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Abstract

In Pakistan, wheat is a major staple crop that is also considered as energy crop. At present, it has been developed as
animal fodder, malt goods and human consumption. Under the heavy metal stress, the growth and net production of wheat is
compromised. Arsenic and Chromium are known as the utmost injurious heavy metal to different cereal crops that affect their
physiological and yield attributes. In roots, high quantities of heavy metals are particularly necessary for fodder, herbal crops
and cereals. In most recent years, Zinc oxide nanoparticles are known as active entities that are commercially used to enhance
the growth, development and production of wheat crop to get economic benefits under stresses. However, in Pakistan, Zinc
oxide nanoparticles interaction in Wheat. For this purpose, pot experiments were performed to evaluate the response of Zinc
oxide nano particles under heavy metals (chromium and arsenic) stress on two wheat varieties (Aas 2011 and Faisalabad 2008)
during 2018-20. Heavy metals (Cr and As 10ppm) were added to plants as rooting medium before sowing. After 14 days of
germination, 10, 20, and 30 ppm of ZnO nanoparticles were applied one time as foliar spray. Four replications were used in
these experiments using completely randomized design (CRD). Results indicated that the applications of ZnO-NPs, reduced
the effect heavy metals including As and Cr concentration in relation to various morphological, physio-chemical, antioxidant
enzyme activities and yield parameters in two varieties of wheat. Compared to Aas (2011), variety Faisalabad (2008) showed
better performance for these attributes. Results also narrated that heavy metal (As) decreased various attributes of morphology,
physiology and yield of both wheat varieties. These findings indicated that the use of ZnO nanoparticles can improve the
biochemical, morphological, antioxidant and yield of wheat varieties under heavy metal stress. Applications of ZnO-NPs also

showed significance in lowering the toxicity of heavy metals from.
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Introduction

Cereals have a significant part in human nutrition,
whether they are used in cooking or as a source of flour
for baking. Botanically, they are a member of the grass
family (Gramineae), which also includes rye, oats, barley,
millets, sorghum, and wheat (Mir et al., 2019). In
Pakistan wheat is the fundamental food of the province of
Punjab that provide more than 70% of all the native
production. In the Punjab region of Pakistan wheat is the
principal diet, which provides higher than 75% of the
whole domestic crop yield. To generating foodstuffs for
the complete country it requires 43.7% work power.
During the winter period of 2013-2014 wheat was
cultivated on land of about 9 million hectares and
complete output 25.3 million tons (Ali et al., 2017).

Wheat is imperative cereal crop also major source of
nutrients and is widely consumed and grown in Pakistan. It
contains almost 1.5-2% fat, 60-80% protein, 2-3% mineral
matter and 2-2.5% glucose but these may differ or vary
from area to area as well as variety to variety (Munns,
2008). Wheat is a winter crop that is grown throughout
Pakistan. In Pakistan, wheat production is around 23888 kg
ha! that is very low in wheat growing regions in all over
world (Turki et al., 2012). The reason behind the less yield
of wheat include less and inequity use of fertilizer, climatic
condition of area, less fertility status of soil, deficiency of
micronutrient and macronutrient and illiteracy and
utilization of latest technology by the former (Kalhoro et
al., 2016). Wheat (Triticum aestivum) is used in several
other products for example straw particle (wood) used in

paper, hair conditioner, kitchen cabinets, ink, charcoal,
adhesive on postage stamps medical swab, milk replacer,
decomposable golf tees and Decomposable plastic intake
utensils etc. (Pathak & Shrivastav, 2015).

Heavy metal contaminants including lead, cadmium
and mercury are challenging to remove from sand and
water because they are difficult to break down chemically
into harmless constituents (Venkatachalam et al., 2017).
As it has a direct influence on ecosystem and health of
humans, Pb and Cd metal ion contamination of
agriculture and water are one of the major global issues
(Srivastava et al., 2017). The crop of wheat regained high
quantity of dense metals from drenching with
contaminated water and generate various threats to
wellness of human beings (Kishor et al., 2020). Many
dense metals across food web transmitted to different
medium due to their aggregation in agriculture products.
In the crop—soil line the bio concentration factor (BCF) of
numerous dense metals has been recognized, principally
in basic worldwide fundamental crops for example corn
and wheat (Bezie et al., 2021).

Bioscience and biomedicine utilise nanoparticles
(NPs), which are ultrafine particles with sizes between 1
and 100 nm (Salata, 2004). NPs interaction with plant and
environment is not much explored. Thul et al., (2013)
reported both positive as well as harmful effects of through
application of NPs in many crops. ZnO nanoparticles have
recently been shown to be a possible adsorbent for the
effective removal of heavy metals from aqueous solution
by Azizi et al., (2017) and Kumar et al., (2021). When
compared to bulksized particles of the same minerals, NPs



have been found to be particularly effective at removing
metallic ion pollutants from soil solutions and waste waters
because of their large surface area and surface area-to-
volume ratio (Habuda-Stanic & Nujic, 2015). Zinc oxide
nanoparticles play a significant role to promote growth and
yield of different crops (Rizwan et al., 2019). There are few
components which influence zinc oxide toxicity and zinc
availability in soil like soil type, soil pH and the plant
species (Garcia-Gomez, 2018).

