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0.22 pmPE NS5 I 5E PSR T Fe(IDFIFe(T)H L, 45
3WH R . Ki R U M A & b WSTC RN T 25 A&
H1CO,. O, %t

1.3 SifietRS A%

SRR SRR AT R SR ML v
IR R Fe (1) B4 5% AR 3 20 bk Lo g it >4
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E1 s # 35E90.5 mol L' HCI] 4 Fe(IT)

Fig. | Content of 0.5 mol L™ HCI extractable ferrous in the

paddy soil under anaerobic incubation in darkness

Rl BRI ARIRE T KELRERIREMXESH

Table 1 Key parameters of iron reduction in the paddy soil incubated in darkness relative to temperature

. I A A RS G SN UE SR 1) EFNLE S , e im
L _ ) o _ TS et
Reduction capacity Rate constant Rate peaking time Maximum rate )
Temperature . B N R Probability in statistics
(mgg™) () (d) (mg g d)

16 °C 6.55+0.14b 0.33 £0.04c 2.30+0.44a 0.54+0.06¢ 0.97 <0.01

24 °C 6.52+0.19b 0.38 +0.08¢ 1.37+0.55b 0.62+0.12¢ 0.92 <0.01

31°C 6.50+0.18b 0.74+0.17b 1.05+0.41c 1.21 £0.24b 0.91 <0.05

40 °C 7.44+0.19a 1.76 £ 0.48a 0.62 +0.28d 3.28+0.78a 0.88 <0.01

e DFEME + AadE2E; 2)[RFFREARE F R 2 Rk 3] B FEKFE (p<0.05) . T Note: 1) Mean * std. 2)Different letters in the

same column mean significant difference at 0.05 level. The same below

2.2 BENBETIERFe(I)RIRA N
FeHREEFR SR, Fe(1D) B 1% 33 I 1] 14 fin 2 300
e R R (K2) , RRd R P Fe(ID) [
RUEIR Z 8 T 3R 5™ A Fe (I M AL B
WEA R TEEE (E) o BEFRIRERZmFe(1) 5
FRUGEAE A9 1 B (H], 40°CHF I AR R 52553 K
BF, 31 °C R LU B AR SRS e (EI3) &

P Fe (D) K BRI S0 IR (E 2 25 1] 15 55 35 i e gk
(4 i RO T i, O IR % 5% B Ak 9 o R OA 4 A T
3.51~4.19 mg g ', BZHERTFRIEAL T20% 7441 -
T 85 IR IR B T E S BRI B KR )i, 40°C AR Z
16°CHI N T18.4% (K1) . Fhmi IR Al 4540 d
B B ) A S i (BE SRR R Fe(1D) & &

B, BPE5FR85EIFe(1l) & it 5 R IR i Fe(1D) & it (1)
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Fig. 2 Content of 0.5 mol L™" HCI extractable ferrous in the

paddy soil under illuminated incubation
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Table 2 Characteristics of redox of the iron oxides in the paddy soil under illuminated incubation

o~ TR RRP SIS FAL 5 B IR A PR A A
e Max reduction Mean reduction rate Apparent reduction Max oxidation Mean oxidation rate
Temperature B o B B o
(mgg) (mgg d7) (mgg™) (mgg™) (mgg d7)
16°C 3.54+0.09 ¢ 0.71+0.02 ¢ 1.40£0.12d 2.13%£0.15a 0.061 £0.004 a
24°C 3.51£0.07 ¢ 0.70+0.01 ¢ 1.68+0.11 ¢ 1.83+0.12 b 0.052 £0.004 b
31°C 3.95+0.12b 0.79+0.02 b 2.16+0.14 b 1.80+0.18 b 0.051 £0.005b
40°C 4.19+0.06 a 1.40+0.02 a 2.51+£0.08 a 1.68£0.09 ¢ 0.045+0.002 ¢

Fe(IDM i RAfLE, RREMBEEICCH K,
HF2.13 mg g, FLRERFRIR T B AR
T E40°CREL T 21.1%.
2.3 R TIEPEKIERE W ERE URE

Vi b = KA R R AL FR Y 0, N3 781, T
DVE G 4 398 i R o B o 35 5% 1R
B R R R A O g v /T T1.18~3.052
], F32.20, AR FETE AR 10010 vma
ZIAAFAE 5 2 5, B R R T KL AR R R
HRERHOT R0, AT 118 ~2.622 0], FH
2.07, ANFERELEZBIREFEREET, 00.dF
SRy A =B | WD o X Ol SR S %Y B U R ]

T Oiovma G010 2T E 225 (31 °C~40 °C
WEIBRAN ) .

