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ZEEGPREBEAMRESNA
Kok, Rk, BARLE, T, R ER, €A

LGN R 2 BT T, ™ 330045)

WE: [E6] EREEF Y, REFITEIREFMATETFEEIN, HFEAISE, ATH AR
BHMNPRGREARGENR, HIRHERET 0 kAN LA foRiEE L, AIBdZREATRF
R —ANBARMA, EEREFVHEARRESTERYT, EXAN—HEAFEEAY B BEARAF R I,
BEMAANIH B H, YESEHFARREEAIE. [DE] REZSEENFHEUEGAEFRE, Rt/
BRFAEMEC TSR, EZCEFMBERITAS X AENEEE (RENMERE) . YR CERBERERSE,
I TEEM PPN, ORI B (REMEEB) AR AREFLNEE L, BTHTEERAT (RFE).
PR BRI ENE 10 REH BTN E, WEAFEE (Apismellifera ligustica) HRIMAL, BB E
TORES B EBAREEERATMATEFEE PO TN, GRAFA P EREH REER, L TH#E 10
—12KATHHRCEME, BTG RAEH T EIRD. AR LT RABTENEETH. KIH.
ZER (WRET) WFIE, UAFRREICEXE, ABRFIRBRALIH W oh, FRUATIHEF
IAME, WRABEUNEIMAIS ST IR T EEFNSEIMEERNETHZR. [£R] TGk
ATHBRO TR P THNER, R ETARFOERE&N. 2EH70. REIHN. 2 I#
(4 FEET) ORI ER 50 91.24% . 92.45% 1 91.29%, FREBMESHEZTEHA A 91.12% . 92.63% fu
90.19%, ZHAAHERERZR (P>0.05); SBEUNEEMAIS ST IHM T EHTFNEINEEY
BA (256.31+3.75) mg Fu (243.43£2.05) mg, B ITEEH S A (163.87+9.40) £Fn (154.77£6.74)
%, MHEAGEREREZR (P0.05) . [£R] RAXRRARITHE 10 REBHEEZNE, TUHTAY
M TRAFFGHHUNET T, EREREEZ R NA.
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Research and Application of Honeybee Non-Grafting
Larvae Technology

ZHANG Bo, WU XiaoBo, LIAO ChunHua, HE Xuliang, YAN WeiYu, ZENG ZhiJiang

(Honeybee Research Institute, Jiangxi Agricultural University, Nanchang 330045)

Abstract: [Objective] In the beekeeping industry, beekeepers need to conduct artificial larvae grafting either for royal jelly
harvesting or for rearing queens artificially. Artificially grafting larvae requires beekeepers to have good eyesight and high proficiency.
Especially with the increase of labor cost and the aging of beekeepers, artificially grafting larvae is a technical limitation that needs to
be solved in the production of beekeeping. Under the support of the National Bee Industry Technology System for ten consecutive
years, our team has been engaged in the research of non-grafting larvae technology. The objective of this study is to remove the
limitation of artificially grafting larvae and to provide technical support for scientific beekeeping. [ Method] Based on the biological
characteristics of bees and the principle of bionics, a food-grade plastic worker comb foundation with regular holes was designed. The
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holes in the plastic worker comb foundation allow the assembly of larvae supporting devices or single queen cell bases. The idea was to
assemble the hollow plastic worker comb foundation and the larvae supporting device or queen cell bases together to make a complete
comb foundation firstly, and then to let the workers build the comb. Next, the queen is allowed to lay eggs in the cells of the comb. This
is followed by removing the larvae supporting device or queen cell bases and assembling them into the queen cell bar with regular holes.
In this way, royal jelly production or breeding queens can be achieved. This study tested the feasibility of the improved 10th generation
of the non-grafting larvae technique of royal jelly harvesting and rearing queens, using the Italian bee (Apis mellifera ligustica) as the
experimental system. Firstly, the number of combs in a colony which is about to swarm was reduced, and then the workers were
allowed to build 10-12 pieces of combs based on the hollow plastic comb foundation, then the effect of royal jelly harvesting or rearing
queens without larvae grafting was investigated. The experiment of royal jelly harvesting without artificially grafting larvae mainly
measured the oviposition rate of one queen, two queens, multi-queen (four queens). The acceptance rate of newly assembled queen
cells by nursing bees during royal jelly production was also measured. In the experiment of breeding queens without artificially grafting
larvae, a single queen was allowed to lay eggs for 6 h. Then the birth weight and the number of ovarioles of the newly bred queens that
developed from the eggs were measured. The methods of rearing queens without and with artificially grafting larvae were compared.

