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Article info Abstract

Received: Dec. 17, 2024 Ant infestation is a serious concern among the people in both urban and rural
Revised: Mar. 20, 2025 areas, hence, the control becomes necessary. Nano-insecticides have been de-
Accepted: Mar. 29, 2025 scribed as one of the alternatives to conventional chemicals due to their environ-

mentally friendly nature. Silver nanoparticles were biosynthesized using
Petiveria alliacea leaf (PaL-AgNPs) and Petiveria alliacea root (PaR-AgNPs)
Keywords: against a species of ants (Pachycondyla chinensis) at four concentrations (25%,
Biosynthesized AgNPs, 50%, 75% and 100% v/v), with different modes of applications (contact, fumi-
Silver nanoparticles, gant and feeding deterrent). Synthetic insecticides (Dichlorvos) and control were

Ant, . ] included in the treatments for comparison. The treatments were arranged in a
Pachycondyla chinensis, Complete Randomized Design with 3 replications. Silver nitrate was used in the
Dichlorvos, biosynthesis of AgNPs by P. alliacea leaf (PaL-AgNPs) and root (PaR-AgNPs)

Nano-insecticide with maximal absorbance ranged from 426-442 nm. The results clearly showed

that nano P. alliacea leaf and root exhibited insecticidal potential against the
studied insect when compared with untreated ants. However, PaR-AgNPs had
significantly higher efficacy than PaL-AgNPs in the studied insect. None of the
nano-insecticide formulations was as effective as dichlorvos at the earlier stage
of application. However, the mode of application and concentrations applied
determined the toxicity of the tested nano-insecticides. Therefore, green silver
nanoparticles from P.alliacea leaf and root extracts can be used to control ant
infestations.

1. Introduction nation [5]. In the tropics, many ant species
Ants are one of the most abundant and  have already been incriminated as vectors of
dominant groups of animals in terrestrial  pathogens [6]. Food-borne disease pathogens

ecosystems, with more than 15,000 de-  such as Serratia, Citrobacter, Klebsiella,
scribed species, and are found in almost all ~ Enterobacter, Proteus, Staphylococcus, and
ecosystems [1]. Their presence in the eco-  Yersinia pestis were isolated from ants [7].
system has been linked with the spread of  Ants may adversely affect plant health
human pathogens [2]. Contamination of hos-  through their mutualistic relationships with

pital apparatuses by ants leads to the me-  honeydew-producing pests, which they de-
chanical transmission of diseases [3], aller-  fend in return for carbohydrates [8]. The ac-
gies, stings, and bites [4], and food contami-  tivity of ant workers can contribute to a rise
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in Hemiptera populations, which are recog-
nized for causing damage to plants and act-
ing as vectors for a range of plant diseases
[9].

Historically, synthetic insecticides have
been the dominant method for managing ant
infestations [10]. The common types of in-
secticides are organochlorine, organophos-
phates, carbamate and synthetic pyrethroids
[11]. The prolonged use of these pesticides
has raised concerns regarding resistance de-
velopment in pest populations, as evidenced
by studies showing that Aedes aegypti larvae
exhibit resistance to organophosphates due
to enzymatic adaptations [12]. Conventional
insecticides have also been scrutinized due
to their potential toxicity to non-target spe-
cies and the environment [13].

Botanical pesticides, which are naturally
occurring chemicals derived from plants,
have been recognized as an appealing substi-
tute for synthetic chemical insecticides in
pest management [14] due to their minimal
risk to both the environment and human
health [15]. Botanical pesticides are increas-
ingly recognized for their multifaceted prop-
erties, which include toxicity to pests, repel-
lency, anti-feedant effects, and insect growth
regulatory activities [16]. These characteris-
tics make them essential tools in sustainable
agricultural practices, particularly in inte-
grated pest management (IPM) systems [17].
The efficacy of botanical pesticides is large-
ly attributed to their diverse phytochemical
compositions, which can target various phys-
iological processes in pests [18]. Recent re-
search has shown that extracts from P. al-
liacea possess significant insecticidal prop-
erties, which can be attributed to their phyto-
chemical constituents. For instance, [19] dis-
cusses the biopesticidal activities of P. al-
liacea against Sitophilus oryzae, indicating
that the plant's extracts can effectively re-
duce pest populations, thereby preserving
stored products [19]. This aligns with the
findings of [20], who identified dibenzyl tri-
sulfide as the active insecticidal compound
in P. alliacea, demonstrating its efficacy
against various field insect pests. Moreover,
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[21] explored the chemical components of P.
alliacea essential oils, revealing that certain
compounds, such as benzenecarbothioic ac-
id, constitute a significant portion of the ex-
tract and contribute to its antimicrobial and
potentially insecticidal properties [21]. This
is further supported by [22], which empha-
sizes the broad spectrum of antimicrobial
activities exhibited by P. alliacea, suggest-
ing that its extracts could also target insect
pests effectively [22].

