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Graphical abstract

Cd and Cr Stress

Abstract

Hydroponic experiment was conducted to evaluate the
single and combine effect of different concentration of Cd
(80 uM, 100 uM) and Cr (120 uM, 140 uM) on the seedlings
of two wheat cultivars viz. FA-08 and SH-13 commonly
grown in Hazara division of Khyber Pakhtunkhwa- Pakistan.
High dose accumulation of Cd and Cr greatly affected the
plant height and leaf number. The presence of Cd reduced
the accumulation of Cr, whereas the effect of Cr on the
accumulation of Cd depends on the concentrations of Cd
used. Different treatments of these HMs (heavy metals)
greatly fluctuate the total amount of phytochemicals in
leaves of wheat seedlings. The application of Cd and Cr
separately and in combination increased the total
phenolics in all treatments compared to control groups
which were tested on the 18" day of treatment. Highest
levels of total phenolics were recorded in FA-08 when Cd is
used in a concentration of 80uM. Flavonoid content was

high in FA-08 at level Cd+Cr:100+140uM. SH-13 also
depicted highest antioxidant activity at level Cd:80uM
against all treatments as compared to FA-08. Cd and Cr
behaved synergistically because the combined toxicity of
Cd and Cr was less than Cd or Cr alone. The current study
suggests that both wheat cultivars were tolerant to stress
of Cd and Cr up to certain limit and high concentration
reduced the contents of phytochemicals, this might cause
decrease in the wheat yield.

Keywords: Wheat, cadmium, chromium, reactive oxygen
species, antioxidants, phenolics, flavonoids.

1. Introduction

The increasing concentration of organic and inorganic
pollutants in our environment affects the soil properties
and their products (Nagajyoti et al., 2010; Ali et al., 2013).
Plants are more vulnerable to environmental stress
because of their sedentary lifestyle than other organisms
(Anjum et al. 2012). To avoid cellular damage plants, have
a complex system of enzymatic and non-enzymatic
antioxidants, to tolerate abiotic stress. Antioxidant
concentration helps the plant to resist stress and maintain
the balance between peroxidant and antioxidant reactions
(Maleva et al. 2012; Al Mahmud et al. 2017).
Phytochemicals are non-nutritional compounds having
antioxidant properties due to the OH group (Koleva et al.
2002). Phenolic compounds are one of the stress responses
and help the plant to maintain homeostasis, their adverse
effect on plants is the generation of harmful active oxygen
species, leading to oxidative stress. Phenolic contents in
cereals are influenced by types, varieties and grain parts
used. Phenolic acids and flavonoids are abundant phenolic
contents found in cereals (Zili¢ et al. 2011; Zili¢ et al. 2012).
Besides the well-studied antioxidant systems consisting of
low-molecular antioxidants and specific enzymes, effective
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antioxidant flavonoids and phenolic acids play a potential
role against stress. During heavy metal stress phenolic
compounds can act as metal chelators and on the other
hand phenolics can directly scavenge molecular species of
active oxygen (Bartwal et al. 2013).

Heavy metals (HMs) unlike organic pollutants are non-
biodegradable and persistent, enter humans through
various routes and affect their health (Wuana & Okieimen,
2011; Adrees et al. 2015). |Industrial effluents
(electroplating, paints, batteries, mining, fertilizers, and
pesticides) add cadmium (Cd) to the soil and plants uptake
it through their roots and accumulate it in their shoot (Gill
et al. 2012; Gill & Tuteja, 2011). A high concentration of Cd
reduces photosynthetic efficiency in some plants by
reducing the availability of Fe (Il) and decreases the
concentration of oxidative enzymes; superoxide
dismutase, catalase, and peroxidase in plants (Mohamed et
al. 2012). Chromium (Cr) is used in wood preservation,
leather tanning, electroplating, and steel production and
accumulates more in the plant’s roots (Al Mahmud et al.
2017). Cr (V1) is known to be carcinogenic and causes
several respiratory disorders (Kumar et al. 2013; Vajravel &
Saravanan, 2013). Heavy metals, especially Cd, Pb, and Cr
have no biological role in organisms (Plants, animals) and
are toxic to them (Adrees et al. 2015). Cr toxicity causes a
reduction in the quality of enzymes such as catalases,
peroxidases, and reductases (Cervantes et al. 2001). The
harmful or toxic substances in the environment affect
various biochemical processes in living organisms (Hakeem,
2015; Shahid et al. 2014). The consumption of
contaminated plants by humans causes many fatal diseases
including cancer (Gill et al. 2012).

