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Abstract
The study was accompanied to assess the effect of varying levels (0, 20, 40 or 60 t  ha−1) of fly ash (FA) and nitrogen (N) (0, 
60 or 80 kg ha−1) on Cd, Cr and Pb accumulation, antioxidant activity and yield traits of two mustard cultivars (Brassica 
juncea cv. ‘Varuna’ and ‘Pusa Bold’). The results showed that antioxidant activity increased concurrently as the FA levels 
increases. The dose of  FA60 accompanied with  N60 and  N80 lowers enzymatic activity, photosynthetic pigments level, and 
yield; however, FA at the rate of 40 t ha−1 together with  N60 significantly enhanced the crop productivity followed by  N80. 
These results suggest that  FA40N60 proved optimal for enhancing crop growth and yield, whereas a high concentration of FA 
 (FA60) caused oxidative stress in both mustard cultivars. Oleic and linoleic acid contents were increased; however, erucic 
acid content decreased by the application of  FA40N60.
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Introduction

Environmental pollution has increased continuously as 
a consequence of various anthropogenic activities that 
adversely affected the flora and fauna leading to loss of 
agricultural productivity worldwide. The generation of fly 
ash (FA) from coal-fired thermal power plants is one of the 
major concerns throughout the Earth primarily in the grow-
ing nations. At the present time, more than 80 thermal power 
plants generated about 118 MT year−1 of coal FA in India 
and it will cross the figure of 440 MT year−1 by the end of 
2030 (Ram et al. 2008). Therefore, disposal of such huge 
amounts of FA and its management is the major problem. 
Interestingly, it has an alkaline nature that enhances the 
mineralization of organic matter and promotes the nutrient 
supply to plants although it also consists of non-essential 
heavy metals (HMs) including Cd, Pb, Cr, etc. along with 

various nutrients like Ca, Mg, Fe, Cu, Zn, Ni, B, Na, N and 
P (Antonkiewicz 2010). Lower levels of FA amendments 
to the soil positively affect the physico-chemical status of 
soil, by increasing soil conductivity, organic carbon, pH, 
and water holding capacity (Pandey and Singh 2010). Simi-
larly, Singh et al. (1997), Pandey et al. (2009a, b) also stated 
that low levels of FA (5–10%) have positive effect on plant 
productivity, while the higher dose (20–30%) substantially 
altered the plant metabolism. The concentrations of HMs 
including Cd, Cr, Pb, Ni, Fe, and Cu that are already pre-
sent in the FA, at supra-optimal concentration exhibit metal 
toxicity in plants. High metal concentration becomes phyto-
toxic that results in the generation of reactive oxygen species 
(ROS). It is well documented that HMs induce oxidative 
stress with the generation of ROS, such as hydroxyl radical 
(OH·), superoxide  (O2

−), singlet oxygen (1O2), and hydro-
gen peroxide  (H2O2), either through electron transfer or by 
metal-mediated inhibition of metabolic reaction (Andresen 
and Küpper 2013). However, FA may alters protein, amino 
acid metabolisms, inhibits enzyme activity, dislocates the 
energy flow in cells, and adversely affects plant growth and 
productivity also reduces resistance against plant pathogenic 
injury (Singh et al. 2016). Plants up-regulate the produc-
tion of enzymatic and non-enzymatic antioxidant system to 
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scavenge the ROS (Noctor et al. 2012) and maintain the 
basic metabolism under stress conditions.

An adequate dose of fertilizers contributes to the 
improvement of both quality and quantity of plant growth 
and productivity (Sakakibara et al. 2006). Nitrogen (N) is a 
central component of the chlorophyll molecule, amino acid, 
proteins, nucleic acid, and pigments. An adequate supply of 
N favours the transformation of carbohydrates into proteins 
and promotes the formation of protoplasm. Basic metabolic 
activities can continue only in the presence of the optimum 
N level. Addition of N enhances the vegetative growth while 
its deficiency leads to stunted growth and low biomass pro-
duction. N has potential to increase output by improving 
photosynthetic efficiency through exploiting natural varia-
tion of the processes involved, or by manipulation of the 
biochemical pathway directly, targeting, for example, RuBP 
regeneration or catalytic properties of RuBisCO (Reynolds 
et al. 2009). Addition of N to fly ash affects volatilization of 
N as ammonia (Choi and Moore 2008).

