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Abstract: The colony growth and sporogenous conditions of the highly pathogenic strain B, of Beauveria
bassiana on pine sawyer Monochamus alternatus , and the virulence of B, to pine sawyer Monochamus alterna-
tus were studied. The results showed that the growth temperature for B, ranged from 20 to 30 °C, and 25 °C
was optimal for both colony growth and sporulation, but the colony growth stopped at 35 “C. For growth and
sporulation, DPSA was the desirable culture medium. Virulence tests indicated that great variations existed in
disease susceptibility among different developmental stages of Monochamus alternatus, and higher disease sus-
ceptibility occurred in the juvenile stages. The equation of dose-mortality and Lesy of the third instar were
y=—1.388 4+0.996 7x and 3 936 spores -mL™" respectively. Based on the Three-dimensional Relation of time-
dosage-mortality, a complementary log-log model (CLL model) of B, virulence to third instar M. alternatus was
constructed. [Ch, 3 fig. 7 tab. 11 ref.]
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1 #MHE 7=

1.1 iR E#*

M 12 AERAE B R Beauveria bassiana BAEH, ik U0 R B RE B, A6 R AR,
1.2 BRESEKMTRRENEE

PL B, AR I WFFERT G, BC A 20 0 2 1 R E5 4% 8 (PPDA ) - AR 37 Pl , 78 v e 3 bty T 28 28—
INBE, Ayl E T 15, 20, 25, 30, 35 CHRLEE FHiFE, HAAHNREA 10 ML, DUS &R & E % 2R K
VAN = N 95 O - o o Wt (U= 119 1 B8 > T o SR8 95308
1.3 EFEFIE

VISR 5 352 IS8 7 v, 0 4% TR AR 04 38 SR AR ORI 0L A, 7 36 A0l R R 2R BRI L ) G o
Fh, g0 Tt 5 R EARE SR 5L, Bl 7 o S B FR 0 (PDA) . 1 000 mL & 2 ¢ B 44 35 200 ¢,
HI%IME 20 g, B 18 g PPDA . 7F PDA KiFR 3L/ G IR 2K FI I 10 g PPSA: PPDA " 2ol
WERE . DPSA. Eoky 20 g, D82 200 g, HEHE 20 g, EHE 20 g, ZEIE/K 1 000 mL, Czapek: #ifig £
(NaNO;) 3 g, BERA 4 (K,HPO,) 1 g, BiMREE (MgS0,-7H.0) 0.5 g, LA (KC1) 0.5 g, HiR W 2k
(FeSO,-7H,0) 0.01 g, JEHE 30 g, Tl 15 g, ZEME/K 1 000 mL,

PR TR L, 10 M- 03 FE 25 CF R, DI WEAKER 1 R4, £ 15d 6, W
BT A (mm?) B, G M AR SR o SR AR KA R, A Rl B R R R
1.4 AEHRBIMASHBRFNFE—RTEFHNUE

K B WTLARBUA RS B8R AR 2 W4 B 3 I 4l HURI L R S IR 52, AP R BRI RE B R A R R L
TE PPDA 3555 5 5% B Wbk, 2 MRS R\ o EfF, L 1.0 g-ke™ nhiE-80 Y JC T 7K BC il L 1]
N 1.0x107 il F BRI, FHRCE R S 287 A Sk 8 BB K AR R L4l 50 pl M F IR, RIGIEMEX
g F/NE T, N RARNE, WU ORI, 1S 1Sk, B A R SR R A
203, ED20 M EHE, &G E T 25 CHEFRMANMIT, DUGE R UL M 88 K A4 7406 RN O
G BT BT LEER B, AR G AN [R] H i TS AA S R AR B
1.5 BtiEl—FlE e 4R 8 (CLL # 8 ) &L

MR DAL R P B W HE R, 72 PPDA Al I 25 CH 3% 7 d, Ll 7207 W, # B 1.0x
10", 1.0x10", 0.5x10", 1.0x10°, 0.5x10°, 1.0x10° Fl 1.0x107 f1¥-- L™ f & 51 He 4],

AW E . A E R AR 20 SRR R A (B3R )Ah L, R OTIERE L, R ECN 50 pl- sk,
PR BT 25 CFiFE, & HMEIET- M R

Bdg A . SR A CLL ALY B B4 X BB (complementary log-log model ) 73 A7 7 32 12 Bsf ] A1 51
HHE—FF— ALk H#Sr B X 3 IR B K4 CLL 5 S AL
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MK 5 ASEE T B, AR AE KR, 45R0%E 1.

