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Abstract: The Orchidaceae, one of the largest families of angiosperms, exhibited a unique pollination strategy where
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approximately one-third of its species attracted pollinating insects through deceptive mechanisms rather than traditional
reciprocal relationships. The volatile substances in orchids exhibited significant diversity, while pollinators demonstrated
distinct preferences for specific floral scent profiles. These volatile compounds not only formed a unique chemical
communication system between orchids and their pollinators but also appeared integral to their coevolutionary relationships.
This study conducted comprehensive two-dimensional gas chromatography-time-of-flight mass spectrometry ( GCXGC-TOF
MS) analysis and interspecific comparative analysis of floral volatiles in three traditional Chinese orchid species; Cymbidium
Jfaberi, Cymbidium sinense and Neofinetia falcata. The results showed that there were 3,177, 2,838 and 3,098, volatile
compounds identified from C. faberi, C. sinense and N. falcata respectively. Among these, the major classes of volatile
compounds were alkanes, alcohols, esters, and ketones. Sensory flavor characterization revealed that the three orchid
species predominantly exhibited sweet, fruity, and green-plant notes. A total of 1,241 volatile compounds were shared by
all three orchid species, with 2-methylbutanal being the primary contributor to the floral aroma, followed by butyl acetate,
2-pentylfuran, nonenal, butyl acrylate, o-pinene, undecanone, and others. In addition, the differential compounds
between the three orchid species were 240 ( C. faberi/C. sinense) , 220 ( C. faberi/N. falcata) , and 171 ( C. sinense/N.
falcata) , respectively. Seven candidate volatile compounds were screened, and their atiractiveness to Apis cerana was
evaluated through Electroantennogram ( EAG) and behavioral orientation bioassays to characterize the effects of orchid floral
volatiles. Notably, the results demonstrated that all seven major orchid volatiles elicited significant EAG responses in Apis
cerana , with benzaldehyde and 2-methylbutanal showing the highest reaction values. At low concentrations, benzaldehyde
elicited the highest electrophysiological response, while 2-methylbutanal showed the strongest response at high
concentrations. Behavioral assays revealed that a-pinene exhibited significantly stronger attraction than benzaldehyde (P<
0.05) . However, no significant differences ( P>0.05) were observed in bee attraction among the other volatile compounds at
varying concentrations. In summary, the volatile components of the three Chinese orchid species exhibited significant
diversity, with specific key compounds eliciting distinct electrophysiological responses in Apis cerana. These findings
provided new insights into the chemical interactions between orchids and their pollinators, and offered a scientific basis for

exploring the co-evolution between plants and pollinators.

Key Words: Orchidaceae; volatile substances; Apis cerana; Electroantennogram (EAG) response; bee attraction

IRRSCHECHIFER IR rh i YR AR A 5 1 By 3 A B ) EAE LT . ZER A, 29 80% I sIREAF )
T HEEAEEE A IR, S b B sk s R p R AR S R sk — < 2 Bh- R AR XU AR A
YR E IR %R GARE T 25 R, R i B & A LR A (VOCs) L B85
EERTE S SRR a5k B B AU 8 RS e VR S4B ST S, R 2 AL A T LA
VER“WIAR 57 4 RAEY) -0 BRI BEAE RS, B, K BN T+ FAEFL ( Brassicaceae ) 1HY) 5 AE %
( Bombus spp.) (IHAE! % [ 4177 F} ( Caryophyllaceae ) 162 H 1) — BL 4254k A W ml LA 5 | 9 k7 5 T 0 ]
REEABY) 5 5 e 2 MR IILAE 51 o BRI, — LU A S e S A% 0 T FBASE2 At M Mk A A SR . 24k
FEAIAE B % o (1 BARAR R S 249 30%—50% I R AS B (A0 2 S >, 0475 T 38 5 K5 A8 1) T2 40025 %
SR AP HLE R A DL R AU, WSO 22 S8 ( Oncidium ) 18 3 B0 4: 52 B B ( Malpighiaceae ) FH
W EIAETRRAE I S LA A —Fh A4S WE 228 (Ophrys ) 8 i 55 M M 15 8028 10 B AR BL Y
BERERALA Y, 5 9 M < DA TE” 8 B A 12 RV R 40 24 BHRE 0 (9 1 O WL A 2 A TR A AT, (ELXG — 2
FEIA T TC S 22 B A 225 S AN RN Z b o ARBIETE R £ rh AR 8 0 (Apis cerana) 5 TCA M H TG4
BDEACW EAEDLS, 3% BUEE 2% ( Cymbidium faberi Rolfe) | 5% *% ( C. sinense ( Jack. ex Andr.) Willd.) FIJX %
( Neofinetia falcata (Thunb. ex A. Murray) H. H. Hu) HAFFEXTE it GCxGC-TOF MS 7 A Mgt b7 HAL H 5 %
HAPULEY) (VOCs) UL , 73BT AR R ] 49 22 5, 455 fil A s AL (EAG) 547 8K, B 7EH 7R 22 48
AEAR Th R BEAL 5 A - 22 AR AR Ry R GE TP AV P AL , D S e S0 S M A7 oy AL 0 14 A 2 8 TR B HE D ) 3
fE PR AL A

