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Importance of infield measurements

• Plants grown under artificial conditions  do not display 
the same characteristics as in natural conditions
– Soil

– Climate

– Competition between plants

• Infield phenotyping is therefore required to identify 
particular features

• It provides also pertinent information to design decision 
making rules to adapt cultural practices
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State variables accessible from close range 
remote sensing at the canopy scale

• Photography
– Gap fraction: LAI
– Color: senescence
– 3D architecture: leaf inclination

• Light transmittance
– LAI
– fAPAR

• Lidar
– Gap fraction
– LAI
– vertical profile of LAI

• Reflectance
– LAI
– fAPAR
– chlorophyll
– PRI (photochemical reflectance 

index)

• Fluorescence
– blue
– chlorophyll

• Thermal Infrared
– Energy/water balance
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Systems and vectors

Tractor/scouts  based systems present  the main advantages 5



Why not using airborne systems

Toulouse, 2006

Lack of stability
Radiometric calibration more difficult
Directional effects
Stability (balloon)
Ease of deployment
Need imaging systems (cost, weight)
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Current focus
• Variables targeted:

– LAI (continuous for phenology)
– fAPAR (continuous  for photosynthesis)
– Architecture  characteristics (used later for precision farming)
– Chlorophyll content: indicator of nitrogen nutrition
– PRI (stress evaluation)

• The systems used
– Tractor borne system combining

• Photographs: access to LAI, structure
• Spectroradiometers: access to chlorophyll and PRI

– Continuous measurements of light transmittance with 
autonomous systems

• fAPAR
• LAI
• senescence
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Justification for the system design

• Photo  @57.5° perpendicular to the row: 
– good estimates of the PAI/GAI

• Photo @0°
– estimate of canopy structure

• Spectroradiometer with the same view configuration 
– access to chlorophyll and PRI in combination with gap fraction from photos
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The tractor borne system used

1-3 m
variable

spectros

GPS
PC

CameraFlash

Reflectance Vis/NIR
High spectral resolution

Color photographs
high resolution

Gap fraction
Green fraction

Spectroradiometers

LAI
Chlorophylle

Structure, PRI
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The tractor borne system used
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Incident

Transmis

Réfléchi

Grappes

Concentrateur

Continuous monitoring of fAPAR & LAI

PAR@METER systems
- 7 transmitted sensors
- 1 reflected
- measurements every 5 minutes
- 3 months autonomy (energy/memory)
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The approach for data interpretation:
use of 3D models

Inputs
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Simulations of 3D canopies
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Interest of 3D models versus 1D (SAIL)
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Results for gap fraction
Gap fraction @ 0° Gap fraction @ 57°

Sensitivity mainly to leaf inclination
Small saturation effects

Almost independency from leaf inclination
Saturation for LAI>4
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Synergy between both directions
to estimate leaf inclination
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Results for reflectance
NDVI=(NIR-R)/(NIR+R)

Sensitivity mainly to leaf inclination
Saturation for LAI>4
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The experiment in Toulouse in 2009

Experimental design
6 contrasted cultivars
2 nitrogen levels
2 densities
3 replicates

Destructive measurements
LAI
Biomass
Structure
Nitrogen content

Tractor borne remote sensing
Photo @0° & @57°
Reflectance spectra @0° & @57°

Continuous PAR balance
PAR@METER in 15 plots
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LAI estimated from photos

Automatic extraction and classification Good performances but:
- Relatively low LAI (little saturation)
- Effect of spikes

Flowering stage
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LAI estimated from PAR@METER
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Monitoring the dynamics of senescence
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… a lot more soon to be available
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Conclusion

• Lot of potentials for phenotyping
– LAI
– Chlorophyll
– Architecture
– fAPAR
– Stress (PRI)

• Some improvement to get operational systems
• Extensive use of 3D models for optimal configuration 
selection, sensitivity analysis and transformation into 
canopy state variables

• Coupling with canopy functioning models to identify 
genotype dependent parameters related to specific 
processes
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