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# E [BB) WUREHEEMAZS KT Cacia cretifera thibetana WMEME S A 25 AR LY 7 F
PR VA S W s A BN LA T R g . KR Y SEHAF 3 = S A%Bk Juglans sigillata var Santai 4 B
JHCH 7 P R B0 S ) VA A AR 28 5 R AR A T i ff L (52 EAG Y BRUMELSE (AT R RO W . (R 1

EAG MBRZE R, 7 Pl AP 7e v 13 10 Bl P 58 5 | PR e A 280 5 R 20 Ik L L 1Y) BAG R, 24
LG WU E H 0.000 4 mol- L™, KA WA EAG SIS, YA HE R 0.4 mol L' i, KA1
EAG RN, HH X TR EAG OWABNH BRI, 735020 1.84 A 1.74, <Y RIBL50AT Ry S i A= 1
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EAG and behavioral responses of Cacia cretifera
thibetana to seven walnut tree volatiles
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(1. Yunnan Provincial Key Laboratory of Forest Biotechnology, Southwest Forestry University, Kunming 650224, China; 2. Key

Laboratory of Forest Disaster Warning and Control in Yunnan Province, Southwest Forestry University, Kunming 650224, China)

Abstract [Objectives] To investigate the electroantennogram and olfactory behavioral responses of male and females of
the beetle Cacia cretifera thibetana to seven volatile compounds derived from a host plant of this pest, the walnut Juglans
sigillata var ‘Santai’. [Methods] Electroantennogram (EAG) and Y-tube olfactometer assays were employed to investigate
the responses of C. cretifera thibetana to seven volatile components from J. sigillata var ‘Santai’. [Results] The EAG results
show that the tested concentrations of all seven compounds elicited responses from both male and female beetles. The weakest
EAG responses were to volatile concentrations of 0.000 4 mol/L and the highest to concentrations of 0.4 mol/L. The strongest
EAG responses by males and females, 1.84 and 1.74, respectively, were elicited by nonanal. Y-tube behavioral assays showed
that, within a certain range of concentration, six compounds, including alpha-pinene, beta-pinene, 1-caryophyllene,
nonaldehyde, eucalyptus oil alcohol and trans-2-hexenal, were attractive to male and female beetles. N-hexyl aldehydes,
however, had a repellent effect on both sexes. At a volatile concentration of 2 mol/L, females were most attracted by
nonaldehyde whereas males preferred beta-pinene; chemotaxis rates of each sex for each compound were 95% and 87%,
respectively. N-hexaldehyde had a repellent effect on both sexes, eliciting chemotaxis rates of 87% and 78%, respectively.

[Conclusion] All seven compounds induced an EAG response, and six, including alpha-pinene, bet-pinene, 1-caryophyllene,
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nonaldehyde, eucalyptus oil alcohol and trans-2-hexenal, were attractive to both sexes. Only one compound, n-hexenal, had a

repellent effect. These results provide a foundation for further research on attractants for C. cretifera thibetana.

Key words Cacia cretifera thibetana; Juglans sigillata var ‘Santai’; volatile compounds; electroantennogram response; Y-type

olfactory response

VU A 2R R4 Cacia cretifera thibetana
RIE T H Coleoptera K4} Cerambycidae
IR R AR Lamiinae 224 K4 & Cacia, &/™
HEEREERRERTRARR FEETFRZ
—, HEZ A RE . W, T PEE D
FPUHE A IR IX o VU A 25 KA 1 4 BRI
HREEAE 3 A7 EAEYY , Bl 3 O A S R AR
B, PEUBEARSE, BIE ST (BRE
FEFNT/NEG, 2016 ); #li e @ik 35 En P
BJE AN AR, VIW 2020, (A A K
W IR ANBEIE i, B AR A, 2L
Wi Y, e 2l oF ™ H I 4 T AR AR B R

