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ABSTRACT

The efficacy of Chaetomium brasiliense, Chaetomium cochliodes and Chaetomium elatum to control
Pythium aphanidermatum PNO02, which is a fungus that causes root rot in tangerines ( Citrus reticulata),
were exhibited in a bi-culture antagonistic test. Ch. brasiliense and Ch. elatum gave the highest significant
inhibition of colony growth and oospore production of PNO2. Crude extracts of the three species of
Chaetomium spp. were produced and used for inhibiting growth of PNO2. The crude extract from Ch.
brasiliense, at the concentration 1000 ppm, had the ability to control the mycelia of PN02, which could not
grow out from agar plug and exhibited abnormal oogonia. In vitro, testing of nano elicitors of Chaetomium
spp. revealed high effectiveness of PN02 inhibition, with ED,; 2.69 — 12.88 ppm. In pot experiment, the
inoculated control treatment exhibited a disease severity of 4. However, the nano elicitor treatments
exhibited disease severities in the range of 2 — 2.75. When plant growth was evaluated after 8 months, the
inoculated control treatment showed the lowest significant growth, which 77.00 centimeter. In contrast, the
nano elicitor treatments gave the highest significant, and results were in range of 79.75 — 82.75 centimeter.
In phytoalexin testing, all extracts after chromatograph exhibited a fluorescent spot at Rf value of 0.6 under

UV illumination at 254 nm.
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a [ < =1 < 1 [ dy 9 I LG A A
LEN HANAAAARIBEINTIAIE Hallvuanuagsarau e liiluuestjuamuanuen teasnulaen
A& A g9 A o ¥ ' <
20NZUBIEBOAAYHUIN NIA1Y A1AU INTUAIDEITIAGD
1 A g}/ ]
2.4.7 15ARAT Y50 15ATINAIN
a &l a \ o
iavntyesilavateviia 1dun Botryodiplodia spp., Phomoposis citri 3¢ U1ANUNQ
Y = A A (A I3 o o
duRgmnueglszanm 8 — 9 1heu szunaguusann luggay anmermanlasualaauiuilatei
Y a Y Y A v Aa Y a = ] A A ¥ A 12 o Y
THinaTsa anmauduiiooune ninalsnlddie Snunsauivuuy vielinismng lua i ld
a J éj dy Y o a A a g’/ o Y a 1T A A a
NANATNUINTY BB 18NS Lanazhateinlasnusnavina i ldinauwani1 Alaenusnm

= =

£ a I A Y a o H o Y A Y a 1o A A a 1 Y
m!,ﬂaﬂw,ﬂuﬁmam DIINUNILHNAANUVIND VI”IGLWWﬁ!fHEJ'JLLfﬂgLlﬁﬂﬂﬂﬂgﬂ‘ﬂﬂ\‘lﬁi@iﬂﬂﬂ”ﬁi'}ﬂﬂ
4
2.4.8 Mdeviueuyeuly (Phyllocnitis citrella: Lepidoptera; Phyllocnistidae)
I =l dy a A < as A 1 o Y o 1 [
Lﬂuwgﬁ@%uﬂﬂawﬂummmaﬂ NUDUNNHADIDDU uﬂmlwnaWﬂiuaauiﬂﬂmwau%@g
9y a ¥ 2 o Y Y a 2 3 a A 9 o Y Y
1@W31°U HazaanUUUas 'VITGlﬁ(lUﬁNLﬂﬂi@Qi@ﬂﬂﬂLﬂfJ'JL‘iJ“Ll‘VIN VLYY UIUND ‘Llﬂﬂﬁ]']ﬂﬂ%‘ﬂ?iﬁ@]‘l!
Y < 1A a 9y A a o I [ 9
ﬁ'iJLLﬂigllﬂiuhlllﬁliﬂlulﬁﬂiﬁlmﬂ '1_|WQLLWQ‘WLﬂﬂ’l]'lﬂﬂ?iﬂ?ﬁ'lflﬂ]ﬂ\?ﬁu@u“]f@uslﬂ %Lﬂu%mmﬂwiiﬂ
) 2oy Yy vy oA P Ay g A a !
UANNDILVTINIATYETIDNAIY ﬁ"lﬂJ'lf!"E15$‘]JWﬂslu’ﬁ'Juﬁ'llllﬂﬁa’ﬂﬂﬂ Wiﬁ]nﬂﬂiﬂ%ﬁu’ﬁuuﬁﬂ mawasl,uaau
1o A 1 2 d = v v AA 4
HANNUNITIZUTIATULIINN Glu%’gmfg]vlu G]NL“]J"LJﬁgﬂgﬂfﬂmﬂﬂﬂuﬂUVI3Jﬂ'l§5$ﬂ'lﬂ"]]@\315ﬂl!,ﬂ\uﬂ'ﬂﬁ
Y
2.4.9 wae (Scirtothrips dorsalis: Thysanoptera; Thripidae)

9
v a o

< v Aa < ¥ & o 1 v & A A
Wunyasdagndvuaan wuszunaluaiudunall meounazdnauisganuingeah
[ o 9 1 a 1 a dy (=Y a A o @ <
voa luoou uazwa i lieaseuninie luseuialior uaz lunsaau e luhgniiaiednuis
F) = 1 ~ o =\ I A = a a 3’/ Y
N3zAN 91zuazanite #angna1eazlsealluanINNTMRUUTIVVING AUNA HazaI)
o I~ a ¥ a %’ L4 o
ANEIVDIHA MINYNIAEIN 9 KAvzuATZUNTY Darlie uazvzganuinaesyesasn i liaen
1 ] 9 d‘ le ] Y o =) =
529 numsszna lugegguas luggeuluszeznaidunaggla dnnuuuassnulaunduasn
3’, A a d’ d' 9 [
HazUING HIoUsNUNHANFDUNY
9
Y . ey .
2.4.10 Ao uauUAIAY (Papilio demoleus malayanus: Lepidoptera; Papilionidae)

I =) &1 = = A o A = 1 = = v a3
uidenaiudlnliaeddundos luligldinnandmaes vuadszanadadunyaiu

'
a [

A Yy A ' ' ' A X 9
Woudon q unludu ienueuinesnain lusgsunanuluseunazesaseu ovuialugyu vz
° Y 5] v a 91?:’; v 1 =< =K 1 o Y 9 + A 1y A A
maeldsrasunnuazdanulyldaaluseudsneluun i lfsoaduIniu masuanuly niona

F) Y Y o 9 < o Y Y 9 Y o 9
mu dudihaneluszezduan e ldduaela uazidhaeduunlugadu
2.4.11 lsupaaz lsatiy
I [ o 9 o Y Y 9 o Y a a a dy
Hudagmatedy silngeauazluuiniiu ervnliinaein1sninge dadler wunis

H v
szahate lurnggrunaudeggion envnuluggruszez NN



v A . A
2.5 M315¥031 Chaetomium spp. TumsnIuaulsANy
Charoenporn et al. (2010) T109TUMS 1FE15ANA Chaetomium spp. TumsaauaulsaiieIveuzome
9 H v
WU ATANAFOI Ch. globosum 1o Tyian NO302 NANAAIY hexane Hszansnmgegalumsdudams
9 4 J . L. d‘ A ~ s [B-Y
5199 o5 V9% Fusarium oxysporum f. sp. lycopersici ﬁ”lmﬂi'iﬂm&lmzﬂlﬂmﬂﬁﬂi 4A1 EDy, (N
b v b
157 pg/ml EIUATANANIUFOI Ch. lucknowense 10 T1an CLT NANARIY hexane AL ANTANALYD
31 Trichoderma harzianum 1o Tastan PCO1 NANARIY methanol A1 ED,, M0 188 1az 192 pg/ml
o % g‘/ % 1 &} ! ! 'Q a
aud1dy uenantudidewaliadesvouseno lsaiizUstsinalnaldsndle nsnadou
Yszansamasadaluulainaaos wu'le Taan N0g02, CLT uag PCO1 Uwnavin 1 1sairieodved
A J 2 4 o w A = @ 2 A o Y
uzIomnAanag 44.68, 36.28 1az 41.01 1Weodiud muday Worl5euNeuny prochoraz F9UHai1 14
~ S I = g‘ll = 1 A a A A = o
Tsafienanad 21.95 o iigud annidilinanemanulsnurnananvesuzomailoSoumeuny
v v kA
N13NAA0INAIUANT5ARI8 prochoraz Az N1TNABBIAIUANNNUGNITHOI1 F. oxysporum f. sp.
Iycopersici INEDE19IAY)
9 9
Sibounnavong ef al. (2012) 3184UNMTANEING 15130371 Ch. brasilense CBO1 U 1¥031 Ch. cupreum
9 [
loTasan €Co3 TunsAIuANEOIT F. oxysporum f. sp. lycopersici race 2 B1UWA 15AHBIUDINLIUDINGA
9
Wuiaawazyes aden1snaaeulszaninnuesansanaveu¥es 1 Ch. brasilense CBO1 1ag Ch.
v 9 v
cupreum CCO03 Aanaale hexane, EtOAc tiaig MeOH WUN A138NAVOUTOI Ch. brasilense CBO1 1
ANARIY hexane, EtOAc 11z MeOH 11 ED,, 1911171 29.87, 38.99 118 2.99 pg/ml AMUE1AY 1Az 13
% g { % 1 1 (=%}
ANAVOUTDIT Ch. cupreum CCO3 NANARIY hexane, EtOAc 1Az MeOH 1if1 ED, 1M1 2.33, 2.38

[

1A 2.65 pg/ml AMUAAU
=< 9 U g d‘ Y . . .
Kumar et al. (2013) Anymsl¥asanasesi Ch globosum Auen la1n Withania somnifera Tunis
& o & A o
AVIUAULBDO I Sclerotinia sclerotium Tagns1¥a15ana¥es Ch globosum Nanadae ethyl acetate,

1 % g { % a a
methanol 1482 butanol WU A1FANAYOI Ch. globosum NANARIY ethyl acetate Uz ANTA M IUMT

o & a X a

GUEININTYVDUFDIT S. sclerotium GINGA VAT LC,, NN 35.4 pg/ml
. £ T
Van Thiep et al. (2014) 518975 1913051 Chaetomium spp. Tumaitludosmaugu Tsaluniu
] Y kA 4
waz Iudeauiy wu HenMINAdoURsUTOUUDIMITTINGBT Ch. gracile, Ch. bostrychoides
. R { ~ s d o ¥ a a Y
WAy Ch. cochliodes NULFD31 F. roseum WillodiFuanisdugamsnsaay Taraule 32.96,31.11 uag
d 3 4 o w [ ¥ [ ¥ 1 [
28.51 1o 1FUA MUEIAY MTNATOVAITANAVDUYFDIT1 A1TANAOI Ch. cochliodes NANARIY
a s 2 o o ¥ ¥ ¢ X X
hexane, ethyl acetate 1102 methanol UtoSIFUANTEUIINTHTNAU0TVOUFDI F. roseum 1a1¥051
" o Jd I 4 o @

C. gloeosporiodes 1NN 60.87, 78.16 Lia g 745710051 FUA AUEIAY LAY 74.76,76.50 1AL 67.63

I o o w
lofidsua auaa

: v X
Phong e al. (2016) 51891435 151%¥0571 Ch. cupreum 1o aan CC3003, Ch. globosum 1o Tatan

9
CGOS, ag Ch. lucknowense 10 Tastan CLO11UN15AIUANITDIT F. oxysporum 1o 191an NHP-Fusa-2
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v v

ot ' A o 2 ! - s 2
E’f%‘l’iﬁﬂﬁﬂlﬁﬁl’)uﬁ%ﬁ1ﬂlu15ll’6\1‘lﬂ !JJ?J‘V]1ﬂ151’]ﬂﬁﬂ‘ﬂjﬂﬁlmEJ\‘]‘U’L!EN‘H1§§’J§J W‘UNHJ’G?L“]SHGI VYINIT
a a ) -4 s 3 o o & ) o
mﬂgmﬂmmmuiﬂ 31.69 —34.03 Lﬂ@ilcﬁuﬁ L!ﬁ&ﬂ@ilcﬁuﬂﬂ158‘UENﬂ1iﬁﬁNﬁ1Jﬂi 67.25-75.92

d <3 d 1 [ dy g’/ v I 1 o 3’, a a 9
1WoSIFUA FIUFITANAVDUFDIING 3 ?HEI‘WL!‘EIINZWI’EJﬂﬁEJ‘UENﬂﬁH]iiUL@]‘UIWU@\‘]LﬁHGlEJ UAagnNIT

Y o

udamsadaled Tas CC3003 Aasadae McoH filsyantamlumsdudinsadaosian f:(ﬂ

]
= [

ED,, 11f1 85.30 pg/ml #7u CGO5 AAfAR 8 hexane Hlszdnamlumsdudimsadraaiosia
Y

=h.

]
(% =

q0 ﬁ EDy, 49.32 pg/ml a2 CLOI fieriadae E0Ac sz @nsnmlunisdudainsadeadeiing

=h.

31)..

¢a i ED,, 62.17 pg/ml
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VNN 3

d ad
Qﬂﬂim HasIEN1INAAIN

U

d A\l
3.1 Jagaunsamlilumnaass
3.1.1 WwnlFluminaana
Yy A d' Y 9 @ [ =1
dudiomnu 1 ldnnaudunnsinialyusid
& Aq v
3.1.2 FenruaunlFlunmanaaes
1951 Chaetomium brasiliense, Chaetomium cochliodes W\ Y Chaetomium elatum 1711991} FUNIS

¢
PUIAIITHIN TA.AT. INYU ﬁ%@&m@ﬂ

3.2 Mm@ unglsnsINnInuNveIdNAE I

3.2.1 7% baiting

S o 1A Q Y 9 A A oA =
m‘um@mmumnmiﬂummﬁummlmﬁam‘nnmmiimmﬂﬂmm wmmaﬂﬂizmm

[

15 1S UANAT 1INAIAY AULRazdlegnualRazBeauazazagnuiinnay auliauazaiedinu

Y v
o

o

Y v v
asna 3ldauneudu daludulitivie 3 x 3 Tadwas U I3nguugiives thluduldecdddndes
s A a v yg 4 X 4 g &

yanssad wenumsnigveudule 1Hduiase Wordulsvoures11190U1M15 water agar (WA)

' Py Ay A ooy X a o Y} X Y 2 Y

1y Pnguugiivies ieliiduleveurosuasgoenu dalareduleveuros deliidesiuueins

91&‘ A a £
potato dextrose agar (PDA) 3 I@1oNU5qNF
3.2.2 77 tissue transplanting
< o ] 2 1 A a Y A o £ 1 A A g
NUAIeg 1 UaIUNYUS N Tnudutazsiniuanie1nsveelsn AaruaIuvesiyniiy
Aa a 1 ¥ a J 2 4
T5n 195v1na 5 Haamas 91¥erIA18UBNA8 sodium hypochlorite 10 (asidua 1w 1 W1H 19098

H s 1 X Y o 1 ya a9 A o g & a o
HINAUNUYD Lla')u11ﬂ'3’]ﬂﬂuﬂ1u@’]ﬁ’]ﬁ WA UN%?VIQQ&WQNVT@Q Luaulﬁuslﬂsua\uﬂfﬂﬁnﬂﬁﬂJf’Jf’JﬂﬂJT 412

'
A A

4 4 Y g
dareidulevouyest dre'liines1iuuemis Ppa auldrenusans

=S U a
3.3 MIANHITUZIUINET (morphology)
y o a A ' '
3.3.1 mi?fﬂmaﬂymzmqamgmmmmmwaimnwﬂimmmﬂﬂumwaa%’mﬁmmm
dy j‘ 1 P a gy A tg a < dy
LﬁEJ\‘lL%'ﬂS"Iﬁ”ILW@ﬂiﬂUH@”IW”IS PDA ']JiJ"I,’JV]QﬂlWQ?JW’EN LUBLFBINUITYIULANDTINITLAYUN

X @ a a g o = v o a X Yy 9
5/13] ﬂ\‘]!ﬂﬁﬂ”liﬁ]iﬂ]umﬂI@]"U@Qlﬂf'ﬂihl aﬂHﬂ!%IﬂIauLLagﬂﬂHﬂlSV]TQﬁm:@TH?%Eﬂ"U@QL%@S”I ﬂ”lfl(lﬁﬂaﬂﬂ

yanssei
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9
332 MEANHIANHULNNTUTIUING1UBUFO51 Chaetomium spp.
9y Y ]
NIN1512894%051 Ch. brasiliense, Ch. cochliodes Wae Ch. elatum UU91¥%115 PDA 1iy'14%
a 9 d' Y =R Y o a a dy (% = [
AUNNNH DI NUAITITd109 14 dunamsnsanduTavouso anvaus Ialatlnazdanyauenia

a QU 9

o a K Y 9 ¢
ﬁmﬁ’]u’)ﬂﬂ’l‘ﬂﬂﬂl‘]ﬂﬂﬁ’l ﬂ’lflcl,ﬁﬂﬁ@\iﬂqﬁﬂﬁiﬁu

&' % o W A a d
34 ﬂ15ﬂ53§]ﬁﬂﬂ!‘ﬂ@ﬂ?ﬂa1ﬂﬂujﬂﬁi@vl‘nﬂ
=~
3.4.1 MIANAADUID
o dy zi’ I v A a9y v aa
WN31880%0 1101113 potato dextrose broth (PDB) 1Hua 3 u Ngmuigiives anaaou
v ax . . . 14 ax o
1PAIYITNTT CTAB (cetyl trimethyl ammonium bromide) TﬂﬂﬂizQﬂﬁmﬂ’J‘ﬁmﬁJ@Q Ivors (2015) 11013
Y 9 A dy Y Aa A 4 3’./ X A A 1 = 1
Haduleniasalue1nis PDB @28 25 iaa lua1s EDTA 31nuuifumilean 6000 5oUdou1i maiu
2 H H < v A ° X 4 { ] ' 2
lanaudrdras udrdradretinduaiude 1 lddumdssn 6000 souasiitazmarulanidnsou
! 9 Y ~ I 1 A aa a
vagmeaduloasluTasnumalrruazDeailune ldaslunaoanaasaving 1.5 Haaans iy 2X

a

CTAB buffer 1151105 700 TuTasaas tuiigungd 65 osrwaidod 1Hunat 1 -2 ¥2lus ndunaoa

Qy { a I a =Y
nn 9 15 i 19 ¥nguugiieailumar 2 ud 18w chloroform : isoamyl alcohol (24 : 1) U3w1A15 700
a o v A o f A A 3 ' a g =
luTasdas nauvasa lduuwn 9 i i ldiumdesinnuEasen 14000 seusewi unar 5 wii
1 4 ssmuaidod gaaisazarediuladuuuldluvasanaassvuia 1.5 iaaans vaoalmi @
o a Aa o 1 a Aaa = a 1 ! a
tou Tyl RNase A anududn 20 Tadniuaoliadans Usuias 2 luTasaas duiiquugil 37 eeen
= I =N a a Y 9 o a
waFed 110una1 30 urfi 1@n 10% CTAB YSwias 50 Tulasans wauldid1nu 1@y chloroform :
. a a a v A S = P~ 3
isoamyl alcohol (24 : 1) YSw1as 700 Tulasdas wanwaoanuil uazTuleananus150 14000
[ I 1 1 a aa 1T Aa
seuaowil (Junar 15 i gaasazatediulasuuu lanasanaaes 1.5 iaaans wasalu 1Ay

. A a T w0 ~ Y 1A a = 3 A g
isopropanol Mdu USwasunuaiulaingainld uuhguugi -20 esruvadod iWunar 30 wii T

U

A A 3 ' P— ~ ' L o y v P
IE9NANNITITOU 14000 59UADUIN 111181 30 WIN aIU]aNng INUAZNOU AR NALNDUADU

v s 7 A a L gy ~ & A A <
alsemuea 70 WasiFud Usuas 1000 lulasaas 1414 3 urd Jumesnanuiisey 14000

' P ~ ' Yy vy a y ~

soUADLN 11ua 30 Ui maulaeon 419828 absolute ethanol 131165 1000 TuTasans dumdes
~ < 1 P~ =1 [} ay o ~ Y ~ =
NANWI5I50V 14,000 0UABUIN 11111781 30 WIH maulana thazneunld Uy 37 osmuwamed

