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Glial patterning during the postembryonic development of the
olfactory lobe of the honeybee (Apis cerana cerana)

LI Zhao—Ying ™

(Department of Biological Science and Technology, Shaanxi Institute of Education, Xi’an 710061, China)

Abstract Glial cells have several functions during the development of the nervous system. The characteristics of glial
patterns during the postembryonic development of the olfactory lobes of Apis cerana cerana Fabricius were investigated
using comparative anatomy and BrdU immunohistochemistry. The results show that a continuous layer of glial cell bodies
defined the boundaries of all growing neuropiles in early larvae. Just before the olfactory receptor neuron axons entered the
antennal lobe, they encountered the so — called sorting — zone glia. Here, axonal contact lead to a pause in the growth

cone’ s advance and a subsequent change in growth cone morphology. Finally this enabled the sorting of olfactory receptor

neurons axons into discrete fascicles, which terminated in specific glomeruli. Proliferation of glial cells peaked from the

end of the final larval instar stage to the prepupal stage.
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BTG M 20 G oy R B A AE 5255 2 Rl AR D
(Xiong and Montell, 1995) . 7& 4 H5 K ik Manduca
sexta W50 Z2 48 1) B I AR T il 40 ISR 20 AL
T ik 1 A 2 R N IR R DX Al A 28 A R N IR
M2 o 20— AN FH o B 2 5 T A A T
LR 1T I AN LA T AL T 0 XS e 22 i J
56 (¥ (Oland et al. ,1999) o WL o i 25 2T 4 £k
(19T 1 A 312 ey W50 o 22 2T 4 JIT fiuh o 1) > AELAE

BE G I B R o2 e i I R A O B I AE
(Baumann et al. , 1996) , ‘& A1 4 # & £ 48 3k ¥ &

5, B4 B8 (Krull et al. » 1994; Oland and
Tolbert, 2003) .

2 Bt BHF 5 42 5 030 H (2012KJ006) .



o AR o 4 B O R LR 0 R

*1183-

Hihnlein Fi1 Bicker (1997) i iof 4 2R 4L 2 L)L &%
i3 H i Drosophila melanogaster £ 42 & i % 7 P
#% & A ( glialspecific
Drosophila) L& G 8 20 24k, 24 18 J5 12, W 28 1§ Apis
mellifera carnica WM J 7 1 FE rp i 28 112 Jo 1) A6 5
BEAT TWESE R DL, AE S W11 A B L B b b 2 4T ¢
W B = P28 I 0, 2 4 8 4 JUIN, R g 2 R
ST B8, I AR P48 2T Y 9 AT A 2D
PR AT, B AT e T dE R R TN
TE 73 B o 3K S840 28 1 0T 7T 2 52 3 b 48 2T 4 1Y)
143 A 58 23 3 A% 1 K

Parker F1 Auld (2006) % 22 Jifg S g s i bt 28 18
FUR B TR, A6 3 % 4 dU LI, &)y da g - o
28 21 2 0 B 00 TR R TR R BE R B 3 A K Y R
P22 A0 > e T AE A I S B K T H O B A
Jei 6 h, BrdU BH 4 i 28 i o 40 i A4 JT 45 Y I Aol
28 M J5T 14 L (1 v Ve A AL JS 0 12 ~ 18 hy 3K ]
0 Rk A AL (Oland et al. , 1999) o {H J& %
T b 2 Bl X h 4B % & Apis cerana cerana
Fabricius W& F B 4E L R Wl R iE . AL 5
TH I T 2 ) RN A g A R A R R R
W T MR IR S RE R R 2R IR 5T ) T OB S AT
TR, W R Gk kR P 22 R T D)
RE MR 42 Ak — 52 1 B AR 4R o B L ph 8 IR
TR SEAE IR e i 2% .

