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Abstract: This study was organised to check the effect of silver nanoparticles and silver nitrate on rice growth against biotic
stress. Silver nanoparticles were synthesised by using plant extract as reducing agent, followed by characterisation through UV
Vis spectroscopy, XRD, EDS and SEM. Aspergillus application significantly reduced rice plant fresh mass (0.9%), dry mass
(0.21%), root length (2.3%), shoot length (5.2%) and root number (1%) in comparison to control. Similarly, leaf area, leaf fresh
mass, dry mass and leaf number were also reduced by 23.1, 0.02, 0.11 and 0.9%, respectively. AgNPs and AgNO3 treatments
increased the root length (16.2 & 12.8%), shoot length (21 & 20%), root number (8.1 & 6.8%), plant fresh weight (6.4 & 5%) and
plant dry weight (4.6 & 3.5%) in 75mg/l treatment of AgNPs and AgNO3 respectively. Similarly, AgNPs and AgNO3 treatment (75
mg/l concentrations) reflected remarkable increase in leaf area (58.8 & 57.2 %), leaf number (4.3 & 3.7 %), leaf fresh weight
(1.7 & 1.4 %) and leaf dry weight (0.9 & 0.8 %). Overall AgNPs showed more significant results as compared to AgNO3. The
quantity of aflatoxins ranged from 3.1 to 7.7 μg/kg against tolerable limit (4 µg/kg). Overall AgNPs and AgNO3 treatments
showed significant results and it could be considered as a strategy for aflatoxin management in rice plants.

1௑Introduction
The vitality of agriculture cannot be denied, specially for the
developing countries, as it is inevitable for existence of life on
earth. It is also good and cheap source of raw material and supply
food, feeds, and fibres. Rice (Oryza sativa L.) is one of the major
food crop for ∼65% of the world's population, particularly in Asia,
and supplying ∼20% of the calories consumed worldwide [1].
Rapidly increasing population of the world is an alarming situation
which certainly raises pressure on our agricultural land. It is stated
that for the fulfilment of the demand of increasing world's
population, it is very necessary to raise the annual cereal
productions from ∼2.6 to 3.0 billion t by 2050. Keeping in view
the world's growing population and the increasing rice
consumption, rice constantly remains as one of the major chosen
research crop.

Among various biotic stresses, mycotoxin contamination caused
by saprophytic fungi, especially Aspergillus, Penicillium, and
Fusarium, at both pre- and post-harvest stage adversely affect the
quality of rice grains [2]. Aflatoxins considered to be the major
toxins have been reported in Asia [3]. Climate of most of Pakistani
cultivatable area is hot and humid, so foods of Pakistan have high
proclivity to be susceptible to aflatoxin contamination, and the
situation is becoming alarming due to unaesthetic farming practices
in agronomy, processers, and inadequate storage facilities [4]. The
high-level contamination of aflatoxins in Pakistani rice and chillies
has resulted in decreased export from Pakistan. Therefore, it is
distress situation for economic aspects because Pakistani exports
are significantly dependent on these crop [5]. It has been reported
that 70% of rice samples contaminate due to aflatoxins by mean
concentration of 4.9 μg/kg, which is greater than the standard [6].
Taken up of these aflatoxins infected food for prolonged period
might cause health risks, i.e. hepatitis B and C, impaired function
of male reproductive organs, testicular degeneration, inflammation,
immune disorders, possibility of stroke, and bronchitis [7].

Several approaches such as physical (cleaning, heating,
irradiation, adsorption), chemical (chemical compounds,
ozonisation), cultural, and biological (applying bacteria, yeast, and

non-toxigenic Aspergillus strains) have been proposed to reduce
the risks of aflatoxin (B1, B2, G1, G2) contamination in different
crops [8, 9]. These techniques are not feasible in application,
because of their expensive nature. So, it is the need of the hour to
look forward for accessible, workable, and convenient techniques
which can overcome all these infirmities.