[ Result] Worker bees can build a complete comb based on the plastic hollow comb foundation, and the queen can lay eggs on the
newly built comb. The oviposition rate of a single queen, double queens, multi-queen was 91.24%, 92.45% and 91.29%, respectively.
The acceptance rate of newly assembled queen cells during royal jelly harvesting was 91.12%, 92.63% and 90.19%, respectively.
There was no significant difference among them (P>0.05). The weight of the newly queens using the method of egg-based rearing
queens without artificially grafting larvae and the method of grafting larvae based rearing queens was (256.31+3.75) mg and
(243.43+£2.05) mg, respectively. The number of ovarioles in unilateral ovary was (163.87+9.40) and (154.77+6.74), respectively.
There was a significant difference between the two methods (P<<0.05). [ Conclusion] This study showed that the improved 10th
generation of non-grafting larvae oviposition device can be used in royal jelly production and for rearing queens. It is worth
popularizing and applying in the beekeeping industry.

Key words: honeybee; non-grafting larvae; royal jelly harvesting; queen rearing
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B3 P&
Fig. 3 Royal jelly production bar

E5 ®BHER
B4 F=RIE Fig. 5 A queen cell cleaner for producing royal jelly without
Fig. 4 Royal jelly production frame grafting larvae

E6 H%BHEIREMFIER
Fig. 6 Structure of queen rearing without grafting larvae

B7 ITHEiray= 5t
Fig. 7 The plastic comb of worker construction



4392 t & M B ¥ 51 %

F 1 RREFAENEIFINNEREEGEZERMZM
Table 1 Effect of different oviposition methods on the oviposition efficiency and acceptance rate of queen cells

LLIRES 7 BRI () FHEDIE (D L ES ERERE
Oviposition method Oviposition duration (h)  Number of empty cells  Oviposition efficiency (%) Acceptance rate of queen cells (%)
L F#¥ Colony with one queen 15 1024 91.24+4.25a 91.12+4.06a
XA Colony with two queens 15 2048 92.45+3.03a 92.63+2.91a
% T Colony with multiple queens 8 2048 91.29+3.08a 90.91+3.31a

BB AT B bR UEZE . IWAVEAE R S A M NS FRERORERARE (P>0.05) , AFRNGFRELRZREE (P<0.05) . NI
Data in the table are average+SD. The same lowercase letters in the same column indicate no significant difference (P>0.05), different lowercase letters
indicate significant difference (P<<0.05). The same as below

BT RN 91.12%, 92.63%F1 90.19%, —FHZ
EHEAfAE R EZER (P>0.05) .

2.3 RBRETRE R LR g 2
W2 WA, SR LI ERA TR T oc M loatie st

Rl 7y V5 B 1 (e )7L T 53 )2 (256.3143.75) mg oo jo Ptk

1 (243.43+2.05) mg, FANGHFE I 2 (163.87+ %ot :}5@:

9.40) 4&HI (154.77+6.74) 4k, WEBAELE B TE%E 3;;;,;;% &.0

B (P<005) . Hifd 8T, i FikEYI Ik, ;@2%?2‘?;05'

A DA A Sk s 0 B0 B LA S qe‘?ogg%g‘

3 itie Gone”

FRE SR — IRl K, IR IR SR 900
JIRE, MO BE 30 20 N Tk, HEIRAEHIEEY)
2RISR A DT AR T A] B DS, ki 8 BT HMINEYH
A NS HL ) 82— B R T AR I — N AR Fig. 8 The section of the queen’s unilateral ovary