http ; //www.ecologica.cn



&t
B

2038 la SRS Bl 46 1

1 #REFE

1.1 Y 5 R HR

ARG TS KRB S (FRTFR HL) (B8R 2% (ML) FUXCE (FL) J2& 3 R R0 Al s gt 22 AEFR S A S Bl b4
A HISF VR B AR I 22 AL Rl R A K WA A T B AR IR R Y, R RS WA
“EBER BRI X N, ASSZI0 AT 0 e () B S 500k A FIT0G 2 Bg B T 0 P4 Al A 27 B8 e F 9 i 4 35 1) v AR 28
WEIERE S BE, ATV LA BTN W T T AR MR 2 A v AR 5 e e B 5
1.2 ik
1.2.1 RV FURE

2 M TR A AR F s | DR AR AT 3 4 3 B 22 AR AR AL ] (AR5 & TF IR 48 h )
HEATREE . SRR MO CIR AT VOCs BERLHFZ M, T A FE 5 35 T K 13:00—15.00 R4, REE
A A B AS — B AR T (BERE 20 2%) , SIBR IR Bz Bidb o, 0 R QIR B 2407 | o9 & W 7 )5 LA e
THE, BIUE 2 N E BRI, BT I SRR 4 CIRAE, B IRRE 3 MY E R
1.2.2  FRiESAYHI4 S SPME $2HL

FEHL 1000 mg/L IEAGBEEPRIESD  HIE Qe R R BE R | me/L, 5 ERAFE T 4 CUKAH . >R & AH
TIOR3/ BTE IR IR (SPME-GC/MS) I 10 WL TEABE A 2 A7 W B 7~ 19 20 mL T2 HERESR
80 CH#HE 10 min J5 , ¥ SPME ZBGELLE GC #HEET 270 °C %4k 10 min, TH55% 82 T4, 159 SPME #BGk% T
80 °C TWLff 40 min, TR 4E K Y Fe4r & 5, MG A 2 GC #EAE O, 76 250 °C BiFE 5 min o, BB 25 5,
SPME A Bk FR T 270 °C#4L 10 min' '
1.2.3 GCxGC-TOF MS R4Z%5k

il e A AR 45 R G B R B 5 ) R ] LECO Pegasus BT 4D (LECO, St. Joseph, MI, USA) GCx
GC-TOF MS &l R0, #52k Agilent 8890A S (i, Fir B AU I8 565 1 il 8 1 40/ AR Z i BB | i 2R
B R = 5 PE TOF B kA, (it S50 —4E %A . DB-Heavy Wax (30 m x 250 pm X 0.5 pm) F1—
YA HE Rxi-5Sil MS (2 mx150 pmx0.15 wm) ,—4EE3ER I 4G IR EE R 50 °C (4452 min) , LA 4 °C/min T+
% 220 °C (45 13 min) ; “ZEEREEIR IR T—4i4E 5 °C , T2 IR /= T 4EkE 15°C P61 E 5.0 s,
A ANE B TEE FGE R 1.0 mL/min, FERE TR R 250 C . Bk TR EN 70 oV, B T IHEE N
250 °C AEHILIRE K 250 °C, K il 2% H 1A 1960 V, T3 4 Y0 L R m/235- 550 , B9 SR 4 R Sl 200 i
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Ew CAS 5 4l K AW RE 27 Sk
Compound CAS number Purity/ % Producer Biological function References
BT PORCS-+ IR L CIPIRN (VI E R LS

= 96-17-3 95 Sigma-Aldrich RS R e AR s A T [21—22]
2-Methylbutanal 1

Bl e S

BTG
LT 123-86-4 =99 Sigma-Aldrich B BB A [23]
Acetic acid butyl ester

JE A TG
P MTE“ ) 141-32-2 =995 Sigma-Aldrich B 5150 Bl [24]
2-Propenoic acid, butyl ester
- 112129 =98 Sigma-Aldrich  SHCBEHTEZ BT 1 1 [25]
2-Undecanone
S o RBRA AR, TR
3-Methylbutanoic acid 203-74-2 % Siema-ACR | Sk i, )
AR 100-52-7 =99 Sigma-Aldrich SBT3 EF Sy [27]
Benzaldehyde
N . Rt AR A A
wPinenc 80-56-8 98 R R Wb [28—29]

CAS . L2249 H % 55 Chemical abstracts service

1.2.6 F7 R0

FRAE 3 Fh 2= AR IL A5 R Mo & B\ ROAV Zr BTl 2R S it N SCHR G T4 & i o 7e 8520 B VR FH ) A
KARIE , VEHC T 3R 1 i 7 FP HAR VOCs, DA s 4l BE A 35 s 50, B EE L] 0.2% 2% . 10% \50% e BE RO
¥ 50 mL B0 s oE M AN T AT, N EEMEIELACH (1 emx 1 em) o BEICAERR Y A8 28 A/ x4, 78
BARZ 30 em ORI BB FEREIEAE (75 S0% MV | SBHR 2 MR AT, SR 5 R G55 BIURLZE X L 23R
[B] R ) I A TR, B ORISR RO TE R (LB 1)

