ISSN 1000-0933
CN 11-2031/Q

'n
&

Lt I'l*‘l!

ity ‘_‘*Wﬁt}ef'kh-.;ﬁi”{iw? ’“,‘ .'f” o e

f‘b&




L J: 4 A %R

«®'B
&9 (SHENGTAI XUEBAO)
R G RA F3HFISH 2001 F8H (FAHT)
H R

Wl IS E A R BEAT LI BAL T A IR B GG v L weeeeneeeennnnenns Fm A4 w N % (4169)
AR AT RS L L MR ILEL oo %}%,%’ZW%,E%?,% (4182)
34 R 24T EST-SSRs ARIT I L AR R IE BRI AF S AR ooveeeeeeens ElER,EE T REA,F (4190)
T ZAT R EBR R B ARG T G A oeerrreees EXETC EZR, B F,% (4199)
I BT S WA B IE D E AR DALY PLER e evmernenee LT, BB B =% (4207)
A A AUIEIREL T 2 Wil /s 00 K YA PR A AL oo X, EKHE, R % (4215)
FIERETFREREAETTEDEARE TG YH LA T TG ] veeeereeeeeennnnnnniriieriaeaeeaea e

....................................................................................... #}Ei%,iif‘ﬂfm,%é)ﬁ,% (4225)
REA AL X, FAE T K P G 5B FE TR HEE F oeeerrrvnnneereeeemmmiiinne e, L E A R (4235)
KEFIE T Bt A R IIEFE LTI HoA covverrrrerneeeiia, FE, B F I, & (4244)
I NI KAG L VAT A AR B MR F LT e %k #,Stefan Ratering, #i 7%, % (4251)
AMEEAH R TS RRAGIEH A BT oo EOEKREOE,H KL E (42601)
KPHFAREA LD IRB TR LB HRFAGH o oo PN, 82X E, THm (4270)
Ft E R A 2 BB AR RGBS F A BBy e XA, AR, T 5o, % (4277)
Mot F B G IAIR P B I 2 A B S eeeeeeeeenennnnnnnnn s A O ELE, M (4287)
KON T RRMBEZ R ENIAZ A B e e, HER REY,F (4299)
RILB FH BB % 52 A AT AR KA RS S FEL e Mz B, RAT B RS (4308)
A H ARG I A A AR L IR R v X[ %,p/iﬁ;[]%%’gﬁﬁ%,% (4318)
35 00 oK JCPLB IR WA ST A 3 AR AR 0 R Ik oveseesseeneen sHEHE, X 4R (4327)
W % 2R PR B R S W At B A A U] e B, NFMN, REY,F (4334)
BT R E AN Z 20 T F RO AP B R A AL e " OEBAR,E M8,% (4342)
2009 4 K & F K AT BN B KRR G HEFAUH] oo B, BT, [AAE], % (4350)
P AEAGRE K OB A LRI E AT S e kALK A, EEE (4365)
5187 ML E B E k5 A A F GG L B cveeerreereeeneeneeiee e MR, B R B4R, & (4372)
FHARGLREHELEG PN LR Y BEEIIERFT TA e W EE T AR, % (4385)
FHETEAHKREFF D ERBEEF K G oo KE AR, X AP R, E (4398)
HeA 5 BAMBRILAE R T E @ BB A AT oo X E R, 4%, DL (4405)
LTI TS B IR G0 ceerrrree e #ﬁ%&@ﬁu,iﬁn&\,#)h = (4415)
T 55R
AL K A i A2 A IR AE AU AT GLHE T oo eevevmreermrim e R, KE e, /MR, % (4427)
BN PR E R AN A ST oo i 18, @’&7575 (4437)
BAREBZRAETFTEHRAZEA ~oovvrerrrr /jﬂ?/if,%ﬁ ?,ﬁﬂi:—f (4447)
R EHR
L R B B3 E RGN DAL SRR L B KRBT K Foeeeee KR, BIRE,REE,F (4455)
B LWERFFET PO EFT LR GIRFEE TR R e WA, BN E 0 HAR % (4468)
AR RS KB AFARA LSRRI LG Tk vveeeeeeeeeees s FL A, RS & (4477)
ZREBSHE
KEFRBFOHZEIR ARNTEL BN —% 66 B EBKELRBEZLEFERFLBLIF e

.................................................................................................................. T 4= (4485)

BTIEARSECN 11-2031/Q * 1981 # m * 16 # 320 * zh * P+ ¥70. 00 * 1510 * 34 * 2011-08

ECEECEEECEECEEECEEEEEE

B ZE S AL PN ZE s DR RS 2 ) AU R R P, A S I WU B SRR X R RS O,
VIER B FEIR D, B 1962 A THUMAMIZZ JG , M AR T 110 2778 A TR, 35 T 4 E K
NIRRT o 33X IE T AR LR 8 7% iR N bR

HERME. AR BEZEME  E-mail. cites. chenjw@ 163. com



5531 B4 15 W) H N 2 Eie Vol.31,No. 15
2011 4E8 H ACTA ECOLOGICA SINICA Aug. ,2011

A, Stefan Ratering, /I 7R , Sylvia Schnell. J& i 7K 3% 35 46 7K 8 - rb B AT D RN DR 420RE 20 187 3 B A 52 . A= 8224 ,2011,31(15) 14251-4260.
Zhu C, Ratering S, Qu D, Schnell S. Effects of short-term flooding on Geobacteraceae spp. and Anaeromyxobacter spp. abundance in paddy soil. Acta
Ecologica Sinica,2011,31(15) :4251-4260.

