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Project Code: MRG5080071
Project Title: Molecular analysis of entomopathogenic fungi, Metarhizium anisopliae.
Investigator: Dr. Patcharin Krutmuang

Department of Entomology, Faculty of Agriculture,

Chiang Mai University, Chiang Mai 50200

E-mail address: p-charin@chiangmai.ac.th

Abstract

Ten isolates of green muscardine fungus, Metarhizium anisopliae were used to
test for pathogenicity on second instar of common cutworm, Spodoptera litura under
the laboratory conditions. The tested larvae were placed in Petri dishes containing
green muscardine fungus and they were allowed to make a direct contact with the
particular entomogenous fungus. It was revealed that 3 isolates of green muscardine
fungus, BCC1858, BCC4849 and Khon Kaen were effectively killed 100% of the
cutworm larvae within 2 days. Subsequently, M. anisopliae isolates were brought to
examine with 8 different media for physiological properties. The result showed that
mungbean agar (MU) was the best for mycelial growth and sporulation. Moreover,
the optimum temperature for growth was ranged around 30-35 °C. When the isolates
were kept in the room with 12 hours light alternated with 12 hours dark, they were
produced more green spores than the other. [The best conditions for sporulation were
observed when the isolates were kept at 30-35 °C with 12 hours light alternated with
12 hours dark.]

When the 3 most effective isolates were tested with the 1%, 2™ and 3™ instars of
cutworm at 4 concentration levels included of 107, 10°, 10” and 10" spores/ml. The
result indicated that the isolate 4849 with the concentration of 6x10° spores/ml was
the most effective one. It was observed to cease the 3" instar of cutworm by 79.49 %

within 7 days.
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s wdmezaimeauazduausasimeniali e M. anisoplice 1N903ITUNTD
ﬁﬂﬁl,ﬁﬂisﬂﬁ'uwuauﬁfmﬁﬂiﬂzlmmiﬁ"l,ﬂmagmmmngymwaas:um’wmm fain
Zacharuk (1973) TBWINTE M. anisopliae  s1ANTOUTzENG T URUOUGAA LY
TRINTHY NauNzdin1IaanaIny

Burodeos and Villacarlos (1989) NARAULTE B. bassiana 2 OLBLAN WaLLTa M.
anisopliae 5 lalaianiudrsduinanisldiasdjuanisniniiaiuquamnnd 17e B,
bassiana W M. anisopliae o LC,, 7 1x 10° spores/ml MllaaTnsans 50 % wadan

N8I 3 WY 4 W% ANNAAL



TwlA%EN Maniana (1992) 68180 B. bassiana Wez M. anisopliae T Wa%
neaglrgiuaz wwaunoalwdnwluiaslfjians {8 B. bassiana snanInnlinuauna
aulwgl $8aTnsans 3 -100% waz wuaunaawSiu JeasnnTay 30 - 84 % il M.
anisopliae ﬁi:é’mmmLﬂuﬁﬂgoﬁm%'mmaaﬁmgﬁmﬁza 2 wiia Geflsas1n13any 65 -
100% mmﬁtymaaL%aiwxﬁiw:nmmuluvmaunaaw%ﬁ'u (LT, tdwt280 6.2-13.2 34)
Foannnimueunamolng (LT, wam 1.9-5.450) e s 2 e Sansnnlunis
augurnaunamalngjuaz wuaunaalain

Hajek et al. (2006) 91897%7 flﬂ’]ﬂﬁ%ﬁ] M. anisopliae WQE B. brongniartii Tu
MINILAY A WRKIAL

Sabbour (2002) ﬁ’]ﬂ’ﬁﬁﬂﬁ:}%%ﬂ B. bassiana W M. anisopliae Ay %uauﬁl,'gamz
WTuHS @9 LC,, V04 B. bassiana Wz M. anisopliae TiRWanunuan Sanviiy 3.4 x10°
L&z 8.61x 10’ conidia/ml ANF1OL

Milner et al. (1997) $18NWINNagOUWES M. anisopliae (lalaanFis10) f7u Uaan
2 species fa Coptotermes acinaciformis WS Nasutitermes exitiosus ﬁmm%u ﬁﬂ(ﬂﬁ\‘]ﬁd 86
% wm’wLﬂummguﬁ@ﬁwqﬂﬁﬂmmzﬁ%”?@a%iia@ Lwiﬁ'mam%ugaﬂ’h 93% ¥ lAtaind
mMImoLiadu

Sosa et al. (1997) @NwA conidial VoILEe M. anisopliae UWIWADINLIIMAIIN
Afimawzda 24 5219 § conidial Wiie9 5-20 % Linin

Bruck et al. (2005) TIE9NWINTD M. anisopliae 3 lolaan (F 52, ATCC62176
a2 ARSEF5520) U8 158 B. bassiana (GHA) NAROUNLURI I WAROUTORIINNZAEN 8
2 Wuiie M anisopliae (F52) ¥ lAnnan faafedaniseny 85 % uazAllade LC,,
WAz LC,, Y04 F52 Aiflnadanuawis 2 iy 2.7x 10° uaz 1.8 spores/g

Mullen and Goldsworthy (2005) ﬁmsmaam%a M. anisopliae var. acridum 2 1o
Taian Ao IMI330189 Wwaz ARSEF 728 iU enuaw wuin lalaian MI330189 snansavinlw
Lﬁ@muﬂukﬂvl,ﬁga %amaﬂszqﬂmﬂlﬁummaa conidia 38 N1IA@ blastospores LA71
lolaan ARSEF 728 snansanaliifialsa lasnisia blastospores ¥t driinsia
blastospores 71 bearnlalman ™MI330189 2zvin1w 1aulasd phenoloxidase ﬁagﬂm:umﬁaﬂ
Wndn Ganuludasanss 5 uaz faLdupuesanuan

Uma et al. (2006) Vl,@iyﬁ'lmsmaaol,%a B. bassiana W8 Nomuraea rileyi ALRUEH
NEYiHnID 2 WUIWTe B bassiana snansavinldvuewdulseld ﬁ'aqmﬂgﬁ 25+18461
S uauazBa N, rileyi snansovinlinuowdulseld ﬁqmwgﬁ 32 + 2 a9 TaLSua (8

Tla9) FRUAUQUANT 21+ 2 asemaiBoa (16 Tala9)



gnSUMIINeTe M. anisopliae anlFlunisilesiuidaunasdazis ludzina
Tnasis 5e? w.a. 2521 uaTad uazdaas I6vinmsenwdan M. anisoplice i
AILANMBIUYBIFIUIANZNINI

Pongpanich (1992) lanaaas L"% 8 Beauvaria sp. W Metarhizium sp. AU nuauinly
&n lagAT dipping W% topical method 137173137 dipping VLszENTAINENTT topical
method ¢a81 Sakchoowong (1994) I§vinnsANWI 0T B. bassiana U8s M anisopliae
A wuenduludn wuin Be B, Bassiana nlddalseuasfUszansawiianin m
anisopliae %dt%ﬁ] B. bassiana YNIARWEUANE 60.24 % LLG:L"%E] M. anisopliae W
WauANY 37.69 %

