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The experiment was conducted for evaluation of the mitigating role of foliary sprayed iron sulphate for 
chromium toxicity effects on two varieties of Canola (Brassica napus L.) viz; CON-1 and Dunkled. The 
seeds of these two varieties of Canola were grown in earthern pots which were placed in Completely 
Randomized Design (CRD). Agronomic practices such as irrigation, thinning and fertilizers were applied 
to maintain the health of plants. After 30 days of germination, Chromium concentrations of 15 and 
30mg/kg soil were raised by adding CrCl3 salt. Iron was supplied foliarly as FeSO4.7H2O solution. After 
40 days of germination plants were harvested and studies for various phytochemicals determination 
were carried out. All the studied characters varied significantly under various treatments. Two varieties 
differed in their responses to different treatments except for phenolic contents of their shoots and 
flavonoid contents of their roots. Phenolic contents of shoot increased, by low and high doses of 
chromium, as 48.20% and 83.60% respectively. This enhancement was lowered to values of 34.90% 
and 58.10% respectively by applying ferrous sulphate. Of root, increases in phenolic contents by low 
and high doses of chromium were as 103.10% and 143.70% respectively. This increase was set back to 
the values of 50.60% and 73.70% respectively by ferrous sulphate. Flavonoid contents of shoot were 
enhanced by chromium as 141.20% and 182.80% respectively while the values were lowered as 
92.10% and 127.10% respectively by ferrous sulphate. As regard the flavonoid contents of root, 
chromium increased the contents as 193.20% and 275.90% respectively while ferrous sulphate set 
lowered these values to 106.70% and 148.80% respectively. Increase in alkaloid contents of shoot by 
chromium were 55.00% and 80.10% respectively. Ferrous sulphate limited these as 35.13% and 53.02% 
respectively. Alkaloid contents of root increased as 64.60% and 92.40% respectively by metal 
treatments. Under same metal treatments, accompanied by ferrous sulphate, increases were as 22.70% 
and 47.50% respectively. Metal treatments increased tannin contents of shoot by 164.04% and 251.60% 
respectively while under ferrous sulphate application this enhancement was lowered to values of 57.30% 
and 116.80% respectively. Tannin contents of root increased by low and high doses of chromium as 
172.50% and 272.10% respectively while these values were as 101.40% and 180.80% when ferrous 
sulphate was sprayed.  
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INTRODUCTION 

Agricultural soils are being contaminated with 
heavy metals from various sources like foundries, 
industries, coal burning plants, smelters etc 

http://www.isisn.org/


Khan et al.                                Chromium toxicity effects alleviation by exogenous Ferrous sulphate  

 

Bioscience Research, 2021 volume 18(3): 2054-2066                                               2055 

 

(Zahoor et al. 2018; Taved et al. 2020; Parveen et 
al. 2020; Rehman et al. 2020; Saleem et 
al.2020a).  Among major heavy metals, Pb, Cd, 
Ni, Co, Zn, Fe, Cr, As and Ag are the important 
which are mainly contaminating the agricultural 
soils. Their addition in soils not only has adverse 

effects on crop growth and productivity but also 
influence the presence of many other soil 
organisms (Nagajyoti et al.2010; Khalid et al. 
2019; Shahid et al. 2019; Saleem et al. 2020b; 
Saleem et al. 2020b). Heavy metals of soil impose 
many hazardous effects on human health through 
ecosystem food chain also (Saleem et al. 2020a; 
Zaheer et al. 2020b)  

Heavy metals when absorbed by plants or 

when present in cultivated soils, affect plant 
growth, biomass. Their presence in soil or plant 
influence the uptake and accumulation of other 
mineral elements. Heavy metals affect 
photosynthetic efficiency by altering pigments 
concentration, through gas exchange 
phenomenon or by damaging the chloroplast 
ultra-structure. The metals affect antioxidant 
machinery of both enzymatic and non-enzymatic 
types.  

Heavy metals toxicity generates Reactive 
oxygen species (ROS). For counteracting the 
ROS, plant have to synthesize antioxidants of 
enzymatic types like peroxidase (POD), 
superoxidase dismutase (SOD), ascorbate 
peroxidase (APX) and catalase (CAT) or of non-
enzymatic type as phenolics, alkaloids,flavonoids, 
tannins, anthocyanin and ascorbic acid etc (Afzal 
et al. 2020). Many remedial measures like metal 
removal, chelation, or phytoextraction have been 
practiced to improve contaminated soils (Ali et al. 
2013; Zaheer et al. 2020b). In nature, chromium 
occurs in oxidation states of 0-6 range.The most 
stable forms of these, which are absorbed by 
plants, are trivalent Cr and hexavalent Cr (Shahid 
et al. 2017). Cr(VI)  enters into plant cells actively 
by sulfate carriers (Xu et al. 2021). On the other 
hand, Cr(III) enters passively (Singh et al. 2013).  