In India, only about 2% of the total fly ash is used for 
agricultural purposes. Therefore, the limited use of fly ash in 
agriculture instead of dumping it as a waste material around 
the power plants can be both economical and effective in 
its disposal. Taking into consideration the implications of 
FA and N amendment on the augmentation of soil proper-
ties, metal accumulation, and crop yields, the present study 
deals with the physico-chemical characteristics of FA and its 
influence along with different doses of FA and N on metal 
accumulation, growth and yield of two mustard cultivars.

Materials and methods

Experimental site and climatic condition

The pot experiment was conducted in the net house of the 
Department of Botany, Aligarh Muslim University, Aligarh, 
India (27° 89′ N, 78° 08′ E and an elevation of 178.45 m 
above sea level). The Aligarh city has a monsoon-influenced 
humid-sub-tropical climate with three principle seasons 
from intense cold winters, monsoons, to severest hot dry 
summer. The summers (April–May) are moderately hot with 
temperature extent up to 46–47 °C, winters (December–Feb-
ruary) are quite cool as maximum temperature reached up 
to 32–35 °C. The annual rainfall went from 600 to 650 mm 
during late June to October. The average monthly rainfall 
and temperature for the study area are presented in Fig. 1. 
The experimental soil is sandy loam, alkaline with moderate 
water holding capacity and light brown in colour.

Experimental condition and pant material

Seeds of brown mustard (Brassica juncea L. Czern & 
Coss.) cultivars ‘Varuna’ and ‘Pusa Bold’ were surface-
sterilized by soaking them in  HgCl2 (0.1%) and then rinsed 
in de-ionized water and then sown in earthen pots (23-cm 
diameter) filled with reconstituted soil in the net house 
under natural day/night conditions. The day and night 
temperatures were 24/18 ± 3 °C, and relative humidity 
75 ± 5%. Once seedlings established, a single healthy 
plant was retained in each pot. The aim of the experiment 
was to assess the suitable cultivar and utility of FA as the 
supplement of nutrients in presence of different levels of 
N. Before sowing, FA was applied at the rate of 0, 20, 40 
or 60 t ha−1 along with N in a dose of 0, 60 or 80 kg ha−1 

Fig. 1  Meterological data 
of Aligarh during the years 
2014–2015
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into the soil and mixed well in each pot. A uniform basal 
dose of P (20 kg ha−1) and K (30 kg ha−1) was also applied 
on the basis of earlier reports. N, P, and K were given 
in the form of urea, single super phosphate and muriate 
of potash. The experiment was arranged in a completely 
randomized design (CRD), and three replicates (n = 3) for 
each treatment were maintained. After 35 days, to record 
some growth, physiological parameters were determined 
while yield parameters were studied at harvest maturity 
(150 days).

Sampling and analysis of fly ash and soil

The soil before filing in pots was collected and autoclaved 
at 137.9 kPa for 20 min and an adequate amount of organic 
manure was thoroughly mixed in it. FA was collected from a 
pond near a thermal power station, Kasimpur, located 15 km 
away from the experimental area, producing 2.71 MT of 
fly ash/year. It was dried in the sun before use. The physi-
cal–chemical characteristics of FA and soil were determined 
which are presented in Table 1. Texture of soil/FA was deter-
mined by the hydrometer method given by Gee and Bauder 
(1979). EC and pH were estimated as per the methods given 
by Jackson (1973). Total organic carbon of soil/FA was ana-
lysed by method of Walkley and Black (1934) and  NO3–N 
by the method of Ghosh et al. (1983). Analysis of phospho-
rus (P) was done calorimetrically after  HClO4 digestion and 
potassium (K) was estimated with the help of flame pho-
tometer. Scanning Electron Microscopy (Joel JSM 6510LV, 
USA) analysis and for elemental analysis, Energy-Dispersive 
X-Ray Analyzer (EDX) profiling (Joel JSM 6510LV, USA) 
of FA was also done (Fig. 2).