Material and Methods

Pot experiments were conducted at the Botanical
Garden of University of Gujrat, Gujrat, Pakistan. Two
wheat varieties were used in this experiment i.e. Faisalabad
(2008) and Aas (2011). Plants were given arsenic as well
as chromium in the form of arsenic and chromium oxide
respectively. Treatment levels were 0 (control) and 10 ppm
by plant rooting media. ZnO nanoparticles were applied
(foliar spray) after some days of HMs stress. Early in the
morning, a hand sprayer was used to apply ZnO nano
particles. Four replicates were used in each experiment
using CRD (Completely Randomized Design). Data was
collected at the vegetative and maturity stages.
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Treatments: There were following levels of treatments:

e TO Control 0 ppm (As, Cr and ZnO-NPs)
e T1,10 ppm As

e T2,10 ppm Cr

e T3, 10 ppm ZnO-NPs

e T4, 20 ppm ZnO-NPs

e T5, 30 ppm ZnO-NPs

e T6, 10 ppm ZnO-NPs + 10 ppm As
e T7,20 ppm ZnO-NPs + 10 ppm As
e T8, 30 ppm ZnO-NPs + 10 ppm As
e T9, 10 ppm ZnO-NPs + 10 ppm Cr
e T10, 20 ppm ZnO-NPs + 10 ppm Cr
e T11, 30 ppm ZnO-NPs + 10 ppm Cr

Analytical tests: Morphological parameters such as lengths
of shoot and root were dignified with the help of iron meter
scale. Root and shoot fresh and dry weights were noted with
electric balance. Each plant's leaves were counted, and the
mean value for each plant was then determined. Using the
Carelton & Foote (1965) formula, the area of the leaf plant
was calculated. The formula used is:

Leaf length maximum x Leaf width maximum x 0.75

Area of leaf (cm?) =

Biochemical parameters including Chlorophyll a, b,
as well as carotenoid concentration are deliberated by
Arnon procedure as designated by Nazeer et al., (2020).
In Krishnaveni techniques which were elaborated by
Nazeer et al., (2020) in quality attributes such as
carbohydrates were determined. Total soluble proteins
were calculated by Lowery et al.,, (1951) method.
Antioxidant activities such as Superoxide dismutase
(SOD) was detected through estimating restriction in
nitroblue tetrazolium photo reduction according to
Giannopolitis and Ries method as used by Ullah et al.,
(2015). Catalase (CAT) was determined by Aebi method
as used by Aziz et al., (2014). Peroxidase (POD) activity
was recorded as described by Hussain et al., (2020) using
the Chance and Machly procedure. By using the free
radical scavenger and lipid peroxidation analysis proline
contents of leaf was calculated. Bates ef al., (1973)
method was used to measure the proline contents of leaf.
Total phenolic contents (TPC) were measured with the
help of Folin Ciocalteu's method (Yim et al., 2010) using
Gallic acid as the standard. For the examination of
Glycine betaine, completely developed uppermost leaves
from plants growing under normal and water-stressed
circumstances were taken, and Grieve & Grattan (1983)
procedure was followed.

To calculate the yield, seeds of each plant were
weighed by electronic balance manually. Afterwards
average value was determined. Spikes numbers on each
plant was analyzed and calculate their mean value after that
utilized it for further work.

Green synthesis of ZnO nanoparticles: In University of
Gujrat in Pakistan, fresh Aloe vera leaves were gathered.

(Correction factor = 0.75)

Small leaf bits were cut. Using electrical balancing, 35g
of cut components were weighed. These leaves were
boiled in 100ml of pure water. Purification and storage of
the recovered substance followed. 30 ml of Extract of
Aloe vera was utilised as a reducing agent to convert zinc
nitrate into ZnO-NPs. This is why 3g of zinc-nitrate was
added to Aloe vera extract. The sample was then placed
at 60°C while being stirred magnetically until it dried.
The powder has been dried in a furnace at 400 degrees to
eradicate any moisture (Manohar et al., 2021). The
structural and morphological characteristics of the sample
were categorized using XRD, SEM and FTIR
spectroscopy techniques.

Statistical analysis

Using Ministat-C software, data were exposed to
ANOVA for 27 variables along with 2 factors, namely
years, locations, and means were associated through the
Tukey's HSD test at P value of 0.05, having confidence
interval of 95% (Silverman, 2018). Pearson's correlation
coefficients were calculated from various attributes using
MS-Excel (Version-2013).

