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Application of antibiotic and cellulase-producing Actinomycetes 

isolated :from animal wastes for biofertilizer production against 

Rhizoctonia solani 

Jeerapun Jaiinphon 

Applied Biology 

Abstract 

The purpose of this study was to determine the effect of supplemented Actinomycetes 

into biofertilizer production on Rhizoctonia solani which caused a rot root disease. 164 isolates 

of actinomycetes were isolated :from feces of three animals including pig, cow and bat. The 

screening methods were preformed by antifungal and cellulose activities with dual cultivation and 

DNS methods, respectively. Among all strains, the strain no. B4 that belongs to Streptomyces sp 

was the most attractive candidate. It showed the widest inhibitory zone on R. solani, and its 

cellulase activity was detected up to 3.5 unit/gram. The Streptomyces sp B4 was subsequently 

applied as a starter on biofertilizer production for preliminary study in the practical field. This 

resulted that the survival rate of plant in present-starter condition was higher than that of the 

absence of starter. 
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.lt 0 .l .. 1 "' Q ,_ ., !/ I "' .ti 4 "' :: !/ o .l 
1.1.2 l'nO'Ull'JftlUOflA 'U1JfJCJfff IJ 'Jf'l'11JfllJ ~fJ'Jf1fll'nfJ1JfJ'1fll'l'l'Ul't11lllfJ'U0'1l'JfO R. solani 

luti'11;io1 

1.3 ,,ou1,,fl'Ut>.:im1~io 

" fll'l'flftlflOm;'louOflA1'Uifocvff91fllq!llffA1° flO lq!ll1ri J,!lltyfl'l' lq!ll11 lq!llU'l 1J1Vlftff01Jfll'l' 

.. , " , jl ,, .l ..;~ 1 
Nllflto'U CJf1Jl'lffl\'!lflff ua::f1111Jff11Jl'l'tl 'Ufll'l'ffl1'1ffl'l'Al'U't11'Ul'Jf0 R. solani 'rlllJ'Uffll'H'J 'l'tl 

" . " 
nmti1 lu-A'lf ua::i.ht;fonuofl 1~1hm 1.r-i111011m1NaA~fJ'i1m-n lflom1 i.r1a-tiJmaoii.:i flO 

Cl# cf .d A 41 QI .ca .di J ~ 0 I 1 , "°' ' 0 

lq!llff9'11 ('rl'nlJl'JfOUOflfl 'U1JfJCJfff) lff'M'n'Jf 'UltllllfllllJ 'l'ltlO'U ftfJ 'Jf09'1'l'lff1'U 10 : 1 : 1 : 1 'Ul 

.ti "' d,jl -• .. .. , "' l .. .l 1 ... d,Y. 
~fJ'H1Jfl't1 PJ1Jl't1ftff01Ju'l'::ff't11ifll'n 'Ufl1WlJfJ'1fll'l'l9'l'ty'U0'1l'JfO R. solani ftfJ'n'Jf't1ftff01J't1 'I 

flO ti'11;io1 ~.:i1fluw'lflff'l''MJft9lmi.:i111'fl-n'MOj1amm::a-1m1mnftilty111 hm1mu191m4'0 

ii.:ifftt11 

1.4 fa91ftfl,.8'3fl111in 

lum'l''t1ftao.:iiiil9ifJ't1H1i'l''l'1l'Jf1A~iiNa.iom119;ty.,,o.:ii1'1f't1Aao.:i i'liu ua-.:i fl11114'" 

.. .d , ., ""' • , ,, d , • :: 
tJW'HIJ1l 111"1 1J ft1Jfll'l'fl11JfJ1JUll::019't11 'HNllfll'l''t1ftll0'1LtJafJ'U tJfoUAll::flH 

. 
-• ,. ,.. ' 111.1'"' ..... 

1.5 u1::1D'V'M'fltlUl11il:: ltt11Jil1ftft1"Jlil0 

1.5.1 i4ouOflA1'UJ'.ifJ·ff~Nflfll'lffl\'!lflff9::'1i101~11tJ1::ff't1itn't't lu fll'l' UOfJfflllfJa'U'fl; u19'1Q~ 
iflu1'fftiJl'HflO-i.:i't11.:im'l'lfl'MA'l'nii1'lfa\'! laa-1fluo.:ifi'tJ1::flotJlifii'U'UA 111mQaaAa.:i 'li1od111i'11 

,, : , ,, ... ~ .l 
fll'l'tJ1l'Ul ftftfJ'1'U'U 

1.5.2 a-11tJfi'i1u::~a-!1.:i91m4'ouot1AluJ'.iocvff~odlu~o'i1mTtff111110'1i1oilo.:ift'u14'on~ 
. , ,, .. 1 . 1 . , ... ~ . ,, .. ,Y. ... , . .l 

flt) 'HlflR 'l'fl'l'lfll'Ul fl'Ul'Ul 'U't't'Jf llJ'Ufll'l''Jf1fJllRfl'UYJ'Ufll'l'Nll9'191flfll'l' 'lffl'l'lfl1J 'Ufll'l'tlll'JfO 

'l'1~'1019flflfl'Hl'UNftNfl91Uft::ii.:iu1R~01J1~ 
.l .. , "' ... ..;, ,, • ,_ ._. !"'I ,, • .... .. !1 ... .lt , ,, 

1.5.3 l'JfOUOflfl 'U1JfJCJfff't1 Rff11Jl'l'fl'U1 uu'l'::~flfl l'Jf'l'11Jfl1Jfll'l'Nft9'1 ~fJ'Jf'lfll'n l't'tO 'If 

• I 1 -' "' .. .lt ..;.,..M 2 ..x .l ,11 u'l':: fJ'Jf'U91fl'n'Jf'Jf'URO'UC') 't11Juty'Hlfll'l'liJ1lllftlfJ'U0'1l'JfO R. solani 9'1 

1.5.4 Nnm11io~1~9::'Ji1oilo.:ift'uun::m~ilty1111 if fl~J.Jlfl'Mfl'l' m~tJQfli1'1fLff'l''M! ft9~ 
tJ1::a-uilty1111~01011 l1m1mti1 lflmti11Rofl~1llfl'Mfl'l'mff1m1ofi11uum1Nafl~fJ'i1mTtH 
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, 'JI l .. ~ !it 'JI J , 'J/<U ' .,; .,; 2 ., ' .... 'Jft.h:: fJ'lfU'i'l1fJ91'UltN un::llJ'U'U6\jll't'f'UJl'U 'HfltJ1f'U1fJ'1l'U1'11flfJ1'U6'1fltJflUff'1UY'i11 
' .,, 

fll'i lfl'l!l9t'i1l11t.11NfJU'Wlll ftlfl1!191'i m1.Wo-llo'1ft'U fll'it.u'1'ri1n1fJ'U6'11416 R. solani 1~ 
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. 
""' tJYIYI 2 

... ... 
2.1 ll'U1fl~lltl'Y{I 

511 " ... "d " : .., " ,, tCJl'a~ latrff1JllJ1.Jt1.:iflth::mm'llt1.:iff'lr1h::m1w 35-50 tt1t111"11'1.JA'llt1.:itJ1111.Jm"ll'aamH 

1 1 "" "" .. "" . .., 511 .k d511 
~m"ll'a~ aft'1J monomer lfft1.:i'Jf1.J~l~ll1Atlfl1.JllJ1.Jft'lllAH (homopolymer ) "11'.:i monomer l'lllJ1.J 

fl~ lflft'U~a:: l1JmQa'1::t~t11J~t1ii'tJ~1t1itJ1i:: f3-1,4-glucosidic ua::mimh~1J 180° ii'un~ lflff 

l1JmQa'ti'H1fiu.:i ~.:ifi1111'uli''11.:iuft'111u1uut1u~11u.:icii'1., ii'tJ ti'ltJ lniimt11'llt1.:i1"11'a~ 1 aft' titi 

cellobiose <J3- t,4-D-glucosyl-D-glucose) lll'l1.J~'1::11'11.J glucose l1.Jil'1~U1.J i~iim1~1111.Jfl 

t"ll'a~ 1 aft't1t1m1'1tJ nij1J t'iit1.:i'11nitJuuuitJ1i:: is 1~11'11.J~tidfo l1JmQa'llt1.:i1"ll'a~ 1 aft'iifl1l1J 
,, 

' "' "' A 1 " -s ., .. ., "' 1 llAflAHfll.J flt) a-form ua:: ,..,-form l"ll'a~ aft'Qflft'11.:i'll1.J L1.J1i111J'Jf1A L1.Jafl'tlW::'llt1.:i 1Jlt1Qa 

d 1 ,, 1 1 "" .., 511 1 4 1 ,,: "" • l~t11 ~utJ1::1J1wua1 30 1Jlt1Qa 'llt1.:i1'Jfa~ aft' '1::1Jfl11111Jfl1.JllJ1.J 1Jlt1fJftl'I 11tlJ'lltl twm1 

cl- QI G.1 1 ~ I d, 1'1 4CI t I QI 

protofibrils 'lr.:i'1::'11Jfl1.Jll1.J1.J'11.Jflalmu1.J111.J1lll'I 11ty'll1.J !Wfl11 microfibrils ua::mn11Jfl~1Jfl1.J 

'llti.:i microfibrils t1'1tJ11u1u'\11qj~1.J tnf i'nii'tJ~1111'1tJ1tftJ1t1'llt1.:i1'JfaQ lair (fllff~ 1) 

la) Cefubm tibln 

fllff~ 1 t1.:ifi'tJ1::nt11J'llt1.:i1'lra~ laft' 

~1Jl : http://www.abcbodybuilding.com 
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l'b'ft\11 mYiit111111'1t111!1dtN\lltl l flH1Yf1-i~1rl1.1 crystalline mo11.1 l11mf!ftllft:1:1111.:i 

l 11mt}ft'UtN1•ft\11 mrn:~ot11.1R1oi1.11i: ,., 1 ~1191.1 cit.:i'ri1l'If1n~nn"Mw:~ilifi~11q1.1 11joifoni'11 

tl'UllU'U'Utl.i microfibrils nni'~1;fl.:ii1'Utl.:Jl'lfftQ lft1Y\l:1rl1.1 it1l1.1iim11-i1~fl'Jtl'U (parallel) 1m: 

i'11t11.1orh-i111l1.1111.11 11~l1.1n111'tniuf1.11o'Utl.:Jl'b'ft\11ft1YiliiRog11.11tl'Ut:i.:J crystalline 1-ftfl.:iori1.:i 

4 IQI .et. 4' IQI QI ~1 !JI ... I 1" 
l~fJ'J 1191tl91'11tll'iltl~'Utl.i crystalline \l:'U1.1tlatltJ1YlfJ1'f'U1j ~fJl:ll crystalline ltl~111tl\l:1Y.:iNft 'H 

l'lfft\'] 1ft1Yiit11111't'l'U'nl'U~tltl n no fJ1YftlfJR1 m'li1.1 t11.1 

-W'lfri11.1111qj1.1on91niio.:itl'tl1:notJ'Utl.:J1CJtft\'] l ft1Y11n1 o .:ifi't.11: no11111in~ 1'1tl'ty6 ti'lfii~ 
.. ,!JI ' .... 4 ~ ... 1 !JI ~ d 1 ""' ... ?I 'H'U.:J ~llltl hemicellulose CJf.:J11fl1111 ri lfltl!111tl 'Ufll'Ul1'f11fl111111'U.:JllH 'HtltJ1'f'lfllft:11J'U 

l flH1Yf 1.:i~od1011~1•ft\1 l ft1Y 'li1oilo.:it11.11•ft\11 ft1Yiul'lf gnriorJ1YftlrJR10101.1 i.111i~10 
hemicellulose tl1:tltltJR'JfJ lwii111oi''Ut:i.:J i'b'llft'U (xylan) 1m:1111'Ull'U'U (mannan) l~oi•1m1.1ii 

.. _. ... ... 1 ..; 4 "'ti ... ... 
t:i.iflu'i:tltltJ'Hfttlfltl D-xylose lift: D-arabinose 'U'Utu:'t11111'Ull'U'U11tl-ifl 'i:tltltJ'Hfttl fltl D-

"'tl ... ..., .. 1,,, glucose, D-galactose lift: D-mannose tl.:Jfl 'i:tltltJ'Hfttl'UtH hemicellulose fltl Cb'llft'U Cb'.:J \I 11 

,,: d -.,,J ' .. ... , ... 
l'Utlll'U.:Jllft: 11111.ltltltl'U fHflU'i:tltltJ'Hfttl'Utl.:J 'lfllft'U fltl 4-0-methyl-D-glucoronic acid, L-

arabinose 'Hjtl acetyl groups 11.1'Utu:~i•11ft'U~1'ftJl1.111t'Q'111ft:itl!1"'lf~h.:i~iitNAU'i:tltltJ'HOtl 
tltl L-arabinose l~rJtl.:JAU'i:tltltJ'HOtll'Hftl;f \l:1rJ1.111tj11'rl'U~ 'Hjtl ll'U'U.:J~llfJtltltltl111\lltl1YlfJ 

.,, . 
'HOtl'Utl.i D-xylose 'Utltl\lltiiiwui1 i'b'llft'Uo.i1rio11~0R1fJit11i: l fl'Jllft'U9i't111iinii1.1 (lignin) R'JfJ 

1~rJiitiii1.11rl1.10.:itl'tl1:tltltJ'Utl-iTi'lfiitli111wog1:1111-i 5 n.:i 30 1tloi'1~91' 1~0J111tl'n111".:i'Utl.:J 
-W'lf ii nii 1.1 iifl11111'1t111!111tl~tltlniiY191'Utl.:J1"'1f 1do.:i.i 1niii1.11i:~11~-im .:i'li101~11f11111fl.:ii1 

l 'JI ... .M ... 1 ' ... 4o' 4 
'Utl.:J flH1Y'iH11'1f utHtl'U hemicellulose 1m: l'b'ft\1 ft1Y \lltltl1'1\}tlfJtlfJ1YftlfJ\lltl~ft'U'rl'ifJ 1m:11 

ri11.1 ffltltl!'li1 rJi10.:it11.1 Tt'lf\lltlll ff .:Jtlft91'11h1 tllft91 1rJ1.11YU~l'Utl'4 2Jfttl1Y'i: tJW 1Y11Ui'Uo~ii nii 'U . .,, 
tio 1i11.11Yn 11.1 ntj11 aromatic 1rl1.11Y1rJ l wii111oi'ii iuft:ftlrJii 1 fllfJ 11.1 l wii111oi'"Uo.:iiinii1.1iii1.11i: 

