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q
'

|wsntALTe [ luanagiananaausInenuis isadan didinduaasdagminunsaiiauiniiuann
58an13 (Winkelmann, 2007) FarfunsuAn %LmTi‘V\IﬂﬁqLﬂuﬂ@”Lﬂﬁqauw?ﬂgﬂumimmumm'@
annazanamn uenaniidaflunainfidaelfuuafiGeeeluanay pH Auildivsnzasly uaslu
#n17% pH AUTILANANSTUNRART e TsWe S0 UL AT BERTIANLLAN AN AL LN THEATIAR]S
Wasilszinn Hydroxamate TuAuiiiunsavind s pH Ausn uazAuiel pH Audlunaneasnuni G

Finalswaslseunn catecholate (Rajkumar et al., 2010)
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aa

a a a Aa g a o % A < 1 n:ll
ﬂ'?ﬁ‘LLEIﬂLL‘]_IFWIL?EIN@ﬁ]eﬁLﬂ“ﬂI?Wﬂﬁ‘@’mﬂu@’]N’]ﬁ‘ﬂ'ﬂ’ﬂﬁiﬂﬂﬂ’]ﬁqﬂ]ﬂ’]ﬂqﬁ‘vmLﬁﬂﬂﬂgiulﬁ‘ﬁ\ﬂmw

aa

Ania Pelluamslssinnnimaneg luiliundies veemaneglugnifluanssenaunliaiuns

W11 s2 T llEiunilE chrome azurol sulfonate assay HU3EnMAgaLAMNAIN1ID TUNNTHAR

1
a a oA ]

Fipalsnafaasadunzdngniinnldiuatnansneanns Deudidndinelsnaiaciislezinniiilu

< C e A e eo a YN 3
hydroxamates waz catechols @9HANUANANTUNUYAATY usfiannsonaz1daanisinaasuls
19 2 1szunn chrome azurol sulfonate assay HudannrinANaINnsalunnsuandinelsnefine 14
MANNITUENTUNANTENINNAN7UT2NaLITIEa1a89 chrome azural sulfate (CAS) a2 hexadecyl
trimethylammonium  bromide  (HDTMA) @aiflugnstsznavdtin(u wazdmelsnesnuaninlag

a a dll dl < dl v dl G| a v a -
bLANLTE L‘Ll‘ﬂ\‘]@ﬁﬂLN@LM@ﬂ1ﬂﬂﬂu@JﬂLﬁ@ﬂuﬁlﬁﬂ@qﬂ‘ﬂﬁﬁ’}?‘ﬂLﬂu’&’]ﬁ‘ﬂﬁ‘ﬁiﬂ@‘]_lLﬂﬂsﬁ‘ﬂuiﬂﬂsﬁLﬂﬂiﬁ‘Wﬂ?LL@Q

1 v v
=X 1

Ava9aunsaziasuld uddudtad@dnuuanzeiuiaang N lunisuandwmalsnes (Miranda et
al., 2007)

a al

LAR TR ANNannsalunsuaRdeelseiinananarilasiuanilumsad 1 Gegan
Maail,ﬂuﬂzium%@@ﬂ%mu (aerobic) WAz mjuﬁiﬂ%mmﬂimﬁ (facultative anaerobic) 111 Fiaals
Wasluisziny phenol catecholate Usznaufae enterobactin nanaulng £, coli AT linear
agrobactin Lanaulag Agrobacterium  tumefaciens  wag Tiaalsnadiszinn hydroxamates
1senaufae  schizokinen aerobactin WA ferrioxamine Qﬂmamﬁyﬂmﬂ Bacillus  megaterium

Aerobacter sp. Waz Arthrobacter spp. LU (Crowley, 2006)
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aa
LLIANLIE

1szinnauesdinelsnas

Fevuastinalsnes

Escherichia coli
Enterobacteriaceae
Agrobacterium tumefaciens
Mycobacteria spp.
Pseudomonas aeruginosa
Pseudomonas plantarii
Bacillus megaterium
Aerobacter sp.
Enterobacteriaceae
Arthrobacter spp.
Actinomyces spp.
Streptomycetes spp.
Nocardia spp.
Arthrobacter spp.
Alcaligenes sp.
Pseudomonas cepacia
Rhizobium meliloti
Pseudomonas sp.

Pseudomonas sp. St B10

Phenol catecholates

Hydroxamates

Carboxylate

Pyoverdines

Enterobactins
Enterobactins
Linear catechols
Mycobactins
Pyochelin
Terpolone
Schizokinen
Aerobactin
Arthrobactin
Ferrioxamine
Ferrioxamine
Ferrioxamine
Ferrioxamine
Ferrioxamine
Alcaligin
Cepabactin
Rhizobactin
Pyoverdine

Pseudobactin

% Hofte (1993); Crowley (2006)

a = =2

A&I cal o a o [~3 yva K
Lu’iﬂ\‘i@’]ﬂ"ﬁLﬂﬂiﬁ‘ﬂ/\l‘ﬂﬁ‘llﬂ’)’]ll’émNq?ﬂiuﬂ’]ﬁ“ﬂﬂtﬂﬁzﬂiqusﬁﬂjutﬂﬂL"El‘W’WZﬁL‘VI@ﬂiﬂﬁ AYNNTANTA

a a6

o dld a a s v v 02/1
waztiqaunsdnianatnimluntsnandnalsne funldse lamllunanasruialunianisinems
-dl 2 ! a a a ) A o A a ada A % QI %
el lunnsdadsunisasyiiuinueasivg visantuaNAngiTlanemang warld lun1esinudsndanluy

o o = [ a o a dl d’j 09/1 091 a | a a . o al
n13un1n viseanAuilueaslaveminusriantuitlewrisluinuas luau 1wy Uniia (Ni) a9nea

a a

(Zn) N9IUAN (Cu) azgiiiien (A) Tasilen (Cr) unaldes (Ga) uxeniia (Mn) 2nuiasw (V) uasly

o A o

v
AUAITN (Mo) lusu TnaisatinanisAnesasialilil
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£
a o o

Solano et al. (2008) ugnuuanFaLBvlslaanairasdiugqguliuuanBaiaunaau 960

1 '
A a

laldamn waziuuaiiEzeanuau 96 talaanniaruainisnlunisuandinalsnas iatiuuaNEaNamn
Finalavailinagaumnuaiuisnlunisdadiuniaasniuinaasivanuen 50 wefidusauunaiize

naRTLaalsnaslaua I lunsdudinnsasAu iRz ITamA

Chaiharn et al. (2009) Anwn1suandiaalsnadannwuenFanuanldainauiznalslaamas

a a

28497109 198119u 216 laldlannunupnZanandinalsnes 23 lafiduduacuuni Faianuum

$2
a a o o

di/a/ 1 a a a A o o ai/l b %
uaNANUEINLINLLAN e NARTLAR TN AT m’mmmmﬂm}w@umamLwﬂmmmmﬂmmu

q

Alternaria, Fusarium oxysporum, Pyricularia oryzae wazSclerotium sp.
5. nagagsunnastyALTnuesialaglsTouumAfEe (Plant growth promoting rhizobacteria, PGPR)

nadaidtuninaiiiuinresfislasfanssuaeqdunidienduaguinnlslas fas
(rhizosphere) ‘Emﬂmﬂﬁuﬂ?‘mmﬁmmmi mmmwmﬁlmmﬂuﬁuwmﬂugﬂﬁLﬂuﬂiz‘imﬁmm
T MatagedLsge T ViteaseansLsznauiiafinszfuninasyilnesield fugnlu
ﬂ’W‘W‘ﬁ 6 (Lucy et al., 2004; Khalid et al., 2004; Gray and Smith, 2005; Cakmakci et al., 2006;
Tsavkelova et al., 2007) G‘ﬂﬂLLUﬂﬁG‘ﬂ‘%’]W’mﬁd’] plant growth promoting rhizobacteria (PGPR)
(Lugtenberg and Kamilova, 2009) fiaeginetequuaiizeisiaanuasnsalunisdassuniassoyiuln

09T W1 Acinetobacter Agrobacterium Arthrobacter Azospirillum Bacillus Bradyrhizobium

'
a a

Frankia Pseudomonas Rhizobium Serratia Thiobacillus WUt LUANEZENNANNAIN19D 11WANT
1 a a a = I Y @) A al A o dld o/ [ I8
audiuniaasoiiulneesia arunsouded@iflu 2 dezinn Ae wuaRFaaIwanilAuduRus UL
dl o o o A A dld ! v o & = . . [~1 a A o dl
MADALAUALNT 1TANTUNIT AMNANWUSULLULANTW (symbiosis) LluuuANBaawanngINign
v ] = % a 1 dl 1 v a a = % aa o dl
dingsanNgudafianszuaunssing o AavdqansyfunisasaAuinaesi ey waziuanFasnang

anAeULaase AW (free-living bacteria)azwuatiiFonlslaailes (Siddoqui, 2006)
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Tryplophan = Tryptophan
Tryptophan monowyge rase Exudation E—.. E
Indcleacetamide ﬁ ‘E
=
Indotaacatamide hydrolysis Activation of sevaral :E: =
Call alongation N Signaling molecule plant colonization and — — E
and prolifaration > adsptation genes [ 1an B
T ]
Exucaton - - I EII
—mm = Amino ackd =
= SAM e ';. £
= ACT syl AlgL”” E
£ i 5
=
=] acc | s | acc g
g. Os I
o ———? . ACC dearminase
‘S GO, + HCN Mo - iy -
= Ethylene MH,  re-ketobutyrate
E ,I, (Matal stress espansel
E Plant metabolism disturbance Bacterial N sources
E <: Soluble matals. | = Increasing metal uplake “1'
S - : [ nscluble metais || £
Metals ) - =
Saiderophore-metal . E
Sidercphona-metal complex complex - =
% Melals Bacterial siderophors :
= 2 [ Soluble irn (Fey [ Iron+sidercphore complex i’ > S
= | ' [ Fe*, FeloHP-, FeloH)- |/ &=
= 3
= Available M (i, ammonia, |- Atmospheric M, | Symbiotic nitrogen-fixing %
E nitrate and nitrogen dioxide) | bactaria ‘3
= |
5 p——m—— Insoluble mi P =
i i nso £ minerals '
Soluble minsralmatals e hasial = L [ Ca. Mg, K, S) and malals o
Phytoextraction < Facilitating metal uptake (acdificaban, chelation, reduckion]
Colonizing the lissues of Organicinorganic matter released from Dacteria
the hast plants | - [ Endophytes =
Rhizosohere salls of N Coolanization {Hlizchamaria E
plamsiraat system "r E
(=]
Colonization and toxins N Inhibaticn I B . (3]
| preduced by phytopathogens < | Synthesis of antibictics
= e = = e = o

Pla accslarate phytoremedialion [ Biosorption/biocaccumulation by
| nts I‘ | rhizebacteria or endophytes

= 1 a a a A a a = rdl o 1 Aa = '
NINN 6 ma‘ml,mum@mmLmuimmwmimﬁmm‘a‘mm@@um‘wmﬂﬂ@qmmmh‘&mLWﬂaf (a) N9
a = al A A al [ s A
naRaasiuung (b) NNTINNENRADIUN TN m@ma‘mum’mLﬂuﬂi:‘f,mummﬁmmmiwm (c)
a a o |
ma‘muauf«gaumﬂmuﬁﬁmwm

fan: Faulasunann Ma et al. (2011)
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4
o a

N198aNAYE (Bashan and Bashan, 2005; Somers et al., 2004)

5.1.1 nalnlunsgudsunisiaseAulnIeaNTnIIma
1) maiintBunnsglulasaulfiuiie TneqdurEdffanuaiunsalunisss
Tulnsiau (nitrogen fixing organism) Wlumsilasuuialulnsiauaineinaliifiunen i
ananani iU F s Ren s AuTelE gu nessdlulnsiaures Rhozobium flendtegiaurufiauuy
WLLANTN (symbiosis) Iuﬂmﬁﬂmmﬁmmzq@ﬁq anunsnssslulnsiauliiunduda (Lakha and Grick,

2007)

2) manaNiulsrlsgiaessigeiuisialnanisaineanslsznaudurisduin
dantaegeanuiiediainliinisaza1a 284516679 7 A% 11w nasuanTiaalsnefineinily

anssznavmaaiumanin e luginazanatnigasldlsytegianmanls

3) nanamaafluuig (phytohormones) Ten1suamnaailuunagilunalndrAmylu
NN3TRLAILETNNTLATLALTR LATNILHUNITATTYALIATBIND 111 LANNIWINLNT899N NNAN
219989970 NITULNIIAR NITEALNTBILTAR NAINEITDIRGU wazn13nn HUIuars1581M19289

