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Abstract
Phytoremediation of �y ash (FA) deposits using metal tolerant plant species has become an important eco-friendly technique for reclamation
nowadays. The present study was carried out to determine the impact of FA application on photosynthetic pigments (chlorophyll a, chlorophyll b,
total chlorophyll, and carotenoids), biochemical parameters (soluble protein, reducing sugar, nitrate and nitrate reductase (NR) activity), metal
accumulation (Fe, Zn, Cu, Co, Cd, Cr, and Mn) and antioxidant defense activity (SOD, CAT, POD, and APX) of Calendula o�cinalis. With this aim in
mind, under pot culture conditions, Calendula o�cinalis was grown in different combinations of FA and soil which include: Control, 10%, 20%,
40%, 60%, 80%, and 100% FA. The results from the study indicated that the addition of FA (40%) in soil not only improved the physico-chemical
properties of soil but also increased the photosynthetic pigment and other biochemical parameters in plants, however, these parameters declined
under high FA applications. On the other hand, antioxidant enzyme activities (SOD, CAT, APX and Peroxidase) of Calendula increased with
increasing FA application to combat heavy metal stress from �y ash. At high FA applications, antioxidant enzyme levels increased in leaves
thereby re�ecting heavy metal stress and mitigation of reactive oxygen species. 

Research Highlights-
The present study was carried out to determine the impact of FA application on photosynthetic pigments (chlorophyll a, chlorophyll b, total
chlorophyll, and carotenoids), biochemical parameters (soluble protein, reducing sugar, nitrate and nitrate reductase (NR) activity), metal
accumulation (Fe, Zn, Cu, Co, Cd, Cr, and Mn) and antioxidant defense activity (SOD, CAT, POD, and APX) of Calendula o�cinalis. ANOVA,
Correlation analysis and Duncan’s multiple range test were also applied to the results obtained using SPSS (11.5) software.

The research highlights are as follows:

Safe utilization of Fly ash (FA) as soil amendment in agriculture

Impact of FA application in soil and on growth status of Calendula o�cinalis

FA (40%) increased chlorophyll, carotenoids, sugar, protein, nitrate and nitrate reductase activity.

However, at high FA application, there was a marked reduction in these parameters.

Antioxidant activity (CAT, SOD, APX and peroxidase) of Calendula increased with increase in FA application

Negative correlation was found between biochemical parameters and antioxidant activity

Introduction-
Coal is used as an essential fossil fuel to produce electricity. Many million tons of FA is produced every year from nearly 100 thermal power
stations in India which is one of the prime solicitudes (Usmai and Kumar 2017). Therefore, considerable need for research is required for the
optimum utilization of FA in different �elds. On one hand, there are diverse management troubles of FA as well as the demand of land for
deposition and storage is an immense task, but on the other hand, FA is proven valuable useful material for variety of applications including
agriculture (Dahiya and Budania 2018). Thus, there lies a major challenge to convert a major threat into a tremendous opportunity. FA has a
remarkable use as a nutrient supplement when amended with soil which further depicts improved growth and yield of the plants in agriculture
(Jambhulkar et al. 2018). Even though FA has many advantages as an ameliorant for agricultural soil applications, but due to presence of some
amounts of heavy (toxic) elements in FA, balanced use of FA in agriculture is highly important (Gorai 2018).

The utilization of FA as an amendment in soil for better growth and yield has been studied for different plant species. Mahale et al. 2012
observed that use of FA in agriculture at 60% concentration enhances the wheat yield (Triticum aestivum L.), 20% was found better for mung
bean (Vigna radiata) (Gupta and Sinha 2009) and 50% gave good results for Jatropha curcas (Raj and Mohan 2018). This proves that the
concentration of suitable FA application in the soil differs from species to species. FA application in soil at 180 tons/ha upgraded the soil
physical properties and resulted in better growth and yield of brinjal plants (Gond et al. 2013). FA when amended with rice husk ash (RHA), paper
factory sludge, farmyard manure (FYM) and chemical fertilizers (CF) not only enhanced the soil strength but also resulted in the substitution of
chemical fertilizers to a considerable range in rice production (Karmakar et al. 2010).

When heavy metals in FA are susceptible to plants, a broad variety of plant biological and metabolic activities gets altered. (Srivastava et al.
2017). This causes hindrance with respect to the antioxidant system of the plants and overproduction of reactive oxygen species (ROS) in the
plants. The frequent occurring modi�cations due to metal toxicity result in reduced plant growth, inhibition in the seed germination percentage,
photosynthetic activities, suppression of antioxidant defense system and continued aging process as well as cell death in plants (Nita &
Grzybowski 2016). To counteract this kind of cellular damage, plant possesses self-defense antioxidative system which includes some
enzymatic antioxidants like catalase, superoxide dismutase, ascorbate peroxidase, peroxidase or non-enzymatic antioxidants such as GSH,
tocopherol, carotenoids, ascorbate which scavenge free radical production (Bisoi et al. 2017, Varshney et al. 2020). The phytoremediation by
plants is a highly recommended technique that owes success due to the tolerance and accumulation mechanism for toxic metals which helps to



Page 3/16

combat heavy metal stress (Bhaduri and Fulekar 2012). Thus, the e�cacy of antioxidant defense system in plants may be vital for explicating its
resistance mechanisms to heavy metals present in soil environment (Nadgorska-Socha et al. 2013).

