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Abstract: This study assessed the potential of essential oils from Lantana camara and Wedelia trilobata as

botanical control agents against Plodia interpunctella, offering a novel pest management method and a
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potential utilization pathway for these invasives. The insecticidal and repellent effects on larvae were
assessed via the dipping and filter paper methods, respectively, while the fumigant effect on adults was
tested using the sealed container method, all with the essential oils of L. camara and W. trilobata. The
insecticidal effect of Lantana camara essential oil was more pronounced than that of Wedelia trilobata, with
both oils exhibiting peak efficacy at the concentration of 30 ul./mL after 96—hour exposure period. The
corrected mortality for L. camara and Wedelia trilobata was 89.13% and 74.64%, respectively. At a
concentration of 80 ul./mL both plant essential oils showed relatively higher repellency.. However, Wedelia
trilobata demonstrated superior performance, yielding the repellency of 83.996% (Grade V) after 2 hours,
notably higher than the 73.330% (Grade IV) observed for L. camara. A finding corroborated by its lower
LC,, value, L. camara essential oil exhibited a more potent fumigant effect than that of W. trilobata. In
contrast, W. trilobata essential oil showed superior repellency; however, its efficacy in directly killing pests,
whether by contact or fumigation, was consistently lower. The findings demonstrate that both invasive
plants possess promising efficacy for controlling Plodia interpunctella, highlighting their potential as
botanical control agents.

Key words: Plodia interpunctella; plant essential oil; insecticidal action; repellent action; fumigant action
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E[J £ 45 5 Plodia interpunctella (Hiibner) Jg&
# H Lepidoptera B 48 V. B} Phycitinae, & & &l il T
I A RN AR B T A 7 )
FE L (Gerken et al., 2022). ENEEARIEEPER 4G
X Z Bk R Ry s BT R 4K (Ahme and
Hashem, 2012), JZ35F 5 T 2R B 5t
AR, R ARG B | R A R
N, P RURSE (George, 2019), E[JJE4FHE
AL e TR AR /L RO i AR A STl L e A—
U5 R A Y, RE B8 B H A 50% 1R B
(Kishanr and Thomasw, 2008). HRi%HXTE & A IE
F B 16 7 vk R O AR A Bih . 0 R
AWBCRE, BAEIIE, SRR ARAEAR
A RE s O T G PRI O R A, R a2
RS IRERAEZOR AT (HEPE, 2004) . TEE[EEAIE
Bt A A v i TR R AL R A R, S D
AW BEA AP M (Hassan et al., 2019).
it IR SR B X B 55 AT - S [ I BE 8 T 7% B S 45 R 1Y)
BT

GER7/E Rl PR DOk IR PP U S 2 S (S|
— ] RE AR AUS BB OR3P B ORI
KAIRTW), MBS A, [ — e F 58 2 280
TOE AT R R A FE A AR AR WL
(Menossi et al., 2021; Devrnja et al. , 2022)., HHYy
K sy Z2 ke, R RBOR I EEY iR Z
CIRER QU | 3 Gata o /i N SV €7/ )5 X 82
Ba oy JoAR B o PUARMEE ANy, RELDORS T4 Bt

P R E A IRE, PRI 2 5 e
GFARIC, i R A R Y . B2 Lantana
camara FI 5§ 215 M 24 Wedelia trilobata #% 1 5 H #&
PRAPI W TUCN 214 T 5L B 100 e )™ 19 AR
W) Z— (Gloria et al., 2014), BN ER RS
WAL TR OMRIESE, 2008) ., mEIL 45 thF
FOAE PR B . HARRYEHISRAL, Ak
{40 ot A A b 1) A RO TR LB RV, 3
TEYIE™ (DS, 2021), {0 HATEA AT
RAIBTIG T o MR AARAE Y HA HRERIUE 5
EONCOES SWTEDRT Yt aliF iR U N ¢
YA R R oK. R, SR R AR YRR
K EURE, AN AT ORI R AR A ) 1 e Ak Ak
PV, ORISR EN A A R B 16

