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Outline for Today 
Why is in-season adaptive N management needed? 
• Nitrogen in agriculture and the environment 
• N dynamics and sources of variability: 

– Soil quality, manure, cover crops, crop rotations 
– Influences on N dynamics by weather & climate change 

 
Tools 
• PSNT - LSNT 
• Chlorophyll Measurements, Canopy Reflectance Spectroscopy 
• Adapt-N—Precise N management for Corn Production 
• Demo of Adapt-N online tool 

– In-season N management 
– Excess N after growing season 
– Hind-sight evaluation/scenario testing 

 
 



Nitrogen in  
Agriculture and the 

Environment 



Corn Nitrogen Concerns: 
Economic and Environmental 

• ~ $5 billion/yr of N fertilizer applied to corn 
• N use efficiency very low (30-40%) 
• Largest energy input in cropping system 
• High groundwater nitrate levels 
• Hypoxia/anoxia in estuaries 
• Greenhouse gases  
• Sensitivity to climate change 

 
 

From: Dubrovsky et al., 2010 



MRB water quality concerns not improving: 
Net Change in Flow-Normalized Nitrate Concentration and Flux 

between 1980 and 2008 

From: Sprague et al., 2011 

“The results show that little 
consistent progress has 
been made in reducing 
riverine nitrate since 1980, 
and that flow-normalized 
concentration and flux are 
increasing in some areas.” 



How Does Agriculture Affect  
Climate Change? (1) 

• Agriculture produces 8% of US GHG 
emissions, but only 1.2% of GDP.   

• Largest fraction associated with N 
management (global warming 
potential of N2O is ~300 times that 
of CO2) 

• N fertilizer manufacture consumes a 
lot of energy (about 8,000 kcals per 
lb of urea) 

• N2O emissions from corn fertilizer 
can be high, especially as a result of 
a major rainfall events 

Agricultural 
Greenhouse Gas 
Emissions (2008) 

36% 

44% 

20% 

CH4
N2O
CO2

Source: EPA, 2010 



How Does Agriculture Affect  
Climate Change? (2) 

N application to agricultural 
lands in 2008 accounted for:  
• 92% of Agricultural N2O losses 
• 1.5 times greater global 

warming potential than Enteric 
Fermentation 

• Greater global warming 
potential than all of                   
US Aviation 

Agricultural 
Greenhouse Gas 
Emissions (2008) 

36% 

44% 

20% 

CH4
N2O
CO2

Source: EPA, 2010 



How Does Agriculture Affect  
Climate Change? (3) 

To put corn N2O emissions in 
perspective:  
 

GHG impact of 1 acre of corn N 
fertilizer use per year is 
guesstimated to be equivalent to 
the GHG impact of 4000 miles of 
driving a car.  
 

For 100 acres, this would be 
equivalent to 400,000 miles  
 

That’s ~16 times around the 
earth! 

Opportunity 
to mitigate! 



How Does Climate Change  
Affect N Management? 

 
More precipitation extremes 

Excess wetness: N shortages from water logging and subsequent 
denitrification and leaching  reduced yields 

Drought: water shortage and unattained yield potential  
reduced yields & excess residual N 

Higher temperatures 
Longer growing season: greater GDD  higher N needs? 
Greater potential for heat stress:   lower N needs? 

 

We need to adapt! 



Win – Win Opportunities:  
Precise N Fertilization would prevent  

majority of losses 

From: Snyder et al., 2009, based on 
data by Bouwman et al., 2002 
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**Losses increase once crop 
demand is satisfied** 



From: Mullen, LaBarge and Diedrick, 2010, Better Crops, Vol. 94 (3).  

 
How Can We Precisely Estimate Seasonal Corn N 

Fertilizer Needs? 
 

