Research Article

Iranian Journal of Forest and Poplar Research Vol. 42 No. 2, 2026

DOI: 10.22092/ijmapr.2026.369283.3539
Vol. 42, No. 2, Page 307-326 (2026)

Effects of three botanical pesticides, matrine, neemarin, and tondexir on mortality, life table
parameters, and nutritional indices of the Beet Armyworm Spodoptera exigua (Hibner)
(Lepidoptera: Noctuidae)"

Samaneh Akbari!, Shahram Aramideh?*> and Mahdieh Mousavi®

1. Department of Plant Protection, Faculty of Agriculture, Urmia University, Urmia, Iran

2*. Corresponding Author, Department of Plant Protection, Faculty of Agriculture, Urmia University, Urmia, Iran, E-mail:
Sh.aramideh@urmia.ac.ir

3. Plant Protection Research Department, Agricultural and Natural Resources Research and Education Center, Kurdistan Province,
Agricultural Research, Education and Extension Organization, Sanandaj, Iran

Received: 27/04/2025 Revised: 01/07/2026 Accepted: 02/07/2026

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 pL/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™ 1 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.

XS oy 0> 33 355 VY0 asls s 5 S5 4 al
55055 3 03al ol (S5 4 del ol g satanS 5 ke 5o

ey 4 Sl s oles sl ol 5 ke

e Jb deg) Gl s e ony (S5 4 sl
Q&B}ML’LJJ M)W)\?g.fj AJ\)J& °"\‘“’g5"°k}“""

o 5y g olis ) LS o 1S s as suanaS



YV

iSe i S o aald 4 o 0aiiS 5 slasles
sl plas 1) oy90 Jsb a8 5 us § 505

40 -
Neemann

30 4

Life expectancy (&)

04 |7

' |

il b

1 I

1 ]

10 !

|

[H

I

0 A .

0 50
Age (day)

Y ooles FY sl ol o s psols oLS Slides asllas

oale J_)é L!Jﬁ\ .A.b\.«l).) Jj;)})\w\/?Y _9\"/\*0 JO/NO
)\.&4 L 45 L;\:- DL 5w‘.> ‘;Ju} A JV..A‘ j})\f/v"
)aé)\et&\f.a\iuutsj'”\\/YV@(.."S)&\&J:LA

40 30

40

Tondexir

50

LCas chile L sus ;Lo (Spodoptera exigua) a3 ,ase |53 o ails (€x) slals om i (S5 4 del imie Y S

0Lt b anlio 3 enSTAT 5 cplens oo o

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.

i 5 o 50 02 oos TV sals gl ook s

o 595 03003 YY/OV (o 5le Jlas 5 ool o e
'(f )S ) -)ﬁ LR D)

A Jed 55 5 (M) gt o35 5051305 () s ol

BSYSIL Qe.j\-ﬂ LCos ,lus o G Jlusl csls (6515 s

ey o & psd 5 ez o oo aald 5o 5 e 5 (o



Age specitfic survival (A

Y14 Y oooled XY e o)l 5 oo olE Slades aslilas
N Control 12 ‘b - %
Nhirine

1.0 30
10 L s

0.8 L a0
08 L4
0.6 . £l .
—— 05 )

—a— Inmm

0.4 0
04 0
0.2 10 - "
0.0 T 0 o0 £ o

] 1 0 30 40 30 o 10 20 30 40 0

12 ¢ 60
Weemarin 12 Toedexi r &
1.0 - 30 1.0 4 50
0.8 L 40 05 4
05 - 30 056 1 30
04 1 r 20 0.4 | L 20
024 10 0.2 10
0.0 T - 0 0.0 I 0

0 10 20 30 40 0 0 10 20 30 40 50
Age (day)

.\.5_).\.\&?)“5’5.?‘,: AJ‘)J; (Ixmy) d.?‘_}j‘) uajb &J.:j}'fj (mx) = 059 deTJb «(lx) k) dLEJ Gm—f J&.&
ol b awlis J3 LeSTuw 5 ouoles (w5l LCo2s cdale | sus s (Spodoptera exigua)

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.mgt.day?) C?:%f;:gﬁ'g;;?;e of ingested food (%) of digested food (%)
Matrine 0.37°+0.004 6.86°+0.55 4.179+0.0.3 6.899+0.03
Neemarin 0.44%+0.004 8.88+0.39 5.16°+0.01 7.92°+0.03
Tondexir 0.43°+0.006 8.91b+0.71 5.880+0.01 9.65+0.04
Control 0.942+0.006 12.642+0.87 7.57%40.05 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.

