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PR RS 1ok B R A B 2 AR (340
48'21"N,112°39'51"E) , FE S R EWRE 0 ~20 cm, +
FEARNTEEEA, 1 1 mm G40, 4 38 A M B
N :pH 8. 16 +0. 08, A #HLi% 14.87 £0. 10 mg g ', 4>
%.1.49 0.0l mg g ', 2 1.03 £0.05 mg g ', FES
B 182.9 +11.9 pmol g™, FLE LK 39.29 £3.03 mg
g ' K%M SO (Water soluble sulfate, WSS) 5.71 +
0. 13 wmol g_' , K Bk & 1= ( Total water soluble
carbon, WSTC)19.01 +0.32 pmol g~ ' (i FLHL AR
& 18 (Water soluble inorganic carbon, WSIC)7.02 *
0. 64 pmol g_] , A ML & & ( Water soluble organic car-
bon, WSOC)11.99 +0.96 pwmol g™ '), FHES 735 &
14.95 £0.29 cmol kg ™',

1.2 ERREEFEFAR

B R U8 3R R 48U MR B AR 1 7 iR . AR IRURL
TR 5. 000 g 2 T, 0 BT AN 10 ml
fO AL TR R, 0 S ml 58 10K, SEAL S min BR R
AU IR ZE MR e B B R — R 8 T OIS SR AR
i 30 = 1°CEE IR NG IR AL B (10 000 lux) , — 8
THERIEFRAA T 30 + 1°CROLIE IR GROLAL ) o 3
7 30 d J& , o't MR A PR ACPE IR By R A aE AT 0k O B
It , WG AL P A IR IR AR AT O IR 3R . IR
RAE I A AL T 3, R R AT o R VAR T I
0.4 ml +HERW ET 4.6 ml ¥ EH 0.5 mol L
SRR D BT IR B SR A P E 30 £ 1C TR
24 ho R 0. 22 wm JE RS I 2 P8 Fe (11)
WeE A A H3 1 20 ml 5 PR 4
HRYEA 100 ml =i, 1R 23 U5 20 A HOK % 1 B
Mg £k TCHURR R HLBR (9 & &

1.3 SifEtRE A E

445 pH % 0.01 mol L~" CaCl, ( + ¥ i & It
1:2.5) 4% 30 min J5 pH i1 ( iR &R # U A
PR, & #E pHS-3C) F 4 5E o A7 LA R H T %
TR B A AR I, 4 RUR A R L TRk T
AE, 4 B R ] H,S0,-HCIO, 74 2 # #f ¥t tb 4 3%
IPTER

Ui B Bk A JC 2 B Bk 7 i 2 3l R ] DCB 3% 1 pH
3.2 FPR-HE R B G i B L, 4R HE 2 ok LE (5 3k
o BB T2 #f 1.0 mol L' Z W2 4H (pH 8.2) 11
I, 1.0 mol L™ Z 8 (pH 7. 0) 38 #t, K I G 2 15

