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Artificial Pollination Using Effective
Pollinators in the Green Houses
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SUMMARY

I. Resarch Title

Artificial Pollination Using Effective Pollinators in the Green House

II. Goal and Significance

The change of farming -situation- leads to annually increase the
requirement of pollinators and especially pollinators are essentially
required for the stable cropping in the green house. Domestically
strawberry and tomato cultivated in the green house are good examples
for the practical use of pollinators. Furthermore farmers, who are
engaged in greeen house culture, are declined understand how much
environmental agriculture farming is significant and understand how
much the utilization of pollinators is worthy to be considered for better
cropping. Consequently it is prospective that utilization of pollinators is
expanded in near future, Furthermore it is also expected that
development of technology in crop cultivation and in insect utilization
will lead to other crops in near future.

As for the case of strawberry the use of honeybee as pollinators
was firstly introduced into green house crop in the middle of 1980’s and
the number of hives for the practical use amounted to about more than
50,000 hives. Its cultivating area was steadily increased from 4,213ha of

1992 to 6,236ha of 1996 equivalent to 67.7% increase. In case of tomato
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cultivated in the green house the total cultivating area has been also
expanded from 2.423ha of 1992 to 3,828ha of 1996 with 63.3% increase.
Pollination for tomato is presently relied on Bombus terrestris which
has totally imported from the foreign countries. The import of bumble
bee amounts to 700 million won in 1996 from 70 million won in 1994,
resulting in US dollar loss. Supposed that the present situation for the
requirement of pollinator on the basis of crop diversification and of
increasing cultivation area of green house is incessantly proceeded. It is
expected that the requirement of honeybee for strawberry WiH be
100,000 hives equivalwent to 12 billion won and of bumblebee for tomato
will be upto 30,000 hives equivalent to 15 billion won, totally amounting
to about 27 billion won in the year of 2000.

The considerable amount of honeybee imported on package basis
has been used for green house directly or for substitute as much as
loss of honeybee had been used for green house in the previous year.
Bumblebee is totally imported from the foreign countries; Netherlands,
Belgium and etc. Consequently Korean currency required for import of
honeybee and bumblebee is altogether estimated to 10 billion won in the
next five years. However unfortunately a very few studies on the
utilization of pollinators for artificial pollination are available. In these
regards the related technologies for utilization of not only honeybee but
other native pollinators should be developed in terms of pollinating
efficiency and scientific management of hive in the green house, In
addition from the aspects of dollar defense and eco-system in agriculture

it is very significant that development of the native pollinators is urgent.
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III. Contents and categories

1. Selection of the domestical promising pollinators (The first

sub-subject)

A. Present status

A very few studies on the related subjects are available.

B. Contents and categories

1) The promising pollinators were surveyed through investigation of
insects visiting fruit trees and vegetables at blooming season.

2} The native bumblebees were intensively collected throughout a the

country, taxonomically assorted and identified.

2. Effect of pollination on strawberry in the green house (The

second sub—-subject)

A. Present status
1) The majority of farmers made use of western honeybee species(A.
" mellifera) as pollinator and the minority only utilize an oriental honeybee
species(A. cerana).
2) The field survey of Nonsan area said over 30% of farmer’s income
was made by use of honebee as pollinator
3) The majority of farmers limited to one time use of honeybee hive

for pollination and could not recycle it.

_13__



4)

The farmers, who cultivated strawberry in the green house, never

utilized the imported bumblebees(B. terrestris).

B. Contents and categories

1

3)

4)

&

6)

Three pollinators of honeybee(A mellifera and A cerar) and bombus
species(B. terrestris) were surveyed from the aspects of behaviour,
characteristics and efficiency in pollination on the popular three
strawberry species, Yeobong, Suhong and Bogyojosaeng cultivated in
the various green house(singlet, doublet and glass).

The diurnal acitivity of honeybee(A. mellifera) were surveyed in the
various vinyl film of the green house.

The varietal different response of each pollinator to the popular
strawberry species was investigated on the basis of behaviour,
visiting time over flower and diurnal activity.

The relationships between the morphological features of the
different varieties of flowers(number of stamens, number of pistils,
number of sepals and petals) and pollination characteristics of
honeybee(A. mellifera).

Pollination effect of honeybee(A. mellifera) was measured on the
basis of percentage of abnormal shaped fruit, weight of fruit and
color of fruit between without honevbee plot and with honeybee
plot.

Advantages for use of honeybee(A. mellifera) on strawberry in
the green house were studied from the aspect of the ecological

charateistics of hive.
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7) The structure of hive was outlined for easy management and recycling
of hive.

8) The systematic recycling of hive was studied(see p61 and p9).

3. Effect of pollination on tomato in the green house(The third

sub-subject)

A. Present status

1) The majority of farmers utilized imported bumblebee(B, terrestris).

2) Honeybee is not popularly used by farmers because it is low capability
of pollination for tomato as pollinator.

3) There is a high potentiality to disturb eco-system by introduction
of alien species of bumblebee(B. terrestris).

4) Development of a native bumblebee is urgent for a substitute against

import of alien bumblebee,

B. Content and categories

1) The organ of flower were investgated on the basis of floral structure,
nectar and anther.

2) The potentiality of bumblebee(B. terrestris) and honeybee(A.
mellifera) was compared on the basis of visiting time, number of
visitng insects to one flower.

3) A comparative effect of pollination between by hormone application
and pollinator was studied on the basis of percentage of fruit

setting, percentage of top grade fruit and seed productivity.
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4) A capability of a native bumblebee(B. ignitus) was compared
with imported bumblebee(B. terrestris) from the aspect of pollinating

behaviour.,

4. Development of a native bumblebee(B. ignitus) (The fourth

sub-subject)

A. Present status

1) Distribution of a native bumblebees(Bombini, Hymenoptera) only
has been surveyed and no physiologican and ecological studies
have been made so far.

2) Import of alien bumblebee(B. terrestris) has steadily been
increased(about 600 million won).

3) There is a high possibility that bumblebee(B. terrestris) imported
from 1994 has been settled. It is very highly apprehensive how

much it will affect eco-system domestically.

B. Content and categories

1) The foraging season and the foraging plants have been surveyed.
The collective inhabitating region was investigated as well.

2) The optimum rearing conditions and methods have been found out;
such as temperature, humidity, light, pollen source, sugar source,
water and etc.

3) Colony development has been investigated on the basis of the

competitive point, switching point and colony size.
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4) New queen production system has been established.

5) The optimum conditions for mating and egg-laying of new queen
have been studied and a year-round indoor rearing system has been
established.

6) A selection criteria for breeding of a promising line was determined,
using percentage of colony settlement and percentage of colony size
over 80 workers.

7) The indoor mass rearing system has been studied; size of rearing

box, rearing scale, feeding system and etc.

IV. Results and recommendations

A. Selection of a promising pollinators (The first sub-subject)

1) Pollinators domestically distributed were Apini, Bombini, Megachilini
and Syrphini and numbered totally to 31 species, out of them 8 species
were Bombini.

2) It was found that species, which is comparatively acclimatized to
indoor artificial rearing system, were B. ignitus and the mass indoor

rearing of this species was attempted.

B. Effect of pollination in the green house (The second

sub-subject)

1) No statistical significance in honeybee(A. mellifera) foraging activities
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2)

4)

5)

6)

was found with the various green house. It was found that micro-climate
factors were closely related to their foraging acitivities and especially
ventilation was more influential with a rise of temperature in the
green house.

The diumal activities of honeybee in the green house was more
active between 11:00 am. and 3:00 p.m.

