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Abstract: In this study, essential oil of the aerial part of Pluchea ovalis (POEO) was isolated and
employed for the synthesis of AgNPs (POEO-AgNPs). Then, larvicidal activities of POEO and
PEO-AgNPs were evaluated against the larvae of fall armyworm (FAW), Spodoptera frugiderda (J.
E. Smith); (Lepidoptera: Noctuidae). The potential medicinal values of P. ovalis and the lack of
scientific reports on the applications of essential oils and nanoparticles of the plant species from the
ecology of Ethiopia motivated the authors to carry out this research activity. The hydrodistillation
technique was used for the isolation of POEO. Characterization of samples was done using gas
chromatography/mass spectrometry (GC/MS), ultraviolet–visible spectroscopy (UV–Vis), scanning
electron microscope-energy dispersive X-ray spectroscopy (SEM-EDX), Fourier transform infrared
spectroscopy (FTIR), X-ray diffraction (XRD), and zeta nanoanalyzer instruments. GC/MS analysis
showed that sesquiterpenes (91.27%) are the dominant chemical constituents of POEO. The charac-
teristic UV–Vis spectra absorption of POEO-AgNPs is observed at 428 nm. SEM imaging reveals
that POEO-AgNPs have a dominantly spherical shape. A strong peak of EDX at 3.0 keV shows
the existence of Ag element in POEO-AgNPs. XRD analysis determines the diffraction peaks of
POEO-AgNPs at 2θ of 38.2◦, 44.1◦, 64.6◦, and 77.8◦ which are indexed to (111), (200), (220), and
(311), respectively. The average particle size and surface potential of POEO-AgNPs are 132 nm and
−64.7 mV, respectively. POEO-AgNPs were stored at room temperature and 4 ◦C and showed good
stability for about 6 months without aggregation or dissolution. The larvicidal activity was tested at
500, 250, and 125 µg/mL of POEO solution and 100% (full strength = 0.083 g/mL), 50%, and 25%
POEO-AgNPs solution against 2nd instar larvae of S. frugiderda for 3 consecutive days. LC50 and LC90

are determined as 154.88 and 11,749.00 µg/mL for POEO and 69.18 and 1318.26% for POEO-AgNPs
solutions, respectively. This finding will benefit the applications of POEO and POEO-AgNPs for a
sustainable eco-friendly crop pest management method.
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1. Introduction

In many maize- and cabbage-producing countries, currently, fall armyworm (FAW),
Spodoptera frugiperda (Lepidoptera: Noctuidae) is spreading rapidly and poses a serious
loss of production, threatening the food security and income of the majority of smallholder
farmers [1,2]. The larva of fall armyworm is the most invasive stage to destroying crop
production of about 350 species from 76 families which is responsible for the loss of 70% of
yield in the overall economy [3,4]. As a crop protection approach, current fall armyworm
control widely depends on synthetic pesticides. However, the prolonged overuse of
synthetic chemicals causes toxicity problems in the environment [5]. Therefore, it is highly
important to substitute non-ecofriendly chemicals with green and biocompatible pesticides
obtained from sustainable natural sources [6].

Plant extracts and their synthetic products have a great role in controlling pests of
crops during the pre-harvesting and post-harvesting periods [7]. For instance, essential
oils (EOs) of plants and their chemical constituents have important biological applications
in treating various diseases, including crop pests [8–10]. A complex mixture of chemical
constituents of EOs uses as promising larvicides due to their greenness, higher biological
activities, and extraction at lower cost technology [11]. Currently, due to the cost and toxic
properties of synthetic pesticides and some insects having developed resistance to them,
EOs and their products are recommended as excellent alternative larvicidal and pupicidal
agents for the management of crop pests [12–14]. In the agricultural sector, nanomaterials
were also reported for their potential pesticide and insecticides activities [15,16]. Green
nanoparticles (NPs) have been applied for the pest-controlling strategy to reduce the
usage of harmful chemicals and the generation of toxic side products [17–19]. NPs have
wide applications in agricultural fields, such as the control of crop pests and disease
management [20,21]. Some studies reported that NPs are nanocarriers as well as active
biopesticide agents. The dominant studies on the plant extracts mediated NPs synthesis
based larvicidal activity evaluation targeted the management of mosquitoes [22]. Green
silver nanoparticles (AgNPs) were also reported as potential nano-insecticides and nano-
pesticides [23].