1 MBS

1.1 EW#a

SIS BT A A W T 0 1 4y H 0 R R
T [ 7Y 2 K v A i SR B . %)) e (larva, L)
L5 % (L1 ~L5) , AR 4 3% (G 2 1t (Dyar” s law) ,
— K gy H g e 3 W Sk 5 i T ok vk T
1% (prepupa, PP) # 2 d; 8§ (pupa, P) %79 d (P1 ~
P9) .

nuclear repo—protein of

1.2 HAKF

e R I TR ) 4 H R B O 4% 2 FE T
W 4°C [l o MR REWDR I K, —HREY . A
0, L A 1) B 1R D) B, VDT R RES ~ T
wm, Y174 TR 2 R R B b BT
wHe YIRS S Z K, BRRKE - AR B
(hematoxylin-eosin staining, HE #% {4, ) , Olympus
(BX-51) Sl ol WL 48 411 1

1.3 BrdUBANGREH{ANLZF
1.3.1 BrdU AL X T 1 ~4 & 4hde,
JEE R 25 mg/mL [ BrdU (B9002, Sigma) J& & ¥ W
(KA FR UL T BIRA) W X T 5 @ 4h h
Fdf , Al At B 7 BRI AT Z) 3 pL WKL 25 mg/
mL ) BrdU. BrdU 454 B[] — 4 8 he
1.3.2 BrdU G HLAKFLE H BrdU b3
I 4% % 58 W 4°C ] i€ 8 ho Hf FE RS it
K A S, R LR YL R, R T pme D)
BT 2 RN BT %A

DI R 90 s 28 K P & 52, PBS B 3 Ik
3% i FACA B A N YEPERE 10 min , TBS ¥k 3 K
T 0 DE L 2 M P 37°C 30 ming §E 0/ B
BrdU £ 57 [ $t /& (1/200) (abh8039, ABCAM) , i
B ACHFE R PBS UE 3 K. W INAEY F AL
4D 1gG,37°C 120 min, PBS ¥ 3 7k ; i b i
A A 37°CHEH 30 min, PBS 3£ 3 /X DAB {4
Je BEAS TP kB RS B A, Olympus (BX51) 5 4 B2
ML . P PEXT LD PBS AU — bt

1.4 ZHEEITH

T VR W R R Ak R e i 5 A I )
B, D) b BrdU ARic p 49 SE 40 L (8 h B N) 1Y
KR BEAT VB, B Y LA 4 g HUORI I K )
FABY B Y  bbR I 4 A 1 A R Al
PR K i G A 1 B B AR EO s T U0 e TR
M KA STBAIR L B TT 4. RIEARX N C = ¢
/G + d) 1, CRRIEHc HIEMHEE AP v
JEEE, d =90 B ) B 4% (Abercromhie, 1946) . & —
W) Rk 202 ~4 R 1 ~5 AN, o 8
SR R 22 AH N bR fE R (SE) .

2 HERE5HH

7 2 # 4 dt (larval, L), WS4 28 2T 4 9 W1 NI
FEUG I, K B B ph 28 40 T 5% 4 7 vl 22 21 4
(T AR DS o AT TR AT AN XS BR 43 2T I
295 BEA MY (ganglion mother cells, GMC) o iX i,
28 I T A T AN B (1 10 A) .

F) 3.4 B Ay, W X P2 R 5T AR A4 W
25 BrdU FRid 0 #f 28 J5 5 s T an 19 0> 21 14 R
S0, 38 50 P2 I BTAA B — AN b w0 (B 2) o
TB FGHR A 28 10 5 0, 8 A1 A b 22 21 4 W 1) ) L
{HL & A MRG0 28 2T 2 BE N DX TR RO WY
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PR 2T Y 1) J) TR R P 0 89 B I o 2 R AR D (B iR Al s R 3YT (LS) 5 R v el 8 50 i 1) K o F ik 134
1:B) o fEMLT g A, oA e m. 2S5 (K 3).
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K EHHr Bt Developmental stage

