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Arsemc Methylatlon Efﬁc1ency Changes During Paddy Sonl Drying and Its Key

Inﬂuencmg Factors . Analysis
ZHANG Yugks LifTing 3", WEN Jiong®, ZENG Xi'hai ' SU Shi mmg*‘

(1. Key Labbratory of Agro-Environment, Ministry of Agriculture and Rural Affairs, Institute of Environment and Sustainable Development in Agriculture, Chinese Academy of
Agricultutal Sciences, Beijing 100081, China; 2. Yueyang Agricultural Environment Scientific Experiment Station, Ministry of Agriculture and Rural Affairs, Yueyang
Academy of Agricultural Sciences, Yueyang 414000, China)

Abstract; The straight head disease of rice is one of the main problems limiting rice production. Arsenic ( As) methylation in paddy soils is considered to be highly related to
the occurrence of the straight head disease. As a typical field practice, rice fields are usually drained during the late tillering stage and the mid-late grain filling stage.
Nevertheless, the key influencing factors on the As methylation efficiency during paddy soil drying remain unclear. In this study, an indoor cultivation experiment was set up
to simulate the drying process of paddy soil. Two As-contaminated soils collected from Xingren (XR) in Guizhou province and Nandan (ND) in Guangxi province were used
as test soils. Each soil was treated with the addition of rice straw (RS) and without rice straw (CK). With the drying of paddy soil (0, 24, 36, 48, and 60 h) , the changes
in soil Eh, pH, total organic carbon (TOC), and As chemical species in the porewater were determined. The abundance of the As methylation functional gene (arsM) ,
sulfate-reducing bacteria ( harboring dsrd, As methylation-related microorganism) , and methanogens ( harboring merd, As demethylation-related microorganism) , as well as
the diversity of arsM-harboring microorganisms, were also observed. The results showed that during the process of drying paddy soil, soil Eh changed from -300- -200 mV
under complete flooding to - 150- —50 mV after drying; however, the change in soil pH was not obvious. The concentrations of inorganic As (iAs) and dimethylarsenic
(DMAs) in porewater significantly increased (P <0.05) with the drying process. Additionally, the concentration of DMAs in the RS treatment was prominently higher than
that in CK. Compared with XR soil, the concentration of DMAs in ND soil was higher. As a function of soil drying time, the As methylation efficiency of XR soil (XR-CK and
XR-RS) slightly increased but was not significant (P >0.035), whereas the As methylation efficiency of ND soil (ND-CK and ND-RS) increased significantly (P <0.05).
After the drying time reached 60 h, the As methylation efficiency of ND-CK and ND-RS increased by 61. 8% and 23.2%, respectively, compared with those at the early stage
of drying (0 hours). The copy numbers of the arsM and dsrA genes greatly increased with the extension of drying time, whereas an opposite trend was observed for the copy
number of the merA gene. Furthermore, the addition of straw obviously increased the gene abundance of whole bacteria and arsM-, dsrA-, and merA-harboring bacteria. Based
on the multi-factor analysis of variance and the redundancy analysis, it was found that the test soil type, straw addition, drying time, and their interaction had a critical
influence on the changes in As species, As methylation efficiency, and the gene abundance in soils. TOC, Eh, and the functional genes associated with As methylation were
positively linked with the methylated As content in soil porewater but negatively correlated with that of iAs. According to the sequence of the arsM-harboring microbe, it was

clearly demonstrated that a community shift of As-methylating microbe occurred with the soil drying. Here, the following conclusions were derived; (D) the drying process did
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not lower the As methylation efficiency in paddy soil. On the contrary, in this study, the As methylation efficiency, especially that for ND soil, remarkably improved. The

addition of straw notably promoted the As methylation efficiency and the content of DMAs in porewater. 2) An increasing tendency was observed for the abundance of microbes

related to As methylation, whereas a reverse trend was indicated for microbes related to As demethylation. The community shift of arsM-harboring microbes might be the crucial

reason for the improved As methylation efficiency during the soil drying. These observations contribute to a better understanding of the As methylation process during paddy soil

drying and will shed light on the future mitigation of rice straight head disease in paddy soils.

Key words: porewater; As methylation efficiency; rice straw; As-methylating gene (arsM) ; sulfate-reducing gene (dsrA)
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Table 1 ~ Geochemical property of experimental soils

WARVIE =LY XR 1 ND -4
pH 5. 60 6.12
(AW /g kg ™! 34.7 43.4
o(EH)/g-kg™! 3.18 3.41
o( &) /g-kg ™! 2.37 0. 46
(&) /g-kg ™! 7. 66 15.6
o(KIER) /mg-kg ™! 236 384
o (W) /mg-kg ™ 10.7 29. 1
©(GHERLHT) /mg-kg ™! 153 230
o( &) /mg kg ™! 73.1 35.4
(&8 /g-kg™! 118.9 27.1
o( &) /g kg ™! 1.28 0.35
o( &) /g kg ™! 0. 68 0.37
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Fig. 1 Changes in soil Eh and pH with paddy soil drying
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Fig. 5 Changes in copy numbers of bacteria, archaea, and other genes associated with As methylation with paddy soil drying
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Table 2 MANOVA of soil, rice straw, drying time, and their interactions influencing each response factor
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arsM <0.001 0. 001 0. 585 0. 006 0.638 0. 803 0.703
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Fig. 7 The B diversity of arsM-carrying bacteria of the paddy soil under different treatments and the comparative LEfSe analysis
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