
*!"#$%

e-mail: lumj@mdais.gov.tw !"#$%&'()*+,-./01234 43

!"#$%&'()*+,-./

01234

!"#$

&'()*+,- ./01 3: 43-54 2013( )

3: 43-54 2013( )Mdares  Bulletin

!"#$%&'()*+，-./01&'23&456789:;<=>。@

ABC，23&4DEFGHIJ ～ H，L$%MNOPQ ～ HRS，TUA

V<W ～ 。X 、 Z [ \]J^] _` \aJb]，

c()1&'23&49:，defg$%Ah>i，jkX J^!;l6，

Amnop、AqF、rstuv、wxyAZxyaz{r，|} _` J

~k��;�!��。 ���\];$%X23&4Z789:，���\]I，

Aq、A�、As、�AV、xAV、Ah��tu、azu、��q、xyaz

V、{�V[$%\��wBU>��，���!��，��X23&456789

:��<=>。

8 10 8 9

73.3 81.1% TS-A1 TS-A2 TS-A3 3 ' '

TS-A1

TS-A1 × ' '

3 3

BCD：$%、�4、9:

! "

F G

!"( )#$%"&'()

*+,-( )。/0$1!"

2345678+9:;<=> ?

@A ( )。 <BC

5 D (

)EF，HIJKL M+

N%OP，QRK STUVW

( )!"，XY，V

WZ[\HIJ]^_+!"`a。b

pollination

Stern, 1994

153

Gallai . 2009 2011

U. S. Department of Agriculture,

USDA 250,000

80%

Hymenoptera : Apidae

et al

<cdefghi，jklPmnop

qrstuv，qrstwxy!"z

yz{|}~��，XY��eqrR

�p`a!"+��/0����^

�。

!"V+/0w�V( )

��/0�\��，�Vw����

+����!"，�[\��( )

!" ( )， jk/0�

���、��、� ¡¢ £�¤

( )lP，=op�V!"¥¦

xy(

Bombus

et al

spp.

Buzz

Buchmann, 1983

solanaceae

Cane and Payne, 1990; Kevan .,

!"# $%& '()* !"#$%&'()*+$%,-.



1991; Dogterom ., 1998; Morandin

., 2001; Kwon and Saeed, 2003

1988

Greene

Sabara and Winston, 2003

Higo ., 2004, Saraba

., 2004 Singh, 2008,

Joshi and Joshi, 2010 Cauich

., 2004, Sarto ., 2005, Santos .,

2008 Bell ., 2006

L.

1911

766

100

1996

1996

70%

10 20%

1996

42.17% 78.77%

2009 Higo 2004

98%

et al et

al

Bombus

occidentalis

et al

et al

et

al et al et al

et al

Apis mellifera

)。 §

<¨BC、©ª«¡¬­®¯

° l P ± ² U + ! " � V (

)，X¯°³´µ¶，

1·¸¹º»，¼½®¾¿À+ÁÂÃ

&，jkÄÅNÆNÇkAÈ!"VM

+=ÉÊ ( )，

�：Ì®oV (

)、 R Í Î V (

)、ÏÐV(

)¡ÏÑV( )£。

Ì®oV( )\ÒÓ

xy³´+Ô_VW，§ <ÕÖ，

×ØV5ÙÚ\ Ù，ÛVÜÚÝ>

ÞßÜwJ ( <56EF<à)，,

ákwuvVÎ¡Vâã£\Ô。ä§

<¨，Cåæ�Ì®oV!"çè

WlPwc，Ì®oVé}\Cåqr

ç è l P ! " Ô ê V M (ë ¡ ì ，

)，XY，uv!"V+íî，}\

Ä6V5ïêðñ+òóô。~î�e

Ì®oV+/0$1õöç¡ªçwÌ

®oV��!"，��eÏ!"V+÷

ø，Qùèú=ûü wJ，ýþo

pÌ®oV!"= ! v ～ (ë¡

ì， )。C#+/0$1，$%Ì®

oV&%Ãú+ ! ¬，'�(ù)ú=

d û ü ( (* £ ，

)。 £( )+�Ì®oV¡

�VÖ,-°��!"./�，��0

1%èú2=> ，n|wÌ®oV

¥¦�V!"，=34uv}~。

ÒÓ56Ý-k7，89st:;

