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Fihik AR AR E A MIERA. B, pHIE. BR. FUR. M3 L& ARE AR B AL BEAT
R, XIZE A PDA. PPDA. PDAY. SDAY. SMAY 5 #F32/~k F34e4a4F 4 K, &£ PDA
EAKFEH, EPDAY LZRETRA. BAMFLNA K TR AT E, 25°CHLAE KKK,
H #3608 & K. B. bassiana AT17T B+ pH 4—1058 B A 34T A K, ERBEIREALKZE, £
pH 5-6 69 RBRHIRIE A FFuER K. B IPM AR L& AEARE, R HBERBEED AR LE K>
Jo e AR B R Ao BB, BEARMAL AR+ BRI+ 5 M ahiE SR 3/4 SDAY 4% 2:1 ¥ RbE B, &
A 0.05% K =T VE 24 8 A B AR & B 64 s A A B oy 284
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Optimization of cultural conditions of Beauveria bassiana
pathogenic for ticks
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Abstract: The aim of this study was to establish and optimize standard laboratory techniques for culti-
vation and fermentation of a strain of Beauveria bassiana (B. bassiana AT17), which has shown poten-

tial biological activity against ticks. This will provide practical and experimental supports for the fur-
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ther research on preparation of biocontrol agents. Condition optimization was conducted by single fac-

tor experiment. The factors studied were basic culture medium, temperature, pH, carbon sources, nitro-

gen sources, microelements and liquid fermentation medium. The results showed that B. bassiana AT17
could grow well on PDA, PPDA, PDAY, SDAY and SMAY medium. Comparatively, B. bassiana AT17
had the fastest growth on PDA and the highest spore yields on PDAY. Temperature was the major factor

that affects on growth speed and yields of B. bassiana AT17. It showed that 25 °C was the optimal

temperature for both hyphal growth and the sporulation. B. bassiana AT17 could grow at pH 4—10 with

the fastest growth in alkali condition, and produce optimal sporulation at pH 5—6. Based on all of fungal

indexes, glucose and yeast were the best carbon and nitrogen sources. The best solid fermentation me-

dium was wheat bran+indian meal+rice flour mixed with 3/4 SDAY containing suitable K" in proportion

of 2:1.
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P IR M LT, R ARG LR A EEAEA,
AT 15 A H L 149 DR 700 250 B dUATE
IO, 4k 1986 AR 1 YRR IE I I B BA PR N
AWK, AN 5 2 3 T R AH G it 5 TR X
AT TR YL Ee, IFEUS a] &5 0 s i

P, BRAS S0 28 A AT 14 2 A5 U OTNGE 1A 10 T 0 R s
WEATRESEAL, R DL AL R s . 2834 55 AR
B, HEh oG o ERBEAEEEK, LR
¥t 326 X5 /N P 35 HR W9 (Hyalomma anatolicum anatoli-
cum) M/ N (Boophilus microplus) Il ME W3R 1T
BRI, 25 AR, AN [R) A R 800 ) AN TR,
Hoh B bassiana AT17 FEARAE 1x107 4~ /mL 1T &K
F, 78 4-12 d AT A e se T, BARE
MY AR IREEME () SR FR) . o HE SOk RGE, Bk
BEREEA 10 RMEDIL B B E, XAfmk
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IF I | S FORR A A5 BRI AR aOR MY, TR
AT HEMERPIAEFEIRT] 200 J7 2 WAL,
JEHUS T RAF I BTIRRCR S B &5 . AR Kt
T

KEEAERES . SHCAH 40 FE/ L, ™
A7 RS —, (H 5 R KA A A —
FEZEE, UG BEAR e i Tl AR R S T A
77, T 25 B LB AR HUFR 0 A 77 e, YT SURH 85 7%
Bl TAWEH . 5 THAEMA =R m )
TR AUEP M R R B 3 2, KRR Y
BA R AEBTT 10 R ST A ) 22 R 0 52
AT DL T M i B RR AR 38 AR L AR AR A B 45
RAEAFELT A P2 HIRE Ty, [R] Iy ml 4 Sy it
1) R BA P B D R R B B B ET R ik, B A
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1 MRS HE

