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Pathogenicity and Extracellular Enzyme Activities of Metarhizium anisopliae to
Ectropis obliqua hypulina Wehrli
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(1. Fujian Key Laboratory for Monitoring and Integrated Management of Crop Pests/Institute of Plant Protection, Fujian Academy of
Agricultural Science, Fuzhou 350013, China; 2. Sanming Agricultural and Rural Bureau, Sanming 365000, China)

Abstract: Fungal strains were identified using morphological characteristics and rDNA-ITS sequence from
entomogenous fungi isolated from insect cadaver in the humic layer of tea garden and evaluated for their biocontrol
potential and extracellular enzyme activities against the 4th instar larvae of Ectropis obliquus. The isolated fungus
was identified as Metarhizium anisopliae CHMA-005. After infection of the 4™ instar larvae of E. obliquus for 10
days, the strain CHMA-005 resulted in mortality, LCsy and LTsy of 100%, 1.84X 10* cfu/mL and 3.57 d,
respectively. Protease activity and chitinase activity peaked on the 6" day after infection, which were 31.43 U/mL
and 27.73 U/mL, respectively. Therefore, with high pathogenicity and extracellular enzyme activities to E. obliqua,
M. anisopliae strain CHMA-005 has good biocontrol potential and application prospect.
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AR Ectropis oblique X 4% R, ARt HEH, JRE% H Lepidoptera R (i) %l Geometridae,
FETREEHT . TR, AR R DR AR TR, T R TR A Al ) B EE g L 2% RO D) 4 i
W AT, R AR N R AR I A A O, R I R o B R I ™ R . LR
BB R 224 HROMGBERIB s i . P B P 1% i 745 O o 1A AL AR 2, 5 ik
“3R” MIZyE A, AR R, R AR ETE, B iR R Ol E
ARSI EE R R M BT HAT, BARCA BB E R Beauveria bassiana [f—SL BRI T i1 )i
Apocheima cinerarius 253 2™, (H 1 T A [ My BRI 25 YR I B AR B A — 0% E 40t X HARE R

ek H e 2020-05-07
BETH: WEERHRIAZRELI (2018R1025-6, 2017R1025-8); A KA BERHE RS BT E  (kjfw04)
G A B, BIWEST 5L, E-mail: 178143565@qq.com; *E{E{/EE, BIWFSLG, E-mail: yaoja@163.com.

DOI: 10.16409/j.cnki.2095-039x.2021.01.023



55110 Wrigedts: — PR 1 SRERD0 e ROBE TR S50 0 A I A e 11 125

BRI AFAE 2 S, A D PR — Lo T i ) e AR S AR B a4 ] . ik, AR S
TS 2 B U R B e B AR LR, I TR A SRR WL R tDNA-ITS J7 4143 8t 5 i Aiff e 2 73 e H
PEs W2 RS 2% FOMEE T i VBTG PR RS ), 0B (R A s R N T s, A R i A R [ 4 A
PR HE
1 MRERZE
1.1 fikarsl

BRI B PR 23 10 B A sl 4 2 ol B 2 R P s A RO &) R A T Am A Ak b, 7R 25~26 °C
FHXIRRE 55%~60%- JGJM 14L: 10D &t Flalge 2 AR, Bfrim k. W FHREN 4 B4R ik
WAL Ko Hral. DNA $RBGR £ 2 X Tag Master Mix W [ _FiEAW TRIBGARA A FrHDIY
ITS1/1TS4 i LA TR AR BR 2 =] 5
1.2 EHREE
12,1 HHMBAFNE SEIESIRETEROE %S ED, BRI T PDA HJR3E, 28 C
9% 7d JGAE BB T MR EAR R R TE A PR . P IS RNE S IR I A
122 EHS>TEE 1 DNA IRBGRH&IEE DNA J5, R ITS JPHIEHTEMRIN > T %e. B
5140 1TS1 (5-TCCGTAGGTGAACCTGCGG-3") /ITS4 (5-TCCTCCGCTTATTGATATGC-3") ; PCR
JNARZR (25 uL) : 2X Tag Master Mix 12.5 uL, DNA #i 2 uL, 5144 1.0 uL, ddH,O 8.5 uL; PCR
RIVEEF: 94 CHIASYE 5 min; 94 ‘CASYE 455, 54 ‘CiBK 50s, 50 ‘C~55 CHEM 2 min, 30 MEHR,
72 CHEfH 10 min. PCR =% 1%Ix IEWH e i ik R A e e, 2628 AR TR C i) et AT B 2wl ik
ATIPAIIGE o B P45 S GenBank JERIEHE ZE b db4T BLAST LUXt, b B RAK S [F) & HAth R (1) 55 2
KER, RO EAREEREER T, WES T REKEW.
1.3 S E RS R4 B A9 BU% S E

