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ARTICLE INFO ABSTRACT
Keywords: The fall armyworm, Spodoptera frugiperda (J.E. Smith), is a devastating pest that attacks a wide
Spodoptera frugiperda range of crops, including sugarcane, rice, and maize. The purpose of this study is to evaluate the
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toxicity potential of native plant extracts (Azadirachta indica, Eucalyptus globulus, Parthenium
hysterophorus, Cannabis sativa, Citrullus colocynthis, Nicotiana tabacum) against S. frugiperda. Four
different concentrations (50, 100, 200, and 400 ppm) of the ethanolic plant extracts was evalu-
ated against S. frugiperda third-instar larvae to determine their median lethal concentration
(LCso). After 72 h of exposure, the LCsg values of A. indica, E. globulus, P. hysterophorus, C. sativa,
C. colocynthis, N. tabacum, and positive control (Spinetoram) were 186.104, 518.438, 320.027,
334.259, 252.651, 720.980 and 189.369 ppm respectively. The maximum percent mortality was
caused by the highest concentration (400 ppm) of A. indica (64 + 0.18), E. globulus (48 + 0.22), P.
hysterophorus (56 + 0.18), C. sativa (56 + 0.18), C. colocynthis (60 + 0.00), and N. tabacum (40 +
0.28), after 72 h of treatment while Spinetoram induced 100 + 0.00 percent mortality of
S. frugiperda and only 4 + 0.18 percent mortality was recorded in a control group. Results showed
that all plant extracts were found to be effective against S. frugiperda. The compounds from the
two most effective ethanolic plant extracts were identified by using Gas chromatography-mass
spectrometry analysis (GC-MS). The key compounds identified in neem leaf extract and kor-
tuma fruit extract are predominantly biologically active molecules. Many of them were volatile
compounds that belonged to different chemical categories, such as fatty acids, hydrocarbons,
esters, terpenoids, phenolic compounds, and amines. Terpenes exhibited a wide range of different
biological activities, such as serving as insecticides and antifeedant. The presence of various
functional groups in the plant extract was determined by conducting a Fourier Transform Infrared
Spectroscopy (FTIR). Farmers should employ these kinds of environmental friendly insecticides to
lessen the impact of fall armyworm because these products are cheaper to use and better for the
economy and the environment.

1. Introduction

Maize (Zea mays L.) from Poaceae family was cultivated in South America before venturing throughout the world [1,2]. Afterwards
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it spread to China, Asia, Europe, Russia, Canada, USA, Mexico, and Pacific Islands. Maize ranks 3" most economically valuable cereal
crop worldwide, following wheat and rice, because of its versatile applications in human and animal nutrition, biofuel production, and
construction materials [3-6]. Diseases, insect pests, vegetation’s, birds, nematodes, and environmental factors have the potential to
substantially reduce the crop yield up to 75 % [7].

Spodoptera frugiperda (Lepidoptera: Noctuidae), also known as the fall armyworm (FAW), is a notorious pest that is native to North
America. FAW feeds on more than 350 different plant species, with maize being the main food source [8,9]. S. frugiperda was reported
first time during March 2019 from a number of locations in Sindh Province, Pakistan, with the exception of upper Sindh, Larkana,
Jacobabad, and Shikarpur [10]. S. frugiperda predominately cause damage by feeding on both vegetative and reproductive parts of host
plant. Developing effective control methods for insect infestations is elusive without an in-depth understanding of their life cycles. The
habitat of the fall armyworm influences its life cycle. Approximately 30 days are required in summer season at 28 °C temperature for
the completion of FAW life cycle [11]. However, in the spring and winter, this time can extend to 60-90 days. Globally, chemical,
biological, and botanical strategies for controlling insect pests have been implemented. Synthetic insecticides have emerged as a highly
efficient and economically convenient method to immediately combat FAW [12,13]. However, they have adverse impacts on the
biological control agents, environment, and contribute to the development of insect pest resistance. S. frugiperda has become resistant
to 41 different molecules, which makes it more challenging to get rid of them [14,15].