1.1 ##

1.1.1 iR EHK: I B. bassiana AT17 T
2010 4F 4 A FEVTIRAE 55 PH B J 0 X i - 4 rp
TR, BIRRF MY E T 5 R
H R -

1.1.2  EmfiEsFE: S8R5 (PDA); PPDA
4 PDA #4010 g/L 45 A %; PDAY S PDA #HN
10 g/L BERERY; 5% K572 3E(SDAY); SMAY /& SDAY
22 2R A A

113 RIRIEFRE: RIS TR R0 5 [T 8 R A
(SDAY), Fc A7 L 5] 47 Jod 75 26 W5 7 2 1, O 1/4
SDAY i3 1/2 SDAY ;373 3/4 SDAY 375k
1/8 SDAY #5575 | SDAY it

1.1.4 EHEEFE: BEAHRESRIEDES LAY
gr, KM KOKRM L ERE R AR, KRR o I
BoLb LR 1,

*1 ERBEFREHED RELL
Constituent and proportion of fermentation
medium

Table 1

AT (R = L)
Proportion of
fermentation medium

IR

Constituent of fermentation medium

Wheat bran 100
Wheat bran+Indian meal 95:5
Wheat bran+Rice flour 95:5
Wheat bran+Alfalfa meal 95:5
Wheat bran+Indian meal+Rice flour 95:3:2
Wheat bran+Indian meal+Alfalfa meal 95:3:2
12 7%

121 FREEMBFRENEFEKNZHBAOENE:
35K 2 ul W EE SN 1x10° 4N /mL #1720 44
THFh7E PDA. PPDA. PDAY, SDAY. SMAY %
Fedk b, AL 3R, BT 25 °C, BN 90%
PR IR ORI IR A NG R, T s SOk g H O R TR
HAR, ¥iE 14d JFHERR 0.8 cm T LA TE R T5
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WG RPN BEESTIL IR, IEEITILETT R
PRS2 S AR R AR LAY 25 0.05%0 1 —80 K B 7K 4>
H e R ok, A5 B il R B A B U R
DA PR A v A ) L B T B (em ) A ST 2 P A, O
g 7= 60 ik =7 ¥ B /N A 8T B0 <4 100 His B £ B/
(0.16x7),

122 ARIBEEMEEEKMZRAINM: K2 ul
WRER 1x10° A~/mL 7 BB JC B & 1F T Fh e
PDAY #5373 [, /3% F 15 °C. 20 °C. 25 °C,
30 °C. 35 °C 5 MRERLE, 1WEEN 90% M Z& 14
RS 14 d, WP 3 REL, WHIE AR ARKECR
K= e i ) 1o

1.2.3 A FE pHEMEHEKMA~HBAFN: PDAY
R 3 K B i FBR B a2 € % 1 mol/L HC1 1 1 mol/L
NaOH %5 pH{H% N 4. 5. 6. 7. 8. 9, 103t
TABEEE, 50K 2 pL ¥R BE A 13 10°4~/mL fF2 )
T S F B R e A R AL BEES 35 3 rfuts, ARA0TE 3
WHEE, BT 25°C, MR 90%I11H IR 5 AT N
BIR, WTE AR . AR R A e R 1
124 AREKEMNERERKMBMOZIE: 7F
PDAY ¥igR#k b, JHEEE MK A . 24
Wi D-ILALEE . RS AR B U A B, e R TR
WRIE PRG35 . AT 20 e 2 pL W
1x10°A/mL fF=2, FRAbHE 3 R ER, BT 25 °C,
M 90% ) fE R AR VIR AR R 5%, s EAR . B
K A R = A )