Estimation of MDA, proline and ascorbate content

The lipid peroxidation level in terms of malondialdehyde 
(MDA) content was determined by Cakmak and Horst 
(1991). 0.5 g of a fresh leaf was grounded in 10 mL of TCA 
(0.1%) using mortar and pestle. 4 mL of 0.5% TBA was 

Table 1  Physico–chemical characteristics of soil and fly ash. The 
given values are mean of three replicates ± SE

Physico–chemical properties Soil Fly ash

Colour Light brownish Greyish
Texture Sandy loam Slightly silt
pH 7.9 ± 0.553 8.7 ± 0.471
EC (µ mhos  cm−1) 294 ± 8.82 1058 ± 13.26
Water holding capacity 36.79 ± 2.214 53.86 ± 3.498
Organic carbon (%) 0.863 ± 0.046 0.271 ± 0.01
NO3–N (g kg −1 soil) 0.318 ± 0.017 0.054 ± 0.007
Phosphorus (g kg−1 soil) 0.143 ± 0.008 0.026 ± 0.003
Potassium (mg L−1 soil:water) 23.8 ± 0.782 11.5 ± 0.651

Fig. 2  Scanning electron 
microscopy (SEM) images and 
energy dispersion X-ray (EDX) 
profiling of fly ash
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added to1 mL of the supernatant. The mixture was heated, 
cooled and centrifuged at 10,000×g for 5 min. The absorb-
ance was read at 532 nm. The MDA content was calculated 
using the extinction coefficient (155 mM−1 cm−1). Proline 
content was estimated by the ninhydrin method as described 
by Bates et al. (1973). 0.3 g of fresh leaves was homogenized 
in 3% sulphosalicylic acid. The filtrate was acted in response 
to 1 mL each of glacial acetic acid and acid ninhydrin in a 
test tube kept in a water bath at 100 °C for 1 h. The reaction 
was terminated by keeping the test tube on ice. The absorb-
ance of the mixture was read at 520 nm. Ascorbate con-
tent was determined by Keller and Schwanger (1977) using 
2,6-dichlorophenol-indophenol (DCPIP) dye. Fresh leaves 
(0.5 g) were homogenized with extracting solution in an 
ice bath, 1 mL of the supernatant and DCPIP solution were 
mixed and the OD of the pink solution (Es) was determined 
at 520 nm wavelength. Now aqueous ascorbic acid solution 
was added to bleach the pink colour of the dye completely 
and OD of the bleached solution (Et) was measured at the 
same wavelength. A blank (Eo), was mixed together and OD 
was measured at the same wavelength. The total amount of 
ascorbate was calculated using the following formula:

Estimation of photosynthetic pigments and protein 
content

The estimation of photosynthetic pigments was done by 
the method of Arnon (1949) with some modification. Fresh 
leaves (100 mg) were cut into small pieces and added 10 mL 
of DMSO in it. The test tubes were incubated at 45 °C for 
40 min and read the absorbance at 645 and 663 nm for 
chlorophyll and at 480 and 510 nm for carotenoid content. 
Protein content was estimated in each sample through the 
method of Bradford (1976) using the Coomassie brilliant 
Blue G250 dye. 200 mg leaves was grounded and centri-
fuged at 8000×g. Dye solution was added to the supernatant 
and read the absorbance at 595 nm for not more than 30 min.

Estimation of nitrate reductase activity 
and carbonic anhydrase activity

Nitrate reductase (NR) activity was determined through 
the method of Kuo et  al. (1982). 1.0  g of fresh leaves 
was grounded to a powder in liquid  N2, and then stored 
at − 80 °C. The powder was thawed for 10 min at 4 °C and 
homogenized in 250 mM Tris–HCl buffer. The homogenate 
was centrifuged at 10,000×g at 4 °C for 30 min. NR activity 
was analysed by adopting the method of Nakagawa et al. 
(1984). Carbonic anhydrase (CA) activity was determined 

Ascorbate content =
[{Eo − (Es − Et)} × V]

v ×W × 1000

by adopting the method of Dwivedi and Randhawa (1974) 
in the enzyme assay of fresh leaves.

