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UNANED

WUATLSUNAUALATUNITRTYVRINY  (plant growth promoting rhizobacteria;
PGPR) 6 isolates (1RER2, 25R463, 27RER2, 39SHR, 535462 Way 65R471) ﬁﬁ@lﬂi@ﬂ’ﬂ”]ﬂ 521

=2

Trladvesuunfiieddauonanauivudoussuandenvesudnaudn snnoulaen
Fminnn gninn@nwinansenuvesuaadlen sz wazdingd sonadnuvaznisaiieansi
ALEENAINLATYVOINTY (PGP traits) uaz@nwINauay PGPR ﬁﬁ’mLﬁaﬂﬁiamm%muaxﬂﬁaﬂ%’u
Tavgmiinvemgunniflennassnielfianng axenic culture uazilonnasdagugnasiuly
AsTaNe Man13IvENUIN T 6 isolates fidmdonilu PGPR finumiusielavenin uazdng
Snwinuautfves PGP laluaniizvesnnuasunainlanenin lnsianie 535462  uay
65RA71 7flmnuan3nains indole-3-acetic acid uaz  siderophore lége  usinnsaany
WoalWn n158319 gibberellin waz  1-aminocyclopropane-1-carboxylate deaminase A1
anas Waflsutunigdiliilavendn (p < 0.05)  nsnTIadeUIFUUARAE AT 165
rDNA Buuginihs 535462 wag 65Ra71 tfu PGPR Tundy Pseudomonas sp. aeldianieiid
nsUudouvedlanzniin viedes isolate 189 PGPR d1unsneguazasyluuiiunnuay
duaSunisiasayremauinneu (Vetiveria nemoralis Wugs1wy3) 1 65R471 waw 1RER2
ﬁ’lll’liﬂLﬁﬂﬂi%ﬁ%%ﬂ’]?\lﬂ’ﬁ@ﬂ%’uﬁﬂLLﬂﬂLﬁEJlILLa%ﬁ'ﬁﬂzaﬂJaﬂwiﬂ’]LLNﬂLﬁ@ﬂﬂaadﬂ’lﬂiﬁﬁﬂ’nz
axenic culture @un1svAasslunIzag ﬁﬂqﬂmﬁwLLNﬂaqauﬁmauﬁwmeﬁau ey wae
Haned 3 vlinsauiu wudh e 535062 waw 65RAT1 FreduasunInRdURngAvemdun
Tnesnduliiaiusnidundn LLazmmmammimﬁauﬁwmmé’mz?ﬁmﬂﬁammﬁaam Fa3IA
transportation factor (TF) vosdinzdanas (p< 0.05) wonNTU 65RAT1 Seanusawiiae

TF vesuaniion Weiflsuiunguildsu 535462 uaznauaiuauitlailssu PGPR (p< 0.05)

IINANANBUZLAZAINEINITATURAINNEY 65R4T1  DAnAanlaalu  PGPR
isolate  Aiwmnnzandmsunsussgndldsiudungunluldangneindaiedniulangnin

AMSUNSANEILALITUABYBALUDUIAR



Abstract

Six isolates (1RER2, 25R463, 27RER2, 39SHR, 535462, and 65R471) of plant
growth-promoting rhizobacteria (PGPR) were obtained by screening of 521 colonies of
bacteria isolated from heavily cadmium-contaminated soil at of Mae-Taew site, Mae-
Sot district in Tak province. The quantification of plant growth promoting (PGP) traits
of the six isolates under heavy metal stress was evaluated. The effects of the
selected PGPR on promoting vetiver growth and heavy metal uptake were also
investigated using both the axenic culture and the pot experiment. The results
revealed that all six selected isolates of PGPR possessed the capability of cadmium-,
lead- and zinc-tolerance, while still maintained most of their PGP traits under the
heavy metal stress. In particular, 535462 and 65R471 isolates significantly increased
the indole-3-acetic acid and siderophores production (p< 0.05) while decreased the
phosphate  solubilization,  gibberellin. and  1-aminocyclopropane-1-carboxylate
deaminase production (p< 0.05). Analysis of 16S rDNA partial sequencing suggested
that 535462 and 65R471 belong to the genus of Pseudomonas. Both isolates of PGPR
exhibited the capability of root colonization and growth promotion of the inoculated
host plant, V. nemoralis (Ratcahburi ecotype), when grown under heavy metal stress.
Under axenic culture, the inoculated 65R471 and 1RER2 enhanced the efficiency of
cadmium and zinc uptake of the vetiver. However, in the pot experiment, when the
vetiver was grown under the soil spiked with the mixture of cadmium, lead and zinc,
the inoculation of 535462 and 65R471 enhanced only the zinc uptake, with the bulk
content of zinc remained in roots. In addition, both inoculants could reduce the
movement of zinc from roots to shoots as suggested by the lower transportation
factor (TF) value of zinc. Moreover, 65R471 could significantly enhanced the TF of
cadmium compared to 535462 inoculation and the un-inoculated control group (p<

0.05).

Owing to its wide multifarious actions, the metal resistant 65R471 might serve
as a good candidate for metal sequestration and growth-promoting bioinoculant for

vetivers in phytoremediating heavy metal contaminated soil for future studies.
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1.1 anudunuazanudrdgassdem

nstulouvedlangninluanziindeudalulymdrdyivarsuseinanilan

v

Uszauniuialsenalng  Wesnlaveniniianuaiigs degaasen ausaaenentiy

a Adda

wielge1ms wagnisazauluvSunugdiviedllddin  nsvulouveslaneninluaniiz

o/ v a s

wndeudndulymiisdesyuvinrtazguounds dnInermansuiuilszmalaidaiu
AudAgarngIe1AurIsIIvanlun1sandu vsendnlaneninesnaindawingey
Tngtaniznisltdivlunisiidn  lesanlansnindgudnvazaieainuaiivduimdy
a a 6 . = 1 1 4 LS 1 1d . .
a159uvsY (organic pollutants) #slaianasagneeaaislauysal wuwilu carbon dioxide
Judu Burd et al, 1998) lanznindsazaumazuulouluanizwindounsnuuuminuiy

wazengatensunUanariuylusnanvudeulinduunliusslevdlanusy

o W Y = v A ) ° a 1Y)

wnwiUn (phytoremediation) dngfsnisldnunainsagadu viane wiedeaiu
MIUNINTZAEVRIWATEA1N 9 Tuannzwnden eruyusaivudeu wgnwidmduy
Bn1sfivsendn Guszdndaangs Wulinsdudwindeuuasiinansznudoguanideteay

aaa o

TR NILLl B US UL g UNUITRUYRINISAIAALANENTN WWUNISHINavaITHY (landfil) n1s
ANAENBUAIATSLALl (chemical precipitation) VAl931eEs danaldesioaninsu Qaunsy
A aAda a ' v a o a A a ) Y a a6 '
wazdelTinludiu warnaliindaymigueundy wselloflsudunisldqaunsdanumanig

[y

Wugnssu (genetically modified microorganism; GMO) iiedoaganeasiiy lutlagUuiddl

]

a

Palaudaunuienednuaanseny wazanulaendelusseseivedunidngy  GMO lu
o o A gy o o [<3 c{' Vo o £ € 1
mMangnuidn Nldpadulanenin anunsagninuiedlidy uagenagniunldusslevisig
' a ¢a = Y A o w o A o - Y aa = Y @
9 W Usehivgasvaaateddld vietrdalanendnigngaduluiivlignis vieadnlanewin
ndigietnduulguselevidll (phytomining) (Burd et al,, 1998; Ghosh and Singh,
2005)

o Y

28141378 Tadnfnvesnisidnglunistitnansiiueng 9 saunslangnin Ao Wl
anansaRsylaatuusnaiiiamslulowrewaiivas  viliuseansainlunisaadu vsens
aneuafiuilAaniagas (Bingham et al., 1986; Foy et al., 1978) il Llasanlaneyn

a A a ! Y a a . a1 s A PN
yilplleazauluuTunngs aneliiineyyadasy (free radicals) fifiwdoiwad wea1aldunud
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langdudsdndunazdrgyroiy wuldunuilanslussaing vsolueuladang q (Judu

q

¥
= ! =

(Ghosh and Singh, 2005) #afisneauin Weusuaveswndgaduluiy dwaliuinsinman

Y

a

AnAnudemesaidoruad §udin1sasauessn vibaiwasylet wienean1siasey An
migjiyLﬁsJ chlorophyll (chlorosis) (Reed and Glick, 2005) wAALEH @111306UTINITLATEY
VITINUALNUDVDINY denasenIsgaTuuLssiiarnIsinwauaugaluiiy (Belimov et al,

2005) 1 udu

a 6 a1

aunsdngulslawuaiiisenduaiunisiasyuesiy  (Plant Growth Promoting
Rhizobacteria; PGPR)  flauandfiiauivisduaiunisaigivlinvesiivanslianiog
ATILASEAR1SY LU Annaztvian anadunse vie gamgiigy  TawvsanmeAudivudeu
Mmisuafier1e 9 (Lucy et al, 2004) PGPR a&nunsnduasunisiasyvesialanansis iy
nszfusaTmatenvossdnuasnandn iniuiiiavedy Uiinunaelsilad Tusiu uuniifeu
uarlulnsiou Hreazareussmeng 4 iy hunssuiunseidulasaulufin venaindu &
ansafiuAnuiunuresiivdegaunidnolsa (Lucy et al, 2004) ssnmuand@sana1 Tu
Ua90u PGPR Fagniiunlduszloniluausng 9 annung Wy n1sinynsnssy nsviivany
(horticulture) n15Ugnin (forestry) LLazﬂwsﬁuﬂdanwazLLamé’am (environmental restoration)
Ingianiznislysuiuisngnuindn (Lucy et al, 2004; Okon Waz Labandera-Gonzalez,
1994: Vedder-Weiss et al., 1999: Hamaoui et al,, 2001) §28E19 PGPR fiinsAnwidouas
gnuunlduselevdluanuidesie g laun Azospirillum  brasilense,  Azotobacter
chroococcum,  Bacillus — amyliquefaciens, Bacillus  subtilis 4o Bacillus — cereus,

Pseudomonas corrugate, Pseudomonas cepacia, Wag Pseudomonas putida WHuduy

(Lucy et al., 2004)

ludsemelneg loFuiinuidelduuniilendy PGPR ~diasun1siasquaaiynay

wswgnatauan wideldiinsfnwinisuseandld PGPR Tumangnuwindaiieannisuuiou

9

a v =

vosuafivluaniziindsu Iasanisideidnausiiazuseendld PGPR studung1uen

'
=

(Vetiveria nemoralis A.  Camus) Fudufigviosdululszmalvewaziduiiglulasnis
o ady v v fa S = Yo o o A & a
wsgg1vasnldeusndiuiazi uazinelsienureinisldindalaveninnvuideuluiuuay
U1 vl WeAnwiAuEILNTaves PGPR Tunsduaiungudnlmasalafluusinunludeu
nusefiwradlaveninluuSinagelsd wasiiiuuszansamvesialunmsgadu viemdnlans
wiin Inefigasanungieiiuranmauiianisuudeulanendnlinduunldusslevd sudy

YaynuilandrAgydeslsemandoasiuily Iasensiseiifefianudnduiinisnseviuas

lasunisatduayu



1.2 nguszasAveslasenisive

1.2.1 ugnuavAmdanydunidngu PGPR anauluiiunvulouwanieuluusianuinig
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D MNDLUFDA JIWIARIA

1.2.2 finiden PGPR fianunsanusormuluivuosuandlon azm wazdinzdauasszy

¥1m PGPR AnLE8N

1.2.1 AnwinavedlaveninseAmanyievednIsduasuniIsiasyvesiialy PGPR ¥

(% A
ARLABDN

1.2.2 AnwHaves PGPR  WidALdansan1siasaiiuln n1snumiusdeiiy uagn13gadu

uaaLlay neil uazdsngdluneuen

1.3 VBULUALATINISIY

v
(% v A

Tassmsdsrdanisdsden PGPR anAuluusnalndsinvesiainuluiuintnii 81ne

| v W Aa & = a o o = |
wigon Jminnniiinisvuileuvewandionlufugs wasdiinn1sfinwinaves PGPR Aons
Wiguaznsgadulavevminlunaudn siaveslanemindldluruveasssesnsgadulagvaunn

1%
a I U

wldianzuendoy aen Lasdanya@inuy
1.4 Usglewinanninazlasu

1. ladeyainediu vila auaudd waraudnvazvswualiteNduasun1sasyRule

Yasnlulseinalne

1 v A

2. lawuaniSenawnsnirluuszendldsiuduily vselduvaiselagasslunisiugy
anmauninsUuleulavenin uaziidineninvesnisvenenagnisiidnuaiivyile

A |
aululassnisreganlusumg

3. WJumsideiivieduaiuasugiavesnd anniszanldiglunisiuyiuivudeu

langnin ldaudenansAiied@euunfiisenndd vsedeaisindiiiiouiun

a A

Urdalaveniin wenanntu suuaiiisenAadenladidnenings 919a1u1sadning

wazyhselalnuszina viethudwmsnddunistganlalusuiae

[

4. Junuidefdigeusnenineinssssuvifnardwnasy nsizdrsandyuinis

3

'
14 aadaa o

U1UALaNENUNAIEITNATIATLNG haENITUIUATIBNAYAISALNAINANTENUAD

NINYINTFITUYM Fawandeuuazneliinlaymavounle
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2.1 undsiudauazivvesuandon azia uazdenzd

wanwdey (Cd) Wulavgniinignudesgaaunndonanunasiiianusssuwd uay
NAINTTUYRWYYY Mograunasininnusssuyavesiandien taun n1sszidavasginl
nsAnnsou (weathering) vasiiuhliiAinnsindeufivesuanioandenlanidrgiunay
wndai1 Wudy WHO,  www, 20000 druneaiflouiiiinainfanssuvosuyud
(anthropogenic  source) 3ingnUaseaanaINITaIUAee 19U Lssnulniy ssuuauieu
Tsaaugaannnssy el uagnisiniiesuslasanyludunoureinisngaus (smelting)
waznsviliiudens  (refining) vesusdangd uazazia 1udu melaunduaniflonsininie

wseduiu ned uazdanegd JadnnuwendleuiiieynsusulTanun I (beneficiation) wazly

'
[

N¥UIUNIT refining Uo9LInzA7 (lead ores) WILTIMDUTENINVOILAILATEINEE (complex
copper-Zn  ores) Taslum s mileasnzia newuns wardanza neviall (WHO, 1992;
Sanita di Toppi and Gabbrielli, 1999) dsmsviunileadsnansindeliintymnansenusie
svuuing warvdnalafiinstudewremendon Snilaymnsdulouvemsfuasdngd
$2u88 915988 nudrlunatausune dnnsvudouvesuanilonluunan waziu
Tnevhluuanideslusudeeudasy Cd™ singnaadu (adsorbed) Mavesulsfniuanilosly
suiifiunans (neutral) #138luguues anionic species agalsfina uanilionAaunsaiindy
complex ions 1 CdCl’, CdOH", CAHCO;', CdCly, CdCl,”, CA(OH); Wag Cd(OH),” \ileag
FUAVAITUIZNOUBUVTITNEO UMY (Kabata-pendias and Pendias, 1992) Mattigold and
Sposito (1970) szt Tuannzfimudunsn sUn1eiedl (chemical species) vaauaniioaiiny
awé"umué’ﬁﬁuﬁa Cd(ln, Cdso4(0), way CdCLa+ Iuﬁumzﬁiuaﬂwazﬁaut,ﬁuﬁiw gﬂmqmﬁﬁ
wuin@e Cd(l), CdCl’, CdSOa(), uag CAHCO™  mIgatuvesuandoulufugufu pH
535ULIAUDY chemical species VoIAALIEN LaN8TAINUDY Cd complex AIAIEINITIU
(binding power) 484 functional group A1 ionic strength YB9ANTAYANY WAL ions ‘?)Iu‘] iz
LAY (competing ions) fiuaunIAGU (Pickering, 1980) NAIMNMWITENUI U3vallaiifinns

Juileuvesianideylufugs sxiivsuuvesamidenluiivgmiunie sty nsilvesies

'
= (B}

Toyoma luuseimaddunegdiulivesusnaiimilons waaklsuanmlenueasniy

Y

Wi Jinzu wavazauluiu Welgndidluusnaiy nuhdvTinavewanileuludnguin

Wunaliaunuslnat1iainusnaututodulsafivainuasiden (Senin 8l -8le (tai-ltai



disease) fuannune Fuieiioniseauld ondeu vieuds Uindswe Uinnaiuile tianglva

Uanvies vmumad (shock) #u o uay nszgngniinane \Uusiu (Kobayashi, 1978

'
[y

neiudulavzainiidnnusauiumsdulouvesuandlon nziadulansminginy
unanuaziifivgsgaluduindes (Liang and Mao, 2016) ngiiimumnniigalusssuvideyly
5Uv049 galena FainiAendeeu sphalerite (ZnS), pyrite (FeS,), chalcopyrite (CuFeS,) wa
\nFeves sulfur Bu ¢ Lma'qmiUuLﬁauﬁuamzﬁbﬂuﬁu‘ﬁLﬁmmﬂﬁﬁmiimamuwa‘ﬁmﬂma L
N1SMT0IUS 1150933 nstwleuluves (sewage  sludge) AINTIUMLABATATIY

¥

gnanssuilduunmes dn1thu dlunivusiadesiuin 1a3esdiensd afuloidsain
Msasrasmszdineialy easoline é’mﬁuwamﬂmﬂsi’fmzﬁ"ﬂugﬂmi@w%éﬁa tetramethyl
lead uag tetraethyl lead LU antiknock additive 18wy dwmiunisuszendldngialu
suuuulmifionsthlugsuneluannizwnden ldudnsldnziduinszids (protection
shielding) N155U%@ (radiation exposure) luiAdasaeviiaunes warlnsim! samsluniesiio
unvdiameaiia wonaniu Sswunsldngialugiveslanswan (alloy) lun1stinnd (solder)
Juduwanly super  conductor, 1A38Y  ceramics UAZNANFATVIIFIULAD AU
PNEANVNTTUNITNANNAU (energy generation) Judu (Rotkittikhun et al., 2006; Klassen
2008) YagmnsvuilouvesneieliAnnansznuaining osnauufivgaemeih
waAuaLURAIUALIET (high persistency) anaannsalumsazangriim ligngesaany
Tneqaunddlaonn azfiivudioulufu avgnivdeuntasesnedn q Theglusuitliazaned
19U sulfate, sulfide, oxide wag phosphate salts (Rotkittikhun et al., 2006) A5EUIUNIST
Saanisthmzdluld (availability) lufiwinaan 1) 113 adsorption # mineral surface
w30 hydrous iron oxide 2) Asad19EsUsENaUBUTSETdauTiatiesuanzi uaz 3) N3
nnazNaY (precipitation) maﬂaﬂiﬂizﬂaumzﬁ"amﬂﬁiasmzmmfﬂugﬂsum sulfates,
phosphates lag carbonates (Gerhardsson, 2004) mzﬁaﬁﬂaquLﬂuﬁwqq nelilARNaNIZNU
fasenIginaunneieny fwsedwewmsh  oliinsunsesosisnieuinung wszast

a

daduansnenaneniug (mutagen) a13negnisy (teratogen) a13nawzi5s (carcinogen) wazdn

Y Y

a

lasunsouansnouzise aziilinisiinuzisesaniiwazsunssly Asdquauddlu

s

cocarcinogen $31A18 ANIlNYADIEUULADR YINlAnlTAlaRRa19 AfwResyuUdUNUG

STUUUITTAMULAE MWL VDUTAaUIEEM SUNTUNITTINUT0IHU 1o way thyroid 2199
#11150NANSYINUVBITEUUNAANNY (Papanikolaou et al., 2005; Klassen, 2008; USEPA,

1979)

danzdfudnuilslangudnidnnusiudunisvuileuveauaniion d@iulugves

[

angdNinmussIuYAinegluguves ZnS, sphalerite Uag wurtzite ANUNINTOIAIAD



smithsonites, willemite, zincite, xinkosite, franklinite Wag hopeite (Lindsay, 1972)
pgslsfinu undsnsuulouvesdinsgdlufumnanianssuvesuyed Wy nsyulansde
I#ln (electroplating  A1sMasy DQILT WATNITTUIUNNTVBIAULS (smelting and  ore
processor) MsszuetheenanMsyimions verandudou vie gramnssumie q n1s
wnlvivondemamoada  (fossil  fuels) NSKNIBU  (corrosion) ¥83 Zn  alloys uay
galvanized surfacers shuvensianseu (erosion) 9 nuiAuMsnERs Wud (Spear,
1981; Mirenda, 1986) lagsssud Usinadensalufuiuiueiavesiu Wy Sdned 40
mg/keg 11 acid rocks (granite), 100 meg/kg Tu basaltic rocks, 80-120 mg/kg Tupzneuildu
AUAUAIU (shales sediment) wagz Aunilen (clay sediment) wag 10-30 meg/kg Tuiumsne
(sandstones) ﬁuﬂuu (limestones) wazluws dolomites (Lindsay, 1991; Kabata-pendias and
Pendias, 1992) dsnzdnnulufuorveeluzuves 1) Seeudasy (free ions; Zn”") wieegsauiy
ansounsdiduansusenauedon (organo-zinc complex) Tuansavaneludu (soil solution)
2) Qﬂ@ﬂ%’uLLazLLamUﬁﬂﬂud’mﬁLﬁu colloid, 8RUsENBUTDIBUNIARWMTLEY  (clay
particles), @15U3¢noU humic, 57Ut Fe uas Al hydroxides wag 3) usnAendl (secondary
mineral) wazasUsznoudsdoudiliazarotiludruiu solid phase ¥99AU LIIN1TALAY
ﬁuaﬂé’ﬂﬂzﬁiuﬁu%ﬁwmﬂ wsl Zn chlorate, Zn chloride, Zn sulfates Lag Zn nitrates @11158
araneiléd Tuvned zn” Basluansazansvesiu ifleviufndenfu hydroxides,
carbonates, phosphates, sulphides, molybdates &g anions ﬁlu 9 imﬁgﬁ humates,
fulvates ligands B 9 IzANNSANAZNEWANTY N1savansvesdenzalupuanfiatu dhen
93 pH TuRiuanas (Alloway, 1995) Tushunansznusiequaw widsnzddadusiaisnuse
$1amefidesnistuuSunaios (essential trace element) win1s5udenedluuSunamnniiuly
MANUAENIADTEUUNILAUDIMITAIUUY (Upper alimentary tract) WayilALAA®IN1S
shock 161 1esanysanaiigaiuluesdangdarsuniu metabolism veaeduns Aeliiin
ANUTUKTIVDINTTVIANBILAS (Patterson et al., 1985) wazdangaviangsruuniinuiulagan
nsnevaussveradifinidonvnidegnnszdu anmnuaiunsalunisnevausssoansiail
(chemotaxis) U84 lymphocytes wagn1snaudi (phagocytosis) U84 granulocytes (Zelicoff

o w

and Thomas, 1998) uenaintu n13melaeIluves Zn oxide Juanmsddgyueinisia

q

metal fume fever #wtheiionisidune le dounds Uinndnuile (myalgias) wazdld

(Merian et al., 2004)



2.2 Uggwinsvudauvasuandisululszmalng

Tutszdlny asls05n Fuuoud uazamz (Simmons et al, 2005) lavin1s
asrdinszavasuanlenlufuLazdn) SNsAnwIunasALlnvesaIsuAnLlon a USIIed M
WITTINHILAL 0 LN wiln1 Bnauslaan Janianin Tl w.e. 2541-2546 WuILUas e
YaaThAnEY LARINNSNHURNYEnnAuTRaNasLsTInsdwazuanioy Traasdgauun

o 901 a A ¥ 1 a dy = a = 1 1
YIFNTITUYIA Aowin1 waziinisUuauuanidenlufugeds 72 wiwesrunsgu
AuUaensieglsy variininfosay 80 vewagatlAaInIIAInsgINvelluuay FAO
INNSANBILUBIUITIUIY 154 WUaY UTHIaL AI1uanslay 91LNauiaen 399IAAIN WUES
uanileagluyie 3.4 -284 fadinSuuanilyn/nn.vediu B9geninANInsgIuveslsUNMvUe
17 3 fadnsunanidon/nn. vo9iu uenandnisnsIaivnanInIsnerTnuIdLaaLealy
wand1dia 0.1-44 fadnsuwanden/nn.vesdn gandidunsgiuvedlvefidmualii 0.043
Hadanduuanlen/nn w93117 FeUTuaanlsuInuiilgen daluidofeiiudnineliiie
15adla-8le TusewagUu wenainiu dsmunisvuiouuandlonluiivylindu wu nssiiey

) I~ a [ | | o w =< o ) v A
Lz Imaes guiunnsgIuANNUaendy 126 Wi uaz 16 1 auawy Bedaluseiuigs
wnuasdudunseseuilan naannisnaseiuwandenlulszynsunduaulnIfaus
\AouNUAUS- WAL 2547 WUTIUsEYInT 850 318 Useruuandlsureudvgeiesay 12.9

= U al } % a ] o = ¥ 4 =
wazdlsziuuaniilougedosay 5.6  (¥ANT Yy 2547)  A1NHANISANYIUNAU uaney
waNIINITTNANITENUAgUA NBUITEYDIUTEY1WULAD Fenelviianaidadanandnnig
NSRS L3N wandlsuansaazanluny uazdugnisasyiaulavesny lnsuaaidow
anansadudanisdaunsien RNA §ugananssuvas ribonuclease annsanadu uazn1suudslug

5ANIINGS9U Lo uginisyineIuves nitrate reductase oguiasieaniy wonINUY
a [ v & =l o 1 = [ 1
wanlendsaninsadues Fedl) reductase tusinivy sibildansnsogaduvéin dwansenu
9E9I BTN TTUIUNTHUATIZMEKEL liAnn1sEuveslu (leaf rol)  n1sgeyde
chlorophyll  wagdudinsiasavesiy wazdiansenuauaudeydunsdlufu (Shah and

Dubey, 1995).
2.3 wgneu1Uun (Phytoremediation)

2.3.1 m']ammaLLa::n'cﬂ,nmsﬂyuw‘,uaﬂwqunwﬂqﬂ'ﬂ
ngnuwi1tavide phytoremediation Aensldfinifiotnin ieiuranzuanden
fivutousasuadin (contaminants) she q Ineldnszuiunisvesiinlunsdndu (sequesten)
\waBude (mobilization) LAUAA (storage) wiawAsuniaslnseadne (transformation) &ns

Aaa v

wanwludandeulviiusinaanas viseegluguniiiuosas (Suthersan, 1999)



nslangnuintn annsaandgminisvuleuvssnanivluaniiziinaeulaseidy

6 nalnuanaail (Schnoor, 2003; 1510501 REaNE 2551)

1) msanamefy (phytoextraction) Asn1sgadusaiivanfugs N lUazaui

a

570 wIedrugenvosiia WU mMsazaulaventh Mzt wandlon dined waziliia) wavans
fusfupnmed Budy winsazaulavewdnidode Aolavenindndnaan vio sudinns
W3ty uazfivtnazanunsoavanlaveminldifioswdafion sediiedildnalni 1ud
indian mustard (Brassica juncea) MunzIu (Helianthus spp.) kag Thlaspi carulescens

