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Abstract [Objectives] To investigate the effect of changes in the volatile components of cotton plants on the oviposition
behavior of adult female Spodoptera frugiperda Smith, an important agricultural and forestry pest in China. [Methods]
Adult female S. frugiperda were allowed to choose between volatiles collected from healthy, mechanically damaged or insect
damaged, cotton plants under laboratory conditions. Volatile samples were collected from cotton plants using the dynamic
headspace adsorption technique at 3 different time periods. The chemical identities of the volatile components and their
contents were analyzed by gas chromatography-mass spectrometry (GC-MS). Qualitive and quantitative changes in volatile
components were further analyzed by principal component analysis (PCA) and cluster analysis (CA). [Results] Significantly

more egg masses and eggs were laid on healthy plants than on mechanically damaged, or caterpillar damaged, plants on the 1st
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day. However, no significant preference was apparent on the 2nd and 3rd day. Significantly more egg masses and eggs were
laid by adult females on the 1st day compared to the 2nd and the 3rd day. A total of 25 compounds were identified in volatiles
from all three kinds of plants and plants that had been subject to mechanical or caterpillar damage produced a higher number
of volatile compounds with more diverse components than undamaged plants on the 1st day. Eleven compounds were
identified in mechanically damaged cotton. Octanal and 1-nonadecanol were characteristic components of the volatiles of
damaged plants, whereas only 1-decayne and benzaldehyde were detected in those from healthy cotton. Large amounts of
terpenes were released from caterpillar-damaged cotton on the 1st day, after which the amount gradually decreased. Changes in
the composition of volatiles released by caterpillar-damaged cotton were attributed to changes in the ratio of 14 compounds,
such as limonene, (3E)-4,8-dimethyl-1,3,7-nonadiene, linalool, indole, B-ocimene and p-caryophyllene. [Conclusion]
Healthy cotton attracted more female S. frugiperda whereas caterpillar-damaged cotton appeared to inhibit oviposition. It is
possible that the 1-decayne and benzaldehyde released by healthy cotton plays an important role in attracting female moths for

egg-laying, whereas the different volatiles released by caterpillar-damaged cotton, such as (3E)-4,8-dimethyl-1,3,7-nonadiene,

R HEE 2R Chinese Journal of Applied Entomology 60 &

linalool and indole, repel females.

Key words Spodoptera frugiperda; Gossypium spp.; oviposition preference; volatiles

FE R LN | AR R S0 4 7 A R 4 A
HHEEY) ( Volatile organic compounds, VOCs ),
TEAR A 5 B A T R AT Tk %
FHEEAEH . - FAARHEY R R SR R
W S Tk I TR e | 3 H RS USRI Plutella
xylostella 7=J (Liu et al., 2020 ), EHiEH
HURE Y 05 S PR 43 R ) 13 B S 20 4 1) R
Fe AR TE I 2 3, AR AR N Y B R T

(Tang et al., 2016 ), HELH/NEWR Lobesia
botrana W] 8 i AU E LY B-A 1T K
(3E)-4,8- "W JE-1,3,7-F- —I& 1 p-1: el 3 FH)
JETAA A5 DX 43 2 = A 2 AR 27 3232 ( Tasin et al.
2006 ). i AZAHETER EER, MY SR
ANTA] TR FER AN 1Y 3175 545 & W) ( Herbivore
induced plant volatiles, HIPVs) VMY S5E
HEISER . WG 8B Anthonomus eugenii 3 &
Ii) TAERE IR 3 bR L U ( Addesso et al.,
2011 ) 5 Z_BEM W Tetranychus urticae 1.3 1)
F 5. Phaseolus lunatus BERSW 5 | K& A /M
256 Phaseolus lunatus ( Dicke et al., 1990) .
H [P R Bl s = AR 0 HIPVs 38 5 Be il
Hop Aoy =g, HF e s AR N sE g, i
MK Heliothis virescens %1 M BUE G )5 I 4H
T2 MR =D ( De Moraes et al., 2001 );
AHEL T4 G S IR, MR SR Nematus
oligospilus Xt { FE M B A 0 3 (14 7 O fi 4 7

( Valladares et al., 2020 ). "] UL, HHEMERE R
77 G G-V 32 A A R ) R o

T DT K Spodoptera frugiperda Smith (
W H Lepidoptera, RIKFElF Noctuidae ) HIAF 378G
B, AR 300 MY, WFEEK . N
WAL RUK AT GAAEY) (Hardke et al., 2015), i}
P75 FAmGFE , Hh SRR 4 ¢ EOK T R K
7 AR, Hrp “TOK” MIRMEFEEEN
FORFNESE, TWOOKFET R E KA
FIGEER (Nagoshi et al., 2007 ), “Tk” Fh&
14 Jl U R IR P TE AR AR R E I B T, DR
M H AL 10-500 KzBR (Hardke et al., 2015 ),
b TR AEAT ACAR R 17 BP i 57 iR T | AT
PR H %45 K 500 (Janior er al., 2013 ), P50
1) T b 5 1 1 ME TR RE A X 43 FL AT AR ) AR
A, JFEBRE H A EAEY AT 00 . A LT
J K, W 7R A7 WA Al UBRCE S F  OK b
RO, DN B S R bR L A0 &)y % B A £ A
% (Ingber et al., 2021 ),