In order to mitigate pollution to the environment and combat insecticide resistance, it is necessary to develop a sustainable and
resilient method of pest management [16]. Pesticides derived from plants are regarded as ecologically sustainable due to their low
toxicity towards non target organisms and biodegradability [17-19]. Therefore, these plant based insecticides may be included in the
integrated pest management module [20]. Numerous studies have been performed to identify plant sources of safe insecticides, in
response to the increased advocacy for their use. Tetranortriterpenoid compound also known as azadirachtin, which is similar to an
asteroid. It is extracted from the Azadirachta indica and has been recognized as a major insect repellant in vegetables [21,22].
Furthermore, the significance of neem in pharmaceuticals, agriculture [23], toiletries, and medicine, has significantly increased due to
its abundant bioactive compounds [21]. Research has demonstrated that neem possesses a range of beneficial characteristics, including
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insecticidal, antifeedant, antiimplantation, antifungal, antiallergenic, antidermatic, antiviral, anti-inflammatory, larvicidal, anti-
pyorrhoeic, and nematicidal effects [21,24].

Citrullus colocynthis has been documented for its insecticidal properties against several pests that infest stored grains and other field
crops. Furthermore, it possesses an inherent capacity to repel pest infestation [25,26]. This plant exhibited repellent, antifeedant, and
infertile properties against many pests [27-29]. An Australian hardwood tree species, Eucalyptus globulus has accomplished worldwide
distribution due to its advantageous features such as the beneficial aspects of its leaves and versatility for pulpwood production [30].
The essential oil of Eucalyptus is recognized for its insecticidal properties [31]. Trogoderma granarium (Everts, 1898) (Coleoptera:
Dermestidae), among numerous insect species that infest stored products, is susceptible to the toxicity of E. globulus oil in many
research studies [32,33]. Volatile compounds such as limonene, a-pinene, lanalool, and 1,8-cineole are present in them, which enables
them to kill insects [34].

The antifeedant activity was observed in aqueous crude extracts of tobacco (Nicotiana tabacum) leaves against FAW larvae [35,36].
Significantly, the larvae exhibited the highest mortality when exposed to the extracts at a concentration of 50 % [37]. Recently,
Cannabis sativa has received interest as a conceivable alternative for application as a pesticide [38]. In addition to the widely
recognized cannabinoids, Tetrahydrocannabinol (THC) and cannabidiol (CBD), the plant produces around 500 compounds, which
include other cannabinoids, terpenoids, and flavonoids [39]. Currently, the specific compounds and processes through which C. sativa
achieves its insecticidal effects are still unclear. Nonetheless, interactions between specific compounds as well as the pharmacological
activities of terpenes and cannabinoids may be involved [40]. The purpose of this study was extraction, characterization and evalu-
ation of insecticidal potential of native plant extracts against the third instar larvae of S. frugiperda.

2. Materials and methods
2.1. Description of the study area
The research experiments were conducted in bioassay laboratory of the Entomological Research Institute (Latitude, 31.404975 ;

Longitude, 73.0505453"), Ayub Agricultural Research Institute (AARI), Faisalabad. The institute is located in the northeastern plains of
Punjab, between longitude 73°74 East and latitude 30°31.5 North, at an elevation of 184 m (604 feet) above sea level (Fig. 1).

2.2. Preparation of plant extracts

Six native plant species were collected from various regions of Faisalabad, Punjab, Pakistan, as shown in Table 1, brought to the
laboratory and washed extensively with tap water. The leaves/fruit were shade dried (30 + 5 °C; 10 + 2 RH) and coarse grinded by
using an electric grinder (GRT 1500B). Soxhlet apparatus (J.P. Selecta, s.a; Serial #. 0481090) was used to prepare plant extracts, and
ethanol (Sigma, 99.9 %) served as extraction solvent. The thimble was filled with a fine powder of each plant extract, weighing 50 g. A

Table 1

Comprehensive overview of the plant samples collected from Faisalabad.
Sr. No. Scientific Name Vernacular Name Diagrams Family Parts used Coordinates
1 Azadirachta indica Neem Meliaceae Leaves 31.40429° N, 73.05077° E
2 Eucalyptus globulus Sufaida Mayrtaceae Leaves 31.40170° N, 73.05208° E
3 Parthenium hysterophorus Gajar booti Asteraceae Leaves 31.40210° N, 73.04936° E
4 Cannabis sativa Bhang Cannabaceae Leaves 30.99106° N, 72.87367° E
5 Citrullus colocynthis Kortuma Cucurbitaceae Fruit 31.40166° N, 73.04918° E
6 Nicotiana tabacum Tobacco Solanaceae Leaves 30.99155° N, 72.87339° E
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250 mL volume of ethanol was used as a solvent. The source of heat was a heating mantle that was operating at a temperature of 60 °C.
The aforementioned process was repeated multiple times over 13-15 h to complete the extraction. Rotary evaporator (Scilogex RE 100-
S) equipped with a vacuum pump was used to purify the ethanolic plant extracts. After rotary evaporation, obtained yield of A. indica,
E. globulus, P. hysterophorus, C. sativa, C. colocynthis and N. tabacum was 30 g, 33 g, 28g, 25g, 21g and 20g respectively. The plant
extracts were kept at 4 °C in hermetic dark glass containers of 50 mL capacity until their use in the toxicity bioassays.