AR 55 38 3k BIF 5 T A A ok AR AE ) S 28 A
T 56 U657 MEC 4 R 0 ot R D R A R 4 e ) 7 e R K
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EREL R BAER (F%E, 2017). FH50%
A K 5 28 PR RS vk s B2 30, 25, 20, 10, 5.
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2.1 FOFPAEYD AR i X ED B A AR 4 B R R

A TR] ¥ JEE T 56 7 ML 440 ot o D R A M 4 1 %
HOGCRANTR A [R] e JET 23% SRR B 3 i ] 9
TTSET0 AR [ Ak BRI TB] R, A0 i ) 32 g
A RSRS8O, B G Y i

FE R 30 wl/mL, AbFR 96 h K IEFET-F N 74.64%,
FET- %0 80% . WA AN B &k B K 2.5 wl/mL
AbFRE ] hy 24 h FALIEFET - 3RAU N 4.58% . FEFE 55
0577 WEC A K5 b A (] Ak BB [R) A W] 9 B2 T, e VR B2 T
VR B R AU 3, 76 2.5 pl/mL AT S pL/mL A
[l EETE 48 h 2= 96 hiHE TE i B2 R (K1),
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Table 1 Insecticidal effects of Wedelia trilobata essential oil at different concentrations against Plodia interpunctella larvae

24 h 24 hAZIE 48 h 48 h21E
. ) ) A ‘ T2hAETHR T2hBEIE 96 hAETTR 96 hiZIE
e AmE ames AmE ames ‘ ‘
72h e S 96 h ame S
(wL/mL) 24 h 24 h 48 h 48 h
) ) ) mortality 72 h corrected  mortality 96 h corrected
Concentration  mortality corrected mortality corrected ) )
) ) rate mortality rate rate mortality rate
rate mortality rate rate mortality rate
20 27.78 + 25.27 = 3111+ 26.10 = 56.67 = 50.55 = 80.00 + 74.64 +
I.11a .17 A I.11a 2.59 A 1.93a 274 A 0.00 a 0.36 A
- 21.11 = 18.41 = 27.78 + 22.57 + 41.11 = 32.76 + 65.56 + 56.42 +
1.11b 1.14 B 1.11b 2.02 AB 1.11b 1.96 B 2.94 b 3.29B
20 16.67 + 13.75 = 24.44 19.00 = 30.00 = 20.21 = 54.44 + 42.16 =
0.00 ¢ 0.00 C I.1l¢ 0.86 BC 1.93 ¢ 245C 222¢ 3.68 C
1 1333 + 10.34 + 18.89 + 13.10 + 25.56 + 15.15 = 4222 + 26.68 +
0.00d 0.00 D 1.11d 1.00 CD 1.11 cd 0.19 CD 1.11d 245D
s 1222 + 9.20 = 16.67 = 10.67 = 21.11 = 10.16 = 37.78 £ 21.15 =
I.11d 1.14D 0.00 d 1.85 DE 222 de 1.37 DE 1.11 de 0.31 DE
o 7.78 + 4.58 + 12.22 + 5.84 + 17.78 + 6.34 + 34.44 + 16.84 +
i I1lle 1.17E I.1le 3.06 E I1le 1.23E I1le 225E
333« 6.67 + 12.22 + 17.11 =
CK
0.00 1.93 1.11 1.11

T R PR R bnvE SR . [RAEAE 5 A RN 7R84 Duncan FOB = 0 22 35K 3075 [R]— i TR] A R P<0.05 7K
V2 RISV A FIR'S FRERIR 28 Duncan [OHT AR 22 EE A S0 A0 AR R IR )R BE R 7E P<0.05 K28 3%, T

[i] . Note: Data in the table were presented as mean + standard error. Different lowercase letters in the same column of data indicated

significant differences in P<0.05 levels among different concentrations at the same time, as tested by Duncan’s new complex range

method. Different uppercase letters in the same column of data indicated significant differences at the P<0.05 level at the same time

and among different concentrations, as tested by Duncan’s new complex range method. .The same conventions apply to the following

tables.