1 AAL REEXT B WHRAE KSR K, JLHIE R, XA 15 R 17 d W SR T 225000,
& B I] B, T I8 4E K HARIETE B35 25 5 (P<<0.05), 25 CRAEfHdh, Hikd 20, 30 #1115 C., 35 CF
B ILTFAAEK,, IR 25 CREFRARKEIEHIRE, 35 CRAMME B, MRS A KRB E, B
U, EEFERENEHAMEE GRS, HACR a2,
22 AEEFEEEEKMLEER

25 CFAE S PGt B vk B KR AR, 4RIk 2,
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Table 1  Colony growth diameter of By, strain under different temperatures
i/ W 7% B 4%/mm
< 3 5 7 9 11 13 15 174d
15 333 £022b  530+015¢ 8.62+021c¢ 1185+0.17d 1454+022¢ 1703 £028 ¢ 20.51 +0.33d 21.19+0.36d
20 3.14+019b 898+0.18b 1246 +0.23b 18.03+0.19¢ 22.11£023b 2627 +029b 2853 +0.35b 3419 +038b

25 585+0023a 1202+0.17a 19.15+0.16 a 2454 +0.16a 26.14 +024a 3390+030a 38.73 +0.36a 43.78 + 0.37 a

30 341 £0.18b 11.17+020a 1762+017ab 2125+023b 2455+026b 2559 +031b 27.76 + 045 ¢ 31.00 =+ 035 ¢

35 159+024c 186+022d 200+0.15d 208+022e 211+027d 222+032d 275+040e 3.02+027e
P, R FESVEAE R AR F R RIORAE 95% KA W E R
2 AEAEFELFAEEKHLE
Table 2 Colony growth of B, strains on different media
B V% A K AR /mm
e Ak
5 7 9 11 13d

PDA 1570 = 0.22 b 2147 026 b 2438 + 028 b 28.95 + 0.29 b 3143 + 033 b
PPDA 14.99 = 021 b 19.52 + 0.24 ¢ 24.99 + 029 b 29.64 + 0.30 b 34.04 + 028 b
PPSA 1444 £ 0.19 b 19.02 + 0.28 ¢ 2424 + 028 b 28.70 + 033 b 34.54 + 036 b
DPSA 2131 +0.18 a 2491 £ 027 a 31.08 +0.28 a 40.26 + 035 a 4563037 a
Czapek 6.70 = 0.15 ¢ 1224 £ 022 d 18.09 + 021 ¢ 2270 + 036 c 28.70 + 0.38 c

BB b B RO AT R IR 7 B, R A 95% K AT 3 % 5,
Vg BT 2250 i R WY, B, TR BRTE A [F] 35 75 3 4] B v 28 K BLAR AR TE I 35 1k 22 57 (P<<0.05) . TE
DPSA /K B0 T HALRFR2E; PDA, PPDA F PPSA Z [A AAF7E i 3 25 5 ; MifE Czapek 35375 I
AR, 32T HAb 4 R R,
23 BHERFHAREREIRE

B, HHRTE PPDA #3953k EOR [ R 45 9% 15 d i, e 2ok s W 3, & 3
AR, ANFEREEETS B, bR fil i 22 AR K . O 22 70 M R WS Tl il 32 () 24 A7 7 W 36 Pk 22 5= (P<<0.05) . 25
CTFRF, PRk 2.01x10° M F -mm2, 220 CFH 245, & 15 CREFHFEM S A5, &30 CTF
1oz,

5 B, Bl E SR A KR A AL, S5 A R R R R R — B0, LA 25 COM IR tE

%3 AEBETB~HR=ELLE
Table 3 Sporogenous ability of B, strain under different temperature

FEAL R/ (%100 fF - mm?)