ﬁ%ﬁ*?%ﬁ*ﬂi¢ﬂﬂﬁ@
S E EE 0

1,2 . 2 3, = . 2
& A '? Stefan Ratering >, ¥ A& ,Sylvia Schnell
(1. PEALRMBHE R A aRlE220e , #88  712100;2. Justus-Liebig University Giessen Institute for Applied Microbiology,
Giessen 35392;3. PUALACMBLE S TRIRIASESABe , B 712100)

W AW KA L MoK i 72, R H Real-time PCR H2 AR W BE T A [7] K 8 £ Y Hb AT B ( Geobacteraceae spp. ) T IR 5 K 41 T
(Anaeromyxobacter spp. ) TEAN[FIAE 7K B 1] 16S rDNA 8 DI ECAY A5 4k, LU T M AT B RUR SOG4 A = 8 5 i R i B2 b A 9
Fe (M) BJEAICHR , 45 REZM 1 4 R DORAEBIKRE LA S, Fe (1) 30 St v 3 WY I ) D3, SR B by b 1) 1 28
Mg, MK 12 h (1 R BRI DR SRS 40 B 15 DUBE AR B 1, SR VTR R A /K RS B i e W i R LA e 3 stk
MR [ 35 AR VG AR 7K ARG A S A e B AN, £ 17 o W A /K B 3% v | IR 1 = 32 B 0 v T DR AE0RG 40 1A, 3R B A
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Effects of short-term flooding on Geobacteraceae spp. and Anaeromyxobacter spp.

abundance in paddy soil
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Abstract: We investigated the Fe ( Il ) reduction capacity and the responses of Geobacteraceae spp. and Anaeromyxobacter
spp- to 12-hour flooding, in terms of their 16S rRNA copy numbers, in five different paddy soils from four rice planting
areas. We also studied the correlation between variations in abundance of Geobacteraceae spp. and Anaeromyxobacter spp.
and microbial Fe () reduction in soils of Jilin and Sichuan. The abundances of Geobacteraceae spp. and
Anaeromyxobacter spp. were defined as the proportions of their 16S rRNA copy numbers to the bacterial count. Water
logging was simulated and slurry samples were taken at O hours, 12 hours, 1 day, 3 days, 5 days, 7 days, 11 days, and 17
days. The results indicated that Fe (I[) reduction potential varied in different paddy soils and could be ranked in
decreasing order as Jilin (5. 18 g/kg), Tianjin (4.40 mg/g), Sichuan (3.40 mg/g), Zhejiang (3. 07 mg/g), and
Guangxi (1.86 mg/g). Thus, there appeared to be a declining trend that correlated with their geographical distributions

from the north to the south. Geobacteraceae spp. and Anaeromyxobacter spp. in Jilin and Guangxi soils showed no sensitivity
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to 12-h flooding; however, Geobacteraceae spp. and Anaeromyxobacter spp. were sensitive to flooding in the soils of
Zhejiang and Tianjin. Geobacteraceae spp. showed high sensitivity to flooding in Sichuan soil. During this short-term (17
day) incubation, the 16S rDNA copy number of Geobacteraceae spp. was on average significantly higher than that of
Anaeromyxobacter spp. Thus Geobacteraceae spp. made a greater contribution to the overall Fe (Il) reduction compared
with Anaeromyxobacter spp. The 16S rDNA copy numbers of both of these iron reducers reached their peaks at 11 days and
fell 1020.0% ( Geobacteraceae spp. ) and 4.1% (Anaeromyxobacter spp. ) of the level observed at day 11, after incubation
for 17 days. Meanwhile, after 1 day of incubation in flooding conditions, the numbers of Geobacteraceae spp. were static,
whereas the numbers of Anaeromyxobacter spp. decreased. After day 1, they accounted for just 0. 1% —4.0% of the total
bacteria, suggesting little contribution to Fe ( Il ) reduction at this stage. Notably, the abundance of Geobacteraceae spp.
in Jilin soil was 38.3% on day 5, while the highest Fe (Il ) reduction rate was observed on day 4, indicating the important
role played by Geobacteraceae spp. in Fe (I) reduction at this stage. The numbers of Geobacteraceae spp. and
Anaeromyxobacter spp. in Jilin soil increased slowly from day 5 to day 11, which coincided with the replacement of Fe ( 1)
with sulfate as the electron accepter from 5 days after flooding. Geobacteraceae spp. and Anaeromyxobacter spp. both showed
low abundance in the flooding soil of Sichuan, indicating that other, more abundant microbes were responsible for
facultative Fe ( Il ) reduction and that these other microbes might be more worthy of further study. Euclidean distance
clustering showed that the abundances of Geobacteraceae spp. and Anaeromyxobacter spp. in different soils after flooding of
0 hours and 12 hours could reflect the differences in their capacities for Fe (Il ) reduction. The results demonstrated that
the type of soil, its property, the planting area, and the variations in abundances of Geobacteraceae spp. in the different

soils were closely related to the capacity for microbial Fe ( Il ) reduction in flooded paddy soils.

