillers 

m-1 

Chlorophyll content 

(SPAD value at 60 DAS) 

Test weight 

(g) 

Grain yield 

(q/ha) 

Straw yield 

(q/ha) 

Biological yield 

(q/ha) 

Harvest 

index (%) 

T1 60.95 54.66 30.20 33.48 37.39 55.79 93.18 40.13 

T2 86.2 85.84 35.63 39.08 52.87 76.97 129.84 40.72 

T3 70.29 65.93 32.42 35.45 42.88 63.89 106.77 40.16 

T4 79.99 77.48 34.83 37.04 49.03 73.26 122.29 40.10 

T5 80.74 78.27 34.99 37.17 49.32 73.54 122.86 40.14 

T6 81.3 78.59 35.07 37.26 49.53 73.73 123.26 40.18 

T7 81.73 79.11 35.13 37.41 49.64 74.12 123.76 40.11 

T8 72.88 69.78 32.93 35.84 44.84 69.25 114.09 39.30 

T9 73.38 71.01 33.07 35.96 45.12 69.50 114.62 39.36 
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T10 73.91 71.27 33.18 36.04 45.29 69.82 115.11 39.35 

T11 74.18 71.99 33.29 36.17 45.46 70.04 115.50 39.36 

T12 89.9 87.71 36.25 39.63 53.89 78.06 131.95 40.84 

T13 90.84 88.34 36.88 39.85 54.24 78.31 132.55 40.92 

T14 91.11 88.98 36.94 39.99 54.47 78.80 133.27 40.87 

T15 91.4 89.38 37.04 40.13 54.73 79.56 134.29 40.75 

SEm+ 3.79 4.3 1.12 1.23 2.30 3.58 6.26 1.98 

CD(p=0.05) 10.97 12.46 3.25 3.57 6.66 10.37 18.14 NS 

CV (%) 8.21 9.65 5.63 5.72 8.20 8.20 8.58 8.97 

 

Treatment: T1-Control, T2-100% RDF, T3-75% RDF, T4-

75% RDF + 2.5t FA ha-1, T5-75% RDF + 5t FA ha-1, T6-75% 

RDF + 10t FA ha-1, T7-75% RDF + 15t  FA ha-1, T8-75% 

RDF +  0.5t PG ha-1, T9-75% RDF + 1t PG ha-1, T1075% RDF 

+ 1.5t PG ha-1, T11-75% RDF + 2t PG ha-1, T12-75% RDF +  

2.5t FA ha-1 + 0.5t PG ha-1, T13-75% RDF + 5t FA ha-1 + 1t 

PG ha-1, T14-75% RDF + 10t FA ha-1 + 1.5t PG ha-1, T15-75% 

RDF + 15t FA ha-1 + 2t PG ha-1. FA= Fly ash, PG= Phospho-

gypsum. 5t FYM ha-1 applied in all treatment except control. 

 
Table 2: Effect of fly ash, phosphogypsum and chemical fertilizers on Nutrient uptake by seed and straw of wheat crop (pooled mean) 

 

Treatments 
N uptake (kg/ha) P uptake (kg/ha) K uptake (kg/ha) Ca uptake (kg/ha) Mg uptake (kg/ha) S uptake (kg/ha) 

Grain Straw Grain Straw Grain Straw Grain Straw Grain Straw Grain Straw 

T1 54.51 23.71 6.73 5.02 13.44 71.61 15.89 6.30 6.06 4.02 28.19 31.58 

T2 83.59 37.14 14.96 11.70 23.53 108.29 26.38 10.35 9.78 6.89 44.28 49.18 

T3 63.98 27.98 8.53 6.52 16.45 83.25 19.02 7.51 7.27 4.86 33.43 37.28 

T4 75.70 34.06 10.22 8.53 20.81 100.69 22.19 8.75 8.83 6.12 39.76 45.16 

T5 76.56 34.53 10.65 8.75 21.11 101.49 22.59 8.86 8.93 6.25 40.41 45.60 

T6 77.21 34.80 11.14 8.96 21.40 102.56 22.86 9.07 8.96 6.27 40.78 45.93 

T7 77.73 35.21 11.52 9.38 21.54 103.40 23.03 9.15 9.06 6.37 40.97 46.47 

T8 67.19 30.68 11.50 9.59 17.69 91.44 21.28 8.79 7.69 5.44 35.27 41.13 

T9 68.24 31.10 11.78 9.77 18.18 92.54 21.64 8.97 7.78 5.53 35.87 41.60 

T10 68.73 31.66 12.05 9.92 18.50 93.27 21.83 9.08 7.88 5.59 36.44 42.06 

T11 69.17 32.01 12.21 10.02 18.62 93.99 22.09 9.14 7.96 5.64 36.82 42.48 

T12 85.95 38.29 15.81 12.34 24.41 110.34 27.29 10.62 10.08 7.18 45.32 50.31 

T13 86.75 38.65 16.41 12.53 24.76 110.97 27.63 10.73 10.17 7.36 45.75 50.63 

T14 87.42 39.28 17.05 12.85 25.08 111.82 27.97 10.84 10.29 7.41 46.05 51.34 

T15 88.00 39.86 17.48 13.05 25.36 113.22 28.27 10.98 10.40 7.56 46.35 52.15 

SEm+ 4.44 1.94 1.84 0.54 1.22 5.79 1.30 0.52 0.44 0.31 2.27 2.52 

CD(p=0.05) 12.86 5.62 5.22 1.57 3.52 16.78 3.75 1.50 1.27 0.89 6.58 7.31 

CV (%) 10.20 9.90 9.9 9.44 10.16 10.11 9.62 9.68 8.69 8.68 9.90 9.75 

 

Treatment: T1-Control, T2-100% RDF, T3-75% RDF, T4-

75% RDF + 2.5t FA ha-1, T5-75% RDF + 5t FA ha-1, T6-75% 

RDF + 10t FA ha-1, T7-75% RDF + 15t  FA ha-1, T8-75% 

RDF + 0.5t PG ha-1, T9 -75% RDF +  1t PG ha-1, T1075% RDF 

+ 1.5t PG ha-1, T11-75% RDF + 2t PG ha-1, T12- 75% RDF +  

2.5t FA ha-1 + 0.5t PG ha-1, T13-75% RDF + 5t FA ha-1 + 1t 

PG ha-1, T14-75% RDF + 10t FA ha-1 + 1.5t PG ha-1, T15-75% 

RDF + 15t FA ha-1 + 2t PG ha-1. FA= Fly ash, PG= Phospho-

gypsum. 5t FYM ha-1 applied in all treatment except control. 

 

Conclusions 

The application of fly ash and phosphogypsum with chemical 

fertilizer in soil increased the soil physico-chemical properties 

and increased yield and quality of wheat crops. From this 

experiment it can be concluded that treatment T15 (75% RDF 

+ 15t FA ha-1 + 2t PG ha-1) in the soil is useful to increase the 

growth, yield attributes and nutrient uptake of wheat. 
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