T BE/C
2 1 HZ 1 HZI -
15 0.37 0.42 0.44 041 ¢
20 1.09 0.89 1.06 1.01b
25 2.01 2.08 1.95 201 a
30 0.19 0.20 0.12 0.19d

YL Kb R B AR AN R R RRE 95% KA RFE R R,

24 BEHRFHREFEGRE

WE1E PDA, PPDA, PPSA, DPSA Fl Czapek ¥ %E |, 25 CF 15 d Byl g L% 4, &K 4 7]
HI, B WERTE DPSA VAR b 7R3 L= fi e i, M 23.69x107 N -em, 3% T HAl 4 Fpas st
=Ml . HUOE PPDA Fil PDA 55558 by fi i, B 3E & T PPSA Hil Czapek 555 L /= fl it
1M Czapek b= flid i, BEACTHAbL 4 Pl AR5 P EREE A KRl R ik — 2%,



86 /I N (S NI N = 2013 4£2 J1 20 H

x4 FEBEFELBHTRELRK

Table 4  Sporogenous ability of B, strains on different media

PR AR/ (x107 DT - em™)

Bt RS
ik ] R pcal| L
PDA B, 25.34 21.60 18.87 21.94 b
PPDA B. 20.61 18.37 15.89 18.29 b
PPSA B. 11.67 8.19 10.43 10.10 ¢
DPSA B 25.63 25.08 20.36 23.69 a
Czapek B. 5.71 6.46 7.45 6.54 d

YT R REIVBAR IR AR TR, FORAE 95% KA B 25

RIF DPSA BEIE B T8 77 4R KOGEH 77798, REHER IR,
25 AEHRSHRERFHME—IFETEZFNFE

B RS 2 W4l L 3 e gl BUMUSCR AT (9T SN E AT AN [ L R S A I (8] — SR T R R 1T
BEMBSEPI Tis(ES5),

x5 B .EHRMMERFNNE—IETCEENFE

Table 5 Time-virulence regression equation of strain B, to M. alternatus

Huly | s NI LIPS ¢ Tis0 EAF R (%) BAFBR ()
2 i y=1.072 9+0.187 3 x 0.942 2 102.19 94.86 138.51
3% y=1.615 1+0.121 5 x 0973 1 166.96 143.72 193.96
A ¥=1.999 9+0.138 7 x 0.9752 493.63 420.53 579.96

FSHH, WS RBICT RZBFEREN KRR, B T 8085, R E HRE A R 22 2Rk,
HO B NEBE N, 2 #5°8 102.19 h, 3 #5°8 166.96 h, i B HL 75 AR K AL 493.63 h, 168 A [A]
Y T i TR N — B, R N S B
26 BWMRETHE—ETEZENARE

B, FHRTE 1.0x10", 1.0x10, 0.5x10", 1.0x10°, 0.5x10°, 1.0x10® Fl 1.0x107 N9+ L7 ¥ & T X 3
WSS KA G EE 1 (R 6), HEWRRIAEE LRy b, 151 B, WA i —FE T 300 5 ) 158 (4]
KR, WK1, B, WHRAIFIE—ET- R TN y=—1.388 4+0.996 7x, FIEHT W E Ciso A 3.936x10° 4~
filF- L7,

%6 B .FAMARFENNEXRF IWHHNEFS

Table 6 Virulence of By, strain on 3 instar larva under different dose

WEE, g PET B AT R

(-t 4 6 8 10 12 14 16 18 20 d
1.0x10" 20 25/25.00  45/45.00  70/66.67  85/82.35  100/100  100/100  100/100  100/100  100/100
1.0x10" 20 20/20.00  40/40.00  60/55.56  75/70.59  90/87.50  100/100  100/100  100/100  100/100
0.5x10" 20 10/10.00  25/25.00 45/38.89  60/52.94  80/75.00  95/93.33  100/100  100/100  100/100
1.0x10° 20 10/10.00  25/25.00 40/3333  50/41.18  75/68.75  90/86.67  95/92.86  100/100  100/100
0.5x10° 20 5/5.00 15/1500  30/22.22  50/41.18  70/62.50  80/73.33  90/85.71  100/100  100/100
1.0x10° 20 0/0 0/0 20/11.11  40/29.41  55/4375  70/60.00  85/78.57  95/92.86  95/92.86
1.0x107 20 0/0 0/0 15/556  25/11.76  40/25.00  45/26.67  55/35.71  70/57.14  75/64.29
ck 20 0 0 10 15 20 25 30 30 30