Nano-insecticides represent a significant
advancement in pest management, leverag-
ing the principles of nanotechnology to cre-
ate safer and more effective alternatives to
traditional synthetic insecticides. Nanotech-
nology, which involves manipulating materi-
als at the nanoscale (typically 1 to 100 na-
nometers), allows for the development of
pesticide formulations that enhance the bio-
activity and stability of active ingredients
while minimizing environmental impact and
toxicity to non-target organisms [23].

Nano-insecticides from synthesized na-
noparticles represent a new frontier in pest
control [24]. These nanoparticles, often syn-
thesized through green methods using plant
extracts, exhibit unique properties that en-
hance their insecticidal effectiveness. Stud-
ies have shown that silver nanoparticles pos-
sess strong antimicrobial and insecticidal
activity, making them ideal for use against
pest populations that have developed re-
sistance to conventional pesticides [25][26]
[27].

Therefore, this study aims to evaluate the
insecticidal effectiveness of  nano-
biosynthesized extracts from the root and
leaf parts of P. alliacea in controlling ant
populations with three bioassays (contact,
fumigant and feeding deterrent) to establish
the best mode of application for pest man-
agement.

2. Materials and Methods
2.1 Study site

The research was carried out at the Crop
and Environmental Protection Insects Room,
Ladoke Akintola University of Technology,
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Ogbomoso North Local Government Area in
Oyo state. Ogbomoso is located on the 8°101
North of the equator and 4°101 East of the
Greenwich meridian.

2.2 Insect collection

An insect box measuring 41.5 cm in
length, 31.5 cm in width, and 44.5 cm in
height, with a glass cover at the top for obser-
vation and mosquito netting on the sides for
ventilation, was used to collect Pachycondyla
chinensis from the Apiary section of the La-
doke Akintola University of Technology
Teaching and Research Farm. The box was
supplied with sugary substances, including
pineapple and oranges, and subsequently
moved to the insectarium. It was left undis-
turbed for seven (7) days to allow the P.
chinensis to acclimate to their new environ-
ment, ensuring that only the healthiest ants
were selected for the experiment.

2.3 Plant parts collection and preparation

Petiveria alliacea leaf and root were col-
lected from the Ladoke Akintola University
of Technology (LAUTECH) Teaching and
Research Farm in Ogbomoso, Nigeria, and air
-dried for three weeks. The dried materials
were then ground into a powdered form using
an electric grinder (Silvercrest commercial
blender, 7000 watts). 10 grams of each pow-
dered plant material were taken to the Micro-
biology Laboratory unit at LAUTECH for
biosynthesis.

2.4 Biosynthesis and Characterization of
Silver nanoparticles.

The nanoparticle solution was prepared
following the established procedure by [28],
with slight modifications. Powdered samples
of each selected plant part (P. alliacea root
and leaf) were dissolved in 100 ml of distilled
water. The mixture was incubated in a water
bath at 4000 rpm for 20 minutes. The result-
ing clear supernatant was used for synthesis
by combining it with 1 mM silver nitrate so-
lution. The mixture was then exposed to sun-
light for photoactivation and monitored for a
colour change, which was allowed to stabilize
before further use. The biosynthesized

57

Nano Plus: Sci. Technol. Nanomater. 9 (2025) 55 - 65

AgNPs were analyzed using UV spectroscopy
and Fourier Transform Infrared Spectroscopy
(FTIR).

