VS
jwxt@im.ac.cn
Http://journals.im.ac.cn

15 March 2013, 32(2): 239-247
Mycosystema ISSN1672-6472 CN11-5180/Q © 2013 IMCAS, all rights reserved.

H RIS MI82 R FL7I 18 K AEMRIATE)-FI E-JL T &
RELG A
WA P R FHS K

ZHR LR FHMRY FR i A0 230036

5 E: TG CE Nilaparvata lugens EYIGTIRIBEAE, o B IR LR 4B Metarhizium flavoviride
(Mf82) B S S ORAF (M T SR A 1 L < f0 1 2 B T AT BR AR IR 3 T b 9 A BIARAEXTLE, g T eI 45
KEUR I ). S5 RR T MS2 BARXHE €SI & iR, L 1.0x10° NEF/mL 191 e 2148 ¢
AR R L, BRBET R EA 81.7%, LTsg N 4.6d, FURACE W35 T A2 Wbk 7E LR BRI T Bt s apqm
BOERFLA, JFRSE T HO R A EOE Sy . GPRR ] B AR IR B RO, R R EUK B SE TR R, 1
WA 1,048 NMET/mm® I, BIFFETHRIAS] 85.0%. I FH I ] F) - FE TSRS M A T AR B, TR B 44 R
1#3d Hosmer-Lemeshow #04 5# BTVERT K, WIS RAF, JF BB T B T i B0 4« ml R B0E 7o 5 20t
iAo FERERNS S 7 RIS 9 K, LCso {2 M4 2.1x10°, 9.9x10° Ml T-/mm?, LCoy 2354 7.8x10% 3.7x10* /My
Fimm®. FEEREHE R FLADGAE A BB TR S X HGR ARG, R LT so (2 Bt o B0 it (38 D i vk, %
R R 7.0 3403 8.0 B, LTso FH 8.9d B4 5.7d. W] WLiZ B SR e B LA G C R A BRINTE ), 766 CEAE
Y5 6 R AT TR B AR
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Analyses of time-dose-mortality model of the emulsifiable
formulation of Metarhizium flavoviride Mf82 against Nilaparvata
lugens
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Abstract: In order to effectively control Nilaparvata lugens, ten strains of entomogenous fungi including a new strain of

Metarhizium flavoviride, Mf82, isolated from N. lugens and six strains of Beauveria bassiana and four different species of
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Metarhizium were bioassayed for its virulence against the adults of N. lugens. The results showed that cumulative mortality
(81.7%) of strain Mf82 was the highest among all tested strains, and the median lethal time (LTso) value was 4.6d at a
concentration of 1.0x10%conidia/mL. Thus, an emulsifiable formulation of Mf82 was processed in the laboratory, and the
bioassay of virulence of Mf82 against N. lugens was carried out. The results showed that the daily cumulative mortality of
N. lugens increased with the concentration of conidial suspension, and the highest concentration (1,048conidia/mm?)
treatment caused 85.0% mortality. A time-dose-mortality model was used to analyze the bioassay data and the model fitted
the data well, resulting in parameters for estimating the time and dose effects. The estimated LCs, values on day 7 and 9 post
treatment were 2.1x10°, 9.9x10%conidia/mm?>, respectively; while LCy were 7.8x10%, 3.7x10%conidia/mm>, respectively. The
LTs, of the emulsifiable formulation of M. flavoviride against the N. lugens differed at various logarithmic dose, and values of
LT;, of tested agents were shortened with logarithmic dose. While logarithmic dose increased from 7.0 to 8.0, the LT, values
reduced from 8.9d to 5.7d. It is thus clear that the emulsifiable formulation of M. flavoviride has high virulence to N. lugens,
and this new formulation could be used for biocontrol of N. lugens.

Key words: Metarhizium flavoviride, emulsifiable formulation, bioassay of virulence, time-dose-mortality model, biocontrol

My CEGE N KRR BB FE Ry —, IT4E
KA, KA TR R RR, SR
JE I3 (Jin et al. 2008; Backus 2005). 451,
2= priE — B e e Gl IEATFB. (Endo
& Tsurumachi 2001; Wang et al. 2008), {HK: ]
K EEANG BT AL 2 % R 3 850k R a4 T
B R0 25 1 (Hirai 1993; FRAEIESE 2007),
Az AED) oA AT, SR BT A Tk
(Feng & Pu 2005; ZF%4% 2012a). #y K
oy UL S R A R i E N [T PR R ST VR
ATE A BEIE N H AR (1) A ) 1% e AR Mk BT v
#y KA H A OARAIEEE 2011, 111 B H i
FLP A MRS R 2T LB o 0 R
MAARZEREN T d AR N AR, 2B Gl
T W T b A AR Y AR B A
(Milner 1997; Faria & Wraight 2001),