Wuduy

2) NM3NT04MEIINTY (rhizofiltration) 1un1sgaduns@inin (biosorption) Tny
lgsniignses gaduliluwad vsennnznauuaiuaigsn dulnadufini (aquatic plants)
folwawmiloth (emercent) uawitwlédin  (submercents) [idawanlany (e wandley
noauns Tifa  wardengd)  wan radionuclides nauansdunIsilivouri (hydrophobic
organics) s sfiszadnle (explosive) sagneiiglaun bulrush, gug# (cattail; Typha
angustifolia L.), coontail, algae, stonewort, parrot feather, NINAINIIYNIINTETON

(Hydrilla sp.) Wusu

=

3) N13R3908NY (phytostabilization)  n1sldNwdinn1sIAGoUN Soann1s
wnsnsynevastafivluan1izuingey (Burd et al, 1998) visaglusunadiddmilulylyla
Tumaun Insussendldiivanunsanudefivlaveniniiionuaunisysdnesianagvesiy
(soil erosion) uardesiun1suninszargvedlaneninainnesesdevesianssunsvinmiles

] ) @ a a A & v A g a
w3 uazgadulaveniinanusnuiunludesulagiamensidnivindu hyperaccumulator
anunsoazaulavieniings lnenisgadulaveniniaviiandnlunazlidndusenisasyvesiiy
(Burd et al,, 1998; Picard and Bosco, 2003) fegnsiiwlannnguiiviiiu phreatophytic

trees Nymsenana 1 MdsInles 1Wusuy

4 nisvinbiszsimeaeiiy (phytovolatilization)  1lunisvinlisnlaneg wse
asUsznouvedlansissmelituinniulpeordoussisannnsaneir wdudese ennisly
Toiulaveidloogluguiduleudiimnudufiviedsdiiinanas 1w 190 selenium, a3
my wazUson Wudu degrefidléun Brassica juncea nduitaeini1 (wetlands plants) was

phreatophytic trees Nsnudsaniiiedunaiwlulnaniilafiu (groundwater capture) [Wudu

5) nsteyaatumeiiy (phytotransformation) Aensnugaduaisuaiivdnly

WA YINNNSYRYEANYNANEAIENSUATULUAILATIAS19Y89AT I AENTEUIUNS metabolism
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vosiiv tieliansaansfldiety dfivanas viegndosanislasgdunidiedu Wy ns
Usggndldifuansngu chlorinated aliphatics, Wanvezvaadsidues @ammunition waste)
suiEsUUTuiesng 9 (herbicides) fhogeiialdun #vngu phreatophnytic trees (Salix
family, poplar, willow, cottonwood) ﬁ%mizqamﬁ’] (rye, sorghum, switchgrass, reed

A4 A Ao @ v
canary grass) M3aNIANIN legumes (clover, alfafa, cowpeas) WumAU

6) miﬂizﬁuﬁwﬁ% (Phytostimulation %38 rhizosphere bioremediation) fg

v a

A A d & A Na T o a4 A v oA
ﬂﬁlﬂ%iﬂﬂW%%aﬂaﬁia@ﬂﬂ?ﬂiﬂﬂW%waﬂuﬂamag RIDAINNAITAANYAIVBITNANYNANYLLAT LND

1%
=

Y a a a = . a
nszAUNRsYrekUAliseluAy wsaeslunalsen (mycorrhiza) 918

1 o A

AUAUNYLLUU

¥
a Y =%

symbiosis Feligdunidaansuaiivlanvy Wunszuiunsildivaisdunidigndesaansle

(biodegradable) LU petroleum, PCBs (polychlorinated biphenyl compounds) Tain
Fefludesita mdalavenidn (rzis way uanlon) vseldUdnansmdndngity degeiy
Idundmanugfifisandes (fibrous root) Wy burmuda, 917813 (wheat) 1511 (rye) fidi
Uanuaeeansnau phenolics (phenolics releasers) L Auniau (mulberry), apple, osage
orange iwﬁy’aﬁmﬁﬂ%’uamﬂﬁmuﬁﬂﬁwmiﬁif]ﬂwé"qﬁﬂgjL.ma'dffﬁ (phreatophytic trees) Ly

Funa7 (willow), cottonwood LJudu
2.3.2 Uszlgviuazdainnavasnisigngnuinin

Tolaiusuvasmslefivlunmsiuganneuindeuddssl  (McGrath et al, 1997;
Burd et al., 2000) A

1. Bulsmsfiannsafdauaisluvinadiduwmdesaba (n sit) aunsoviuld
Tuusnnin

2. Wumaluladfiusenda s1aniidinsduailunistatnoguszana USS 0.05 wio
Uszuna 19 um siegnuiaiiuns (L98ns1 1 US = 38 un)

3. fiusgansainge Wuiinsdvaswindouuaziinaudady (envionmentally
sustainable)

4. mavgniimdteftunanuiivudouseliuagmeny dounas danmiedy
30l (aesthetic value)

aaa

5. mslingnuindainansenusiegueunsisdes WelSeumeuiuisou 1unsile

nauasity (landfill) n1sanagnaualsansiail (chemical precipitation) NflAnl¥T18g4 duwa
HedeanmAuwazneliiindgymaveundie visllaisuiunisidaansiviagldqdunsd
ANuan1eiugnssy Mudlutagiu fdiveliundannunefeaiunanseny wazanudasndely

JEULYNIVDIPAUNTOANUAITUTNTTY
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a

6. Tuildgadulangmin videuafivdu aunsogniiuiieldie uaveragniiunld
Usglowidang 9 1Wu Ussivsasvenaieddd viethdalaventniigngaduluiinliignds wie
afmlangntinainfiviiodinduanldusylesdlng (phytomining) (Burd et al., 1998; Ghosh
and Singh, 2005)

wonanUselevilaensiniuiseunas mstdivlunisiuyanitzuindoudad

naUszlevini1ewenssil Ae (Peuke and Rennenberg, 2005)

[

3 a . Y a | v 1 a a6 a A=
LidumsiineIna (aeration) tinudu danalinsdesaaglaegdunsglufumniu

15U (uptake) waitwlugdun3ddedu uasiuAUgANaNYIHvRdAU (soil fertility)
2. fwpganizniinnu Jasiunsgalde vse n1sianate vise n1snTouvednu

3. daasusyuuinmivesiv uay dnlvlinianfiendeusiiusinvesiiv (rhizopheric

micro-fauna and flora) TviRau

4. @u1saLAuAg)  biomass AMANUNDITYTDINET Y50 HANNEIUANSDUY

(thermal energy production)

il [

5. Tunsdlivafiwdulane awseadinlave vie duusiiiageivgadull (bio-ores)

Wathunlduselemineld

£ ° v v

1 @ al v A o w a 1 & v &
@ﬂqﬂliﬂfﬂ ﬂ?iiﬂW%IUﬂﬁiU’]‘Uﬂﬁ’]iW‘H@’]\T | i?ﬂ%ﬂiﬁ%%ﬁﬂﬂﬂ‘ﬂ@ﬁ]"lﬂ@ﬂﬂuﬂﬂ

(Suthersan, 1999; Ghosh and Singh, 2005)

1. wonwUrdnaziiussdnsaings a1usnanvuleuiiszauiiladunu (shallow

water table) wagnisuuiloulusuligan

2. MsldNymEnzauiuusnUIgIeINABUEY YIBNLNEaNABNITRTYVRINY

wazlaeily mslangnuintnsesldszesiiaiuunalsliuione

3. Llmngavdwsvuafiviliazatsi wselu  hydrophobic twsnzasuudeou

Y

nneAneg

[y

Wil UBUNAVBIAY

4. fafivetotlaiasiuileutigadulaeivazasanludiumduly suaaduverluld

(litter) v3oazasluilols! (wood) videlugumaniiaausilsl (mulch)

5. fanudululinuafivuiiiafigneadu ensdursaiialuasusenoudetouriu

a15NnaeenaNity (exudates) adaynisvudaans uazn1suuUeugumaailasiu
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6. fadasiinsimuIsnswazmaluladiuunzanlunisiAuiiedaznisvinane i

mmmam%’uuaﬁwﬁqq (hyperaccumlaor plants)

7. WldanunsasglaaluuTuiifanisuuidouveuaiiveas wazUszansamnly

ISP 4

miam%’u W5NSYNANYNAN I NIANaANBYA (Bingham et al., 1986; Foy et al., 1978) yiail

lunsalvedlaveniin lavennuiadleavaululsunugs asneliineyyadase (free radicals) i

1 ~

fivnowwad vionvluunuilanedudsdluuazdrdgrofy wullumunlanglusiaing wielu

o

wulwdane 9 Wusu (Ghosh and Singh, 2005) fefisneeuin Usunamesuniniasyuluiiy

€

[

danalivinsauman iinanudemeseloruad Sudinisasgyuessin ibaieasyleadn
MI0NYANITHATEY NANTTEaYLEY chlorophyll 158071 chlorosis (Reed and Glick, 2005)
wAALHEY a1U1508UdIN1saT eI INLAdIUYRAYBINY AIHAADNITAATULITIUALNNT

Shwnuannatuiiy (Belimov et al.,, 2005) Hudu
2.4 vighueln (Vetiver grass)
2.4.1 ANYUTVDINGEIN

o Aa o a a o = =~ Y = v ]

neiuin Jaunideluduienawmile wilensiueanidedls wasunsnszasly
gauseinasng q lupsousazisiou nahudnduiivlubesneinsznangrvianis Wuiiy
dugn fenglananey as 1-1.6 was veurnlungivudune wisdeaduwiy Tuiduly
WAen dnwazuaven luiluguveusuiunay Uangluaeuunay e1auseanm 30-75 gy, ning
0.4-1.5 g vnuarenaes vaulullvuain suvisdluidaniviunaddy aenssnluted

< ! = < ! ! = 3

naNeen 813 15-40 gu.idunengey aendluuinin uiavvenandnenauysalnauseain
50% S1wuesandaluniu duvuauysalng inasiy 3 §u Susuddy inasdule ven
inasdyy aensuaiele windidunasey e ulniiszuvsinWesfauiuwiue @wise
ngaanlufulans 4 wes wazlalududfa winszaelufunse q (@IFNIsaIungNuAIans;

http://th.wikipedia.org/wiki; http:// marketeer. co.th/archives/97996) (gﬂﬁ 2.1 A-B)

anuru:
JaJHNMIWN

au
'l‘umﬁ:ma’:

Auflunauvuy

Tnlunuada
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Ul 21 wansdruiidusinuazdidy Wsznoudaelu) vesmgudn ()
(http://marketeer.co.th/archives/97996) uazdnwaiziiluvesnsiasadu
novomgjin (B) (/www.kasetkaoklai.com/home/2017/09/dua3uugn
ey eln)

2.4.2 wlavawginias ecotype YaILARZYUN

luuszinalnenunegurnlannninvesUseinaaniguilsinou uasngun
asevuldatuAuiounnutin InnsdTInuI g Hnfinszateilanysyann 12 ¥ia
waz Tulssimalngnuiiies 2 vile Aengudngy wagnedulnaow (NSuNmUITAY 2550;

Office of the Royal Development, 1997)

Lugiingy (lowland  vetiver, Vetiveria  zizanioides) #3alnvoN i

! o a = a a e ! 4 dy IS Al
widsinialute@egnans Useinaduide dluuazsingnndmaiudnaeu eluilley Jlv
waeuwn yibiasgylaftunianudugs wagludugds ludinse Wesridufisginiuiduyy

oA

wray n1sveneiugmenielisnsinissengs ldveunsils wiyivlnuazaeignaldetig

3

<
FIRLIY

2. g uelnaau (upperland vetiver; Vetiveria nemolaris) WasAtiiaaintoe
nziuandedld Ussmealnyg a1 s wazileauin wulalunaoudauias asnsadulaly
Muandauaznsusils neazmendmaudngy luneuilluadeutes villigniu Tuiiiesn

wnfvzldsasndnenzlad wdalgn sesnismsguatieandtvie urngy

TaunAneinavasdnwuzlUseninameuinguiaznauHnaauLanslun 15199 2.1

WazgUN 2.2
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M19199 2.1 Wisuiieudnwagmluseninamgudngduuasvaulneeu @dnilnauag

fevenwaluladnsWaunfinu, 2550; Office of the Royal Development,

1997)
v ! v
ZETRINARGH neUIUHNABU
(Vetiveria zizanioides) (Vetiveria nemoralis)
1. nadinauluen fAansegs 1. neflugniwilisas asenzlad
2. Nogd 150-200 w4l. 2. NogN 100-150 wy.

3. Tue1 45-100 @3 NH19 0.6-1.2 9. | 3. Tuena 35-80 @3 N9 0.4-0.8 a1y

4. TuAendy naslulae vedlueend | 4. TudTedy ndslurdudunds

U GRAYALH
5. luileu lupdounnIaguusiu 5. luneu anene Tluedouties g
¥ 1 =4 U
n3ulimdouduy

6. TNNSLANALLNILATHANLUIUIANAY | 6. bUIINITHANAZLNLILALLANLIUIAT

L%

]
7. Wamengs 150-250 wil. 7. gon8nge 100-150 wal.
8. SNM9AN 100-300 W, 8. 31nndeAn 80-100 .

9. sIndndunenseu q Aurduneu | 9. Mnlulindunes

28 1.4-1.6% HOUNINLIA

peudns 2 Tarwannsnufudaeglu habitat fuandnafu wied ecotype
variation uazde ecotype o wlnZunauTodmiadinu ecotype siatudundausn
lasurngy wsewnvey (V. zizanioides) # 11 ecotype d@uulnaeu (V. nemolaris) {1 17
ecotype usiay ecotype wansnsfuiinruanunsalunisususilimdfuaiinvesiu ecotype
SUENLLNﬂ’sj:ﬂJfI’jQ 11 ecotype A MUNINYS 2, Wed918, 89981 1, @981 2, a4van 3, @318935
571, 959 1, 59 2, fSa9n, wigedsdau, waviTealy dulslnau 17 ecotype Lo
9n3511 1,9n5571 2, uasnuy 1, upsnuy 2, Soeide, Tuqd, e, @sey3 1, a3y 2, e
WO9, NIYIUYS, UATAISIA, UTEAUASTUS, 19y3, Junys, fvalan way Aunenes 1
(office of the Royal Development, 1997)
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Faek Hom Faek Don
Lowland vetive Upland vetiver

.

e

31]1'7i 2.2 uansdnazinluvomaudngs (A) uaz ngusnneu (B) (Chomchlow, 1998)

2.4.3  msldvgiudnidungneirtalaneudn

lagnild nalnudaniidivldlunisiuydunduideudielansninde

phytostabilization Waz phytoextraction A2881390154An phytostabilization a1 AN
k4 o A v o = = .. . o
nsvulaulaneuininervesiunisannisiadaui (mobilization) veslanzniinlagannisvey
a¥a8vesAu (soil erosion) ann1silenszatvesiuniamluivay wazanawaINnsoly
nsazangvatlaveninlagyiin1siuilau (soil amendments) (Suthersan, 1999) sty W7
wwngaudmsunalnn1sundariu phytostabilization msnuniudeszaunsUulouvedlany
wintuU3uEe Nusean1IZAURSERlLAIINABLAN 9 VBeAY WU A1 pH luRu ALy
1AT9A519009AU ANIZWAILAY 19U 19U LaE 819ITIUAY @15UTENUBUNTY AUV
Awansasi Tunisades (poor translocator) langntinainsingileidewmiloiufy wu
andu Tu w39 von Feenansliindymnisuilanlaventinvesaunagdnila wonanuu Wad
Tddungnuindaaasidulidleds dieaquiafiu fszuusinnuinuy srunsliseAuninugs
(canopy) Minuiuag duienltnaln phytoextraction %50 phytoaccumulation Jufy 2
Jadendnae NydesanunsadniiuavazaulaveninluuTuiags uagiivdosd hish biomass
I oA & a a 1 a N A 1 Y

pg4lsnA Wunundeniedn msasuesianmusslangriniazmivaiunsalunsagaulans
windngndududamulaluusnaniinisvudeuvedansnininududuas (Burd et al,
2000) nszurumsazaulansnin NeItssiunaletunau TusiusnIsazatevedlansaniile
a . . ) v 1 o a I I a v [y
AU (soil matrix) msdlavedngsin  msandesglu nmsanauduiivlagldnisdu

(chelation) N30 (sequestration) wazn1svinliszine (volatilization) (Peer et al., 2006)

e dnduivimunzaudimiunangeiide nsizatuisaldvsnalnves

phytostabilization Wag phytoextraction @mﬁmﬁ’ﬁ‘uaﬂmivﬂu phytostabilization U939


CCS
Rectangle

CCS
Rectangle
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A a Y 1 P IS a
wHlnfe Hu3a (mass) @9 seuuTInauiukiuiazauisaendlane 3-4 wesludusn dany
NMUMURDANINY 1alsAr1e wagln NUNIUFRAN1ILEINIARIEINILIIRAUAToUTA 11150
Wigybilugamglidaus -15°C §v 55 °C wenantu Swuderudunsa aruduse Ay
LAY WAz Usie magnesium (Truong and Baker, 1998) 3ty uaseidndngiiy (Pinthong
et al., 1998) numslangninwatayda WU Al Mn, As, Cd, Cr, Ni, Pb, Hg, Se way Zn Tufiu
(Truong and Baker, 1998; Truong, 1999, Lai and Chen, 2003) d@iuaasauuAvesna)1ukni
\Ju phytoextraction fiaflinags uasiiuszansningalunisgadu nitrogen uaz phosphorus
azaeinle saunmumeaisazatelangnin He, Cd way Pb 91nunasude (Pinthong et
al, 1998) lagnmsiy velulnddnvaeiiiawatgsenis Mlivanzausdonisugnliiie
ausnuAuuazinel (@rinlmasavaienenmalulagnsiauniau, 2550) Ae

1. wanuuesiudune Weauuu liudvereaiuning

= I A 5%
finswanniewaglulviises q ludesguanin
Tenasud aunsoveneiuginglivielanaand
Undliveneiugueudniiemdn ilinsuaunisunsuegla
Tuem fanazuanlyiire ulwss nureniseesaans
FEUUTINGTD AUAULUY LagTIuaui

a 3 N o a a 6
Usnusnlunenfuvesqaunsd

Usuiminuanines 9 1aa numusslsanvily

W o N o kB LN

druasymnIwInu Helviegsoalanluanineig o

winAdoReiungnudialulsemalnededliinntn wifisieaunisldngn
winlunsthoauenden wavarsmyluiu uagldmdalandeoluinde @dnval uar synes
2005 wae Srisatit, 2003 waw Srisatit et al., 2003) way N3leTuiy 6 sialun1sidnlasiey
ﬁ]’mauiﬂﬁﬁl‘fﬁjmﬂ’nmﬂ (Vetiveria = nemoralis), Cynodon  dactylon, Pluchea indica,
Phyllanthus reticulates, Echinochloa colonum Wag Amaranthus viridis (Sampanpanish
et al., 2006) Meepring (2003) WiguLiguALANTALUNTTAATU (absorp) Wagazay As,
Cduay Po  v@mguin?l ecotype uansnafuAe Monsanto, 5193 wag g31wn$onl
NaNTAdEmUINN ecotype vomaudnamsaazanlansulin waymsazauAngegaiuIa
570 Yang et al (2003) s¥yin V. zizanioides Iﬁi’flﬁamiﬂqﬂﬁ%wmmu (revegetation) ¥89
nsvay (AU 5o ﬁumwduﬂauﬁﬁé’uﬂuﬁuﬁwLLfiQ’ﬁ'}LLs’; mine tailing) YoumilowsNsad Pb,
Zn, Cu way Cd TutBinaigs Sswausingin V. zizanioides ansnsailusiiudienisazaslans
wiintd1gsn lagnsdigleu (translocation)  A1n3nlugeen (shoot) TUTuudin

waNINUY e enanusasylaauliluannrwindeuniiaududuvedlanenings Chen
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et al. (2004) nszyinnIsnAaedlunIzas (pot experiment) Imﬂﬁi”]aaaamwmi?)'\lyuw“uazﬂﬂﬁ’m
fuivuideulanesmingaonsld chelating  agent  fe EDTA  Litelfindqussansna
(bicavailability) vetlaveninluiu undgmiindelanzninainsaasiasusenauledon
fu EDTA  fionafifiwdefivuazqdunidluiu uaznelviindymuadivld duidesain
a1sUsgnouldedouaiuisnszazats (leach) asguuasirléfiu wanismaassnyudn v
zizanioides ansnsamunuser Uiy MAdaututugduiu uazluannizifing
14 E0TA Tuufivuidloudonsia V. zizanioides fanunsningdndngsin wagnsvuds
(transport) azfanngdeaniiussansnmgstuegnsdideddny Wofl EDTA Saufulanentn
wazanmislilinadaesnissslavemingunanivlifu et duinmaslanendnauuiim
filsugnuajiudn wan1smaaesnun soil matrix sléugn V. zizanioides ansnsngadulany
miinfignazanld (re-adsorb) uaztostunisvzazarsvaslavgninasgunasilinu lnsd
AINEANNTD re-adsorb Pb, Cu, Zn wag Cd lagadis 98%, 54%, 41%, Wag 88% vauUsua
Tangwiindladluafausnauddy fseimd yiudn (2509) amvasumNaNIIveIVEN
LN 5 ecotype Ag #3830, Monto, 35164578, MUNGNYS 1 Lazuasanssa lun1seadu Pb
Wz Cd Nan1IMAaeInud1 V nemoralis 1Us@nEamendn V zizanioides Tun1sazay Pb
Wz Cd Ecotype UATAITIA Wag MUNGNYs 1 @a1w1sagadu Pb waz Cd 3 nduldaindt 3
&7, Monto wargsugiondl uendintu Mirza et al. (2017) s1gamuUsEanBamues V.
zizanioides lun1savau Sb way As fis1nuasfiven Lﬁaﬂgﬂmﬁ%mﬂiuﬁnmﬁﬁ Sb %39 As
Fesialasiiands uddiivia Sb uay As Yuidlousaniu (co-contamination) Tavigwiinits 2
%mmmﬂ'ﬂLa‘%uﬁ?faﬁuLLasﬁuiumiQﬂﬁwLsi’h (uptake) wazazauniglu V. zizanioides 19

WU

) a v 1 dy % I 2/ 3 = = a a a
PNUU mmfwmmuauwaymmwLLBJﬂL‘UuwwwLaaﬂmﬂizamquﬂumi

T dungnuiidaieiunanngundenninisuutouveslaveniin
2.5 ngy rhizobacteria NdWEIUNTAIYVDINY
2.5.1 Usztnnvas rhizobacteria

f91u3demitaulaunnuneseyinngy rhizobacberia  NdLETUN1T1A30y Y0 INY

=

(plant  growth-promoting rhizobacteria; PGPR) og3iufiufivluan1izuinaauvessin R

= ! . ! a YV A a Y ! a a 6 I o w !
L8N rhizophere aﬂmiaml,aiﬂwwlmiyﬂm LAZNANYAUNTY PGPR UUNUINENAYAD

nsasasumssyiulavesivneldaneamiuaianne sansiungludoumelang
niinwlinr199 1wu dife nzin dned uazuandey (Burd et al, 2000; Burd et al, 1998;

Cappuccino and Sherman, 1992; Sheng and Xia, 2006) PGPR a1unsanualadu 2
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Uszian muuinafiogendeluszuusin wag rhizosphere 5léun  intracellular  PGPR
(IPGPR) way extracellular PGPR (ePGPR) mudndu lag iPGPR e ngu PGPR llinende

neluwadsiniiy as19Uusn (nodular structures) kasnsalulasiauldwnie 1wy rhizobia 7

'
[y

wuludusnds wa Frankia sp ludusinld Wudu @ ePGPR 10U nau PGPR iendelng
UTIN ANBETNIYBIIIN YIDUTIUTENINIUTARTINIUYY cortex  (Mile LRgdITILATAME,

2548; Glick , 1995)

2.5.2 nalnnsaaEsunIssyvasNylng PGPR

(%

PGPR  anunsnddasunisiasyvasiinlivimansuaznied e nalnfidaasy
Inensawes PGPR mofiy laun n1sanUsunansdaunsiei ethylene Tudiv nsesslulnsiay
n15a319gesluuiY (phytohormone)  #114 9 W auxin, cytokinin,  gibberellin 3Ly
avannsavesfirlunisisleaneda WUdadou n1sduAs1e9 siderophores 398117150
azanBuIsINeIMIHaY AundnanAuanld diunalamedeusedia Ao Msmuay wazlesiu
nsiinlsAlude (Burd et al, 2000; Sharma et al., 2003)

N1TAANITASN ethylene  HAUAIAYADNITLASYLAULA LAZWAIUINITVDINY
Immawwﬁﬂmgmﬁj Lﬁaa&jmﬂﬁamwmmm%mm6] wu lasunaniisn AaAN (Mayak
et al, 2004; Hamaoui et al., 2001) AIIULAILA mawfwiw (Grichko and Glick, 2001)
wae TsAfty (Lucy et al, 2004) AmzeSeamandannsaiud3ununisdnnsz ethylene

FeflgndHudinisL93gve931n waznIssenvesmaniis ogrslsiny wuafiiseunsvin wu

Qe

Pseudomonas brassicacearum, Pseudomonas marginalis, Pseudomonas oryzihabitans,
Pseudomonas putida (Hall et al., 1996), Pseudomonas sp., Alcaligenes xylosoxidans,
Alcaligenes sp., Variovorax paradoxus, Bacillus pumilus, Wag Rhodococcus sp.
(Belimov et al,, 2001) @w1saduATIzsieUles 1-amino-cyclopropane-1-1carboxylate
(ACC) deaminase @sanansavians ACC Tiluansiesunisdansisy ethylene indsannite
1ny ACC deaminase nglulupiiiseagsn vinany ACC laweuluiile wag  Ol-ketobutyrate
Faduunasiulasiaudmsunuaiise (Hontzeas et al., 2006) NelMANNIINILAUNITLATYVDY
31N wazHiNNNTIBNUBINEATiY 699 WU §1 917878 Fnnie usdeme Indian  mustard
(Brassica juncea L) &1 pea (Pisum sativum L) fhasqnieldannedildsuanuaien
Lﬁaqmﬂmmiaammsé’qLfmzﬁ ethylene iuﬁmmmﬁ?u (Hall et al., 1996; Belimov et al,,

