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Table 1 Basic soil properties of the sample profiles
N K AL A S -
e A LA IR AT BB B fit 4 IR VERHR RO
TR i Water soluble )
) Organic Water soluble ) Alkalyzable ~ Water soluble Available
Profile depth pH inorganic
carbon organic carbon nitrogen nitrate phosphors
/em » . carbon » » »
/ (gkg') / (mgkg') . / (mgkg ') / (mgkg ') / (mgkg')
/ (mg'kg")
0~20 8.00+£0.0lc  6.80*0.37a 143.0+7.6a 56.73 = 1.1a 4550+4.95¢c 13.56+1.22a  2.52+0.02a
20~40 7.97+0.01d 6.63+0.23a 135.3+0.4b 59.17+1.1a 85.50+4.85a  13.27+0.56a  1.69%0.03b
40~60 7.99£0.02¢c  3.33£0.05b 109.6 £ 1.3¢ 60.62+6.51a 57.75 +£2.47b 4.39+0.05b 0.31+0.17d
60~80 8.10£0.01b  3.06%0.07b 80.7 £ 1.4d 35.98+0.04b  59.50+14.85b  1.99 £0.05¢ 0.54+0.11c
80~100 8.17+0.02a 3.21+0.31b 70.3+£2.7d 19.53 +1.05¢ 45.50+9.90c 2.11%0.17¢c 0.48 +£0.08¢
Ereil A .
I ) e 5 o IKEPEGR ER Eh
cUITTRASES Slowly Readily P 85 58 e i LY/ELN sy A3 5k
Water soluble
Profile depth available available CEC Physical clay Available iron "
sulfate
cm potassium potassium / (ecmol-kg™) 1% / (mgkg™) .
. . / (mgkg™)
/ (gkg ') / (mgkg ')
0~20 1.22+0.05a  168.8+2.0a 85.86 = 2.12ab 38.04 6.44 £0.59a 31.29 £0.48b
20~40 1.15+0.02b  170.0 £ 2.0a 85.98 £ 6.47ab 41.79 6.49 £0.09a 33.97+1.45a
40~60 1.12+0.01b  147.0+2.8b 87.85+4.51a 52.11 6.20£0.24ab  17.32+0.57¢
60~80 0.89+0.01c 1199+ 1.4¢ 77.44+7.18¢ 50.04 5.87+0.02b 21.94+0.14d
80~100 0.69+0.01d 100.9+1.7d 82.31 £4.55b 54.19 5.42 £0.14¢ 29.25+0.41c

TE: TIME = bRiE2E s WIS RN R 22 538 B /K F (P<0.05) o FIA Note:

Mean = SD. Different letters in the same

column mean significant difference ( P<0.05) . The same below

1.2 [EERSEFRE
TR A 1 ) T R BE Y A 3,000 g Ty
THEBN10 mLIMIER S, A3 mLZEEFK

JG s AR TE . RAS minhHEH TS AR, TR

ARABRP TN EEE, 128 TR REM (7
WSeAR, FPG3) o130 = 1°C 125 BEF2 4 Aok HE b 3
(2000 lux) , 1/2% THEEHEFRMA ( LR,
GSP-9270MBE ) 130 = 1°CHEEH 55 (G ik
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Fig. 1 Content of 0.5 mol-L™' HCI extractable Fe (II) in the profile soils under anaerobic incubation in darkness (a) and in light (b )
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Fig. 2 Variation of key parameters of the reducing processes of iron in the soil incubated in darkness with soil depth in profile
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Fig. 3 Variation of key parameters of iron redox processes in the soil anaerobically incubated in light with soil depth in profile
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Fig. 4 Water soluble organic carbon in the soil profile after anaerobic incubation, (a) content and (b ) amount reduced
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Fig. 5 Water soluble inorganic carbon in the soil profile after anaerobic incubation, (a) content and (b ) variation

