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Abstract 

The present work discussed the prospects of utilization of fly ash in agriculture 

sector to get enhanced yield of crops.  Fly ash is generated as a byproduct of 

coal combustion and contains many nutrients such as Ca, K, Na, Mg, and S as 

well as toxic metals like B, As, Cd, Cr, Hg and Pb.  The present study was 

conducted to access effect of fly ash on the growth, yield, bio-chemical 

characteristics of edible parts of mustard plant and heavy metal accumulation 

in these parts. The studied plant samples were found to accumulate all the 

toxic metals concentration lower than the prescribed limit of WHO.  However, 

the fly ash amendment supported maximum growth and yield of mustard when 

compared to control suggesting that, fly ash can be used as soil amendment for 

better crop production without any adverse effect.  

Keywords: fly ash, treatment, dry weight, morphological properties, heavy 

metal  

 

INTRODUCTION 

Fly ash is a coal combustion residue generated from thermal power plants during 

burning of coal.  It is the finely dispersed solid waste consisting of partially or 

completely burnt or un-burnt particles of carbon.  When coal is burnt to generate heat, 

the residue contains fly ash and bottom ash in about 80% and 20% respectively 

(http://parisaramahiti.kar.nic.in/11.Fly%20ash%202007-01.pdf). 

The mineralogical, physical and chemical properties of fly ash depend on the 

combustion, type of emission control devices, storage, and handling methods.  

Formation of fly ash depends on the ash content of coal.  Indian coal used in power 

http://parisaramahiti.kar.nic.in/11.Fly%20ash%202007-01.pdf
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plants generally of low quality and has very high ash content (35-45%) as reported by 

Mathur et al. (2003).  As a consequence, a large amount of fly ash is generated in 

thermal power plants and is disposed off in unmanaged landfills, lagoons and ponds. 

Every year Indian thermal power plants produce more than 100 million tons of fly 

ash, which is expected to reach 175 million tons in near future.  The major concerns 

associated with coal burnt fly ash are enhanced rate of fly ash production, under 

utilization of fly ash for civil construction activities, fly ash mounds management for 

storage and associated air, water and soil pollution.  

Instead of dumping as a waste material, the utilization of fly ash 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 in various fields.  Physico-chemical 

and biological properties of soil were found to vary due to fly ash amendment 

according to the original properties of soil and fly ash (Yeledhalli et al.2012). Fly ash, 

when incorporated in crop fields by its transport from fly ash mounds/chimneys due 

to wind and rainfall actions or when used as soil amendment can modify the soil and 

crop canopy environment by enhancing the yield of crops (Sikka and Kansal, 1995). 

Fly ash has tremendous potential as a nutrient supplement, has similar physico-

chemical properties with soil, and is the treasure of trace elements that are readily 

available to the crop when mixed with the soil (Dreiher et al., 1975).  Coal fly ash is 

enriched with CaO, MgO, SiO2 and Fe-Mn oxides.  Coal fly ash because of this 

alkaline pH, available nutrients, particle size increases soil pH and the concentrations 

of most macro and micro-nutrients in the soil (Adriano and Weber, 2001) and also 

improves the soil texture and moisture holding capacity 

The utility of fly ash amendment for better yield has been tested for Helianthus annus 

(Pandey et al., 1994).  Beta vulgaris, Triticum aestivum L., Esculenta moench, Oryza 

sativa L. and Zea mays (Kalra et al., 1997).  Use of fly ash as an admixture in agri-

culture up to 60% for the wheat (Triticum aestivum), 10-20% for mung bean (Vigna 

radiata), and 20% for urad beans (Vigna mungo) was found to be suitable for 

maximum growth and yield as observed by Mahale et al. (2006). Gond et al. (2013) 

observed that soil amended with fly ash at 180 tons ha -1,  improved the physical 

properties of the soil and contributed to the better growth and yield of  brinjal. 

Karmakar (2010) studied the heavy metal contents in grain and straw of rice and 

observed marginal increase in Se and Cd and conclude that this increase does not 

affect the plant and remains safe for human consumption. Swamy, et al.(2010) 

observed increasing trends of all the growth parameters like root length, shoot length, 

root number with fly ash (5t/ha) amendment using Allium cepa species. From 

different studies conducted with respect to use of fly ash for better crop production it 

seems that although, fly ash has many benefits as an input material for agriculture 

applications, but due to presence of some amounts of heavy and toxic elements in fly 

ash judicious use of fly ash for agricultural purpose is highly essential. 
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The present work deals with the effect of utilization of fly ash amendment on growth, 

biochemical parameters and heavy metal accumulation of Indian mustard (Brassica 

juncea). 