Currently, nanotechnology is the rising and prominent science
field of 21st century, which might cause worthy affects on globe's
economy, industry, and mankind by serving nanocarriers,
nanosensors, nanorods, nanodrugs, nanoparticles, nanotubes etc
[10]. Nanoparticles might work according to their size, broad
surface ratio, and remarkable optical aspects, which exhibit
peculiar biological, chemical, and physical properties [11]. Various
agricultural aspects of crop production in state of stress conditions
might be raised and improved by utilising nanotechnology [12].
Among different nanoparticles, silver nanoparticles (AgNPs) are
widely utilised due to their diverse chemical and physical
properties [13]. Furthermore, plant-mediated AgNPs might
increase dry weight and leaf area [14]. The efficiency of AgNPs is
examined by their size, chemical composition, reactivity, surface
covering, and significantly their effective dosage [15]. It has been
reported that AgNPs improve seed germination and plant growth,
i.e. increased leaf area, root length, and shoot length of Phaseolus
vulgaris, Brassica juncea, and Zeya mays [16, 17].

Furthermore, recent studies revealed some adverse and
beneficial effects of AgNPs and silver nitrate (AgNO3) on plant
growth and development, but their affects are still unknown in rice
plants under biotic stress (Aspergillus). Hence, the present research
was put through to negotiate (i) impact of AgNPs and AgNO3 on
morphological characters of rice plants, (ii) whether AgNPs and
silver nitrate are effective in control of aflatoxins level in rice (O.
sativa L).
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2௑Materials and methods
2.1 Experimental

Silver nitrate (AgNO3) was taken from Merck (Germany). Fresh
leaves of Moringa oleifera were obtained from mother plant
present in PMAS Arid Agriculture University Rawalpindi,
Pakistan. The leaves were detached from shoots, followed by
washing with tap and distilled water to remove all dust material.
The washed leaves were dried off by scattering on blotting paper at
room temperature. About 30 g of leaves was taken to boil in 200 
ml of distilled water until formation of dark brown colour extract.
This extract was filtered and filtrate was stored at 4°C in
refrigerator for further use. The protocol of Hussain et al. [18] was
considered for green synthesis of AgNPs. For this purpose,
preparation of 1 mM solution of AgNO3 was done by mixing 0.17 
g AgNO3 in 1 l distilled water. After boiling the solution for 10 
min, plant extract with quantity of 10–20 ml was poured gradually
until colour of solution becomes brown (indication for AgNPs
synthesis). The solution was centrifuged at 14,000 rpm for 10 min.
AgNPs were taken in the form of pallet after removing supernatant.
The obtained pellet (AgNPs) was centrifuged again at 14,000 rpm
for 10 min in distilled water to wash away remaining of AgNO3
salt. At the end, pellet (AgNPs) was treated for further
characterisation process. The whole process was done under sterile
environment.

AgNPs were differentiated through UV–Vis spectrophotometer,
X-ray diffraction (XRD) analysis, energy dispersive X-ray
spectroscopy (EDS), and scanning electron microscopy (SEM).
UV–Vis spectrum was taken by analysis of sample in
spectrophotometer. XRD was done on Rigaku D/max-2200 PC
diffractometer worked at 40 kV/40 mA, using CuKa1 radiation at
1.54 Å wavelength with an angle of 05°–55° on 2θ scale. EDS was
done to check the elemental analysis of AgNPs. SEM was applied
to check the amorphous nature of AgNPs, in the Institute of Space
and Technology (IST), Islamabad. The Debye–Scherrer equation
was used for analysis of AgNPs size and shape [19]

D = kλ/βcos θ

where k is the shape factor, λ the X-ray wavelength, θ the Bragg's
angle, and β the full width in radians at half maximum.

2.2 Plant material, site description, and growth conditions

Rice seeds of variety super kernel were taken from Rice Research
Institute Kala Shah Kaku, Pakistan. The surface sterilisation of
healthy seeds of rice was done in 10% sodium hypochlorite
solution for 10 min. Then seeds were thoroughly washed with
distilled water to remove all traces of sterilising agent [20]. The
field experiment was planted for the duration of 3 months from 24
July 2017 to 24 October 2017 at the experimental area near Chak
Qazi Bhera, District Sargodha, Pakistan. The irrigation of plants
was ensured for whole experiment to avoid drought stress and
plants were not treated with any fertiliser. The weeds were
eradicated from time to time by hand.

