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Fe ( ) %4k, pH 6 ~ 8IFHEH + 3 n] & /EFe
(1) HEAk, mAH0.2 mol L' ZERANF10.3 mol
L' 2B pH=4f JLEFe ( 1) F4 1L
B4 Fe (1) FHAAMTRZ + K> & R
M, 7K /N T 50 % I 3G i 2 /K it A AR 2 0 2k 1Y
AL, KT 50% M ) T 0 8k pE A A
MeltonZs ' A AR EL . TEHLEK . HEAEIEY (co-
substrate ) %51 ] GEFR H Bk E AL WA fbFe (1)
T RAT 5C T 1 87 4 7 A fh 52 ) |8 36 it 9 25k
AN IR ik, WA RS R A S
JT ) e R IR . S T IRR FAEE 1 b AR Ak
R e & A PR A RO AR S i E B
PERTRIOC R, AR SCIE AT & A6 8 P AR A Y /K A 1
A DX I ) 74> SRR A - AT IR A R I
R R FEW P B0 B AR IR, DU o A
T HESTE A MR E IR A T 2, IR R
Bk Y S A I Tk R R R W A0 1Y B A R B R BT e
CFES

1 ARSIk

1.1 iRl

A A AR 17 TR g 48 3 BH T R BH L (A
FRYY ) , ddrEL R (RRrMy) , I S A
2 (FFRYC) , WTHEMXES (FKLN) , &&
Wy s (FFRSX) , BHEXE S (fRiFKRY ) Al
B BLERTTEH (TRIFRXA ) AR T, HAARCR AR
8 B A T DL Sk [ 19 ] o R
W Tl 2, B A KA SN .
1.2 [EERRSEEFRE

R e 2K IR O IRE B = 0 i, BR
BUA T 0y i B 43.000 g KT - HERE Sy, 0 58
TABN10 mlB MEH T, X E /K3 ml)g 7
AS minflFR, IR E RSB B R 8 T
H16M A6 500 KHOGIT & s R4 (T
4%, FPG3) W30 = 1 CAKHOEIRE; 7%, M
2 000 1xo —FE TRKXEREFRAE ( L
i, GSP-9270MBE ) 30 + 1°C 1 I35 =1 Jy ke 6wt
BEOC DR BB IR RG] ) o SRAFE T 25 40 3
W3, A R IR0.4 ml BRI, BT
4.6 mIKFEH0.5 mol L'WERR Y, B TRR/KRHE
TR FRA30 + 1°C Fi424 ho 4R WCRH0.22 pm
RA ARG 15 E D8 Fe (1) o #5

SRR, AP, HEAEFKS4R R
3 mIYE IR (EHIK £ B S5 © 1) £50 ml
S, AR SR HBCE0.45 numiR A L7 4k K IR
AYEF Skt B AR U8, DRV A A MK PR . NOSAI
SOy H .

1.3 Siigir5 A%

+ 4 A B4R R R SR R LT R BT
BiFE i 0.5 mol L' A4 HFe (11 ) SR HARMER
ML L KIEPENOS. SOFTRTE T
ek (HZ21CS-900, DS5HL S/ M EE, TonPac”
AS143#1HFE, ASRS® 300 4 mmIifil &%, WHEEmR N
3.5 mmol L™ Na,CO,#11.0 mmol L' NaHCO,, ik
1.0 ml min™") W7 . KEHRR HTOCHHHXL (5
HTOC-V oy, 680CHEFLIALE, FEEHLLLIMG I,
N,Z 150 ml min™") 5 .

1.4 HEIE

a

K (1)

Krp, C, Hhe RifFe (1) &b, BEST
Fe (1) ,.~Fe (1), Fe ( 1),  ~¥izadfed
Fe () &&E&KME, mgg'; Fe (1) MEEFRt K
BfFe ( 1) &hE, mgg™'s CHEEFRIIE], d; a MR
KA bR, mg gy ENEMAHEREE, 475 bh
TR E NS

s K Microsoft Excel . OriginPro 8.5H1
SPSS 13.043 Hrih# .