e U adlae s el aae LIaS,
cu P.xylostella o\l ez o nos 55, 280 i
e S ESs it e 52 o le (256 e aS 0l ol
o8 515 4l e S Voo 5l a8 LCso b ol
sbag JWSIT 51 ey 5o (Wang et al., 2022)
WS e At (g Sophora alopecuroides L.
ol ade olS cpl WIS can sl &S 0 et
i Soy on il g ST LCso Slaie 5 L35 5o
(Maetal., 2017) s 5 axs 5 p S5 Soa +/VY oIS o s
o3 5 Sl S a2 e 5 s 5
i A WS ase ws gl LCso sanaS il ol s
wl ey A e Sk TNAL/E 5 YYYY/OY
i 5l s s Laass Lo J(Romasi et al., 2021)
Myzus ) sla s 4l Cumen G ASo i Al
OiSe i S ,sbay ai e, » (persicae Sulzer
ol baws Cumex o |y L2al8 uon AV/FY o sl
<o,y conlis adllas 55 (Khan et al., 2019) »ls
4 (Cydalima perspectalis Walker) slias s 5w
P NS ST C K ST - E e
P | YOS W PR JYREUR S W RN A V]
Y/AV sazS e b5l a8 ae |, LI

S Sedl s sl (Al Gl S e
sasl ;5o ol LBl Blsiea 5 KON, o st
Geraldin et ) ses 2L 5 S obl aals J xS
saae cLlse (al, 2020; Rahman et al., 2016
5 obasl & G YU el ahans) alS sl 2S5l
P OO TSN VL PO S NP
Sl el Rl olssa | @l JaS s,
U R E RV PO PR W P Ao
.(Souto et al., 2021; Goldel et al.,2020) .l osls
b odikse ol JS ol a8 olS s )
Kordestani etal., ) col sos oslinn] Calises &Y game
.(2021; Liu et al., 2007; Sharifi et al., 2019
ooles 5 ol 2SSl 5o 8 ) 5o
Hypera postica ) 4=y S, osb o 3l G5,
ez 5o 03l 5o cpl oS 5 48 ol ol el (Gyllenhal
2850 <31l oY s S s i ol J S
OS5 aS sl olas s ol (Hosseini et al., 2024)
SVEAY clle b sl s ool sl a8
Aoy 00 sbwl 4 5B ppm YYNY/FA 5 VOYA/YY

Wlyp pow o LY Cumenx 53 (LCs) olibs



Yy

S s G 5 Sl Sl 5 Sl
M Ssm Gbaess i 3l Sk s S rops
ol Gl celle Ly oy amaly ol glds
oialS sl Ll o G 5 SIS ol LS s
FA 5 JAS 555 534S cul J s ol sl
.(Shneenetal., 2024) 5 5 (0o, AY G 4-) YL L,
Ner S sl gy, el = 9 va (RS )
LS, s s o, » (Spodoptera eridania stoll)
oo slae,ss o SYsb sl b ases] l
WSy s B3 anl 3 5o Plasl ey S e il
v\e.bf 8\4. Ol i o912l s e Job 5 Ll g
5o adlas o) slaasl, (Shannag et al., 2014)
OS5 51 sl 48 sy glas s ol b el o
5 S ol Bl g Sl 5 oles Sl 2 LS
Ol b oslals s s Jsb oo bl 2l
Ny

Job 5 )58 S5 s ol ;0\4 s=oRd
Aol ol s S littoralis 550505 5 6ok as
05 ol ee dsb 5o e, Yo ¥ Ll el (S5 o
5 ol s was eazomlsl cbekle o VL
Se i 53 a3l Cos b e ssbay ooslal;
el Jals Gl oy, s ol S s S Ll s
S. littoralis Wl » o5 BB (o0 S,ls5k
s ol S e ol @l el ol ol
ol Camen 2lis 50 Slad A8l e ) 58 oS e
S sl b 2 e ol b st les §l5e s 23
.(Pineda et al., 2009)

o A gtaw) Jads a3 a0
GiSe i sazeS 5 cble sl oo B. brassicae oS
o) 45 ol plas s ARl Bl s sl
as o, gl JlssansS )5 5 eanaS 51 a8 o
4 slaadlle (Amirfanak et al., 2023) s)ls S 50
5 osb il JT e s sl JIC
Trichogramma cacoeciae Sx; Jsis sbaminl 3

