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 In oasis areas, with the depletion of fresh water resources and the use of 
underground water and industrial wastewater for irrigation, agriculture is 
under the cumulative harmful effects of multiple abiotic factors such as salinity 
and heavy metals. Under these conditions, a new strategy to improve crop 
production is urgently required. Here, we evaluate the potential of zinc oxide 
nanoparticles (ZnO-NPs) (0, 50 mg/L) to attenuate single and interactive effects 
of 10-days exposure to salinity (0, 50 mM NaCl) and copper (0, 50 mg/L CuSO4) 
treatments on the germination performance of wheat (Triticum durum L. Desf., 
‘Chili’) seeds. Results showed that, in the absence of ZnO-NPs, exposure to 
salinity or copper alones significantly (P < 0.05) inhibits the germination 
process. The combined exposure to salinity and copper, aggravates the 
inhibitory effects on seeds germination. In contrast, addition of ZnO-NPs 
significantly improved wheat germination in control conditions, and attenuates 
the harmful effects of single and combined NaCl and CuSO4. The potential 
mechanism of the preventive effect of ZnO-NPs might involve a competitive 
replacement of Cu2+ accumulation by which of Zn2+. It is concluded that ZnO-NPs 
improves the germination of wheat seeds in oasian lands suffering from 
hypersalinity and copper soil’s accumulation, thus ameliorates their 
productivity.  
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1. INTRODUCTION  

Durum wheat is an important food crop, as it 
contains dietary fibers, carbohydrates, and more 
vegetable proteins, which are required for 
human nutrition (Curtis and Halford, 2014). 
Tunisia cultivates durum wheat on between 0.5 
and 0.8 million ha annually (USDA Foreign 
Agricultural Service, 2015). In oases, wheat 
culture has been reduced because of restrained 
water resource and increased salinity of soils 
that particularly affects seeds germination. This 
first critical developmental step in the life cycle 
of higher plants consists of the relief of seeds’ 
dormancy which determines the fate of the 
future subsequent seedling establishment and 
plant growth (Liu et al., 2010). Seed germination 
begins with the imbibition of water and ends 
with radicle protrusion (Kumari and Kaur, 
2018). The minimum water content required in 

the grain for wheat seeds to germinate is 35 to 
45 percent of their weight (Evans et al., 1975). 
This process is affected not only by seed 
properties (Zhang et al., 2020) but also by 
abiotic environmental factors (Wang et al., 2018; 
Yue et al., 2021). Among the most ecosystems 
that has been threatened by several serious 
abiotic constraints, coastal oasis are submitted 
mainly to salinity due – at least in part – to the 
use of underground water for agricultural 
irrigation (Hachicha and Ben Aissa, 2014; Cui et 
al., 2019; Aly, 2020) and a high chemical fraction 
of heavy metals (HMs) in soil as result of coastal 
industrial activities (Wang et al., 2012; Assubaie, 
2015; Liu et al., 2021). Several reports have 
studied individual salinity effects on durum 
wheat seed germination, being the results 
dependent on varieties and treatment 
concentration (Muhammad and Hussain, 2012; 
Borlu et al., 2018). Moreover, over the years, the 
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use of industrial wastewater for agricultural 
irrigation in oases lands leads to HMs 
contamination, such as copper (Cu). The latter is 
an essential micronutrient for plant growth, but 
in excessive quantities it becomes toxic as it 
interferes in photosynthetic and respiratory 
processes, in enzyme synthesis and in ultra-
structural development of the plants (Anjum et 
al., 2015; Oves et al., 2016). Effects of Cu on 
wheat germination were majorly toxic and they 
are genetically (Yadavi et al., 2019) and dose 
dependent (Singh et al., 2007; Wang et al., 2010). 
To the best of our knowledge, no results were 
found regarding effects of salinity×copper 
interaction on wheat germination. 
To cope with the negative effects of abiotic and 
biotic stress conditions on plants, 
nanotechnology is recently adopted in 
agriculture as a new strategy. Mainly, several 
kinds of metal oxide nanoparticles (NPs) are 
used for such issue (Gogos et al., 2012; Rajput et 
al., 2021). NPs chemical compounds were 
favoured by their small size which facilitated 
their absorption by plants better than traditional 
bulk forms (Torabian et al., 2016). However, 
effects of metal oxide NPs on seed 
germination/seedling growth are dose-
dependent as they can damage plant tissues at 
high concentrations (Yin et al., 2012; Vannini et 
al., 2013). Among other metal NPs, zinc oxide 
(ZnO) NPs (1-100 nm) are very much important 
due to their utilization as nanopesticides and 
nanofertilizers (Kah, 2015). In normal 
conditions, lower supply of ZnO-NPs was found 
to have stimulatory effect on 
germination/growth of wheat (Srivastav et al., 
2021) and other crop plants (Arfaoui et al., 
2021), and can be recommended as a Zn 
fertilizer source for crop production. In contrast, 
at higher concentration, a decreased mitotic 
index and seed germination ratio, and an 
increased frequency of chromosomal 
abnormalities were reported in onion seedlings 
(Raskar and Laware, 2014). ZnO-NPs are also 
used to improve resistance against the 
environmental stresses (Mahakham et al., 2017). 
Indeed, 0.5 g/L of ZnO-NPs were able to 
attenuate cadmium toxicity on maize plants 
(Gowayed, 2017). Also, 1 g/L of nano-ZnO 
particle stimulates germination of soybean seeds 
under drought stress (Sedghi et al., 2013). 
However, no experiments were conducted 
regarding impacts of ZnO-NPs on the wheat 
seed’s germination under salinity or copper 
exposure, alone or in combination. In this 
context, our work aims at study impacts of ZnO-