2 45 R

2.1 REABEHTHBLAFeiEL

AR R EOC IR SRt i Fe (1) AU
JEAE A 1 R, B R IR AE R, 0.5 mol L™
A4ERre (1) SeBiign, 52K EE,
AN TR B, RWFe (1) P4
IR . JCIRRAE T S b 1 8k e Kk i i
NT1.62~3.77 mg ¢, F12.42 mg g5 5 +1E
T 2k & 910.88% ~ 38.95%, F1419.93%, +
38 6] 75 S A K48.08% ., 40 ARG FREEHN, K FEh
0.5 mol L™ HCIA#2HiFe ( 1T ) & &4 F0.16 ~0.77
mg g, INEIEL B AL 19 79.56% ~ 90.09%
IR MR R R P g R A, R E AT
1.46 ~3.00 mg g ', F12.09 mg g' (F£1) . M
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1 el £ REOEIREE R B Fe (1) &
Fig. 1 Content of Fe ( Il ) in upland cinnamon soils under

illuminated anaerobic incubation

KoabriEn (F2) , PERBEAES EHELEE
B (p=0.04) . KEMEHRIREE 12 (p=0.05) .
B i (p=0.03) BERME, H5H4A
(p=0.05) . MW (p=0.02) FEEIY KL
ir (p<0.01) BFEIEHE,

wnE 2 fr s, Bk R AR i BE Ry 3R B )Y AE
KR LSRG MESE, FEMBRMEYERD
Logistic J7 & o /N [A] 1 358 FF il S0 A2k P 4 Ak 1 3R 0 5K
F0.23~0.80 d'Z 0], FH40.48 A7, FESLE
TR FE46.74% MK ioR (F2) , Tk
AL F B A LR i 2 R A A TR
MHIXKR (p=0.03) , HEORE G EAH
(p=0.01) , HERKidkTE (p=0.04) . AL
(p=0.03 ) ZIAIFFAE & A GG AR .
2.2 REAKBIEFIE L KB HERZMN

RESEEE 340 A5, 5 KM TC LAk

®1 BRERIREARBEFIBEPHILIREUIENRESY

Table 1 Key parameters of redox of iron oxide in upland cinnamon soils under illuminated anaerobic incubation

A0 R BTG I ok AR 5

Measured during 40-d of incubation

Logistic*ﬁﬂ?ﬂ%éﬁ

Fitted using the logistic model

e g o B e 2 F Al %
R iR A SRR ) AR ) .
il oo RS BRI o
201l code Max Fe (11) Reduction rate Reoxidation S
Reoxidation Reoxidation Rate constant
reduction of free iron . rate . » p
» (mgg") (mgg) (d")
(mgeg™) (%) (%)
YY 2.11 £0.03 18.34 1.83 86.78 1.71 £ 0.08 0.59+0.16 <0.001
MJ 3.77 + 0.05 38.95 3.00 79.56 2.82+0.28 0.24 £ 0.07 <0.001
YC 2.86 £0.06 25.92 2.50 87.46 2.24+0.12 0.39+£0.11 <0.001
LN 1.91 £0.03 14.97 1.70 89.01 1.57 £0.07 0.80 £ 0.31 <0.001
SX 2.59£0.12 14.95 2.32 89.49 2.30£0.25 0.23+0.08 0.002
RY 1.62 £ 0.05 10.88 1.46 90.09 1.47 £ 0.09 0.40+0.12 <0.001
XA 2.07 £0.01 15.53 1.81 87.37 1.56 £ 0.07 0.71 £0.20 <0.001
FHE
2.42+0.73 19.93 £9.58 2.09 £0.54 87.11 +3.54 1.95+£0.51 0.48 £0.22
Average
Coefficient
30.10 48.08 25.89 4.07 26.01 46.74

of variation

(%)

TE PR SE P S AL it o B R S Y 3 FL A1) Note »

reduced

Re-oxidation rate refers to ratio of the reoxidated to the max Fe (1)

http: //pedologica. issas. ac. cn
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Fig. 2 Dynamics of Fe ( Il ) oxidation in upland cinnamon soils

under illuminatied anaerobic incubation

PRI WAL, BRI T22.45% ~ 84.41% 2
B, FHIREKT52.74% (#3) o KEEA PR N
BN —, SRAWGMH . & A A HLR &
it IR T 40 A IR IR G KA A DL AR T
20.63% . 25.48%HM27.77%, iR dwmilt. B
B A LA 5 it R TP KV T A ML I 2 3k
R, A BT R KV A BLIR AR b i 5 A L
(p=0.01) MEERELZLHE (p=0.01) WP FIEM
K, MK PETC LR AR Ak it 5 A - 8 1 3R P T
T WA KRR (£2) .