 

MATERALS AND METHODS 

Material Collection:  

The fly ash was collected from the dumping site of Bhusan Power and Steel Limited, 

Rengali, Sambalpur, Odisha, India.  Grassland soil was collected from a distance of 

21 Km from the Rengali Block and used as control.  The fly ash and grass land soil 

were air dried, finely powdered and sieved (2 mm mesh size) before use.  

 

Experimental Set-up:  

Pot experiments were conducted during the winter season of 2014 at Dhanupalli, 

Samblapur.  Seeds of Indian mustard (Brassica  juncea) were obtained from the local 

market.  All the seeds were sterilized with 0.1% mercuric chloride for 5 min to avoid 

fungal contamination, washed with distilled water (3 times) and soaked overnight; 

plantation of mustard was done following the protocol used in laboratory of 

agriculture office Sambalpur.   

Pots were prepared as control (no fly ash) and experimental (mixing fly ash in 

different percentages with grassland soil ( 20%,40%,60%,80%) and 100% ( only fly 

ash) .The above prepared pots were coded as C,E1,E2,E3,E4 and E5 respectively each 

in three replicates.  The soaked seeds were evenly sown in the prepared treatment set 

and kept under natural conditions.  

Seeds were sown in each pot to a depth of 0.5 cm and watered daily till seed 

germination.  The plants were irrigated with tap water with regular intervals of 2 days, 

avoiding leakage of water from the pots.  The growing plants in each pot were 

carefully monitored to find out the occurrence of any abnormal morphological, 

physiological or disease symptoms. After 90 days of growth, all the plants were 

harvested. After the harvest different morphological, growth, yield parameters and 

heavy metal accumulations were recorded.  

 

Physico-chemical analysis of fly ash and control soil:  

The soil and fly ash used in the experiment were collected and air dried for physic-

chemical analysis.  Standard protocols were followed for the analysis of physico-

chemical properties of soil and fly ash and presented in Table – 1. 
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Table 1: Comparative analysis of physico-chemical properties of soil and fly ash 

Parameters  Control soil  Fly ash  

pH 7.1 8.2 

Ec (dsm-1) 0.20 0.3 

Bulk density (g cm-3) 1.83 1.41 

WHC 58 65 

Particle size distribution  

Sand (%) 59.7 87.7 

Silt (%) 22.2 2.6 

Clay (%) 18.1 9.8 

Organic Carbon (%) 1.14 0.35 

Available N (kg ha-1) 156.83 26.38 

Available P (kg ha-1) 16.08 37.17 

Available K (kg ha-1) 510.0 380.0 

Ca (mg/100gm) 9.0 11.6 

Mg (mg/100gm) 2.8 1.8 

Available micro nutrients and trace elements (mg kg-1) 

Fe 8.49 9.71 

Mn 10.57 1.5 

Zn 1.31 0.54 

Cu 2.52 0.283 

Boron 0.37 0.68 

Cd BDL 0.012 

Cobalt  0.014 0.02 

Cr  BDL 0.48 

Ni  0.23 2.05 

Lead  0.005 2.16 

Mercury  2.65 10.44 

Arsenic  0.64 3.61 

 

Analysis of morphological parameters:  

The growth parameters such as length, fresh weight and dry weight of shoots and 

roots were recorded.  The plants were uprooted and washed thoroughly with tap water 

and then distilled water to remove he particles of fly ash and soil from the plant 
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surface.  The plants were then blotted with a blotting paper and various growth 

parameters like no. of leaves, no, of flowers, no. of pods were recorded.  Dry weight 

was taken after partitioning the plant into leaf, stem and roots followed by drying at 

40˚C for two hours and then 85˚C for 24 hrs.  

 

Analysis of Carbohydrate and Protein Contents:  

The carbohydrate content and the protein content of plant leaves were estimated by 

the method of Ashwell (1957) and Lowry (1961) respectively.  The analysis was 

performed after 60 day growth of the plant.   

 

Heavy Metal Analysis:  

After 20 days of growth of the plant, it was harvested.  After washing with double 

distilled water, plant parts were separated and oven dried (70˚C).  Dried plant samples 

were then ground and passed through 1 mm mesh sieve. The powdered samples were 

further processed for analysis of heavy metal through and digestion.  1 gm dried plant 

parts sample with 10 ml of NHO3, H2SO4 and Hclo4 mixture in 5: 1:1 ratio at 80˚C.  

