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Abstract
A pot experiment was conducted under net house conditions to study the ameliorative role of different levels of fly ash 
as a soil amendment, on the growth markers, biochemical attributes, and the antioxidant enzyme activity of beetroot. 
Seeds of beetroot were sown in earthen pots containing growth substrate, consisting of field soil amended with differ-
ent levels of fly ash (0%, 5%, 10%, 15%, 20%, and 25% weight/weight). Beetroot grown in 15% fly ash-amended soil had 
significantly (p ≤ 0.05) higher plant growth and pigment content as compared to the control. With the improvement in 
nitrate reductase activity, the contents of total protein and carbohydrate also increased significantly at 15% fly ash. The 
proline content and the total antioxidant activity of beetroot increased significantly with increasing fly ash levels. The 
elevated levels of proline and antioxidant activity might be responsible for scavenging the oxidative stress caused by the 
higher concentration of fly ash in the soil. The principal component analysis presented significant correlations among the 
various considered parameters. Two principal components explained a total of 97.12% overall data variability in plants 
treated with different levels of fly ash. Therefore, this work suggests that the application of fly ash as a soil amendment 
is suitable to improve the growth and yield of beetroot.
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1 Introduction

The utilization of coal burning in power generation is a key 
factor for the development of countries across the globe. 
Due to the urge of rapid development, this coal burn-
ing is accelerating that generates various pollutants and 
increases the number of fly ash (FA) dumpsites. In India, 
FA generation during the period 2017–2018 was 196.44 
million tons from 624.88 million tons of coal [7]. Despite its 
use in cement, sanitary, and brick industries, large quanti-
ties are thrown away as waste into dumpsites [40]. There-
fore, eco-friendly approaches that would increase the 
utilization of FA while keeping in limits its harmful effects 
are required. FA can be utilized for economic profit in an 

environmentally friendly manner rather than dumping it 
as a waste [20].

FA has potential benefits for utilization in agricultural 
soils due to the presence of some essential as well as ben-
eficial nutrients, viz. Ca, Mg, K, S, P, Si, Al, Fe, Cu, etc. [32]. 
Most of these elements fall in the criteria of essentiality of 
nutrients whose deficiency might affect the growth and 
yield of crops. FA is a dual-edged waste which, if used at 
low levels, can be useful for crop productivity. The amend-
ment of agricultural soils with FA improves soil pH, perme-
ability, electrical conductivity, porosity, and water-holding 
capacity of the soil [9, 29, 32]. Because of its soil ameliorat-
ing properties, FA has [2, 32] been successfully tested for 
the yield improvement in various crops including Indian 
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mustard, radish [33], safed Musli [12], rice [5], wheat [23], 
turnip, onion, garlic, potato, and carrot [38].

Beetroot (Beta vulgaris L.) belongs to the family Che-
nopodiaceae. It is commonly used as a root vegetable. It 
ranks among the ten most potent vegetables concerning 
its antioxidant property [15]. Being a rich source of miner-
als, carotenoids, betalains, flavonoids, nitrates, and vita-
mins makes it an efficient source of nutrition for humans 
[27]. Carotenoids, vitamins, and polyphenols of beetroot 
have been reported with antioxidant, anti-inflammatory, 
anti-carcinogenic, and hepato-protective activities and 
have been found to reduce diabetes, cardiovascular dis-
eases, and lowering of hypersensitivity [36]. Taking into 
account, the economic importance of beetroot and the soil 
ameliorating properties of FA, it was, therefore, planned to 
assess the growth, biochemical, and antioxidant response 
of beetroot to different FA levels amended to the soil.

2  Materials and methods

2.1  Plant and growth conditions

A pot experiment was conducted in a complete rand-
omized block design under natural conditions at the 
Department of Botany, Aligarh Muslim University, India. 
An average day/night temperature of 24 °C/18 °C (± 3 °C) 
with relative humidity of 70 ± 5% was observed dur-
ing the experiment. Before sowing, the seeds of beet-
root were surface-sterilized with 0.1%  HgCl2 solution 
for 2 min. Soil from the agricultural field was collected, 
mixed with FA in different concentrations, and autoclaved 
at 20 lb pressure for 20 min. The treatments were formu-
lated as w/w% ratio of field soil and FA: control = 100:0; 
F5% = 95:5; F10% = 90:10; F15% = 85:15; F20% = 80:20, and 
F25% = 75:25, respectively.

