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Abstract

This study evaluated the toxic effects of organic extracts of Calotropis procera leaves on the survival,
development, and reproduction of Spodoptera frugiperda. Solutions of crude methanol extract and hexane
and methanol fractions of C. procera leaves were added at 1.15% and 2.14% concentrations to the artificial
diet of S. frugiperda. The mortality and duration of larval and pupal phases, weights of female and male
pupae, deformations of pupae and adults, the reduction of adults able to reproduce, pre-oviposition and
oviposition periods, the number of postures per female, and the fecundity and fertility of S. frugiperda
females were also evaluated. The extracts harmed the survival, development, and reproduction of S.
frugiperda. The ingestion of extracts and fractions by caterpillars affected adults by decreasing the
oviposition period, the number of postures, fecundity, and fertility. The crude MeOH extract at a 2.14%
concentration harmed the evaluated parameters of the insect, except for pupal mortality, female pupae
weight, and pre-oviposition period. The MeOH fraction at 2.14% caused a 50.0% mortality of caterpillars
and 16.0% deformation in pupae and 33.0% in adults, reducing by 72.0% the population able to reproduce.
The MeOH fraction at the 2.14% concentration caused 25.0% and 38.0% of pupal mortality and
deformation, respectively. Calotropis procera has promising insecticidal properties for a biological
insecticide, a convenient and sustainable strategy for protecting plants against S. frugiperda.

Keywords: Biological insecticide. Fall armyworm. Secondary metabolites. Silk cotton.
1. Introduction

The fall armyworm, Spodoptera frugiperda (Lepidoptera: Noctuidae), is a highly polyphagous pest
that infests several cultures. In Brazil, it is considered a key pest in maize (Jeger et al. 2017). It has a high
diversity of hosts, which makes food availability throughout the year hard to control (Silva et al. 2017). In
maize, S. frugiperda causes damage from the emergence to the formation of ears and may reduce
production by 20% to 50% (Day et al. 2017; Feldmann et al. 2019).

Chemical control and the use of transgenic plants that express the Bt (Bacillus thuringiensis) gene
have been the most common strategies for controlling the fall armyworm in Brazil. However, chemical
insecticides have serious disadvantages compared to other alternative control methods because they can
cause resurgence and resistance to pests, death of non-target organisms, residues in food, contamination
of applicators, and environmental pollution (Tapondjou et al. 2002). Regarding the use of transgenic plants
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in Brazil, the area planted with Bt maize can reach around 80.0% (Omoto et al. 2016). However, misusing
this technology has harmed its effectiveness. For instance, not using refuge areas has helped develop the
resistance of S. frugiperda populations to the insecticidal proteins of transgenics, threatening the
sustainability of varieties of this culture (Farias et al. 2014; Horkoshi et al. 2016). Aiming to solve the
problems of environmental contamination by chemical and resistance insecticides, researchers are
currently seeking new control strategies for S. frugiperda.

Using plants with insecticide potential is among the strategies currently researched, based on
prospecting secondary metabolites produced by plant species (Singhi et al. 2004; Bakavathiappan et al.
2012) so they can be used as alternatives to synthetic chemicals. Some of these metabolites are known as
alkaloids, phenols, and terpenoids, which may present insecticidal activities on insects and cause
repellency and/or food deterioration against various pests (Koul 2004).

Calotropis procera (Asclepiadaceae) is among the studied plants with secondary metabolite
sources. This plant is popularly known in Brazil as silk cotton, silk flower, jealousy, jealousy cotton,
milkweed, or burner. It is originally from India and Africa, with wide geographical distribution in tropical
and subtropical regions. In the dry landscapes of the Brazilian hinterlands, silk cotton stands out for
remaining green even in the most arid periods of the year. It was introduced in Brazil as an ornamental
plant due to the beauty of its flowers. However, after entering the country, it was invaded by pastures due
to high seed dissemination through the wind, which made it reach the northeast, midwest, and southeast
regions. In semi-arid regions with poor soils and low rainfall levels, this plant shows good leaf mass
production all year round (Melo et al. 2001; Andrade et al. 2005).

