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Table 1 Basic properties of the 7 cinnamon soils in the test
T A Pl e 5 TosE T Bk . ) W KA SO; I FRL & i
i i KAk o FHES 752
TR Organic Free iron Amorphous Total Water Clay
pH DTPA-Fe Totalnitrogen #eH CEC :
Soil carbon oxides iron oxides . . phosphors soluble S()i' . Content
- _ _ (ngg™ ) (mgg™) _ (emol kg ™)
code. (mgg™)  (mgg™)  (mgg") (mgg™)  (pgg ) (%)
YY 7.90 12.12+0.36 11.50+0.13 0.78 +0.01 8.29+0.26 1.25+0.03 0.47 +£0.01 108.81 +7.02 29.01 £0.61 27.21 +0.58
MJ 7.79 18.08 £+0.54 9.69 +0.21 0.61 +0.02 8.45+0.10 1.57+0.03 0.63 +0.01 88.66 +1.81 22.80 +0.30 23.36 +0.59
YC 7.80 17.17 £0.38 11.03+£0.30 0.68 +0.01 7.18 £0.10 1.67 £0.03 0.62+0.01 77.23 +8.54 27.75+0.76 25.28 +0.72
LN 7.67 13.90+0.18 12.73 £0.54 1.02+0.02 9.78 +£0.33 1.30+0.01 0.55=+0.01 177.98 +0.57 27.30 £0.61 28.23 +0. 87
SX 7.57 12.42+0.39 17.34+0.35 0.97 +0.02 8.51+0.43 1.28+0.03 0.54+0.02 77.74 £0.42 27.15+0.39 32.72 +0.29
RY 7.46 9.75+0.31 14.92+0.33 1.06+0.02 9.79£0.67 1.26+0.02 0.50+0.01 167.83 +£8.92 28.71 £0.91 39.86 +1.15
XA 7.46 16.96 £0.32 13.31+0.21 1.15+0.01 10.23 £0.55 1.39+0.03 0.50+0.01 106.32 +17.7 28.16 £0.61 32.21 £0.43
g 38 [E 3 o A -1 S S
1.2 EERREEFRE Bigrid b 0.5 mol L™ ATRHL Fe (1) >R A1 4B

056 SR FH 8 3K R A0 I 5% 95 10 7 vk BRIBUXL T
AL 3.000 g #7 T0y, 43 A E T AN 10 ml i
MR, 0 3 ml 25 85 F/K, F8 405 min B R 4R
AL INAR i JE I R w6 B E B TR IR R FR A R 30 =
1CHEF o BFURCRFERT 25 A B ECH 3 0, ST 3856
FABWAF IR 0. 4 ml RIS V5 T 4.6 ml WRFEH
0.5mol L ~ "My, BT FAFHAE30£1ICTF
B 24 h, BARWGT 0. 22 pm I8 B 5 I 2 8 vk
Fe( Il ) FEEE Fe(T) MR EE, Fe () ¥ B R FH 22 9 i
K5,
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+4 pH %1 0.01 mol L™ CaCl, ( ;¥ Ik 1:1.5)
B4R 30min J5 pH 3 ( RSB RLHAUSR A IR A A,
F i pHS-3C) B E o A3 MLAR R FH 385 TR 4 A
PR S I A, 4 R e i B Rk , 4
K Fil H,S0,-HCIO, I 2 586 br e skl 2 > Bk
i (<0.002 mm) R T A E
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o Y47 (DTPA-Fe) & il pH7.3 1) DTPA-
CaCl; TEA $2H( L EE 12 2) J5 Wi 5 ( Var-
ian AA240) . FHES Fac#e & 1.0 mol L' Z ikl (pH
8.2) 11 FN,1.0 mol L' Z 4% (pH 7.0) 33 e, kI
B

WS O L e 50 2 00,0, 5 mol L7 S R B B [ Fe
(1) + Fe (1) ] % AT+ W il il s (L %2,
AA240) . K NOS (SO, RIEB TKE#R(+
JKEE 1:5)30 min, & 43 1 (# % 1CS-900, DS5
ML S #8  TonPac” AS14 43 #4E, ASRS™ 300 4-mm
P4 %5 ,3.5 mmol L' Na,CO,/1.0 mmol L' NaH-
CO,, ¥k 1.0 ml min ") W % . 7K % P65 R A TOC
ST (B HE TOC-V yy , 680°C fE AL BABR , AF 0 2L
AhEE I, N, 25, 150 ml min =) P52 .
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B9 % F Microsoft Excel ,OriginPro 8. 5 I SPSS
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AR BSR4 IR G Bl ) 22 AR 111

