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Abstract: In order to obtain an effective bio-pesticide against armyworm, Metarhizium Ma977 that had significant insecti-
cidal activities was selected from 4 Metarhizium strains stored in the laboratory after a primary test of their fermentation
broths. After removing Ma977 mycelium and spores, the fermentation broth with 1 time, 2 times, 4 times and 8 times of
dilutions were tested. The results showed that the dilutions from the fermentation broth had an insecticidal effect on army-
worm. The effect of the dilutions on armyworm was in relation with their concentrations. The non-diluted broth could kill
100% of the armyworm cultured though the mortality rate decreased along with the consistent dilutions. The effective
components in the fermentation broth were further analysized by HPLC. The results indicated that the broth contained 4 de-
struxins: E, A, B, and B.
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TEFRILJE DixA \ DtxB 5 DIE, (5 HFRPIIE R R B
1 70%LL EP Wang Chengshu Z5°KiF B 4348 14
KIEFRHHEER DixA . DtxB 5 DIXE B9 &5 A AR
A A G, AR R Z i & il 2 I AN F
FHOCHE. ASSL I8 o REAS S0 =5 R 4 BRERE T
AT HUSCR B, A 1 BRAE R I B L T
22 TR JE AT AT 55 v B AR BT M. AR SOXT bR
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1 ME5AE®

1.1
1.1.1  #A#

LRAE T (Metarhizium anisopliae) , HH P FEIR}MEBE
VY AR B AR S TR, TR R e A
b2 b 5% Bt 159 0 B AR A A= P52 A 77 b A8 s
PRI
1.1.2 X LR

IRITRE R (Mythimna separata) , H#TTTIAL TS
B A B2 m BRI, SE86 2 P A R OK i 2L 1R 57 Fi i
R, FRER R (25 £ 1) C, S5IREH 70% ~ 80%.
1.1.3 #H4E(gL)

RegpdE 1 . A 30, K,HPO, 1, MgS0y4 0.5,
KC10.5, FeSO, 0.01, pH 6.7, 121 ‘C K5 20 min.

Bige e . A 30, K.HPO, 1, MgSO, 0.5,
KCI 0.5, FeSO, 0.01, S—N%Z2 0.1, pH 6.7, 121 ‘CK
20 min.

BRI« M 30, 5 5, NaNO; 2, K,HPO,
1,MgS0, 0.5, KCI1 0.5, FeSO, 0.01, pH 6.7, 121 ‘CK
20 min.

BEFREEIV . HEHE 30, ZE AP 5, NaNOs 2, K,HPO,
1, MgS0, 0.5, KC1 0.5, FeSO,4 0.01, S—NZ & 0.1, pH
6.7, 121 ‘C K 20 min.

1.1.4 EZ&XA

FRSE SR (AR Sl 4.5%) , B4
KA A PR H.

SREDE 4 PR A, b ERL B AR

AEHEAREEE H278 F20

FRA: 5T TR AL
1.2 EFFE

FRHL 1 FPARCRAE R A, HER T 50 mL &I
Hige sk 250 mL = Af1)fi) , 24 °C . 110 t/min 35 5%
7d.

1.3 EERIRENEH &

Y RITH B Ma977 7 24 'C . pH 6.7 IAF T
RIER:FE 7d J5, S 9 om @ HIELN A Gk
S, 2B IR GRS (A TR 224K, BN R IR TR
gk, 24 °C 10 000 r/min 2.0 10 min, B, 75
i 0.22 pm FIUERE, RIS EARR Ma977 P 225Y
LT 1) R BRI A AR AR Ma977 [ ASF-Ai I Bk
I 22, 78 B0 T EIE A s MALHLS () A W
W IR, E SR AEE T KNG JC TR 22 B A A7 AE.

