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i E [BM] HYNELEESERIENENEERAELNZN, NEFTLHBERE Actinidia
chinensis ‘Hongyang’ M #£ F 4 % PSR X 4R 07 25 1% Apis cerana FITPE 5 2 % Apis mellifera 47 0 OB Y 22 5
[ Fix] RIS BAHMAEBCS SR AR ( Headspace solid phase microextraction-gas chromatography-
mass spectrometry, HS-SPME-GC-MS ) %5 £1 BHBRIEMEMEAE H4 5 T 0L o B A & i, IR B S AH G
T -l ffy FLOZ I TN i REGE ( GC-EAD) Fl Y BYMSUGE SN 5 AR Ty 8 e ARG 7y e e o £ BEL B A b B 42 A 7
Ml FIIT RN [ R ] GC-MS Z5F %M, LU BHBRIENMEAEFE £ PESRSA 33 iy, ffarEss.
RIS, W2, IR, mEmZE . R3S, MRZRRERZS. GC-EAD Z5IREW, A MABRERKMEIEIE LMY b 7
A G YO ERE . TR, ROBE. 2,6,6- = HIHE-2-FRCM-1,4- 200 . RHROER . KRR H ERAURA-3-C
IS 2-H L T PRI RBAE 5 | S AR 5 B I RNV 5 B e () sl Ff S 7, T 3 KB BRI Bl L 7K AB R LB A B-
ST H 5| AR B 0 fil AR SNE o WRLEAT O SO 25 SR 3R B, £ BB MERE I SO X ARy 4 e B 5 |
YEH (P>0.05), 5HERN 60%; XPHJy s A KRN (P<0.01), WERE 67.5%, [&ik] &)y
5 WA RIT Y )y 0 oF 21 BRRRAG K HE A 20 P AR g i) 7 A Wb 2 2 5, R S M o 21 R ABE W E A 1) SR T
R, TV S 0 X 4T B BRI AL A SO B B S Ok, R, R AT BHARIERR R B, 7R 5 4 A
X TG 5 e T AR
XKEIR  LMHBRIGRE; ROTEE; WO, s BARRMEERCS SRR s SO -fl A 70
AG0; Y BIREEAY

Response of the honeybees Apis cerana and Apis mellifera
to Hongyang kiwifruit female flower volatiles
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(Institute of Apicultural Research, Chinese Academy of Agricultural Sciences, Key Laboratory for Insect-Pollinator

Biology of the Ministry of Agriculture, Beijing 100093, China)

Abstract [Objectives] To investigate whether volatiles of female Actinidia chinensis ‘Hongyang’ flowers affect honeybee
foraging behavior. [Methods] Headspace solid phase microextraction-gas chromatography-mass spectrometry
(HS-SPME-GC-MS) was used to identify the components and relative content of volatile compounds of female Hongyang
kiwifruit flowers. The responses of Apis cerana and Apis mellifera to these volatile compounds were determined using a gas
chromatography- antennae potential measurement system (GC-EAD) and Y-type olfactometer. [Results] GC-MS identified
33 components in the volatiles of female Hongyang kiwifruit flowers, including alcohols, esters, ketones, hydrocarbons,
terpenes, aldehydes, amines and salts. GC-EAD results show that linalool, nonanal, phenylethyl alcohol, 2,6,
6-trimethyl-2-cyclohexene-1, 4-dione, ethyl benzoate, methyl salicylate and cis-3-hexenyl 2-methylbutanoate induced
electroantennogram responses in both A. cerana and A. mellifera. However, cis-3-hexenyl acetate, ethyl salicylate and

B-Ionone only induced a response in A. cerana. The Y-tube olfactometer tests showed that the volatiles of female Hongyang

*PEBhI H Supported projects:  WAECH AR MY AR AT B E K IR M = b FARIA R (CARS-44)
*#2f —VE¥ First author, E-mail: grace.l@foxmail.com

ek FH IHAE#H Co-corresponding authors, E-mail: apis@vip.sina.com; huangjiaxing@caas.cn
WekS H ) Received: 2021-10-13; %32 H ) Accepted: 2021-12-07