2.3. Collection and rearing of S. frugiperda

S. frugiperda larvae were collected from infested fields of maize in the Faisalabad region (31.40008 N, 73.04712" E) of Punjab,
Pakistan. The larval population was brought to a laboratory for rearing. Individual S. frugiperda larva was reared in 90 mm x 15 mm
plastic petri dishes. The larvae were fed with fresh maize leaves and succulent plant stem every day. Diet was refilled and feces were
removed from Petri dishes on daily basis. Following pupation, pupae were kept in small plastic cages for adult emergence. The adult
females and males at sex ratio of 1:1 was kept in cages in order to facilitate mating and the laying of eggs. The honey solution (10 %)
was provided to adults as soaked cotton plugs. The muslin stripes were hung in cages for egg laying. The insect culture was maintained
at a temperature of 26 + 2 °C and relative humidity of 65 £ 5 % [41].

2.4. Bioassays of plant extracts against S. frugiperda in laboratory

The standard leaf-dip method was used to test ethanolic plant extracts against S. frugiperda 3" instar larvae. After collection, fresh
maize leaves were washed with tap water, and dried at 27 °C. Leaf discs of sized 10 cm were made and then dipped in aqueous solution
of plant extracts for 30 s. Filter paper was used to drain off the extra liquid from leaf discs. Moreover, they were placed in petri plates
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Fig. 2. Percent mortality of S. frugiperda 3™ instar larvae caused by plant extracts at 50 ppm (a), 100 ppm (b), 200 ppm (c), and 400 ppm (d)
concentrations after 24, 48, and 72 h of exposure period.



U. Saleem et al. Heliyon 10 (2024) 39593

with a 2 % agar media to keep them fresh. Five third instar S. frugiperda larvae that have been starved for 4 h was released into each
petri plate. These plates were placed at 26 + 2 °C, 65 + 5 % Relative humidity (RH), and 16:8h (Light: Dark) photoperiod under
controlled conditions. Each treatment having five replicates, ethanol-soaked leaves served as the control, while Spinetoram (Radiant
120SC; Cortiva Agri-Sciences) served as positive control. The larval mortality was assessed after treatment of 24, 48, and 72 h. If larvae
cannot turn itself when placed on its dorsal surface, it was considered dead. In addition, four concentrations (50, 100, 200 and 400
ppm) of each ethanolic plant extract was prepared with distilled water and tested against S. frugiperda third instar larvae to determine
their median lethal concentration (LCs).

2.5. Characterization of plant extracts

The compounds present in the ethanolic plant extracts were identified by using gas chromatography-mass spectrometry. Ethanolic
plant extracts were analyzed through GC-MS (Agilent, 7890B). Data base from the National Institute of Standards and Technology
(NIST) was used to interpret the mass spectrum of GC-MS. The presence of different functional groups in the plant extracts were
determined by Fourier Transform Infrared Spectroscopy (Drawell-FTIR-530A). Scanning was carried out on plant samples between
4000 and 500 cm™! at a specified cm ™! spectral resolution. The previous protocol for GC-MS and FTIR analyses was followed [21].

2.6. Statistical analysis

Data regarding insect mortality was recorded after 24, 48 and 72 h of exposure. Factorial analysis of variance (ANOVA) was used to
analyze the mortality rate of larvae while Abbott formula [42] was used to correct the mortality rates. Obtained means of the treatment
groups were compared by Tukey’s post hoc test with 95 % of significance level. The lethal concentration (LCsp) values, as well as the 95
percent fiducial limits (FL), slope, standard error, and chi-square value, were calculated for each plant extract and positive control by
using the polo plus software [43].