Key Words: paddy soil; Geobacter; Anaeromyxobacter; abundance; real-time PCR

M B RIDR SRS 41 B 2 W 28 SR AR TE AT TR S-S0 40 1) S A kA SR A B, 2 >4 [Q B, T2 o A T IR AT
ARG I HAENE 2 57454 B 4 8 10 AL IR TR 05 1k 4 )8 T R Ae b XA ML Ak 1 AR AR i i
FEUT ST AT BRI SECRS 40 TR AR R BTG B A B Bl AR W RS O T R R ELVE L, 3 R BRI A B 5 A
ST MR R RN R RS AN B A R SRR ER AORREAE , 2 IR A Tt Sk Fe (D) 3R BRAE FH , AEAE A i
i A L TRl KRR - PR 2 R ER 7 B B AR B ) L Hori 2510 ORI ST E— 25 & TR, iR BT A R 4
Rl 4 DA G S AR 8 R EL A 2001, IR B AT v 2550 i AN K R 45 ) R T AR AR Ak T DR SE0RS 241 71 DU e 0 1 16
CPRER FACIEA TR SR A NP AR G, s HH K3 T Tl RE A V5 72 I o Y o P A T R B AR i L, H
R, BT X6 KR - R st b 0 = B R 2540 A 9 2 S TR e 7= W e o L R R AR AN Tl A oy R S D B R B 6
TR JFREE 0 3 B R R L AR A HGE

FRE K FEFRLDT L&A, HOKFE IR F 5 . BT RRE X B E D AN ], S BOR R 28 RUK RS £+ £
HEMEIR S WAL B M A R R AT — R 22 ) IR T R DR RS 40 TR AR A MR A A i
THAE X AN ) 7K - U A I R DT R A AR AR 22 57 B0 AN R KRS i b T TR7 R 420RY 248 B % i 7K
B IR FR A AU ] AN [] 9 3K 6 [ S50 74 ] 25 6 —F IR AR AR S A 0 1 RS 0 LA B S 2 3L
Noll 2513V tF o R , AKAS - A B BEVR S5 TEME 7K 1 h B 2 d ARk K, B4 , 76 b 30 1) b AT 28 A R 80K
B 1 2 B AP e 2 A by X AR AL BE A5 R AR [ K ARG - i R R RE J1 2 i, AR BTl AL 7K
it - RIS IR, R ] real-time PCR F2A , FEAEAN [A) 7K 35 57 I 1 - 598 v 1 A 81 R IR 420 48 B A XT3 B2 11
ARAE, ISR AT BR AT DR 40K A0 B 2 AR fb 5 AN R KRG £ b S AL kR SR RE 1 Z (B OC R |, A itE— 24 ] B b
FFF R 0 DR AR 40 TR 7 - 438 B AR T R B L B A B AR MR
1 MREFE
1.1 fh 0%
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XA 38 £ AR (43°447 N,126°30" E, LU JL R |, HIEZRAUA & K BE AN £ ( Hap-Stagnic Anthosols ) ; #¢
JC BB REAE X, SRAE 5T R B8 X DUSE A4 37 (38°597 N,117°40" E, VL TJ FrR) , HHERAUR R B K
BE AN £ (Hap-Stagnic Anthosols ) ; #H U ZERERFAE X 11 2 AR AE 5,43 B T 00 )1 48 B0 T T ik B 7] J
Bkt (30°18' N,103°41" E, LA SC 7w ) FWLAE TP 7 B AR EDHT AT (29°227 N, 121°26" E, DL Z) 30R)
I S35 R B R KB K £ ( Fec-Stagnic Anthosols ) #17 & 7K #F AN 1 ( Gen-eluvial-Stagnic Anthosols ) ; #¢
FORCZRERE AR X, SRAE s T VU2 I T R LU s X FEEE (21°357 N,109°26” E, LA GX Fn ) , AN
BRBIKBEN R £ (Fec-Stagnic Anthosols) . FEZKFECER IS 430l >R AEAE 2 0—20 em 19 358, 46 LAY R 1A,
FUARIAT BB 4,30 1 mm 3800 A6 T AR D & . BRI I3 1,

®1 TEEREREUER

Table 1 Properties of soil samples

T ToETE R e B ik ALK Eoe ﬁé"f’f\ e AL

Soil sample Amorphous Fe Free iron Organic Carbon TN NO3-N TP Available P pH
/(g/kg) /(g/kg) /(g/kg) /(g/kg) /(mg/kg) /(g/kg) /(mg/kg)

JL 4.94 10. 10 41.20 2.78 1.43 0.37 4.96 4.92
sC 3.08 11.69 48.90 2.45 17.50 0.72 14.50 7.34
7) 3.30 11.90 29.60 2.94 7.20 0.49 33.70 6.11
GX 1.92 11.24 38.40 2.69 1.32 0.62 14.60 5.10
TJ 2.69 4.22 20.40 1.25 1.40 1.26 52.83 7.85

JL.SC.ZJ GX I TJ 435l 27n R4 B bR DU HTAs ) PE A IR ik g L

1.2 3533 Kl e 7k

R R I KR B ik, FRBUX T /KRS AR 3,000 g 5Ty, BT 10 mL L&A, i 3 mL G
KL, FE N, IR O, I I ZE I R s % 81,25 CRIRBER R, ik E 0 h 12 h 1 d3d5d.7d.11d.17d#
HEAKEE IR AL B, 45 AL BRI AT 3 3, RARFFREMLICH 1 M3 IR AT RN A TS 4335 4) sl MR
A3 HIRE 0. 4 mL 3K BT HCHREL A SA 4.6 mL HRE R 0.5 mol/L 1Y HCl IEH T, FREE, B E RAE T8
KR FAT3 0, BT 25 CHEIEAETTIREE 24 h,3500 v/min B0, WETER T Fe( 1) & LME" . 5
B A R B R A 2.0 mL 2.0 47, 10000 r/min B0 5 min, WAETER , SR ] HPLC J7 00 2 fi iR £
T BUE 3 MURIKEES , BT -20 C KA A URIRAT P TR HE B DNA 8RR J5 S 3 1 22 A
BB ISR
1.3 AR S DNA $EH