Wheat (Triticum aestivum) is an important cereal crop and
a source of protein for the human population (Hithamani &
Srinivasan, 2014). Wheat is nutritionally essential and rich
in natural antioxidants and used in making food products
to improve the health of consumers and the economy. It is
an annual herb used as a staple food and comprises
essential vitamins like B, B12, A, and E that act as important
antioxidants. Whole wheat grains prevent coronary heart

Tablel. Chemical formulae and concentrations of nutrients used
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diseases and certain cancers due to their antioxidant
properties (Liangli, 2008; Shewry, 2009). Pakistan is 6% in
wheat production and 8™ in the number of the area under
cultivation and 59" in terms of yield and total calorie intake
by the population of Pakistan is about 50% (Zulfigar &
Hussain, 2014). Being a staple food in Pakistan (5" most
populous country with a population exceeding 207.77
million) wheat, an area of 8.66 million hectares, 25.478
million tons of wheat can be produced (Chandio et al. 2016;
Ali et al. 2018). In Pakistan, the high yield of wheat is
dependent on irrigation water and the use of fertilizers
(Chandio et al. 2016), so more use of fertilizers and polluted
water may be sources of HMs pollution. The present study
aimed to compare the concentration of phenolic acids and
flavonoids in two commonly cultivated wheat varieties (FA-
08 and SH-13) in the Hazara division and to evaluate the
impact of Cd and Cr stress on the concentration of these
bioactive compounds.

2. Materials and methods

2.1. Plant cultivation

Pretreated seeds of two wheat cultivars, Faisalabad -2008
(FA-8) and Shahkar-2013 (SH-13) were purchased from
agriculture extension department Abbottabad-Pakistan.
Ten grams seeds of each cultivar were sown in loamy sand
under controlled environmental temperature (18 °C) in the
greenhouse. After two weeks of germination, the seedlings
were uprooted; their roots were washed with tap water to
remove sand particles and transplanted to the hydroponic
system placed in the greenhouse.

Hoagland solution was prepared by using the standard
recipe mentioned in protocol (Hoagland and Arnon, 1950;
Sharma et al. 1995; Ghani et al. 2015) for wheat crop with
little modifications as shown in Tablel. All the salts were
autoclaved, dissolved and pH of the solution was checked
regularly which was between 6.7-7.02. Nutrient were
supplied daily except on 3™ day, on first day 1/4%
concentration of solution, which was increased to half and
full concentration on 2" and 4™ day respectively.

Chemical Formulae Concentration (uM)

Chemical Formulae Concentration (uM)

Ca (NOs), 1000 MnSO4 2.0
K2SO4 1000 ZnCl; 0.5
MgSO4 600 CuSO4 0.3
KH2P04 200 NazMOO4 0.29
CaCl, 5000 Fe-EDTA 200
H3BO3 1.0

2.2. HMs treatment

In the current study Cadmium (Cd) and Chromium (Cr)
concentrations used were 80 uM, 100 uM and 120 uM, 140
UM respectively. Nine different treatments, T1 without
heavy metals as control, Cd 80 uM, 100 uM, Cr 120 uM, Cr
140 uM, Cd + Cr: 80 + 120, Cd + Cr: 100 + 120, Cr + Cd: 140
- 80, Cr + Cd: 140 + 100 were used with complete
randomized block design in triplicates. Heavy metals were

applied after one month of seedling in an ascending order
starting from lower to higher concentration.

