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The effect of queen cell cup diameter on the artificial rearing of
Apis cerana cerana (Hymenoptera: Apidae) queens

HUANG Zhi-Chu" CHEN Dao-Yin' ZHAO Dong-Xu' LUO Gu-Hui'
HUA Qi-Yun' NI Wei-Cheng® SU Xiao-Ling"™"
(1. Jinhua Academy of Agricultural Sciences, Jinhua 321017, China; 2. Pan’ an Medicine Township Bee Valley
Ecological Agriculture and Forestry Co., LTD., Jinhua 322300, China)

Abstract [Aim] To investigate the effect of queen cell cup diameter on the artificial rearing of Apis cerana cerana queens.
[Methods] The effects of seven different cup diameters (6.0, 7.0, 8.0, 9.0, 10.0, 11.0, and 12.0 mm) on queen cell size,
emergence rate, and initial queen body weight, were measured and compared. In addition, principal component analysis was
used to compare the morphological characteristics of newly emerged queens from queen cell cups of various diameters.
[Results] Minimal differences in queen cell size had a significant impact on emergence rate and several morphological
indices, such as metatarsus length, tibia length, longitudinal diameter of tergite 5, head length, head width and mandible width
(P < 0.05). Queens reared in 7.0 mm queen cups had higher emergence rates, and queen cell cup size could be ranked with
respect to queen body size as follows: 7.0 mm > 6.0 mm > 9.0 mm > 8.0 mm > 10.0 mm. [Conclusion] 7.0 mm diameter
cups are the best for the artificial rearing of A. c. cerana queens.
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Fig. 1 Artificial queen rearing frame
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Fig. 2 Queen cell size measurement indicators

wing length, FL ). 3 5 ( Fore wing width, FW )],
F )5 2K Tibialength, Ti ), B35 K:( Femur
length, Fe)., #i7{ ( Metatarsus length, MtL ),
15 55 ( Metatarsus width, MtW ) |, T54R[ TR
2 %& (Longitudinal diameter of tergite 2, T2).

4 3 % (Longitudinal diameter of tergite 3,

T3). T Hk 4 55 ( Longitudinal diameter of tergite
4,T4).#5H 5 %( Longitudinal diameter of tergite
5,T5)], BT IE[H e 3 HLEH 9 ( Width
of dorsal hair bands on tergite 3, Td3). i¥#x 4
24 EH e (Width of dorsal hair bands on tergite 4,

Td4 )., ¥ 5 44 EH % ( Width of dorsal hair bands
ontergite5, Td5) |, DLW FHREA IR ASHEHR:
1% T 5% ( Thorax width, TW ), Sk#B[k#: ( Head
length, HL ). %% ( Head width, HW)], I-%i[ I-
i K (Mandiblelength, MdL ). |%i7% ( Mandible
width, Mdw ) ] ( Delaney etal., 2011),
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it Excel 2016 fil SPSS 26.0 484 *}
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PO G/ TEAE ST e e TN a2 1 s o VR g B
BB S, ANFEALFRE R . EA R
A E . R AR bR A SR R R O 25 40 B
( One-way ANOVA ) FIXB+ 4546 ( Duncan’s
test) M2 & WL T2 5 WE AR, B3
PE7KSE 0.05, W ERST 4 Hrik (PCA) X
TSI IEATEE AN

2 HRESHMH

21 AEEENEARTHIRNM

AR HAGREGEWN AR RE 1,
M 1 a5, THEEMHRESSAFRER
BRAEZMWANTEGELEGHEM EORS
¥R EZES (P>0.05), HAFEARMRKEHRE
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Tablel Dimension comparison between natural queen cells and artificial queen cell with different diameters

HBRERE (mm) HEE (mm)
Queen cell cup diameter (mm)

Queen cell height (mm)

FEaRSE (mm)

Queen cell outlet

BKER (mm)
Maximum diameter of

diameter (mm)

queen cell (mm)

94k ¥ & ( n=4 )Natural queen cell 16.268+0.293 a
6 (n=29) 17.069+0.283 a
7 (n=37) 17.629+0.232 a
8 (n=26) 17.169+0.313 a
9 (n=28) 17.368+0.287 a
10 (n=16) 17.598+0.235 a
11 (n=3) 16.803+0.455 a
12 (n=0) -

