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l 
0.6 

ab a a 

~~ 
0.5 

~ 

G: 0.4;:< 
',~ 
'­'-' 
'7 0.3 ~-!:; 

c 
<"" 
l~ 

0.2c 
';:1 

I ~S 
0.1 

0 

Non-inoc 

1'l.J~ 5 J1Vl11m1mb~,:j (Root dry we ight) 'UB ,:j ~I~ ?l,:j~ 'l.J " n1 I91CJ1i b~Bhh bD mJ SUTN9-2 ~ 1 ~ 1'1'U 
~ ~ 

m1j.Jb'u:W -U'U~1,:j I mCJ1~?l Jl 11~J1Y h :wi,:j 

40 

35 

?o;l 
30 

~ 
(0:> 25 .. 
;:< 

? 
20 

;:< 
? 
;:1 15
";:1 
<"" 

" <;> 10 

5 
b 

0 

Non-inoc 

ab ab 

a 

a 

1'l.J~ 6 ~1 'UI 'U tJ:w (nodule num ber) 'UB,:j~I ~?l,:j ~tJ " n1I91CJ1i b:ffBh1"/JbU CJ:W SUTN9-2 ~ 1 ~ I'1'Um 1:W 
~ ~ 

b'iJ:W -U'U ~ 1,:j I m CJ1~?lml~J1yh:wi,:j 
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30 
a 

25 
,,~ 

(L) 

<:>: 20;:l 
'v.

'It'C

15I!:J 
c~ 

;:l
 
""";:J
 
c 10 

';:1 
:s: 
r 

"';:1 
5 

c
 
0
 

Non-inoc 
~ "" J1l<;q ~,.,

J::lllJfl11lJL'UIJ'U'U'UU-.lI'lHl J ~;lHlJVlJ (L'llnfl1l0LIJ"~) 
L -- ­

~tJ~ 7 ,hvnrmJ~bbVf~ (nodule dry weight) '1JPJ~~1~?1~~iJ~fll~CJ1oUb~PJhl'(jbuCJ~ SUTN9-2 ~1~vl'U 
ml~b~~oU'U~l~ 1 mCJ1(1)6'1ml~thvh~oU~ 

1 
I 

a I 
I 

~iJ~ 8 n"iJm1~'1JPJ~bPJ'U1'(j~1'Ulm~b'U?1 (nitrogenase activity) '1Jem~PJhl'(jbUCJ~mCJ1'UtJ~'1JPJ~~1~6'1~~ 
tJ~fll~CJ1oUb~PJhl'(jbuCJ~ SUTN9-2 ~1~vl'Uml~boU~oU'U~1~ 1 mCJ1(1)?1ml~JTvl1~oU~ 
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3.3 tl';j::~'V16ill~"1Jel.:lm';jHfb~el Bradyrhizobium sp. SUTN9-2 ~l~n'Ub~el Bacillus 

megaterium A20 1'Um';jE;1.:lb6'l~~mWiJ~qj"1Jel.:l51~6'I.:l bb6'l::m';jtJ'U5.:l b~el';jl riel1';jfl';jln b'l..!11'U6'lill1::Jl 

'l'h~-u.:l 

~lnn1'~Vl(1lm)'l~~1'Umi'l'Ul1b~'€lhb'1lbU(J~SUTN9-2 ~';j~I1i''UfI11~b.v~.v'U~'lbb~ 108 b'1l6'161~m~~(1l 
~'Ulu 611~1';j(l~'lb61~~m';jb~~qj'1J'€l'l~1~61'lm(J1<i1~ml::Jlvh~1~ I1i''lJ'U1'Um';jVl(1l6'1'€l'l~~'l1~'v11m';j 
Vl(1l61'€l'UU';j~~Vl6Jl1''t~'1J'€l'lm';j1.vb~'€lhb'1lbUmJ SUTN9-2 ~l:wn'Ub~'€l'U1~6'1~61A20 ~';j~I1i''UA11:Wb.v~.v'U 108 

b'1l6'161~m:W~(1l 1'Um';j~'lb61~:wm';jb~~rubb6'1~m';jfJ'U~'l b~'€l';jlri'€lb ';jA';jlnb1.l1 ~'liJn~'le-J6'1m::Vl'U';j'Ubb';j'l~'€lm';jv , 

b~~qj'1J'€l'l~l~61'lm(J1<i161ml~Jlvh:w-rr'l b(1l(J1'Um';jVl(1l6'1 '€l'lffi~b U~(J'U bV1(J'Uu';j:::~Vl6mi'lm';jfJ'U~'l b~'€l';jl 
ri'€lbmlm1.l1'1J'€l'lb~'€l'Ul~6'1~61 A20 n'Un1';j11J611';jbAii carbendazim b(1l(JVl(1l61'€l'U~';j~I1i''UfI11:Wb.v:w-U'U'1J'€l'l 
61u'€l1b~ml A. niger ~';j~11i''U~1'l 1 ~'lbb~ 10 2, 10 3 bb6'1~ 10 4 61u'€l1~m:W~(1l bb6'1~'v11n1';jVl(1l61'€l'U~'ln1';ju~n 
m(J1<i161ml~un~ bb6'1~61ml~Jlvh:w-rr'l (';ju~ 9 uae 10) ~lnmi'l';jl:We-J6'1n1';jVl(1l6'1'€l'li'l'Ul1~1~61'l~iim';j 

" 
U~ m~'€ll ';jb'1lbU(J:W SUTN9-2 iim';jb~~qj~lnn1';jl~q(J1'Ubmb~'U~lnn~m';j:W'1J'€l'l beJ'Ul'1l:w1'Ub(91';j~ b'U611'Ub~eJ 
1';jb'1lbu(J:W SUTN9-2 1~~nl1~1~61'lvfhjl~u6'1m~eJb b'1lbU(J:W~'lbb61(1l'l'€l1n1';jb Vl~eJ'lbb6'1~'1J1(1l61(91'€l1Vl1';j~'l" , 
1'U n1';j'lJ6'1 nm(J1<i161ml~'lJ n~ bb6'1~61ml~J1vh:w-rr'l eJ~l'll ';jn(911:W~1~61'l fJ'lA'liin1';jb~ ~ru b~'Ub(91~~ nl11'U 

