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ABSTRACT

This study was examined the pollinating activity and the economical effect according to numbers released of Apis mel-
lifera in the 825 m”* strawberry (Seolhyang var.) vinyl-houses. The time-zone of pollinating activity relative to numbers
of honeycomb released at the strawberry (Seolhyang var.) vinyl-houses was together from 9A.M. to 4P.M., and the peak
time of pollinating activity was 11A.M.. The effects on pollinating activity relative to the honeycomb numbers in the
honeybee hive released at the strawberry houses were ordered 5 honeycombs (11,000 heads), 4 honeycombs
(8,800 heads) and 3 honeycombs (6,600 heads). The rate of workers lost in A. mellifera hives with 5 honeybee combs
and 4 honeycombs during the strawberry cultivating period were lower than that of 3 honeycombs. The rates of fruit
set by pollinating activity relative to the honeycomb numbers in the honeybee hive released at the strawberry vinyl-
houses were same level with over 98%. The fruit qualities; No. of seeds, sugar content and rate of normal fruit set were
same level, but fruit weights were ordered 5 honeycombs in 37.2 g, 4 honeycombs in 35.6 g and 3 honeycombs in
32.6 g. The marketing incomes of 4 honeycombs and 5 honeycombs were 9% to 13% higher than that of 3 honeycombs,
respectively. Therefore, when the strawberry (Seolhyang var.) was planted at 825 m” of a vinyl-houses, it was surveyed
that the most suitable numbers of honeycomb were over 4 honeycombs (8,800 heads).
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et al. 2011, Yoon et al. 2011). 2012 Eell = A ] 7]
Al 6,435 ha2] 98%3) 6,290 haol| A EH & 3}Eu)
NEEo 2 A3k QJEHKOSIS 2013). FHEw) )23l

*Corresponding author. E-mail: Isb3238@korea.kr

134



M FEEE (Apis mellifera L.) 2901578 A1AE7] (3)) a7 g v

T ol =% A 19679 FYelAFE A%}
Holow, dEe 19689 HEHEGAHANAM =] 3}
FoAulel] EREIIE E)lE o, A HET] A =
o] &l gt A7} HF3] o] Fo]x $ki(Gawasado and
Agagi 1971, Inouae and Inouae 1972, Tsujikawa 1981,
Sasaki 1984, Kitagawa 1985, Katayama 1987), 1972\ o]
FTHE o] 8% 7= F53FvH(Shimotori 1981, Tsujikawa
1981). =2 A 27| Qw7 F2 SR 2oz
watgl e, o2t Al 23] Wik shEei)EF2
LTE o5 SRR slom Auinby e siAlel] oie}
SRRl oJgt shimil e 2pae] oFH, AA S
L EE %Y A8 97R] 7} 3 9lvk(Sakai and
Matsuka 1988, Svensson 1991). 27]2] Z|d|AAl=k=} =}
A1) 271 SRR AEshnE BEHe =A%)
oAlM AA =, FH 2F(4pis mellifera®} A. cerana)ye A
AAE Fale] 3l iolol Al FLala A AA Sl
Z3}Bu 22 A QIAHE gl (McGregor 1976). E7]2]
ok wigvt AEa 755 dstA A FEeA Al
w7} 2 =], AS 2eo] 17~20°Ce] Y 7| FE £
ofste] A A|AAN w7} 7153 2Eo|THRDA 2013).
gy AEE S8 de] el ogh o] A
3 o] FoiA|A] kot FEmiNTFE T Bled WALl
PEE 0] o] FoIAEF & Folof 7|3 vES =
oJA AAHA 85 T 4 ek(Kronenberg 1959,
Kronenberg et al. 1959, Hughes 1961, Free 1968a, Moore
1969, Connor 1970, Nye and Anderson 1974, Pion et al.
1980, Bagnara and Vincent 1988, Svensson 1991, Chagnon
et al. 1993, Lee et al. 1998, Tsujikawa 1981, Inouae and
Inouae 1972). B7|Z-2 EH & vl = Al Ae
A ooz 713t A 757t e 2719 7]
3 gl 2 e RN AT, 223t A,
s ot A, dRERF, B TAE 1
2lal =7]e] ekdel ol SUTHINSSES 2013). 3¢
Well A Eoe] =738 uhEsle] EAIAS o, ¥
TP AbTel| WlEke] 13 ~43u FAE AL et
53] 1 Fol A Fe] whEtetA] ks AT, 78IS
o] FZo wal 85~ 100%= vi-$ EA vebdri(Lee et
al. 1998, Lee 1999, Tsujikawa 1981). ¥ A]3 A4l =
FA] A7) A s7ke] T EAAL 660 m’~ 825 m’
2] 19883 0] ek, A3, "2k, =AF SAM TS
o] W =7l E7Ee] WAl 600 m*~ 800 m*e} =7
922 9Fkth(Ahn et al. 1989). 2009 A= =) 2|l
3718 gos A AASEA 15 3 FERAS
664 £23.1 m*°] 1 =H(Yoon et al. 2011). webr] A= 7]
A EFHEY TR B AAYHSE e A
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< oH"

