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Abstract

Butachlor {N-butoxymethyl-2-chloro-2’,6’-diethylacetanilide),ne of the
widely utilized herbicides in paddy fields, chasttes by its fast degradation
rate and low toxicity and serves to be a herbidiu fulfills environmental
friendliness purpose. The bacterial compositioneurimitachlor application with
rice plant cultivation was investigated by cultimdependent and
culture-dependent method and the change of nitasgeractivities under the
same treatment were also investigated. The restuttwed that in the upper layer
of paddy soils (0-3 cm), both concentrations ofabbtor application (1.5 g dfe
and 15 g aré) could significantly raise soil nitrogenase adi@as at rice survival
stage. But at the rice ripening stage, only higencentration of butachlor
application could raise the soil nitrogenase aigtigignificantly. In the lower
layer of paddy soils (3-15 cm), both concentratiohdutachlor could raise soil
nitrogenase activities, while higher concentrat@nbutachlor could raise the
activity to a larger degree. From the results ofpaired group method using
arithmetic averages (UPGMA) which interpreting thesults of denaturing
gradient gel electrophoresis (DGGE), the diazotiopHivergences upon
butachlor application were ranged from 33-64% thgimut rice growth stages;
while that of eubacterial diversities were from 28%. For further interpretation
and determination of the cluster numbers of eachGMR dendrograms,
minimum distance statistics (MD), was thereforeligolp The results showed that

the application of butachlor altered the compositiof diazotrophic and



eubacterial communities without recovery to theeptove state after 100 days of
rice cultivation. The predominant nitrogen fixationbacteria was
Janthinobacterium sp. under higher dose of butachlor in upper lasat, and
was Arthrobacter sp. in lower layer soil. The diazothrophic biodsigy
increased after 39 days and was the reason thatdsbadhe soil nitrogenase

activity.

Keyword: butachlor; DGGE; nitrogenase activity; teaial biodiversity;
UPGMA
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Fig 1.1 Cultivated land area in Taiwan.
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2.1% % &3 4 $Hjeig s & (Schloter et al., 200D

Table 2.1 List of biomolecular techniques

Abbreviations

Standing for

AFLP
AP-PCR
ARDRA
BOX-PCR

DGGE
ERIC-PCR

FAME
IGS (analysis)

Inter-LINE-PCR
ITS (analysis)
MLEE

PFGE

PCR-RFLP

RAPD-PCR
RC-PFGE

REP-PCR

Rep-PCR

RISA

SCAR
TGGE

amplified (DNA) fragment length polymorphism

arbitrary primed polymerase chain reactadrbNA)
amplified ribosomal DNA restriction analysis

polymerase chain reaction of (DNA sequehetween) BOX
element

denaturing gel gradient electrophoresis

polymerase chain reaction of (DNA sequshetween)
enterobacterial repetitive intergenic consensusesaes
fatty acid methyl ester analysis

intergenic spacer analysis (=IT3y&ms=RISA when used for
ribosomal spacers)

polymerase chain reaction of (DNAsences between) long
interspersed elements

internal transcribed spacer analgiSA)
multilocus enzyme electrophoresis

pulsed field gel electrophoresis

restriction fragment length polymorphishpalymerase chain

reaction-generated amplicons

polymerase chain reaction of random-ameglipolymorphic DNA

pulsed field gel electrophoresis (of DN@edited by) rare cutting

endonucleases

polymerase chain reaction of (DNA sequebetgeen) repetitive

extragenic palindromic elements

polymerase chain reaction of (DNA sequebeggeen) repetitive

(REP, ERIC or BOX) elements
ribosomal intergenic spacer analysis
sequence-characterized amplified (DNA) regions

temperature gradient gel electrophoresis
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Fig. 2.1 The structure of butachlor
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# ™ - Chiang % + (2001) *~# 7 = f&-kw “,fi’}swj PR P Y Lz
E7 Z%gf%;é%?m%'fif—ii EARE Y P BB B AR T ARET T UBE
dgg4z £330 (0-10cm) (B 2.2)) @7 Fend T H 6
(e

r'z

\-;\
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Buiachior Benthiocart Chlomethoxy fen

E Taichung
= sandy
:E" 1 o
E Taoyuan
= clay
E lnae
[

Concentration in soil { ¢ g/s)
B 22 540 ¢ @ £ D 2 PR S 2P A T2 S TRRIE R
= § /2 (Chiang et al., 2001
O fF% &R E, B TS ER Bl &4 B FERE.
Fig 2.2 Predicted and measured residues and distiibof herbicide in the

Taichung sandy loam and Taoyuan clay loam soilroaki
0 Measured; l Calculated by equilibrium modls; Calculated by

kinetic models.
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3.7 AP I GRE PP

BEARw A T T G R T AR R RN TR SRR K
Tsumura(1994) # = AR 2 P s g kok? F A7 AR T HER >
Sl W o AT S I AR T TR - F: SR UL R & 3
T ARTHERY LB A4S LT AL REHT S S g FER
F R L #ER -

Ateeq% 4 (2002) 41* i+ & (Alliumcepa) /3 #HHk &1 %
2,4D% 7 AP F sk R R BEFIR AT AP TR IELA
R F = FF RS LA ARMAEART (513 ppm > T A
PEFEEAFTHROAFIRR 5 SN2 P2 EHTE 2 hlnre
FRHY o F N FRY AR TR0 AP UV R AG G 4 chikk
LR IR

1993# Singh % Pillsi #-7 A>3 35 2t fen ¢ > 2 &%
AR AR eed T APt S A A A
e 51302 Plecs o Hang & 4 (2001) *t48w @ 2% 7 b 3> %3

~
ﬁ’,, ~

4 3]

4

Nlud

=

8

3
|

R mRAKER TR 0 A wFk L FOBRE H e o
d PR A T AP T arst {1 A SR 2 i hd £ 357

NP - RARR PP AT E Mk B AR B 0 s D BT

N

Bl B 5 RGP N 7 RAER 0 RS A T 4 b e

L EFanTE et 7 AR IS PR e g i) e
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(2) 89 247 AF (c7 ZAF K2 H

1 f&9 BOHF T AP HE F

Fet T 2R A2 - AT A BaES KR A ke gk
FOTRR L e ToRENE R 0 p 10 B PLE R TR e
Poen® 1T 4 u 7 3 (Watanabe et al., 1951; Moore, 1966; Balandreal,et a
1975) - Quesadas 4 (1997) 7 7 SR B 0 f&v ¢ it FHE T
( Biological Nitrogen Fixation & i¥# 2 *g ?F}? 75 kgeng % 5 AR
AP o FEEAT igf;;kifpii’;'%? 83/ 30kgeg % o d ¥ H»w B > FHF IF
PRI PR TR R ERT Sk AR AY Y 0 pARTFE
1Ftk = Azotobacters( Clark and Durrell, 196%; # 2.2 2 = A &7 ¢ #7140
B hR EPFREE FfA -

FF F* PSS F]F U H - By F kR Tl FE FR D G
REFCALFTIFA -MRF 2402 GHET FHIEEY > a0 E4PREH
FEr TR EEE AF F ¢ 72 422 (Oxygen-labile) t3-v F ( Tate,
1995) - 3 = B 1 4edF ik B o F] 5483 ¥ il ¢ dd] ADP P (v
(ADP-ribosylation) (Fu and Burris, 1989; Klassen et al., 1997 A r ] %]
§IEH (g (T o ¥ ek > F L HE F* £ Pl sicd 3 NifA v g @
AW AEREY D FORREFHILF ZEF M4 Flet ey
¥ FREZ AT ERT TR EY FE T gy o

FAPOFRFAG A FORGET LI NT M - - REKE
(Rhizosphere Organisms = ~ 4 1+ 4 (Facultative Endophytes %2 = -
% ¥ 4 (Obligate Endophytes( Baldani et al., 1997 #H £ #* ;X\ 40T @

N, + 10H + 86 + NMgATP -> 2NH," + H, + NMgADP +nP, (n=16)
( Halbleib and Ludden, 2000
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Hoe HairE kKorg e 7 Acetobacter diazotrophicus » Herbaspirillum
Spp% Azoarcus spp P g HPM 2 FHEF F o FIH R P NR AL
‘hiv g fr?«fafiﬁ BB i R FIPE RETEAR  F L BB A
AFLE ¥ % (Baldani et al., 1997 -
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% 224 M Ap M 2 PF3EF § A48 (Dobereiner et al., 1994

Table 2.2 The endophytic free-living nitrogen-ficat bacteria in Gramineae

plant tissue
Diazotroph Plant Plant parts
Faculatatives
Azotobacter brasilense Cereals Roots, stems, seeds
Forage grasses Roots, stems
Sugar cane Roots, stems, leaves
Palm trees Roots, stems, fruits
A. lipoferums Cereals Roots, stems, seeds, xylem sap
Forage grasses Roots, leaves
Sugar cane Roots, stems, leaves
Tuber plants Tubers, roots
Palm trees Roots, stems, fruits
A. amazonense Cereals Roots, stems, seeds
Sugar cane Roots, stems
Palm trees Roots, stems, fruits
A. irakense Rice Roots
Obligates
H. seropedicae Cereals Roots, stems, leaves, seeds
Sugar cane Roots, stems
Forage grasses Roots, stems, leaves
Palm trees Roots, stems
H. rubrisubalbicans Sugar cane Roots, stems, leaves
Rice Roots, stems, leaves
A. diazotrophicus Sugar cane Roots, stems, leaves
Pennisetum Roots, stems,
Sweet potato Roots, stems, tubers
Azoarcus spp. Kallar grass Roots, base of stems
Burkholderia spp. Cereals Roots, stems, leaves
Sugar cane Roots, stems, leaves
Tuber plants Roots, tubers
Palm trees Roots, stems
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2. £ AF er R T

HF FOFEE TF FEEG AT 2 Ap M A TR o AT A4
FF AFNET BRI b ERAT FASR S BT AP TR
A R wE RO RE o T H ARG AFZ AR EF onif F
AL B AP BT R FE S 3 Azospirillum F B¢ 0 H A Fe
2 # i drd 2.3 Steenhoudt Vanderleyderst 2000+ %7 3 # fF i &
WA G A P2 BF 75 0 %% Azospirillum sp. - Acetobacter
diazotrophicus ~ Herbaspirillum seropedicae - Azoarcus sp. # Azotobacter sp.
Honif AF)2RHETE nifA BEE T aycd > @ nifA #4005 1C 3 hi IR
LIy ABREATCFEAEASRBEF T AL A BTy O A
oo B onif AF g s ARZE A 0397 g Apk o $ Azospirillum
brasilense 2 H. seropedicae @ & > i & s34k G dr4] nifA A Flend 5 &
¥ Azotobacter vindlandii ‘@ 3 0 nifA | F 2 nifL A )i 72 # b