Chromium toxicity effects on plants are 
evident at morphological, physiological and 
molecular levels (Amin et al. 2013). Metal 
tolerance in plant can be by various mechanism 
like phytoextraction, phytovolatilization, 
hyperaccumulation and phytostabilization 
(Hakeem et al. 2014; Yan et al. 2020). Plant-
microbe interaction is also an efficient strategies 
for Cr detoxification (Wu et al. 2018; Sharma et al. 
2021). In response to ROS, generated by Cr 
stress, antioxidants and defensive molecules like 
metallothionine (MTs), phytochelatins (PCs), and 

glutathione-S transferases (GSTs). These 
molecules are helpful in phytosequestration and 
compartmentalization of metal (Shanker et al. 
2004; Dubey et al. 2010; Yu et al. 2019). 

After it has been absorbed by the plant, 
adverse effects of heavy metal can be reduced by 
minimizing the availability of metal through input 
of organic and inorganic compounds (Zaheer et 
al. 2020a; Zaheer et al. 2020b). Iron(Fe) in the 
form of various fertilizers like Fe(FeSO4) and 
Fe(EDTA) is reported to have significant effects 
on metal up take and accumulation in plant 
organs (Shao et al. 2008; Rizwan et al. 2019). 
Application and absorption of non-heavy metal 
elements like iron (Fe), zinc (Zn), nitrogen (N) and 
phosphorus (P) etc decrease the uptake of heavy 
metal (Rizwan et al. 2016; Wang et al. 2021). Iron 
(Fe) plays significant roles in biochemical and 
physiological phenomenon of plants (Ghasemi et 
al. 2014). Iron is reported to reduce metals toxicity 
by promoting plant growth, pigments, electron 
transport chain elements and maintenance of 
chloroplast structure (Quresh et al. 2010; Rizwan 
et al. 2017; Wen et al. 2020). The application of 
Iron decreases the metal contents in the plant 
organs (Bashir et al. 2018; Jian et al. 2019; 
Rizwan et al. 2019; Wang et al. 2021). 
 
MATERIALS AND METHODS 

The work was performed to report the 
ameliorating potential of Ferrous sulphate in 
minimizing the chromium toxicity effects on two 
varieties of Canola (Brassica napus L.) viz., CON-
1 and Dunkled.  

Plants were grown in plastic pots of 40 cm 
diameter which were filled with loamy soil free 
from hazardous material of effluents. Soil weighed 
as 8 kilograms was filled in eah pot.  Seeds of 
Canola varieties used in the experiment  i.e., 
CON-1 and Dunkled were sourced from Ayub 
Agriculture Research Institute, Faisalabad. 
Pakistan. After 15 days of germination, the plants 
from each pot were thinned keeping three plants 
in one pot for uniform supply of resources. All 
agronomic practices were applied in accordance 
with the requirement of crop. Pots were organized 
in a Completely Randomized Design. After thirty 
days of plants germination, chromium and iron 
were applied. Chromium was applied as CrCl3 salt 
solution according to the saturation percentage of 
soil. Iron Sulphate (FeSO4.7H2O) was applied in 
the form of foliar spray.  

Followings treatments were managed for the 
experiment. 
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Control (without metal +distilled water spray); 
15mg/g Cr + distilled water spray ; 30mg/g Cr + 
distilled water spray; No metal + FeSO4.7H2O  
spray; 15mg/g Cr + FeSO4.7H2O  spray; 30mg/g 
Cr + FeSO4.7H2O  spray  

Collection of  the data 
Data for antioxidants determination were 

collected after 10 days of applications of 
treatment. Three plants from each treatment from 
both varieties were taken. Following 
methodologies were opted for shoot and root 
samples analysis. 

Determination of total Phenolic contents  
 Lister and Wilson (2001) method was 

used for phenolic contents quantification using 
FolinCioCalteu reagent. Crude extract of 50 ml 
was mixed with 0.5 ml of Folinciocalteo reagent 
and distilled water (7.5 mL). after 10 minutes, 20% 
of 1.5 mL Na2Co3 was added. The mixture was 
heated for twenty min at 40⁰C in water bath. 
Absorbance was recorded on spectrophotometer 
at 755nm absorbance.  Phenolic contents were 
quantified by the use of Gallic acid calibration 
curve (ranged 10-50 mg). 

Determination of total flavonoid contents  
 Quettier-Deleuet al. (2000) method was 

used for total flavonoids contents determination. 
Plant sample of 100 g was was soaked in distilled. 
Then added 3 ml of 5% sodium nitrate and then 6 
ml of 10% AlCl3.After that, 20ml of 1M NaOH. 
Absorbance was noted at 780 nm.  

