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Short-term effects of nitrogen and phosphorus additions on soil enzyme activities

and enzyme stoichiometric ratios in estuarine wetlands
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Abstract; Nitrogen (N) and phosphorus (P) are essential nutrients that regulate terrestrial ecosystem productivity and
shape the structure and function of soil microbial communities. Their continuous input not only directly affects the energy
and nutrient balance of wetland ecosystems but also induce indirect effects through complex biogeochemical processes. As
transitional zones between land and sea, coastal estuaries are highly sensitive to environmental changes and represent

relatively fragile ecosystems while also serving as sinks for N and P from terrestrial and atmospheric sources. In recent years,
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human activities have intensified N and P loading, significantly increasing their bioavailability within these ecosystems.
However, the specific mechanisms by which these changes affect soil enzyme activities and nutrient balance in coastal
estuarine wetlands remain poorly understood. To address this knowledge gap, we conducted in-situ experiments in the Min
River estuarine wetland, investigating the effects of exogenous N, P, and combined N+P additions on soil enzyme activities
and enzyme stoichiometric characteristics. The results indicated that: (DCompared with the control treatment, N, P, and N
+P treatments significantly enhanced the activities of B-1, 4-glucosidase and cellobiose hydrolase in wetland soils ( P<
0.05), with the most pronounced effects observed under N addition, leading to increases of 313.66% and 78.38%,
respectively. The activities of B-1, 4-N-acetylaminoglucosidase and leucine aminopeptidase exhibited opposite responses
under different treatments. -1, 4-N-acetylaminoglucosidase activity increased by 19.49% and 6.35% with N and P
addition, respectively, but decreased by 8.27% under the N+P treatment. Conversely, leucine aminopeptidase activity
decreased by 34.17% and 21.32% with N and P addition, respectively, but significantly increased by 66.87% under N+P
treatment. Alkaline phosphatase activity exhibited minimal changes, increasing by 2.47% with N addition but decreasing by
18.3% and 4.66% with P and N+P addition, respectively, with none of these changes reaching statistical significance.
Furthermore, N, P, and N+P treatments significantly increased the enzyme carbon-nitrogen ratio and enzyme carbon-
phosphorus ratio (P<0.05) , with the most substantial increase observed under N addition. @Enzyme stoichiometry analysis
indicated that microbial communities in the Min River estuarine wetland soils are co-limited by N and carbon ( C). Although
short-term N and P additions enhanced microbial nutrient responses, they did not completely alleviate N limitation. Instead,
they exacerbated C limitation, suggesting a shift in microbial resource allocation under nutrient enrichment. (3 Correlation
and redundancy analyses demonstrated that exogenous N, P, and N+P inputs regulated soil enzyme activities and enzyme
stoichiometry through key soil properties, including the soil C:N ratio, available P, microbial C, and organic matter. These
findings deepen our understanding of nutrient cycling mechanisms in wetland ecosystems and provide critical insights for
predicting wetland responses to environmental change. Additionally, they offer valuable guidance for developing effective

conservation and management strategies aimed at maintaining the ecological functions of coastal wetlands.

Key Words: nitrogen and phosphorus addition; soil enzyme activity; enzymatic stoichiometry; nitrogen limitation
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Table 1 Effects of N and P additions on the physico-chemical properties of wetland soils

e x4l A B RS AT
Parameters Control N addition P addition Combined N and P addition
pH 7.11+0.11a 7.14+0.10a 6.99+0.08a 7.03+0.10a
K F Moisture/ % 68.07+7.34a 75.96+8.53a 71.16+12.33a 69.27+5.25a
257 Bulk density/ (g/cm®) 0.92+0.03a 0.87+0.08a 0.91+0.12a 0.92+0.06a
F P Organic matter/ % 6.60+0.62a 6.66+0.42a 6.72+0.18a 6.59+0.11a
£ Salinity/ %o 0.46+0.05b 0.71+0.08a 0.67+0.12a 0.74+0.13a
JBK Total carbon/ (g/kg) 12.55+0.67a 13.23+0.87a 12.55+0.66a 12.70+0.40a
JA Total nitrogen/ ( g/kg) 1.23+0.05a 1.56+0.08a 1.33+0.08a 1.41+£0.07a
JLH% Total phosphorus/ ( mg/kg) 664.15+21.44h 660.08+39.24h 758.45+64.06a 768.37+£25.51a
kA L Carbon; Nitrogen ratio 10.19+0.54a 8.49+0.4c 9.46+0.28h 8.99+0.28b¢
T# L Carbon: Phosphorus ratio 18.93+1.37a 20.08+1.58a 16.6+1.06b 16.52+0.63b
AW Nitrogen : Phosphorus ratio 1.86+0.10b 2.36+0.10a 1.76+0.15b 1.84+0.11b

Aa/NG FhE R A i E] 2% 5 5B 3 (P<0.05)
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