(Cotranscription @ nifL A Flegd P30 8 3 2 B2 3 wiedk R iF 2T v
] nifA & Fleni®* o

¥ ¢t » Klebsiella pneumoniae ¥ Herbaspirillum seropedicae 7 nifA
promoter 2 ] ntrC % rpoN (6" ) 3 3= (Wassem et al., 2000 @ % %
% hedp 3k B 3 32 Herbaspirillum seropedicae 2z nifA £ %4 3 (Souza et
al., 1999 ; Bradyrhizobium japonicum # % ] P, &9 @3 = (Pedrosa et
al.,.1997; Benelliet al, 1997) -

nif 2 %l» FlgEfieigic 2 232> B3 pR i =¥ o & Klebsiella
pneumoniae > H nif A F &4 & 1+ b7 i 24 kbpek & (Arnold et al,
1988) : @ Enterobacter agglomerans < nif & %] 548 + (Stumpf et al.,
1993) - # Azospirillum brasilense ( Frazzon and Schrank, 1998 Acetobacter
diazotrophicus ( Lee et al., 2001~ Azotobacter vinelandii ( Merrick, 1993) » 2
£ 2 ®§ ) (Fischer, 1994 > nif 2 Fl4cm >4 ¢ & F 4+ (Merrick,
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1993) - & Herbaspirillum seropedicae > nif A F]>* % ¢ 8+ b5 & B % & ¢
- BRE? Z2Ya9nfA 2 nifB A %) (Souzaet al,, 199D - B EE ¢ 2
nifHDKENXorf 1orf 2orf 34 3+ (Klassen etal., 1999 H # > nifN £ 7] &
H% pt% ¢ Z (Klassen et al., 1999
TZOBRAAFAFLG A RORHE S R R AL RHE R
R R R conifH A7 5 973 hFF Hore F (Poly et al, 2001) > *
v £ § A %2 - (Rosadoetal, 1998 % % o 73R 2 S % &g o Y
nifH & F1 3 71 1% 3 A F Fes 47 - 202 16S RNAR 7 (¥ 4 Ffhas 1%
ip % (Uedaet al., 1995; Zehr et al., 1995; Bornensdral., 1996 -

Fhetdo 3 RAEOEF ALY HAFATIE G R OREE A
PR AR ey £RE S o Fpt Ay ¢ 11 DGGE 2 4 7

R R R E B 0 A SRS BRI R i
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% 2.3Azospirillum 2. F§ ~F B 1* 2 A & (%% g A 712 AR
it (Steenhoudt and Vanderleyden, 2000

Table 2.3 Azospirillum genes involved in nitrogen fixation, nitrogen

assimilation and nitrogen regulation

Gene Function

nifH Structural gene dinitrogenase reductase ( Fe prptei
nifD Structural gene dinitrogenase ( MoFe proteksubunit )
nifk Structural gene dinitrogenase ( MoFe protgisubunit )
nifA Transcriptional activator of the nitrogen fixationif ) genes
gltDB  Glutamate synthase structural genes
glnA Glutamine synthetase structural gene
amtB Structural gene ammonium transporter
glnB N-signal transmitter protein,P
glnZ P, homologue
glnD Uridylyltransferase/uridylyl-removing enzyme ( UGA9IR )
Sensor protein of two-component regulatory systarolived in
e general nitrogen control
Regulatory protein of twa@omponent regulatory system involv
nre in general nitrogen control
ntrA, rpoN  Alternative sigma factor®*
draT Dinitrogenase reductase ADP ribosyl-transferase

draG Dinitrogenase reductase activating glycohydrolase
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w
H

T a AP Y

RS e FRELN D FERT AL AP ARG niES
(dr% g (8% ~AEEEd 5 2 HF IE% £ ) &2 HGENFrylenier o

Mishra 2 Pandey(1989) # 3 100 mg mL" 7 A X 8e28 2 ¢ #
% [F Nostoc linckia e £ 2 B § /F2 4 2 sc > frg @ 2t NOg 2 NH,'
iy 4 T RE o pH G WERIREN (F RS 2 ORARSY g 8T A
PEHBESFOE T o bl4o B pH T & H 7 AP 1% N linckia
13 4 o Selvakumar % 4+ (2002) »t25 # ~ &#iﬁﬁﬂ;f{ﬁ? I AR TER
WwpE 0 % % Westiellopsis ik &+ 7 0 2 =& & Anabaena - Nostoc %
Oscillatoria - Jena% + (1990) e 3 dor > MR ™ AP X7 HAEFHF
it % s 4 - Patnaik® 4 (1995) 3% 2g B % 1.8 kgeh™ AP X >
SEFR HE R A ik oHang & £ (2001) 5 * 7 kR
(5.5~112 22 mgkgh) 7 i Fa0geu ¢ b LR F R FF A AR
WA AR > P ERARG B ERAAG A B R HBERE
TR LR RARF F I ARR F - BT T AP R arE T auE v A i
HF e BRI A 2 g e
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(2) 2 LARM 2 3 4 i

1. & & pw4adf F & (Polymerase Chain Reaction, PCR)

ReprsaliF oi- %7 4 a1 B VAR £ a0 & DNA A 3 4e 12
M XA AR N REY ARS R EPATIAE R4
Bl 237 ¥ fatdots o - Bdp ki Suse# D A BT A2 AR 4 K DNA $i54
o F L AER o BHIR DNA T AT ehs e DNA (313 ) A wj%ks 3
¢ R Hehd KHOK DNA oo AR THDNA RER (L ¥ & Tag)
T A3 AL o & X FTeHDNA - — 3 DNA A 3 £ E 4
He i¥ PCR 255 » 78 B DNA A 3 ek ¢ 53 71 22° 9 8 10° B A+ o

ki

# DNA (1§ ¢ & 43 i £ 4% (Agarose ge) 7 74 @ BRI -

P PCRengjire B2 R * ’,‘j‘i}‘g%g EE AR ApEEp
& PCR# 1  4g M e 4 i > 7 % DNA A 7] ens #2445 > DNA 2 im
e fpap A AT RY B B2 B L AT ARG g K
T2 a5mEmy -

5 3
3 5
l Denaturation l 3rd generation
5 3
) ) Ea 5 El
s 5
B N— 5 Eif 5
Extension,  ————
¥ Eif 5 B ¥
. e

E 3

— e —
2nd generation ol s
5 3 s s 3
¥ . =

 ——

w e ua

.
3 5
3 5 5
5 5 5 5 ¥
R — e
5 3 5 .
5 3
S — e ——————

Bl 2.3 % £ préagl & T X R

Fig 2.3 Three cycles of the polymerase chaintrea.
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2. RUEHFRART A

M4 B A% T 4 (Denaturing Gradient Gel Electrophoresis, DGGE.
- R RAT A RROT AP S L L RIEF S
3 Ao e Muyzer® A f 1993 #-pt fd Bprde 1T n LB H {50 A T

B PR ESHY 0 3 FAF 2 & % - B9 PCR (Polymerase
Chain Reaction 1y {¢ c7 PCR-DGGE> # #-57 B F T A Fl4g ®3c+ - £ iﬁ“’
DGGE ik FIL B cha 47 » &7 2 7k E ﬁ%ig—%#mgdv (&% > 2004) -

DGGE &k i & ¥ %4 Acrylamide/Bis 7 & i#E42¢ » 4c » & g% DNA

(Double Strand DNA, ds DNA% {2 it & 4= & » i Ureaf- Formamide% -
R DNA S B a hMA R 2 P RARE RIS )4

o e B 73 e DNAC Fli - g AL B DNA L & F 0~ Jfr& B &
oS BRI A ) e B A A e en R DNA 2 PR i oonib o
A He AR DNA B> 3 Roengd 54 £ A8 de e st ehd 4Ed £ 0005
B gk (A) 289 eie_(T) o) =8 Ba g @ § Lket (G) &%
e (C) feft; = B a4 o Flpt & DNA B 7§ ¢ 4ok C+G ik
E5pFiE s I RyFBERGDS FARL > AT T R P HER R R &A%
% o84 e DGGE “ffs™ nfk # RIZ o {I* RPADER A F o & %
DNA fil @ T AR d a2 Beega ik @A77 F o L& KRAD
FenDNA 27 F g @k BT > 7R Rk > Ean it an A%

¢PoocdiE F a4 g (Gelsomino, 1999 -
DGGE i * 4p§ chR 5 ¥ % kv 450 & higH e fos &

¢

it > 23 ¥ L &iF Clone libraries® - Muyzeriéﬁ A B 1993 & T 3

2% KT PCR- DGGEma‘F; T3 ( Gene Fingerprinting ¥43t DNA 15 7|

ﬁ?’

&ﬂr}J#E’?ﬁrﬁmﬁHIH » &+ DGGE ¢ = % ’4—-15{‘%’@1*‘1\ - 1135:1‘3—1
Fo AR @R A WRLF R OEE > FL R DGGE TR A A G

B MEENRE Y A DS EE R KA P AESE ¥
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‘b > DGGE# jtrern® f247 & 7 * > 1§ PIBER % > 4o Glrtler & 4 #2002 & e
By o #-DGGEHITE & e & 7| FH E - 11 5%%| Saphylococcus aureus
Rk o 2 ¢ 2% PCR-DGGE*i#¢ * t5] 3+ 7 M4 AHE I L A &
enfe = iT L JF > 99T 3 (Heuerand Smalla, 199Y- Rosado% 4 % 1998 & 1|
* PCR-DGGE# jis#£ 31 Paenibacillus azotofixans Ft& nifH % A %15 7| >
S %% M > P. azotofixans 7 nifH & %1 & 7 & H 3R M %k 4p 1T hF R > 4o P
polymyxa 2 P.macerans £ # < » ¥ d DGGEHir#-H & 3 o

b33 SHbp RAP TR PAFT TR BRI K (Wayne
et al, 1987)> * 7 kfgigik L 24 2 L 52397 4pk - {1* DGGE %
TGGEW % 5354 > ERAITE PR » ¥ UE BRI FEFRRAES 2 F
RenZ B Flpt A7 U PO REF A F A P FEFE R wREEORR
B 8 1 4525
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(1) RARFRLFRHEL

1 E#a47i

83 4 472 (Cluster Analysis #_#-— = #@p| & (Observation & H
tp i (Similarity) 2 e 512 (Homogeneity 4 = #c# = 2 > @ (75 3
PR LR nEMEZ BMALRE < (L5 1998) 0 EE AT TR

PR T E - P

(1) 4p 2 R e pl2 g 4 ¢
W BRI A BELPIEAR S 2 Behdp R > £ A R EARR 010 2
Firaxg -
(2) B#F> 5\ anE$H
EHIE LB H S R LR S AR L8] (Hardle

and Simar, 2003

VTR A ) HRP

(1) 4p 2 B en B Bl i

g A E T B (R FHR S BRI B R PTG TR

F ey BT TR IR 0 R o BN s ~ B (Binary

Structure) » 11 T 1 HE h N T K

By A BERIEXE X B Y = (X Xp) * X = (X, Xip) 5 Xk ?
X1{0,1} -

u‘fv:;fé_,q%;\:a? = VS
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Xik = Xk = 1,

Xik:O,Xjk: 11
Xik = 11Xjk: 01
Xik = Xk = 0.

