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ABSTRACT A study of the group of bacteria that played a role in changing inorganic substances in an acid sulfate
soil (Rangsit soil serie) was carried out using the denatured gradient gel electrophoresis (DGGE) technique and
the relationship between bacterial community and changed inorganic substances was examined using canonical
correspondence analysis (CCA). Soil basic properties were analyzed and the soil was incubated under submerged
condition in laboratory. This Rangsit soil had clayey texture and was extremely acid soil (pH 4.3). Result revealed
that nitrate content decreased rapidly from the redox potential of +200 mV and entirely disappeared at 0 mV. Soluble
manganese content in the soil increased from the redox potential of +200 mV and reached the maximum (14 mg/kg)
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at -150 mV. The amount of iron in soil solution clearly increased from the redox potential of +150 mV while sulfate
tended to slowly increase from the beginning. It can be divided into, in accordance with the relationship between the
group of bacteria and changed inorganic substances in the soil, four groups as follow; 1) the group dominant in the
unchanged state of organic substances, 2) the group thriving in the condition both with or without oxygen that can
reduce nitrate, iron and manganese, 3) the group dominating in the redox potential ranging between +150 - -250 mV
of which the reduction of nitrate, iron, manganese and sulfate took place, especially in the cases of iron, manganese
and sulfate, and 4) the group found only during the reduction of iron, manganese and sulfate.

Keywords: acid sulfate soil, denature gradient gel electrophoresis (DGGE)
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Figure 1 Incubation of soil in pH-Eh controlled unit (A) and sample filter for air oxidation protection (B)

Arszimadasunlasasgnsaiunis
vhansazanedu (@auinsadld) Adnelnin
Fhendrine iasziAnnieed Inefimsnzilinn
NO', A% colorimetric method (ATl wavaasnss,
2551) d3u1nd Fe*" uay Mn? AntilATed atomic
absorption spectrophotometry Wazifsumnd 8042'
3% turbidimetric method (WATls wazasinid, 2551)

NSANAALAULBLAZNISYIN denature gradient gel
electrophoresis (DGGE)
arnREuereAwEITanAuduTivAaan
nsnses Adndlui3fendsine AuAanisae
Zhou et al. (1996) LastfinlFunudiswely
AL V3 region Tnelfinatia polymerase chain
reaction (PCR) fngl universal primer ﬁﬁmm
RUNNLALTY V3 region 189 16S rDNA isznadl
l1lgiael VFC (5'-CGC CCG CCG CGC GCG GCG
GGC GGG GCG GGG GCACGG GGG GCCTAC
GGG AGG CAG CAG-3) ilunlasinasalnsiwas 7
T GC- clamp wazlngwas VR (5-ATT ACC GCG
GCT GCT GG-3) {hinesalnames Mauelng

Muyzer et al. (1993) LATAIIRAALATINTNYD
NARAMT PCR Aagl 1.5% agarose gel electro-
phoresis @Wﬂﬁuﬁ’] denature gradient gel electro-
phoresis (DGGE) tne’ld polyacrylamide gel A
78019299 Supaphol (2005) HANNLANFANYE
denaturant A@ urea-formamide gradient éljlﬂl,wi 35
wlafidus D9 60 Wafifus

NMFINUUNTUAADILLATILGE

FALDUANERATIALEeANNIAa TN DGGE @
fidnenuzian madnunaslnadanisilasuudlas
2098170 T LAY LaTiIN1g re-amplified Tag
3% PCR #aglnsiwas VFC waz VR udadasiaeeng
AduallAinsedanduiad Macrogen Ltd.
UszimnAinvald shanduafldunuFoudiey
ANINHAUNTAAR 18 ARITLALEUIRBING N
qauradlugudeya Tneldldsunsu BLASTN
(basic local alignment search tools) luB WA
‘171| http://blast.ncbi.nim.nih.gov/Blast.cgi L‘Wl'aslﬂu
N139ARLUNLLAT R