Kirtibutr (1994) swmmﬂ@?ﬁmilﬁmﬁa M. anisopliae  U%a1A17 Latch’s
medium 282387 30 Tt WA 45 T mnfuﬁmsﬁn%miﬁ;jﬂmn lasnSAULAERUNE
spores Gﬁlwaﬂﬁﬂg'jﬁw:nm 45 Tu swnsaaugulainldanitszezion 30 Tu dae
LC,, ‘ﬁ 227 x 10’ spore/cmz/ mg §@8¥7 Krutmuang (1996) ﬁﬁﬂ’]ﬁﬂ@ﬂﬁ]%%ﬂ M. anisopliae
var. anisopliae W8S M. anisopliae var. majus Audain Coptotermes sp. Wae Microcerotermes
sp. WU M. anisopliae var. anisopliae N5y IMAalIAldNNNIN M. anisopliae var.
majus LLa:Lﬂaﬁ(Ls%uﬁmimwaaﬂmni{ua%iﬁ'm's’mvﬁwﬁumaa spore  suspension  LLRZ
generation ?JQGL%EIT]LLQ&S’J&W% variety ?JQOL%/Q‘S’]

Youngchaitrakul ~ (1999) S99 W3IN M. anisopliae var.  anisopliae ﬁizﬁﬂﬂ’l’]&l
it 2x 10° glad v, vldnuenuuassutuis 3 J8asimIanoiads 84.88 %

IRy uazAme (2544 ) l0¥nsANEN M. anisopliae  spp. 31WI% 5 lalawian
wumMsnaesduisvesnasnslanfinens (Gaulssanuitues Samules, 1986)
lav'lalzian 5MKK Hdgiga fia 88.78 % FIUNTHAANIRTININYDILB AN IS
SDB (Sabouraud dextrose broth) MNANAAY aam{mﬁnuﬁwauﬁﬂﬂgaq@

ndad uszame (2546) lavinmanaaadluiasdfians wuwaeuilsdauue
@iaL%ain anisopliae W8 Fusarium solani

My e Ul se Tomisiu ’51Lﬂué’aamm@;mawﬁ'@mau%mﬁal%lﬁu
gmifa;gaLLa:Lﬁaﬂs:fﬁw%mwiumsmqu dlosnnigandsdanunannas 1
Fanw (biodiversity) T9lWIITRA (species) UATEN HWUE (variety) asiumah 19598
Lﬂu&'aammmﬁmm:mﬂﬁuﬁ:ﬁLm',uau Lﬁaommwiazmﬂﬂ'uﬁ:azl;’ﬁwﬁwmmmaa"l,@i”asm

WAZA GIRUNMIANBIMENERUTVRITEN M. anisopliae SNBRUTE 9 inulu
Uszinelneg ﬁﬁﬁﬂﬂmvwiamiﬁwmmmmé’mgﬁﬂ RN Tdunatinasiduzannsad

nuulgunepssiguisbiidududianulseansaineinis AInulaTimMIauiaadn



PN \ @ a & i Adaf a Aa & ad o ' @ ,
%%Vl’]dﬂﬁ]z‘ﬁ’ml%m‘lﬂ@ﬁﬂﬂﬂﬂ Nﬂ?’]”l;ﬂua%]ﬂ@mu NE!?JJ’]’]W'V]G] %G?ﬁ@]dﬂﬂ’]iﬁ]ﬂ‘ﬁﬂ?ﬂﬁ]
v aa o @ A aad A v 1a = A
ﬂ‘iJ’JﬁfﬂiﬂTﬂ(ﬂLLNQGI@U%’J’JD’Q% 6] L‘WE]Lﬂuﬂﬂia@ﬂ’]ﬂ‘ﬁﬂiu’]maﬁimuﬂ\‘mia‘ﬂ@LL‘Y]‘LL
saaflllufige



NN 3

ASN1INAaaY

3.1 NSINISLALIL s LY
[ =~ dg‘ = o Y A [ Y
311 m‘mmLaammsﬂwm‘lum‘sm‘lﬁmﬂfsﬂnuwuaumzuwn
WWBaT W8N M. anisopliae 31%3% 10 loloian @A Maejo,  Chonburi,

Suphan, Khon Kaen, BCC4849, BCC4951, BCC1707, BCC4810, BCC2074, BCC1858

=

(@137197 2) YURBIUUDNT PDA antaTland aieaes uaq liinmsdwdanseasan

a

A a e o <, Yo o ' & a
%iaﬁgauﬂiﬂauﬂ WIW 7 % ﬁ]’]ﬂuuu’]ﬁuauﬂizr}“ﬂqg 2 1@1% plate LTIV Yz

P v A \ Aa v A ' ad o by [ & o
30 ¥ N LL&’JLT&J%%@%IETI% plate 7]1]11]@]5%’] PILANZNITNITNI 4 D1 NRIINNUBATIIBUY
WNANIIANE

AN 2 uwnsaNaNval eI M. anisopliae  SNBWUTEN99

3.1.2 HA2BIMITABITEEAIA 9 aanisiaidulavatasdad
o & a o AN o A
WWBavle1 M. anisopliae  37%3% 3 laloan  Aldannimesadn 1 a1

wWisuifisuraniaatadvle lueiniszfiedis 9 $1uaw 8 wile da Sabouraud

SRl INE Gt frathafifi gonufi

1 BCC1707 M. flavoviride | Homoptera-nymph qﬂuﬁﬁugﬁ RIRRTY

2 BCC1858 M. anisopliae | Coleoptera-Lampyridae | 8<N alulad

3 BCC2074 M. anisopliae | Lepidoptera-silkworm FINTWUAITG

4 BCC4810 M. anisopliae - »

5 BCC4849 M. anisopliae - »

6 BCC4951 M. anisopliae - »

var. anisopliae

7 Maejo M. anisopliae AaL19RY an1iay

8 Chonburi M. anisopliae LRI LLVN“E’]?

9 Suphan M. anisopliae REHER ﬁﬂq??}] LL‘H:MT’]?

10 Khon Kaen M. anisopliae ZebEgroMt ﬁﬂ'}jﬁl{] LL%I\‘JT’]T
FN1IIYLUKITIA

dextrose agar (SDA), Sabouraud dextrose agar with yeast extract (SDAY), Sabouraud

maltose agar with yeast extract (SMAY), Potato dextrose agar (PDA), Malt agar (MA),