~1191n~1.:it11.11~011t11.1og111111tj11mh-iU'orJ 10 'lfii~ (mw~ 2) cit.:i lflH1Yf1.:i~wcfo1.1 iiJ111tl'n 

1111ftf)ft111tl (100 kDa) llft: iliiii1.11i:~1Yl1IUflOtlfJ1YftlfJ ,A u.:iti1 hfiinii1.1 ,li1Yl11Ufll;j'l~l'b'ftft 

'U o .:i ~ ii1.1'";61 i i .:iJ 1.1 nu no o1Y ft 1rJ't11.iy1 mw'U o .:iii nii 1.19" o-i1n~41.1, 1nn,m111'U o .:i 101.1 i cru'~ 
.,, 

gntlrit:ifJtltltl1111jfllfJ'Utltll'b'ftft (extracellular enzyme) 1ii1tl'1.1 



mVf~ 2 lflHfffwumiinuu 

~111 : www.ibwf.de/ibwf _mainframe_ q.htm 

.C\ .. Jci ' "' 4 .: .. ' 2.1.2 1DUfl1DfltTUl11tlD8DD'DU.11iJ~l11i.1tl'fH 1unq1.1 lignocellulose 

.I 
2.1.2.1 l'lf811 

7 

.l ' , ., ' 
l'Jftl'Jlff1'U 'Hty 'Ufltl11 Ascomycetes, Deuteromycetes mt:: Basidiomycetes 

ffl11l'J offf Hltl'U, 'lfJJ~fflfltytltlfl111l~tlBtlfJfffnfJ1ff~ lu fl~11 lignocellulose 14't:i 'Jl~::n:iitytJ'U 
... .c1 ,, ' .. _, , .. _, d... .._, ,,, 

;u1 f1Vf 'Jffl91lmm111 a:: fJtlfJffa lfJtl~fl u'J:: fltltJ "tl ~flu 1:: fltl tJ'H'U ~'H 1 tl'H fnfJtl ~flu 1:: fltltJ'lltl~ 11 

l ?tfJm1t.lnt:imt:iu i "Jfu~ut:ifJua1m;ua\'l l afft:it:it1111mfJut:imo11., 1"Jfaft° 1ilu ff1t'H'.)'fi1l1f1il?tfl 1111 
,, ' ,, ' g ' ' ... ,,, ........ ,,,... ...., 

1·cifJ'HlfJ9IH'"J9IOl'UO 11 (soft rot, brown rot 11a:: white rot) (tllVf'YI 3) l'JfOHYl'Yll 'Hlfl?lfll'JFfrH u 

.. _, ... ... , ' "1 , .d ., .: , ,, ' it.l'llO~ soft-rot 11a:: brown-rot ~::11u'J::ff'Y11ifl1Vf Ufll'JfJOfJfffllfJfll'J 1J Bl?l'J91'YIDg umo 1J 1191 

I SI - ·~ .Q .Q 0 GI' 4 I , I ., t fll'JfJOfJfl'fllfJ~::~fl~lflflfl1fJ1J'J1JlW'llO~flflUU ffl'H'JtJ white-rot fungi 'lf~fl'1U 'Htyog UfltllJ 
d ..; ' .. _. ... ,p 

Basidiomycetes "Jf~ffllJl'JQ'Yl~::fJOfJfffllllfJflO~flu'J::flOtJ'llO~'t'f'Jf '1 



(a) (b) (c) 

' " . " .. .... "' , '144 4 
.fll't'tfl 3 fll'HfW'I a) soft rot b) brown rot c) white rot 'lltHl1Hl 1J1'11Jffll'H'l'1lfll"lf6'11 . .. 
fllJl : http://webs.wichita.edu/mschneegurt/bioll 03/lecture21/lecture21.html 

2.t.2.2 nuflYit1u 
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• 

d 4 ' o' , ~ ,,,, .4 .cl QI A. 
ll1Jflfll'l'tltl6tlffflll16..:lfl1.h::fl61J'll6..:I 1J lfl"lfl1Jlfll1J6lfltl1Jfl1Jl"lf6'J'l 

.oi 
l'U6..:1'1lfl'lllfl 

l I 1 ,, 4 QI " .id.ct A ' " I 

fl111Jffl1Jl'l'tl 'Ufll'l'llfllflNl'U flHffH:J'll6..:l't't"lf un::t1..:IA6..:lfll'l'ff.fll1::1'11Jfl111J"lf'Ufl6'U'lll.:Jff.:j llA .. 
6-:i nm'l' fin111vtu11nuut1n11om..:in~11m111'1 uuooffnwiiniiu i~ 1 flt111 ut1n11 o~vtu l u rumen 

'll6.:JffA1°1rlun~1111nn~ti1fitylum'l'ut>t1ffmm1'ulu'llt>.:Jn"lf t'lfu ~1.iff Ruminococ~ sp., 
5'f j/ 4 d 1 ,la, , cfd I 1 .. 

Clostridium sp. Ufl:: Fibrobacter sp. llJ'UA'U ll1JflfllWl'Hfll'U1Jl6'U 'lf1Jflffl1Jl'HlU6UfffllU 't'tfl 

!'Ill !"!,, I " ..; .. .. , •• I "1 l" .d ,..; .. 
ll'lftlfll'l' &'l'fl 1f16UHff1l'JJ'l'W un::ffl1Jl'l'tl1'1'1::'11Jfl1J nl1J6'1 fltl 'If cellulosome 'lf..:16~1'1N1'116.:J 

" ,/ 4 l I .. 1 l I d4 
l'lfflfl l"lf6 unq11 actinomycetes 1Jl..:l"lf'Ufl fltlnl't'tl:: 'Ufltl1J'll6.:J Streptomyces sp. fl1J 

" " l I QI 419 ~ l I ,,, I QI QI .:I d 4 
tl111Jffl1Jl'l'tl 'UfllW6UffflllJ1ff~l'Hfl6m 'Ufl"J11 lignocellulose fllWfl'U un::u..:i11mrnmrn"lf6 

. " .cl4 I 4 j/ 1 QI 1 4 ~ 4 4.:1 l I 4 
ll1JtlfllWfltl1J6'Ufl1tll"lf'Ufl'U flU1Jfll'l'nflllll'lf6ll1JtlfllW 'Ufltl1J Rhizobium spp. tl6 Rhizobium 

4 tJ I t/4, : .ct .d ,, QI , ,/ 

leguminosarum bv. trifolii 'lf.:Jfl'1::1J1'Ufll'l'1Jfllfll'lll\ll'lfflfl't'tW'U 1Jtl111JlflU1'116.:Jfl1Jl6'U 'lf1J 

1 . , ,, QI ti 4 .Q ' QI 

l'lffl\lmff fltll'lffl\llflff11::1'11 'HN'U..:il'lfflfl'll6..:l't't'lf1J'l'l1W'll'U'l'lfl (root hair) 66'UA1fl..:I un:: 

.ct.ct 'A,, ""' o'A.,,, .d .QQl~l"" I , " 
U1Jtl1'11Wffl1Jl'Hlllfl'l'flNl'UW6'111Jl"Jtflfll'lll\llCJfflfl't't"lf fl "Jt..:1'1lflNflfll11'1U"lf 'ttl'tt'U1ll6'1..1 'lf1J 

.cl I ,, I " 4 A .Q 4t/ 

l'lffl\llflff1J1J1'11Jl1'1A6fll'l'1Jfllfll'lll\ll'lfflfl'll6..:l't't'll' 1f1Ul'lf6~fl'Ufl'l'U (Chen et al., 2004: 111) 
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,, . . 
ii1;ftJ ~iiu"n; 6t iu 11.1111n111oii1n i11tY11111oii v::: fff 1.:t1tJ1.1 ictfuii ff111 no otJofffl io 

I 9' t I 

tctfflQ 1 fl ff,~ u~ii1Yio.:t iun'Jfii~1'ri1ir uiiv:::ff111nofff 1.:t1tJt1 i.uiit11r!t1tJtJn111d1Hi'uotJofffl10 

lctfflQ 1 fl ff ,~tlOHff111JlW' flUOtlfJfffllfJlctfflQ 1 flff1t1nl1l'Jfl~lfl~VlflflUll .:ttJi}mo1~1fJ 
"I _...; 1! ,l "" .-so' .I ' o' 

ltltl 1CJf1l'nff1l.:JVlfll'Jftl~fltl'nlflllfl:::ufltlfltlfl1JlfllfltltlfllCJfflfl 1'1ft1 cellobiohydrolases, 

endoglucanases llfl::: J3-glucosidases l~flNflVlflflUOtlflfffllflV:::,~ glucose llfl::: cellodextrins 

xylotriose llfl::: xylose 

2.1.3.3 anilY Oignin) 

ltltl,CJfU~l~fl1"1tl.:tfttJflUfftllfJ lignin i~uri peroxidases, laccases, llfl::: HP2-producing 

oxidases l~fJltltl,CJfU peroxidases llfl::: laccases ~tltl phenol oxidase fll'iOtlflfffllfliifliit1i1n 

\II o' t .Q ,..1-=r.~ J f 1'I I 0 .::I .d ~ ,..IA.~ ~ O I 

ltltl 1CJf1ltltllfl~ul)fllfll'\ltltlfll.:t 11JVll'Wl::: llfl:::11~~'nlfl~ul)fllfll oxidation '\l'U'Htllflfllll'H'IHfll .:t 

uinw 1 tlHfff H'lltJn.:tu'H1t1tJ::: 11111~n ufl:::i1.111:::mnlt1 l11mtJfl'tltJ.:tiinii1.1 tJi}mo1m1otJfl 

fffllfl l~flltltl iCJfuV:::tl""lflfttJflUOtlflfftllflffU1'Ufltj11 phenol (phenolic compound) ~n::: 
ritJ11ftil~ phenoxy radicals 1t1'llW:::~ non-phenolic compounds V:::t)fltltlflci1~CJ111ftJg11.11u'\ltl.:t 

cation radicals 
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_ ....... 
2.1.4 '1'111J{)'lrl'UZ 

ffnt1iFilt1:: (antibiotic) 1rl1.1ffn~ 1~~nflkiiiii1~ 1'Ufltj:U~ft'U'l'll6 1 ~u11rlt1NtlNft~'1lfl 
,, . . 

m::tJ'J'U fll'i 11J~ltJ8 ftCJf:U undiNn 1 'U fll'i fltJ fl-3'tf 1 tlti ltllfl~ft'U'l'Jl 6'Jfii Y16t11iit:11~1.1tli111tu 

lgflU't:1mi11if 1.1 ffntlg;h1.1::iY11rlt1ffU1JiflQ" (secondary metabolites) tlturl1.1ff11~11i~11rJ1.19it:1 
fll'i 1tiqJ1iu 1 ~'tf ;t:11~t:1 fll'i ff' .:J1ttn::if ff11~~11rl1.19il-3C') u 9i ffntlij;11.1::t:11'1iitJ'l'ltJl'l'l 1 u fll'i 

II tU.:J-Ut11"1t:11lf'ii;l~'itlfl1'U1i'i'i :U'lfli ~-31'U1i'i'i:U'b'lill~1ii ~ft'U'l'Jl 61'rtfl.:JtJ1'3 mj:u1ti1ii 'U~ffl:UUO 
fff 1-3 ffntlij;'J'U:: ,, fll'i fff l.:Jtl'Utlij;11.1:: '1::\l flfff 1.:Ji'U 'tf ft-3 '11fl~l4fl ~ft'U'l'Jl6ii fl 111'1lqjl~:U~ 

2 .J, "''tl,Q ' d 4 QIQlr/ mn 'lf-3 1.1ffnn::Y1'3flnn 'i1lltuffUtll'tf1n::nY1n-3t:1r.11'3nY11n11n:::um'iff::ff:uffn:uH1.1~ 

... .J ,l ... 4 ~ 4 ti..; , ,, ... ~ ..;4 .., ... ~ 
(intermediate) tJ1'3'b''Ufl'Jf-31'b'fl~tl'U'l'l'ifl'1:::Ufl'iZtJ'J'Ufll'il tlr.l'U 'tflflfl11J'UffU'l'l:Uf!tutl':UtJ~llJ'U 

ffl'itlij;11.1:: (i'i'rt'i'itU, 2545 : 7) . ~ ,, 
«nt1ij;11.1::i11,'11fl~n1.1'l'l'l6119in::w"iif!tu«:uui11.1m'it:1flfliJ'l'linun-3~n1.1'l'l'l6'b'ii" 

~u 1'11~fl9iHt11.1 11n::o-311U'11'1::1rl1.1ffn'lriiY11~n1t11.1119i1il (pathway) 11.1m'itY-3ttl'i1::1f~tJ1'1 
,, . 

