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Nanoparticles nowadays are an effective control agent against most phytopathogens. However, there are
many reports on their antimicrobial activity and little as a nematicide. In this study, green biosynthesis of
silver nanoparticles (Ag NPs) using Acalypha wilkesiana aqueous leaf extract was achieved. X-ray diffrac-
tion patterns confirmed the crystalline structure with face-centred cubic (fcc), where is the size was
nearly 20 nm. SEM images of the Ag NPs show the spherical shape and in the range from 10 to 30 nm.
Various functional groups, capping, and stability agents were identified using Fourier transmission infra-
red spectroscopy (FTIR). The nematicidal activity of biosynthesized Ag NPs conc. 25, 50, and 100 mg/mL
were evaluated in vitro against root-knot nematode (Meloidogyne incognita), egg hatching (6 days after)
and movement after 24 and 48 h. The Ag NPs (100 mg/ml) application after 48 h was the most effective
treatment that showed 53.3% of nematode mortality. Overall, the efficiency of bio-Ag NPs reduced the
nematode activity, mortality, egg hatching, and movement of larvae. To our knowledge, this is the first
report of nematicidal action of biosynthesized Ag NPs using A. wilkesiana aqueous extract, and it could
be recommended to manage the plant-parasitic nematode as it is simple, stable, cost-effective and keep
the environment safe.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Globally, plant diseases, in particular, are responsible for severe
losses in crop production, which results in critical problems for food
security (Abdelkhalek et al., 2020a; Abo-Zaid et al., 2020). Plant-
parasitic nematodes are among the most critical and dangerous
pests attacking various plants in conventional and organic farming
systems (Abd-El-Kareem et al., 2021; Khan et al., 2021). It has been
estimated that the plant-parasitic nematodes annually contribute
to significant economic losses of around 173 billion dollars in dam-
age to crop production yield and quality worldwide. Different spe-
cies of root-knot nematodes (Meloidogyne spp.) includeM. arenaria,
M. javanica,M. hapla, andM. incognita, are considered to be themost
common species responsible for 90% of the predictable damages,
with a significant impact on field and vegetable crops (Khan and
Kim, 2007). All plant parts, such as bulbs, roots, rhizomes, buds,
flowers, and seeds, are infected by nematodes.

M. incognita belongs to the family Meloidogynidae, and it is
widely known as root-knot nematode because it favours root
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attacking. Several methods such as soil fumigation, nematicides,
and cultivars resistant to the nematode were reported to control
theM. incognita. Commercial nematicides are the primary manage-
ment strategy to reduce the nematode effect in the infested crops;
however, these commercial products have been harmful to
humans (Abdelkhalek et al., 2020c; Cromwell et al., 2014). More-
over, due to the problems associated with environmental pollution,
residual toxicity, and public health hazards, the use of chemical
nematicides is objectionable (Cromwell et al., 2014).

Nanotechnology has an excellent inspiration for biological
sciences and life science (Hassan et al., 2021). Nanomaterials, in
a nanoscale range (1 nm to 100 nm), have high momentum in
recent years due to their wide applications, including medicine,
environmental science, food processing, and agriculture
(Abdelkhalek and Al-Askar, 2020; Ghramh et al., 2019; Khan
et al., 2019). In agriculture, nanoparticles utilization increased
plant resistance to plant microbes, promote plant growth, reduced
disease severity, increased crop production, and inhibit pathogen
infection (Masry et al., 2021). Moreover, induction of systemic
acquired resistance (SAR), which associates with the increase in
antioxidant activity, was observed (Abdelkhalek and Al-Askar,
2020).

Due to their unique physicochemical properties, antioxidant
and antimicrobial, silver nanoparticles (Ag NPs) are considered
one of the most attractive nanomaterials utilized in different life
sciences applications (Aziz et al., 2019). Ag NPs have potential rec-
ognized in tremendous applications in medical diagnostics, phar-
macology, and agriculture and extensively reviewed in the
literature (Joshi et al., 2018). Ag NPs have demonstrated efficacy
against many plant pathogens, including bacteria, fungi, viruses,
and nematode (Nassar, 2016).