Maximum and Check Yields, and Agronomic Optimum N Rate 
(corn after soybean, Ohio) 



Nitrogen Dynamics and 
Sources of Variability 



Sources of Soil N  
 

Mineralization of: 

Mineral N 
Inorganic N from 

manure 

Soil organic matter (SOM) 

Manure 

Cover/Rotation Crop 

Atmospheric N 

 influenced by management, soil quality 
and weather 



Pathways for N losses 
 

Nitrate-N (NO3
-) Leaching losses 

Denitrification (and 
nitrification) N2 and 

N2O losses 
NH3 volatilization 

losses Surface 
runoff/erosion 

losses 

Crop N uptake 

 influenced by management, soil quality 
and weather 



Soil Quality   Soil Change 
Divergence: e.g. Grain vs. Livestock on similar soil  
 http://soilhealth.cals.cornell.edu/  



How Does Weather Generally Affect 
Optimum N Rate for Corn? 

• Early season:  
– Excessive precipitation causes soil N losses 

through leaching and denitrification (when soil T 
is high), resulting in higher supplemental N 
fertilizer needs, and increased pollution 

– manageable 

• Mid-Late Season: 
– Leaching and denitrification losses are minimal 
– Droughts cause unattained yield potential, 

reducing N fertilizer uptake 
– not manageable 

Photos from ISU 
Extension Publ. No. 48 
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corn N uptake 
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soil or 
plant N 

Pre-plant application of N risks major losses 
 
 



Spring                  Summer                  Fall
     

 

soil mineral N and 
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plant N 

Pre-plant application of N risks major losses 
 
 

N excess 
“insurance” 
… in normal 
year 

… in year 
with wet 
spring 

N deficiency 

N deficiency 



soil mineral N, 
wet spring, with 

manure 

corn N uptake 
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… in 
normal 
year 

soil or 
plant N 
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spring 

High-N Scenario: Soil N mineralizes from SOM 
and Manure/Cover Crop/Sod Rotation 

soil mineral N, 
normal year, 
with manure 

N deficiency 
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Late Spring Precipitation Variability 

Source: NOAA 
Iowa  2009 



CONUS Precipitation 
June 1-30, 2011  



Climate Change  
Adaptation and Mitigation 

Using Adaptive N Management 

  Adaptation: incorporating weather effects in N rate 
calculations 
• Maintains yields in wet years by accounting for losses 
• Allows for decreased fertilizer/manure N inputs in 

normal and dry years  
 Mitigation: Better timing of N application and better 

matching of N inputs to crop needs 
• Decreased denitrification losses (lower N2O emissions)  
• Lower energy use (lower CO2 emissions) 
 
 

 
 



Multiple sources of  
variation in N availability - 1  

• Soil type differences 
• Soil organic matter contents (management-induced soil 

change) 
• Recent organic amendments (manure, compost, etc.) 
• Crop rotations and cover crops 
• Fertilizer Application 

– Type (ammonia – urea – nitrate forms) 
– Application timing (fall, at planting, sidedress) 
– Enhanced efficiency technology  

• Nitrification Inhibitors 
• Urease Inhibitors 
• Slow or Controlled Release 

 
 

 



Multiple sources of  
variation in N availability  - 2 

• Early season weather (warm 
vs. cool; wet vs. dry) 
 Interactions can be 
managed in-season 
 

• Late season weather (warm 
vs. cool; wet vs. dry) 
 not easily managed 
 

 Corn N needs CANNOT be accurately predicted at the 
beginning of the growing season 



Predicting N Needs for Corn: 
Precision for Different Times of Application 

low 

high 

  fall   winter  spring            summer    fall 

snow  
cover/melt 

summer  
drought 

spring  
rains 

Main Factors: 

nonintervention intervention 



Equipment is Critical: 
High-Clearance Provides Greater Sidedress Flexibility  



Tools for  
Adaptive N Management 



Tools to guide 
Adaptive N 
Management in Corn 

Pre-season:  Potential N availability 
 
In-season:  N availability / needs, 

incorporating early-season weather effects 
on mineralization and losses 

 
End-of-Season:  Hindsight evaluation 
 



Test Pros Cons 

In-Season Tests: 

Soil 
PSNT/LSNT 

Incorporates OM mineralization & 
spring weather effects, 
reasonably accurate in sufficiency 
scenarios 

Imprecise without weather 
interpretation in deficiency 
scenarios, costly due to special 
sampling. 

