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#30a319a13 phytoalexins  Fuies UMM lsA MalTuegiuaualuisalunis
MOUAUBIRBNITUNIFNIIUVRNTDLIA Feluvudavautuiilivinfu fauwddiulngveanisidn
Uity azduderusvendelsauiifivesnseiiivUasnisainnisgninsiu NseuIunTg
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Hosfusvesimazgnilialinuumunnadefifelfifidsaantasugnddian wasnszuiunis
forauvsléidu 3 %y’umaummifmnmLLanguuwamismumi (Kombrink and Somissich,
1995) faid

$uit 1 Junsmovaueaawed (local) Feimardududelsalaonse Lﬁavﬁavﬁngwaéﬁ‘v
L%aéﬁmﬁumzLﬁﬂmsd'\ammmaﬂixq (ion fluxes) suidevuiwad wazsiinufisen
aan%m%’ua&mquma (oxidative birst) (Junaliiinnsdaunsigviarssiwan active oxygen
species ‘ﬁum%m&‘ﬂﬁﬂ LU H,0, peroxidase vusu (Atkinson, 1993; Mehdy, 1994,
Neuenschwander et al,, 1995) dawaliAnnsneveusadiiaenia hypersensitive response
(HR) fidnunzRawadivazmeatemnd iedumstndelsalfegiumsuinuiilodons
ﬁgulajmmsa@ﬂa'm“lﬂé’w‘%mwﬁ"mLﬁmlﬁ (Klement, 1982) HR B3 dunszuiun1sudnegia
wislumstlesfiuftesainidiolsa 915 active oxysen species ﬁgna%w%uﬁé’aﬁwmwﬁ
ddyrosruunstioafusvesiiy mswardannsaduassidolsalilaenss vielunseduli
Lﬁmnizmumsﬁu‘] AN 1Y MSRLUSINEY H,0, arludnihliAnn suaniUasulysiy
ssueadity duasuliiAanisduasieianiu (ignin) Tuiinilawad vhldnlasadudusedu
Lﬁaﬂaqﬁulu’lﬁL%aqﬂawu (Dixon and Harrison, 1992)

$uit 2 Wunszuaunisiintuainnsdanisvesduamsd (local) Faasiiniansusiind
gm%a‘[im‘t'hﬁwma T9fin15a819a15 secondary  metabolite Junmanealaansmaiiians
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suq visrdavimiiduarsiiferdesfunisduasunisiinuvesssuulesiudivecity
(Darvill and Albersheim, 1994) wardsiin1sadsarsantiu (lignin) wazduwes polysaccharide

Fuintasady it raduuisasivilentu uinseisnmstesiunsdondug wuaiialy (wax)
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Fuuinluhlhdeamadvhaeldeantu (Hahn et al., 1989)

$ui 3 Hunsrevaussiassuuesiuiiy (systemic) Wunasioidasnnszuaumseineg
Tududt 1 war 2 Faasifiealoafulusiufiivatrduiosnnmsnouaussiodelsa 3unin
“pathogenesis related protein” 3@ PR-protein Qﬂa%'N%aWﬂﬁuﬁﬁﬁgﬁﬁuﬁmﬁgﬂﬂisﬁunﬂi
nilnenalnidudeunariusiumeniagluvimiiflunsiudadelsadausngmsaifiindy
#i3undn systemic acquire resistance (SAR) ﬁﬂ‘W‘ULauaLﬁ@ﬁ‘ﬁgﬂjﬂi’lﬂﬂ&%@liﬂ (Hahlbrock
et al.,1995; Somssich and Hahlbrock, 1998)
2. Systemic acquire resistance (SAR)

naln@amsinauvesssuudestufivesfigisufuainnszuiunisandt  (recognition)
ssminefiviudelsndeinlinisdoduewisfiluduil 1 Bueu doifa HR - Ty vie
\AaURATeNeendindustneguLse (oxidative birst) wadirluunatuasdunsey nsaeily
3 (salicylic acid; SA) Tua@a SA ﬁv%lﬂﬂizﬁu‘lﬁ PR gene @379 mRNA FurnUSunasniie
1lU&uasizdi PR-protein (Silverman et al., 2005)

