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Effect of initial pH value on microbial Fe (Il ) reduction in alkaline and acidic

paddy soils
WU Chao,QU Dong* ,LIU Hao

College of Natural Resources and Environment, Northwest Agriculture and Forestry University, Yangling , Shaanxi 712100, China

Abstract: The pH value is one of the most important factors affecting iron reduction in paddy soils. The objective of this
study was to determine how changes in initial pH affected iron reduction in paddy soils from Jilin (JL) and Jiangxi (JX)
provinces. Anaerobic incubations were conducted using (1) soil slurries and (2) mixed microbial cultures that had been
isolated from each soil type. The pH value of the alkaline JL. samples was reduced with Al,(SO,),. The pH value of the
acidic JX samples was increased using Na,CO,. The pH values of the soil slurries were strongly acidic (pH<5.0) , acidic
(pH 5.0—6.5), neutral (pH 6.5—7.5), alkaline (pH 7.5—8.5), and strongly alkaline (pH > 8.5). The mixed
microbial cultures were incubated in medium with pH ranging between 4.84—10.51. The Fe( Il ) concentration and pH
value of the samples were measured at regular intervals. A logistic model was used to analyze the characteristics of Fe( Il )
reduction. The results showed that iron reduction potential and the maximum rate of iron reduction decreased as the initial
pH value decreased. The time to reach the maximum rate of iron reduction increased as the initial pH value of the JL soil

slurry declined. The maximum rate of iron reduction in the JL slurry decreased by nearly 50% as the pH value decreased,

declining from (0.05+0.00) mg-g™-d™" at pH 10.51 to (0.02+0.00) mg-g'-d™" at pH 7.00. All amorphous iron oxides
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934 JAE = 34 %

were reduced in the JX paddy soils, although the maximum rate of iron reduction increased and the time to reach the
maximum rate of iron reduction decreased as the initial pH increased. The maximum rate of iron reduction in the JX soil was
highest ( (0.46+0.04) mg-g™~d™") and the time to reach the maximum rate of iron reduction was shortest ( (3.65+0.21)
d) at pH 8.19. There was a highly significant positive correlation between the maximum rate of iron reduction and the initial
pH value of both soils (JL r= 0.897, P=0.000; JX r =0.903, P=0.000). Mixed microbial cultures from both the JL and
JX soil reduced all ferric iron, regardless of the initial pH value. It finally indicated that the iron reducing ability of
microbial communities from both paddy soils were similar during the early stages of incubation but became different during
the later stages. This observation provided support for the idea that facultative iron-reducing bacteria contribute to iron
reduction in paddy soils. In the mixed cultures, the initial pH value increased. This was especially evident in the JX soil
where the time to reach the maximum rate of iron reduction increased nearly six-fold, from (7.49+0.03) d at pH 4.84 to
(45.2+0.3) d at pH 10.51. The maximum rate of iron reduction by the JL. microbial community was negatively correlated
with the initial pH value (r=-0.838, P=0.000). The maximum rate of iron reduction was highest at pH 6.00. The
maximum rate of iron reduction by the JX microbial communities was highest at pH 4.84. There was a significantly negative
correlation between the maximum rate of iron reduction and the initial pH value of the JX microbial community (r=-0.913,
P=0.000). In conclusion, the effect of initial pH and soil type on iron reduction was significant in paddy soils. The initial

pH has a certain influence on microbial communities and soil components.

Key Words: initial pH; paddy soils; dissmilatory iron reduction ; anaerobic incubation of slurry and microbial communities
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Fig.2 Change of Fe( Il ) content and pH value decreasing pH value in JL incubated for 60 d
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Table 1 Dynamic fitting results of Fe ( Ill) reduction in paddy soil slurry under different initial pH value conditions ( x +s )