i
1 AEEA A BASE
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2 15 o7 olFer FAHUL, o F 254 F
8,40052] 27|17} Al A3 FFE TAHAEES
F71Ed =AFETIA @A A 200502 JHEEE FELE
2007958 24 EFER. Ao Asdse A3
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2ot 15 SAAE S5 128 2. 554 8] 7}
3k 2~349 sk 7|25l ot Fepxloh sk
& =8} F5ol vl 10a% 300 ~ 1,000 kg 71 EeFol
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FAYFE Il 715390 A2 2ARaAL 8
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A7) o Fetelm] oA 11~ 1247 HIA A o] =
o, spdolsd & 3 AHHE JIXH, A F od )
7 =01, 459 Foll= AHAlEITH(Gang 1996, Lee et al. 1998).
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Table 1. Number of out-going bees and in-coming bees, and rate of pollen gathering bees per in-coming bees according to the
honeycombs of Apis mellifera at the strawberry (Seolhyang variety) vinyl-houses

3 bee combs (6,600 heads)

4 bee combs (8,800 heads)

5 bee combs (11,000 heads)

D No. of in-coming bees No. of in-coming bees No. of in-coming bees
H3Y No. of out- No. of out- No. of out-
time going bees Total bees Ra.te of bees going bees Total bees Ra.te of bees going bees Total bees Rafce of bees
(head) with pollen (head) with pollen (head) with pollen
(head) load (%) (head) load (%) (head) load (%)
09:00 15.0+12.5ab 7.6+84ab' 33.1+369a" 185+21.4ab 23.0+23.8bc' 33.9+393a" 4.8+64a 7.0+89a  45.0+52.6ab"
11:00 383+222bc 643+273c" 64.1£9.7b" 453+41.9bc 60.0+243¢'" 57.0+15.7ab" 39.0+£229b 51.0+25.0c' 64.5+33.1b"
13:00 28.1£20.6b 684+15.6¢ 634+£194b" 265+159b 59.8+17.8¢c' 63.9+9.0ab" 32.0+28.4b 543+28.1c 67.9+8.4b"
15:00 229+219b 29.6+22.0bc' 66.7+13.0b" 233+255b 23.5+19.3bc' 71.0+89b" 285+282ab 85+64ab 563 +18.5ab"
16:00 04+0.7a 28+23a 49.0%323a" 73+79a 123+125a 589+194ab" 1.8+24a 6.5+94ab' 36.7+42.7a"

