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N139M@BwUU Central Composite Design (CCD) seaulunsnaasy wag
Ysuauladenld  vesanzlunsudaeulsdlafiualey  Metarhizium
guizouense PSUM0O4

N19M@BWUU Central Composite Design (CCD) seulunsnaasy wag
Uinauladenld  vesdadelunsléieuledlafiuaiioniuaunisiasyes
WeIINolIAULDIMIELTD

AUNAURIDEINARDINDY WAL IDIINBLIANALLUNVDIaBINDINNUTULA
AEALIN

AvilAuvaINaevevliaesIawinlsanaLIvasaaInadluliaziiug
Wiufogns

N153LA18MALLUTUTIUDIALUS /U8 LU response surface
quadratic model Pilnasoniswdnouleilafiiua

AanssuveneuledvesirAuainiuisnvesasinasiignnssduale M.
guizhouense PSUMO4

N153LA18MALLUTUTIU DA LUS /U8 LU response surface
quadratic model ilnason198889N1593YVTBIT Botrytis sp. U
9134880 PDA

A153ATY wmmLLUiUmumam’;LLUi/ﬁM&J WUY response surface
quadratlc model VllJNaG]E]miEJEJENﬂ’ﬁLﬁJiEUﬁJ@GL‘ﬂ@i’l Fusarium sp. UU
mmmmma PDA

N153LA512MALLUTUTIUYDIALUS/Ua98 LU response surface
quadratic model PiNaAIN1ITUIINTTLAIYVBUTOIT Pestalotiopsis sp.
UUDIWNILAENLTD PDA
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Tafunnamdunism @) waz laRunlsainnisiseasail (b)

31 Botrytis sp.; (a) lalaflens 3 Tu uueIM1S PDA (b) conidia U
conidiophore wag (c) conidia (bar = 10 um)

31 Fusarium sp.; (a) talatlene 3 u unewns PDA (b) macroconidia Uy
AU conidiophore Wag (c) microconidia kag macroconidia (bar = 40

Lm)

31 Pestalotiopsis sp.; (@) lalafieny 7 Ju uue1115 PDA (b) acervular

conidiomata with young conidia W& (c) mature conidia (bar = 10 pm)

2la (clear zone) YU WNS colloidal chitin agar lneL¥as1 Metarhizium
guizhouense PSUMO04

Tadeniinasierfanssueuledlafiug (a) gumgll (b) sveziailunisuy
(0) dnTdusyrIeaLdazyounal uwag (d) pH

Auduiuseestladeiiinaneninisiiauveneuledladiua; @)
muduiugsEnineududure s siedy uaznan dervun pH uaz
RauMAIIAU 7.0 Uag 30 °C A1ua1AU ; (b) ANduTUETENINaAIY
Wuduvesansiediu uaze pH Lﬁaﬁ’mumqmmﬁ waglian Wiy 30 °C
way 216 Hlae auaIsy

mmau‘wuﬁmENﬁa%mwamammimmumaqLaulwlﬂmua (@)
AudITLEsEMInedn pH way nan wWemvuarududureasidy
wargUNAILINAY 1.5% wag 30 °C auddv ; (b) ANduRusIEning
UMY uazlian dlommunmnududuresansiedu uazen pH uay
WU 1.5% wag 7.0 AUaIRU

a

HATaIRaUQIl (a) war pH (b) domuatios (stability) veseulslafiua

Y

fa a

nanhnadidiiiaannisiuiniemesensasaeieulusdlefiug

waulUsAuNUsINUULIaveY SDS-PAGE (M = protein marker, 1 =
control, 2 Lag3 = Y1AUAINLUADNABINDINGIQANTEAUAIY M.
guizhouense PSUMO04 1Jutian 24 Flue wag 48 Flue auaisiv)

nsduginnasgreaduleiiesnelsanaiin InsldihAuainuaasiuiny
NURNABINDIMAIYNNTEAUMIY M. guizhouense PSUMO4 (Hnn) uaz
potassium phosphate buffer pH 7.0 (@¢")

Fos Botrytis sp. m%mmuﬂﬂmuummi PDA (n1n31) wkag inhibition
zone U115 PDA ‘1/1Lﬂmmﬂmiaummsmmam Botrytis sp. lagn1s
Tansavansieulullafuaatavetu () hndusiide (€ way extraction
buffer (B) (i)

14

14

14

15

16

18

18

19

19

20

21

21



AN

14

15

16

17

18

19

20

21

(2]

318NN INUTENBU (61D)

o3 Fusarium sp. ﬁLﬁJ%QJmuUﬂauummi PDA (nnw21) wag ihibition
zone VU815 PDA '1'7iLﬁmmﬂmisj"ué’?qmim%zysuaqm Fusarium sp. 1o
nsldansazansteulwilafiuaadnneu E) tinduande © uay
extraction buffer (B) (A weina)

1931 Pestalotiopsis sp. MAZYAMUNAUUDINIT PDA (ATNVI1) WAy
inhibition zone UW®1%13 PDA 1LAN91nN156UEIN19LATYUDIT)

v |
° o

Pestalotiopsis sp. lnensidarsazateioulzilafiuaanianeu (E) Una
21%e (C) wag extraction buffer (B) (nwene)

mmé’uﬂ’uﬁf@umﬂﬁaﬁﬁwasiamaé’uégqmiw?zymaﬁﬂ Botrytis sp. UU
91115 PDA; (a) Anuduiusseninsanuituduassoulvilafiug uag
oaumgdl Wodmuanatlumsuuitiy 35 wifl; (b) AmdusiussEning
gaunadl wazialumsvseulesl e vuaauiduduveaeulesi 20
U/ml hag (o) anudnwusszninsmsduduvesouluilafiiua Lagan
dermuagaumgiili 35 °C

ﬂ’nué’uﬂ’uﬁ’maqﬂa%’aﬁﬁwammié’ugqmmﬁzyénmﬂ Fusarium sp. Uu
919115 PDA; (a) mnudunussenineanududuvotoulasllafiiue wag
oaumadl Wordmuanatlumsuuitiy 35 wifl; (b) AmdusiussEning
gaunndl waztaatunisuueuled dlefmuaanududuveseulesl 20
U/ml iag (©) anudunussenineauitutuvosauledlafiug wagian
Lﬁaﬁwumqquﬁﬁﬁ 35 °C

mmé{’mﬁuﬁ‘maqﬂai’]’aﬁﬁmaeiamisj"uézqﬂma'%zyﬂuam Pestalotiopsis sp.
UWDIMNS PDA (a) Anudusiudseninsanududuvesouladlafiug uay
oaumadl Wodmuanatlumsuuitiy 35 wifl; (b) AmdusiussEning
gaunndl waztaatunisuseuled dlefmunanududuveseulesl 20
U/ml iag (©) anudunussenineauidutuvouauledlafiug wagian
Lﬁaﬁwumqmwgﬁﬁﬁ 35 °C

dulavess Botrytis sp. Iandesganssaididnnsouriindasnsin; (a) uaz
(0) nsesfunlgtLUan (control) kaznmn (b) uag (d) NTEdumMeUIAUAIN
ADINBININTEAUMEY M. guizhouense PSUMO4

ulewossn Fusarium sp. lindssganssaudianasousiindensia; (a)
wag (o) nsgAumesulan (control) uagaw (b) wag (d) NzAumMELIAY
IINABINDWINTLAUGIY M. guizhouense PSUMOG

wiulevessn Pestalotiopsis sp. lendesganssaudidnaseuriindansie;
(a) wae (c) NIzAUMEUET (control) kazn 1w (b) uay (d) Nzrume
AUINADINBINNTEHUAIY M. uizhouense PSUMOS
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N131938Y04UB4 Botrytis sp. UUHARBINDY; (a-C) YAAIUAN M1 NUgN
\Hosmaaey 48, 96 uag 120 Falua anudey, (d-) uansavaneweulesl
rougniesinelsa ndsandgnidesmaaou 48, 96 wag 120 Flus
AEIRY wa (o) Ugnitesinelsaneuainiuisiuansazaisioulesd
Mﬁamﬂﬂqﬂﬁaimmaau 48, 96 uay 120 219 AuE

NSLATYVBIVBY Fusarium sp. VUKARBINBY; (a-c) YAMIUAL eI NUgn
Fosmadou 48, 96 uay 120 Falus amddy, (d-f) viuarsazaneieules]
rougnifesinelsa ndsandgnidesmaaou 48, 96 wag 120 Flus
AEIRY wa (¢-) Ugnitesinelsaneuainiuisuansazaisioules
Mﬁamﬂﬂqﬂﬁaimmaau 48, 96 uay 120 219 AuE

N5L36YUIVRY Pestalotiopsis sp. VUHARBINGY; (a-C) YAAIUAN RN
UQﬂL%@S’]Wﬂﬁ@‘U 24, 48 way 96 H2lug AwAIY, (d-H Wuasazane
Laulmﬂﬁauﬂgﬂﬁgaﬁﬁaiiﬂ ué’wmﬂqm%mmmaau 24, 48 uag 96
Flus audfu wag (g) ‘UqﬂLfgaiwﬂ'aiiﬂﬁaumﬂﬂ?uﬁw'umiazaw
oulasl Mﬁamﬂﬂqﬂﬁaimmaau 24. 48 uay 96 F2N9 ANUEU

JovarveInTsiinlsANaLLIYeaaINemaRINUane; (a) Botrytis sp., (b)
Fusarium sp. Wag (c) Pestalotiopsis sp.

a v
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a04n04 (Lansium domesticum) iHunaliiflesdouiifianuddymaassgiavesnald Ussinalne uiaimg
Viﬁﬂﬁ@mmwmmamﬂaqamaqLﬁmﬁutﬁaqmﬂiﬂwé’qmnﬁuLﬁh’; Fuddulsavdsmsifuienfidfyvesasines
TaunlsAraLun mﬁ%’aﬂ%y’qﬁ?iqLﬁﬂ%ﬂﬂ&Jﬁi’mqﬂizmﬁtﬁamaauﬂizﬁw%mwmﬂéifl,aulszjﬁlﬂaLua TinGelags e
Metarhizium guizhouense PSUMO4 Tagldiudenfauaznsznasyfudelfiduingiv lumssudadonanmalsnua
whmesaesnemdnniuien  wiouienAnnauaudideveneulsdlafiuaiindald  wavanmgfmnzaly
nmsvhaueseulssilafnug nansinsnuindledsatesuuemsuuunds (solid state cultivation) #aes14m
@@ nszAvsyunazLdEn uwa colloidal chitin Tudhsndm 1.5: 15: 1 Afidasduszniennsuduazivan (/L
ratio) 3:1 war 4:2 pH 7.4 wazanmiwnzaulunUnge Aogamndl 32°C 1Wuan 11 Ju darfanssulafiuags
an 2.51 U/ml TneAnAensaufieniadiosilgamnd 20-40 °C uag pH 5.0-8.0 lafuaiindsldannsadudnisasy
VBII1 Botrytis sp., Fusarium sp. kag Pestalotiopsis sp. ﬁLﬁuaﬂmaisﬂmammé’qmau‘im%mamamawumu
pwnsiasate Tnefesidudnssuds 447, 42,9 uag 43.6% muddu waravesuviuasues M. guizhouense
PSUMO4 fimnaidiudu 1 x 10° aved/ua Sansedulinaassnesaina pathogenesis- related protein (PR protein)
YA 25-27 wag 43 kDa Maunladiua uar Un1-1,3- ngaua wavannsdufinasyresnelsaraniiuuay
omsasaTeltuiy Lﬁ@miﬁ%ﬁ@UﬁﬂHﬂJ%Lﬁuiﬂ%mLfg@i’lﬂ'@IiﬂﬂWﬂié’fﬂﬁadﬁgaﬂﬁﬂﬁw‘uaLﬁﬂmi@u‘ﬂﬁﬂﬁlmﬂi’l@
(SEM) wudnduleves Botrytis sp., Fusarium sp. Wz Pestalotiopsis sp. 3igussiinundly Jaden wardnun
wonanihdulewes Fusarium sp. waz Pestalotiopsis sp. Seiimmmunuivanasdndae Weviuasavansiouluila
Rluduuraaones aunsavzaemsiinlsarainiioindes Botrytis sp. Ih 48.8 % uavwzaenisiAnmaih
10391051 Pestalotiopsis sp. 161 24.3% wlewSeuifiuiugnniuay (0<0.05) udlianunsavzasmsifslsanaii
fiAnnden Fusarium sp. ¢ ilasudisuiugamuau (0>0.05) eiiusnuniigungiives (30°C) e 7
$u wonanidleseudlounsldansaraneouledlafiug fumsldalesuruaseves M. guizhouense PSUMO4
Tnenss wazmsldansadiuun@a wuidl 24 Halas aesnesiiguluavedidesuauaes wavarsad liwansernis
WAL a"maadﬂmﬁﬁjﬂumiazmmaﬂ%ﬁ Aenadntdesi 129% Ghﬁﬁ]’]ﬂéqﬂﬂ’m@uﬁﬁﬂwam’l 40% WHNAI9N
Huaesnesuanemsraniegising upianysal 100% nasanuuld 120 il ﬁLﬁ&anaqﬂaqﬁﬁjﬂuaﬂa%ﬁJm