R2 BEULRXESHSHERIRKRMER. HRE. RREATHUEMNEXRY

Table 2 Correlation coefficient between key parameters of iron redox and variations of water soluble carbon, nitrate and sulphate in

the process of anaerobic incubation

IEPETHUR AL B KA PIRRL f RRERIR T AR EL Ik

ARAEAIR TR RS R Variation of water Variation of water D %y
Key parameters of iron redox soluble inorganic soluble organic Decrease of  Decrease of
carbon carbon nitrate sulfate
B JFF A Reducing potential 0.984%* 0.846 0.997%** 0.993*x*
R H L Rate constant 0.633 0.913* 0.759 0.695
KR Maxi velocity 0.945%* 0.882* 0.990%* 0.971%*
e KFe (11) =/ Maximum Fe (II) generated 0.781 0.863 0.972%* -0.957%*
Fe (I1) & ALFFHARF ] Time Fe (11) oxidation began -0.925% -0.536 -0.412 0.333
Fe (11) R4 1L iE Amount of ferrous re-oxidized 0.914* 0.861 0.903* —-0.878*
Fe (I1) % k# % Ferrous re-oxidization rate 0.851 0.929%* 0.956* -0.926%

*, P<0.05; **, P<0.01

(R4 o OLMEEFRERE0 ~ 40 em T 2K
TR AR S E AN, WIEAT7.30% ~ 8.63%;
40 ~100 cm 2 KEVEGBREE & E AL, B
15.21% ~26.44%.,

MDA R, AP Rk a0 2 5 kG e
BRIE B0 3 | B KA I 3 38 2 (AL AE AR A B 8 T AH O
KFR, SRR AR a . PR PR b
REEEIEMHIECR (K2) o #EGEKE MR
AR D i SRR SR B B A T R A IE
MXRKFR; CIRA 5 KFe (11) =48, HAk
i, AR AR B A E R

25 BXREAURBSUSHEFLEERA

EA

AR A 45 LAY T BT ) ERR T L
PR SEEAR R (KS5) o BEOL kit
%%Eﬁ%%ﬁm% IR TEA PR i 3 IR A
5K, X5 RUATEA [ o DXCBR = K5 1) 45 21
R —H WIS KR IR ER SR AR
Wi USRS R IR OG, SRR
R FH A, mt ] WAHE LR R A REEN
P KRR AT R 2 Bk I IR N 22— o Bk
W JE ) B R R R S LR AR IEA OGN, b KR
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Table 3 Water soluble nitrate in the soil profile after the incubation

Y6 Illumination

#Et Dark

I —
& # Content
Profile depth/cm = = Conten

F# i Decrease range/%

% it Content B
F# i Decrease range/%

/ (mgkg™") / (mgkg™")
0~20 0.26 £0.03 98.08 0.19%0.03 98.60
20~40 0.45%0.02 96.61 0.22 %0.02 98.34
40~60 0.24+0.11 94.53 0.21£0.03 95.22
60~80 0.14 %0.04 92.96 0.27%0.01 86.43
80~100 0.35%0.12 83.41 0.28 £0.05 86.73
V- Average 0.29%0.10 93.12+5.77 0.23 %0.03 93.06 = 6.07
BRAHCV (%) 34.48 6.16 13.04 6.51

R4 BFRERAELIERKAERRESE

Table 4 Water soluble sulfate in the soil profile after the incubation

Y6 Tlumination BEYG Dark
TR - s
Profile depth/cm i Content [#iFDecrease range/% i Content [#FDecrease range/%
/ (mg-kg™) / (mgkg™)
0~20 33.99+5.32 -8.63 2.39+1.33 92.36
20~40 36.45+1.53 -7.30 7.09 +2.89 79.13
40~60 13.87 +1.84 19.92 8.73+5.14 49.60
60~80 16.14 +£2.56 26.44 15.71 £ 1.67 28.40
80~100 24.8£3.42 15.21 22.76 £3.98 22.19
-4 Average 25.05+£9.10 9.13+14.41 11.34+7.13 54.33 +30.78

BSERBCV (D) 36.33 157.83 62.87 54.65

PEAS R £h 1 IE ARG

JEIRIN R e K Fe (11) A Y R 5 #DO
R A . Fe (11) B9%ALEEER 5 15 7 A
KPR LR . Z2RCE . S RLET . KR PR A R R
R IEAMRAL, S PR IO L 3 A
K, UHDEIRmFe (11) S LR R 7 2 AL 11
KIS ALK . Fe (11) %Ak 3050 54 HLAk |
IKIEVEAT LG . SRR . BT . KPR IR AR IE
iEPS

g IR E/NE 5 RO X E B R
—, A EEARIR2.52 x 107 hm®, BARA NI
EIBRIRER SRR L RIEA LR A 2R S
b KA A P R R R R TR YT
T R A IR AR S A DR 1k . AR