3 A A A a g Y a a3 Y
Wuan 20 UIN WD TSLUULONIUDA LUDACNDUALDULDLUYIN a1 NDUALDULDAIY TE buffer

a { a I o 4 <3
151105 20 Tulns@ns UnNgavgll 37 esrusaiboa e 2 -3 51 1ue ieazneuazaienua 1Ay

a

A g A =~
A1TASDYADUDNYUN N -20 DIA UK ALKY T

U
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342 Lﬁuﬂ?mmﬁtﬁumﬁ’wmﬂﬁﬂ polymerace chain reaction (PCR)
MmsiulSnadsuediemaiin polymerase chain reaction (PCR) Tagtiiua/Sunamiduse
U3na ITS1 - 5.8s — ITS2 Swlfasengn Tsnedmesa Taold Inswesaina fio ITS6 tag 1TS4 a3
Gl%“luﬂﬁﬁ‘%mﬁﬁm’mﬁ'wm 20 lulasans Usenoudrsddue 200 w1 Tunsy, dNTPs 1 lulnsaas,
Iwsesunaz Inswed 1 1uTasdas, 19u'lal Taq DNA polymerase 0.2 luTasaas (1 giin) uaz 10X
standard Taq reaction buffer 131105 2 luTnsans (1X) Taelan1izlunszuiIums PCR (White et al.,

1990) A1

{ a I o
initial denaturation NYUNYI 95 BIAUFALTYE 11111 5 UM U 1 50U
. A a IR <3| =
denaturation NngUNY 94 I ALY nJunm 1 4N
{ a I o
annealing Ngangil 55 eeruwaiea 1Juna 2 1n 149U 30 501
. A a IR <3| =
extension Ngangi 72 oaruwaied 11ual 3 1N

! I o
final extension  NUHYN 72 verraEyd 1Tua1 5 WM 19U 1 501

v

e )

a [ J a
3.43 M15ATINAOUNAAT NN 1A91ANTLUIUAS PCR Ademadia agarose gel electrophoresis

a v J

Wnaasuain 18919052 UINMT PCR 11ATIVTDUNAAREIT gel electrophoresis 1aald 1%
a A Y J 4 I == 2 U a g @
agarose gel 11A1AT09 1% 1A1NA19ANE 100 volt 1Y 112281 30 IR 1HEVVUIAFUTIUALOUIONY marker
Y 9 Y . . < A Yy Y ¥ L g
YUIA 100 bp 1INHUEONIIARIY ethidium bromide 1T U181 5 UIH udrd199nAEMTUFIINAWTIY
A o ' 2 0 ag £y .
na1 10 i a lldesguaiudvwenisldues ultraviolet

a do v A =) 4
344 ﬂ1i’3lﬂ‘i1$1’iﬁ1ﬂﬂu’3ﬂﬁj’éﬂﬂﬂ

a o A a d

o a [ A Y ! o w A = 4
MHaasu9in 1831052 VIUAT PCR dauSHmiiiedns1eH ldmidedudiandalelnag
g}/ o { [ o w A o
(nucleotide sequence) MnUMINGoYaN ldAu M5 ouRounudiauiing lo Inalugiudoya GenBank
a 4 a o Y4
Taeld Basic Local Alignment Search Tool (BLAST) HagWATIZUHUNUYUANUTUNUT (phylogenetic

tree) 18 11/51n051 Mega X (Neighbor-joining method, NJ)

o Y A o
3.5 MInNATaUANNEIINSOIUMINIHANALIA (pathogenicity test)
3.5.1 mynageuanuansalumsmldinaeimssainuirlawsiwuly
o 2 X 4 X o gy 2 2 ey
WIMsouses1@1wa 15a YIS PDA 1H01¥05 103 QAU UM sneuTe 19
9 ] L4 a a S 9 2 Y Ao &}
cork borer YMIAFURIFUINAN 0.5 1xuAINAT 101zUs MV TaTall SreTuiuntidosiaug lsnag
Yy A A o Y < v R o [ Aa a1 = o
vulududommuniumadrotdaroivainye d11sunisnaasniuan (control) Y LiAIEURsIAY
; y ,
Tagldjuo11s PDA Nlsranimsoaunglsa unlududernaru13luanin moist chamber 219
] Il
BANUNITNAADILUY completely randomized design (CRD) 31UIU 4 41 WAy 3 U iinsiaviia

Aa 2
unainavuuuly
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3.5.2 manaaauanyausnlumsmldinaeinssnni Taunhuudy

9y 4

wimsnageuanuasalumsimimna lsavududuiugiiosniiueyg 2 thiou Iae
~ A @ Yy 9 5 J 1 A aa o Y A 4 o
wssumsuyIvassalesnszauaNuINIY 1 x 10° aesaelaaans iinmsananiylvazein i
Y o A 2 g A gy g 1A Y o £ ! A ¢
ura lunsnisdndeame i lanumsiihatsveuse ussinylumsuviuassdailes wiu 15
a Y KX o A v Y g A A A 3 o
UM (Quyet ef al., 2016) a1 gnasnszafsoumeunUAUd NI NURLYIINAY WA
Y
INUHUNITNADDULY randomized complete block design (RCBD) 914U 4 41
A [ o a a 9 J I @ v
ey 30 1 mmsdsziiumanalsa Tasldnasiniseondlu 5 szau (@aulasain Ei-

Mohamedy, 1998) Al

U d' 1Ta
FEAUN 1 = Ul?JLﬂﬂﬂTﬂTisUﬂxﬂiﬂ

o A Y Y A 3 v -4
FEAUN 2 = @uﬁllll@Tﬂﬁ'ﬂ?ﬂI‘ﬂillmﬂuﬂﬂ LLﬁﬂQ@Tﬂﬁﬂlf’Jxﬂiﬂ 1-25 Lﬂi’)ﬁl‘ﬂﬂm

v A Yy Y ' = 3 -4
FEAUN 3 = G]llﬁlllli’ﬂfﬂi‘ﬂ?ﬂi'ﬂiﬂ ﬂﬂﬂ@’t’)uuj‘ﬂmﬂﬁﬁ Llﬁﬂ\if’ﬂﬂ'lisll’t’)ﬂiﬁﬂ 26 - 50 L’]J@il"“lfu@'l

v A Y Y o~ ad Y} -4
FEAUN 4 = G]'Llﬁllll@?ﬂﬁi‘ﬂﬁllﬁfi UINLLTNINYDA !,Lﬁﬂﬂ’f)']ﬂﬁéllﬂxﬂiﬂ 51-175 Lﬂﬂﬁl‘ﬂ)’u@]

o A Y Y o~ ad ] -4
IEAUN S = muﬁmmmﬂmum UINLLTNANNYDA LLﬁﬂQ’E)']ﬂTﬁsU'fJ\ﬂiﬂ 76 — 100 Lﬂi’)ﬁl“]fuﬂ

¥ ¥
14 = A ' .

3.6 MINATIUNIUN IALUBDUHD11133IN (bi-culture test)

o o 2 dy g I Y £ Y

#1N15NAB0Y CRD 911U 4 1 1aeiae®o351uUe1%15 PDA (Huna1 7 7u 91ndu 1% cork borer

] 4 a = g j‘
GIJIJ”IﬂLE‘STIUNWﬂHEJﬂaN 0.5 IFUALUAT Lﬁ]1$UﬁL’Jﬂ!ﬂJﬂUIﬂIﬂﬁﬂJﬂ\iW@i”lﬁﬂﬁﬂiiﬂ Hagy991 Chaetomium
Y £ 4

spp. A0 UV UFR 1@ NA 13A LAZI¥DI1 Chaetomium spp. 7NUUDIH1T PDA ludnbaizass
9 v PGS ' @ a o ds’ dy . ,il
DU RSz ez UY sZI 5 IsUAAT TINSRUT051 Chaetomium Spp- LLﬁ&GI)"E')‘NﬁWH’Wﬂiﬂ
= ' = < Y o ' P a9 (Y
NSRRIV UDITT PDA LﬂuﬂTiﬂﬂﬁ@ﬂﬂ’)UﬂﬁJ (control) umuﬂﬂuu"lmqmwgnwm IAUVUIA
Y ] o =\ dy @ o s A dy a
!’L‘TuPﬂﬂuﬂﬂﬂWQIﬂIﬁH"U@QL%@TIﬁWH’i@Iiﬂlm%u‘ﬂﬂ'lu’)uﬁﬂ’ﬁ)i Lllﬁ)lf]f’é)'ﬁ11uﬂ1iﬂﬂaﬂﬂﬂ’)ﬂﬂhlfﬂ‘ii‘g
< { X o L 73 ta ¥ a a e
mmmammﬁmt% NN INUU ﬂ'lu')mﬂnﬂf]‘il“]fu@]EJ‘]JENﬂTiL%iﬂ]UM‘UIGI (growth inhibition, GI)

Taoldgas GI = (R1-R2)/R1 x 100
A 9 ] t4 S A o o’dy
o RI1= Gllu1ﬂl,f:’fuFﬂﬁuﬂﬂﬁ'lx‘iIﬂIﬁuﬂi@ﬂWHﬁuﬁﬂﬂil%ﬂi1ﬁ%’ﬁﬂIiﬂ"llf]ﬂﬂ'liﬂﬂﬁ'ﬁ)ﬁﬂ’)ﬂﬂu

Y 1 4 S A o 14 dy g dy 1

R2= ellu'lmﬁuﬂﬁjuﬂﬂa'l\ﬂﬂiauﬂi@ﬂ?ﬂﬂuﬁﬂflil%ﬁ)i1ﬁ%ﬂiﬂIiﬂﬂlflﬁﬂ1u@1ﬂ1imﬂ%%@ﬁ’)u

a Al 1 A

INTIERAANUUANA TA8IL58UNOY treatment mean 1111 duncan multiple range test (DMRT) 0

FTAUANUIAFDIU P = 0.05
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3.7 managevilsz@NEmWvesmsanA¥031 Chaetomium spp. Tuvio s §IAMS (crude

extract test)
dy 4” . I o ~ a 9y
108U¥DI Chaetomium spp. Tuerms potato dextrose broth (PDB) 1Wuan 30 M NYUHHUH B

U

g "y vy ¢ K o q Y ¥ A Ay a Ao
nntunsesiuMnusewadulotaz alesvoures s lnuninguugides lunSnuniiues
9 [

ua 11 Taauaa vasrniuiudulonda (fungal biomass) ¥1ualHaziduad181AT04 blender 117

o ] o o o 1 I o g’u

11 1y lu@191a2 819 hexane 8A3 189U 1:1 (vv) 13113a1 7 31 310N UATBILINNINDOAIIN

a1saza1e asaza1enniedld ndaudlriazarseenuuvannuau IaglHa30d rotary vacuum
4 a [ 1 ~ & o o = 1 I 1

evaporator Lﬁﬁ)waﬁﬁﬁﬁﬂ@ (crude extract) mumwﬁaﬂmmiﬂaummazmﬂaamiﬂfm crude iy la

Tumrue imnilaannisnses luusludivirazareaslil Ao ethyl acetate (EtOAC) 1182 methanol

o U o 1 U g’/ =) a &’ o
(MeOH) auday ihashla lnaaeumsduginmsnigaulaveusesiaung lasin1snaaes
Y F2
U CRD 9119 6 ANMTuTY 4 1 Tasldseauanududuvesssana a9il 0, 10, 50, 100, 500 uag
[l Y

1000 ppm ALA1AIY 2% dimethylsulfoxide (DMSO) Hau 111413 PDA 1d211 11/i93iu¥e vdaan

9 Y v Y

WU cork borer AnUFNUAINYOU InTativourosidung 15a NAsIVUO1HIT PDA 1NVUDINIG

dy dy A [ [ 1 [ Yy 9 1 st' a 9 A dy

eureinaunuasanaluuaazszauaududy tu 1 inguugides ieiyosrlunisnaass

a 1 g dy o Y ] 4 = o S 4 dy

AIVANAE YIWANUDINITABUT Tavaduriigqudnaisinlail uaziulsuualesvoures
o o d 2 P a . ¥ [

awvglsn dandnanulesisuadudinsniyduls n15a319 sporangia vouFoaUMe Haza

a Al 1 { o
effective dose (ED,,) AATIZHAIMNNUUANAN 1A8ILT8UNYY treatment mean 111U DMRT N52ALAIMN

1¥031U P = 0.05

a a . o s .
38n1snAaaevdscaNEN 1INV 9 nano — elicitors 1NLFD51 Chaetomium Spp. Tu
t%4 a vAa
#io fUAMS
4
#INIIWAN nano — elicitors AFDI Ch. brasilense, Ch. cochliodes W% Ch. elatum ANITNITVDY
Y
Dar 1182 Soytong (2014) ¥1A15NAABALY CRD 314U 5 AN uvu 4 41 Tael¥anududuves
Y )
nano — elicitors A4 0,3,5, 10 4 15 ppm azm&lﬁ’aﬂ 2% DMSO Uulﬂ%ﬂﬁmm%u NEUNUDINT
v Y Y
PDA 11a¥ chitosan Y31105 0.5 Tadans ud21i11UHeainde ¥a991n1u11 cork borer AT IUVOL
“ 2 S 4 O TS ) :
TaTatlvousosiauva lsai@oIuUDIMIT PDA 19U IMITA8UFD NHAUAD nano — elicitors 1uLa
Y v 1oy yd Ay A X a < O
azanududu Uy Tngurgides ioles11unINAn0IAIUANAT YIUANIIUDIHITIALUTD 19
g ¢ ~ v & ¢ X o ° s 3 Ju
ynadurguenalsIaladl uazivlSuaadesvousosiaung Isa hinmuimvulesiduaduds
2
a . ' . a d !

mssaudule M3ad1e sporangia YoUTOA YA UAZAT effective dose (ED,,) AATIZHAIANULANAI

TagnfSeuMe treatment mean 110U DMRT N3$AUANNAFONY P = 0.05
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3.9 MINAaauUsZANTAINUD nano — elicitors 91N¥DI1 Chaetomium spp.ﬁluﬂizmd

Naay
= Y 9 A 7 o 9y 9 5 sl _a aa o
miamuﬁumq 2 190U uazmi!,Lmuaaaﬁﬂ@immummwmu 1x10 ﬁﬂ@iﬁﬂuﬁﬁﬁﬁﬁ m
v A gy o Y A gy A g9 19 1A Y o K g '
ﬂ13a1\‘131ﬂW‘HﬁlWﬁ$fﬂﬂ ‘VHLLWﬁclﬁLLﬂiWﬂWGD'Laﬂu@EILW’E]GlﬁL!uGlﬁ]'JUJﬂTiLGUWTHQWEJGUfNL‘IffJ MNUULY
A 4 =\ Y =X o
iWﬂW%iutﬁ'WﬁlWﬁuﬁ@ﬂﬁﬂﬂi UIU 15 UIN (Quyet etal., 2016) llﬁ?%ﬂﬂWﬂQﬂﬁ\‘]ﬂi%ﬂ?ﬂ DONUUUNIT
A o ay ay 90} 4 dy
NAAvILUY RCBD U3THIU 6 I5N1T I5N1T0S 4 51 AU
an ~ [l A A = "y 3 <
A5N19IN 1 Vl,llﬂgﬂl%"é]ﬁnﬂﬁﬂiﬂw% LAZRANUAIYUINAU (fﬂi‘ﬂ@aﬂﬂﬂﬂﬂﬂh)

[
=

X = 19 ¥ o
A501IN 2 ﬂgﬂ!ﬂf@ﬁnﬂiﬁiiﬂ LAZRANUAIYUINAU

§

Do

¥ Y
M37 3 UgniFoa e 15 tazBANNAIY nano — elicitors MINIAFOI1 Ch. brasilense

=

D.

X , X
N1IN 4 ﬂgﬂl%ﬂﬁimﬁﬂiiﬂ uazﬁﬂwuﬁ’m nano — elicitors AMNYDI1 Ch. cochliodes

=

D.

=

£ , X
N1IN 5 ﬂQﬂWﬂ’dHﬁﬁﬂiﬂ uazaﬂwuﬁ’aﬂ nano — elicitors ﬁ]m!ﬁ)’ﬂﬁ Ch. elatum

.

k4
mMs3f 6 UgniFodung 15 LazaagmMILanGa

=)

#1M13RANU nano — elicitors NTzAUAMMTNAU 15 ppm VTIWTOV 9 Taudunn 15 Tu duna
o < o & < A o A
91M3 tazimsuranIInaaoInasnnlgnivedung Isailuszezna 8 weuhmsisziiiuanu
Y Y a 9 o a o a ~ [ I~ Y]
FavedY uazszaumstnalsa lagldnaslumsdsziuszaumnalsareiniizooniu 5 szau
Y
(Aau1a991n El-Mohamedy ,1998) A1)
d’ Ta
szaun 1 = liimasinsvealsa

9

) = g v -
A ‘JJ‘JJ’?)'IﬂﬁT]?ﬂIﬂﬁJLﬁﬂu@EJ U1 sUed15a 1 —25 1osidua

=D.
[\S)
Il

11

an
Qe

~ a < s 2 14
llll?J'lﬂﬁ‘VIE@]I‘Vlill ﬂﬂﬂﬁlﬁluuﬂlﬂlaﬂai LL’L’f@QE]'IﬂﬁﬂJ’E]x‘ITiﬂ 26 -50 Lﬂamm@]

&
3 = dud

N
ee
=°
=2

Y Y A aA v s o
4= G]HE‘T‘JJ‘JJ’EHﬂﬁTVIﬁJaQ UNNLNNINYDA L!,ﬁ’ﬂﬂ’mﬂﬁ"‘l]@ﬂiﬂ 51-175 Lﬂ@ilﬁ‘ﬁuﬁ

v

U

an
ee
=h.

[ Y

{ Y Y A aAa s o
IEAUN S5 =aU ﬁllll'ﬁ]']ﬂ'liiclﬂillaﬂ UNLNNINYDA Llﬁﬂ\‘i'ﬁ]']ﬂ'ﬁ“l]@\iijﬂ 76 — 100 Lﬂ@il“ﬁu@]

a g 1 4 [} 4 )
HazAATIEHAANULANAY TaefS o1 treatment mean 11 DMRT NIZAUANUIYFDIU P = 0.05

3.10 MINIIVADV1i phytoalexin

a3 @ ] Y = Jd o [ @ an .
tﬂiJWJ’E)EIN‘U’E)ﬂ‘Uﬁ?J VINNNNTANUA u13J1ﬁﬂﬂ?ﬂ‘iiﬂilﬂﬂuﬂaﬂﬂ1ﬂ’3‘ﬁéllfN Afek and Sztejnberg (1988)

a

Yy o ¥ L& 4 X oA = < @ a y A
Iﬂﬁl‘llﬂﬁlfllﬂllﬂllu THNNUYD VUNYUNI Y 40 DAy ALY e lf]_] U2 “]5'311]\1 MY ethyl acetate A AWNAIN

199 UA81AT D rotary vacuum evaporator QUMY 40 DIAUFAITOA UAZLINTA1TA187D Thin layer
chromatography (TLC) Tasneaasanai laaauuHy TLC plates silica gel uaanalu developing chamber il
U339 toluene:ethyl acetate @316 1:1 A1z BIAADUN DUdUVDVDU ATEOLLODAISEANAT

Usnguunsu TLC melduas UV Ainnueninau 254 nm tagauiumaingons Tva (Rate of flow, Rf)

A

YT ﬁmimamamaauw

Taeldgas Rf=

%

szozaniihag mamaauw
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UNH 4

HNaN1INeIaol

4.1 MIUSMTON AWK TN AU VBTNV I Y
1 % 1 a J d‘d c&’ A
NAMsgunUdIst AR d v rRTioImMIves IsmNueREeT 18 IHA 15AA67T baiting LAz
- £ 4 o 2
B tissue transplanting 150318 uMa 1safiuen’la aail lo Tyan PNO1, PNO2 tag PNO3 Tag'le Tgian PNOI

&‘ an 1 as A
uonyes 1 uma 15 1891075 tissue transplanting &1 To Tasan PN02 t1ag PNO3 33 baiting (15199 4.1)

A an X X A v
13190 4.1 llﬂi“ﬁlaﬂllagq‘ﬁﬂ'ﬁlwﬂ!"ﬂﬂ ﬂ]ﬂﬂlﬂfﬂi’]ﬁ’]lﬁﬂjiﬂﬂuﬂﬂqﬂ

loTasan A19819 FEmsuone
PNO1 Taudu tissue transplanting
PNO2 AU baiting
PNO3 Al baiting

4.2 M3ANIFUGIUING (morphology)
4.2.1 miﬁﬂy1ﬁ"ﬂymz‘mqﬁmgm?mmmm;%aﬁmmﬂiimm

MNMIANEIANEUEMIINIYUUeIMs PDA Tolanan PNo1 TaTatinsyyiSeundielethe
Y an 1 9 A a 1 g &}
(cottony pattern) tdu leddv1) ABUDIY (MNWA 4.1, A) 2oz TuMIRE YANIULIMITASUTE 2 -
@ 4 o 4 1 ] . 1 o ?
3 7u e ldasavaeunteldndesganssanl wuan idulela 1l (hyaline) Taifimifany a519

sporangium LU filamentous inflated 31UIUNIN (1NN 4.1, B) oogonium WANHUENAN A58 tNaAR
=

a Y 1 Y ! ' . . g a 9 g
vinuaeaule uazszrnudule a1ulng oogonium Hag antheridium aanaula@eny ag