Studies indicate that silk cotton has insecticidal properties for several pests of economically
significant crops, such as Anticarsia gemmatalis (Lepidoptera: Noctuidae), Ceratitis capitata (Diptera:
Tephritidae), Dysdercus peruvianus (Hemiptera: Pyrrhocoridae) (Ramos et al. 2007), Callosobruchus
chinensis (Coleoptera: Bruchidae) (Salunke et al. 2005), and Lipaphis erysimi (Hemiptera; Aphididae) (Arya
et al. 2016).

There are studies on the toxic action of silk cotton in the form of aqueous extract on S. frugiperda,
C. capitata, and Henosepilachna elaterii (Coleoptera: Coccinellidae) (Ahmed et al. 2006; Silva et al. 2015).
Silk cotton is an invasive plant in Brazil, which makes it a compelling species for a natural insecticide in the
form of an aqueous extract because of its abundant vegetation and labor as the only production cost for
pest control use.

Studies have also shown that organic extracts of C. procera have a toxic action on Spodoptera litura
(Lepidoptera: Noctuidae) (Bakavathiappan et al. 2012), Trogoderma granarium (Coleoptera: Dermestidae)
(Khan et al. 2018), and Helicoverpa armigera (Lepidoptera: Noctuidae) (Lall et al. 2013). The toxic effect of
organic extracts of C. procera on insect pests is probably due to the presence of secondary metabolites
such as flavonoids (Heneidak et al. 2006; Srivastava et al. 2012), cardiac glycosides (Hanna et al. 2002),
triterpenes (Bhutani et al. 1992), and sterols (Chundattu et al. 2016). Another possible explanation for the
toxicity of this plant to insects is the abundance of latex produced in its green parts. Studies indicate that
this latex can be produced to defend the plant against organisms such as insects, viruses, and fungi
(Larhsini et al. 1997).

This study aimed to evaluate the toxic action of organic extracts of C. procera leaves on the
survival, development, and reproduction of S. frugiperda.

The hypothesis is that organic extracts of C. procera leaves ingested in the larval stage of S.
frugiperda harm pest biology.

2. Material and Methods

Biological tests were performed at the Entomology Laboratory of the State University of Montes
Claros — UNIMONTES, Janauba Campus — Minas Gerais, Brazil. Spodoptera frugiperda caterpillars were
reared in the laboratory (25 + 1°C, RH of 70 + 10%, and photophase of 12 hours) and fed with an artificial
diet (Greene et al. 1976). The organic components of Calotropis procera leaves were extracted at the
Laboratory of Natural Products of the Department of Chemistry (DQI) of the Federal University of Lavras —
UFLA.
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Collection and preparation of plant material

Calotropis procera leaves were collected in the experimental area of UNIMONTES, Janauba Campus,
MG, Brazil (15° 49’56 “ south latitude, 43° 16’20 “ west longitude) on June 20, 2017, at the first hours of
the day. New fully developed leaves were collected without apparent damage from diseases or insect
pests. The fresh material (10.5 kg of leaves) was taken to the laboratory, where the collected leaves were
distributed in brown paper bags (5.0 kg) with circular holes to allow air circulation and moisture to escape.
The paper bags with the leaves remained in a forced air circulation oven regulated at 40°C for six days (144
hours) when they reached constant weight. After drying, the leaves were crushed in a Willey knife mill
coupled to an 18-mesh sieve. The resulting powder was placed in a vacuum-sealed plastic bag and stored
in a freezer for future use.

Preparation of the extract and fractions of Calotropis procera leaves

The organic extract and fractions were prepared with 1,000 g of powder from C. procera leaves. The
powder was subdivided into four 250 g aliquots that were transferred to amber flasks with a capacity of
1,000 mL. Each flask received 500 mL of methyl alcohol (MeOH) over the powder. The flasks were manually
shaken and remained at rest for 24 hours. After that, the mixtures were filtered through cotton wool. The
resulting filtrates were transferred to amber-type flasks (1,000 mL), and each flask received another 400
mL of MeOH. After shaking, the flasks remained at rest for another 24 hours. The MeOH addition to the
flasks, the 24-hour rest, and filtration were repeated six more times with a total of eight extractions.

All filtrates were combined and concentrated to dryness on a rotary evaporator with an initial
pressure of ~ 135 mmHg and final pressure of ~ 15 mmHg, resulting in the crude methanol extract. This
extract was divided into two subsamples of the same mass (38.26 g each): one was reserved for biological
testing, and the other was used to continue the extractions.