Wi FoF () R 384, 2P T R OO AL B
HsE , fEFEHEE T, 96 h 5 H At 4b B ] 2% R B
=, TEAHRIEER, W 30 wl/mL 5 H A ik i
AU 2SS . BEPPREAE 30 wL/mL 4k FS ]
96 h FHZIEAET R N 89.13%, FET-F N 92.22%.
TE 2.5 wL/mL &b PRES[A] 2 24 h B AL IESE TS 3% N

5.76%, BLT-%H 8.89%. 2 Flv 4K i AH 7] vk i
A 1) Ak B[] % BOROR X R, S 2P R B
RO T, e AR [R)ve BER AR BEA ] R 96 h R A% IE
ST 30 89.13%, K T P ¢ B WH 3 A8 )4 il A% 1R
MR T4.64% (£2).
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Table 2 Insecticidal effects of Lantana camara essential oil at different concentrations against Plodia interpunctella larvae

24 h 24 Wi 1E . 48 h I IE 72 Wi IEAE .
) . . 48 hFET R . . . 96 hALT % 96 h#ZIE
ez TR LR TR T2hBETOR To% .
48h 96 h FET-%
(wlL/mL) 24 h 24 h 48 h 72 h 72 h
mortality mortality 96 h corrected
Concentration mortality corrected corrected mortality rate  corrected .
rate rate mortality rate
rate mortality rate mortality rate mortality rate

20 40.00 + 38.14 + 51.11 + 47.40 = 74.44 + 70.80 + 92.22 + 89.13 =
0.00 a 0.00 A 333 a 3.80 A 1.1l a 1.60 A I.11a 1.32 A
% 3222 + 29.88 + 41.11 = 36.88 + 60.00 + 54.34 + 78.89 + 73.16 +
1.11b 1.14 B 1.11b 0.66 B 1.925b 2.698B 1.1l b 1.84 B
0 24.44 + 21.20 + 26.67 + 27.97 + 5111+ 46.14 = 67.78 + 59.13 +
222¢ 1.86 C 384c 2.08 C 222¢ 0.00 C I.1lec 0.88 C
- 18.89 16.05 + 2333 + 19.29 + 41.11 = 36.14 + 55.56 + 43.64 =
1.93d 1.17D 193 ¢ 337D 4.01d 1.49D 2.94d 3.61D
s 14.44 + 11.44 + 18.89 + 13.10 = 30.00 + 20.31 + 45.56 = 3243 +
I.11e .13 E 2.94 cd 240D 3.33d 276 E 294 e 3.80E
5 8.89 = 5.76 = 12.22 + 4.75 + 21.11 = 10.13 = 3444 + 16.91 =
’ 1.11¢ 1.LISF 1.11d 1.08 E 294 e 261 F L11f 0.28 F

oK 333+ 6.67 + 12.22 + 17.11 =

0.00 1.93 1.11 1.11

TE WA WA Tl A HRUEE ) [R1 0 5 A vl 0L
FI) AR [e] Bsf 8] T 119 P 5 0% L 45 A 0 K T A LG, Y 7R
T I B P YIRE I AY LC,,, TERFIE] R 24 h AR HEF,
T 25 W A RS I 1Oy, oM 369.735 wi/mL, 2SR
A LCy, A 83.515 wl/mL. F§ 3% 187 Wi 4 A8 0 4 il

LCy f2: T PR WRS I LC, 1Y 445 o 7E 96 h Ab 3
2 R W) RS Il LCs, /)N, T 58 0% A5 R il LGy,
9.596 pL/mL, HZEPHEPIRE TN LCy, o 6.062 pl/mL,
e WY 2T RE W R ik ) B RE A B 4 O U R
SR LR T R R WA A I ) e (R 3).