1 1 DIV 2555
SR, d
a
= 1
"l +be™™ (D
L=l +4e"" (2)

2 iR

2.1 BEBTREEFTRBH Fe( )

AR LA Fe (1) KA IR 1 d J5 Fe
(M) HeBEAE0.11 ~0.33 mg g~ " Z Al AT,
BRIE AR A ) DA - S A LA A e D R AT R A A,
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BAEP TSRS B, BRI AR R d f b ag
BT E YR A IR AT R RS R R R ALk
F0.15 ~0.27 d7' Za), 25 5 2 ¥ 20.26% , #F
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i %A T 29. 97% ~50. 79% 2 [ ,

8% pH A HLRK 3 B Bk TG E B Bk R R R
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25 N #, Pearson A1 3¢ R K73 5l 0. 96 (sig.
(2-tailed) <0.01) .0.92 (sig. (2-tailed) <0.01) Fl
-0.95(sig. (2-tailed) <0.01) , MR JERYE pH .
W B ST T k% i 2 3 A OC K &R, Pearson A
S ZHUN K 0. 78 (sig. (2-tailed) =0.04) . - 0. 84
(sig. (2-tailed) =0.02) F1 - 0. 78 ( sig. (2-tailed) =
0.04) ;VE N 55 G L F 324K, S0; 15 Fe (1) 1Y i
TR 2 U G K & (Pearson F5C R4 - 0. 79, sig.
(2-tailed) =0.03) , [A] 55 5 Hi 7% 4k ,NO; FI 2K
it Fe( ) IR JEWHA LR EMLR,HE T,
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Fig. 1

Content of Fe( Il ) in cinnamon soils under incubation

®2 BEBLREFEFIRDP Fe( I )RETUNHNZESH(n=12)

Table 2 Kinetics parameters of Fe( Il ) concentration in slurries of the 7 cinnamon soils under incubation (n =12)

+HE

i T JET 7 34 R Rk BRSO Vo R R B B J %
) Reductive potential Rate constant R*>  Maximum Velocity (A 7, Time max Iron reduction
cizlel. (mgg™") (d=h) (mgg 'd") velocity appeared (d) ratio( % )
YY 5.71+£0.39 b 0.18 £0.04 d 0.94 0.26 9.78 49. 60
MJ 4.88 £0.20 ¢ 0.27 £0.05 a 0.96 0.33 6. 65 50. 36
YC 5.60 £0.24 b 0.23 £0.04 ¢ 0.96 0.32 7.51 50.79
LN 4.59 £0.21 ¢ 0.21 £0.03 ¢ 0.97 0.25 10.76 36. 04
SX 5.95+0.36 a 0.18 £0.03 d 0.96 0.26 11.52 34.28
RY 4.47 £0.32 b 0.15+0.03 e 0.96 0.17 13. 48 29.97
XA 5.67 +£0.19d 0.25+0.04 b 0.97 0.36 7.13 42.59
SE-4 Average 5.27 0.210 0.28 9.55 41.95
A5 5 2281 Coefficient
11.73 20. 26 22. 66 29. 80 20. 54

of variation ( % )
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A E R, Pearson M 5E R M5 -0.77
(sig. (2-tailed) = 0.04), X A] f€ 5 NO, 4 F
Fe (1) 4 ik J5 A7 56,
2.2 BEBITREEFIEFR Fe(Il)

PEAAKE 35 HF 4R T 0.5 mol L' HCI AJ 42 B Fe
(ID) it 5 L TCE TR AW & i e
FHIEH KK &R, Pearson #H & R EHN 0.94 (sig. (2-
tailed) <0.01), 5 - 8 4 0 % & 2 B3 UM KK
%, Pearson 52 R E K - 0.77 (sig. (2-tailed) =
0.04),H 0.5 mol L' HCl AT 42 8L Fe (I ) 52 1 13
pH .CEC F1 SO; ™ & £ 1y 521 , Pearson A 5 2 5043
N - 0.69 (sig. (2-tailed) =0.07).0.72 (sig. (2-
tailed) =0.07) Fil 0. 66 ( sig. (2-tailed) =0.10) ,