One of the reserved subsamples was transferred to a 2,000 mL capacity beaker, which received 200
mL of hexane (Hex). This material was stirred on a magnetic stirrer for 10 minutes and filtered through
cotton wool. The residue was subjected to three additional extractions with 200 mL of Hex each. The
obtained filtrates were combined and concentrated to dryness on a rotary evaporator with an initial
pressure of ~ 135 mmHg and final pressure of ~ 15 mmHg. This procedure resulted in the hexane fraction
(Hex). The material that remained insoluble to Hex was washed four times with ethyl acetate (AcOEt),
following the same procedure, to obtain a fraction soluble in AcOEt. The residue insoluble in AcOEt was
subjected to four washes with MeOH by the same methodology. This procedure resulted in a fraction
soluble in MeOH.

The extract and fractions were stored in glass flasks and remained refrigerated for later use. The
AcOEt fraction was not used in biological tests with S. frugiperda due to the low production volume
obtained in the extraction process.

Determination of the lethal concentration (LC) of the crude methanol extract (crude MeOH) to
Spodoptera frugiperda

Initially, a standard solution of the crude MeOH extract (10%) was prepared. Hence, a glass beaker
(50 mL) received 2.5 g of crude MeOH extract and distilled water plus Tween 80 at a 0.1% concentration
until completing the volume of 25 mL. This solution was taken to a magnetic stirrer and then an ultrasound
device. The solution remained for 30 minutes in each device. The other concentrations were obtained from
the standard solution of the crude MeOH extract (10%) by adding distilled water plus 0.1% Tween 80. The
concentrations were determined by calculating logarithmic interpolation between the lowest and highest
values. Thus, the concentrations evaluated were 0.14%, 0.25%, 0.45%, 0.79%, 1.42%, 2.52%, and 4.50%.

For assessing the crude MeOH extract, artificial diet discs (1.0 cm in diameter x 0.6 cm in height)
were individualized in Petri dishes (60 mm x 15 mm), and an aliquot (0.1 mL) of the crude methanol extract
was pipetted over each at the defined concentrations. The control used diet discs treated with distilled
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water or distilled water plus 0.1% Tween 80. On each diet disc, an S. frugiperda caterpillar was transferred
and remained to feed for five days, when mortality was evaluated.

The research was performed in a completely randomized design with seven treatments (crude
MeOH extract at concentrations of 0.14%, 0.25%, 0.45%, 0.79%, 1.42%, 2.52%, and 4.50%), two controls
(distilled water and distilled water plus 0.1% Tween 80 solution), and 50 repetitions, each consisting of a
five-day-old S. frugiperda caterpillar.

The homogeneity of variances for all variables was analyzed with the Bartlett test and the Residuals
graph versus adjusted values for error normality. The results were submitted to regression analysis using
the Sisvar Statistical Program, version 5.3 (Ferreira 2011).

Toxicity of the crude methanol extract of Calotropis procera leaves and fractions to Spodoptera
frugiperda

Initially, standard solutions of crude MeOH extract and Hex and 10% MeOH fractions were
prepared with the same previous procedure. The solutions were prepared at 1.15% and 2.14%
concentrations for each standard by adding 0.1% Tween 80 aqueous solution, corresponding to the
respective 40% and 70% lethal concentrations of the crude MeOH extract.

To evaluate the action of the crude MeOH extract and Hex and MeOH fractions on S. frugiperda, 0.1
mL of the solutions was pipetted onto the artificial diet discs (1.0 cm in diameter and 0.6 cm in height). The
discs were individualized in flat-bottomed glass tubes (8.5 cm x 2.5 cm), and 24 hours after treatment, a
five-day-old S. frugiperda caterpillar was transferred to them. The controls used diet discs treated with
distilled water and distilled water plus 0.1% Tween 80. The glass tubes were plugged with cotton wool.

Spodoptera frugiperda caterpillars remained on the treated artificial diet for five days. Then, the
surviving caterpillars were transferred to new glass tubes containing the untreated artificial diet and
remained until pupation. The formed pupae were sexed, weighed, and individualized in glass tubes until
the emergence of adults. The adults that emerged from each treatment (assessed concentrations and
controls) were used to form couples. These couples were grouped in PVC cages (5 cm in diameter x 8 cm in
height) covered with bond paper to allow laying by females. A Petri dish (90 mm x 15 mm) was placed at
the cage base, and a piece of voile fabric was placed at the top of the tube. The adults were fed with a 10%
honey solution and water.