Determination of alkaloids 

Total alkaloid contents were determined by 
Harborne (1973) method. Extract of 50.0 g of 
sample was made by mixing it in 200ml of 10% 
acetic acid in ethanol at room temperature by 
shaking on shaker at 200rpm for 4h. In the extract 
40% ammonium hydroxide (NH4OH) was added 
drop wise for precipitation and allowed to stand for 
overnight to complete precipitation. Precipites 
were oven dried at 75oC and weighed. 

Determination of total tannin contents 
Tannins were determined by Swain’s method 

[16]. In a flask, 1.0 ml of sample extract and 
added 20 ml water to dilute it and followed it by 
2.5 ml of Folin Denis reagent and 10 ml Na2CO3 

mixed well and allowed to stand it. Appearance of 
bluish green color indicated the presence of 
tannins. The absorbance was read at 760 nm on 
spectrophotometer after color development. 

Standard solutions of tannic acid of 0-10 ppm 
ranges were used for calibration curve. 

Statistical analysis 
The data were analyzed statistically by 

applying (ANOVA) techniques with two factors 
factorials.  Level of statistical significance was set 
as at (P<0.05). Means and standard deviation of 
each parameter were separated by using a test 
named as Duncan’s new multiple range test 
(Duncan, 1955). Where treatment means, variety 
mean and the interaction among them were 
significant MSTAT-C computer statistical program 
was used for LSD tests. 
 
RESULTS 

Total phenolic contents of shoot 
The present study results depicted that 

Canola grown in soil applied with chromium stress 
and iron sulphate treatment had a very highly 
significant effect on the phenolic contents of 
shoot. Non-significant differences were noted 
between treatments and varieties (Table 1). The 
varieties comparison (Table 2) revealed that 
phenolic contents of shoot were more expressed 
in Dunkled variety as compared to CON-1 variety 
by a value of 0.76%. Low and high doses of 
chromium in both CON-1 and Dunkled varieties 
increased the phenolic contents of shoot by 
values of 48.2% and 83.6% respectively. The 
varieties and treatment interactions showed that 
phenolic contentss of shoot of variety CON-1 was 
decreased due to foliar application of iron 
sulphate by a value of 52.1% and in Dunkled, the 
phenolic contents of shoot decreased due to 
application of iron sulphate by a value of 48.2%, 
whereas total phenolic contents of shoot 
increased, by 53.4% and 82.6% in CON-1 by 
supplying 15mg and 30mg chromium respectively. 
In Dunkled, phenolic contents of shoot increased 
by a value of 43.1% and 85.04% and when foliar 
iron sulphate was applied along with low and high 
doses of Cr, it increased the phenolic contents of 
shoot by a value of 34.7% and 60.8% in CON-1, 
while 35.4% and 55.9% was observed in Dunkled. 

Total phenolic contents of root 
Low and high dose of chromium induced a 

significant increase in total phenolic contents of 
root of both varieties as presented in Table 1. The 
analysis of variance showed that total phenolic 
contents of root were significantly different  
between varieties. Treatments and variety 
interactions showed the significant differences. 
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Comparison of two varieties revealed that 
phenolic contents of root  of Dunkled were more 
as compared to than that of CON 1 by a value of 
9.41%.  Significant increases in total phenolic 
contents were observed under low and high doses 
of chromium in both varieties as 103.1% and 
143.7% respectively (Table 2). Foliarly sprayed  
FeSO4 increased the phenolic contents of root by 
a value of 50.6% under low concentration of 
chromium and under high concentration of 
chromium, increase in phenolic contents of root 
was 73.7%. By comparison of treatments of two 
varieties, it was noted that phenolic contents of 
root of CON-1 was decreased due to foliar 
application of iron sulphate by a value of 28.6% 
and in Dunkled variety by a value of 29.4%. Total 
phenolic contents of root were increased by 
93.3% and 148.6% in CON-1 by supplying 15mg 
and 30mg chromium respectively. In Dunkled 
these increases were as 111.7% and 138.8% 
respectively. When foliar iron sulphate was 
applied along with low and high doses of Cr, these 
increases of phenolic contents of root were as 
62% and 84% respectively in CON-1 and 41.1% 
and 64.7% respectively in Dunkled. 

Total flavonoid contents of shoot 
The analysis of variance table showed that 

total flavonoid contents of shoot differed 
significantly among treatments and also between 
two varieties.Treatments and variety interactions 
showed non-significant differences (Table 1). 
Comparison of two varieties of Canola (Table 3) 
revealed that flavonoid contents of shoot were 
more expressed in Dunkled by a value of 7.8%. 
Mean difference of table showed that increases in 
flavonoids contents of root were observed in 
plants treated with chromium in both CON-1 and 
Dunkled as 141.2% and 182.8% respectively. 
Minimum increase in flavonoid contents of shoot 
was 18.4% by foliar application of iron sulphate. 
The low concentration of chromium increased the 
flavonoid contents of shoot by 92.1% under foliar 
application of FeSO4 and high concentration of 
chromium increased flavonoid contents of shoot 
by 127.1% with foliar application of FeSO4. 
Varieties and treatment comparison expressed 
that flavonoid contents of shoot of variety CON-1 
was decreased due to foliar application of iron 
sulphate by a value of 20.95% while in Dunkled, 
the flavonoid contents of shoot decreased due to 
application of iron sulphate by a value of 16.2%. 
Total flavonoid contents of shoot increased by 
157.1% and 201.4% in CON-1 by supplying 15mg 
and 30mg chromium respectively. While in 

