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Application of Plant Growth Promoting Bacteria
with Phytoextraction Technology for Remediation

of Contaminated Heavy Metals in Soil

Keng Jiamkitwattana' and Wasu Pathom-aree®”

ABSTRACT

Contaminated heavy metals in environment generated from human activities became
major health and environmental problems. Heavy metals are immutable by any natural biodegra-
dation process that is still in need of an effective and proper clean up process. Phytoextraction,
which is one type of phytoremediation, is a promising technology because it is clean,
environmental friendly and cost effective. It is also superior for metals clean-up than microbial
bioremediation which is ineffective at addressing this type of contamination, particularly in soil.
However, a major hurdle to apply this technology is the low bioavailability of heavy metals in
soil and time consuming is also another disadvantage of this technology. These problems can be
solved by the application of plant growth promoting bacteria (PGPR) with this technology.
Many metabolites produced from these bacteria can promote plant growth and help both direct
and indirect way to improve plant’s heavy metals removal efficiency. Many research papers

showed that this technology is potentially applicable in the near future.

Keywords: Phytoextraction, Plant growth promoting bacteria (PGPR), Heavy metals
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T mawz1912991@31 microbial siderophore  “wsuamInlalsiaelswes (Phytosiderophore)
= s -
e 13lsiaelinesinaaldlasiis
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1lsiaelinesNnanvumnInnisuazydunidiqa ianmileudunaiseg gy

g A T

gn Sgunlu amznanaausqman Jdimhivanlumahwnguaniiogludud isadiive
THluRvnssun dgueawad wennasqanudy 1slsieelsesnansiisuazqdunidda wnsa
Juivlanewinstinduisu ezgiifion waafon aznd neuas Taae [29] sdlsinm win
wnhinagiany nsanaaeiuuadaianuuansalulase Hamuainaglse nsmwlums
o I~ d a A o 1 v I 1 ¥ 44‘ 1 o
fumgman lag 1slsieelsweinngaunidesuisesnlaiiu 4 nguanlase Huwinuaneafiv
lduA catecholates, carboxylates, hydroxamates uagnpuiniilass SHumyiladsuns 3 wuumdnila
aamlUu uAU (Mix of the main functional groups) FIN 4 ﬂduﬁﬂizaw%mweluﬂﬁ%’mmmﬁﬂ
TalaivihAu Tasuuy catecholates fanu wsalumsdumanlawiui o [29, 301 w3y 13
Isinelsweinnisidnyuzlas Hamuail bivanvagivesduniduaziinnu wsalums
Jumanmah nandeiimanu wnsalumsivimanlndideeiy 15lsaelsnesngu carboxylates
2 g ' ¢ A  Agda 1Y) 2 o A
suiunguues 13lsiaelsweinngaunidnianu wnsalumsdumandn a [29]
wsmelswesindnlasgaunid danw wnsalumsivsqumaniioglugl 1suUszaou
1Ba%ou (Complexing iron) 91AHU 15UseneUIBIFoUINesn-lsiaelsnes (Fe® -siderophore
' Av o a A v ¢ a agq & o 24 2
complex) HIMNIZUIUMTIANFULTNALBeNsadvesgaunsdnanaiihiey  (Fe™) Bauwn
vgaeennnn 13lsiaelseiieith isad lasis unsalslsslesinnlsiaeliesindan
aunidlasnsgadu 1siszneuidtenumein-lsiaelsvied 11 wadiislagassnaznimgman
Tiemawsyidulavesiisld vennnil 1slsiaelsesnydunsd 519vu wsaduiunglans
o/ a d' A < 1 Y A Id a o/ 1 dyl =
mwinsliaduusnmile lnnwman aralilSiamazanunduiyves 15lansminmaiildons
anay B389 NN YVOINBIFUAY [28]

4. Ms5uangasluuNs (Phytohormone production) N11398ay 80 YOIAUNIIN
91@80gUSNMIOUN (Rhizospheric Microbes) wsandnnsndulaaszdfn (Indole-3-acetic
acid: TAA) [28] ®adlu 159unIdniy “uangrivuinemihniugesluuoonsu (Auxin) uay
uINNBIL 1150 “uAEd 159uNIddnviatesiia 1¥u duleatemuea (Indole ethanol)