Results and Discussion

Morphological characters: Data pertaining to
morphological parameters of two wheat varieties have
been presented in Tables 1 & 2. Means squares from
ANOVA specified that ZnO nanoparticles effect on
heavy metal stressed plants on shoot and root length
presented significant results (p<0.05) in (Table 1).
However, the variation among Variety X Years showed
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non-significant (p>0.05) outcomes. The highest length
of shoot (cm) was observed in Faisalabad (2008) at T5
(ZnO 30 ppm) and low length (cm) was noted at T1 in
Aas (2011) in 2019 as compare to 2020. Effect of heavy
metal (10 ppm Cr) in combination with 10, 20, 30 ppm
ZnO nanoparticles gave the best results of shoot length
as compare to control (Fig. 1A). Maximum root length
(cm) was recorded at T1(As 10ppm) in Aas (2011) in
2019 and minimum was at ZnO 10 ppm + As 10 ppm in
Aas (2011) in 2020 (Fig. 1B). Ahmad and Gupta (2013),
Pandey et al., (2016) and Praveen et al., (2018) have
previously demonstrated the harmful effect of As on
shoot and root lengths of mustard and rice crops, which
might be connected to heavy metal-mediated
disturbances in balance of water or mobilization of
nutrient, one of the main factors in the decline in plant
development caused by heavy metal stress is that it
causes water balance to be disturbed, which creates a
water deficit. There were also highly significant results
(p<0.05) of fresh and dry weight of shoot and root on
the effect of as and Cr and ZnO nanoparticles treated
plants at both years. On the other hand, the interaction
between Variety x Year, Treatment X Year, Variety X
Treatment x Year gave non- significant (p>0.05) results
(Table 1). It is remarkable to note that foliar application
of ZnO NPs alone as well as with heavy metals, the
weight of fresh shoot (g) decreases as compare to control
at both years. However, maximum dry weight of shoot
(g) was obtained at the ZnO nanoparticles addition along
with different concentration of Chromium as compare to
control at both years (Fig. 1C & D). Results from Fig. 2

A & B narrated that application of ZnO nano particles
alone gave highest weight (g) of fresh root at both years
as compare to control while maximum dry weight of root
was recorded at ZnO 20 ppm + Cr 10 ppm in Aas (2011)
in 2019. Arsenic toxicity has an effect on soybean plant
growth in terms of shoot length as well as fresh and dry
shoots and roots weights (Ahmad et al., 2020). These
findings support Jung et al., (2017) findings in As-
stressed rice seedlings. Data from Means square study
presented the influence of heavy metals as well as ZnO
nanoparticle on number of leaves also leaf area of two
varieties of wheat were highly significant (»<0.05) with
its interactions. However, varietal response to leaf areca
showed non-significant (p>0.05) outcomes (Table 2).
Foliar application of ZnO (10, 20, 30 ppm) nanoparticle
alone on two varieties of wheat gave best finding on leaf
area and number of leaves at Faisalabad (2008) on both
2019 and 2020 years. Minimum results of number of
leaves and leaf area were obtained on those plants in
which heavy metals were applied individually and
combination with ZnO Nanoparticles. Heavy metal
Arsenic gave poor results on all morphological
parameters of two varieties of wheat either singly or
combination with ZnO nanoparticles effected wheat
varieties. Abedin, et al., (2002) found that as toxicity
inhibited rice development, which is similar to our
findings. Arsenic is thought to interfere with metabolism
by reacting with the thiol groups of enzymes. Cell cycle
capture and DNA synthesis inhibition and repair
pathways have been proposed as causes of arsenic-
mediated growth suppression (Ghiani et al., 2014).

Table 1. Means squares (MS) from ANOVA for morphological characteristics of two varieties of wheat (Zriticum aestivum L.)
when exposed to foliar treatment of ZnO nanoparticles under stress of arsenic and chromium.

Source df MS of shoot MS of root  MS of §hoot MS of_shoot MS of_root MS of root
length (cm) length (cm) fresh weight (g) dry weight (g) fresh weight (g) dry weight (g)
Variety 1 2.205 * 0.002%*** 0.869%*** 0.0004ns 0.0001*** 0.0003**
Treatment 11 34355 #** 0.001 %% 7.349%%% 0.001** 0.0003%** 0.0002%**
Year 1 84.614 *** 0.000 * 0.850%** 0.0120%%** 0.0001* 0.0005**
Variety x Treatment 11 2.496] *** 0.001 %% 1.187%** 0.0003ns 0.0001 *** 0.0002%**
Variety x Year 1 0.0507 ns 0.000 ns 3.569%** 0.0005ns 0.0000ns 0.0001*
Treatment x Year 11 4.6400 *** 0.0002* 1.754%%%* 0.0009** 0.0000ns 0.00005ns
Variety x Treatment x Year 11 2.7709 *** 0.0001ns 1.186*** 0.0004ns 0.00003ns 0.00006ns
Error 144 0.6366 0.0001 0.03482 0.0003 0.000 0.00004
Total 191 665.430 0.065608 136.559 0.089728 0.011203 0.013084

ns=Non-significant; *,** *** Significant at 0.05, 0.01 and 0.001, respectively

Table 2. Means squares (MS) from the analysis of variance (ANOVA) for morphological and physiological attributes
of two different varieties of wheat (Triticum aestivum L.) when subjected to foliar treatment of ZnO
nanoparticles under arsenic and chromium stress.

