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Abstract

This study investigated the biological characteristics of entomopathogenic fungus, Nomuraea viridulus. The mycelial growth of

N. viridulus range from 15 to 350C and the optimum temperature for sporulation and germination was found at 250C. The
optimum growth of this fungus was when it was cultured on SMA+Y medium; at pH 7, with maltose as the carbon source, and
peptone as the nitrogen source, respectively. Hydrolyte enzymes such as protease, lipase, chitinase and amylase, were present
when tested with a specific culture media at 250C. However, the activities of lipase (C14), trypsin, chymotrypsin, p- glucuronidase,
a-glucosidase and a-fucosidase were not detected using the API ZYM assay. Nomuraea viridulus did not grow on media containing
fungicides such as 50% benomyl WP, 22.7% dithianon SC, 50% prochloraz Mn WP or 65% Dodine WP, or those containing
insecticides such as 85% carbaryl WP or 50% cartap WP. However, when inoculated with more than 2 x 106 conidia/mL, the fungus
appeared on media containing the insecticides, e.g., 2% abamectin EC, 40.64% carbofuran SC, 2.8% cyhalothrin EC, 40%
carbosulfan WP or 44% dimethoate EC, at 12 days after inoculation. When cultured on media containing 90% methomyl WP, 9.6%
imidacloprid SL, 4.95% fipronil FP, or 99% narrow range oil EC resulted in a poor production of conidia. Only one cicada,
Cryptotympana atrata, among 11 insects assayed was infected with N. viridulus causing ca. 25% mortality, indicating that N.
viridulus has a narrow host range.

mE

Kim R —E &4 EHE Nomuraea viridulus ZE&EE - AEERE 15~350C EHEABOUAER  HBEERENHS
250C FLL SMA+Y (Sabouraud’ s maltose agar with yeast extract) I5EEIEE  HEMREREFERES  REBEESEN
pH7 HE#AEZEARE - WEFETLUEFE (maltose) HERERAEZS - RRELUEBR (peptone) EERERZS - i 250C
TEEURBELEERD (protease) ~ BEEERE (lipase) - 44 T ERE (chitinase) KiE&iEg (amylase) ElEER ; SLIAPIZYM #41E
AN REY - SRERIRERZIAER 2 BB (lipase (C14)) « BREBAEE (trypsin) ~ BREZZE BB (chymotrypsin) ~ B-EE
WEEBEES (B-glucuronidase) ~ a-BEEEE M (a-glucosidase) & a-E & EEE (a-fucosidase) - Hfth 13 iEHEAFHZIR -
RNAFEREN W ZEBABMNEIINER - AELKBEREENEE 18 X2 - #RENKEE%EE (benomyl) 50% WP - BT
fig (dithianon) 22.7% SC - #F=i#& (prochloraz Mn) 50% WP K %2 (dodine) 65% WPEEIHIHER ;| +— @R BE S E
A=A (carbaryl) 85% WP E215 £} (cartap) 50% WP EE MR GG AELER - #1575 (methomyl) 90% WP ~ mZE M
(imidacloprid) 9.6% SL ~ 23 & & (fipronil) 4.95% FP K& % 15 )1 (narrow range oil) 99% EC Bl g R EEE=E - M EJT
(abamectin) 2% EC - NIfR¥k (carbofuran) 40.64% SC + &J&Z (cyhalothrin) 2.8% EC ~ T EN0#Rr%% (carbosulfan) 40% WP &
K (dimethoate) 44% ECEMRBEINAMA 2 x 106 conidia/mL MU EERES - U+ —RBESMIEBREZERERNEEA
kAR (Crytotympana atrata) BT EEEIRIEEEN SNBSS SRR - BUERE 25% - B RAENFESHERS BN -
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ahEER Nomuraea viridulus 4P