AR LR AR A e — S B R U B B
WA B FRREEA, O 2T
RN (BRAEIESE 2006; 250K 45 2012b),
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HuyE 2 TR g, HTBiah Calm
5 HIB /> (Rombach et al. 1986; Xu et al.
1999; kI [H 2004). Wk, 16T RGY
IS TN PN g o= N | EL SN i 7 1 N T
X GAET IR, 0] SRR AT A BTR AN IEHL
BT RBRRMHERE, HES5 95 s 850 fiw
Bacillus thuringiensis %5 % BB AW 0T 5O L
WA — W22 B AN SR A3 R B 1A 55 L)
A T AER, Piascfe] 5 o Ess.
] A 7 2 AR BT 997 7 I 5 ORI e Ty T AT
T s 2GR B R, IR T e N K
R GlKIHE 2008,

SR 70 - B FL A Ak iR 2 5 — Tl i
AT, AT SEBLA-F 2 BUAE - 7K S5 PR T
dpRE R, RS E BT, HAEFRAK
LW RN A i P (R AR, [R] I A e T
W REIEK A I fr . T IX LA, 2B
TR LA A AR T FRUAIE R I R
(Feng 2003).
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ARSI S A K R i 5 ) LR BB ) 0
MR, RBLT 1 BRI SR T MA82 X4 K
B\ B, B BT T Bh e Sk xR T
A, JExE CEEEAT T EA R NE, AT
[ 77 BE- ST A R A TR A, SRS
TAZFN BN U I TR O MR RN,
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e v 8 LA PR R TR P AR S 4

1 M5 7k
1.1 X E#K

PER R SZORIE LR 1. ik sp o E
MI82 TR Pk F A SI2 56 & 7 22 B0 M TR JK e 1)
o REUA by B A 773515 . 8 10 At
B R B0 GBS 9 3L (SDAY), FEAEMEIEDE
HEEEZRAI N (2521 CREFREILKE =M, 3k
135 AR T4 o
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P4 KA 2010 AEFE O B A AR 3
PRAE AR, FEAE 2 BOR ML K AR AR 2 B
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A AR R
1.3 ZRFHNE

¥ 385 A PR AR TR TR 40 591 1 AT 10mL
0.05% Tween-80 W =fM T, {EIRIERS
(SZ-1 B VTR E AR D E4RY 30min,
SRIGUHATHRE, JF MR oot H, e ik
1.0x10° AN 7 /mL 3 5 (1B (6 E AN
15cm {85 FR ML JBCE AT B0 IR ik fg , 48
FHW LSl 04 ) mU OB CE KR,
T 58 2 AN ) AR RV 10mL 3%
W E A b, AEALTE 30 Sk, RRALBIE S
3, LL0.05% Tween-80 HIKIEWAE b4 ARt
WE o %5 IR 7 B R LR ORCE 3 B aE g A
(15mmx15mm) WEEM T, B 5 M
(0.785mm*/FLEF, 5 S it T4,
LI o 4 K B S B i 7 (F 7 /mm®) o K
AbHE A K EE T 25°C . RH 85% Al i
L:D=14:10 [{ B F=46 P 7% R0 30 &
WAL A, FERPET R AT PRI B 5%, o
S LR R s AT LB 40 35, AT L
U
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Table 1 Origin of the ten tested strains

73

Strains

Hosts

JR R AR

Original localities

Metarhizium flavoviride 82 (Mf 82)
M. anisopliae 28 (Ma 28)