Y ooles FY sl ol o s psols oLS Slides asllas

Moradi) sls olas » g o sl Lo 2 Ads S
o b Gdss s aSesesa J(Afrapoli et al., 2022
o1 1 @B e VL en e 256 o

S S o NS ol Sl S
Al ol Gua s i Comes ) FAHINY
sl sy st OBl gy, b aScsl PP
b iSesl Saeslys b il a5 ol sas S aze lals
Sl o e bl ol sad ¢ S w5 SBT3,
sladsss Jdossa 20 JSMT S U I V5
Walthall &) ol K31 350 ulisiow b o)
.(Stark, 1997; Akbari et al., 2024

olwb! LB 2y, olse 4 g;v\ij Jod> s
2 e a5 BTG ke 0l cn e ome Sl
3 .(Desneux et al., 2007) ol Coman ol g andllas
cobes n il A OLS 5 S as asia o ]
5 s S Srs a ol s JICRJU R
A LS wl e ad, Gbaanidl
chle boas Sl Ol i ool s sas dsb amals
el b oanglie o Sl 5 pobes (5l LCos
oon 0 hlie Hoba il S ol e [ sbay
EISNIRRE. FRUNE JPTINEL SESRNTET S
cu (Brevicoryne brassicae L.) WS e AL (S
clle b oens Ll Sl s Job a5 sl e
2 WNEN Ci o4 cndl o eaSlos LCa oniS 55
S 5o, YO/ Y sale a4 Cos S ai S5 e, VAT
oaiaS 5 glachle 5o 5 sl Dlae (izen oy
aoys Yo/ 00 s MY i sl s Sl
& 0,9 ONFO wals & Cud &S us &S a0le I3l
Romasi ) s 5 xS glaiade L6 ,sba wale a3
S(etal., 2021

oSl 5 Slans e 1Sl gy, & ds o
Callosobruchus) b e (glabaii ) g Kw g S5 50
23 eSlas a8 ol plad s s oLl (maculatus F.
sl zScsl el oy S5 Comaculatus csl J S



w32 .(2017; Safa et al. 2014; Mason et al. 2014
Gz ) 53 el bl onl 5o e Al B S oS
Slosdis ol gl i, basls a8 Ol 5
o £ e la sl 15 Sl e 1 Juead s s
Sie boen sl Slas oo | Llade o xS RGR ws,
s Lls (/8F) wale 4 cos Gay o S ke o/TY
Al 53 HECHeni oo,55 138 Las 0B o xS
5 (V/AY) obs Ll 5o 5 s S saslaw ($/AQ)
SalS (Ve/PA) wals a Cans 58 (3/F0) eSlas
Sboslas 45 Wlosls plas Sllas amils (o)ls s
S My s adE L ate olLsU (A indica) o oS
sloslas 5U ladlas s s ), sl O
Clavigralla ) » 555 sl i v SIS 5 Jslu (o
aS sl gl cu A s (scutellaris Westwood
Gl e bojlae ) boasss skl Hles
o $soY b 5 kil 4 ] 5 lads Lol
o LY 5l sabse pizan s S il )
Sblolal 5 4 i o @T oolas 5o sl
Mitchell etal., ) wz YU slacdle 55 6 5,0 L2als s
Wlools ol ety B3] Sllas s (2004
Aol o GF oy 2 e s oY e b &S
2 5B S sbb Js bl s LAl = O
L olS s o) ol S, eridania gy sbacs
i S aie (AP 1) nas g Sadis sl
Shannag) was s, iz Jol e 5o plde G ae
Agriolimax ) S s, s o (et al, 2014
Sl Jolows) Lo a5 coles 5l eslanal ((agrestis L.
o3 S e il s s ol S 4 e (0 5L
58 Geiss ol 5o .(Ahmadi et al., 2020) ws csl ol
FFdds o 5 el ) wdi gla e le
@B 5 eas a3, i bas a1 G s
s ool b eam Lo ead e lid fas

