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Abstract 

The present study was carried out to evaluate the accumulation of heavy metals in soil and in paddy crop 

that have been amended by different dose of fly ash (20, 40, 60 t ha-1) with and without FYM. In this 

study, the amount of heavy metals (Ni, Co, Cr, Pb and Cd) present surface and subsurface soils and 

various parts of the rice plants was ascertained. Field experiment was conducted at Krishi Vigyan 

Kendra, Research Farm, Janjgir – Champa (C.G.) during kharif season 2016. The increasing doses of fly 

ash with and without FYM show increasing content of heavy metals in soil and plant parts. The 

occurrence of heavy metals in paddy field soils was in a decreasing order of Cr > Pb > Co >Ni> Cd 

while, in plant parts order of Ni > Cr > Co >Pb> Cd. The highest concentration of heavy metals in this 

study was in the roots rather than in the parts of the rice plant that were above the ground (grain, leaf and 

stem), except for Cd, which was present in significant amounts in the leaves. However, these 

concentrations of heavy metals in the soil and rice plant parts were still below the maximum permissible 

limits. 
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Introduction 

The ill effect of Industrialization all over the world is production of huge quantities of 

industrial waste that has arise challenges in front of administrator, environmentalist and 

scientists for its safe disposal and proper management is a major concern throughout the 

world. Presently about 118 Mt/year of coal FA is produced in India from more than 80 thermal 

power plants, which will be about 440 Mt/year by the end of 2030 (Ram et al., 2008) [15]. The 

production of vast quantity of FA will create dumping and management problems. The 

management of this huge amount of solid waste, at both regional and global level is a prime 

concern for the present and coming future (Ahmaruzzaman, 2010; Kishore et al., 2009) [1, 8], 

therefore agricultural utilization and waste area management techniques have emerged as 

prime utilization methods for solving fly ash problems. Field and green house experiments 

have proved that it can be used in growing agricultural crops (Gupta et al., 2002) [7]. 

Fly ash is an amorphous mixture of ferro-aluminosilicate minerals. Its physico-chemical 

characteristics depend on composition of parent coal, combustion conditions, the efficiency 

and type of emission control devices and the disposal methods used. 

It contains small quantity of various essential plant major, secondary and micronutrients such 

as N, P, K, Ca, Mg, S, Fe, Mn, Zn, Cu, and B (Pandey et al., 2009) [13] and also due to 

availability of different pH fly ash, it will not only be used as a supplemental source of plant 

nutrients to correct the deficiency but also an amendment for improving acid, alkaline and 

degraded soils and thereby enhanced the physico-chemical properties of soils. 

As it is known to contain quantities of heavy metals such as As, Cd, Cr, Ni, Mo, Pb, Se and 

Co. A major concern regarding FA augmented soil is linked with elevated level of heavy metal 

soil status and their accumulation through uptake by crops and associated risk in humans and 

animal health through its consumption. Therefore presence of toxic metals in FA may be 

serious concern for agriculture and there is a need to quantify these metals status in soil and 

plant through long-term application of fly ash. 

Consistent accumulation of heavy metals due to continuous application of fly ash in paddy 

soils stresses the need for continuous monitoring and investigating several inter-related issues 

of our great concern. Keeping all these in mind, the present experiment has been designed to 

study the impact of varied levels of fly ash on toxic metal accumulation in different depths of 

soil and partitioning in different plant parts of rice (Oryza sativa L.). 
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Materials and Methods 

A field experiment was carried out in Krishi Vigyan Kendra, 

Research Farm, Janjgir – Champa (C.G.) during kharif season 

2016. The fly ash used in this study was collected from 

Madhya Bharat Paper Ltd. Village – Birgahni Champa, Dist. - 

Janjgir Champa, Chhattisgarh. The experiment consisted of 

eight treatments and each replicated thrice in a random block 

design. The treatments are Control, GRD (100:60:40), 75% 

GRD + 20 t ha-1 fly ash, 75% GRD + 40 t ha-1 fly ash, 75% 

GRD + 60 t ha-1 fly ash, 75% GRD + 20 t ha-1 fly ash + 5 t ha-

1FYM, 75% GRD + 40 t ha-1 fly ash + 5 t ha-1 FYM and 75% 

GRD + 60 t ha-1 fly ash + 5 t ha-1 FYM.  