NPs (0, 50 mg/L) on the germination 
performance of durum wheat seeds exposed to 
individual and combined NaCl (0, 50 mM) and 
CuSO4 (0, 50 mg/L) treatments. 

2. MATERIAL AND METHODS 

2.1. Preparation of ZnO-NPs 

All the chemicals and reagents (NaCl, CuSO4, 
ZnO-NPs (<100 nm in size)) were purchased 
from Sigma-Aldrich (St. Louis, USA). ZnO-NPs 
were dissolved in deionized milli Q water under 
ultrasonic vibration (100 W, 40 KHz) for 30 min. 
The nano scale suspensions appear as clear 
solutions at pH of 6.8-7 were used. Magnetic 
bars were placed in the suspensions for stirring 
before use to avoid aggregation of the particles. 

2.2. Plant material and experimental design 

Mature seeds of durum wheat (Triticum durum 
Desf., ‘Chili’) were kindly provided by the 
Regional Commissariat for Agricultural 
Development (CRDA) of Medenine in Tunisia. 
The experimental design was a split-split plot 
with two levels of ZnO-NPs as the main plot, 
salinity (at two NaCl concentrations) as subplot 
treatment, and copper (at two CuSO4 
concentrations) as sub-subplot treatment, and 
20 seeds per replication. Data are expressed as 
the mean of five performed independent 
experiments. Average values from each 
independent experiment were used for analysis 
as one true replication. The three studied factors 
were ZnO-NPs as 0 and 50 mg/L, sodium 
chloride (NaCl as 0 and 50 mM deionized water 
solutions) and copper sulfate (CuSO4 as 0 and 50 
mg/L deionized water solutions). Thus, 
treatments consisted of four ratios of NaCl (mM) 
to CuSO4 (mg/L) concentrations: 0:0 (Control), 
50:0, 0:50, 50:50, at each ZnO-NP concentration. 