The genus Pluchea is a flowering plant in the family. The aerial parts of Pluchea
plants have traditionally important medicinal values [24]. About 80 plant species of the
genus Pluchea family are mainly distributed in Africa, Asia, Australia, and Northern and
Southern America [25]. Previous literature showed that some species of these plants are
extinct; however, only 16 species of the plants were reported to possess traditional uses in
several countries of Asia and Northern America [26]. Pluchea ovalis (Pers.) DC. is woolly
camphorweed. It belongs to the Asteraceae family, comprised of about 1600–1700 genera.
The plant species is highly rich in sesquiterpene lactones used as bio-inhibitor [27–29]. It
is an indigenous plant in Ethiopia. Extracts of petroleum ether, chloroform, ethanol, and
aqueous of P. ovalis displayed significant growth inhibitory of fungi by using the agar well
diffusion assay technique [30]. In some studies, EO of P. ovalis was reported to contain
the main chemical components such as p-cymene, 2,5-dimethoxy-p-cymene, limonene,
β-phellandrene, isocomene, β-maaliene, δ-cadinene, β-caryophyllene, and α-cadinol [31].
Volatile compounds of pet-ether extracts of the aerial part of P. ovalis were identified using
GC/MS analysis, constituting dominant sesquiterpene hydrocarbons where α-selinene,
humulene oxide, β-eudesmol, and dehydrosanssurea were reported as the four leading
constituents [32].

Even though the essential oil of P. ovalis is a rich source of sesquiterpenes that is re-
sponsible for larvicidal activity [33], there were no reports on the plant species nanoparticle
synthesis and their evaluation against crop pests. The essential oil of P. ovalis and its AgNPs
are potentially used as green and sustainable natural products for the management of
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insect pests. Therefore, the purpose of this research activity was to isolate the essential
oil of the aerial part of P. ovalis (POEO), synthesize its AgNPs (POEO-AgNPs), and finally,
evaluate their larvicidal activity. The scope of research is to investigate the larvicidal effects
of various concentrations of POEO and POEO-AgNPs against 2nd instar larvae of fall
armyworms.

2. Materials and Methods
2.1. Plant Material Collection, Authentication, and Preparation

Plant sample (Pluchea ovalis (Pers.) DC.) was collected from Addis Ababa Science
and Technology University Compound, Addis Ababa, Ethiopia, located at the latitude of
8◦ 88′ North and longitude of 38◦ 80′ East and elevation 2143 m above sea level (m.a.s.l.),
in November 2020. A voucher specimen (YH04) was authenticated by Mr. Melaku
Wondafrash and deposited at the National Herbarium (ETH), Plant Biology and Biodiver-
sity Management Department, Addis Ababa University, Addis Ababa, Ethiopia. The plant
sample was dried under shade for about a month and was ground using an electric grinder.
A 2.5 kg powder of plant sample was stored in the brown glass bottle until further analysis.

2.2. Extraction of Essential Oil from P. ovalis

Extraction of EO from a powder of aerial part of the plant species (dry weight) was
carried out by hydro-distillation technique in a Clevenger-type apparatus for 3 h based on
the procedure from European Pharmacopeia (Phar. Eur. Supplement 7.0) and coded as
POEO (P. ovalis essential oil). To separate POEO from the aqueous phase, it was dried over
anhydrous Na2SO4 and then stored in a non-transparent plastic bottle in the refrigerator
before further use.

2.3. Physicochemical Properties

The density, refractive index, and optical rotation of POEO were determined by
density meter (A. Kruss Optronic GmbH, Hamburg, Germany), refractometer (A. Kruss
Optronic GmbH, Hamburg, Germany), and optical spectrometer (ADP600 series, Belling-
ham+Stanley, Royal Tunbridge Wells, UK) instruments.