11~fl9i1'3t11.1 iil'-3u1.1t-3iim'ifffl1111imwtJ'rtfl1n1:u'tf1~n1.1'l'l'l6w"9i1'3c:i 1ii11'1::1i11.111utJi11'ln n 

'tf 18 Off~ ~ff11ll'iOfff Hffl'i ti g;11.1::~'3fll'1ii fl uft''U'rttJffl'i'b'iifl, 'Hii~iif!tu ff:uui~ ~ll'rt 1::9it:1 
,, . 

fll'itiltllfl!Yfl ~ ft'U'l'll Oil fttl, RI ftf!Ntlfl'J::'l'ltJ,l'U ty'U fll'rt 1 fl'b''U lfll'i 'tf Itl' l'Ulfl'l!l~'ifl'i'i:U ,, 

t:101-3iit1'i::ttcnim'rt 11.1tJ~~i1Ph1.1111ufliir.11,iim'ifffl'l!llft't1'tfl~n1.1cn'lo~ffl1ll'iONft~ffu 
' 'JI .. • 

t1ij;11.1::t:101'3111fl111r.1 1Y1mu1't1::~n1.1'l'l'l611.1fltj1111tJtlil1.1ifocv« 1i?t:1n1mrl1.11Yt:1i11'tui,ti11tJ 

11.1 ~'U 11 n::iitJ'l'ltJ l'l'lffltltlJ 1in ::uuiirnmi1.1111.1::6otJ flfftllr.I <decomposer) ffntliji11.1::~ ffltltlJ . ,, 
iliiflUft''U'rttJ 1'1i1.1 colubricidin A. lactonamycin un:: rubiginone iiNnfttJfl-3111Jtti11'lmm'i:UtJlfl 

(Kong et al .• 1999 : 9219 ; Matsumoto et al .• 1999 : 269 ; Puder and Zeeck. 2000 : 329) ,, 
pyrronamycin Aun:: B fltJfl.:JflllltlqJ'Utl-31'1ftlft:U::l;-3,~ (Asai et al .• 2000: 66) 1rJ1.19"1.1 

.. .,.. Q,I .. 

2.1.5 U8flfl 1USlrJCIJ'1' (Actinomycetes) 
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Utlfl~l uii'fJ;tYi'.-i1rluuufliltjfJ~U'tl'uj ~ fie NU~ICJl'nft'1.ll:fl81J 11.l"'',ll'J peptidoglycan ij 

tYll muramic acid un: diaminopimelic acid (DAP) 11m chitin 1m: ICJl'fl\l lfliY tY!1~tY1.l0flf;8 lfl 
• ' ' 91 ' 

ii1~rJi11ii1fln0uil 1unn1'11'1~1;f0110fl~luii'l'J;tYiju11u111ild1titylfflll'J"'1u fie 1rlu6ti0fJtYfllfJ 
.,. "" .... ,,,.. 1 d ' .I .,. .ct d' 

CJl'lfl1't'Jl'llfl:CJl'lfltY~11'111J'tl'Ul'1 1Jlnt}fl'tl8~1f1jlflflfl~ '11'1fJfl11Jfl1J1Y1JiiJfl'tl8~1Jj:'Jl'lflj,fl'U1'llfJ . ,, ,, 
u 1timli1110fl~l u ii' fJ;tYu1~'1fii.-i tY111uo iYf 1~tYu1.l g;1u: 1"' u 8tiu1tiii1;f01 umj11110fl~l u ii'fJ 

;1Y1J1~'1fii'1 IY'U Streptomyces scabies, Streptomyces ipomoeae llfl: Nocardia asteroides 81'trlu 

tYlllf~'tltl~ 1 lf19i1~c:i 1u11'4116un:H~fl"' 

2.1.6 Rhizoctonia solani 

.... ?I .: .. ' .Ii ~ ' 'J! -• ..... 1 ... ... .. ~ .... .. ' U'111J'Ul'11'8n 1'Ufltl1J Basidiomycetes CJl'~ 11J1Y1l~1Yu8l'Hl8 fl'Ul'1fJ 1'Ul:fJ:n1J1't'U1jl11J1J ,, ,, 
1iimfffJ11'tft' un:u:tYf1~mvt1: sexual spore 11j9 basidiospore 1'ri1il'u 1unl1J'Jl'=J~1;f0 R. solani 

u:Suiu{uuu 1J.imff'mvtff~n:1.lntig 1uz1.l'V8~ sclerotia (mvt~ 4) 1iimiieutim4en 1utitju 

Basidiomycete tT111.l ~ basidiospore egmfJ1'U fruiting body '11;8 111.-i ~~1J.ihfltlH1Yfl~~i1'1 . ,, 
11 n:tY'ufltYtiuii ~u 1.-in'eu 1"' il u ,uu l:fJ:fl u1u1ty'Vtl~tlu6uiu {uuu01ff'm11ft''tl 0~1;10 

' ,, 'JI ' ' 

R. solani 1"'1.f;f01rlu Thanatephorus cucumeris 1;10 R. solani 1rlu1;10 hfli111u1"'t'h11.l1u~'U 

un:tY111utrri11'lf1il.-i1 rntiun'1f i"'lffllfJ'1fii.-i ( m11~ 5) l .-iotY111uoij;1~l0.-i0g1 u~u11;0 
,, . 

11101n8'V8~-rf '1f, "'1rlu11f1llffllfJU 1.-i fJflU tYf 1~ 1 flj ~fff l~'U'U 1'11g fl'tl'U 1.-i1tf u Nl'U tj'U nflfll~ 

1.ll:mw 1-3 ilnn111~l ihl1~1nuuil~~1 (sclerotia) 1'1iu R. solani ~th11f1il.-i ln11u,i'n1Y11Jlltl 

i~u1i118~ 1.-ifJflllffi'l~ sclerotia ~ij1fl01f11"'1'U'U8fl~l'HUfJ1th11fiY11Jllflfl8fJ11.l~111 ,, ,, ,, 
fll:utYti1 un:ij;1~egl8'11uu1i"' 'UtlflUlflU R. solani 8~tY11Jlltlij;1~l8'11"1u11.l'tl0~1tfu1fJ 

l .-ifJn'1&fll:tiutYufiu11j6~0d1 'U~'Ufln'1ntiuvt1tl saprophytes ( ,nu11j61 utitj11600ntYfllfJ) , 'U 

tYn11:111.-in'011~111m:tY1J sclerotia 11j9 mycelium 1Yl1JUtl~u:~tlfl88fllrlu1tfu1o (hyphae) ~ 
1Yl1JUtll,i'1'f11fllfJNflNn~80l~ ti1'1~'U11~ 1if\ 'Ul'lfl19i81Jl 
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. " ... "" fll'W'l'l 4 sclerotia 'UfNl'tftl Rhizoctonia spp. 

d 
'l'l111: http://www.apsnet.org 

. . " 
.ct .. .ct 0 1 "" fll'W'l'l 5 'W'tf'l'IQfl't11ll1fJ Ytfll'tftl Rhizoctonia spp . . ... . 

'l'l111: http://www.v1arural.com 

aitJniutiu-R'tfi~""n11m::~uv1nffu1tluWYt1f-d~~unt.lritJfJtJtJn111 lYtm•nniutJ~ 
n~ ri1ft'~av~ t:y 1f; tJ u1nun1 -W~ ri1ft'~ \l notloffn 10 m::u1u m11.tJ 1iu tiun'tf1~u9"u 1Ytmllu1" 

-'! ,. I QI QI QI ... :JI 4 QI QI ,l ... d.. :JI 4 .,. 
u::1in ufflJNfffl1JN1M1UUtlfl'Utl~'ft'tf 1fll~U1flfl1'1{11Jl'tftl'i1U::lU'ity't'IN1M1UUtlfl'Utl~'ft'ti'Ull::lflYt 

arluff1l1f~'Utl~ ln1 lYtfJflUfff1~ ltlHfffl~oftlffll (appresorium 'H;tl infection cushion) ~ff11ll'ifl 
-'! • """ • 1 ,, ".. .. ,_'./! .: ... QI • ,_, 

U'n'ifllill\ll'lfllll'W'tf un::'nl 1fffUtl11fUtltlfl111'11fll'Jfllll'ft'lfl'fttl lfl'tftl'illU'itlJUO::'ft~Ul,.tl 1J 

... .: .... .d 2 QI 1! , " ... ..i '. " ., flU~Ytl'tftl1lff1UlflfJ1'116~fl1Jfl1'iffl1~16U 'JflJlftnfJWYt'Jf~U::'tf1fJfJ6fJfffl1fJ6~tl1.J'i::fl61.J'U6~NU~ 
.,... QI d .l ,:JI 0 """ :JI ,1/ 1 QI 

l'Jfflfll't'tf (cellulose, cutin un:: pectin) lflN'11fl'l'll'tftl'i1 M'l'l1l11fJl'Jfftft'ft'tfUn1 lnU fJfJ~ff1111HI 
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1Yll1Trn~t::rnity~81tluu1if 91~8'U8'1W'lrii~11:1un'1~'1tlflit::8~1u1tl'U8'1 sclerotia ua::1i1nn1 

;1~ 1"Hiiad8ihmrl'1m'Hn1"Hii~m111::tY11~81t1 

2.1. 7 ~UY'l.fll'rt (biofertilizers) 

fl U Nft~~fJ;'l fll'rtl\481f1'UflU1i11 Nf1Nft~'nl'1flU I fl1!1 ~l, ~f tJ fl UiWl'U 18 fi1~~81d 8'1 

Ulfl 1'U8ft~~flU1f~fl;'lfll'rtl~8Ul:: l fJ'lf'U1 'U~l'UflllUftJUl '11tlH1Yf1'1'U8'1~'UUi\'1 Ulflflll 

fffl1!111i'o8n1'1~81d8'1n'1Ytu11m1lf~o;1mYtn'111't11: lfl'lftl1u~1u~u~iit11: lfl'lftl~8mnh 
~ l ' ... ... ... " ... .. ,, ., _ ... -1 1 

I fl1!1 ~l flllll9'1'lfJIW tiu "fJ'rttJ'llll 1f1'U'rll fJ1f f1lfJ'lf'UrllflfJ'l'U8'1fltJ m:tJ'l'UflU 11Jf1fJ'UU1Jt'1'1 'U 

.ti ... 4 ... ... " .... ... ' • - • ... ... " .. 1:: 'H 1 H flu NH~ 1-l fl'lf'l fl Trt • '11 a 'U'rll fl'U 1'1'1f'U rllltY'l 'U 'lf'l r.itn u~ llul :'lflfll'U8'11aiiti1 fJ'rl 

ti811'1ilri l 1tl~8W'lf 1~1rlu8Vl'1ft ~'1~tu tY11,j'ifi'1flrlnil81rlwG'81~1mou111flfl11m11filn1tlii 

8Vl'1lllfl 1d8'1Vlfl'li1r.1t11:'Hnri9"i11J'U 1uu~flU 1 ftYUltlUtl'ltJ~ll l ltl U~8Vl'11l~~lllflUNft~~fJ ,, 
;-;i fl,,, 11'ii1il~8l'HU1-W fl'1l't8~8tn i119"8'1 fl1l'U8'1W'lfU'U0'19"8'1U flUffflll 1~81 t1 

.. 
... u ... ... J!. 

2.2 '11'1..1111rJ'rllflrJ'l'U8'1 

,, 
fl1lfffl1!1 lfl u Nft~ltJ'U 1•lf u lfllYtJU8flil ii iloCitYii tiu 80l'1Ul'tl1f f1lfJ 

,, ' . ,, 
IY81ii u"n'i 6i1111fl 1 'U~'U ua:ii~w tY11uitY111uotYf 1'118'U 1w1 ~ft u lfl m1i11"78Yi''1flrl111i1utf1u 

4 1f. 1 ... " l QI .QQI d. QI ' ,,: .Q 

'H'U'1'UtJ'1i:;ifJtJfJ1Yf1lfJ (decomposer) 'Ul::'UtJ'Ul'ltn.I rlfJ'Ufl'ltfJlltl'lllltllrl1f'l'111U:'rttJl'lftJU8fl~ 

l uitfJCitY~Ufl'llll1YlllUtlNft~l8'U i.Jfa'Jft'1t)lf11Y,~\l'1 l~tJ1il 1t11 ft11: l fJ'lf'U1 'U~l'U~l'1'1 

l . ., ... . .. ... l ~ "- 1 4 1 . fl fJHl 'rt l:flUflltrl'U8'111YfJ~ 1'1'"J'rllll'Jff1t) f11Yl1J'U 8.:lflul:: fltJ'lJClf '1'rttJlllfl 'U flll'rlll fl1!1 ~lflllll . ,, 
'ri1 lafl Amira am:flw: (1989) 1~'ri1m1fffl1!ll1flt"7811t1fliiliailoCitYu1fl~'U1.h::1T1fftli'fl'ntJll 
.l "'" ,... ... l'lftJ Streptomycetes 1YlfJ'rt'U1j AT7 1Yll1Uil1Yfl'1 cellulase ~fl (Amira et al., 1989 : 109) ua::ll 

ti I 'JI I 

"u ff fl1!11tl1:'1f1m'Ue'11Yt111t1t1iil ii ii r.1CitYu1mmrl.:i~uilt11::mtir8u1fto ua:: iii Ytu111 ii Yliail 
I 9/ 'JI 'JI I 

1 no1tium11no.:iti~1'u::Ttm"1t111t1t1il uiloCitY1 ~111flu a::Ttu1 i1"1eu t1t1iil uiifJCitYiluofl 1 ~111'1 

moiia{tY111notYf1'1tYntlg;1ii::ua::tYu9"1i111::1~.:i~'Hlfllfl 1~ 'UtJflU1fldu1.:atY1oii1{6'1 

1YlllUtlNft~ltJ'U1'1flf~d1tTtylufln1i11111f1uti~1Yl1fflllll1~ (Balagurunathan et al., 1996: 89) ,, 
Crawford ua::tlw:: (1993) 1~'rilfl1lllfJfllY8UtJtlil 'UilfJCitYUlfl~'U'Ull'lW ltJtJ'"JllflYl'lf . ,, . 