miﬁaé’miyﬁmﬁmﬂuﬁ’aﬂmqﬁﬁzﬁﬁﬂﬁlﬁmﬂizmumsﬁwumubﬂimav‘ifmﬁwﬁL?Juéhﬁ
Umuiy’]ml,ﬁlaLﬁﬂﬂ’]’ij‘ﬂ‘i’]u‘uau%@liﬂ wuae wisudnsziinisiinnnzuiands nurndu vie
AATEAENNIRdENBL Y FrazadsasmuANss AUl (growth regulaton)dwan
SA, jasmonic acid (JA) uag ethylene Jusiu a156139 wanigufiunumsensifiuanni
Foyuvedfiv (Wang and Shao, 2006) n15in SAR S118usDl SA VS udeane
fridesluidiudng vesiimfioanmaihaneedu #1 69% voe SA fnustanungnai-auaz
Sudssandiuvesitniignidfelsaidiignam (Shulaev et al, 1994) Gaffney uagany (1993) 1
MInedeUmANLALRUSTENING SA  was SAR  lawnisanedu nahG  1igdusnguuaz
Arabidopsis §1 nahG fvimiinfiadneans salicylate hydroxylase Tnoanstazluvhany SA uaz
LﬁaﬂqﬂL%aiﬁﬂﬁm‘lﬁl,mﬁuﬁmﬂu’aaawﬁﬂ wuinfteiinnsadne A TuuSinadidesunn waglinuns
W@AIDONTDY PR gene

Salicylic acid (SA) ﬁuwmwa‘hé’@umia%ﬁammﬁ’mmuﬁu’ﬂuﬁaumwwﬁua3171%33%
wé’wmﬁﬁmgmjﬁﬁwmdmL%ammcsﬂ‘miﬂaLawwL%a%qda’l,ﬁl,ﬁmmmil.i":at,ﬁama (necrosis)
Fyazadie SA  FuunluUSuiaminainnseuaunis Shikimate pathway  Wag
phenylpropanoid pathway wazazgnadedludediusing 9 vasiianns phloem uAnERINLAN

SAR Wa7 SA ﬁéfaﬂ%’%gﬂa%ﬂamﬂ isochorismate pathway ( Hurtado, 2004)



Jasmonic acid (JA) L“TfJumﬁmmmﬁﬂmﬁwﬁqﬁﬁma%ﬁuLﬁagnLmaaﬁmgﬁmﬁwﬁwma%a
s lAian1sLANLENURINTNTaaNY NTaN1ARUIALKEA19Y Linolinic acid %gﬂa%wa%u
914 lipid membrane veufouwadantuazgngnidsulyiiu JA Fazgnandedludeu
sineq vesitEMe phloem v1ntiu JA alunsedunsyiiauaes R gene (Wasternack et al.,
2006)

3. Pathogenesis Related protein (PR-protein)

PR-protein gnwuaausnlag Van Loon wag Van Kamen, (1970) Fanulusiumaniign
asretuluuiinasnnlusgundsingnidelaa tobacco mosaic virus (TMV) vhanglu
ggu WeRumanifansasuunsenldinnnii 40 vlla wiseenifungu (family) Ifedrates
14 ngy Feunswdindaduunlaile mssuunlasmaiianiedaluana (molecular) vinlsiwuia PR-
protein Wuansusenneingg LLasﬂaUﬂuImaﬁuﬁﬁiﬂqﬁ’u (Van Loon and Van Strien, 1999)

PR-protein finualuanafivainvats annsaatauazifiuinuldnieldianmeamgiion
(< 3°C) wulamndiuvasruinyg v Tugdu wa wioman (Van Loon, 1999) uasutiniivainans
duilvgrrimaneviafuasivhldfsannsadesudeanvalsafivld vieiazgnaiaile
Iutladefisumuanzas uasluguvosfisisinzianzaaviniu n1suanseonves PR-protein
gnaruaulasduivhwiriiieafunisdesiudaiesvesiiv  PRprotein Juailowdu
\A3BINeYesUsINGN1Tal SAR PR-protein il 2 Uy f acidic  PR-protein wag basic PR-
protein @ acidic PR-protein iwuinfinisazauunnluresinseninagadiia (ntercellular)
ey apoplast wazagluwadie (intracellular) Tudiuvssiiafilea (vacuole) (Buchel
and Linthorst, 1999) @au basic PR-protein wuludluvaswinfiilea (vacuole) (Bol et
al,1990) PR-protein vassuuuiintiindefuudunndrsiuiivuavedluanauaslaseaing
vesnsnezilu losaniuiiadre PR-protein Maansuuunevausdoasdygiumiaiulag
acidic PR-protein 9ga@uasia SA d@1u basic PR-protein ausdsa JA & m3U PR-protein Tt
wuldnnauvesdufio s Tusiu wa videnan (Van Loon, 1999) wiiluasfinsazauunniy
d1duq lagagwyu  PR-protein Uszan 5-10% weslusAufinuiilu PR-protein annsagn
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nsesuliadnuldlasianseduvatesia Lidnesdu welsa wwas ldAdoudoy dninfuiy