B2 BRHAEIESD BrdURIZHHERRBET L L
Fig.2 Number of BrdUabeled glial in the olfactory lobe
L1—L5: 41 &% K B W Bt stages of larval development; PP: Fillifi prepupa;
P1—P4: if Kk & % ¥r Bt days of pupal development.
N n 23 3 2 7R B 4 5 A0 4 TR R

N and n denote the number of animals and the number of cell clusters, respectively.
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3 RHAXEIEREPHERRYELT Lk
Fig.3 Number of glial in the olfactory lobe
L1—L5: 4% % & M Bt stages of larval development;
PP: Tl prepupa;P1—P6: Ifi & & % M Bt days of pupal development.
N R n 53 53 3 75 )y 490 55000 A0 A0 e A

N and n denote the number of animals and the number of cell clusters, respectively.

FE W8 (prepupa, PP) I, il 28 21 4k W 70 % MHER ORISR HE N Y IX SR 4 17 K a1y e il 7 24 38
BrdU rck 0 48 i Jo 250 1 0 389 s 73 284 48 B 114 SR 2 R (B 1:C, D) o IX 8840 2410 41 i K
ol 8 R ) R Tk B A T, 8 JEAE fid A SR ZEBRE, HAEA N (4.18 £0.5) pm. F| i
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(pupas P) R A M4 1K (P1) , BrdU b it (41 2 Jiz
K 0 5 9 /b AL S 8 R A0 HOR 25 1
(P 3) 47 /b 0 T 28 I8 T 8 Tl o 22 2 44 B0 1y
AT RS » o 0 8 LT 4 BRI AR HE A (I 12 )
P2 I 28 2T 4 160 e FEL 010 22 5 9 3809 B0 I
P1 LA R (12 F) . %1 P3 3], sy p et
120 2T 4 00 43 F s 26 T 2 Bk JE) LI A 26 I
A2 B 9K 0« Bed U 692 60 4 2 B
CMEEART (J 1: G) (& 2) (A B A B o g
122 B2 IR 1 B e e 9 B3k B TR U (PR 2) . PS
S 5 25 T A4 50 B F 90 D b 25 R 2 ]
BT, — U 25 I TR % 26 4T 4 R 3D
20 B 28 T L T T A R o
LT UEER (B 12 H) o I 72 AN IR DL & g
AN LT 4l BR A L FELL 8 A A 2
T T L AR 7 25 T 4 BR 1 9 AT o 4
R (1)

3 i

PR S )z g AT Bl R RS R A R e
KRG . HASCFVEIRVRY - RE Y & 40 2%
Iy R S AR A 2 MR . AR B HUB
KB R, 2R I A ik A R U AR 22 T Al 5% LA
LW it 2 2T YEER I R B I R D A T A
0, TN R AR AT 1) BA K 22 4 i F #% B
PRAET bR 7 FIREAL A 1S i A P2 T il
KM A A

FE SRR B R g L I AR I ST R B
wHA 3 MR A2 R 5 (Oland et al. » 1999) :
(1) J Bl o 22 i 3 (peripheral glia) , ‘€A1 U 1 fifh
i A 35 U A5 (2) p 2R AR 4E A2 I T
(neuropil glia) , ‘&A1 [l - 57 457 W5 Ao 28 4T 4 W
(3) 2y X M & JiE it (sorting zone glia) , ‘B AT IE H
MR X ol A 22 20 L 5 = 3 2 Al Ay o 0 R 5 A
TS HLE AT i SR BEAT 3 B8 > T B ST 1 Ao 22 21 ¢
Ko fEREEBEBM TR S, FEFRD T
X3 BRI A0S B . WRBE FR 48 P R JRKCBE Al
22 U IR E AT SR AL R MR P oft 2 21 9 R s A 57
KA, JF HAREi ) A B4y 85 o © AT AR IR A
LT RN 2 0 I R A L R T A EAE T . AE S
B R MR AR A LI SR A 22 0 B R B Tk A SR AR
oS i 4 5 AL, LA B o AT AE B ) R R
Mo, X T 2MES LS. X