Estimation of growth characteristics, nutrients 
and heavy metals content

Shoot length and root length were measured by a meter 
scale. After recording fresh weight, dry weight was deter-
mined by drying the plants in oven at 80 °C for 48 h till 
constant weight. Leaf area per plant was calculated by a leaf 
area meter (LA 211 Systronics, New Delhi, India). Leaf N, P, 
and K contents were determined using the method of Lind-
ner (1944), Fiske and Subba Row (1925) and Hald (1946), 
respectively. For the analysis of Cd, Cr and Pb content, root, 
leaf and seeds were separately dried in oven at 80 ̊C for 48 h. 
1 g of homogenate was digested with a mixture of  HNO3, 
 H2SO4, and  HClO4 in the ratio of 5:1:1 (v/v) using the 
method Allen et al. (1986). Cr, Cd and Pb concentration was 
determined by atomic absorption spectrophotometer (GBC, 
932 plus; GBC Scientific Instruments, Braeside, Australia).

Determination of fatty acid content

Oil was extracted from seeds with a Soxhlet apparatus using 
petroleum ether as a solvent. Fatty acid composition of oil 
was determined by the method of Kaushik and Agnihotri 
(1997). The seeds were transmethylated with acetyl chlo-
ride. The method is compared with the conventional heating 
method and extended efficiently for half-seed analysis. The 
fatty acid methyl esters (FAME) analysis was conducted on 
Agilent 6890 N gas–liquid chromatography (GLC) equipped 
with a flame ionization detector (FID).

Statistical analysis

Data were statistically analyzed using SPSS (17.0 Inc. USA) 
with Analysis of variance (ANOVA) to determine the signif-
icance at P < 0.05. In order to determine whether differences 
among the treatments were significant as compared to con-
trol, Duncan’s Multiple Range Test (DMRT) was applied.

Results and discussion

Physicochemical properties of FA and its impact 
on the performance of Brassica juncea L.

The physicochemical properties and content of extractable 
element present in FA and soil selected for amendment are 
shown in Table 1. SEM images (Fig. 2) showed that FA has 
small-sized particles of varying sizes and shapes. As indi-
cated, applied FA has an alkaline pH (8.9), high water hold-
ing capacity and EC, whereas low organic carbon,  NO3

−, 
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N, P, and K were found in comparison to field soil used in 
the experiment. FA amendment improved the water hold-
ing capacity by 46.39% over control soil (Table 1). Three 
HMs viz. Cd, Cr and Pb and other metals viz. Fe, Cu, Al 
were determined in FA by EDX profiling (Fig. 2). Among 
these HMs, Cd was lowest in concentration. The elements 
present in the FA also improve the agronomic properties of 
soil (Singh and Pandey 2013).

Impact of FA and N fertilizer amendment on heavy 
metals, malondialdehyde content and antioxidant 
activity of Brassica juncea L.

The present study revealed that Cd, Cr, and Pb concentration 
was significantly higher in different parts of plant studied 
(viz. root, leaf and seeds) in 60 t ha−1 FA-treated plants than 
the control (Fig. 3). Lower level of FA showed a decline in 
uptake of Cd, Cr, and Pb in plant tissue, which increased 
progressively as the concentration of fly ash increased that 
might be feasible due to the pH elevation of FA amend-
ment and the results may be with the studies of Petruzzelli 
et al. (1987). This observation was also corroborated with 
Pandey et al. (2010); Singh and Pandey (2013) on chick-
pea and rice, respectively. The heavy metal (Cd, Cr and 

Pb) concentrations varied in different treatments ranged in 
roots (0.47–0.91, 1.34–2.35, and 0.78–1.53 mg kg−1 dry 
mass, respectively), leaves (0.019–0.039, 0.289–0.557, and 
0.283–0.563 mg kg−1 dry mass, respectively) and seeds 
(0.002–0.006, 0.018–0.035, and 0.127–0.244 mg kg−1 dry 
mass, respectively) of Brassica juncea (Fig. 3). The results 
revealed that concentrations of these metals were signifi-
cantly higher in  FA60N80 than the control in studied plant 
parts. The concentration of Cd, Cr, and Pb varies signifi-
cantly in different parts of plant as the concentration of all 
three metals was higher in root than the leaves followed 
by seeds. The level of metals in leaves was found lower as 
compared to root (Fig. 3), as roots restrict HMs transloca-
tion and this could be a probable mechanism of tolerance 
effective in the root systems (Ernst et al. 1992). Once heavy 
metals enter into the root, a lesser amount translocate to the 
shoots because metal sequesters in the vacuoles to make 
them non-toxic and limits their translocation in the plant 
system (Shanker et al. 2005; Sinha et al. 2007). Liu et al. 
(2004) stated that the small proportion of metal accumulated 
in metal-tolerant plants and subsequently the lowest metal 
level was detected in the shoot as the present data revealed 
that ‘Varuna’ accumulated less HMs in the roots, leaves, 
and seeds than ‘Pusa Bold’ (Fig. 3). This study was further 