R ~ TG~ AR

BIUREASZENERSR 60004 BENBME 300 57

o H

Am FEH - A2 LA Nomuraea viridulus 2.2 3 #1012 * F il & 156~
35°C ipv FIp v 74 & g2 Lt i 25°C 12 SMA+Y (Sabouraud’s maltose
agar with yeast extract) 38 % A5 % H AR EZ2 F T F 563 > RUBETEE N
pH7 # FsdcE 5 & > ®ER? & 54 (maltose) #2328 553 ~ F 3 kN
F-v "t (peptone) 2 237§ 5 5% o> 25°C T AV FFA 4 k9 ¥ (protease) »
*af#p% (lipase) ¥~ #p+ (chitinase) % J#> f* (amylase) #px% ;% ' APIZYM
R R RS SR AT T A MR P54 f2pe (lipase (C14)) ~ % Fov fiF
(trypsin) ~ % 585" 39 f% (chymotrypsin) ~ §-% § #H{ fif# (/3 -glucuronidase) »
a-# §#Hp5 (a-glucosidase) 2 a-# #EAMEH P (a-fucosidase) » H # 13 fEpx
BRI AR R FA A S BT b ense bR o K B A2 A A AT 18
i80S R Mo REAH LIEE (benomyl) 50% WP~ # zifig (dithianon) 22.7% SC -
#5.£4% (prochloraz Mn) 50% WP % % % (dodine) 65% WP % ¢ #r4]H 4 £ ; +
- BB H P W4 %] (carbaryl) 85% WP #2322 (cartap) 50% WP H 3 |4i&35%
gl AL & 0 2 1 (methomyl) 90% WP ~ ¥ i# "% (imidacloprid) 9.6% SL ~
4 & (fipronil) 4.95% FP 2 %3¢ (narrow range oil) 99% EC R ¢ *% 1 2 32
¥ ' # ® ;7 (abamectin) 2% EC~ 4t i%4* (carbofuran) 40.64% SC ~ % %% (cyhalothrin)
2.8% EC ~ 7 A 4c %3 (carbosulfan) 40% WP %2 + &~ (dimethoate) 44% EC %
BB A S~ 9% 2 x 10° conidia/mL 12} AT B o L - A FRIER k2 %
Bom 5 2% jisE (Crytotympana atrata) 117 {730 E FEAEEE & ™ 55448
REFR O RFF 26% B AgFEF L FRAPE RO o

BA#2S8 : Nomuraea viridulus ~ x4 ~ B A8 ~ B EH -
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Nomuraea viridulus I;/foﬁlf%?ﬁ Pt
?5 AR e /RIS 1992 F Tzean et al.
H= [ (Cryptotympana facialis) _©Hvii
If R B \_I&FEFL« LETE ’/EHJE[ Hbﬂ £t N.
&é{i’: JT'E TPURITS f e = P
FEAET, o Al SEE 14.4
~19.4 x 3.8~4.4 ym > F{Iﬁl%i}ﬂ 11.7~31.6
x 2.6~3.8 pm > ¥ffRYEL 5.3~9.2 x 3.3~
4.6 um (Tzean et al., 1992)- [ 'ﬁj?}ﬁa‘é VﬁJ’FL
EI”T;T LT (Hemiptera) [YfiE|
(Cicadldae) TJR AEREN I T %o TR
Y%= (Cryptotympana atrata) F5ff] > 5%
é’éxﬁﬁ’i@'«ﬁﬂf?ﬁ MBS AT B Il ] - pots
G YRS VR o F IR A D e AR
BUEET - GRS R - B2 2 B PsE
i%',%' (Yang et al., 2001) - Li et al. (2007)
R IR BRI A AT A St
il T R OB SRS 41 B[ 77
B 144 AP 5 e B AR A e &
S+ 55 TP - A 4 T
ST SRR S AR R ik ST
it
Tang (1997) }"[ H ﬁ T AR A (N
rileyi) f- F1 kR % JE” 30 27O LI
o SRR A S
(S B AT
1982) - Boucias et al. (1984) ?F'L[' Nomuraea
spp. W3V EEH ﬁ?j é’é{%@ﬁ'w?ﬂ‘?ﬁ
R R 1Y Eﬁﬁ%jﬂ\ » e RE 9
Bl 153 P R B RSP
E’E”m%EﬂV?”?§m?ﬁ A -
¢?ﬁ’§?}{fj’ﬁ’?ﬁ??é N. viridulus VFFFETE
B REE T IEH:““J“ = J‘Ji‘%ﬁiﬂ'?ﬁ
B I RURLRES P57 I/fFJIzlt o

viridulus -
SIS g 3’%’9‘%5

(Ignoffo et al.,
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— ~ (5% Nomuraea viridulus Z3iR&E R %im

Bz

bl pEg’Ji Etli_* BT R R RE
Hﬁ“ﬁ#%ﬂﬂ%ﬁ%£5ﬁ%%”ﬁ
2006 = 7 F[= 2007 ¥ 6 EJEJF—J)'J‘?‘[ﬁF
BRBGABEIES 5 1 B BB T 1) B
™ % (GPS: 23.4891, N, 120.4618, E;
23.4827, N, 120.4642, E) * gl = &
(GPS: 23.4794, N, 120.4891, E; 23.2818, N,
120.4891, E; 23.4688,N, 120.4764, E) - %’Té[ﬂ'
e VAT IRas i (C. atrata) R AT

R BN P« B ) v A

#0.25 em® » A R ECH E IR
Y EHEESH (SEM) ™ B Lo

— s HEE%RZ B R RS
1. E’I%IJ/JJ 1‘&:73’%

SRR 4~5 mm L R
o) BECE B 0 WO I AR SMA+Y
(Bell, 1975) [#! EE} iﬂ‘fﬁ % Kl (Sabouraud’s
maltose agar + yeast extract, neopeptone
10 g, maltose 20 g, yeast extract 2 g, agar
15 g, distilled water 1000 mL) » 57" 25°C
[936 % AT (121 12D) Bh - i
B jﬁﬂﬁ [fl'%fii“%}‘yf% SMA+Y *‘ﬁ%ﬁl YV E
A T PERILE - DU 1B
kT SMA+Y dp[%%ﬁl (15 cm) &S5
PR AR EL LR 5) % 5 )
g By ] VR AR - Eﬂaa
i I/#ﬁ%ﬁ FH| PDB+Y iﬁ’ﬁﬁ”ﬁfﬁ%ﬂ 5
F (1 L) &% 55 & 5 A potato starch 4 g -
dextrose 20 g I yeast extract 2 g -
2. WIERE f& I/rlgi

