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Honeybee responses to volatile compounds from pear
(Pyrus bretschneideri cv. Dangshansu) and rapeseed
(Brassica napus) flowers

ZHANG Xu-Feng'” SHEN Hong-Ying” CAO Qian® DENG Xiao-Yin
WANG Feng® GUO Li-Na> WU Min' GUO Yuan' ™"

(1.College of Horticulture, Shanxi Agricultural University, Taiyuan 030031, China;
2. College of Animal Science, Shanxi Agricultural University, Jinzhong 030801, China)

Abstract [Aim] To explore the differences in the types and contents of volatile compounds in pear and rapeseed flowers at
the same flowering stage, and to identify the volatile compounds that influence bee host plant preference. The findings of this
study will facilitate the development of inducers that can stimulate bees to pollinate pear trees, thereby providing a guide for
the selective screening of bee species specialized for pear pollination. [Methods] Headspace solid phase microextraction
(SPME) and gas chromatograph-mass spectrometer (GC-MS) were used to analyze the volatile compounds in the flowers of
Pyrus bretschneideri cv. Dangshansu and Brassica napus at different flowering stages. Using electroantennography (EAG) we
isolated the volatile compounds from pear and rapeseed flowers that generated significant responses from Apis cerana and
A. mellifera ligustica. A Y-tube olfactometer was then used to verify the volatile compounds 4. cerana cerana and A. mellifera
ligustica showed significant foraging preferences towards. [Results] A total of 52 volatile compounds were identified in the
big bud stage, initial bloom stage, and full bloom stage of pear flower. A total of 61 of volatile compounds were identified from
the three flowering stages of rapeseed flower. There were 12 shared volatile compounds in the three flowering stages of pear
and rapeseed. In the three flowering stages of the pear, the relative content of acetoin and 1,3-di-tert-butylbenzene exceeded
9%. Additionally, the relative content of benzoic acid was significantly different between the three flowering stages (P<0.05).
There were significant difference in the relative contents of acetoin, 1-octanol, 1,3-di-tert-butylbenzene, and kodaflex txib
between the three flowering stages of rapeseed (P<0.05). An analysis of the common volatile compounds found in pear and
rapeseed flowers at identical flowering stages showed there was a significant difference in the relative content of acetoin
between the three flowering stages (P<0.01). Compared to paraffin oil, the antennae of A. cerana cerana and A. mellifera
ligustica produced electrical signal responses to the 71 tested volatile compounds. Of these, A. cerana cerana exhibited the
strong responses to acetic acid, propionic acid, 3-methyl-1-butanol, 1-penten-3-ol and pentanoic acid, 4-methyl-, ethyl ester,
while A. mellifera ligustica showed strong responses to acetic acid, propionic acid, 2-methyl- propanoic acid,
2-isobutoxyethanol and pentanoic acid, 4-methyl-, ethyl ester. There was a significant difference in the relative response values
of A. cerana cerana and A. mellifera ligustica antennae to 22 volatile compounds (P<0.05). EAG experiments showed that bees
exhibited significantly higher response values to benzyl alcohol, diisobutyl phthalate, methyl 2-hydroxy-3-methylvalerate, octanoic
acid, 3-methyl-1-butanol, 2-methylbutanol, linalool, undecane, dodecane, pentadecane, and hexadecane compared to
A. mellifera ligustica. Additionally, the response values of ethyl 3-phenylpropionateb, 4-methoxy ethylbenzoate and
1-penten-3-ol were also significantly higher than those of 4. mellifera ligustica (P<0.01). The relative response values of
A. mellifera ligustica to 1,3-di-tert-butylbenzene, octanoic acid, ethyl ester, acetoin, propionic acid, hexanoic acid, and
dimethyl disulfide were significantly higher than those of A. cerana cerana (P<0.05). Furthermore, the response values of
A. mellifera ligustica to 2-methyl-propanoic acid, 2-isobutoxyethanol were also significantly higher than those of 4. cerana
cerana (P<0.01). In the Y-shaped olfactometer experiment, the selection rates of phenethyl alcohol, methyl benzoate,
longifolene, and linalool by A. cerana cerana were significantly higher compared to the control group (P<0.05). Additionally,
the selection rate of dimethyl trisulfide and acetic acid was significantly lower than that of the control group (P<0.05). The
selection rates of benzoic acid, methyl ester, 6-methyl-5-hepten-2-one, a-farnesene, 6,10,14-trimethyl-2- pentadecanone,
ethyl-methylbutyrate, and 3-methyl-1-butanol in 4. mellifera ligustica were significantly higher compared to the control group
(P<0.05). Whereas, the selection rates of dimethyl disulfide, acetoin, acetic acid, 2-methyl-butanoic acid, 1-octene-3-ol, and
1-octanol were significantly lower than the control group (P<0.05). [Conclusion] The acetoin released from pear flowers has

a repelling effect on honeybees. In contrast, benzoic acid and methyl ester released from rapeseed flowers have an attractive
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effect on honeybees. This could be a key factor determining why bees display a preference for rapeseed flowers when pear and

rapeseed flower simultaneously.