Fig. 3  Interactive effect of fly ash  (FA0,  FA20,  FA40 and  FA60) along 
with three varying level of N on Cr content (a–c), Pb content (d–f) 
and Cd content (g–i) of mustard (cv. ‘Varuna’ and ‘Pusa Bold’) at 35 

DAS. Data are represented as mean ± SE. Data followed by same let-
ter are not significantly different at p < 0.05
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confirmed by Gill et al. (2011) who stated that ‘Varuna’ is 
tolerant cultivar than ‘Pusa Bold’ in terms of metal accu-
mulation. Greater cross-plant resistance to stress caused by 
HMs may result from more efficient biosynthesis of sul-
fur–organic compounds, such as biosynthesis of glucosi-
nolates (Bączek-Kwinta et al. 2011). The present finding is 
also in line with earlier finding of Yu-Kui et al. (2009) who 
observed that the Cd content in corn grain was significantly 
increased with increased concentration of N fertilizer. N 
application increases the Cu and Pb accumulation in maize 
and soybean as investigated by Xie et al. (2011); therefore, a 
decrease in N application may be recommended to decrease 
the agro-ecological risk associated with Cu and Pb.

The data indicated that the malondialdehyde content 
and antioxidant level (ascorbate and proline content) were 
increased with an increase in FA levels (Fig. 4). HMs present 
in the higher FA doses could be involved in the overproduc-
tion of several oxidative radicals that ultimately leads to oxi-
dative damages to plant cells (Choudhary et al. 2007). The 
tissue damaged by the oxidative stress due to HMs existing 
in FA causes increase in production of carbonylated protein 
and MDA, and the maximum increase of 41.26% MDA con-
tent was observed in  FA60N80-treated ‘Pusa Bold’ (Fig. 4), 
free radicals produced by the exclusion of hydrogen from 

unsaturated fatty acids, thereby triggering disruption of lipid 
layers and membrane proteins (Navari-Izzo and Quartacci 
2001). Plants developed a number of defence system to 
combat and renovate the damage caused by oxidative stress 
(Pandey et al. 2010) through the production of antioxidant 
active compounds that confer the tolerance of plants against 
HM toxicity. In this study,  FA60N80 significantly enhanced 
ascorbate and proline contents by 69.57% and 55.56%, 
respectively, in ‘Varuna’ as compared to control (Fig. 4) as 
these are the important metabolites in plant body responsible 
for activation of resistance mechanism in plant system under 
stress conditions which provide stability to plants under the 
stress condition against free radicals. Sinha et al. (2005) 
reported that maximum increase was observed in the MDA 
content at 100% FA-amended soil, and the level of antioxi-
dants, i.e. ascorbate and proline, was also found to increase 
at 100% FA to combat the oxidative injury.

Impacts of FA and N fertilizer amendment 
on various attributes of Brassica juncea L.

Addition of FA in the soil affects the physical properties 
and chemical composition of soil due to the presence of 
various macro- and micronutrients, including Fe, Cu, Zn, 

Fig. 4  Interactive effect of fly ash  (FA0,  FA20,  FA40 and  FA60) along 
with three varying level of N on ascorbate content (a), proline content 
(b), malondialdehyde content (c) and protein content (d) of mustard 