FEPRIC S 28 R [R5 RS SR IR BAE , SE 0 L AL e T 4R 3 A 30, e BAE i i 10 pl 5551
IKBLAEN 22 A6 T B BRIRAS | 76 1 45 /NG A6 G HLRB ML B 7 A OB AL , B U I 75 Bt ML % 158 2 L 10 B3R 7 2 v
U o e SR BT IS (1 2) o RIS B e el il i 1) SIS ARR AL By 1k e R B
B R B R TR, IR B e i 1 2 LAV B o7 B AR e g S 38 M 0 A 70 J K LA BB L sl 0 T 52 SR

AT R IR b, 7 R R X e 5 | RN AT R A B SR Statview BRI E S 800 B
Mann-Whitney U test 47 FL 3 4387 5 IO A AS [A] Wk B 4% 48 T 2 & ) 0 455 06 W0 5 | 200 7 1) i 34 bL 3¢ 43 B ok
Statview #AF P AYIESEUHT Kruskal Wallis test #E47 FL 0T ; P<0.05 YRR 2ZE R %

2 HRESH

2.1 EAEER MY E S 0T
2.1.1 R A RSB

K GCXGC-TOF MS AR  FLU5E X 2% (FL) #2% (HL) #5822 (ML) iR A ML S P (VOCs) 43
2R 3093 3177 2838 Fli (&l 3) . —H 1Y VOCs EEAAFEREIE BE B 0 R A MR 2 IME &9, Libideh

http ; //www.ecologica.cn



2040 JAE = 46 1

TRy, i 29.1%—37.6% (1K 3) . o 22410 VOCs i 2, B ds (37.5% ) FIEE2E (8.3%) i L
FIREEFNEE 2 KL (6.0%) JBESS(7.5%) FIAHLIR (2.4% ) & i o

B ZEETANRERE B2 ZHEEERE

Fig.1 Selection of false flowers for bee behavior test Fig.2 Selection of false flowers by bees

E A F AT R 3 Bl 22 AEBI LIIR KRR FISR GR35 (EX 2 SRR AR | 3~ (i A A,
22 MIRASBR AN F A R fi .2 (181 3)

5 4000
g? 3000 |-
& % 2000 |
=
%5
22 1000 -
N
[l
0
FL HL ML
EVITES
2EME e FL —o-HL —o ML ©
=S _% 100 |
22 B B B am
BE st R
Uiip AU i E ﬁ%@%
ﬁ% S — f:ﬁ%iff;@
‘ ol — 2
EHEE s 25t HAt
&
£ 0
fUS U § FL HL ML
AR A LR

3 BRMEMRAR
Fig.3 Composition of volatile substances

FL. X% Neofinetia falcata; HL; # =% Cymbidium faberi;ML:52>% C. sinense

http ; //www.ecologica.cn



43 B 2R3 P 2R O B e I R Y 0 2 R AL 2041

212 ERMEYIRZE ST

W2 2 s 23 ] VOCs AR 1241 Bl (P 4) o X —SRARW 3 B 22 e IR AL DR B T %009
KRR, IFATRE S HA B MM AT 5 22 A T4 R W% HL vs FL AT ML vs HL 4 K 3] i 2 1 73
P25 VOCs, T =2 LA SOA 1| M2, N Be2SAl a4 2- P S R - 2-F RN R . BLAOKR A HL vs FL
HA 118 i VOCs R, 112 F 3 ; ML vs HL o N 118 i, 3 102 #f; ML vs FL AR 88 F, i/ 83 Fil
(E5) o RIHTRIT, > (HL) 58522 (ML) By —28, K2 (FL) WA A, ST 20 2 A AN TR 3
WA HL 5 ML B VOCs (L6IK30) 5 FL A27E W 2% 5

HL
A : —— ZAERN
l

!
b
b
¥

J

HL vs FL ML vs HL vs FL

ML vs HL ML vs FL

I

il ]

FL2 FL1 FL3 HL3 HL1 HL2 MLI ML2 ML3

4 ZRBRNRERSN
Fig.4 Analysis of differences in orchid aroma substances
P v i Pl A — R AR 2 2 DR W 8, T A T A AR AR A L 3 ) 5 00 g XU ) B, = 8 A AR AT N AR 2 e S P 4
) 4 XK B AN R 6 3 P2 A 22 5, T 78 DX 22 2 Ao 26 5 0 s AR % o 19 22 /03 o 60 FR S [ S o 20 I 20 A 0 2%
o5 B O AT L AR AR AT AR L, P o e 00 By SR 2] 2 S ) TR R 25 SR 2y