2.7 B, ERRFE—FE—FTZ (CLL)EE
FABLR AT 89 9735 53 0 Xk 70 4wl o () AR e P o] 01 23 A, 6 o 1] 0 2 500 A4 1 T At 7. 4 [l T e
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NN (R 2 i e AR AT S OIVANS = S < VI ey E RN T RS
R B AR AR EL 23T, TG A T AR 5 0 A R S 6 K
IS RENE  Fl T I TRDRIGR) & A RN AH B30T, OIS B
IR IA 7 (e 25 80 AR Myl 50 ) i3 v, T EL A7 I )
B ] A B SE T A AE AN RS Y, TR A SC R, P
U, A E ST CLL AR | [a] IR 25 5 i [ 20 17 1 511 £ 24
IV, R BRI L A R Y UL AL

AN T B2 X 4l e B B ) Kds WL 6, 28 CLL AL b B
Bt , #3 CLL AR T R RY T A9 25 AR S 80(R 7). R
®TWSE, BT A OB R E WA B, Ak X 3
B b 28 K A 4y A SR BLAE T SR I [ A 9 ) A A B
(1 2), fEIC YT E S A BV N, KR4z R
FRBE T AT — A i P 1) 60 88 i 22 A £ gt T, R B iy 1T
e RS, ATLAE AR B R ss . [N, R4 S8, IR B Wbk R CLL A B4R fF T
B, —HE AR R R RE, wl s HAe TR A,

R7 WMBXRE IRHAI B, FREE-FIE- X TRERNREL S SH AT

Table 7 Simulation and parameter estimation of By, strain for complementary log-log model

3 y=—1.388 4+0.996 7x

FET-RHLR AL
S~ N W A~ L

4 5 6 7 8

DI

A1 B XF 384 kit B, @A L
GEWR TR T EE )T AL

Figure 1  Dose-virulence equation of M. dternatus

2 3

Ju—

larva infected by B, strain

R TT 25 W+ bR B T 28 Yl + brifi 2z
B 9.834 6 + 0.480 9 B 9.834 6 + 0.231 3
v -10.160 3 + 0.409 3 ™ -10.160 3 + 0.167 5
7 —9.828 2 + 0.396 4 E 92874 +0.153 5
Ve -9.545 3 = 0.382 3 T 87149 + 0.141 3
s -9.103 0 = 0.370 8 s -8.197 1 = 0.136 6
Ve -8.238 6 = 0.396 0 - -7.5245+0.143 5
v -8.038 2 + 0.362 9 ?7 -7.055 5 + 0.136 2
Vs —-7.702 7 £ 0.378 8 s —-6.634 5 +0.133 1
Yo —6.659 6 + 0.385 7 T -5.9539 +0.130 1
Yo -8.009 7 + 0.474 6 o -5.8334 +0.126 9

G CLL B2 ST MR SR EERY R, S MBE R LAFE PR 1gTis A 1gThee 19T 353K 1 B, TR R Y

KAy A Bt B[R] AR AR 1) 1gCrso A1 1gCroo M H: 95% B AR IR (B 3), I 3 H AT LIE . 1eCis F1 1gCrop FEFEFR
ARG T 15 d WASbR K, M)E, AT %, Fr DR 3 v BE RN bb 3 4% Ba bk 7 0 R X 56 55 B i 48
B FES 15 d 2 20 d 5O

3 ME5®

I R WL R BRI A R AR B E IR A RIR BT O 20~30 °C, HidE TR 25 C, 35 CFA
AR X ETABEIE A A — 20 PR R IS A KR VS B AE 20~30 °C, fdi b 25 °C, PR KR
JE 5 CHl 35 C,