After properly mixing the soil (sandy loam) with FA, 
earthen pots of 10 cm height were filled with 3 kg of each 
type of mixture, and the number of replicates for each 
treatment was maintained three (n = 3). In total, 18 pots 
(6 treatments × 3 replicates) were prepared for the experi-
ment. Six seeds were sown in each type of soil–FA mix-
ture. One week after the germination of seeds, thinning 
of seedlings was done to maintain one healthy plant in 
each pot. Pots were irrigated regularly with the required 
amount of water.

2.2  Fly ash and soil analysis

For the experimental work, FA was collected from the ash 
pond of the Harduaganj Thermal Power Plant, which is 
located 15 km away from Aligarh city. The physicochemi-
cal characteristics of soil and FA were analyzed before the 

mixing and sowing of the crop. For elemental analysis, an 
energy-dispersive X-ray analyzer (EDX) was employed. The 
ultrastructure of soil and FA was observed through scan-
ning electron microscopy (SEM) of make JEOL, JSM-6510 
LV, Japan (Fig. 1). The pH of soil and FA was determined by 
a digital pH meter.

2.3  Determination of growth biomarkers

At maturity, the plants were uprooted at 90 DAS (days 
after sowing) from the pots and washed with tap water to 
remove the soil. Measurement of shoot and root length 
was taken with the help of a meter scale. Fresh weight was 
recorded with the help of a digital weighing balance. For 
dry weight, plants were dried in the oven at 80 °C for 48 h. 
The number of leaves was manually counted, and the leaf 
area was measured by the graph paper method.

2.4  Determination of leaf characteristics

Stomatal area and the number of stomata were analyzed 
with the help of a scanning electron microscope (SEM) of 
make JEOL, JSM-6510 LV, Japan. For SEM studies, leaves 
were coated with gold.

2.5  Determination of proline content

Proline content was determined by the protocol of Bates 
et al. [3].

2.6  Determination of photosynthetic pigments

Chlorophyll and carotenoid contents were estimated 
according to the method of Maclachlan and Zalik [17]. 
The absorbance was read at 663 and 645 nm against 80% 
acetone blank on a spectrophotometer.

2.7  Determination of nitrate reductase and protein 
content

Nitrate reductase (NR) activity in leaves was measured by 
preparing an enzyme extract using the method of Jawor-
ski [14]. Protein content in the edible part was measured 
by using the method of Bradford [6] with bovine serum 
albumin as standard.

2.8  Assay of antioxidant enzyme activity

Total antioxidant enzyme activity from the edible part 
of beetroot was determined by the method suggested 
by Shimada et al. [34]. An aliquot of 100 μL samples was 
added to 3 mL of 2,2-diphenyl-1-picrylhydrazyl (DPPH) 
working solution. Absorbance was recorded at 517 nm 
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through a spectrophotometer. Lower absorbance indi-
cated higher antioxidant activity of the sample. Antioxi-
dant activity was expressed as percent scavenging of 
DPPH radical, and the following formula was used:

IC 50 is the inhibition concentration of the sample at 
which the DPPH radicals were scavenged by 50%. The 
smaller the IC 50 value, the higher the antioxidant activ-
ity and vice versa.

2.9  Statistical analysis

All data are presented as mean ± standard error (n = 3). 
Analysis of variance (ANOVA) and DMRT tests were used 
to determine significant differences at p ≤ 0.05 by using 
SPSS version 17.0 software. Different letters indicate 
significant differences between treatments at p ≤ 0.05, 
(n = 3). The principal component analysis was performed 
through Origin Pro (2020) software.

IC 50% = 1 −
Absorbance of sample

Absorbance of control
× 100.

3  Results and discussion

3.1  Physicochemical characterization of soil and fly 
ash

Favorable soil conditions and its richness in essen-
tial plant nutrients support healthy plant growth with 
improved yield. To measure the nutrient status of soil, 
various techniques are employed. Energy-dispersive 
X-ray spectroscopy (EDX) is a useful technique for 
studying the elemental composition of soil [19]. In this 
study, EDX technique was employed, and it showed that 
FA contains some essential as well as beneficial plant 
nutrients (Fig. 1). The nature of FA was alkaline with a pH 
8.4 as compared to the 7.6 pH of the field soil. The SEM 
analysis showed that FA has small spherical particles in 
comparison with soil (Fig. 2). The EDX profiling showed 
that the FA contains some essential and beneficial plant 
nutrients, viz. Ca, Mg, K, Al, Fe, Cu, and Si (Fig. 1).