il LS Sl

Y'Yy

L ol LCro e by ool bo .csls » Marchal
B e il s 53 (5350 00L0) ¢S 9 See \Y/Y
035 ook e LSl s, A e an J‘)Tmi
Sitotroga cerealella Olivier sos a31,L glaass
(e sadaco g clle ;5 Cydia pomonella L.
5 ol 93 2 55 555G el Hseb &S sl gl
S i 3 sl ol Ll sl jaals J oS | an i
J3lws 55 C. pomonella ;I i, cerealella
ssba b DT 5 Tal)) Comes Sl laamal
¢ (Saber etal., 2004) sls 13 b oo ols gias
E5 om0 azinl b op g M) Coman 2l 531 513
il Bl 15 5 Gate ) 5o ) Came a2 0l e
arzS 5 chle booas s ol i s (M) Comex
ol ol ()8l L 4 Slaw 5 ol on 5L
le b oawlic o @l olas Juady 5 e Job
il 5o ol Llake & sl gl |y ol e L2alS
VAT 2 SIFTVA YAL WRUVIK PVRIIUN W RO K V- S DO
Sl s 5 xS 35l s /NEY 5 /NP0
Frankliniella) & JS o o) oo ile oaisS 5
Sl F5 48 as Lasz. (occidentalis Pergande
ool LCos oS 5 e 55 (M) Caman il 58l
Kordestani ) >4 55, » +/\F sale 50 5 «/V\ 1,
SaS 3 s SawS 51 e, oo Wet al, 2021
S oped sy Sl S a8 as
S5 ¢ (Tuta absoluta Meyrickn) S sax S
Sols s sbay Slas Sl Lo (M) Coman 2530
Bl F5 ol S s wla Sl Sl goal
S 5l 53 5 s 2 VN0 D) Coren 25l
.(Kabiri Raeisabad, 2019) . sonliw
Ab Ll sad sapr Gl iS5 oS
ol s Kl ol oy sa ol e
Klos S 5,158 eomame o) Koy s sl awals ol o
03l £ 5 il o A8l e Ot s snadl 3 4S
Borzoui et al. ) x5 13 byl ads 5,5 ol



Yyy

il Sxs Jear gbamidl s, eS8
oAl Seosba Wil ole asuue s S,
N olaSs ple balis 5ol o 51 ol o YL
o) ol el ol aelal ol Bl s
it olsea ) sl ensa (2l Gl 28 ae
xS, el il oo e sl 1 i

..)ja:ﬁ Ao ‘94 J\.@)m’.

References

- Ahmadi, E., Gholamzadeh Chitgar, M., Mojib Hagh
Ghadam, Z. and Heidari, A., 2020. Efficacy of the
EC formulations of Neem (1.28%) and Neemarin
(1%) on slug Agriolimax agrestis in laboratory
and greenhouse conditions. Plant Pest Research,
10(3):61-76.
https://doi.org/10.22124/IPRJ.2020.4429

- Akbari, S., Aramideh, Sh., Mirfakhraie, Sh. and
Safaralizadeh, M.H., 2024. Compatibility of
entomopathogenic  fungi and imidacloprid
(Confidor) on biological characteristics and
life table of Diaeretiella rapae (Hymenoptera:
Braconidae), a parasitoid of Brevicoryne
brassicae (Hemiptera: Aphididae). International
Journal of Tropical Insect Science, 44: 2927-
2938.
https://doi.org/10.1007/s42690-024-01389-0

- Akdeniz, D. and Ozmen, A., 2011. Antimitotic

effects of the biopesticide oxymatrine.

Caryologia,64(1):117-120.

https://doi.org/10.1080/00087114.2011.105897

71

Amirfanak, V., Safavi, S.A. and Forouzan, M.,

2023. Study on the life table parameters of the

cabbage aphid Brevicoryne brassicae (L.)

(Hemiptera: Aphididae) influenced by sublethal

concentrations of the matrine. Journal of Plant

Protection, 45(4): 19-35. (In  Persian)

https://www.magiran.com/paper/2539107/

- Amiri-Besheli, B., 2009. Toxicity evaluation of
Tracer, Palizin, Sirinol, Runner and Tondexir
with and without mineral oils on Phylocnistis
citrella  Stainton. African  Journal of
Biotechnology,8(14):3382-3386.
https://doi.org/10.5897/AJB09.616

- Ansari, A., Gheibi, M. and Hesami, Sh., 2013.
Effects of Azadirachtin on reproductive

Y ooles FY sl ol o s psols oLS Slides asllas

IS S e
2 bt Sl Ll bl 4 ar s
@olel 5 ooslaS OV pame coaS il cwdl
olssa 2SS olSs 5l oS e el
Kl 5l s LS 5 el L
O IO I P YT S CH Y R I LR VN U
s owles b @Lf G iSs pie (iby
Ol ladis sbasls e 5 LG b Sl

parameters of aphid rose, Macrosiphum rosae
(Hemiptera: Aphididae) in laboratory conditions.
Plant Protection Journal, 6(3): 225-240.
https://www.cabidigitallibrary.org/doi/pdf/10.55
55/20163403359