13 TR BN Ry M AN TGy B T £ B W A4 A R i 7 194 25 .59 -

kiwifruit flowers were not significantly attractive to A. cerana (attraction rate = 60%; P > 0.05) and that the same volatiles

were repellent to A. mellifera (avoidance rate = 67.5%; P < 0.01). [Conclusion] There is a significant difference in the

response of A. cerana and A. mellifera to volatiles of female Hongyang kiwifruit flowers. A. cerana doesn’t have an obvious

preference for these volatiles which are actually repellant to Apis mellifera. Therefore, A. cerana should be a superior

pollinator of Hongyang kiwifruit than Apis mellifera.

Key words Hongyang kiwifruit; Apis cerana; Apis mellifera; HS-SPME-GC-MS; GC-EAD; Y-tube olfactometer

BRBERERE S OKRZ 7, HHE & KE
AR C, HHBSER, T2 AMTWEZ. BF
etk T MEME S0k, MEPEAETE T o 2qE, AR
A AR, HREHAEMIKE, AT AL
¥243 ( Tacconi et al., 2016; Richardson et al.,
2018 ), Palmer-Jones £ Clinch ( 1974 ) & X4Ri&
T E R BRSBTS AR
B AR BRIERR 0 R F A, BRI Ay B e SR
PR TC I 220, RS TN TR .
AL, 2T 5 3% I 4 B S A e bk 17%) = AL A 1
A~ (Craig, 1989; AA R, 2003 ), 1 HAR
BEAE R, | /IR R B TIE S0 48 4 R AE 1Y
PeE R EEAEH (Tatsuka et al., 1990; Matich
etal., 2003 ),

BRI P 52400 vy S AR s e, T PRI B R AR R AN
FEACEE | I TE R LB AL AT ) i = 2
KR TN o BREBRMEMEAE AERY 8 TIE , M
P A6 X] 28 e PR W 5 | FH O 2 AR08 T AR SR 14
PES BE ( Tatsuka et al., 1990; Nieuwenhuizen
etal., 2009 ), Twidle 5 (2015 ) i <AH (A 3%-
fil Ffy LT L SR LT - BT IO T AN R AL AT AR
1 7 645 B IR A BR AR Ak Actinidia deliciosa
‘Hayward MEfEH1Y 6 PG4, HELTA 5 Fl
G YL T % % Apis mellifera fill # S ;
T L A8 IR A BE A% 75 | 62 VY Jy 28 06 fih R I
FfE &I AR SE M . Twidle % (2017 ) 2R H
BT 2 Bl ‘Hayward” . “Chieftain®, ‘M56°
‘Zes007’(Greenl1). ‘M36°F1M43> 6 MFrEHk
gk, R 45 Fiibad, HepR2Em
IS 98% LA I, FRBAAS R S b B BRI SR
CTAHMNEREEMEA B ENER . A,
Twidle %5 (2018 ) fEM33°MEAE . M1 HfEFEFN
Gold3 MEAEHKINF] 48 Fibad, T AEHR
PR L Gold3 MEFEA 11 A% &) BT 5 | 2 7

Dy B R fl A SO, B 5 R R R PER S
Hi BE % Bombus terrestris O filf s . FIIL, A
[F) i A 110 5 e 5% [] — A BRI AR 1 45 R AL A
Wi e 15 A AN [

21 BH%REAk Actinidia chinensis ‘Hongyang’
J& T rh AR RRAE Rk, V014 S LT R BRI 2 U5
RRMFPRIX (BA, 2020 ), #2 A ASH
FEA S AP LT SRRk , HF R KF B s Rl (A
NS N R 1 018 o O = W o B B2
S B N MR BT 0B S D S R R o 2-5 %, TR
E NAMIRBER S A 21 (SERiAR, 2009 ). 1
Je e fRFeln (1990 ) EVIBRERRAER) 16 FhE
dir R IR, ZRITEE Apis cerana FIPH 5 2 1 fif
7 Ee B K, e R o R 45 (2020 )
I W 2y T LA v A A 1 SR S R R
BT, (A TR 21 PR I AE 2 X T 4 S A A ]
TR 2RI PR HRAL TR RK - B, A
AN R AR A T R 9 AN BH A

