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Effect of biochar on iron reduction in paddy soils under controlled illumination condition

YOU Ping, JIA Rong, QU Dong”, TANG Jun—yao

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

Abstract: Photosynthetic cyanobacteria in paddy soils influence soil redox and thus iron oxidation-reduction via their oxygen—producing
process. Biochar may affect the habitats for these microorganisms. Here the effects of biochar additions on photosynthetic cyanobacterial
growth and redox balance at soil-water interface in paddy soil system were investigated. Three types of calcareous paddy soils amended with
biochar with different particle sizes were anaerobically incubated with or without illumination at constant temperature (30 °C ). Fe( Il ) con—
centration, pH, and chlorophyll a(Chl a) content were determined during incubation. Results showed that under no illumination, microbial
iron( Il ) reduction was promoted by biochar additions, but the particle size of biochar did not show significant effects. However, under illu—
mination, Chl a content in TJ, NX and SC paddy soils was reduced by biochar by 35.63%~67.47%, 39.66%~70.56%, and ~46.82%, re—
spectively, while light stimulated photosynthetic microorganism growth, thus causing Fe( I ) oxidation by 6.009~6.415 mg-g', 1.473~
2.058 mg- g™ and 3.037~3.693 mg- ¢ in TJ, NX and SC paddy soils, respectively. Moreover, biochar also promoted the iron oxidation under
illumination, but such promotion varied with different soil types and biochar particle sizes. Biochar with <0.25 mm and 0.25~0.5 mm parti—
cles showed greater promotion on iron oxidation than that with 0.5~1.0 mm and 1.0~2.0 mm in TJ and SC paddy soils, whereas the iron oxi—
dation by biochar was not obvious in NX paddy soil. Significant correlations existed between chlorophyll a, pH change and oxidized Fe( II ).

Keywords: biochar; photosynthetic microorganisms; Fe( Il ) reduction
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Table 1 Basic chemical and physical properties of soils used in experiment

TR RS BT O. M/ 4N Total N/ JoiEJE4E Amorphic B4k Free Fe/ 4534 Olsen—P/ .
: o -1 -1 -1 -1 -1 PH( 1:5)
Soil sample Classification g kg g kg Felg-kg g kg g kg
sc A UNERGRRVEIX. 48.9 245 3.08 11.69 13.03 7.34
TJ AL AR FE AR IX 204 1.24 2.03 10.68 13.90 7.75
NX B[y (P 33.91 224 2.22 7.59 27.34 7.62

R2 EMRNERAS

Table 2 Elementary composition of biochar

FEdh Sample  C/%wt  H/%wt — N/%wt O/%wt

R4y & Ash content/%wt

pH(Biochar:Water=1:5) H IR Surface area/m*-g™!

A% Biochar  72.38 2.62 1.19 23.81 13.98

10.43 86.70
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Figure 1 Changes in Fe( Il ) concentrations in paddy soils under anaerobic incubation after adding different particle sizes of biochar
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Figure 2 Changes of pH values in paddy soils under anaerobic incubation after adding different particle sizes of biochar
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&3 AMAEREENRLEHGI RN ZMESE (vxs)

Table 3 Parameters of Logistic model for photosynthesis process under different particle sizes of biochar(xs )

Logistic J7F£Z%/Logistic model parameters

1338 Soil AbFE Treatment Vi /mg kg™ +d™! Tymld
almg kg™ b e/d” r
TJ CK 6.479+0.167a 21.630+7.886 0.218+0.031 0.998 0.352+0.042a 13.97+0.296ac
<0.25 mm 4.279+0.265h 15.157+4.722 0.160+0.029 0.992 0.170£0.021be 16.96+1.122a
0.25~0.5 mm 3.985+0.316b 16.536+1.747 0.184+0.031 0.991 0.182+0.016b 15.44+2.030ab
0.5~1 mm 2.220+0.223¢ 6.572+0.379 0.179+0.046 0.965 0.098+0.016¢ 10.84+2.490¢
1~2 mm 2.176x0.093¢ 9.857+5.129 0.196+0.066 0.973 0.108+0.040bc 11.46x1.05be
NX CK 13.55+£0.413a 20.87+5.652 0.296+0.007 0.993 1.002+0.053a 10.20£0.695a
<0.25 mm 7.638+0.133b 11.60+1.457 0.338+0.024 0.987 0.646+0.057h 7.237+0.142¢
0.25~0.5 mm 7.649+0.234b 11.91£2.014 0.298+0.008 0.991 0.570+0.033b 8.289+0.347b
0.5~1 mm 7.749+0.057b 11.84+3.778 0.311+0.053 0.991 0.603+0.098b 7.882+0.301bc
1~2 mm 7.600+0.042b 9.292+1.084 0.281+0.018 0.993 0.534+0.031b 7.921+0.093bc
SC CK 9.035+0.74a 21.86+3.26 0.407+0.018 0.996 0.917+0.035a 7.585+0.697a
<0.25 mm 5.512+0.079b 9.722+1.475 0.24+0.086 0.982 0.461+0.052bc 6.828+1.284a
0.25~0.5 mm 4.949+0.253b 17.962+8.826 0.492+0.022 0.985 0.610+0.059b 5.719+0.783ab
0.5~1 mm 2.684+0.080c 4.647+0.483 0.426+0.019 0.936 0.286+0.004d 3.600+0.085b
1~2 mm 2.935+0.091¢ 7.768+1.190 0.456+0.134 0.923 0.336+0.109¢d 4.304+0.875b

TE o NEFRFRORZH R 5 8.3 (P<0.05).

Note ;: Different lowercase letters within a column in a soil type mean significant differences(P<0.05).
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Figure 4 Changes of AFe( I ) in paddy soils under lighted
anaerobic incubation after adding different particle sizes of biochar
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Figure 5 Bioplot of CCA ordinations for parameters of soil amended

with different particle sizes of biochar
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