Fig. 1  Energy-dispersive x-ray (EDX) profiling of soil (a) and fly ash (b)
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3.2  Effect of fly ash on growth markers, pigment 
content, and yield of beetroot

Application of FA as a soil amendment caused a signifi-
cant improvement in all the growth markers, pigment 
content as well as the yield attributes of beetroot. A 
remarkable enhancement was observed at 15% FA 
in terms of shoot length, shoot fresh and dry weight, 
number of leaves, and leaf area, respectively (Table 1). 
Similarly, the yield of beetroot in terms of root fresh 
and dry weight, and root circumference was enhanced 
at 15% FA (Table 1). The photosynthetic pigment con-
tents including chlorophyll a, chlorophyll b, total 
chlorophyll, and carotenoid contents increased maxi-
mally at 15% FA-amended soil (Table 2). The scanning 
electron microscopy revealed that the FA rate of 15% 
significantly increased the stomatal area of beetroot 

leaves as compared to the control (Fig. 3). The observa-
tions showed that with a gradual increase in FA rates 
from 0 to 15%, all the growth markers, yield, and pig-
ment content parameters were significantly improved 
over control. The possible reason for this improvement 
is the enhancement of the nutrient status of soil (Ca, 
Mg, K, P, and S) and improvement in soil characteristics, 
including soil pH (Fig. 1), [32]. The improvement in the 
soil pH is an important factor that facilitates the avail-
ability of essential plant nutrients [24]. Calcium enrich-
ment makes a significant contribution to the observed 
improvement because it acts as a secondary messenger 
and facilitates cell wall formation [18]. The present study 
also reported the improvement in photosynthetic pig-
ment content with the FA amendment up to 15%. This 
may be attributed to the enrichment of Mg, which is the 
central component of chlorophyll [21]. Likewise, K is also 

Fig. 2  Scanning electron micrograph of soil (a) and fly ash (b)

Table 1  Effect of different fly ash levels amended to the soil on the growth and yield attributes of beetroot

Data represent mean of three independent replicates ± standard error (SE). Different letters indicate significant differences between treat-
ments at p < 0.05, (n = 3)

Attributes Treatments

Control F5% F10% F15% F20% F25%

Shoot length (cm) 20.36 ± 1.57c 21.87 ± 1.09bc 23.43 ± 1.03b 26.89 ± 1.07a 24.33 ± 1.06b 21.14 ± 1.10bc

Shoot fresh weight (g) 25.5 ± 0.94c 27.2 ± 1.10bc 29.23 ± 0.97b 32.81 ± 1.09a 30.33 ± 1.11b 27.26 ± 0.93bc

Shoot dry weight (g) 7.03 ± 0.64c 8.59 ± 0.40bc 9.69 ± 0.33b 11.67 ± 0.31a 9.07 ± 0.60b 8.11 ± 0.63bc

Root length (cm) 10.99 ± 0.95c 11.18 ± 1.05bc 13.55 ± 1.33b 15.76 ± 1.80a 13.44 ± 1.34b 11.01 ± 0.94bc

Root fresh weight (g) 77.31 ± 3.94c 80.98 ± 2.97bc 84.13 ± 5.71b 88.12 ± 8.68a 85.14 ± 3.72b 79.21 ± 1.00 ± bc

Root dry weight (g) 16.7 ± 0.94c 18.54 ± 1.02bc 21.09 ± 1.10b 24.66 ± 0.97a 21.6 ± 0.95b 19.12 ± 0.99bc

Root circumference (cm) 16.6 ± 0.95c 17.8 ± 0.91bc 19.3 ± 0.94b 23.7 ± 0.97a 21.9 ± 1.05b 19.11 ± 0.96b

Leaves  (plant−1) 9.48 ± 0.35c 11.53 ± 0.76bc 13.69 ± 0.73b 15.22 ± 0.42a 13.37 ± 0.44b 10.71 ± 0.32bc

Leaf area  (cm2 leaf−1) 10.6 ± 1.56c 11.4 ± 1.47bc 13.21 ± 0.97b 16.64 ± 1.14a 13.32 ± 0.81b 11.67 ± 1.39bc

Stomatal area (µm2) 25.62 ± 0.98d 26.0 ± 1.04d 29.88 ± 1.06bc 33.27 ± 0.90a 30.94 ± 1.00bc 27.49 ± 0.93 cd
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an important metal ion with a dominant function of tur-
gor pressure generation for the opening of stomata. 
Therefore, the observed improvement in the stomatal 
area (Table 1, Fig. 3) is due to the K enrichment of the 
soil. Although phosphorous is present in small amounts 
in FA, it could help in better cell division for improved 
leaf area. The addition of S also makes a considerable 
contribution to plant growth and yield improvement as 
it is required in Fe–S cluster formation of photosynthetic 
apparatus, sulfur-containing proteins such as methio-
nine, electron transport, and secondary metabolism 
[13]. Besides, FA also contains some essential micronu-
trients such as Mn, Cu, and Fe (Fig. 1) that also help in the 
improvement in plant performance. Mn has a vital role to 
play during photolysis of water, while Cu is a component 

of plastocyanin. Fe acts as a co-factor during photosyn-
thetic electron transport [31].