Dunkled flavonoid contents of shoot increased by 
a value of 127 and 166%. When foliar iron 
sulphate was applied along with low and high 
doses of Cr it increased the flavonoid contents of 
shoot by a value of 98.09% and 139.5% in CON-
1, while 86.9% and 116.6% was observed in 
Dunkled. 

Total flavonoid contents of root 
Analysis of variance of total flavonoid contents 

of root, are given in table 1. It is clear from the 
table that total flavonoid contents of root differed 
highly significantly among treatments and there 
was non-significant difference between two 
varieties. Interactively, the difference of 
treatments for varieties were non-significant. It 
showed from the table 3 that flavonoid contents of 
root were more expressed in Dunkled variety as 
compared to CON-1 variety by a value of 1.73%. 
In both CON-1 and Dunkled varieties, low and 
high doses of chromium increased the flavonoid 
contents of root by a value of 193.2% and 275.9% 
respectively. A decrease in flavonoid contents of 
root by a value of 12.3% was noted in the two 
varieties under foliar application of iron sulphate. 
When FeSO4  was applied with low concentration 
of Chromium, increase in flavonoid contents of 
shoot was 106.7% and under high concentration 
of chromium  it was 148.8%. The Interaction 
among varieties and treatment expressed that 
flavonoid contents of root of variety CON-1 were 
decreased due to foliar application of iron 
sulphate by a value of 21.4% .In Dunkled, the 
flavonoid contents of root decreased due to 
application of iron sulphate by a value of 2.38%. 
Total flavonoid contents of root increased by 
178.5% and 252.1% in CON-1 by supplying 15mg 
and 30mg chromium respectively. While, in 
Dunkled flavonoid contents of root increased by a 
value of 209.5% and 301.5 %. When foliar iron 
sulphate was applied along with low and high 
doses of Cr,  these increases were lowered to 
values of 92.8% and 132.8% in CON-1, while 
106.7% and 148.8% in Dunkled. 

Total alkaloids contents of shoot 
Data representing the analysis of variance of 

total alkaloid contents of shoot are given in table 
1. Total alkaloid contents of shoot, differed highly 
significantly among treatments and also between 
two varieties. Treatments and variety interactions 
showed non-significant differences.Varieties 
comparison depicted that total alkaloid contents of 
shoot, was more expressed in Dunkled variety as 
compared to CON-1 variety by a value of 11.45% 
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(Table 4). Chromium applications increased the 
total alkaloid contents of shoot by a value of 
55.0% and 80.1% respectively. Decrease in total 
alkaloid contents of shoot, by a value of 15.2% in 
the two varieties were noted by foliar application 
of iron sulphate. The foliar application of FeSO4 
under low concentration of chromium increased 
total alkaloid contents of shoot by 35.13% while 
under high concentration of chromium, increase in 
total alkaloid contents of shoot was 53.02%. The 
interactions among varieties and treatment 
showed that a decrease in alkaloid contents of 
shoot of CON-1 with foliar application of iron 
sulphate was noted as 14.5% and in Dunkled as 
15.84%. An increase in total alkaloid contents of 
shoot was observed by 63.7% and 91.3% in CON-
1 by supplying 15mg and 30mg chromium 
respectively. While, in Dunkled total alkaloid 
contents of shoot, increased by a value of 47.5% 
and 70.7%. When foliar iron sulphate was applied 
along with low and high doses of Cr, these 
increses were as 34.7% and 60.8% in CON-1, 
while 35.3% and 46.3% in Dunkled. 

Total alkaloids contents of root 
Data pertaining to total alkaloids contents of 

root are presented in table 1 which summarized 
the effect of iron sulphate and chromium stress on 
two varieties of Canola. It is shown in the table 
that total alkaloid contents of root, differed very 
highly significantly among treatments and a 
significant difference between two varieties was 
noticed. A non-significant difference was noted 
among treatments and varieties. The two varieties 
comparison (Table 4 )revealed that total alkaloid 
contents of root, was more expressed in Dunkled 
variety as compared to CON-1 variety by a value 
of 4.86%. Low and high doses of chromium in 
both CON-1 and Dunkled varieties increased the 
total alkaloid contents of root, by a value of 64.6% 
and 92.4% respectively. There was observed 
decrease in total alkaloid contents of root, by a 
value of 16.8% in the two varieties under foliar 
application of iron sulphate. The foliar application 
of FeSO4 with low concentration of chromium 
increased total alkaloid contents of root by 22.7% 
and with high concentration of chromium 
increased total alkaloid contents of root, by 
47.5%. As regard the interaction among varieties 
and treatments, it could be seen that, total alkaloid 
contents of root, of variety CON-1 was decreased 
due to foliar application of iron sulphate by a value 
of 23.8%. Dunkled showed difference of 18.5% 
from their control plants in the total alkaloid 
contents of root by the application of iron 