2001; Glick et al., 1998; Lynch and Brown, 1997)
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PGPR anansnadusesluuiinsziunisiatqdulavesiivlngnss 1wy auxin, cytokinin
uay gibberellins (GA) 1ag auxin 38 indole-3-acetic acid (AA) Wugosluudinszdunis
LQ%@L@UI@%@QW%%&%SS%U LATTEELYNT LSINITHITYLAULATOINA AFUANNITAATIN bag
nszfunsdaaTei ethylene Tavannisgafunenidesluiniundias (Belimov and Dietz,
2000; Pishchik et al, 2002) 1ii9991n ePGPR UNuiln a@unsodaasIess 1AA 1¢ 9y
Aaospirillum brasilense @11150&4ATIZN IAA dlolgsu tryptophan wquedl rhizobacteria
Fuaszi gasluu cytokinin dufiu N6-substitute aminopurines fiflnasonsuuusad 113
IDNVBLUAA NIFH1IVDISIN haznITazaumaslsilad (Weidhase et al., 1987; Stenlid, 1982)
Bacillus spp anunsndunseyt GA adusesluufivnszduniseanaen uagnannaluninuns
(Capsicum annuum L) (Joo et al, 2005) wagdiunIeAuNISISYTDEIAY Lazyan Tu
A.glutinosa (Gutierrez Munero et al., 2001) Ua9Uuiin15AUNU GA 1iea 4 ¥iin Ao GA; GA,

GA; way GA; Tuiua?ise 7 ¥iia (Mac Millan, 2002)

a1 1

Snnalnddnifdwdislunisasgdulavesiiy Ao 136451923 INAULAY PGPR
i Tulesiau weanesa (Cakmakei et al., 2006) wagiwian vilvifigaunsaldsgemnslufu
Teeeiiuszansnin Moy Bacillus sp OSU-142 waz RCO7, Paenibacillus polymyxa
RCO5, Pseudomonas putida RC06, way Rhodobacter capsulatus RCO4 PRI ARG RERTA
felulasiou uwazrearesaanAuuilduintu (Hoflich and Metz, 1997) Sharman et al
(2003) WU Pseudomonas strain GRP; a1311506a0 siderophores dsiinasonisiasayivla
vosfis Inonsedu touledl peroxidase  fuduoulus catalase  wawifiuudinunaelsilad
dlosanmdndu coenzyme lunszuiunsdunsizi chlorophyll nsdaumsizsd thyllakoid
wAYMINAUINSYBS chloroplast wenani swwaniidieane vilvinisazauvosuandon
Tutmuisisanas uazduasunIsasgivle Lazfanssuaudadivestiuisiasle (Sharma
et al 2004; Siedlecka, A., and Krupa, Z.,1996 uag Cohen et al.,1998) AMUEILTOLUNIT
d4.A512% siderophore  Sstwananuilufivvedlanynin den1seanives Burd et al
(2000) F9¥F¥a41 Kluyvera ascorbata  SUD165/26 fianunsadansnes siderophores 16
1NN K. ascorbata SUD165 anunsatestufivananudufivuesiiia neis wasdangd 1¢

=
NI

usnanHalnenss Aseydnadu PGPR Ssilnavnsdeusonisnszdunisiasqdulaves
iy 19y MsadeasufTusiiodesiunsifnlsn  manszdulifivainaniiduiu msaia
arsfudadenelsn uaznisasaeuleidosaaenturadueadenelsn uaznisudaduiu
aunIdnalsaluusiimsn (Lucy et al., 2004) Ing Adhikari et al (39) Wui1 Pseudomonas

fluorescens, Pseudomonas tolaasii, Pseudomonas veronii Wa¢ Sphingomonas trueperi
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anunsadudenisiaiyveaide Achlya klebsiana way Pythium spinosum @anelsalulude

¥

U717

2.53 auaudfA PGPR NwanzausanisldngneunUnselanzudin

' (%
vad o o

AavanUAnd Ay PGPR Tunisnsedulviiivgeduvisansdunid uazanseliunid
vl PGPR  isnzanfunsldsauiuiinlunsinta uasituydsunndondidnnsuudeuves
a5l Tnemdnnis fivildlu phytoremediation msfiAuannsagslunisgaduasity uas
WIgAulalan weilunnaufon maw‘%@@ﬂmmﬁ%%ammLﬁaﬂqﬂiuu‘%nmﬁﬁmiﬂmﬁau
GRRTITAN desniufisenanieudufivdedis uinisld PGPR srufuily anunsatreldite
3l waenueudufiveesanaiaildgedu vinldaunsogaduansisldidu feau
984 Hoflich and Metz (1997) finu31 PGPR n&u Agrobacterium sp. Pseudomonas sp.
uway Stenotrophomas sp TFreduasunsesyiule wasiiunisavaulaviewiin wu Sned
waoflen pzia nowns Tina waz lasuley lu 41alne 917156 waz 1 pea. sndreg1ugy
rhizophere bacteria verilafiunsazaudanya (Whitng and Terry, 2001) diia (Abou-
Shanab et al., 2003) way @aLeyu (Abou-Shanab et al., 2003) Tu Thalaspi caerulescens,
Alyssum murale and Brassica juncea m3@1nu 8813k3fi9Ny  PGPR U9liagieann1sgn
Fuveslangninlunyulrsvia v‘i’liﬁﬁww{aﬁwaaiawwﬁﬂié’qagfu AIAI0819794
Azospirillu.lipoferum 137 ¥38aan159ndu Hdes tud1iuisis (Belimov et al,, 1998) Yzl
Brevibacillus anmsazauvasdanydly Trifolium repens (Vivas et al, 2006) sfaiu A3

AndnTlnveIwuAnSylizauivTinvesivdsliaudAgBslunsngneiids

a a

dmiunsiunAuiivuloulaveniin auauifddyues PGPR iuszyndld
Tumangnuthtn desduasuliisildlunsiidmasydulaldd numuseanudufiviay
Pefiumsgeduveslanmiin AuaNTRNd1Aves PGPR fiannsaiiiudsyansnmveswgny
Srselaneniinlaun 1) aseeesluniiy esenisasydulavesiin 2) Yaslunszuiunis
paslulpsian 3) auufTusdosefuuardesiudolsalufiy 0) funisazansvesussng 5)
w@n siderophores fianansadumdniidudiudidalunisasyvesin waedheanannudy
fiv wazfiuaununuselavewidn (Lucy et al, 2004; Dey et al, 2004) Uin3ensiuiu
sewineiiruag PGPR anunsnifiun1sadne biomass uaganumumuvesivselaveniin 3

aunsaUszendldlunsiiussdnsnmvesgnuinda (Belimov et al., 2005)
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2.5.4 nsUszenald PGPR Tunungneuriavadlanemiln

AiegrkuAiseNatuIsanunudefiyvvedlanegnindiulvgedveglu

rhizospere yosfu hyperaccumulator oA Thalaspe  caerulescens,  Alyssum

a

bertolonii, ¥i® Alyssum murale Faasgluvinufunvuilousmy  dinzd waz  diAa

(Delorme et al.,, 2001, Mengoni et al,, 2001, Abou-Shanab et al.,, 2003) UDNINNUY
Belimov et al. (2005) s1ea1uMsatnuazdnidon PGPR finudefivvedanzminainuiiom
984 Brassica juncea L. Czern masailuvdnaivudeusiowanion uaz PGPR fiuen
wazdndenld anunsnduasunisasyvesniia wasiinauuniuresialy in vitro sefiv

Y29bAMLIlEULaL AN NN IADUNDLYIIUAILAD §INTE NOILAY TN arlAuad Nans

Y

naaestatuayuImAdeiudinenuiuuaiieain rinizosphere daeliiufiunsgedulans
wiin wagnumuseamdufivainlaveniinldastiu (Whiting et al., 2001; Abou-Shanab et
al., 2003; Burd et al., 1998) miwﬁ 2.2, WAMIAIDENUIVEVBINITIY PGPR Lﬁadua%m
wanwihdaselangviin Inennassugnitvlunszanafieglu green  house udslu  growth

chamber

NnAuantinazdnenimues  PGPR  fwangaudenisiiuidssgndldiieiiiy

a 4

UszansninveangnuinUalunisiuyfunvuideulansnindsnlanuniuluissanssy

Y

=

TAsIN5I98dFeUsTaIRazanmkazAnLaon PGPR 2 ndauluusin ¢, win1l 39ninnnn Al

Jayninisvuilaumigwamionludsuiugs tialtadunsd PGPR viesduiianale Ly
@ L] a

a

Uszaninmvemgnuindalunsgadulaeniin Wesaniunnenan lofunansenuainnis

Julouvaaamiouluiy Aukazil auldaiuisadseneuadwnuensnssuleamudnd  Iaed

IS 1

aunfiguin PGPR iafnainfuluuinaiifinisluilounandengs viasiimnumumiuga

anuiluivveuandlon uagmusielanguiinuiadulaiemaziuardangdsande (osn
Aunssuvesmisvimilons dhneliiArnistumieuvernndousiuiunzd uavdenzdiaue
PGPR Mafauazdnidenliinsilinuandidisduadilvimgudlndaduividenldiungny
Srdmlutszmelne Tasylamuuinaiivulousewanion aunsanumusonnuduiv

[ Y o

vasuAniley aenlazdined uaziiuuseansamvewmguinlul@angnednlalvgadu

¥
= IS

~ ) o yaa X o & av A a a v A
wAMLTEY AEN? hasdINEd leAg9TY 198 TASINISIT8UNANLALINISEY PGPR  A1893831N
AN9UTENA WWSI1ZPGPR  NAaLkenannUsewmalneg gaudimnuaiuisalunisususilignnu
dawindeu uavedsentuannsiinaeuvesUsemelnglafindl PGPR Ntoandnelseing 11919
Tauansaasgladluannziindeuvasuszwalng uonainiu Ysswalneiivelailisuues

'3 Y] 6 a a = o [~ 3 I 1 ) v
ANNRANENYTA! WazAuvaInaTevasaeuskuaiiegs Fallaaudululageinunaeinly

AUNU PGPR aneiiuginie Narunsadundssgndldludumg q laluowian Wunisldming
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wanvatenedIn mnaelulssinaliinUselovlasan fanu nsAnwideiiiefniiennay

=

PGPR Tutssinalnaiietnuduasulszanininvesnismanlansninlaenisngnwinindedl

ANUFIAYLAZAITANNDNITINE
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1. \iudee1sfiu 91U 5 9aae 1 Alansuiiszauaudn 10 wufwunsain
Adu wavldlugananasinden

Y] A

2. 1UMBE iy S1uu 5 9agag 10 NSy vihnisazdnsiniiviune wiieendu
-'-NI a = < 1 a 1% o A v <@ aa o
Mmngusnusnigesn iuldgeatain uanhlvuiiviesnuaamaiin 4 °C

s

NFIINUUUIFII8E19INFULNTATIBINTRIUURNS uminerdewmalulagasuns

DNDLIDY VINIAUATINVELN

3.1.2 NSAALYNLUATISENNUABLANLLYY

[

1 55 1 n3u ldluemnsiesdewmansiin Tryptic soy broth (TSB),
Azotobacter basal broth (ABB) 130 Pseudomonases isolation broth (PSB) fiway 100 pe
#o ml 283 cycloheximide Wiardndos uwdrthluldindaag Naalid 30 °C Juaan 2

a1

2. ¥msdeansasuviuaseainds 1 Wilanududu 10°10° udhludhe
vueMsiasuloudsrila Tryptic soy broth (TSB), Azotobacter basal broth (ABB) %3®
Pseudomonases isolation broth (PSB) finay 100 lulasndusiaml vas cycloheximide was

wanwlen 50 dadnsusedns dnluiulugine@eiigamad 30 °C Wunan 24 43lu9

3. vinsAadenidenuaiiisenarunsarsgivlalauusimisiasudsunas

a

¥l wannuly 15% sterile glycerol ﬁqmmm -80 °C

Y
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3.1.3  nsAadenuwuAiiisengy plant growth promoting

neaeuAnaNTRvreIgaunIgnay PGPR  Tunisduaiunisasyvesiiy laadn
N15@3579 indole-3acetic acid (IAA)  a1u35u99 Wohler (1997) A15&319 cytokinins Lag
gibberellins m1138v84 Joo et al. (2004) uag Garcia et al (2001) N15&519 ACC deaminase
A5 UR4 Belimov et al. (2005) N15&5149 siderophores AuEILNalUNITAZ A8 WDELN

wag Wam NH; m1335U99 Mayak et al (2004)
3.1.3.1 N1SH@a® Siderophore

1. geasuviuasvaawuailse 993w 75 pl ldlu 96-well microlitre
plate 91U553 75 pl vosansazay CAS wag 30 pl ¥9401MN5LA8UTD Mineral salt waaviNnIs
anasiauaimeiu dansliNeumnivieauiu 30 ui

2. avgMsiinddy lneWieudivansazaiuu1nsgiu desferrioxamine

mesylate (DFB)
3.1.3.2 N15Wa® Indole-3-acetic acid (IAA)

1. AeaTwINaRevakuATise 99u3u 50 pl ldlu 96-well microlitre
plate N1U537 50 pl VeIDMISLELUYRLMAIYEA TSB Waunsalinan 500 ugdo ml L-

tryptophan wathluunlugideaaanal 72 Falus

2. wasa1nuuld 150 pl Salkoowski’s reagent waulilniu wa7ielin

QUM ITiBIUY 20 UM
3. Aunadvuniieduiiguiu asuinsgiu IAA
3.1.3.3 Anuansalunsazanenedinn

1. NYAAITUVIUABEVDILUATILTY 97U 10 pl vueIIsIasuewiln
National Botanical Research Institute’s phosphate growth medium (NBRIP) waatinluus

Tugnzdioaamail 30 °C \uan 14 Ju

2. dunaalaseulalall (nguuuaiise) mnilawansindinisazaigans

wWodne
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3.1.3.4 ANUaILNsatunsHanLeuluLiley

1. gaansuviuaesvatuaisy 311 50 pl ldlunaeauiiusimanide

1U339 peptone water $1u3u 2 ml udlvuludundogamall 30 °C WJuan 4 Ju

2. uAa1T Nessler’s reagent 91u7u 0.1 ml dnnaminLAndLaes

Y1R18 LanIIAALaNlLLTe
3.1.3.5 N1suan Cytokinin

1. gaaswyiuaegvauafiise 91uu 50 pl 1dly 10 Iadas minimal

media wagthlUunlugiugnn1uss 150 rpm Agamgil 30 °C unian 168 Falus

Y

2. peasazaeladiuuy wagiiniamaaeumlelalaiunuisnisves

OLCHEMIM Enzyme Immonoassay Kits.
3.1.3.6 M3uan ACC deaminase

1. geaTHIuaReuaIkUATsy 99u3u 30 pl ldlu 96-well microlitre
plate #1U539a13 Dworkin and Foster (DF) 41431 150 pl finas 0.3 mM ACC %139 0.1 mM
MgSO4

2. NITEWAINITAANTULAST 405 nm - 581319381 0-120 Falag

A 1 .dl( A a 4
PINNUINUAIUYUNINVULARIINNITNANFT1T ACC deaminase

= o/

3.2 fnwinsasanauUfves PGPR valuaiiisenAadanilisagluan1isniilanzwiin
3.2.1 N19NAR Siderophore

RAFNSUUILABEVBIUUATIZE 0.1 minnAmnuitutuLuafise 10° CFUseml 1d
Tupmsiasadie MM9 finauuaglinanlansnin 0.5 mM CdCl, 2.5 mM Pb(NO); %50 5
MM ZnS0,.7H,0 Tnetdssdieuuiaiasugtil 150 pm fgamgdl 30°C Wuiian 24 49l
n&saniu usnianizaisazatsdiulaiiuenuuaiiFoeanuda iesiinsiiasgsin

hydroxymate Wag catechol suaay
3.2.1.1 MTIATIEIRIUIIIA Hydroxymate

WATIERNIUTHI hydroxymate Tuansazanela lneds  colorimetric

assays WwagnT19IAUTUN ferric percholate (Duhan et al. 1998) anansaratela d1uu 2
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ml Talunasawiizuin 10 ml ﬁi@i 2 ml sulfanilic acid (1%, w/v, in 30% acetic acid) \Lag 1
ml iodine solution (1.3%, w/v, in 100% acetic acid) #earntuvinnisidalelefudiuiy
ogld 2 ml of 2% (w/A) sodium arsenite solution Waz 2 ml 0.5% N-l-
naphthylethylenediamine  solution  ndsanntusaieliidunan 30 undt ¥inisideans

asazaualineae 500 nm on spectrophotometer (Benchmark Plus).
3.2.1.2 MyIATIeiUsuIa Catechol

JpzsimUsine catechol Teeddnisves Amow’s @dld 2, 3
dihydroxybenzoic acid L’f]umimmgm @mmiaza’laﬁaﬂa%aLLUﬂﬁﬁa (culture filtrate)
97U 1 ml, 0.1 ml 5 mol/l HCL, 0.5 ml ammonium molybdate reagent (10 n$u NaNO,
WaE Na,MoO.2H,0 luthndu 50 ml) wioldansavanedindeuds vnsdy 0.1 ml 10
mol/l NaOH (1Anansazalsdiag) ﬁwmiﬁamqmiazmﬂLLazGm'«ai’mm@mﬂﬁmmﬁmmm

ﬂﬁu 515 nm. (Benchmark Plus)
3.2.2 NNSHANTDSLUUNY

dadonlplatvetuaiidefigonis s 1 lelad ldluemsdeade
TSB 1 10 ml sadliuuedonadn 150 rpm figauungd 30°C WWunan 24 dalus vidsan
tfu gransuruassrasUAfiFe $1uau 0.1 ml (10° CFU/mD) Tdlu 10 mU SMM medium (7
nanwazlinan 500 pg/ml L-tryptophan) Fausznaume 0.5 mM CdCl,, 2.5 mM PbNO4
#3850 mM ZnSO,.7H,0. vdsniudandlivuaionveiinamds 150 rom gaumgli 30°C

Hunan 72 $alus udvhnsieseimusuna eibbererllin uaz indole-3-acetic acid
3.2.2.1 n1swan Julustsadu (Gibberelling GA)

IMIBATIEUTINes GA lagd5ves Paleg (1965) lagnmsanans
wyuassLUAfite $1u 5 ml ldlunasaviaass U539 0.4 ml 1.0 M zinc acetate ¥&sN
tu 2 witld 0.4 ml 1.0 M potassium ferrocyanide wavinstumies (centrifuge) i
ATIST 1000 rpm uia1 15 Wit udwihnisga 1.0 ml vesansazaneladiuuuldlunasn

a

NAABINUTIY 1.0 ml 30% HCL udwihnisusdenigamgll 20°C Wua 75 Wil ndsainiu

Y

INTIATIEIIUTIN GA 9781383 spectrophotometer IAN1IAANGULAITNIAIINEIARY

254 nm Wisuiisuaiu GA; deldduansunnsgiu
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3.2.2.2 n5Wa#® Indole-3-acetic acid (IAA)

MATAATIEIMIUSUI IAA 1ne8vee Sarwar and Kremer (1995) lag
N3RAaTHYIUARERUATISET WAL 150 pl Tdlu 96 well microplates waald 100
Salkowaki reagent As#ald 30 WITLALATIIIAAINITAANAULAITIAIINEIAGY 530 Nnm Fag

microplate reader ngN15USEULTBUUTUNUNITNGS IAA AUNTIMVBIATUINTZIU IAA.
3.2.3 auaansalunisazarewasinn

= . . S
Anwranuanunsalunisazaty  tri-calcium phosphate  lngnsiduaiae
a a 42911 ndy a t:l ¥ a a o 8
wuaiiselusmsiaeieyiin NBRIP LIUMIBNITAAENTHYIUADELUANETE A7UIU 0.1 ml (10
CFU/mD) Tdluemmsidsade NBRIP medium 91u2uW 10 ml 9ines 0.5% tri-calcium
phosphate  inasiazldnanlaventdn 0.5 mM CdCl, 25 mM PbNO; #ia 5.0 mM
ZnSO,.TH,0 ey In1sUNULATeNE1NiiANMEa 150 rpm Migauindl 30°C Wukian 144
Y] Y] & ¢ aa o y = QJ' <
TS 189U LeNwadLUANISELAZAITIYIUADEAENISUUIIBTIAMEY 4,500 rpm
Junan 20 wiil vimsesiaiamuiuna phosphate a15uUasElAIBNNT ascorbic acid
method (King, 1932) lagnsuau 2.5 ml a@suviuaseluaiilsy AU 0.4 ml reagents 6iald
I3 = U a o ° Y a al' o
Wukaan 10-20 WINAUNTENNAE HAZYINNITIAAINITAANAULENVIAINNYIIAAY 880 Nm WAL

WIgusuiunTmMUasansuInsgIu KH,PO,.
3.2.4 n1350an ACC deaminase

Anwmnnanssunsyiinuvedeuledl ACC deaminase activity lagn1sin
U3uasves alpha-ketobutyrate duliunandnainnsin ACC sreaulasl ACC deaminase
(Penrose and Glick, 2003) Imm'ﬁm%wLﬁsmﬂ'wmifg]mﬂﬁuuaﬂﬁ'mmmmﬁ'u 540 nm VB4
A9g 9 UNTMYBE5UIn 351U O-ketobutyrate. Tngiw3euansu1nsgiu O-ketobutyrate 11
ANUNTY 0.01 mM-1 mM MENITIIBIWAITUINTFIUIIWIU 200 pl A8 300 pl 2,4-
dinitrophenyl hydrazine reagent (0.2% 2,4-dinitrophenyl hydrazine in 2 M HCl) #84310
tfuviinsuniigungll 30°C Wunan 30 wnit leifnddu Wugaudnsendensiu 2 ml ves

2 M NaOH uaginm1n1saanauwaaNiniug1inay 540 nm.

Anwimfanssunisvinauvedeulesl ACC deaminase Tuansuaiuassuuaiise
lnensthansuvinaseluaiiseniiauduty 100 CFU/ml desluemnsideasesin TSB.
[ 1 d{' | aa < a v [ S o y B -
WagyNISUNULLATEUVENNTANST 150 rpm oy gaungilvies ndsnuuvitnsluwieaite
Anuenaakuafisemelrsolumissnausaas 4,500 rpm Wunal 10 Wil Neamgll 4°C

WUNLYAALUATILS 8N ALALYININ15aN998 5 ml DF salts minimal medium (Dworkin and
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Foster, 1958) ndsniuingaduuaitiSeillaldly 7.5 ml DF salts minimal medium 7z
wagldnaulangnin 0.5 mM CdCly, 2.5 mM Pb(NO); %38 5 mM ZnSO,.7H,0 uawin1sifu
45 pl 0.5 M ACC solution auldanududugavinesss ACC Wy 3 mM wazvimsiagiuy
inSoavEfigamgiivies smsusnwaduuaiiFelnenstuseiniestiumimiigaednsis
4500 g \unan 10 unit figaumgdl 4°C. thiwadfidausnlfdnesne 1 ml 0.1M Tris-HCL pH 7.6
Tumasn microcentrifuge tube 1WA 1.5 ml udvhnistudesdieninmss 12,000 ¢ duiaan
10 Wt uavinansavanslaguuuie thwaduuaiiSefiuenldindredae 600 pl ves 0.1 M
Tris-HCl, pH 8.5. AUAEY 30 ul U89 toluene LAYAUAIBAIT vortex mmﬁaquﬁunm 30
Junl wdaaniiu ga toluenized cells (wadfignyilviuands toluene) $1uau 100 pl il
figaumndl 4°C ledmiumUTunailusiu @ toluenized cell suspension MBI
USunaeulad ACC deaminase activity %Qﬂizﬁﬂﬂaaﬂ toluenized cells $1u2u 200 pl 1d
T microcentrifuge tube awA 1.5 ml iy 20 pl v83 0.5 M ACC ndwaniu nasldniu
#e vortex Migamgdl 30°C 1unan 15 unil wazidin 0.56 M HCL $1uan 1 ml vimstuvies
finnans 12,000 ¢ Wunan 5 uiiioumgiivies uazgaansavansaiula S1uau 1 ml uaziiy
0.56 M HCL 97uau 800 pl tagiiiy 300 pl 0.2% 2,4-dinitrophenyl hydrazine reagent
‘Vié’amﬂﬁ?uv‘l’wmi‘f'juuazﬂmﬁqmmﬁ 30°C \Juan 30 Wl wagifiu 2 ml 2 N NaOH wagii

Y] & a =
NMTINAINITAANGULAITIAINENIAAY 540 nm,
3.2.5 nswdsunaluseiu

nsUTLNlUIAUN TR ILABN15Ues Bradford (1976) lmenisidin protein
reagent §1WU 1 mllunaennnaeafiussy 100 pl feg aafislidunan 2-60 Wil uayis
! 44 =i d' i = Aoy Y
AINSANNAULAINAINENIAAY 595 nm  hazAINIsAANaULATLATgURuANTINGNTEIY

299 Bovine serum albumin @48A10L U0 UUsERINe 0-1600 pig/l

o/

3.3 n13ARLAan PGPR Nanunsanuseiiuvauaniiiey Az uazdansdgauasszyviinvas

PGPR fiAnLaan
3.3.1  MSASEDUANUNUNIUABIANZULN Lag minimum inhibitory concentration

= & A A Ao oA 9 A A a Aa

1. wWigusnuaisenandentanainnisnaass 2.1.3 legldenwuaiisenid

anwagved PGPR mudsnisnaaeulaasuynansae (Wan siderophore, IAA, aganevlaailn,
nanueulue, cytokinin, way ACC deaminase) Tidanuiduduvedauuaitse Useuieu

10° cFU/ml luewsideads TSB

2. odeuuemsiaeatie TSA 1ngldis three dimension swab technique
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3. MMRUNTEAYNTIIVUIN 6 TAALUAT VUINUAEBTamseulI lude 2 317U

6 LEUADINULALNTD

4. vepansavatelave A CdCL, (0.1, 0.5 0.1 1.5 2.0 2.5 3.0 3.5 4 mM)
PB(NO,), (1 357 9 11 13 15 mM) %38 ZnSO,.7H,0 (1 5 10 15 20 25 30 35 mM) §9u3u

20 pl vuaunsEAwnIeawsuuld Tag 1 AududurelaneAalaunses
5. ihluiulilugidesdeiigamgl 30 °C Wunan 24 F3lu9

6. Lilawa5adunN1INAaBY MAUBY minimal inhibitory concentration (MIC) ag

A199Y MIC vianefsnnududusingnvaslanemindudinisiasey wie ianeqaunsd vinlv

< < 1
wiluasla (clear zone) TOULHUNTEAYNTBA
3.3.2 N135EYvlnvaLuAiilsenAnLaEn

fNwaEN1 phenotype 18 PGPR bacteria gnasivaeulasilIsuiiisuaindeya
é’wa%qmmﬁigﬂu Bergey’s Manual of Systematic Bacteriology (Krieg et al., 2001),
Microbiology: A Laboratory Manual (Cappuccino and Sherman, 1999) uagy Bergey’s

Manual of Determinative Bacteriology (Holt et al., 1994) Snuaisiinsiagouie

3.3.2.1 AISASIABUANWALNINIEAIN  NIAISNAdaU Gram  stain reaction,

motility, waz cell morphology #1135n115U849 Cappuccino and Sherman (1999)

3.3.2.2 MINSINFOUSNWUENI9TNAT 1N15NAdeU oxidase, catalase, indole,
citrate utilization, methyl red, voges proskauer, O-F test, nitrate reduction, lysine Wag

triple sugar iron ML35Y4 Krieg et al (2001) way Holt et al. (1994)

3.3.2.3 N13ATIVAOUANWULNINAUTNTIY  NI2ILABNITIATIEANY 165 TRNA

gene sequence 4 isolate PGPR 7iAnLdenle dunaunanasil

1. Msafin genomic DNA 113duilanin cenomic DNA wasuuaiiEonais
fissylay Rattanasuk and Ketudat-Caimns (2009) #aflsnuaziBuadsiide duuniiidely
wnzideait 30°C Tu TSB agar $huAu 1 colony wenitlalalu 50 ul dhndu vildeed
wupfiFeuanlaedud 100 °C W@uan 5 uidt 1 cell lysate TUtluwdesdt 4,000 rpm 2 wndl
11 5 ul 904 supernatant TUagnelagld polymerase chain reaction (PCR) Tudumeusiald

2. M3ve18 165 DNA  waawuafiielasldds PCR Ufn3enves PCR
amplification N8USHR5TIL 25 pl Adulsznounsilae
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Genomic DNA 2.5 V]

L

MilliQ water 14.25 pl
"10X buffer 25 ul
MgCL2 (25 mM) 20  ul
ZdNTP mix (10 mM) 025 l
*D1 primer (10 pM/pV) 125l
4rp2 primer(10 uM/ul) 1.25  ul
Tag DNA polymerase 1.0 ul
U 25. ul

"10x buffer Az 100 mM Tris-HCL, pH 9.1, 500 mM KCl uag 0.1% Triton' " X-100
ZANTP mix Aodunauves dATP, dCTP, dGTP,DTTP finnandudu 10 mM

3 = . 4 = . = A

fD1 @9 forward primer wag rp2 Av reverse primer (318azlUALAASIUAITINN 3.1)

Un3e1 PCR n3zviluy ThermoHybaid PX2 (Thermo Scientific, USA)
Tnel4 initial denaturation 71 94°C 2 w7 MwsE 35 cycle 9899 denaturation 7l 94°C (45
3uad), annealing 1 55°C (5 3unfl) waw extension 71 72°C (2 W) Ynvhese final
extension 71 72°C (10 unfl) PCR amplified fragment 165 rRNA gene Hvu1n 1,500 bp R
anunsansivaeulalu 1% agarose gel electrophoresis wagdou gel f78 10 ug/ml ethidium

bromide wagananinnielduas UV transilluminator (Bio-imaging systems minus pro)

3. 115 sequence PCR product AT (sequence) a4
PCR product Iaedslufiu3sv Macrosen Inc. Usunennnd demdduualagld  DNA
sequencing software 84 AB1377 Automated DNA Sequencer LLazLﬂgsuLﬁmﬁaﬁuﬁqﬂﬁm
1m8 Chromas 1.56 program éwﬁumaﬁlé’gﬂﬁm%ﬂauﬁu GenBank database 14 TUsunsu
BLAST (Basic Local Alignment Search Tool version 2.2.9 ¥89 National Center for
Biotechnology  Information — (http://www.ncbi.nlm.nigh.gov/blast/Blast.cg) @374
Phylogenetic tree 1A833 Maximum Pasimoney 1y software MEGA version 3.1 (Kumar et

al., 2004) stability relationship Usziiiulaele boot strap analysis 984 1,000 replication

A1519% 3.1 Primers dwsuufn3en PCR wagMsmiaIsuluavad 165 rONA.

