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The Effect of Organic Carbon on Microbial Iron Reduction in Paddy Soils

SONG Jian—xiao, WU Chao, QU Dong”

(College of Resources and Environment, Northwest A & F University, Yangling 712100, China)

Abstract: As an important part of geochemistry cycles, the dissimilatory iron reduction in paddy soil is a biological process catalyzed by mi—
croorganisms. In order to study the influnce of different electron donors on microbial iron reduction in paddy soil, glucose, acetate, pyruvate
and lactate was added to the anaerobic slurry of different paddy soils which were cultured under constant temperature. The accumulation of
Fe( I ) and pH was monitored at regular intervals, and the test data were fitted and analyzed by Logistic model. The results showed that the
four kinds of paddy soils can make good use of glucose, pyruvate and lactate to reduce Fe(Ill ) as carbon sources, while acetate inhibited the
reduction of Fe( Il ), especially in Jilin paddy soil. The treatments with pyruvate had the maximum Fe(Ill ) reduction rate(V,,,) in all the four
types of paddy soils, and took the shortest time to reach V.. Microorganisms from different paddy soil had a certain selective to carbon
sources. The main factor that influences the potential capacity of reducing Fe( Il ) in paddy soil is the content of amorphous iron. High con—
tent of soil total phosphorus also inhibited the process of iron reduction. Besides, there was a negative correlation between pH and the concen—
tration of Fe( Il ) in the incubation system with carbon sources.
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HATER AR 2B IREAFIF T AR
FIH AL XS KA b FR BRI I ) 20 32 21 T BIFFE N B
RLE, WA BN K 4 AR ds A FLER I BE A%
SN 1 e U WV A A RIAICRE R TS I (R
P AL B SRR 1S, I ELAS [R] (4 7K R 3o e
(R M A7 A — R R 22 S, AR SR R AR e 3 B S
PRZ USRS BRAN AR R B | FLIR B Bk ik
I AR T, WIS TR D AR K A R
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1 #MREFE

1.1 #itt1%

PRS0 Bk B AR S AR K E BT &
BURZAT (O TL 0%, REEFEIRE MEEE KA 5
O TY 208, 7 5 b T vb 3 Sk DX g K AR AT
(FH NX 7)) Fse 4 5t BT AR X 2 58 (H GZ
TR )0 KRB 0~20 em #HZ T3 KA, A, 1 1 mm
i, A7 25 o (MR R B BRAR YL 4050 0 A BIURR 25
i 16.58.9.07.15.38.41.34 g-kg”'; &A T 2.35.
2.95.1.75.3.07 g-kg™'s &5 % £ 0.31.0.58.0.70.0.49
g kg™ WEBSERTHE 15.22.20.29.13.35.20.27 g-kg™';
TG B 2 &% i 3.90.3.66.1.59.4.49 ¢ kg ';pH fH
6.74.7.75.7.59 #1 7.66.
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IR E 5 IR, 5350 R i A AR () Glu
FR) FLREN(H Lac £3) . CRREIH Ace F£IR) |
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Figure 1 Reductive characteristics of paddy soils microbial community in anaerobic mud
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Table 1 The dynamics fitting parameters of Fe( lll ) reduction process in different soil of anaerobic mud
8 sl 478 Toontment Logistic FREB AL Logistic model parameters Veomgeg -
a b c r

GZ CK 8.640+0.131A 1.517+0.057BC 0.219+0.024C 0.989 1 0.472+0.045C 1.92+0.32A
Glu 8.941+0.122A 1.931+£0.216A 0.526+0.148B 0.987 0 1.173+0.319B 1.27+0.17B
Lac 7.696+0.136B 1.677+0.046B 0.674+0.042B 0.978 7 1.296+0.073B 0.77+0.04B
Ace 5.991+0.739C 1.058+0.068D 0.440+0.124C 0.981 8 0.203+0.154C 0.78+1.13B
Pyr 7.964+0.095B 1.405+0.077C 1.062+0.192A 0.970 6 2.114+0.383A 0.32+0.050C
JL CK 7.777+0.161D 7.103+0.142A 0.230+0.011C 0.992 8 0.447+0.019C 8.53+0.35A
Glu 12.274+0.415A 6.730+0.118A 0.290+0.020C 0.991 3 0.889+0.034B 6.59+0.38B
Lac 8.862+0.309C 8.638+0.642A 0.481+0.009B 0.987 0 1.065+0.048B 2.89+0.06C

ACB - - - - - -
Pyr 9.664+0.136B 7.338+1.875A 0.774+0.154A 0.981 0 1.870+0.363A 2.57+0.21D
NX CK 4.679+0.052B 2.265+0.031C 0.133+0.007D 0.974 6 0.155+0.009D 6.17+0.36A
Glu 5.887+0.065A 2.340+0.169C 0.260+0.019C 0972 5 0.383+0.023C 3.26+0.12B
Lac 5.996+0.203A 2.980+0.352B 0.419+0.110B 0.964 5 0.625+0.145B 2.66+0.40C
Ace 3.525+0.176C 2.494+0.04C 0.144+0.021D 0.989 1 0.127+0.013D 6.40+0.75A
Pyr 5.985+0.033A 4.023+0.170A 0.833+0.072A 0.998 3 1.247+0.109A 1.68+0.10D
TJ CK 8.298+0.173C 2.674+0.0397A 0.173+0.033C 0.995 0 0.358+0.063CD 5.68+0.22B
Glu 10.251+0.466A 2.932+0.303A 0.130+0.026C 0.992 1 0.461+0.048C 6.01+0.97B
Lac 9.649+0.194B 2.911+0.233A 0.400+0.006B 0.977 3 0.964+0.005B 2.67+0.24C
Ace 6.073+0.365D 2.745+0.303A 0.072+0.005C 0.995 4 0.109+0.003D 14.13+£2.34A
Pyr 9.519+0.054B 2.731£0.125A 0.827+0.130A 0.989 0 1.969+0.315A 1.23+0.15D

