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Abstract

Background and Objectives: Several plant secondary metabolites can act as botanical
insecticides. These compounds exert their insecticidal effects by disrupting molecular,
biochemical, and physiological processes, thereby impairing insect feeding, growth, and survival.
This study investigated the lethal and sublethal effects, as well as the effects on nutritional indices,
of three botanical insecticides, matrine, neemarin, and tondexir, on third-instar larvae of the beet
armyworm, Spodoptera exigua Hubner, a major pest of sugar beet.
Methodology: To determine the LCs o values, sublethal effects, and nutritional indices of S.
exigua, larvae were reared under laboratory conditions and exposed to three botanical
insecticides: matrine (commercial name: Rui Agro; derived from Sophora flavescens Ait.),
neemarin (EC 15%; derived from Azadirachta indica Juss. seeds), and tondexir (EC 80%; an oily
extract of Capsicum annuum L.). Following preliminary tests, five logarithmically spaced
concentrations of each insecticide were prepared. Treated sugar beet leaves were provided to
third-instar larvae, and larval mortality was recorded after 48 h. Sublethal effects were evaluated
at the LC, s concentration of each insecticide. Treated larvae were monitored until adulthood,
and biological parameters, including survival and fecundity, were recorded. To assess the effects
of the different dietary treatments on the nutritional indices of third-instar larvae, food
consumption, larval growth, and frass production were measured. Data were analyzed using one-
way analysis of variance (ANOVA). Lethal concentration values were estimated using probit
analysis in SPSS, and life table parameters were analyzed based on age-stage, two-sex life table
theory using TwoSex-MSChart software.
Results: The LCs , Vvalues of matrine, neemarin, and tondexir against third-instar S. exigua
larvae after 48 h were 47.61, 153.83, and 221.14 uL/mL, respectively. Sublethal effects were
evaluated at the LC, 5 concentrations. Adult longevity and fecundity were significantly reduced
by all botanical insecticide treatments compared with the control. The mean oviposition period of
adult females decreased from 9.4 days in the control group to 4.90, 7.41, and 7.78 days in the
matrine, neemarin, and tondexir treatments, respectively. The net reproductive rate (R, )
decreased from 283.60 offspring per female per generation in the control group to 80.50, 162.57,
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and 184.22 offspring per female per generation in the matrine, neemarin, and tondexir treatments,
respectively. The intrinsic rate of increase (r 1) was 0.159 day~ * in the matrine treatment and
0.167 day™ *in the control group. Other life table parameters, including the finite rate of increase
(4), gross reproductive rate (GRR), and mean generation time (T), were also significantly reduced
in all treatments compared with the control. In addition, nutritional indices, including the relative
consumption rate (RCR), relative growth rate (RGR), efficiency of conversion of ingested food
(ECI), and efficiency of conversion of digested food (ECD), were significantly lower in larvae
fed treated diets. Overall, matrine showed the greatest efficacy across all three categories, lethal,
sublethal, and nutritional, compared with neemarin and tondexir.

Conclusion: The findings indicate that the tested botanical insecticides significantly affected the
lethality, sublethal responses, and nutritional indices of S. exigua. Matrine, neemarin, and tondexir
may serve as environmentally friendly and sustainable alternatives for integrated management of
beet armyworms. Their use could reduce reliance on synthetic insecticides and associated
environmental risks, thereby contributing to more sustainable and effective pest management
strategies.
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Table 2. Biological characteristics of Spodoptera exigua treated with LCazs concentration of matrine, neemarin,
and tondexir in comparison with control

Developmental stage Mean + SE

n Matrine n Neemarin n Tondexir n Control
Egg 40 3.48%40.10 40 3.65%+0.08 40 3.67%+0.07 40 3.65%+0.08
1t larva 39 2.59°+0.13 40 2.77°+0.11 40 2.85°+0.01 40 3.25%+0.07
2" Jarva 37 2.22°+0.08 38 2.26°+0.07 38 2.24°+0.07 40 2.38%+0.08
34 larva 34 2.26°+0.09 35 2.31%+0.08 36 2.31%+0.08 40 2.30%+0.07
4™ larva 31 2.58%+0.09 34 2.59%+0.09 35 2.57%+0.08 40 2.582+0.08
5t larva 31 3.325+0.11 34 3.91°+0.09 35 3.89°+0.10 40 4.20%+0.06
Pupa 30 5.9°40.13 33 7.58"+0.14 34 7.76+0.11 39 8.54%+0.08
Total immature 30 22.33°£0.29 33  25.09'+0.27 34 25.32°+0.26 39 26.90°+0.17
Female preadult 21 22.52¢+0.29 22  25.27°+0.32 23 25.520+0.31 25 27.002+0.23
Male preadult 9 21.89°+0.68 11 24.73°+0.49 11 24.91°+0.46 14 26.712+0.22
Adult (Q) 21 31.24°+0.31 22  35.68°+0.37 23 36.22°+0.33 25 39.32%+0.27
Adult (&) 9 27.89°+0.82 11 32.27°+0.71 11 32.73%+0.62 14 35.572+0.29