Mungbean agar (MU), Fungus agar (FA), Latch’s medium (L) lagld cork borer
PNALTURIUUEUINAN 1 o0, AaiTafiiesuua I PDA ey 7 Tn shldiResuu
2113TRAAN9 9 ANANINDN9GH 8 Tha I uUALREILTE (petridish) TWIALFUHIY
audnans 9 Ludwuay Nannnlves (Uszunms 28+ 2 asmwaiBon) wiu 15 T
1 ad o 3’ g 1 d‘ly v = a a a dq, 1
uaazn3InIT 4 4 navndudale Wisuisumaesudulevendoudazlals
wa lagdaduiuugudnarslalaitvese udazlalona 717, 11 waz 15 u (§ndy
MINARBIHINUHWNIINARBIULY factorial experiment, 10x8x3) e liaszinie

an = A 1 A ad ¥ . . .
g waziIouisuduadslasid LSD lagld program statistix for windows

a ol 1 a a g =

3.1.3 wazasgamadian 9 dansdyfulazasdasnden

o U 1 o 1 é v U v A

WuBasdien 3 lalaan NENNITNARIN 1 TIRLIURNRITIAL LT 3 THa
fa PDA , SDAY usz MU vnuuLiagali Naomniew o fa 25 aseioaidua 30 asan-

a a 1 ad o :/ = = a a

WAl W 35 asewaldos waaznIswitin 4 41 wWisufisumsesyidule
vaaudazlalaia lasTaduiuuguinaslalafivende udazlolawa 717, 11
ez 15 % (ﬁﬁ%?ﬂﬂ’]ﬁﬂ@ﬂadﬁﬁ’mLLNW’]’]‘S‘H@]&GGLLU‘U factorial experiment, 3x3x3) %1
afnle e zineaia uazilSoufisudadelasdt LSD lagld  program statistix

for windows

U
3.1.4 wavasussaantssatdulauadas g
o k3 1 o 1 & v k3 k3 a
a5 @en 3 laloan  Aldanmsneassin 1 TadssuweIwmITaeTe 3 ia
A & 1l ¥ i i A v
fa PDA, SDAY usz MU anuutinteld fgnnnfives (dszanm 28+ 2 aseoaidus)
waz 1) Niugs 12 Taldgaununiiadn 12 17189 2) Niusdanen 24 TAlud Wwas
3) e 24 Wluy wdaznywisin 4 $1 vmviemaedydulavsensen legda
yueavadlalafivesBasdon lundas plate A 7, 11 waz 15 3% (F1RTUMINaaedIit
MIUNUNINARBILULY factorial experiment, 3x3x3) AN be AT N97DA way
~ a ! A ad v .o .
wWisuisuanadslasds LSD lauld program statistix for windows
t:%/ Y
3.2 MIWILLABIRBBWNIENAN
& v da \ @ \ o @
duluaziniinga liuszdnuauswiacig g anudasdgninuasineainy a.qu
ALRe 39miaLdodlng lanaadwag@namia 24.5 x 17 x 9 LOUALNAT LALENNITDRILNG
2 A A o o 1 d' a ] 1
ldanlufmasfiansussanrhasusclyssuas Wonangldluazwundunuausivatnu

& ' a & o v o & @ a wa PN
L‘]Juﬂ@'ll (7NN 1) mﬂuum%uaumzz}wn‘ﬂmummnLLﬂaawﬁLaﬂalu%aaﬂgumﬂWi 1
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Qc: dl a a dl A
gaannidgalady 26.21 adsanoaBus gunpigigaad  31.71 avaLoalTuy
o v dl 1 1 a ] a v v dl
lasihwueunsziinildsululandesnaradnlndowmaidy wiawluazi (nwd 2)

aunTenddnanud suenldinu i lunsaswaz@namwe 8x10x 8 taudiuas tilae

v =

waah llalunsendnanuuades (nwd 3) Waanudsaniduadlduis (AN 4) 39

o a & L Y X Ada v o a A o ¢ . o
Iﬂﬂ’]“']iwl.aa I wUININNANUANTY 10 % I@]UNL&SN&&IW%QLL&:’JNMU%W}J‘,’]

viuade (nwh 5) Jeaalunghueideldlandesnanadnawe 17 x 24 x 11
Erudnes usalienisaiggaanzin soaunsznivuaniiduluiesdfjidnis 193y

Hunuawisf 1,2 uaz 3 (Mwh 6) 3shwnanlunaseunuilayiden

AINN 1 ﬂﬁj&muaunixﬁﬁnuﬂumﬁ’l ATNN 2 mnﬁm%uaunixﬁﬁnh

UHuane

C; 1 s LY n;d ni = d‘r v i
AINN 3 NRAIANLA L]J@F»]hlvlﬂuﬂiﬂﬂil NNN 4 NLaa%uauﬂianﬂ @I'Jﬁd
()

o a A & oA ' o A
wonuuade Wwaluingla luszos dudy ()

'
a a

nasadluiize
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= /B
A = 1' UI
x. E =
) R ==
|
ﬂi 1 1 v v ¢:. v e
AINN 5 nqul,wuaum:nwﬂuumy'} NN 6 MUuaUNIENANIY 1,2 uas 3
ANy
ULALTE ey

%

3.3 nadaulszAninwzasdasdiaalunsviliiialsanurwannszian

o & a o AN o A &
PYADAINVYIUIU 3 vLaIsﬁLﬂ@] ﬂi@%qﬂﬂqiﬂ@aaﬂﬂ'] VILRYIUBDINRIT MU
a & d o ¢ o ‘A & & A a a e
IULATITYLANN g3vavel LLﬂ')vLﬂJaJﬂqjﬂuLﬂﬂuTﬂﬂLﬁai'] Vﬁa'ﬂ]ﬂuﬂjﬂau § UMNaray B

sauanudutuimanzan luminiugurneunszyiin

= . & a A o 6 v

LAY spore suspension VBILTAINVYY 3 VLEJIGIJLR@] NRYNFUDTUBIIANT LLﬂ’J‘H@]

28NNBIWISNINEN NUUNAYK NIBIALENIVIIVIINININUAY 2 T1 (F bR D ean
AauiuNNI®d) NILT haemacytometer wAIHURUES wurilalasnsta cover slip
lﬁﬂqu scale 19889 N lD loop ﬁjumlu spore suspensions AVEIWTNHAUR IR
o a ¢ & [ . =< 5 &
g18 loop "hJLm:mamnmmauavla@m ROINW spore suspensions fﬂzsﬁmm"lﬂ%umu
VS0 scale NI&ad agnld dropper lunsehe spore suspension el haemacytometer

[ . a [ ' v A ed o
meﬁ]:"l,@ spore suspension mmnu"lﬂLLa:Vl,mauawawn scale TIEWILDNRUDINUY

lalaassauanuduass Wala spore suspensions waIARIIUszNIL 1-2 wfi e ld
[ 4 v ' /KR o o [
FUATUHABNWNDWIINUINWINTU DT

mMysmmmaNududulasld  haemacytometer (NMWAH7)
1. lunsdinadasulamaandasnsnuiamadan nsuuaslausiio E @34
A o L A A = & \

N8 TIUTENaUAILTaIRIARLUTUIALAN (small  squares) NIRNA 25 T
UazUFTRILANUKIZLIENOUMBTAIUUIALANTEA (smallest squares) BE] 16
\ @ €0 @ o & A A g & ed 1 a
tod maiusdesrivdmiuninuaiegluuiiomi Nansadesneguiiaom
VOUVIANTWNNTBIE

2. AUWNUSIM E WINNY 25 x 16 x 1/400 9NT19NARLNAT

3. mnaadudSunas @anudn 1710 Jafiwas) vinny 25 x 16 x 1/400 x

fa A A
1/10 'gﬁﬂﬂ’lﬂﬂQJﬂﬂL&l@]i %30 0.1 RU.NY.
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4. auuﬁﬁuaﬂaﬂuu‘%nm E lésunminuavinny Y atas 1 0.1 au.uu.

v v v 1 A 1 s
5. @la\‘iﬂﬁiLﬁEl‘lJﬂ’J’]?JL"IJN?J%I%%%’]EJ 1 aU.4. w30 148, 99 1 4a. tviny

1000 AU.3.
gt ludBunes 0.1 auaw. tusdadle = v avas
Ml 1000 au.uv. (1 ¥a.) wedaves =Y x 1000x 1/0.1 sa¥
= vyx 1x 10
slas/ua.