After filtration with Whatman (no. 42) filter paper, metal contents were analyzed 

using atomic absorption spectrophotometer.  

 

Statistical analysis: 

The results obtained from different parameters studied were subjected to One way and 

Two way ANOVA with replicates using Microsoft Excel 2007. 

 

RESULTS: 

Physico-Chemical Parameters of Soil and Fly ash: 

The analysis of physico-chemical parameters of grass land soil and fly ash (Table-1) 

revealed that the fly ash had an alkaline pH (8.2) and soil (7.1) and the concentration 

of heavy metals (mg kg-1) were found higher in fly ash as compared to control soil (Fe 

8.49, Ni 0.23, Pb 0.005, Cd and Cr BDL in control soil and Fe 9.71, Ni 2.05, Pb 2.16, 

Cd 0.012, Cr 0.48 in fly ash). 

 

Morphological characteristics of the plant: 

The effect of fly ash on following morphological parameters of Brassica Juncea was 

studied and discussed as below. 
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Length of stem and root: 

The study on effect of fly ash amendment on root length and shoot length of mustard 

(fig -1) revealed that both the length of root and shoot were maximum in the fly ash 

amendment in E3 (12.98 cm, 28.28 cm, 42.8 cm) as compared to control (9.7cm, 

22.64 cm, and 34.96 cm) recorded on 30, 60 and 90 days after transplantation 

respectively.  The length of both root and shoot increased gradually from E1 to E3 i.e. 

6.2 cm, 15.92 cm, 21.08 cm on 30, 60 and 90 days after transplantation respectively  

and then decreased from E3 to E5 compared to control (no fly ash). The statistical 

analysis revealed the difference in shoot length to be highly significant between 

treatments (F=246.07. p< 0.001) as well as between different days (F = 2353.1, p< 

0.001). However, the difference in root length was highly significant between 

treatments only (F = 22.25, p< 0.001) 

 

 

Figure-1: Effect of fly ash on shoot length of Brassica juncea 

 

 

Figure-2: Effect of fly ash on root length of Brassica juncea 
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Number of leaves, flowers and Pods: 

Effect of fly ash amendment was studied with respect to the number of leaves, flowers 

and pods per plant. Results in Table-2 revealed that the number of leaves and flowers 

per plant increased gradually from control in both 30days and 60 days and number of 

leaves  were recorded in 30days(5 leaves) ,60days(5 leaves) and 90days(3 leaves ) to 

E3 i.e.8 flowers  in  30day and 5 flowers in  60 day. Number of leaves were recorded 

as 30days (8 leaves) ,60days(14 leaves) and 90days (5 leaves) after transplantation.  

However, maximum number of pods i.e. twelve pods was observed in E2 .The 

number of leaves, flowers and pods then became less in E5. 

 

Table 2: Effects of Fly ash on numbers of leaves, flowers and pods at different Days. 

Treatments Leaves   Flowers  Pods 

 30 Days 60 Days 90 Days 60 Days 90 Days 90 Days 

C* 5 ± 0.5 5 ± 0.5 3 ± 0.5 3 ± 0.5 3 ± 0 6 ± 0.5 

E1 6 ± 0 9 ± 1.4 3 ± 0.5 7 ± 0.5 4 ± 1.1 8 ± 0.5 

E2 6 ± 0.5 11 ± 0.5 3 ± 0.5 10 ± 0 5 ± 0.5 12 ± 1 

E3 8 ± 0.5 14 ± 0.5 5 ± 0.5 8 ± 0.5 8 ± 0.5 10 ± 1 

E4 7 ± 0.5 8 ± 0.5 3 ± 0 5 ± 0.5 3 ± 0.5 6 ± 0.5 

E5 4 ± 0.5 5 ± 0.5 2 ± 0 2 ± 0.5 2 ± 0 5 ± 1 

 

Dry weight of root, stem leaves and pods: 

Effect of fly ash amendment was studied with respect to the dry weight of plant parts 

i.e. root, stem, leaves and pods of mustard .The dry weight of root were 41.22 mg in 

30 days, 63.83 mg in 60 days and 84.41 mg in 90 days, that of shoot were 23.53 mg, 

56.08 mg and 89.79 mg in 30, 60, 90 days respectively and that of leaves were 39.64 

mg, 57.74 mg and 20.05 mg in 30, 60, 90 days respectively. The above studied 

parameters were found to increase with increasing ratio of fly up to E3.  Maximum  

dry weight of root  (84.41 mg), stem (89.79mg ), leaves (20.05 mg) and pods (67.7 

mg) were recorded in E3 (90Days).   However, dry weight of pods was maximum in 

E2 i.e.67.59 mg. Further, a gradual decrease in the dry weight of the root stem, leaves 

and pods was observed with increase in the ratio of fly (Table-3). 
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Table 3: Effects of fly ash on morphological parameters on Brassica juncea dry 

weight (mg gm-1 fresh weight) at different days. 