% <& ' av v & < Y v [V o av v
wiinsgeansaneg Aldannelsatamnsadufinseduls wu chitin waz [-1,3-glucan 7l
Pnntugadires LlUsau Inalalusiu wie 1wWulne fneq Mesivanuassaanun (Zhou
1999; Kombrink-et al., 2001; Edverd et al., 2002) #58lUsAuNa31991n avirulence gene U
Weoswazuuafiise Auunsailuiinsgsu PR-protein 161 (Staskawicz et al,, 1995; Hennin et al,
2001) wenNiansiaiinnag 1y SA, JA, benzothiadiazole (BTH), mefenoxam Uusu uaz
AMILASEALTDIAINAIINTON LU gauugdl, A1 pH, was UV Nllanuudsunvadluseduings

annsalunseulvifivaiis PR-protein 16
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PR-11 wuluenguuazuzifemalasil PR-8 way PR-10 geanunsanuluuwnsnazindnsparsley)
MWANAU wag PR-12, PR-13 waz PR-14 wuludnniawa, Arabidopsis, wag ¥17u151ae
AU (Van Loon and Van Strien 1999) &1 PR-protein ﬁgﬂﬂ%’]\i‘ﬁuﬁﬁv’lﬂﬁﬁﬂﬁL%UL@UI"U&J‘
et chitinase uag B-1,3 glucanase (PR-3, PR-4, PR-8, PR-11 uag PR-2) dusisanswiln
dansagenaans chitin way B-1,3-glucan Fudussdusznoundnvenduleitesn nisiife
ansnaeuleivaritussrietosiuliliidelsevianudovneliundudi

4. é’ﬂblmwam&fa Trichoderma spp.

Trichoderma spp. LﬂuL%aiwﬁwuﬁ’ﬂU‘luauu,a313J'wud'1ﬁmim%zyuuﬁ°uﬁﬁ%3m INTIUN
a&ﬂu sub-division Deuteromycota, form-class Hyphomycetes, form-family Moniliaceae
teleomorph (perfect stage) agﬂu genus Hypocrea %GL@UL%@?W‘L‘LA Phylum Ascomycota,
Order Hypocréales (Samuels, 1996) &nwaiznna anamorph (imperfect stage) YT wiN
ﬁa%’waconidiophores fidgvnavielufifunnuausuinny phialides  LAnieaq v3alungu
conidia (phialospore) WuwvuwadifeazUldlifid adunguidng Avane phialides Talad
aunIaRsgyuuemiaiisnldedsiai dnvurvendulefiasyesnuniuusnayiienn e
Werilonguniuasiudsuiudidoady iosmniinsadrsauesinTufugalesazuaniafy
\Wute aveidlngzddded 1 wadiferzuld AaSey M303UIEIIYoanNNaInd1ulany
vauduly flvuniade 3.2 x 2.7luaseu aunsawsiey Wedhesias chlamydospore 2133y
sennaselansveadule ddnvauznanla Lé’umquéﬂamaﬁa 6.9 luAseu (Homer et al,
1972) o371 Trichoderma spp. ﬁwuﬁa‘lﬂ‘luﬁummmﬁ%La]%avmiﬁuﬁuL??as’]mmq"[iﬂﬁmlﬁ
fignmgfidaud 1521 ssrigaiioa wazansaiitinsenegliluiifigumniiBudauszaa 10-
12 saenwaldea (Johnson et al.,,1987) WWes1 Trichoderma spp. Heeulunisinduunty
Tn Domsch wavmme (1980) Wavium 11 viia (species) Wag Rifai(1996) (8719011 Samuels,
2001) BslF¥asruuniosnana Trichoderma spp. senidiu 9 wiin lnvonfednuaendugu
Inelsiandnuuzvedlalail conidia uay conidiophore agtiunuindeswiaifisiuou 33
wiln (Samuels, 2001) %831 Trichoderma spp. WSylARluAY ivenivey e ndediiin
swagduniduazdunidingausssunnd Weunaeiugannsadulsdn (parasite) Tnanns
Wudadiledosaumnlsafvudiairaeulel wy lafug (chitinase) WAN-1,3-ngAua
(B-1,3-glucanase) uwazigagiaa (cellulase) %ﬁ@mauﬁmumidaaamawﬁquﬁu"lwau%aiw
aunelsany