2.1.3 ZAERBRIGE(E(ROAV) 4047

ROAV 43 #1 1l LA BH B3 P2 & AL & WA A S B AR SRR BTk . AnTEl 6 w0, K22 ROAV A AT =1
UG 2 LT (100.00) B2 T HR(50.44) \2- MK (33.69) ; 3> ROAV {HHEA TERT Y2 2-H L T
(85.60) 2-IFEMNHG (80.93) L FR TR (62.02) ;84824 (ML) ML 2-H 3L TS (100.00) 2% 3L IR (47.93) 2-
THHIE (9.36) I EETTIRE . [EATEREMRE,3 MG 195 ROAV (LAY 2-H 3L T 28R T HR .2-1%
Lk TSR, ok 2-FU LT REAE FL AT ML 23K 2 308 e KAH (100.00) , 78 HL H s & 48 32 3 b 7
(85.60) .
2.2 EEXTRIRER EAG UV

A3 ILL 0.4 4.0 ,40.0 g/ L =AU BE 6 B X 48 el ff1 30047 7 AP AT AL B RS 2-F L T R TR
VIR T HE S5 o= JR M T —Be i) 03, 25 R o , EARVR E (0.4 4.0 /L) T, % B 75 3 1) ik oy fEL A7
(EAG) i fieift, RIS 2-H L TN EAG O B 38 i T HAL A9, BRI EAG i iy 5 B g vk

http ; //www.ecologica.cn



2042 AR ¥ I 46 %
HL vs FL y OOO ® ML vs HL
& o o ® Yo
6 % o 2 &.& ® o
(€] ¥ Q 6 | 2
o g CO%O. o 2
O. é; %% $% ° gy%q
® 3% 8%e O
4 © dW° © ® o
) cg) ) . 4 r e C')
& o So % S
OOQ g © 8 dg
"\:k; @ Qbo )
2+ &
® = 2r @o ¢ o o
% L e %o
O _| 1 1 1 1 0 _I 1 1 1 1
,QI”Q) -20 -10 0 10 20 =20 -10 0 10 20
5 % ML vs FL logz(FC)
e © o
@ ® o
6 o O®O 00 ds
0a0”® & @ A
e ¢ A,
® ° T
4r L

loga(FC)

B5 ZREREFWRALE
Fig.5 Volcanic diagram of different floral substances in orchids
P RS RIS — R BT, A8 A B s S B E WA i o A 22 S AT A X BB ( Log, Fold change) s AARFRILTR P {EAY~log XTHL(E . ik
PRAEXEBR , W B BT R i ] ) 3K P 2 SR YA AR B BOK , R 22 R RN 35 P<0.05 Fil | Log,FC | >1 KRR
B L@ R AR B RRIR Y, O TR RIS, KO s AR AR I BI(E 22 5 A 35 1 B

FEMHSE | BV B TE R ISR . YRR 3 Fh 22 AR MR O B A, 2-FH BE T 1) EAG BV 3 B AR TR
Fi R e 1 2 S AR LM (HAE i R (40.0 o/ L) FAARIR KRN, .35 5 T HAl voCs (1| 7)
2.3 XTSRRI R S

1T RS0 E BTG T 7 MR R A HLE Y (VOCs ) TEAS [R] Mk JBE T W 48 W (W 5 | 2407 . % 7 Ffh VOCs
IS SR AT LU AT, 25 A 7R, AN oo~ TR %o 2 4 T TR 5 | 2007 b 35 48 T 2% 8% ( Mann-Whitney U £355,
P=0.02, 8) , A2 R A RE (P>0.05) , #—2 R Kruskal-Wallis K 56 PFA% A [a] v BE X 4k
W I 73 | B50NE R 5], 25 SRR AAE TN 4 Fhik B2 251, 7 Bl VOCs X 88 M8 i 5| ) 34054 4 9L i 385 2 SR vk
I (P>0.05)

3 Tt

REBAEAESFE RN T ECF B HCE R Y FE T (Luculia Gratissima) FE4H1 % 5E 8] T 20
FHE R 26 0 A (Lilium spp.) 46 S8 T 59 FhAE S #E K W00, I 20k 14 A 400 4 2 T 2R A 4
( Gardeniaj Jasminoides) RE PRI RO P2 & 1 4 e ) o ARG EE R 3 Fh 22 18 B4 &MY 5 = ik 3000 4%
Pl 3) i i T HAAE Y AR R Y . X — RIAUE R T 2= BHE Y & B R A i A e 0, 4/ i
FERIHFEAL b AT B o 5 B S TR AL 22 (5 S R 3R S TS AN A BAENLH . 53 SR R Wy 3 =2
(HL) 582 (ML) RR—2 , K= (FL) WEpk S | AR5 508 2 AN IRE | AF e & ] 22 500 & —28, 5 &