3. Results
3.1. Toxicity bioassays of plant extracts against the third instar larvae of S. frugiperda
The laboratory conditions were employed to determine the effects of four different aqueous concentrations (50, 100, 200, and 400

ppm) of six plant extracts on the third instar larvae of fall armyworm. Each concentration was tested against twenty-five third instar
larvae in five replicates. Third instar fall armyworm larvae were used because this stage of the lifecycle causes the most serious harm to

Table 2
LCso values of plant extracts against third instar larvae of S. frugiperda after 24, 48, and 72 h of exposure period.
Plant extracts N* Hours LCso (mgL™1)" 95 % F.L. Calculated values by Probit Analysis
Lower Upper Slope + SE! X2 Df

Azadirachta indica 25 24h 720.564 300.006 1730.671 1.180 £+ 0.19 0.964 2
25 48h 534.730 195.865 1459.862 0.956 + 0.22 0.989 2
25 72h 186.104 67.636 512.074 0.900 + 0.22 0.958 2

Eucalyptus globulus 25 24h 1011.981 419.037 2443.951 1.275 £ 0.19 0.915 2
25 48h 815.120 326.484 2035.077 1.139 £ 0.20 0.990 2
25 72h 518.438 151.450 1774.697 0.759 + 0.27 0.942 2

Parthenium hysterophorus 25 24h 1686.344 525.532 5411.192 0.930 + 0.26 0.994 2
25 48h 1113.803 344.620 3599.781 0.859 + 0.26 0.968 2
25 72h 320.027 125.290 817.445 0.994 + 0.21 0.979 2

Cannabis sativa 25 24h 1517.811 556.952 4136.358 1.177 + 0.22 0.990 2
25 48h 938.740 308.906 2852.760 0.900 + 0.25 0.989 2
25 72h 334.759 143.237 782.366 1.112 £ 0.19 0.927 2

Citrullus colocynthis 25 24h 725.278 269.043 1955.177 1.004 + 0.22 0.996 2
25 48h 838.410 185.443 3790.548 0.623 + 0.33 0.926 2
25 72h 252.651 84.399 756.317 0.834 + 0.24 0.995 2

Nicotiana tabacum 25 24h 1517.811 556.952 4136.358 1.177 + 0.22 0.990 2
25 48h 938.740 308.906 2852.760 0.900 + 0.25 0.989 2
25 72h 720.980 291.735 1781.795 1.129 £+ 0.20 0.887 2

Positive control 25 24h 1422.880 486.344 4162.871 0.761 + 0.21 0.998 3
25 48h 363.092 91.209 1445.432 0.593 + 0.31 0.998 3
25 72h 189.369 97.183 369.002 1.556 + 0.15 0.986 3

@ : Number of FAW larvae used in experiment.

b LCso values of each plant extract.

€ : 95 % Fiducial limits.

d

: Slope and standard error.
:Chi-square value.
: Degree of freedom.

- o
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plants and cereals worldwide [21]. All plant extracts showed detrimental effects against the fall armyworm, and these effects became
more pronounced with increasing concentrations and exposure periods.

After 24 h maximum mortality was caused by C. colocynthis (40 %) followed by A. indica (36 %). The maximum mortality was
caused in the positive control (56 %) while there was 0 % mortality in control (Fig. 2(d)). The LCs¢ values along with lower and upper
fiducial limits of all plant extracts and positive control (Spinetoram) are described in Table 2. The LCsy value was the lowest for
A. indica followed by C. colocynthis, E. globulus, C. sativa, N. tabacum, and P. hysterophorus.

After 48 h the LCs( values of plant extracts and positive control (Spinetoram) against the S. frugiperda along with lower and upper
fiducial limits are described in Table 2. Among plant extracts the LCsg value was the lowest for A. indica followed by E. globulus, C.
colocynthis, C. sativa, N. tabacum, and P. hysterophorus. Following an interval of 48 h, the control treatment did not exhibit any
mortality, however the positive control treatment caused the highest mortality (Fig. 2).

The LCs values of plant extracts and the positive control (Spinetoram) against S. frugiperda after a 72-h exposure period are
detailed in Table 2. The LCsg value was the lowest for A. indica among the plant extracts, followed by C. colocynthis, P. hysterophorus,
C. sativa, E. globulus, and N. tabacum.

