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The influence of oxygen-carrying biochar on transformation of
redox sensitive elements in paddy soils
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Abstract: The dissolved oxygen (DO) is critical in the environmental behavior of redox sensitive elements in

paddy soil. In order to investigate the effects DO level on the transformation of nitrogen and arsenic, here we
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performed a 80 days experiment in a simulation experimental system and evaluated the dynamic of DO level,
Oxidation-Reduction Potential (Eh), nitrogen and As( [ll) concentration following the treatment of control
(without the addition of biochar or oxygen-loading biochar), biochar addition, and oxygen-loading biochar
addition in paddy soils, respectively. The results showed that the DO concentration in the overlying water of the
paddy soils in the oxygen-loading walnut shell biochar added group was significantly higher than that in the
control group and that without oxygen-loading throughout the experimental period. After 80 days, the
abundance of amoA gene in the paddy soils of the oxygen-loading walnut shell biochar added group was 4.58
times higher than that of the control, and the nitrate content in the paddy soils increased by 78.31%.
Meanwhile, the increasing in the abundance of nosZ that was responsible for converting N,O into N,, was
higher than n:rS and nirK, associated with 96.4% reduction in N,O emission. The abundance of arsenic oxidase
gene aioA in the paddy soils with oxygen-loading walnut shell biochar supplement was significantly higher than
that in the control. In the group amended with oxygen-loaded walnut shell biochar, As(ll) accounted for 34.2%
of the total inorganic arsenic content., which was significantly lower than that in the control group (84.3%) and
the walnut shell biochar added group (50.1% ). Overall, the oxygen-loading walnut shell biochar reduced As(1ll)
and depressed N,O emission in the paddy soils jointly from the improvement in DO and Eh, and regulating the
abundance of genes that involved in nitrogen and arsenic transformation.

Keywords: oxygen-carrying biochar; paddy soil; Arsenic contamination; nitrogen transformation; dissolved

oxygen (DO)
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Arch-
STAATGGTCTGGCTTAGACG

amoAF
amoA [27]
Arch-
GCGGCCATCCATCTGTATGT
amoAR
LIY-narG-f_ TCGCCSATYCCGGCSATGTC

narG (28]
LIY-narG-r GAGTTGTACCAGTCRGCSGAYTCSG

napA3F CCCAATGCTCGCCACTG

napA [29]
napA3R CATGTTKGAGCCCCACAG
cd3aF GTSAACGTSAAGGARACSGG

nirS [30]
R3 cd G TTCGGRTGSGTCTTGA
FlaCu ATCATGGTSCTGCCGCG

nirK (28]
R3Cu GCCTCGATCAGRTTGTGGTT

A AroAdeg2F GTCGGYTGYGGMTAYCAYGYYTA 51]
aio

AroAdeg2R YTCDGARTTGTAGGCYGGBCG
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Fig. 2 Variation trends of ammonia nitrogen, nitrate, total nitrogen and N,O in different treatment groups
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Fig. 5 Variation trends in organic nitrogen, nitrate nitrogen, ammonia nitrogenand As in soil among different treatment
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Fig. 6 Mechanism diagram of nitrogen and arsenic transformation mediated by oxygen-loaded biochar in the paddy soil system
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