KEYIM, HZHHpH | ARk
AR PO AN

A 5 b s 3R G R PG RS +0~100 cm Y
AT A HE P A B E AR B TR R, R SRS A
F0.92~3.95 mg-g ' Z[H], FHIEIA R RLA: T #E
P IERIE0~100 cmIRFEAATE, HHIE T XA
DR A ) A B R o A ] DX S8l - B D 3
A USRS Z BAETE B AL R Y AR
30 485 S b 7R R AR VS A 5 A LR 5 ik 22 ) B TE A G
KA LR E P RRAAE (R2) o #HZUT -
B HIE40 em U, KD IO BHESE S, &b F
PRAEARZS, T BeA e &g mtas 2, A
IR A 7 5 Bl i e 2 )2 W 5 FRAK, v REJR A
Z—HIE40 em AT A HLIR & 8O- E3.20
mgg ', AE0~40 cmtZH1/2, A, T2 L1
RS A E BRI E R, Ol s Rk
PR A R WAL D TR s

oK
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Table 5 Correlation coefficient between key parameters of iron redox and soil properties before the incubation
#EYG Dark S8 Ilumination
kR Fe (1) &4t Fe (11)
. — R, ‘ fe KFe (11) T Fe (1)
M WS EEEH RREE HIEE e FEUR I [R] i AR
. . s
Soil properties Reduction Rate Max Time max Time Fe (11) Velocity of
) ) ) Max Fe (1I) o Fe (1I)
potential  constant velocity velocity oxidation o Fe (1I)
generated oxidized o
appeared began oxidation
pH -0.754  —0.992**  —0.836 0.974%* -0.850 0.873 -0.957*  —0.903*
HHLRR 0.986**  0.671 0.964**  —0.655 0.946%* -0.310 0.846 0.916%
BEFR AR A LR 0.706 0.982%%* 0.787 —0.977%* 0.793 —-0.900% 0.921%* 0.868
B ni K A HLR® 0.960%** 0.902* 0.979%*  —0.885% 0.957* -0.628 0.966%*%  0.988%*
Bl 0.310 0.510 0.424 -0.489 0.555 -0.515 0.569 0.465
A0 0.937%* 0.517 0.874 -0.562 0.825 -0.205 0.709 0.831
SR 0.82 0.949% 0.867 —0.977%* 0.852 -0.830 0.939%* 0.934%
R 0.900%* 0.954% 0.945%* -0.951*% 0.940%* -0.755 0.987%*%  (.983%*
RS 0.854 0.945% 0.907* —980%* 0.916* -0.823 0.977%*  0.970%*
Yy Bk -0.951% -0.634 -0.916* 0.712 —-0.893* 0.405 -0.812 -0.912%
BH B -2 e © 0.598 0.797 0.654 -0.567 0.609 -0.402 0.690 0.609
KA P R R 0.997%* 0.756 0.989%*  —0.73 0.973%%* -0.404 0.902* 0.953%*
KA B R L 0.656 0.104 0.589 -0.034 0.586 0.323 0.362 0.452

(DOrganic carbon; @WSIC before incubation; @WSOC before incubation; @Alkalyzable nitrogen; 3Available phosphors;

®Slowly available potassium; (DReadily available potassium; Available iron; @Physical clay; MCEC; () Water soluble nitrate;

(DWater soluble sulfate

Wi AL RE A ) AT AR T R O SR
AR AL
TR S SR FE R HE Y . — 7 M H
MRk (7.5 mmol-L™") AIfF 3k 36 4 32 1A 1 400 il
B SR H A T DRk A Ak 4
J I F R RS 0 AR s A A e T 2%
fige L3 L S — 7 TR R R T A S R M AT A 2 R
W LRI 2 AR AT (RS RER &
H2.11~13.56 mg-kg™" ) 340 J v A e K
W HOR 5 FRRT E R R i . SRR SR
s i Z A R IEAR GO R (FR2AIERS ) R
TSR ER X BRI I A S HEAE T . A, BESEA R BR
TH R L 14 R Pseudogulbenkiania sp. strain 2002
TEIE S R PR R 1) [ I R e R 4 M ) AR G, ML AR
R EH20 wgmL WAE3 pgmL ! T, &
BT PR 30 i TR O U [l AR oK . IR (<2.0
mmol-L™") ASERER AT LA i<k 41 40 B 106 2 1 2 a0
AR Y T, R SR T RE SR TE W R MUY A

