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 The present study was undertaken to assess the role of zinc oxide nanoparticles (ZnO NPs) in alleviation of arsenic (As) mediated stress on seed 
germination and seedling growth in wheat.

 Experiments were performed in petri dishes. Wheat (Triticum aestivum L., var. HD2967) seeds were subjected to seven independent 
treatments, viz., control, zinc sulphate (ZnSO , 25ppm), 4

ZnO NPs  (25ppm),  As (1ppm),  As (10ppm), As (1ppm) + 
ZnO NPs (25ppm), As (10ppm) + ZnO NPs (25ppm). All 
parameters were studied in 7-day-old seedlings.

 It was observed that arsenic treatment decreased 
the germination percentage, shoot length, root length, 
seedling vigour, relative water content (RWC), membrane 
stability index (MSI), chlorophyll, carotenoid and protein 
content, while it increased the activity of super oxide 
dismutase (SOD) and peroxidase (POX) as compared to 
control. However, under ZnO NPs + As treatment, the 
adverse effect of As was alleviated, which was reflected in 
terms of  increased germination percentage, shoot and root 
growth, chlorophyll, carotenoid, RWC, MSI and protein 
content.

 On the whole, this study deciphers the 
possible involvement of ZnO NPs in reducing As toxicity 
through modulating physiological and biochemical 
parameters. However, more research is required under field 
conditions, to use ZnO NPs to reduce the risk of arsenic 
toxicity in wheat crop.
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Response of wheat seeds subjected to arsenic treatments
alone and along with ZnO NPs

ZnO NPs (25 ppm) mitigated the toxic effect of arsenic 
(1 ppm and 10 ppm)

Significant increase in germination parameters, physiological and 
biochemical parameters over the arsenic (1 ppm and 10 ppm)

treatments alone 
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Introduction

Arsenic (As) a non-essential toxic metalloid, not only 
negatively affects the growth of crop plants, but also 
contaminates the food chain. Zhao et al. (2010) observed that 
millions of people in south-east Asia were affected by 
consumption of As-contaminated drinking water and food. 
Arsenic (As) contamination in groundwater of Bihar, India was 
first reported by Chakraborti et al. (2003), with more than 9 million 
people facing health risks due to As exposure (Chakraborti et al., 
2017). Two inorganic forms of As (arsenate and arsenite) are 
predominant in soil as well as in water. Arsenate is considered as 
an analogue of phosphate and enters plant from soil through 
phosphate transporter whereas arsenite takes enters the plant 
system through nodulin 26-like intrinsic protein (NIP). Zhao et al. 
(2010) and Ahmad and Gupta (2013) observed that both forms of 
As interferes various morphological, physiological, biochemical 
and molecular processes in crop plants. Arsenate mainly 
uncouples oxidative phosphorylation, biosynthetic process of the 
cell and cell signaling by replacing inorganic phosphate whereas 
arsenite bind with sulfhydryl group and inhibit several cellular and 
metabolic processes (Zhao et al., 2010).

Nanoparticles (NPs) are ultrafine particles ranging in size 
from 1 to 100 nm and are being used in the fields of bioscience 
and biomedicine (Salata, 2004). The interaction of NPs with plant 
and environment is not much explored. Thul et al. (2013) reported 
both positive as well as negative impacts of direct application of 
NPs in various crops. Zinc (Zn) is an essential nutrient for plants 
and is involved in many physiological processes. Recently, Wang 
et al. (2010); Nalwa et al. (2017) and Azizi et al. (2017) reported 
that ZnO nanoparticles can be used as potential adsorbent for the 
efficient removal of heavy metals from aqueous solutions. Due to 
high surface area and surface area-to-volume ratio of NPs, they 
have been considered very effective in removing metallic ion 
pollutants from soil solutions and waste waters compared to bulk-
sized particles of the same minerals (Sharma et al., 2009; Stietiya 
and Wang 2014; Habuda-Stanic and Nujic 2015). Wheat is the 
most important food-grain of India, next to rice but the exposure of 
wheat to As is sparsely explored. Suman et al. (2019) reported 
that rural population of Bihar India is at increased cancer risk from 
wheat-based food intake where As exposure is endemic. 
Mahdieh et al. (2013) reported that As sensitivity and toxicity to 
plants is influenced by the concentration, types of toxicant and 
different crop-stages viz., germination, seedling survival and 
vegetative growth. They observed that seed germination and 
early seedling growth are more sensitive to metal pollution due to 
under developed defense mechanism. HD2969 is the most 
prevalent and promising wheat genotype cultivated in Bihar and 
other parts of India. The effects of As and ZnO NPs on 
germination and physiological aspects of this variety has not been 
reported till date. Since As is taken up by plant transporter, 
different cultivars may show different patterns of As toxicity. Thus, 
the objectives of this study was to investigate the effect of ZnO 