M
Bigpid b 0.5 mol L' AR HL Fe (11) 5% I 4B
ME S I HE (5 I A . AKVE P SO SR 2 B T KR
P (KB & LY 1:5)30 min, & 435% 1 (3% 1CS-
900, DS5 Hy G461 2% , TonPac ® AS14 43 #74:, ASRS
® 300 4-mm ) #] #5,3.5 mmol L' Na,C0O,/1.0
mmol L™' NaHCO, , % # 1.0 ml min ") 52, K&
PERR R L8 K B4R (LK BT 1:5) 30 min,
TOC 73 M4 (& H: TOC-VCPH,680°C fifb A ke , AE 1
BLLT MG N, 255 150 ml min ™" ) 52
1.4 #iEsiE
Bt Ak R AR 0.5 mol L™ HCI $HL Fe (11)
e B A8 A4 RS (1) 58, B 7% Ak S A s WSS
Ak B (2) 15
e+ = (Crocny o = Crocny o a0 ) /AL (1)
Fyss: = (Cyssy = sy ) /At (2)
K rpe oy I ryss, 20 AR 4 Fe (11) ¥ B A5 £k Al
WSS AR5 MY ¢ R B Bk e Al 130 Rt e A
pmol g ™" d ™" 5 Cp .y Ml Cyss, 209 N9 ¢ K Fe(1D)
F1 WSS [ 8 i, wmol g ™' 5 €y o Cse -y, 5051
5 (t—At) K B Fe(Il) fil WSS i & &5 0 8 R0t
], ds Ar Sy 85 55 5 B v R AR AT BB B ], d,
B % A Microsoft Excel #1 OriginPro 8.5 4347
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¥ B 8% 0.5 mol L' HCI 25t Fe (1I)
M B AR PG AL Fe (1D) ]/ At 53 H 0 i 72 0 Fe
(1) f 77 A 2 5 B SR ] A O R 18 1 s o
WA T IR R 1 ~5 d, Fe (1) 19k B2 P 8
(18 1a) ;5 ~30 d Z[0], Fe (1) ¥ B 2218 14 fin, 2 h;
HRYERFAE 1.0 pmol g™ d ™' Z2 47 (& 1b) 5 6 1%
F30 d =4 T 128. 1 wmol g_llﬁ'\J Fe(Il), &5 + 4
B T70.07% o FOGRRIE KA T Fe (1) 1% 1k,
Fe (11) % AL 55 F rp, ) A XT(E ;31 ~35 d, Fe
(I0) AL B W 1, 35 d i HE 4 Ak 3R % i %
;63 d fK B P AEAE 76. 46 pmol g ' Fe(I1) , B %
BEEJE 51.73 wmol g ™' 8 Fe (11) 4% F K Ak o

TR FIRAESEFR 1 ~3 d Z[A] Fe(1D) [y
JEE RN 7= A R 1 AR AL R A 5 RS S AR TR, S d
B} Fe(11) H 2 s 4% {4 F M 32.73 pmol g7, KW
B T Fe (D) (38 517 d J5 Fe (1) FF 47 9 44
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T 0330 d AR AEAE 59. 80 wmol g ™' Fe(11) , %%
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Fe(ID) B 48 fk . %% A BRBEXEIR G Fe (1) FFLR¥S N, 1
d BFE Ay 7. 84 pmol g~' d 7 JF 3B Wi BEAIG, T Fe
(T0) DU T 18 i1 &8 125.6 pmol g ™', 5 388 6 45 35 30
d 1y Fe (D) ¥ BE 2 8] JC 8. 3% 25 57+
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Br et f v WSS vk B AR AL an 1 2a TR o
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Fig.2 Transformation of sulfur in the paddy soil under anaerobic incubation
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B gk 5l b WSIC F1 WSOC 1k B 48 4k n 8] 3
fis . B SR B 5% 30 d, WSIC (1 7.02 wmol
g ' RE SN A 33.73 wmol gty ML B O R
WSIC JoF& &R ik 1 5. 96 pmol g~ 72 47, JE
AT WSIC Je 3 n, J5 & W b I OF 52 € 7 4. 60
pmol g ™' ZE A7 AE 2 REFRETI D T 2. 42 pmol g7,
HE A B 5 WSIC VB HE Jin . WSOC 7E S s 5544 F
PG ARG R 7E 6. 53 pmol g AR Ak R B
HRSE AT 2 B AR S WA 38, T 38 T R =
7.95 pmol g AR, TCIE R IR B30 d
KRG WSOC ¥y F ik, H DA I 251 T BEAIG
% ,1K55.46 pmol g ', JEIRFL BEE R 8 ~ 11 d
Ji WSOC 535G 38 fin J= B AR 35
2.4 WSIC 5 Fe(II)#1 WSS f% &

