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Effect of Grafting, Queen Bee Age, and Insemination Timing on
Apis mellifera Queen Bee Oviposition in Instrumental Insemination

Su Jin Lee, Jang Beom Lee’, Gyeong Choi’, Cheon Rak Kwon', Beom Jin Kim' and
Kyeong Yong Lee*

Apiculture Division, Department of Agricultural Biology, National Institute of Agricultural Science, RDA, Wanju 55365,
Republic of Korea
'Yecheon Entomology Institute, Yecheon 36802, Republic of Korea

m Instrumental insemination of honeybees is an essential technique for honeybee breeding. To
standardize instrumental insemination techniques in Korea, we conducted research on queen
bee grafting, queen bee age, and the oviposition effect of queen bees based on the timing
of instrumental insemination. A higher grafting success rate of hive-producing queen bees
was found to correlate with an increased oviposition success rate of inseminated queen bees
(R?=0.346). Additionally, oviposition success rate varied with queen bee age and the timing
of instrumental insemination (p < 0.05). Consequently, it is effective to perform instrumental
insemination between April and June, using queen bees aged 12~16 days, which have emerged
from hives with a high grafting success rate. Our findings can provide crucial foundational data
for standardizing instrumental insemination practices in Korea.

Instrumental insemination, Grafting, Queen age, Insemination timing, Oviposition

M B2 Hot= FA-L 7 & oy} o] w7t o] oA

oIt Sttt (Plateer al., 2019). 121} ZH-2 g ufg]o] o

FE9] &% (Breeding) oA 54 S 7= A ol 15~20ute]e] iy} g ?‘JiC’ﬂ/ﬂ 5 ]
o FHE fIof QEH QI WH= P4Aolch(Henderson, & 5F7] WiEel, tFE BEFEC Hlol SAE wufst of
1975). A9 FE8F A 5 Pt ASEF (Pedi- A TH(Tarpy and Nielsen, 2002; Cobey, 2016; Plate e al.,
gree breedmg)ﬂWE EX 448 7= ASES IH 2019). 9] £5-2 flal wHlE FAloH: HeFo= <]
2, Xl EAJEOE oflgt a2l HIE EZgtst 214 A& FF wHlRH I (Cobey, 2007; Uzunov et

7] wiizol] RFEA] SAIE Aol 4] Als 2F wElzt d al, 2017), FEOAA BAE A Fcke] AEeA A 5
85}T} (Theunissen, 2012; Chavanne ef al., 2016). T 7| Yoh= Q1FFA 71s0] o] 8E 1L Utk (Laidlaw, 1987;
584 A & FE-& 71 BEHY Y Aidet Cobay, 2007). 9] -5 (Honey bee instrumental
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insemination)<> 1920 tholl AJ2FE] ] (Prodélalova et al.,
2019) o} S0 AHA7E 1 F QIF4A 7
9] T8t 7]e R W] ok (Cobey, 1983; Cobey and
Schley, 2002). o= B 13474 7|&o] Eots
%O (Cobey et al., 2013), T=olA+= AF+8E Bl
= A BEY A ol YA SHL QT (Lee,
2005; Lee and Ge, 2006). =THjollA] B Q1344 7&2
20039 A5 vl= o2 HE] L] Th(Kim, 2003). 18
= 29 54 7le o A Lol s T
H53F A o]t Lee and Ge (20062 EH 9| 13
= 913 o HIYEA, AR D o IF
Sto] Bk vf glom, il o2 Sl

Hol o1y A 7] (Yoon et al., 2007), 5
27 7]4 (Yoon et al., 2014) 5°] A=At o]
AFTEe o] &3 B AF A4 37 5 &
T7F B = 2 O U (Kim er al., 2017, 2021), Q155
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23 A7l mhHE of el MEH T} |

A o714 (36°87'18.3"N, 128°51'68.7"E) 2] 2+ ¥4
Z14dlole (712, Fk, ) 714 A= E At
O]E(KMA, 2023)°l1A4] &Ko}t

Lol (?_]ﬁ)\ﬂ% m4 F7F et E}‘ﬂ'l"i.—ﬂi H]E* A
A2l Chi-square testZ --2]/3-2 Q15T HH] L ¢

d A Mheteat B4t
T A 4 ZPOI A 7R = A Aol whet
oneway ANOVA testS 4oL, Leven F AR L2 5
2ito] TESHA] 5S¢ welch’s ANOVAS =35}

ol AASIATE S 53t GO AAE nE ¢
o€l Turkey’s HSDZE AR ARSI 2 A9 A
242 SPSS PASW 26.0 for windows 57 3712 IBM,
Chicago, USA)E AH8-o13itt.
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1. Gl Wa0] 2 1B ofghge] Mg H
7} o9 QAR TLORHE ool o FHTES