The egg masses were collected daily and transferred to Petri dishes (60 mm x 15 mm) that were
lined with filter paper moistened with deionized water, aiming at caterpillar outbreak. After hatching, the
number of caterpillars and unviable eggs was recorded.

Mortality and duration of the larval phase, pupal mortality, duration and weight of female and male
pupae, deformation percentage of pupae and adults, reduction percentage of adults able to reproduce,
pre-oviposition and oviposition periods, the number of postures per female, fecundity, and fertility were
evaluated.

The experiment was performed in a completely randomized design (DIC) with six treatments (three
extracts and two concentrations), two controls (distilled water and 0.1% Tween 80 aqueous solution), and
20 replicates, each including an S. frugiperda caterpillar.

The homogeneity of variances for all variables was analyzed with the Bartlett test and the Residuals
graph versus the adjusted values for error normality. The variables that did not meet the assumptions
were subjected to Kruskal-Wallis analysis at a 5% probability using Action Stat software, version 3.5 (Team
Estatcamp 2014). The variables that met the assumptions were subjected to the Scott-Knott test at a 5%
probability using Genes software (Cruz 2013).

3. Results
The larval mortality results from the concentration adjustments of the crude MeOH extract of C.

procera by the regression analysis indicated the linear model (p <0.001; Y = 20.772564 + 14.533279x) as
the best fit for the data (Figure 1). The determination coefficient (R2 = 86.51%) indicates a satisfactory
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adjustment of the regression line, demonstrating the high strength measure of the relationship between
the evaluated variables.
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Figure 1. Larval mortality of Spodoptera frugiperda fed with an artificial diet treated at different
concentrations of crude methanol extract of Calotropis procera leaves. ! Control 1- Diet treated with
distilled water; ? Control 2 - Diet treated with 0.1% Tween 80 aqueous solution.

The increased mortality of S. frugiperda caterpillars depended on the concentration of the extract
ingested by the insect along with the artificial diet. The highest mortality values occurred when the
caterpillars ingested a diet with 2.52% and 4.50% concentrations of the crude MeOH extract, causing the
death of 75.0% and 100.0% of insects, respectively. The lethal concentrations LC40, LC50, LC70, and LC90
estimated for the crude MeOH extract for caterpillars were 1.15%, 2.01%, 2.14%, and 4.76%, respectively.

The crude MeOH extract and fractions of C. procera leaves were toxic to
S. frugiperda, with significant effects on larval (X* = 20.78; p <0.00411) and pupal (X* = 27.72; p <0.00015)
mortality (Table 1). Crude MeOH extract ingestion (2.14%) killed 50.0% of caterpillars, higher than the
controls (water and Tween), the crude MeOH extract (1.15%), and the MeOH fraction (1.15%). MeOH
fraction ingestion (2.14%) by the caterpillars harmed the pupae, which died at a higher percentage than
those of the controls, the crude MeOH extract (2.14%), and the Hex fraction (1.15%).

Table 1. Larval and pupal mortality (%), larvae duration (days), and male and female pupae of Spodoptera
frugiperda after the caterpillars ingested an artificial diet treated at different concentrations of crude
methanol (MeOH) extract of Calotropis procera leaves and their hexane (Hex) and methanol (MeOH)
soluble fractions.

Larval phase Pupal phase
T t t D ti
reatmen Mortality1 Duration® Mortality1 uration
Male * Female®
Water 200+571b 148+0.10d 00+0.00b 89+0.15c 89+017b
Tween 80 aqueous solution 22.0+591b 15.7+0.07d 0.0£0.00 b 8.2+0.14c 8.4+0.10b
Crude MeOH (1.15%) 22.0+591b 22.1+0.20a 132+542ab  13.04027ab  11.8+0.32a
Crude MeOH (2.14%) 50.0+7.14 a 22540332 160+0.00b  13.0+031ab  11.6+044a
S°'”b'e(f1ralc5tf;’)” in Hex 240+6.10ab  21.4+0.14 bc 26+2.63b 13.0+037ab  11.3+0.32a
. 0
S°'”b'e(f2ralcif;’)” in Hex 38.0+6.93ab  21.9+0.24ab 129+6.12ab  13.9+027a  12.4+0.22a
. 0
Soluble f;ici'so;)'” MeOH 18.0+5.48 b 21.2+0.12¢ 146+558ab  12.6+030b  11.1+024a
. 0
Soluble fr"z‘zd'lir)‘ in MeOH 30.046.54ab  21.9+0.27 abc 25.7+7.49a 129+0.40ab  11.4+0.45a
X 20.78 205.89 27.72 90.07 87.54