BRI BB PR RN 21 PDA 57355 PR b, B TR E 28 °C I HGZ-150 BDG IS IR NG5 7 8 d;
SR 5 mL 1% 0.05%M3-80 TG KT, 48 3 IR A i v 7 J5U s T 4R 6E /R il 40 M v
HOWAE NIKON E200 A4 /EW) WAMBE N 4t 7 OB A0 7 50F TS0 7%, IRk 1.00X 10° cfu/mL (19
TR

B A T IR0, LA 10 FOBBISERARE 4 Wk, 40 I3RAFKRIZ A 1.00X 10%, 1.00X10°, 1.00X10°, 1.00
X107, 1.00X 10® cfu/mL ] 5 ANEI, LA 0.05%NH 35 -80 TCB/KAEAS AN I, JL 6 MbBE, FAN I 3
W BUEARN 12 om HOEREHSE, FEREHAE BN 10 cm MIWROKAR, T b AR EAARELC T, A
10 mL JCw7ZK, 703 A Zsmort, FERCEZE RS e BRI A 48 U 4 084 il 15 B, 329 10 s JE 3k
JEAC L, BT 2 min G EEEBEIM B, REERE O AL, EE TS L ARSI N,
B 24 h ML, WAL A GET: A K H B 2 01 A UG, REOEs G BRBRIET - AA) , I Sy s 05s
w10 d JE TR R BV IEAE T, FE T SR B R A RO S)) HUF) LCso A LTsp0
1.4 X ERBINERIE N E

W 25 FUHE 4 9% %)) HUE T80 CUKAR %R 2 h, FHE T 80 ‘CI¥) DHG—9030 %Y H # i KT h 4t T,
FEHET (0 HUAHIF S A A s 2% iU 7 VAR (KoHPO, 1 gy KC1 0.5 g MgSO,-7H0 0.5 g il
FeSO47H,0 0.01 g % T 1000 mL Z&48 /K, Hlple s AR R 7RI ) o FRIDUR RUE R 78y 0.2 g AR A ME— 11
W B, IASH 250 mL % RBAARFRIER) 500 mL =, &T 121 ‘CH LDZX—50FFBS %A%
BNAL U ) 28 VR R A KR 20 min, VA RS IG5 3 2 0 I 8% FGMRAA S R AR A

S 23 U 7%, IR B S S TR 0 5 FC AR R R 10 mL 4 AR TR (1
X10° cfumL) , BT ZWY-240 RUGEERIER 1, T 25 'C. 125 r/min &0F K, #LEHR 10 d, £
KEL3 4 2 mL BB IRM G TRMAE AR Ol 4 "CR 12000 g 2540 20 mino. B WS ED A KB, #
FLBERRARATAE—80 CHMRIEVKAR h#5 F o BRI BRI M . HUAFIDRL AR 1.0 mL BN 1.0 mL %8 ¥
(AR Y, JIN 0.05 mol/L. pH 8.5 ) Tris HCl 22 IC L) 1% WV BREE VWD« S 8y
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SR, RO BER RGR DU A ORI R AR 1 g PRI i 1 AN A
JUT GRS PE I E . HURFIRLE 0.5 mL IO 0.5 mL BRI T R, 25 B I vk, K DAL Uk
WA TE,  CAREZ PP AR L T AR B 1 pg N—C et 6 0 25 0 A RN 1 AR LA
1.5 HIEZITS5SH