The rice cultivar Rajeshwari was selected as test crop and 

twenty five days old rice seedlings were transplanted in 20 x 

15 cm spacing. The fly ash, fertilizer and the FYM were 

applied as per treatments one day ahead of transplanting. Soil 

samples for physical and chemical analysis were collected 

from the different layers viz. 0-15 and 15-30 cm after harvest 

of rice crop. The soil sample analyzed for different soil 

properties by following different standard procedure. The pH 

was measured with pH meter using 1:2.5 soil water 

suspensions (Black, 1965) [3]. The clear suspension extract 

obtained from pH was also utilized for EC measurement using 

conductivity bridge (Black, 1965) [3]. Soil texture was 

determined by International Pipette method as described by 

Piper (1966) [14]. The heavy metals (Ni, Co, Cr, Pb and Cd) 

(Lindsay and Norvell, 1978) [9] were analyzed by atomic 

absorption spectrophotometer. 

Plant roots were extracted from the soil by washing in a 

container. Roots were washed again by deionized water and 

dried in an oven at 650C for 24 hours. Above ground parts of 

the plants were cut from the soil surface and dried in an oven 

at 65 0C for 24 hours. All parts were grinded and analyzed. 

The samples were acid-digested by using a digestion method 

devised for the analysis of heavy metals. Samples were 

analyzed by Atomic Absorption Spectrophotometer using 

respective holocathode lamps at desired wave lengths. 

 
Table 1: The initial soil physico-chemical properties of experimental soil 

 

Particulars Analysis value Soil type 

Soil texture 

Sand (%) 

Silt (%) 

Clay (%) 

30 

30 

40 

Clay loam 

Soil reaction (pH) 7.5  

Electrical conductivity (dS m-1) 0.13  

Organic carbon (%) 0.44  

Available Cr (mg kg-1) 1.83  

Available Pb (mg kg-1) 1.14  

Available Ni (mg kg-1) 0.98  

Available Co (mg kg-1) 0.94  

Available Cd (mg kg-1) 0.22  

 

Results and Discussion 

Characterization of soil, fly ash and FYM: The physico-

chemical properties of soil, fly ash and FYM is given in table 

1 & 2. The soil in was clay loam in texture, neutral in 

reaction, normal in soluble salts. Heavy metals present in soil 

are under the permissible limit. The heavy metals contents of 

soil followed the order Cr>Pb>Ni>Co>Cd whereas in fly ash, 

the order was Cr>Co>Ni>Pb>Cd. 

 
Table 2: Physico-chemical properties of fly ash and FYM 

 

Particulars Fly ash FYM 

(0.02- 2 mm) 

Particle size distribution (0.002-0.02mm) 

(< 0.002 mm) 

50 

33 

17 

 

Soil reaction (pH) 7.90 - 

Electrical conductivity (dS m-1) 0.21 - 

Organic carbon (%) 0.23 3.12 

Total Cr (mg kg-1) 41.50 14.85 

Total Co (mg kg-1) 29.20 17.32 

Total Ni (mg kg-1) 31.80 13.00 

Total Pb (mg kg-1) 16.52 10.21 

Total Cd (mg kg-1) 13.50 1.60 

 

Heavy metals (Ni, Co, Cr, Pb and Cd) contents in fly ash 

amended soil 

The concentration of soil extractable Ni, Co, Cr, Pb and Cd in 

fly ash treated soils at various depths are given in table 3. The 

examination of table 3 and 4 denote that the concentrations of 

soil extractable Ni, Co, Cr, Pb and Cd in fly ash treated soils 

build up continuously as compared to control and 100% GRD. 

The average nickel status in surface and subsurface soil 

depths is shown in table 3. The effect of different treatments 

on the status of available Ni was found significant at both the 

depths. In surface soil, the application of different treatments 

was significantly increased the Ni status in fly ash applied up 

to 40 t ha-1without FYM and treatment 75% GRD + 60 t ha-1 

fly ash + 5 t ha-1FYM when compare to 100% recommended 

dose of NPK. The application of fly ash @ 60 t ha-1+ 75% 

GRD without FYM showed the highest (1.22 mg kg-1) 

available Ni status, while the control showed the lowest (1.00 

mg kg-1). 

