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Abstract |

We investigated pollination and foraging activities of honeybee (Apis mellifera L.) and bumblebee
(Bombus terrestris L.) during flowering season of the asian pear (Pyrus pyrifolia N.) under different
weather conditions. There was no significant statistical difference about the pollination activities of
two species. However, the pollination activities of bumblebee were more active than those of
honeybee under low temperature and rainfall period. The activities of honeybee and bumblebee
were more influenced by temperature than other factors (i.e. illumination and wind velocity).
Honeybee was more sensitive to temperature and illumination than bumblebee. At low
temperatures (<20°C ) on cloudy days (<30,000 lux) with a certain wind velocity (>4.0 m/s), the
pollination activity of the honeybee was lower twice than that of bumblebee. Therefore, the results
from this study suggest that there was different foraging activity properties between honeybee and
bumblebee, and bumblebee was more effective for pear pollination than honeybee under low
temperature and bad weather during pear blossoming season.
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Table 1. Full bloom stage of pear cultivar in 2015
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Pear
cultivation Niitaka Hwasan Manpung Gamcheon Wonhwang Supergold Whangkwum - Chuwhwang
bae bae bae
area
Naju 4.10 4.16 4.16 - 4.10 4.13 4.10
Asan 4.17 421 - 4.19 - - -
1) Naju: 121 Byeongnyu-gil Geumcheon-myeon Naju-si Jeollanam-do Korea
2) Asan: 235, Ihwadong-gil, Dunpo-myeon, Asan-si, Chungcheongnam-do, Korea
Table 2. Experimental location, size and bee pollinators colonies size for this study
Experimental . . Colony size
location Size Bee pollinator No. of colony (No. of worker)
Net screen house 540m> A. mellifera 1 2,000
B. terrestris 1 100
A. mellifera 1 10,000
Open field 3,000m> 5

B. terrestris
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Fig. 1. The weather conditions including illumination (A) and

temperature (B) and the rate of foraging activity of A.
mellifera and B. terrestris in the pear orchard in 'Naju' during
the experiment for net screen house. The average rate of
foraging activity of A. mellifera differed significantly at day
after set up colonies, in contrast foraging activity of B.
terrestris did not differed significantly (one-way ANOVA
test, A. mellifera: F,,,=4.999, p=0.029; B. terrestris:
F11=0.742, p=0.498).
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Fig. 2. The weather conditions including illumination (A) and
temperature (B) and the rate of foraging activity of A.
mellifera and B. terrestris in the pear orchard in 'Naju' during
the experiment for the open field. The average rate of foraging
activity of A. mellifera differed significantly at day after set up
colonies, in contrast foraging activity of B. terrestris did not
differed significantly (one-way ANOVA test, A. mellifera:
Fp11y=5.363,p=0.024; B. terrestris: F 5 ,,=0.231, p=0.797).
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Table 3. The average rate of foraging activity of A. mellifera and B. terrestris at different temperatures in pear orchard

Net screen house Open field
Air temperature - . - - -
©C) o Average rate of foraging activity (%) . Average rate of foraging activity (%)
A. mellifera B. terrestris A. mellifera B. terrestris
0.0—10.0 5 07+1.6° 0.6%+09° 3 0.0+0.0¢ 22+13°
10.1-15.0 3 951+6.9° 107£7.6° 9 36163 8.7+7.1®
15.1-20.0 4 10.6+4.2° 123+50" 15 147+7.7% 13.7£9.5%
20.1-25.0 2 26.8*t4.1* 13.54+14.8® 5 18.0t7.6" 20.5+2.9*
25.1-30.0 4 305134 17.8+4.1* 2 258+3.2° 185+2.8"
Total 18 139+124 10.184 18 116197 126188

“n: Observed value

“The rate of foraging activity of bee pollinators were estimated based on 5 minute observations of the total number of in-coming and out-

going bees from the colony compared to the total number of workers in the colony.