HIH Mega 5.2 BAFX BEEE MR T 2 PRSI LU, DL NT VAR > T R G0 FE, BEAT I T . 72 DPS
7.05 Fdu AR AE L, FRIHLAAE 73 i vh SRR 2 RO 4y JL ) LCso AT LTs00

2 ZFRESH

2.1 BEMESENBRESTFEE

211 BEFWNE KRS AR KE. 02U 4 B4 UG8 (B 1A) o WAKSAE PDA H5
FEHk LR S d I, BTENRTEE. RTEBEPRAER. g hEgekAtR2 (K 1B) 5 §3% 10 d i,
WA= R s gty AR 72, BRIOEHERR DY 38, B REERE (B 10 o BT R T0
2, WLEY . P 1.6~2.1 um, BASZHE (B 1D) o AR EASRIARE, 95 1.9~2.7 pm $/E
BUORAE (B 1E) , WINEEST R BUS BRR B BRIRHEZ 1 2 A7 (B 1D 5 AT diff, Rk,
KMHE e SR, KA (6.2~89) pmX (2.1~3.1) ym (F 1F) .

A: BT A5 U# Colony parasitism; B: B ¥4 2 KA1 Initial stage of colony growth; C: W& G (40 £5) Late stage of colony growth; D:
B2 (40 f5) Mycelium; E: 7} HE (40 f%) Conidiophores; F: 1T (40 %) Spore
Bl 1 E#k CHMA-005 78T FE 2 F [F B B R S A5 B2

Fig. 1 Morphological observation for spores and hyphae of strain CHMA—005 at different stages

2,12 TR BG4 ITSIITSA 5Bk DNA ST 4, PCR JG3kA3KJE 4 527 bp ) rDNA— ITS
KJF51, 2 BLAST WbXf, 5 M. anisopliae Witk (35 : MN727141; EF051728) HIUEEILIIEE] 99%LA
o4 [} MEGA 5.2 #J% NJ(Neighbor—joiningmethod) &4t & & H, A W 2<%k CHMA-005 5 MN727141
FIEF051728 JA—32 (B 20, Bllk, it TERENE M0 T400, AR BN ERE e E&aT
SR . JPKE AR S TSR E R B 2 GenBank, 3% MN883882.
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82 CHMA-005
Metarhizium anisopliae (MN727141)
92]
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891 Metarhizium robertsii (HQ905471)

Metarhizium guizhouense (MH862211)

95
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Metarhizium pemphigi (AY781676)
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Fig.2 The phylogenetic tree of the strain CHMA—005 and others related species based on rDNA-ITS sequences by ML method

2.2 KX EHRT T RER R

PERERE 5 ANACBEUR 2R R [ 35 & A . BEEWIE IR R, SUthe s, Hrb 1.00x10°
IR AL 2% RO &)t IR AET -5 AE 28 8 d A F 100%; 1.00X 107 H1 1.00X 10° cfu/mL & 8 &b P ) 45 R %)
BT AR 10 d A S 100%; 177 1.00 X 10° A1 1.00X 10 cfu/mL #85 AbFH 1) 2% FOEL) th (0T 3 A0 4
10 d I Ky 83.33 %A1 75% (& 3) &

100

——1.00X 10 cfu/mL
--®--1.00X 10’ cfu/mL
80T —a—1.00% 10° cfw/mL

9 —X = 1.00X 10° cfu/mL
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Fig.3 Pathogenicity of M. anisopliae CHMA—-005 aganist E. oblique

PR B RAEAN [F12 Gt ) 25 RO 2l HU K] LCso # AAHIF] ;s LCso BEAZ LN TR R o>, S IUBEFE BT
Fathy, RYII A, LCso ik, 7E45 4 d I LCsodk, N 2.27X10° cfu/mL; =YL/ j#%E, LCso
N, 8 d I LCso f/N, b 1.84X10%cfu/mL (£ 1)

AR BARAE A RIS X 2% RO 4l B LTsp 2 ASAHTR] s Horb 1.00X 10%, 1.00X 107 AT 1.00 X 10° cfu/mL
WP A IR) LT so INFIAVESL, 43514 3.57. 4.52 F15.03 d; 1.00X 10° cf/mL #&JEALFK) LTso IHAMK:, A 6.98 d;
1.00 X 10* cfu/mL ¥ AL BE () LTso WA B, h 7.77d, J2& 1.00X 10° cfu/mL W EALBRK) 2.17 1% (£ 2) .
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#1 £RTFHFREEEK CHMA-005 FERIEL HE LCs
Table 1 LCs of M. anisopliae CHMA—005 against E. oblique