D51 LagNvansiAtiyinty ALaAIDINISHNALLN 79 way 20% AUaIRU



Abstract

Longkong (Aglaia dookkoo Griff.) is an important economically tropical fruit of southern Thailand. One
reason of the reduction of fruit quantity and quality occur by postharvest diseases. Fruit rot is one of the
most serious postharvest diseases of longkong. The objectives of this research was to control postharvest
fruit rot of longkong by using chitinase produced from shrimp and crab industrial wastes by
entomopathogenic fungus, Metarhizium guizouense PSUMO4. Moreover, factors effecting on chitinase
production, optimization condition for enzyme production and enzyme characterization are included. The
results indicated that obtimal substrate for solid state cultivation was rice bran: crab shell powder: colloidal
chitin in ratio 1.5: 1.5: 1. The optimal factors for enzyme production was solid to liquid ratio (S/L ratio) 3:1
and 4:2, pH of liquid media was 7.4 and incubation temperature at 32°C for 11 days. The highest chitinase
activity was 2.51 U/ml. For enzyme characteristic, the temperature stability was 20-40 °C and pH stability
was 5.0-8.0. The chitinase produced from M. guizouense PSUMO04 inhibited mycelial growth of three fruit
rot pathogens, Botrytis sp., Fusarium sp. and Pestalotiopsis sp. on culture plate with percentage of inhibition
44.7,42.9 and 43.6%, respectively. Moreover, spore suspension of M. guizhouense PSUM04 in concentration
of 1 x 10 spore/ml exhibited the induction of pathogenesis- related protein (PR protein) in longkong fruit.
These proteins were 25-27 kDa of chitinase and 43 kDa of (3-1,3-glucanase. The PR proteins also inhibited
mycelial growth of three pathogenic fungi on culture plate. The observation from scanning electron
microscope (SEM) showed abnormal shapes, swisting and cracking in Botrytis sp., Fusarium sp. and
Pestalotiopsis sp. and less dense mycelial growth for Fusarium sp. and Pestalotiopsis sp. In addition, crude
enzyme produced from M. guizouense PSUM04 could delayed rotting of longkong fruit from Botrytis sp. for
48.8% and Pestalotiopsis sp. for 24.3% with significantly different from distilled water control (p<0.05).
However, crude enzyme could not delayed rotting of longkong fruit from Fusarium sp. compared with
control (p>0.05) when incubated at room temperature (30°C) for 7 days. In addition, the effect of crude
chitinase, spore of M. guizhouense PSUM04 and Carbendazim, chemical fungicide for controlling fruit rot
were compared. Longkong fruits were treated with fungal spores and Carbendazim were not found any fruit
rot, but the fruits treated with crude chitinase and control (distilled water) presented fruit rot 12 and 40%,
respectively at 24 h. After that the enzyme-treated longkong fruits rotting rapidly. However, longkong fruits

were treated with fungal spores and Carbendazim showed fruit rot 79 and 20%, respectively at 120 h.
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maldveaseindlnefianmgivssme wavglennaiuvunzadlunmsgnlinarsughandifgyaneuiia ik
ludufoansnes (Lansium domesticum) anUayalull 2559 naladiiieNUananinosnliNaNanNIuATILIU

U U

232,071 15 Anvdunandn 70,948 du (@rdnauasugianisinuasiun 8 g31ug3o71) mamﬁmdaﬂwﬂﬂ&ﬁauﬁm
melulssanazdsoon  Fesfunumandnvenuasnsdrunisiddyesumuanmsdnnmdimafiufen
mafiune  uazmisvuds  Wudu  feduenudemevesalivdmsifiuies  fe Tsandimafuien
(postharvest disease) Vid’gﬂwgl,ﬁmmﬂﬂ'1ivﬁ"wﬁawmaqﬁ;auw?éﬂnwumLLwa N30T0UUAMINETILYIA 15ANAINIT
Auifeaeines iddalsanileldud Tsarawi (fruit rot) ?zfm,ﬁmmm%aﬂmmemmﬂm w1 Aspersillus, Botrytis,
Colletotrichum, Fusarium, Lasiodiplodia Pestalotiopsis, Phomopsis, wag Penicillium sp. (Sivapaian et al.,
1998; Lim and Sangchote, 2003; Coates et al., 2003) sﬁamavﬁwﬁwmwaqL%yaiﬂﬁﬂﬁwaaaqﬂa«,?{au@mmwasm
599157 awqﬂﬂil,ﬁu%ﬂwwgu LarTIMANA  Inunsnsiemsiddiinsdanisvdaimafiuieuiieantiyvauniw
naldasnan lagwenniieainnis Aandademenienineneg gy ALY QounI  UAENIINEMBINIATD
anuiiAvinumalindy nmsmueilsafe® 3B wu msliduniduitng asatnaniy wazansfinaalsain
SRMVIEL] Fuhduiinmildahensaneudemevesalindinsiuier elinuasnsvienandnldsnii
wazfimudasnsesefuilnauazdauandes

lafa (chitinase) HuouleiifinuamniFmlunisdoslaiu (chitin) Fauduosduszneundnvesmiusaditen
(Muzzarelli, 1997) Fafinsinenoulsivintuldnuaulsafisiiinnnites ddoduisifuasvaonse esan
ulsidindnlifnadeiioiovesimiosmniivlidlefudussdusznoy (Neeraja et al., 2010) dsgduniduas
wlipgnansondnlafiuals 1wy Trichoderma harzianum (Ulhoa and Peberdy, 1991), Pseudomonas
aeruginosa, Streptomyces sp. (Wang et al., 1999) Bacillus cereus (Chang et al., 2003; Hammami et al., 2010)
uag Metarhizium sp. (Leger et al., 1996; Rustiguel et al., 2012) Ing Metarhizium whndudesnelsauvadi
LVIaUHTNAFITR IS (Barreto et al., 2004) #38I138NI15LUAY (entomophatogenic fungus) dUsz@NSAMN
lunmsmunuuuasdnsitvratesiin (Boucias and Pendland, 1998) wiilesanidesiintanusanameuledila
Awale edls1e91u91 Metarhizium  spp. mmiamuquLigaﬁmlwﬂiﬂﬁﬁulﬁlﬂiuﬁ’u (Matsumoto, 2006; de
Carolina Sanchez-Pérez et al., 2014) wenanil Metarhizium ‘U’Na’]Uﬁuﬁjmmimﬁiyiammﬁ‘u UaAIIEIT
nsyAuNsasyRulavesiald (Hu and St.Leger, 2002)

UszwAlnefimsdeaniadudivinmin 1nensenuueanguiiaszin1smauauszasssninassme nes
Uszuesausewa nsuUszas ﬂiwmqmwmiLLaxaumfﬁwudﬁqﬂgqLm'qLﬂuﬁuﬁwﬂixmﬁdﬁaaﬂuﬁﬂﬁ'qﬂuﬂ 2554
89 91570 du (Usvwus, 2555) amnseeudsnandividiuin U?mmﬁa?jqLLazLﬂﬁaﬂﬁqﬁLﬂumaqmﬁaﬁquﬂ
UIUNMSHARATUSINanlUde neliAsdgmdunisiidavends Fednlvainistidafenisilumnuiie uay
Tidudunauluewnsdnd uwiegslsimunuiiintmnésmesninudoiadudiuousnn Ssfuazydudniiila
auluansindwesegluesdussnauveaudonuaznsznes (Synowiecki and Al-Khateeb, 2003) Fsanunsaldiiu
A vi3e unasnnsueu Tunsrdneuleslafuawaziluldlvineusslewild (Chang et al., 2010; Abirami et al.,
2012)

nsfnunASsEianUsrasdiiienaaoulssavineseuleilafiuadindela  Metarhizium  guizouense
PsuMod itelilunisudadenavalsananivesaninamdnianfiufer Tavaslfivdentuaznsnasyfiude

fsnnlsanuudsglemsmsaaiiiiduingivlunsdaeuludlefiug  saensufinvimansivanzausenis
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hanwreseulsdlunisauaudenelsa  uwavanaudinequaeuledindals  Jauenainazsieuleintaluly
iemuauMaialsaIvesmenemdimsiuies Weluismadenuilivesnisaiuaunisialsn inyaailiiu
Hande uarrnudasasededuilnauasdcandounds dagldunenveanioninmsulssvenmsnaa (e

) uldliAnUselonidnnimiaiig
2. InguszasAvaslasanis

1. iilennaeuuszavsnmmisldioulesilafiudlumssudadesanvelsananiivesaesnamdanaiuiien
wioutmnansfuangadlumahaureseuleslafiua

2. \flovindeUAIANNNIAYBS Metarhizium guizhouense lunsnanioulesilafiualagldiudontauaznszaes
yYiwdelfifutgiv ndeutamaniizfunzanluniswdslafiug

3. WeAnwinuaudRriveteulvllafiuanngnla
3. N15ATIANBNENT

3.1 Tsandansifiuiien (postharvest disease)
Iiﬂmaqwalﬁué’mwﬁuLﬁ'mv‘iﬂﬁﬁm’nquﬁaLm'wawamﬁgﬂmw?mmms@mmw Tsaudavinlinald
Lﬁau@mmwaﬁhﬁmﬁa m&gmﬂﬁu%’ﬂmgu linaliunglaild vdeveldsans lsandinisiiuies fhnufinan
Forndudnlvy  sesmanlduiuuafite  dwhiassnutosnn  dwlnglsavdmisiuiorsinannisdh
MANEVBRAUVTENNUINLNEG 507U TARINSTIUYIA Fadwhaneldiluszezrounsifiuien ssrieiiiiuien
wasvdaiuier deanmuindeuminayiavansenmsvedsasenin WesivhliAnlsandsmsiiuiefiddy
wUandu L‘%E]i’ﬂulWéJu Ascomycota Toun Penicillium, Aspergillus, Geotrichum, Botrytis, Fusarium, Alternaria,
Colletotrichum, Dothiorella, Lasiodiplodia, Pestalotiopsis Wag Phomopsis (Sivapaian et al., 1998; Lim and
Sangchote, 2003; Coates et al., 2003) 6“5%%@51 Ascomycota a"JuGLWLJ'ﬁLéﬁ’ﬂﬁﬂa’lawaiﬁ%agwluiz&JBﬁﬁ%NL“IJa
duiiuguuulaandewne (asexual stage, anamorph) Foslulwdu Oomycota fiddayléiun Phytophthora uaw
Pythium (Sivapaian et al., 1998) FeiliAnlsandinisiiudies wu Tsarawihddina (brown rot) vesdu Wom

du Zygomycota Mvinlmanlsandanisiiuiien lawn Rhizopus way Mucor dwusnnlaun R. stolonifer @uiie

v
12 A

slulndy Basidiomycota shlsiwuiduaivauedlsavdamsiiuies uwiffidos Wy Sclerotium rolfsii wag
Rhizoctonia solani il sexual stage {uwan Basidiomycete finelAnisatufiadn 1wy uzideome waziuslss (EL
Katatny and Emam, 2012)

TsAmaui (fruit rot) vesaesnemdnmsiiuien Wulseiinuldedsainane Womnuasssnasdipmudih
LLazﬁﬁmmﬂf’]m’laﬁiiM’@QJ (Sapii et al,, 2000) Imﬂiiﬂwal,iiwaqamﬂmﬁﬂLﬁﬂmm%ﬁm W Aspersillus,
Botrytis, Colletotrichum, Fusarium, Lasiodiplodia, Penicillium, Phomopsis wag Pestalotiopsis (Coates et al.
2003; Kaesorn and Sangchote 2007; Lim and Sangchote 2003; Sivapaian et al. 1998) Tneilp1N15989L5ALANGS
fu 1 Tsanauiiina1n Phomopsis sp. uwwardudvhanas fdnvardeudtnay UNAUENBDONTY UUNAAZ L
Usingiéulevendes iy dnlserauhiiinaniion L theobromae azidnumzoinisvedlsafe 1Hugnd
ﬁ’lmalfﬁ'uqﬂmmnﬂ%y’awaﬁaﬁnmuwa uwkaaziialUTraeg1959015) fduledmaunauuuiEg wasnaiu

ULAT LA (NFUIYINISAEAT, 2556)



3.2 laduvazieulusllafiue

lafufuasmn polysaccharide inusnausssumasesasnaniwaglaa (cellulose) laufussdvseney
winvadlAs@snanisuen  (exoskeleton)  vewua  Auaryilefuduesdussneuvesdenuazniznes
(Synowiecki and Al-Khateeb, 2003) warlafufadudiuusznovddnluniuradvendeos hlduueadsnd
AMULTILSe (Neeraja et al., 2010) Fafnlawadueadosusenoudeslafuinnnirfesas 20 (Ruiz-Harrera, 1991)
lafuAnainnsdeusefuvedluiana N-acetyl-D-glucosamine feiusy covalent Aidumis B-1-d-linked Lulw
dwed (polymen) angemififinruudeuss wuledfifunumddlunisdesladiu Aeoulwsilafuaidu mult-
complex enzyme Usgnaunie endo wag exo-chitinase Taevhlu endo-chitinase (EC.3.2.1.14) azeiaslafiulay
anevsedaneluaelndweslafuwuudy 1oy olisomer 3o chitobiose @il @ exo-chitinase
(EC.3.2.1.52) avdoslndwesansenainuate non-reducing way reducing sugar U chitobiose %38 N-
acetylglucosamine lulanatfen (Shaikh and Despande, 1993) muﬂﬂﬁﬁm%uqﬂwﬁmaulsaﬂlﬂﬁLuaLﬁaﬁaqﬁ’umi
diangveatosamlsaiin Wegnnssfulnglafufivhmiinfidu elicitor daugduvidasnanoulsdlafiuaiie
mesnisidlaiuluunasens wsetluuwvasasuaunazlulnsiaulunisiasa@uln  (Cohen-Kupiec and Chet,
1998)

mniinantrsiuiiuasyflefuduodussnovreationuaznsznes  Fedusansoldiduingdvlums

U

nanoulwlafiuala Suresh way Chandrasekaran (1998) Anwinsuaneuluiilafiualaenisldvaadeniniuaen
ANt (sun-dried prawn waste) wlfiduingiv Welnszviosdusznevvemondomantunuisznaudae
TUsAu 39.74% lafu 23.08% lasfu 5.05% wavdidn 21.13% ndsannsvinuuuads (solid stage fermentation)
Tneitio Beauveria bassiana MTMF $10 wanieulssilafiudldgean 248 glin/nfuvesintnuis (U/gIDS) uonannil
Chang uazmug (2003) ‘13’1Lﬂﬁaﬂf’jqu,azﬂiwauﬂugﬂLLUUwqzuﬂéﬁ'LfluLmémﬁuaﬂumiwaﬂﬂaLuaimawv?tya B.
cereus YQ 308 fusnuazdndenldanusssumd wanmsAnwimuiansondalafiuauiqnsld 151 gin B
subtilis W-118 waslafualneldiudenduaznzaosjunibunsasBendudunailuomsisade Tagldioulud
ladiuailafienfanssuveseulul 5.6 glin/ua. annsadudimswiaueats F. oxysporum eoevanysal (Wang
et al., 2006)