2.3 Application of AgNPs, silver nitrate, and Aspergillus
innoculum

The stock solutions of AgNO3 and AgNPs, i.e. 25, 50, 75, and 100 
mg/l, were prepared and stored in refrigerator. The volume, i.e.
16.7, 33.3, 50, and 66.7 ml, of AgNO3 and AgNPs from each stock
solution was given separately to rice plants at heading stage
through soil. Aspergillus innoculum was applied to rice plants after
10 days of application of AgNPs. Controls were the plants without
AgNPs, AgNO3, and Aspergillus treatments and with Aspergillus
treatment only.

2.4 Determination of morphological parameters

During the course of growth, three rice plants were taken from
each treatment randomly for analysing morphological parameters
such as plant fresh and dry weight, root and shoot length, root

number, leaf fresh and dry weight leaf number, and leaf area. The
roots of each plant were separated from shoots. Plant fresh biomass
was measured in grams and samples were placed in oven at 65°C
(12 h) for obtaining plant dry weight. Root and shoot length was
measured in centimetres through 1 m tape. Root and leaf number
was counted manually by separating roots and leaves from each
sample plant. Leaf area was computed with the help of leaf area
meter (CID, CI-202) and then leaves were placed in oven at 65°C
(12 h) for taking dry weight.

2.5 Experimental design, data collection, and statistical
analysis

Experiment was established two times with three replicates. The
mean standard deviation (±SD) was calculated from obtained data.
The experimental layout was analysis of variance (one way).
Statistical analysis was done through SPSS software package for
Windows (SPSS 16.1). The comparison of taken values was
correlated with control. In the case of statistical difference (p = 
0.05), the mean values were further illustrated by Duncan's
multiple range test.

3௑Results and discussion
3.1 AgNPs synthesis and characterisation

The AgNPs synthesis takes place by reduction in silver salt
(AgNO3) using leaf extract of M. oleifera, followed by
characterisation through UV–Vis spectrophotometer, XRD, EDS,
and SEM. Green synthesised AgNPs are more suitable when
compared with physically and chemically synthesised ones. AgNPs
were formed through reduction reaction of plant extract with
AgNO3. Rauwel et al. [21] illustrated that compounds of plants are
involved in synthesis of AgNPs through coating of silver ion. This
plant-mediated capping reduced the toxicity of AgNPs when
inoculated to plants. Similar reports were given by Yasur and Rani
[22]. Likewise, Shah et al. [23] also proposed that plants
ingredients are directly involved in coating metal ions for the
formation of stable metal nanoparticles.

Techniques such as UV–Vis spectroscopy, XRD, EDS, and
SEM were applied to characterise diverse properties of green
synthesised AgNPs as single technique is not sufficient for AgNPs
elaboration (Figs. 1–4). The presence of AgNPs was checked
through UV–visible spectrophotometer at the absorption of 300–
450 nm (Fig. 1). The variation in peak is due to adverse shapes and
sizes of colloidal AgNPs [24]. In the present work, the Debye–
Scherrer equation was used to evaluate size of AgNPs, which was
34 nm. Rahman et al. [25] also affirmed similar results. The results
of SEM depicted nebulous-shaped AgNPs due to their colloidal
properties (Fig. 4). The size-dependent effects of AgNPs were also
found in Arabidopsis root growth [26]. These results are consistent
with that reported for ZnONPs and TiO2NPs, where the larger
sized NPs caused more cell damage than the smaller ones [27]. 

