
Vol.:(0123456789)1 3

Acta Physiologiae Plantarum (2020) 42:148 
https://doi.org/10.1007/s11738-020-03131-y

ORIGINAL ARTICLE

Rapid green synthesis of silver nanoparticles from blue gum 
augment growth and performance of maize, fenugreek, and onion 
by modulating plants cellular antioxidant machinery and genes 
expression

Mona Soliman1,2 · Sameer H. Qari3 · Abdelghafar Abu‑Elsaoud4 · Mohamed El‑Esawi5 · Haifa Alhaithloul6 · 
Amr Elkelish4 

Received: 13 September 2019 / Revised: 11 July 2020 / Accepted: 28 August 2020 / Published online: 8 September 2020 
© Franciszek Górski Institute of Plant Physiology, Polish Academy of Sciences, Kraków 2020

Abstract
Nanotechnology applications are increasingly utilized to improve crops. Besides their use as antifungal and antimicrobial 
agents, silver nanoparticles (AgNPs) are currently exploited to improve seed germination, plant development, and photo-
synthetic efficiency. In the current study, we evaluated the effect of biosynthesized AgNPs in the seedlings of Zea mays L., 
Trigonella foenum-graecum L., and Allium cepa L. AgNPs were biosynthesized in the blue gum (Eucalyptus globules) leaves 
and characterized by UV–Visible spectra, Fourier Transform Infrared (FTIR), and Scanning Electron Microscopic analyses. 
The biosafety of the AgNPs was tested by cytotoxicity assay, antibacterial activity, and determination of MIC and MBC. 
The effects of biogenic AgNPs application at different concentrations (25, 50, 75 < and 100 mg L−1) on seed germination, 
seedling growth, oxidative stress status, and antioxidant enzyme activities were studied. Applications of AgNPs significantly 
improved seed germination and growth of Z. mays L., T. foenum-graecum L., and A. cepa L. (p < 0.05). Notably, growth was 
stimulated by an increase in the concentration of AgNPs. Applications of AgNPs also enhanced the activity of antioxidant 
enzymes, including catalase, peroxidase, and ascorbate peroxidase as well as glutathione and ascorbate contents, whereas 
the malondialdehyde content was reduced by increasing the concentration of AgNPs. The expression levels of antioxidant 
enzymes were upregulated in AgNP-treated seedlings compared with those of the control. Our study demonstrated that the 
application of silver nanoparticles significantly enhanced seed germination and antioxidant machinery and improved the 
early growth characteristics in both monocot and dicot crops.
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Introduction

Worldwide crop production is facing several challenges, 
like climatic change, urbanization, atmospheric pollutants, 
and extreme usage of agrochemicals, pesticides, and ferti-
lizers (Hu et al. 2014; Ditta et al. 2015; Toraih et al. 2019; 
Hetta et al. 2020). The unprecedented rise in food demand 
is exaggerating these problems (Vwioko et al. 2017; Abde-
laal et al. 2019; Elkelish et al. 2020). Global changes in the 
agricultural sector at the structural level occur due to the 
rapid development of technological innovations (Elkeilsh 
et al. 2019; Soliman et al. 2020b). In this connection, 
developments in technologies are made that could influ-
ence the quality and quantity of the crop and ultimately 
protect the environment (Elkelish et al. 2019c; Moustafa-
Farag et al. 2020b). Such techniques include the applica-
tion of cost-effective and reduced agricultural inputs with 
concomitant enhancement in farming production (Elkelish 
et al. 2019a; Habib et al. 2020). Biostimulants improve 
plant growth via triggering natural processes that mediate 
nutrient uptake and tolerance to abiotic stresses (Soliman 
et al. 2018; Elkelish et al. 2019b). In this era, nanotechnol-
ogy, one of the most promising fields of science, brings 
unlimited possibilities of development to many areas, 
including agriculture and horticulture. Recently, metallic 
nanoparticles have attracted the interests of the researchers 
due to their unique physicochemical and biological proper-
ties (Prasad et al. 2017; Zahran et al. 2018; Abdel-Azeem 
et al. 2019; Soliman et al. 2019).

Knowing the essence of nanoparticles–plant interac-
tions is critical in determining plant exposure to nanopar-
ticles and assessing their absorption, distribution, morpho-
logical, and physiological changes and its toxicity (Chen 
and Yada 2011; Saleem et al. 2020). Pradhan and Mailapa-
lli (2017) stated that the productivity and growth of the 
plant are being enhanced by the newly developed nano-
materials through controlling their metabolism. Among all 
the noble metal nanoparticles, nanosilver exhibits proper-
ties that differ significantly from those of bulk materials, 
resulting in increased biological activity, chemical reactiv-
ity, catalytic behavior, and, most importantly antimicro-
bial and anti-inflammatory activities (Abdel-hameed et al. 
2016; Hetta 2016; Lediga et al. 2018). Several methods for 
preparing metal nanoparticles have been developed. How-
ever, biogenic synthesis is the best choice with advantages 
over chemical and physical methods as it is time saving, 
cost-efficient, and eco-friendly. Biogenic synthesis does 
not require any culture preparation and does not leave haz-
ardous residues to pollute the atmosphere (Kannan et al. 
2013; Batiha et al. 2020).

Many reports investigate the effect of silver nanopar-
ticles; however, the formulation of the plant-based silver 

nanoparticles is still needed further studies (Nowack 
2010). The concentration and the size of the synthe-
sized silver AgNPs are a limiting factor in the effect that 
appeared in the plant, moreover, the dosage and extent 
of exposure. For instance, barley is totally inhibited from 
germination after exposure to 10 mg/L AgNPs; and a 
significant reduction in flax shoot took place under the 
same concentration (El-Temsah and Joner 2012). Recent 
studies depict that exposure to optimal levels of AgNPs 
can increase plant growth (Geisler-Lee et al. 2012; Qian 
et al. 2013). Many reports showed that antioxidant machin-
ery and the ameliorative effect of ROS elimination are 
highly provoked after exposure of the plant to the optimum 
concentration of nanoparticle. These effects are being 
achieved by controlling the microRNAs expression, which 
is responsible for the plant in the morphophysiological 
level (Sigamoney et al. 2016; Siddiqi and Husen 2016; 
Soliman et al. 2020a).