Gomaa (2012) wut WouveiiGeausananlafiualdgean 16.02 glis/ua. deldormmamafill colloidal
chitin Aty 1.5% saufuimaniuanlng esdudu 0.5% Wuudsanivey sesamn 1033 yla/ua. 1ile
dedluomswaniid colloidal chitin wazthmauarlsg WHuundwniiveu Tnsmsvinuuuudadiondnouledla
flua  uenanaglilafudildivdendauaznsznemudy  Senunsaltlafuanuuanduumdensvouldiduiy 3
Rustiguel wazamuy (2012) wuindes1 Metarhizium anisopliae waneulasdlafnals 7.14 gﬁm/ﬂ%’madaﬁﬁy’qé\’u
dleldsheeuvemusulmnfuasdiy sinmsminuuuwds wanzaufumsranevlsivendes ewnausa
Fuvunsedald  IiSnueuluifaiiame  ferudsdunstulewendoriuvideingution  uasld

qﬂﬂigﬁﬁﬁimﬂmmq (Matsumoto, 2006; Oberoi et al., 2010)

3.3 msldieuledlafuaiodudslsaisiinnanion

lafaduouluififauauiflumsdeslaiu Sudussdusenoundnvesdagadifon (Muzzarell, 1997) 39
fnuitenasativiioneuluivietuldaualsafsiinnnidon Chang uazany (2003) nuiouludlafiua
fidlo B. cereus YQ 308 @19y Vinm 2 un/ua. aunsadudansaiamesduledes £ oxysporum uag P.

ultimum 18 e B. subtilis W-118 waslafiwalnelfivdendwaznsznesyundunazdendudiunauluaims
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oo duouleilafuailaiiifonssuvesevlul 5.6 giln/ua. annsadudsnsasyuende £ oxysporum 1§
atiayal (Wang et al., 2006) aeaAReiu Abirami kazane (2012) srenulafvaiindalne 8. licheniformis
fiszavsamlumsiudimsiasaueadosrelsaits £. solani, R solani, F. oxysporum uay Alternaria sp. 1l
2012 Gomaa MARBUNISIBA (germination) summﬁmfﬁmé‘mﬁgﬂl,%ai'wﬁ'ﬂﬁwaw WUiWLuﬁmﬁaLwé‘aQﬁQﬂL%a R
solanacearum, Aspergillus niger Wag Fusarium sp. Wvhanefiefidudauseniiosdosas 6-15 umdleld
wulesllafiuadindnldann B. thuringiensis uay B. licheniformis Agniuwdniivaes wuihdimdesiiefidud
ausendindy (udesas 33-80 uenanil Wang uavens (2013) dmuiniideadeiildannisnseneeed
wuATISe (cell- free culture filtrate) woude Serratia marcescens Aifoulwiflafiuany vhlviduly uavauesvos
o3 Aspergillus parasiticus \deme wardsigannisasisansesramendu 1 Anitha uag Rabeeth (2010)
maaaauﬂ%mmﬁ;ﬂmaﬂqiﬂaLLaz N-acetylglucosamine luansafinduloos nuimdmnlfouludlafiuaite
E‘J’Uééﬂmil,ﬁzyfuadl,%aﬁ F. oxysporum, A. alterata, R. solani Wagz F. solani a7 U%mmﬁﬂmaﬂgiﬂmaz N-
acetylglucosamine Wuduesaditeddmdlessuiiouiudeuni Wiflewnanelndweslafuiiu
padUsEnovveskineadosgndosdeouledlafiua  Fifituilefiuainnuannsalumsiiudininsiguende
fsnan uazanmsAnymansfivsnzansionsinuveseuluilafiua mﬂmivmamﬁwaé’uﬁuimaﬁﬁyﬂﬂ
Wtgu 9Nl 50+2°C wu 3 Wi waw 55+2°C wiu 2 W arlunseunsvhaueneulesllafiua wiwilvd
Lﬁﬂiﬁﬂl,‘thﬁlﬁﬂmﬂl,%a P. digitatum a9as (Inkha and Boonyakiat, 2010) @enAdesiun1sfinuuas Okay LazAue
(2013) $78971U pH LLa3qquﬁﬁmuwawiamsvhmw,aulmﬁlﬂﬁLuaﬁa pH 7.0 uag 50°C lpedlAnanssuues
woulesivindy 36.6 way 37.1 gila/ua. mudiy wavieulwllafuaiingldtiuszaviamlunisauaulsaiiinain
derilgamnivedlduumnmit 10 $u eulwsifindibiinadedeifevesindosmnivliflefubuesdussnen

A aa

Faduisndunlunisldmuaulsafiviinanaesn (Neeraja et al., 2010)
4. FBNINAGI

4.1 mswseNingau

wissulafunudeniauasnseaesy newthluvindy colloidal chitin dslfiluansawiulunisndnouludla
flua Tngdondalaiuninueinieriann vienawaiuauil 31in @mnvw) a.iles 2.a40a1 uazununziaviosdiu
.5¢lun 2.aan wasnseaesyldanunyviosdiu 8. 1Wes 2.aman Ynndrvhenazen Anwendiuniluawile
& A oA & DA o v v o D -
auwmieudiuiion uaznszaes ntueuliwidlagldanuouninuann 2-3 Ju iilveuuisimeiniaseu (oven)

aamgiivszanm 60°C wieliidhognawisaiin uazihlualagldfinsosluazidonauldiduns (1w 1)

A i 1 Tledunndsdunise (@) wae ladunlsainnisiseasail (b)



4.2 n1swmseu colloidal chitin

a3 colloidal chitin fawUasaindsnisues Roberts and Selitrennikoff (1988) Tnglduslafiudilaan
Funeuiindrandeiu 10 n$u azanslu HCL 200 findans way acetone 20 faddns Audoglugnainuds Huvaudy
auaulafiuazans wazauseidiosnu 2 3l lualilugidugamgll 4 °C hufiu Tnthuilensunan nsawun
e 2-3 $u aslly ethanol 50% néourdlduviendanu dreaetaveinauansazaneili pH Uszana 7.0 uaz
Wludumissiimnuiasou 8,000 seU/An7 w10 Wit colloidal chitin Agildu1yuy \oanBunndondy Fuld
vnuduilusndedas autoclave iivlugiBuiiielfifuasisilunndoade warldlumsinafanssumesoulesd

laRwasald

4.3 NMsiATENRRTIEIUALIANALN
Wiufegsaasnasanaiurannunsnsudminimas uAsASsINTIY uarawal NiSuLAnIDINISHA W 3]

edmauuNg Wedeyum watin vielidulewesunmau NTULENRTININNARBINBIIEITHENIINLLBLIETR

q q

P

flaemss (tissue transplanting method) Wedilelnense niethanvyl3lundesiu (moist chamber) wlonszdu
naaseaduly Mnthueni@esiaeds hyphal tip isolation waw/13e single spore isolation ndwnldiduled
U%@Wéﬁqwﬂaaummmmﬁlumidaiiﬂ (pathogenicity test) veadesfiuenld aamdnns Koch's postulation
uarszyriiaveadesdeineduguine uareytluana (molecular) afafiiouslngly DNeasy Plant Mini Kit
© QIAGEN (Qiagen, Natherlands) uagiisUSunaufiowadae3sn1s polymerase chain reaction (PCR) tngldilns
e PN3 (F) 5 CGTTGGTGAACCAGCGGAGGGATC 3’ uay PN16 (R) 5° TCCCTTTCAACAATTTCACG 3’ way
Wisuisuanauiualugiu TS ﬁugmﬂ”@;ﬂamm GenBank 210 National Centre for Biotechnology Information
(NCBI) ﬁnﬂﬂy’u?jqﬁmﬁaﬂL%aﬂmLmkﬂwam’mmamﬂaqﬁwumﬂﬁqm 3 Sudu ieluneaeulszaninmues

wulwllafiuasanisduginsasyvendesluiesujiinisssly

4.4 mawssndenindnouludlafug

Fos7ldlunsnaaeuldun Metarhizium suizouense PSUMO2 uay PSUMO0G fiansnsananioulaslafuuald
INN15518UY83 Thaochan and Chandrapatya, 2016 lasupnuewnseianaudauaudngiivlnediuvid
wisnigusanald smmine1duasaiuedund lsatesuuems potato dextrose agar (PDA) tilUyuitgmgdi 30
°C Wunan 7 fu weedadenlivdeiomisaetusfiansondaoulullafinaldd Tnenmsveaeudeswiuuy
915 chitin agar (1 8n%) Usznaumig moist colloidal chitin (4.5 n51) MgSO4.7H;0 (0.3 n5u1) (NH2)SOq (3 n¥1)
KH2PO;4 (2 n31) citric acid monohydrate (1 n$3) bromogresol purple (0.15 n§u) tween 80 (200 lulasans) way
wefu 20 Ul3Tigaumgdl 30°C Wunan 5 Yu (Yumaliza et al., 2014) unndvasemnsiasuluanndndes Wud

31729 visedanmidla (clear zone) MAnTusaulaladl

4.5 N15HABATRIIAIWBIMITHUULTS (solid state cultivation)

\EAUTUTDUTDIY M. guizhouense UWBIMNT PDA 01¢ 7 Tu wunaldur uaudnans 5 louflins 119a3uu

a

91M15uUULTY (solid state medium) fldunauves $1917878 nsvaesunaziden way colloidal chitin Tu
9m35187U 1.5: 1.5: 1 wauAu mineral salt solution (1 n3) Usenousig (NHg)SOq (0.2 nSl) MgSOa.7H20 (0.2 nS1)
FeSO4.7H,0 (0.01 n¥1) CaCl, (0.05 n$u) K:HPO. (7.5 n$) KH2POq (2.3 n$) wae veast extract (5 n3a) wiewdu
widsemaaduuagliautuy ludhsdn 13 Ulifigamgives w10 fu wavadnansazasweuleslagly

potassium phosphate buffer (KPB) pH 7.0 aadudu 50 mM ivaduwindeads thlvwei 140 sou/nil
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Junan 24 Halas mnduihlungueiesisnusa 6,000 seusewd wiu 30 wiil nvdulauaznsesnenisad
wuAtiLSeee syringe filter au1a 45 laulasuns Wuaisazanvauladuasazansoulvilafiuaainuenu (crude

enzyme) wietamianssuveseuleyddely (Chaiham et al., 2012)

4.6 msaanzisansunsamelvdlafualneon Metarhizium guizouense PSUMO04

wansTiminza (optimal condition) lumskamevlullafiua fedsnsdsuuemsuuunds Tnetade
wazan1EiinAaaULULAYY (single factor optimization) léun Sastdusenitewends wazveanad (solid to
liquid ratio) 2:1, 3:1, 3:2, 4:1, 4:2 uaz 4:3 A1 pH V89 mineral salt solution USUAT pH A28 1 N NaOH waz 1 N
HCL LA pH 5.0, 5.5, 6.0, 6.5, 7.0, 7.5 uar 8.0 aamaiitun1sus (20, 25, 30, 35 wa 40 °C) warsEELIATIUNTS
Aoaie (5, 10, 15 wag 20 )

mswswinuunanetadt (multiple factor optimization)  iewmanisraseulsdidlefauduiusves
Uadeuansvdadusiuiu Aae3sn1509NLUUNITNAABILUY central composite design; CCD (Akay, 2007) lng
Hadeiidnuaded Wun n pH QNI sveznalumsUde warmududures colloidal chitin famsnsdt 1 ¥a
fmsvhaureseuled niulinssinetnuuuiinsatudadunaeiuls (multiple linear regression) &l

YIUUA 25 N1SNAADI N1SNAABYEY 3 91

A3 1 NIVAaLLUY Central Composite Design (CCD) szaulunisveass wazUsunutadenld vesannglu
nsuanteulwilladiualay Metarhizium euizouense PSUMO4

Coded values -2 -1 0 1 2

Factors Actual values

A: Concentration of colloidal chitin (%) 0.5 1 1.5 2 25
B: Incubation time (hr) 72 144 216 288 360
CpH 5 6 7 8 9

D: Temperature (°C) 20 25 30 35 40

4.7 msfneauauifdesiuveaeuledflafiua

AnandAveseulullafiuafinaaeu léuA mmiafesvosiifanssuneuleiegamnil (temperature stability)
AuadesaaA pH (pH stability) wazAuElunisiufiseveseulsl Mnthuhuinrfenssuveseuleii
WasuuUasanAanssueulediudu (nitial activity)

WnsTernuatvsveeuladlafiualasthaisavatseuled 1 adans Tdaslu microcentrifuge tube uag
Vulup3eslinudou (heating box) ﬁqmmﬁ 10, 20, 30, 40, 50, 60, 70 kag 80°C WU 60 U

auadesveteuluilafiuadonaves pH Iasthieulediluvaduansazaretviwefidudu 100 mM Ty
dnT1@ 1:1 loun sodium tartrate buffer (pH 2.0 way 3.0), sodium acetate buffer (pH 3.0, 4.0, 5.0 Uag 6.0),
potassium phosphate buffer (pH 6.0, 7.0 ag 8.0) wag Tris-SOq buffer (pH 8.0, 9.0 waz 10.0) ﬂuﬁﬁ@gmwaﬁﬁm
U 60 WA

Taprusalunsiuiisenveaeuled Tnethasavarsieulsduunu colloidal chitin anududy 1% Tu 50
mM potassium phosphate buffer (pH 7.0) ﬂul”ﬂ.uémﬁﬂ%uqquﬁ 37 °C wu 15, 30, 45, 60, 75 wag 90 w19l
Mt tasinashnaiildainnisidsy colloidal chitin W n-acetyl-d-glucosamine Tag DNS method

waziguiuNIINNINTg I



4.8 nmsinAnanssuvasaulydlafiud

nfanssuveseulsl (enzyme activity) SadedEnsmusinanimasindfinanladeds dinitrosaticylic
acid; DNS method (Miller, 1959) Tnelldf 1% colloidal chitin Tu 50 mM KPB pH 7.0 {uansiadiu drluvuiu
fognsasazaneioulen Iuﬁimfﬂmwuqmugﬁ 37 °C Wunan 1 %aiuq mﬂﬂy’ulﬁumiasma DNS (3,5- DNS 10
n% 1w 2N NaOH 200 fiadans way sodium potassium tartrate 300 N3 Aot 1 8n3) udduiFoauIy 15 Wil
mnﬁ?uimdwmmmﬁuumﬁw spectrophotometer fimnuemadu 575 uiluwns wasfisufunsviinsgiuves
N-acetyl-d-glucosamine titeldlunisAnarfnssuvesoules Inendsgdn (U) veseulwlogmnefaoulei