=
W
5.1.2 nedadinniaasayiiuinaasianiedau

a a o

nsdaasunisiastyivingesaniedan Ae n1saruaNaauIdas leaialnunss vive

q

A oal a o

a a g o 3/’ a a o £ A a a e‘d‘ =
Q@MV]?EW]N@’JHEIUE\?W]?L@?HJWL[FI‘LIIM wazn lisnnaiaUnG Tmm@u‘m £l mmmimiumquuima

1
o = ] o al e

ﬂ']ﬁ‘@ﬂlr‘}ll’]m AR V?@ﬂq'ﬂﬂﬂqﬁ'ﬂquﬂNﬂauW?ﬂWLﬂuﬁum?qﬂﬁiﬂﬁsﬂ (Pinton et al., 2007) ﬂ'}‘ﬂ,gﬁ
a A A aAe A A o = . . A A oal
Qﬂum?ﬂﬂuﬂq?QQUﬂN@q@uV]?ﬂ@qLVW]‘I?V’TW%Q@LﬂUﬂq?ﬂQUﬂﬂJWqﬂ‘ﬂQﬂqW (blologlcal control) AAUNTUN
= a a A a o dl
Nﬂquﬁqmq?ﬂluﬂq?ﬂquﬂq“@q@um?ﬂ@qLﬁ[ﬁﬁ?ﬂwmmﬂqﬂﬁ\mﬂﬂ@’]ﬁlﬁ@qﬂﬁjuﬂﬁx‘]LL@ﬂﬂlumqﬁ"NW 2 ﬂfﬂﬂ

TunsmuAnn TN wRaa A BRIl
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= o | ANa Ao PRy =
ANTINN 2 WQEHWQmﬂﬂiiieﬁLLUﬁWL?EWNﬁQWN@WNW?QIMﬂW?ﬂQUQN?’]‘V]L‘ﬂuﬁ’]Lﬂﬁlsﬂ‘ﬂ\ﬂ?ﬂWﬁT

lalauumniee 918716 e AR BRI
Actinoplanes spp. Pythium ultimum wATin
Rhizoctonia solani
Bacillus spp. Gaeumannomyces graminis §1412a
Bacillus subtilis GB03 Fusarium oxysporum sp. ciceris ﬁl’q BT
Bacillus subtilis BACT-D Pythium aphanidermatum NABNA
Burkholderia cepacia A3R Fusarium graminearum §19414
Fusarium spp. §19414
Burkholderia cepacia PHQM 100  Pythium spp. F1qine
Comamonas acidovorans HF42 Magnaporthe poae Kentucky
bluegrass
Enterobacter sp. BF14 Magnaporthe poae Kentucky
bluegrass
Pseudomonas chlororaphis  Dreshlera graminea drquag
MA342 D. avenea d1alam
P. chloroaphis PCL 1391 Fusarium oxysporum sp. NZABNA
radicis-lycopersici
Pseudomonas fluorescens Fusarium oxysporum sp. raphani NN
Pseudomonas fluorescens Q8r1- Gaeumannomyces graminis 21IANR
96
Pseudomonas fluorescens VO61  Pythium ultimum STl
Rhizoctonia solani
Pseudomonas putida Fusarium oxysporum sp. raphani NN
Stenotrophomonas maltophilia C3  Rhizoctonia solani Tall fescue

fi31: Glick et al. (1995)

1) nsudedunnsuesldsnsaivng waznisdingtaesqaurisdnandinalsnasiu

a 6

qauvisdanvnlsaiia lnauuanFundndinalsefariaonuainnsalunisgaldmanuinndnadurissd

) zﬂl a a Y J cAa [ a [
'&’]LMIF]‘IWYW‘I] WasannisuandiaelsnesidttandasseanueniaasiisiiuansssnauAiannand

walsnasnldauramaautinamanainauld s laminalumaduuanBald faazdnua1anigld



[~3 a 6 I a a = ] a a
\WANTBIRAUYITEAWATIANT (Compant et al, 2005) INgNZUUATIEEA1ME AN LA N1 TDNART

|
a a a

walsnainialiidaonarnnsalunisgaldiudnléinind aauvadaimalsanaiazanmaniay

9

Y a

W lunseiydnin Aenldauradanmnisaldaiuisaasydulald (nwd 7)

q q o

a Before infection of the plant b Infection of the plant

Healthy plant
Infected plant

l:ialfra—‘ta{s_a!i_lﬁiﬁ‘z:é‘l'fés* Fe3+ i Low affinity .::e"'3+ Fe3+
U AT S SRR AN Soil siderophore & NS Soil
A4 (,

‘::.""‘ Multiplication of pathogen

22
<>
7D

Fungal pathogen

High affinity
siderophore

Biocontrol-PGPB Fungal pathogen

d

Healthy plant
Enough leftover Fe3+ 3. ) Scavenging Fe3+ from Depletion of Fe3* .
for plant growth Fe § bacterial siderophores for microbial growth Soil

Fe:"+ ‘ No growth
) ‘
‘ =
e i
Increased biocontrol-PGPB population Fungal pathogen

a7 nalnnizaruanwuanEaaelsaialaauu AR FanaNa N0 lunHER
Tinelsned

17lm’1: Bashan and Bashan (2005)

2) mmamwﬂﬁ%m (antibiotic)  Tun1sAILANARUVITHALMR TsANT LU

Pseudomonas &IN1IONAR phloroglucinols phenazines pyoluerorin pyrrolnitrin LA lipopeptieds

aenufuEINaIRstyIRsqauTaame taang s

3)  nawdmanlad Naunmdesniagasuessaunlsa N 1y N1IRAR

v
chitnase  Wa% B-1-3-glucanase Wr8N1THARANTHUEII1 AINNFANHINUIN Pseudomonas
fluorescence & N1TDAUATIZNWAR Lten A N 98U Thelabiopsis  basicola @ailuwumiiize

awunlsasniianluenguls (Ramette et al., 2003)
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6. wuANizaazateWednm (Phosphate solubilizing bacteria, PSB)

'
I a

Nadnaia Lﬂumﬁlmmwﬁﬂfnﬁwﬁaﬁﬁmma‘?ﬂ Trysantgas AU IALAN1IRB U TR INT
(Ehrlich, 1990) Waanaiaaznuatlutivndsasaamas uaziaslulan ludoulsenataas DNA uas
RNA %qﬁmuzﬁ’]ﬂ”miumzmumww% dapmeiuas duameiuilh Tushuuasladu denalds
WaaneialnasanszLIuNIBNIBIIIN N198RNABN N1TATIHALANIgNTINa WaanaFaTlunis

dld 2 ! =2 1 a A o 1 o dl
a1 sNTfeensludiunmngasanlulngian LLIF]@’]ﬂﬂ’Wﬁ‘ﬁﬂH’]WU']WIu@uNW'ﬂmﬂl@ﬁ‘@’ﬂ%ﬂui:ﬁﬁﬂ%

A1LFN04 400-1200 Haaniuseilaninvessiu TuAndauninazinaaneialugauvisduazetiun s

Weaanafanazanaan vireliazany uazifuvaanafanivgliarunsotin Tl sz lanils Inadaulun
ansavateveanaialunuaziiagluandnduaiuiniaatszuin 1 Hadniusiedns vivatioundn
(Goldstein, 1994) WA u1snldilszlamianveanaialslugluaulassusasnsnaainnaanasn
2- A - { o a
(H,PO,) Tnenannzlugiaes HPO, 78 H,PO, (Beever and Burns, 1980) unasrasaanaialumu
daulnnjazlfnaniuniveamnduesdlszney iy weznIndigungil (primary apatite) uazus
Uguniau waznisaanemresansauisedng aunineanefauesdlszney annisdAnsnuadn
{lenaaviefanldaslupuliiunmiu Waaiunsoti bl dseTamilines 5% aasijanaanaiangn’ld
e A = qu o A A eay o o g v a
avlinniu dounmaesrgneisslitetflugineanefastiuvisd liazanan wazvinliiiiansazanaes
Weaneialnaanizhununsnssuninislailuatiesiaiios nsrsaaaneialuAnauetiu pH uaz
a a a dld [ o KX v & & <3
gipnasn TwAund pH  ilunsaveanefaavgnesedoseanlafuaslansanlafuasmanuas
argiitian lwangndfisenauiusiaesneiaazgnesefcaunaidaniiliflss@nsninnisazans

=

aa9naanasan (Goldstein, 1986; Goldstein, 1994: Jones et al., 1991) Waaz ks laminaanasa

=

Tafsaidevaanaiagnianlaasaanuiaingdainang flaqiunudidqaunsdaunaiaaila i

q

wuANEE uazsatnsalaaugletiuvstnaawn e lugUndludssTomisdena 6

A 6 o

qaurEEiuIRunumddnysadpanseanaialusssnanfiuedennn wesainnisadiu

a o o o

Aangsnaesqaunsdnnliiianszuaun1900nTLady (oxidation)  UaYIANGU (reduction) U9
anslszneuneanesa AannsAaeuiingsifnnreuann uiaNaaTL (phosphine) %lqﬁﬂa‘::fog—s 1§l
Waalns (phosphate) ﬁﬁﬂ?:mﬂu% (Rodriguez and Fraga, 1999) TunseLunIstnenanalanmAsail
AMNNITANEINLANNAINID TUN1TazANedNslszneue Huviddwedn 1e LA Favianuanadns
Wug 1 Aruanansnlunisazanelasuaai@anwaging (tricalcium phosphate) lauaaidennagine
(dicalcium  phosphate) lamsan@aznilng (hydroxyapatite) waziunaginm (rook  phosphate)
(Goldstein, 1986) FrateT09LLATZaRTANNANTalUNNTAZ A ENadNR 1Y Pseudomonas
Bacillus  Rhizobium Burkholderia Achromobacter Agrobacterium Microccocus Aerobacter

Flavobacterium Wa% Erwinia Tauuafmeazaranaginmuaiaiuisany béluaunaz luiizinoslslas
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LW?J?(Sperberg, 1985; Katznelson et al.,, 1962; Raghu and MacRae, 1966; Alexander, 1977) 19

a a dl v a a a dl 16) & a a al a a

wuAnEeldeandiau wazwuanzen il ldeandiau vaznuwuanzuazananaginmnlufuisnnlsloa
Wesuanndnluauninglnasenly (Katznelson et al., 1962; Raghu and MacRae, 1966) N15azang
Waanlaaqauvsdanalniuansnaiuaanll (Salehrastin, 1999) U nszuaUNIvlifAANTA
NTTUAUNNTNAALAR LaznTrUrunisuanilasy nnsdansnsfienladineaning (Dadarwal, 1997;

Yadav and Dadarwal, 1997) usidaulugjmanuanunnlunisazatanediinaasuuaiizaaziinain

=

NNINARNIABUTITENIAlNIANARNEENNT NAAINNITUARNTABUYTENN Ll Tad e IuLAN T LAY

Aquwandansauianuunsaiindy Aalun1sAnenaed Chen et al. (2006) NNUANNENWUFLAEN
dl o 1 d” a a 1 d’ll a = o‘d‘ a
1189 uITndng pH 12981 3iasauLANe karisununNsazateeainm LNT91nNInaurisEngnuan

d” aa = o U [~1 QI dgj 1 v al
AulneuUAN LAz aNa AN ANNAN I UN Tl UNIANNNINTL A9NalARN1TaZ ANt aanad R

nam gluconic acid [{lunspAwRRLLAT Baazanevadindlvainaaiy 1 wun1sHan
114 Pseudomonas sp. (Ilmer and Schinner, 1992) Erwinia herbicola (Liu et al.,1992) Pseudomonas
cepacia (Goldstein et al. 1993) Wwa¥ Burkholderia cepacia muﬂ?m?ﬂ;uj fnudntinnsnaniuly
wuARBaazananedn An 2-ketogluconic acid Wu'lw Rhizobium leguminosarum (Halder et al.,
1990) Rhizobium meliloti (Halder and Chakrabartty, 1993) Bacillus firmus (Banik and Dey, 1982)
WATWLNNTNAR lactic isovaleric isobutyric Wa% acetic acids ﬁwuﬁlu Bacillus liqueniformis Wwag
Bacillus ~ amyloliquefaciens  Wanannuuafiaazanavaginnazdsliineanesansluguiiiy
Use Tomirefiauinauuin LLm‘ﬁG“mmeﬂ@valmﬁqmma‘amammﬁsﬁqm'aL@?‘mmm?ftyLﬁuimm
Wlfiandae 1iu aasluuig (phytohormone) @nstfjdaus uazinalinad (Kioepper et al., 1988;

Gaur and Ostwal, 1972; Subba Rao, 1982; Gerretsen, 1948; Kucey et al., 1989)

7. wuAnizananae i (Phytohormones producing bacteria)