Calendula o�cinalis (pot marigold) is an important ornamental, medicinal and aromatic plant that belongs to the Asteraceae family and is
known to grow on diverse soils without any input material or fertilizer. This plant species has been reported to contain various phytochemicals
including saponins, alkaloid, triterpenoids, �avonoids, coumarins, quinones, etc (Shahrbabaki et al. 2013). It has been cultivated extensively by
Egyptians, Arabs, Greeks, and Hindus for its importance in herbal medicine. The calendula extracts develop a broad range of pharmacological
activities (anti-in�ammatory, antipyretic, antimicrobial, antifungal, antiviral, and anti-genotoxic properties) and are utilized as antiseptic, tinctures,
ointments, stimulant, anti-spasmodic, and diaphoretic agents (Izadi et al. 2020).

Considering these facts and the importance of Calendula in medicine, the present venture was designed to elucidate growth, biochemical as well
as antioxidant responses of Calendula o�cinalis grown in different FA-soil treatments. The relationship between antioxidant defense
mechanism of Calendula grown in FA amended soil with respect to photosynthetic activity and other biochemical parameters has not yet been
studied so far. The analysis was undertaken with a view to develop data from �eld experiments on the bene�cial effects of FA with reference to
the changes in growth, metal accumulation, biochemical parameters (chlorophyll, carotenoids, sugar, protein, nitrate and nitrate reductase
activity) and antioxidant responses of Calendula.

Material And Methods-
Plant material and Growth condition-

FA was brought from NTPC Dadri, Uttar Pradesh to the experimental site. The garden soil was collected from Sector 18 Nursery, Noida. The FA
and garden soil were mixed in various w/w ratios. The pot culture experiments were performed under natural conditions in winter season. For
Calendula o�cinalis growth, FA and soil were mixed in seven different concentrations. The seven different treatments with 20 sample size (20
pots for each treatment) were prepared. These are as follows-

T1 = Control = 100% garden soil

T2 = 10% FA + 90% garden soil

T3 = 20% FA + 80% garden soil

T4 = 40% FA + 60% garden soil

T5 = 60% FA + 40% garden soil

T6 = 80% FA + 20% garden soil

T7 = 100% FA only

Certi�ed seeds of Calendula were collected from Botanical Garden, Sector-37, Noida. The seeds were sown in the winter season in the month of
October. Plant performance was evaluated during the complete growth cycle of Calendula o�cinalis for various growth stages including Pre-
�owering stage (45 days after sowing (DAS), Flowering stage (90 DAS) and Post- Flowering stage (135 DAS) from October to April. Leaves were
detached and gathered for the analysis of the biochemical parameters like chlorophyll a, chlorophyll b, total chlorophyll, carotenoids, reducing
sugar, protein, nitrate and nitrate reductase activity and further evaluated in the continuous process at three different developmental stages of
the plant.

Physico-chemical properties of soil and FA-

Both FA and soil were tested for its different physico-chemical properties. Standard protocols were used for the analysis of pH, Electrical
Conductivity, Bulk Density, Moisture Content, and Water Holding Capacity. pH was measured by adding known volume of FA and soil in distilled
water and the readings were noted consequently with digital pH meter, Electrical conductivity was determined by conductivity meter using the
prepared soil suspension, Bulk Density (g/cm3) was measured by the method of Black (1965), Water Holding Capacity (%) was determined using
the method of Pandaya et al. 1968, Moisture content (%) of soil and FA in different treatment was measured by taking the difference in the initial
and �nal weight of the admixture after keeping the sample for drying in oven at 1000 C for 24 hours (Reeb 1999).

Heavy metal analysis-

For estimation of various metals (Fe, Cu, Mn, Ni, Co, Zn and Cr), 0.5 g dried plant samples (leaf) and 1 g air dried crushed soil were powdered
with mortar and pestle and mixed in 3 ml HNO3 at 1200 C for 2 hours and 800 C for 4 hours (Tripathi et al. 2012). The concentration of these
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metals was quanti�ed by Inductively coupled plasma mass spectrophotometer (ICPMS, Agilent 7900). The determination of metal transfer from
soil to plant can be accessed by bioaccumulation factor (BAF) values and is de�ned by the following equation (Kananke et al. 2018).