Africa is regarded as a key center of agricultural pro-
duction because of the availability of arable land (Manby 
2001; El-Esawi et al. 2020; Habib et al. 2020). Several crops 
need more attention to enhance gross production in order to 
face the massive population growth in Africa. These crops 
include maize, onion, and fenugreek. Maize, commonly 
known as corn, was initially domesticated approximately 
5000–10,000 years ago in Africa and is mainly among the 
three most critical grains across the world (Adiaha 2017). 
For instance, the Onion (Allium cepa L.) is an essential and 
prevalent species that expanded all over the world (Pavlović 
et al. 2016). It is actually among the list of 15 most com-
monly grown vegetables in the world (Pavlović et al. 2016). 
In comparison, fenugreek (Trigonella foenum-graecum L.) 
is used medicinally in different countries and is a source of 
many potent drugs (Abdel-Daim et al. 2015).

The impact of nanoparticles in the agriculture sector 
is still unclear. Therefore, in the present study, we used 
monocot crops, like maize and onion, and the dicot crops, 
like fenugreek, to test their response to the biogenic silver 
nanoparticles. Silver nanoparticles were biosynthesized 
and characterized using the blue gum (Eucalyptus globules) 
leaf extract and were then evaluated for their biosafety and 
potential effects on seed germination, seedling growth, and 
antioxidant systems in the above crops.

Materials and Methods

Plant materials

Fresh leaves of blue gum (Eucalyptus globules) were col-
lected from the Botanical garden of the Faculty of Agricul-
ture, Suez Canal University, Ismailia, Egypt, and seeds of 
Zea mays L. cv. Giza 2, Trigonella foenum-graecum L. cv. 
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Giza-2, and Allium cepa L. cv. Giza-6 were purchased from 
the Agriculture Research Centre, Giza, Egypt.

Biogenic synthesis of silver nanoparticles (AgNPs)

Preparation of plant extract

Fresh leaves of E. globules were collected and cleaned thor-
oughly with deionized water and cut into small pieces. 10 g 
finely cut pieces were boiled in 100 mL deionized water 
for 15 min at 80 °C. After cooling, the mixture was filtered 
through Whatman No. 1 filter paper (Oakland, California, 
USA) and the filtrate was stored at 4 °C until used for the 
next stage.

Synthesis of silver nanoparticles

One millimolar silver nitrate was prepared and used for 
the synthesis of silver nanoparticles. 10 mL, of E. globules 
leaf extract, was mixed with 90 mL of AgNO3 solution and 
conducted under dark conditions at room temperature for 
1 day. The formation of AgNPs was observed as a conver-
sion in color from pale green to brown. The AgNPs obtained 
by E. globules leaf extract was centrifuged for 25 min at 
13,000 rpm and subsequently dispersed in sterile distilled 
water to eliminate any uncoordinated biological materials. 
The AgNPs extract was stored at 4 °C until further analysis.

Characterization of AgNPs

UV–visible spectroscopy

The optical absorbance of the synthesized silver nanoparti-
cles was determined using a UV–visible spectrophotometer 
(UV-1601PC; Shimadzu, Tokyo, Japan) between the wave-
lengths of 300 and 700 nm. A sample volume of 0.1 mL was 
diluted with 2 mL of deionized water in the cuvette. The 
reduction of pure Ag+ ions was monitored and measured 
using a UV-1700 spectrophotometer.

Scanning Electron Microscopic (SEM) Analysis

Scanning electron microscopic (SEM) analysis was per-
formed using an SEM model JEOL JSM-840 electron 
probe with a microanalyzer attached to an EDX unit with 
acceleration voltage 30 kV, Magnification 10 × to 400 × and 
resolution for w. (3.5 mm). Thin films of synthesized and 
stabilized AgNPs were prepared on a carbon-coated copper 
grid by dropping only a minimal amount of the sample on 
the grid, and the sample was analyzed for morphology and 
size of the silver nanoparticles.

Fourier transform infrared (FTIR)

Fourier transform infrared (FTIR) spectral measurements 
were performed to identify various potential biomolecules in 
the E. globulus leaf extract with green-biosynthesized silver 
nanoparticles. FTIR spectral measurements were performed 
using a Shimadzu infrared FT-IR system model 8300 in the 
band from 500 to 4000 cm−1.

Cytotoxicity assay (MTT) against human cancer cell lines

To evaluate the toxicity effect of AgNPs on the viability of 
cancer cell lines (HepG2 and MCF7 cell lines) using MTT 
assay, as described by Mosmann (1983), cells were exposed 
to serial concentrations of AgNPs (10, 15 and 20 µg/mL) 
compared with 5-fluorouracil (5-Fu), then incubated at 37 °C 
in the incubator for 72 h. After incubation, 20 µL of MTT 
solution incubated for 3 h. The effective anticancer activity 
of the extract was investigated by multi-model plate reader 
(BioTek, Germany) at 570 nm.

Antibacterial activity and determination of MIC and MBC

The antibacterial activity of silver nitrate and silver nano-
particles (25, 50, 75, 100 µg/mL) were evaluated against 
Escherichia coli (ATCC 8739), Bacillus subtilis (ATCC 
6633), Staphylococcus aureus (DSMZ 3463), and Pseu-
domonas aeruginosa by Agar well diffusion method 
according to Bauer et al. (1966). The minimum inhibitory 
concentration (MIC) of prepared AgNO3 and AgNPs were 
determined by a serial twofold dilution of test samples with 
different concentrations (25, 50, 75, and 100 µg/mL) in 
autoclaved distilled water (Andrews 2001). However, the 
minimum bactericidal concentration (MBC) was determined 
following Ayala-Núñez et al. (2009).