Means (+ SE) followed by the same letter are not significantly different at 5% probability level (Paired bootstrap test). The estimation of standard errors was performed
using the bootstrap technique, involving 100,000 resampling iterations.
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Table 3. Oviposition period, longevity, and fecundity of Spodoptera exigua treated with LCazs concentration of
matrine, neemarin, and tondexir in comparison with control

Mean + SE
Stage _ _ _
n Matrine n Neemarin n Tondexir n Control

APOP 21 2.19°+0.09 22 2.00°+0.09 23 2.09°+0.11 25 2.32240.10
Oviposition 21 4.90°+0.19 22 7.415+0.28 23 7.78+0.30 25 9.42+0.18b
TPOP 21 24.71°+0.03 22 27.27°+0.33 23 27.61°+0.31 25 29.32%+0.36
Total fecundity 21 153.33+6.49 22 295.59 10.97 23 320.39°+11.84 25 453.76%+8.67
Total longevity (?) 21 31.24°+0.31 22 35.68%+0.37 23 36.22+0.33 25 39.328+0.27
Total longevity () 9 27.89°+0.82 7 32.27°+0.71 6 32.73+0.62 14 35.572+0.29

TPOP: Total pre-ovipositional period (from egg to first oviposition) and APOP: Adult pre-ovipositional period (from eclosion to first oviposition).
Means (+ SE) followed by the same letter are not significantly different at 5% probability level (Paired bootstrap test). The estimation of standard errors was performed
using the bootstrap technique, involving 100,000 resampling iterations.
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Table 4. Life table parameters of Spodoptera exigua treated with LCzs concentration of matrine, neemarin, and
tondexir in comparison with control

Mean * SE
Parameter
Matrine Neemarin Tondexir Control

Ro (Offspring/individual) 80.5°+12.53 162.57°+23.96 184.22P+26.01 283.60%+35.17
GRR 133.86°+13.41 276.610+26.73 291.89°+26.30 392.36%+29.54

rm (day 1) 0.159+0.006 0.1642+0.005 0.165%+0.004 0.1672+0.004

A (day™) 1.17%+0.01 1.172+0.007 1.18%+0.005 1.18%+0.004

T (day) 27.502°+0.34 31.00°+0.36 31.45+0.30 33.78%+0.25

GRR: Gross reproductive rate (eggs laid), Ro: Net reproductive rate (eggs laid/mite), rm: Intrinsic rate of increase (day™), 4: Finite rate of increase (day), and T: Generation time (day)
Means (+ SE) followed by the same letter are not significantly different at 5% probability level (Paired bootstrap test). The estimation of standard errors was performed
using the bootstrap technique, involving 100,000 resampling iterations.
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Figure 1. Age stage specific survival rate value (Sxj) curve of Spodoptera exigua treated with LC2s concentration

of matrine, neemarin, and tondexir in comparison with control
L1: Firstinstar larva, L2: Second instar larva, L3: Third instar larva, L4: Fourth instar larva, and L5: Fifth instar larva.
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Figure 2. Life expectancy value (exj) curve of Spodoptera exigua treated with LCzs concentration of matrine,
neemarin, and tondexir in comparison with control
L1: First instar larva, L2: Second instar larva, L3: Third instar larva, L4: Fourth instar larva, and L5: Fifth instar larva.
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Figure 3. Age-stage reproduction value (vx) curve of Spodoptera exigua treated with LCzs concentration of

matrine, neemarin, and tondexir in comparison with control
L1: Firstinstar larva, L2: Second instar larva, L3: Third instar larva, L4: Fourth instar larva, and L5: Fifth instar larva.
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Figure 4. Age-specific survival (Ix), age-specific fertility (mx), and age-specific maternity (Ixmx) curves of
Spodoptera exigua treated with LCzs concentration of matrine, neemarin, and tondexir in comparison with

control
L1: First instar larva, L2: Second instar larva, L3: Third instar larva, L4: Fourth instar larva, and L5: Fifth instar larva.
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Table 5. Feeding indices of Spodoptera exigua 3™ instar larvae treated with LC2s concentration of matrine,
neemarin, and tondexir in comparison with control

Mean + SE
Treatment Related growth rate Related Conservation efficiency ~ Conservation efficiency
(mg.mg.day?) C(()rr:]?mg_tl'%r;;_?;e of ingested food (%0) of digested food (%0)
Matrine 0.37°£0.004 6.86°+0.55 4.179+0.0.3 6.899+0.03
Neemarin 0.445+0.004 8.88+0.39 5.16°+0.01 7.92¢£0.03
Tondexir 0.43+0.006 8.91°+0.71 5.88+0.01 9.65°+0.04
Control 0.942+0.006 12.642+£0.87 7.572+£0.05 10.682+0.05

Means (+ SE) followed by the same letter are not significantly different at 5% probability level (Paired bootstrap test). The estimation of standard errors was performed
using the bootstrap technique, involving 100,000 resampling iterations.
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