1) The rate of foraging activity of A. mellifera and B. terrestris differed significantly with air temperatures in the screen net house
(ANCOVA test A. mellifera: F,5=5.185, p=0.011 and B. terrestris: F ;3=3.389, p=0.043) in contrast the foraging activity of A.
mellifera did not differed significantly with air temperatures in the open filed (A. mellifera: F4,5=2.696, p=0.079 and B. terrestris:
F413=2.667, p=0.081).

2) There was a significant difference in the average rate of foraging activity between A. mellifera and B. terrestris at 25~30°C (T-test:
t12=0.185, p=0.006).

A& A7 thEl g 9980 HlEo] EebA 2024°Col| A= B, ST IE =27 22 59
A7)z Apold Ao m AZtE T 2o SHRui A EEHlES YEHH AT 15~19°Cof| A= A F g
9] &5of thsto] 3247t Aut, B2 A S o] 1.5¥] && B S H AL (t16=-1849, p=0.083),
o gl ool = H3tof| WISl THFig. 4). & 15°C oJstofl A= A4 oA ek AYH D
ERIffof wheba] BT AGHGE 1 ek 2 o] BHET 19 58 BEHEE HA (=
o] & AR A1}, 25°C o)Al A= B o] AFF Y -1361,p=0.198).
o ofF [5H] = eh(T-est: t5=0.185, p=0.006). ool AME FstolE o, Y} AYHIE
L 2eof whet Skl 7l ZE o] Aho] 7 LhEL
40

® A. mellifera

1, Al 0 2 257} ol 4= S tholx]
%!
35 O B. terrestris .

Fe BTt 53], B o] AT G B
=S}l TetA| E-gnl o] Makit) 25°C
ZIpo| A= E o] A G ol vl 158 =2 &
Brtemresris S0 @& WA, 15°C 0]5}2] W] a2 A 2of A=
2359, AFF G Banleo] EEe of 26 4
ER T A9 BT 2o et g7kl
A AL (Wratt, 1968), A2 A= 358 S-54dS Kol
| | 1| (Corbet eral., 1993), 0] 1= F| o .o o} 115
oo e b om0 4 HET oL Al A=A 7|55 7HA
Air temperature (°C)

D2 92 5 2ok 52 A|ofo] 27| fEo

Fig. 4. The average rate of foraging activity of A. mellifera and B.

terrestris in relation to air temperature. The regression 2 1 31 % 3 th(Willmer, 1983; Stone and Willmer, 1989).

equation for A. mellifera is y=1.583x-14.897 and the R?
value is 0.756 (ANOVA: F 5,=112.239, p=0.0001). The
regression equation for B. terrestris is y=0.940x-4.463,
and R? value is 0.465 (ANOVA: F; 50=29.233, p=0.0001).

A. mellifera oH

Average rate of foraging activity (%)/5mins
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Table 4. The average rate of foraging activity of A. mellifera and B. terrestris at different level of illuminations in pear orchard

Net screen house Open field
Illumination level - — . ; .
(X100 Lux) R Average rate of foraging activity (%) ) Average rate of foraging activity (%)

A. mellifera B. terrestris A. mellifera B. terrestris

0.0—200 8 35%55° 50£6.6 11 12+20° 70%6.6
201—400 3 12.1£3.8% 140+4.4 6 72438 144+99
401—600 3 238+ 11.5%® 10.7%+7.8 2 184*13.7* 11.8F124
601—1,000 4 28747 170%£9.7 15 202£4.7* 16.1£8.2
Total 18 139*124 10.1£8.4 18 11.6%+9.7 12.6+8.8

1) The rate of foraging activity of A. mellifera and B. terrestris did not differ significantly with the level of illumination in the screen net
house (ANCOVA test A. mellifera: F 3 4=2.284, p=0.131 and B. terrestris: F 3 14=1.361, p=0.302), in contrast the foraging activity of
A. mellifera differed significantly with light in the open filed (ANCOVA test A. mellifera: F;,4=16.306, p=0.0001 and B. terrestris:
F3,14=0.556, p=0.654).

2) There was a significant difference in the average rate of foraging activity between A. mellifera and B. terrestris at > 40,000lux (T-test:
t(126=2.056, p=0.050).