— kvt Rl HUE B R W OR R 0B 22 A K A A 0 S 3 R R A R Y A
T, HEE B WM RECERE S H2ERKIEE —3, ¥R 25 C, 7525 CTH&=HEETE 20 C
TR 248, 215 CTFM5AE, &30 CRNM 1045, 4R SHIE PR R IR 2R K R 46 5ol iR W2
25 °C,

FLHEAE 5 R 56 b B, WAk E R AR BE, RUAFRIGFRENAEV B2 5% DPSA B
IpdE g, BRE S B WEFRAK, MGEA T, UL B AE 8 R 5L s N Ry 8 R AR BE A R TR 224
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Figure 2 Time-dose-virulence complemently log-log model of Figure 3 Lglesy, lgleo and 95% incredible limit of B, CLL
B, strain to M. alternatus model

KR, BT AWA R HED SR —RTE R AR R R, W IR R SR A
HBREARLF b AR RN 4, BAELL 1.0 g-kg™ A4 B A BRI IE SR 1 1, PPl i . AR R 5 Z A
—3, B.BHMRTE PPDA, PDA Fl PPSA 8555 ¥ F/ERK 2R, H” &7 PPDA LR & T PPSA,
Tt B BB LU SRS | 20 R

R . Czapek R FHA P22, MEAEEH T B, WA EREK, YAEERT ™M, —BIAN
R A HLEIR WAL, AR F A K=, Czapek 3% 3% 3 i AU & JCHL IR, e U5 2 U8
B, RS IR AR KR ARG

WA B A KA EGE 58 7% AABH F R UG, ki, 2R, 7Y EMME TR EERKEEN
Henl, BREFVTS, BTFE—E WM, WRE . W pH ADLRE MR HE X ERE
BAA HEGE S fm RAERAGR . B, A5 X B, TR BRI FF 4 TR A M T R 22 7 TH 9T

£ B, AR AN B2 R A4 2 W84l ML | 3 0% &y H ARk He a0 300 ) B0 T 04 AR I ECHE A3 r, L3E Lo 25000
AN [R) H iy R S R 25 AR, Bl /N EBE i R U B AS [R] R R SO N — B, BN
5 I

Xt B BARAE 1.0x10", 1.0x10%°, 0.5x10%, 1.0x10°, 0.5x10°, 1.0x10% Al 1.0x107 4~ F - L' ¥ JF T
AR AR A 3 I 4 AR R I RIS T B Y AR R 23 BT, B R E T R T LR S i S, A R ik
JEE X B B () 6 B MR e b Il U3 40, Sl A S8 T, A R IR EE R RSB T R, BB bR
W SE TR H AL N HBAL | FRA T H Tiso Ml Cisoo 9387 Tiso, B WRRBEE HEFPMR BERU IR, Tiso B/,
Ul BB ) 1 0

B[] —ZE T ZE ) f—FE T B ARG W] 0 () R, ok Aol ASE 380 4 £ s ] 55 590 s A9 R0 AH B3 T, T
DA T AR e A R B e A M SEBR L] R AR R | A ES 0, A L BOR [
T e B R BE— B ] — 4 A8E Y (B ] — 58 i — R T AU (CLL B A ) ) o

A 5T R FH AN () e 38 %) 6 - A R RO A AR KA 3 i el AR e, B 48 CLL B ARLAR B, 75
AR )4 R 280, I HIVE S Wbk CLL BRI AR 0F T 5 A 3% T . mlg B A 8 2 383 50 5] 2 R ) 28007
b o Izl s SRR I T 2 B A [ R e o A5 £k 1T A2 b % it o T, R o T ) v R AR AR A, T DA W
F AR EE S5 55 AR P Z AR AT LR AN [R] SR X)) Leso AT Lo AL 95% B AR PR, MM H 488
PRI R 1Y B 558