Primer Primer sequence (5' to 3) Target regiona Reference

D1 AGAGTTTGATCCTGGCTCAG  339-357 Weisburg et al. (1991

rP2 ACGGCTACCTTGTTACGACTT  1392-1406  Weisburg et al. (1991)

a . . . .
Escherichia coli numbering
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= L =l 1

3.4  nvegauANlivasLuAiFenAaGansdaeIUfTIue (Antibiotic Sensitivity Test)

nannaeuahvesuuafise PGPR fidmideniis 6 isolates weeUfTaugnseh
UUWIS TSA Thnausiu disk MiadousnufTaug muiues Bauer et al. (1966) lagldinaia
Uaoade dwiueUfhusiadeunky  disk Alunsneaesiiio neomycin (30 pg)
tetracycline (30 pg), chloramphenicol (30 pg), colistin sulphate (10 pg), streptomycin
(10 pe), wae erythromycin (15 pg) Yumeuntsneaedifiae uuaiidousay isolate 7
Lﬁzyf[,ummilﬁsm%a TSB broth lusgez mid log phase (10° CFU) Tindsunfinenns TSA
Turumsdelinauiiuiiialii Tngldinedamandeis 3 szu1u (three dimension swab
technique) (NAerta 1 isolate sio 1 911) w@Saudathunu disk TAdousie antibiotic 119Uy
Rae1ms Taeld antibiotic e 7 wila (7 disk ) ste 1 9numzide (@un 100 mm) Tneaas

azuiy disk 199 nauuUsEanas 15 mm wag 3 1 disk 29NALNLINNaNIaIu ne

v v a a

wil disk 1w 9 werdlanladulanuiie s Reiumwizienlanasiouazinauky disk
\AFeUEUYTIEITEUT BB INaUgIiesUsEanal 3-5 Wil wielviuie neuasdndnuuing

= a o <, s & I o v ¢ a
UNL%@WNQQ«!V@JN 30 C 1uian 24 . Lllaauq@ﬂ']ﬁllll ’J@Lﬁumqﬂuaﬂa'NSUENUiL'JmELaia'U

=

Wiy disk (clear zone %38 inhibitory zone) t@UssLiUANENTVBILIURTIUL Uazyin

a

Tunsdudanisasavasuaiiss Jufinnainadunsdwiazsiednnuly #se ANUNUNIUAD
) 9

gUTusisazyiln 91989013 guideline Mfvunlag National Committee for Clinical

Laboratory Standard’s (NCCLS) ﬁmww%auﬁusqﬂ kit (Himedia, PA, USA)

3.5 n1sAnYINavas PGPR NARLaansdan1sasyAulauazn1sandulaneninlungiiuen

nsAnwNareILUATie PGPR Aidaidendeussansamuasmadungnutitnues
e uen Useiliulaedanaveauuaiiiseranisiasgiiule wazadiuaiuisalunisgadulans
ninlunauenly 2 @anzhe mjwLLsJﬂﬁwangaﬂummﬁqLL%@Uaam%ﬂuﬁaqUﬁﬁ’ams
(axenic culture) LLaszjﬂLmﬂﬁﬂgﬂmaﬂuﬂizmﬁ (pot experiment) nSeusiinsIadeu

ANNANIALUNNTEETIU (colonize) UBY PGPR LuATeiune)Hnae

351 waved PGPR fidnidansianisgadulansveamgfurnly axenic culture
N13ANYINAYRY  PGPR sion1siasguaznisgadulangminveanaudnly
axenic culture nszvilneiU3suifisunates PGPR 13 6 isolates sevgudniisuings (V.
ziznioides, g31s9)5511l ecotype) wag vilaneu (V. nemoralis, 1793 ecotype) Liladnidan
isolate U89 PGPR wag %ﬁmawaﬂmﬂnﬁmmzaulﬂv‘hmiﬁﬂmﬁdﬂu pot experiment

[

JUNDUYVDINTNNBBILINUALLDUANILAD
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1. wsdsniewde tissue  culture) voIngeln V. zizanioides  uag V.
nemoralis 11 10 ml Musashige and Skoog agar medium

2. s’hwzﬁﬂLLNﬂlﬂé’qmmﬂaamL%@ﬁmiﬁgmmiﬁqmm 0.7% agar medium of
Musashige and Skoog Feldlangndnusazada (0.5 mM CdCl, 5 mM ZnSO,.7 H,0, #3e
2.5 mM PbNO;) Iaansazanelaveviinusazaiingn spike $1e 0.1 ml 10° CFU/ml ves
wuafiSeusiaz isolate ngufilaile’ spiked Fouuaiiite (willavewiin) Wunguauam

3, 11 culture Yo udnlUULly erowth chamber 7 23-28°C 1Juan 14

4. Wodugan1Imaaes Iaruiuduvedlangntina1uisves Farwell et al

[

(2006) il

4.1 anaungulnlaemansazate 0.01 M EDTA WIuMae 9 AR
MENUINAUNIUDN 3-4 58U LNaTLIaNeNUN WaLLUATILBETNIDNARARIAIUUBNDDN (@IUT
Luldgnaaduitngity)

42 wenduivesndudiugen way @1usin nautnaulidly  hot

a

{ o [y o s
oven Vigaumadl 65 C 1uian 13U uavduiduliuan 9

Y

4.3 dmguinuislazduazidunliugosnanianisiay 0.8 ml HNO; wad
o v Yoo a o ° |
dnduvnluguniinamall 65° C Wuan 3 wu. thaisavaieaula (supernatant) lumn

Usunadlavientinlagly graphite furnace atomic absorption (GFAAS)

3.5.2  AMUAINIIAVAY inoculated PGPR Tun1sagsauiunaiuen

NATIAFBUAILANITAVEY PGPR wupiiiseluniseegsau (colonize) fuvia)
wlrldmadiavng scanning electron microscpy Safltumeumsnagousl

1. dmgudningdeuiiode thelumaeannassiiiiemsgns Murashige
waz Skoog Tldeuuaiidousas isolate Tngld 10° CFU ste ml Uundhudnsaufuwuaiie
Junan 15 fu

2. \ileasurimun 15 fu Aey q neungudnoonINfue IO ILILIA

3. quarusinluthndutaonide weun 1 eddniuemns (agan) e
AsRREILEITINBONTY

4. wimghuendu 2 du fe daugen way dusin thaugealuinsigsin
U3u1ad chlorophyll dusiniluAnwanuanunsaveswuaiiselunisegsauiunaguen

5. w3euvaeanAasd (polyethylene centrifuge tube) fifliinduasmidie 10

ml wae 9 waeaasesiulugn (series) ddmsnlufulunaeavaaeivasnusn wdat
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" Y
ral A a <~

waealUwelu vortex Wuian 5 unil iiledassdassuuailiiefiondeegiiiuiivessnd
(thizoplane bacteria) taSauaaihsntugulunasanaaenaesdnly weg1daen1s vortex 5
Wil newihsnluulunasanaasdminaudaly yiauilises 9 aunseninsurasngavingly
YA

6. UMaaANAABILARZMADATIHIUNITTUTBIIINLEY LUVIN1S spread plate

Y < = & 29 o & 29y ¥ oo P o

VWU MWL TSA Nussaluumizie dsldeniuiesn Helvuiedn 2-3 unil neuthau
wzigaidunluguadied 30 °C

[
=3 v o

7. Fugatu fushuau colony fildluusazaumeide PGPR fidsanunsany
TalunananAasInas 9 ve4 series i 3 LLamiwﬁmW@Jmu’liaiuﬂﬁagji"mﬁ’umﬁﬂLLNﬂﬁaﬂ’j’]
vi3e \Ju better colonizer Wiaiflsuiiu isolate Toauuafidefianusanuldifisnaniznasadu
s]whﬁ?u SreuRavesUSInaUATlSeTinudud log number ewaddenIuT ML
(Log CFU/g DW) 484510

8. dmiunsnTaaeusUIN Anuairresuuaiiised colonize AN nszviiloeg
1151nlunSe (fix) Ty 2.5% glutaraldehyde 11 0.2 M phosphate buffer, pH 7.2 \Juan 2
Y. flgaungiivies dfiuasarats buffer Wertubuner 1 wu. 4° C uazfwiesn
(dehydrated) lngguruatsazatsves acetone fidgungil 4° C wasdiaududuiugedy
MINAU FD 50%, 70%, 95% Uag 100% M1Naiu faegragnyinluisly  critical-point
dryer fn (affix) iU stub A28 carbon cement WAZLARDUAILNDINUN 30 NM LATATIAAIY
nslindesganssaidiaansesnuudensnn (scanning electron microscopy) (Hitachi S570
SEM) 1 15 KV

9. é’m%'udauaaﬂsuawaﬁwLLﬂJﬂﬁQmmﬂaaﬂ Uu1m1A1UTUIaL chlorophyll
AAETszylag Inskeep and Bloom (1985) Tnethdusenundulusudn o Wazidon ud
w1 ml NN-dimethyformamide (OMF) turian 48 wu. 1 4°C Tufidla wnen
supernatant 4181uANTl 647 nm WAz 6645 nm lu Beckman model 25
spectrophotometer Usu1au chlorophyll ﬁﬂmmmﬂgmﬁﬂ‘ﬁ

Chlorophyll b (Chl b) = 20.70A467-4.62A664.5

Chlorophyll a (Chl a) = 12.70A644.5-2.79A647

Total chlorophyll (Total Chll) = 17.90A647 + 8.08A664.5
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3.53 wavas PGPR #AnGandan1saTyuazgadulavzvamauinly  pot

experiment

N15ANYINGYRY PGPR siaunumvamaudnlunisgadulansvin Ysediulaeiana
YoIuUANLEAaN1TRTAUlN NMInunuseiivlanevidn wazauauisatunisgadulany

winlung N MIUIENAALUAIN Sheng Waz Xia (2006) AsTUnDURIL

=3 L 1 a zﬁy d' 1 ﬁy v a a [ a

1. Avfredshuaniunlivuleulansntn (Vs Inedemnaluladas

a a v v W | | P Y] v o a

Y13) WANAULAINAY TOUNIUAZLATI 2 mm wariegidanienisiaanusule (autoclave) 9

o] [ v a [y 1 a gy a Ya {1

121° C 1 v, nndu 1Wunan 3 Jufedu as9dndulasngeasidagldfuiiniuns autoclave

3 Fuuatun 1 nsu wanlu 100 ml WUasade way plate Tuanuemsiwizidie dndius
AsRuiinamgil 30° C

£

2. thiuiikunstuduindaeadon 9 93¢ uilrduiousearsazarelans
wiiniivaonde Aeld 40 me/ke uAnLlos, v (600 me/ke) wardanyd (400 me/ke) wavLfu
fudidulouselanswtind ereen house siadn 3 §Uawi iermadosvedansmn deu
anUgnasnsenns

3. ﬁwlﬁaszmqﬂgﬂﬂaamL%@I@Uﬁwaﬁas 10% sodium hypochlorite Augaet
ﬂé"uﬂaam%adauﬁmuwwﬂqﬂ ‘ﬁ’]ngﬂﬂiﬁﬁw}]ﬂﬁ&i’]uﬂ’ﬁ‘ﬂ?L%JEJG?TDEJ 15 %  sodium
hypochlorite W& §1121 10 Wwansanszae inzldiudnUssana 2 9y, sanluungunIs
naaouduluu randomized block design T green house Imaﬁaﬁmu%wmwiazmju
msAnwwity 3 61 nevdudnlunnndulgnluuiivuidioumelanswiniis 3 elndauiu

dieawslallesu (nquatunw) vise oSy (Ndunnaes) wuaditsy PGPR
4. Snwianuduluaulveguszunn 60%  algnisauInTualsifgn

a Y
8

€

deionized  dvdungumnass 143U 1 ml w3 PGPR wuaiiSefidaidonliusay isolate (10
CFU/mU/nsgans) 11 spot 150 vi3e Tiauuinadidu Turmzfinguauau lildsunueiiFe u
1650 1 ml media Aldlunsi3oaauuniiSouny
5. waudndildsu vie Wlésu PGPR grimsdedlunsznradunavoies 1
Wau (Hweiitt, 1952) Imﬂimﬁmﬂi’u
6. Wensurvuanal Wdungwlneenaniudieanuseinge T Sansadey
vemgudnlnemusnaes chlorophyll wsdiudisinuaseensenainiy drstuduiivli
Usannlansminfloanmeiinalagdawiu 0.01 M EDTA 3 ade audnetinndusn 2 ade reu
iluouwis (70° O Fahmindnads uavunduws
5. menadiduvesanifion gt uazdansdngnaaduluduimdusn uas

dufidugen @838 wet digestion Taeld HNO; waLIATIERRBNTIY GFAAS LARAINANTT
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aadulaveniinvemaudnlnesisnuduainisazaulanegsietu (total accumulation rate;
TAR) Uay USinaufidudeaansingeen (transport factor; TF) lagAuinaingmnsves Solis-

Dom inguez et al. (2007)

Y o A ug
aududulansutinfiven (—)

TF = x100

AU Tulanzuiniisn (%g)

mthuiseen (g)xmududulanewinfiven (Me/g)+imiinuienn (g)x amnududulansmiiniisin (Me/g))

TAR =

@hwrdnuieen (g) +dvinuitasa (g) xsuwauiuresnsiiuien
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NAN1SANEI

4.1 msugnuasAnianydunidngu PGPR ndulunuiuvuidauuaniiiey
4.1.1 M3AuAIeEN

2 o I a S a a S a ~ & A a v
ATMANTILAUANIDYINAU LL‘U?‘W]L?EJIU@U LLazLL‘UﬂVlL’iEJIu‘J’lﬂWGU IUWUVIGU@QUﬁwV]N'W

1Y

wAe Budanid 3in (uvivw) deedlumiil 4 waz 8 druan1uag sinoulasn Janinnin

Y

' 17 5% [l
o ) N el I

= PN 1 A Ao = a &
MUIU 5 ‘r\!@] Ao ﬁ!@ﬁ/] 1 vanneenau C'\;@‘1/] NUNNUW AN 3 NUNNILNAUBS i].@'ﬂ 4 ABININULLI

Y 9

4

{ v v ] @

AAduLIa uazgadl 5 nesnIndus PUAMUTUTULIES HaNITATIVFRUANELTRANS
NMEANTVBIAULATAZNBUAY  (sediment) WUI1 dnwaizaesAulduAusIulunse (sandy
loam) wazaznouAuldnwuriduiusiulunien (clay loam) lagfuuaznsnaudu
Usznaumiwfuwmiled (clay) 13%  Lag 35% @Iua16U AL UYDIRY wazAznauRUTlAN
Inddetu Aouszana 10 wag 11% anudidu drlavendn waaidey et wardansaluiu
fusinaganitlungneuiu Tne waniilen aem wazdenzdfmuluAuiiaussana 13, 10 uay
51 whassiinulumznoudu uenaniu AnuassalunsuaniUdsulszelufuveslavenn
i1 3 siadegeninlungnouduguiu dusmin 4 Tufuwegsensuiu daldunnsatuun
v o

n Ao N fUsuauwindu @ P ludufiadu 2 wwesnznouau luvued K anulunznoufiu

fandu 2 wirveslufiu (15199 4.1)

A1519% 4.1 AuaNURveRU uazAZNaUGY

Parameters A AzNaUAU
Type of soil matrix Sandy loam Clay loam
Moisture content (%) 10.31 11.36
pH 7.80+0.2 7.50+0.2
EC (dS/m) 1.33 0.54

Total N (%) 0.04 0.04
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M19199 4.1 (sl) AnauURvTesAULAYAZNOUAY

Parameter Au AzNaUAU

Total P (mg/0) 200 100
Total K (mg/l) 620 1,390
Total Cd (mg/\) 6,250 501
Total Pb (mg/l) 1,103 114
Total Zn (mg/V) 368,856 7,223
Exchangeable Cd (mg/l) 8.15 5
Exchangeable Pb (mg/l) 0.34 0.27
Exchangeable Zn (mg/l) 25 8

4.1.2 NSAALENLUATIISENNUABLANLTYY

o oA A a a X A X a
nnsaatdanwuasslufuwaraznoufulununUuloukaaden 1ngnns
LB UATNS8TUINSI AU TR NLANA1IN ULALNALLAALL BN 91U 50 JadnSusenlansy
| A A | ~ v o YA &
WU AUTaRENkUATS ETIANNUNIURBLAALEN LATIuIN 521 aneiug lage s
WaWUATISEYRn TSA H91u7u 207 lalall 21Mnsaeadinkuaiise 99 PSA H31uau 203

lalall uavomnsideadeuuailise AZA 9w 211 lalail (U 4.1)

(A) (B)
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(@)

sUT 4.1 Taladlveauuniiizeluovnsimnziassiiunnsai (A) PSA (B) TSA uag (C) AZA

a N ¢

4.1.3 N13ARLABNYAUNIENEGN PGPR 3 nfiunivuilauuaniiley

nN1sAnwIAuaNTAlun1TdLESUNI5TyAULAY0INY (plant  growth
promoting traits) A® AIUAINITAIUNITASINTSIUUNG (gibberellins  way  cytokinins)
ALENNTaluNITazaty  phosphate ANAINITOATIY NH; ANNEINNTlUAITESI ACC
deaminase wavAuaIansalunsadns siderophore vasuunfiaeiie 521 Taladfiwenainiu

Mulousig Cd Nan1sANYINUI naukuANLSENaNYMLvas PGPR @10150LA5yUNeIMNS

a ¢l

Aoadiovda PSA I8ATian aufieomiswiin TSA uaz AZA audidy Tnengduqduvisiiaiey
uuemsuila PSA Tmnulasdumiionitnguaduvidiaiafueims TSA wag AZA Tudu
Y99N158514 gibberellins  wag cytokinins twsizgamIsanulauindafiou 73% way 77%
audu vienuUszanar 3 w4 dwvesuaiiBemasyluews Tuvaedily TSA nu
wuAfisfianunsoatasesluuiimeminfiosssann 25% uazluams AZA wuldlaifs 5%
uReafummanIsalunsaing 1AA fnuldlunguuuadiBefiaialu PSA Usvana 50% @4
gendnfiwulu TSA (35%) waz AZA (14%) Tumansstallinumnuuandnsvesnmannsaly

N138374 siderophore aghuATElUNGNMATY UL MISEENTDN 3 ¥ilin (5UN 4.2)

Y



(€)

/

"«

Ul 4.2 Fovavenuaninsnadsnadnuay PGP lusmsidieade (A) AZA (B) PSA

way (C) TSA

:
>

B Phosphate solubilization

B NH3 production

H |AA production

B ACC deaminase production
H Siderophre production

B GA3 production

1 Cytokinin production

B Phosphate solubilization

B NH3 production

m 1AA production

B ACC deaminase production
m Siderophre production

1 GA3 production

1 Cytokinin production

B Phosphate solubilization

B NH3 production

= 1AA production

B ACC deaminase production
m Siderophre production

M GA3 production

1 Cytokinin production
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4.2 msfadenngu PGPR Nasligsanaudfluaniszniilavemin

Wloneaaeuuuaiiiondy PGPR Idsasinwinmandfues PGP trait meldaniig
wndeuiidlavemiin Fsldvinisduidenuuafite 6 isolates fusnldanfuuaondiuutiou
soupadlon Aunismeassd 4.1) Lﬁaﬁmmmaammauﬁ’amm PGP trait @® siderophore,
gosluuiiv, ACC deaminase wamnuannsalumsaraeweamaluanzuindeniilans

nin
4.2.1 n3Wan Siderophore

n1sUIHE siderophore (98l hydroxamate tag catechol) nsgvinlaenis
AeadeuuniiSefidadontta 6 4iln (IRER2, 25R463, 27RER2, 39SHR, 535462 uay 65RAT1)
VUDINSLABAT MMO fina 0.5 mM CdCl,, 2.5 mM Pb(NO); %38 5 mM ZnS0O,.7H,O wag
linaulavgwiiniielfunguaiuau sanmaasanuin aerudulavewinsiafeiannsa
nsvAulAnn15a319 hydroxymate % isolates w84 PGPR (8nv3u 1RER2 Liied isolate
Fied) anansagnnsedulag 25 mM ez Wains hydroxymate  geninngumiuauegnadl
Teddy (p < 0.05) luvaglaveninedndu (0.5 mM Cd uag 5.0 mM zn) Lifnansenuse
N158319 hydroxymate  wa9g14la (gﬂﬁ 4.4) gﬂﬁ 4.3 uanain 9 isolates 535462 uay
65RA71 @13150a319 hydroxymate lavialfieuiuwaziia1aind isolates suluannzuandou

'
(Y}

ffinzia (p <0.05) luvauzdl 1RER2 @§9 hydroxymate lﬁﬂaaﬁqm

1.2 4
g f
g 14 T T
508 cd
5 T :
£ 06 4 b [
g F
c
g 04
i)
2 abbaa bc a ab ab abagl a ab a aa 0D
_g O | — — | e _— T ;_\
% 1RER2 25R463 27RER2 39SHR 535462 65R471

Bacteria

Control 0.5 mMCd 2.5 mMPb m5.0 mMZn

JUN 4.3 Anuaunsavesuaiiiselunisasne hydroxamate type neldanidzemnsiinay

v |

Tanegunin N51LVI9a9lane nunNTUaLAeINUNTDNEIANAULAIAINULANAID 9D

Y 1Y

dgdrAgy (p < 0.05)
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o o o =
ESN (2] oo |l N
1 1 1 1 )

(o

o
N
1

aaaa | aaMa | aafla | aalMa a

— -

aa

1RER2 25R463 27RER2 39SHR 535462 65R471
Bacteria

o

Hydroxymate concentration (mg/kg)

Control 0.5mMCd m25mMPb m5.0mMZn

JUN 4.4 anuanansaveswuaiiselunisasna hydroxamate type nneldani1iziinaulany

LY ) Y 1

PN NILYIVBILARY isolate VBILUATISENLDNYIANAULAIAINULANG19DE 193

v o

WydAey (p < 0.05)

Tuannzunfeusssusd Aldladnlaneninlue1misiasais isolate 65R471

fAuanaInase catecholate laluuSanasgege Weliieuiu isolate du (JUN 4.5) \ileag

Y
=

meldannsiiilaneninia 3 iafo 0.5 mM uaalow, 2.5 mM A, was 5 mM dansd
WU31 isolates 1RER2, 25R463, 27RER2 kaw 39SHR @11130@374 catecholate lavinniisuriu
Lifeuuandnsegnefideddyudendla (p < 0.05) wilunzfifuandion Sifes 535462
uaz 65R471 isolates flanssaain catecholate ldinifinafunazgania isolates Bu 9 agns

v o w =

fdedAny (p< 0.05) (FUN 4.5) fiatiu eanunsadndiduaiivaisnsavedwuaiisenfnidoniy

n1sadne catecholate luanmefifuanifonldsad 535462, 65R471 > 39SHR, 25RA63,
27RER2, 1RER2. 535462 ngldan1ifidingm isolate 65RA71 @319 catecholate l¢igsgn
Tunauziiiafidenzd isolate 535462 @319 catecholate 15@&@@ (’gﬂﬁ 45 \fedesei
ANENINSEVRILARE isolate vasuuUATiEelun1sads catecholate meldudasTansminia 3

Aa aAou oA

yila (5UN 4.6) wuindangd dinalvwuailisenAaionununn isolates (8nLdu 27RER2 Uag
65RA71) @11130@379 catecholate lakuTueglitedAy (p< 0.05) nnguaAIUANTILI
lavgntin Tuvaghl  waallley @a1unsansedulyl isolates 39SHR, 525462 uag 65RA71 a3

catecholate Wg&gﬁu (p <0.05) (’gﬂﬁ 4.6)
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0.09 - b

c 0.08 -
2
s c
S 0.06 -
o b
S 0.05 -
© 0.04 - by
-0 ab a
5 003 | . 7 T
2 0.02 - a T . .
< a a a b
00-01'a$a' g aTb gTai 2 aTb agp T
O = = T T = T T T
1RER2 25R463 27RER2 39SHR 535462 65R471
Bacteria
Control 0.5 mMCd 25 mMPb ®m5.0 mMZn

