2026, 66(6): 2745-2756 G =i
CSTR: 32112.14.j.,AMS.20250777 Acta Microbiologica Sinica
DOI: 10.13343/j.cnki.wsxb.20250777 http://journals.im.ac.cn/actamicrocn

Research Article Bt &

iy SRS A5 (15 TR R R I T A
Y-S50 AT

B 12, RS BT 2 AR

| RN, fRd s WA IR S PR B A S0, Rl AsdH
2 RIS MR, AR AR
3 WVLAEBe PSR, AR AR

PR, MRS, A7, ARZIORT . AEL RIS A VTR 11 9 4t A [ % B - S P A PR 30 I R RS2 i [ ] B 2741k, 2026, 66(6):
2745-2756.

HE Tiejun, YE Guiping, YANG Ping, LIN Yongxin. Vegetation types affect nitrite reductase genes in soils at different depths of the
Minjiang River estuary wetland[J]. Acta Microbiologica Sinica, 2026, 66(6): 2745-2756.

O E: [86) BEEHRILZFTEZHEAT QAR , R GEIRE nirS F= nirk 5% AL3#EF
o) HHEAR A A AR R A T8 i AR BRSNS A AR RO RO R F R R AL e AR R,
{e X AE R AR & e . D7) vABIT O aaktsk, ZRKE, Eet T X, 5 F 4 RAHK
0 BARTE A AR R AT R, 4 0-10. 10-20. 20-30 cm & B R & L3EAE S, R KL E PCR
PR nirS Fo nirkK KB FE, F)F FAARMALE Fo A0 KA 5T EAT nirS Fo nirk 35 B 4 T 238
FHEF., (ER)AFHEBEERIE nirS A nirKk AR FEH I ESHTRERE, AFFERE
I3E nirSFenirK AR FE RS, MELEME, nirSfenirK £ E R E TR, ZIEHEB<LE
BT, A& X3EP nirS/nirK BB KT 5, &K nirS B R FEILE B E. B R EE LIE nirS/
nirk WAL &, T 452 w1 T 2 T 5 4 A MUk (dissolved organic carbon, DOC) 4 & &Kt nirk & #
TR H] . ARSI R T, LIRBFRR pirS o nirk FEG R EZIRHE T, Mmik AL
5 nirSinirkK WAL AL, S HIREH TS & nirS Fonirk AR, W 5k XS EAH A TS nirS/
nirk vedd. (454 MW ER L5+ BiRE @A 23R4, DOC. oy e FBLH LR D
T IO RR TR L RAR G RAEL, AR AMBIRET E R AR FIRSE

XA TR MR AAE; EBEE; R

BEONIH « 5K E AR 52 (42377301)s VTS B 51 HE A FRFEIH (MIY20012)

This work was supported by the National Natural Science Foundation of China (42377301) and the Talent Introduction Program of
Minjiang University (MJY20012).

*Corresponding author. E-mail: yxlin@fjnu.edu.cn

Received: 2025-10-16; Accepted: 2025-11-24; Published online: 2025-12-10



2746 HE Tiejun et al. | Acta Microbiologica Sinica, 2026, 66(6)

Vegetation types affect nitrite reductase genes in soils at different
depths of the Minjiang River estuary wetland

HE Tiejun'?, YE Guiping’, YANG Ping"?, LIN Yongxin"*"

1 Fujian Provincial Key Laboratory for Subtropical Resources and Environment, Fujian Normal University, Fuzhou,
Fujian, China
2 School of Geographical Sciences, Fujian Normal University, Fuzhou, Fujian, China

3 College of Geography and Oceanography, Minjiang University, Fuzhou, Fujian, China

Abstract: [Objective] Coastal wetlands are important natural sources of nitrous oxide (N,O), and
the distribution of denitrification genes nirS and nirK directly influences their N>O emission
potential. Vegetation types can significantly regulate the abundance of these genes by altering soil
physicochemical properties and carbon-nitrogen availability, while the underlying mechanisms
remain unclear. [Methods] Soils were collected from five representative habitats—Kandelia
obovata (mangrove), Spartina alterniflora, Cyperus malaccensis, Phragmites australis, and
unvegetated mudflat—in the Minjiang River estuary wetland at depths of 0-10, 10-20, and
20-30 cm. The abundance of nirS and nirK was quantified by real-time quantitative PCR, and their
environmental drivers were analyzed through random forest modeling and correlation analysis.
[Results] The abundance of nirS and nirK in all the vegetated soils was significantly higher than
that in the unvegetated mudflat, with the highest values observed in the surface soil (0—10 cm)
under P. australis. Both genes showed significantly decreased abundance as the soil depth
increased, presenting a distinct surface enrichment effect. The nirS/nirK ratio was greater than
5 across all soil samples, indicating the dominance of nirS-type denitrifiers. The mangrove surface
soil exhibited the highest nirS/nirK ratio, likely due to low dissolved organic carbon (DOC) levels
limiting nirK-type denitrifiers. Random forest analysis identified soil electrical conductivity as the
primary driver of nirS and nirK abundance, while available phosphorus (AP) was the dominant
factor influencing the nirS/nirK ratio. High salinity promoted the enrichment of both genes,
whereas high AP concentrations increased the nirS/nirK ratio. [Conclusion] Vegetation type and
soil depth jointly shape the distribution patterns of nitrite reductase genes in the Minjiang River
estuary wetland by regulating soil salinity, DOC, and nutrient availability. The results provide
insights for nitrogen cycle management in coastal wetlands.