GO U TR 2R T A i R X (gliaich
target region) (Oland and Tolbert,2003) . J&& 3 &
Tl SR I fiy £y R0 R I 22 TR R DX IO i SE
B TEANTH AL e H XA T 7 AE I BRI
AR IR Wk & B AT i € (Oland et al., 1999,
Rossler et al. ,1999) . Gibson f1 Nighorn (2000) (]
IR s, 2 40 At NO {5 5 31 b 22 i o 4
s AL EATUT A BT AR B o atonal IR
P ERVF 22 PN U5 1) e 428 150 T 8 Ak ) — i A ok
K7, 5F 2 1 S 08 1) atonal AT R I HF 9 B~ i
T atonal K, fill # B A IRV 2 02 R 5T AN Y
NS O T ESWIve i PR N A o S e L g 7]
775 A= A0 o A 190 8 3B 47 (JThaverd et al. , 2000) o

15 B P A f & R ge b, Rl VF 2 el & AT
YEER AL JEE PP 28 o il 5 R e ) e 22 e 18
S AR o T U MR B 03X 26 20 4T 4 R
e WU A Ak B R 1K) D) e AL, B A P 2T
YE BRI SZ ok BT B AN 2R AL A 32 A 28 T R Al
SR 5 T S ) TX MRS ff 1 348 5, Wi 06 200 AL 2% A AR
PRI R 73 308 ZR B8 O R R T 5T 8 s IR
TR A 28 70 Bl 5% N ik A A L S TR LI A
B2 5 FR 185 B O AT A% B 2 B X, AR XA X A
SR ST B T 5E “4y 3 X7 (sorting zone, SZ) (Tto
et al. 51995) o fi iy [ 5 Bl 28 T il 5% ) 3 WL figh
BT Rl R R 73 32 5 AE 73 1R X Bl R T 4 T Y 2
AR Bl 1) 5 TR o 3R AR AE — R Al S RTT
U6 A SR BT I A1 5 (7] 2 1) i 5% 5 AR T ke b 2 i
Ty e NG ML LT HE RN . X R AR
RIS 7R T AE fil £ 0 28 2T 2 0 N R
DX AT K ) A 2 o B A S e AT T O AT T
By B2 bRt 1) A7 22 53 248 B o