Crop 
Chlorophyll Meters, 
Leaf/Canopy Sensing 

Incorporates effects of OM 
mineralization, spatial variability 
& spring weather 

Needs reference strips, not yet 
well validated for corn, high 
upfront cost for all but CM, 
a-priori unknown for on-the-go 

Computer 
(crop and soil) 
Adapt-N Model 

Incorporates SOM & weather 
dynamics after critical period has 
passed, low cost 

Requires paradigm shift: 
models as a tool for N 
management, not yet well 
validated 

Evaluating Crop N Needs: 
In-Season Tests 

All incorporate OM mineralization and spring weather effects during the 
critical period, and thus provide basis for in-season adaptation. 



PSNT – LSNT: 
Impacts of Weather Scenarios 

Spring                  Summer                  Fall
     

 

soil mineral N  
warm spring 

Soil 
Nitrate 

soil mineral N 
cool spring 

Time of Sampling 

Spring                  Summer                  Fall
     

 

soil mineral N dry 
spring 

soil mineral N  
wet spring 

Time of Sampling 

Sufficiency level (25 ppm) 

Sufficiency level (25 ppm) Soil 
Nitrate 



Test Pros Cons 

In-Season Tests: 

Soil 
PSNT/LSNT 

Incorporates OM mineralization & 
spring weather effects, 
reasonably accurate in sufficiency 
scenarios 

Imprecise without weather 
interpretation in deficiency 
scenarios, costly due to special 
sampling. 

Crop 
Chlorophyll Meters, 
Leaf/Canopy Sensing 

Incorporates effects of OM 
mineralization, spatial variability 
& spring weather 

Needs reference strips, not yet 
well validated for corn, high 
upfront cost for all but CM, 
a-priori unknown for on-the-go 

Computer 
(crop and soil) 
Adapt-N Model 

Incorporates SOM & weather 
dynamics after critical period has 
passed, low cost 

Requires paradigm shift: 
models as a tool for N 
management, not yet well 
validated 

Evaluating Crop N Needs: 
In-Season Tests 

All incorporate OM mineralization and spring weather effects during the 
critical period, and thus provide basis for in-season adaptation. 



Chlorophyll Meters 

From: Sawyer et al.,  2006 
Iowa State University 



Canopy Spectral Sensing 
Passive            Active  

 

Photo by P. Kyveryga, Iowa Soybean Assn. 

Photo by Holland Scientific. 
Photo by AgLeader 



Canopy Spectral 
Reflectance Sensing 
 Strengths:  

• Incorporates early-season effects of mineralization and weather by assessing N 
needs after critical time period has passed 

• Incorporates spatial variability  
 high opportunity to evaluate localized N needs, especially important in wet years 

• Use with high-clearance application equipment; on-the-go, no turnaround time 
• Potential for further development of technology 
Weaknesses:  
• High upfront equipment cost 
• Reference strips needed (presumably, not with OptRx) 
• For on-the-go application, amount of N needed is a-priori unknown (trip across 

field even if no N is needed) 
• Low prediction accuracy at this time 
• No universal predictive equations available; independent validations often weak 



Economic Optimum N Rate and  
Green Normalized Difference Vegetation Index  

PA Research 

Schmidt, J., R. Sripada, D. Beegle, and A. Dellinger. 2009. Using an active sensor to make in-season 
recommendations for corn.  Precision Agriculture 09: 71-79. 

Original 
 research based 
on small region 

Validation  
research based on 

larger region 



Test Pros Cons 

In-Season Tests: 

Soil 
PSNT/LSNT 

Incorporates OM mineralization & 
spring weather effects, 
reasonably accurate in sufficiency 
scenarios 

Imprecise without weather 
interpretation in deficiency 
scenarios, costly due to special 
sampling. 

