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Adaptive Management,

Operationally

“Refinement of management practices based 

on localized information on the resource base, 

system performance, experience and science”



EPA, 2010



EPA, 2010



Precise Estimation of Maize N  

Fertilizer Needs is Important

From: Snyder et al., 2009, based 

on data by Bouwman et al., 2002

0

5

10

15

20

25

30

35

40

0 50 100 150

FERTILIZER N RATE (kg ha-1)

N
O

3
-N

 L
E

A
C

H
IN

G
 L

O
S

S
E

S
 (

k
g

 h
a

-1
)

Sand 1993

Sand 1994

Clay 1993

Clay 1994

van Es et al., 2002



Distribution of Optimum N Rates
from: http://extension.agron.iastate.edu/soilfertility/nrate.aspx

Price ratio = 0.08



N Contribution 

from Soil 

Organic Matter 

is Variable 

• A significant fraction of plant-available N comes from 
mineralization of SOM (mostly in spring) or manure

• Fertilizer N supplements N from SOM

• The release of SOM-N is affected by soil temperature 
and moisture

• SOM-derived N may be partially lost by leaching or 
denitrification Kay, B.D., A. A. Mahboubi, E. G. Beauchamp, and R. S. Dharmakeerthi. 

2006. Integrating Soil and Weather Data to Describe Variability in Plant 

Available Nitrogen. Soil Sci. Soc. Am. J. 70:1210–1221.



spring summer fall

c) soil mineral N, normal 

year 

b) soil mineral N,

wet spring

a) leaching and denitrification 

plant N

sidedress N 

fertilizer 

needed

normal year

soil or 

plant N

Need for supplemental N fertilizer 

depends on early season weather 



Need for Adaptation
(from P. Kyveriga, Iowa Soybean Assn.)



Late Spring Precipitation Variability-

Iowa 2009

Source: NOAA



Estimating crop N fertilizer needs is 

actually quite difficult…….

• Soil type differences

• Soil organic matter contents

• Organic amendments (manure, compost, etc.)

• Crop rotations

• Early season weather (warm vs cool; wet vs dry)

• Late season weather (warm vs cool; wet vs dry; 

not easily managed)

Corn N fertilizer needs cannot be predicted 

accurately at the beginning of the growing season



Adapt – N : A Web Based N Decision Tool
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Adapt-N Input:

High Resolution Precipitation Data
Error-Corrected Radar Estimates

4X4 km

DeGaetano, A.T. & Wilks, D.S. (2008) Radar-guided interpolation of climatological precipitation data. 

International Journal of Climatology (online) 



Precision Nitrogen Management (PNM) 

model: the core of the Adapt-N tool

Linkage between two models:

• Soil processes model (Hutson and 

Wagenet)

• Crop growth/N uptake model (Sinclair 

and Muchow)
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Cox WJ, Cherney DJR (2001) Row spacing, plant density and nitrogen effects on corn silage Agron. J. 93:597-602.

Simulation of crop N uptake

PNM Model Performance:



Measured vs simulated cumulative N mineralization:
First year after alfalfa plow down
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Adapt-N: Information needed

• User ID / Field ID

• Latitude / Longitude 

• Soil textural group

• Approximate field slope

• Drainage

• Soil test information

• Tillage information

• Starter fertilizer: 

type/rate/application date

• Additional fertilizer

• Cultivar maturity class

• Planting date

• Expected harvest population

• Manure applications: 
Two previous years / current year

• Previous sod crop

• 1st year corn after soybean?

Soil/Tillage

Organic Inputs

Fertilizer/Crop



N Recommendation Methodology

Mass Balance Approach

Approximated as:

Nrec = Nupt – Nrz_pre-sidedress – Nrz_post-sidedress

where 
Nrec = N sidedress recommendation

Nupt = Seasonal crop N uptake based on a yield estimate

Nrz_presidress = Rootzone N presidedress, estimated by model based on recent 
weather

Nrz_postsidedress = Estimated N mineralized post-sidedress to harvest, based on 
historical climate data



Enter longitude and latitude to 

the hundreths place (0.00).Assign a unique field name





Adapt-N Information: Mineral N and Cultivar



Adapt-N Information: Soil and Tillage



Adapt-N Information: Manure/Sod/Soybean



Adapt-N: Output Page
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Adapt-N Applications 

• Adapt-N can be used for a wide range 

of N management practices for corn:

• Split applications: Sidedress N rate 

recommendation

• Applications at planting: When are additional in-

season N applications necessary?

• Manured fields – Is additional N necessary, and 

how much?

• Hindcasting after growing season



Combining Spatial and Temporal Processes 

in Adaptive Management 
(in collaboration with the National Laboratory for Agriculture and Environment, Dr. David Laird)

• Temporal (for making annual adjustments): 
– Weather, management practices, soil dynamic changes (esp. SOM)

• Spatial (for using variable-rate applicators)
– Field variability in SOM, soil type



Soil Survey and Soil Organic C Data

Organic C (%)
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Organic Carbon Content (%)
• 1342 OC estimates were distilled to 136 blocks (30x30 m management 

units) using kriging with ArcGIS Geostatistical Analyst



N Sidedress Recommendation (kg/ha)

10th Percentile (wet spring)

0.1 Fertilizer to Grain Price Ratio 0.2 Fertilizer to Grain Price Ratio



N Sidedress Recommendation (kg/ha)

90th Percentile (dry spring)

0.1 Fertilizer to Grain Price Ratio 0.2 Fertilizer to Grain Price Ratio



Conclusions

• Natural soil variability and management-

induced soil change reduce the applicability of 

generalized management recommendations

• Adaptive management is based on local data 

and scientific/practical knowledge

• Adaptive N management allows for adaptation 

to, and mitigation of, climate change



Main Collaborators
Adaptive N management

CU-Crop and Soil Sciences: Jeff Melkonian, Chris Graham, and 

Jean Sogbedji

CU-Earth and Atmospheric Sciences: Art DeGaetano, Laura 

Joseph, 

CU-Center for Advanced Computing: Linda Woodard

USDA-ARS: David Laird

Thank you!