1.4 ERNFHNUE

K VR U S R W % X R H ) T
BETEE. MR A0 A0 )N TR EER | K 22l A B
K TETRC N — 9 B BE T AR, TR i oKk
M BRIRBE 1, 3~5s, BZGRERT 9 A, 120
TJa, A EAR 10 cm #BATIEAAEFRIA, FEA 3
A H 10 Sk 5 BHPEXT A R s U A B VA R 5
T ORI MLy H BRI X B 28K IR A T R ]
MELf . 7E 96 h KuAr 45, LI A X 5ET Rt
BhRUE, Rz Rai & AseTs. wITHER 3 Kk, B
HRE 30 . [FIEHBEA BH X B R sl SR A TR v
0 | BAEXT IR (ZRAEK) .

BT % = GET- dgy/ha s B 0 x 100%

K i ap o = SETPE T AL

- x100%
1 - XFHRAET R

1.5 HPLC 4k

HPLC 43 #r & 1« @ 3% 70 B M 4 Agilent
Cig(5 pm, 150 mm x 4.6 mm) , JWahAHR Voo V k=
60 : 40, JiiE 1.0 mL/min, 3 30 °C, #FFEE 10 pL,
R K 214 nm.

BRUE TR I « U225 SCHR(8].

FEMALEE: B 1.0 mL & 10 000 t/min &0
5min, B EIEW, RE A 0.22 um fALIERR L UE, Br
FRUEMIL 5 uL B REPEREI .
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M. 96h J5, “IRMET BIMESSREN], Hrp 1
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Fig.1 Three kinds of the armyworm pattern tested

2.2 EKEEREHSH

Sk — 25 B UF IR S5 R X L SOE AR, I
R R R A 0L P AR B i A TR R T e A 0 5
B 4y WIAE WA T LB SRR T Ma977 AL & ek
. MK Ma977 I 22 A 45 R ANl 2 P,

(a) Ma977 {1+

2 Htk Ma977 - FRIE £
Fig.2 Spores and mycelium of Ma977

(b) Ma977 Hi%%

&l 2 (a) S FA SRR R Ma977 B A 7E
BB T MEINRTFES, HAXN—Bh @ -~
6)um x (2 ~3)um; & 2 (b) HEE Ma977 R 22IE
. AbHJE F) R BERIE A B WS, R BT
2510 & BERIE AN S T 22 N7
2.3 AREEREHRENST K

HlFS AR Ma977 KEEIEWIN 1.2.4.8 f50FE
FEWR, 1 PHAEXT BEFDBH X R, B FE AR A 30 >
HE.

iz BE b e B AR BE 1) T AR, Bk K/ h—3K9 3
W4 R EA T2 N I E , DL s s A B v R BH
XTI, ZEIRACH BT IR, G55SR L3R 1.

FE96 h J5 , B X REF SR X RE XA, B A BB
43R 100%F1 0.67%. K T g RO Rl HLUAY B0
R 100%, FkE 2 £ 5 4R R EGER N 85.9%, &

A2 T R IR 25 T 22 9001 B o e JBE K I TR0 0 e
HATW 3% BUSCR , R IR R A% BUSCR
BHE S IR — 25 A RS WO R 4 A5, XD RGSR A B
REER 10%LLUT, A RACRIWLR T [, RV BRI
AT BRI BT 55 DR BURRCRAT 28 A S
R1 TEHRBERENZEERIHERABIERR

Tab.1 Lethal effect of different dilutions from the filtrate
of the fermentation broth on Armyworm

Feah St B BT RIESETTRM%
A 300 300 100 100

Bt 2 300 0.67

145 300 300 100 100

215 258 300 86 85.9

415 27 300 9 8.4

8 1 12 300 4 3.4

24 EBEHRRBEERS S0

W HEHEZ DtxE. DtxA ., DtxB, Fl DtxB 144
B FE 190 ~ 1000 nm 8 Fl X HAREHEF T2 K AT
i, 5K, 7E 214 nm Ab, X 4 FPEE R AR
Wi, R, HPLC AT & TR IR W B 3R O ik
FH 214 nm B K.