sulphate, Total alkaloid contents of root, increased 
by 59.6% and 80.08% in CON-1 by supplying 
15mg and 30mg chromium respectively. While in 
Dunkled total alkaloid contents of root, increased 
by a value of 69.6 and 92.4%. When foliar iron 
sulphate was applied, low and high doses of Cr  
increased the total alkaloid contents of root, by a 
value of 22.2 and 43.3% in CON-1, while 23.1 and 
53.1% was observed in Dunkled. 

Total tannin contents of shoot 
Data relating to total tannin contents of shoot 

has been presented in ANOVA table 1. It is shown 
in the table that total tannin contents of shoot, 
differed very highly significantly among treatments 
and highly significant difference between two 
varieties. Effects of treatments in varieties showed 
highly significant differences. Comparison 
between two varieties revealed that CON-1 
lagged behind in total tannin contents of shoot by 
a value of 27.85% as compared to Dunkled.  Low 
and high doses of chromium increased the total 
tannin contents of shoot by a value of 164.04% 
and 251.6% respectively (Table 5). There was 
observed decrease in total tannin contents of 
shoot, by a value of 47.1% in the two varieties 
under foliar application of iron sulphate. The foliar 
application of FeSO4 with low concentration of 
chromium increased total tannin contents of shoot 
by 57.3% and with high concentration of 
chromium increased total tannin contents of 
shoot, by 116.8%. Interaction among varieties and 
treatment expressed that total tannin contents of 
shoot, of variety CON-1 was decreased due to 
foliar application of iron sulphate by a value of 
75%. In Dunkled, the total tannin contents of 
shoot, decreased due to application of iron 
sulphate by a value of 26.2%.Total tannin 
contents of shoot, increased by 162.5% and 
232.5% in CON-1 under 15mg and 30mg 
chromium respectively. While, in Dunkled total 
tannin contents of shoot increased by a value of 
162.6 and 263.6%. When foliar iron sulphate was 
applied along with low and high doses of Cr the  
increases were as 62.5 and 132.5% in CON-1, 
and 51.5 and 102.02% in Dunkled. 
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Table 1: Mean sum of squares for Phenolic contents of shoot (mg/g), Phenolic contents of root (mg/g), Flavonoid contents of shoot 
(mg/g), Flavonoid contents of root (mg/g), Alkaloid contents of shoot (mg/g), Alkaloid contents of root (mg/g), Tannin contents of shoot 

(mg/g) and Tannin contents of root (mg/g) of 40 days age Canola [Brassica napus L.) plants grown in chromium (15, 30 mg/kg soil) and 
exposed to foliar spray of FeSO4.7H2O at 15 and 30 days of age 

 
Source df MSS 

  

Phenolic  
contents 
 of shoot 

Flavonoid  
contents  
of shoot 

Alkaloid  
contents 
of shoot 

Tannin 
contents 
of shoot 

Phenolic  
contents  
of root 

Flavonoid  
contents 
of root 

Alkaloid  
contents 
of root 

Tannin 
 contents 

of root 

Treatment (T) 5 7.374*** 20.201*** 494.511*** 5.732*** 6.327*** 13.277*** 500.693*** 4.603*** 

Variety (V) 1 0.004 ns 0.934*** 121.000*** 1.550*** 0.460*** 0.027ns 18.204** 0.411** 

TXV 5 0.201 ns 0.013ns 2.533ns 0.138*** 0.105** 0.016ns 2.297ns 0.036ns 

Error 24 0.050 0.038 2.555 0.015 0.025 0.036 1.843 0.015 

Total 35         

***=  highly significant, **= significant , ns= non-significant 
 

Table 2: Means for Phenolic contents (mg/g) of 40 days age Canola [Brassica napus(L.)] plants grown in Chromium (15, 30 mg/kg soil) 
and exposed to foliar spray of FeSO4.7H2O 30 days of age [Values represent means ± SE; Values of  %age differences are 

increase(+)/decrease(-) over control or CON-1 
 

  
No metal+ 
distilled  

water spray 

15mg  
Cr+distilled 
water spray 

30mg 
Cr+distilled 
water spray 

No metal+ 
FeSO4 spray 

15mg Cr 
 +FeSO4 

spray 

30mg Cr + 
FeSO4 spray 

Variety Mean 

S
h

o
o

t 
(L

S
D

=
0

.1
5

) CON-1 2.30±0.26 3.53±0.40 4.20±0.10 1.10±0.10 3.10±0.10 3.70±0.10 2.98±1.07 

%age Difference  +53.40% +82.60% -52.10% +34.70% +60.80%  

Dunckled 2.34±0.25 3.35±0.47 4.33±0.15 1.21±0.10 3.17±0.05 3.65±0.05 3.01±1.04 

%age Difference  +43.10% +85.04% -48.20% +35.40% +55.90% +0.76% 

Treatment Mean 
(LSD=0.26) 