2.3 REABEFRWTEBLKEENOFISO;HIE N

HEHREEFR40 d UK ENO Y B REAIR,
IR A T°82.40% ~ 96.11%, FFE1H92.15%, A~
[FFE S 0] A8 55.65% (£4)

F ORI ENOT E A Z BA & . CEC
KA R R sgm (£2) o MXHH
N, ORI ENO B S RS AR
HEMIEMELER (p=0.09) , 5CECE B A
KKFR (p=0.06) o H 5 b Bk i K0 i i
(p=0.05) 2RFEMEXR, SHHHALE
HEIEMHXKER (p=0.08) . HFERIVINOAI/ENFe
(111) Wsed i T2 R mpd i, ik, wRh
NOIE /A B W 5 8R i R R . Hkn]
UL, TERAMIINOSI AT, RHOKIEENOS T fE
SRR CAE Y AT R AR, ERGR R - A A R
A AR L AE AL U E B AE LA G U AE A .

KEEESOT &= bZ LA ILE & & .
CEC. /KM & i KARd R B s m (%
2) o HiFEL AR OKIEPES O B G i, e

It T8.08% ~127.6%, V-355.38%, I FE
W] A5 5 i586.41% , AHXKAFHTRM, KEPESOL
W5 HHOMIEME (p=0.11) , 5CECHF
MK (p=0.04) , 5 EHOKEWA VLKL
(p=0.01) FKEMESRZE/TE (p<0.01) i
FIEAG . KIEPESOT By Al B & I A AL
IR KB R A DU T B 7E B G0 W 4 i 2o b R
SR o

3 i %

AR LR BoR, HREFT 2EE P
ALY AT sid i, Hi KidJF a4 T1.62 ~3.77
mg g, i B B R 1910.88% ~ 38.95%;
M HL3% 5 5 W 2 ik S5 Bk A A P 1979.56 % ~ 90.09%
A AE G IR IR A AR v B R R . Z AT R
PR ' 2% 1 T A 394k STk W A 3B T
F4.47~5.95 mg ¢ ' Z 0], WML FEAN T
29.97% ~50.79% 18] ' . fg AT UL, 6B AL
T R RS R gk siin R, AR T B
S AR ) PR AT R o 2 BRI 9T DA R o B K R
- S A g b R AR AR A Y 5 i ] RE AR TE S
HESETE T AP e A ik, Hob & =& e
AR T R EAR A, IR TR AR it — 2
W, R T BRI R IR AL . R —
BAFR IR R AR — s, A AR
50 17 114 A0 42K P T 30 2 1 i DR A A e 7 5 22
LioaTioe

S b A R O 3 5 B A Do R A B A K S
TeAILA 5 15 A T R KA PR MLARR R 3 in - JHG i A
A BRI AE W e I8 i 1 B kAR A 1 TR 2 2 T
TR HUBRAE LM, S T KT L
A S2 36 8 /R 15 9740 dJs 33K 3k TOHLRR &5 24
IR, FIREIEILS2.74%; XA RES
WEEAE 6 A A Wit 3K TS H LR 9 R A
S T R HURR I [N M AR R AR T
MEGIRA—, B AR S 5 RN FR40 dJEKiEtE
A LR IS (L R 5 2 fi B SR ke — 3
TARAT LI 75 et S R B RRAG , R R AT S
IR AT MLAR E 5 TR A= R, i 38 HLa
BTG, MKEEA VLR A T A BRA .

RESMT, Fe (1) ARG ER£h A IRk Atk

5 (Nitrate—reducing Ferrous oxidizing bacteria )