Plant parts 
Treatments 

 C* E1 E2 E3 E4 E5 

ROOT 30 Days 35.44 ± 0.5 39.54 ± 0.6 40.83 ± 0.3 41.22±0.3 29.25 ± 0.3 24.2 ± 0.2 

 60 Days 53.69 ± 1.3 59.67 ± 1.7 61.05 ± 0.3 63.83 ± 0.4 45.15 ± 0.7 36.2 ± 0.4 

 90 Days 66.67 ± 0.5 74.94 ± 0.5 79.63 ± 0.7 84.41 ± 1.3 57.23 ± 0.5 45.07 ± 0.18 

STEM 30 Days 18.24 ±0.5 20.78 ± 0.3 21.1 ± 0.3 23.53 ± 0.6 29.25 ± 0.3 24.2 ± 0.2 

 60 Days 54.42 ± 0.8 54.49 ± 0.6 55.54 ± 0.2 56.08 ± 0.1 45.15 ± 0.7 36.2 ± 0.4 

 90 Days 86.17 ± 0.9 88.11 ± 0.6 89.2 ± 0.3 89.79 ± .1 57.23 ± 0.5 45.07 ± 0.1 

LEAF 30 Days 20.22 ±0.2 20.9 ±0.2 21.49 ± 0.3 39.64± 0.6 18.06 ± 0.2 13.68 ± 0.4 

 60 Days 25.48 ± 0.4 40.25 ± 0.3 45.03 ± 0.7 57.74± 0.4 31.38 ± 0.7 23.18 ± 0.5 

 90 Days 15.89 ± 0.5 11.95 ± 0.7 17.62 ± 0.3 20.05± 0.9 11.07 ± 0.2 8.14  ± 0.3 

POD 90 Days 47.71 ± 0.4 57.34 ± 0.4 67.59 ± 0.3 65.67 ± 0.7 44.95 ± 0.4 12.99 ± 0.3 

 

Analysis of carbohydrate and protein content: 

Effect of fly ash amendment on the protein and carbohydrate content of Brassica 

Juncea was studied.  Results fig.3 revealed a maximum protein content in E3 (211.58 

µg /gm) when compared to control (145.89 µg /gm). However, with an increase in fly 

ash ratio beyond E3, a concentration dependent decline was recorded (180.96 µg /gm 

in E4 and 140.11 µg /gm inE5).  Maximum protein content (211.58 µg /gm) was 

recorded in E3.  In contrast the highest carbohydrate content (288.88 µg /gm) was 

observed in control (no FA). A decrease in carbohydrate content i.e.257.3µg 

/gm,255.52 µg /gm,249.8 µg /gm,217.17 µg /gm,125.35 µg /gm was observed in fly 

ash amendment ratio ranging from E1 to E5 respectively. 
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Figure-3: Effect of fly ash on protein and carbohydrate contents of   Brassica juncea. 

 

Heavy Metal analysis: 

The present study indicated uptake of heavy metals by the plants grown in different 

fly ash amendments.  Comparative study of individual elements concentration in 

plants in different treatments (Table-4) clearly indicated a gradual increase in all the 

elements with increasing concentration of fly ash from E1 to E5 and were found more 

as compared to control (Cu-0.58 µg/gm) and other metals like Pb, Cr and Cd are 

found  in very low concentration. Increasing element concentration is dependent on 

concentration of fly ash for plants.  The concentration of Cu was 0.94 µg /gm, Pb was 

0.68 µg /gm and Cd was 0.16 µg /gm in E5. However, the data revealed all the 

concentration of heavy metals to be within the safe limits as proposed by NAFDAC 

and WHO (Table-5). 

 

Table 4: Heavy metals (µg/gm) in mustard grown in different flay ash amendment. 