- Ayil-Gutiérrez, B.A., Séanchez-Teyer, L.F,,
Monforte, M. and Vasquez-Flota, F., 2018.
Biological effects of natural products against
Spodoptera spp. Crop Protection, 114: 195-207.
https://doi.org/10.1016/j.cropro.2018.08.032

- Babu, R. and Singh, B., 2021. Population dynamics
of Spodoptera exigua (F.) and S. litura (F.) in
soybean. Indian Journal of Entomology, 84(4):
819-823. https://doi.org/10.55446/1JE.2021.93

- Bagheri, N., Mohammadi Sharif, M. and

Golmohammadi, G.H., 2021. Comparing the

efficacy of some chemical and non-chemical

insecticides for control of cotton bollworm,

Helicoverpa armigera (Hubner) under cotton

field conditions. Plant Protection (Scientific

Journal of Agriculture), 44(3): 135-141.

https://doi.org/10.22055/ppr.2021.17132

Bakr, E.M., Soliman, Z.R., Hassan, M.F. and

Tawadrous, S.S.D., 2012. Biological activity of

the organic pesticide Baicao No. 1 against the red

spider mite Tetranychus urticae Koch. Journal of

the Egyptian Society of Acarology, 6(1): 35-39.

https://doi.org/10.21608/AJESA.2012.163624

- Borzoui, E., Naseri, B. and Nouri-Ganbalani, G.,
2017. Effects of food quality on biology and
physiological traits of Sitotroga cerealella
(Lepidoptera: Gelechiidae). Journal of Economic
Entomology,110(1):266-273.
https://doi.org/10.1093/jee/tow284

- Chi, H., 2024. TWOSEX-MSChart [Computer
software]. National Chung Hsing University.
Available at: http://140.120.197.173/Ecology/

- Demirak, M.S.S. and Canpolat, E., 2022. Plant-



https://doi.org/10.22124/iprj.2020.4429
https://doi.org/10.1007/s42690-024-01389-0
https://doi.org/10.1080/00087114.2011.10589771
https://doi.org/10.1080/00087114.2011.10589771
https://doi.org/10.1016/j.cropro.2018.08.032
https://doi.org/10.55446/IJE.2021.93
https://doi.org/10.21608/AJESA.2012.163624
https://doi.org/10.1093/jee/tow284
http://140.120.197.173/Ecology/

based bioinsecticides for mosquito control:
Impact on insecticide resistance and disease
transmission.Insects,13(2):162.
https://doi.org/10.3390/insects13020162
Desneux, N., Decourtye, A. and Delpuech, J.M.,
2007. The sublethal effects of pesticides on
beneficial arthropods. Annual Review of
Entomology,52:81-106.
https://doi.org/10.1146/annurev.ento.52.110405.
091440
Geraldin, M.W.L., James, W.M. and Ernest, R.M.,
2020. Phytochemical activity and role of
botanical pesticides in pest management for
sustainable  agricultural  crop  production.
ScientificAfrican,7:e00239.
https://doi.org/10.1016/j.sciaf.2019.e00239
Goldel, B., Lemic, D. and Bazok, R., 2020.

Alternatives to synthetic insecticides in the
control of the Colorado potato beetle
(Leptinotarsa decemlineata Say) and their

environmental benefits. Agriculture, 10(12): 611.
https://doi.org/10.3390/agriculture10120611
Hafeez, M., Ullah, F., Khan, M.M., Li, X., Zhang,
Z., Shah, S., Imran, M., Assiri, M.A., Fernandez-
Grandon, G.M., Desneux, N., Rehman, M., Fahad,
S. and Lu, Y., 2022. Metabolic-based insecticide
resistance mechanism and ecofriendly approaches
for controlling of beet armyworm Spodoptera
exigua: A review. Environmental Science and
Pollution Research, 29: 1746-1762.
https://doi.org/10.1007/s11356-021-16974-w
Hikal, W.M., Baeshen, R.S. and Said-Al Ahl,
H.A.H., 2017. Botanical insecticide as simple
extractives for pest control. Cogent Biology, 3(1):
1404274.
https://doi.org/10.1080/23312025.2017.1404274
Hosseini, E., Aramideh, Sh. and Hosseinzadeh, A.,
2024. Effects of two botanical pesticides on
second instar larvae and adult of Hypera postica
Gyllenhal (Col.: Curculionidae) in laboratory and
field conditions. Iranian Journal of Medicinal and
Aromatic Plants Research, 40(3): 506-520.
https://doi.org/10.22092/ijmapr.2024.131924
Hwang, I.C., Kim, J., Kim, H.M., Kim, D.l., Kim,
S.G., Kim, S.S. and Jang, C., 2009. Evaluation of
toxicity of plant extract made by neem and
matrine against main pests and natural enemies.
Korean Journal of Applied Entomology, 48(1):
87-94.
https://doi.org/10.5656/KSAE.2009.48.1.087
IBM Corp., 2020. IBM SPSS Statistics for
Windows, Version 27.0 [Computer software].
IBMCorp.