Hi &4 ] DL Y, Fe (1) ¥ B2 Bl 5 b WSIC
e BB (0 19 A0 T BS An, T OWSS I £ WSIC < 22. 66
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d) DEHREL PRI (31 ~63 d) 55 F T Fe(11) ik & )
WSS 5 WSIC { R B AR . K bk 7 b 4 FF
BRF Fe(11) 2 WSS 5 WSIC (M X 2,445
mE 1R, ATLLAE W, BRACIREE 3R 40 il
B Fe(I1) 5 WSIC 24 B IEAH X R

g R AR P L4 1 pmol WSIC
AT 2.93 pmol Fe (11) % [A] B 3% Ji T 0. 23
pwmol WSS, S Jf #% M 9% H 45 & 2. 53 pmol Fe
(I1) #1 0. 10 pmol WSS, FHI £ it 30 d LM, 1A
PR KR PR B S, Fe (T11) F1 WSS 1 IR 4
532 B — 8 B . R i R O B W] AR 1
wmol WSIC fiy [a] 484k T 1. 79 pmol Fe (11) Jf: 7= 1
T 0.18 pmol WSS, ZR4EALRETT RELL O, MITEEAF
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#1 KBLEAER RS (1) WSS 5 WSIC & #1014
Table 1 Linear fitting of Fe(11) and water soluble sulfate with water soluble carbon in the paddy soil under anaerobic incubation
A 3 FH Bods Fe(ll) =b x WSIC +a WSS =b x WSIC +a
Data selected in fitting a b R* p n a b R? p n
MRS Dark (0 ~30 d) 28.33 £6.67 2.93+0.25 0.93 <0.001 11 7.00+1.33 -0.23+0.05 0.67 0.001 11
MR 5L 6 IR Dark to light(30 ~63 d)  71.54 +4.24 1.79 £0.21 0.91 <0.001 8 5.17+0.48 -0.18 £0.02 0.89 <0.001 8
SR Light (0 ~30 d) 64.27 £7.39 1.22+0.69 0.18 0.11 11 2.69 £0.79 0.02+£0.07 0.10 0.82 11
S IR 55 ML Light to dark (30 ~63 d) 49.35+2.77 2.53+0.13 0.98 <0.001 8 2.61 £0.66 -0.10+0.03 0.59 0.02 8

2.5 WSOC 5 Fe(I1)#1 WSS # L ERHX &R
BT AT, WSOC ¥ B2 il Fe (1) 7 A 3 32
(Feeny ) BRI B E LM A G R (B 5 FIER 2)
24 WSOC >7.89 wmol g ',y >0, 1K F i kil
Jio JCHARMET ,WSO0C 5 ry () WM 35 LA O
MK FR 2 WSOC <8.27 pmol g~ ", ry, ) <0, 1K
Z Fe (1) A fb, MBI ARTHREE 2N
WSOC( LB EEHE £ 0.38 pmol g~ ) 3k 4k 4§ K &R
BEA A DAE AR I, i T O B e B b R W
TV G5 A0 TR, AN 3 N7 B 35 78 A 1) k2R 0 AR P9 ik 7
BRI, O PRI B8 % Bl 3% BRI 5 O PR INE WSOC #k 5

Freony ZH TR FH LK R (F2),

BT WSOC 5 ry FETE— 7 By TR DG 6
Z(p=0.09)(F£2);WSOC >7.86 pmol g "B, rye
<0, WSS T[] 8 i 5 5 5t BRI — 3% 2 [a] (9 AH 56 6 R i
F| %K (p =0.01),WSOC >8.40 pmol g ' At
WSS J7 il gk J5t . G IR 5 MR Z T WSS i I i
T WSOC 2215 (0. 53 umol g™') K F ki JF 1) 22
{H(0.38 pwmol g~ "), {3 W B R £k A5 Ji 7 82 g ik o 7™
KW IR SR8 o RBEHEOCIRSME T rys 5 WSOC &2
PR E EA LR

S 8ofF 5 10 ®
ED ‘ED 05 F HIH
é 60 o g : meo— W
El = 00 iR
:;40 r f -05 s - om
N
¥
g 20k m g% Dark 'fvg -1.0 1 o —Oo—
e —o—® © %L B8 Dark to light ¥ i w Ri% Dark ,
oy b o M Light g o v EEHER Dark olight
S E%ﬁ Y O G HE%L I Light to dark & Lot O S Light
= —O0— S FOH o YGHRE: B Light to dark
L 1 2 1 L 1 i 1 _25 L 1 1 1
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Fig.5 Effect of WSOC on ry, ;) and rygs in the paddy soil under anaerobic incubation