Where, C plant = metal concentration in the plant leaf (dry weight basis) and C soil = concentration of the alike metal in the admixture of soil and FA
(dry weight) in which Calendula was grown.

The maximum value for this factor indicates increase availability of a particular metal to the plants. Consequently, high BAF values represent the
potential health risk to the plants (Kananke et al. 2018).

Biochemical Parameters-

Pigment content- The photosynthetic pigment (chlorophyll a, chlorophyll b, total chlorophyll and carotenoids) content of fresh leaf samples was
calculated at four different absorbance- 480 nm, 510 nm, 645 nm and 663 nm following the methods of Hiscox and Israelstam 1979 and the
results were determined in mg/g of fresh weight.

Sugar content- Reducing sugars in the fresh leaf samples from all the soil- FA treatments was estimated following the Dinitrosalicylic acid
method (DNS) (Miller 1972).

Protein content- The protein concentrations in the leaf samples for all treatments was estimated using Bovine Serum Albumin (BSA) method
following the standardized protocol given by Bradford (1976) with 0.2 M phosphate buffer (pH 7.0), 0.1 N NaOH, TCA and Bradford reagent in
the reaction mixture.

Nitrate content- Samples were evaluated for nitrate concentrations by using Potassium Nitrate method standardized by Grover et al. 1978, which
involved the addition of 0.5 gm of crushed leaves in charcoal, CuSO4–ZnSO4 solution, hydrazine sulphate, 0.1 N NaOH and distilled water and
lastly chilled acetone to stop further reaction. Later, sulphanilamide and NEDD were added for color development. It was determined
spectrophotometrically by taking OD at 540 nm. Standard curve of sodium nitrate solution was used to determine the concentration of individual
leaf samples.

Nitrate Reductase (NR) Activity- NR activity was estimated in the fresh leaf samples by using Klepper et al. 1971 method. The equivalent
concentration of nitrite was assessed by nitrite standard curve of Sodium Nitrate solution.

Antioxidant enzyme activity measurement- After estimation of biochemical parameters of fresh leaf samples from different FA-soil treatments,
leaves were washed, and air dried and dried leaf powder were further used for extraction. Plant leaves were used for making ethanol extracts by
using Soxhlet extraction. These extractions were used for the estimation of antioxidative enzyme activity. A small amount of these extracts from
different treatments were used for estimation of protein by the method of Lowry et al. 1951. Concisely, superoxide dismutase (SOD) activity was
evaluated by the standard method of Gainopolitis and Ries (1977). Catalase (CAT) activity was estimated by Cakmak and Marschner (1992).
The CAT activity was designated as µmoles of H2O2 oxidized /min/mg of protein. Ascorbate Peroxidase (APX) activity was calculated by the
method of Nakano and Asada (1981). Peroxidase activity was evaluated following the procedure of Kar and Mishra (1976) by observing an
increase in absorbance at 420 nm for 5 min.

Statistical analysis- Differences between various plant growth attributes, biochemical parameters, and antioxidant enzyme activities under
various treatments were evaluated using one-way ANOVA to determine the signi�cant difference between treatments by using SPSS (11.5)
software. Experimental data were determined in triplicates and results were obtained as mean ± SD. Correlation analysis and Duncan’s multiple
range test were performed using SPSS (22) version software.

Result And Discussion-
Physico-chemical properties of soil and FA-

The physico-chemical properties of soil and FA samples (Table-1) revealed that pH of soil was signi�cantly (P < 0.05) improved from 7.48 in the
control (T1) to 8.17 in 100% FA (T7) as we increased the concentration of FA in soil. The upsurge in pH of soil may be attributed to the
counteraction of H+ ions by basic salts and solubilization of alkali metallic oxides of FA in the amended soils (Skousen et al. 2013). It has also
been reported that an upsurge in soil pH resulted in the condensation of soluble cations in the FA and soil amendments (Sheoran et al. 2014). EC
value signi�cantly (P < 0.05) improved from T1 (0.001) to T7 (0.0047) with respect to increased application of FA. The maximum EC (0.0047 dS
/m) was found in T7 (100% FA) while in T1 (control), 0.0012 dS /m was reported. FA addition to soil improved the Electrical conductivity by
enhancing the concentration of soluble major and minor inorganic components (James et al. 2014). The same drift was observed in WHC (%)
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indicating a signi�cant (P < 0.05) improvement from 14.28% in T1 to 43.72% in T7 at higher FA application with respect to control. The present
study represented a gradual increase in Water holding capacity from control to 100% FA that may be due to the variation in particle size
distribution and increases porosity (Panda and Biswal 2018). The similar trend was also spotted in moisture content (%) as it is signi�cantly (P < 
0.05) improved with FA application from control (1.931%) to 100% FA (3.971%). The enrichment in moisture content might be attributable to the
binding potential of the FA-soil mixture to carry out the cation exchange reaction and with application of compaction effort the voids are
employed by more water (Dixit et al. 2016). TDS was noticed to be improved by 66.6%, 75.91%, 76.8%, 84.09%, 84.81% and 85.06% at 10%, 20%,
40%, 60%, 80% and 100% respectively as compared to control. The bulk density of control soil (T1) was maximum at 1.19 g/cm3 and declined
signi�cantly (P < 0.05) with the addition of FA and hence was lowest (0.86 g/cm3) at 100% FA (T9). The bulk density however decreased with the
increase in FA concentration in soil which may be attributed to an increase in clay particles (Mishra et al. 2017). This indicates a signi�cant
boost in the porosity and improved the water retention capacity of the soil.