TEAR 240 MR ) e & H I R v, S %
Tl 3 23 7 1K 28 HAE L 40 35 K 3% (adhesive)
W 5| (attractive) PA & i S (repulsive) o HLLE &M
JH R A o e T LA L T RE il SRR g3 1 A %
M43 F» 40 40 B 52 #F 43 + Fasciclin 11 Ephrin Fl
Eph 52 fR I8 0 48 )12 50 43 15 A0 & E AT AE 43 3k i 72
TR 23 1 LR BLAE 38 AN A o I DT 2 Al SR
M 5 5 ) 1K Rl T 2 TR 484 Bl DA ST A
AT et i 28 2T o I X i 2 s T T T R . AR OX
AN TR S PR ST BN R A0 IR S AT AE AT
oo TE B T WL Py 22 £F 4 3Rk (1 3 48 (Oland et al.
1998) o X [ th A g g WL ¥ R H OB AR
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Fig. 1 Glial patterning during postembryonic development in the olfactory lobe of Apis cerana cerana
A. BrdU Fric T 2 5 4 sy e, K7 Sk 98 75 o B 28 4 i, /D 5 SRk FR R A M4 BE 4 iR . BrdU-abeled olfactory lobe
of the 2nd instar larva. The large arrow indicates neuroblast and the small arrow indicates ganglion mother cell.
B. BrdU #5ic T 0§ 4 %% %)) t(f mi i, & Sk Fi5 7= b oh 48 47 4 9 8] [ 1K) #4825 BrdU-abeled olfactory lobe of the 4th instar
larva. The arrow indicates glia around neuropile.
C. BrdU #Ric T 0§ PP (KW, K S Fi8 75 D 3 N WL I (10 W58 foft £ 2T 2 v 00 ol 28 5 5 » /D 5 Sk 48 7 Dy o 0 21 4 0 ) D £
A K Fi s BrdU-abeled olfactory lobe of prepupa. The large arrow indicates glia in the antennal afferents and the small arrow
indicates glia around neuropile.
D. T.i% PP WML [ 4 2R 45 44 o structural organization of olfactory lobe of prepupa.
E. BrdU Fric 0 PL R, K55 Sk 48 75 b 1 40 21 2k 190 J) B £ b 20 J0 55 /N 37 Sk 48 7 D JT # N b 40 28 4 I 1y 0 1 42
it it . BrdUabeled olfactory lobe of the day 1 pupa. The large arrow indicates glia around neuropile and the small arrow
indicates glia in neuropile.
F. 0% P2 WRIH- ) 41 23 45 Ky, &7 Sk 48 78 0 o 28 1 4 9 &) [l G #l £8 BR i structural organization of olfactory lobe of day 2
pupa. The arrow indicates glia around neuropile.
G. BrdU Fric T P3 (KW, K Sk 45 75 A b 40 27 A 00 S [ 1) o 28 B 5 /S 5 Sk 4 7 i 5 4 00 40 T IXC PR 1) 20 28 4 i
BrdU-abeled olfactory lobe of day 3 pupa. The large arrow indicates glia around neuropile and the small arrow indicates dividing
cell in the dorsolateral cell region.
H. BrdU #gic T & P5 [F) W, 57 Sk 48 78 0 0 25 2T 4 Bk &) FE 1K) o 25 s i o BrdUHabeled olfactory lobe of day 5 pupa. The
arrow indicates glia around glomerulus.
Lo Tl Rl IR IR A 2R 850, B k5 R o — DN L £F 4E BR o structural organization of olfactory lobe of adult honeybee. The
arrow indicates glomerulus.

#5 U scale bars =50 pm.
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Kl MR TEMERENRKE I, & i
AN 22 J02 JTCAT AT A B AR o 8 X 0 2 ORI P AT 9
ORI 2 TR 22 0 Bl R AN BE HE N RN, pf
JBE J5T AR AL i B B AL 2 AN e T B R 28 2 4 BR 1)
SCHE TRIRE > 2 0 28 5 0T 1) B i AR D I, il 22 2T Y
Bkt AR 2 Bk (Oland and Tolbert, 1989) . — H i
SE TR E 1) H bR DI w28 T0 st 06 SR 7RI B, Y
SR TL S B AT 55 [R) B A 28 JI ok 58 i AE 2R
WKW Periplaneta americana WL ) & & of 72 4,
PR TS LA 40 M J2 R0 22 21 2 9 2 Ta) T K
i 5t (Salecker and Boeckh, 1996) . L1, 7F
BRI PR R o 2 2T A I v, e R K I 00 B R
ANTR] FR A 2 2T Yl R 6 G 1 Al 58 22 18] B A L TR
H 2 /D FE R G KB I I, P 48 0 503 AN 2 B
SR A A FN ST AR B R BT 446 0 (¥ (Parker and Auld,
2006) .