53 F ] Bl CilE Yy LCso 95%E A% X [H]
Induction time (d) Toxicity regression equation (cfu/mL) 95% Confidence interval (cfu/mL)
4 y=2.3579+0.2824x 227%10° 7.71X10°~7.60x 10°
5 y=2.4586+0.3167x 1.06X 10 4.49%10"~2.79%X 10
6 y=2.9739+0.3118x 3.15%10° 1.60X10°~5.85X10°
7 y=3.1314+0.3597x 1.56X10° 4.81X10°~4.91x10°
8 y=3.6863+0.3081x 1.84%10* 1.30X10*~6.09X10°
*2 £RTREFEENK CHMA-005 3ZRIEL R LTs,
Table 2 LTs of M. anisopliae CHMA—-005 against of E. oblique
TR B ARHTTR LTso 95%E A% X [H]
Spore concentration (cfu/mL) Toxicity regression equation (d) 95% Confidence interval (d)
1.00x10* y=-0.4866+6.1610x 7.77 6.55~9.21
1.00X 10° y=0.7764+5.0034x 6.98 5.89~8.28
1.00%X 10° y=0.1377+6.9243x 5.03 3.87~6.55
1.00X 10’ y=0.3351+7.1197x 4.52 3.56~5.73
1.00X 10 y=0.1783+9.3661x 3.57 2.88~4.42

2.3 i ERRIBEINIGIE %

PEREARAEA S S 1 2 /NS S A . S fa T B SR RS A 1 d oA
15.90 U/mL, A2 )G 23 EFHE#s 5 6 d WIS EIH KME, K 27.73 U/mL; {EZJEMEH 7~10d, AN
T RPN A, BRAAES 10d BEN 20.47 U/mL. JUT FBESTE, 7625 1 d 2l 19.10 UmL, JAEZ )G
B TR 6 d INIARIRRME, N 31.43 UmL; 7EZ G5 7d 25 10 d, RO 2 RS
e, IAALES 10d B 2520 U/mL (] 4)
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Fig. 4 Extracellular enzyme activity of M. anisopliae
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A DA AR T U T A U AR SRR R TR 5 R o A ST Pl S g 2 T By B R A — Rk
AL e ROBE ) Ha 2 FLTR CHMA—005, T8k v ANRFAE B8 22 F1 23 210 1 W oM 88 )20 1 e o 2 AR 0T
Y8 G OB RR ITS JPAIRE T E (GenBank 3% 54 MH898794) , [AI %} GenBank 1T ii)¥ 41| 3E4T
PEXT RIS 0T, 4 Rk — R SRR b 4l 2R (R

AR VAV T VAR VR R A B AT A IR, PR bR O B M R g,
ARG TR IN 4 FL-EH CHMA-005 BIFEIR Y U 4 534t 10 d J5, BB, LCso Al LTso 230 iA
100%- 1.84 X 10* cfu/mL F13.57 d, &5 T @21 7525 5kt (LI B Beauveria bassiana TSTOS {7 etz JUi
B s %R IR PEA LT S HEIAESE 6 d IR B KA, 43k 31.43 12773 U/mL, Ws&ET
2o [ SN0 5 (1 6 # TSR AEE R M7—5—7 AR (IR VERUL T S M. T, 4t T4 E I CHMA—005
ot 2 FUME PR 805 ) A AN BTG =, AT R PR A B s 0 R i

ARG B A T 4 A T2 CHMA—005 X545 RO R 350008 ) A AN PR, (R0 12 B 19 FH [) B
B8 e S RO 4y FRCPEAR st R v 7 RO 2 20 g B AR AR O PR i R A 23 s 2k 140 78 e 55 905 00 S5 I 1 450
WIANBRAfG, DRI A 5 R R T JR I O T AR AH DGR AT, DU A I H A SRR B 4 % RO 45 25 Pl . e fll i &2
3 o
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