3.2. Percent mortality of plant extracts against the S. frugiperda larvae

Fig. 2(a- d) llustrates the percent mortality of four tested concentrations of all plant extracts (50, 100, 200, and 400 ppm) against
S. frugiperda third instar larvae. The maximum percent mortality was caused by the highest concentration (400 ppm) of A. indica (64 +
0.18), E. globulus (48 + 0.22), P. hysterophorus (56 + 0.18), C. sativa (56 + 0.18), C. colocynthis (60 + 0.00), and N. tabacum (40 +
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0.28), after 72 h of treatment while positive control (spinetoram) induced 100 + 0.00 percent mortality of S. frugiperda. A 50 ppm
concentration of A. indica, E. globulus, P. hysterophorus, C. sativa, C. colocynthis, and N. tabacum caused 32 + 0.22, 24 + 0.33, 24 + 0.18,
20 £+ 0.28, 32 + 0.22 and 12 + 0.22 percent mortality of S. frugiperda third instar larvae respectively, after 72 h while positive control
caused 100 + 0.00 percent mortality and only 4 + 0.18 percent mortality was recorded in a control.

3.3. Gas chromatography mass spectrometry (GC-MS) analysis

GC-MS of two most effective plant extracts (Neem leaf extract and kortuma fruit extract) was carried out to detect the compounds
(Figs. 3 and 4). The majority of the compounds detected were volatile compounds that belonged to different chemical categories, such
as fatty acids, hydrocarbons, esters, terpenoids, phenolic compounds, and amines. The key compounds identified in neem leaf extract
and kortuma fruit extract are predominantly biologically active molecules. Terpenes exhibited a wide range of different biological
activities, such as serving as insecticides and antifeedants, and also possessing cytotoxic properties. The principle active compounds,
retention time (R.T), peak area (%), molecular formula (M.F), and molecular weight (g/mol) are described in Tables 3 and 4.

3.4. Analysis of plant extracts through FTIR spectroscopy

The presence of functional groups in the ethanolic extracts of neem leaf (Fig. 5) and kortuma fruit (Fig. 6) was determined using
FTIR spectroscopy. Tables 5 and 6 illustrate the numerous functional groups that are identified in the two extracts, respectively.
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4. Discussion

Plant extracts are used in pest management due to their noteworthy effectiveness against various stages of the insect pest life cycle.
Botanical insecticides provide effective and eco-friendly solution to control FAW [44]. Current study demonstrated the potential of
plant extracts against FAW. The results of present research demonstrated that higher concentrations and prolonged exposure period of
plant extracts showed higher mortality of fall armyworm. Plant based insecticides can be a sustainable alternative to control fall
armyworm. Neem leaf and seed extract was found be highly toxic against fall armyworm at different concentrations [21]. Azadirachtin
induced 96.7 % mortality among 2™ instar larvae of FAW after exposure of 120 h [43]. Neem leaf extract was found to be more toxic
against fall armyworm larvae at 100 ppm. It indicated that mortality rate of fall armyworms was directly correlated with the increased
concentration of plants extract and the duration of exposure [45]. Our present study demonstrates that A. indica is very effective
botanical extract against FAW as it induced 64 % mortality of FAW 3 instar larvae after 24 h of plant exposure.

The implementation of biopesticides provides an unconventional method for promoting the development of an ecosystem while
preventing the detrimental impact on beneficial natural insect fauna and non-target pests. Hassam et al. [46] reported the toxicity
levels of C. colocynthis seed extract against the populations of Erias vitella under the laboratory conditions. Results showed that LC3g and
LCgp concentrations (ppm) of the methanol-based C. colocynthis seed extract was effective against E. vitella first instar larvae. The
treated samples showed prolonged larval and pupal stages compared to the untreated ones. Our results demonstrated that
C. colocynthis was very effective as compared to the other plant extracts against the third instar larvae of fall armyworm while
maximum mortality was caused in the positive control. The current results indicate that botanical insecticides derived from
C. colocynthis extracts have advantages in terms of promoting ecosystem sustainability and can be included into insect management
programs, ensuring environmental safety. The highest concentration of C. colocynthis (400 ppm) caused 60 % mortality of FAW larvae
after 72 h of exposure duration. Similar to our study, Ahmed et al. [27] reported that 20 mg/mL of C. colocynthis induced 76.67 %
mortality among cabbage aphid after the 48 h of treatment. The mortality rate is almost similar, there is little difference that may be
due to the concentration of plant extract, and laboratory conditions.