125 ARAERMEREKMAEAEZMm: 7
PDAY 553k I, F4 5 & 1) NaNO;3 . (NH4),SO4.
JRZE . L-H &R ACE AR R R, T & AR A
PRI EL . O AR T 40l 2 pL WRBEEH
1x10° A /mL il 7R, FAbH 3 REL, &F
25 °C, N 90%M E R AR IRAR N BE 7%, HTE
o AR R A i I R L

1.2.6 ARMETRZNEREEKM=RFN: 1F
PDAY 3 E 73 U N 0.005% ) Fey(SO4);
ZnSO4. CuSO4. MgSO4. KCI, LIANfdEITR K
PDAY X} 4, Fohll & ARG e Z 3R %E . 0
WA T A3 B 2 pL W N 1x10° 4~ /mL fF &
W, A3 KEE, BT 25 °C, {BE R 90%H)1H
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TR RAS N R 3R, VR EAR . AR R R
I [ I

12,7 AEEBERERMSER SRR 4 E R
REWEE DS 50%M R BKIREGHSE, AT
CEESL MR KB 30 min, BHIGHEA 10%E AR
CZ W 55 4 J& . 1/4 SDAY Wik, #Empi:
11084 /mL 432 1 mL; BRI 25 °C;
BEH: 180 r/min; KEFRAFIA]: 3 d )T 20%H) B K 2%
K, B 3 RESE, BT 25 °C, WEHN 90%[1)
fE IR PR VR IR AR N B TR AR K e R L, 7RG IR
10, 12 Al 14 d 5K EARIR G E T 37 °C M EZS T
TR, TR B AR PO TEK AL S, T30 LS
TCH ORI, FA MRS B AR TR & W4T i 1
¥y, MEBAFREL 0.5 g fF 3 FH 0.05%0t Ji—80 114 K T4
AKGE SRR RS, B i R BN T s HeeA A
RS, DL 100%2 Bk 52 5 0 X5 R, DT 7
Hh fe A LA A CORE o 5 5 AR 3 A i ="F- 2 B/ Mg 6
TR Ax 10T A5 B AR BG4

1.2.8 ARIBRHRIEFEMNER SRR F &5k
LR B IR (1/2 SDAY . 1/4 SDAY . 1/8 SDAY .
3/4 SDAY . SDAY)¥% 2:1 HA1RA )R, BAT
ST KB 30 min, REVGHEA 10%IE A TR (X H K
R R AR YA 20% 0 C K B Al B 52, A Ab B
3WER, BT 25 °C, 1B 90% M T i £ 8 i 4H
WRE ISR A K 5= O, E53% 10, 12,0 14 d
Je P B2 TR T 5 e s A it LUn 78 18
K I A2 Bk R 35 3 o o B, O O 206 o e A AR
B E O

129 REYRREAMEESBATEm: fFRHE
RIS LA L, IR AR AR ) 22 2R+ E R M K
FRG IR 3/4 SDAY % 2:1 ¥ENRA R, BN
0.05% K™y FLJE bR MR [ & BE P RHEC L& A,
BT O HESH P K 30 min, BHIFHEA 10%HK
TR B OZ RS 35 4 PFI) ) AN 20% 09 B K B 78 18K,
RRALI 3 RTEE, BT 25°C, {BJE N 90%AYHH iR 14
MR IR AR N R SRS AE K P L, 7EEESR 100 12
14 d J5 HEZ TEA TG E S fim, DA
KR ALA B X IR, AT 07 356 3 S5 £ B A1) Y e

HE.

1210 ZEMRERAEETHFHAENE: I
iE SR 12d B A BCOT 7, IR A b
T 0.05%0HIR—-80 14 B K S R R R TR F
W, AWML ERM T INAS 40 g/L FEREFI
10 g/L MR BH AT, iR iEdRy, mskit
BT BUR R RBEAL 1x10° A~/mL B7FH . KHETE
WRAE 25 °C+1 °C &% (100 r/min)}% 55 24 h J5 Bkt
B R T & AT E(>100 4N), R &
R, A 3 AER .

