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 60 - 70% of the surface  
water resources in China  
have too poor quality 
 Eutrophication is the main cause  
for poor ecological Quality 
 phosphorus (P) leaching from  
agricultural land is usually the main  
cause for freshwater eutrophication 

The main issue 
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Introduction 

Where and how? 

Eutrophication  Key words: P leaching risk  Phosphorus  

Establishment and Validation of an Amended Phosphorus Index: Refined P Loss  
Assessment of an Agriculture Watershed in Northern China 

Paper I 

To build a spatial assessment model to identify the  hotspots for  P  
leaching risk 

Paper II 
Relative Importance Analysis of a Refined Multi-parameter Phosphorus Index Employed in 
a Strongly Agriculturally Influenced Watershed 
To build a  importance evaluation model to determine the relative significance 
of each parameter to the final P index value Controlling factor? 

Paper III 
Land use as explanatory factor for potential phosphorus leaching risk, assessed by P  
indices, 31P-NMR speciation and enzyme activity 
Paper IV 
Kinetics and mechanisms of phosphorus adsorption and desorption behavior in soil 
Using different P chemical and physical indices to focus further soil P fracti
ons, to capture the real reason of P leaching based on soil physiochemical  
properties 
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Risk magnitude of Phosphorous 

Source factor Transportation factor 

Irrigation 

Rainfall data 

 Soil Erosion 
(RUSLE model) 

 R C P  K  LS 

Topographic data 

 DEM 

Landsat image Soil data 

 NDVI  Land-use  

  Field work  Relevant papers Background data 

Runoff level        Flow length River net Erosion 

River and Reservoir 
distribution data 

Organic 
matter (%) 

DPS (%) 

P  fertilizer dosage  

Manure nutrient level (P)  

Daily life nutrient level (P)  

    Soil 
draining 

The structure of amended Phosphorus Index  

Part1 Part2 

Paper I Methods 
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Methods Paper I 

Soil erosion  

RUSLE model: A=R*K*LS*C*P  
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Results and discussion 
Spatial distribution maps of source and transportation factors  

Paper I 
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The primary direct finding of the current rese
arch is that the areas with close  
proximity to rivers and the reservoir 

Results and discussion Paper I 
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The primary direct finding of the curren
t research is that the areas with close  
proximity to rivers and the reservoir 

Results and discussion Paper I 

as well agricultural land around village
s, are found to be the main hot-spots s
ources for P loss to the reservoir 
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Results and discussion Paper I Validation 

12 sub-catchments were chosen  

Correlation coefficient (Pearson)  
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Methods Paper II 
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Garson algorithm  

The backpropagation       
network (BPN)  
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Paper II Results and discussion 

 The very high risk area is strongly governed by the source factors 
 Transportation factors governed the overall P loss risk in the low and 
very low risk areas   

Different risk zones have different controlling factors  

Make us easier to understand the key controlling factor for each risk zone,  
then give us more direct guideline to mitigate P leaching risk  
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Paper III and IV Introduction  

In this study, we mainly focused on the physiochemical characteristics o
f soils.  

 Bio-available P (BAP), P sorption index (P
SI) and degree of P saturation (% DPS) in  
the soils are commonly applied as  
proxies for assessing the risk of P leaching. 

  Overall P pools reveals the general soil P  
level. 

 Detailed soil P speciation was conduct
ed using phosphorus nuclear magnetic  
resonance (31P NMR) spectroscopy.  
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Main findings - soil chemistry 
pH 
Circumneutral or slightly alkaline soil 

Soil texture 
Homogeneous particular size distribution of mainly silty loam 

P pools 
Total inorganic P (TIP) is the dominant fraction (60~80%)  
TIP and bio-available P level were in the following order:  
 Forest < Orchard < Crop land < Vegetable field 
P pools are strongly governed by P fertilizer application 

Soil mineral composition 
Phosphorus containing minerals were not found.  
This implies that the P in the soil is mainly from agricultural activity  

Soil organic matter 
Low organic content (from 3.5 to 6.8% ) 
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P sorption capacity 
Main findings - soil chemistry 

 The Degree of P saturation exceeds the critical threshold value in all land-
use types, except for forest soils  

 Bio-available P is governed by agricultural management practices  
 P sorption index, an indicator for additional P sorption capacity, was very 
low 
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Main findings - soil chemistry 
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Main findings - soil chemistry 
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Main findings - soil chemistry 

 The dominant inorganic and organic P species in the soils were orthophosphate 
and monoester-P, respectively. 
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AlP, alkaline :Alkaline phosphomonoesterase; AcP, acid phosphomonoesterases; PD, 
Phosphodiesterases; Pyrophosphatase;  

 Alkaline phosphomonoesterase (AlP) represented the highest activities  
   among the four representative phosphatases. 

Orchard soils were found to contain highest levels of monoester P as we
ll as high AlP activities, which indicates its strong capacity to produce labi
le orthophosphate. 
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After sorption 
10um 50um 100um 

Before sorption 

Paper III and IV Main findings 
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Paper III and IV Main findings 

 Test samples Surface area 
(m2.g-1) 

Average pore size 
(nm)  

Pore volume 
(cm3.g-1) 

Micropore 
  (<2nm)% 

Mesopore 
(2-50nm)% 

Macropore  
   (>50nm)% 

Before sorption  32.87 4.988 0.04099 2.15 33.74 64.11 

After sorption 25.77 7.67 0.04942 3.99 71.89 24.12 

Pore size distribution and special surface area changes   
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Results and discussion 
Part III: land-use change – water quality  

Land-use change 2004-2012 

Land-use change 2013-2018 
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Two more papers have been preparing… 
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Takk for oppmerksomheten! 

谢谢关注 ! 

Thank you for your attention ! 
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