The foraging activities on the various species of pollinators(Hymenoptera)
and strawberries were different. It was found that honeybee(A.
mellifera) was utmost efficient pollinator for strawberry because it
was evolutionarily adopted to the morphological structure of strawbrerry
flower.

Number of stigmas of Yeobong was less than Suhong and Bogyojosaein
by 100 stigmas. More number of stigmas was presumably advantageous
for uniform developement of fruit.

Honeybee release plot produced less number of abnormal shaped
fruit than honeybee free plot by 40 to 60%.

Honeybee(A. mellifera) was most popular among three pollinators
because its colony size was lagest(about 10,000 workers for honeybee,
A. mellifera; 5000 workers for A. cerana; 300 workers for B.
ignitus) and its life span was longest(about 180 days) and its
foraging was coincident with growing and blooming season
of strawberry. In addition B. terrestris was most expensive.

It was also found that recycling of hive was possible by supplying
sufficiently and steadily pollen because pollen was more important

for sustaining a normal colony size than honey reserved in hive.
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3

4)

5)

A medium size hive within 5 comb or a small size hive with 3
comb were more convenient and advntageocus than the existing
hive with 10 comb to meet demand.

Honeybee which is duly under hibernation is generally utilized as
pollinator for strawberry in the green house but technologies
related to forcing culture of strawberry in the green house has

been established by introduction of honeybee colony prior to hibernation.

Effect of pollination on tomato in the green house (The 3rd
sub-subjedct)

It was found that tomato produced nectar as much as it is ignored
and honeybee(A. mellifera) ignored foraging it.

Bumblebee(B. terrestris) was compared with honeybee from the
aspect of foraging activity against tomato and percentage of fruit
was higher by 30% with bumblebee(B. terrestris) than with
honeybee(A. mellifera).

Bumblebee(B, terrestris) was more efficiency in foraging than honeybee
(A. mellifera) because bumblebee was bigger, more hairy and more
vibrating on flower.

Weight of fruit was heavier, size of fruit was biggeer and number
of seeds was more with bumblebee(B. terrestris) than honeybee
(A. mellifera). Consequently as a whole about 10% productivity
was increased.

There was no difference in foraging activity between native

bumblebee (B. ignitus) and imported bumblebee (B. terrestris).
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6)

7)

Development of a native bumblebee(B. ignitus) (The fourth
sub-subject)

A native bumblebee(B. ignitus) was found in the area where an
azalea and a rhododendron was growing in blooming season
after hibernation.

Bumblebee(B. ignitus) collected from the field was successfully
settled for indoor artificial rearing and maintained in a successive
generation. The indoor rearing system has been establised to
determine rearing tools and feeding methods.

It was found that the optimum rearing temperature and humidity
were in the range of 27C to 29C and 60% under dark condition
but there was some differences in rearing conditions between
larval stage and adult stage.

As a result a promising breeding lines which produced over 100
workers of colony size per hive in a successive generation were
obtained, using rearing box made of wooden and sized as 34x22
X 18cm.

Over 50% of mating percentage was attained in the field and
percentage of egg laying was raised by supplying a sufficient
fresh pollen.

Egg laying percentage for queen of the second generation marked
about 45%, the total percentage of colony from the second
generation reached about 80% and among them percentage of
large colony over 80 workers was about 70%.

The breeding lines have been established on the basis of adult
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emergence and colony size. A continuous selection is continuously
under way.

8) Simultaneously the breeding lines are generation to generation
investigated on the basis of liability due to a gene recession and
resistance to pathogens.

9) Studies on standardization of bumblebee for practical use is under
way to meet demand from user.

10) A mass rearing system and a supplying system of a native
bumblebee(B. ignitus) are under study and a competitiveness of a
native bumblebee(B, ignitus) against imported bumblebee(B. terrestris)

is under investigation as well.

2. Recommendations

A. In case of strawberry honeybee(A. mellifera) is more effective
over other pollinators in terms of foraging acitivity and price and
establishment of recycling system possibly leads to a stable supply
of honeybee. To meet demand it is urgent to raise supplier on a
commercial basis.

B. The foraging acitivity of a native bumblebee(B. ignitus) was
tentatively compared with imported bumblebee(B. terrestris) in
terms of behaviour, staying time and foraging characteristics. As
a result there was no difference between them and will be
reexamined in terms of yielding and quality next year, using a

standard size of the green house.
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C. In a conclusion it is conceivably possible to provide bumblebee to
user at a cheaper price and on a commercial base in two years
after development of a standard package because a massive rearing

system has been already developed.
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Table 2.1. Major hymenopterous pollinators visting honey plants

at Chungnam area in 1995

Scientific name

Korean name

Hymenoptera
Mutillidae
Trogaspidia pustulata Smith
Vespidae
Vespinae
Vespa simillima simillima Smith
Vespula flaviceps lewisii Cameron
Polistinae
Polistes mandarinus Saussure de Geer
Apidae
Megachilinae
Megachile humilis Smith
Osmia cornifrons Radoszkowsky
Osmia excavata Alfkan
Anthophorinae
Amegilla florea Smith
Tetralonia nipponensis Perez
Apinae
Xylocopini
Xviocona appendiculata circumvolans Smrith
Bombini
Bombus anachoreta Skorikov
Bombus ardens ardens Smith
Bombus hypocrita sapporoensis Cockerell
Bombus ignitus Smith
Bombus opulentus Smith
Bombus pseudobaicalensis Vogt
Apini
Apis cerana Fabricius
Apis mellifera Linne

B
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Table 2.2. Major dipterous pollinators
Chungnam area in 1995

visiting on honey plants at

Scientific name

Korean name

Diptera
Syrphidae

Syrphinae
Syrphini
Asarkina formosae Bezzi
Metasyrophus nitenz
Syrphus torvus Osten-Sacken
Paragini
Paragus quadrifasciatus Meigen
Chrysotoxini
Chrysotoxum coreanum Shiraki
Chrysotoxum festivum Linne
Milesiinae
Volucellini
Volucella nigricans Coquillett
Eristalini

Eristalis cerealis Fabricius
Eristalis tenax Linne
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P2 FAqN ESHA UHE T MBLESN(E. cerealis)S} A
& (Metasyrophus nitenz)ol® @A LR SdE AdRM Algg
EriRd e e Folnd, Fele 92dERE ABRAW ABRYL =
Hez 2853 Y& Folot,

T+ 2(1986) 2 Wst2FzAbelA BiFe) Waleie HE 177 33%
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Hdro AAAY Sl w8 B9 Halictus sp. Lasioglossum sp. 7}
TRY WEEsoR F2dAE £5001, I AnH So] agel
WapZolel B sta vk (Abrol, 1989).
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He 31.5%, HEFE 17.1% £22 JEYHE 2.3).