Crop 
Chlorophyll Meters, 
Leaf/Canopy Sensing 

Incorporates effects of OM 
mineralization, spatial variability 
& spring weather 

Needs reference strips, not yet 
well validated for corn, high 
upfront cost for all but CM, 
a-priori unknown for on-the-go 

Computer 
(crop and soil) 
Adapt-N Model 

Incorporates SOM & weather 
dynamics after critical period has 
passed, low cost 

Requires paradigm shift: 
models as a tool for N 
management, not yet well 
validated 

Evaluating Crop N Needs: 
In-Season Tests 

All incorporate OM mineralization and spring weather effects during the 
critical period, and thus provide basis for in-season adaptation. 



Adapt-N:   
A Tool for Adaptive Nitrogen 

Management in Corn 



Nitrogen Management 
with  Computational Tools 

• Move from generalized to site-specific 
recommendations 

• Allows for Adaptive, Real-Time Management 
- Weather conditions 
- Local soils and crop management 

• Universal process-based approach 
- Incorporates system complexity  
 through relevant processes  

• Low cost 
• Allows for progressive refinement 

 
41 



   Infrastructure for Adapt-N: web-based N Decision Tool 
http://adapt-n.cals.cornell.edu/ 

High Resolution Climate Data: 
• Currently available for Northeast & Iowa 
• Expanding to the Eastern USA 
• Enables Field-Scale adaptation 

N  
Recommendation 



Adapt-N Input: 
High Resolution Climate Data 

 

4X4 km 

DeGaetano, A.T. & Wilks, D.S. (2008) Radar-guided interpolation of climatological precipitation 
data. International Journal of Climatology 29:185-196. 

Precipitation: Error-Corrected  
Daily Radar Estimates 

Temperature: Elevation-Corrected  
Interpolations from weather stations 



PNM model: The core of the Adapt-N tool 

New model based on the linkage 
of two simulation models: 

 

•  Soil processes model, LEACHN  
Hutson et al., 2003  

 
•  Crop growth/N uptake model 

Sinclair and Muchow, 1995 
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“Cloud” Computing Model 
• Server-based, with universal access through Web 

– Anywhere with internet access 
– Many platforms and operating systems (incl. tablets and phones) 

• No software exchange with users, nor installation 
• Easy and rapid updates 

– Databases 
– software 

• Centralized processing and records 

 



Simply Log In On Our Website at:  
adapt-n.cals.cornell.edu 

 

 



Adapt-N Interface:  
entering Mineral N/Cultivar info 



Adapt-N Interface:  
entering Soil/Tillage info 



Adapt-N Interface:  
entering Manure/Sod/Soybean info 

When done entering 
all field info, click 
‘Submit’ to run the 
simulation. 



Adapt-N Results Page 
Example with need for sidedress N 



N Recommendation Methodology 
 Mass Balance Approach 

CropNHarvest Total crop N uptake from planting to harvest, based on "Expected 
Yield" input.  

CropNCurrent Crop N uptake from planting to the current/simulated date, based 
on growth and N uptake according to weather data.  

SoilNCurrent Crop-available N in the root zone on the current/simulated date, 
based on soil, organic inputs, previous soy or sod crops, crop uptake 
and weather effects. 

SoybeanNCredit Estimate of contribution of N to the current corn crop from a 
previous season soybean crop.  

SoilNpostsidedress Estimated crop-available N (from mineralization/urea hydrolysis – 
estimated N losses) from the current date to harvest. 

Losspostapplication Estimated post-N recommendation losses from the Adapt-N 
recommended N application. 

 



Adapt-N Results Page 
Example with excess N in the system 

Downloadable pdf  



Adapt-N Results 
Example Report 

A downloadable pdf file provides:  

- All user inputs listed for easy 
record keeping.  