2.4. Instrument Analyses

GC/MS analysis was employed to identify chemical components of POEO based on
the procedure reported by Goyal and co-workers [30]. Dilution of POEO was performed
in n-hexane (1:10) and analyzed using GC/MS (Thermo Fisher Scientific Inc., Waltham,
MA, USA), which was equipped with a DB-5 (30 m × 0.25 mm i.d., 0.25 µm film thick-
ness) capillary separation column. GC/MS operating conditions comprised the following:
oven temperature from 50 to 250 ◦C, at increments of 5 ◦C/min, held for 5 min; injector
temperature, 220 ◦C; transfer line 250 ◦C; carrier gas, Helium at 1.0 mL/min constant flow
rate; injection volume of the sample, 1 µL; split ratio, 1:20. Ionization of POEO chemical
components was carried out at electron impact 70 eV mode, at an m/z range of 5–210.
POEO constituents were identified by comparing their experimental Kovat’s indices (KIs)
relative to normal alkanes of the C7-C25 and mass (m/z) peaks with the data from the NIST
database, Wiley spectral libraries, and literature reviews. FTIR analysis was applied to
determine the major functional groups that exist in the chemical constituents of essential
oil [34]. FTIR spectra were recorded using an FTIR spectrophotometer (iS50 ABX, Thermo
SCIENTIFIC, Waltham, MA, USA). A drop of POEO was used with the parameters: reso-
lution: 4 cm−1, spectra range: 400–4000 cm−1, and the number of scans: 32. Origin 2018
software was used to process FTIR spectra.

2.5. Biosynthesis of Silver Nanoparticles

Synthesis of POEO-mediated AgNPs was carried out based on the procedure reported
by Paula et al. [35] and using optimized reaction conditions. The solution of 0.1 M HCl or
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0.1 M NaOH was used to adjust the pH of the AgNO3 solution. Color change visualization
and UV–Vis spectroscopic method were employed for monitoring AgNP formation.

2.6. Characterization of POEO-AgNPs

Some previously reported procedures were used with some minor modifications for
the characterization of POEO-AgNPs. FTIR analysis was used for the characterization of
the surface chemistry of synthesized AgNPs. The information about functional groups of
chemical compounds of EO of the plant species mainly responsible for reduction, capping,
and stabilization processes were determined using FTIR spectroscopy at the frequency
range of 4000–400 cm−1 [36]. The source of characteristic Surface Plasmon Resonance (SPR)
information about POEO-AgNPs synthesis was determined using a UV–Vis spectropho-
tometer (JASCO V-770, Tokyo, Japan) at the wavelength of 300–700 nm and AgNO3 solution
was used as a reference to adjust the baseline [37]. Surface morphology and elemental
composition of POEO-AgNPs were analyzed [38] using the combined SEM-EDX (SSX-550
SEM-EDX, Shimadzu Corp., Kyoto, Japan) with Sigma 300 operated at 20 kV. Crystalline
structures of POEO-AgNPs were determined based on the method reported by earlier
literature reviews [39] using an X-ray diffractometer (Malvern Panalytical, Melvern, UK)
with Cu Kα as a radiation source, 40 kV and 30 mA and in the angular range 30–80◦.
Zeta-nano analyzer (Nano Series HT, Malvern, UK) was applied to measure the average
size and surface potential of POEO-AgNPs according to the method provided by Ramdath
and co-workers [40]. The physicochemical stability of POEO-AgNPs was evaluated based
on the procedure report using the samples deliberately stored at two different conditions: at
room temperature and 4 ◦C. The stability changes were periodically studied using UV–Vis
spectroscopy [41] for about 6 months.