2.3. Germination conditions 

For each replicate of each treatment, 20 uniform 
and healthy seeds were selected and surface-
sterilized using 5% sodium hypochlorite 
solution for 10 min, and then rinsed thoroughly 
five times with de-ionized water and air-dried. 
Fresh weight was considered as initial weight 
(FW0). The seeds were then cultivated in 
sterilized Petri dishes – on a double layer of 
Whatman No. 1 filter paper – moistened with 10 
mL of the respective treatment solution. Distilled 
water was used for control treatment. The 
diameter of the Petri dish was 9 cm. After that, 
the Petri dishes were covered with lids to 
minimize water loss and placed at 30 °C in an 
oven with a thermostat ensuring adequate 
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thermal stability (± 1 °C). The temperature was 
chosen to simulate extreme natural condition in 
Tunisian oasis. The fresh solutions were 
replaced every two days in order to prevent 
pathogens’ contaminations and to maintain a 
constant concentration (Nath et al., 2005). The 
filter paper was also changed every 48 h during 
the testing period (10 days). Seeds germination 
was considered when the radicle had extended 
for at least 2 mm (Sayar et al., 2010).The seeds in 
each Petri dish were weighed before soaking and 
during seed water uptake every day, after the 
beginning of water imbibition. After 10 days, the 
Petri dishes were removed and data were 
recorded for radicle and plumule lengths. In 
order to measure seed cumulative water uptake, 
seeds were carefully removed, drained, blotted 
with absorbent paper, weighed, and, returned to 
Petri dishes quickly. 

2.4. Germination Parameters 

The number of seeds germinated was daily 
counted, as well as the lengths of radicles and 
plumules measured with the help of a meter rod 
(Khan et al., 2006). After 10 days of incubation, 
the germination percentage (GP), germination 
index (GI), mean germination time (MGT), 
seedling vigor index (SVI) and tolerance indices 
(TI) were calculated to evaluate the germination 
performance under the applied treatments 
following Al-Mudaris (1998), Scott et al. (1984), 
Ruan et al. (2002), Mahender et al. (2015), and 
Iqbal and Rahmati (1992), respectively, as 
below: 

GP (%) = (Nt/N0) × 100, (1) 
where Nt is the number of normally germinated 
seeds on day t, and N0 is the initial number of 
seeds (20) subjected to the germination test at 
time t = 0 day.  

GI = Σ(Nt × Dt)/N0,  (2) 
where Dt is the number of days after sowing for 
that Nt was counted. 

MGT (day) = Σ(Ti × Ni)/ΣNi, (3) 
where Ni is the number of newly germinated 
seeds at time Ti. 
SVI = (plumule length + radicle length) × PG (4) 
TI = (Mean radicle length in treated solution × 
100)/Mean radicle length in control. (5) 
Also, cumulative water uptake (Yt) was 
calculated as the following: 
Yt (%) = [(Xt - X0)/(X0)] × 100,   (6) 
where X0 is the initial weight of the 20 wheat 
seeds (mg) and Xt is the daily weight. 

2.5. Mineral analysis (Na+, Cl-, Cu2+ and 
Zn2+) 

Sodium (Na+), zinc (Zn2+) and copper (Cu2+) 
minerals were analysed in samples (~0.1 g DW) 
of the oven-dried germinating wheat seeds 
(radicle + plumule), which were ground finely in 
an IKA A10 (Staufen, Germany) mill grinder to 
0.5-0.7 mm. Samples were placed in a porcelain 
crucible of approximately 15 mL in volume, 
before being ashed in a muffle furnace (Selecta, 
Spain) at 550 °C for ~6 h (until obtaining a 
whitish ash, indicating the complete elimination 
of organic material). The cold ash was dissolved 
in 2 N HCl for 15 min and then filtered through 
filter paper. After that, the concentrations of Na+, 
Zn2+ and Cu2+ ions were analyzed by atomic 
absorption spectrometry (Thermo Scientific iCE 
3000 AA Spectrometer) and expressed as mg per 
g of tissue DW. 

Chloride (Cl-) ions were extracted from dry 
matter with 0.5 N H2SO4 at room temperature for 
48 h (Gouia et al., 1994), and quantified by 
colorimetry using a Digital Chloridometer 
HaakeBuchler (Buchler instruments Inc., New 
Jersey, USA). 