Sakadzo et al. [37] assessed the biological activity of N. tabacum leaf extract against fall armyworm at Great Zimbabwe University
under laboratory conditions. The results demonstrated that pure aqueous leaf extracts of tobacco showed antifeedant activity ulti-
mately resulted in FAW larval mortalities considerably higher at the maximum dose of 50 % (p < 0.05) compared to the minimum
dosage of 25 % and the negative control after a duration of 20 h. Sakadzo et al. [37] reported that N. tabacum can serve as a viable
substitute for synthetic insecticides in controlling the FAW. The LCs( values of N. tabacum were 1517.811, 938.740, and 720.980 ppm
after 24, 48, and 72 h, respectively. Our results are more similar to another previous study conducted by Kardinan and Maris [47] as 40
% mortality of FAW was by N. tabacum in both previous and present study. Based upon this context, it can be concluded that tobacco
leaf extract can serve as an alternative agent against the synthetic insecticides to control the fall armyworm.

The methanolic extracts of P. hysterophorus and A. adenophora were found to be effective against fifth-instar larvae of S. frugiperda
after 72 h, with LCs¢ values of 5.92 % and 7.82 %, respectively. The efficacy of P. hysterophorus antifeedant action against the fall
armyworm was found to be better than that of A. adenophora [48]. The present study is also relied on P. hysterophorus leaf extract to
assess its efficacy against the third instar larvae of S. frugiperda. The results demonstrated that it can be an effective alternative to
synthetic insecticides in controlling the fall armyworm. The LCsq value of P. hysterophorus was 1686.344 ppm after 24 h, followed by
1113.803 ppm after 48 h, and 320.027 ppm after 72 h.

Arey [49] assessed the toxicity of C. sativa extract against the fall armyworm larvae. A high level of mortality was recorded because

Table 3

Gas chromatography mass spectrometry results of A. indica leaf extract.
Sr. Compound name Retention Area Molecular Molecular weight (g/
No. time % formula mol)
1 2,2-dicholoroethanol 21.081 0.30 CoH4Cl,0 114.959
2 3-Hydroxystanozolol, di(trimethylsilyl) ether 21.149 0.32 Cy7H4N205Sis 488.8532
3 5,5-bis(trimethylstannyl)-2,2-Bithienyl 21.228 1.21 C14H22S,Sn, 493.921
4 Benzamide, 2-bromo-N-(2-butyl)-N-hexadecyl 23.064 7.76 Ca3H3gBrNO 424.46
5 5,5-bis(trimethylstannyl)-2,2-Bithienyl 23.104 2.93 C14H22S5Sn, 491.87
6 5-Bromo-4, 4-dichloroimidazole 23.139 3.89 C3HBCI,N, 215.86
7 2,2',3',4',5,5',6-Heptachloro-3-methylsulfonylbiphenyl 23.160 6.58 C13H5Cl;0,8 473.41
8 4-Hydroxy-2,2',3',5,6"-pentachlorobiphenyl, pentafluoropropionate 23.206 18.38 C15H4Cl5F50, 488.45
9 Quassin 23.254 10.94 Co2H2806 388.460
10 Roxburghine 23.297 6.30 C31H32N40, 492.6
11 1,6-Methano-1H-indene, 2,3,3a,4,5,8-hexachloro-3a,6,7,7a-tetrahydro- 23.395 20.46 C10HeCig 338.873
12 7-Chloro-N-[[4-chloro-5-[[diethylamino]methyl]-6-ethoxy]-1,1-biphenyl- 23.436 4.78 CagHa9CoN30 494.5