http: //pedologica. issas. ac. cn



6 1 FNAESE . LR o AL DR AR 05 7 T P A 1203
R THREBEWIBRAESHSLEERMBXSH
Table 2 Correlation analysis of key parameters of anaerobic re-oxidation of ferrous and soil properties
A Gt R R
Soil propertios Statistical test AWSICY AWSOC” Fe ( I1) Rate constant ANOZ” ASO
reoxidized of re-oxidation
EERiIR 4 Pearson correlation ~ 0.079 0.858 0.694 -0.791 0.501 0.659
Organic carbon Sig. (2-tailed ) 0.866 0.013 0.083 0.034 0.252 0.108
T ES ik Pearson correlation  -0.203 -0.540 -0.435 0.475 -0.478 -0.281
Free Iron oxide Sig. (2-tailed ) 0.663 0.211 0.329 0.281 0.278 0.542
JoE I Pearson correlation  -0.226 -0.186 -0.788 0.608 -0.586 -0.069
Amorphous Iron oxide Sig. (2-tailed ) 0.626 0.689 0.035 0.147 0.167 0.883
J=¥ A Pearson correlation  -0.057 0.611 0.752 -0.612 0.684 0.301
Total nitrogen Sig. (2-tailed ) 0.904 0.145 0.051 0.144 0.090 0.513
5843 Pearson correlation -0.220 0.547 0.834 -0.586 0.655 0.356
Total phosphors Sig. (2-tailed ) 0.636 0.204 0.020 0.167 0.110 0.433
IR Pearson correlation  -0.373 -0.202 -0.757 0.746 -0.375 -0.231
Water soluble sulfate Sig. (2-tailed ) 0.410 0.664 0.049 0.054 0.407 0.618
PHES A2 # Pearson correlation  -0.282 -0.708 -0.818 0.540 -0.732 -0.768
Cation exchange capacity Sig. ( 2-tailed ) 0.539 0.075 0.025 0.210 0.061 0.044
Fhbr o Pearson correlation  —0.041 -0.448 -0.708 0.878 -0.272 -0.320
Clay content Sig. (2-tailed ) 0.931 0.313 0.075 0.009 0.556 0.484
T RIR Pearson correlation 0.316 0.574 0.992 -0.771 0.748 0.562
Max Fe (1) reduced Sig. (2-tailed ) 0.490 0.177 0.000 0.043 0.053 0.190
N Pearson correlation 0.494 0.961 0.530 -0.460 0.670 0.922
AWSTC”
Sig. (2-tailed ) 0.260 0.001 0.221 0.299 0.099 0.003
IR TCH LR Pearson correlation  -0.173 0.499 0.427 -0.671 0.143 0.263
Water soluble inorganic carbon  Sig. (2-tailed ) 0.710 0.255 0.339 0.099 0.760 0.569
KA WL Pearson correlation 0.165 -0.421 0.048 -0.160 -0.115 -0.465
Water soluble organic carbon Sig. (2-tailed ) 0.724 0.347 0.919 0.731 0.805 0.293
Pearson correlation 1.000 0.235 0.245 -0.102 0.462 0.444
AwsIc”
Sig. (2-tailed ) 0.612 0.597 0.828 0.296 0.318
; Pearson correlation 0.235 1.000 0.514 -0.482 0.602 0.890
AWSOC?
Sig. (2-tailed ) 0.612 0.238 0.273 0.152 0.007
Wk A A Pearson correlation 0.245 0.514 1.000 -0.794 0.697 0.498
Fe ( II ) re-oxidized Sig. (2-tailed ) 0.597 0.238 0.033 0.082 0.255
AR AL R A Pearson correlation  —0.102 -0.482 -0.794 1.000 -0.224 -0.454
Rate constant of re-oxidation Sig. ( 2-tailed ) 0.828 0.273 0.033 0.630 0.306
5 Pearson correlation 0.462 0.602 0.697 -0.224 1.000 0.507
ANOS Sig. (2-tailed ) 0.296 0.152 0.082 0.630 0.246
" Pearson correlation 0.444 0.890 0.498 -0.454 0.507 1.000
As0s Sig. (2-tailed ) 0.318 0.007 0.255 0.306 0.246

e O KEELHAZ R, @ KEEAIBAELL, O KFEENOTEE, @ KEEMIRILEMLE, & KEMELSmENL

=

sulfate and B to water soluble total carbon

http: //pedologica. issas. ac. cn

f Note: (D refers to water soluble inorganic carbon, @ to water soluble organic carbon, 3 to water soluble nitrate, @ to water soluble
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Table 3 Content of water soluble carbon in the cinnamon soils before and after anaerobic incubation

TR T Lk KV LR
Water soluble inorganic carbon Water soluble organic carbon
FE 2 =
il oo R 5 IR e i 5 IR .
S : o
Before incubation After incubation Descent rate Before incubation After incubation "
1 1 . . Ascent rate (%)
(mgkg™) (mgkg™") (%) (mgkg™) (mgkg™")
LN 72.30 £7.92 11.27 £0.34 84.41 149.4 £ 15.1 163.3+8.2 9.33
MJ 71.85+1.63 55.72 +0.48 22.45 186.0 +3.8 278.2+2.7 49.62
RY 58.63 +0.53 24.33 +0.01 58.50 141.6 £ 8.3 112.4+6.3 -20.63
SX 60.33 +2.44 22.84+0.10 62.14 125.5+4.0 93.52+3.21 -25.48
XA 66.00 + 0.92 39.54 +0.48 40.09 147.2+4.0 214.7+7.0 45.81
YC 71.65 +£0.35 19.67 £0.13 72.55 137.1+£2.0 147.7+5.3 7.79
YY 68.75 £ 1.06 48.78 £ 0.93 29.05 156.2+4.9 112.8+3.5 -27.77
T
67.07 £ 5.65 31.74 + 16.46 52.74 149.0 £ 19.0 160.4 + 65.9 5.52+32.51
Average
Coefficient 8.43 51.86 43.48 12.76 41.07 588.7

of variation ( % )