Key words Apis cerana cerana; Apis mellifera ligustica; pear pollination; rapeseed; flower volatile compounds; EAG
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F1 ATHABMITAZABHRELEY
Tablel Standard compoundsused in EAG and Y-Tube olfactometer bioassay

k&%) Chemical compounds

CAS &ic % CAS no.

4% (%) Purity (%)

kP Origin

2,6,10-= H L& =%¢ 2,6,10-Trimethyltridecane
Lkt Pentadecane

- —%¢ Heneicosane

+—%¢ Undecane

+ —%¢ Dodecane

% Tetradecane

+75%% Hexadecane

+-E 8¢ Heptadecane

~1%¢ Bicosane

FEI 6,10,14-Trimethyl-2-pentadecanone
ZABIA Acetoin

.12 Z. Tk Ethyl acetate

2-H 3L TR 2.1 Ethyl 2-methylbutyrate
5F B MR LI Pentanoic acid, 4-methyl-, ethyl ester
F-M& .1 Octanoic acid, ethyl ester
SEBR F B Octanoic acid, methyl ester
%1% H s Decanoic acid, methyl ester
212 Z. 15 Decanoic acid, ethyl ester
H#:FR £ T8 Dodecanoic acid, ethyl ester
HEERR W i Dodecanoic acid, methyl ester
FANEER 2,15 Hexadecanoic acid, ethyl ester
WP JRRER 2.1 Ethyl 9,12,15-octadecatrienoate
2,2,4-= WL "FER TE Kodaflex txib
L% Acetic acid

N Propanoic acid

5+ TFR 2-Methyl- propanoic acid

T2 Butanoic acid

2-HHEL TR 2-Methyl-butanoic acid

CL R Hexanoic acid

8 Octanoic acid

24 Decanoic acid

H B2 Dodecanoic acid

J7EE Linalool

F B 2 Methanethiol

ZH 3 4% Disulfide, dimethyl
T HE = Dimethyl trisulfide

3891-99-4
629-62-9
629-94-7
1120-21-4
112-40-3
629-59-4
544-76-3
629-78-7
112-95-8
502-69-2
513-86-0
141-78-6
7452-79-1
25415-67-2
106-32-1
111-11-5
110-42-9
110-38-3
106-33-2
111-82-0
628-97-7
1191-41-9
6846-50-0
64-19-7
79-9-4
79-31-2
107-92-6
116-53-0
142-62-1
124-07-2
334-48-5
143-07-7
78-76-6
74-93-1

624-92-0
3658-80-8

95

97

99
=99.5
=99.5
=99.5
=99.5
=99.5
=99
99

97
=99.5
=99.5
97

99

99

99

99

99
=99.5
99

98

98
99.5
=99.5
=99.5
99

98
=99.5
=99.5
=99.5
98

98
5%IN i
5% in propanediol
98

98

Aladdin
Aladdin
Macklin
Macklin
Macklin
Macklin
Macklin
Macklin
Macklin
Aladdin
Aladdin
Aladdin
Aladdin
Aladdin
Aladdin
Aladdin
Aladdin
Aladdin
Aladdin
Macklin
Macklin
Macklin
Macklin
Aladdin
Aladdin
Aladdin
Aladdin
Aladdin
Aladdin
Aladdin
Aladdin
Aladdin

Aladdin
Macklin

Macklin
Macklin
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4% 1 (Table 1 continued)

1b&%) Chemical compounds

CAS #id% CASno. 4 (%) Purity (%) K& Origin

6-FE i 6-Heptene-1-nitrile

FH 3L Pid#i iR 6-Methyl-5-hepten-2-one
K35 Longicyclene

a-75JEMs o-Farnesene

Z R T i 2-Isobutoxy-ethanol
1-J3H5-3-1 1-Penten-3-ol

2-H 3 T 2-Methyl-1-butanol
4-J%J#5-1- 4-Penten-1-ol

3-CLH-1- 3-Hexen-1-ol

5-CL - 1-B% 5-Hexen-1-ol

1-2£ 1-Octanol

2,3-T % [R- (R*,R*) ]-2,3-Butanediol
3-T #-2- 3-Buten-2-ol

1-2£4%5-3- 1-Octen-3-ol

SF I 3-Methyl-1-butanol

1-JFfE 1-Heptanol

1-T-F# 1-Nonanol

1-3% [ 1-Decanol

AR IR H 2 R Methyl anthranilate
F MR I5HERE Geranyl-linalool

I WEME Benzothiazole

ZNR £, Ethyl 3-phenylpropionateb
7K Z. ¥ Phenylethyl alcohol

7% H iR Benzoic acid

A8 iR — T Hg Diisobutyl phthalate
3-2KEL NG 3-Phenylpropionitrile

H B2 L BE 4-Methoxy ethylbenzoate
i & 4-Methoxy-benzaldehyde

7% H 2 H 5§ Benzoic acid, methyl ester
X H R 2,18 Benzoic acid, ethyl ester
K H B Benzyl alcohol

