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Abstract |

We have surveyed the current status of insect pollinators use for horticultural crops in 2016. The
use rate and farm number of insect pollinators for 26 horticultural crops were 25.8% and 55,208,
respectively. The colony number of insect pollinators used in this survey was 479,777, which
include 344,690 for honeybees, 119,104 for bumblebees, 12,051 for mason bees, 1,317 for flies,
and 2,415 for the combination of bumblebees, honeybees, and mason bees. The use rate of
insect pollinators was 59.4% for 11 vegetable crops, such as onion (100%), strawberry (99.9%),
oriental melon (93.8%), melon (82.8%), water melon (64.8%), tomato (63.6%), pepper (31.8%),
paprika (5.9%), zucchini (1.6%), bitter melon (1.2%), and cucumber (0.2%). The colony number of
insect pollinators used for 11 vegetable crops was 449,287, which include honeybees (72.3%),
bumblebees (25.1%), flies (0.2%), and the combination (2.4%) of bumblebees and honeybees. The
use rate of insect pollinators was 9.0% for 15 fruit tree crops, such as mango (100%), raspberry
(24.0%), apple (18.3%), persimmon (14.0%), passion fruit (5.5%), boxthorn (4.5%), blueberry
(8.8%), Korean raspberry (3.1%), pear (2.7%), cherry (2.2%), pomegranate (1.0%), plum (0.4%),
peach (0.2%), kiwi (0.2%), and jujube (0.02%). The colony number of insect pollinators used for 15
fruit tree crops was 30,290, which include honeybees (66.3%), bumblebees (20.2%), mason bees
(8.0%), flies (1.6%), and the combination (3.9%) of bumblebees, honeybees, and mason bees.
Together, farms of 97.8% showed positive effect for the use of insect pollinators and most of farms
(97.0%) planed for the continuous use of insect pollinators.

Key words: Insect pollinator, Bumblebee, Honeybee, Mason bee, Horticultural crops, Vegetable
crops, Fruit tree crops
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Table 1. Cultural area and rate of insect pollinators use for 11 vegetable crops in 2016

Area of insect pollinators use (ha)

Area rate of insect

Vegetable  Cultural area pollinators use (%)
crops (ha) Total Honey- Bumble- Honeybee & Flies 2016 2011
bees bees Bumblebees
Water melon 12,572 8,152.5 8,151.5 1.0 00 00 64.8 458
Tomato 6,976 44364 1.7 44347 0.0 00 63.6 404
Strawberry 6,306 6,299.0 5,561.8 291.8 4454 00 99.9 99.9
Oriental melon 5,305 49758 49709 00 49 00 93.8 812
Pepper 4878 1,550.8 635.5 4659 4494 00 31.8 354
Zucchini 3,396 528 23.1 29.7 00 00 1.6 53
Cucumber 3,338 7.0 0.0 7.0 00 00 02 0.0
Melon 1,546 1279.5 1,168.1 1114 00 00 82.8 384
Paprika 707 417 0.0 417 00 00 59 152
Bitter melon 115 14 14 00 00 00 12 -
Onion (seed) 55 550 0.0 0.0 00 55.0 100.0 -
2 1. 20,514.1 2 . .
Total 45,194 (61 ,505%)9 (365.4%) (52,3 %3%) (83?275) ((f .52%) 394 484
Table 2. The farm number of insect pollinators use for 11 vegetable crops in 2016
Farm numbers of insect pollinators use
Vegetable crops
¢ ’ Total Honeybees Bumblebees Honeybee & Flies
Bumblebees
Water melon 11,076 11,065 11 0 0
Tomato 8,154 5 8,149 0 0
Strawberry 14851 12,928 693 1,230 0
Oriental melon 6,285 6276 0 9 0
Pepper 3274 1,221 1,056 997 0
Zucchini 114 80 34 0 0
Cucumber 25 0 25 0 0
Melon 2,308 2,020 288 0 0
Paprika 40 0 40 0 0
Bitter melon 15 15 0 0 0
Onion (seed) 52 0 0 0 55
Total 46,194 (100%) 33,610 (72.8%) 10,296 (22.3%) 2,236 (4.8%) 55(0.1%)