JUN 4.5 anuaunsaveawuaiiiselunisasie catecholate type meldaniisinaslanemiin

'
aa v 1

Tnensuvisveslaneniniaazsdadsnuyisieiu darpnuunnasegeiitedAey
(p < 0.05)
0.09 -
c 0.08 -
S
g 0.07 - b
£ 0.06 -
8 c
S 0.05 - -
3 0.04 - b by
3 A
S 0.03 o | T
2 0.02 b T ) .
& a a a_ a
00'01_a$a' i _?_ -?—Tai - e}P ) T
iy Sl =
1IRER2  25R463 27RER2  39SHR 535462  65R471
Bacteria
Control = 05mMCd ®=25mMPb m5.0mMZn

UM 4.6 Anuanunsavesuaiiiselun1sasne catecholate type neldaniizinaulaveniin

ATINLVIIVDILUATISEWAAY  isolate  NIDNWIANINY UAIANULANAIIDE 19T

Y [

WedAgy (p < 0.05)

4.2.2 N1SHANTDSIUUNY

Na do oA

ﬁ’]ﬂ’]i‘ﬂﬂaauﬂ’J’]ﬂJaWJJ’]iE]GUENLLUﬂV]LiEJV]ﬂ(ﬂLaam;ld\? 6 ¥ (1RER2, 25R463,
27TRER2, 39SHR, 535462, and 65R471) lun1sasisgasluuiiy Ao IAA wag gibberellin (GA)
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Tnethlidsduomnsdsadesin SUM Wunat 48 Falus fiaslaneuiin 0.5 mM Cd, 2.5
mM Pb %3850 mM Zn. mansveaesnudt Tunnzdnd fenadeadeliflansmiin
isolate  wosuuUATIGoTNAR GA leigeaaiinifiendufe 535062 uaz 65RA71  Fandnldgads
1.99+0.35 uay 5.76:2.69 meg/l puadiu (U 4.7) luanneiilanguiin nanisa¥ie GA
wnlthianaafiounn isolates snLiu 1RER2 Mwanlouuardansdlifinanssvusenisaine GA
LAY 25R463 Tianunsaadne GA IifinTuneldanneiduandon axta uay dned (p <0.05)
oeslsfinu 535462 and 65RA71 Tindn GA lunnzunafilsiflangninligean Adinsanansn

a519 GA Tuanzanillangnin 3 siald wiuSuIu GA NNanazanasuIniniu keAgItaI

a

anasanan GA laaandn isolate Bu nneldaniizvesrnunasenvatlaveniin (U 4.7-4.8)

10 b

Tf

a c
| a d
aadby aaab; E'?b T0C, b ab?i 9—'
— — N 1_7_-— . -P___-- -

1RER2 25R463 27RER2  39SHR 535462 65R471
Bacteria

o N b

Gibberellin conccentration
(mg/l)

Control 0.5 mMCd 25mMPb ®m5.0 mMZn

UM 4.7 anuawnsavesiuafiisylunisaiie gibberellin aglaanigiinaulaeniin lag

As1LVieR lilaneuin wsalilaneninusazydanionwsA1 i ulAuLANA19 Y

A v o w

agalidedAny (p < 0.05)
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b

] 1
| [ -

d b
1 abbEa ab.(.:.. a}PTa Ta—Paab a_i
= ] M -

1RER2 25R463 27RER?2 39SHR 535462 65R471
Bacteria

-

Gibberellin conccentration (mg/l)
O P N W b O1 O N 0 ©

Control 0.5 mMCd 2.5 mMPb ®=5.0 mMZn

sUN 4.8 anuawnsavesiuafiisylunisasie gbberellin Aglaanigiinaulangniin lay

= o

ASINLNIVDILFAL  isolate  VBILUANLSENLDNWIANMNAULAIAINULANAIIDE193

v o W

ugeaAgy (p < 0.05)

MsfnwUSinaes 1M veauaiiSeidnidenluanieisl vwde il & 500
ug/ml L-tryptophan wuin luan1edifl L-tryptophan  wumTideanunsoadne IAA logendn
Jlelufl Ltryptophan  Gadulumiuannuaianune winiluannedilufl  Ltryptophan
wuafiseiidadenliie 6 isolates Afiamnsoadne IAA 18 uiludSunaiitosningledl L
trytophan #angwing? ('gﬂ‘ﬁ' 4.9 way 4.11) Tuanedid L-trytophan isolate vesuuafiSedia
ATANNIad IAA geaniisluanmigun@lill viie ManeuiinGeedduanuingaludes
anfie 535462 > 65E471 > 39SHR, 25R463 > 27RER2, 1RER2 (§UT1 4.9) danlunniwilaiil L-
tryptophan isolate 535462 fifiAsANaNsAAIAATUNTASIS IAA welunnedlid vde 4
Tavgveinegidudy (§UAl 4.11) usiilelsidl L-tryptophan isolate findodeutmunlinesd
aruwansnslunsadns 1A lideedl wie lilaveudn enviu isolate 65R471 Tlanunsaadig
IAA Igaudusuans see91n 535462 melinneiiddengd (Ul 4.11) wonamiu Feyalu
gih’?i 810 Fuuzin luanneiidl Ltryptophan wueiiSedidnidendaulnaadne IAa Tiiudy
melinmeiifllanewtin Tnsiamg isolates 535462, 65R471, 39SHR wag 25R463 TiiunTs
%19 1AA dloomsidsatenaunz uazuandlon (Endu 535462 lifnmsadadutuded
wAALIE) ('gﬂﬁ 4.10) uilumemssfudng lunnefildfl Ltryptophan  nsadns IAA veq

a0

isolate dulvgiiiAnliiudeuutas 3e anauilefllavevtnuailuemis (Ui 4.12)
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T
c
T
b b
d$ b
'br b b T ¢
b b~ ¢
aaag - a agag T~ a i
= -'-_ T i = - T - T
1RER2 25R463 27RER2 39SHR 535462 65R471
Bacteria
Control 0.5 mMCd 2.5 mMPb m5.0 mMZn

JUN 4.9  Aanwanunsavesuafiselunsaiie IAA aeldaniizinaulaveviln waskay L-

tryptophan lagnsiwuvisues isolate #1lfl wie Alaneninylafeaiunil

AN UIANAINULANANDE19TUY

a o
o O O

IAA concentration (mg/l)
N W b
o o O

=
o O

o w

dngy (p < 0.05)

[

NYI

c
T
c
T
d d
b3 b
¥ O a I
b b a
T | - = ||
1RER2 25R463 27RER2 39SHR 535462 65R471
Bacteria
Control 0.5 mMCd 2.5 mMPb m5.0 mMZn

JUN 4.10 anuanunsaveswuailiselunisasie IAA aglaanneinaulavevidn wasnay L-

tryptophan lagnsnivisuasisag isolate UOILUATNLTE

LANAN9REN9TUY

o w

d1mgy (p < 0.05)

a

[ |

T

a1

NYIRNUIAIAY
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IAA concentration (mg/l)
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1

: aaT ?TT 2’ ?Tfa ?TT
[“THe e TTle |

1RER2 25R463 27RER2 39SHR 535462 65R471
Bacteria
control 0.5 mM Cd 25mMPb ®=m50mM Zn

JUN 4.11  ewaunsavesnuaiiselunisaine 1A angldan1ieiinaulavenidn uwaglinay

[

L-tryptophan lnensinivisuss isolate ladl n3e Hlanguinydaneiiuniionys

ANAULIAIANLANANEENHTEEREY (p < 0.05)

9 -
c

8 |
!
=6 - ab
2
£s |
g4 b
§ 3 T’ ? T b a k? T a
22 ) T’ i ¢ b | I |
= af c .

i ol ™

1RER2 25R463 27RER2 39SHR 535462 65R471
Bacteria
control 0.5mM Cd 25mMPb m5.0mM Zn

JUN 4.12  awanunsaveuafiselunisaine IAA anglaanieiinaulavevin uaglina

Aa o 1

L-tryptophan laensiwuvisvedusas isolate o3k UANSENLSNYIAAUTAIAIM

o w

un@geeg1eiitisdAgy (p < 0.05)
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4.2.3  anudunsalunisazatevoan

= a

mMsvnAnwIALaINTaveILUATiSsidaidenlunisazaneloaia nsziilag
madsadonuaii3efidnidenta 6 via (IRER2, 25R463, 27RER2, 39SHR, 535462 uay
65R471) UUOWNSIABLTe NBRIP finau 0.5 mM CdCl,, 25 mM Pb(NO); %38 5 mM
7nS0,.7H,0 vidolsinaslaveviinlunguenuay (U 4.13) HansnsIvaeuUinasleaiad
ndsgomsiasate Fuidesnanuanansovemuaifelunisazans ti-calcium phosphate
wuimn isolates vesuvafiGeiidngnmlunisavarevloaln usnnesineiu dleliflans
win wUATLSe isolates  25RA63, 535462 HAr1uatunsaazateveanalaviniiouiu way
1N isolate Bu e isolate 25R463 fifnanmlndlAssiu 65R471 fe (U 4.13) Tu
anmeiinanseuaniion uay nzia isolates 535462 LAy 65R471 anusnavaneaayils
vialleniu wazgandn isolate du luvaisdidlefidensd 65Ra71  fiuszavSaimgeanlunis
azaneean egnslsiny Tuanngifinnuaisaveslanzyiin mwaunsalunisazans
Woamuasnuaileyn isolates dleanasainanizund Alaifilaveniin eniiu isolates
25R463 Waz27RER? finzilsifinasonnuaninsasanslunisazate phosphate v8auunATiae
(U7t 4.19) oty arausndslunisazasrleamnvesuuaiidelailddudiuan pH vasewns T

a

F1aedl (5U7 4.15 A) vide luifllavigmin (g‘dﬁ 4.15 B-D ) Inef pH v8101%157 inoculate #e

U

uwsiay isolate dfAeudndlnaiAgeiufeysEim 5-6 (U7 4.15)

25
cd d

?

:
ab

o [Pongtl . ko

- w kL ik

1RER2 25R463 27RER2  39SHR 535462 65R471
Bacteria

20

15 4

Phosphate concentration (mg/l)

Control 0.5mMCd m25mMPb m5.0 mMZn

CY

JUN 4.13  anuaiansaveswuaiiselunisazateeannielaaniisinaulanendn nsl

[y

Ly tuilanenidn vie Nllaneninsdafeinunilonwsn1eiu JA1A21u

[y

upnsinseg1siited Ay (p < 0.05)
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c
T b
5 - b
B9 i
0 i
1RER2 25R463 27RER2 39SHR 535462 65R471
Bacteria

Phosphate concentration (mg/I)

Control m0.5mMCd m25mMPb m5.0 mMZn

UM 4.14 anwanansaveswuaiiselunsazaieneamnniglianiieinaulavevdn lagnsm

[ 1

LYNUDILFAAY isolate  VBILUATILSNADNYIANAULAIAINULANAIIDE193

Y Y

WgdAgy (p < 0.05)

(A)

25 8
= / T
D

20
£ - 6
c
2
S 15 - r o
€
g -4
5
8 10 -3
T
= -2
g5
o -1

0 n T T T T T T 0

1RER2 25R463 27RER2  39SHR 535462  65R471 uninoculate
Bacteria

mmm control == pH
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&

Bacteria

w05 MM Cd  =fll=pH

o

M~ [(e] Yol <t (s2] N — o
1 1 1 1 1 1
T T
[eo} © <t N o © © < N o
— — — — —

(1/6w) uoneauaduod sreydsoy d

65R471 uninoculate

25R463 27RER2  39SHR 535462

1RER2

Bacteria

w25 MM Pb  =f=pH
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(D)

. 3.5 5.35
g 3 - 53
c
.g 25 | 505
g 2 -
c - 5.2
% 15 - e
8 - 5.15
g 17
= | - 5.1
§_ 0.5
é 0 - 5.05
& QQ' @'
b S Ng X o
\“9 > N S 5 G% . &o&
Q
S
Bacteria

s 5.0 MM Zn == pH

JUN 4.15 anuduiiusseninaleamawazanulunsn-nne luannziinaulanentingeg (A)

=

AIUAY (B) wAnleal (C) nem wag (D) dany

4.2.4 n15uan ACC deaminase

A15ANYININTSUVDY ACC deaminase (Penrose and Glick, 2003) ns¥vinlaani
USunas O —ketobutyrate masl,éfamwma@mﬂﬁml,mﬁ 540 ULULUAT WANTSANEN (gﬂﬁ
4.16) NUIMUATIS e anuRENNNsaass ACC deaminase lluanziiliflavenidn wazly
anmzfilavenin wuafidenamundindannsaadns ACC deaminase 18 sniuluaninyi
nawandey 7l isolate Taanansald ACC Wuwnasduinues nitrogen (allduandlunsn)
Tuannginaudsnsd (3UAl 4.16)  iudn wuaiiiBeiiaonuannsalunisains ACC deaminase
Beadiuannunnldioesilfie 27RER2 > 1RER2 > 25R463 > 65RA71, 535462, uaw 39SHR
FeflAwes ACC deaminase Usyuna 8,671, 6,812, 1,651 wagUszurad 52 pmol/hr/mg
auddu luanneiinaunyia isolate vewuafidoiidnidentitmunlifinnuunnsiiswes
n13a31s ACC deaminase (5Uf 4.16)3U1 4.17 uansdinin isolates 39SHR way 65RA71 3
AINANNS0E5S ACC deaminase danas ifiefinyfuazdnzd ua isolate 1RER2, 25R463,
uay 27RER2 flenuanansnadne ACC deaminase léastuneldiannvesdengd Tuvnei

neialifinansenusionisasausiatdle (3UN 4.17)
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10000 - d

D
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£ 8000 - c
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S 6000 -

a

£ 4000 -

5 b

g 2000 - b ¢ ¢
) aa aai - a aa a?a a a
O 0 R — — - p— —
< T T T T 1

1RER2 25R463 27RER2  39SHR 535462  65R471
Bacteria

Control mPb mZn

JUN 4.16 anuaunsaveswuaiiseluasne ACC deaminase aeldanizinaslanewiin

o [y =

As1uvienluilangnidn w3s AllansninviaLfeINUNlsnwsA19TL JA1AY

o w

upnsinseg1sitedAey (p < 0.05)
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8000 -
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b c
a T
aa aai T a aa b Ca Ea

0 — . T — - .

1RER2 25R463 27RER2  39SHR 535462  65R471
Bacteria

2000

4T

ACC deaminase pmol/hr/mg

Control mPb mZn

JUN 4.17  avwanansavedwuaiiiseluasne ACC deaminase anglaanniziinalavgniin

= (% 1

TRgNIINLYI9UDILAAY isolate YBILUATIBENTDNWIANAUTA1AINULANFI9DE 19T

CY Y

gdAgy (p < 0.05)
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4.3 m3fadan PGPR fianunsanusdeamaduivvasuandion aznn uasdinzdgauasssy

2¥ia PGPR NiAALABN
4.3.1 NISNAFBUAINNUNIUABLANLIUN

AINANSANWIAINUANNITNVDILUATILIENARLADN V19 6 THA A 1RER2 25R463

27RER2 39SHR 535462 wag 65RA71 lunisnuselaveniniia 3 vila fe uaawlon nzia uay

2 a

dangd warmenunalumanududuigavodlansninfiaiunsadudinisiasey (minimum

inhibitory concentration; MIC) wulwuaATIlsevs 6 ¥8a fAuaiunsalunsnune v

v A

wanidleuteugn sosanAe A wazaunsanudedinzdlauiniian daden MIC dwmsu

wARLTEY MTAD LaTEINe@0g7Ya9 0.5-3.5, 3-9 kay 5-10 mM aua1eu M157197 4.2) lag

Y

isolate 65R471 HAuaINnsaasaalunsnusionaniey (MIC = 3.5 mM) isolate  25R463

uay 27RER2 anunsanusienzaligaiian (MIC = 9 mM) Tuvaedl 1RER2, 27RER2, 39SHR

WAL 535462 AUNTONUADAINTA LA AIEARALIPLALNAUDY 10 MM (A151971 4.2)

Y 9

a o I a o
A1919N 4.2 ﬂ'}']llﬁ’]ll']iﬂGU@QLLUﬂV]LiﬂFLUﬂqiﬂum@WUmaﬂiaﬁgﬁ‘Uﬂ

Bacteria MIC (mM)
Cd Pb Zn
1RER2 1 3 10
25R463 3 9 5
27RER2 0.5 9 10
39SHR 0.5 3 10
535462 1 5 10

65R471 3.5 7 5
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= [

4.3.2 nsseyviiavasiuaiiisenfAniaen

msszyvilavesuuaiiie PGPR Aidaidentd 6 wiln uenanmsfigaymedagiu
Ieudr sdfedldimanaaeumetugnass Taeld 165 DNA faude TneEudu gainwun
484 165 rDNA vauadnvinldannufinien PCR (165 rDNA PCR amplification product) wae
Budumen1smafulua (sequence) ¥09 PCR amplicon (gene product ﬁiﬁﬁ]’mﬂaﬂ%m
PCR) a1umen15¥1 165 rDNA sequence analysis Imai‘ii’gm%’azga GeneBank (GeneBank
database) lomlauuaiiSeffinuaenados (homology) Iﬂé'l,ﬁmﬁqﬂﬁ’u 165 rDNA

v
sequence '1/|VLG]

[ =

HANSANYIAN BUEIUTIUATAN BAUEN NN MTBIMUATISE N3 6 FlA WUT

a a g.JI a < a a a v [~4 1 =] v 6 a
wUATISENY 6 sRaduLuAIBERNTUAY Janwauelulyiansinszuan Lifinnsaseauas ludl
ASLPADUNIUBIMNSLALNTD kaziiNN5A319 catalase Warasna oxidase (8AU 27RER2 WAy
39SHR Ailaiadns oxidase) 25R463 1Hulilen isolate Wgaiausaas1siouley tryptophanase
wara@ane tryptophan tim indole 19 1RER2 way 535462 1w oxidative luweaugd isolate du
Ju fermentative lun1s metablize slucose Tu O-F test usnaINiiu Lﬁa‘U‘VJﬂ isolates
a11150 reduce nitrate b9 Thilga 27RER2 way 39SHR fluaunseadrseulasl nitrate

reductase (115199 4.3 WaLA1S19N 4.4)

YUINYDY 16S rDNA ¥89 PCR amplification product ¥89 PGPR W 6 isolates
LLﬁﬂﬂiugﬂ‘ﬁl 4.18 Fauanain 165 rDNA PCR product ldwesii 6 isolates fiAlnddeaiu fe
agjﬁﬂszmm 1,500 bp @UNANITWITZAUNITLIENFIVOIAIRULUE (sequence) U838U LAz Na
Mnmsleneifleuiugiudeya GeneBank wuiwis 6 isolates 1RER2, 25RA63, 27RER,
39SHR, 535462, and 65R471 dAudanAdasvsalnameany Arthrobacter sp, Aeromonas
sp, Arthrobacter sp, Microbacterium sp, Pseudomonas sp Way Pseudomonas sp
muddunniign Tasuisdruvesdiduues 165 IDNA ¥8d 1RER2 (1456 bp) dauaenndes
Sosay 95 fiu Arthrobacter sp EH66, 25R463 (1716 bp) finnuaenndediosas 99 U
Aeromonas sp CECT7082, 27RER2 (1578 bp) fimudennaassosay 97 AU Arthrobacter
sp MTR44, 39SHR (1422bp) imudennasssesas 98 AU Microbacterium paraoxydans
strain M2, 535462 (1722 bp) inudennasssevay 98 fiu Pseudomonas sp. GBAT38, waz

65RA71 (1714 bp) SAuaenndasdesas 99 fu Pseudomonas sp.J3121 (AN51991 4.5)
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A1319% 4.3 dugIuInevekuaniseuday isolate NARALREN

sUsuazanwazadialaiuuatmsule TSA

lsolate | jUsrewed | doudnd
AU

1RER2 Rod Positive White, Circular,
Entire, Smooth,
Convex

25R463 Rod Negative White , Circular,
Entire, Smooth,
Umbonate

27RER2 Rod Positive White, Circular,
Entire, Smooth,
Convex

39SHR Rod Positive Yellow, Circular,
Entire, Smooth,
Convex

535462 Rod Negative White, Circular,

Entire, Smooth,

Umbonate
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lsolate | jUsrewad | doudnd
AU
65R471 Rod Negative White, Circular,

Entire, Smooth,

Convex

sUMuazanuaizvadlalatiuuemmsuds TSA

A5199 4.4 WEANANISNAFBUANWUENIITUATIVEY PGPR N1A9LAeN

Characteristics 1RER2 25R463 | 27RER2 39SHR 535462 | 65R471
Catalase + + + + + +
Oxidase + + - - + +

TSI NC/K A/K A/A NC/K K/K K/K
H,S-,¢e- H,S-,9+ H,S-,¢- H,S-,¢- H,S-,¢- H,S-,¢-
Lysine Purple(+) | Yellow(-) | Purple(+) | Purple(+) | Purple(+) | Purple(+)
Simmon’s Citrate | Green(-) | Blue(+) | Green(-) | Green(-) | Blue(+) | Blue(+)
Motile in media - - - - - -
Indole Yellow (-) | Pink(+) | Yellow(-) | Yellow(-) | Yellow(-) | Yellow(-)
MR-VP /- -/+ +/+ /- -/~ -/~




M9797 4.4 (Re)
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Characteristics

1RER2

25R463

27RER2 | 39SHR | 535462 | 65R471
O-F test Oxi Fer Fer Fer Oxi NGF
LST (gas) _ _ _ _ _ -
Nitrate reduction Pink Pink Clear/ Clear/ Pink Pink
Pink Pink

TSI (Triple Sugar Iron Agar): NC/K = no change slant/alkaline bottom, A/K = acid
slant/alkaline bottom, K/K = alkaline slant/alkaline bottom, g = gas

MR-VP (Methyl Red-Voges Proskauer), O-F test (Oxidative-Fermentative test): Oxi =

oxidative, Fer= fermentative, LST (Lauryl sulphate tryptose broth

gﬂﬁ 4.18 waangvesUin3en PCR (lane M = marker, A = 1RER2, B = 25R463,

C =27RER2, D = 39SHR, E = 535462 ag F = 65R471)
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A15197 4.5 NS ILUNVRAVDILUATILSY

Strain Closest described relative Accession No bp %Similarity
1RER2  Arthrobacter sp. EH66 GU339291.1 1456 95
25R463  Aeromonas tacta CECT7082 HQ832416.1 1716 99
27RER2  Arthrobacter sp MTR-44 EU034524.1 1578 97
39SHR  Microbacterium paraoxydans strain M2 EU714377 1422 98
535462  Pseudomonas plecoglossicida GBAT38  HM209783.1 1722 98
65R471  Pseudomonas putida J3121 EF203210.1 1714 99

4.4 wan1adauaNlIfeeIUfTIuzuas PGPR NiAALaan

nsnaaauA1dla (sensitivity)  %38f8 (resistance) Ao UHTIUEUTEIUMN

[ ¢ . 1 p S A as
Laum@uaﬂmwanﬂa (inhibition zone) SBULLNU disk ‘1/1Lﬂa@Uﬂﬂﬂgmuwmmmgm%ﬂ

NCCLS

HANISNARBUNUTN 919 6 isolates U84 PGPR  #ifimdansanae1Ufdiug colistin

sulphate @qu isolate 27RER2 fimaulineenUfTiuzineunanuniivagau (snidy colistin

sulphate) Tuvaigiing isolates 535462 wag 65R471 AeseynUfTruzfinaaeuiiounismun

gniiuiinnsegseninmaliuagniime (intermediate) fo neomycin (AN5197 4.6)
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s

M19199 4.6 n1anagauaU e U TIuzvINgd PGPR LuATisEAnLAaN

wurhAugnanevas inhibition zone (mm) vYasusiag isolate
g1 AL Ysuau

(AB) AB (ug) 1RER2 | 25R463 | 27TRER2 | 39SHR | 535462 65R471
Chloramphenicol 30 a7 (s) | 30(5) 52(5) | 21() | 14(R) 10 (R)
Erythromycin 15 a8 (s) | 30(5) 52(S) | 45(S) | NZ(R) NZ (R)
Streptomycin 10 22 (1) 18 (1) 28(S) | 22() 12 (R) 11 (R)
Neomycin 30 210() | NZR) | 27(S) | 23() 18 (1) 18 (1)
Colistin sulphate 10 10(R) | NZR) | NZ(R) | NZ(R) | 11(R) 7 (R)
Tetrycycline 30 16 (1) 18 (1) 22() | 10(R) | NZ(R) 7(R)

NZ = no clear zone, R = resistance, | = intermediate, and S = susceptibility.