2.32±0.23 
[d] 

3.44±0.40 
[b] 

4.26±0.13 
[a] 

1.15±0.10 
[e] 

3.13±0.08 
[c] 

3.67±0.07 
[b] 

3.00±1.04 

%age Difference  +48.20% +83.60% -50.40% +34.90% +58.10%  

R
o

o
t 

(L
S

D
=

0
.1

1
) CON-1 

1.50±0.10 
[e] 

2.90±0.264 
[c] 

3.73±0.20 
[b] 

1.07±0.06 
[f] 

2.43±0.15 
[d] 

2.76±0.23 
[c] 

2.40±0.92 
[b] 

%age Difference  +93.3% +148.6% -28.6% +62% +84%  

Dunckled 
1.70±0.10 

[e] 
3.60±0.10 

[b] 
4.06±0.15 

[a] 
1.20±0.10 

[f] 
2.40±0.20 

[d] 
2.80±0.10 

[c] 
2.62±1.03 

[a] 

%age Difference  +111.70% +138.80% -29.40% +41.10% +64.70% +9.41% 

Treatment Mean 
(LSD=0.19) 

1.60±0.14 
[e] 

3.25±0.42 
[b] 

3.90±0.24 
[a] 

1.13±0.10 
[f] 

2.41±0.16 
[d] 

2.78±0.16 
[c] 

2.51±0.97 

%age Difference  +103.10% +143.70% -29.30% +50.60% +73.70%  

  Values sharing the same letters are similar statistically 
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Table 3: Means for Flavonoid contents (mg/g) of 40 days age Canola [Brassica napus (L.)] plants grown in Chromium (15, 30 mg/kg soil) 
and exposed to foliar spray of FeSO4.7H2O 30 days of age [Values represent means ± SE; Values of  %age differences are 

increase(+)/decrease(-) over control or CON-1 
 

  
No metal+distilled 

 water spray 
15mg Cr+distilled 

 water spray 

30mg Cr+ 
distilled 

water spray 

No metal+ 
FeSO4 spray 

15mg Cr 
+FeSO4 
spray 

30mg Cr 
+FeSO4 
spray 

Variety Mean 
S

h
o

o
t 

(L
S

D
=

0
.1

3
) 

CON-1 2.10±0.10 5.40±0.20 6.33±0.15 1.66±0.49 4.16±0.20 5.03±0.05 4.11±1.76   [b] 

%age Difference  +157.10% +201.40% -20.95% +98.09% +139.50%  

Dunckled 2.46±0.15 5.60±0.2 6.56±0.15 2.06±0.05 4.60±0.1 5.33±0.05 4.43±1.69    [a] 

%age Difference  +127.60% +166.60% -16.20% +86.90% +116.60% +7.80% 

Treatment Mean 
(LSD=0.23) 

2.28±0.23 
[e] 

5.50±0.20 
[b] 

6.45±0.18 
[a] 

1.86±0.38 
[f] 

4.38±0.27 
[d] 

5.18±0.17 
[c] 

4.27±1.71 

%age Difference  +141.20% +182.80% -18.40% +92.10% +127.10%  

R
o

o
t 

(L
S

D
=

0
.1

3
) CON-1 1.40±0.26 3.90±0.26 4.93±0.15 1.10±0.10 2.70±0.10 3.26±0.20 2.88±1.38 

%age Difference  +178.50% +252.10% -21.40% +92.80% +132.80%  

Dunckled 1.26±0.20 3.90±0.26 5.06±0.15 1.23±0.10 2.80±0.11 3.36±0.20 2.93±1.38 

%age Difference  +209.50% +301.50% -2.38% +122.20% +166.60% +1.73% 

Treatment Mean 
(LSD=6.33) 

1.33±0.22 
[e] 

3.90±0.23 
[b] 

5.00±0.15 
[a] 

1.16±0.13 
[e] 

2.75±0.104 
[d] 

3.31±0.194 
[c] 

2.91±1.38 

%age Difference  +193.20% +275.90% -12.30% +106.70% +148.80%  

Values sharing the same letters are similar statistically 

 
Table 4: Means for Alkaloid contents (mg/g) of 40 days age Canola [Brassica napus (L.)] plants grown in Chromium (15, 30 mg/kg soil) 

and exposed to foliar spray of FeSO4.7H2O 30 days of age [Values represent means ± SE; Values of  %age differences are 
increase(+)/decrease(-) over control or CON-1 