R2 KBLREEFIRP Fe(IDFERE(r, ) RAKBERBEBEUER (1) 5 WSOC HLIELE

Table 2 Linear fitting of iron reduction rate and sulfur transformation rate with water soluble carbon in the paddy soil under anaerobic incubation

4 0k Y R d Tre(my =b x WSOC +a ryss =b x WSOC + a
Data selected in fitting a b R? p n a b R? p n
% Dark (0 ~30 d) -31.39+5.633.98+0.51 0.86 <0.00l 11  0.55%0.30 -0.07+0.04 0.21 0.09 11
L3 SE I Dark to light(30 ~63 d)  -1.51£1.26-0.03 £0.12 0.16  0.82 8 -0.16 +0.07 0.03£0.01 0.54 0.02 8
S8 Light (0 ~30 d) -42.19+6.385.10£0.62 0.87 <0.001 11  0.42+0.16 -0.05+0.02 0.45 0.0l 11
B PR Light to dark (30 ~63 d) 6.12+5.07-0.35£0.62 0.11  0.60 8 -0.19%1.12 -0.01+0.15-0.17 0.93 8
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PR AECHRE DG 25 1 0 b R AL W T S AR Bk
R, W (3) Fk (4) B ™, (CH,0) %
AN BILAK , 2k 34 TR TR) B A 2R TG ML A a4
AR REOERE 75 30 d R R =R T 128, 1 pumol g
Fe(11) , 7K % P JE ML oK 7 i (WSIC) (1 7. 02 pmol
g WO Z 33,73 pmol g, M A HE BRI SR Al
AE 2R HL CO, HER M) FZ RN Z —.

PR S0 ' 25 0 T i 1R 6 b mT Bk A i 3 6 5 2R
WRIEROCE TR 1 ~3 d, B R R Fe (11) ¥k ¥
F1R) 348 0 B TR 0 T 3R R Sl 8, a8 I Ak J 7 R
(%) Fe (I1) AT G808 T 6 R 5 38 a3 F2 o 6 R 4k 18
Ji ] Bsf A B 184 i - B WSIC, =l (5) R . A5
g Fe (1) F1 WSS 5 WSIC Z [b) /7 7F ) b 3 1F A
KRR WEI T IX— 5o
4Fe(OH), + CH,0 + 8H " —4Fe’" +CO, +

11H,0 (3)
4o - FeOOH + CH,0 + 8 H' —4Fe’" + CO, +

7 H,0 (4)
2CH,0 + SO; — 2HCO,  + H,S (5)
3H,S +2Fe( OH),—2FeS +S" +6H,0 (6)
H,S +2FeOO0H +4H " —2Fe** +S° +4H,0 (7)
H,S + Fe,0, +4H " —»2Fe’" +S" +3H,0 (8)
48" +4H,0— 3H,S +S0;” +2H" (9)
€O, + H,0—~CH,0 +0, (10)
28Fe’* +70, +28H " —28Fe’ " +14H,0 (11)
4Fe’* + HCO,  +10H,0—>CH,0 +4Fe(OH), +

TH® (12)
2H,S + CO,—CH,0 +H,0 +28° (13)

ORI 2 P R B R AL AR DGR
HET S b T A A YR A Ol A AT B
g JEIRAE T Fe (1D) Al O & AN H /6 19 4R
AR (10) Ak (1)) Y s E BOkBE A R IR R
P4 Ak & ( Photoautotrophic anaerobic Fe (I1) oxida-
tion bacteria) P 4% 4k (K (12)) 7, A 5
PRAEJEIR 1G5 5 d 1) Fe (1D) (77 A5 22 24,7
d J5 Fe(ID) JF4h # A AL AT LA B3 — oo PRAEOEG IR
B35 2 d R & v WSIC JF B 5 AIG, 26 WG 4 40 3 A
M TERURK B 56 & 4F (X (10) Ak (12) ) BEAR T
WSIC, AR i CO, HEML A KUK