SRR A T 220 S50 T AR R IR 2L
Al J ) B A LTS24 . A1 I R Xk R Ak ik
Ji g R A e B8 A0 PR 4= T 5, 0.59 mmol-L7' il
12 TR WAL ik Pseudogulbenkiania sp. strain 2002 5%
BAEALFe (11) MZhfE 705 ANk vk i il iR £h
(0~1.0 mmol-L™") Ak 7% P 7K A5 4 v 2k 11
WwJE, H1.0 mmol-L™ AR £k A9 E/E F &5 T0.5
mmol-L™" ", TEEEMIT.0 mmol-L™" AYEREL &
KRANLEDIRIKAE L Fe (11) Z2RTFTC# W, X%
TIEL S AHTFER (30°CIRAFEFRINTH ) 5N
FHUR RO BE R D AR R XA
PRI BT A it P A D e R o A R L A B
o i R A AT 75 B — 2D AR
PR S TR 5 A Fe (11) A $PFO ')

NDFORMU 4L 17 . NDFOXFe (11) %1k
ZNDFOME A5 | il . WS IR R & 1 45 [
R, (HATE, HMRIIEIAE Thiobacillus
denitrificansfPseudomonas stutzeriv] 15 ¥ i fR
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o8 J5H 0 R R 1 IR Ak Fe (11) DT
Klebsiella pneumoniae 117 B[V 0] i JFL A R £h 7R 7] 148
JEFe (111) "o H Tt 2 BRI Al R o D B 7
5Bk R e A L AR SO E Y (A B
S8 R VLV B KRS+ (pH=5.90) MY pH
T 26.60~7.92 5 S firf Ak B 7= B2 Fae AR T 2 it 7 =
FEsn T2 A (pHA T7.97~8.17) 45 R4
R FRRTK RS IR EY 5 08 g . KRR
HORZ (R A7 AR B 3 IE A OGS R (£3) , {HkE
el P R WFe (11) EALH S (E1a) .
JRAFTRESE . (1) AGRIRRE S P IR 3k e B AR 2
PLOTE i PR ER K R Fe (11) ALY, WFITm
MR Eh iR Fe (11) Afbid Bk H R SRR vk T £
}4.5~10.0 mmol-L™" %), (2) EipEDIRB,
PFOS# NDFOM EH T EA, MARE KT
BRI SR ) S SRR R Fe (11) A LAY
SRR R AR

HBARAME T HEZ DT 23K AWk,
WREIE ANEE S MFe (11) AWML, &K
SN I =N a ) S R ol e w571 i W 0 L ]
PRI LM, RAMEHO0~80 cmiy +
BERE SR AT & A Fe (11) MR E AL, &
LA F0.26~1.21 mg-g™'. Mo, GG A Fe
(11) Ak A W A W) Ak JC BB 19 W) B 40 fE F e
(11) "0 AR 45 52 o /R 56 18 i K %
MR B EEM, HFe (11) E AL &8 5Kk %
TCHLBR I D B F MG (F2) , 5%
g DOVRR SRS R — B, it AN 9 KO T A I
Bt HIFe (11) AL YT BERE K 73 1) Ik %5
ABMAE0~80 cmt 2 /74, 80~100 cm+ /2 A L
Fe (11) A M, HHGHA A Y id )R & D
FNTFREOEI A R, AN, H80~100 em 2%
I MR B 5% I 5 R kb BE— RSN T K M e AL
fie & i, (AR B D FROR AL (EISh) o X
— 22 5 0 DR PR 9 S S Ol BRI ) T A A A 0 kit
BRI SEACE R AR, e AR R A AlFe (11)
AR, ZRT80~100 em HHEA HLAR . KiETE
ToHLRR & AR s AL R il Fe (11) F AL
/NTFFe (1I1) i8R, 55 8F— 20 B4 Pk
HHIFe (11) S AR YT 78 4 5850 T ks i) TR
FEELA AN BRI . AR AR T LIRSS