Keywords: estuary wetland; mangrove; Spartina alterniflora; soil depths; denitrification
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Table 1  Soil physicochemical properties under different vegetation types

Vegetation  Soil pH Total Total Dissolved NH,-N/ NO;™-N/  Available Electrical
types depth/ carbon/ nitrogen/ organic (mg/kg)  (mg/kg)  phosphorus/  conductivity/
cm (g/kg) (g/kg) carbon/ (mg/kg) (mS/cm)
(mg/kg)
EAR RN 0-10 670+  17.11% 131+ 61.15+ 4.19+ 0.13+ 11.61+ 3.67+
Kandelia 0.04Ba  1.47BCa 0.12Ba 3.06BCa 0.35Aa 0.02Cb 2.85Aa 0.23Ba
obovata 10-20 6.76+ 15.38+ 1.19+ 86.98+ 430+ 0.10+ 14.22+ 3.36+
0.07Ba  1.41Aa 0.10Ba 12.78 ABa 0.41Ba 0.03Bb 3.48Aa 0.18ABa
20-30 6.87+ 14.30+ 1.13+ 92.65+ 421+ 0.27+ 10.29+ 3.43+
0.06Ca  0.91Aa 0.04Ba 28.81Ba 0.29Ba 0.01Da 2.28Ba 0.37ABa
TR 0-10 671+ 18.67+ 1.48+ 176.62+ 5.08+ 0.37+ 7.34+ 3.95+
Cyperus 0.05Bb  0.49ABa 0.03Ba 39.98Aa 0.89Aa 0.00ABa 1.14ABb 0.14ABa
malaccensis 10-20  6.82+ 14.53+ 1.25+ 77.77+ 4.00+ 0.35+ 7.06+ 3.30+
0.05Bb  0.18Ab 0.02ABb 7.62ABb 0.14Ba 0.01Aa 1.35BCb 0.08ABb
20-30 7.07+ 14.24+ 1.20+ 126.35+ 5.16+ 0.37+ 12.45+ 2.88+
0.06Ba  0.50Ab 0.02Bb 3.97ABab 0.23Ba 0.0lABa 1.07Ba 0.12Bc
HAKTE  0-10 6.98+ 15.37+ 1.29+ 97.40+ 5.33+ 041+ 12.74+ 4.25+
Spartina 0.0lAb 0.51Ca 0.04Ba 5.70Bb 0.26Ab 0.02Aa 2.22Aa 0.20Aa
alterniflora 10-20  6.84+  14.89+ 1.17+ 101.14+ 5.82+ 0.38+ 16.53+ 3.01%
0.10Bb  0.27Aa 0.01Bb 16.39Ab 0.31Aab  0.02Aab  1.36Aa 0.23Bb
20-30 7.28+ 14.35+ 1.14+ 158.46+ 7.92+ 0.33+ 17.36+ 2.20+
0.04Aa 0.22Aa 0.02Bb 20.94Aa 1.16Aa 0.01Cb 1.48Aa 0.17Cc
P 0-10  6.67+  20.33% 1.67+ 86.08+ 4.93+ 0.33+ 12.54+ 424+
Phragmites 0.04Bb  0.78Aa 0.06Aa 9.23BCa 0.29Aab  0.01Bb 1.37Aa 0.06Aa
australis 10-20  6.80+ 15.48+ 1.35+ 63.40+ 431+ 0.38+ 11.41+ 3.71+
0.02Ba  0.23Ab 0.02Ab 6.76Ba 0.04Bb 0.01Aa 1.10ABa 0.09Ab
20-30  6.88+ 15.29+ 1.32+ 80.98+ 5.24+ 0.40+ 8.24+ 3.53+
0.02Ca  0.37Ab 0.03Ab 12.61Ba 0.36Ba 0.01Aa 2.09Ba 0.09Ab
pUR: 0-10  7.02+ 1.82+ 021+ 3234+ 428+ 0.33+ 3.99+ 1.88+
Bare tidal 0.08Aa  0.29Da 0.03Ca 3.46Ca 0.07Aa 0.00Bb 0.60Ba 0.11Ca
flat 10-20  7.06+ 1.12+ 0.13+ 25.72+ 3.68+ 0.35+ 1.87+ 131+
0.08Aa  0.41Bab 0.02Cb 3.13Ca 0.17Bb 0.01Aa 0.46Cb 0.08Cb
20-30  7.02+ 0.77+ 0.09+ 10.59+ 3.73+ 0.35+ 2.37+ 1.16+
0.08BCa 0.21Bb 0.02Cb 1.30Cb 0.16Bb 0.01BCab 0.44Cb 0.06Db
Vegetationtypes sk skksk ek skl sk skksk sk ek
SOll depth skksk kksk skeksk ns k skksk ns skksk
Vegetation typesx *x * ns HE * ok ns ok
soil depth