"Means followed by the same letter in the columns do not differ by the Kruskal-Wallis test at a 5% probability.
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The ingestion of crude methanol extract and its fractions by S. frugiperda caterpillars also affected
larval duration (X? = 205.89; p <0.00015) and pupal duration of female (X* = 87.54; p <0.00015) and male
(X* = 90.07; p <0.00015) insects (Table 1). All the evaluated extracts extended the larval duration of the
insect relative to those in the controls. The caterpillars that ingested the 1.15% and 2.14% crude MeOH
extracts had the longest larval periods, six and seven days longer, respectively, then the controls. The
crude MeOH extract and its fractions, both at the lowest and highest concentrations, extended the pupal
duration of males and females compared to the controls. Duration increased three to four days for female
and four to five days for male pupae relative to the controls.

The weight of male S. frugiperda pupae was affected by the ingestion of crude methanol extracts
and their fractions by caterpillars (F = 2.80; p <0.01) (Table 2). The harmful effect on male pupae was the
weight reduction found in the treatments of crude MeOH (2.14% and 1.15%), Hex (2.14%), and MeOH
fraction (2.14). The weight of female pupae was not affected by crude MeOH extracts and their fractions (F
=0.93; p >0.05).

Table 2. Weight (mg) of male and female pupae, deformation (%) of pupae and adults, and reduction of
adults able to reproduce (%) of Spodoptera frugiperda after the caterpillars ingest an artificial diet treated
at different concentrations of crude methanol (MeOH) extract of Calotropis procera leaves and their
hexane (Hex) and methanol (MeOH) soluble fractions.

Pupal phase Adult
T .
reatment Male weight2 Fer.nale2 Def. ! Def ! Red. adults alble to
weight reprod
Water 268.7+5.10b 247.1+542a 0.0x0.00b 0.0+0.00c 20.0+5.71d
Tween 80 aqueous solution 251.3+6.19a 247.2+492a 0.0£0.00b 7.7+£4.32bc 28.0+6.41 cd
Crude MeOH (1.15%) 248.1+594a 2384+494a 0.0+0.00b 29+294c 34.0+6.76 cd
+ +
Crude MeOH (2.14%) 255.6+7.87a 240.4+552a 167 ; 7:48 333 ;JO'54 72.0+t6.41a
L 21.6£6.70
Soluble fraction in Hex (1.15%) 274.1+5.66b 253.6+6.12a 0.0+0.00b abc 40.0 £ 6.99 bcd
L 18.5+7.61
Soluble fraction in Hex (2.14%) 255.8+4.04a 242.2+6.43a 0.0+0.00b abc 56.0 + 7.09 abc
L +
Solublefractionin MeOH ) 944 74p  253.647.95a 24+243b 14.7x6.16 42.0 £ 7.05 bed
(1.15%) abc
o +
Soluble frigt'lc:; in MeOH 2485 . 197 Sas5+570a 0.0+0.00b 385:t9.73a 68.0 £ 6.66 ab
CV (%) 10.0 9.9 - - -
X - - 33.73 30.47 49.33

"Means followed by the same letter in the columns do not differ by the Kruskal-Wallis test at a 5% probability; ’Means followed by the same
letter in the columns do not differ by the Scott Knott test at a 5% probability; Def. = Deformation.

Calotropis procera extracts and their fractions, when ingested by S. frugiperda caterpillars, affected
the formation of pupae (X* = 33.73; p <0.00002) and adults (X? = 30.47; p <0.0006) (Table 2). The
caterpillars that ingested the crude MeOH extract (2.14%) were the only ones that became deformed
pupae. In adults, there were deformations in insects whose caterpillars fed on crude MeOH (2.14) and
MeOH (2.14%) extracts. The most common defect in adults was poor wing formation.

