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Biological mechanism of dry-wet alternation frequency affecting organic nitrogen transformation in vadose zone//
QIU Yingying' , ZHENG Xilai'*?*, LIU Lecheng', HAO Yujie', MA Haoran' (1. College of Environmental Science and
Engineering, Ocean University of China, (ingdao 266100, China; 2. Key Laboratory of Environmental Geology and
Engineering of Shandong Province, Qingdao 266100, China; 3. Key Laboratory of Marine Environment and Ecology,
Ministry of Education, Qingdao 266100, China)

Abstract: To clarify the transformation mechanism of dissolved organic nitrogen ( DON) in vadose zone under alternating
dry and wet conditions, an intensive agricultural region within the Dagu River Basin was used as the study area, and indoor
experiments were performed to analyze dynamic changes in nitrogen content and its influencing factors ( soil physical and
chemical properties and microbial indicators) under varying frequencies of dry-wet cycles. The driving factors of nitrogen
transformation were identified through redundancy analysis, and a path model was established based on the relationships
among environmental factors, functional genes, and nitrogen transformation. The results show that DON undergoes rapid
ammonification, with an accumulation of NO;-N during the dry period that subsequently transforms into NO;-N and
NH;-N during the wet period, suggesting a dominance of nitrification processes during the dry period and denitrification
processes during the wet period across all dry-wet alternation frequencies. With an increase in the number of dry-wet cycles
in vadose zone from one to three times, the cumulative amount of NO;-N decreases during the dry period, while NO;-N
depletion has a more pronounced decrease during the wet period, resulting in the residual NO;-N content (the mass of
NO;-N in per kilogram of dry soil) increasing from 14. 28 mg/kg to 34. 16 mg/kg. Therefore, frequent dry-wet alternations
increase the potential risk of DON exacerbating groundwater nitrate pollution. The values of relative abundance of the
nitrifying genus Nitrospira in the dry period and the denitrifying genus Pseudarthrobacter in the wet period gradually decrease
with the increase of the dry-wet alternation frequency, and the values of abundance of related functional genes also show a

downward trend. Water content, redox potential, and dissolved organic carbon affect the expression of nitrogen
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transformation-related genes, thereby indirectly regulating the transformation behavior of DON under dry-wet alternations.

Key words: dissolved organic nitrogen; vadose zone; dry-wet alternation; nitrogen transformation; microbial community ;

Dagu River Basin
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Fig.1 Procedure of nitrogen transformation test
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Fig.2 Dry-wet alternation frequency
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Fig. 3 Dynamic changes of water content, redox potential, and DOC content
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Fig.4 Changes in nitrogen content under different dry-wet alternation frequencies
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TSR 2 R A WA T I 2 R R
PR e 7K Ak A5 v R B I B, 3 B K RIS i
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A, Bt 0 A AR B HE I, Te e 2 T A A
W, E YR B A B T SRR AT g
STV B SR T A ) A 3 A R R T
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Table 1 Microbial diversity and richness indexes under

different dry-wet alternation frequencies

I ST L dialoii S
Ace ¥8%0  Chao #58%% Shannon 5%k Simpson a8
CM(#B4]) 2122.566 2109.580 4.981 0.035
CM({EAR) 1852.081 1808.261 3.473 0. 065
DWI(FZK) 1906.942 1848.603 3.725 0. 060
DWI(JEA) 2214.289 2179.360 4.612 0. 044
DW2(T7) 1996.195 1942.127 4. 638 0.051
DW2(#EK) 2152.703 2046.780 5.172 0. 040
DW3(TA) 2034.010 1961.381 4.688 0.048
DW3(#EAR) 2188.651 1998.012 5.740 0.037
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Fig. 5 Change characteristics of nitrogen transformation

bacterium ( genus level) in dry and wet periods
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Table 2 Major nitrogen transformation-related

functional genes

. FEK = ( copies/g
RN lcopies/e).

amoA narA narG nirK nosZ
CM({2#]) 9530000 1435000 1366700 623000 952000
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Fig. 6 Redundancy analysis of nitrogen transformation
bacterium ( genus level) and environmental factors

under different dry-wet alternation frequencies
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Fig.7 Path model of environmental factors, nitrogen

transformation, and related functional genes
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