A .Q. cl QI.cit., ~ 14 411"'"'1 
(rhizosphere) llf1::Ulflrl'UtJll'ltutJ'U Uf1::fffl1!1l~tll1YlltJ~ 'Uflllftl'U'nl'U~tJl'lftJll'rlfltJ 'Hlflrl lft ,, ,, 
'UtJ'1nflYl'lf Ytu11tY111uouom"7euet1iiluiloCitY1~'Ha1o'lfiiri lrioii1"7t111tJt1iiluilnCimhu1u 5 



14 

" 
,tl ictnft9l ffllll'Hl~lU1'll'Ufll'HUltll'Utl~l;ftl Pythium ultimum ,~~JJlflUlflflU1'1flfftl1.J1.JUtll'HU . ... 

cornmeal agar (Crawford et al., 1993 : 3899) Yuan llft::: Crawford (1995) i~fffllllflU1.f11tJfli 
" . " 

i uilv•n-1unufl11.Jfllll;ftlniiritJ 1if1nfl i l"fl lunn-ft'tl' 'Vt1.J111;ftl Streptomyces lydicus 

" WYEC108ffl111Hlfffl~ffll"~lU1'11Ul;ftll"l Pythium ultimum 'Hltl Rhizoctonia solani ,~(Yuan 
" " .cl .. ' 4 QI 

and Crawford, 1995: 3119) UtlflUlflUUlflfll'Jfffllll'Vt1.Jlll'tl'tl Streptomyces lydicus WYEC108 ti~ 

iit111i'Wft~tlflll"l~1Jfll'JlftflU1Jl"lfl'Utl~~1 (pea) ~~1rluHft~~tlfllnhlflll9ll"fl'Jl"1J (Tokala et al., 

2002 : 2161) Chung llft:::fltu::: (1999) i~fl'U'l't1.Jlltlfliiuii't1;fffflt1iu'(l11ii tltl Kitasatospora 

d ,2 A .. A 'JI .: "'"" QIA 2 ,2 
cheerisanensis 1'111tlfl MUlflflU'1f~ffl1JTJOHft9lffl'J9llUl'tl'tll"l1'11JfJWffJJ1.J9lflnlfJ bafilomycin M 

(Chung et al., 1999 : 753) llft:::Ulflfll'Jfffllll'Utl~ Chamberlain 1m::: Crawford (2000) 'W1.J11 

, Y.,,: .. ... , " 1 ffllJTJO 'IJl'ti'tl Streptomycetes CIJf-llfflJJTJOHft9lltlU CIJfJJ cellulase, xylanase lift::: peroxidase UflU 

" fl11.JfJ11Ul":::'tl'lfl'J'Utl~l;ftlni~ (Chamberlain and Crawford, 2000 : 550) 
" . 

Lee lift::: Hwang (2002) i~ihml"fffllllflll1J'Hftlfl'HftlfJ'Utl~l;ftl11tJflii uilv;n-iifff l~ 
" . 

n-u~1u1;ltJnu1n1111ri~~u 'W1.J11mnn11 50 1t.ltJf1~u,'UtJ~lltlfliiuiJo;n-ii11r.1n 1~u1m111ri~~u 

ihu 1 my 1rn::: iflftU1'l:::lftffl1.J VfltJd1umi1J Streptomyces 1rn:::11tJflii uiJ8;ffiluon 1~n-111uo 
'JI ,,: 1 . 
9llU1'11Ul'tl'tll"l Uflt]lJ Alternalia mali, Colletotrichum gloeosporioides, Fusarium oxysporum f.sp. 

.. 1 ... .. 't.I .... , .! QI cucumerinum lift::: Rhizoctonia solani '1f~'l't1.J UflU'Utl~ ll" t)fl'Wl"fl 1'18 UtlflUlflU8~fflJJTJO 

'JI • .: 
9llU1'11U9ltll'tl'tl Magnaporthe grisea lift::: Phytophthora capsici (Lee and Hwang, 2002 : 407) 

" . " u tJ nu im;ltJutJflii u ii o;n-iiuon 1~u1n~u11~16~iinufinll1fl'u H11;ltJ11tJAii uiJ8;ff 
' ' ,, ' 

Ulflll'Hri~nl1J'tl'li8u1itJ1l1m lfth::: i fJ'tl'Ui U~lUflUft11.JfJ111YtJniiritJ 1if1nfl in1i'tl'~H'l 1 '18 

Cao lift:::fltu::: (2004) i~111nu11omtiu ifl 1wiftuntju Streptomyces u1nnn11:::1.UtJ1'Ylff1fttJ 

QI ... , ~ 'JI .: ... """' ' .Id o' ,,: 
9}j'J{lfftJ1.J'HlfJW ff1J1.J9l UflUffll~ffU9llU'YllUl'tl'tJ~ftU'Yll"8 'l't1.J11 41 IUtJWlfU9l'Utl~l'tl'tl 

d ~ 'JI ,,: ,2 ... .: 0 o' o'd 
Streptomyces 'Yl'l't1.Jffl1JUOff1HffU9llU1'llUl'tl'tll"l M 1m:::JJl'tl'tlUlUlU 32 1UtlWlfU9l'Ylffl1JUO 

" ~11.l'YllU~tJIYtJ R. solani ,~ (Cao et al., 2004 : 425) llft::: Taechowisan lift:::fttu::: (2005) i~fffllll 

flll"fff Hmn1ioonu1n 148 Str~ptomyces aureofaciens CMUAc 130 ~~1rlu1tJu lfl iw,ituon i~ 
" Ulfll"lfl'Utl~ Zingiber officinale Rose. (Zingiberaceae) 'l't1.J111Ytl Streptomyces aureofaciens 

2 • .. 
CMUAc130 fflJJUO"lU1'11U9ltJ Colletotrichum musae lift::: Fusarium oxysporum 'lf-llffll'H~'Utl~ 

1 n1 anthracnose 1und'10 1m::: i n-1 lm~o1 lu,i'11n-1n ~~n-uiii~nrin fltl 5, 7-dimethoxy-4-p

methoxylphenylcoumarin and 1m::: 5,7-dimethoxy-4-phenylcoumarin ~~ilti1rlunufl'uwmrlu 
" ftl~lll"fl (Taechowisan et al., 2005 : 1691) 
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'JI ' " ' 

fll1Nft9t~fJ;'Jfll,, lP1fJm11l11;fti~nu'r!j6ii1i1utJi]i1nii'~tH;ftJ l1t11-ft111il11tJ1u~fJ;'Jfll'rt 

A';w 1 Aifoufimfltiu111u1uun'1 u~nuil 111.11'111.11:1 fJ'Jftlf1-rnd1u1~~1tiP11iiu'rtl'HfllfJ un:fl~ 

~llftl:~tJflUiltJ~H'U~ft'U'nj61'WfJ~ 1ii~WPllfil,f 'U~Nl'UJJ1UflUfffllllfll1Ul Trichoderma viride 
,, J ..k !ii ,, J t 

Ufl: T. harzianum l'lllJJltl11.Jf'JlJl'Jftl R. solani ll!f~llJ'Ufl'll'H~'lltl~ htl 1'U'Ul1 lPlfJl'Jftl T. viride 'YI~ 
QI ~ '"' , ~ ..k -'! i~ I ' ~~I QI ~ ,l 

fl'tl~fl'lfJ'rt'U1jfl'lJJltlNfl9tltl'U CJfJJ chitinase •~v:1,n ufJtlfJtl~tlul:fltJ1.J'lltl~N1Hlll!fflfl'lltl~l'Jftl R. ,, 
solani un:rJ1.JfJ~flUtviqJ1A un:o~UflllUl Aspergillus, Gliocladium, Paecilomyces, ,, ,, 
Trichoderma un: Bacillus spp. 1if1111ilti~H'UflUiiP11oitJ R. solani ,A ffl'Hi'tJflU 1'1/1;ftJUtJtliil 'U . ,, 
Jj' r.1imif 11111 '1/11JJtitJtiu Nft9t~n;1 m11thn~1i1"Uiiii lfl''U 1 v 1 PlfJU m1 ff flll iil 11;ftiutitliil 'UJj'oifl' ,, 
,;; , , uotJ ofl'n1fJ'lltJ~1anv1mhfo1a fJ~n9tiiJfl 1" fJNn vitim1, ;;~ii'Uflj6~~flrl n'U tJ tiv1mi11JJ, 

'lbfJd~tJi]mn1nu8tinfl'mfJtio1~fl'JJ1J1w (mn1'U 11 i''U) un'1o~'lbfJ1'UATU'lltNm1nP1n~'U~1ii 
.. ~ QI t.: ...... ~d. 1"'"' 1 1'12" 'rt~Ul:fl'~tl Ufl:fJ1.JfJ~l'Jftl~fl'U'nlfJ'nfltl 'HlflPI ltl IMPl'JfJ (Lyndall and Kurtboke. 2004: 34) 

fllltl11.Jt)JJl4ti R. solaui ~1i1ufl'll'H~'lltl~ hfl'"'JfO~UflU1ifJ1um11f~n'U'nj6'JfiiPl~'U'l 
.. ,, ... ... .. ,Y. ..k 1'12 ... ... 

l'rttll'lllJJlt111.Jt)JJtlflJJlflJJlfJ JJflllfffl1flflU 'IJ Pse11do111011as sp. DSS73 lllf~UfJfl IMVlflPl'U1.J111W 

• CV t/fU ' ~ ' A 
161.Jllfl'lltl~ sugar beet 'rt1.J1lfl'lfJft'U1jPl~flfll1fl'lJJUtl~l'Ufll'U9ttll'Jftl Pytlii11111 11lti11111111 and 

,, . 
Rhi:octouia solaui 1A 1Plf.IV:Nft9tfl'U Amphisin tltlflJJl~l'U'rlll;ftiniiritihl'tfiPI hfl (Andersen et 

.: 2 ... ... ~~..,..... ~,, 
al.. 2003 : 3 7) 'UtlflVlflflllt111.Jt)JJl'Jftl R. solaui M1fJ~fl'U'nlfJllTI'JfJ~JJflllfffllllUl:qn911'1f . ,, 
essensial oil ii1AVlfl mustard 1if1111t111.Jt)JJl;ftl R. solaui A'JfJ \llflflllfffllllft1.J11 essensial oil \I: 

,, . 
1if 11unP109tnnu1if 11uitJti1.JtY1.Jfl'l9tl'n'lltJ~l;ftiniiriti 11"1iiP11ltl1A (Dhingra et al .• 2004 : 683) 
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' .... 
'll'n'n 3 

_g ~ "'.,. "' J ... 'IV.Pl "' .g ... 
3.1 fl11UOtu'V8U8flfl l'U3.IO'la'tlfl\.jiUlfl ll1"8 l'VllJ'U't'lllW'Vl ll lft 

,, 
3.1.1 1~ui1t:Jri1·:n.inn~1 tio J.dnifi J.dn11m J.dn1'1 v1nThi'1nar.1~n~1 h.11'tl~i~111"' . . ,, 

f!~l~~tl' un::i~111'Plfi'l!lt11 l nn l Plr.11l1\jntt~1'ii1~u itfhi1 uq~iif41u m1'111.Vouti'1un::ih1111.ill 

11fu'tf~~f!W11Qii 60 °c 1rlu11n1 24 i1 l1H 
. " " ' 3.1.2 1l1\jntt~1'iif41unnt:Jm1'tfu1Trhm1ur.1m4fo lPlr.11l1i1tJri1~ 10 ni'11 n::n101l1miu 

• 'J/ 'JI 'JI 

iif41unn'111.Vt:Jun'1 1'tlri11'tf1"11nu un::i~ii~H' 30 u1ii tJPlri1u1ntJ1111~1 1.0 iinnn~1 111'ri1 ,, .. .., ' ,'JI. .ell ' ' -4 ""6 0 fll'JltltlVHflHil:: 10 1'11 (serial ten fold dilution) 11fllfll'Jltl8Vl~tlg'1::11l1~ 10 -10 Uil::'Ul . ,, ,, 
i1tJ01~iitl11111"111"1u'1~nrl11111'ri1nu spread plate 1J'Utl111Ulnr.1~1.VtJ Actinomycete isolate agar 

(flltlN'U1fl 'ti) ,j11~f!w110ii 30 °c 1rlunn1 11'u 
,, . 

3.1.3 1l11;foutJtl~luiin'lfniitJnnnuuo111u Actinomycete isolate agar 111 streak 

1'ittJ 1..fi~14ou111fli 

4 ...... 1!. _....... .g ... ~ "' ... ... "!I..:: ... ... 
3.2 fl11ftfl'YltJWa'3.ltJflfl11a'-a Ha'l'llJ {)'VlU::'tl8.:alWU8flfl l 'U3.IDC!Ja' l1"8 l 'Vlft3.ltJ1zmtl ll l1""18~ 
:1 ..,... ' 2. .g 
-.n't'l3.lfl'Vllllftfl8fl111'll'Ufll'Ul'V8 R. solani 

,, . 
1l11;ft:Juotl~luur.1iniiuoni~v1n\jntt~1'119in::wP"1 u~:uum11nflPlfftJ1J (Hickey-

• .: 4!11.l ~ ..,,l ... ...... <JI ' 
Tresner) un:'U11'11'8 R. solani '11'~11J'Ul'll'8'1Plff8tJl'Wl:l1181lfltJl'll'8U8fl~ l'U1lfJ'1fff (1111:0:111~ ,, ,, ,, 
"18~1;fonun:1.Vouotl~luunintJ1:111w 3 1•u~111~1) un:~nvnou'tlom'tl~m1rnit11"10~1.Vo 

,, 4 ,, 
flPlttou9io1;foutJfl~luurJin 11n~v1m1n1H1u iu 3-s 1u •~1;fonY1Plttouv: iurnit11fl'l"ouflq11 ,, ,, ,, 
1;1011 tlfl~l u u oin u ff Pl~111"1t:Ju tlfl~l u u n'lfmrlu tJfii1mf 9io1;foflPl nou 

4 1!. & ~.., ... ..- ... 2. .g 
3.3 fl11ftfl'Ylfl11«-al·Uc:iJ11gmatltu'V8U8flfl L'U3.IOClJarta1i1110NDfl«l'll'll'Ufll'Ul'l8 R. solani 

r ' .., ' 
... 'I !I ... -· ... ... ' "' ... ... ~ !I ... :1 ... lft8 l'Vl1"3.llJ1=artllllftfl11D80«D1Dl~lmt8fl.:aflL'VNDfl "i&O'lllll'n ,, . ,, 

1l114fouofl~l uun'lfniin111nofff 1~nnl1'U'rll'U1;fo R so/ani 111'1Plff81Jfl1'1Nn~ 
,, . 

