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Abstract Soil nutrient is an important index of soil fertility. Understand the vertical distribution of forest
soil nutrient scan provide the theoretical basis for guiding the soil fertilization scientifically. In this study, an
artificial neural network prediction model of five soil layers from top to bottom was constructed. The optimal
combination of parameters was obtained by selecting the candidate model inputs, and the spatial distribution map
was produced. The results showed that the prediction performance of the model to individual soil nutrient was
different. It was good for Total Potassium (TK) and Available Nitrogen (AN), general for Soil Organic Matter
(SOM), Available Potassium (AK) and Total Phosphorous (TP), and relatively poor for Available Phosphorus
(AP) and Total Nitrogen (TN). The optimal combination of model inputs showed that Topographic Position Index
(TPI) , Slope, Sediment delivery ratio (SDR) and Aspect had the strongest prediction ability for soil nutrients;
Flow Length (FL) and Potential Solar Radiation (PSR) were the second; Flow Direction (FD), Soil Topographical
Factors (STF) and Vertical Slope Position (VSP) were relatively poor; and each parameter’s performance for
predicting specific soil nutrient was different. The soil nutrient maps predicted by the optimal model could reflect
the spatial distribution of soil nutrients in more details.
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Table 1 Determination method of soil nutrient indexes
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Fig. 1 Accuracy (ROA +20%) change of ANN model constructed by combinations of different parameters
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Table 3 Prediction accuracy of models and optimal combination of model input parameters of soil nutrients in each soil layer

Ei oy +)2  BXA % Number RMSE

Nutrient Soil layer of parameter /(g/kg) R’ ROA £20% B Optimal combination
D1 6 59.92 0.82 0.64 TPI, Aspect, Slope, SDR, VSP, PSR
D2 5 35.55 0.76 0.67 TPI, Aspect, Slope, SDR, STF
SOM D3 6 16.19 0.85 0.66 TPI, Aspect, Slope, VSP, PSR, FD
D4 5 22.72 0.77 0.60 TPI, Aspect, SDR, VSP, STF
D5 5 15.34 0.83 0.60 TPI, Aspect, Slope, SDR, FL
D1 4 0.86 0.57 0.41 FD, Aspect, STF, SDR
D2 4 1.47 0.57 0.36 FD, Aspect, STF, TPI
TN D3 4 0.63 0.77 0.46 FD, PSR, TPI, FL
D4 5 1.33 0.61 0.32 FD, Aspect, PSR, TPI, FL
D5 2 0.97 0.58 0.37 Aspect, TPI
D1 4 0.011 0.73 0.58 SDR, Slope, FL, PSR
D2 3 0.017 0.59 0.55 SDR, Slope, FL
TP D3 5 0.008 0.79 0.65 SDR, Slope, STF, FD, Aspect
D4 6 0.030 0.68 0.72 SDR, FL, PSR, TPI, STF, FD
D5 6 0.006 0.84 0.66 SDR, Slope, FL, PSR, TPI, Aspect
D1 6 22.98 0.78 0.70 Slope, SDR, TPI, PSR, Aspect, FD
D2 6 29.81 0.72 0.72 Slope, SDR, TPI, PSR, FL, VSP
TK D3 5 16.20 0.85 0.69 Slope, SDR, TPI, PSR, FL
D4 5 21.94 0.80 0.71 Slope, SDR, TPI, PSR, FL
D5 5 18.01 0.85 0.72 Slope, SDR, TPI, PSR, Aspect
D1 6 0.73 0.79 0.90 TPI, Slope, Aspect, STF, PSR, FD
D2 5 0.53 0.86 0.87 TPI, Slope, FL, STF, PSR
AN D3 6 1.06 0.81 0.88 TPL, Slope, Aspect, FL, SDR, VSP
D4 6 0.87 0.87 0.81 TPI, Slope, Aspect, FL, STF, SDR
D5 5 0.94 0.84 0.81 TPI, Slope, Aspect, FL, PSR
D1 6 0.001 25 0.78 0.42 TPI, VSP, Aspect, SDR, STF, PSR
D2 7 0.000 29 0.65 0.43 TPI, VSP, Aspect, SDR, Slope, FL, FD
AP D3 6 0.000 24 0.73 0.37 TPI, VSP, Aspect, SDR, STF Slope
D4 5 0.000 23 0.73 0.32 TPI, VSP, Aspect, STF, FL
D5 5 0.000 19 0.72 0.34 TPI, SDR, STF, Slope, FL
D1 5 0.32 0.81 0.58 SDR, Slope, TPI, Aspect, VSP
D2 6 0.42 0.72 0.63 SDR, TPI, Aspect, VSP, FD, PSR
AK D3 7 0.21 0.83 0.65 SDR, Slope, Aspect, VSP, FD, FL, STF
D4 6 0.27 0.80 0.60 SDR, Slope, TPI, Aspect, FD, FL
D5 6 0.17 0.84 0.60 SDR, Slope, TPI, VSP, FD, PSR
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Fig. 2 Spatial distribution maps of AN in different soil layers predicted by the optimal model in Yunfu forest



INEIGESE: IF T AR IR 3 L A B A Ry

x4 AELELEFSTNES SUEXT L

Table 4 Comparison between predicted and measured values of soil nutrient in different soil layers

%4y Nutrient 251 Type D1 D2 D3 D4 D5
SOM/(g - kg)  WlME + FpfEZE  22.66+9.97 16.58 +5.15 16.16 + 5.82 15.14 £ 6.73 9.05 +3.72
SCE + bRMEZE 2417+ 13.59 16.79 = 8.53 13.71 = 7.44 12.06 = 7.20 10.40 = 6.73
TNAg - kg)  BE + frifE 1.79 +0.72 2.04 +0.63 1.70 + 0.69 2.30+0.82 231£0.75
SEE + bz 1.08 + 1.24 1.10 £ 1.45 1.03+1.19 1.00 + 1.45 0.94 +1.24
TP/(g - kg")  FME + dpfE2E 028 +0.11 0.36 +0.14 0.53+0.14 0.38£0.17 0.48 +0.14
SCE + bRMEZE 0.29+0.17 0.28 +0.15 027 +0.14 0.29 +0.22 0.29 +0.15
TK/(g - kg")  FHIMME + #rdfEZE 19.92+5.98 21.18 +7.29 26.68 £5.19 23.82+5.75 21.89 +8.03
SCE + fRdfEZE 1532+ 741 15.85 +7.35 16.59 +7.57 16.73 +7.52 16.98 +7.70
AN/(mg - kg'') FUME + FrdiE2s 157.90+30.70 14550 +31.72  146.65+35.99  143.26+36.83  140.16 £ 43.30
SEME = ARAEZE 162.39+43.96  151.64+44.94  150.01 £50.78  145.63 +59.37  140.71 +55.18
AP/(mg - kg")  THIME + brifez 1.86+0.10 0.92 +0.47 0.88 +0.50 1.08 +0.95 0.72 +0.43
SCE + bRMEZE 115+ 1.79 0.73 + 1.07 0.62 +0.71 0.56 + 0.66 0.51 +0.62
AK/(mg - kg)  TME + FrpiEZ 5622+21.42 52.07+23.55  4731+21.73  4030+18.13  36.77+20.18
SEME = ARAEZE 50843039 42842815  38.94x2530  37.85+2554  36.41%23.70
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HEX FRAREZ 0-20 cm TIERFSTIRTE TN SERME R 1.63 g/kg BILERILA—F, HFFEIX AP HyS0{E 5 Fim
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