}H N. viridulus 7% SMA+Y [Bﬁ'?,%‘



RS 50 25°C [ ST 12
= Fl \Jfb O 05% Tween 80 .V #7< FL&
5l T IR 5
T AR U (quartz wool, Tosoh,
Japan) Ji. Eﬁl?ﬁ » A1 H @/{”;qu %s\%‘fﬁ s ]

B SRS EFES (hemacytometer, Marienfeld,

Germany) FfEF&—=" 1% > S48 1 x 10"~ 1 x
10° ® 1 x 10° conidia/mL ##~ §fiFik 1
mL 57 1.5 mL EEFT | (BB »
FHE-20°C A

E C BAERE AR

WL A

W H [/I?JJ&’ FIAeTy 0.5 mL =17
FY 2% i}i*ﬁéﬁl (water agar, BD,
USA) » J iz, g et v 0.2
mL 7 1 x 10° conidia/mL &~ Bk =
i i B N B PR i ST
(25 lﬁjv'fu[ 1 qjﬂzﬁpfjiﬁgym ’ ?Wf
25°C 9%

ﬁffll’ﬁ?‘ﬂ 6-12-18-24 %
48 I IRSIB Vi i

Z J,?F,IHJL:]H I/ ISFF[ F[ A e IR H -
2. T ?ﬁ%& 2 N. viridulus 77 % 4
BH VY
[ bt VB 0 SR o 5T o
73 H[JFF'I'JE“ 15-20-25-30 » 35°C fifi%
:%i?[l ST HIRTEY 122436 & 48 JEﬁ
WUy P50 pL PR A
(lactophenol blue solution, Fluka, France)
il o Ik seBfis sk (Zeiss Axioskop 50,
Germany) #=EF RIS 155 % - Hegl» 5
HCEI) 300 fl= - EibE 0 R fH
3. I EFN. viridulus % =0 %5 EN VY2
1 x 10° conidia/mL 5% V55 4 5
RPNk > 77 5 uL % SMA+Y if,%ﬁl
flTo 55 HHEUK’ 152025~ 30 % 35°C {¥3fi

g&g%;ﬁg[[ (12L : 12D) » 35 s e BR » — 15
! = %aﬂ'l(EUJ@ JY 14 SELTSATE
@l @ T e ﬁwénu mL lm:ﬁaw‘

8

I
-

= ;TI/ » B ECEIMETHE Jp e R HER
%ﬁVﬁWW&.Wﬂﬂ ST E R
afsa =Y AR R EET 6 e aT 12

Irﬁfg I/E[ Kk IR o
4, E&é-,ai’}%”lamTN. viridulus & =<
=
I') Czapek’s agar t‘rﬁl%ﬁ"’?ﬁ%ﬁl ) ﬁf\
1 3% VEiEPE (glucose, Riedel-deHaén,
Hungary) ~ %7 P# (maltose, Sigma, Japan)

z
IS
)
2"
I
<
|
&

H P (sucrose, Riedel-deHaén, Hungary) -
4 5°pH (galatose, Sigma, Japan) -5 ## (lactose,
Fluka, Netherlands)-{{## (fructose, Riedel-
deHaén, Hungary) - 33§ (starch, Riedel-
deHaén, Hungary) =+ 7 7 [Flj ==
Vg 0 7 Rk B ELEIIHAD o 5 RIS
AR '}%?’E‘ 5uL v 1x 106 conidia/mL
TR AV YR [ yFJK/%jj{‘%%ﬁLj~ng I
4 FLFW‘\ 25°C {vifh % =7 (12L 2 12D) »
BRI R - Ef‘i‘ﬁérﬁ 6 BIT 12 ~ & -
73 HIHE! f‘,f%l\ﬁ‘ﬁl ke FRERAEN T
SPSS it # /7 Tukey's test (Honestly
Significant Difference, HSD) * & i+
(ANOVA) PRk (il 5% R e v
ZE(SPSS12) -
5. 2%V N. viridulus % <% & WELD
S

I Czapeks agar £} ﬁwﬂﬁ%ﬁl [i{
o 3% Vifiiké] (NaNOs, Riedel- deHaen
Hungary) - Fﬁ % 4% (NH4NOs, Riedel-
deHaén, Hungary) ~ ki (NH4)2SO4, J
T. Baker, USA) -~ gr[1'Jfi (peptone, BD,
USA) ~ = f| ¥ 2= (asparagines, Sigma,
Japan)- i3 (urea, J. T. Baker, USA) ¥+
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I’E‘uj [ﬁ HEEHRF T [
R PR -
6. PLpElEf N. viridulus & <V 3y%