" v 

rruila nrnu1<i161m1::;tln~ 'U'€ln~ln~';j~I1i''UfI11:Wfl11m'Ubb';j'l'1JeJ'lb';jAii:W1n~'Ub~eJ"il1'U1'U61UeJ1"1JeJ'lb ~'€l';j1" , 
A. nieer ~m:W~(1lb~:W:W1n~'U bb6'1~fI11:W';j'Ubb';j'l'1JeJ'lb';jA~~bn(1lmn~'Ub~eJU6'1nm(J1<i161m1~J1vh:w-rr'l 

~ , " 
~'l~b~'€l(91';jl~61eJ'U btl eJ1b~'U1?1 m';jb n(1lb ';jA bb6'1~A~bb 'U'U A11:W';j'U u';j 'lnl';j bn(1lb ';jfl"1JeJ'l~1~61'l~tl6'1 n , " 

rnu1<i161ml~u n~ i'I'U11b~m1~';j~I1i''UfI11:W b.v:w.v'U'1JeJ'l61ueJ1 104 61ueJ1~m:W~(1l rieJ1~bn(1lA11m'Ubb ';j'l, 
"1JeJ'lbfl~mtl~61'l:W1n~61(1l, AmUeJ1b~'Ul?1nl';jbn(1l hfl 50% bb6'1~fl~bb'U'U nl';jbn(1lhflbvhn'U 2b(1lCl~fI11:W 

b.v:w-U'U'lJeJ'l b~m11 'U';j~I1i''U~ i'I'Ul1 n1';j11Jb~eJ hb'1lbU(J:W~l:W n'U m';j11J611';j bflii carbendazim 1~e-J6'11 'U rm 

UeJ'l n'Un1';jbn(1lb';jfl';j1nb1.l1lvl~nl1 n1';j11{b:5eJ1';jb'1lbU (J:W~l:wn'U b~eJ'U1~6'1~61 A20 mil'll';jn(911:wlJJbb(91n~1'l 
eJ~l'lii1.!m-·hfYqj bb6'1~b~eJ(91';jl~61eJ'UJ1Vl1.!n<i1'Ub(1l(J';j1:Wi'l'Ul1m';j11Jb~eJ h b'1l bU(J:W SUTN9-2 ~1:W n'U A20 

Vl~eJ nl';j11J~1:wn'U611';jbAii carbendazim 611:W1';j(l~ 'lb61~:w1 ~Yi'ljiinl';j b~~qjb~'Ub(911JJbb(91 n~l'l n'UeJci1'lii 

1.!m·l1fYqjVl1'l61 ~~ ((911';j1'l~ 1) ~'l61eJ(1lfl~eJ'l n'Un ~ m';j:W'lJeJ'l bnu1'1l:w1'Ub(91';j~ b'U61~i'I'Ul1ii n~ m';j:W'lJ'€l'l 

beJ'Ul'1liib~:W:W1n~'UbdeJ11Jb~eJ h b'1lbU(J:W~1:wn'Ub~eJ'U1~6'1~61 A20 9,-1~eJ~l:wn'U carbendazim b(1lmQi'l1~ 
eJ~ 1'l ~ 'l b~eJ ';j~I1i''U fl11:W b.v:w-U'U'lJeJ\l61 UeJ 1 b~ '€l ';j1 b~:wm n~'U 1 'U'1J ru~~ m ';j61~1'l U:W'lJeJ'l b~'€ll ';jb'1l bU(J:W 

SUTN9-2 iib~:W~'UeJ~ l\lii1.!m:l1fYqj bdeJ11J~1:W n'Ub~eJ'U1~6'1 ~61 A20 Vl~eJ~l:W n'U611 ';j bflii carbendazim 

((911';j1'l~ 2) bb61(1l'l1~b ~'Ul11 'U61m1~u n~ nl';j11Jb~eJ h b'1lb u(J:W~1:wn'U611';jbfliJ carbendazim ~\lbb:W~~1~ 
e-J6'1~~~(1l bb~Vllm~I1i''UfI11:Wb-U:w.v'U'lJeJ'l61ueJ1b~m1 A. niger bn(1l~'UeJ~1'U'lil\l 10 2-104 61ueJ1~m:W~(1l 
611:W1';j(l11Jb~eJl';jb'1lbU(J:W SUTN9-2 ~1:wn'Ub~'€l'U1~ml61 A20 1'Un1';jU'€l\ln'Unl';jbn(1lb';jm1m1.l1bb6'1~~\lb61~:W 
nl';jb~~qjb~'Ub(91'lJeJ'l~1~61'l1~~ihJ bb(91 n~l'l~l nm';j11J611';jbfliJ b'Ii'U n'U 
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A B c D E F G H A B c D E F G H 

A B c D E F G H A B c D E F G H 

~tJvf 9 bb ?l ~~ ttl ~ ?l .:) vf €ll ~ 45 1'WVI~':)n1'ju~ n 'Vl~C\€l.:)1'W?lfl11~un~ (1) ttl~?l.:)l:lJl" L~€l ; (2) ttl~?l.:)l"L~€l Aspergill us niger vf 10 
2 

spore/seed ; (3) ~l~?l.:)l~b ~€l 
3 4

A. niger vf 10 spore/seed ; (4) ttl~?l~l~ b ~€l A. niger vf 10 spore/seed ; (A) 'll ~l :lJl~b~eJ ; (B) 'll~l ~b~€l A. niger; (C) 'll ~l~ ?l l'j bA :lJ carbenda zim; (D) 'll~l~ b~€l 

Bacill us A20; (E) 'll ~l ~ b~€l Brodyrhizobium sp. SUTN9-2 ~ l :lJfl'U?ll'j bA:lJ cabendazim; (F) 'll~l" L~€l Brodyrhizobium sp. SUTN9-2; (G) 'll~l?ib~€l 

Bradyrhizobium sp. SUTN9-2 ~l:lJfl'Ub~eJ Bacill us A20; (H) ~~l?i L~€l Bradyrhizobium sp. SUTN9-2 ~l :lJ fl'U ?l l'jbA :lJ cabendazim ~l:lJfl'Ub ~€l Bacill us A20 
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A B c D E F G H A B c D E F G H 