Table 1
represents Physico-chemical properties of soil and FA amended soil. The values of all the treatments are means with S.D. of all

the replicate measurement (n = 3)
Treatments pH WHC (%) Moisture Content (%) EC (Ms/m) TDS (PPM) Bulk Density (g/ml)

T1 (Control) 7.483 ± 0.27a 48 ± 3.27a 1.931 ± 0.43a 0.1 ± 0.14a 34.7 ± 4.47a 1.19 ± 0.137b

T2 (10%) 7.549 ± 0.26b 56 ± 5.66a 2.223 ± 0.23a 0.19 ± 0.15a 104.1 ± 3.28b 1.18 ± 0.107b

T3 (20%) 7.559 ± 0.22b 58.6 ± 3.98a 2.452 ± 0.14b 0.23 ± 0.1a 144.1 ± 8.18b 1.16 ± 0.08b

T4 (40%) 7.709 ± 0.23c 63 ± 2.16b 2.531 ± 0.56b 0.3 ± 0.20b 149.6 ± 5.46b 1.08 ± 0.23b

T5 (60%) 7.785 ± 0.23c 64 ± 3.27b 2.865 ± 0.60b 0.35 ± 0.28b 218.2 ± 4.7c 1.03 ± 0.01b

T6 (80%) 8.115 ± 0.18d 68 ± 8.64b 3.875 ± 0.67c 0.39 ± 0.26b 228.5 ± 7.2c 0.99 ± 0.107a

T7 (100%) 8.171 ± 0.30d 85.3 ± 3.77c 3.971 ± 0.44c 0.47 ± 0.25c 232.4 ± 2.08c 0.86 ± 0.11a

Different letters represent signi�cant differences at P < 0.05 from Duncan’s multiple range test.

Effect of FA on heavy metal accumulation in Calendula-

Heavy metal concentration in different treatments of soil and FA and plant grown in the same treatments is represented in Table 2. The
signi�cant pattern for metal accumulation was found, when Calendula plants were grown on different treatments of FA amended soil. Metals
concentration in the leaves of Calendula were found in the trend- Ni > Co > Fe > Mn > Zn > Cr > Cu, though, in �y ash treated soil the concentration
was in the trend- Ni > Fe > Co > Mn > Zn > Cr > Cu. Surprisingly, the accumulation of heavy metals (Cu, Cr, Ni, Mn, Fe, Zn, and Co) was noticed
higher in plants grown on FA amended soil (100% FA) than control soil. This increase in level of lethal heavy metals (As, Cd, Cr, Pb and Hg) was
also reported in rice plant grown in FA amended soil (Padhy et al. 2016) rely upon the physio-chemical properties of soil mixture. The
bioaccumulation factor (BAF) of soil to plant is presented in Fig. 1. The data indicated that BAF differs from one metal to another metal and also
con�rmed that the BAF factor of the metals (Fe, Cu, Ni and Co) from soil to plant was higher in FA mixed soils as compared to unamended
garden soil except for Cr, Mn and Zn. The bioaccumulation of metals relies upon several environmental aspects such as solubility, salinity,
mineral uptake, pH, texture, chemical composition of the metal ions. The decrease in nutrient uptake in grain rice might be consequent of
reduced availability of nutrients (elements) at high �y ash application was observed (Singh et al. 2016).

Table 2
Heavy metal concentration in different treatments of soil and FA and in the leaves of the plants grown in these treatments

Treatment Cr (ppm) Mn (ppm) Fe (ppm) Cu (ppm) Zn (ppm) Ni (ppb) Co (ppb)