HApW AR5 > Nacd 240

s

i)

% 24 ¥ % 4p R % (Hardle and Simar, 2003

Table 2.4 Common similarity coefficients

Name 9) A Definition
Jaccard 0 1 a
ata, ta,
Tanimoto 1 2 a +a,
a +2(a,+a;)+a,
Simple Matching (M) ' 1 1 a +a,
p
Russel and Rao(RR) - - a
Y
Dice 0 05 2a,
2a, +(a, +a,)
Kulczynski - = a
a, t &

p
alzzl(/Yik =Xx =D,
k=1
P
a, :zl()(ik =0xx =D,
k=1

p
aezzl()(ik =L xx =0),
k=1

p
a4:z|()(ik =X =0).
k=L

» 8 e R PF D S
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a, +aa,
a +da, +A(a, +a,)

dj:

poa— 4 v Dice 28k ET AR DR A p R HAFREL
#s Lane’d 3 R F F A AR 0 U REH AR DIER o

Boriollo % A ** 2006 & e3f 2 @ 12 % gL Fl A A £ 7 A2 (Multi-locus
Enzyme Electrophoresis, MLEE # I %+ {7 Candida albicans Ftk & # 7 1%
SOFT Y A R EE A7 54 Calbican Ftk A B ik o 5 % B2 0 1 Dice
S E L H g T 353 B2 (Unweighted Paired-group Using Arithmetic
Averaging, UPGMAT 4 %] 3§ 5 Ftko Flet i * »t 2 MLEE #%] C. albican
AR * 7 o Carrigo & £ 3% 2005 & R £ ¢ 0w Rk iR A T A
(Pulsed-field Gel Electrophoresis, PFBE I £ & ¢ § § % ] Sreptococcus
pneumoniae Ftk & A7 3 1R B 300 A IR AR 02 R S8l S pneumoniae Ftk
@ﬁﬁﬁ%,ﬁ%%ﬁ,égEMeimﬁwﬁ$&%%zﬁﬁaﬁﬁﬁ%
TREFLA CFENIBATT SR KH ¥ Fi* Dice $H R F

BRAEET U RRYTAL RAF CEARE T UPGMA 2 ~ 587 F
BUR T ik % o

(2) B#> N nER

FHEAEY A B EFZZLEPEFZ S AR H{PEEZ L
#-n i %ﬁr’iﬁf—‘ﬁ A4 =3 (Small Clusters » 2% {6 /) 3R fiqp i ¥ 1& EH
& ¥ i+ e (Large Clusterg (74 > 1998) > & #2 E#¥u Sz 4 7 7 F
dnEH o W UPGMA 2 2 H P 2 - o

UPGMA (Unweighted Pair-group Method Using Arithmetic Avgea) #
#/% (Michener and Sokal, 1957 #_EK % fe A~ & cof it @ R APITRE > 1%
BRI IOR AT EEE SRR B BT

1. nE RBREE-F > 43 NFE> T L 247 hfRNES 3 7

BEdE -
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2. BB PEHA FEEH AHE (uv)o
3. ¥ () w3 (w) gpedp > 2 £52 3

2.2.%

n(uv)n(w)

d(uv)w

fed, 2% (uv) P R i BEMERE (w) ¢S KBAR2ZEER-n (uv) 2
# (w) 2 # (w) 254k (4> 1998) -
Dattas Datta (2006) 4 %1214 $ % ¥uzten= Nl d b B33 N4

n(w) 4 %

‘gh‘&

R S P A R T AR DES Rt T
UPGMA 5L H ¢ sx % diF g & = 58 o

RS B E AT R i A e e d T
o AR S 2V REPE T AL R ORS o A% " Dice
Sdici B & Lanedp v B © &% A 3 B gE 42 (Minimum Distance, MD
ik R Mo Hl BT ABEHA B A F e} M)

PR N A a2
HRRE T - LR AR e
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2. B¥EHhE-T

BHEHAFZT AT THT AL SH d B ALY dordats o
j’ﬂ'_ L&ﬁ‘m fu;’L lﬁ—ﬁ
& i £ (Root- mean Square Standard Deviation, RMS$TD
Lzigip M a8 (Semi-partial R Square, SPRSQ
iF4p B 28 (R Square, R)

W bd PR

[ & -] jE3E (Minimum Distance, MD (% » 1998)

F BN YT 2303 HEFE A7 3 MD £4cit 5 UPGMA B3 4 ¥
f o 14 MD Sl A B p (5 F] 0 o 3 478 (Turning Poind A
A FERp £5 UPGMA BlA g4 o Flatsh b 3 & $Hid a7 2henpiofe

P AR Y P HEITEET R G 0 5 MD Sd3ciE A 4 A
PO REET L EATEE . a0 F - BP F BT > T S ShehiE

BokfEd EHPURAESEFPEFTR AL o

\\\ﬁr

%4 d MD $dfccn® L oriBend R 2 AP UEIAT BT HEFL A

U HRP 0 A W S E s H N UPGMA Bl chs #cp o
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R R

i

(=) H#

1 2 EHER&2 k- B

AFFF TR 2 2 EED IR R R LR Feo g L g & kg
fatgz -kw £ 23 (0-20cm) H » 5 5 8 F’" (fine, mixed, hyperthermic Typic
Plinthaquults) » % { A7+ =2 A ¥ e d 75 T2 o « L@ 2P o
- o R AR ER T BRALEHF (2-mm mesh o 2R LR FHE
2 o phdk @ 5 5.6 B3+ 2 3 % £ (Cation Exchange Capacity, CBEG 22.0
£0.8cmol kgt - 2 ¢ » 34 68% &)k > 17% A 2 15% mri o § Bt

A
¢ f
2 £507x009% -2>% £ 0 188|+0008% Poodefi i 78 5 159+1.1

)

mg N / kg dry soil; # & it % g £ ; P 2.7-1 0_.5 mg N / kg dry soit

Bl 3 1A 574t 243 F,,ﬁ (fine, mixed, hyperthermlc Typic
Plinthaquulty -ke 23 > 2 { AT 2 20 HFFTF T2
B IR Sk o

Fig 3.1 Soil used in this research, mostly appdidats rice paddy,

is derived from Pleistocene terraced deposits &assified as Potu

series (fine, mixed, hyperthermic Typic Plinthadsiul
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2.7 APE

2

N
U

AEL G ARPT AR AR AS! 4 0% (32% 5] EE W 1

F)od FRELAELEERI PR PP B LR T
AP TEE LG TR (B 3.2 UFETEE ST AP Y £(36.3
%)

LA

~=i

2500
2000
~ 1500 -
o
o
1000 - y=3796.9x+403.41
R?=0.9934
500 -
0 : : : : :
0 0.1 0.2 0.3 04 0.5 0.6
Butachlor concentration (ing / Kg)
Bl 3.2 7 AP Iz R0 R
Fig 3.2 Standard curve of butachlor
3. LEE&

(1) 30% & i & i3 (HoOp): p & Kyoto = 7 4 -

(2) ¢ % (Ethanol) : 4¢ # Merck = & % -

(3) 7 A+ % (Butachlon) ## & : 4, ® Dr. Ehrenstorfer-schafers # # -
R 98.0%-
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(4) 4" (CAREF AR CR S A AN R
(5) 4 4% (Biotin): % ® Sigma2 & 4 -

(6) k% (Urea) : 16 ® Merck = 2 % -

(7) & 5 147 (KOH) : 4 B Riedel-deHaér> # 4] -

(8) makpisp (NaPQ): p 4 Hayashi= @ % -

(9) #rpi4s (MgSOQ, - 7H,O) @ # ® Mallinckrodt = # %] -

(10) #=fi4e (MnSO, « H,0) & 48 B Merck 2 & % o

(11) % i 4r (CaCh): p + Nacalai Tesque® # # -

(12) & 4 (NaCl): 4% Merck 2 7 # -

(13) 4ppe4h (NaMoO;, » 2H,0) : 4 B Merck = @ 4 -

(14) ¥ ¥ # (Glucose : 1€ B Merck = # ]

(15) &7 2 @ & (Bromothymol Blue : 4t B Riedel-deHaér # 4] -
(16) % %32 % & (Nutrient Broth) : 46 B Merck = # 4] o

(17) "ife & = 40 (KHPO,) : 46 B Merck 2 7 4 -

(18) # % (Malic Acid) : 4¢ B Riedel-deHaén # 4 -

(19) % *5 (Agar) : 4 B Merck 2 # ] -

(20) 4#-EDTA (Fe-EDTA) : ¥ | Sigma= # #] -

(21) Acrylamide/Bis( Acrylamide/Bis> 37.5:1> 40%) : 4¢ & Merck = @ %] o
(22) Agarose: % & Seakem: 2 4] o

(23) Ammonium Persulphaté APS) : 1& & Merck = @ %] -

(24) Bromophenol Blue % & Bio-rad = # %] -

(25) Deoxyribonucleotide triphosphate (ANTP) mixz ) ABgene = # %]
(26) Ethidium bromide (EtBr} & B Merck == @ %] -

(27) Formamide: 1g & Merck = & # -

(28) N,N,N,N’-TetramethylethylenediamifelEMED ) : 4¢. & Merck = & 4] -
(29) Thermoprime Plus DNA Polymerasez & ABgene~ # %] -

(30) SYBR® Green |I: # ® BMA = # ] -
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(31) Tris Acetate EDTA (TAE) =% : # ® Sigma= & @ o