2.5 Experimental Design and Entomologi-
cal Bioassays

The small transparent plastic container of
0.78 m’ (4.5 cm X 5.5 cm) was used in carry-
ing out these bioassays; this plastic container
was used for easy observation of the studied
insect throughout the experiments. The bio-
synthesized AgNPs as nano-insecticides used
include P. alliacea and roots (PaL-AgNPs
and PaR-AgNPs), which were applied at 100
%, 75 %, 50 % and 25 % v/v using three (3)
modes of application (contact, fumigant and
feeding deterrent). The experiment was set up
in a Completely Randomized Design (C.R.D)
with three replicas. The results obtained were
compared with the untreated and synthetic
insecticides (dichlorvos (DDforce™).

2.5.1 Bioassays
2.5.1.1 Contact toxicity

From the stock solution, 10 ml of each
PalL.-AgNPs, PaR-AgNPs and dichlorvos so-
lution was measured with a medical syringe
(size: 20) and applied to each designated
transparent container which contained 4 P.
chinensis workers while ordinary water was
applied as negative control. The Ant behav-
ioural response to each treatment was record-
ed after the stipulated time. The number of
dead and alive were recorded after 2, 4, 6, 8
and 24 hours of exposure.

2.5.1.2 Fumigant toxicity

Cotton wool (1 g) was impregnated with
10 ml of each PalL-AgNPs, PaR-AgNPs, and
dichlorvos solution. The treated cotton wool
was placed into the transparent container and
four active P. chinensis and was introduced
afterwards. The number of dead and alive in-
sects was recorded after 2, 4, 6, 8 and 24
hours of exposure.

2.5.1.3 Feeding deterrent

Active Ant workers (4) were introduced
into a transparent plastic container designated
for bioassay. Using an electronic sensitive
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Fig. 1: Course of biosynthesis of Nano P. alliacea leaf (PaL-AgNPs) and Nano P. alliacea root (PaR-AgNPs)
showing (A) biosynthesized AgNPs and (B) silver nitrate solution

scale (Camry sensitive scale), 5 g of sugar-
cane was chopped and soaked in 10 ml of the
respective nano insecticide and dichlorvos
solution for 5 minutes. The treated sugarcane
was removed and allowed to drain for 5

analysis of variance (ANOVA) using the
complete block design and means were sepa-
rated at a 5% probability level using software
analytical system package (SAS, 2005).

minutes; the treated sugarcane was then 3. Results
placed inside the respective transparent plas- 3.1 Biosynthesis and Characterization of
tic container. AgNPs

2.6 Data Collection and Analysis

The leaf and root extract of P. alliacea
biosynthesized AgNPs (Nano P. alliacea leaf

(PaL-AgNPs) and Nano P. alliacea root (PaR
-AgNPs) in 10 min under ambient conditions

Ant mortality was determined at 2, 4, 6, 8,
and 24 hours and these data were subjected to

Table 1: Effects of insecticides applied through contact toxicity on Ant

Treatments Rate Hours of exposure
2 4 6 8 24
Dichlovors 1007 1007 1007 1007 100°
Control 0° 0¢ 0¢ 08 0
PaR-AgNPs 25 8.3¢ 8.3¢ 8.3¢ 16.7°% 33.3¢
50 6.3° 6.3¢ 31.3° 37.5%4 50.0%%
75 0.0° 18.8¢ 438" 56.3% 68.8"
100 43.8° 50.0° 62.5° 68.8° 81.3%
PaL-AgNPs 25 6.3° 6.3 6.3 6.3 12.5°
50 0° 0¢ 6.3¢ 25.0%f 43.8%
75 6.3° 12.5¢ 31.3¢ 43 .8 56.3%
100 18.8° 37.5% 56.3° 56.3% 81.3%
Insecticides
Dichlovors 100? 100? 100? 100° 100?
Control 0° 0° 0° 0° 0.0°
PaR-AgNPs 15.0° 21.7° 38.4° 46.7° 60.0°
PaL-AgNPs 7.8% 14.1% 25.0° 2.8 48.4°

Means with the same superscript(s) are not significantly different at 5% probability.
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Fig. 2: FTIR spectra of Nano P. alliacea leaf (PaL-AgNPs) and Nano P. alliacea root (PaR-AgNPs)

of temperature (30 = 2°C) with typical dark
brown colour for Nano P. alliacea leat and
light brown colour for Nano P. alliacea root
(Fig. 1A) which deepened over time and sta-
bilized eventually after 25 min. The brownish-
coloured biosynthesized AgNPs have been
extensively reported [30][29][31]. Moreover,
maximum absorbance occurred at the wave-
lengths of 426.32 and 442.11 nm for Nano P.
alliacea leaf and Nano P. alliacea root re-
spectively (Fig. 1B). Absorbance at these
wavelengths is due to the unique surface plas-
mon resonance of the biosynthesized AgNPs
and the values here reported are within the
range of 391- 460 nm previously established
in literature for AgNPs [28][30][31].