  No metal 
+distilled water spray 

15mg Cr+ 
distilled  

water spray 

30mg Cr+distilled 
water spray  

No metal 
+FeSO4 spray 

15mg Cr  
+FeSO4 spray 

30mg Cr + 
FeSO4 spray 

Variety Mean 

S
h

o
o

t 
(L

S
D

=
1
.0

0
9
) 

CON-1 23.00±2.64 37.66±1.52 44.00±2.64 19.66±1.52 31.00±1 37.00±1.00 32.05±8.90  [b] 

%age Difference  +63.70% +91.30% -14.50% +34.70% +60.80%  

Dunckled 27.33±2.08 40.33±0.57 46.66±1.52 23.00±1.00 37.00±1.00 40.00±1.00 35.72±8.40  [a] 

%age Difference  +47.50% +70.70% -15.84% +35.30% +46.30% +11.45% 

Treatment Mean 
(LSD=1.90) 

25.16±3.18 
    [d] 

39.00±1.78 
      [b] 

45.33±2.42 
   [a] 

21.33±2.16 
    [e] 

34.00±3.40 
    [c] 

38.50±1.87 
  [b] 

33.88±8.73 

%age Difference  +55.00% +80.10% -15.20% +35.13% +53.02%  

R
o

o
t 

(L
S

D
=

0
.9

3
) CON-1 22.33±1.51 35.66±0.57 42.00±1.00 17.00±1.00 27.33±2.51 32.00±1.00 29.38±8.61[b] 

%age Difference  +59.60% +80.08% -23.80% +22.20% +43.30%  

Dunckled 22.20±1.05 37.66±1.52 43.66±1.52 20.00±1.00 27.33±1.52 34.00±1.00 30.81±8.73[a] 

%age Difference  +69.60% +96.60% -9.90% +23.10% +53.10% +4.86% 

Treatment Mean 
(LSD=1.61) 

22.26±1.17 
    [e] 

36.66±1.50 
      [b] 

42.83±1.47 
   [a] 

18.50±1.87 
    [f] 

27.33±1.86 
    [d] 

33.00±1.41 
  [c] 

30.10±8.58 

%age Difference  +64.60% +92.40% -16.80% +22.70% +47.50%  

Values sharing the same letters are similar statistically 
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Table 5: Means for Tannin contents (mg/g) of 40 days age Canola [Brassica napus (L.)] plants grown in Chromium (15, 30 mg/kg soil) 

and exposed to foliar spray of FeSO4.7H2O 30 days of age [Values represent means ± SE; Values of  %age differences are 
increase(+)/decrease(-) over control or CON-1 

  
No metal+ 
Distilled 

 water spray 

15mg Cr+ 
distilled  

water spray 

30mg Cr+ 
distilled  

water spray 

No metal+ 
FeSO4 spray 

15mg Cr + 
FeSO4 spray 

30mg Cr + 
FeSO4 spray 

Variety Mean 
S

h
o

o
t 

(L
S

D
=

0
.0

8
6

) 

CON-1 
0.80±0.10 

[gh] 
2.10±0.10 

[bcd]1 
2.66±0.15 

[b] 
0.20±0.09 

[h] 
1.30±0.20 

[efg] 
1.86±0.05 

[de] 
1.49±0.85  [b] 

%age 
 Difference 

 +162.50% +232.50% -75.00% +62.50% +132.50%  

Dunckled 
0.99±0.10 

[fg] 
2.60±0.10 

[bc] 
3.60±0.10 

[a] 
0.73±0.20 

[gh] 
1.50±0.10 

[def] 
2.00±0.10 

[cd] 
1.90±1.01   [a] 

%age 
 Difference 

 +162.60% +263.60% -26.20% +51.50% +102.02% +27.85% 

Treatment 
 Mean 

(LSD=0.14) 

0.89±0.14 
[e] 

2.35±0.28 
[b] 

3.13±0.52 
[a] 

0.47±0.32 
[f] 

1.40±0.17 
[d] 

1.93±0.10 
[c] 

1.69±0.94 

%age 
 Difference 

 +164.04% +251.60% -47.10% +57.30% +116.80%  

R
o

o
t 

(L
S

D
=

0
.0

8
5

) 

CON-1 0.54±0.20 1.70±0.10 2.46±0.15 0.14±0.04 1.31±0.17 1.70±0.10 1.31±0.80   [b] 

%age 
 Difference 

 +214.80% +355.50% -74.07% +142.50% +214.80%  

Dunckled 0.83±0.05 2.00±0.10 2.60±0.10 0.14±0.01 1.43±0.20 2.13±0.05 1.52±0.85  [a] 

%age  
Difference 

 +140.90% +213.20% -83.10% +72.20% +156.60% +16.32% 

Treatment 
 Mean 

(LSD=0.14) 

0.68±0.20 
[d] 

1.85±0.18 
[b] 