4.5 wavas PGPR NfnLdanfan1siasaiula wazn1saadulansninuaengjiuin
4.5.1 Havas PGPR siansaadulanzuiinvameiiudnly axenic culture

MIATINABUATINANNINYEY PGPR Tidmudanits 6 isolates lunisdaaiunis
WIguan1sgaduretlangvtinvesngnuUitn nszinnsnaaadluvauin lagiden ecotype
a5 ionil (ST) usunuvewmeuedngu (V. zizanioides) uay ecotype 193 (RC) 1Uu
Funuvemeuinaeu (V. nemoralis) hudewu donldanznismageuduiuy axenic
culture WanIARINUILANG (ST) ansnsnazauuanilon azi wagdengdlifidusnls
anddngen uarnsldsuuuaiide PGPR lildeniidvinaednuusresnisazalaziinia
3 wlind1egiidiusn vie drusenuinninfu (GUA 4.19  A-O) ngurnguaansaazay
wandewldsniveulnaen N3 inoculate isolate 65RA71 @nansaifiunsazauuandey
Tundusnduliigetuognaiitiodrdy (o< 0.05) TnswAsunisazanandrusnlgeen (U7

4.19 A) weag13lsAniu N1 inoculate PGPR ¥84 isolate Mwdalilaiuusednsnimeueanis

'
v a

avauwAnllen (FUN 4.19 A) wudeaiuiuiyn isolates ¥es PGPR laiidnSwasionisasay
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dang@lunaudnguusiegnsle WewisuiungumuauililduuaiiFe Uil 4.19 O fideu
danedn N3 inoculate 65R471 Prelimagurnauaunsaazandansdlaaandinis inoculate
§e isolate dufimdesssiivedifey (o < 0.05) (gﬂ‘ﬁ 4.19 O) dwsunisavaungia N3
inoculate #e PGPR %0 isolates fidnidenaunsnannisavaunyinlfegsditivddn (o <
0.05) Woiflsuiunguaruuilildsuuuadite sniulunsdlues 535462 il isolate e

Tainunisnansenumensiasuklasnisasauueansnikaagnala (U 4.19 B)

Y

o [

dwiuwdnaey (RO awnsaazauuanilenisnldgniidiugen uaza1unsn

Y o aa o ' 129 = M Yo = a
avaunzMuardeingdndingonuinnindiusn liinaglasu vislilasu PGPR wuafise uaz
Judnwauziuil wiloutunualunn isolates woswuafiise (3UN 4.19 A-C) 113 inoculate
isolates 1RER2  way 65R471 Yreduasunisazauuandenliinduniinguaivauilalasu

a a I AV o W A A A A R | a
wuafiSgegraliladday (p< 0.05) luvaed isolates dunmae lllavioduasunisazauves
wanLileuusiagla (SUN 4.19 A) dmsumsavaunzni wudiinanadgiuwingy Aunumn
isolates 984 PGPR iAnLdenaunsaannisazaunsialiedslitoddny Walilsuiunguaiuny
(p <0.05) (5U# 4.19 B) Tumansaiutny A3 inoculate PGPR 91 isolates luuinaauanuise
duasunisazandinsdliiinduegaiidedifgy Weeuiunguaiuauilulasuwueiise (p
<0.05) lpglanie isolates 1RER2 wag 39SHR fidnannnisazaudengdsiatu (TAR) lagean
(5U# 4.19 Q)

5000
4500 b b
4000
3500
3000
2500
2000
1500 -

1000 -
o 1a - a i 1I_
ST

ST RC ST RC ST RC RC ST RC ST RC

¢d concentratipn (mg/kg)

control 1RER2 27RER2 39SHR 535462 65R471

M Cd Root Cd Shoot
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o 18000 9
g 14000 B
E 12000
é 10000
£ 8000
=
E 6000
§ 4000 -
a 2000 . . I
o
0 - -
RC | ST ‘ RC ‘ ST | RC
control 1RER2 27RER2 395HR 535462 65R471 ‘
M Pb Root Pb Shoot
__ 1200
& b b b
3 1000 b b
E b
=~ 800
E ab
- a
E 600 a 4 a
g 400
:
=
R B l l i
ST | RC | ST | RC | ST RC‘ST
control | 1RER2 27RER2 |  39SHR 535462 65R471
BZn Root ™ Zn Shoot

Ul 419 msavanlavieninueaudngy (ST) - uasurnnou (RT) Alllédu vie 165y
PGPR Fifmiden Wiawasgluemsniiuandlon (A) aeia (B) way daned ()
ns1uvisTetecotype WenfuremaudnAifisnussstuiduwnnanstuedne

NledAgy (p <0.05)

4.5.2 n139g393 (colonization) ¥a9 PGPR Tumigduen

o . 8 | . a v
A8NAINT inoculate 1x10° CFU/mL vpakmay isolate 989 PGPR gy eln (V.
nemoralis; 51%U3 ecotype) tJuiaan 15 Tu 115 colonization vadwuaTieidusn gn

asiageuLarseuduat  log vesduiulalalinensutudnuiaressin (log  colony
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forming unit /gram dry weight; log CFU/g DW) wagn1siaseyvosneinUseidiudis Usunu
chlorophyll a, chlorophyll b wag Usuad chlorophyll 573 9898Ugen NaN1INAADIIU
M13199 4.7 uanedn 9N isolates Y04 PGPR fifALGON @1311509859U Y38 colonize 151nv84

=

neuinle 1ne isolates 535462 wag 65RA71 fimuaiusaviaisuiulunis colonize 1910

1 =

yosmausngsgn FsdiAnwes log CFU/g DW 8l 9.26 = 0.16 wag 9.12 +0.25 auandu @

gen71 isolates Susgnafifudrfny (p< 0.05) isolates Buflwdeiian log CFU/g DW TndiAes
fu AofiANdaus 7.68-8.17  @amu18ANIN@INNSANTIaNY isolates 535462 way 65RAT1
1NN isolates Buidadaus 10-100 Wi (115199 4.7) g‘dﬁ 4.20 uansguUnneves PGPR s
av isolate 7 colonize #isnvewmguln 8189INNA099aN33MIBIAAATIULUUADINTIA
(scanning electron microscope) uenNtu nansnaaedlunseil 4.7 SRdain isolate

65RA71 @U1TOLTINITAI YV IMNNLARNIN isolates BU LWT1zWsUTUNL chlorophyll $33

(%
aa

, chlorophyll a wag chlorophyll b vasdIuERAYBIE AN inoculate fae isolate UilAN
gandannuly isolates dusgalladny (p< 0.05) Ml LinuANUUANAINVDINITATY VDS

drurenlunguNni inoculate A28 PGPR 8n 5 isolates 7itide
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Ul 20 wanInENINNARBIdARTEULUUABINTIATEINTOETIMNYBY PGPR WuATiISE (A)
RER2, (B) 25R463, (C) 27RER2, (D) 39SHR, (E) 535462 wa (F) 65R47 7151284 V.

nemoralis (RC ecotype)

AN 4.7 uansUsinaes PGPR Lualseivusalarewinuazaingn colonize NTINU0IMEN

wiln wazuanIUIanas chlorophyll Y89 .

Chlorophyll content (mg/g FW)

Isolate Log CFU/g DW Chla Chlb Total chl

1RER2 7.75+0.1° 0.29+0.17° 0.09+0.06° 0.39+0.23°
25RA63 7.68+0.78° 0.26+0.07° 0.09+0.02° 0.35+0.10°
27RER2 7.97+0.53" 0.33+0.13" 0.11+0.04" 0.45+0.18"
39SHR 8.17+0.11° 0.23+0.15 0.08+0.003" 0.3240.01"
535462 9.2640.16" 0.15+0.10° 0.05+0.04° 0.2140.14%
65RA71 9.1240.25" 0.40+0.29° 0.14+0.09° 0.54+0.39"

Chl = chlorophyll
4.5.3 #Av PGPR sion1sisayiarnisaadulavientinainiuveamvigjiuen

NnMsAuia sandy loam Ansdunse-a1e 7.8, EC 2.79 dS/m, total N
0.07%, total P 200 me/kg waz total K 2000 me/ke. (Funisiesinteuds) Alildde

wuAniSe (NgumIuaw) watldiouuniisy (ndumaaed) ¥iln 535462 wae 65R4T1 uazdme)
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'
a0 1

wiln i V. nemoralis snugnlunsearswanadiniisnumssnideud iaganiusuuasgavaaes
udwhnswaslaveniin fo uaadlon (33.57 Hadnsusedlaniu) Az (574.47 fadn3usie
Alansu) uazdangd (238.90 fednsusenlanty) adufusmiy quasntndune 30 Yu wa
n15MARDY (JUT 4.21 uazns1edl 4.8) wulmslddeuuniie PGPR isolates 65RA71 way
535462 ansafiunisavauennzdangdlunguln V. nemoralis wilaifnalunisavauns i
wazannsazasuandon WonSsuifisuiuynmunuiilildlddouuaiie (suil 4.22) edls
finnu mslduuadiSeluyanmaesinaslanemiinanusaiiuUnanaslsiiadsaslungusale
oeaiifediy Tnsameluvgudnd inoculate #e 535462  fnsuiunis chlorphoyll a
waz b ogelitedify (p< 0.05) Useaa 24% uay 29% AINEIRU Lﬁam‘%amﬁauﬁum
AuAL dhumausnil inoculate ¢y 65R471 Fn15iiial chlorophyll a MNNguAIUANELFDY
58% wildunsifinanie chlorophyll a windy ws1zUsHes chlorophyll b suaqmjmslﬂﬁ
1650 65Ra71 Tunduil nduTiFanasUszanm 13% (p< 0.05) WANSANWIANLEINIOTUNTS
audedlaventinainiingeen wuddn translocation factor wse TF dwiudeinedlungy
muauimgsniingumaassitlafunuafie PGPR 1nn Taod1 TF vesdsnz@lunguaunuil
Ju 11 wih uaz 28 wih (nedszan) mamejumamﬁ%ﬂ%a 535462 uag 65RA71 Aua1RU
oehdlsfinu A1 TF vesuandloulunguilldide 65Ra71 fAgendnguatuau Uszanauneu 6

Wi (915199 4.9)

JUT 4.21 Anwaunsaves V. zizanioides lumsazalavenin lunsalvesnguauauilil
ldwauwunailse (A) nauveaesiilddowuaiisesiin 535462 (B) way ldive
wuAfiSevtla 65R471 (C)
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535462 65R471 Control

Heavy metal concentration
(mg/kg)

mroot = shoot

JUN 4.22 awanunsaveswuailelunisdueasunisazaulavevinlunauln V.nemoralis

Y

TnediAAuLana19eE19itsdIAny (p < 0.05) mustinvedlangnin
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uni 5

3150INANITNAAD

1
P

NANSZNUNSYIULa Iy lmAnn s ulauvadansutinluaniizindonduidu

o w

Jeymdreluseauning AUNINenAIansinudIf ke SIuTILUINILA LY rIfINaNn

o o o o
(%

AoedlvisuszAnsnniazUsydnsna dnanguintanlenglunisan n1sdie nsgevaans

Y] d' v ] a v & ad = o i = [

wazn1slesiunisindeudevedaneninlufu duiluisniiimungay Weniinuaua)
IS a a =

MuAsEgie wazliuszdnSaind (Sekhar et al., 2005; Fischerova et al., 2006). 8e13lsinu

Yymnisiasaiula it wazdusuramamassiisluusinanluleusiglansuidnidu

'
a

Padnfind1Andavesnsiiiiiovitn wag urusanludeu (Kumar et al., 1995; Burd
et al., 2000) yisilonailonAuivsunusIne s vaaLeaNaNysal daaudunsa-
Aage sanadilaveninivudeuludSnags dninemansdslamuwimadlulagldngs
aa A a a A = [y . . . =
LUANLIENAAFIUNITLATYVBINDY L38NTINNU plant growth promoting rhizobacteria %138

PGPR unuszandldlunsiiuysednsnnvamgnuintn Ineduasunisasydivlaveiialy

¥
Ay a & o

Unadifimsvuteu ddu Tasain19ided SevhmsdmdenuuaiiGondgy PGPRs anUTian
USmuasdudans vnvw) fuudeudsuanidien weldlduuediSondy PGPR fianunsn
nusofivlangnidn arunsamsigliluvinuivuleu warliguandilunisduaiunis
Wigdulaesiia Wiethudszndldfmfufislumaguinga Sdasenst Bonldvaun
Iﬂ&l%ﬂy’mduhmmjm (V. zizanioides) waznejudnneu (V nemoralis) \udivnaasduisnis
nangquirdaiietdalavenin insevdudnidufinvosdiuluuseimalne uasduialy
Imqmswwawm"ﬁﬁiﬁwuay%’ﬂﬁauuazﬁwaq'ué‘g v uinTlania TR Munzan nziaey
¥srmi5r fSnndadn aunsageduléae wuwds sunmedin waransaaigldudlunne
ﬁaumﬂmmqmmugid warfiddy nedisneaudn mfjflLLsJﬂam'ﬁaﬁ']%’ﬂIauwﬁﬂﬁUuﬁ’]au
Tuiu vdded Soinsadadauenuuaiidondy PGPR fanusawilddluuinadivudion
shelanguiin ilensiaseunINaansaveInguPGPR Adaidenls lunsdaadunisiale uas
mi@m%’u‘lawwiﬂ%qmﬁﬂLwJﬂﬁLﬂ%miuaﬂﬂa3mé’amﬁﬂmﬁauﬁ’aaiawzwﬁfﬂiuﬂ%mmqa !

Junsuszgndld PGPR ieiinuszansnmuazUseavsnavaanislavgurnnisngnuinte

Y
=

Wiennsaruusnumluieulaventinlviauysaldad

=

wuAfSenguusielanentn iAo lAANHUNIVRIUTEMNILASBURANT (Urvw)

Jaiamin Aassaaselalu 50 me/ke wandlounnadlue msavude 3 sliadianun
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safuldt 521 Talall uilddnidonuuaiiieliifies 6 isolates AifinaautAves PGPR Tuinasid
ffe 1RER2, 25R463, 27RER2, 39SHR, 535462 Way 65R471 %qwamﬂmsmwaawﬁmm
wuAfi3erananienin anautiniaduad wagnaRugnIsuaINnITh 165 rDNA gene
sequencing g phylogenetic analysis WU’J"]V?Q 6 isolates \uuuATiSaLATUUIN 50% WN
suaU 50% f5Usnaluumis (rod shape) ¥n isolates uaziluuupdiiselungu Pseudomonas
sp., Aeromonas sp, Arthrobacter sp Wag Microbacterium sp. FaaeandesfuiAdeiing
SauNAeLIN ngY rhizobacteria fianunsadaaiunsisigesividauenainiu snogly
genera ¥8Y Pseudomonas, Enterobacter, Aeromonas, Bacillus, Wa¢ Agrobacterium
(Aarab et al., 2015; Bumunang and Bahalola., 2014; Lucy et al.,, 2014; Pindi et al., 2014,
Zahid et al, 2015) \fesnilsenuiiinsussgndlduuaiifondy PGPR wnduaiuns
Lﬁ]’%auJLauimsumﬁﬂuﬁuﬁ%wuL%Jaué”ssﬂamwﬁfﬂ (Abou-Shanab et al., 2003; Idris et al.,
2004; Khan, 2005; Sheng and Xia, 2006) 1113%8ii391i1 PGPR s 6 isolates fifmdents an
Anwnansenuveslanzninge PGP traits ¥4 isolates lnaAnwinavodlanguinsonisaing
IAA, GA, hydroxymate, pyrocatechol, Wag n15azalgvad phosphate mMs3sedddeindu
nMsdeusnilianuddnlunisdnuraveslangvdndenisaiieansiidy PGP traits ves
wuafise els isolate vouuATiSefidsasine PGP traits ligeneldmiuaiosvadlans
wiin Serpuiun@nuinares PGPR Tidaidendeusyansainvesnisiidalanenindeve

Wi (V. zizanioides was V. nemoralis)

a1 ¥

msfinwmansznuvedandion azia wardnegddenisadng siderophores W 2 in
fie hydroxymate uwar catecholate wuiuuaTiSefidnidentis 6 isolatesanunsaasn
siderophores 19’1"171’5& 2 vinfe catecholate Wwag hydroxymate Tngluanmezfiliilanewiin
Usinaunsadns  hydroxymate  lfnsaus 0.003-0.018  mg/l  lusaefiudanainisane
catecholate flAndaus 0.007-0.022 me/l Jsdonndestunisvnaewes Ma waz Freitas
(2009) 71891431 PGPR wupfiSeanunsnadaldns catecholate uaz hydroxymate us Ma
uay Freitas $1897UINUINIUN58519 catecholate HAM1AAT1 hydroxymate siderophores
LazuuATiSuas0ade catecholate wutunmeldannzamnuedonanlaventin  fudu
nstnivesandeuvinbwuailselungy Pseudomonas aeruginosa strain KUCd1 @31
oyoverdin siderophore sty danaliuuaiiiuanunsanuseiivveawaniledlusedugalans
8 mM (Sinha waz Mukherjee, 2008) Tusudseil wuin meldmnnaseavenzia isolates
vowvAfideifouiomn (endu 1RER2) grdnthliadns hydroxymate ganiingumiugu
vanewii (p< 0.05) (UM 4.9) Tuvauzfiuandionuasdanzdanansadnils isolates 39SHR

way 535462 @¥19 catecholate TliLAL (FUN 4.6) ailanAdusnnunefatuayunaves
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NI Ananslangndnannsatnuili PGPR @319 siderophore TiNTU A951891U83

a a v A

Alexander way Zuberer, (1991) YINUINLAAIENEIUNTOYMBUATISENIAALEBNES19

'
[

siderophores 1@1’@&%‘14& 56-140 mg/l  Tuvaeidingdninananisasng pyoverdine
siderophore 1u P. aeruginosa \iuriu Beluninthy daneadanusaniiunisadng siderophore
pyochelin  Tuwupiiiseuiln Azotobacter vinelandii (Cornish taz Page, 2000) % Dimkpa
et al. (2008) laeSuneisdnsnavedlaveninlunsnsedu Streptomyces sp. TR ANNTa3
siderophore inuAgadasnsuesiuiu siderophore vasdesuradlansuiin dwaliiindoou
Sasvveundniinty uuefiBessndudoniiunsadis siderophore fieduiudesudassuas
Nt uTues

NSNAADUNAVDILANLUNABNITAS19TDT LUUNY nuluan e luilanemin

al

535462 uay 65R471 dmnuanansaviaiieniulunisaina GA figandi isolates B9 (§UA 4.7)
uiluanmgilangmiin wifn isolates o9 PGPR fsasenuannsalunisaitssesluuiiy GA
uAUTInves GA Tdransiniinguauasmn isolates LU 25R463 Ll isolate Ll
anunsoad GA Iitudlefuanifion aedh wordansd (3UA 4.8) lunsdlvesseslun 1AA
wuuupfiSeiidadontta 6 isolates dmuannsalumsadte 1M seluanmsiduayld
tryptophan (gﬂ‘ﬁ 8.7-4.9) warmsadne IAA aiiutununstnihwesUSinas tryptophan
qﬂ?ﬁu TneUsunauves IAA luan1zfidl tryptophan ﬁmqaﬂdﬂuamazﬁlﬂﬁ tryptophan
nan1saaesiigonadesuntsaaees Zaidi et al. (2006) FenuinuaiiSeaansaadn
IAA I8y 55 pe/ml luan1iedidl tryptophan, waz 21 pg/ml Tuan1aziilaid tryptophan
vquedi Thakuria et al. (2004) s1891uMUATISBaINS0a53 IAA Tugassening 2.0 4 21.6
mg/l Taedunltilumsasne 1AA I¥astuluanniedidl Ltryptophan g@¢  wazn1mmaaesod
Wani et al. (2007) ieauiuaiiFesiia Bacillus strains PSB 1, PSB 7, Wag PSB 10
aunsnase 1AA 190 19.3, 17.7, way 17.4 pg/ml mIuaIny Tuangfinnmsuuieuves
wanileuuazaziauaranzuindendl tryptophan wuaiildevi 6 isolates Midaidents duns
auanansalunsaine 1AA Tluuinadigs Tasiams isolates 25R463, 39SHR, 535462 way
65RA71 flannsnadne 1M Tifutuannaueueuitlifllanewinednedidedfey (o< 0.05)
oAty isolate 535462 Woognelduanidion Alildifinnisains 1A uiAdsasauannsaly
msae IAA  geimuendunguenuRu (GUA 4.10) lumeessiudy Tuanmegilill
tryptophan  N15a379 IAA waafiauyn isolates ﬁﬂ'waﬂaaLﬁaagﬂuamwﬁﬁimwﬁﬂ (gﬂﬁ
4.12) Fwmsaufisnenulag Dimkpa et al. (2008) wag Wani et al. (2007) Fasnenunsan

n1vase 1AA AneldaneAinsILANUTNTUUDY chromium a819l5AnNY Nan1saadly
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et lensiaaavannenonainn1sas19ansusenauldedausening IAA wazlavieundn

(Oota wag Tsudzuki, 1971) supvdwHalviUTuMYes IAA lusudassilmanas

ogalsfimu ulanuannsalunisa¥ns 1AA ves PGPR fidmudonagiirnanacilons
aelfannziefonanlaveniin uinudnuazvsuafiBefannsaaing 1A Tuanneilid
tryptophan fanudfada wszdndusenisussgndldlunmsmeassnirauiy wienisldau
933U nuidn wseluanmeiiinsludewvedansmin vie vafveu NS4V
fiwuazni1adng auxin w50a15619 9 98139n15193QUSIIM root  exudates ngniin
duiilosananudufiveeslansndn wie uafivdu saundendyfulymnsuiauaay
ANQANANYTIVRIAY anduiivieulnsudmaliun vie fusuna tryptophan Tufush
Fothu PGPR Tianunsoadne 1AA valuannieiid uas 1aifl tryptophan Jadunndnvuzduiis

UszasAlumangnuinin

nsfnwmansznuvedlaneninsonisazarvaannsiainlaen1sinuSuuues
Weaunitazaneld (soluble phosphate) ﬁgﬂwé’ﬂaaﬂémmﬂgau%a duilosannnistnuli
WAAN15azaI8veq tri-calcium phosphate TngWUAYLEY NANITNAADS ('gﬂﬁ 4.14) wudﬂuﬂfju
A (Lifllavigwiin) uuafiSeris 6 isolates annsnazanseamnldinnnifluanioedis

o

lavgniin wallteurdunndn AmandaunsalunisazaeneannvesngualuanluauIfedl

' |
=< a 1 o

A1 8.2-20.4 mg/L (Ul 4.13-4.19) Fefidnhilsesulasnuidedu Vel eraferdpaituen
audunse-mdluemnsiasadefifiduansaiu Rajkumar Wag Freitas (2008) 518471177
WUAILSY Pseudomonas sp. PsM6 wag PjM15 danuaiunsalunisazaeneaavingu 7.11
+ 3.26 Uay 88.67 + 4.46 mg/l, @ua1du Wani et al. (2007) s1891u Uy Bacillus
strains @nsaazaeeawnla 375 (PSB 1), 340 (PSB 7), uagz 379 (PSB 10) ug/ml Tuems
{Ae9dle Pikovskaya broth filiinaslasifion wagluannyiiilasidies 150 ug/ml Auanunsa
Tunsazanenealnidianas 17% (PSB 1), 15% (PSB 7), wae 9% (PSB 10) iawlSeuiien
funduatuay Bedifoyaduuyn mnuansalunsazarereamniauiutulumed pH lu
o1nsiliandias Fuldesannifinnismds organic acid o113 uendNtu Zaidi et al
(2006) TwUILUATSerdn PS-1 eiinnstanUdesuiunaneanaiiazaneld 120
ug/ml dwalsian pH Tuesmsanaswiufiannai pH 7.5 1u 4.8 Jsnanaleinnisidu PGPR Tu
AufiviasinensweaiayilasnsaUulaunmAulifinTin phosphate lalngld
PGPR fanianslunisazats phosphate sizlneilumsasyvesuuaiizedmile pH

Tuanmzuindouanas
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PNATANBIAIINEINITOIUNNTES1S ACC deaminase, IAA, GA, hydroxymate,
pyrocatechol, uasnnsazans phosphate vosuuaTiSedidndontis 6 isolates luanawitdl
nsUndeuvedangmin wuin PGPR usiag isolate fimnuuansrstulunisnovauselans
wifn neldmnuAsenainayin way dangd PGPR 314 6 isolates fansninuaunsalunisadng
ACC deaminase k331 isolates 39SHR, 535462 Way 65R471 [UA15¥IN91UYes  ACC
deaminase anasilaiIouifivuiunguauny (p< 0.05) ud isolates 1RER2, 25R463 Uay

27RER2 nauilianssuves ACC  deaminase Lingsdunitngualuauilolasudened (U

Y

£ =

4.17) Wuugd dnsdunasliduienssguld PGPR 713 3 isolates # \ian1sasne ACC

[ '
al

deaminase WiLTU @rulanenundnansenunenanssuyed ACC deaminase UNNANAD

q
[

wanilley wsnzlunisveaes luaunsansiainfanssuaes ACC deaminase laluluaitsemns
6 isolates (1RER2, 25R463, 27RER2, 39SHR, 535462, way 65R471) Lﬁ"e)bl,@g]}%JU 10 mM
waiflon Feaenmdadiu Amico et al. (2005) 71 wudn Cd Swasenisyieiuves ACC
deaminase Tnedufuriinveuuaiide feghadu uandlouiinasenisyiauves ACCD Tu
Alcaligenes sp. ZNG Way Mycobacterium sp. ACC14 s lidfinasion15vineuees ACCD Tu
P. fluorescens ACCY ua P. tolaasii \fiasanuupdiise PGPR unsdiafieulasiunnnin 1 aile
fanansadadu ACC deaminase (Shah et al. 1998) Iusqmmuamaqmsmamﬁ Tuane
laifllaveniin M15%9Uv9e ACC deaminase Y0IMUATISY 1RER2, 25R463, 27RER2, 39SHR,
535462, and 65RA471 fiAwvinAu 141.21, 148.22, 796.15, 1299.20, 40.73, wag 1450.49
umol/hr/mg, MUA1IAU %ﬂﬁmﬁausﬁwqqLﬁal,ﬁauﬁ’umu%%’asum Rajkumar Way Freitas
(2008) F95199791  Pseudomonas sp and Pseudomonas jessenii @11150@519 ACC

deaminase WU 66.32 Wag 34.23 nmol/hr/mg Muaau

NSANEIMIANUNUYIUSBLAAEEN Pzl LazdIinzdvodnd 6 isolates VOILUATILIE
VAnLdenla (IRER2, 25R463, 27RER2, 39SHR, 535462, uaz 65R47) lagaainyuIAves
inhibition zone B3KUATIEY LplasuAMUTNTUTRlansnInTy 3 BUANALTUTUAN 9
unudnnn isolates IANuanTaiumusslanevinia 3 vila lagaduaunsagegaluns
Aunulangniin %38 MIC gailgnveeia 6 isolates fouaniluy nzAd uazdinydedi 3.5
mM, 9.0 mM, ag 10 MM MIUEIRU LURLEDUUATIISENAALEDNIAIINEINITONUNIUAD
o ay v d' a ] )~ ! Y] d' = Y Y]
danzdlauiniign uazlinnulivewandonuinniingnd (15199 4.2)  Feaeanaediunis
NAADIVDY Raja et al. (2006) M57897UI Psudomonas aeruginosa BC15 @130
Pzl > dina > wealdlon > lasidey UueIMSIaYNTe Yele?l Jiang et al. (2008) WU

N ! = a o = Y =
WuUATISY J62 @unsanusio lasidley > dina > Moy > dngd > nzi > waalley vy

a v A

DIMSLABNTD TUIWITET WU WUATILSENAALADNAINITANUNIUABLAALTEL AZND Ay
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Finzdldunnninfifinnsseauvesinddedu wu He et al (2010) re9urLUATiSyYdn
SWILL, MT16, GZC24, waz YAH27 aunsavuvnusensiwas asia waalen dina way
Fingd vuownsiasnie Taeid MIC vesuandloy ayfuay dangdvindu 0.09-0.45 mM,
0.5-6.4 MM @z 0.77-6.15 mM AWEIFU FeArwes MIC sdelangsininauised Tumanse
11 NINPABIUEs Amico et al. (2005) fidnwAnununuvesLuaiidorelaveniinlue1mns
LgaﬂL%a‘zjﬁﬂmm NUI P flurescens ACCY, P. tolaasii ACC23, Mycobacterium sp. ACC14,
way Alcaligenes sp ZN4 Hanununiuseuaadieulusydu 0.5 69 25 mM  agalsin
AuENsavesUARSElun TumMuselansinuue s ABIderiaudsarilinnnine s
Aoudevinman (esnidadovesanuaiunsalunisung  (diffusion)  waza1sLin
a15Useneuldisdautadlanenin vnlwA13iUseandna 3o bioavailability veslangninluy

a6 Y

215U IR193 NSV TNUAD ﬁ?iqﬁwfﬂ,ﬁmsmaaumwmumwamﬁumama‘lam in
semineomnsuds war emswaniiiuand sty egndlsfiniy 9nA1 MIC vesruddeily
ANS197 4.2 FuuziuuaiiSers 6 isolates HAuanunsalunsnuusefiwuAnloy pei
wazdanzdluszduiunfianela aununiuselansuinveawuafiseannsainlavaenaln
Wy nsduveslavgiu exopolysaccharides w3elanggnanduiiniusadvosuvaiiise vie
AansavesuUAiEelunsIadlany (metal reduction) vietalangwiinesnusnivad
(metal efflux) neuflazinfivsowad s %ammalnméw%wa&ﬂu gene ¥4 plasmid
Foliuueiiduaunsagienennnununiuselansvin ludwuafiSowadauldine (Amico

et al. 2005)

an1sAnwealdesUiiiuges PGPR isolates vi 6 fidaudenluninsd 4.6
uanein isolates fin13de uarlidesfTruzurswdaunnsinsty Tasamy 535462 wae
65RA71 fifinmsasiosUfiuguansiin deifleutu isolates du danmautFnishorosu]
Fruzaes PGPR fifiannunumuselaveniinduasdidy fsneeuves Verma et al (2001) 7
szyauisifesveanisnumuselavgniinfuauandinishesesufiuzvesnunaiise
[uLfenfu Rosen (1996) uag Hassen et al. (1998) fisssuianiasifimstios Uit
ANudLTUSTge (high cormrelation) fumnumumuselavevinveuuafise Jeusingnisal
fananenainainnsegiuvidolndiuresduiinedesuiiiusuaruiiieafuaumuniu
sielaneuiin (Adarsh et al. 2007) Svaunfiguil aduayulaesienues Ghosh et al. (2000)