A3k 1998 6] AL§AE 20111A(3.009.0ha) o
ol 18 3718 Bot SRS 5 BAe
8F 397%, B 7] 27.1%, 7] 242%, W= 57%, 115
31% 40 2 AL EGI} oloh wLelsle] M B
B2 A8 A1 gk 2O R LebrtTable 1),
HAH o A, EntE 125of A1t 82.4%(4,434.Tha)
S ARSI R AL, 315 8T7%, B 7] 54%, = 2.1% <=2
2 ol §-5|9leh. EubE o] F9 2011w ¥ A
2-20] 404%0) QA HHA, 2016W o = 63.6% 2

23201k Aol Z7HE AL o 5 UIER Yoon e

=

al.,2013). 3} FFH-E SRS Sl A attER
L 312 500%, = 7] 49.5%(445 4ha)7} A A 2] 99.5%S
A B o, Zhelo| A= 50%E AHEE= AR
AP AT} o s TR A S8 ol AT 100%
AHE-E] S Th(Table 1).

Table 20| A H.=H}o} Zro] 117} 2|2 Apof| A Shit
28 AFRSE E T4 46,194% 712 2011
41916571 tH] 42785717t 5ot A0 & AL
ATH(Yoon et al., 2013). SRS F7E AHEE
7Hes B9 336103 7H72.8%), TG 10296% 7}
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Table 3. The colony numbers of insect pollinators for 11 vegetable crops in 2016

Colony numbers of insect pollinators

Vegetable crops

Total Honeybees Bumblebees I;irrfkﬁt;izg Flies
Water melon 167815 167,791 24 0 0
Tomato 100,769 77 100,692 0 0
Strawberry 93,634 81,519 5816 6,299 0
Oriental melon 54,750 54,673 0 77 0
Pepper 15957 6,802 4,658 4497 0
Zucchini 526 393 133 0 0
Cucumber 168 0 168 0 0
Melon 14,590 13,332 1,258 0 0
Paprika 225 0 225 0 0
Bitter melon 20 20 0 0 0

Onion (seed) 833 0 0 0 833

Total 449287 (100%) 324,607 (72.2%) 112,974 (25.1%) 10,873 (2.4%) 833 (0.2%)
(223%), 28} FHYES oA AR 223657 B ALIT T Aol A ARSI B 51.7%,

48%) 18| 1 92| R 55%7HE 01%S X4A/5H
ok EH o A= E7](38.5%), TEH(33.0%) H %<
(18.7%)7} AA| 2] 902%5 21 A|5}gi . 2011 Tyl
HHE AHESE B 57149225 7h= %L
L =EHO017-57h), 72|(6,173 5 7HE AH&-5h= &7t
St 7 g0 Uehith Hgue mube 14
Lol A 79.1%91 8,149 =710 a1, 213 10.3%(1 056
7h, B71 67%(6935 7} =°] ek B} 7 gE e
SFARRE-S T 550%(1, 23057, 15 44.6%(997%5
7D 22 A 99.6%-2 2 K|Sk Tl Fr A
T8 kol A 100%(55%5 7 ol-&dt= Ao &2 AL
] ¢ t(Table 2).
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Table 4. Cultural area and rate of insect pollinators use for 15 fruit tree crops in 2016

Area of insect pollinators use (ha)

Area rate of insect
pollinators use (%)

