
Eggplant (Solanum melongena L.) is one of the 
world’s leading crops, with a cultivated area of 1.86 
million ha (Semida et al. 2021). It is one of the top five 
types of vegetables consumed by millions of people in 
drought-affected areas worldwide (Wakchaure et al. 
2020). Eggplants are often subjected to several abiotic 
stresses, e.g. chilling, drought, extreme temperature, 
heavy metals, high radiation, and salinity (Semida 
et al. 2021). The fruit of eggplant yield declined up 
to 60%, while drought stress increased from 20% to 
40% of the field capacity (Karam et al. 2011).

Drought is one of the most important abiotic stresses 
that contribute to food scarcity. It has an impact on plant 
growth and yield, particularly in the world’s drought-

prone regions. Plants experience important physiologi-
cal changes as a result of drought stress (Hasan et al. 
2021). Plants exposed to drought stress could trigger an 
overproduction of reactive oxygen species (ROS), which 
can induce oxidative damages. To protect against these 
oxidative damages, plants developed antioxidant defense 
systems in plants (Khan et al. 2017, Hasan et al. 2020). 
The antioxidant defense systems increase the plants abil-
ity to counteract the excess ROS productions (Sharma 
et al. 2012). Nonetheless, negative drought stress effects 
can be mitigated by using potential nanoparticles (NPs) 
(Dimkpa et al. 2019, Semida et al. 2021).

Green synthesis of silver nanoparticles (AgNPs) 
utilising plants and plant extracts has been extensively 
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used for the agricultural sector (Wahid et al. 2020, 
Alabdallah and Hasan 2021). Silver nanoparticles are 
a type of nanoparticle that may assist plant growth, 
seed germination, and photosynthesis (Wahid et al. 
2020). AgNPs application on plants was dose-depen-
dent; for example, a lower concentration of AgNPs 
increased the plant growth and yield, whereas high 
concentrations inhibited the plant growth (Alabdallah 
and Hasan 2021). Vannini et al. (2014) reported that 
AgNPs application on plants might depend on the 
size and duration of exposure.

However, to the best of our understanding, there is 
little information on the effect of AgNPs on eggplant 
under drought stress. Therefore, we hypothesised that 
AgNPs concentrations (0.1, 0.2, 0.5 µmol) might miti-
gate the drought stress in eggplant through modulation 
of growth and physiology. To confirm this hypothesis, 
we investigated growth and physiological parameters 
such as (i) plant height; (ii) photosynthetic pigments; 
(iii) proline and protein content, and (iv) antioxidant 
systems in eggplant exposed to drought stress.

MATERIAL AND METHODS

Used materials. The green synthesis of AgNPs 
was carried out according to the method described 
by Bar et al. (2009) and Ahmed et al. (2016). Silver 
nanoparticles were synthesised from the leaf extracts 
of Albizia lebbeck (L.) Benth, which was collected from 
Al-Hasa city, Saudi Arabia. Silver nanoparticles were 
prepared by changing the concentration of AgNO3 
(0.1, 0.2, 0.5 µmol) while maintaining a constant 
extract concentration. AgNPs have hexagonal and 
spherical shapes with particle sizes ranging from 
17 nm to 34 nm.

Plant materials and experimental treatment. The 
experiments were carried out at Imam Abdulrahman 
Bin Faisal  University  greenhouse (26.3928°N, 
50.1926°E), Eastern Region, Saudi Arabia. Healthy 
eggplant (Solanum melongena L. cv. Ophelia F1) 
seeds were collected from Altuajri company, Saudi 
Arabia. Sodium hypochlorite (4%) has been used for 
the sterilisation of the eggplant seeds. Germinated 
eggplant seedlings (3 seedlings per pot, size-height × 

diameter = 16 cm × 19 cm) were grown in plastic 
pots until harvest, which was filled with 2.5 kg of 
a sterilised mixture of clay soil and compost (5 : 1, v : v) 
(Table 1). Before experimental treatments were ap-
plied, growing eggplant seedlings were watered twice 
per week. Drought stress treatments were measured 
and applied based on the field capacity (FC). These 
treatments were imposed on 20-day-old seedlings. The 
plants were exposed to four water regimes (80% FC as 
control, 50% FC, 35% FC, and 20% FC) after the plant 
establishment. Three replicates for each treatment have 
been used. We used different concentrations of AgNPs 
(0.1, 0.2, 0.5 µmol) to treat drought-stressed plants. The 
hand-held sprayer was used to apply the treatment of 
AgNPs at 0.1, 0.2, 0.5 µmol concentration on the foli-
age of 20 days old control and drought treated eggplant 
seedlings. The relative humidity was 60–70%, with 
16 h photoperiod and the day/night temperature was 
22/16 °C during the experimental period. The eggplant 
leaves were harvested at 42 days for determining physi-
ological and morphological parameters.