Several chemical and physical methods were used to obtain
nanoparticles, such as chemical reduction of silver salt solution,
ultrasonication, microwave irradiation, solid-state thermal decom-
position, and laser vaporization (Kharissova et al., 2013). Such
techniques require expensive equipment, high energy, and space.
Besides, the requirement of the capping agents for size stabiliza-
tion constituted a costly and toxic method making it toxic for the
environment and unsuitable for many biological and agriculture
applications (Ouda, 2014). Nowadays, the green or biological
biosynthesis methods of nanoparticles have been suggested as safe
alternatives to the physical and chemical methods. They offer sim-
plicity in the process of synthesis, cost-effective, eco-friendly, bio-
compatible with nature (Alamdari et al., 2020). Such biological
methods of Ag NPs synthesis used microorganisms (including
fungi, bacteria) and plants products or extracts as reducing agents
in the biosynthesis processes (Bhuyan et al., 2015).

In the present study, we target to green biosynthesis of Ag NPs
using A. wilkesiana aqueous extract as a stabilizing agent. More-
over, x-ray diffraction (XRD), scanning electron microscopy
(SEM), fourier transform-infrared spectroscopy (FTIR), particle size
analyzer (PSA), as well as zeta potential (ZP) were used to study the
biosynthesized Ag NPs. Additionally, the nematicidal action and
the efficiency of bio-Ag NPs to reduce the activity of nematode;
mortality, egg hatching, and movement of larvae were tested. To
our knowledge, this the first study of the nematicidal action of
biosynthesized Ag NPs from A. wilkesiana aqueous extract against
plant root-rot nematode.
Fig. 1. Acalypha wilkesiana plant.
2. Materials and methods

2.1. Acalypha wilkesiana leaves aqueous extract preparation

Fresh leaves of Acalypha wilkesianawere collected from the Fac-
ulty of Agriculture, Saba basha, Alexandria University, Egypt
2

(Fig. 1). To remove debris and other contaminations, the collected
leaves were washed thoroughly with tap water, washed three
times with ultrapure Milli Q water and air-dried for one week at
room temperature. A sterile electric blender milled the dried leaves
into powder. A. wilkesiana aqueous extract was prepared by mix
10 g of leaf powder with 100 mL of de-ionized sterile water, fol-
lowed by stirring for 2 h at 60 �C. After cooled at 25 �C, the solution
was filtered through sterile Whatman No. 1 filter paper and kept
on the fridge for further use.

2.2. Green synthesis of silver nanoparticles

A 1 mM aqueous solution of silver nitrate was prepared via dis-
solving 0.0169 g of AgNO3 (Sigma Aldrich, USA) in 100 mL double
distilled water. A 10 mL of aqueous A.wilkesiana leaves extract was
added to 90 mL of AgNO3 solution freshly prepared for reduction
AgNO3 into Ag+ ions. The solution was well mixed and put on a
shaker until the observation of color change. The appearance of a
reddish-brown color indicated the formation of Ag NPs. Optical
density was recorded at regular intervals of time using a UV-V
spectrophotometer until the reading peaked (color became dark
yellow). The solution after that was centrifuged for 20 min at
5.000 rpm, then the pellet (Ag NPs) washed with sterile distilled
water three times followed by wash with ethanol to get rid of
the impurities. Then, the obtained Ag NPs dried at 50 �C in an oven
and subjected for further physical and biological characterization.

2.3. XRD analysis

XRD patterns were registered in (Shimadzu XRD-6100) diffrac-
tometer, using CuKa radiation (k = 1:5406A�), (40 kV and 30 mA
conditions). Data were collected over the 2h range of 5–90�,
0.0200 steps, and 10 s counting time per step. The average crystal-
lite size (D) of Ag NPs calculated using the Debye–Scherer formula:

D ¼ Kk
bcosh

ð1Þ

the value of d the interplanar spacing between the atoms and the
expected 2h positions are calculated using Bragg’s Law:

nk ¼ 2dsinh; ð2Þ
where h is the incident angle, d is the distance among atomic layers
in a crystal, the variable k is the wavelength of the incident X-ray
beam, and n is an integer (El-Khatib et al., 2018). The distance d
was defined by

1=d2 ¼ K2 þ h2 þ l2

a2



Fig. 2. X-ray diffraction (XRD) spectrum of biosynthesized silver nanoparticles.

A.A. Heflish, A.E. Hanfy, Mohammad Javed Ansari et al. Journal of King Saud University – Science 33 (2021) 101516
where a is unit cell parameter, (h k l) are miller indices.

