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Cases Considered

• Edge-of-field sediment

• Surface runoff N

• Surface runoff P – short term

• Surface runoff P – soil related

• Subsurface N – in-field processes

• Subsurface N – Jarmin Branch





Watershed Management

• 1985-97 continuous corn, CT/NT

• 1988-97 rye winter cover crops

• 1990 installed grass waterways

• 1994-97 No P applications

• 1998-2003 corn/wheat/dc soybean

• 1998-2003 CT/NT poultry litter

• 2004-07 surface/subsurface N

• 2008-09 NT/turbotill poultry litter











Water is always the 

short term driver!
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What about erosion?
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How P applications are 

managed is crucial to 

controlling P losses in  

surface 

runoff, independent of 

soil P levels.



What about the long-

term issues with soil P?





Soil P Fertility Index Value
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Pocomoke River Watershed

 4 million lbs poultry litter P/year

 100,000 acres cropland

 40 lbs P/acre/year applied

 20 lbs P/acre/year removed in harvested 

grain 



Since the effort started to reduce 

nonpoint source nutrient loads in 

Maryland, the quantity of P 

stored in cropland in the 

Pocomoke River drainage basin 

increased by approximately 

25 million pounds.





0-8" (414.4)

8-12"(196.3)

2-8" (411.5)

0-2" (422.9)

CP soil test P range (FIV)
LT 1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10GT 10

A
c
re

s

0

50

100

150

200

250



Soil total phosphorus concentration (mg/kg)

0 200 400 600 800 1000 1200 1400 1600

0
-2

0
 c

m
 s

o
il 

P
 F

IV

0

100

200

300

400

500

600

700

800

900

1000

1100

1200

1300
UMD M-1 FIV

UDEL MH-3 (ppm)

M-1 P = TP x .84 -122.9 (r
2
=.86)

M-3 P = TP x .62 + 24.2 (r
2
=.89)



After assumptions, the math is simple! 

From 1960-2000 P was being 

added to cropland in Green Run 

watershed at  a rate of ~ 40 

kg/ha/yr, increasing M-3 P ~ 9 

units/yr. 2000-2010 average crop 

harvests in Wicomico County 

removed ~ 20 kg P/ha, which will 

reduce M-3 P ~ 4-5 units/year. 



Soil P levels in the Green Run watershed

2000 Mehlich-3 soil P (ppm)
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Achieving significant reductions 

in N losses from cropland will 

require reductions in nitrate 

leaching rates. The key to 

reducing nitrate leaching rates 

is reducing soil nitrate 

availability during periods of 

groundwater recharge.





Cover Crop Effects on Profile Nitrate

Soil nitrate-N (mg/kg)
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Horizontal distance from mean low water (m)
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Horizontal distance from mean water line (m)
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Soil pore-water nitrate-N (mg/L)
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Soil pore-water nitrate-N (mg/L)
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Soil pore-water nitrate-N (mg/L)
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Soil pore-water nitrate-N (mg/L)
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Soil pore-water nitrate-N (mg/L)
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Horizontal distance from mean water line (m)
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Jarmin Branch cropland groundwater residence time

Groundwater residence time (years)
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Jarmin Branch - nitrate leaching reduced from 10 to 6 mg/L

Time after implementation (years)
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Summary – edge of field

• Erosion potential changed instantaneously with 

tillage and ~1-2 years with buffers.

• Nutrient application methods change potential 

for dissolved N and P losses immediately. ??

• Large soil P reservoirs take decades to draw 

down using crop removal.  Predictable but need 

to know the starting point. 

• Flow system characteristics and landscape 

position determine leaching to surface water lag 

times.  Tidal interface fields 5-10 

years, Choptank subwatershed average 15-20 

years. 