For the statistical analysis, One-way ANOVA test were used: No. of out-going bees, No. of in-coming bees according to honeycombs
p <0.05(Significant Difference), n=Over 30. Reference days: 4days (7, 14, 15 and 28 November, 2009). Temperature and humidity
in the of vinyl-houses during the Reference period: 09 : 00 (20.2°C, 80.5%), 11 :00 (26.7°C, 63.9%), 13 : 00 (24.1°C, 61.5%), 15:00
(12.5°C, 65.1%), 17:00 (18.8°C, 72.3%). Illumination and ultraviolet rays in the of vinyl-houses during the Reference period:
09:00 (81.8Lux, 19,862 uW/cm?), 11:00 (186.7 Lux, 40,867 uW/em®), 13:00 (130.5 Lux, 28,883 uW/ecm?), 15:00 (56.9 Lux,

16,028 pW/em?), 17:00 (53.3 Lux, 15,125 uW/em?).

=3

o Al JdFEE Wk 3] S48t
22 FEekde Bl glom, shiui g AAAT
= Al 3uf, 4 2] sefe] ¢ F] oA 114
Rom, Anluja 4uje] 734 oA 11AFE 25 1473
742 o) 2o F-XF ™ 1). Lee et al.(2008)
o A3 FFelM wHO| dFFFERA oF 3479
PR EdER e oA AAFE 5 1AA7HA] &
et SRS HAoa st B 2Akel 7o) 2
2 g RS Hola glvh. w8k w JFE
FTTE 2 3 S50 S w2 Akt
3}9d 2 }(Tsujikawa 1981), Lee et al.(2008)3} Tsujikawa
1981y =9} AR A o] & 24 11XAE
= A o2} 9zt oA 25 1A A A
2F XA dFEETE Al BT Fhe] A
xpe] AR I A 7|7 uhe}l ofzhe] o] & Ho]
= ALeE ARG @Y (A3 FEelA AnlueE
o] st dFEE F dFEE AHAIZ] oA
112173 2] Ee] shiu7] dFg5s 2R 3uie
70ute], 4vl= 62nfe] LE]aL Sl 68wl EA] Amlulgr
o} vlElehe AEFS HolA e dstd. o] A2 Anlvud
Zpo]iE mF epet B3} ¥4 3o Afe] T3 A=
89150 YT ExsH #HEA 9loiA §2] 3
9 3RS EE Yrhshr|e fA 9bvh(Rashad 1957,
Free 1970, Graham 1993, 23 1). Lee(1999)= =7] ‘o
T FTAAME &F 24 FH o] FERkE Bl B
2R FFME 24 1248 % 3A]of w2 FETk

o
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Fig. 1. Diurnal rhythm of pollinating activity according to
honeycombs of Apis mellifera at the strawberry (Seolhyang
variety) vinyl-houses. For the statistical analysis, One-way
ANOVA test were used: Diurnal rhythm of pollinating activity
according to honeycombs of Apis mellifera p >0.05(N.S.), n=3
hives. Reference days: 4days (7, 14, 15 and 28 November, 2009).
Temperature and humidity in the of vinyl-houses during the
Reference period: 09 : 00 (20.2°C, 80.5%), 11 : 00 (26.7°C, 63.9%),
13:00 (24.1°C, 61.5%), 15:00 (12.5°C, 65.1%), 17:00 (18.8°C,
72.3%). lllumination and ultraviolet rays in the of vinyl-houses during
the Reference period: 09:00 (81.8 Lux, 19,862 uW/em®), 11:00
(186.7 Lux, 40,867 uW/cm?), 13:00 (130.5 Lux, 28,883 uW/cm?),
15 :200 (56.9 Lux, 16,028 uW/cm?), 17 : 00 (53.3 Lux, 15,125 uW/
cm’)

S Reov], FEHHES oF 3k sjo] B 249 o
A 114179 A A7 ok 2ot @) FEEE o
A3E ol W g A o= FYRh el Ee 3
oA gEel S ARG WL GEe) FA5EE