6. lunvdiadas wiamaddvwalng asiuiwnadeswisadeiniaiadnn
U A B C D uae E anumihdfnldunsiuny wazmidadslagnis
¢e 5 839 neut lUdmuIaNuT Uty Lo auyaﬁuéﬂmuaﬂaﬂﬁ
NN Z sdad asnuenudutuuasaesde 1 N8, = Z/5 x 1 x
10" slad/ua.

o v @ [ v A A [ ° [V .

7. nmanaiuanutuinazliualndifissninfiga azdasrinlid Suspension

o A A o & v A £y & & \
nizndNInige wisenaduiuazdesiimsiuuinaisdu 1gu 5 - 10
A39 WA LaRENERRY #8133 UuAaIAN wetting agent LT

A o ¢ A & o val & A A o
Tween 20 a4 liNatioligles wiawas nizaoarlaadu (MetiNalins
o v v v [l o J
fwimanuLdud® gndasulndInIw)

o €d' a U [ 6 L™ o 6 A 6
8. ma"l,a@‘nmel"l,é”l,ﬂmwgmﬂi@lﬂaao@amﬁﬁu wudwIugtas wIoLTas
YA TR MW IR AN U NT LA A TAN U TR 96T

o v o 7
laglunisnasadlaltanuindu 4 s2au fa 6x10 sas/va.,  6x10°

atlasua. 6x10° atas/un. uaz 6x10 slas/ua.

| I | | |
I
—— £ (1R} B
100

i
Il
il
I
|

3
3
Il
Il
It

ComiEen

S N

M7 aladuuales (haemacytometer)
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o % % ; Aa o & a . &
muanis 1, 2 uaz nuauds 3 1dlu plate ATFEUHUEUENA19 9 o0, AanuiTa
TBLINILAUANMULTUT AN § (NWNB) NRIMNIUATIVURLNANITONYN 3, 5

AT 7 3%

a Aa v o e & a A o v o
ATINN 8 Plate Wuﬂuauﬂﬁz‘ﬂwﬂaﬂ 1, 2 s 3 Qﬂwu@’J&IL"EE]T]W&I’W]S&@]UWJ’]@JL‘U&J"U%
@4 9

a ¢ Y
ﬂ']s')l;ﬂs’]zﬂﬂaﬂa

i o v o A ad & ¢ = €
LLﬂadﬂ’lﬁl’lu’Ju%uauﬂixnwﬂ’w 1,282 3 'ﬂ@nUlunﬂﬂiim?ﬁLﬂuLﬂajLsﬁu@l
ﬂ’l‘i@l’lﬂ@l’lllg@l‘i

% N1 wamuaum:ﬁﬁﬂ =

o . & o o &
(WIRAUIUNBUNARBULTBIN -3 BA B UANINARDULT YL 89) x100

IWIBABOUNDUNAROULT DT E
fiimInN8p84nTINITAILAN (control) A1ANTT 5 % linanaslna
fiimIanspeInTINITAIWGN (control) aglusa9 0-5 %lUTUANUaTIGUd MInsved

>

WUAUNIENNNGE Abbott’s formula a9t

Abbott’s formula, Pt=Po-Pc x 100
100-Pc

Pt =% Corrected mortality
Po =% Observed mortatity
Pc =% Control mortatity
(F1RSUMINARIRINIUHUNNINARBILUY factorial experiment, 3x3x3x4)
1 ci a 6 aa = = 1 d' ad v ..
A le lUAeszdneadd wazilSouisuanadolasdd LSD lasld program statistix

for windows Uufin JUIANBAZ Faadlaladl wazsUasvasToudazlalaias wad
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i lifasuneBududayaidIouiiounuiieenenulinndugiuing wazansue

NMSNANANSLYRIVAILT AT L7
msﬁ’mmm%ammﬂmeﬁuqnﬁu (DNA marker)

MIAUMUATIRININNIARINTINARANNIWNIZAD M. anisoplice  UARZRIEWUTLNE
ﬁnmﬁaa&amaﬁﬂﬂmaqa lawl43% Amplified fragment lenght polymorphism
(AFLP) 1iui3znauade:

1 NAFIWUINTTY (DNA) NNBENLEW VBILTET M. anisopliae WARzEEWUT

2 MI9A A28819 DNA 28948871 ( 250 WLUnIN) daetewlssd  EcoRI Was Tag |

3 DNA fragments WLTONGE Eco-adaptor (5'-ctcgtagactgegtacc -3, 5 -aattggtacgcagtcta-3")

ILee Taq-adaptor (5'-gacgatgagtcctgag-3', 5'- cgctcaggactcat-3") ﬁm%‘mﬁ”’mﬂmmﬁgné’@
delawles EcoRI WAz Tag I aNyd1aL

4 preamplification DNA fragments a8l pre-EcoRI primer (5'-gactgcgtaccaattca-3")  pre-Tagl

primer (5'-gatgagtcctgagcgaa-3")

5 L§an amplify DNA fragment 3711 PCR product luta 4.4678 EcoRI-NNN primer (5'-

gactgcgtaccaattctNNN-3") WAL Tagl-NNN primer (5'-gatgagtcctgagcgaNNN-3") \a N A8
a a [ A P a %2 . o [
iadlalnd A, ¢, G wia T mandSunn DNA lagldy@ primer &30 PCR
programm L3NGUGIBUANT 95 °C WU 3 W1 UAT denaturation 1 95 °C W 30
a a i A o A . A o A o
AWIN annealing NN 62 "C b 1 WIN LRSS elongation N 72 "C W 1 U1 NUIW
3 30U MUK E18n 12 veu lapyn g 330U wangmnnAvad annealing 89 2 °C
& v a . (o] a A . A (o] =
mnuﬂmqm%nﬂu denaturation 95 “C #1% 30 IUIN annealing NN 52 “C UI% 1 WIN
W8z clongation i 72 °C w1 1 w1# g1 §1ma% 20 30U UnzdadioNgmwnil 72
°C Ww 5w PCR product  fildazgnilusnumadisnszualnih

(electrophoresis) o denaturing polyacylamide gel Laz8iauLDLU DNA @28 silver staining
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Primer Sequence (5" to 37) Primer Sequence (5" to 37)
E-02 GACTGCGTACCAATTCACC T-03 GATGAGTCCTGACCGACAC
E-03 GACTGCGTACCAATTCACG T-04 GATGAGTCCTGACCGACAG
E-06 GACTGCGTACCAATTCAGC T-05 GATGAGTCCTGACCGACAT
E-07 GACTGCGTACCAATTCAGG T-06 GATGAGTCCTGACCGACCA
E-12 GACTGCGTACCAATTCATC T-20 GATGAGTCCTGACCGACGA
E-13 GACTGCGTACCAATTCATG T-22 GATGAGTCCTGACCGACTG
E-15 GACTGCGTACCAATTCAAG T-23 GATGAGTCCTGACCGACGT
E-16 GACTGCGTACCAATTCAAC T-25 GATGAGTCCTGACCGAGAC