3-1-quinoline-4-amine

13 2,4,5-Trichlorobenzoic acid 23.456 4.42 C7H3Ci302 225.5
14 Pentabromomethyl benzene 23.575 2.77 C,H;3Brs 486.62
15 Beta-Chlordane 23.591 5.87 C10HeClg 409.8
16 3,4,4-Trichloro-3-butenal 23.655 3.19 C4H3Cl30 173.42
17 Tetrachloroethylene 23.677 5.33 CoCly 165.8
18 [1,2]Azaborino [1,2-a] [1,2] azaborine 23.784 2.42 CgHgBN 128.967
19 Beta-Chlordane 23.805 1.53 C10HeClg 409.8
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Table 4
Gas chromatography mass spectrometry results of C. colocynthis fruit extract.
Sr. Compound name Retention Area Molecular Molecular weight
No. time % formula (g/mol)
1 Glycerin 8.060 2.37 C3HgO3 92.094
2 3-Ethoxy-1, 2-propanediol 8.132 1.39 CsH;203 120.15
3 Glycerin 8.363 6.91 C3HgOs5 92.094
4 Chlorbromuron 8.465 1.48 CoH10BrCIN,04, 293.54
5 Metobromuron 8.524 1.12 CoH;1BrN,04 259.10
6 Monolinuron 8.540 1.35 CoH;1CIN,04 214.65
7 Decanoic acid, propyl ester 8.572 2.26 C13H2602 214.344
8 2,3,4,5,6-Pentabromobenzyl alcohol, 2-methylpropyl ether 8.684 3.13 C11H;1Brs0 558.724
9 4-Chloro-2-hydrazinyl-1, 3-benzothiazole 8.984 2.64 C7HeCIN3S 199.66
10 N,N’-(Oxydi-4,1-phenylene)bis(2,2,2-trichloroacetamide) 9.021 2.52 C16H10C16N203 491.0
11 2,2-dicholoroethanol 9.112 4.93 C,H4Cl,0 114.959
12 Tris(4-bromophenyl)amine 9.209 2.59 CygH12BrsN 482.0
13 Rhodium 1,5-cyclooctadiene chloride dimer 9.263 3.82 C16H24CloRh, 493.079
14 5,5-bis(trimethylstannyl)-2,2-Bithienyl 9.647 21.59 C14H25S,8n, 491.87
15 6-(3,5-Dichlorobenzoyl)-7-methyl-6,7-dihydro-5H-pyrrolo [3,4-d]pyrimidin 9.749 18.79 C2oH29C12N508is 482.5
e-2,4-diamine, 2TMS derivative
16 Benzamide, 2,6-difluoro-3-methyl-N-benzyl-N-hexadecyl 9.787 8.78 Co4H39F,NO 395.5694
17 3-Bromo-7,7'-dimethyl-4,4"-dihydroxy-1,1"-binaphthalene-5,5',8,8 -tetrone 9.856 7.17 CooH13BrOg 453.24
18 Rhodium, 1,5-cyclooctadiene chloride dimer 10.350 13.03 C16H24CjoRhy 493.079
19 8,2-Thioanhydroadenosine, 3TMS derivative 10.410 24.61 C19H35N505SSi3 497.8
20 2,2-dichloroethanol 10.578 1.87 CyH4ClL0 114.96
21 2, 3, 4, 5, 6-Pentabromobenzyl alcohol, isopropyl ether 12.657 0.26 C10HoBrsO 544.698
22 Diselenide, bis[perfluoroisopropyl] 13.532 2.70 CeF14Se; 495.96
23 1,3,4,5,6-pentaphenyl, 2(1H)-Pyridinone 14.205 1.91 C3s5HsNO 475.58
24 Beta-Chlordane 14.236 0.39 C10HeClg 409.8
25 Rhodium, 1,5-cyclooctadiene chloride dimer 14.262 0.25 C16H24C1oRhy 493.079
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Fig. 5. FTIR spectrum of the ethanolic leaf extract of A. indica.

of ingesting leaves treated with C. sativa leaf extract. The results of current study demonstrated the efficacy of an ethanolic leaf extract
of C. sativa against third instar larvae of fall armyworm. The extract showed a LCsg value of 1517.811, 938.740, and 334.759 ppm after
24, 48, and 72 h, respectively. Up to our knowledge, no study has reported the percent mortality of C. sativa against the fall armyworm.
Findings of Prvulovic et al. [50] demonstrated that the highest tested concentration (2 %) caused 42. 5 % mortality of Plodia inter-
punctella larvae after the 72 h of exposure period. Their results are in line with our study. According to our study, 44 % mortality was
induced after exposure of 200 ppm concentration, while 56 % is induced due to the highest concentration (400 ppm) of FAW third
instar larvae after 72 h post-treatment.