#15¢y31 plasmid 90 Salmonella abortus equi strains Nd8uResree U TIUY Lavddui

numusioan sy lasilley uanile wagUsen

NINAABUNAYDY  PGPR 1 6 isolates sian1sduaiunisgadulavevtnlagy

= = ! 4 1 ¥ o 1% a wa ¥ L4
Wiguiguseninaauingy way ngkdnesunseyiturieslfdinsieglivguelnainnis
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Y& , & d vy
wnzdeilae waznegeuluan1izves axenic culture (Msinzidesiignaluaulilasu
Weadeydaied) Inenaunngninizidediuaniizasnide Aeugn inoculate A8 PGPR 7
o v . a - a = o ) v
Anidanlilile isolate LAed Miall 1ieduduI1 N191asey waz/v3e msgadulaneninvesvis))

wHnisnsannnguasuau @liledu PGPR) {WunaaINPGPR isolate 71 inoculate 1 lUwiniu

a

Lilddunaangaunsddunvulou dedinszvinnisveassluniaauiy azauaudninasin

A . =

nsUuleuvendunidaulaenn wansmaasdly axenic culture (U7 4.19 A-C) Usimg

LHNABY ecotype 519U5 (RO) Haruaiunsagaduuandey way dnsdlannimmeuingy

(%
= w A

ecotype g31)5511 98 LAounn isolates vas PGPR Widndantaanunsatnuilineunn

be

<

aou (RO) padudingdgududseleviseiivlaganinguaivan Ui 419 O lasane
isolates 65R471 Wag 1RER2 @1unsawiiun1sgaduremauinaoudeuwanidioulaeinli9nsin

SmE (JUN 419 A) uiin1g inoculate PGPR unuagldiianinadenisgaduianien uay

a

dengdlungudnguusagisle (U

Y

4.19 A, ©) U3%31115 inoculate PGPR isolate w@gafu
ansanelitianafdaiusensandulanevemaudnudas  ecotype il 8139818V

AuAnuuenaslunsruIun s langniineaunag ecotype e Peeiulyte et al. (2006) 9

'
[y

& = a v o w o v =
Fuurnalniuansaiulunisiidilangvdnseninadnlnalazivnsenadi (vetch plant)
1 < . A v A v ) g.// 4 1
at1alsfinu vn isolates ved PGPR fifnldanaunsaannisgadurasnsiinslungjiuingy
wagve)enaeu (UM 4.19 B) @snisaamsgadulasninfdivaadunsiiudaslilavely

n1sanUsinamemluusnunudeulaense wieiaiuussananmnieeetlunamgnwiidn

U |
£ v = v

& o = 2 a 1A 2 A o A & a
wsziunisannisinidineMFedianuduivieiy Wuinsuiuadn asmidenudivadu
& ] a o Yy a . v @ v
WY @306UsIN1saTey VIludanaes  (chlorosis) Ws1z8UEIN15d579  chlorophyll an
NILUIUNTFUATIZRMILUET BANITANEET ARNTEUIUNTTIONTBUNAN WaBuLUAdlATIaS
YoudoluNUTULarN1STUHIUYesEsHIude el sruusinluidininefidfyesns i
IsEiinn1Tazan callose 1An: blackening root system iumumi@m%mm%aui #1991
dAyuesiy dnalivinauangadvesiinasldsiu dudinistadivessin (root
elongation) WaNAINUU M¥ASITUTINITATIN ATP FnunlLAn lipid peroxidation ¥inl7ALAR
ANULASYADDNTLATU (oxidative stress) nelulwady (Sharma and Dubey, 2005; Fahr et
al,, 2013; Pourrut et al,, 2011) ¢atiu MsaAnNsRAduRgMILile inoculate PGPR ifnLGen

Wazunanrengudnlglunsirtauamdenls

nay PGPR uanandauaudiauduasunisiasyveiiy waziiunisgadulangniin

o w

YDINTUAD ANANITOMUNITOYTINAUNYTIN W38 root colonization AfiAIudARyllEs

'
a1

ngaunIiuluangnuiidn Defreitas and Germida (1992) 52yi1 aunIdndaasunis

wsauesiivlan sudufiazdesaiunsa colonize  NszuusINvesiivliag19320157 F991n
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N15AnW1 root colonization Y84 PGPR 914 6 isolates Wui9n isolates @131158 colonize 9

nvemgudnaeulad (3UAl 4.20) Taslaniz isolates 535462 uwaz 65RA71 fia1unga

o w

colonize gdlndlAssiunarganit isolates dusgraiifodrdny (p< 0.05) (AN5197 4.7)
uaﬂmﬂ‘lilumﬂ’nwmmﬁ%u 65R471 isolate 833USuNU chlorophyll a, chlorophyll b ay
total  chlorophyll qqﬁqm Fuurin 65RA71 anunsadnasunisasyvomgudnlaing
isolates Bu dau 535462 wifiaruanansaluns  colonize  fisinfilndiAsaty ud

'
[

ANANLI T LUNITAUAS NI YUININAVLAIAINIY isolates DU MUY LUATILSE

e 9°p

Judusesdinuaudivaisegisusznauiu 1wl root colonization way PGP traits {Jusiu

=

Tunisdaasunisiasauesita agalsfin S9udsoununedituurainudidyaes oot
colonization ¥esuuafiFeIndudsdndudeyssaninavesnisUszendld PGPR Tunsdaau
N51a3EUUedfit A Defreitas and Germida (1992) fiuanein wuafliSe J62 Hre13an1s
Wiyvasinlnauazuzdomald wilifinase Indian mustard lu pot experiment 189310
J62 @wsn colonize wazia3nllddd rhizosphere vasdalnauaz wndemaldvidu Tu

MUBUALIAU Bashan ag de-Bashan (2005) hag Lucy et al. (2004) szu3n g

3
<

colonization 983 PGPR wuafiseidutuladuusn (prerequisite) 7itnluganudnsavesnis
inoculation PGPR wauszenaldaiulunumig g isieud PGPR 73l PGP traits NaUseasd
wstlilanunse colonize uavegsonlslu rhizosphere vasituiign inoculate (inoculated-

host plant) AaglsifinuseanSuavesnisldeuass (Benizri et al, 2001)

nnaaedlunIzae (pot experiment) WUATILSY isolates 535462 uag 65R4715 gn
HonuImMeaeITINAunguiNABY V. nemoralis (57%Y3 ecotype) finsveasadowiuly
axenic culture WangI1n13 inoculate #E PGPR anansaifiunisgadunanifiouuazdenzalda
WMAHAYDINISIABN isolates 535462 Way 65R4715 wnldlu pot experiment NS 2
isolates #131150a519 I1AA uag siderophores g3 axareneaalad daununiuseuaniiey
pei wardingdige uenaintu uuAfiBeris 2 isolates Ssanusangdan vide colonize fiszuy
sInvewmenlagendn isolates 3u 9 Han1IMAaRIN1s inoculate 535462 waz 65RATS5 7
sinvemunidiegnasiulunszans nudh PGPR 1 2 isolates Faeifiumagadudsngaves
vaurnlsgeniinguauauitlilldsunts inoculate (p< 0.05) Taerfufnlifidusindundn

(UM 4.22) alvinandngadsiiunisnaaadly axenic culture weilunisnaaadlunszansdiy nqy

e

'
P

#1 inoculate Mg isolate 65RA71 HAINANNTOFINTIINGUT inoculate 738 535462 Tun1sgn
FudenzdoglitudAny TReaInuan1Teadly axenic culture 7715 inoculate W3 2
isolates  fiauansnsavinisniulunmsdaaunisgadudingd  waslinsazaudinegdlingu

ganuINNIdUIIN (FUN 4.19) Tunisnaaeulunsza1s M3 inoculate wuATISEN 2 isolates
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annsgaduvesuaaifiosluvghudnuasbifinadsunlasionsgadunzia  (UA 4.22) Bs
LANANINKATOINITNARBILU axenic culture  udikan snaandlu pot experiment agli
wifloudulu axenic culture e usinsneaesisly axenic cuture wazlunszaidlinad
donmdeeiudn isolate 535462 uarlagianiy 65R471 anunsaiunUszendldsiuiuna)iusln
Wieriunsgaduvesdangd Tnerunalnwes photostabilization waeiimaiAuindangalin
dusnifiuvdn (U 4.22) dwmsaansgaduuanisleuvemgudnneuiiiegn inoculate
shouuafiieaaidunaduiesnmsiwadueauuafiGelesenaannsagaduy e duft
uandleuldlaenss viouuafiFsoradsuntainuaninsolunsazargvosuaadion il
oglusuiliinfousionisgngeduiingiiy  deduduiiesdosdnundudely eerdlsAimu wans
naaoulunszananui i 535062 way 65RA71 HaAseuansaluns colonize fisnTas

veuenligeviauiieniu Aedlen log CFU/g DW i1y 8.91 + 0.17 ua 8.79 +0.29 audeiu

(m15799 4.8) FelnawAeanun1sveasdli axenic culture A1 colonization v89 535462 wag

65RA71 fisIndiAn log CFU/g DW Wi 9.26 = 0.16 waz 9.12 + 0.25 Aud1diu (M13197 4.7)

WBNANUU 919 2 isolates Lile inoculate dsnuarfiulunszans wnsanunsadaasunisiasey
vowgunnnegldannenilangwin fadin1snves chlorophyll a, chlorophyll b uway
total chlorophyll waswgjueln Watieuiunguetuauildlasusuaiiiss 113 inoculate 919 2
. o a Y] = | = Y ! Y] aa I
isolates @1a13nAAN1TALGIHINEEINTINGURN Fawanasigal TF vasdengdnanas uaglidl
HANIENURBNITATALYRINEMILALdINZET I8 Tuansiea TAR Nkilasuudasainngy
muAndldlaSu PGPT wenantu n13 inoculate 65R471 isolate Seanunsauiiuen TF ved
wanLlesegaidudidny Taduurdn endinsgadulandlenIngy insindeudneuaniily
INIINGeoALNTU (M3197 4.8) dwTunareIN1T inoculate PGPR fidliensgadunaniiles
Y - & A & A W ] .
nziy vee nisaraulangliluiliowevesianuanaeiuseninen1sneasdly axenic culture
warlunszansliduiiuwdanlaanntdn ewinnmsnasesiunszandlafulunisugnugurn

= o

Jaivanetladodanifedestusdiuszneurentenu iy manudunsama uazms
gndemsmueulilifisriunisimerdaiidesnmsmasoufissindeuiniului - e
mnmanasedly axenic culture Timgidemgnudnluiuonsduased uazannsnau
anmrlasaidaiiiodnydrinanndesiafeilliluns inoculate Idhenin useghlsd
au nsAnwInsUgnuguinasiulunszanssaniuiuaiseidunisdeusuuaniizeeinis
UszgnalinuuuaiiBellndifssnnnduaeiidnlunaaulinnnin fenvidesnnme
MENUNANTVIAABITIUANA1TUTEUINNSTY axenic culture wazmavaaedlunsyans wie
uifusflu green house uazluniAaumass WU Hansazauasgaduasyluiivi inoculate

fe PGPR Lilevmaasly axenic culture fmnuunnansannidlenaasulunszats Jankong et
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al.2007) Brunetti et al. (2011) siwaudn TF vesuanidion nzi uazdsnzd lu Brassica
napus Muansnaiy Wevhnismaaesly green house warlunaauy nszufazidugduyid
il el isolate 1 PGP traits findnendaiuunn usdle inoculate gitwdntiy
(host plants) o19dsHaramIpRTuLarnsazaedaneuiinlufinfiuandsiuogvawadls

[y

X Y] | ' Aa A A v a . . a
GUUﬂ‘U{jQ‘UEJWa']EJ@EJ'N LU @N1ITVDILUANLIYDUNIIND A UGN (rhizobacteria) 1199019

& a

fifty v3e AuliTinduluusnady Snuarsuniznmeonm waziailvesiuiiuansaiu s
annznfoniafiuandiediu Wudu (Chunilall et al. 2005; Malik et al., 2010) usnaintu 3n
Useifiufiddufe nsnaaedhu axenic culture wiguinldsulaveuwiazednuentu dalunns
naaeslunsynns  uhudnldfulavemings 3 eflendoutulufu  Feonafufndensauiu
(interaction)  szyislanguiin - Nenunsadwmalinisnisgaduuarnisavaslanemiinlufivg

ANULANAINY



6.1 d#5UNANTIVY

= Ao Ao oA & A= & = a
nsAnvIALEIATeLUATISENARIEeNINTIuN Felwesuuaniden TuuTiiu
win1e Lnewdiden Jawinen WeUszgndldlumsduasunisiasyiaznisaadulanenin
% A 1% = & % =~ Y o = a -
vaangudnfegluannizuindeunuuieumeuanion azniuardingdluuTunngs e

[ '3

Frapsan1un1salvasiisnindenildnulusnanvulounmgneiitn asunanisvaasdl

v
v

PN

1. npuiivuidoussuamidoni staowalaen Sanianin awisadauents
wupiiesiuau 521 Taladfiaunsasdgyuuemsidondeiinauuanion 50 Sadnsuse
Alansy wazkaannisannsessaldlaiuaitsy 97uu 6 isolates (IRER2, 25R463, 27RER2,
39SHR, 535462 Wway 65R471) Mvuynusielanewiin uavil Andnwazves PGPR fiftsUszasd
lunsuszandldsruduiivmamgnedida - Ao u130a313 ACC deaminase,  auxin,
gibberellin, cytokinin Wag siderophore g4 Wagan1InazalgWodL e

2. PGPR 113 6 isolates fmdeniimnumumusiouwaniey axfuardinsd uas
fansinwAanyzuas PGP Aeldan1izainuasenanlangyin winnanyuee1ainIg
USuifintunieanastng uenantu N isolates @1113a colonize AsNYBIME AN
melaanzinedouvedlaneninla

% 24

3. waanmisUTeuiisunisld PGPR Aidadensaufunguingy uagndudnaeu
Tu  axenic  culture Wui1 MeUNNABY ecotype i’l‘mﬁ 7l inoculate #38 PGPR isolates
1RER2 Wag 65RA71 fimmianunsngeninngudngy  ecotype asmugisndlunisgaduii
uARLlBuLazEINYA

4. N5nAapdlunIEa1 WU 65R471 HANaNNTagendn 535462 Tumsdaasy

mMsasearnsgadudinsdvemgulnaeu Tneandulindiusindumdn
6.2 ToLaUBLUZNITINY

1. Anwwiiufiunaves PGPR daideanlalunisdauasunisiasyuaznisgadures
lavewiln Weldsiwiungurnguuazvigudnaauly ecotype dus Ay
2. msimsfnwuiiuidy Wievenenanisnaaeslunszatsgninauin luusiund

a v A

N30 URUYRIAN1ITHINADNDTI) 91 PGPR kuATISaNAnLaantand 2 saau1soadasunig
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1930 waziiuuszansamnisgadulaventnuesighudnldundesiiesda wWeieuiunegh
uilnitlaflésunis inoculate Fonuaiiise

3. AITABUATINALNTAYBY PGPR fifiaLden iile inoculate finaausluuinaii
mstuteuedaneviingds TuuafiFefidaden fieuanuisalunis colonize ogjsruiuiiy
IalaefivFunaunnieeiiiasla dA21uAINU (persistency)  819UITULALTY LazHIAITNEN
ANy Yed PGP traits Idudeldluanizuindoudiiinnsdudoudy sauvsfania
mmmmiamﬁﬂﬁiuﬂd’;qmEﬁ/‘iLLmﬂ@iwﬁ’umaqﬁﬁuﬁiﬂwqurmﬂwﬁ’m

4. \ilesannuanismaaesivganguinlunszans PGPR isolate fifmidonls dalaid
anaulfduadulviivannsngeduuanidion uaznrialdgedu fudu ilemsuszgndldluns
thinfufivutoudens i wag wandenluawian Jsemsiinisdaidontva Tngraununs
naaoufionsulandinquanilaves PGP traits Mduaiuliiivgadunaniilon vie gl

gaunau dieldiluwwimalunisdadon PGPR 911l PGP traits Mitdedwielifisaiuisagn

'
U =

Fume uazuandonlFaTy

5. AnwiAuaNnsves PGPR  wupdiseiidadenlunisgadulaveniinlnenss
879 m’mmmiiﬂ,umiLﬂﬁauLLangﬂmaﬂawwﬂﬂ (biotransformation) 1#igas1uasse
N3NATUVDINY

6. Anwnalnlunisuanseanveslusfiusng q MAadestu PGP traits vesuuafiSe
aeldaniziedenainlaveniin iomnagnslunisuiulss PGP traits  AflaUszasAvos
wupfisaifleiuusyansnwlumsussandldmanguindaladu

7. wenomanaaesinguszgndld PGPR idaudonlilunsnnassiufiveiadu o Ald
mangnuthtn vieldidnuaivduildldlansmiin

8. Uszenald PGPR Tunisduasuiiniasugialimumusioriuluiivvedagnn

=) a A
NIBDUANYDU
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The efficiency of Cd, Pb and Zn uptake of upland vetiver grass (Vetiveria nemoralis) ecotypes as
Kamphaeng Phet1, Prajuab Kirikhun, and Ratchaburi and lowland vetiver grass (Vetiveria zizanioides)
ecotypes consisting of Kamphaeng Phet2, Mae Hongson, and Surat Thani were compared under sterile
condition for interferent repudiation. The results showed that the total Cd accumulation of V.
Zizanioides was in the order of Kamphaeng Phet1 > Ratchaburi > Prajuab Kirikhun ecotype and in V.
nemoralis was Mea Hongson approximately Kamphaeng Phet2 > Surat Thani (p < 0.05). All the vetiver
grass ecotypes preferentially accumulated Pb in roots than shoots, with the rate of translocation less
than 1. However, the efficiency of Cd and Zn translocation was different, depending on each vetiver
ecotype. In addition, all vetiver ecotypes, except Kamphaeng Phet1, displayed high capability of Zn
uptake in both shoots and roots after 7 days. Therefore, the vetiver plant can be considered a good

“hyperaccumulator” only for Zn.

Key words: Vetiveria zizanioides, Vetiveria nemoralis, total accumulation rate (TAR), transport factor (TF).

INTRODUCTION

Environmental heavy metal contamination is a major
global concern due to the high persistency, potential
toxicities and bioaccumulation of metals in living
organism (Gardea-Torresdey et al., 2004; Singh et al.,
2004). The remediation technologies of heavily heavy
metal contaminated soils are generally extremely
complicated and expensive. Phytoremediation is an
alternative emerging technology utilizing plants to reduce,
remove, degrade or immobilize xenobiotics from
contaminated environment (Suthersan, 1999). The
advantages of phytoremediation are relatively simple,
eco-friendly and cost effective compared to other
conventional strategies (Burd et al., 2000; Glick, 2003;
McGrath et al., 1997). However, in order to survive and

be established at the high level of metal-polluted sites,
plants must acquire the capabilities to grow, produce high
biomass and evolve to tolerate metal toxicities as well as
other hostile environment conditions. Having a deep and
dense root system, vetiver is a good candidate for
phytoremedial work. Vetiver grass which can be
taxonomically classified into 2 dominant species namely
Vetiveria nemolaris as upland vetiver and Vetiveria
zizanioides as lowland vetiver is well recognized for its
effectiveness in soil erosion and sediment control, high
tolerance to extreme environmental variations including
prolonged drought, flood, extreme fluctuations of
temperature (22-60°C), soil pH (3.0-10.5), and most
importantly high tolerance to heavy metal stress

*Corresponding author. E-mail: ek_aksorn@yahoo.com. Tel: +66894252011.




(Truong and Baker, 1998). The aims of this study were to
compare the uptake efficiency of Cadmium (Cd), Lead
(Pb) and Zinc (Zn) on 2 species of vetiver grass, Vetiver
zizanioides and Vetiveria nemoralis, in axenic condition.
In addition, the pattern of metal distribution and
translocation in plant parts were also investigated.

MATERIALS AND MEDTHODS
Plant cultures

One month tissue culture of V. zizanioides (Kamphaeng Phetl,
Prajuab Kirikhun, and Ratchaburi ecotypes) and V. nemoralis
(Kamphaeng Phet2, Mae Hongson, and Surat Thani ecotypes)
were cultured in sterile 30 cm length glass tubes containing 0.7%
agar in Musashige and Skoog medium (as ppm of 1,650.0 NHsNOs3,
6.20 H3BOs;, 332.20 CaCl»'2H.0, 0.0250 CoCly'6H.O, 0.0250
CuSO045H,0, 37.260 NaEDTA-2H.O, 27.80 FeSO47H.O, 2.0
Glycine, 180.70 MgSO47H.0O, 16.90 MnSQO44H,O, 100.0 myo-
Inositol, 0.50 nicotinic acid, 0.830 Kl, 1,900.0 KNOgz, 170.0 KH2PQOy,
0.50 Pyridoxine hydrochloride, 0.250 Na:Mo0O4.2H.O, 0.10
Thiamine hydrochloride, 8.60 ZnSO47H:0) in the absence or
presence of one heavy metal (20 ppm Cd or 500 ppm Zn or 500
ppm Pb). These heavy metal concentrations were chosen as they
are the metal tolerance levels in soil of vetiver grass (Truong,
2000). Tubes were closed with sterile cottons and kept in a plant
growth chamber at 23 to 28°C for 7 days. Each treatment variable
was conducted in triplicates.

Heavy metal extraction

At the end of experiment, vetivers were weighed for biomass
determination, and then heavy metal concentration was determined
as described by Farwell et al. (2007). Briefly, plants were
extensively rinsed with several changes of 0.01 M EDTA and
followed by distilled water to remove some non-specifically bound
heavy metal. Afterwards, the separated shoots and roots of grass
were dried in a hot air oven at 65°C for 1 day and were finely cut.
30 mg dried plant samples were digested with 0.8 ml of purified
HNQOj3 in an incubator at 65°C for 3 h. The supernatants were
determined for heavy metals by Graphite Furnace Atomic
Absorption Spectrophotometry (GFAAS) model Perkin Elmer
AAnalyst 100.

The plant heavy metal uptakes were expressed as total
accumulation rate (TAR) (Zhu et al., 1999) and transport factor (TF)
as described previously (Marchiol et al., 2004) and were calculated
by the following formula:

(Shoot dry weight (g)x Shoot HM conc (pg/g))+ (Root dry weight (g)x Root HM conc (jg/g))

TAR=
((Shoot dry weight (g)+Root dry weight (g))x days of harvest )

Shoot heavy metal conc (pg/g)

TF = [
Root heavy metal conc (pg/g)

HM conc. = heavy metal concentration

Statistical analysis of data

The results were expressed as mean + SD from three biological
replicates. Data were analyzed by one-way analysis of variance
(ANOVA) with means separated using Duncan’s multiple range test.
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P < 0.05 was considered statistically significant. All data were
analyzed by SPSS 16.0 software.

RESULTS
Heavy metal concentration in vetiver

The total Cd accumulation of V. zizanioides was in the
order of Kamphaeng Phet1 > Ratchaburi > Prajuab
Kirikhun ecotypes and for V. nemoralis was Mea
Hongson approximately Kamphaeng Phet2 > Surat Thani
ecotypes (p < 0.05). For over all comparison, Kamphaeng
Phet1, Mea Hongson and Kamphaeng Phet2 exhibited
almost equally highest efficiency of Cd uptake up to 600
ppm (Figure 1). In addition, most of the tested plants
stored more Cd in shoots. The total Pb uptake by the
tested plants ranges from 381 to 606 ppm. Though
Kamphaeng Phet1, Surat Thani, Kamphaeng Phet2 and
Mae Hongson ecotypes showed the trend of higher Pb
accumulation (=500 ppm), the bioaccumulation levels
were not significantly different from Ratchaburi and
Prajuab Kirikhun. Notably, the root Pb concentrations of
all tested plants were at least 4 times higher than in
shoots. The capacity of Zn uptake was in the range of
8,714 to 23,2854 ppm. All tested plants except
Kamphaeng Phet1 were able to uptake and accumulate
Zn higher than 10,000 ppm.

Heavy metal translocation in vetiver

Translocation factor (TF) is the ratio that indicates the
relative transportation of metals from roots to shoots of
the plants (Mellem et al., 2012). TF values of greater than
1 indicate the greater translocation of metals from root to
the shoot part of the plant. In contrast, TF values of less
than 1 mean that metals are largely store in the root part
of plants (Mellem et al., 2012; Rezvani and Zaefarian,
2011). According to Table 1, ecotypes Mae Hongson,
Prajuab Kirikun and Ratchaburi were capable of
accumulating Cd higher in the shoot part than in the root
part, with the maximum translocation capability (TF > 1)
observed in the Ratchaburi ecotype (TF = 1.92+0.02).
However, the total metal accumulation rate as indicated
by the TAR values in Table 1 suggested no differences in
the total accumulation per day of both Cd and Pb in all
tested vetiver ecotypes. For Pb, the TF value of less than
1 indicated that all tested ecotypes preferentially
accumulated Pb in roots rather than shoots (Table 1). In
addition, Surat Thani exhibited higher intrinsic capability
of Pb translocation than Ratchaburi and Mae Hongson
ecotypes. Kamphaeng Phet2, Ratchaburi and Surat
Thani showed bulk Zn contents in shoots rather than
roots (TF > 1) suggesting their high potential of Zn
translocation. The Ratchaburi and Surat Thani
significantly displayed higher potential of Zn translocation
than the rest of tested ecotypes (p < 0.05). The total Zn



Table 1. Heavy metal concentration in different vetiver grass ecotypes grown under heavy metal stress.