ABIF S o N 7 B R S IR LR T M,
BRI KT i FR SRR | AL £ A
G fEHE 3 FARRRETMIEAES 1 R 2 KR
e 3 KRNI ONAT R AT ERUE T
3 MR A B AR AETE 3 /NI ] B N 5 2 9
FIHAAE EGE-FE AR ( Gas chromatography-
mass spectrometry, GC-MS ) X8 & W) iE17 % M



2 4 XI5 - B M 5 R AN R AR AR A 107 B i 4 - 587 -

HE RT3 IERHE LW AT R T, 1K
VL it AT A A6 42 A 10 R % R0 R L7 B
F1 0 Z B 2R, Shy e 3t 5 AR ) R 5 |75 808
BT AT A A FH S A B A AR

1 #R5HE

11 #uiRER

B 2 BT RS A TR s Sl A RS w R
)R 3 SR MR, R TS R kAT R IR,
B bl RJE 275 °C, HRHRIE 70% + 5%,
S 141 10D, PULJERIFETFIRREN,
JEMERER A% 5 Sk, DL 10%RERK IR L RE R, (i
HAZE 2 d 54

Al KT R A TR = S0l A B F 4t
) B b B M 2 WA I, TR TRE SR v A T
F%, HBgRac . IR 27.5 °C, FXHEE 70% +
5%, JEJEMA 14L @ 10D,

1.2 fEREHk

Fie RRAERD 72 A B, S A ok 41
Fo M TREMT 3em x 3 em ME &,
oA 4 B SR A R 3 0 1 LR BR
Al RIZFFEARAEE (291 JBR) BAEs
AL ( EOX FExE=12cm x 10 cm x 8 cm ),
HEA 7 Fod eI B it fe H T 5580

ANFPRZSARAC YLD B - {gERREAR AL R K/ IR
H I R AL s DU O34 A6 R ZE A R AR ALY
BRI B HATFLAREEPLIT 2 DM ER R 1 em 1Y
[l ; H AR AEAE (AR AL A0 B it 332 4 3k
TRTURRIT Y 2 I S b DT ROk ah A, P2 E 1 d
JEaEgh AL,

13 EMEEEINTH

£ 150 cm x 70 cm x 70 cm (3415 (100
H) PECA 6 ZhfdFtife, & 3 ZAieh 151,
WFIEIFE 80 cm. HF 16 XF 1 H B A SR &
FENIEAT 2 d ITRIE R, 7R 97 BRI HUL AT 4 4
FARCEBEA 10 %MK 1 B IEFR AL kb 7E 8 5%
1T B | R 3 R G 6 RR AR
TEHRCAFERIEN , BEALIE 2 FRARAEAE P fil ik

B2 BRARAEIEA T A B, S5 4b 2 BRAAE
PEAT B FE AL B FEREARAE Y T AOFE A A 7K
PLB 1k 4l AR MR B (568 . i s 20 3 FAR 1
K2 RAEE 3 KIGHTHAFRPRAS AL AR B
96 L IR HECR Y B i, BRI ST A BRI
H NP R, I ERE 4 1K,

14 HEEWEZMHIRE

RS2 56 SR FH 00235 8% B2 4 S WAC B A [) A 3
(fgeRfe . ML AR ) 25 1 K. 55 2 KM
55 3 REMACAIT ¥ &Y, A3 E 4 4
NS OO R IR AR T A BT 200 °C
WAL 1 h, YR 1.5 mL HIEEFN 1.5 mL —44
F BRI B K 12,5 em, $EC T 2 N2 5 mm,
AME 8 mm; A H: HN1E 3 mm, #ME S mm;
NIE 200 mg Porapark Q W[5 ) £ 2 ¥k, IfH4E
150 °C il A SHERE T S 40 min, KUCGE 2
RACRFEL (QC-18 I RACRFEAL, Jbatiisy
SR RIARFIE AT ). TR AT | B AR AR IR
PIOREEAS | TR BAAE . RATRARN, R
500 mL/min. g5 . HUAE 71 F LT KD
Ko sel e 3 d, A1 d WM, H
HELA PRI ESUR 1 d 5, Jels 5 R ik %)
HAEBR, SRJ5 P4k S8 M AL IR 1 7 R S
1A, A 15 B A R 4l Ot IR LAHERR 2% oo 400 5
YR o, WA SE LS , S B R A 2]
0.5mL #Efh, T - 20 CUkFEAEE .