(32) UltraCleart™ Soil DNA Isolation Kit: ¥ & MO BIO Laboratories #
%o

(33) Xylene Cyanol: # R Bio-rad =~ & % -

(1) B#ARFF " MpFEFHT (21%Q+79%N) -
B

(2) BHREF "M FEFHF
(3) e i P FEFH2P > B A 999%™
(4) e " ppFEFHad e

(5) 24 ‘HEpFEFHA o

(6) 7 & 7 #4L# = £ & Scott Specialty Gases 7 % » 3 ¢ "4 0.996%:>
2 % 0.100%-

(7)) RBHERFF - HpFEFHLS 2 BA 00999501 + -

5. KER A

(1) 145 5% % & g 4 46 W Eppendorfa 2 4 > 455 5415 D-

(2) FARR 4R - P WA 2@ 8 - 4150 GCO800- e i X aap+ o ol %
(Flame lonization Detector % 17 ¥ 4% SUPELCO 60/80 Carboxén
1000 & & 15ft> p j& 1/8in-

(3) F 40k 47 & © % W Agilent = @ % - 41 5% 6890N- fe & T =+ W R B
(Electron Capture Detector, EQOR % 47 ¥ ++ = HP-5(30 m x 0.32 mm,
0.25¢ m Film Thickness, Hewlett Packard Co., USA)

(4) ¥ pt % % % © % K Applied Biosystems> 7 4] » %] %2 ABI PRISM® 3700
DNA Analyzer-
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(5) mpE#iTo @ SAEF 1 £G A > 35 4BH-24-

(6) #+ x4=: £®A&D % » 4% HR-200-

(7) T4 © £ ® Cosmo Bio2 # # » 4] %5 Mulpid 21 -

(8) % & ety F % % B Applied Biosystem: 7 4 » 3|55 GeneAMP
PCR System 9700

(9) e i - Hhp By 3% s L2 @ 5 415 UVP Bioimaging
Systems DigiDoc-It-System

(10) %144 B % 7 4% # © # B Bio-Rad = # > 4] % D-Code Universal
Mutation Detection System

(11) pH Meter: # & Mettler-Toledo=* # #| » 4] % Delta-350-

35



(=) 3%
1. -kfefite = =

15 S 9%k 4% (Oryza sativa) *tp g 30 C > ®if 25 C » 1p4HiR
B 75-90% 2. 4 1 # & % (Pytotron) ¥ o 4 2 B 455 3% 12 2 1/5000% # 4
# (Wagner's po): & 3.5kga4 #ik & (5 15cmE ) ¥ {iﬂl‘ se L %7 240 kg
ha' zepsds ((NHL),SO,) ~ 200 kg hd Easpesr (3 & &4 % Ca (HPQy),
2 CaSQ-2H,0) % 120 kg h&d # it 49 (KCl) f & 1 s mm &35 > 2
*“’*i\t‘,fl‘én&f/‘@i]\; 1+ £ % 3-5cmpe-

FHT XI5 x avkfes e (B33) 7 AP ¥ 6% - X d 5 kBT
Efpae >SSzt HAE 12 22 BB AN CE - BERZ T A
PEAIL D - ~ AT ARTLHRBRE S S Sk g £(1.5gard)”
REEAIL 2 2 4 10 B4 E " F(5gard)” AR & AgT o 5% 2 2
23010 g2 Y Gt 20 ML oK 0 e AR R R ST AP T 7
BEMESHEF % i 35kgd HFE S ERpFL G o

ST AP TER AT RS BT AR RS 173767
2 100 * > x O RIRFEZ S EY ~ 2R - Bl 2 SR o d 3R
A BEREAS L A 0-3cmz Tk 3-15 cmA BB EEAIE = €45 o o
fefttip B2 4 EBEERPFETF 7L 319 o
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Adding nitrogen,
phosphorous and
potassium fertilizer
before surface applying
the butachlor a day
before rice transplanting

15 Days Old Rice Seeding (Tai-ken No. 9) Soil Treatment

The Cultivation of Rice in the Phytotron Transplanting 3 Seedlings in Fach Pot

B 3.3 -kfefiteieiz
Fig 3.3 The rice planting process
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Table 3.1 Dates of rice growth and soil sampling

Days of Rice Growth Date Growth Stage Control point Notation
1 July 23, 2005 transplanting  keep survival
7 July 30, 2005 survival stage reserve plants with unifor first sampling

size, keep enough space

plants
37 Aug. 29, 2005 tillering stage second sampling
67 Oct. 4, 2005 flowering stage third sampling
100 Nov. 4, 2005 ripening stage fourth sampling

2. HE FiEplz

A d e R R E & FF E M (Burris, 1975) - 5% 2 TG
(Charyuluet al, 1981; Nayak et al., 1980; Rao et al., 19832~ 10 g 2 % &
&t 30 mLfERELY 0 2 {57k 0.5% i F kR 0 S0 o Mt
WEFIM P R BEE > MEFHEFIN10% 27§ > F U Ay WY
203t 30 CT my } itk & 24 ) pFo 215 12 GC-FID (China Chromatography
GC9800) il & ¢ JTJ"' 12 &g o GC-FID 2 ~47if i 5 /3530 E & 150 C ~ ¢
HEAR 150°C2 BRIBER 200C  #HEFM - RHRFT F - Bt
= SUPEL=* 'mg 4> &£ & 15 ft> p 2 1/8 in- H§¥ /#1214 umoles of GH,
formed g dry soif day* # 7 2 -

3 PEE B

s

M2 B A 5 A2 0-3 cmE T 23 3-15 cm# %
Ao B ERAIag P B E B M 4 DNA - 2 Hipcd B4 DNA 5
B~ 11 UltraCleart™ Soil DNA Isolation kit MO BIO Laboratories, Inc.is % 2.
2 {5k H 20 C -

38



4. B & pvédsi F i (Polymerase Chain Reaction, PCR )

Med 47 DNA 3B 10 > R pedhsl 7 ey 2 7 k2 ¥ AEL
16SIDNAZ nifH A FF Eeodrgxr* il 340k 3.2%77 - H P »PCR-DGGE
F %1% 7PCR3IF Z # * - ;L& 40 bpss# GC-clamp- * £ GC-clampit
2% 2+ 4e & Forward primern 5=, p 08 % 7 ¢ PCRA 4 24 % DGGE

PR AR DR, E S A FH L DNA - PCRE et 71 & ¢ 3

i

&% 2 : Denaturation Primer Annealing” %2 Primer Extension # § % 5

RiEA 2 152404 3.32 B 3.4%77 o
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Table 3.2 Primers in this study

Primers Specificity Sequencg 5'-->3") Reference
968f Bacteria GC-clamp + AACGCGAAGAACCTTAC
(Erwin et al., 1998)
1401r Universal GCGTGTGTACAAGACCC
) ) GC-clamp +
nifH F nifH gene

AAAGGYGGWATCGGYAARTCCACCAC
(Rosch et al., 2002)

nifH R nifH gene TTGTTSGCSGCRTACATSGCCATCAT

CGCCCGCCGCGCGCGGLCGGGLCGGGGLCGGGGG(Muyzer et al,

GC-Clam
P CACGGGGGG 1993)

# 3.3 PCRF R#H = &

Table 3.3 The component of PCR reaction buffer

Component Volume (L)  Final concentration

10 X PCR reaction buffer 5 1X

50 mM MgCl} solution 3 3 mM

20 mM dNTP mixture 2 0.2 mM for each dNTP
Primers ( Forward and Reverse X (f+r) 0.4 M for each
DNA template 1 100 — 200 ng

Taq DNA polymerasé5U ¢ L™) 0.5 2.5 unit
Autoclaved distilled water 38.5-X

Final volume 50

40



Denaturation Anealing Extension
1 cycle 35 cycles 1 cycle
<+“—> < > | «—mM8M»
94°C |94 °C 55 °C 72 °C 72 °C 4 °C
2 min | 30 sec 1.5 min 30 sec 10 min oo min
B 3.4 PCRF &8 & #7418

Fig 3.4 The temperatural programme of the PCR i@act
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5.DGGE W#2 %4+ 2§ 4

- 7 P DGGE B 0 2 - ~ - DGGE Bl # & ot
et ehg &> 2 AR E - RFLF R IFL Rendpih o S 3P ke 4
B ARSI AN R S A SR PE DNA> # 5 PCR## 2 16S
rDNA A F]# > 2 16> DGGEP R &£ B> - Well # o 5 £2 1 g -k»
AR OmL2 & E kY @ AR B 1000l Aikdsg A ET TG
# % & (Nitrogen-free Biotin-based Mediumfj # NFB) + » 32 % 7 = A 4o
% 3.4%75+ (Haahtela et al., 1981 #32 % A %30 C T2 & #cp > 215
P feip R enE - FEE NFB M8 & A7 2%+ 2 Hiic, ¥
UltraClead™ Soil DNA Isolation kit (MO BIO Laboratories, Inc. & B~z% fic #
ek DNA - 2 {8 e 2 5 % (ABI PRISM® 3700 DNA AnalyzerPerkin
Elmer Applied Biosystems, Wellesley, MA, USA ip| i %] i 4 4 59 DNA 5
7o #7{8 B 712 BLAST #2;¢ (Http://lwww.ncbi.nlm.nih.gov/BLAST) * ¥+ H

-

GRS

42



% 34 73 rie* 2 NFB & % 2 % &+ 4 % (Haahtela etal., 1981

Table 3.4 The component of nitrogen-free biotindobedium, NFB

Component 1000 mL

Malic acid 50¢9
Ko,HPO, 05¢g
MgSO, - 7H,0 0.2¢g
NacCl 0.1g
CacCl, 0.02 g
NaMoO, « 2H,0 0.002 g
MnSQ, - H,O 0.01¢g
Fe-EDTA (1.64 % w/v aqueous ) 4.0 mL
Bromothymol blue (0.5% w/v in ethanol ) 3.0 mL
KOH 45¢g
Agar 159

——» Sterilize in autoclave at 1ZC for 15 min
—» Biotin were added to the concentratiadhmg/L
—» AdjustpHto 6.8
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6. B AR &M T A (Denaturing Gradient Gel Electrophoresis,

DGGE)

B RRBTA (DGGE) Ay @ * L Rp” AL F %% T 1%

F FFAE LA OE R o B 25 5 PCRBH o chic2 4+ DNA >
A~ %] 10 x 16 cm3z 7% Acrylamide/Bis s 5% (% 3.5) * (R4~

‘-L‘.E

B % 40% —60% > > F XL R70V~60 CT » &7 7 LTAE ¥ g chg i
WP RERIAL2 P TR R R SN LB EE T SYBR
Green | sng &P » L L d 504 RHEL | FUE > ERDUV X

T AR T 5% o DGGE AT F M 4r £ 3.6-3.8%77F o
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% 3.5 % ik & 2. Acrylamide/Bis#tic » 32 ik R

Table 3.5 The percentage of Arylamide/Bis needed foarticular size range

Gel percentage Base pair separation
6% 300 — 1000 bp
8% 200 — 400 bp
10% 100 — 300 bp

# 3.6 7% z_ Acrylamide/Bis % {1+ %%} = &

Table 3.6 The component of 7% Acylamide/Bis

40% Denaturing solution60% Denaturing solution

40% Acrylamide/Bis 17.5mL 17.5mL
50x TAE buffer 2mL 2 mL
Formamide( Deionized) 16 mL 24 mL
Urea 16.8 ¢ 25.2 ¢
dH,O To 100 mL To 100 mL

Degas for 10 — 15 minutes. Filter through a O§lter. Store at 4C in a

brown bottle for less then a month. A 100% denatursolution requires

re-dissolving after storage. Place the bottle waam bath stir for faster results.

