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functional genes in soil profiles. CUI Rong-yang'?, LIU Gang-cai', HU Wan-li*, FU Bin®, CHEN An-qiang>" (1.Key Laboratory of
Mountain Surface Processes and Ecological Regulation, Chinese Academy of Sciences, Institute of Mountain Hazards and
Environment, Chinese Academy of Sciences and Ministry of Water Conservancy, Chengdu 610041, China; 2.University of Chinese
Academy of Science, Beijing 100049, China; 3.Agricultural Environment and Resources Institute, Yunnan Academy of Agricultural
Science, Kunming 650201, China). China Environmental Science, 2022,42(11): 5378~5386

Abstract: To explore the effects of nitrogen concentration in shallow groundwater and its water table fluctuations on the abundance
of soil nitrogen-transforming functional genes, taking the undisturbed soil profile from cropland around Erhai as the object, changes
in nitrogen concentrations and abundance of nitrogen-transforming functional genes in soil profiles under shallow groundwater table
fluctuations (SND) and continuous flooding (SNF) with conventional nitrogen concentration, and shallow groundwater table
fluctuations (OND) without nitrogen were studied. The relationship between soil environmental factors and abundance of functional
genes was discussed. The results indicated that, compared with the nitrogen concentrations in soil profile before the microcosmic
experiment, the total dissolved nitrogen (TDN) concentrations in SNF, SND and OND decreased by 44%, 21% and 30%, and NO; -N
concentrations decreased by 55%, 28% and 38%, respectively. Meanwhile, compared with the abundance of nitrogen-transforming
functional genes in soil profile in SND, the denitrification function gene abundances in OND and SNF decreased by 20% and 1%,
while the anammox function gene abundances increased by 68% and 7%, and the nitrification function gene abundances decreased
by 34% and increased by 23%, respectively. Changes in functional gene abundances were mainly driven by soil moisture content
(MC), NH,"-N, NO; -N and TDN. In conclusion, continuous flooding in soil profiles would significantly reduce dissolved nitrogen
concentrations, and changes in alternation of drying-flooding and nitrogen concentrations in soil profile caused by the nitrogen
concentrations in shallow groundwater and its water table fluctuations were the main drivers for changes in the abundance of
nitrogen-transforming functional genes.
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Table 1 Physicochemical properties of soil profile
e RIE . %u)l%\;wi‘f(mg/kg) N . HHUR FKE ?@ﬁ} HET
(cm) NH,'-N NO; -N TDN (g/kg) (g/kg) (%) (g/em”)

AL 0~30 433 17233 269.04 2.98 6.05 34.10 34.23 1.19 g
BJZ 30~45 3.72 139.96 186.89 1.40 6.43 12.00 36.68 1.82 Bt
CZ 45~70 3.14 100.88 118.86 0.47 6.13 2.79 30.89 1.76 e
D JZ 70~100 3.01 37.35 79.69 0.34 5.92 1.76 27.87 1.68 Wt

FH EH4E 30cm. & 110ecm {) PVC & R4E
100cm ¥ (K S5O K8 14 58,32 K40 20em 3% B AR
KT 30em I JE AT AR5 4 PVC & TR BT & T

BT+ 45 b 8 R f iy PVC & TS, H 25 H
PR TE LA PVC & Hh IR ER FRE R, H
B PVC & 3 A ] 100em; 5 o 7 T AEE
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KB W (NH, -N 0.5mg/L+NO; -N 30mg/L) i
KNO;. (NH4)SO,4 FIZEH /KL &

TR T 46 I, 70 A 7K A o0 N C I () B )2
R KK S A R T R TmL/min, 2 J5 4T
T 20 52 ¥ v I 3k K VRN A AN
KB B3 ANAL B SR R B R R (K 2
B2 7K 2 (R ¥ T 20 58 B HE K T HE 2 v A 3
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&2 ¢PCR BRIERY B3 |9F7
Table 2 Amplification primer sequences of target genes for gPCR

H br5E 519 51975 J B KN bp)
Arch-amoAF STAATGGTCTGGCTTAGAC
AOA-amoA 635
Arch-amoAR GCGGCCATCCATCTGTATGT
amoA-1F GGGGTTTCTACTGGTGGT
AOB-amoA 491
amoA—2R CCCCTCKGSAAAGCCTTCTTC
s cd3aF 5'-GTSAACGTSAAGGARACSGG-3' 15
nir,
R3cdR 5'-GASTTCGGRTGSGTCTTGA-3'
K nirK4F 5'-TTCRTCAAGACSCAYCCGAA-3' 300
nir.
nirK-6R 5'-CGTTGAACTTRCCGGT-3'
nosZ-Lb 5'-CCCGCTGCACACCRCCTTCGA-3'
nosZ 302
nosZRb 5'-CGTCGCCSGAGATGTCGATCA-3'
hszB AMX818F 5'-ATGGGCACTMRGTAGAGGGGTTT-3' 267
Sz
MX1066R 5'-AACGTCTCACGACACGAGCTG-3'
¥ [ s 3| T 45 3 G T & >
1.4 Hdl b r REAMYY B - ) 1 U S BT e R DR Ry 4
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Fig.1 Changes in nitrogen concentrations in soil profiles
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Fig.2 Changes in abundances of nitrogen—transforming functional genes in soil profiles
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Fig.3 Redundancy analysis (RDA) and structural equation modeling (SEM) of abundances of nitrogen-transforming function genes

and environmental factors in soil
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