ANMRNN 1T LENIIANBUAIIIVLUAZNITIIUIIND i aua

MAITAYINGT AmzineaImans  Ww1Inesoideslng

A AUSINBATANEAT  UWRIINLIAY L%Udi‘ﬁ&i

wazhasl Juaniy
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unNn 4

Aan1Inaaag

4.1 ﬂ'liﬁﬂLﬁﬂﬂt‘fi)i’lLﬁEl‘]el%ﬂ’]‘iﬁ'lslﬁtﬁﬂtiﬂﬁuw%a%ﬂizﬁﬁﬂ
INMTNBeEE? M. anisopliae 31w 10 lalmian smasouTURLEn
nezviinds 2 wadsIngdn @esded M anisoplice $wau 3 laloan A
ﬂszaﬂ%mwﬁ'ﬁq@ﬁa B8 BCCISSS, BCC4849 WAz Khon Kaen @9vinlvnuat
nayiiniy 2 Jdasmyany 100 wefidud molwoam 2 3 ussdnwasalesvasde
sudpans 3 laloan wuin indnsanzuanasiszgUnsidaudonay alasiimin

(MW7 9)

BCC1858 BCC4849 Khon Kaen
MNN 9 anmacaUasvad o83 M. anisopliae (1000X) 3 lalawian

4.2 Namaammmﬁyﬂa@yagm@ha 9 Giamsm'%zylﬁnfmmmL%”m'uﬁm
MINaReUTAATBIIMTALLTE ML 8 Tha RefnINNaTYYeLTeN
83 M. anisopliae  37%3% 3 lalaian FINAMTIATNZANIFAG e T197 3 waaald
Wi fedfismsusznindlelaanderidn fusievesemsatnsfidoidgni
8867 P =0.01 WUI1 0IMNILABITE Mungbean agar (MU) vnldiZesnden lalaan
BCC4849 WAz Khon Kaen Lﬁ]‘%tyﬁﬁq@ ﬁ@hm‘é"wamﬁumuﬂuﬁnmﬂﬂiaﬁﬁ 15 %
WAL 8.14 uaz 7.89 Ludiuas mudey dawderide lalaan Bc 1858 1237y
ﬁq@uumms L, MU W&z SDAY Lﬁumuﬂuﬁnmﬂﬂhﬁﬁ 15 1% LYINNU 6.66, 6.93 LA

7.15 LTWGALUAT ﬁ&lauﬁmwamimaaauamlumswﬁ 4 U8z NN 10
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SNEU0ILalathUaIRITUGA AL TRALANG1IN O LA LATA Lﬁal,%amq 157%
A dq, a d‘y d‘v = £ = = ]
fa oyl laloian BCC4849 U MITIRLITa MU Ldwlu &2 Iﬂiaukl,ul,mu
o ° A ' AA A A A A o A A
AL ADAaULNILAIEURITFLAR DY UImnatdlalaninisasslasnimaen
& a g & a o Y Y a
Wwasden lalaan BCC1858  UWaIWIILRLIMa SDAY SUAUla8NITRIILEWIRYD
' A e ' a & A A A =
1199 lasudunuldfremmislosudiduae 9 devuddowmduniinies thasanninng
'Y e A & a & A A a P A A &
gralasantes nnnlfswduidsiuusnaadlalat slasiadon wazlan
a g & = o o = ' =i & A
Welalaan Khon Kaen UWAIWITIRLITE MU Sd819dulofenn dandfuniug

a @ Ada o & o AA A A
LUEILVY TQUIQIE‘]%N&TW? ANBUSVDIRUDIARUNINFLULN ("AN 11-13)

A159N 3 WANITIATIEAAMNVHWLUINIRDAFINRIY factorial  treatment effects WAE
interactions ﬂ’]iL’ﬂ%Ey%ﬂdL%ﬂi’]LﬂEl’J M. anisopliae 3 loloan vuerns 8 afla was

MINAFAU 15 1%

Source df MS F P
Rep 3 0.05

Isolate (I) 2 1.11 20.50 0.00
Media (M) 7 4.87 90.06 0.00
*M 14 1.49 27.52 0.00
Error 69 0.05

Total 95

Coefficient of variance 3.61%
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BCC4849

BCC1858

Khon
Kaen

o PDA
m SDA
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oMU
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ANN10 M35 VaNTaTD M. anisoplice 3 'lalwian uuorw1s 8 wha waINT

NARAU 15 14

1=I a a dq’ a
N1319N 4 ﬂqﬂﬂimL@UI@TBMTQTﬂﬂﬂﬁﬁl

anisopliae

vuamMIRBNTeTlads 9t lasmyladudugudnanslaladl eeny 15

1170 3 lalalan

& & ' 1
IR UGL"UBE’J{@]S@I’N 9 (T.4.)

T PDA | SDA | SDAY | SMAY | MA | MU FA L
BCC4849 | 675 | 626 | 659 | 589 | 604 | 814 | 693 | 6.6l
BCCI858 | 6.18 | 608 | 715 | 590 | 545 | 693 | 595 | 6.66
KhonKaen | 6.11 | 440 | 611 | 578 | 685 | 789 | 736 | 671

LSD ,,, = 0.33
LSD ,, = 0.44

0.01

"aadufaain 4
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A 11 anwuelalafivaanTon@en M anisoplice  talwian BCC4849 NaStyun

21%13 8 THA WBRINIINAFAU 15 1%

PDA = Potato dextrose agar MA = Maltagar
SDA = Sabouraud dextrose agar MU = Mungbean agar
SDAY = Sabouraud dextrose agar with yeast extract FA = Fungus agar

SMAY = Sabouraud maltose agar with yeast extract L Latch ’ s medium
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A 12 anwmzlaladhi@Barilen M anisopliae lolaian BCC1858 Na3UHa1%T 8

IUA RRINIINARDU 15 1%

PDA = Potato dextrose agar MA = Maltagar

SDA = Sabouraud dextrose agar MU = Mungbean agar

SDAY = Sabouraud dextrose agar with yeast extract FA = Fungus agar

SMAY = Sabouraud maltose agar with yeast extract L = Latch’s medium
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nnn 13 anwmelalativaaTenilen M anisopliae lolwian Khon Kaen NaStyun

21%13 8 THA WRINIINAFAU 15 %

PDA = Potato dextrose agar MA = Malt agar

SDA = Sabouraud dextrose agar MU = Mungbean agar

SDAY = Sabouraud dextrose agar with yeast extract FA = Fungus agar

SMAY = Sabouraud maltose agar with yeast extract L = Latch’s medium

43 uazasgmniiae 9 damaiaifulazeandasiiian
nInaseugmn)inninzandenseiydulavensanilion M. anisopliae
$ruau 3 lalaian vuemadoase MU fiszdugunnd 25 aseioaifos 30 a4
a = 1 a aaa 1 1 d?/ =
aLfus uwaz 35 aveaaldos Uangifadjisensiuseningleloenaeasosden