1,3- T K 1,3-Di-tert-butylbenzene
% H1 ¥ Benzaldehyde

2-F k-3 PG T e FHY i
Methyl 2-hydroxy-3-methylpentanoate

5048-25-9
110-93-0
1137-12-8
502-61-4
4439-24-1
616-25-1
137-32-6
821-09-0
928-96-1
821-41-0
111-87-5
24347-58-5
598-32-3
3391-84-0
123-51-3
111-70-6
143-08-8
112-30-1
134-20-3
1113-21-9
95-16-9
2021-28-5
60-12-8
65-85-0
84-69-5
645-59-0
94-30-4
123-11-5
93-58-3
93-89-0
100-51-6
1014-60-4
100-52-7
41654-19-7

>99.0 Aladdi

98 Aladdin
=99.5 Aladdin
98 Aladdin
98 Aladdin
98 Macklin
98 Aladdin
96 Aladdin
98 Aladdin
97 Aladdin
99 Aladdin
97 Macklin
98 Aladdin
98 Aladdin
=99.5 Aladdin
99 Aladdin
99 Aladdin
99 Aladdin
98 Macklin
95 Aladdin
99 Aladdin
98 Macklin
99 Macklin
98 Aladdin
98 Aladdin
=98 Macklin
98 Aladdin
98 Macklin
=99.5 Aladdin
=99.5 Aladdin
99 Aladdin
>98 Aladdin
99.5 Aladdin
99 Macklin

1.7 HESHT

Bk SPSS25.0 438, XEAS[RIAE I AL

SHT, SRJG KA Duncan’s £ H AR K6 16

T SE AL TR B S R T o B B 22 ANOVA [ —HRBE i

EVSY
=]
N T

(P<0.05, P<0.01 ), >RH ¢ Kz58 ( P<0.05) Fb#s

1 BEAG AHXT e 7 (B 1) 25 5% o
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2
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PSP 12580 (K 2. A, B), ZLERIHE
AR, BUAE AR & B R A 1,3- 28T 2
A CABIE . 2,2,4- =R T EES TEE . 2-H 3
TR+ —%, WP T EEESNA
2,6,10- = H 3L+ = BeFoR 21, ERE, 18
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TEESETEEA 2,6,10- = 3Lt = b e I ST

Br o
1 ®IUEREYL Pyrus bretschneideri cv. Dangshansu
[ HWERIMSE Brassica napus
20+
6 6
5 15+
=}
g 8 0
4
I
10} .
8
6 6 6
5+
24
1
6 1 1
0 1 [ ] [ ] 0
Uy =S &S (12 HIFAE [7ES eSS HAtE
Alkanes and  Alcohols Esters Terpeniods Benzenoids Acids Ketones Others
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Fig. 2 Thedifferential analysis of the contents of shared volatile compoundsin Pyrus bretschneideri
cv. Dangshansu and Brassica napus at different flowering stages

A. TH1ILBAEL Pyrus bretschneideri cv. Dangshansu; B. 2% Brassica napus.
B AR bR, M EARA AR NS FRFRRZER B E (P<0.05, X ZHEILERRE) o K 4H.
These data are mean+SE. Histograms with different lowercase letters indicate significant difference in concentrations
of the same chemical compound (P<0.05, Duncan’s multiple comparison test). The same for Fig. 4.
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Fig. 3 Thedifferential analysis of the contents of shared volatile compounds released from the flowers

of Brassica napus and Pyrus bretschneideri cv. Dangshansu at the same flowering stages
A. KFEW Big bud stage; B. #JZ¢H Initial bloom stage; C. &I Full bloom stage.

Bl MR ER . * o8 P<0.05, 2257 W3, THE; ** 2K P<0.01, ZRHEE, TR K5FH.

These data are mean+SE, * represents difference is significant, P<0.05, T-test. ** represents difference is extremely

significant, P<0.01, 7-test. The same for Fig. 5.
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Fig. 4 Thedifferential analysis of electrophysiological response value of 9
compounds at different concentrations of Apis cerana cerana
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Fig. 6 Thetrend selectivity of honeybee to flower volatiles compounds

A. FEBERE K Selection rate of Apis cerana cerana; B. TEWEBEHE K Selection rate of Apis mellifera ligustica.
* FORZRITKIAE P<0.05 /KF-225 8% . * represents significant difference at P<0.05 level by y” test.
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