Mlmaninasaag 1 lulaslua (umol) Aewndlaund

4.9 msnevduawwamananaraeulullafuadaiavetukaraUasuvIuaneventas M. suizhouense
ATREEUNIUALe e mARBInawaasaraneoulallaRuaTinanldanndosn M. euizhouense PSUMOS

vueMsiasndouuuuds waravsduviuassveadesding IneYausunas pathogenesisrelated protein (PR

protein)ﬁaadﬂaqa%ﬁaﬁu aelu 24 Flug nanJunaasnadluasazateeulesl wavalasuviuassniny

[

Wudu 10° auas/ua nad 0.05% tween 80 1WA 5 UM 91NUUAIINARRINDIRILUINAULLTD WAL NIlITLAg

'
=

figauuniivies uaziiudenasnedluainlusiundsnnualigumgiivies 24 uas 48 Hilus TagFBnsadnlusiu
fnuUaga1nIanN19u99 Zheng Lazamug (2007) undsnasnasianiesduaniufuarsazaredriines 12
fiadans (0.5% SDS, 20 mM Tris-HCL, 1 mM EDTA uag 1ndu 464 fiadans) viluunilgamnf 90-94 °C iunan
8-10 ufl Mntudumissiinnuigisou 8000 sou/wnit figuund 4 °C (e 15 undt Wudulanaudae
trichloroacetic acid (TCA), acetone, dithiothreitol (DTT) wag mercaptoethanol ﬁl’mﬁ?uﬁuﬁ -20°C WU 2 %L’ﬂm
W duwiesdnafeiinnuEiseu 14,000 59U/UN7 A1enznousiy acetone RS WAAZANIE28 SDS-PAGE

sample buffer fauirlunenvuinueelusAun1835 Sodium dodecyl sulfate (SDS) Polyacrylamide gel

electrophoresis (PAGE) 1W3guiigufiuyn

4.10 Polyacrylamide gel electrophoresis (PAGE)
Wisuifisuruavesiusiuftatnlinnuienteaninewnedd SDS-PAGE Wisuiflsussninmaaaneuns
avsnasignnsziusheteulesilafiua wavassnesiignnszduseaUasuuiuaseves M. guizhouense PSUMOA A
Wudu 10° spore/ml Iagldaavunn 10%10 wuRns wusduaosdu Ine separating gel AMuTLTU 12% uwag
stacking gel ANULTUTU 4% M1UTTN15VR3 Laemmli (1970) InellusAuunsgu (protein marker) 4119 10 - 250

kDa (BioLabs Inc.)

4.11 wagaumstiudsnsissavenduledenlsanauinuuamnsidsate
naaeuANANTnvesansaraslolullafiuaaianeulunssussnnatydulnvesdeanvelsanaui
e gel diffusion Ineld cork borer vwiadurUAUINa1 5 Tadwns Wizenmswla PDA Tiluwau 1w 3
vigy FannuquilszozinanIngaaudnans 3 loumisng mnﬁ?mww??aﬁriaiiﬂwamhﬁlmﬁg 3 %u Pnssnanauidente
hludulifigamad 30 °C iunan ¢ Fu udrinvumala (zone of inhibition) waInvavesdulodosiiasy
WlafuamAUesifusnissuds (percentage inhibition of growth) Wieuiugamiuay (Liflansasaneeule) f

dun1g

c-T
Percentage inhibition = - X 100
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Wie C mnedimivenduleosvesynniuay Inginaingaqudnardliaufveuveaduly uay T Fesailves

Wuleangagudnansludndda

4.12 asvdsuanuaidulediendasganssaudianasousiingasnsia (scanning electron microscope; SEM)

psFeUSNYEEIsAETesToT ey lsanahiUAsuuady  wdinmsveasuieeuleile
fiua neldndesganssmivuudidnasousindesnan laswtuiuiifidulodenolsenaunluuiionlng zone of
inhibition 91nMsVRdeUTteiuLTasly 3% clutaraldehyde 71 4 °C Wiy 24 Falus uduemieenandulesee
vuea 30, 50, 60, 70, 80, 90 uAE 100% MUEITU IntFeEl UYL de s critical point drying (CPD)
udvudienes  andudesiiendos SEM  (USM-5800 LV, JEOL, USA) w audiniesioinermans

1UMINYNRYAIVAUASUNS

4.13 maniladeivanzaululfiouledlafiuaiisnuaumatiyreatenialsavuamaisaie
Anwiladeidnadensliioulullafudlunsmuauninesyrendeainglsnaenes VLML
o wuuvanstladendoniy Tnsneununavnassuy CCD Hadeiidnuldun gaumgditumeulasinewinluly e
aududuveseulsdilld uavsveziailunisumeulsd (519l 2) wag¥n percentage of inhibition AN
AinmzimaRuuuTnsatiudadunatesanls (multiple linear regression) Sfifianun 15 n13Mnaps/Ate waznis

ARe9aL 3 90

A3 2 MINRaBILUU Central Composite Design (CCD) seaulunisvnnass wasUsunautadenld vesladulu

nstdieulailafiualiioniunun1siasyreutesInelsAuNeIMTEE Y

Coded values -a -1 0 +1 +a
Factors Actual values

a: Incubation Temperature (°C) 0.5 1 1.5 2 25
b: Concentration of crude enzyme (U/ml) 72 144 216 288 360
c: Incubation Time (min) 5 6 7 8 9

4.14 vagounsusINsinlsANaITULNAADINDS

waaadﬂadﬂﬂaﬁléfﬁnﬂmwuaqmwmiﬂﬂu%’qﬁmﬁwqq UASAIFIININY LaraIal a1iANNELeInRIABINDY
Lazsdoundondy 70% ethanol, 1% NaOCL wardsdetnndusinige 2 ass udduliuse uduvady 3 YA
nsvaaes i (1) Wuasazansteulesiioulgnitesinelsa (pre-inoculation) (2) Ugnidesinelsareuainiuis
wuasazansioulssl (postinoculation) war (3) yamuguisgniSosnelsaiissetiaden Tnewuasasany
woulmlinan tween 20 (0.05 %) fisliiuste waielduu 1 Falus riamw%u”z;ul,%ai’]riaiiﬂéummé’ur;i’mquéﬂmq 5
uRlLns vunaasnes ntmudlilunaestiy 1al3ludise gaunil 30 °C Jufinuan1siinlsn InUUIAveIUNE
Wisufugaaaua wn 24 Falue WWuen 5 5y

Wisuifisuuszavsnmnssudinsifelsenanivesaesneduiesufjdinig  neldasazaneiouldiinanld
nqAun3s Aunslialesuuiuassventios M. guizhouense PSUMOA finiuidudu 10° - 10° aves/dadtng uay
Wisuidisunsldansazarsouleslafuatunisldasadl Toud msiuundu sudsnisiinsiivnisinunsuugii

Ao Juraatluansiedudullivisneuiuinwfionmgl 11 esrwadea (nNsu3vnsnens, 2556) Wieuiunsld
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ansazaneeuleliiadeufie BN aiediu winTIvEeUAMN AN TBINAADINGY WY MaialsA 91gNIsiy

SN LAYANYAENIANIENN WU dvesraniUdsuladly

4.15 MIUATIEINADA
HaNlAANNITNAARINIENNEIzN R wazdu DA uuNInTEIU (standard deviation; SD) kariAs1ew
AMNLUTUTIULUUILUNINALAET (one-way analysis of variance; ANOVA) @283584 Dancan (Dancan’s multiple

range test) finandeiiu 95% tngldlusunsudniagy SPSS viesdu 11.5
5. HAN1INAARILAIRNTA]

5.1 L%yai’lﬁ’lmﬁﬂiﬂLﬁ’]“lladaaﬁﬂadﬂélﬁﬂ’]ilﬁvLﬁ&l’a

\fusogsanenasfinuenmskainnaIuvesnunsnsludminings unseisssusvuas awan Sruauiiud
usegsaaanesiadu 46 9a uvadu 23 fufl Suunidu fminuasaisssume S1uu 12 Ml Tarinings 12
‘ﬁuﬁ Lazdaninawan 6 ‘ﬁuﬁ LL?JﬂL"?iyamﬂNaaaﬂﬂaﬂéjw%% tissue transplating e hyphal tip isolation 1@11%@51
U'%qw%‘ﬁwm 78 isolates wazuUadesildnoun 18 wueay egeaing mudnvarlalaivuemsideade
wazdrygninenlindesqanssal ndniuihlunageueuannsalunisielsa LLa%mi’Jﬁ]ﬁE]‘U’j’]L‘ﬁuL%@ﬁ%%@%m
T3ARaLN MUENN1S Koch's postulate ‘Mé’qmﬂ‘dqﬂL%amﬁaiiﬂﬁmaaaqﬂaﬂmElmiﬁm%uﬁulfiyaﬁmaau wazuull
Tundestuduinm 48 $alus wudeesnesuansenadefons (necrosis) dauseutuiuides unadtniaves
qnaw aunand uasiidulenigunequraassnes dsanmsUgnide 48 dalus wWisudsutudenitlulsag
Tsn uazypmunn MinaassnadliiineIn1siinund Fadeniilminensuhuusaassnesdidiuan 11 wunea
¥ud vanean 1, 6, 7, 8, 9, 10, 14, 15, 16,17 uar 18 uazulsn1snszansnuusasiuiiiufege dauandumsn
3

denssienumannnane  (density)  veudesiiivhlfAneimsuaniwesessneslunsaziuiivesmsiiiu
hog1a Tnglddaiinisnsyanefusuueulaiwed (Shannon Wiener index, H’) néouieiasziAra @ LaLavos
Toya (evenness, J)) WU fegieeinesitivaIndnenivs FMTATNQY SNNOUUNF 2.UATATFITUTIY Uay
gunenglyun Jaminiings ﬁmﬂwmﬂummﬁaﬁmLmiiﬂwamwmamﬂmg_jq Inefisadnisnszanemusuuaul
Wes WihAu 1.49, 1.33 uag 1.29 aua1nu LLasﬁ?uﬁLﬁ'uéha&J"md’m"[,w:g'ﬁ]zﬁmmaﬁ’naméﬂm%;ﬂaagqa (>0.88 -

1.00) (miwﬁ 4)
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& .
MUNYLAUTDINIANALUN VD IABINDY (1’8]1"21@‘1/])

il aonuil 1 6 7 8 9 10 15 17 18
1 A.9aun3 0.01ueu 2.4nee 1 2
2 aeaedlvy o.aslvun 2.9 1 1 1 1
3 PLAINTT B.NNT 2GS 1 3 2 1
4 pandus o.A3uATUNS 2.9a9 1 1
5 ALATUNY D.ATUTING 2.9NQ 2
6 a.Umzeeu 0.0 mMeyau 2.5 1 1 1
7 AN 8.UNRzuRl 2.11Ng 1
8 AU 0.1189 2.UATATEIIUTY 1 2 1
9 A.UNSIY 81189 9. UATAISITUIY 1
10 A.AUNLTY 81509 2. UASAISIINSIY 11
11 A.AA B.A1UANT . UATAITITUIY 2 1
12 ALENNTY 9.898 2.UATAISTTUIY 1 1
13 QLYW 0.898 2.UATAISITUITY 2 2 1
14 F.ATUTO B.WUNAN 2. UATATEIININY 1
15 LUNTI 0.UUNEN 2. UATASEIINTY 1 1 1 2
16 £.8¥918 9.29°19 LUATAITITNTY 1
17 9.9uf 9.2279 LUASASEIIUIIY 2
18 sl sy 8.5l 2.49a0 1
19 addlvg 9.4nw1 289080 2
20 AN BTN 898N 1
21 5. pewsd 9. alug) 9.89va0 1 2
22 . peewesly 0.Aa0IMeslUY 2.499a0 1 1
23 AL YUAAVIINGY B.a%UL 289U 1 1
33U 5 2 5 3 5 13 11 13 2




[13]

A13197l 4 drilenuvainvatevessiadiesanmglsaraiivesaasnasluldaziuiiiudegg

Diversity parameters

Location Shannon diversity index (H”) Evenness (J')
A.YUS 8.UUBY 2.3MRe 0.64 0.92
n.aaedlvg 8.azlvun 2.4na 1.29 1.00
#.A9151 8.AU3T a.ﬁwqq 1.49 0.88
A.aAUS 0.ASUATUNS 2.9NR 1.10 1.00
ALATILNY B.ATUTING .99 0.00 -
A Umzeen 0.0y 2.9q 1.10 1.00
A.neen 9.0meeeu 2.4mas 0.00 -
AU 2.4309 .UATASTITNTIY 1.04 0.94
A.UMTIY B.15189 . UATAITITUIIY 0.00 -
A.ATNIG 81189 2. UATAITITUIIV 0.69 1.00
7.A17 8.81UENT LUATAITITUIY 0.64 0.92
ALLENNTT 0.8%8 2.UASAISITUIIY 0.69 1.00
AN 8.898 2. UATAITITUIY 1.05 0.93
.ATNTD B.WNUNFN A.UATAITIINIY 0.69 1.00
HLUNKATI D.UUNAT 2. UATAITIINIY 1.33 0.94
§.8¥918 9.29°19 . UATAITITUIY 0.00 -
f.9UA 8.22719 LUATFAIEITUIY 0.00 -
ALUINTE 8.500H 2.a9van 0.00 -
7. 390 9.vnN 9.@9van 0.00 -
NN DLW 2.89VAD 0.00 -
P, ADVIA 0. IneY) 2.85va0 0.64 0.92
f. AaaIells 0.AaBIMBY LY 2.49981 1.10 1.00
#. éqw?fmmw 2.9%UY 2.8437a1 0.69 1.00

v A

fndenidosanmmlseraiiesassnasiinuinniian 3 Sufu (mneiay 10, 17 wag 15) Mnnsfuiaegs
Tundedl et ludaduunviasednungmadygiuinen ieuu Ilustrated Genera of Imperfect Fungi (Barnett
and Hunter, 2006) $3fiunsdnduunyinmeisnieadvingt lngaiafieuwene cetyl trimethyl ammonium
bromide (CTAB) method wagwdsannldfeuediosnuds Sufinvsinafeowedematin PCR Tnomsldlnsiues
PN3 (F) 5° CGTTGGTGAACCAGCGGAGGGATC 3’ wag PN16 (R) 5° TCCCTTTCAACAATTTCACG 3’ JiAseviasnu
wa waslUSeuiieuiiugiuteyaves GenBank wuindesia 3 wia leun Botntis sp. Fusarium sp. waz
Pestalotiopsis sp. (Wil 2 - 4) Gauenaniduaivavedlsanaiiiveasines sausleisenuiinelhinlse
nanvemaliivnfouraeyia Wy g Saaa (Keith, 2008) &1 (Timmer et al, 2003) Sy (Lim and