Y. 1 [ 9 . (% 1
antheridium (N1E0Y 1 —2 DU LASTIN oospores LU apherotic ANHUTNAY (ﬂTW‘ﬁ 4.1,0)

-

d‘ o o a o A A =3 9 Y| B
MNN 4.1 aNHUSNNAUIIUINGIUDI PNOL; A = aﬂymgiﬂiaumiﬂtjwﬁﬁﬂ‘]_lﬂa']ﬂﬂ‘ﬂpj']ﬂllu@'lﬁ'ﬁ

PDA ﬁmq 39:;B= sporangium (40x); C = oogonium 8¢ antheridium(40x)
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= 9

A A A A A <
loTasran PN02 TnTatinwsguueims PDA idulelidvny Tnlatinsayduunn 4 5uan
4 s 9 A 1 9 A a <
panangaguanaslalatl @uleNau Aouday (0 4.2, A) szeza1 UM YANIIUDINIS
1 ¥ @ 4 ) o v ] . ] Y 2’,
@ouse 2 — 3 Tu e llasnaeumeldndosganssmi wuan dulela'liulla (hyaline) lufimisnu
Y . . o { . [ Aa
#3514 sporangium LU filamentous inflated 91UIUNIN (NN 4.2, B) oogonium WanyaLnay AIIseU
a & a Y ' Y ! ! . . a Y o
wanvsnalaeduls vazsgunudule aulg) cogonium Hag antheridium thavinidulomenu

923 antheridium 11120g 1 — 2 6 1A T34 oospores 11 apherotic anBYUTNAN (MW 4.2, C)

4 @ [ a o a I
ﬂTINﬁ 4.2 ANHUSNNAUIIUINYIVUD PNO2; A = aﬂymﬂﬂiaﬁmiiytﬂmmﬂ 4 - 5uURN YUDINT
PDA ﬁmq 39U, B= sporangium (40x); C = oogonium b2 antheridium(40x)

a =

o Tran PN03 TaTailfiins yuuens PpA dulefidvy TalailnsyiFeulusuiamh
PIMT ANBUTMIINT YAGIBABNNNATL (rosette pattern) (MWT 43, A)szezinalumns afuauens
@oade 45 T fle Tuaseaeunieldndesganssmd nudr idulelahiid (yatine Tifimiaiy
a3 sporangium (U subglobose T1UIUNN (mwﬁ 4.3, B) oogonium Alldnyaradeviuy (ornamented

oogoium) tnanvFNuLaedule uaza3ie oospores 111U pherotic dNBAMZAAN (MWA 4.3, C)

a A

M 4.3 ANBULNNTUTIUING VDI PNO3; A = anvae In TatlwsyiSoulUruAmihenns adieaen

g

VUDINIT PDA a1l ﬁmq 5 7U; B = sporangium (40x); C = oogonium /8% antheridium (40x)
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¥
4.2.2 ﬂ1iﬁﬂy1aﬂym$ﬂ1\‘lﬁ‘m§1u’mEﬂﬂlf]\u%ﬂﬂ Chaetomium spp.
= o a X . - PP B |
%']ﬂﬂ'ljﬂﬂ(}:]']aﬂyﬂ‘lgﬂ'ﬁmjﬂuﬂ]@\ucﬁﬂjq Chaetomium spp- N 3 ﬁﬂ%ﬁﬂlaﬂQUu@Tﬁ'ﬁ PDA

@ o a 4 d o w 1 {
Llﬁgﬁﬂ‘Hﬂ!Z1/]1\‘]ﬁmﬂWu'JﬂﬂTﬂJﬂQL%@ﬁWﬂTﬂﬁlﬁlﬂgﬂﬂﬂaﬂﬁiﬁu N1V 40X WUIN L%ﬂﬁW Ch. brasiliense

A v

A a 2 X < A A 2 a 9
NRIYVUDINITATD PDA TﬂTauuaﬂymmﬂuﬂa Nﬁ“lﬂ’)‘l]umﬂu‘i&lglliﬂ IDLNUYHITUE N UV

0 Yy ¥ A

=KX o Y vy A A a a v o Yy 9 4
IUDIA muimummiuam Tﬂiﬂuuﬂﬁl%ii‘gl@miﬁﬂ DUUNET I am"lﬂma%ﬁauma% NAavIYaNIIAY
v

1 9 AA o =\ v = 1 9 = (=} a) . . == sol
wudau leldauas imiiany ascocarp uaﬂymzﬂaumqﬂaumgﬂ‘lm Hlnda (perithecium) AU

A o .

9 =2 . a A o < a A = <3|
[WNDIFA terminal hairs USnaUaelanvuziunaeinau asc danvazitlunsinszuen melu

Y A o w =2 ] A
UTTY9IY 8 ascospore T aﬂymzﬂaumgﬂ% (mNn 4.4)

~ @ [ a :i’ . @ a3 =
MNN 4.4 AaNHUSNWNATUIIUINGNVDULD I Ch. brasiliense; A = aﬂymﬂﬂiamﬂuﬂﬂmm VYUBDINT

PDA; B = perithecium (10x); C = asci (40x); D: ascospores (10x)
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dy . A a d’l j’ Y < a A =
1¥®31 Ch. cochliodes NATUVUDINITLAUIUYD PDA TﬂTauuaﬂymz Puedvervznen o

Q
v Y
Aa o

a 1 Y < =Y 9 a Yya = ] A A A A o
NI1TLATYNDUVNLTD llfﬂiﬁiNﬁ'li‘l@ﬁElﬂ3J‘I/I1611'7Lﬂﬂﬁ“ﬁum%uﬂ\iwﬁx‘lﬂ@1ﬁﬁlﬂEN!,G]J@ PDA mam"lﬂ

U

Yy 9 J 9 A Y A o & A o T2 Y
ﬂi’)ﬂﬁ@‘l]ﬂwalﬂﬂﬁﬂﬂﬁgﬁ‘wiiﬁu wmuﬁu“lmmmmaua:uwmﬂu ascocarp Mﬂﬂl&lﬂ!%qﬁ;ﬂiﬂiﬂt’ﬂﬂgﬂ

=S dy

1A a . . an A =2 a3 . =Y a g o
l'l“ll Hilniila (perithecium) UFVYINLNONIUDITUIAA terminal hair Hanvauzneniunge) auea

.2 v Y 9 = ! ' 9 Y Aaa
asc1 UaNHUSAAIINTSUD ma“luma%ma 8 ascospore Ngﬂ‘iNﬂ@u“ﬂNﬂﬁM ﬂﬁ'lﬁlﬁ@\i"UNZJGNLLﬁﬁil

q

'
=

v A = 3
ANYHAUDUANDU FIVYINIUIND (NWN 4.4)

4 [ o a c&’ [ I
MNA 4.5 ANYUTNNTUFIUING1VOUTFO Ch. cochliodes; A = anvuz Ialatiduifodisanznon

UUDINIT PDA; B = perithecium (10x); C = asci (40x); D: ascospores (10x)
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dy A a j’ zi’ Y < a A 2
1¥031 Ch. elatum NATYVUBDINITAYIUTD PDA Iﬂiaumﬂyngﬂuﬂﬂmmmmﬂaﬂ ung

a

1 < v 4 o 1 ¥

IYABUTINIGI ARWADIND Ch. cochliodes o1 lasnasumoldandesnuindulelidiaanasi

Y 2’, = 1 =1 9y (= a . . A A =® A %’
HITaN U ascocarp Hanwaz3ils19indegl 1 Hnila (perithecium) HFdeanznonsudadiima

. Y R . g .

terminal hair JANHULADUVIIATINALTNITUANUYUINUY dichotomously branched TH1A1@ asci 1
o Y Y = ' ' Y Y oA Y
anyazAd NIz UY MylunIT9aIe 8 ascospore UgilinApudNNaY Yaredosialinumanadiona

aa = 3 A
VDUAUDU FIVYINIUIND (NTNN 4.5)

~ o o a A @ A g a A
MNN 4.6 ANHUSNWAUIIUINGIUBDUFD T Ch. elatum; A = ﬁﬂﬂﬂwTﬂiaulﬂuﬂﬂﬁﬂlﬂﬂﬂgﬂ@ﬂ YU

81%13 PDA,; B = perithecium (10x); C = asci (40x); D: ascospores (10x)
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&' 4 oYV A ¢ J

4.3 MI3ATAVRA WA LHINDIB INA
Lg A Y Z‘, Y o w A a s A o o w A a s
NAMsasaeuresiuenld 193 lolsan aredrduiiing lolnd werdduiiong le lnan

Y
Anszd IduulFouieunudwoiong TeTndlugudeya GenBank Tael¥ BLAST wua1 913 3 loTaian
111113931 Pythium spp. 1ae'la Totan PNO1 iad1uimiiou (identity) fu'le Toian MK416212.1,
MK416216.1, AY598674.2 tia LC332029.1 99 11)o315ud Guitesn P. deliense 1o lsstan PNO2 1Ay
A o P T |
milouny Te Taan MK514097.1, KJ55088.1, KU211462.1 ttag MK611609.1 99 1)esidua Huyesi
P. aphanidermatum a2 1o Tastan PN03 Uad1uvdeunyle Tetan HQ643409.1, HQ643411.1,
sd o A
AY166664.1 uag LC332028 97 — 98 wWlosidud Wuesn P. acanthicum

N1TAUATIEHM AU TANNFUWUT (phylogenetic tree) I1ATIEHAIADTIE 10 InAA21073F

neighbor-joining HATNATOUA bootstrap 1000 @1 AININN 4.7

MK514097 1 Pythium aphanidermatum
KJ755088.1 Pythium aphanidermatum
99

— KU211462 1 Pythium aphanidermatum

MK611609.1 Pythium aphanidermatum

PNO2

MK416212.1 Pythium deliense

MK416216.1 Pythium deliense

AY598674.2 Pythium deliense
100

— PNO1

- LC332029.1 Pythium deliense
PNO3

HQ643409.1 Pythium acanthicum

100 | HQ643411.1 Pythium acanthicum

AY166664.1 Pythium acanthicum
LC332028.1 Pythium acanthicum

0.0z0

v ¥
MNN 4.7 Phylogenetic tree ENEER Pythium spp.
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o Y A . .
4.4 MInaaaUANNTNIOIUMSIITINATSA (pathogenicity test)
44.1 minageuanuamnsalumshldinaeimssaani Tauniwuly
a Ay . A 9 Yy
nnMInageuANNENNIaluMINa 15AVeuTe3 Pythium spp. Muon lauulududioanau
4 Y vy ' vy
eATY 3 U nuaaeIMINTNIMam Tanvazdnih souusnafinsgniyes Pythium spp.
Tao'lo Taraniivi 1dvuaunaneiigaldun loTaan PN02 Felinundevesvuiaunaminy 1.55
uAmas aosau laun leTgan PNO3 tag PNO1 muday I undsussuuiaunaiiny 1.45 uay
a A a o Ao A A '

1.35 isuamas onlFouiioununisnaasanaunu (control) Tuiwdinslimien lunaaseinsvesln

(M13199 4.2, 7NN 4.8 — 4.10)

3 0o g ¥a y 9
5191 4.2 msnageuanuasa lumsi vina Isaveuses 1 Pytium spp. U ludu@enrinu

Treatments VYUIALND (ﬂluﬂ?ﬁ'ﬁl)
control 0.00d
PNO1 1.30c
PNO2 1.62a
PNO3 1.45b

Ad' o Y a 9 =\
NN 4.8 MinaasvaNnuavsalunisii lina lsavuludu@eimnu TeTaan PNOL: A =135

nAaDIAILAN; B = 1o Iaan PNOI
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~ o q ¥ a Y o~
MMNA 4.9 Msnaaevanuawisalumsmimna Isauuludu@erinu Telaan PNO2; A = M3

nAapIAIuAN; B = lo lyan PN02

MNN 4.10 Minageuanuasolumsilfinalsauulududoinnu lToTaan PNO3; A = 13

nAALIAILAN; B = loTwan PNO3

4.42 minaaeuaNnuaInlumsmliinaeinssinni Inunhuududurienrinug

Wmsaaden 1o Tsan PN02 ineldinaeimsuulusuuseiga vmageumsinalsauu

Y 9 Y A

=} o A n 9 o Lg ' 9 o
auanlunszarnaaos IﬂElllldﬁEJUmEJ‘]Jﬂ‘UﬂTﬁ“VIﬂﬁ@\‘lﬂ’)ﬂﬂuﬂuluvlﬂﬂ1ﬂ1'iﬂ@'ﬂl‘lfﬂ WU AUTUNNN
Yy A

X A ' ad v Y A a Y
ﬂ'liﬂgﬂl‘lf’f)a\‘lhlﬂllﬁﬂﬂ’f]'lﬂTiﬁlﬂlﬂﬁ’EN Gl‘Ui'N UNNLLHNAY Glullf)'lﬂ']i‘l/l?ﬂ}lﬂill mnmiﬂuﬁuﬁnu

o 2 = =
91NTRIUT (ATNN 4.3, DINN 4.11)

M9199 4.3 wannmsnagauanuaniolumsilidina Isauee PNO2 vududu@erinu

Treatments FTAUMSIAALTA (ANAY)

Non inoculated control 1.00°

Inoculated control 3.00°
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MW 4.11 MmInageuanuansalumsmldinalsauududu@onnnu; A = M1IinaaesnIuaw;

B = lo Tsstan PNO2

4.5 M3naaeUlszaNTNNVOUB031 Chaetomium spp. AIIMIDLUTOUHDIMITTIN (bi-

culture test)
9 v
NMINAFDVYITLANTMNVDUFDI Ch. brasiliense, Ch. cochliodes W% Ch. elatum lumsdudgans
a a, . <3 a A o g’/ a a
3 QYU09 PNO2 22875 bi — culture taraslimudlsea@niamlunissudimsnsa@uTadulsTaons

@ T 4 ' f a A
Tavuaduriguenaisinlail PNO2 WUIW051 Ch. brasiliense Waz Ch. elatum S5z @nsniwlums

Y H f ki
dugan1sas A Tadulevos PNO2 gefiga uazse9aau 1aUNLIT051 Ch. cochliodes TaoTiunn
Y 1 J =\ ~ [ a o W A =} o
durguenalalaTail PNO2 1IR28mIn1 5.18, 5.43 1ag 6.20 LEuAmag Mua1al woanlSeumeununs
~ - o & A a v VW 4
naaeInIuAN tazileduanisgugamsnagay Taaulominy 42,50, 39.72 uag 31.11 nodtsua
ANAINY (A15199 4.4, NN 4.12 — 4.15)
1 =® Aa Aa &Y g’/ 9 o
gauramsanulszansmnlunsduginisas1e oospores ¥99 PNO2 Taan151udSuias oospores

a

U a { 1w Jd 1 aa
W31 oospores 1UNINAADIAILANLUTMIUGINGA 191110 80.44 x 10° A1loTroliadans 5090911
Y . . o o j‘ . 3’1 A I
1aun cn. elatum, Ch. brasiliense W& Ch. cochliodes 114a191 Tae1¥%0351 Chaetomium spp.N3 3 atlyay
Aa a o ?1’1 9 A ] 1 o aa A S 4 o g’/ 9
']Jigﬁ%‘ﬁﬂﬁ/‘liuﬂ"ﬁﬂ‘ﬂﬂﬂﬂ"ﬁﬁi”lﬂ oospores %llmmmmumﬂﬁa@ Nlﬂﬂilgﬁu@]ﬂ”liflﬁﬂx‘lﬂ"liﬁi”lﬂ

oospores 1 47.01, 48.41 1Az 49.18 1/aSIFUE aud1d (13199 4.4)
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4 a a c&‘ o & a
M9 4.4 HaMSNATOUUSEANTNMNVOUTOS Chaetomium spp- 11!ﬂ"|’iEJUEJ\1ﬂ"I'§H]SiIJ5Uﬂ\1L??f}ulﬂl,mg

oospores U PN02 #187% bi — culture

&
1091 Pythium sp.

A~ 4 A~ 4
YU 1nosiFuanis 15119 oospores 1nosIFuans
Treatments v . o 2 . . P o 2 v
tdurgUna gUgInNs (10" aos/ua.) gUIINTAI 19
Talall (wu)"  wig@ula (%) > oospores (%)
Control 9.00a - 80.44a -
Ch. brasiliense 5.18¢ 42.50 41.50b 48.41
Ch. cochliodes 6.20b 31.11 40.75b 49.18
Ch. elatum 5.43¢c 39.72 42.63b 47.01
C.V. (%) 4.02 2.40

Pythium sp.  Pythium sp.+ Ch. brasiliense ~Ch. brasiliense

4 a a c&‘ o a
M 4.12 HamMsnadoulszansNINVoUYeS51 Ch. brasiliense 11!ﬂ"|38‘].|8\1ﬂ"|3ﬁ]'5i1]u‘u@\1 PNO2 @91)’.]83%

bi — culture
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Pythium sp.  Pythium sp.+ Ch. cochliodes Ch. cochliodes

4 a a c&‘ v o a
M 4.13 WamMsnaaoUUsLanININV0UTO51 Ch. cochliodes “lumsememmmmﬂm PNO2 @9]}'38"3%

bi — culture (10 M)

o . da st -{.{.
Pythium sp. Pythium pp.+ Ch. cochliodes Ch. cochliodes

4 a A :&‘ o o a
M 4.14 WamMsnaaoUUsLaNININVONUTOI1 Ch. cochliodes “lumsememmmmﬂm PNO2 @9]}'38"3%

bi — culture (30 W)
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Pythium sp. Pythium sp.+ Ch. elatum  Ch. elatum

4 a A :&‘ o 2 a a
MNN 4.15 HaN1sNAAUYSEANTNINVOUTDI Ch. elatum 11!ﬂ"|38‘].|8\1ﬂ1'5!i]3igeﬂﬂ\1 PNO2 ﬁI'JEJ’J%

bi — culture

4.6 MINAaoUYsANEMNVIESANAITOI1 Chaetomium spp. IuMITUTIN I3 Y VDS

til’ . 4 a wAa
1%031 Pythium sp. °luwm1]gmn15 (crude extract test)
ki Y
NIMINATOUYTLANTNMNVOIETANAYDI Ch. brasiliense 1UNMITVEINITIYVDI PNO2 A0
ax . . A A a <3 t & % '
% poisoned food techinque 010351 1UNTNABOIAIVAN DI YIUANIIUDIHITIABUTO (2 W) WUN
F H Y Y
NNENTANAFOI Ch. brasiliense NFLAVANUAUIU 1000 ppm 1iTINT93YVOUFDIIOONUININTUU
Y
VOUFOI Pythium sp.
ki H v
A5ANAYBI Ch. brasiliense NANARIY hexane NTLAVANUANTU 500, 100, 50 14 10 ppm PNO2
= 9 1 o = = a o W A = @
Humnaduriguinaalalatimae 0.6, 1.18,2.09 uaz 3.29 wudmas ey Weonseusununs
Y
naaeenLAN (5 rudwag) Tulesiiudmsdudimaniayveadulominy 88.00, 76.50, 58.25 1ay
<3 4 o w A ~ [ g . ~ [ ~
34.25 1WoSIHUA MuE1AY (13199 4.5, MNN 4.16) @15ANAFOI Ch. brasiliense NANAAIY hexane N
[ 9J 9 = a A Y g}/ 9 d' S A
JEAUANWUVNUY 1000 ppm Ndseansamlumsduaanmsasig oospores gINGA I ERTRI oospores
J 4 o g}/ 9 [ 4 1 A aa < ¢ A
naz1os I HUANITTUEINITA319 oospores 11111 2.06 x 10° gesaviiadans uag 95.59 1losidua f
FLAUANMANAY 500, 100, 50 118 10 ppm JUT1Y oospores NN 5.56 x 10°, 12.38 x 10°, 21 x 10" uay

31.75 < 10' @losnoliadans awday enfSeuioununisnaasiniugu (46.81 x 10 aeine
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J I < J