5. unumvaadiasn Trichoderma spp. Tunsdnirldnvadreanudriuniulsa

\o31 Trichoderma spp. uaeRufedewfisstdnaseu 4 sty vnaeugnley
sfusinfslasnisunadulorluluduiead epidermis  dudt 1 3o 2 windy uay
Trichoderma spp. mqmaﬁ’uﬁ:lﬁuﬁa endophyte iluadtluvieddouiwesitnlagliine
Pudevnounity Feiinrmddnytunalnnmsdnihldieasreeudunulse Tasamensidy
endophyte eudpvsinaunfunisinthiie Fswuinnisiidie Trichoderma spp. D1ABLaL
Ufduiusiuiivegslnadaviliiinnmsaseansdsdayni Ao SA waz JA dafinanluudy vl
fmAnaruiumuuasineteifiesmasanaridesdeegiuiiy (Hurtado, 2004)

NM3ATOUATESINTYRTe Trichoderma sp. §9AINARBNITNTZTUIUNIT metabolism Vo3
iy wiilsanmsihdundrdnlneey 5 3u #sldde Trichoderma hazianum T-22 Tuns
wgnan dilunsramlusiumieds gel electrophoresis Wudn SUszu 40% vaslusaudiny
WuriaiAeaivinulude T-22 windulinuludunddnlnedililéldde T-22 uandlidiug
e Trichoderma spp. fiarenszuaums metabolism vesiie uagnuinde T-22 nseaulw
snvesundtlneenléte 2527 cm. waviminasvesdunddalnaiildide T-22 fwui
ynnsunaildlald ﬁu’qé’whaiﬁﬁﬂjmmm@ﬂ%ml,iﬁm noaune, Woawesa, widn, wuenida
uaz Towdon 14U (Harman et al, 2004) uaslununnaswes Yedidia uazAmy (2000)
wuiwdwgnidest  Trichoderma T-203 wrikundusadiuie 72 Hiluuddaoniods
UShasnundeusisansiseuasiifidiunantes 4-MUCGINAC) gy substrate veaioules
chitinase Lﬁaﬁ%ﬁaL?J"aﬁ”’ulﬂm’maauma‘lﬁnﬁawammﬁ@Lﬁﬂmauuwdaamu wuinieife
ﬁﬂgm%uasw Trichoderma $iAanssuveaieulesl  chitinase ARTuwAEIRUNNTIY 2,6-
dichloroisonicotinic acid \ufidni uazlinufanssuveseulesflunssiiSniuan (dindu
LmunﬁUme‘z?aa'%Q)