M. flavoviride 19 (Mf 19)
Beauveria bassiana 1108 (Bb 1108)
B. bassiana 81 (Bb 81)

M. flavoviride 03 (Mf 03)

B. bassiana 33 (Bb 33)

B. bassiana 84 (Bb 84)

B. bassiana 552 (Bb 552)

B. bassiana 1185 (Bb 1185)

¥ KE\ Nilaparvata lugens

M KEl Sogota furcifera

W0t H Brontispa longissima
BEAESWE Lycorma delicatula

%W Curculionidae

+5¢ Soil

HEFAE Dendrolimus punctatus
LRG0+ Anomala corpulenta
W Paraphlepsius

W Paraphlepsius

LB M Chuzhou, Anhui

R 4L Hefei, Anhui

iE® i Haikou, Hainan

L IR Langyashan, Anhui
LR % Guniujiang, Anhui
R 4L Hefei, Anhui

‘28 ¥ 111 Qianshan, Anhui
LR % Guniujiang, Anhui
L IR 1L Langyashan, Anhui
L IR Langyashan, Anhui
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P IR N e e R IO (2001) 175
i 2 HH T o S A0 B A e L AR R
Ji o FREL— & A1k N B0E B8k,
IMNFUALH, TRAT, FMAN SRR T K,
TR EIR A 2% IR 30min, A A8 K AH o
B5) L, BOG IMNE SN R,
TRILN . R H AT RIL AR, H
I 2RV BOR o %, BB 1.0x10°,
5.0x107, 1.0x107. 5.0x10° 1.0x10° M T-/mL
S AR R .. PRAET 4CUKM&H . FHART
VA JBE 110 B 253 o A AT 7L RO A R R AT A
H, DU FLRIIERIEL T A 2 CI L, B4R 30
SkHGH, FEA 3 WK, W sk, BEIR K
Tk L
1.4 BUESH

FH 5 A B A O 5% (1 - 103 15 40 s
HAMFIIET %, FHLL Abbott 2 X THHAIE
PET R,

IESETH (%) =

S s e OV, 1 A e
10 AL BT 5% ]

FACH IS (LTso) SE AT [A] & 48 v & ik
T3 2253 BRI i 20 A ZE A«
SR FH 5 B S R B[] - 1) S - SE T 2R BTG (i
PR TDM #i41) MFR2 B i L1 1 25 o 4k
AT BN AT o 270 BT 7324 Ik TR R3] 1)
Y QIS | R o B T 2 =3 LTI
MR EAE,  REREAAREIH 75 0 I s 1 e B
AMEWNE . SRR T
p; =1—exp[—exp(z, + flg(d,))] (1
(D P g RFERAIRBRE, ¢ &
RIS TE] ¢ WIS TR AN S8 Py R d; 7658 ]
AR AL N P A SR TR TR, BT SRt
ETRERAERT ) B RSy, A HBERES A
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R BB B O I, P H
B d, AR TR I ) B 1, P9 T R B
PRI AATE TR, TR

q; =1—exp[—exp(y, + Blg(d:)]  (2)

L@ g rEXERX (D FAHEE, y
h A IS TR) DX TR] (2 ,,] A S TRD AN PRI A A S48
3 (2D A P 5053 A A% 1) S5 AR e £
R ZH y A B SRR A T, Tk
UNVIEEE 2@

B T S UL AR 35 4 ] DPS %l Ab 2
ARG O A SCFIIS B 2007).

2 HEREGHM

2.1 AEIEKIE KEKBEIE

M 2 WTLAEH, 10 DERSGE G, ¢
T\ SE BRI 7 AE 981-1,429 MU T-/mm” 2.
], P s B A 1,134 A4
BT /mm®. P BRI W # A 1.0x10°
AN /mL, M2 AR T T S
Ma28. Mf19. Bb81. Bb84. Bb1185 5 Mk
25 A3, 5 Bb1108. Mf03. Bb33. Bb552
4 ANERINZEFEE (Fox=7.16, P<0.01),
MI82 B Pk 5 HoAth 9 AN AR Z IR IE SBT3 1 2
S BE (Fop=37.09, P<0.01), Mf82 KKK
IEAET R oy, k3] 81.7%, BUEHEHAR,
LTso Sk 4.6d, B0 I W T-30Ah 9 Bz
R
2.2 BRFER NF82 BRI FIE XA AT
B-F E-TL T EARE I

Bl 1SR T AN )R R 1 G AR 1 MR 2 Ak L
AL, # CEGE H BT % G
853 Kb WA IR LA AET:, 5 9. 10
RATBBNGET e, RN T ECTE A% HU) )y
Je ke IR AET M A P SRR R R )
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R 2 FEIEHRB CEAMRRED

Table 2 Pathogenicity of the tested fungal strains against Nilaparvata lugens adults