1.2.11 ##EE: a0 DPS Bl Ak R ge ik
(R A2 T

2 iR

2.1 AREBEFENERE KRN0

XF BT BE B SRR DR AT O e, A5 R R (FE 2), B.
bassiana AT 17 TERAE 5 FhiEF7 2 B REEF I A 1K,
TE PDA FA KHRER, 78 SMAY Bz, HEL™
il kA, AW HRTE PDAY I H R IR~ i a
K, Z5 03, &G R IR TR
22 AREIRENERESE KN~ R0

B. bassiana AT17 WA FRIRERMET,
SHEATER . ARKER LA A MEF(ER 3), 7E
15 °C—35 °C W REAE K, BEA IR I T il 224
Jndk, 7E 20 °C-30 °C BRI R 47, Hrp 25 °C
THERKEL, &T 30 °C 5, % bR T e s
AR, B2 TAERK ESRELIS, FREK
TR A f B R R AR AR 25 S B 2, 25 °C I ARG
AP R B e KA, R A = s A, X I
AR LA AR R
2.3 AFE pH EMEREE KM~

B. bassiana AT17 B FRAE pH 4—10 75 Bl Py #] A4
K, FERBRPESMET, WA K, pHIE R 8 B A4
KR 155 5.28 mm/d (£ 4). TE pH 5-6 HIRIR
PERREETT, BRI A 0 ™ A6 1 W I v T Om B 45 17F,
pH {E R 6 B = fll i fie K H 25 5 W 2, DAAE [ {85
Sy, BEFRER) pH {Hh 6 BIiRi&'H B. bassiana
AT17 BRI AR 1
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T2 A EIEFEM B. bassiana AT17 B #RE € R =R S0

Table 2 Effect on growth and the spore yields of the B. bassiana AT17 strain in different culture medium

Figrdt W7 HAE(14 d) ERSIE P
Culture medium The diameter of colonial morphology (mm) Speed of growth (mm/d) Yield of spore (x10%/cm?)
PDA 67.11£1.76* 4.82+0.09° 2.43+0.23°
PPDA 64.02£0.57* 4.72+0.06° 0.6620.19¢
PDAY 59.16+2.63" 4.21£0.21° 3.19£0.19°
SDAY 58.09+0.13° 4.17£0.02° 0.55+0.10¢
SMAY 65.07+0.10° 4.65+0.01° 1.00+£0.20°

E: p<0.05, FFIAFAT/NG FEAMRENERZE ST BF, TERRA L.

Note: p<0.05, followed by same letter(s) in the same column do not differ statistically at 5% significance, the same as follows.

£ 3 AEEEN B. bassiana AT17 H#k4E 4 K A= BY &2 1

Table 3 Effect on growth and the spore yields of the B. bassiana AT17 strain with different temperature

1B HE EHAZ(14 d) A R ik
Temperature (°C) The diameter of colonial morphology (mm) Speed of growth (mm/d) Yield of spore (x10%/cm?)

15 32.97+10.84" 2.30£0.11¢ 4.87+0.52¢

20 50.23+3.29" 3.670.17° 6.31£0.99°

25 67.70+1.08" 4.66+0.14* 11.66+0.50*

30 45.96+11.37° 3.28+0.13° 8.52+0.74°

35 17.50+1.81°¢ 1.37+0.07¢ 1.27+0.07°¢

%4 7[E pH EX B. bassiana AT17 & #k4E 1< & 7= B 221

Table 4 Effect on growth and the spore yields of the B. bassiana AT17 strain in different pH value

oH Wk EA(4 d) AR R il
The diameter of colonial morphology (mm) Speed of growth (mm/d) Yield of spore (x10%/cm?)
4 56.28+1.51° 3.96+0.06° 4.76+0.46"
5 69.42+£2.21% 4.9120.16" 5.52+0.31°
6 68.47+2.62° 5.01£0.14™ 5.88+0.26"
7 72.77£0.47% 5.10£0.19® 3.17+0.23°
8 73.88+1.22° 5.28+0.04° 2.53+0.18¢
9 72.89+0.67% 5.18+0.06™ 1.53+0.23°
10 69.41+2.43% 4.87+0.02° 1.07£0.16"