PRAEJ I B 37 3 A v, 78 BRE SRR P 1 A &
T, Fe( D)3z 7742 Fe( 11 ), B IR S5 5 i)
) F4) 5 S , PR B Fe (1) ¥ B2 0938 i, Fe () ¥ B2 32
TR, g b b (AFe (T ) A F 1.21 ~3.31 mg g
Z I, -1 2.06 mg g7', AR F R HL 37.42% , /N TF
Fe( 1) Az it , Ud W3 S 33 F HPAS 2 4 0.5 mol L'
HCL $2 U A8 BE R0 R L 2% 6 0 46 S 4R
16y ] DL s AR W ol SR, A, B R O B
Fe(T) [ BE7E 2.56 ~4.69 mg g ' 2 [a] 4 #L ] X
— A AT DA B AR R TR AL (£ 3) o

TR AR FAR R Fe (D) /Fe( 11) LX)
F18 P A H A g AR HE AR HL 34 A Fe (L) 5 Fe( 1)
Y BE B LB R E , @y vy = @ + 0. 05921og [ Fe
(M) /Fe(I0) ], M @" g Fe () /Fe (1) X
PRl AL 3, ik gl Bl T Fe (D) #1 Fe (1)
R E R A T 3 B A R b AR R i AR AR T A R
N, A KR log[Fe (L) /Fe( 1) JAYZZ AL, U

Ap =0.0592A,

S RLid FE R log [ Fe (M) /Fe ( 11) ] B 15 57 i ]
B 5 0 5 R AR S 2 B T AR E 1Y B (K
2)  FF AR B0 B (2) W HER TSN (2) U5, 46
R 3 fron, 3R 3 W LLAE &, 8B FE 2 (2) AT LA
AT R R log[ Fe (1) /Fe (1) ] B 45 57
N 8] £ 28 Ak #a o E— 20 A AR G 03 A B, S
M, L, Bl & Ui 258040 J5 5 0 3 i i 2 B AR
(Pearson fH5E R H R —0.77 ,sig. (2-tailed) =0.04) ,

W IRE B R B Ae /- F 0.08 ~0.13 v,
H Ao 2%y - 3 i g A W 1 15 AL D E BB
A BE 38 T i b 2 3G 0, Pearson #H 0GR ¥ 431y 0. 79
(sig. (2-tailed) =0.037), 5 /K ¥ V£ JC ML ik 19 &
(AWSIC) A7 — 7 # 1E AH 5 5 5 (Pearson # 5¢ & %K
4 0.59,sig. (2-tailed) =0.08) ,
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Fig. 2 log{Fe(Il)/Fe( Il )} in the 7 cinnamon soils under

anaerobic incubation
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Table 3  Kinetic parameters of log[ Fe( I ) /Fe( I ) ] and AFe(T) in the 7 soils under anaerobic incubation (n =12)

log[Fe(Il)/Fe( )] log[Fe( M )/Fe(1)] Fe( ) /Fe( I ) A % i B 4

HOR B

T rEg S /ME L, AL A, e R B B Ag (V) Decrement Fe(T) 34k
Rate constant
Soilcode. Minimumof log Range of log (ah) R? of Fe( Il )/Fe( 1) AFe(T)(mgg™")
[Fe(I)/Fe( 1) [Fe(Il)/Fe( 1) electrode potential

YY -0.27 £0. 06 2.09 £0.19 0.31 0.96 0.12 3.53
M) -0.57 £0.12 1.67 £0.11 0.24 0.96 0.10 3.29
YC -0.34 £0.04 1.82 £0.07 0.31 0.99 0.11 4.63
LN -0.13 £0.05 1.95 £0.08 0.20 0.98 0.12 3.88
SX -0.19 £0. 06 1.38 £0.09 0.16 0.97 0.08 4. 69
RY -0.09 £0.06 2.01 £0.09 0.20 0.98 0.12 3.42
XA -0.15 +0.04 2.13 £0.18 0.43 0.96 0.13 2.56
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2.3 HIEFEEEILE CNS HEIMD