2.4. Scanning electron microscopy, Fourier transforms infrared
spectroscopy and particle size analyzer

The morphological, surface and shape, structures and size of Ag
NPs were characterized by scanning electron microscopy (SEM) at
10 kV (JSM-6360 LA, JEOL, Tokyo, Japan), and the working distance
was adjusted to around 3 mm. Fourier transforms infrared spec-
troscopy (FTIR) were obtained with FTIR-8400S SHIMADZU, with
the KBr disc method to investigate different functional groups of
the prepared extract. The particle size analyzer instrument (MAL-
VERN, ZETASIZER Ver.6.20) used to analyze the particle size distri-
bution. The sample was analyzed in quartz. Thetes, the
temperature was adapted at 25 �C, and pure water was used for
the viscosity and refractive index values, which allows an excellent
size resolution. PCS is a method focused on the interaction
between light and particulates. The light scattered by nanoparti-
cles in suspension was fluctuated with time and associated with
particle diameter. Diffracted intensity is proportional to of atoms
number in a cluster.

2.5. Zeta potential measurements of Ag NPs

The size distribution of the particle of bio-Ag NPs was deter-
mined using dynamic light scattering (DLS) with Malvern–Model
Zeta sizer Nano ZSP which is used to control the stability of the
sample. Nanoparticles samples in liquid structure (5 mL) were
diluted twice with the distilled water quantity (50 mL), and then
adjusted the pH to the desired value. After shaking samples for
30 min, the zeta potential of the metallic particlulates was mea-
sured. The Zeta potential (ZP) was measured by determining the
electrophoretic mobility

E ¼ V
d

ð4Þ

and then by applying the Henry equation (Griffiths et al., 2011), ZP
can be calculated:

Zeta Potential ðZPÞ ¼ lg
eoer

ð5Þ

where l is electrophoretic mobility of silver, eo the permittivity of
free space, er is sample permittivity and g is the viscosity of the
solution

2.6. Collecting, identifying, and enumerating nematode

M. incognita root-knot nematode populations were isolated
from infected roots of weed Solanum nigrum L. (Wolf’s grapes or
Black Nightshade) which belongs to the family Solanaceae with
heavy galls, collected from the governorate of El-Beheira, Egypt.
Using original descriptions and diagnostic keys, processed females
and species’ temporary and permanent mounts were described
under a stereomicroscope (JN, 1985). The Extraction of eggs from
infected roots of S. nigrum was obtained by washing the infected
roots with tap water to remove the soil and debris, and then the
washed roots chopped into small pieces (1 cm). About 100 g of
the infected roots were shaken vigorously for 2 min in a jar con-
taining sodium hypochlorite (NaOCl) solution (0.5%) and then
poured through a 250-lM mesh sieve to collect the eggs. The col-
lected eggs used to further purification to eliminate eggs contain-
ing fractions by rinses with sterile distilled water to have
purified egg suspension (Hussey, 1973). The average density of
nematode eggs in the suspension thus prepared counted using
the light microscope; the average was represented for the number
of eggs in suspension.
3

2.7. Effect of Ag NPs on nematode under laboratory conditions

The effect of Ag NPs was evaluated on Meloidogyne spp. under
laboratory conditions. Bio-Ag NPs of (25, 50, and 100 mg/ml) con-
centrations were prepared with distilled water. Effects of Ag NPs
on egg hatching; 1 mL of root-knot nematode eggs suspension
added to 1 mL of Ag NPs. Distilled water without egg suspension
was used as a control. All treatments have been sustained at
28 ± 2 �C. The numbers of hatched eggs in the treatments were
counted after 6 days. As a mean percentage of dead nematodes,
the effect of bio-Ag NPs was expressed. Five replicates were used
for each treatment. After six days, the number of hatched juveniles
was counted.

Effects of Ag NPs (25, 50, and 100 mg/ml) on Meloidogyne mor-
tality and movement were evaluated under laboratory conditions.
Suspensions of Meloidogyne juveniles were prepared in distilled
water. One ml of nematode suspension was added to 1 mL of Ag
NPs, and 3 mL distilled water mixed in sterilized Petri dishes. Dis-
tilled water instead of Ag NPs was used as a control, and five repli-
cates were used for each treatment. Petri dishes of the treatments
were incubated at 28 ± 2 �C. After 1 and 2 days, the numbers of
dead juveniles were counted, and the toxicity of Ag NPs was calcu-
lated as the percentage of dead nematodes. The movement was
used as an indicator of nematodes mortality (Abbasi et al., 2008).