2
a a 6

UNTTUARVUANNINTY LazDn

a

TuganamaneeusnliinisAnwnesiuaaiinuinging
PN 19U se el lun19n AL ULNIUATY AINNITANEHIAETNLINE

= o %

~ o
LbLIAN L ﬂﬂﬂ’]ﬂﬁ@’m@’mwuﬁ;wu

=

ANNAINTD IUNTHAR AR INUNT ianan

o ' [

tagatindaseluAuiTanI NN AuRITaNALNT (5113199

a a

3) Free19gesTNUNTNLUANBUMARTY W1 8aNTY (auxin) AULLBLIAAY (Gibberilin)  lalnlafin

<

(cytokinin) La#iau (ethylene) uaznsaual1@n (abscisic acid) {usiv NsuanaasiuuNtIasaauvized

Hgauluntsrauann st AL TRee T lUF WA [UW NNTLAT Y LRIAUNT N1TAAABNBENNA WAL

1
=

1 | @ & J % | Y ar =2
m?mmqw@ﬂm@ﬂmmmwm usu ﬂ@}l?l‘ﬂ\‘iET@?INH‘W"ﬂVli@?Uﬂ’)’ﬁmﬁulﬂiuﬂ’]?ﬂﬂ‘]ﬂqmqﬂLL@:?

i linenisanemINnige Ao geiluuNIeenTy LaAULLaLIARY
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A1599 3 nsHAngesluurecuL A FuTiiafi1e] luntsdadinnisasniuinesiie

gafluung WuANDE SRR
ARNTU (Auxin) Aeromonas veronii Tl
Agrobacterium sp. ﬂ?.:w‘il’]
Alcaligenes piechaudii ﬂwﬁlﬁ
Azospirillium brasilense 21AA
Bradyrhizobium sp. Radish
Comaninas acidovorans ﬂ?.:w‘il’]
Enterobacter cloacae 17
Enterobacter sp. fag
Rhizobium leguminosarum Radish
T inlatiu Paenibacillus polymyxa §19412
(Cytokinin) Pseudomonas fluorescens tﬁ& SR
Rhizobium leguminosarum ﬂzwé’]
Gibberellin N wr&:ﬁ
Bacillus sp. Alder
Alcaligenes sp. HARNA
ACC deaminase Bacillus pumilus HARA
Enterobacter cloacae Jamnm
Pseudomonas cepacia &Q ALY
Pseudomonas putida ﬁé SIETI
Pseudomonas sp. HARA
Variovorax paradoxus HARA

17"|m: Glick et al. (1995)

7.1 uwumAnBananaesluunNTaandu (Auxin producing bacteria)

=

aandwiuaefluunanetluglansiaing

8N NIABULAN-3-LaTFN (Indole-3-acetic

b2 1
acid) fludaulvg aefluuiteaniuazaivluiinunlaaaes lusaw uaziuan (Ribnicky et al.,

=

2002) HantiilugasiuuauannissAuinresalssinnszfunisasniulann lingnang

WLNAD NIEFHUNITVLNLUUIAYRILTAR WAZEAMNRLTAR LUAIUAFULRINT (Tanimoto, 2005) 413
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(Wi 27)
aanduaiaazwulugiansilsznaui@aimes (free compound) Lmﬂugﬂﬁmmﬁumﬁuj i IAA-insital

IAA-glucose WA¥IAA-aspartate WAANT IAA Tugisaniuansaull enaazlaiinalunisnsziunig

\atytiulnaasig (Hedden and Thomas, 2006)

gefluuiaeaniuatunsadanszilaeldnsnoriluysulmmuiuansfedy
(Hendrickson et al., 2004) Tnensaazd iU lmmulaesl dueendulnacinuanssiananasng fas
3 N3¥UIUN1T (Woodward and Bartel, 2005) Aa mmzﬁim’%ﬂ‘imw\lmﬂﬁﬂmﬂuﬁuimimmm (m‘wﬁl
8) IneinsrLnuNNI AL TILTL MdsanTuasiAAnITLIUANIAANTLaNTIadY Avansuaulnaanlafaan
anaulaalngaminlfifnasianansv Ae Bulnaezianiadlad aniumsanloduedulaaea
nanlasazgneand lndifinaaiiluaenduy (Bartel, 1997) n1sdannziaasinungeanduainyisy
Tulngeinuatsfanan s iugaanssuaunisaaniuendiadu anthsinifiuasaswy
aandulnanszuluninreendinnnAeziiudi (oxidative deamination) uazn1sdaAsziaanduing
dugnssanansdulaaesdlnluvia vl inmudaeullduinlenglaled  waznglausaddu ans
sanannazilaeullifudulraesdlaluia Lmzsl,uﬁqmuﬂ?iﬂuiﬂLﬂu@aﬂ%u TnsanAunanssnaasia

sl luyisieg (Frankenberger and Arshad, 1995)

HHz

.}
/
| HO
S, N
Tryptoph an
3
A MNH,
k/| \
H
Indole 3 Acetald oxime Indole 3 Pyruvlc Acid Tryptamine

M

T .

Indole 3 Acetamlde Indole 3 Acetumtrlle Indole 3 Acetaldehyde Indole 3 Ethanol

Indole 3 Acetic Acid

Af 8 nsdaameaandulnelinsaazituyisUtnimuluanssiedy 3 38

31 Zhao et al. (2001)
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o A

7.1.2 warseandusanigaIyiALinuasieiasil (Hedden and Thomas, 2006)
% ] & A a 1 % ] & al o vaA A
1) NITAUNNTLLNTAS FefluuiTaanTuTfenssAunITLmaawANLHINN ITNTH
d’l v dﬂl a a a v 2 QI dD
Waldunau uaziianiaaspulnsudinanna
| % s I'% = a 1 2 ] 1 |
2) 139NN3ENLAITRNTAR 803 luuRTeenTuTi lilad ludausn9T) 189N TEAE
Tnainsnsefulit madasenisaduiniy
3)  AYLANNITUANTBNIIN aFTHUNTaaNTUAINITANILEUNINATBIINTBA

= QI o = v a = a % v oa a g
ﬂﬂu‘ﬂﬁ"ﬂﬂ\iﬂﬂ?]’]‘ll'ﬂ\iW‘ﬂiﬁﬁ@’]Elfﬂum Iﬁﬁlﬁﬂﬁmuwm’ﬂ’ﬂﬂsﬁu@'}m’]ﬁ‘ﬂﬂﬁ‘:ﬁﬁ]“LﬂMLﬂﬂﬁ"m‘WLﬁ‘i‘_‘f (adventitious

v 1
A A a

root) LL@Zﬂ?ZﬁuﬂW?LﬁﬂLuﬂ LEIRLRTEYUBNITIN

v
o o a v

4)  fUSNNITATTYIANANT N LAL TN WAAINAN ”mm@qa@ﬁuuﬁm@ﬂ%u Ag 1310

1 ai a A a v 1 o 1 1 = dll dl = a
URADDU m:mmaﬂﬂuuwm@nsnuummiﬂmmumm 29N N1TPADUNTBITRS TN UNTRBNTUAY
v 1 . = ] a a 2 2 1
HIATUAN (basipetal movement) %ummmimzymuimmmmq (lateral buds) Tpemdngly
arunsnastyuin lfirunmnaulananinedslafuae flnunteaniuainaan uatnAnaanillnidng

1o

feagdnllaziasnyiAnTnaunngiun (Macadam, 2009)
5)  AUANNTTINT9lU AaN UATHA AR dRNZAINAIILNFAYAT LNT1ZNN9EFT
gafluuNTaanTuludIuAINA1IA LRt A9TNA T Hat NINFI LA ULAT A HL
QI a = v X = a o A a 1
6) n1ANNIAANS Hn1snaaedldansaesiuunteanduiuntuieTiia Usngan
AN3 uNguan SN UNT AN TUAINIIONAZ NN I AANATBINT |5

v

gafluunteanduan1sndasziaulivislunauazaaunad n1edaaszilag
qauvistiuaznunnluqaurisdnag luBnnlslnna faasie Wy Pseudomonas spp. Bacillus sp.
WAL Rhizobium spp. (Patten and Glick, 2001) QINNIFANHINULN Azotobacter WAY Fluorescent
= - = a8 a &L A4 a a g == a
Pseudomonads wanaafluuigaanduintwieAnisimnuluaimiaaesuuaniey tnaaznan
gasluuiteaniugean 7.3-32.8 Haaniuseans walniamnvisdinmunonudinduy 5 Naaniusedns
(Ahmad et al., 2005) N1sANHINITNARERSINLANTaanTuaaLLANTalnt Sequeira and Williams
(1964) wuan HaafluuiteandussAugaludvaasluanguiiniaiinaganduaasqaauvisdaivelsnie
Pseudomoans solanacearum #nnanlusiuluenguilnd wenani Joseph et al. (2007) ugin
wuanasnulslaaasuasfiudagnln wu  Bacilus ~ Pseudomonas WAy Azotobacter
a a d’ja/ al 3 o al a a X = a v
ANNAINNID IUNNTUARBANTY  WBNANUEINNNIANHIN1sLLANFaLAnaes IuunToandwll 14
Tunenisinensnuanisd Pseudomonas  putida 43e Trichoderma NRAMNAINIT0 LUNITHAR

v 1 v
gailuuigaandusoniunislgnuziliamani lfiuiminaalarAINe199 NI AN TA N AN Y

(Gravel et al., 2007)
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7.2 wuANBaNanges N UNTALILBLIARY (Gibberellin producing bacteria)

AULUBLIARY (Gibberellin) g Fluung ﬁmqmmmuqmmﬂﬁmLﬁu‘lmmﬁmﬁwﬁq
duansdsznevdurisdnguinnlanau lamasiuuens (tetracyclic  diterpenoid) Afllasaang
Tuananelug dszneufaglaloiu 4 Buana andasiudiulasing 3 29 lanaaineilzandn ent
gibberellane 78 tetra-carboxylic gibbane FaiflulassarendnaesatiLeisasy (Leopold, 1975;
Crozier et al., 2000) 'f?mm'aLmauqﬂﬁuwm%ﬂLLiﬂ‘ﬁﬂizmmjﬁu annadnlanszunavesdinedify
TsAnandnAL (Yabuta and Sumiki, 1938) %qﬁu?ﬂmﬁﬁﬂwmzqwfauﬂmﬂﬂﬁ il09a7n91 Gibberelia

" . P o P SV o ° o A a A | o ey o A |
fujikuroi LN@@ﬂ@@q?W?qu@?qqmuLLﬂtuq1ﬂmﬁ@@ﬂﬂuWﬂTu@@u WUQWV]WIVW%HH’] HRINITAEIN

4 1 1
= o

Ao UAS AUNEN 49 A9FTaA1TNINLNYY ALILBITARY AONINUNIARLILALIAAN LATaNLFTRY

= !

NIARLLUALIAAN mnm%uj BNNINN31 136 TRA (Tudzynski, 2005) LAZTINLNITHAR LT

a A

(Macmillan, 2001) uazuuANEEANAE (Bottini, et al., 2004) IneynaHaBanTamiouiu Ae AuLLe
190ALLE 1178 GA WANUNNELATHRE TN ATNANALNIIAUNLAD GA,,GA,,GA,,...,GA,, ALLLIBLTARULE

azaaAiuaniaanA s e wazuylansanda doupuaniiflunimnazfunisasoymuls

= :/J 1 o 1A tdl [<1 A =K dtﬂl
asNatdazuansneny wiadaniiulszlamilunenisinemsunn Ae GA, TINTAAN

o

U9 NTARLILLIA

o

1aan 1gasTuana C gH,,0, (NN 9) (313799304, 2535)

H H H

I |-|| \ /
=T C H

H—c® o ¢ ¢ \”‘c(
Lo | | |
Ho—c_ N\ C _c C C—OH
| A /N C = CH;

CH, H coon \H H/

C

AN

H H

NN 9 1A TN AR ARY

71": Ingels (2009)

neAnEMNMTRARALILalsa AU luLL AT TaTuATInInTal Atzom et al. (1988) Tewil
NMIUARALLILALIAAWLZNN GA,, GA, GA, WAz GA,, lu Rhizobium meliloti AauNNHT1EN1UNT
AUNLNITHARALILLALTAAUALINNFADLIEAY 11U WUNITNAR GA, GA, GA, GA,, Har GA,, AN

Azospirillum lipoferum (Bottini et al., 1989) uway GA, il GA, AN Azospirillum brasilense (Janzen

v
o

et al., 1992). uanannial s 1uN1IHARNTAALLLAAAW L Bradyrhizobium japonicum (Boiero et

al., 2007) Rhizobium phaseoli (Atzorn et al., 1998) Was Bacillus spp. (Manero et al., 1996)
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7.2.4 NAUANAULLALIAAUAANTLATALIRIINT AN (Stowe and Yamaki, 1957)