E HUR U 2R G 1K e B R R A ME Bl ) Rk 1)
JE st A2 A L (Tolbert et al. , 2004) o 76 P
P RE R, ok 1 TR b R IR R A
28 TN 7 o 0 Ak N R R S LK S 5 e 40
J~ IR 40 M B B R R R R R o IX SRR
PE IR 5 i 45 K T6 B T — A 10 22 25 2 3k (Au
and Roskams, 2003) o 7F W5 it £ 7C 4l 58 g N\ IR
R AR AF AL R B 2 ~3 d,
Bk MENJE IR T M & A 4 BRI B R B
(Valverde, 1999) , W5t 52 {4 iy 58 T A 8505 () 45 »
B IR AN MU T B IR A A 2 4T 43k 7 5 ok A
SRS ESSTIA s AT PRE TR A 5 S PO
(Puche and Shipley, 2001) o X ## £ i Ji 75 B
WIS B R TP ) BE R 0 A, AR FR AT BE 4 T A
T EATIAE B HONTIR L 3 4 MR DL R A 22 21 4 3K 1)
KB 1R R PR A

% £ 3 it (References)

Abercrombie M, 1946. Estimation of nuclear population from
microtome sections. Anat. Rec. , 94:239—247.

Au E, Roskams AJ, 2003. Olfactory ensheathing cells of the
lamina propria in vivo and in vitro. Glia, 41 (3) : 224—
236.

Baumann PM, Oland LA, Tolbert LP, 1996. Glial cells
stabilize axonal protoglomeruli in the developing olfactory
lobe of the moth Manduca sexta. J. Comp. Neurol. , 373:
118—128.

Gibson NJ, Nighorn A, 2000. Expression of nitric oxide
synthase and soluble guanylyl cyclase in the developing
olfactory system of Manduca sexta. J. Comp. Neurol. ,
422:191—205.

Hidhnlein I, Bicker G, 1997. Glial patterning during
postembryonic development of central neuropiles in the brain
of the honeybee. Dev. Genes Evol. , 207 (1) :29—41.

Ito K, Urban J, Technau G, 1995. Distribution,
classification, and development of Drosophila glial cells in
the late embryonic and early larval ventral nerve cord.
Roux’ s Arch. Dev. Biol. , 204 (5) :284—307.

Jhaveri D, Sen A, Rodrigues V, 2000. Mechanisms
underlying olfactory neuronal connectivity in Drosophila-the
atonal lineage organizes the periphery while sensory neurons
and glia pattern the olfactory lobe. Dev. Biol. , 226 (1) :
73—87.

Krull CE, Morton DB, Faissner A, Schachner M, Tolbert LP,
1994. Spatiotemporal pattern of expression of tenascindike
molecules in a developing insect olfactory system. J.
Neurobiol. , 25(5) :515—534.

Oland LA, Tolbert LP, 1989. Patterns of glial proliferation
during formation of olfactory glomeruli in an insect. Glia, 2
(1) :10—24.

Oland LA, Pott WM, Higgins MR, Tolbert LP, 1998.
Targeted ingrowth and glial relationships of olfactory
receptor axons in the primary olfactory pathway of an insect.
J. Comp. Neurol. , 398 (1) :119—138.

Oland LA, Marrero HG, Burger I, 1999. Glial cells in the
developing and adult olfactory lobe of the moth Manduca
sexta. Cell Tissue Res. , 297 (3) :527—545.

Oland LA, Tolbert LP, 2003. Key interactions between
neurons and glial cells during neural development in
insects. Annu. Rev. Entomol., 48:89—110.

Parker RJ, Auld V], 2006. Roles of glia in the Drosophila
nervous system. Seminars in Cell & Developmental Biology,
17 (1) :66—77.

Puche AC, Shipley MT, 2001. Radial glia development in the
mouse olfactory bulb. J. Comp. Neurol., 434 (1) :1—12.

Rossler W, Randolph PW, Tolbert LP, Hildebrand JG,
1999. Axons of olfactory receptor cells of transsexually
grafted antennae induce development of sexually dimorphic
glomeruli in Manduca sexta. J. Neurobiol. , 38 (4) :521—
541.

Salecker I, Boeckh J, 1996. Influence of receptor axons on
the formation of olfactory glomeruli in a hemimetabolous
insect, the cockroach Periplaneta americana. J. Comp.

Neurol. , 370 (2) :262—279.