Also, FTIR absorption spectra revealed
distinct and prominent bands at 3030, 2121,
2013, 1938, 1745, 1575, 1284, and 643 cm’
for Nano P. alliacea leaf, which are observed
to be close to 3029, 2108, 1933, 1576, and
1222 cm™ obtained for Nano P. alliacea root
(Fig. 2). Also, other closely related minor
peaks obtained were shown at 3551, 2516,
1347, 1104, 1028 and 813 cm™ for Nano P.
alliacea leaf and 3536, 2509, 1741, 1361, 976
and 720 cm™' for Nano P. alliacea root.

Spherical nature of the particles of PaL-
AgNPs and PaR-AgNPs was revealed by
TEM analysis, coupled with presence of silver
(Fig. 3).

As shown in Table 1, there were statisti-
cally significant differences among the treat-
ments. At 2 hours after exposure (HAE), Di-
chlorvos achieved complete ant mortality
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(100%) of the studied insects. No significant
difference was observed between the effects
of P. alliacea leaf and root treatments across
concentrations, except for the 100% v/v P.
alliacea root application.

The highest mortality (50.0%) was ob-
served with PaR-AgNPs applied at 100% v/v
killed a significantly higher number of ants
than other concentrations, while there was no
significant difference among ants treated with
Pal- AgNPs at 75%, 50%, and 25% v/v, ex-
cept 100% v/v treatment, which achieved
37.5% mortality(4 HAE). Additionally, PaL-
AgNPs at 25% and 50% v/v were as effective
as the PaR-AgNPs at the same concentrations
at HAE.

PaR-AgNPs and Pal-AgNPs applied at
100% v/v had the same significant effects on
the studied insect, while PaR-AgNPs killed a
higher percentage number of ants than Pal-
AgNPs when applied at 75% and 50% v/v.
Meanwhile, the efficacy of PaR-AgNPs at
25% v/v was comparable with PaL-AgNPs at
25% and 50% v/v at 6 HAE.

However, the highest mortality of the
studied insect was observed in the ant treated
with PaR-AgNPs 100% v/v, while PaR-
AgNPs at 75 % compete effectively with Pal-
AgNPs at 100% v/v at 8 HAE. Meanwhile, a
significantly higher number of dead ants was
recorded from the ants treated with Pal-
AgNPs at 75% than PaR- AgNPs at 50% v/v
at 8 HAE.

At 24 HAE, no significant difference was
observed between the 100% v/v of PaR-
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Fig. 3: The TEM micrographs (a) Field Emission from Scanning Electron Micrography of biosynthesized
Petiveria alliacea root and leaf (b) EDX spectra of the biosynthesized AgNPs

AgNPs and PalL- AgNPs. PaR- AgNPs tested
at 25% 75%v/v killed a significantly higher
number of ants than Pal.- AgNPs applied at
the same concentration.

As shown in Fig 4, 25 v/v resulted in a
mortality rate of 21.43%, which was the least
effective among the treatments. Concentra-
tion applied at 50% v/v had a higher biocidal

effect (46.9%) than 255 v/v. At 75% v/v,
62.5% mortality was observed, while 87.5%
mortality was recorded in the ant treated with
100% v/v.