Experimental conditions for the effect of AgNPs

Suspensions of AgNPs (25, 50, 75, and 100 mg L−1) were 
prepared daily with deionized water and dispersed with a 
sonicator (JL-360; Shanghai, China) for 20 min. Healthy 
and uniform-sized grains of Z. mays, T. foenum-graecum, 
and A. cepa were used in this study. Sterilized seeds were 
soaked in silver nanoparticles at concentrations of 25, 50, 
75, and 100 mg L−1 for 2 h, while control was immersed in 
distilled water for 2 h.

Germination and growth parameters

Seed germination

Primed seeds were sown in Petri dishes on filter paper wet-
ted with 10 mL of distilled water. Fifteen grains of maize 



	 Acta Physiologiae Plantarum (2020) 42:148

1 3

148  Page 4 of 16

and 20 seeds of T. foenum-graecum and A. cepa were in each 
petri dish. The seeds were incubated in a complete rand-
omized block design with four replicates for each treatment 
in a germinator with an average temperature of 25/15 ± 1 °C 
for 8/16 h in darkness and light, respectively. Ten days after 
treatment, seedlings were harvested. Some leaves were fro-
zen in liquid nitrogen and stored at − 80 °C for analysis of 
the activity of selected antioxidant enzymes and biochemical 
assays.

Germination and growth parameters

A number of germinated seeds were counted from the 1st 
day after germination when roots appeared until the 9th day. 
Germination data were recorded on triplicate petri dish and 
the germination parameters were presented as a mean or 
three replicas. The emergence of the radical was considered 
as an indicator of germination, and germination percent-
age was determined according to the method recommended 
by ISTA (1985). Vigor index was determined following the 
method of Abdul-Baki and Anderson (1973), and seedling 
vigor index (SVI) was calculated with the following formula:

Shoot length (SL), root length (RL), and seedling fresh 
weight (SFW) were measured at the end of the experiment.

Biochemical assays

Plant preparation and extraction

0.5 g sample of fresh tissue was homogenized in an ade-
quate amount of deionized water using a sonicator (JL-360; 
Shanghai, China). The homogenate was centrifuged, and 
supernatant preserved at − 80 °C until used for the bio-
chemical analyses. Protein concentration was determined, 
according to Bradford (1976).

Lipid peroxidation assay

Malondialdehyde (MDA) was analyzed by measuring 
the production of thiobarbituric acid reactive substances 
(TBARS), according to Ohkawa et  al. (1979), using a 
TBARS assay kit (Catalog no. 10009055; Cayman, USA).

Determination of non‑enzymatic antioxidants

Glutathione (GSH) and ascorbic acid (AsA) were deter-
mined in plant tissues using kits (Catalog no. NWK-
GSH01 and NWK-Vit C01, respectively) purchased from 
Northwest Life Science Specialties (NWLSS), Vancouver, 

SVI = Seedling length cm × Germination percentage/100.

Canada. GSH was assayed, according to Beutler et al. 
(1963) and AsA, according to McHenry and Graham 
(1935).

Assay of antioxidant enzyme activities

Activities of catalase (CAT) and peroxidase were determined 
according to Aebi (1984) and Gregory (1966), respectively. 
Ascorbic peroxidase (APX) activity was assayed follow-
ing the method of Nakano and Asada (1981). For taking 
absorbance UV–visible spectrophotometer (UV-1601PC; 
Shimadzu, Japan) was employed.

Molecular analysis of antioxidant genes

Total RNA was extracted from fresh seedlings on the 9th 
day using RNA Reagent (Tri-Pure, Fermentas) as described 
by Xu et al. (2010). The RNA samples were digested with 
DNase I, and the first strand of cDNA was synthesized 
from 5 μg of total RNA from each sample using M-MLV 
reverse transcriptase (Toyobo, Osaka, Japan). The specific 
primer sequences of antioxidant enzyme genes SOD, CAT, 
and APX2 for each plant were designed, and the internal 
standard was β-actin gene. The qRT-PCR was conducted 
using a Rotor-Gene thermocycler and SYBR Green I Mas-
ter Mix according to the manufacturer’s protocol, under the 
following PCR conditions: 95 °C for 1 min, followed by 40 
cycles at 95 °C for 15 s, 60 °C for 15 s, and 72 °C for 20 s. 
The relative expression of the antioxidant enzyme genes was 
calculated using the 2−ΔΔCT comparative CT method (Livak 
and Schmittgen 2001), and the results are presented as n-fold 
differences in expression.

Statistical analyses

Data presented are mean of three replicates. Statistical anal-
yses were performed using the IBM-SPSS ver. 23 statistical 
software package for Mac OS. Differences between AgNPs 
treatments and among species were assessed using two-way 
analysis of variance (ANOVA). Duncan’s multiple range 
tests (DMRTs) (Duncan 1955) were performed to compare 
means of different treatments. Spearman’s rank correlation 
was also shown to evaluate the correlation between increas-
ing concentrations of AgNPs and manifold measured germi-
nation, growth, and biochemical parameters.

Results

Silver nanoparticle characterization

The green synthesis of AgNPs that were biologically syn-
thesized using fresh leaves of Eucalyptus globulus from a 
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silver nitrate solution (AgNO3) was elucidated. Mixing and 
incubating the solution of silver nitrate with E. globulus 
leaf extract at room temperature for a whole day, the extract 

changed from colorless to brown to dark brown (Fig. 1). The 
PH was 8.12 for AgNPs. The AgNPs were characterized by 
their surface area, shape, disparity, and size.