ABC D E F G H ABC D E F G H 
2

~tJ~ 10 bb ?l Vl ~~d~?l ~ ~ Bl~ 4S l'U VI~~m':i tJ~ fW1VlrlD ~1 'U ?lmd~~hvhlJ (1) ~dfi ?l -:jllJ1~b~D Aspergill us niger; (2) ~dfi ?l -:j1 ~b~D A. niger ~ 10 spore/ seed; (3) 

3 Q

~d~?l-:j1~b;ffD A. niger ~ 10 spore/seed; (4) ~d~?l~1?ib;ffD A. niger ~ 10 spore/seed; (A) 'l.lVl1lJ1?ib;ffD ; (B) 'l.lVl1?ib;ffD A. niger ; (C) 'llVl1?i?l1':i bfliJ carbendazim; 

(0) 'llVl1~b;ffD Bacillus A20; (E) 'l.lVl1?ib;ffD Brodyrhizobium sp. SUTN9-2 ~ d lJn'U?l l':i b fl iJ cabendazim; (F) 'l.lVl1 ~ b ;ffD Brody rhizobium sp. SUTN9-2; (G) 'llVl1~ 

b;ffDBradyrhizobium sp. SUTN9-2 ~dlJn'Ub;ffD Bacillus A20; (H) 'llVl1?ib;ffD Brodyrhizobium sp. SUTN9-2 ~dlJn'U?ll':ibfliJ carbendazim ~dlJn'U b;ffD Bacill us 

A20 
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~1';j1.,:j~ 1 (i11 ~1'lb b~(9)'l ri lf1T~ bn\9lbfl (%) ri lfl 'nlJ ~'Ubb ~'lf11 ~ bn(9)b fl (fl~ bb 'U 'U) ri l 1hVj trf1~'U1\9l CJ ~'"J 1J (g/plant) .ffiJl"IJl f1 f11~ lbfl ~l~ ~ Jl':Wbb~'Uf11~'Vl (9) (;l B'l CRD ~ 

m l 1J b~mj''U 95 % 1'U ~md ~ 'tJf1~ 

fhn1~LiiflhA (%) fi'A 1'1J1ULL~ ~n1~LiiflhA (A:LLUU) fi1 ~'llun;;ulfl!J ~11J (g/plant) 

A. niger (spore s/mVsee d ) A. niger (sporeslmVse e d) A. niger (spore slmVse e d ) 

'l/An1 ~'Y1 f1 11 B ~ 

unci unti unci 

10 2 10' 10 ' 10 2 10' 10 ' 10 2 10 ' 10 ' 

A. niger A. niger A. niger 

"I flA1U~1J <l1J1 ci L~B ) O±O.OO' - - - O±O.OO' - - - 0.96±0.04b 
- - -

"I flA1U~1J (A .n;ger) - 41. 67 ± 2.0S'b 2S.00±0.00' SO.OO±1.00' - 1.33±2.0S'b 1.67±0.00' 2.00±1.00' - 1.09 ±0.OSb 1.29±0.30'b 1.29±0.30'b 

Su t9- 2 O±O.OO' O.OO±O.OOoc O.OO±O.OOoc 2S.00±0.00'oc O±O.OO' 0.33 ±0.00°C 0 .33±0.00 °C 1.33±0.00'b 1.70±0 . I I 'b 2.0 1±0.96' 1.49± 0.03'b 0.9±0.03b 

A20 O±O.OO' O.OO±O.OO ' O.OO±O.OO' 2S.00±0.00 'OC O±O.OO' O.OO±O.OO ' O.OO ±O.OO ' 1±O.OO' oc 1.20 ±0 .14'b 1.24 ±0 .02'b 1.46±0.I S' b 1.2S±0.OS' b 

Sut9-2+A20 O±O.OO' S.33 ±0.SSoc 2S.00 ±0.00'oc 2S.00 ±0 .SS'oc O±O.OO' 0.33±0.SSoc 1.00± 0.00'oc 1.00±0.SS' oc 1.l 9±0.14' b 1.36±0.30'b 1.S2±0.13 'b 1.36±0.IO'b 

a rbendazim O±O.OO' S.33±0.SS"' 2S.00 ±O.00'oc 2S.00±0 .OO'oc O±O.CO' 0.33±0.SSoc 1.00±O.OO' oc 1.00 ±0.OO'oc 1.44±0 .02'b 1.l6±0.1 6' b 1.73±0 .03 'b 1.19±O.OS' b 

~ ut9-2+ Ca r ben d az i m O±O.OO' O.OO±0.3 9' 0.00±0.39 ' 0.00±0.39' O±O.OO' 0.22±0.39' 0.22±O.39 ' O.22±0.39' 1.06±0.ISb 1.66±0.2I' b 1.3S±0.36'b I.09±O.12b 

Su t9 -2+Ca rbend azim +A20 
~ 

S.33±0 .SSoc S.33±0.SSoc S.33±0.SSoc - O.33±0.SSoc O.33±0.SSoc O.33±O.SSoc - 1.40±0. 21' b 1.36 ±0 .2S'b 1.40±O.21ab 
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~1'a1 \l ~ 2 1?l1'n:J ANOVA bb 61 ~~ fh il "il m~ :lJb€l'U161l :lJ1'Ut l?1 ~ ~b'U61 (nmol C2H~hour/p l a nt) rh~1'UJ'UtJ:lJ (nodule/plant) f1 1thVftTntJ :lJ b bVf~ (rug/plant) vi1~ 

Iil1nm~1 bm1 ~ "'~Jmbt-J'Um~'Vl~~€l~ CRD ~fl J1:lJb ~ mj''U 95% 1'U61 .f11J ~ tJ n ~ 

fhn1~ji;m ~ ~JJlil\Jl'll JJ1\Jl~ ~iil\J 1I (nmo l C2HoIho u r/ plant) fhii 1\J1\Jtl JJ (nodule/plant) fh,I1mjntlJJ L~1-i~ (g/plaot) 