Fig. 1௒ UV–visible spectrum of AgNPs
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3.2 Effect of AgNPs and AgNO3 on growth attributes of rice
under biotic stress

Different concentrations of silver nitrate (AgNO3) and AgNPs (25,
50, 75, and 100 mg/l) were applied to check their effect on rice
plants growth against Aspergillus (biotic stress). The results of
silver salt and AgNPs-related treatments on morphological
performance of rice in response to application of Aspergillus flavus
have been provided in Figs. 5 and 6. The impact of AgNO3 and
AgNPs on morphological growth against Aspergillus application
was estimated in terms of plant fresh mass, dry mass, root shoot
length, leaf fresh and dry mass, leaf number, and leaf area (Figs. 5
and 6). Aspergillus application acts as biotic stress on rice plants
and significantly reduced plant fresh mass (0.9%), dry mass
(0.21%), root length (2.3%), shoot length (5.2%), and root number
(1%) in comparison to control (Figs. 5a–e). 

Similarly, leaf area, leaf fresh mass, dry mass, and leaf number
were also reduced by 23.1, 0.02, 0.11, and 0.9%, respectively,
under the same exposures of biotic stress in comparison to control
(Figs. 6a–d). However, AgNPs and AgNO3 treatments with
different concentrations showed significant results on rice plants
growth when compared with control under biotic stress. These also
inhibit Aspergillus growth in rice plants and protect rice (O. sativa
L) plants against biotic stress by improving plant root and shoot
length, fresh and dry weight, leaf area, leaf number, leaf fresh
weight, and leaf dry weight when compared with control. A
significant increase in root length (16.2 and 12.8%), shoot length
(21 and 20%), root number (8.1 and 6.8%), plant fresh weight (6.4
and 5%), and plant dry weight (4.6 and 3.5%) were recorded in 75 
mg/l AgNPs and AgNO3, respectively, when compared with
control. However, the effects of AgNPs were more pronounced on
growth of rice plants when compared with AgNO3 under biotic
stress (Figs. 5 and 6).

Growth of plants is inhibited by fungi and it is directly
associated with production of some secondary metabolites such as
aflatoxins in plants. Owing to this, many growth aspects become
suppressed because of changes at cellular level [28]. In the present

Fig. 2௒ XRD pattern of the synthesised AgNPs
 

Fig. 3௒ EDX spectrum of the synthesised AgNPs
 

Fig. 4௒ SEM micrograph of green synthesised AgNPs
 

Fig. 5௒ Effect of AgNPs and silver salt (AgNO3) on
(a) Plant fresh weight, (b) Dry weight, (c) Shoot length
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study, growth of rice plants was enhanced due to AgNPs and
AgNO3 treatment when compared with control. There is very less
data available regarding AgNPs treatments on plants under adverse
conditions [29–31]. The current results regarding pronounced
growth of rice plants in response to AgNPs treatment are in
accordance with findings of Iqbal et al. [30] as they observed
increase in root and shoot length and leaf area in wheat plants due
to AgNPs. The same results were also obtained by Thuesombat et
al. [32], Hao et al. [33], and Ndeh et al. [31] in rice plants in
response to silver, iron, and gold nanoparticles. This growth-
stimulating effect of NPs varies from plant to plant [34]. According
to Syu et al. [35], AgNPs promote shoot growth by inhibiting
ethylene production and translocation in shoots as it is growth
suppressor of plants shoot.

The reduction of 23% in leaf area, 0.9% in leaf number, 0.02%
in leaf fresh weight, and 0.11% in leaf dry weight was occurred
under biotic stress when compared with control (Figs. 7 and 8).
However, AgNPs and AgNO3 treatment (75 mg/l concentrations)
reflected remarkable results in leaf area (58.8 and 57.2%), leaf
number (4.3 and 3.7%), leaf fresh weight (1.7 and 1.4%), and leaf
dry weight (0.9 and 0.8%) when compared with control under
biotic stress. More growth was observed in AgNPs-treated rice
plants when compared with AgNO3-treated plants (Figs. 6a–d).
Thus, from the present results, it can be stated that AgNPs
efficiently increase growth of rice plants under biotic stress.
Previously, Mishra et al. [36] illustrated more wheat growth in
terms of increased fresh and dry biomass due to TiO2NPs treatment
under drought conditions. Similarly, Mengmeng et al. [37] reported
enhanced growth of peanut plants treated with AgNPs. 