Fig. 1   Characterization of 
green-synthesized AgNPs from 
E. globulus leaf extract (a) 
UV–Vis absorption spectra, 
b–e SEM micrograph of silver 
nanoparticles from fresh leaves 
of E. globules; µm is the meas-
urement unit of the apparatus 
used, f FTIR spectral analysis 
of green-synthesized AgNPs 
showing the biosynthesized 
silver nanoparticles (black line) 
and E. globulus leaf extract 
(blue line)
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UV–Visible spectra

The nanoparticles of the noble metal silver exhibited unique 
optical properties because of their surface plasmon reso-
nance. The establishment of AgNPs was settled based on 
the change in UV–Visible absorbance peak associated with 
the surface plasmon resonance; UV–Visible spectroscopic 
analysis conducted as a factor at room temperature of the 
reaction time (Fig. 1a). The analysis showed a peak absorb-
ance at approximately 450 nm (Fig. 1a) that is specific for 
AgNPs. The UV–Vis absorption band in the present visible 
light reaction (420–450 nm) was an indication of the surface 
plasmon resonance of the AgNPs.

SEM

SEM analysis of AgNPs was present and evenly distributed 
throughout the biomass of the AgNO3-incubated culture. 
The aspherical shape of silver nanoparticles with various 
particles (Fig. 1b–e). AgNPs ranged in size from 0.066 
to 0.56 µm. Scanning electron microscopy (SEM) micro-
graphs of silver nanoparticles at different magnification are 
presented in Fig. 1b–e for the detailed characterization of 
nanoparticles.

FTIR

To categorize different potential biomolecules in the E. 
globulus leaf extract, the FTIR spectral measurements were 
performed with green-biosynthesized silver nanoparticles 
(Fig. 1f). The Spectral data presented the current molecular 
environment of organic silver nanoparticles. FTIR analy-
sis for the green-synthesized AgNPs of our study showed 
different intense bands at 3757.46, 3738.17, 3315.74, 
2910.68, 1637.62, 1637.62, 1394.58, 1274.99, 1055.10, 
and 545.87 cm−1 (Fig. 1f). Figure 1f shows the FTIR spec-
trum revealing possible biomolecules in E. globulus leaf 
extract, reducing silver ions and interacting with AgNPs. A 
significant difference was observed among peaks (t = 5.255; 
p < 0.001) and among peak intensities (t = 7.269; p < 0.001). 
The significant difference observed between IR positions in 
the extract of E. globulus, and those of green-synthesized 
AgNPs was due to the reduction process.

The IR spectra of AgNPs from E. globulus were con-
sistent with the same bands in the same regions with shifts 
varying from 10 to 100 nm (cm−1), which indicated good 
interactions of OH, C=O, and NH in the extract of E. globu-
lus leaves.

A peak was observed at 3414  cm−1and identified as 
hydroxyl groups (Junior et al. 2013; Sharaf et al. 2013). 
A band of stretching vibration of C = C bonds appears at 
1645 cm−1(Barud et al. 2013) due to aromatic fragments 
(Franca et al. 2014); the stretching vibration of C=O and 

of C=C due to flavonoids and amino acids; the asymmetric 
bending vibration of N–H due to C=O stretching vibration 
(Sharaf et al. 2013); or the stretching vibration of C=O due 
to lipids or flavonoids (Junior et al. 2013) (Fig. 1f). The 
band at 1251 cm−1 was due to vibration of the C–O bond of 
polyols. A band at 1066 cm−1 was identified with secondary 
alcohols (Sharaf et al. 2013) (Fig. 1f).

Cytotoxicity assay (MTT) against human cancer cell 
lines

MTT cytotoxicity assay to test cell viability (%) of HepG-2 
human liver cancer and MCF-7 human breast cancer cell line 
post-treatment with AgNO3 and biogenic AgNPs. Figure 2a, 
b shows the percentage viability of the cells treated with 
AgNPs. The assay was done with several concentrations of 
silver nitrate (AgNO3) and biogenic Nano silver (AgNPs) 
(10, 15, and 20 µg/mL) compared with 5-fluorouracil (5-Fu) 

Fig. 2   Percentage of cell viability determined by MTT cytotoxicity 
exposed to silver nitrate (AgNO3) and biogenic silver nanoparticles 
AgNPs (10,15, and 20 µg/mL) a in HepG-2 cells, b in MCF-7 cells. 
Data represented are the mean of three replicates ± standard devia-
tions. Variations in viability between different AgNO3 and AgNPs 
concentrations were evaluated by univariate analyses followed by post 
hoc analysis. Means with the same letters are not significantly differ-
ent according to Duncan’s multiple range tests (DMRTs)
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as a positive control. The results showed that the percentage 
of cancer inhibition of HepG-2 and MCF-7 relies on the 
concentration of the AgNPs used. The greater inhibition in 
HepG-2 was recorded at the highest concentration (20 µg/
mL) (p < 0.05; Fig. 2a). However, the MCF-7 showed the 
highest inhibition percentage at the moderate concentration 
of AgNPs (15 µg/mL) (p < 0.05; Fig. 2b). On the other hand, 
the silver nitrate showed no significant inhibition percent-
age in both HepG-2 and MCF-7 cell line compared to the 
untreated cell.

Antibacterial activity, and MIC and MBC

The obtained results for antibacterial activity of silver nitrate 
(AgNO3) and biogenic nanosilver (AgNPs) synthesized by 
natural biogenic extract were investigated against E. coli, 
B. subtilis, S. aureus, and P. aeruginosa. The diameter of 

inhibition zones (mm) around each well is represented 
in  Fig.  3. Both silver nitrate and biogenic nanosilver 
(AgNPs) showed a potent antibacterial activity. They signifi-
cantly (p < 0.05) growth inhibition of the E. coli, B. subtilis, 
S. aureus, and P. aeruginosa especially in concentration of 
100 µg/mL (Fig. 3).