Fruit tree Cultural area

crops (ha) Total Honey- Bumble-  Mason- BFIIJ?I?EI}/CZZEZS Flies 2016 2011
bees bees bee
& Mason-bee
Apple 31,620.0 5773.5 32953 1,680.2 6330 165.0 0.0 18.3 17.8
Peach 16,704.0 27.1 23.1 40 0.0 0.0 0.0 02 19
Pear 12,664.0 3363 331.6 0.0 4.7 0.0 0.0 2.7 230
Persimmon 11,8490 1,656.5 1,579.5 77.0 0.0 0.0 0.0 14.0 14.9
Plum 5,920.0 210 21.0 0.0 0.0 0.0 0.0 04 2.8
Blueberry 4,290.0 161.1 59.8 253 0.0 76.0 0.0 3.8 232
Jujube 2,700.0 0.5 0.5 0.0 0.0 0.0 0.0 0.0 -
Korean raspberry 2,193.0 69.0 69.0 0.0 00 00 00 3.1 9.1
Kiwi 1,502.4 30 30 0.0 0.0 0.0 0.0 0.2 -
Pomegranate 536.5 54 54 00 00 00 00 10 -
Raspberry 350.0 84.0 84.0 0.0 0.0 0.0 0.0 240 -
Cherry 336.0 7.5 7.5 0.0 0.0 0.0 0.0 22 -
Boxthorn 1340 6.0 6.0 0.0 0.0 0.0 0.0 4.5 -
Mango 419 419 4.0 23 0.0 0.0 35.5 100.0 -
Passion fruit 109 0.6 0.6 0.0 00 00 0.0 55 -
1934 490. 1,788. . 241.0 355
Total 208517 ?io?)i/a) (567.9()00703) (2??88%8) (%70/2) (2.9%) (0.4%) o0 14.1
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Table 5. The farm number of insect pollinators for 15 fruit tree crops in 2016

Farmer numbers of insect pollinators

A Honey- Bumbe- Maon ek Flis
bees bees bee
Mason-bee
Apple 5,399 2,995 1,595 2410 183 0
Peach 41 35 6 0 0 0
Pear 320 315 0 5 0 0
Persimmon 1,976 1,882 94 0 0 0
Plum 56 56 0 0 0
Blueberry 349 149 78 0 122 0
Jujube 5 5 0 0 0 0
Korean raspberry 300 300 0 0 0 0
Kiwi 5 5 0 0 0 0
Pomegranate 3 3 0 0 0 0
Raspberry 326 326 0 0 0 0
Cherry 15 15 0 0 0 0
Boxthorn 109 109 0 0 0 0
Mango 104 12 9 0 0 83
Passion fruit 6 6 0 0 0 0
Total 9,014 (100.0%) 6,213 (68.9%) 1,782 (19.8%) 631 (7.0%) 305 (3.4%) 83 (0.9%)

AEFIL 150] B B A0 LEbgTHTable 4)
SHEN S SR T AFEHA2 8,1934ha® &
o] 5.490.3ha(67.0%)2 2} 519 o, Hoid
1788.8ha(21.8%), 27101 2 637 7ha (7.8%), T34
SEE, F9d @ E7FHF) 241.0ha(29%), T1e
31 32} 55 35.5ha (04%)°| ot St 725 S
Abtol A 600% = 71 Eol ARE-E] LT, T 28.8%,
v} 6.0% =0 & o]-&-&|= Z o & YEyIt) FH
o F5 AFH93.9%) 0| A AHE-E] 9l om, o F gt
FH| 2], Bgotel Walo A= o] &= it B
i ARkl A 93%E AHE-E Sl B, §1Y
E7FPH T STAE JA] Abtol| A 68 5% = 7
W2 ARSI AL, S| 2] ol A ' 31.5% U AFHE-Sh=
A0 &2 ZAE QI ohe) s W aLo| ARk AFE-Sh=
20 & et
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F7H= 170 A4 F7F4(46,19457h E o} 516 L 2]
%A tHTable 2 and 5). eHEwi 7} 15 FFE AHE-57H
L 2 6213%7H68.9%), H 0 17825 7119.8%),
E7H 76315 7HT0%), SFAHEH(EY, F19E
E7191H ) 3055 7H34%) 12|l A E 32
oret B Rk 83 7R 09%E AHA| 5t EH

T

1o

2 g g rlo
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r oo Y

+

=i}
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785, AFH2.995 5 7h et 7H(1.882F 7h & 717t A €
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7 ol At BT A Ak 12H=0) A 99.2%
%1 6265 7Fo] QAL vl = S5 7R it v, F g E
9 B 70 SRhAE-2] -l = ARt 18357
(60.0%) 2} &4 2] 12275 7H40.0%) 1 o] itk o2 7+
= WaLo] 835717} 0]-8-8h= A & & el Th(Table
5).