R4 REEFIELTIERIGEMENO;. SOTRIKRETL

Table 4 Contents of water soluble nitrate and sulfate in the cinnamon soils before and after anaerobic incubation

NO; S07”
o= = . N s . YN o
Fhdh 25 HEF KR B K F i B R .
- o , . Ve | , . i
D01l code Before incubation After incubation Before incubation  After incubation
y » Descent rate (% ) B o Ascent rate (% )
(mgkg™") (mgkg™) (mgkg™) (mgkg™")
YY 58.42 +1.42 2.27+0.22 96.11 108.8 + 7.0 119.1+0.4 9.45
MJ 85.63 £ 1.56 15.07 £ 0.94 82.40 88.66 + 1.81 201.8+0.9 127.6
YC 42.48 +2.47 4.31+£0.23 89.85 77.23 +8.54 83.47 £ 0.39 8.08
LN 78.46 + 0.97 1.52+0.19 98.06 178.0 £ 0.6 259.7+1.0 45.90
SX 37.56 £ 0.84 1.90+£0.18 94.94 77.74 £ 0.42 111.3+£0.8 43.18
RY 42.29 +0.77 4.04 +0.42 90.45 167.8 + 8.9 185.4 + 1.1 10.46
XA 40.96 + 1.06 2.76 +£0.32 93.26 106.3 +17.7 209.5+0.5 97.04
FHE
55.11 £ 19.66 4.55+4.75 92.15+5.21 1149 +41.6 167.2 +63.7 55.38 +47.86
Average
Coefficient 35.68 104.4 5.65 36.19 38.08 86.41

of variation ( % )
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4k, 10Fe™ + 2NO; +24 H,0—10 Fe (OH) , +
N, +18 H* P00y AT Bl AR 7 48 R R B A Al T
( photoferrotrophs ) Fe (11 ) , HCO; +4 Fe’* +10
H,0+hv—>CH,0 +4Fe (OH) , +7H" "’ 8 & 16T
Hh P BRI b Bl DR AR AR A A 7 A I SR
Meltons 01 SA Shy 8 9K B ' I TP 42k 4801 2ok 52 iy 4
PR ER 0 R A A TR 5, G RET i O A B R 4 L
A TR, HEGSEIENT, SBEGHEY
A Al IR A B E AL T i Z A fiFe (1T ) W
FEIR R o H AU S i B AE 5T 45 2R s+ 3
BEOER R AR P TR MFe (1) RIS,
HARXT T 544 1 k' 15 57 06 W 4K 7148 Tk B 4L B
NO;#5i£99.26% R ), A3 414 TN O
W& 492.15% P, A 244 T mi%2.09 mg g
P AL 1 ] RE T AN 2 A R 8 Rk A AR T 5 i
Mo eAh, I 4R B K IEENO IR AL S5 Fe
() A Z A E—E IEMRER, h55%ka
J i 2 A B 35 TE A DG OC &R o o DA T 46 P A3
A T Fe (1) FRAALTTBEAS S A IR £R 34 IR 2k
AALTA AL, HHARSCOC R RV AHER 5 IR AT fig
e T K PR R $h 2k E i Sk E Y & TR
MIRIR . WAL S BA . SBEZ H] A IEAH G
KRV T3k — 5.

BARAN T AWM N A W EfkFe (1) , H
RIS BRBERNSS 2, M58 B os ks
PSSO HFe (1) FRALE AR, IR S5
A JE R TR PR R AR IR i IE ARG, SR T ib
SRR R IRIRVEA . Bah, APEEIE A EAbFe
(1) EATBUKIETETCHUR AR, [R5 7T R A4
ZpH P2 2 BRTOE IR A E T B 3RS RS pH I B
W 2 AR A R Re (1) BIPAEAL
WA REARA RO A Al . ZRIHF 0N R A ™
AOCA YT A 1 AR IR A T i 3 Fe
() ARy FZHE 7 e H A
XfFe (1) AYSEAAE R — 3R SN . Bk TH
WM A Pe (1) EH A ™, g
WoRFe (1) FAALHURF RS JR & B IEAH G
Fe ( 1) Akt 5 Toa LA CECHY 7 AH JE O &R AT
e BB Fe (11 ) WAL ZAE I ATH & T
M R VE B AR T &0 Fe (1) aE—20 4
b, ME iR Fe (1) BEAL T RER ™ H b
ABEERANEAEN . RO, it
— il i AT At R AT S AR AT R IE