The growth inhibition effect of silver nitrate (AgNO3) and 
biogenic nanosilver (AgNPs) against bacteria was measured 
also by MIC and MBC (Fig. 4a, b). The AgNPs showed a 
lower value in both the MIC and MBC than AgNO3. The 
lowest values of MIC and MBC were observed with AgNO3 
and AgNPs in Escherichia coli and Pseudomonas aerugi-
nosa, respectively. Thus, the biogenic silver nanoparticles 
were found to be a more potent bactericidal agent in terms 
of size.

Growth and germination

Various concentrations of AgNPs affect growth perfor-
mance and germination of the three crop plants (T. foenum-
graecum, Z. mays and A. cepa), as shown in Table 1. The 
growth and germination of the three crop plants significantly 
increased (p < 0.001***) by increasing concentrations of 
AgNPs (Table 1). The three species significantly showed 
different responses to AgNPs revealed by two-way ANOVA 

Fig. 3   The comparative results of antibacterial activities of silver 
nitrate and biogenic AgNPs (25 µg/mL, 50 µg/mL, 75 µg/mL, and 
100 µg/mL) by agar well diffusion technique. Ampicillin (Am) was 
used as positive controls. Data represented as mean of triplicate. 
Means with different letters are significantly different according to 
Smarts at p < 0.05

Fig. 4   The comparative results of MBC and MIC activities of silver 
nitrate and biogenic AgNPs (25 µg/ml, 50 µg/ml, 75 µg/ml, and 100 
µg/ml). Data represented as mean of triplicate. Means with different 
letters are significantly different according to Smarts at p < 0.05
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(p < 0.001***). The 2-way ANOVA indicated that the influ-
ence of different AgNPs concentrations was significant for 
all germination and growth parameters studied (Table 1). 
Germination and growth parameters (germination %, seed-
ling vigor index, shoot length, root length, and seedling fresh 
weight) increased significantly (p < 0.001) with increased 
AgNPs concentration; however, root fresh weight of Z. 
mays showed a different trend with AgNPs, as revealed by 
Spearman’s correlation. Root fresh weight showed a non-
significant decrease with increasing AgNPs concentrations.

Lipid peroxidation (oxidative damage)

Oxidative stress intensity in T. foenum-graecum, Z. mays, 
and A. cepa under the effect of different AgNPs concen-
trations was assessed as a measure of membrane lipid 
peroxidation determined in terms of malondialdehyde 
content (Fig. 5a). Data of membrane lipid peroxidation 
revealed that AgNPs significantly decreased the oxidative 
stress damage on T. foenum-graecum, Z. mays, and A. cepa 
(p < 0.0001) (Fig. 5a). The membrane lipid peroxidation in 
the untreated controls showed an average of 3.94 ± 0.002, 
2.30 ± 0.0017, and 4.33 ± 0.0011 μmol g−1 FW; however, 

after treatment with 100  mM AgNPs, membrane lipid 
peroxidation decreased significantly (p < 0.001***) to 
3.62 ± 0.001, 2.14 ± 0.0011, and 3.25 ± 0.0023 μmol g−1 FW 
in T. foenum-graecum, Z. mays, and A. cepa, respectively 
(Fig. 5a).

Antioxidant enzyme activity assays

In general, for all tested seedlings, GSH and AsA increased 
significantly (p < 0.001) with the increase in the concentra-
tion of biosynthesized AgNPs from 0 to 100 mM. AgNPs 
application resulted in a significant reduction in MDA levels 
relative to control levels. The maximum increase in GSH 
and AsA was 18.45 ± 0.002 and 89.80 ± 0.002 μmol g−1 
FW, respectively, and was recorded in T. foenum-graecum 
(Figs. 5b, 6a). By contrast, the lowermost intensification was 
found in Z. mays and A. cepa seedlings.

Cellular glutathione levels in untreated control 
groups averaged 16.94 ± 0.012, 1.94 ± 0.0017, and 
3.85 ± 0.0023 μmol g−1 FW; however, after treatment with 
100 mM AgNPs, levels increased significantly (p < 0.001) to 
20.76 ± 0.001, 4.03 ± 0.0011, and 5.89 ± 0.002 μmol g−1 FW 
in T. foenum-graecum, Z. mays, and A. cepa, respectively 

Table 1   Effect of treatment with silver nanoparticles (AgNPs; 25, 50, 75, and 100 mM) on germination power (%) and growth parameters of T. 
foenum-graceum, A. cepa, and Z. mays 

* significant at p < 0.05; **, *** highly significant at p < 0.01, p < 0.001

Growth param-
eters

Plant species Concentrations of Ag NPs (mM)

Control 25 50 75 100 Correlation r

Germination (%) TF 85.06 ± 2.89h 87.51 ± 2.89j 90.05 ± 0.00k 97.54 ± 2.89n 100.00 ± 0.00o 0.977***
ZM 73.34 ± 0.01f 80.04 ± 0.0g 86.67 ± 3.85i 93.33 ± 0.0l 95.01 ± 3.85m 0.985***
AC 42.50 ± 2.89a 47.51 ± 2.89b 52.52 ± 0.00c 57.50 ± 2.89d 60.06 ± 2.89e 0.994***

ANOVA F(AgNPs) = 849,352.8*** F(Species) = 1,156,267.5 *** F(AgNPs x sp.): 
15,423.6***

SVI TF 867.7 ± 1.1g 964.6 ± 3.7i 1088.3 ± 0.6j 1277.4 ± 1.5l 1379.3 ± 1.1n 0.994***
ZM 819.4 ± 1. 927.3 ± 1.1h 1108.3 ± 0.6k 1291.7 ± 1.1 m 1404.0 ± 1.7o 0.996***
AC 194.8 ± 0. 298.0 ± 1.7b 471.7 ± 1.5c 597.0 ± 1.7d 677.3 ± 1.1e 0.993***

