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Different Habitats of the Minjiang Estuarine Wetland
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Abstract: [ Objective ] This study aimed to better enhance our understanding of soil enzyme activity characteristics
and microbial nutrient limitations within estuarine wetland ecosystems. [ Methods ] Four representative habitats in
the Minjiang Estuarine Wetland, including salt marshes (Phragmites australis marsh, Cyperus malaccensis
marsh), bare mudflats, mangrove wetlands, and restored ponds, were selected for investigation. Variations in soil
extracellular enzyme activities and enzymatic stoichiometric characteristics across these habitats were explored.
[Results] 1) The activities of soil B-1, 4-glucosidase (BG) , cellobiohydrolase (CBH) , and f-1, 4-N-acetyl-
glucosaminidase (NAG) were significantly higher in P. australis marshes, C. malaccensis marshes, and mangrove
wetlands than in bare mudflats and restored ponds (p<C0.05). Soil enzyme activities in all habitats decreased with
increasing soil depth and stabilized below 50 cm. 2) The vector angle (VA) of soil enzymes across different

habitats remained consistently<<45° , suggesting that soil microbes in this area might be primarily nitrogen
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(ND -limited. Compared to the unvegetated bare mudflats and restored ponds, enzyme vector lengths (V1) were
longer in P. australis and C. malaccensis marshes as well as mangrove wetlands, indicating stronger carbon (C)
limitations in these habitats. 3) Redundancy analysis revealed that the activities of surface (0—40 cm) soil
enzymes were mainly regulated by soil organic matter content, temperature, electrical conductivity, and pH,
while the enzyme activities at deeper soil layers (40—100 cm) were more influenced by soil bulk density and
ammonium-nitrogen content. [ Conclusion] Soil enzyme activities in the Minjiang Estuarine Wetland differ
significantly across habitats and soil depths, with distinct regulatory factors influencing surface and subsurface
enzyme activities. Overall, soil microbes in the region are subject to dual limitations of N and C. These findings

contribute to a deeper understanding of the complex soil microenvironment in estuarine wetlands and provide