1ou i•u1•numn l Plnrl1m4fouotl~l uurJitt~1u1u 2 loop n~ 1uo111nff'~1fl'il:H'iiij1'1fnQ lnff 

1rluo~fi'tJ'i:nou (mf'lN'U1fl 'ti) t.11111~'1 30 iinnn~'i ,j11~f!w11oii'tfo~1rlunn1 7 1u un: 
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.. . 
~l1tlfftl1J111Ul1lltuli1~1nI~1CJ1iitnflt1lflflllfil~lU'UtNttl1.1,•u lflfJ DNS method (fllflNU1fl 

fl) 

. . 
... ' .., di .... .... • 1'1tll .... .n ... 

3.4 fl11ftfl'l!llfl11r.16r.li.Ti.Ur.11i.T~l'ttiU)tl~tl Hfl11lfl'l!lfln11.1Ufl ,, &1.lfl11Nafl -.r.1cv1.tl ,,, 
'JI ' ti "' 

3.4.1 1l11;ftiutifliluirv;ffilff1111n1Nn~ffni1ui11u1;fti R. solani 1111ti~ffl1IUtlNft~ 
.. . 

1tiu i.Jf,•nam"i~ t11fl"1f) 3 111t1flfftium108affnia1'ff~111n8ii~,.,~m1m11~1ilt1:111 it.11 "1 u .. 
flnNn~~n;hm11 lflnli11'ff~111ntiii~t11~flnm11~1 (1m111t'0'1 uflnu i1ti8u un:1uiuuif~) 111 

fln~1fl11l'88tJ1ifuif~ ~t)W11Qii 80 °c 1rlunn1 3 i1 l11~ 
.. .. 

3.4.2 1l11'ff~111ntiii~11111" 1ifn:18n" un:i.i11'ff~111n8ii~u~n:'tfUfl tJi111w 4 fli'11 1ii .. 
1u'U1'11t.l'lf11ij'Uu1" 250 iinnn~1 1i111l1t.li111~1 10 iinnn~1 t'Uo111'1"11t1uun:i.i1 it.1~1u 

.. ' ... m:tJ 'JU fl U'Ull'lff) 
.. .. . 

3.4.3 t~lfJJJH1t;ftiutifliluiJa;ff lflfJOlm;ftiu8fliluirn;ffiltt1iqJ1u8111niu18n~ 

(hickey) tigtrluncn 3 1u '1u1u 2 loop n~1u811111 NB ~iiii1uNff1l'UtJ~tltJfft~l't1U~n:'lfUfl 
tigt.li111w I %w/v u1 it.lt'UOltJUtfl~tl~t'UOl~t111111~11timti1t111 250 'i81J~tJu1il 1rlunn1 24-48 . .. .. 
i1l11~ un::fi1m101fJi11;ftin~ 1u8111uu~~u~n::'lfUfl 1ut.li111w I fl'/ov/v t'Uth11'1"11t1uun:i~ 
.. . 

ii~i1'iltiw11uiiif8~ 1rlunn111'u .. . .. 
3 .4.4 ff Hfltf)u i.U'titi flt11fl1'ff~111ntiii~iiii1;ftirniqJ8g l flmi11ffnn::n1rJuYkntif (0.1 .. .. . 

M citrate phosphate buffer pH 5.0) t.li111~1 50 iinnn~l t'Uo111'1"11t1u1rlunn1 5 u1il i~ii~i1'ii 

t)W11Qiiifti~t11unn1 30 u1il un:mtJ~ crude enzyme ~1fJfll:fllllflltl~ (whatman No. I) un: 

1l1ii1u1ff111fi1m1111in~~fl11111~118tJ 6,000 1titJ~8u1ii 1l1ii1u1ff111~nt1fftitJnt1m111'UtJ~ 
.. . 

ttJU i.Jf l flfJ'rlfliY81J111Ul111W i.i1~1nI~1CJ1iitnflt1lflflUfil~lU'UfJ~tfJU i.Jf ~1fJll DNS method 

... .... .I ' di 
3.5 fl11ftfl'l!llfl11~l'tftl,.tl~ R. solanifl6'n'mfti.'l61J 

u1tt11;ifJ1,1u1u I oo mg" 1111111:uum:f!111ii'lf1 lflfJUfliiu~1fJJ1fl~u~~1umnh 
" ' .. 

1;ftiu~1118t.l1:111w1um:u:m1~ummrlunn1 48 i1 l11~ un:i.i1t11gf101il~t:1fl it.1u'ti1u .. .. .. 
suspension 'UtNt;ffJ R. solani (t111:tnfl~ R. solani 1u8111uiu18n~1rlunn1 5 1u un:1i111l1 

I I 'J/ I 'J/ 

flnui1~1umnh&;f8u~1t.li111~1 10 iinnn~1 1.f loop 1;im;fti11hfm:t11n) un:~nt1ffti116~n 
I I I fl 

flUtt1lqJ'UtJ~o11;ifJ1 lflmmnmiifltJH1J'tfflfl11JfJ11 (01iliui~u'ti suspension 'UfJ~t;ffJ R. solani) 
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... .:t ... '.., """ ... "' .., ... 3.6 tll'lN11fl '&O'V'Jll1Yf'l'Ulfl1Jtll'l &'Vt'V8U8flfl &U3JO'l1T . . ,, 
3.6.1 1l11'9'tJ~'U'rh1::1l1m1-fNn9'~ni'lm'W t1t1 J..ltHY9'1 (il'WmYtlUtlfl~linjnqsn) tff}ji4'1f ,, 

(umm tfflj'HtYl'Hltl 1u1J1mf-11) ;itd'1mrnu i16t11.1 hrn1.fti9'nff'Jll 10 : 1 : 1 : 1 mNnu1-Ht"11 

ftll 
.ct QI' ~ Al °' 4 1 o ,l Al QI .cl 4 Cl.I .di ,,,l , 3.6.2 l9''ifJJJ'H'Jl'Jf8Utlt19' llJJfJCJfff YlfJllll'Jftllltlt19' llJJfJCJfff'rlflflltltlfl1Jlltlf.l.:J lltll'Hl'i . ,, . 

4,i:::S I QI Al .Q .c::I ,, 

l'Htn (nutrient broth) (fllflNll'Jfl 'U) 1'1JJff'JllNffJJ'Utl.:J'Jff~l'Hfttl1'1.:J1'1l'H1Jl::ffJJ Ulfl'Utl 4.3 

(1 %w/v) u1it.1t'Uo1~f!W'HQiiift1-11,1ntt11ut~1'it11J 250 'it11J9't11.11il trfu11a1 24-48 ii1 lu-11 
,, . . 

3.6.3 Ullf'Jl"78Utlfl~1uifo'iff (5% v/w) ilt9'ltJJJ11'ifl1JllfltJ.:J1ff~iliim'iNffJJl't11ftllll1"1 ,, ,, 
Ti1m'itlt)fllt11"11ift"11ft'u ua::ifl 1 rim::fftJ1J ii'Y1t.l1flm::fft11J 1 if mlu i-11ii-11 i11i1-11nuwt1t.l'i::1Jltu 

trfunm 1 1u 1Y1nti::Ti1flumium::nt1u~n'Jfl 21'1.1 1l1~ni1mTt~Nn~ iltNfffl'lfltJWffJJU~'U ,, ,, . 
fll'ifl1JO.:Ja"7t1 R. solani iltrf 'Uffla'Hjl)'Utl.:J l'.ittnmu1ltl'Uau11'Ui4'Jfi1t101-119't11t.I 

Al -· - - :I .. ' - A CV :, ti D 4 3. 7 tn 'J ftfl'l!I 111'lz1T'rln111 ft ,,tl.:J '& D'V'J 111 Ttfltltl1 'J Hl 'J&y,,tl.:J ft 'V ua zm 'lrmrmn ,,,,Tri 1a 10 ft 'V,,tl.:J 

" . t'V8 R. solan1 

m'i1'litfft1m.h::n1'limtt'Ut1-11~ni1mYtuii-11m'iT1Y1at1-11t1t1mrlu 2 't£Ylfll'iT1Y1at1-11 t1t1 

't£i'I~ 1 tJ'i::fltl1J,'JfJ~tJ'HiJfl~Nft~ ,,Ulflfll'i'l'lflfttl.:J "1t1 5 litmiltJ1Jtl~'ilff'J'U'Utl.:Jfll'i1-f 

~tJi'JfllYfUlfl''U~Ui.:J fttl 100, 200, 300 lift:: 400 nlftflfJJ9it11'i (t.llJJ1tu~tJ~aiinu1.fl'Utl1'i 
,, . 

I QI QI' I .4 .c:I I QI' 

1'1Ylfttl.:Ja1'11fl1J 3.5, 6.5, 9.5 am:: 12.5 mJJ~tl'rt'U'rl'rlflfttl.:Jl1'11fl1J 5600, 5200, 5066, 5000 ~in-11 

lCJf'U~lJJ~'i~nnilfl'u) 
. ' ' "' 

""'" 2 1.h::nt1u,1n~n'Hii'niiNn~ ,,u1nm'i1'IY11ftt1.:J't1t1 5 iiiliii'l11t"7t1ut1fl~l'UiJnqsn ,, . 
litmiltJ1Jtl~'ilff'J'U'Utl.:JflU1.f~tJi'Jfl1'WU1fli4'UiiUi.:J fttl 100, 200, 300 arn:: 400 n1anfJJ9itJ 1j . ,, . 
(t.limtu~f.liiaiinu1.ft'Uml'T1Y11fttl.:Jl'ri1nu 3.5, 6.5, 9.5 am:: 12.5 nfu9't1if'UiiT1Y1ftt1-11i'ri1ft'u 5600, 

5200, 5066, 5000 ~1'il.:Jacit'U~IJJ~l~1JJft1Yl1J) 

1l1i4'Jf'rlflfftl1J (tT1a;in1~Nl'Ufll'il'rtl::aifo11m 2 1'U) mu'ti1u suspension 'Utl·U4tl R. 
,, "' ,, ' ' 'II 

solani (lOtJ./llYtl'il 1'Utll'Hl'il'Ultlt1-11arl'U11ft1 7 1u ua::a~JJ1l1na'UilN1'Ufll'icUlaYtJU1"1a-111t.I 1 of 
' ,, ' . 

loop a;im;lt1n1ifm::u1n) ua::1l11t.latt1::1u~ni1nTniia~'inu1-rlu1Y1ii 1 arn:: 2 ua::ii1" 

fl11JflJJ tit1~u~ilihr~n 
i.:J 2 'Jfi'lfll'i'rlfllfttJ.:JTi1m11'1Y1fftl1J 3 ci1 arn::~u~1.ftuu9'a::m'i'rlflfttl.:J 1''41um1cal1t4t1 

ti4t1fti'INftfl'i::T11JUlfl~ft'UT1l6'JfiiY1tJU~'W1J1'U~'U 
'rlflfftl1J 'i::'H11.:J'fi'l1'1Ylfttl.:Jft1J'Jfflfl'J1Jt)11 
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' .... 
1JTITI 4 

ii t;/i .d 
i'l1ll1!!l'Jn!~'e:JVft'U'Ylll'lhm~ll!!'e:lfl~hn'.JtrG]}ff U'U'e:l1l11':i Actinomycetes isolate agar (flTVl'YI 6) 

,, . 
Y1u11 mm':irnwm~eiueif1~1'WiJt1G)}fflA'~1'U1'U 146 lei i'lfrn~ (~1nrVi 1) 

., 6 
.. ., 

' liil'l..!1'1.U;;eU&elAfll'l..!iJ'fJCUU (lo lCH&tlfl) fl18fJl'i~tlUfl1 

1-Jnf{m 32 

lq!nf{m 22 

"' 1-Jn11 29 

"' lln11 25 
" 

'JI 
20 llnfl1.:Jfl11 

" 
'JI 

18 llnfl 1-:ifl 11 
" 

'J1ll 146 
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.. 
:1 .., ... ' ..v. 4 

tU8~ Jdrl'Hilfl'll.fl1Ttft8fl11l'lltml'Ul'l8 R. solani ,, 
'11flfll'ifl~HYtl1Jt)tll n'JJU~fll'in'f lunnJfiy';n.1:::i1'Ufll'UIY8 htltJ'Utll'Hl'i PDA 1flfl1f 

ti tJ I tJ .. .. "'1 ... 4 4 ,:P ... ~ 1 - ' 4 l'tftl R. solani '\18.:Jl'tftllltltl~ 'UJJfl'lfn'flllflfl V'l'11flijftn'~l flfll1i dual culture method W1Jlll'tftl 

.... , ... 4. ,, .. :P ,l 
lltlfl~ 'UJJfll1fn''1l'Ul'U 6 8 qflft~ fltl B6, BIO, P16, B4, B41 un::: B15 n'lJJl'itl,.l'Ufll'UIYtl 

,, 
t1Yln'tlu1i\1Yln1if1.:J1n-'t10.:Jm16un.:J (inhibition zone) 1'ri1tiu 22, 26, 19, 20, 30 un::: 26 unii111~1 . ,, 
~i11ri1~u (flTnil 7) lflfllYtl B4llflfl1~'11flijnqm 

. ,, ,, 
mnil 7 fll'iil'U'tll'Ufll'il'1ity'tltl.:Jltfftllltltl~luun'in- 'iin' B4 ~tllYtl'il R. solani 

... J!. .g ... ~.., ......... ..v. .l 
4.3 N1lfl11flfllllfl11a'-a Hl'l1l\}taa'"11fll'l8Utltlft &'UilrJ'IMU1'Ufl1tlN1Wla'11l'll'U'rl l'Ut'Vtl R. solani 

"" IL\' .- -• ... ... ' .., 4 .: ~x..... :1 ~ 
1ws1ittTti1IJ1~m111n1wn11nsomnrnn~t"Ha8T1~"'""a" ldn .. 1n1w ,, 

'11flfll'ifffl1flfll'iNn~ltlll,11f"'tlfNltfftllltlfl~luuo'in- (B6, Bl6, B16P, B4, B41 Im::: B15) . ,, 
iln1111'ioni'1~nul11.1'f11u1;?8'flflfft>1J 

,, ,, . 
1YlfJU11tfftlUt>flii1uuo'in1111no~1 'Ut>l'HU t'Hn1ilu 

!:Ii " • ~ d ' .cl cl 
carboxymethylcellulose 11J'UfNtl1.h:::mm (fllflN'Ulfl 'ti) 1'\lfll'flflllJJl'il 250 'itl1J~tl'Ul'tl fl 

,, ,, ,, ..; 
fltll'HQijif0.:J 1i11.1nn1 7 1u 11n:::uTu11no.:Jm't'i1m1~11.ift'81J'HlUimt111l1~11ii~1"11ilfl.i1n ,, 
ft'1fl'i'iJJtn'itiHlll'\ltl.:Jltl'U111fif~1fln DNS method 1'tJ111;f0118fl~l'UUfl'in' B6, BIO, B16F, 
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.ct.A lJI ti T QI 

B4, B41 !ICl:l: Bl5 lJfi'ilfi'J'JlJ't.18.:J!eJ'U t'lfl.lt'Yl1fi1J 0.242, 0.204, 0.242, 0.337, 0 !ICl:l: 0.197 unit/ml. 