NPs/As exposure on seed germination, seedling growth of wheat 
plant, and the changes in physiological parameters, antioxidant 
enzymes activity and protein content in wheat seedlings.

Materials and Methods

Wheat (Triticum aestivum L., var. HD2967) seeds were 
obtained from the Department of Plant Breeding and Genetics, 
Dr. Rajendra Prasad Central Agricultural University, Pusa, 
Samastipur, Bihar. ZnO nanoparticles were obtained from the 
Centre for Nanoscience and Nanotechnology, School of 
Engineering and Technology, Aryabhatta Knowledge University, 
Patna. The concentration of ZnO NPs (25ppm) was selected 
based on previous literature (Venkatachalam et al., 2017) as ZnO 
NPs (25 ppm) was reported to alleviate heavy metal induced 
toxicity. Metal salt of NaAsO  was used for arsenic (As) in two 2

concentrations, viz., 1ppm and 10ppm. Seeds were surface 
sterilized in 1% (v/v) sodium hypochlorite solution for one minute 
followed by five times washing with distilled water. Experiments 
were performed in petri dishes lined with three layers of filter 
papers, equal numbers of seeds (25) were placed in each petri 
dish. The seeds of wheat (Triticum aestivum L., var. HD2967) 
were subjected to seven treatments, viz., control (distilled water), 
ZnSO (25ppm), ZnO NPs (25ppm), As (1ppm), As (10ppm), As 4 

(1ppm) + ZnO NPs (25ppm), As (10ppm) + ZnO NPs (25ppm). 
Petri dishes were incubated at 22 ± 2°C under dry and hygienic 
conditions. Germinated seeds were counted after 7 days (Abedin 
and Meharg, 2002; Mahdieh et al., 2013). The seed germination 
percentage (number of germinated seeds in treatment condition x 
100/total number of seeds) and seedling vigour (Germination % × 
Seedling dry weight) were calculated (Abdul Baki and Anderson, 
1973) and assessed. Root and shoot length were measured 
using metric scale. Biomass dry weight was estimated by drying 
the seedlings at 70°C for 48 hrs.