A TEW Ak o0 i A LK 1Y) [/ B 58 i Fe
(D), Jo Bl e & 4 3% I, B B A 7K % M T B B
(WSIC) F 4/ T 58.63 ~72.30 pg g ' ZME, M
Ji5 WSIC ¥4 % 186.39 ~274.21 ng g ' 2Z[A], 43
B 7K 8 A LR (WSOC) ¥4 A [m] F B2 1
i, WE A T 4. 08% ~39. 53% o 3X 5 UL AR W 1
i 5 v gk AR A ) 0 R AR TR BL KR Y A Ak
I3 R CO, 1% [R] R 185 i 17 7K s 4 Jo Bk K
YRR DL & R A R O W i SN AT Y
37.56 ~85.63 wg g [EIEE 1.29 ~5.56 pg g ', &R
SRANTA) -+ 598 B 07 if i i TR Wk B b 3 N ) {H LB
W =2 (B PTG 3 22 S, PR R F- 2428 99. 26% 718 S &

ALK 0.44% B FR 5 & it KN AT Y 77.23 ~
177.98 wg g 'FEARE 5.19 ~20.31 png g ', FHKE
e 88.82% , 75 R #K 5. 13% . NO, AJ £ [K 4 & 1
N H R A S R LA A Fe( 1) B 5N
N,O 8t N, i Al . SOL 4 Fe (1) /Y 3% 4 iy
TR R S, B H,S , HE T BE FEAR, 4% 15
FAFTR BN HT A OB R R 5 A 1 e
JETEE 4 2 A A7 AE ik 35 67 0G5 R (Pearson A5G R B
43R —0.791 (sig. (2-tailed) =0.034) ) b 7] 14 B
X — o SR H,S HA AR5 W A= Py 3 0, vl LA Al
R RE  E— 4 A xS AR R T %
7, NO, 3B 5% 0T LL3A 3] 99% LA L, 1l SO;~ i &
JRARAE 88. 82% FE A7 — AN JEIA .

®4 REBIPRERFEFWEKBER FHHRE MBRELETH

Table 4 Changes in contents of water soluble carbon, nitrate and sulfate in the cinnamon soils before and after incubation

Fh i 5 1 -1 s -1 - -1 2- -1
) AWSIC(pgg™") AWSOC(pgg™") A[NOy J(pgg™ ) A SOy J(ngeg™ )
Soil code.
YY 117.64 1. 68 24.37 £5.37 -56.04 £1.42 -103.08 +7.02
MJ 131.71 0. 62 69.32 £5.13 -80.30 +1.56 -72.15 £1. 81
YC 202.56 +0.76 22.99 £1.07 -38.64 £2.47 -72.04 £8.54
LN 159.63 £0. 10 6.09 £0.92 -77.17 £0.97 -160. 06 +0. 57
SX 202.31 +0.41 14.22 +£0.28 -33.62 +0.84 -66.35 +£0.42
RY 134.01 +0. 31 9.81 £7.31 -36.93 £0.77 -147.52 +8.92
XA 152.4 £0.25 58.20 £2.44 -39.32+1.06 -94.81 +7.70
T
157.18 £33.85 29.29 +24.65
Average

T AWSIC ,AWSOC  ALNO; 11 ALSOZ ™ 143 348 5L 7K 78 M LR /K I8 1 AT HLIR A 1 6 B 1 4 & b 1 14 it Note: AWSIC, AWSOC,

A[NO; ] and A[ S(,)i’ ] refer to increment in the contents of water soluble inorganic carbon, water soluble organic carbon, nitrate and sulfate after 40

days of incubation.

3 W B

TR ALY I8 I R R R Y A A
A ML AR A RE i, B AU A2 i CO, Al CH, UK
VR LBR AJCHLER &5 58, [ Fe (D) #2464
Fe( 1) ,NO; 1 SO, J& Fe(I) 58 4 732 44, I
U N R A AR A H, S S AR R
T, e Ah i R Fe (D) S ALY B0 S, JEUAS W ff | 45
AT H R E SR S T A R R
(1 Fe (11 ) 25 & 72 3 10 4y 2503 Bk A4k 4 2 1 A2 7
I B30 SRR, BT LA BE 2-NP SR AT HLTE G Y
BEAb , 120 A B A 1l LR T BLTS e 04 D re
T e BE AT A W R A o K A MR8 A X — o A A

A R F | PR A AT 1 B i)
T ZWF5E . AR 45 B R, BAE HIEER A
SAE T LA L B AL 1 B A W o D AR T L%
i AR A SR P 2l 5. 27 £0.62 mg gt LR
WHOE0.21 £0.04 d7',9.55 +2.85 d HELHE KA
HR BN R R 41.95% +8.61% .