A. niger (spo res/rnl/seed) A. niger (spores/rnt/seed) A. niger (spores/m Vseedl 

'll1ln1 ~ 'l1Il I1!l~ 

Mfl M fl Mfl 

10 2 
10 ' 10 ' 10 2 10 ' 10 • 10 2 10 ' 10 • 

A. niger A. niger A. niger 

'llllfl 1U~JJ<'UJ1fl~~iJ l O±O.OOh - - - O.OO±O.OOh - - - O±O' - - -

~llfl1 U ~JJ(A . n iger) - O.OO±O.OOh O.OO±O.OOh O.OO±O.OO h - O.OO±O.OOh O.OO±O.OOh O.OO ±O.OOh - O.OO±O.OO' O.OO±O.OO' O.OO±O.OO' 

sors-z 3.3±1.53def 
4±2.64dc' 1.67±0.58f' 4.33±2.52def 107.17±21.64' 85.83±35.48' bc 26.33±6 .84f,h 9.17±2.19,h 0.06±12.02bc O.06±23.09bc 0.011±3.33f' 0.013±3.33c1 

, 

AZO O.OO±O.OOh O.OO±O.OOh O.OO±O.OOh O.OO±O.OOh O.OO±O.OOh O.OO±O.OOh O.OO±O.OOh O.OO ±O.OOh O.OO±O.OO' O.OO±O.OO' O.OO±O.OO' O.OO±O.OO' 

-­
ut9 -2+AZO 2.00±O.00" l.0 0±1.00" 5.00± i.oo" 12.00±6.00' b 59.17±5.09bcde' 81.67±0.88' bcd 49.67± 1.64dcf , 63.67±9.33bcdC' 0.07±3.33' 0.04± 14.53cde 0.033±6.67' def 0.043±8.22cd 

arbend azim O.OO ±O.OOh O.OO±O.OOh O.OO±O.OOh O.OO±O.OOh O.OO±O.OOh O.OO±O.OOh O.OO±O.OOh O.OO±O.OOh O.OO±O.OO' O.OO±O.OO' O.OO±O.OO' O.OO±O.OO' 

~ ut9-2 +C a r ben dazi m 4.67±.58de 9.00±3.00'" 12.33±1.16 ' b 1l. 67± 1.16' b 26.83± 3.17" h 27.50±3.28f,h 41.00±4.37e', 69.50± 15.66bcdc 0.02±3.33def, 0.02±3.33de', 0.03±3.33cde', 0.04±5.rr" 

Sut9-2 +Carbendazim+A20 - 15.00±5.19' 6.33±5.5 Iee 13.00± 3,46' b - 89.17±2l.64' b 86.00±25.7t'bc 49.67± 21.17cde' - 0.05±12.02bc 0.07± 23.33' 0.04± 12.02cdc 
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1911~1'1~ 3 1911~1.:J ANOVA bb6Wmhm';ibnVlhfl (%) A1fl111q'Ubb';i.:Jm';ibnVlhfl (aeuuu) A1JTvl\lnJ!'U1VltJ';i1JJ (g/plant) vn~1i]1nm';ilbfl';i1::;~~1mb~'Um';i 

'YlVli:leJ'l CRD ~fl11JJb~mj''U 95% 1'U61.fl11::;J1v11JJ 

R1n1~~1iflhfl (Ofo) R1f111lJ~IJ~~~~n1~~1i\ll hfl (f1:LI.IJIJ) R1,hwundfIJ1\1lv~1lJ(glplant) 

A. niger (spores/rnl/seed) A. niger (spores/rnl/seed) A. niger (spores/mt/seed) 

"l\lln1~l1f1"ll~ 

un" un" un" 
10 2 10 3 

10 • 10 2 10 3 10 
4 10 2 10 3 10 4 

A. niger A. niger A. niger 

"l\llfl1tJ~lJ(UJ1"L~1l) O±O.OOd - - - O±O.OOd - - - 0.9S±0.46'd - - -

l/\IlA1tJ~lJ(A.niger) - 16.66±0.OObed 16.66±0.00bed 33.3 3±0.S8'bed - 0.67±0.00bed 0.67±0.00bed 1.33±0.S8'bed - 1.39±0.17'bed 1.20±0.24bed 1.09±0.04 bed 

Sut9-2 O±O.OOd O.OO±O.OOd 0.00±0.S8d 8.33±0.00 'd O±O.OOd O.OO±O.OOd 0.00±0.S8d 0.33±0.00'd 1.70±0.l1'bed 2.16±0.8r 1.49±0.03'bed 0.90±0.03d 

A20 O±O.OOd SO.OO±O' bed SO.OO±O·be SO.OO±O.OO· bed O±O.OOd 1.67±0.00 'be 1.67±0.00 'be 1.67±0.00 'be 1.20±0.14 bed 1.47±0.2I'bed 1.40±0.19·bed 1.10±0.I2'bed 

Sut9-2+A20 O±O.OOd 8.33±0.S8'd 16.66±0.S8bed 2S.00±0.00 'bed O±O.OOd 0.33±0.S8'd 0.67±0.S8bed 1.00±0.00'bed 1.46±0.22'bed 1.86±0.14'b 1.27±0.18bed 1.36±0.IO
bed 

~arbend azim O±O.OOd 16.SS±0.S8bed 16.SS±0.S8bed 8.33±0.00 'd O±O.OOd 0.66±0.S8 bed 0.66±0.S8 bed 0.33±0.00 'd 1.44±0.02'bed 1.48±0.19'bed 1.73±0.03·be 1.38±0. IS, bed 

Sut9-2+Carbendazim O±O.OOd 2S.00± 1.73'bed 2S.00± 1.73 'bed 33.33± I.S3 ,bed O±O.OOd 1.00±1.73,bed 1.00±1.73'bed 1.33±I.S3,bed 1.06±0.16
bed 1.72±0.16'be 1.38±0.2S'bed 1.09±0.12

bed 

Sut9-2+Carbendazim+A20 - SO.OO± 1.73'be S8.33± I.S3, b 66.67±l.1S' - 1.67±1.73'be 2±1.S3,b 2.34±l.1S' - 1.39±0.IS'bed 1.36±0.2S·bed 1.40±0.2I'bed 
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t911';j1"l~ 4 linn:J ANOVA bb6Wl-:Jfhn';i]m'j~b€l'Ul"lf~1'U1~'j~b'U~ (nmol C2H,Jhour/ plant) fh']l'Ud'UU~ (nodule/plant) fillhvnrnU~bb~-:J (g/plant) ~l~';i]ln 

md~Jbfldl~~~1mb(:.,J'UmWIt'l~€l-:J CRD ~fI11~b~m1'U 95% 1'U~Jl11~,hvh~ 

fhn1~ii'Jm~lImtJl'l1111tJt(Jl "~LtJ<l (nmol C,H.,/ho ur/ p lan t) fi'~'tJ 1tJtllI (nodule/plant) fbJ,·.nJmJlI (rug/plant) 