ARG 2R FH AR 3 - fioh A7 R 7 6 D 1 3R
G Y B3 HT 2R J5 B VG 7 5 M XS 21
PR HE AL 35 2 PR T A M 7, IR R T2 [
AR AR B S5 36 FH A R X6 21 BH R e AL 1) #2
KA BT YT o WS4 N Bh T s SR
BREE BB I | AR SE R b b 2 e B by
AR R

1 #R5HE
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PR —3, RS 3-5 4RA4:, MERERR LG
20 : 1, SHEAEAHLE, BIMERRBBEMELE i 4E8
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( Goodwin et al., 2013 ), [Hit, SZEHFRkEH
2T PHARAE PR MEAL . TS AL IR EE

BIERAE . BFPBARART, TEMESE) i A
T DR AR T e R Gy S M T SR A T A [
T, EPUERTOR, T HASME T IATEHE
It o P A 1200 T e T A Ak U 21 BH e
BBEAE

12 EREMEEREZMHRE. SME5ERE

SR FH 00225 (361 AR sk A B3k i B2 BH A A e
EHE R AR . B 20 ZE8Til I 21 PR B A
AFESR, H PE MBS &, ek
5 min AYAHL (65 pm PDMS/DVB SPME  #£Hi
3k, Supelo PURSIIEAEE A7/ w] ) B EE A
R A H22 A ) 21 PER A AR A8 1o T 2 Ay, 2R
1 h5, HFWRRBAEEmIE Lk, AR5
A GC-MS HEFEgs T, 250 °CH#BT 1.5 min, [A]
B SRR AR B o L2 BORE SRR o X iR,
IR R RN E R 3 WK W TR AL RS R
MRS (2013) MO EL, WA SN,

GC %44 K1 Agilent 7890N-5977B AR (A,
W - B3k B A ( Gas  chromatography-mass
spectrometry, GC-MS ) XJZ1 FHARME Ak E AL 1T
Mo % . HP-5SMS AHEEME (30 m x
250 pm x 0.25 pm ) , FEE 60-325 °C, FEHE H
& 250 °C, #< He, ik 1.0 mL/min, R
FTHETT: 50 °CI#4F 4 min, #AJ5LL 10 °C/min
FFZE 280 °C, FEMLIREE T PR4F 20 min AR

MS &A% : MS B TR 230 °C, PUZAT
M 150 °C, mEr: &R (E1)
HLFREEE 70 eV, FAHlBTEYEE: 28.5-450 m/z,

KA GC-MS 43 B s 8145 & 1 o 10 B s 7
K, SRATEA R, S5 Rl (NIST
17) , FHE5G3Ck PRk, SRR E K MR A 51 T
FEME, I A AR — vk S B 41 BHBR A Dk i 1
SR 3 AR B i

13 BT BRARBEIEIEIER MM BH GC-EAD
RRIRE

AR 7 8 W R Y 7 8 0 ) 21 BH Bk A Ak E AE <

BRAE R VEWI Y GC-EAD 5256 1484 A T 22 1
Twidle 5 (2018 ) W7k o KT 2R Ty B e F1
VU7 B W R A T 0 fish ffy A JEERBT , FEEY R
2 mm Pl A o, ik oA ) R B A R |
HEAT Rl A LTI E , MK RE S S SPME AR
L h (2T PR R AL SR . AR 7 B 04 R Jr
B Y fi f RHRE A Y GC-EAD ik &4 6
Wfilfh, SAHEES GC 444 GC-MS #[H,
FHEFER: 50 °ClHIE 2 min, X)L 10 °C/min
()3 B R F) 280 °ClEE 5 min, HR4E GC-EAD
s ] Ak A PETE R R B TR EA T X, DA
T 265 5 HH R 6 WA R VG )y 2 6 ik ) 190 P 2 L
IVE7)5e