22

AAFIzRANNANNUSsEUdanslAruulag
1BIRITARUNTAUAZNANULATILTE
WlAguANLe AN AL AL UA LE e
Aii&nHIAL A1NNATA DGGE A Anuda
229unUALEULe Aaellsinea Quality One WnuANT
wasuwlasestiiauuafiGe uaziiamsiaany
FuugsendnsrianuafiBanasnisilasunilas
ae98190tiuriael foelisunsudnigagtl Canoco for
window 4.5 (Ter Braak and Smilauer, 2002).
Bh principle component analysis (PCA) was

A% canonical correspondence analysis (CCA)
= a L4
HANITANKILLAZIANTEU

ANUAURIAUTARUSIRAT bE LUn15AN®N

a A o o o = a

AugaRui@nnld lun1sAne ununse
° o . oA A = =
ANz (acid sulfate soil) HilaAuLluAuwmlieg
ANTLATURIAL (FRFNAIUTZNINAUFADLN WL
1:1) Wiy 4.3 ApluAuNIATURIININ (extremely

. a A o =

acid) UsNNuaunsedng wazadNquanidasy
uanlaaau (CEC) agflusziigs winiu 6.0 n./nn.
LAY 22.5 WA LINA/NN. ANNANSL &N1NN191 TN
(EC) aglusziuan Punnlulnsiauianun was
WeanaFandulselomiaglussduiunanaiian
WINAL 0.4 N./NN. WA 14 1UN/NN. ATNAIAU TN
Tnunadauimnduileslaadayluseiuge (102
n1./07.) UL DNANBATLNANTATANNAT AN
WINAU 14,438 WAT 115 NN./AN. AMNAIAU A5
Fanuazlumsnnadia laNUTNNWINTL 806 WAz
45 4N./NN. ANAIAU

nsidaguslasuasiiet luimsn wuania
< o a
WAAN WAz TaLN A luAY
- o o dd

NANITANSE WL ANNLET L UAKAIN 1 4.8 11
FafndlnARendiansuAe +280 ﬁ@ﬁifmﬁ wﬁq
+200 HARIA6 @fammmnummuummuj wm
Taifinnalasuutlasnntn (Figure 2) mmmmm
1591 daasananadeluifinnssanduaedsans

WAUINEAT 44 (1) 1 19-28 (2559).

afluy3dau uenarnnisldaendiauduiaiy
Bianmrau AgllTns1d H anansazane ANLeT
asldiwlAeuutlas usndsannthianuie 150 Haaleast
Anfioriufinawiy 5.4 Wunadiosainneld
annmeenTadi wEnATh B amnnlufu Benas
@ﬂ“lmﬂLWﬂsﬂﬂﬂnTmm?ﬂ@mmﬁwu [Fe(OH),] uaz
efnnsdasinfnaniwasndu L‘V\Imnammmﬂu
W\I@m Fansadndufenanganals H' L'ﬂ@ﬂul,ﬂu
£ (H,0) nlsienfaTresmufinay f-mmwmmna
”LWWﬁ?m@ﬂmmnu 250 Radlaas AfilaTazAdh
GNLﬂum@mmnmfmmumm@ﬂm@ﬂieﬂm (CO)
1agl Co, sufutnuazanilaes H' aanun

mumﬁﬂﬂﬂﬁﬁiﬂ@ﬂ&ﬁ +200 Aaalaafadly
Bunnlumsnluansazanefuanasatnasiniia
wazvualifledndlwidfandivingy 0 Dadleas
ARAARAITUNAANNTIHNLLN inudnlwnIniEy
AAnnsadnsuiidnelniivaaand +200 faaload
(Patrick and Jugsujinda, 1992)