UEAh, JEREARIE R B R AL TE R M S5 1 T A AL
Be A7 A f T A% Z 6 R, Sl E Aot b2z i8R
Ve RS F R SRR A, PR 3 T ad i X
AP EFe (1T) o BARE L AT EH
KR BEAE, HR 5 3B A O BRI S Bk 11
R RN ACR R s, ELRR AR Tl A B, R
6 R A TC 1A 2 fenton S I X6 2k 348 5 %5 At A9 12 28 4
AR, WA, FKFenton I i EHKpH ',
HIZ R R B TEHUBR S, A HLBR RS 0 . AR iR
574+ HERE i pHA T7.46 ~ 7.90; H AR o
SRA HUBRHE A —, (A CHLER S W3 AR, P R%
W AT 3552.74% . ULk, BRECARZSFenton 2N 137 £
TR ML RS R S R ARG L T, AR
6 rh ot BRI 5 00 S R S A T BB AN = AR P
{2 B A s Y .

4 45 it

FAEW b R E AR TR A A2 s, IR
AL N RE £ 4110.88% ~ 38.95% I Hk 4
e al gk )5, Hrh79.56% ~ 90.09% i Fe (1)
A FRALL, FEL A T1.46 ~3.00 mg g2
[f], F32.09 mg o' FAEM T kA AR
BRAAI S, HI AT S HIET e, K
WS . NS e g nme, 2+
BAA . BEEm; FAEEORE RS LA L
W E ARG, SR & EREEEME, KA
JEHRSRAF T KA LT SRR AK52.74 %,
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55.38%,

2 & Xk

[1] Kogel-Knabner I, Amelung W, Cao Z, et al.
Biogeochemistry of paddy soils. Geoderma, 2010, 157
(172) : 1—14

[2] LiFB, Li XM, Zhou S G, et al. Enhanced reductive
dechlorination of DDT in an anaerobic system of
dissimilatory iron-reducing bacteria and iron oxide.
Environmental Pollution, 2010, 158 (5) : 1733—
1740

[ 3] Azam H M, Finneran K T. Ferric iron amendment
increases Fe (Il ) -reducing microbial diversity
and carbon oxidation in on-site wastewater systems.

Chemosphere, 2013, 90 (4) . 1435—1443

http: //pedologica. issas. ac. cn



1298 R - 52 %
[ 4] ShilL, Rosso KM, Clarke T A, et al. Molecular Environmental Microbiology, 2005, 71 (11) :
underpinnings of Fe (Il ) oxide reduction by 7172—7177
Shewanella Oneidensis MR-1. Frontiers in [14] Lack J G, Chaudhuri S K, Kelly S D, et al.
Microbiology, 2012, 3: 50. DOI: 10.3389/fmich. Immobilization of radionuclides and heavy metals
2012.00050 through anaerobic bio-oxidation of Fe ( Il ) . Applied
[ 5] Roden E E, McBeth J] M, Blothe M, et al. The and Environmental Microbiology, 2002, 68 (6) :
microbial ferrous wheel in a neutral pH groundwater 2704—2710
seep. Frontiers in Microbiology, 2012, 3: 172. DOI: [15] Cui B, Zhang Q, Zhang K, et al. Analyzing trophic
10.3389/fmich.2012.00172 transfer of heavy metals for food webs in the newly-
[ 6 ] Emerson D, Roden E, Twining B S. The microbial formed wetlands of the Yellow River Delta, China.
ferrous wheel: Iron cycling in terrestrial, freshwater, Environmental Pollution, 2011, 159 (5) : 1297—
and marine environments. Frontiers in Microbiology, 1306
2012, 3: 383.DOI: 10.3389/fmich.2012.00383 [16] Yu R, Gan P, Mackay A A, et al. Presence,
(7] TN, PNEZE. 380 A A v 2k Ak A S DR 4R distribution, and diversity of iron-oxidizing bacteria at

[10]

[11]

[12]

[13]

JERHEDFFE. IR AO B, 2009, 39 (3) -
Wang X G, Sun L R. Iron oxides in soil colloids and its

38—42.

reduction characters (In Chinese ) . Journal of Henan

Agricultural Sciences, 2009, 39 (3): 38—42
iz, MA, SgE. S KE LD FkTe
() 5 # A . W &L FE, 2010, 40

(6) :

polysaccharide concentration on dissimilatory Fe (Il )