2.7. Larvicidal Activity Assay

Larvae of fall armyworm, S. frugiderda, were obtained from Ambo Agricultural Re-
search Center, Entomology Laboratory, located at the latitude of 8◦57′ N and longitude of
37◦52′ E, the elevation of 2225 m above sea level (m.a.s.l). Based on the standard procedure
provided by Alves et al. [13] and under controlled conditions at 25 ± 1 ◦C, 80 ± 2% RH,
and 12 h:12 h (L:D) photoperiod, larvae were reared on the artificial diet up to 1st instar
stage and then, they were transferred to fresh leaves of maize until they reached 2nd instar
stage. In solution preparation, 0.01% of Tween-80 (purity, 99.99%) was prepared for the
dissolution of POEO in the sterilized distilled water. Various concentrations of POEO solu-
tion were prepared by using the serial dilution method. Three test concentrations of POEO
solution, 500, 250, and 125 µg/mL, were prepared based on the concentration reported
previously for another plant essential oil with optimum larvicidal activity, 250 µg/mL as
reference. Three different concentrations of POEO-AgNPs solution were also prepared in
sterilized distilled water for the evaluation of their larvicidal activity. Full strength (100%),
50%, and 25% concentrations of POEO-AgNPs (0.083 g/mL) were used for the experiment.
The solution of Dursban (synthetic pesticide) was applied as a positive control. Tween-80
solution and distilled water were also employed as negative controls. For treatments,
the experiments were performed in three replications. Young fresh leaves of maize were
provided as larvae food on the Whatman no. 1 filter papers which were placed in the
plastic Petri dishes (15 cm × 15 cm × 30 cm). Then, 10 homogenous 2nd instar larvae of fall
armyworm were transferred into each Petri dish. Doses of 3 mL of each solution of POEO
(500, 250, and 125 µg/mL), POEO-AgNPs (100, 50, and 25%), and negative control (0.01%
Tween-80 and Distilled water) and a 1 mL dose of Dursban solution were applied topically
on the bodies of larvae using micropipette uniformly. Larvae were placed on the leaves
of maize in Petri dishes and covered with the lids properly. Finally, mortality data were
recorded by counting the number of dead larvae every 24 h for three consecutive days after
the time of exposure.
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2.8. Statistical Analysis

The dead larvae data were recorded as mean ± SD of three replicates experiment
using ANOVA (IBM SPSS statistics 26 software). Mortality percentage and Probit analysis
were performed using Microsoft Excel to calculate larvae mortality%, LC50, and LC90.
Differences between data were assumed to be statistically significant for p < 0.05.

3. Results and Discussion
3.1. Extraction of Essential Oil of P. ovalis

In this study, a powder of the aerial part of P. ovalis (dry weight) was hydrodistilled
for about 3 h using Clevenger-type apparatus. The yellow and denser EO of P. ovalis
(POEO) was collected. Then, POEO was separated and dried from the aqueous phase over
anhydrous Na2SO4 and the total percentage yield of essential oil was determined as 0.80%.

3.2. Instrumental Analyses of Essential Oil of P. ovalis

The determined physicochemical properties of POEO, namely specific gravity at 20 ◦C,
refractive index (nD) at 20 ◦C, and optical rotation (◦α) at 25.5 ◦C are 0.2874, 1.4338, and
−1.05, respectively. POEO showed complete solubility in 90% ethanol. GC/MS chro-
matogram of POEO indicates chemical constituents were eluted in the retention time range
of 26.835–44.225 min, in which four of the peaks represent 55% of the total identified peak
area percentage (Figure 1). A total of 37 chemical constituents were identified by using
GC/MS analysis (Table 1). The determined chemical constituents were dominated by
sesquiterpenes (91.27%) which contain 51.84% oxygenated and 39.43% non-oxygenated
hydrocarbons. The major chemical component of POEO is junenol, which accounts for
20.73% of the total area percentage of EO composition, and followed by α-cadinol (15.54%),
δ-cadinene (12.93%), (+)-β-selinene (5.86%), τ-muurolol (4.70%), β-gurjurene (4.17%), cube-
bol (3.00%) γ-cadinene (2.99%), and epizonarene (2.69%) that account for 72.61% of the
area percentage of EO composition (Figure 2). Determination of the chemical constituents
of EO is vital for the study of their larvicidal activity because the biological properties of
phytochemicals depend on their chemical structures and synergetic effects [12].
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Table 1. GC-MS analysis of essential oil obtained from the aerial part of P. ovalis.