Sangchote, 2003) LLax‘*Uiij (Maharachchikumbura et al., 2013) 1Judu
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‘“"! \ == RPN ) I
A9 2 51 Botrytis sp.; (a) lalatieny 3 Tu uuwems PDA (b) conidia uuiu conidiophore wae (c) conidia (bar

=10 um)

e
k8 /;’Q"‘)//WED

2N 3 91 Fusarium sp.; (a) Iﬂiaﬁmq 3 U UuWNS PDA (b) macroconidia Uun1u conidiophore Wag (c)

microconidia &g macroconidia (bar = 40 um)

Al 4 51 Pestalotiopsis sp.; (a) lalaile1y 7 Ju uuemns PDA (b) acervular conidiomata with young conidia

wag () mature conidia (bar = 10 um)
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a a & & o . .
5.2 msnageunisuaneulvllafiudilesdiu vae¥a Metarhizium guizhouense PSUM04 UUMSUTS

\W851 M. guizhouense PSUMO4 flauanansalunisairseuluiladiuals Tneinaduisdaseulaladuu
ey ngruavenslaniiniy dsadvendld 1.0-1.5 wuRmg (1w 5) Jedunlifeddou (unstained
circular zone) {inTullenddanazduanzusnanlafulignegss (undigested chitin) Asiuseulalalivouted

aSreulmigeslaiu Juinduldadu wazanunsalfdumdinnisadrveuledlafuald (Zou et al, 2002)

i 5 2la (clear zone) UUOIMT colloidal chitin agar laeidias1 Metarhizium guizhouense PSUMO4

5.3 anzimunzaulunisuaneulydla@iua wuuiesizidadeen (single factors optimization)
msmanmgmmnranluniswaneuladlafualng M. guizhouense PSUMO4 lavinnmeldnisideaiesilu

X E Y < . . . = X & X v a P
ANTNLAYITINILDINTHUULUS (solid state cultivation) %QﬂﬁLaENL“U@iﬂuamwL‘U‘uu%ﬂis@umilﬁﬁmﬂmmﬂﬂ

e eveadle usemeaneulgRndesia SrwiathiBTkmmee FALN T 2agtaralipas

wideldeineg andumsiesulunsnameoulesile (Sathish et al, 2008) Thilisenunndsadeseiinmsiiie
mzéjumaa%"mLaulsuﬁwawﬂuﬁm wiu cellulase, laccase, pectinase, xylanase (Graminha et al., 2008; Chairin et
al,, 2014) 59194 chitinase (Sudhakar and Nagarajan, 2010; Chaiharn et al., 2013)

Tumsnaassadell vamndeades M. euizhouense PSUMO4 seamswuuwdsluyingUauy WUINTe
ansnsondnouluilafudlfgandeunlifonngl 30 °C wandeliaunsondslafiualéfignmaiunnniwie
winfu 40 °C (n il 6a) LoulesifiAAanssugeaeiuiuil 10 Tae¥ald 205 U/ml (nmil 6b) Sasndruszming
colloidal chitin wag mineral salt solution (solid : liquid) wsnzaufe 3:1 uas 4:2 lneTarAanssuveoule]
Tadiald 2.12 waz 2.05 U/ml auddu warldunnsnaduegnafidodfyiinudesiu 95% (nnd 6c) wavnadild
1NNTNAGDY L%aﬁmmmmﬁmLaulﬂjﬁlﬂﬁmalﬁqaqm \flo pH 484 mineral salt solution fiAdunans (pH 6.5-7.0)

fAnanssuveseuluilafiuaegsewing 2.18 - 2.43 U/ml (1wl 6d)



25 _ 2.5 =
a /L-n\ a
k& &
S 2 A b =)
>
> h=d
515 ¢ 2 10
g 5
(]
§ 1 s
£ £
= c
GSos 4 _od o 03
O - € O T T
n T 1
5 10 15 20
20 25 30 35 40

Temperature (°C) Incubation time (day)

(c)

2.5 - 2.50
@ a R

= =
< i ©

S 2 b & 2.00
2 2

S 15 4 ¢ be 2 150
g =
)
(0] ©

@ 1 4 @ 1.00
= d g

6 0.5 4 E 0.50
i 5

O T T T T T T OOO

2:1 3.1 2:2 4.1 4:2 4:3 50 55 60 65 70 75 80 85 90
solid : ligiud pH

a v aa 1 a a a ' Y] ' ' <
il 6 Yadeiifinasernanssueulilafiua: (a) guvaul (b) 5x8Ea1UNITUL (C) ORTIEIUIENINUILDIAL
Ypaua kay (d) pH

" Bar represent standard deviation of three replications and the same letter are not significantly

different (p> 0.05) according to Duncan’s multiple range test.

5.4 dnzivunzaulundneulvdlafuawuuinszvivianetade (multiple factors optimization)

Anwtadefifnadontsndneuledlafuawuuaneledondeutu  Tnenwaunsnaasmuy  Central
Composite Design (CCD) thiuiidnwildun e pH GRIVHH sveznailumsiuide wasanududuves colloidal
chitin NAN1NAABINUINITEAATIEViAIILUTUTIU (analysis of variance, ANOVA) sheldsunsudiiasy aunns
Fauny (model) fieh p eend1 0.05 Fuanshilduuszavdvesiiulsosnatos 1 Fuusiauand1aan 0 egned

YA MIEDATITEAUANULTBNY 95% (15197 5) wazlaaunisiuu fedl

Chitinase activity (U/gds) = -23.45+1.00d-0.00072b>-0.02d"

'
1Al

lngil a= Anududuves colloidal chitin b= szagiialun1suude c= pH uay d= aungll FaadliivedAnye
Lsiuansluaunis



A13°99 5 NMTIATIzRANLUIUTIUTEILUT/Uad8 WU response surface quadratic model ilNasaN1THER

oulwailafiug

Source Mean Square F value Prob > F

Model 1.464 4.214 0.0085*
a 0.029 0.085 0.7761
b 0.897 2.582 0.1341
c 0.084 0.242 0.6318
d 12.995 37.399 < 0.0001*
a’ 0.694 1.999 0.1829
b’ 2.987 8.596 0.0126*
c 0.284 0.818 0.3836
ol 3.572 10.279 0.0075*
ab 0.148 0.427 0.5260
ac 0.265 0.763 0.3994
ad 0.260 0.749 0.4039
bc 0.260 0.749 0.4039
bd 0.366 1.053 0.3250
cd 0.099 0.286 0.6028

" p value < 0.05, R* = 0.8309

Wathenannsiwsgianuduiusserinsthideninaserfanssuveseuledlefiiua  Tnswanadunsn
#1UR7 (response surface contour plot) (MW 7 waz 8) uandliiiunsuiuRaduwiliuAfonssuvesoulug

ufiagananansluiuing F9yananswens3nAonddn (peak) voINsMALURY 3 T/

L]

nansanwANsiuveseulwilafuaddiinseilaglilusunsuniads Afiaininavlu (predict) ves
wulwdlafiuagsgaminiu 2.60 U/ml Wleusinaivanzauvesusazdadefs anududuvesansisiu wihiu 1.56
% srevliantun1sUiniie 256 Tilus pH 7.4 way gaungil 32 °C Matindsnyihnisnaaeuiieduduna wul M

Aanssuvoneulasilafiuaninasayiniu 2.51 U/ml Feliuanmneanume@da Auaintnainn1simsieinielusensy

NNADR
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\\\ 22
T i
‘ ‘ ‘ : ‘
Colloidal chitin (%) Colloidal chitin (%)

AN 7 AnudusTusvestiateninaner1n1svin et aubslaRwg; (a) ANNFUNUSTENINANULINTUTDIETAI
i waglaan Werwiun pH kargaungiviniu 7.0 wag 30 °C Mm@y ; (b) AMNFNRUSTENINNAIY

WL TUYRIANIAIY wazAn pH Iamvungungil Waglian Wiy 30 °C uay 216 F3lue mudfy

\ @)
e
g
T 700 —| E 3000 —|
S ©
[0}
J 2
| €
T ouw
/ i
‘ ‘
Incubation time (hour) Incubation time (hour)

29 8 Anuduiusvesladeidnaserinisinauveseuluilafiiug; (a) AMudunussenine pH uag 1al 1ie
AVUAAUTNTUYRIATAIAY Wazaunivinfu 1.5% wag 30 °C auadu ; (b) Anuduiusseniing

QAU kaELIAN EBMVUAANMIINTUYBIANTAIAY Wagdn pH uaz Wiy 1.5% wag 7.0 auaiy

5.5 AuaulRnguaaulullafue

Ananssuvesaulyilafiualinnuaiivsregumgil (temperature stability) i 20-80 °C ntiueuleiazilen
Aanssuanas uazliifenAvnssuvenoules Weuuliflgamadl 70-80 °C uansnsegalifddamaada (p< 0.05)
lounlifigamgiiinndt 60 °C (1wl 9a) uazArAanssuveseuluilafiuaiiruiaiossio pH (oH stability) Tutas
pH 5.0-8.0 (1t 9b) Faaeandasluluficmafeafunisnaases Cheba wazanie (2016) finuin weuluslafiua
findelay Bacillus sp. R2 fenuadesdevuouluifgumaf 40 °C warlugas pH 7.0-8.0 MnduAvnsTues

wuledanas 50% wag 62% wWeouutoulysiil 50 °C 30 w19l wag 9 pH 9.0 MUAIGU
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Snnilinaniivesarsazanseuludlafiuanldinisfine Ao anuslunsiufiseveseulsilafiug
Wiald colloidal chitin 1% Tu 50 mM potassium phosphate buffer (pH 7.0) \uansfsiy nan1snaasanu
oulwsiiudeu colloidal chitin WWuthaasmadlanuavasin 15 ud waslivunathaasmdiiuduioss aud

USunamsindsainuuliuiu 60 uidi (nnd 10)

100.0 - 100.0 - T
8
> 800 4 3 800 -
s S
T 600 A S 600
on -‘d
£ ©
£ 400 4 v 400 A
© =
5 kS
< 200 4 & 200 -
0.0 . . . T T T 7 0.0 , . . . . . . : —
10 20 30 40 50 60 70 80 20 30 40 50 60 7.0 80 9.0 100
Temperature (°C) pH

Al 9 navesmgdl (a) waz pH (b) semnuLafies (stability) veseulullafiua
" Bar represent standard deviation of three replications and the same sign are not significantly different

(p> 0.05) according to Duncan’s multiple range test.

0.70 +
0.60 -
050 -+
0.40 -+
030 4

Reducing sugar (mg)

0.20 -
0.10 -

0.00

15 30 a5 60 75 90

Time (min)

A9 10 Ysanahnnasmdiinannmsvinujisenvesasazansioulzilafiua

" Bar represent standard deviation of three replications

5.6 n1snavdusIvasNaasInasraeulullafuaaiave ULazaUaSLYIUAREYBNYESYT M. guizhouense
PSUMO04

[

wiaNRaaBINaIgnnIERumeasaraeteulilafiug uaraleiiviuasevede M. guizhouense PSUMOA

Aty 10° aved/liaddng  wudwansnesignnszdumieiouled  waztnduy  (@eetuew) lduanang

wWasuwladlauuraaenes uazileglusfuuenauuuindieinis SDS-PAGE Aliduansuaunuulag uuaa dung
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apanesfinszusieataiuriuaostes M. euizhouense PSUMOA wugaiiiodians (necrosis) uuildontesasines
Lwi'«aqmﬁ?uhjqnamvﬁﬂﬂauﬁuﬁaﬂumamﬂm wazdloiUSsudisunaunuuuaanuiins SDS-PAGE wuhiluauves
TusAumnasieqfintu wdsongnnssdu 24 uag 48 dalua (Mwil 11) Tnelusiuaun 25-27 kDa unduuedla
Alua FedenndosiunisAunues Daulagala (2014) Finudilusivuun 26 kDa ulafiua Aldaniduanuden
néne dnlusiuauin 43 kDa Wunguuesdni-1,3-ngaud Famsaudi Porat et al. (1999) 1eauliidleAnwilusiu
mﬂﬁwﬁ”’uﬂumlﬁalﬁaaéu uaziilensivasuaAnssuvesoules] wuirilladiua uazdnm-1,3-ngaiua 0.12 + 0.004
uag 133 + 009 U/ml swddu (nasdl 6) Fuaoaiulusiuiifvainatudognnssduandadn Gonh
pathogenesis-related protein (PR protein) ﬁﬁ@mauﬁ’ﬁé’ugaﬂwsLa%fgmaaL%aiw YNADENINNITANYIVBY Chen
waz Tian (2005) finudn PR protein 7ildanuaessannsadudimsiaiaues blue mold (Penicillium expansum)
1§ dennsnwadsinuin dhduildanddenasmesiinssduse M. guizhouense PSUMO4 Sudsnisiaseyues
{031 Botrytis sp., Fusarium sp. ua Pestalotiopsis sp. Uemmsiasaield lnefiuesifumsduds 34.9, 293 uay

30.5 % MUY (AT 12)

100

Al 11 wouldsiudiusnguuaaves SDS-PAGE (M = protein marker, 1 = gamuasdléiinian, 2 uag 3 = 1

AuANIUdenaeInamaIgnnsziuiie M. suizhouense PSUMO4 tluiian 24 uaz 48 43lus mud1div)

A139% 6 Aanssuveteulivesihauanionvesaenesiignnszdusie M. suizhouense PSUMO4

Sample Chitinase (U/ml)’ b-1,3-glucanase (U/mb’
24 h 48 h 24 h 48 h
Control 0.00 £+ 0.00 0.02 £ 0.001 0.00 £+ 0.00 0.00 £ 0.00
Inoculated 0.12 + 0.004 0.17 +0.02 1.33 £0.09 1.51 £0.12

" Mean + Standard deviation (3 replications)
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Fusarium Botrytis Pestalotiopsis

A 12 nsfugsnmsigueadulewesnelsaraiit nglduiruanuaasuhruaniudenasineaiaignnseu
18 M. guizhouense PSUMO4 (1) way potassium phosphate buffer pH 7.0 (@en)

" Bar represent standard deviation of three replications and the same sign are not significantly
different (p> 0.05) according to Duncan’s multiple range test.