Source ar MS of leaf MS of number MS of Chl a MS of Chlb  MS of carotenoid
area/plant (cm?) of leaves (mg/g) (mg/g) content (mg/g)

Variety 1 72.459%** 0.6302ns 0.00002%** 0.0001*** 0.25517%**
Treatment 11 45.424%%* 12.789%** 0.00008*** 0.0003*** 0.22774%%*
Year 1 147.420%** 30.880%** 0.00003 *** 0.0000%** 1.44500%**
Variety x Treatment 11 105.239 *** 4.6529%** 0.00003*** 0.00005%** 0.03334%**
Variety x Year 1 34315 ** 3.7969* 0.00001*** 0.0000ns 0.04872*
Treatment x Year 11 9.901*** 2.6520%** 0.00005%%** 0.0000ns 0.06430%**
Variety x Treatment x Year 11 7.630%* 1.9332%%* 0.00005%** 0.0000ns 0.02249%**
Error 144 2.863 0.7899 0.000001 0.000003 0.00798
Total 191 2516.66 391.370 0.002722 0.004807 6.72497

Ns = Non-significant; *,** ***_ Significant at 0.05, 0.01 and 0.001, respectively
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Fig. 1. Morphological attributes of two different wheat varieties (7riticum aestivum L.) when subjected to foliar treatment of ZnO nanoparticles
under stress of arsenic and chromium. (A) Shoot length, B) Length of root, (C) Fresh weight of shoot, (D) Dry weight of shoot.
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Fig. 2. Morphological attributes of two wheat varieties Triticum aestivum L. when subjected to foliar treatment of ZnO nanoparticles under arsenic
and chromium stress. (A) Root fresh weight (g) Root fresh weight (g), (B) Root dry weight (g), (C) Number of leaves, (D) Leaf area/plant (cm?).
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Physiological characters: Data from ANOVA for the
influence of heavy metals combination with ZnO NPs on
photosynthesis pigments including chlorophyll a, b and
carotenoids have been illustrated in Table 2. Means
squares analysis exposed that impact of heavy metals and
ZnO NPs on photosynthetic pigments were highly
significant (p<0.05) on wheat at both years. The
interaction between varieties, year and treatments also
gave highly significant results. Maximum contents of
chlorophyll a and b (mg/g) were observed in Faislabad
(2008) at T11 (ZnO 30 ppm + Cr 10 ppm) and minimum
contents (mg/g) were present in Aas (2011) at T1 (10
ppm As) at both years (Fig. 3A & B). However, highest
contents of carotenoids were noted at Faislabad (2008) at
T11 (ZnO 30 ppm + Cr 10 ppm) in 2019 and T10 (ZnO
20 ppm + Cr 10 ppm) in 2020 and lowest content were
recorded in T2 (20ppm As) at both years (Fig. 3C). Under
As stress, soybean decreased the photosynthetic
attributes in the plants. Arsenic has a decreased
bioavailability because it affects nitrogen metabolism.
Arsenic stress decreases nitrogen's bioavailability
because it is a crucial component of chlorophyll,
reducing a plant's chlorophyll concentration. Arsenic
could be one of the primary causes of plants' reduced
photosynthetic rate when it is present (Rahman et al.,
2007). Our findings of reduced pigments of
photosynthesis and their rate are in agreement with
earlier reports on a range of various arsenic-stressed
plants (Namjoyan et al., 2020). Our findings support
Ahmad et al., (2020), findings that treatment of ZnO-NP
boosted rice plants' photosynthetic rates. This may be
connected to metal nanoparticles' capacity to raise the
synthesis of pigments, plant quantum yield, and the
formation of chemical energy in the system of
photosynthesis (Li et al., 2020). Means square from
ANOVA specified that heavy metals influences and ZnO-
NPs on carbohydrates content gave significant results on
all varieties of wheat. However, its interaction presented
non-significant  results  (Table 3).  Graphical
representations showed that highest contents of
carbohydrates were noted at foliar spray of Zno
nanoparticles (20ppm) at Aas (20111) at 2020 year.
Overall results also narrated that application of ZnO
nanoparticles gave best outcomes as compare to other at
both years (Fig. 3D).

Antioxidant activities: Antioxidant enzyme activities on
wheat varieties were present in (Table 3). Means square
demonstrated the results of heavy metals and ZnO NPs
impact on antioxidant enzymes activities such as catalase,
peroxidase and superoxide dismutase were highly
significant (»p<0.05) on all varieties of wheat at both years
with its interaction. While response of years on peroxidase
activities showed non-significant (p>0.05) outcomes.
Significant contents of catalase activities (Units/mg
protein) were recorded at Cr (10ppm) in combination with
ZnO nanparticles (10, 20, 30ppm) and lowest contents
were noted in control in 2019 at both varieties (Fig. 4A).
Maximum peroxidase contents (Units/mg protein) were
present in ZnO application with heavy metal (Cr)

combination at Faislabad (2008) in 2019 year while
minimum content was noted at control at both varieties
(Fig. 4B). Highest contents of superoxide dismutase
(Units/mg protein) were noted at ZnO nanoparticles (30
ppm) application signally and combination with heavy
metal (10 ppm Cr) and low contents were observed at
heavy metals application on both years at both varieties
(Fig. 4C). Increased antioxidant enzyme activity against
oxidative stress has also been connected to over-
expression of the SOD, POD, and CAT isozymes
(Talukdar, 2013). Similar results were reported when
soybean plants (As-stressed) were supplemented with
ZnO-NPs, which boosted defensive enzymes activity. The
increased SOD, CAT, and POD activities caused by ZnO—
NP in As-stressed soybean plants in accordance to findings
of (Venkatachalam et al., 2017) in Leucaena leucocephala
seedlings under heavy metal stress. Many authors have
found increased SOD, CAT and POD activities produced
by ZnO-NP in many plants, including Tripathi et al.,
(2015) in Pisum sativum, Hernandez-Viezcas et al., (2011)
in Prosopis juliflora, and Krishnaraj et al., (2012) in
Bacopa monnieri. For example, Tripathi et al., (2015) in
Pisum sativum, Hernandez-Viezcas et al., (2011) in
Prosopis juliflora and Krishnaraj et al., (2012) in Bacopa
monnieri all discovered elevated SOD, CAT, and POD
activities induced by ZnO-NP in numerous plants. The
plants were helped by these elevated antioxidant activities
to scavenge the extra ROS produced in response to
stressful stimuli.