2.6. Statistical analysis 

All data were analysed statistically using the 
SPSS 18.0 software package (SPSS Inc., Chicago, 
IL, USA). Within each independent set of 
experiments used for the determinations, means 
of the five repetitions were considered as true 
one replication. Mean values for each studied 
physiological parameter, within each treatment, 
were calculated from the five independent 
experiments (n = 5). Significant differences 
between single and interactive effects of NaCl 
and CuSO4 treatments, within each ZnO-NPs 
concentration, were determined according to 
Tukey’s test at P ≤ 0.05. Significant differences 
between ZnO-NPs concentrations were 
determined according to the Student’s t-test at P 
≤ 0.05, P ≤ 0.01, and P ≤ 0.001. 

3. RESULTS AND DISCUSSION 

3.1. Effects of ZnO-NPs on the untreated 
(control) germinating wheat seeds 

The behaviour of 10 days germinating wheat 
seeds on control plates which have only distilled 
water was observed (Fig. 1). Interestingly, GP 
(Fig. 2A), GI (Fig. 2B), radicle (Fig. 3A) and 
plumule lengths (Fig. 3B), SVI (Fig. 4B), TI (Fig. 
4C), and Yt (Fig. 4D) were all found to 
significantly increase in Petri plates having ZnO-
NPs at concentration of 50 mg/L by about 
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14.85%, 14.85%, 21.45%, 16.08%, 34.71%, 
21.46% and 16.41%, respectively, compared to 
untreated seeds. These increases were 
concomitant with a significant (P < 0.001) 
increase (5.12 -fold) in Zn2+ ions in wheat 
seedlings (radicle + plumule) (Fig. 5A). Our 
results are in accordance with those of Awasthi 
et al. (2017) and Srivastav et al. (2021), proving 
an effective influence of 50 and 100 mg/L ZnO-
NPs on the seed germination and seedling 
growth of Triticum aestivum, mainly by 
enhancing and inhibiting, respectively, the 
activities of alpha-amylase and dehydrogenase. 
Several works (Harris et al., 2007; Samad et al., 
2014) have also reported, in Zn-treated seeds, 
the induction of a range of biochemical changes 
required to start the germination process such 
as breaking of dormancy, hydrolysis or 
metabolization of inhibitors, imbibition and 
enzyme activation. Also, Pandey et al. (2010) 
reported the implication of Zn ions in increasing 
the level of indole acetic acid (IAA) – as a 
constituent of an enzyme influencing the 
secretion of this phytohormone – which gives a 
positive response in Cicer arietinum seed 
germination. The results of the above authors 
could therefore explain the faster germination of 
our wheat ZnO-NPs-treated seeds, as manifested 
by significantly lower MGT (Fig. 4A), referring to 
untreated ones. 

3.2. Effects of ZnO-NPs on the salt-exposed 
germinating wheat seeds 

Here, in the untreated ZnO-NPs wheat seeds, all 
the germination parameters were significantly 
(P < 0.05) reduced by 50 mM NaCl application, 
with the tissue accumulation of Na+ and Cl- ions 
contents by about 6.69 -fold and 7.84 -fold, 
respectively (Figs. 5B, C, respectively). The 
reductions reached 26.85% for GP and GI (Figs. 
2A, B), 37.33% for radicle length (Fig. 3A) and TI 
(Fig. 4C), 41.24%, 56.38% and 41.12% for 
plumule length (Fig. 3B), SVI (Fig. 4B) and Yt 
(Fig. 4D), respectively, compared to non-saline 
seeds. Figure 1 also clearly confirmed these 
results. Our findings agree with those of 
Khorasani et al. (2014), where 4 dS/m (~ 40 
mM) of NaCl had significantly reduced the 
germination performance of three wheat 
cultivars. The inhibition of seed germination 
under salinity was reported to be caused by 
either the induction of osmotic stress that 
engenders water uptake limitation, or the 
accumulation of toxic salt ions levels (Hussain et 
al., 2019). These consequences collectively 
inhibit cell division and expansion, as well as 
modulate the activity of some key enzymes, thus 
lastly reduce the wheat seed reserves utilization 
(El-Hendawy et al., 2019), which is in accordance 
with our results regarding the 18.11% delay in 
MGT (P < 0.05) observed in the salt-exposed 
untreated ZnO-NPs seeds (Fig. 4A). 