Physiological and biochemical parameters: The physiological 
and biochemical parameters were studied in leaves of 7–days-old 
seedlings. Relative water content (RWC) was estimated by 
recording the turgid weight of 0.5g fresh leaf samples by keeping 
in water for 4 hr, followed by drying in hot air oven till constant 
weight was achieved [RWC = {(Fresh wt. - Dry wt.) / (Turgid wt. – 
Dry wt.)}x 100] (Weatherley, 1950). Membrane stability index 
(MSI) was measured according to method of Sairam et al. (1997) 
by taking 100mg leaf material in test tubes containing 10 ml of 
double distilled water. Initial (40°C) and final (100°C) conductivity 
of the solution was recorded on a conductivity bridge (C1 and C2). 
MSI was calculated as: MSI = [1 - (C1/C2)] x 100. Chlorophyll and 
carotenoid contents were estimated by non-maceration method 
of Hiscox and Israelstam (1979). Leaf samples (0.05g) were 
incubated in 10 ml of dimethyl sulphoxide at 65°C for 4 hrs. 
Absorbance was recorded at 645, 665 and 470nm for chlorophyll 
(Arnon, 1949) and carotenoid content (Lichtenthaler and 
Wellburn, 1983). Enzyme extract for superoxide dismutase and 
peroxidase was prepared by first freezing 1g of leaf samples in 
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liquid nitrogen to prevent proteolytic activity followed by grinding 
with 10 ml extraction buffer consisting of 0.1 M phosphate buffer, 
pH 7.5, containing 0.5 mM EDTA in case of SOD and POX. After 
filtration, extract was centrifuged for 20 min at 15,000g and the 
supernatant was used for enzyme. Guaiacol peroxidase (POX, 
EC 1.11.1.11) activity was assayed by the method of Castillo et al. 
(1984) and superoxide dismutase (SOD, EC 1.15.1.1) activity 
was assayed by the method of Dhindsa et al. (1981) by measuring 
its ability to inhibit the photochemical reduction of nitroblue 
tetrazolium. Protein content was measured following Bradford 
method (Bradford et al., 1976) using bovine serum albumin as 
standard.

Statistical analysis : Data obtained were subjected to statistical 
analyses by adopting One way ANOVA for the Completely 
Randomized Design using online Statistical Analysis Package 
(OPSTAT, CCSHAU, Hisar, India). The critical difference was 
calculated at 5% probability level. Post hoc test was carried out to 
establish statistically significant difference between different 
treatment means. 

Results and Discussion

The findings of the present experiments study showed 
that germination percentage, shoot length, root length and 
seedling vigour were significantly decreased by 6.9, 15.6, 18.9 
and 56.3% at 1ppm As and by 16.7, 78.5, 93.5 and 83.9% at 
10ppm As treatment as compared to control. The toxic effect of As 
on growth and development of mustard and rice crop have 
already been reported earlier by Ahmad and Gupta (2013); 
Pandey et al. (2016); Khan and Gupta (2018) which could be 
attributed to heavy metal-mediated disturbance in water balance 
or mobilization of nutrients (Ekmekçi et al. 2009). It is interesting 
to note that under ZnO nanoparticles + As treatments, the percent 
increase in germination percentage, shoot length, root length and 
vigour were 3.0, 9.8, 10.5 and 115.3 % respectively for As (1ppm) 
+ ZnO NPs (25ppm) and 7.5, 173.2, 843.3 and 342.8 % 
respectively for As (10ppm) + ZnO NPs (25ppm) combination 
treatments over As treatments alone (Table 1). The improved 
effect in the presence of ZnO NPs shows its involvement in 
promoting plant growth in the presence of As. The present 
findings are consistent with the earlier reports on the mitigation of 
toxic effects of metals in the presence of NPs in rice, pea, mustard 
and Leucaena (Liu et al., 2015; Tripathi et al., 2015; 
Venkatachalam et al., 2017; Praveen et al., 2018). These results 
indicate that ZnO NPs are involved in protection of plant from the 
adverse toxic effects of As.

According to Ekmekci et al. (2009) heavy metal stress 
causes water deficit by disturbing water balance, which is one of 
the main factors for reduction of plant growth. The plasma 
membrane and the membranes of other organelles lose their 
permeability due to molecular modifications of lipid bilayer, 
promoted by oxidative processes (Hopkins et al., 2007). RWC is 

 

an important indicator of water deficit stress in leaves (Sairam et 
al.,1997) and MSI gives a picture of cell membrane stability. The 
results of the present experiment indicated that RWC and MSI 
were significantly decreased by 6.1 and 14.0% at 1ppm As 
treatment and by 9.4 and 25.8% at 10ppm As treatment as 
compared to control. However, it was observed that addition of 
ZnO nanoparticles along with As, the percent increase in RWC 
and MSI were 5.2 and 11.6 % for As (1ppm) + ZnO NPs (25ppm) 
and 8.2 and 18.4% for As (10ppm) + ZnO NPs (25ppm) 
combinations over As treatments alone (Table 2). Venkatachalam 
et al. (2017) also reported ameliorating effect of ZnO 
nanoparticles on oxidative stress induced toxicity, caused due to 
Cd and Pb metals, by the reduced malondialdehyde content and 
the elevated level of antioxidative enzyme activities in leaf tissues 
of L. leucocephala seedlings. 