®3 DA, MEBEFEAEMEYRRRARENEEFERLC,

Table 3 Regression equations of insecticidal toxicity and LCy of the essential oils of two plants, Lantana camara and Wedelia trilobata

AR At () AR
Essential oil name ~ Expoesd time ~ Virulence regression equation
24 y=0.921x-1.771
=R I8os 48 y=0.951x-1.608
Lantana camara 72 y=1.115x-1.284
96 y=1.320x-1.033
24 y=0.662x-1.699
B AL 48 y=0.586x-1.411
Wedelia trilobata 72 y=0.865x—1.399

96 y=0.970x-0.952

R = bR RIrfE (df=28)
Slope = SE LC;, (pL/mL) s
0.921 +0.133 83.515 6.171
0.951 £0.125 49.178 14.06
1.115+0.115 14.171 13.517
1.320 £ 0.116 6.062 19.960
0.662 + 0.179 369.735 2.786
0.586 + 0.163 254.779 3.467
0.865 + 0.153 41.426 11.005
0.970 = 0.144 9.596 13.389
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2.2 FHFRAE YIS IR T ED A HE 4 IR E A

L PRSI AE 80 wL/mL ¥ T 2 hAb 3 v BiK s
Ffl, N73.330%, WEFHCNTIVIL, 7£10 pl/mL
WRET 12 h A KRR e Ik, K 5.066%, Sk
GNP, UK RE R i 4 15F [ () 34 2 KA . 7
T S % 0 A A 0 S 0 ORE R T R, AT R B 7R
&4 80 pL/mLANBRET R R 2 h 'F, g I A A )
K I IKORE R B, N 83.996%, BKGEEZELN R V 4k .

TEWR BE 9 10 wh/mL AL BEE [E) 24 12 h T 9K 8% A R A%
0%, BREESFILN 0D . R 55 187 L 4 4 A0 RS ik BK
IR LU 2R KR R I S R R A
TTE i B b B 2 h VLSRR fe o, Bt TR
FEAR SETEIE N, IKEREAL (R4, £S5, 3
TCFP B G2 e A AT B SR T A A R K v Y
Ivi] B 573 — 3 T AN [) A A X6F A 400 s o A 208 3R kit ) ot
T PR AR R

x4 DA EMEMBEE (%)

Table 4 Repellency rate (%) of Lantana camara essential oil

AbBERFE] (h)

Concentration

AR e B BR ke R S KRS (wl/mL) Repellency rates and repellency grades at different concentrations

processing time 80 60 40 20 10

) 73.330 +4.716 66.662 + 4.712 47.996 + 9.890 23.996 + 3.648 13.066 + 7.002
aA (IV) aA (IV) aB (1) aC (1) aD (1)

. 71.996 + 5.580 61.330 + 5.576 39.996 + 9.427 19.998 + 4.712 13.066 + 7.001
aA (IV) abB (IV) aC (11) abD (1) aD (1)

. 70.662 + 3.653 57.330 + 5.961 35.996 + 11.157 18.664 + 5.577 13.066 + 7.001
abA (1V) beB (1) abC (11) abD (1) aD (1)

g 69.330 + 5.961 54.664 + 5.580 33.330 + 10.539 15.998 + 3.653 10.532 + 7.693
abcA (1V) cB (1) bC (1D beC (1) abC (1)

0 65.328 +2.978 47.994 +2.982 33.330 + 10.539 15.332 + 3.653 7.732 + 5.666
beA (IV) dB (1) hC (11 beD (1) bek (1)

0 63.996 + 3.647 47.994 +2.982 15.998 + 3.653 13.198 + 4.953 5.066 + 5.508
cA (IV) dB (1) cC (1) eD (1) cE (1)

RS BEBUEFEMBRIKEE (%)

Table 5 Repellency rate (%) of Wedelia trilobata essential oil

AbPREF ] (h)
Concentration

processing time

AN BE T Bk R 5 Rk 2% (w/mL) Repellency rates and repellency grades at different concentrations

80

60

40

20

10

2

83.996 + 3.647

71.996 + 5.580

aA (V) aB (1V)

. 81.332+2.978 71.996 + 5.580
abA (V) aA (IV)

¢ 77.332  3.653 69.328 + 3.653
beA (IV) aA (IV)

5 74.664 + 2.982 63.996 + 2.978
cdA (IV) abB (1V)

0 71.996 + 2.982 61.330 = 5.575
dA (IV) bB (1IV)

i 71.996 + 2.982 59.996 + 6.665
dA (1V) bB (1I)