3 & 1~39 2lo|7} 7P o) welbA AE 3 1394



of ol &gt Fo] o] FofR = Zlo] 7 nigHA| 3] T B8 @y e uhikEE & iY g2
SHLee et al, 1998; Lee 1999). BB m7]|ZL 31 Lol 2 ZARRE 3] £AEL vl 4nl| B} sullgo] Wb

26~30% =] 3Uo] 0.6~08mge] AUk(Shaw et al.  AF F 2719 EQFE 10%, MY FHHA 15% FE2 9
1954). opebr] g2 ) =7]9] oJof A3 1 3} ojzl ot Amlulj 3ufBof w]s| £AFo] HA "ol
Eo7252] 7o T8 ] AA i == o = Holglrh An|u 3ufE-2 Al F 270 Fek2
o] thave] el ] gdtel] dube A W] HRARE 15%, 3704 HmA] 20%2 o]z A] &u|uja 4u)-5-3}
£ AAstooF @]9 AAAH o] 7lsd ALw AL Sullg-Ect 7|7be] At Hox| = 7ee Helont

=9, Wb F A FF 80% FES FASE Aow 2
B (A% £ WRse] Fol Pl ABIIAY)  H9dTh QiR d9av S FUR F Q57

< An|vp 2 3u)Et el 22]ar sefge] bt 5.8 AAEgeT o] v ASEY, 24 sl 44
Z9F 6.2% 123 6.622A FAA oAt e AL Z5 2 35 delle 3257 50% olFtE ZFas)

2 AL, Anlujal E7) o] FAIZEE 44 ~53%2 A Adsls A97F @2y s £x71 25°C 9]
Al BAA F227) 99Tk Lee et al.(1998)2 ‘o] % & A peow EHm o] urslaEs 3z Tl &%
Tl A E7F o] FAIZke] 3% A EelAL sl B XA} 2 AA e Beof ey} HAabelr] wfel 4RI} oS A
44~53%22H 1~2% AE ZAHFE 2). Petkov(1965) | Z1H(Ahn et al. 1989, Ahn et al. 1994, Lee et al. 2006).

B S 21Ee WE|Rhe] TRl she] L A3 EF FEsThet BTl A ARl SR,
aneed R RS 2324 E o o HedHar  WET WAl 5 A71H AT A 4wl E A 3
A2, Free(1968b)= 27132 WakA|zbo] 1022kl AR oS A £ Qo o] AH de] 4wt A
dte] & Ao WA R 247 529} 62 AE v] & sl Hw SREEe] f]le] HoA|aL ofshde] Algto
# HERTAL sted ARzl mel 2 ztelE Bole A Aoz Qlstel #pds] e A &5l 7
o2 AzEn. 2 sARE AR a2 S AslE L, s Es) =3 IA4 deiAA "
st SEAA LR g o7t Sl (Free 1970), 3 wEbA 32 Wl 2= 8l 5 Hele 2] AT
W3 RS FAE] flste] olds whet sl E ke 9l <0]7] flste] WEA] F 88l sl dEeME 3t

WS me A4H0E BRI PAEAS AR S LEAs GEAZ sk WEe] W AL
H(Free 1970, Lee et al. 2008, Parker 1926). &7]| &5l 93kstr] ) s AARS Bl s 9
uh2 skt shEeFe] zpe], B9 o], W53} 2 AT Ul O W kel AR VIS Y A
Al a2l A s 370 ApolelA Z]QlEE A FAE AP vk= ol vh(Tsujikawa 1981). 54 Z3e]
27 Ats ¥ 27822 gE, e 2E SAIEA g2l Aol Ae] ETHEF 50000 vl (&H] 33HE 39
Fo] Fo e E53 FEGEEhe] weRldelE e 209 WAFELl S AT AR A o] AHESE

