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A Study on Reproductive and Wax-Moth Defense Abilities of
Honeybees (Apis cerana cerana) in Multiple-layer Hives
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Abstract: [ Objective | Chinese honeybees Apis cerana cerana is an important economic and pollination
insect species in China.The Langstroth standard beehives are widely used for western honeybees Apis mellifera.
However, Chinese honeybees have many hive types and there are no standard hives specifically for them.In this
study a multiple-layer hive was used, and the reproductive and wax-moth defense abilities of Chinese honeybees

reared in this type of hives were measured. Method | The temperature and humidity inside the multiple-layer
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hive and Langstroth standard beehive were measured and compared with a hygrothermograph; and the
reproductive and wax-moth defense abilities of Chinese honeybees reared in these two types of hives were
measured and compared. Eventually, the gene expression of two antioxidative genes in newly emerged workers
from these two types of hives were compared. [ Result] The results showed that Chinese honeybees kept in this
new hive had a better reproductive ability than those reared in Langstroth standard beehives.The multiple-layer
hive had a better effect on in-hive temperature and moisture maintaining. Furthermore, multiple-layer-hive
colonies had significantly less bold pupae and cells with wax-moth eggs compared to those in Langstroth
standard beehives, and no wax moth larvae were detected in the multiple-layer hives.qPCR results revealed that
newly emerged worker bees from the multiple-layer hives had significantly higher expression of Cu-Zn SOD gene
than that of Langstroth standard beehive group, while another gene GST4 was not significantly differentially
expressed between the two groups. [ Conclusion ] This study indicates that the multiple-layer hive is better for
China honeybee survival and reproduction, and can increase China honeybees’ oxidation resistance and wax-
moth defense ability, compared to the Langstroth standard beehive.

Keywords: Apis cerana cerana; multiple-layer hive; reproductive ability ; temperature and humidity ; wax-

moth defense ability ; oxidation resistance
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Tab.l1 Comparison of in-hive temperature and humidity between two hive types
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fif 1] Date
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8 H 7 H 7" August 9119 H 19" September 91126 H 26" September
07:00 11:00 14:00 19:00 07:00 11:00 14:00 19:00 07:00 11:00 14:00 19:00

W BIRERE
Temperature WA 33.7+0.6" 34.3+0.8" 22.9+1.6" 24.4+0.9" 26.2+1.3* 253x1.6" 25.2+0.9° 25.2+1.3" 30.0+0.6" 31.8+0.2* 30.4+0.3* 27.8+0.7°
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Z R E
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W% AR
Humidity WA 67.4+3.5" 67.6+3.0° 78.4+5.6" 62.0+7.1° 59.0+9.0" 59.2+7.9* 61.6+8.6" 74.4+3.5" 60.0+5.6" 57.2+8.2* 59.2+7.9* 61.6+8.6"
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e
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Same letters indicate no significant difference (P>0.05) , whereas different letters indicate significant difference (P<0.05).

LSH : Langstroth standard hive, MLH: multiple-layer hive.Each value indicates the mean+SE of five replicates
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Tab.2 Comparison of wax moth defense ability between two hive—type colonies

SR O R DA SR B EPNT
74 Groups
Wax—moth—egg cells No. of wax—moth larvae No. of bold pupae

Z )2 HE AT

0.40+0.89" 0.00+0.00" 0.67+0.21°
MLH

B 4 | |
LSH 33.40+29.89" 1.40+1.95° 3.50+4.77°

MR FEERIR 22 58 35 (P>0.05) , AR FRER IR 2257 35 (P<0.05) o B MEAUER S A EY) F 2 1P B E bRl 22
Same letters indicate no significant difference (P>0.05), whereas different letters indicate significant difference (P<0.05).

LSH : Langstroth standard hive ,MLH : multiple-layer hive.Each value indicates the mean+SD of five replicates
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Tab.3 Gene—specific primers used in real time quantitative PCR
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B-actin GGCTCCCGAAGAACATCC TGCGAAACACCGTCACCC
3 &St
WEFE AR R HLZE RNt = = EEREAS Multiple-layer hive
T I e B Y A 7 R R M R 2— [ BARAFHERERE Langstroth standard hive
——

AW R GEVHAL T —Fh b i 2 )2 IS HE A
S R AR TS Pl e A LA AR e P e B
BT, HATU R A i DR RE X B 8 e T
B R A

151

FHXT KX & Relative expression

SR o) ST RE ORI E 1 % - T
HRIE o FWE B v e e 47 BE 0 A0CR 4 e
FEAERS DRIRL ORI ROR 4, Bl i L T 0.5
AL GEHE A" . 33k 26 Fp e e A 3 FLA BB
SFUIN SRR/ T I TGRS MR AR A S R AT 0
FEI) 22 J2 T HE SRt g /N RS e, L B e GST4 SOD
PERE UL T CCBRAE A . DRt /N 5 P Gene
L 3G v M 0 R R Y AT T s BTGRP bR Rz 5 B2 (P< 0.05)
R G T T4 R 2 T Each bar l'eprf.zser.lt.s three.replicate of mean+SE,
PRI, L5 RTISE L, 5 2T R e
R TR L) 8 0 AR . i s Como o 814 e SO0 e
AE}F%[]()*W]%E{ Eﬁ ’ E%%ﬁ Ij\] {Elj;{‘ *ﬂ {EUE ﬂ Ej% expression between two hive types