  Soil Leaf Soil Leaf Soil Leaf Soil Leaf Soil Leaf Soil Leaf Soil Leaf

Control 0.18 0.01 0.83 0.24 65.33 2.28 0.07 0.03 0.19 0.13 66.86 4.88 28.00 1.33

10% 0.21 0.01 1.12 0.42 78.37 4.48 0.07 0.03 0.22 0.13 75.28 4.02 31.18 2.88

20% 0.21 0.01 1.16 0.43 76.88 2.88 0.07 0.03 0.21 0.16 81.18 5.66 31.27 3.13

40% 0.22 0.02 1.58 0.50 89.45 5.54 0.07 0.03 0.23 0.18 95.75 6.95 39.87 4.87

60% 0.21 0.02 1.93 0.64 91.81 6.36 0.07 0.04 0.25 0.19 103.46 9.08 44.47 4.07

80% 0.26 0.02 1.82 0.55 99.42 6.50 0.08 0.04 0.28 0.20 110.74 7.64 45.38 4.81

100% 0.26 0.02 2.15 0.60 104.22 6.89 0.08 0.04 0.33 0.22 120.16 11.13 51.08 7.54
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Biochemical Parameters-

Effect of FA on Pigment content- Chlorophyll is the essential component of photosynthesis and occurs as a green pigment in chloroplast of plant
tissues (Rao 2015). Generally, photosynthetic pigment content depends upon the leaf area, stomatal response, and plant growth performance.
Plant response to heavy metals in FA is shown in the results of pigment concentration viz chl a, chl b, total chl and carotenoids. Chlorophyll and
carotenoids content exhibit environmental stress induced impairment to the photosystem (Pandey 2013). The data on photosynthetic pigment
content (chl a, chl b, total chl and carotenoids) of Calendula leaves as in�uenced by FA and soil mixture are interpreted in Table 3. In this study,
chl a, chl b, carotenoids and total chl content was noted to get enhanced under low doses of FA but reduced under high FA application. A
signi�cant (P <0.05) boost in pigment content was found from control to 40% and then reduced from 60% to 100% of FA in soil. The constant
increase from control to 40% FA amended soil was noticed in �owering stage but declined as the FA concentration increased above 60%. In pre-
�owering stage alike observations were recorded however in post �owering stage, all three photosynthetic pigments depicted a gradual decline in
comparison to the pre-�owering as well as the �owering stage. The maximum increase (P < 0.05) in chlorophyll a (32.03%) was recorded with
40% FA in the �owering stage followed by pre-�owering stage (22.76%) and �nally in the post �owering stage (15.9%) respectively. However, the
maximum upsurge (P<0.05) for chlorophyll b was recorded for the �owering stage of T4 Treatment (50%) followed by the pre-�owering stage
(46.66%) and lastly in the post-�owering stage (40%). The highest upsurge (P < 0.05) of total chlorophyll content was observed at 40% FA
treatment during �owering stage (28.98%) then by pre-�owering (16.66%) and post �owering stages (9.99%). Similar observations were also
reported on pigment content of Solanum nigrum L. and Solanum melongena grown on different FA doses (Robab et al. 2010 and Gond et al.
2013). Accumulation of heavy metals at high concentration of FA resulting in the decline of chlorophyll content (Qurratul et al. 2014). The
disintegration of photosynthetic pigment leads to replacement of Mg2+ ions in chlorophyll molecules by certain metal ions like Cu2+, Zn2+, Cd2+,
Pb2+ and Ni2+ (Qurratul et al. 2014).

Carotenoids are the commonly occurring antioxidants found in the plants which help in protecting the chlorophyll molecule in various
environmental conditions (Praveena and Murthy 2014). The results demonstrated that the carotenoids content was signi�cantly (P < 0.05)
increased at 40% FA treatment in �owering stage (70.58%) then by pre-�owering (41.93%) and post-�owering stages (40.74%). The increased
level of carotenoids at 40% FA amendment may ascribe to its role in the forti�cation of the plant cell against toxic effects of free radical species.
Similar results were obtained on Chickpea and Helianthus annus grown in different concentrations of FA (Pandey et al. 2010 and Pani et al.
2015b).
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Table 3

represents effect of FA on Chl a, Chl b, Total Chl and Carotenoids at different stages of growth of Calendula o�cinalis L. Data is Mean value ±
S.D (n= 3).

 

PARAMETERS/

STAGES

T1 (Control) T2 (10%) T3 (20%) T4 (40%) T5 (60%) T6 (80%) T7 (100%)

0% FA 10% FA 20% FA 40% FA 60% FA 80% FA 100% FA

A) Chlorophyll a (mg/g of fresh weight)

Pre- Flowering 0.95 ± 0.004
a

0.98 ± 0.013
a

1.11 ± 0.007 b 1.23 ± 0.035
ba

1.15 ± 0.003 b 0.92 ± 0.002 a 0.88 ± 0.002
abc

Flowering 1.03 ± 0.016
a

1.17 ± 0.139
b

1.25 ± 0.026 b 1.36 ± 0.142 b 1.28 ± 0.031 b 1.01 ± 0.003 a 0.92 ± 0.002 bc

Post-
Flowering

0.88 ± 0.021
a

0.93 ± 0.002
a

0.95 ± 0.034 a 1.02 ± 0.066 b 0.98 ± 0.005 a 0.85 ± 0.002 ab 0.81 ± 0.045 ab

B) Chlorophyll b (mg/g of fresh weight)