A a aa . . A o v A g a Y o1 o 1 a Aaa
nsalilaozdfn (Phenylacetic acid) Wehvihidugesluueendulaisuiu udnsndulnaszdan
= o o d' o U d' a ] 1 1 d P
Hunum 1dgn alumsihwihiseslinuesndu [31] las wademsuiaisad (Cell division)

d' 1 P o v d‘ A . . . VU I~
m3lasuasgnuiiemmhimwzveasadiis (Cell differentiation) n3zdUNINBNVOUNAA
(Seed germination) INSATIWAIUINTYSIBIANLAZ5IN (Xylem and root development)
MINOU UBIADl Iuazusalinade (Response to light and gravity) uazms UATISHAIGL
(Photosynthesis)
a aa d' 1 a A a . . = Q‘ Q‘ dy d'a
asadulaaesdani ulaguuaiiSeusnaseunn (Rhizobacteria) AgnBiiNNuNA2
A Ry v & a vaX = v I £ 2
uazaNnueMveInANsIglinsm semsluauladiu Tuvazifenunigniananuudaus
L% o A = 1 YA d' 1 A Q' dy
YOINIIBAdNS (Loosen plant cell wall) 39iglidl 1501nsidaesesnunannaiisiiniu

HhulselemidemswsgvenuaiiSomeisuifeaiu [28]
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5. M3 5190ulsl ACC deaminase iofisdoundyiu Angas Mlimangdens

WYY AN 1slavisvitin szduvedsesluuiediau (Ethylene) d2ifin yuuas NHa
v 1 a = % d aa =) Q' o

ATENUMUAUAEMIIIYYINis lasnalnns “uanzdeesluueiauluissunneulsi ACC
synthase Liﬁﬂﬁﬁ%mmﬂﬂaﬂu 5oz lugawlslediv (S-adenosyl methionine; SAM) Wy 13
pzfilulslaalwsimuasuen®ian (1-aminocyclopropane-1-carboxylate; ACC) 9ntutoulsi
ACC oxidase z1lasu ACC iugasluueiian 1 wwansznudeiisasnldananludr oulsd
ACC deaminase fuwuafise Srvwdueulminswiiserms s ACC TWaaeidlusenluiiie
nazusamhdladafiisn (a-ketobutyrate) [32] denuduiunsdaieasns Sueesluuieiiau
A A 1 A 1 1 a <] 1 o 4 Aa X (BN
Welwine AMzane Nldimangdemssgnazliiims “uangigesnuefiauiumuazli wwa
AITNUMUAUADMIIIYVOINS NBTITIAAUToY |G

delsv ada 7 A a Ao T I d\l T s o
ﬂ'ﬁlligfalﬂﬂ BUUANLIY 3L FHMTIFYINNBNUINALULAY Wlaansunsasu
o a o =) 4 ) P91 1o v & A A S
anu 1Gvesmathmalulad laendunsasul/dvuegiviliemanniisiaisiiang
Fanwmann (High biomass) uazminudeanuiduivveslanswin (Metal stress) uazilads
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a =) 1 1 a o 1 o & v Ao 1 ¥ A =2 o/ v
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1 1 a Y A = o/ Sldda! = Q. =
M3ty " Suldisgedulaveminlddvulaemeasefeiinany wnsavesiisluns
gaduuaziafdoudne (Translocation) 3langviinliinuliluiebedislddvulasnalaindulyla
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1. m3uda 1slseelsved  sluaelswed wnsadudvlaneminslinduuenainme
g o A 1 [% 1 o A [ 1o/ a i A =2 = 1%
manasnanlludyr Hrelilaneminigngaduediveymadueglu amenizgnoasulasiisld
' E 1 < A v X 1o/ a A A 2 J a A (4
hevy egnlsnmunanldvuegiusiiaveiis ilesnniisudassiiaiinalnlumsgasy 1slans
v Y ¢ v v Y oA AY == s a a A Y 1 ¥a
wind isadfiuandnindainiish ienagedu 1slsinelsvesnindannuuaiisedh isadldn
anldnadninasaiuiinge wnsagady 13lavewind isadizldanaaiiesnn 13lanewin
angadulilasuuaiiSeninga 15lsaelswesled
2. ﬂiﬂauméﬁu’mhmqaﬁ’l (Low molecular weight organic acids (LMWOASs)