Growth parameters. After harvest, plant height 
(PH) was measured by a measuring tape and expressed 
in centimeters (cm). Fresh mass (FM) was measured 
using an analytical balance (HR-200). The sample 
was dried at 70 °C for 72 h, and finally, dry weight 
was measured. Leaf area was measured after 42 days 
from germinating by using a leaf area meter (CI-202 
Area Meter CID, Washington, USA).

Photosynthetic pigments determination. The 
photosynthetic pigments were determined accord-
ing to the methods of Arnon (1949). The absorbance 
was recorded at 645, 663, 510, and 480 nm for the 
estimation of Chl a, Chl b, total Chl, and carotenoids.

Total soluble protein measurements. Total soluble 
protein content was determined according to the 
methods of Bradford (1976). The soluble protein 
content was measured based on the standard curve 
method by using bovine serum albumin (BSA).

Proline determination. Proline was determined 
based on the methods of Bates et al. (1973). The 
absorbance was recorded at 520 nm.

Determination of MDA content. Malondialdehyde 
(MDA) concentrations were determined by follow-

Table 1. Characteristic of the soil used in the experiment

pH EC 
(ds/m)

Organic carbon Sand Silt Clay K P N 
(%)(%) (mg/kg)

7.5 2.17 0.9 71.8 19.2 8.9 186 55 0.12

EC – electrical conductivity
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ing the methods of Heath and Packer (1968). The 
absorbance was taken at 532 nm, and the extinction 
coefficient was 155 mmol/cm. MDA content was 
expressed as nmol/g FM.

Estimation of H2O2 content. Hydrogen peroxide 
(H2O2) content was quantified according to Yu et 
al. (2003) method. The absorbance was recorded at 
410 nm and expressed as nmol/g FM.

Extraction and assay of antioxidant enzymes activi-
ties. Antioxidant enzymes were measured according 
to the methods of Mukherjee and Choudhuri (1983). 
0.5 g fresh leaves were grounded with 10 mL of phos-
phate buffer (pH 7). The extract was centrifuged at 
15 000 × g for 10 min at 4 °C. Then, the supernatant 
was collected and stored for analysis of the antioxidant 
enzymes. The absorbance was recorded at 560 nm 
and expressed as U m/g FM for determining the SOD 
activity, whereas the optical density (OD) was deter-
mined at 240 nm and expressed as U m/g FM for analysis 
of the catalase (CAT) activity. The optical density was 
determined at 240 nm and expressed as U m/g FM.

Statistical analysis. All the obtained data were ana-
lysed by one-way analysis of variance (ANOVA). Minitab 

17.0 (Chicago, USA) was used to test the significance 
between mean values (P < 0.05) in the Fisher LSD (least 
significant difference) test. Heatmap was performed by 
using the ggplot2 package in R version 3.6.3 (Vienna, 
Austria). Each treatment has been repeated 3 times.

RESULTS

The images of silver nanoparticles were taken by 
using the TEM electron microscope, and the analysis 
displayed the spherical shapes of AgNP that particle 
size is ranging from 14 nm to 35 nm (Figure 1). To 
estimate the effects of AgNPs on eggplant growth, we 
measured several morphological parameters, includ-
ing plant height, shoot fresh mass, shoot dry mass 
(DM), and leaf area (Figure 1). When the eggplants 
were exposed to drought stress under different field 
capacities (50% FC, 35% FC, 20% FC), the plant height, 
FM, DM, and leaf area were significantly (P ≤ 0.001) 
reduced compared to control (Figure 2). However, 
applying AgNPs increased these parameters signifi-
cantly in eggplants that grow under drought stress. 
The treatment of 0.1 µmol AgNP was more effective 

 

Figure 1. Images of synthesised silver 
nanoparticles were taken from trans-
mission electron microscopy (TEM)

15.227 nm

39.221 nm
28.608 nm

18.457 nm
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to increase the plant height, FM, DM, and leaf area 
(Figure 2). Photosynthetic pigments (Chl a, Chl b, 
carotenoids) display high significant decreases when 
these plants are treated with drought stress (Figure 3). 
Nevertheless , eggplants treated with different 
concentrations of AgNPs significantly (P ≤ 0.001) 
showed higher chlorophyll contents in leaves.