1) NILAUNIIVLNLAITDITAS ABNITANAINE AN UIDINITTAR NI TadH
' A 49/ b2 IS o I 1 & =3 a
JUTNERE123U neTFunstinsiaaedalarn1siaae18289lY NIEAUNNTBNUBINAR NITLAT EYTRY

9INLINLNA (radicle root)

©

2) AULWALIAAUNNAADWILINITI0IABNTALILANIEHENUINNTTRIA T INATAE

.

a & a I a ] ¥ =~ ] Yo a a ] Y a
BAZNALABN mw;ummmmaluwwmmum b AN WSLUDLNA U ﬂ'?ﬁ‘vLﬁﬁ“]_l"ﬂ‘LlLU@L?@@uﬂfJﬂi‘VlLﬂﬁ

v

nsannalnelisiesnaninasld nesfunisdasuneanen iy sinliingnsznawnevideianuanaansiaf

a

o a v Y da/ 2
HASABNAILNE mmm@ﬂm;ﬂmnmuﬂ,m

3) NNINTTHUNIIIBNVBINT ALLLIBLIAAUTILINA18 9T WNFIVRINTVIAINTWNED
109AANAR Inenisduginiseangniresnsauerla@nin liifnszazinsa uaznisaauaN NG

ag luaniveeudy

lunns@nun Azotobacter chroococcum ﬁ@ﬁﬁﬂ@gﬁéquﬁufﬁﬁﬁwmmumu%wwudq
A, chroococcum anunsnduasziaesiluuiieaniy auweisasu uazlolnlafiu Geduddunis
\watyiAnlnaasiv Bottini et al. (1989) WuaNn1s M Azospirillum spp. équﬁum&ﬂqﬂmﬁﬁmmﬁmﬁm
HARKATASNTY NI IZNTHARga T TNIRTAUIIALI A AU NULAT e LAz TuN19AN®I989 Karadeniz et
al. (2006) WUA" Proteus mirabilis P. vulgaris Klebsiella pneumoniae Bacillus megaterium B.
cereus Escherichia coli innugnunsnluniseangesiuuiseandy auiwesadn lolnlafiu waznsm

waulade

aada v

28978l
1. NTDLFAALNNHL

fudaeteauainulaslgnivaresnwmnansdamdnanys Inefiudaetneautsonlslnames

v
A o

v !
AanaisuNn 4 Tia Ae e d19lwe wWin uay fnadnin AansLiuaetng 3 9a santlaulasing
[~3 o 1 a a = v A KX a a v A . . o
ussateAuiBnulslaaNesiasgasiung sauDaAULEINNaLTBISUNT (thizosphere soils) 1Y

ldnananamniisaanniaa Salngaliiuiy @audeyasaazidan lHun Wuging ane dumpautlimy

q
1 v v
a

A @ v & 9 = e & o | a yya = ~
LW@L‘]J‘H‘IJ@H@Lﬂﬂ\imuﬁluﬂq?ﬁﬂ‘i‘_‘m qqﬂuuLﬂUmQ@ﬂqﬂﬂu1QVIﬂm1ﬂﬂN 4 AYANTALTHA LWATANTLLEN

Q a

wuANFesall
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ala a a = e
2. ﬂWﬁ‘LLEIﬂLL‘LIFWIL?ﬂ@qﬂﬁuU?L'}mLLﬁ‘IsﬁﬁLWﬂ‘i

=

= a a = Y aa . . . o o 1 A
LLENLLANL ﬂmnmummmiﬂmwxlmmam soil dilution and plate TP8tNARRL 1N NI NILANE

WAuNNuA LN

o

a o

1 v ] ] dll va a = ' =
lakaMd| ‘]_I?’m‘ﬂﬂﬂLLﬂfJu’Wll’]L“llﬂ’]LW‘ﬂi‘VIﬁu‘]_lﬁ‘LmeLLﬁ‘Isﬁ@LV\IE@“MQ@@‘ﬂﬂN’W’m?’WﬂW%

AMNIULNFAIREN9AN 10 TN ANANTaZaNe 0.85% NaCl Annunisdniie 90 Aaaamnsadll waoun
ansazansAuTlElnenagnausefise 250 sausewndt Hiunan 30 u aals Wansuaauaes A
ANAZNAULTINIAT 30 W7 mmfu@mmmmmlmdmuumL%@Néﬁfm 0.85% NaCl MHnun1sainiie
wda 1B s iumnudadud 10°- 107 tansavatsluusazanududuiBuins 01 adans U0
spread plate UWa MN7uda Nutrient agar (NA) LL?ﬁfJﬁNL%y@ﬁqquﬁ 30 avAadEad 1unan 48

Flue AniudanauuanFanEsyuuemauds NA uaziinlduenldiignaseld

a

o A a a ¥ Qr
3. ngAadanuazianiuanEeliLEans

q

o A P Aa A a o An oy M o gy a o
ﬂ@l’@@ﬂiﬁi@uﬂ@\‘i BUANETENLATEULUBDTUITLLUN NA VIVL@“]']ﬂﬂ']?LLHﬂIumuLL?ﬂNqVHIVU?@'Wﬁ

FneiNng streak UUaIM1T NA aunseyialdiflulnlatitaen udntnlalatimeannléliiageluannisivian

a

NB Unidalulafadsinmanuida 250 2aUsau? nanund 30 asAtmalded 1unan 24 4aTug 1iva 13

q a

wuAREEATEYaE 199 log phase Antutin i liiadanmznauficeATa My uMlesnANE

< &

8,000 x g 1lwaa1 10 W iumznawmadn b6 i lu navmeseanianudindugading 25 wWedidus

1%

@ o A & o A A o a = A o o =
Wi awu AN G LL@:ﬁLﬂU?ﬂH’]LLUﬂV]L?ﬂV]llﬁllQV]QMVQN -21 WNALTIALTEA LW@u’]VLﬂsl,‘ﬂum?ﬂﬂ‘H’]

ydtstely]

a al

4. N1INAFAUAINHAINITD MNITUARTLAD TN ATURINLIAN LTS

o

nnagaulszanininlunisuandinalsnasuasnuanize IaatinluAN@ada@ann streak

a

UUBMNTUIN nutrient broth (NA) udatinngauun 30 asmwgaidea wlunan 48 dalus antiuldaon

u

PRE < = ~ PRy @
Wwenmanlaanmaunzinlatrasnuanzann 1 1alall Waq  streak URAIUITWIN chrome  azurol

1
=

sulphonate (CAS) NeisentneAENN3789 Alexander way Zuberer (1991) uRauxiTaNanmgH 30
= (<1 nl/ u’/l [ a Yy dl a &91 = a a
andaaitea Wunan 48 4alus anudanaasdduninatusanlalataasuuniiss

nnedpiunnunisuandnalasned nevinuuenzanandmalasnas nlfainnimazaudiafiu

1 1 7
= ol

UUALNLURMNTUES CAS LNITaNaUnnS 30 andAmaldaa 1unan 48 49l anniuldanaidisima

q u

4

1 FZ v ] 1
fMasadaunsialatiiuanzann 1 Talad dnndsaineduwgaddufuluauisuans CAS (lid
doudsznauaed Indicator solution 1) 1B1MT 5 Haaans UnN@e lATe9ENANNGEY 180 sRUM

WM NRounni 30 avaetamaa Wunan 48 dalug anntduin ldTuweefioepsesnyuimiesy

u Q
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1 v
a a

AYHITY 8,000 x g NN 4 s etaidaa unan 10 Wi mansazanalany udadwpznewaas
% dl 1 1 dy % o o’/J % 1 ] & a al a Aa g
A28l 0.85%NaCl NHIUNITHINTBUAY AU 3 AT UFuAIANYuIEad LA FeNART e lsWas
y . Yyt , , - 4

AIEILATEN spectrophotometer 314 T60 den optical density (OD) A NE19IAAL 600 TRINSTENIoE)
windu 1.0 Taald 0.85%NaCl lun1siaeans udanumadBufu 0.25 Naaans unanaldanvnsman

a a

CAS sunms 5 Hadans i liiaennaanuide 180 sausiaunn Ngoungi 30 asanaaimad uaan 48

'
=

ol mmfuﬁﬂﬂﬂumﬁm’ﬁqamdé'mmumﬁmﬁmmm% 8,000 x g NAOINNH 4 e maiTaa 1l
a1 10 Wi WasazansdonlannageuiBunmnisuandina lsnasfaanisid@n Indicator solution 1
lugnsdau 1:1 Aadans dunannauudiinedu Lmzfj"mmm?@mﬂammwmmmm’mﬁq'ﬂLﬂ%q
spectrophotometer ‘gfu T60 ﬁmmmfm?vlu 630 W TWNAT ATWIDY %decolerization ANNATUD

o

Payne (1994) TngilgAslun1sAMUINIAIY

Ar - As
%siderophore units = —  x 100
Ar

Ar = AMNNIHANAURANTBNANUTLIATLANTIAYINENIARY 630 W1 TLLUAT
As = ANNNIAANAULAIIBIFIBLNNTNNINAGOL NAINENIARY 630 W THLNAT
a a a = o o a & 1 =
5. n3szyaiinuuanFelnenisfnmanduiuaresnidunludiuaediiu 16S rRNA
a aal °o o 2w ' = e =
5.1 nsszyaiiauuaiiFalaanisuiaAulaTedRLaue udIuedEn 16S rRNA ANNAEN9Y

5.1.1 NIEETNLUATIEE wazn19vinlfjisen PCR
AN FaNangaalsneiun streak LWaMNIUTN NA uRatinngnannd 30 89A7

a [~1 nI/ u’/j v dl dgl dl dgl = dl = a a a
wiaLEead 1unan 48 dalud antuldadsilsmenlaasiieuns lalatilfeNuadul AN TaNaAnTIAals

|
A

Waf 1 Talatl undeiailugadsusuluaimisivas NBiSNas 5 dadans Unimaluiasasiae
ADNNLEY 180 9RUGDWNT NYnINYH 30 asAadsa wnan 48 dalue anduriuuanEaluenmis
wea@an fiFunms 1 Jadans TumneediasiAseanyunesiangiNge 8,000 x g uan 5 wii
wansazansdaulaiainunifin 3% NaCl thuwResinanuiie 8,000 x g luinan 5wl inasazany
doulafiedrefaatinnenunissinmauda win 0.05 NaOH snms 50 lulmsans 14 lulasllinaeau
A g = @ A A e o < o o & & S v o
avia liwuanzansyaraiuiiamaniu wasaniui s ludnbeandunan 10 wii wiatiunang
uuudeiuniiungt 3w uiageansazanela 25 lulnsans ldvaenludiiietin 1wl §isen

PCR
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nsluniswisananslulisen PCR Fuantiansazaatinimssan 50 Tulpsang
fdautlaznausall Aduie 1 lulAsans dNTPs (dATP dCTP dTTP way dGTP) 1311m7 0.04 lulAsams
10X buffer 5 TulAsans MgCl, 1iu1ms 3 TulAsans universal primer forward Uag reverse (16S 928f-
341r) 13u7m3 0.5 lulms@ams uaz Tag DNA Polymerase (Fermentas, Canada) 13u1m3 0.25

Tulasdns waziiniaulitiuns dald Ujfsen PCR IneldiFse9 DNA thermal cycle (PTC 100,

MJ. Research) @9in1369ANLATE9 PCR
5.1.2 NMIMIRRDUANNINHANARAINULTFe PCR Aagl agarose gel electrophoresis

MIVAADUANNINHANARAINU TN POR Ingnistinnananainlf)izan PCR ity
1Bu1ms 5 lulasans tudmanzdaamaiia agarose gel electrophoresis NMLATEN 0.8% agarose
gel Tnaitin agarose gel ANEngiv 0.8% wlu gel tray wazidsy comb feliaan wisiaudanei
A8N @ﬁm‘fuﬁ’] agarose gel VLﬁJfJNSLuLﬁ%m electrophoresis 17{3?‘ 1X TAE buffer (Tris-acetate) (Liu et
al., 1997) wau 1X loading dye waznan@ama Uz PCR ludnsndan 3:5 lulnsans uiatinly
wean lute199 agarose gel luudazdas uazusan maker 2 lulasans avludoausnuazdasgaiiig
WeldfusuBeufiey Uaesnszualwiinawnn 100 Taad funan 30 wd udasiiaaluugly
ethidium bromide (0.5 mg/mi) 115981 10 17 AaEeeLTin 1Thiaan 10 u udamsiaaeiaa

nnelAnaa ultraviolet
5.1.3 N199LATIZHRANALILLIA
APFAsULILA Iagtnuanasm PCR aunnu 40 lulpsams wunlidiaszsiansu