# 3.7 10% Ammonium persulfate. = 4

Table 3.7 The component of 10% Ammonium persulfate

Reagent Amount
Ammonium persulfate 019
dH,0 1.0 mL

Store at -20°C for less then a week.
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% 3.8 DCode % #| 2. = A&

Table 3.8 The component of DCode dye solution

Reagent Amount Final concentration
Bromophenol blue 0.05¢ 0.5%
Xylene cyanol 0.05¢ 0.5%

1X TAE buffer 10.0 mL 1X

Store at room temperature. This reagent is suppli¢he DCode electrophoresis
reagent kit for DGGE, CDGE.
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7. dem g A FAPM 2 A TRl

A&7 i & & * Quantity On€ A 45 #:4¢ (Bio-Rad, USA) & ¥ DGGE
Bl cha F pRrgfpmedant B od g F 7 % REFE 4 b s 47 50t :R 5
¥ % » GelCompar (Applied Maths, Ghent, Belgium if & - &] - i *
Quantity Oné€ # 7 % Bio-Rad4e sk b 7 33 » % i T it ams* K
AZ g EP oo yRRo MR & DGGE R aa 47t - LB & F
= & ®xA (12 Quantity On& A 45 #5884 &)

(1) B P18 B g i
W sy~ SRS R o~ PR R D R - RS
(Ao Tiff 4F) > 2% > bk TABHEOF FAERAE 23 < > B2 & BP
fr dE (Invert) ;s 2 B, R ABME B MEFFATE 4 ond § T ot
;gﬁi“,’f °

(2) Lane% % %4 (Band) %8s 4 47

® A DAy R B g Lanes? w iz g o2 g4k & Lane

S

FTREB TaAFFfRLATF DEE o 3 R ARMI L RS- R4
SR AAZFAPHFRERAFTRIAPT > BRHEMWE FFREOFR o 1 F
Bl & Ldde » 24 ;2 C. gt Lanen B o 9?' SER Y N
R HB L lane L B RE R (T UEFAAFZHCEARARLR
EFH

(3) Wzt a1

Bt e ARY PR RER  BAF LM 7 A& Lane
¢htp 46 (Similarity Matrix) % gedg+e'E£ (Distance MatriX) =t 5 » %
B. AHik Bt B 2225 % i+ (Visualization) - Jt 384 #5307 — o] & & PP o

d 001 T e DGGE Bl syt 5 % A 47 Bk (0% ik % 5 &

AR AARDT A Rk TRT G R WA RSk DR P

47



Rl KE IR R R

8. DGGE M]3 ettt 2 47

*# 5 ¢? > DGGE Bl chygng A 4512 Quantity Oné€ #:4% (Bio-rad,

USA) K F 2 o Ip— Bl 2 Lanes4p iz B 11 Dice 4#c (1945) 2+ & » #

o NG o

2a,
2a, +(a, tay)
He o
P
alzzl()(ik =X =1,
k=1

a,l=1..4, P8 (x,x,) 0% % (Hardle and Simar, 2003
MR M A 4 00 UPMGA 238 2. o A -2 bk Bl S icp
B L Statistica 6.08-4p iv & 4E'E i3k 5 %A 2 442" (Euclidean Distance
Matrix ) » 2. {638 23 E#p 5 1-11pF > L4tz MD #&iE o
MD sz 4o
Bk B EHFAEEE B Hipgp s
min{d(x, y): xO A y O B}

™MD %#c¥t s HHcp iTH) > v H 7 el (Turning Poind) fauis 3
P iT5 UPGMA Bl A~ #Fend 3 o F)oit b T & Wi dr ghenfioie 2.5 0 7)
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B bk d o HEITENT RS 0 F MD RHcE A 2 &g
B L AR Sk o k- WY G5 BEITEE  F R R R ke

AEPURBLABHEE R LIRS N A o
9 FRELL mFALMRERAF AEI K S RAET

SE-HAPHF AEL T ALI S BT AP LT e NFB &
FRAAI SR TAPT G 57X B39 e 1085 E Y £
(15gare)” Af T AT~ L7 fi4p B hEE > £ NFB3 & A4 W BT
W7 (F %22 HFFHae 2 5)- 2 UltraCleard" Soil DNA Isolation
kit (MO BIO Laboratories, In0. % B~:%jic# 4~ cn DNA » 2 {8 11 1 e T4 &

( ABI PRISM® 3700 DNA Analyzer, Perkin Elmer Applied Biosystems,
Wellesley, MA,USA) i BleZiikc 2 #=c0 DNA & 7 o #718 B ]2 BLAST-N 4%
7 (Http://www.ncbi.nim.nih.gov/IBLAST) i+ $trx e M & © w2~ 4t
BET S NEFPEEE A ER g R AR ¥ 2% A (Nutrient

Broth) » 32 & & & & 40 3.9477F o
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239 AR 2 £ 44 (NB) 244 (52)

Table 3.9 The component of nutrient br@tNB ) mediem ( per liter)

Component Amount
Beef extract 3.0g
Peptone 5009
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10. 232 2 9 hinde

FRIVE 1 R B
g

]

TIRREE P L R

HESE ST r —
WAL 1 l A 1+ R
JJEJ/’[E/:T%I > Ei:gfja'sr?@

HIEFaE 4 - R

{SEEZ S
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(=) 7 AEZWF T IHAF F P

AT 0 LB RERT AP EEH T FMEF BRI N
A% /"\‘;7'157]? o2 RER T AP XA RAET2E Y > FT RoRfEA L
PHEPIREHEEPEE LR RF Bore¥ NERIEFRF FHEDRN

A7

2412 425 AP Fwr kR L 0-15gargdz 15gar€prt g 2
TR (A EFER 0-3cm2 3-15cm) doRfERE A FE BT SR
B (AR RFERIEE S T $ 37 %672 % 100% ) e B R F RS
LA

d & AL1T A KRB § T A e 15gard 7 AP R
PR A et BB R F R B M 13.0%; fe % 37 X PR F A
4v 4.60%- uT };;fg;,:,k LHp ek s MOE BT AP R ot e BB RE R
¥R EFORE

**%ﬁﬁ@¥7%%dﬂ*ngéﬁ&ﬁi@ﬂ%i%i%ﬁb%
BB F e e 4 12.6%; & a % 37 % ER|# 5 R 4 23.3%

F_L
% o
=
e

B ($673) @ 3EA AP T 5 X aTLE Ra o3 #]
B (% 100 ) pre B s R G BEF S (47.21%) ° & BIR % AT

J@j&ﬁﬁ%ﬁ%ﬁﬁﬁ?ﬁﬂﬂ&tiﬁﬁ?ﬁ%*ﬁw%iﬁ%
Bofr o REIEHFE A

£ 417 > uEmHFE LS HBR% (0=0.05) A5 R AR ETER (&
TFHORR ] BFA AT ) 2R RRAEE R (R AR AR
FAEAT )M A LB RE RO OREFE D AV o KBS ED R

WP EAEY S BERDT AP I PARFORS IEOFE S
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e kfEERW P R BEAGT AP T UKD DIENHF EME -
A VA AT AP T BoRfRE EE LR G OR TS G S

AR FP PR APE N ETOREHEARD P LBRF BT
CEFHESLE

d %427 foo Mo kAER N S TApE s 1L5gard ™ Ad AT
TR Ao BB RF il e R K 7.6%; B % 37X B4R A bR E
R 4 3.95%  1.66%3 0.972%: fe'f 1 -k ABR o8 B 0 (R R 07 g
Err e BB RS BT REFORE

SokfEHESE TR 15gare T AP T ASIR T K 2 e K
BRF BRIES R L 7.5%; 2 p % 37X B4R A B @ 5 A 4 41.0%
1.36%% 3.36%- iz B f T T K 2 EAPFRFF FEET N F]T ARE
HrEh m A FARR A DRR T ke s LY R EFLEAS T
S S G

£ 429¢ > uEmHF N SRR (0=20.05) 2457 BT AP TER (&
FHORE S P BERAT) 2 AR kARA LY (BT %R 1A
FA AT )T A LB RE BRI OEER D ATV oo T k2P
BAERGT AP X P A EFORE IEOFE EML DO RESR
PR BRAEST AP T RMGER T AP X% (A EH B521 R F
§ e o

4 58 (2001) w3 @ar> & 25 Com) ik My §5%° » 7 A%

X R 16% o Ram o AR % 100% o kASd LB Y o B g e Ap o

b 5 BIF o @ & Suseela(2001) hE f B %Pl T AP A
% % ¥ Ui % ) Anabaena sphaerica 12 T8 2 HF £* o Das 2

Debnatht 2006 5= § @ #4541 > 5% 2.9 kg ad. hd e Ay 57 %2
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2412 FRAET AP T RILT 1+ k23 (0-3cm) 72 Fokfed e LB R A R
Table 4.1 Acetylene reduction of upper layer s@s8 cm) treated with different butachlor concetras of different rice plant

growth stages.

Growing stages Transplanting Tillering Flowering p&ning
Sampling day Day-7 Day-37 Day-67 Day-100
Butachlor treated Ethylene productigmmols (g dry soil)"
0, Control 5.549+ 0.049 aB 6.64@ 0.382 bA 4.52% 0.065 aC 4.51% 0.118 bC
1.5 g aré 4.826+ 0.072 bB 6.945 0.133 bA 4.55@ 0.019 aC 4.433 0.143 bC
(-13.02%) (+4.593%) (+0.5080%) (-1.860%)
15 g aré 4.850+ 0.331 bB 8.184 0.098 aA 4.50% 0.029 aC 4.843 0.079 aB
(-12.60%) (+23.25%) (-0.5301%) (+7.217%)

Statistically significant differences shown by Dans multiple range testt€0.05); similar small letters within same columns aot
significantly differences among butachlor concerdres treated and similar capital letters withirmearows are not significantly

differences among growing stages of rice plantiebénces of ethylene products compared to contimivan parenthesis.