2.3. Morphological observations

Plant samples (two seedlings) were randomly selected
from each pot at the tillering stage after 15" day of HM
treatment. The seedlings were washed with deionized
water. A transparent ruler was used to measure the whole
length of the plant (shoot + root) in cm and leaf numbers
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were counted to note the difference between the control
and heavy metal treated seedlings. Tolerance index was
calculated by using Wilkins, (1957) method.
Toleranceindex % =
Observed value of root length in soution with metal

Observed value of root length in soution without metal

2.4. Extraction

For extraction the method described by Venkateswaran &
Pari, 2003; Omoloye et al. 2007 was followed with little
modifications. Three plants from each pot were selected
for biochemical study; leaves were collected on 18" day of
HM treatment and preserved at -20°C for two weeks.
Briefly, 0.5 gram of preserved leaves was crushed in a
mortar. The powdered material was shifted to falcon tube
containing 10 ml methanol and placed in shaker (36°C)
overnight. The next day mixture was centrifuged at
4000rpm for 10 minutes and supernatant was collected.
Additional 10 ml of methanol was added to the pellet in
falcon, vortexed and placed on a shaker for 1 hour. The
solution is centrifuged; supernatant was collected and
stored in in refrigerator at4'C until further analysis is done.

2.4.1. Total phenolics contents

Total phenolic contents (TPC) were determined by slightly
modified Folin-Ciocalteu method as described earlier
(Alves et al. 2010; Lin et al. 2011). 1.0 mL of leaf extract was
added to labelled falcon tube, followed by 1 mL Folin-
Ciocalteu reagent (1:15) solution and 2 mL of 6 % (W/V)
sodium carbonate solution and left in dark for 90 minutes.
Absorbance level was measured by using double beam UV
spectrophotometer (Model No. T80*) at 765 nm. The
experiment was done in triplicate. The final concentrations
of phenolic compounds in extract were expressed as gallic
acid equivalents (GAEs).

2.4.2. Total flavonoids contents

Aluminum chloride (AICls) method was used to determine
the flavonoids content as described by Barroso et al
(2011). Briefly, in 1.0 mL of plant extract 0.5mL (5%W/V) of
NaNOz2 solution was added and left for 5Sminutes. 0.5mL
AICI3 (10 % W/V) was added followed by 2.0 mL NaOH
solution (4 %W/V). The absorbance was measured at 510
nm using UV-Visible spectrophotometer (Model No. T80"),
was compared to the quercetin standard and was
expressed as mg quercetin equivalents per g of sample.

2.4.3. Antioxidants

DPPH scavenging activity of wheat leaves was determined
by method described previously by Aoshima et al. 2004 and
Yu et al. 2002. 4.0 mL of 0.1mM DPPH (in methanol) was
mixed with 1.0 mL leaf extract. The solution was then kept
in dark at room temperature for 30 minutes. The
antioxidant activity was determined by measuring
absorbance of the solution at 517nm by
spectrophotometer (Model No. T80*). Blank DPPH solution
was used as negative control and ascorbic acid was used as
positive control and percent inhibition was measured with
the following equation:

(Ablank - A sample)
Ablank

% Inhibition = x100

3. Result and discussion

3.1. Effects of HMs on phenotypic parameters

After 15" day of HM treatment, comparison was made
between the control and HMs treated seedlings. The
uptake of HMs caused yellowing of the leaves and stunted
growth of wheat seedlings. Cd was more toxic as compared
to Cr stress and cause stunted growth in wheat plant (Ather
and Ahmed, 2002). In the present study, it was found that
growth of both cultivars of wheat as compared to control
were more pronounced on the seedlings where the metals
were applied singly (Cd: 100uM and Cr 140 uM) The length
of the root was more affected with HMs as compared to
aerial parts. Less number of leaves were counted at high
dose of HM treatment (Figure 1). These symptoms on the
leaves of wheat cultivars due to uptake of Cr. As both
phosphate and sulphate transporters help in the uptake of
chromium, hence lead to deficiency of macronutrients (N,
K, Mg). The deficiency of these macronutrients showed the
typical nutrient deficiency toxicity symptoms (Guarino et
al. 2020; da Conceicao Gomes et al. 2017).

Il s5i3 BN

00 10

Figure 1. (A). Phenotypic comparisons between control and
singly given stress of Cd and Cr of cultivar FA-08, (B). Control and
singly given stress of Cd and Cr of SH-13, (C). Control and stress
Cd-Cr in combination form of cultivar FA-08, (D). Control and
stress Cd-Cr in combination form of cultivar SH-13.