RT
(min) KIexp. KIlit Compound Name Area%

26.835 1342 1338 Presilphiperfol-7-ene 0.25
28.016 1377 1376 Modephene 1.42
28.225 1383 1382 α-Isocomene 1.06
28.978 1405 1412 β-Isocomene 0.34
29.235 1414 1413 Caryophyllene 1.45
30.506 1455 1451 9-epi-β-Caryophyllene 1.73
30.973 1469 1468 γ-Muurolene 0.49
31.430 1483 1484 (+)-β-Selinene 5.86
31.625 1489 1489 β-Guaiene 0.62
31.706 1492 1491 α-Muurolene 1.67
32.154 1506 1506 γ-Cadinene 2.99
32.220 1509 1510 2-Isopropyl-5-methyl-9-methylene [4.4.0]dec-1-ene 0.28
32.325 1512 1512 δ-Cadinene 12.93
32.506 1518 1518 Cubebol 3.00
32.659 1524 1523 (+)-δ-Cadinene 0.49
32.992 1530 1534 α-Calacorene 0.35
33.259 1535 1545 β-Pinone 0.88
33.597 1544 1554 β-Calacorene 0.43
33.935 1556 1597 Ziza-6(13)-ene 0.21
34.821 1567 1600 β-Oplopenone 0.32
35.173 1570 1608 β-Epicubenol 1.43
35.492 1576 1636 Muurola-4,10(14)-dien-1β-ol 0.31
35.544 1596 1621 α-Epicubenol 0.79
35.730 1608 1646 11,11-Dimethyl-4,8-bis (methylene)bicyclo [7.2.0] undecan-3-ol 0.37
35.868 1619 1629 Junenol 20.73
35.944 1621 1622 β-Gurjurene 4.17
36.002 1628 1637 τ-Muurolol 4.70
36.073 1633 1672 Epizonarene 2.69
36.349 1636 1649 α-Cadinol 15.54
36.563 1638 1676 1,2,3,4-Tetrahydro-1,6-dimethyl-4-(1-methylethyl)-1-naphthalenol 0.62
37.392 1640 1687 Schyobunol 1.09
37.735 1650 1694 Eudesma-4(15),7-dien-1β-ol 0.41
38.030 1658 1752 (+)-γ-Costol 0.22
38.440 1687 1730 10-Hydroxyoplopanone 0.46
41.463 1696 1810 14-Hydroxy-δ-cadinene 1.07
42.340 1698 1867 Platambin 0.36
44.225 1710 1983 β-Cyclocostunolide 0.42

Sesquiterpenes 91.27
Oxygenated sesquiterpene hydrocarbons 51.84

Non-oxygenated sesquiterpene hydrocarbons 39.43
Non-terpene hydrocarbons 0.88

Total composition% 92.15

Even though there are no reports on the essential oil of the aerial part of P. ovalis
using the hydrodistillation approach, previous studies on the essential oils of some Pluchea
plant species using other extraction techniques displayed good agreement with the results
obtained in this study regarding the dominance of sesquiterpenes. For example, some
earlier research findings on GC/MS analysis of EO of pet-ether extract of the aerial part
of P. ovalis reported about 15 chemical constituents which account for 61% of the total
composition. The same study demonstrated that sesquiterpenes are the dominant chemical
components with 52.85%, while oxygenated hydrocarbons represented 40.88% and selinene
was a major component (33.40%) of the EO of P. ovalis [32].
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Sesquiterpenes were also reported as dominant chemical constituents of EO of leaves
of P. dioscoridis using the hydrodistillation technique, where farnesol and α-madeleine were
major components with a percentage composition of 16.5% and 18.84%, respectively [25,42].
Eudesmane-type sesquiterpene was also reported from EOs of P. dioscoridis as one of the
significant chemical constituents [43,44]. From the stem and callus powder of P. lanceolata,
hexadecanoic acid (19.23%) and 2-(vinyloxy) ethanol (16.46%) were reported as major
components for their EOs [45].