2427 PRAET AP T RIET > T A2 (3-15cm) 7 Rokfsd B e B RF RET
Table 4.2 Acetylene reduction of lower layer s¢8sl5 cm) treated with different butachlor concattms of different rice plant

growth stages.

Growing stages Transplanting Tillering Flowering p&ning
Sampling day Day-7 Day-37 Day-67 Day-100
Butachlor treated Ethylene productigmmols (g dry soil)"
0, Control 4.586+ 0.085 aB 6.606& 0.499 bA 4.40& 0.027 bB 4.32@ 0.010 bB
1.5 g aré 4.236+ 0.004 aC 6.34% 0.184 bA 4.47% 0.010 aB 4.362 0.051 bBC
(-7.632%) (+3.950%) (+1.657%) (+0.9722%)
15 g aré 4.241+ 0.026 aB 9.31% 0.564 aA 4.46& 0.010 aB 4.46% 0.070 aB
(-7.523%) (+41.01%) (+1.362%) (+3.356%)

Statistically significant differences shown by Dans multiple range testt€0.05); similar small letters within same columns aot
significantly differences among butachlor concerdres treated and similar capital letters withirmearows are not significantly

differences among growing stages of rice plantiebénces of ethylene products compared to contimivan parenthesis.



A& nifH A %) ¥ fi2. PCR-DGGERIH# 4531 4 3£ F§ 40 2 % > B
41 % *# 3 ¢ PCR-DGGE Bl## 2 &%~ + = - §] 4.2-4.65 & Fthz Pk
TR ETEDTAR > J FRHOSET Tl A PCR#gHE 16S
DNA ek F] & Boenf 7] 0 2 {8 2 &5 BLAST-N v 443 B 7] » T J2ip32 A
o R EA o B % 4 B & Microbacterium sp. ~ Arthrobacter sp.
Paenibacillus borealis » Rhodococcus erythropolis 2 — p # & ;2 4 BLAST-N
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BIES % 725 33%; % 372 %2 % 67 %P5 49%; % 100 pF 2 64%-
BEDGGER#H A ERF it 7 015 % 37 8% 67 % pFxtirdle
P35 MR A IPLAF T I % 67 % 4T3 TR A > w3ty 100
ARG A S P2-P4A5E % 71 % 100X #7F rJ2 T AR A 5 NI-N6 5



AAEER T AP X ASE TR SRF CFR T L - SR 1T
AR S

d R 49F s % 7 AP F a2 Tk I EHF AR R Aok
HiEis % 7 X pF 5 53%; % 37 X pF 5 54%; % 67 % pF 2 % 100 % pF 5 59%
BERDGGER#H } i £ 24 % v 01 % % 100 % Pt 4] v gug = )
Weni F SPL-P35 % 73 % 100 = #7% AJZiadimehi 4 JN1-N2 5 % 100
AEABER T AP T AT TR OAF > F BT L - Y 2
HHEF FF A nEF o

PP REERE T KRR B e T AP AT A 4 2 2

B¢ IREG A ’€£7J<f€s%;éﬁﬂr%’."z:i1;i SR e

SHRE R EWA T A hA A AR 2 ERAF FHAPLAE 50%
PR E o HET IR FEORE B 2 EY DHE AR ER
FAi- e BHRE L HS 2 TR AP E S AL G e e

2 H ?"56%:%%?;_3%_’fﬂﬁ”v?j\?ﬂ?‘gﬁ;k%éﬁgﬁﬁﬂ $ 72 % mA

E VA T ARE JTT o ¥ A {1305 & DNA
?GHC F ERE ST FEGSEE B o o d KT 7 g AT
= E_\;}” & }'\,f n 4 A $e 4 ﬁ‘i\ﬁj;’{%, TR B2t Z:ﬁgtMD -
g 2 % UPGMA Bl A 8P »4r% 7 10 54 3 ) o g Bae e o 35 7

cr S ES SR X

4

ol ¥ - LT AL G0 gy

0%

"y
T\

A R T N LR

58



B 4.1 ~# 7 ¢ PCR-DGGE Bl 2 &~ 3 & o

Fig 4.1 The standard molecular ruler in PCR-DGfekdrograms.
Lane 1-3: mixture of marker DNAs

Lane 4 Microbacterium sp.

Lane 5 Arthrobacter sp.

Lane 6 Paenibacillusborealis

Lane 7 Rhodococcus erythropolis

Lane 8 : Unidentified
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File:1 F_A0540]1  FmEnded: Feb 24,2005, 215622 Signal 3367 L5146 T20TE C3655  Conpmerd:
Sarvple: 1 B Lare: 34 Base s v 14 =} 440 hases mijT SCamE Pg\ﬁ_ lofl

it dlna
WWMMWMMMMWMMW

B 4.2Microbacteriumsp. 2. ¥ifit T8 7 ik B % o

Fig 4.2 The result d¥icrobacterium sp. sequence analysis.
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B 4.3 Arthrobacter sp. 2. ¥t 2 5 7 4 % % o

Fig 4.3 The result oArthrobacter sp. sequence analysis.
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[ A2 Compend

B 4.4 Paenibacillusborealis z. %5t 5 T ik B %

Fig 4.4 The result dPaenibacillus borealis sequence analysis.
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B 4.5Rhodococcus erythropolis 2. 1% s 5 7 ik B % o

Fig 4.5 The result dRhodococcus erythropolis sequence analysis.
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Fig 4.6 The result of an unidentified microbial seqce analysis.
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Fig 4.7 Electrophoresis;"*éc R\ Wr}iphﬂé& rDNA fragments
obtained from soil DNA

]

Lane 1 : marker

Lane2:1 mM Magnesium lEm—j \
Lane 3: 1.5 mM Magnesium i(;n o
Lane 4:2 mM Magnesium ion

Lane 5: 2.5 mM Magnesium ion

Lane 6 : 3 mM Magnesium ion
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(Cont.)

Fig 4.8 PCR-DGGE profile and the phylogenic dendsiog of nifH gene
fragments in upper layer soils under different @mrations of butachlor after 7,
37, 67, and 100 days of rice growth. Capital Isti@nead of the figure are: M,
marker; C, control or O g afeof butachlor; B, 1.5 g areof butachlor; H, 15 g

are* of butachlor. Figures are the days of rice plantwh.
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Fig 4.9 PCR-DGGE profile and the phylogenic dendaiog of nifH gene
fragments in lower layer soils under different cemications of butachlor after 7,

37, 67, and 100 days of rice growth. Figures amita@lletters are the same as in
Fig 4.8.
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Fig 4.10 PCR-DGGE profile and the phylogenic degda of 16S rDNA

fragments in upper layer soils under different @mrations of butachlor after 7,

37, 67, and 100 days of rice growth. Figures amit&iletters are the same as in
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Fig 4.11 PCR-DGGE profile and the phylogenic degdaen of 16S rDNA
fragments in upper layer soils under different @mmations of butachlor after 7,

37, 67, and 100 days of rice growth. Figures amitalletters are the same as in
Fig 4.8.
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Fig 4.12 Determining group numbers of UPGMA dendaogs from MD
statistics. The values were calculated from Eueldelistance matrices from
PCR-DGGE patterns. Figures A, B, C, and D weradisealts obtained from Figs.
4.8 B, 4.9 B, 4.10 B and 4.11 B, respectively.
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(Cont.)
Fig 4.13 Effect of 15 g arebutachlor application on population of general and
nitrogen fixation bacteria in paddy soil after(A) and 39(B) days of rice

cultivation. C, control; H, 15 g afebutachlor application; numbers present the

days after rice transplanting; upper, 0-3 cm gowier, 3-15 cm soil
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NCTEU249930 Bacterium

— NCTAB196254 Janthinobacterium sp.

—  NH7AB196254 Janthinohacterium sp.
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Fig 4.14 Isolated potential free-living nitrogemdtion bacteria in upper layer (0-3 cm) soils aftedlays of rice cultivation. Scale
indicates 10% sequence divergence. The codewoedsl anitrogen-fixation bacteria, C, control/H, 15" butachlor application,

the accession number in NCBI, and names of theebactepectively.



NHTDQE19082 Arthrobacter sp.
MNCTEU439407 Arthrobacter sp.

| MCTAYI99089 Streptomyces Sp.

MCTAY 913510 Uncultured forest soil

MNCTEU196513 Bacillus sp. bacterium

| NCTAM162350 Paenibacillus sp.

MCTEU240421 Paenibacillus agarexedens
NHTEUD34524 Arthrobacter sp.

NHTAB248532 Arthrobacter sp.
MHTAF197028 Arthrobacter sp.
_L NHTEU182842 Arthrobacter sp.
—l NHTEU136467 Arthrobacter sp.

MHTEU221373 Arthrobacter globiformis
0.1

Bl 4.15-kfefte 5 7 X pr > d TR 2 (3-15cm) ¢ Ad B A gy 15gard T AP T T2 L4 A S
Sl EER e R R B AELE AR B 4140
Fig 4.15 Isolated potential free-living nitrogemdtion bacteria in lower layer (3-15 cm) soils afie days of rice cultivation.

Meanings of the scale and codewords are the sathd-wg. 4.14.
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NC390Q011535 Xanthomonas sp.

MC39EU046556 Herbaspirillum putei

MC39AB013425 Roseateles sp.

NH33AB013425 Roseateles sp.

| NC33DQ454118 Rhizobium sp.

I NH39EF540509 Rhizobium sp.

MH39EFE90396 Bacillus megaterium

MH39AB248532 Arthrobacter sp.

MH39EUZ216596 Streptomyces recifensis

MC39DQ084547 Pseudomonas sp.

MC39EU240960 Enterobacter sp.
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Bl 4.16-kfefate % 39 p& > o 1 23k (0-3cm) ¥ Agt - BE Y@ Ursley 15gard T AR T2 84 B R
Sl EER ¥R B AELE AR B 4140
Fig 4.16 Isolated potential free-living nitrogendtion bacteria in lower layer (0-3 cm) soils af@d days of rice cultivation.

Meanings of the scale and codewords are the sathd-wg. 4.14.
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MH39AJ238567 Azospirillum doebereinerae
NH39DQ847126 Fseudomonas sp.