P R 1 P8 R s TR B A S TR AT W 0. 75 mL P8 3% 4 F 4 4% DNA $EBGRH] & (FastDNA® SPIN, MP
Biomedicals /A ] ) #2 0 FEE DNA . & BUS MR G 2 B FK %, T-20 CIRAE, % .
1.4 16S rDNA 11 real-time PCR

I3 HIR ) COM1/COM2M (GEO494F/ GEO825R™ Hl FAc12-66f /FAcl2-432:" 5| Wy i 4T ELA0 4  HO AT
B2 T FUORS YRR 8 AR R R 480K 41 18 41 16S tDNA (5 & PCR U 5E . 520 € i PCR fdi ] ABsolute™
QPCR SYBR® Green Mix 7%, £ Rotor Gene 3000 £ & PCR {X L i17, RNAZR K :SYBR Green 2xBuffer
5 wL, 5% Geod94F Fl Geo825R 45 0. 07 wL(10 pmol/pL),BSA 0. 14 pL(20 mg/mL), F DNA #ikz 1 pL,
ddH,0 #ME 10 pL, % B 4 NEE . AN 94 °CFASYE 15 min, 94 °C 728 30 s, i FHFET% PCR 5K 65 °C
1B K30 5,10 MEFF, FAMEFRR KGR BEFER 1 °C,72 C ZEH 30 s, BN 35—40 MG, F5AE 72 °C iEfif 7
min , AR R 72—99 °C . EdE A PR 2 i PCR AXECEF A version 6. 0.23 #E47, AN 514 27F
1 1492R ¥ Geobacter surfulreducens % 16S tDNA , I 5 T-easy AR AL B IM109 BRAZ 25 4 M, 07 328 BH
P T B TR A T TR AR I, 00 R R B I TR DUR (™) P00 D10 RSB BE AR R I 4 SR R AR, A4
PRUEIZE,
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1.5 kb
H CurveExpert 1.3 BA4XTERE JF AR AT LA 434, >R FH SPSS 16. 0 Ge it 84 #E 4777 2208 (ANOVA)

FIEE TR G IR 2 1 RIS 53HT , Origin 8. 0 FH T 454 Ak 3 5 454

2 HRESH

2.1 AFKAEEFFe (1) 3 EARFAE

AR AR R KR L Fe( 1) WA fLIN .
B TR, BRLEE L AT KRS RS 7 A0 Fe E /@/Q
()2, T PR L9 Fe( 1) B, RRELFETR F _i%%
Fe( 1) REZROPCHS K AR LE 7 d AT, IRABERN 58
717 d ZI,SC 21 M GX AKFELfgFe () KFLF 5 e
HEAKFRGIRA 0 JL A TI KL h Fe (D) WelE

8 10 12 14 16 18
Incubation time/d

WSRAE T G2 ke % RH] Logistic BRI R K
e R I B EA TG AT I A TR IE S 2
*2, B 1 OKAS T AOkEFE R Fe( ) RBEH
MNFE2FH,Fe () 7 KBS (o) fEA[A A Fig.1 Fe( 1) content in flooding paddy soils during incubation
PEIX e S 22 0] 25 5 38 A T ARIL R ARG 1E X
B JL AR i, O AL R REREME X G T) 4R, B 5 2 R P R RSAE X 1Y SC R 2] H4E,
MR B REREVEIX 9 CX BEA o [EHRAK, B LRI AU RR o (EZE8/ N2, 5 a 251U,
JL KRGt K s (V, ) s, B 0. 632 mg-g+d™ ;GX KRG L V. FAK, 4 0.197 mg-g7'-d ™",
TJ.SC A1 ZJ KAE L v, (EHB NAHIT, 7E 0. 424 5] 0. 468 mg- g '~ d™ Z Al M e K5I 3 5 Xef 7 f4 B i)
(T,,. ) H#,T1 .SC F 2] KA+ P EUE R (1.77 — 2.79 d) i JL 5 GX KA+ 1, A0l Fe (I1)3A
SRR S E 25 52— 7 T S e Y 3 e BRI 34 ) S AR R  Fe () 340 JR A A 40 = B R I 1Y
ARIA], 55— AL S e SR 56, AR AL B R (X MK L2 ) fa) A 38 B A AR A R85, 1
AP TE SRR XA, I SRR SR R T il | R A N G A AR AR A X i A Ak
BREFDLSRZS (IR ) 174, 08 T AR AR B0 W38 I AIG, T L P SO ] 3 Fe () e KR ST 34
v, JEA R R X5

%2 AEEKKELHEFe (11)iFEREA Logistic EEE 2S5
Table 2 The Kinetics parameters of Fe( Il ) reduction in different flooding paddy soils