7.280+0.063 a 8.888+0.082 c
6.985+0.077 a 9.144+0.096 bc
7.241+0.064 a 9.280+0.061 bc
7.240+0.084 a 9.382+0.085 b
7.043+£0.052 a 9.321+0.083 bc
7.216+0.092 a 9.851+0.154 a
6.960+0.346 a 9.423+0.075 b

TR R E bR R, SRR S A R INE R R 22 5 3% (P<0.05, Duncan [RZHE ILEHL ). % 2 [,
Data in the table are mean+SE. and followed by the different lowercase letters in the same column indicate significant
difference (P<0.05, Duncan’s multiple range test). The same for Table 2.
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40 c

100 a 3H (n=16)
a 1P ™ March (n=16)

80 i - 4 (n=15)
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eEHER (%)
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el
Fig. 3 Theimpact of different queen cell cup sizes

on the Apis cerana cerana queen emer gency
rate in experimental months

EHhANF/NG FHER R %5 3% (P<0.05, Duncan [
ZHE IS ). TRIERR 3D HFE b4
5 “n” F/REL %L, Datainthefigure followed by
the different lowercase letters in the same column indicate
significant difference (P<0.05, Duncan’s multiple range
test). The line chart represents the average emergency rate
for 3 months. The 'n' in parentheses represents the number
of repetitions.

o
o

(P>0.05), HE & & T 10.0 (23.91% ). 11.0
(4.35%) F112.0 mm ( 0% ) & 3L F 1 F
% (P<0.05 ),

23 AEEEXPEETFMESMNERTE
FR B9 R0

AR ELAR 15 0 e e T4 A SR R AR TE 28
EPRISC IS SR LR 2, MR 2 AT, A[FE G
HERBWE o EEES ARE (P>0.05), A
[ ARG RET X EABT . B K. 35
5%, kK., k., LW ERRE
(P<0.05), Hr, 10.0mm &L FHHK . KR
PR EFERT 7.0 mm 5 3# F( P<0.05 );9.0 mm
B EER 5 9. kK. kR EKRT 6.0 f1
7.0 mm G3ETF (P<0.05), BFHRKLK ., ki
B & 5L BRI I (P<0.05), % 5EkiE
B IR (P<0.05), FHK WSS
e EAANE N A (P>0.05), B &3k AR
AN, SR ) R

24 EFEMSSMERTRERSEETN
rhig i F S HEAR

%} 6.0, 7.0, 8.0, 9.0 f1 10.0 mm &I EH %
R B AR e e T 180 AR T ST bR AT
FRAT T, SRR ARSI 3
A R IEEY KT 1, Bilb & 5meR N
87.32%, RIEEIERAAE, il 2 15 b Aoy 48 4 X HE
KT 0600 MIEFFEbniE, 55— FEWr T
41.98% Y JF IR MR B, F 2 5 T3k AT AR
TEGFIEM G, 55 FE s BT 32.27%f 5
RIEEE, FES5M%. B, =
TR R T 13.07%I0 JF iR B a, FE 5%
R AR G

BT EECE B, 45 & T bR X
N B RRAE ), DURRAE ) oA, A5 AR
SRR A S, R AEAL B 2 IR A A,
B 5 A EREREE NS TIESE 3 EK
g7 BRI o DA R R AH R O 22 BTk 3 AL
&, XHT 3 AN S5 FURH A E A T4
AR A, HEAFEG IR ERREE NS TEA