( Williams ef al., 2004 ; %&/NMIFFIE K HE , 2009 ).
HHT, MR X PG 0% A 28 R AR B IR 3222
FER N TRy R AL . N T AR 2= PR S5
B (EEBEE ) 2008; Nehme et al., 2010),
A BTG I EAUNAS = &, i H s Ak
ERA SRR APy, MELURS R AR BTG
ROR, HXTASIEEE I ge (3R E /)
20, 2019 ), PRI TR — it € B 45 07 v AT T
R,

T PR B 45 K AL S W TEAE B PR R L
A E . BE L ACHE RN TR S TR AT i AR
h EA R C5RFERE, 2016 ). 40T, EN
Hh 25 58 1 R 25 FAE YRR K Ak &
YT AR 5 75 50 B8 R R 28 i B TR R
2R [T % Wong et al., 2017 ), WX #2011 )
W K AE 258008 )L Caragana korshinskii T
I RN e 7/ RS W DO 32 N
Chlorophorus caragana HAAGIHEEH; % F

(2013 ) W5 F BT/ | KOs F1E i 22 A il %o
WeId B R4 Anoplophora glabripennis BA5 5|75
YEH o A KA 2 A Z Rl A i TR oY
CARKEMRIE, EWiES% (2015) FlEME €S

(2016) 7 HIRIE T LKA Asias halodendri

XV R B 45 L M BA EAG 1702
Nf, (G T U £ 22 5 R A FAY AR Z A Y
A= AL o R IR IE o B A (2020 ) Xt
VO K AR KA E S BN Juglans
sigillata var ‘San-tai’ F#F R PEYI BTEAT THF5R,
ATFGEIEE 7 AT HE T PG O 25 R A A
B EA EAG FIMLE AT RO 5 R AL G )
HEATIN, DA 0T PO e f 2R KA B
SIS E GRS PR AL B, S VE R f 2R
KA 10 5 €2 B 45 B9 0 LAl

1 #MR5ERZE

1.1 iR AREMRF

2019 4F 5 A MTEEA REM R IER T
£ (N25°37'77", E100°67'58", 764K 2 070 m )
Tk FE b 1) = 5 R BE AR P J 42 PO R0 f 4 R
R, RS R A% A 500 mL i B ¥k}
&b, B IR G R 1 SR AR R AR K
[FISEHR 2R SERMERE R RAHA 50 cmx50 cmx
50 cm HYFRHREPRFREH], BNEFHRE 25 °C,
AR AR FRTE 50%-60% ( BediESE, 2017 ),
B RANFEH i AL AR 5% o SEB0TT, R Ry
PURALFE 12 h,

1.2 #idikEad

MRPEEAE B S (2020 ) X PG RE A 25 K4
EHSH T = O ERIER B ST, 456
HEMAE (2016 ) X BER A Batocera horsfieldi
(IRIFSE 0 7 Fp AR AL A o BN 7 R
HERE R B o S BC R 2,00 0.4, 0.04,
0.004,0.000 4 mol-L ™" 5 >/ [ e & il b FEE V508
WA I A2 O IR T EAG AT A S
R (JERNTESE, 2013 ), 7 FhbruERES BARG B
W2 1,
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Table 1

Information for seven standard compounds

A9 4 FK Compound name

4 (%) Purity

ki Source of supply

1-AA71H 1-caryophyllene 95
T Nonanal =95
o-JEH a-pinene =98
B-JE /i B-pinene =97
FEIHEE Cineole 99
Je-2-CU e (2E)-hexenal 98
IECEE Hexanal 97

Sigma A ]
Sigma A ]
Sigma /A 7
Sigma /A H]
1 2R A R
i ARl A R T
it SR AR A BR

1.3 fhABARN

Wil B 16 B3 BB R 1) PG R 2R 5 K A
M, G A R ) 4 R A 1 s f ST D)
FUIBRAR G 1 mm, F5: H VR A BT A R 4 fik
FATETE 4 JE FE AR P B o FH 0 HURE 2 il BB 7 2
BRI 2 pL YATHBIEZE 2 cmx0.5 cm B9 T¥HE
4L A 10 em K I ARRE R T IR AR AR,
2016 ), TFRGELFFRRFHATIE . WE ik
S 2% e % (2006 ) Fl Tkeda %5 (1980) (1l
SN e 1 N G N TR [ES S S R R = )
300 mL/min, % URIIE] 0.5 s, H38 5] BF s 1]
30's, BEAVREE LG5 R R A L
BBl A2 6 A, BRI 4 K, RE 3
ALY A (I B VR B AR R S, B
R HEC T ARl ), BINRASE— R R
AR S AR b T ) SO A, LA BEAE
RFRES IR, WARA RS S PR (AR A,
2014 ),