3. Results and discussion

3.1. X-ray diffraction (XRD) analysis

Generally, XRD applied to investigate the phase and crystallo-
graphic structure of the biosynthesized Ag NP. Fig. 2 showed the
XRD pattern of Bio-Ag NPs. The actual pattern was modified to
show four sharp diffraction peaks. The main peaks at (2h) 38.61,
44.85, 65.28, and 78.12 correspond to the (111), (200), (220),
and (311) planes, respectively. By comparing JCPDS (file no: 89-
3722), the typical pattern of biosynthesized Ag NPs is found to pos-
sess an fcc structure. The sharpening of the peak indicates that the
particles are in the nano region. The intense high peak for face-
centred cubic material (fcc) is (111), which is observed in the pow-
dered sample and indicated that spherical bio-Ag NPs had the top
plane with (111). Peaks were indexed using JCPDS files (JCPDS card
no.: 89-2838) (El-Khatib et al., 2020). XRD characteristics are listed
in Table 1. From XRD values, this prominent peak, d-Spacing, and
expected 2h for bio-Ag NPs are listed in Table 2. Overall, the results
confirm that the biosynthesized Ag NPs were crystalline in nature.

3.2. Fourier transforms infrared spectroscopy (FTIR) analysis

Generally, plant extracts are an eco-friendly effective biocontrol
agent against a wide range of plant pathogens (Abdelkhalek et al.,



Table 1
X-ray parameters for Ag NPs.

Diffraction angle (2h) I/Io d (Å) (h k l) Full width at half maximum (FWHM) D (nm)

38.65o 105 2.31 (111) 0.24 0.42
44.81o 59 2.04 (200) 0.34 21.2
65.22o 31 1.4 (220) 0.33 28.81
78.19o 18 1.26 (311) 0.29 27.41

Table 2
Distinguished calculated peaks, d-Spacing and the expected 2h positions of Ag NPs.

2h Measured
(o)

d-Spacing corresponding
value

The expected 2h positions
(o)

38.65 0.2337 35.14
44.81 0.1991 41.72
65.22 0.1411 57.70
78.19 0.1231 71.82
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2020b). Due to its secondary metabolites such as carbohydrates,
polyphenols, esters, polysaccharides, and terpenoids, many plant
extracts were reported as reducing agents in the nanoparticles syn-
thesis processes (Joshi et al., 2018). FTIR spectroscopy was used to
recognize the functional groups in the in the Ag NPs solutions.
Thus, it helps to identify the possible biomolecules responsible
for the reduction of Ag+ ions (Ansari et al., 2013). In the current
research, it was found that the secondary metabolites of A. wilke-
sianawere responsible for reducing Ag+ into Ag NPs. The FTIR spec-
trum of the biosynthesized Ag NPs presented several peaks (Fig. 3).
The broad peak at 3430.51 cm�1 indicated the presence of
hydrogen-bonded groups and could be corresponded to hydroxyl
groups (O–H) and/or N–H (amine) stretching out from the phenolic
compounds that were existed in the plant extract (Alamdari et al.,
2020). Likewise, the peaks at 3942.63–3745.88 cm�1 representing
stretching vibration of OAH group Mohammadi-Aloucheh et al.,
2018). The bands were seen at 2924.18, and 2864.39 cm�1 are
due to C–H stretching. The band at 2361.91 corresponded to
O@C@O (carbonyl bond group). The peak seen at 1638.58 cm�1

assigned to NAH (amine) bends (Gupta et al., 2018). The peaks at
1544.7 and 1042.65 represent CAH (alkane) bend and C@O (alco-
hol/ether) stretching, respectively. The results agree with Dada
et al. (Dada et al., 2019) who reported that the presence of flavo-
noids, saponins, triterpenes and phenols responsible for bioreduc-
tion of Ag+ to and stability of Ag NPs. Moreover, the phytochemical
analysis of the aqueous leaf extract of A. wilkesiana showed that
presence of flavonoid, carbohydrates, tannins in high percent.
Fig. 3. FTIR spectra of Ag NPs biosynthesized by A. wilkesiana leaf extract as
reducing agents.
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3.3. Particle size distribution and scanning electron microscopy
analysis

