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Abstract: The present study was designed to check the role of silver nanoparticles (AgNPs) on physiological, biochemical
parameters and antioxidants of wheat (Triticum aestivum L.) under heat stress. Plant extract of Moringa oleifera was used for
AgNPs synthesis followed by characterization through UV–Vis spectroscopy, SEM, XRD and Zeta analyser. Heat stress was
applied in range of 35–40°C for 3 hrs/ day for 3 days to wheat plants at trifoliate stage. Heat stress decreased the RWC
(13.2%), MSI (16.3%), chl a (5.2%), chl b (4.1%) and TCCs (9.9%). Wheat plants treated with AgNPs showed significant
increase in RWC (12.2%), MSI (26.5%), chl a (10%), chl b (16.4%), TCCs (19%), TPC (2.4%), TFC (2.5%), TASC (2.5%), SOD
(1.3%), POX (1.5%), CAT (1.8%), APX (1.2%) and GPX (1.4%), under heat stress. Lower concentration of AgNPs (50 mg/l)
decreased the sugar (5.8%) and proline contents (4%), while increase was observed in higher AgNPs concentrations. Overall,
AgNPs treatment enhanced thermo-tolerance in wheat plants, but the mechanism of AgNPs action needs further investigation at
genome and proteome level in wheat plants under heat stress.

1௑Introduction
Among cereals, wheat (Triticum aestivum L.) is a staple food in
many areas of the world including Pakistan, with a global annual
yield of about 650,000,000 tons [1]. To ensure food security, there
is a need to double the wheat production by 2050 [2]. Currently,
the temperature of the present world is increasing as a severe threat
due to unnecessary changes in the environment. According to
Intergovernmental Panel on Climate Change [3], the overall
temperature will be 1.8–4.0°C more in 2100 than the present, with
an average rise of 0.2°C per decade. This forecast is a severe threat
for the survival of living organisms including microorganisms,
plants and animals. Plants being immobile are more susceptible to
get affected by heat stress [4]. Many aspects of plants such as
growth, development, physiological changes and yield are severely
affected by heat tress due to oxidative stress, caused by
overproduction of reactive oxygen species (ROS) [5]. Plants are in
constant effort to survive under heat stress through altering
morphology, metabolic and signalling process and osmolytes
production to sustain cell turgidity by osmotic adjustment and
modifying the antioxidant system for smooth homeostasis [6].
Exogenous application of various growth substances
(osmoprotectants, plant hormones, polyamines and trace elements)
are in daily practise for overwhelming damage of heat stress in
plants [7].

Recently, engineered nanoparticles (NPs) have been widely
used in many industries worldwide [8]. However, the significant
impact of metal NPs on plant growth is of major concern for food
quality. The plants treated with NPs could absorb and allocate NPs
to various plant parts. Various studies showed adverse effects of
NPs on seed germination, plant growth, nutrient uptake and
photosynthesis in different media such as agar, nutrient solutions
and soil [9]. Among NPs, silver NPs (AgNPs) have diverse
applications, as a growth enhancer in agriculture [9] and
antimicrobial agent in cosmetics, household products and in water
filters. In the literature, both positive and negative effects of
AgNPs on plant growth have been illustrated [8]. Lower
concentrations of AgNPs, up to 30 and 50 mg/l increase the growth

of rice, maize, bean and wheat while high concentrations inhibited
the growth of these crops [9].