. 20 ppm Cd 500 ppm Pb 500 ppm Zn
Vetiver TF TAR TAR TF TAR
Kum Phangphet! 0.61+0.12° 2.547+0.255%° 0.26+0.06™ 0.03+0.013%®  0.42+0.08°° 1.081+0.552°"

Kum Phangphet2 0.87+0.25° 2.296+0.559%® 0.28+0.08%™ 0.034+0.001°® 2.47+0.83° 1.087+0.045°®
Mae Hongson 1.41+0.83° 2.293+0.622%°)  0.20+0.06* 0.033+0.007°® 0.70+0.33%* 1.557+0.458°®
Prajuab Kirikun ~ 1.800.74° 1.702+0.603%® 0.29+0.13® 0.021£0.007%® 0.31+0.26° 0.847+0.474%®
Ratchaburi 1.9240.02° 1.992+0.591®  0.21+0.16% 0.028+0.001%®  4.41+0.27° 1.884+0.596°®
Surat Thani 0.7740.13% 2.612+1.059°°  0.45+0.07° 0.028+0.011°® 3.79+1.39° 1.197+0.428%"

Value in the same column with different superscript are significantly different at p < 0.05.

TAR roll with different superscript are significantly different at p < 0.05.

**TAR =

Value in parentheses ( ) in the same
Shoot heavy metal conc (ug/g)

*TF = [
Root heavy metal conc (pg/g)

(Shoot dry weight (g)x Shoot HM conc (ug/g))+ (Root dry weight (g)x Root HM conc (ug/g))

((Shoot dry weight (g)+Root dry weight (g))x days of harvest )

accumulation rate (TAR) of Ratchaburi was more
effective than Kamphaeng Phet1, Kamphaeng Phet 2
and Prajuab Kirikun. There were no differences of Zn
total accumulation rate among Surat Thani and Mae
Hongson ecotypes (Table 1). All the tested vetiver
surprisingly showed the best Cd accumulation rate (TAR)
followed by Zn and Pb, respectively (p < 0.05) as shown
in Table 1.

DISCUSSION

A raising concern regarding human health risks and
environmental consequences associated with heavy
metal pollution have created a need for efficient and
effective remediation strategies. Phytoremediation has
recently attracted a great attention as a highly promising
strategy because it is relatively inexpensive,
environmentally-friendly, and more aesthetically pleasing
compared to the other remediation technologies. This
study chose upland (V. zizanioides) and lowland (V.
nemoralis) vetiver grass as the test plants for
phytoremediation due to their fast growth, high biomass,
deep massive and fibrous root system, versatile
adaptability under various harsh  environmental
conditions, and most importantly, high resistance to
heavy metal toxicities (Chomchalow, 2011;
Roongtanakiat and Chairoj, 2001; Truong and Baker,
1998). At present, there are still very few studies on the
potential of vetiver for the use in phytoremediation
especially the comparison of metal remediation efficiency
among different vetiver ecotypes (Punamiya et al., 2010;
Roongtanakiat and Chairoj, 2001, 2002; Roongtanakiat et
al., 2007). Therefore, the present study explored the
capability and compared the efficiency of heavy metal
uptake, translocation and accumulation among different
ecotypes of upland and lowland vetivers. The

experiments were intentionally conducted under axenic
condition to avoid un-estimated effects of other
environmental factors that might affect the metal uptake
efficiency.

Different ecotypes of vetiver were ranked in descending
order of the capability to uptake Cd as follows:
Kamphaeng Phet1 ~ Mea Hongson ~ Kamphaeng Phet2
> Ratchaburi ~ Surat Thani > Prajuab Kirikhun (Figure 1).
In contrast, Roongtanakiat and Chairoj (2002) reported
that there were significantly higher concentrations of
cadmium in Ratchaburi ecotype compared to those found
in Surat Thani and Kamphaeng Phet ecotypes in the pot
experiment. Variations of each vetiver ecotype, soil
properties, the existing soil microorganisms (Truong,
1999) and season of planting (Devies, 1997) are among
the factors that can affect the heavy metal uptake
efficiency. These probably explained the different results
obtained in the present study which was conducted under
axenic condition. Therefore, the different results observed
from the axenic and pot experiments might be caused by
various properties of the media and soil which are
different under axenic and pot conditions. A variation of
plant species also widely exhibited different ability of
heavy metal accumulation (Baker and Senft, 1997).

All tested ecotypes in both species of vetiver grass
displayed equal capability of Pb uptake when cultured
under axenic media supplemented with 500 ppm Pb
(Figure 1B), and the uptake was in the range of 400 to
600 ppm Pb. Similarly, Punamiya et al. (2010) studied Pb
accumulation by vetiver grass [Chrysopogon zizanioides
(L.)] in hydroponic solutions supplemented with 2,070,
4,140 and 8,280 ppm Pb. The results found that the
corresponded Pb uptakes by the vetiver grass were 600,
900 and 1,400 ppm, respectively. The present study
demonstrated that almost all tested vetiver ecotypes,
except Kamphaeng Phet1, could be regarded as Zn
hyperaccumulator as all displayed a capacity of Zn
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Figure 1. Total heavy metal uptake of V. zizanioides (Kumphang Phet1 (KP1), Prajuab
Kirikhun (PB), and Ratchaburi (RC)) and V. nemoralis (Kumphang Phet2 (KP2), Mae
Hongson (MS), and Surat Thani (ST)) ecotypes grown under Cd (A), Pb (B), or Zn (C). Bars
of each ecotype with different superscript are significantly different at p < 0.05.
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uptake more than 1% of their dry weight. This agrees to than 1% of their dry weight as “hyperaccumulators”. The
the term defined by Baker and Brooks (1989) who result in Figure 1C also suggested that Mae Hongson
referred plants with a capability to accumulate Zn more ecotype is the best Zn hyperaccumulator while



Kamphaeng Phet1 is the least. In addition, the results
showed that the increasing TAR value corresponded with
the increasing Zn uptake in vetiver grass in accordance
with Kosesakal et al. (2011). They reported that higher
metal application rate causes the increasing metal uptake
and significantly increase TAR tend. Similar to our results
significantly showed the higher TAR value of Cd and Zn
application than Pb application. Notably, the capacities of
Pb uptake by the vetiver in the study of Punamiya et al.
(2010) were all much lower than the supplemented
concentrations of metals. On the contrary, the present
study demonstrated that all tested ecotypes of both
vetiver species could concentrate Cd, Pb and Zn many
folds higher than their surrounding (supplemented) metal
concentrations.

The capability of vetiver grass to concentrate higher
amount of metals than its surrounding environment
concentrations and preferentially accumulate higher level
of Zn than Pb were also supported by other investigators.
Antiochia et al. (2007) reported that V. zizanioides could
accumulate 6,000 ppm Pb and 9,500 ppm, Zn after 8
days of exposure to 621 ppm Pb and 653 ppm Zn of
supplemented soil in the pot study. They concluded that
V. zizanioides is an effective hyperaccumulator for both
Pb and Zn. Ratchaburi ecotype exhibited the highest
translocation of Cd from roots to shoots (p <0.05) while
Mae Hongson and Prajuab Kirikun showed a trend of
higher Cd translocation than the rest of tested ecotypes
(Table 1). Similarly, Rezvani and Zaefarian (2011)
exhibited the translocation factor of Cd more than one by
Aeluropus littoralis in pot experiments. Roongtanakiat
and Chairoj (2002) also reported that Ratchaburi ecotype
preferentially accumulated Cd higher in shoots rather
than roots while there were no differences in Pb
translocation capability among tested vetiver ecotypes,
Ratchaburi and Surat Thani significantly displayed the
highest translocation of Zn from the roots to the shoot
parts (Table 1). Results from the present study suggested
that all tested vetiver ecotypes could effectively act as
phytostabilizer for Pb which the metal were mainly
retained in the root part of the plants with the TF values
of less than 1 (Figure 1B and Table 1). The low metal
translocation to their aerial parts or mainly restrict metal
in their root call metal excluders (Ghosh and Singh,
2005). In agreement with the present study, Chen et al.
(2004) also reported the low translocation of Pb from
roots to shoots in V. zizanioides. Tang et al. (2009) also
pronounced the TF value of Arabis paniculata Franch
less than one when was supplemented with range of Pb
concentration (9-267 uM). Consequently, vetiver grass
might be a remediated plant of choice for immobilization
of Pb at the contaminated sites. In addition, Ratchaburi
ecotype which exhibited the highest Cd translocation
could be a good candidate for phytoextraction of Cd-
contaminated soils. All tested ecotypes of vetiver except
Kamphaeng Phet1 are only good hyperaccumulator for
Zn, but not for Cd and Pb. Therefore, different ecotypes
of vetiver grass possess distinct capability and efficiency
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in remediating certain heavy metals through various
phytoremedating mechanisms under axenic culture.
These differences should be taken under consideration to
warranty for a fruitful exploitation of vetiver as
remediating plants for heavy metals in further pot and
field studies.
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Abstract: The objects of this research were to study the effect of various growth parameters on heavy metal
uptake of vetiver grass in the sterile Laboratory scale. The results showed that the PGP traits stimulated Cd,
Pb and Zn uptake in both on V. zizanioides and V. nemoralis. However, the different vetiver ecotypes
showed the different effects of PGP traits. AVG, IAA and pyrocatechol were the proper choices for Cd uptake
on V. zizanioides while N, IAA and AVG were suitable for V. nemoralis compared to control. Zn uptake by
V. nemoralis was stimulated by Desferroxamine, GA;, IAA, AVG, pyrocatechol and zeatin while phosphate was
suitable for V. zizanioides. In addition, the different PGP traits effects on Pb accumulation of both ecotypes
suggested that GA, and IAA were suitable for Pb uptake of V. zizanioides while AVG, DFB and GA, enhanced
Pb uptake in V. nemoralis. Therefore, the appropriated PGP traits enhanced the heavy metal remediation by

vetiver grass.

Key words: Plant growth promoting (PGP) traits + Vetiver grass + Heavy metal

INTRODUCTION

Phytoremediation as the friendly remediated
technology of heavily heavy metal contaminated soils by
using plants to reduce, remove, degrade or immobilise
heavy metal from contaminated environment [1]. However,
an inhibitory effect on the plant growths was observed
under extremely heavy metals stress. The solution of this
limitation solve by a large array of bacteria including
species of Pseudomonas, Azospirillum, Azotobacter,
Klebsiella, Enterobacter, Alcaligenes, Arthrobacter,
Burkholderia, Bacillus and Serratia which reported to
enhance plant growth [2, 3]. The exact mechanisms by
which PGPR promote plant growth are not fully
understood, but are thought to include (i) the ability to
produce or change the concentration of plant growth
regulators like indoleacetic acid, gibberellic acid,
cytokinins and ethylene [4], (ii) asymbiotic N, fixation, (iii)
antagonism against phytopathogenic microorganisms by
production of siderophores, antibiotics and cyanide, (iv)
solubilization of mineral phosphates and other nutrients
[5]. Most the plants must establish and produce high
biomass in hostile conditions. Having a deep and dense
root system, vetiver is a good candidate for phytoremedial

work which recognized for its effectiveness in soil erosion
and sediment control, highly tolerance to extreme
environmental variations including prolonged drought,
flood, submergence, extreme fluctuation of temperature
(22-60°C), soil pH (3.0-10.5) and most importantly high
resistance to heavy metal toxicities [6].

The aims of this study were to determine the
absolutely uptake and distribution efficiency of Cadmium
(Cd), Lead (Pb) and Zinc (Zn) on 2 species of vetiver
grass consisting of Vetiveria zizanioides and Vetiveria
nemoralis in axenic condition under different plant growth
promoting traits supplement.

MATERIALS AND MEDTHODS

Plant Cultures: Tissue culture of vetiver grass both
V. zizanioides (Kumphang Phetl, Prajuab Kirikhun and
Ratchaburi ecotype) and V. nemoralis (Kumphang Phet2,
Mae Hongson and Suratthani ecotype) were planted in
sterile condition. The sterile 30 cm length glass tube
contained 0.7% agar of Musashige and Skoog medium
supplemented with different heavy metals as follows:
20 mg/kg of Cd, 500 mg/kg of Zn, or 500 mg/kg of Pb.
Each supplemented heavy metal was spiked with different
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constituents, consisting of 30 uM desferrioxamine B
mesylated (DFB), 30 uM pyrocatechol, 2.8 uM kinetin
riboside (zeatin), 3 uM gibberellic acid (GA,), 5 uM indol
acetic acid (IAA), 10 uM aminoethoxyvinylglycine (AVG),
9.0 mM KNO,; and 1.5 mM KH,PO,. The tube were
closed with sterile cotton and kept in a growth chamber at
23-28°C for 7 days. Each treatment and blank in all
experiments was tested in five replicates. These heavy
metal concentrations were chosen as the lowest toxic
levels in soils [7]. As the vetiver plant was died during
experiments when exposed by high concentrations of
heavy metals.

Heavy Metal Extraction: At the end of each experiment,
the plants were weighed for biomass determination and
then heavy metal concentration was determined as
described by Farwell ef al. [8]. Briefly, plants were
extensively rinsed with several changes of 0.01 M
EDTA and followed by distilled water to remove some
non-specifically bound heavy metal. Afterwards, the
separated shoot and root of grass were dried in hot air
oven at 65°C for 1 day and were finely cut. The dried plant
samples were digested with 0.8 ml of purified HNO; in
incubators at 65°C for 3 h. The supernatants were
determined for heavy metals by Graphite Furnace Atomic
Absorption Spectrophotometry (GFAAS).

The absorption of heavy metal from the medium by
plants expressed as total accumulation rate (TAR) and
transport index (TF), were calculated by the following
formula as described by Taylan ef al. [9] and Mellem et al.
[10], respectively.

TAR = [(Shoot dry weight (g) x Shoot HM conc (ug/g)) +
(Root dry weight g x Root HM conc pg/g)]/[(Shoot dry
weight g + Root dry weight g x days of harvest)]

TF = Shoot heavy metal conc (pg/g)/Root heavy metal

conc (ug/g)
HM conc. = heavy metal concentration

Statistical Analysis: All chemical experiments were
analyzed in five replicate. Statistical analysis was
evaluated in Completely Randomized Design (CRD). The
data were analyzed with analysis of Variance (ANOVA)
using SPSS 16.0. Significant differences at P < 0.05 were
compared using the Duncan’s Multiple Range Test.

RESULTS
For V. zizanioides, the results revealed that the most

plant growth promoting traits-tested enhanced the
total heavy metal uptake when compared to the control
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Fig. 1: Total heavy metal uptake of V. zizanioides
(RC)- and V. nemoralis (ST) inoculated with the
plant growth promoting traits and grown in the
presence of Cd (A), Pb (B), or Zn (C). Bars of each
ecotype with different superscript are significant
difference (p < 0.05).

(Table 1 and Fig. 1, 2, & 3). However, Table 1 showed that
the translocation of Cd from root to shoot was rather low
in all investigated traits. This was suggested by higher
Cd concentration in root than shoot, especially under
the influence of AVG, the Cd accumulation in root was
10 times higher than shoot. The amount of total Cd uptake
per day (TAR) of V. zizanioides under different PGP
traits was the same and all were higher than control group.
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Table 1: Cd concentration in V. zizanioides grown in the presence of various growth promoting traits

Cd concentration in plants (mg/kg)

Parameter Shoot Root TF TAR
Control 6.21+1.79* 24.591+16.51° 3.53242.167° 0.0015+0.00°
AVG 83.28+38.92° 1000.95+230.92¢ 0.773+0.635% 0.03+0.00°
Desferosamine 128.84+35.82% 237.45+50.94% 8.434+6.286° 0.037+0.03°
Gibberellin 179.55+44.40° 314.6+73.50" 5.821£1.515" 0.03+0.00°
TIAA 200.74+47.16° 516.92+181.71° 3.784+0.913 0.03+0.01°
Nitrogen 183.65+47.57¢ 361.45+177.88™ 5.432+1.399" 0.02+0.01°
Phosphorus 123.68+90.04% 243.21+40.27® 5.207+3.760" 0.02+0.01°
Pyrocatechol 159.38+46.59" 813.5+296.72¢ 2.117+0.935% 0.03+0.01°
Zeatin 182.74+57.25¢ 410.59+261.74% 5.262+2.141% 0.03+0.00°
Value in the same column with different superscript are significantly difference (p < 0.05).
Table 2: Pb concentration in V. zizanioides grown in the presence of various growth promoting traits

Pb concentration in plants (mg/kg)
Parameter Shoot Root TF TAR
Control 42.03+14.48® 164.25+75.72° 14.236+7.064" 0.018+0.02°
AVG 458.04+78.17™ 2545.49+1593.86° 1.84+0.725¢ 0.11£0.10™
Desferosamine 626.09+353.37° 3421.62+1662.75" 2.21£1.337* 0.18+0.11¢
Gibberellin 202.4+144.03% 618.524+459.30° 4.945+3.869" 0.03+0.01%
IAA 142.07422.97% 597.07+323.05* 2.807+1.233° 0.04+0.03*
Nitrogen 65.46+14.95" 239.5+69.22° 3.195+0.063° 0.01+0.00°
Phosphorus 22.2+10.45° 75.82+98.36° 9.99+1.008¢ 0.003+0.00°
Pyrocatechol 40.1+6.71%* 318.69+37.69* 1.878+0.201° 0.01+0.00°
Zeatin 230.48+18.45% 488.18+257.59* 4.394+1.824% 0.04+0.02%
Value in the same column with different superscript are significantly difference (p < 0.05).
Table 3: Zn concentration in V. zizanioides grown in the presence of various growths promoting traits

Zn concentration in plants (mg/kg)
Parameter Shoot Root TF TAR
Control 3747.00£1489.71* 1896.6+1307.32%* 20.618+4.890° 0.6+0.18*
AVG 1843.12+1268.82* 2557.12+1066.82 6.634+2.443° 0.33+0.02°
Desferosamine 3882.45+98.06° 4921.32+1770.06¢ 8.385+2.452° 0.67+0.16*
Gibberellin 415.48+101.84° 3152.14£1401.37% 1.468+0.688* 0.18+0.12
TIAA 4325.5+990.88° 4012.144908.50™ 11.546+4.621° 0.7+£.011*
Nitrogen 3700.38+1900.93* 2579.02+217.32%* 13.26749.393¢ 0.56+0.26*
Phosphorus 61017.33+40341.78° 449.23+366.35° 10,974.125+2,909.431° 16.88+20.37°
Pyrocatechol 1586.72+£1694.43* 5789.62+4676.67" 3.977+3.011* 0.4+0.34*
Zeatin 1035.92+1003.82* 1947.29+156.29% 15.487+10.826° 0.217+0.19*
Value in the same column with different superscript are significantly difference (p < 0.05)
Table 4: Cd concentration in V. nemoralis grown in the presence of various growth promoting traits

Cd concentration in plants (mg/kg)
Parameter Shoot Root TF TAR
Control 41.2429.16° 94.156+78.15° 10.894+10.436° 0.007+0.003*
AVG 92.37+74.93° 494.79+91.48% 9.694+1.551° 0.012+0.005%
Desferosamine 102.64+33.65° 200.24+137.02 17.836+9.738° 0.018+0.005°¢
Gibberellin 78.309+47.11° 121.32480.11° 7.68+5.299° 0.013+0.007
IAA 240.33+34.62° 307.56+84.32% 8.852+4.864° 0.036+0.002¢
Nitrogen 188.667+63.02° 597.324288.71° 3.743+1.654° 0.040+0.01¢
Phosphorus 48.9+£39.01° 81.88+48.32° 23.579+4.168° 0.005+0.004°
Pyrocatechol 75.424+43 46° 257.26+51.26™ 8.131+0.975° 0.015+0.005%
Zeatin 111.93451.13° 132.22+82.77* 14.932+13.443° 0.015+0.007%

Value in the same column with different superscript are significantly difference (p < 0.05)
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Table 5: Pb concentration in V. nemoralis grown in the presence of various growth promoting traits

Pb concentration in plants (mg/kg)

Parameter Shoot Root TF TAR
Control 423.814+65.56° 1757.62+£572.91* 2.463+0.833®° 0.120.01%
AVG 970.4+230.08" 2303.09+1145.61*® 5.556+3.066¢ 0.17+0.009%¢
Desferosamine 357.66+77.99* 1571.984+436.63¢ 2.288+0.118 0.08+0.02*
Gibberellin 968.5+285.25% 9127.426+4517.81° 1.798+1.028* 0.3+£0.07°
IAA 1208.62+188.15¢ 5279.9+2418.43° 2.57+0.945%¢ 0.24+0.05%
Nitrogen 972.91+125.91% 2458.34+445.41%® 4.125+1.271%¢ 0.19+0.02¢¢
Phosphorus 309.19+4310.2° 3674.88+2136.17® 0.963+0.899* 0.1140.087%¢
Pyrocatechol 913.73+132.71° 2196.55+738.54® 4.484+1.381 0.17+0.03%
Zeatin 409.84+78.12° 1168.05+214.53* 3.339+0.505 0.07+0.01*
Value in the same column with different superscript are significantly difference (p < 0.05)
Table 6: Zn concentration in V. nemoralis grown in the presence of various growth promoting traits

Zn concentration in plants (mg/kg)
Parameter Shoot Root TF TAR
Control 279.25+215.36° 230.37+195.23¢ 24.551420.053° 0.03+0.008*
AVG 3378.97+£891.73%¢ 2936.57+489.01¢ 11.865+4.175° 0.54+0.29°
Desferosamine 5255.43+3794.9¢ 4061.4+778.12¢ 15.636+15.51° 0.58+0.31°
Gibberellin 1774.82+767.58 3039.324856.21°¢ 6.33343.189° 0.36+0.14%
IAA 2433.85+1390.77% 4124.45+1042.48¢ 4.61+3.478" 0.54+0.29°
Nitrogen 430.01+517.2% 269.154+207.98° 26.966+22.806° 0.03+0.01*
Phosphorus 169.76+83.9° 296.53+224.8* 11.241£11.003* 0.03+0.02*
Pyrocatechol 3263.85+£660.19%¢ 2336.626+666.6° 11.182+1.813° 0.4+0.15b°
Zeatin 2640.51+£1826.88° 1461.53+769.59° 15.797+8.527¢ 0.25+0.14%®

Value in the same column with different superscript are significantly difference (p < 0.05)

The total Cd accumulations (mg Cd per kg plant dry
weight) of Control, AVG, DFB, GA,, TAA, Nitrogen,
Phosphorus, Pyrocatechol and Zeatin were 26.15, 1,067.06,
533.07,494.16, 717.67, 545.1, 400.41, 972.88 and 593.33
mg/kg, respectively. The metal TF as capacity of heavy
metal translocation from root to shoot has been
determined. The results showed that the TF was highest
(8.433) when supplemented with DFB. A significant higher
Cd concentration in root than shoot was also observed in
all evaluated parameter (Table 1) and all concentration
were higher than control group.

Only V. zizanioides grown under AVG and DFM
significantly displayed higher Pb in root compared to
control (Table 2). The total uptake of Pb was in the order
of DFB, AVG, GA,>[AA, Zeatin, Pyrocatechol, N, control
and P, respectively (Fig. 1B). TF analysis found no
difference between group and each PGP traits in Pb
translocation compared to the control. The total
concentrations of Zn in V. zizanioides was in the order of
P > DFB, TAA, Pyrocatechol, control, N, AVG, GA3 and
Zeatin, respectively (Fig. 1C). The average maximum TF
and TAR was observed in Zn (Table 3). All of the tested
PGR traits, except P had no influence of Zn translocation
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from root to shoot (TF) compared to the control group.
Similarly, P also induced the maximum total accumulation
of Zn per day (TAR) while the rest of PGR traits had no
effect. Notably, the TF and TAR for Zn uptake and
accumulation in control or every PGP traits were higher
than the other heavy metal.

Heavy metal analysis obtained from the root and
shoot of V. nemoralis (Tables 4, 5 & 6) revealed that roots
Cd higher than in shoots
concentration, especially in AVG, the Cd accumulation in
root was about 5 time of shoot (Table 4). The average
total Cd accumulation of control, AVG, DFB, GA;, IAA,
Nitrogen, Phosphorus, Pyrocatechol and Zeatin,
expressed as mg Cd per kg dry plant, were 135.35, 587.16,
302.89, 199.62, 547.89, 785.99, 130.79, 332.68 and 244.15
mg/kg, respectively. There were no effects of PGP traits
on Cd translocation from root to shoot in V. nemoralis.
In addition, the higher Cd accumulation rate than the
control group was only deserved under the influence
of DFB, IAA and N. Similar to the V. zizanioides, the
V. nemoralis also exhibited higher Pb root concentration
than Pb shoot concentration in all parameters-tested,
including the control (Table 5). Compared to the control,

concentration was
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the higher Pb total accumulation was only deserved in the
presence of the influence of GA;, IAA and N (Fig. 1B and
Table 5). In addition, only AVG could increase the
translocation from root to shoot higher than the control.
The higher total Zn accumulation than the control group
was only deserved under the influence of DFB, AVG, GA,,
IAA and pyrocatechol (Fig. 1C). Table 6 indicated that
most of PGP traits increased the concentrations of Zn in
root and shoot compared to the control group. The total
rate of Zn accumulation was also higher than control
under the influence of AVG, DFB, IAA and pyrocatechol.
However, there were no effects of PGP traits on Zn
translocation from root to shoot.

DISCUSSION

PGP traits could be stimulated Cd, Pb and Zn uptake
on both V. zizanioides and V. nemoralis. Belimov et al.
[11] also reported that AVG, the chemical inhibitors of
ethylene biosynthesis, inhibited ACC accumulation in
plants which exposed to solutions containing Cd*
brought a significant improvement in the plant growth.
Pyrocatechol and desferroxamin as sub-type of
siderophore were low molecular mass iron chelators with
high association onstants for complexing iron and also
form stable complex with other heavy metal such as
aluminium, Cd, copper, Pb and Zn. Therefore they
promoted the iron uptake by plants in the presence of
heavy metal [12]. Wang et al. [13] reported that [AA
increased Pb accumulation in roots, but significantly
decreased Pb accumulation in shoots of maize (Zea mays
L. cv. TY2) seedlings. Similarly, L opez et al. [14] reported
that 0.2 mM Pb plus 10 mM gibberellic acid increased Pb
concentration in alfalfa (Medicago sativa L.) roots by
about 40% compared to treatment with Pb only. The
summary could be pronounced that IAA, GA; and
phosphate demonstrated the indirect effects on Pb
accumulation because IAA is a molecule that promotes
apical dominance, tropism, stem elongation and root
formation among others, while GA, is related to
germination and flowering processes.

However, the different vetiver ecotypes showed the
different effects on heavy metal uptake by various PGP
traits. Therefore, the different results observed in this
study might be caused by differing properties of plant
variation which supported by Malik et al. [15]. They
reported that the effects on the bioaccumulation of
selected heavy metals by plants have been known to vary
greatly depending on the different rhizobacteria, plant
species, soil characteristics and climatic conditions.
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The comparison of heavy metal uptake by two
vetiver ecotypes found that V.
zizanioides had no significance for heavy metal uptake. In
contrast with Roongtanakiat and Chairoj [16]
reported that V. zizanioides had significantly higher Mn,
Zn and Cd amounts in shoot and root than V. nemoralis
and Kamphaeng Phet ecotypes on pot experiment.

zizanioides and V.

CONCLUSIONS

This research was the first report that elucidated
the effect of heavy metal on PGP traits and the efficiency
of heavy metal uptake by two species of vetiver grass.
The results supported that PGP traits could be promote
heavy metal uptake of vetiver grass. However, the
utilization of various PGP traits on phytoremediation
depends upon heavy metal and plant species.
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