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Motivation

• Nitrogen use efficiencies (NUE) 
ranging from 10-80% on the field 
scale in the Palouse region (Huggins et al., 2010)

• Improving NUE can:
• Reduce losses of excess N 

to the environment
• Save farmers money by 

optimizing inputs
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Motivation:
How do you manage what you can’t measure?
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Satellite derived N Uptake

Patterns of crop N uptake vary across time and space.

How well can we map this?
What is driving these patterns?
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Site-Specific Climate Friendly Farming Team

Grad students and post-docs



E. Brooks
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Automated measurements Manual measurements

Leaf Area Index (LAI, m2/m2)
Leaf Nitrogen Concentration (%)
SPAD (Relative Leaf Chlorophyll)
Soil Inorganic N
Soil  Carbon
Bulk Density etc.

Soil moisture/temp/ec Weather station

Satellite
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Methods: Remote Sensing theory



Methods: Remote Sensing theory



Normalized Difference Red Edge Index (NDRE)= ρNIR – ρRed-Edge
ρNIR + ρRed-Edge

BlackBridge AG
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• 5 x 5 m pixel 
resolution

• ~5-10 day 
revisit time

• Extensive 
ground 

validation 
(Eitel et al., 

2008)
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Cook Farm 2013 & 2014 Colfax Farm 2013
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Leland Farm. Spring Wheat. 2013.
It’s tough.

In-season harvest
for satellite validation
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Leland Farm. June 15. 2013
Spring Wheat

RGB Satellite Image

Aboveground N (kg/ha)

@ Peak Biomass

Aboveground N ~ NDRE*slope + intercept

160

80

40

0

120

180



Results | REACCH Seminar| Moscow, ID| December 11, 2014 

N balance index =  NDRE computed aboveground N
N applied
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Potential explanations:
- Improved internal drainage
- Warmer soil temperatures
- Early nutrient mineralization
- Spurs growth rate and 

development
- More extensive root system
- Greater water and N-use 

efficiency

Fence line, farmed < 10 years
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August 8, 2012. Garbs.

July 15, 2013. Spring Wheat

July 6, 2014. Winter Wheat
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NDRE 06/15/2013

Soil Moisture 06/15/2013
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Towards an integrated 
understanding of field 
scale patterns over 
space and time:

1) Digital Soil 
Mapping

2) Digital Terrain 
Modelling

3) Soil Moisture 
Routing

4) Crop System 
Modelling
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Hypothetical management zones

Future Directions



RS in agriculture: Potential and limitations
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RS in agriculture: Potential and limitations

Because our fields look more like this…                                 Than this.
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Conclusions:

• Satellite Imagery can be used to estimate 
spatially and temporally explicit crop N uptake.

• An interdisciplinary approach could lead to a 
more process-based understanding of the 
drivers of N uptake from space.

• We need to be aware of our limitations.
• What about all of the things we can’t model?

• There is a lot of work to be done.
• Thanks for listening!
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