EAGR M ARHE=
(FRENREFIEAGR NAE — 25 FI IR IEAG R NAED
GESIRINEAG R MAR — 2= FIX HRIVEAG S SAED ©

1.4 Y BIRGEITA R B AE YRR

KH Y BRGSO PO A 2 R AR A T
TR RN A, Y ARSI o e 25
B TETER . IR . BOER i ait (LZB-11)
MY B RL, JFHERGEREER, By
R FHK 25 em, P K 20 cm, 4210 cm,
P Z [a]e f 75° (OnHamgaE, 2011 )o AT HS 7

TS L B S T T IAE 600 mL/min,
XA 1E] R 9:00-18:00, A=A 5EiE < 5 min,
P et B il B B A R SRR B9 4 L
WA e 2 emx1 em JE4RS% b I ACE RV
v, R R AR A S o B T BRI DY
TG KA U A AL, BRI R
A AT R RO o Fof R A B U 328 11 3 em
FHAPFRIF LRI, 5 min PYIZ R A4 € 3
X HERE 10 em HASE B 1 min DU Bid WA SR, &
WTE R Tee$E o BEANHE A W P R 2 M e
R4 20 Sk, BEMEBREE 3 R, BRI
FE R BARAL & I FHZE IR KIS DR E, B
FHE RS B B0 3 . ML 5 BRaE AT R — 4 i 3t
( Bertschy et al., 1997; Z=fiiids, 2016 ),
e e OBV R B
= SR T
_ KRB R B
URENI PR IS
SN =15 15 R+ R

BRI

K H SPSS19.0 # A%} S U BG4 T 58 14y
#r, Hp, @13 Duncan’s 0T L3 EAG
ERY R, T-KE5 M A= e 251
GRE5 9

2.1 AEFEAZKXFERAN 7 HARRER
EXA18 EAG RN

VU TR F 2R A LT 7 AN [] e Ao

x100% ,

FERHEES x100% ,

1.5
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JEHL A EAG RO EE (£2), &2
LA, YL APRME R 0.000 4 mol- L™
i, 7 LA YRR A UOR BAG SN AR X E
AR MLEWRIETIE 0.004 molL™', EAG
J S AAXHE S R B e, Hod, REK
R T RN 2 2 -2- OO 1) EAG RN AT
HBERS (P<0.05), MXHE 5 #MLEYH
EAG W AHXHETC B &R (P>0.05); Mibs
YW ETFE 0.04 mol- L™ I, KA At 1-47 47

MR- 2 RS9, LA Rt i X a- R
WP B X S -2 - R TR 1 EAG BV AH X {EL Y
e i F R (P<0.01); SLAYWIRETE 04
mol-L ™" i, KA} 7 #ifk &9 EAG W AH
XHE YR B i R A B 53w (P<0.01); 24
PERYIVEETEE 2 mol-L™ ' 1), BRMEM: Rt 1-
AW R R X S 3 -2- LA I Y EAG S
FEXHETCI B T (P>0.05), KA H ek
BV EAG S R AHXRHE I B & R (P<0.01 ),