The ingestion of crude MeOH extracts and their fractions by S. frugiperda caterpillars caused insect
deaths and deformations, significantly reducing the percentage of adults able to reproduce (X = 49.33; p
<0.000001) (Table 2). The reduction in the rate of viable adults occurred in the treatments of crude MeOH,
MeOH, and Hex at a 2.14% concentration.

The pre-oviposition (X? = 25.11; p <0.0007) and oviposition (X* = 56.08; p <0.000001) periods, the
total number of postures (X? = 57.93; p <0.000001), fecundity (X* = 51.54; p <0.000001), and fertility (X* =
37.35; p <0.05) of S. frugiperda were significantly affected by the ingestion of C. procera leaf extracts and
fractions by caterpillars (Table 3). The pre-oviposition period of females showed a toxic effect of extracts
and fractions in the crude MeOH and Hex treatments at a 1.15% concentration, in which females took an
extra day to start their postures compared to the controls. The oviposition period showed a decrease in
the total number of laying and fecundity when caterpillars ingested a diet containing methanol extracts
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and their fractions at both evaluated concentrations. The crude MeOH (1.15 and 2.14%), Hex (1.15%), and
MeOH (2.14%) extracts caused the highest reductions in S. frugiperda female fertility.

Table 3. Pre-oviposition and oviposition periods (days), the total number of postures, fecundity, and
fertility (%) of Spodoptera frugiperda after the caterpillars ingested an artificial diet treated at different
concentrations of crude methanol (MeOH) extract of Calotropis procera leaves and their hexane (Hex) and
methanol (MeOH) soluble fractions.

Pre-oviposition Oviposition Number of

Treatment L L L Fecundity® Fertility1
period period postures
Water 3.0+0.17 bc 6.310.22¢c 9.7+0.52b 1.384.2+52.94 b 98.7+0.17 bc
Tween 80 aqueous
2.8+0.16 ¢ 6.3+0.37¢c 9.6+0.65b 1.3743+46.15b 98.9+0.18 ¢
solution
Crude MeOH (1.15%) 41+0.29a 3.3+0.25ab 3.1+0.22a 628.9+49.40 a 93.9+1.05a
Crude MeOH (2.14%) 4.0+0.30ab 3.1+0.14 ab 3.3+0.28 a 475.6 £42.84a 94.7+1.14a
Soluble fraction in Hex
43+0.31la 3.3+0.16ab 3.3+0.16a 490.5+38.01a 95.6+0.50a
(1.15%)
Soluble fraction in Hex
3.7 +0.35 abc 2.7+0.18a 2.7+0.18a 459.7 £+49.38 a 96.2 £0.94 ab
(2.14%)
Soluble fraction in MeOH
3.3+0.16 abc 34+0.17b 3.3+0.16a 466.6 £ 25.66 a 96.8 + 0.86 abc
(1.15%)
Soluble fraction in MeOH
3.5+ 0.16 abc 3.2+0.13 ab 3.0£0.00a 474.7 £14.77 a 93.2+1.26a
(2.14%)
X 25.11 56.08 57.93 51.54 37.35

"Means followed by the same letter in the columns do not differ by the Kruskal-Wallis test at a 5% probability.
4. Discussion

This research showed that the increased mortality of S. frugiperda caterpillars depended on the
concentration of the crude methanol (MeOH) extract of C. procera leaves added to the diet and ingested
by the insect. Based on the toxic action of the crude MeOH extract of silk cotton on caterpillars, this study
evaluated the LC40 and LC70 of the crude methanol extract and its fractions for pest survival,
development, and reproduction. The mortality of S. frugiperda caterpillars after ingesting the crude MeOH
extract of C. procera leaves may have been due to the secondary metabolites in this plant species.

Studies on the phytochemical composition of C. procera identified cardenolides, steroids, tannins,
glycosides, phenols, terpenoids, sugars, flavonoids, alkaloids, and saponins as components of the leaves of
this plant (Begum et al. 2010; Murti et al. 2010; Shrivastava et al. 2013). Phenolic compounds, terpenoids,
and alkaloids identified in the leaves are the most common secondary metabolites in plant species with
insecticidal activity (Boulogne et al. 2012).