1 R — /KA - RIS A AR KRS F 3 N 22 50 224 (P<0.01) MR KRS FHER R 22 5 R 3% P>0.05.

Note: values with the different capital letter within a column differ significantly(P<0.01); values with the same capital letter with a column differ not sig—

nificantly(P>0.05).

3 RERBREFRERP pHE

m I 2 AT AR, 4 3 X R ORS 7 1 /K 8 3
(R pH (AL AT . NIARRER AL | 2 1R
AR AL IR ER AL BRAE RS SR 1 40 d N, pH (ETE 7 B
/N B, 5 X B A AR ], R R OA S
PAPIERPER A TR ZLIR N R R DR , A2 vh
WA K B ERYEY) 5, BOVHAR R pH S2 M/, T
VN T3 25 W 1 A B S N R pH TG R R
YL 15 d J5 A4 218 Hiss hn , GZ . T) NX 7K F5 L&
HAEHE RO AL IR R pH [ R YERRTE 6 2247, M
L 7K = 35 D04 28 0 A b BRSO A 565 5 d T BR &
BEFREEH, pH (EAMEAFAE 5 IT o B2 TIRESK
P SE P LA RV A i DR AT B, & 1y v
A KE/ N FA VLR pH.

72 2 SRR SPSS17.0 45 H i A [ e 5 Ab B R
pH [ Fe( I ) B &2 (B A M BT Es . W LR
R E A BIE AR R pH [R) Fe T ) e BE 18] A AH G
AN, H AT REAL BN FLER SR AL P, — 38 2 (Al EA

%2 AEBIFELAET pH E Fe( 1) RREZ BEAHEXE
Table 2 The correlation analysis between pH and the concentration

of Fe( 1 ) in different carbon sources

pH [ Fe( 1) SRAE Z AR S

'l‘rﬁ\tim The currelalior} between pH and Si;?if'z;[ice

accumulation of Fe( Il )

XTHE CK -0.058 0.688
M Glu -0.629% 0.000 1
FLEER Lac —0.557%% 0.000 1
LBRER Ace -0.336% 0.015
NERERER Pyr -0.346% 0.014

TE 0 FOR P<0.01,* /R P<0.05.
Note: ** Significant at P<0.01 levels, * significant at P<0.05 levels.

LF IR 2R (P<0.01) , ZBREL AP R B3k 40 B
TAFE R U O R (P<0.05) , T X B AL B, —
B, UL s T IR R 7 A pH
A Fe( I1) AR
2.4 TEEAMERE Fe(DFEZERXER

R TS A MR R R K K 7R K R R
JRZ IR, K SPSS17.0 XA SE B a1 T T
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Figure 2 The change of pH of paddy soil in anaerobic mud

Person FHOCHESM T . 3¢ 3 FOR2 L IEMEBTR] Fe( M)
TR 2 [A) A ARRAE (22 ] R A ek

M 3 AT LUE Y, JCE IR it A e Rl [
P a ZIAFAERN R 2 B TEAI DGO R | B Tk AR 1 rhm]
PRV Fe () 202 ToE I A AL ER , KA L rh E
FETE AR B & R OUE T IZ0KRS 11 Fe( T ik Jtvg

Poo a5 HERBEZ WA R E ARG, R ] LRk
K R BRAR I RE S HA T2 o NS o
AR R TSR AT ), BEIR L 25 S B
BREIEE , NI ERAE S RE ) o o [A] L8 pH (HZ
AL B 2% AR G, X -5 pH (Rl W H A
FIEARKRA K o R AR 22 EA

3 MR Fe(DERMEX ST

Table 3 Pearson’s correlation between characteristic variables and Fe( Il ) reduction of soil slurries

T H WL e e =S R T Tk ¥IlE pH
Item “ Ve Ty Organic Carbon Total N Total P Free iron Amorphous iron Initial pH
a 1 0473*  -0.134 -0.179 0.507+ -0.655%* 0.409 0.6427% -0.500%*
Ve 1 ~0.583% 0.248 0.246 -0.334 0.185 0.344 -0.255
T 1 -0.580% -0.153 -0.028 -0.146 -0.155 -0.121
EERiIRq 1 0.144 0.006 0.122 0.188 0.180
SR 1 -0.361 0.979%% 0.893%% 0.059
Xl 1 -0.169 —0.732%% 0.829%
ek 1 0.784%% 0.235
JoE Bk 1 -0.339
Witk pH 1

¥ IR P<0.01,% 3R P<0.05. Note:** Significant at P<0.01 levels, * significant at P<0.05 levels.
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IKAE LTI N B R ER A AL BR . 26 = 284bHRRE GZ.T) .
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Eh \GZ IKFE L 0t BRI A 2 A A 3 . GZ /KA
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R, X AN O P o 2 W AR DA P 7 R e 7 A B
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Figure 3 Hierarchical clustering of different carbon sources on

their Fe( Il ) reduction characters
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