ZARE A3} 2017 64.849.9%, 2018 76.8+9.3%,
2019\ 43.2+24.2%,2020\d 53.8+14.1%,2021d 78.6+
11.4%2 Yeigton 22 of ofghdo] itetg-2 7zt
64.849.9%, 77.3+£8.8%, 39.0+28.7%, 52.3%+7.7%,
444+100%2 ZAE Tt (Table 1). ©1FATEY A%
o] Atgkgof digh ATAE 2Igh 23}, f-ouet A
o] o] SRI= Tt (Pearson correlation r=0.588, p=
0.0001). o] we} o|FdFE Ateha It 224
S Y% AT (Fig. 2), F-20ISt 12} 34 0] FE
ATHR?=0.346, model ANOVA F2=15.327, p=0.001,
DW =144, y=0.6249x +17.227). Wa}A o]FAFE0]
E2 ol FETolA R oSS F2 4t
&2 7S & Ut B gl dFE vlA
&ﬂ = 8}1%— 73S oY Holth (Khan er al., 2022). 0]
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Table 1. Annual rates of grafting and ovipositing success in artifi-
cially inseminated Queen bees

Years® N succ(;?slfrt;lrtleg (%) suef:)(:gsso :;12%%)
2017 6 64.8+9.9 64.8+£99
2018 8 76.8+94 773188
2019 7 4324243 39.0+£28.8
2020 5 53.8+14.2 523+7.8
2021 5 78.6+11.4 444+100

*Data from April to August each year, from 2017 to 2021
YNumber of hives into which queen bee larvae were grafted.
“Mean + SD value
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Fig. 2. Regression analysis between grafting success rate in bee
hives and ovipositing success rate in inseminated queen bees. The
dashed line represents the trendline based on the first-order regres-
sion equation. Regression equation: y =0.6249x + 17.227, model
ANOVAF2=15.327,p=0.001,DW =1.44.

7} thefstr] wiol2tal A2k (Shehata er al., 1981;
Szabo et al., 1987; Hatch et al., 1999; Skowronek et al.,
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(chi-square test: x3=239.303, p=0.0001; Fig. 3). 914 1}
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=247 1454569, 1481779, 11.6£72Y,85+2.8
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TH(Kim et al., 1996). ©|§1 A= 2AA 1] & Sh=
o] AHYHET} 5~0¢o] ¢ 71 12~16YT oJH o] 4+

& >
ol IS
ox nE ol o

st

100.0

923 94.4
80.0 75.0
60.0
50,0 52.4
440
40.0
200
0.0
8 10 12 14 16

Day after emergence of virgin queen bees

Ovipositing success rate (%)

Fig. 3. Ovipositing success rate of queen bees according to day
since virgin queen energence. A statistically significant difference in
oviposition success rates was observed based on the chi-square test
(p<0.05).
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Fig. 4. Day of first oviposition in queen bees according to days since
virgin queen emergence. Error bars represent standard deviation
values. Different letters indicate significant differences among days
since virgin queen emergence, based on the results of one-way
ANOVA and Tukey’s HSD (p <0.05).
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Abe2 7133t A 270 RS T=TH(Woyke and
Jasiniski, 1990; Schliins et al., 2005). Q153 0] &z % o
- ofQof A ARSI A= AR Bl F-UAIA
of 5}7] wize] o F 71/de ol e S 7hsdol =

O

100
a a
a

80
= 632
& |
E —60.0
g 60 b ab
8
5]
3
o
=
= 40 363
n
o
a
=
o

20

0

April May June July August

Timing of instrumental insermination (month)

Fig. 5. Comparison of oviposition success rate in inseminated queen
bees based on the timing of instrumental insemination. Error bars
represent standard deviation values. Different letters indicate signifi-
cant differences among the timing of instrumental insemination, as
determined by the results of one-way ANOVA and Tukey’s HSD
(p<0.05).

208

2 597 e FH ATV bETV el &
A 25, S, FE5HolE AT AE fofn|gt 2ol &
%EM%S&E}(%&%E; Fa760=>531.590, p=0.0001, Bt<5
I Fuge0=124471, p=0.0001, B-525: Faze0=74.291,
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Fig. 6. Comparison of the day of first oviposition in inseminated
queen bees based on the timing of instrumental insemination. Error
bars represent standard deviation values. There were no significant
differences among the timing of instrumental insemination (p >
0.05).

Table 2. Comparison of monthly air temperature, humidity and
wind speed near the experimental site

Month" Air Re?la}tive Wind
temperature (°C) humidity (%) speed (m/s)
April 12.0x3.6d* 53.0+154d 2.8+1.2d
May 17.2+29c 62.2+16.2¢c 24+12¢
June 21.5+2.3b 67.9+11.9b 1.8+£0.7b
July 242+27a 79.5+9.6a 14+0.6a
August 244+2.6a 804+10.0a 14+£0.6a

YData from meteorological stations nearby experimental site (36°87'18.3"N,
128°51'68.7"E) for the years 2017 to 2021

“Mean  SD value

Diverse letters indicate significant differences among monthly atmospheric
parameters based on the results of one-way ANOVA and Tukey’s HSD test
(p<0.05).
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