1 d

n3ndunsd 1wsa Hanussivleseulavewinld lasnsadunidnivyaisvensa (COOH)

g nnsaduRulaneminlddnd Kifunsadadn (Citric acid) Zefimjasuenda 3 wy
(Tricarboxylic acid) 39 1nsa wiwuszAvlavgwinlaamn  15Uszaeunsadunsdnulansviin
wgnisuenionamelangniinesnin (Dissociated) TnsnszuiumsliAau3nafimafisili
mathTangnind namldhetu edwlsinu  Saiiflaioduil snadoms Haiuszazning
asadunsdnulaventinigu  anududuvesnsadunidludu Jatenwmenmuaziaiivesdu
(Physicochemical properties) 347 ‘Iwadaaa wsalumsgadulansuind isadnniisisuiy
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3. 150AUNMIAITINN (Biosurfactants) 101 15uanANadin (Amphiphilic molecule)
s ab o dale % . mf ey ¥ LA oa X
Aoding unfivndeveuin (Hydrophilic) wazlifivndslizeuin (Hydrophobic) Nnaniuunlay
wuafisendeusnusounn lag 1350AuAIA 1150 Neiuszuasfsnglansriiniinig
agAuau Mlilanerinedly mmiihedemsgngaduldlaeiie

a

o % 1 T a YA = % ydd” v A 1 1 a
miumste 0 Suliisgedulavgminldavulasnadenfansgie a1 Jumseiy

o
1

a - o YA A I 1 ) a o/ =& [ a
wulavesismldisiuiadinminanaznudeanuiiuiveeslanenin - uiunisiiia
Usz“minmeesnssuaumahialavesrtindiemaluladi [25] danamsielifiseigidulaldi
Hroudlvdonia Maguesnste 15lavgntinlagldisAeszoznaiauiiumsnaouinuula
a ¥ o o/ ] a = a A 14 1 4 Y v ¥V =S L ’O’ =
dnee [33] "miunalams ' Jumswsgylasuuaiiteldnanlindrindu Jwelieinemadn

naiieSouisuaumsld 15eiigu EDTA iesisliisgasu 1s5lanzniinlda
é} g.ll S A 1 a a A Ay 4 =) =y o‘d' S A ¥ é’
I wueiiFe W Sumaesguesisidelanioude 1sumueladnuuaiiie 19U wsa
1 a £ d A o A v o 1 & Xa o/ 2 A v 3 1
dos mulalusssumnd Judluiviu aunadeniesndn [25] Naililandferaredunu aglwiAumn

A A a a A Ao A o 9 ¥ o A ¢ &

nuaiise 4 Suminsgvesiisidnsniniivnhanlszgndléfumaluladlnlaendunsasu
fog1ITY

Pseudomonas fluorescens 18%Ug Pf27 1NNIaHIMWUAZANN 1H1301UMIgABY
o a a a v 1 X A ) a . . vaX
anz™ nesundnazuanleNNNGLd IeiBovesinmalied (Brassica juncea) 16avu [33]

Sphingomonas wWug SaMR12 uihwisenendeedlunn (Endophyte) uazusnise
ldnnnvesdu Sedum alfredii Buduiisiuduvessmaiu Hrofinuiadinmwuazany
W130V0IGU Sedum alfredii Tumsgasu “ang “MudJeuluaulvaswu [34]

Streptomyces sp. MC1 18 1 '%umm’%zguamﬁuma%mwmm%’wﬂwa (Zea mays)
4 oA & - D vt a o vad y
nlgnludumuileulasifion aunaieiinlse " nsmumsgadulasiisnesnnndulddvudie [35]

Streptomyces tendae FABuilu 1oiugimusionaaifionnas wsa 5w wlsiaelswesld
agnn waluduiumssusenaziinuaaifonasll) natuSuhwdanuaziy (Helianthus

d‘ 1 1 491 ¥ a d' o/ Y 1 ¥ g
annuus) Mrwmssgeudmnimegnadluduinliy anglimmne wdems 53 1slsiaelvles
Yo41F0 NUIIFOFIY 1 INMIWIYuazMIgasuuaaiiaNveInenmuaz TuliaE [36]
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