> a o dl 1 d‘l» = g; a a v
Augmngil aauaedlua1swn 5 (P=0.01) wud Warulisans 3 laloian wigidulald
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ad P a a o o & ~ & =
@]‘ﬂq@ﬂqm%{]&l 35 ANANLTRLTUR I@]ﬁn@]Laquuﬂuﬂﬂaqdiﬂiﬂumﬂﬂmia BCC 4849 4
7=

a ] "o a P ! @ ' v o a aad
Lﬁ]iwuvla @aﬂa‘;@ ﬁﬂ’n‘ﬂ’]ﬂ'ﬂ 7.16 LOUALUNT SINLL@lﬂ@n\TﬂuﬂU’]Gﬁuﬂﬁ’]ﬂfyﬂ’]ﬂaﬂ@]ﬁﬂjq1]

]
%

Waat 99 % mIssdrUasvadmaridien lalaian BCC1858 aﬁ”wmnﬁs:é’uqm%nﬂﬁ
35 a9@LalTys §waaTI T80 lalaian BCC4849 waz 1Tas1uden talalan  Khon

v 6 A [ Aa a A A
Kaen ﬁi’]dﬁﬂﬂi&l’]ﬂﬂit@ﬂ@ﬂ&ﬁﬁu 30 NALTRLTYR (ATWN 14 LLRZAITNN 6 )

A3 5 WANITILATIERAMNABLYINIIRDASIATY factorial  treatment  effects LAE

a '

interactions  MIATYVBNTaIWTYY M. anisopliae 3 laloian Ngmunniuanedreniu 3

U

720U UHBIMIT Mungbean agar RRININAFOL 15 I

Source df MS F P
Rep 3 0.59

Isolate (1) 2 18.69 116.49 0.00
Media (M) 2 12.78 79.65 0.00
Temperature (T) 2 14.28 89.04 0.00
isolate x media 4 0.45 2.80 0.03
isolate X temperature 4 3.38 21.06 0.00
M*T 4 0.09 0.62 0.65
I*T *M 8 0.25 1.59 0.14
Error 78 0.16

Total 107

Coefficient of variance 7.67 %
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M3 6 MINTYVOUFOI VLI M. anisopliae
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[

o A
1UIU 3 llf]IG]fl,ﬁ‘V] NITAUYUND

Q U

UANANAULUDINIT Mungbean agar HaInMINAdoY 15 U

- QUNYL Wurugudnarainlail (w.a.)
BCC1858 25 DRI d 4.69
30 DA U ALT 4.56
35 DA UL 5.97
BCC4849 25 DR IALTod 5.25
30 DA U ALT 6.19
35 DA I AIT 7.16
Khonkean 25 DRI AIT 6.33
30 DA U ALTE 5.16
35 DA I ALT 6.35
LSD ,,, =0.56
LSD =0.75

0.01

v F
"AUnALAAIN 4 G

Y



1391858

25 DIAUBAITE 30 DIAUTALTE 35 pIANBAITIE

1¥9 BCC 4849

25 DI NS AT E 30 paFIyA 35 pasnIyated

Y
L%@ Khon Kaen

25 DIA s AIT A 30 pafIFAT 35 paANsAITO

24

v Y Y
MU 14 MINTYVoUFeI eI M. anisopliae 31U 3 loTaan Av %o BCC4849,

Y 1
BCC1858 a1 Khon Kaen (N3zAUQMWQN 25 03fussaiBod 30 03 uyaiFod 1as

DIAUTATIT) VUM Mungbean agar HaINMINATOU 15 U

35
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\ a a g IS
4.4 wamaaumﬂ'ramsmstymuimmwmumm
1 Y
Wﬁﬂﬁ‘ﬂﬂ’ﬁﬁ]‘ﬂﬁﬂTWLLfNﬁm3J1$’€T3Jﬁﬂﬂ1§Li]iillﬂ]@\i!;‘iﬁ]i%%m M. anisopliae UIU 3

d‘ a 9 1 a aan 1 1 dy = [ d‘
hlf)I“]ﬂ,ﬁ‘ﬂ NYUH YU BN W‘]J’Nl,ﬂﬂﬂid]ﬂiEﬂi’Jll58??31\1[161“1)'@‘1/]61]6\1!,%@51!"11El’Jﬂ‘lJ’(?fﬂ1WLm'\‘11/I

U

[

1850 (P = 0.01) sanansluaisian 7 Tasnwesuven loTaan BCCI858 1ag BCC4849

]
v A

a a Sldd' o [ A ) ! dy =
wiganTalaanuas 12 F lwadunuiia 12 ¥11us @23 1Wer lo Taan Khon Kaen

@ Yy ] 4

wigrauTaldaalunida 24 $27ue Taedadudugudnaisdd 7.03 wudwas  7.57
IFUALAT 1AZ 7.89 1UANAT MwdRY ¥ luuanaesnuedeliiediaynisananaig
A & ) s A A v y
WoNu 99 %  msadnadesveusesier loTyan BCC1858 az Khon Kaen a519dilos

1y Auas 12 A lusadusunda 12 $2lue daude BCC4s49 a3eatosuinluiil

e 24 H3 119 (PN 15 1ag a15199 8)

H a 4 o aa o o
ﬂ1§1~1ﬁ 7 Nﬁfﬂi'Jl,ﬂi'w’ﬂﬂ'ﬂuNullﬂ‘iﬂ'l\iﬁﬂﬁﬁ'lﬁiﬂ factorial treatment effects LA
Y v
interactions ﬂTiﬁ]iﬂJﬂl@\iL%@iH%ﬂ’J M. anisopliae 3 ll’t]I“]ﬂfW] NAMNLEUANANNY HA

MSNAEoU 15 U

Source df MS F P
Rep 3 0.25

Isolate (I) 2 31.70 8.78 0.00
Light (L) 2 14.11 12.86 0.00
Media (M) 2 23.74 58.71 0.00
I*L 4 0.39 0.17 0.15
isolate x media 4 1.74 0.42 0.00
light x media 4 0.99 0.84 0.00
isolate x light x media 8 0.45 0.78 0.06
Error 78 0.23

Total 107

Coefficient of variance 8.10 %
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M Y H
M3199 8 MITYVOUTOIUIOY M. anisopliae 31U 3 o Taan Neanwuauana1eny 3

(11 YUDIYIT Mungbean agar HENMINATOU 15 MU

190 ta Wurugudnanlnlail (v.u.)'
BCC1858 | tara12% Tua/iia1242 Taq 7.03
L 24 ¥ 1ug 5.07
A o
e 24 21719 6.07
BCC4849 | uara12%2 Tua/iia 1242 g 7.57
(e 24 ¥ 1ug 6.09
A )
19 24 ¥ Tug 7.03
Khonkean | tad1292 Tu/ia 1292 Tuq 7.69
(e 24 ¥ 1ug 5.75
A )
19 24 ¥ Tug 7.89

LSD

LSD ,, =0.67

=0.89

0.01

v F
"AUnALAAIN 4 G
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1¥® BCC1858

uaa 12 /e 1292709 uae 24 92139 e 24 %2109

139 BCC 4849

uaa 12 luvie 129709 uad 24 ¥ 109 e 24 ¥ 114

Y
lfdlfﬂ Khon Kaen

uaa 12 5 Tua/ie 12 92104 1era 24 2739 e 24 $2T4

MWN15  MSTYUPUFITNIGI M.  anisopliae 31171 3 loTaan Ao 130 BCC4849,
9 1 v '
BCC1858 1az1%® Khon Kaen (uad 12 $¥2lua/iia 1292709 uerd 24 92104 uag dia 24