A aa 4 o g‘/ | Y 4
ladans) HesiFudan1s§udan1sadie oospores 110U 88.12, 73.56, 55.14 nay 32.18 10515 ud
MUAIAY 1aZUA ED,, IMNU 30.15 pg/ml (115197 4.5)
2 v 1
A5ANAYBI Ch. brasiliense NANAAY ethyl acetate NTTAVANUANTU 500, 100, 50 11 10 ppm
=~ 9 ] o =\ = a o w A = [
vvnadurgudnaislalatin@de 0.6, 1.54, 2.86 Lag 3.63 UAWAT MUAIAY Wonlseumeununs
a s 3 o o & a ¥ "o s 2 @
nAaoIAIUAY UilosiFuan1sdugInIsnIguoadulaminy 88, 69.25, 42.75 ay 27.5 1lodidua
o 5 { { Q g { Q 1 U
MUBITY (A13197 4.5, MNN 4.17) ETANAABI Ch. brasiliense NANANIY ethyl acetate NTLAVANY
Y 9 = a a v 9 ~ A a
IUUU 1000 ppm Hiseansamnlunsdudginisasng oospores AN A FICETRTY oospores IO
J 4 o gIJ 9 [ 4 1 A Aaa d I 7 o
oS FUANTIVIINITAIIN oospores 111U 2.19x 10° dosaaiiaaans uaz 95.33 ioiimua Nszay
AU 500, 100, 50 1Az 10 ppm WUF11% oospores NNV 5.75 x 10%, 19 x 10°, 30.25 x 10* iaz 35
4 d 1 a aa o W A = @ = J I 4 v & 9
x 10" alosaeiadans muaiay WonFeumeununinaaeIniIugy NlesiFuan1sdugINITa3g
1T W J 3 4 o w 1 [ Y
oospores 11111 87.72, 59.41, 35.38 1Az 25.23 1o31FUa awd1a Hazlin1 ED, (M10U 58.71 pg/ml
(M5199 4.5)
@ j‘ - a v 9 A [ Yy 9 =
TTANATDI Ch. brasiliense NANANIY methanol NTEAUANMAUNIY 500, 100 taz 10 ppm HUUIA
9 1 4 = A a o w A = [
idurngudnaalnlatinge 0.7, 1.45,2.43 1oz 2.8 udas amdany Wonfseumeununisnaasd
~ s 2 o o & A a sd o o w ~
Aunu uazlnlesisuamsdugamaasapau Ia 86, 71, 51.5 uay 44 nlosidua awday (131990 4.5,
A [ dy . A [ Y A [ 9 9 )
NINN 4.18) A1TTNALYD I Ch. brasiliense NTANAAIY methanol NTEAUVAINLYNIY 1000 ppm U
a a v ¥ 9 A = J I J o ¥ 9
YseanTnmlunsdugansadng oospores ganiga Wl3u1a1 oospores tazilosiFuamsdugnNIsasg
T W 4 J 1 A aa J 3 ¢ [ Yy 9
oospores 11111 2.13 x 10* a1losaoiiaddns uag 95.46 1Wosidua NszAUANMINIU 500, 100, 50 LA
a [ d 1 Aa aa
10 ppm U511 oospores 1N10U 6.19 x 10, 17 x 10, 26.25 x 10* ez 29.5 x 10' adoinolaaans
o w A =\ o = d 3 4 @ g}/ Y [ Y
Muaay Weolleumeunun1snaaoanugy uazlinlodFuan1dugINI1TaI19 oospores 1NN
s g o w ' v {
86.78, 63.68, 43.92 1182 36.98 1UBTIHUA MUA1AY AazlA1 ED, 110U 37.25 pg/ml (15199 4.5)
v v
UBNIINUUGINUNITA319 oogonium UanvmzAAUNANTLAUAIIATNIU 1000 ppm VINNAFITEANA

#e (MW 4.19)



H a a o g L ?X’I a
M3197 4.5 NaMsnadeUlsEANTNNVOINTENAUTOI Ch. brasiliense “lumssmmmmmgmm PNO2

Y] J I 4 4 3 4
asana ANy YUA nlofiuams sunwaied nlesiuams  ED,,

(ppm) durigudnan  dudsms  (10'ales/ Sudimsadi (ppm)

Talall ()" wig@ula™  wa)” o3
0 5.00a - 46.81a -
10 3.29¢ 34.25h 31.75¢ 32.18i
50 2.09f 58.25¢ 21.00f 55.14f
hexane 30.15
100 1.18h 76.50c 12.38i 73.56d
500 0.60ij 88.00ab 5.56j 88.12b
1000 0.50j 90.00a 2.06k 95.59a
0 5.00a - 46.81a -
10 3.63b 27.50i 35.00b 25.23j
50 2.86d 42.75¢g 30.25d 35.38h
ethyl acetate 58.71
100 1.54g 69.25d 19.00g 59.41e
500 0.60ij 88.00ab 5.75j 87.72b
1000 0.50j 90.00a 2.19k 95.33a
0 5.00a - 46.81a -
10 2.80d 44.00g 29.50d 36.98h
50 2.43¢ 51.50f 26.25¢ 43.92¢
methanol 37.25
100 1.45g 71.00d 17.00h 63.68d
500 0.70i 86.00b 6.19j 86.78b
1000 0.50j 90.00a 2.13k 95.46a

C.V. (%) 4.28 3.98
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Control 10 ppm 50 ppm 100 ppm 500 ppm 1000 ppm

v Y H 9
M 4.16 Wafﬂi‘ﬂﬂﬁ'fJ‘Uﬂ3$ﬁﬂ‘ﬁﬂ1wsllﬂiﬁ1iﬁﬂm%’651 Ch. brasiliense “ﬁﬂ'ﬂﬂﬁj’lﬁl hexane TUN3EVYI

M3193YUDI PNO2

Control 10 ppm 50 ppm 100 ppm 500 ppm 1000 ppm

H a a % g { %
MNA 4.17 Wan5NAFo UYL ANT ANV TANAYBI Ch. brasiliense NANAAY ethyl acetate TUN1T

Y
v o

EJ']JENﬂﬁH]QiiUu“II@Q PNO2
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Control 10 ppm 50 ppm 100 ppm 500 ppm 1000 ppm

A Y H
MNA 418 HAN15NATIVYTLANTANVOIASANALTOI Ch. brasiliense ﬁﬁﬂﬂﬁ}’w methanol 11115

9
Y a

gUPINTTLATYUDI PNO2

AN o

S ww

=

[

4 o _ . da - L da
MWN 4.19 1WSouNeUany LU oogonium; A = oogonium Ny ﬂ‘]ﬂmx'ﬂﬂﬂ, B = oogonium NUaNHMUL

[

Aallna

A )
MIMINAFoUYsLANTNNVOIETANAEFDI Ch. cochliodes TUNTTUTINTAIYUDI PNO2 A0
as . . 4 X a <3 2 X o '
% poisoned food techinque (01051 1UNINABDIAIVAN 193 YIUANIUDINITDOUTO (2 TU) WU
F v '
A13ANATOI1 Ch. cochliodes NANAAIY hexane NTTAVANULTUIU 1000 ppm HUlszanTamluns
o ?a'.: a a A =\ 9 1 4 =\ S 3 14 o ?a'.: a 9
duganmsnsyanTageanga Taelivnadurmgudnarelalatinazlediduanmsdudinsnigveadu
" W a s < Jd o 1 9
Toiniv 2.71 wudmag uay 45.75 Weosidud dau laun seaunnuudy 500, 100, 50 1ag 10 ppm
= 9 1 4 = = a o o A = @
Hvwadusiguenaislalailnge 3.19, 4.28, 4.43 1oz 4.61 luaNAs A wd1a Wenlseueuny
a J < 4 @ g}/ a 9 1" o
MINAABIAILAN (5 udas) Tlesisudmsdudimsnsyveadulominu 36.25, 14.5, 11.25 uaz

J < 4 o w A A (% dy . A v 9 A
7.75 1o 5IHUA AINE1AL (19190 4.6, HINN 4.20) VTIANAUY DI Ch. cochliodes NANAAIY hexane N
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@ 9 9 = a A o 3‘/ Y A =
FEAUANUUYNUYU 1000 ppm Hdszansnmlumsdvaamsasie oospores gANYA IEFL oospores LAY
sd & o & 9 "o 4 1 A aa sd A o
Lﬂ@ﬁl%uﬂﬂﬁﬁmﬁlﬁﬂﬁﬁﬂﬁ oospores N1NY 10.25 x 10 ﬁﬂ@i@]@hﬁﬁﬁ@li uag 78.84 Lﬂ@il“ﬂuﬁl NnIzal
ANUANTY 500, 100, 50 1AL 10 ppm WUF11Y oospores AIND 19 x 10°,29.5 x 10°, 32.94 x 10" 1oy 38.56

4 J 1 a aa o W A = @ 4 Jd 1 A aa
x 10* gloinolagans Mmua1aL LﬂJ’éJLlﬁﬂﬂm&ﬂﬂﬂﬂﬁ‘ﬂﬂﬁ@ﬂﬂﬁﬂﬂu (48.44 x 10 ﬁﬂ@iﬁﬂllﬁﬁﬁﬂﬁ)

e ]

~ P-4 @ S 1w P-4 o w A
Wlesisuanisgudanisasealosminy 60.78, 39.10, 32.00 uag 20.39 WeiFua w19y (M151990
4.6)
(% j‘ . ~ v Y A @ Yy 9 = Aa A
A15ANATOI Ch. cochliodes NANAAIY ethyl acetate NTEAVAINMANYY 1000 ppm NUTTANTAN
o ?xlz a a ~ =1 9 ] o =1 S I 4 o ?sz
Tumsdugamsnsyaulaganga Taslvmnaidurigudnaidlalativazilesisuanisguganis
a a 1 @ a S J o ~ [ Y 9 =
pIaay T 110D 2.93 UAAT tag 41.50 1WoTIFUA DANNTZAUANNITNIU 500 1A 100 ppm il
9 1 4 = A a o A = (%
vnadurgudnaalalatinge 4.14 1ay 4.68 SUAINAT MUAIAD WofTouNeUAUNIITNAADY
=1 S < 4 @ 3’; a a s 3 4 o o 1 A [
auay Nlesgudnsdugaimsniaanla 17.25 uag 6.5 11o31Fua aud1ay dIunszauny
9 9 [ a 9 g . Y d’ d‘
1 50 1Az 10 ppm ludTAAIUANMTRI YV UFUTO1FOT1 Pyrhium sp. 19 (A15197 4.6, NN
9 ] v
4.21) MTANAYDI Ch. cochliodes NANARIY ethyl acetate NTTAVANMTUTU 1000 ppm HUFEFNTAN
Y Z‘, 9 ~ A A d I 4 [ gl.; 9
Tumsduagan1saiig oospores gINGA SIEETRIN oospores nazlo B UANITIVIINITHI 1 0ospores
"o 4 71 a aa /73 IA o Yy 9
MINY 13.94x 10° alosnolaaans uaz 71.23 wosidua NszAUAMMINIY 500, 100, 50 LLa 10 ppm
= 4 [ Y 4 4 4 4 1 A Aaa o w
H5uailos minv 28.50 x 10, 38.50 x 10%, 41.50 x 10° uaz 46.69 x 10" diesneianans muaIAy
A =\ o =\ S 3 4 Y] g’/ 9 LY
WonlFeumeunun1snaaoInIuay UlosEUANITUGINITAII oospores (NN 41.16, 20.52, 14.33
P-4 o w A
1ae 3.62 1WoIFuUA MuaIAY (15197 4.6)
Y v v
A5ANAYOI Ch. cochliodes NANARIY methanol NTLAVANUAUTY 1000 ppm HUTzANTA M 1
v ¥ A a ~ = Y 7 ~ P v &
M3dugan sy lagange Tastvuiaduriigudnallalatuazi)esisudn1sduganis
a a (Y a - J o { [
igeAuTa N 2.99 uAmAas tag 40.25 wesisud aaunszauaNudNtU 500, 100 1O 10 ppm
=~ 9 ] 4 =) = a o o A = [
Nunadurguanaialnlatinae 3.81,4.29, 4.59 1ag 4.65 isuUAIAsT Aua1aU ofseuneuny
~ P v & A I~ P
MInaaednIuny tazllesisuamsdudimsnTagan la 23.75, 14.25, 825 uaz 71lo51dua
o U { { Q j’ { Q { %
AUEIAY (A15199 4.6, NN 4.22) ASANAYOI Ch. cochliodes NANARIY methanol NTLAUAIY
Y a a a o ) A ~ 73 &
WUUU 1000 ppm Nszansammlumsdugimsasing oospores gANYA I IERTRL oospores wazilosimua
@ g’/ 9 T W 4 d 1 A aa S I ¢ A [
N15EUTINITEI19 oospores 1NNV 16.38 x 10° dosnelanans uaz 66.2 1/osisua NszaunIu
(WU 500, 100, 50 1@ 10 ppm HUI 1L cospores (MR 26.25 x 10, 31.75 x 10°, 34.94 x 10° uag 40.5
4 1 A Aaa o w A = Y] ~ S I 4 o ?x‘a
x 10" alosaolaaans muday WonfseuMeunumsnaasAIugy Hazllo s suAnNIIGUgINS
9 S 1w S I 4 o ~ ?xlz Y
asalesnny 45.81, 34.45, 27.87 uag 16.39 1o5iFua @1ua181 (M15199 4.6) HONIINUUTINY

9 . A o a aa Y Yy 9 v Y =
NI TN oogonium HanyausHalnanszAUANUINIY 1000 ppm ANNNFAITANANIY (1NN 4.23)



H a a v :&’ U (91’1 a
M3197 4.6 HamMsNadeUUsEaNTNNVOIETANABDI Ch. cochliodes 1uﬂ1iﬂﬂﬂﬂﬂ1ilﬂﬁ@mﬂﬂ PNO2
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Y] J I 4 4 3 4
asana ANy YUA nlofiuams sunwaied nlesiuams  ED,,

(ppm) @urigudnan  dudsms  (10'ales/ Sudamsadi (ppm)

Talall ()" wig@ula™  wa)” o3
0 5.00a - 48.44a -
10 4.61b 7.75h 38.56d 20.39i
50 4.43¢ 11.25¢g 32.94f 32.00g
hexane -
100 4.28d 14.50f 29.50g 39.10f
500 3.19¢ 36.25¢ 19.00i 60.78d
1000 2.7l 45.75a 10.251 78.84a
0 5.00a - 48.44a -
10 5.00a - 46.69b 3.62k
50 5.00a - 41.50¢ 14.33j
ethyl acetate -
100 4.68b 6.50h 38.50d 20.52i
500 4.14¢ 17.25¢ 28.50g 41.16f
1000 2.93h 41.50b 13.94k 71.23b
0 5.00a - 48.44a -
10 4.65b 7.00h 40.50c 16.39j
50 4.59b 8.25h 34.94¢ 27.87h
methanol -
100 4.29d 14.25f 31.75fF 34.45¢
500 3.81f 23.75d 26.25h 45.81e
1000 2.9%h 40.25b 16.38j 66.20c

C.V. (%) 2.18 2.66




34

Control 10 ppm 50 ppm 100 ppm 500 ppm 1000 ppm

v Pl v 9
MW 4.20 WﬁﬂTi‘V]ﬂﬁE)‘Uﬂigﬁﬂ‘ﬁﬂWWﬂJ@Qﬁﬁﬁﬂm%@ﬂ Ch. cochliodes ﬁﬁﬂﬂﬁjﬁﬁl hexane 1UMFIUHY

3193 YUY PNO2

Control 10 ppm 50 ppm 100 ppm 500 ppm 1000 ppm

$ a =) % g { %
MNA 4.21 #aMINAaeVLILANTNNUBIANTANAYOIT Ch. cochliodes NANANIY ethyl acetate 1UA1T

9
v

EJ']_IENﬂ”IiH]%‘EUuGUi’N PNo02
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Control 10 ppm 50 ppm 100 ppm 500 ppm 1000 ppm

M F H
PN 4.22 HAaNSNATIVYTLANTANVOIASANALTDIT Ch. cochliodes ﬁﬁﬂﬂﬁ}’w methanol 1115

9
JUIINTTLATYUDI PNO2

0 o

[ [

4 . _ . da LA C da
MWN 4.23 1WSouneuanyuz v oogonium; A = oogonium Ny ﬂ‘Hm&"ﬂﬂﬂ, B = oogonium NUANHUL

Anllna

F Y

MNMINAFTOVYsLANTNNVITTANANNFDIT Ch. elawm TUNMTTVEINITAIYVDI PNO2 A0

. . 4 ¥ a 3 4 ¥ o 1
7% poisoned food techinque 11015951 1UNMTNAADIAIVAN TYIUANITUDIMITASAUTD (2 TU) WU
9 H F H
NNNNETANAEOT Ch. elatum TiToINTZAUANWTUTY 1000 ppm UATITANATOT Ch. elatum N
v 9 o Y 9 1 o & a 4 Y
ANAAIY ethyl acetate 5TAVAIIULTNAIU 500 ppm NANWITOTUGINITII YUOUFDT Pythium sp. |9

o X A o 9 A o Y 9 A ¥ ¢

Tagesanaies1 Ch. elaum NANARIY hexane NILAVANVALTY 1000 ppm VYUIAEUHIFUINA

= s 2 14 v & a 9 T o a J I 4 o
TaTatinaznlosdudmsdudimsns yuoudulominy 4.85 wudwas tag 3.00 odidua audiay
A ~ @ &I ~ v 9 A (9 Yy 9 IS
(M15199 4.7, 1A 4.24) F15ANAYDI Ch. elatum NANAAY hexane NTLAVANWYNDY 1000 ppm I

a A o g’; 9 14 A a A J 2 4 o ‘9]1} Y
ﬂﬁzﬁﬂ‘ﬁﬂTWjuﬂWiﬂUﬂﬂﬂ?iﬁﬁ']\iﬁﬂﬁliq@ﬂq@l 501 oospores taztoS I FuUANITEUEINITE3 1
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1w 4 1 a aa J 3 s A 1Y 9y 9
oospores N1NY 40.88 x 10 allosaeianans ag 21.30 (oS IFUA NTTAVANMVNIY 500, 100, 50 s

a A 4 (Y 4 4 4 4 14 Aa Aaa
10 ppm VYT AYBT MOV 42.94 x 10, 44.69 x 10°, 46.88 x 10° 11az 4831 x 10° alosnoiiadans
o w A = @ 4 1 A Aaa = S I 4 @ ?,‘,
Muaay WorlseuMounun1snaasInIuay (51.94 x 10* ailesaoliadans) NlesiFuUANIIGUH
) s 1w sl @ o w A
MIas NN 17.33, 13.96, 9.75 11ae 6.98 11/o51FUA MUEIAY (115197 4.7)
k2 '
A15ANAOI Ch. elatum NANAAIY ethyl acetate TTAVANVTUTU 1000 1A 500 ppm HYUIA
9 ] 4 ~ A a o w d'l a [
durnguananalalatimae 3.95 uag 4.33 yudwas aua1ay wenlseumeununsnaasInILgy (5
a a sl o & a ) "o s 2 & o w A
wuAAs) Uilefiguamsduginanigvoudulominy 21 tag 13.5 lefidua amdau (15199
{ % &’ { Q { 5
4.7, 0N 4.25) @15A0ANNYI Ch. elatum NEANAAY ethyl acetate NTTAVANNITUYY 1000 ppm 3
a a o g’; 9 A = J 2 4 @ g}./ 9
YseanTnnlunsduginisadng oospores ganiga U319l oospores tazilofiFuamsdugansasig
[ 4 J 1 A aa ] S A o Yy 9
oospores 1111V 26.63 x 10° allosnolaaans az 48.74 1WosiFua NszaUANUUNTY 500, 100, 50 LA
=Y [ 1 A aa
10 ppm YT 194 oospores (NINV 35.75 x 10, 39.5 x 10, 43.88 x 10" e 46.75 x 10* dosnolaaans
o o A ~ o ~ 73 o & P Vo
Muday onlseumeununisnaasenIugy esiFuan1sdugIn1ai1g oospores 1NN 31.17,
d I 4 o o ~
23.95, 15.52 uag 9.99 1o5isua MU 1Ay (131990 4.7)
o X A o Y A 9 ) a Y s
A13ANALDI Ch. elatum NETNANIY methanol NTTAVANWAYNUYY 1000 ppm HYHIATUNIFUENA
A A a o o A A o ~ s 3 o o &
TnTailmae 4.41 suAmuas a1y WorlFeumeunumIinaaeIniuay uazinlodsudanisgug
a a d I 4 o w A ~ @ tg ~
MaIaula 11.75 1WosiFua aua1au (1351990 4.7, 1NN 4.26) A13TNANNF031 Ch. elatum N
o v A o Yy v ~ A a v ¥ v d’
ANAAIY methanol NTLAVANUANTY 1000 ppm N5z ANTAWIUMTTVIINITAI1 oospores FaNgA
=\ S 3 4 o g’/ 9 " W 4 1 A aa
IEFRL 00spores taztoSIFUAMITUIINMIATI oospores (N1NY 37.25 x 10 dioinelanans tay
J 3 s A 1Y Yy 9 a @ J 1w 4
28.28 1o31FUA NTZAVANUVNUY 500, 100, 50 1ag 10 ppm NUTNaosniny 41.38 x 10°, 43.75
4 4 4 J 1 a aa o v A = o
x 10%, 45.31 x 10° uag 47.63 x 10° atloinoladdas aud 1AL WonlTeuMsuNUNITNABDIAILALY

a

(51.94 x 10* glosaeiiadans) uazinlosGudmsdudaimsadaatlesminy 2034, 15.76, 12.76 ta