14 EEXRRROEMEIEL MR EITH K &
zE

Y RIBRGEASA P o 26 B 2 I Bertschy 55
(1997 ), ¥ Y BUEE TR E P, Y RSN
FIVEPERF 3 om AbEEA ANELACE, BN
N TR SN R R TN o < SR S i Z
ZEGAE B IR AN R HEBR WL AL 58 B[R] 48 FH 52
M 265 B XL A A AR R R ( e A B/
2018 ), I, ShHERR ] Bl 4 M5 PR 5% X 45 e AL b
(SN, JEAREADLET & b SRR Bk AL 2 ) 1) A8
e, AW VBT S ME—R . RS
ISR W, KYGE T s, IR
LY B, ENTERER (26+2) °C, 23
HEFFTE 500 mL/min, BEBTRAE . RZEAVLLPAER
WEMRHEAE B BRI, AR SRIR, A2 SAE
xR, A 10 W h—41, MAEE 8 K.
R 1 R, R 0SE S min, HiE
AEFRE 3 om DU LIS BRI 30 s Iid A 1
BRI AT o AR — 4Lt i Y
RUE OO, LATHBR A R EE6IR | AEA
BT BE PR TN A BRI, A 2 h it
BT PHRR A AR AL A T
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AT AT, FH I3 A A B L 3 AR Ty W Y



13 TR BN Ry M AN TGy B T £ B W A4 A R i 7 194 25 - 61 -

7 W ) 1 PH A Bk AR 45 R PR W B AT A R
N 2E S M et DL A ROk R S
K UKGEE R ( Hern and Dorn, 2004 ; Tooker et al.,
2005 );

g5 =ik
BEx100%,

OIK 3hE 25 =35 498 XoF ORI 5 e 50/ 0 4 ) 4 e
SEx100%,

2 GREHSH

21 BRRMEIEELZ MRS REEN SR

2T BHBR A ML B 48 R e ih RS
33 Fifbayn (% 1), HypEAEEZ 10 F

PR 11 B 0 B/ 0 1 ) 2

(10.59% ). BEZE 6 Fl (36.66% ). Wiz 6 Ff
(10.91% ). %3 3 F (29.69% ). ifkEds 3 F
(2.67% ). B2 2 F1(0.86% ). 12 2 Fh( 8.28% )
FIERZE 1 (0.33% ). £1 PHARIERR AL 15 2 Mk
1) F LT R RIS ERE , i AL PR
i 32.36%, 4-FE5E TR TR B AR A e
hi 33.79%, SEEEG AR, (U7 0.02%,

22 EHEXRRERMEIEILIER YRR GC-EAD
R BL

CLBABRERRHEAE I HE R D A 10 Rk &9
SR T AR D7 B Py s e il s v (1),
HHpgFRaEE | TR KO, 2,6,6-—=H 3237
Wi-1,4-—Fi . KHPIRCES . KGR Eg . ix-3-

* 1 AMRBRBEEER ENROERRENEE
Tablel Composition and relative contents of volatile released from female flower s of Hongyang kiwifruit

&Y Compounds

I Fa CAS & FEXTE R (%)
Melecular formula CAS number Relative contents (%)

525 Alcohols
K % Phenylethyl alcohol
Z. Ethanol

3,7,11-=F 3-6,10-+ =k —J75-1-B%
6,10-Dodecadien-1-ol, 3,7,11-trimethyl-
EWEEE 2,6,10-Dodecatrien-1-ol, 3,7,11-trimethyl-