valuable data for ecological protection and restoration of these areas.
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Table 2 Variations of soil physicochemical properties in different habitats
TR EE /em P S EAR 1PN 't E IR SR 3
0~20 8.7940.34 7.92+0.40 7.75+0.31 7.4840.52 8.014+0.47
20~40 6.93+0.37 7.03£0.16 7.45+0.68 6.49+0.31 6.61+0.29
_ 40~60 6.54+0.43 7.15+0.28 7.77+0.55 6.04+0.21 5.85+0.37
AL 5% /(mS-cm D)
60~80 7.074+0.34ab  6.824+0.27ab  8.39+0.67a 5.914+0.47b 5.8940.60b
80~100 7.39£0.44b  7.87£0.58b 9.88+0.97a 5.59+0.31c 5.46+0.53c
S {E 7.34+0.20b  7.36+0.17b  8.2440.28a 6.304-0.23c¢ 6.36+0.28¢c
0~20 7.12£0.09b  7.09£0.10b 7.15+0.1b 7.82+0.12a 7.24£0.07a
20~40 6.43+0.23b  6.64+0.14b 7.14+0.11b  7.65+0.08a 6.88+0.16b
oH 40~60 6.244+0.25bc  5.7440.21c 7.0840.11bc  7.5340.04a 7.1140.27ab
60~80 6.26£0.20bc  5.8940.23c 6.97+0.18ab  7.47+0.03a 7.11£0.26a
80~100 6.16+0.21b  6.09+£0.20b  6.25+0.71lab  7.4040.06a 7.03+0.15ab
FHE 6.44+0.10c  6.29£0.11c  7.00£0.09b  7.5740.05a 7.07£0.08b
0~20 93.47+6.20ab 80.71+5.21ab 76.434+2.61b 78.64+4.11ab 100.73+3.81a
20~40 77.14+5.35  74.2743.26 69.51+3.08  78.2246.46 82.18+9.72
o 40~60 76.85+5.37  65.82+4.14  67.784+3.29  81.01+6.37 66.42+10.17
60~80 76.99+9.65  75.1247.96 68.72+3.14  81.57+6.53 62.00+£7.50
80~100 75.37£9.69  68.72+4.28  64.604+4.12  73.44+1.67 57.70£4.99
T H 79.96+3.37  72.93+2.37 70.224+1.38 78.57+2.17 73.81+£4.73
0~20 0.7440.04ab  0.8140.04ab 0.8440.02a  0.81+0.03ab 0.6940.03b
20~40 0.85+0.04 0.87+0.02 0.92+0.03 0.84+0.05 0.83£0.08
R/ (g-em ) 40~60 0.86+0.05 0.97+0.05 0.91+0.03 O.8fli0.04 0.96+0.09
60~80 0.870.06 0.91+0.06 0.92+0.02 0.83£0.05 0.99-£0.07
80~100 0.88+0.06 0.92+0.04 0.97+0.04 0.88+0.02 1.044+0.05
SE{E 0.8440.02 0.90+0.02 0.904+0.01 0.84+0.01 0.90+0.04
0~20 8.56+0.60ab 10.4940.50a 8.55+0.64ab  9.3240.19ab 8.46£0.09b
20~40 7.75+0.53 9.76+£0.51 8.81+0.61 9.3140.19 7.78+0.45
40~60 7.694+0.44 8.75+0.38 9.534+1.01 9.484+0.14 7.424+0.58
AHHLET/ %
60~80 7.25£0.35b  8.08+0.52ab  8.664-0.33ab  9.34+0.04a 8.13£0.94ab
80~100 6.7340.45b  7.94+0.72ab  9.20£0.19ab  9.36+0.04a 7.8740.50ab
NS SE(E] 7.60£0.23b  9.00£0.28a 8.83£0.28a 9.36£0.05a 7.93+0.24b
0~20 15.87+0.27a  15.41+0.20a 15.06+0.37a 13.4740.23b 13.28+0.14b
20~40 15.7840.21a 15.44+0.16ab 14.95+0.24bc 14.4+0.46¢ 14.2+0.22¢
. 40~60 15.7140.15a 15.414+0.14ab 14.95+£0.16b 14.87+0.27b 14.9540.16b
TR E/C
60~80 15.91+0.10a  15.64+0.13ab 15.21+0.14c  15.2740.29¢ 15.484-0.30ab
80~100 16.27+0.10a  16.00£0.11ab 15.64+0.14b 15.6040.31b 15.83+0.30ab
H{E 15.91+0.08a 15.58+0.08a 15.16+0.10b 14.7240.23c 14.74+0.23c
0~20 1.24+0.09b 1.22+0.13b  0.94+0.07b 1.04+0.62b 1.82+0.09a
20~40 0.98£0.09b  0.92+0.10b  0.824+0.09b  2.97+0.22a 2.18+£0.38ab
A 40~60 1.0240.09bc  0.8040.05¢ 0.81+0.06¢ 5.2042.86a 2.7940.66b
HAE/(mg-kg )
60~80 1.004#0.10b  0.8540.08b 1.3540.30b  4.95+2.63a 3.32£0.79a
80~100 1.104+0.11b  0.904+0.01b 1.71+0.43b  4.93+1.79a 3.74+1.06a
S {E 1.07+0.10c 0.94+0.10d 1.12+0.12¢ 3.8242.02a 2.774+0.32b
0~20 0.13£0.05 0.13+£0.04 0.130.03 0.20+0.07 0.08£0.02
20~40 0.0640.01 0.13+0.03 0.12+0.04 0.16+0.07 0.054+0.01
B 40~60 0.05£0.01 0.04+0.01 0.07£0.01 0.07£0.01 0.05£0
AR/ (mg kg™
60~80 0.05=+0bc 0.04=+0c 0.06+ 0ab 0.06+0.01b 0.07£0.01a
80~100 0.064+0.01 0.03+0.01 0.064+0.01 0.06+0.01 0.074+0.01
- 0.06+0.01 0.07+0.01 0.09+0.01 0.11+0.02 0.07+0.01

R PR N I S ARMEDR s R TAS RVNG TR % L 2R R ZE BRI 25 5 i 25 (p<70. 05) s Kb /NG F R FR EF R B E (p<<0.05),
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Fig.1 Soil p—1,4-glucosidase and cellobiohydrolase activities in different habitats
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Fig. 3 Soil enzyme stoichiometric characteristics in different habitats
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