+ 249 -

14

WM o[qIpUBN BT G MPIN fWISud[ o[qIpUBIN ST TP ‘WIPIM PBOH B4 FMH ‘WSudl pesH % TH WIPIM Xeloyl BEfE ‘ML ‘S 9131
U0 Spueq JIeY [BSIOp JO WPIM ML TG S W H (PSL ¢S 91810} Jo IejoweIp [ewIpnyiSuoT T4 ¢ WY H I ¢ 8)IS10) UO Spueq JIey [eSIOp JO PPIM TMALENE v W (PYL ‘b
0318191 Jo Jojowelp [RUIPMISUOT B¢ ¢ W L 4L ¢ € 931819) UO spueq Jrey [BSIOP JO YIPIM TE L TNE € W EL (pEL ¢ € 9318191 Jo IojowreIp [eUIpmISUOT TF € My Ll f €L ¢T 9118193 JO
1owerp feurpmi3uo] B 7 W E 7L ‘WBuspinwoeg Ml o4 ‘WSus[eiqrl el I IL fUIPIM snsieIeON If L HE G MIN f(Sud] snsierero el fE CTIN (I
Sum o104 TMEKIE ‘MA fySud] Summarog N @EIH 14 9T 9[qR} SU) UL SIONS[ PAIBIAIQQR YL AL L fiq A & el k2 (3591 98uex sydnnw s, ueounq ‘6Q°0>d) SOUSIIHIP
UBOYIUSIS 9JBOIPUI UWIN[OD SWES 9Y} Ul SIONI] ISBOIIMO[ JUSIIYIP 93 £q PamO[[0f 9[qe} oy Ul le °( TETY I H ESZ Y] ueounq “S0°0>d ) S & Mk iy o S/ [u] V rh [
O1100 ®BI¥00 BY600 924900 BISO'0 BLZOO 9€EP00 ®BTSOO0 ®BLSOO ®BO90'0 ©B8900 BI9SO0 BCHO'O0 ®BS80'0 ®BHPO0 BO6EOD BHEOO ®BELOO BOE'E (T1=4)
FI9E0 FLYI'T FIT6T FLI'E FCI6E FHSHT Fobb'c FOeV'T  FLIOCT FI0ST FIIL'T FSHO'E F686'C FLISE FOCOT FSTI'C FCITE FIOV6  FEE96I 01
2 ep0’0 BELOO BSTI'0 B9600 ®BOIT'O ®BSLOO ®BVPI'O ®BSOI'O ®©BLIT'O ®BS8IT'0 ®BLETO BSOI'0 BTHO'0 986L00 BSO90'0 9e60°0 ®BLTCI'O ®BEITO ByCC (61=4)
FOLEO FSOU'T FEE6T TROI'E FS00y FS6¥'T F69ST FLOVT FOVOT FIEST FCEL'T FILOE FC66'T TFLEV'E FCO0T F6S0CT FHEI'E FHI9E6  FCh 061 6
9qe800°0 BLIOO 9B L¥I'0 9B €0I'0 BOYO'0 ®BTTO0 989200 ®BTCOO ®8CO0 ®H¥CO0 ©HC00 B6¥O0 ®BOCOO 9LIOO ®BSIOO 9B8CO0 ®6CO0 ®©HSO0 BL0¢ (81=1)
FOBE'0 TFSYI'T FI€8T FOI'E F8I6E FEW'T TFELVT FYY'I TFLST FCST TF8YL'T FIWO'E€ FCL6'C FITY'E FSPO'T FSLOT F6CCTE  F09E'6  F0S961 8
qe 8000 B¥I0°0 94+I'0 99CCI'0 eHP0°0 ®B6I00 9LVOO0 ®BSTOO ©BEELOO0 ©BIOLO0 ®BIEO0 BOSOO BOCOO AICO0 ®BEIOO 9ALIOO ®9CO0 ©€EB00 B8Y'C (61=4)

FC6E'0 FSLI'L FCILT FI8O'E FI6E FOSY'T FO8E'T F8CY'I F69SCT F8YS'T FITLT FIL6C FI66C FOLEE FLO'T FOVOC FSO0TE FLEE6G  FH8061 L
®9000 ®BSIOO 9LST'0 96ST'0 ®BLIOO ®STO0 9LT00 ®©BSTOO ©B9HCO0 ©B9CO0 ©8CO0 ®BCPO'O BOLOO 98CCO0 ®BYIOO 9BCCO0 BH¥SO0 ®©L800 BIVT (0z=t)
FOOV'0 FLLI'T FEVOT FLVOE FII6E FLOY'LT FEI9ET FEW'l FLOST FOSS'T FOSL'T F880'E F686'C Frevy'e FIIOT F60I'C FI6L'E FLIE6  FOL'S61 9
() (‘) Qs
bl ppp () () () ()
vl - €L <L (wrur) I0joWRIp
MPN PN MH - TH ML EE ol MaE . Ml . o o1 LA BN M T g dng
MET ET LY NF MM W WOWE 3 = T S S ML A BB B Gpmewg  wond
1227 EME THE
S & @253 € WA (Sw)  (wu)
PesH XeIoyJ, umsIoq So1 purgg Suim o104 ER HH
S skl LTS R eazdl S

suddnb pun.12o vuv.425 sidy pagiawd A[mau Jo saojedrpul [edigojoydiow 3y) uo JjdweIp dnd [[99 udanb Jo 3999 94, 7 dIqeL