(cv. ‘Varuna’ and ‘Pusa Bold’) at 35 DAS. Data are represented as 
mean ± SE. Data followed by same letter are not significantly differ-
ent at p < 0.05
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Mn, Mg, Ni, P, K etc. in the FA, which help in plant growth 
when applied at low concentration in contrast at higher 
level, while they induce toxicity (Gupta et al. 2002). In 
the present study, growth parameters of Brassica juncea 
increased as FA and N fertilizer amendments increased up 
to  FA40N60, whereas higher doses of FA together with N, 
i.e.,  FA60N80, followed by  FA60N60 have deleterious impact 
on the growth, photosynthetic pigments, metabolism, and 
yield of both mustard cultivars. The present findings also 
strengthen the earlier studies (Singh and Siddiqui 2003; 
Gupta et al. 2010). This is probably due to the reduction of 
photosynthetic pigments and low availability of N, P, and K 
at higher FA doses (Tripathi et al. 2004). HMs along with 
water and nutrients are transported into the aerial plant parts 
that directly affect cellular metabolism contributing to the 
reduction of plant height (Shanker et al. 2005). The fact is 
that HMs bind on the root cell wall, thereby obstruct cell 
division and cell elongation. The morphological, biochemi-
cal and physiological attributes of mustard cultivars were 
maximally enhanced by  FA40N60 as the amendments of FA 
up to 40% improved the growth and yield of rice plants, 
whereas 60% and 100% FA-amended soil shows a decline 
in plant growth and yield attributes (Singh and Siddiqui, 
2003). This adverse effect was due to the presence of higher 
levels of sulphate, chloride, carbonate and bicarbonate in the 
FA-amended soil which cause salinity (Dwivedi et al 2007). 
Mengel and Kirkby (2001) stated that insufficient level of 
N, diminishes the life cycle of plants, and economic yield 
as the plant matures early. In this experiment, the extent 
of percentage increase was found to be higher in ‘Varuna’. 
Therefore, the enhanced growth under  N60 supplemented 
with  FA40 proved most effective. An increase of 18.79% and 
21.17% in leaf area and leaf area index, respectively, was 
also observed over control (Table 2). The yield parameters 
of Brassica juncea significantly increased and could be due 
to the fact that N is frequently considered as limiting for 
biomass production in natural ecosystems (Babatunde and 
Yongabi 2008). The better growth of rice plants and Bras-
sica campestris was observed in soil amended with FA and 
N fertilizer, respectively (Datta et al. 2009). Similar observa-
tion was made by Arivazhagan et al. (2011) who reported 
that up to 50 MT ha−1, FA not only significantly enhanced 
the crop yield, but also ensured the translocation of nutri-
ents to edible parts.  FA40N60 increases carotenoid and total 
chlorophyll contents by 39.45% and 26.96%, respectively, as 
compared with control (Fig. 5), while high doses of the same 
decreased these parameters. It was observed that the appli-
cation of N increased the chlorophyll content in the leaves 
of the Aloe vera plants (Hazrati et al. 2012). Chlorophyll 
content reflects the activity of photosynthesis as it is the core 
pigment of photosynthesis. Moreover, FA has essential nutri-
ent ions which are prerequisites for chlorophyll biosynthesis; 
therefore, photosynthetic pigments increased (Tripathi et al. Ta
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2004). The decreased level of chlorophyll may have been due 
to down-regulation of chlorophyll biosynthesis by restrain-
ing the level of precursors or through targeting –SH group 
of aminolevulinic acid dehydratase (ALAD) when the met-
als are being there. The results also showed an increase of 
10.79% in protein content of the plants growing on  FA40N60 
as compared to control (Fig. 4). This difference may be due 
to a defence mechanism of the plant to cope with FA toxicity 
(Tripathi et al. 2004). Reduction in protein content was also 
observed by  FA60N80 followed by  FA60N60. The decrease in 
protein content may be due to the increase in the activity of 
protease and other catabolic enzymes which alter the struc-
ture and function of proteins (Sinha et al. 1994; Romero-
Puertas et al., 2002). In our study,  FA40N60 proved effective 
in enhancing nitrate reductase (NR) and carbonic anhydrase 
(CA) activities by 10.31% and 21.79%, respectively, as 
compared with control (Fig. 5). NR is a regulatory enzyme 
responsible for plant growth and metabolism (Nazar et al. 
2011); however, its activity is inhibited due to reduction in 
gene expression, the decline in protein synthesis/degradation 
or by affecting its substrate availability. Inhibition of nitrate 
reductase activity was also reported in maize by N and Pb, 

