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characteristics were determined and anylazed: Sugar content ( reverse-phase high performance liquid
chromatogram refractive index detector ) 18 kinds of amino acid content in pollen ( automatic amino acid
analyzer) and volatile compound ( solid phase microextraction and gas chromatography-mass spectrometry
technology) . The results showed that the number of flower—visiting honeybees in rape was more than that
in Dangshan pear from 9:00 to 17:00. From 7:00 to 17:00 the number of flower-visiting honeybees in
Bartlett pear was higher than that in Huang pear and Dangshan pear. The flower-visiting frequency of
honeybees in rape (28.35 flowers /min) was significantly higher than that in Bartlett pear ( 19.91
flowers /min) Huang pear ( 18.02 flowers /min) and Dangshan pear ( 11.72 flowers /min) ( P <
0.05) . The flowervisiting frequency of honeybees in Bartlett pear and Huang pear was significantly
higher than that in Dangshan pear ( P <0. 05) . The sucrose content of Bartlett pear was 0. 001 mg/mL

which was significantly lower than that of Dangshan pear and Huangpear ( 0. 194 mg/mL 0. 112 mg/
mL) . The proportion of each amino acid component in 4 kinds of pollens was basically the same but
Cysteine ( Cys) of Bartlett pear was higher than that of others and Arginine ( Arg) of Dangshan pear was
higher than that of rape. 21 21 28 and 22 volatile compounds were detected in Huang pear Dangshan
pear Bartlett pear and rape. Among them the relative contents of terpenes (40.23%) and limonene
(6.58%) were the highest in rape only caryophyllene ( 8.67%) and a-farmesene (2.42%) were
detected in rape and only linalol (4.43%) was detected in Bartlett pear. In conclusion honeybees
might prefer to visit flowers with low sucrose content in nectar and low Cys content and high Arg content
in pollen and the flower-visiting preference of honeybees might be related to the relative contents of
terpenes limonene linalol caryophyllene and other substances in flower volatile compounds. This
provided a theoretical reference for inducing honeybees to pollinate pear.

Key words: Honeybee; flower-visiting preference; pear; rape; flower characteristics
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Fig. 1 Number of flower—isiting honeybees in pears and rape
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2
Fig. 2 Flower-visiting frequency of honeybees in pears and rape
(P <0.05) , Note: Different

letters indicated significant differences ( P <0.05) .

1 3
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0.001 mg/mL
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(P<0.05) ( 1o

2.3

N 2. 3
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(8.550 ¢/100g) ;

(32. 640 g/100g)

Table 1 Sugar composition and content of three kinds pear flower nectar

( mg/mL)

Species Fructose content

Glucose content

( mg/mL) ( mg/mlL) ( mg/mlL)

Sucrose content Total sugar content

Dangshan pear 3.459 £0.009 a

3.063 +0.004 b

Huang pear

Bartlett pear 2.005 +0.021 ¢

4.621 £0.027 a
4.055 £0.018 b
3.338 +0.021 ¢

0.194 +0.003 a 8.274 £0.038 a

0.112 £0. 001 b 7.229 £0.015 b

0.001 +0 ¢ 5.344 +0.042 ¢

(P <0.05) . Note: Different letters after the same column of numbers indicated

significant differences ( P <0. 05) .

2

Table 2 Total amino acid content in pollens of pears and rape

(£/100 g)

Plant material Total amino acids

Dangshan pear 33.420
Bartlett pear 8.550
Huang pear 32. 640
Rape 26. 820
26. 820 g/100g. 3

Cys Lys
; Arg o

2.4

3

Fig. 3 Percentage of amino acids in pollens of pears and rape

3; 4. 5.
2.4.1
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3 (%)

