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Behavioral effect of frass extract from Spodoptera litura on Eocanthecona

furcellata and its chemical components analysis

ZHANG Hong-Yuan', ZHOU Wen-Bin', WANG Si-Jie', CHEN Xiao', CHEN Gang’, DING Yi-Shu’,
FANG Liang’, WU Zi-Yun’, WU Guo-Xing', DONG Wen-Xia'" (1. College of Plant Protection, Yunnan
Agricultural University, Kunming 650201, China; 2. Yunnan Tobacco Company Chuxiong Branch,
Chuxiong 675000, Yunnan Province, China)

Abstract: [Aim] To clarify the role of volatiles from Spodoptera litura larval frass in mediating prey
location by Eocanthecona furcellata, this study examined the behavioral effect of the frass extract on E.
furcellata and analyzed its chemical composition. [Methods] Solvent extraction was used to obtain the
frass extract from third instar larvae of S. litura, and the behavioral responses of adult E. furcellata to the
extract were assessed using a Y-tube olfactometer. Then the compounds in the crude extract were identified
and quantified using gas chromatography-mass spectrometry (GC-MS) and gas chromatography (GC), while
the electrophysiological responses of E. furcellata to the extract were determined via gas chromatography

coupled with electroantennographic detection (GC-EAD). [Results] The results showed that both female
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and male E. furcellata were attracted to the frass extract, and ten compounds were identified from it. Among

these, eight elicited GC-EAD responses in both sexes of E. furcellata: L-nicotine, neophytadiene,

hexadecanoic acid, phytol, linoleic acid, ethyl linolenate, octadecanoic acid, and 1,5, 9-Trimethyl-12-

isopropyl—4, 8, 13—cyclotetradecatriene—1, 3—diol. [Conclusion] The results suggest that both tobacco

residue-associated odors in the frass and intrinsic frass volatiles, especially the eight compounds identified

above, significantly contribute to the prey localization of E. furcellata via olfactory cues.

Key words: Spodoptera litura; Eocanthecona furcellata; frass; semiochemicals; olfactory location

BHE 8k Spodoptera lLitura ELA- X T . &
PE % S5 RF R0, g ) BROME R e ny T S M R
(Meagher et al., 2008; Ramaiah, 2018) . Blari
MR IR RS FE R —, 4R ARE
W, dhduRE MR ZERE L B, W R SR
HH R R R 2, 5 e Y 7 T
(Kumar and Ray, 2007). & 1 £ & #5407 £ F1 i
Jo, Wit A= 0 24 30 R TR B R 2 H R BIT R Bl
P& RSO FE 27 . XA T ¥ Eocanthecona
furcellata J&>1-3 H Hemiptera #% £} Pentatomidae 5 %
J& Eocanthecona, FEIMEBEME | M HE . #H#H
H. B HSEZMEL, bl a8 0 4,
I 2 N BRSO e 4 B B B A B RE ), HL
X R SURL K 3~4 % A B B AR (Tuan et al.
2016; Chaudhary et al., 2022). K, RS0 5
3~4 i 4y HUR RO S D i 04T R ELBIT IR 1Y GBI
W (FRARAE, 20155 #lig XA, 2024).

P78 B P TR T B e e ML R e A L R
AW, FEAM T = AME BRI YA E
TR R« 5 B HEHRI Yy a0 sy (1)
WNZEAE | ER B A Y BRR (BRSO SE
2021; Rusch et al., 2022)., o, YR FE{ER]
DIAE {5 BAL B A, 25 R RECN B £
FTAHHEZ — (Weiss, 2003, 2006; Stewart-
Jones et al., 2006; AL, 2019), “FEIEF" &
T80 7 B IR T A B S0 3T 15 8 40 5 4 i B 1A
£, M —F BRI R e, SR 3EE
5 B E AR B Ophrida xanthospilota AR EG , B $f
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BB IE Bk EAT B RAR , EARER RS T A
Ji2 Bk F R S 4R O e n s T i 0 Y R AT
(Huang etal., 2023). FTHnvEM 1% Tuta absoluta 215
13 454 4l S T 2SO0 B YA B RO %
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Wk SN, i — 20 A9 e BRSO Mk 4 A S il 1Y
AR I A ek, HONTT G Y Sk
WL RE 5| B A D i 4~5 1 HUR AR 5 S (Rani
and Wakamura, 1993; Yasuda, 1997). {HZ, B&
MR Ab RSO A B S R R IR H
EACE YIRS DT s A g A A 2