F2 RBRHUMNEIMAIBRRAEERNLER

Table 2 The comparison between egg-based queen rearing without artificially grafting larvae and artificially grafting larvae based
queen rearing

B EHE FEHE D W EAEE AN GRS R (50

Queen rearing method Number of emerged queens  Birth weight of queens (mg) ~ Number of ovarioles in one
(individuals) ovary

R AR 32 256.31+3.75a 163.87+9.40b

Egg-based queen rearing without artificially grafting larvae

ANLBEHEE 44 243.43+2.05b 154.77+6.74a

Artificially grafting larvae based queen rearing
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N FARRA R, BUFZ IR AIEMAHRL T R PEE RS, g B REFE s R
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22 1 LIS,

B RAE IBOARHE U5 W]

4393

i, s £ e 52 %

% 2 GRS AT R A 0O, i
LAGNE £U0 T LT £ AR R iUF £3%
ARy IR T AN 4R R AT R AT
o LLOEE i T T DLHUR T 0 B ) e A O
WA AU E IS (e A, G g
R PR AL T Bt AR £
i Z NP

MARKHORKF AT B b o s B AR AT 72
MEE, ATEHTNTRR, T Hr sk E TR
RSB T3 AR BT AN TR B AT R A SR,
A FREHE)— N2 IR I IR T HoR S

4 g

AT B2 10 AR 5F8 duide £ IR s, i
PRI UESE T B0 G A8 IO A M 3R A7 M 7
EA R ATATYE, R ks RGN A A
THI RS U /A £

References

[1] W& Feigss 3 . dbnt TP E AR Ak, 2017.

ZENG Z J. Apiculture. 3rd ed. Beijing: China Agriculture Press, 2017.
(in Chinese)

[21 HEH BEERHMAL A EoR, et AR B R, 2013.
ZENG Z J. Technique for Mechanized Production of Royal Jelly.
Beijing: China Agriculture Press, 2013. (in Chinese)

[3] BRatx, MTE, IR, Jokadh, J7Eu] WRk A REE TR
R, E AR, 1995, 28(5): 89-93.

CHEN S L, LIN X Z, HU F L, SU S K, FANG Z M. An experiment
on the high royal jelly production of Zhenongda A line queens.
Scientia Agricultura Sinica, 1995, 28(5): 89-93. (in Chinese)

[4] oKt FPEPFHREHTIL. FUN: WIS Lk, 2008.

JIN S H. Study on China Pinghu Italian Bee. Hangzhou: Zhejiang
University Press, 2008. (in Chinese)

[6] Freket, MIZ. Bl 2R 6 L& MuTh. o EIRE, 1987,
38(2): 9-10.

CHEN S L, LIN X Z. Design and application of new plastic queen
cells for gathering royal jelly. Apiculture of China, 1987, 38(2): 9-10.
(in Chinese)

[6] #ZAm A ERNIL. EigAe, 1990, 10(7): 22-25.

YANG D F. Mechanized production of royal jelly. Journal of Bee,
1990, 10(7): 22-25. (in Chinese)
[l &R, RO RECRBEFERIR. + [E L, 2005, 25(3):

(8l

[

[10]

[11]

[12]

[13]

[14]

[15]

[16]

6-7.

JIN T D. Initial report on spin-off larval transplantation technology.
Apiculture of China, 2005, 25(3): 6-7. (in Chinese)

). FRENIATICR .. Bl &gk, 2009, 29(6): 16-17.
HE S J. Getting royal jelly and grafting larvae by honey extractor.
Journal of Bee, 2009, 29(6): 16-17. (in Chinese)

T, M, SRR g EONED Y R R, EigAE,
2012, 32(2): 9.

GAN H Y, TIAN L Q, YAN W Y. Ovarian sectioning and staining of
the queen. Journal of Bee, 2012, 32(2): 9. (in Chinese)

WOYKE J. Correlations between the age at which honeybee brood
was grafted, characteristics of the resultant queens, and results of
insemination. Journal of Apicultural Research, 1971, 10(1): 45-55.
RANGEL J, KELLER J J, TARPY D R. The effects of honey bee
(Apis mellifera L.) queen reproductive potential on colony growth.
Insectes Sociaux, 2013, 60(1): 65-73.