[

J I J o w A ¥ o 9 . A o a aa
8.3 1loSiBua auaIau (%1919 4.7) UBNINUUEINUNITAI I oogonium nanvugRalnanszay

ALY 1000 ppm MNNNAITANAAIY (NTNT 4.27)
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H a a 4 c&’ U ‘9111 a
M3197 4.7 #aMsnaaoudsz NN NVOIANSTENATOI Ch. elatum iuﬂﬁﬂﬂﬂﬂﬂﬁﬁﬁﬂﬁm\i PNO2

Y] J I 4 4 3 4
asana ANy YUA nlofiuams sunwaied nlesiuams  ED,,

(ppm) durigudnan  dudsms  (10'ales/ Sudimsadi (ppm)

Talall ()" wig@ula™  wa)” o3
0 5.00a - 51.94a -
10 5.00a - 48.31b 6.98
50 5.00a - 46.88bc 9.75
hexane -
100 5.00a - 44.69de 13.96
500 5.00a - 42 .94ef 17.33
1000 4.85b 3.00 40.88gh 21.30
0 5.00a - 51.94a -
10 5.00a - 46.75bc 9.99
50 5.00a - 43.88de 15.52
ethyl acetate -
100 5.00a - 39.50h 23.95
500 4.33d 13.50 35.751 31.17
1000 3.95¢ 21.00 26.63j 48.74
0 5.00a - 51.94a -
10 5.00a - 47.63b 8.30
50 5.00a - 45.31cd 12.76
methanol -
100 5.00a - 43.75de 15.76
500 5.00a - 41.38fg 20.34
1000 441c 11.75 37.251 28.28

C.V. (%) 0.89 2.03
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Control 10 ppm 50 ppm 100 ppm 500 ppm

H a a v g { g U !93’1
MNN 4.24 HaNINATOUYTZANTNINVOIATANATOS Ch. elatum ﬁﬁﬂﬂﬁ}’m hexane TUNSEUEINTT

(937YVD9 PNO2

Control 10 ppm 50 ppm 100 ppm 500 ppm

) 9 v
PN 4.25 NaN1INAFVYTEANTNINVIETANAYOIT Ch. elatum NANARIY ethyl acetate 11UA1T

v
§UFINIDTYUDI PNO2



39

Control 10 ppm 50 ppm 100 ppm 500 ppm 1000 ppm

H a a o g { g U g‘l
MNA 4.26 HaMINAToVYTLANTNMNVOIETANATOI Ch. elatum ﬁﬁﬂﬂﬁ)’m methanol 1UN5IUEY

M3 YVDI PNO2

10 Ali\ﬁ éa

4 | o _ _ da o~ da
MW 4.27 fFeuMeuanyuzvq oogonium; A = oogonium N nuazilnd, B= oogonium NUANHUS

[

[

Aallna

4
A
4.7 Minaaoulsz@NEN 1NV nano — elicitors INATANAFOI Chaetomium spp.1u
4 a wa
#ioalflinms
. o A . 9 a A o Y 9 a
nano — elicitors 9NN A1TIANALY DT Ch. brasiliense N4 3 FUA NTEAVAITNULVNUU 15 ppm U
a a @ 3’/ a a 1 ] a &I Qy
'1J§$E‘T‘Vl‘ﬁﬂ1W1uﬂ1iEJ‘]JENﬂ"IiH]Si}JJL@‘UI@]Q’QﬁQ’ﬂ ]’lllﬁﬂ1iﬁ]iiy"llENL“HE]E"IE]@ﬂ?J"I’I]"Iﬂ%H’?HGUEN PNO2
- o & S S
nano — elicitors MINANTANAYOI Ch. brasiliense NAPANIY hexane NTLAUANMTNIY 10, 5 1182 3 ppm
=\ 9 1 4 =\ A a o w d' = %
ll"lJ‘L!TQLﬁHW"If[uEJﬂﬁNIﬂIaumﬁEJ 1.11,2.23 4ag 2.91 IUALUAT ATNATAU Lllﬂllﬁﬂﬂ!‘ﬂﬂﬂﬂ‘ﬂﬂ"li
a a sl 2 o a a s 3
NAADVINIUAY (5 LHUNUAT) Nlﬂf’)il“ﬁu@]ﬂ?iﬂﬂﬂﬁﬂ]ilﬂiiylﬁﬂiﬁ 77.75,55.5 ag 41.75 SIRHEA

o X { ! .. v X { o
AWAIRY (A13197 4.8, MNN 4.28) nano — elicitors NNANTANAYGDI Ch. brasiliense NANAAIY hexane
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~ @ 9 9 = a A @ g‘/ 9 A a A
NITAUANULUNUY 15 ppm Hdszansnmmlunsduginmsasie oospores FINGTA R ERTRE o0ospores
sl & o & ) " 4 1 a aa s 3 oA
!Lﬁ%!ﬂ@i!%u@]ﬂﬁEl‘lJENﬂWiﬁiN oospores N1 2.06 x 10 aﬂmmuaaam g 95.13 L’l]@il“])'u@“l N
o 9 9 | 1w 4 4 4 o
FETAUANUANUU 10, 5 14ag 3 ppm WUTU oospores NNV 5 x 10°, 13.44 x 10° uaz 20.81 x 10° q1los
1 A Aaa o w A = [ 4 1 A Aaa = S 3 4
ABDUADANT UATAY Lll’f)!l'diimmEJ‘Uﬂ‘Uﬂﬁ“VIﬂafNﬂ’J‘UﬂiJ (42.38 x 10 aﬂamauaaam) NL?J@"J’LG])"L!@]
o ¥ s 1w - 4 o \ "
ﬂ1iEl‘UEl\1ﬂ1iﬁ%jNﬁ“lJ@im1ﬂ‘U 88.20, 68.29 L1ag 50.88 L‘IJE]'D'LGD”L!@I AU Y L!ﬁ%ﬁﬂ1 ED,, 101 3
png/ml (M5197 4.8)
.. [ ,&} . A v Y A o Y 9
nano — elicitors AMNT1TANAULDIT Ch. brasiliense NANAANIY ethyl acetate NTTAUANNUVNUIU 10, 5
=1 9 1 4 =1 d‘ a o W d' =
iag 3 ppm 3J"U°L‘!”IﬂLﬁuﬂiﬁuﬂﬂaﬂiﬂiaumaﬂ 1.63, 2.8 Liag 3.88 IHUALUAT A1UAIAY LN’EJL‘]J%EJ‘]JW]EJ‘]J
@ = J 2 4 o gl.z a a J 2 4 o w
NUNITNAQDINIVAY 3JL‘]J’E)§L%uﬁﬂ1iﬂﬂﬂﬁﬂ13l%immﬁiﬁ 67.5,44 1ag 22.4 L‘]Ji’]il"])’u@ ATUA[IAY
1 1 o &l 1 o 1
(M135199 4.8, DINAN 4.29) nano — elicitors INANTANALFDI Ch. brasiliense NANARY ethyl acetate <
1% 9y 9 =\ Aa A Y g}/ 9 A a A
TEAUANNUNUU 15 ppm Hdseansmulumsdugamsasng oospores gANYA IERTRL oospores LAY
J 4 Ly z/ 9 T @ 4 1 a aa d I ¢ A o
Lﬂ@il%uﬂﬂ"ﬁﬂﬂﬂﬂﬂﬁﬁiﬁ oospores N1NY 2.13 x 10 aﬂamauaaam 1ag 94.99 Lﬂ@il%u@l NnIical
9y 9 = " v 4 4 4 J 1
ANUANUY 10, 5 112 3 ppm UUTUY oospores 1NNV 5.75 x 10, 19.31 x 10 1ag 24.81 x 10° dosae
A aa o w A )=} o ~ ] 4 o ?x‘z 9 ' o
HAaNT Mu[ Y LEJBLIEEJ‘]JW]EJUﬂ‘]Jﬂ"IiTIﬂai’Nﬂ’JUﬂN N!ﬂ@ilcﬁuﬁﬂ”ﬁﬂ‘ﬂﬂﬂﬂﬁﬁiﬁ oospores NN
-4 o w ' "o {
86.43, 54.42 L1ny 41.45 L‘l]f)'il“])'u@] muammmxﬁm ED.,N1NU 3.96 pg/ml (?IﬁN‘ﬁ 4.8)
4 1 H
nano — elicitors 1NANTANAYOT Ch. brasiliense NEANARIY methanol NTZAVANMANIY 10, 5 1Az

[

=~ 9 ] o = = a o @ A =
3 ppm MﬂluWﬂlﬁuW1ﬁu8ﬂﬁ1\‘]1ﬂ1ﬁumﬁﬂ 1.09, 2.15 1 2.64 LBUALNAT AU LﬂJEJL‘Ll%EJ'UmEJ'Uﬂ‘U
a - 4 o 2 a a - 4 o w
N1INAABDINIVNUN llLﬂ'E)i!clfu@]ﬂTiEJ’UENﬂTilﬁ]‘iﬂJUWHJI@] 78.25, 57 ua 47.25 L']J'E)il,clfu@] A1uAIAY
v 1 F 1 1
(M137197 4.8, AN 4.30) nano — elicitors INAIANAIFOI Ch. brasiliense NANAAIY methanol NTLAV
Y 9 = a a o & 9 ~ A A
ANNULVUVU 15 ppm Ndszansamlumsdugamsasig oospores GINGA 3w oospores LI
s 2 @ o 2 ¥ " 4 1 A aa sl A o
Lﬂflilcﬁuﬁﬂ1iﬂﬂﬂﬂﬂ1§ﬁ‘i1ﬂ oospores 10U 1.94 x 10 aﬂamauaaam 1y 9543 Lﬂ@iﬁ]ﬂm NnIigay
Yy 9 a ;| T W 4 4 4 1
ANMUUVNVY 10, 5 1182 3 ppm WUTUU oospores 1NNV 4.5 x 10, 12.63 x 10° 11a 18.81 x 10" atlosao
A aa o w A = o = J 3 4 o g’z Y 1T v
Hanans aAruany LM@LIEEI‘UWIEl‘Uﬂ‘Uﬂﬁ‘ﬂﬂafNﬂ’J‘Uﬂll mﬂ@i!%’u@lﬂﬁﬂﬂﬂx‘lﬂﬁﬁiﬁ oospores N1NUY
2 14 o w J 1 o { Yy o
89.38, 70.21 L1ag 55.6 L']Ji’]imﬂm GIHJE]W]ULLEWﬁ?ﬂ ED,,in1nU 2.69 pg/ml (msmﬁ 3) UBNAIINUUY

P . A v A ad @ y 9 ) A
NUNITE TN oogonium 3JaﬂHm%Nﬂﬂﬂ@]‘ﬂi%ﬂUﬂ?ﬁJWlﬁlu 15 ppm ﬁnﬂnﬂﬁ”ﬁﬂﬂﬂﬂ?ﬂ (mNN 4.31)
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H a a @ g
M15197 4.8 HaNINATOUUTZANTAINUDY nano — elicitors MINT1TANALOI Ch. brasiliense IUNS

AN PNO2

nano - AW YUIA wesidudms USnmeaes wlesidudms  ED,
elicitors Wy dwihgudnane dudins (0 el dudimaadie (ug/ml)
epm)  Jalafl @u)"  wiw@ula®  wa)” aos "
0 5.00a - 42.38a -
3 291¢ 41.75¢ 20.81¢ 50.88¢
hexane 5 2.23¢ 55.50d 13.44e 68.29¢ 3.00
10 1.11g 77.75b 5.00f 88.20b
15 0.5h 90.00a 2.06g 95.13a
0 5.00a - 42.38a -
3 3.88b 22.40g 24.81b 41.45f
ethyl acetate 5 2.80cd 44.00ef 19.31cd 54.42de 3.96
10 1.63f 67.50¢ 5.75¢ 86.43b
15 0.50h 90.00a 2.13g 94.99a
0 5.00a - 42.38a -
3 2.64d 47.25¢ 18.81d 55.60d
methanol 5 2.15¢ 57.00d 12.63¢ 70.21¢ 2.69
10 1.09¢ 78.25b 4.50f 89.38b
15 0.50h 90.00a 1.94¢g 95.43a

C.V. (%) 5.01 6.52
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Oppm 3ppm Sppm 10ppm 15 ppm

! 9 k4
NINN 4.28 HaN1INAaoUNITIVIINTITLIITYUDI PNO2 IQEJGH)'I nano — elicitors %1ﬂﬁ1iﬁﬂﬂl%051

Ch. brasiliense ‘ﬁﬁﬁ’ﬂﬁ)’m hexane

Oppm 3ppm Sppm 10ppm 15 ppm

H v g’J a QI j‘
NN 4.29 HaNIINATOUNITIVIINITLITYUDI PNO2 Tﬂﬂ‘l%} nano — elicitors 91N TITANALLYD I

Ch. brasiliense NANAAY ethyl acetate
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Oppm 3ppm Sppm 10ppm 15 ppm

! 9 ¥
NINN 4.30 HaN1InNAaaUNITgVIINITIITYUDI PNO2 Iﬂﬁlﬁl%} nano — elicitors %WﬂﬁW’iﬁﬂﬂL%’ﬂiW

Ch. brasiliense N& ﬁvﬂﬁgf’JEJ methanol

[

a a @ . . Aa a . Aa
MNN 4.31 WSouneuanyuzUod oogonium; A = oogonium Ny ﬂ‘]ﬂmx'ﬂﬂﬂ, B = oogonium NUaNHMUL

[

Aallna

2 v v

nano — elicitor 11NATANALYOI Ch. cochliodes NANAAIY hexane NTLAVANMANTY 15 ppm

Aa A @ ?A’J a a ~ =\ 9 ] o =\ S 3 4
Uszansamlumsdugaimansiyaulageiga Taslvunadurgudnanlalaiivaznlofiduanis
@ g’/ a a 1T W a <3 Jd o A A v Yy 9
duginsigayla Ny 1 sudns uag 80 weoidkua dauneNszaua NIy 10, 5 1ag 3

=~ 9 ] 4 = A a o o A = [
ppm HvwadusiguanaIalaiimae 1.84, 2.33 uaz 2.61 iudAwas awd1ay wenlseuieuny

a a s 3 o o & a a -4
MINAABINILAN (5 udAmag) tnlesisuamsdudimaniaaula 63.25, 53.5 uag 47.75 wlesigua
v 1 9 '

ANEIRY (113197 4.9, AINA 4.32) nano — elicitor MNETANALYFOIN Ch. cochliodes NANARIY hexane
d' [ Yy 9 = a A v g}/ 9 d' =
NszauaMudutU 15 ppm Hisz@nsamlumsduganisadig oospoes gaiiga H5uar oospoes tay

v

- 4 @ 314 9 [ 4 1 A Aaa S ¢ A
oS BuAnN1sIuaINIsT a1 oospoes N1NUY 6.75 x 10 diosnoianans tay 83.23 1oSIFua NTZAL
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AN NTY 10,5 wag 3 ppm NSuaaedmdy 13.19 x 10°, 17.25 x 10° wag 21.5 x 10° aleide

o w A

Aa aa =1 [ 4 1 A Aaa =1 S 4
Nadaas muday oulfeumeununsnaaseaIugu (40.25 x 10* dileineiiadans) Uiledidua
v & Vo P o o ' iy
M3GUTINTA319 oospoes 1NN 67.24, 57.14 11D 46.58 103 IFUR MWEIAD LaLiiA1 ED,, (NN 3.68
pg/ml (5199 4.9)
Y v v
nano — elicitors 1NN ANALLOI Ch. cochliodes NANARIY ethyl acetate NTEAVANWTUTY 15
= a a Y g‘; a a ~ = 9 1 4 =
ppm Wszansamlumsduginisnsaanlaganga Tastvuiadunigudnalalalativag
s 3 4 o g‘z a a (Y a s 3 ¢ w A A o 9y 9
osisuamssugImsnIyay Ia 10U 0.7 tsudns uag 86 lofidua daunenszAUANUAUNAY
= 9 1 4 = d' a o W d‘
10, 5 uag 3 ppm NvuIAtdurIguenalalalaiimae 0.97, 1.26 1ag 2.29 EUAINAT AINAIAD 11D
1~ =1 [ = s <@ 4 [ g’; a a
Wisuneunun1INaaeInIugN N stFudn1sduaanisasaan Ia 80.75, 74.75 uag 54.25
J 3 J o w A A .. Y { ) A o
Wosigua auainy (M1919N 4.9, NINN 4.33) nano — elicitors INNT1TANALTD I Ch. cochliodes NANA
1 Y 1
A0 ethyl acetate N3zAUANIMANTY 15 ppm Hsz@nsnmlumsdugsmsad1a oospoes gafiga 15
S I o o g}/ 9 (Y 4 1 a aa ] 4
oospoes HAZIDFIFUANTIVIINITHI 19 oospoes 1NN 2 x 10° aloinaiiaaans az 95.03 Woiiwua
A Y 9y 9 A 1w 4 4 4 J
NFLAUAMMAINTU 10, 5 uag 3 ppm WUTUI8 oospoes NN 8.44 x 10°, 10 x 10* 1Az 16.63 x 10* a1los
1 A aa o w A ~ o ~ S < 4 o ?zl/ 9
aplaaans Mua1ay WonlseuneunuNINAaeIn Uy NlesiFuaAn1guIINITEAI19 oospoes
(Y S I 4 o w 1 [ 1
MU 79.04, 75.16 uae 58.7 1Wodiud mumauuaz a1 ED,, 110U 2.17 pg/ml (A15199 4.9)
Y v v
nano — elicitors MNENTANAYDI Ch. cochliodes NANANIY methanol NTLAVANMTNYY 15 ppm U
Aa A o g‘; a a ~ =\ 9 ] 4 =\ S 3 4
Yszansnmlumsduginssgaulaganga Tasivinardurmgudnaialalatuaznlosiguans
Y] g‘; a a (Y a - Jd o A d' [ Y 9
guganssaan Ia vy 0.95 uAAT uaz 81 odidkud dauinenszauaANNITLGY 10, 5 1A 3

[

=~ 9 1 o = ~ a o w A =~
ppm mmmﬁumg{u&mmﬂﬂiaumaﬂ 1.22, 1.71 4 2.16 Y UALNAT 1019 Y liJ’é]llldiEJUmEmﬂiJ

[

~ - o & A a -4 °
MINAaeInIuRN WlosiFuamsguaganisnsauauIa 34.25,29.75 uag 22.75 1lostdua audaiau
] ] 9 v v
(M137197 4.9, NIWN 4.34) nano — elicitors MNNATANAYBI Ch. cochliodes NANAAIY methanol NTLAV
= a a o é’, { = 14 4
AN 15 ppm Flsz@nTamlumsdudinisadie oospoes gaiiga Hlsmmadoiuazlodisud
o g’/ Y [ 4 J 1 A aa S <3 S A [ Yy 9
MITUGINITATI oospoes NNV 6.63 x 10° dlosnoiaanns iaz 83.54 1oiiHua NTzAUAMWINIY
a 1 (% d a Aaa
10, 5 uae 3 ppm NUT U1 oospoes 110U 11.5 x 10%,12.5 x 10* uag 15.13 x 10' adosnolaaans
o o A ~ o a P-4 o ¥ v "o
MuMAY WenfTeuMsUAUNIINAa0INIUAY Vo TIBUANITTUGINITATIN cospoes NN 71.43,
J 2 J o W 1 Y { Y o
68.94 1z 62.42 Wodwua amdrautazial ED, (MnU 3.8 pg/ml (A15199 4.9) UBNINHUTINDMNS

madule NlaradulolidnyuzAalnanszauanuaudu 15 ppm MINnaIAnAAIY (NWA 4.35)
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4 a A .. v g
M319N 4.9 HaN1SNATOVUTLANTAINUD nano — elicitors IMNANTANALTOI1 Ch. cochliodes Tunis