SR P4 B R E AR R SR
Wy FE Y- T3 A PR 30 B PR R 7 40 HRL A 5 R 3 R 3 T B0 (R, 2 R T HE R
R g e BEAR R R A T B I AR R R R A i PRI PRI AR D g U AR ROR AR T R AR E 1Y
PR HER B ] RS - LA A5 B DX 5 R W DA LA O ) 0 3 X 4l ) SRORL B v 4Ty LU
R R 8

ABIFTE e B 22 2 1 HE S AR v 8 e v S e AR A DTSR PR RE . T I 52 ) BE HUR I, r e T 0 i



162 - N AP NI a2k

i 2 B ORI s I L R B R A T R R AR A 7 e i R T R e MR R SR LR
22 2 1 HE AR AR TSR IR PR RE P RE -5 LR B RS S B/ NI SR RS 5 o et , 2 SRR HE AR I AR R
AT SRR, AR SR A B 7 (8 BRSO S AN A S B, AN TSR AR T R A SRR S
FAES o 22 J2 AR ) 77 B 400 A T8 SOD ik X e ik 8 W 35 v T4 97 T 19T QbR i e A v 1) T, SR W1 4]
I T Z2 R HE SRR P 0 T BT R AL PERE B i o 2 M2 BARDRE ) 8 SR 7K1 23 52 T B e A
SOD FE K 15 o AWFFE K B2 J2 T HE SR AT PT 24E 45 A0 )R A MBS 10 PR IL ORI AICR, , 2 o ) B R A
R/, o mT LR o B 1 SOD RN IK 5, 3 iy HpT A AL RE T , (B HALBRATI R ik — 2D 15 o

S

(1] SREREL, 5RKLL, MW, 45 AL e AR A5 T HE AR A5 A5 SO0 ] b 80k, 2017, 68(4) : 43-44.
Zhang R H,Zhang Y H, Shen R M, et al.Characteristics and advantages of traditional bee cask and live frame beehive [J].
Apiculture of China,2017,68(4) :43-44.
(2] Brega. e = (M. e st th E el it , 2001.
Chen S L.The apicultural science in China[ M ].Beijing: China Agricultural Press,2001.
[3] s SRl [ M Lt s R EOll s i, 2009.
Zeng 7. J.Apidology [ M ].Beijing: China Agricultural Press,2009.
(4] 77 3CE FWF B AR s i e fa p ik () ). SRR, 1996 (6) - 2-5.
Fang W F.Development of FWF type Chinese bee hive[ ] ].Apicultural Science and Technology , 1996(6) : 2-5.
(5] A b oy g e e A 1 [0 ] P [ #2018, 69(8) :46-47
Qin Y B.Design of bionic Apis cerana cerana hives with high efficiency and energy saving[ J]. Apiculture of China,2018,69
(8):46-47.
(6] AL, M4 . e 22 22 A SRR A B [T . JR A, 2017, 5(11) : 108-109.
Du H M, Du A X.Production technology of multi-layer beehive of Apis cerana ceranal J].Primary Agricultural and Technolo-
gy Extension,2017, 5(11):108-109
(7] W25 BRRIRE TR 7Y P AR R e R RLAR £ 5 0 [ ] B 2k A, 2015,35(8) 1 18-19.
Hu J J,0U H Z.Investigation and analysis of Apis cerana cerana hives sizes in Guangxi [J].Journal of Bee,2015,35(8) :
18-19.
TRALDT, A5/ AREE 2 A [ S TR e A 1) 7 e E A () [ ). B 2, 2018, 38(12) : 20-23.
XuZY,Wei X P,Lin L,et al.A comparative study of raising Apis cerana cerana in different types of hives (sequel)[J ].Jour-
nal of Bee,2018,38(12):20-23.
(9] XU&, Bfi2% , BT 45 AN [ ST r e e i S OSP4 417, 2018,31(9) £ 1989-1992.
Liu M, Huang Z X, Qin H J, et al.Effect of different beehive types on honey quality of Apis cerana ceranal J].Southwest Chi-
na Journal of Agricultural Sciences,2018,31 (9):1989-1992.
[10] X1, 5k ZEue DL, 2 . h 6 22 )2/ N A 5 R e b 2 7 PR RE LA L) ] B2, 2019, 39(5) 1 16-17.
Liu Y B, Zhang H, Cai L K, et al. Comparison of production performance between Apis cerana cerana hive multiple-storey
and movable-frame hive[ ] |.Journal of Bee,2019,39(5):16-17.
C1L) RA R, TR, W], 55 B 6 s i ol ALEE HUpi e [ ], B2, 1994 (11) 1 6-7.
Zhu Y Y, Wang C Y,He Z M, et al.Preliminary report on prevention and treatment of bleached head and nestworm in Apis
cerana ceranal ] ].Journal of Bee,1994(11):6-7.
[12] ST 55 . Ty 05 BRI R 3 A e [ ). B, 2017, 37(11) :26-27.
Zhang H Y .Skillfully clean up the spleen of the bee invaded by nestlings[ J ].Journal of Bee,2017,37(11):26-27.
[13] 3k 28, X —18, 25 b A SRS 20 A6 1 97 A8 BB WD [) ). B 23K, 2019, 39(1) : 5-7.
Zhang H, Cai L K, Liu Y B, et al.A preliminary study on the new beehive and fine breeding and management technology of
Apis cerana ceranal J].Journal of Bee,2017,37(11) :26-27.
[14] 5KENES 7R J5 e 2 10247 o8 SR OG oy THLERATSE [ D | B B VIOl R 2, 2015.