= 20~25707F HAEY, e e o] 3l 2 FAZE ZolEe] 40 Folle REiiERE 71 &
2 100 ~40070 2 FAHe] 917 W Ed & s} 3} < A=7F ® A= 3 (Lee et al. 2006). Yoon

off o] o]Folx ok 7|3 2E WAIF 4 Slth(Lee et al. et al.201)2] BN Amjue 7 HFF FFFE
1998). FRE-5 A s EH2 27| SledA 9= 2,216.7 £ 103.87}2] 24 2 A3l 4] WpALgE 2mul4> 2,200
o S-S AR, S AR s BEe A nhE|of 22 pEeldlet. A= 2] AfuisTtel] wAbE
o= W E olE WAl me|FE fl2ste] WS T A 4viel Aot 357%E TP Wik m
SolrbaA EHA AR el dFehe HoE wEFHUH. 2 AAE7] Aulsrlel M 660 mel| 8,867nte]e] EH

Table 2. Visiting time on the strawberry flower and flying time from one flower to another flower according to the honeycombs of Apis
mellifera at the strawberry (Seolhyang variety) vinyl-houses

Visitng time on a flower Spending time from a flower to
(Sec.) another flower (Sec.)
3 honeycombs 4 honeycombs 5 honeycombs 3 honeycombs 4 honeycombs 5 honeycombs
58£2.5 62124 6.6+2.4 53+2.0 48+29 44425

For the statistical analysis, One-way ANOVA test were used: Visitng time on a flower p > 0.05(N.S.), Spending time from a flower
to a flower p>0.05 (N.S.). n=Over 30. Reference days: 4 days (7, 14, 15 and 28 November, 2009).
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Fig. 2. Rate of workers lost in Apis mellifera hive according to
the honeycombs of 4. mellifera during the strawberry
(Seolhyang var.) cultivating period. For the statistical analysis,
One-way ANOVA test were used: Rate of workers lost in Apis
mellifera hive according to the honeycombs of A. mellifera
p>0.05 (N.S.), n=3 hives. Bee releasing date at the strawberry
vinyl-houses was 20 November, 2009. Temperature and
humidity in the of vinyl-houses during the Reference period:
09:00 (20.2°C, 80.5%), 11 : 00 (26.7°C, 63.9%), 13 : 00 (24.1°C,
61.5%), 15:00 (12.5°C, 65.1%), 17:00 (18.8°C, 72.3%).
[llumination and ultraviolet rays in the of vinyl-houses during the
Reference period: 09:00 (81.8 Lux, 19,862 pW/cm®), 11:00
(186.7 Lux, 40,867 uW/cm?), 13 : 00 (130.5 Lux, 28,883 pW/cm?),
15 : 00 (56.9 Lux, 16,028 uW/cm?), 17 : 00 (53.3 Lux, 15,125 pW/
cm’)

& 28R AR FAE A, BAIFS Anug 4v)
(8,800} )2} 22 F<Fol ).
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Zon)uf S 3uf B3} 4 23 SelE F3] 98.6100%E
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FI= A9 HUTHTH 3). A3 FFoA B 3}
Fol| 7 2goll 2)3F Zahgo] 99.1%z)aL 3 Lee et al.(2008)

3honeycombs 4honeycombs 5honeycombs

Fig. 3. Rate of fruit set by pollinating activity according to the
honeycombs of A. mellifera at the strawberry (Seolhyang var.)
vinyl-houses For the statistical analysis, One-way ANOVA test
were used: Rate of fruit set by pollinating activity according to
the honeycombs of 4. mellifera p >0.05(N.S.), n=13 hives.
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WAk Z1g3ee Folw, A4t vES ¥ S
“H(Kronenberg 1959, Kronenberg et al. 1959, Hughes
1961, Svensson 1991, Lee et al. 1998, Lee et al. 2006).
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Table 3. Qualities of strawberry products by pollinating activity according to the honeycombs of Apis mellifera at the strawberry