63.998 +4.110

41.330 + 8.691

13.064 + 8.437

aB (IV) aC (1) ab (1)
57.330 + 8.827 33.330 + 4.716 9.066 + 7.725
aB (1) bC (11) aD (1)
54.662 + 5.955 27.996 + 5.576 7.866 + 8.722
aB (1) beC (1) aD (1)
53.328 + 5.548 23.998 + 5.960 2.400 + 3.286
abC (1) cD (1) bE (1)
47.996 + 4.576 19.998 + 4.712 1.200 + 2.683
bC (M) ¢D (1) bE (1)

42.664 + 4.716 19.998 + 4.712 0
bC (1I) cD (1) bE (0)




1666 B B e 2A 4] Journal of Environmental Entomology

47%:

2.3 WAEYRFmX ) ESER R EERIER

T P AR PR Tih S 2 5 77 [0l 5 05 e v m]
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T HEPHEYIRS I LG, (5R6, R7), fEREN
12 h AP, m SR RT Il LC, oKk, J2 T2}

FEIAE I LCs, /DN, T 36 067 WH 25 K il B 28 B0 B2 4
WA LCo, 4 0.71 wl/mL, Eh 20 ks vk SR 25 £
JEE W LCy T 0.617 wl/mL, [ 36 0% 85 44 K5 il
LCsy M S 2B PIAE I LCs, B —f5 22 o UL e E 7 0t 5
A HG T BB 28 RV T 2P AT RS T B AR R
5, TP R AR T X B R A M e ) FE M T

Fo AEHEFEYBHMONESERREZSNEEAFRERLC,

Table 6 Regression equation of fumigation toxicity and LCy, of Wedelia trilobata essential oil against the adults of Plodia interpunctella

AT (1) AR [y (95% B FIRE)

Expoesd time  Virulence regression equation ¢ (/M 95% confidence limit X
12 ¥=0.853x-2.017 231.592 41.198-311.624 6.367
24 y=1.681x-1.881 13.165 10.141~20.897 3.103
36 ¥=2.006x-1.651 6.651 5.770~7.916 5.080
48 ¥=3.060x-1.606 3.349 2.962~3.715 6.141
60 y=3.474x-1.424 2.570 22252872 6.529
7 ¥=3.813x-0.986 1.814 1395~2.123 5.504
84 ¥=2.000x+0.297 0.710 0.042~1.394 21.151

R DAREYEHX D ESESREESHIEATRERLC,

Table 7 Regression equation of fumigation toxicity and LCy, of Lantana camara essential oil against the adults of Plodia interpunctella

ALFRETE] (h) FAIE A LC,, (95% BEIFFREE) 7

Expoesd time  Virulence regression equation 0 P/ 95% confidence limit X
12 y=1.676x-1.961 14.788 11.104~24.93 8.837
2 y=1.819x-1.581 7.400 6.293~9.212 4250
36 v=1.824x-1.156 4301 3.621~5.007 6.877
48 ¥=2.708x-1.156 2,672 2.234-3.05 15.172
60 ¥=2.429x-0.567 1711 1.180~2.134 15.342
7 ¥=2.331x-0.022 1.022 0.436~1.5 5.065
84 ¥=2.535x+0.532 0.617 0.018~1.218 5.693

3 S5t

T WA I S f ) R S I AR A Y oA R
EH AR AT, YR I R A, 5%
GiAb ARG X N F e F RN, R Jr
A& ZR M E . SEPHET e S5 AR RO i
Campylomma chinensis Schuh B 1, HOK: &5 22 )
EEARF (RAERAE, 2005); HHEN%% (2010)
RIS LEPFEL T 5 Hh 25k Y Phyloter stroiata B H