At B S FRIBHL Parameters of Logistic model V s T e
Soil sample a/(mg/g) b ¢ / (mg-g'ed™") /d
L 5.181=0.070A 7.3010.739A 0.4880. 060A 0.632+0.079a 4.0740.308A
) 4.399:0.174B 1.978+0.308D 0.386+0. 133A 0.424+0.130b 1.767+0.252C
sc 3.404=0.097C 4.350+0.193C 0.526+0. 046 A 0.448+0.025h 2.792+0. 1538
z) 3.065+0. 120C 5.178+0.821B 0.610+0. 102A 0.468+0. 066h 2.69420.2558
GX 1.859+0.018D 5.219+1.117B 0.425+0.045A 0.197+0.023c 3.891+0.257A

B A S BRI E (E 3R 0« BUE AR E2RE” s A RIR'S TR R AN R A Rl — 28028 3 U 35 (P<0. 01) s AR/ ING FRER R AN R i ) —
ZHE R W (P<0.05)

2.2 HEIKWIIAS [ KRG L Hp AT R R ER G20 40 B 10 =F B ARk

B3 Noll $2 H B9 /K RS + 4 E BETS S5 AT ME K 1 h 3 2 d NS KRB ) AR SR 1 Se %5 T ARk
Fe R WE K 12 h S5 AT T R R DR S8R 20 7 A DL (36 3) o AR L AT T A 8 DLBOR T IR S8R 40 7
{HAE GX BES, i =38 48 DUBCRT A B0 AH B 2, R FH B AT B R0 DR 480K 41 181 % D150 o 200 1 A9 HE 910 ok 2 7 AR
N FEEEARAL LA G/B FIA/B s, #EK 12 h 5 JL AT AR (9 AT B 32 BE A8 22 0 h A3 4 5] 36 in
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T 3949% F126% , 1M SC . ZJ A1 GX kA HH A58 0 h ZbBEK) 8. 75% 7. 10% F1 12. 50% , & 81 HY IH 8 (1)
FAATR A 3 s DR SEORG 20 7 2 1 A8 AL 5 A 5 M AT B AR B0, JL R0 ) BE SR 7EME K B 5 12 h 5 BRI T 321% F
41% , 1 SC .\ ZJ A1 GX HHEHF A E A TR, 43504 0 h AL P 10.89% 11.10% A1 11.61% ., G/B Fl A/B,
RV Py JiE 51 5 4 A DL T A G

R3 BARMEAEKBLIRMARMRESAREETN

Table 3 Abundance variations of Geobacteraceae spp. and Anaeromyxobacter spp. at initial stage of flooding incubation

. W K] 16S tDNA #5 I 4L Copies of 16S tDNA/g T+
Soil sample Flooding time WP x 107 R AAUKE 4N BT > 10° AT x10° C/B A/B
/h Geobacteraceae Anaeromyxobacter Bacteria
JL 0 1.42+0. 160A 4.99+0.414A 4.45+0.562A 3.18x1073 1.12x1073
12 1.47£0.078A 4.40+0.209A 0.932+0.078B 1.57x1072 4.72x1073
TJ 0 3.39£0.567A 2.03£0.529A 2.17+0. 046 A 1.56x1072 9.35x107*
12 8.33+0.443B 5.58+0.074B 4.22+0.213B 1.97x1072 1.32x1073
sC 0 2.62+0. 090A 2.0220. 176A 2.05+0.105A 1.28x1072 9.83x107*
12 2.05+0. 154B 1.970.053A 18.4+1.130B 1.12x1073 1.07x107*
VA| 0 2.63+0.159A 2.26+0.257A 1.07+0.061A 2.45%x1072 2.10x1073
12 4.18+0.414B 5.58+0.202B 24.0+1.180B 1.74x1073 2.33x107*
GX 0 1.55£0.087A 11.9+1.380A 1.3420. 105A 1.16x1072 8.87x107°
12 1.69+0. 124A 12.0+1. 130A 11.7+0.4618B 1.45x1073 1.03x1073

AR RS g 275 A ] R[] — T RS [ 5% % i 401 4 DUB) 22 5340 1 % (P<0..01)

WK 0 h A1 12 h S5 /KRS A AR | b BR RD DR S0 40 TR 48 DU 252 5 ] VR Sy JHOGEE K i o7 B0 1)
fiE, H12e 3 AN i K Ast 1 Ak B ] 10 2 S5 g 2 1k mT DL DL 0w b AT T 0 R S0 400 B ) 400 300 1 i AR R
JE, FLAN B ()48 DUBGA A B S A BRAIS 5 T R Z2) At A PR AT 8 R R SE0RY 4 TR 240 % /K 08K 5 SC R it v
T B RN A0 B X 8 AR A B 7 GX AR v, R A X /K UK, Bl M A R A 7, DR AR S St 1 IR A A 4
TN BEA , ] AN P DU BB RN, A R DO R ER AN TR T R A A | BT LA 30T
KBS G DR S 2B B IR A B . SR, #E T RN Z1 B b v BT B 300 e 7Kk B A AU AR 2 L
T H A AT R AR L IR E A AR K R SR AU IR 5 5R T O A A A R R A (EK A R Y
VAR SRR AR T B —E MR ], ZERRT A 12 h WE K v AT TR 48 D0 Y 0 348 KR 5 S et T i Z) R
Hh IR PR R AR R R T A RRIRATSE
2.3 KRG IR AR v T R RN R SRR, A0 T F B AR A