*1188- N B H 242 Chinese Journal of Applied Entomology 49 %

Tolbert LP, Oland LA, Tucker ES, Gibson NJ, Higgins MR, Comp. Neurol. , 415:419—422.
Lipscomb BW, 2004. Bidirectional influences between Xiong WC, Montell C, 1995. Defective glia induce neuronal
neurons and glial cells in the developing olfactory system. apoptosis in the repo visual system of Drosophila. Neuron,
Prog. Neurobiol. , 73(2) :73—105. 14 (3) :581—590.

Valverde F, 1999. Building an olfactory glomerulus. J.



N R B3R Chinese Journal of Applied Entomology 2012,49 (5) :1189—1195

PRGN EE T RENERYR

MIRE OHKTF b BIERT

(TR 2B Rk 222 e BN 310058)

ORI ESA T WE 10 Fhrh B2 il S i 2K i BLBE Varroa destructor Anderson & Trueman (] 3 75 2L
S T W s e B2 i o S e R 11 R O R A R S R T SR e P R R . SRR
B2 G M AT — o I R IR R B TG M 0 R B R, 48 h I A il T s A R 2 ) B ok
92.5% \54% F1 12% (W ZE T, B35 m T X2 (P <0.05) 5 M3 9% 400 25 0 0k &5 51, 06 £ 061 75 i R0 T 7% oih o 47 8k —
B W € » 45 AL W] 48 h I 1E A A W LD,k 0.949 L, B 1 LDy, ok 4,033 L T 7 il % W (1% LD, 24 0. 795
WL, B LD,y 1,965 Lo 1 5 31 7E 48 h I 47 25 8 i 1 1 ¢ Lo (B I8 LD, /811 LD, = 4. 250) ; GC-MS % 5¢
T i e Ay A A M (R 1 88.72% ) T M - B Ay 2 T A T (68.28% ) FIA AT I (20.79% ) .
AT 5 T R T A R A 4 0 K0T PO 0 8 b A AR R T .

KBEIM EWE, KT LCWE, hRZUR I, SRR

Effectiveness of herbal essential oils as fumigants to
control Varroa destructor in laboratory assays

SU Xiao-Ling ZHENG Huo-Qing FEI Zhong-Hua HU Fu-liang™
(College of Animal Sciences, Zhejiang University, Hangzhou 310058, China)

Abstract The effects of using herbal essential oils as fumigants to control Varroa destructor Anderson & Trueman, and
the toxicity of these compounds to honeybees, were assayed under laboratory conditions. The results showed that all the
oils tested were, to some extent, toxic to honeybees but anise oil, clove oil and cinnamon oil caused 92.5% , 54% and
12% mite mortality respectively with no toxicity to bees after 48 h. There were significant differences in toxicity between
the three oils and the control (P <0.05). The acute toxicity of anise oil and clove oil to mites was further evaluated by
estimating LDy, values. The LD, values of anise oil for V. destructor and A. mellifera were 0.949 pL and 4. 033 pL,
respectively, and those of clove oil were 0. 795 pL and 1. 965 pL, respectively. Anise oil had a higher selective ratio after
48h (LD, to honeybees /LD, to mites =4.250) . The chemical composition of anise oil and clove oil were analyzed and
identified by gas chromatography — mass spectrometry (GC-MS) . The most abundant compound in anise oil was (E) —
anethole (88.72% ). The main components of clove oil were Eugenol (68.28% ) and Caryophyllene (20.79% ). These
results show that anise oil and clove oil are promising acaricides that could be used for controlling Varroa mites in
beehives.

Key words honeybee, Varroa destructor, herbal essential oils, acaricidal activity

¥ W B W5 Varroa destructor Anderson & H.i&E WV % & (Rath et al. , 1990) o 3k W FUI 5] #E A

Trueman Jg X0 T 5 F7 d Ml gl 1 g K 10 2 0 1R T AT S AEE R N P T B g AL mellifera 1) %5 L
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