Table 2.3. Response of the grower to foraging activity honeybee
on strawberry in green house

Response(%) Frequency(%46) Problems Frequency
0 0 No-activity 17.1
10 2.0
20 85 Population decreasing 34.3
30 54.2 o
0 29 Management difficulty 315
50 2.9 Chemical imply difficulty 8.6
50< 2.9

No-response 57 No-response 85
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Table 2.4. Responses of the growers for purchasing value of
honeybee colony case of strawberry cultivated in

greenhouse
Value (1,000won) Frequency(96) Response Frequency(%)

90 29 Cheap 85
100 Sl Middl 486
110 17.1 1ade ‘
120 314 Higher 429
130 143 Much-higher 0
130< 29

No-response 0 No-response 0
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 oAgZEYe] 5 YE 2 250 g3 Y NG &

Fig. 2.1. Apis cerana for pollination on
in greenhouse strawberry
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Table 2.5. Pollinators for strawberry in greenhouse

Pollinator Value per colony (won) Activity

Honeybee

Apis mellifera 90,000~ 120,000 ++ +

Apis cerana 50,000 ~ 70,000 +
Bumblebee

Bombus terrestris 140,000 ~180,000 +
Solitarybee

Osmia cornifrons - +
Hovertlies

Eristalis cerealis - +
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Fig. 2.2. Imported bumblebee for pollination
of tomato in greenhouse tomato
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Table 2.6. Foraging activity of pollinators used on tomato in

greenhouse
Pollinator Value per colony (won) Activity
Honeybee
Apis mellifera 80,000~ 120,000 +
Bomblebee
Bombus terrestris 140,000~ 180,000 +++
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g7le] HAAFS FAde v AEuAZZY HAsax
8EHA 2@l A 2= (McGregor.1976). ¥ (Apis mellifera
% Apis cerana)e AAAE T3 ARt Fstnx 713 A
T RNl ole AEY MY A&AHQ FEujshalels]
TRty ojge AY, A gEsto] FUA Um, AFHP
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AEFT ABEFTAA Rol7t 71 How, Ruzxio] 7t FE Aoz

vetwth, ol FFY A FA J@ HojH AR EY "E FF
noh o] Aois A3 dee 8Y & Y4l e F T BYAHQ
dle 7iQlste Ao BATH(A, 1996). a2z FA FrhlM 7
Fo] AL Ae FFY 4% AF FEMASZIT ooz He
g Roz Ayl

Table 3.1. Fruit weight of strawberry pollinated by A. mellifera

Weight of fruit cluster(g)

Variety
Screening Control
Nvogo 144 619
Suhong 224 487
Hokowase 271 ‘ 36.4

w3 193 S84 el B4, S7HE, SYFed gy 27
e 1% 19 E 200 ehdele) go) 1A B ESY A AV
st A7} 22 2.0g. 30.5g. FFEFAME 77t 8.8g, 28.6g. B

_56_



Fig. 3.1. Comparision of fruits between with honeybee(upper)

and without honeybee(lower).
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2o AAgAFHElA 30%014 FFEAA UANLH AAFASE
8%°1% E}T 71WHEL 32-13% UYL wusn A,

@A AgE7] AMAdlA 244 ANEFoZ el o]gHR Ut
AR EFY Aol SFEuiATEY olgo] REA aFHT SR

Table 3.2. Effects of fruit production on strawberry pollinated by
Apis mellifera

Nyoho Suhong Hokowase

Fruit Division
Screening Control  Screening Control  Screening Control

1 Wemht® 20 305 88 286 73 197
f ' Ripening(%) 90 1000 240 330 67 170
t
™ Malform(%) 100 0 85 0 87 0
Weight 22 161 48 103 74 89
nd - Ripining 50 641 45 220 180 135
frlt  \ralform 100 0 65 0 % 0
Weight 17 106 23 6.4 33 53
574 Ripening 55 377 0 0 190 180
fruit  raform % 0 70 0 75 1
Weight 20 43 10 18 18 24
4th  Ripening 2.0 135 0 0 282 121
frut  protform 90 0 85 0 0 0

2) NAd 4F8F
A2 FAxAs NN AGF B dFET2 E 3.390M4
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Table3.3. Diurnal activity of Apis mellifera on strawberry in greenhouse

21. Feb. 24. Feb. 27. Feb. 1. Mar.

Time In In In In
Out Nectar Pollen Out Nectar Pollen Out Nectar Pollen Out Nectar Pollen

09:00 0 0 0 0 0 0 0 0 0 0 0 0
10:00 6 4 1 9 8 1 9 5 2 11 9 4
11:00 21 16 3 16 16 3 23 18 10 21 27 4
12:00 46 41 5 23 21 1 25 27 10 25 27 2
13:00 40 40 3 41 34 7 37 33 3 22 20 3
14:00 35 28 0 50 41 12 45 45 10 58 48 3
15:00 26 37 5 35 35 8 70 80 13 58 48 8
16:00 11 8 0 30 30 7 45 40 5 33 32 3
Total 18 174 17 204 185 39 254 248 53 228 211 27

10 - 20 10 - 10 10 0 10 10 : 10

16 : 40 16 : 40 17 = 10 17 - 05




Eid who} 2ol o4 104 1087 MFel 248 2F 44 308 AFE=R
Axdte Aeg Yegten SEAYETE sdaie] BE Aoz A}
HAT. AE EadA e 29 2190 T LA 12A5-E F 24] Alo|dj
HAAE o|Fn glern, 24 24Ul 2F IAFH 2F 3A4]d
Az YEs 249 27Y o]F= 24 1IAFH F 44714 gL &%
€ BT 53 2% 244 &F 3¢ 2AH HoAE ZAEUAG.

3) ANAEW HIEA
MEFEEY 9%, FF, Bz T AFFA dd AddE g
HEETE ZANE 3 H 34904 Ee viogo] AAN R ABEFFTH

Table 3.4. Number of A. mellifera visited to strawberry in
greenhouse

Time Nyoho Suhong Hokowase

09 :
10 :
11
12 :
13 :
14 :
15
16 :
17 :
Total 27 16 19

S8 8888888
- SN
o - v U o o o
— o W W e e

* Obsevation of 20 flower clusters per 10 min.
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HEREFFAM 4z 27, 2972 FFEF 16FET B 222 ve
o A A E o 1248 o F AR B HEEES B
At
L& IA8 2419 glo] &b Frle] & He = 2F 144 A%
FZ2Y A% 307, £ETEFT 256F, RuRAEFT 23F FoH, 2F 24
de A8EFF 307, FEEF 22F, RuzAFF 22FE UEHYHE
3.5). NY¥FEEL AFFET 988 /M HEde Aoz eyt

L

Table 3.5. Number of Apis mellifera visited to strawberry in greenhouse

13 : 00 14 1 00
Date
Nyoho Suhong Hokowase Nyoho Suhong Hokowase
24 Feb. 8 5 6 7 6 8
25 Feb. 2 2 - 2 1 -
27 Feb. 8 9 6 6 4 3
1 Mar. 10 6 5 11 8 7
2 Mar. 2 4 3 4 3 4
Total 30 25 23 30 22 22

* Obsevation of 20 flower clusters per 3 min.
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@718 NFE dd MEFEL] P85S AF 5-74AAA H
Aom Eolre FFWE FEALE A 1Yo AZEF F$ 18-22
Z2 9o £#EEFFTY BuzEFL 474 11-23%, 15-35 22 YEW
THE 3.6). 7/Hstdo] Ago] wat WEAe Hapxes ZF4ddeq

Table 3.6. Foraging time of Apis mellifera on the various
varieties of strawberry in greenhouse

Foraging time after flowering(sec)

Date Variety
st 2nd 3rd 4th 5th  6th  7th
Nyoho 18 14 13 10 8 9 0
24 Feb. Suhong 11 13 10 9 7 9 0

Hokowase 15 14 9 10 8 7 0

Nyoho 10 8 0 7 6 0 0
25 Feb. Suhong 9 8 8 6 5 0 0
Hokowase 8 7 0 5 0 0 0

Nyoho 19 18 15 13 10 3 6
27 Feb. Suhong 17 15 13 10 9 3 6
Hokowase 20 18 15 13 10 8 7

Nyoho 22 15 12 10 8 0 0
1 Mar.  Suhong 23 18 15 14 12 0 0
Hokowase 18 15 12 10 9 0 0

Nyoho 18 15 13 8 7 0 0
2 Mar. Suhong 22 15 10 8 7 0 0
Hokowase 35 30 20 15 10 0 0