ANOVA F(AgNPs) = 430,687.9*** F(Species) = 857,103.1*** F(AgNPs x 
sp.) = 847.11***

RL (cm) TF 7.90 ± 0.00 8.31 ± 0.02 8.71 ± 0.02 9.31 ± 0.01 9.51 ± 0.02 0.992***
ZM 5.59 ± 0.02 5.81 ± 0.02 6.41 ± 0.02 6.91 ± 0.02 7.39 ± 0.02 0.992***
AC 1.51 ± 0.01 1.89 ± 0.02 2.31 ± 0.02 2.81 ± 0.01 3.11 ± 0.02 0.998***

ANOVA F(AgNPs) = 14,592.4*** F(Species) = 540,712.2*** F(AgNPs x 
sp.) = 63.22***

SL (cm) TF 2.29 ± 0.01 2.69 ± 0.01 3.41 ± 0.01 3.81 ± 0.02 4.30 ± 0.01 0.996***
ZM 5.59 ± 0.02 5.81 ± 0.01 6.39 ± 0.01 6.91 ± 0.02 7.39 ± 0.01 0.992***
AC 3.11 ± 0.02 4.41 ± 0.01 6.69 ± 0.02 7.61 ± 0.02 8.21 ± 0.02 0.976***

ANOVA F(AgNPs) = 67,418.7*** F(Species) = 210,518.7*** F(AgNPs x 
sp.) = 9840.03***

RFW (mg) TF 28.52 ± 0.35f 31.40 ± 0.03 g 33.11 ± 0.34h 34.3 ± 0.49i 36.39 ± 0.45j 0.996***
ZM 78.3 ± 0.04lk 83.24 ± 0.26l 85.93 ± 0.57m 89.4 ± 0.37n 93.44 ± 0.62o − 0.41***
AC 6.51 ± 0.02a 7.09 ± 0.08b 9.20 ± 0.04c 12.4 ± 0.07d 13.62 ± 0.07e 0.978***

ANOVA F(AgNPs) = 443,197.5*** F(Species) = 7,094,156.3*** F(AgNPs x 
sp.) = 847.11***
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(Fig. 5b). Moreover, the ascorbic acid levels in untreated 
control groups averaged 70.08 ± 0.025, 2.31 ± 0.0023, and 
4.035 ± 0.002 mol g−1 FW; however, after treatment with 
100 mM AgNPs, levels increased significantly (p < 0.001) 
to 89.80 ± 0.002, 3.43 ± 0.0017, and 5.95 ± 0.0035 mol g−1 
FW in T. foenum-graecum, Z. mays, and A. cepa, respec-
tively (Fig. 6a).

The exogenous AgNPs affected the activities of antioxi-
dant enzymes in A. cepa, T. foenum-graecum and Z. mays 
seedlings (Fig. 6b–d). AgNPs induced a significant increase 
in CAT, POD, and APX activities with increased concentra-
tions of AgNPs over the control. A significant improvement 
over controls was observed for all antioxidative enzymes in 
all treatments except APX in T. foenum-graecum. In the case 
of APX, compared to control, activity decreased at 25 and 
50 mg/L AgNPs and increased to 100 mg/L.

Expression of antioxidant genes

The transcript levels of antioxidant (SOD, CAT, and APX2) 
genes analyzed using quantitative real-time PCR for T. foe-
num-graecum, Z. mays, and A. cepa seedlings exhibited an 
upregulation after 9 days of exposure to 100 mg/L AgNPs. 
The relative expression was calculated according to the fold 
change using the R =2−ΔΔCT equation (Figs. 7a–c). For the 
relative expression level of the SOD gene, fold change due 
to treatment was 22-, 14-, and 2-fold for SOD in T. foe-
num-graecum, Z. mays, and A. cepa seedlings, respectively, 
over the control gene (β-actin) (Fig. 7a–c). However, for 
CAT the observed fold change was a 0.2-, 15-, and 5-fold 
in T. foenum-graecum, Z. mays, and A. cepa, respectively, 
over the control (Fig. 7b). Additionally, the fold change in 
upregulation for the APX2 gene was 38-, 14-, and 2-fold 
in T. foenum-graecum, Z. mays, and A. cepa, respectively 
(Fig. 7c).

Discussion

Crops are affected by many factors that lead to a significant 
decline in their potential productivity. Hence, a need for 
introducing novel technologies for agricultural improvement 
has emerged. Among these, nanotechnology has become 
fundamental and one of the emerging tools in agronomy 
for enhancing the production by suppressing the ill factors 
(Prasad et al. 2017; Moustafa-Farag et al. 2020a; Rashad 
et al. 2020). However, numerous reports showed the adverse 
physiological effects of nano-metals in various crops. For 
instance, a high AgNP level reduces multiple plant growth 
based on the penetration of nanoparticles and transportation 
into plant tissues (Nair and Chung 2015; Rastogi et al. 2017; 
Çekiç et al. 2017). However, utilizing plants for the synthesis 
of silver nanoparticles is the attainable and safe approach 
also provides a full variability of metabolites that helps in 
the reduction of silver nitrate (Logeswari et al. 2015; Ahmed 
et al. 2016). The novelty in our manuscript is the usage of 
leaf extract of E. globulus as a reducing agent for the bio-
genic synthesis of AgNPs. The surface plasmon is respon-
sible for the rapid conversion of color to yellowish-brown 
and confirms the completion of the reaction and formation 
of colloidal AgNPs (Zheng et al. 2005; Prasad et al. 2017; 
Domingo et al. 2019). We found that 427 nm is the broad 
absorption band for silver nanoparticles, which implied that 
the synthesized particles were discrete correctly and were 
free of any aggregation (Singhal et al. 2011).