2.4 A[ERRE X B E A KFN 0 8 5200

B. bassiana AT17 WA KR~ fae R HIL-F
JRA PR, (HARRM S A AT GR 5), LI
1 D-1 AL BEAE A e U A, TR 22 AR A fdeh: HL TR 22k
W, WKAERESS . LIAAREF D- 1L AR Sy fi
IF, PR 6L A, T REAEAE S BRI, R 22
B, FEREEAR, S A IZER R
25 ARIARMEEEKN~HEA RN

B JLAD ZR b, TR IR FR R R 2
WK B, JUPARAR, HAHGER 6).
L—H &R AN AN, FREE BRRR, K
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REG, SRR 2K EA R RIE, (HA LA LA
DREERERY, TR = F B A o BRIk, A ROR) B85
R AL, A LR IR BB R R X 2 B 92 H
26 ARPELEZMNEREKFSHEZMN
fE TR AR R kL Rk 7 R, ™
Tt 70 B R R A K A s e 5 0 IR 2
AN, A B, Mgt Rl ok 22 i A
K, AH 7= f0 A B0 4R T Fed* mnT A HF B Bk 7=
T, R B RE AR KA M RIAE R . P, 7 RS
FEE, TR BT T SO T B I AT T — 2P S0
K&
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X5 AE®REN B. bassiana AT17 = #k4E 1€ K 7= B9 52 1
Table 5 Effect on growth and the spore yields of the B. bassiana AT17 strain with different carbon source
Bl W& HAZ(14 d) LRISUES 7
Carbon source The diameter of colonial morphology (mm) Speed of growth (mm/d) Yield of spore (x10%/cm?)

Glucose 55.91£1.13¢ 3.99+0.17° 4.99+0.55°
Anhydrous glucose 55.89+0.97° 3.87+0.15° 4.00+0.13*
Maltose 71.23+1.22° 5.13+0.24° 4.29+0.05*
D-Sorbierite 67.36+1.57° 4.95+0.12° 5.07+0.68"
Sucrose 57.16+0.80° 4.04+0.13° 3.610.34°

R 6 AERIEX B. bassiana AT17 Bk € & F=78 B 82 M

Table 6 Effect on growth and the spore yields of the B. bassiana AT17 strain with different nitrogen source

AR W& EHAR(14 d) LR SUES yr At
Nitrogen source The diameter of colonial morphology (mm) Speed of growth (mm/d) Yield of spore (x10*/cm?)
Yeast 57.52+2.87° 4.2240.25" 4.90+0.24°
Sodium nitrate 65.06+3.84° 4.55+0.22° 1.02+0.08°
Ammonium sulfate 44.51+£3.27° 3.25+0.33¢ 1.21£0.35°
Urea 11.37£1.33¢ 0.83+0.02¢ 0.00+0.00°
L-Glycine 74.93+3.00" 5.33+0.30" 1.36+0.08"

x71 TRWME

JCE X B. bassiana AT17 B 55 € K 7= 10 B 52 M)

Table 7 Effect on growth and the spore yields of the B. bassiana AT17 strain with different microelements

M ITR W& EAR(14 d) AR R ik
Microelement The diameter of colonial morphology (mm) Speed of growth (mm/d) Yield of spore (x10*/cm?)
CK(Contrast) 56.83+0.89 4.10£0.08* 5.18+0.56"
Fe®* 51.56+2.20° 3.79+0.26" 5.49+0.14°
Zn** 54.75+1.55° 3.89+0.13% 5.15+0.75"
Cuf 54.15+0.71° 3.87+0.05" 3.08+0.25°
Mg** 58.43+0.36" 4.32+0.54* 3.40+0.51°
K 55.96+1.81% 3.95£0.05% 5.22+0.50"