MC39EF584756 Duganella nigrescens

MH33AB013425 Roseateles sp.

MC39AB248532 Arthrobacter sp.

MH39EU368773 Bacillus sp.

MH39AY373362 Bacillus sp.

—— NH39EU373361 Bacillus sp.

MH39AY364329 Agrobacterium tumefaciens

—  MNC39CP000912 Brucella suis

——  NH39CPO0092 Brucella suis

MC39AB049112 Azospirillum sp.

NC39AB185396 Azospirillum oryzae
0.1

B A17 kfefte % 392 pr > d T & 238 (3-15cm) ¥ A2 4 ¥ Fedrdley 15gared ™ AP ¥ 0w T2 B4 FF B
A F R o 2R R B R AR R 4140
Fig 4.17 Isolated potential free-living nitrogemdtion bacteria in lower layer (0-3 cm) soils af@d days of rice cultivation.

Meanings of the scale and codewords are the sathd-wg. 4.14.
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HTAF468221 Bacillus niagcini

I C7DQ9933093 Bacillus sp.
HTEUO0T0359 Bacillus sp.

—— C7AF519468 Bacillus senegalensis

CTEFR90416 Bacillus sp.

HTELM82875 Bacillus sp.
| AEELHSBEH Bacillus sp.
C7D0RA08485 Bacillus sp.
H7AMI34693 Bacillus sp.

CYAYST71846 Paenibacillus sp.
] _I—| CTAY090110 Paenibacillus elgif

H74J320491 Paenibacillus alvei
CTEU221410 Bacillus megaterium
| — CTEU170129  Bacillus sp.
H?’EU::.31 567 Bacillus alcalophilus

CTEU187485 Bacillus cereus
HTEUG2A358 Bacillus thuringiensis
HTEUOT0402 Bacillus sp.
Ly H7AB215100 Bﬂ{ illus circulans
H7AB183800 Bacillus sp.
01

— C7AB196284 Janthinobacterium sp.
L H7AF297697 Telluria mixta

B 418 kfefte 73 pd 2 g 23 (0-3cm) P A dg - R A X Eeyrdles 15gard " AP T %% T2 mEEH o 4R
RANE R AR R 4140

Fig 4.18 Isolated bacteria in upper layer (0-3 swi)s after 7 days of rice cultivation. Meaningstio¢ scale and codewords are the
same with Fig. 4.14.



CTEU221413 Bacillus flexus
HTEU182842 Arthrobacter sp.

— CTAY509232 Paenibacillus amylolvticus
— CTEU1T932T Paenibacillus sp.

I HTEU182875 Bacillus sp.
HTEUAT1195 Bacillus sp,
_I— C7DQ084547 Bacillus sp.
HTAF513456 Bacillaceae bacterium

HTEUS31567 Bacillus alcalophilus
CTEF100618 Bacillus cereus
CTEUS315562 Bacillus sp.
HTEUOT0402 Bacillus sp.
HFEF100618 Bacillus cerens
H7DQ167242 Bacillus sp.
——  CTEF191186 Bacilli bacterium

I: C7DQ993309 Bacillus sp.
HTEUOT035% Bacillus sp.
CTAY289497 Bacillus sp.

I: CTAF468221 Bacillus niacini
HTAF468221 Bacillus niacini
01

OH

Bl A19-Kfefbie s 7 2> d T2 (3-15cm) ¢ A4 B A P @i flen 15gard T ARTH T2 mEEd - 3

BRERER AR R 4140
Fig 4.19 Isolated bacteria in lower layer (3-15 @uils after 7 days of rice cultivation. Meaninddle scale and codewords are the

same with Fig. 4.14.
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H39EU417653 Bacillus sp.
H394M934689 Bacillus sp.
C3900Q084547 Bacillus sp.

C390Q890621 FPaenibacillus taiwanensis sp. nov.

H39EU109723 Chryseobacterim sp.

H39EU375646 Acidovorax sp.
C39EU046556 Herbaspirillum putei

— C39AB013425 Roseateles sp.
L —  H39AB013425 Roseateles sp.

CI9AMIN1653 Preudomonas sp.
———  H39EU167991  Pseudomonas sp.

l: C39EU439416 Bacillus sp.
H3I9EF495116 Bacillus thuringiensis

_|: H3gAF468221 Bacillus miacini
H39EU430098 Bacillus flexus
01

M 420 k1% 395 5 0 0 A 24K (0-3om) ¢ A B bRl E 15 gard T ARY ST T R - 4

BREREE XRFR 414
Fig 4.20 Isolated bacteria in upper layer (0-3 swi)s after 39 days of rice cultivation. Meaninddle scale and codewords are the

same with Fig. 4.14.
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C39AF468221 Bacillus niacini
H39EU256401 Bacillus megaterium

CI9EU196519 Bacillus sp.

H39AB073362 Paenibacillus alginolyficus

H39EU375646 Acidovorax sp.

C3I9EV2213T3 Arthrobacter globiformis

H39EU034524 Arthrobacter sp.

CagaB248628 Arthrobacter sp.
C39AB248532 Arthrobacter sp.

CI9EL439416 Hﬂ('iﬁuﬁﬁp.
H39EF495116 Bacillus thuringiensis

H390Q416786 Bacillus sp.
— C39EF694706 Bacillus sp.

H39EFG34706 Bacillus sp.
0.1

B 4.201 K fEfhfe % 39 % pF o d TR 23 (3-15cm) ¢ A4 w A S Rrdled 15gare T AR 06T T 2 R« 4

BRrEXRE R AFB 414
Fig 4.21 Isolated bacteria in lower layer (3-15 @uils after 39 days of rice cultivation. Meanirfghe scale and codewords are the

same with Fig. 4.14.
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Appendix A. Isolated potential free-living nitrogéimation bacteria in this study after 7 days @kricultivation

. Accession . Identiy
Treatment Number Species Title

number (%)

. ) Diversity of carbazolelegrading bacteria having the car gene clustelatisn
Control, upper layer 3 Janthinobacterium sp. AB196254 - ) 99
of a novel gram-positive carbazole-degrading
6 Bacillus sp. EU196519 Population diversity of rhizospheaeteria from golden pear 98

10 Micrococcaceae bacterium EU370704 Chinbacter flavus gen. nov.nsep, isolated from forest soil 100

Identification and molecular sequencingSufeptomyces sp. 4017 solated fron
11 Streptomyces sp. AY999089 97

Fabaceae (Colutea arborescens L.) Rhizosphere Soil in Turkey
Degradation of polychlorinated biphenyl (PCB) bgansortium obtained fro
12 Bacterium EU249930 a contaminated soil composed byrevibacterium, Pandoraea and 96
Ochrobactrum members
o Polyphasic characterization Bhenibacillus spp. isolated from various habit
Control, lower layer 1 Paenibacillus sp. AM162350 99
of Korea
5 Bacillus sp. EU196519 Population diversity of rhizospherebacteria frontdgo pear 98
_ _ Bacterial diversity of a German forest soil, aseased by nifH, nosZ, and S.
6 Uncultured forest soil bacteriu  AY913510 94
clone libraries and tRFLP

8 Paenibacillus agarexedens EU240421 Culturable bacteria diversity &hyllostachys pubescens rhizosphere 99




15 g aré , upper layer

15 g aré , lower layer

12

11

Arthrobacter sp.

Streptomyces sp.

Janthinobacterium sp.

Arthrobacter sp.
Arthrobacter sp.

Arthrobacter sp.

Arthrobacter sp.

Arthrobacter globiformis

Arthrobacter sp.

Arthrobacter sp.

EU439407

AY999089

AB196254

AB248532
EU196467

AF197029

EU034524

EU221373

DQ519082

EU182842

microbial degradation of decabromodiphenyl ethédER209)

Identification and molecular sequencingSfeptomyces sp. 4017 solated fron

Fabaceae (Colutea arborescens L.) rhizosphere soil in Turkey

Diversity of carbazolelegrading bacteria having the car gene clustelatisn
of a novel gram-positive carbazole-degrading

Direct Submission

Direct Submission

Phylogenetic and physiological diversity Afthrobacter strains isolated fro

unconsolidated subsurface sediments

Identification of plant growth-promoting bacteriadatheir potential pplicatior

in the phytostabilization of mine tailings

Diversity of Acinetobacter, Pseudomonas species and diazotrophs populatio
the rhizosphere of wheat and their plant growthmmting properties

A diversity bacteria community in PAHs-contaminasexdl
Phylogenetic diversity of the cultivable bactedgaimmunity associated with t

soil fungistasis

99

98

99

92
99

98

99

99

100

97

108
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Appendix B. Isolated potential free-living nitrogération bacteria in this study after 39 days ie&rcultivation

Assigned _ Accession _ Identiy
Treatment Species Title
number number (%)
Reclassification ofHerbaspirillum putei as a synonym ofHerbaspirillum
Control, upper layer 1 Herbaspirillum putei EU046556 huttiense and proposal of subspecielerbaspirillum huttiense subsp.huttiense 99
subsp. nov. andlerbaspirillum huttiense subspputel subsp. nov., comb. nov.
N-acyl homoserine lactone quorum sensing in rideodpherePseudomonas
2 Pseudomonas sp. DQO084547 100
spp.
3 Enterobacter sp. EU240960 Direct Submission 100
Phylogenetic affiliation of soil bacteria that dede aliphatic polyester
4 Roseateles sp. AB013425 . . . ) 99
available commercially as biodegradable plastics
Rhizobium sp. DQ454118 Direct Submission 98
Xanthomonas sp. DQO011535 Direct Submission 99
. Duganella nigrescens sp. nov., a new member of the famidxal obacteraceae
Control, lower layer 1 Duganella nigrescens EF584756 _ ) ) 97
isolated from Qinghai, north-west China
Endophytic colonization and in planta nitrogen figa by aHerbaspirillum sp.
2 Azospirillum sp. AB049112 Pt o ] P I Y o P 97
isolated from wild rice species
3 Arthrobacter sp. AB248532 Studies on some gram-positive bacteria isolatet &oil 99
o Azospirillum oryzae sp. nov., a nitrogefixing bacterium isolated from the roi
4 Azospirillum oryzae AB185396 99

of the rice planOryza sativa




15 g aré , upper layel

15 g aré, lower layer

10

Brucella suis
Roseateles sp.
Arthrobacter sp.
Rhizobium sp.

Sreptomyces recifensis

Bacillus megaterium
Agrobacterium tumefaciens

Pseudomonas sp.
Brucella suis

Bacillus sp.
Roseateles sp.
Bacillus sp.

Azospirillum doebereinerae

Bacillus sp.