In 15-30 cm soil depth, fly ash applied 20 and 40 t ha-1 fly ash 

with 75% GRD + 5 t ha-1 FYM and treatment 75% GRD + 60 

t ha-1 fly ash are significantly increased the Ni status when 

compare to 100% recommended dose of NPK. The highest 

(0.84 mg kg-1) Ni in treatment received is 75% GRD + 40 t 

ha-1 fly ash + 5 t ha-1 FYM. 
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Table 3: Effect of fly ash doses and in combinations with and without FYM on soil available nickel and cobalt content of 

different depth at harvest 
 

 
Available heavy metals (mg kg-1) 

 
Ni Co 

Treatment 0-15 15-30 0-15 15-30 

T1-Control 1.00 0.68 1.05 0.85 

T2- GRD (100:60:40) 1.09 0.70 1.11 0.88 

T3- 75% GRD + 20 t ha-1 fly ash 1.13 0.77 1.24 0.92 

T4- 75% GRD + 40 t ha-1 fly ash 1.19 0.78 1.28 0.94 

T5- 75% GRD + 60 t ha-1 fly ash 1.22 0.81 1.28 0.97 

T6- 75% GRD + 20 t ha-1 fly ash + 5 t ha-1 FYM 1.11 0.76 1.19 0.90 

T7- 75% GRD + 40 t ha-1 fly ash + 5 t ha-1 FYM 1.13 0.84 1.21 0.91 

T8-75% GRD + 60 t ha-1 fly ash + 5 t ha-1FYM 1.16 0.80 1.25 0.92 

SEm± 0.01 0.03 0.02 0.06 

CD (P=0.05) 0.05 0.09 0.08 NS 

 

The average cobalt status at both the soil depths is shown in 

table 3. The effect of different treatments on the status of soil 

available cobalt was found significant at surface and non 

significant at subsurface soil depth. At 0-15 soil depth, the 

application of different treatments was significantly increased 

the cobalt status with and without FYM when compare with 

control and 100% recommended dose of NPK. The 

application of fly ash @ 60 t ha-1+75% GRD without FYM 

showed the highest in surface (1.28 mg kg-1) and subsurface 

(0.97 mg kg-1) soil depth available cobalt status while the 

control showed the lowest. 

The soil available chromium status at different depths was 

found significant at surface soil and no significantly influence 

by application of fly ash with and without FYM when 

compared with control and 100% recommended dose of NPK 

(100:60:40) (Table 3). The available Cr status was the highest 

(2.59 mg kg-1) in 0-15 cm and (1.97 mg kg-1) in 15-30 cm soil 

depth with the application of 60 t ha-1 fly ash + 75% GRD 

without FYM. 

 
Table 4: Effect of fly ash doses and in combinations with and without FYM on soil available chromium, lead and cadmium content of different 

depth at harvest 
 

 
Available heavy metals (mg kg-1) 

 
Cr Pb Cd 

Treatment 0-15 15-30 0-15 15-30 0-15 15-30 

T1-Control 1.88 1.36 1.02 0.72 0.26 0.20 

T2- GRD (100:60:40) 1.95 1.47 1.08 0.74 0.29 0.22 

T3- 75% GRD + 20 t ha-1 fly ash 2.36 1.70 1.35 0.78 0.41 0.26 

T4- 75% GRD + 40 t ha-1 fly ash 2.53 1.82 1.33 0.84 0.44 0.28 

T5- 75% GRD + 60 t ha-1 fly ash 2.59 1.97 1.39 0.90 0.54 0.29 

T6- 75% GRD + 20 t ha-1 fly ash + 5 t ha-1 FYM 2.30 1.68 1.31 0.70 0.37 0.22 

T7- 75% GRD + 40 t ha-1 fly ash + 5 t ha-1 FYM 2.49 1.79 1.36 0.78 0.37 0.25 

T8-75% GRD + 60 t ha-1 fly ash + 5 t ha-1FYM 2.51 1.84 1.48 0.86 0.41 0.24 

SEm± 0.04 0.19 0.03 0.05 0.06 0.01 

CD (P=0.05) 0.12 NS 0.09 NS NS NS 

 

The average led status in surface and subsurface soil depths is 

shown in table 4. The effect of different treatments on the 

status of available Pb was found significant at surface soil 

depth but no change was observed in subsurface soil depth 

and there was a marginal increase over control and GRD. In 

surface soil, the application of different treatments was 

significantly increased the Pb status with and without FYM 

when compare with control and GRD (100:60:40). The 

application of fly ash @ 60 t ha-1+ 75% GRD with FYM 

showed the highest (1.48 mg kg-1) Pb status while the control 

showed the lowest (1.02 mg kg-1).  