(Seolhyang var.) vinyl-houses

Fruit length

Fruit weight (mm)
(® :
Length Wide
3honey- 4honey- Shoney- 3honey- 4honey- Shoney- 3honey- 4honey- Shoney-
combs combs combs combs combs combs combs combs combs
32.6%6.3 35.6+£4.0 372+£8.7 524+6.3 51.5+£59 52.8+5.9 404+3.3 439+2.6 425423
No. of seeds Sugar content Rate of normal fruit set
(Each) (Brix,%) (%)
3honey- 4honey- Shoney- 3honey- 4honey- Shoney- 3honey- 4honey- Shoney-
combs combs combs combs combs combs combs combs combs
233.0+£53.6 284.1+454 267.0%35.4 13.8+1.4 135+1.3 132422 983+147 981+232 98.0+19.5

For the statistical analysis, One-way ANOVA test were used: Fruit weight, Fruit length, No. of seeds, Sugar content and Rate of
normal fruit set p>0.05 (N.S.). Harvest period: 15 ~23, December, 2009. Reference date: 18 ~24 December, 2009.
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Table 4. Economical analysis according to honeycombs of Apis mellifera at the strawberry (Seolhyang var.) vinyl-houses (In case of

one time harvest).

Fruit setting Amount of Amount of normal fruit Export price/kg Income Index
method product set/10 a (kg) (Won) (Thou. Won) %)
(one time harvest)/10a (kg) (Rate of normal fruit set, %) ’

3 353
honeycombs 359 (98.3) 10,000 353 100

4bee 38.4
honeycombs 392 (98.1) 10,000 384 109

Sbee 40.1
honeycombs 40.9 (98.0) 10,000 401 113

Harvest period: 15 ~23 December, 2009. Reference date: 18 ~24 December, 20009.

Al 2715}l A] AA " el= McGregor(1976)2] i?lil- o
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shp-2ol 2] EH e el EE B a2 3
LA #Re] 9l Aoz A7 JZITH(NSSES 2013).
AT g aga AEGES LnvisE R 77t
233 ~ 284709} 13.2 ~ 13.8 Brix,%2A A4 22} ¢l
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oF 98%= FAME . & AR A3 &2 Lee et al
(2008)°] A3l A EH | APIgo] 92.3%EkL I X
AFe} Tsujikawa (1981)7F AR A 3-8 90 ~ 97%XH.t}
A ERERE 3).

1*4%}71 A3)ellM 102 13] 8-S Hud Al

SO 40.9 kg @24 A4 4o} 301 A7) 39.2kg
7 35. 9kgi‘;} ket o]2f3t 13] 8=k Lee et al.(2008)
o] Aaol|A ZAFEF T FEu S 93l 13] &

2 38.1kg? 22 WAl A 10a T 13] 5o
w2 AL Anlug Sel gt vl o] 3uj ol B}
of Zb7F 13%3) 9% F71ske A2 ZAMANH. ohebA
= By AR sefge] R EER B
Au)g 223 YA FACA & AHE B
S| L7

Al A7) (A 3F, 825 m®, 8,400, 9. 108 A))ell M MFE
= Al SEe e AAA Etel o s
ARt sk w7)el whabe EE Avluied E
= oA 11730 7P sl o, 8 24 114
FE o5 1A] Atolel st AS Bk ¥ F
SRR Aol 9% 148} 3A] Atelof] 7PAF welA]
SHE S-S A 11A]8F &F 3A] Alelol] 71} 2hdt
g e ZAbE e T A A oA
1Al 5 Aol =gl on, anjujads shi

140

MALFS Aol S B 5 Qlsleh B smluian s
AZRE FE] o 6-72 AE MEH O, 22 o FA7F

= oF 4~52 A L8=ge. A 2] FAel WAL
skl 370 A= F Al S ES 4
B2t seleol el gRe vk i Ameled Habg
= 53] 98% oo Aoz} sl Al 3}
LNl o3 FAEAA AT sulEel 37.2¢
o2 FAF Helgl, 4 3uE ol Tk
o FEE anEleE R Alelrt glsle 13]) g 71
©2 102 F AAES] AAE EAbste] E Az, 4v)
7 sujge] 2ol 3ulge] Zapslel wlste] 747} 9%
2k 13% S7hehs o2 vepdeh mebd 825 m’e] w
o] A7 (3ol M anlulart 49 (8,8001) o]
WAkl W SRl e Ak AAI A el A