Similarly, AgNPs increase or decrease the plant growth and
biomass depending on the size, dose and duration of exposure [10].
AgNPs are very effective in plant protection against environmental
factors such as pathogenic bacteria and fungi, salt and drought
stress, heavy metals stress in plants and pests incidence. During the
past few decades, AgNPs have been recognised as the most
important antibacterial agents and prevent plants from bacterial
diseases [11]. Few studies suggested that AgNPs applied as
biosurfactants and biofilms on plants to protect against
environmental bacteria, pathogenic fungi [12, 13] and land snails
[14]. The effect of AgNPs has a stimulating role on fenugreek and
tomato seed germination under salinity stress [15, 16]. AgNPs
promote lentil seed germination under drought stress [17].
Recently, AgNPs have been reported as pesticides for controlling
plants pests [18]. Nowadays, AgNPs are involved to detect the
heavy metal presence in water absorbed by plants [19], ultimately
predicts the level of heavy metal contamination in plants grown at
a particular area [20]. At present, AgNPs have been utilised as an
efficient antibacterial agent for controlling canker disease in Citrus
plants [21]. AgNPs are also very effective against black mould
(Stachybotrys chartarum) species commonly grown on plants [22].
Similarly, AgNPs also protect rice plants from aflatoxins
production due to Aspergillus species due to their antifungal
properties. Similarly, Abou-Zeid and Ismail [23] reported that
AgNPs priming notably improves growth parameters and
photosynthetic efficiency as well phytohormones balance
suggesting that AgNPs played a role in the improvement of plant
tolerance against environmental stresses such as salt stress.

Overall, AgNPs are playing a very effective role in plants
protection against various environmental stresses. However, very
less work has been done on the role of AgNPs in wheat plants
under heat stress [9]. It was hypothesised that AgNPs treatments
(in different doses) may alleviate the heat stress in wheat plants by
decreasing the oxidative stress through modification of antioxidant
enzyme activities. Therefore, the purpose of current study was (i)
to assess the role of different concentrations of AgNPs (25, 50, 75
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and 100 mg/l) in physiological, biochemical and antioxidant
processes in wheat plants under heat stress and (ii) to investigate
AgNPs potential in alleviation of ROS-based oxidative damage in
wheat plants under heat stress.

2௑Material and methods
2.1 Plant extract and AgNPs preparation

Fresh leaves of the plant (Moringa oleifera) were collected from
the main campus of Pir Mehr Ali Shah Arid Agriculture University
Rawalpindi, Pakistan. The plant extract was prepared according to
the method described by Hussain et al. [24]. AgNPs were prepared
by using Ag nitrate (AgNO3) as raw salt. AgNPs synthesis was
carried out through the protocol given by Hussain et al. [24].
AgNPs were characterised through ultraviolet–visible (UV–vis)
spectrophotometer, scanning electron microscopy (SEM), X-ray
diffraction (XRD) analysis and zeta analyser (Figs. 1–4). 

UV–vis spectroscopy was done from the Islamic International
University, Islamabad. It is a frequently used technique for initial
detection of AgNPs. UV–vis spectrum was recorded from the
range of 300–700 nm. The shape of the synthesised AgNPs was
checked by using SEM, SIGMA model operated at 5 kV,
magnification ×10k from the Institute of Space and Technology,
Islamabad. The sample surface images were taken at high
magnification. The crystalline nature of the synthesised AgNPs
was determined through XRD spectroscopy machine Shimadzu
model XRD 6000 in the range of 5–50° in the 2θ angle at the
National Centre of Physics, Islamabad. The size of AgNPs was

estimated through zeta sizer from Nuclear Institute of
Biotechnology and Genetic Engineering, Faisalabad. The
synthesised NPs were ultrasonicated for 15 min and then size range
was determined through zeta potential.

2.2 Plant material and growth conditions

Wheat seeds of variety Pakistan-2013 were acquired from Crop
Sciences Institute-National Agricultural Research Centre
Islamabad, Pakistan. For sterilisation, viable seeds were immersed
in 10% sodium hypochlorite solution for 10 min, followed by three
times washing with distilled water [25]. The pot experiment was
carried out during a complete growing season (2016–2017) in the
experimental area (Glass house) of Department of Botany, Faculty
of Sciences, University of Arid Agriculture Rawalpindi
(33°38ƍ51ƎN, 73°4ƍ57.72ƎE) at temperature 23 ± 2.5°C, relative
humidity between 25 and 52% and a mid-day photosynthetic
photon flux density of 405 ± 7.5 μmol m−2 s−1. The wheat seeds
were directly sown by hand in sandy loam soil (sand: 52.5%, silt:
2.5% and clay: 45%) with the density of 4–6 seeds per pot. All
plants grown in the specified soil media were irrigated with water
to avoid water stress and no fertiliser was applied during the entire
growing seasons. Weeds were periodically removed by hand. The
whole experiment was performed from 15 November 2016 to 20
February 2017.