vy

https://www.ibm.com/support/pages/downloadin
g-ibm-spss-statistics-27010

Isman, M.B., 2006. Botanical Insecticides,
Deterrents, and Repellents in Modern Agriculture
and an Increasingly Regulated World. Annual
Review of  Entomology, 51: 45-66.
https://doi.org/10.1146/annurev.ent0.51.110104.
151146

Isman, M.B., 2020. Botanical Insecticides in the
Twenty-First Century—Fulfilling Their Promise?
Annual Review of Entomology, 65: 233-249.
https://doi.org/10.1146/annurev-ento-011019-
025010

Kabiri Raeisabad, M., 2019. Lethal and sublethal
effects of botanical insecticide, Tondexir
(Tondexir®) and chemical insecticide,
indoxacarb (Avaunt®) on the tomato leaf miner,
Tuta absoluta (Meyrick) (Lep.: Gelechiidae).
Plant  Protection  (Scientific  Journal of
Agriculture),42(1):45-64.
https://doi.org/10.22055/ppr.2019.14443

Khan, M. Sh., Akbar, M.F., Sultan, A., Saleem,
M.S. and Gul, C., 2019. Testing the effect of
different insecticides on Myzus persicae
(Hemiptera:  Aphididae) in field mustard
(Brassica campestris L.) Czern for possible
consideration in an IPM strategy. International
Journal of Tropical Insect Science, 40(1): 225-
231.
https://link.springer.com/article/10.1007/s42690-
019-00065-y

Kordestani, M., Mahdian, K., Baniameri, V. and
Sheikhi Garjan, A., 2021. Lethal and sublethal
effects of proteus, matrine, and pyridaben on
Frankliniella occidentalis (Thysanoptera:
Thripidae). Environmental Entomology, 50(2):
1137-1144.

https://doi.org/10.1093/ee/nvab071

- Liu, Z.L., Goh, S.H. and Ho, S.H., 2007. Screening

of Chinese medicinal herbs for bioactivity against
Sitophilus zeamais Motschulsky and Tribolium
castaneum (Herbst). Journal of Stored Products
Research,43(3):290-296.
https://doi.org/10.1016/j.jspr.2006.06.010

-Ma, T., Yan, H., Shi, X, Liu, B., Ma, Z. and Zhang,

X., 2017. Comprehensive evaluation of effective
constituents in total alkaloids from Sophora
alopecuroides L. and their joint action against
aphids by laboratory toxicity and field efficacy.
Industrial Crops and Products, 111: 149-157.
https://doi.org/10.1016/j.indcrop.2017.10.021

Mao, L. and Henderson, G., 2007. Antifeedant
activity and acute and residual toxicity of



https://doi.org/10.3390/insects13020162
https://doi.org/10.1146/annurev.ento.52.110405.091440
https://doi.org/10.1146/annurev.ento.52.110405.091440
https://doi.org/10.1016/j.sciaf.2019.e00239
https://doi.org/10.3390/agriculture10120611
https://doi.org/10.1007/s11356-021-16974-w
https://doi.org/10.1080/23312025.2017.1404274
https://doi.org/10.22092/ijmapr.2024.131924
https://doi.org/10.5656/KSAE.2009.48.1.087
https://www.ibm.com/support/pages/downloading-ibm-spss-statistics-27010
https://www.ibm.com/support/pages/downloading-ibm-spss-statistics-27010
https://link.springer.com/article/10.1007/s42690-019-00065-y
https://link.springer.com/article/10.1007/s42690-019-00065-y

Yo

alkaloids from Sophora flavescens (Leguminosae)
against Formosan  subterranean  termites
(Isoptera: Rhinotermitidae). Journal of Economic
Entomology,100(3):866-870.
https://doi.org/10.1093/jee/100.3.866