~1lJft1~1J . ., 
~ 0 4!!I Cl,. QI .ct 0 QI QI C!l , 'JI 'JI 

llJeJ'Ull'lftl!leJfl~ t'UlJV'lfff B4 lJ1'Yl1fi1l~l1'ilffeJ1JClfillW:l:'Yl1.:Jft'WJ1'U1'YIV1flW '1lfiCl8.:J 

~Cl'Ylllm.f (flTVf~ 8 A !ICl:l: B) 'W1Ji1l'lfClftlJftfillW:l:fiCllJ~eJfl'U!1'J'Uft'W ~~ff!lfi'JlJ1J1fi l!Cl:l:!rle:i'ti1 
., 

ml ii~ ~1!1'Ufi 1~v Bergey manual 'Vf1Ji11;f81t8fl~1ul1r.i'iftr B4 8~1unqt1 Streptomycetes sp. 

(A) (B) 

fll'Vf~ 8 ftfillW:l:'Yl1.:JffWJ1'U1'Ylt11't18.:J!le!fl~foiJt1;ft' 
., ~ , 'JI 

A) flfillW:l:'lleJ'll'lfflflflltl ~ SEM 

B) ftfillW:l:'tleJ'll'lfflftmt11~ Light microscope 

... ' ., ... .: JI ., .! 
4.4 Nilfll'Jftflll 1fll'Jf18f.Unl U.llm:)l't'ID8'n-.1'r1Hfl 1'Uflllfl'J'Utl-.1l'V8 Streptomyces f.Tlfl'n'l..111 B4 ., ., 

~ t QI 4 .Q OI!!!( QI " 

'il1fifillf'l'fill1filltl8tlffflW1ft'~!l1fl8'Yl.:J'Yl1.:Jfi1llfill~l'tleJ.:Jl'l!'8 Streptomyces ft'ltJ'Vi'U'I! B4 

, i)QI .-!lo ~ A .<!!!I 9J 9J o t lt) 9J 91 o 

i~tJ 'l!'1ft'~!l1CleJ'Yl.:J'Yl1.:Jfill!fill'1ll 4 'l!"U~ fie! lftylll'IN llfiCl1J l188'U tm:::11J !lJUlf.:J !lfl:l:'Yl1fi1l .r, QI ~ QI d A'j) o Cl \t) ti 
1'Vi1:::1'l!'e:i u ft'1Jfflm'Yl1 uu11m 7 1u 'Yl'el w lffJlJ'HeJ.:J 11C1:::u 1mlf1n 'ilm llJ't.18.:Jrn'U 1'1ft11 'lfCtiJmft' 

t ,l QI r/ t 91 fJllt)i#.c:td ,. ,'JIA 
'Vi1J11!'1!'8 Streptomyces ft'ltJ'Wll'I! B4 ft'llJ1lfltJeJtJft'f11tJ!f'l'lllfty1!1lf.:J !~~'Ylf!~ tM lffi'ilfi'J'JlJ'tleJ.:J . ., . 
mu i'lfJJ!'lffliJmft'1'l'i1n1J 3.5 Unit/g.substrate 1'U'llW:::Yi1mijm~eVl.:J'l!'iJ~g'U i'"'Vi1Jn 'ilfi'J'JlJ'tleJ.:J 

\fl ti :f91c:1 ,A Qlt/ I QI 

te'U !'lflJ!'lffl'Jlflft' 'il1fiNflfi1l'Yl~fl8.:J'l!'1lf!l1'U11l'lf8 Streptomyces ft'ltJ'Vi'Ul! B4 ft'llJ1ltltteJtJ1ff~ 
" . " 

ll1fteJVl.:J'Yl1.:Jfill m11'111Yi 'il:::ihm i.nu fill Nft~ ~tt;1m'Vi i~ 11C1:::mt11rnil1 i '111~1rlm1'11;fe1u 
.Q + .ct .d,QI 4!I, ,l t 91 'J} d • 'JJ t lr) 

fill NC1'1l~tt'l!'1m'Vf 1~ttlJ1ft'filll1C18'Yl.:Jl'l!"Ulfty1um11J'U ft'1'U iJ1:::n81J~1tttlle:i 111 
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... ... ~ ' Al 
4.5 Nilfl11ftfllllfl11flftl'Vtl'U8~ R. solani fltlft'Vllfti;Yt)'lJ 

A,l tdl .dl~.ct l o~.ct 
\llflflllf1Ylfftl'Ufl1Ul'1l'tftl'lltl~ R. solani ~tl'ft't1'n'1fftl'U fltl tlll'llfll '10flUUltlll'llfll . . ,, 

~lUlU 100 1~'1 iiH1UfllllTt1:li~Junn1 48 i1111.:i 1tlui1u suspension 'lltNl~8 R. solani 

(ITtl:l~fH R. solani lu81'HlllUlftfH1rJunni 5 'lu 11n:1~11J1fl~U~Fhumnh140ut\'1tfllJ1~'j 
......... ,'JI ..i ,: ,'JI . .... ~... ~·<Id " 

10 11nnn~l 'JS loop l'llfJl'JS8ll 'tfm:v1n) Tt1Jl18~l1fl1H8fl'll8.:!flll'llfllnrtn.:i 50lu8WlfU~ un: 

fllll\llty'll8.:!~ll~fllf1n11tln~1d01iio'lJ01J1'1fll1JfllJ (~11~rn~i1fo,f suspension 'll8.:i140n) 

..i 
(fllTt'n 9) 

A B 

' . ' ,, 
fllTtii 9 fllll\llty'\18.:!tlll~fJl'HH.:!\llfliiuilu suspension 'll8.:!IY8 R. solani 

A) l:n:nn1 21'u 

B) l:n:nn141u 

... .n.... ' .., ""~ .., J 4.6 Nilfl11Nilfl~tl'Vl.tl1Tt1lilfltlfl11&'Vl'V8 Streptomyces UlrJTt\.11 B4 . ,, 
1;10'111iium'l'Nft~~O;lfl1Tt\llflfll'i'n'1H8.:! ~8 5 lrtfJU11Y8 Streptomyces fflniu'( B4 

1~1 i tli1 mi .:i1 ffllJ nu ri0mrn1nffutl'i: fl81J 1 unq111cvn u l nff~.:i1rlu 0.:itl'tl'i: fl81J'tf n fl'll 8.:i 1 ff ii! 

mn0'n1.:imllfl)J~'j 'Hn.:iv1nml'tf2fo~"'rluna1 1 1u Tt'U11nnlltu:'n1.:imnmn'll0.:i~n~tlnflo 
tl8 ft UH:fllllJfJWlfll iiAl11Jftt\'1fJflH.:!OU l rin1UflU'n'11l8.:! 1J.i1~fl'1tY81J'tf18.:!tltf'i:fl81J'll8.:! 

ui1i1~~~11rlu (N,P ,K) n11il.:inriri1u'l10.:iui1i1~tu'"J ~~11rlu~8flll1'ltyl~1J l~'ll8.:!MY~.:i~: .. 
'111iiuflu lu fll'iflrtn0.:i.Uu\l.:i~01tl 
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-· ... ... .t1 ... ... ... Ji ' QI ::. Ji , ... 4. 7 Nitfll''J~i;TtJ1.Ju'J:::mt1i.tl1Tt,,tJ~ 1i1r.l'll.tllTt'rl1'l'ltJfltJfll'JrJ1.JrJ~l'Vfl R. solani UTt'l'JIAittJ~ 

" ~lflfll'i'rl~11'1-llfll'i'lh~f.l;lfll'W iu1.ffh.mu61..16-11m'iniiqJ'\ltJ.:J R. solani 1 ~t1'11mnh . . " 
Ula;jf.ll (fll'i'rl~1UNfl:: 25 ~\.I) iiu'Ji1u suspension '\ltHtiion R. solani 111a'W1::t1\']fl 1u~u (1.h~f.I 

1 ri1 u~u rlou't'i1m'i1'W1::tJ\']mrluntn 2 1u) ~ih1u 1ri~8;·unn~19'1rnJ i~( ~lflfll'i'rl~no-11.o'o 
" 5.01ri1iio Streptomycetes tY18iu'( B4 tJi111tu 100/ov/w) 1~8Ufll'ia9'18mi9''ilffl\.l'\ltJ.:J~f.l;lfl11'C 

,, ' . ,, . 
~o.Wuii'rl~ns-11 tltJ 1 oo, 200, 300 un::400 fil nni'11~0 i-i (1il0aii8'U09''ilffl\.l~tJ.Wuii'rl~n0-11t10 

,, . .... ... ,,,QI ' :I .c::I 'QI QI ' .di .c::I 1 
m::1..1:::0u11au811~::: 'tf9'ltl81.:J ... f.l'lflfll1'UTllfl'lJ 3.5, 6.5, 9.5 am:: 12.5 fl'ilJ9'tJ'rt\.ITl'rl~n0-11) ~8 

' ,, . . . 
'l!~fll'lJfillJ~::uu-11arlu 2 ,~ t10 ~u (iiN1um'iiU1a;i0ud'1) ii1fl'rn::o11;j81iiN1um'iu'li 

,, ' . ' ,, 
suspension '\ltl-IJIYtl'il un:::~uii1fa111::tJQflUla;j81iii1ii~u'Ji suspension '\ltl.:JaYtl'il R. solani 

I I I fl 

1 ~8Ntlfll'i'rl~1Ytl'Ullff~.:Jiil'.:J fll'Wii 10 01a;jo1iiNl\.lfll'iU'Ji suspension '\ltl.:JaiitJ'il iiilYllll'itl 
A A ie(QI cl Jd t/ I i 

1ntya9'1..119' 1~un::1Jtl9''ilfll'i'itl~a1'ff.l-IJ 16 aUtJ'ilW9'a'Yll\.l\.I 
I 'JI I I 

~lflNtlfll'i'rl~n0-11111..111nua~11ti9'nri1u'\10-11~t1;1m'W~tJ.Wuii~:::'Ji1m~11tJ'i::nT1im'W 
... : 'J) o .l I 'J) .:.. 4 ,2 ... .1 d d 1 I 

fll'i 81..lf.l-llfll'ia'\ll'rlltllf.l'\ltNl'lftl R. solani 9'tl9'\.ltlll'\181 "~'\Ill (9'l'il-llTl2, fll'rt'rl 11) ~f.ITf'lJll 

Ji , 91 4 .d.:s ,l GI ti • ~ ... IA GI ' 

llJtl 'tf~8'tflfll1'C'rllJl'lftl Streptomyces 1Ylf.l'W\.11f B4 'illJ"lf.lu'ilJltu 3.5, 6.5, 9.5 am::: 12.5 fl'ilJ9'tJ 
tJ o I 

.Wuii'rl~n0-11 (11j01ii8'Ui~1tht11..1 100, 200, 300 1m:: 400 filnni'11~0 i-i) ti9'nmn0~;19''\ltJ.:Jo1 
.c:I ' QI .. I J d ti 0 QI , .d.:, .c::I .d A , d Y. 

l'\18laT1lfl'U 36, 64, 80 am:: 88 lutl'il'lf\.19' 9'111n1~'U U'\ltu::'rltila'\lt1l'rl1t'ity U'lf~tll'i'Yl~n0-11T11'1 
I tJ 0 

~8;1m11ii11iu Streptomyces 1Yl8iu'( B4 ft9''ilfll'i'itl~;19'a'fi1t1'U 22 atJtJi'a~u9i°1'fi1ilu 1il0 

1iit11..1tl''U'lf~fll1..lt)lJ (B) (fllYC~ 10) un::uu1l1!11m'iw~;19',,tJ.:JtT11;j811u~u~ufll'il~lJ~8 
,, II I I 

i1m11'ri-111riun::i1i1ri1;?0Streptomyces1Yl8iu'( B4 uuu1 lU'11iifld'l8fln-11t1u(9'l'il.:Jii 2) 

tit11nfll'i'rnt11fit11'llfl~'nlfltm1J (%) 

tJ;JJ1wijo ~mnmi11iihi'l&4°u Streptomyces rnmiui 84 ~ ... .; ... w ,l s w .. M'lnm11111rnw treptomycesrnunu1 84 

(fli'JJ) fi'll11fltl'fl'llii1iiil R. so/ani 
A .d,4 
't'f'!l11flml'll1111 Yi'll11fltl'fl'lli11iil Yi'nlt11truu~il 