2.53±0.13 
[a] 

0.14±0.02 
[e] 

1.37±0.18 
[d] 

1.91±0.24 
[b] 

1.41±0.82 

%age 
 Difference 

 +172.05% +272.10% -78.60% +101.40% +180.80%  

Values sharing the same letters are similar statistically 
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Total tannin contents of root 
Data for two chromium levels treatments and 

iron sulphate treatment for total tannin contents of 
root are given in table 1. Total tannin contents of 
root, differed highly significantly among treatment 
and varieties and highly significant differences 
were observed among treatments and varieties. 
The two varieties comparison revealed total tannin 
contents of root were more expressed in Dunkled 
variety as compared to CON-1 variety by a value 
of 16.32% (Table 5). Low and high doses of 
chromium in both CON-1 and Dunkled varieties 
increased the total tannin contents of root by a 
value of 172.05% and 272.05% respectively. 
There was observed decrease in total tannin 
contents of root by a value of 78.6% in the two 
varieties under foliar application of iron sulphate. 
Under foliar application of FeSO4, low 
concentration of chromium increased total tannin 
contents of root by 101.4% and high concentration 
of chromium increased total tannin contents of 
root by 180.8%. The interaction among varieties 
and treatment expressed that total tannin contents 
of root in variety CON-1 were decreased due to 
foliar application of iron sulphate by a value of 
74.07%. In Dunkled, the total tannin contents of 
root decreased due to application of iron sulphate 
by a value of 83.1%. The tannin contents 
increased as 214.8% and 355.5% in CON-1 by 
supplying 15mg and 30mg chromium respectively. 
While in Dunkled, the contents increased by a 
value of 140.9 and 213.2%. By foliar iron sulphate 
application these increases were as 142.5 and 
214.5% in CON-1 and 72.2% and 156.6% in 
Dunkled. 

 
DISCUSSION 

In the present studies, application of 
chromium heavy metal increased the 
concentration of antioxidants of non-enzymatic 
types while foliar spray of FeSO4 decreased the 
levels of antioxidants (Table 2-5). Increase in 
antioxidants by heavy metal treatment has been 
reported also by other researchers (Afzal et al. 
2020). Reduction in antioxidants concentration by 
Fe application might be due to fact that application 
of Fe overcomes the production of ROS 
(Kobayashi et al. 2019).  

Another reason may be that FeSO4 is 
reported to enhance other secondary metabolites 
like carotenoid and xanthophylls contents 
(Karuppaiah, 2019). Moreover, plant susceptibility 
to stress is improved by Fe nutrition (Sultana et al. 
2001; Khan et al. 2003; Cakmak, 2008).  It might 

be also due to reason that heavy metal absorption 
is reduced by sulphur present in FeSO4 (lzaguirre- 
Mayoral and Sinclair, 2005; Ghasemi- Fasaei and 
Ronaghi, 2008; Pais and Benten, 1997; Basar and 
Ozgumus, 1999). Similarly, Sawan et al. (2006) 
reported that Ferrous sulfate application reduced 
copper concentration in the leaves of plant. 
Presence of sulphur in Ferrous sulfate might be 
also responsible for phytochelatins (PCs) 
production which enable plants to enhance their 
cellular defense capacity and compartmentalize 
metal into vacuoles (Yang et al. 2019). 

It is reported that reduced glutathione (GSH) 
contents are decreased under stress conditions 
(Ramirez et al. 2013). Sulphur of ferrous sulphate 
might act as an element for synthesis of reduced 
glutathione (GSH), methionine, cysteine (Cys), 
coenzyme A, iron-sulfur (Fe-S) complexes and the 
thioredoxin system, and thus plays a vital role in 
the stress tolerance. GSH acts as a non-
enzymatic antioxidant for ROS scavenging and 
hence reduce the need of production of other 
phytochemicals like phenols, flavonoids, alkaloids 
etc (Perez et al. 2014). 

Reduction in biosynthesis of antioxidants in 
response to FeSO4 application might be due to 
spending of much energy and metabolites of plant 
for primary metabolism because Iron is 
considered crucial for many primary metabolic 
activities. Iron is involved in promoting 
photosynthesis and also plays role in chlorophyll 
biosynthesis and respiration.(Su and Miller, 1961, 
Tong et al. 1986). It enhances photosynthesis by 
stabilizing thylakoid membrane chloroplast stroma 
(Terry and Low, 1982). Iron is component of 
electron carriers of electron transport chain 
(Spiller and Terry 1980, Sandmann and Malkin, 
1983) and light-harvesting complexes  (Terry and 
Abadia, 1986). Iron application enhances growth, 
biomass and essential nutrients uptake of plant 
(Bashir et al. 2018). 

CONCLUSION 
Chromium stress increased the concentration of 
antioxidants of non-enzymatic types while foliar 
spray of FeSO4 decreased the contents of 
antioxidants. 
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