o HE RS Ak A8 Dt ik A X 5% % U R AU, P
B JFUE R A Q0T T0.99 ~ 1,912
], SF1.34, OgpaJNFl5E 37l BE TH 5 52 LT
R HEEGAL, S6BA L IR O B AR
16.1% ~52.6%, “FY¥IFIE39.0%, JGHEEFe(1l)
FALII O p.on T T0.82 ~0.97 2], F170.90, F
M Fe(1D) & AL FE XTI EEARHUR (Q,0<1) o A
T BE DX (A28 S 5.98% , /N T 3Bl R af J gk 7 5
O FRAGA T 5 T AS () 3R X ) 3R R 1

(=
/E#o
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Table 3 Temperature-sensitivity coefficient of iron in redox process in the paddy soil

13 Rl G Dark Jt: B Illuminated
Temperature range QlO-Vmax QIO- X QIU-RAV QIO-OA»
24 °C ~ 16 °C 1.18£0.11f 1.18+0.13¢ 0.99+0.01f 0.82+0.01d
31°C ~ 16 °C 1.68 =0.10¢e 1.69+0.12d 1.08+0.01e 0.97%0.05a
40 °C ~16 °C 2.10%0.11d 1.98+0.12¢ 1.33%0.01c 0.88 =0.05¢
31 °C ~24 °C 2.47%0.05¢ 2.45%0.06b 1.17%0.02d 0.89 = 0.02bc
40 °C ~24 °C 2.71%0.09b 2.50 £0.09b 1.53%0.01b 0.92%0.01b
40 °C ~31°C 3.05+0.13a 2.62%0.13a 1.91 £ 0.04a 0.89+0.01bc
-1 Average 2.20 *0.69 2.07 £0.54 1.34+0.32 0.90 +0.05
BRRBCV (%) 29.24 25.88 23.92 5.98

2.4 Fe(IDEWFHEMNAERPHO,
RSO, SERT £ Fe(ID A L

AXEFR3 ~ 5 A5G . SR T H:3%3 disfR & o,

e, BERINRAPTR . A A A A RS min

T4 BRI AR

FEFEARRO, & 81E3.45 nmol L7254y, #EGANFRNE
R, MDA FES AR TZs0, 5 BT,
PR T8.26 ~59.3 nmol g, HO, & FERFF IR E
ThHEM . 16°CHEFR3 dUed O, i WEHT .

EFRZEH O,

Table 4 Contents of O, in the headspace and slurry after 3 d’ s incubation

I8 Tluminated

WL O, it

Content of O,

phrd Tz o, RHFK O, Toizs vh B .
in the headspace
Treatment Content of O, in the Content of O, in the slurry Accumulation of O, in . L
under incubation in
headspace ,(umol L") (umol L™ the headspace (nmol g™') 4
darkness (umol L)
ey
3.45+0.35¢ 2.75+0.07¢c — 3.45+0.07a
Before incubation
16 °C 4.85+0.08¢c 4.85+0.07a 8.26 £0.47b 3.28+0.11ab
24 °C 5.30+0.14bc 3.25+0.92bc 10.9+0.83b 3.18+0.08b
31°C 5.75+0.28ab 2.45+0.07c 13.6 £ 1.65b 3.10+0.14b
40 °C 13.5+3.11a 2.50+0.14c 59.3+18.3a 3.15+0.07b

2.5 BEMABITIEENRYT LHEE

AR BE RO B REAR T 15 57 5 W SIC
i (F25) ; B3R5 WSTCHRE R 37 15 % 14 i f%
ik, 40 COLMRKEFRIE HHEWSICE =AU EE IR AT
29.4% ., HEOGCERFRN B ERN T WSICE &, Kt
J5 WSTCHfH: 75 W B 1S i 4 i ;- 40 °Cibb e 3R f5
TIRWSICH 1 NG IRATAYS. 1618

5 35 1 KO BRI AN )38 3 355 77 i s 2 R T2 <
IR AR KM N CO, . HOERE IR JE T2 TARCO, R

it P b 7 TR T O R (R5) , &ad40 d
MRS, 40 CHFCO, R BURE Jg 16°C I 2B 1
3.014%. Ko T R BWSICH M FICO,
SR 5B IE OGBS RO B IR AR AR DG R (XL
), wf R 3RS CO, BB 5 A 5 R
BOM B KA R 22 M B B3 EAHE G &R s WSIC
B B 5 % K R B ) A7 A b A OGO
R, U AHR BB, B 4 R WSTCH
gz (£e6) .
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Table 5 Content of water soluble inorganic carbon and CO, accumulation after 40-days of anaerobic incubation

e IR PETCHLRK CO,EM i

Water soluble inorganic carbon ( pmol g™') Accumulation of CO, (umol g™

Treatment

JEHE Hluminated G Dark JEIE Hluminated it Dark

HiF i .
2.18%0.27 a 2.18+0.27¢ ND ND
Before incubation

16 °C 2.00+0.02 a 8.72+0.18 d ND 4.77+0.49d
24 °C 1.48+0.15b 1431+0.44 ¢ ND 5.82+0.62 ¢
31 °C 0.92+£0.29 ¢ 15.11£0.07 b ND 9.47+0.47b
40 °C 0.64+0.22d 17.78 £0.81 a ND 1436+1.36a