Dynamic light scattering (DLS) is a technique commonly used to
determine the size distribution profile of particles in a colloidal
solution (Kulikov and Koshlan, 2015). In the present study, DLS
analysis revealed that the particle size distribution of the biosyn-
thesized Ag NPs in the aqueous medium was broad, but a single
peak distribution related to the average particle size looked at
25.7 nm (Fig. 4). Scanning electron microscopy (SEM) is one of
the most powerful methods for surface morphological examination
with direct visualization of the nanoparticles. SEM results indi-
cated that the less miscible prepared powders are made of pure
Ag NPs, which appear as spherical particles (Fig. 5). It is evident
from the SEM images that Ag NPs were agglomerated. This could
be attributed to the free static charges at the Ag NPs surface. These
SEM images indicated the evidence of nanostructure with a few
large round particles; before the biosynthesis method. It produces
single-crystalline Ag NPs. The particle diameter range was between
10 and 30 nm. SEM analysis confirmed the morphology and size of
the previously prepared Ag NPs (Datta et al., 2017). SEM results
showed that the primary particles have a rather broad size distri-
bution, which is in good agreement with particle size distribution
result.

3.4. Zeta potential analysis

Zeta potential is an analytical technique applied to determine
the surface charge of nanoparticles in solution. In the current
study, the Zeta value of the Ag NPs was measured and found to
be �16.1 mV at pH = 7 (Fig. 6). This value indicating a negative
charge over the prepared Ag NPs surface when dispersed in water
and provides satisfactory evidence about their little tendency
towards aggregation when its negative charges with a diameter
of 16.1 nm (Fig. 6). This behaviour suggests the existence of strong
electric charges on the surfaces of Ag NPs to hinder agglomeration.
Fig. 4. Particle size distribution of biosynthesized Ag NPs.
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Fig. 5. SEM images of silver nanoparticles biosynthesized by A. wilkesiana leaf extract as reducing agents. (Bar = 1 mm at � 5,000).

Fig. 6. (a) Zeta potential analysis of Ag NPs and (b) Dynamic light scattering analysis of Ag NPs.
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The negative value proved the capping materials efficiency in sta-
bilizing Ag NPs by introducing enough negative charges that keep
all the particulates away from each other (Haider and Mehdi,
2014). The negative charge present on the surface causes repulsion
between Ag NPs particles leading to more stability with uniform
distributions state in solution. These negative charges might be
due to bioactive molecules in the A. wilkesiana leaf extract that
was proven by FTIR analysis. Similar results were reported in leaf
derived Ag NPs of Peltophorum pterocarpum, Saraca indica, Pedalium
murex and Hyptis suaveolens ((Mukherjee et al., 2016; Botcha and
Prattipati, 2019).

3.5. Efficacy of Ag NPs on egg hatching and mortality percentage of
nematode

The effect of biosynthesis Ag NPs (25, 50 and 100 mg/mL) on egg
hatching after 6 days and mortality percentage of root-knot nema-
tode (M. incognita) after 24 and 48 h presented in Fig. 7. The results
showed a significant effect of the nanomaterial reduction of nema-
tode eggs hatching. Data showed that 100 mg/mL concentrations
revealed the highest reduction of juveniles from eggs and the low-
est number of egg hatched 7.6%, while 50 mg/mL and 25 mg/mL
increase the egg hatching; 12.66 and 17.72%, respectively. The
mortality percentage of root-knot nematode after 24 h, 100 mg/
mL perceived gave the highest mortality percentage (48.9%) while
the lowest Ag NPs concentration, 25 mg/mL, was 3.9% compared
5