Biochemical characters: ANOVA results on biochemical
attributes (Phenolics, proline, Glycine Betain and Total
Soluble Protein) on wheat varieties were presented in table
3 and 4. Means square results indicated that influence heavy
metals plus ZnO NPs in biochemical attributes showed
highly significant (p<0.05) results on all varieties of wheat
at both years with highly significant interaction. Highest
value of phenolic contents (mg/g f. wt) were obtained at
ZnO (10, 20, 30ppm) application along with heavy metal
(10ppm Cr) supplement in Faisalabad (2008) and less
amount were detected in control and heavy metals
application at both years (Fig. 5A). Maximum proline
contents were indicated in Aas (2011) at both years at ZnO
nanoparticles application in combination with heavy metals
(Cr and As) and control and lowest at heavy metal stressed
plants (Fig. 5B). Higher glycine butain concentration were
obtained at T11 (30ppm ZnO + 10ppm Cr) at both varieties
of wheat at both years and lowest contents were noted at
control (Fig. 5C). Arsenic stress increased proline
accumulation in soybean plants, according to studies by
Choudhury et al., (2011) in Oryza sativa and Ahmad et al.,
(2020) in Withania somnifera. Proline and GB collection is
increased, which protects biochemical procedures,
improves ROS scavenging as well as preserves redox
homeostasis and enzyme functioning (Jan et al., 2020).
Proline and GB, according to Samanta et al., (2021), assist
sustain antioxidant of plants and glyoxalase systems,
boosting stress tolerance. According to Al Mahmud et al.,
(2018), GB and GSH aid in metal chelation, which lowers
the harmful consequences of metal stress. Significantly
increase in protein contents were noted in ZnO 30 ppm + As
10 ppm in Faisalabad (2008) and decrease in Aas (2011) at
ZnO 10 ppm at both years (Fig. 5D).
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(D) Total Carbohydrate mg/g plant.

Table 3. Means squares (MS) from the analysis of variance (ANOVA) for antioxidant activities and biochemical attributes of two varieties of
wheat (Triticum aestivum L.) when subjected to foliar treatment of ZnO nanoparticles under arsenic and chromium stress.

Source MS of catalase MS of peroxidase MS of sup(_erpxide— cartl:gksly%frate MS of phenolics MS of proline
activity (CAT)  activity (POD) dismutase activity (SOD) contents contents contents
Variety 1 0.0854*** 0.0941%** 0.0077*** 0.0070** 0.1184%%%* 0.0034***
Treatment 11 0.0728%** 0.0628%** 0.0207%** 0.0042%*x* 0.0223%%* 0.0003***
Year 1 0.1676%** 0.000063ns 0.0149%%** 0.00002ns 0.0028%** 0.0018%**
Variety x Treatment 11 0.0039%** 0.0027*** 0.0038%** 0.00099ns 0.0008*** 0.0001%**
Variety X Year 1 0.0266%** 0.0427%** 0.2233%%%* 0.00089ns 0.0054%%*%* 0.00002*
Treatment x Year 11 0.0091*** 0.0036%** 0.0024%%*%* 0.00211%* 0.0008%%** 0.00001**
Variety x Treatment x Year 11 0.0008*** 0.0025%** 0.0022%** 0.0008ns 0.0017%** 0.00001%*%*
Error 144 0.000030 0.000060 0.000021 0.000948 0.000023 0.000005
Total 191 1.23945 0.934993 0.570581 0.235338 0.413332 0.011782

Ns = Non-significant; *,** ***_Significant at 0.05, 0.01 and 0.001, respectively

ZnO analysis

FTIR of ZnO nano particles: The investigation of Zn-O
nanoparticles in wheat plants exposed to heavy metal stress
was displayed in Fig. 6A. The FTIR was employed to
examine the structural bond found in the ZnO produced
sample. ZnO nanoparticles were found to have FTIR
spectra in the 4000-500 cm™' range. The peaks seen in the

500-1000 cm™ area were identified as the extended modes
of ZnO nanoparticles. The peak at roughly 9705 cm™! was
created by the hydroxyl group of water molecules that were
absorbed. The peaks around 14415 and 15523 cm™! were
produced by COC and OH bonds. The surface of the ZnO
nanoparticles contains attached H>O molecules, and this
caused an exceptional peak seen at 317877 cm™ to be
attributed to OH group extending vibration.
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SEM of ZnO nano particles: The superficial morphology
of a prepared sample of Zn-O nanoparticles was examined
using scanning electron microscopy, as shown in Fig. 6B.
The homogeneous and consistently dispersed ZnO nano
particles were clearly visible in the microscopy photos.