I’} IN-NaOH » 1N-HCI ]%@Z%L %?@‘TFF[
ZHL (SMB+Y) [kt - 71" Pt

5 (Mettler Toledo MP220, France) [t >
FfFEY pH ffififaltl 4~10-1] 250 mL £
T[] 100 mL iﬁ%ﬂ B 1 mL EA
1 x 10° conidia/mL » ¥4 35+ =i % 12
=% '] 9 cm (Whatman No.1) i’}:ﬁf&;@?’ﬁ %
oA o Bt 90°C AT 1 Aty IRt
El FE‘-_TA“J ARy Fﬁ T F R AR TZE (Mettler
AT261, Switzerlend) % » 2 CFIPIEHE -
R l—“ﬁ“iﬂi"{[[‘]j}ﬁ[—“—gf@ o
7. 7 fi %%ﬁl %I N. viridulus

I/ﬂé@

FI S L ,ﬁ:ﬁyﬁnhﬁ B
?’&Esll&il’?ﬂ P o }{jﬁi[iﬁ [ =T iR 1 x
10° conidia/mL > = "7 5 pL fi#e 25°C
[¥iEATh (121 ¢ 12D) - & ECRPYEH - e
57 16 ~ ]EEITSGEI LR IYE > MRS
(ANOVA) 7&/ Tukey's test (HSD) 5j#vE=iik
B -

i‘:ﬁ BRI FBEE ’TF'[ (CMA, yellow
cornmeal 40 g; agar 20 g; dist. H,O 1000
mL) ~ - At %ﬁﬁ (BEA, beef extract 25 g;
agar 20 g; dis. H,O 1000 mL) ~ %5 F Iy
%’Jﬁ%’, (MEA, malt extract 50 g; agar 20 g;
dist. H,O 1000 mL) - Czapek’s ,'Jiifﬁéﬁl
(Cz-Dox, NaNO3 3 g; K;HPO, 1 g; MgSOy -
7TH,0 0.5 g; KCI1 0.5 g; FeSO, - TH,0 0.1 g;
sucrose 30 g; agar 20 g; dis. H,O 1000
mL)~ &} lﬁﬁ“ﬁ” *’ri;{rﬁ?%’ijfl (PDA, glucose 10 g;
peptone 10 g; Na,HPO, - 12H,O 0.96 g;
KH,PO, 1.45 g; agar 20 g; dist. H,O 1000
mL)-V-8 {3} %’TF} (V8A, V-8 juice 200 mL;

& Bk H B

- |

T RWEY

148 GEE#HH=TEFH

H;H}

CaCO3 3 g; agar 20 g; dist. H,O 1000
mL)-~ i3 %‘*}J%ﬁf@ﬁﬁ (YEGA, yeast extract
3 g; glucose 10 g; K;HPO, 2 g; MgSOy -
TH,O 0.2 g; agar 20 g; dist. H,O 1000
mL) ~ [ < B R T
digest of casein 10 g; dextrose 40 g; agar
15 g; dist. H;0 1000 mL) - fie: Sy 2l
+[EYH VP (SMA+Y, neopeptone 10 g;
maltose 20 g; yeast extract 2 g; agar 15 g;
dist. H,O 1000 mL) -

8. MHIENEA S N. viridulus V574

g7

(&~ Tang (1997) V733V 5™ 5[ EE
Na,HPO, - 12H,0 (Hanawa, Japan) - KNO3
(Hanawa, Japan) - KCl (Hanawa, Japan) -
(NHy)2SO4 (J. T. Baker, USA) » NaCl
(Hanawa, Japan) f‘ﬁ‘/Q?&rﬁaﬂli’g\\'ii i
e i N e S ST IPURR L 2
(NaHPO, - 12H20. 95%, KNOs: 92%, KCl:
85%, (NH4)eSO,: 80%, NaCl: 75%) > I'] Ho0
ﬁﬁ,' 100% AP - K EANHIAR - o3
i 20 mL BV VORELE VS ()
%9 cm) f[1> l}ﬁz%ﬁ&%’” o B el
”‘Jiﬁ”’" 1 x 10° conidia/mL V3§~ 557 ik
R B [ 25°C 191 % A
Fiﬂ‘ﬁ% 24 % 48 'J\Eﬁ % VH ERSET BTve
P F15iE 0 DEMEET 300 (AT ST
FoHZEH -

9. %’lyﬁ“ﬁf%&&‘/ﬁa% L= ]

#245 Hankin and Anagnostakis (1975)
R B AR Y S VB e
oo 87 T R T R SR
o3 ek AT - TAVE fiﬂﬁ%iv VRIS
FY A B8 B 3 78 YR B AT A Difeo
nutrient agar (I'] ™ i NA) 15 H7E ]
*f, ”’L['JE" 20~25-30% 35°C [¥ifl %+ <A

(SDA, enzymatic

Y

Iy

u



LR *‘Fﬁ
a. frf 1%75] Eﬁff%\ (protease)