AN PNO2

nano - AW YUIA wesdudms USnmeales wlesidudms  ED,
elicitors Wy dwihgudnane dudins (0 el dudimaadie (ug/ml)
epm)  Jalafl @u)"  wiw@ula®  wa)” aos "
0 5.00a’ - 40.25a -
3 2.61b 47.75¢ 21.50b 46.58h
hexane 5 2.33c 53.50e 17.25¢ 57.14g 3.68
10 1.84d 63.25d 13.19 67.24e
15 1.00f 80.00b 6.75h 83.23b
0 5.00a - 40.25a -
3 2.29¢ 54.25¢ 16.63cd 58.70fg
ethyl acetate 5 1.26e 74.75¢ 10.00fg 75.16¢d 2.17
10 0.97f 80.75b 8.44g 79.04c
15 0.70g 86.00a 2.00i 95.03a
0 5.00a - 40.25a -
3 2.16¢ 56.75¢ 15.13d 62.42f
methanol 5 1.71d 65.75d 12.50e 68.94¢ 3.80
10 1.22¢ 75.50c 11.50ef 71.43de
15 0.95f 81.00b 6.63h 83.54b

C.V. (%) 6.03 6.53
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Oppm 3ppm Sppm 10ppm 15ppm

: o ¥ - . & , '
MW 4.32 HAaN1INAaDUNITIVIINITIITYUDI PNO2 Tae 1% nano — elicitor 1INIFOI1 Ch. cochliodes

ﬁ’ﬁ}ﬂﬁg]}’;!ﬂ hexane

Oppm 3ppm Sppm 10ppm 15 ppm

. o 2 A . & ‘
MW 433 HAaN1INATDUNITIUVIINITIITEYUDI PNO2 Tae 1% nano — elicitor 1IN1F031 Ch. cochliodes

v 9
aNANY ethyl acetate
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£

\__4 A

Oppm 3ppm Sppm 10ppm 15 ppm

! 9 Y 1
MWA 4.34 HANMINATOUNTEUGINITIVT YV9 PNO2 108719 nano — elicitor 1IN0 Ch. cochliodes

ana 99]}7]81 methanol

A

10 pm

'
AA o

i 4.35 WFeunsvanvazveudule; A = laradulentisnvazind, B = daradulenidnyay

)}

Anllna

F v v

nano — elicitor 1INATANAL¥DI Ch. elatum NANAAIY hexane NTLAVANUTUYY 15 ppm 3

Aa A v ¥ a a A = Y T J = J J
Uszansamlumsdugaimansiyaulageiga Taslvuadurgudnanlalaiivaznlofiduanis
v & a a Y a J I d o A A [ Yy 9
§UgIN15193 Au Ta MY 1.00 1 UAWAT 1AL 80.00 103 1FUA daNIABNIzAUAMTNTY 10, 5

~ Y s A A a o o A ~

uaz 3 ppm HuiadurigudnarInlatimae 1.84, 2.33 1ag 2.61 ruamas awaay iwenSeuiion
o Aa s 4 o ¥ a a
AUNTNABDIAIVAY (5 1suAuAs) Tidediduamsdudinisniaaula 63.25,53.5 uag 47.75

J I 4 o A A .. @ dy A v Y
WosiFua Mua1AY (115199 4.10, MWN 4.36) nano — elicitor MNATANAFOI Ch. elatum NANARIY

A 1% 9 9 = a A o g‘z 9 A UG

hexane N5zAUAMVIAUTY 15 ppm Hlsz@NTaIMTuN15§UEIN15a519 oospores gafiga T5um

-y o ¥ Vo /1 A aa
oospores naziesFuanisdudinisaing oospores LN1NY 6.75 x 10'dosnelianans az 83.23



48

Yy 9

sl A o A A Vo
Wosiua NszAUANUYNTY 10, 5 1ag 3 ppm NUTUIY oospores IMNY 13.19 x 10%, 17.25 x 10* uag

a

4 1 A Aaa o w A I @ 4 g
21.5 x 10" qioinelianans mud i iwonfJeuneunun1INAa0IAIuN (40.25 x 10° atlosae
A aa ~ 2 @ v ¥ v Vo s 2 o w
Hanans) Mo BUANITIVIINITHI 19 oospores INNU 67.24, 57.14 11ae 46.58 1o iFua auaiay
1az i1 ED,, 11101 3.68 pg/ml (15199 4.10)
.. o tg A v 9 A (% Yy 9 =
nano — elicitor NTVTANAULTDIT Ch. elatum NANANIY ethyl acetate NTEAVAINUAUNUY 15 ppm U
a A o g’/ a a A = 9 ] 4 =\ d I 4
Uszansmmlumsdugimsnsyaulaganga Taslvinaduriigudnaisla latuazlosbuanis
o g’/ a a T W a < Jd o A A [ Yy 9
gugINITRIYALIa 10D 0.7 IsuAIua T uag 86 1WodFud aauneNIzAUANUANIY 10, 5 uag 3
=~ 9 ] 4 = A a o w d' = [
ppm Jvinardurigudnalalalatimay 0.97, 1.26 uag 2.29 uauas amd1ay wenlssumeuny

4

a s L 4 Y 191}/ a a L
MINAABIAIUAN (5 IFUALAT) Di)oTFuaNITugIMsRI Ay Ia 80.75, 74.75 1z 54.25 nlosisua
0 & { { « . @ &‘ { 3 H
ANEIFY (M13199 10, NINN 4.37) nano — elicitor MNANTANAYOI Ch. elatum NEANAAIWY ethyl acetate <
[ Yy 9 =\ Aa A o 2’1 Y A a A
TEAUANUUNUY 15 ppm Ndszansamlumsdugimsasie oospores gINEYA H5u oospores Uy
S 3 4 o 3’/ Y 1T W 4 1 a aa S I P [
1WosIFUANITIVIINITAS I oospores N1V 2 x 10° allosnolanans tag 95.03 1osisua Nszay
9y 9 A A ' v 4 4 4 g
ANV VUY 10, 5 148 3 ppm I ERTRIN oospores N1V 8.44 x 107, 10 x 10" 1ag 16.63 x 10 dilosao
A aa o w d‘ = o ~ ] 4 o ?x’z Y ' o
Nadans sy enfSeumeununsnaaeInIugy) Uilosmuan13gugINIs a3 oospores NN
-4 o w ' "W {
79.04, 75.16 uag 58.7 Wosidua mudaunazial ED,, 10U 2.17 pg/ml (115199 4.10)
9 v v
nano — elicitor 11NTNTANAL¥DI Ch. elatum NANAAIY methanol NTEAVANWAUTY 15 ppm T
Aa A o g‘/ a a ~ =\ 9 ] 4 =\ S 3 4
Yszansnmlumsdudinsig@ulaganga Tasivinardurmgudnaialalatuaznlosiduans
Y] g‘/ a a [ Y a - Jd o A d' [ Y 9
GUEIMIIYAV T 1(M1AY 0.95 15UAAT taz 81 1WoiFua taNIABNTEALANNIAINTY 10, 5 1ag 3
= 9 1 4 = A a o W d' = [
ppm Yviardurigudnatalalatimae 1.22, 1.71 uag 2.16 ssuaias g ud1ay wenfSeumneunuy
A ~ s 2 & o ¥ A A s 2 o
MINARBIAILAY (5 IvudAas) Ilodmuanisduginsniauan Ia 34.25,29.75 uag 22.75 ilosigua
] ] 9 ] v
AUAAY (119790 4.10, NINN 4.38) nano — elicitor NNATANAYOI Ch. elatum nanaae methanol N
o Yy 9 = A a o ¥ ) A A A P
FEAVANMAINTY 15 ppm U5 aNTAMIUNTTVIINITAT19 oospores anga NiSuuea)osuay
s @ v & ¥ "W 4 1 A aa sl A o
1oFIFUANITTLEINTAI1N oospores 111N 6.63 x 10° alosnolianans uaz 83.54 1oiigua Nszay
Yy 9 A (A J 1w 4 4 4 J
ANMANIY 10, 5 ttae 3 ppm VUSumadesiminy 11.5 x 10°,12.5 x 10" ag 15.13 x 10° ddoine
A aa o w A =\ o =1 ] 4 o ?x‘z 9 ' o
HaaanT MUaIAY WenlieumMsunuMINAaoInILRY Ulosmudn13gugIn1Ta31g oospores NN

4 o w =

71.43, 68.94 1a¥ 62.42 1osIGud audwuuaziial ED, AU 3.8 pg/ml (15199 4.11) Uenantiu

Y a

@ ] . A ad o y 9 v v A
YINUVNIT I sporangium N ﬂHm%Nﬂﬂﬂ@]‘ﬂﬁ%ﬂUﬂ’ﬂNWNﬂlu 15 ppm i]"lﬂ‘ﬂﬂﬁ1ﬁﬁﬂﬂﬂ38 (MNn

4.39)
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H a a g c&‘ L ‘Slll
3197 4.10 HaN1SNAFOUY T2 ANTNINUBY nano — elicitors MNTITANATOI Ch. elatum IUMTTVYI

M3193YVD PNO2

nano - AW YUIA wesdudms USnmeales wlesidudms  ED,
elicitors Wy dwihgudnane dudins (0 el dudimaadie (ug/ml)
epm)  Talafl @u)"  wiw@ula®  wa)” aos "
0 5.00a’ - 45.00a -
3 4.51b 9.75 26.25b 41.67
hexane 5 2.90ef 42.00 18.50ef 58.89 9.88
10 2.68fg 46.50 15.88¢ 64.72
15 1.91h 61.75 6.69j 85.14
0 5.00a - 45.00a -
3 3.83d 23.50 24.88c 44.72
ethyl acetate 5 3.04e 39.25 19.69¢ 56.25 12.88
10 2.75f 45.00 17.38f 61.39
15 2.43g 51.50 10.13i 77.50
0 5.00a - 45.00a
3 4.11c 17.75 25.06bc 4431
methanol 5 3.70d 26.00 21.88d 51.39 -
10 3.15¢e 37.00 19.19¢ 57.36
15 2.75f 45.00 12.63h 72.94
C.V. (%) 3.92 3.64
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Oppm 3ppm Sppm 10ppm 15 ppm

! 9 Y
NN 4.36 HAaN1ITNaaaUNITyUIINITLITYUDI PNO2 Iﬂﬁlal‘lgf} nano — elicitor %Wﬂﬁ']iﬁﬂﬂl%f]'iW

Ch. elatum Nd ﬁﬂﬁlﬁﬂ hexane

Oppm 3ppm Sppm 10ppm 15 ppm

4 Y g’} a v g
i 437HAaN1TNATDUNITIUVYIINTLIITYUDI PNO2 Iﬂﬂi% nano — elicitor 91N T1TANALF DI

Ch. elatum NaAFANY ethyl acetate
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Oppm 3ppm Sppm 10ppm 15ppm

! 9 Y
NN 4.38 HAaN1ITNaaaUNITYUVIINITLITYUDI PNO2 Iﬂﬁlal‘]gf} nano — elicitor %Wﬂﬁ']iﬁﬂﬂl%f]'i'l

Ch. elatum Nd fTﬂﬁl’JEJ methanol

~ =1 o . . AA o a . Aa
MNAN 439 115 uNeuan YUV sporangium; A = sporangium nuanvuzilnd, B sporangium Ny

anvazAnlng

a U ‘&’
4.8 Minaaovlsz@NENINUO9 nano — elicitors INANTANAFOI Chaetomium spp.alu

NITHNNAAd

F
YAIRANY nano — elicitor Mﬂﬁﬁﬁﬂm%@ﬂ Ch. brasilense, Ch. cochliodes \a% Ch. elatum U3ILIN

a

Yy 9 A o A . [ A ' =
souAudulunszonmaasy “I/I“Immiﬂgﬂﬁf’é)ﬁ Pythium sp. 10 151U Aunan 8 oy WU NTANUN

[ v
=

2y 1 Yo & . 2 A = = o a =
T]llﬂhlﬂﬂ1ﬂ'lﬁﬂ@,ﬂlslf@5'] Pythium sp. Lﬁullﬂﬂﬁ@’lﬂ’lﬁ‘ﬂ@ﬂIiﬂiulﬂ@u‘ﬂ 4 Iﬂﬂllizﬂllﬂ’]i!ﬂﬂiiﬂ!ﬂaﬂ‘ﬂ

[
v A

~ o a 4 A X A =2 A =i A Y o w
3¥AUN 1.5 Llaguﬁzﬂﬂﬂ"ﬁlﬂﬂiiﬂlﬂaEJLWN"]JL!‘V!ﬂ!ﬂ@uﬂuﬂﬂlﬂ@u‘ﬂ S 1MDUAY 0.25 3¢AU MUAAD LA

PU E . o 4
ﬂi@!ﬂuﬂﬂﬂWﬂWiﬂgﬂWﬂiT Pythium sp. LmlliJllﬂﬂﬂWL!ﬂ’JfJ nano — elicitor SuuaaIeINsvedlsalu
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A ti' = [% a t:' ld’ [ d’ = [ a td' 2 é’ g’/ 1A d’

AOUN 2 IﬂEllligﬂllﬂ'li!ﬂﬂiiﬂlﬂaﬂﬂgﬂigﬂﬂﬂ 2 llaglligﬂllﬂ'li!ﬂﬂiiﬂlﬂaﬂlWNﬂluﬁQll@]lﬂ@uﬂ 3
=2 A A ¥ o A Y a A A o A =2 A A

AUDUADUN 6 AUATEAUN 2 -4 llagﬂ\j35@Uﬂ15lﬂﬂiiﬂ!ﬂaﬂﬂigﬂﬂﬂ 4 IUDUADUN 8

1 J { o ¥ ] R [ ¥
AIUNIAUURNMIN5UgNI%051 Pyrhium sp. 1azAANUAIY nano — elicitor 1INANTANAITO 5

]
v A

. A A A A Y a A = ~ 4
Chaetomium Spp. !ill!lﬁﬂ\?@']ﬂ']ié“@\jiiﬂﬁlulﬂﬂuﬂ 3 ll‘izmjﬂﬁlﬂﬂi‘iﬂmﬁﬂ@gﬂizﬂﬂﬂ 1.5 NIQUUUN

v
v A

Aa v Y .. @ dy . = o a P~ A A
NNANUAIY nano — elicitor MINT1TANALFOI Ch. brasilense U5LAUNTINA ITANAIAINNTZAUN 2

] P

A A R A A ~ Ay .. o & . ~
SLLAADUN 4 DAUADUN 8 NTAUNUNNAANURAIY nano — elicitor INNTITANALYD I Ch. cochliodes N

[ a d' A zg A d' = [ a d‘ T o o w
seaumMsna lsamasnuIulu@oui 4 uaz 5 laelszaumsina lsamaoniny 2 uag 2.5 aua1ay

9 ] '
[ @ 1A = = IS ]

~ o a A Aa A =2 A Y
!Lﬁguﬁgﬂﬂﬂ'ﬁ!ﬂﬂiﬁﬂlﬂaﬂﬂﬂﬂﬂﬁgﬂll(ﬂ 2.75 AAUADUN 6 DIUADUN 8 NTAUUHUNNRANUAIY nano —

D.

]
v A

. o X A o a A A A Y a4 = oA A
elicitor NT1IANALYOI Ch. elatum Nigﬂ‘l]ﬂ’]jlﬂﬂjﬁﬂlﬂﬁﬂﬂﬂﬂﬂigﬂﬂﬂ 2 SNLLAULADUN 4 DIADUN 7
= (% a d' A é’ d’ [ d’ A d‘
llﬁ$3\|33@1]ﬂ’]ﬁlﬂﬂjﬁﬂlﬂﬁﬂlwuﬂlu‘ﬂﬁgﬂu% 2.25 11!&@’01!1/1 8
a s o X . 2 A A A o a
ﬂﬁ@]lﬂummm’]ﬂ’]ﬁﬂgﬂl%@ﬁ’] Pythlum Sp. l!aglﬁﬂllﬁﬂQ@1ﬂ1§ﬂJ@\1Tﬁﬂjulﬂ@u‘ﬂ 4 Tﬂﬂuﬁzﬂﬂﬂqﬂﬂﬂ
A A o A = o a 4 A X A =2 A ~ A Y
Iﬁﬂlﬂﬁﬂ‘ﬂigﬂﬂcﬂ 1.5 Lla$N§$ﬂUﬂqﬁlﬂﬂjﬁﬂlﬂaﬂlwNﬂluuﬂlﬂ@uﬂuaﬂlﬂ@uﬂ g UAL 0.25 58A

o U zd'
MNAIAY (BTN 4.11)

M3197 4.11 52AaUMTINA IR AVIRUFUNITINITNAToUTEANTN NV nano — elicitors D1NTT

A [
ANAYOI1 Chaetomium spp. 1AOUN 1 — 8

sEAUMIIAAlIA (Anag)

freatment Goufi 1 woufiz Wouiiz Woudi4 @ouiis @eudie @oud 7 @oudi s
Tl 1 1b 1b 1.5b 1.75b 2b 2.25b 2.5b
T2 1 1.75a 2a 3a 3.75a 4a 4a 4a
T3 1 la 1.5ab 2b 2b 2b 2b 2b
T4 1 la 1.5ab 2b 2.5b 275b 2.75b 2.75b
TS 1 la 1.5ab 2b 2b 2b 2b 2.25b
T6 1 la 1.5ab 2b 2b 2.5b 2.5b 3b
c.v. 2176 28.11 11.31 1528 1747  19.14 2422

9 9 =~ g’; ~ Yo a a [] [] [ Y] an A
ﬁuﬁﬂ!ﬂlﬂﬁ'ﬁ’ﬂuﬂﬂﬁuﬂ‘ﬂUlﬂi‘Ufni‘ﬂﬂﬁfN L%iﬂJuLﬁUIﬁ@Eﬂ\iullllmﬂgn\iﬂucl/nﬂﬁﬂﬂﬁlu S51ADULLTN

v
A =

TagRoun 1 InNUgundeagluse 67.75 — 69.25 wudmas houh 2 Ianugndseglugi 69.25 -

a A A A ~ ' ' a A A o~ ~ '
70.75 LEUALUNT LADUN 3 Nﬂ')’lug\‘]lﬂﬁflﬂgﬁlu‘]f?\i 70.50 — 72.00 LEUALUNT IADUN 4 Nﬂﬂ?ﬂgﬂlﬂﬁﬂﬂﬂ

u

=

Tura9 72,25 - 73.50 IsuAWAs WoUN 5 BANNFURAE0G U 73.50 — 75.75 15UAINAT AOUN 6 1
= [} [} a =) s A A :, A A = P o
ANUGARAYDY LB 75.25 — 78.00 LEUANAT TABNIANUANLANNGURAIMNGA AD NTAUUANIT

dy =) 1 ) = d‘ ! 7 a A d' =
ﬂﬁﬂgﬂ!ﬁfﬂi? Pythium sp. INGIDYLAYI UANUFIURQAYININY 75.25 LFUALNAT 1ABDUN 7 UAIUF
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= ] ] a = P A o A A = /A o
LﬂﬁﬁlfJQGluGIf’N 76.25 — 80.50 I UALUAT IﬂﬂﬂiﬁmuﬁﬂﬂﬂﬁWﬂq@maEJWTVIq@] o ﬂi@lmu@lﬂﬂWﬂ’lﬁﬂQﬂ
¥ ' '
uaz 1ivinsdgni¥es Pythium sp. TANNgURfomIn 76.25 uag 76.75 uamas Aa1aY houn
=\ ~ 1 1 a ~ S A A o A A ~ 4
8 uﬂ’Jng;NmaﬂagGlu“v’N 77.00 — 82.75 I UANANT TﬂEW]i@lluu@l“ﬂuﬂﬁﬁJq%ﬂaﬂ@n‘ﬂq@ 9 NIALUUAN

A o X . = ' a2 = A "o a A
“I/I“I/Hﬂ?iﬂgﬂ!fb"é)i? Pythium sp. INGIDYNNAYY Nﬂ?TNQQLﬂQﬂLﬂWﬂU 77.00 LEUAUANT (M990 4.12)

' [l ] Y
M3199 4.12 ANUgURdeVeIRUFUITINMINAToUY 52 FNTN NV nano — elicitors MINAITANAFOT

Chaetomium spp. AOUN 1 -8

ANUgIAY (an.)"