XRD analysis of Zn-O nano particles: The structural
phases and crystals of Zn-O nanoparticles generated with
extract of Aloe vera were validated by X-ray diffraction
analysis, and the pattern was reported in the 200-600
range, as shown in Fig. 6C. The lattice planes (100), (002),
(101), (102), (110), (103), (200), (112), (201), (004), and
(202), respectively, are represented by the angles (200) of
25.30, 36.10, 37.50, 41.50, 42.30, 45.20, 46.10, and 47.20
in this design.

Yield attributes: Data presented in Table 4 shown the heavy
metals effect and ZnO NPs on yield attributes of two varieties
of wheat at both 2019 and 2020. Means squares results
observed that response of heavy metals and ZnO NPs on
weight of seed and spikes number of two wheat varieties
showed non-significant (p>0.05) results whereas response of
varieties as well as years showed highly significant (p<0.05)
outcomes. Increase in yield might be due to enhanced
photosynthesis activities which produced healthy biomass that
also resulted better yield of wheat. These findings are similar
to those of Rizwan et al., (2017), who found that applying
ZnO-NP to Cd-stressed maize plants significantly increased
growth. In several other species, including Leucaena
leucocephala, ZnO-NPs application has been shown to
decreased oxidative stress caused by heavy metal
(Venkatachalam et al., 2017) (Fig. 7).

Table 4. Means squares (MS) from the analysis of variance for the biochemical and yield parameters of two varieties
of wheat when subjected to foliar treatment of ZnO nanoparticles under arsenic and chromium stress.

Source df MS of gl.ycine MS of total soluble MS O_f seed MS of number of
betain protein weight spike/plant
Variety 1 0.1196%*** 0.266%** 1 09.505%** 5.3333%
Treatment 11 0.0096*** 0.660%** 4.426ns 0.3049ns
Year 1 0.0051%** 0.0005* 312.630 *** 16.3333***
Variety x Treatment 11 0.0042%%** 0.029%** 28.062%** 0.2992ns
Variety X Year 1 0.0053**%* 0.0003ns 0.880ns 6.0208**
Treatment X Year 11 0.0014%*** 0.0011*** 14.323* 0.1629ns
Variety x Treatment x Year 11 0.0013%** 0.0018%** 11.573ns 0.1686ns
Error 144 0.00004 0.0001 7.686 0.7847
Total 191 0.3207 1.301 2171.99 150.979

Ns = Non-significant; * ,** ***Significant at 0.05, 0.01 and 0.001, respectively

Conclusion

It was concluded that the toxicity of heavy metals (As
and Cr) in wheat plants was effectively decreased using
different doses of ZnO-NPs. Therefore, the use of ZnO-
NPs can be effective to cultivate wheat crop in heavy
stressed soils. As a result, nanoparticles can enhance crop
enactment via lowering toxicity of as and Cr.

References

Abedin, M.J., J. Feldmann and A.A. Meharg. 2002. Uptake
kinetics of arsenic species in rice plants. Plant Physiol.,
128(3): 1120-1128.

Ahmad, M.A. and M. Gupta. 2013. Exposure of Brassica juncea (L.)
to arsenic species in hydroponic medium: comparative analysis
in accumulation and biochemical and transcriptional alterations.
Environ. Sci. Poll. Res.,20(11): 8141-8150.

Ahmad, P., N.M. Alyemeni, A.A. Al-Huqail, A.M. Alqahtani, L.
Wijaya, M. Ashraf and A. Bajguz. 2020. Zinc oxide
nanoparticles application alleviates arsenic (As) toxicity in
soybean plants by restricting the uptake of as and modulating
key biochemical attributes, antioxidant enzymes, ascorbate-
glutathione cycle and glyoxalase system. Plants, 9(7): 825.

Ahmad, P., P. Alam, H.T. Balawi, H.F. Altalayan, A.M. Ahanger
and M. Ashraf. 2020. Sodium nitroprusside (SNP) improves
tolerance to arsenic (As) toxicity in Vicia faba through the
modifications of biochemical attributes, antioxidants,
ascorbate-glutathione cycle and glyoxalase cycle. Chemos.,
244: 125480.

Al Mahmud, J., M. Hasanuzzaman, K. Nahar, B. M. Bhuyan and
M. Fujita. 2018. Insights into citric acid-induced cadmium

tolerance and phytoremediation in Brassica juncea L.:
Coordinated functions of metal chelation, antioxidant
defense and glyoxalase systems. Ecotox. Environ. Safety,
147: 990-1001.

Ali, S.A., L. Tedone and G. De Mastro. 2017. Climate variability
impact on wheat production in Europe: Adaptation and
mitigation strategies. In Quantification of Climate
Variability, Adaptation and Mitigation for Agricultural
Sustainability, Springer. Cham., 251-321.

Aziz, A., A. Wahid and M. Farooq. 2014. Leaf age and seasonality
determines the extent of oxidative stress and induction of
antioxidants in lemongrass. Pak. J. Agric. Sci., 51(3): 659-64.

Azizi, S., M. Mahdavi Shahri and R. Mohamad. 2017. Green
synthesis of zinc oxide nanoparticles for enhanced
adsorption of lead ions from aqueous solutions: equilibrium,
kinetic and thermodynamic studies. Molecules, 22(6): 831.