7 NA (g™ 0.4% P58 (gelatin) (&
£ %iﬁ%gl "’f‘g%‘? 20-25-30 % 35°C {¥
16} ﬁ%?‘g‘THHﬁ CEEE K BT 5%
sulphosahcyhc acid YFL?Fz 15 mL & FF'

# Iﬁl*‘ﬁéﬁlﬁﬂ?‘iﬂﬁdm @%f%{fés 1
=4 ‘3‘3 PR & 3 LA PR A fjﬁ:E 1T
WEﬁ’*ﬂﬁﬁmﬁJ\“b%ﬁ#W’b
R -

b. 7 W) #e¥d (chitinase)

TV =V chitin (Sigma) %’:ﬁtrjﬂ?}
2R P RN T S ROUS SRR AN & %if
L (NA) ([ chitin {4 A5 1% 2.4%
(w/v) I/%%%L H= = Hft' ﬁL 1% lﬁ:t gif‘ b
@ “ 9 cm i’—‘ﬁ% 'HIF ™ 2% water agar rﬁ
Yﬁﬁﬂ?’%‘uﬁh‘é PR RRFOD 1 mL s
- @T‘?EU%%%% o ?ﬁfﬂﬂ%%ﬁl‘@%'f& ’ }%*EEFA,
PR [ ?P‘i’\‘ 20~ 2530 ® 35°C {%
L S T RS 17 S
e [E”i_FIJ FIETE R [ﬂfpi A7)
= WFII? B RCRIPYETHL -

c. Tn¥ol el (lipase)

IR LRE il

(peptone) 10 g ~ &[] (NaCl) 5 g~ &\ {™&

(CaCly - 2H,0) 0.6 g~ YE%: 85 (agar)20g »
k-l (distilled water) 1000 mL- {5 *f[
FERIL Y 0.05% Tween 80 w5145
[E15 20~ 25~ 30 ™ 35°C [TiRIAIIHE -
B K jc‘%ﬁ%l?“és [Eﬂi IR
#”J;l/@é‘ ) Q%%'D“';l?ﬂ

3%%}@@} %% (amylase)

fi = ﬁfﬁggt NA iﬁ%gﬁpf 0.2%
i?f‘]%?%i (soluble starch) » Vel 5] (=51
s ;cf%?vﬁgﬂjux[gal%f FEREHS [ 3 *ﬁ%ﬁl EH
fﬁ'['iif‘ 20 ~ 25~ 30 ¥ 35°C T¥3fi f‘p[ *f[

%ﬁ*%%vfmmﬂl%@%&@%%ﬁ

B RS 3 ] @%'%Wéﬁ [ PR B 2R
E’?F[ » A SESE PR A ”’bf%lfé%—‘f o gl
PUEIHE

e. API-ZYM Z5fER

B St. Leger et al. (1986) » Hsiao
(1998) 3k > AP API ZYM 7k (API
Laboratory Ltd, Quebec, Canada) {Jijfifs
WL B SR Pk PR ¢
P N. viridulus 7 7 [ﬂ%éﬂjrkm s g
VIO B A
SMA+Y BhEFLZF ™ ik 7 fg° (RS o
£y 1.0% (w/v) 7 SMA+Y iﬁ%ﬁiﬁ%*
= Eﬁgj:&n%g%% 15 = > F’E"I'jj‘/f 25°C
TS & = A *‘ﬁ I AI 0.05% Tween 80
SRR AT f’i{ﬁ‘f 1 x 10° conidia/mL
T RNF I o RN AR APTZYM kit Y
£% moisten chamber - F|I'] & il F;,pwv
100 uL Elfﬂ'ﬁ@'%"\i?ﬁz 7 EJ[’WE[F O
IR TR R -
25°C 159k Al B 12024 PR 3 =
o5 Ao v B EESCH T HINE . 0.005
uL v ZYMA == ZYM B 2] » 357 58~

%5 ILE[@: ES F' JFﬁ’gc IR 7T B [l =5k >
E’P API ZYM kit A&yl [P > %7
LR R B
Heph el 4>3>2> l’iﬁﬁé(@‘ﬁ . H
Rt -
10, BL A PR By

T EE SRR
(fungicides) : wWi#H (benomyl) 50% WP ~
ﬁﬁ?ﬁf@ (dithianon) 22.7% SC - $ i ¥ &
(prochloraz Mn) 50% WP - %44 (dodine)
65% WP ; L% (insecticides) : [@ 1]~
(abamectin) 2% EC - “[If{l#k (carbofuran)
40.64% SC - *?f?ﬁ 47 (cyhalothrin) 2.8%
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EC ~ i #| (carbaryl) 85% WP - iﬁﬁﬁj
(cartap) 50% WP -~ 7(|”5# (methomyl) 90%
WP - 7 By dk (carbosulfan) 40% WP -
%3 %% (imidacloprid) 9.6% SL - - Jy& =
(dimethoate) 44% EC - 7} jF"} *d (fipronil)
4.95% FPx %'iﬁf?iﬂl (narrow range oil) 99%
EC - JIF0RE S AP e 1 R [/ﬁﬁ
R - %JIYF [ SMA+Y thEESL
ﬁmjﬁﬁ?iﬁgﬁl?@&'l & [FEE =59 45°C E?j"'lp
(&t 5mL)o iﬁi/—‘[’éiﬁ%’é%’?}[ﬁ"ﬁij
’W?ﬁ%ﬁl » S RIS 7 3] - 223
# 5 uL 1 x 10° conldla/mL N4 3‘#’??{54‘
25°C 1916 % =Arh (12L: 12D) - 27 6
12 »57 18 =~ QEslTésﬁl e E YRl > S
L BRI ) 5 e
(ANOVA) % Tukey 155 =g s
i I ALY B -