However, when FA level was increased beyond 15%, all 
the growth, yield, and the pigment parameters of beetroot 
were reduced significantly in comparison with the 15% 
FA. The possible reason for the reduction in photosyn-
thetic pigment is the breakdown of chlorophyll pigment 
at higher FA levels. This happens possibly due to the sub-
stitution of Mg by metal ions such as Ni, Cd, Zn, Cr, Pd, and 
Cu [16]. At higher levels, they can also interfere and inhibit 
the normal functioning of enzymes involved in the Cal-
vin cycle of photosynthesis and hence reduce the overall 
growth performance [4, 39]. These results are in conformity 
with Ashfaque and Inam [2], Gond et al. [10], and Shakeel 
et al. [32]. FA contains some hazardous metals such as Cd, 

Table 2  Effect of different fly ash levels amended to the soil on the photosynthetic pigments of beetroot

Data represent mean of three independent replicates ± standard error (SE). Different letters indicate significant differences between treat-
ments at p < 0.05, (n = 3)

Attributes Treatments

Control F5% F10% F15% F20% F25%

Chlorophyll a (mg g−1 FW) 0.48 ± 0.005c 0.51 ± 0.007c 0.54 ± 0.005b 0.57 ± 0.004a 0.55 ± 0.06b 0.51 ± 0.003c

Chlorophyll b (mg g−1 FW) 0.25 ± 0.008c 0.27 ± 0.005c 0.30 ± 0.004b 0.32 ± 0.007a 0.30 ± 0.006b 0.27 ± 0.006c

Total chlorophyll (mg g−1 FW) 0.73 ± 0.06c 0.78 ± 0.005bc 0.84 ± 0.009b 0.91 ± 0.007a 0.85 ± 0.008b 0.79 ± 0.003bc

Carotenoids (mg g−1 FW) 0.21 ± 0.009c 0.23 ± 0.007bc 0.27 ± 0.008b 0.32 ± 0.009a 0.30 ± 0.006b 0.28 ± 0.004bc

Fig. 3  Scanning electron micrograph showing the effect of different fly ash levels amended to the soil on the stomatal apertures of beetroot 
at control (a), its enlarged view (c), and beetroot grown in 15% fly ash-amended soil (b) and its enlarged view (d)
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Pb, Ti, and Cr which were accumulated by plants in a dose-
dependent manner. At lower levels, these metals are accu-
mulated by plants at very low concentrations and below 
the permissible limit which is safe for human consumption 
[8, 22, 42]. However, the use of FA in agroecosystems at 
higher levels may pose a threat to the soil ecosystem due 
to the presence of toxic heavy metals. These heavy met-
als may be uptaken and accumulated by the plants, and 
through food chain, humans may be affected [30, 35]. The 
response of plants to the accumulation of these metals 
varies in a species-specific manner. Wheat (Triticum aes-
tivum) grown in 60% FA-amended soil accumulated all 
the heavy metals below the permissible limit, while as in 
mung bean (Vigna radiata) and urad bean (Vigna mungo) 
only 20% FA was found safe and all the heavy metals accu-
mulated above the permissible limit beyond 20% FA [22]. 
For pigeon pea (Cajanus cajan), 25% FA was found safe for 
its cultivation which not only increased its yield but also 

ensured the accumulation of heavy metals below toxic lev-
els [26]. All these studies suggest that the application of 
FA at lower levels acts as a soil conditioner that enhances 
the growth and yield of crops.