Effect of different doses of fly ash integrated with and without 

on the status of available Cd was non significant at both the 

depths. The application of fly ash @ 60 t ha-1 +75% GRD 

without FYM showed the highest (0.54 and 0.29 mg kg-1) in 

0-15 and 15-30 cm soil depth respectively available Cd status 

while the control showed the lowest (Table 4).  

The increasing doses of fly ash with and without FYM show 

increasing status of heavy metals content this might be due to 

fact that fly ash content of the toxic metals. The heavy metals 

status was higher at the surface than the subsurface depth. The 

occurrence of heavy metals in paddy field soils was in a 

decreasing order of Cr > Pb > Co >Ni> Cd at the surface and 

subsurface soil. Similar observation regarding to the metal 

content found by Gond et al. (2013) [6], Yeledhalli et al. 

(2008) [21] and Singh and Agrawal (2007) [17]. 

The distribution pattern of metal is governed by various soil 

physico-chemical factors like particle size fractions, pH, EC, 

organic matter, CaCO3, cation exchange capacity, 

exchangeable cations etc. Datta et al. (2000) [5] studied the 

concentration of heavy metals declined with depth which may 

be due to lower permeability and vertical movement of the 

metals. The results also indicate that organic carbon plays a 

major role in mobility and transport of Cd, Ni, Cr and Pb in 

the soils. The immobilization of metals might have been due 

to adsorption and occultation on the surface by hydroxides 

and oxides in soils and tend to remain in the zone of 

incorporation. Similar observations have also been reported 

by Ciurl (2001) [4] and Appavu and Sree Ramulu (1990) [2]. 

 

Effect of fly ash on heavy metal accumulation in plant 

parts of rice 

The effect of different doses fly ash integration with and 

without FYM on chromium, cobalt, nickel, and lead and 

cadmium concentration in different plant parts of rice 

presented in table 5 and 6. 
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The nickel concentration in different plant parts of rice 

influenced by graded dose of fly ash are non significantly 

increased in all parts (root, grain, leaf and stem) of the plant 

however marginal increased as compare to control and 100% 

GRD (Table 5). Fly ash applied @ 60 t ha-1 without FYM 

recorded the highest Ni content in root (14.73 mg kg-1), leaf 

(13.12 mg kg-1) and stem (9.14 mg kg-1) however in grain 

highest(10.22 mg kg-1) in application of 60 t ha-1 with FYM 

while, control showed the lowest. 

The cobalt accumulation in different plant parts of rice 

influenced by different doses of fly ash with and without 

organic manure are shown in table 5. The result of cobalt 

content in leaf are significantly influenced by different fly ash 

treatments and all other plant parts i.e. root, grain and stem 

are non significant. In leaf Co content is significantly 

increased of all fly ash treatments with and without FYM as 

compare to control. Application of fly ash @ 60 t ha-1 without 

FYM is highest (5.17 mg kg-1) and significantly increased Co 

content over the 100% recommended dose of NPK. Fly ash 

applied @ 60 t ha-1 without FYM recorded the highest Co 

content in root (5.60 mg kg-1), grain (3.13 mg kg-1) and stem 

(3.77 mg kg-1) while, control was the lowest. 