M~ N. viridulus 2 & EEEIRE
S FLR
R TFEEEPE g, DR R R
VIR At Pl &V MV ELE - FBE
(Bombyx mort) [ [ 15 B E RS BER
B MFiE R A fR- NRFRESE
B s *ﬂg{é’fﬁa (Galleria mellonella) ZVE 5L
F B, PogtERnie > ) S TRl (P 150
mL - %% 150 mL - ﬁ ks 200 g - QEJ‘F’,
I8 100 g) BEA > ﬁ]% RSPl o
(E 2345 (Lipaphis erysimi) *#~U7F (Myzus
persicae) R IK P hgSE Y FL gy B F5 R o
I3 IR = SR (2 U7 I AU PR = R A A 6
& CWRFTRE TR (B AP I o
fﬁ‘[’ﬁ“ 10L : 14D VTSR F = > B
- NERFESERE S ARk (Spodoptera
litura)~ 4Lt (Crocidalomia binotalis)
TR (Plutella xylostella) 2V IF 3 #5055

150 GRS =155 1

il
iy
S

\’r

AT

= R AT B LR PR IS ] - ﬂ%
[ Rae i ) N IR 25°C 1918 % AT
(12 L - 12D) > St | iy BT R 2L - fil -
FIFVE 2ot = EhEE IR (Pleris rapae
crucivora) * (F | :FE[' = % (Porthesia
taiwana Shiraki) #RFHHEASFF7E D 2
e B TR e
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Fig. 1. Infected Cryptotympana atrata with fungus on insect cuticle. A. dorsal view of infected Cryptotympana atrata,
intersegment membrane has mycelia; the color of compound eyes became orange; B. ventral view of
Cryptotympana atrata cadavers, intersegment membrance of neck and leg basal part covered with mycelial
mat; C. ventral view of infected Cryptotympana atrata. D. spore stuck on Cryptotympana atrata body surface
under SEM (500X); E. mycelium and spores under SEM (500X).
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B= Nomuraea viridulus ¥3F 3582 « A~ HERFEK ; B F#EHF ; C EERFE (12hr); D~F BFEIG
£ (24~36 hr) ; G~H E#fIER (48 hr); |~ FZRLFRT (48 hr) o

Fig. 2. Germination cycle of Nomuraea viridulus. A. conidiaspore enlarged; B. budding; C. germination tube

produced; D-F. germination tube elongated (24-36 hr); G-H. mycelium elongated (48 hr); I. sporulation (48 hr).
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#— FTREIBEY Nomuraea viridulus ¥F 335 2 %%
Table 1. Effect of temperature on germination rate of Nomuraea viridulus

Germination (%)*

Temperature (°C)

12 hr 24 hr 36 hr 48 hr
15 0.0 ™ 0.0 ¢ 03° 2.0 °
20 0.0 ° 4.0 ™ 43P 43"
25 132 18.0 * 37.0 ® 60.0 *
30 0.0 ° 6.3 " 5.7 P 9.0 "
35 0.0 " 23« 30° 3.7 °

* 300 conidia examined.
" Means with the same letters on each column are not significantly different by Tukey's test (p < 0.05).

KT BEEY Nomuraea viridulus £ EREREZE
Table 2. Effect of temperature on the growth and sporulation of Nomuraea viridulus

Temperature Colony diameter (cm) Sporulation (x 108 conidia/mL)
(°C) day 6 day 12 day 6 day 12
15 0.60 ¢ 0.70 © 0.00 © 0.00 ®
20 1.20 ® 2.05 ° 061 ° 418 P
25 125 ° 2.20 2 1.56 2 25.50 2
30 1.40 @ 2.20 ° 0.47 ™ 440 P
35 0.70 ° 0.70 ° 0.00 © 0.00 ®

* Means with the same letter on each column are not significantly different by Tukey's test (p < 0.05).

K= WMFEFY Nomuraea viridulus £ RREMEZ FE

Table 3. Effect of various carbon sources on the growth and sporulation of Nomuraea viridulus

Carbon sources Colony diameter (cm) Sporulation (x 10° conidia/mL)
Sucrose 1.4 245 b
Starch 13" 1.98 ™
Lactose 1.3 1.35 b
Glucose 16* 2.40 P
Maltose 12" 3.72 °
Galactose 1.0°¢ 120 ¢
Fructose 054 0.00 ¢
CK 1.0° 1.80 ™

* Means with the same letter on each column are not significantly different by Tukey's test (p < 0.05).