X F AR 4 8k DA Ok RN A AL I8 R
R AR s Y, LA A HUBR & AR T KRS L,
AT G 3 2 B K A AR, B R IR
AL G 3 T Vs 4R 5 e S K 14 O TR 5 KRR A 25 R
Ko HHEPEAEAY &8 LEESKE MR
WIER v Bk I S R A ) R Bk A W 2 R B
SEARIR I, AN IR U AT LS I Bk A 1 A 2 W AT
DA A 0 ) T A9 AT LB ) ek 0 2 i R 4 k4R
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1WA REWE 5 208 B R R 2 — . 53— 7 T, A
W FE I —J2 Fe( 1) M5 Y B 515 Fe (1) 54
SR BELRS: T 02 0 0 4k 4 e 1 ) 30— 25 1 D

W RS SR B AL Fe () %2 T i85,
NO, 1 SO}t i 52, 7l Hy 35 4 L 732 1A, NO, &5
PRk JRGE R T, B UM 06 HR TR Rk
99.26% Al fig5 NO, 45T Fe (1) Bt ik Ji A %,
R AR AL SR £, NO, > Fe(I1) >S02™  Fe( ) i
SE T SO; WA T, 7 R £ 6 5 AT LA SR AL OB JEL Fe
(L) EL 343 G £ 76 5 0T LA R A1 1] Fe (T A
SO fEMH TR ARSI N TE SO Al
Fe( M) 47 (15 00T, B0 AR £h 38 J 1 46 S5 12 SO3 -
1L T2 A, Fe () 36 J5 AR OS2 B0 . AR 3
45 R + A7 A6 0. 80 ~ 1. 85 pmol g ' SO~
SO; 15 Fe (M) i J5 v 44 52 B 47 b 56 56 2, %) Fe
() 368 5k 23 OGS 3 S L (HL 9 37 40 d 5 1
FPASRAEAE 5.19 ~12.65 pg g~ /K # SOL ™,
R4 - SO AE N T2k 5 Fe( ) 384T
FF) il 3 S 326 SR P 3 5 3k — 25 i 0 B A

4 4 ik

BAEW LAWK SRR AT LR AR ALY 1Y
SR, i B Fe( I1) A28 6454 Logistic J5
BRI T 4.47 ~5.95 mg g7 Z ], 36 5
BOR WA F 0.15 ~0.27 d7' Za], #£ 6.65 ~
13.48d Z ] H 3 fie KO D ok K, g 5 4k 1 38 D
AT 29.97%~50.79% Z [8], ¥ £ o F 43 di & A
PR o] DABE A JR 3 JE A R AP KA TR R
B, T 99.26% =+ 0.43% ff] NO, . 88.82% =
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DYNAMICS OF ANAEROBIC REDUCTION OF IRON OXIDES IN UPLAND
CINNAMON SOILS

Sun Lirong Wang Xugang Guo Dayong Wang Lipeng Liu Suyun Guo Yongxin
(Agricultural College, Henan University of Science & Technology, Luoyang, Henan 471003, China)

Abstract Dissimilatory iron reduction is an important microbial process of the degradation of organic matter in anae-
robic environment. It not only affects translocation of some inorganic pollutants, like Cr and U, but also is closely related
to emission of greenhouse gases, such as CH,, N,O, H,S, etc.. Samples of cinnamon soils, collected from upland farm-
lands at 7 different locations, were prepared into slurry and then put under anaerobic incubation, to study characteristics
of the anaerobic reduction of iron oxide in these soils. Results show that dissimilatory reduction of iron oxide occurred in
the cinnamon soils under submergence, with reducing potential ranging 4. 47 and 5.95 mg g ' and a reduction rate con-
stant between 0. 15 and 0.27 d ', In the soils, a portion of crystalline iron oxide was reduced during the process and the

mean reduction rate of free iron reached 41.95% . After 40 days of incubation, 99.26% of the NO, and 88. 82% of the

SO in the soils were reduced. And the rate constant, V, and T, of the iron reduction was positively related to soil or-

ganic carbon content, and the reducing potential negatively related to soil SO~ content.

Key words Semi-luvisol cinnamon soils; Iron oxides; Anaerobic reduction; Cycling of N and S
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