The values in the table are expressed as meantstandard error (n=5). Different uppercase letters within the same soil layer denote
significant differences among vegetation types, while different lowercase letters within the same vegetation type indicate significant

differences across soil layers. *: P<0.05; **: P<0.01; ***: P<0.001; ns: No significant difference. The same below.

ik 176.62 mg/kg, BFHE THAMEBSEA DG 20.33 g/kg 1 1.67 gikg, BFEHTHAKE, 20
- PEE BN TC MTN SrEfm, 0 WOAMREOGME 1 B AR R B0 E S AR R
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Figure 2 Copy numbers of nirS gene in different
different types.
Significant differences between different vegetation

soil layers under vegetation

types and soil layers were tested using one-way
analysis of variance (one-way ANOVA) and the least
significant difference (LSD) method (P<0.05). Error
bars represent the standard error of the mean (SEM,
n=5). Different uppercase letters in the same column
indicate significant differences between different
vegetation types in the same soil layer (P<0.05),
while different lowercase letters indicate significant
differences between different soil layers of the same

vegetation type (P<0.05). The same below.
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Figure 3 Copy numbers of nirK gene in different

soil layers under different vegetation types.
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x2 EWAEBRMTEREREZEERNnirK. nirSEnirS/nirKEEFFEMHUNE RS Z 27
Table 2 Two-way ANOVA of the effects of vegetation type, depth and their interaction on the abundance of

nirK, nirS and nirS/nirK genes

Genes Vegetation types Soil depth Vegetation typesxsoil depth
F P F P F P
nirS 41.178 0.001 52.071 0.001 2.875 0.009
nirk 36.936 0.001 50.861 0.001 2.610 0.016
nirS/nirk 5.195 0.001 2.591 0.083 2.527 0.019
A B
ECt ok EC | *% ¢ AP ok
%0 TN | * .%0 TC *k %D TN ns
5 TCt *x 5 TIN} wk 5 EC} ns
% DOC * q“i: pH | * % NH," t ns
w  pHF| ns » DOC * w TC} ns
£ AP} ns g AP} ns £ DOC t ns
& NH," | ns £ NH, | ns £ pH} ns
NO, | ns . . . NO," | ns L NO, [s . . .
0 5 10 15 20 25 0 5 10 15 20 25 30 -5 0 5 10 15
Increase in mean square error/% Increase in mean square error/% Increase in mean square error/%

E5 BENARMER TN B UM R X nirS (A)s nirK (B)EE KnirS/nirK (C)MIMET EZE M

Figure 5 Relative importance of soil physicochemical properties in the prediction of the nirS (A), nirK (B)
genes, and nirS/nirK ratio (C) by the random forest model. TC: Total carbon; TN: Total nitrogen; DOC: Dissolved
organic carbon; NH4-N: Ammonium nitrogen; NO;™-N: Nitrate nitrogen; AP: Available phosphorus; EC:

Electrical conductivity. The same below.

[] Positive correlation  [I] Negative correlation

A B C
EC pH EC pH
%%
AP TC AP AP ok TC
* *
* *
* *
NO;~ TN NO," NO;~ ™
NH," DOC NH," DOC NH," DOC
Q% b % 9 X% b B Q Q% b % Vv X b6 B Q Qb b X V) v X 60 D5 Q

S BINNAN GOSN DEANNINANENENAEN SN RRNSNENANENNAANA NN

E6 nirS (A)\ nirK (B)ERE KnirS/nirK (C)5 T IR FRAHE XM
Figure 6 Correlation between nirS (A), nirK (B) genes and nirS/nirK (C) and soil physicochemical properties.
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