'l pH7 ]ElfJ%m\ﬂ;A;I 0.065 g £ifEl > pH 8 IR ﬁi‘ﬁ%ﬁii‘ﬁ g E Ny
Y 0.055g %1 va 10 v 0.015 g i » SMA+Y AZfY 2.8 ecm &5 f ARTET 2.5
pH 4 v 0.020g -~ (q\‘;ﬁ' 1) e cm KV gﬁﬁLgvyjjgqu 1.3cm £/ » H
7. % f' iﬁ%ﬁl %} N. viridulus & R W &5y ﬁ?%ﬂﬁ:""%%%%' 53’?‘ P55 750 SMA+Y
NG =7 9 1.1 x 107 conidia/mL ﬁéﬁ!' » R B EPE
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B= 25°C WA TEZETERMR
Fig. 3. The growth curve of Nomuraea viridulus at 25°C.
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Fig. 4. The sporulation of Nomuraea viridulus at 25°C.
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= FHRFEH Nomuraea viridulus £ RREREZFE

Table 4. Effect of various nitrogen sources on the growth and sporulation of Nomuraea viridulus

Nitrogen sources

Colony diameter (cm)

Sporulation (x 10° conidia/mL)

Asparagine 1.33 b~
Urea 0.00 ¢
Peptone 1.80%
NH,NO, 0.28 <
(NH,),S0, 0.38°
NaNO, 0.20 <
CK 1.25"

6.30 °
0.00 ¢
18.90 *
0.00 ¢
0.00 ¢
0.00 ¢
2.45 ¢

* Means with the same letter on each column are not significantly different by Tukey's test (p < 0.05).
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Fig. 5. Effect of pH value on the hyphal growth of Nomuraea viridulus.
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KA TEBEEY Nomuraea viridulus 4+ EREREZHE

Table 5. Effect of cultural media on the growth and sporulation of Nomuraea viridulus

Medium Colony diameter (cm) Sporulation (x 108 conidia/mL)
CMA* 2.0 b 0.89
BEA 25 @ 2.35 b
MEA 13 ¢ 043 °©
Cz-Dox 20 ° 0.31 ¢
PDA 18 P 0.81
V8A 19 P 2.10 b
YEGA 20 ° 410 °
SDA 18 P 2.72 b
SMA+Y 2.8 @ 1.12 @

* CMA: Cornmeal agar, BEA: Beef extract agar, MEA: Malt extract agar, Cz-Dox: Czapek’s-Dox agar, PDA:
Pepetone dextrose agar, V8A: V-8 juice agar, YEGA: Yeast extract glucose agar, SDA: Sabouraud’s dextrose
agar, SMA+Y: Sabouraud’s maltose agar + Yeast extract.

“ Means with the same letter on each column are not significantly different by Tukey's test (p < 0.05).

RN TRMELREESH Nomuraea viridulus 1785 2 52
Table 6. Effect of relative humidity on germination rate of Nomuraea viridulus

Germination (%)*

Relative humidity (%)
12 hr 24 hr 36 hr 48 hr
100 2.67 ** 20.00 * 27.00 * 80.00 ®
95 1.67 @ 11.30 * 26.30 @ 68.00
92 1.67 @ 430 P 18.30 ® 70.30
85 1.30 @ 467 P 18.00 ® 69.30
80 0.67 ° 467 P 17.30 ® 70.00
75 0.67 ° 4.00 P 15.00 ® 55.67 ®

* 300 conidia examied.
“Means with the same letter on each column are not significantly different by Tukey's test (p < 0.05).
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#t Nomuraea viridulus 7£EEIEEE FFERNRTEHERIE

Table 7. Enzymatic activities of Nomuraea viridulus detected by solid culture media

Enzymes

Diameter of hydrolytic ring (mm)

20°C 25°C 30°C 35°C
Protease 2.3 10" 10" 1.0 @
Chitinase 6.0 ¢ 9.0 ® 9.3 ° 0.0 ®
Lipase 0.0 ¢ 10.0 ® 0.0° 0.0 ®
Amylase 1.0 © 1.0 ° 1.0 ° 1.0 ®

“Means with the same letter on each column are not significantly different by Tukey's test (p < 0.05).

#/\ FIR APIZYMZ RGAIATREESRNE 3 & 5 ReERE!