#F2134) UUDIMIT Mungbean agar HAIMINATOU 15 TU
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w

a A & = o Y a U t4
4.5 ﬂﬂﬁ'f’]ﬂﬂﬁ%ﬁﬂﬁﬂTﬂﬂlﬂﬁWf’]i"ll"llﬂ'ﬂuﬂ1ﬁTlﬂﬁlﬂﬂIﬁﬂﬂ‘llﬂu'ﬂuﬂﬁgﬂu f
a A Ay = o d!
HANMINATOVUTLANTMNVOUTOTUVEY M. anisopliae UIU 3 ]1’01“11!,@‘1/] ¥

a 4 aa A J dal = v 9 o o A
HaNSAATITHNWADA TUAIT 1N 9 NWUN llfliclﬂa‘i/] BT UV NUHUBUNTENNN N 1, 2

[

H i1 3 Y
uag 3 liuananiuedniivedidynieanananuroi 99 % vasnwde 7 u Usingi
Ady = = J J A Yo o =
o3 1wy lelaan BCC18ss Tnlosidudmamogaganiivounsziinisi 100 78.95 %

' g A a s o 4‘ ¥
AIULEDITUVY "laicmavl BCC4849 1182 Khon Kaen NlﬂﬂiL“]fu@]ﬂ?i@]’lfquq@ﬂﬂuﬂuﬂigu

]
v A

AnJen 3 A0 79.49 % uaz 59.46 % eNAIAU (MW 16)

) Y

4 a 4 Y an
ﬂ1i1ﬂﬁ9 NANITUATIZHANUAUUYTNIITDATINSY factorial  treatment  effects LAY

. . 49} = . . (3 Yy 9 o J < 4
interactions YOI UVYI M. anisopliae 3 h],?JTG]J’m‘VI FTAUANUAINUIY 4 52AD ta 1esisua

]
v A

mimﬂmmwuauﬂizﬁﬁﬂ N 1, 2 1ag 3 Haanaaey 7

Source df MS F P
Rep 3 2.53

Concentration (C) 4 152.92 37.67 0.00
Isolate (I) 2 54.32 13.38 0.00
Lavae (L) 2 6.72 1.65 0.20
concentration X isolate 8 14.89 3.67 0.00
concentration x larve 8 12.46 3.07 0.00
I*L 4 2.63 0.65 0.63
C* *L 16 2.70 0.66 0.82
Error 132 4.06

Total 179

Coefficient of variance 50.80 %
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~ J J Yo @ = 1 dy =
MINN 10 uﬁmLﬂaiwummimamawuaumznwma 1, 2 Uag3 HadRANULEDIUVY

M. anisopliae 1oTwtan BCC 4849 1 3, 5 waz 734 NTzAUANMINTIY 4 T2

sEAUANMTNTY | J8 | dasimIme 3Ty | danimsme s 3u | dasimsene 7 3u
(@15 /ua.) %MINBTI %MIABR3 2%6MIABRI
6x10’ 1 0.00 13.16 15.79
2 0.00 5.26 13.16
3 0.00 20.51 53.85
6x10° 1 2.63 60.53 65.79
2 10.53 39.47 50.00
3 2.56 51.28 79.49
6x10° 1 5.26 42.11 47.37
2 0.00 55.26 57.89
3 0.00 33.33 48.72
6x10" 1 15.79 71.05 76.32
2 2.63 42.11 4474
3 2.56 56.41 61.54
control 1 5.00 5.00 5.00
2 5.00 5.00 5.00
3 2.50 2.50 2.50
LSD,,, = 2.82
LSD = 3.72

0.01
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v
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a 72 9 o
HNINN 16 Lﬂ’f)i!.“]ﬂmﬂﬁﬂ'lﬂ‘ll’é]\‘iﬁuﬂuﬂig‘ﬂWﬂ N1, 2 1ag 3

Y
HAINMINATIVLTLANTMNUBUTOIUVEY M. anisopliae 91UIU 3 o laan

1 a aan 1 1 ds’ =) % (% 9 9 (% d!
WUN Lﬂﬂﬂ{]ﬂiEﬂi’Jll3Z‘I’i’ﬂﬂ’tﬂ“ﬁlﬁﬂﬂl@ﬁl%ﬂiﬂﬂlﬂ’) AU TEAVANUVNUY 4 T2AU BN

o w a

H ] v 2
uaNANNURE NI TIdAYNNADANANWFONY 99 % WAIWWFD 73U WUITZAUAY

o { IS 3 4
Wudugaga i1 ldisesuien lolean BCC1858 1Az Khon Kaen Hitlosiduanisate Ao
Y [
62.58 % uaz 40.02 % ewamy dauresuden loluanBCC4sds Nszauanmdudu

6x10 * ailos/ua. WlosiFuamsaie 15 65.09 % (MMN17)
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1
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= 1 o 1 A = 9 = . o 3
AANY 7 TU wuNviueunaeliduledvn (mycelium) UUHAINUBU Y niuYszI 14-

15 Su vzsulaswiuailesmden (M 19)

d' v A 1 d’l = [ A = 9 = .
MNAN 19 HAIRANULBDTUVYTI 7 IU wuauwmﬂmauiﬂmn (mycelium) ‘]Jﬂﬂ’q&l (A) uag

v A v a’l =) o A = I A
NAIRANUIBDTUVYI 14-15 JU vueunmelalesae? (B)
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5.1 miﬂmaanmias'lwﬂ'ﬂumim‘lwanfiﬂnuﬁuaum:g n
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NMINARAUL BIAWLALINUYIEENTA WU TAINT L7 39%72% 10 Lo lalan nu
%uaum:ﬁﬁﬂ’?ﬂ 2 lagAtdsaslvvnansuaanualasvaddaridorluawiasaira fs
1Fdszunme 30 Wil LA TLRBEWAANNIIN IHANUDIMITIRLITa v wianluaziiniNe
Wwairns wudn Wwasnden 3 lalaan Aa BCC 1858, BCC4849 Waz Khon Kaen 0
[y 6 & 6 % d' o Y Yo o =1
Trwauans 100 Wasidud aoluszoziig 2 1w mm@mmlﬂ%uaumzﬁwmn 2 3
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= dld =y a o Qs o g g: Aﬂl & Aada
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5.2 HA2BIDTMIIEBITEgAIAN 9 aanisiaifulavetasidyd
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] 2

MInNagauTharada nITadTa 8 The Ninacsudan1IaTNVaILTa 3
laloian  WuI1ga391%13 Mungbean agar (MU) Juse@nTnndfga laovildizen
a a o A & o o a
donadyldanga ns 3 lelman lasseandasiunmasadved Krutmuang (1996) 1
WU M. anisopliae var. majus WRE M. anisopliae var. anisopliae ®I1UIIN
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INTRODUCTION

Biological control with pathogenic agents is a
promising alternative to chemical control against the insect
pest of vegetable. Recently, the need to reduce the use of
msecticides in the control of insect pest is more and more
nereasing. Entomopathogenic fungi are ideal candidates for
negrated pest management (IPM) in forests and
geenhouses (1). Biocontrol is the use of living organisms
such as entomopathogens or natural enemies to kill others
ad to create a disease epidemic that spreads rapidly but
trgets only the harmful pest. Entomopathogenic fungi that
parasitize insects are valuable weapons for biocontrol and
play an important role in promoting integrated pest
management. The aim of the present study was to evaluate
e capacity of the fungus and select entomopathogenic fungi
Wetarhizium anisopliae, Beauveria bassiana that are highly
iiulent to Thrips tabaci(2) and Spodoptera litura (cutworm).