3.2 Effect of insecticides applied through
fumigant toxicity on ant
Table 2 shows statistically significant dif-

Table 2: Effect of insecticides applied through fumigant toxicity on Ant

Treatments Rate Hours of application
2 4 6 8 24
Dichlovors 100? 100? 1007 100? 1007
Control 0.0° 0.0° 0.0° 0.0° 0.0°
PaR-AgNPs 25 0.0° 0.0° 0.0° 0.0° 8.3
50 0.0° 0.0° 0.0° 6.3% 18.84%f
75 0.0° 0.0° 0.18° 25.0° 43 .8
100 0.0° 0.0° 18.8° 25.0° 56.3°
PaL-AgNPs 25 0.0° 0.0° 0P 0.0° 12.5¢
50 0.0° 0.0° 6.39 6.3% 25.0%
75 0.0° 0.0° 12.5° 25.0° 31.3¢%d
100 0.0° 0.0° 12.5° 25.0° 37.5%
Insecticides
Dichlovors 100° 100° 100° 100° 100°
Control 0.0° 0.0° 0.0° 0.0° 0.0°
PaR-AgNPs 0.0° 0.0° 10.0° 15.0° 0.0°
PaL-AgNPs 0.0° 0.0° 7.8° 14.1° 15.6°

Means with the same superscript(s) are not significantly different at 5% probability.
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Fig. 4: Effect of rates of application of insecticide as contact toxicity

ferences among the treatments. At 2 hours
after exposure (HAE), Dichlorvos resulted in
100% ant mortality in the treated container.
However, no significant differences were ob-
served between nano formulations of PaR-
AgNPs and Pal-AgNPs regardless of the
concentration. This trend remained consistent
at 4 and 6 hours after application.

At 8 HAE, PaR-AgNPs applied at 100%
and 75% v/v exhibited similar efficacy to PaL
-AgNPs applied at the same concentrations.
The effectiveness of PaR-AgNPs at 50% v/v
was also comparable to that of PalL-AgNPs at
the same concentration. Likewise, there was
no significant difference between treatments

using PaR-AgNPs and PalL.-AgNPs at 25% v/
V.

However, the highest mortality of the
studied insect was observed in the ant treated
with PaR-AgNPs applied at 100% v/v at 24
HAE. The mortality of ants treated with PaL-
AgNPs at 75% v/v and PaR-AgNPs at 50% v/
v were not significantly different. Further-
more, the mortality recorded for PaR-AgNPs
at 75% v/v was higher than that at 50% v/v.

As presented in Fig. 5, 64.58% mortality
was observed at 100 v/v rate of application,
there was a significant decrease in efficacy at
75 v/v with 37.50, and the downtrend contin-
ues at 50 and 25 v/v with 21.88 and 10.71

Table 3: Effect of insecticides applied through feeding deterrent toxicity on Ant

Treatments Rate Hours of exposure
2 4 6 8 24
Dichlovors 1007 1007 1007 1007 1007
Control 0.0° 0.0° 0.0° 0.0° 0.0°
PaR-AgNPs 25 0.0° 0.0° 0.0° 6.3° 12.5%
50 0.0° 0.0° 0.0° 18.8° 18.8%
75 0.0° 0.0° 6.3 6.25° 6.3°
100 6.3 6.25° 6.3 12.50° 13.8%
PaL-AgNPs 25 0.0° 0.0° 8.3 8.3° 8.3¢
50 0.0° 0.0° 0.0° 6.3 6.3°
75 0.0° 0.0° 0.0° 12.5° 18.8
100 0.0° 8.33° 0.0° 18.8° 31.3°
Insecticides
Dichlovors 100? 100? 100? 100? 100?
Control 0.0° 0.0° 0.0° 0.0° 0.0°
PaR-AgNPs 0.0° 1.67° 1.7° 11.7° 16.7°
PaL-AgNPs 1.56° 1.56° 3.1° 10.9° 14.1%

Means with the same superscript(s) are not significantly different at 5% probability.
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Fig. 6: Effect of rates of application of insecticide as feeding deterrent toxicity

respectively.

3.3 Effect of insecticides applied through
feeding deterrent on ant

As presented in Table 3, there was a sta-
tistical difference among the treatments. At 2
hours after exposure (HAE), 100% of the ants
were killed in the container treated with Di-
chlovors. Meanwhile, there was no significant
difference between the nano insecticides irre-
spective of the v/v. Similar results were ob-
served at 4,6, and 8 hrs of application.