% o v o o a A dl 1% = o o o a a 6
W4 (Macrogen, Korea) LLZ\]']H’]?I@?;I]@@’]m_lLUZWJ’Q\‘ILLLIﬂ‘V]L?ﬂ%iﬂLlﬁ‘ﬂULﬂﬂUﬂU@’]ﬁULU@?J@\?"Q@LW]TE

?‘ﬂuj Iugﬂu%mgmm GenBank Aaellsinsa BLASTN (http://www.ncbi.nim. nih.gov/blast/Blast.cgi)

52  nusszystiauuanizalaanisAnwnanduiuasedndueludouaestiu 16S rRNA A
F3nnah 2
5.2.1 NMIWIENLLUATIEE uazn1g PCR
fuupfiFaudntinelivesann stock culture 17 streak LLa1MIIUTY NA u&atiad
a0 30 esrnaadua Wunan 48 dalue aniiuldaanidedeiuaenideunslaladiidages
wafiBenandnelivies 1 Talafl Fuasluaisazanaifunnssy 25 llasing et 14wl §ise
PCR Tnefidanilsznaudal ansazanauuaiiae 1 ulnsans dNTPs (dATP dCTP dTTP uay dGTP)

1Funms 2.5lulAsamns 10X buffer+ MgCl, 2.5 Tulnsams forward universal primer WAY reverse


http://www.ncbi.nlm/

AIN-2-5(/)
(13in 34)
universal primer (16S 8f-1492r) 13u1m3 0.25 lulAsans waz Tag DNA Polymerase 1381m5 0.125
ulpsans tliindfieen PCR lne1%iFaq DNA thermal cycle
5.2.2 NMINIIRADUANNINHANARAINULTFe PCR Aagl agarose gel electrophoresis
PIIARELANN NEARARANLToeN PCR Fatnstinuaudnannifiien PCR 7k
1Bunms 5 llasans Wnnndaseifamaila agarose gel electrophoresis N13LTEN 0.8% agarose
gel Tnain agarose gel AMNENGW 0.8% AN ethydium bromide 0.6 lulasans mlu gel tray uaz
et comb T lAaniaauTsiauidasAsean aniusin agarose gel 11119116384 electrophoresis 7
H 1X TAE buffer (Tris-acetate) (Liu et al., 1997) uan 1X loading dye waznanana Nzt PCR
ludmnsdau 1:5 ulasans wdainldveenlutesaes agarose gel lunAazdas wazviaan maker 2
lulpsang avlugasusn uazdesgeineielidumiBeuifiey daeanssualifinawn 100 Taasf iy
1981 30 W7 ukamsaaeLIaante iuas ultraviolet aMntutinarGa PCR ﬁiﬁiﬂﬁﬂﬁﬁqmﬁmﬂ%
QIA quick PCR purification kit (QIAGEN, USA)
5.2.3 NNIUATIZHANALILLA

o

AAIFRFLILE Tasinuanan PCR 1au1ns 12 1ulasamns Aouidisdu 40 wilu

a aa o

nfusadafan? tlldnsziasuiua (BioMedical Genomics Center, USA) udatidiayasidviua

A A

= o = o o o a A e o o
°1|ﬂ\‘]LLUV’]V]L?HV&@LI@ﬂULV]ElUﬂ‘]J@"I@ULU@?l@Q“ﬂ@u%?ﬂ@uj Iuﬂquﬂ@%{@ﬂﬂ\i GenBank mQﬂTﬂ?LLﬂﬁ‘N

BLASTN (http://www.ncbi.nim.nih.gov/blast/Blast.cgi)

=S a al a A '
6. NIANHIANANNTDIUNTAZANENaAaATRSLLAT TuNARTIAa lsnas

i
=

= o = = a A e
nnsAnEANaINITnlunITazananaaalagtinuuAnza naNsanangiaalsnadann

a

stock culture 81 streak UUBIWNTLEY NA LALNNAUNN 30 avA N Tadea 1unan 48 dalug

q a

a

antiuldadndsdenlaasdawnsinlatipesuasnupizanandinalanas 1 1aladl streak Uua1MNg
wie National Botanical Research Institute’s Phosphate growth medium (NBRIP) (Nautiyal, 1999)

o - 4 e ) z . o ~
waaLnmangun 30 arAmalEed unan 48 dalue antudaunanisilasuresenissauialall

¥ 1
=2 A

9
A a = A a A -
NNATUBIRINNITAZAL LAATUNNARLNBAUBILL AN LT A mGﬁLﬂ@I?W@?

(Wlasauinlatll)

anthiuu A Benantinelmeiiiacuaunsalunsazaneeamnildainnimaaey
fr9fiunndnBunninisazatanegdwnfaeia Vanadomolybdophosphoric acid (Lim, 1991) Imeisin
waTiBenantnelsvedun streak uuamsud NBRIP #il4 K,HPO, fluivasnasnaainmini
Ca,(PO,), LL&’qﬁmﬁ@qmmﬁ 30 aarTa@ea fiunan 48 falug aniiliaindsdenlaondouns
TaladlaeuuafBendninelsnasun 1 1alal thudsafieumadGuduluamisivas NBRIP (1

KHPO, ifluunasaasaaimuni Ca,(PO,),) iuns 5 Nadans UuidaluAsasiadinaiuisa 180
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FRUFAUT NYOINNN 30 avAmaisa Hlunan 48 49Tue anin hTuimRefon rseasy Ry

D

A9NNITY 8,000 x g Naunnd 4 asAnaa@ad 1fwaan 10 Wi mansazatagiulanudadnenznan

Q U

MARANUAN 3 AT fnel 0.85% NaCl dfuAtAdnnueamaduuanzandndnalsneffonirses
. v i~ = | Y
spectrophotometer §u4 T60 WillAn 0.D. MAuenaAal 600 Wrlwums windu 1.0 taeld 0.85%

NaCl lun191a8a19 BWANUNEaRBNHLN 0.25 Raaansnonalda1unsiian NBRIP 1341m7 5 RaAaR7

a

waand WliwdnfounauiEs 180 sausawIl Nguuund 30 avATAITHa AMNUuLNeATY 48
dalug T ldtumneefiotAras iy uvResnAYINi3 8,000 x g Nguuni 4 asangaimad 1unad 10

1 181782 ANEEIULANINARALNTAZ AN LAALTUNNAAINAFENITANIN HCI Tusmsdawt:1

u&9111iFn vanadate-molybdate reagent Tugmnsdau 3.5:1 Usuiunnsdu 5 Raaans Aanalin

'
a vy

grun)iviad (30 evmngaldea) 1una 10 Wi (Mehta and Nautiyal, 2001) d&unAnsilasuadn
=
A

AT LazdAAINITAANAULAIINIANTALAEARELATEY spectrophotometer 14 TEO N1AYINENIARY

470 whnms thanlFldureumeuiunsmanudnduninsgau (calibration curve)
7. NNINARALANMNAINID MNTHAR T I NUNTaaNTUIadL LA T LART A lenas

o a al a Aa I's [~1 v 1 all a =

nuanBanantnalsnaiin streak ULEIMNTUTS NA WA UNTAQUIMYH 30 avA@adea
1Hunan 48 42Tud antiuldanandadenlaasdaussialatifenuaanueidunasntiaalsnas 11alat
PnuasanalumasBusuluanisvan NB 15u1a7 5 Aaaans UndalulAiadiagiadEa 180

FRUFAAUT NYOINNN 30 avAmaiea Hunan 48 49Tue anun TR fo s uRed

a

v
=

ADNNLTY 8,000 x g NEUUNH 4 avrmadaa luead 10 wii mansazatsdaulansuiofnemznay
Y o ug// o | I & a a a a Y dl
LIARA% 0.85% NaCl anuau 3 A% UfuaiAnguaesmasuuanBanaadinalsnaifaierses
spectrophotometer §u T60 1ixAN O.D. NAYINEN9ARY 600 W1 TWLMAT Wi 1.0 taeld 0.85%NaCl
Tun191aaa79 YEas BNALLBNIAT 0.25 RAAARIEN8a11I71ad NB 1381m7 5 Aadans naas L
W ltmeindoaaanuida 180 sausaun? Nguuni 30 avAma@aa A nliensy 48 dalus Huvisd
T (Aandindiugadinenilu 5 iadlua) (Brick, et al, 1991) Wailuansasiulunisdansziiaan
Fu dnsasiailunnd 24 dalus aaniuin llifuwnesfonrsasiyuinnesiaauba 8,000 x g (il
a1 10 Wil Nauugi 4 esAmal@es Unansavatadonlaninagaunisnanaandu
AaNTTLAN Salkowsky' reagent lUERINAIUIRIANTATALAIULARE Salkowsky' reagent linfiu
1:1.5 Nadans A linanmgivies (30 asAnmaiiaa) lunan 30 Wi wiadananisidaauaind
= dgl = | = % 1 A v ﬁl
WABITANa U TIALSLLAN Bananeiuduns wardnAINIIaANALLAITBIAITAT ANt KR LATEY
spectrophotometer 1 T60 A NE19AAY 530 wiluiums WiAd i liiraunausunsaay

Lgﬁuzﬁummgﬁu (calibration curve) (Gordon and Weber, 1951; Glickmann and Dessaux, 1995)
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8. NNIANHIAMNAINITD IUNTNARALLLBLIIAANIASLUANBuNART AR TINaS

tuumAnFananginelsnaiann stock culture 11 streak WA NA WaaUNNaaMAH 30

z2)

A

= [ nI/ :/J v dl dﬁl Adl dgl = dl a a
aaATadaa 1nan 48 dalne antilianndamenlaendeunzinlaliinatresiuaiTenangmne
T37a5 1 Talall dnnaeanehugadiznsiuluenvnsivas NB 15unmns 5 Naaans Unide luiAseaiaen
ANIEY 180 TRUABWNT RN 30 avAmamaa Wwnan 48 dalus anntiuiin ldfuwiesson

y 4 A - - - o - .
LATDINHULUAENTIAYNHLEY 8,000 x g NRuunH 4 avAmaidaa lunan 10 Wi mansazatadauls
Paudadamznaumadfiog 0.85% NaCl a1uau 3 AR UiuA1ANguetaduuAFunanTinals
WaffaeiAsas spectrophotometer 31 T60 il O.D. AiRouenaAan 600 Wiluums winri 1.0 lag
1% 0.85% NaCl lunns@aans dnitasiaufuiEuans 0.25 Aadans unldanvnsivas NB U5unms 5

=

Haaans vaan vl thldweinfasaaade 180 savsiawn? Ngmuundl 30 asAtalEaa AntuleAsy

1
o

48 Falus Ny TRiuAL T 200 TiadTuans eidluanssaduluntsdaameiRLILeLTaay L
Feseidlunan 24 dalue e ldtusieedcanaude 8,000 x g aan 5 Wi figunnd 4
A9ANTALTILE TIN417a2AN8 4R lANINAFALNITNARLZNIUNIINA MALLLBLTAARALLITNNTI8
Paleg (1965) 1ndnsazanadaula 2.5 Tadaans Auaslumaannaaeefiil 0.5M zing acetate 0.2
faaans Unliilquugfl 37 erAnsaides unan 2 urdl udadiuniiin 05M  potassium
ferrocyanide 0.2 NARART vt eadaninai$a 10,000 x g {human 10 Wi Wrasazanedau
laaufin 5% HCl lusasgdau 1:1 shlu Bigamndl 20 eneaaides Wuaan 75 wifl Sasnns
@mﬂﬁumwmmmmwﬁqaLﬁﬁl‘m spectrophotometer §1 T60 finnuananaw 254 unluins Taeld
5% HCI 1§l blank lunnsdniiunaunissanaLiaisadu sARLE T Bau@eniunsmacu i

N1m3g7U (calibration curve) (Glick et al. 1995: Vikram et al., 2007)

NALARZIANSD

a

 a a a = % a al 2 ao‘
1. NITLEN LLLIWVILﬁ‘ﬁl@’]ﬂﬁi&ﬂﬁ‘L']MiiT%ﬁLWﬂ? WAZNNTLENULAN G liLTgNs

q

A a N & d a A
mﬂﬂ’]?l,l,ilﬂLLUﬂVIL?ﬂ@’]ﬂU?LQmiﬁ‘Tsﬁ@L‘V\l?_lﬁ?“ﬂ’m?’mﬂ/\l“ﬁ 4 T1a AanuUagnsEIng Wﬂ@]ﬂuuﬂ;@