Element C* E1 E2 E3 E4 E5 

Cu 0.58 1.92 0.43 1.14 1.24 0.94 

Pb BDL BDL BDL 0.36 0.41 0.65 

Cr BDL BDL 0.089 0.15 0.55 BDL 

Cd BDL BDL 0.14 0.16 0.24 0.16 

c* : Control  
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Table 5: Safe limits proposed by NAFDAC (National Agency for food and drug 

administration control) and WHO. 

Metals NAFDAC WHO 

Cu 2.5mg/kg 2.5mg/kg 

Cr 3 mg/kg 5.0 mg/kg 

Ni 2.0 mg/kg 2.0 mg/kg 

Cd 0.05 mg/kg 1.0 mg/kg 

Pb 1.0 mg/kg 2.0 mg/kg 

Hg 1.0 mg/kg 1.0 mg/kg 

 

Table 6: Results of One way and Two way ANOVA 

 Shoot length 

(cm) 

Root 

length 

(cm) 

No. of 

flowers 

No. of 

leaves 

No. of 

pods 

Protein 

content 

(mg/g) 

Carbohydrate 

content (mg/g) 

 Two Way ANOVA One Way ANOVA 

Between 

treatments 

231.25*** 22.25*** 78.35*** 3.07NS 30.28*** 735.6*** 4915.4*** 

Between 

days 

2211.37*** 1.43 NS 140.08*** 0.024 

NS 

   

***: significant at p <0.001, NS: Not Significant 

 

Discussion: 

The results of the physico-chemical analysis of fly ash and soil revealed that fly ash 

has an alkaline pH (pH 8.2). The fly ash amendment was found to enhance the soil pH 

which could be due to the acid neutralizing properties of fly ash as reported by Gupta 

et al (2007). The morphological characteristics of Brassica juncea showed an 

increasing pattern from control to E3 (60% fly ash) except in number of pods which 

was maximum in E2 (40% Fly ash). All the parameters then decreased from E3 to E5. 

This observation coincides with the findings of Niaz et al. (2008). The biochemical 

parameters like carbohydrate and protein contents of different fly ash amendment 

soils showed varying results. Protein content increased from control to E3 (60% FA) 

and decreased from E3to E5 (100% FA). Similar findings were made by Gupta et al. 
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(2007) on Phaseolus vulagris and by Niaz et al. (2008) on Eclipta alba. However, the 

estimated contents of carbohydrate showed gradual decline from control to E5 (100% 

FA). This decline of carbohydrate content with increasing fly ash may be due to the 

utilization of the plants carbon in making of plants proteins whose concentration show 

a positive rise with increasing concentration of flyash. Fly ash when added to soil in 

suitable proportions i.e. 40-60% FA with 60-40% soil, respectively, can enhance 

growth of Brassica juncea. The plant growth of Brassica juncea was maximum in E3 

(60% FA) irrespective of the increased concentration of metal in plants with increase 

in concentration of fly ash. The uptake and carryover of trace and heavy metals in soil 

and crop produced were within permissible limits. Some elements, Zn and Mn are 

mildly toxic in higher concentration and are not significantly injurious to crops, but 

the toxicity to their feed as plants products  has not be examined in the present study. 

Soil applications to fly ash at lower levels were found to be beneficial for the plant 

growth in the present study. However, at higher application levels of fly ash, 

reduction in growth and all biochemical parameters of Brassica juncea were 

observed. The study shows that the available nutrients present in fly ash were 

beneficial for certain levels. Hence, there is an opportunity to use fly ash as an eco 

friendly non conventional fertilizer. At the same time, it will be a safe and eco 

friendly disposal option for huge amount of fly ash. However, there is a need of detail 

and time series study to declare fly ash totally safe and eco friendly to be used as a 

soil ameliorator.  

 

CONCLUSION:  

Fly ash could be a source of plant nutrients and it could be used in agricultural soil for 

production of crop.  The major attribute which makes fly ash suitable for agriculture 

is its texture and the fact that it contains almost all the essential plant nutrients and 

also improves the soil and productivity.  

The present study showed significant increase in yields as well as biomass without 

any adverse effect on soil health or crop and the presence of heavy metal is too low to 

make any harmful impact.  

Thus, the overall study indicates an ample scope for utilization of fly ash as an input 

material for agriculture application but care should be taken as to the dosage applied.  

If fly ash use is recommended, it would, in the long run, improve soil health and crop 

productivity and at the same time the disposal problem of huge amount of fly ash will 

also be minimized.  
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