RESULTS AND DISCUSSIONS

four isolates of Merarhizium anisopliae (Metschnikoff)
Sorokin (BCC 1964, 4810, 4849 and 5797) and four isolates
of Beauveria bassiana (Balsamo) Vuillemin (BCC 2637,
436, 6241 and 6966) were evaluated for their pathogenicity
against the first instar of Thrips tabaci and 3 isolates of
Metarhizium anisopliae fungus, BCC1858, BCC4849 and
Khon Kaen were tested on cutworm. For thrips larvae were
aposed by micro sprayer with conidial suspension at a
sngle concentration of 10(8) spores/ml under laboratory
wnditions.  Metarhizium — anisopliae  isolates  caused
amulative mortality rates ranged from 20.85-97.61% at 5
days post-inoculation. The LT90 values in all the isolates did
ot exceed 5 days. The highest mortality of 97.61% was
uwhieved by using Metarhizium anisopliae BCC 4849.
Vortality rates more than 82% were observed in all isolates
of Beauveria bassiana. For cutworm control, isolate 4849
nith the concentration of 6x10* spores/ml was the most
dficctive one. Microbial control with fungal pathogens
povides promising new avenues for control of insect pest
nd could be a useful component of an integrated pest
mnagement program for the organic crops and ornamental
ndustry.

Table 1 Percent mortality of thrips on vary stain of Metarhizium anisopliae
and Beauveria hassiana

Fungi No. strian % mortality of
Lst larvae at 5
days
Metarhizium anisopliae 1 BCC 5797 46.27
2 B CC 4810 20.85
& B CC 4849 97.61
4 B CC 1964 95.00
Beauveria bassiana 5 BCC 6241 82.75
6 BCC 2637 98.85
7 BCC 5436 97.75
8 BCC 6966 84.78
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Fig. 1. Percent mortality of larvae of Spodoptera litula that treated with 6x10°
spore/ml of 3 isolates of Metarhizium anisopliae
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Abstract

Thrips tabaci is a polyphagous pest that attacks many different horticultural crop and
ornamental plant species. Recently, the need to reduce the use of insecticides in the control
of thrips is more and more increasing. On that account, the possibility to make use of
the entomopathogenic fungus was tested to Thrips tabaci. Four isolates of Metarhizium
anisopliae (Metschnikoff) Sorokin (BCC 1964, 4810, 4849 and 5797) and four isolates of
Beauveria bassiana (Balsamo) Vuillemin (BCC 2637, 5436, 6241 and 6966) were evaluated
for their pathogenicity against the first instar of Thrips tabaci. Larvae were exposed by
micro sprayer with conidial suspension at a single concentration of 10(8) spores/ml un-
der laboratory conditions. (16L: 8D photoperiod, 30 +/- 1 degrees C temperature, 96 %
RH). Metarhizium anisopliae isolates caused cumulative mortality rates ranged from 20.85—
97.61 % at 5 days post-inoculation. The LT90 values in all the isolates did not exceed 5
days. The highest mortality of 97.61 % was achieved by using Metarhizium anisopliae BCC
4849. Mortality rates more than 82 % were observed in all isolates of Beauveria bassiana.
Isolates of both fungal causing more than 80 % mortality will be subjected to dose-response
mortality bioassays, 1 x 10(8), 10(7), 10(6), and 10(5) conidia/ml. However, the implica-
tions of above results in relation to thrips control in greenhouse and to future research
are discussed. Microbial control with fungal pathogens provides promising new avenues
for control of Thrips tabaci and related species and could be a useful component of an
integrated pest management programme for the organic crops and ornamental industry.
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Abstract

Biological control with pathogenic fungi is a promising alternative to chemical control
against the insect pest of vegetable. Ten isolates of green muscardine fungus, Metarhizium
anisopliae as entomopathogenic fungus were used to test for pathogenicity on second instar
of common cutworm, Spodoptera litura under the laboratory conditions. The tested larvae
were placed in Petri dishes containing green muscardine fungus and they were allowed to
make a direct contact with the particular entomogenous fungus. It was revealed that 3
isolates of green muscardine fungus, BCC1858, BCC4849 and Khon Kaen were effectively
killed 100 % of the cutworm larvae within 2 days. Subsequently, M. anisopliae isolates were
brought to examine with 8 different media for physiological properties. The result showed
that mungbean agar (MU) was the best for mycelial growth and sporulation. Moreover,
the optimum temperature for growth was ranged around 30-35 0C. When the isolates were
kept in the room with 12 hours light alternated with 12 hours dark, they were produced
more green spores than the other. [The best conditions for sporulation were observed when
the isolates were kept at 30-35 0C with 12 hours light alternated with 12 hours dark.] When
the 3 most effective isolates were tested with the 15¢, 2nd and 3rd instars of cutworm at 4
concentration levels included of 107, 108,109 and 1010 spores/m1. The result indicated that
the isolate 4849 with the concentration of 6 x 108 spores/m1 was the most effective one. It
was observed to cease the 3rd instar of cutworm by 79.49 % within 7 days.
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Abstract

Metarhizium anisopliae is a mitosporic entomopathogenic fungus that has been exploited
extensively as biological control agent (BCA) against several pests. Metarhizium anisopliae
isolates from several insect hosts and from various sugar cane growing areas of Thailand, we-
re examined for genetic diversity using polymerase chain reaction (PCR)-based technology,
involving amplified fragment length polymorphism (AFLP) was used to assess the geno-
mic variability between 4 isolates of Metarhizium spp strains. Amplified fragment length
polymorphism (AFLP) analysis of entomopathogenic fungus evidence provides a means of
obtaining a reproducible DNA profile in a relatively short period of time in species for
which no sequence information is available. Genomic DNA from mycelium of each strain
was optimised and the use of cetyl trimethyl ammonium bromide (CTAB) and sodium
chloride (NaCl) was incorporated. All strains could be typed in these conditions. DNA
were double-digested by two restriction endonucleases (EcoRI and Msel) and ligated to
oligonucleotide adapters. Two consecutive PCR reactions (pre-amplification and selective
amplification) were performed using a modification of the AFLP protocol described by
Gibco (Invitrogen, Rockville, MD). The DNA fragments were separated by electrophoresis
using silver staining for band visualisation. Based on 23 AFLP primer combinations, a
total of 1504 bands were detected. An average of approx. 65 bands were scored for each
primer pair. Among of which 3 polymorphic fragments (obtained from E-AGG/M-CAA,
E-AGG/M-CAA, E-AGG/M-CAA) were identified as potentially a strain specific. DNA
fragments of between 0.26 and 0.38 kp were obtained. These markers have practical uti-
lity for (1) establishing conspiracy in the cultivation and distribution of Metarhizium sp
(2) identifying geographic sources. The results also suggest that AFLP markers may be
useful for the tracking of specific biocontrol strains in the field.

Keywords: AFLP, Biological control agent (BCA), Entomopathogenic fungus, Metarhizium anisop-
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