[2-F5E-2- (4-F 33003t ) N -H B

Cyclopropanemethanol, 2-methyl-2-(4-methyl-3-pentenyl)-

2-C ¥ 2-Hexanol

(E)-3-C Jfii-1-f5% 3-Hexen-1-ol, (E)-

3-C. % 3-Hexanol

IECEE 1-Hexanol

Z4fiE 1-Decanol
525 Esters

4-F L TRMEE Butyrolactone

ZKH R 2T Ethyl benzoate

KR T Ethyl salicylate

KR H S Methyl salicylate

KH R Z S Benzoic acid, 2-phenylethyl ester

(E)-3-C#%-1-FE TR 3-Hexen-1-ol, acetate, (E)-
2% Ketones

TE-B-LEW [ 2-Butanone, 4-(2,6,6-trimethyl-1-cyclohexen-1-yl)-
B-4£% 24Tl 3-Buten-2-one, 4-(2,6,6-trimethyl-1-cyclohexen-1-yl)-

3-C.fi] 3-Hexanone

CsH,00 60-12-8 4.46+1.60
C,HeO 64-17-5 2.48+0.81
C15Hy50 51411-24-6 1.22+0.42
C15Hy60 4602-84-0 0.83+0.32
C11H,0 98678-70-7 0.53+0.61
CeH,40 626-93-7 0.22+0.04
C¢H,,0 928-97-2 0.35+0.39
C¢H,40 623-37-0 0.24+0.02
CeH,,0 111-27-3 0.24%0.11
C1oH»,0 112-30-1 0.02+0.04
C4He0, 96-48-0 33.79+17.10
CoH 00, 93-89-0 0.85+0.42
CoH 005 118-61-6 0.430.26
CsH;05 119-36-8 1.21£1.02
CsH.40, 94-47-3 0.3120.17
CsH 140, 3681-82-1 0.07+0.07
C13H5,0 17283-81-7 6.13£2.27
C13H50 14901-07-6 0.77+1.33
CH,,0 589-38-8 0.3620.33
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% 1 ( Table 1 continued )

/ > =) JAE (o
fe& ¥ Compounds Melec)jlif(frmula CACSAnSuleer ReTEZieacitenfs)(%)

2-C.f 2-Hexanone C¢H,,0 591-78-6 0.22+0.20

B-4Z'Hi p-lonone C13Ha0 79-77-6 2.68+3.11

AL LN R 5,9-Undecadien-2-one, 6,10-dimethyl-, (Z)- C3H,,0 3879-26-3 0.75+0.48
J£2% Hydrocarbons

2-HI3E-1-%4% 1-Pentene, 2-methyl- CeHy, 763-29-1 17.26+14.96

4-H3E-1-C0 %5 1-Hexene, 4-methyl- C/Hy, 3769-23-1 12.28+4.69

KM Styrene CsHg 100-42-5 0.15+0.04

JHMEZE Terpenes

a-75JeM a-Farnesene CysHay 502-61-4 2.21+0.88

(E)-B-4& XM (E)-p-Famesene CsHy4 18794-84-8 0.33+0.16

2-(Z 5 A ) KRR o-Cubebene CsHyy 17699-14-8 0.13+0.06
B35 Aldehydes

B4 KM 2,6,10-Dodecatrienal, 3,7,11-trimethyl-, (E,E)- C,sH,,0 502-67-0 0.50+0.21

4B 2,6,10-Dodecatrienal, 3,7,11-trimethyl- C;sH,,0 19317-11-4 0.36+0.18
HeZ% Amines

MW Aziridine, 2-methyl- C;H,N 75-55-8 7.48+9.02

N-FEZ B Acetamide, N-methyl- C;H,NO 79-16-3 0.80+0.72
£h2% Salts

NEMR LEEERER L Alanine ethyl ester CsH,NO, 17344-99-9 0.33+0.31

BRI EERRHEZE (n=3 ), Data in the table are mean + SD (n=3) .