http ; //www.ecologica.cn



44 BT A5 3 FE 24T T ) SO X e W A 1 AN 1) 1 S S AR RIL 2043
5 75t
<
>
2
s = & ZETHE 62,015
o]
'%‘; i ZE T 50438 a DeBE 52.514
'L> S 50+ e  2-TRAENRI 47.932
é ; A2-TAiE 42278
~ % @ 2RI 33.692
o~
25 - © 23-T 1 23.019 A PRI TG 25.952
y A o-pineffs 18.329
ZR 7211 o 2EARE 17457 2z 11295 epineth
AR TS 7.114 THET.S68, a 219058 o ZEHE 9359
rekemon g a0 3 Lttt e g AT
a-pineffs 3..SQ4 FL HL ML E Y4 | 4.373.
22362 Orchid species
BEl6 SRkiEE{E ROAV HAE
Fig.6 Scatter plot of odor activity values
B AR AR RN AR AL, AR RS KR P TE ROAV B, B (5 3 7n AN [R] 434
1.5
W 0.4 g/L
>
L
g —
#E 1.0 | —E
23
= &
=0
£<
[sa)
0.5 H
52
=
o
~
0
LS 2.0
. W 40 g/L
> REE: 4 g/L
L
I S
5 10t
23
7 &
a 1.0 H
E<
8o
5205
= 0.5 H
o
[
0 0

ZBR T
FIRR
a-JR I

&
B
®

2-FIRE TR
IR T
+—bemR
2-FIE TR
ZHRTHE
PR T s
FRmR
o-JR I
S
+—beh

224 AR Orchid fragrance compounds

B7 FRRERE(0.4¢/L 4g/L 40g/L) Bl EAG il s L
Fig.7 EAG antenna positions of bees at different concentrations (0.4g/L, 4g/L, 40g/L)
EAD; L T35 19424 Relative potential of Electron Affinity Difference ; /N [|] i 5 2 7~ AN [HJ 5 & MM B, AS[R) 7R 38R 22 5+ 1 3 (P<0.05) , M) 5
BFRREFALE (P=0.05)

VA eats S oy E/ R
BT F2 ], R 22 4658 5 F L LUARIH AL 22 LB 2 1) VOCs ZRRED T ARGl 1 B 2 1L 215

http ; //www.ecologica.cn



2044 xR 46 1

ISR R RIS SO, BN Bek A S 2 Rl

DL 0 (M 8 38 N INT IR O B S LA TR 0 g% % BT ?ﬁ%: )

(C. floribundum ) V|38 355 A8 50 AL 22350 43 BE L 3-F2HE @;3 ol : ?0

F% ( 3-hydroxyoctanoicacid ) A1 10-¥% - E)- 2-28 & R %" ;3 -+ 50

(10-hydroxy-( E) -2-decenoic acid) F4EE L FlTR &9 % E 5t

Sl H AR (A. cerana) ", ARWFFTLEFFW 3 Fh22 48 E

(19 VOCs 3 PLBERR IS o D 35 o3 (R & 1>299%) | 3L T ® ® B ® u E
YR 2 AV USRS e R (1 4) 5 £ 8 = @ &
FL 3 B2 2 18] 16 7625 75 5 40 WA A7 A 1241 B 36 ) TV OE -
VOCs il 170-240 Fl 5 vOCs (& 5) . X Ei—w 22 4B F MR Orchid fragrance compounds

S AR RGBT R 2R YITE R AR B8 RERE(0.4% 2%.10% 50%) BHHITT H R A
BEA L aE YR B A B 45 R WS Wt Fig.8  Behavioral responses of bees at different concentrations
%ﬂiﬁ{igﬁ}ﬁ%jﬁ?%ﬁ{%ﬁ%o . SR IO ) B W R 5 | N, AT LRSS ATT , AN o-IR A R A R 2 2

ARG S AFITRRIBEIREARRIENE g 00 st s 5o, Sl 12 1292 57
fEEZ, H 3 M2 fE b TR0 MV A SUSHRRIE” o (p50.05) s FIJH Kruskal Wallis test % 4 AW FE 345 H B 4007, A
TR 23 6 22 4 S Q1 fr] S 00 8 06 O O P R K Y W7 I 2 IR G 92 5 (P>0.05 1T NS #r%)

3000 AP AL A1 K M A3 2 75 6 O 1 5 2o A v 4

a9y E EEAE Ve FRATER I T 22 A0 A5 B3 A T ARG I 1 W5 5 1S MR I 5 | e iy (R b, 3
— MG ARG AL A ) ST A ADL 2 e O 4 ) ) O, 5 | R HAR R ATy BC B  Iml e, H R AR e SRl A B2 —
JE (ISP | DT 8 1k 2 e 2 o] - R AL A s At

JEE 2T R 3l 2 AEREAR BRI LU R AR ISR OAE Y |, B 3 Fh 22 IR AL R A
FERLRE NS R R EHR AT BE . ROAV Z0Ar4h S R 2-FF L TS 3 b 22 48 A0 o 51 8 A0 A URRAIE A9 BT ik
WEY, HUOE CIR T g 2- S FE R | T IR T IR o-JR M T —Le i 45 (&1 6) o Af ABFFE R, 2-
FETREAE 2 AEAE B Y b B M ASHF ST ROAV Z0Hr 4l i v e il 2-FF L T 3 Fh 2 e S i fe o
B TRFEY T, PR, 38 R B 22 AL R T T BEZE IS | 20 B HU PR F VR A