A. niger (spores/rnt/seed) A. niger (spores/rnl/seed) A niger (spores/rnl/seed) 

'lllln'~\1f1f\<J~ 

Mil Mil Mil 
10 2 IO l 

10 • 10 2 10 l 10 • 10 2 10 l 10 • 

A. niger A niger A niger 

'1f1ft1U~1I(U,nri~il) O±O,OO' - - - O±O.OO' - - - O±O.OO' - - -

'!jflfl 1u~1I(A.n iger) - oao.oo' O±O.OO' O±O.OO' - O±O.OO' O±O.OO' O±O.OO' - O±O.OO' O±O.OO' O±O.OO' 

Sut9-2 3.67±0,58'" 2± I bcdcf 2.33±2.31 bcdc 1.67±0.57de' 107 .16±21.64· 78.50±40.83·"'d 26.33±6.84e', 9.16±2.18" 56.77 ± 12.0 2' ''' 53.33±29.06· "'d 6.77±3.33' 13.33±3.33ef, 

A20 O±O.OO' O±O.OOf O±O.OO' O±O.OOf O±O.OO' O±O.OO' O±O.OO' O±O.OO' O±O.OO' O±O.OO' O±O.OO' O±O.CO' 

Sut9-2+A20 6.67±1.53· 3.33±0.58"' d 2.67± 1.16"'d e 3.33±.58"'d 73 .33±17.38·"'d 100 .00±11.54·b 39.00±5.61def, 63.66±9.33"'dc 70.00± I 0.00' 70.00± 10.00' 30.0± I O.OO'd-< 43.33 ±8.8 2· b-c 

Carbendazim O±O,OO' O±O.OO' O±O.OO' O±O.OO' O±O.OO' O±O.OO' O±O.OO' O±O.OO' O±O.OO' O±O.OO' O±O.OO' O±O.CO' 

Sut9­

2+Carbendazim 
3.33± 1.53 "'d 6.67±2.31· 2.33±1.53"'de 4± 1.73b 26.83±3.16ef , 24.50±5,63ef, 41.00±4.36 def, 69.50± 15.66·"'d 23.33±3,33"f, 20 .00±5.77e' , 26.77±3.33'd-< 40.00±5.77·b-c 

Sut9­

2+Carbendazim+A20 - 3.33± 1.53"'d 1± l 
e' I±Oef 

- 89.16± 17.36'''' 86.00±25.72 '''' 49.66±21.16'de' - 53.33±12.02·"'d 63.33±23.33·b 36.7±12.02"'·' 
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\J 1 n n1 ~ Vl ~ ~ B-:J ~ ~ 1 u ~ 1~ 1111b~ B'U 1'Bmr?l A20 b~ B1off ~ 1 ~ n'Ub~ Bh 1611 bUCJ ~ SUTN9-2 i1 

'lJ~~~Vl5m~1 tlm~~~fl11mtlbb~-:J'1JB-:Jm~bn~ 1~mlmoJl\Jlm~ml A. niger bb~~b~Bh1'1lbUCJ~?l1~1~f1, 
~ -:J b?l~~ nl~ b\J ~ru v b~'U 1(;1'1J B-:J~'1J1~~.lll CJ 1~?l.ll11~J lvi1~ 1'1-:J,!tl ~-:Ji1 u tl1 A~1u m ~'lJ f'Utl ~ -:J ~1 b~B1~ , 

1'1lbUCJ~ b~ Bm~~-:J b?l~~m ~b\J~ru ua ~m~fl1'Ufl~1~ml n boJ11tl~1~?l-:J.lll CJ 1~?l fI1tlm~ruJlvi1~ 1~ CJ v , 

m~~~ (;11 tl61n'ttru~ co-inoculation ~-:J b-Utl m~111 b~B 2 '1JtJ~~1~?l~fltlb~B1 ~?l~~1 n\>imn'tt(;1~m 
1u m ~1111 'lJ1off\J ~-:J1 tl?l.lll~h 1~ CJ 9;11 m ~Vl ~?lB'U n1~ b\J ~ru n1~jJ~l (;1 BCJ'~B ~ 1tl B1V11~ bVim bb~ ~ 

v " 

'lJ~~~Vl5.lll'~~1 u m~8'Ut-:Jb:ffB~1 A. niger b~Bm1\J?lB'UB1~m~bn'Ufn'ttl'1JB-:J~1b~m -Utl~~CJ~b1m 
6 b~Btl ~bn'U ru BruVl.lljJ~B-:J ~-:Ji1\~Vl~?lB'U1~CJyhn1~biCJ-:Jb:ffBb1'1lbUCJ~ SUTN9-21tlB1V11~ , " 
YEM bb~~biCJ-:Jb~B'UlsB~61?l A20 1tlB1V11~ NB ~tln~~~-:Jb'1lmh~~qjjJ'lJ~~lrufi-:J 10 8 b'1l~cl'(;1'B 

jJ~ ~~ (;1 ~ \J 1 n'!tl~ -:J111 b:ffB~-:J?l B-:J'1JtJ ~ i1\'lJ~1-:J1tlJl in ~ B (0 .85% 1\1 aCl) bb~1 ~ ?l~fltl1tle](;1 ~l?h u 

1:1 b~'B1'1!dJtl starter 1tln1~ inoculate ~-:J1tlB1V11~Vl~?lB'U ~-:J1'1!eJ1V11~ YEM b{]tl~tlfjltl... 
bdB-:J\Jlm:ffB'Ul'B~61?l A20 ?l1~1~fIb~~qj1tlB1V11~ YEM 1~~ 1~CJ~ln-:Jltll~CJ~eJltl~1~'U':hn1~ 
b&l~?ll~ K2HP04 bb~~ KH 2P04 b~m{]tl buffer 1tln1~fn'ttl~~I'1'U pH '1JB-:JB1V11~1tl~~Vl1'1-:Jn1~ 

bn 'U f n 'ttl \J ~ '1J'1 CJ 1 'IXb:ffBjJ'5(;1 ~ 1 n 1 ~ BCJ' ~ B~ b~'~ ~ 1 n ~u (,xtl Vl n ~ bb ~ ~ fl ru ~ 2552) 1u '1J ru~ ~I 