15 GC-MSEMREEST

fift FIACH 83 - B B GC-MS ( Shimadzu
GCMS-QP Plus, DB-WAX a4} ) H ARG 4
SN AP HE R WRE S A T 8 PERDE 150 . AR
VER#S, N 1 mL/min, #EFERE T pL, N
Ay, HERE LTIRE 230 °C, B FIRIRE 250 °C,
EI 8T8 (70 eV ), SAHEIEHFETHRAR TN
EIRTRE 40 °C, {#4F 2 min, L1 5 °C/min #R
2% 240 °C, 1#4F 4 min, AT 64 min, F)
FH NIST14 MS $cdl FEE A7 HxT b T 020 50
SR R AR S AT B0 UE o DA B OE + = ¢
R NARHE TR B, HA G LA YRR W R
PEAT R it o MR T AR 25 5 v AR5 45 B 43 11 06 ThT



- 588 - R B 244k Chinese Journal of Applied Entomology

60 4%

BRI At v 25 ik
1.6 HiESHH

FH SPSS 23.0 X FE 1 5 15k 11 7 B A5 4 S A
65 K W) i B0HE HE AT 58 B 3T R R - IR R
( Kruskal-Wallis ) X} LG5, I Origin
2018 AT FE A Hr AR IS AT, FEXEAS AR
AT IR R D TN

2 GREHSH

21 EMIREIEENINEETA

b BT AR AN [RLAR S A A A R B 7 B
D P , 7 ML T Ak BEANBLARAD 4 BEAR AL L7 )
IR B R /N T R IR (45 B B 4E
T HTER Do 5 1 KA T RO e 4L L

>
o
(=
(=]
T

&5 Healthy

H1%E Larvae damaged
B2 HLWH{% Mechanically damaged

7= BiE Number of egg
(3] w
S =
S S

—_
(=
S

(=]

BIK 1

ffiE] Time

PR IR R 7 O S R AT A A o 2
F (P=0.004, 1. A; P=0.023, K 1: B),
U AR 4G ) 25 S AR IR ) B K- (P =
0.005, Kl 1: A; P=0.044, K 1: B), H{HX]
A 047 Bl S50 Ay {e B> BB D 47> e 35 5 7
B 2 RANES 3 KN EHh 5 42 o) 3 FieRASAR ALY
PRI T R EE S

22 AERESTHREERDD

221 BUEELZVEEREELER M@
FEAH G, BUBRIS 45 40 B RN 20 3 A0 B BE 1 S A AL B
AR R R A8 o FEARIE . MU . R
FRAE PSS E T 25 Fhlsr, (346 6 FhEE. 5 Fh
M SRR . 3 FPES. 3 RPEIE . 1 FRREE . 1
Fns T 1 AR, HLHE &P RS AN )
ARAS B Ak B[R] A A A6 2 A T s

B 4r
a

2 B (g Healthy

g 1% Larvae damaged
o 3 B ML Mechanically damaged
g

o

g 2

Z

&1

x

&

fifE] Time

1 EHEEEST 3 MRET A E AL EE BRI =Pt E
Fig. 1 Oviposition preference of Spodoptera frugiperda to cotton plantsunder 3 states at different time
A, FHTRORAEARAE LAY IR EE s B, RO TR AR AL LRI, RE EARAT AR TR AR F]
B RIS B (A i P22 R (n=16, P <0.05, Ja& W RIR-IRAIBAL R ).
A. The number of eggs oviposited by S. frugiperda. B. The number of eggs masses oviposited on cotton by S.

frugiperda; Histograms with different letters represent significant differences between different treatments at the
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Fig. 2 Principal component analysis ( PCA) of

volatile compounds of cotton under 3 states
at different times
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H1- H3: Volatiles released by healthy cottons in the 1st day,
2nd day and 3rd day, respectively; LD1-LD3: Volatiles
released by larval damaged cottons in the 1st day, 2nd day
and 3rd day, respectively; MD1-MD3: Volatiles released by
mechanical damaged cottons in the 1st day, 2nd day and

3rd day, respectively. Number 1-25 inside the figure
corresponds to compounds in table 1.
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Fig. 3 Clustering analysis based on principal

components 1 and 2 of cotton volatiles under
3 states at different time
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Volatiles released by healthy cottons 1-4 in the 1st day, 2nd
day and 3rd day, respectively; LD1-1 — LD1-4 — LD3-1 —
LD3-4: Volatiles released by larval damaged cottons 1-4 in
the 1st day, 2nd day and 3rd day, respectively; MD1-1 —
MD1-4 -MD3-1 — MD3-4: Volatiles released by

mechanical damaged cottons 1-4 in the 1st day, 2nd day
and 3rd day, respectively.
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