Kb FR Logistic T2 # Logistic model parameters Vs Tymax
Treatments a/(mg/g) b ce/d7! r /(mg-g™+d™") /d
JL2 2.37+0.02 6.19+0.04 0.09+0.00 0.985 0.05+0.00 20.1+0.5
JL 1 2.14+0.14 7.50+0.67 0.09+0.01 0.983 0.05+0.00 22.8+2.4
JL1’ 2.30+0.26 9.95+1.30 0.07+0.00 0.982 0.04+0.00 32.7+4.0
JLO 1.63+0.66 8.93+£3.37 0.06+0.01 0.980 0.02+0.00 37.6+16.0
JL-1 0.26+0.03 0.85+0.26 0.04+0.02 0.940 0.00+0.00 -
JX-2 3.35+0.05 8.41+0.71 0.21+0.01 0.981 0.18+0.01 10.2+0.2
JX-1 3.37+0.06 7.00+0.79 0.38+0.04 0.971 0.32+0.04 5.1+0.4
X0 3.24+0.02 5.51+£0.84 0.35+0.05 0.965 0.28+0.04 4.9+0.3
X1 3.36+0.04 7.39+0.66 0.55+0.05 0.955 0.46+0.04 3.6+0.2
JX 2 3.35+0.06 7.97+0.84 0.54+0.07 0.963 0.45+0.05 3.7+3.8
=" RORTEREEERE L EAkG IX T
F2 AEABHEEGFTRERERIRE V,, HARECERE
Table 2 Dissimilarity matrix of V. in paddy slurry under different pH value conditions
RS Euclidean Distance
SRR E [iz3i5 ok TP SR
Strongly acidic Acidic Neutral Alkaline Strongly alkaline
DR iR Strongly acidic 0.000
2tk Acidic 0.026 0.000
H1#: Neutral 0.172 0.177 0.000
Bt Alkaline 0.143 0.143 0.041 0.000
iR G Strongly alkaline 0.284 0.287 0.113 0.144 0.000
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JFF 20 d ZEA7 R EIHAE ; DI 4R pH {E 7.00 F1 8.00 (1)
PIRETE 16 d i 28 (& # R EE—3, 16 d J5 pH
{E 7.00 /4 Fe ( I1) ¥ B 34 I B = F pH {H 8.00, M
AKEFET 35 d SA RN AE ; pH {8 9.00 F1 10.51 B 16 d
FTHE K SHARL, 16 d J5 pH i 8 2 39 ik - 2%, {H
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Fig.4 Changes of iron reduction ability of microbial communities and pH value in the two paddy soils during 60 d in different initial pH
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Rigek 2 p e A, T, M pH {H 4.84 11 (7.49+0.
03) d #EK % pH {H 10.51 A4(45.2+0.3) d, 30 T3
6 fi5, MR, V,, B & P) 4G pH (A 0 I = i B
FEA 28 HAE FHRRUR 2807 25 AR B T HE 5% 1 i
FHEKE FHI4G pH {E(P=0.000) JKA8 04 Wit
VAL (P=0.000) DL K 9 # 22 HAEF (P =0.000) Xf
Voo SN R JL A RIS YV, TE pH (E 6 I
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e, pHH 4.84 5 6.00 BfAY v, 2Z58/N HY
pH {4 7.00—10.51 B 22 F B W8 K, pH {H 8.00
F19.00 A—ECHE /N, pH {H 4.84 F110.51 AR
— R, Wik, R 4G pH (S N, 9146
pH {EXF 7K 1 s A W HE % 040 i e 00 78 W1 i 1Y
TSN, JL A YRR 7ERI 4G pH {H 6.00 kiR
JLRE 1A, IX BAE WV WITE pH {H 4.84 B fefd: .

£3 TEME pH EEH T KRB LMENERZTR Fe( ) TN NEBEER

Table 3 Dynamic fitting results of Fe ( I ) reduction for microbial communities in paddy soil under different initial pH value

eI e Logistic 7T 22 ${/ Logistic model parameters v Ty B %
i M.icrnhial Treatments a/ b od-! . /(ugomld ) /d Iron reduction
iquid sources (pg/mL) rate
JL pH 4.84 818.1+8.1 16.32+0.77 0.09+0.00 0.986 17.9£0.5 31.93+0.71 115.2+1.1
pH 6.00 750.4+6.4 28.24+1.63 0.12+0.00 0.990 21.6+0.5 29.06+0.24 105.7+0.9
pH 7.00 781.8+12.8 22.55+1.57 0.10+0.00 0.985 19.8+0.6 30.73+0.78 110.1+1.8
pH 8.00 747.7+6.2 15.62+0.14 0.08+0.00 0.988 14.8+0.1 34.73+0.08 105.3+0.9
pH 9.00 773.4+9.3 14.44+0.48 0.06+0.00 0.972 12.0£0.2 42.89+0.29 108.9+1.3
pH10.51 799.3+6.6 13.81+0.28 0.06+0.00 0.983 11.1+0.3 47.15+0.38 112.5+0.9
X pH 4.84 689.3x1.6 65.79+2.92 0.56+0.01 0.993 96.3+1.6 7.49+0.03 97.1+0.2
pH 6.00 686.6+3.4 67.53+1.49 0.50+0.00 0.998 85.8+0.5 8.43+0.03 96.7+0.5
pH 7.00 711.9+2.1 43.40+5.10 0.20+0.01 0.998 34.9+1.5 19.22+0.22 100.2+0.3
pH 8.00 709.4+6.6 26.20+0.80 0.15+0.00 0.998 26.1+0.3 22.18+0.20 99.9+0.9
pH 9.00 699.0+6.8 40.90+4.43 0.14+0.01 0.998 24.9x1.2 26.06+0.74 98.4x1.0
pH10.51 751.2£11.0 21.60+0.75 0.07+0.00 0.993 12.8+0.2 45.15+0.31 105.8+1.6
R4 TF pH BEGTRENHZRLER V,,,, R ERE
Table 4 Dissimilarity matrix of microbial iron reduction V. under different pH value conditions
WU B Euclidean Distance
pH 4.84 pH 6.00 pH 7.00 pH 8.00 pH 9.00 pH 10.51
pH 4.84 0.000
pH 6.00 11.137 0.000
pH 7.00 61.416 50.903 0.000
pH 8.00 70.220 60.023 10.102 0.000
pH 9.00 71.625 61.614 12.668 3.019 0.000
pH 10.51 83.757 73.714 23.744 13.827 12.132 0.000
3 e -+ pH {EI R, S Hs B, AP B

31 PRESRRIRG B SRR b pH ERYE AL
MR MK R LUK S pH ERGEE E IV, LUS Z ik
FIP-A7 5 o K AE L pH (EICH 78 AL Sl e KA

SO BRI A LB A iR
A AR S B R A ZUFE T T TR AR R
BT, S pH BT R A PSR AR
HHLER A CO,, W + 1 pH (HFEAK, FTLL, R
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