62—66. Sun L R, Qu D, Yi W J. Effect of

. Journal of
Henan Agricultural Sciences, 2010, 40 (6): 62—66
Melton E D, Schmidt C, Kappler A. Microbial iron

reduction in paddy soils (In Chinese )

( I ) oxidation in littoral freshwater lake sediment:
The potential for competition between phototrophic
vs. nitrate-reducing iron ( II ) -oxidizers. Frontiers
in Microbiology, 2012, 3: 197. DOI: 10.3389/
fmich.2012.00197

Shelobolina E, Konishi H, Xu H, et al. Isolation of
phyllosilicate-iron redox cycling microorganisms from
an illite-smectite rich hydromorphic soil. Frontiers
in Microbiology, 2012, 3: 134. DOI: 10.3389/
fmich.2012.00134

e, MAR, TLRLL. 6 MO KR A rh Ak ki 5
M. LS, 2008, 45 (4) : 628—634. Sun L
R, QuD, WeiY H. Effect of illumination on iron oxide
reduction in anaerobic paddy soils (In Chinese ) . Acta
Pedologa Sinica, 2008, 45 (4) : 628—634

NI, BHEET, FJON, AF. Bk S R
Lk R Ak, £, 2013, 50 (3) @ 540—547.
Sun L R, Huang H H, Wang X G, et al. Relationship
between anaerobic redox of iron oxides and carbon
transformation in cinnamon soil (In Chinese ) . Acta
Pedologica Sinica, 2013, 50 (3) : 540—547

Senko J] M, Dewers T A, Krumholz L R. Effect of

oxidation rate and Fe ( Il ) , state on microbial nitrate-

dependent Fe (I ) mineral formation. Applied and

http:

[17]

[18]

[19]

[20]

[21]

/Ipedologica. issas.

a landfill leachate-impacted groundwater surface water
interface. FEMS Microbiology Ecology, 2010, 71
(2) : 260—271

Wang Y Y, Hu C S, Ming H, et al. Concentration
profiles of CH,, CO, and N,O in soils of a wheat-maize
rotation ecosystem in North China Plain, measured
weekly over a whole year. Agriculture, Ecosystems &
Environment, 2013, 164: 260—272

X, 2RI, IMBRTA, AF. R R K R
AR bR R SR . A SR,
2013, 22 (7) : 1093—1098. Liu S, Li Y E, Sun
X H, et al. Effects of temperature and soil moisture
on greenhouse gases emission of temperate forest soil
(In Chinese ) . Ecology and Environmental Sciences,
2013, 22 (7) : 1093—1098

NI, EARRL, SOCH, S PR LB
14 PRAAIE SR BN 1 2 R AE. R HEAA, 2013, 50 (1) -
106—112. Sun L R, Wang X G, Guo D Y, et al.
Dynamics of iron oxides anaerobic reduction of iron
oxides in uplandarid cinnamon soils (In Chinese ) .
Acta Pedologica Sinica, 2013, 50 (1) : 106—112
Voelker B M, Morel F M M, Sulzberger B. Iron redox
cycling in surface waters: Effects of humic substances
and light.
1997, 31 (4) .

Environmental Science & Technology,
1004—1011
Cie$la P, Kocot P, Mytych P, et al. Homogeneous

photocatalysis by transition metal complexes in the

environment. Journal of Molecular Catalysis A:
Chemical, 2004, 224 (1/2) : 17—33

4Tk, iﬂﬁﬁm WEL, % pH5 A1 K P KA
TR AR RS R AR RIS, 2014, 51

(1) :