3.1.1. Plant length

Both cultivars of wheat exhibited reduced growth when
treated with HM. This reduced growth due to fewer
numbers of leaves, stunted growth of root and stem. It was
found that the whole length of the plant is significantly
decreased with increased concentration of applied heavy
metals Cd, and Cr. This effect was more pronounced in
cultivar FA-08 as compared to cultivar SH-13. When Cd was
applied in100uM concentration, FA-08 significantly
decreased in plant length (30.5+1.50 cm) as compared to
control (38.25+1.06 cm). This plant length of FA-08 was
even decreased (29.75+0.95 cm) as compared with control
(38.25%21.06 cm) with an increase level of Cr i.e., 140uM.
Similarly, the seedling growth of SH-13 was also retorted
(33+0.90) as compared to control (37.0+0.74) with higher
concentration of Cr (Cr: 140 uM). At level Cd + Cr: 140 +
100 puM, where high dose of HMs were applied in
combination, the cultivar SH-13 showed significant
reduction in length as compared to cultivar FA-08 (Figure



2). Similar growth pattern was reported in Brassica napus
at high dose of Cd (100 and 500uM) Ali et al. 2013. It was
found that Cr in combination Cd worked both
synergistically and antagonistically depending on the type
of plant species and affects the plant growth (Khan et al.
2018). In the present study it was observed that Cd reduced
the accumulation of Cr. However, when Cr was applied
individually, it effected the plant growth significantly

Add more references and explain possible cause??
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Figure 2. Comparison of plant length between control and heavy
metals, Cd (NOs), uM/L (80, 100); K»Cr,07 uM/L (120, 140) stress
seedlings and stress of Cd + Cr in combine form to both cultivars;
FA-08, SH-13. Data are expressed as the mean  SD of three
replicates. Bars showed the significant difference between the
control and treatments by Tukey-test at P < 0.05.
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Figure 3. Comparison between control, HMs Cd, Cr stress
seedlings and Cd + Cr in combination to both cultivars, FA-08,
SH-13. Data are expressed as the mean + SD of three replicates.
Bars showed the significant difference between the control and
treatments by Tukey-test at P < 0.05.

3.1.2. Leaf number

There was an inverse effect of higher concentrations of Cd
and Cr on the number of leaves (from 5 to 4) in both
cultivars (FA-08, SH-13). The cultivar SH-13 showed more
reduction in leaf number as compared to cultivar FA-08.
The number of leaves showed no significant difference
between control and stress plants, but phenotypic
conditions (phytotoxic symptoms) showed the difference
between control and stress plants (Figure 3). The number
of leaves in wheat cultivar at (0.5, 1.0 mM) of Cr levels was
less than half of control (Sharma et al. 1995). Cd at level
100, 500uM greatly reduced the number of leaves per plant
as compared to their control group in Brassica napus, (Ali
etal. 2013).
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3.1.3. Tolerance index

Tolerance index of root showed that the cultivar FA-08
showed less reduction in length of root afterl5 days of
treatment with toxic HMs as compared to cultivar SH-13.
Root length after uptake of metals in cultivar FA-08 at levels
Cd:100, Cr:140, where stress is given singly and
Cr+Cd:140:80, Cr+Cd:140:100 showed less decreased in
length as compared to SH-13. FA-08 at level, Cd+Cr:80+120,
Cd+Cr:100+120 showed reduction in root length as
compared to cultivar SH-13. At level Cr 140uM both
cultivars showed significant difference from the control
conditions. From the observations, both cultivars were
tolerant to heavy metal because they are not fully dead but
show toxicity symptoms, stunted growth and reduction in
leaf number and leaf area (Figure 4). Tolerance index help
to know the tolerance of plant against high concentration
of metal stress over a long time period (Ghosh & Singh,
2005). Tolerance index was calculated to know the length
and biomass of stem, root and leaf, in Brassica juncea
tolerance index was increased as the concentration of Zn
was increased (Jamali et al. 2014; Chaudhry et al. 2020).
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Figure 4. Tolerance index of two cultivars FA-08; SH-13, showed
the effect of heavy metals Cd, Cr and tolerance of wheat
cultivars by measuring root length at different concentration of
metals and control was assumed as zero. Data are expressed as
the mean + SD of three replicates. Bars showed the significant
difference between the control and treatments by Tukey-test at
P <0.05.