2o 4TS By
7I-A|. |

2 ATE TEAA AT wdAE
AT AL (A E: PI00680102011)2] 2| el 2]3) o]
Fol AUk old S =]k

References

Ahn SB, Kim IS, Cho WS, Choi KM (1989) Survey on the present
situation of honeybee use as the pollinator in the plastic house
of strawberry cultivation area by the questionairs. Korean J
Apiculture 4(1), pp. 18.

Ahn SB, Lee SH, Choi KM, Cho WS, Woo KS (1994) Optimum
population size of honeybee for strawberry pollination in the
vinyl house. Korean J Apiculture 9(2), pp. 113~116.

Bagnara D, Vincent C (1988) The role of insect pollination and
plant genotype in strawberry fruit set and fertility. J Hort Sci
63, 69~75.

Chagnon MJ, Gingras D, de Oliveira (1993) Complementary



M FEEE (Apis mellifera L.) 2901578 A1AE7] (3)) a7 g v

aspects of strawberry pollination by honey and indigenous
bees (Hymenoptera). J Econ Entomol 86, 416~420.

Conno LJ (1970) Studies of strawberry pollination in Michigan.
Report of the 9th Pollination Conference 157~162.

Free JB (1968a) The pollinating of strawberry by honeybees. J
Hort Sci 43, 107~111.

Free JB (1968b) The foraging behaviour of honeybees (Apis mellifera)
and bumblebees (Bombus spp.) on blackcurrent (Ribes nignum),
rasberry (Rubus idaeus) and strawberry (Fragaria x ananassa)
flowers. J appl Ecol S, 157~168.

Free JB (1970) Insect pollination of crops. Academic Press. pp.
544.

Gang SY (1996) The technical work of strawberry forcing culture.
Korea press. pp. 166.

Gawasado G, Agagi D (1971) The using method of honeybee as
pollinator in strawberry cultivating house. Agriculture and
horticulture 46, 1049~1053.

Graham JM (1993) The hive and the honey bee. pp. 13~24.

Hughes HM (1961) Preliminary studies on the insect pollination of
soft fruits. Experimental Horticulture 6, 44.

Inouae DJ, Inouae GH (1972) Management method of honeybee
using in house. Agriculture and horticulture pp. 94~898.
Katayama E (1987) Ultilization of honeybees as pollination for
strawberries in plastic greenhouse. Honeybee Science 8,

147~150.

Kitagawa S (1985) Pollination of strawberries in the greenhouse
by honeybees. Apimondia 29, 378~380.

KOSIS Hompage (2013) Korean Statistical Information Service/
Agriculture, Foresty and Fishery/Agriculture/Survey of Agri-
cultural Area/Fruit Vegetable/Strawberry. http://www.kosis.kr

Kronenberg HG (1959) Poor fruit setting in strawberries. I. Causes
of a poor fruit set in strawberries in general. Euphytica 8,
47~57.

Kronenberg HG, Braack JP, Zeilinga AE (1959) Poor fruit setting
in strawberries. II. Mal-formed fruits in Jucunda. Euphytica 8,
245~251.

Lee MY (1999) Pollination effects of honeybees (Apis mellifera
L., 4. cerana F) and bumblebees(Bombus terrestris L., B. igni-
tus S.) on strawberry and tomato in plastic house, and indoor
rearing of Korean indigenous bumblebee species. ChungNam
University Ph. D. thesis. pp. 64~83.

Lee MY, Mah YI, Chang YD, Kim TI, Park IK (1998) Effect of
Apis mellifera on fruit production of strawberry cultivated in
the vinyl-house. Korean J Apiculture 13(1), 21~26.