A0 M2 B MUFHHO| SIRIHES EN w2 FAA 9l sH]E2] Afol= gl
Ay tH - Ke)

WAl ZEo] W Ty Aorraue) ay T EE A Bl v
H]-&-2- Table 40]] YR AT} WA Yol A o] 7
S FAASN 59942 QAT 2 ETF SIS
=8 T Z7lels S H ol 20000luxiE

= gko] Z7}317] Al ZFEFo] 100,0001ux o = o hcotiol 6 o
000lux T H] 28 o)A} SHEn] 80| Z7lal}. Al Atk Ly A G- B 2ol w2 2

=
o] fojul o)tz glglth. Rwe} ST %
S 2EUE LSRN T ok 9 UL 2w

100 000lux ] 2= 20 0001ux ©fj 8] 35} E5-8] o] Z7}a}

'5’ m

ok o ¥ o] A £ 20,100~100,0001uxd ¢] of A
140~170%2] 312 515 UEh o] =St

ol thato] AkAl7E 9L, 1%1;%403%* e, 2=
40 OF w2 A7 QlSiTh UK TR S 80000~
45| oo meliera . 10,0000lux A}o] 2] Bz 1] Lo 50,000~ 80.000lux A}o]
20 SR 5 o] gl &Rt WA YEdE=d], o] 80,000~

100000lux FA] €] 2= 7} 20~21 5°C & 2 of w2t
25°C o]4Fo] 21 E 50000~80.000lux 1 $jo] v]3le] &
At MR G Ego] EolRlr] fEo R wd
ok 2= HE BTl AokF oy 7ho] gE ]
& AT A3 40000lux o) Fe) v Ee EY
ol AFFH I LT of 140} 52 Sgn] & Kol
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Fig. 5. The average rate of foraging activity of A. mellifera and B. = o] [
L ~ Holoj| Al = Al okE
terrestris in relation to the illumination level. The Hof 5 gl 20000~39.000lux el A= A

regression equation for A. mellifera is y=0.024x+2.015, o] ZHHEC} oF 1 98] =8 THEn|L-S HoFS)
and the R? value is 0.643 (ANOVA: F50=90.182,
p=0.0001). The regression equation of B. terrestris is y= al %74] Z| %94 4 o] S H pel l*’]'(t(lo)='3-017s

-2.542x%+15.069x-6.414, and the R? value is 0.494 =]
(ANOVA: Fy 7326, p0008. p=0013). 200001ux o18} 910 A1 A1 e} 2
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Table 5. The average rate of foraging activity of A. mellifera and B. terrestris at different wind velocities in a pear orchard

. Net screen hous
Average wind et screen house

Open field

velocity/5min Average rate of foraging activity (%) Average rate of foraging activity (%)
(m/s) ! A. mellifera B. terrestris A. mellifera B. terrestris
00-1.0 15 131128 97+t92 7 1.8+34° 5.1E54°
1.1-20 3 18.1£11.0 120+1.0 6 89148 182+5.6"
2.1-3.0 - - - 3 23.1£52° 19.5+2.6"
3.1-45 - - - 2 70+04° 18.5+1.4°
Total 18 139+124 10.1+8.4 18 11.6%£9.7 12.6£8.8

1) The rate of foraging activity of A. mellifera and B. terrestris did not differ significantly with wind velocity in the screen net house
(ANCOVA test A. mellifera: F; 6=0.115, p=0.740 and B. terrestris: F, 15=0.834, p=0.337) or the open field (ANCOVA test A.
mellifera: F 4=1.147, p=0.346 and B. terrestris: F 3 1,=2.790, p=0.086).