 

Fig. 1. Behaviour of germinating durum wheat seeds after 10 days (n = 5 ± SE) of exposure on 
individual and combined NaCl (0, 50 mM), CuSO4 (0, 50 mg/L) and ZnO-NPs (0, 50 mg/L; marked as -

ZnO-NPs and +ZnO-NPs, respectively) treatments. 
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Interestingly, addition of ZnO-NPs to the 
germinating saline-medium of wheat seeds had 
significantly attenuates the salinity effects on the 
germination performance (Fig. 1), being the 
values increased by about 19.08% for GP and GI 
(Figs. 2A, B), 49.34% for radicle length (Fig. 3A) 
and TI (Fig. 4C), 45.2%, 74.08% and 46.67% for 
plumule length (Fig. 3B), SVI (Fig. 4B) and Yt 
(Fig. 4D), respectively, compared to salinised 
untreated ZnO-NPs seeds; in contrast, the MGT 
was decreased by 11.86% (Fig. 4A). In addition, 
levels of Zn2+ ions in the total germinating 
tissues showed significant increase under salt 
stress (5.83 -fold), being the values significantly 
lower than that of controls (Fig. 5A). Our results 
are the first to describe effects of salinity×ZnO-
NPs interaction in the germinating medium of 
crop seeds, being the previous experiments 
limited on the seedling growth either regarding 
seed priming effects of ZnO-NPs (Abou-Zeid et 
al., 2021) or their foliar spraying application 
under salt stress (Fathi et al., 2017). Referring to 
the results of El-Badri et al. (2021), reducing the 
salinity effects on Brassica napus seed 
germination after ZnO nanopriming was mainly 

due to the up-regulation of abscisic (ABA) and 
gibberellic (GA) genes expression, being these 
hormones implicated in the initiation of seed 
germination and the defense response against 
abiotic stresses (Diaz-Vivancos et al., 2013). 
Moreover, Pooja et al. (2020) illustrates that 
ZnO-NPs have potential for mitigating salinity 
stress as they are involved in the synthesis of 
auxin – which in turn activate cell division and 
enlargement, maintaining integrity of bio-
membranes, accumulating phospholipids, 
improving protein synthesis, scavenging free 
oxygen radicals, nutrient translocation from the 
aged cells to newborn cells, and as observed in 
our results, decreasing the uptake of excess Na+ 
and Cl- ions (here, by 41.06% and 37.69%, 
respectively, compared to salinised untreated 
ZnO-NPs seeds) (Figs. 5B, C, respectively). 

3.3. Effects of ZnO-NPs on the copper-
exposed germinating wheat seeds 

The results obtained in petri dish culture 
experiment after 10 days of aqueous exposure of 
copper (50 mg/L) to wheat germination at both 
ZnO-NPs concentrations (0 and 50 mg/L) are 

 

Fig. 2. Percentage of germination (GP) (A) 
and germination index (GI) (B) of germinating 
durum wheat seeds after 10 days (n = 5 ± SE) 
of exposure on individual and combined NaCl 
(0, 50 mM), CuSO4 (0, 50 mg/L) and ZnO-NPs 
(0, 50 mg/L; marked as -ZnO-NPs and +ZnO-

NPs, respectively) treatments. 

