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U, Y TS SGHEATAT e, 45 R0 . DFE 0.25—5.00 ¢ SRR BRI, ARAX 8 A~ E AN (14 6 76 B 1 5 17512 4, i EL 4 b
ZAPIAE B A R —af e (AR, B AR S CROH 2 R) 5 AR RE 5 35 (P<0.05) ; Q72 AL 27 A~ FEFS A5
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Attraction of aroma from tea flowers and leaves to the Chinese honeybees ( Apis
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Abstract: The Chinese tea plantation area accounts for around 60% of the global total area, and tea plant flowers have
become one of the major nectar sources for honeybees in China, especially during autumn and winter. However, the
mechanism underlying the olfactory attraction of tea flowers to the honeybees is still unclear. In a lab Y-tube olfactometer
bioassay, the potential behavioral activities of odors released and major volatile compounds identified from tea flowers and
leaves of eight national elite tea cultivars to Chinese honey bee workers ( Apis cerana cerana) were tested. The results
showed that; (1) at 0.25—5.00 g range, flowers of all the eight cultivars significantly attracted the honeybees i.e. the
numbers of bees chosen the flowers were significantly higher the those chosen CK (fresh air) at P <0.05. (2) among the 27
main aromatic components identified from the tea flowers, following compounds each dissolved in paraffin, acetophenone

(10°g/mL) , linalool (107, 107 g¢/mL), camphene (10*g/mL), Z-3-hexen-1-ol (10™"°g/mL) , a-farnesene (107,
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10, 107%g/mL) , decanal (10°g/mL) , B-lonone (10 °g/mL) , linoleic acid (10™*, 10 g/mL) , Z-2-penten-1-o0l (10™*
g/mL) , and benzaldehyde (107g/mL) significantly attracted the honeybees ( P<0.05) when compared to the paraffin
control ; whereas methyl salicylate (107g/mL) , nerol (107g/mL), and octanal (10°g/mL) significantly repelled the
honeybees (P<0.05). (3) among the 24 major volatile components identified from fresh tea leaves, octadecanol (107*g/
mL) , octanol (107g/mL) , indol (10°g/mL), citral (107 g/mL), menthol (10°g/mL), B-caryophyllene (10™*g/
mL) , and menthone (10, 107g/mL) (each dissolved in paraffin) showed significant attraction to the honeybees (P<
0.05) , whereas o-cresol (107g/mL) , B-citronellol (10°g/mL), 1,3-propanediol (107 g/mL) , a-terpinene (10™°g/
ml.) , and pentanol (10™g/mL) significantly repelled the honeybees (P<0.05). In short, the odors from the tea flowers
and some of their main aromatic components as well as the key tea leaf volatile components significantly attracted the
honeybees, with acetophenone and linalool, each accounted for >20% of the total tea flower aroma, being the strongest. Our
results clearly showed that honeybee foragers are highly attracted to the aroma of tea flowers and leaves during the blossom

seasons.

Key Words: tea plant flower; bloom aroma; acetophenone; linalool; Apis cerana cerana
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WA TR R KA AR AR, 10 H TR FERETT | U 0 B I AR el , 2 AE SRR T 5 R A 5 [ v
AE. ANRGHE H Xk 8 e A 2 5 AR T R AR AE T UL 0 R 2 A P 2 23, WU R B e PR 2R AL | 5 2
Y B R ) BIL AL | 0 BB (T T T 8 P o I S SR SR AN B 2, 48 i DT AL B e B N AE IR, LU S8 I R 2 B
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AR SEI A AR R b ORI ) SR AR 12 0.5 b 3 N AW I AL P T
BERZA LRI - PR AR T b i e S B 2k el (64 30°19729.907, AR 28 120°21'19.16", ¥4k
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AR ORSHTRL BRI R AW AR IR E A VL R i DR A AR EOH SR R AR A S ik
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BERIE A PIRIE . MRRHE RS ihk R BB SRR 27 L4y (R 2) , A R &
Pyt LA LAY 24 R4 AR (K 3) ,3X 51 FML A I ) Sigma AR 46 =98% , LA AT N IR K A
FiE AR 107 ¢/mL 107" g/mL A1 107 g/mL 3 A5t HA 2R 2 F7FEEE o1k JE M - 3- 20 0 - 1A
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WIS 1 mL R AR, LA 1 mL AR A 854 CK,
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AN ELERE E NPT, Y TE FJ7 1.5 m A0 138 15W FIBUT SR AE IR B . 45 % A 0l 5 i TR] AL 8+ 00
216 00, X WA LEATR R . I 25°C , AHXEBE (70+3) %