FrifEdh ) HPLC 4r#r& M, 76 4.082. 8.111 .
11.857,17.178 min Ak HHBUAHN AR (] 3 (a)) , EAT]
il EREE DXE. DtxA . DtxB, fil DtxB. Ma977 A
PRA UM ) HPLC S50 3 (b). [RIARiEREA
I, # % DtxE.DtxA . DtxB, 1 DtxB A H ¥, ik
(LR B ERE )R A RRAIG, 30 3.987.7.842,11.423 Fl
16.484 min, 5HRAE S P OR B A EEA — 30l
B, P Ma977 W KRB -7 # ¥ DKE .
DtxA . DtxB, 1 DtxB.

2o Z R R BE , B8Rt s, R IR EE
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Fig.3 HPLC results of 4 toxin standard samples and the
filtrate of fermentation broth
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251 REERRREE A H

B Fend Al SRk Ma977 R K A 5 HAEN
KA. MHEBEAREFRIEP AT WL IEEE
K, TR WREE B[]z i A SRR

J T i — A A R R R], R4 T T A (RDX R
R SR, SRR AT EW T 50 mL
RIEREFRE T b Q50mL = M), T 24 C.
110 r/min R E SR, B REFEH T HPLC 20#r, Hah
HUnE 4 pros.
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Fig.4 Effect of fermentation time on toxin production

HIPE 4 W1, RIREAYHT 5d, 8% DIXE,DtxA
DtxB ¥JBCA 7 E, B8 7 R, =FhaE R 5 mikH
R, BT LUK EIRTTALE 7 d HUAE I
252 BEMABRTEESZTAYR

PR Ma977 (il A IIREETE 24 ~ 26 'CZ 0],
N T R R R R L, JEAT T IR R R
ARSI SR 7E 21,2427 .30 TR FRIE T,

AEHEAREEE H278 F20

110 r/min JRFHIFEFR 7 d, ZEREXTFVE Ma977 F=8
U , H HPLC ZrHral SR anikl 5 prs.
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Fig.5 Effect of fermentation temperature on toxin

production

HE 5 ATLUE H, BAGERER, R4 8
2 B 2ok v I EE X 2R 07 A A RN R B
Pk Ma977 AW EE N 27 CHY HASGIE.
253 Ands pH A BR T HEL TN Yh

h T ARG pH, 4T T pH X8R
R R SER, S FREE 1,27 'C L 110 v/min 4%
RS EESR 7 d, HE5 R WA 6 fks.
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Fig.6 Effect of initial pH value on toxin content of fermen-
tation broth

& 6 AT, 24 pH o 3 Al 10 B, k8% 7d )5,
Pk Ma977 WAL #E R 4R, 24 pH O 4 I, AT
W REEZE DE.DtxA . DtxB oA FR KA. Sk
M5, RS R TRk Ma977 PR, o
WIth pH 2N 4.

254 BRI R EER T HEFSFHOH A

R W B SR AN AL 28 TR AR A K 0 T 1) e
U8, T Lt SR PR AT ) TR . AR SRR R 1
R, St EAa IR RE . N AR/ R
G R LTRA S, HEERE A BRI RE A AL, A0
MRS R fEWIER pH SN 4.27 °C 110 r/min 5%
R, 4 AITE 4 FhBEsRIh I R R FERE 5%, 7 d
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M 7 AL, MR BRI N KR SR IE VAT, B
FCIGFHE PRI p-N AR, PR ER S EBERE
A i, IR HBER B SRR, B, KEERG SR
HEBEFEREFEILIV. LR, 3% DtxE . DixA . DtxB #9;™
IR FIE K, 49N 244.08 mg/L | 257.18 mg/L F

38.51 mg/L.
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Fig.7 Effect of medium components on toxin content of
fermentation broth
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M R 4 PRGBS TE S 1 R
HAT MG B PR A 2R B R R PR Ma977, Bt 5 22
A5, 2 IS R ) i 0T Rl B0 6 AT LA ik 5
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