Mason, A.P., Smilanich, A.M. and Singer, M.S.,
2014. Reduced consumption of protein-rich foods
follows immune challenge in a polyphagous
caterpillar. Journal of Experimental Biology,
217(13):2250-2260.
https://doi.org/10.1242/jeb.093716

Mehrkhou, F., 2015. Comparative demographic
parameters of beet armyworm, Spodoptera exigua
(Lep.: Noctuidae) on four commercial sugar beet
cultivars. Journal of Entomological Society of
Iran,35(1):11-18.
https://jesi.areeo.ac.ir/article_106365_5fb853835
bc2alfc944cea3d31b20965.pdf

Mitchell, P.L., Gupta, R., Singh, A.K. and Kumar,
P., 2004. Behavioral and developmental effects of
neem extracts on Clavigralla scutellaris and its
egg parasitoid Gryon fulviventre. Journal of
Economic  Entomology, 97(3): 916-923.
https://doi.org/10.1093/jee/97.3.916

Moradi Afrapoli, F., Mohammadi Sharif, M.,
Barimani Varandi, H. and Shayanmehr, M., 2022.
Susceptibility of  Cydalima  perspectalis
(Lepidoptera: Crambidae) larvae to some
reduced-risk insecticides in laboratory bioassays.
Journal of Forest Science, 68(7): 253-262.
https://doi.org/10.17221/67/2022-JFS

Nikakhtar, S., Aramideh, Sh., Mirfakhraie, Sh. and
Frouzan, M., 2022. Effect of three commercial
formulations including Nimbecidine, Neem Azal
T/S and Kofa from neem plant compounds on the
biological stages of Trialeurodes vaporariorum
(Hem.: Aleyrodidae) and its parasitoid, Encarsia
formosa. Plant Pest Research, 12(1): 59-72.
https://doi.org/10.22124/iprj.2022.5608

Pavela, R., Barnet, M. and Kocourek, F., 2004.
Effect of azadirachtin applied systemically
through roots on mortality, development and
fecundity of the cabbage aphid (Brevicoryne
brassicae). Phytoparasitica, 32(3): 286-294.
https://doi.org/10.1007/BF02981414

Pineda, S., Martinez, A.M., Figueroa, J.I.,
Schneider, M.l., Del Estal, P., Vifiuela, E.,
Gomez, B., Smagghe, G. and Budia, F., 2009.
Influence of azadirachtin and methoxyfenozide on
life parameters of Spodoptera littoralis. Journal
of Economic Entomology, 102(4): 1490-1496.
https://doi.org/10.1603/029.102.0413

- Rabelo, M.M., Santos, I.B. and Paula-Moraes, S.V.,

Y ooles FY sl ol o s psols oLS Slides asllas

2022. Spodoptera exigua fitness and resistance
stability to diamide and pyrethroid insecticides in

the United States. Insects, 13(4): 365.
https://doi.org/10.3390/insects13040365
Rahman, S., Biswas, S.K., Barman, N.C. and

Ferdus, T., 2016. Plant extract as selective
pesticide for integrated pest management.
Biotechnological Research, 2(1): 6-10.

https://br.biomedpress.org/index.php/br/article/vi
ew/706

Rajesh Chowdary, L., Suneel Kumar, G.V.,
Bharathi, S., Sarada, O., Nagaraju, Y.,
Chandrashekara, K.M. and Harish, G.N., 2024.
Off-season survival and life history of beet
armyworm, Spodoptera exigua (Hubner) on
various host plants. Scientific Reports, 14: 13721.
https://doi.org/10.1038/s41598-024-13721-8
Romasi, F., Vahedi, H., Moeeni Naghadeh, M. and
Mahmoudvand, M., 2021. Effects of botanical
insecticides Palizin and Tondexir on cabbage
aphid Brevicoryne brassicae under laboratory
conditions. Plant Protection, 43(4): 71-91.
https://doi.org/10.22055/ppr.2021.16763

Saber, M., Hejazi, M.J. and Hassan, S.A., 2004.
Effects of azadirachtin/Neemazal on life table
parameters of Trichogramma cacoeciae. Journal
of Economic Entomology, 97(3): 905-910.
https://doi.org/10.1093/jee/97.3.905

- Safa, M., Yazdanian, M. and Sarailoo, M.H., 2014.