}<ç=è>O?¿À，9:5@AB

56789:;< 34=> ?@A44

CD (E， )，jk5@Fwqrs

t<ç，äX<çSw`aGH!"，

XYqrst<çwÌ®oV!"，}

\<çuv+^_�I。\JKÌ®o

VLM%"¡!"，NO2<ç%"¡

è);}9:，~PQw¯°st<

ç，RSÌ®oV!"¡xy!"2e

<ç%"、è)¡M�TU+9:，V

YWXÌ®oV!"YZ�peqr<

çuv+=,Ê，[+�¸\]~^_

2<çè)¡M�TU+`a。

~PQ.<çb~cd\,ef5

6ghiMjFklmîûn+3oÊ

< ç ( ) 、

¡ ，p~\ �q，rP<

çTs.M�tMe uvu´jw

x，´j(´1 ～ y~z{，|wx

j}Oe!"¯°~�R，;Tsst

?\ ^�，� ^�，PQ~÷r

p��\����L�U�d ��¡

��uY �L�U�d( )

��。;� 9rp�� �����

( ) ��¡���ê �uY

���( ) ���\��。

»a�²�6�Çu��Ö,��。

�pVM\~î±³´.ÎV¤

( )ÎV�( )+Ì®oV(

)，e < �～ <

��~î!"¯°Ö,，¯° ¡\

¢��£，e < �～ �Ö

,!"¤¥，!"¦§¨©;§¯°

～ ªyV，[Ö,w«P

Q。

2010

L. TS-A1

TS-A2 TS-A3 ' '

128

3 5

3 1 4

50

1 5-2.5-2.5 20

15 1

26-13-13 0.5 3

0.5-0.1-1.0 0.03

Apidae

L. 2010 3 2010 8

150 2010 5 7

7,000 7,500

HIJKL

Momordica charantia

Apis Apis

mellifera



!、#$%&'()*

+、,-./

0、123456789:;<=>?

§¬%¦NÆÖ,xy!"­®，

e<ço%¯¦°±，%²³´{，w

µ¶·¥¸%%"!¹oº，!"»{

$�°±¼½Ì®oV^¾!"。Ì®

oV!"­®，¿eÆ%¦.o%，7

Ì®oV!"{，wÀÁÂ�，;?­

® Ãè)。e3oÊ<ç!"è)}

ÄNÆmÅ{Æ«Ö,¤¥，;^�+

;­®¤¥ Ãè)，¤¥Ç×ÈÉè

)#Ê、è)uË�Ú、ùèÚ、è

^、èË、èÌ、Íèú¡Îèú。<

çM�¤¥M�Ú、Î�M�ú、ÏÐ

^¡ÇÑú£。

P Q Ú Ò w (

)EFÓÔÕÖÖ,

h�ÓÔ( )¡ ]×�%

` a Ê (

)ØQÓÔ�­®§+`aÊ， Ù

×e �\Ú�%`a。

¤¥PQ¦§-ÛÜ�ÝÞ，;�

～ {]Ý-\ {，¢2f-\

℃，ÛÜ\ ，;� ～

{¢2f-Jü ， ～ {¢2

f-«3 。Ì®oV1àªÚ¡

&%ÃÜ，ùè���Ýá，|Ì®o

V;�1àªÚâã}äåÝ，ùèæ

çèäå( )，��;�

L éÝè{§，Óê\ ～ {¡

20

15

SAS Strategic

Applications System

ANOVA Fisher's

Least significant difference,

LSD

0.05

8 16 13

30.04 72.0 %RH 8 13

47.9% 13 16

28.9%

double-peak curve

2 8 10

P

M N

45!"#$%&'()*+,-./01234

0、3456<=@A)*

B、#$=CDEF)*

Ì®oVe!"ØÖ,ëÈ，e

～ {|VÜìíîï，�íîL#

ðV，ñe ～ {Ö,Vò^ò^

ò，óô+åðV$Ç´9Ú ! ¬，e

�õ¦{，h}ò+#ðV，Y{|

VÜ´B¯°å，»}ëÈyl。¤¥

¬%¦1àÃú，;�¤¥ ×{，;