Nicotine is among the most popular alkaloids, protecting plants in wild tobacco species against the
attack of herbivorous insects such as Spodoptera exigua (Lepidoptera: Noctuidae), Diabrotica
undecimpunctata (Coleoptera: Chrysomelidae), and Trimerotropis spp (Orthoptera) (Steppuhn et al. 2004;
Steppuhn and Baldwin 2007). The phenolic compounds applied to Capsicum annuum (Solanaceae) leaves
inhibited the feeding of S. litura caterpillars and affected their growth and development (Movva and
Pathipati 2017). Saponins were also relevant secondary metabolites identified in C. procera. According to
Chaieb (2010), the physiological mechanism responsible for saponin poisoning in insects is the potential
interaction with cholesterol. Cholesterol is a precursor to ecdysteroid hormones, a class of insect growth
regulators responsible for ecdysis. Hence, saponins can alter insect growth, cause failures in ecdysis, and
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extend larval stages. This phenomenon may explain the elongation of the larval stage of S. frugiperda in
the present study.

Secondary metabolites of plants represent a new generation of green insecticides with high
potential for commercial use in agriculture (Dayan et al. 2009; Adeyemi 2010). A significant part of
secondary metabolites found in plants is poorly soluble or insoluble in water, limiting their practical use as
crop protection agents in the form of aqueous extracts. This limitation also appears in prospecting studies
for substances with insecticidal action in plants. Therefore, research on organic extracts is vital.

This research verified the toxic action of aqueous extracts of silk cotton leaves on S. frugiperda
(Silva et al. 2015). Hence, to continue these studies, extractions were performed with solvents in increasing
order of polarity, such as hexane, ethyl acetate (unpublished data), and methanol, to obtain organic
extracts. According to Jadhav et al. (2009), the solubility of different natural compounds in plants varies
according to the solvents used for extraction. The polar solutes in plants are soluble in polar solvents such
as methanol, ethanol, water, etc. The non-polar solutes in plants dissolve better in non-polar solvents such
as hexane. The solubility of natural compounds usually increases with higher polarity indices.

This study found that the crude MeOH extract and fractions of silk cotton leaves caused the death
of S. frugiperda caterpillars and pupae, lengthened the larval and pupal duration of males and females,
reduced the weight of male pupae, and caused deformations in pupae and adults. They also harmed
relevant stages of S. frugiperda adults, such as the pre-oviposition and oviposition periods, the number of
postures per female, and the fecundity and fertility of females. It is worth noting that these harmful effects
on the insect in this research were related to caterpillar ingestion of extracts and fractions at 40% and 70%
concentrations, which are well below the LC100 of crude MeOH when insect mortality might be 100%. The
toxic effects on the insect could be much more drastic at such higher concentration. Complementarily, the
choice of LC40 and LC70 concentrations of the crude MeOH extract to S. frugiperda aimed to study the
effects of ingesting underdoses of the extracts and their fractions by the caterpillars to obtain surviving
insects and investigate the action of these substances in pest growth, development, and reproduction.

This study showed that the intake of a diet containing the crude MeOH extract at a 2.14%
concentration by S. frugiperda caterpillars harmed the insect, verified in all the analyzed variables. These
toxic effects were not observed only in pupal mortality, female pupal weight, and the pre-oviposition
period. This may mean that the secondary metabolites in C. procera species with insecticidal action could
all be carried away by methanol, which was efficient for this purpose. The results of this study corroborate
Cechinel Filho and Yunes (1998), who indicated methanol solvent as the most suitable for obtaining crude
plant extract because it allows extracting more compounds from plants. These authors also informed that,
afterward, the crude methanol extract must be submitted to a liquid-liquid partition process using solvents
with increasing polarities, such as hexane, dichloromethane, ethyl acetate, and butanol, to purify the
substances through their polarities. However, according to the findings of this study, using hexane and
methanol in the purification process did not cause higher toxicity in S. frugiperda than with crude
methanol.

5. Conclusions

Further research is required to verify the toxicity of C. procera against
S. frugiperda in the field before considering commercial applications. However, according to our findings,
the organic extracts of C. procera showed insecticidal action and harmed the biology of S. frugiperda.
Therefore, C. procera can be a potential candidate for developing a biological insecticide, aiming at a
compelling and sustainable strategy for protecting plants against S. frugiperda.
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