The drought treatments of 50% FC, 35% FC, and 20% 
FC increased the proline content by 28, 40 and 49%, 

 

Figure 2. Effect of AgNPs (silver nanoparticles) on (A) plant 
height; (B) shoot fresh mass; (C) shoot dry mass and (D) 
leaf area in the eggplant seedlings under drought stress 
(50%, 35%, 20% field capacities). The data displayed are 
the means (± standard error) of three replicates, and bars 
of dissimilar letters differ significantly at the P ≤ 0.05 level

Figure 3. Effect of AgNPs (silver nanoparticles) on (A) 
Chl a; (B) Chl b, (C) carotenoids in the leaf of eggplant 
seedlings under drought stress (50%, 35%, 20% field ca-
pacities). The data displayed are the means (± standard 
error) of three replicates, and bars of dissimilar letters 
differ significantly at the P ≤ 0.05 level; FM – fress mass

Pl
an

t h
ei

gh
t

(c
m

)

50

40

30

20

10

0

(A)

Control

0.0 μmol AgNP
0.1 μmol AgNP
0.2 μmol AgNP
0.5 μmol AgNP

 

 
 

5

4

3

2

1

0

Sh
oo

t f
re

sh
 m

as
s

(g
/p

la
nt

)

(B)

Sh
oo

t d
ry

 m
as

s
(g

/p
la

nt
)

(C) 1.6

1.4

1.2

1.0

0.8

0.6

0.4

0.2

0

 

50% 35% 20%

70

60

50

40

30

20

10

0

Le
af

 a
re

a
(c

m
2 )

(D)

 

C
hl

 a
 

(m
g/

g 
FM

)

(A) 14

12

10

8

6

4

2

0

0.0 μmol AgNP
0.1 μmol AgNP
0.2 μmol AgNP
0.5 μmol AgNP

 

 

C
hl

 b
 

(m
g/

g 
FM

)

(B) 8

6

4

2

0

 

C
ar

ot
en

oi
ds

 
(m

g/
g 

FM
)

2.0

1.5

1.0

0.5

0

(C)

Control 50% 35% 20%

620

Original Paper	 Plant, Soil and Environment, 67, 2021 (11): 617–624

https://doi.org/10.17221/323/2021-PSE



respectively, compared with the level in control egg-
plant seedlings that did not receive AgNPs. However, 
externally applied AgNPs (0.1, 0.2 and 0.5 µmol) strik-
ingly decreased proline content relative to those in 
the drought-stressed plants alone (Figure 4A). On the 
other hand, 50% FC, 35% FC, and 20% FC significantly 
(P ≤ 0.001) decreased the protein content by 26, 54 
and 85% compared to those in the control eggplants. 
Nevertheless, the protein content was significantly 
(P ≤ 0.001) increased by the exogenous supply of 
AgNPs (Figure 4B).

Conversely, 50% FC, 35% FC, and 20% FC drought 
treatments significantly (P ≤ 0.001) increased MDA 

content by 57, 79 and 82%, H2O2 content by 49, 82 
and 85%, respectively, relative to with respect to those 
in untreated plants (Figure 4C–D). Nonetheless, the 
exogenous application of AgNPs decreased signifi-
cantly (P ≤ 0.001) MDA and H2O2 content compared 
to those in the drought-stressed plants.

Figure 4E–F showed the analysed antioxidant en-
zyme parameters (SOD and CAT) under drought 
stress. The drought treatments (50% FC, 35% FC, 
and 20% FC) led to significant (P ≤ 0.001) increases 
in SOD activity by 35, 51, and 62%, and CAT activ-
ity by 46, 54, and 54%, respectively, with respect to 
those in control seedlings. However, these antioxidant 

Figure 4. Effect of AgNPs (silver nanoparticles) on (A) proline; (B) protein; (C) malondialdehyde (MDA); (D) 
hydrogen peroxide (H2O2) content; (E) superoxide dismutase (SOD), and (F) catalase (CAT) activity in the leaf 
of eggplant seedlings under drought stress (50%, 35%, 20% field capacities). The data displayed are the means 
(± standard error) of three replicates, and bars of dissimilar letters differ significantly at the P ≤ 0.05 level; 
FM – fress mass
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enzyme parameters were significantly (P ≤ 0.001) 
increased by the exogenous supply of AgNPs.