Pre- Flowering 0.30 ± 0.021
a

0.34 ± 0.028
a

0.39 ± 0.032 b 0.47 ± 0.009
bc

0.43 ± 0.046
bc

0.26 ± 0.004
abc

0.21 ± 0.003abc

Flowering 0.36 ± 0.034
a

0.45 ± 0.042
a

0.49 ± 0.012
ab

0.54 ± 0.024
ab

0.51 ± 0.047
ab

0.34 ± 0.026
abc

0.28 ± 0.021
abc

Post-
Flowering

0.23 ± 0.052
a

0.26 ± 0.003
a

0.31 ± 0.004 b 0.36 ± 0.035 b 0.33 ± 0.077 a 0.21 ± 0.005 ab 0.17 ± 0.002 ab

C) Total Chlorophyll (mg/g of fresh weight)

Pre- Flowering 1.26 ± 0.004
a

1.29 ± 0.052
a

1.32 ± 0.073 a 1.47 ± 0.054 b 1.38 ± 0.014
ab

1.25 ± 0.006 a 1.21 ± 0.005
abc

Flowering 1.38 ± 0.051
a

1.42 ± 0.072
a

1.68 ± 0.054 b 1.78 ± 0.074 b 1.70 ± 0.068 b 1.36 ± 0.043 a 1.25 ± 0.021 ab

Post-
Flowering

1.21 ± 0.007
a

1.25 ± 0.002
a

1.27 ± 0.028 a 1.33 ± 0.068 a 1.29 ± 0.003 a 1.19 ± 0.007 ab 1.12 ± 0.003 ab

D) Carotenoids (mg/g of fresh weight)

Pre- Flowering 0.31 ± 0.008
a

0.35 ± 0.005
a

0.39 ± 0.032 a 0.44 ± 0.065 b 0.42 ± 0.005 b 0.28 ± 0.002 a 0.23 ± 0.004 ab

Flowering 0.34 ± 0.029
a

0.39 ± 0.043
a

0.47 ± 0.056 a 0.58 ± 0.041 b 0.51 ± 0.054 b 0.32 ± 0.023 a 0.29 ± 0.037 ab

Post-
Flowering

0.27 ± 0.024
a

0.30 ± 0.005
a

0.34 ± 0.043 a 0.39 ± 0.038 b 0.36 ± 0.006 a 0.25 ± 0.041 ab 0.21 ± 0.002 ab

T = Treatment, Values signify mean ± SD where the sample size (n=10)

Values presented in various letters differ signi�cantly (P < 0.05) from the control values for different stages of growth as per the Duncan’s
Multiple Range Test (DMRT).

Effect of FA on sugar, protein, nitrate content and nitrate reductase activity-

Effect of �y ash on reducing sugar- The observations on reducing sugar content (Fig 2A) in the leaves of Calendula o�cinalis showed that in the
�owering stage, the signi�cant (P < 0.05) enhancing sugar content (78.94%) was observed in T4 (40% FA amendment) then pre-�owering
(73.91%) and post �owering stages (72.58%).  However, T7 (100% FA) showed the lowest reducing sugar content (26.31%) at �owering, (23.91%)
at pre-�owering and (19.35%) at post �owering stage. The rise in sugar content was noticed with FA application up to 60% FA soil ratio, further
application (80% and 100%) causes decline in the sugar content in leaves. The trend of decline in sugar content at high �y ash application was
directly correlated with the decline in the photosynthetic pigments. Similar results were obtained in Helianthus annus grown in FA amended soil
(Pani et al. 2015a). It was inferred that the harmful effect of heavy metals (Pb, Cd, Ni, Cu) at higher FA applications reduces the sugar content in
leaves however at low FA application in soil, these metals are within threshold limits which leads to an upsurge in the sugar content. The decline
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in the sugar content in heavy metal stressed plant leaves was due to the inhibition of photosynthetic activities was also noticed (Dash and
Sahoo 2017).

Effect of �y ash on soluble protein- Data on protein concentration in the Calendula leaves as in�uenced by FA and soil is depicted in Fig-2B. The
signi�cant (P < 0.05) upsurge in protein content of Calendula o�cinalis leaves was observed in 40% FA amended soil at �owering stage
(31.08%) then pre-�owering (28.38%) and post-�owering stages (22.22%) in comparison with control in all growth stages of plant. Further high
FA application (80% and 100%) causes a signi�cant (P < 0.05) drop in protein content in leaves in a growth-dependent manner. It has been
observed that the high protein content occurs due to the synthesis of additional stress shock proteins and stimulating biochemical changes in
plant cells because of increased heavy metal stress (Sharma and Singh 2019). But this study revealed that at high application of FA in soil, the
protein level was found to be decreased in the calendula leaves (Fig-2B). The decline in the amount of protein might be due to the increase in the
protease activity and further catabolic enzymes (Pani et al. 2015a). Similar observations were also reported in Pisum sativum and Brassica
juncea respectively by Sharma et al. 2010 and Gautam et al. 2012. It was also noticed that FA contains high amount of heavy metals which
induces the production of ROS which may further harm the photosynthetic system and damage the proteins (Shahid et al. 2014).