5.7 ﬂizﬁﬂ%ﬂ’m‘ua\‘iﬁ’]iaza’]ﬁlLau‘l“llﬁﬂﬂamﬁi‘uﬂﬁiﬂ’mQSJﬂ’]iLf\J‘%iy,‘UENL‘%’e‘li’]ﬁﬂiﬁﬂUua’]W}iLgmL%EJ
Ananssuveteulnllafluanagay 36.5 + 4.9 U/ml mn&uﬁﬂﬂmmﬁw millipore filter YuA 45 um WAL
ilunngeulszansamlunisdudenisiaSyvendesn Botrytis sp., Fusarium sp. waw Pestalotiopsis sp. #at33
gel diffusion Uue5iu PDA nutansavasioulusilafuaatavenvanansadudininaiyueatosii 3 wlald
1y inhibition zone ‘U@QL%@% Botrytis sp., Fusarium sp. Wag Pestalotiopsis sp. HU1U1MAIIUNI1S 0.26 + 0.05,

0.18 + 0.03 way 0.20 + 0.04 LWUFLUAT %30 percentage of inhibition WNAU 44.7, 42.9 uaz 43.6 % ANEIRU

' v
[ ' =~

\latUsgutiguiunasiduinaugiiye (control) warn15lY extraction buffer (50 mM KPB) (A1w# 13-15)
wenwiloannuansinwiasall Meunndsisnunavesouledlafiuananisdudainisaiyuentesianglsanas
WWuliendnuaneviin 1w Botrytis cinerea (Daulagala, 2014), Colletotrichum gloeosporioides (Ali et al., 2014),

Penicilium expansum (Chan and Tian, 2005), P. digitatum (Inkha and Boonyakiat, 2010) wa¥ Phomopsis
asparagi (Lu et al., 2008)

NN 13 W91 Botrytis sp. MA3YMNUNAULEIMIS PDA (11Ww71) wag Inhibition zone 7inanN1sdusIng
1935JU0931 Botrytis sp. Inensidansazaseulaslafiuaainneiu (E) uinausiiiie (C) wa extraction
buffer (B) (nwde)



AW 14 15937 Fusarium sp. MATYANUNAULIMT PDA (n937) wae Inhibition zone MinaInAsdusIng
1W3YURNTY Fusarium sp. leensldansavareoulwdlefiuaadinvenu (E) dndudde (O uwas

extraction buffer (B) (n1ne1e)

AW 15 1931 Pestalotiopsis sp. MazgymuunauueIms PDA (nww21) wae Inhibition zone AR nn13dUes
N9LA30)8937 Pestalotiopsis sp. lnensivansazareeulsillafiuaannuenu (E) iinausinae (C) wa

extraction buffer (B) (n1ne1e)

5.8 Uadeiimunzanlun1saiuaun1sasyuaaidasnnalsauueImsiasuie

WeAnundadeniinadensldeulailafiualunismuaunisiasyreutosannlsAnaIvetasnes 3 e
lAuA Botrytis sp., Fusarium sp. Wag Pestalotiopsis sp.  wuunanetadeniauii (multiple factor optimization)

WUIMANSTUTINIA3EYeTes Botrytis sp. UUWNS PDA ledszinnnuwlsusiuselusunsudniogy

o

aunsmunuiian p desnin 0.05 Fwansindlduuszavcreswanusesstey 1 duusiauananemin 0 o8l

o @

oA veadAnszAuAULTolU 95% (115199 7) wazlaaunisiuny fall

Inhibition (%) of Botrytis sp. = -11.72+2.82b-0.04b significant, R = 0.9789
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e a= aauupdnuueulasinewtinlUly b= Aanututuvetaulelnly way c= syeziantunisumeulesl

9 Y

o o

Feamluiidedrazlananduaunis

o

A15°99 7 MIIATIEYRNLLUSUTILYRIILUS/Uady UL response surface quadratic model ilnafon15duss

N13LA3QYVBUTOTN Botrytis sp. UUDIMNILEBUTD PDA

Source Mean Square F value Prob > F
Model 278.37 25.74 0.0011%
a 20.64 1.91 0.2256
b 2270.48 209.93 <0.001*
c 8.34 0.77 0.4201
5.36 0.50 0.5130
? 94.20 8.71 0.0318*
ol 361 0.33 0.5884
ab 0.36 0.033 0.8622
ac 32.40 3.00 0.1440
bc 0.28 0.026 0.8782

* p value < 0.05 , R* = 0.9789

¥ o &

WoihAnMTileTziaNduTusssindadeniinasen1sudinsaiguetios Botrytis sp. UUOIMIS

v
A a

\Feate PDA Tnsuanadunsituis (response surface plot) LLaﬂﬂiﬁLﬁuﬂiWWﬁuﬁaﬁLLu'ﬂﬁaJﬂﬁé’ngaﬁqqsﬁuLﬁa
Winenududuvesouley wazdedouraveiindmaronstiudinsisaventon Botrytis sp. wuuliduusiu
(n il 16)

nansldouledlefiuaainnetuiitedudinsissavesde Botrytis sp. uuemaas e PDA Svliasziilng
THlusunsumeadin Seiimatazfuresnissudsgaanvinty 44.01 % Weviiuimnyauvesusiastadofe 14
woulasilafiuaiisianfanssuveaeulesl 29.5 U/ml Usieulwsifigamail 36 °C Huszoziim 53 uidl dewiiiluld visil
wdnThnsedeusiietusuna wuirianssuveseuludlafailéasainiu 45.00 % Feliuaneetunmsada

(0>0.05) AuAfimaiagiudlaanmsiesgvimelusunsunieada
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AN 16 AUFLTUSTRIUIE NENASUTIN191A3Y033 Botrytis sp. ULD191T PDA; (a) ANaUUsIz©iInaw
Wutuveseuledladiua wazaamall Weomnuanailunisuuwindu 35 will; (b) ANuduRUsTENINg
gaunnd uagiianlunmsuueuley Weimuaanududuvedeulsd 20 U/mluay (©) Anuduiussening

Anudntuvesoulailafiua uaziia Wemmvuneumniilin 35 °C

o
LYY

nan1snegeuladeiiinasonisltioulwllafuaaianeulunsduginisiaigueaudesn  Fusarium sp. UU

9719113 PDA wuUioAs1¥9iAuuUsUTIU @unisiauvu (model) fian p Uoenan 0.05 Fauansindduusyandues

o o aada o

Mudsettes 1 dmudsiiamnd199in 0 agreliedAynsadAnszauanuBoiu 95% (m3197 8) wazlaaunis

fraunu fail
Inhibition (%) of Fusarium sp. = -13.26+2.76b-0.04b" significant, R® = 0.9741

e a= aauundnuueulasineutinlUly b= Aanututuvetaulesdnly way c= syeziantunisumeulesl

9 Y

o o

Feanlufidedrdazlinanduaunis

<

(Ulw) aWi} uonegnou|
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WoihAnMTIeTziaNduTusssindadefiinasen1suginsasguetios Fusarium sp. UUOIMIS

'
=

Feadie PDA Tnsuanafunsiituia (response surface contour plot) waadlidiunsitufiadiuunltunséiuds
avtudlefunnududuvesoulul wrgumgifuailunmsumeuluifianuduiusiu (vmd 17)
wansliieulesilafiuaataveuifiesudimaaiguondon Fusarium sp. UuomTAsuTe PDA Selinsie
Tnelilusunsamnaadin Arinieinazifu (predict) wesnsdudageaaniniu 42.93 % Weusinaifinsauvesusiay
tadede Meuluilafiuadiidfnssuveneulsd 29 U/ml vuevlwsifigumai 38.5 °C luszaznan 21 wiil dey
e Fedludmminmmageudiofusina wud1 Aianssuveneulwilafuaildaiaindu 39.78 % sl

v aa PR | ' Y a ¢ aa
LNF TN UNINAD G (,O>005) ﬂUﬂ’W]ﬂ’]WJ'WQBLUUV]‘lWﬂ’]ﬂﬂ’]5'3Lﬂi’]gﬂﬂqﬁiﬂﬂmiu‘ﬂqﬁﬁﬂﬂ

A13°99 8 MTIATIZANLLUTUTINYBIRILUS/Uady UL response surface quadratic model 7ilnason15duss

NISL93QYVOTOIT Fusarium sp. UUBIMISIEENLTD PDA

Source Mean Square F value Prob > F
Model 241.6 20.9 0.0019*
a 0.065 0.0005 0.9429

b 2013.9 174.5 <0.0001*

c 1.05 0.091 0.7751

a 11.93 1.03 0.3560

b 107.51 9.31 0.0284*

& 1.53 0.13 0.7309

ab 1.13 0.097 0.7675

ac 3.13 0.27 0.6251

bc 1.13 0.097 0.7675

* p value < 0.05, R® = 0.9741
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i 17 anuduiusvesladefilnadudinisasgyuess Fusarium sp. UUeIMIS PDA; (a) AMUEUNUSIZAINg
Anudntureseuluilafiua wavonmgll Weomnuanailumsuuwindu 35 wd; (b)  Anuduiug
seiveannll  waviatunisuteuleyl  Wetmvuserududuvedeuled 20 U/ml wag (o)

AuduiusTErIeuduiwreseuleilafiug waziian Weivungaumgilin 35 °C

nansnegeuladeiiinasonisltioulullafiuaaiaveu Tun1sduginisasguesiios Pestalotiosis sp. Ul
911115 PDA nuddlodmsizinnuulsusiusmelusunsudniogy  aunissunuden p deendt 0.05 Fauaneindl

duszavsvosiuusognaoy 1 fuUsinueng19a1n 0 ag9lvsdIAyNanAnszAUANLTDNU 95% (M19199

9) wagleaunisiauny fail

Inhibition (%) of Pestalotiosis sp. = -92.54+3.70a-0.07b" significant, R = 0.9159

e a= aauuninuueulatineutinlUly b= Aanututuvetaulesdnly way c= syeziantunisumeulesl

9 Y

o o

Feanlufidedrdazlinanduaunis

<

WeoihAanmsilessiauduiusssidadeniinanen1sdudinsadgueiios Pestalotiopsis sp. U
91msiaeate PDA tnguanadunsiniiuly uandlidiunsmiuiaduwildunsdudigadudeiiiunnududures

wulwl waztaduusazaiindmanan1sgudinisiaiyresdosivuommsideaienuuldduiusiu (e 18)
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nansidieulullafiuaatnneuiiodudsnsisyuendos Pestalotiopsis sp. uueMSiALLde PDA @
Anseilaglilusunsumeadn ilainiesduvesnissudigeganintu 5137 % Welliuinzauvoustay
tadede Meulwilafuanimfonssuveseuley 28.4 U/ml Unoulesifigamail 34.7 °C Wusyozinan 51.4 uni
Aouilld shiludianihnsmageusitedutina wuiAnianssuveseuleilafueadildasavinty 48.80 % 3l

upnA1TUNEDR (0>0.05) AuAimanasdunlaainnsiesigimalusunsunieada

A3 9 MTIATIZRANLLUTUTIUTEIILUT/UaTY WUU response surface quadratic model Pilnason158us s

NISL93YVOTT) Pestalotiopsis sp. UUDIMITLAETD PDA

Source Mean Square F value Prob > F
Model 5347.02 6.05 0.0308*
a 208.05 2.12 0.2052

b 2281.03 23.23 0.0048*

c 2.11 0.021 0.8893

a 1707.68 17.39 0.0087*

? 490.37 4.99 0.0757

c 6.62 0.067 0.8055

ab 220.50 2.25 0.1943

ac 2.00 0.020 0.8921

bc 0.50 0.005 0.9459

* p value < 0.05, R* = 0.9159
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i 18 Anuduiusveslladeiinanan 159 uIN19193018337 Pestalotiopsis sp. U1B1M1S PDA (a) AUELNUS

serneANUNTuTaaeulesllafiuE

wazgaumdl  Warvuanantumsunwiiy - 35w (b)

ANudUTUsTEnIRamad warnattunsuteulesl Wermuaanududureeuled 20 U/ml ua (c)

ANuduiusTEnIe i dureseulellafiua waziian Weivungaumgilin 35 °C

5.9 dnwaduleneldndasganssmididnaseuriindasnsia (scanning electron microscope; SEM)

anwgsdg e vesdeTan v lsananisunUadlundinnsnageumeieuludlasiua laewdien

anwaziduleneldndasganssmivuudidnaseuriindensin wuinduleves Botrytis sp., Fusarium sp. Wag

Pestalotiopsis sp. #5Us1aRaunly Saden uwas@nuin wenantduleves Fusarium sp. uag Pestalotiopsis sp.

