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Abstract

Plant-parasitic nematodes (PPNs) are incredibly damaging pests, which cause significant losses in crop yields worldwide. One of the most
prevalent PPNs is the root-knot nematode (Meloidogyne spp.) ranks number one on the most economically devastating list of pests and thus
scientifically important PPNs. Recently, the use of chemical nematicides for root-knot nematode management has decreased due to governmental
restrictions; which necessitates the development and identification of alternative pest management procedures. In this study, we evaluated the
use of silver nanoparticles (AgNPs) as a potential biopesticide under in-vitro conditions. AgNPs were synthesized utilizing a naturally occurring
biopolymer (chitosan) as a reducing agent through microwave irradiation. When J2-stage nematodes were exposed to 0.0005 pg of AgNPs for 1 min,
significant mortality (P < 0.01) was observed and approximately 100% of nematodes became inactive within 24 and 48 hrs. Our preliminary study
has demonstrated a potential environmentally friendly alternative for the management of the root-knot nematodes.

Keywords: Root-knot nematode, Silver nanoparticles, Biopesticide, Disease, Plants

Introduction

Each year, plant-parasitic nematodes (PPNs) cause over
$100 billion in damages to crops [1]. The most scientifically and
economically essential PPNS include cyst nematodes (Heterodera
and Globodera spp.) root-lesion nematodes (Pratylenchus spp.);
the burrowing nematode Radopholus similes; Ditylenchus dipsaci,
and root-knot nematodes (Meloidogyne spp.) which ranks number
one [2]. The use of chemical pesticides typically maintains
nematode control; however, the overuse of such chemical agents
has resulted in a negative environmental impact Sande D, et al.
[3] thus, alternative methods of nematode control which are
environmentally friendly and cost-effective are of great interest
to researchers and plant breeders. Silver nanoparticles (AgNPs)
are a well-known example of nano-sized materials that have been
applied as a means of controlling human pathogenic microbes.
AgNPs possess antimicrobial effects and have been frequently
used in the field of medicine [4]. Recently, nanotechnology has
been successfully applied to pest management in crops Chhipa H
[5] and the use of silver nanoparticles (AgNPs) has been shown to
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demonstrate anti-nematode effects Cromwell WA, et al. [6] Silver
nanoparticles are often synthesized employing harsh chemicals
including sodium borohydride (NaBH4) as a primary reductant [7].
In this objective, we seek to develop AgNP pesticides from reducing
agents which are natural biological polymers to potentially mitigate
damages caused by root-knot nematodes. Overall, the development
of such biopesticides may provide an alternative means of nematode
control that are environmentally friendly and as efficacious as the

conventional high-risk synthetic pesticides commonly used.

Materials and Methods
Silver nanoparticle synthesis:

Method: AgNPs were synthesized by microwave technique
Seku K, et al. [8] using low molecular weight chitosan as a reducing
agent. Chitosan is derived from chitin, a naturally occurring
polymer of N-acetylglucosamine , found in the exoskeleton of
crustaceans and in the cell wall of fungi. Field Emission Scanning
Electron Microscopy (FE-SEM) images analysis showed that the
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size and shape of AgNPs in nanoscale and spherical, which were
homogeneously dispersed into the biopolymer matrix (chitosan)
(Figures 1&2). Chitosan-derived AgNPs were homogenized in
10 ml 1% Lactic acid for a final working solution of 1mL of 1%

lactic acid containing 0.1 ug of AgNPs and 0.01gram of chitosan
Chitosan-derived AgNPs were solubilized in 10 ml 1% Lactic acid
for treatment.
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Figure 2: FE-SEM images of homogeneously dispersed AgNPs into Chitosan matrix at 75, 000 X.
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Nematode collection and preparation

Meloidogyne incognita race three juveniles were collected
from infested soil and suspended in 1ml of sterile tap water.
Approximately 100-160 nematodes were placed in 1 ml
microcentrifuge tubes and treated with 0.0005 ug AgNPs suspended
in 0.05 mg chitosan/0.005% lactic acid at 1min, 24 hr and 48 hr
intervals, incubated at 28°C. Nematodes treated with 0.05 mg ug
of chitosan and 0.005% lactic acid served as controls. The total
number of living and dead nematodes from treated and control
groups were quantitated using a gridded nematode counting dish
and each time interval replicated three independent times. Dead

nematodes were confirmed by fine needle probing [1]. Due to the
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dramatic difference in nematode numbers between treated control
groups, an ANOVA Single Factor analysis (P < 0.05) was used to
identify significant differences in the mean number of living and

dead nematodes between groups.

Results

After AgNPs treatment, dead nematodes exhibited the typical
“banana shape” curvature predominately displayed in treated
groups (Figures 3,4). At the 1-min exposure interval, a significant
difference(P < 0.01) in living and dead nematodes between treated
and control groups was observed(Figure 5). The 24 and 48 hr
AgNPs exposure groups showed a 100% mortality in comparison
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to the controls (Figures 6,7).
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Figure 3: Second-stage M. incognita root-knot nematodes from AgNPs exposed groups..
N J

Figure 4: Second-stage M. incognita root-knot nematodes from control groups.
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Figure 5: Effect of Chitosan-derived AQNPs on Meloidogyne incognita second stage juveniles after 1 min exposure.
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Figure 6: Effect of Chitosan-derived AgNPs on Meloidogyne incognita second stage juveniles after 24 hr exposure.
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Figure 7: Effect of Chitosan-derived AQNPs on Meloidogyne incognita second stage juveniles after 48 hr exposure.
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Conclusion

Our study has shown a potential nematicidial effect of Chitosan-
derived AgNPs on root-knot nematodes. Interestingly, different
molecular weights of chitosan has shown nematicidal activity on
root-knot nematodes [10]. Although the antimicrobial mechanism
of AgNPs on microorganisms has been poorly elucidated, the
harmful impact of AgNPs may be correlated to the development
of free radicals from the silver surface leading to an increase in
oxidative stress and membrane damage [11]. Interestingly, in
response to the pathogen invasion, plants regulate the expression
of free radicals during defense signaling pathway activation [12].
Future experiments will include concentration optimizations
of AgNPs and its reducing agent potentials prior to applying to
greenhouse and field trials for efficacy determination on nematode
burdens during plant cultivation [13].
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