Effect of �y ash on nitrate content- Nitrate content in Calendula leaves is graphically determined in Fig 2C. The nitrate content was found
signi�cantly (P < 0.05) increased at 40% FA amended soil ratio in pre-�owering (78.23%), �owering (87.11%) and post-�owering stages (50.63%)
with respect to control. The post-�owering stage shows a gradual decline in all concentrations compared to pre-�owering and �owering stages.
Nitrate content was noticed as lowest in �owering stage (44.27%) then pre-�owering (32.15%) and post �owering stage (29.44%) of T7
treatment. Nitrate content has a strong correlation with protein content and photosynthetic pigment rate as plant uses nitrates as a source of
nitrogen which is required for protein building which is an important criterion for healthy growth of plants (Hikosaka and Osone 2009). As nitrate
content decreases, the pigment concentration in the leaves of the plant decreases signi�cantly (Chaturvedi et al. 2013). In this study, the
decrease nitrate content was observed (Fig-2C) at higher FA application as FA alone does not contain nitrogen which is responsible for the
reduced plant growth.

Effect of �y ash on Nitrate Reductase (NR) Activity- Results of NR activity (Fig 2D) demonstrated a signi�cant increase (P < 0.05) at T4 (40% FA
amendment) in comparison to all treatments in all stages of plant growth. The maximum upsurge was observed for the �owering stage (91.6%)
then pre-�owering (51.31%) and post-�owering stages (48.50%). Higher level of FA amendments (80% and 100%) showed reduced NR activity in
a growth-dependent manner at all stages of plant growth. Nitrate reductase serves as the �rst enzyme catalyzing the assimilation pathway and
is involved in the reduction of nitrate to nitrite (Karwat et al. 2019). In this study, the NR activity (Fig- 2D) was found to be signi�cantly (P < 0.05)
reduced at high FA application, possible due to the disintegration of the enzyme molecules (Gupta et al. 2009). The decrease in Nitrate reductase
activity may be due to either the decline in the protein content, or because of the availability of the substrate. Similar results on NR activity
inhibition were also reported in Prosopis juli�ora L. at high FA application (Rai et al. 2004). As FA encompasses heavy metals, the inhibition of
activity of Nitrate reductase might be attributed to the constraining ability of the heavy metals as they can bind to the SH- groups of certain
enzymes (Sahay et al. 2015).

In the present study, all the biochemical parameters were found signi�cant (P < 0.05) at �owering stage, pre-�owering stage and post-�owering
stage for all FA-soil treatments. The sequence of the results indicates that due to aging of plant at post-�owering stage, it has poorer metabolic
events that resulted in lessened biochemical activity compared to younger leaves in pre-�owering stage however maximum biochemical activity
was reported in the leaves of the Calendula plant for the �owering stage suggesting the highest rate of metabolic activities (Parween et al. 2011).

Level of antioxidant enzyme activity-

The leaf samples of Calendula o�cinalis grown in different FA and soil treatments were analysed for enzyme activity by using certain
antioxidant enzymes (SOD, CAT, APX, and Peroxidase) as shown in Fig. 3. In this study, the antioxidant enzyme activities of Calendula o�cinalis
displayed signi�cant changes under various treatments of FA and soil mixture compared to control. From ANOVA results, various antioxidative
enzymes (SOD, APX, CAT and Peroxidase) were signi�cantly (P < 0.05) improved at high �y ash application. At 100% �y ash application, these
activities were found to be highest in comparison with control (garden soil). The percent increase in SOD, CAT, APX and Peroxidase activity was
202.9%, 310.4%, 432.1% and 153.74% respectively, in 100% FA treatment compared to the control. Results indicated that low FA application in
soil did not trigger oxidative stress whereas higher level of metals in FA amended soil causes disturbance in the cell membrane, cell disruption,
interrupt various metabolic processes and causes inhibition in plant growth (Panda et al. 2018). Plant tolerance to heavy metal stress is directly
associated with an upsurge in antioxidant enzymes to detoxify reactive oxygen species (Bisoi et al. 2017). This elevation in enzymatic activity
might be due to the plant defense against ROS species generated by metal ions present in FA. The same drift was observed in Chickpea grown in
various treatments of FA with soil and reported an upsurge in antioxidant enzyme activities (POD, CAT and MDA) in the roots, shoots and leaves
of the plant at high FA concentration in soil. Similar observations were also recorded in lemongrass where an increase in antioxidant enzyme
activity (APX, SOD, and GPX) was noticed to be improved under all FA treatments over control. In addition, the growth morphology viz shoot, root,
total biomass and metal tolerance index were ampli�ed at low FA (25%) as compared to control plants followed by decrease at higher
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concentration of FA (50%, and above) (Panda et al. 2018). Alteration in antioxidant enzyme activity rely upon different levels of stress, plant
species, period of stress acquaintance, tolerance degree and predominant ecological conditions (Zouari et al. 2016).