* 20 fruits observed
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2719 dvHy A s HEEYE £ de FEE ZE: gHgE
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A Ho REEd A F7retd s tge MY B3 4-59F e A9
FAEA o ded £4%5ELe s HARE ASE 10974 E A

e

MakA FAET (. 1996). 22z Bl o3 HEgE SEuiNe
MEF 1-3dell o] Foix & Aol 7 nigdASIG L AlgdT
MNEFEEY AEZ7dAM e BaPFE A 23 29 32614

Fig. 3.2. Pollination of A. mellifera on
strawberry in greenhouse
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27 ®L FHo] MEdF ez AFTELL e ool Wy EolrEA
3E Z& BEE Ay 53] MYo] sge Ave v Av2 g

FRHEY JFYAE AR MUFEEE AldEvidare 29
T2 7l5 Agd viAREA Aol YA T ZA rddtE A
o2 A,

Y. §YFT LU (Apis cerana)? SHEMANEH
1) #4484 F3as
TYTEEA ¢ AMAErY 4UF FrEaTE 1Y} FEHUS
A SFEFAE AFEFFY A ALTFE 24.5g0199 whd gz
64.9g0 2 UEon £EEFE DT 277 g 27.1g, 41.8¢
ol BuxAFTFL 747 22.6g, 32.8gL2 ZAIHATHE 3.7). AF

X,

13

rl

Table 3.7. Fruit weight of strawberry pollinated by A. ceréna

Weight of fruit cluster(g)

Variety
Screening Control
Nyoho 245 64.6
Suhong 27.1 41.8
Hokowase 226 328
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T 948E3Y Aort NME w%en, RIZAEFT MY @& Aoz
Hetgth ole MIFFEEY SEvNEFSY 2 FYeR EFFU A
Sl @ aolet AAAH A FrielA s wol AuHD e F
FA 489 B4 EAEFo] A He Fo g Aoz AsH
B3 183 sEA 9 F49 FA, 7%, 1¥Hed d@ A2
e E 3.80 vepduie o] 1WA BEFFTY S ALETS AL

x

Table 3.8. Effects of fruit production of the different varieties of
strawberry by A. cerana

Frait | T . Nyoho Suhong Hokowase
t fmen!
it Ared Screening Control  Screening Control  Screening Control
Weight(z) 35 297 116 262 79 186
1
fri; Ripening(%) 28 99 42 99 23 98
Malform(%) 95 0 75 2 80 45
Weight 40 160 69 88 54 95
2
nd R iining 38 80 19 38 52 48
fruit
Malform a5 0 60 12 70 11
Weight 29 177 35 56 59 52
Sd pipening 17 30 8 18 43 38
fruit
Malform 90 0 55 % 90 13
Weight 51 42 18 25 20 19
ém,] Ripening a3 13 0 0 12
fruit
Malform 70 0 75 14 70

* 20 fruits observed
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TE 747 3.5g, 29.7g22 FEFFANME 42 11.6g. 262502 B
ZREFL 47 7.9g. 18.6g22 Ut sU1AR glojdE 48 F
T A% D7 WATE 4 2.0%. 100.0%22 % Aol uE
Waley =355S4 BazdEF F¢e F09 zeolE JeEydd.
of doide ABFF] A 2AdFe WAFAA Z7h 70-95%,
TEEZFS 55-75%. 2-26%, BRZRESL 70-90%. 0-45% =
UEbTh 293}, 3¥E, 49 FeME 22 AYE BHAou A%
FF At o F3 vE FEAAY 8= ¥ A2 Ve
o B ATFOA AFET A ¥R Ee 0%oReY FEEF
dME 19l A 47 Z4zh 1, 12, 26, 14% 2 JElgon, Bax
AZFToME 1A 39742 42 45, 11, 13%2 ZAE A
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2) N dF8F

TYTEES JdFEFS X 3.994 JERd nieh o] od 104
1087 A% 223te] 2F 1TAE HFE ALsE Ao ey
REAFETGE SUAP] B Ao AHATH AYHE FadME
29 21l 2F IAFEH 2F 34 Aloldl HGAE ojF1 don, 2
4 24eE 2 1248 2F 4AAteldl A2 Jeign 2€ 2793
39 1dele 24 11AFH oF 44714 €2 8F5& 231 53 %
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Table 39. Diurnal activity of Apis cerana on strawberry in greenhouse

_ng

21. Feb. 24. Feb. 27. Feh, 1. Mar.

i In In In In
me Out Nectar Pollen Out Nectar Pollen Out Nectar Pollen Out Nectar Pollen
09:00 0 0 0 0 0 0 5 4 1 0 0 0
10:00 11 8 1 11 6 4 15 12 3 13 8 2
11:00 23 18 5 23 21 3 28 24 4 18 8 2
1260 33 26 4 40 36 3 29 28 3 22 18 3
13:00 44 38 8 45 42 5 34 32 2 30 29 4
14:00 43 38 7 49 43 13 38 38 4 60 55 5
15:00 48 40 3 48 43 11 25 23 5 45 38 7
16:00 18 15 3 42 38 8 30 30 7 33 33 3
17:00 0 0 0 0 0 0 13 3 3 4 4 1
Total 220 83 31 258 228 47 217 194 32 225 193 27

10 1 10 10 : 30 09 : 30 10 : 45

16 : 40 16 : 40 17 © 10 17 05




3) AW 54
TETEEY 8. FF, Euzl F AET o Azidg )
HEErE B AAYeR AFFETH EuzdEFTAAM 4 27, 29%
FTEEET 165G B2 o2 Uyt ANE 2AME 23 12
Algk 27 AR b B HEEFE dUTHE 3.10).

Table 3.10. Number of A. cerana visited to strawberry in greenhouse

Time Nyoho Suhong Hokowase
09 : 00 - - -
10 : 00 2 1 2
11 : 00 2 3 1
12 : 00 3 5 5
13 : 00 4 6 5
14 1 00 4 7 10
15 : 00 3 3 5
16 : 00 1 2 3
17 : 00 - - -
Total 19 27 31

* Obsevation of 20 flowers per 10 min.
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2F 1A 2Ael 3lo} @2 Sl dol & W £ oF (A4
AEFF AT 30F. FETEFT 25F, HIZAMES 23F dov, 2%
NdlE 94FFF 30F, FEEF 22F, HIZPEF 22%E ey
(£ 3.11). olsbZe ZAAE Hol FUYTTEL ANEEF A8 e 713 A

e AL € F A

Table 3.11. Number of Apis cerana visited to strawberry in greenhouse

13: 00 14 : 00
Date
Nyoho Suhong Hokowase Nyoho Suhong Hokowase
24 Feb. 6 4 8 3 7 10
25 Feb. 3 2 3 2 2 3
27 Feb. 8 7 6 5 4 3
1 Mar. 8 5 7 7 4 5
2 Mar. 5 3 4 5 3 3
Total 30 21 28 27 20 24

* Obsevation of 20 flowers per 3 min.

xR sEFEL BRYE ZFALL E 19 4EFFT
A5 10-182 fov 3 EFY RuxAdEFLE 744 10-17x2, 12-18%
2 YeEhtH(E 3.12).

