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Abstract: In agricultural watersheds across China, small bodies of water serve as important sites for the retention and storage of
phosphorus, acting as protective barriers for rivers and lakes. However, under conditions of long-term phosphorus accumulation
and specific environmental factors, there is a risk of phosphorus being released. Currently, research on the risk of phosphorus
release from small water bodies, and on the dynamic changes in phosphorus retention and release and the influencing factors

through long-term experiments, is lacking. This study focuses on a typical agricultural watershed, conducting sediment sampling
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from four types of pond alongside a six-month static incubation experiment. The study analyses the phosphorus forms in sediments
and the phosphorus exchange dynamics at the sediment-water interface to assess the risk of phosphorus release from the ponds
and its influencing factors. The results showed that: (1) The total phosphorus (TP) content of pond sediments was higher than that
of other types of wetland, ranging from 0.55 to 3.02 g/kg. The highest phosphorus content was found in village ponds, while the
lowest was observed in paddy ponds. (2) In the agricultural watersheds of the middle and lower reaches of the Yangtze River and
in ponds that have existed for a long time, phosphorus exchange at the sediment-overlying water interface exhibits significant
seasonal variation: sediments release phosphorus to the overlying water in summer and autumn, while phosphorus settles from
the overlying water to the sediments in autumn and winter. For ponds of a similar age, the phosphorus sink capacity decreases in
the following order: forest pond > paddy pond = dryland pond > village pond. This study revealed large accumulations of
phosphorus in agricultural ponds in China, highlighting their long-term function as phosphorus sinks which transform into sources
during summer and autumn. The findings also clarified the influence of surrounding land use types and provided scientific
guidance for improving management strategies for different pond types. These insights are applicable to the control of non-point
source pollution and the protection of aquatic environments in rivers and lakes.

Keywords: Pond, Phosphorus forms in sediments, Agricultural non-point source pollution, “Source-sink” transition, Phosphorus
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Table 1 Typical ponds basic data and land use composition of the upstream catchment

Ve W5 fEH Fih R VL I K DURPIIER B
(%) (%) (%) (%) (m?) (m) (cm)
3 S1 \ \ 100 \ 220 0.9 53
S2 100 \ \ \ 1450 1.0 27
K H 3 S3 100 \ \ \ 1144 1.0 40
S4 90 \ 10 \ 2933 13 30
S5 50 \ 30 20 1359 1.0 43
IRE S6 80 \ \ 20 1673 1.1 52
S7 \ 30 50 20 1142 0.8 51
S S8 \ 50 50 \ 2097 0.5 32
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Fig. 1 Maps of the study area. (1(a) shows the location of the study area within the Yangtze River Basin; 1(b) shows the land use of the

study area and the locations of the sampled ponds; 1(c) shows images of the outlets and catchment areas of the sampled ponds)
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Tab.2 Classification of phosphorus fractions in pond sediments and the sequential extraction method

WA BRGLRAET
WAL AW (Exch-P) Imol-L'NHsCl ERAIRZGHEE 1 h, F0idpE, e LSRRk E
BRERL G (Fe/Al-P) 0.1mol-L-'NaOH i#F IR 17 h, BOidig, ME Fi5Rmmik i
i % 0.1mol-L"'NaOH 2 PG SR A1 _Lid 0, W S,  H Sk 2
WA WL (Hu/Fu acids-P) i
RV
A5 (Ca-P) 0.5mol L' HCIVAWR IR I 1 h, BS0Idil, e Lis s AR ik i
51 (Residual-P) Residual-P = TP - Exch-P - Fe/Al-P - Hu/Fu acids-P - Ca-P
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Fig.4 Changes in DP and TP concentrations in overlying water and DP concentration in pore water during the incubation period for
ponds (The dashed line divides the settling period and the sampling period. 4(a) shows the changes in DP and TP concentrations in the
overlying water of each pond; 4(b) shows the average changes in DP and TP concentrations in the overlying water of all ponds; 4(c)
shows the changes in DP concentration in the pore water of each pond; 4(d) shows the average changes in DP concentration in the pore

water of all ponds; error bars represent standard error)
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Fig.6 Correlation between phosphorus flux at the sediment-water interface and environmental factors as well as the physicochemical

properties of overlying water in different types of ponds (* indicates p < 0.05)
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