with control (distilled water). Data showed that the mortality per-
centage was increased with increasing the Ag NPs concentration
(Fig. 7). On the other hand, after 48 h. of treatment, 100 mg/mL con-
centrations also displayed the highest mortality %, 53.3%. In con-
trast, 50 mg/ml of Ag NPs offered 50.9 mortality %, more than
25 mg/mL, which offered 3.7 mortality %. The results showed an
increase in nematode mortality from the lowest concentration
(25 mg/mL) to the highest one (100 mg/mL). The nematicidal effect
of Ag NPs against root-knot nematodes was considered and studied
in previous works). The treatment with bio-Ag NPs revealed the
highest mortality percentage, and it could be a powerful tool in
combating the root-knot nematodes. The data displayed revealed
abnormal embryogenesis, abnormal larvae and paralyzed larvae
under the light microscope 10X (Fig. 8). These findings were in line
with the previous work of Cromwell et al. (Cromwell et al., 2014),
who reported that using Ag NPs (30–150 lg/mL) against M. incog-
nita showed 99% mortality after six hours. On the other hand, using
high levels from Ag NPs (500 ppm and 1000 ppm) found to be sig-
nificantly effective on nematode reproductively (Taha and Abo-
Shady, 2016). It is clear from obtained results that Ag NPs inhibited
M. incognita development and hatching. From the previous studies,
it’s not clear the mode of action of Ag NPs, but it can be linked with
ATP synthesis in the cell, the permeability of the membrane, and its
response to oxidative stress in prokaryotic and eukaryotic cells, as
found by previous researchers (Ahamed et al., 2010). These find-
ings could make the biosynthesized Ag NPs an effective eco-



Fig. 7. Effect of Ag NPs on the percentage of hatching nematode after 6 days and nematode mortality after 24 and 48 h of treatments.

Fig. 8. Displaying the effect of Ag NPs on root-knot nematode; (1) infected roots of Solanum nigrum L plant, (2) typical nematode larva, (3) paralyzed larvae (4) regular
nematode eggs, (5) abnormal or paralyzed juvenile in eggs and (6) destroyed nematode eggs.
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friendly method to control root-knot nematode in small doses
compared with the highest doses of chemical nematicides.
3.6. Effect of Ag NPs on the movement of nematode

The nematode movement was observed after 24 h and 48 h,
with four categories (slow, moderate, high and active) and died lar-
vae as presented in Table 3. After 24 h in control, the highest total
observed larvae were 61 with 0.0% of died larvae comparing with
25 mg/mL that detect 68 larvae with three dead larvae. In contrast,
50 mg/ml (64 observed larvae) was zero died larvae (Table 3);
6

meanwhile, 100 mg/mL detected 48.33% died larvae with 60 total
observed larvae. On the other hand, after 48 h, results showed that
the highest % of dead larva kept from 100 mg/mL concentration
53.33%, followed by 50 mg/ml 50.68%, while the lowest effect on
nematode observed by 25 mg/mL (4.17%). The movement of the
nematode was very high in control treatment compared with all
treatments. Slow movement percentage was zero, using 25 mg/
mL of Ag NPs. In comparison, using 50 and 100 mg/mL, the slow
movement percentage was on average three larvae for both (5%
and 4.69% respectively after 24 h), compared with the control that
was zero larvae. Findings revealed that Ag NPs have the potential



Table 3
Effect of Ag NPs on nematode movements after 24 and 48 h of treatments.

Treatments Total observed larvae Dead Slow % Mod. % High % Active %

Ag NPs 100 mg/ml 24 h 60 29 3 5 7 11.67 21 35 0 0
50 mg/ml 64 0 3 4.69 23 35.94 22 34.38 16 25
25 mg/ml 68 3 0 0 8 11.76 39 57.35 18 26.47
100 mg/ml 48 h 60 32 9 15 8 13.33 8 13.33 3 5
50 mg/ml 73 37 0 0 3 4.10 15 20.54 18 24.66
25 mg/ml 72 3 0 0 7 9.72 60 83.33 2 2.78

Control (Water) 61 0 0 0 0 0 0 0 61 100
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to inhibit the root-knot nematode; also, these findings are in line
with previous studies that NPs showed promising nematicidal
activity (Kalaiselvi et al., 2019).

4. Conclusions

This work showed the first report of the nematicidal activity of
biologically synthesized Ag NPs from A. wilkesiana extract against
plant root-knot nematode M. incognita. The obtained Ag NPs have
spherical shape ranging from 10 to 30 nm, and their solutions
are stable at various pH values. The particle size distribution
became narrower upon capping with citrate. The structural analy-
sis with XRD, SEM, PSA, FTIR and ZP confirmed the synthesis as
mentioned above method. Based on the observed data, the applica-
tion of Ag NPs for combating root-knot nematodes, Meliodogyne
incognita, could be considered promising additive, very safe mate-
rials in terms of genotoxicity, compared with the chemical nemati-
cides products.
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