Moreover, the concentration of surface-active molecules, 
like flavonoids and terpenoids, in E. globulus was high, 
making the reduction and stabilization of AgNPs (Dubey 
et al. 2009; Ayepola 2008). Furthermore, the spectra of the 
FTIR released details on the present molecular environment 

Fig. 5   a Membrane lipid peroxidation as MDA (μmol g−1 FW) and b 
glutathione contents (μmol g−1 FW) in three plant species, T. foenum-
graecum, Z. mays, and A. cepa, under the effect of different concen-
trations of green-synthesized AgNPs (25, 50, 75, and 100 mM). Data 
represented are the mean of three replicates ± standard deviations. 
Variations in MDA between different species and different AgNP 
concentrations were evaluated by univariate analyses followed by post 
hoc analysis. Means with the same letters are not significantly differ-
ent according to Duncan’s multiple range tests (DMRTs)
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of the silver nanoparticles organic molecules. The results 
of FTIR analysis for the green-synthesized AgNPs of our 
study showed different intense bands that were identified in 
accordance with Gutierrez-Goncalves and Marcucci (2009), 
and Junior et al. (2013). To evaluate the safety of biosynthe-
sized silver nanoparticles in comparison with silver nitrate, 
the MTT cytotoxicity and antibacterial activity showed a 
significant inhibition for cell line and potent antibacterial 
activity. The range of biosafety of the biogenic silver nano-
particles is highly acceptable in comparison with other simi-
lar synthesis methods. These result in accordance to with 
Mukherjee and Mahapatra (2010) that Ag nanoparticle trig-
gers the level of oxidative stress, and intensively disrupt the 
biological membrane, that consequently triggering the apop-
tosis (Hashim et al. 2020). Furthermore, AgNPs resulted in 
high expression of ROS, which activate mitochondrial apop-
totic pathways (Zhang et al. 2014; Zamin et al. 2019). Many 
reports interpreting the potent antibacterial efficiency of 
AgNPs. Dorau et al. (2004) the AgNPs have been assumed 
to be crucial for lysis of bacterial cell through inhibition of 
cell-bound membrane enzymes. This has also been shown 
to disrupt the respiratory and cell chain and/or increase the 
rate of formation of ROS, including hydroxyl and superoxide 
(Rai et al. 2009; Duncan 2011; Durán et al. 2016).

Treatment of the Z. mays, T. foenum-graecum, and A. 
cepa with the biosynthesized AgNPs resulted in differ-
ent responses regarding the germination and seedling 
growth, biochemical attributes, and gene expression. 
It has been reported that the concentration and the size 
of nanoparticles are highly limiting factors considering 
the effect that appeared upon the tested plant (Ma et al. 

2010; Thuesombat et al. 2014). Such impacts of AgNPs 
application are consistent with the findings of Parveen 
and Rao (2015), who reported a significantly increased 
rate of germination in B. ovalifoliolata seeds treated 
with 50 mg/mL AgNPs. Recent research investigations 
have reported enhancement in the growth performance 
of soybean exposed to flooding by exogenous treatment 
with nanoparticles (Judy et al. 2011; Hossain et al. 2015). 
Zheng et al. (2005) showed increased water absorption by 
seeds, nitrate reductase, and antioxidant activity (Lu et al. 
2002). In addition, Arora et al. (2012) reported significant 
improvement in Brassica due to a synergistic effect with 
the phytohormones after the treatment with nanoparticles. 
Moreover, many research reports have reported improve-
ment in plant growth owing to the nanoparticles applica-
tion, which enhanced the activities of antioxidant machin-
ery (guaiacol peroxidase, APX, and SOD) (Lei et al. 2008; 
Jasim et al. 2017). However, specific contradictory reports 
depicting inhibition of germination in Vicia faba (Ahmed 
et al. 2013) and in Arabidopsis thaliana (Geisler-Lee et al. 
2012) might been attributed to the capacity of nanoparti-
cles aggregated on the surfaces of the seedling root. The 
excessive aggregation of NPs, including those of AgNPs 
brings a reduction in water availability and hydraulic con-
ductivity, delimited plant development, and decreased 
transpiration (Harris and Bali 2008; Yin et al. 2012; Van-
nini et al. 2014; Nair and Chung 2015). The initial contact 
or association may be triggered by electrostatic adsorption, 
mechanical adhesion, or hydrophobic affinity of particular 
NPs, and the ROS stress exerted by AgNPs is increased. 
(Yin et al. 2012). Moreover, at high concentrations, AgNPs 

Fig. 6   a Ascorbic acid content 
(ASA; mg g−1 FW), b ascorbic 
acid peroxidase (APX; unit g−1 
FW min−1), c catalase activities 
(CAT; unit g−1 FW min−1) 
and d peroxidase activities 
(POD; unit g−1 FW min−1) in 
three plant species, T. foenum-
graecum, Z. mays, and A. cepa, 
under the effect of different con-
centrations of green-synthesized 
AgNPs (25, 50, 75, and 100 
mM). Data represented are the 
mean of three replicates ± stand-
ard deviations. Means with the 
same letters are not significantly 
different according to Duncan’s 
multiple range tests (DMRTs)
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induced an inhibitory effect in cucumber and Oryza sativa 
(Zheng et al. 2005).