" 
b'lJ~CJ'U bYiCJ'U?lmB1V11~~~Vl11-:J n1~1 ibb~~hi1off?ll~ pVP ~-:J b-Utl~B~ b~B{~'li1CJ1 u m~~~~'U?ll~~'tt 

" " 
~Bl\J bn~~tl ~~Vl11-:J n1~ b\J~qj'1J B-:J b~B ~1~~-:Ji1 f! ru?l~LJ&l co llo ida l b~ B'li1 CJh~\:ffmb'U AYi b~CJ ~'U ntl 

ua ~ u '111 u ~ BCJ1u B1V11 ~1~~ 1n~tl1~ CJ hi (;1 n (;1 ~ n Bu B~1-:J ~1~ b~1 ~ -:J~ -:J~ ~~1 u ~~ CJ~ CJl1~yh 1'IXrn ~ 
~-:JeJ ltl?ll~BlV11~ ua ~B Bn'B b\Jtl ~~Vl11-:JB1V11 ~~ b'1l~cl'~~tl ua ~Y111 ~B lCJ nl~ bn'U fn 'ttl '1J B-:J b'1l~cl' tlltl" ,
~ln:fftl (Tittabutr et al., 2007) ~-:J,i\Jln~~n1~Vl~~B-:J~'U11b~Bb1'1lbUCJ~SUTN9-2 bb~~b~B 
'Ul'B~61?l A20 ?llm~fIb\J~qj1mtlB1V11~~i1 YEM b-Utl~(;1~~tl]ltl 1~CJi1'lJ~mrub'1l~cl''1JB~b:ffm~-:J?lB-:J 
'1JtJ~b~~~tl\Jlm~~~tl~'lJ~~mru 10 5 b'1l~cl'\>iBjJ~~~(;1~ b~~~tlmnnl1 10 8 b'1lmi\>iBjJ~~~(;1~ uae 

8-:JA-:Jfn'ttl~~I'1'U'lJ~~lrub'1l~cl'~jJ~1(;111~A11m-rr~-rrtl?l-:Jn1110 8 b'1l~cl'\>iBjJ~~~m l~fi-:J 4 b~Btl 
" 

brimn'U fn 'ttlV1"1 b~B ~ ?l~'if11 ru BruVl.lljJ'IXB-:J B~l-:Jh n (;l1 ~'lJ~~ 1 ru b'1l~ cl' '1J B-:J ~-:J b~Bh 1'1l bUCJ ~ , " 
SUTN9-2 bb~~b:ffB'Ul'B~61?l A20 ~~~-:JbVl~mrBCJnl1 108 b'1l~cl'~BjJ~~~(;l~ b~Bi1B1CJn1~bn'Ufn'ttl, 
~ 5 b~Btl bb~~b~Bh1'1lbUCJ~ SUTN9-2 i1'lJ~~lru~~~~bVl~mrBCJnl110 7 b'1l~Gi\>iBjJ~~~m ~B1CJ, 
n1~bn'Ufn'ttl 6 b~Btl 1tlB1V11~?l(;1~~hJi1n1~b~~?l1~ PVP (~'lJ~ 11) 1tl'1Jru~~'lJ~mrub:ffB~i1~1(;1 

" " 
'1JB-:J uu AYi b~ CJ~-:JM)-:J'1JtJ~jJ u tl11 LJ~ ~ n11 b~ mYBCJb~B biCJ -:J1 tlB1V11~~jJ?l1~ PVP 1~ CJ 8-:J A-:Jfn'ttl 

'lJ~mrub'1l~cl'1tl~~~'U 108 b'1l~cl'\>iBjJ~~~(;1~ 1~b~Bi1B1CJn1~bn'Ufn'ttl 5 b~Btl (~'lJ'Vi 12) B~l-:Jhn 
~ ',~ 

(;ll~vr-:J?lB-:J?l mB1V11~hJ?l1~1~f1ff1'ttl~~I'1'U'1J B-:J b'1l~cl'vHj~1(;11 n~~l nn11 108 b'1l~cl' ~ BjJ~ ~~ m 
" ~I d

butlb1~1 6 b~Btl 

1tl ~~V111-:J n1 ~(;1 ~1\J ?lB'U ~ltl1tl b'1l~ Gi'Vi ~B ~~1 (;11tl BlV11~~(;1 ~\>il-:J ~ 1tl bb\>i~ ~ b~ Btl 1~111~1 

b~B ~?l~~1(;1 ~1\J ?lB'U A11~?l1~1~f11 tl n1~b-Vl?l~l-:J'lJ~'1JB-:J b~Bb1'1lb UCJ~ SUTN9-2 fl'U ~1 ~?l-:J 1~ CJ 

bVlA'UA Plant Infection Count bb~~ml~?llm~f11tln1~8'Ut-:Jnl~b\J~qj'1JB-:Jb:ffB~1A. niger'1JB-:J 

b:ffB'Ul'B~61?l A20 1tl~'lJbb'U'U'1JB-:J~1b~B~?l~ 1~CJbVlAtJA Dual culture test ~-:J~~m~Vl~~B-:J~'U11 
" 