Table 3 Volatile compounds and relative content in flowers of pears and rape

Names of volatiles

( %) Relative content

Species Huang  Dangshan  Bartlett
Rape
pear pear pear
(D- ) D-Limonene 2.42 4.60 - 6.58
Terpene  5_ 5-Octadecene (E) - 5.77 12.14 - -
beta. -Ocimene 6.57 2.28 6.51 -
(EEE)3 711 15- 4 36 10 14- - - 34.35 -
8 - 4H- 1H-Cycloprop e azulene 1a 2 3 4 4a 5 6 16.08
7Tb-octahydrod 1 4 7-tetramethyl— ’
Caryophyllene - - - 8.67
- 5- 8(1- ) 6- ( ) Lo
1 6-Cyclodecadiene 1-methyl-5-methylene-8« 1-methylethyl) - SH{E F - '
o= . alpha. Farnesene - - - 2.42
v- gamma. -Muurolene - - - 4.33
o= . alpha. -Muurolene - - - 1. 80
A-
Naphthalene 1 2 3 5 6 8a-hexahydro4 7-dimethyld 1- - - - 3.10
methylethyl) —
37 11 15- 4 6 10 14- 3-
Alcohol 8.37 8. 11 - -
1 6 10 14-Hexadecatetraen3-ol 3 7 11 15-etramethyl
3 - d- 1 Butanol 3-methyl - - 6.22 -
2- 4- 1-Hexanol 2-ethyl- - - 0.94 -
DLilac alcohol D - - 3.39 -
BLilac alcohol B - - 0.68 -
Nicotinyl alcohol - - 0.26 -
4- 3- 3Heptanol 4-methyl— - - 0.74 -
Phenylethyl Alcohol - - 2.98 -
2 6- 3 7- 2 6- 3 7-Octadiene2 6-diol 2 6-dimethyl- - - 0.31 -
37- 46 - 3 - ) 1 6-Octadien3-ol 3 7-dimethyl- - - 4.43 -
2 6- 2 7- 4 6- 2 7-Octadiened 6-diol 2 6-dimethyl- - - 1.59 -
2- 4 4Heptanol 2-methyl- - - 1. 61 -
44 ) - 1-Butanol 4 hexyloxy) - - 1.41 -
1- 1-Nonanol - - 0. 87 -
2- 1-Octanol 2-butyl - - 13.71 -
Ether Decane 1 1 -oxybis— - - 2.36 -
Ethanol 2+ 2-ethoxyethoxy) — - - 0.90 -
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1 Continued table 1

Names of volatiles

( %) Relative content

Species Huang  Dangshan  Bartlett
Rape
pear pear pear
Vinyl lauryl ether - - 0.38 -
Naphthalene 2.03 5.22 - 4.54
Aromatic  5_ Naphthalene 2-methyl— 0.64 0.97 - 1.00
2 4- ( 2 4- )
Ester 2.54 2.17 - 4.7
Benzene 2 4-diisocyanato--methyl-
59 13- -
4.31 2.00 - 0.92
Tetradecanoic acid 5 9 13-irimethyl- methyl ester
2- 3- 2 4 4-
0.72 2.30 - 0.51
Propanoic acid 2-methyl- 3-hydroxy2 4 4-irimethylpentyl ester
2- - Pentanoic acid 2-hydroxy— methyl ester 0. 61 1.89 2.96 6.03
4- 4Hydroxybutyl acrylate 1.31 0.57 1.71 -
Formic acid hexyl ester - - 0.68 -
2-  3-
- - 3.67 -
Pentanoic acid 2-hydroxy-3-methyl- methyl ester
Alkane Tetradecane 2.87 3.64 - 7.49
Pentadecane 1.68 2.96 - 3.53
Hexadecane 1. 00 1. 68 - 4.51
Hentriacontane 1. 81 3.54 - 2.59
Heneicosane 8.27 19. 30 - -
2 6 10 14- - Pentadecane 2 6 10 14-etramethyl— 1.21 1. 81 - 5.38
26 10 14- - Hexadecane 2 6 10 14-tetramethyl- 1.04 1.52 - 6.6
5- 2 4- - 3-
Nitrile ) 5.75 8. 14 - -
Pyrrole3-carbonitrile 5-ormyl2 4-dimethyl-
4 8 12- 3-
20. 24 8.76 - -
3 7 11-Tridecatrienenitrile 4 8 12-rimethyl—
Ketone 6 10 14- 2- 2-Pentadecanone 6 10 14-rimethyl- 20. 84 6. 40 - 0.74
5- 5-Tridecanone - - 0. 66 -
Acid  2- 2- 2¥thyl2-hydroxybutyric acid - - 0.49 -
Amide N- Formamide N-octyl— - - 0.71 -
Other Unknown - - 4.77 -
Unknown - - 0.71 -
Total 100 100 100 100
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4

Fig. 4  Proportion analysis of volatile compounds in flowers of pears and rape
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. (
2008) .

5

Fig. 5 Volatile compounds in flowers of pears and rape
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