@718 M FEFEE WEd TS Fo - kA dn FAY
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Table 3.12. Foraging time of the Apis cerana on the various
varieties of strawberry

Foraging time after flowering(sec)

Date Variety
Ist 2nd 3rd 4th 5th 6th  7th
Nyoho 10 9 9 8 6 7 0
24 Feb, Suhong 10 9 8 7 6 5 0
Hokowase 18 16 15 10 8 7 0
Nyoho 10 8 7 0 0 0 0
25 Feb. Suhong 11 9 8 0 0 0 0

Hokowase 12 10 9 0 0 0 0

Nyoho 18 17 15 14 13 10 8
27 Feb. Suhong 17 16 13 10 9 8 7
Hokowase 15 14 10 8 7 6 5

Nyoho 13 10 9 8 10 0 0
1 Mar. Suhong 12 8
Hokowase 14 10 9 8 7 0 0

(=]
oo
-]
<
<

Nyoho 15 14 12 10 8 0 0
2 Mar. Suhong 12 9 10 7 5 4 0
Hokowase 15 13 9 7 ¢] 0 0
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Fig. 3.3. Pollination of A. cerana on strawberry in greenhouse
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FFF A48FFAM 7P Aolrt wsten, BazxgEFe] s #e A
o2 Jehdtt. ol FFY A EAd oF olzt AARAY G
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Table 3.13. Fruit weight of strawberry pollinated by B.

terrestris
Weight of fruit cluster(g)
Variety
Screening Control
Nvogo 15.7 75.2
Suhong 35.0 53.0
Hokowase 24.1 383

T3 1M FEAY fAe FA, YRR, /8 HEd AT 2AHE

HE E 3.1400 vheRd uie} Zo] 18N AR FFY B

ARl A Zb2b 4.4g. 29.1g. TEEFTAME 1.7g, 34.2¢. BUEAFF
7.7g, 19.2g $22 vgRth w713 = doiMe 48FF B+

Aarst AREA 2z 2.0%. 100.0% B @& AolE YEu oY

o
@
4
£
o

FEZZI BuzAEFY] ASE 4 Aolg JERIACT. 2¥F, 3W
%, 493 FAME 2 AL Hgou A8 FFY ALd dE FF
ula] stEoiNe] S TE ¥ Ao vy

- 72—



Table 3.14. Effects of fruit production of the different varieties

of strawberry by B. terrestris

Nyoho Suhong Hokowase
Fruit  Treatment
Screening Control  Screening Control  Screening Control
Weight(g) 44 191 7.7 342 7.7 19.2
st
> Ripening(%) 20 100 U5 947 665 100
fruit
Malform(%) 85 0 80 0 20 0
Weight 11 196 48 14.0 52 103
2nd .
. Ripining 25 100.0 19 374 47.1 584
fruit
Malform 80 0 75 0 75 0
Weight 19 21.8 3.0 6.8 3.2 6.7
54 Ripening 10 733 5 120 359 263
fruit
Malform 80 0 100 0 80 0
Weight 22 8.3 16 2.1 19 3.1
4&,] Ripening 140 250 80 0 150 106
fruit
Malform 80 0 70 0 85 0

* 20 fruits observed

2) Ny dFEF

MFHEEe] dF8FS & 3.15904 el Bieh o]l 3 104
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Table 3.15. Diurnal activity of Bombus terrestris on strawberry in greenhouse

21. Feh. 24. Feb. 27. Feb. 1. Mar.

: In In In In
e Out Nectar Pollen Out Nectar Pollen Out Nectar Pollen Out Nectar Pollen
09:00 0 0 0 0 0 0 0 0 0 0 0 0
10:00 3 2 0 3 2 0 2 0 0 7 0 0
11:00 3 2 1 4 3 1 5 5 0 12 8 0
12:00 2 i 0 5 4 1 8 5 0 13 9 2
13:00 6 3 0 6 5 0 13 10 2 10 8 2
14:00 3 1 0 5 4 0 15 15 3 15 13 0
15:00 2 1 0 3 3 0 17 13 4 13 11 1
16:00 0 1 0 2 i 0 18 17 3 8 5 1
Total 19 11 1 28 22 2 78 65 12 78 54 6

10 : 40 10125 10 :30 10 - 20

16 : 40 16 : 40 17 - 10 17 : 05
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2 12AFE 2F AR BE EFS B 53] 2F 2494 &F
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3) MW B354

AFRGdEe] o8, FF. BRI T AFF A Aigd 7]
HEEFE B ¥ 3,169 JERG uhel go] Yoz ¥ EFH K

Table 3.16. Number of B. terrestris visited to strawberry in

greenhouse
Time Nyoho Suhong Hokowase
09 : 00 0 0 0
10 : 00 2 1 1
11 : 00 1 2 1
12 1 00 2 1 2
13: 00 3 2 3
14 : 00 4 1 1
15 1 00 1 1 1
16 1 00 1 0 0
17 1 00 0 0 0
Total 14 8 9

* Obsevation of 20 flowers per 10 min.
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Table 3.17. Number of B. terrestris visited to strawberry in

greenhouse
13 : 00 14 : 00
Date
Nyoho Suhong Hokowase Nyoho Suhong Hokowase
24 Feb. 2 1 2 1 1 1
27 Feb. 5 4 3 6 5 4
1 Mar. 3 8 2 5 7 3
2 Mar. 4 1 2 5 3 3
Total 15 14 9 17 16 11

* Obsevation of 20 flowers per 3 min.
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Table 3.18. Foraging time of the B.terrestris on the various
varieties of strawberry

Foraging time after flowering(sec)

Date Variety
Ist 2nd 3rd 4th  5th  6th  Tth
Nyoho 11 10 8 7 6 5 0
24 Feb. Suhong 12 11 9 8 7 6 0
Hokowase 13 10 9 ‘8 7 7 0

Nyoho 10 8
25 Feb. Suhong 0
Hokowase 10 9 8 0 6 0 0

o
o o
o o~
o o
o o
o o

Nvoho 20 19 17 15 13 10 8
27 Feb. Suhong 23 20 18 16 12 10 9
Hokowase 19 17 15 13 10 8 7

Nyoho 15 13 10 0 0 0 0
1 Mar. Suhong 20 18 15 16 13 0 0
Hokowase 14 12 13 0 0 0 0

Nyoho 18 16 15 10 7 0 0
2 Mar. Suhong 18 15 14 10 8 0 0
Hokowase 17 15 10 8 0 0 0
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Fig. 3.4. Pollination of B. terrestris
on strawberry in greenhouse
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Table 3.19. Diurnal activity of Apis mellifera on strawberry in greenhouse

— 6L...

20. Feb. 22. Feb.
Time Plastic house(PVC) Glass house Plastic house(PVC) Glass house
In In In In
Out Nectar Pollen Out Nectar Pollen Out Nectar Pollen Out Nectar Pollen
09:00 4 3 1 4 3 0 3 0 0 4 3 0
10:00 50 45 5 8 5 0 40 26 7 5 3 0
11:00 40 3 3 30 24 5 28 21 7 13 8 0
12:00 31 25 3 26 21 3 28 28 3 23 15 2
13:00 22 17 2 36 23 2 38 34 6 37 23 5
14:00 28 14 1 28 13 2 50 43 5 55 53 7
15:00 15 11 0 18 8 1 38 37 0 41 33 3
16:00 9 6 0 11 5 1 0 0 0 0 0 0
17:00 0 0 0 0 0 0 0 0 0 0 0 0
Total 198 152 15 161 102 14 225 189 28 178 143 17
09:20 09:30 09:30 09:40

16:45 16:30 16:50 16:40
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Table 3.20. Fruit productivity pollinated by A. mellifera on
strawberry with alternative screening in greenhouse

Weight per flower cluster{g) ]
- Index Weight

(%) per 10a

Treatment
gl B-17g 17-10g 10g> Total

2day alternative

. 313 834 1085 570 282 987 25928
screening

4day alternative

. 179 767 1073 537 2856 85 23237
screening

bday altemative 150 552 857 510 2041 707 18555

screening
Screening 128 385 555 356 1424 493 12946
Control 273 983 1089 542 2887 100 2624.6
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Table 3.21. Pollination characteristics on strawberry by A.
mellifera with alternative screening in greenhouse