3.3. Green Synthesis of AgNPs

The optimized reaction conditions as pH of AgNO3 solution (11), the volume of
AgNO3 solution (80 mL), the concentration of AgNO3 solution (3 × 10−3 M), the volume
of POEO solution (30 mL), time of reaction (30 min), and temperature of reaction (80 ◦C)
were used for the green synthesis of AgNPs (POEO-AgNPs).

3.4. Characterization of POEO-AgNPs

Major FTIR peaks absorptions of POEO are observed at 3454 cm−1, 2922 cm−1,
2860 cm−1, 1700 cm−1, 1639 cm−1, 1449 cm−1, 1374 cm−1, and 855 cm−1 (Figure 3). FTIR
peak at 3454 cm−1 represents alcoholic -O-H bond stretching. The sp3C-H symmetric and
asymmetric bond stretching are absorbed in 2922 cm−1 and 2860 cm−1, respectively. Peak
absorption at 1700 cm−1 and 1639 cm−1 correspond to the bond stretching of the olefin
C=C functional group. Peaks observed at 1449 cm−1 and 1374 cm−1 indicate the presence
of aromatic C-H in-plane bending and a peak at 855 cm−1 demonstrates aromatic C-H out-
of-plane bending. FTIR peaks obtained for functional groups of chemical constituents of
POEO are in significant agreement with some previous studies [34,46–48]. FTIR analysis is
also used to identify the bond formation possibility between Ag metal surface and chemical
constituents of EO in green AgNPs [37]. FTIR spectra indicate the disappearance of major
peaks in the constituents of POEO and the emergence of two dominant spectra at 3295 cm−1

and 1632 cm−1 for POEO-AgNPs assigned to O-H and olefinic C=C bond stretching which
is in line with the previous report by Akintayo et al. [34]. Therefore, oxygenated and olefinic
groups are more probably used as reducing, stabilizing, and capping sites in POEO-AgNPs.
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Figure 3. The combined FTIR spectra of essential oil of P. ovalis (POEO) and its silver nanoparticles
(POEO-AgNPs).

UV–Vis spectroscopic analysis also confirms the successful formation of POEO-AgNPs
(Figure 4). The characteristic UV–Vis spectra of AgNPs were absorbed in 428 nm due to
the characteristic electron excitation phenomena on the surface of POEO-AgNPs which are
responsible for the appearance of the brown solution. Hence, the obtained results are in
good agreement with the previously reported studies [36,49–51].
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Figure 4. UV–Vis spectra of essential oil of P. ovalis mediated silver nanoparticles (POEO-AgNPs) at
the optimized reaction conditions.

The average size, shape, and surface morphology of POEO-AgNPs were determined
by using SEM image analysis (Figure 5). SEM image displays a predominately spherical
shape of POEO-AgNPs with an average size of 80.44 nm, which was determined using
ImageJ software. The EDX profile depicts the presence of characteristic peaks of Ag element
at 3.0 keV. These results confirmed that the formation of POEO-AgNPs agrees with some
literature reports on the biogenic synthesis of AgNPs in some previous studies [38,52].
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Figure 5. (a) SEM image; (b) EDX of essential oil of P. ovalis mediated silver nanoparticles (POEO-
AgNPs).

The crystal property of POEO-AgNPs is determined using the analysis of XRD peaks
(Figure 6). XRD peaks observed at 2θ values of 38.2◦, 44.1◦, 64.6◦, and 77.8◦ correspond to
(111), (200), (220), and (311) plane indices, respectively, which indicate the face-centered
cubic structure of POEO-AgNPs. The determined XRD results are in line with some
previously reported results with JCPDS Card No. 65-2871 on other plants’ extract-assisted
AgNPs by Mahajan et al. [39].
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Figure 6. XRD peaks of essential oil of P. ovalis-mediated silver nanoparticles (POEO-AgNPs).