EEXHE KB IR R SR KRS R E TS B Rl Fe () 38 JEARAE"S LK 20 B8 BE 9% 2 A TR A
S ARG — R T AR KRS K 1—17 d J5 405 HoFF B R DR SE0RG 4N 9 48 DB Ak (4nsk 4 B
TR) o TEMEIKEEFE U d 2 11 d 0], L A Sl o bR R R ER SE0RY 200 B8 75 D0 504y I s /K s ) 22 B 2 348 ke 24
Hr 1 d 35 d Z[A I ANE AR (15,53 F14.71 %) 15 5 d 3 11 d Z 3G 35 BRI (1. 42 F1 4. 11
) o WK 17 d B M B RN DR ARURS 40 DR 48 DL AR 28 I 3R B 7K AsF Ta] X b AT B R DR 420G 4 TR 7 5 DL %%
BATRm , SC A& i AT A48 DUERAE 17 d AWK R e 2 i 25 3 , b 1 d 215 d Rt (7. 53 %)
5d 317 d BIEIRSE G T 0.98 £, DR AR HE DIEAE 1 d 3] 5 d W82 (3.89 %) ,5 d 3 11
d HEHEMR (6. 93 %) M 17 d B0 & 25 R R

NP DR A AE 2 Fh e r22 . 78 JL AR, RN 1—11 d #0150 n, IF H 17 d B34
FOEAE 11 d K, 76 SC HAEr K 1 d B IO 40 B 5 DUEUR C 2838 248 s 18U, T FE B S 1 /K B 5
W Ab T3 A8 Ak FLIR R AT fig 5 e rh A A R IS R S BRI 22 A G

A AR P ) = B AR AR AR, JL KRS b M AF B AR T K S d B IR B 05, M AT B AT E 41 B Y
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38.30% , TEAN R 7K Bl B v B8 i e K, 9 L5 JHG B AR I 28 X6 g (R s ] 7, (4,07 d) FbE— 3G 2 )5 1
WE KB | HOAF I T RS R, 3 17 d YR 4. 06% 5 SC /KRG + i b AT I8 B Hrae g e K %17 d i
KE]3.95% , W UEAT UL, P APOK S L i AT O E B AR R BOR M 22 5 . PIRIOK A v, DR SEURS 4 T 3= B2 3
TE 11 d BHABEE, 43500 1.02x107°F13.69x10°° 17 d B 435 FREF] 4.28x107 F13.87x1077, Bk &,
PRI K e v T R = B2 B S 8 T DR SRR 20 B, 28 BH AT PR /KR = s s ) Bk ok T DR ARG 20 78

R4 BYPBRKEFTEFHTERTNRSEARFESL

Table 4 Abundance variations of Geobacteraceae spp. and Anaeromyxobacter spp. during short-term flooding incubation

. 7@;};5@3@ 16S tDNA 5 V14X Copies of 16S tDNA /¢ T+
Soil Flmd/mi time HIFF B x10° PR 0 B x 106 éﬂﬂxlp“ /B /B
Geobacter Anaeromyxobacter Bacteria
JL 1 21.942.5D 1.42+0. 113C 4.90+0.48C 4.46x1072 2.89x107°
5 340.0+33.98B 6.69+1.032B 8.87+1.88B 3.83x107! 7.54x107°
11 482.0+51.9A 27.50+3.590A 27.00+1. 19A 1.79x107! 1.02x107°
17 106.0£3.4C 1.12+0. 114C 26.10+1.93A 4.06x1072 4.28x1077
sc 1 5.8+0.4D 0.62+0.032C 37.20+3.14B 1.55x1073 1.67x1077
5 43.7+7.8C 2.41+0.256B 33.50+2.72B 1.30x107 7.19x1077
11 56.4+3.7B 16.70£1.330A 45.40£3.24A 1.24x1072 3.69x107°
17 86.6+9.2A 0.85+0.145C 21.90+1.86C 3.95x1072 3.87x1077

2.4 KK SRS AR TR ER A R AR

i AW K B S A v JL A SC KRS L h R R SRV B AR AN &1 2 i . AR 2 WTLAE Y L RE G TR e K
1d&E5dWEREHREZMMAR,S d 211 d R TR, 17 d BFFRERER A _#HA R SC A 7E 1—3 d i
FRER R AL AR S 17 3—11 d BEGE I AE, 11—17 d Qe AR B0 W BE K B R BR R MR A8k 5 Fe
() WREALS R (B 1) R LI, SR ER 138 R B & AR AE 4 Fe (TN GHA IR 2 )5, BD2Y Fe( 1) ¥
BTG FR R A B R R VR B AR AL G2, 1T 2 Fe (T ) 3 D 380k /N 7 R 5 vk B e I G S R B 34 ik R
B H — Pl T A2 AR A R Rr B R AR 1T REAE Ay LT P R0 DR G20 20 1T 1) P2 R SR S d 31 11 d ks
AR XTT 17 d B LR SC A i DR AEURS 4 TR 48 DUBCR R BT JL B TP AT 48 DL TR IF 5 11 d
F 17 d Z AR WRRREEFEB A K,

2.5 KRR+ Ab B (0 B2 ST 30

3 A 4 SRR R AR Fe () IS 3 ,0) o X
(a) Fe () RAGEIRA (v, FiFe (I ksl £, 7 @ B
AN (T,,,,) R SROABIOFT AR B -
HEAAEMEK O b AT 12 h 1R SRR R S P RN

SR LT BRI KRE PR SRR 8 | @\1
RSN G AR R AR Lk 8§ %) —
PRAURS 40P B0 3 FE 1T DA W Fe (D) 3 5 ) 19 2 T R ERIECIIEVRRstaa
S, — R BT U BRI 5 KRS e Fe () i Incubtion timeld
RS BT AE T, SC 1 20 7K RS A28 | 55 g A B2 Sk AR

oL, TJ KRG - AER S B dEiT SC F1 Z) KFE £, 4K M5 Fig. 2 Sulfate concentration variations in slurry during short-
JLAKAE R A —HE, CX KFE + 5 H AR T HE A A 4L /E term incubation
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Fig. 3 Hierarchical clustering of 5 paddy soils by abundance of
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Fig. 4 Hierarchical clustering of 5 paddy soils by Fe (Il
Geobacteraceae spp. and Anaeromyxobacter spp.