 
Table 5: Effect of fly ash doses and in combinations with and without FYM on nickel and cobalt content of different plant parts of paddy at 

harvest 
 

 
Ni content (mg kg-1) Co content (mg kg-1) 

Treatment Root Grain Leaf Stem Root Grain Leaf Stem 

T1-Control 14.03 8.56 10.80 6.86 5.07 1.99 3.58 2.75 

T2- GRD (100:60:40) 13.90 9.44 11.77 8.24 4.97 2.73 4.16 3.23 

T3- 75% GRD + 20 t ha-1 fly ash 14.17 9.75 10.73 8.28 5.27 2.36 4.40 3.30 

T4- 75% GRD + 40 t ha-1 fly ash 14.23 9.80 12.08 9.03 5.30 2.84 4.50 3.67 

T5- 75% GRD + 60 t ha-1 fly ash 14.73 9.85 13.12 9.14 5.60 3.13 5.17 3.77 

T6- 75% GRD + 20 t ha-1 fly ash + 5 t ha-1 FYM 13.93 8.98 11.71 8.32 4.90 2.39 3.95 2.83 

T7- 75% GRD + 40 t ha-1 fly ash + 5 t ha-1 FYM 14.20 9.74 12.18 8.27 5.47 2.77 4.52 2.95 

T8-75% GRD + 60 t ha-1 fly ash + 5 t ha-1FYM 14.53 10.22 12.48 8.36 5.57 2.85 4.58 3.73 

SEm± 0.28 0.50 0.52 0.62 0.48 0.37 0.21 0.31 

CD (P=0.05) NS NS NS NS NS NS 0.63 NS 

 

The chromium concentration in grain and leaf are 

significantly increased and non significant influence in root 

and stem part of rice by different fly ash treatments (Table 6). 

In grain all the treatments of fly ash with and without organic 

fertilizer significantly increase over control but statistically at 

par over 100 % recommended dose of NPK. Among the 

treatments 75% GRD + 40 t ha-1 fly ash recorded the highest 

(5.17 mg kg-1) content and control showed the lowest (3.99 

mg kg-1). Fly ash applied @ 40 and 60 t ha-1 without FYM 

significantly influenced chromium content in leaf over 100 % 

recommended dose of NPK and all other treatments similar to 

100% GRD. Among the treatments 75% GRD + 60 t ha-1 fly 

ash recorded the highest (8.10 mg kg-1) content and control 

showed the lowest (7.37 mg kg-1). 

The lead accumulation in grain is significantly influenced by 

different fly ash treatments and all other plant parts i.e. root, 

leaf and stem are non significant (Table 6). The result of 

cobalt content in grain are significantly influenced by 

different fly ash treatments over control. Application of fly 

ash 40 and 60 t ha-1 without FYM and 60 t ha-1 fly ash with 

FYM recorded significantly increased over 100 % 

recommended dose of NPK. Application of 75% GRD + 60 t 

ha-1 fly ash recorded the highest in root (3.84 mg kg-1), grain 

(3.23 mg kg-1) and stem (3.17 mg kg-1) Pb content and control 

showed the lowest. 

 
Table 6: Effect of fly ash doses and in combinations with and without FYM on chromium, lead and cadmium content of different plant parts of 

paddy at harvest 
 

 
Cr content (mg kg-1) Pb content (mg kg-1) Cd content (mg kg-1) 

Treatment Root Grain Leaf Stem Root Grain Leaf Stem Root Grain Leaf Stem 

T1-Control 6.90 3.99 7.37 4.96 3.15 2.00 2.73 1.97 2.16 1.79 2.45 1.81 

T2-GRD (100:60:40) 7.20 4.52 7.56 5.63 3.47 2.03 2.70 2.27 2.73 1.88 2.72 2.00 

T3- 75% GRD + 20 t ha-1 fly ash 7.21 4.62 7.87 5.65 3.67 2.04 2.73 2.17 2.78 1.92 2.78 2.01 

T4- 75% GRD + 40 t ha-1 fly ash 7.38 5.17 8.02 5.76 3.47 3.12 2.83 2.23 2.82 1.96 3.12 2.01 

T5- 75% GRD + 60 t ha-1 fly ash 7.66 5.11 8.10 6.02 3.84 3.23 3.10 3.17 1.88 2.00 3.24 2.12 

T6- 75% GRD + 20 t ha-1 fly ash + 5 t ha-1 FYM 6.86 4.61 7.43 5.66 3.37 2.06 2.70 2.23 2.76 1.87 2.74 1.99 

T7- 75% GRD + 40 t ha-1 fly ash + 5 t ha-1 FYM 6.99 4.63 7.95 5.99 3.60 2.10 3.15 2.37 2.92 1.91 2.80 2.12 

T8-75% GRD + 60 t ha-1 fly ash + 5 t ha-1FYM 7.67 4.72 7.97 6.13 3.37 3.16 3.03 2.27 2.94 1.96 2.81 2.11 