respectively (Sinha et al. 1994). In relation to our results, an 
increase in carbonic anhydrase activity was also observed 
in the low level amendment of FA together with N, P, and K 
fertilizer-grown plants of Brassica nigra (Sahay et al. 2015). 
This may also be due to the binding ability of these met-
als with (-SH) groups of enzymes. Sahay et al. (2015) also 
reported that a higher dose of N fertilizer  (N80) together 
with FA and wastewater reduces the growth, photosynthetic 
attributes, enzyme activities and yield of mustard plants. 
The higher photosynthetic rate due to increased leaf area 
and chlorophyll content leading to enhanced photosynthates 
under optimum nutrient supply was also evident from the 
linear regression obtained between (a) shoot dry weight and 
seed yield, (b) leaf area and seed yield, (c) total chlorophyll 
content and seed yield, (d) carbonic anhydrase activity and 
seed yield and (e) nitrogen content and seed yield (Fig. 6).

Impact of FA and N fertilizer amendment on yield 
and fatty acids of Brassica juncea L.

The results indicated that low level of FA together with 
N proved beneficial in enhancing seed yield, oil content 

Fig. 5  Interactive effect of fly ash  (FA0,  FA20,  FA40 and  FA60) along 
with three varying level of N on total chlorophyll content (a), total 
carotenoid content (b), nitrogen, phosphorus and potassium content 
(c–e), nitrate reductase and carbonic anhydrase content (f and g) of 

mustard (cv. ‘Varuna’ and ‘Pusa Bold’) at 35 DAS. Data are repre-
sented as mean ± SE. Data followed by same letter are not signifi-
cantly different at p < 0.05
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and oil yield.  FA40N60 proved comparatively better as it 
triggered an increase of 22.90%, 19.91%, and 47.39%, 
respectively, over control plants (Table 2). An increase of 
10.95% and 27.25% in linoleic acid and oleic acid content 
was observed, whereas decrease of 10.13% of erucic acid 
over control was noted in the present study (Figs. 7 and 
8). The result of present study corroborates with study 
where a remarkable effect of low levels of FA on yield 
parameters of rice was noted (Mishra et al. 2007), whereas 
the higher levels of FA and N, and  FA60N80 and  FA60N60 
decrease the seed yield, oil content, oil yield and fatty acid 

content in mustard due to the adverse effect (Figs. 7 and 
8) as it was also not suitable for yield and production of 
rice (Singh et al. 2016). The polyunsaturated fatty acids 
(linoleic and linolenic acids) oxidised resulting reduction 
in oil quality. Probably metals might disturb lipid synthe-
sis/composition and inactivates thiol-containing enzymes 
and cofactors (Jones et al. 1987) which adversely affect 
the oil content and quality. Joshi et al. (1998) reported 
that supplementation of high N  (N90) dose decreased the 
grain yield, oil content, oil yield as well as fatty acid (oleic 

Fig. 6  Linear regression between some growth and physiological parameters with seed yield
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acid, linoleic acid, palmitic acid, erucic acid, etc.) content 
in mustard. Furthermore, Chalkoo et al. (2014) and Iqbal 
et al. (2015) observed that higher dose of N, P, and K sig-
nificantly reduced yield characteristics of Brassica. juncea 
cv. ‘Pusa Bold’ and Capsicum annuum L., respectively. 
Hence, nutrient quantities and optimization are essential 
factors to activate better growth and yield performance 
in plants.

Conclusion

It may be concluded from the present study that the lower 
level of fly ash  (FA40) can be useful for agricultural practices 
as it improved the overall mustard productivity. The result 
indicated that  FA40  N60 proved optimum, it enhanced the 
growth and yield on the contrary, higher fly ash level  (FA60) 
reduced the above mentioned parameters. Higher doses of 
fly ash cause oxidative stress with the production of MDA 
content and HMs accumulation.
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Fig. 7  Interactive effect of fly ash  (FA0,  FA20,  FA40 and  FA60) along 
with three varying level of N on oleic acid (a), linoleic acid (b) and 
erucic acid (c) of mustard (cv. ‘Varuna’ and ‘Pusa Bold’). Data are 
represented as mean ± SE. Data followed by same letter are not sig-
nificantly different at p < 0.05
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