et al. Relationship between pH and iron redox cycle in

143—149. LiJ Z, Wang X G, Yuan X H,

calcareous paddy soil (In Chinese ) .
Sinica, 2014, 51 (1) : 143—149

Acta Pedologica

ac. cn



6 1] VIR A s AR L A R A PR ARUE 5 06 5 R R SR A R AR 1299

(23]  FJER, #KHE, K3, S5 KR ks bid JE g good predictor of the distribution of anoxygenic purple
BR8N . B4, 2014, 51 (4) @ 853— phototrophic bacteria in Arctic soils. Soil Biology &
859. Wang X G, Guo D Y, Zhang P, et al. Effect of Biochemistry, 2014, 74: 193—200
illumination and water condition on iron redox cycle in [27] Steuer R, Knoop H, Machne R. Modelling
paddy soil (In Chinese ) . Acta Pedologica Sinica, cyanobacteria: From metabolism to integrative models
2014, 51 (4) : 853—859 of phototrophic growth. Journal of Experimental
[24] BSndh. RSPk, doat: P ER LR Botany, 2012, 63 (6) : 2259—2274
F i Rfl, 2000. Lu R K. Analytical method for soil [28] Hiemstra T, van Riemsdijk W H. Adsorption and
and agr—chemistry (In Chinese ) . Beijing: China surface oxidation of Fe (1) on metal (hydr) oxides.
Agricultural Science Technology Press, 2000 Geochimica et Cosmochimica Acta, 2007, 71 (24) :
[25] Brabee M Y, Lyons T'W, Mandernack K W. Oxygen 5913—5933
and sulfur isotope fractionation during sulfide oxidation [29] Xiao D, Guo Y, Lou X, et al. Distinct effects of
by anoxygenic phototrophic bacteria. Geochimica et oxalate versus malonate on the iron redox chemistry:
Cosmochimica Acta, 2012, 83: 234—251 Implications for the photo-Fenton reaction.
[26] Feng Y, Grogan P, Caporaso J G, et al. pH is a Chemosphere, 2014, 103: 354—358

ANAEROBIC REDOX OF IRON OXIDES AND PHOTOSYNTHETIC OXIDATION OF
FERROUS IRON IN UPLAND CINNAMON SOILS

Sun Lirong Wang Xugang Xu Xiaofeng Guo Dayong
(Agricultural College, Henan University of Science & Technology, Luoyang, Henan 471003, China)

Abstract Iron redox cycle is an important microbial process of the degradation of organic matter in
anaerobic soil and sediment environment, and it is closely related to transformation of carbon and nitrogen
and soil self-purification capacity. As Fe ( Il ) produced anaerobically by dissimilatory iron reduction process
could be oxidized by nitrate-reducing/iron-oxidizing bacteria, anoxygenic photosynthetic bacteria or oxygen
produced by oxygenic photosynthetic bacteria in wetland soil anaerobically. Furthermore, risk of emission of
greenhouse gases, such as CO, and biological availability of heavy metals decreases in the process at the same
time. Whether oxidation of ferrous generated by dissimilatory iron reduction would occurs or not depends on
soil properties, and ferrous oxidation characteristics, including capacity and rate constant are governed by
soil pH and contents of water, nitrate, inorganic carbon and other co-substrates. Though upland cinnamon
soils belong to oxisol, dissimilatory iron reduction of iron oxide may occur in the semi-luvisol cinnamon soils
with adequate water content under non-illuminated incubation as the preliminary study shows, whether the
Fe ( I ) produced anaerobically under non illuminated incubation could be re-oxidized in upland cinnamon
soils under illumination incubation is not still clear and neither, are characteristics of the re-oxidation in
these soils, not to mention relationship between oxidation characteristics and soil properties. To learn further
in-depth about potential microbial iron redox cycle in upland soils, oxidation of ferrous generated by iron
reduction, and relationship between ferrous oxidation in upland soils under illuminated incubation and soil
properties, soil samples collected from upland farmlands at 7 different locations, and form nearby paddy
fields, in which ferrous oxidation occurs under illumination anaerobically, were both prepared into slurry
and then put under illuminated anaerobic incubation, to study characteristics of the anaerobic redox of iron
oxide in these soils and its influence on contents of water soluble carbon, nitrate and sulfate. Results of the
incubation show that iron oxide in upland cinnamon soils could be reduced first and then re-oxidized under

light. The amount of iron oxide re-oxidized in these soils ranged from 1.46 to 3.00 mg g”', with an average
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of 2.09 mg g”'. And the re-oxidation rate constant ranged from 0.23 to 0.80 d™', with an average of 0.48 d™'.
The amount of re-oxidation is closely and negatively related to the contents of amorphous iron, water soluble
sulphate and cation exchange capacity, and closely but positively related to the contents of total nitrogen and
total phosphors, while re-oxidation rate constant is significantly and negatively related to the content of soil
organic carbon, but positively to the content of clay. These findings suggest that anaerobic oxidation of ferrous
in upland cinnamon soils under illumination is mainly caused by oxygen generated by oxygenic photosynthetic
bacteria, and may decrease the content of water soluble inorganic carbon by 52.74%, and the content of water
soluble nitrate by 92.15%, but may increase the content of water soluble sulfate by 55.38% in the soil under
illuminated anaerobic incubation. The findings may help understand further in-depth the potential microbial
iron redox cycle in upland cinnamon soils.
Key words Iron oxide; Anaerobic reduction-oxidation; Upland cinnamon soil; Carbon transformation;

[lumination

(RERE: EME)
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