Yedidia uazaniz (1999) ladnwinmstmiliunsnmniinaudunulsalugamasy 1
Aaanideuuaiide P, syringae pv. lachrymans Iﬂwqm“ﬁasﬂ T. harzianum T-203 fisnves
dundunsnan dlemsiaaeusnendesganssmididnasewduiie 48 uar 72 Falus vdean
qu%a wuduloveadosn 7. harzianum T-203 m%ﬁyagu%nm%y’u epidermis kagUIIN
AMEUBNTBITY cortex BnvaiiAanssuveeules] peroxidase uag chitinase LinsNATURIlY
snuarlyu usnanifmuitanuisaaneinisveslsaldunnde 80 Wedifud Snsazauves
mRNA  iduswalunisdansied PR-protein Ae Bufidunsgn phenylalanine ammonia
lyase (PAL) uaz hydroxyperoxide lyase (HPL) wagwunITas@NUDIaT secondary
metabolite  flanunsndudannadeivlnvendeuvafideldunis 6w Tuaufjumnig
(Yedidia et al,, 2003) d1us1e47Uv8e Khan wazame (2008) 3sléldidesn T hamatum 382
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Phytopthora capsici Ineldidosn T382 adlufaguan (Weronwauiuiivues) feun1séedgn
unenn mdsmnUgnideamlsailuuning wuiaunsadniilFunsndiauumudelse
i Taefitvesigudinnaiinlsaniniu 0.47 wWoesidud muguussvedlsawiiu 1.6 Tnglifiaany
uansresadfdlewSeuiisutunisldarsed benzothiadiazole (BTH) AIVANLIA LAZNUT
awsadudanisifslsa Botrytis blight #iinainiies Botrutis cinerea vasdu Tlnuile 14lu
seiudaunnass Faliifinnuuandrmisadfderssuidisuiunisldansiasl chlorothalonil
venonisuilnieddibhminutafiuuniy sonnenldasusngie (Horst et al., 2005) n154n
thlsfiwiAnenusunlasidion Trichoderma T Wetuldegraiionmaznaeniariiios
91ABagiUTINAY 9NN15ANBIUR Stasz wazAny (1988) wuiwdletidest T harzianum
722 navashluAunowhmséreugnuzileme agnuennisuedlsa late blight Usingtuuuly
Tt 90-120 $u wsillevinsvaaesnnndt 2 ¥ enmsveslsranasi 80 wWesidug lusuild
Won T harzianum T22 asluiSeudisuruduitlilald fastindes 7 harzianum T22 2%l
maasydulnegiameiiuiuusnfng Sniades Trichoderma wiavangugaunsadnun
Iﬁﬁmﬁu’q‘luL?Tmu?w"mLLaz'I:ULz'%'yaija%ﬁamméﬁumusﬁaiiﬂlﬁl,mﬂ@hqﬁ’ulu

\flosnidesn Trichoderma spp. Snmuautilunisaseuasessniialen wasdududor
Lﬂu‘uﬁ{]ﬂﬁﬁiaﬁaaﬂwﬂmﬁﬂjgu q FuiliFesn Trichoderma spp. M lUANWIANN Wy M3
MAaBIYeY Khan  uazAnz (2004) Aldmeaaeuuszansawlunisdniliunenan (Cucumis
sativas) a3519A2uAUNULSA Phytophthora crown rot  @afinanides Phytophthora
capsici uae \eaf blight Tngldidfe 7. hamatum 382 (T382) Faldnanisnmassiuandliiiiuin
Anuquussveslsranandeld T382 wanadlutaguanroudiezdredundr msdnwvariuans
Iiiudaussansamueadosluiuiilu biocontrol agent fusnanazfuujiindseite

awnglsafivlaensady Ssanansanseduanuimulsafiindululdendae

6. EULLUU‘lunﬂsLﬁuﬂ%uﬂmL%QSﬂ Trichoderma spp. fivnunlduseTawn

nMainUSinaate Trichoderma spp. luiansingg TﬁL%ammmLa‘%mul,au‘[ml,azﬂ%%agj
59019 Sivan et al (1988) WUIWNNYNIHAN peat waz $191a8 sn3du 1:1 Tneusins
PH 5.5 figaumindl 25 ssriaifa Weannsafidinogsenlduuie 1

ﬁm'ﬁﬁmmgmwumiwam% Trichoderma  spp. ‘lﬁag"lugﬂmﬁauﬁq Feanh 14
Usslemildaznin farumnzanlunisifudnwuasnmsuuds 35ui0w wazamey (2535) N5l
laszmeaulani (diatomite) iuanswinseansliseng’ lunisidenslSunameaievesnisude
Kade mMswieuiaded 2 Fusey Usgnausemsidsadeslasianesinuumdadoinedits
snidaudn waiteissyunaauidadnainauds (7-10 $u) Wulilugibu sundresthluldindouns
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Weslaly 8035 Ao nsidsaliouuduNaNvaININYInanse (molass) Eadars (yeast extract)
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wwzaveiuazidulovendon Miendn “madann’ udnfiulilugifu dmsuldinTounade
ely Funeusielude nannade Tnathinatanmueadefindaudais 2 Famsnueldasiden
uaanuagniadiusdlaezmenluiludnsd 1:1 uay 1:9 sy Yidrunandilalufu
wsiuueq Addussluiisy douthlvualhidunsanden wildnzunsesou Ussnatodiseulsly
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