AR ARV ZE | i 2E S 2}
PEATHEAL XS B 1A Kk B4, AT RS Al —Fh AR
AP AR R (Hussain et al., 2021) . W45 B
N GOR  5 167 WA 0 A T s AT F 5T, Xl
ER T NS U TIPS ST 3
Callosobruchus chinensis %2 7% 85 J1 & (XPb il 55
2014) 5 A BT IE I 1 55 867 L4 Xof o 4 J 5 e 1 Al
WA E % (Pham et al., 2023); B A58
B p 56 07 WH A5 A AR N DI BT R ) (90 WL
S5, 2013); R SRU7 LGN 2 MR AR VIR A AL R
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(B> =, 20115 P4, 2011; 0 Z 4%,
2012) . B AT Y0 E R ER, REFR
WFN GO YRS i T DA 08 % RO, A
WEEMRCR . RIS (2005) RIUERRH . B
T 2 A L S T3l B K 42 Sitophilus Zeamais
M FEEE A I A HIE R . ABERESE (2016) 7
TG rh 2 I LA vl X B 2 06 2 A 3 5L AT 41 o]
YEHT s REZRE (2018) (AT 5T 3% WA R i B A HL TR
A1 R B BE 25 061 B 3R B8O A L s R R A
(2022) %5 F A FOAE I XoF B RE 45 B4 e i) % R
K3 A FH 7 v v B2 5 35 8 P R ol . B PR
YIRS I A A BTG E . EANE T & R A YRS
A 25 1 Tl S A W s B B R 3R A A Uy
Bii& (Isman, 2000).
AR, WISk ARG ) B 2P R e
2 W57 WL 4 X B R A MR Ay MUY R L R R i R R
A —EARRAMER, 524, 48, 72, 96 hiNf, £
1o T BT R R 5% 067 WL 4 T R A il ke B R A
(A% HOAh JHE, R A R )y i R ARG TEAE T R 5
TR 0 s ok Ak 3 B ] 550 B RE B, VR RN A
P A ] & 5 M R HAE TR A EE R R .
Ak BT [B] 2 96 h B By 2 PE RS I LC,, 5 /D i 6.062
pwl/mL, 7 3 887 WL 3 K5 9 LCy, 2 /N 4 9.596 pl/
mL, EHZEPRAE YRS I R HUE ) T R S5 0 B 4G
Wih#E S, 752, 4, 6. 8. 10, 12 h T 4K kEAL
Frp, RS AG 0 IR R AR T AT, (HAEVRE R
10 wL/mL R, 12 h (147 5 857 05 2 1 0 05 i 20K 5k 52
R0, 5B FhE H R] AR R B R A B 4 HOG R S
WAL 25 K5 Vil P T N PR AR 5, 4 HOX R S 0 A A T
ANHUR, PIREYAE  EEAEORE , D8P
YIRS I RICRATY G T 1 38 07 LA R D RS T AR E
AN IR R R ST, SRR Y
LGy, TEL IS T P S5 07 L A5 R RS TN I LC, I, 3%

SEZERE S . W SR A Il 5 S 2P PRSI L
A BRI ZEAE AR R, (HORKEROCR B, 7
ROy 5 B N TE] 5L 7 A K i ) R ECR
XK, S 28T 1) S 2% 9 AR WA R B RE A
R 2y R Kok | O R SRR AR IS I B B
55 Qb BRI ()R, A [ RE T B A I ) A% n ik
BRI 5, TR BR 40 R [ B PR A —
SE WIHRPTRE ST, (AR I [E] 384 0 i) 17 0 1 fi s iRt

E 1 R ABOIE . A 5% 45 S 3 UH 9 oA 40 K ok A7
B RPN TR . 2R e 36 it A R p
RN RAEYFERENA T Z S X 5%
A5 00013; JEEZE, 2021), fX R AR ]
SRR PR T8 S5 R DG AR 245 7 i AR AR A R 4 o)
PR ARIEIfa s, ] “DIRR AT, ] —
ZE PR PR o AHIF 58 45 3L B3 BT AN 0RS il
BA— & S bR A, (R T A7 5 X5 1 1
RAMEGE, HYR I Z R LY IR A,
Hrh Z W R ¥R, JR2n] L% B2 AR
ARG 1 32 43 R B RE AR IR A s, iE— 2D IR
A TR W T 2R oA R, Hor SO R
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) T AS ) e 32 T b P s SR, O O e v 8RS R
B, SR FH AR = bR 2 e
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