R2 AREAZKREMEREX 7 HUEYREIRER EAG RN

Table 2 EAG responses of male and female adults in Cacia cretifera thibetana to

seven compounds at different concentrations from walnut

o) VI Sex EAG KW AH%1{E Relative EAG response
Compounds 0.000 4 mol-L™" 0.004 molL™"  0.04molL™' 0.4molL”! 2molL"

a-JEH HEPE A Adult male  0.96%0.01dD  0.98£0.06dD  1.21£0.03cC  1.56+0.04aA 1.32 +0.02bB
a-pinene HEME BLE Adult female 0.94£0.02 ¢C 0.94 £0.01 cC  0.99£0.02 ¢cC  1.52%0.08 aA 1.31 £0.02 bB
B HEPE A Adult male  0.95%0.01 cC 1.01£0.04cC 0.99%0.05cC  1.44%0.04 aA 1.20 £0.07 bB
p-pincne HEPE B Adult female 0.92%0.01dD 0.97 +0.01 ¢dCD 1.03 * 0.06¢dCD 1.53 + 0.03aA 1.31 + 0.04bB
- 4 HEPE LA Adult male  0.89+0.01cC  0.96+0.01cC  1.24+0.07bB  1.72+0.08aA 1.58 * 0.04aA
I-caryophyllene by b i Adult female 0.82+0.01dD 0.94+0.02dD  1.28+0.05cC  1.81+0.07aA 1.49 % 0.04bB
T/ Nonanal ME#EA L Adult male  0.93%0.01dD 0.93+0.01dD  1.22+0.03cC  1.74%0.03aA 1.35+0.03bB

Wi L Adult female 0.94+0.01dD 0.95+0.01dD 128 £0.01cC  1.84 £0.03aA 1.42 +0.02bB
Het 3 HEPE B Adult male  0.89%0.01deD 0.97 £0.01cC  0.95+0.01cdC  1.41 £0.03aA 1.20 +0.03bB
Cineole HEPE AR Adult female 0.88%0.01dD 0.94+0.01cC  0.96+0.01cC  1.43 +0.02aA 1.21 +0.02bB
RA-2-CMEE et AR Adult male  0.87 £0.01eD  0.95%0.01dCD  1.07 £0.05cC  1.52%0.02aA 1.39+0.01bB
(2E)-hexenal gy o 41 Adult female 0.89%0.02¢C 0.95+0.01dC 121 +0.02cB 1.40%0.02aA 1.33 +0.03aA
IEC HEPE L Adult male  0.87 £0.02dC 0.94+0.01cdC 097 £0.01cC  1.48 £0.02aA 1.21 +0.05bB
Hexanal WEME BLE Adult female 0.91+0.02dD 0.91 £0.01dCD  1.12 £0.05¢BC  1.54 % 0.06aA 1.31+0.01bB

R PR ER R, RAT R R AR A A NS P REROR 2557 B (P<0.05), [RATEUE R AR A A R RS 5B

FREFM BFE (P<0.01), F 3,

Data in the table are mean +SE, and followed by different small letters in the same row indicate significant difference at 0.05
level, while with different capital letters indicate extremely significant difference at 0.01 level. The same as table 3.

P EAG RV iRk E (0.4 molL™')
BRA AT 7 MR RS YIH EAG B AT
B (£ 3), \NE 3 PfIHEH, PUEEHmES
RAME . MRS TSR EAG I AT
EHiK, 2090 1.74 F0 1.84, TEMIRIKE T,
WL e RO ARG S EAG BN AR
A 2e5PE (P>0.05), P M 25 K AE R
TR EAG W AHXHE W& = T o-9-0 . B-IR

M. REHhEE . R aC-2-CEEEFECE S AL
EWI EAG ROV AEXTE ( P<0.05), 5 1-A 1T
A ESM (P>0.05),

22 AEFRAERKRIMWERETT 7 LAY
HIRREIT AR N

H1% 4 al LI, KA AT 7 Rl & 93
BBV, HA oI | B-IRM . 14774 |
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®3 ABKRAERXFMIERRNTE
A EAG K (0.4 mol-L™")
Table 3 EAG responses of male and female adults in
Cacia cretifera thibetana to different
compounds from walnut (0.4 mol-L™")