2.7 EREME SN EEEANE

K1 R, DIAZRR R0 25 216 i 2 T
BE] 2.0x10" A~/g PhE, BRI BB I GE R
U B GEAE, AHEFRBA S, WRREES T
M, RN . DLy ) 2 kTR I A [ A
Bi 77 5 2 41y 5 22 BRAR B L AH L, H ™ i i
AR T Z BT . 25k FORM BOKRH Ay e Jr 3%
7 14 d Jar=f sk Bl i s, 7Tk 3.86x10' 4/, X
AT BEARE K R KA RO A Sy 22 e /U, (R
X R LRK BB ) A — 2 1R
2.8 ARBRENERE~EAIR N

WE 2 FoR, SRR IR SRR S, B
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B[] B AN [, 45 Ak 33 7= 90 B W W 3 K, H il T
B EE ) B & B2 ERK, rUTE
JE R Pl R, B IR T AR R RO T AR A X
SRR FRIL LR AR B R T A D R R SR
3/4 SDAY BeJr BH B RAREC T 2 5 W%, AT T3
PRV A e I 1) 3R R U
29 ESERAWNERESAHN

M 3 AT, AT e A kU, DA
KT A BEJ7 200 H ki T2 10 A1 12 K77 i ik
e Ko [FIEE, by i 5 B s 0 & BE s (B), 8 m
K A B EE 9% 10 A 12 d O K BEY = g i, ]
1B K TS IR T s [ 1) 5 7%

http://journals.im.ac. cn/wsthbcn

Journa Is. im. ac. cn



2011, Vol.38, No.7

1028 LR R AR
57 oi0d B12d @ 14d 2
40 %
—_ b
o0 3.5
> b
S 30 % é’
X ¢ c
5 25 b 4ef cd cde cd
=}
& o0 | efg B fgh
= ; hij 3
< L5t hij ij
= j
= 1.0 f
05
0
& > N D X X
& & 8 & > >
& ¢ & &S
Qx QX\'Q < (b',QX% XY} X\QS 0& X\Qb@@‘b\"
\\o@ N ~o‘§ e &Q w{z& &
& N » M S
Fermentation medium
1 Ef8 £ B. bassiana AT17 Bk A E AR =R EFR
Fig. 1 The spore yields of the B. bassiana AT17 strain on materiel in difference phase
1 P<0.05, [RFIARAT/ING FREAMECERZES B FE. LUFAHFE.

Note: P<0.05, followed by same letter(s) do not differ statistically at 5% significance. The same as follows.

12
010d O12d @ 14d
a
10 | bé?
& i
S 8y
X
E : cde od
2 °f A %i ef oy e
= h fg gh N fg hi
= 4 i ! i
.2
>
)t
0
1/4 SDAY 1/2 SDAY 3/4SDAY 1/8 SDAY SDAY CK
Basic liquid

B 2 EREX B. bassiana AT17 B kA E15 35 B 8] A RO 7210 = $2 0

Fig. 2 Effect on the spore yields of B. bassiana AT17 strain for basic liquids in difference incubation time

5L ] e R,

2.10 JRMEA AR RANE

Wk R, KR 12d W A Bl M EdE
PrRHEC 7, LA 5 W & 0 0 15 30 FL DA 07 0 %
HHy 84.61%90.58%, ik I figJe: it T T ARl 4,
SECT TR