More common growth parameters and physiological 
endpoints can be more informative about the interactions 
between NPs and crop types (Thiruvengadam et al. 2018). 
The most common physiological parameters are antioxidants 
enzymes, which are well known for scavenging ROS through 
their increased activity under various stresses (Velmuru-
gan et al. 2018; Baskar et al. 2018; Alhaithloul et al. 2019; 
Moustafa-Farag et al. 2020a). ROS has many fundamental 
roles in gene expression, especially those genes regulat-
ing several key developmental processes, like cell cycle, 
response to stresses, and systemic signaling. However, their 
overproduction leads to oxidative stress through the collapse 
of the antioxidant defense system of cells by inhibiting SOD, 
CAT, GPX, and GR activities concomitant with the reduc-
tion of GSH and ASA levels (Chung et al. 2016). Addition-
ally, ROS induced lipid peroxidative product, MDA, which 

is a polyunsaturated fatty acid produced during the decom-
position of bio-membranes and a primary indicator of oxida-
tive injury (Demiral and Turkan 2005; El-Esawi et al. 2018). 
In the present study, MDA concentrations were measured 
as oxidative stress indicators in the leaves, and the MDA 
content significantly decreased (p < 0.05) when AgNPs were 
applied to a range of 75 mg/L (Fig. 4). In the AgNP-treated 
plants, reduction of ROS and MDA levels may be attributed 
to upregulated antioxidative mechanisms preventing the 
electron leakage from cells (Hatami and Ghorbanpour 2013). 
The functioning of the antioxidant machinery in the AgNP-
treated plant cells determines the amount of ROS being pro-
duced and accumulated in them, which was much evident 
(Çekiç et al. 2017). High concentrations of AgNPs severely 
damage the cell membrane and significantly increase the 
level of lipid peroxidation (Ghanati and Bakhtiarian 2013; 
El-Esawi 2017), and such concentration-dependent oxida-
tive damage by AgNPs has been suggested to indicate their 
threshold level for membrane protection (Heidari et al. 2018; 
Moustafa-Farag et al. 2020b).

In our results, CAT, POD, and APX activities increased 
with increasing AgNPs concentrations up to a certain 
level in the three crops (Figs. 6b, 7a, b). We found that a 
moderate level of AgNPs (75 mg/l) imparted a defensive 
strategy for improving the activities of ROS scavenging 
enzymes. Greater activities of CAT and POD reduce the 
ROS production, decreasing the chances of oxidative 
stress and the nanotoxicity in plants (Krishnaraj et al. 
2012; El-Esawi and Alayafi 2019). Earlier upregulation 
of the antioxidant system due to AgNPs has been reported 
to impart quick elimination of H2O2, hence leading to 
growth maintenance (Gopinath et al. 2012; Priyadarshini 
et al. 2013). Antioxidant enzyme activities in the three 
crops reached the maximal value in AgNP-treated plants. 
Our results are in consonance with Lei et al. (2008) and 
Farrag (2016), who also demonstrated increased activities 
of CAT, SOD, AXP, and POD due to AgNPs and TiO2 
treatment. Recently, Hossain et al. (2015) confirm that 
ZnONPs significantly increased the activity of antioxi-
dant enzymes in treated faba bean seedlings. Yasur and 
Rani (2013) reported that the SOD activity of L. esculen-
tum and R. communis increased due to AgNP’s treatment. 
Moreover, wheat seedlings treated with biogenic AgNPs 
exhibited an increment in the actions of CAT and POD 
(Hossain et al. 2015).

In the present experiment, the concentrations of AsA 
and GSH increased significantly (p < 0.05) in all the three 
crops (Figs. 5, 6a). The high levels of endogenous AsA in 
treated plants were important in order to compensate for 
oxidative stress by promoting a metabolic process with the 
enzymatic antioxidant system. (Manke et al. 2013; Dakal 
et al. 2016). The applications of CeO2 and In2O3 NPs have 
been reported to induce the gene expression responsible for 

Fig. 7   Fold change of gene expression of a SOD, b CAT, and c 
APX2 genes using quantitative real-time PCR for T. foenum-graecum, 
Z. mays, and A. cepa seedlings after 9 days of exposure to 100 mg/L 
AgNPs and was calculated according to the fold change using the 
R = 2−ΔΔCT equation. Data represented are the mean of three repli-
cates ± standard deviation. Means with the same letters are not signif-
icantly different according to Duncan’s multiple range tests (DMRTs)
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the regulation of sulfur assimilation and the biosynthesis of 
GSH in Arabidopsis (Vwioko et al. 2017; Yang et al. 2017; 
Elsayed et al. 2018). Transcriptomic responses to AgNPs 
include the enhancement of gene regulation, including miti-
gation of oxidative stress (Begum et al.,2011).

The real-time PCR data indicated that exposure of T. 
foenum-graecum, Z. mays, and A. cepa seedlings to AgNPs 
led to significant (p < 0.05) upregulation of the expression of 
antioxidant genes (SOD, CATc, and APX2) compared with 
that of control plants. Increased expression levels of anti-
oxidant genes might have induced the tolerance to oxidative 
stress by mediating efficient elimination of toxic ROS. The 
highest fold change due to AgNPs treatment was for APX2 
gene, followed by CAT​ gene, and the lowest fold change was 
for SOD gene. Similar to the results of this study, aquaporin 
expression (NtPIP1) gene and marker genes were signifi-
cantly upruled in Nicotiana xanthi cells with exposure to 
MWCNTs, and there was evidence that the increase in cell 
growth is linked to water absorption and division (Khoda-
kovskaya et al. 2012). The action of biogenic silver nano-
particles on T. foenum-graecum, Z. mays, and A. cepa are 
summarized in Fig. 8.

Conclusions

The results of the current study reveal that biogenic sil-
ver nanoparticle is a promising within a different type of 
nanoparticle synthesis. The biosafety of the synthesized 
nanoparticles is highly suitable for large-scale applications. 
The exogenous treatment with AgNPs increased seed ger-
mination and improved early growth characteristics. The T. 
foenum-graecum, Z. mays, and A. cepa responded to the bio-
synthesized AgNPs with higher seed germination percentage 
than that of the controls. The current study determined that 
the best level of AgNPs in improving the overall growth 
profile which is 75 mL/L AgNPs, causing maximum stimu-
lation of the antioxidant enzyme system, compared with the 

other responses at other concentrations. The response of the 
dicot crop (T. foenum-graecum) was better than that of the 
two monocot crops (Zea mays and Allium cepa). Our find-
ings confirm that AgNPs may be introduced effectively to 
defend crops against environmental stresses and increase 
crop growth during the early stages.
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