2.3 AgNPs treatments and heat-stress exposure

Wheat plants were treated with 25, 50, 75 and 100 mg/l of AgNPs
at three leaf stage. The plants were irrigated with 16.7, 33.3, 50,
and 66.7 ml of AgNPs as input volume from respective stock
solutions (25, 50, 75 and 100 mg/l AgNPs) in the pots. Plants
without any treatment were marked as a control. Exposure of heat
stress was given according to a method designed by Iqbal et al. [9].

2.4 Analysis of physiological parameters

Relative water contents (RWCs) were analysed according to the
method given by Unyayer et al. [26]. Membrane stability index
(MSI) was measured by the following method proposed by Sairam
[27]. Photosynthetic pigments such as chlorophyll a, b and total
chlorophyll contents (TCCs) were estimated through the protocol
of Bruinsma [28].

2.5 Estimation of biochemical attributes

2.5.1 Estimation of non-enzymatic antioxidants: Proline
contents were estimated by the process given by Bates et al. [29].
Sugar contents were determined through phenol sulphuric acid
method [30]. The protein contents were quantified through the
method of Lowry et al. [31]. Malondialdehyde (MDA) contents
were determined by the thiobarbituric acid method [32]. The
reduced glutathione was determined through the Ellman method
[33]. Total ascorbates (TASCs) were estimated by the method of
Gossett et al. [34]. Total phenolic contents (TPCs) were evaluated
by the method of Waterhouse [35]. Total flavonoid contents (TFCs)
were determined using aluminium chloride method [36].

2.5.2 Extraction and assay of antioxidant enzymes
activities: For extraction of the antioxidant enzymes, wheat plants
were initially grounded with 50 mM sodium phosphate buffer (pH
6.8) for extraction of peroxidase (POX) and catalase (CAT) and 50 
mM sodium phosphate buffer (pH 7.2) for ascorbate POX (APX)
and 100 mM potassium phosphate buffer (pH 7.6) for superoxide
dismutase (SOD) using polyvinyl pyrrolidone in ice cold
conditions. The obtained homogenous mixture was centrifuged at
10,000 rpm for 10 min at 48°C for taking supernatants. SOD
(SOD: EC 1.15.1.1) activity was done according to the method of
Dhindsa et al. [37] and absorbance was taken at 560 nm. CAT
(CAT; EC 1.11.3.6) activity was determined by taking absorbance
at 240 nm using the method of Aebi [38]. POX (POX: EC 1.11.1)
activity was analysed at 470 nm for 10 min [39]. APX (APX:
EC.1.11.1.11) activity was measured at 290 nm by the following

Fig. 1௒ UV–vis absorption spectrum of synthesised AgNPs
 

Fig. 2௒ SEM micrograph of synthesised AgNPs
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method of Chen and Asada [40]. For analysis of guaiacol POX
(GPX, EC 1.11.1.7) activity method of Zhang [41] was followed.

2.5.3 Quantification of superoxide anion (O2O2), hydrogen
peroxide (H2O2), superoxide radical (O2) and lipid
peroxidation: The O2O2 concentration was quantified following
the method of Doke [42]. Absorbance was taken at 580 nm through
UV–vis spectrophotometer. The H2O2 concentration in the plant
tissues was estimated as per the procedure of Bellincampi et al.
[43] at an absorbance of 560 nm. Estimation of superoxide radical
(O2) was done by the method of Kariola et al. [44]. Lipid
peroxidation (LPX) was recorded as per MDA level and the
absorbance was taken at 600 nm [32].