In this study, the average particle size, zeta potential, and polydispersity index of
POEO-AgNPs are obtained as 132 nm, −64.7 mV, and 0.457, respectively (Figure 7). Particle
size and surface potential are important parameters to confirm the stability of synthesized
nanoparticles [40]. According to some literature reports, significant electrostatic repulsion
to develop stability for the synthesized AgNPs was reported for surface potential values
greater than ±30 mV [53]. Hence, the known literature reports highly support the obtained
surface potential result (−64.7 mV) for POEO-AgNPs.
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Figure 7. (a) Zeta size; (b) surface potential of essential oil of P. ovalis mediated silver nanoparticles
(POEO-AgNPs).

The samples of POEO-AgNPs were stored for 6 months at 4 ◦C and room temperature
for their stability tests. Monitoring with UV–Vis spectroscopy, POEO-AgNPs displayed
good physicochemical stability at both temperature conditions for a longer period, as
shown in Figure 8. Therefore, the potential physicochemical stability of synthesized green
AgNPs may be an important attribute to their efficient applications for a longer period at
different temperature conditions.
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Figure 8. Physicochemical stability tests of essential oil of P. ovalis mediated silver nanoparticles
(POEO-AgNPs) for 6 months: (a) at room temperature, (b) below 4 ◦C.

3.5. Larvicidal Activity Tests of POEO and Its AgNPs Solutions against Fall Armyworm Larvae

Larvicidal activity tests of POEO and POEO-AgNPs solutions were carried out at
different concentrations and their effects against 2nd instar fall armyworm were evaluated
after an exposure time of 72 h (Figure 9). The POEO solution test at 500, 250, and 125 µg/mL
showed a mortality percentage of 63.30%, 56.70%, and 46.70%, respectively (Table 2). Tukey
HSD analysis showed that the concentrations of POEO solution indicate non-significant
(p > 0.05) larvicidal activity. However, more larvicidal effects were observed as the con-
centration of essential oil increased. For the test POEO solution, the maximum larvicidal
activity was obtained at the concentration of 500 µg/mL with a mortality percentage of
63.30%. The larvicidal effect of POEO solution is higher at a stronger concentration due
to the increase in the amount of sesquiterpene constituents. The significant larvicidal
activity of essential plant extracts is mainly due to the biological activity of main chemical
constituents [54]. Full strength (100%), 50%, and 25% of POEO-AgNPs solution were also
applied for the larvicidal activity evaluation and the results indicate non-significant differ-
ences (p > 0.05), and their mortality percentages were determined as 53.30%, 43.30%, and
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30.00%, respectively (Table 2). At full strength (100%) of POEO-AgNPs solution, the maxi-
mum larvicidal effect is observed because of the presence of more concentrated bioactive
components in the specific solution. This result is consistent with the previously reported
research findings on some other plant extracts used for mosquito larvae control [55]. Tukey
HSD analysis exhibits significantly different larvicidal activity (p < 0.05) for POEO solution
and higher mortality percentage than its AgNPs at all concentrations of test solutions
against 2nd instar larvae of fall armyworm insect. The larvicidal activity evaluation of
the POEO-AgNPs solution generally shows a lower mortality percentage as compared to
the POEO solution (Table 2). The reason for the reduction of larvicide effect may be the
lower accessibility of functional groups of chemical constituents, which are responsible
for bioactivity due to their use as capping and stabilizing agents in the POEO-AgNPs
formation and ineffectiveness of synthesized AgNPs due to its size tuning nature [56].
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Table 2. The effects of various concentrations of POEO and its AgNPs on fall armyworm, S. frugiderda,
larvae mortality rate, and lethal concentrations.

Test Sample Concentration

Larvae *

Total Dead
(Mean + SD) Mortality% LC50 LC90

POEO solution (µg/mL) 500 10 6.33 + 1.15 a 63.30 154.88 11,749.00
250 10 5.67 + 0.58 a 56.70
125 10 4.67 + 1.53 a 46.70

POEO-AgNPs solution 100% 10 5.33 + 1.15 b 53.30 69.18 1318.26
50% 10 4.33 + 0.58 b 43.30
25% 10 3.00 + 0.00 b 30.0

Dursban (+ve control) - 10 9.67 + 0.58 96.70
Tween-80 (-ve control) - 10 0.00 + 0.00 0.00

DH2O (-ve control) - 10 0.00 + 0.00 0.00

* Dead larvae numbers are expressed as the mean of three replicates ± SD. Positive control = Dursban solution,
negative controls = distilled H2O and Tween-80 solution, full strength of POEO-AgNPs solution = 100% conc. A
one-way analysis of variance (ANOVA) was performed with IBM SPSS 26 and means with different letters show
significantly different values.