GBI Fe (1) A AL 7T B8 52 3] Fe (1) & &,

WSOC 7K ¥ P B R 5 7 & % R R A9 2 . Melton
i1 o S 70 T g 7 S 4L 3730 AR o Fe (10) 19
S Bk AR AL R R ik 2. 41 pumol gt d T T
A5 K B ] b i X (9 R ) KRS
Hh Fe (11) Y6 & A AL 3 5 B i 1l 35 7.15 pmol g~
d ™' X AT Al R i 2H T 35T O R A b Fe (1) &5 &
KV PEA HLBR 7 & 43 514 16. 66 wmol g~ 0. 15 ~
0. 39 mmol gfl ST A WF ST RE S Fe (11) £ 5 7] 35
128. 1 wmol g~', i WSOC {7} 11.99 pmol g™ ' 45
Ko RUKTF WSOC 58k B 5% 1h 3R 1 & R it
WR B, WSOC & & 5 Fe (1) Az 3 A 2 [H] 7 1E ik
FLRMEIE AR OE R, A WSOC & & R T Fe
(1) R & Ak o

UL AN B R 6 0 77 A8 T RE RO BB & 1 T iR R P
Fe(ID) R RE#E 58 4 AL M IR A . 6 IR 8% 9% 30 d it
1R B SRAEAE 59. 80 pmol g~ ' [y Fe (11) , 5 W {&
F o Fe(11) IR BE 58 4 4 IR S0 & AL 4k Rk 1 4
b, JLE R AT RS AR RO A B AR ST bR
AR H,S Xt Fe (1) B3 JFAE A 56 (3X(6) ~ 3
(8)) o Sh4Eitias'"™ HEoeth & B R 45 148 T ¥ 20
mmol kg ' F1 50 mmol kg ™' B IR £k it 4 3R O I % 5%
i Fe (10) (4 %046 TT 46 (4 5 18D

B AE £ 1 AT B AR AR SO MR Rl H,ST
H,S $E4 Mk 871 8" iy S*7 A1 s0,7
SO; ™ 4k S Ay B R 46 4 i 412 145 S 0 1) B 10 A0 3 i 42
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RELATIONSHIPS OF ILLUMINATION WITH IRON AND SULFUR CYCLINGS IN
PADDY SOIL UNDER ANAEROBIC INCUBATION

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

Abstract Samples of paddy soil were prepared into slurry and then incubated anaerobically at a constant tempera-
ture for exploration of effects of illumination on reduction of sulfate and redox of iron in the soil. Water soluble inorganic
carbon and organic carbon in the soil were analyzed simultaneously for relationship of anaerobic redox process of iron with
sulfur and carbon transformation under illumination in the paddy soil. Results showed that illumination is a key environ-
mental factor regulating geomicrobiological cycling of iron and sulfur. Inhibitive effect of illumination on reduction of iron
and sulfur was observed after 5 days of anaerobic incubation. After 30 days of anaerobic incubation in the dark, 70. 07 %
of free iron was reduced in the soil; and in the soil incubated under illumination, 35.60 wmol g~ Fe(III) was reduced
first and then re — oxidized, and after 30 — days, the soil still had 32.70% of its free iron reduced. After the illumination
was turned off those oxidized Fe could once again be reduced and 99.50% of the water soluble sulfate in the soil was re-
duced within 5 days. In soils anaerobically incubated for 30 days under illumination, 42. 73% of the WSS was reduced.
The date when the maximum reaction rate of iron reduction or oxidation appeared came prior to the date when maximum re-
action rate of sulfur transformation was observed. Close relationship of water soluble inorganic carbon with Fe(IT) and wa-
ter soluble sulfate in the soil were found, and significant positive relationships were also found of water soluble organic car-
bon (WSOC) with iron or sulfur transformation rate in the soil under incubation without shifting between illumination and
darkness. In the soil under dark incubation when WSOC in the soil was >7. 89 pmol g~ Fe(IIl) and water soluble sul-
fate (WSS) tended to be reduced, while in the soil under illuminated incubation, when WSOC was >8. 27 pwmol g”', Fe
(1) did and when WSOC was >8.40 pmol g~', WSS did.

Key words Paddy soil; Iron oxides; Redox; Sulfur cycling; Carbon cycling
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