Zhang 1. Z.Study on learning and memory behavior of Apis cerana and related molecular mechanism [ D ].Nanchang : Jiangxi

[8

—

Agricultural University ,2015.



5514 [ISEE T S JFS R B Zich 3 WIRSE R NI X - 163

[15] Liu W, Saint D A.A new quantitative method of real time reverse transcription polymerase chain reaction assay based on
simulation of polymerase chain reaction kinetics|J ] .Analytical Biochemistry,2002,302(1) :52-59.

[16] ARPRHT R EZ A T 3R e o 7 W R R I AE R B0 LD ] AR M AR AROR 27, 2018,
Hao Z B.Energy consumption and developmental damage during capping period of Italian honeybee under temperature stress
[ D].Fuzhou: Fujian Agriculture and Forestry University ,2018.

(17] W52, 25 A, JA 5, 55 LR X S e 5 2 7 R 8 RS MBI S 1k e [ C 1/ [ 3R e o o s M ) SR A L D 2= B 8 1
YA 2, TP ETLIMAIN, 2007,
Shi J H,Li Y, Zhou Y, et al.Research progress on the effect of temperature on capping development of honeybee [ C ]//The
13th symposium of bee breeding and management committee of China beekeeping association, Yangzhou, Jiangsu, China,
2007.

(18] 2=, JA vk, AR, A5 2 0 2 0 T o 5 1 R A RS MR [ C /v [ 3 e o i M ) R A B P B A 55+ =
UEEARBE 2, TSR M |, 2007.
Li Y,Zhou B F,Zhu X J, et al.Effect of temperature on capping development of honeybee workers[ C ]//The 13th symposium
of bee breeding and management committee of China beekeeping association, Yangzhou, Jiangsu, China,2007.

(19 ] WA SC. AR e SRR (LA AR SR [ D L AR < Al e bk K2, 2001.
Hu B W.Study on nest temperature of Apis cerana cerana Fabricius[ D ].Fuzhou: Fujian Agriculture and Forestry University,
2001.

(20 7 SR ARBRAE  HESp 2R A5 T BE X A e i A WIE S 0 R [ . W 238, 2007, 27(4) : 13-15.
Cao Y F,Yu L S,Bi S D, et al. Research progress on the effect of temperature on bees [J].Journal of Bee, 2007,27(4) .
13-15.

(21] S5 5% Al A SEHCEE LB F[ 7). S 2%, 2015,35(8) - 30.
Cai C G,He T H.“Prevention” as the main method to deal with wax-moth larvae[J ].Journal of Bee,2015,35(8):30.

(22 ] R . rhAe g e A SR 1 B RO B B A AL BEE IR A FFE [ D ] R B VPR RO R 2, 2012,
Liu H F.Studies on the requirement of protein dietary in spring multiplication and expression analysis of copper/zinc super-
oxide dismutase gene of Apis cerana cerana[ D ] Nanchang: Jiangxi Agricultural University,2012.

(23] B HH ACTHAER S SRR S50 A 7 1R RE A 52 i B B T B A BB DR SRR OB ST D | 2822 ARl K7, 2010.
Xiao P X.The study on the effect of pollen substitutes on the colony performance and the expression of antioxidant genes of
Apis melliferal D] . Taian : Shandong Agricultural University,2010.

(24 ] XUHAR AT ORAE XUIR [, 25 AN () A G o 2 3 o g 1 A S P L 2 48 77 IR DA R S A Tl TR 3 3K ) 5
(I ). B 35241, 2017,29(4) : 1183-1190.
Liu C L, Xu B H, Liu Z G, et al.Effects of different overwintering feeds on midgut digestive enzyme activities , tissue develop-

ment status and antioxidant enzyme gene expression of honeybee [J].Acta Zoonutrimenta Sinica,2017,29(4) : 1183-1190.