 

Fig. 3. Radicle (A) and plumule (B) lengths of 
germinating durum wheat seeds after 10 

days (n = 5 ± SE) of exposure on individual 
and combined NaCl (0, 50 mM), CuSO4 (0, 50 
mg/L) and ZnO-NPs (0, 50 mg/L; marked as -

ZnO-NPs and +ZnO-NPs, respectively) 
treatments. 
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shown in Fig. 1. Copper treatment provoked an 
over all inhibition in seed germination 
parameters as compared to control untreated 
ZnO-NPs, more pronounced than salinity effects 
(except for plumule lenght). Indeed, significant 
(P < 0.05) reductions in GP and GI (69.06%; Figs. 
2A, B, respectively), radicle length and TI 
(73.59%; Fig. 3A and Fig. 4C, respectively), 
plumule length (23.5%; Fig. 3B), SVI (79.83%; 
Fig. 4B) and Yt (55.42%; Fig. 4D) were recorded 
in copper-treated seeds, compared to controls at 
0 mg/L ZnO-NPs; in contrast, Cu2+ ions were 
significantly accumulated in total germinating 
tissues (12.35 -fold, compared to control 
untreated ZnO-NPs seeds) (Fig. 5D) without 
affecting Zn2+ levels, and the germination time 
was delayed by 40.40% (Fig. 4A). Our findings 
agree with those obtained by Singh et al. (2007) 
in Triticum aestivum from 5 mg/L CuSO4 and 
Iqbal et al. (2018) in Lens culinaris seeds from 50 
ppm, being the results related mainly to the 

inhibition of α-amylase activity. Also, Yuan et al. 
(2013) working on Arabidopsis seedlings 
showed also that excess in endogenous copper 
inhibited primary root elongation by affecting 
both the elongation and meristem zones through 
PIN1-mediated auxin redistribution. Some 
authors have explained these effects as 
consequences of Cu toxicity on protein synthesis 
or activity (Przymusinski and Gwozdz, 1994). 
Moreover, DeVos et al. (1991) suggested   that   
Cu-induced   damage   to   integral   proteins, 
through the formation of disulfide links, resulted 
in increased cell membrane permeability and ion 
efflux. 

Fascinatingly, as for salinity, the damage effects 
of copper on wheat seed germination were 
significantly alleviated after co-exposure to 
combined ZnO-NPs and CuSO4 treatments (Fig. 
1) that significantly reduced contents of Cu2+ 
ions (by 40.42%; Fig. 5D), compared to single 
copper treatment. As result, compared to 

 

Fig. 4. Mean germination time (MGT) (A), seedling vigor index (SVI) (B), tolerance indices (TI) (C) and 
cumulative water uptake (Yt) (D) of germinating durum wheat seeds after 10 days (n = 5 ± SE) of 

exposure on individual and combined NaCl (0, 50 mM), CuSO4 (0, 50 mg/L) and ZnO-NPs (0, 50 mg/L; 
marked as -ZnO-NPs and +ZnO-NPs, respectively) treatments. 
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untreated ZnO-NPs seeds, significant increases 
in GP and GI (2.1 -fold; Figs. 2A, B, respectively), 
radicle length and TI (78.74%; Fig. 3A and Fig. 
4C, respectively), plumule length (15.84%; Fig. 
3B), SVI (2.56 -fold; Fig. 4B) and Yt (1.54 -fold; 
Fig. 4D) were recorded in copper-treated seeds 
at 50 mg/L ZnO-NPs, being the germination time 
faster by about 22.03 % (Fig. 4A). Results for the 
effects of ZnO-NPs×copper interaction on crop 
seed germination are not previously described; 
however, impacts of ZnO-NPs on the stress 
induced by other HMs were described 
(Gowayed, 2017). These findings showed that 
addition of 500 mg/L ZnO-NPs provides high 
protection from cadmium (Cd) toxicity by 
decreasing Cd concentration, MGT, levels of free 
radicals malondialdehyde, and promoting 
induction of mean daily germination, coefficient 
of velocity of germination, germination stress 
tolerance index, SVI and dry matter stress 
tolerance index, as well as increasing levels of 

reduced glutathione (GSH) and activities of 
superoxide dismutase (SOD), glutathione 
reductases  (GR), catalase (CAT) and glutathione 
peroxidase (GPX). An increase in zinc (Zn) 
supply as ZnSO4 was also showed to reduce the 
uptake and accumulation of Cu by wheat plants 
(Rengel and Graham, 1995). 

