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Overall  N Management 

Objective : Supply crops 

with adequate quantities of 

plant available N for 

economic optimum yields 

while minimizing the 

potential for N losses in 

runoff and leachate.



Basic Fact #1 

N losses occur when water leaving 

the crop field interacts with 

transportable forms of N.

N lost = concentration x volume.



Basic Fact #2 

Volume = precipitation – evaporation

We have little ability to reduce the 

overall volume of water leaving 

crop fields although we do have 

some limited opportunities to affect 

how water leaves crop fields.
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Basic Fact #3 

Significant reductions in N losses 

will require reductions in the 

concentration of N in surface 

runoff or leachate.



Overall Strategy

Manage soil N so that levels 

of transportable forms are 

kept as low as possible 

while still meeting crop N 

needs.  We want to reduce 

the potential for N loss.



Three aspects of soil N

1. Applications

2. Soil N cycle

3.Plant uptake



Applications

1. Rate

2. Timing

3.Placement



The big question on N rates

How have application rates 

changed?  It is difficult to 

accurately project how N 

losses will change due to 

adjustments in N application 

rates without high quality 

pre- and post- data sets.



Timing objective

Synchronize the availability 

of N as closely as 

possible with crop N 

needs.  Avoid preplant

applications!





Placement objective

Minimize interaction of 

soluble  N forms with surface 

runoff.  Surface runoff N 

levels determined mostly by 

soluble N availability in the 

top 1” of soil.





1993-1999
May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr

A
v
e
ra

g
e

 m
o

n
th

ly
 r

u
n

o
ff
 N

 (
m

g
/L

)

0

2

4

6

8

10

12

14

16

18

20

22

24

26

Tilled total N

No-till dissolved N

No-till total N

Tilled dissolved N



2004-2007

May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr

A
v
e
ra

g
e
 m

o
n
th

ly
 r

u
n
o
ff
 N

 (
m

g
/L

)

0

1

2

3

4

5

6

7

8

9

10

11

12
NH

4
-N

NO
3
-N

Total N

NH
4
-N

NO
3
-N

Total N



Soil N – It’s not just applications!

When soil temperatures 

warm up, nitrate is released 

as soil microbes break down 

soil organic matter.
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General Misconception

Nitrate in the root zone at 

the end of the growing 

season is a result of unused 

“residual fertilizer N”.
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2D Graph 1
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2D Graph 1
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Three aspects of soil N

1. Applications

2. Soil N cycle

3.Plant uptake



Plant N uptake objective

Keep plant N uptake capacity 

in place as much as possible 

both before and after summer 

annual crops.  Make summer 

annual systems function like 

perennial systems. 
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Rye N uptake as related to heat units and soil N

Heat units (40 degree F base)
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Rye cover 91-92
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Where can we make progress?

• Rates- use all the tools and track 

changes to assess progress 

• Timing-eliminate preplant inorganic 

N and split N applications

• Placement- Subsurface apply all 

soluble N sources

• Winter cover crops to clean up late 

season and early spring nitrate.

• Buffers-Use deep rooted perennials 

to intercept subsurface nitrate 
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IVZ water content (cm)
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Core average nitrate concentrations in crop fields

Depth to Water Table (cm)
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Spring 2006 (15-105 cm)

Crop sequence
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Rootzone water content (cm)
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Horizontal distance from mean low water (m)
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NPK

Days/wks

Weeks/months

Years

Decades

Nitrate 
leaching

Eroded organic & mineral N:
small losses 1-5% 

Leaching losses: 
Large 10-40%

Ammonia losses: 
small-moderate 5-20% 

Denitrification losses:
small-moderate 10-20%

Note: N Cycle Losses are

Driven by Hydrology

Where are the General “Leaks”

in the Nitrogen Cycle?



Eastern Shore soil P data from NMPs
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Soil P levels in the Green Run watershed

Mehlich-3 soil P (ppm)
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Choptank River at Greensboro (USGS data)
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Choptank River at Greensboro (USGS data)
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Eastern Shore watershed soil P data from NMPs

Watershed

Upper ES Corsica Choptank Lower ES Inland Bays
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Eastern Shore watershed soil P data from NMPs

Watershed

Upper ES Corsica Choptank Lower ES Inland Bays
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Concluding Remarks  

“The overall long-term goal of efforts 

to reduce P losses from agriculture 

to surface waters should aim to 

balance off-farm inputs of P in feed 

and fertilizer with P outputs as 

produce, along with managing soils 

in ways that retain nutrients and 

applied P resources.”



Sims et al. 2002 SSAJ 

“We conclude that routine soil tests, such 

as Mehlich 3, can be an effective interim 

approach to guide environmentally 

based P recommendations for 

fertilizers, manures, biosolids and other 

P sources… Higher risks are clearly 

associated with M3-P values that are 

above the concentrations needed for 

economically optimum crop yields. ”
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May-September

1991-97 1998/00/02

S
u

rf
a

ce
 r

u
n

o
ff

 N
 lo

ss
 (

g
m

/h
a

)

0

250

500

750

1000

1250

1500

1750

2000

2250

2500

2750

3000
Tilled dissolved N

No-till dissolved N

Tilled total N

No-till total N

          1991-97     98/00/02

Tilled   3.93      3.18

No-till  3.50      3.52

Inorganic              Organic 