1.3 Bk
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E1 YBERIMUUENS MRMEMESEEESIIFTHEERREER
Fig.1 Difference between number of bees choosing each of eight tea cultivar flowers and number of bees choosing fresh air during Y-tube
olfactometer bioassay
o AT s T | A I 2 () 10 2 S Mk 2 KK

R1 EFESNEMEMIENPEERY SN FHMETEZ BB

Table 1 Correlationship between number of Apis cerana cerana choosing each of eight tea plant cultivar flowers with dosage of test tea flowers

i mIEpy HRZRB R T
Cultivar Regression equation Correlation coefficent R? Significance
L HZR Anjibaicha y==0.476x%+ 3.556x + 7.7601 0.8318 P<0.05
#5108 Zhongchal08 y=-0.767x>+ 3.2569x + 10.019 0.7968 P<0.05
4%k Maoly y=0.1558x2-2.0472x + 14.661 0.8609 P<0.05
eI 43 Longjing43 y=0.7702x>-5.8389x + 15.195 0.9459 P<0.05
142 B Wuniuzao y=-0.041x>-1.6789x + 13.959 0.8979 P<0.05
MR Jiukengzao y=-0.1443x% - 0.7532x + 14.121 0.8993 P<0.05
BRI Tieguanyin y=0.3239x2-2.8482x + 15.849 0.898 P<0.05
£ WE Jinguanyin y=0.3458x2-2.9973x + 14.868 0.8914 P<0.05

2.2 FWAER S A 5 & MR 435 [ TR A 3 W fO 1E
27 PR AE TS A, KB (10°° g/mL) FFHREEE (107,107 g/mL) (#%HM (107 g/mL) - 3-C 4-1-
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FE(107" g/mL) (o352 (1072g/mL) B2 (107° ¢/mL) B-5% 22l (10™° g¢/mL) WIHAER (10 ¢/mL) Ji-2-
JeM-1-BE (107" g/mL) AR (107 g/mL) Xf AR 28 88 5 |40 5 CK MR A i ) 150 2 I 22 57 1k 31 B 357K
- (P<0.05) , a-EJEHRE(107° 107 g/mL) FLEIMAR (107 g/ml ) X H A2 0 5 3555007 D)5k 24 S 2 /K F (P<
0.01) , Bl HECHR & A3, KA IR FH e RS AL BEXT vh AR B e 5145 ) R B A2 R Ll 1072 g/mL B B R 1B
FHEFAER (P<0.05) , FHorh K i 2 R 2K S0 257K - (P<0.01) 5 ¢ (107 g/mL) LRI W3 HE+ 1E