Probit analysis showed that test concentrations of POEO solution were found to
possess larvicidal effects against 2nd instar larvae of fall armyworm with the lethal con-
centrations at 50% and 90% (i.e., LC50 and LC90) values of 154.88 and 11,749.00 µg/mL,
respectively, at 72 h. Similarly, LC50 and LC90 values of concentrations of POEO-AgNPs so-
lution were determined as 69.18 and 1318.26%, respectively, (Table 2). However, larvicidal
effects of some genus Pluchea were reported in the earlier literature reviews, in this study,
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the synthesis of NPs and larvicidal activity examination using EO and AgNPs of P. ovalis
are reported for the first time. P. dioscoridis exhibited significant larvicidal activity against
Culex pipiens with LC50 = 71.86 ppm [25]. Some studies support the actions of POEO and its
AgNPs mechanisms for larval death. The lethal effects of POEO and POEO-AgNPs against
larvae of fall armyworm may be due to their enzymatic activity inhibition effects [17]. EOs
of plants and their chemical constituents may also disrupt the endocrinological balance of
the organisms. Chemical constituents of EOs are reported to damage larvae respiration,
feeding systems, and the flying ability of adult insects [12]. There are also some proposed
possible mechanisms of action of AgNPs on the organism; the first possibility is the higher
surface areas of AgNPs create contact with the organism and allow the attachment of NPs
to the cell membrane and easily penetrate the organism and cause disruption of their con-
tents [57]. The second possibility is after the penetration of AgNPs into the mitochondria of
microorganisms, they release Ag+ ions which cause the death of cells of the organism [58].

4. Conclusions

In this study, essential oil from the aerial part of P. ovalis (POEO) was isolated using
the hydrodistillation technique. GC/MS analysis shows POEO contains sesquiterpenes
(91.27%), the phytochemicals known for their potential larvicides, as the mainly dominant
chemical component with junenol (20.73%) as the major compound of POEO. The next
leading chemical components are α-cadinol (15.54%), δ-cadinene (12.93%), (+)-β-selinene
(5.86%), τ-muurolol (4.70%), β-gurjurene (4.17%), cubebol (3.00%), γ-cadinene (2.99%),
and epizonarene (2.69%). The chemical constituents of POEO are used as the potential
bio-reducing, capping, and stabilizing agents in the synthesis of AgNPs. The successful
formation of POEO-AgNPs was confirmed by the characteristic UV–Vis spectra absorption
at 428 nm, EDX peak appearance at 3.0 keV, and their crystalline nature determined
from XRD peaks and the assigned lattice indices. The physical, chemical, and biological
properties of the synthesized AgNPs were determined from their average size, surface
potentials, functionality, and significant storage physicochemical stability at different
temperature conditions by using zeta nanoanalyzer, FTIR, and UV–Vis analyses. The
significant larvicidal activity of POEO solution (500, 250, and 125 µg/mL) and POEO-
AgNPs solutions (0.083 g/mL) at full strength (100%), 50%, and 25% against 2nd instar
larvae of fall armyworm was observed in the assays. Larvicidal tests of POEO and POEO-
AgNPs solutions show LC50 and LC90 at 154.88 and 11,749.00 µg/mL and 69.18 and
1318.26%, respectively. This research report is the first finding on the essential oil of the
aerial part of P. ovalis, its AgNPs, and their larvacidal activity from the ecology of Ethiopia
as a potential green control technique for crop insects such as fall armyworm. Hence, in the
future, the efficacy of POEO and POEO-AgNPs suggests that extracts of the plant species
and their sources can be exploited as less toxic, sustainable, biocompatible, cost-effective,
and eco-friendly larvicides as an alternative crop pest management.
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