b:ffBh 1'1lbuCJ~ SUTN9-2 8~i1ml~?l1~1~f:l1tl n1~ b-rrl?l~1-:J'lJ~n'U~1~?l-:J1~~ 1~ CJ~ltl1tl'lJ~~ bnVl~tl 

~~~-:Jl 'lJ (;l1~~ltl1tl b'1l~ cl''Vii1~1 (;l'1JB-:J b~B1~ 1'1lbUCJ ~ 1tl'1J ru~~ A11~ ?l1~1~ f:l1 tl n1~8'U t-:J b~B~l A. 
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niger '1J eJ 'Ib~eJ 'U l<il~~6'1 A20 tJ'Ifl 'l Vh:nuM~b b lJ~l'\.n'Ub'11~ 6'1'1JeJ'I b ~eJ'Ul <il ~~f1 A20 1 'UeJl'V1 1 'J~m 

1111 '1 'l MI ~'1b'VI ~mrmJn11 10
8 

b'11 ~6'1l11eJ :W ~~~(9i 'J 1'UeJ l~nl 'J bn'U-rmll ru b ~ eJ 'U 'Vi 5 bb ~~ b ~ eJ 'U 'Vi 6 

('Ju 'Vi 13 uae 'J u ~ 14) 1\?HJflll:lJf11m'Jfl1'Unl'JtJ'U8'1b~eJ'Jl A. niger hiiJflll:lJbb (9in Il11'1n'Ub~eJ 
'\J '\J 

b ~tJ 'I 1 'U6'1 (>1':leJl'V11'J~iJ'VI~eJ h iiJnl':l b~ :lJ f1 1 'J PVP I?1'1J'UIiJ~ b~ 'U1~11Vllb~eJ 'Vi I:-J ~(>I1 'U'JUbb 'U'UVll b;ffeJl:-J6'1:lJ
'\J '\J 

diJu'J~ iRVJl5i11 Y'l1 'U nl 'JtJ'U 8'1b;ffeJ'J 1 A. niger 1 ~~ bb~eJ tJ' l'1h n !?11:lJ IiJ 1 n I:-J a rn 'J'VI\71~ eJ 'I'ViVl1 n 1 'J 

'VI \71 f1eJ'ULh~~'VI5 i11Y'l'1JeJ'I b;ffeJh 1'11 b'lJ tJ:lJ SUTN 9-2 bb~n;ffeJ'U l<il~~6'1 A20 1urn 'J1:1 'Ibf1~:lJ m 'JbliJ ~C1J 

'1J eJ '1 51 ~ f1 'I u ~ ~ n 1'JtJ'U 8'1n 1 'Jbn\711 'Jfl 'J1 n b1.1 1rn tJ1o/ln1 'JU~ n1 'U 6'1 Jil l ~ J 1villJ vll n 1 'J'VI \71 6'1 B'U b;ffB1'U 
'\J 

'l~o/lB'lth1 u1ii11 tl1'U 'J~ tJ::; b1m 4 b~ B'U b~ B1V1bb tihl1 tJ'IiJu~mrub '11~~'1JB'I b~mb 'UflVi b~m,r'l f1B'I 

'1J'U\71mnnl1 10 
8 

b 'll~~lI1m:lJ~\71 b~ml1hJHbb~~Bl'lo/leJ'Ibl:-J'1lC1Jn'U6'1 i111~Jlvil:lJ 

5UTN9-2 + A20 in YEM + buffer 

10 
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~tJ vi 11 U~:lJ1rub 'll~6'1'1JB'Ib;ffB Brodyrhizobium sp. SUTN9-2 b b~ ~ b;ffeJ Bacillus megateriurn A20 1'U 

Vllb;ffeJ~Ubb'U'UI:-Jf1lJ ru B1~n1'Jbn'U~m~l~blm(P)l'1 'l1\71tJ1~~mB1'V11'J YEM+buffer (hjiln1':lb~:lJ PVP) 
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5UTN9-2 + A20 in YEM + buffer + PVP 

10 

9
frl_
6­
~~ -§. 8 
Q~ = 
~ (l) 

~ ~ u 7 
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.-6 ~ 

.~ (l) 6 
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~ 04 

;frl ...J 
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3 

~S U T N 9- 2 YEM+buffer+PVP 

~A 2 0 YEM+buffer+PVP 
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~tJ~ 12 LJ~:w1illb'11 616'1'1J eN b~D Bradyrhizobium sp. SUTN9-2 bb61::: b~D Bacillus meoaterlurn A20 lu 

~lb~eJ~ LJ b6UU~?l~ ill m~f11'j" bnUrfn~l~b1611~l'l 1 1 (i1 tJl~~ (;1'j"m Vl l'j" YEM+buffer ( ii f11 'j"b ~ ~ PVP) 
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~ 'l.J vi 13 fl1'jVl~?I tJUAJ1:W?lI:Wl'm1 'IJnl':itJU~-1f1l'W\)1~'U tJ-1b~t)'n A. niger l~tJ'lXlb~tJ ~ 'l.Jb lUUWi:\:W (SUTN9-2 + A20) ru ~ tJl~fl1';ibfiu-rf1'\.n 5 b~ tJ'U ; (A) b~tJ';il A. 

niger (control); (8) b~tJ';il A. nioer b b(;l :;b~tJ'lXl b;ffB';i'I.J bbUUWi:\:w1'Ui:\{;l';itJlvn'j'vfhJb~:W PVP; (0 b~tJ ';i l A. nieet bl (;l :;b;fftJ'lXl l,:fftJ ';i'I.J bbUUW ?I :wlu?lmtJ 1V11 ';i~b~:W PVP 
~ ~ ~ ~ ~ ~ 
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~'tJ~ 14 f1l,;) 'VlI?lC1tl'UAl l :lJC1 l:lJ1,;)f11'Uf1T~V'U~'l f1l,;) b 'J~ 'Y <zJ el 'l b~m l A. niger 11?ll'J'lXl b~el ~'lJbb'U'Uf.JC1:lJ (5UTN9-2 + A20) ru ~ ell ~ f1l ,;)b n'U~m~n 6 b ~el'U; (A) b~el,;)l A. 

niger (cont rol); (B) b~ml A. nieet bb fj ~b~el'IXlb~el ';)'lJbb'U'Uf.JC1:lJ1'UC1(inm'\llwyj'hib&i :lJ PVP; (C) b~m l A. nieer bbj;1 ~ b~tl 'IXlb~m'lJbb'U'Uf.JC1 :lJ1'U M1';)m'\ll l 'l~ b ~:lJ PVP 
~ ~ ~ ~ ~ ~ 
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d 
'U'Vl'Vl 4 

'U'Vl ~11.J f111'Vl ~~€J.:j 
q 

"illflfl1~VI \11~B\l b~mJ-rutJ~ \lVllb~B1~1'1lbUmJ b~B fl1~~\l b6'1~~ fl1~ b"il~ rubb~~fl1~mUfl~1~fl~l flb111, v , 
lU~l~?l\lmCJ11'l?lm'Ufl1~~1hJ1Vh~ 1~111b~eJ Brodyrhizobium sp. SUTN9-2 ~iifllllJ?llm~~1'Ufl1~ 
bo1Jl?l~1\ltJ~bb~~~\lb?l~~fl1~b"il~'1]'1JB\l~l~?l\lmCJ11'l?lml~Jlvh~bb~~b~B Bacillus megoterium A20 ~ 
iim llJ?lllJl~~1'Ufl1~ ~U 8\lfl1~ b"il~ '1]'1JB\l b~eJ~l Aspergillus niger lJl'Vl\116'1 eJUflru6'1~u~1 'U fl1~ b"il ~ '1] 

~lWl'U 1\11 CJ e.J~fl1~VI\11~B\l'YlUll b~B~\l6'1B\l'lli1\11 b"il~'1]~lWl'U1~\11 CJ 1~ b~'UtJ5iJ fl~~Bn'U ua ~ b~B~\l6'1B\l 
'lli1V1iiflru?llJu~1'Ufl1~~V1bfl1~nU~lfl~l~?l\l1v1~bb~tJ'lfl1'U?lml~JlvillJ-V\l1V1tJtJ~mru'1JeJ\lb~B1~1'1lbUCJlJ, ~ 