SEm± 0.30 0.19 0.15 0.33 0.15 0.23 0.19 0.24 0.45 0.08 0.10 0.06 

CD (P=0.05) NS 0.60 0.45 NS NS 0.70 NS NS NS NS 0.30 NS 

 

The cadmium concentration in different plant parts i.e. root, 

grain and stem of rice was non significantly influenced but in 

leaf are significantly increased by application of fly ash 

integrated either with or without FYM (Table 6). In leaf 

application of 40 and 60 t ha-1 fly ash without FYM are 

significantly increased cadmium content as compare to 100% 

recommended dose of NPK. Cadmium concentration is 

recorded in maximum in leaf when fly ash applied without 

organic fertilizer and highest (3.24 mg kg-1) concentration is 

found in application of 75% GRD + 60 t ha-1 fly ash. 

The distribution pattern of heavy metals in different plant 

parts in a ranking order of Ni > Cr > Co >Pb> Cd. Among all 

the five (Pb, Cd, Cr, Ni and Co) assessed heavy metals Ni 

showed more accumulation in different plant parts. 

Increasing doses of fly ash with and without FYM found 

increased concentration of heavy metals due to the high 

content of these trace metals in fly ash. Metal accumulation 

highest in different plant parts of rice when application of fly 

ash with chemical fertilizer and without FYM. The 

concentration of heavy metal elements in plant depends upon 
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the content of those elements in the material used (Soil/ fly 

ash /FYM), the ratio of ash/ FYM application, the soil 

properties and the type of plant.  

Fly ash used in the study contain higher amounts of heavy 

metals but the concentration of heavy metals in fly ash 

amended soil and the rice produced was within the maximum 

permissible limit reported by WHO after the application of fly 

ash highest dose (60 t ha-1).  

Mo et al. (2001) [11] reported that most of the heavy metals 

absorbed by the paddy plant accumulated in the roots, where 

there was a high metabolic rate and that the accumulation in 

the stem and leaves was low. The accumulation and 

distribution of heavy metals in the upper parts of a plant are 

determined by several factors, including anatomical, 

biochemical and physiological factors. 

Singh et al. (2004) [16] also reported that the higher 

accumulation of heavy metals in roots may be ascribed to 

formation of complex between heavy metals and sulphydryl 

groups that results less transport of heavy metals to shoots. 

The metal contents, physico-chemical properties of soil, 

organic substances and other elements in the rhizosphere 

affected the bioavailability and plant uptake of heavy metals 

from the soils. They also emphasized that plant roots and soil 

microbes and their interaction could improve the metal 

bioavailability in rhizosphere through secretion of proton, 

organic acids, phytochelatins (PCs), amino acid and enzymes. 

The distribution of heavy metals in different plant parts was 

also supported by the results of Maiti and Nandhini (2006) 
[10], Pandey et al. (2012) [12] and Tripathi et al. (2008) [15]. 

 

Conclusion 

This study determined the accumulation of heavy metals in 

paddy soil and rice plant parts which were collected 

simultaneously at harvest period. The results revealed that the 

metal concentrations in the different soil depth that were 

amended by fly ash with and without FYM were below the 

maximum permissible limits. The findings also revealed that 

most of the heavy metals in the study accumulated mainly in 

the roots of the paddy plants except for Cd, which was 

retained in the leaves. Meanwhile, the metal concentrations in 

soil and the plant parts, including the root, grain, leaf and 

stem were less than the maximum permissible limits specified 

by WHO guidelines. The concentration of heavy metals in 

soil and plant parts increase with increasing doses of fly ash 

with and without FYM. However, FA dose optimization need 

extensive field trials and will vary based on soil type and 

source of fly ash. Besides, studies should need to examine the 

long term impact of FA application on heavy metals status.  

 

Acknowledgment 

The authors gratefully acknowledge Dr. R.K. Bajpai, Prof. & 

Head, Department of Soil Science & Agricultural Chemistry, 

IGKV, Raipur (C.G.) for providing necessary financial and 

laboratory facilities during research work.  

 

References 

1. Ahmaruzzaman M. A review on the utilization of fly ash. 

Prog. Energy combust. Sci. 2010; 36(3):327-363. 