Treatment ——— ~ 2 ~ 2 ~ 2 ~ 2 ~ 2 ~ 2 ~ 2
WOUN T WOUN2 WIUN I3 ADUN4 ADUNS ADUNG6 ADUNT LADUN 8

T1 67.75a 69.25a 71.00a 72.75a 74.25a  75.75ab  76.75b  78.00bc
T2 69.25a 70.75a 72.00a 72.25a 73.50a 75.25b 76.25b 77.00c
T3 68.50a 69.75a 71.50a 73.50a 75.75a 78.00a 80.50a 82.75a
T4 68.50a 69.50a 70.50a 72.75a 75.00a  76.75ab  78.50ab  80.50ab
T5 69.25a 70.25a 71.50a 72.75a 74.75a  76.75ab  78.50ab  79.75abc
T6 68.50a 69.50a 71.50a 73.00a 75.50a  77.25ab  79.50ab  81.00ab

C.V. 235 2.07 1.87 1.62 1.95 1.93 2.69 241
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3 { o a A .. v tg
MNA 4.40 G%IHE?T}NL%EJ’JW’JWU‘ﬁ‘VIWﬂTiﬂﬂﬁﬂUﬂixﬁV]‘ﬁﬂWW"U@Q nano — elicitors NN TITANALYD I

I A
Chaetomium spp. \WU5z821701 1 1ADU
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v ] Y
NN 4.41 ﬁuﬁul%ﬂ?ﬂ?WUﬁﬁ1ﬂ15ﬂﬂﬁ@Uﬂﬁ$ﬁ‘ﬂ‘.ﬁﬂTWGII’E]\i nano — elicitors %1ﬂﬁ1ﬁﬁﬂﬂl%ﬂ§1

I A
Chaetomium spp. \JUTZ821701 2 1AOU
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3 { o a A .. v g
MNA 4.42 ﬁ'u%’m%mmmﬁmmimﬂﬁauﬂsxﬁmmwmm nano — elicitors INMNTITTNALYDI

I A
Chaetomium spp. \JU52821701 3 1ADU
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£”

AN "

% |

T1 T2
d‘ Y Y = A o a A .. o g
MNN 4.43 AUTWVIIMNUNNINITNATO VUL ANTN 1NV nano — elicitors INMNAITANALFOI

I A
Chaetomium spp. \WU5Z821701 4 1ADU
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T1

v ] Y
NN 4.44 fgllut%'luléﬁEl’]‘l”i’ﬂuﬁﬁ1ﬂ15‘ﬂﬂﬁf]ﬂﬂ§$ﬁﬂ‘.ﬁﬂTWGII’E]\? nano — elicitors %1ﬂﬁ1ﬁﬁﬂﬂl%951

I A
Chaetomium spp. \JUTZ821701 5 1AOU
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v ] Y
NN 4.45 ﬁuﬁhl%ﬂ’]ﬁ’ﬂuﬁﬁ1ﬂ15ﬂﬂﬁﬂﬂﬂi%ﬁ‘ﬂ‘ﬁﬂﬂ’\lﬂl’ﬂi nano — elicitors %1ﬂﬁ1ﬁﬁﬂﬂl“§951

I A
Chaetomium spp. \JUTZ821701 6 1ADU
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Y
A

ANTNINUVDY nano — elicitors IINAITANALFO I
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a
v
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minrsnaaouils

]
=

=\

Y

NN 4.46 ﬁuﬁ'mmmmmﬂ

A

Tz 7 ey

Chaetomium spp. dus
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v ] Y
NN 4.47 ﬁuﬁhl%ﬂ’]ﬁ’ﬂuﬁﬁ1ﬂ15ﬂﬂﬁﬂﬂﬂi%ﬁ‘ﬂ‘ﬁﬂﬂ’\lﬂl’ﬂi nano — elicitors %1ﬂﬁ1ﬁﬁﬂﬂl“§951

I A
Chaetomium spp. \JUTZ821701 8 1ADU
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4.9 MINTIVH phytoalexin
A o A 1 Y A A 1
WoasvdouuauaTanaNlsnguuuNL TLC mMelduas UV 1010819081 254 nm WUNEN3
Sy g Y A G Ay A A "o A shda 1y .
Pavava’1madluaiisouas uazlial RENAD 0.6 1ANNTANUNTNAANUAIY nano — elicitor
[ ¢ Py ' o 9
NNANTANAYOI Ch. brasilense HAZNIAUUNNAANUAIY nano — elicitor MNANTANAFDI Ch.

' o 1 S A {
cochliodes HMIUTNYUAVTAINFADUNNNIAWUNDY 9] (NN 4.47)

Rf=0.6

Tl T2 T3 T4 T5 T6 S

MW 4.48 TA501 TNUNTUVOIATIYIATOUTN toluene : ethyl acetate, 1 : 1
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UNA 5

a d
FPT1IUNANTIINAADN

j‘ A Y (3 ' a ' A Aa Y ad .. ag |
1¥o31uen 1a1nA10619A UL dIUVRIN YN 0171509 15AA287T baiting a3 tissue
transplanting A NHULN T UFTIUINGITOAARDINVT1OITUVDI Hung ef al. (2014) NusnLAZTUUA
2 k2
aﬂymzmmmgmmaﬂ,uzﬁmsﬁ’umml%m Pythium intermedium W& Pythium aphanidermatum NNAY
A ' v 9 asy .. = ’ﬂy . .
ToNN1M 3TN IAWUIAIYIT baiting 12 51891UUDN Kean ef al., (2010) NUGNTOT Pythium ultimum
Y Ao ] [ o = 1 dy Y 3 tﬂy .
nnduilormssinni Tauni Tunuyen Feiedlanihudeos Pytium spp.
o v dy A Y 9 ax a 4 =} o v A = 4 J
Wimsaseaeumeiufiresiuen 1 a1e75msinsizmSouieudiautiang lo Ina wum
F [
Ay 13051 P. aphanidermatum, P. deliense \l0¢ P. acanthicum FIADANRDINVI1B9TUUD Suksiri et al.
' F ]
(2018) N1V 1N133ATMUNTOI Phytophthora spp. Uag Pythium spp. Muenanaunizoulusania
[ 4
YUNT 1182 Henuk ef al. (2018) MIMIANITUFIUINGWALIATWUNTOT Phytophthora spp. 1A
Pythium spp. Tuitwaszpadu UszimaduTatide
dy A Y gJ/ U 1 1 A 1 1 A Ay
Taa¥osiiuen laununissiearunisne Isasinr Iawi luisa1e 9 na1dfe 1¥e51
I ¥ 1 ) 1 ]
P. aphanidermatum WW%031 Pythium sp. namnsony 18211 nusieaumsne Isaluiisraniig mu
WyAT2NaUA (Postma et al, 2009; Teimoori et al., 2012) W¥ATLNAN 2 (You and Tojo, 2017) 412 1A
Y
(Broders, et al., 2007).W3 NN (Garibaldi ef al., 2014) Uzazn® (Koffi ef al., 2010) DANIEIUMTTIENUND
Y
M3nalsnlududndie (Maseko and Coutinho, 2002; Benfradj ef al., 2017) 1931 P. deliense Hn13318911
M3nolsaluauMand (Yun amd Kim, 2003) 499021 (Postma ef al., 1996) a0 (de Cara ef al., 2008) LA
dy . =] 1 o o @ 2 A v 4 a
1%991 P. acanthicum U31e0uMine lan lududnlenas walal 53ani9iina. 2562)
1 ¥ g’/ v J 1 H
o DULG‘]ﬂffJ’i”Iﬂ”mﬁ]iJ Chaetomium spp. N 3 §1YNUT 18un Ch. brasilense, Ch. cochliodes 1% Ch. elatum
o QU U a &’ QU U a { o v %
lavmsAnmdnyasnedugiuinoniesdu Tanvasdaguinnnd i yaeandoanUs189IUUDY
1 Y
Wang et al. (2018) NIIMIANBIANURAINHAOLAZOYNTUITIUVOUTOT1 Chaetomium spp.
A a 9 v 1 Y a a I a
wenaaeumsnalsnuuludy wun nole laanneldinaeimsveslsauuly Taenailuaed
g =% z': g a d' o dy . é =\ 9 Y
Waam Janyazani 590U NANNINSUgniaesi Pytium spp. Fale1n1suuludeandeny
v Y
518914989 Kean ef al. (2010) NHIN1TNAABUN5INA 1AVOUFDI P. ultimum VU 1UVDIFY UL
F
51891UUD4 Mida et al. (2015) UaE Yan e al. (2017) T1M1sNATOUNS5IAAlIAYDUFDT Phytophthora
Y o v A £ . A Y a =
spp. vuluvesdy iimsAa@en¥os Pythium sp. 1o Tsaniine ldinanuguussves lsauiniga
o a a Yy 9 oYy oA 2 A =2 A
VINMINANATDUNITINA TIADUAUAN WU auduloINInga Insy Ulumaes HauanyuyeIns
10115Aa9AARBINUI 1B UYDY Quyet ef al. (2014) 1182 Hung ef al. (2015a) nINISNATOUNITING

9
T5A1%051 Phytophthora spp. Tudundivesdu
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a A 4 g’/ YL a oA
minaaeulsz@nTnINUeuF051 Chaetomium spp. N3 3 d1enug lurelfians luszozusn
1 ' 4 2 ! g L ¥
YDINITNAADIAYIVUDINITIIN 1FOFT Pythium sp. 1938 140619520152 11aZiNA inhibition zone U1
4 k2 ] kA v
SENNUTOI Pythium spp. Wai¥051 Chaetomium spp. IAUINNILOUI8Y 15051 Ch. cochliodes NN
a 1 o I 4 { a
1@ inhibition zone 0819%F AL 1T Un15Na lnA15AIVAN TIAVO U Chaetomium spp. NHAATS
Y v
UHF U2 (antibiosis) YU FOAARDINUIIWIIUUDY Zhao ef al. (2017) ANUMTIAA inhibition zone 114
2 : g I o s a
MINAADAUAIUFOVUDIMITTINVOUFOI Ch. globosum LAZIFDTING 15ANY 9 Fila Taeiilszdninmn
j‘ 1 = S I d :&’ . =) a 9 Y]
lumsanuauiresine Tsany 21.5 - 81.7 1o 51dua AvU T Chactomium spp. HMNTIITYFOUNY
g . = g [ 3 A .. = Y @
1%0351 Pythium spp. Fuiunisna lnlun1sudsduiui uaga1391115 (competition) FId0AARDINY
{ o g g ! j’
518914994 Hung, Pongnak and Soytong (2014) N1n13ANEINTIRUFDUVUIMITTINVDTFOI] P,
% j’
aphanidermatum DU I Chaetomium cupreum, Chaetomium globosum Q& Chaetomium lucknowense
% j’ g/J v d A 3 o j’ gz
¥9%¥031 Chactomium spp. YN 3 ANINUS Lﬁ)iaﬁu«%’aumm%mw P. aphanidermatum NYUA
g =) 1 % L]
TagnalnmsaiuanIsnveuses ormnaswnuratona ln'la iy MsANEI Hung ef al. (2015b)
; - ? : 3
ANVM5INA inhibition zone TUNMTNAADIUAIUFOUUDINITTINVOUTOT Ch. cupreum W& Phytophthora
4 Y 4
nicotianae AONWEOT1 Ch. cupreum W3 AU LTI Phytophthora nicotianae WagWUMSHUTALAZ N
f f X g < a
i 1o Phytophthora spp. W30 Chaetomium spp. ¥uilunalnmailuilsda
9 9
1INnalnNIsHARd1TURTIULVeUT0I1 Chaetomium spp. 39 1A INITANAAITITINITD T

) a ' : I )
Chaetomium spp. A3883%102a18 3 ¥HA 1ALA hexane, ethyl acetate 1A methanol Fuiludviazary

Y 9 Y
= o A @ Cg o

a [ [ 4 () ¥ a a
il 1ufian H9r1unan wazliinge M ey asanales1 Chaetomium spp. 118 Jiszd@nsaim

Y
v @ a 9y
GlUﬂ']ifJUfJ\iﬂ']iﬁliiUula

9 [
uleuaz oospores UBFOI1 Pythium sp. BId0ANADINUIIIUUDY Quyet et al.
[ 9
(2014) NN ANTNNVOIETANAEDI Ch. cupreum uaz Ch. globosum lumsaruan13nsINL1
F
TAu1veIdNa U INED I Phytophthora parasitica 198311 ED,, 0§ 1u%29 16 — 487 ppm 10
v kA
318914983 Hung ef al. (2015b) AAnpsEA@NTMNesEsEnAXesT Ch. Cupreum, Ch. globosum g
kA
Ch. lucknowense MUM3IAIVANTOI Phytophthora nicotianae g 15as1nmd Inunirludu 3ia1 ED,,
1 1 L % % =) lg g
9 1U%29 2.6 - 101.4 ppm UONINHHLMIANEIATARAVTGNTIINTOI1 Chaetomium spp. 1UN5
2 . L £ 2
aruaulsans1M¥os1 19U 01319815 chaetoviridins 91015051 Ch globosum 1UNITAIUANIFDT
g
Pyricularia sp. auna 150 Ingdd1 (Park er al., 2005) M3 1%a15 chaetoglobosin-c 91NF031 Ch globosum
j‘ 1 1
lunsauau¥es Phytophthora parasitica @ 15a1ni1 Iauniludu (Quyet er al. 2016)
= ¥ . . Y AA o a aa J ' a A '
DNNINY sporangia, oogonia tazidulenanvuzinlnd Nnondwwanlszansnmlumsnelsa
&‘ . = Y [ . A 9y [ j’
V0TI Pythium sp. FITOANADINUII891UVOS Pornsuriya ef al. (2010) NANINS IFA5ANATOS)
j’ 1 U 1 u
Chaetomium spp.iumiﬂ’mﬂmﬁlf@ﬁ P. aphanidermatum mm@mﬁmuﬂuﬁuﬂzm NUNFITANA
X . = o Y ¥ a v v . A o a a
1931 Ch. cochliodes NNNTTAUANIUIVNUYU nraliaule oogonium L4QE oospores lanvuzAadng

) > : & o &
FUIASINVTIITUYD Soytong (2014) ﬁﬁﬂi&l1ﬂ1§ﬂ3ﬂﬂh!%ﬂi1 Drechslera oryzae gﬁﬂﬁﬁﬁﬂﬂ!ﬁb’@ﬁ
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Ch cochliodes 12 3181UUDN Huyly and Soytong (2017) ‘ﬁﬁﬂ‘]&ﬂﬂﬁﬁl%ﬁﬁﬁﬁm%@ﬂ Ch. cupreum Tu
mimuﬂm%mw Curvularia lunata dwvg 15alugadn lulszmanunan 3nM1318911984 Vilavong
and Soytong (2017) “ﬁﬁﬂ‘]ﬂﬂﬁi%ﬁﬁﬁﬁm%@ﬂ Ch. cupreum Gluﬂﬁﬂ’)ﬂﬂm%’élﬂ Colletotrichum
gloeosporioides awvig Taauouunsa Tuanmuml Tuilszimaan Fonumsiiaalesaidnuasinlndly

[

Yy 9 A a a 1 dy = o Y a 9
nnanuandy TasalosnNdnyasAnlndmartiazga@sanuasalumsinldifalsanie
Yy o Y [ é’ . [l o =<

TdtinssirIdesanayes1 Chaetomium spp. o8 TuglveseyniauiTu waziinisdny
A A 5% g 1 1 { o <
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Abstract Root rot is one of the most serious disease in Tangerine which caused by Pythium spp.

This study tested efficacy of Ch. brasiliense to control Pythium sp. by bi — culture, crude
cxtracts and nano particles testing from Ch. brasiliense to control Pythium sp., in vitro. The
results from the bi — culture testing, Ch. brasiliense inhibited myceclium growth and sporangia
production by 42.50% and 48.41%, respectively. In crude extracts from Ch. brasiliense gave
EDs, values of 30.15, 58.71 and 37.25 ppm [or the hexane, E{OAc and MeOH, respectively.
The efficacy of nano particles against Pythium sp. with the EDsy values of 2.69, 3.00 and 3.96
ppm for the hexane, EtOAc and McOH, respectively.

Keywords: Chaetomium brasiliense, Root rot, Tangerine

Introduction

Thailand office of agricultural economics reported in 2007 — 2015
tangerine production tends to decrease from 757,000 to 141,000 ton due to
yield loss and decline of tangerine tree. The major problem is root rot disease
(Molina et al., 1998). Growers used fungicide for control this disease and were
faced with high cost of production, poor yield and low prices. They quit
cultivation of tangerines. In 2016, they turned to reactivate their orchards
because the price hiked.

The symptoms after Pythium spp. infected, the leaves turn yellow and
some drop, twinge and branch dieback. Roots turn soft and brown, sometimes
bark cracks through which gum exudation. Plant will grow poorly, decline and
die in the end (Vichitrananda, 1998). For controlling this disease has been
applied chemical fungicides in orchards but application chemical fungicides
have resulted in accumulation of toxics in environment and resistance of

* Coressponding Author: Udompongsuk, M.; Email: zw.mink@gmail.com
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fungicides. To avoide them, there are many researches for alternative control by
effective of biological control agents (BCAs) e.g. Ch. globosum Ch. cupreum
and Ch. lucknowense were reported to control Phytophthora palmivora and
Phytophthora nicotianae causing root rot in pomelo and citrus (Hung ef al,
2014; 2015). Chaetoglobosin — C that produce from Ch.globosum gave
significantly inhibited colony and sporangia of Phyiophthora parasitica (Quyet
et al., 2016). The aim of this study was to evaluation of efficiency of Ch.
brasiliense to control Pythium spp. causing root rot of tangerine, in vitro.

Materials and methods

Isolation and identification

Soil samples, at a depth of 15 — 30 ¢cm, were collected from the tangerine
orchards and isolated by baiting method. The soil samples were ground and
placed into sterilized petri dish, added sterilized distilled water above the soil
and floated leaf pieaces of tangerines (0.5 * 0.5 ¢cm) on the water surface and
incubated petri dish for 24-72 hours at room temperature. Place baits onto water
agar (WA). When mycelia grown on WA agar were transferred to Potato
Dextrose Agar (PDA) until get pure culture and incubated room temperature.
For morphological studies, according to their cultural appearances and
observation of sporangium and other structures of Pythium spp. Sporangia were
produced by floating some mycelial discs in distilled water and sterilized grass

blades.
Pathogenicity test

Pathogenicity was tested by detached leaf method from healthy leaves
leaves of Citrus reticulata. The leaves were washed with distilled water, then
surface sterilized with 70% ethyl alcohol and placed with the upper leaf surface
in sterile petri dish moisture chambers. Wounding by sterile needle on the
leaves for easy access of the fungus, then leaves were inoculated with
mycelium discs of Pythium spp. on the wound. Non-inoculated controls were
inoculated with an agar plug without the fungus. 4 replications of each
treatment were used in the experiment. After inoculation petri dishes were
incubated at room temperature and symptoms were observed after 3 days.

Bi-culture test

Myecelial disc (0.5 m in diameter) of Pythium spp. was placed on PDA at
one side of petri dish and Ch. brasiliense was placed at the opposite side of

2182

76



International Journal of Agricultural Technology 2018 Vol. 14(7): 2181-2190

petri dish with 4 replications and incubated at room temperature. As control an
agar disc of Pythium spp. and Ch. brasiliense was placed alone on PDA. All
petri dishes were incubated at room temperature until the pathogen in control
growing full. The data were collected as colony diameter and the number of
sporangium. The inhibition of mycelial growth and sporangium formation of
pathogen was calculated as a percentage according to the formula:
Percent inhibition (I) = C — T/C x 100
Where, C = colony diameter / number of sporangium of the control
T = colony diameter / number of sporangium of the in bi-culture test

In vitro test of crude extract from Ch. brasiliense to control Pythium spp.

Ch. brasiliense was cultured in potato dextrose broth (PDB) for 30 days.
The fungal biomass was collected, air-dried, ground and extracted with hexane,
ethyl acetate (EtOAc) and methanol (MeOH) to produce crude hexane, crude
EtOAc and crude MeOH extract, respectively. The crude exract from Ch.
brasiliense were tested to control Pythium spp. by poisioned food technique
with different concentrations (0, 10, 50, 100, 500 and 1000 ppm). Each crude
exract was dissolved in 2% dimethyl sulfoxide (DMSO), and mixed into PDA
before autoclaving at 121°C, 15Ibs/inch2 for 20 min. Mycelial disc of Pythium
spp. was placed on the center of PDA in plate (5 cm diameter) incorporated
with each crude exract. All petri dishes were incubated at room temperature
until Pythium spp. in control growing full. Experiment was designed by using 2
factors factorial experiment in Completely Randomized Design (CRD) with 4
replications. Factor A represented solvents and factor B represented
concentrations

The data were collected as colony diameter and the number of
sporangium. The inhibition of mycelial growth and sporangium formation of
pathogen was calculated as a percentage and the effective dose (EDsp) value
was then calculated using probit analysis. Data was statistically computed and
analysis of variance. Treatment means were compared with Duncan’s multiple
range test (DMRT) (p=0.05)

In vitro test of nano particles from Ch. brasiliense to control Pythium spp.