×{ÊöVÜ Ó÷，^� ø，EF

Ì®oV1àªÚ。¤¥¯°å<ç&

%Ãú，;×{EF Ó÷ ²%ùú

å&%+Ì®oVªÚ，;øEF ^

¾� ²%， 9¤¥ ø，�¤¥

ø。[w-ÛÜûüý(

)ûüPQ¦§-

ÛÜhÈ，;�§ ( {，;×{

ø，�¤¥ �，EF;�-ÜhÈ+

ú+��\：(¢2]Ý-－¢2]4-

) / ¢2]4- × ％ 。

¤¥ò " %"¡Ì®oyV±#$

%".ÇÑú，LM �q Ts¸ºò

" %"¡op%"AMý%eà&，A

M;� ～ {yV#'VÜ+%"，

|%"() ×{{，w t��，

* � \ ( ) 、

、 、

( ) 、 ， e u

ËÜ ×{ ℃ +,-Ö,t�，o

p./�01Ö,Êö，%"2ËÜ3

,%"Ð 4�\ÇÑ，;O?¥5

ø，;5T¥ é�6，;�6K ～

Ã%"，;O?KFÚ ～ Ã

%"Ð。

7 11

15 18

20

8

5 3

5 5

5

25 3 1 5

HOBO pro v2,

HOBO Technology Inc.

8 16 1

5

100

' '

8 10

2 B&K

10% w/v sucrose 100 mg/L

H BO 200 mg/L MgSO
.
7H O 300mg/L

Ca NO
.
4H O 100mg/L KNO

2 25 60

2 3

3 50

80 450 720

R

3 3 4 2

3 2 2 3



14 16 9 35 5

15 38 5

9

11 10 14

5 5

' '

B&K

2

49%

48%

Student's

<0.05

TS-A1 TS-A2 TS-

A3 ' '

TS-A1

TA-A2

TS-A3

3

TS-A1

626.9 669.3g 10.1

11.0 cm TS-A3

(26.0 26.8cm) TS-

～ {，QRJ7w {¢2 ª/

Ó÷\]Ý，Êö1àÔ_×+\&%

¡89；«7¿w {¢2 ª/ Ó

÷\]Ý，Êö1àÔ_×+\89¡

;<。Êö&%,\��，Ì®oV+

&%=�，Lo¸%>?&%��，y

Vk@&¸%LM%"{，ñ&o%，

&o%+,-i¸ABCD)*，VY

»}!"�l。&%ÃÜ¿wJ7 ～

{\]Ýè，QRwJ7 { ª

/ Ó÷ / ²%\]Ýè。

¤¥ �q Tsò " ¸º%"¡Ì

®oV#$%"，w t��Ö#t

� ×{，ùè��，§¸º¥«ò "

%"¢2%"2EÇú\ ，opÌ

®oV%"AMý，AM+Ì®oVL

M%"，Q%"2EÇú\ ，w

F}EFÓÔ，0­®ÇÑú

Ï�%Ê`a( )。

w<çTs 、 ¡

\b~， �q TM\p~，Êö

{¦}Ä<çè)¡M�#Ê，ùè�

ÝG， Tsè)æHI�，èJ

\KL； Tsè)æHI�，

èJ\ML； Tsè)æË)

�，èJ\EKL。N><çè)¡M

�ÓÔùè (OÞ)，�� TsRw

Ts\b~+{¦，¢2è^]