Bates, L.S., PR. Waldren and D.I. Teare. 1973. Rapid
determination of free proline for water-stress studies. Plant
and Soil, 39(1): 205-207.

Bezie, Y., M. Taye and A. Kumar. 2021. Recent advancement
in phytoremediation for removal of toxic compounds. In
Nano biotechnology for Green Environment, CRC Press.
pp. 195-228.

Choudhury, B., S. Chowdhury and K.A. Biswas. 2011.
Regulation of growth and metabolism in rice (Oryza sativa
L.) by arsenic and its possible reversal by phosphate. J. Plant
Interact., 6(1): 15-24.

Garcia-Gomez, C., S. Garcia, A.F. Obrador, D. Gonzalez M.
Babin and M.D. Fernandez. 2018. Effects of aged ZnO NPs
and soil type on Zn availability, accumulation and toxicity to
pea and beet in a greenhouse experiment. Ecotox. Environ.
Safety, 160: 222-230.



10

Ghiani, A., P. Fumagalli, T. Nguyen Van, R. Gentili and S.
Citterio. 2014. The combined toxic and genotoxic effects of
Cd and as to plant bioindicator Trifolium repens L. PLOS
One, 9(6): 9239.

Grieve, C.M. and R.S. Grattan. 1983. Rapid assay for
determination of water soluble quaternary ammonium
compounds. Plant Soil, 70(2): 303-307.

Habuda-Stanic, M. and M. Nujic. 2015. Arsenic removal by
nanoparticles: A review. Environ. Sci. Poll. Res., 22(11):
8094-8123.

Hernandez-Viezcas, J.A., H. Castillo-Michel, D.A. Servin, R.J.
Peralta-Videa and L.J. Gardea-Torresdey. 2011.
Spectroscopic  verification of zinc absorption and
distribution in the desert plant Prosopis juliflora-velutina
(velvet mesquite) treated with ZnO nanoparticles. Chem.
Engineering J., 170(2-3): 346-352.

Hussain, K., S. Anwer, K. Nawaz, F.M. Malik, N. Zainab and A.
Nazeer. 2020. Effect of foliar applications of IAA and GA3
on growth, yield and quality of Pea (Pisum sativum L.). Pak.
J. Bot., 52(2): 447-460.

Igbal, I. and K.H. Bhatti. 2021. The combined effect of ZnO nano
particles and toxicity of heavy metals (arsenic and
chromium) on the morphological, biochemical attributes of
wheat (Triticum aestivum L.) as well as soil and water
properties. Appl. Ecol. Environ. Res., 20(4): 2897-2912.

Jan, S., A. Noman, C. Kaya, M. Ashraf, N.M. Alyemeni and P.
Ahmad. 2020. 24-Epibrassinolide alleviates the injurious
effects of Cr (VI) toxicity in tomato plants: Insights into
growth, physio-biochemical attributes, antioxidant activity
and regulation of Ascorbate—glutathione and Glyoxalase
cycles. J. Plant Grow. Reg., 39(4): 1587-1604.

Kalhoro, N.A., I. Rajpar, A.S. Kalhoro, A. Ali, S. Raza and M.
Ahmed. 2016. Effect of salts stress on the growth and yield of
wheat (Triticum aestivum L.). Amer. J. Plant Sci., 7(15): 2257.

Kaya, C., M. Ashraf, N.M. Alyemeni and P. Ahmad. 2020.
Responses of nitric oxide and hydrogen sulfide in regulating
oxidative defence system in wheat plants grown under
cadmium stress. Physiol. Plant., 168(2): 345-360.

Kishor, D.R., S. Moses and M. Kumar. 2020. Study of Important
Insecticide Samples. Agric. & Food: E-Newsletter, 2(8):
556-57.

Krishnaraj, C., G.E. Jagan, R. Ramachandran, M.S. Abirami, N.
Mohan and T.P. Kalaichelvan. 2012. Effect of biologically
synthesized silver nanoparticles on Bacopa monnieri (Linn.)
Wettst. plant growth metabolism. Pro. Biochem.,47(4): 651-658.

Kumar, J., S. Kumar, S. Mishra and K.A. Singh. 2021. Role of
zinc oxide nanoparticles in alleviating arsenic mediated
stress in early growth stages of wheat. J. Environ. Biol., 42:
518-523.

Li, D., W. Li, H. Zhang, X. Zhang, J. Zhuang, Y. Liu and B. Lei.
2020. Far-red carbon dots as efficient light-harvesting agents
for enhanced photosynthesis. Appl. Mater. Interfaces,
12(18): 21009-21019.

Lowery, O.H., J.N. Rosebrough, L.A. Farr and J.R. Randall. 1951.
Assay of Protein, the original method. J. Biol. Chem., 193: 265.

Manohar, A., J. Park, D.D. Geleta, C. Krishnamoorthi, R.
Thangam, H. Kang and J. Lee. 2021. Synthesis and
characterization of ZnO nanoparticles for photocatalysis,
antibacterial and cytotoxicity in kidney cancer (A498) cell
lines. J. Alloys Comp., 874: 1-15.