AURNAR A9NTRaNL3TINAT pH Awilueng faedEnis dilution and plate NANMIANHIAINNTOUEN

v

a a Y o o a a A a 1 F% o v v o A
LLUﬂWL?ﬂi@WQV@Jﬂ@’]uQu 80 1@1"1]@[5] IﬂﬁlLLHﬂLLUﬂVIL?ﬁI@”IﬂW"ﬂ"ﬂu@W’Nﬂ 1@1ummu1n@mmnumm

wanslunn9199 4 Tnaaunsouanuuanalininngaannautsinnlslaaaivesden Ae 24 lalaian

v 1
9R4RINN AR WIN LAY ENARATN Nauisauanuuanizelsd 19 lalaamyiniu uwazdnTns 18 laldian
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=2 dl a a o A ! a a a I 1 v dy
AANNTANTIULNALLENLLIATLTE LL@ZﬂWﬁ‘u’ﬂﬂIﬁIuﬂ’]ﬁ‘@ﬂ LATHNITLATEY wulnaaavanaunini

=

. oo A - . . v o A & -
nudnuanFafvenlaliainisaun 1 luntrensinenslfasaiiasarniun lun1sinemns s
anmuandenuansnaInauiall (Ross et al., 2000) faempuaiilunisdAnsaistasaenifiv

e 1 a a N & & Ao = Na g oA a a ~
WQQEWQQHU?LQMLL?IGTJ@LWﬂ?qqﬂwummqﬂq?LﬂE’m? LW@LlﬂﬂLL'UWV]L?ﬂ@\‘]L@?Nﬂq?mﬁ\ﬁyLmUImT@QWﬂ N

o

o a a a a = 'Y o = A = 1
nantsAnLanuuARBaanauLdulslsa e fnudawinlalaianuesuuainBelulanuunnsiaiy

a

o \ a A . o & A A ~ o ~ P ~
NqﬂuﬂiuLLm@y’ﬁumwm LLWWU@WEWH@%@\?LLU@V]L?ﬂV]V@qﬂV@']ﬂLu@\‘]qqﬂ@ﬂ‘]ﬂ'm:ﬁiﬂiﬂumﬂ\?LL‘]JV’]‘V]L N
Py o o geNy ! o & PR e o a
LLHﬂiﬁﬁJﬂ')’]ﬂJLLlﬂﬂm\?ﬂu V]WELMVL@WUQWQ']E]WUﬁqmﬂQLLUﬂVIL?ﬂNﬁ']"]NLLmﬂmq\jﬂuLLﬁquﬂ@iﬂﬁ‘LUﬁﬁ]ﬂu LS

% . o oA ° a e o a - A
ANTIWLIARANLAEIIN I NNUIBIANNATUINL TN TABILLANTL AU THUN LT UAURINT LAZANTN

Uandasgeanuiainaniasnuuaiizaaiuisoin ldinantswsininld wananiatnaasie uas

o o

tdl 1 A = v o [~ o a
dnsnamilaagaanuiainsniva ¢uludsannzusndansgalusladegn nylunisAuANNIINARANS

o

s a _a . Na Ay A o = ~ !
LNLLWU@I@ NALNN (Secondary metabolite) ABALLLANLTLUANAIE \11’]@51@ﬂﬂj&f’]l%?qﬂﬂzlﬂﬂmm@iﬂ
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=

= = A o = a a N e = a | a
M159N 4 LUANL EIV]L@@ﬂﬁd’]“ﬂqﬂqﬁ‘ﬁﬂ‘]ﬂr’]“’\’]ﬂ@uU?LQm1?IGﬁﬁLWE??@QW%‘HH@WWQVI Tuﬁmmu

AAR

AR T laltiam AAL TRANT laltam
1 fa Su01 27 f1alnm Cor27
2 fae Su02 28 d1alne Cor28
3 fa Su03 29 fnqlng Cor29
4 fa Su04 30 d1alne Cor30
5 fntl Su05 31 falnm Cor31
6 fagl Su06 32 SRINT Cor32
7 fae Su07 33 dalne Cor33
8 fagl Su08 34 d1ainm Cor34
9 fae Su09 35 dalne Cor35
10 aasl Su10 36 STaLIVIT Cor36
11 fagl Sut1 37 F1ainm Cor37
12 fae Su12 38 dalne Cor3s
13 aas Su13 39 STaL VT Cor39
14 fan Su14 40 dalne Cor40
15 fael Su15 41 Z1aTwa Cor41
16 fntl Su16 42 Z1aTwa Cor42
17 fan Su17 43 Wan Chi43
18 fntl Su1s 44 Wan Chi44
19 fan Su19 45 Wan Chi45
20 fael Su20 46 Wan Chi46
21 fael Su21 47 Wan Chi47
22 fa Su22 48 Wan Chi48
23 fael Su23 49 Wan Chi49
24 fa Su24 50 Wan Chi50
25 d1alna Cor25 51 Wan Chi51

26 dnaTnm Cor26 52 NEN Chi52
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(1t 39)
AN9197 4 (Fin)

Ao Tp lalnan Ao AN lalbam
53 Wan Chi53 67 nadatin Wa67
54 Wan Chis4 68 fnadatin Wab8
55 Wan Chi55 69 Fnadmiin Wa69
56 Wan Chis6 70 fnadain Wa70
57 Wan Chis7 71 fnadatin Wa71
58 Wan Chis8 72 fnadmi Wa72
59 WaN Chi59 73 fnadatin Wa73
60 Wan Chi60 74 fnadmi Wa74
61 WaN Chi61 75 fnadatin Wa75
62 nadnTn Wab2 76 fnadatin Wa76
63 nadnTin Wa63 77 fnadmi Wa77
64 fnadatin Wab4 78 fnadatin Wa78
65 fnadatin Wa65 79 Fnadmi Wa79
66 fnadatin Wab6 80 fnadain Wa80

=

2. nMmagauANg Nl lunruanTiaaliafuaLLANE

AINN1INAFAUANNAINITD MuN1NARTLAe lsn afuadnUAN FelasAud8a1MnTude CAS
wupnEaLARTInalinafara nsnilasudes CAS andtnRuiluddu sedmaes naazisng
ﬁy = dl a I's T a [3
1usav] Talall Wesanndnelsnefutadunanaanainaistsznasluenns CAS (CAS-Fe(lll) an

alal a a & o al a :: ]

AINARAUNLLLATNEUNARTIAalINasaNwL 15 Talaan anuueRtizeiannaatuau 80 lalaian Tns

o a A a A e dl v o o 09/ o A
WUATWIULLAN FaNARTIna lsWasuInga ludes wavdnadnu w5 lelaian savasuina
v a a a a A - o o dl dl o
F1qlne waswin nunuANEenanTealInaiauIu 3 way 2 lalaan ANNA1FL (AN13197 5) LN
wuaRBananTinalsnafuanldatuauu 15 lalaan lUdniBununsuandinalswe fnudnnisuand
inalsnaasilugoeszning 31.75-79.90% siderophore unit Wiillalaian Suo4 uaz Suo9 Auanléann
putnalslaa e saeetien way lalaanwass AuanlfainautzionlslasNasvesinaansin A
AuA NI TuNIHARTInalsWaTggaT 79% siderophore unit (AN979% 5) LAZNLILBNIUNNTHARNT
walsWaiftesngalunuanZelalaes Su20 Muanldainfuisnnlslaaladiesdan Usunn

al

31.75 % siderophore unit @4lN12ANENBUNTINTRL8Y Chaiharn et al. (2009) A1N1TOUENKUAT 38!
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nandealsnaslFanfuun luniawiiarasisemalnanunuafize Pseudomonas aureofaciens AR1

'
a o A

Havnanunsnlunisuandinalsneigeqnn 99.96 lulasniusediadnin Wennaausioeianises
Schwyn and Neilands (1987) anse# Sharma and Johri (2003) WUWLANEY Pseudomonas sp. PRS9

nuanlfainauiBnnlslaaefaesdalulsemasunaiauainisalunisnandinelsnefgegai

Q

216.23 lulpsnFusiataaniu iwWadnlinninsaaniaeds Meyer and Abdallah (1978)

Tpevialdmunt pH  Aullusreasinlfuanluauee lustinadiunldlsslogllénn - ann
1

kYl al

a & a A

nsAnEInUdIfanssnaesqdusiulslaaiasduddunuimdr Ay luntsasupuauly

dsrlominassnamanlususaia asdnisseeudnfanlgnlununluinisladinmamnun s v L
[~ a o < a o o o A dl a dld

LAANEINIINABAAN LAY Tz AUBIR AN luAL UL ALge TunisnduiuwusnanlgnluAuniinng

Har TNt LAAIDIN1FUNABIRMAN WAL (Masalha et al.,2000) lun1sAne1ATINNIN1TLeN

Q

a

a a a a e a dl a | 1 dl dl 1 ] a a a dld
wUANENAATIAe lINaTaNAWNNAN pH AutiupiasaInmadninasiluAnFant A Na i sn e

nanasdnalnaiileat luaninenanmanluiuegluaninziliaraavise liiflulse lamisianes
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A15199 5 1BuNunsnanTiaalsnasuanLanmaauw 15 lalaan Auanlfainfuiznoslslas

Wef
rununinandinalsnasd
AMAL SRR lalaian
(% siderophore unit)
1 datl Su04 79.90+0.43
2 Su09 79.63+0.33
3 Sut1 64.11£3.12
4 su1s 64.43+3.50
5 Su20 31.75¢1.99
6 dinalwa Cor25 76.25+0.52
7 Cor26 66.88+2.51
8 Cor3s 63.408.42
9 Wan Chi44 56.48+3.64
10 Chi60 55.28+3.09
11 dnadniin Wab3 61.27+1.71
12 Wab4 65.47+1.42
13 Wab5 79.52+0.54
14 Wa70 57.52+5.53
15 Wa7?2 67.27+4.71

3. meszyaiauuanEaiaansfna AuluaresaLEue ludiuaasEiu 165 rRNA

a a a a a e o ai A rd‘d
arnnisssyaiauuANanandinalsnadaiuiu 15 lalaan nuaniaaldlnsiueing

ANTHANNIZIANZAIALEY 16S rRNA F28ATRA PCR WUINA NN LENNUAAWa LS Tadaune

587 WAL 1484 ALUA AN primer 341r-928f UAz 8f-1492r MINANAL AN1InszyuuAnEe iy 11

£2
o a

ANA PN Burkholderia Xanthomonadaceae Pseudomonas Staphylococcus Stenotrophomonas
Microbacterium Cupriavidus Bacillus Arthrobacter Agrobacterium Was Promicromonospora 64

dl :// d’l a a a a o‘n:lld a a a a g =
19197 6 MetuuanFanandinalsainilsz@nsninlunisuandinalsnasgegai 3 lalnan
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awn9nszls Aa lalaan Suo4 HaduwdeuiuwaesaAuLIATY Burkholderia  cepacia leltian
Su09 HAMNUNAUNUIBIANALILLANL Xanthomonadaceae bacterium uazlaluiam Wab5 NAINN
WMNAUAULRIANALLUATL Agrobacterium tumefaciens ﬁ@zﬁummmﬁ@u 99% 98% LWAaY 98%

ANNATFL

a A a A % a a = o = 1% o a
annnisuanuuAnFanandnalsnefanantmnmlslaamefvasig uiaiiniseyaie
a Al = o [ a @ ! = aa A
wuanzelagnisAnEasuLaednauie ludIuLedEn 16S rRNA WULLANBENAINMAINUAN
neaeiuguiazuanainfulugafunaaiu iesainatinvesnaiansnalaansslunismauaunis