CP000912
AB013425
AB248532
EF540509

EU216596
EF690396

AY364329

DQ847126
CP000912
EU368773

AB013425
AY373362

AJ238567

EU373361

Brucella suis ATCC 23445 whole genome shotgun sequencing project
Phylogenetic affiliation of soil bacteria that dade aliphatic polyeste
available commercially as biodegradable plastics

Studies on some Gram-positive bacteria isolatem §oil

Impact of phytoremediation on the community struetaf semieoke, the soli
waste from oil-shale chemical industry

Selective nitroreduction of nitroaromatic compounds

Direct Submission

Screening of dibenzothiophene-degradibgcterium Agrobacterium tume
UP-3

A strain degradating fenvalerate

Brucella suis ATCC 23445 whole genome shotgun sequencing project
Phylogenetic analysis of bacterial communities

Phylogenetic affiliation of soil bacteria that dade aliphatic polyeste
available commercially as biodegradable plastics

Identification and determination of nitrogen-fixibgcillus

Azospirillum doebereinerae sp. nov., a nitrogefixing bacterium associat
with the C4-grass Miscanthus

Endophytic bacterial communities in Chinesgbbage and their antimicrok

activity against pathogens

97

99

99

98

100
99

98

99
96
99

99

100

95

99

110
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Appendix C. Isolated bacteria in this study aftelays of rice cultivation

Assigned _ Accession _ Identiy
Treatment Species Title
number number (%)
Control, upper layer 1 Bacillus sp. DQ9Y93309 Possible contributions of volatile-producing baigeo soil fungistasis 99
2 Bacillus sp. EF690416 Plant growth promoting rhizobacteria 100
] . Diversity of Acinetobacter, Pseudomonas speciesand diazotrophs population
3 Bacillus megaterium EU221410 . ] ] ] 94
the rhizosphere of wheat and their plant growthmmting properties
Bacillus sp. EU170129 Isolation and identification of halotolerant Bacder 93
Bacillus sp. EU196519 Population diversity of rhizosphere bacteria frootdgn pear 94
Paenibacillus elgii AY090110 Paenibacillus€lgii sp. nov., with broad antimicrobial activity 93
_ ) Diversity of carbazolelegrading bacteria having the car gene clustelatisn
7 Janthinobacterium sp. AB196254 - ) _ 99
of a novel gram-positive carbazole-degrading baater
8 Bacillus sp. DQ508485 Bacillussp., a novel bacterium 93
o Hydrocarbon contamination changes the bacteriadrdity of soil from aroun
9 Paenibacillus sp. AY571846 ) 94
Scott Base, Antarctica
. . Characterization of six new species of denitrifyiBgcillus from tropical ric
11 Bacillus senegalensis AF519468 _ 94
soils
_ Isolation and characterization of quinoline degngdbacteria from wastewa
14 Bacillus cereus EU187485 o ] 98
denitrifying bioreactors
o _ Molecular characterization and identification ofkel resistance soil bacteric
Control, lower layer 1 Paenibacillus amylolyticus AY509232 98

the rhizosphere of Alyssum murale
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15 g aré , upper layel

10
11
12

Bacillus cereus

Bacillus flexus

Bacillus sp.

Bacillus sp.

Bacillus sp.

Bacilli bacterium

Paenibacillus sp.
Bacillus sp.
Bacillus niacini

Bacillus niacini

Bacillus thuringiensis

Bacillus circulans

Bacillus sp.

EF100618

EU221413

DQ9Y93309

DQ084547

AY289497

EF191186

EU179327
EU531552
AF468221
AF468221

EU625359

AB215100

AB183800

Denitrification bacterium

Diversity of Acinetobacter, Pseudomonas species and diazotrophs populatio
the rhizosphere of wheat and their plant growthmmting properties

Possible contributions of volatile-producing baietéo soil fungistasis

Fate of nitrogenous nutrient and denitrifier iniggeht profiles of Tanshui Riv

estuary

Development and application of a selective PCR-tlgimy gradient gl
electrophoresis approach to eetect a recently vatdtil bacillus up
predominant in soll

Oil removal in media with proteo-chitinous wastby, hydrocarbordegrading
bacteria isolated from oil-polluted soils

Paenibacillus sp. BCRC 17757, a bacterium isolated from soilanwvan

Plant growth promoting rhizobacteria

Direct Submission

Direct Submission

16S rRNA sequence of a non-toxic indigen®asillus thuringiensis isolate o
Madurai district, Tamil Nadu, Inida

Reclassification of Gluconacetobacter hansenii  strains and proposals
Gluconacetobacter saccharivorans sp. nov. andGluconacetobacter nataicola
sp. nov

The number and diveristy of spdi@ming bacteria in Japanese soils and -

potential as biological control agents

99

99

99

99

99

100

98
99
99
99

100

99

100
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15 g aré, lower layer

10

11

10
11

Bacillus sp.

Telluria mixta

Bacillus alcalophilus
Bacillus sp.

Bacillus sp.

Bacillus sp.

Paenibacillus alvei
Bacillus alcalophilus
Arthrobacter sp.
Bacillus niacini
Bacillus sp.

Bacillaceae bacterium
Bacillus sp.
Bacillus sp.
Bacillus sp.

Bacillus sp.

EU182875

AF297697

EU531567
EU070359
EU070402

AM934693

AJ320491
EU531567
EU182842
AF468221
EU182875

AF513456
EU070402
EU070359
DQ167242
EU571195

Phylogenetic diversity of the cultivable bactedgaimmunity associated with t
soil fungistasis

Analysis of endophytic bacterial communities of giot by plating an
denaturing gradient getlectrophoresis (DGGE) of 16S rDNA based F
fragments

Plant growth promoting rhizobacteria

Phylogenetic analysis of bacterial communities

Phylogenetic analysis of bacterial communities

Major influence of forest soil communities on thdtared aerobic heterotropl

bacteria in rivulet water and tufa biofilm as exdifirgd by acterial diversity

Paenibacillus stellifer sp. nov., a cyclodextrin producing species isoldtem
paperboard

Plant growth promoting rhizobacteria

Phylogenetic diversity of theultivable bacterial community associated with
soil fungistasis

Direct Submission

Phylogenetic diversity of the cultivable bactedaimmunity associated with t
soil fungistasis

The Hawaiian Archipelago: a microbial diversity $joot

Phylogenetic analysis of bacterial communities

Phylogenetic analysis of bacterial communities

Direct Submission

Microbial community composition in Brazilian antlsiads and adjacentois

99

99
99
99

99

99

99

98

100

99

99
99
99
100
99

113



14

Bacillus cereus

using culturing and molecular identification
EF100618 Denitrification bacterium

99
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Appendix D. Isolated bacteria in this study aft@rdays of rice cultivation

Assigned _ Accession ) Identiy
Treatment Species Title
number number (%)
Reclassification ofHerbaspirillum putei as a synonym oMHerbaspirillum
Control, upper layer 1 Herbaspirillum putei EU046556 huttiense and proposal of subspecikgrbaspirillum huttiense subsp.huttiense 99
subsp. nov. andlerbaspirillum huttiense subspputel subsp. nov., comb. nov.
) Fate of nitrogenous nutrient arknitrifier in sediment profiles of Tanst
2 Bacillus sp. DQO084547 99
River estuary
Phylogenetic affiliation of soil bacteria that dade aliphatic polyeste
3 Roseateles sp. AB013425 . . . ) 98
available commercially as biodegradable plastics
N-acyl homoserine lactone quorum sensing in rideodpherePseudomonas
4 Pseudomonas sp. AM911653 99
spp.
Paenibacillus taiwanensis sp.
6 nov., isolated from soil in DQ890521 Paenibacillustaiwanensis sp. nov., isolated from soil in Taiwan 96
Taiwan
7 Bacillus sp. EU439416 Microbial degradation of decabromodiphenyl etheddfB3209) 99
Control, lower layer 1 Bacillus sp. EU196519 Population diversity of rhizosphere bacteria frootdgn pear 99
2 Bacillus sp. EF694706 Plant growth promoting rhizobacteria 99
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15 g aré , upper layel

0 N o O

Arthrobacter globiformis

Arthrobacter sp.

Bacillus sp.
Arthrobacter sp.
Bacillus niacini

Pseudomonas sp.

Bacillus niacini

Bacillus sp.

Chryseobacterium sp.

Acidovorax sp.

Bacillus sp.

EU221373

AB248528

EU439416
AB248532
AF468221

EU167991

AF468221

EU417653

EU109723

EU375646

AM934689

Diversity of Acinetobacter, Pseudomonas species and diazotrophs populatio

the rhizosphere of wheat and their plant growthmmting properties

Studies on some gram-positive bacteria isolatem §oil

Microbial degradation ofdecabromodiphenyl ether EBED9)
Studies on some gram-positive bacteria isolatem §oil

Direct Submission

Enrichment, isolation, and phylogenetic identifioat of polycyclic aromati

hydrocarbon-degrading bacteria from Elizabeth Reeztiments

Direct Submission

The study of prokaryotic diversity of a landfill\@ronment using a polyphas

taxonomic approach
Direct Submission
The diversity of bacteria degrading various orggmaiutants

Major influence of forest soil communities on thdtared aerobic heterotropt

bacteria in rivulet water and tufa biofilm as exdifigd by flavobacteric

99

99

100
99
99

99

99

99

97

98

98
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15 g aré, lower layer

11

Bacillus flexus

Roseateles sp.

Bacillus thuringiensis

Acidovorax sp.
Bacillus sp.

Bacillus sp.

Paenibacillus alginolyticus

Arthrobacter sp.

Bacillus megaterium

Bacillus thuringiensis

EU430098

AB013425

EF495116
EU375646

DQ416786

EF694706

AB073362

EU034524

EU256401
EF495116

diversity

Isolation and biosorption performance of severahiss of copperesistan

bacteria

Phylogenetic affiliation of soil bacteria that dade aliphatic polyeste
available commercially as biodegradable plastics

Bacillus thuringiensis aizawai from Iran

The diversity of bacteria degrading various orggruiutants

Phylogenetic delineation of chromate-resistaattéria and 16S rDNA clon
retrieved from Cr(VI) contaminated sediments

Plant growth promoting rhizobacteria

Application of the partial 16S rDNA sequence as an xnder rapic
identification of species in the genBaenibacillus

Identification of plant growtlpromoting bacteria and their potential applica

in the phytostabilization of mine tailings

The diversity of PGPR from mangrove forest in Sdbtina

Bacillus thuringiensis aizawai from Iran

99

99

99
99

99

99

98

99

99
99
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