Larval feeding from some artificial diets and its
effects on biological parameters of the
Mediterranean flour moth. Munis Entomology &
Zoology,9(2):678-686.
https://www.munisentzool.org/Issue/abstract/larv
al-feeding-from-some-artificial-diets-and-its-
effects-on-biological-parameters-of-the-
mediterranean-flour-moth_842
Salmani-Moghanlou, J., Valizadegan, O. and
Naseri, B., 2021. Spatial distribution pattern of
Spodoptera exigua on sugar beet and advantage of
site-specific spraying. Journal of Entomological
Society of Iran, 41(2): 135-149.
https://doi.org/10.22117/jesi.2021.355128.1420
Sharifi, M., Mobasheri, M.T., Ghaderi, K. and
Malek Shahkoei, S., 2019. Comparison of the
efficiency of Rui Agro as w insecticides with
Malathion and Hexaflumuron for control of
Cereal leaf beetle Lema melanopa (Col.:
Chrysomelidae) in field conditions. Journal of
Entomological Research, 1(12): 51-60.
https://sanad.iau.ir/en/Journal/jer/Article/915464
[FullText

Sheibani Tezerji, Z., 2010. Effect of Bacillus


https://jesi.areeo.ac.ir/article_106365_5fb853835bc2a1fc944cea3d31b20965.pdf
https://jesi.areeo.ac.ir/article_106365_5fb853835bc2a1fc944cea3d31b20965.pdf
https://doi.org/10.22124/iprj.2022.5608
https://br.biomedpress.org/index.php/br/article/view/706
https://br.biomedpress.org/index.php/br/article/view/706
https://doi.org/10.22117/jesi.2021.355128.1420

thuringiensis var. kurstaki on the first, second and
third larval instars of pistachio white leaf moth
Ocneria terebinthina (Lep.: Lymanteridae).
Journal of Research in Agricultural Science,
6(11):83-92.
https://www.sid.ir/journal/issue/12174/en

- Shneen, S.Y., Jassem, M.l. and Hussain, K.A.M.,

2024. Studying the effect of the pesticides
Tondexir and Emamectin benzoate on some
biological aspects of the southern cowpea beetle
Callosobruchus maculatus. Journal of Kerbala for
Agricultural Sciences, 11(2): 114-125.
https://iasj.rdd.edu.ig/journals/uploads/2024/12/0
9/e5bfecd14b59017c0bb1c7f0f2bc6a8a.pdf

- Souto, A.L., Sylvestre, M., Télke, E.D., Tavares,

J.F., Barbosa-Filho, J.M. and Cebridn-Torrejon,
G., 2021. Plant-derived pesticides as an
alternative for pest management. Molecules,
26(16):4835.
https://doi.org/10.3390/molecules26164835

- Walthall, W.K. and Stark, J.D., 1997. Comparison

of acute mortality and population growth
rate as toxicological endpoints. Ecotoxicology
and Environmental Safety, 37: 45-52.

Yvye

https://doi.org/10.1006/eesa.1997.1531

- Wang, D., Lv, W, Yuan, Y., Zhang, T., Teng, H.,

Losey, J.E. and Chang, X., 2022. Effects
of insecticides on  malacostraca  when
managing diamondback moth (Plutella xylostella)
in combination planting-rearing fields.
Ecotoxicology and Environmental Safety, 229: 1—
7.

https://www.sciencedirect.com/journal/ecotoxico
logy-and-environmental-safety/vol/229/suppl/C

- Younes, A.A., Zohdy, N.Z.M., Abul Fadi, H.A. and

Fathy, R., 2018. Microbial biopesticides affected
age-stage life table of the tomato leaf miner, Tuta
absoluta (Lepidoptera — Gelechiidae). Egyptian
Journal of Biological Pest Control, 28(10): 1-8.
https://doi.org/10.1186/s41938-017-0013-0

- Zhao, Y., Wang, Q., Ding, J., Wang, Y., Zhang, Z.,

Liu, F. and Mu, W., 2018. Sublethal effects of
chlorfenapyr on life table parameters and
physiology of Bradysia odoriphaga. Pesticide
Biochemistry and Physiology, 148: 93-102.
https://doi.org/10.1016/j.pestbp.2018.05.009


https://www.sid.ir/journal/issue/12174/en
https://www.sciencedirect.com/science/article/pii/S0147651321012021
https://www.sciencedirect.com/science/article/pii/S0147651321012021
https://www.sciencedirect.com/science/article/pii/S0147651321012021
https://doi.org/10.1186/s41938-017-0013-0