Length of Length of Length of Width of Root

Treatment shoot(cm)  stalk(cm) leaf(cm) leaf(em)  length(cm)

2day alternative

) 365 216 149 6.8 1802.2
screening
dday altermative 45 205 154 74 19283
screening
6day alternative 4, - 208 137 75 19235
screening
Screening 3.2 19.2 16.0 7.2 1954.2
Control 327 20.4 123 79 19955

L= R - A0 B ot B

AU BEe E4L F]Ale ZAE A 4002 AASE 12.000 ©f
gon, 4viin] BFE Ade] Fsadch AT FUAF o MY FFA
290 adon A 3t7] AlFatg e 3¥o
% 3438 Zastad 59 JFAAE o 1,000/MM2 AFdeld =Es)
qot. HAEL BARAFUY(Galleria mellonella)®] HAo] 295
Hguig 9 AFReA 2 EHA.
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P
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m
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B
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Table 3.22. Monthly pollination characteristics of the honeybee
on strawberry greenhouse

Weight of Nos. of Storaged

Month colony(kg) Cornb Population Egg laying* honey(%) Remark

Dem, 8.9 4 12,000 - 100 _
Jan. 8.3 4 9,000 - 80 -
Mar. 6.5 3 6,500 o 50 "
Apr. 49 2 5,300 ++ 35 p
May 48 2 950 + 20 "

* + 1 0-500 ++ : 500-1,000

3. AdY B2 A&5H gAFAE A e
7b. B2 AAgdE Ve
AAdE7] AR MFFEE] IS AAR BRI due
AW BEAE AEFIAL FEE ot Aol dviwstn A
FEA ¥ dAFAdE Fu O FdsE A0 AL
A= A WAZ TS 2ov dddHez B A #es
71 den, A ®MAE 271 AN b dded AEE ¥

welstdM Y #deldte 49T A FR2 vdeEs o
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FHx7IE FeFol2 A% B FFo] Wasdth IFEE g9
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Table 3.23. Effects of sugar solution and artifitial pollen supply
for management of honeybee in greenhouse strawberry

Monthly Sugar solution(ml) Artificial pollen(g)
Jan. 500 200
Feb. 1,000 800
Mar. 3,000 1,000
Apr. 3.000 1,000
Total 7.500 3,000
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Fig. 3.5, Improved frame of hive for strawberry in greenhouse
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Habalel Zhsity i gd 2 Aol AdE, TEREF H4Y
7, AU +328F 9 ASd 27 66.1%, 86.1%. 95.4%.
96.5% % el HFE+322A 77t bE i Asstddde H
AETFE 94.8%2 HFGE+F2EFRG o, A4zde HFfolE
HAYE+32877 91.2%2 7b% itk AFHez §gE A+
AeE+32MgTRdE F9x7t e n A& Qo] HPgEol
¥ FEMAEEE JEhE Ro2 ZAFHAHE 4.1).

Table 4.1. Setting of fruit of tomato pollinated by bumblebee in
greenhouse

Setting of Fruit clusters (%)
Method of pollination

2nd fruit cluster 3rd fruit cluster 4th fruit cluster

No pollination 66.1%1.8c 59.7+2.0c 526*22c
Bumblebees 95.4+0.6a 948*1.2a 89.1%x16a
Hormone 86.1£3.3b 82.8+1.6b 75.6*3.6b
Bumblebee +Hormone  96.5%0.6a 925*1.3a 512x1.8a

* 20 fruit clusters observed

Fumitaka$}t Yuji(1995)8] AMYHDYE(B. terrestris)ol] &% EvlE
Azl golA 43ttel A 87% & UERY] ZEZEXE 84%EHT Ud9E B
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1e dA3te, Banda(1991)& 98%9 38L& B ud w Qi)

THA 7 Hdd g FERF, B, B4, FAF 59 2AlE B
4.20] JERG wieh o] FEFAFE HYE+Z2ETE 5337, HAYF
T 40902 deisten Fagd gloAMe HAHTF TTINE HE B
U3, I HFoE HIE+I2EIE 748702 FAEYLH, ZEETE

593702 vheht 7bg desE wastac

Table 4.2. Tomato productivity pollinated by bumblebee in

greenhouse
fruit Small fruit
Method of ~ Tt A€ Length of Width of Number
pollination (g)g fruit(mm) fruit(nm  of seeds
no. weight no. weight
No pollination 60135 2765 28385 4085 31750 265100 256+0.0 6025+13.8
Bumblebees 72066 4097 41030 4423 31026 25.0+04 258+06 7M5HE428
Hormone 58743 3723 40943 2380 17800 26.7£01 27.1*+02 593.3+54.2
Bumblebee ;1000 5337 30687 3867 31333 %50+13 25702 481675
+ Hormone

* 10 fruits observed.
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Fig. 4.1. Pollination behavior of B. terrestris
in greenhouse tomato
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Table 4.3. Pollination characteristics of B. terrestris on
tomato greenhouse

Time (second)

Pollinator Shif ;
. ifting from
Visiting flower to flower
Bombus terrestris 52%32 36%32

2. N¥Z2Y (Apis mellifera)® & v7) a3

7b. BB FFaH

T AMNTEERER ®ol AuiHE uUAEET g NYER
do] wstdge] ¢ Ztahd Hugs BY A2sblelA (g, ZE
B3, BT, ¥E+3E2EFY AL 47 60.0%, 74.8%. 86.3%.
87.3% S22 vey Ed7% Ed+32 247 7MY 4y, A
ol BU+IEETF} 81.7%2 7MF Edod, A4shge Ffde
BHTY BY+IZ2EFV EF 80.0%2 /b it #Adoez By
Hel ¢, TEEAET, FE+I2EANT FUE Foxst glden &
Zgol glo] ARG E F2EAYL 2 HFEAEES YedE
Aoz ZAHJTHE 4.4).

EvtEAdge] wet fHgEst Ede ®lu AAeA Bandash
Paxon(1991)& EHL A2 60.87%°l ulsl 75.9% 2 JUegs Bx
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$E Atk B ARNME 74.8%7F Vehd BlsE 4% 2l

Table 4.4, Setting of fruit cluster pollinated on tomatoc by
honeybee in greenhouse

Setting of fruit clusters (%)
Method of pollination

2nd fruit cluster 3rd fruit cluster 4th fruit cluster

No pollination 60.0+3.0 57.7%06 576*08
Honeybee 748143 80055 73.3x54
Hormone 86.3+6.2 81.2+32 80.0x34
Honeybee + Hormone 87.3%15 81.7%£32 80.0£4.0

* 20 fruit cluster observed

Fande] Ande gg FEAF, B
E 4.5 o vehd nielgo] AFAFe BE+I2E2TE 408712 YER
on, WA BYETE 37872 veldon, Falgd glojAE BE+3E
27 646702 M BURIL FHETE 639ME AEHJIR FAHETL
603.8712 7} HE&FE HA3AU

i)

3. A% 59 2AE

+

L B e

NFFEELe BE SR UF $58 3

Wz @A Ao

(214
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Table 4.5. Tomato productivity pollinated by honeybee in
greenhouse
Method of . Length of Width of Number
pollination e fruit(mm)  fruit(om) of seeds
@ no. weight no. weight

No pollination 44865 2660 31750 2635 16115 261+03 27005 603.8+42.3
Honeybee 06177 3760 43367 3257 22610 26605 27010 6391548
Hormone 62177 3787 41967 2687 20660 262*+12 270+13 613.8+588
?_O“Cybee 68326 4080 47160 2906 21166 263104 27.1+06 6465+64.4
+ Hormone

* 10 fruits observed

2o EvtEs) gol 5uUg
o MgEEEY
e 87 (gE

399 BNz tE

)

SR

BHlsx e Holols $Hagel woix
AdEDES] BHHFe FA7 8oz RRIAT.
yof Mol ©g el
% th(ad 4.2).
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Qe A} FB(EE)S F2 29

EvtERAM MEFFELY 43852 E 4.690 UElG Hie} Zo

o

B 6.