3.2. Effect of HMs on total phenolic contents

Wheat is rich source of bio-accessible polyphenols as
compared to the other cereals (Hithamani & Srinivasan,
2014). In the present study it was found that the cultivar
FA-08 possessed the highest phenolic concentration at
Cd:100 (27.57+1.77) followed by Cd:100 (22.23+0.91) in
cultivar SH-13. When Cd and Cr were applied in
combination with each other, it was found that cultivar FA-
08 exhibited the highest concentration of phenolics
(20.83+0.62) when Cd and Cr used in a concentration of
100 uM and 120 uM respectively. However, in cultivar SH-
13, highest value of phenolics was found (20.33+1.59)
when Cr and Cd were used in a concentration of 140 uM
and 100 pM respectively. Figure 5 depicts the total
phenolic contents in both cultivars treated with Cd and Cr
alone or in combination. The stress of metals in plants is
related to the chemical nature of the HMs (Anjum et al.
2012). In was found that phenolic contents started to
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increase in both wheat cultivars with an increase in the
concentration of Cd, Cr and their combinations. According
to Marquez-Garcia et al. 2012 phenolics, flavonoids and
antioxidants started to increase, when concentration of Cd
was increased from 0, to 50 ug/g. In one other study,
phenolic contents tend to increase at 50ppm of Cd in Zea
mays plant (Kisa et al. 2016). A significant difference was
noted between control and heavy metal treated wheat
seedlings as for as total phenolics are concerned. The
different doses of Cd (80 uM and 100 uM) considerably
increased the concentration of phenolics in leaves of both
cultivars as compared to increased concentrations of Cr
(120 puM and 140 pM). Higher synthesis of phenolic
contents was observed in wheat in response to metal
toxicity. An increase of phenolics correlated to the increase
in activity of enzymes involved in phenolic compounds
metabolism was reported, under heavy metal stress
(Mallick et al. 2006). Under control conditions, both
cultivars displayed the lowest phenolic contents. the
lowest value is noted at level Cr+Cd:140+80 in case of
cultivar  SH-13  (14.32+1.39) followed by FA-08
(17.52+1.27). HMs affects polyphenol level in Albizia
procera decreased at 5ppm and increased at 10ppm in case
of Cd (Preeti and Tripathi, 2011).

)
a

30 = FA-08
SH-13

concentration mg GAE/100g FW

HMs Treatments (uM)

Figure 5. Quantification of total phenolic contents (mg GAE/100
g, FW) in the leaves of wheat cultivars via spectrophotometer.

Gallic acid was used as a standard for quantification of
phenolics in leaves of wheat cultivars, FA-08, SH-13.
Different concentrations of gallic acid ranging from 0 to 100
ppm were used to construct the standard curve. Data are
expressed as the mean * SD of three replicates. Bars show
significant difference between control and treatments by
Tukey-test at P=0.05. The equation used for polyphenols
quantification was y = 121x-1.2638. Where x is the
absorbance of sample and y is the concentration of gallic
acid and R? value determined using gallic acid as a standard
was 0.9764 (Figure 5).

3.3. Effect of HMs on total flavonoids contents

Flavonoid contents in two wheat cultivars (FA-08 and SH-
13) under control conditions were ranged from 16.5153 to
16.7222 mg/100 g FW (Figure 6). The concentration of
flavonoids was increased in both wheat cultivars as the
concentration of Cr and Cd was increased individually or in
combination.  Higher concentration of flavonoids was
recorded in cultivar SH-13 as compared to FA-08, when Cd
and Cr were applied separately. At a concentration of Cd
100 uM, the flavonoid contents (19.01+1.57) in FA-08 is
significantly different from SH-13 (27.34+1.60) whereas at