Photosynthetic pigments are an important component of 
photosynthetic machinery and considered as an indicator of 
stress injury. In the present study, chlorophyll a, b and carotenoids 
contents were significantly decreased by 40.7, 48.8 and 38.2% at 
1ppm As treatment and by 64.0, 65.3 and 61.7% at 10ppm As 
treatments, as compared to control. The significant change in 
chlorophyll a, b and carotenoid contents were not observed in 
ZnSO4 and ZnO NPs alone treated plants with respect to control. 
However, addition of ZnO nanoparticles along with As improved 
the levels of photosynthetic pigments. The percent increase in 
chlorophyll a, b and carotenoid were 47.5, 58.6, and 32.3% for As 
(1ppm) + ZnO NPs (25ppm) and 67.5, 70.5, and 50.0% for As 
(10ppm) + ZnO NPs (25ppm) combination treatments over As 
treatments alone (Table 2). The toxic effect of As on 
photosynthetic pigment contents in mustard and rice crop have 
been reported earlier by Praveen et al. (2017) and Khan et al. 
(2018). The toxic effect of As on photosynthetic pigments might be 
associated with the disruption of pigment complex or inhibition of 
enzymes involved in chlorophyll biosynthetic pathway. The 
improved effect in the presence of ZnO NPs shows its 
involvement in protecting the photosynthetic pigments in the 
presence of As. The present findings corroborates with earlier 
reports on the mitigation of toxic effects of heavy metals in the 
presence of NPs in rice, pea, mustard and Leucaena (Liu et al., 
2015; Tripathi et al., 2015; Praveen et al., 2017, Venkatachalam 
et al., 2017). 

Heavy metal-induced oxidative stress is a common 
phenomenon, causing the impairment of macromolecules which 
leads to the enhancement of antioxidant enzyme systems and 
other protection mechanisms against ROS (Pandey et al., 2016; 
Rui et al., 2016). Based on the results of the present study, the 
activities of SOD in leaf tissues increased to 28.6% against 1ppm 
As and 21.5% against 10 ppm As treatment as compared to 
control. SOD activity decreased to 20.5% for As (1ppm) + ZnO 
NPs (25ppm) and 11.0% for As (10ppm) + ZnO NPs (25ppm) 
combined treatments over As treatments alone (Table 2). This 
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indicates that the decrease in activity of antioxidant enzyme might 
be due to lesser production of ROS under ZnO NPs + As treated 
condition which suggests that ZnO NPs in combination with As 
restricted the entry of As in treated plant. Furthermore, higher 
enzyme activity in the presence of As signifies that the plant 
needs greater protection to cope with As induced oxidative 
damage in the plant system. Therefore, the addition of ZnO NPs 
together with As alleviated the harmful effect of arsenic metal by 
lowering the oxidative stress. Similar results were also reported 
under metal stress (Kim et al., 2014; Pandey et al., 2016), and 
along with NPs (Tripathi et al., 2015; Rui et al., 2016; Praveen et 
al., 2018). However, in the present study the activity of guaiacol 
peroxidase (POX) did not vary significantly under different 
treatments.