At 24 (HAE), Pal-AgNPs applied at
100% v/v killed significantly the highest
number of ants than other applied nano insec-
ticides. However, PaR-AgNPs applied at
100% v/v significantly perform better than
other concentrations. PalL-AgNPs applied at
75% v/v had the same significant effects as
PaR-AgNPs applied at 50% and 25% concen-
trations.

As shown in fig 6, 50% mortality was ob-
served at 100 v/v in respect to feeding toxici-
ty, there was no significant difference in an-
other level of exposures.

4. Discussion

Synthetic insecticides are used to control
both field and storage insect pests due to their
rapid action on the target insects [32, 33].
However, synthetic insecticides have been
implicated in causing environmental hazards,
and their unavailability at critical times is a
significant concern [34, 35]. Therefore, nano-
insecticides were formulated using silver na-
noparticles (AgNPs) with P. alliacea leaf and
P. alliacea root applied at different concen-
trations (25%, 50%, 75% and 100%) v/v. The
products were analyzed using UV spectrome-
try and FTIR analysis. The biosynthesized
AgNO; were used as nano-insecticides
against Pachycondyla chinensis ant workers
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as indices with different bioassays (contact
toxicity, fumigant toxicity and feeding deter-
rent bioassay). The tested nano-insecticides
exhibited insecticidal action against the stud-
ied ants when compared with untreated ants.
This observation is in line with the earlier
study by [36], who reported that P. alliacea
effectively controls ant infestation. Similarly,
insecticidal activities of crude extracts of P.
alliacea have been reported against ants [37]
[20]. This suggests that the tested plant ex-
tract possesses an insecticidal chemical com-
pound. However, the insecticidal effect of P.
alliacea extract can be attributed to diben-
zyltrisulphide [38][39].

The bioefficacy of nano-insecticide for-
mulations had delayed effects compared with
synthetic insecticides (dichlovos) against
Pachycondyla chinensis. For instance, 100%
mortality of the studied insect was observed
in the container treated with dichlorvos with-
in 2 hours after the application of the insecti-
cides. This delayed effect displayed by PaL-
AgNPs and PalL-AgNPs is a major character-
istic feature of botanical insecticides [40][41].

The rate of toxicity of nano-insecticide
depends on the dosage applied. For instance,
100% concentration killed the studied ant
faster than 75% v/v, while the least mortality
of the ant was recorded on the ant treated
with 25% v/v. This observation concurred
with earlier researchers who reported that the
effectiveness of nano-insecticides depends on
the tested concentration [42][43][44]. Also,
the effectiveness of nano P. alliacea in-
creased with the hours of application.

However, it was observed that the mode
of application also determined the effective-
ness of nano-insecticide formulations. The
application of nano-insecticides through con-
tact killed a higher percentage of pachycon-
dyla chinensis than nano-insecticides applied
through fumigant. This is an indication that
biosynthesized AgNPs should be applied
through contact bioassays. This study collab-
orated with [45][46], who reported that plant-
based silver nano-insecticides effectively
control ants when applied through contact.
Contrarily, [47][48] reported that nano-
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insecticides applied through fumigants per-
form better than when applied through con-
tact against ants.

Comparatively, the application of nano-
insecticides through contact had higher ant
mortality ranging from 12.5% - 81% followed
by the application of nano-insecticides
through fumigant which had the number of
mortality of ants at 8% - 56% while the least
number of ant mortality was recorded on ant
treated with feeding toxicity which had 31%.
This observation is in line with the earlier re-
search work by [49][50], who reported that
the application of biosynthesized AgNPs
through contact killed faster than other modes
of application.

5. Conclusion

In conclusion, this study has demonstrat-
ed that biosynthesized silver nanoparticles
(AgNPs) derived from Petiveria alliacea ex-
tracts possess significant effects as nano-
insecticides in the control of ants, particularly
when applied at higher concentrations rang-
ing from 75% to 100% v/v. The findings
highlight the efficacy of P. alliacea-based
nano-insecticides as a promising alternative
to conventional chemical pesticides, offering
an environmentally friendly and targeted ap-
proach to pest management. Incorporating
these nano-insecticides into integrated pest
management (IPM) programs could provide a
sustainable solution for controlling ant infes-
tations while reducing the ecological footprint
associated with traditional pesticides. Further
research could explore these nano-insecticide
formulations against other insects and for en-
vironmental safety purposes.
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