level Cr: 140 uM the flavonoids in FA-08 was significantly
lower (27.60+1.45) than cultivar SH-13 (34.49+0.38) and
also showed a significant difference from the control FA-08
(16.71+1.61), SH-3 (16.88+0.87) respectively. Total
flavonoid content was observed highest in FA-08 (42.94 +
1.03 mg/100 g) followed by SH-13 (37.77 + 1.83) at level Cr
+ Cd (140 puM + 80 uM) while the control of FA-08
(16.71£1.16) and SH-13 (16.88+0.87) were lowest in
flavonoid content. The cultivar FA-08 had higher flavonoids
concentration (42.94+1.03) when of Cd (80 uM) and Cr (140
UM) were applied in combination followed by SH-13
(37.77+1.83) and at level Cr + Cd : 140 uM +100 uM where
flavonoids contents were low in FA-08 as compared to SH-
13. At level Cd + Cr : 80 uM + 120 pM, and 100 uM +120
MM showed a significant difference between FA-08 and SH-
13 and all values in combine form of stress showed a
significant difference from the control. It was concluded
that flavonoids could rescue the growth inhibition of
seedling at different doses of HMs and when stress of Cd,
Cr was given in combine form. Flavonoids commonly found
in aerial part of plants and usually accumulate in vacuole as
glycosides. The flavonoid contents tend to increase under
biotic and abiotic stress (Gill & Tuteja, 2010). In reported
study, phenolics and flavonoids tend to increase at 2mM of
Boron (B) in tomato plant (Cervilla et al. 2012). In present
study leaf part was used for phytochemical analysis
because most of the bioactive compounds were present in
leaf part of wheat.
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Figure 6. Concentration of total flavonoid contents (mg CE/100
g, FW) in the leaves of wheat cultivars by spectrophotometer.
Data are expressed as the mean + SD of three replicates. Bars

show significant difference between cultivars and between
control and treatments by Tukey-test at P=0.05.

For the estimation of total flavonoids by
spectrophotometer among the two wheat cultivars
guercetin was used as a standard and then standard curve
was made by using different concentration of quercetin
ranging from 0 to 100 ppm. The equation used for
quantification of flavonoids was y = 492.72x-5.2677 and R?
= 0.9878. Where x is the absorbance of sample and vy is
concentration of quercetin and R? value determined using
quercetin as a standard was 0.9878 (Figure 6).

3.4. Effect of HMs on antioxidant activity

Ascorbic acid is abundant in photosynthetic cells of mature
leaves (Gill & Tuteja, 2010). Present results indicated that
cultivar SH-13 had highest antioxidant activity (47.06% +
0.11) followed by cultivar FA-08 (40.34%+ 0.20) without
HMs treatment. Both cultivars exhibited a trend in lower



antioxidant activities with an increase in the application of
Cd and Cr. Antioxidant capacity of any plant fluctuates due
to the presence of antioxidant compounds like phenolic
acid and tannins, which enhance its capacity to overcome
ROS (reactive oxygen species) and comprises of high
content of ascorbic acid, vitamin E and vitamin A (Santos et
al. 2014). The antioxidant activity was found higher when
Cd was applied singly in a concentration of 80uM in cultivar
SH-13 (61.78% + 0.83) followed by cultivar FA-08 (54.53%+
0.40). When Cr was applied in a concentration of 120 uM,
antioxidant activity was higher in cultivar FA-08
(58.2040.43) followed by SH-13 (50.72+0.30). On the other
hand, high dose of Cr (140 uM) had reduced the antioxidant
considerably and showed a significant difference between
both wheat cultivars FA-08 (30.46+0.68); SH-13 (29.0+0.80)
as compared to other Cd treated and controlled wheat
seedlings in both cultivars. Ascorbic acid plays an important
role in protection of cellular compartments against the ROS
stress, but they cannot cope with the reducing radicals such
as superoxide’s (Michalak, 2006). There was more
reduction in the antioxidant activity at high dose of Cr:140
UM, FA-08 (30.4610.68); SH-13 (29.0+0.80) as compared to
the high dose of Cd:100 uM, FA-08 (37.87+0.57), SH-13
(50.9040.22). Ascorbic acid found significantly lower in
tomato fruit when grown in heavy metal contaminated soil
as compared to virgin soil, so nutritional values are greatly
affected (Hashem et al. 2018). The significant difference
was noted between cultivars, FA-08 and SH-13 at level
Cd:100 and stress in combine form Cd + Cr: 100:120. FA-08

FAIZA RAFIQUE et al.

at control level showed a significant difference from Cd:80;
Cr:120 and Cd + Cr: 80+120. SH-13 showed a significant
difference between control and Cd:80, Cd + Cr: 80+120,
(Figure 7).