Likewise, Raliya and Tarafdar [38] reported ZnONPs-mediated
improvement in biomass, root and shoot growth, and root area of
Cyamopsis tetragonoloba. Fuping et al. [27] stated that metallic
nanoparticles improve growth of plants by changing levels of
microRNAs expression which are directly responsible for growth
attributes and metabolic processes in plants. Recently, Iqbal et al.
[30] illustrated growth-enhancing effect of AgNPs on wheat plants
under heat stress.

3.3 Estimation of aflatoxins in rice plants treated with AgNPs
and AgNO3

The presence and amount of aflatoxins was determined in rice
plants as shown in Table 1. The quantity of aflatoxins was in the
range of 3.1–7.7 μg/kg in examined rice plants. As shown in
Table 1, the incidence rate of aflatoxins was high in untreated rice
plants when compared with plants treated with AgNPs and silver
nitrate (Table 1). 

The aflatoxin level was decreased in rice plants with gradual
increase in dose. Overall reduction in incidence of aflatoxins was
recorded in rice plants treated with AgNPs when compared with
silver nitrate and control. A list of researchers [39–42] detected the
presence of aflatoxins in various collected samples of medicinal
plants by use of adverse analytical techniques. Similarly, Nisa et al.

Fig. 6௒ Effect of AgNPs and silver salt (AgNO3) on
(a) Root length, (b)Root number of rice plants under biotic (A. flavus) stress

 

Fig. 7௒ Effect of AgNPs and silver salt (AgNO3) on
(a) Leaf fresh weight, (b) Leaf dry weight, (c) Leaf number, (d) Leaf area of rice
plants under biotic (A. flavus) stress
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[43] and Mukhtar et al. [44] quantified level of aflatoxins in
different rice samples. According to Cotty and Jaime-Garcia [45],
incidence level of aflatoxins vary in plants when treated with A.
flavus and Aspergillus parasiticusis, individually or in combined
form. Reddy et al.[28] and Fakruddin et al. [46] stated that
aflatoxins presence due to fungal species may cause severe risks
for health of organisms mostly to human beings.

3.5 Evaluation of silver contents in rice plants

The plant samples were assessed to check the presence or absence
of silver contents as deposited form. The plants were macerated
with acetone and extract was taken after filtration. The filtrate was
diluted and analysed through method given by Iqbal et al. [30]. The
results manifested in Table 2 showing varying quantity of residual
Ag content in plant tissues. The presence of residual Ag may be

toxic which is due to their size and coating material [47]. In the
present investigation, the natural compounds of plant extract coated
the Ag to form particle-like structure. Nanoparticles have attracted
immense attention currently with respect to their toxicity aspects
[48, 49], but possible reasons regarding NP toxicity are to be
revealed due to variations in size, shape, and encapsulation of NPs.
Various techniques such as surface-enhanced Raman scattering and
inductively coupled plasma agents are used for estimation of Ag
ion effects in plants [50]. The increase in Ag accumulation was
found when the plants were treated with higher concentration of
AgNPs. This is similar to the evidence found in other crop plants
[41]. Similarly, Gebreselassie et al. [51] detected Ag contents both
on surface and in internal tissues of plants. 

4௑Conclusion
In this study, the effect of AgNPs and AgNO3 on rice plants growth
under biotic stress was illustrated. AgNPs and AgNO3
concentrations showed obvious effect on growth of rice plants.
Higher concentrations of AgNPs and AgNO3 also inhibited the
level of aflatoxins significantly, while lower dose failed to do so. It
seemed that AgNPs and AgNO3 treatments had different bio-effect
mainly due to their different dose level. To our best understanding,
it was the first time to report the possible role of AgNPs and
AgNO3 on growth of rice plants against biotic stress. Thus, the
studied mechanism needs to be further investigated at
physiological, biochemical, and proteome level.
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