3.3  Effect of fly ash on biochemical parameters 
of beetroot

Application of FA as a soil amendment caused a significant 
change in the biochemical attributes of beetroot. Results 
from Fig. 4 depict that the activity of NR was enhanced sig-
nificantly by 38.65% as compared to the control at 15% FA 
level. Likewise, the protein content and the total carbohy-
drate content of the edible part of beetroot were increased 
significantly by 28.01% and 27.89% as compared to control 
at 15% FA level, respectively (Fig. 4). Nitrate reductase is 
the primary enzyme required during nitrogen metabolism. 
Because FA is deficient in nitrogen, a significant decrease in 

Fig. 4  Effect of different fly ash levels amended to the soil on the 
nitrate reductase activity of leaves, total protein, and total carbohy-
drate content in the edible part of beetroot. Data represent mean 

of three independent replicates ± standard error (SE). Different let-
ters indicate significant differences between treatments at p < 0.05, 
(n = 3)
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NR activity was observed at higher FA levels, which agrees 
with the observations of Qurratul et al. [28]. Gupta et al. 
[11] suggested that this reduction in the NR activity might 
be due to the binding of metal ions to –SH groups of the 
enzymes. The present study also reported the increased 
levels of total carbohydrates in the edible portion of beet-
root at up to 15% FA, which reduced latter at higher FA 
levels. These changes correlate with the improved as well 
as reduced levels of photosynthetic pigments at lower and 
higher FA rates. Similar results were also reported for pro-
tein content in the edible portion of beetroot. Ashfaque 
and Inam [2] credited K for the improvement in protein 
content at lower FA rates as it plays an important role in 
the activation of enzymes required for protein synthesis. 
The activity of NR is directly proportional to the protein 
synthesis, which is clear from the above observations. 
With improved NR activity at up to 15% FA level, the total 
protein content also increased in the same fashion and 
reduced when NR activity falls at higher FA levels. Amm 
et al. [1] suggested that at higher FA levels, the protein 
content decreases because of the disruption of protein 
folding and proper protein activity by heavy metals.

3.4  Oxidative stress and its alleviation 
by antioxidant enzymes

Application of different levels of FA as a soil amendment 
caused a significant and continuous increase in oxidative 
stress as compared to control. In response to this oxida-
tive stress, the total antioxidant activity, along with pro-
line, showed a significant increment at all the FA rates 

as compared to control (Fig. 5). Therefore, in the present 
study, the proline and the antioxidant activity increased 
significantly by 25% and, 25.62% at 15% FA level in 
response to scavenge the oxidative stress that is generated 
by different levels of FA amended to the soil (Fig. 5). These 
results show adherence to the observations of Ashfaque 
and Inam [2], Pandey et al. [25], and Wang et al. [41].

Principal component analysis (PCA) plotting the effect 
of different levels of FA amended to the soil on the growth, 
yield, pigment content, and biochemical attributes of 
beetroot is illustrated in Fig. 6. The PC 1 shows 80.30%, 
and PC 2 shows 16.82% of the original information. Sig-
nificant positive correlations were found between plant 
growth parameters, viz. shoot length, shoot fresh, and 
dry weight, yield parameters, viz. root length, root fresh, 
and dry weight, and photosynthetic pigment parameters, 
viz. chlorophyll a, chlorophyll b, and carotenoid content 
(Fig. 6). The proline and the total antioxidant activity of 
beetroot showed a strong positive correlation with each 
other, but their correlation with other studies parameters 
was found negative (Fig. 6). Our results are in agreement 
with the criteria developed by Sneath and Sokal [37], who 
believed that data should represent at least 70% of the 
total data variability.

4  Conclusion

In an attempt to investigate the soil ameliorative and 
growth-promoting properties of FA, a pot experiment 
was conducted in which FA was mixed with field soil in 

Fig. 5  Effect of different fly ash levels amended to the soil on the 
proline content of leaves and total antioxidant activity in the edible 
part of beetroot. Data represent mean of three independent repli-

cates ± standard error (SE). Different letters indicate significant dif-
ferences between treatments at p < 0.05, (n = 3)
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different concentrations (0%, 5%, 10%, 15%, 20%, and 
25% w/w). In a dose-dependent manner, FA affected the 
growth, yield, pigment content, and biochemical attrib-
utes of beetroot. Among the different concentrations 
of FA amended to the soil, 15% FA proved to be most 
effective in enhancing all the growth, yield, pigment, 
biochemical attributes, and antioxidant system of beet-
root. A remarkable improvement was observed at 15% 
FA in the plant growth of beetroot (shoot length, shoot 
fresh and dry weight, number of leaves, leaf area, and 
stomatal aperture), yield (root length, root fresh and dry 
weight, root circumference), pigment content (chloro-
phyll a, chlorophyll b, total chlorophyll, and carotenoids), 
biochemical markers (nitrate reductase activity, total car-
bohydrate, and total protein content), and antioxidant 
system (proline and total antioxidant activity). Therefore, 
this work recommends that the application FA at low 
levels as a soil amendment is a cost-effective approach 
to improve the growth and yield of beetroot.
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