KIGE T AN & FID 11.0mV
FRITE MM B AL A. cerana EAD "MWW\JV\ANMV\\/‘“\WWVM/J‘VV\JJ\/H 10.1 mV

T 2 i folff H N2 A. mellifera EAD M 10.1 mV
i1

1 . 23 4 5 6 7 8 9 . 10 .
8 9 10 11 12 13
PR EFRFIA] (min ) Retention time (min)

1 FRAEEHEMTE S EENIRAERRIEEEER Y RE GC-EAD &5 E i
Fig. 1 Responses of Apiscerana and Apis mellifera to female flowers of
Hongyang kiwifruit detected by GC-EAD
1. J5REEE; 2. TlE; 3: ROME; 4: 2,6,6-—HE2-HOM-1,4-200; 5: RHRLEE; 6: KM HREE;
70 WK-3-CEE 2- AL TRl 8: CMRM BN 9: KM LH; 10: B-5KP M.
1: Linalool; 2: Nonanal; 3: Phenylethyl alcohol; 4: 2,6,6-Trimethyl-2-cyclohexene-1,4-dione; 5: Ethyl benzoate;
6: Methyl salicylate; 7: cis-3-Hexenyl 2-methylbutanoate; 8: cis-3-Hexenyl acetate; 9: Ethyl salicylate; 10: f-Ionone.
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OB 2-H 3L TRl . RS . KR O IR
FB-22 T 10 B ALA 15 | RSAR e e vy i £ Js2
Ny FifmlE . THE . AROWE., 2,6,6-—H3-2-340
W-1,4-Z00 . SRR CER . /KA IR H R A -3-
CREE 2-F L TRRIER 7 Rk &S R v & %
F) il F SN o £1 BHERE B MEAEF5 % B i 7 Fhik
SYHERGIE T 2 R ey s N, A3 Ak s
W R 5 R T 2R 7 B W 1 M 1 BN, 7R 0 ik £y
BN ARG Y 22 Ty sl . Hh R Gl 2RI
R TR . KR R . KGR LR B-5 2 5
1 AR B 2T BH BRI M AL i A P A
A, J5Rais . TR, 2,6,6- =W HE-2-FFC Fi-1,4-
TR -3 2-H IR T ERRR . LRI EE
AR TR 1 PRI LY.

2.3 EEXIBROEEER EYRERETHA
=312

X8 (255) ML, 20 BHBRIERRE AL Y 7
RS AR T A 515ER, 51iBER
60%, (H5XHERAERE (P>0.05); M4
D7 B S T B KGR E R, SRR N 67.5%
(P <0.01) (& 2), HRJy#EEEEPRa ARk
SHE A6 SR ) 55 i 22 T 1y 4 W R 3 21 BRI ok
WEAE SR 1B

X} & Control u MEZE Female flowers

(LWL
Apis mellifera

*
*

RI7

60 50 40 30 20 10 0 10 20 30 40 50 60
2 B E Number of honeybees
B 2 ZR75EETG T E IO PRERES
BETE SRR B IR R
Fig. 2 Selective preference of Apis cerana and Apis
mellifera for the odour of female flowers
of Hongyang kiwifr uit
e RRZEFNE (P<0.01), NSFRER
A& (P>0.05),
** indicates significant difference (P < 0.01),
NS indicates no significant difference (P > 0.05).

3 itig

ABITFELE RN, 2R 77 B e R P 5 2 e X 21

BHBRAGEAIE A2 SRR 0 A A 2 25 50 AR
BT T BRBRAEAR ME AL () SO TE B R ka bk, P
B W ET BHBRAE AR E AL 117 SRR 35 0K a2 ™
e, EEUOBRIERR AR P BERR AR T e A S 21 BH R
WrEBk B2y e b o 2T BHARAEASE 2 DA AR Bk ik vp
EHWLARIER (B HES, 2020), FKERRHLE
BRBEREE = 1o (ZEraam AR IR, 1981 ), MR
T A TR, SORFRE R B Y K A
(RiEIE, 2013 ), PHJ5aiE 2 20 22 20 424X
Bl HERER (A, 2008 ), HHRAY) 0t
AR IR A5, 2R 9 W 5 40 BRI B =2 ) 3% A7 AR
& UHFEEAL , 3T RS I B PR B A
SR AR D7 S e R 22 T 74 i ) 2 2 [
(e e FZFEan, 1990 ),

