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Coupling Characteristics of Carbon, Nitrogen, Phosphorus and Their Microbial

Driving Mechanisms in Tianjin Coastal Wetlands
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(1. College of Marine and Environmental Sciences, Tianjin University of Science and Technology, Tianjin 300457, China;
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Abstract: To deeply explore the core characteristics of how soil enzyme activity and microbial diversity drive biogeochemical
cycles, this study focused on a typical coastal wetland system the Tianjin coastal wetlands and systematically measured soil
physicochemical parameters, enzyme activity indicators, and microbial community structure characteristics. By integrating
correlation analysis, principal component analysis (PCA), and non-metric multidimensional scaling (NMDS), we elucidated
the coupling mechanisms among key soil enzyme activities (catalase, sucrase, dehydrogenase, etc.), environmental factors
(salinity, organic carbon, total nitrogen, total phosphorus), and microbial o/p diversity. The results revealed that the dominant
microbial taxa in wetland soils could be classified into 6 bacterial phyla and 21 fungal phyla, with Proteobacteria (maximum
abundance >85%) and Ascomycota (maximum abundance >90%) being the most predominant. However, regional and
vegetation microenvironments led to relative fluctuations in microbial community composition. Soil salinity showed
significant negative correlations with dehydrogenase (r = -0.80, P < 0.01) and sucrase activities (r = -0.48, P < 0.05). Total
nitrogen (TN) and total phosphorus (TP) exhibited significant positive correlations with soil organic carbon (SOC) (r =
0.58/0.61, P < 0.05). These findings reveal the inhibitory effects of salinization on wetland ecological functions from a

biogeochemical perspective, while confirming that high microbial diversity enhances ecosystem stability through functional
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redundancy mechanisms. This study provides theoretical support for multi-objective synergistic management in coastal

wetland ecological restoration.

Key words: Tianjin coastal wetlands, soil enzyme activities, environmental factors, correlation analysis, ecosystem functions
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Tab.1 Sampling location and sample characteristics

RS RERERA BEERA SKEM%  pH
D1B H AR B+ 1197 728
D2B P i 3546  7.20
D3B MR Bt 1116 734
D1F MR B 1257  7.30
D2F P i 3457 7.8
QlF P it 2492  7.38
Q2B P it 2886  7.42
Q3F P Rt 2608  7.45
B1B g% At 1864  8.17
B2B g% st 1335  8.04
B3B P Rt 2029 8.8
B3F P Rt 2131  8.16
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Fig. 1 Analysis results of physical and chemical properties in different sampling locations
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Fig. 2 Important soil enzyme activities
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Fig. 3 Species abundance at the phylum level and clustering phylogenetic tree of diversity at the genus level
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Fig. 4 PCA analysis and NMDS analysis
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Fig. 5 Correlations among soil characteristic variables
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