157} 2o A ARSSE B SRS
221 30290820 2 2011 thH] 1481(10,7218-)
7+ 23} tH(Table 6). ©]= 117} 24449287271 K.
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Sl A= e 50 A= 0.04%(8-5H) Rt
AHESh= Ao 2 ZAE QI Fl 92 6,1305
(202%) 2.2 ZALE 157} Ipp2He F AL, B3
2], I, Hzoh, Wil 5 57 Ao Ank ARE-E SiT.
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Table 6. The colony number of insect pollinators for 15 fruit tree crops in 2016

Colony numbers of insect pollinators

Fruit tree crops Honeybee
’ Total Honey- Bumble- Mason- Bumble}l;ees,& Flies
bees bees bee Mason-bee
Apple 19,143 10,769 5,266 2410 698 0
Peach 91 66 25 0 0 0
Pear 2,139 2,134 0 5 0 0
Persimmon 3,943 3,705 238 0 0 0
Plum 62 62 0 0 0 0
Blueberry 1,797 771 546 0 480 0
Jujube 8 8 0 0 0 0
Korean raspberry 696 696 0 0 0 0
Kiwi 50 50 0 0 0 0
Pomegranate 39 39 0 0 0 0
Raspberry 1420 1420 0 0 0 0
Cherry 30 30 0 0 0 0
Boxthorn 292 292 0 0 0 0
Mango 565 26 55 0 0 484
Passion fruit 15 15 0 0 0 0
Total 30,290 (100.0%) 20,083 (66.3%) 6,130 (20.2%) 2415 (8.0%) 1,178 (3.9%) 484 (1.6%)
3,72 89%, ¢ 39% 0.2 ALGIGIh BAE o]l sk SRS 016K B4, 0, B
MR 2AISEFEO%)OR 1) A5 5 Abutet )2 ZESER o whel ﬁwwﬂﬁ & o8 A%
Ao AT AL E ] AT A 998%E AFESE 2 EUHES HIRE 117bA A4 0 AHE v 15

ek Bl ARt ARg-sh=
of 3} 7346%8-1(752%)° | 1+
FIE R0l ARg-Eto] EolE ol R AFAAAIA
Ha® ofe] A W Az o] 5 o 2 YA A o
o] Z1oZ iyt B Foy gl WyloiHe
SHARE-2 1,178%-71(3.9%) 2.2 ARt 59.3%(698),

S7H R R= 20119 =

st ol FA &

N

Mo Lo

e o

e}

] 2] 40.7%(4805-) ol Al A= Tk e A 7
Juknla| 2 2313} gl 2 4848 71(1.6%) 0.2 o
A "o Auk AFR-5F= A1 © 2 LY 9l tH(Table 6).

157 TH4=2] 3300m’ g SHEoj/j 5 7Y Bt
ARG E a2 2 A5 AT} Fig. 20| A H= uhe} 7ho)
3300m*S BHO| Yt AHGEL 941708,
HgH 11548857, WIS HFE= 244198 7&
ARESh= A o= AR QAT T 58] AbatbaEo]|
AHESh= E7FE R B F G R 4048
u AA ARt Ao g Uehg o B2 94
2 gl A tH(Oneway-ANOVA test: F(2,18)=1.729,
p=0.206).
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Fig. 1. The numbers of average colony of insect pollinators used per
3,300m? in vegetable crops, 2016. There was significant
difference in the number of average colony between
honeybees and bumblebees used per 3,300m? at T-test.
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The colony numbers of insect pollinators per 3,300m? for
fruit tree crops in 2016. There was significant difference in
the colony number of insect pollinators per 3,300m?” at
p<0.05 using one-way ANOVA test.
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Fig. 3. Duration (A) and method (B) of insect pollinators use for 26 horticultural crops in 2016.
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Fig. 5. Purchase price rate (A) and purchase price (B) of insect pollinators for 26 horticultural crops in 2016.
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