3.4. Effets of ZnO-NPs on the germination 
of wheat seeds under salinity×copper 
combination 

In this work, the most harmful effects on wheat 
grain germination were observed under 
salinity×copper interaction at 0 mg/L ZnO-NPs 
(Fig. 1), when levels of Cu2+ ions were highly 
increased (2.58 -fold than that of single copper 
treatment; Fig. 5D) while those of Na+ and Cl- 
similar to values of single applied salinity. Thus, 
under NaCl×CuSO4 interaction and untreated 
ZnO-NPs seeds, significant (P < 0.05) reductions 
were recorded for GP and GI (87.83%; Figs. 2A, 

 

Fig. 5. Sodium (Na+) (A), chloride (Cl-) (B), copper (Cu2+) (C) and zinc (Zn2+) (D) ions contents in 
germinating durum wheat seeds (radicle + plumule) after 10 days (n = 5 ± SE) of exposure on 

individual and combined NaCl (0, 50 mM), CuSO4 (0, 50 mg/L) and ZnO-NPs (0, 50 mg/L; marked as -
ZnO-NPs and +ZnO-NPs, respectively) treatments. 
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B, respectively), radicle length and TI (92.79%; 
Fig. 3A and Fig. 4C, respectively), SVI (99.8%; 
Fig. 4B) and Yt (99%; Fig. 4D), compared to 
controls, while plumule was not emerged; in 
contrast, MGT was delayed by 57.96% (Fig. 4A), 
being the seeds germinated only from the 7th 
day. These results agree with our previous 
studies illustrating Zn effects on lentil seed 
germination under salt stress (Zaghdoud et al., 
2020), which attributed the high decline in 
germination performance to the NaCl-induced 
Zn accumulation at toxic levels, higher than did 
single Zn stress. It’s well known that NaCl 
increases the bioavailability and absorption of 
HMs in plants by forming stable complexes 
HMCln2-n (Lopez-Chuken and Young, 2005; Xu et 
al., 2010). Thus, inhibition of wheat germination 
under salinity×copper combination and 
untreated ZnO-NPs seeds may result from the 
interference of highly accumulated copper with 
important enzymes, rather than salt ions. 

Interestingly, addition of ZnO-NPs to the culture 
medium containing a mixture of NaCl and CuSO4 
treatments significantly lowered the harmful 
impacts of combined NaCl×CuSO4 exposure on 
seed germination, being the increased Zn2+ ions 
contents (5.62%, referring to untreated ZnO-NPs 
seeds; Fig. 5A) induced significant reductions in 
Na+, Cl- and Cu2+ levels (43.3%, 34.31 and 
25.90%, respectively, compared to untreated 
ZnO-NPs seeds; Figs. 5B, C, D, respectively). As 
result, significant increases in GP and GI (3.5 -
fold; Figs. 2A, B, respectively), radicle length and 
TI (2.18 -fold; Fig. 3A and Fig. 4C, respectively), 
SVI (11.09 -fold; Fig. 4B), Yt (4.52 -fold; Fig. 4D), 
as well as plumule emergence by 2.05 mm were 
recorded under combined NaCl×CuSO4 seed 
exposure at 50 mg/L ZnO-NPs, compared to 
untreated ZnO-NPs; also, MGT was faster by 
12.79% (Fig. 4A). Our results are the first to 
report impacts of ZnO-NPs on seed germination 
under combined salinity and HMs stresses. 
  
4. CONCLUSION  

Actually, the use of nanotechnology was 
suggested to have great potential in maintaining 
the sustainable agriculture. Addition of ZnO-NPs 
to the germinating medium is a new simple and 
environmentally friendly way to improve seed 
potentiality and germination performance. Here, 
this technique seems to be effective to 
ameliorate grain wheat germination process at 
normal conditions, and to mitigate individual 
and combined negative effects of salinity and 
copper stresses. It seems that zinc ions were 

dissolved from ZnO-NPs and interfered with the 
metabolic pathways in plant system. However, 
more experiments are needed regarding 
genomic and biochemical alterations provoked 
by ZnO-NPs addition to single and interactive 
salinity and copper constraints. 
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