(P<0.05) (%2),

R2 Y BEREMENNHFERE 27 ATEFSESSRETES|FPEEEHENERY

Table 2 Difference between number of tested honeybees choosing each of 27 major components of tea flowers and number of choosing liquid

paraffin in Y-tube olfactometer bioassay

PRI i CK PPV i CK
ROE AL B WM BUERER REMRL RN
Hor IRIR Number of Number of  Signifi- || 215 TR IR Number of Number of Signifi-
Component Dosage bees to bees to cance Component Dosage bees to bees to cance
choose choose (*) choose choose (*)
odors paraffin odors paraffin
=] 2 107°° 10 10 n.s xiald 10°° 8 12 n.s.
Hexanol 1074 11 9 n.s Nerol 107 10 10 n.s
1072 8 12 n.s 1072 4 16 *
I 1071 14 6 n.s JIR- 3- 2 4 - 1P 10710 15 5 *
Linalool 10°® 13 7 n.s Z-3-Hexen-1-ol 1078 7 13 n.s
107¢ 15 5 * 10°° 6 14 n.s
10 12 8 n.s 107 10 10 n.s
1072 16 4 * 1072 7 13 n.s
i 1071 14 6 n.s a-iL et 10710 13 7 n.s
Acetophenone 1078 13 7 n.s. a-Farnesene 1078 14 6 n.s
107°° 15 5 * 10°° 18 2
1074 14 6 n.s. 107 17 3 i
1072 6 14 n.s. 1072 15 5 *
B-H e 107 12 8 n.s BETE 107 15 5 #
B-Myrcene 1074 14 6 n.s Decanal 1074 14 6 n.s
1072 11 9 n.s 1072 14 6 n.s
KO 107 12 8 n.s A 107 10 10 n.s
Phenylethyl 1074 7 13 n.s Geraniol 107 14 6 n.s.
alcohol 1072 9 11 n.s 1072 10 10 n.s.
1= - 3- 1 107°° 14 6 n.s B-% 1 107° 15 5 *
1-Penten-3-ol 107 11 9 n.s Lonone 1074 7 13 n.s.
1072 6 14 n.s 1072 10 10 n.s.
T 107 12 8 n.s T s 107 7 13 n.s
Nonanal 1074 9 11 n.s Limonene 1074 13 7 n.s
1072 6 14 n.s 1072 13 7 n.s
KA 1 g 107 8 12 n.s B 107 8 12 ns
Methyl salicylate 107 9 11 n.s. Ocimene 1074 9 11 n.s
1072 3 17 1072 10 10 n.s
T 107 5 15 # A IH R 107 13 7 n.s
Octanal 107 7 13 n.s. Linoleic acid 10 15 5 *
1072 11 9 n.s. 1072 18 2 =
-G 1076 12 8 n.s - 2- 13 A - 1 1076 14 6 n.s
3-Carene 1074 7 13 n.s. Z-2-penten-1-ol 1074 15 5 *
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PEEERIR 4% CK PEREIRTR 24 CK
MR M MRS WEER R
Mo BRI Number of Number of  Signifi- || {43 R Number of Number of Signifi-
Component Dosage bees to bees to cance Component Dosage bees to bees to cance
choose choose (*) choose choose (%)
odors paraffin odors paraffin
1072 9 11 n.s. 107 13 7 n.s
1Bl 107 9 11 n.s. B 107 13 7 n.s
Heptanol 1074 10 10 n.s. Capric acid 107 13 7 n.s
1072 9 11 n.s. 1072 11 9 n.s
IR 107 10 10 n.s. R 107 6 14 n.s.
Benzyl alcohol 1074 11 9 n.s. Benzaldehyde 107 14 6 n.s.
1072 13 7 n.s. 107 16 4 *
B 107 12 8 n.s. T 107 9 11 n.s.
Camphene 1074 16 4 * Pelargonic acid 107 12 8 n.s.
1072 11 9 n.s. 107 10 10 n.s.
LR BT 107 10 10 n.s.
Z-3-Hexenyl 1074 7 13 n.s.
acetate 1072 8 12 n.s.

n.s. Z:ﬁ%; * @.%; T

24 ANPEHAATHARA S, T AEE (107 ¢/mL) (IESFEE (1072 ¢/mL) (W5[BE (107 g/mL) M EE (107 ¢/
mL) JERER (107 107 g/mL) X P8 85 ARV 5 CK (IRUMAA I ) 22 18] 22 573K 38 K SF- (P <0.05) , Fr i
(107 g/mL) B-A1TH (107 g/mL) WK RN .35 5115 7KF (P<0.01) , ZBH 2K (107 ¢/mL) FFFEE(107°
g/mL) |1, 3-IH (107 g/mL) o-#AMIE (10 g/mL) IEMGEE (107 g/mL) MR 2 HE R AEHI (P<0.05)
(%£3).