EAG [ M AH XA
Relative EAG
kA% Compounds ‘e a lf’e re‘spon?e
HEREMOE  HEHERUR
Adult female  Adult male

o-JE M a-pinene 1.56 £ 0.04Ab 1.52+0.08Ab
B-JE s B-pinene 1.44 0.04Abc 1.53 = 0.03Ab
1-6i#7% 1-caryophyllene 1.72 + 0.08Aa 1.81%0.07Aa
T/ Nonanal 1.74 £0.03Aa 1.84+0.03Aa
M EE Cineole 141 £0.03Ac  1.43 £0.02Abc
a-2-CATE(2E)-hexenal 1.52 +0.02A be 1.40 + 0.02Ac

1E EL % Hexanal 1.48 +0.02A be 1.54 +0.06Ab

TR R o -2-CUR I 6 Pk Al
SUAER, IECEE ERIER. LEWkE N
0.04 mol-L ™", TR, Heryhmfn i -2-c 0
5 3 Fpfb AP R4 LB sk R 24 57
2 (P<0.05), Horb TREFN i X -2- M T X o
T o8 H 1) 5 175 3 R ol o3 2 S B e 3 ( P<0.01 ),
Bl VR B3I, G P05 R 5
AN SR BN, PERUE MR R AR N
2 mol-L™' kAW R i e B0, Herp T-1EAD B-
PRGN | IR 2R 1 U 5 75 R R S N e e K
SIERI IR 95%F1 87%, N HRAMHHK 95%
H192%, 1E CLREXS KA BRI Rk E T, ik
JE4 0.000 4 mol-L ™" i}, 1F LXK 2R Bl i)
HERFG AR EFARE (P>0.05), REBT
0.004 mol-L ™" i, TF T I XF K A i S 114 st o5 il
SlEREREE (P<0.05), FCOBWER 2
mol-L™" B, XoF e | e Al L A b R A S N R
K, BEEERIHN 8T%F 78%, KN 45K
90% Fll 79% , ik 2R 5] 75 R 22 Bk W E

( P<0.01),
3 +tig

P A T R RIS AT A N L 28 A R R
5 B U5 2 A 2 0] Ak 28 iU ) B
FB(RBEA, 2005 ), AWF5REM, 7 0.000 4-

2 mol-L™ "MKk BEVE RN, BB ALY 7 Fh
b Y ae S R PO HU%E M 285 KA iR ) EAG
RN, HAE PR ARHR BERT, EAG [N A2k
ARG, (AREE W TS, RABURP EAG
SN AT, FWIME | R A R R S )
) EAG W B e 5 —30, MG ok
M 0.4 mol-L™" i, KFpLHXT 7 Mk &) EAG
RN fei, RS EAG RBREAR, X
B, B O P 4 R A — A A ROV vk
Fil, BN VR TG, SO0 R SRR, X
H5EE (2009) MIFFFEEE—5, 7EHKRIET,
WL HERUE T RS E) EAG RS ARXTEAS
FTEREEZS (P>0.05), FOME . e pl T
A FAE ) 095 A W) B AR L Y ML SR 7 g

( Zhuge et al., 2010 ), ¥ KF7E 0.04 mol- L™
BF, B o-JRMESN, MERXTHE 6 Mk &Y EAG
SN AE 4] v TR L, T R P R AR G R A MR
S il A LR R Al B A, X — IR SR A
(2017) W5 H WS Cylas formicarius X} /N[
H 2 SRR YIE R Y EAG ROV S5 HR—2; 74
J I ARG R AR M L B O TR EAG R
(B K, ELAEAT A SO0 A it o T o R4 g
O EAREUA T AR, 3R I T 0T 75 i £ 22
G R4 RENEPE LA HEAEH (5%,
2018 ),

T e M o A B e 27 e Pl 5
FVER, PMIS (2018 ) WFFE R 1- AT IR AT
BEXT R E W% Lygus pratensis A 51EVEH, 5Kk
S5 (2017) WHE R, Jeal-2-CIRBEXT 214 K
A EAGIHEER, EH5E (2014) BFRER
A A v BT S BER AR R A S AER, a-TK
i BRI KA GIANIP R WA (F8
EEE, 2009; K7, 2016 ), ARWFFRLsREN,
o-JEME . B-UEME . LA . TR ARl EE A
2 2 -2- O R TE ) 74 A AR 2R R R A BAT 5 1A
F L IE CORE X PERLRR F 285 KA A kR o