N T B RSOk A R B S P R A S W e
61 D5 A E LR TR ROPE L AW A R
R RESOR I 3 W 4l e e FEHEAT T ER G FIHTY
RN AL I A 1 AR D i i X RSO 0 3 % 4
Hu i R AR Y AT 9 IO, A GC-MS HT GC R
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Z2IA AT, HET,

RIS NAFIGSE, HCEFFRRE (40 cm
X 40 cm x 40 em) H, PIEJE I 10% W5 KA I
RN (27 £2) C. MHXEE (60 £20) %.
FREWIAL : D=14 : 10 &M TFRFE . haLT



24 SRAEAE : RHEUR AN H BRSPS SUAR D AT R S R B AL S 153 43 A 543

PRI A (20 em X 10 em X 5 em) o ME S fief A 7
(AP K326) M F, BELZEALEE
1.1.2 b &9

BRI G YIE B LR 1,

R 1 AREN AR S E R SRR

Table 1 Purity and sources of standard compounds

atty] aifE (%) P37
Compounds Purity Source

1ECUBE Hexane 98.0 Merck
Jetr T L-Nicotine 98 J&K
BT M Neophytadiene 80 J&K
+7NIR Hexadecanoic acid 97.5 J&K
+/\liz Octadecanoic acid 98 J&K
431 Phytol 90 J&K
AR Linoleic acid 99 J&K
VR S Methyl linolenate 99 J&K
AV FRER .15 Ethyl linolenate 98 P

1.2 iR FH*E
1.2.1 BIEFER Y HEE

I T 2024 4 3-8 H 7E = B AR M KA A ) )
PrepBE Rt AT o BRSO R 3 S 4l U R IEE T
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YR E A7 A I
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RS XA DT AR 1V, 5 min P SUAR 7 05 € fi)
A7 — M 452 8 30 s LA ST Rk $, Fe =z
W TR, ARGEBRE30 R . RISE 3 R EH
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Fig. 1 Olfactory responses and heat map of resident time of
adult of Eocanthecona furcellata to the frass extracts of third—
instar Spodoptera litura larvae in a Y—tube olfactometer
TE: *RRNERBEP <0.05; *FRNEFWBEP <
0.01; v Y UM G AR DX ] 1 16 B %, 3 WA S A D i
Ff5= BE I [E) B8 1 . Note: * indicated significant difference at
P <0.05, and ** indicated significant difference at P <0.01. The
darker the color of heat map in a Y—tube olfactometer indicated

the longer the resident time of E. furcellata.
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Fig. 2 GC-MS chromatogram from hexane exiracts of

Spodoptera litura frass

e 1, JEWNTs 2, BT 3, VARG 4, TONIER
5, WHRIRHIEG: 6, MH&kie; 7, SR 8, WRKIRLM;
9, T 10, 1,59-=HIH-12-5 N H-4,8,13-3F 1)U
ik =J%-1,3- — %, Note: 1, L-Nicotine; 2, Neophytadiene; 3,
1, 3, 6, 10-Cyclotetradecatetraene; 4, Hexadecanoic acid; 5,
Methyl linolenate; 6, Phytol; 7, Linoleic acid; 8, Ethyl
linolenate; 9, Octadecanoic acid; 10, 1, 5, 9-Trimethyl-12—
isopropyl—4,8,13—cyclotetradecatriene—1,3—diol.
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Table 2 Identification of volatile compounds in the frass of Spodoptera litura
. T B 1] R SHEREIEE BETE
o oy . . o S
(min) Retention  Retention index  Identification
No. Compounds i
Retention time index reference methods
1 JE T L-Nicotine 23.50 1350 1346 MS, RI, Std
2 HrkH % Neophytadiene 35.84 1837 1834 MS, RI, Std
3 VM 1,3,6,10-Cyclotetradecatetraene 37.90 1914 1916 MS, RI
4 + 75 Hexadecanoic acid 38.53 1984 1983 MS, RI, Std
5 WKRAERF TR Methyl linolenate 41.12 2054 2095 RIL Std
6 &R Phytol 41.41 2110 2113 MS, RI, Std
7 AP iHPER Linoleic acid 41.54 2130 2130 MS, RI, Std
8  PJHRAR Z 1 Ethyl linolenate 42.09 2 146 2 146 MS, RI, Std
9 + /\& Octadecanoic acid 42.40 2168 2171 MS, RI, Std
1,5,9- = HIHE-12- 5% N 54,8, 13K+ DUk —455-1,3~
10 —[fE 1,5,9-Trimethyl-12-isopropyl-4.8,13— 43.92 2231 - MS

cyclotetradecatriene—1,3-diol

7T : Retention index A3155 H HP-5 3845, Retention index reference & NIST 3{3% /4= (NIST Mass Spec Data Center, 2020) FIXL
ik (Adams RP, 2001) 15 B4 #5 % . Note: Retention index calculation was obtained by HP-5. Retention index reference was
obtained from the NIST database (NIST Mass Spec Data Center, 2020) and literature (Adams RP, 2001).