Mir, N.A., B. Yousuf, K. Gul, S.C. Riar and S. Singh. 2019. Cereals
and Pseudocereals: Genera Introduction, Classification, and
Nutritional Properties. In: Food Bioactives, Apple Academic
Press. pp. 281-322.

Munns, R. and M. Tester. 2008. Mechanisms of salinity tolerance.
Ann. Rev. Plant Biol., 59: 651-681.

IQRAIQBAL ETAL.,

Namjoyan, S., A. Sorooshzadeh, A. Rajabi and M. Aghaalikhani.
2020. Nano-silicon protects sugar beet plants against water
deficit stress by improving the antioxidant systems and
compatible solutes. Act. Physiol. Plant.,42(10): 1-16.

Nazeer, A., H. Khalid, H. Ahmad, N. Khalid, B. Zobia and A.S.
Syed. 2020. Influence of Foliar Applications of [AA, NAA
and GA3 on Growth, Yield and Quality of Pea (Pisum
sativum L.). Ind. J. Agri. Res., 54(6): 699-707.

Pandey, C., E. Khan, M. Panthri, D.R. Tripathi and M. Gupta.
2016. Impact of silicon on Indian mustard (Brassica juncea
L.) root traits by regulating growth parameters, cellular
antioxidants and stress modulators under arsenic stress.
Plant Physiol. Biochem., 104: 216-225.

Pathak, V. and S. Shrivastav. 2015. Biochemical studies on wheat
(Triticum aestivum L.). J. Pharm. Phytochem., 4(3): 171.

Praveen, A., E. Khan, S.D. Ngiimei, M. Perwez, M. Sardar and
M. Gupta. 2018. Iron oxide nanoparticles as nano-
adsorbents: a possible way to reduce arsenic phytotoxicity in
Indian mustard plant (Brassica juncea L.). J. Plant Grow.
Reg., 37(2): 612-624.

Rahman, M.A., H. Hasegawa, M.M. Rahman, N.M. Islam, M.M.
Miah and A. Tasmen. 2007. Effect of arsenic on
photosynthesis, growth and yield of five widely cultivated
rice (Oryza sativa L.) varieties in Bangladesh. Chemos.,
67(6): 1072-1079.

Rizwan, M., S. Ali, B. Ali, M. Adrees, M. Arshad, A. Hussain and
A.A. Waris. 2019. Zinc and iron oxide nanoparticles improved
the plant growth and reduced the oxidative stress and cadmium
concentration in wheat. Chemosphere, 214: 269-277.

Salata, O.V. 2004. Applications of nanoparticles in biology and
medicine. J. Nanobiotech., 2(1): 1-6.

Samanta, S., A. Banerjee and A. Roychoudhury. 2021. Arsenic
Toxicity is Counteracted by Exogenous Application of
Melatonin to Different Extents in Arsenic-susceptible and
Arsenic-tolerant Rice Cultivars. J. Plant Grow. Reg., 1-22.

Silverman, B.W. 2018. Density estimation for statistics and data
analysis. Open J. Stat., 4(12): 1-12.

Srivastava, V., A. Sarkar, S. Singh, P. Singh, S.A. de Araujo and
P.R. Singh. 2017. Agroecological responses of heavy metal
pollution with special emphasis on soil health and plant
performances. Front. Environ. Sci., 5: 64.

Talukdar, D. 2013. Arsenic-induced changes in growth and
antioxidant metabolism of fenugreek. Russian J. Plant
Physiol., 60(5): 652-660.

Thul, S.T., K.B. Sarangi and A.R. Pandey. 2013. Nanotechnology
in agroecosystem: implications on plant productivity and its
soil environment. Expert Opin. Environ. Biol., 2: 247.

Tripathi, D.K., P.V. Singh, M.S. Prasad, K.D. Chauhan and K.N.
Dubey. 2015. Silicon nanoparticles (SiNp) alleviate
chromium (VI) phytotoxicity in Pisum sativum (L.)
seedlings. Plant Physiol. Biochem., 96: 189-198.

Turki, N., M. Harrabi and K. Okuno. 2012. Effect of salinity on grain
yield and quality of wheat and genetic relationships among
durum and common wheat. J. Arid Land Stud.,22(1): 311-14.

Ullah, N., U.I. Haq, N. Safdar and B. Mirza. 2015. Physiological
and biochemical mechanisms of allelopathy mediated by the
allelochemical extracts of Phytolacca latbenia (Moq.) H.
Walter. Toxic. Ind. Health, 31(10): 931-937.

Venkatachalam, P., M. Jayaraj, R. Manikandan, N. Geetha, R.E.
Rene, N.C Sharma and V.S. Sahi. 2017. Zinc oxide
nanoparticles (ZnONPs) alleviate heavy metal-induced
toxicity in  Leucaena leucocephala  seedlings: A
physiochemical analysis. Plant Physiol. Biochem., 110: 59-69.

Yim, H.S., Y.F. Chye, T.C. Tan, C.Y. Ng and W.C. Ho. 2010.
Antioxidant activities and total phenolic content of aqueous
extract of Pleurotus ostreatus (cultivated oyster mushroom).
Mala. J. Nutr., 16(2): 281-291.

(Received for publication 5 April 2023)