K
05

27 WP EE A eH,
2 AP MERHAEY 5,23, 3.6 OA 1 AAE JERY

EOITAIME HE 5128 UEY

Aok, ol WEAFY zojzt & £ UcH HAIEL ZA TS EEG
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Fig. 4.2. Pollination behavior of A. mellifera

in greenhouse tomato

2 I3 AEETES SEAE AdlMde A AL
He A £ de FAAGE Aol AFE HA
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Table 4.6. Pollination characteristic of A. mellifera in greenhouse

tomato
Time (second)
Pollinator
o Shifting from
Visiting flower to flower
Apis mellifera 6.6*+4.0 51%+38
A48 F 9

AN EvE QA Wl A M I EdH (Bombus terrestris) ¥ A %F
B (Apis mellifera)®] &7l 23E 22329 vl 2AE Ay

= e 2o

1 NEEr R g NFHAGES 482 A2shte] B¢ 95.4%
VWA NYHAYE+IEETE 96.5%F YER F97F gle™ A3

L4

s A4 v =3 AEE YEhUH.

2. MYHGES TEEA S FEFHs R FAe A I3

MNEHIE+E22A48 77 533 = b ges FasE MUH

rir

2
g AL 779502 b A AU

3. Mg de Fol WP E AIE 5228 YEPgon FEtolFA
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4. NHEvIEC g AFFEde) Roge 284 A4S 75%
A W NIFBY+E2ETE 87%2 Jehdon] A3, 4shte u)2d
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=

5. M¥FEE U

TEEAT G FEHTF E FAFHI LN FF 3}
FE MNYTEE+I2EX

18] 771 40842 71 Yo FRSFE w3
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A5%4 W EFHYA(Z9Y . Bombus
ignitus)®] /1

A1d 4 £
98 d5(Hymenoptera), 3847 (Apoidea), 83 (Apidae),
H9dZ(Bombini)dl &3le Aer AAHoZ of 300dF0] Qo
HEE 78, 89, ofrloly 27| RN BRI, 713 B&E 93
T g ESHo2RE 880kmolA A4 st (Heinrich, 1979). 3=

r 1'J

F94(1994)00 d3hd Tuel= 209F0] 7EHo) glom, o F &
E %

(Bombus ignitus)™ EH9¥(B. ardens)< &3 & 4 g=

1=

¥ o]
AGEE A8y 3oz A48 9, 5+ So2 FAH gon

Ay LgsEA Ry JAdd

Aok (Heinrich. 1979).
AMEEmENA e 53

3y FHE A kAU YETLE HUWAFANIN AL (Fye & Medler,

1954), dEgEe 7MAn ASsHEAM A gAl(Katayama, 1971,

1973). 48+ g ¥ae] #Al(Roseler & Roseler. 1978:van Doorn,

1989: van Honk ¥. 1981)%¢€ TH3MNon, A4Es FdA A2

(de Ruijter. 1997: Griffin 5. 1991), Fol'"Id (Ptacek. 1991), & &
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#4d (Duchateau . 1994: Gretenkord & Drescher, 1997: van
den Eijnde, 1991: Yeninar & Kafanoglu, 1997), &z ddq
At@ A E) (Duchateau, 1989: Duchateau & Velthuis, 1989) el dof
g AF7 AFH o2 o] FolH g},

HEEAD A5 =FH Gl ZHAe] v FE7IZko] 3l
of gEufEFoezAe AR wHFAHoHRE Bix ded
(Rossler, 1979), 80ddl frydlA AdEnES] FELoE H7E7
g A F de MEE 75l AAEHEA, AW dF#As A H
g AFHWAIE S A F(Roseler, 1985: van Heermert. 1990)%
FAMNI e Y HAFGES AEHE £ A sALv(van den
Eijnde, 1991). @4 3748A7 AAFFeta glon, vjFodMes Wda
= ZYEASG gHstd AHFE ML, 429 Aoz AAF A
Bof B x=¥& 1 devt(Asada & Ono. 1997 Wada &
Kurihara, 1992), ot di#@Aitel A3gois Hue . @waA =
dhg g v R Fu EF Hgdd g dFANT HE FER Y
ol go thg A-77F Bastrh(viet &, 1997).

Ee)

A24 As L By
1. EZ2Sgue A 2 AR

Zy B4 AT JUe 38DolN 592747 A2 Asa
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APosdde £3, ATE BTBEE T FHE AgAdA =A
dten HolFE2 50% FAFH FHES FFAAUL F 38 AAE Ao

2 At F24d9 ASxde ¢4 28T, 60% RH ol

2. T (B. ignitus)el A d4F A S71&

AYASEE B0l 28 BFoH AAPEH £8L @A
CO.2 Mstdon APcissel ALSMEY SUS Pz ASH
A dde 2 BEEAeS 2AEAT

(2

3. ¥tEHES A8 dFAY AANY &R Y

HAgde HolFFdd T} Hdugdn Azsied o3 FEde
Mg Al AEHA TEFELLE AMEE AAE AEEte AulAbSol
o] &3ttt

A3d A9 ¢ nF

1 Ad 25 g 42

7. A9d fgd el A3
el AAEn UE HAEE Bombini?t 208, Xylocopini?t 5%

G deld UATHEI2EFEE, 1994). o AL AduHEy 542 w
g ool FFF olFd Fol Edstd & UL Ao o
e A AT F SobE A FFsUIE AAEo] EHEA A

o)
nfl,

A Ha dES Hols L gIshEA TTE YA AEA



TEolth. q4EFFY FHI Mgl AGUA FogHEe Fu oz
dated BAe FAHoz gsiEwA GAdn. gy 458 HadE
g A Hrle dwrHos JYURY 59x8 wddH)

HIEF WAL o 5(1996)0] & 5Fo] Hesen 9
YHEEE 203 37Fol2 AU, ZEF ool h A 2A}
7h o] FoAohE ol "B FRyE A F7ME Folg 9AR
9. S ERHgEe] 4549d FdA7Y A< (Rhododendron
mucronulatum) 7)&A 719} DA EE BAZ Aol HA B £ 3l
AgAe S EX A9dgE 23 BAE FASHEA 2dE g2
Aojgt #&5d4. a2z HYgde] APE A A7)0 ¢FH o

Folzlor 3ddtceM 44927 E FRALE FHOE, 4Y X £
4d3teo ZAME SFALE F4o2 AW 3 A F 5.1 oA B
& vish 2o}

el @ol AYY AGe ¢4, o4 +4, AW 5oz 77}

rir

b

9
25, 26, THAl To2 APHJEY AHE AYF & xNGL 2 F A
ol A LA}, BH ALY L FA0 =3I HY 5
A9 & EFFAYE(B. ardens)® v (B. jgnitus)o] AAHYOo}

598l 4L} Ekh

By ggnd Age We A FEe du4 g usse pus
b ojgm the mubgol AR 2 Aol SAole ¥ 4 AT FEe) %
E3 §2g anEAG A% E 520 e vis} o] suhde] FEx
$2 2504 FH98RT 42 08mm. 1.lmm o 2 o2 2ATY
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Table 5.1. Number of the queen of bumblebee collected in

1997

25 March 5 April 15 April 25 April Total

Location
B.a. B.i. B.a B.i. B.a. Bi B.a. B.i. B.a. B.i.