Uannuuasnilafiazanarinldlum Fugedu
Fausndlndiasend +200 fadliad auilangegn
Winf 14 un/nn. 71 150 faalaad waadldifiuin
aniEFnFwin R L nu Asu s viad
aranern NN aenARefUTE LIRS Patrick
and Jugsujinda (1992) fiwudn IFnduaes
s TlaBuRaR ANl WiaRandilszanns +200
qaalaas

wanluaN s A AR L ALAUR s AN
TWAEEend +150 faalaas 9lndiAeeiunis
AnMnae9 Patrick and Reddy (1978) inudn
wiEnGugrsAdnandlwitisend +180 fis +150
Haaloas uardiBuInumanluasazaneAugegn
Winfu 406 un/nn. adndlni13send -150
fadload nafintures Bunoumanluansazane
[Aaliasannsvisunanduseansn denald
Lﬁmmim?}'ﬂugﬂmz’“inmngﬁﬁ'@mw”lﬁmﬂﬁ@gﬂ
wleinulaesufumess Seavantldinedu uasi
AndlnATAendwindy -200 Raalaas wudwédn
NI BUAAA



KHON KAEN AGR. J. 44 (1) : 19-28 (2016).

N
w

K

800 T

500 T

300 T

200

Concenfration of ferrous and sulfate in soil solution (mg/kg)
B
8
|
I

so” - 70

+280 +250 +200 +160 +100 +50

Concentration of nitrate and manganous in soil solution (mg/kg)

Redox potential (Eh; mV)

Figure 2 Relation between redox potentials and change of inorganic substances in a submerged acid sulfate

soil (Rangsit soil series).
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Figure 3 DGGE banding patterns of bacterial community from a submerged acid sulfate soil (Rangsit soil series)

at varied redox potentials (Eh). Each band in the DGGE gel represents at least one bacterial species. Bands in the

same height are considered belonging to the same species. Marker (Tridye 100 bp marker; NEB Biolab) indicates

the marker for DGGE pattern from each redox potential. Fifteen bands (B1-15) were excised for sequencing and

compared to BLASTN at http://blast.ncbi.nim.nih.gov/Blast.cgi to ascertain their closest relatives.
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Table 1 Dominant species of bacteria in a submerged Rangsit acid sulfate soil from DGGE band were
compared to BLASTN at http://blast.ncbi.nim.nih.gov/Blast.cgi to ascertain their closest relatives.

phylotype Accession

Code Closest match from BLASTN Identity
group number
Acidobacteria B10 AM922432.1  Uncultured Acidobacteria bacterium clone BO6_Bare_Soil 88%
Acidobacteria B13 FJ870629.1 Uncultured Acidobacteria bacterium clone BN2-10 91%
Alphaproteobacteria B05 FM202724.1  Sphingomonas sp. strain CS6 7%
Alphaproteobacteria B0O4 EF188320.1 Uncultured Alphaproteobacterium clone 651 98%
Alphaproteobacteria BO7 EU665135.1  Uncultured Kaistobacter sp. clone Plot22-2A06 80%
Alphaproteobacteria B09 EU449617.1  Uncultured Sphingomonadaceae bacterium clone Plot4-2H12 100%
Deltaproteobacteria B02 FJ190058.1 Anaeromyxobacter dehalogenans strain FRC-R6 84%
Deltaproteobacteria B15 EU449596.1  Uncultured Myxococcales bacterium clone Plot4-E03 91%
Firmicutes B08 AB110415.1  Bacillus senegalensis 98%
Firmicutes B12 DQO079003.1  Bacillus sp. GB02-39A 89%
Firmicutes B0O6 EU043767.1  Uncultured Bacillus sp. clone GASP-5KA-95-G12 94%
Firmicutes B14 EU834945.1  Uncultured Bacillus sp. clone IST DGGE 1 95%
Firmicutes BO3 EU919224.1  Uncultured Trichococcus sp. clone QRSYY9 90%
Gammaproteobacteria  BO1 AM935063.1  Uncultured Gamma proteobacterium clone AMKG9 88%
Gammaproteobacteria  B11 FJ538164.1 Uncultured Rhodanobacter sp. clone MBMV17 100%
e
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Figure 4 PCA showing structure of bacterial communities at varied redox potentials in a submerged acid sulfate

soil (Rangsit soil series).
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Figure 5 CCA showing the correlation between structure of bacterial communities and change of inorganic

substances in a submerged acid sulfate soil (Rangsit soil series).
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Figure 6 CCA showing the correlation between dominant species of bacteria and change of inorganic

substances in a submerged acid sulfate soil (Rangsit soil series).
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