~~~\ilumflflll 108 b'1l~~~m~~\11 ?llm~~~\lb6'1~~fl1~b"il~'1]'1JB\l~l~?l\lmCJ?l[l1l~thvh~-V\l1v1 bb'l~b~B 
1111tJVI\11?leJ'UtJ~~~Vlli.fll'Yl fl1~~\lb?l~~fl1~b"il~'1]bb'l~fl1~~'U8\lb ~eJ~lriB 1~ml ru1111'U?l.flll~Jlvil~-V\l 
'YlUllfl1~1ib~B h1'1lb UCJ~ SUTN9-2 ~l~nu b~B'Ul'8mr?l A20 6'11~1~~~'U~\lflll~~'Ubb ~\l'1JB\l bfl1v1~, 
bV1CJ'Ubvilti''Ufl1~1ib~eJh1'1lbUCJ~~JlJti''U6'11~bfli1 carbendazim ~b~'U?l1~nl~\11b~ml1\11CJtJ~~lrub~ml~ 
b~BU1'8mr?l?l1~1~~fll'Ufl~1v1"il~BCJ1, 'U-dl\l 102-1 04 ?ltJB~~m~~\11 'UBfl"illfl'ii~\l1~~(91J'U1Vll b~B1~1'1lbUCJ~ 

~ 

1'U~tJ u'UUVll b~Be.J6'1lJ ~\l'YlUll b~B~\l6'1B\l'(fi1\116'11~1~~ b"il~rubb'l~i1~1V1 mhBV11~V1CJ1im'\l11~~'U~1'U YEM 
'" v 'U ~ 

~i1fl1~b~~ buffer bb'l~?ll~ PVP ~\l?llm~ml11~b~eJ~\l?lB\l'lli1\11iitJ~mrumhB\111~~lflflll 10 8 b'1l'l~~B 
~ 

iJ'l~~m ru ~m~fl1~bn'U-rfl'l~n 4 - 5 b~B'U bb~B~1\lhnV11~tJ~~~Vllim~~fl1~~u8\lfll~b~B~1 A. niger 

~\lfl\liimJbb~':ill'Ul'Ub'1l'l~"il~'l\11'l\lb'\l1~m.JBCJflll108 b'1l'l~~BiJ'l~~m ru ~mCJfl1~bn'U-rmn 5 uae 6v , 

b~m.J B~1\lhn~b~B1~bn\11ml~bb'U1"il1'Ufl1~bo1Jl?l~1\ltJ~ fl1~G'i\lb?l~~fl1~b"il~ru'1JB\l~l~6'1\l bb'l~fl1~tJmn'U 
v 

fl1~bn\i11 ~mlflb til1'U~J~6'1\l~tJ'lflmCJ11916'1ml~Jlvh~m~1iVllb~B~~(91J'Ul1'U~tJ bb'U'UVl1 b~m.J6'1~'ii 
~ ~ 

mCJ1urn CJfl1~bnu-rfl'l~n~ 4 b~B'U 1\11CJ\l1'U1~CJ'iii1tJ~~1CJ'llU~1 fl1urn ~1111tJ1otlti'u bfl~V1 ~m~i1fl1~tJ'l fl~l, ~ 

~?l\l uU'UB'UVI~~ ~\l"il ~b ~'Ufl1~'l\i1 fl1~1i?l1~nl~\i1 b~B~l ~\li1 flll~tJ'lB\11JlCJ~mfl'l~V1~m ~U~1.flfl bb~~ 
~\lbb1\i1~B~~B1tJ 

~ 
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'l1'U'Vlm ~qjbil(9l, V!~-:l b~cJ'eJl1-:l, n~mrfl'tm1 bV1CJ~'1.D?l-:l. 2552. nl'~iYr(i),J'U1m~Ud'Un1~~~(9I1~CJ~d.fll'Ym~~ 

1JCJB'U'Vl~~~dm~1'Ub:a-:l5~n"il. ~lCJ-:ll'Un1~1-;JCJ ~V!11'VlCJ1G"1m 'VlA1'U1~~?l~'U1~" , 
~V! 11'VlCJ1G"1m'VlA1'U1~~~~ 'U l~ 2554, ~ ~ (9I ilru'l'1~d b~B PGPR (Bacillus megaterium ?l1!'JYr'Uq A20) ~B 

n1~1-UnU~db~B1~l"1lbuCJ~b~m>f-:lb?l~~n1~b"il~qjb~U1(91 bb~~cJU~-:lb~B~lnB 1~A~1mth ~ii?l1bV!~ 
Jt . . . 0 Q..I ~ ~ OJ d Q.I '" 

~1"il1m'liml Aspergillus niger uae Aspergillus flavus ?l1 V!~um~?l-:l , V!'U-:l?l mU ~ B-:l n1 ~ b b "il -:l 
tI v tI d 
'UB~~A d1~~UVmn1~Al. b~'U'Vl n n. 5833. 
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~V!11'VlCJ1G"1m'VlA1'U1~~?l~'U1~ 2556, ~db~Bb1"1lb'uCJ~ SUT9-2 ~1V!1''U1J~ n~d~~-:l1'U?lm'Un1~ruJlvh~ 
, '\J 

Q.I O.Io<::::l1 Q,J V V v v d 
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