FalAuruIwUuanadneg (NWA 19-21)
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A 19 ulevess Botrytis sp. Tandesanssaudiannseusindensie; (a) was () nszduietlal

(control) kagnm (b) Wag (d) NTeAUmMEIANIINABINBINNTEAWME M. suizhouense PSUMOG

b

JS| LV)20 KV 1000 x/136.5 um| 2390

pr=—r

i}

Mic HVY | Mag | HFW [Film

| JSM5800LV 120 KV|1000 x|136.5 um|2402

,

'
27.1 pm|2400]

= AN
Mic HFW [Film
| |JSM5800LY|20 kV|5000 x|27.1 ym|2384]

a 1% . v v fa & a v v H '
it 20 Wulevess Fusarium sp. Tandesganssaudidnaseusindensie; (a) was () nszAudmetilal

(control) uagnm (b) Uag (d) NSEAUMBINAUIINABINBINNTLAUME M. guizhouense PSUMO4
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S

Mag | HFW |Film |
1000 x|136.5 pm 2393 _

i HV | Mag
|1JSM5800LV|20 kV|5000 x|

il 21 @ulevess) Peatalotiopsis sp. Iindesanssaudianaseurindensie; (a) uas () nszdudetilal

(control) kagnm (b) wag (d) NTeAUmMEIANIINABINBINNTEAWME M. suizhouense PSUMOG

5.10 wavasdsaransaulydlafiuadan1sgugnisiinlsANaIUUNaaBINDdg

windu 3 yanmeans Téun (1) siuansazasweulwsineulgnilosinelsa (pre-inoculation) (2) Ugnitesine
Tsarouanifufsiuansaraneteulssd (post-inoculation) wag (3) mmuquéﬁqﬂqﬂL%aiwﬁaIimﬁmasimﬁm dunm
wamaAalsavdnugnidesielsann 24 $alus e 5 fu

Mﬁaﬁmﬂqm%aﬁ Botrytis sp. WudﬂaaaﬂaﬂummuquL’%'uLLammmiwameﬁamnﬂgm%a ag s dw
aosnesfiviuatsasansioulssineunasndnisugniesinelse Fuuansenisnanimdengnide 72 $ilus uay
uradimagnay fvwelugiu ndaannisugniaeld 120 Fala gaeauey wavassnesiiiuasazatoioulasiney
Ugnide iRaunadimaiitouihites wasiduloveaderdvnlumiainunagu (nmd 22)

31 Fusarium sp. lunnyan1snaaes Mﬁamﬂﬂgﬂl,%aﬁ‘]unm 24 $lus wanowneadiliuansernisle uivdsann
48 3l ifnunadimadonseviuiurendesluynmuny waraomnesiviuasasansioulusieulgnifesielse
niuunadthmagnany Sunaluaiu lunm 72-96 $alussean wasndsannisgnideld 120 Falus wudmnan
nsnaaes auadthmafowiime Sdulsveadondnutiylnegy Mndudulowdsuduiimend ua
Lf:al,?jaquﬁa (Al 23)

Anunadthaauunaasnesuinmseutuiudion Pestalotiopsis sp. luszesiian 24 Haluwdsnsugniden
Tuyamuey uazassnosiiwuasavansieulniiou daumaaammﬁﬂumiazmEJLaulszjﬁmé“amﬂmiﬂqm%aﬁriaiiﬂ
Buuansormanaitl vdsnmsvgnide 48 $1lus mnduasinedunnyamsvaassiaitiniagnany fvuelneg
Juogrands fiduloveadosfniaiaunegu uagny acervular conidiomata &1 LHunduUUMNAVEIIINNTS

Ugnidefien 96 dalus (amidl 24)



AT 22 N3193YV0IVBY Botrytis sp. ULHARBINGS; (a-C) YAMIUAN MAINUGNITesmadeu 48, 96 uag 120
g My, (d-f niuansazaneeuledineulgniesinelse waanUgniiesmeaeu 48, 96 way 120
Flus mERu war (¢-) Ygniesinelsanewaniuimiuasazateieuled wanUgniiesaaeuy

48, 96 way 120 F7lug MRy

AMA 23 NMSI9SYUeIVBs Fusarium sp. UNKaaaINes; (a-c) YAAIUAN mﬁqmﬂﬂqﬂlﬁ?@ﬁmaau 48, 96 uay 120
dlas g ey, (d-) ‘W'umiazawLaulsaﬂﬁauﬂqﬂl,%amﬁaiiﬂ Mﬁamﬂﬂqmﬂ??aiﬂmaau 48, 96 wag 120
2l nuddy wae () UgniFesinelsanouaniufsiumsararsieulss] ndwinugnidesmeasy
48, 96 way 120 Falug pudu

AW 24 N151ATYVBIVBY Pestalotiopsis sp. VUNARBINGS; (a-c) YAAIUAN NAINUGNITRTMARBU 24, 48 Uay
96 FIUI MuAY, (d-f) Nuasazaneeuleiineulgniosinelsa naINUgnNWesmMedeU 24, 48 uax
96 Flas MU wae (¢-) Ugniesnelsaneuaintiudsiuansazateieule vdainUgnidesmaaey

24, 48 uay 96 219 AUEU
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dewFeuiflsufesazveniafanail  nuinsriuasazaeeulsilafiuauuraasines  annsnveaenis
Anlsarauinilesanides Botrytis sp. ¢ 48.8 % WawFeudisusuganiuny Mﬁamiﬂqﬂﬁgaﬁ 120 F3laa (0w
7t 252) wiasavanerouledlafuallannsavzaenisinlsanauhiinenides Fusarium sp. I iesanilses
az‘sﬂaﬁmiLﬁ(ﬂNaL"Li’lbl,ﬂ,jLLGIﬂGI"Nﬁua&i’mﬁﬁﬂﬁ’]ﬁmwwﬁaaLﬁ@LU%EJULﬁEJUﬁU“Q@ﬂ’JU@M (Ml 25b)  druntsiiu
asazansiouluindsinnsUgnition Pestalotiopsis sp. anusrraonainnaild 24.39% vdsnUgnide 72

139 KaENdIINTUABINBLANDINITNALNBRE195IALEL (AN 25¢C)

100 -
(a) —=@— control
80 A == J==pre-inoculation
S
:_5/ ¢ === post-inoculation
:‘§
[y
S 40 A *
]
&
T 20 1
O
@
o
0 4 T T )
24 48 72 96 120
-20 4 . ) .
incubation time (hour)
100 -+ 100 4
(b) (©
8 80 - g 80
e °
5 60 - g 60 -
= i
G © *
% 40 A E‘;,, a0
c c
0] ]
O 20 - £ 20
[J]
Q. o *
O - T T T 1 0 \0; T T T T
24 48 72 96 120 24 48 72 96 120
incubation time (hour) incubation time (hour)

AT 25 FegarveIniIsiinlsanaLlIaeINeInasa1nlaniiie; (a) Botrytis sp., (b) Fusarium sp. wa (c)
Pestalotiopsis sp.
* Bar represent standard deviation of three replications and mean in the same x axis (incubation

time) are significantly different by Duncan’s multiple range test (p<0.05)

5.11 wWisuiisunavesarsazataeuledlafua nsldadasuviruaseves M. guizhouense PSUMO4 waz
asiadl demsduganisiinlsananituunaasines

\dogunaasinesadluluaUesiviuaesres M. guizhouense PSUMO4  wuindaifiananduduvesales
wIuRREINNBEI (10° - 10° aled/fadans) shlvinaaessneafnermaiieibionis (necrosis) fdnwasdugaviotu

dunenavudden uiliananullaufiallonsnes Judenldavssuviuaseveades finnududu 10° aled/

fadans lunsneaeudseuiisuiunisidansazaneeulal
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Fothaowmnesiifuaesiuriuaesvendes M. guizhouense PSUMOA ansavansioulusilafiua ansasiuuan
B wazthilan (gaaauaw) Tutiiliflgamafivies (30 °C) namsvaaaanyT aesneuduLAREINISHALN 24 Fala
vdanmsiiuinm lnegnmuesiinualii 40 % assnesfiguansazansieuluiiansennisnalin 12 % dauasines
Viajuaﬂaiwauaammﬁam wazanaiedl luuansorniswaud) andilutuil 5 avsnoslugmmuANLATaINesiTy
ansavangieulml uansenIsHaiLn 100 % dauassnesiiguluaUsiuviuasy uazaswnesiildansiadl uanseinisua
1 79 uaz 20 % swadU (Ml 26) uiilethassnesluuulifigamgdl 10°C 3 4 YANIVABDY I3ULANIBINTT
wanimdnifuinuiliduna 13 fu uasifiamaugegaluiu 21 vesmafuinu ueniniiudenaenssdid
¥hana (browning) FudTuit 3 veensiiudnwm Tnensiindiimainannszuaunseendladuesanssmaniuly
fluea Tnsnisviauveaieulesl (enzymatic browning) 1éuf polyphenol oxidase uag peroxidase Sasfnnulusin
waznalil (loannou and Ghoul, 2013) 9NN1sANYITEREUTAG warAmy (1.U.U) T89UaeINadRANIWIves
wasndudioiiuinuiunm 7 fu uagiigauungd 15 °C iansinnndnil 18 °C iflesnniigamgiin aoaneufn

9 N sazunUL (chilling injury) lneviliAnauRanunfin1eassinen Mlieadidondnn uazdeaonIsidn

Mangvegaunsy
120 == Crude enzyme
< 100 «={J=spore suspension
:Cj) —@=— Chemical fungicide
= 80
5 === control
[V
[
o 60
]
&
g 40
O
g
20
0 ®

0 1 2 3 4 5 6 7
incubation time (day)

WA 26 SevarveinsiialsanaivesaasnaulauNlINgumaiivies (30 °C)

* Bar represent standard deviation of three replications

6. ajunan1mMaay

wulwsilafiuaiindsldlagsuwuas Metarhizium guizhouense PSUMOA fildlafuarniudendanaznszaeay
Juinghu anunsadiudansiasauesst Botrytis sp., Fusarium sp. way Pestalotiopsis sp. Aduanmalsanaiii
AN RUAEI89809N0IULIMLB M ATEL kavaUesuriuassues M. guizhouense PSUMOG gansehu
Tinaaeenesasia PR protein wiialadiua uay nn-1,3-nganua ﬁaﬂmiaETUézqmm'%z:ysuamfiaiiﬂwal,u'wumu
omsdsadeliiruiu venaninisldasazarsieulullafiuanuuunaaenes ansevzasnisinlsanaiin
\lesarnidos Botrytis sp. 18 48.8 % wazvzasnisiianaiinilesainsa Pestalotiopsis sp. 1d 24.3% il
wWisuiilsuivgamiuau (p<0.05) wiansaranetouleliaunsavrasnisinlsanaiiinanides Fusarium
sp. ¢ leiFeuiisutugnniugu (0>0.05) iafiusnuflgamgiives (30°C) Wuiian 7 $u uagisiinisldieules]
lafiwaatnnerulunisaunulsasaiassnowdldnadniilaifvingens Wewdsufleufuatesumusssvenden

M. guizhouense PSUMO04 uagansianigos)
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ARTICLE INFO ABSTRACT

The defense responses of longkong fruit were induced by an entomopathogenic fungus, Metarhizium guizhouense.
The longkong fruits were dipped in a spore suspension of M. guizhouense PSUMO04 at concentration of 10* spore
mL ™" for 5 s, then an enzyme assay, a protein assay and polyacrylamide gel electrophoresis (PAGE) were done. It

Keywords:
Metarhizium guizhouense
Plant defense response

Antifurigal was found that the longkong fruit presented small necrotic spots on their peels within 24 h. -1,3-glucanase and
lé}}n?nga Sicanase chitinase were detected in peel extracts at 1.33 + 0.09 and 0.12 = 0.004 UmL ™!, respectively. The sodium

dodecyl sulphate (SDS)-PAGE showed protein bands that emerged after the fungal treatment when compared to
untreated control. These proteins were a 25-27 kDa group of chitinase isoforms, and 8-1,3-glucanase at 43 kDa.
From gel diffusion method, crude extracted from the fruit peel inhibited the mycelial growth of Botrytis sp. and
Fusarium sp. as 34.9 = 3.1 and 29.3 + 5.0%, respectively. Moreover, the observation from scanning electron
microscope (SEM) showed abnormal shapes, twisting and cracking in both fungal mycelia and less dense
myecelial growth for Fusarium sp. Thus, M. guizhouense PSUM04 was not only a bio insecticide but it was also be

the biotic inducer of plant defense responses against pathogenic fungi.

1. Introduction

Longkong (Aglaia dookkoo Griff.) is an economically important
tropical fruit in southern Thailand. There is a high demand of longkong
because this fruit is juicy and has a pleasant taste (Sapii et al., 2000).
Longkong contains a variety of nutrients, including high levels of
antioxidants, carbohydrates, vitamins and minerals, while the amounts
of protein and fat are low (Ketsa and Paull, 2008). However, post-
harvest diseases negatively impacts longkong fruit quantity and quality.
Fruit rot is one of the most serious postharvest diseases of many fruits,
with pathogen infections occurring throughout postharvest processing
until consumption. Most fruit rots are caused by fungi, follow by
bacteria, and occasionally viruses. The fruit which drop or without stem
cause fruit rot rapidly during storage. Light-brown to dark-brown lesion
develop on fruit after that white or grayish fungal mycelia cover the
fruit rapidly. As the fungi spread, a semisoft decay occur, resulting in
large rotted areas over time. The fungal pathogens of fruit rot such as in
the genera Aspergillus, Botrytis, Colletotrichum, Fusarium, Lasiodiplodia
and Phomopsis (Coates et al., 2003; Lim and Sangchote, 2003).

The plant defense responses include three main pathways: (a)
hypersensitive response (HR), (b) systemic acquired resistance (SAR)
that includes induction of pathogenesis-related (PR) proteins and (c)

inducted systemic resistance (ISR) (Shoresh et al., 2010). Chitinase and
B-1,3-glucanase are known PR proteins that hydrolyze the major
components, chitin and $-1,3-glucan, of fungal cell walls and inhibit
fungal growth (Droby et al., 2011). It has been suggested that chitinase
and $-1,3-glucanase may function in defense against fungal pathogens
such as Botrytis cinerea (Daulagala, 2014), Colletotrichum gloeosporioides
(Ali et al.,, 2014), Penicillium expansum (Chan and Tian, 2005), P.
digitatum (Inkha and Boonyakiat, 2010) and Phomopsis asparagi (Lu
et al., 2008).

The entomopathogenic fungus Metarhizium guizhouense has poten-
tial to control various insect pests of plants and livestock (Boucias and
Pendland, 1998). Not only it is an insect pathogen but some species of
Metarhizium are also associated with plants that the fungus colonize the
plant rhizosphere, endophytes, and possibly even plant-growth-promot-
ing agents (Hu and St. Leger, 2002). Some studies have shown that M.
guizhouense can produce chitinase (Thaochan and Chandrapatya, 2016).
However, there is no prior report on using M. guizhouense as a biotic
agent to induce the defense responses in plants.