Kyungju 2 0 - - - - - - 2 0
Sunchon - - 9 0 - - - - 9 0
Kurae - - 6 0 - - - - 6 O
Andong - - - - 2 0 - - 2 0
Taean - - - - 4 0 5 2 9 2
Osan. - - - - - - 25 3 25 3
Suwon - - 16 5 7 3 3 3 22 11
Inchon - - - - - - 0 7 0 7

Total 2 0 31 5 13 3 34 15 80 23

Table 5.2. Head width and thorax width of the gqueen
collected in the field

Sizes {mm)

Species

Head width Thorax width
B. ardens 4.84+0.20 6.94%=0.41
B. ignitus 5.65%0.20 7.95%0.44
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o] A8+ 13.0, 17.4. 69.5% S22 UElygt o Az ol NS

By AR QoidE FHAGEET zugel Aol e Aoz

Fig. 5.1. Colonization of collecting

bumblebee in laborator
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Table 5.3. Colonization of queens of bumblebees in laboratory

No. of non-colony No. of colony
Species Total
Non-egg Egg Below 50 Above 50
laying laying workers workers
B ardens 51 20 9 0 80
' (61.8) (25.0) (11.2) (0) (100)
B. ignitus 4 O‘ 16 23
18 (13.0)  (17.5) (0) (69.5)  (100)

() percentage

2.49 4

Table

@AY ke AR AR FAGE S vl

:?.
H&g ol z2 13.8, 12.992 JeRt of 1979 zol7h UL

io[u
Iz
i3
o
oH.
l‘lf'

By Fol 10.8YE AFT 8.4Y B ¢
ATHE 5.4).

5.4. Days required for egglaying and colonization after
collection of bumblebee in laboratory

Periods (days)

Species
: Colony of worker
Only egg laying emerged
B. ardens 13.8+£5.8 12.9%£5.9
B. ignitus 8.4x6.5 10.8%5.6

~114 -



AT g e

ftjo
et
<
2
R
=
Ho
ok
2
x
oX
i
to
o
BN
>
ot
in3

A qelE B HolE Ushuidch clge) AE/HE BE EH YR

Beole B2EAET 62,598 UeY FTE FAHSA &L ARy
2.2vf ZAeow Iwide AHee FTFAETO 109.5¥2 wPAHZERG
4.3¥ AU, FHGEH sehEzie] wmdAME FEEETY A#IHA

Table 5.5. Survival periods of collecting queen of bumblebee

Periods (days)

Species
Non-colony Colony of Worker
B. ardens 28.3£16.8 62.5x20.4
B. ignitus 25.5+13.3 109.5+£39.6
AAAGEY] HdUARAV L AAFEE o|EFF de FHzAS B
A3 Fe AeZAM ALSE7Y AAY A FFEY FF FA4L

o

Z3tg o™ (Plowright ¢ Jay. 1966). Manino %(1994)& slgd
AR AISE AREE A BEdEd Jes A E A BF
A AddE e PFE FAEIE Aolgtn s e, B. terrestris’}
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e wdem(F 5.3), £ ofF FTIEEE o 80%E W¢ Eol

2. 39 (Bombus ignitus) AW 4% A §r&
7b. oqgd AL
AHEFAE7IeF 7MY T2 adE A998y Aivsod(ad
52). ¢ A9 AFE fAsn YT F UE ey Yol 8
FET AWALEAl B ge] 45 A IEF 4 BTl dE

23

Fig. 5.2. New queen emerged from

colony of B. ignitus
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19 FeA0 Y B ogue Ausdt. 3T AeiYds) a5
£ 26-102702 B@vhch zolzk A5 Uekeh(E 5.6)

Table 5 6. Number of vergin queens from the settled hives

Daily emergence of vergin queen
No. of Days for queen y & gmn g

hive queen . Total
emerging emenng June 25 July 5 July 15 July 25
RS 0 w6 0w
I 6/11(11%&33/5{111}’ 0 0 88 14 102
m 23/‘2%5;531113] 1 20 5 0 26
v 4/11(11135';1;8/5{11137 0 4 43 34 81
Total 29/](%10yd—a2yQS/)July 1 54 140 48 243

b AAT Aol 2da A e E 579 vekhd whek

2ol WEciYE AYE AT 89U Fol Mojggo] Y Ao 2AS
ek

AW sz folgazel FE3 FEuadM FES 27 565,
5.68mmzZ UElGon FZo AL 795 8.1lmmE ZAHJAG(E

5.8).
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Table 5.7. Periods to need emerging of virgin queen after
collecting of B. ignitus

Species No. of colony Periods (days)

B. ignitus 9 89.4x13.9

Table 5.8. Head width and thorax width between first
generation and second generation

Sizes (mm)

Sepcies
Head Thorax
First generation 4.84%0.20 6.94£0.41
Second generation 5.68%0.21 8.11*+0.35

. Zuhd o] wn

ok9l AWM HPE mule PAE wH AR E 108 U7}
533%=% ZAMHULH ZAZIZE HDuuARALLS 12 462 HFAD
€ N3 07 e YENTHE 5. 9).

Tupdol of AW wulgFe 1Y 5394 EE uieh o] o
AU gde 58 S5 gL F gelg ol§ 498 FRo B

A wol718 AR Auelgdsl mwelld 49e AE@T GRE
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Table 5.9. Time required for mating after releasing of virgin

queen
No. of observed
Spcies
{10min. 11-20 21-30 30 < Total
16 3 6 30
B. ignitus 5

(63.3) (10.0) (16.7) (20.0) (100)

Fig. 5. 3. Mating behaviour of B. ignitus
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Table 5.10. The mating percentage and mating time of vergin
queen in the net house

No. of No. of Mating Continution
Date virgin queen queen percentage of mating
released mated (%) (sec.)
July 30 15 7 46.7 1028+ 404
July 31 9 5 55.6 1104+ 128
Aug. 1 15 8 53.3 1226+ 489
Aug. 2 7 4 57.1 1258+193
Aug. 3 19 8 42.1 1037223
Total 65 32 49.2 1120+334
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. Euhge] BIRE
T 24T 498 TN F AVFEE 93 COA
NFee ZAE FFE E 51100 e we go|] dME AT
41.3%. +REETo) 19.0%01908 A ABLL 60.3%2 I
o, BAREE 39.750190h. COMAF HBHAAN ) 7he YBE
Zol BZ 27.39 olYom Wy FUEETL 31292 o 4979 o)

7t AATHE 5.12).

Table 5.11. Colonization of second generation queen of B.
ignitus after CO2 narcosis

Colony Worker emerged Drone emerged Non-egg laying

26 12 25

03 (41.3) (19.0) (39.7)

() percentage

Table 5.12. Period till egglaying by of second generation queen
of B. ignitus after CO2 narcosis

Colony No. of colony Period(days)
Worker emerged 26 27.3x13.5
Drone emerged 12 31.2%t8.4
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Fig 5.4. Developmental stage of B. ignitus (A Egg.
B: larvae.C: Pupa. D: Emerging adult).
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Table 5.13. Developmental period of B. ignitus reared in the
larboratory

Period of Developmental Stage(days)

Sex
Egg Larva Pupa Total
Worker 6.5x2.1 10.8+3.1 9.9x1.4 25.9%t4.1
Drone 6.6X0.8 10.1£2.9 12.9£0.9 29.0x2.6

WSS 12998 2AbHe)l £Ho| o 39 71 o2 HHA M &
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