The mean values of the growth and physiological 
parameters were taken to plot the heatmap (Figure 5). 
These heatmaps show the log10 value with colour 
intensities ranging from white (low) to red (high). 
Moreover, it depicts the control seedlings clearly 
separated from drought-treated seedlings as well as 
AgNPs treated seedlings (Figure 5).

DISCUSSION

Drought stress induces plant growth retardation 
and physiological imbalances. In the current study, 
drought stress affects the shoot length, FM and DM of 
eggplants. However, these parameters were improved 
by the application of AgNPs. Our outcome is similar 
to past studies in which exogenous application of 
AgNPs increased the growth parameters in green 
beans under chill temperature. Eggplants exposed 
to drought had lower photosynthetic pigments such 
as Chl a, Chl b, and carotenoid contents. However, 
AgNPs application in drought-treated eggplants 
increased the levels of photosynthetic pigment. 

A parallel result was observed in wheat plants dur-
ing salt stress, as reported by Wahid et al. (2020).

In the current study, drought-induced water im-
balance was found in eggplants due to increment of 
proline accumulation. Similarly, proline accumulation 
was observed under drought stress in several crops 
such as maize (Anjum et al. 2017), soybean (Hasan 
et al. 2020a). Nevertheless, AgNPs application to 
drought treated eggplants resulting the reduction of 
proline accumulation, which clearly suggested that 
nanoparticles (AgNPs) can play an important role in 
water imbalance by reducing the proline accumulation.

Drought stress led to excess ROS production, re-
sulting in membrane deterioration in plants. Higher 
accumulation of MDA and H2O2 are closely related 
to ROS overproduction that negatively affects the 
cellular membrane integrity (Wang et al. 2010, Khan 
et al. 2017, Hasan et al. 2018). A similar drought 
stress-induced higher MDA, and H2O2 accumula-
tion was clearly observed in soybean seedlings, as 
reported by Hasan et al. (2020). However, AgNPs 
strikingly decreased the MDA and H2O2 content, 
which clearly indicates that AgNPs might alleviate 
drought-induced oxidative stress in eggplants. These 

Figure 5. The variable-treatment relationships in different groups (control, 50% FC (field capacities), 35% FC, 
20% FC) are displayed on the heatmap. The logarithmic transformation (log10) values are shown in the colour 
scale on the heatmap (lower values to higher values revealed as white to red). The variables include plant height, 
shoot fresh mass (FM), shoot dry mass (DM), Chl a, Chl b, carotenoid, protein, proline, malondialdehyde (MDA), 
hydrogen peroxide (H2O2), superoxide dismutase (SOD) and catalase (CAT) activity
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results are analogous to those proven in wheat, as 
described by Mohamed et al. (2017).

In plants, antioxidant defense mechanisms play an 
important role to adapt to drought stress (Sharma 
et al. 2012). It is confirmed by past studies that 
nanoparticles can regulate the antioxidant systems 
and it has protective responses to plants (Yan and 
Chen 2019). SOD is a key antioxidant enzyme that 
plays a major role in antioxidant systems (Sairam et 
al. 1998). Drought stress increased the SOD activity 
in the eggplants, as has been described in soybean 
(Hasan et al. 2020) and mung bean (Nahar et al. 
2016). However, AgNPs increased the SOD activ-
ity, parallel to what was reported by Alabdallah and 
Alzahrani (2020) for Abelmoschus esculentus treated 
with ZnONPs. The CAT activity was found to be 
increased in the drought-stressed eggplants. These 
outcomes are parallel to those reported in wheat 
(Mohamed et al. 2017). The above results suggested 
that AgNPs might involve in the scavenging of H2O2 
by improving the antioxidant systems (Figure 6).