The biochemical defensed response in plants have been widely
studied in leaves and roots, but only in a few cases in ripening fruits
(Prusky et al., 2013). Thus, the purpose of this research was to
investigate the induction of plant defense responses in postharvest
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longkong fruit by the entomopathogenic fungus, M. guizhouense
PSUMO04 and their antifungal activity against postharvest fruit rot fungi.

2. Materials and methods
2.1. Fungal cultivation

M. guizhouense PSUMO04 from National Biological Control Research
Center, Southern Region, Faculty of Natural Resources, Prince of
Songkla University, Hat Yai, Thailand (Thaochan and Chandrapatya,
2016), was selected for use as the biotic inducer in this study. M.
guizhouense PSUMO04 was cultured by solid state cultivation, modified
from the method of Thongkeawyuan and Chairin (2016). Three
mycelial plugs of 7-day-old M. guizhouense PSUM04 on potato dextrose
agar (PDA) were transferred to colloidal chitin media and incubated at
30 °C, under static conditions for 10 days. Spores of the fungus were
suspended in 20 mL of 50 mM potassium phosphate buffer (KPB) at pH
7.0, and this suspension was used as the spore suspension.

Fruit rot pathogens, Botrytis sp. and Fusarium sp., isolated from
postharvest rotting longkong fruit collected from local orchards in
Phatthalung, Nakhon Si Thammarat and Songkhla provinces, Thailand.
Pure cultures of fungi were obtained as stock cultures and established
on PDA (incubated at 30 °C). The 5-day-old Botrytis sp. and Fusarium sp.
were used as the fungal pathogens.

2.2. Fruit preparation

Longkong fruit were harvested at their mature stage from local
orchards in Phatthalung, Nakhon Si Thammarat and Songkhla pro-
vinces. Healthy longkong fruit were surfaced disinfected with 2% of
NaOCl for 3 min and rinsed with distilled water. The fruit were dipped
for 5s in the spore suspension of M. guizhouense PSUMO4, at a
concentration of 1 x 10*spores mL™?, containing 0.05% of tween
80, then washed with distilled water and air-dried at room temperature.
The enzyme activities and SDS — PAGE banding of fungal-treated
longkong were compared with untreated longkong fruit (control).

2.3. Enzyme assays

Chitinase and f3-1,3-glucanase activity were measured using colloi-
dal chitin and laminarin as the substrates, respectively following the
3,5-dinitrosalicylic acid (DNS) method (Miller, 1959). The reaction
mixture contained 250 pL of crude sample and 1% (w/v) substrate in
250 pL. of 50 mM KPB pH 7.0 for colloidal chitin and 50 mM acetate
buffer pH 5.5 for laminarin and incubated for 30 min in 50 °C water
bath. Reducing sugar released in mixtures were determined by record-
ing the absorbance at 575nm for chitinase and 550 nm for f-1,3-
glucanase. One unit (U) of chitinase activity was defined as releasing
1 umol of N-acetyl-p-glucosamine from the substrate per min and one
unit of B-1,3-glucanase activity was defined as releasing 1 umol of
glucose from the laminarin per min.

2.4. Protein extraction

The extraction of total proteins was performed according to the
method of Zheng et al. (2007) with slight modifications. The longkong
peels were ground in a small mortar and the sample was suspended in
12 mL of SDS extraction buffer, containing 0.5% (w/v) SDS, 20 mM
Tris-HCl (pH 7.5), 1 mM EDTA and 464 mL of water. The suspended
sample was incubated at 90-94 °C for 8 min and centrifuged at 8000g at
4 °C for 15 min. After that the resulting supernatant was mixed with
25 mL of 13% TCA in acetone solution, containing 10% (w/v) TCA and
20 mM DTT in 100% ice-cold acetone and 28 mM mercaptoethanol in a
ratio of 1/10 (w/v). The solution was incubated at — 20 °C for 2 h and
the proteins were precipitated by centrifugation at 14,000g, at 4 °C for
15 min. After 2 washes with 100% ice-cold acetone, the pellet was air-
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dried and re-suspended in SDS-PAGE sample buffer.
2.5. Protein assay

The total protein concentration was determined according to the
procedure of Bradford (1976) using bovine serum albumin (BSA) as
standard. The reaction mixture containing 0.1 mL of sample and 5 mL
of protein reagent (Coomassie Brilliant Blue G-250 dissolved in 95%
ethanol and 85% (w/v) of phosphoric acid added to this). The devel-
oped color was measured at 595 nm after 5 min incubation.

2.6. Polyacrylamide gel electrophoresis (PAGE)

The apparent molecular masses of proteins were determined by SDS
— PAGE analysis, both for healthy fruit and treated fruit that were
compared. The SDS-PAGE was carried out on mini-gels (12% separating
gel and 4% stacking gel) according to the procedure of Laemmli (1970),
with marker ladder of proteins from 250 to 10 kDa (BioLabs Inc.). The
samples were loaded at either end of the gel, and electrophoresis was
performed at 100 V for the stacking gel and at 120 V for the separating
gel.

2.7. Antifungal activity assay

Crude enzyme was extracted from longkong fruit peel and per-
formed to assess the potential control in laboratory scale against fruit
rot pathogens, Botrytis sp. and Fusarium sp. Gel diffusion method were
used to investigate the mycelial growth inhibition on PDA by crude
enzyme. There were 3 treatments comprised distilled water (control),
extraction buffer and crude enzyme extracted from fruit peel. Tested
plates were incubated at 30 °C for 4 days. The experimental design used
was completely randomized design (CRD) with 3 replicates and the
experiment was repeated 3 times. Growth inhibition was calculated by
measuring the clearing zone between fungal colonies and crude enzyme
well by using the formula:

Percentage inhibition = C%T X 100

where C is the radial growth of fungus from the center to the control
well and T is the radial growth of fungus from the center to the crude
enzyme well.

2.8. Scanning electron microscope (SEM) observations

Mycelial plug samples were evaluated the effect of antifungal
activity on mycelial morphological change. These plugs were after 1 h
incubation at 37 °C with crude extracted from treated longkong fruit
peel and control plugs were incubated with autoclaved distilled water.
The mycelial plugs were fixed in 0.5 ml of 3% glutaraldehyde for 24 h
at 4 °C and then dehydrated sequentially in 30, 50, 60, 70, 80, 90 and
finally in 100% ethanol (three times) for 15 min at each concentration.
The dehydrated samples were dried with critical point drying (CPD)
method, coated with gold and observed with a SEM (JSM-5800 LV,
JEOL, USA) at Scientific Equipment Center, Prince of Songkla
University, Hat Yai, Thailand.

2.9. Statistical analysis

The results were analyzed by one-way analysis of variance (ANOVA)
and Duncan’s multiple range test (p < 0.05) using SPSS version 11.5.
All tests were carried out in triplicate.

3. Results and discussion

The plant defense responses include three main pathways: HR, SAR
and ISR (Shoresh et al., 2010). The mechanism of entomopathogenic
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Table 1
Enzyme activities of longkong fruit peel extracts at 24 and 48 h post inoculation.

Sample Chitinase (UmL™")" B-1,3-glucanase (UmL™")"
24h 48 h 24h 48 h

Control 0.00 = 0.00 0.02 + 0.001 0.00 = 0.00 0.00 = 0.00

Inoculated 0.12 + 0.004 0.17 = 0.02 1.33 = 0.09 1.51 = 0.12

* Mean + Standard deviation (3 replications).

1 2 3

kDa _
250
150
100

80

Fig. 1. Protein bands of SDS-PAGE from longkong peel extracts after Metarhizium
guizhouensePSUMO04 treatment at 24 h (lane 2) and at 48 h (lane 3), along with untreated
control (lane 1). Lane M provides a calibration “ladder” formed by standard proteins of
known molecular weights.
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Fig. 3. Mycelial growth inhibition of Fusarium sp. and Botrytis sp. by crude extracted from
longkong fruit peel (gray bar) and extraction buffer, 50 mM potassium phosphate buffer
pH 7.0 (black bar). Bar represent standard deviation of three replications and the same
letter are not significantly different (p > 0.05) according to Duncan’s multiple range test.

fungus, M. guizhouense PSUMO04 to trigger plant defense responses was
not completely understood. However, in this study presented some of
the defense response of longkong fruit. The fruit presented small HR or
necrotic spots on the peel surfaces within 24 h after treatment with a
spore suspension of M. guizhouense PSUMO04. The necrotic spots did not
invade through the peel into the fruit. The necrotic tissue had
associated PR proteins production: the chitinase activity was
0.12 + 0.004UmL™' at 24h and slightly increased to
0.17 #= 0.02UmL™" at 48 h after inoculation. The activities of $-1,3-
glucanase were 1.33 + 0.09and 1.51 + 0.12UmL" ! at 24 and 48 h,
respectively (Table 1). In observations of a similar kind by Brown and
Swinburne (1980), the banana fruit responded to Colletotrichum musae
by producing antifungal compounds that were isolated from the
necrotic tissues within the peels. The f-1,3-glucanase and chitinase
were detectable on the first day after fungal treatment. Ali et al. (2014)
found that the Dragon fruit plant could produce f3-1,3-glucanase and
chitinase on the first day after C. gloeosporioides inoculation, with
activities 0.6 and 0.1 U g™ ! (fresh weight), respectively, and the
enzyme activities increased to maximum on day 18.

The proteins in the samples were separated by one-dimensional
polyacrylamide gel electrophoresis and stained with Coomassie brilliant
blue R-250, to observe protein bands. The SDS-PAGE analysis presented
clear differences in the expression of major proteins between the
fungal-treated longkong and the untreated control. The protein bands
were assigned molecular weights in the 25-50 kDa range, based on a
molecular weight standard (Fig. 1). It has been reported that the

Fig. 2. Inhibition zone of crude enzyme from longkong fruit peel against mycelial growth of Botrytis sp. (right) and Fusarium sp. (left), where b means the well filled with 50 mM
potassium phosphate buffer pH 7.0, ¢ means the well filled with distilled water (control), and e means the well filled with crude enzyme. Bar = 1 cm.
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Fig. 4. Scanning electron microscope micrographs showing the mycelia of Botrytis sp.; (a), (c) treated with distilled water (control) and (b), (d) treated with longkong fruit peel crude
extract.
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Fig. 5. Scanning electron microscope micrographs showing the mycelia of Fusarium sp.; (a), (c) treated with distilled water (control) and (b), (d) treated with longkong fruit peel crude
extract.
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25-27 kDa proteins are a group of chitinase isoforms (Punja and Zhang,
1993). In similar observations by Daulagala (2014), chitinase had
apparent 26 kDa molecular mass when detected in banana pulp
extracts. The 43kDa protein was tentatively identified as f-1,3-
glucanase isoform, in agreement with Porat et al. (1999) that identified
the protein band at 43 kDa as $-1,3-endoglucanase, from grapefruit peel
tissue subjected to SDS-PAGE.

The PR proteins, -1,3-glucanase and chitinase have been found in
some fruits, such as banana (Daulagala, 2014), grapefruit (Porat et al.,
1999), orange (Inkha and Boonyakiat, 2010) and papaya (Chen et al.,
2007). Although, this study is the first to report PR protein induction in
longkong fruit. The induction of PR proteins helps control plant
diseases (Ali et al., 2014; Inkha and Boonyakiat, 2010). Chan and
Tian (2005) reported that the protein content of sweet cherry fruit plays
a role in its resistance against postharvest blue mold. In this study, PR
protein, f-1,3-glucanase and chitinase extracted from longkong fruit
peel presented the antifungal potential, exhibited the inhibition zone
against Botrytis sp. and Fusarium sp. on PDA plate. While, the fungal
mycelia growth normally through the wells filled with distilled water
and extraction buffer (50 mM KPB) control (Fig. 2). The percentage
inhibition were 34.9 = 3.1 and 29.3 * 5.0% for Botrytis sp. and
Fusarium sp., respectively. The inhibition rate were significantly
different (p < 0.05) between extraction buffer control and crude
which contained PR proteins (Fig. 3).

Cheng et al. (2009) presented that most pathogenic fungi have cell
walls composed of complex polymer of glucans, where chitin acts as a
structural backbone arranged in regularly ordered layers. Cell walls of
filamentous fungi consist of up to 20% or more of chitin, which can be
found throughout the whole cell wall of hyphae (Ruiz-Herrera, 1991).
Thus, breakdown of the fungal cell wall plays a role to inhibit the
pathogenic fungal growth. The observation from SEM in this study
showed that crude extracted from the peel of Metarhizium-treated
longkong contained the PR protein, f-1,3-glucanase and chitinase,
caused morphological change of Botrytis sp. and Fusarium sp. mycelia.
These observation showed abnormal shapes, twisting and cracking in
both fungal mycelia (Figs. 4 and 5) and less dense mycelial growth for
Fusarium sp. (Fig. 5b and d). Wang et al. (2013) presented the major
damage of the mycelia and the spores of Aspergillus parasiticus caused by
cultured with cell-free culture filtrate of Serratia marcescens which
contained chitinase. In plant defense responses, the hyphal degradation
or debris may related to the non- fungal hyphal recognition, which, in
observations of a similar kind by Cortes et al. (1998), as suggested of
the non- Trichoderma hyphal recognition would lead to the strong
release of lytic enzymes such as f-1,3-glucanases and chitinases,
resulting in the digestion of the major cell wall components.

From our preliminary test, spore suspension of Metarhizium and
enzyme produced from Metarhizium under solid state cultivation could
delayed rotting and browning of longkong fruit for 24 and 48h,
respectively (data not shown). Thus, M. guizhouense PSUM04 was not
only a bio insecticide but it was also appear potential for biological
control of postharvest disease in laboratory experiment and be the
biotic inducer of plant defense responses against pathogenic fungi.
Furthermore, the potential of M. guizhouense PSUMO04 to control
postharvest disease in the field need to be conducted.

4. Conclusions

Hypersensitive response and PR proteins production were induced
by the entomopathogenic fungus, M. guizhouense PSUM04 in longkong
fruit. Crude extracted from the peel of Metarhizium-treated longkong
exhibited the antifungal activity against postharvest fruit rot fungi,
Botrytis sp. and Fusarium sp.
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