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Abstract: Phosphorus (P ) is an essential and limiting nutrient in wetland ecosystems and it plays a vital role in
eutrophication. Remote sensing ( RS) offers an up-to-date and relatively accurate means to measure the soil P content.
Recently, some studies have shown that it was feasible to estimate the total P (TP ) content of terrestrial ecosystem soil
based on hyper-spectral RS data. However, little information is available on TP content estimation by RS technology on
wetland soil. The aim of this study was to estimate the TP content of wetland soil using hyper-spectral RS data. Min river
estuarine wetland, located in the subtropical zone, is one of the most typical and important estuarine wetlands in southeast
China. Soil samples, from Shanyutan tidal marsh in the Min River Estuary, were collected in sixteen profiles at five depths

(0—10 em, 10—20 c¢m, 20—30 cm, 30—40 cm, and 40—50 cm) along an elevation gradient, in May of 2013.
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Estimation and validation models were constructed by spectrum parameters, including original spectral reflectance (R),
simple ratio soil index ( RSI), normalized difference soil index ( NDSI), and organic matter diagnosis index ( OII)
calculated by optimal bands. The results indicated that the spectral reflectance of the soil increased with depth at 350—580
nm, while an opposite trend was observed at 580—2500 nm. Soil TP content showed a negative correlation with R at 350—
600 nm, whereas a positive correlation was observed at 600—2500 nm. The highest correlation coefficient value was —0.816
and occurred at 406 nm. The correlation coefficient between soil TP content and OII exhibited a bimodal distribution, with
peaks at 446 nm (r = —0.843) and 634 nm (r = 0.798). NDSI and RSI were each calculated by bands in three zones,
(420—440 nm and 440—590 nm, 460—470 nm and 590—1000 nm, and 550—590 nm and 550—590 nm,
respectively) , which had higher correlation coefficients with TP content than those in other zones. The determination
coefficient (*) and root means square error (RMSE) of estimation models ranged from 0.657—0.805 and 0.052—0.067,
respectively, and those of the validation models ranged from 0.606—0.893 and 0.037—0.044, respectively. These results
indicate that TP content of the Min River estuarine soil could be estimated by most of the selected parameters. The
evaluation parameters of the estimation models supported that estimating the TP content of high and middle tidal flats soil
individually could improve the estimation accuracy of some parameters such as RSI(R,,, Ry,), RSI(R,,, Ry,), and
NDSI(R,,, Rg,). Additionally, the estimation accuracy of soil TP content also depended on the P fractions. Iron bound
phosphorus ( Fe-P) , occluded phosphorus (O-P) , and organic phosphorus ( Org P) had higher correlation coefficients with
R than did aluminum bound phosphorus ( AI-P) and calcium bound phosphorus ( Ca-P). The corresponding changes in the
contents of TP within organic matter and a redox environment in wetland soil could be used as important mechanisms for
estimating soil TP content. In conclusion, it was feasible to estimate TP content of subtropical estuarine wetland soils based

on hyper-spectral RS data.

Key Words: Total phosphorus; Hyper-spectral; Wetland soil; Min River Estuary
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Table 1 The distribution of total phosphorus content
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Table 3 Soil total phosphorus content estimation model and its validation
fEBARR] Estimation model ISFAER Validation Model
FEA Sample A5 it ) TR 2 ) YRR
Variable Equation d RMSE g RMSE
e Ry y ==10.054x + 1.946 0.751** 0.070 0.946 " 0.043
High tidal flat RSI(Ry3, Rgs) y = -3.281x + 1.918 0.745 " 0.071 0.709 * 0.058
(T=39, V=6) RSI( Ry, Rgio) y = =3.117x + 2.09 0.739** 0.071 0.793 ** 0.049
RSI( Ry, Rsgo) y = —13.933x + 13.659 0.72%* 0.074 0.885** 0.048
NDSI(R,3, Rgs) y = 3.121x - 0.734 0.74** 0.071 0.715* 0.058
NDSI(R 5, Rgso) y = 3.33x — 0.593 0.741"* 0.071 0.808 ** 0.049
NDSI(Rsgy» Rsgp) y = 25.983x — 0.242 0.719** 0.074 0.885** 0.048
OI( Ryg) y = =3.132x + 2.508 0.726 ** 0.073 0.662 " 0.056
rr i) e Rugs y = =5.947x + 1.414 0.318 "~ 0.056 0.631* 0.043
Middle tidal flat RSI( Ry, Rgs) y = =2.552x + 1.675 0.739** 0.035 0.684* 0.058
(T=29, V=6) RSI(R,q, Rgyo) y = —2.462x + 1.841 0.690 ** 0.038 0.826** 0.049
RSI(Rsg, Rsgo) y = —12.746x + 12.571 0.604 ** 0.043 0.912** 0.048
NDSI(R 3, Rg) y = 2.484x - 0.411 0.740** 0.035 0.689* 0.058
NDSI(R 5, Rgs) y = 2.677x - 0.293 0.682** 0.038 0.826 " 0.049
NDSI(Rsgy 5 Rsgo) y = 23.805x — 0.146 0.603 ** 0.043 0.912** 0.048
OIT( Ryq) y = —2.535x + 2.176 0.720* 0.036 0.65 0.056
4 Ry6 y = —9.302x + 1.846 0.665 ** 0.066 0.833** 0.044
Total RS,( R43(] s Rg}(}) y = -2.967x + 1.816 0702** 0.063 0.701 i 0.042
(T=68, V=12) RSI(Ry, Rgio) y = =2.706x + 1.925 0.66** 0.067 0.768 ** 0.038
RSI(Rsgy, Rsgo) y = —13.583x + 13.342 0.694 " 0.063 0.893 ** 0.037
NDSI(R 3, Rgy) y = 2.829x - 0.585 0.698 ** 0.063 0.705 ** 0.042
NDSI(Ryq, Rgso) y = 2.885x — 0.401 0.657 ** 0.067 0.776 ** 0.038
NDSI( Ry, Rsgo) y = 25.326x - 0.210 0.692 " 0.064 0.893 ** 0.037
OIT( Rye) y = —2.965x + 2.420 0.712*" 0.062 0.639** 0.041

% . P<0.05, % * ;P<0.01, T @HEAREARE, V. I IEREA S,
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Fig. 6 Correlation between soil TP content and organic matter content ( A), phosphorus fractions content and soil spectral reflectance
(B) (n=80)
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