In these studies, our investigation was designed 
to evaluate how AgNPs can be used to boost the 
yield of eggplants, particularly under drought stress 
conditions. Green synthesised (AgNPs) application 
resulted in alleviation of drought stress in eggplants. 
AgNPs treatment increased the growth, photosyn-
thetic pigments, antioxidant activity and decreased 
the proline content in eggplants under drought stress, 

compared to control. Our results suggested that 
AgNPs treatments increased the drought tolerance 
in eggplants, and it could be used as an environmen-
tally friendly treatment. Moreover, it is necessary to 
understand the underlying molecular mechanisms 
behind AgNPs-mediated drought tolerance in plants.

Acknowledgement. The authors are highly ac-
knowledged to Dr. Md. Mahadi Hasan from Lanzhou 
University, China, for research design, valuable com-
ments and revision of the manuscript. 

REFERENCES

Alabdallah N.M., Alzahrani H.S. (2020): The potential mitigation 
effect of ZnO nanoparticles on [Abelmoschus esculentus L. Moe-
nch] metabolism under salt stress conditions. Saudi Journal of 
Biological Sciences, 27: 3132–3137.

Alabdallah N.M., Hasan Md.M. (2021): Plant-based green synthesis of 
silver nanoparticles and its effective role in abiotic stress tolerance 
in crop plants. Saudi Journal of Biological Sciences, 28: 5631–5639.

Ahmed S., Saifullah, Ahmad M., Swami B.L., Ikram S. (2016): 
Green synthesis of silver nanoparticles using Azadirachta indica 
aqueous leaf extract. Journal of Radiation Research and Applied 
Sciences, 9: 1–7.

Anjum S.A., Ashraf U., Tanveer M., Khan I., Hussain S., Shahzad B., 
Zohaib A., Abbas F., Saleem M.F., Ali I., Wang L.C. (2017): Drought 
induced changes in growth, osmolyte accumulation and antioxidant 
metabolism of three maize hybrids. Frontier in Plant Science, 8: 69.

Figure 6. A proposed model illustrates how silver nanoparticles (AgNPs) alleviate drought stress in eggplant 
seedlings

 

foliar application of AgNPs

drought 
stressed 
eggplant

improved
drought

tolerance

improved growth

photosynthetic
pigments

osmolytes
accumulation

antioxidant 
enzymes

623

Plant, Soil and Environment, 67, 2021 (11): 617–624	 Original Paper

https://doi.org/10.17221/323/2021-PSE



Arnon D.I. (1949): Copper enzymes in isolated chloroplasts poly-
phenoloxidase in Beta vulgaris. Plant Physiology, 24: 1–15.

Bradford M.M. (1976): A rapid and sensitive method for the quan-
titation of microgram quantities of protein utilizing the principle 
of protein-dye binding. Analytical Biochemistry, 72: 248–254.

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

Bar H., Bhui D.Kr., Sahoo G.P., Sarkar P., De S.P., Misra A. (2009): 
Green synthesis of silver nanoparticles using latex of Jatropha 
curcas. Colloids and Surfaces A: Physicochemical and Engineer-
ing Aspects, 339: 134–139.

Dimkpa C.O., Singh U., Bindraban P.S., Elmer W.H., Gardea-Tor-
resdey J.L., White J.C. (2019): Zinc oxide nanoparticles alleviate 
drought-induced alterations in sorghum performance, nutrient 
acquisition, and grain fortification. Science of the Total Environ-
ment. 688: 926–934.

Hasan Md.M., Skalický M., Jahan M.S., Hossain Md.N., Anwar 
Z., Nie Z.F., Alabdallah N.M., Brestič M., Hejnák V., Fang X.W. 
(2021): Spermine: its emerging role in regulating drought stress 
responses in plants. Cells, 10: 261.

Hasan Md.M., Ali Md.A., Soliman M.H., Alqarawi A.A., Abd Al-
lah E.F., Fang X.W. (2020): Insights into 28-homobrassinolide 
(HBR)-mediated redox homeostasis, AsA-GSH cycle, and meth-
ylglyoxal detoxification in soybean under drought-induced oxi-
dative stress. Journal of Plant Interactions, 15: 371–385.

Hasan M.M., Alharby H.F., Hajar A.S., Hakeem K.R., Alzahrani Y. 
(2018): Effects of magnetized water on phenolic compounds, lipid 
peroxidation and antioxidant activity of Moringa species under 
drought stress. Journal of Animal and Plant Sciences, 28: 803–810.

Heath R.L., Packer L. (1968): Photoperoxidation in isolated chlo-
roplasts: I. Kinetics and stoichiometry of fatty acid peroxidation. 
Archives of Biochemistry and Biophysics, 125: 189–198.