WS HLTIRIE RIEAET LTso
Isolate Conidial spray (conidial/mm?) Corrected mortality (%) (d)
Mf82 1025+40a 81.7+2.8a 4.6+04
Ma28 982+ 100 a 60.7+7.8b 6.9+0.9
Mf19 1143 + 162 ab 482+ 11.7¢ 8.8+23
Bb1108 1250+ 80 b 428+4.6¢ 89+14
Bb81 1046 £ 62 a 232+22d >14.0 (--)
Mf03 1230+ 58 b 232+73d >14.0 (--)
Bb33 1429+ 147 ¢ 19.6 £7.7 de >14.0 (--)
Bbg4 981 +46a 16.0 £ 10.1 def >14.0 (-)
Bb552 1232+ 69 b 8.9+58ef >14.0 (--)
Bb1185 1024+ 111 a 53+36f >14.0 (--)
X CK 0 0.0

TE: R AR 22 ARG B SR 2RI, RTINS T RER AR 0.05 K 122 AN B3

Note: Data are given in mean =+ standard error; values followed by the same letters do not differ significantly according to Duncan’s multiple range test

(P<0.05).

—— CK
: 100 —= 2Iconidia mm™
g —— 117conidia mm
£ 805 —=— 496conidia mm
ﬁ 5 ok ™ 705conidia mm™>
] E —— 1048conidia mm™
=540
B = ]
= o 3
B NETAE e PP S
1 2 3 4 5 6 7 8 9 10 11
R R R AL

Days after inoculation (d)

1 EMEZFER N2 BIAFEEXEARXRHRIT
L AmES

Fig. 1 The daily accumulative mortality of Nilaparvata lugens
after treatment with the emulsifiable formulation of Metarhizium

flavoviride Mf82.

hRK MR 2, ZEERRBT, HIAN
FLR A FRIBOEEER . BEEIREM BN, Rt
PET R G, WK N 1,048 MR T/mm’ I,
BT RIS 85.0%; W JE N 705 AN T-/mm?

i, BUFFETRIAF] 70.0%; WEEN 496 AN
Tmm’ i, BFAETRIE R 63.3%; WKE N 117
AN /mm N, BUSET R IGER] 51.7%; WK
J¥ 29 21 AN T mm? 15, BT R 43.3%,
RN BOER 22 57 B 4 KR R THET -l
LRARNT%, A FH I R) -5 PR T A S i
X735 20100

Bl 2 Fios e CEE R AR AHE I MIR2
2k LA i A [7] B ) P 7500 20507, o o5 i) g 348
I, T AR G I BEAIK, LCso Al LCop 1
B G, AEREFES 3 RES 10 K LCs
391k 3.6x10°, 1.4x10°, 3.8x10%. 6.5x10°.
2.1x10°, 1.2x10%. 9.9x10, 9.9x10* 4N T-/mm?,
W REEBR G 55 3 KRB 5 RIFBAT KEM
T2, 953 KENH 5 KM LCso (A5G #
KEEEM G 7 KRR 9 K LCo 730N
4.6x10%, 3.7x10* AN T/mm?, T SEH h S2hruk

Wk
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FERAT L E] 3.7x10* AN /mm?, T LABE TS R
1157 90%.

10%¢
——LCs,
— —a—LCy,
=
£ 10f
=
5
e
8
S10'F
—
2
Q
—
102 1 1 1 1 1 1 1 )

(%)
&
W
(o))
-
=)
=]

10
et A R

Days after inoculation (d)
& 2 BFRFIER M2 BAFXE XENBIFIE
Fig. 2 LCsy and LCyy values of Metarhizium flavoviride Mf82

against Nilaparvata lugens.

M 3 AT DL H S AR (8 B MFS2 B LIS
oy KRNI BOERS 1], BEA 0B X AR e 1 3
I, LTso B98N AEXTEGRIER 7.0 B, LTso A
8.9d; MXTHGRIEIY INF 8.0 B, LTso B4 5.7d.

10

LTs (d)
-

o B
Logarithmic dose

3 BRRER MF82 BFL T B R LTx
Fig. 3 The values of LTsy for Metarhizium flavoviride Mf82

against Nilaparvata lugens.

2.3 HRFFEE NF82 EIFIXHE A RYATE-
FI 2T T RAREEH

My KA E R S W R AL S, 5 3
RAFFUHFET, 2 10 KRG BT A 1Y
I, BREECE 3 RENH 10 RIGRIFIETR
B, IS0 AT R TR E )G, AT
)-SR FE TR B A3 BT RS A v, 15U &5
W& 3.