2.6 Experimental design and statistical analysis

Each treatment was consisting of three replicates with two times
repetition of the experiment. The values were finalised by taking
mean standard error (±SE). Statistical analyses of obtained values
were carried out through analysis of variance-one way with the
help of SPSS software package (SPSS 16.1). Furthermore,
comparison of each value was done with control.

3௑Results and discussion
3.1 Green synthesis and characterization of AgNPs

Biosynthesis of AgNPs by using the leaves extract of M. oleifera as
the main reducing and stabilising agent was employed in the
present study. The aqueous Ag ions were reduced to AgNPs with
the addition of prepared M. oleifera leaves extract. The plant
extract contains a certain concentration of active constituents,
which are intended to play a key role in the synthesis of NPs [45].

The synthesis of AgNPs by utilising the plant extract is of great
importance because it eliminates the downstream processing and
avoids the difficult maintenance of cell cultures [46]. Fig. 5
illustrates the scheme for the synthesis of the AgNPs. 

The synthesised AgNPs were characterised by UV–vis
spectroscopy, SEM, XRD and zeta analyser The combination of
different techniques is usually required as far as concerned with the
characterisation of NPs because a single technique is unable to
fully characterise the colloidal NPs. Different characterisation
peaks usually in the range of 410–480 nm are obvious for the
synthesis of AgNPs [47, 48]. Although, different wavelengths may
attribute different sizes and shapes of colloidal AgNPs [49]. The
synthesis of AgNPs was monitored by recording a UV–vis
spectrum from 300 to 700 nm. As is evident in Fig. 1, plant extract
mixed with AgNO3 salt showed a characterisation peak in the
range of 413–420 nm for the AgNPs synthesised from M. oleifera.

Morphological analysis of the synthesised AgNPs was
performed using SEM. The SEM image represents the cubic to
rectangular shapes of the synthesised AgNPs (Fig. 2). The
synthesised AgNPs were neutral in charge and compactly
aggregated in arrangement with dispersed distribution. The neutral
charge of AgNPs was due to the capping of plant extract material,
which reduced Ag ions Ag+ into Ago. Similar findings were
reported by Hussain et al. [50]. Impurities in the sample are
attributed to the organic compounds, which are involved in the
reduction of AgNO3 to AgNPs. The crystalline nature of the
synthesised AgNPs was confirmed by XRD analysis (Fig. 3). The
XRD pattern of the synthesised AgNPs showed diffraction spectra
at 25.36°, 37.86° and 48.13°, which can be attributed to 111 and
200 of the face-centred cubic crystalline Ag.

The synthesised AgNPs were also characterised through zeta
potential for determining the size range. The zeta analyser
elucidated that the size of synthesised AgNPs ranged from 8 to 28 
nm (Fig. 4). Our findings are in line with Mie et al. [51] who
reported similar observations regarding size distribution in an
attempt to find the effect of AgNPs in the antimicrobial assay.

3.2 Effects of AgNPs on RWCs, MSI and chlorophyll
contents

Results of AgNPs treatments on physiological growth of wheat
plants under heat stress were taken in terms of plant RWCs, MSI
and chlorophyll contents (Fig. 6). Heat stress significantly reduced
plant RWC (13.2%), MSI (16.3%), chlorophyll a (5.2%),
chlorophyll b (4.1%) and TCCs (9.9%) compared with control.
Rizwan et al. [8] elaborated oxidative stress as a major reason
behind the disruption of macromolecules and cell membranes,
which results in a reduction of green pigments in plants. A
significant increase in RWC (12.2%), MSI (26.5%), chlorophyll a
(10%), chlorophyll b (16.4%) and TCCs (19%) was observed in
response to 50 mg/l of AgNPs treatment under same exposures of
heat stress in comparison with control and respective treatments