R NYREHHRBEELEUEYMEESN

Table 3 Amount of the identified compounds in the frass of Spodoptera litura

. T 1) Ve J3E 91 N LR (R)
15y - B _ WA (%) Frht (uely)
(pg/mL) Correlation
Compounds Calibration equation Area Amount
Calibration range coefficient

JElT 100, 150, 200,

y =0.0407x + 0.5775 0.9979 13.59£0.73 ¢ 54.88 £3.35f(
L—Nicotine 300, 350
A A 100, 150, 200,

y = 0.1298x — 7.8862 0.9981 23.09+0.20a 275.26+2.05a
Neophytadiene 300, 350
/N

- - - 0.17 £0.01 h -

1,3,6,10-Cyclotetradecatetraene
EVAY 100, 150, 200,

y =0.1146x + 16.05 0.9972 1295 +034c¢ 17620+ 3.75¢
Hexadecanoic acid 300, 350
SV PR TR H T 100, 150, 200,

y = 0.0934x + 6.6546 0.9988 3.54+020f 4545 +2.08 ¢
Methyl linolenate 300, 350
TH- 23t et 100, 150, 200,

y = 0.0628x + 2.6803 0.9991 1539+ 0.35b 9920+ 1.52 ¢
Phytol 300, 350
PR 100, 150, 200,

y =0.1766x + 38.972 0.9943 6.74 +0.24 e 193.41 +3.25b
Linoleic acid 300, 350
SERRIR LT 100, 150, 200,

) y =0.1033x + 4.3372 0.9908 14.82 +0.24b 157.28 +1.84d

Ethyl linolenate 300, 350
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48 %

4§:3% 3 Continued table 3

. I e 51 e HXRE (R)
Sy N AN _ VAL (%) Al (pef)
(pg/mL) Correlation
Compounds Calibration equation Area Amount

Calibration range coefficient

AR 100, 150, 200,

y=0.1511x + 11.61 0.9982 1.33+0.09 ¢ 4271+129¢g

Octadecanoic acid 300, 350

1,5.9-=HH-12-5# N 548,

13-FR DU — - 1,3-

1,5,9-Trimethyl-12-isopropyl- = = 8.38+0.18d =

4,8,13—cyclotetradecatriene—1,
3—diol

T fERFERE S, RAMRBFEHOEEY & EERALFE . Note:

In the significance comparisons, the same letter

indicated no significant differences in the content of compounds containing.
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Fig. 3 GC—EAD responses of the female and male adults of Eocanthecona furcellata to the extracts of larval frass of Spodoptera litura

1, T 2, g ks 3, ToSER; 4,

MR 5, WER; 6, WKERZMR; 7, T/\ER; 8,
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F-4,8, 13-+ PUhk =4i—1,3—- . Note: 1, L-Nicotine; 2, Neophytadiene; 3, Hexadecanoic acid; 4, Phytol; 5, Linoleic acid; 6,
Ethyl linolenate; 7, Octadecanoic acid; 8, 1,5,9-Trimethyl-12~-isopropyl—4,8,13~cyclotetradecatriene—1,3~diol.
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W S G B G, XA W 15 X A
DA RAT A S, BT —2D TS