1) #RMET KR ND refers to  “under detection limit”

F6 EBAIBFFRKBELNBRIEMENCO,RRNEEHRTRXIBSHBIXF

Table 6 Relationships of increment of WSIC and accumulation of CO, under incubation in darkness with key iron redox parameters

FHEB R Key parameters

WSICH4 il Increment of WSIC

CO, &t Accumulation of CO,

i JFi 7% 1 Reduction capacity 0.863
TR FEL Rate constant 0.977*

15 K # R Maximum rate 0.765 0.967*

Fe KHCR B [B] Rate peaking time -0.995%* -0.882

* p<0.05: **, p<0.01
3 17w

4 4 DU R S AR 8 TR A R —
Tty Z A0 g7 X, DIRBH| B 1640 i A HLER 3k
R BE R B T4 3% 2 Fe(111), TMifHFe(11)id J5 N
Fe(Il) >’ o X — i Fe i (A 3R 3l , T DIRBARZS AR
%, HAFBADSA SRR, AL
INTEL6 °C ~ 40 °CYa [N, R A B FH A W R i
b+ Fe(I) RFUEAE16 (CE31 CZ M TC I &
25, WEFEA0 Clrigz16 CRFEM13%, It
RARILH Bl i 2k, R Rg S b g iR
PEDIRB 5 (KR DIRBZ (BB W 5 A7 G, LR
U, PSR KRS+ P DIRBHEIEF 50 °C, ik
TR R WIS KRG P DRIBZ:40 °C ~ 70
CEFEIALFEL b5 Ekif JAE J B HTRRAE 2 o 1tedh,
1] B85 R [l 2B 5t AR ) ik S AL 0 1 38 R RE ) =2
[IfE7E S AT e 200, (B R Fe(IT) B AR B8R 3 8O
o O AR B B TG K (K1), XA BRI
Fhim AR 7E T Fe(1ID) A A0 19 %5 i FIF e (1D) %846 4 1 5
FEYHC, BN T Fe(IDMIBAEY “ml " Flg

Ji 7 A Fe (1D) R DRk B 25, bR A s J 2k 1 D1
AR By i SRk g St

O B &R Bk A 0 R RO 3O [
s, GRS TS AIFeOBM EH , 1 fii ks
FEHE T E i E P EFe(IN AL LA .
FeOBMIDIRBYE K % 1 4 58 F1 T FR 4 34 355 rp 3
17 027 B E AR TR SR vk 1 B R Hh T B
WA (Cyanobacteria) MIFFTE Y . IR
Pk FFeOBEH B AMBAE Y, ol
K IR AR AR S A oV KR ot 5% Bk g TR
( Photoferrotrophys ) %3 Al i 2B il A ) 5 & 1Y
30% /i 4T, A TFeOBAEME HEFe(1T) Y & Ak 1Y R B
[ LB S A L A B FeOBXS Fe(1l)
M AARE T E A EE 7 AMEY (Oxygenic
photosynthetic bacteria, OPSB ) j=/E [ ) & 1k
FAEAAMAEY ( Anoxygenic photosynthetic
bacteria, APSB) WY AL " . RiIMIRIRER [
o Hp R A KA R R R IR R BT WA
AAEAE o BIFTE L B RO Fe (D) Y 48 AL £ 22
RO, A A, TR L Y Il R i 1 B A
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e R L AR AE RO S B R SR T
25 SR RGN 3 O, HLO, B i Bl 5% 75 18 T v i 44
s BEAMERB SR E TR COARK Y, H WSICHE i
FEE MRS, MHUESS T R oG = fUd # ot
B HEO N Fe(ID) E AL it BRI 7E . OPSBXfFe(1I)
118 ) 42 S A 32 2 W 7 S0 T R S R b i
f RN B L B TR TS SR O R, HR IR
T O M FERRAR, BRI 5 Fe(ID#2 fil i JLAE
X ] R A G0 B F T Fe (1) I S AL IR JE A
UK A FEIF N Z — o HARE I A iEHEBR APSB
) B E A E AR, AL 52 APSBIY G
PERZ A, T D) T 5 e A ) T T R AR A R
B R FE A o 25 0] LLE 2 i A0 i) 55040 gl
PEEOE A R IFE R APSB H A RS AFAE & ot
RN