3
iR 8 & K, B. bassiana AT17 FHRTE PDAY
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B gr it RS Hr i /. 5t
ZHWTE 15 °C—35 °C., pH {HN 4-10 AYEHE M #RfE
AR, DI TR 6 BREE A 1R 038 N AR T . K
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25 od % od d
& 7 E 7
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€ 15 | hi i H £ H
&
G
=}
= 10
=
e
5
0
A10d B10d Al12d B12d Al4d B14d
Different compound
3 RKAEF B. bassiana AT17 E kA [E B #A A B P2 70 & 82

Fig. 3 Effect on the spore yields of B. bassiana AT17 strain with different compounds

REFI ] Z Rl Bt . 208 M B 2R B, o1 T4 [m]
T SO A% 10 22 R, R 2 0 R AR Shy s A Al DR ) 7 A
X 55 R ] 48 A ) R A 1 AR T e T 7 22 1 45 SR AH —
W, REREEMAMARER . EAE. R
M Ay, PR F N BR A R R B 22 1 AR KR
FERAIEEA, X5 EA . 2L TR
AR EE IR, AE LR A 7 rf Rk S IR A N
PSRRI . L—H &R A R BRI 22 4 K
BB T AL AR, H e, R 6 ATl
BRIEL 1A PR A ML R 1 R G v T E L AUR,
T B A A B A RV A H 32 o i oo AR S 1 A 4 R
TR IEAEP LG M, AR SR, H AL R
i, S E R A K BN T B B By, T AR SE B
KRBETHE AT R, A T — P50
W

5 3 55 B 2 5 Ve 33K A 1A T A ) A
RZ—, BRSSO EdE T
FREF=HIRE ST, PR X [ A4 355 3 5k 10 ] o A 7 0 R
Tor A . AR SR LAZZ BN £, A DR
TRM . KK R R R SR B S WA S T i
G157 B. bassiana AT17 T BRI W AH K% 55 2L 0
S o AR AOC A . S5 5REW]: 3/4 SDAY 1]
FHTWARKE %, 228K+ TR KM 245 7 i i e e,
AT T EAHEE SR, S KSk)E, =i b

W, BigE12dJE, B SR R 1.64x10" 4/g,
100 H i F Al ik 2.09x10"" 4~/g, 200 H i i F Al ik
2.90x10" 4~/g, X A AL AT R AERT
M AT BR BT AT 2N ) Az 77 043 A2 0 350 R AT S A T 8 7
A AR 22 AR KU, BT DA A Tl A A 7= I T 2, T
A% AT A NA, L 10-12 d AZ % 5 550a] 7
CIRERE SN L SN < TR (S 5 | B W O Y =1
HoAZH 73 R R, I TTER KO R AE K
R PR L T R 0038 R 2 [H] RS, X AR Rl
AR R R, BRI TG SR AR, SRERG
617 = i, A BEAE X Hh AR A A KR, ik — 2D
ARCBRA A T ) 50 2 7 AR AL T — B iR A

2 x #

[1] Socolovschi C, Doudier B, Pages F, et al. Ticks and hu-
man tick-borne diseases in Africa[J]. Médecine tropicale,
2008, 68(2): 119-133.

[2] de la Fuente J, Rodriguez M, Montero C, et al. Vaccina-

tion against ticks (Boophilus spp.): the experience with the

Bm86-based vaccine Gavac[J]. Genetic Analysis Bio-

molecular Engineering, 1999, 15(3/5): 143—148.

AR, X, MEERIA TR )] AR SR

FL 24, 2003, 10(4): 251-256.

Samish M, Rehadek J. Pathogens and predators of ticks

(3]

[4]
and their potential in biological control[J]. Ann Rev En-
tomol, 1999, 44: 159—182.

© P EMERMEMTRITEATIEESHEESER http://journals. im. ac. cn

http://journals.im.ac.cn/wswxtbcn



1030 wIHg AR 2011, Vol.38, No.7

[5] ZRIERR, 5KT53C. BRAL A RN 55 5 P 2L ik ny 3 1 e 380-383.
5 T A 25 1 R A A P A (). R, 2005, [12] Mk, X, A ZEABRE A ERE NI, 2T
31(3): 57-61. — R B AR, 2004, 16(4): 16-18.