Karam F., Saliba R., Skaf S., Breidy J., Rouphael Y., Balendonck J. 
(2011): Yield and water use of eggplants (Solanum melongena L.) 
under full and deficit irrigation regimes. Agricultural and Water 
Management, 98: 1307–1316.

Khan A., Anwar Y., Hasan Md.M., Iqbal A., Ali M., Alharby H.F., 
Hakeem K.R., Hasanuzzaman M. (2017): Attenuation of drought 
stress in Brassica seedlings with exogenous application of Ca2+ 
and H2O2. Plants (Basel), 6: 20.

Mohamed A.K.S.H., Qayyum M.F., Abdel-Hadi A.M., Rehman R.A., 
Ali S., Rizwan M. (2017): Interactive effect of salinity and silver 
nanoparticles on photosynthetic and biochemical parameters of 
wheat. Archives of Agronomy and Soil Science, 63: 1736–1747.

Mukherjee S.P., Choudhuri M.A. (1983): Implications of water 
stress-induced changes in the levels of endogenous ascorbic acid 
and hydrogen peroxide in Vigna seedlings. Physiologia Planta-
rum, 58: 166–170.

Nahar K., Rahman M., Hasanuzzaman M., Alam Md.M., Rahman 
A., Suzuki T., Fujita M. (2016): Physiological and biochemical 
mechanisms of spermine-induced cadmium stress tolerance in 
mung bean (Vigna radiata L.) seedlings. Environmental Science 
and Pollution Research International, 23: 21206–21218.

Sairam R.K., Deshmukh P.S., Saxena D.C. (1998): Role of antioxi-
dant systems in wheat genotypes tolerance to water stress. Biolo-
gia Plantarum, 41: 387–394.

Semida W.M., Abdelkhalik A., Mohamed G.F., Abd El-Mageed 
T.A., Abd El-Mageed S.A., Rady M.M., Ali E.F. (2021): Foliar ap-
plication of zinc oxide nanoparticles promotes drought stress 
tolerance in eggplant (Solanum melongena L.). Plants, 10: 421.

Sharma P., Jha A.B., Dubey R.S., Pessarakli M. (2012): Reactive oxy-
gen species, oxidative damage, and antioxidative defense mecha-
nism in plants under stressful conditions. Journal of Botany, 
2012: 217037.

Vannini C., Domingo G., Onelli E., De Mattia F., Bruni I., Marsoni 
M., Bracale M. (2014): Phytotoxic and genotoxic effects of silver 
nanoparticles exposure on germinating wheat seedlings. Journal 
of Plant Physiology, 171: 1142–1148.

Wahid I., Kumari S., Ahmad R., Hussain S.J., Alamri S., Siddiqui 
M.H., Khan M.I.R. (2020): Silver nanoparticle regulates salt tol-
erance in wheat through changes in ABA concentration, ion ho-
meostasis, and defense systems. Biomolecules, 10: 1506.

Wang L.N., Yang L.M., Yang F.J., Li X.G., Song Y.P., Wang X.F., Hu 
X.Y. (2010): Involvements of H2O2 and metallothionein in NO-
mediated tomato tolerance to copper toxicity. Journal of Plant 
Physiology, 167: 1298–1306.

Wakchaure G.C., Minhas P.S., Meena K.K., Kumar S., Rane J. 
(2020): Effect of plant growth regulators and deficit irrigation 
on canopy traits, yield, water productivity and fruit quality of 
eggplant (Solanum melongena L.) grown in the water scarce en-
vironment. Journal of Environmental Management, 262: 110320.

Yu C.W., Murphy T.M., Lin C.H. (2003): Hydrogen peroxide-induc-
es chilling tolerance in mung beans mediated through ABA-in-
dependent glutathione accumulation. Functional Plant Biology, 
30: 955–963.

Yan A., Chen Z. (2019): Impacts of silver nanoparticles on plants: 
a focus on the phytotoxicity and underlying mechanism. Interna-
tional Journal of Molecular Sciences, 20: 1003.

Received: July 8, 2021
Accepted: October 18, 2021

Published online: October 27, 2021

624

Original Paper	 Plant, Soil and Environment, 67, 2021 (11): 617–624

https://doi.org/10.17221/323/2021-PSE