HE X J, ZHOU L B, PAN Q Z, BARRON A B, YAN WY, ZENG Z J.
Making a queen: an epigenetic analysis of the robustness of the honey
bee (Apis mellifera) queen developmental pathway. Molecular
Ecology, 2017, 26(6): 1598-1607.

XGHE, BB, SN, B R U s R BORT T
WLk, 2009, 29(10): 3-6.

LIU G N, ZENG Z J, WU X B, YAN W Y. Study on the technique of
royal jelly production without grafting larvae. Journal of Bee, 2009,
29(10): 3-6. (in Chinese)

MR, RN, TRTE, XDERE, B E, £ RN
AP ORBEEORTE S VA (1) Sy A e dl s AR =2 ik, YO
Aok k2R, 2013, 35(4): 842-847.

ZENG Z J, WU X B, ZHANG F, LIU G N, YAN W Y, WANG Z L.
Research and application of key technique for mechanized production
of royal jelly (I): A design of bionic non-grafting larvae ovipositor.
Acta Agriculturae Universitatis Jiangxiensis, 2013, 35(4): 842-847.
(in Chinese)

KK, RN, B E, ETE, WBER. BRI A O
HORWFFTG NI (TD): B0y A4 S B sl £ 5 A4 BoR. VLR
K4, 2013, 35(5): 1036-1041.

ZHANG F, WU X B, YAN W Y, WANG Z L, ZENG Z J. Research
and application of key technique for mechanized production of royal
jelly (II'): A bionic non-grafting larvae technique for royal jelly
production. Acta Agriculturae Universitatis Jiangxiensis, 2013, 35(5):
1036-1041. (in Chinese)

SR, RN, B R, £, AR 1 R A O
BRI N I): 528 G AR i R M B IO E R FRBOR.


http://dlib.cnki.net/kns50/detail.aspx?dbname=CJFD1987&filename=ZGYF198702004&filetitle=%e6%96%b0%e5%9e%8b%e9%ab%98%e4%ba%a7%e5%85%a8%e5%a1%91%e5%8f%b0%e5%9f%ba%e6%9d%a1%e7%9a%84%e7%a0%94%e5%88%b6

4394

hOE Rk O B %

51 %

[17]

[18]

[19]

[20]

[21]

TLVE A K 2%4R,, 2013, 35(6): 1261-1265.

ZHANG F, WU X B, YAN W Y, WANG Z L, ZENG Z J. Research
and application of key technique for mechanized royal jelly
production (III): Supporting breeding technology with honeybee
colony breeding for bionic non-grafting larvae royal jelly production.
Acta Agriculturae Universitatis Jiangxiensis, 2013, 35(6): 1261-1265.
(in Chinese)

WG, Me, AN RIMOR, 5K, BIRE, WS ERK
BUARA 2R = SR AR 7T 5 I (IV): AL IR 25 Bevl 2w F.
TLVE A K 2%4R, 2013, 35(6): 1266-1271.

PAN Q Z, LINJ L, WU X B, ZHOU L B, ZHANG F, YAN WY,
ZENG Z J. Research and application of key technique for mechanized
production of royal jelly (IV): Design and application of a machine for
gathering royal jelly. Acta Agriculturae Universitatis Jiangxiensis,
2013, 35(6): 1266-1271. (in Chinese)

ARaEM, FAMOR, SR, D50, 205, BhE. el £
PARR TR SN A B 0T s AR A TR R . o B RO RL
2016, 49(18): 3662-3670.

ZOU C B, ZHOU L B, HU J H, XI F G, YUAN F, YAN W Y. Effects
of queen-rearing without larvae-grafting and two esters of brood
pheromone on the queen quality of Apis cerana cerana. Scientia
Agricultura Sinica, 2016, 49(18): 3662-3670. (in Chinese)

FEIE, SRPED, WY, EMA, P BT, LR hEE
WSS G BT 5E K] AcerOBP14 ) b b Je b S IA. [ ekl
2% 2016, 49(19): 3852-3862.