Fig. 3௒ XRD pattern of synthesised AgNPs
 

Fig. 4௒ Zeta analyser showing size distribution of synthesised AgNPs
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(>50 mg/l AgNPs). Singh et al. [52] reported an increase in
physiological attributes is due to changes in cell division and cell
elongation. This growth directly related to the protection of
membrane integrity and the stabilisation of proteins/enzymes and
thus contributes to heat tolerance. Blum [53] stated that production
of osmolytes regulates low water potential by increasing more
water uptake under stress conditions. Cvjetko et al. [54] observed a
decrease in MDA level and electrolyte leakage due to exogenous
application of AgNPs in tobacco plants. Iqbal et al. [55] reported
an increase in RWC and membrane stability in wheat plants treated
with plant-derived smoke. A profound increase takes place in
photosynthetic pigments such as chlorophyll and carotene contents
of microalgae (Chlorella vulgaris) due to AgNPs treatment [56].
This increase was due to a reduction in chlorophyll disruption and
better growth of microalgae (C. vulgaris). Nwaichi and Anosike
[57] also studied variation in chlororphyll contents in response to
AgNPs treatments. Similarly, Gupta et al. [58] stated that exposure
to AgNPs significantly increases the chlorophyll and carotenoid
contents of rice plants. AgNPs priming also notably enhance
growth parameters and photosynthetic efficiency as well as
phytohormones balance suggesting that AgNPs priming might have
a role in the improvement of plant tolerance against environmental
stresses [23]. 

3.3 Effects of AgNPs on non-enzymatic osmolytes
production in wheat plants

The concentrations of the studied osmolytes such as proline and
total soluble sugar significantly increased in wheat plants under
heat stress, while AgNPs treatment directed a reduction in their
quantity (Fig. 7). Heat stress alone increases the proline (8.2%) and
sugar level (11.6%) as compared with control. The application of
AgNPs (50 mg/l) lowered the proline (4%) and sugar level (5.8%)
of wheat plants against heat-stress treatment. Even though the

increase in both osmolytes was noted in some AgNPs ( 50 )
treatments with heat stress, but overall this increase was less
significant as compared with heat-stress application only.
According to Mishra et al. [59] and Ahmad et al. [60] plants
produce different types of osmolytes such as proline and soluble
sugars as a counterpart to abiotic stresses and involved in stress
tolerance through osmotic adjustment and ROS detoxification. The
findings of Tripathi et al. [61] illustrated alleviation of UV-B stress
by increased production of osmolytes (proline/sugar) in response to
silicon NPs in wheat. Similarly, Mohamed et al. [62] reported
overproduction of proline and soluble sugar in wheat plants.
Similarly, Mehmood and Murtaza [63] observed an increase in
organic solutes due to AgNPs in pea (Pisum sativum L.) seeds. In
addition, Mehrian et al. [64] revealed variations in amino acids
contents in tomato plants treated with AgNPs compared with
untreated plants. 

Fig. 5௒ Schematic flowchart diagram showing the process of AgNPs
synthesis and characterisation

 

Fig. 6௒ Effect of AgNPs on plant RWCs, MSI, chlorophyll a, b and TCCs of
wheat plants exposed to heat stress

 

Fig. 7௒ Effect of AgNPs on plant proline contents and soluble sugar
contents of wheat plants exposed to heat stress
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The substantial difference in protein, MDA and glutathione
(GSH) concentration was observed in wheat plants in response to
AgNPs treatment under heat stress (Fig. 8). Increase in MDA
(1.46%) and GSH (1.73%) was observed in heat-stress-treated
plants without AgNPs pre-treatment (Fig. 8). However, the normal
MDA level (0.73%) was recorded in pre-treated wheat plants with
50 mg/l AgNPs under heat stress. Similarly, the maximum protein
contents (2.6%) and GSH level (2.3%) were observed at the same
treatment of AgNPs (50 mg/l) against heat stress as compared with
control and other treatments of AgNPs (Fig. 8). The degradation of
membranes lipid under different environmental stresses results in a
high level of electrolyte leakage by decreasing membrane integrity.
Similarly, protein production and GSH activity also reduced in
plants under stress conditions. The application of external agents

such as AgNPs increases protein and GSH activity and normalised
MDA level by protecting membrane degradation and proteolysis
process as observed in the present investigation. Our results are in
agreement with findings of researchers [54, 61–63] as they
reported an increase in protein, GSH activity and membrane
integrity in plants in response to application of Ag-based NPs
under stress. Similar to this, Mehrian et al. [64] and Barbasz et al.
[65] observed decreased LPX in wheat callus and tomato plants in
response to AgNP treatments. 