F3 Y RRENRNNEEN 24 A EEREHAS SREASEFReEgMBHERY

Table 3 Difference between number of tested honeybees choosing each of 24 important volatile components of tea fresh leaves and number of

choosing liquid paraffin in Y-tube olfactometer bioassay

PRI pEEE CK PERERIR  2E#E CK
MR RN R MEBR RN BENE
Hoy B R Number of Number of  Signifi- Hoy 7R Number of Number of Signifi-
Component Dosage bees to bees to cance Component Dosage bees to bees to cance
choose choose (*) choose choose (*)
odors paraffin odors paraffin
SRR 107 9 11 n.s. AT 107 6 14 ns.
O-cresol 1074 12 8 n.s. a-Terpineol 1074 8 12 n.s.
1072 5 15 * 107 10 10 n.s.
B A T 107 8 12 n.s. e 107 6 14 n.s.
Thymol 1074 8 12 n.s. Citral 1074 8 12 n.s.
1072 10 10 n.s. 1072 17 3
R 107 8 12 n.s. LA 107 15 5 *
Z-jasmone 107* 7 13 n.s. Menthol 1074 12 8 n.s.
107 10 10 n.s. 107 9 11 n.s.
SR HT PR I 1 T 107 9 11 n.s. i 10°° 14 6 n.s.
Methyl jasmonate 107 8 12 n.s. Camphor 1074 10 10 n.s.
1072 11 9 n.s. 1072 9 11 n.s.
TN 107 12 8 n.s. IETE 107 8 12 n.s.
Cetyl alcohol 1074 13 7 n.s. Butyl alcohol 107 9 11 n.s.
1072 13 7 n.s. 1072 10 10 n.s.
R 107 5 15 * B4tk 107 9 11 n.s.
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PEEERIR 4% CK PEREIRTR 24 CK
M ERE R MR BN B
Mo BRI Number of Number of  Signifi- || {43 R Number of Number of Signifi-
Component Dosage bees to bees to cance Component Dosage bees to bees to cance
choose choose (*) choose choose (%)
odors paraffin odors paraffin
B-citronellol 1074 12 8 n.s. B-caryophyllene 1074 17 3
1072 14 6 n.s. 1072 12 8 n.s.
ZEE 107 11 9 n.s. WA 10°° 10 10 ns.
Decanol 1074 10 10 n.s. Menthone 107 15 5 ®
1072 11 9 n.s. 107 16 4 *
ECHE 107° 11 9 n.s. IET-AE 107 7 13 n.s.
Caproaldehyde 1074 8 12 n.s. Nonyl alcohol 1074 8 12 n.s.
1072 11 9 n.s. 107 6 14 n.s.
RN 107 10 10 n.s. 1,3-N B¢ 107 10 10 n.s.
Octadecanol 10 16 4 * 1, 3-Propanediol 1074 8 12 n.s.
107 14 6 n.s. 107 5 15 *
IE=E R 107 7 13 n.s. 2 -2- 107 8 12 n.s.
Octanol 1074 14 6 n.s. E-2-Hexen-1- 1074 10 10 n.s.
1072 15 5 # al 107 10 10 n.s.
6-F Jk- 5- - 2-i 107 9 11 n.s. AT 107 4 16 -
6-Methyl-5- 1074 9 11 n.s. a-Terpinene 1074 7 13 n.s.
hepten-2-one 1072 13 7 n.s. 1072 9 11 n.s.
5|1k 1071 13 7 n.s. S 107 7 13 n.s.
Indol 1078 14 6 n.s. Pentanol 107 5 15 ®
107° 16 4 * 1072 12 8 n.s.
107 9 11 n.s.
1072 7 13 n.s.

