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Focus has historically been on drainage improvements for:
1. Removal of excess soil water in the spring
2. Planting earlier to take advantage of the shorter growing season
3. Improved field machine trafficability during the growing season
4. Improved soil aeration
5. Higher crop yields



High  precipitation in the summer 

growing season



4



Drainage water quantity 
and water quality



Water Table Control 

 Reduce water inputs for irrigation and therefore conserve water usage

 Reduce drainage outflows

 Lower amounts of N and P in the drainage water

 Increased crop yield 











• Where does the N go?
• What happens with the retained water?



Nitrogen Cycle









Site Description

Field Area Soil Type

1 7 ha Sandy Clay Loam

2 6 ha Sandy Loam

3 2 ha Clay Loam

4 3 ha Sandy Clay Loam

Field Drainage Crops

1 Surface + Tile Corn, Soybeans

2 Surface + Tile Alfalfa, Corn

3 Only Surface Corn, Cereals

4 Only Surface Hay, Pasture



Site Description

Field Soil Test P 

(kg/ha)

% P sat

1 114 5.3  

2 373 22.0

3 38 1.6

4 72 4.0



Global Water Quality from Fields
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Hypothesis: Soil texture has an influence on the P speciation

No soil texture effect. 

But cultural practices effect => Effect of topsoil management
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Mean Bioavailable P in Drainage Water
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Site/Year Avgerage 
Subsurface 
TP conc. 
(mg/L) 

Average  
Surface runoff  
TP conc. 
(mg/L) 

Ratio 
SS:SRO 

Site 1 – 00/01 0.060 0.312 5.2 

Site 1 – 01/02 0.063 
 

2.146 34.3 

Site 1 – 02/03 0.073 0.780 10.4 

Site 2 – 00/01 0.104 0.196 1.9 

Site 2 – 01/02 0.365 1.681 4.6 

Site 1 – 02/03 0.213 1.758 8.8 

 

 

Average  = 10.8



Site/Year TP Load 
 (kg/ha) 

SS drains 
(% of load) 

SS drains 
(% of H20) 

Total 
drainage 
(mm) 

Site 1 – 01/02 0.81 29% 93% 398 mm 

Site 1 – 02/03 0.77 34% 84% 415 mm 

Site 2 – 00/01 0.27 37% 52% 184 mm 

Site 2 – 01/02 1.95 63% 89% 381 mm 

Site 2 – 02/03 1.79 38% 84% 352 mm 

AVERAGE 1.12 40% 80%  

 

 



Average Annual P load

Site 
Annual P loss 

 (kg/ha) 
Soil Test P 
 (% P sat)  

Kg/ha 
 

Site #1 
 

0.79 kg/ha 
 

360 (23%) 
 

Site #2 
 

1.34 kg/ha 
 

140 (7%) 

 

Results - 00/01, 01/02, 02/03
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See following references for complete results:





Hydraulic and Chemical Pathways in the soil Matrix



How the transport pathway influences the bioavailable P?

Is there some methods to differentiate surface from subsurface contribution at the 

watershed outlet?

N and P Transport from Agricultural Fields

Manure
Fertilizer

Rain

Leaching

Groundwater

Subsurface Tile Drain Flow
Percolation

Preferential Flow
(macropores)

Surface Runoff  
and Erosion of Particles

Buffer Zone
(retention, recycling and releasing)

Surface Water:

a mixture of 3 components

Watershed

Field

macropores





What are the Challenges?

1.How to take soil variability into account, both 
chemical properties?

2.Can field results be extrapolated to the watershed 
scale?

3.How to incorporate drainage into soil health 
indicators?



Moisture, soils and 
crop yield variability

Site specific drainage 
management?



Soil Health Indicators





Thank You!