R. solani R. solani R. solani 

3.5 100 36 100 52 

6.5 100 40 100 64 

9.5 100 44 100 80 

12.5 100 56 100 88 . 
11111m11i!J : Nnm'i'Yl~no-111rlmhmno~1nmn1~110'U 3 'lf1 
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\\ 
~\ 

.... I eon_tro_I s ___ I_ \ 
11111~ 10 '11Aflll'YIAinHfl11Jt}1J (~'U1J.ilif~t1;f1ml't) .:, ... .J, .,~ . .l ., ...... ti " d " 

A) tl1l'lltl1'YI 1J 'i'IU'V suspension '116~11'611 R. solani (6fl11fll116A'V191 100 l 6Wlf'Ufl) 

~ d .d ' ' .l QI QQ ti " d " B) tl1l'lltl1'YIN1'Ufll1U'lf suspension '116~l'V6l1 (69111fl1116A'V1fl 16 l 6Wlf'U91) 

(C} ~II 9.5 nii! (D} ~II 12.5 nf~ 

,, . 
QI ' • ..:I 

6.5, 9.5 ua:: 12.5 0111 A6l't'U'Yl'YIAft6~ 

(A) tlfl11fl111691Y1AlUafJ 1'ri1011 13 9"u flAlrl'U 52 ttl6fl~'Ufl 
QI QQ .J. ' QI ,, 4 5't ti " d " 

(B) 6fl11fl1116A'V1fll\1fW l'Yl1ft1J 16 91'U flAllJ'U 64 l 6WlfU91 

(C) tl9111ftU16flY1911U~tl 1'ri1011 20 9"'U flAtflu 80 ttl6i'tci'Ufl 

QI 4.clti .di I QI tJ Q 5'I ti ,/ d ,/ 
(D) 69111fl1'n6fl'V191lUflfJ l'Yl1ft1J 22 91'U flAllJU 88 l 6WlfU91 
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' ... 
'lJ'n'n 5 

5.l 1Y1UNDfll''mAiUl" 
~ . 

fll'.iff fl'M 1m'ii9ll1.1 lfll'.i NH~~ r.1;1m'Vti111n11m'.i1f1;?011tlfl~l1.1 :Un•1ni1ni.inff'~1ii 
~ 111 .! 4 di "'""1 • 1 4 Pl "-I .., 1'1'11Jl'.if11'1'1l~ltl'U 1CJf1JlCJftlQtn1'1''1f~1Jf1W1'1'1JlJ~ 'Ufll'.ir.ltlfll'l'nlr.ll'lftlQ tll'l'CJf~llJ'Utl~flu'.i:::fltllJ'Htlfl 

~ ,J ~ ~ 

'lltl~11'1'')111fttlii~" 1~ fl n m"M ~'.i u tl mnn1.11;?0u tltl~l 1.1:Uo•1Yn~1'1'1m'.io l'l'f 1~1Yntl 5;11.1:::611 fl~ 
~ . . 

fll'.il\llty'lltNt;ftl R. solani -fitij'U1'1'11119J'Utl~ l'.itl'.ilfllU111.1011;jn1 1flmllflfll'.i'flfltltl~'n1111 
~ ~ 

1'll1Jl'.iour.1m;l0u0tt~l 1.1:Uo;1'1'\llfl\f tlff~1i1001~'11.111.1 146 i01 cirm~ l ftr.11;?0utJtl~l 1.1:Ur.1;1'1' . ~ 

1'llrJi1.1( B4 iiur.ifl ii\llfl\ftll'{fl'.i1'1'11Jl'.i01'1'f1~1'1'1'.itlfi;11.1:::~l'U'fll'Ut;f0 R. solani 1fln1..f1~11'1' . ~ 

1ti1n11 30 ijniin~'.i un:::1Jj01.ht;f0u0fl~l 1.1:Ur.1;1'1'1'1'1oi1.1( B4 m~n'11'1'011nn"Mw:::'fl1~ff'w111.1 
A 9} t/ I Al, ~ .cl.cl I 

1'flfllfllrJ1~flft'tJ~~n'fl'.i'.iff'U 'nlJ11 fltl l'ti'tllllJfl'fll'.ifl1'Ufll)1J Streptomyces sp. 

5.2 t>tlU1UJNDfl11YIADt>" 

,r ""1 .., di 4 ,2 .d 1 ,, .... 
\llflfll'.i'flfltltl~l'ti'tllltlfl~ 'U1JrJCJf1'1''1f~Ur.lfl Yi\llfl\jtll'{fl'.i 1'1'11Jl'.iO'fl\l::: 'Hfl\lfl'.i'.i1J'Utl~ 

101.1 i ciru1cirn Qtn1'1'1 itt ~~ 11" u n::: 1'1'11Jl'.iO l'l'f 1~1'ln~11.1'r111.1 fll'.il\llty'lltl~t40n'rlfl1'ltllJ ii~~11" 
~ ~ 

u~ 1iiimnhtYtl'ilii'~flft111JltlU'Ufl't'tlJ1ltlQ1'Ufltj1J Streptomyces sp. iim'ifffl'Ml'HllYtllltlfl~l 'U 

:Ur.i;1'1'1 'UJ,dtlff~1iln ,;q01l 1m lfi9ll'UlNft~~o;1 fll't't~~140~'WlJ1'll1Jl'.iOOtlrJ1'ln10 keratin un::: 
~ 

1'1'11Jl'.i01'lf1~1'1'1'.iUg;11.1:::1i (Lynda! and KurtbOke, 2004 : 34) \llflfll'.ifffl'MlU Streptomyces sp. 

l'l'lrJi'U( B4 1'1'11Jl'.i00tl81'1'n1811'1'f)l'Hfttl~~ 11.1fltj1J'Utl~'Htf1u..f~ ,,~~l'{fl 1 flr.i1..ffi\lfl'.i'.i1J'Utl~ 
111 " ' .., 4 di ~ ' 1 Pt "- • ... ' ltl'U 1'1f1Jl'lftlQtn1'll'fllfllJ 3.5 Unit/g CJf~1Jfll'.iftfl'Ml'nlJ111'1ftlQ tl1'1'11J'Utl~tlu'.i:::fltllJ'Utl~'W'ti'1Jlflfl11 

~ 

50 1tl0!1~1.1~'U0~1l 1'Hum1..f~ un:::ii1h1.1d1tl'ty~tlfll'.iYflil1l..f1fiftfll'.i1Yf Hltl'U i.u'Utl~ 
" 4 4 t/ 1 .d GI 4 ~ ..;. dct ti I l'ti'tl~tl'U'fl'.ifJ (Palonen, 2004 : 11) 'U'lltu:::'fl11'1'f!l'Htltl'rl~tl'U'fl1Jtl~tltl'.i:::fltllJ'UtHICJftlQ 1n1'1'tlg 

1'Ji1.1 nu (1mn11 i1801.1 un::: 1111J1u..f ~)u~ii,jm11noinil1hfjjm'.il'l'f1~101.1 i.lfl ftm40 

Streptomyces sp. 1'1'10i1.1( B4iiifum\ll;j'Ul't't'.il:::1tlH1'1'fl~'Utl~l'lftlQ 1n1'1'~U11JtllJ 11Jtnfltl~'U'1 . ~ . 
ii0gl1.11i70100'U0~if'tf 1'Ji1.1 ur-"••ng 1n1Y un:::iiniiu n11i1n1.1un:::iitt1111i11cf01.1111n r.11nuri 

,,!}! 0 IQ~ , t/ GI : " GI t/ .. fll'.iliil'rllUQfl'.ir.ll'lltl~ltl'U '1f1J (Palonen, 2004 : 11) fl~'U'Ul'ti'tl Streptomyces sp. 1'1'18't't'U1j B4 •~ 

1'1'111no1Yf 1~1'1'1'.itlfi;11.1::: u n:::101.11 •u1•n gm 1'lu~1'Hm::: 1'1'1J~ \l:::il 11111 f i111 n11m'.i Nft~~o 
• • 'JI ' • 

Y1n1'W 1if01i11tl'.i:::U'rlin1'Wl1.1m'.io001Ymo1'1Y91111a0ii~iiii1•ng lnm;j1.10~ti'tl'.i:::n01111.1'llw:::ii 
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R. 

~ . ~ 
~• •A!( Acv.::S •• 

Ulflfn1fll'i'r1Pltl'61.JfllHIPll'tftl'lltH R. solani 916'n'tf'rlPltl'tltJ fltl tl11'tlfJ1 'n1.J111'tftl R. solani 
~ ~ 

t1'111Utl 01.JfJ~fll'i IUlqJ'tltl~-W'tf'rlPltl'tltJ ,~ 1 PlfJUtl91'ilfll116'1;1911ftfJ~ 16 IUtlll~'U,lcrllU'U Nft 

" " ,, ' 
fll'iOtJO~fll'il9lqJ'tltl~liift:i R. solani ~t:ii4'1f'r1PltYtltJU'UtllUU1fftlfJt1'111f~ UflUfffl111'ntJ111ijt:iufu 

'J/ 'jl I I 

1fJ'lltl~liift:i R. solani i'unuil1~l'U'Utlfl'tltl~IUtllUt:ii4'lfUftZIUlqJ 1u11m~t:i11111:tYfH lt1HtY!1~ii 
4' •. .!)!• o' 4 .ct. o' .... 
l'iflfl11 appresorium l'ntlll'rl'iflNl'Ul'Ul\llctfftft'tltl~'n'tf tl'l'itl11fU'rlUfttlfltltlfl111111fllCJl'ftft'tltl~'n'tfU: 

9J " 'J/ I I ?I ~QI .... .. .. .... ......... 2 
11J'Utl11fU n 11f'i1.Jfll'HUqJ'tltl~l'tftl'il llftZl'tftl R. solani t1'111UtllUqJtJ'Ul'Utltr.ltl'n'tf'rl911flllTI1 llftZ 

f f I 'J/ f 

tr!1~ sclerotia 1-Wt:i1i111~11l;f19111fii1utrnn:iim111:tY11~t:i 1tl Pl~U'UUlflfll'i'rlPlftt:i~f ~'iht11 . ~ . 
1;j 011111 .f1i'lu i4'1f'r1PltYt:itJtll:ff'rli m-n'llt:i~~ rJ;1m-niiufln1~11'1111iift:i11t:iflil u iio;tYiiuofl i ~ 

~ ~ 

Ulfl1JfttY911°~t:ifll'i01.JfJ~fll'il~ltJlftlfl'tltl~liift:i R. solani 

Ulflfll'i'rlPlfftltJU'iZff'rlifll'n'tltl~~fJ;1fll'n~Uflllli11 Streptomyces sp. tl'lfli'U'( B4 . . ~ 

1mrJmiifJtJfltJ~fJ;1m-nii1iiufln1i11 Streptomyces sp. tl'lfJiu'( B4 -nu11~o;f1m-niiii1iift:i ~fJ . ~ . 
;f1 fll'vtiiUflUl~11. Streptomyces tl'lfJiu'( B4 U'Utl'l1lUtll-n11ti9lnfll'i'itlPl;l9l'tltl~i4'lf'rlPltl'tltJ 1~ 

1dt:i1iifJtJ01.J'tf Plfl11.Jt)11 (91l'il~~ 2) 1PlfJUlflflU'rlPlfttl~tJlflllU'lfl1lgPld'1 (l'n1:11fufl1Htlfl 1-2 
" • 'JI • 

1u) 1u suspension 'tltl~tiift:i R. solani rit:iuiiu:'ih1t.11-n1:1u~'U (Nl'Ufllltl11Yt:iUl11) iiuflnhi 

:I... 2 ?I QI .:,,,d '.:. QI: .... ..;. ... 

!ifl'tf1fll'nUTI111J'Ul1ftl 2 1'U UlflNftfll'.i'rlPlfttl~'tf 1fl1f'U111'tftl'il R. solani \}flfltJfl~flUIUqJ111611 

... ... 2 :I ... : , ' , ., ' QI .:. "' : .,; .... .J ?I 
flUl91'ifJ11Pl'UM1fl !ifJ'tf1fll'n'rl~ 2 111.JtJ ( tl'llftZ 11 tl1f11'tftl) Nftfll'.ifltJfl~'rllflPl'tl'UtllUllJ'Ul'n'ilZ 

t I 'I/ 't/ 

~n'U'rll fi'iit:i g1 'U ~ o;f1 fll'nUt)W tY11uiii1i'Ju ti gil fllf 9't:i1iift:i R. so Zani 1 PlflUlfl flll'rlPlfttl~UfJflliift:i 

u t:it1il u iio;tY, lflJJfttY911'~-nu118~iiu t:iflil uiio;tYtY1oiu '(Gu~tYf 1~trutl g;f1u:oui~ flu 
~ ~ . 

IUlqJ'tltl~IYtl R. solani 1~1w1~01nuntJ Streptomyces sp. tllfliu'( B4 '1~uu1u~o;f1m-niiii 

flllli11 Streptomyces sp. tl'lfli'U'( B4 1li111'ti'11tlt:i111'1i101li1111ftll:ff'Vlim-n1'UflUfJ1.Ji~14t:i 
... .J _........ ' .... , .,.., ' 

R. solani lllllfl'tl'U 'Utlfl111flNft'tltl~tl'l'.iul)'tf1'UZ916fll'ilUqJ'tltl~ R. solani llftZltl'U ctfll 'Uflt)ll 

.,;,:, ....... .,.., :!"" .... .J ' '.:. , 'QI ... 