A GRS 21 BB R MEAE A2 5 33 Ay
HERMEY R, M Twidle (2018 ) £l Gold3 HEfE
IS 37 FERTEYI . Mg, kM
YRR KR ES . GC-MS 45 R
iR B S SR 2 A7 LU 2 32%, T
Twidle 55 (2018 ) >R FH B A 1023 W 4R L A8 I Ao v
SRR AL R RO, RUE] Gold 3 M
AESR IR SR 25 15 LU 22 92% o AR5
K BT EE 21 PRk AL , S50 i S fifi Bt
e S A Y kA AAL, BT USRS A A
Yy AT AR . FR LRI UL, AN [R] Rk i
FUAS TR B K 0 WA T X 8 4 1 0 ok 1 24 5
A E M2 A 520 ( Bicchi and Maffei,
2012 ),

ZLFHARERRIEEFE R, A S Fe B S|
A 0 kS I T L 75 | e f £ S 7 )
. TR, 2,6,6-=H 3E-2- A O -1,4-
-3 O M 2- R 3 T R IR A £ TR I B 0%
AL ETELL BRI ME AL 4 R B, =
I AL A ) S A TR 1, 21 BH BB
BEAETRA 10 PRI G W5 7R 7 2 4 11 fish
PN, 7 B AT R VY T W 1 ik R S
3 3R W AN [vi] e A X (1] — it o e A A 4 149 i 19 AN
[F] , -t B 2 e U g B e b 5 ok R R A Ak
AEIR IR o X 20T | 2 0 Ml 71 B 07 1R A5 VAR T
fig 5 ML IRAZ I IE A ¢, 7T BE S 2 e SRk AL
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ST P o Gold 3 AL AN IR TR 1645 K
PEYI BT T RE . RO, 2,6,6-—HL-2-30C
Mii-1,4- 5 R 1097 R Al OV ( Twidle
et al., 2015, 2018 ), KR T kLAY, AWF5E
W e RAT BABRA A AL e Wy vh 5 AR R R
B KGR P ER AN -3- O B 2-FH R TR
PR L RE S B P 7 s 0 A0 Ml ) SN o R P P
IKAGIR SR AN B-28 %0 i 5 R 1 7R 6t 1) file
PR, FF0e BTG Jy 4 e 0 M 71 S 07 o I3k
3 RGP e SR 2 8 H IR B O
5, ATRE HATH T 7R 5 s 4 ) SOR B 1 32 8
I, WARFTFR AN S TPrEERSR R 2
HE o XA T BE R i BET FEBRABEA E AL SR 7R
Ty 0 T SR, XV e e s Y R DR A

WF AR B AL A 15 28 e 22 [ 1) 5K R AN
AT DL BB Bk b 2 B 5 5 1 v R0 ) P i
NS BB DO A A N w1197 ] 9.0 2 N s Y.< 1 B
P W 1Y) 22 ) Y 25 S A e A AR R AR AR S AR
A ER NS LA o A58 RN 5 [ 2R T S 0 R v
5 W ik £ S A B W R UCHEA T IR S8 AT Ry L
NEIHIE , RN HE— 20T RS, 51 2 T i
fih £ 52 N 1 A W S A 2 MR B A2 A AR I B 1Y
KA (E B T R it — 2D WFSE I o 7R T 2 e A
U 2 WA S T A kA 1) B R Al G AN AN 5 ML AT
X, 5. EREh A ¢ ( Buchmann and
Cane, 1989; Johnson et al., 1995; Johnson et al.,
2004 ). ILEZE G s AT BRERR AL SR . TR AR
TIE 2 Jil 4 I S A ] PR 28 X6 2R T e AR 7Yy
Vilb sZ AR T, R AR R A .
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