[6] ik, BRAUH, A, P B Eom AL B i (13] I, WHELs, sKRAE, 55 LREE R8-4 HARKEET
SRR KB, 2000, 12(16): 105-109. FRE A B B 0] P EE PR, 2007, 23(3):

[7] Kaaya GP, Hassan S. Entomogenous fungi as promising 228-232.

biopesticides for tick control[J]. Experimental and Ap- [14] BB X, S, sEHS 0 K OH: DPS g Ab ¥ R 58
plied Acarology, 2000, 24(12): 913-926. [M]. JbB0: BLHEREE, 2002: 488-491.

[8] Onofre SB, Miniuk CM, De Barros NM, et al. Patho- » - "
I < i 5 1y (L T A 2 S T,
genicity of four strains of entomopathogenic fungi against [15] BeRfe, &FRF, 1ol BRADEREEIRE R R

the bovine tick Boophilus microplus[J]. American Journal PRSI EAR2EE ], 2006, 22(5): 365-368.
of Veterinary Research, 2001, 62(9): 1478—1480. [16] F3. RIFEILEA T 225 K i m[I]. b E ks

[9] Fernandes EKK, Bittencourt VREP. Entomopathogenic

. . . . . . Wk, 2002, 18(5): 57-59.
fungi against South American tick species[J]. Experimen-

tal and Applied Acarology, 2008, 46(1/4): 71-93. (171 Wi, ZFlsR, PR, 5. Sr(0 K% TR-8 WHKIN/EY)
[10] FEX=, XHtd, a4, % —RABEEN I EEE R PE R ], T PH ARl R = A 4R, 2004, 35(3):

RS /N AR B A B0 TR I [0, s R 22k R, 20009, 195-199.

30(12): 14-16. [18] M¥e, MM, =40, 4. MRAMERIETERNS
[11] 2280, phAewd, x0T5, 5. 48 A IS e = 6 6 B Al Ak By FOX IS B gl i EE PR AR [I]. h E A

SR R B R SRR (0). AR B R TE AR, 2009(z1): Rh#,2010, 43(15): 3125-3133.

feB SR
AR IZ B BT A IRFEEKR

AL BRI AR BB, S P E A e B RO RHE T P — B B AR,
P E JARBEAAZ DI I OB 2 A A B 2k B L Uy S OHOR DG A B U s BT R, —
7 A AR M B B BB I — A R AR SO 6, TR (ol A ) IR A R 1 — S0 B S 75 8 S A
A DITEI R R, AW B O SUR =R I L3S B e 1 el ol

AR H I SCEA G T HA LI TR, Fr@AR W a8 2ORIEE R A ZUES—4, BEMRENE
WIREAT R . ESH, ARZZIAGRE A RO Sl R, MR A I A, R TAE TR AU A2,
s E U PR (A R ME RS L T RIS RIAT e R M E RS R . 78 N A IERE b N2 B AR S R B
X, ) ERIEE . AR R TEE R . O e S R, TR I AT R
PSR M G R B B2 h, A XA R IR B H G A8, (R Y s n ke, &
Z W MR Y E R RS AR A . XARAR H A H BT

[IE, oA T g4 A s r U 20 TAR R B — A i R R RSP &, AR H IR TERE T <4
PRPFEE R, A AR O, IR . T RS R SRR R R
FA L AR A M A R AR, HEARAE B et ge | Sl et e T Bralii s
Lo HE RE B 3R 45 07 AT S RS AL F5 18 3C, e B0 L AL | 1 95 A S D B A — A W] B S A
FAMR, et mA A A F SRR 1

WGB! WGEA A H 2248 52 517 L

. i © HEMFRMEDHRAATIRSHEF  http://journals. im. ac. cn
http://journals.im.ac.cn/wswxtbcn