n.s. Z:\ﬁ%; * ﬁ%; wox B
3 g

ARBIFERE T 8 AR B2 KA, LUEATT B S A8 SRR A r A ARG R B fep A6 5 | 75 P AR 2 0
B RN, 5 00 I 5, 2150k B — S BRI A8 AE 5 12800 5 T 25 B A R0 2 [ 22 57t 05 (2
FOKN s Z I AL PR, 5 IERCR I T R, A1 it A2 A8 22 BB T HE e 200 5 R B i 5 L |
08 e R AR M 2, AP TSt R IR W A B R B 00 AR B3R W o B4 o T AR e 5 |
VRO /R H ALY S % IR RIS 2 (] DAY, it R 051 e g 34, L3 R ARt A R ) 1
I, R T Y A ML {SCRS: T 5 P = e 8N 0 o T (RS A B | o O R o R R 7 A R 5 A
BBE AU £ 25 A B 25 22 BRI 22430 R 1) ST, 9 R4S T 5 2R LA AT SR, A BRASTAL AT
AT 3000 53 A B4 1 SR AR B AL T (T ) Bkide 1 ARV Hp T 90 s DRI e 3 DX )2 R AFLIG 23 2R
R, X 23 A RAN AL PSR T 79 DA, B A Sl A AL b 28 2R 0 D5 R AR 05 A 230
AR BEAE A SRS 209 L IR SRS R 3 SR B T AR A Y 20% , 1] H.
RFEHW S h A, R AT R R O B S O R B SORAA 5 B h A s s U HOR R Y
KOTARGEEEAEA Y IR LS h AR e ) BRI RN 2 —,

BT R, K CEHAN SRR 107 ¢/ mlL BRI B AT B 25 5 i rh AR e, B4 %0 22 50 Z-3-C
W= 1-BE o1 e N DSTE VMR |\ Z-2- )M - 1T AR B R 2 35 3 5 | G vh AR s e ORI, K A% R PP I L TR D
HEAERE 3 N s T HERR RO, ASBESEAGIN Y 24 A28 fef 4 v, /| TS 0l W 3£y A S A
W AT R B A X v e e e A I 5 R 0 3 5 12800 5 TE G BB P R SR 1, 3-T B a-FA I
o 5 AR B FHE R . i s AR vh A B e 5 A T A A B 2K s AT 107
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g/mL SIS Th AR B e IS R X S A IR R S0 BRI R I AcerCSP3 T HEFE N
AR B AL~ 2 IS R GE M — 00, (4% 5 5E LR ) A6 B DR A D SR 231 da AN K #E— i AR,
Horh B2 22 5 AcerCSP3 HA B M52 A 45 G RE 11, -4 22 Rl op A 3 e 0l R 2 B 1
AcerASP2 I SMAR B I FIZE & TR TRAIR I AL AcerASP2 ST 43112 | -4 B 24 i 5 i A2
WAL R T CSP1 WA BGRAS A RE ST, MR AF PR L 3T RIS T 2 A RIS B -4 )
H5 17 A B M R AL BRI 2 10 35 22 THERe Th R B i 4L 00 R AE A SURIZR B IR 2 5 [ h AR s

FHAHE R )2 o R0 e BE O R MO A AR ™ W L TR A 4 202 | B AT 2R 32 2 4 R 0 1 Py )
SR, DRI, T B 2 PR VR S O L) A AR LU BGR & 1, BRI ES BRI 0 ARk
I E 5 | B A2 00, $5 AN ) FL B BC ) 22 M e 5 1 550, 25 6 R AL 5 R BOR 2% bl h A i ik
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