E. globulus induced 54.51 %, 9.76 %, and 29 % of the mortality of larvae after 24, 48, and 72 h, respectively [51]. Our research
results showed that E. globulus at 400 ppm concentration caused 28, 36, 48 % mortality of fall armyworm third instar larvae after 24,
48, and 72 h, respectively. Following the 24, 48, and 72-h, the LCs( values were 1011.981, 815.120, and 518.438 ppm. The findings of
the study performed by Anwar et al. [52] are also consistent with the findings of our study.
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Table 5
Fourier Transform Infrared spectroscopy (FTIR) results indicating the presence of various functional groups in the A. indica leaf extract.
Peaks Wavenumber cm ! Transmittance % Functional group Bond
1 3350.18 55.8 Amine = N-H (stretch)
2 2922.44 60.22 Alkanes C-H (stretch)
3 2852.53 71.03 Alkane C-H (stretch)
4 2124.56 99.07 Alkyne c=cC
5 1715.33 71.68 Carbonyl C=0 (stretch)
6 1622.79 52.57 Amine N-H (bend)
7 1445.94 67.79 Carbonyl C=0 (bend)
8 1396.59 58.26 Alkane C-H (bend)
9 1334.90 60.25 Alkane C-H (bend)
10 1271.15 70.72 Carboxylic acid -O-H (bend)
11 1162.16 77.71 Alcohol C-O (stretch)
12 1073.74 62.55 Ester C-O (stretch)
13 1042.89 57.49 Primary amine C-N (stretch)
14 1026.44 59.05 Primary amine C-N (stretch)
15 987.37 74.63 Alkene C-H bend)
16 933.90 93.45 Alkene C-H (bend)
17 896.89 93.15 Arenes C-H (bend)
18 826.97 93.36 Amines N-H (wagging)
19 715.92 83.5 Alkane C-H (bend)
20 687.13 83.42 Alkyne C-H (deformed)
21 631.61 89.47 Alcohol O-H (bend)
Table 6
Fourier Transform Infrared spectroscopy (FTIR) results indicating the presence of various functional groups in the C. colocynthis fruit extract.
Peaks Wavenumber cm ™! Transmittance % Functional group Bond
1 3381.02 89.33 Amine =N-H
2 3008.81 85.21 Alkene =C-H
3 2922.44 54.59 Alkanes C-H
4 2854.58 64.42 Alkane C-H Stretch
5 2671.56 94.8 Alkene C=C
6 1709.16 62.84 Carbonyl C=0
7 1554.93 92.82 Aromatic C=C
8 1456.23 79.84 Alkane C-H bend
9 1410.99 83.78 Alkane C-H bend
10 1376.02 86.24 Alkane C-H bend
11 1250.59 78.28 Acyl C-O stretch
12 1084.02 87.79 Alcohol C-O stretch
13 1038.78 87.79 Ester C-0
14 722.09 80.31 Alkane C-H bend
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The plant extracts that demonstrated the greatest efficacy against the fall armyworm were subjected to GC-MS analysis to identify
specific compounds present in them, as previously described in numerous studies by Andjani et al. [53], Ahmad et al. [54], Ahmed
et al. [27], Khanday & Sharma [55], and Kanmani et al. [56]. The functional groups were identified by means of FTIR spectroscopy
[21]. The extraction of principal active compounds depends upon the solvent and type of plant part used. Solvents with high polarity
yielded greater than those of low polarity solvents. Based on our results, ethanol yields a greater amount of plant extract, because of its
high polarity. According to previous literature, ethanol produced a greater amount of extract from Melastoma malabathricum leaves as
compared to other solvents [57]. Moreover, a study revealed a relatively high yield of C. sativa and C. colocynthis extract when ethanol
was used as the solvent for extraction [58].

5. Conclusion

Based on results of this study, it is concluded that A. indica, C. colocynthis, E. globulus, C. sativa, N. tabacum, and P. hysterophorus had
significant toxicity potential against the fall armyworm third instar larvae. GC-MS analysis demonstrated the presence of valuable
bioactive compounds responsible for S. frugiperda mortality. As indicated by previous studies, an increase in the use of synthetic in-
secticides has led to the development of insect pest resistance and is especially harmful to the environment and beneficial organisms.
Farmers should employ these kind of environmental friendly insecticides to lessen the impact of fall armyworm because these products
are cheaper to use and better for the economy and the environment. These botanical extracts may be used by the farmers in both forms
(crude extract or methanolic/ethanolic extracts) to minimize the damage of insect pests. However, more research is needed to purify
the key molecules responsible for the mortality of fall armyworm and to determine the efficacy of these active compounds against the
other insect pests.
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