120

100

RS FA-08
80 5 SH-13

60

% Inhibition

40

20

- s & &

Ascorbic acid and different HMs treatments (uM)

Figure 7. Analysis of DPPH scavenging potential of wheat leave
extracts both cultivars.

Antioxidant activity of the leaves of two wheat cultivars
was checked against DPPH. The absorbance of DPPH and its
decolorized form was measured at 517 nm by
spectrophotometer. Ascorbic acid was used as a positive
internal control which yielded 98% + 0.1256 antioxidant
activities. Data are expressed as the mean + SD of three
replicates. Bars show significant difference between
cultivars and between control and treatments by Tukey-
test at P=0.05.

Table 2. The R values (correlation coefficients) of phytochemical compounds of the leaves of wheat exposed to heavy metal applications.

Treatments(uM)/L FA-08 SH-13

TPC TFC DPPH TPC TFC DPPH

80 0.99"" 0.97"" 0.99™" 0.99"" 0.99™ 0.96™"

100 0.99"" 0.98™" -0.93™" 0.99"" 0.77" 0.83"

120 0.98™" 0.95™" 0.98™" 0.99"" 0.99™ 0.83"
140 0.99"" 0.98" -0.99™" 0.99" 0.98 -0.95™
80+120 0.98" 1 0.92*" 0.99" 0.99"" 0.93"
100+120 0.99"" 0.99"" -0.55 0.93" 0.99"" -0.91™"
140+80 0.96" 0.95" 0.67 0.87" 0.99"" 0.67
140+100 0.99"" 1 -0.98™" 0.99" 0.99"" -0.91™"

Correlation is significant at the 0.01 (**) and 0.05 (*) level (2-tailed).

The correlation analysis among the biochemical
compounds of wheat leaves in the growth medium
containing heavy metals was performed with bivariate
(Pearson’s) correlation. We demonstrate a positive
correlation with the total phenolics and flavonoids when
the wheat is exposed to Cd and Cr, especially (p<0.01).
Likewise, there are negative correlations between
antioxidants and some treatments in wheat leaves exposed
to all heavy metal applications except a few showed a
positive correlation when heavy metal concentration was
low (Table 2).

In correlation results, it is shown that in cultivar FA-08 at a
concentration of Cd:100 and Cr:140 antioxidant decreased
showed a negative correlation (Table 2) and in the same
way Cd high concentration in combination form also
decreased the antioxidant contents and in cultivar SH-13,
the Chromium high concentration Cr:140uM decreased the

antioxidant and showed negative value Cd showed positive
correlation with antioxidant and in combination form
showed decreased in contents of antioxidants as
concentration of cadmium is 100uM and Cd+Cr:100+120,
Cr+Cd:140+100uM.

4. Conclusion

From this research study it can be concluded; wheat is an
important cereal crop and is widely cultivated in Pakistan,
exposure of HM pollution at any stage of plant growth is a
threat to living organisms when consumed. The tested
cultivars FA-08, SH-13, accumulated the HMs Cd, Cr at
different concentrations in their tissues, applied separately
and in combination and caused physiological changes.
Visual observations depicted those morphological
parameters are less affected in cultivar SH-13 as compared
to cultivar FA-08. The phenolic and antioxidant contents of
cultivar SH-13 were higher as compared to cultivar FA-08 in
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the control condition. The contents of phenolics and
flavonoids decreased as the concentration of HMs
increased in wheat cultivars. The content of chlorophyll,
carotenoids and other biochemicals can be used as
indicators under heavy metal stress conditions or
nutritional deficiencies and combine form of metals less
affected the plants as compared to when they applied
separately so these parameters can be further studied in
wheat cultivars. The study also prompts to launch an
analysis of plant which also helps to suggest a better
cultivar like SH-13 to be used in daily uptake.
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