ST AR T DL 2- IR T ESE N 00 7 R LA (6 1) JF IR T 30 Bk i 4 T M 1 0 X
AR (RIS 5O L RS o R 25 SR e B IR R T A R ™ A 1 el o PSS e v, T e 71
S 2- BT A A Ay RS R B (B 7)o X S BB ALY (Pyrus spp. ) ¥ &) B 2- 3L T R R
B (A mellifera) R P AE 28 W6 (14 fol ffy P07 SR 285 SRAHW & 18 L SR, A7 2 DR 45 SR 3 I, 2- R 38 T oK
P RS ) AN 2 i 25 W 15 | e ) ) %) SR 5, ELAE DU AR TRD R BE T, 7 P A B 4% 4 i b 8 Mg (R Wi 5| 1 9 oA o B
BEMRZETE (B 8) o XHRIRANEE o — b A5 W ME LA R 22 A0 0 e () W 5 | WL, L SEAR FH ML T e & 2 40
53 Up RV S i S AR I L 3 [R) Pe e 1)

F T2 W e — R IELE 4 R AT 2% ST 1O RE 75 ) B 1L, R TRV B 8 A6 7 40 S HL i 5 | 07 ] REAFAE
25t [ AR RY) Z R G T 7= A DR R8s, We 5 1 2 4 BL e, 914, & 75 8 (Annona cherimoya ) H 5%
5 2 P I o 2R 3 BEIE ( Benzothiazole ) Fl ( E) -B-FF M4 ( ( E) -B-caryophyllene ) X FELL GRS T A X 2 745 K2
FHREZ H (Optatus palmaris) BAWBIRCER™ , FL, KA ITTH RGIFE 22 AT LAY A e -k
YRR LS fRATTIIRLEZH 5 SE I R I 5 | Y OGS T Bk 28 AR s 2 2 AT S LI T Bt — AL W R L
YERIBLE

TESRI SRS TVF 20 5 (JUHUERE R 40 ) SR Ul , SR e JE R VR TR T AL I OCHE R 32| B i o
2 IR R AR I SRRHE T MR BRI [ OB TR AL, M AL R & B AR 4k, B AR

http ; //www.ecologica.cn



4 34 O A3 P E 22 AR STOGH B I 5 O ) R S K AL 2045

AR L T REAEL U IR 0 N R AR I A R S R e e R AR AR T B 2 1 A BT HE A4 R SR 2R
B AR TCAR I 1) 22 46 G o] AR (15 8 M RR 2R 1 a9 31X — N TE ML PR 1 1% 58 1 sh 4 < 2 > - ke
IR AR |1 JE B0 I IR 00 5 (1 DL 7 DUME LA A 3, SRR (977 0 2 S 2 R R ik
TEUE A SCHE AL A ) B BAT 5 22 5 | 5 s S U AE IO P EDK AN TR AN R o At 14 PO O AL A
MG SRR . b XM 22 AR E A 1, R B S RGP YR MY i, VEE N, =
FEVS G B W SRy BEAT IRy , T BEAEAE S N S AR SR o i, A T n] BRI A2 2% A8 A A R ) o 4 e
H TR B S -5 -6 Ak = BRI , B 56 LA S 23 ORI 5 2 S 0 ), P e BB 7 S ) R Y
75 AHEIR AR, fe e R M A2 5 A, T S B S s A5 4E o by st mT UL, G PR BILR) AT REAH 4 52 %%,
VyTs E— B RATE ST . AR — LI AU IR R A AR B N 517 2058 5 Al A 26
SRS I ek e LA A AT | 28 e s SO Bl P 22 A 15 e 1) =2 > BB D BRGR, SE BRUAR 2 A B L8l . KA
i AL SO i P 1 o A SR SR AR L AR, A R I 0 2R B0k 5 17550 452 1o 4 Rt PR Sk

4 #ip

AWFFESEE T 3 Pl 22 S R R VIR T, T B 2- WL T 2 = LA i S SURE PE L, B
S ik £ FL AL N SR AR 7S AR T 2- R TR A 2 S 22 AE AR R M I AT S Y R A TR (B
P AR B i ) R 5 8, I S8 i 2 T AR A B 7 I ) 22 A e ) A oy B RO S T LA, O L R £ 432
Ty SRt A HE A L RS LG ) LA, S BHLARR =2 R 1) AR 2 R AE S B I TR A S A

22 3L Hf ( References) :

[ 1] Friedman W E. The meaning of Darwin’s ‘ abominable mystery’ . American Journal of Botany, 2009, 96(1) . 5-21.

[2] SR SRSk R R A, IRk, 1996, 13(3): 2.

[ 3] Johnson S D, Anderson B. Coevolution between food-rewarding flowers and their pollinators. Evolution; Education and Outreach, 2010, 3(1) .

32-39.