JL.SCZJ .GX I TJ 73375 R A 5 A (I 48 JHCas 7 vl
(ERIPNETLY i

reduction potential

3 itig
3.1 AFEIKFE LT Fe (D) R JFEE S5

HEK BRI G AR R Fe () e AR D v 44 R DX DI 1) e, DA B0 23 oA 810 00 2 o A 38 3 e
i, JLRES O E AR S i, N 4. 94 g/kg, ) PH HRETIZMERAR, ] 1.92 g/kg, 205X B — 34 BIF S BRI
e AR AR Fe (M) 5 AR SR 3 U B 398 v v gl ol A 40 308 R ) SR Ak 1) i 5 HeFe (D) 19 i R It
YIAHG, BHFoe45 2 WK 28—91 d W8], 7E 1.5—16.5 cm [ 2 th Mgk Wy 5 2k 5™ F1 0 )7 i 2k
KT, LA, KRN K B A AT S8 3 Fe™ He BE VR0 | o455 ) 20 25 /K A = v/ o vl ARy =
Wk st T IBAR T BRI K I Fe( 1) FOAR R 454 A2 R R AE X R A4 v K I 1] 10 B0 28 A R XK 1Y
EERIEBL, 7T MR AT 2R IR T 5 3 0 LR R A B i Fe () F KBRS, L IREROR A, JL A1 T)
TR TR B KB N |, R SR AR IR e BRI EN, Bl RS AT A i, 0 R 3 SR A A, T AR KR
R REARIE K . CX KAE L& TR AKHE AN L, i T B 5 A 388 S bk s A AL DTLRRAVE T, ke K #E Ak
W Z IR DL IARZS BN 3 T OX RRA AR K Fe () i SRV ATE BT A il IR
3.2 16S tDNA # D5 S e R

K F ARtk i e —Fh AR Bl , 20 - St A W AP 2 B P AR RS R, LR M R 4 Sk R
RIFI A B 8 A 25 512 20 A0 B PR R 94 45 st R ARBSC 738 A T DA S o Lo &0 AR 45 25 A 4 i i %
AR BGE I AZ AR 16S rDNA $ UL ECA I 5 1T A% kg R A AN [ PR 855 Hp A A e = 8 ) A/ )
FVGERAR L, /KA IS ) = 498 op 40 B 45 DL B0 AR (U AE 7E B 3 25 5, DR R R W /K 48 b DA 200 T R Vi T A
SRR B A0 A AR T R B 16S vDNA #5 DUECH 1—12 A7 Y s 4 DA BE B A5 DL B
BRGSO A 1) 0 A AR B 5 DL A SR BT I 2 R EUE NI, A RGE IR I B AR
DI, e 20 BE AR b R T W TE B IR SR IS (4 °C) I (Y NI 4 AT R RIS SORT A ) 22 M4 T i, 106 )
A A R R b IR R SR T TR R B AR . AR R SRR R 25 °C = TR M AR,
L B2 I R TR P R 0 6 e YR B 1 B R 2 R R DL SRR R, LA T RE A I HE DLBIORP B, B DA DL /K
TR S DUBCH BT R %, AR A& ( Clostridium ) FIZEHIFF I ( Bacillus ) AT 16S tDNA ¥ DU 5l 9—
10 AT 10—12 A2 g T s DUEORI R , B Yl Ae i 7k 2k 1 F ot & AR A7 Ak s > 1
SC.ZJ A1 GX AErf, Bl T /K5 38 ot T RE IS 542 T i 0 2F AT B i) T sk 14 B, T L2 et B () P9 4 7 9
DUBC TR, {H Graff 870 73 B2 W K BF RS2 50 & B0, R /K HHE 16S rDNA S H 2E LA B
FIT i He i s, I A AR T /KR 2R AT T AR e A O B4 | X 2P T KR - b B A0 T 5 DU R R A i
HZz—, 7ECH4A R A AT B AR SRS 4B o , 16S rDNA # DUBCEIE 918 2.4 Fn 2B e Bde e
SV, 28T LA Ay v B ) 52 7 3k 288 LT R PRE 420 200 T ) S o 20 R , 3K — okl ot L A % 0 40 M S 0Rn
FTH BRI SE R nT IESE ™) (B — 1, BT AT 43 DR PP 370 A S0 %) T B R R SE0RY A0 TR A7, 31X
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SERERIANA T 5 1Y 16S rDNA $8 DUBURANHR & 1Y, it LA T A58 728 Ak 5 S Ay b AT i DR S0 240 71 7 7% 190 1 2
M2 S H S DU AR A, BRI 17 d WK 53R A0 JL A SC /KRS £ b M o 5 D1 80 A48 Ak e 34
ARl B2 2K P B R S Y KIS TR R AN (] 3R B SR AN [R] KRR - 20 T R TR SRR 4H TR 168
rDNA % NUBUEAL I 25 57
3.3 JKFEL pH 5 HUFT TR DR SE0RK 240 TR X IS K ) B