Nano particles were done using the method of Dar and Soytong (2014) to
get Nano-CBH, Nano-CBE and Nano-CBM and were tested to control Pythium
spp. by poisioned food technique. Experiment was designed by using 2 factors
factorial experiment in CRD with 4 replications. Factor A represented nano
particles and factor B represented concentrations at 0, 3, 5, 10 and 15 ppm.
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Each nano particle was dissolved in 2% dimethyl sulfoxide (DMSO), and then
mixed into PDA and added chitosan before autoclaving at 121°C, 151lbs/inch2
for 20 min. Mycelial disc of Pythium spp. (7mm) was placed on the center of
PDA in plate incorporated with each nano particles. All petri dishes incubated
at room temperature until the pathogen in control plates growing full.

The data were collected as colony diameter and the number of
sporangium. The inhibition of mycelial growth and sporangium formation of
pathogen was calculated as a percentage and the effective dose (EDsg) value
was then calculated using probit analysis. Data was statistically computed and
analysis of variance. Treatment means were compare with Duncan’s multiple
range test (DMRT) (p=0.05).

Results

Pythium spp. was isolated from soil samples by baiting method and
identified based on morphological characteristic. The cultural appearances were
observed on PDA. Colony has a cottony aerial mycelium. The fungus grows
fast, mycelium hyaline (Fig. 1, A). Sporangia formed on sterile grass blades in
water cultures. Sporangia are of filamentous inflated (Fig. 1, B). Oogonia are
smooth-walled, spherical, terminal, intercalary (Fig. 1, C-D). Oospores are
aplerotic (Fig. 1, C-D).

Figure 1. Colony patterns and morphology of Pythium spp. A; Colony patterns
on PDA, B; Filamentous inflated sporangium, C; Qogonium with monoclinous
antheridium, D; Oogonium with aplerotic oospores

Inoculated leaves under moist chamber condition showed water-soaked
brownish lesions expand around agar plug of pathogen size 1.5 x 3.2 cm. Non-
inoculated leaves showed no symptoms, leaves remained healthy.

In bi — culture test, result showed that Ch. brasiliense grew over and
degraded Pythium spp. after inoculation 30 days. Pythium spp. was inhibited
42 5% growth colony and 48.1% sporangia production when compare to
control.
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Figure 2. Pathogenicity test of Pythium spp. on detached tangerine leaves. A;
Inoculated control. B; Non-inoculated control

Pyithium spp.  Pythium spp+Ch. brasiliense  Ch. brasiliense

Figure 3. Growth of Pythium spp. in bi—culture test of Pythium spp. (at 30 days)

Efficacy of crude extract and nano particles from Ch. brasiliense to
control Pythium spp. were tested by poisioned food technique with different
concentrations when Pythium spp. in control petri dishes grew fully (2 days).

All of concentrations gave significantly different when compare to the
control (0 ppm) and at 1000 ppm gave the best growth inhibition and sporangia
inhibition and follow by 500, 100, 50 and 10 ppm. All of crude extracts at the
concentrations of 1000 ppm, Pythium spp. did not grow from mycelial discs.
The hexane extract of Ch. brasifiense at the concentrations of 500, 100, 50 and
10 ppm inhibited the colony growth of 88, 76.5, 58.25 and 34.25%, respectively
when compared to the control. The EtOAc extract of Ch. brasiliense at the
concentrations of 500, 100, 50 and 10 ppm inhibited the colony growth of 88,
69.25, 42.75 and 27.5%, respectively when compare to the control. The MeOH
extract of Ch. brasiliense at the concentrations of 500, 100, 50 and 10 ppm
inhibited the colony growth of 86, 71, 51.5 and 44 %, respectively when
compared to the control (Table 1).

2185

79



There is sporangia production 46.81x10° spore/ml in control. When
calculated the sporangia inhibition at the concentrations of 1000, 500, 100, 50
and 10 ppm, the hexane extract of Ch. brasiliense inhibited the sporangia
production of 9559, 88.12, 73.56, 55.14 and 32.18%, respectively when
compare to the control. The EtOAc extract of Ch. brasiliense inhibited the
sporangia production of 95.33, 87.72, 59.41, 35.38 and 25.23%, respectively
when compare to the control. The MeOH extract of Ch. brasiliense inhibited
the sporangia production of 9546, 86.78, 63.68, 4392 and 36.98%,
respectively when compare to the control (Table 1).

The crude extracts gave EDsg values of 30.15, 58.71 and 37.25 ppm for
the hexane, EtOAc and MeOH, respectively (Table 1).

Table 1. Effect of crude extracts from Ch. brasiliense to inhibit Pythium spp.

Crude Concentration Colony Growth Number of Sporangia ED g
extract (ppm) diameter  inhibition sporangia inhibition (ppm)
(em) (%) (x10°%) (%)
0 5.00a - 46.81a -
10 3.29¢c 34.25h 31.75¢ 32.18i
hexane 50 2.09f 58.25¢ 21.00f 55.14f 3015
100 1.18h 76.50c 12.38i 73.56¢ ’
500 0.60i) 88.00ab 5.56) 88.12b
1000 0.50j 90.00a 2.06k 95.59
0 5.00a - 46.81a -
10 3.63b 27.51 35.00b 25.23j
ethyl 50 2.86d 42.75g 30.25d 35.38h 5871
acelate 100 1.54g 69.25d 19.00g 5941e :
500 0.60ij 88.00ab 5.75) 87.72b
1000 0.50j 90.00a 2.19k 95.33a
0 5.00a - 46.81a -
10 2.80d 44.00g 29.50d 36.98h
50 2.43¢c 51.50f 26.25¢ 43.92
peianel 100 145¢ 71.00d 17.00h 63.685 Sl
500 0.70i 86.00b 6.19j 86.78b
1000 0.50j 90.00a 2.13k 95.46a
C.V. (%) 428 3.98

TAverage of 4 replications. Means followed by the same letters in cach antagonist were not
significantly different by DMRT at P=0.05.

The nano particles were done from all crude extracts of Ch. brasiliense
according to the method of Dar and Soytong (2014). All of concentrations gave
significantly different when compare to the control and at 15 ppm gave the best
growth inhibition and sporangia inhibition and follow by 10, 5 and 3 ppm.

All of nano particles at the concentrations of 15 ppm, Pythium spp. did
not grow from mycelial discs. Nano-CBH at the concentrations of 10, 5 and 3
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ppm inhibited the colony growth of 77.75, 55.5 and 41.75 %, respectively when
compare to the control. Nano-CBE at the concentrations of 10, 5 and 3 ppm
inhibited the colony growth of 67.5, 44 and 22.4 %, respectively when compare
to the control. Nano-CBM at the concentrations of 10, 5 and 3 ppm inhibited
the colony growth of 78.25, 57 and 47.25 %, respectively when compare to the
control (Table 2).

Hexane extract
of Ch. brasilense

EtOAc extract
of Ch. brasilense

MeOH extract
of Ch. brasilense

Control 10 50 100 500 1000ppm

Figure 4. Testing crude extracts from Ch. brasiliense to inhibit Pythium spp.
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Nano-CBE

Nano-CBM

A
Control 3 5 10 15ppm

Figure 5. Testing the nano particles from Ch. brasiliense to inhibit Pythium spp.

In control, the number of sporangia was 42.38x10° spore/ml. When
compare to the control, Nano-CBH at the concentrations of 15, 10, 5 and 3 ppm
inhibited the sporangia production of 95.13, 86.43, 5442 and 41.45 %,
respectively. Nano-CBE at the concentrations of 15, 10, 5 and 3 ppm inhibited
the sporangia production of 94.99, 86.43, 54.42 and 41.45 %, respectively when
compare to the control. Nano-CBM at the concentrations of 15, 10, 5 and 3
ppm inhibited the sporangia production of 95.43, 89.38, 70.21 and 55.6 %,
respectively when compare to the control (Table 2).

The nano particles of Ch. brasiliense gave EDsqy values of 3, 3.96 and
2.69 ppm for the hexane, EtOAc and MeOH, respectively (Table 2).
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Table 2. Effect of the nano particles from Ch. brasiliense to inhibit Pythium spp.

Nano Concentration  Colony Growth Number  Sporangia  EDg

product (ppm) diameter  inhibition of inhibition  (png/ml)
(cm) (%) spnrangia (%)
(x10%)
0 5.00a - 42.38a -
Nano- 3 291¢ 41.75F 20.81¢ 50.88¢
CBH 5 2.23e 55.50d 13.44e 68.29¢ 3.00
10 1.11g 77.775b 5.00f 88.20b
15 0.50h 90.00a 2.06g 95.13a
0 5.00a - 42 38a -
Ao 3 3.88b 22.40g 24.81b 41.45f
CBE 5 2.80cd 44.00ef 19.31cd 54.42de 3.96
10 1.63f 67.50c 5.95E 86.43b
15 0.50h 90.00a 2.13g 94.99a
0 5.00a - 42.38a -
Nitio- 3 2.64d 47 25e 18.81d 55.60d
CBM 5 2.15¢ 57.00d 12.63¢ 70.21¢ 2.69
10 1.09¢g 78.25b 4.50f 89.38b
15 0.50h 90.00a 1.94g 95433
C.V.(%) 501 6.52

TAverage of 4 replications. Means followed by the same letters in each antagonist were not
significantly different by DMRT at P=0.05.

Discussion

The most serious root rot disease of citrus in Thailand is caused by
Phytophthora parasitica but Pythium spp. is reported that caused root rot
disease of citrus (Maseko and Coutinho, 2001 and Kean et a/., 2010).

The obvious mechanisms of action of Ch. brasiliense in bi — culture test
is competition because at first, Pythium spp. grew more than 50% of petri dish
and faster than Ch. brasiliense. After 30 days Ch. brasiliense can grow over
Pythium spp. moreover, Pythium spp. were degraded, mycelial deflated. There
is probably antibiosis mechanism, therefore studying antifungal metabolite in
terms of crude extract and nano particles from Ch. brasiliense to control
Pythium spp. They gave high inhibition with low EDsy values. The EDsy values
of crude extracts were 30.15 — 58.71 ppm and nano particles were 2.69 — 3.96
ppm. It was similar to the study of Tongon and Soytong (2016) studied using
crude extracts of Ch. brasiliense to inhibit Fusarium solani and got effectively
inhibition of F. solani with EDso were 66.66 — 288.94 ppm. Khumkomkhet et al.
(2009) found many depsidones from Ch. brasiliense and tested to control
Plasmodium falciparum, Mycobacterium tuberculosis and Candida albicans.

Nano particles have one dimension less than 100 nm at least and ability to
adsorb and carry compounds. The nano particles gave stronger inhibition than
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crude extracts with lower EDso values. It was similar to the report of Dar and
Soytong (2014) tested nanomaterials derived Ch. globosum and Ch. cupreum.
Moreover, Tongon and Soytong (2015) reported nano particles from Ch.
globosum showed highly inhibitory effects on Curvularia lunaia causing leaf
spots of rice with low EDs values.
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Tangerine (Citrus reticulala) is one of the most popular fruit in Asia. The seriously disease ol
tangerine is found to be root rot which caused by Pythium spp. and proved for pathologenicity.
The tested nano particles derived from Chaetomium cochliodes to control the Pythium spp. in
vitro was evaluated. The result showed that the tested nano particles exhibited antifungal
activities against mycelial growth and sporangia formation of Pythium spp. with effective doses
(EDsg) of 2.0~3.8 ng/mL and 1.2~3.7 ng/mL respectively. It is the first report of nano particles
derived from Ch. cochliodes to control Pythium spp. causing root rot of Citrus reticulata.

Keywords: Root rot, Pythium spp., Tangerine, Citrus reticulate
Introduction

Tangerines (Citrus reticulata) are important fruit crops, being widely and
commercially grown in Southeast Asia. In Thailand, tangerine trees mostly
grow in the Northern provinces. The major causes of yield loss and decline of
tangerine tree is root rot disease (Molina et al., 1998). Pythium spp. is reported
that caused root rot disease of citrus (Maseko and Coutinho, 2001 and
Kean et al., 2010). In some poor orchard sites, root rot is often presented with
high population densities of Pythium spp. in the apparent absence of
Phytophthora spp. and nematodes (Tsao et al., 1978, Thompson et al., 1995).
When the pathogen infected near the ground level, infected bark cracks through
which gum exudation. Roots turn soft and brown, the leaves turn yellow and
may drop. The tree will grow poorly, stored energy reserves will be depleted,
and production will decline (Vichitrananda, 1998). Chemical fungicides used
to control root rot as reported by Davis (1982), Matheron and Matejka (1991)

" Coressponding Author: Mongkutkarn Udompongsuk; E-mail address: zw.mink@gmail.com
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and Graham (2011) but they usually reduced soil quality, thus the biological
control is an alternative practice to control these disease. The objective of the
present study was to evaluation of efficiency of nano particles from
Ch. cochliodes to control Pythium spp. causing root rot of tangerine.

Materials and methods
Isolation and identification

Soil and disease samples were collected from the tangerine orchards in
Nan province, at a depth of 15 — 30 cm and stored at room temperature. Soil
samples were isolated by baiting method. The soil samples were ground and
placed into sterilized petri dish, then added sterilized distilled water and leaf
pieaces of tangerines (15 * 15 mm) and incubated at room temperature for 1 —2
days. After the pathogen grew out from the leaf pieaces of tangerines, the leaf
pieaces were placed on water agar (WA). When mycelium grown from the
tissue sections were transferred to Potato Dextrose Agar (PDA) until get pure
culture and incubated at 25° C. For morphological studies, according to their
cultural appearances and observation of sporangium and other structures of
Pythium spp. Sporangia were produced by floating some mycelial discs in 10
ml of distilled water and sterilized grass blades.

Pathogenicity test

The tangerine leaves were detached from healthy plant, and then surface
sterilized with 70% ethyl alcohol and placed with the upper leaf surface in a
sterile petri dish containing filter paper moist with distilled water to maintain
high humidity. Wounding by sterile needle on the leaves for easy access of the
fungus, then leaves were inoculated with mycelium discs of Pythium spp. on
the wound. Non-inoculated controls were inoculated with an agar plug without
the fungus. The petri dishes were incubated at room temperature for 3 days.
Four replications of each treatment were used in the experiment.

In vitro test of nano particles from Chaetomium cochliodes to control
Pythium spp. Causing root rot of Citrus reticulate

Ch. cochliodes was cultured in potato dextrose broth (PDB) for 30 days.
The fungal biomass was collected, air-dried, ground and extracted with hexane,
ethyl acetate (EtOAc) and methanol (MeOH) to produce crude hexane, crude
EtOAc and crude MeOH extract, respectively. Nano particles were done using
the method of Dar and Soytong (2014) to get Nano-CCOH, Nano-CCOE and
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Nano-CCOM. The nano particles were tested to control Pythium spp. causing
root rot of Citrus reticulate. Experiment was designed by using two factors
factorial experiment in Completely Randomized Design (CRD) with four
replications. Factor A represented Nano-CCOH, Nano-CCOE and Nano-
CCOM and factor B represented concentrations at 0, 3, 5, 10 and 15 ppm.
Each nano particle was dissolved in 2% dimethyl sulfoxide (DMSO), and then
mixed into PDA and added chitosan before autoclaving at 121°C, 151bs/inch2
for 20 min. Mycelial disc of Pythium spp. (7mm) was placed on the center of
PDA in plate (5 cm diameter) incorporated with each nano particles. All plates
incubated at room temperature until the pathogen in control plates growing full.

The data were collected as colony diameter and the number of
sporangium. The inhibition of mycelial growth and sporangium formation of
pathogen was calculated as a percentage and the effective dose (ED50) value
was then calculated using probit analysis. Data was statistically computed and
analysis of variance. Treatment means were compare with Duncan’s multiple
range test (DMRT) (p=0.05)

Results and discussion

The cultural appearances were observed on PDA. Colonies have a cottony
aerial mycelium with chrysanthemum pattern. The fungus grows fast,
mycelium hyaline (Fig. 1, A). Sporangia formed on sterile grass blades in water
cultures. Sporangia are of filamentous inflated (Fig. 1, B). Oogonia are smooth-
walled, spherical, terminal, intercalary (Fig. 1, C-D). Oospores are aplerotic
(Fig. 1, C-D).

Fig. 1. Colony patterns and morphology of Pythium spp. A; Colony patterns on
PDA, B; Filamentous inflated sporangium, C; Oogonium with monoclinous
antheridium, D; Oogonium with aplerotic oospores.

Pathogenicity test on detached leaves after 3 days, infected leaves showed
water-soaked grayish brown lesion expand around agar plug of pathogen. Non-
inoculated leaves showed no symptoms, leaves remained healthy. The result
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showed the fungus caused disease symptoms on tangerine leaves that were
similar to the report of Mida et al. (2015) which reported pathogenicity test on
detached leaves of Citrus jambhiri.

Fig.2. Pathogenicity test of Pvthium spp. on detached tangerine leaves. A; Non-
inoculated control. B; Inoculated control.

Nano particles of Ch. cochliodes were tested with different concentrations
for colony growth inhibition and sporangium inhibition of Pythium spp. The
nano particles from crude extracts of Ch. Cochliodes were done according to
the method of Dar and Soytong (2014). Data were collected after 24 hours of
experiment. Nano-CCOH at the concentrations of 3, 5, 10 and 15 ppm inhibited
the colony growth of 47.75, 53.50, 63.25 and 80%, respectively when compare
to the control (0 ppm). Nano-CCOE at the concentrations of 3, 5, 10 and 15
ppm inhibited the colony growth of 54.25, 74.75, 80.75 and 86%, respectively
when compare to the control. Nano-CCOM at the concentrations of 3, 5, 10 and
15 ppm inhibited the colony growth of 56.75, 65.75, 75.50 and 81%,
respectively when compare to the control. Nano-CCOH, Nano-CCOE and
Nano-CCOM gave EDsy values of 3.83, 2.62 and 2.01 pg/ml, respectively.
Nano-CCOH at the concentrations of 3, 5, 10 and 15 ppm inhibited sporangium
formation of 46.58, 7.14, 67.24 and 83.23%, respectively when compare to the
control. Nano-CCOE at the concentrations of 3, 5, 10 and 15 ppm inhibited
sporangium formation of 58.70, 75.16, 79.04 and 95.03%, respectively when
compare to the control. Nano-CCOM at the concentrations of 3, 5, 10 and 15
ppm inhibited sporangium formation of 62.42, 68.94, 71.43 and 83.54%,
respectively when compare to the control. Nano-CCOH, Nano-CCOE and
Nano-CCOM gave EDs, values of 3.68, 2.17 and 3.80 pg/ml, respectively.
(Table 1, Fig.3). It is similar to the report of Soytong (2014) which studied
Bio-formulation of Ch. cochliodes for controlling Drechslera oryzae gave good
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result to inhibit D. oryzae and increased in plant growth. Moreover, Tongon
and Soytong (2015) reported nano particles from Ch. globosum showed highly
inhibitory effects on Curvularia lunata causing leaf spots of rice with low EDso
values.

Table 1. Effect of nano particles from Chaelomium cochliodes to inhibit
Pythium spp.

Nano  Concentratio  Colony Growth ED:;, Number Sporangi EDg

produc n diamete inhibitio (ug/ml of a (ng/ml
t (ppm) r (cm) n (%) ) sporangi  inhibition )
a(x109 (%)
0 5.004’ - 40.25a -
3 2.61b 47.75F 21.50b 46.58h
Sty 5 233c  5350c 383 1725¢  57.14g  3.68
CCOH
10 1.84d 63.25d 13.19¢ 67.24¢
15 1.00f 80.00b 6.75h 83.23b
0 5.00a - 40.25a -
P 3 2.29¢ 54.25¢ 16.63cd  58.700g
poscadl 5 1.26¢ 74.75¢ 2.62 10.00fg  75.16cd  2.17
10 0.97f 80.75b 8.44g 79.04c
15 0.70g 86.00a 2.00i 95.03a
0 5.00a 5 40.254 -
— 3 2.16¢ 56.75¢ 15.13d 62.42f
5 1.71d 65.75d 2.01 12.50e 68.94¢ 3.80
CcCoM
10 1.22e 75.50¢ 11.50ef  71.43de
15 0.95f 81.00b 6.63h 83.54b
C.V.(% 6.03 6.53
)

TAverage of 4 replications. Means followed by the same letters in each antagonist were not
significantly different by DMRT at P=0.05.
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Fig. 3. Testing the nano particles from Chaetomium cochliodes to inhibit
Pythium spp.
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