A A YR B e M PR R 2 AR IR
FEHE R MR AE Y A A TR A Y, HO A
B A5 |5 i kAT R 2 2 A& P R AR
(LR (2355, 2003 ), ABFFE MR
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Table 4 Behavioral responses of male and female adults in Cacia cretifera thibetana to seven compounds from walnut

- IR (%) R (%) R (%) T-F 4
e ( molf’l ) Luring rate Repellent rate Response rate T-test
Compounds ., “U"" . Mpm Mt Mem Bem Ml Mk MER sl
Female Male Female Male Female Male Female Male
o-JENE 0.000 4 20 15 25 20 45 35 0.473 0.573
a-pinene 0.004 30 25 20 15 50 40 0.407 0.571
0.04 45 45 20 25 65 70 0.217 0.554
0.4 65 55 25 30 90 85 0.036* 0.048*
2 92 82 2 8 94 90 0.000%*  0.000**
B-TE 0.000 4 15 35 25 25 40 60 0.261 0.625
B-pinene 0.004 30 35 15 30 45 65 0.542 0.831
0.04 40 50 15 20 55 70 0.243 0.163
0.4 60 70 10 15 70 85 0.032* 0.009**
2 93 87 0 5 93 92 0.000**  0.001%**
-G8 0.000 4 10 15 20 10 30 25 0.407 0.573
l-caryophyllene 0.004 20 25 20 20 40 45 1.000 0.573
0.04 40 30 25 20 65 50 0.389 0.647
0.4 55 50 15 30 70 80 0.003**  0.046*
2 87 82 3 5 90 87 0.000%*  0.002**
T 0.000 4 25 20 10 20 35 40 0.091 1.000
Nonanal 0.004 35 25 10 10 45 35 0.018* 0.140
0.04 45 40 15 10 60 50 0.002**  0.020*
0.4 80 70 5 5 85 75 0.000%*  0.001**
2 95 82 0 2 95 84 0.000%*  0.000**
R 3yt P 0.000 4 25 20 15 10 40 30 0.070 0.196
Cineole 0.004 30 20 20 25 50 45 0.158 0.482
0.04 40 35 20 10 60 45 0.038 *  0.012*
0.4 55 55 20 10 75 65 0.006**  0.001**
2 88 80 0 2 88 82 0.000**  0.000**
L -2- O K 0.0004 25 20 15 10 40 30 0.288 0.435
(2E)-hexenal 0.004 20 30 15 25 35 55 0.613 0.288
0.04 45 50 15 25 60 75 0.021*  0.004**
0.4 60 70 10 15 70 85 0.001**  0.004**
2 83 80 2 0 85 80 0.000**  0.000**
1F O 0.0004 15 10 25 20 40 30 0.070 0.196
Hexanal 0.004 20 10 40 30 60 40 0.047* 0.036*
0.04 35 30 55 45 90 75 0.026* 0.021*
0.4 10 10 70 60 80 70 0.002*  0.001*
2 3 2 87 78 90 79 0.000%*  0.000**
* e R M i A A AR B S AR AR R E B B (P<0.05), ** 3 ME AR al ik A A0 5 1A R Ak R 22 Bl B
( P<0.01 ),

* indicates luring rate and repellent rate of male or females significant difference (P<0. 05), ** indicates luring rate and
repellent rate of male or females extremely significant difference (P<0. 01).

R ok B-URME . 1P TREL RN OISR SR, ARt PR SLRTTIER . A
Ml Ral2-CMmERIECEE 7 FMEEIXIRE  BEFERIEE R 5 DU M 2R KA A DR
1B VYRR A 2R R AU S, (FURMBLAP AL 51 s R T R 3R A0 T 1L & Yy e n B K
YA S BT RR LB A BERE X R AR AR o VU A 2R R AR A AR 2 SRR A RS
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