Dobson H E M. Floral volatiles in insect biology. Insect-Plant Interaction, 1994, 47-81.

Dobson H E M, Bergstrom G. The ecology and evolution of pollen odors. Plant Systematics and Evolution, 2000, 222(1) ; 63-87.

Knauer A C, Schiestl F P. Bees use honest floral signals as indicators of reward when visiting flowers. Ecology Letters, 2015, 18(2): 135-143.

Balao I, Herrera J, Talavera S, Détterl S. Spatial and temporal patterns of floral scent emission in Dianthus inoxianus and electroantennographic

responses of its hawkmoth pollinator. Phytochemistry, 2011, 72(7) : 601-609.

[8] LiuYB, Zeng Z J, Barron A B, Ma Y, He Y Z, LiuJ F, Li Z, Yan W Y, He X J. The involvement of a floral scent in plant-honeybee
interaction. The Science of Nature, 2022, 109(3) : 30.

[ 9] Hansen I, Olesen J] M. Comparison of reproductive success in two orchids: the nectarless Dactylorhiza majalis s.s. and the nectar-producing
Gymnadenia conopsea s.1. Nordic Journal of Botany, 1999, 19(6) . 665-671.

[10] AW, B4, DR 2RHHYIRIRIEI . P20k, 2012, 20(3) : 270-279.

[11] Papadopulos A ST, Powell M P, Pupulin F, Warner J, Hawkins J A, Salamin N, Chittka L., Williams N H, Whitten W M, Loader D, Valente L
M, Chase M W, Savolainen V. Convergent evolution of floral signals underlies the success of Neotropical orchids. Proceedings Biological Sciences,
2013, 280(1765) : 20130960.

[12] Schiestl F P, Ayasse M, Paulus H F, Lifstedt C, Hansson B S, Ibarra F, Francke W. Orchid pollination by sexual swindle. Nature, 1999, 399
(6735) . 421.

[13]  BEUre, K0, T SR MR R U SO AEI 7 < H AU TS, AR BL2ETR L, 2018, 31(4) @ 142-149.

[14] LiHH, Geng W H, Haruna S A, Zhou C G, Wang Y, Ouyang Q, Chen Q S. Identification of characteristic volatiles and metabolomic pathway
during pork storage using HS-SPME-GC/MS coupled with multivariate analysis. Food Chemistry, 2022, 373, 131431.

[15] Sun C X, Wang R, Wang T Y, Li Q. Primary evaluation of nine volatile N-nitrosamines in raw red meat from Tianjin, China, by HS-SPME-GC-
MS. Food Chemistry, 2020, 310 125945.

[16] DaSilva G C, da Silva A A S, da Silva LS N, de O Godoy R L, Nogueira L. C, Quitério S L., Raices R S L. Method development by GC-ECD and
HS-SPME-GC-MS for beer volatile analysis. Food Chemistry, 2015, 167, 71-77.

[17] Djoumbou Feunang Y, Eisner R, Knox C, Chepelev L, Hastings J, Owen G, Fahy E, Steinbeck C, Subramanian S, Bolton E, Greiner R,
Wishart D S. ClassyFire: automated chemical classification with a comprehensive, computable taxonomy. Journal of Cheminformatics, 2016, 8

(1) 6l.

http ; //www.ecologica.cn



2046 JAE = 46

[18]

[19]

[20]

[21]

[22]
(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

Zhu Y F, Chen J, Chen X J, Chen D Z, Deng S G. Use of relative odor activity value (ROAV) to link aroma profiles to volatile compounds ;
application to fresh and dried eel ( Muraenesox cinereus) . International Journal of Food Properties, 2020, 23(1) : 2257-2270.

Garg N, Sethupathy A, Tuwani R, Nk R, Dokania S, Iyer A, Gupta A, Agrawal S, Singh N, Shukla S, Kathuria K, Badhwar R, Kanji R, Jain
A, Kaur A, Nagpal R, Bagler G. FlavorDB: a database of flavor molecules. Nucleic Acids Research, 2018, 46(D1) : D1210-D1216.

Kieffer D A, Piccolo B D, Vaziri N D, Liu S M, Lau W L, Khazaeli M, Nazertehrani S, Moore M E, Marco M L, Martin R J, Adams S H.
Resistant starch alters gut microbiome and metabolomic profiles concurrent with amelioration of chronic kidney disease in rats. American Journal of
Physiology Renal Physiology, 2016, 310(9) : F857-F871.

Braimah H, Van Emden H F. Attractiveness of some host plant and conspecific male semiochemicals to the banana weevil, Cosmopolites sordidus
(Germar, 1824). Ghana Journal of Agricultural Science, 2006, 37(1) ;75-84.

I, M0, Mk, kBT, BB, B 2R AT R b E AR 2E ), 2023, 39(16) :52-60.

Lu P F, Qiao H L. Peach volatile emission and attractiveness of different host plant volatiles blends to Cydia molesta in adjacent peach and pear
orchards. Scientific Reports, 2020, 10, 13658.