N 7] 2R - i 181 R0 DR SR A0 B 2 DUBORHAE 7K 12 h 300 H A () A s | 1 pHL (-t 2 /K A8 W K s
P AR FE bR . ARG &I, pH B 435020 4. 92 F15.10 (4 JL F1 GX KR - v i A T R DR S80HS 440 187 % e
IR, MTAE pH (R 6. 11 F17.85 [ Z) F1 T 7KAE b o | AT T R0 DR S0RS A 77 440 2 B8 BUR , iX— Gt —
TR G i I S e 358 pH -5 MR TR0 DR SE0RS 200 TR0 S /K ) BEUERME 22 (B A N TR B R, 7 23— 2B IR0, alil
FEARERUESE ™) T R RN IR S0RS 40 B A i A K pH (E A 6.7—7.0 7.0, ZEAHEWT, 76 pH (H ek F]
rh M PR Y AR v BT R RN DR SO 4 TR A R T B3I A X A e iy R, AR IR SR Y SC K AR oA
AT RN 58 WK S AT T8 DB 35T R T DR 4R0RE A B DU AR A6 AN O R B R kM | B R A TR IS
3.4 A[EKAE L b MO TR RN D AR A TR - A8k S Fe (1) B E R

WEZK 1 d PYHBAT R DUBUIS AR AN, DR ARG A B R 2 T B, 0TI Fe (I ) PROECBR 2R L AT T 10 DR SE0RE 4
R R = U 0. 04 HED —F XKW HIFe (1) 38 BoTEkA K, A7 Al BE 2 oAb Fe (1) i AL 72 A
H, 0 Lehours 255 4RIEHY Clostridium saccarobutylicum T 75 DA PR EE vl i & e r= ik Jiike (M), 1—5 d
18], Fe (1) i J5tde R are i[RI JL R SC /KA - AR AT i 4% DUR 5l 39 14, 5 A5 A0 6.5 4%, i e #fiil) 1—5
d S RIHOAT ORI EORG 4H P i Fe () IR SR AEREIG G, HHAT P30 0 by T 5 () R G | DRI HEAE R i 1 g vh =
JE V(8 2 T IREURG AR B 4 A B0R2R,5 d I JL Pt P SR 5 B0 B 114 38. 3% , A RIEIIESE , Geobacter
sulfurreducens W LAIE A B 12242 fil R L~ (5 38 AR PR AL SR 38 JE K R, 1T Geobacter lovleyi sp. TT L3 i) #f B 34
INASEHPE | 33 A RR I A bR B 7 I B B R 3 5 FlL P RO R IR A . 5—11 d B JL 1 SC AR & vl
FFEEFE DUE 080 429 1 29% , ARG TE 5 DVECE 2] 4.1 550 6.9 A%, Mtk Fe (1) 320 58 i) 38 ik
G TR AR S HE0] b AT TR0 DR 420K 20 187 AT REAEAE T LU SR AR R ER A T AR . ZE4E MR SR |
AW 7 HFT TR B SRS 20 TR RR RS A B R LA v 7 32 AR (EOR REHEBR AR B AR PR 85 v AE 7R i AT BB
BI4n Geobacter Bemidjiensis WAT1F Zm it F1AR R 5 145 5% 1 AH [5) 1K 15 T 1) 32 (R ST ] s , i BLR R 6 A R
TERG LT LAHAFF AR L, e SIARRLRE ) 76 PCR 7 4B ] BEM T A HE DUEL, 5 SO AT B 4% DAL
(RGP, AT BRI SEURS 4 BT rT LA 4330 i A R T EARR 1 45 it A SR R ) 2 B 3 35 30 TR E S T
PRACKS TR R AT 2 I FHA HL Ak AR AR AR ISR R ARGR BR AR S5 VR v 7 22 K0T U8 B AE mT i
TCE T SAAR BRI Z RIS T , MR TR R0 DR SE0RS 20 TR AT DA At S R AR A 4 BRI SR 45 2R s itk
A PR AR A R A K A T HBAT B . 5 JL AR SRS [R], SC A il Hb (4 AT 08 = B A S SR 3.95% |, R ARG 4 e A1
7R SCKAE L rfFe (1) 050 T 25 15 38 O M A T 760 DR S0NY 20 T /0 B9 HC A AR 4 0 T 6 2 42 T ) B0
ZERUFFIE, BT AT e & e R PR 3 AR AR S b Fe i 7 32 AR iz A e v b DUBCRP e, VR A
PR LTS SC /KR T A A0 TR 45 DRI s T JL KRS R 4. AT DA, A (R 26 KA 4=
Fe (M) i JE R A BUAAAE 25 5, N AE T Fe (D) I8 JEHLARI AR

AR il 1 A Ry KGRI XU | 7K 35 77 380 ) A A8 AT A &0 I J5F H, - 52 4%, 50T DAL S 1
W 5 SR PR b A R R DR SRS A B /K b i AR ROIRES TN S Fe (1D BRI R . BFFE Bk 119
Fe (1) i J5Re ) A+ HE2EAY P AEAEIX A0 R AT IR FREB A G . R — 2 TARAE T AN [RIKAE
Fe (M) iR J5RR AY 43 2 A SE , LAY e Bk 2e R 25 M Fe (1) 38 JEERAILTR
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