ARWFFE RSB U 3 % 4y R A0 e 2SR SR h 4
SER10MALE Y, nlel T B .
P . FONBR . ERRIR HER . AREE ., E IR |
WIRRIR OB . /AR . 1,5,9- = H1 k12— 5 Y Jk
~4,8,13-FF - PUBR = Hfi-1,3- " J. Hor, el T,
Mok AR . R R . 1,5,9- =1 3E-12-
SN HE-4,8, 1338+ DU B =) —1,3- B, FEHTA
WFFEHRHBCR M 4~5 W2 40y 00t ZE SR IR h -t A i
B CURFEZE, 2016) . B ASHHH R34 K I A 48
ETRIL, Jel T . BT VIR . R
1,5,9- = E—12- 5 Y 54,8, 13- 30 - IR = I -1,
3-SR T REE R Y (Caieral., 20025 Sun
et al., 2012; Nie et al., 2017; Popova et al.,
2018; Gao et al., 2023), HHHZC: Jy 1 3 Ffog 5
EFEY (k. 608 . Bk) R R
AT . B . 1,5,9- = H A -12-5 N 2k
-4,8, 13- WU Ak =M -1,3- . (Banozic et al.
2021) o ARWFFEUAIEN T\ Bkl — 4. PR
hEgE . 1,5,9- = HE-12-F N H-4,8,13-3F 11
B =0 —1,3- B 5 AL A 1 2 A Rk i R
e &)y BB R S R T A AL B . oS
2 . NTR . S IR AE LA ) ) 3% 1 Vg R0 137 1k
Spodoptera littoralis . /{17 [E Agrotis ipsilon. T
H Helicoverpa armigera . K¢ 88 Ostrinia zealis,
A S ZE W Phihorimaea operculella . ¥ 10 5% 1 1k
Spodoptera rugiperda ) H B ¥ A i 1B (Xu
et al., 2006; Liu et al., 2008; Ahmed et al.,
2013; Pande et al., 2019; Shah et al., 2022). N
T HEBR AL K D BT, Li Al Ishikawa (2004)
et PR IR 5 0] 2 BB T N T e R S 7 o S
W E K B Ostrinia furnacalis . R H 5 FF B 05
Ostrinia scapulalis . FEREE Ostrinia latipennis 4f] B 1Y
HZE, MW BREER Nk . H/ARR . Wl
TENIY SRR, I, AP HRmR . +
VNIRRT SE I R EA e N E |
kB TR, DL EAPSEAE S B F gl
FEP LS e B T — SN FIAR DT R £ e B HT R 2R
&, -t "mRAEESR . H/ARFERSC
P . R M el 2R A, T RLASBIE ST 48 %E B A9 1
JRR T2 F TG ARV JBR TR £ T AL PT B ke 15T RS0 Mk 40
B IR FEA LY

GC-EAD 45 LW, ety T . Frid —o . +
INIR . R MR . WRRRR R . AR, 1,
5.9- = HIHE-12- 52 N H-4,8,13- 3 - DUk = J%— 1,3~
TEERE D | SO D e L s ) o AR A
Wi B S A D s i R BB 2 B X Se b B . Rt
ARBEFEINN T8 A D i %ok R SO g 4 W R A 4
BEMPERT, ok AMEFA2E [ B r9E LY
HOAE R IEAE T o A B9k BRSO Bk 4y i e 2 v
Y RRIR TR REM 5| 208 EAR I il e, BJe T
X HAT YRRV E T (P, 2016) o 7EXS XA 7 i
HA GC-EADGTER) 8 R G, WREE HAY 51155
VEFT, WPt BLAY 9CREAE I 0% BEA AT 7 b 2
k25 AT I E A R E . R A LR
TUE B S W 2605 ) ORTE A B 1 R BOE e A ) rhoie
HHEEAVEH (Moraes et al., 2012; Pietrantuono et al.,
2018), HZAADEWFFR W 115 BALE Y 1%
gy, B, %38 WS Chrysoperla carnea F) FH /NS 18
Plutellax ylostella %) L ZEfE () 5 i . —H
T SRR R R4S
Y gh g E N (Reddy et al., 2002).

C A7 I 58 3% WA 45 8 0 A 41l B V0 10 5 )
EAL PR E =AM, B, R K Kk
Manduca quinquemaculata SUEHH I 7 5 BERITH
SRR OR-3-Cf-1-BE . R -p-% 14
SMHBE AL . i-a-Firi) IREE, WK TMH
TR ZEER, AR | KRECKIRK B Geocoris pallens
BB R B R gk ML sexta B IR ER AL HL (Kessler and
Baldwin, 2001); 78 i s O 2 iAo bk ™= A2 19
o= TRHE . 3-TRME . o KON B2 B I 4 4153
RA WX & n KB E %A AR R 57 1E
(Ayelo et al., 2021). FEAMEFH, ISP HEH
T OB T L VUARG L HAREE L 1,5,9- = At
—12-57 N HE-4.8,13- P+ PURK —Hi—1,3- " BEIX 5l
B YR ARSI £ (B #RY), X
Se AL A P ) B Ay B TR A A A3 R S AR SUAR DT
TE LR SRR A R R, e B — P05
M8, H/ANBR . WallR . WRRER PR . IR
M2 LRk A T RSO R B I FEAR B, X SE g
05 R S e ) B e A b DU AE 54 (Ahmed
et al., 2013; Pande et al., 2019; Shah et al.,
2022), HHTIE AR Wi e Py 5 K E R AT A
ol , HAEHICA T kB HoE .
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