' 1
[ % [ % o

a LS a a a = I's A = dil
nananTNwnUe lasreuuanFeisinalslaa e $aNnnInasansARNAII89 SN WAZNE MLAL
WwenLeIRagalanngnnsa lunnsuandiaalsnes (phytosiderophore) laAqeFaLeg Aatilanale

a a a a a‘d‘ v = 1 a a 1 [
wuaRZaaanTealsnefusnldanniauwrazaiai AN wANAN9AY (Ma and Nomoto, 1996: Masalha
et al., 2000: Yehuda et al.,1996) Wanainiliuimun1suandine lsnesndnlaiauuanmeniwlllu
wiarlelaanudaziilunuanGenandmalsnaiiuanldannfiuuznnlslaa e snasinina iy
IHaINNAINNITLRUNN TN INUaRTNN e I aaduauL AN BELFAR cAWUEH AN UANFNNTY (Lehino

and Vacek, 1994)
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(
= a a = - = A a a IS = o a = s Aol
M1519N 6 ﬂ’]ﬁ")Lﬂﬁ‘WZH’Jﬂ@I@VLVIWII@QLLUﬁVlL?EIN@ﬁ]"'ﬂLﬂ‘ﬂI?W@? LLG‘EIULVIEIUﬂiJuQﬂ@IﬂVLVlﬁ ‘VINI‘L&

gudieya GenBank faalilsunsu BLAST

Nearest phylogenetic neighbor

Sequence alignment

Isolate . Accessionno  gimilarity E- %
(genus and species)

nucleotide value identity
Su04  Burkholderia cepacia HM46117.1 530/531 0.0 99%
Su09  Xanthomonadaceae bacterium JN846925.1 7r27rt 0.0 99%
Sut1 Staphylococcus pasteuri HM451957 .1 440/550 0.0 80%
Su18  Stenotrophomonas maltophilia JF505943.1 774/780 0.0 99%
Su20  Pseudomonas boreopolis AJ864722.1 534/540 0.0 98%
Cor25  Staphylococcus sp. GU361126.1 536/536 0.0 99%
Cor26  Burkholderia arboris JF792427 1 552/562 0.0 98%
Cor38  Microbacterium hydrocarbonoxydans FN908768.1 519/522 0.0 99%
Chi44  Cupriavidus sp. AB542403.1 487/491 0.0 99%
Chi60  Bacillus pumilus GU998809.1 293/303 0.0 97%
Wab3  Arthrobacter sp. FN666614.1 517/525 0.0 98%
Wab4  Bacillus sp. HM484306.1 531/531 0.0 100%
Wabb  Agrobacterium tumefaciens HM582868.1 874/918 0.0 98%
War0  Agrobacterium sp. GU248316.1 482/498 0.0 96%
Wa72  Promicromonospora sp. EU939448.1 491/498 0.0 98%
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= a al a a e
4. MIANEANANNID TNTazAENaAW RIS LLANaNARTIAa TN e S

pnuaRlunisazanerleaminaesuuafiFoazdaainaouiulsslaniamaanaialumu
Junalnnilalunisiinanuaiunsnlunisgalinesnefaresqauniduazdegon duadunis
watyLAulnuesNgansag (Verma et al., 2001) dletuuaTBenanTinelinaiia 15 lalian 1A
UWRNT NBIRP ilenagauauatunsnlunisazansuaadanrlaamn wouuaidunasimelived
nnlelaiaaiauainisnlunisazarenasamnlaadaunaliainnisiiaeslavesnisazanaunaiian
Waawmsayu Ialatiuua1mis NBIRP waznisiinaslaseuialatifiauiauanseiuldluusiazleloan
UidsnuuniBundntinelswefusiazlelnianiisrdngnmlunazarsunadasreamaliuansng
fu AdidnsmpaesuduseliteAnsBunmnisazansunadeumeanueiuuniiGurantinels
Nefumazlalaianm u3tni13289 Mehta and Nautiyal (2001) wWud3nnainnsazanewAa@aunedinni
puduiusiualaseulalatl nuiunninsazanauaaiiaunaanrasuuanBanandinalsnafae)
Tudneszudng 56.78-270.27 lulmraniusieladans lnsuuanielalaan Waes Hadnuainisnlunig
@zmmm@L%NWMLWMQQ@%%NL%’N% 270.27 lulAsnsumaNanans (mmﬁi 7) lun13@AnsIAaL
utiniveq gnns 2553 RananTnLENULATISY Burkholderia multivorans Rs01 annAumnnsAfaz iy
ﬁﬁluﬂuﬁqmﬁuﬁ*ﬁm slenmaeuiBunnimsazarsusadaaginiagis molybdenum blue method
WuLLANBEaNNInazanauAsTunadna ligegn 267.5 Aaaniusadns Ribeiro and Cardoso

=

(2011) wenuuanizaazatanadnanauBnlslaaWafues Araucaria angustifolia WukLATSE

1
A

Enterobacter aerogenes Aniugdxnsnlunisazanauaadannagmn 450 lulasniusaladans e
TaUFNNUNNTRARA2ERE vanadomolybdophosphoric acid
faudidunaiizaazananaaaazny iU s snalslsailes urfdaddaaulsyains
VL?JZSJQIIF]Lﬁ'ﬂLlﬁ‘ﬂULﬁﬂUﬁ/ﬂLLUﬂﬁﬁ‘ﬂﬁL@j 1 1uAu (Skrary and Cameron, 1998; Azeem et al., 2007)
falun s@nEnneuniing Hameeda et al. (2008) uginuuAT Beazatanaamaiarinll i unng
audiunisiasnyiiulnaesdes nuuwuanBaazanaeawn 5 lalnan Wit annuuATiGefiuenls
viamue 207 'lalsian Ribeiro and Cardoso (2011) wenuuAnzaazananagmmnliaiuau 27 lalaan
anuuATiBeRnandanauinalslaiasues Araucaria angustifolia s 97 lalmian iasan

o o =2

a dl d”d a 1 4 =® o v dl a a %
AUNUINININITANEIUN pH mmmum@umqzgwqmﬂuul‘@mmm:wuLm ANiraazaanagin mim
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yananRInuItANa Nnlun1sazatanag i aLazANg N1 0 lun suanTIaalsnaF 1ag

=

a a = o [ & o a a g % = dlal
wuanFeANduiuiiulnganatnsnluntnandinalsnasaruisonulilunuanzang
AuaNnsnlunsazaranaamnluiiuings sanriasiuaiinassnduuanFanantnalsnaiag
dnalnlunisuasdinalsnaiuaznisuannsndurisdnldlunisavaraneamnatfon (Vassilev et al.,

2006) waznalniilunisnauauessadn1nsiTInLAALAaN (Guerinot et al., 1990; Machuca et al.,
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2001) F9N199189 4TS Kloepper et al. (1988) waz Glick (1995) ANUIHANARIBINTANTLL LD

] a a dld 3 a A I'g
nsldutAnBantAuaInIsnyinIuantiaalsnasiaznisazaanaains

A1519% 7 dFnunnsazasuaadiaueamnuesuuanzanantnalsnes

AR lalaiam 1Burunsazanauaadaunagm ( ug/mi)
1 Su04 254.97+9.9
2 Su09 114.25+7.5
3 Su11 175.69+2 .1
4 Su18 117.00+36.0
5 Su20 183.40+7.4
6 Cor25 99.17+11.5
7 Cor26 207.62+10.3
8 Cor38 56.78+3.5
9 Chi44 94.65+12.0
10 Chie0 223.37+24 1
11 Wab3 135.83+15.7
12 Wab4 130.77+11.4
13 Wab5 270.27+1.6
14 Wa70 57.22+8.1
15 Wa72 193.31+£7.9

3. NNINARALAIMHNAINID INTUARNFD T TN UNTUaILL AN e

a al

3.1 ﬂ’mnmmum’mmm?ﬂummamafaﬁuuﬁm@ﬂ%ummLmﬁm gl

ANINAZALANNNAINITD IUNNTHAR RS INUNTaaNTWIRILLAN TaNARTIAalsNes Iasnng
o , Do A = @ A A \
npgaunae  Salkowsky' reagent WUANAWAB9294N7AE AN LA MTUALAIUTDATNY WAAIIT
a a a A a‘d‘ o 1 | a I'% | a
wupnranandnalsnaintiiuinasaugiuluniarnaiuisnlunisuangafluungaandy aan
=3 a a a a el a L% = a o al
ANsANEINLLLANBUNARTLIAAlINesH A NAINNTD lUN TN AR aR SN uNTaaNTUA1WIU 14 laTaan X
| 1 ogj Adl =l a a 1 1 1
e Su09 windun i A lunisuas TaawuiBununisuaneaslutagsening 2.43-22.86
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a

22.86 lulAsnsurefiadans (AN197 8) runmunnseangesuuiTaanduilanuuansineiuaantlly
wiazlelmanliduiuaiafieiuenuueiiaeld annsAnmiiumnuifiadwidmanesiaiuen
TFanfutsnadslaglestausanangeflnunteandulélngainnisdnenves Ahnmad et al.
(2008) wunsuARaasiuuNTaanduatlusziu 2.13-3.6 lulnsanssiaiafans aan Azotobacter Uaz
Pseudomonas Gravel et al., (2007) wazwun1suanaslusedy 3.3-6.2 lulpsansdeiianans lu P.
putida WAL Trichoderma atroviride uaﬂmﬂf: Marques et al. (2010) PILNUNTNAR LUTZAY 2.9-17
lulnsansraiafans lu Chryseobacterium sp. Bacillus sp. Achromobacter sp. Wwag Ralstonia

eutropha (Husen 2003; Yasmin et al., 2007; Vasconcellos et al., 2010; Ribeiro and Cardoso, 2011)
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Q' a = a a a a a e
A1519% 8 FununsuanaadluuNtIaandurasuLAN FuNanTIAalsnas

AneL lalaiam sen
(ug/mi)
1 Su04 12.93+0.2
2 Su09 0.00+0.0
3 Su11 8.91+0.0
4 Su18 5.25+0.5
5 Su20 12.60+£0.4
6 Cor25 5.02+0.5
7 Cor26 10.52+0.2
8 Cor38 7.390.1
9 Chi44 8.29+0.6
10 Chie0 22.86+0.7
11 Wab3 11.92+0.4
12 Wab4 6.60+£0.4
13 Wab5 17.26+0.7
14 Wa70 2.43+0.1
15 Wa72 3.09+0.0
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AnldsnanvsiaLazinin g iusisamsLaziiiaay usednglsfiaunsresaas i unNTaand

¥
=S

v v
wraNtiuluetiuaNdindiuraseandu ala uazaeiugaesis wanaintaefluuitaaniuaiaas

u

dugansasoyiiulnaasiald (Solano et al, 2008) Ins1ziamNiiniunasaefluuNtaanT il
Bunufingazdiadadiunisasyresiguiiiladanudindurasae fluuiseanduluFuinmnas
duganiastyiiulnnasive (Xie et al., 1996) TunnsAneiwuBununsuanaafiuungIauL ARG

1 ¥
TuiBunnihunarsRamunzaunazinuuan Fawaitld 1 lunsdadiunisasiuinaasing
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3.2 NNTANEIANAINITO UNNTHARN FRF LN UNTALLLALIAAULRILLAT LT NA P
Fpalsnas
=S a ' = a a al a a
NMNTANEIAITHATINTITO IUNITHNAN TR INUNTALLLDLIAAUIAILUANLIUNAR
dinalsnes Inedinnsues Paleg (1965) wulinINsuaRaeSlHWNTALILAITAAYAE T
185.49-246.42 Tulpsnsusaladaans (919747 9) lpsuuANuuandinalsnes
lalmian Wa6s Havnaunsnlunisnangesiuuirauiuesadaugaganandindu 270.27 lulasnin
FANAAANT wazuupNGanandinalsneslalaian Wab3 JU3uunsuanm
a a v dl d‘ o 1 a aa =S a al d‘ % a a
Auaaauiiasgan 185.49 lulasniuseiiaaans aannisAnmnuwLAN Fauen lfanAuLEon
A oAl a A A A & A o = ° o \ ~
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- a e = & Ao a a @ - PRIy = o a
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BAANN M LUN19N1 2N AN LIIAUIU LAZANTAAANIAALLLIALAANNANUUNE AU lNI9N19AN
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a A a a dl ) 7 ] =3 | B 1 =S a
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= a A a o I a aa al A ] U
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1 u’/j dld a A a a ala o al a a 67
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AUt aduin M lun19n19neme 1w Karako and  Aksoz (2005)  $189 U WLIWLIAT 3¢l
Pseudomonas sp. HAMNAIN130 IUNTLARAS INUNTALLUALTARY 285.06 NaAn5umAaans Cassan
et al. (2009) WU  Azospirilum  brasilense Az39 Wa<Bradyrhizobium  japonicum E109
Fanuaninlun1suanaasiuuNTauILasaau 0.95 wa 0.39 lulasnfusalafams ANaIAL Lie
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AULLDLIAAY
AneL lalaiam
(pg/ml)

1 Su04 189.29+11.2
2 Su09 205.07+11.9
3 Su11 198.93+9.4
4 Su18 214.42+0.0
5 Su20 198.93+9.0
6 Cor25 197.32+11.8
7 Cor26 207.41+5.4
8 Cor38 205.07+8.4
9 Chi44 208.87+15.8
10 Chi60 193.38+7.0
11 Wab3 185.49+2.3
12 Wab4 197.47+£10.3
13 Wab5 246.42+14 .4
14 Wa70 202.15+10.9
15 Wav72 202.44+9.8
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aInnsAnEaNnsauEnLUANBaanAuLBMlsTrads fuasig 4 9lla Ae deadinalne win
way dnaanun  lAAanuau 8o lelmas wunuanFenaadinalsnaiaiuon 15 lalaian  uazd
ANAINNTR TN IHARTIAe lsnaFas lutdaessndng 31.75-79.90% siderophore units lHaRLLATIETE
nandinalsnedis 15 lalaianlinageunisuanaisdadsnninasyininesigludiusne wu
wuanEaNandnalsnasianatnnmlunisazatslnsunaiaunaanas lutieszngng 56.78-
270.27 lulAsnFusaafang HAINANNNTINARFRFINUDBNTY WATALILAARUEE T udng
2.43-22.86 lulasnusiatianans uaz 185.49-246.42 lulasniusaiadans AMNAIAL ANNISANEN
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a  a 4 A a e o o = = = o o o o
\wsoytAn e HadAseinaNAuILaluER16S rRNA WudidaumdeuiuesaAuLaiy