Lee SB, Yoon HJ, Park IG, Kim YS, Lee MY, Lee ML (2006)
Comparison on the pollinating activities of bumblebee, Bom-
bus terrestris L. and honeybee, Apis mellifera L.
(Hymenoptera: Apidae) in the strawberry houses. Korean J
Apiculture 21(2), 125~130.

Lee SB, Lee KY, Ha NG, Yoon HIJ, Park IG, Hwang SJ, Gang HS
(2007) The status of the pollinator uses on major economical
crops in Korea. Korean J Apiculture 22(1), 79~86.

Lee SB, Ha NG, Lee KY, Yoon HJ, Park IG, Gang HS, Hwang SJ,

141

Lee MY, Choi K (2008) Characteristics and effects on the pol-
linating activities of honeybee, Apis mellierfa L. and white-
tailed bumblebee, Bombus terrestris L. (Hymenoptera: Api-
dae) in strawberry vinyl houses. Korean J Apiculture 23(2),
73~81.

McGregor SE (1976) Insect pollination of cultivated crop plants.
Agr Res Serv. Unites States Dep. of Agric., Handb. No. 496.

Moore IN (1969) Insect pollination of strawberries. J Amer Soc
Hort Sci 94, 362~364.

NSSES Hompage (2013) Nonsan strawberry experiment station/
Nonsan strawberry history. http://strawberry.cnnon.gup.net

Nye WP, Anderson JL (1974) Insect pollinators frequenting straw-
berry blossoms and the effect of honey bees on yield and fruit
quality. J Amer Soc Hort Sci 99, 40~44.

Parker RL (1926) The collection and utilization of pollen by the
honeybee. Mem cornell agric Exp Stn. No. 98.

Petkov V (1965) Contribution of honeybees to the pollination of
strawberries. Gradinar lozar nauk 2, 421~431.

Petkov V, T Simidchiev (1965) The role played by bees in the pol-
lination of lucerne. XX Int Beekeep Congr (11/3).

Pion S, de Oliveira D, Paradis RO (1980) Agents pollinasateurs et
productivite du fraisier “Redcoat”, Fragaria x ananassa
Duch. Phytoprotection 61, 72~78.

Rashad SED (1957) Some factors affecting pollen collection by
honeybee and pollen as a limiting factor in brood rearing and
honey production. Ph.D. Thesis, Kansas St. Univ.

RDA(Rural Development Administration) Hompage (2013) Tech-
nology Information/Total agricultural Technology Informa-
tion/Crop Technology Information/Fruit vegetable/Strawberry.
http://www.rda.go kr

Sasaki M (1984) Comparison aspects of the honeybees as pol-
linators and a proposal of large scale use of the revived bee-
collected pollen after long storage. Honeybee Science 5,
55~62.

Sakai T, Matsuka M (1988) Bee-pollination in Japan, with special
reference to strawberry production. Honeybee Science 9,
97~101.

Seo DK, Lee SB, Lee SY, Park SH, Kim DS, Kim WT, Park KH,
Choi YC (2011) An economic analysis of pollinator’s activ-
ities on the production of major fruit trees in Korea.

Shaw FR, Savos M, Shaw WM (1954) Some observation on the
collecting habits of bees. American Bee J 94, pp. 422.

Shimotori K (1981) Honeybees and strawberry industry in
Tochigi. Honeybee Science 2, 57~60.

Svensson B (1991) The importance of honeybee-pollination for
quality and quantity of strawberries (Fragaria x ananassa) in
Central Sweden. Acta Horticulturae pp. 260~264.

Tsujikawa Y (1981) Honeybees in greenhouses, their effects on
strawberries and a problem of UV-cut firm house. Honeybee
Science 2(2), 49~56.

Yoon HJ, Lee KY, Kim MA, Park IG, Choi YC (2011) Current sta-
tus of insect pollinator use in strawberry crop in Korea.
Korean J Apiculture 26(2), 143~155.