The activities of TPCs, TFCs and TASCs in wheat plants
increased significantly under heat stress. However, AgNPs
treatment was found to be very effective in the enhancement of
non-antioxidant enzymes under heat stress compared with control
(Fig. 9). The maximum level of TPC (2.4%), TFC (2.5%) and
TASC (2.5%) were observed in wheat plants pre-treated with 50 
mg/l of AgNPs followed by heat stress. Overall, a gradual decrease
was found in non-antioxidant enzymes with increase or decrease of
AgNPs treatment level (Fig. 9). Similar to present results,
Krishnaraj et al. [66] and Yasur and Rani [67] noted a high
accumulation of total phenolic and total flavonoid in plants under
oxidative stress. Some other researchers [21, 68, 69] reported
increased production of phenolic compounds in plants and
photosynthetic microorganisms with NPs treatment. Similarly,
Garcia-Sanchez et al. [70] observed activation of flavonoid
biosynthetic genes in A. thaliana in response to AgNPs. Hussain et
al. [21] interpreted the high production of TPC and TFC in citrus
plants in response to AgNPs treatments under biotic stress. 

3.4 Effects of AgNPs on antioxidant enzymes activities

The antioxidant enzymes such as SOD, POX, CAT, APX and GPX
were also studied in wheat plants under normal and heat-stress
conditions. Antioxidant enzymes level increased under heat stress
with respect to normal (control) plants (Figs. 10 and 11). However,
AgNPs treatments were found to be more influential in increasing
the activity of these enzymes under heat stress as compared with
normal conditions. The maximum activities of SOD (1.3%), POX
(1.5%), CAT (1.8%), APX (1.2%) and GPX (1.4%) were observed
in wheat plants pre-treated with 50 mg/l AgNPs as compared with
control and other treatments (Figs. 10 and 11). Plants have a
definite mechanism of producing enzymatic compounds to mitigate
ROS produced due to oxidative stress [71]. According to Biju et al.
[72], various types of antioxidants such as SOD, POX, CAT and
APX are produced in plants under different conditions. These are
produced either constitutive or induced and act as a resistant tool
against oxidative damage. Plants used these antioxidants as their
defence system to scavenge ROS produced under various
metabolic or stress conditions such as heat or drought. These
enzymes are produced in chloroplast, mitochondrion, cytoplasm
and peroxisome and protect cell level damage. SOD dismutase
O2O2− to H2O2 [72], APX helps in scavenging H2O2 through the
ascorbate–glutathione pathway, GPX and POX also break H2O2,
thus protecting against stress-mediated cellular injury. Overall,
CAT diminishes H2O2 by splitting it into the water and molecular
oxygen thus eliminates the high level of produced H2O2 [62]. On
the other hand, increased SOD, APX and CAT activities were
recorded in Spirodela polyrhiza and Vigna subterranean in
exposure to AgNPs treatments [57, 73]. Mehrian et al. [64]
explained that the level of antioxidants activities (POX, CAT and
APX) was significantly high in tomato plants treated with AgNPs
as compared with untreated plants. Similarly, few other researchers
[17, 21, 64, 73] reported maximum activities of CAT and
peroxidase in castor seedlings, S. polyrhiza, Fenugreek and Citrus
in response to AgNPs treatment. 