ICJl'ftQlfttY'Vll'tftl~ft'U'Vl'ifl 'U!ifl'tf1fll'nNft91'tl'U1116111tl'~Nftfl'iZ'VltJ9161'tftl R. solani ~IWfl'U 1PlfJ11 
~ . 

flUfffl111'ntJ111iift:i 1unef11 Streptomyces spp. tl'll1Ut1iiu:trf1~1t:i"U1w1umj11 cellulase, 
~ 

hemicellulase, chitinase, amylase, glucanase UftZftfl1fftlfl'tfUPI 1'ti'1 it.1nt:ifltYftlflNU~l•ftft'tltl~liift:i 
4 ... .._. 1 , .... 

ncv~11tl~flu'i:fltltJ'tltl~ICJl'ftQ fttl'llft: fl91'U (Yuan and Crawford, 1995 :3119 ; Chamberlain and 

Crawford, 2000 : 550) 

_.,2' .:. "' .. .,; ,2 4 ... 
111flflU'rlPlfttl~tl'lIJ M111'tftl Streptomyces sp. tl'lfJ'n'U1i B4 'rlllfJfl M111fl1Jftt{fl'iCJl'~ll 

f!WtY11Ui1ufll'.itYf1~tY1'.itlg;f1u:l1u'Vl1'U14t:i R. solani l11ltl~flUNa91ttl'U,WICVftQlfttY~ 



I QI 41~dl 9191 o 91 
ffl1Jl'Hltltltlffillt11ff~l11tU.11'1~ flt) 'HtylU'tH ffl1Jl'itlU11lll'lfl 

_,."' ... .r..;!'11 1 ., ... 
m1rnHflUfll'i9lfll'lftl'l'll1JUa'll'H9J'UO~ 'ifl1lfllUl U'Vt'Jl'1'1flff01.J 

5.3 fonrnouuz 

m1flfl1:111it1flf ~if ii~11i1~jjfll'ifl11.Jf.)1ltl;111wl1114'o~m111::ff1l. 
;1fl1Ttli4o 1,f1f1flll1::UflimTtlum1ii11J~m11\l;ty'lltl~l4'0 R. solani lflt1ff1l1J'iW i~\llflNilflU 

.:
1

,, " , ~ ~ _1... ,:i .f ., :; "' ,_ 111 ., , A ..; 
'l'lfliltl~'tr 'H l'HU 1ltl~l'Vt1JJJ'i 111W ~tl1Jlfl'UUNilfll'i t11.Jtl~\l::1J1Jlfl9111J JJV'11tl (12.5 fl'i1J910TtU1'1 

'l'lfliltl~'HlO 400 fil aflf 11,jo 1'j ffl1JUDLl41109lnfll'i'itlfl;19l'llO~ft'Jl'1'1flfftl1.J 1~ 88 Lllof1~UR) 
11 "' ~ - ... ., A l _1.. ..1 • ., 111,:i "' 
tll1Jfll'iftfl'Ml'Hl11ifll'il91'itl1J'H1l'lf0 UJJ'i111W'l'll'H1ll::ff1Jtll\l'lf1tlilfltl911lfll'i 'tr ~tl'lf1fll'Ytil~Uil:: 

"11t1afliUfJU 1u m1~11ilu m1 n110~1Ti 11lu~1u m11l 1ijo;hmvt 11.11f'l~,jo 1 ti 
-• ~ ... .:! "' ' "' :; ... A' fll'i 'l'lfliltH'Vlflff 01.J JJ'i:: "'111 fll'Yt'UO ~ ~tl'lf1fllff910 fll'J tl1.J ti~ fll 'i l \l'i ty'll tl~l'lftl R. solani 

, '111"' .M "' ~ jl ,jl I .. A ... ' 1 I 1J V'11Jfll'ifl11.Jf.)111J\l\ltl1'1Hff~U1fl"C161J V'lllfl ~W'Hf.111 fl111J'lfU ua::uff~ ')f~ff~Nil fltl91H 910 
.... ... ., ,, ... ., 

fll'i l\l'ity'UO~'Vt'lf'l'lfla'01.J A~U 'U 01\lfil 1 'HNilfll'i '1fliltl~flalfllfliltlU \llflfll'ifilfll'i'l'lfliltl~cVl 1u . 
' .iet ' QI 

'lf1~L1ill1'19ll~flU 
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.... ... " U'VCi'itll h1thmn. (2545). fll'IUr.lflUDZMUat>flUt)flflh1Jlr.1ciat1fl~'l.l11.1ti11hat>~ ~nt~ . .. 
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.tllftN'Ulfl fl 

-• J .. 1. t1Ufl10UW::iT11ltU.I 

A "" ' .,. 1.1 lfl'Hl.:J'l~fllflllt'J~fltl\.1111'1'.:J (spectrophotometer) 

1.2 lfl~fl.:Jl'tf3rJ.:i (refrigeraration centrifugation) 
.,, 

1.3 (1w1::1;ffl (incubator) 

... ' 1.4 lfllfl.:Jl'\lfJl (rotary shaker) 

1.5 til.:Jfl11Jf!1lfltll11QU (water bath) 
,,,4,,l .... 111!' 

1.6 111lfl\.l.:JCUll'lfflfl'l11l~U 16\.ll (autoclave) 

,, ' .: 
1. 7 ~OlfJl'lffl (laminar flow) 

,: 
1.8 Ul\.ll'Wl::l'lffl 

1.9 1ftlfl~1'1~tlfl.:J 

1.10 '\11~1tl'tf11~ 

2.1 Carboxymethylcellulose 

2.2 3,5-dinitrosalisylic acid 

2.3 K-Na-tartrate 

2.4 Citric acid 
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llltlf.l'Ulfl 'U 

Actinomycetes isolate agar (Ronald, 1993) 

Sodium propionate 

Sodium casemate 

~HP04 

Asparagine 

MgS04.7Hp 

FeS04.7HzO 

Agar 
" . 

tl1nnu 

pH 

Hickey-Tresner agar 

Dextrin 

Yeast extract 

Beef extract 

N-zamine 

CaC1i.6Hp 

Agar 

" . . "' 'IJlflfl'IJ 

pH 
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4.0 "' fl'UJ 

2.0 "' mu 

0.5 "' mu 

0.1 "' fl'UJ 

0.1 "' flUJ 

0.001 "' m11 

15 "' fl'ill 

... ...... 
1,000 111Utfl~'i 

7.0 

10.0 "' fl'ill 

1.0 "' fl'ill 

"' 1.0 fl'iU 

2.0 "' m11 

0.02 "' fl'ill 

15.0 "' fl'ill 

1,000 
.... ....... 
llflflfl~'i 

7.02 



NH4N03 

FeS04.7Hp 

MgS04.7Hp 

KiHP04 

KCl 

Yeast extract 

Carboxymethylcellulose 

Distilled water 

Nutrient broth 

Beef extract 

Peptone 

2.0 

0.05 

0.5 

0.5 

0.5 

0.01 

10.0 

1,000 

5.0 

5.0 

QI 

fl'nJ 
.... 

fl'i'll 

.... 
fl'i'll 

.... 
fl'i'll 

.... 
fl'i'll 

.... 
fl'i'll 

.... 
fl'.i'll 
......... 
mrnt'lfl'.i 

Distilled water 1,000 iiflftftfl'.i 
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,, ,, . 
a::n1t1tY1'UN1Y1J'ti~1f'll~l"11~1fJft'UU1 it.1tth1;ftl iit:1W1f Qii121 tl~frll'lft'llCifJlY tl'Jl'llii'U 15 

,, 
Utl'UPl~tlfll'.il.:iii1 1rlunn115 u1ii 



1. DNS reagent 

3,5-dinitrosalicylic acid 

phenol 

.fllftN'Ulfl ft 
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0.1% 

0.2% 

0.05% 

1.0% 

n:fllfl 3,5-dinitrosalicylic acid 1un1nl:fllfl 1.0%w/v NaOH uu1"11nuri0u 1~11 

phenol un: N11iS03 t.lfut.lim~'itrlu 100 ml t~tJ1U't11Ylff'.lf1 

2. Na-K tratrate 40% (w/v) 
,, . 

u1 Na-K tratrate 40 g n:n1fl1uil1flnu 100 ml hf1"11nu 

3. Citrate-phosphate buffer 

Stock solution 
,, . 

A: 0.1 M citric acid (19.21g 1uil1flnU 1,000 ml) 
,, . 

B: 0.2 M N11iHP04.7Hp (53.65g1uil1flHlll,OOO ml) 

Working solution 
,, . 

X ml of A+ Y ml ofB l~tlU1.\1~1flU1flHUuuiit.lim~'i 100 ml 
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"' x y l'tltl'lf 

44.6 5.4 2.6 

42.2 7.8 2.8 

39.8 10.2 3.0 

37.7 12.3 3.2 

35.9 14.1 3.4 

33.9 16.1 3.6 

32.3 17.7 3.8 

30.7 19.3 4.0 

29.4 20.6 4.2 

27.8 22.2 4.4 

26.7 23.3 4.6 

25.2 24.8 4.8 

24.3 25.7 5.0 

23.3 26.7 5.2 

22.2 27.8 5.4 

21.0 29.0 5.6 

19.7 30.3 5.8 

17.9 32.1 6.0 

16.9 33.1 6.2 

15.4 34.6 6.4 

13.6 36.4 6.6 

9.1 40.9 6.8 

6.5 43.6 7.0 
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111flN'U1tl 'I 

t. m1ti1fl1'1-rii11V119 nmna=inrmg ltur 

1. t9ll011 stock solution 'Utl~flt) ltl11tl111lttG'11tG'u 500 jlglml l~w-i'~nu ltlll 50 mg 
,, . 

n:tno1u1l1miuud'1t.li'ut.li11191'i 1rlu 100 ml lflr.11" volumetric flask ti: ii 

11nn:n1onQ l tl11tn1111tG'11tG'u 500 jlg/ml 

2. 19ll011111'ilt:nlrJflQ ltl11~tl111JttG'11tG'll~H'1 lflt1fll'itlfll1Un:nlOflQ ltl1Ytllfl stock ,, 
solution t.li1119l'i 0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 un: 1.0 ml un:1~111l1 

n~u11fiMi1119l'in111fi1ft'u LO ml ti=th11fu~n:1fntlflfll'i'rlflntHiitl11111tG'11tG'u 

1fi1ft'u O, 50,100, 150, 200, 250, 300, 350, 400, 450ttn: 500 jlglml 9111lth'1u 
,, 

3. 1~1111nn:nio DNS 1ftttlfln: 2.0 ml t'Urh11f1tG'1ft'uud'11l1it.1l111u1l11Rtlfltrlunn1 

... 
15 lll'rl 

4. 1~1111nn:n1r.1 40% Na-K tratrate n~ it.11fntlfln: 1.0 ml 

5. if~ir\'lft~llUn:1l1itJ1flftlfll'it)flflftllU11~ ~ 540 nm . ,, 
6. lJ lftliJ, ,\'11111J 1~ fl'iTth:1f ll~tl111lttG'11tG'll'Utl~lJ l9lllt ft'lJftlfll'itlfl flftllU 11 ~ 

2.5 

y= ~.4846x 

0.5 

0 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 

glucose concentration {mg ml) 

. ,, 
m'Wil 12 mTw1119l'iJ1u1l1911nng lt111 
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2. fl11l~tllft11fl11tl,.tl~&tl'Ui'IJ (cellulase activity) 
QI t ,q "I o' QI .ct. : iel .ct. o'd A ~ I O 

fllldflflltHl flHll'UtNltl'U 1'1fll U: 1~Hllfl'lhllltu 'U 19111l'ifl1'1f'Yllflfl'U'U 'i:lf 1Hfll'i'YI 1 

iJg fllOl'Utl'lltl'U 1'1fJJ ftlJ ff1JlYl91 'i91 1 f'IO~U lflff~lflfl~'U Ulfl fl lnhiJgfiiol'Utl'I ffl'i n: 1110 
QI: d.cir.~ 

dinitrosalicylic reagent(DNS) fl1J'Ul9111l'Yllflfl'U'U 

reaction 

Control(C) 

Enzyme+substrate(ES) 

Enzyme blank(EB) 

enzyme (ml) 

0.5 

0.5 

Reaction mixture 

1 %substrate(ml) Buffer( ml) 

1.0 

0.5 

0.5 

Substrate blank(SB) 0.5 0.5 
,, . 

2. 1l1ri1'UNff11'Utl'1ufimo1ti"4 'lfii" 1utill'nf:!w110" 50 °c 1i1'U11m 15 'U1ii 

3. 1~11n-11n:mo DNS n'l1u11ntlfln: 2.0 ml 1'Urhhf1..i'1ti'U11n:l11lif1~tlfl 1i1'U11n1 10 

4 

'Ul'YI 

4. 1~11ffnn:n10 40% Na-K tratrate n'l1u11ntlfln: 1.0 ml 

5. ~'11rlif1~'Ullll:1l11u1fltllfll'i~flflft'Ullff'I~ 540 nm 

,.,,;-.um n'riH 11.1,.s~&sui 11J 

n111'Ufl lif 1 unit 'Utl'lltl'U 1qnf 1111100" iJi111tu'Utl'lltl'U i.J1~1h lif1fiflm'iunfluritlo 

Nn91tltu<ti'tltlfllll 1 Jlmol mol'U 1 'Ulii 

Ulllltll Nn91 nw '1~1nfl~'U 111, ~u lflfll'iU ltllfll'i ~flflft'Ull ff 'l~llflll'lf{'Yli (fl.A) , iJ1ii 01J 

., ~-1 -i4A. 
fl1Jfl'iTn11191'iJl'U '11''111 ilA=ES-EB-SB 

,, 
fll'i'Ylfllltl'll~ reaction time 11i1tiu 15'Ulii1~1ll9111lflQ lflff=X mg 

flflli1'U X x 10
3 
/180 Jlmol ,, 

(molecular weight 'Utl'IU19111lfl\) lflff 11i1tiu 180) ,, ,, 
i'l'lu'Ul'U 1 u1ii u:i~ 1l1911nng lflff =Xx 10

3
/(180x15) 
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=0.2 ml 

" fl'-31!'Uft'iltl'i'nJ'UtNltJ'U,!:]fJJ 
3 

=Xx 10 /(180x15x0.2 U/ml) 
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