^ ( ～ )，èÌ]P( ～

)，èËw TsN><ç

]Ý ～ 。Íèú¢2w

B、#$=CDEF./

!、GHIJK%&;LMNO./

t

P

A1 26.7% TS-A2

(18.9%) TS-A3

6.7 8.3% TS-A1

TS-A2

18.1 21.0

TS-A1 16.1 16.3

3

38.3 38.9 /

34.3~36.6 /

TS-A2

25.1 25.9 g TS-A1

22.8~23.6 g TS-A2

0.8 TS-A2

0.3

TS-A3

83.0 90.0 TS-A2

73.3 75.0

Know Saeed 2003

32.3 40.0

69.7%

ventilation

8 9

25.6 28.4

N>{¦]Ý( )； Ts

]4 ，Îèúw TsN>

<ç]Ý( ～ )， Ts¿Ï

Î�èÇu。è)}Ä9Úw T

sN>{¦±S9Ú]Ë( ～

9)； Ts9Ú]Q( ～

9)。

¤¥ Tsxy!"è)+¢2

M�Ú�b，K\ ～ Ã R，

Ì®oV!"M�Ú\ Ã

R，0­®¢2M�ÚS>�%Ê。

M�ÏÐ^wN> Ts+<ç

]^ ( ～ )； Ts]T

( )，Î�M�úw

Tsxy!" ％ ]Ý， Ts

Ì®oV!" ％ ø.，QUTs¿

ÏÎ�M�。M�ÇÑúw Ts

�Ý ( ～ ％ )， Ts]4

( ～ ％ )。+�\Ts¸\­®2

è)TU，ÈVè^、èÌ、èË、Í

èú、Îèú¡è)}Ä9Ú；M�T

UÈVM�Ú、ÏÐ^、Î�M�ú¡

ÇÑú，ùè��WÏ�%Ê`a。

¡ ( )X$1�V1

à¡&%,\，$%R7f-Jü(

℃，1à¡&%ÃÜÓê«3

¡ ，æØ=ÉN»}YP+L

M，Z�Ö,VàYP+[®>Ý-;

}�V+\à]^_`( ),

\，;}1à¡&%,\«3。~PQ

¤¥!"¦§;� ～ {¢2f-\

℃，;×{¢21àªÚ\

O P

46 56789:;< 34=> ?@A



47!"#$%&'()*+,-./01234

Time hour)(

T
e
m

p
e
ra

tu
re

(℃
)

H
u

m
id

it
y
(
R

H
,%

)

8 10 12 14 16

Fig. 1. The average of hourly temperature and humidity from 8:00 to 16:00 in plastic house.
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Fig. 2.  Comparison the number of honeybee (worker bee) Colony traffic and foraging activity of day

in plastic house.
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Fig. 3.  Effect of artificial and honeybee pollination on fruit shape of bitter gourd.
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ABSTRACT

This study investigated the practicality of honeybee pollination on bitter gourds. The fruit

set percentage of bitter grounds ranging from 73.3% to 81.1% was largely dependent on the

time overlap between the peak hours of the flower stigma receptivity (8 a.m. to 9 a.m.) and

that of the honeybee flower-foraging activities (8 a.m. to 10 a.m.). Three bitter gourd

varieties: TS-A1, TS-A2 and TS-A3, were hybridized as female parents with “R-Bau” as male

parent. The offspring plants inherited from TS-A1 showed the desired characteristics such as

the white-skinned appearance, the heavier fruit weight, the shortest fruit-growing period, zero

irregular-fruit and deformed-seed rates. Therefore, the best parent combination would be TS-

A1 x “R-Bau”. All three bitter gourd varieties were tested on their fruit weight, length, width,

fruit-dropping rates, irregular-fruit-rates, fruit-ripening periods, seed amounts, 100-seed

weight, deformed seed rates, germination rates by both pollination methods. However, there

is no significant difference between bee-pollinated and hand-pollinated treatments. In

consideration of cost effectiveness, the experiment results verified the feasibility of

substituting bee pollination for artificial pollination in the near future.

bitter gourd ( L.), honeybee ( L.), pollination.Key words: Momordica charantia Apis mellifera
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