3.5 Effects of AgNPs on superoxide radical (O2), superoxide
anion (O2O2), H2O2 and LPX

The higher concentrations of SOR, H2O2, O2O2− and LPX were
observed in heat-stress wheat plants, whereas AgNPs treatments
lower this concentration (Fig. 12). The increase of 1.2% in SOR
content was recorded in heat-stressed wheat plants, while a
decrease of 0.9% was observed in AgNPs (50 mg/l) treated wheat

Fig. 8௒ Effect of AgNPs on plant MDA level, GSH activity and protein
contents of wheat plants exposed to heat stress

 

Fig. 9௒ Effect of AgNPs on plant TPCs, TFCs and TASCs of wheat plants
exposed to heat stress

 

Fig. 10௒ Effect of AgNPs on SOD, POX, and CAT activities of wheat plants
exposed to heat stress
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plants. AgNPs dose (50 mg/l) decreased the H2O2 content in heat-
stressed wheat plants from 1.4 to 1.01%, (Fig. 12). Similarly
increase of 1.9% in O2O2− content was found in heat-stressed
wheat plants, which decreased up to 1.5% in AgNPs (50 mg/l)
treatment. Noteworthy alterations in MDA level took place in heat
stress and AgNPs treated wheat plants. Heat-stress results in a
significant increase in LPX (1.8%) in wheat plants. However,
application of AgNPs (50 mg/l) under heat stress significantly
recovered the membrane damage in wheat plants up to 1%.
Overall, AgNPs treatment (50 mg/l) to wheat ants under heat stress
revealed significant changes in MDA content (Fig. 12). Thus, the
application of AgNPs (50 mg/l) seemed to have a protective effect
in terms of these parameters under heat-stress conditions by
lowering the concentration of ROS, SOR, H2O2, O2O2− and LPX
levels. ROS production takes place due to metabolism as well as in
response to environmental stresses and causes oxidation of lipid
membranes, photosynthetic pigments, proteins and nucleic acids
[74]. Plants produced antioxidant (SOD, APX, POX and CAT) and
non-antioxidant enzymes (Pro, glycine betaine and sugar) as their
defence mechanism to minimise the lethal effects of ROS species
inside the cell [52]. For example, Barbasz et al. [65] observed
decreased ROS production and LPX in AgNPs treated Arabidopsis
seedlings and wheat callus. Similarly, Jiang et al. [73] found an
increase in antioxidants such as CAT level in S. polyrhiza when
exposed to AgNPs. Recently, Cvjetko et al. [54] reported a
reduction in LPX, O2O2− and H2O2 accumulation due to enhanced
activity of antioxidant enzymes in treatment to AgNPs in Allium
cepa plants. 

4௑Conclusion
The present paper illustrated AgNPs synthesis by using M. oleifera
plant extract, which is a very highly medicinal plant with efficient
antioxidant properties. The plant extract acts as a reducing and
stabilising agent for the synthesis of eco-friendly AgNPs, without

exploding hazardous substances in the environment. The green
synthesised AgNPs played a pivotal role in ameliorating the
negative effects of heat stress when applied to wheat plants by
enhancing the level of osmolytes, antioxidant and non-antioxidant
enzymes production and declining the MDA concentration, H2O2
contents and LPX. Furthermore, AgNPs have the potential to
reduce oxidative stress in wheat plants due to their unique
plasmon-resonance optical scattering properties against heat stress.
Various concentrations of biologically synthesised AgNPs may be
applied to wheat plants through the soil and foliar spray for
stimulating resistance in wheat crop in heat-stressed areas. These
AgNPs treatments can be applied to wheat crop at vegetative as
well as anthesis stage for vigorous plant growth and high grain
yield under heat stress. Thus, in future, this environment friendly
green synthesised AgNPs can be utilised in various acute hot areas
of the world for the plentiful increase of resistance in wheat plants
against heat stress. Overall, green synthesised AgNPs treatment
could be reflected as an astonishing strategy to grow the wheat
crop in high-temperature zones of the world. However, further
efforts are still needed to analyse the role of dose and duration of
AgNPs treatment in diminishing severe effects of heat stress on
wheat plants in various high-temperature fields. In addition, there
is a dire need to understand the mechanism of AgNPs mediated
heat stress tolerance in the wheat crop (at genome and proteome
levels), growing in different high-temperature hot spots in the
world.
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