% 3 ARERER NF82 BFLTIXE CE R TOM HEEM S SHE T

Table 3 Parameters estimated by fitting the time-dose-mortality (TDM) model to analyze the data of

emulsifiable formulation of Metarhizium flavoviride Mf82 against Nilaparvata lugens

FAP T AR AR Y Ep ey i
Conditional mortality model Cumulative mortality model
S8 vt bR £ 5 P ZH it

var(t) cov(t,p)
Parameter Value SE t test P Parameter Value
B 0.7633 0.0113 67.7801 0.0001 B 0.7633 0.0001 0.0001
Y3 -8.0509 4.2983 1.8731 0.0686 T3 -8.0509 11.8960 0.0136
Y4 -8.8016 3.0038 2.9301 0.0056 T4 -7.6643 5.6673 0.0111
Ys -8.6157 3.2069 2.6866 0.0106 Ts -7.3377 3.0984 0.0099
Y6 -7.9909 4.0733 1.9618 0.0570 T6 -6.9188 1.9730 0.0104
¥7 -7.1410 5.1849 1.3773 0.1763 T -6.3306 2.7056 0.0152
s -7.1108 4.8627 1.4623 0.1517 T8 -5.9533 1.3997 0.0158
Yo -7.6141 3.5490 2.1454 0.0382 T9 -5.7794 0.7774 0.0146
Yio -8.3483 2.3660 3.5285 0.0011 Tio -5.7055 0.6067 0.0138
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5 Ab F R B I ()N S ¢ I 3
EF G E KT (P<0.05), RIbsfEiRZsx 1
SEAETHEAR /N, U0 b B R A HOFR R 7R
;5 i ] 205 7 R 8 5 o 2% L R ) R K L)
BRN IR B A 0.7633. I AIZN S HA 15
REBEFE 8 K (yp) IBFIE K,

I 18] - - SE T R B () x*=4.18 (df=8,
P=0.8407), /NT x*=15.51, VW% @k
Hosmer-Lemeshow 44 BEME:, FUA T K 57
JEPEA R, B EATTRENS T 5 IR AN [R] 94 B Ak
R B AR e A B LA S 4 R BAE DG R
(HRHESE 2007).

3 Wik

IR, ASEG BT FH 35 o ok B
Mf82 B Fk A E T B o 48 KR LA R s
(71 GIKFARAE 2011; Lieral. 2012), X
RY A R YR CET BN SR, 2 Y48
REVE, ERT 20 A CECT R, A
T RE AN U B A, 2 B DA Bl AR B
MNAZE, M%7 B8OE, RIEAEARRK 2R
PEAL (PR 2011) . BF % B RRIEC R FL 7
Jeis SRR T, 3L T R R A
B SN,

MASEIG T M82 B FLAIX 8 K LT
ST A L WG 1,048 M T/mm’
N, 25555 8 REBTHIET Ik %] 81.7%, £ 9
Rk 85.0%. HH I A]-F S -FE T A ALl T 1)
FER RN 5 I )N SO - BRI 56 7 KRS
9 K LCso {43 1K 2.1x10%.9.9x10* AMf1 7-/mm?,
RIS 7 KRS 9 K LCop 435I 7.8x10%,
3.7x10° M T/mm?; XFEFIRE 7.0 B0 #)
8.0 I, LTso FH 8.9d F%4 5.7d. mI WL, {EVKFEN
10° M F/mm® B, B B0EE, H5
PERE R L 208, T N 10* AN E/mm” 1Y,

By, SETIN AR, A BCHAR i
RIL.

TETLEREHETE MIB2 BN K U L)
B VEAE R, T TDM A8 53 A 4t L AL
B AT ST FE, AR A T R AR
ARV TRD AR, 30 Jse bt s i) 00 71 8 ) 22 ELAE Y
PRI, LCso fELRE IR 18] (11 AR 350 LTso Biti 1) 5
(T B 35T LUEEIN vl 52 (R PP 12 1k 1) 2
W1

PERERAR AT 0y — B AERT L, X IR
N&E R4, fENITREMes g i i 4R
HATT R N TS, AT RS db 2 A 24 B
£ HL 3R (resistance. resurgence. residue)
T o ST HH PR B AR SR AR TR MIfS2 T R s 7L 7 A
B A A T RTF AR EL, W KRR
AMEEAT TR, AT VEG R, HhET R S5
SRV i FE Y 5i 2 BT B R RRIE SR 2
(Langewald et al. 1997; Bateman & Alves
2000; Malsam et al. 2002). i%H4REfE 1 R
A, AR R RIAR B, B R d
KRB KE IR BIEML 5 Twal. £
DRAE BV RBCR TR B A @k i i B
MR AR E I 25 F 280000, L, iZE L
BT A L BA N A, AR A iR R
7 ) R BRI R
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