4 4 i

F R R IR T 0~100 cm 2 AFEAE
BRI B DR AEGA IR R, A D v A ) T R
BN i AR, 0~40 em )2 AU I R R, &
TR B R 5 K R B A 3 B 3 T 40 em
DIF 44 SR HEH] 1 0~80 cm - EAEELS T
Fe (I1) A LM%, H0~40 cm+)ZFe (1) &ALk
AL R B 5 T40~80 cm )2, il 1 1%
BRAE AL I S 2t BN SSZ B BB 5 S A SE IR, s
IR . FAEFR U RS, A R AR AR AN
U HEE IR I Fe (1) RS AL, TR HEEEHT R
W JF
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Characterization of Reduction of Iron Oxide and Oxidation of Ferrous Iron in
Upland Cinnamon Soil Profiles in West Henan, China

WANG Xugang SUN Lirong ZHANG Yinglei XU Xiaofeng GUO Dayong SHI Zhaoyong
(Agricultural College, Henan University of Science & Technology, Luoyang, Henan 471023, China)

Abstract [ Objective ] Iron redox processes are important microbial processes, which are closely
related not only to bioavailablity of heavy metals and degradation of organic pollutants in anaerobic
environment, but also to soil fertility of upland soils. Therefore, the issue has aroused much attention
the world over. Iron redox process in plough layers of paddy fields and upland fields was already well
documented, however, it is still unclear whether iron redox process exists in the soil underneath the plough
layers, or what are characteristics of the iron redox processes. [ Method ] In the present study, samples of
upland cinnamon soils, collected from different layers of a 0~100 cm deep soil profile, were prepared into
slurries, separately and then incubated anaerobically in darkness or in light, 0.5 mol-L™' HCI extractable Fe

(I1) in the soisl samples was analyzed dynamically to study characteristics of the reduction and oxidation
of iron oxide in the soil profile. To explore transformation of C, N and S coupled with the iron redox
process in the profile, organic carbon, inorganic carbon, nitrate and sulfate in the profile soil samples before
and after incubation were extracted by water and analyzed with a TOC analyzer and Ion Chromatography.

[ Result ] Fe (II) accumulation was found in all the samples during anaerobically incubation. Iron
reduction potential decreased with soil depth in the profile. Fe (1I ) re-oxidation appeared only in the 0~80
cm soil layer of the profile under illuminated incubation. Ferrous oxidation decreased with depth in the
profile from 20 cm to 80 cm. Water soluble organic carbon and iron oxide reduction both decreased with
depth in the profile under incubation in light illuminated or in darkness. Water soluble inorganic carbon
increased in the soil during the incubation in darkness, while it decreased in illuminated incubation. Water
soluble nitrate decreased by 83.4%~98.6% in the soil incubated either in darknss or in light, and the range of
the decrease narrowed with depth in the profile. The range of the decrease in water soluble sulfate narrowed
with depth in the profile under incubation in darkness, while water soluble sulfate increased with depth in
the profile within the range from 0~40 cm under illuminated incubation. Correlation analysis shows that iron
reducing potential and ferrous oxidation was positively and significantly related to increase and decrease
in water soluble inorganic carbon, respectively. Rate constant, max velocity of iron reduction and ferrous
oxidation velocity was positively and significantly related to water soluble organic carbon. While decrease
in nitrate was positively related to reducing potential, max velocity of iron reduction, re-oxidation and
velocity of iron oxidation. Sulfate reduction was positively and significantly related to reduction potential,
and max velocity of iron reduction under incubation in darkness, while it was negatively to amount and rate
of ferrous oxidation under illuminated incubation. [ Conclusion ] Results show that iron reduction process
exists throughout the whole profile from 0 to 100 cm, and iron reduction potential, and maximum velocity

of iron reduction decreased significantly with depth in the profile. Phototrophic ferrous oxidation appeared
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in the 0~80 cm soil layer in the profile; the amount and rate of ferrous oxidation was much higher in the
0~40 cm soil layer in the profile than in the 40~80 cm soil layer. Correlation analysis of iron redox process
and soil properties in the vertical direction of the upland cinnamon soil shows that iron redox process in
the profile was not only affected by soil organic carbon, but also limited by the contents of soil nutrients
including N and K. The findings may help improve the cognition of the habitat of iron redox microbes, and
serve as certain basis for in-depth understanding of the iron redox processes in upland cinnamon soil.

Key words Upland soil; Iron reduction; Soil profile; Ferrous iron oxidation; Cinnamon soil
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