Correlation between antioxidant enzymes, photosynthetic pigments and growth parameters-

The relationship between photosynthetic pigments, growth parameters and antioxidant enzymes of leaves of calendula grown in different �y ash
soil treatments is presented in Table 4. Results in this study show positive correlations between photosynthetic pigments and growth parameters
whereas negative correlations were observed amongst antioxidant enzyme activities (SOD, CAT, APX and Peroxidase) with growth,
photosynthetic and biochemical parameters in calendula leaves. These results indicated that the antioxidant enzyme activities of calendula are
incapable to detoxify the ROS species triggered by metal ions due to increased FA concentration in soil which negatively affects growth and
biochemical parameters of plant.

Table 4

 Correlation analysis among biochemical parameters and antioxidant enzyme responses of Calendula o�cinalis

  Protein Chl a Chl b Total
Chl

Carotenoids Sugar Nitrate NR SOD CAT APX Peroxidase

Protein 1                      

Chl a .909** 1                    

Chl b .936** .984** 1                  

Total Chl .878** .922** .928** 1                

Carotenoids .909** .943** .966** .938** 1              

Sugar .870** .905** .928** .971** .906** 1            

Nitrate .903** .960** .951** .977** .934** .954** 1          

NR .931** .897** .924** .925** .961** .890** .915** 1        

SOD − .489* -0.147 -0.195 -0.169 -0.202 -0.142 -0.181 -0.365 1      

CAT − .552** -0.282 -0.324 -0.198 -0.29 -0.206 -0.264 -0.389 .896** 1    

APX − .645** -0.422 − .452* -0.338 − .456* -0.288 -0.37 − .564** .821** .779** 1  

Peroxidase − .553** -0.315 -0.318 -0.218 -0.288 -0.155 -0.275 -0.379 .823** .804** .838** 1

Chl a- Chlorophyll a; Chl b- Chlorophyll b; Total Chl- Total Chlorophyll; NR- Nitrate Reductase; SOD- Superoxide dismutase; APX- Ascorbate
Peroxidase; CAT- Catalase

**. Correlation is signi�cant at the 0.01 level (2-tailed).

*. Correlation is signi�cant at the 0.05 level (2-tailed).

Conclusion-
The major limiting aspects for Calendula growth under �y ash application are high pH, high Electrical Conductivity, high water holding capacity,
increased moisture content and elevated level of Co, Mn, Fe, Zn, Cu, Cr and Ni. Calendula o�cinalis grown in 40% �y ash amended soil not only
improved soil physiochemical properties but also increases the plant biochemical responses in comparison with control plant. Plant growth was
signi�cantly reduced at high �y ash application (80 to 100%), but also all the test plants endured at all concentration of �y ash. This variation to
�y ash and heavy metal stress can be ascribed by the enzymatic antioxidation mechanism in Calendula o�cinalis. Under higher �y ash
application, induction of antioxidative enzyme activities in studied plant shows heavy metal tolerant ability to oxidative stress. Due to the plant
adaptation to heavy metal stress from �y ash, this plant can also be used as hyperaccumulators to alleviate oxidative damage. These �nding
indicates remediation of Cr, Mn, Fe, Zn, Co, Cu and Ni from �y ash and is largely encouraging for medicinal plant species such as Calendula
o�cinalis for probable remediation of metal contaminated soil.
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FA- Fly ash,
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Figure 1

1A, 1B, 1C, 1D, 1E, 1F, 1G represents the bioaccumulation factor of Cr, Mn, Fe, Co, Cu, Zn, Ni metals in Calendula o�cinalis grown in different
combination of soil and FA. All the values are the means of three replicates (n=3).
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Figure 2

2A, 2B, 2C and 2D represents effect of FA on Sugar content, Protein content, Nitrate content and Nitrate Reductase (NR) Activity at three different
developmental stages of Calendula o�cinalis L. Data is Mean value ± S.D (n= 3). Values presented in various letters differ signi�cantly (P <
0.05) from the control values for different stages of growth as per the Duncan’s Multiple Range Test (DMRT).

Figure 3
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Changes of different antioxidant activities of Calendula o�cinalis grown under various treatments of FA and garden soil. Data are the means of
three replicates and bars denotes for SD values. Different letters are signi�cantly different at P < 0.05 from DMRT test. APX- Ascorbate
peroxidase; CAT- Catalase; SOD- Superoxide Dismutase.