Xiu C L, Zhang W, Xu B, Wyckhuys K A G, Cai X M, Su H H, Lu Y H. Volatiles from aphid-infested plants attract adults of the multicolored
Asian lady beetle Harmonia axyridis. Biological Control, 2019, 129, 1-11.

Szuman-Szumski K J, Pea A, Kelly D R, Campos M. Identification of chemicals attractive to the olive bark beetle, Phloeotribus scarabaeoides, in
laboratory bioassays. BioControl, 1998, 43(3) . 345-355.

Lopez-Lopez N, Rojas J C, Cruz-Lopez L, Ulloa-Garcia A, Malo E A. Dog hair volatiles attract Rhipicephalus sanguineus sensu lato ( Acari:
Ixodidae) females. Journal of Medical Entomology, 2023, 60(3) . 432-442.

Luo Z C, Zhang Y, Zhang P P, Liu L Y, Yuan J X, Yan S C, Liu W, Wang G R. Benzaldehyde acts as a behaviorally active component in
brewer’s yeast protein powder which attracts B. dorsalis through olfaction. Journal of Chemical Ecology, 2024, 50(12) . 1010-1022.

Collignon R M, Swift I P, Zou Y F, McElfresh J S, Hanks L. M, Millar J G. The influence of host plant volatiles on the attraction of longhorn
beetles to pheromones. Journal of Chemical Ecology, 2016, 42(3) . 215-229.

Lee HR, Lee S C, Lee D H, Choi W S, Jung C S, Jeon ] H, Kim J E, Park I K. Identification of the aggregation-sex pheromone produced by
male Monochamus saltuarius, a major insect vector of the pine wood nematode. Journal of Chemical Ecology, 2017, 43(7) . 670-678.

Knudsen J T, Eriksson R, Gershenzon J, St&hl B. Diversity and distribution of floral scent. The Botanical Review, 2006, 72(1) . 1.

Knudsen J T, Gershenzon J. The chemical diversity of floral scent//Biology of Plant Volatiles. Boca Raton; CRC Press, 2020, 57-78.

Lin W D, Lin S. Floral scent composition inLuculia gratissima ( wallich) sweet analyzed by HS-SPME-GC-MS. Journal of Essential Oil Bearing
Plants, 2016, 19(7) . 1801-1806.

Wei LJ, WeiSH, HuD L, Feng L, Liu Y Y, Liu H W, Liao W B. Comprehensive flavor analysis of volatile components during the vase period of
cut lily (Lilium spp. 'Manissa’) flowers by HS-SPME/GC-MS combined with E-nose technology. Frontiers in Plant Science, 2022, 13. 822956.
RIGEAT, 2R, R, R, MR, HE T BF A8 AL K R EE AL A0 I ISR RUBOR B B4 A . P RO AR 2020, 53(22)
4710-4726.

Salzmann C C, Nardella A M, Cozzolino S, Schiestl F P. Variability in floral scent in rewarding and deceptive orchids; the signature of pollinator-
imposed selection. Annals of Botany, 2007, 100(4) ; 757-765.

Schiestl F P, Ayasse M, Paulus H F, Lofstedt C, Hansson B S, Ibarra F, Francke W. Sex pheromone mimicry in the early spider orchid ( Ophrys
sphegodes) : patterns of hydrocarbons as the key mechanism for pollination by sexual deception. Journal of Comparative Physiology A, Sensory,
Neural, and Behavioral Physiology, 2000, 186(6) ; 567-574.

Sugahara M, Izutsu K, Nishimura Y, Sakamoto F. Oriental orchid ( Cymbidium floribundum) attracts the Japanese honeybee ( Apis cerana
Japonica) with a mixture of 3-hydroxyoctanoic acid and 10-hydroxy- (E)-2-decenoic acid. Zoological Science, 2013, 30(2) : 99-104.

Ma W H, Long DL, Wang Y, Li X Y, Huang J X, ShenJ S, Su W T, Jiang Y S, Li J. Electrophysiological and behavioral responses of Asian and
European honeybees to pear flower volatiles. Journal of Asia-Pacific Entomology, 2021, 24(1) . 221-228.

Pineda-Rios J M, Cibrian-Tovar J, Lopez-Romero R M, Herndndez-Fuentes L. M, Soto-Rojas L, Llanderal-Cazares C, Garcia-Sosa P R, Salomé-
Abarca L F. Volatilome analysis of soursop fruits for the determination of kairomone components that attract the Annonaceae fruit weevil ( Optatus
palmaris Pascoe) . Plants, 2023, 12(22) . 3898.

Wright G A, Schiestl F P. The evolution of floral scent: the influence of olfactory learning by insect pollinators on the honest signalling of floral
rewards. Functional Ecology, 2009, 23(5) . 841-851.

Bhatia R S, Gupta D, Chandel J S, Forestry J. Relative abundance of insect visitors on flowers of major subtropical fruits in Himachal Pradesh and

their effect on fruit set. Indian Journal of Agricultural Sciences, 1995, 65:. 907-912.

http ; //www.ecologica.cn