Burkholder cepacia Xanthomonadaceae bacterium WazAgrobacterium tumefaciens NTzAUAINN

WD 99% 98% LAY 98% ANHAFL

annsAnnLLLAN FunAsTIneTsneslaTnian Su04 Su09 war Waes HNilsz@nsningaqn
lun1suanasdaidsuniaasyiauinaasive asiiazinistinlddnesn wazdimszineainaasdinals

al

WaiuuANFaNanTY TadanAILANNITHARANTALETNN SRS TYIAUTATaI NG 39 WD LLAT TP
UsrANBNINGINIMAAUAMNAINNTD lUNTFR9LETHNNIAs YLD TA RN T A UNINH A INANATY NN
wAsegna udathmimutuanstadneiiierh ldselamilunienisinees Insanazuiunndubu

\eiuil pH Auga

CAS iiluarmisnliluntsmaaaunisuaniinalsnaizel araiiluiwsaqaurzduneain
TnaannzuuANFaunsuuan nenzians HDTMA asiiatiunldasliarusoneaaeunisuanding
Tsaslfnsaunguluynetnvasiunanits adsldRan1sNAsaLAguLLANEENEHA MW N19TANITNAR

dinalsnasfoz high performance liquid chromatography (HPLC)
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Abstract: A total of 110 bacterial isolates were obtained from the rhizosphere of different
varieties of vegetables (broccoli, cos, tomato, spinach and butter head) by using King B
medium. UPGMA analysis using simple matching binary coefficient of antibiotic resistance
patterns and carbon source utilization and morphology indicated that the bacterial isolates
could be categorized into 6 clusters with a maximum similarity value of 65%. Sixty of 110
isolates were also screened for their siderophore producing ability, indole-acetic acid (IAA)
producing ability and phosphate solubilizing ability. The results revealed that 22 isolates
(36%) could produce siderophore, 53 isolates (88%) could produce IAA and 14 isolates
(23%) could able to solubilize tricalcium phosphate. Moreover, there were 14 isolates which
had ability to produce siderophore, auxin and solubilize tricalcium phosphate.

Introduction: Iron is an essential trace element for almost all living microorganisms, plants
and animals hence, shortage of this element could limit primary productivity.® Despite the
abundance of iron in the earth’s crust, most of the iron is not readily available for living
organisms due to its solubility (solubility of Fe(OH); = 10°° M).%® For this reason,
microorganisms, fungi and plants have evolved different strategies to scavenge and to absorb
iron from soil. One of the most common strategies for iron acquisition is siderophore
production.
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Siderophores are low molecular weight extracellular organic compounds® produced
by bacteria and fungi growing under low iron stress. They are chelating agents and ferric ion
specific. Bacteria of the genus Pseudomonas represent one subgroup that is capable to
produce siderophores and play important roles in using this substance in probing for iron in
the agricultural ecosystems. In addition, some rhizobacteria also exhibit plant growth-
promoting properties and disease suppression in plants.®> Rhizobacteria can stimulate growth
by one or a combination of mechanisms including siderophore production, phosphate-
solubilization and plant growth hormones production including the production of 1AA,
gibberellins and ACC deaminase. Rhizobacteria can also stimulate growth of plants through
indirect mechanisms including the suppression of phytopathogens through the release of
HCN and antibiotics.® This study is aimed to isolate and to characterize siderophore-
producing rhizobacteria from the rhizosphere of vegetables as well as to determine their
abilities in producing plant growth promotion factors e.g. IAA and solubilizing tricalcium
phosphate.

Methodology:
Soil sample collection and isolation of siderophore producing bacteria

Soil samples were collected from the rhizosphere of vegetables (broccoli, cos, tomato,
spinach and butter head) from organic farming. Soil samples were serially diluted in saline
solution (0.85% (w/v) NaCl) and plated on the King B medium.’ Colonies were picked and
further purified by re-streaking. Pure cultures were stored at -20 °C in 25% glycerol.

Identification and characterization of the bacterial isolates
Microscopic examination

A pure culture of isolates was grown in King B agar for 48 h at 30°C. One drop of
culture was subjected to a Gram stain and placed on a glass microscopic slide for cell
morphology determination by using bright field illumination and an Olympus optical
microscope equipped with a 100X objective.

Determination of physiological characteristics

The resistance profiles of 110 bacteria isolates were determined for each of the
isolates. Strains were grown in King B broth containing antibiotics at 30°C for 48 hr. The
four antibiotics tested were chloramphenicol (5, 15, 25, 30 mg/l), kanamycin (5, 10, 15, 20
mg/l), streptomycin (5, 10, 15, 20 mg/l) and tetracycline (at 5, 10, 15, 20 mg/l). These 110
isolates were also examined for carbon source utilization, malic acid, glucose, mannitol,
glycerol, ascorbic acid, sucrose, citric acid and sorbitol. Isolates were categorized as being
resistant or sensitive to each concentration of antibiotic or use source of carbon, and assigned
a value of 1 or 0, respectively. The antibiotic resistance and carbon source utilization profiles
of 110 isolates were used for dendrogram analyses. The UPGMA (Unweighted Pair Group
Mathematical Average) algorithm was used to perform hierarchical cluster analysis.
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Plant growth promoting activity
Determination of siderophore production

Siderophore production of these bacterial isolates were detected through the formation of
orange halos surrounding the bacterial colonies cultured on the Chrome Azurol S (CAS) agar
plates after incubation at 30°C for 48 h. CAS agar plates were prepared according to the
procedure described by Alexander and Zuberer (1991).2

Quantitative assay of the siderophore production was carried out using CAS broth. 250 ul of
bacterial culture (ODggo=1) was inoculated in 5 ml of CAS broth and incubate at 30°C for 48
h in the incubator shaker at the speed of 180 rpm. The bacterial cells were removed from the
culture medium through centrifugation at 10,000xg for 5 min, and 0.5 ml of supernatant was
added to 0.5 ml of CAS indicator solution. This mixture was incubated at room temperature
for 30 minutes before determining the absorbance of the mixture at 630 nm. CAS broth
processed through the same procedure and under the same conditions but without inoculation
with the bacteria was used as controls. Siderophore content in the solution can be calculated
as described by Payne (1994).°

IAA production

All bacterial isolates were cultured in King B broth supplemented with 5 mM L-tryptophan at
30°C for 48 h. The bacterial cells were removed from the culture medium using
centrifugation at 10,000xg for 5 min. One ml of the supernatant was mixed vigorously with
1.5 ml of Salkowski’s reagent (15 ml 0.5 M FeCls, 300 ml conc. H,SO4 and 500 ml HZO).10
Incubate this mixture at room temperature for 30 min before determining the absorbance of
the solution at 535 nm.** The concentration of IAA was determined by comparing with the
standard curve processed using the same procedure and conditions. The amount of IAA
produced was expressed as pg/mil.

Determination of tricalcium phosphate solubilizing ability

Ability to solubilize tricalcium phosphate of each bacterial isolate was determined through
the formation of transparent halos surrounding bacterial colonies on the National Botanical
Research Institute’s Phosphate (NBRIP) agar medium®? This medium contains 5 g of
MgCl,.6H20, 0.25 g of MgS0O,4.H,0, 0.2 g of KCI, 0.1 g of (NH;)2SO4, 5 g of Caz(PO,), and
10 g of glucose. The medium should show the halos after inoculation at 30°C for 48 h.

Quantitative determination of tricalcium phosphate solubilizing was carried out in NBRIP
broth. 250 ul of bacterial culture (ODggo=1) was inoculated in 5 ml of NBRIP broth and
incubated at 30°C for 48 h in an incubator shaker shaking at 180 rpm. The phosphorus
content in culture was determined by the vanado-molybdate method.™® Bacterial cells were
removed from the culture medium through centrifugation at 10,000xg for 5 min. 3.5 ml of
supernatant were added with 1 ml of vanado-molybdate indicator solution. The autoclaved
broth without inoculation with the bacteria but was processed using the same procedure and
conditions used as the control. The amount of phosphate solubilizing is expressed as pg/ml in
comparison with the control.
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Results, Discussion and Conclusion:
Isolation of siderophore producing bacteria

Total of 110 bacterial isolates were obtained from different vegetable rhizospheric soils. 14,
9, 26, 26 and 35 isolates were obtained from broccoli, cos, tomato, spinach and butter head
respectively. The numbers of bacteria found from each plant indicated that the bacteria
populations associated with plants species, plant root exudates excreting by different plants
were known to cause differentiation among populations of bacteria.*

Identification and characterization of the bacterial isolates

Most of bacterial cells were rod shapes. All of the isolates were Gram-negative
bacteria. The 110 isolates were determined resistance profile of four antibiotics; bacteria were
resistant to four antibiotics in different concentrations (data not shown). Approximately fifty
percent of isolates was able to grow on malic acid, glucose, mannitol, glycerol, ascobic acid,
sucrose, citric acid and sorbitol. These isolates were resistant to, kanamycin, streptomycin,
tetracycline at 20 mg/l and chloramphenicol at 30 mg/l. The remaining isolates vary in
capable of antibiotic resistance and use of carbon sources. To determine the relatedness of
bacteria, a dendrogram based on resistance profile data, carbon source utilization and
morphology was constructed using the UPGMA (Unweighted Pair Group Mathematical
Average) algorithm. While most of bacteria had close similarity values based on antibiotic
resistance, carbon source utilization and morphology, they could be arranged into 6 clusters
with a similarity range of 65% as shown in Figurel.
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Figure 1. Dendrogram analysis of 110 bacterial isolates showing the relatedness of these
bacteria. The dendrogram was generated from carbon source utilization, antibiotic resistance,
Gram stain reaction and morphology
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Production of siderophore and other plant growth promoting activity

In investigating the siderophore producing ability of 60 isolates, we found 22 of these isolates
(36%) produced orange halo zones against a dark blue background, indicating siderophore
producing ability. At the same time, 53 isolate (88%) was found to be able to produce IAA
with color changes in the Salkowski assay. For tricalcium phosphate-solubilizing ability, 14
isolate (23%) of bacteria showed clear halos on the NBIRP agar plates with different sizes.
Total of 14 bacterial isolates with all siderophore and IAA production and phosphate-
solubilization abilities were selected for quantitative test.

It was found that siderophore production ranged between 36-85%. Isolate Col18 and Bu 95
showed maximum siderophore production about 85% (Table 1). The isolates exhibited with
varying levels of siderophore production, irrespective of plants species. IAA, a member of the
group of phytohormones, is generally considered to be the most important native auxin. IAA
is @ major mechanism of plant growth promotion this has important implication for the
development. In this study, IAA-production ranged between 1.38 - 6.36 pug/ml (Table 1).
Isolate To27 showed maximum IAA production at 6.36 pg/ml. It has been reported that IAA
production by rhizobacteria can vary among different species and strains, and it is also
influenced by culture condition, growth stage and substrate availability.”> Phosphorus is one
of the major nutrients, second only to nitrogen in requirement for plants. Most of phosphorus
in soil is present in the form of insoluble phosphates and cannot be utilized by the plants.*
The ability of bacteria to solubilize tricalcium phosphate has been of interest to soil
microbiologists as it can enhance the availability of phosphorus for plant growth. In our
experiments, phosphate solubilizing ability ranged between 205.69 — 517.63 pg/ml (Table 1).
Isolates To27 showed maximum production at 517.63 pg/ml. It seems to be that the bacterial
isolates were able to solubilize tricalcium phosphate also produce high siderophore. This may
be related with the fact that phosphate solubilizing organic acids secreted by bacteria also
have siderophore like functions'’ and they are released in response to iron stress.'®*°
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Table 1. Quantity of siderophore production, IAA production and phosphate solubilizing
ability by each of the bacterial isolates.

Phosphate solubilizing

Isolate  Siderophore production (%) IAA production (pg/ml) ability (1g/ml)

Brl 47.10 4.12 385.59
Br4 43.87 5.00 345.64
Br9 51.61 3.54 329.83
Col8 85.81 3.32 314.85
Co23 58.06 3.72 352.58
To27 61.29 6.36 517.63
To34 45.16 4.45 383.65
Sp60 37.42 5.04 371.44
Sp61 63.87 4.05 360.62
Sp76 36.77 1.38 339.82
Bu84 60.65 5.33 328.44
Bu95 85.81 2.62 299.31
Bu9s 25.16 5.26 205.69
Bull0 26.45 5.30 368.12
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