YT BT AEAN RN B R ARWSIC, IR
COL M HER , 0w 6 B8 AT G852 me L W STCHE o7t 5
CO, HEjil i R AE 0 LA PR (Ll . O IREE SR
AR W STC S B I 5 M Ak 7 HAR SR
KT IRRPAE LG AR, AT, SElEX +
BE IR A HLERD™ L B0 0] B 5 e PLAK
WAL= oA UEYIH R G

W R LR ALY (EHERD R Bk ) & 4
55 kLB AT B 7 1% 1 COLHE R 19 23 [A] HE 24
e Fe(In AT IBER A NLE P, H
BAEALY 5 A HURK 04 A R T R B e 2 ik
Wi L AN, kS T AT OR 3 A PR
AR B T T AR R AT BLBR RO 74k 10 L AR R TS K
Ab ¥ 2R 45 R R JINAS [R) o 2 1 2k R AR 4 T A LR S
B COL IR B IG 248 ~ 515 AP ITE S E
SN TRER . R RE . YE M I IR SR AT MLAR BT 1k
R L RIS (Lepidocrocite ) A ffiZ,
i ol B U B AL R A8 N E90% LA I, Fe(II)EDTA
A EFER AL N COL M L R F E93% 7 . Ak
54 0 7R CO, BRI 5 A i R B0 e KA D
HORZ A fAE B E IEA R . R ALY
P R gl T RE 22 R R ki R R 2
— o A EOLERIL QN T 1.18 ~ 3.05Z 1],
F392.20, HFEEE W& X5 5 SRR
Qo BUE AT 11 2 (HE, kAL IE JRUAY I R
AR 2 75 AT LA R AE - 1 (1% 5 % R I %) 9 ARk
M, P ERAY RS SR R R R X

CET RN 103 FRUe PP 0P
75 DA B 1SR IR IRQ 1 D22 5 7, 4
WE LT
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Temperature Sensitivity of Iron Redox Processes in Wetland Soil in the Middle
and Lower Reaches of the Yellow River

Abstract

WANG Xugang SUN Lirong MA Linjuan
(Agricultural College, Henan University of Science & Technology, Luoyang, Henan 471003, China)

GUO Dayong XU Xiaofeng

[ Objective ] As iron reduction and oxidation processes in soil are closely related to

bio-availability of heavy metals, degradation of organic pollutants and emission of carbon-containing

greenhouse gases, they have aroused increasing concern among scholars. Temperature is a factor that may

affect iron redox in soil by influencing activity of ferric reduction and ferrous oxidation bacteria, and bio-

availability of substrates. Temperature sensitivity of heterotrophic respiration, which is driven by iron

redox processes, has been intensively investigated, but little has been done on temperature sensitivity of

iron redox processes in wetland soils. [ Method ] So in this paper, soil samples were collected from paddy
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fields or wetlands in Yuanyang County of Xinxiang City, Henan Province, a major rice production area
in the middle and lower reaches of the Yellow River for analysis of temperature sensitivity of iron redox
processes in the soil through temperature-controlled anaerobic incubation. Samples of the paddy or wetland
soil were prepared into slurry and then incubated anaerobically in darkness or under illumination at a preset
temperature, and ferrous in the slurry was analyzed periodically to monitor temperature sensitivity of iron
oxides reduction and ferrous oxidation in darkness and under illumination. Air in the headspace of the vials
after 3 days of incubation was analyzed for O, using an optical fiber oxygen detector (PreSens Microx
4, Germany Regensburg), and for CO, using a gas chromatographer (GC7900, China Shanghai Tianmei)
equipped with a TCD detector. Water soluble organic and inorganic carbon in the slurry was measured with
a TOC analyzer (TOC-Vpyy Japan Shimadzu) after the incubation. [ Results ] Results show that temperature
varying in the range of 16 °C ~31 °C did not have much effect on ferric reduction capacity in the soil
samples, but it did increase the maximum rate and rate constant of iron reduction significantly, and advance
the peaking time, when increasing from 16 °C to 40 °C. O, was found accumulating in the headspace
after 3 days of anaerobic incubation in light, and the accumulation increased with increasing incubation
temperature. Water soluble inorganic carbon and CO, increased dramatically with rising temperature
in slurries under incubation in darkness, but no detectable CO, and only little WSIC was found in the
vial under illuminated incubation. [ Conclusion ] Temperature-sensitivity coefficient of iron reduction
increased from 1.18 to 3.05 with rising temperature, but decreased under illumination by 39.0% on average.
Temperature insensitivity of ferrous oxidation was observed during incubation in light. Quality and quantity
of iron oxides and illumination conditions are supposed to be potential key factors affecting mineralization
of organic carbon in wetland soils. All the findings in this paper could be of great significance to further
efforts to understand biogeochemical cycle of iron in soil and its relationship with soil respiration.

Key words Temperature sensitivity; Wetland; Ferric reduction; Ferrous oxidation; Heterotrophic

respiration
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