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Abstract : [Objective] Phosphorus (P) is a vital element for life as it plays a fundamental role in various biological processes and
ecosystem functions. Coastal wetlands are particularly important,acting as both sources and sinks of P within the global P cycle. In
these unique environments, the bioavailability of soil P directly impacts vegetation growth, microbial activity, and nutrient cycling,
thereby shaping the structure and function of wetland ecosystems. Despite the ecological significance of bioavailable soil P, there is a
paucity of comparative studies evaluating commonly used methods of bioavailable P fractionation. Therefore, this study aimed to

investigate a more appropriate P fractionation method for evaluating soil P bioavailability in coastal wetlands. [Methods] The research
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was conducted in the Zhangjiang Estuary Mangrove National Nature Reserve, located in Fujian Province, China,a region characterized
by diverse coastal wetland ecosystems. Three distinct wetland types were selected for investigation: mudflats (n=09), representing
unvegetated intertidal zones; mangrove wetlands (n = 6), dominated by mangrove vegetation; and areas cleared of Spartina
alterni flora (n=10), an invasive species known to influence soil properties. The present study employed the modified Hedley P
fractionation method and the biologically-based P (BBP) fractionation method to extract a total of 25 soil samples {rom three wetland
types individually. The Hedley fractionation method was conducted by using four extractions sequentially: 1 mol/I. NH,CI (labile P),
0. 1 mol/L NaHCO; (moderately bioavailable P, including inorganic and organic forms),0. 1 mol/L. NaOH (moderately bioavailable
P, including inorganic and organic forms),and 1 mol/I. HCI (recalcitrant P). The BBP fractionation method was conducted by using
four extractions sequentially: 10 mmol/L CaCl, (labile P), 10 mmol/L citric acid (moderately bioavailable inorganic P),0. 02 U/mL
phytase and phosphatase mixed solution (moderately bioavailable organic P),and 1 mol/Il. HCl (recalcitrant P). The study then
proceeded to assess the differences in soil P fractions among the wetlands, along with the applicability of both methods. [ Results]
1) The Hedley method indicated that the NH,CI-P content was significantly higher in mudflats than in mangrove wetlands and areas
cleared of S. alterni flora (P<<0. 05). The NaOH-P, (organic P) content was significantly higher in mangrove wetlands than in
mudflats and areas cleared of S. alterniflora (P< 0. 05), and the HCI-P content was significantly higher in areas cleared of
S. alterni flora than in mudflats and mangrove wetlands (P<C0. 05). The BBP method showed that the CaCl,-P content was also
significantly higher in mudflats (P<C0. 05), while HCI-P content was significantly higher in mangrove wetlands (P<C0. 05). Both
methods indicated that mangrove wetlands contained the highest total biologically available P content. 2) The primary distinction
between the two methodologies lies in the extraction of moderately bioavailable organic P, with the Hedley method yielding
significantly higher values compared to the BBP method. This overestimation likely results from the Hedley method’s reliance on
chemical extraction techniques that solubilize P forms that are not readily available under natural conditions. Additionally,
considerable differences were observed in labile P, moderately bioavailable inorganic P, and recalcitrant P fractions. The first two P
contents were higher in the Hedley method, while the recalcitrant P content was higher in the BBP method. [Conclusion] The findings
of this study showed significant differences between the Hedley and BBP methods in fractionating bioavailable P in coastal wetlands
soils. However, current evidence is inadequate to definitively determine the relative accuracy of the two methods. Future studies
should increase sample sizes, including broader environmental parameters, and incorporate spatial-temporal scales to validate and
refine fractionation methods. Nevertheless, the findings of this study provide a scientific basis for the management and conservation of

mangrove forests and other coastal wetland ecosystems.
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Fig. 1 Extraction procedure of modified Hedley fractionation method
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Tab. 2 Content of soil bioavailable P components extracted by Hedley method in coastal wetlands of

Zhangjiang Estuary and other study region mg/kg
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Tab. 3 Content of soil bioavailable P components extracted by BBP method in coastal wetlands of

Zhangjiang Estuary and other study region mg/kg
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Fig. 3 Proportion of various bioavailable P components in the total bioavailable P extracted by Hedley and BBP methods

in different wetland types of Zhangjiang Estuary
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