Protein oxidation process is a common adverse effect of 
heavy metal by directly interacting with proteins molecules 
(Hossain et al., 2015). In the present study, it was observed that 
the level of total protein content in leaves declined significantly to 
34.3 and 47.8% at 1ppm As and 10ppm As treatments as 
compared to control (Table 2). However, on addition of ZnO 
nanoparticles along with As, the percent increase in protein 

content was 23.6 % in As (1ppm) + ZnO NPs (25ppm) and 34.0 % 
for As (10ppm) + ZnO NPs (25ppm) respectively under combined 
treatments over As treatments alone (Table 2). Similar results 
were also reported under metal stress by Praveen et al. (2017), 
and with NPs by Tripathi et al. (2015) and Venkatachalam et al., 
(2017). Finally, the findings revealed that ZnO NPs + As 
combination maintained higher shoot growth, root growth, 
chlorophyll content, carotenoid content, RWC, MSI and protein 
content over As treatment alone. Moreover, detail study is 
required to decipher the mechanism at biochemical and 
molecular level under both laboratory and field conditions to use 
ZnO NPs the risk of As in plants.
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Table 1 : Effect ZnO NPs treatment on germination percentage, shoot length, root length and seedlings vigour of wheat under normal and arsenic 
induced stress

Treatments (ppm) Germination percentage Shoot length (cm) 7 days Root length (cm) 7 days Seedling Vigour 

a a a aControl 95.33 ± 0.66 11.66 ± 0.16 12.83 ± 0.44 1.49 ± 0.02
 a ab a aZnSO  (25) 96.66± 0.33 12.00 ± 0.50 13.33 ± 0.16 1.54 ± 0.104
 a b a bZnONPs (25) 97.33± 0.66 12.10 ± 0.52 13.50 ± 0.28 1.85 ± 0.06

b c b cAs (1) 88.66 ± 0.66 9.83 ± 0.16 10.40 ± 0.57 0.65 ± 0.03
c d c dAs (10) 79.33 ± 0.66 2.50 ± 0.28 0.83 ± 0.16 0.21 ± 0.02
d ac d aAs (1) + ZnONPs (25) 91.33 ± 0.66 10.80 ± 0.16 11.50 ± 0.28 1.40 ± 0.03
e e e eAs (10) + ZnONPs (25) 85.33 ± 0.66 6.83 ± 0.16 7.83 ± 0.16 0.93 ± 0.05

Each value represent mean of three replicates ± SE. Different letters indicate significant changes (P < 0.05) in different treatments

Table 2 : Effect of ZnO NPs treatment on physiological and biochemical parameters

Treatments Relative water Membrane Chlorophyll a Chlorophyll b Carotenoid SOD POD Protein 
-1 -1 -1(ppm) contents stability (mg g  f.wt.) (mg g  f.wt.) (mg g  f.wt.)  activity (µmol content

-1 -1 -1(%) index  mg  protein TG mg  protein (mg g  f.wt.)
-1 -1(%)  min )  min )

a a a a a a a aControl 88.44±0.97 53.13±0.94 1.03±0.01  0.49± 0.04 1.15±0.01 0.931±0.02 0.071±0.01 5.41±0.08
b a a a a b a bZnSO4 (25) 92.43±0.61 54.70±0.95 1.06±0.03 0.51± 0.01 1.17±0.01 1.141±0.01 0.074±0.009 6.21±0.09

a a a a b a aZnONPs (25) 93.06±0.13b 55.56±0.56 1.09±0.00 0.53± 0.01 1.18±0.00 1.143±0.02 0.075±0.012 6.36±0.06
c b b c b b a cAs (1) 83.04±0.95 45.66±3.67 0.61±0.03 0.29± 0.03b 0.71±0.00 1.132±0.02 0.084±0.003 3.55±0.05
c c c c c c a dAs (10) 80.11±1.17 39.40±1.79 0.37±0.03 0.17±0.03 0.44±0.02 1.198±0.01 0.094±0.009 2.82±0.04
a ab d d d a eAs(1)+ZnO 87.36±1.53 50.96±1.15 0.90±0.01 0.46±0.01ab 0.94±0.01 0.952±0.01a 0.074±0.006 4.39±0.04

NPs(25)
a b b c e d a fAs(10)+ZnO 86.71±0.71 46.66±0.26 0.62±0.02 0.29± 0.03 0.66±0.24 0.998±0.01 0.078±0.003 3.78±0.04

NPs(25)

 Each value represents mean of three replicates±SE (n=3). Different letters indicate significant changes (P < 0.05) in different treatments

activity (Units
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