W 2E 10% nRHe] EHEHlES B ou A ST Y
O] ZgH|Eo] BHET 2
1926, p=0.064).

ol el AutE & uf, 2o npztrhA| = EE2 A
FFIgHol Hls) 23t L HgFon, 2=
7hEE 59 IR B 2o S AA B
Aol ElET £ EErlas Hol58l
T}, Szabo(1980)2 37t B o] 7|42 w2 &
= AR Aut, EH 0] st 2 of Ak A| 7}
Q)25 X 715} 31, Vicens and Bosch(2000) & A| A}k

oA BHH S /A AER BAS ATt 2o
FFL U= Ao B usigich By e Fgy
30

o A. mellifera °

O B. terrestris °

B. terrestris
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0 05 1 1.5 2 25 3 45

35 4

Average wind velocity/5min (m/s)

Fig. 6. The average rate of foraging activity of A. mellifera and B.
terrestris in relation wind velocity measured at 5min
intervals. The regression equation of A. mellifera is y=
-2.542x*+15.069x-6.414 and R? value is 0.494 (ANOVA:
F(1.16=7.326, p=0.006). The regression equation of B.
terrestris is y=2.593x’+15.475x-1.798 and R? value is
0.560 (ANOVA: F(; 16=9.539, p=0.002).
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Table 6. The multiple regression between weather parameters (air temperature, illumination and wind velocity) and average rate of
foraging activity

Weather A. mellifera B. terrestris
parameters Adj R? Fchange  Sig. F change B Adj R? Fchange  Sig. F change A
Air temperature 0.721 45.020 0.0001 0.585 0455 15213 0.001 0.698
Illumination 0.832 11.488 0.004 0.434 - - - -
Wind velocity - - - - - - - -

1) 8 is the standardized coefficient beta value.
2) The variables selection was conducted by ‘forward stepwise method’ for multiple regression.

Table 7. Average rate of pollen collectors among foraging workers in pear orchard

Average rate of pollen collectors among foraging worker (%)

Times n

A. mellifera B. terrestris
11:00 3 25.1+189 4651233
13:00 3 36.119.7 8471168
15:00 3 273%6.1 7261286
17:00 3 36.3119.6 7461173
Total 312+13.7 69.61+27.7

1) The pollen collectors on foraging bees were surveyed in 7 days after set up the colonies in pear orchard.

2) The number of foraging bee and pollen collectors in this experiment were surveyed for five minutes.

3) The rate of pollen collectors among foraging worker is number of pollen collectors per total number of in-coming bee to colony.

4) The average rate of pollen collectors among foraging worker did not differ significantly at time (one-way ANOVA test, A. mellifera:
F37=0.287, p=0.833; B. terrestris: F(35=1.053, p=0.421).

5) There was a significant difference in average rate of the pollen collectors between A. mellifera and B. terrestris (T-test: t,3=-7.317,
p=0.0001).

Table 8. The visiting time on the flower and spending time from a flower to another flower of A. mellifera and B. terrestris in pear

orchard
Times n Visiting time on the flower (Second) Spending time from a flower to another flower (Second)
A. mellifera 3 57%49 21+10
B. terrestris 3 24%19 1.7£0.8

1) There was a significant difference in the visiting time on the flower between A. mellifera and B. terrestris (welch’s t-test:
t297.107=8.480, p=0.0001).

2) There was a no significant difference in the spending time from a flower to another flower on the flower between A. mellifera and B.
terrestris (T-test: t,4,,=0.361, p=0.718).

1020mis2] W9lo|A Aorsle) SEulgol 2 o] 4j7|o] uhat BT} AokE g He) BHEo] wsie}
WOk 2,08 S Qkal(Test (o=3091, p=0011), Bl = ATE Mo, 54 FL7K) S BEo] Loly
o] 74 3.1~45mis W A= 27u) Mokl B |5k, L o) 4be] FLol Al gtas mjelo| g &
58] 80| % o THwelch' s T-est: ty yo=-11.034, 3] AP QO] 9 3mis 2740] Fdrol 4 Zlw
p=0039). H}gho] 719] gl O~Im/s©] W 9IoKTest: T BEHE & A0 Ueh} AofF g uo] By
y=1357, p=0200) E#3} AoFFldHe] o 7} Wy} 3E 2A o HAY Ao yzhet olut
A old 2.1~30mis W Slo| A BEH &0 Aol 1} Aom BHe] BEL e o} 0 o] Ko
EFLFR %ﬁl‘ﬂ}(t@)z—l.lll, p=0329). AHtA o 2 vt Hk A 6 2 2] 2] Q) th(Abrol, 2015). Brittain(1933)-2
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