WY SHFEEHFREF I NIEES %



- 250 - o B 3244 Chinese Journal of Applied Entomology 62 %

®3 AEAAEERBENDEEEETHSEREN S THER
Table3 Principal component loading matrix of morphological indicators of queens
reared in Apis cerana cerana queen cells of different diameters

JE 253545 Morphological indicators F—Fs PCAL a4 PCA2 5 =F 5 PCA3
K Forewing length -0.874 - 0.442 0.043
M %i Fore wing width 0.384 - 0.922 0.033
B Metatarsus length 0.207 0.403 0.891
BT Y8 Metatarsus width - 0.290 0.795 - 0.462
JE5 K Tibialength 0.677 0.331 0.648
B4 Femur length 0.065 - 0.645 0.199
M 2 F& Longitudinal diameter of tergite 2 - 0.267 0.288 - 0.734
M 3 %% Longitudinal diameter of tergite 3 0.423 0.119 - 0.239

AR 3 LB v
Width of dorsal hair bands on tergite 3
M 4 5% Longitudinal diameter of tergite 4 - 0.950 0.308 0.040
IR 4 580 58
Width of dorsal hair bands on tergite 4
M 5 % Longitudinal diameter of tergite 5 - 0.846 0.284 0.283

G Rt

0.756 0.626 0.154

0.192 - 0.954 0.108

Width of dorsal hair bands on tergite 5 - 0412 0.810 0.074
Jit9 %8 Thorax width - 0.580 0.751 0.261
3k K Head length 0.950 0.151 -0.221
3k %% Head width 0.976 0.102 - 0.186
%K Mandible length 0.625 0.722 - 0.067
|- %i %% Mandible width 0.908 0.305 - 0.095

TRPREE G P BRI W FIRASTE 3 DFEM EWNLE 185 K AHRT 4

F= ( 0.419 8xPCA1 + 0.322 7xPCA2 + B3R 4) Uas E XS J7 22 TTIR A N AR

0.130 7xPCA3) /0.873 2, HEATERPEAICR AN, ¥ TS TN HET A -

FIHIZERIT RS 5 MEEERETN 7.0 mm> 6.0 mm > 9.0 mm > 8.0 mm> 10.0 mm.,

*k4 FAEAEEREFNHELEERETIRESEIRHEF
Table4 Morphological scoresand ranking of Apiscerana cerana queensreared in queen cells of different diameters

BEER (mm) AR F

| Y EE = el HE
Queen cell cup PCAL PCA2 PCA3 cip Rank
diameters (mm) components score
6.0 2.8708 1.147 6 - 2.0536 14967 2
7.0 25247 0.2295 1.704 8 15537 1
8.0 0.1801 - 23605 0.9309 -0.6464 4
9.0 - 29136 3.3032 0.500 2 - 01050 3
10.0 - 2.6620 - 23198 -1.0823 - 22991 5
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2ot e A S Y A /ML, X AT e
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Pr, Bl 5 8 25 5 00 B R AE T M A 6 AN )
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JRE L, AR N SR S R ER AR
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AR A R E AR, AN, RN
SLERAY H R 4 B AR N, MR b
SRR RE = A HLA RS T AT . Rk T R 4R
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ZEATEMHEF KN 7.0, 6.0, 9.0, 8.0 HI
10.0 mm, 7.0 mm & HE5F M TR R HAD
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5 35 B I A b v e 0 AR S R DL O A
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E 5 g 1 2 B AR A A A s, A UAE i A
THFAESPAeEE 7.0mm B G, LR
Th e F B TR HER2S
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