DU Y L, ZHANG Z Y, PAN J F, WANG S J, YANG S, ZHAO H T,
JIANG Y S. Cloning and expression analysis of odorant binding
protein gene AcerOBP14 from Apis cerana cerana. Scientia
Agricultura Sinica, 2016, 49(19): 3852-3862. (in Chinese)

Z=W], ELLT7, XRE, ERL B, R, xR, K IA, §
frAe, i A s G R R DR S e JE 1 e 22 e LA, b B RME R,
2017, 50(12): 2380-2388.

QIN M, WANG H F, LIU Z G, WANG Y, WANG S, CHI X P, LIU C
L, ZHANG W X, XU B H. Comparison of different cold resistance
between Apis cerana cerana and Apis mellifera ligustica. Scientia
Agricultura Sinica, 2017, 50(12): 2380-2388. (in Chinese)

T, RIKE, LR, B, R, R R, ST PR
M 2 R CSPL I REA A AT SO A g 7. op AR R,
2017, 50(15): 3052-3062.

TAN J, SONG X M, FU X B, TANG M Z, WU F, HUAQ Y, LIH L.

Functional mode and immunocytochemical localization of chemosensory

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

protein 1 (CSP1) in Apis cerana cerana. Scientia Agricultura Sinica,
2017, 50(15): 3052-3062. (in Chinese)

YLECZE, SN, DGR, fTiL, BifhE, W8N, KRR
FERAR TS N E AR, 2017, 50(19): 3828-3836.
JIANG W J, WU X B, LIU G N, HE X J, YAN W Y, ZENG Z J.
Research and application of production technology of natural
honeybee bread. Scientia Agricultura Sinica, 2017, 50(19): 3828-3836.
(in Chinese)

B, AR W G b RO 0 0 BRI R (L
HABE T, B EAREE, 2017, 50(23): 4656-4670.

LI S, LI J K. Comparative analysis of phosphoproteome between
mandibular glands of high royal jelly producing bees and italian bees.
Scientia Agricultura Sinica, 2017, 50(23): 4656-4670. (in Chinese)
BEGNA D, FANG Y, FENG M , LI J K. Mitochondrial proteins
differential expression during honeybee (Apis mellifera L.) queen and
worker larvae caste determination. Journal of Proteome Research,
2011, 10(9): 4263-4280.

CHEN X, HU Y, ZHENGHQ,CAOLF, NIUDF, YUDL, SUNY
Q, HU S N, HU F L. Transcriptome comparison between honey bee
queen- and worker-estined larvae. Insect Biochemistry and Molecular
Biology, 2012, 42(9): 665-673.

GUO X Q, SU S K, SKOGERBOE G, DAI S J, LIWF, LI Z G, LIU
F, NIRF, GUO Y, CHEN S L, ZHANG S W, CHEN R S. Recipe for
a busy bee: microRNAs in honey bee caste determination. PLoS ONE,
2013, 8(12): 81661.

SHI'Y 'Y, HUANG Z Y, ZENG Z J, WANG Z L, WU X B, YAN W Y.
Diet and cell size both affect queen-worker differentiation through
DNA methylation in honey bees (Apis mellifera, Apidae). PLoS ONE,
2011, 6(4): e18808.

SHIY'Y, YAN WY, HUANG Z Y, WANG Z L, WU X B, ZENG Z J.
Genome wide analysis indicates that queen larvae have lower
methylation levels in the honey bee (Apis mellifera). Naturwissenschaften,
2013, 100(2): 193-197.

SHI Y Y, ZHENG H J, PAN Q Z, WANG Z L, ZENG Z J.
Differentially expressed microRNAs between queen and worker
larvae of honey bee (Apis mellifera). Apidologie, 2015, 46(1): 35-45.
SHIY Y, LIUH, QIUY F, MA Z Y, ZENG Z J. DNA methylation
comparison between 4-day-old queen and worker larvae of honey bee.
Journal of Asia-Pacific Entomology, 2017, 20(1): 299-303.

(SUfESisH R