2. Appavu K, Sree Ramulu US. Distribution of Manganese 

in soils. Madras Agric. J. 1990; 77(7&8):320-325. 

3. Black CA. Methods of Soil Analysis. Amer. Soc. of 

Agro. Inc. Publ. Madison, Wisconsin, USA. 1965; 891-

901. 

4. Ciurli S. Electronic structure of the nickel ions in the 

active sites of urease. Chemistry (Easton.), 2001; 99-100. 

5. Datta SP, Biswas DR, Saharan N, Ghosh SK. Effect of 

long term application of sewage effluents on organic 

carbon, bioavailable P, K and heavy metal status of soils 

and content of heavy metals in crops grown there on. J 

Ind. Soc. Soil Sci., 2000; 48:836-839. 

6. Gond DP, Singh Siddharth Pal, Amit, Tewary BK. 

Growth, yield and metal residues in Solanum Melongena 

growm in fly ash amended soil. Journal of Environmental 

Biology. 2013; 34:539-544. 

7. Gupta DK, Rai UN, Tripathi RD, Inouhe M. Impacts of 

fly-ash on soil and plant responses. J Plant Res. 2002; 

115:401-409. 

8. Kishore P, Ghosh AK, Kumar D. Use of fly lash in 

agriculture: a way to improve soil fertility and its 

productivity, Asian Journal of Agricultural Research. 

2009; 4:1-14. 

9. Lindsay WL, Norvell WA. Development of a DTPA soil 

test for zinc,iron, manganese and copper. Soil Sci. Soc 

Amer. J. 1978; 42:421-428. 

10. Maiti SK, Nandhini S. Bioavailability of metals in fly ash 

and their bioaccumulation in naturally occurring 

vegetation: A pilot scale study. Environ Monit Assess. 

2006; 116:263-273. 

11. Mo Z, Wang C, Chen Q, Wang H, Xue C, Wang Z. 

Distribution and enrichment of heavy metals of Cu, Pb, 

Zn, Cr and Cd in paddy plant. Environmental Chemistry. 

2001; 21(2):110-116. 

12. Pandey VC, Singh K, Singh RP, Singh B. Naturally 

growing Saccharum munja on the fly ash lagoons: a 

potential ecological engineer for the revegetation and 

stabilization. Ecol Eng. 2012; 40:95-99. 

13. Pandey VC, Abhilash PC, Singh N. The Indian 

perspective of utilizing fly ash in phytoremediation, 

phytomanagement and biomass production. Journal of 

Environmental Management. 2009; 90:2943-2958. 

14. Piper CS. Soil and Plant Analysis. Hans Publisher, 

Bombay, 1966, pp. 85-102. 

15. Ram LC, Jha SK, Tripathi RC, Masto RE, Selvi VA. 

Remediation of fly ash landfills through plantation. 

Remediat J. 2008; 18:71-90. 

16. Singh RP, Agrawal M. Effect of sewage sludge 

amendment on heavy metal accumulation and consequent 

response of Beta vulgaris plants. Chemosphere. 2007; 

67(11):2229-2240. 

17. Singh S, Saxena R, Pandey K, Bhatt K, Sinha S. 

Responses of antioxidants in sunflower (Helianthus 

annus L.) grown on different amendments of tannery 

sludge: its metal accumulation potential. Chemosphere, 

2004; 57:1667-1673. 

18. Tripathi RD, Dwivedi S, Shukla MK, Mishra S, 

Srivastava S, Singh R, et al. Role of blue green algae 

biofertilizer in ameliorating the nitrogen demand and fly-

ash stress to the growth and yield of rice (Oryza sativa 

L.) plants. Chemosphere. 2008; 70:1919-1929. 

19. WHO. Permissible limits of heavy metals in soil and 

plants (Geneva: World Health Organization), 

Switzerland, 1996; 166. 

20. WHO/FAO. Joint FAO/WHO food standards programme 

codex committee on contaminants in foods, fifth session. 

2011, 64-89. 

21. Yeledhalli NA. Prakash SS Ravi, MV and Narayana Rao, 

K. Effect of flyash /pond ash in irrigated vertisols on 

grain yield and micronutrient content in maize and 

sunflower. Asian Jour. Environ Sci. 2008; 3(1):29-32. 