- Recommendations from Results 
page on interface 

- Graphs describing N dynamics 
and relevant weather, soil 
water and plant parameters 



Adapt-N Graphs 
 
 

 
 
 
 
 
 
 



Adapt-N Graphs 
 

 
 
 
 
 
 
 
 
 



Adapt-N Graphs 
 

 
 
 
 
 
 

Other graphs provided:  
• Growing Season Daily Rainfall  
• Cumulative Rainfall for Growing 

Season  
• Post-Emergence Growing Degree 

Days  
• Post Planting Day Leaf Number  
• Growing Season Daily Average 

Temperature  

PSNT/LSNT value: divide by 4 



Adapt-N Applications  
Adapt-N can be used for a wide range of N 
management practices for corn (grain, silage, sweet): 

• Sidedress N rate recommendation 

• Rescue N application rate 

• Manured fields – Is additional N necessary, and how 
much? 

• After pre-plant applications or applications at planting: 
Are additional in-season N applications necessary? 

• Hindcasting after growing season (Excess? Deficient? 
What-if?) 

• Potential for use in variable rate application 



Example 
corn after soybean 2011 

near Des Moines, IA 
>5 inch rain-event in mid June 

Is additional sidedress N needed in late June? 

58 
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Adapt-N management inputs… 
Note that all N (150 lb) was applied as preplant in April 



60 

Adapt-N Results Page 
High recommendation suggests high losses… 











End of Season Evaluations with Adapt-N 
 
 



Example: 
Northeast Iowa, 2010 

 Spring Manure Application (5000 gal/ac) 
corn after soybean 

30 lbs/ac at planting 

66 
Photo: U. Minnesota 
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Example:  
SE New York  

2009 and 2010 

• Rotate from sod two years prior 
• 10,000 gal/ac manure on 4/18 
• 30 lbs/ac starter N as MAP on 5/1 

 
 



Example: SE New York 
2009 (wet late spring) vs. 2010 (average) 

So
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2010 

Same management, different weather 
 

Soil Nitrate in 0-12 in 

2009 



Organic Carbon Content (%) estimated with VIS-NIR Spectroscopy 
(Veris Technologies) 

Using Adapt-N for Site-Specific  
Adaptive Management  

 
 

NRCS Soil survey 



N Sidedress Recommendation (kg/ha) 
0.1 Fertilizer to Grain Price Ratio 

wet spring 

Graham, C.J., H.M. van Es, J. Melkonian, and D.A. Laird. 2010.  Improved nitrogen and energy use efficiency using NIR estimated soil organic 
carbon and N simulation modeling.  In: D.A. Clay and J. Shanahan. GIS Applications in Agriculture – Nutrient Management for Improved Energy 
Efficiency.  pp 301-325, Taylor and Francis, LLC.  75 



Notes on Adapt-N 
• Web site http://adapt-N.eas.cornell.edu 
• To register, email Jeff Melkonian – 

jjm11@cornell.edu.  Provide preferred UserID and 
password 

• Operational for Northeast US and Iowa 
• Conducting 40 field demonstrations/validations 

(2011-2012) 
• Planned expansion to other humid regions in US 

next year, with initial focus on corn belt states 
(2012 growing season) 
 

mailto:jjm11@cornell.edu


Conclusions 

• Nitrogen use on corn has many economic and environmental 
concerns 

• Optimum N rates for corn cannot be predicted accurately at the 
start of the growing season, especially in humid regions 

• End of season measurements are not directly predictive of 
future years due to seasonal weather effects 

• In-season N fertilizer recommendations become more precise as 
the season progresses 

• Win-Win Opportunities: Adaptive N management reduces input 
costs, allows for adaptation to and mitigation of climate change, 
and lowers environmental losses. 



Thanks to Our Funders 
 
 
 
 
 
 
 
 
 

Further info on our website:  
adapt-n.cals.cornell.edu 

 

The development and testing of the Adapt-N tool was supported 
through funds from: 
• USDA-NIFA Special Grants on Computational Agriculture (U.S. Rep. 

Maurice Hinchey-NY)  
• USDA Natural Resources Conservation Service Conservation 

Innovation Grant 
• Northern New York Agricultural Development Program  
• New York Farm Viability Institute 
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