CLL BRI REAT BIAL 58 3 B T3 vk e 7 A2 0 HE A5 L Crso RN Tiso, IR BESS H3 70 52 2000 il P 1) A2 £k S
A )00 Bl 70 F AR A R M5 B, SXAEFE ) i BB — MR EZE A 7, B e 5% A R A IR
TR BT R A =4GR, A R RON RN RN 45 A R AT LR S TR A, RN R

&]



5530 &5 1 PR AF . AR IR AP O R BR A 1A I B bR A 2 B DAY 89

WA G 73 M 75 1 v DR R 4 25 R R A B BB, o AT 4 R A 0 | B 4

FH CLL B8 RT LAAR 7 (58 3 Ho 4t 484> T ik 0 RH 0S8 7 5 55, U AT LBt 255 5 i () 280 1 5511 2K
W7o SRS G 07 i LU, X PP 5 iE AT R B A2 2% U8 Bl S WL PP 9 a2 47, (A7 H R
FALE & KN T , X ERAMNRER T,

Sk

(1] T3, #hakse, Hife, A5 geRka B AR S [T, BRMOR B IR, 1997 (3): 13 - 15,

DING Shan, SUN Jimei, XIAO Hua, et al. Experiments of selecting of Beauveria bassiana [J]. China For Pest Dis ,
1997 (3): 13 - 15.

(2] ERR, FE0US, R BRI R & R AR B A T (], A AR EORF M, 1998, 6 (3): 245 - 249.
WANG Chengshu, WANG Sibao, LI Zhengzhi. Screening model for selecting virulent strains of Beauveria bassiana
[J]1. J Agric Biotechnol, 1998, 6 (3). 245 — 249.

(3] ERUW, BERE, 2RO BRAL A R b v B bR 1) 05 08 S B 0 20 BT [T, BRI R 2244, 1999, 26 (2):
130 - 134.

WANG Chengshu, FAN Meizhen, LI Zengzhi. Standard strain selection and virulence titer assessment of Beauveria
bassiana [J]. J Anhui Agric Univ, 1999, 26 (2). 130 - 134.

[4] SHIMAZU M. Potential of the cerambycid-parasitic type of Beauveria brongniartii for microbial control of Monochamus
alternatus Hope [J]. Appl Entomol Zool, 1994, 29. 127 - 130.

(5] WHE, IR SC, IR, A% BRI R R 7 i i SR 5N — IR ] ) — SR T AR AT ()], N AL
5 TR, 1996, 4 (1): 22 - 23.

FENG Mingguang, TANG Qiyi, HU Guocheng, et al. Susceptibility of seven species of aphids to a Beawveria
Bassiana isolate —analysis of time dose—mortality model [J]. J Basic Sci Eng, 1996, 4 (1). 22 - 23.

(6] ta%k, FMHIE, skargk. 27 A= F a8 KA 9 BR AL 1 A TR S 1R TR Bk DNA 2225 ME 19 RAPD 2007 [J ], W7 VL AR ~A e 27 4
2005, 22 (3): 306 - 3009.

YANG Yi, ZHOU Zuji, ZHANG Ligin. RAPD analysis of DNA polymorphism of parasitic Beawveria bassiana in
Monochamus alternatus [J]. J Zhejiang For Coll, 2005, 22 (3): 306 — 309.

(7] PR AR A Y 5 A B R T LG /AR Ml A A R 3 sl b A=W B i R st ARl
HRRAL, 1984 405 - 423,

(8] akSrAk, =iy, XU WS KA R AR RO 2 [T ], m il g2z i . AR, 2000, 24 (2): 33
- 37
ZHANG Liqin, WU Hong, LIU Jun. The screening virulent strain of Beauveria bassiana to Monochamus alternatus
[J1. J Nanjing For Uni Nat Sci Ed, 2000, 24 (2). 33 - 37.

(9] JHJA X, WG, S gt i S Ha LA B & (M. dest: gl i it 1997 22 - 40.

[10] TRPCH. AR A EY) S WA= BRI, B AR Bl e i e (M. dbt . Al ik, 1984 405 - 423.

[11] wlse, . ROAEE (M) S ZRRAHOoR A, 1996: 55 - 65.