Table 8. Enzyme activity of Nomuraea viridulus detected by solid media, exuviae media and brown rice bag culture

(incubated for 3 and 5 days)

. . . . brown rice bag
No. Substrates Enzymes solid media exuviae media culture
3d  5d 3d 5d 3d 5d
1. Control
2. 2-Naphtyl-phoshate Alkaline phosphatase + + + + + +
3. 2-Naphtyl-butyrate Esterase(C4) m m m m m m
4. 2-Naphtyl-caprylate Esterase lipase(C8) m m m m m m
5. 2-Naphtyl-myristate Lipase(C14)
6. L-Leucy-2-naphtylamide Leucine aminopeptidase m  m + + +
7. L-Valyl-2-naphtylamide Valine aminopeptidase m m + + m +
8. L-Cystyl-2-naphtylamide Cystine aminopeptidase - - m m m m
9.  N-Benzoyl-DL-arginine-2-naphtylamide = Trypsin
10.  N-Glutaryl-phenylalanine-2-naphtylamide Chymotrypsin
11.  2-Naphtyl-phosphate Acid phosphatase + + + + + +
12.  Naphtol-AS-Bl-phosphate Phosphoamidase + + + + + +
13.  6-Br-2-naphtyl-oD-galactopyranoside a-Galactosidase + + + + m +
14.  2-Naphtyl-pD-galactopyranoside p-Galactosidase + m + + + +
15.  Naphtol-AS-BI-gD-glucuronide B-Glucuronidase
16.  2-Naphtyl-oD-glucopyranoside a-Glucosidase
17.  6-Br-2-naphtyl-pD- glucopyranoside B-Glucosidase + +
18.  1-Naphtol-N-acetyl-pD-glucosaminide B-Glucosaminidase
19.  6-Br-2-naphtyl-uD-mannopyranoside a-Mannosidase
20. 2-Naphtyl-aL-fucopyranoside a-Fucosidase

-, reaction of 0 on manufacturer’s scale; m, reaction of 1-2 on manufacturer’s scale; +, reaction of 3-5 on
manufacturer’s scale.
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RN TREEREEY Nomuraea virdulus £ RREREZEE

Table 9. Effect of pesticides on the growth and sporulation of Nomuraea viridulus

. Sporulation
Pesticides Colony diameter (cm) (x 10° conidia/mL)
6 days 12 days 18 days 12 days 18 days

Insecticides

2% Abamectin EC 1.28%% 1.95% 2.68¢ 4.21° 24.00°
40.64% Carbofuran SC 1.20% 1.78f 2.38¢ 1.50! 31.75°
2.8% Cyhalothrin EC 1.20% 2.00¢ 3.03° 3.13¢ 36.25"
85% Carbaryl WP 0.00" 0.00" 0.00° 0.00* 0.00*
50% Cartap WP 0.00" 0.00" 0.00° 0.00* 0.00*
90% Methomyl WP 1.43° 1.90° 2.45¢ 1.207 1.207
40% Carbosulfan WP 0.75¢ 1.43¢8 2.40¢ 2.33¢ 26.504
9.6% Imidacloprid SL 1.00f 1.45¢ 2.28¢ 2.15" 150!
44% Dimethoate EC 1.30¢ 2.28° 4.43° 4.08¢ 11.25¢
4.95% Fipronil FP 1.18¢ 2.08° 3.18" 5.00° 5.63"
99% Narrow range oil EC 1.35% 2.35¢ 3.35° 2.50° 9.13¢
CK 1.70* 2.50° 3.50° 13.00 47.00°

* Means with the same letter on each column are not significantly different by Tukey's test (p < 0.05).
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Biological Characteristics of the Entomopathogenic Fungus,
Nomuraea viridulus

Hsin-Yi Peng, Chiao-Chih Chien, and Wen-Feng Hsiao"

Department of Bioresources, National Chiayi University, Chiayi City 60004, Taiwan

ABSTRACT

This study investigated the biological characteristics of entomopathogenic
fungus, Nomuraea viridulus. The mycelial growth of N. viridulus range from
15 to 35°C and the optimum temperature for sporulation and germination was
found at 25°C. The optimum growth of this fungus was when it was cultured on
SMA+Y medium; at pH 7, with maltose as the carbon source, and peptone as
the nitrogen source, respectively. Hydrolyte enzymes such as protease, lipase,
chitinase and amylase, were present when tested with a specific culture media
at 25°C. However, the activities of lipase (C14), trypsin, chymotrypsin, (-
glucuronidase, a-glucosidase and a-fucosidase were not detected using the API
ZYM assay. Nomuraea viridulus did not grow on media containing fungicides
such as 50% benomyl WP, 22.7% dithianon SC, 50% prochloraz Mn WP or 65%
Dodine WP, or those containing insecticides such as 85% carbaryl WP or 50%
cartap WP. However, when inoculated with more than 2 x 10° conidia/mL, the
fungus appeared on media containing the insecticides, e.g., 2% abamectin EC,
40.64% carbofuran SC, 2.8% cyhalothrin EC, 40% carbosulfan WP or 44%
dimethoate EC, at 12 days after inoculation. When cultured on media
containing 90% methomyl WP, 9.6% imidacloprid SL, 4.95% fipronil FP, or 99%
narrow range oil EC resulted in a poor production of conidia. Only one cicada,
Cryptotympana atrata, among 11 insects assayed was infected with N.
viridulus causing ca. 25% mortality, indicating that N. viridulus has a narrow
host range.

Key words: Nomuraea viridulus, enzymes, insecticides, fungicides
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